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Ab 2% W 24 518 AT JF KoM EE R 4 RellU k52 5] &M ] 89 AL, BLAR

2, ¥EYE &

o

‘:/H\: CF ’ Wli%
PoH P it A

%

CZ = 6(W1C1)
B RN ELEME, & & RelU % &£,

BREOMEZERBMNE G —A2EdEET, Fil

14

, VAT SR B 1] A 4F AEBEAT A AR e I
it HAF B A — AN B A WU R 89 B AR A

IR AF 4B

> Xde T AT

F—ANE &
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P63 E B & Softmax T E/F R R FEE M ELEERNRT X 1A T A5 &
7] IAELEEW . BAR N XA T BT T
W = o (W,C,)

b, W,RiZAEHEEN DM EREE, o £ Softmax & HE,

Rig, BERBFEENRELEGEMANFIERNARR, JRIASFHFEE
7] FINAFAEFE [, BAKRY ) 3545 Bl R 28 B 702 & J) AN E 4E 1% 3T wav2vec2. 0 & 97
AFIEFE R CHEAT Ao AR Bk A, FIRIFEMRGG ) MBI AR Z4EF W &R BT X F, #H
5 wav2vec2. 0 FINAFIELEECR L F AR, REAN F4E Laks, FEAT

B 23 7 89 wav2vec2. 0 S IR4FIESEEA, BARNXAe T Ao
W, = broadcast(W)

A = fsum(W, * C)

HEP, WREATHAFEENORELEEW B0 TIEE, CIEAT
wav2vec2. 0 &9 5 IM4F 446 %, broadcastX &) #&H1E, «KEBRLEME, &
# fsum R & B B 42 B LAY 45 AE gk &

AEHMp) T, B AE TR AR N AL R SRR S, A5 B R 4R N4 AE
SE I W R 45 F ML SE I NI E A B, (R B R PR B AT 4%,
P RLGERT PR TN M E M NAFAE AR S, FRAZ N FIEE N ST
FEIE RS IR S AFAER FIWT AL 7], A B TR F A A 4 B Z a9 X R An A,

i —F R B AR

B A FIFR—AEP P, PrikiE T F MR AR T S5 55 5] 09iE

FEHARBSMRA P AT AR5 F FINAFAEAe 5 5 15T F 45 P SR
Fp i % ) AR R BUE A fe 1B 5 B AR M AL AL 6,35

S501: WAk A F Bt 5 ix & /1 FINAFALSE (i N 35 T FAHARMAR A 13 3
WG 5T F A

S503: R TRk MitiB T FHERALFTETEHEMAT AL, £
TR R AR K R HOR TR 15 F F A AR AL 69 A

AP IR —AKEBIF, AL, BAFHPEENFFIELEFERNE

15
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FEHENRA, FREETEHEN, XY, EEEHANERALTS
553 95T FH EALMARER ) DAL S A8 THE S AT S L
Rl — /v 2 REA, RFEFTFHEMEFmE, B4R, BATHFE
#7169 wav2vec2. 0 FINAFAEANT £ | 2 AV 2 M & F, ATk A E3E M &6y
AR E B S EHMES S REE T

TR FAEHS D EROSETARME, Ik &M BRI 3] wav2vec?. 0 4F/E
FEME ST MR E; AR MA@ E RelU #F K4, Hi@id Softmax
BEHR ARG — EAPERE PR IE T TR BT F A A GBmES
A, mR&MmBAAR G BARERARE, B4R Xde T A

S = 0 Wy 8 (WyA)

HF, Whis Wi AR TRE A48 23T By E4EE, 2 RelU &
A, oA Softmax EFEHHK, S = (51,S,,...,5¢ VREWRKAFEFTEFH4 LA
AIREFE D o

ikt 5 R BPITE IES5MEG Zp L F kAt 4, BAR M5 HiE
ISy EBEMMMIN, O5FTFTERME, FE&EERIEIKE wav2vec2. 0
AFAEHE 4T AR PR 4B A5 B P 48 A0 1A 8 5T RelU i & 3¢ ; 3@ T Sigmoid
BOE R B RE — EATE R & AT IEE T AR X AR A 0-1 a9 RAL,
RAHE AR RS A, BARN X T AT

