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ABSTRACT

The past two decades have witnessed the rapid development of online social net-
working services, where people use media to share their daily life feelings in real time.
This brings great convenience to covert communications, which are designed to reliably
transmit secret information to data recipients without arousing the suspicion of watchers.
Text is one of the important media for information exchange in daily life. However, due
to its low redundancy, the study of text steganography is more challenging and mean-
ingful. Compared with traditional methods, using language model to implement text
steganography can not only increase the payload of ciphertext, but also improve its
security. In this context, this dissertation studies language model-driven text steganog-
raphy. The related research work and achievements are as follows:

(1) Aiming at the limitations of the mainstream non-autoregressive text steganog-
raphy methods, this dissertation proposes an autoregressive text steganography algo-
rithm based on BERT and consistency coding, which achieves a better trade-off be-
tween embedding payload and system security. In this dissertation, based on the intro-
duction of the masked language model, given a text, we use consistency coding to make
up for the shortcomings of block coding used in the previous work so that we can en-
code arbitrary-size candidate token set and take advantage of the probability distribu-
tion for information hiding. The masked positions to be embedded are filled with tokens
determined by an autoregressive manner to enhance the connection between contexts
and therefore maintain the quality of the text. Experimental results have shown that
compared with related works, the proposed work improves the fluency of the ste-
ganographic text while guaranteeing security and also increases the embedding payload
to a certain extent.

(2) Although the existing text data hiding methods can perfectly extract the secret
information, the cover text will be permanently distorted. In view of the above problems,

this dissertation proposes a reversible data hiding algorithm in text based on the masked
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language model, which can convert the embedded information and the original cover
text are perfectly retrieved from the steganographic text. The main idea of the proposed
method is to use a masked language model to generate such a marked text that the cover
text can be reconstructed by collecting the words of some positions and the words of
the other positions can be processed to extract the secret information. Our results show
that the original cover text and the secret information can be successfully embedded
and extracted. Meanwhile, the marked text carrying secret information has good fluency
and semantic quality, indicating that the proposed method has satisfactory security,
which has been verified by experimental results. Furthermore, there is no need for the
data hider and data receiver to share the language model, which significantly reduces

the side information and thus has good potential in applications.
Keywords: Covert Communication, Text Steganography, Language Model, Reversi-

ble Data Hiding
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FEIAER BT A, ol S AR AR B B g Y SRS 2 AT S8 A
AT 280 E A TR 1 5 AR 2R ) T 30 SCAN A S e g 12 A e 5 e

B, WA TN AT 7 R4S, FFN T BT 1R



R AR A

FE RS MHRER A

21 XEBEEAR

211 XARBRBHEAKIEZE

FS R TTE 2R, & B R RS SR R B B #lin, A
MIEBGRSE B2 ERE 5 RIS, SRR S A 7 e R 205 FF LRI
RIRATARIBIE S o A AR, AATTE 5 5 AR SR K IR 7 B4 5
T BORIEALE (F BP0 IS, SRR NG B TAML 2 K — Fh LAk
X TZNHT TR AR . Tl HEIIR . o A2 2% Rt
I 5 0Fe%E, JUPEBEATI AR TR . XS SN, WA SR
i, 2z e AR SRR A5 O T B 1)

SOREEE , LR AL A5 S R B BRSO, SCBIU S 2 Rl 1% o
AR SCAR B 5 T SCAR I TUR PR SR B HEAT BN, SUARBR S (A HESE & 5L T
Simmons #& H ) “ NIRRT 137 5P T HA, WnlEl 2.1 Pas. Alice A1 Bob
WEORAE T AHERARZ A WA 2 s BL, AT IO T S & S OliRAT 30, it
Z IR EAN IS, R EE . ERETH Wendy 2 E I A & AT E
5301, JF R E & 75 BE S S B 1 A% i o

Alice Bob

__________

@ T

B2.1 AR s

10



bR AR S

NT Alice 1 Bob 75 ZAE A A ~F 34 Wendy K ILII I HL R 2 M AT 280
BEFEN OB “ IO 3 — BRARA IR AT — e fb, JHG DK 1) T A ) A J5L
BTN EE S, B Alice MAMRE N, LU U fer AEL 55 53 45 B I e 5 2K
PRI UL (5 ., B Bob MR HEEL. Ak, A RBEE T W 2.2 FRK)
NARRE RGUK TR B SRR . — ok, SCARRRE I AL AT LLr
5 RIRNAME B 5 o

(O B i gja
\iyj 010010...01 Bradi U\\i\

HE(EE 010010...01
| B R
— | ) )
’ = J
A
EE BN

EE &N

A
22 SURBRE R AR A
N 2.2 o, N T RALE S BREGEE R, B B T LLis F RN S
T, KBS BRSO AT G A, TR — AN SUA, X8« N AR 1)
H1 Alice AT AT S —FE. SBHIENL T, FAEE B o e i e e — i il i % X
AT BEITEHIRAN o« fEAN 22 58 R R T 3 4 B8 =00 Tk & Al i
M5, 5 “INJCIR#E” & Wendy BT 2 (B RAE L HE s 75 248 FH SR U
RISL I B R AR B B SRS, IREUE IR IR E R, X AL R
Bob TG4 % — ¥
SR SUARAE R — AN B FLE A 1R BRI, AT A A 3515 BT AR 2[R
BN, DRI 7 T N K P SR B 5 SR AR R 3 3 SR A TRk . SO B
BRI EEARIAE AT — 2 A ]S R B BN 2 B, RV 4
SCARH LA B S B s R AT B AR ORI, RIS SCAHEAT S L Bl R EUR
o BRI, WHASORR S HOR RS AR AT DM HE B 2 28U K e, 55
S0 T 02 4 R 7 2
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R AR A

HAT, OARS EE AW BRI S MERASCA RS . [ E
B BRSO A% 2R P 2 (007 SRR A5 2. 1T 5 DU AR i Al o 5
ANZE L IR 18 5 R B A B SO RS S AR 2 g h 7 UL
AL SRS RIS . B FCARE RS B¢, PR CARS
R 307 T3 9254 T T A 4l

I
A
=

212 XABSHEER

() EFAKABL

B SCAE AN B S 32 2R SOR SO (1 a5 H ARG a0 1L B Btz
AR I ARTRIER . P AAONRN AR AE, SRR (5 B . AT,
— B A EERBORFR S A, DME A Rt S B R . N IR 4
BT AR B CARRE T Tk, I AR ] DL Bl S fr M B 50K
K 2.3 fE AR EE T SO N SCARRR E Bk

BRI SR A R — 4% U, Low S8 APZHR M VAT RS b A0 -7 4% 4 i 5
2. WA 2.3 (a) B, AT %52 — Ml ) b spa N A B SO T LAT RIR A
M AE R, WORSCE TATIRIEE, WRAFREAL “17, B0, QAT e A A,
TR AMBEAL “07 [FIFE, 41k 2.3 (b) Prow, A8 g2l A /e B A 4 7 51 5
FEAESCAAT AL BORB OO, B8 745 IR R S AT TR BE SR BN 125 VA N I3 5
DNAH AR 45 8] 18] B ] A8 R SRS INS 5 122 A S50 R e P e

R

(a)

0,1 ,0 0 0 0
H SRR Steganography ts he trt tnd ’smence of ..
f& 5 A ISteganography lis Ithelart land Iscience lof ...

(b)
K23 BT SCARKR A IRR S SR

12



R AR A

B TR RN L AR S5 A SCARAE W 7712 5 R IR T 1k 2 TR A7 LEAR AL
M, RS SRR AR . BARIX P 525 B 8, (H R AE SE45 2 ks
AR B RIS 7t THRIL, AT i Bt .

(2) BT ANBEYL

M T T B U SOARRR S 77, FE T SUAR N A RS 75 BT AN T,
ERTERFE SUAKE AR AT T, 6 SOAR N AT 1B S ARSI B 15 8. By
SR TV R SIS 426 5355), O RE@EH &5 A R JULAP 3. Bt —4
A8 R SRR I, AT WordNetPOlsl g mh Sz 1) (IR SCiliEAR Y BT, i [R] S
] P R AT IE M gD, BB, RIETT RS R RN A AE AR R 1 [
SCRBHAT B4, WIIAE U SR . B EIZ, AT RIEE B2,
S]] H AN GRS 7 AT e 75 2R A — Se BN BUm 2% T BL

WKl 2.4 FEoR T T A SGR B U SRR S I . W EIASCR “ Midshire
is a wonderful little city.”, RBCEHE G F B EAL B EFEE “1017, Zad[E b
B n, BRINEE AN “Midshire is a nice little town.” . BIRFLEE(E B AT LS
3o ) SR B B T RN, AR 23] B 4 JS AN BE DRAE AN B F IO P . Bk, 18
SEBRE P RE A, T BEREAN1% [F) S ] A HE SR S ORI A S R A M R EE

EFASES BHEA

S E: 101
Midshire is a wonderful little city . » Midshire is a nice little town .

ELARFIAR FRL{]

00 wonderful EE AR FAE]

Midshire is a \ 01 great / little \ 0 city
10 — > nice 1 — town

11 decent

K24 BT FDSGRA BB SOAR RS 7 ik
(3) FEFAEMNCARS
TS T A ) SO RS U ik S A A R T e AR R 92, IR TR AE
—EREEE BB PRI SCA R TR R IE MM, (H4 SBOCK B SCHYE W e, A

13



R AR A

AT HAEAS BB BEEIREE S I BARME R, BN AT MG M a4
W2 . Transformer FEY N2 HAR A 4818 5 TR R AR BB SUA, SR A IX Se S HEA Y
] A B - B v SR P Jo RN S B B A 45 R BB . @R, BT AR
SRR S ik BA UL F =AFED R, 5. EIEERE, R HE S
AT ISR, R E A AR T S 1) 15 B e s 58 0 AR Rt
U S S A 33 1R (R B A, R FH R R A B A AR SR 1] 1 5 — k1 7 4
IR R R =00 I U 00 R I B N R 1R, BB AT R
5 RCRRR # TE AN B SCA

BT AR B SCAR [ 5 AN BB A8 76 1 e S R (R R 2 S8 A5 A5, T HLYE G S A
SEINVEER, $EE T A BRI . IR O R R RO, B K
B SCA A B B Y ix 7 A B LD IR o BT T AR T B SRE S A FE A
[P SCAAE BB AR FIE SRR, ASCHE 2.3 AT G 5 AR AT 1 14l
iR JEFV KPR RAFIE BB, o H AR g S SRR B AL ]
MU G R . HTEAR RS, K13 B33 SO R IR SR B BT, Bds Rz
JARYE B A AN L (15 BRI BRI AE . o IX e g Ty 2 X R SO I B R
SN, BRI, R TR RS S g A SRS AT A4

(a) PLgwts

Y — B, B T VAR TR 2 M A R H ) 2% AN B 43I
FIM 0 B 251 (1) ke Ar —@EHIRS B8 BN, AR “ We finish the charitable
project.” s [F] SURIEE {complete, finish}yWi~H46, Wk =1, Bk 147 =R
“O”FN“17 43 W LY complete RN finisho NN [H) A4 {labor, project, task,
undertaking} V4~ Bia], K =2, BrRAH A% 720 DU 1 Arel 2 47 — 2k %L
X B HEAT gAY, W 2.5 Fros o A — LRSI, labor A task FRELIR“07,
project Fl undertaking #3m “17; MBI mIGET, X PYAS SR 4 7 A
A () k% “007, “017, “10” A1 “117.

