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XA 72 BRI RS AL IR I 5, BAREIRLZ), (R Sehr IR R A f 2 LT
NATRRAR,  H AT S48 IEAE T T E R A3

2018 4F, WWMAEIFRFH R LR T — N TABRIERIIRNZE N, 1B, R
L NEH, F4h, MERZEEHERS N TR s, AZAFMaH0E, WA HIE
LT S S IR — AN RE NS A S04 B AR I R L8 AR
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AR N A e BTSRRI, — IR T DABRAR I SCAR NS, A ) e ) e e B
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TRFH. EF R TR 2 ARRRIATRSOR, Ef T 58, FESiEEs. i
FHLE N TR GRS AR AT 228 R AN B AR EHAR P RCEIAT . HE, EF R A
EUORIEA 2, — ERA KN R RN — I, W ERNEORA sk,
TR LA TR SEHIA AN B SE R M IR 2E3R s 55— T, ML A H PO A s, sebr B s iR
HIGEA . AR B SEMZ A RR, MIEEAKAR.

WL HARE 2015 X2 )5, CERE T RAERD . TEF R IR BN LR T SEFR
RIS, HAEZEAE, & W3 T RIS R R OB 95%, EWE RS
NEARVIHEF IRBIRE ST, TR AR B PR HOAR S i A BB K A R A

BEEBORIA R, BAERE. 75 BAESED ST IES R MER 7T ARES, falka
Wi BN DR B RE B A GRS, ROy BRI B i TSN S IR 2 — o BT IREAR
ItV EAR. EER. EEraE e, FIE S e RONAR R EE AN SO —.

R, AETHARBAAERZ AL, Qo Tombe s, #myy . |, i, KiaEsEy &
THEEF RG], EFHERKERTE: 5h, 2 ANEF RN 2615 2 TR B2 2 i 75 2
R, ARTE F IR IE TE A o PR U TE PR AN, (H 2 2 IAJSEFH S b 3RAT TR 2
Tl AR, SERr B BRI T AR EIFANR T RTSCAT U IIX L, B TR S ST T g
B2 W IEAEAMEHOTT A ok, AR 1 2 2R IR X — VI A A

1.2 EFIRANA T ALY

VB VRUNAE A o 1 P Y DR SR AR, R LR B R B e B, R TR B A
OB S IR M T REZ BN BT, Wik Alexa. Google LAK [F Py K 7 i 35 Bh P H &
R G, EATIEE SR RA I 7 . R 5 ST AL R A A
I PIEW
SR AR T AR R LA B [ RAE 5 AbBRATR, 5 55 R 10 R PR I AN A A R AR
JE DR AT LAE A 22 R 2 R, L S B AR (3 e T AN [ ()38 5 A s, AR AR 10 S A =X
EREAFE. H 2T R T E 6], S AN A R RRE .
o A Bk ey ik E ¢ 4 150~160 wpm (word per minute, A5-4F a9 FIF4) .
o 43JT K E A NEIE 100~125 wpm,
o B3R T 4435k T vA K B A4V 29250 wpm,
o | #agy - F A IE(John Moschitta, Jr)§ RiFE RATHR LT, E AR LRk itESd,
AP aE LS80 H14) . ah IR RAE1990F A £ K - ARIEE RATR T, B4 HF63T/A
¥, REAHBER, WAE1995F8A308 Ho4rate55AN 3214, H BAERFIALEE 4
aaRE CRARTRA” (2605 ) f£23.8%).

Wr A BRATE RS LA R, MARR X — IRk Ly, &=Ll N idfE:

(1) PR FRCR NSRRI LA, BATHES B oRERIEAT. W TS S, XA
B R UBAME SR AAAE, DA U, A RENSREAT 5 S AR BLAN 70 AT .
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(2) WEFEIy Y. FEMEZRIREE R, WIRLE, BATHIVT 5 R GEAE 08 bt &l 5 h i
HHIEEE S . X R A] GERIE T AR A . A SN, b AN IRIE 7S . SSIEE 25, pLAs
B R A AL R 2 B RE T, DABA DR 25 TR 0T

(3) Wi AbER: ARITEETSH 7K, ARG . A7 45 MR eam 2 a) (0 AR . AT
PO VFIR ) F IR B Z A0, AT R TEIE T R AR — R 1 A, DLy R S b . HLES T
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(4) MERE: AN SERMERN, AR WAl 08 Kug. ME. BRAE
B2 PN R IR0 IXPARR PEEL 78 A — N AN 2 IRIER st 245 BT . [N, HLARTEAL 2T
BEI, T RER R K, DS A b R ) AR AR R

(5) DIFER: xR FEHXE T 5 MI05%, 355 AT G 5 RRE . AITHIE S T R
R CRRS f JR E R VB ST T ME AR AR . MLAR TR RS RS IE R, AMERA AR AT I AR Rl
HAHE

(6) [FISLEIVE: 185 1 A& 5 SCRDIE S IR Aok T8N FE o X Sy AR T 2 K A
ABAH IR, (HEE T REESAAN IR . A T R BTS2 1R, ML T A X 4 X BV
ZES

(7) Bhidid . EHEZRP, AIEHEEM B “ii” Sa0E X HEER. RE KR
TCAREI N Z RS, (BHLEE T RE S RS2 B4 Sk, HLER 5 22 o dnfe] o X 261,
DIHF 7 5 Y e R 2300 0 2 P R P

It I AN R R T AR, RO A A AR BT b b AT BT S AR R, X T 1 A )
Bt R S, A U2 N AE RN 75 20 1 A 7 2

1.3 EFRMNZE—EFRAINEBHE

PUARIE B AT LLB IS 1952 4, Davis SEAFH] 15 F S —ANREIRI 10 MO TR E T
SR G, MILIESXIFE Tl S PO KRR B RNKRESISROEH 70 24, EMN
FAR T R Lo A=A B

W 1.1 fizs & 1993—2017 4E7E Switchboard 1% & iR IR G BE DL W 1-1 A BUE H,
1993—2009 4F, 1EH N —HA T EIE S-S /REHER (GMM-HMM) X, 155 R 25T+ 42
18, JUHZ 2000—2009 4, & EHIRMEBEEARL TAFMARE; 2009 4, FEEREZIEAR, Flk
AL 4% (Decurrent Neural Network, DNN) [FI24H2, 18 3 TR IHE ZLA4S N IR AP X 2% -5 T /R
IR (DNN-HMMD , Ff BAER G & RAHEN T & W 2 PR B2 ST, 1h S 00 RS HE R A5 3 T
RERS: 2015 FLUE, BT “uBlm7 BARMNE, HE N T BB, 15 S A
FENGRTE IR SRR MM 4%, [m] i) o B o AR — 20 Kig e 7B Rl v ae, B2 2017
S, FUKAE Switchboard FIABAAS A 5.1%, MM LEE S U0 PTHERVE | DG T A2, SR
FEAE— B A FISEIR g R, ARG H AR
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ISpeech-recognition word-error rate, selected benchmarks, % Log scale|
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Switchboard — Switchboard cellular

O—0 Meeting speech
‘ ‘~. O = O

O~O .
¢ w Switchboard
|
'\.’\
The Switchboard corpus is a collection of recorded ft, Switchboard ™G 4o,/

telephone conversations widely used to train and Microsoft 2017, Switchboard
test speech-recognition systems

Broadcast
speech
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K 1-1 AR AR E R

1.3.1 SEHURE&-TRI/REKREHE

70 FEAR, 1B RS EEE A NI B SRR B 5 T, A AR ik T S AT B AR T
Be 7%, BOP JedRBGE 515 5 MAHMEME S ENR, SRERIKTE & 52 BB S —— 37 LR
FIVCHL,  HEE B8l IR AL A B B B Rl AR i N %8 S5 S IR o 1 IR R RIS R & 2
. R TRANEE . AERRE AN BESE SR CRe N ) T Bk, BN 80 FARJE, BT
RAT HERAA, 505 TR TR (14 AR BB I 46 5 ) 3 T B2 5 /R B R (Hidden Markov
Model, HMM) FHA % .