Y = p (W, & (W,A))

AP, Wy Wy 2 AR TR A% E5 B ELEE, 62 RelU #F &
¥, pAZ Sigmoid HEHEK, Y = (y;,y, REGRAIFZHHIES B HEOBEE
i

Blot, ATHEGMIEETEHEERC LT ETFMEEMATIME
HE, HFETHRE BB L E T FHLNZR G A, AIME LKA
A T DA TR, LT B R AR RIBE A B ARIE T F AR AR AL LKy R o

BERPIHG—AFERD T, TERETHEMEETEMHES AT EETE

16
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L main = —Z zsij X log(5;)

i j=1
Hob, MAR RS, sy RE BN RS T Bt iE& FH A0 ARBE,
SiyRE BN A/ T % iE 5 F KB M BEE;
PR sh s 5 £ B HUT =0 £ HI kA S, ABK B30T

M 2
Laux = — z z yij X log(¥i)

i=1 j=1

P B P AR AR K By B e T
M K
=1

Hob, MAK AN yy R BIME RS T i 52 55 B AR E,
Py RE BN AR T R 452155 Bt o UM F

BABA G REBHHA: Lyre = Wmain X L main + W X Laugs B0,
FHESH EBREBHAREAW pain, HHESHH LB REXBHRE AW 4400

BAPHO—AGRGF, ETSEH55D0EEFAEDRNED 0L
EAE S A TS, RoF, EESAHRATIHET OO FHEE, H
5t B N F IR AR A 0B F A, Pl RS, EATSHESF W
EEEHEREMER DN GG TAEY, THELE)EBREHES > EBHRA
RXBRKF L, AT MR BB AELT S E5FI0ETFHL
AR G AR, A E L MARK S H A TR HF AR, BN
Rk, BARE, PMESHREHITKMHEESFHLAAG S5 £ES, L PKRE
WRIEFEHRABGM LK, EWMRBHA:

M K
Lmain == ) ) sy x log(3y)

i=1 j=1

HEF, MAKAANR, syRE BN AL T R EFFH LG ATHE,
SR A BiINH AR T S5 5 FH LA TN BE,
PRk E S 5 R BHIT 0 £ AR S, EBER BT

M 2
Laux = —z yij X log(¥i)
i=1 j=1
17
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o, MAHEAA, yy RE BIAE ARG T 42 38 4 B P LSk,
Vi KRR iR B T 445 235 F B ey N A,

BB GIRKDHE A 0 L mrr = W main X L main + W aux X Laux, & T,
EESDEEREDEREAW g, HHEFH L BRKHHRE AW 4,
P EAR ] A TR, @I TR EATH RIS, RAFE BT
EEF MR,

Al B RN SESEIER, HoRBERES, HiEEF4HRN
Fo fhe KA 605 F A R4S B A BT R I, A MAL A B B 4T 00X 2 Bk

A

FRAL O

S601: A F ATk Ftell it 2 & MR E4ME 5L AL 2 B AREFA L
MR 5]

S603: A T ATE A ARiEFA LM E 3| 4% B iRiEF 242,

BEARFIF— KRG, B 4577, B, MANFEZENRELEEW,
B RE S EWAW; Blw, 89 B — N FAEAR K T RF THORBAME, W& T A A
M EFAHAEASE | MBS A BARER AL E, 53] BAREFAZEME 5]
BPE AT R AR M3 T 454 P B ARE BT 2 6935 T A2 bk 3], 26, AREBE
FF ML F i KSs, MAZIARAZIE W& 7] Fa s L& 5] kT R4z E
AR EA KT

st=fsx (ts—1)
et=fsX(te+v—1)+1l

Hd, stdf A EFAFIET BARERAARLE TR B, etdf 4N EF
AP B ARE RO ROT M2 H |, vAS BB BOF AT v AN 4FAE,

Al e, BEATFHAEEIRELEEEFXREA L BARETA L
Mg 5, AT BARETRLEME I AL BIRE T 242, RBLEESBEEH R
¥ oGt HAL AL SR I B ARIE T A9 AL LT M, SR I B ARIE 69 2 Ax,