(EBER 2 — AN BN —BE R 45 eR, (1 LT g A i, B SOA
BRI project AT 50% R4 75 228 409 e B IF) SR, T 2 A2 EAT i iR 7
R T5%HINL B ERAR B . SRIMT, 1 ArEegmA iy SRS B . [k,

14



R AR A

TE 2 S VERIR BT BE 70 Z IAMAFAE — FioRUST o (EARE RS, R BT 5
T, RN ERGE IS RS HA M R R POE PO . (HRX T REEM M E S, 73
R PR AP BT, AR AR AE R S R 1K) R R

Zihh L 17] i FA{i]

We 0 complete the charitable 00 labor
1 finish 01 project

10 task

11 undertaking

K2.5 Hegmid i

(b) &K=

TR B YA AR K G 1 — A g 65 7 3, A8 2 AR R e S S P e
Z AL AR, XM G A% 7 ZUAR i 1R HH IR A R A A T S8 B A e S 7, X
FERT DU Rl D TC R gt . & 2.6 FEBL 1 e £ 2 S 2 Gt Hh A 2E R 2 2 i 58
AR RS, P B iR ik T AT — A BB o B, B R B S
SE 1 P ORERRAS B Oy AN AR R ) bR AT R 0k, W AR R, L
AR A0y P B e A i P 2 A G A R R, Bl i, BEVE A 5 2 1Y
A A BRI S RS

mtd  HA RS e A RS
0 complete  0.77 . 110 labor 0.05
We . the charitable .
1 finish 0.23 0 project 0.69
10 task 0.25

111 undertaking  0.01

Bl2.6 FEREHDH) P
2.7 RARSR (R O MR BB R BT i B, 5 T A
Fr AN R B . TS ST, SR T 1 AR <07, 47
TR <17, R R S SR (5 A L0715
S B R D B E B (T PG B (0 I 2 I 4, ot
R MBS MO 0 S0 BT UM, R T I A8 R
A BT T A e

15
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1.00

project

[ J ] [ J [ J 0.69

labor project  task undetaking
0.05 0.69 0.25 0.01

0.06

labor undertaking
0.05 0.01

K27 P R = W I AR
i, XFRERGEMNE, W7 LBILEE LB A5, B0 ae%
HE— U P A 38 7 it J 45 B R 380 SO . Biltn, 3085 SCAR N “ We finish the char-
itable project.”, WI'n] LAME— RS IR S SO0 “107. fERE—DER, %L
B (R K T BRIk 1A, M PR O 2 AT i SRR AE vy 4 1) B 3m] it
ITUREE, XA At IR TR AT S BEE AR A ) SO

2.1.3 XARBRBIFEMNIERR

B EARE S LB EOR AR R, 5 AR R I B R NI T A,
&, SRR B SOAR T R IR AL SE B JT k. Bk, THCRRS
RIVEAT R bR, X SOARE S 77 R R e = A2 R VR ARSI . — /N SCARBR S &
G800 250G R P A FE AR T,

(1) BARE

BN ESRR AT EHA SR TR BN ST NS R, BIAEN, =&
TR R 1E ST TUAR 725 8] v BT e A% A (1 R 4 T S R 5 o E R AR R 14
FUN, EEAEERBCATIRARRZIEL, BI—RESE 2 .
NTHHEBANG B, RN (Bits Per Word, BPW) U 12 B FH T3¢
RS TET . ARES T E I E AR (2.1) Frk:

BPW = = x100% 2.1)

Horb, Lo Rontlb s G B R L Ron B SOR I, P e i 75 Bl D ik
NA R . RS B LRI T, AR nm, WiZE S5
PR LI EYSY e &S R

16



R AR A

(2) AT A

S A BB B SRR AN AME . SURESS R0 E W H 2 R (3 1
FALE, DABRORER S SCAR AN ol PRBEME o I R R M SO N R8T B
i, BB AR R B R AT RS . Ber)ifidl, AR R GRS /5 Hr
TRABASTTBE X r 3B A FARSCAR . IR, AN A g o mT AR A 7 T Sk A
TP A NP S oI o ES N e NP i

JEE AN LB SR (12 A AT JE208 o S e [X o 3 3 A B SR Ak N T
AT B IR SORTERIR AR T AS B ISR TAIN .  5 BRI, — IRAFLER
PR T35, — R EUPH J7iE, FEMAE RO N AR RCE o0 808 SCAR AT -
SCARTATHT 4y Rt i, ANRRAGE . b5 2 T 8 #OC R A M5 RIARETE, A
225 BIGEE W EE: —RBMIPN 7772, AR R B A 308 SCAR I i =
38 {3 FH R 2% 2 (Perplexity, PPL) I0X —F b5 >R g & /0 W SO AT etk . e
UANS = (W, Wy, W, L B TA AR W, (KSR P(w) T PPL Ak
A (2.2) Fis:

1
ppL =2 1T (22)

Geih AN RIE 2 TSRS P S B 5 2O RES IR PR S AT I RE 7T, Rk

ITVEAI Y 2 o SCASBRS 20 M BE NS H ) A% Hom ) B PR SCAS R i TR SRR 1 A L, JF
SR IDURH N6 Tt 3R 4T 25 501 o

LAE, AR T SORES BRSSPI bR, i H SOARRR S ik E 52
e AR AN B R AT ERIVE . BT RS ARE H RS SR, RIbe &2
AEMGIIRARE T BRAE BB S R ST AT B (AN R CRIPE RASER B AT 20T g
J1o BRI, EATZ I8 H 5% SR AH ELE 4 AP J 70102, R AT A ok B 2 A
PR RN ME 2 AR R AT RERS N TR 207 AR R SIS H L2 AT FEARAS
R o AN RIS 008 g Dol D R N RO AT 2808 Ay » - T R N R AT 2880284y ) 189
R 5 B IR SCAS AT B 2 B, M FEARAS RSP, B 3 U TR,
PRI, A AR AT 8] S B A PR T4 SRR B — A% e [
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R AR A

22 XEXBEHIEAR

221 NXARBREDHTELRES

BEE AR T ARBAWHRT, 520 MRS oK AR R, P
FHEIT U o SCAKE S 9 M7 RE 8 H5 A% i IR 4R SOA R R il 1 A VH 2 I
RIOH BLE TEREAT %500 o WEREEM SO RS B AR A S5 S 2 ee /1, W
LU IZENE R 2 e Bs . R, WREERIPIRS 7 Hrae oS, M5
AR Sy eI s ey, 2 A B

BB b e — At A SRR ANAR B RE S A5 B AIHORIS), D9 T X7 HARSC
RANBEE A, ARG 7 BRSSO R IE R R F )« 1K LRy
AEARAL AT DA AETRNC S A B AR T i 22 53, AN 35 Bl B30 W7 75 A7 2 P ek
G BWMSCRRE Mol BUE B — A 0 AR S5, B FE S 7 A d i Il 2]
BT EAMERGL, MESIEa RN, RRFaEMEEE: Mk, &
SR e RO, WRZEBAAN BARSOR, R IRA R E (G .

222 MAREDHAERL

MARBSG 70 A R E I 9 N RIS IO B s RF SR B 26 . ST 5T
P ET TP RS- AL, X H BN N A% RSO RS 734, 1 H AT AR A A
H BRI, IR BARR i 21 SCA RS 73 Ao

(1) ARGHISCRRE i

TGl S 0 A O BB A2 Gt HIL & 5 ) S5 B N 51 ES R 4k
ZE 5 AT ARSI, TR 3808 A o AR GE I SO S #5229y N H
PRBEE T ATE RS 2 PR

HARESE 70 Ao — b F T4 SRR SO RS SR RS A 5k - Aa 5
T EEH SR AL PR SCAR S T SOR MR AR EAE IS, 2R 73 0l BETH AR . Ry
fite BEIUE, BFSSCARERS 8 EEAR RS E R SOR R S 5k (22,
HARFS S SN, ZES 0 FRER R il fe = RO T . RS 05
RIE A ST o SRR S AR, AR HARSORRR S A i, BB

18
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UL 88 1E R A = 2L 45 4R 48 Z 4> (Neighbor Difference) 4. F3d] 1 7~ B} 43 47
(Word-initial Distribution) (%), =44 J& 4 (Font Attribute) VA1 [A] SR (Synonym

Frequency) ! 671,

BT RE AR E R BE M HARRAS b ik, BRI E AR T2
RIS A M %, R B RS A hT. BT 1EE SOR i NFR 25 B 2 5L
LR T SCAR IS, TSI T I SCACRHIE I G 22 R, SR g 1
ForAi. B, Meng 5 NS T — PR FSHE S ARS8k, 1%
BEAEH PPL (ERIELA M AR BUEMEE L. LG RERH, £L2%
IG5, RS R AP Chen 25 NIOWEH T —Fh Ik 53 441 (1 A
B ot gt k. EE LR S A EARHE I & 3T 02K, JFRL SVMAE A
5328, Zhao % NUOR A BAIR] (285 B SETH 28 & K L7 Z A N AN RFAIE R 32
R IIRGEE . BRI, X RO TSI I AR

(2) i B3 1) SCARRE 43 B

LG NTE S RS T LR AN 50T L & AR R RHIE, LR R SC
REGHIRAE . —J7 T, IXFPSCA ST 75 B T AT A0 BT B ARFAE, ARG
FEEEBR T AF AR AN . 55—, WECRESHRE, LitlkasE
DL REAR SRRSO N RIS 2 5, DRI e 6 55 5 VAR M ot R B«
Rk, SOV ERRHIIBRE S0 1% BFI0N 5 51N 3 256 0 SRR S
SRR HLTE A R ARFAE R IR 5 AR B

FEVR FEE 2 ST RIS N SCARBEE 20 M (B, BF 0N 5352 BIAE GE IR SO AR B 5 4y
7 IR RE I , DA AN ASE P 7 SR (R FBE 2% o I 2% 45 K] R AR IS A AR 5 LU AL W SR 1
REAE h T DA SEIL U ARSI AR . Yang S5 AUVUR T —Fh IR T8 U BT i S0 A
a5 b Ak, Bl G A M4 (Convolution Neural Network, CNN) $2HX
SO R AE SCRFAE, K i B 4 A1) Li S5 AU2Isgsl 7 —Fh3t T
IRBEM 2% B SRR T 071, HIRBEAB A TT, IR as RAEH], %7680
SRR B 58 5 (0 SCARTE SURFAE, - AT S BT 2K a5 434

HARSCR B G R IR ANEL M £ 5 AR EA IR LIS B A,
L] 2 8] AR DGR A2 R 1, AR T AR AT IR i) 2 8] o ERItE, 7 EE 5 40 A A
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VRS RRRHIE. bR 3OS A S FPRE R AT A AR S 0. AT R RX
— AR, Niu 28 AR H 7 —Fp 5T 00 -LSTM M 4% (Bi-LSTM) FEEXS BR 45 A 1%
(RISCAS B 5 A3 M 5. AT ] Bi-LSTM KA S SCAS 1K UIE U B, FERIH
ANTE RN AR RS R 2 R SR A H B3] 22 ] 19 =) 35 0% 2R« Bao 55 AN oLl ik
£ 3] LSTM-CNN BA! i, 78 3REUR SR 4 JRRFE 1 [FTB, 8 i 2 A SO A AT
B SUAR A B R ZE R R o Xu 58 AT T — AMRFIE RS B HORIRZR SR
A4 JR U SURHE 2 8] (A8 HLOR B 5 T VEAE TN A [R5 5 AR (14 3036 SO 137 5%
TSR R I R 4T

i 33 (1) SCAS RS 73 47 BE 08 SR BCE A 0N RHE R IS S MRS . — ok,
i 383 (1) SCAS B8 55 23 BT AN 75 2 T IR ROARFALE , el 2 TR R 2 2D K 77 12k
FRRFIE. DRIL, 7 SRR s rh R o 3803 (14 SCAR B S 3 1 =2 S s FH IR

223 MAREZHTENIER

E VISR S o3 M n] AR Bl — AN A3 AR S50, (R SO B S M )
B 5 T 0 RS AEE, BAETERZ (Accuracy, Ace) « FFHEZR
(Precision, P) . A [H]2 (Recall, R) #1 F1 & (F1-score, F1) « SCAKRS A EZEH
2 A BT T RS B STAR, BT BA— AT i e A5 S5 B 35 SO IERE AR
XL FEbR T E T T

Acc=(Ny +Ny )/(Ny+Ng+ N, +Np )
P=N,/(Ny+Ng)

2.3

R=N,/(N,+N,) (2.3)
Fl:2xPxR
P+R

SO, N R IEMA) IR AN, Ny FORIER M 00 E SO, Ny 7%
A S B, Non FOREER D00 EL RSO ALY dcc P,
R LR, 0TRSO ROPERERRAT . 5 HARERAT %77 2 RE S A MR
R SO, SUIR AR S 7R E R o SO A BT WA AR 74
BSOS T AT PR AT 52 A
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R AR A

2.3 HRESHEA

B F R R — A T B A TE S B SRR, AT BLTRI — 45 E X
AFFHN R A B TR, B FORUE S45 58 SCAS 1) SRR 20 A1 [ — P
REARIUT] 3 5 Je ST IR ) B s A, AT DL G S R AT 3 AT B SR TE S AL B A 5%
TAE B, ST AN DREAR )T s ={w,W,,...,w, }, R

AN BAR] (R A R AR SRt AT LA B %40 T IO 0 A, BT 3 R
P(s)=P(w,)P(W, |w,)P(w, |w,w,)...P(w, |w,,...w)

:ﬁp(wi Wy W) 24

FE AT BRSO AL, B RAAGE S AR R . B
[ 2TE 5 AR A R 2R R 1 5 2 AR I R AT T R AR .
T AT R R IR R A ] I AR DR AR ORI R R A
FREEF . 1H SR Z NP BT N-Gram & 5N GIHE S
AU TP 28 (178 S A . AR PR 40 LR WAIE SR, AR
BAR AR S B A PR .