HMM K HE S FEREAE 1970 4E 7T J5 5t 4 H1 Baum Z5 872K, BE 5 I CMU ) Baker #11 IBM
Jelinek 545 H B 2B F W . HMM BEEUEE — DN ERSA 3~5 MRS, F—RE MR S AT
FasE, ANFPRASF AT DL I — @ MEZR HEAT Bk, 3 —IRAS BUHRRAE 70 A o] AR REZR BRSOk, A )
B ZALE GMM. R, 7F GMM-HMM HEZE 1, HMM fifiid (12 18 3 (10 5 PR i sh &1
GMM HiKiHiid HMM AR N EB I K S HRE, W& 1-2 fis.

———— EBEE

Wy, W,

Wiy

HMM
v L 2
CREHHEE)
¢MM | | ovm | | oMM oMM | | evm
Vd N il \N 7/ N\ 74 N\ /7 \
e T hf et o 5 k™ . , (3 (o T ah & RAREGEE
r s Heast i V8 bl e:;]
w - Al > . e — . - — >
i ! -x “’-" _- ‘{.-. .. - -‘. “-_‘ -’: -1 ;‘ ]

1-2  GMM-HMM iE & G Ay
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AT GMM-HMM HEZE, Bt et 7kt ik, wngia b ooE B ashas Ik s i
X PEIZRTTiE . BENIZRTTE. HMM/NN SRR T 1555 . X e 000 8 & i 70 7 24
TR, I —AEF IR BRI AW 7% . B 20 a0 90 SEAGE B IR A A A AL
DX AR VI R AN R 5 3 807 e 3 Y DU, AEARAS — B[R] Pl R0 O A R A L e g,
HR AR R — B W B R R

1.3.2 REMZME 2D /RE KL

2006 4, Hinton & TIREZ BEMZ (Deep Belief Network, DBN) , ELHEE{EHEIR A28 0 4%
(Deep Neural Network, DNN) #ffFLHIE #r. 2009 5, Hinton ¥ DNN N 75 & [ F @A, 15
TIMIT b3R%G 7 4B P45 R . 2011 SEAEIE, AU TR Be IO AR XK ) XAt DNN AR M K
W E LG H IR ES B, KRR TiES R AR ZE . Ak, HF IR DNN-HMM
IRV

DNN-HMM = 22 F DNN BB E ORI GMM B8, SRR AT A, 4l 1-3 Fiow.
DNN 7 2K R4 Ak o AN P 5 B0 1 5 B0l 0 A AT R, RAH SR TG S i, S iE S i 7
SiREE, X TAIRER > EMRE 7RSS, [N DNN & BA KIS 2 5877, 7T LA
PRI X 0 RN 1 B

HMM
KOO ML 2
| W, CRAHER)
R
DNN
h(l)
1 W
\
/ A ‘\l

4
B 4 i ' 4 3 e Rt
o & Soma |® <

K 1-3 DNN-HMM #i%Y
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Al E kU, DNN /225 N ) — B RFE T S FPIRES S . HTES(E 5 —2IESM, MY
FENER. FEULOE A PR, SR ERAGE 2R RSN . BARTHAT L
B ERXEE, EXNTEE RS RAY . s LML (Recurrent Neural Network, RNN)
BT Ll 2 0 25 5, EARMTXEEE T BN s BT @,

1.3.3 ETREZFIaREimEFIRA K

BEEBIRFE SR, B RS DNN-HMM QA i B 3E T IR EE 2 ST« B 7 AR,
IXAN AR I 1 BEARAE AR R BUR A T84k, (HEEAR PR 25 R R KB . Rk, o %)
Uiy £ AR AR R T AN A0 B A28 KT T 4K B D 1] R

KH CTC ARy 2k B B8R 75 A AR R e AN TR EE U R il s 55, R — M P FIA— A
fan tH e B AT CAREAT ISR CTC 00 12 TR B 4 PR PP 9102 75 R0 LS ) P B AR, T AS 900 T
HH 1 P 1 R A SRR I () i R R A N )T A1 IR I 6 55 . CTC MR TR J R aiE 7, ke
FINT Blanke %t —BiE#&, CTC it RIR SRR T4, ST B X N E A5 575 (1) Label ,
FHoAt iz B #R /2 Blank.

Sequence-to-Sequence /72 J5 ok 32 E R A THLAR B RS . 2017 4, Google R H 3 H T5 & 14
AR, B T AR RER, KRR R KR 5.6%. WK 1-4 BT, Google #2H HIHT RGHEL:
H =B/ 20 /: Encoder #mtdasZE i, & AbRMERI A RARBL, H NI TE S5 5 IR AURHE ;
L — RV LS, B S HAFIE hene, RJE15IH4 Attention ZHAF, HAH A henc H#1E%% ) i
A x FIF 7B Te 2 A 55 070, FERITAT L — M E R )5, Attention B 1% H
45 Decoder, AERL— RFIMB BRI IIER 70 A, RN TR G s 5 8L,

Decoder

Yi1

c|
Attention

[ henc

Encoder

T

X

K] 1-4 Sequence-to-Sequence 77k

MMt Whisper 15 & #  AY (HEH FF 8 7 0T DU TS8P tE 55 1 m 2%  (Task End-to-End) )
A 4%, Whisper & —H H8hiE &R (Automatic Speech Recognition, ASR) R%, BIEHIE SR
RNIXA . AFA—FHEARSEA, BT AT Z 15 S8 S, 0] DAPAT 15 B AE 5 1
S4F55. Whisper K T Transformer 4411 Jmht a5 —Mrid 28 AL, (8 H AR & FiB o AL BRAT 55 h 3R 30
Hi . Whisper SR WIE] 1-5 Fios.
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a Y\
Multitask training data (680k hours) Cen ] 0.0 e qule«M
English transcription Sf:él%'é’n"
= .
@ “Ask not what your country can do for --* (— T —
&7 Ask not what your country can do for - > ,,
(selfatienion ]
Any-to-English speech translation § :
@< “El rdpido zorro marrén salta sobre --” % s N
Encoder Blocks @ (== === Transformer
.7 The quick brown fox jumps over - g o Decoder Blocks
Non-English transcription o
@ “oie 9o 82} URicheY {PLL WD ge - L <
o A Susoidl | |
7 o9 9lof 22} Li2CtEH HFL Yo Qe - Positional (soifatienton ]
Encoding = J
No speech P@ el
& (background music playing) Encoding
2 o = ‘SOT EN m‘o.o‘m quick| ***
_ Log-Mel Spectrogram Tokens in Multitask Training Format

& 1-5 Whisper F% 4844

Whisper A% 0o ARAE T oo 2o U 2809 o BN HOTE & B 08 70 il 30 AP, SRJEHHh
log-Mel Ak, P g dR it RIERE ), BEHBER LIRS A E . MR 2R8I 25 FH SRk T AH
REE)SCA, FEE MRS S, A THATENE SR 218 518 R MIOEE SRS E%5.
Whisper i57E Transformer B s ] 7 24T 5 GRME 3, R — R0 194 REAE AT 55 Ut B 75 5047
K Hir. Whisper AL ST HRITE S RAAE ), RSB SFIH . HRBEAMERIES.

