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JERA—R, ZacklA] TIZAE—DNER: RIZEEWRAIFGEALESE ST RN 5, IRAIRTFLE 20
INPEEYS

FRARTIHBRMLAR S, LRI RA KRG ER, WENHEREIIER (The Elements
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KER Python B —EHYEFRIZRFEIAE, ANE 2 debug METERH I, #iLk TensorFlow &<
K H A B AR HE SR B G & IR IE S,
2. Zack, Alex, AstonfIRZ/IMAHE—RE T — R FIH notebook KIS MERL, Zack M—1
SMT (2T WERAN) FMIEIM (CMU HENIZEZ) AE, Mo FaIHERSSH& N E
%o
3. BAFIN ¥ notebook B S, BABIREHEYRG TRk, (B NIRRT 2R A0
TREMRE (252 merge [FIFESChR)
4, BN T H M X discuss.gluon.ai 7 AR RITIE A S,
5. BATREHE A L ERB— RV, RAHRES DML
TEBATESIX DI, Andrew Ng WIFIE TIRE Y ST, WIRFRR FEIERE L, PSR4,
1M B Andrew YR — AR AITETE, FrDAX DN IRIELARAE fhe (HIEATAIER Andrew B F 24
JUA XA :
1. BATMUAERE LS, i HAR A B 5 AR SE ], BA TSI IS Z)AT Fr R ik,
M EIE I RIS, SLPRah RS ERMSEIe RS,
2. BAMERP X, NERBM, B, ERILIE, (BAREEERT S5, 6F 7T, HXLERMNMAR
X — AR A B S S — IR N AR 2R 1.)
3. Andrew IR HAGH IR ARE MM, MIAIAMUNERLS:, HIBEZGRSIH, RERERZ
WMANIRIR, FFEIIRRIE github S 52EEMMGHE R, HEESAKEXAFILERNR
B,
MK S EFATTER Andrew —3, FERES TS B/ MK THOEREIRIRIE Y-S, X—IRER EHY
BIHTATRES R SR M HOREEE, 8/ IMAFENTREFE R4 2 5 21X — IRIAHEK,
@mli
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XATH B BATZRME A — DA RIEE SRR EE SR, RANER, 28 A Jupyter
notebooks FIILH, #5307, EA. A, P&k AFFEZA) HEEREE, MR
RERE I, HARRRZE— MR, ERE A, RNt REMEL 2ECERIAE,
EEAFISIMERIARDE (HAEHT EFRATH “BiE"). R TR, HEiERDIRIEE
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g (V) 2RI ESI IS, 8 (2) —ASIANMRBR IR NS TR
o MERRAARERBEIREL], ZMEEREHEH AR,

XA AR ST XA S — DS AN BREHIRS, —+— L RN RR A D8 —
LRE AL T, HARBATE VR 7RSSR TR AR (IRADHISD . Xt b
BE, PERFEIRGOAIFFEAR, HAE N PNERRAE: M2 et ase

XAF TSR TERILS, RN R 7 IFBRRI L. IIER S N AR S AR A
Bk, NTERANLARIRTELNERERERS ERRIGE, KB AERARREHA
RAERVNARIGR, XAFRDELIREL, 78 PRE SRR ERIIR S

T2, BNROITE TIRERE Y S ERRENHE

1.2.1 HEMAL AR

HRTEAER X 75 ZORAR SN BAEERE BRE SR AHRR) |

L 5IA—A @EEDEILY) Filt&

2. R ARSI A e BRG]
FEREHRET, BNFHAMGEMNAHE SN 8 7 RIEBRERTUTE, A2 RIS
MREEFE SIS E — D RA XML, AR Z BRI EAER, TR ey
M HBAER G RIRE, 280K, BARRE S HEMARENMEE AR, ERNE—TT
AR IR A ST T AN FHA SO B A B TR A RTT, TR S e eI = H
FEAIIA R THE IR A R, XK, B3 Al MEASOD BRI BT, FRRER
R TR) B AR VR R 5 ST 1 EHE AL A Rk As . M thal PRI T il B 7R 22 I RO R AU faf B pE
iRy AR R A AR BB N FHAE MR DR B CHYSERR R,

1.2.2 MAFRYFE SRR

XEREE S BRI R R EI A N RF IS S 1R 5,

5 FAEAY MXNet

PATREBE T MXNet (ERXEBREFT IR E S E, HELNTA2HHEEMRE Gluon,
111 MXNet 2V EFRE S HAEMEMER, TR IS TR S, TieREr
WIS R E TR, TR M-S @SR WS T7 T S E T E R,

WS
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FEST AR BN SN, FATESBARF A NFITF AR, SRR AR
M EMARE Gluon KB, MEIFIACIBRIA B R IR AR SRR’ . (&
MR Gluon RHERZ WEBIHIRIIR I T 5 LR R K

BEEFRES

ZBRBENRRELSN, R Rt 2IATA YT, BIU0 Chris Bishop AYZHLEHE,
CEECHAFILER 720D, RN REE RGO R, DACT B s =k R AR — B iR =
BRI ER, 2Tk (Zack) B RIEMWLARESIN, MERINXMUHFE T EHAEEEN—ARA]
Y, MZHEEEREN, BRAZEHMMEAENTIE, BRI NIRR ARSI N R iZE
JRELNES €

BATIRAT, SR S BB 75 Uit 2 sl TS IR R 2% ST,

o B LAGF B, RIS I R4t 7 AN st $R e e Mz R n] DUE R, T MESZRIR
A DR, MBS TR, ESI DR, BEMR SRR R A EY S
AR ARG RN S5t

XEHRRIE R R L STRAR A — B P SR, W ARFR M T SRR TR R, K
PR SRR AR R TR, 1523 AT DAMRAE B CRTEA1 S 85 R Ela ] TeR ek s s
BN B RS B AT DI A SR TSE B BB, ATAIARON TR~ ST RO BE R

e, SR A TE Y
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fE AR

2.1 HZBFIEN

RABEHI KA AR, TETFRE (R A — R, Bl RO R, Alex fiHift
22 87 “OK Google” WARIEZBIT, Mu AR SIEMS “LEHIMERE", F
PUHEIRBIE Rt %, RN IR SN, I, GRHSATR, S5
PSR HIRRAI FE B RO, G0, SR — MEREEIT, FRA R
1A TR RSN, (E M TR T 2ERT T URDBR R, Bl BRI SR T

ZH,

SRR N R SR E S RS, ARG ? 83, “HlE->) (machine learn-
ing) FIEMA?” B, BAISREHIRZES RN ST BAT TR F A A4
R, ERIRRERIRIEIE SREME. [EAREMEFEY Mlas¥S. MTHE DR, Fi
T SHLERE STAGE AT AR B —FEE, BIRMTIABRHEX FEfR At — L B R,

11



2.1.1 —MHlF

BATHEZERIRE 2 HHEARER, #A] DA IR ar SR, SR — R s e )
N, RfdL 7B EF RS, DR ID MIRETA S ID A — U Y 4 1 8dE
PEFRAE . IRATDAE A WENEMTEIER PR, HREARNRFIES RIS DIIRE, WRIRK
BERTDUX 208, AR 20X AN TR EAE LR 3

T ESIRFEZ KU, FIBHR RN HBEE IR, FZRTEAREF, R
H—/MEF R B S MR, B4 “Okay, Google”, “Siri”, 1 “Alexa”s WIRE—MHEIREC
ARG ERE, MEHREARIHESHT X MER, MZEAM? ARSI
ANAVEAER RME, RATRESARR N HIAIRE P :

if input_command == 'Okey, Google':
run_voice_assistant()

HSZPR L, IREEESIN A Z e NEREFINFIGIEEFS, ATREZ D 44,000 MEA R, EFF
AR REAEIZX LA U B — AT HINE? B TR, AIX (SR 2 5 S e A,

- ’ wake word fyes, nol
model e

GUERIRBOX N AT T, AL, KSR BN I A HENL&ES,

BARBAIARNEE 25 L AAEEF SHE A M AT, HERTE DL $aEs,
BARRNEREELIM TR, AR MR “Alexa”, RE CE2REMBIRAIH “Alexa” 1X
M, Htt, AT E - PERIESEE (dataset) , HEUS TREBEERFS, UAE
MEE RIS REX N IRNTHRZRMEER, fERVas IR, BIPHEERR— MRS
RUEFPERI IR, RS —PRIGEHER, HiFARENSE (parameters) , BT
XESH, BNREBRERRFIITN, BITRIZAERRRFFOER (models), EEEH, il
AR — LA, JEEEATT I, S AREOvRt. £ EmF T, X MEEERA

12 2. f&*NR




H

(input) B—BRIEHEES, ERMENIZE—PEZE {yes, no}, HIFRNZXERIEEESZEAE
ERLSACE
QUERFRA R T IEMIAORR, RE —HSEOE, BB “Alexa” I, #AEMA yes HY
[%; WRAHHSE, X “Apricot” % yes, FAIAREXMEEIFLAT LAY “Alexa”,
AT LA “Apricot”, FIUNVENMTREMBIIES . N, WHREART LR FERHE AL,
AR F, EHSOR; BRI, S, IXE IR 25— DMRREADR S iUX L
ﬁo
XN RBRRERS ] T, Qi SRIRA IR IR E X 28y, AR RETCIRAI “Alexa”, “Apricot”,
EEEEFSCHRT, EMASMANREFSSF, #3] (learning) WZEEYIZKEFRE (training
period) FFEFEAKITN CERIFHESEO.
ez, BANFEMLIRIG G SIBR, HdREFENT:

L. R — D LA 2 R BER AR

2. Y—LEEHRIEREERSE  (BIAN 5B S HIR &5 N R R IR TE) ;

3. BRI BRI A S 5 L RENS SEMERRPAITIESS  (BIANEES A WX LR A &

B % T 15 g M U] b T S R 5

4. BEDL DB 23, HIEIBRIBELKAHE,

2.1. MBEIEN 13



create
random
model

grab new

data

check
termination
condition

BMEZ, BAPHEEZRE MBS, mE—Mer, SR DMERNERRERE
PRERI, ERESASIUNTHERIMEEIA, VR AT DAA N IZAR 75 U2 A A R e

AERATRANMINLER TS RGHR R B 2R Fr, WATATLL “5” — DR A W8S

i i E it

R HUE, PEls A D IERRIIER; RE— R, S%GH - DIER R
RARERERNS, B UREE T, AR —MLE S N RS

14 2. &R



2.1.2 IRTEEEL AV FESINA

Mlgs 7 TG EAE, IR RS TR DIESI TR RIE T E A R 55 EieE Ty, midE
BREWEEFNEEIT N Va7 SIS M E X, RER2ARNELE, GERRARS
SRR, BTz iR 2 — DR E %3] (supervised learning ) [ A Z1E S IRGIHY
B1Fo

IERDOHLES S TRt 2R TR, AT DUR F s R o A RN JE TR B i AR DR AL, ")
N THERGI%E, NS VlasBiE, Errigin, ORI IE. Dok (ERRREL H
BO. NKIRA, BARUCEC, (5 PR E A nisEEES .,

BARIXLE NS ASAE, EMTEE SRR, #a] DUERLER T SRR, AR E &
FmAE R DLX L, (EERAIRETS AL & BARgmAE R AR, B ULAHEIRIX L2 A 77 i 2 i
B, (EAMBHAMAL A SIS R HAREE, B EZOGER BRI, NHEEAIE
B RN,

2.1.3 AIBEENRIUERZ

XA RIER H Joel Grus F— & WEEMIA. HE LS MERFRET Fizz Buzz. iX2—1/)
TR, BURM 18] 100, WISRECTHE 3 BEBR, AW fizz', WP 5 BEREL buzz’,
WRFHEH R fizzbuzz' , NRFERBRET, X MIERITE RS2 :

12 fizz 4 buzz fizz 7 8 fizz buzz 11 fizz 13 14 fizzbuzz 16 -
ESSEI B IX AR :

In [1]: res = []
for i in range(1l, 101):
if i % 15 == 0:
res.append('fizzbuzz")
elif i % 3 == 0:
res.append('fizz")
elif i % 5 == 0:
res.append('buzz')
else:
res.append(str(i))
print(' '.join(res))

2.1. MBEESEN 15


http://joelgrus.com
http://joelgrus.com/2016/05/23/fizz-buzz-in-tensorflow/

1 2 fizz 4 buzz fizz 7 8 fizz buzz 11 fizz 13 14 fizzbuzz 16 17 fizz 19 buzz fizz 22

— 23 fizz buzz 26 fizz 28 29 fizzbuzz 31 32 fizz 34 buzz fizz 37 38 fizz buzz 41
fizz 43 44 fizzbuzz 46 47 fizz 49 buzz fizz 52 53 fizz buzz 56 fizz 58 59
fizzbuzz 61 62 fizz 64 buzz fizz 67 68 fizz buzz 71 fizz 73 74 fizzbuzz 76 77
fizz 79 buzz fizz 82 83 fizz buzz 86 fizz 88 89 fizzbuzz 91 92 fizz 94 buzz fizz
— 97 98 fizz buzz

N FALFE R FOR BN KA —MZHE 7, FLA Joel ZANARF SIRINX N, N T
IEFRFREY:, AR EES NHIX MRS
s WPWEX (1, 2, 3, 4, ...] AbRIEY ['fizz', 'buzz', 'fizzbuzz', iden-
tityl]

I GEE M ERagWm AmENLH, flaw (2, 2), (6, fizz), (15,
fizzbuzz), (23, 23), (40, buzz)]

o W ABEEAMERYRHME, Blanx -> [(x % 3), (x % 5), (x % 15)].
B TIXEE Jeol MM TensorFlow 5 T —1 258k, N T AMEHBHA Jeol, MIAE—ELL,
MM BLIX D KBRS 1,

RSN, XAMRFEEER T, T 2ERERNE S RIS LT Python IE? {HZ,
REWHE, RX2— MDA Python JIAFFAELE, T— D=5 /NMESRETCFEHAFRIAIE, 1X
ez, Hlae ESImiiz B3 7,

il

2.1.4 NSEFIREER

ORI IE RO (ESS, BATRIES FrBORIbRE (label) TRIE—Cd RS, BAEBNIZ—
ILERFESIRI B —BOBES, WIERIMRE. XM E RGN ER T, (U2
IR —Rh, POV, REESIUSREARKTTE, BNKAEEERIET IS, KL
e SENNER: BE, RnBdErIsR, R IR IR R R RO — NI R R A
UMLK AENES I RP S

#4% (Data)
BB, B b, BHEREE LS E XN, RIS ZHARS SR b H AL 257 > 75
ZHEE, BIRRH !

- BR RETHLE S, EmalsEE S, M. B, &PRERIEEVERIIM R, TR
Fr; BEITE R BIGHEER . CT 434 PAA MRI 345,

16 2. F&HiR


https://github.com/joelgrus/fizz-buzz-tensorflow

< SO HRAE, mERESC B, BTEL BEUE. BEE BIEIERUEBEIIRIE R,

- FE RIRGERER S (Fb Amazon Echo, iPhone BlZHEHEN) WAL, HAH
OISR, HIRRE, FF.

- MG BT HMER, Youtube MU, FAHUEMA, ZFAMTE, ZRELIEEEF,

. GiFLEHE: Jupyter notebook (EEA XA, EFARED). Wi, HFWM. HEDTR
FIFRLZE K

A (Models)

i, BAMERREIER AR EREE R AT, fia, BRERAPFRIARNEID, B
MEA MR RERIT BT RRHE (BRE), BV SEMRET OPOEE), &
FIEMBAGEARR, AROEES ARANEESE, ERXAPH, BN EERETREMH
ZMZE A, XA B BT NS EUE 2 RIS, RIARZ MIREFS] (deep
learning) . fEITIEREMAEMLE AT, HABRTHE LR, KRB,

5 EE (Loss Functions)

FATITR X LAS Rt A0 B S AEL TR AR IR 22 o R R RN AT DA B H 45 5RO EL B S BR  47 38
fan, BATIERT — DT B A Fbm A ORAERL, iSRRI SR AR LOZ2 100bpm,
MSERR LA 60bpm, IXIFE, FATLTEZHAN T BRIER— TRMHIER T,

R, —MERALEID 20 H T H AT o0 R IMUR AR RIRAE, BATRFER ZEAN T T2 s
AUZE SR AN, BURIAHL AR 7 S R R R R bR B/ M, TR, RIS RES 8, B
S AR/ MEBUER R 2237 RESE, A, RHURRESIR/D, FFARECRIERMAIBRAIAES
2 CRIEHY) MBI R RAT, mitl, A7 ZERE N ITEE

- JIZKIR%E (training error) : JXERAEM TIIZRREIEE ERRE, ROTH AT
RIS EZEIN . ittt EA—ERIEELFIHIE.

« MIAPRE (testerror) : IXBEARUMER IS A LR LRIRE, IRERERIIZRHIRERA—
(G ERZ RS, RUTHERIEE RIRE Sy, HEXRREERNKRT., (EE
Z—BEMM GRE H@INIRIRE R, @4 THE TR EHME EFFEEIAT, 458RRE
Z 7NN AR, EREREIXZRNAEFEEE T RENE-, )
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1L E % (Optimization Algorithms)

a, BAHERIRIER S EHRA S RIRK R, NSBHTERR, WMmZa/ Muik.
B IR LR LA I RE R R TRAE AR RS, faTepsthil, BRRtah 28, WEIgRE
AR RIS 5, PRI RS EaR MR 75 TR 2,

NHEHBATRA e —EAFERLEESI N, DEERRIMTBA ST 20 8007, TE=
IARIAER T, g, BiERAEE, XN/, HANRFR M —
SEALRIMIR T, Rl S AOHERE, FRAOTS A4 2 AR AL,

2.1.5 ME¥>] (Supervised Learning)

WEASRAIESS R, ST o, WTEE LA R AR BRI R RERS
PRt o MGEH AR, BB S EEOTEWME TR ER P(yla). BB SIUOURHL
e E ST IRZ —, FEERERPARNE M. HolRE, V2 EEESAA] DR b4 e s,
PNES R, AN, a7 —(LEAERY CT R, WS REHRIE, AEFCh)T, MllEr
WSO, AEA R ARMREE, WS DA Z AR REN TS,

IRIERATINZE R, B LRER, WEFEINERIN o 2re, HERAERENERER, &
R, KON, E A AR RS AR, BN, EN AR COR TR B i Rl
FIEHE) FIEE KERRERIE, XWAAREA, SRAAFRER, RO EAFBIIHT 9

BB IR,

A AfeE, EILBRBER RN £~ RABIEPRETEREAE AR A, FHFHREHES
(ground-truth) HIbRE (label) ; XLHAMBRE (HIAIRERIZER) ML T IZE%E (training
set) o FAHENGRERN— MBS RIEL (supervised learning algorithm) , BIEAVHAZ
R, N2 AR (learned model) o FETIX M EGHER, FATHA Z AR WL AT
A, FF AR B AIRRTE,
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[E1Y353#7 (Regression)

[l R R R ST LR AT B — 2B 55 fEIZIUESS H, MR EREBEUES), B
B RIAER, T RESHRUE, FIANBATA] DA A AR WHR SRR S TRAE, a8
WoR B, B AR A A IRIE, A EE A SR A% AR BEE TS

—ANEFEMIG T, —DNERENEENEIEE, WE—kR: BTN R T, SN
—ANEME, EmER, BNERGE, TAEREE. STHLIE R, BT IX MRS BN —1T,
FE—MRHIEMI R (feature vector) , BFTGRIIN R (Lban—i#pE 1), FREFER] (example) .