231 EF N-Gram BJiESH=HE!

N-Gram ALK —BOCAFE AR A TN AEER o AHE T8, A0
UIZREE R 22 ST AP 1) DL L R L 5 oAt P 1) 2 ] R 2K 2, AT U 54
B BOURHIEZR AT 1 5 AR ], Seitif SRR PRE A, N-Gram
T AR AN Ly 7R AT AR R R AR, Z A AE T, EATTEORI R R H LA B A R
TR R o BRI, XTI SRARERDRA, 5 ¢ A B TR AR
AT 0 — 1S FAAR] JRE 1Y, (R A B ST R AT, B

P(W, [ww, ... W) = P(W, [ Wi, W,

i-n+1"%i-n+2 ***

W) (2.5)

BEEA T REMIMSBEIEER K, N TEMIX A, N-Gram & 5/
BB N T B RAT FAB e, A B KALERAE 11 (MLE) H 5 V51558 1 > PR i i
TRER, anAX(Q2.6) Fis:
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count (Wif(nfl):i )

P(Wi| Wi—(”—l):i—l) = Count(wi—(n—l):i—l) (2.6)

Fot, count(w, ) 2R 41 W E I AREETERLFE R B S
— 7oA (Unigram) Bl =4 n =11, RUIAEAT A ] (1t BUAR A BB S AR :
P(W, Wy, W, )= P(W,) P(W,)... p(W,) (2.7)
“ oA (Bigram) B2 n= 25, SRBAE T —> FAA] 4 HH IR A R
i FH 5%
P(W Wy, W, )= p (W) p(wyl wy)...p(w,| w,,) (2.8)
= e (Trigram) B 24 n =3, R BIEAT— > Hia i B0 S BT P4~ 5
i FH 5%
P (W, Wy, W, ) = P (W ) Pyl W )P (W, Wy, w, ) (2.9)

PAE 23U 1 n ] DRSS BAR (SR ZORBEAT IE, nillok, WA ST
PR 5 P B Y A AR AR, BRSO ), ) USRI 1 B SO
BB AR R A, T FAR K.

gi bprik, RAEGTHE S BRI AR C AR, (HETHRAAE R 2
JRR . B, XM A B AR B KOG R, S2M 1 FL A OO (4 o A AT
Bk HIK, AR B RTE F SR BN, MR RORZEAEAE A AT b,
S AR TN PR #E W BRI

232 ETREHHMEMERIESIEE

it B B A B A SR R A A4, TR 52 ) 2 O T LA
SR IR T T 22— o 2 HARTE 5 AL BRI, 0T U8 A1 1T da o R R e 2 X 2%
(Deep Neural Network, DNN) PPBRAE Y 1E 5 A SRR 2 . 5 BMERHIAL
BT RS I 77 A LG, TR 2 31 38 I B = 30 0 75 0 08 BEAT R 3l
B, EEMAR IR L N SR e . HAT, WSS E) 2 M TARZ
A, H s B RE AL

22



R AR A

H, PEFFRMZ R (Recurrent Neural Network, RNN) B0 [ 4R 1 5 kb 40
i HITE AL, AR R A AT A, ORI R B KR 2.8 Fis. 1k
& RNN [R50 R 10 451, 19 T ARE & Bl PR ZE P 5 B AR 55,
AR, AEE A

I Py

RNN .Eﬂ» - . . L,

i

K2.8 RNNFHZ T
FE RNN RZg e, i N2 1) B Bk i i B ] o) P A 3 A5 B . AR
T RNN HJFE5RZE, o ZE BB AR FEAEOE R A2 RN AN R 2 b BoAk
Me, fHERBEREEH T Softmax K%L, (HAZRZEXH Sigmoid. 741
e MR AT

x(t)=w(t)+s(t-1) (2.10)
s;(t)= f(zi:xi (t)uji] (2.11)
yd0=9(2}AﬂWJ (2.12)

S, w(t) ZOREHARR,  s(t-1) FoRi— N RRUR

HAREET RNN 8 5 A AT DR & B IR SR I 8] 7 s BRI R4, 1
REFRA PR B IRA G R 7 TR DL 8, (HR B LE — SE R 1. i, 1R25 5 Hif
([ 66 B2 ¥ 2% (Vanishing Gradient) 803 1 B2 A2 X (Exploding Gradient) ) 0] /. N T
fi vl BRI R, WA IAE RNN JRAil Bk AT ool AR AT BRI 12 M 2% (Long
Short Term Memory, LSTM) B2 724, 15 H SR 15 & AL FR K & UT45 HABEUAS 1A
S, 5 RNN AL, LSTM 7EUCIEAL 38N T 81 14 (Forget Gate) Fll .
TCAIRAS (Cell State) , LSTM [ u 45 #47 = BB LN [E] 2.9 Fios e
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A 4

A\ 4

BETT A farHi

K12.9 LSTMH. MR KB
LSTM HHRAEIM AR 2.13) iz, Hdt, W AT 53R A Hn iR R
AR, HRFENAEENSHE. |, R, O MFRAAIT, #ET

M. CoRumiciZa, a2 etz & B IREAR T . o M2

sigmoid PR, h FRKEIRZMHHEE . Kk, B85 LSTM Xt 51 H AR ) e {3
HA KRB e
I, =c(W;-[h, % ]+hb)
Fo=c(W, [h, x]+b)
C,=F-C,+I1 -tanh(W,-[h_,x]+hb,) (2.13)
0, = (W,-[h,0]+b,)
h =0, -tanh(C,)

FEFETAE B SO S 8tk e 1t 70 3 K FH 56 T N-Gram {15 5 B2k
AR SO . SR, XTI I SRR, R e R T B[R] A
PR RBOR R . XS BT AR BB ORI RS, ARSI BT AR .
NT RIS R, JSEERFEE AR TIN RNN AR 8 SR8, i
197 LR . XU RO X T S B EAT AL B, IR E— R A AR IR
BN, AT SE LS AR5 AICAZ o JX LR R A% A 25 4 K B B AR R &R
TEAE R SO T TR IR S, U R B 981 SR8 (130 ) -
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2.3.3 Transformer IS & 5!

RIFF RNN BRI 6 3R 3% VA 4544, Transformer A5 H4O1S% B (v & Sy ML A1
2 SKTE R SINUHIAR G & (S 4 o X P M AT 7 1) AN 7 B AR B 5 1 51
BT A BARSCIE, AT SE AR DUs I 527 91 2 T AR OC R« X R 70
LIz NHTEE. MEEARESES, JFIE 7 BENRD). EIIGNE,
RNN R R EAER — M ZITH 5 G AT RRES 10(5 B IR 384 T — AN ZIE AR,
If Transformer H7Y A ()42 Jay v 2 J AL U ) DAIRAT AL B BEAN PR A RAE 2, BRIt
RIS R R, mAk.

Transformer %% 2 FH 9 5 35 FIARAD 38 9530 70 4Lk, b AN #HE S T
Z B ) Transformer FEAR BT, BN FEARRTTEAFEIN N (1) ZRE=
T, FH TR AL E 2 MK R (2) TRz EHz, AT LUk Sl V8 2% i
(3) ZA—4k, HEEEEEGINGIEmuEftE: () &EEMS%, HTEmEoR
MY HRE 1. Transformer B4 BARZE R U] 2.10 o,

i e

LA bR

i KRG Je |
|
V| wiezms || |
| |
———
, ] CRREA R e
P PLREE A ] 1| |
I bl || | Nx
V| At | 0| .
| | I |
| | I |
! I I [RA5/R— I
V] | ﬁ* 5H— 1k |
| |
A i | ey i
i {3 N R S |
____________ 1 [ _____
ﬁﬁ%@6§—{? §}—{9mﬁﬁ@
CNGE i B
N itk A B —

] 2.10 Transformer Py 3 45 4 HE 4L 140]
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% 3F 2 SIHLH] (Mutli-Head Attention) #& Transformer H.oc %0y, HHIZ
B AT BRI . 22 Sy E R IHLEI AT PLR LR A S T R

MultiHead (Q, K,V ) =Concat (head,, ..., head, )W ° (2.14)

Heb, Q, KAV &, BAMERAER. hFRRkigcE, head F#ox
Bk, WO Rt AR HAERE . BN SK A% head, W] DLRIR A

head, = Attention(QW,% KW, VW") (2.15)

Horbr, WO @ RO WK @ Rfmeer e WY @ R %o SR AT 22 ST US4, 78 2 S0k

& AR 3 R R A TR AR R T RS ANE R IS T A R R

JINLE], @ Q K g, FZ4IT Softmax PREGRGRTV PIAE . 53T I

itsg . BRI ARPIR, Hid, d R s e

Attention(Q, K,V)=Softmax(QKT }V (2.16)

NCH
Transformer & —Fffidk T ML M HIIE SR, B2 N RES B0 0T A 3
R R, I H BRI RE  EOAa e s i, BRIE Oy B AR 5 AL PR A
HUBBt. RIS, FEWONGRIE SHM 5T, 4T Transformer HURIRYH RHLH 1K
KR JEREY, TRENCEBIG Al SR, I H AR 2 N T % b sk
brigpsmz d. % 2.1 AT R K Fm IS S48 . A0k BERT 15 5
B BAT VRGN 21, TS BINZBY 58 O R 5155
% 2.1 S5 Transformer (¥ Tl ZRIE & B A

TRIZRIE & A 45 TRIIZATESS
GPT“2, GPT-244 Transformer fifh5 4% S A
BERT!*!] Transformer 4ih5#5 FERL T 5 AR — ) T
RoBERTal*! Transformer Zuh5 % DD IR 5 A A
XLNetl83] Transformer #ifi#% HEHIH & S
ELECTRAB Transformer Zf% %% T = R
UniLMI[83] Transformer 4ih5#5 FERL T 5 AR — ) T
MASS!86] Transformer i filh# Ffif i 2% 752 7 B HERLE 5 B
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—_

2.3.4 BERTiESt&EE!

ITAER, FRIIZRTE 5 AL 40 BERT (Bidirectional Encoder Representations from
Transformers) “!, RoBERTa!®?! (A Robustly Optimized BERT Pretraining Approach)
S ARG S AT 5 USSR IS B, WV SR A SO AR AR 9% ) S
Y5t BERT KHHET Transformer 5, FEA8 LT G AR 0 RN
F TN R o MR T AR ST SR )5 S B8, BERT SR ARG SO, AP
TETIAT: 55 1) 25 FE 1 5 S5 B RS B B AER I Bl 5 5. sbsh, BERT b5 AN T
BN ZHEHIFERDALE], SRACIE AT 55 5 213 5t b I EeHE LR ) R

b, BERT SO 2 TRIZRM B, FO Jo sy Bt 2E AT 1000 e 77 1)
YIZRAT AR TR fERE 2 FWHE S5 BRI, (E1X—FrBL, BERT {8 I KB bR IE
R BT TN 2R, il B B2 S O RO R B S Ron . BRI S, EM
NN GAT S5, BIFERS S 5 457 (Masked Language Model) A1 K —4] Tl (Next
Sentence Prediction) , BERT X P/ 55 M FH AN R] 427 = Sk Al H b bk Bk 2
BRI E TR SCZ B R AR

FERDIE AR 2 BERT IS — NTIGATSS, HEZEAR: MLESHA
FE B A 15% 0], Sk 25 T8 55 5 iml iR R AR TEAS o TR, A2 e Ag AR
) P R A 5 PR P SCRIHT S SCIR SRR o 3XFF, BERT it n] DL S 4 sk
1 ETFSC, ABRESE s NI ERE S HAE, IO NS RTINS . W5
i 255 . N — AT BERT FI5E —ANTRIZMTES, &0 H s 2 1A fet
PR AT Z G &R, AW TR B REAC . XXT HARE S A F N
FH A B SOARHER () B AL B R ST 55 R U U L, ORIR 2L T R 2%
JE AR F AT LR R

MBI S5 EoRE, BERT HTIIZRMEAY 2 i £ )= Transformer Encoder #52Ht
ML, BEAE—NZkLAEZE I (Multi-Head Self-Attention Mechanism) /1
SEVERETT M 4 (Fully Connected Feed-Forward Network) , %34 /N ehdkAT
Thd, REAERR ., X B FEN AR, W& 2.11 R 7 BERT K35
AHEZE . BERT Hfi N EL3E =223« 1] A] & (Token Embeddings) 73 %! [F] & (Seg-

ment Embeddings) #1147 & 7] & (Positional Embeddings) o
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Transformer Encoder X N

=1 Q § 6 6 ¢
)

=
f 1 1 1 1
] A B w, W, LA w
+ + + + +
4348 A 5, s, 83 . s,
+ + + + +
(AR P 2 p; Py

Kl2.11 BERT BEAHEAURE

i 211 Bras, 36 AR SRR A RS B, R R IR A )
By o0 F B AR RS B AN R s A e U R s B AR B
fiL# . 55 Transformer #HEL, BERT A HIIIANZ | — Do HlIFE 7). X2EHEN
BERT T —A)WNATSS, FEINZRT 5 BRI T2 AR &R BRikz b,
BERT it 2 7E TR ZRB Bt AT FERD 15 S RARAT 55, DRI B e b DR A R R] ) iz
BIFHEATHN T AT . PR, BERT HUFIAZSH 2 — M fE . & & H
SRTE BRI AT 2.