I 2 i ) R PR SR, TR 2 ST B AN 7 00 2 R A IR AR A AT Rl R, T i1
B B T E G — A P AR, AR RO EAE R SR SHERR I T R R

1.3.4 ZESRWMIET IR 5%

UTEER,  BEE AT A TR RE TN L 2 I BOR AR BTN 5, 2 B MR A 15 35 Al SC
AEH 2 (B RAR T BRI EAEN, 2GR T P#E 2 KR ZXMEMERAET, EWUAZA
RS P REI M B AR, ARBEOR B A FIRAE I BR 5 ., i & AR R SO A

2 RS BERUANU AT LARE Y T15 7 e e s, 38 W] DLAE A U R BT . Biltn, A2
RIE BT, ZRSHEHTDESIES . BGAESEEZMEE, SCOUE Dy nEms (B iR 4
JRAEST . FEIE BRI, 2 RS AT DLSS & 2 Rl 5 DUAN AR B AR T8 B R SR i e H F (
HERPE -

2 RSB R DA TRFE ARl & o BT DU A Bt P 4R U RRIE 1 B, AR5 X
SERFAL [ B B BRI o 0 T AR R8s 267, T DU AN [A] (R B 2R AT 4 AR 4R B
fltn, o T EGESE, TOE SRR SR UL X T E B A, T DU R R
AL .

2 RS U e R TR IR 2 2 D1V B B e T 1 — AN W T TT [ X AR R AR X T DAAE
RN TR RER G R QLG MM PMEYE, A S HEm iR 3 PR A SO A e . il 45 & 2 7
BEAIBEE S, 2 BESTE & HA R m] DR BN R IR 32 SRR BE, AR SRIN G & e it i
PN AR R A
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1.4 ETREFIRNEFTIRANHRE

TR L2 ST RO F R AT N TR Re U T U 2 — o BRI S BRI AR,
BB VU AR A AR R A7 I8 S0 S L £

EHRANBARR R G LT ER I, (R TR 2] B8 & R BRI 4K 4 AL
197 RBMER R . IR PE S I BORTT LB I 22 5 KR A8 5 Aol B SR BUE S RAE, A2 mifs &
TR I HE TR AR B

He TR PE S SRR B R BOR A SR B, I8 I I 250K & 18 & B bR L ST 3
FEMUEF AL, JFA XS IEXE S REAT 20 e Horh, SRR A0 B0 VI R 8000 ) 8 AT AL B
HREARY S5 A 52 LA B AR R PR IR AL A

HEF IR S I B R BOR IR EIRE T LA N =N B 5 — B BOR R AP R R
ANISIERT B 58 =B BOR A AL M S8 38 B B 35 = AN BOR MR K S P AHE) B Be. H A,
HTWREAAEFIRABRCET N TEE T Beesk. BRexfm. R 759U,
RN k24 fee I 4 o

HeTIRPE S SRR B IR A BOR I s AE T, e T L SR BUE B RAE, 38 w15 5 1R B HE
TR RN, R A S BRI AT DA 0 15 7 S0 B 2 A A2 S A R 2 a5 8, Nif
HUHAHRMEE Z AT REME . (B2, ZBORWAFE —LEsh il, B 18 5 Hodls i OB B e . B Y
AR AL A

BEE N TR GERORKI AW AR, JE TIREEE MG S RN BOR MR gk s R e . ROk, TR
JE 2 2T AR B RO BN SR R R i SO A RS B T . R, BEE HARIE S AL
BECRII AW R E, SRS I F RS EIE RS B RS 5 BN S, S
BEMIE B A Ho BLAh, JETIREE S ST MG F IR AR i S B MG BRI AR, KiEE
WS H A EORIEREAT S G, S iEH IR HER R A E 1

HE T IR 2 ) I B UM BORZ AT TR BE UMW Fe R iz —, BRI TR
[, BEH BRI 5 B HOR R 2SR SR G BORM AR, 2 TR B2 ST i B R A B 58
PUSE AN BEROE B A2 H, AR AR IS AN AR ok 5 2 (R A 18

1.5 FFE/NG

AREAE TEFRDE R, CLRAES A ANF I 1 & R 5 15 & e B A HoR 7 AN ok
KPR T 5. FTLAE R, BEERHHIEED, W70 A0 2 (5 P RGBS 1k AR AR AN 75725k
iR R SEZ ek IE ) 1 ) BT PR o

MR —FETFAEH 514015 58 ik IR 52 STHEZE PyTorch 2.0 f) 2 RS TE & IR Z % o FEIX A2
SRR, NG T RRIRE 2 ] (SR AR JEEE DL & PyTorch 2.0 HEZR 4 i, (6528 B FF 4G E i
EAR H AT AT A 2RSS ORI .
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THAGEHS, BRRHA. 51 ENHT PyTorch HIREY SIMAM S Z MR, A&

IExHEN PyTorch 2.0 %27,

BN T EFE, iR RWEIRE Y N, &N O 58S Zrm T H )54 BAR R
WH, # R S g AEE 5 st I B, EARFH A Python 1E AT RIEARES .

Python TEVREE S )8 bl 2 R A, X198 TV 258 =7 R R il 7 RERFFIHE R
Python % %% T 5, i % H /& Miniconda. Python & —FHIAES, WHEAMH Miniconda,
ALHEZTT R AT RE A AR AH 2%, RN AN e 2 TA) R A M AR HEAS 1) 2 35 g b B R,
N T A RS R I IR A () R AFBC &, HEFF 223 Miniconda K B AR A1) Python.

AT S 44 Miniconda Fl PyCharm 1 %3%, < J5$4 58 — AN THFE 1R 195 e i i 5, #
BhseE 7 52410 PyTorch Wi H SEELE 2,

2.1 INEIEEE 1. %% Python

2.1.1 Miniconda B T 5%
1. THMRE

(1) B HEViA Miniconda B 7 MuE, W& 2-1 fizs. F& 000 A MSE RS RN FE .

#A miniconda

latest

Search docs

System requirements

Latest Miniconda installer links by
Python version

Installing Miniconda
Miniconda release notes

Other resources

# / Miniconda

Miniconda

Miniconda is a free minimal installer for conda. It is a small bootstrap version of
Anaconda that includes only conda, Python, the packages they both depend on, and a
small number of other useful packages (like pip, zlib, and a few others). If you need
more packages, use the conda install command to install from thousands of packages

available by default in Anaconda’s public repo, or from other channels, like conda-

forge or bioconda.

K 2-1 Miniconda | #§ 1M

(2) FEIUmEWE 2-2 i, o] LB B J5 Wk 3 FAS [E Python FiUA Y Miniconda. AR HiE



10 PyTorch #& 512 5] 55 8%,

H O EAE RGUIEBAH NI Miniconda NP, X HAEEFH Windows Python 3.9 fRA, AHXS T
HmhRA, 3.9 lAZS — B R HBA — @ mfEtE. 4R, B iR B O S k.