GIRAEEA LR =R AR, (REARE DA RHAT] CEO, ARAXMRHERER (Hf,
EhECRE, DARSE, SHHOREE) ATRERIXFE [100,0,.5,60), HFEFEPLEELE, M)
RE/ZIXHFER) [3000,4, 3,10, IXLERFEAIR, ZATALMALERES FEATSCH, ARG — D
fEFMEFRN x;, KFTARERRBIESIN X,

—AN AR A R A EA A, BT e, ERAIURAE TN — &5 1 S BRI TS, JF
TRt T RLRER R, ER BRI R D8, BITRADER O RE—DMRHEARENR
RIED] x; RN i, BT EFREE Ny CEMFrAERBINES X). SN ERZENEE
PEERSRUER, Xt — PR, BRI Eirat 2t X EH, B
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I, HRATREITCISKERAT HARME, BATFIXLETRN ;5 WFIXHERFSHRKR M, A
FHED, fER N RAVETT RS R U,

VP22 KR AR R 76 0 SRR EA R, ERAn ARG IR R BT 705 2R 2009 4RI R1E
NI ANRTE, Netflix (19— F 7 VR IREI T TR A SAEERL (s B R R 2 —
ARV, —RERstE, PEPEREE 20 7, XRAE B2 R, “XIRFAR
TEILA/NIF?” e BT, IR AL 2" - BT, AL, GNERAIEREDS
ey “RE—A 9?7, IXARARTRER — D, B B T HARRN MG SRR A,

QR SRFRAT AR U0 ) iy A LS ) HH B RV Z2 1) OB 22, LA [E1 U A 63 % B
BRI ZREHR R TR ZZ T 75 M EE LERTR, s ST RIS RS — B S ES AL
PR E R/ IME, BT STEZ SR RIE T IR 4 [EH 704

4325 (Classification)

B HTRES R MRS “2/0? 7 MR, (EIEA 2 REEAREERIX MENR, tean, 1T
FHL App ERISCEAAATIRE, AP AR R R, )5, Pla?IRAUTEREY B3hp
AR RISy, WAL TE SR I KRS TR, IXRATRGUEE AR AF IR
(OCR), MRITTIENIZE I, BB, ERIEETREN MRS TR,

[ Y53 534 T S5 T R T I0 ] DASRE 2 i 3 DA R SR BSUELAT TR, 54 o ) i 2 RS A S AN, X
BSOS, RAERNTH B AEEHIRE W BIANFATTAT DATEA H 22 )ik 2
I THRAE, EBUERL., SCHERAR A AEIRE, A2~ HIZ AR CEO 2
BRER, EHHEVMESUR, E—5KERIRABR SRR -2, B, %%,

FE 2RI, BAIRAERE, Fln, BRFE—MERE, K5, mlleE—HaseES T
JEHI2E (—RFRIESAN (class) )o XN TFEE TR, BATHET 1~101X 10 D5, RE
B KRS T 532K (binary classification), RMXOUEPNEBIH) 72 KR8, B0,
MEEHEE X Z2EEIMHE R, REY B2 {cat, dog}. 1EMIASHTE, ftZE— 1My
{EHo MAEREN, TAME—D3RKE (classifier) , HEZNHL g 25,

W& AR RIERAR ERIBHIRN, BAISEBL, IIZR—DREASH XS 7 JSAR, B 20
HURH”, BREXER, &R —RiEER, BANERMRRE, B, $xd— DRG] o, B
R IR kDR g0 KOVRBER, HEWARNIE, BRDY 1 Hbgifil, BHE K
MEBIE) A, BATATERNEHA K — 1 D2EBIR0HER, B RBRERTET T AR A1
B RXDIMEHN Z o RAECHER, R BRI H 0.6(60%) FIMEZRIEMEH L,
M2, R EAHEREUZ 0.4(40%), BIFEFRMIEESE, —DORSFR T —KER, il

20 2. F&HiR


https://en.wikipedia.org/wiki/Netflix_Prize

B LRSI BRI Pr(y = cat | 2) = 0.9, X TFIXNEER, FRATATARIRRR, 733588 90% i
BEF#Z T — R, PR RRBIEER N, UGR— MG RIS, FROTSERRT
BTSN SRS Y AR,

Z T AT RER BN MR N 2 532, & WA F5=/FH5] [0, 1, 2, 3 ... 9, a,
b, ¢, ...]o FRREIMPIMIFEFAL XN (cross-entropy) KK EL, FJDAFE MXNet
Gluon A&,

B, WSS FIFAREAARANIRE, tean, RIERET AT TIX i

BEBNTNG T —M0dds, MAERR, HAWER LWEGE RS AT, X1 “BEAFKEE
i T Pr(y = deathcap | image) = 0.2, #A)iEd, X PN7r2EE% 80% MEIX ML A Z A LD
HEEE, HRIMNASERI R E, XROEZAMEREE 20% HERRIXR, ASHHE X
Wi TR, B L, RERAEAR), MFEE TN, B, fEa RSN A
o (EdR) HHE:

L(action | x) = E,p(y|-)[loss(action, y)]

RAEZ: FUMEMEREYRBERBAIN, FEENHE —DNSRE, LR L, 22X REn]FEL
ZR R BB REE TG G0, SR — DMK, Bk 532K (hierarchical
classification) ., FEIRRIEEE NI Z I8 Z s/ DHIFAERMER, HARFTE IR RS ™ 8
— R AAIE 2R, PREE RS IR A B S, — DNEIANGIT R B R s, g
W T IR 2SR 281%,
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http://mxnet.io/api/python/gluon.html#mxnet.gluon.loss.SoftmaxCrossEntropyLoss
https://en.wikipedia.org/wiki/Carl_Linnaeus

& 2.1: B2

RN, RSt RERRIAN TN AR EHR, EERERNSRRARRZ S —
[T, B2, 28R aiEn, BUuRTERRIEM, G, nmRERse e Earae
Rk, (HRE—FA SR STCER e r 2B,

¥5E (Tagging)

HX b, B RAIREE SRR P EIE IR T 02, f1n, 8 R miXsKkETCie 7 FE i
A L REH R,

22 2. f&*NR



IEANRATIAL, B EBEAM SR, HOERsele, BEmida s, feiam, ks, 5H
R BRI H AR —2, BRI oK E AT O ORI E R, bean, 437 —
KEF, BMREMERIESAM,. 2560, BHAES. a2 NMiA, Wi ~Ear3
A, XA RS

RS AR F 2 RAESS, MMSREDR, BR—T, AMIATESACZ MR RN RE
fEHOEREAREEXE E, filan “PLaed>", BT, “WEES". “miIHR", “kaes
BRFA” A1 “AWS”, X EEAIFREH A NI REK, e “mHE” i “Z25RR7, H—
i CE AT RERPRTERTECR AR, AR RAARIZ S, T 2 Alas 3 7,

AV EZGUIS AR AR, EWHARIERTFSCRERRELERT TS BN SCHREE T RIIRA b, £
EREFEBE, —EHERTEH SN PubMed HR5 ISR X E, 45 MeSH, —1
RY) 28k MrBERIEGHHIREHKE, X2~ MEKANIRE, EHEEIAN —FE4 25
PE. ETAIHBMSRNEZ AT, Pl > n] DRI HImRARE, 5L b, /L4, BioASQ HH
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[BhZ:2Y)S0K EP a8

#ZES5HF (Search and Ranking)

FEfRERRIUR, BATHEHFEETHR . UMEHEENHI, AR HAMmE S S5RRAEA
K, BATEMUE T HIBAETEAAREAIR R AR A, BIE A BRI DS R X ESRIA IR,
REMIRKIE S ER —NEF T8, BAIEN, WRERERFRERTHIET 5 N=RE, J&E A
BCDERM CABE DREEMNAN, MEESHHTRIERZRXLE, HITRIMFELEK,

—MAATRIRRRTT R, BAMRES B EETHENTRETIED, FRRE I REHTITER,
B EMINACR A — D E 2R W T HE P RIE I i PageRank, SUEEA TRXFNTTi%. ZRIENHT
SOOFABIRT P RRAH, TN USRRZHIEFETHR . MERERS RS
FRUT A BRBAAR R RIS NE . AL LT IR AR =

WEFZRS (Recommender Systems)

HERGSERTFRARRE, HENMERAP R —HMXEH, TEXHIET, HEERR
REBISRIAEE P BT R, BIATFRREHERE, BILTHRZ A () - 34 =R 2 4 & 1 DL AT
RER ZE 31,

HERGU Z A T Msh, RS 1EE, WET P MubEE, AN, &SRR
rnHEZ (BIAINE SR E) = e ) . (HAR, GERNEERANE, & AT B b (B
EREHRRPRINED . JEH, RENAP v 5X77 0 oy MR, FHEMH Dy, &
73 yi; BT o PR, LPRIIRS, =BT R PSR- e S — I8
JEo DARE A2 ST ME IR G S8 i, HERRITRE S 15,
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http://bioasq.org/
https://en.wikipedia.org/wiki/PageRank

Deep Learning: A Practitioner’s
Approach Aug 20, 2017
x; $26.56 prume
% intelligence Algarithms fun 25, and Techmiques to Bulld Paperback
Hardcover, Kindle Edition ikl $24.99 - $31.57
wirdrdres -85 3122"‘3 o Eizg?c - pe iy
ack, Kindle Edition

L& & 8 -%

JEE— o L s
P

NEURAL
NETWORKS

DEEP LEARNING

Deep Learning Python Deep
with Keras Learning

Derp Leaming with Keras A Python Deep Leaming Apr 26, Deep Learning with Python Meural Networks and Deep Machine Learning for Absolute
26, 007 07 et 3, 2017 Learning Apr 13, 2017 Beginners: A Plain English
$32.49 - $49.99 prime $39.59 - §4948 prime $47.49 prme $0.00.- $13.73 prme Intreduction Agr 3, 2017
Pagserbiack, Kindle Edition Paperback, Kindle Edition Papesbaci Papeeback, Kindle Ediion $0.00 - $9.89 _prume
e 12 k-3 A Paperback, Mindle Edition

=33

RRSIENEREH a2 RGHRNMFBI T ERRE A P8 ARRT LD AHE R PRl
RIZFH LN Hahh e, fEEE <RI LIER, MRAGCLIH P RINGTE T4 E 20
FHUH, HAPERRMEG” real” I, MRFZHBHIHEZRAXM” real madrid” (ERY
TEE, EBRERBN) HEFTELLIEE EM BRI real estate” (™) HEERTHIME, MAZ
BB E X,
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GQELSAONT 00 11:29P

a real estate
a realtor.com
a real housewives
a|real madrid

F5I%>] (Sequence Learning)

Hafhik, FAHRAIME, Hi A a EERKE, HESdm A AR,
RN — D BE? 80 Bl RE AN R BRI R,  HX & — iRy, R
BAT—IHB R AT EHIM, JEIN = EAER, 155 Rt B THTRRE S > At t Sl
aeliE: EJES TP RIA) T, RTINS —RiE S REE,

BT U A B, Tl A B —MERY, (R SIRT IR BB IRE, JFEARK 24
ZINISF PRI BT JXURSS: A 3 BRI A 64 . FRATI AN BRI ML g NI R A R B T IE ) &
F—IR, TR SO I 25 SR AT 7

XU AR SIM H, ENT2FP% 3] (sequence learning) FYSEHl, IXSARRYIE
A MR K E AR, SERHTEERENFY (SEEHEIR) 45 A
BAREKIFFIN, BATHIXEEAIINM seq2seq, BIANTES BRI AIAIE T 55U,
DURFIEE T — 2% DL 751127 ST 221

AT DD (Tagging and Parsing)

R BRI SIARFA, aE—DCRFA, shaf FiE7 IR, WREEiR 2 siik, H
HEBRIEE, AR RIS, KhR FIFREIX2E 2% DL —DIXHERH+
Hr Tom. Washington F Sally #2443 1K,
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Tom wants to have dinner 1in Washington with Sally.

BEiR% (Automatic Speech Recognition)

FEIESRINFEE, AR o B Z XA, Tty 22X 25 KT A TGRSR
B, JXRIMENER A — MR, FEIRHER (B UIH 8kHz 5L 16kHz) FE0H & UM L
ARG, FAENSORZAIAEE XN, BT BRG] AT RE SO B — N Eia], TEZIRGIE—
K seq2seq A1, X B AR ek AJEIR 2,

XAHIES (Text to Speech)

NGRS (TTS) ZEF RAIREAE R, IXENRA o 22— DA, Mty 255
Flle BRI, XSS H LA K.

H28%3F (Machine Translation)

HLasEE R B —BOlm A —FiE S B8 —fiE S, B, HlasBiEn s S8iEd < Ak
KEAEREER, 2R, HIEBIENEREEARE & F—MAERMARES TR AR
X2, 5B, FEEESEES SITIER DS REE IR 7,

BARRITUE, 1EZARIBITFrh, H e rEdE Sis S GRS — 8, EdLas@ied, 8ok
72 T 2 PR R B R EEARR, BABNIRE—DFIE NG — 8, HE, NigZ
BRI ERCR, RN ARSI, BRI REA AR, ERAn R EX M, X AR
(Alex 5 TIXBiE) BTN, FHER S AL BB R T,
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2.1.6 BB (Unsupervised Learning)

IS5 MERIGI IS A SRR, RIBAMTREHR T — RS — RSN HAME, 7R
A DHEIRE A BN DNEE LW LIE, AN ERRERENR. ENEERISE, SRR
IR0 N EMt 2, BRIFXFTENEE FRCREREITE, IXERER TR ERIR T,
T3, AR BRA S, AR IER PR A R AR AR T AT

ARG, ZER ] CERAERB LRI 2 ENAT THRE D, R, NRIRITH
N —BRAERIFER, IR SIBUX R, EMRATRERAI S VR —HERTRE, ¥, M_b— R daraE
RU7T IR, IXAPESRIREAE AT, BAFRXEME N T B > (unsupervised learning) . X
ATTRESE H A ) PR R (B2 A3 7 A RR L, FRATPRFAE e T A B9 A e — 22 Te i 4 5
AR, BRAE, e —22H WRIR B A SIESFENITH /MR,

- IATREA D ERYER, REMEHEEAEID? LA HRA, el NG, i, B
JLL i g RR s ? SRA0AY, 4a7E —HERT P DN ICsR, BATTREALARA] o pid LR 4P g A
P2 XS MEHE F AR N ERE (clustering)

« BATATAHD B2, MR AR SR AR E RIS ? BRAVEEA] DURGF IR E, &
R, RENHLE—HSE, AIDAEMRIERE P RS, PUGE &I,
WX R RFR A T 22 Mt (subspace estimation) [FI#, 1R LERE B LRN,
MFR R E 53 7081 (principal component analysis) .

o TERRJLEE=E (Fla, R HmEsSE) PRGEE—MESEN, TERRY (EE
FIEERY) JRIERTZR? XA NRAEES] (representation learning) . FUNEA 7 EEEIYR
THAMERR, WA U TN ARIZE: D5 - 2R + EE = BE,

o EONEATNEE RN R EEIE, BEFEE—MEARMERNHAR? flan, mRERMEXTEN. 15
e 0. MERAIE. HE. TRFEENRITEIEN, BRIMESETEANSREIE, ki
IXEERI RO AHBIASCH? DU EIAY AT T 20 [A)

« —MNRIERKTUR, ERATHiMEE (generative adversarial networks) . i fihil, 2
—EA IR, HEESSEEE S AR NEIE R S TES T _EAELL

2.1.7 5IFBEERXE

HRECAIE, BABERIIE, BAIEIRCER EREAMEE, DI UL SRR AR, 538
RRET 20 X2ED, TILRIWEESNCRTIEES], MAZEETIXA FIHETIIN
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K EHIE, REEAHSHRERELERER M TR, rErESdreE, MeErE
ERIERERT DA, IXFRIERZRYS] (offline learning) . X TS, HIIREWR:

Environment

BEAESINETENE B BT, BOMUTEZLOERPGIAR S, MATRESEHLERER;
HHENET, RECERRAIE AA S AR, RIRATE DR, MV e iseRe PR AL AR A 2R
G, IBLIRARIE SR — RN TR RENLAR N, AT DA T, 2 RECERR T3, FATTAE
LHZEERER (agent) , MALURTMERY, FRE TN NIEEE BELFEE SHIZNE (action)
, TEMESMEIAGE, DA RIS SRR,
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—HFEFESFERERZE, —RII R EETR, AR ESB R DS
- IERBAZ AT NI ?
o JEERIEAND? tean, —PDEIRBIMA P RN ERIE S AR,

« REHIIRAT? betn, —DXAHUEE, KON S G bR ZI%RE) st
% (BEXAF)?

- BEAE GLBARZEEN)?
- RSN (BEE N RIS E vs Z210)?