BERT 514 1) 8 a8 5 BN, FEINGRIN R 7 X n) gmbd de 4y, 784>
A ETFCRRaE B N 7 LIRS TE AR I ZR H AR, BERT AR
FIH I A B0 B e BORF IR 755 “ [MASK]”, FHRELRBA LT R SOk X ek
WE A HAR] o AEINZRE )G, BERHTAT4E € B 55 A0 #i], BERT AJ LLiH5
FLAE P W] e At B im] b BORESR 70 A, T SR B e o B e TR IS AR o IX AR XL )
gt 7 SR EEAE G i B )1 S A, B INIE & A B H ARG B RIS, AT AR
T S AR T RE

24 KE/NG

AREEFNHE T HMACRRSGHEANELR, Nl 7 3ORRS 5%, 2okt
TR AEN I T RN BB T A SCRRE ik #HENH T X
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A FIE R br, A SCHE I b SR AN TR AR N BAE N SCARRS S PN
Wit SRIE, W SCARRRS /3B R A RE & AN AT R, AR T SCARRR S 4y
FrIVE AR bR . BRILZ AN, HRAEE 5B R RIS X — R RIATRIF, IEXT
BERT 1 & BN S S5 M BEAT T E A4 .
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H="F FT BERT M—ZWEmISH B B A UK S

31 5|8

It 5 T 24 15 AL 5 W 28 iR 55 (R DR e e » V1 2 N 3B I 2l 28 i 8 5% B i 2
AT R 2, B2 5 H R AR T AR MR EE IR 45 SO R R 1 AR OR Y
R, RS B AR A Bl s A SR AL E I MREE. (B2, T I3CRAR
SHMRTCARYE, MR SRR S AN =, SCRRE R R E IR
AR EA PR . SORFRE — BT BLR P 8 eSO a5 A A il XA RS
5o B OO E B B0 1 TE SRR, (HHEAT R AN AR
B 5T AR BB m A RN A R BB, (L 2 e VEASREAR B s fRAIET

T, Ueoka 558 N H T —FhAE T BERTU UK BT BRI 15 5 A AL R SEI 3L
AES, ZIARAL TR SRR RN, g OO B S I e it 18
MUA o EIRAZ T 105 A2 R B8 SCAS RES 485 iy AL X 8 sy 1 Rcr , (H L AEFERY A7
BRI A DAIFAT (5 AT 1 o SRR 5 RS A7 B P oxt B (3] B A
BRI o ARBTE AL, SO B SR AR 5 SOR I MR UIAR G .
XL R B B AL, AR IR S BRI FI R SR ok, i
PR TR SRS M s R PR 2 . DRI, H AT AR — b AT 2
SRR A= P et o B PR 8 SCAS

AR T M BERT M SRS R B A SCR S 5%, A
Y 5 [ VS s R0 A 5 S A B SO . AT B ol B e Xt I RSIE =
A FRERAS R (g 1] 158 E [RDE S, AR P B s Rl S T A A L, SRR Re
AT A SRS F R AT . RN, AN S AR Bt 7 E B g S
BT 45 € B SCASAE ] — SR A A R R kb B G B ) R, XA gl v A A TR/
MBI iR 52, JF R B Al HEAT (5 SRR IR ATy 1 BRI A F & 1) B ] 1B AL
i, e AR R IE AR S . IR SRR, SARE BIHTNEMEL, %05
IRAEDRUE 2 SRR IR iy 1 3808 ORI it £ — e REE B 7 NI
AT Bk AR TARRI LA -
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3.2 MRIIE

FIT, Ueoka 25 AT H1 T —F#i 096 T BERT (UHERY i 2 B RS20 A
Fa5 773k, RS 35 R R SIS RSO R S ik . B b, e
ANSCAR X = (%, %, X%, ) SV, o X R AN KBTIV IR i AN
W, on SO R B KB, TR B R OX R — AN B A
Y= (Yo Yoroonr Vo ) SV BB ED € (0,1 AT BAM p 4R EL. 4 B\ I R AT DA
SRANF  E e, ARAEAEE kAN e e i A ) 83 67 A R A B SR
S AL 0 L P N R 5 MR, T DL A R 7 5 T A
AL AT TUF . SAJT, ARAE b RIS MBS, T DUt x o
LD ) 23] 54 49 0 IO B 345 B 2 o 4 08 £ BP0 2 R o

H9 T RIHN p A RIR b, A B ARG R B S b & R
VR ML B K RS B AR R RS R A O T A B
TG 35 MO M RO Rl AV B i 3 A 1/ HE RS 7 8 P 45/ 57 91
AR TR, LGSR R 3 o B s 4 M3, O LR
S5 A A 5 ) B

JeF BERT IIHERDE 5 MR SCHISC AR S 771, 5 LA SR SOAR RS
TR, %0 B AR T NI RO, R AR B T e
Tt A A SO B S 7 A R SO AR B 7 v 2 A 56 R B . SR
OTEAFTE BN, (AR A SR R ORI R B (5 B IAEE . 8 —A
RS, 7R R B i T AT . R, R IR A i i
i O A2 A ST 6, B TS s LA B0 AR 2 A 57— A7 A T« 4R TG
EAS B 55 SO TR W PE B DA . S M) LA PRSP, e AR
SN A RGEWU, VTR IR A T B8R I e . BRI,
B A R ) T SR 1) 5 A B

A5, 7 S R A , BB S, SR A B 4
AL 3 A3 T WS 8 LA T PR B B e o 0, 3 T A s
FERD AL, AT m A S TS KT AN BRAE 1, AT LR 2! <m
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K o EIRIVEAE FIREER SR 1 2/ AN SRAa Ve S e i), A BRI Bp 4851y
I ANFREAL XA, RIS RS, (SR 1R AR DTG 0% %k
RSN B . FTLAEH, EARTT DS A U ¢, KA HIKE [, (HE R
% T AN E) R R UG N [F B 2 . ltn, R 1= 2, fRi%iRIERSA “wonder-
ful (0.6) 7. “decent(0.2) "\ “fine (0.1) ” Al “great(0.1) 7, HH “wonderful (0.6) ”
BEURE “wonderful” FITHMMERZ 0.6, LI ZE A PR B 2K N 2
(IR, B, FRAE AT DLy AL A €007, €017y €107 A1 117, AR, %
JHETERHE N R R, BT S e MRS 07 B 1) fi 32 3 #8 E A A R AR, B 1727
SR, AR FEALIE SR, TEHR NI, RUATREIE B — AN T AE 2R e ) o1
], A RBEERE— N, DLRAS AP I 308 SO T & X RO BT —
B S S G i SN e V) R

] T S s NS S ) SR PO B 2 B HE U A B SO RS R 2 4k 1A
TR WS AE (K& AE B BHRNFR 2 AE BN, R SR SCAR M S Ak AniE
ZikE, IFHETULEAT TN o A5 5 A0 S NS TR (1 /2 An ] X B 25 15 RZEAT i JF ik
ABIEE SR HIE, 4 HT R T R — Mo 0 SO RS Bk, XA RO AR
8 35 S AT SRR A 2 A P 5 SRV RTINS, ST RE R AR B 5 5 1 38 2 SO AR i =
A, HEERE, ABEEOCARRRE IR N ET AL A

3.3 T BERT fiI—EB M 4%EK EEIRXARE

331 R{kiEZE

ARERW T —FEET BERT 09 H BIASCARS 7k, 1ZEPSRA A BEA S
e, HRAE 75 RN IR A5 B A B SO . AR & i tH 1) B [ SOAR B 5 2
WR=N25%: BYERERE Alice. X34 Wendy FEHE I Bob. Alice [
H A 2 1 — 3 I R T 2 R 5 v B BRGB B 3 SO AR, BRI S, Alice R
AR AHESL U] 3.1 FaR. BRI AR A R A5 B B SUAS K s IS — AN %
I IE K IA ST Bob, FLANHERM, 1ZIMIE N T Wendy W%, FH W2 0E 1
PRI SUAR R B AL 5 AL E S R
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[
B3 L8| R
0 wonderful 0.40

Midshire is a nice little [MASK] .
HERSSCA )

11 great 0.25
101 nice 0.20 1
1001 good 0.10 ‘ T b ‘
1000 decent 0.04
i I Mz ERRE l
il o o
R " ! A i
| — SR |
f ‘ b i ‘
MR (1 ik ik 3]
T lm%ﬁ%?l‘ﬂwﬁﬂﬁ$iﬁj
| e | Wi | v | mx
T 0 city 0.69
B Midshire is a [MASK] little [MASK] . 1 town 0.30
1 sk l
HeT s |

Midshire is a nice little city .
WE A

Midshire is a wonderful little city .

BRSCA
3.1 AEFrIEH RS
HARKUL, RIGEPINT Z RN EREL, Alice BB AT E
—HAEASALE, W T EA PR RO E, RARYE AT SR AT
SCAS AN — OV G AR I [F) i 78 — A B 0a] , [R]IN 2 Bia] 75 2 5 N AL %515 B
UCFL . 4 BT MR B R Kb 3 58 5 > Alice BT DLAR B 5 S0 AR I R 1% 45 Bob,
Bob fEHH A EHATRILT Alice HI#:AE, 1kl 3.2 fos.

[

PR L] RS

0 wonderful 0.40 Midshire is a nice little [MASK] .
FERSCA I

11 great 0.25
101 nice 0.20 — 101 l
1001 good 0.10 L R
1000 | decent | 0.04 ‘ ikadakaies ‘
I N2 10 T R L 1 ] l
o MR [ 13k 1)
‘ T ‘
f ‘ T ‘
AR (1 % 38 17
T l M 1 T PR P 23]
\ HeT i & \ Wikm | wi | e
i‘ 0 city 069 —0
Midshire is a [MASK] little [MASK] . 1 town 0.30
EES &
% e s H 4 REEEER

|

1010
MR

Midshire is a nice little city .
WE A

K32 AEFriEH kRO
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T W ORI TR BOL R BE BN HRAT, Alice #1 Bob M i B 3L = E 14
B, CIEEY]. EHMRIL IR IE PR BRE . MRS F AR DAL — B g i SR
S5 3.0 Jeon 7B O . 0T EEERICE . TSRS RN
A R
B 3.1 YR AR DA
N BRSO x, WETVE EHR M, RS b, B, AR
Mt By
1. MR (3.0) . RIS X,

2. fori=1,2,...,ndo

3. if X = [MASK] then

4. BEHE Xy = X

5. HRAE M A X FERE Y, eV 1 p;

6. H tp B ik il V' <V

7. AR (3.3) V' il R AT 31k

8. IR K B AL Ve g 1 S B A
9. W5 b ABMITR X

10.  HH X, KX BEHNX

11 b R SR A AT R

12.  endif

13. end for

14. R¥E X  HE y
15. &[Hly

3.3.2 {EHERERAEEIESIRE

TR SRS ) H AR R BAR S T () — 8 B B 3O RF PR AR IC “[MASK] .
X EE D 7 B A AL TE S B AL T B SO AT IR T o IX 5 3R] A
BUE A BRI, 1 HIS ST E SR . JATATLLE d3b v R shng . EIRE
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A SR T LURE O RIE, (R AR ARSI R ETTRR . S T 1RSI AT AP L
B, PATEAG 1 AR S SN TR BT SO AR SN o RIS, — MR
f>0 A AEER DS, ARSI A B IR, (S, X EWE D
Rl D, PR TN &, (EI TR AR . £, X EIRE RS
TEED, BT BN &, (BRI A R HE S

FETAE B SCAS B S ) G AE T HE R V8 5 A5, A5 1E S A 5] N T BERT,
BERT H#SE R B2 52 H T Vaswani 55 A\ $2 1 ) Transformer )4 i%#% . BERT H?
Fet 7 — ATl Zk H A FERDE S 5 (Masked Language Model) , 5k 1 5[] it
ATUIZRI R, SEBL T L EO T BN ST I . — okl W] DRI R 5E 1Y
155, WP H15r2R. PEARER R %, A FSE I 2505 1 BERT X R il A 5550
VA, AT AR R BRARBE T 5 244 (0 3 FH o SR, o TR T AT 25 AN 5 ZEHEAT 40
B EI 2 X 4% (Recurrent Neural Network, RNN) B7—/Mz— /Nl 5 31 847 A1 [
5] Y1 3311 2515 5 A5 (Generative Pre-trained Transformer, GPT) MU0k A Sk bric A
[, HEADTE 5B T U VESR A TR B TR R R . D, FRATIAE FH T 25
() BERT {E A TE 5 AL,

WM ONFRDE SRS, | ={i,i,,...,0 | 2 RS E M A8 %R 51 4.