18
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B A iE ey —ANFaP T, Pk A TRk Aamet 52 & R ELEFHZ
E AR5 & R AL L 0,45

S701: A T ARARGY FTIE B ARi% F AL L MUK 5] 74 52 4B AR W8] FE o

S703: & Pk ABARM R 2B /N T R3F T 4% BMA B ABAR 69 B AR5 5 F 144 1
AR, N &FFABAR GG PTE B ARiE FAZE M 3],

AP IFG—AFEp P, KT EAAP CF2 6 BARETAL LRI ZH
By, YTUCR AR ARAE, SR EATEIF, BRe, S FERRBAANF
f, BR, A TRANIAE BAREFAL LW E 5|52 AAR PR 3B, BREt 5 b
A9 AT — B AG 45 R 5 G — LAY AT HE ML 18] A fLiR) 2B, F BT AR AR LE] SE AR & T
RETAHAEBME, 2FREGALRE, AFRBEEE, R, ABATERA
BPARAR 69 Bl ARiE G AL MU R 513 2 89 BARE S FH AWM AT AR, HABATM
BBHANTRFTAFRALBARETEMHBMARNR, NFAR4R G K B ARiE
FAZ MR 5] & H A — B

AFEHpI P, BAXNRF S EBIRE TR LR I AT FHRE, B
R’ BATIE T AL FIE,

T @ A—ANBARR PR PIFGE T FEE ) QEFTFHAEN
{5 75 R0y BARSE 560 3R, 4B 5 BT, A%, S801, RBRAF 2 FF ek,
A AF BT EHHBEOELFT BT FRHRBEAT L EETFMHEN
Z JG,S803, A T ATk 54 i5F FHRAEH T A F TN ; B4R 89, S805-S807,
PR AR BAE R AT AT F AR RN ST E A s IR R BAR AL
PR 5B 155 BRI ANPTE R R BUE A 3 55 S 1E,

Z )G, S809, ATHAHAALAE FMAFIEAL T ET 4 BTN FEE
AR BAL A FoiE F FHARMARR ) Ao RN FEE ) HERBAEA 0,45
AFIE R U5 AR S, AF AR E AL e b AEAR AR 3, PR AF AR [R5 4% 3 ) T 14K &
SRAFAE 69 ZE A VL B FINAFAE A9 12 8, PTRAF IR E AR Bl T A BT A 42 5 L
A ERE, TR A B T AR T FEEN T IAFIELESE, £
8y, SB811-S815, ATk A% FINM AR NPT FFAE R S5 AR 3k, #7 3] R 45 5 90

19
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AFAEFE 5 T PT R R 26 5 I A AESE [F S0 NPT R 4 AR B 3k, 13 8] R 450 7 i
BAREIENE; KR RGBT IEE )R EIEEM NPT RAFIEAR AL, 53]
KU B2 & ) F AT AEAE %

2, MRBFTEHALUNRANEATZESFINETEHRLARME
A1, S817-S819, KBk A4 0 512 & /1 F MAFAELE i N B 5 F M AL 13
Bl iE G EM A ATHEMIEETENEMI S EEF 45NN
Keh$, A TArEBK IR EITLETEHEMNBEA G LK, #2 BiRiES
FAMBEA, L, TR E ST FHE OIS FH LA fomdsiE S 4
I, FTAAFEEFHBHOELSTETH LA AT EE4IE, S821, A TH
RMAEE T EHE RIS E B %*’%4&1&/% iﬁfé E K BT