BIGHIX AN, 51H T RE# (covariate shift) YT CHIIZFMIAEHEARFRR), X
MR NERG i, SE IR R B AU R, Mgl TR, 8 H AR RN RE
Bl RE N 28581k~ (reinforcement learning) FIX#i%%>] (adversarial learning) , X
TR B SRR B R A,

58{LF>) (Reinforcement Learning)

GNERIREAA S HLER S ST R — e S A BB AL ELH = A R B RE AR, IR R 1T
Tamfe# > (PAREFRRL) . BAENIE AR T, NGRS, EEZHE 7R Al R, REMRL
%3] (Deep reinforcement learning, DRL) Ky EEAEE 2% B FH 2|9 (b 5 > [A) RS2 3 A XU
e X—UUR ARG, —NEEWIERIDeep Q Network, {AX A AL it A st 75 B
e BT A B REZRAlphaGo &l T B FHEZE,

SERACAESIAH T —NMER BRREMRE, —DMERERE-RINHLS K (time steps) H15
JE BRI H, AR DR K ¢, B REA MM AR RIS — LR B o, FEEE—DENE
ar, REHALRERINGE, &5, BREASMNIAEFIREG DR (reward) ro FHIEL, BREASRRIK—
RIS, HEFE—RVINESENE, H—ERS. RL EREKRIIITNZERE (policy)
AR, WSz, FHERRE, 2 —H CIEER) MEMEERIBE, safe S8 B irsiz
il —FH R
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https://www.wired.com/2015/02/google-ai-plays-atari-like-pros/
https://www.wired.com/2015/02/google-ai-plays-atari-like-pros/
https://www.wired.com/2017/05/googles-alphago-trounces-humans-also-gives-boost/

Reinforcement

Learning ' Observation Environment
Agent :

RL MEZRAEIE M RA S Ko BN, FRATTAT DR & 2% S ML (o RL (W), B o2k
[, FAITAI AR — RL BRER, SD0EEE DX MEhE, RE, eIE—PraTbAT
RN, 5835 A T IR IT AR B2 ST T A1 R e 2K

PRILLASH, RLIER] DARRORAR 22 M B S TR MR R [RREL, filan, FE M8 >0, A2 HIE
RE R 5 IEFROAREM L, (B1E RL 1, BADFARBTE—OMSIXERIAE, 5
HASERBANTRICAIIE, BIOTARFE—ERE, N, REEEAIERENZMEDE
SET R,

H— N ERSIB 1, HE—EIERNRE SR B EREG RN R 575, 8w T, 2B
1; 7, 2Bl MARREIEIESSBT MBI AR, K, s8> & LA EH
AL (credit assignment problem) , 55— Ml F, —MERFEREAI; XEHAEL E—F
FRLERE AV DEFENTE, ARSI R, B RE R AR S E S BT IX— TR,

RIS ST AT RE AL AR 7 P, (partial observability) FRIRE, RIYAGHIILES R AT 6E
TR HATRIFTAIRES (state)o —MNMIMHLER LI E CHIRE—DIRIEE, 5 EHFAE
AUTRAEAR — M —Af, ZHENEREIAAE (R, Plas AT ZER AT —FF A
e, EAEM—NREERINZ, SR> rTRERIE — MRS, HETFSHAD BRI SRS,
BREAMARZRIL . 7SI F LIRS, B EAM TR RIS R, 2R
R E R T — SRR 2R, DRSS 2 ME R,
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SIREAIRREIIE, BiEHIEE

— R A ST AR IR BB R B S, SIS SRR IR, 20 RERRE e B R
EEILERE], B ATRE A IR OS], FXREE R FRERFIE, NPT A RR I E
RERS, WA, HAMGE—DLERREERM XSG M, K, BRI T —LE s
> IR RFR T Dt

MINFIS 2N T WIERES, BATTKIXSE RL [AEHR A B/R A K ikidf2 (Markov Decision Process,
AP MDP) o SRR T DARTHIBHEIRE, FATTFRIX AN RO S X E LR (contextual
bandit problem) . Y ANEEIRASR, (U2 —HRTIEEIIZIIE, FHE R BUERAFEECA KR ),
XA ZEETENLE (multi-armed bandit problem) .

2.1.8 /&

Plas# SR — DRGSR, FANERITEHLERNAERERN 2, A 7TREHT SRR,
TRIZBE N1 A ST A 4E 1 IE?

R R X

,—

2.2 BEMIET
NTEFHFERESS], IEBNERERBAREE, ZEFaTmREN TR, i MXNet, 1£iX
—TiH, BATEHIRLZENBITRENGL. PITm PR EEAMGSITHX: Linux/mac0S H
F ] DAFTH Terminal B2, Windows F P ] DAFE SO RS BRAS AU MIBE RSN cmd,

2.2.1 FREARBBHRETITIFR

FATATLAIEIE Conda 8¢ Docker KAKEUA ARSI LALIBITIAGL, TR 735 41X AL
IDE\iO

¥EI—: @i Conda 3= (IETE)

F—0, MIBRERSR TEIF%LEE Miniconda (3k: https://conda.io/miniconda.html ),
B0, TEHESARPEMAHE, EE#H A, Linux/mac0S A AT DAMERAIT R a4,
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https://discuss.gluon.ai/t/topic/746
https://conda.io/miniconda.html

mkdir gluon-tutorials && cd gluon-tutorials
curl https://zh.gluon.ai/gluon_tutorials_zh.tar.gz -o tutorials.tar.gz
tar -xzvf tutorials.tar.gz && rm tutorials.tar.gz

Windows F 7 Al DA NI VE RS R EESE (R E3 L : https://zh.gluon.ai/gluon_tutorials_zh.zip
) IR, TEMRE H o s E AR A emd #EA a1 T,

TEAERA, FRATH AT DARC BN 2k (8 I PN B G T %

# LAEERELE conda Hi%.
conda config --prepend channels https://mirrors.tuna.tsinghua.edu.cn/anaconda/pkgs/
—free/

# FEEAMK conda $HK.

conda config --prepend channels http://mirrors.ustc.edu.cn/anaconda/pkgs/free/

B AT RIS XTI, Linux/macOS AT DUEFH AT R a2,

conda env create -f environment.yml
source activate gluon

Windows FH /7 A] A AT N a4,

conda env create -f environment.yml

activate gluon

VY%, FTHF Juputer notebook, I&1T NHIHZ,

jupyter notebook

X FER YA TIT http://localhost:8888 Gl = HBNFTIT) #iAl LEBMBITAR &1
(XN

BHL (ANET), WRMRZBENAP, BUUEAEN Gluon B IMNELIEEM AT~
#, Linux/macOS A/ 7] PLafT FHE@2,

MXNET_GLUON_REPO=https://apache-mxnet.s3.cn-north-1.amazonaws.com.cn/ jupyter notebook

Windows B/ 0] PUSfT FHEIfM S,

2.2. REMIETT 33



https://zh.gluon.ai/gluon_tutorials_zh.zip
http://localhost:8888

set MXNET_GLUON_REPO=https://apache-mxnet.s3.cn-north-1.amazonaws.com.cn/ jupyter.
—notebook

I : 3@id Docker &3

F—F, MEIFLEEDocker,
WERARE Linux A/, A PAUST FHEIMS ., ZEEH—R,

wget -qO- https://get.docker.com/ | sh
sudo usermod -aG docker

FL, BT @R,

docker run -p 8888:8888 muli/gluon-tutorials-zh

F=00, ENYEERFTI http://localhost:8888 , IXHHE H 75 E3H Docker 11T #4: token,

2.2.2 BEHABNEITIFE

HETRAA—EHAERSEERZE, BESETSIIMAFNET, RN MXNet 1Y Gluon At
TEPE R R, RIEFRAHEE KRR MO B EHT, SR EiE NEEHT I ERE, 15 HRT R A
GEH =T+ MXNet)

HT MXNet fEBEE R, Tl T SARIESGER MXNet A€ T F B r i, RN, it
AW TERTIIECENE, DOEN IR SR PR R, BRI, BAHERR S E S H iz
IR, DARAIE T ) LA S rZe I,

EI—: BT Conda BHT ()
F—0, B FEEFTE S A B ENE, BEEEASER, TEthErT MBI =#F
e Sipri =N

¢ https://zh.gluon.ai/gluon_tutorials_zh.zip

« https://zh.gluon.ai/gluon_tutorials_zh.tar.gz
FE, A NHE A ERTIa TR,
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https://docs.docker.com/engine/installation/
https://zh.gluon.ai/gluon_tutorials_zh.zip
https://zh.gluon.ai/gluon_tutorials_zh.tar.gz

conda env update -f environment.yml

kI — . @i Docker B3

AT LB NEH#THY Docker image, flA1H4T FHEEIEHZ

docker pull muli/gluon-tutorials-zh

TEIN=: @i Git T

F—, WIRIRPGE Git #1E, RIDIETRE pull JF HEH AT REIGE AT ISR :

git pull https://github.com/mli/gluon-tutorials-zh

GURAARIE RS, AERFE A MMERIARUEL DU, RA] ATE pull BiJEH reset SR E] EIE
HTHIRRA :

git reset --hard

F, RN A EHTIa TR,

conda env update -f environment.yml

2.2.3 HRIEM

PAURERA AR R 3 5028 7 — L2 2 ] BRI RDED, AR ENTRIIRICR, THBL R,

fEF GPU

I FIRTT N2 2ER MXNet HEZHF CPU, AFHE D51 75 EaEE [ H GPU kg T, ik
MK Nvidia iR B2 T CUDA7.5. 8.0 809.0, HBASEHIZE CPU iiiA:

pip uninstall mxnet

NG, RIEHMN 2235/ CUDA iR, fEH DA =82 — 235 N AY GPU ik MXNet,
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pip install —--pre mxnet-cu75 # CUDA 7.5
pip install --pre mxnet-cu80 # CUDA 8.0
pip install --pre mxnet-cu90 # CUDA 9.0

PATEBE A P 68 2 pypi BB INE TE, P mxnet-cu80 M, FATATDAREFIAN R a4,

pip install —-pre mxnet-cu80 -i https://pypi.douban.com/simple # CUDA 8.0

TEERENZ, NRIRZEE GPU IRk MXNet, i/l conda update A= HEIFA GPU ik
] MXNet, IXIER PUZFT T source activate gluon [GFa8E#H MXNet, DL mxnet-cu80
i, BATA] PARE R DA R dr 2 F 80 3 # MXNet,

pip install —--pre mxnet-cu80 # CUDA 8.0

F Jupyter Notebook 3% 5 GitHub J&3X {4

WMRIRFENRBNEM AR, FEBKRE GitHub F Markdown #XATE X (md X
dE.ipynb X ), JEIL notedown ffifF:, FATHEAT LA Jupyter Notebook &% 1217 Mark-
down & AYTEHS, Linux/macOS A - 1] AHAT LA N an 2 3R15 GitHub IR X ETEIB1TIR

B,

git clone https://github.com/mli/gluon-tutorials-zh
cd gluon-tutorials-zh
conda env create -f environment.yml

source activate gluon # Windows FAFIZE{T activate gluon

FTH %% notedown ffif, 21T Jupyter Notebook FINE it :

pip install https://github.com/mli/notedown/tarball/master
jupyter notebook --NotebookApp.contents_manager_class='notedown.NotedownContentsManager

1
—

WIRARF BB IRIBAT Jupyter Notebook I ERIATF/F notedown i, RIPAZSE NHIDIE,
BE, PUTFEMLAER Jupyter Notebook FLE X (4nRE &4 RA] ARk )

jupyter notebook --generate-config
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ARG, & FHEHIX—1THIAZ Jupyter Notebook FL & X HIKE (Linux/macOS L—7E ~/.
jupyter/jupyter_notebook_config.py)

c.NotebookApp.contents_manager_class = 'notedown.NotedownContentsManager'

2JG, BAMAFEEZIT jupyter notebook EIAJERIATF)E notedown fHfE,

EininRSS 28 LIE1T Jupyter Notebook

IR, Bl7 B E IR S5 82 5T Jupyter Notebook, FFIITAHHLI AR K82/, 4
FAMINLIS 24 T Linux 50% macOS (Windows JR 85 = 778 PERIAT putty S%HIAES 1),
T 2T DA RIS 1

ssh myserver -L 8888:localhost:8888

PLE myserver @i 55 as ik, ARG FRATAT PAEA http://localhost:8888 FTHFILimAlR S5 2%
myserver [J&1T Jupyter Notebook.

BITIHEY

FATm] LAEIE ExecutionTime fifF3R % Jupyter Notebook HE MRS BATTHIZITIHI, DA 2
LI A2,

pip install jupyter_contrib_nbextensions
jupyter contrib nbextension install --user
jupyter nbextension enable execute_time/ExecuteTime

2.2.4 &

« NTREBINFHEREFS], BAITRERPA BRI LB TI,
« BATRBCRFE I E T AN TS,
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http://localhost:8888

2.2.5 43

o RECAB A H LTI, W RIRE AN TR A R, 1 2 B I I DX A A SEXE ]
A, s A XM T TR AL,

2.2.6 HIBEAITIEX

2.3 ¥UEIR(E
LEVRIEZE ST, JRATTIE R S SR TR ME, (B2 R 2 SR, AT
36 7 R R T4 0

£ MXNet 1, NDArray & fZ i fl L #8da 1 32 22 T2, a0 RAR 2 #i it NumPy, VRE% 1 NDAr-
ray fl NumPy 45U AEH 2500, 2R, NDArray #2552 IHRE, HIU CPU Ml GPU (57245
WHE, DKBFRS, XEHHS NDArray B INESTREY >,

2.3.1 B NDArray

BASe /28 NDArray (IREEARTIERE, RN BATHBIEC A B EARZRRAE, IS 7
LAt —5,

H4EM MXNet 5 A NDArray,

In [1]: from mxnet {import nd

SRIGFRATTH NDArray Al —MTAEE,

In [2]: x = nd.arange(12)
X
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Out[2]:
[ o. 1. 2. 3. 4. 5.
<NDArray 12 @cpu(0)>

DL AR NDArray —35005 12 NTE (element), 7358 arange (12) FHEERIM 0 FF4A
) 12 MESEEL, FIDVES, FTEIN x BT TIEEE <NDArray 12 @cpu(0)>, HH, 12

62 NDArray FJEIR, BIARAVKE; M @cpu(0) BEHIERINE LT NDArray #8127E CPU L,

NHEfER reshape REHTAER x KPR N (3,4), HHLZE—"D 317 4 HIRIIERE, BR 7KK

LA, x RHITTRRRFAZ,

In [3]: x = x.reshape((3, 4))
X

Out[3]:
[[ o. 1. 2. 3.]
[ 4. 5. 6. 7.]
[ 8. 9. 10. 11.]]
<NDArray 3x4 @cpu(0)>

b x.reshape((3, 4)) HA[E K x.reshape((-1, 4)) 8 x.reshape((3, -1)).

BT x BTRMECZEAR, XER-1 26/

% 3E 1 7T 2R MR AAE A RN HHR A

ROk, BAQE—DNEITLEREN 0, TRV (2, 3, 4) HUsKkER, Ehr b, ZAiEIERm A2

FFERI K & o
In [4]: nd.zeros((2, 3, 4))
Out[4]:
[[[ 6. 0. 6. 0.]
[ 0. 0. 0. 0.]
[ 0. 0. 0.]]

[[ 0. 0. 0. 0.]

[ 6. 0. 0. 0.]

[ 0. 0. 0. 0.]11]
<NDArray 2x3x4 @cpu(0)>

K, FATTDABIERSITTEN 1 K&,
In [5]: nd.ones((3, 4))

Out[5]:
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[1. 1. 1. 1.]1]
<NDArray 3x4 @cpu(0)>

AT AT LAE Python AYFIFR (list) 457 Z AR NDArray FH P ITRIE,

In [6]: = nd.array([[2, 1, 4, 3], [1, 2, 3, 4], [4, 3, 2, 1]1])

y
y
Out[6]:
[[ 2. 1. 4. 3.]
[ 1. 2. 3. 4.]

[ 4. 3. 2. 1.]]
<NDArray 3x4 @cpu(0)>

HLEOLR, TAFHEZRYLENR NDArray HENICRIE, NEEMLTE—MEIRN (3, 4) HY

NDArray, BRI NTEABENURAETIIEN 0 iniEZE R 1 NIERS 1A,
In [7]: nd.random.normal(0, 1, shape=(3, 4))

Out[7]:
[[ 2.21220636 0.7740038 1.04344046 1.18392551]
[ 1.89171135 -1.23474145 -1.771029 -0.45138445]
[ ©.57938355 -1.85608196 -1.9768796 -0.20801921]]
<NDArray 3x4 @cpu(0)>

> NDArray FUTZIRAT LUEIE shape J&8MRIREL,
In [8]: y.shape

out[8l: (3, 4)

—> NDArray K/ (size) BIHITEAIEEL

In [9]: y.size

out[9]: 12

2.3.2 &%

NDArray XK ERIZEAT (operator), I, BATTAT LAXS Z RTQIEATH MEIRH (3, 4) B NDAr-

ray dZCRINE, MSERIGIRAZE,
In [10]: x + vy

out[10]:
[r 2. 2. 6. 6.]
[ 5. 7. 9. 11.]
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[ 12. 12. 12. 12.]]
<NDArray 3x4 @cpu(0)>

AR it Rk,
In [11]: x * vy

Out[11]:
[[ o. 1. 8. 9.]
[ 4. 1lo0. 18. 28.]
[ 32. 27. 20. 11.]]
<NDArray 3x4 @cpu(0)>

DA RI%ITRPRIR,

In [12]: x /vy

Out[12]:
[[ o. 1. 0.5 1. ]
[ 4. 2.5 2. 1.75]
[ 2. 3. 5. 11. 1]

<NDArray 3x4 @cpu(0)>
DU 2in R eEos R,
In [13]: y.exp()
Out[13]:
[[ 7.38905621 2.71828175 54.59814835 20.08553696]
[ 2.71828175 7.38905621 20.08553696 54.59814835]

[ 54.59814835 20.08553696 7.38905621 2.71828175]]
<NDArray 3x4 @cpu(0)>

FoArTtnT DA A S5 A= ORTR 21C 200 0 8¢ 1 BT NDArray, A x == y hffl, 405 x Fl
y TEAHFRINCE RS HIM R ([EMES), AB4HT NDArray fTEAHRINZERME S 1; K2 0,
In [14]: x ==y

Out[14]:
[[ 6. 1. 0. 1.]
[ 6. 0. 0. 0.]
[ 0. 0. 0. 0.]]
<NDArray 3x4 @cpu(0)>

BROR, BATNER y L E, HMOEMRIERIE, BT x 23174 5I00JER, yHEN41T3
FIRIRERE, PIFEREAHSRIGE] 3 17 3 HIRYRERE,

In [15]: nd.dot(x, y.T)
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Out[15]:
[[ 18. 20. 10.]
[ 58. 60. 50.]
[ 98. 100. 90.1]]
<NDArray 3x3 @cpu(0)>

N, BTN NDArray HETTERKM, GERBARMRE, ARARIRE T NDArray f83X,

In [16]: x = nd.array([3, 4])
x.sum()

Out[16]:
[ 7.]
<NDArray 1 @cpu(0)>

HE, BATATDAE AR ER) NDArray i asscalar REEEZ A Python W%, Rl
T x B Ly YEECN 2 —1 NDArray,

In [17]: x.norm().asscalar()

out[17]: 5.0

2.3.3 [ #&HH

IEANFRATIFT AL, FRATTRT DA AN EARAE [F Y NDArray iz e 28 E, R0, HBEATH PN ERA
[ # NDArray 4% TR 1REN, AIRESMlZT #5 (broadcasting) Alfil: 551X NDArray /B
RAHIR R Z T R RME,

EFRAVEE DT

In [18]: a = nd.arange(3).reshape((3, 1))
b = nd.arange(2).reshape((1, 2))
print('a:', a)
print('b:', b)
print('a + b:', a + b)

a:

([ o.]