T A e, BRI X =X, X,,..., X, ) TR ELA] X 498 5 460 “ [MASK]
NT R PRORE, ST —AScl, TATH X E SON:
Xs =% %00 0% ) 3.1
F1<i<n, FH

. {[MASK], ifieS
X = (3.2)

X, otherwise

AR, Xg = XAX R IR E N “[MASK]” JaHISCAR. Y 1 AEHERY
Ar B P RN B AE S, AR AR AL BT 1A AR, X TR
B MR ARRE 2 A B i I SCAR SRATRNIC 2 AR B TN S o B A
TR AH L BRI BT £ 4 “[MASK]” BOER. BR300k, RE 4
FERSAT B IR N A5 SOA
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HT RREENE, B <y <. <l W THREI N0 € | RS Am
R R ATRE . 56, XT L € | I SO, X F3 . I X A

BB MR, AT, €V = (V. v, ) A AN T A 2
o, 0], FFELIR g, =1 A0 B A R 35  5 FFARAL F— BC PSR
i=1

A, FATESE I X eV RE e x MM EK “[MASK]”. X T, el ,
X[il] il X[iz] Z A ME— ) X A AE T, X[il] E%I/Miﬁﬁljﬁiﬁﬁ “IMASK]”, 1H X[iz] 5

R o —ROKBE g B Z FME— IR, 25, MR, X, ) B

ij1] (i) |,
“IMASKT?, (R X, SRR X REM2< j<s i -

W 3.1 BEATRRE, BARSCAIE “Midshire is a wonderful little city.”, £77E M
ANERDALE, WAEBIA AT S o X T8 — DAL S, B NS G 5 A0
Ifi SCAS 2 “Midshire is a [MASK] little [MASK].”. £ 55— /N A7 B 1k 4k 25 20
] “nice” B#LfT, FNFEMDTE T B RS AN A B IR SCAZ “Midshire
is anice little [MASK].”. AJLLE H, ZFTHEAD A7 B B I SCAR AR B 45 FEE kT
SERTIRIIG I SCAS o 12 AR T LA —Fh & RHE R 5

333 —HMHmEE

s T i A B e ST BT AR 2 N 2 TR R R SR R o O T AR R A
[ R, Ueoka %5 NFUEH—ANEIME 0<t,<1 RIE—NTEZR ST o, %L
W, IR R ARG 1A W S 21— ] A B R o AT, IR
B Hp 1] BAT A R ) SO ROBER, R HIRTE SRS AL &, X B 5 8 2K
Weir] FIMER A, SRR HUE R R 3

I bR, ERir IR R R, BIE AT EAE S UL EC RN A AL, 1T H.
1A T HER U AR AT R A AR T e e BB (L A2 34 51 70 AT 1Y
Pit LI ANRp 5 10 B3] 4 Dt R, S Pm IO T3 B3] B4 s (R AL 15
ERSCRE . BRI U, T B B AR R RE A IR A A ], B
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138 5 EAT AR R RO UCTCRE SR . 100, 78 SCHRIST]H U 5B T A 0 7 5l e s
Bl AKLER >0 BT, T ATE 2' /M 7] h e AT AT —/ME 9 24 BT
ﬁ%ﬁ%ﬁ%oﬁﬁﬁ—aﬁﬁ%%%&,%$ﬂu§mﬂﬁ%ﬁ¢$ﬁ70ﬁ

M B R R B A MR A, SR T-HUNMER B f i 22
8 H T — B U A

L, K TR R B R — R (3 G 0, RO — il (A 24
OB 15 ph MO 5 5 MR 0 OB PR L o A 2 K i 5 8 T
WA ST, 5 SCRISTIMILL, — SR A AN BB s (1) ki
AR T DR AR R, TR 2 R Q)T i A
Gt A, BB MR, A AR T SO A . SR LA A
{7 7 B S8 AEE B A FOR 26 5, AT MR 2 T 22 At

R T AT B M B SO . AT, (2 B8 £ 2 R
ST DU K S — B, IAE R RRES . SRR 7R T R,
— ST E U IR S 3.1 3 6-8 47, FMRRREA LUBATI R, Ny
TR B AL, A BT R R R KA BB IR T B, N T R,
F AT B, B py, Py, P, ) IRV = VY, v, | AT

R, Forb gy > P, >.2 p, L p =1, B SCUC A B 5 T Uewe
i=1

HIBRE ¢ (0 3 SCH M 3 B N B R s B . SR, S et )
T AT 07— f1, 25 57 P 2 8 S O A ) — o
ik, B, ARV = (Vv,.v, )l eV (Wez), AR, bR

pi<—+,v1£isw (3.3)

2 P
XAEATE ] DL E A I E R 2w BT, RS AL = M —
WG, i, FER 3.1, “city” A1 “town” X PIANA S BIBEBLET E] 07 A1 <17,
WAHATRER “city” BEBLETE] “17, 1 “town” #HLEE] “0”, L, ANFEMGwID
J7 R RE 2 P AR [F R B 2 SR SRR e g AN B e Ac a5 P S [ ) 25
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SKAEAE R 2 A fe, M- SO E (S B IR IR SR K . O 7 38 S IX R
DLIR A, Bl BeE AR B 5 2 e R

3.4 SEWEREHHT

AT SRS T ORI CC-100 Hdla AR, 285t A it i 1) 28 TE A 21

Hr BENLI 7 10,000 ASSCA,  fRAE 7 HEEALVERE AP, SR AR
i AN AT SE I o 5 2R R — R 302, BRSSO K LUK T 20,
IXREA REMRN RN (1T R o B SCA RN — A BEHIL A s i — 2 A il 3 5
RAE BCE A . e 3.3 TR, AR E SIS ] BERT fE RS IE 5. 8
THHAT A PR, AR E 5 SRR 87]HE R LS, AF LI 74 K
BERTbase, cased f5 84 A1 transformers GHORIERINBCE . BhAh, A w4 1 H T IE AR
/25 (Perplexity, PPL) COBRVEAL SCA &, — MR, LR PPL XN SCA
JREERLT, IR RS b ok AT BT IR e A . N N AR E T ik kAT
SEVE T e R BT AN RS S,  IERT SR IR A5 R AT

341 EMSR

ST PE TR SE AR R R, AR AT I 0 WL SZ 06 SCARIEAT o Hr, B ESE
HEMRH PP SOAR I BT, T AT A NS 7oK . SEEa LT BERT Al—Ek
GmA ¥ E B VA SCARBR S 7 vk B AR AL A5 B RN BB SO 2, FETE R S
Ao FESREIFREF, Wik 3.1, £ 32 MK 3.3 Fon, JEILT —LesTih 4 R m B
(IR B SRVTAN A 8 7 R BT AR U B SO A . Ak, TE5E 3.2 b Bl 2
A SRRt (R 5V Z IR B VAR SR . A T BN RIS 7 v R 22 5
RATHAT T RGO HEE . RAEAK, F F7hoe CBEERA R E N 0.02.

T RS S, A FAL RS AR R R I E . Y
fEBR R, SCARHR RS B kD, X B SCAE SR AT AR  SOART
Zatt. £3.1. KI2ME33MER T =2, f=3Mf=4%4T, A~
B 5 I AR R . TESCARRRS A R — A Ee R AN 3] (Bits Per
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Word, BPW) ZBEAT #iiik . 818 BB LA R (R Bt i, T DASRAS R BEAS SL 8
B, IFRES AL S A A NI SRR .

R 3.1 AFRSCRRE AR BILLE (F=2)

(SICWIRrS

B SR

PPL

BPW

BARSCA

SCHR[87]

ATk

Gerson and Walter contend there are multiple paths to solving
a mathematical problem and students should be encouraged to
chart their own way by exploring problems drawn from the
real world.

Gerson and Walter contend there are multiple ways (2,1) to
solving a particular (8,001) problem and students (4,10)
should be encouraged to go (4,00) their own way by exploring
(0,-) problems different (8,001) from the real one (4,10).

Gerson and Walter contend there are multiple approaches (3,1)
to solving a given (7,001) problem and users (7,100) should
be encouraged to find (4,000) their own way by solving (3,1)
problems different (4,1) from the real one (5,000).

63.5261

56.4565

0.42

0.48

R 32 ANFESCRES AR BIHE (f=3)

(SIEPIRFS

B SUAR

PPL

BPW

BRI

X HR[87]

ATk

An unlucky accident befell my servant, Stevens, in falling
from the coach and being dragged by the foot upon the pave-
ment. Edition: current; Page: [186] He was in great danger, but
happily was not essentially hurt.

An unlucky accident befell my friend (4,00), Stevens, in fall-
ing from the roof (8,101) and being dragged by the foot onto
(2,1) the pavement. Edition: current ; Page: [186] He was in
great shape (4,01), but happily was not essentially happy
(4,11).

An unlucky accident befell my nephew (7,0010), Stevens, in
falling from the window (9,1101) and being dragged by the
foot across (3,11) the pavement. Edition: current ; Page: [186]
He was in great debt (8,000), but happily was not essentially
rich (7,1000).

105.5982

96.9807

0.27

0.46

TR SR S 2 BhI bR s RS, RbR s R S A S 4 Al . vl
UL, HERRAR SR TR SR I A K, B, BR300, M =21,
HH SCHR[87]4E i 2 SCA A 38 i A 13/31 = 0.42, A2 13/32 = 0.41. 1£
R31H, “Wa, b)” FoxHia “w” Wi 2 —A —HEHIR b, AEBIRR NS R
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RIS AL B A% R I BCEN a. B0, “ways (2,1)7 FIR DR LE HIA

“ways” NI B FAFAE 2 AMEIE ], I B RS — AL 175 “exploring (0,-)”

ERSE AT AL E A i AT ik BE, BRI “exploring” #E A T M ETALE .
%33 ARSCARBEE kKRG (= 4)

(SEEWIRrS WA PPL BPW
Accountability is a major key to BILSTEIN’s success. We
hold our team members, line employees, frontline leaders,

managers and company leaders responsible for thinking above
FARSCA  the line in addressing both success and failure, taking direct - -
responsibility for situations through personal steps to solve
and overcome issues and not becoming a victim for individual
or collective results.
Accountability is a major key (4,01) to BILSTEIN’s success.
We hold our team leaders (2,1), line employees, frontline lead-
ers, managers (4,00) and company leaders responsible for
CHR[87]  working (8,010) above the line in addressing both success and ~ 64.4565 0.23
loss (4,01), taking direct responsibility for situations (0,-)
through personal steps to solve and address (4,10) issues and
not becoming a victim for individual (2,0) or collective results.
Accountability is a major key (5,011) to BILSTEIN’s success.
We hold our team managers (3,00), line employees, frontline
leaders, executives(5,010) and company leaders responsible
T for sta}fing (11,01) aboye the. line in addre.‘,s§i.ng both succ.ess 57.0832 0.32
and failure (6,1), taking direct responsibility for moving
(6,0010) through personal steps to solve and resolve (5,0) is-
sues and not becoming a victim for mistakes (3,01) or collec-

tive results.

342 TEESN

5T BT I8 P VPR FR ok iy BN SR S WUEZ , I8 I A 4 AT I
LR 25 LB PP A 203 SUAR R 5 & XS B 5 20 A BRI REEAT PRAS , XS TR s e,
ek IR 10,000 AN E AR SUAR B - SO A4, BIUIZRAE
(60%) « FiESE (10%) FHALE (30%) , SR )5 FH I ZREEATEGAIESEXT BERThase, cased
B IHEAT TR o 283 Al PRV RS 2R A FH Sk A WU A5 I ST A 2 75 9 88 36 S0 AR o AE A AR
P B R P A e A B SR DA AR 1 o S8 ok A 3 BTt 14 D7 1 5 DO v
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Sert M5k, IR PURN IR 5K H SCHER[36], [43], [49], [87], #EATHERL, Z2id
B E1RR) T BRI LA R, TR R 3.4 TR,

FESRIG T SHOHAT T AR E, JEEO) T ORIEA IS R . BRI
o SRS HO BRI, SCHRISTIAIAS B i 52t 10 75 248 P AR R] (1 24
WHE, Bl f=3F1=002. & CH[43]F5IANR—DRGESE, L5 HERH
BR[43]H HERAE, B 2 =0.7. SCHR[A9IRIMERE S T Wk i, BRI K R s
AR AR FE it oSG P (5 PTARKC FE  f) SRE W R AT 07 B0, DR e B s
fEo XTI SCHR[36IAN[49] s S 24, BT RE L AR/ B B E o 22,
BB AT ECAR I RUR

R34 PN R b S T R R

WAREA 28 S-S5 R A Acc
HR[87] f=3,1,=0.02 0.2479 0.5570
SCHR[43] r=07 2.2934 0.8967
CHR[49] L=2? 1.8072 0.9580
HR[36] B=2? 2.0000 0.9615
AT T f=3,4=0.02 0.2506 0.5498