L main = Z z Sij X log(su)

i=1 j=
H b, MAMEEAANE, syRE BN AR T EjETFH LG ASRE,
%ﬁ%%&ﬁﬁé%%ﬁ%%?#%ﬂ%mmﬁ%;
P 32 A8 AL 55 50 ’:\%%&&% HHE BT

Laux = z z yij X log(yU)

i=1 j=

H o, MAMEERANR, yy K& BN G T Fjft 45 255 ey AR E,
9iRE FHINE A B T Hi0 4 2155 At ey T A%

AR GIREFHEA : Lyre = W main X L main + W aux X Lawgs 27,
FEFHSEBZRRBBIEAW pain, FANEF D LB MR BHERE AW 4450

Z )G, S823, A TAFHMiEFHIEH AN FIMAFAE, AT R AN F
A AR NPT B 72 & ) AR B A (R B B AR B 02 & /) R E 4B [ e
M i &) SAFIESEME ;. ®JG, S825, A TR Fh et 5 iz &R
FHEEH R BARE T AL, PR SR N b 52 & ) F NAFAEE [ NPT iR
EFERMRA, 55 BAEFE AN, AR, S827-S829, A T ATiES

Fii & A4 5L MG € BARE A LM E 5], ATAE BARiESTA

20
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W& G R BARE S AR, Rk gk, S831-S833, A FARALRMYPTA B ARIEF
ALk WUR 5 24 € ARAR WA FE ;25 PR ARAR PR BB N T R F T A F R AL ABAR 89
BARiEFFH A MR, NA& 404069 ATk B ARE FA LM E 5],

K% IERREY A, BRI L PTG & K Ge ] B D ROAGIRAZE e BN s
BBAT KOG TR B e, 2R 3 BRI A& ol AR5 AT K 48 = 69 A AR R 3R
o BRAEAR b A PH GG DL, X 2 FAGPAT I LA = A 690 5 ], X sk
B BT VAARL S 6 HAT . M B, 4o b BT iR 69 & 5260 BT 5 B A RAZ I b 8y
EV =5 FRTUALESNTERRFE SANANHR, R&FFHRHE MBI T LR
AN B — BT 2| AT T Ak, #A2T VAE TSR] 6 BF 21 AT, X2k 3 R e I BLad 3k
P AR LR RARK AT, MATAERC T HERF LT TR PO T HERE
B £ — 5 IRRFH L HPAT

A TR RANE, K¥FFEEGLRET —H A TRALRPTT R
ATHFEENNETEHENf 2T A0 A TR EE) GETEHEN
Fo@ LR E . HREMREGMR I AAGFEN T £E LA G EF ARy FE N
FEI, K TEARLEG—ARENETHFEENGIESTEHLN R {2
EKEFRHBPOEARRETAAR L P T E TR FEE S GEFTFHEN
Fo R A Rk R, ERTHIT L.

E—ANFRHEP, B 6 P, RET —AATHAFEENGETEHE
MAe® 4235 B 600, QLiE: 5Fi5FFHRIEERRAELR 601, 5% FIN4FIEH
EAE 3 603, BY FriE & ) AF AR IR UL A e id i B AR AR A ] 2548 B 605, B A
2 ) SR R AR 3 607 A= B ATRE & F AR A R A3 609,

HEEETFHHIFEERBAR 601, ATRERALETFHHMIEE, AT
AEEFFHUBROEL L ETFH MBI LGS FETEMHEN

HEFIMAFIEH AL 603, ATATHALAFTETFHUBEHATSAT T
A AE o

AR & ) AFAE R BURE A Fe 3B & F AR AR AL )| 2542 3 605, A T A TA7

BE TN F ST 15T F A B I ST 52 & ) AR R BUR A fe i 5 F 44

21
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AR A, BT B E S ) AR BURE A @ RS A AR R AR S A ARIRE
PR AR AR AR S TSR A A R 25 4% 3 ) T AR & SR AF AR 69 2 3L B & 90
AAERIAZ &, PTRAFAERUER R B T A Mg E Loy Em =, Arik4Fiese
WAL BT ARE T FEE ) WS IELEE,