[ 1.]

[ 2.]1]

<NDArray 3x1 @cpu(0)>
b:

([ 6. 1.1]

<NDArray 1x2 @cpu(0)>
a + b:
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[[ 6. 1.]
[ 1. 2.]

[ 2. 3.]1]
<NDArray 3x2 @cpu(0)>

BT afl borald 347 150H1 147 2 FURYHERE, 8 TREEATRI DT =AM, HEN ahs$E—
FIN="oem e # (B 2758 24 b TR TR & (B 2 758 17
IS =17, Wik, FAIFEATCOS A 31T 2 FIRIRERE TR, 53] EmavgR,

2.3.4 BENAEHH

FERTEIRIB T, BATAE D BRIEFOTAERIF B ERIEE R, 280017, Rk x My #Z NDAr-
ray, fEHIT y = x + y BfEGE, y I NEIAFHAER SO EE x + y IHREERMHITH
R, N T RARIX— R, FATAT DA Python HARHY id BREL: WIERPINSEBIRY ID —5K,
EATIFTA B NAFHBEEAR A s 2 ARSI
In [19]: x = nd.ones((3, 4))

y = nd.ones((3, 4))

before = 1id(y)

y =y *Xx

id(y) == before

Out[19]: False

£ NEBIFFH, FAEET nd.zeros_like(y) G y ERMEIE HILZE R 0 1 NDArray,
0N zo BERR, TIME x + yWERED [:] i z o MEIAEZEH,

In [20]: z = nd.zeros_like(y)
before = 1id(z)
z[:] = x +y
id(z) == before

Out[20]: True
R, XEBEEAEZEAN x + y O TIENNEREEITESR, BEHIE z N MRANE, N
TN, AT AR BERT 2R ETH out 244

In [21]: nd.elemwise_add(x, y, out=z)
id(z) == before

Out[21]: True

GUERINE B NDArray FIEMEZ IGRRFHAREM, BATHATDUA x[:] = x + y & x +=
y KB IBE I AT,
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In [22]: before = 1id(x)
X +=y
id(x) == before

Out[22]: True

2.3.5 &Eq|

1£ NDArray H, &5| (index) XFER T ILEMNIE, NDArray FIZR5IM 0 FFERE—IEHE, Hlan—
A 34T 2 FIHIFERERIA TR S 125009 0. 11 2, FIR5[537109 0 F 1,

1 NHEAIFI T, FRAHEE T NDArray FATRS IBEGER [1:3], A48 22 A TT-HEE TS R,
EEEC TR x FTERS0N 18 2 BT,

In [23]: x = nd.arange(9).reshape((3, 3))
print('x:', x)
x[1:3]

X:
[[ 6. 1. 2.]

[ 3. 4. 5.]

[ 6. 7. 8.1]
<NDArray 3x3 @cpu(0)>

Oout[23]:
[[ 3. 4. 5.]
[ 6. 7. 8.1]
<NDArray 2x3 @cpu(0)>

BATRT ARG E NDArray R Z I RN TTRIME, FINEREHITMAIRRS], FHERZT
ENENIIER

In [24]: x[1, 2] =9
X

out[24]:
[[ 6. 1. 2.]
[ 3. 4. 9.]
[ 6. 7. 8.1]
<NDArray 3x3 @cpu(0)>

SR, BATHATDAERE—E TR, FFERENE,

In [25]: x[1:2, 1:3] = 10
X

44 2. f&*NR



Out[25]:
[[ o. 1. 2.]
[ 3. 10. 10.]
[ 6. 7. 8.11]
<NDArray 3x3 @cpu(0)>

2.3.6 NDArray #1 NumPy 1 E 3%

BATTLUEITE array f1 asnumpy ERECSEIETE NDArray 1 Numpy #5202 [AIFE B4, DA
= MilF

In [26]: import numpy as np
X = np.ones((2, 3))
y = nd.array(x) # NumPy &A% NDArray.
z = y.asnumpy() # NDArray %IR8 NumPyo
print([z, y])

[array([[ 1., 1., 1.7,
[ 1., 1., 1.]], dtype=float32),
([ 1. 1. 1.]
[1. 1. 1.]]
<NDArray 2x3 @cpu(0)>]

2.3.7 Ih&h

* NDArray /& MXNet 78RR T2 T H,
o BATTATCAERAAMI N NDArray #ETEIE, 125, $8ERK5IF15 NumPy  [FHIAH B HEH#,

2.3.8 43
C BATATAD, SRR REHIRR x == yEOH x < yR x > y, BEEBEIITA
FEHY NDArray,
o BRI T RIRERND NDArray s HAEIR, 45588 SR —FE?
o & MXNet B 77 MG ERYSCRS, T8 NDArray SO EAMHRAE,
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https://mxnet.incubator.apache.org/api/python/ndarray/ndarray.html

2.3.9 HIBEAITIEX

2.4 BEIRIEE

TEIREE S, BAAHEFEXNRECRBE (gradient) . ARV AT HHIECARES (BIA0REE)
ARIRGE, AIUSH “EEAET —,

MXNet f2fit autograd Bk H MRS, BRI AR ¥ STREZRER g i3 TR
KEFREEE, MXNet HITCHFUL,

BIRSAATLRFZEN,

In [1]: from mxnet import autograd, nd

2.4.1 EEREGF

BANVRE D ERBIF: NEE y = 2272 KX THAE « B,
TAVCOIETE x, FHHYME,

In [2]: x = nd.arange(4).reshape((4, 1))
X

Out[2]:
(L o.]
[ 1.]
[ 2.]
[ 3.1]
<NDArray 4x1 @cpu(0)>

NTRAERALE x BIBRE, IRMTFELAH attach_grad BECKHIHEERRETFHRENNG,

In [3]: x.attach_grad()
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THEXAERZR x FEE. BAFRAT, N TERDHEMAEITHE, MXNet ARIEFA TR
BRI RE, BAFEFA record FRHBERE R MXNet It5%5 REFEA XAITHH,

In [4]: with autograd.record():
y = 2 * nd.dot(x.T, x)

BT xEIRA @4,1), yE—MrE, 8 FREATLUE A backward BREHIKREE,
FEERENE, R y A2 —TFrE, MXNet BEext y FoERMEEHNTE, BRiZEE
BX x WEE,

In [5]: y.backward()
PRy =22 Tz KT o KIBERN 4z, ITETRATRIGUE— T K HISRAYRA & 2 BRI,

In [6]: print('x.grad: ', x.grad)
x.grad == 4 » x # 1 NE, 0 A&,

x.grad:
([ o.]

[ 4.]

[ 8.]

[ 12.]]
<NDArray 4x1 @cpu(0)>
Out[6]:

[f1.]
[1.]
[ 1.]
[ 1.1]

<NDArray 4x1 @cpu(0)>

2.4.2 3¥ Python iZHIFKEEE

] MXNet f9—PMEF 2402, BEERHEIHEEME T Python AUFEHIHT (BIAHZRAFFITEIAZ
), FA A AT REX AL SR KR,

FE TR, HPE Python FZMMITEINMZH, FHEBFAE, XEMEA (while 1535) 1%
REGEFNZEAEHIT G TER) BIPATEIRRTHIA b BIE, HTARNEAZSEOHEREA
A, FATE X REERESE.,

In [7]: def f(a):

b=ax?2
while b.norm().asscalar() < 1000:
b =Dbx 2
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if b.sum().asscalar() > 0:

c=5b
else:

c =100 * b
return c

BAMRRR Z 5i — £ record MEUCRIERE, HIAMH backward EHEECKERE,

In [8]: a = nd.random.normal(shape=1)

a.attach_grad()

with autograd.record():

c = f(a)

c.backward()
LEBRAMFAINIER LI S f bR, B9k, BEEEMmA a, HifHBRE fla) = za IIEK,
HFRERE « WEBURTHA ac HT cBX alIBERN 2 = c/a, TG NHEIXFELIE
X A s e SR A B R 245 SR LE AN
In [9]: a.grad == c / a

Out[9]:
[ 1.]
<NDArray 1 @cpu(0)>

2.4.3 &

« MXNet &t autograd B2k HaNL KR FITFE,
e

« MXNet [J autograd tA] AR IEH e @ X2 71T K S

2.4.4 43

o« FEATOHEHIFOREERIB 7, LR a l— PRVl E8UER, HNITHREER o~
FEARE, BITERREMAL? A Hr s R ?

- HEEFTRH—DHEHIRREEERIB T BT H TSR,
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2.4.5 HIBEIAITIEX

2.4. HEIRBEE

49
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REF S A

MAREETTAG, AR —RRRAEESIHIBM, FATIEARIERETR Softmax [T MHI, /2EHl
feE SIHEL AN, 155, BATH 2 BRSNS INIRE A SRR, (0T T A LS IR
JG, BATPER R S O S BRI H TR IENMEMEBFRTR, 7Tt — D ERRIRE
RERNIZRAIART, BA TR RARRE EAERR R ek, &5, BATREE —NREESIMHR
BISRSZERA T E ST,

3.1 BEMEMLE

FEARBERIRLT, IEBATER LR MR R, BIANZE R Softmax [E1)H, #iEIEM T
[ES AR R R 2 — NS, Bl JRFEIERE T KR BARZ5m T —1
ERUE, BIANE R R, XM BRI HEE BB MEML, EA LB AER
X R 2 BRI 2 SRR RIAEIE

AT, WATCARIERT B, SRS BRI SRR AR E R R T 1%,
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3.1.1 ZMOFNEXREER

NT I, BV — D BARRGIRPRLE R AR EA R,

RE

BE—NERBRNEIESE, HPEHRERNHEXEIRCEmE CE7R). B (F) Mg
OB BN ATEE B RN (& o) AER (%) RIEEEWELNE 0%y,
B2 2y K1 2o BIEGHRE RIVFHIE (feature), y AHr% (label) {EIAH (ground truth), &k
PEEIEERIR BREMATHME (% g) MWRIAA

9 = 1w + x2w2 + b,

Hrb wy, we BIE (weight), BHAME w = [wy,w.]" KFR; bRIM%E (bias), XHEAIFE
Fifw 22 BRI RTRIIE 25 (parameter) . #2 FK, LEBAT T HE— T A @ I ZREAR S
BRI,

IRERIE

BRI BATE ] SR 2R P BRI R i BRRANIZREdES (training data set),

NGRS, —H5 BRIRHERARZE Ry — D EEEAEA . RIIZREIRRAEARECN n, RI[Ni
REARIIREE A o7, 28, BRER @ MTFRBIN i BR, LI MI EERIAR A

)

g9 = 2w + 2wy +b.

BRI ER

FERRLI R, A1 AR R (G THE M B SHEE IR ER SR LR AT RERRID, P75 #6155 (square
loss) RiE SCEHEREA @ ERYHIK (loss)

, (0 — ()2
00 (w1, 19, b) = %

HIZARB N, BEEARAEA ¢ BRI THEM B S ERRR L, ERIZREIREMEAREN no £
PEEDFET B AR RS —HBERIB L w,, wo, b K/ IMEARK PRIEX

1o~ 1A (2w —l—x(i)w +b—y®)2
E(whw%b):EZE(Z)(wl,wQ,b):EZ( 1 1 2 22 Y ) ]
i=1

i=1
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f£ B, R £(wy, wo, b) FTBIERIIGREHR R A DA _ERRAIF,

RE=

ESREME BN BAT TR B Y 0 e/ MRS R B, N R 2B BORE S SRR, Bl 177 E A
R A R OOE RIS EOR e/ MR R, —Fhi F BRI (50 Mt S BEAT LR
~F% (mini-batch stochastic gradient descent), &—XIEIRHT, AR LABENLEY 5 RAE— N
WSRBARFEAR RS FRH /LR (mini-batch) B; S5 K/ E P EHRAE AR A S
BISEE SR (BRE) ; SRS A\ 0 BE B IE B TR E R S BAE AR ROIE RN &, TE
AR AILRIE RN BRI SECROERN T

38( ’LU1 wg
Wy — Wy — é Wy — — T x w1—|—m w2+b y )
|B|; own \B\g 1 2
0D (w1, ws,
U}2<—U}2—FZ w1 wa,b) _ 2——230 :rl w1+x2)w2+b— y ),
| |zeB ‘zEB
8€(
zeB

£ L, B ﬁ%‘%/\/J\?tt;-gﬁPEl"J#ZIV\?& (L8 K/, batch size), nFR{ESIZR (learning
rate) HFEUEE, FEMENE, XEMEINIZESRIER ARNER, HFAFEEL R
R, iE=40 (hyperparameter),

BAMREEE “RABER" —FE R ML E R R R A e B, ISR,
BA2HERARMAEZERBERSEE TR, ZJEEFH TEBISEUE v, ws, be XA, FRATHLAT
DASE FH 22 EH BRI RN 21wy + mows + b RAGEIGEHRE DOMERE—HRE CEAK)
xy BEE () N o MEREIINE T o 1K oS 1 st Y 4 i,

3.1.2 &MEOANRTHE

BAARSE DA SO b5 R BHR SR AN LR R IRERIN B, ALt [mIR I FRR TR,

M MBE

TEIRFESE S, FRATTAT DAE R 0 2% 1) Wt AR ISR EE ), D 7 SR Rt R R e M (Bl A7 o
PREZMLERILER, 8] 3.1 i FIRREE I 48 R Z R AT Fh A A L [l T AR,
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e fa) = 1"
clC

B 3.1: ZRIEMIVA R — R AL 4

1E1E 3.1 FRZoRAUHZE ISR, AT RN x1 F 2o, FIEABRREANECY 2, BT IZMZEH)
iy o, WHEREHANECOY 1o RETEAR, TRATERRKE 3.1 Mg o 1F Lk
PSR EL, Bl g = oo HTHIABIHAW TR, 2GS, & 3.1 Frsrmms g EE
N 1o FREA, SMEREFZE—REMZENL, B EP SR o T XMMETT, E4ME
HH, o RUTHEARE T 21 1 oo WELRE, Mt EPRIETTHE A B M T 2ER, K
I, XEPHEEEXN42EREE (dense layer 5 fully-connected layer),

KEHERIAN

S GRaHEWTRILRT, Bfl1H 2 RN 2 N EARREA T 2 KRBT R, EHEERARR
BHERIAXZA, IEBAEH XA AR AR5 K.
TNESEE A 1000 ZERIA &,

In [1]: from mxnet import nd

from time dimport time

nd.ones (shape=1000)

nd.ones (shape=1000)
AN —F 7R, BN AERZOTRE MR NkL:

In [2]: start = time()
c = nd.zeros(shape=1000)
for i in range(1000):
c[il = a[i]l + b[i]
time() - start

Out[2]: ©.09804558753967285
FRAIINEY S — R R, RAIXMA A B R A

In [3]: start = time()
d=a+b
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time() - start

Out[3]: 0.0002799034118652344

GRRAE, EE S EAR, Fit, RSN R TR AR, DURT
R,

LEFRATAHR B BT B S R, RIS IIGESEES 3 M EEAR (R3125I0 1, 2
f13) B—fEEMHE, K2

g = oy + o)

37(2) = x(lz)wl + 5552)11)2 + b,

~(3) (3) (3)

wy + b,

9 =Wy + x5 we + b.
BAE, Bl b= e R ]I R, )
e xgl) xél)
9=, X=|x7 7|, wlﬁy
s x§3) xg?)) 2
X 34 BREAMG R MR R & IR RE
g=Xw+b,

HrppiRsBE /R 7Bl (S0 “EdiEgiE” —). flan

In [4]: a = nd.ones(shape=3)
= 10
a+b
Out[4]:

[ 11. 11. 11.]
<NDArray 3 @cpu(0)>

JUXCE, HEBEEFEAEC n, FHEECY d, SMERARRETERIEX N
g=Xw+b,

HrpEREH g € RV, HERBUIERARIE X e R, NE w e R, fRZEbe R, M,
MEBIEHEAIRE y e R EREHES, BATRMNEER g f y FENBIREERRRA. &
TRAE T — TN AL R R & H RS,
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[FIBEE, A AEBRIIZR O L RIA MR BT R, RIS 0 = (w1, wo,b] T, ATV
HEEREHUERE N RERTE D BERAH R i 5 O

- % 3 Vet (8),

i€B
HA BRI R K= IR R S (i S 2 AR AT
@) (w1, we % i % i
267 (wiwa b) » (Bux 2:b) ;vg.)(xg.)wl + xé)wg +b—yf ))
Vol (9) = |220wwad) | = |4 (D) + 2wy +b—y @) | .
85“)(%2,11)2,!)) argi)wl + xgi)wQ +b—y®

3.1.3 /&5

« MIRZBIRE AR, N TLMEIIE—DNRBERMEM L, EREAR TR
R IgREE, UK ERL SRR,

o FATIRETT AR MR 2 R ek MEEIH, Xa] PUAREIFRE R RIZER,
« EIREAEIPBAINIZRATRER AR ETTE, DIRHERE,
3.1.4 43
- fEAEME (FIA NumPy) s(HEHAMGREIES (B0 MATLAB), FREAHEANP A &0 PR