# miniconda Windows installers
s
Python version Name Size SHA256 hash
Systi i It
et Python 3.11 Miniconda3 Windows 64-bit 80.5 MiB C9b32faa9262828702334b16b
B Latest Miniconda installer links by
Python version Python 3.10 Miniconda3 Windows 64-bit 76.6 MiB £242798378691496851F78bea
Windows installers Python 3.9 Miniconda3 Windows 64-bit 77.1 MiB 3bffceaf97$2945d6F38d51c
macOS installers Python 3.8 Miniconda3 Windows 64-bit 78.1 MiB Jadff3c5e867dffa7daddecal
Linux installers < 4
Installing Miniconda .
macOS installers
Miniconda release notes

I 2-2  Miniconda 75 & J7 WS H&HER
SEE: #E4 45 Python 3.9 ¢4 A, F18/5 @5 PyTorch 2.0.1 GPU. CUDA 11.8 g A&t 4
AR o RAVEA Hhe Z BB K, 5 4A4 PyTorch & 77 AN,

(3) FHZEWSE, BRI EXE A, BEHGEATRIW BE N 2B 18, 2220 H Sk FEB0
M HSRRITT . 2358 s, LW 2-3 B H s gii, Uil 225 1B .

> ItEBER > ZiREAR (C) > miniforge3 v C
& : fEHEH s
" condabin 2021/8/6 16:11 X
© conda-meta 2022/12/1210:07 XK
DLLs 2021/8/6 16:11 Xk
. envs 2021/8/6 16:11 XK
etc 2021/11/16 16:55 Xk
include 2021/8/6 16:11 Xk
Lib 2022/1/13 14:46 Xk

& 2-3  Miniconda 223 H %

2. yTHERIE

2RI Bk “ TR — “ BT £ ” —Miniconda3 —Miniconda Prompt, ] Miniconda Prompt
W, B5 CMD il a2l MAmA T Lzt AECE Python. 7E Miniconda i 12
conda T4, %A ] AT —LeFEARHRAE, 338 T L | AT A — e A

3. I&jEPython

PN RIGUE— N B RHEUF T Python., 7EFEH G H %I python, WIZZ3EIEM, SFTEHIHRAS
AL RIRF T FESEHIRT S T AR

print ("hello Python")
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S g5 R P 2-4 Fios.

) ( \Users\xiaohua>python
packaged by conda-forge | (main, Feb 2022, 21:22:07) [MSC v. 1929 64 bit
hnlp s e right”, “credits” or "license” for more information.

> print ("hello”)
hello

K| 2-4  I&4IF Miniconda Python %235 R 1)y
4. fERpipas <

fi/l Miniconda TR B AU ARAE T, & REHT Bh3RATT 22BN FH K8 10 5 = S8 JF RE4E 97 A T
FMKBER R . BR ORI =T RS T

pip list

SEE: do R AATIEAES>SIRE, T A exit()iB .

7£ Miniconda Prompt 51| & %N pip list, 45 R w1 2-5 Fiow.

PS C:\Users\xiayu> pip list
Package

aiohttp
aiosignal
ansicon
antlrd-python3-runtime
anyio

appdirs

arrow
asttokens
astunparse
async—timeout
attention

2-5  HIH O R N AR =K

Miniconda HEH] pip #EATEAEITNEIEAIRE , Hrh i EE AR 2R E =TT RKE, L
T

pip install name

X L) name 2 T E LM =TT R FEL, RIKT EZR NumPy @ (XMLES %) , B
LHRNI 2 e -
pip install numpy

SERANE 2-6 Pr .

PS C:\Users\xiayu> pip install numpy
Collecting numpy

Obtaining dependency information for numpy from https://files.pythonhoste
d.org/packages/df/18/181fbu0+03090c6+fbd061bb8bl+Uc32U53F7c602b0dc7cO8b307ba
caTcd7/numpy-1.25.2-cp39-cp39-win_amd64.whl.metadata

Using cached numpy-1.25.2-cp39-cp39-win_amd64.whl.metadata (5.7 kB)
Using cached numpy-1.25.2-cp39-cp39-win_amd6U.whl (15.6 MB)
Installing collected packages: numpy
Successfully installed numpy-1.25.2

2-6  HH ORI =T K
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fE ] Miniconda TR ALK — M b2 BRIN ke 1 KI5 2 P 3 =05 K%, I mT LU G
AL AL FIZEANREE IS FERS ,  H BUARASER e R B L

2.1.2 PyCharm N T#H5%%

MILAh g A1 5 264, Python REFFHI4 'S AT LMEH] Windows H B4 & o (HZ X7 200
THONEREF TR, &5 G B AR E R B, RIIE g SR TR, Al
1 % FH 1Y) Python % %% PyCharm.

1. PyCharmpy & fi &2

(1) #A PyCharm F M F 11, Hifi Download Elbr, N TFEIM, T Fn] UESET #l ok
() B R Bl B 9 AL X R e X LR T R A 2 AL XA, ] 2-7 P

PyCharm et : C What's Ne eatures v L v Pricing

[} PyCharm Community Edition

The IDE for Pure Python Development

Download exe v

K 2-7 % PyCharm )% 27 i

(2) F#E N R 244N pycharm-community-2023.3.exe. A d7ia 1T 5 7N %35 5,
2-8 Fione BL#EHE Next %4, HENTF—A2e3e .

(3) Wi 2-9 firs, fE%2%¢ PyCharm I A 75 S0 e AH OC O L B T, 3 B e 3 400
O bRk A AE AR, PR Next 1241, BN T —D%edk,

B, PyCharm Community Edition Setup - X B, PyCharm Community Edition Setup - X
Installation Options
Welcome to PyCharm Communi‘ty Configure your PyCharm Community Edition installation
Edition Setup
Setup will guide you through the installation of PyCharm
Communi ity Edition. Create Desktop Shertcut Update PATH Variable (restart needed)
It is recommended that you close all other applications PyCharm Community Edition Add "bin" folder to the PATH
before starting Setup. This will make it possible to update
relevant system files without having to reboot your Update Context Menu
computer.
Click Next to continue. St e e s e
Create Associations
]
<o [weer ][ ome
K2-8 e 29 TR IR A HE

(4) a2 FE LR T B, 324 iy Next #4225 B0 0] . 2235 52 %5, Bl Finish $4
BHZRS, W 2-10 fix.
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B, pyCharm Community Edition Setup -

Completing PyCharm Community
Edition Setup

Your computer must be restarted in order to complete the
installation of PyCharm Community Edition. Do you want to
reboot now?

(O Reboot now

@ Twant to manually reboot later

[ Bk [ Fnen | | cancel

B 2-10 23b5e
2. {#FFAPyCharmtl| 212
(1) By st i b A i i B R AR BE N PyCharm F2 7 Fili, H5E RS —WRIASIKER, W

Bl 2-11 frose XA EN, — B IGEFEES 2 4> Do not import settings.
(2) #i; OK #% 453t N\ PyCharm e & % 11, 0 2-12 Fias.