W 3.4 s, AR IEATHERE UL, B 83T /7 T, SCHR[36]-
[431R1[49] 77 V2 I REAR T~ SCHR[8 71T VA AA T i th i 7 1% o JR IR & X =7 ik
SEhR ERFETAE R T, T SCRR[87]H 7 iR A A = i th i 75 vk SE s b2 B
AR E T7 . AR RR S 7718w ge s 1t e A R, RN AR )
A FLR)ET AT DLRORIE T AR A5 B . HAESR 3.4, = b AR il a7 v A DU v
2 (Accuracy, Ace) #¥ Ry, X EIRE Z 2 MERA S22 . 185 THR[871HIEL
B, BATAT LRI, AR T BT th 10 5 AN S 1 e v 0 R A, T ELAS IR
JEWEAR, R th 0 T VAR R8T A 22 Ve TR SR3L T BE 2 A A

W 3.2 BoR TIEARSEEEAE FEHZSORRFS PPL, B 3.2 1
=0.02, (b)) 1,=0.03. AT LAHERTH, AN 50735 LU SCRR[8 714 il i 8035 SUA i
wHLF, SORTMRE R, AERNEE SOR S BIASURTEAEX 4y, XA T AT T
S th 7k BT RAF IRk o
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2

T e
(a) t, = 0.02 (b) t,=0.03
K32 FEANFRSEEAT B SR 1 PPL

N T AR AT PR AR R, SR T t-SNEMTRT AL T K,
R B SO H AR SCAR I GE it AT AT TR AR sin T, R RER B ROR
(cover) , PEEARTRII R B SUA (stego) « MK 3.3 Wl DI, 244 R K/
PRI, PIREIC S R 2, R IIEE SOR B HRE T RSO A, Rl
VORI SE B A 2 et A R DL R

f=2,1,=0.02, stego f=2,1t,=0.02, stego/cover f=2,1,=0.03, stego f=2,1t,=0.03, stego/cover

f=3,1t,=0.02, stego f=3,t,=0.02, stego/cover f=3,t,=0.03, stego =3, t, = 0.03, stego/cover

f=4,1t,=0.02, stego f=4,1,=0.02, stego/cover f=4,1,=0.03, stego f=4,1,=0.03, stego/cover

B13.3  FIF t-SNEBDH # % SCARI [ SR SCAHEAT 0T ML 430
T 3.3 T AR R S8, R 3.5 M3 3.6 205 E7R 1 SCHR[871F1 4 2=
DT R T A A FHE A e . AR SEIRTER 3.5 PEEH] 1,=0.02, 7E3K 3.6
AR £,=0.03. M3 3.5 FI3k 3.6 I LUHENT Y, FEAFIISERE T, AFpT
HH B T VR AEAT R AT HER 2 7 TS T SCR[8 7T/ 773, INTIARAIE | A& U7 2%
(RIS R A R
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R 3.5 HBOASFIFERY RIS A B S TR A IS FE (4, = 0.02)

SCHR[87] RETTIL
! A BT Acc A BT Acc
2 0.3818 0.6107 0.3906 0.6045
3 0.2479 0.5570 0.2506 0.5498
4 0.1903 0.5403 0.1937 0.5337
3.6 PR RIHERD ] BE 1 B S 7 i A IR 1 (4, = 0.03)
SCHR[87] ARETTIE
! A BT Acc A AT Acc
2 0.2916 0.6050 0.3145 0.5968
3 0.1919 0.5532 0.2057 0.5465
4 0.1474 0.5417 0.1578 0.5407

3.4.3 HRMSLIG

AR BRI AR H B (0] )3 SR AT — SR A R SEIL 1 SRR . O 1 E
B [ 1 SR A — S0P i R A T 5 vy 22 A B R 2 21 1 AN AT B AN
HIVERT. BRI, AFHHAT 7B SRRk IR XA s . BRI &, ALt
i AL R B 0] SRS CE — B SRR 5 30, R EE I 5 e A R R
Z55R . SCHR[87]H A5 VA8 F AR B Il VA SRS A B i 7 vk HEAT IR S . Tl H] A [l
AR AR B B, S b a] DARSLADLH — iR (R B 5 D, FRO “ A [BIA7 J
[FIREH, 85— Bk g AR i i, T LIS — Pl BB S 5%, ARO9“AX
—HE AL 7%

N 3.7 B, AR RO Ji T, A B A 7 AN A BT AR Bk, (H
# v T ICHER[871AT “AXE B3 Tk, XRMIA T iR LN — Sk g oA o
S, MITIGINAT AT - FERS o PERE T, “ AU E [BIA” FUAR = TEA A1
AR I, (EARHEL 1 SCHRI87IAN “ A — Sk gty 7, X EWRE B A5 AR B
[ 5 S 1 3 5 SR BAT T e ) 22 A vk« Gl 45 A B R SRS AN — S g B4R
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AREITIAN PPLAEME R ZAUG I N R RARM . Z8 EPri, nRASH45E, 5K
TAFAREE, AE P th i TAERUS 1 e ke
R 37 AAIRSE S Z R RE L

I 2 3 4 2 3 4

t, 0.02 0.03

BREAT 03818 0.2479 0.1903 0.2916  0.1919  0.1474
iHR[87] PPL 86.0537 81.7708 80.6252 82.7407 79.4869 78.8377

Acc 0.6107  0.5570  0.5403  0.6050  0.5532  0.5417

BREAT 03818 0.2473  0.1897  0.2934  0.1923  0.1472
QEIELE PPL 84.8311 815283 80.3875 81.7111 79.3132 78.7971

Acc 0.6048  0.5487 0.5398 0.6028  0.5512  0.5410

BT 03916 0.2532 0.1938  0.3134  0.2058  0.1578
AN — U gm s PPL 83.1867 79.7653 78.9204 81.3915 78.5438 78.2237

Acc 0.6123  0.5612  0.5423 0.6045 05520  0.5433

AR EA 03906 02506 01937 03145  0.2057  0.1578

AT 7% PPL  82.0609 79.4073 78.9092 80.4290 78.3508 78.2437

Acc 0.6045 05498 05337 05968  0.5465  0.5407
IbAh, BEIRAE T8 BERT VENHERSTE S A, (HS2hs Esierhal LLE
H M5 B R TR S AR . EARTT SIS, SR RoBERTal*?)(A Robustly Optimized
BERT Pretraining Approach)ft# BERT, LAk iF BIA 5 75 v (103 F A XL
Pho 3R 3.8 M3 3.9 Tfflt T ARSHFLREAIR, Hd “RoBERTa” {2
F RoBERTa # #: 3CHR[87]7 45 H [1)15 5 £ 8 BERT. “RoBERTa+Proposed” &
k3 F RoBERTa fXF AT A4 th 16 75 ik i 4 FH 1015 5 A8 BERT .. AN FESLIG(E
BT AERSE, €3£ 3.8 FFH 1, =002, ££3.9 FFH 1 =003. W% 3.8
AN 3.9 T LLHERT HH, ARFT iR T CRRRE MR, X BIRIE T &
PR R . Seieat R, 5HAMMATNEMEL, AR &5 H R ITEE & Tt
b ESHAS T RO RE G, I HRZIRE T R AERRSUR . X B2 IR R 1 1%

JI A R A ] S
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%% 3.8 RoBERTa fEUHERGIE S, ARG ] 5% T 'S A A IS B (1, = 0.02)

RoBERTa RoBERTa+Proposed
A R PPL A R PPL
2 0.7649 94.2367 0.7966 74.0341
3 0.4454 72.6491 0.4498 67.4493
4 0.3235 69.2259 0.3239 65.9934

% 3.9 RoBERTa {ENHERLIE AL, AN[AHERS (A1 T 25 5 i A IR B (¢, = 0.03)

RoBERTa RoBERTa+Proposed
! A R PPL A R PPL
2 0.6359 85.7642 0.6498 72.0499
3 0.3658 68.7636 0.3808 65.6212
4 0.2642 66.6071 0.2767 64.7378

35 FE/NG

AT 7 PP BERT B K B BIHSCR RS 53k, FFEIN 1 — 8k
(CRaiBuwAlVE N = NIV NG R s E S¥5 R ) LA /Nl N PN
AR R B SCAS BT B A LS o R, —BURgRALHOR YK T SRR S H %
Ve B, PR 7 REIA R G MR e A, XFEA R 7 R i ELAE
B UAFKRTEINE R SRR, SR TAEME, AR R IriERE
T EPERE, BRE ARG .

MBI KT, BB SCAAEAAZ 2% BT 2 A, SR B 5 R AR 15
HBRAAT o WIS ST B AL AR, ST RS 5 R (il A AL
WAL, HEENE, — AR RICE W BB SO, thnl BLORRFIOER,
FEARBUE AT AT BE LA HIE 00 T SRR (5 B, X as 1 AR i i m e &
1o OB IR SR T RS BSOS S TR S, (BN A A R SO
JRER A 2 A P 22 R S R RO B AT 85— A LA B P 1

— 7, REBUECORRE TR R R 7 SORRIE s, (HAalA
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AT R AR . 53—, R AR R OCAR RS S TR SEVFAE SR SR R RN
B A R, (B ATV SUE B AN AR A 2 PR RRAR A = A . AEAS
BT IR S AR R AT BRI, SRR R O AT REAT (S B4, HiEdial
SRR E A, AT e (1 AR CRAE 2 2 I [R5 v 17 380 SR IR I
Y, I 5 A RASCARE AR R 12t A8 e — e FEE _EXn,
R A SRR E AL T A A SCAR RS Tk Ja SRR R E AU
SR RIG IR AT RN B R A, DMEAEAE S SO RS T3 I AR i SR R 5 5
2 TR S — R
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FIYE FT R S AR A R SO SRR

41 Bl E

R R O AT R R I AS T B AEBRATRENE AR B T AR K TR,
Fe R 5 B R R IR AN AR b o A B 5 A R 5 BB A 2 5N
FIOhse, DB AN S 32 205200, I B AT DLSEEUAEA5 2 A% Sy AL O3
AR REF2AE BRI EARE RIS B A5 2, (B A
He MPURANER I, KRR IGEAA N EAREPOE TR E o 10— LE UK
HIN 35, WAt 2RO e 2 E FUR TR 5, XA TTHH].

PRI, SRR D0 AT A5 B R P HEAT TR A RIBT FOR AL EE Lk i . 5
PGt 45 )5 R BEVAA B, n] 10045 2 Rl 535 Fo VPRI 12 U A2 IR N B 42
WAL E S e, A RIIIRE R IGHIA N E . thiiil, B EE T
felfa, S P BABERAS AR B P, AT DL E A RS 5 B RS o it
PR JFUR BRI E A R o

FAT, PO B RS C i) V2 s F T He UG MRS i o 0 91,
(ELAE ST A (R AT A Rl SR AR 2D o TR R SO BAT v B A (e )L
FRATOAR, AR BE SR LB GARD o [R, A7 06 BN SO [ A
WA S BB T BT (05 58 o AR AR 2 A SRR ry, SR N SR A 45 J2 34
WAk, SCAREBAT m & VR R R, S IE R R AR /N, 1 HANE 5 52 3
WEFS TP IX RS RIS SCANE S R R R S A7, SR AR A AR S A3
X SCAS P AT S B AT 5

B 4.1 R, SO AT A S RRECRT AR SR R A . Bl BRECE 7
E23 R B E L €173 /AN R P16 3L G b 1 " NN R % S G R (B
BN, R e R S R e B SO f e AR I B SRR i A
ANz PRI SR 4 B R CE - ARV, BERUCE B B SR T S
M, IR B BRSO IR AT 3, SO R B RS LA
SEHIL o AT T SCASA SRR AR — i B A R, B0 SOAS A% ISR I 1,
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WU, B SO AL G N A B 77 A PR BE P IRZE , AT 45 A LR 35 S 11
fAAE. BRI, X EEORIE B SCAR R PEANE SO R, RN, 30 SO RS 2 g
U211 IE2 e i L D

WHEREE HEER

| T

REA | MR

|—> HARHA Faamn | PEUAEZE _l

Hn g LEE RN E

oif

K41 AR S B R AR 2R

FESOA R S R0 A5 S ek 8 — A iy B3 920 A TE 3 1 7 s SA A 3
. AT L S AN A AT A B AR SR AT Z I S, A R E (R 20>, i
i B SCAS A AU SRR B 67, ) At — DR B IR A6 SO, RDA SR 46 SCAS 1Y
TR o T3] B AR U SRR SO (R4, IR AE AR L TT LAY
RN, (HATBE T ALK 7. v TIREBARSOR, X h 15 B SHEAAS
WK 7 ROAZAAM IE o SRTIT, AN IR A SOAAR ZUMIAS I PR AR 28 5 51 S Xt 2 11
PREE, M BEAR 1 B SO AN m] RN

NATTAT LR S ) 0 B BB B R AT iR A SRS FE RSO . fl4n,  Liu 4%
ALK FARSTAS o (1 — L5 B B 4 R BB, SR Jm il I AR BB R A A B e
BMNZEI Y R AL E S BB Ba b A X RO R AT, Hi Tk
i/ TR A TR, A A AR/ 2. BeAh, BARE W] DLtk AIAE—
SERE R EIEINAT ReA R DS, (EGET R IR, dn KRS L L), Xk,
R L B R 1 a] 1595 R B SCAR I AE 5

It 5 TR 5 2 ST POVRIT R0 5 AR B R PR Jee , L SCAS 1Y) 2 3L S ek Jy
AT P IR O 5 AR RRIA B3 BT H BT, SR, IX LT vE AN RET {R
HTiiE. R, ChangPRH) 7 — MR 2R 919 R AL 3 LU ARSI RT3 M iR A\ 51
BARSCARNI 5% AEZITET, — DGR R T8 5 AR A R T 2 iR\ PRz

48
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BRI A A A B E 6 WA 5 P (e B (1) TN B3 R o X 4 L] ]
DIARAE TR AL 3 5 — ARG R . R, 8 € 5 2RO 21T EER AR DL T
MR S]] DL FEAN N B o o OB 12 A B IR N RE IS SCR I
AR R4 PR, (B 2R A Bkt A 2 s S e L= O 2R i =
R, IXAESERR N AR BRI R IR . — 7, RS RMAS T2 S,
TR M PR A BRSO 2 1A S BR 2, IR AL SRR R AN ATHUR o
FJ7 i, B R Al e RS B R CE r NG R R SR, B
SR RV 5 A W] DAL et B 187 58 . BeAh, A TE S A AT 4L
PERBUSRAE B TR R 2, 10T 5B N AR .