JTIEHIIBATIN T,

3.1.5 HIBERAITIEX
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3.2 & %M)3—MNEZFI5

12 TR T MRS AR Z G, MAEFRATAT ASIFSEE T RE R KRR EE S STHESE AT DA
WO RKBEEIETAE, BES TRBIETRENER], AT SIRER A BRI 2 > 24 TAE
Mo R, ATIEABAAT R NDArray f1 autograd SREGEE—DEMERARIIZR,

3.2.1 Z&4MEY3

LEBAVEENZ—F L RRINE, BEERREAECOY n, FEEOY d. SA7E BB AR RHE
X e R4 IR y € R, RIERARIAERH § € R FHERIERN

g=Xw+b,

Hrpw e R AT € R 2Bl ERIERIARBERISE: NENWZE, N 7ESINENRE, i
FITRIE g MIESE y Z BIEF IR E B R A RPN G AR, BT/t
BREHUERE T REARNE RIS RE, DR MEBRE R, &%, EERRIENE, BIMES
T RS EEIE,

NHBADTAS FELREMERITRIZR, EIE, SARTHLRAHRI ML,

In [1]: %config InlineBackend.figure_format = 'retina'
%matplotlib inline
import matplotlib as mpl
import matplotlib.pyplot as plt
import mxnet as mx
from mxnet dimport autograd, nd
import numpy as np
import random

3.2.2 RS

PAHEX AR R A RN LIl ZREdE S A E SR,

B RARH AR 1000, AR CRFERD 0 2. S REHVERAOHE RFEATHE X € R1000<2,

PAVEE SN BV AN w = [2, —3.4] T FfWZE b = 4.2, DA —DBENIEEE T e SRAERRAR
w5

Nz

y=Xw+0b+e,
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HrP = I e ARMISED 0 FIFRIEZE D 0.01 RIEAS M. R, TSRS,

In [2]: num_inputs = 2
num_examples = 1000
true_w = [2, -3.4]
4.2
features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] *» features[:, 1] + true_b

true_b

labels += nd.random.normal(scale=0.01, shape=labels.shape)

EREE| features ME TR MRKEN2MAE, M labels W72 MKEN 1A
2 (i),

In [3]: print(features[0], labels[0])

[ 2.21220636 0.7740038 ]
<NDArray 2 @cpu(0)>

[ 6.00058699]

<NDArray 1 @cpu(0)>

SRS —MHE features[:, 1] FIbR%E labels AYHURE, FRATATDAE BB S
H AR FRo

In [4]: def set_fig_size(mpl, figsize=(3.5, 2.5)):
mpl.rcParams['figure.figsize'] = figsize

set_fig_size(mpl)
plt.scatter(features[:, 1].asnumpy(), labels.asnumpy(), 1)
plt.show()

104 L

—-10 1

~

2!

*
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AT ZREE XAE gluonbook A G ZE 15 A,

3.2.3 IEEVEUE

TEVISRAERIAIN e, FRATTFR ik o Bm S AT RV M BB A, IXHEBRATE LR
ERHRIRE batch_size PMRENEARFHENRE, BALER/N (batch_size) 410,

In [5]: batch_size = 10
def data_iter():
indices = list(range(num_examples))
random.shuffle(indices)
for i in range(0, num_examples, batch_size):
j = nd.array(indices[i: min(i + batch_size, num_examples)])
yield features.take(j), labels.take(j)

LEFRATTIECE — A ML EBHRAEAITEL, B MMRENRERIRY (10, 2) , 2RI HtEKR
/N batch_size FIIA DML num_inputs; RN 10, HWELZHLEKR/N,
In [6]: for X, y 1in data_iter():

print(X, y)
break

—

Z P A m e

.47335598 -1.10848832]

.21522222 1.95657027]

.5984059 -0.51465517]

.61270916 -2.81996584]

.86667937 -0.0170521 ]

.61142027 0.59097415]

.88062727 1.98851633]

.01891088 -0.55721617]

.37254357 0.0290854 ]

.89070588 1.33772314]]

DArray 10x2 @cpu(0)>

[ 7.02215433 -2.02247977 7.15676975 12.55443287 2.52690601
5.41019535 -0.79267985 4.07729626 1.36435509 1.43572879]

<NDArray 10 @cpu(0)>

|
@ H B O H O 0 0 o 6

<

3.2.4 MIIRIREISEL

NHBAIBEVIR RIS,
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In [7]: w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]

ZIE RN BT ZNXESEORB RIS ENAME, PAEBRREOREIE N I ERAT 1772
O EMIRIREE,

In [8]: for param 1in params:
param.attach_grad()

3.2.5 ENXIERY

TNHEZENERAR R BT RRIEXEI, BAEH nd. dot BREUIHEERTEE,

In [9]: def net(X, w, b):
return nd.dot(X, w) + b

3.2.6 TEXIRKEER
FATE A _E— T ORI T $ 0k e &ML KL, ESLElh, FRATFEEESLE v
TIEFME y_hat IR, PARERECREBIEE BB y_hat BIEIKAEFEL,

In [10]: def squared_loss(y_hat, y):
return (y_hat - y.reshape(y_hat.shape)) *x 2 / 2

3.2.7 EXMUE X
PARHY sgd BRECEEL T _E—1 AR N E AR S NREETE, X3 TR/ M S R £l
FENMA AL,

In [11]: def sgd(params, lr, batch_size):
for param 1in params:

param[:] = param - lr % param.grad / batch_size
BATR %R EE AE gluonbook fHEfEHIZ 178 A,
3.2.8 JJII4RIEEY

BUEBATA] POT AR IIERBAL T RN 2, BATPRAA IRIRHIE AP S8 AR R IR, BATTRYE
SRTEREMEEBIEFEAR (FHE features MIFR®E label), MEITAMRMKE backward
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HREU/NMERRENIEE, FEMAMAEE sgd BRBRSE, f£—MEAM (epoch) H, ]
et —i data_iter B, FHATNZREEREFFAREAER T —IR, X ERNEAUE HEL
num_epochs FIZ£3)R 1r AREESEL, 717l 371 0.03, 1ELEH, KRZESEE T ZEL
[REIAFERAMWIE T, SR ABORABUR, BABRIRTREE AR, B IIZRN AR REE K.
A R SIRARRAEN, BAISfEEE “UEER" —=EhEgn g,

In [12]: 1r = 0.03

num_epochs = 3
loss = squared_loss

for epoch in range(l, num_epochs + 1):
for X, y in data_iter():
with autograd.record():
y_hat = net(X, w, b)
1 = loss(y_hat, vy)
1.backward()
sgd([w, b], lr, batch_size)
print("epoch , loss: "
% (epoch, loss(net(features, w, b), labels).mean().asnumpy()))

epoch 1, loss: 0.034400
epoch 2, loss: 0.000137
epoch 3, loss: 0.000051

WgRsERUaE, BATAT AR A BINS M AL S, ENIIN IR,
In [13]: true_w, w

Out[13]: ([2, -3.4],
[[ 1.99903178]
[-3.3996675 ]]
<NDArray 2x1 @cpu(0)>)

In [14]: true_b, b

out[14]: (4.2,
[ 4.19948435]
<NDArray 1 @cpu(0)>)

3.2.9 /&

« BAIMAEES], (V& NDArray fl autograd BRI DURA B SEl— MEAY, fE3 ok
MR, BATRTEM AR ERATE 2R A SIB I QB R RS (61
=) EEEl,
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3.2.10 43

« SR FRY S R EF IR R EUER T RS,

o [\ CEHAREEET —T, ATTRETHER VAR MRE, BT 1.backward() ¥
AR RIS HOR AL ?

3.2.11 ABEIRAITIEX

3.3 £ 4[B])3—1F A Gluon

BEE TR SINEZRA A J, T IR 5 5] o A BORARAE A, SEerhy, FATN@R AT DA b b —
TR AR SEBAERRR A, A, BATPRE A Al A MXNet 26489 Gluon #2138
75 SR B ARIIER,

Bt, SARTHLEARR 0 e, Bl HEZ BT BRI e,

In [1]: %config InlineBackend.figure_format = 'retina'
%matplotlib inline
import mxnet as mx
from mxnet import autograd, nd
import numpy as np

3.3.1 £EHEUESE

BAVERS E—T MR ERSE, Hb X BIISREBIRRIE, v 2n%,

In [2]: num_inputs = 2
num_examples = 1000
true_w = [2, -3.4]
true_b = 4.2
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features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

3.3.2 JFREXEUE

IXH, FAEM Gluon 12K data BEHURIEEESE, & —KIENH, TOTHREVLIEIRE S
10 NMEHRFEAR MR,

In [3]: from mxnet.gluon 1import data as gdata

batch_size = 10
dataset = gdata.ArrayDataset(features, labels)
data_iter = gdata.DatalLoader (dataset, batch_size, shuffle=True)

b= —FE, IEBRATRBOHTENS — A ML EEIRAEAR,

In [4]: for X, y 1in data_iter:
print(X, y)
break

.23041603 1.13859928]

.65207404 -1.76748502]

.05510042 -0.56671089]

.06442814 1.63567686]

.2963081 0.87118691]

.3367998 0.79105479]

.6360805 -0.58440769]

.08167925 0.5635339 ]

.54575098 1.30501723]
[ 2.17994285 -0.38305327]]

<NDArray 10x2 @cpu(0)>

[-0.11321159 8.89702225 6.01344442 -1.228127 1.83015716 2.19294548
7.46077585 2.43111348 -3.32293463 9.86030197]

<NDArray 10 @cpu(0)>

H ®© © © © ©® © © o

Lo T e Y s Y s Y IO s I s I s B |

3.3.3 EXIEH

FE b= NBITARRTSCBI A, BAN7R 2o R SEL, F R e — PP b A2 B T R,
SRRBIEER RIS H RO, RSB REMED, K%, Gluon 2t 7 REWIE XHE, X
FERATA T IE M ML ZRA R, N IECRE T4 Gluon BE faj i e SCEAE RN,
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B, A nnEE, BHAVEE X — MR E net, B Sequential 3/, 7£ Gluon H,
Sequential SEHIA] AB MR — RIS NERN AR, TEANEEAN, FRITEIXELRPIREINE,
LEERMANEIEN, AESPNE— 2RO R R T —ERH A

In [5]: from mxnet.gluon {dimport nn

net = nn.Sequential()

[EIERIE 3.1 FRERPERIAFE MR E P RRR, (E— D EREREEMLE, LRIER 5 A rw
ZITHB AR MM 2SR, Kt LIERARHLEX W 2ERZ, £ Gluon 1, 3%
22— Dense S, BATE ZERH ML 1,

In [6]: net.add(nn.Dense(1l))

HS—$2HVR, 1E Gluon HEATEHF I B —BERMARAK, BIANSIERAr AN, S
BIESEN, BIEEHRIT net(X) I, BALE BahiEliH&—RRMA N, BITKEZE
RS IR —E RN GX ML, Gluon AUIX— I T BT A H R AEF,

3.3.4 IGILIREISEX

FERER] net |, FAITFHZEWIGHARTISEL, BlIanLtE R R R REM M2, X ERAIIEH
BONRIBEALOIAA L 7T 1% ISR T RN IRAET-0.07 £ 0.07 ZHEII S 046, (MESEL
EHETREF,

In [7]: net.initialize()

3.3.5 TEXIRKEEK

BATIM Gluon HF A Loss LR, I ERMH IR AR T 77 BRI BRPL R IR K PR L

In [8]: from mxnet.gluon 1import loss as gloss

loss = gloss.L2Loss()

3.3.6 EXMHEZE

[FIRE, BATHICTHFLI ML BFEHIEE TR, £F A Gluon J&, FATA] LARIE —1 Trainer 54,
H HRBIISHALIBEA T, THE L T E3FN 0.03 FI/MERFEH U TR,
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In [9]: from mxnet import gluon

trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.03})

3.3.7 I|&1EEY

M E—TAE, BATAESVEH step RECKIEREAZSE, HTZE 12 batch_size 4l
NDArray, $ifT 1.backward() /T 1.sum().backward(). Z8/LERENUELE FREE
EN, BAME step HEHIEME batch_size, PABIR/INMILERENIE 2% &P NFEAES
FE -5,

In [10]: num_epochs = 3
for epoch in range(l, num_epochs + 1):
for X, y in data_iter:
with autograd.record():
output = net(X)
1 = loss(output, y)
1.backward()
trainer.step(batch_size)
print("epoch , lLoss: "
% (epoch, loss(net(features), labels).mean().asnumpy()))

epoch 1, loss: 0.041553
epoch 2, loss: 0.000157
epoch 3, loss: 0.000050

TNHBAMND BB E BRI E SRS L, BN net RIEFEMNE, FHBEMNE,
FEFE LS EARIEL,

In [11]: dense = net[0]
true_w, dense.weight.data()

Out[11]: ([2, -3.4],
[[ 1.99975872 -3.39958715]]
<NDArray 1x2 @cpu(0)>)

In [12]: true_b, dense.bias.data()

out[12]: (4.2,
[ 4.19983339]
<NDArray 1 @cpu(0)>)
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3.3.8 /\&5

« /8 Gluon RJ DASE fa] i H S BRI,

3.3.9 43

« K 1 = loss(output, y) BHe 1 = loss(output, y).mean(), BAIFE
¥ trainer.step(batch_size) fHMNHIZKEK trainer.step(l)., iXZHNT24NE?

3.3.10 HBEIAITIEX

3.4 JRRY

B LA R BT ARRE T OSBRI =, Plani o E o, fEEME R, S5
EHIERT U2 — e EUE, BB A0, AT IR 2R, FBATTAT DAE 73 8888 filan
Softmax [, FZMEBEITARIE, Softmax [EIVTAY%HH BTN — DK T2, A7 LA Softmax
BRI G, LR 53 K858, Softmax [B]IH2— N EMZE ML,

BN E—DME R 2RIAE, 8 TETIHE, IERMBRIEMARR RN 2 x 2, HIRER
HITINRHEE, BMERE DN 21, 20, 23, 140 RIZVNGEIREAE AR ESEFRE M), S0,
IXEERREE 7 AN B B BUE y1, y2, yzo B DHITF, TR y1 = 0,90 = 1,y3 = 2, EE—KMEHFT
FREEIELE 0o

3.4.1 Softmaxi=&

A — 20 iR Softmax [FJJ2EFEX BN 2 x 2 BIFFEAR K, B2 HE| Softmax 18
ﬁo
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VA TARIO w A1 b 451 Softmax BRI % S, 25 ¥ANE T 140 A K I
XT1,X2,T3,T4, ﬁ'ﬂ‘]ﬁ

01 = T1W11 + ToWa1 + T3wsy + Taway + by,

02 = T1W12 + TaWa2 + T3w3z + T4waz + ba,

03 = T1W13 + TaWag + T3w33 + T4wy3 + b3.
K 3.2 Mz E L T LmH S, FgMmEH—8, Softmax BIJFHE—EHEMZE ML,
MEMEEHE PR AFRSZ, Softmax [A] % H ZEH B H N ECET A4, RN —1ER T

%2/, 1E Softmax [FIJAH, 01, 09, 03 BITHEASEARIET 21, 29, 23, x40 FTLA, Softmax [F]JH A% H
B NEEEER,

WHE

WAR

& 3.2: Softmax [EJH2— PN EZ LML

EEEEHEN =G, TRATFRZEmE H 250, MEXGHEER, A eNas5h
U1, 92,930 NHE, FATEILEXS 01, 090,03 i Softmax IBH, 15 FRL&HH

. exp(o1)

N=———"" "0
> i—1exp(o;)

. exp(oz)

Y2 = —3—
> i—1 exp(o;)

- exp(os)

3= —g————
> i—1 €xp(o;)

HT 9 +9e+93=1H9 >0,92 > 0,93 >0, 91,9, 93 &2 NEENMEI G, BATAIRE _LHE
Softmax zH A = ICHE

U1, J2, Y3 = Softmax(o1, 02, 03).

FATHE IHE Softmax IBE MY Softmax B,
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3.4.2 BFASRNRETERIEN
NTRESHREZCR, AT DU RFEAR 2 @S R EHFRKIE, (£ EHEIE R 2 2ER-EH, &)
1% Softmax [ AR EF W ZZ 73 AN
w11 W12 W13
W21 W22 W23 . b= {bl by b3:|,
W31 W32 W33
Wq1 Wye2 W43
8 2 x 2 BIRAREA « BRI
2@ = Pﬁ) MONIN) x?ﬂ,
i Bt oy
ow:%@opoﬂ’
P, JES AR A7 o
=" i ).
PATTDSAEAR @ 72 2KRVRBIHRRIEA N
o) =W +b,
5V = Softmax(o”).