B Import PyCharm Settings X

() Config or installation directory

© Do not import settings

Kl 2-11 [ PyCharm HZh185E

PyCharm

Welcome to PyCharm

Plugins

Learn PyCharm

2-12 FHACE

(3) fERCE & H AT LY PyCharm (SR IHHEATHRCE, 655 H OB XA KU o 0 SR A2,
A, HEEMABOAEERR, kK 2-13 s,
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Welcome to PyCharm - a x
PyCharm Color theme
= 20213.1
Intelli) Light v ] syncwith oS
Projects
Accessibility
Plugins IDE font: | 12 -

Learn PyCharm

() Adjust colors for red-green vision deficiency ~How it works

K] 2-13 %} PyCharm [¥) 5 [ 3k 4T e &
(4) e 2-12 FoRi 9t b, i New Project SJ#—/NETTH jupyter book, U1K 2-14 FT7R.

B New Project X
Name: | jupyter book

Python
& Django

Location: | C:\Users\xiayu\PycharmProjects

Project will be created in: C:\Users\iayu\PycharmProjects\jupyter_book

[ Create Git repository Create a main.py welcome script

Interpreter type: = Project venv. Base conda Custom environment
Environment: () Generate new ) Select existing
Type: @ python v

Python path: # python 3.9.18 C:A\Users\xiayu\miniconda3\python.exe -

Bl 2-14  QIE—AFLE
H.5f Create #4411, BT —A>PyCharm U H ,  WIEl 2-15 Fron. 2 Ja A dosi 215 H 4 jupyter_book,
%% New SEHLI0, W AIZEATH FEIEH 3. Python SCfF2%. thin, %% New— Python File 3 #.,
B —A helloworld.py 3CfF, IR — 2581 FLIUST ENARES, P& aIE 2-16 AR

fjupyter_book ; src ) Fw & i
Project ~ D = - & — | @dtainpy
B B jupyter_book C:\Users\xiachua\Desktc 51 loss.backward()
n > I book -
— 62 optimizer.step()
> [ dataset 63
> mE=E 64 train_loss += loss.item|
v o T ¢ i
Bwin K Cut Ctrl+X & New Scratch File Ctrl+Alt+Shift+Insert
P g copy Ctriec | Directory 2 helloworld.py |
:" o Copy Path/Reference... Ex Python Package 1 print("hello world")
AT 1 pese cotey
{ﬂ ul Pl
> Il External i Find Usages Alt+F7 % Jupyter.Notebook
Vo Scratches s Find in Files... Curl+Shift+F | = HTHL Flle
Replace in Files... Ctri+Shift+R | @ Stylesheet
Inspect Code. .. & JavaScript File
Refactor 3 5. TypeScript File

Kl 2-15  #rEd—A PyCharm 1) T. R34 K 2-16 helloworld.py
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ENARD S5, RS HAL N Run—run.. 327, B0 B4 i helloworld.py XfF44, TEHH
FPRGESE B PR $E run. S0 Ih 5T H hello world, FSAZ§= K, Python 5 PyCharm Y & i F
FER T o B ] LSRR A B ECE R s AR AE AT E i PyCharm H i ATZ 4T

2.1.3 Python K3/ 2K3): 1+E softmax K

X T Python BFZEibBKUL, —ANMRIEMEE R AR ERREFETFES, WL,
Python J#i /& 7 iX MEVE. AR/ Python SEHUAITH I — MR FE 2% 2] B o LI R ——
softmax PR, B TXARBIRER, IAEAIMLABET, R Sl SEM AR F WS .

softmax THE A X TF:

H, ViEKERN | BBV RN, AN softmax (45 B SZR R SR VL e AR
e BO T B KA, RGBT Tl Mt 10—k, ZJE8AS V8t DUERE . £ 3]
BAREIF, Fren Ve TREANRNER, S HAIELISR (Likelihood)

$B7R: softmax F AR RME T P MEL R KM & BT Ba) F A, Hlde, BB HFLER T
mAME afeb, Ha>b, R EEMAMEE KA BB EHE, RAEBENIEREIAETY, akid
ML A, bl THAAE ) RAAEAE, 22K R E 24 R S840 89 b, softmax 37T vAME
RIXASFAL,

softmax fZ MR ILHE a M b, BT a MBERMERT b, EIHER a 2% WIS, b T
REUN, BAFRATRENE B, (HR M B AG
softmax 2 xRS T :

#HHERNIAE softmax AL, HirR i #A2& python BF R
import numpy
def softmax (inMatrix) :
m,n = numpy.shape (inMatrix)
outMatrix = numpy.mat (numpy.zeros((m,n)))
soft sum = 0
for idx in range(0,n):
outMatrix[0,idx] = math.exp(inMatrix[0,idx])
soft sum += outMatrix[0,idx]
for idx in range(0,n):
outMatrix[0,idx] = outMatrix[0,idx] / soft sum
return outMatrix

AUER, HEANADNESE, 735 SAENBORD S R Bk B, 2 e R AR 5
TN HUELAE BB A PR

a = numpy.array([[1,2,1,2,1,1,3]1])

SERAG B BATHTENSALE .
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2.2 INEIEEE 2. %% PyTorch 2.0

Python IZAT WA TE G, 1 B Ul 2 L3 AR £ A ——PyTorch 2.0, WHREH
GPU &, M CPU WA PyTorch JFURURSE ¥ ) ik 2 56 2w LA, (HEIARHER 720, AHX
T GPU WA PyTorch K i, CPU WAMIZITHE LB WK AH, RA T ReLEIRIRE %
BT

PyTorch 2.0 CPU A 225 2 W1 R :

pip install numpy --pre torch==2.0.1 torchvision torchaudio --force-reinstall
--extra-index-url https://download.pytorch.org/whl/nightly/cpu

2.2.1 Nvidia 10/20/30/40 &5 EFiE#FH GPU A

BT 40 2FIE-ERHEE, HEIT E4SA Nvidia 100 20, 30. 40 RA S FHEREN. 5T
TR T 1251 PyTorch Kid, AREMERFEZEARMKETER, Ead TARE
+[f) PyTorch B 4Ll % CUDA H1 cuDNN [t R34 &, 13 2-1 fis.

% 2-1  Nvidia 10/20/30/40 &%l -<HIMRAXTEL

kRS PyTorch GPU Az CUDA kg cuDNN kR
10 251} LA PyTorch 2.0 LLRG IR A 11.1 7.65
20/30/40 Z 4 PyTorch 2.0 [ T #fE% 11.6+ 8.1+

X B 2R B RIZHFE CUDA 5 cuDNN WA AR . 78 10 RV &R b, @il i
2.0 WA LLHTY) PyTorch. fE 20/30/40 % % & +~ b ff# /] PyTorch i, w] LLZ % H 5 Wk
https://developer.nvidia.com/rdp/cudnn-archive, #%/8AH %24 1K) CUDA KR A% A B 1) cuDNN i 4s
AT, tedn:

cuDNN v8.9.6 (November 1st, 2023), for CUDA 12.x
cuDNN v8.9.6 (November 1st, 2023), for CUDA 11.x
cuDNN v8.9.5 (October 27th, 2023), for CUDA 12.x
cuDNN v8.9.5 (October 27th, 2023), for CUDA 11.x

NTH LA PyTorch 2.0 9%, /R 52 % /) CUDA F1 cuDNN 2235 D8R, AN AR A 2 3l R A
—%, REHEEE — TR RCA 8] AT ) 2 .

2.2.2 PyTorch 2.0 GPU Nvidia iIz{TERI &R %

A/NFiE# PyTorch 2.0 GPU RRA AT B #4410 % %% . XFF GPU WA 1) PyTorch >k iid, T
M7 NVIDA &R HAIIZAT 0 EETH, PUILHis 6 2 NVIDA S 11217 P viz 7 2kt .