PRl D9 SCAS T A R RT3 A5 B Rk & /s RO DI, AR E AR
7 AN R A 0 AT SO SRR S . A E IR A SR
BB AR XA A SO, s SR E A7 B IR TRDR B A SOR,
R A A B A AT AL B DLSR OB 305 0 o PRI, AR S AN SRR 38 iR A ]
LA Dy A A AR Y, I AT DA B SOA R S SR I oK . SRER A R AR
WY, AR R AR OR 1 B SCA R (5 S BT, JRhe A T RAFHISC
A e, KW AR TEN PO

4.2 FTHMEESEE RIS CAE B RRE

421 RiFIEZE

AREEHR T P TR S AR A AT SORAE BRI, 12 R R
a1 4.1 Pros AL . HEAS BB R BRSOy 1R PRI 17 ok
1325 R R A B IR B SO o A G B 22 w2 3R SCAR 1 U5 AN D,
AR BT SN AT SO E5 R e 380k, AT A ROt AR S iR ARt 42
IR e I B ) RS o P 4.2 R T AREE TR S ARHESE . MRS 4.2 Fpa] AR
H, FTREH HESE g AN E Sy, RIE SCVIAA M0 38 S BN . HL
PEARBUN AR L o N, AT TR ZE AR T TR L A R SCANE B RO

A% L B 7 o
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ik —)  EUE > T — w8
A A A
%4 ;
A 4 E_ ------------ A 4
BRIk ——] ﬁﬁﬁﬁfg@ Ak« HEET R
R AR MR R

Kl 4.2 AREITERSARNESE
422 BXHEKL
95 T8 — AR SOR N — /ML B B, 18 IR B R AR AN IR A S
A, KT RSB A R . BRI, ikc=(c,c,,...,C, ) BB A,
HAc, I<i<nZMN—NEE RKIERVERY RIS i A BiE . A B %8
P={p, Ppres Py} 2 NHRLS P < P, <. < P, FIEEEFHI . T8 XAIERALE H A5

A AL A U=y Uy, U} BB P, <MATAR (4.1).

- ¢ , ifi=p;ep
Ui = [MASK], otherwise (4.1)

Horr, “IMASK]” FR—MREgRRIbRC. B, fikc=(1,do,.), P={1,7,12}

m =12, u A LLHAE N { I, [MASK], [MASK], [MASK], [MASK], [MASK], do,
[MASK], [MASK], [MASK], [MASK],. }, K 4.3 Ex 718 XWEA R,

WA C
pEHEP |
{1,7,12} '

l

I [M] [M] [M] [M] [M] do [M] [M] [M] [M] .
WA A U

K43 XA R s 6l
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423 TBXIEH

VB SCEE 1 H IR 2R B AN 380 SO, R Hom A\ B 5 SE I A T8 5 AR
Berpo 15 PR SE A B BTN, R T EGE SORIERAE, Br 7 S8R
AN N () B3] AN AR 2 b, FLARA TR R PR o A B2 77 vk ] B 4 480 S
A BB AR SR B IR I SO, 352 T R SR T 1208 — M IEAGE AR 1
R, 255N /N FEE 4.2, ECE SR I SR U 200 B 22 1A AR
AR RS, K 4.4 XHZIEOERE SR 1 — AN BAR 7R 6

I i S A N | Sk
. I know [M] [M] [M] [M] do I know the [M] [M] [M] do | | know what the police will do
ML A5 1B [M] [M] [M] [M]. [M] [M] [M] [M]. ! if he comes here.
L N 1 | 4
| | | |
{15 K8 ST e g 135 5 5 i 15 B 2B S
|
i i i i
HET 7 25 B HETiE 5 B | HE i B
i I 1
1 [M] [M] [M] [M] [M] do i I know what the police will do
[M] [M] [M] [M]. ! if he comes [M].
BIRALSCA [N I B S A

B 4.4 8 S HE R R
424 HEBERA

L TE 7 24 (Masked Language Modeling) £ 45 (1) H {5 42 e — AN 55 Ak 35
5 BIIEE SR, X —MERIERE . EFIOEART, R H GRS
FREAY, AR R SCASRT RN (1 85 4 A B — AN IR N SCAS o FERE SCAR AN I 5L
AR R B DX A, FERE SCAR ) — MR RD A7 B g — A 1A U5 45 B  SCAR . B
FEFTAT RS A BB AL T, 15 U STAKE A R B 4 T — OB AR FE RS SO
WFFRERE, ERIA B RE F AEUE S, IS 5 @ BT S5 e SUARE U SS
WSS . fEARTES, MILE S B T A il i S B sk, Bk,
A ARG A B4 F S bR b A F) TR RN A

HAR NI OIS SRR 4.0 b 2 R AT DUE B, R T A R
P B R, AT DUAE BRI IR SOAR . SR, IR 4.1 BUEE S AT R, AR
JSIAZAS S S G A 7 VA e R S A7 B A ], X T DL B BT BB
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G B 14 PR A2 WA I8 17 5714 G 5 — A 1 R B R R B C “ [MASK]”, [R]IE
SRR E S SAHLA . BT X ARAREREZGGFIE, 7 e,
FAVE A BIE D it 57k . AT SRR VPG SRS S 45, JFE 432 /N
FREARIR 1 DR AR PR N5 JE 4 5 SRS A R 4

B 4.1 BRI R

BN AR u, EFHE M, BEEER b

Rt BECK s
1. ¥t s=u
2. fori=12,...mdo

3. if §, =[MASK] then

4. M A s ARl Ak i 2, REAS BIAERS S, I TR AR DL G
INE: s FEIX ARRONHEIG SCA

5. MRS S 7% E 5 b BTSEAH ULRC A% 1% 18] w

6. A S, =W s IE: s EIX EAFOY IR FRid AR

7. M b FFIR C R A TR S]

8. end if
9. end for
10. iz[Als

425 HIEREL

MR bR AR SO R RIS 5 8, b, B S A5 SO
B R, BT 4.1 45 5 3P FRRi0fs BARErik. n Bl o
ST, TR G BT P = (17,12} A m — 12 308 S MR
R AL SCAS w23t FURE IO T, 0T B 52 4 WS RIN S 15 L. DA R o,
V, o B B R b < (0,1 o1, BRI A OB ES R T DU B T4
R LRI, SR PR 2 A W 5% 28 J T i R U B
T2 S G {2 LS 20 £ TR0V 25 B M. 0. S ), B et
S M. RESTERCR VAR FIBOE ek 2 (3552, DR A SO BRI o A )
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VB 5 TR FAA TR RN 55 EUARE 2 R RS S0 R o 75 0, Hcde Pk i A e 2 5
B RWCEILE Mo IR, WSEPRfE I EORE , A HE R 15 A 1 5
MR BRHRARR o SR, MHRAVERERI A EEORGE , B S A rIBE R 4f . 7E5E
W R BLAT A UG 1 A S I TERE , IX R AR SRR 7 o T R]
WA SRR — B IE I SR

426 FIKREE

X EEE RS S, BRI E A B P NBE SR s B0 M
A1 B I BRI AT 2H A B RT B R AR SO A o B SR U PR AR SCAR 1 77 VR AR T
R LI
ci:spi,v1£i£n 4.2)

Horb, RLEZEPIP ={py, p,r..., Py § BEIZHE B LEECHE KR A B S 2 (A L5

B L Ty, R B SOAS R N SR RS AR RE S A Kk R
BARBI R o 1 — BRI R I 7 BRI 7] 5 2% B R A () S 2% FE ARG, IR
AT ARG e i R R, O HL S B AR SR AN, 2R
RUE RS MBHE RIS 2 B AR S AL XA XUT S 1 fE B,
MR TS AE 1R 45 S22 XU /M o BRI, A B BTt A D5 AR 1l T e
W7 AT 92 IR LA BN A5 3 B

4.3 SKIGEERE T

AR PRSI ZE SRR REVPAL (19 70 A, DASS UEAS 35 ffr $88 HH 5 9k i) ml AT PR AN
WG N, RERAT T RAN, A RIERIEAT I . BN T
—NSRIGIAEE, AN USRI W E AN TR bR . AR, D8 T A PR, SEE
HASE P AN TR] 045 J2 20 65 SR S2EAT TR DT AR 1 68 D0 Ao AR A P45 U 20 ) S s 3
T 7. Ba, BIEXEESER, ANER] IR ISR RN 2 A TERESR br,
INHERR A AR AN RS . G R, XS 45 RANTE VPG A B 1
GRAZITIR B, It — DI AR SCHE SR A S %5
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431 SCYEE M GERR

AZEffH Python F1 PyTorch AT, X TiEFHA, AFTEiEH Hugging
Face JFP8Y transformers T2 AL -F T 2R 4T (1) BERTbase, uncased £ 28 o A& S
Ffi T BookCorpushix —BEMHREE, T/e—AME B AAE S LB S )
ZAFF R SCARERE, B 18,000 AF A 45 R FEYIRLEE IE U5
F R . FRATBENLIESE 10,000 NEAR AR TR SCOAE B, 752
B, SAEASIRMKE, B, FEEGIE—DSEAEE N, XEEAT
PEARTF R R A, R ARIE S A ORI & . i H, S 7R L, FRATEk
SRR R B AASCARRIEE, B n | me m AT LLESE SN, oy —ANAT
PARERR n VBRI REEL, A T AR 803 SUR L — /M LB 25

AT P A R BT v AR I BB ORI R &, A T PPL A SR AT
PPL i 512 ) F i RN SRAA R P B 0 e e . — ROkt PPL (EARAIR, 2R B
SCARTREE AR, BB SCA MR 4. AT GPT-2 (Generative Pre-trained
Transformer 2) “W 5 AT AT 8 55 SCAS 19T 2 PPL VR NVRRIbRE . A 1 VP4 22 41k
FAEH 10,000 A EH SR STAA 10,000 A~ AT AH 7] BT FERIARABA TR 12k 45 14 1) 26k
WOCA, FSCHER[100] P (R 5 AT R 40 A e oy, PN LI F A dERE
(Accuracy, Acc) fll F1 {8 (F1-score, F1), ¢ TS Hlhianill s Hrmae . 55—
ANMERR BRI G R, e SO BRI (K135 LURF8 (Bits Per
Word, BPW) , 1ZIEHR/S AT e .