3.43 IEREDENRETERERX

NTH—PEIHHRRCR, BATEEN/NMEBEIEMR R, |7k, S — I IMtEEAR, H
HERNN n, AN RIEEO 2, BN CGEAIED hy. BEBREN X e R, it
B y € R, & Softmax [AIHHIANENRESEIIHIN W € RV, b € RV, Softmax
[E AR B T R ARIA TN

O=XW +b,

Y = Softmax(0O),

HAR IR EER 7T /BHE, 0, e Ry FIXMMEMERIEE 17314 o Fil g,
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3.4.4 XX EHKEER

Softmax [A]){# F 728 XJHHL KL (cross-entropy loss), PAARTIHIE 32 onfl, ELhRr%s
W, FEEOG 5 HIAN B B HUE y1, ya, ys, BENIITEEZR A 1, 02, 930 N TEETHIR, BAEAR
i FIFRAS IR N praper, o BIAN, WIRFEAR § BIFREEN y3, IBA praper, = 930 BN L, IZR
RS L MMEARESARSRIMITIAER R (R 1), 70 2BiEf. RS ZREdE ERIRE
AECN no HTXEEREUZ RGN, HERKMRES R/IMUIZ RS REEE T, BIAE
w/ME

f(@) = _% Z logplabelﬁ
=1
Hrh 0 AEBISE, ZREEIR IR E, 7E1)IIZk Softmax [AIHR, FATEME AR ETE
RIE BT S EIH AT PR S R BRI E
3.4.5 HEEFN A IEM
TEVIERLF Softmax [FIHMEALS | 28T —FEARRHE, FATTAT AT H 2R A MR, @ %,
FATHEFTMAER R KPR A E N 2], R ESEIRG] bR —2, WIHIXRmNZE

W, 15 F—"THsEdarh, FRATREH MRS (accuracy) RIFAMERIAIRIL, B T IEMTM
B 5 B iR A b,

3.4.6 /&
« Softmax [AFIEH T2 2KIAE, B Softmax iz B H KB IRER 210,
+ Softmax [A|JHE&— /N Z &M, Hn N ECEET 0 KRB H ISR BI N LG
3.4.7 43

« WIFHLAT Softmax IBRATE XCREHE, RIRERH T2 ME?
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3.4.8 HIBEAITIEX

3.5 Softmax [0])/3— M EFH4

NHEHBAPEENFLIL Softmax [FH, &L, FAKIATEH B,

In [1]: -dmport sys
sys.path.append('..")
import gluonbook as gb
import matplotlib.pyplot as plt
from mxnet import autograd, nd
from mxnet.gluon import data as gdata

3.5.1 FXEY Fashion-MNIST #UiE&

A, BT EE o 2KRE, FAVEH— NIRRT EGE S Fashion-MNIST [1], %%%
EEH, B RS Aimath:28 times 28, —3:AIFET 10 NG, 735009 t-shirt (T 1), trouser
(#&F). pullover (B¥2). dress GELHE). coat (4ME). sandal ({5i#E), shirt (F{#2). sneaker
(iz8h#E). bag (f1) Flankle boot (%FH#ft),

T, FAT@E Gluon B data ER FEIXMEWESR. HTEAHEMERRAELE 0 F 255 2
i, FATAILUEEE X transform EENG S MERKHH 0 2] 1 Z ],

In [2]: def transform(feature, label):

return feature.astype('float32') / 255, label.astype('float32")

mnist_train = gdata.vision.FashionMNIST(train=True, transform=transform)
mnist_test = gdata.vision.FashionMNIST(train=False, transform=transform)

FTEI—PMERIZIRMEIREE R,

In [3]: feature, label = mnist_train[0]
'feature shape: ', feature.shape, 'label: ', label

¥i
@
“NI
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Out[3]: ('feature shape: ', (28, 28, 1), 'label: ', 2.0)

ERE EmrbRER N DU BREA] DR RS O N SO PR

In [4]: def get_text_labels(labels):
text_labels = [
't-shirt', 'trouser', 'pullover', 'dress', 'coat',
'sandal', 'shirt', 'sneaker', 'bag', 'ankle boot'
]
return [text_labels[int(i)] for i in labels]

BATHEE L — D EEBCR R E Fr N
In [5]: def show_fashion_imgs(images):
n = images.shape[0]
_, figs = plt.subplots(1l, n, figsize=(15, 15))
for i in range(n):
figs[i].imshow(images[i].reshape((28, 28)).asnumpy())
figs[i].axes.get_xaxis().set_visible(False)
figs[i].axes.get_yaxis().set_visible(False)
plt.show()

BAE, BB — NIZREARE AT 9 DMEARIE F WAENSUAR PR

In [6]: X, y = mnist_train[0:9]
show_fashion_imgs (X)
get_text_labels(y)

Out[6]: ['pullover',
'ankle boot',
'shirt',
"t-shirt',
'dress',
'coat',
'coat',
'sandal’,
'coat']

3.5. Softmax [B])/3— MEFF4
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3.5.2 JEEEUE

FATATLAMG “LRVE O —— NEFFE” — T ARAEET yield RiE BNt EEAEFEA TR
B, NTRENE, XERMNEZMFH gluon.data.Dataloader, MIMERIEE—MEARECH
batch_size fI/MitE, XEMHLE K/ batch_size B—MNESEL

In [7]: batch_size = 256
train_iter = gdata.DatalLoader(mnist_train, batch_size, shuffle=True)
test_iter = gdata.Dataloader(mnist_test, batch_size, shuffle=False)

ERRNZXEBAIFEFRMINZREDE E BRI BRIV A R MIL R, BT T an
It

AT % 3K B Jf 2 BX Fashion-MNIST #¢ 8 & 1Y & # # % £ gluonbook.
load_data_fashion_mnist B EHEZ=E TR,

3.5.3 I LIEEISEL

FRENERIHPEIBF—F, BAEERHARRREMER, T MERZ K/ 28 x 28 HIE
Fro BRI AR EZ 28 x 28 = 784: ZMERMNENTENNE P MEE, BHTERA
A 10 NG, R b2k H B N0 100 B E—T701%0, Softmax [A]J YA E
ZBHUIBIN 784 x 10 F1 1 x 10 HIFEFE,

In [8]: num_inputs = 784
num_outputs = 10

W = nd.random.normal(shape=(num_inputs, num_outputs))
b = nd.random.normal(shape=num_outputs)
params = [W, b]

Al ZBT—HE, BATENRIS LT BRI,

In [9]: for param 1in params:
param.attach_grad()

3.5.4 EX Softmax izE

FES LU E S Softmax [AVAZ /T, FATICHHE — PN 24k NDArray f44E 11,

£ FHEBIFH, 47%E—1 NDArray #[FE X, BAILRXN HPH—F] (axis=0) HEFE—1T
(axis=1) KFI, FHELRPEBITYIXMNEE (keepdims=True),
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In [10]: X = nd.array([[1,2,3], [4,5,6]])
X.sum(axis=0, keepdims=True), X.sum(axis=1, keepdims=True)
outl[10]: (
[[ 5. 7. 9.1]
<NDArray 1x3 @cpu(0)>,
([ 6.]

[ 15.1]
<NDArray 2x1 @cpu(0)>)

TNHEBATH AT PUE L _E— N Softmax i85 1. 7E FEMEEH, R X FTERMEA
B, ORI N, T RISEATINE M HEOBER,  Softmax IBR LB exp = nd.
exp (X) MENTRMIGEOZT, B exp EMEMEITRMN, &ELHEMEETEITRSIZITIT
RZHMHHBR, XAk, REFEINEFRITITRNY 1 BAR (WA TH8025)., Hit, %58
MR THRR SIRRIMER 0, Softmax Ja R AH HAEFE R EVER —T7eR 2 — MERTES 5]
EHIER,

In [11]: def softmax(X):

exp = X.exp()

partition = exp.sum(axis=1, keepdims=True)
return exp / partition # KBTI

AIDES], TR, BOMEENTRER TIEEL, mHESTIERY 1

In [12]: X = nd.random.normal(shape=(2, 5))
X_prob = softmax(X)
X_prob, X_prob.sum(axis=1)
out[12]: (
[[ 6.07024596 0.38768554 0.06740031 0.21249865 0.26216954]
[ 0.06539094 0.1500023 0.36792335 0.02470051 0.39198291]]
<NDArray 2x5 @cpu(0)>,
[ 1. 1.]
<NDArray 2 @cpu(0)>)

3.5.5 ENXIERY

AT Softmax I&%, FATA]PUE X LT HHRRY Softmax BRI T, IXHIEN reshape BECK
KGR E AR EE DY num_inputs HYIA] &,

In [13]: def net(X):
return softmax(nd.dot(X.reshape((-1, num_inputs)), W) + b)
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3.5.6 TENXIIKEEL

b, BN T Softmax [A1J 6 RIS SRR R EL, N TS EISRRERIBIINER, (]
ATDABER] pick B% 7£ FHEBIFH, y_hat 2 2 DHEALE 3 PMEBIFTINEER, vy 2 DA
HUPRZESRA, T pick BRE, FARENT 2 DMEARRISRERIBITMAER

In [14]: y_hat = nd.array([[0.1, 0.3, 0.6], [0.3, 0.2, 0.5]])

y = nd.array ([0, 2])
nd.pick(y_hat, vy)

Out[14]:
[ 0.1 0.5]
<NDArray 2 @cpu(0)>

N, BATERRE b AR RS SR R K R SR A

In [15]: def cross_entropy(y_hat, y):
return -nd.pick(y_hat.log(), vy)

3.5.7 TR IFEHRE

LHE— DRI TR 2 y_hat, FAHEFIIBEZR R KPEAE MR, R ES5E
SEERAN y —8, W BHIX RTINS (E R oo S 2R B L A P A S S P = Y L
NHEE X accuracy K%, HA y_hat.argmax(axis=1) REAEM y_hat TR AT
ZMR5|, HRIOERSE v RMEE, BAME “BUEEE" — A, &4k (y_bat.
argmax(axis=1) == y) Z—/MEHN 05 11 NDArray,

In [16]: def accuracy(y_hat, y):
return (y_hat.argmax(axis=1) == y).mean().asscalar()

B RBULFALEER pick BREINE XK y_hat#1 y, 25WE ISR AR, AT
B, B DRERTZEGNN 2 GZITHRAITR 0.6 TEAITRGD, SHEREA—; Fo4
FEARTRMZERIN 2 GZATRAITR 0.5 EARTTHIRG)), SELRE 8, Hit, XM AR LR
TR UERZRY 0.5

In [17]: accuracy(y_hat, y)

out[17]: 0.5

Ko, FATATDOUFNEY net EEUESE data_iter LAVMEIHR,

In [18]: def evaluate_accuracy(data_iter, net):
acc = 0
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for X, y 1in data_iter:
acc += accuracy(net(X), vy)
return acc / len(data_iter)

EENERATIRENLAI AL T net, BT DUXMERIBIMERRMN ZEZIET 1 / num_outputs =
0.1,

In [19]: evaluate_accuracy(test_iter, net)

Out[19]: 0.098046875000000006

A1 accuracy 1 evaluate_accuracy FREUE AE gluonbook £l HML /5 THI & 15 8 F,

3.5.8 j/l|ZriEEY

Y25 Softmax [A] )3 A SR PR BT 2 9] 03 A ) SRR AR B ARl FRATTIRIAREAE F /M B R UEL S R IE
RARAAETI IR R AL, RV, IR HEAEL num_epochs FIZE3]# 1r H2 0] PAERY
S, SO EAIER RESTS R 0 I,

In [20]: num_epochs = 5
1r = 0.1
loss = cross_entropy

def train_cpu(net, train_iter, test_iter, loss, num_epochs, batch_size,
params=None, lr=None, trainer=None):
for epoch in range(l, num_epochs + 1):
train_1l_sum = 0
train_acc_sum = 0
for X, y in train_iter:
with autograd.record():
y_hat = net(X)
1 = loss(y_hat, vy)
1.backward()
if trainer is None:
gb.sgd(params, lr, batch_size)
else:
trainer.step(batch_size)
train_1_sum += 1l.mean().asscalar()
train_acc_sum += accuracy(y_hat, vy)
test_acc = evaluate_accuracy(test_iter, net)
print("epoch , loss , train acc , test acc "
% (epoch, train_1l_sum / len(train_iter),
train_acc_sum / len(train_iter), test_acc))
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epoch

l,
epoch 2,
epoch 3,
epoch 4,

5,

epoch

train_cpu(net, train_iter, test_diter, loss, num_epochs, batch_size, params,
1r)

loss 3.5149, train acc
.8442, train acc

3 .457, test acc 0.597
1
loss 1.5347, train acc
1
1

.636, test acc 0.668
.683, test acc 0.697
. 707, test acc 0.715
. 724, test acc 0.730

loss

loss 1.3771, train acc

.2734, train acc

© 6 © © o

loss

A train_cpu FECE XAE gluonbook fLH /ST TIE M,

3.5.9 Fi;m

grsepda, BAEBRNTR DB RAMA B R T 02K, a0 —RAE R, BAIE—TNElrE
ARG EE R

In [21]:

labels:

data, label = mnist_test[0:9]

show_fashion_imgs(data)

print('labels:', get_text_labels(label))

predicted_labels = net(data).argmax(axis=1)

print('predictions:', get_text_labels(predicted_labels.asnumpy()))

['t-shirt', 'trouser', 'pullover', 'pullover', 'dress', 'pullover',6 'bag',

— 'shirt', 'sandal']

predictions: ['shirt', 'trouser', 'shirt', 't-shirt', 'trouser', 'shirt', 'bag',

— 'shirt', 'sandal']

3.5.10 /&

« SYIZREIERAMEE, REZIMIZE Softmax [FIIHAYF BRERHARRE AL IREOFREEWE.
T XARPURIG R M EOF AL BRI ZR A, SHSE b AR IR IR AL Y 1)1 R AR
HHERLEIDE,

« BATTATLAEA Softmax [BIJAM 2 25173,
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3.5.11 43
« K, BATEAELR Softmax IZ B AVEEE ORI softmax BAEL, IXA[RESIERAT
2 A7 GR—IR & 50 BRI )

« KN cross_entropy BRELFIFE R 1% HRAS UM IS R BB E BRI o IXARESE
B R ATREA 4 mE? (B — NSRRI E S, )

« VRAEAEZIMRLLI P ZR MR _E DX P A2

3.5.12 HBEIARITIEX

3.5.13 E#k

[1] Xiao, Han, Kashif Rasul, and Roland Vollgraf. “Fashion-mnist: a novel image dataset for

benchmarking machine learning algorithms.” arXiv preprint arXiv:1708.07747 (2017).

3.6 Softmax [0])3——1& A Gluon

BAHE “LM A —H Gluon” —THEL TH# 7 Gluon SZPERIREHR], Fm, 1LFK
IR Gluon RSH—™ Softmax [B] )47

HIES ARSI R E s,

In [1]: Hdmport sys
sys.path.append('..")
import gluonbook as gb
from mxnet import autograd, gluon, nd
from mxnet.gluon import nn, loss as gloss
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3.6.1 FREXFNIZENENIE

FATMIIR(E Fashion-MNIST #dasE, FAIEAM_E—TrHERBIHLEAR/ N,

In [2]: batch_size = 256
train_iter, test_iter = gb.load_data_fashion_mnist(batch_size)

3.6.2 EXFIRIRE

TEAE R Gluon 7 AU, FRATTSEIEIL AN Flatten SEEKE 5K IF AR M ERR, BRIV
B MTEON batch_size HUEFE, HpR—TRERT ~MHEARBER, £ 0B —Ti,
FATHER] Softmax [mIVAHIHIHEZ — D EIERIR. Hit, TSGR — DMt MOy 10 B2
EHEE,
In [3]: net = nn.Sequential()

net.add(nn.Flatten())

net.add(nn.Dense(10))
net.initialize()

3.6.3 Softmax F13Z XI5 5 K £k
WMRIRT E—THS, IRAVRATEERIRE] T 01 X Softmax Ia A1 IR K E ] gE=

EREBUEATEE, FI, Gluon 2 T — MU Softmax IZFHFIZ K I RATR L, ERIEL
{ERRE ST

In [4]: loss = gloss.SoftmaxCrossEntropyLoss()

3.6.4 EXMUWEE

BAVEERAESIZN 0.1 VML R RIS REEE LTS,

In [5]: trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.1})
3.6.5 JJIIZRIERY

BN, BAMER b —7 o SRR R ECR I ZRA AL,
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In [6]: num_epochs = 5
gb.train_cpu(net, train_iter, test_iter, loss, num_epochs, batch_size, None,
None, trainer)

epoch 1, loss 0.7974, train acc 0.742, test acc 0.803
epoch 2, loss 0.5747, train acc 0.810, test acc 0.820
epoch 3, loss 0.5322, train acc 0.824, test acc 0.828
epoch 4, loss 0.5069, train acc 0.830, test acc 0.834
epoch 5, loss 0.4914, train acc 0.834, test acc 0.837

3.6.6 /\&

+ Gluon FR UL R EEF: BA B4 EUERSE M,
o FATA] DA Gluon B &7 HISET Softmax [H]1H,

3.6.7 4.3

« ZA-HESE, PR, ERENESR, BREERZEM,

3.6.8 HIZEAITIEX

3.7 ZEHEMLE

BACENA T HARLIERTR Softmax [BIHLEN AR ZE MM L8, AT, TR LAZ ZIH
Hl (multilayer perceptron, f&FE MLP) Jfil, NEHZ EMEE ML IS,

2 R BRI L2 Foe Bt ) TR L 2 ST AR
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3.7.1 [REE

Z R RAWAE SR M8 A ES I T —FIZ P E#E)Z (hidden layer), FRUEN THIAR
TR Z R, 8 3.3 R 7 — 2 RRAINLRI LM 48

W=

WAR

& 3.3: A RBZNZ BN, E5E M ERE, ZEHHE 5 M

fEE 3.3 B Z R, F AT DB B0 4 M3, FIRRIRERZE RS T 5 DRERETT
(hidden unit), HITHIABANG KITE, K 3.3 hHZZRANKEEY 2, HlE 3.3 70, B
BRI A RS MM A SE 2R, MR R TRIRRUR P RS Mt e e
R, B, ZRBRAWIHRRERZEN M HEE R SRR,

3.7.2 4%

FERRRRR A2/, LR E 2 BRI R R BT R, BRI RN Z A28
B R ERTHREREL FUR MR AR T RRUR A B DE R R =
A E R O G2 2 R R R

HE—DNIEEEAR, HtE KN n, BADNEON 2, BHDNECH v B ERANLAE —
MNRIRE, HEEAT NN b, RIEZE H c RY™h, B ERNENRZESH 2510
W, € R b, ¢ RV, ZJZRBAINHH

O=HW,+b,,

HAWmzisB i v # s, o e R™v, all, ZREAWLGEH 02X E—Rivt H
AIZRIE R L
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AR, AN SREREZE AT i NS M B AR ENE? N T THEIRIX — A, TEFA TR N 2N
—EMRESE, BIMEREN X c RV, RIEENNESHE W, c R**!, B H=XW,
HOo=HW,, B Af50=XW,W,: EEMTOo=XW, HFW =wW,W,,
I, (E LML HR AT R R (2 2 AN S BT/ T 28 0 PR 2 AR 28 15 24 Xl

3.7.3 BUERE

W EE R AT B, B AAHERRR RIS e, XA REME 2 ERAWIRR AR
Mo FATPRIX AR HEARFRO IS 4L (activation function), UEHEIERERTRTEARAVHIA
TETCRIRE EABCERMARIEIR, DRSS T =Ffis A 350 e 25

RelLU & ¥k

ReLU (rectified linear unit) BREGHRM T — MREFRAAELMEEA, BETTR o, XEBEIHH

v

relu(z) = max(z,0).