PATESE PyTorch 2.0 FRAHEATYF# . X1 PyTorch 2.0 223 RUL,  Felf 17 152 R4 B 5
SR LR Ry AT e, HARSE T SR hitps:/pytorch.org/get-started/previous-versions/ .
MU E T LER], 4% Windows FRASH) PyTorch 2.0 B 5 PG ML T LR 22 354558, 40 %t i
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CUDA 11.7. CUDA 11.8 #1 CPU only. 1§ conda 23 i A1 F

# CUDA 11.7

conda install pytorch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2
pytorch-cuda=11.7 -c pytorch -c nvidia

# CUDA 11.8

conda install pytorch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2
pytorch-cuda=11.8 -c pytorch -c nvidia

# CPU Only

conda install pytorch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2 cpuonly -c
pytorch

i pip FLIR LA AT W

# CUDA 11.7

pip install torch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2

# CUDA 11.8

pip install torch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2 --index-url
https://download.pytorch.org/whl/cull8

# CPU only

pip install torch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2 --index-url
https://download.pytorch.org/whl/cpu

TTHFATLL CUDA 11.8+cuDNN 8.9 Al 23 1 5 v .

(1) CUDA [f%%5, 161182 CUDA 11.8 download, N J5Mus FE UM, #EHE A1
BAE RG22 T (A exe(local) AL 2375 20, W&l 2-17 fow.

Select Target Platform

Click on the green buttons that describe your target platform. Only supported platforms will be shown. By downloading and using the software, you agree to
fully comply with the terms and conditions of the CUDA EULA,

Operating System -

Architecture xB6_64

o e s o

Download Installer for Windows 11 x86_64

The base installer is available for download below.

Installation Instructions:

1. Double click cuda_11.8.0_522.06_windows.exe
2. Follow on-screen prompts

& 2-17 CUDA 11.8 F#k Vi
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BRI N OR TR A EXE S0, EE AT LA, AEBEOLTNREEE, e il
BAR 2R BT

(2) FHEMZ3EN R cuDNN CfF. cuDNN ) R&FH EvEM— 5, S EE aT UR
RIEK, 2 G EEEHNTERIE, WK 2-18 Fia. HE: AEEFHRARA, —& BRI N
CUDA IIRAS . B, WRMEHERE Windows 64 FHIHEAE RS, FE N#H x86 64 AN
cuDNN,

NVIDIA cuDNNZ—4 GPU IIEAGREFEEREETTE.

& cuDNN v8.9.4 (2023 ££8 H 8 H) , i&MF CUDA 12.x

& cuDNNv8.9.4 (20238 A8 H) , iEMAF CUDA 11x

1IEATF Windows 1 Linux, Ubuntu (x86_64.
armsbsa) BIFHEERER

Windows AIE425 (Zip)

Linux x86_64 RIS Z25AZST: (Tar)

Linux PPC f9ASIZRAE (Tar)

Linux SBSA AHIZSAZRr (Tar)

2-18 cuDNN 8.9.4 ~# T

(3) F# cuDNN J&—/NEZE SO, #H AR R I AT 0 B 22 #13) CUDA 223 £ H 3t
(EEEEFERMET) , CUDA Z3EXHFWE 2-19 Fix.

BIR 5 =L *E K

bin 2021/8/6 16:27 prgisd

compute-sanitizer 2021/8/6 16:26 XK

extras 2021/8/6 16:26 Xk
“ include 2021/8/6 16:27 g3

lib 2021/8/6 16:26 prgl 3

libnvvp 2021/8/6 16:26 preis 3

nvml 2021/8/6 16:26 X4k

nvwm 2021/8/6 16:26 X4k

src 2021/8/6 16:26 XK

tools 2021/8/6 16:26 Xk
(4 CUDA Toolkit Release_Notes 2020/9/16 13:05 TXT X% 16 KB
ﬁ} DOCS 2020/9/16 13:05 X4 1KB
4 EulA 2020/9/16 13:05 TXT X% 61 KB
(4 NVIDIA_SLA cuDNN_Support 2021/4/14 21:54 TXT i 23KB

K 2-19 CUDA %3+ HF

(4) FEFREIIA—F PATH MACE, X FH LR CUDA IB17 BRI P 5L AL B ) PATH
AR, 224 CUDA I, 222600 SR8 A s IMANIZ AN AR R, #l— TR, 41 2-20 B
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Ei

NEZ= X
xiayu FIFEFZEEE(U)
= =1
ChocolateylastPathUpdate  133335212092769858
CLASSPATH .C:\Program Files\Java\jdk-18.0.2.1\lib\dt.jar;C:\Program Files\J...
HADOOP_HOME C\y\winutils-master\hadoop-3.0.0
Intelli) IDEA C:\Program Files\JetBrains\Intelli) IDEA 2023.1\bin;
Intelli) IDEA Community Ed... C:\Program Files\JetBrains\Intelli) IDEA Community Edition 2021...
OneDrive C:\Users\xiayu\COneDrive
OneDriveConsumer C:\Users\xiayu\COneDrive
Path C:\Users\xiayu\AppData\Local\Programs\Python\Python39\Scri...
FE(N)... FRE(E)... HHER(D)
EHRFE®S)
== &
ChocolateylInstall C:\ProgramData\chocolatey
ComSpec CAWINDOWS\system32\cmd.exe
CUDA PATH C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.8
CUDA PATH V11 8 C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.8
DriverData C:\Windows\System32\Drivers\DriverData
HF_ENDPOINT https://hf-mirror.com
IGCCSVC_DB AQAAANCMnd8BFdERjHoAWE/Cl+sBAAAA/TN+QISfzEyKcWwx...
JAVA_HOME C:\Program Files\Java\jdk-18.0.2.1
FEE(W)... wE()... AR (L)
e BiiE

2-20 ¥ CUDA B2 In#k 2|35 48 £ 1) path H

(5) JJa5EM PyTorch 2.0 GPU MiA M Zede, HFREAEA W O R AT A/ N 4645 1)
PyTorch 225 a4 BI0]

2.2.3 PyTorch 2.0 /A253]: Hello PyTorch

WEiEE, BMOK5EM T PyTorch 2.0 [f1%3%. $TFF CMD % [, $447T python fr & AN H.
B, R DAL RIS, AT DARIE 22 32 75 s ) .

#UGIE %% PyTorch

import torch

result = torch.tensor(l) + torch.tensor (2.0)
result

RN 2-21 FiR.

PS C:\Users\xiayu> python

Python 3.9.10 (tags/v3.9.10:f2f3f53, Jan 17 2022, 15:14:21) [MSC v.1929 64 bit (AMD64)] on win
32

Type "help", "copyright", "credits" or "license" for more information.

>>> import torch

>>> result = torch.tensor(l) + torch.tensor(2.0)
>>> result

tensor(3.)

55>

B 2-21  BGAE L% TS RN
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B PyCharm T H AV /REITH, 7656 2 3 H FHE—A hello_pytorch.py SCfF, HiA
AR :

#IGIE %% PyTorch

import torch

result = torch.tensor(l) + torch.tensor (2.0)
print (result)

RS RIEEH HATIRE.