B PR & SRR A R AR S 607, R T AR TAFAR M 38 3 238 44 2 A5 4 5 90
AFAE, PR AR A I AT AR S NPT R B U2 & ) AR R B AL, 1 B A A
W5 0E & ) R E S A AN 502 & ) S9N AESE R

BARE G FIHE &R AR 609, A TATAESANNF2 &) EHE
b5 % B ARIE S AL, IR AN BT B iE & A S A AR 4B [y A BT iR 1B &
FHANER, F8 BARETEHAEE

Fo K i 0 — NSRRI, AT A E F AR AR A AR SL T

P AR A AR R B A AL TN T35 T AR R 0 2R BT iR B Rl A AR AR AR A

Tk 5 18 F F R AR MNP R AR AF AR R BURL A | 47 3] A F FIRAF A

B AW ih e — AN KPP, Pk FiE & ) AL R BAR A o i 5 F - I

£ AR GAL L H T

F B ik S E A NPT R AR IR R G A 3, 19 B R 48 S I AFAE4E [

Y P iR R 45 S IR A SR (R NPT AR E AL 3 1R R 72 & A
T 4%,

TPk R 48 0 12 & ) ACE B Ry NPT R AFAEARR ALAR 3, R B A F B iR
B TS AELE

BRI E— AN FRB P, PTitiEFF R NARA A K 2 5] 6915
FTEALRALNER, AN FEE ) HFIERPAEA Foid & ?#ﬁw GARIEZS
KT R T

PPk 50 02 & ) FORAF AR SR oy NGB F AR MAR AL 13 2] b5
TENANE

ATt g FHENALLETEHEMEATREA L, ETHAE
K R HOR TR E T FHAMRA G AN, AL BARETFHENRA,

22



10

15

20

25

AP IFG—AFEHB P, AN R &N AFIER LA fo 155 F 40
432 A | AR B BT

ATkt FHEA LT FHLAH L FH LUK DK,

A TR 4535 FAF A 5 15 FAF I € 15 T A AR AR R R 5L

AT F4 XA MK B H A5 F AR KD R T MR DHH

AP IFG—ANEHRBF, PR ARG T FHE SRR T

A TR 2 E M ELEE 5 TR EH & B ARiE S A LM & 5] ;

AT BARIBEFA LMK 5] 402 B ARiE 5 245,

HEARPIFG—AFEHRGF, PR ARG T EHE SRR A T

A T ARARGY PR B AR5 S AC LWl & 3] 74 52 AR AT b 18] S ;

PR ARAR L] BB T R T AF BMA LA S BARE T F /AR,
W) & ABAR 69 PR B ARIE A2 LM & 5] .

TRETHFEE N CETFHAENF 24238 F P 69 EAAE e 7T 230 K3
B H A, R R RS R FEI, LR SR AR X AT Rk 2T
T HARE T RIS P, AT LA X A6 T A& T e 55+,
VAR T 4 22 35 8 B AT A L & AR B3t B a9 A

A=A P, BT —F it RS, ZITEIGRE T AR L, &
RAEHET U4 B 7 7. Bt ENRLE O AT AALEEHAOLTE,
iR, B30, LTARMARE, L, 2 AR EOARERE A TR
it H A2 AL 7] o % AR B0 B8 5 0463 5 R B A N B2
%A B K BN B RRE R At WAL, ZAGHERNIEH ARG
AT 89IRAE 2 Gt AL P 0BT R IR, it E Lk & eyid iz o
AT 530G 435317 K RALE T X9l iz, L&H AN T@LWIFI, £3h%
B M, NFC (3%l 13) R ARFE R, %t HIALF L B PATE AR
P—AE T FIEENOETEHEN LT k. BT EMNREN I THET
IARMETHERECTEKITH, ZiITEAIXEOMARTET AL L TH
L EEWNEEE, LT VGR T BRI e LR B A, HLIE IR SARIEAR,

23



10

15

20

25

LT ARSI R AR AR R RATTF .