ReLU MEUAMREIERTTR, HRIUBOTREF, N M EMHEX —IRLtbitin, iER11eT
AL AR,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import matplotlib as mpl
import matplotlib.pyplot as plt
from mxnet import nd

N, IEFRANZAH] ReLU HfY, H4ITREIRMN, ReLU BRECKER BRIt ER,

In [2]: gb.set_fig_size(mpl, (5, 2.5))

x = nd.arange(-5.0, 5.0, 0.1)
plt.plot(x.asnumpy(), x.relu().asnumpy())
plt.xlabel('x")

plt.ylabel('relu(x)")

plt.show()
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Sigmoid K%K

Sigmoid BRIELA] DAKETRAERLHRE 0 F1 1 Z [A]:

1

sigmoid(z) = TTexp(—a)’

BT EET DA Ls” —E RN FU R sigmoid BREMEIAE 0 2 1 Z [HIX—Fk
TR HIME B L & R RS,

LT sigmoid BREL, YITREREIT 0 B, sigmoid REFET LM,

In [3]: plt.plot(x.asnumpy(), x.sigmoid().asnumpy())
plt.xlabel('x")
plt.ylabel('sigmoid(x)")
plt.show()
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sigmoid(x)
©c o o o #
NGO O O
1 1 1 1 1

e
o
L

Tanh %

Tanh OWHIED]) BREAT DAR TR AMERARE]-1 71 1 2 1)

1 —exp(—2z)

sigmoid(x) = 1+ exp(—22)"

FHEH T tanh BKEL, MITRERIT 0N, tanh REGRIL S, ES—RNE, BERBIR
1 sigmoid PREURIE, HETTRMESLEUS EXIS2AGN, tanh BRE(ERIEIED 0,

In [4]: plt.plot(x.asnumpy(), x.tanh().asnumpy())
plt.xlabel('x"'
plt.ylabel('tanh(x)")
plt.show()
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1.0 A
0.5 1
X
€ 0.0
8
—0.5 1
—1.0 A
-4 -2 0 2 4
X

N, PATVEEH RS R A, TEoTERIRIEE,  F AR HIE AR

In [5]: X = nd'array([[[oyl]; [_2,3]) [47_5]]’ [[6)_7]: [87_9]7 [lO:_ll]]])
X.relu(), X.sigmoid(), X.tanh()

Out[5]: (
(L o. 1.1
[ 0. 3.]
[ 4 0.1]
[[ 6. 0.]
[ 8. o0.]
[ 10. 0.]]]

<NDArray 2x3x2 @cpu(0)>,

[[[ 5.00000000e-01 7.31058598e-01]
[ 1.19202919e-01 9.52574134e-01]
[ 9.82013762e-01 6.69285096e-03]]

[[ 9.97527421e-01 9.11051175e-04]
[ 9.99664664e-01 1.23394580e-04]
[ 9.99954581e-01 1.67014223e-05]1]]
<NDArray 2x3x2 @cpu(0)>,
[[[ ©. 0.76159418]
[-0.96402758 0.99505478]
[ ©.99932933 -0.99990922]]

[[ ©.99998772 -0.99999833]
[ ©.99999976 -0.99999994]
[ 1. -1. 111

~

2!

*
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<NDArray 2x3x2 @cpu(0)>)

3.7.4 ZERXN

TR, FATRI A H 2 RRERAWIA R BRI RERIEX T,
HE—NMEEREAR X e Re, HILER/N R n, BIANEN », FH NN v BIZZEREH
MURE =N EER, HAREmE T MO8 b, BUERECY ¢, BIREEEENPEM W28 3]
W, € R*XP by, € RWXM D Ealth BIINERIRZES SR8 W, € RV b, € RV, Z 2 EA]
NIRRT RERIEX Y

H = ¢(XWh =+ bh),

O=HW,+b,,

HAppmEiaBH 7T %0, H e R7*" 0 e R™™v, fE72KAEH, AT A H O i)
Softmax J&%H., FH#H Softmax [AIVAH YA HHARBREL, TEEIVT RN, FRATTR =A% H
ML 1, FHRk T O BERARMALMERTP TR, & X THERE)S, i
R ERIE RIS EN T AW R A 25 R 2R
FATTRT AT AN BE 22 ) Btk 2 SR A B IR AR, FREHEHIRE, 2 BRIV EEHI& b=
B T N R S

3.7.5 FEN#IRHIRR S

FErZEMZE R, AT LR IR SE, DAE 3.3 0, (RiseRet= (8 AR R TS B AL
N TETHER, R R R RS — NHERTT 0o MK 00, 03 MIHEFIEMNIIET L) . ARG
WGBTS EER, A AAERRIIZRIN 5 B TR AR H AR Rl A T 53 A R Y
o & Tk E NN T E R 2 —EIE, RS DB TS, XL
SR IEAMERRME (BATRAE G E T R AZIEAT). B, FAFZEELREILY)
SRR RIS ROk e L B D R T R T

3.7.6 /\&5

o ZRRRIWLA _E 2 i A — R AR IR L M A B 48
o B FHAOTUS R £ EAE ReLU BREL, sigmoid B#CAI tanh PRI%K,
« BANTZRELOI R AR IS BT S LY,
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3.7.7 43

- ANGREHIA B SEIN N T “FTONARME", B “RFR” SN HEg?

3.7.8 HIBEAITIEX

3.8 ZERMIN—MEHE

AT T RS R VAR 222 B m A B R, e — M A REERAE&HE D
MAR, —PMaHE, X—-TEIRENHZEREms, EUSE0—MREEEIMLE,

3.8.1 FIEIREN

FRATI4K S {H ] FashionMNIST $dE4E,

In [1]: import sys
sys.path.append('..")
import gluonbook as gb
from mxnet import autograd, gluon, nd
from mxnet.gluon import loss as gloss

In [2]: batch_size = 256
train_iter, test_iter = gb.load_data_fashion_mnist(batch_size)

3.8.2 ZEEMMN

2 R RIS AT AT 280 22 SR AR 2L, EZRI DGR BAERM AR HZ 2 A
T—PEIZMEEZ.

XEBAE L PAAE MRS ERE, XPEESERIH 256 DA,
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../chapter_crashcourse/softmax-regression-scratch.md

In [3]: num_inputs = 784
num_outputs = 10

num_hiddens = 256

W1l = nd.random_normal(shape=(num_inputs, num_hiddens), scale=0.01)
bl = nd.zeros(num_hiddens)

W2 = nd.random_normal(shape=(num_hiddens, num_outputs), scale=0.01)
b2 = nd.zeros(num_outputs)

params = [W1l, bl, W2, b2]

for param 1in params:

param.attach_grad()

3.8.3 EUERE
W RFA TR M BB R AT 1E 2 B A4, A2 EEMETUR R 2 — DR R, X 2R A
y=X -Wy -Wo =X -Wjs

XE Ws =W, - Wao N TIEFRAAVEEEIR] DIIE AELMEREL, AT EE R Z [HiE A IEL R
ISR, IXEIA IR RelU

relu(z) = max(z,0)

In [4]: def relu(X):
return nd.maximum(X, 0)

3.8.4 EXIEE

PATHRBRIRUR R (18R MBUSHEEL (Relu) HECK:

In [5]: def net(X):
X = X.reshape((-1, num_inputs))
H = relu(nd.dot(X, W1) + bl)
return nd.dot(H, W2) + b2
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3.8.5 Softmax F13 X Jf$5 5k K #X

1£22K Logistic [A)4 BHFATHRE 70 LI Softmax F152 S BRI E AT E S BEUE AR E, 1XH
PATERZEH Gluon 1R ALHI AL

In [6]: loss = gloss.SoftmaxCrossEntropyLoss()

3.8.6 illl&k

ZRER Z Bl —F¢,

In [7]: num_epochs = 5
1r = 0.5

gb.train_cpu(net, train_iter, test_iter, loss, num_epochs, batch_size,
params, 1r)

epoch 1, loss 0.7820, train acc 0.710, test acc 0.818
epoch 2, loss 0.4863, train acc 0.819, test acc 0.827
epoch 3, loss 0.4289, train acc 0.841, test acc 0.848
epoch 4, loss 0.3900, train acc 0.856, test acc 0.864
epoch 5, loss 0.3732, train acc 0.862, test acc 0.859

3.8.7 /N4

AIER], MA—MEEBREBRINREERT T A,

3.8.8 43

REZE num_hiddens IR S 2%
< EHRIMA— MRS E

ko NE
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3.8.9 HIBEIAITIEX

3.9 ZERIY—AF A Gluon

FATAFTERHMAEN 2 2 Logistic [0]R S 2 BRI,

3.9.1 ENXIERY

ME— A DXAIEIX R, BTN T —4THER,

In [1]: -dmport sys
sys.path.append('..")
import gluonbook as gb
from mxnet dimport autograd, gluon, nd
from mxnet.gluon import nn, loss as gloss

In [2]: net = nn.Sequential()
net.add(nn.Dense (256, activation='relu'))
net.add(nn.Dense(10))
net.initialize()

3.9.2 IREXBURFHIILR

In [3]: batch_size = 256
train_iter, test_iter = gb.load_data_fashion_mnist(batch_size)

loss = gloss.SoftmaxCrossEntropyLoss()

trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.5})
num_epochs = 5

gb.train_cpu(net, train_iter, test_iter, loss, num_epochs, batch_size,

None, None, trainer)

3.9. ZERHY—EHA Gluon
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../chapter_crashcourse/softmax-regression-gluon.md

epoch
epoch
epoch
epoch
epoch

1, loss 0.7192,
2, loss 0.4659,
3, loss 0.4106,
4, loss 0.3828,
5, loss 0.3565,

3.9.3 /&5

train
train
train
train

train

acc
acc
acc
acc
acc

© © &6 © ©

.737,
.827,
.849,
.858,
.869,

test
test
test
test
test

acc
acc
acc
acc
acc

i8IS Gluon FATTAT DASE 77 fEHIAIE 2 R I 45

3.9.4 43

< ZHZIMATLNEEER, XL 0 JFAGRISEL,

© © © © ©

.822
.853
.865
.873
.870

o RN BIMNIEIE RS, AILMER help(nd.Activation) ELELZL A FIR

AT,

3.9.5 HIBEAITIEX

3.10 "PSHIUS

RE A RLOXFR AT ? ZIATR G VRIS AR, BRIEREEM R, (B35t H R
FEARR IR, HEARIFURA T S5, HAMBIoRE, WRFIHATNET B DS
MBBUBIATE 26 BLUR A5 H— D ELBOE F AR E RS, 5 I Rl SN A 2R B A 5 B

AN BRI RIRG O AR fa] SR ZR A T 40 3o :
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https://mxnet.apache.org/api/python/ndarray.html#mxnet.ndarray.Activation

BENE

IZRE
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G EEAPER R A

RESIANMT, tBANEMIEL, BoEH

& BEJIANES, (HEXNSE, (HILZr RS e tbasr

D RENIANT, ESREINE, FAMAEGEDEAEZTEN
: BREZ, MHSEH, FREERERE
(BUAEMIEK T, “FERNIZAE LRI ?)

FAFRRSNERLRS B FONERUN B SNEIREN A X, EREZERBIED IS
K, BAMRAREA 2B NIERINESIHIFTE B, A9, BRI ZRRILER S ST AN~
SIA—EsEeMAE, HEBIE, Yl IBR el el T B S ANFEIZRER ARSI 6
M= EANFERIARR . 7RI AR, Bl IR ZEME TG S R E ST aa 1
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3.10.1 JIIERIRE (BERSG) ZHIRE (EBiXRSG

TESKERHR, Hlas eI EAE I REdE & BIZOFRMRRRER 2, 25, BRINEET
NZfs 2RI — DX T ZRBR SR R MR S B, FAARIE A SE RIE R R 4
o WLER 2 SIRERAE Y R EER S E R RNRZ N GRIRE, fEEE— MR EEREA R
H IR Z R AR E Iz L R 22
NGRREMTZACTRZ R T AT DM BT Z ARSI A BER R EL, BIanZeltml )1 B IR P77 iR %
IEZSER VRV El D8 G E AT SES
ZFT AR T I RRZANTZ AR, ZROVGEH 2 ST RIL T IX M M ] AR AR A T s
—ITATRBIRBERIR RIRMIAROR . BATANE, HHCHIRIARERERZRT SR, mait+>
BRH— MR :
I ZREa SR AN M Ls S B Y B — D BARREACHR J2 M R — MR 70 A7 AR EL R A7
AR HRZRI AR
BT LA R AR, GEEE—MlasE IR ESE, BRIZRRER IR ENTZL
REAR—HE, AT ZATHIT T RN T iR2, VLSRR, RANSEOF A RH
JesaE R, THREIEREEE S SRR SRS BAENZHENZRIRE AW, FrEA, an
R SHCR BT HREIRZ SIS, WLNGRREZR AR E TS TR E, #raiEH,
WHELT, HIGREEEARIRESER RIS EEE LRI Z TR EE R
Mo
Rit, —PEZEGGICRE:
ERRE IR —EERE IR ERIRER, Hlas? IR ERRINZGRE, XF
LR IR E,

3.10.2 RINEMIE
SEERA, GNERMNREIEERAEN, FAER FANLES 2 SR Z IR B RS 1R 2 2k S vz 1k,
R7%E, T LREELR, DIRWAE R SESERE:

o RINE: VI IERTIES AR ZRR 2%,

« TRLE: PEs e SIEAIRIIGRIR Z i DT BN EHESE FHRZE,

BATER A REF RN R AU SNSRI H I, BAHRZEERAREFBOXMAUS FE, 11X
HEMTEMANEMNER: BARERERIIZREBIRERI RN,
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RE YR

FEARTIHITFL, BAURR— N AER UARERFSIREN, K, —MHlas?SIBRth R E
AL ERES . FE2WENREEGI, —okid, 20N GUERENHER) LU 2NN
B (WERENRSS) BABEMANIIZGENRSE EERRRAINZRE, FEEHIRE, ST
sk, RARENIREIEAR S RIE, Ml aeE R ER TG, BATIEHE
FIRZE Z IR R AR AN R,

RPE

/ XA AF!
/ ZCRE

IZR=ZE

TS

RESRE

INERERIBEREIA )

FEATIHDTL, BANFARRR DA AERERIZRE, KEu, —PHLas7SIBRIRIIZk
BARGBERIREAL AT AN, — R, AR IIGRERRID /D, Reale R SR /N
HREERD LA, BRIEZIN, ZREAZBEVIZ R0 EAA LR g K,
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ie) SRR A

AR

FHESE AN

N7 EEXN AR X LS AL LSRR, NHEIERTIREIFHES,

3.10.3 ZINPE

BTG A, A — M BEEIESES x NS EEHRME y, 2R ENHE
R — N K2, HimE wiNg b Ak, REGHITLEMER x f vy, AEE
FFERFRFETAN TS wil b RFaM

K
y=b+ Zkak
k=1

FHLLPITIREN SR REL, Feltth, — B2 IEla SO S
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SRS

IXEBAEA — DA TEIRFRICF G R ALE, ROV TR RIS RS HBRLR (T 2881,
HARBAE AT N =i 2 BEORAE i — DNMRREA

y = 1.2z — 3.42% + 5.62° + 5.0 + noise
X EEEARMISE 0 FIFRIEZE N 0.1 B IES M,

FEFENE, BATH LA AR PR R EBORAE O 2R R SN IR E, AN EIEER
FEAREERE 100,

In [1]: from mxnet €dimport ndarray as nd
from mxnet import autograd
from mxnet import gluon

num_train = 100

num_test = 100

true_w = [1.2, -3.4, 5.6]
true_b = 5.0

N RREESR

In [2]: x = nd.random.normal(shape=(num_train + num_test, 1))

X = nd.concat(x, nd.power(x, 2), nd.power(x, 3))

y = true_w[0] * X[:, 0] + true_w[1l] * X[:, 1] + true_w[2] * X[:, 2] + true_b
y

+= .1 * nd.random.normal(shape=y.shape)

("x:', x[:5], "X, X[:5], 'y:', y[:5])

out[2]: ('x:',
[[ 2.21220636]
[ 0.7740038 ]
[ 1.04344046]
[ 1.18392551]

[ 1.89171135]]
<NDArray 5x1 @cpu(0)>, 'X:',
[[ 2.21220636 4.893857 10.82622147]
[ 0.7740038 0.59908187 0.46369165]
[ 1.04344046 1.08876801 1.13606453]
[ 1.18392551 1.40167964 1.65948427]
[ 1.89171135 3.5785718 6.76962519]]
<NDArray 5x3 @cpu(Q)>, 'y:',
[ 51.6748848 6.3585763 8.94907284 11.09345436 33.03696442]
<NDArray 5 @cpu(0)>)
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E S ERANMN 25 3R

PATE X —MINEATMXEI AL, IR R SR A7 2 B S S R B

PUNHIZRAPERAE (L Gluon FUZRIERIAA T PRGN, X HEAEEIR,

In [3]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 120
import matplotlib.pyplot as plt

def train(X_train, X_test, y_train, y_test):
# LRMEE])REY
net = gluon.nn.Sequential()
with net.name_scope():
net.add(gluon.nn.Dense(1))
net.initialize()
# 1GNNS
learning_rate = 0.01
epochs = 100
batch_size = min(10, y_train.shape[0])

dataset_train = gluon.data.ArrayDataset(X_train, y_train)

data_iter_train = gluon.data.DatalLoader (
dataset_train, batch_size, shuffle=True)

# BN SGD FIYHIRE

trainer = gluon.Trainer(net.collect_params(), 'sgd', {

'learning_rate': learning_rate})
square_loss = gluon.loss.L2Loss()
# IRTFINZRANI RS
train_loss = []
test_loss = []
for e in range(epochs):
for data, label 1in data_titer_train:
with autograd.record():
output = net(data)
loss = square_loss(output, label)
loss.backward()
trainer.step(batch_size)
train_loss.append(square_loss(
net(X_train), y_train).mean().asscalar())
test_loss.append(square_loss(
net(X_test), y_test).mean().asscalar())
# FTENZS
plt.plot(train_loss)
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plt.plot(test_loss)

plt.legend(['train', 'test'])

plt.show()

return ('learned weight', net[0].weight.data(),
'learned bias', net[0].bias.data())

=MEmRE (EE)

B 5 B EAE R EIRI I B =R 2 W & o SRR R ITIX MR IR R 2= AR A R
SLHNRZETEUR, YZRH A S T HSLE,

In [4]: train(X[:num_train, :], X[num_train:, :], y[:num_train], y[num_train:])

70

— train
60 4 | —— test

50 4 |
404 |
301 |

20 A

T
0 20 40 60 80 100

Out[4]: ('learned weight',
[[ 1.32664704 -3.36352539 5.56294584]]
<NDArray 1x3 @cpu(0)>, 'learned bias',
[ 4.95119953]
<NDArray 1 @cpu(0)>)
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ZME (RIKS)

BATHRIRLIEM S, R, ZERNINGRRERR, LMBREIRSMEEA (BN =210
) EREEHESE EAS RIS,

In [5]: train(x[:num_train, :], x[num_train:, :], y[:num_train], y[num_train:])

400 - — train

test
350 -

300 A

250 -

200 +

150 +

100 +

50 A

T
0 20 40 60 80 100

Out[5]: ('learned weight',
[[ 15.56328011]]
<NDArray 1x1 @cpu(Q)>, 'learned bias',
[ 2.29803348]
<NDArray 1 @cpu(0)>)

NEERR (IME)

HE b, AR SBERE NSRRI =M 2 TR, R EAE, RERRAR S
EE, EBRMOUXERMMIZEARINZE, REA, NGRS DT, EEDTHERSHE
i, XEBEEAETER, UETASENGEIRETIGEZ N, EHEESdES, B
FEYIZRRERE, EHEMALIEE ERER S, XZIUAE ISR,

In [6]: train(X[0:2, :], X[num_train:, :], y[0:2], y[num_train:])

2!