2.3 K& ETHIRRIESREE

ARZEFTHANA T A ER AR, B2 ERE S R k. BEEEE TP R, ks
PLEhFga 500G, N1 LR AR 17 e, IR B 2 31 5 1A Python i 5 SEE— AN SEAR I H ——
FE T URAE 1 ()8 5 MR

WAR: ARG B 28T —NEERA ¢ Demo. wRipE 2 EEF LT, TV AEL 4
RAGIEAT; woREH, TFIZAZERE K%, BNAELAT PE@NBE—F B p
At ik

231 HIERER

REEF R —0 (W2 HEERPR SRS . BERRIEZ M 2R, BEA ARSEAW
B, AR E TR 0 H H BT AR B . T A 2 IR0 Ry E T T AT S
HEE, FUECRH—BELTFNES 28354 SpeechCommands, FATA LAER PyTorch %1 1HI
TR SR e B B e A, ARG

# H 3% N3 PyTorch U 1155 44

from torchaudio import datasets

datasets.SPEECHCOMMANDS (

root="./dataset", # DRAF I BB A2
url='speech commands v0.02', # FEEHERA URL
folder in archive='SpeechCommands',
download=True # XML True

)

SpeechCommands (5 E 28 2GB, fs FEGEEE, P AE N g2 & E F #EdE4E,
T 2-22 s

N7 dataset
v SpeechCommands
v speech_commands_v0.02

K 2-22 FEIEELE
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HHEBIEETLLEDR, REARRSCHERALRR, LRI R T 40 NA1, A4
i, BERFEZMMAREE RS, WE 2-23 FK 2-24 fix.

backward

bed

:;d & 00b01445_nohash_0
dog o 00f0204f nohash_0
down o 00f0204f nohash_1
eight o 00f0204f nohash_2
five o 00f0204f_nohash_3
follow o 0Oa7c2a8d_nohash_0
forward o 0Oa7c2a8d_nohash_1
four o 0a9f9af7_nohash_0
go o 0a9f9af7_nohash_1
happy o 0a9f9af7_nohash_2
house o 0a396ff2_nohash_0
learn o 0a5636ca_nohash_0
left o 0a196374_nohash_0
marvin o Oac15fe9_nohash_0

B 2-24  HEE SRR A
ATLAE R, WSR2 AN R E AT RS, e

o | %4E 8451088/ NWAViEZ A,

o IHJEE 6,4-6798 NWAVIEZ L AF,

o X E 8,46835/NWAViEZ A4,

B AT U T AL B 5 T8 5 R BORE P 20 5

Kl 2-23  SpeechCommands %{#E 4

2.3.2 HIERIALIE

TGN IXANEE R Demo ACRSSEILA Sy . MG EE AT M E S N, 3B1E
BLF T AT S — A HMERLE,  WPReE & e e o EAL T LRI E 5 .
MER AR 2 T NEWr iR e R 11, B 5 Hz MUR RIELRPEX N OC R . i RAZAR 3 R 4L
(Mel-Frequency Cepstral Coefficients, MFCC) N2 F F &A1 18] (F)3x i O¢ & 15545 2 1) Hz S R:
fE, FETIE S HUR LR BN B GE E L E . filtn, W T Wil 512 48 CREES) HI3UE, &
It MFCC J& ml AR S B2 1K) 40 4 (— R =), B [Fm ok 2 1 FE4ER H 1.
KH, BATH MFCC B RAE ] — A “Her ke ” RN —Baf & A . 5 MFCC S¢pr b
e MIIRAESS, 5 B TR R SE BN 15 & MFCC 2L, AR AL an R

[#EF2-1]

import os
import numpy as np

HFRESCAF & A 1 S A
def list files(path):
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files = []
for item in os.listdir (path):
file = os.path.join(path, item)
if os.path.isfile(file):
files.append(file)
return files

# X BTN cut Bi# pad MERIE
# XBEEAL y R—A—EWFH, WA 4T y FNEEEEE R length K
def crop or pad(y, length, is train=True, start=None):
if len(y) < length: 06 P 34T A 7
y = np.concatenate ([y, np.zeros(length - len(y))]) #& KB NHEITA
SR

n_repeats = length // len(y)

epsilon = length $ len(y)
y = np.concatenate([y] * n repeats + [yl[:epsilon]])

elif len(y) > length: $XTC AT RN, KK, AT # BT AR

if not is train:

start = start or O
else:
start = start or np.random.randint (len(y) - length)

y = ylstart:start + length]

return y

import librosa as 1lb
# TR R
def compute melspec(y, sr, n mels, fmin, fmax):

:param y:fENWIEE A, BWIFREE

:param sr: KAEXR

iparam n_mels: ME/RIEPHEE IR ERE R

:param fmin: JEARE R (STFT) I HTIEE min
:param fmax: JERHEEAAH (STFT) U HTIEE max

:return:

# THE Mel S P ) BRI 2

melspec = lb.feature.melspectrogram(y=y, sr=sr, n mels=n mels, fmin=fmin,
fmax=fmax) # (128, 1024) XARHitH—NE & R

# Python I THREF(E 5 DIRMEHH 7 I (dB) {H I B £

melspec = lb.power to db(melspec) .astype (np.float32)

return melspec

# TN T R R 3R 4T IE U Ak b 3

def mono to color (X, eps=le-6, mean=None, std=None):
mean = mean or X.mean ()
std = std or X.std()
X = (X - mean) / (std + eps)
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_min, max = X.min(), X.max()

if (_max - min) > eps: 56 i () (L T PR AT AL FE
V = np.clip(X, min, max)
V = 255. * (V - min) / (_ max - min)
V = V.astype (np.uint8)

else:
V = np.zeros like (X, dtype=np.uint8)
return V

#O B SRR R

def audio to image (audio, sr, n mels, fmin, fmax):
#IRBUHE IR AT B
melspec = compute melspec (audio, sr, n mels, fmin, fmax)
#BEAT IE AL Ak 2
image = mono_to color (melspec)
return image

8 AN E 47 (1) MFCC A= 7= R BOR BURE 78 15 7 1) MFCC AP IR A 5, ARSI T -

import numpy as np

from torchaudio import datasets
import sound untils

import soundfile as sf

print ("JFUEEHEALEE)

target classes = ["bed","bird","cat","dog", "four"]

counter = 0
sr = 16000
n mels = 128
fmin = 0
fmax = sr//2
file folder = "./dataset/SpeechCommands/speech commands v0.02/"
labels = []
sound features = []
for classes in target classes:
target folder = file folder + classes
~files = sound untils.list files(target folder)
for file in files:
audio, orig sr = sf.read( file, dtype="float32") # XHEIEZL 1308338,
0.8 A HUZ 1730351, BrLLXHURA 1 A AL £ g #8 7>
audio = sound untils.crop or pad(audio, length=orig sr) # 1EE BIARE &
& audio fi—MEKRIN, FEX LA R A
image = sound untils.audio to image (audio, sr, n mels, fmin, fmax)
sound features.append (image)
label = target classes.index(classes)
labels.append (label)
sound features = np.array(sound features)
print (sound features.shape) # (11965, 128, 32)
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print (len(labels)) #(11965, 128, 32)

REATENGE KA -

(11965,128,32)
11965

FIDER], RIGEE BOE I SHG R B AR R E 8 5 e il — AN E K/ IR R, X2
AR5 T TR 2 B B0 T 5 B — N E R o A MR 3 7T DR HAT B RO P LA