432 EERAKE

AT AL, A Al AR (K5 R G 0 S ms AT S50 o DOFR AT AR TE )
GRS, HDERgmDT, BRSSO, 5id R H 45U (Adaptive Dy-
namic Grouping, ADG) FIHZ fPSI/E A & SEae b pPAG L. v T EHl— 1k, &
T EA A T eI R ARG

(1) Hedhd

45 e — IR IR, B D 7 VEARAE T AE 2 A 122 4H Hh 3 1 2K AN L] 43 T
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B 0 B2 —1fty K Az BEIEG b g, X T ANRRE RO E, i
IRV (BT 50 1 42 0 T A AN s B HE PP, A ST THI AR 2 3 ) LA
5RO K R AR A I AR BT — A ERME t RV Aa]
WRECE, AR, N AN EREEALE, AV R T B
UL HORIEH RS B o 75— J7 I, BERUcE DR t MRS IE S, DIE
il e A SCAS PR B EUR A R 2

(2) ER=ZG

B R 2 I AR KD ) — R gD 7 3, R T AE R S Sk 2
A2, X F g A 7 ARG 217 L IR RO BES R A I T S I B JE RS 7, XA
A DA RO T AR GRS o A Sk S B0 2 i R S i iR iE
RS BRI TR R B, TR A5 B G B SRS AU — e g i . 72 R 2 Y
W T W et € Rt T (5 N w2 e 2 T D Ry S SR P M DR N D E T T
T R 2 2 B DU AR 0 DN ARE 3 Oy B3] 70 BC K BE AN E RO G o S BB — A,
K= Gt 5 2Lt AN 5 AR A B A S O -

(3) HIERIA AT

[ I LR b AR o 1 A i o B MO L, LA
LRI — ORI . 9 T BB, T — MR R, A
RERALF I — S BN . TR AR, SR B 7 R A
FICH, IR LA AL, T B, B R T A KR

(4) HgTD

2 AR A0 P 0 A M W AR AT o ZE R R, 0
ARG, 5B ROR R F DR i ST R, B B B R
S B AE i . B, RV AT U BN R AR TRV, RV, e
Vol MV, b 0 S et SR b < (0,0} . AEMC OGRS
b, MRV, TR K A A . BRSO (R R A 1
PR R0 T, 07 SRR B MO . BRA)iT e, 15 Bk LL, SR
e RSCRBRCH R B S E SR, I T B BT, 1
S, TATHEV S0 RIS T4, X Bk, /M AR T A RS S A
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i AR S, R BB AR 1% 32 8 AT B AR, PRI N e Ay bR KL

A DLSI I iR AL 7 2 TB] AR AR 5% 2, X il S BAR ¥ 5 i

433 SEIRLERFNMEREITAL

B R B BAR ] TR IGUEA B P 27 iR AT . Ik 4.1 PR, KR
il c=(1,do,.), P={1712} Fl m=4n=12. TR\ IIH AT K FE Q] ,
AT LAHEIT H 2B B B0 SO A A Nl . 7E3£ 4.1 1, “Block”.
“Huffman”. “ADG” Al “Bins” 703 NG 8BRS HG. HIERN 7 2H g
A 4R o “ Top-1" FRBA HNERE S, BIEMED A B SR AR RR
TR HE S [ 1] T T 7

*41 AFEBECARRG, Hhm/in=4
i 77 3 A BHESOR
0.02 I was going to try to do the same for myself .
Block 0.03 I have no way to really do the same without him .
0.04 1 do this, but i do not do this now .
0.02 I know what the police will do if he comes here .
Huffman 0.03 I do it. you always do it. I know .
0.04 I always do it for a living .
0.02 I have no one willing to do a little crazy thing .
ADG 0.03 1 did the same thing you do for the same reason .
0.04 1 did. but you can do that for her too .
Bins - I know the way they can do it to me now .
Top-1 - 1 know what i have to do to keep her safe .

N T T EHAR SRR TE, RIE2L%, AERE PR AR o RlE
[4.81ITE I N . WK 4.2 Fow, B5E 1 AN JE A s A A iR 808 AR 1P 3
PPL {H. BE# (S S ImA0SRms o (1 ¢, AW N, PPL ELIZHI/N, X RN s i)
tp TR FER SCASEAT B> MBI B B B SRR R A, 4%
LT ERCKR, B, [JREESCRTERY, PPLAEE /M. WA, Zm/ o tUE
$EORIS, PPL B S3BWT T FERESS, KRR N SR S B RS E £
FRITE B (A5 SO TR P A

56



R AR A

R 42 HBAENE B9 SRuS K11 PPL fH, M n€[4,8]

RS IIER by m/n=3 m/n=4 min=5
0.02 223.8311 157.5531 128.8145

Block 0.03 202.9565 134.4043 103.8719
0.04 187.6439 118.5401 91.9489

0.02 202.6945 138.0253 108.4690

Huffman 0.03 189.8209 126.0925 97.6912
0.04 180.3138 116.3862 89.3254

0.02 260.7759 189.2484 157.2128

ADG 0.03 216.1935 153.3190 125.8440
0.04 199.3847 134.2199 104.6727

Bins - 274.5535 179.6919 134.2634

R A3 JER T ANFS 2 G i SR 3 U T 24 28 KN, SR 2
AT RLRIIL AN TR A5 2 2 B SRS 3 20 1 AN 5] (8 808mr K/ o [N 24 4, S I
YRR RN N RN 4 #0R s  3RI A 57 Al i 1) B e
NI S S50 R KN AR o
RA3 HBASENE B g 65 SRS KT XA s, Hrb n€[4.8]

RS IIER T b m/n=73 m/n=4 m/n=>5

0.02 1.2113 1.3822 1.4691

Block 0.03 0.9538 1.0794 1.1402
0.04 0.7865 0.8839 0.9315

0.02 1.2269 1.3946 1.4792

Huffman 0.03 1.0166 1.1464 1.2154
0.04 0.8576 0.9620 1.0168

0.02 0.4734 0.5335 0.5507

ADG 0.03 0.3561 0.3977 0.4113
0.04 0.2742 0.3015 0.3104

Bins - 0.6507 0.7259 0.7660
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EEXTER 4.3 I gnlit S BT LA, W T RgmAS, RAETERZHUE LT A &K
BT 1K ANINT PG i AV R 2 fidh, ARG B /N AT LLs IR v Kl
O R Z AT IR . Billn, @ v o RIS BEAK T, A
) ] LUR KA A LURFHE B, A5 R /N I — 1, AT E BN AT 0K
AR T AT VA BeAh, SRR m /0 B 2 (ORI AL B A T
N, AHRHL S BORA A B, IXTER 4.3 R AERIE.

NT PRI SCR A, IR 4.4 R, SRIRVERL T B SR BT
R 7 B RE ST, REX 10,000 A HARSCAAN 10,000 DEE SR FEALE, Jf
HAZH 6:1:3 BILLBI o AN . TuEEMMNREE, f2 di IR ubRS B A e AR
SR EE AT VPAL, 13 25080 45

44 WEARFGE BAIDHEE ORISR, Hh ne[4,8]

LT m/n 3 4 5
FHE b Acc F1 Acc F1 Acc Fl

0.02 0.8917 0.8934 0.9213 0.9211 0.9418 0.9416
Block 0.03 0.9040 0.9030 0.9247 0.9254 0.9473 0.9469

0.04 0.8938 0.8925 0.9232 0.9216 0.9425 0.9438

0.02 0.8992 0.8987 0.9195 0.9202 0.9435 0.9441

Huffman 0.03 0.9020 0.9028 0.9250 0.9260 0.9535 0.9540

0.04 0.9002 0.9018 0.9248 0.9245 0.9497 0.9495

0.02 0.9255 0.9267 0.9475 0.9478 0.9537 0.9542

ADG 0.03 0.9127 0.9143 0.9397 0.9407 0.9540 0.9538

0.04 0.9087 0.9069 0.9398 0.9402 0.9573 0.9568

Bins - 09098 09094 09305 09290 09515  0.9521
M 4.4 TTUHERTH, ERZHEOT, 2 o 8GN, AIHER R (Ace) M
F1H (F1)Z# TR X2 EHR, ROV 6 X BT HBAR AN K
Ny PEERSOR NS SORZ A et 72 RIS, SR IAER AT F1 8%
e 2 m/n SIS, KIAERG AN F1EZEHHN, Xd TEKBCAERS
Zeile MM YRS o SR, JEANTR] 15 J2 G ) SRS 2 3 B50AS [R) AR 0 7 B 28
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e, EAERZEGEOLN, ARSI Z 18] [ PEREZE 572 BRI I o SR s Y AR A
K S AL AN 5 ZEEE s A B e 7 A2 05 B IS B g A SR 2
ERHU T BrA TR Y, ASERIVET I, ARYER 4.4 w15, BRI SORAE B
BRI ik, 8 P AR g i A2 BE N S BRI

4.4 FKENG

AT T AT TE SRR ATOORE BRI S, e AR
T DM R Ay B R 1 AT RN SRS T i B SO R (15 1 o AEAS T T4 H (VA
Ze, G T AR AL B IR AR SR B B e S SCA R, AEHE RS SOAR I HE RS AL
B IS A AR AR 5 0 o SEIR A AR, S A T LU s SO AR
ToRIA SRR, I FH IS 3L = AL B 580 m] LSE SEH K SR SR i a8 i SCAs . i
X ZEIWOR, AT OB RIS 10 R . BEAh, A B SO B R (1
JoR B R4 N T R e U 20 A ) e

FEARRK, TAPREE— DRI ANERE, FAIA HIXMHESERES 0N B 2 St
R LAR . FEARRMIWT T, BN PR T2t 25 5 B SOR IR A BEAN SEH
Peo Juit, FATKH RGN EONRTE BRALRIE B gmaD s, A, AT
REis ek 05 BRARE, DU A s R B 3 3 SO AN AT ik . e ah, JR
117 BB I IZ AR SR AT 7T, e dE i S Uk ) R AN BT, 0 T 22 X 1)
AT T AR o GBS AW SR SR, AT 19y B HE S ] AAEAS S,
kA A A AR R ) A
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HhE 4divh5EYE

51 4

SASEAR AR A B E 5 30—, AR SO FE R N B R AL O ) SCA T
FHEOR, FIFTE 5 AR SEIUAE SOR AR iR AR (5 B IR . R SCPRRRER 1 R A
AN G HEOR AT FEIR, JFE R 1 e AR s R e, IR R R
FISCAIX — Ik . 4R, PRIEESE I BORAE B ARG 5 B h S22, A
L UURE R I S AR ROR AR i SO, A EAR e BARAT S K A R -
s FERUE L ST ISR NGk fEBE FN, A SCHE U 5 B IS i SOARRS
5, EETLET:

AR T — M E BSOS 5%, B3k T BERT W ZRR R A — i 2
AR . 5FmMEAEE BEVATEM L, Z T EERANE RS KRG H 5k
LT S BT o 207 i SR AR AT BT A S R o A, R
BUE A HA ] DI B RO A I R S AT 65, THRARL (S B . X T hEhS
RN MIFERS AL, 207K B BE R 5 SR e i 24T 1, DA 5 |
NICHIERAR, BN T RISk, EMSRTT VORI R . 20t R SR,
TR B BRI SCARR S 7k, SEVEAMUBEW TRIE 2 &, 67T DLIR M3
SRR TE, RN, ERANFEET R 7 e R

ARSCHRN T PR TE S A A WTAE S, R DLSBIL AT ) SO B R
gk e BT EUA OSSR I RE S8 PR R (B B, HEA A S Il —
SEMERIR R, XEEEEAATTM . A, IR ARt E 2% 2
HIIAER, MITEikse Mk B8 A CAR . B, 2805 ERE TS SR,
Ky B i o U o A e 5y B ) 1] A R SO, A SR AT TR Y A 0 ek
BRI FRAFARAR RN (R A5 5, ISR A SCAS (R B . SR 45 SRR,
STVEECRE T 3R SCR I 2 A R FIRT, RS 58 BE A SR 8k e AR . i HL,
FEFT SR B %, B e MR TR T 2 LG, X2k
JE RS T A, BN 1 %07 VR AE SERR R A iR AT e
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5.2 BHY

ASLGINTE SRR SISO RS, 18 5 8 af DUE R 45 5€ I SCAREAT 04T
MRS 2 E ORI 5 AOIUEARE s, F 45 5 M A5 2 A A 3 I B0 SO
GRINE R LR VAR R, FI, o] DA RO T — S G SRR S
Rl B H3E, HTEORMIRE], HATHE T8 5 Se I AR RS I AT 2
IR, ISR IR A LU BR o IbAh, XI5t w] e 2 BY 0 SCA [ e s A
TUARAG R, ANITFEME SCAS (R AT S o AL, AROR B 7 TAE R LA BLR
JUAST7 T T -

(1) REARICHE M I 7R A B B SCARAE VPO Fia AR AN e v 23 A Al g i
Clig 7 —Edtfg, EAECES NS NCEM UM EAEZER. K, Bk
T ORIEAE B RN EEAAS AR EI SR RE A, e dt— 2D 5 i 380 SR T8 SO
U, SEINAERG . HSh 2 HUFIRSCAR R, R ARKRIE T T B ) E 2N
R — o IX T BTG R TR 2 SR H SR TE 5 AL B ROR K S, DA S B b s
AL SR PR B R T oK o [RIIN, R B Ry 880 SR TR SR U R, 258 70 5 8 I
M AN 22 A PERORE I, W DR SO B O DA R o

(2) HH0T, B EIASCATE 5 9 SO RS SR LB R, JF AR RI5
JZ IR o ARKT LA R AT X HA 1 5 1 SO T AR ST 7T, I 256 N TR fE
[E AR T A HSE 5 T BB SE L N R R AR . B0, XS RSSO0
BATCARRRS, # 2 5 E HARE 5 S0 AN RRFAE, AIA)TE . TR A 55 5 T
Z5, AR EARE S RO EIERAL . RN, T RAZS S LA R ROR R SE I 2 18
AR ANFISREL, I 58 SCAS B S 42 218 5 M TN 7 5%

Rk, SCARBES R 22— e bLE AR ik, WifE 25 2075 it
FORSCRIAE, 815 B e R EoR Tk
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