AABHARAARTUERE, B7 FrBagsEH, L5 A9iF7£MX
ARy LEM AR R, A ST A P iF 7 ZPT R B T3 Lag it AR & A9 TR E,
FLARAY T AR ST ALIEL B F AT £ % KTV 69304, R 86 3 L34,
KA BA B 63 E

FE—ANFHwpF, RET —MtHERE, CEaMERAES, 55
VAR T EMAR T, 2 EZRAT I F AR SR I LR & T RS ae ]
8

B—ANRp T, RAET —A BT AR, £ EAMA T
Jr, it EAAL A A 3 3 HUAT RS SR I _E R R T ik SR e 8 R

FE—NFEupF, RET M ENAER TS, QEITENAER, %t HE
WUAR P AR AL 32 35 AT B 55 I b 3K & T ik SR 60 F 49 3 3R

FEZHANL, APIFMTSRGAFPARELE (QFEERRT A FIRERE L,
B PAALGE &) okt (AFBERRTRA TGS, GHORE. BT
EAEE), ANGER PFERREETE T ARG E LA,

RATIRE B AR AR T AR AF R I LK R 5610 77 ik P 69 23 35 RAZ,
AT VB H AL F R A5 A R Rk Tk, Pk eyt EAL 5 T 464 T
—AEH R HEAT RAEMN AT, it AL EPATE, T ik
BTy RO F B Y RAL P, AW I PR 69 RS A6 15 P BT AR R 69T AR 2
KRAEERLCAHARGETI R, HTOHEL R RREEHEFHE ) —
o EHRMAHSTEOIER L4145 (Read-Only Memory, ROM). &y, #:
#. NG, RAEHSE. SEABANRIFHEXRAHE. ME A5 (ReRAM),
#% 1% % (Magnetoresistive Random Access Memory, MRAM). 4k %1% %
(Ferroelectric Random Access Memory, FRAM). A8 7% % 4% %% (Phase Change
Memory, PCM). & EH A4k 5 5. B KM A1 S T L& MALA 4% % (Random
Access Memory, RAM) RIM3EZRE ¥ FiE 5. MFALARIEHR, RAM T
AR % #9 X,, todo#s A ALG IR G1% % (Static Random Access Memory, SRAM)

24
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15

R EMAAE R A4 ZE (Dynamic Random Access Memory, DRAM) % . A &%
FIf 34k 09 - R 36 15) P BT 35 RGBT 6146 K R AR B AndE X R AR AR B P
BV —H, EXRFZAKBETOEA TR H AMIEESF, RRT.
AP FHT R EFHBI PSRBT HERALRE, PRARZE, B
HREE., XKFEFTRES., THEZHS, AT T HORBAEIHS
5, ARFik.

VAL SR 36 15) 69 Z- B ARAFIETT ABATAE S 8984, AMEfERF, K3k
AP P 49 &N AR AFIEIT R TR LA AR EE AT R L, Ri, REXRPFRHE
PRGN BAET G, AR L INAZ AP ITEHGTEE,

A EBT R F PR IR T KRPiF ey LA a7 X, ERAR N LRk Fitm,
2R R mEBANT AP FEATCEGRS . 2 EBHa02, T AL
LB HRARAR K, ERBLE AT IFMHEQAIRT, LT S 5T L4
i, XMHE T AP IR TEE, Rk, APigagRir iR & vART IAAF
ZRA K,
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Lol

S207

R FHRME SR AW FIRAIE, 5 PTE A i) & 90 45 LE A\ AT
R AR A BRI B RN Ak A AR E4E A A A B
Fii &N M4 %

{

R T fsieme FEE AR EERMR B ARE T R4E, HWFAnEfRn
B AR A F R AR NPT iR B ARE S AR A, 8 BARES
AL

S209

{
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