2.3.3 =AWt

XFRESM S, SN R EEAP R, BT AT RS = e R 2 TR,
VSR T S fe S AR R, SEEARAS AT (IR E o, PRI A BRAE G L E TR A 4D -

[#EF2-2]
#HX B A ResNet MEARHERBUER, UAHEEBIR, HEMPNBEREEYh NG

import torch

class ResNet (torch.nn.Module) :
def init (self,inchannels = 32):
super (ResNet, self). init ()
#57E X WA N 45 2
self.cnn 1 = torch.nn.Convld(inchannels, inchannels*2, 3, padding=1)
self.batch norm = torch.nn.BatchNormld(inchannels*2)
self.cnn 2 = torch.nn.Convld(inchannels*2,inchannels, 3, padding=1)
self.logits = torch.nn.Linear (128 * 32,5)

def forward(self,x):
#ﬁﬂ%%ﬂﬁu%xﬁxﬁ’mﬂ%I_Jéﬁfrﬁ}:ﬁﬁfrﬁ

self.cnn 1((x.permute(0, 2, 1)))

= self.batch norm(y)

y.permute (0, 2, 1)

= torch.nn.RelLU() (y)

= self.cnn 2 ((y.permute(0, 2, 1))).permute(0, 2, 1)

output = x + vy

output = torch.nn.Flatten() (output)

logits = self.logits (output)

return logits

MK KKK
Il

if name == "' main_ ':
image = torch.randn (size=(3,128,32))
ResNet () (image)

AR H ) ResNet *%ﬁ(ﬁ torch # ff) nn.Module 2%, H & G)#E—A0 U\iﬁﬁﬁﬁ%}g%ﬁ}j
Wi, FETE forward R IEIE AR AT U, REZOBTTF R4S RAE IR [BMEIR
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BT, TR ——E AR RS, PR A\ Bt i 75 B0 D R it — B — Huth
ANUIZRAE R . AR B o A R SEBA RS B

[#2F2-3]
#OUEIET PyTorch HIMHR UK R

import torch

class SoundDataset (torch.utils.data.Dataset) :

#HT UG R 1S Ok
def init (self, sound features = sound features,labels = labels):
self.sound features = sound features

self.labels = labels

def len (self):

return len(self.labels) #FREGEEKIFIEEKE

def getitem (self, idx):
0 EE AT B, AR R R RS AR T s A
image = self.sound features[idx]
image = torch.tensor (image) .float () 40T TR 5 A T S T A ke

label = self.labels[idx]
label = torch.tensor (label) .long() 40T 1 B PR O 3R AT SR Y e o

return image, label

FE B THARKS 5 S AR A% N B ECHE 7240 40 A I A= AR I 204 T #1180 8080 A0t 12 O AR 255
ZJAM getitem BREUES. 1A AR, H IR ITIEA BRI 2R B0 s 4 I ZRBE, A
T 58 FRAS Y PR 1 ko

235 REIIZ

XA RGEAT NGRS, 7 2 OB — Sl kS5, fifeas . Bk, R R LI %k
AIPEA R . BRI ZRR) SRS AN T X AR H BAR, RERZISATRITT) -
[#EF2-4]

import torch
from torch.utils.data import Dataloader, Dataset
from tgdm import tgdm

device = "cuda"

from sound model import ResNet
sound model = ResNet () .to(device)

BATCH _SIZE = 32
LEARNING RATE = 2e-5
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import get data

R NBE R

train dataset = get data.SoundDataset ()
#LL PyTorch AL s SRR E AT 20405 ) 1 HORN 4 ) #5 A:
train loader = (DataLoader (train dataset,

batch size=BATCH SIZE,shuffle=True,num workers=0))

#PyTorch HFHLILER
optimizer = torch.optim.AdamW (sound model.parameters(), lr = LEARNING RATE)
#3005 52 ] R PATAB IR 1 K AL

lr scheduler = torch.optim.lr scheduler.CosineAnnealinglR (optimizer,T max =
1600, eta min=LEARNING RATE/20,last epoch=-1)
#5E SRR R AL

criterion = torch.nn.CrossEntropyLoss ()

for epoch in range(9):
pbar = tgdm(train loader, total=len(train loader))

train loss = 0.

for token inp,token tgt in pbar:
R B A AL
token inp = token inp.to(device)
token tgt = token tgt.to(device)
HR P B (751
logits = sound model (token inp)
HAE IR RO S
loss = criterion(logits, token tgt)
#H BB

optimizer.zero grad()

loss.backward()

optimizer.step ()

lr scheduler.step() # #ATHRALAER

train accuracy = ((torch.argmax (torch.nn.Softmax (dim=-1) (logits),
dim=-1) == (token tgt)).type (torch.float).sum().item() / len(token tgt))

pbar.set description(
f"epoch:{epoch + 1}, train loss:{loss.item():.4f},,
train accuracy:{train accuracy:.2f}, lr:{lr scheduler.get last 1r() [0] *
1000:.5f1™)

E AR SE R T — AT LIS AT IF RS0 5 R AT it (I SRR, Se I an H B (1 S
AL A E , DO R BRI R e it n] DU R 2UE K

2.3.6 REEERFRR

MR A R, FRAMEM epochs=9, BIIEAT 9 % BmuEAT IR, 45 Rk 2-25 Fios.

WLVER], &5t 9 BUIg)E, MWRFRIAR]T 0.72%, EXDRETHATZBMAR . SEabiEe %
WIJTEAIRZ , BIUCR A GF iA BR . AR Heai Sk B AT S0 2 SN 2R, B IR AL
Beihy RAXTLE 255 XEFR15A8 R, B AT A f 2R RS IR AR R AT
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FF ity Bl b 2
(11965, 128, 32)
11965

U AT 5

epoch:1, train_loss:13.4581,, train_accuracy:0.45, Ir:0.01755: 100% | HENEEEREEN| 374/374 [00:03<00:00, 117.92it/s]
epoch:2, train_loss:7.6630,, train_accuracy:0.45, Ir:0.01147:
epoch:3, train_loss:5.5695,, train_accuracy:0.62, Ir:0.00489:
epoch:4, train_loss:5.5164,, train_accuracy:0.59, Ir:0.00120:
epoch:5, train_loss:5.6408,, train_accuracy:0.55, Ir:0.00230:
epoch:6, train_loss:4.5648,, train_accuracy:0.62, Ir:0.00764:
epoch:7, train_loss:5.8655,, train_accuracy:0.48, Ir:0.01444:
epoch:8, train_loss:6.4659,, train_accuracy:0.48, Ir:0.01922:
epoch:9, train_loss:3.0568,, train_accuracy:0.72, Ir:0.01950:

100% | ENNEENEEEE| 374/374 [00:01<00:00, 294.65it/s]
100% | NN EEENEEE| 374/374 [00:01<00:00, 290.15it/s]
100% | NN EEENEEN| 374/374 [00:01<00:00, 301.74it/s]
100% | ENEEEEEEE| 374/374 [00:01<00:00, 306.62it/s]
100% | ENNEEEENEN| 374/374 [00:01<00:00, 313.19it/s]
100% | HENNNNNEEN| 374/374 [00:01<00:00, 303.27it/s]
100% | NN EEEEEE| 374/374 [00:01<00:00, 307.03it/s]
100% | NN EEEEEN| 374/374 [00:01<00:00, 303.81it/s]
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