X

REF B

3
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140 4 | — train
- test
120 A
1009 | ; I
80
60

40 A

20 -

T
0 20 40 60 80 100

Out[6]: ('learned weight',
[[ 1.38723636 1.93765891 3.50859237]]
<NDArray 1x3 @cpu(Q)>, 'learned bias',
[ 1.23128557]
<NDArray 1 @cpu(0)>)

FA NG 5 I B 1T RS2 1T LS [R) @ DA R N i LA 7123, 3D e ilfk.,
3.10.4 /\&
o YNERRER R A —E BB IZ IR ZE K,
 REEFERIGE EFER SRR, FATEFEAERIESEFIZER AN,
3.10.5 %43

< CETEL IR, PRAIERN BB 2R, IR, YIZRIREMZARZE D AR EREN?
« RA— = 2RI G — DRI A R, ATRER AT ARE? It a2
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s ERANTATREIN =M LIPS R, HI%A TR 1000 MEARRIZRIREZE I HAZE R
#o, AtA?

3.10.6 HBBEIAITIEX

3.11 IEN{bk— METFFIR

AFE N O FHBAT LR URA] 4 TE A SR RO I 1205 [l

3.11.1 54L& MEET

FATIE A e LM BT A BIR 5 TN — NI & TR
BARBBAE AN S HIZR M bR ek A il i — SR AEA

p
y = 0.05 + Z 0.01z; + noise

=1
IX EE M IR AESEL 0 MIARIEZEDN 0.01 AYIEZS 72

TREERRE, BATH A EARRI R ECE A i e Bk A ISR R R AR BRSO T g
A, BAREICREERREALORAR, BIa0 n =20, FRHEEETE, G40 p = 200,

In [1]: from mxnet 1dimport ndarray as nd
from mxnet import autograd
from mxnet import gluon

import mxnet as mx

num_train = 20
num_test = 100
num_inputs = 200
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3.11.2 EHUEE

X EE R ES B,

In [2]: true_w = nd.ones((num_inputs, 1)) * 0.01
true_b = 0.05

BB A O ZRA I B 5

In [3]: X = nd.random.normal(shape=(num_train + num_test, num_inputs))
y = nd.dot(X, true_w) + true_b
y += .01 x nd.random.normal(shape=y.shape)

X_train, X_test = X[:num_train, :], X[num_train:, :]
y_train, y_test = y[:num_train], y[num_train:]

LEATFHE YNGR M Az, FAT TR ZEARTIEE IR, X ERATE X — R e B R[E
batch_size MHEHLAIFEARFIN NI E bR, BTt python B yield SRAgE— M EKER,

In [4]: dmport random
batch_size = 1
def data_iter(num_examples):
idx = list(range(num_examples))
random.shuffle(idx)
for i in range(0, num_examples, batch_size):
j = nd.array(idx[i:min(i+batch_size,num_examples)])
yield X.take(j), y.take(j)

3.11.3 #JBRLIRE S

TEENFEHRIE AR SR, ZJFIIZRN AR ZN X ESHOR SR EHENIRME, BT
TR EMIIRE,

In [5]: def init_params():
w = nd.random_normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
for param in params:
param.attach_grad()
return params
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3.11.4 L, SEEUENL

XEBAIFIA Ly EEAENME, AR TAENZRRA X S MEAUR R (Loss), BATHEIZRIN HSL
FE i/ IME

loss+ A > [lp[3®

pEparams

EM b, Ly EEENN I E ST RRLE SR SEE, FHEEATE X L2 ENIL, AR
REFwEINT, AR, EHEER ERE AR, X BB TE A W AN AR

In [6]: def L2_penalty(w, b):
return ((wx*2).sum() + bx%x2) / 2

3.11.5 EXIIZRF0M L

NHEBATE TR E L, X NRZAERERE —FE, TEZEXAETIHRE loss 1Y
HEEATIN_E T L2 IENME,  DAREATRAINZRAIINA B LA E T ok,

In [7]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 120
import matplotlib.pyplot as plt
import numpy as np

def net(X, w, b):
return nd.dot(X, w) + b

def square_loss(yhat, y):
return (yhat - y.reshape(yhat.shape)) *x 2 / 2

def sgd(params, lr, batch_size):
for param 1in params:
param[:] = param - lr * param.grad / batch_size

def test(net, params, X, y):
return square_loss(net(X, *params), y).mean().asscalar()

#return np.mean(square_loss(net (X, *params), y).asnumpy())

def train(lambd):
epochs = 10
learning_rate = 0.005

2!

X

REF B

3
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w, b = params = init_params()
train_loss = []
test_loss = []
for e in range(epochs):
for data, label in data_iter(num_train):
with autograd.record():
output = net(data, *params)
loss = square_loss(
output, label) + lambd * L2_penalty(*params)
loss.backward()
sgd(params, learning_rate, batch_size)
train_loss.append(test(net, params, X_train, y_train))
test_loss.append(test(net, params, X_test, y_test))
plt.plot(train_loss)
plt.plot(test_loss)
plt.legend(['train', 'test'])
plt.show()
return 'learned w[:10]:', w[:10].T, 'learned b:', b

3.11.6 MBEIPE

B RBEATINERFFMIATA TR L M MR, FE RIS ERAT AR IE WML,

In [8]: train(0)

3.11. IEMb—MEFIE 103



50
40 -

30 4 — train
test

20 A

10 ~

\\H\“\;__

0 2 4 6 8

Out[8]: ('learned w[:10]:"',
[[-0.81826591 -0.22133309 -0.74775428 -2.26074386 -0.10052045 -0.69787067
-0.09946337 0.61101794 -1.10576057 -1.45006204]]
<NDArray 1x10 @cpu(@)>, 'learned b:',
[-0.38759825]
<NDArray 1 @cpu(0)>)

RIEEIZRIRZE AT LAIAE] 0.000000, (H2IMAEHESE ERIRZER S, X2 A EIE IR,
MEFSBEL FK L, KEIEEINSHILERME LB SIS AR EE R L,

3.11.7 FAIENL

TNHBATEHF GRS EOTIRE — D ENSEL

In [9]: train(5)

2!

X

REF B

3
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351 — train

- test
30 A

25
20 A
15 +

10 ~

_‘_--‘-h-h-‘-__ " e i ) I

0 2 4 6 8

Out[9]: ('learned w[:10]:"',

[[ 0.00606788 0.00212744 -0.00183699 0.00365135 -0.00137779 0.00371153

0.00328525 -0.00041245 0.00434453 0.00162885]]

<NDArray 1x10 @cpu(@)>, 'learned b:',

[ 0.00741734]

<NDArray 1 @cpu(0)>)
BATRIZRIRZE RARARE, EEEE LR ZEE T N E, dRIEIRE %W, (BT
ENH PRI SRR TR RS, X E TR AT T RSB R A AR B KA D

3.11.8 /\&

o BATTA] DAE AT IE AR MO I 105 )

3.11.9 43

- BRYIENME, SRIIZRE, DU GERIER, IRIESIEE ML AR AN AL L5 B
22

« WERIRT R VIMERGELE, URGERS Lo YEEBQENIART B2 ULH-Hrge i B AU B A
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3.11.10 HBEKXITIEK

3.12 IEN{k—1{FF Gluon

RENLUAER G luon FYIENIAR R I 215 AR,

3.12.1 54L& M RABURE

BAMEA S £ TR E gL BT A FIR S A — DL A,

In [1]: from mxnet 1import ndarray as nd
from mxnet import autograd
from mxnet import gluon
import mxnet as mx

num_train = 20
num_test = 100
num_inputs = 200

true_w = nd.ones((num_inputs, 1)) * 0.01
true_b = 0.05

X = nd.random.normal(shape=(num_train + num_test, num_inputs))
y = nd.dot(X, true_w) + true_b
y += .01 x nd.random.normal(shape=y.shape)

X_train, X_test = X[:num_train, :], X[num_train:, :]
y_train, y_test = y[:num_train], y[num_train:]
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3.12.2 EXCIZRFDM

BRAT—FEE SONGREER, IRBVFREL T B, Trainer H—PMHZE wd, BATESIMLE

EH wd 28 (weight decay) SEEUN BRI IERIME, XY T Ly TOBUENIME,

In [2]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 120
import matplotlib.pyplot as plt
import numpy as np

batch_size = 1

dataset_train = gluon.data.ArrayDataset(X_train, y_train)

data_iter_train = gluon.data.DatalLoader(dataset_train, batch_size,
— shuffle=True)

square_loss = gluon.loss.L2Loss()

def test(net, X, y):
return square_loss(net(X), y).mean().asscalar()

def train(weight_decay):
epochs = 10
learning_rate = 0.005
net = gluon.nn.Sequential()
with net.name_scope():
net.add(gluon.nn.Dense(1))
net.collect_params().initialize(mx.init.Normal(sigma=1))

# ARIIXE 'wd’
trainer = gluon.Trainer(net.collect_params(), 'sgd', {
'learning_rate': learning_rate, 'wd': weight_decay})

train_loss = []
test_loss = []
for e in range(epochs):
for data, label 1in data_titer_train:
with autograd.record():
output = net(data)
loss = square_loss(output, label)
loss.backward()
trainer.step(batch_size)
train_loss.append(test(net, X_train, y_train))

3.12. IEM{k—1FFA Gluon
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test_loss.append(test(net, X_test, y_test))
plt.plot(train_loss)
plt.plot(test_loss)
plt.legend(['train', 'test'])
plt.show()

return ('learned w[:10]:"', net[0].weight.data()[:,:10],
'learned b:', net[0].bias.data())

INFRBHMRIINE

T RBATINZRFH MBI L [ AR,

In [3]: train(0)

50 -

40

train
test

30 -
20 A

10 ~

\

0 2 4 6 8

Out[3]: ('learned w[:10]:"',
[[-0.81826538 -0.22134091 -0.74775845 -2.26073837 -0.10052742 -0.69786811
-0.09945718 0.61101633 -1.10575712 -1.45006013]]
<NDArray 1x10 @cpu(0)>, 'learned b:',
[-0.38759589]
<NDArray 1 @cpu(0)>)
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B3R 25 AT AL 0.000000, (HEMIREHEE FRNRER S, X EMAENT IS TSR,
MRS, FLE, KRN SE L HE L BSR4 (E K —L
3.12.3 A Gluon BYIENI{K

TEHBNEHFVGUESEGHE Trainer HIRE—1 wd 2

In [4]: train(5)

351 — train

- test
30 A

25
20 A
15 +

10 ~

hh““h_

0 2 4 6 8

Out[4]: ('learned w[:10]:"',
[[ ©.00574103 0.00315972 -0.00186996 0.00328838 -0.00029327 0.00284444
0.00322134 -0.00050331 0.00435426 0.00218251]]
<NDArray 1x10 @cpu(Q)>, 'learned b:',
[ 0.00740844]
<NDArray 1 @cpu(0)>)

PATEINZRRE BIRG g s, EMAEIEE ERREG N, RGBS RI%M, BT
ENH A ZRISERIRARIREAE, 1X T B2 RO BTN ZREE AR AR 4E R R
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3.12.4 /&5

- i/ Gluon Y weight decay Z8A] DARA 7 Hufe FI IE IR SO 1 #0015 TR] R,

3.12.5 43

o QNI NFE ERFEERE weight decay BI& X? BEAMMEYT L, EXIEN{L?

3.12.6 HBEIAITIEX

3.13 EF% (Dropout) —MEFHFE

RTEEAN A T 2 ZMEm s, iS22 0 —MRESREMLG, BT ENERN S
RE W, EREESIN, — DA ELE AR 7 EM @ EF % (Dropout), AT1EAZ
ER ML B, M o TGN HEF L,

BT E2FEISMLBEAERE RS, AT, BAVCMHBFRORS DU e B &M 44
HB A SCELR . SRIEHA TR BRI AL,

3.13.1 EFZENES
EIURPZER g, BRI ERE, BE BN ZSE RS EM LA RE:
- FENLEEE—E D ZENEHBIENEF TR,

« EEFITEELLO;
< JEEEFICEPIH,
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3.13.2 EFEREY

EFENLIRE S, B XX EARE drop_probability @ X 7 —1 X(NDAr-
ray 2%) H{EM—PNTREEEFIIME,

In [1]: from mxnet import nd

def dropout(X, drop_probability):
keep_probability = 1 - drop_probability
assert 0 <= keep_probability <= 1
# XMER TEEE T RBEF.
if keep_probability == 0:
return X.zeros_Llike()

# MENEE—E D ZENREIENERT TR,
mask = nd.random.uniform(
0, 1.0, X.shape, ctx=X.context) < keep_probability
# {RIE E[dropout(X)] == X
scale = 1 / keep_probability
return mask * X * scale

BATEATILANELBIREUE— T,

In [2]: A = nd.arange(20).reshape((5,4))
dropout(A, 0.0)

Oout[2]:
[[ o. 1. 3.]
[ 4. 5. 7.]
[ 8. 9. 10. 11.]
[ 12. 13. 14. 15.]
[ 16. 17. 18. 19.]]
<NDArray 5x4 @cpu(0)>
In [3]: dropout(A, 0.5)
Out[3]:
[[ o. 0. 0. 6.]
[ 0. 10. 0. 0.]
[ 16. 18. 20. 0.]
[ 24. 26. 0. 0.]
[ 0. 34. 0. 0.]1]

<NDArray 5x4 @cpu(0)>

In [4]: dropout(A, 1.0)
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Out[4]:

[T o 0. 0. 0.]

[ o 0. 0. 0.]

[ 6. 0. 0. 0.]

[ 6. 0. 0. 0.]

[ 6. 0. 0. 0.]]
<NDArray 5x4 @cpu(0)>

3.13.3 EFEMERR

TR T ZFENBESESEB, IRURATREX ERIA T T 4F T,

QUERPR T AR, VRATRERNTIE EAESRTH 9 0 AR _ERIECH . — BRI, RS E,
BATAT A I ZR B SR A IR A RAE RS T RFF 0 BIIERAS T ARRE 222685 M, XLy
RABERE N — MENRE D RKEER,

HE b, BFRERDIENRFES, 8, —MER T EBFTERN Z B M A T 2RI M4
T& (TR, 20007, BRI MET.

112 3. FEFIEM



PAHEZ BRI EAGNS AL R L BAHEIZRHE W8N — R FEALRAE— M
BRIZREEE, BEFELT BN MXFE B B ZR— DR 45 1 81 7 K85,
5 MREVERESIAR, XEFNEMEMLE TR RBHIZER &3, HEFERZ
X EIVE SBRE

BATNIAISEYE 1, AR LE TR E o R AR R B IZREE R IR R — B2
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It A EFERFE ML S BB NI S R SE T IENL: RS EE S
2L AR T RAE SRR AR Al RESRIR R 4T

NHBAIE T — MEZ B M BN EF R,

3.13.4 #EIREY

FA4kSALE FH FashionMNIST HHE£E,

In [5]: +import sys
sys.path.append('..")
import gluonbook as gb
batch_size = 256
train_iter, test_iter = gb.load_data_fashion_mnist(batch_size)

3.13.5 ERIMRRENZEZRANN

ZERAWIESRAEZATE T ENH, 525 AR, XERME X—MIEW MRS R,
PR S ZER N 256 DL FRATE BT PR Relu FH E R Gluon $2 A5 SRS R
e

In [6]: num_inputs = 28%28
num_outputs = 10

num_hiddenl = 256
num_hidden2 = 256
weight_scale = .01

W1 = nd.random_normal(shape=(num_inputs, num_hiddenl), scale=weight_scale)
bl = nd.zeros(num_hiddenl)

W2 = nd.random_normal(shape=(num_hiddenl, num_hidden2), scale=weight_scale)
b2 = nd.zeros(num_hidden2)

W3 = nd.random_normal(shape=(num_hidden2, num_outputs), scale=weight_scale)
b3 = nd.zeros(num_outputs)

params = [W1, bl, W2, b2, W3, b3]

for param 1in params:
param.attach_grad()

~

2!

*
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3.13.6 EXEBEEFEMNIEE

BATIEEGUZIGE (RIER) MG (Relu) HHEER, FHAEN FBUS REUS RN EFT B,
PNEFBITREZFMR A U BILE, —RELT, BAHEFESIIM N ZHTTR EF MR
RHVE/ =5l XN, TSR - BR2ERRRTREBFMRILN 0.2, LB E2ER
JEHITER BZFMRIEEN 0.5,

In [7]: drop_probl =
drop_prob2 =

3.13.7

def net(X):
X = X.reshape((-1, num_inputs))
¢ BRI,

hl = nd.relu(nd.dot(X, W1) + bl)

0.2
0.5

# BE—BREEEREMIERE.
hl = dropout(hl, drop_probl)
# B_ReEE.
= nd.relu(nd.dot(hl, wW2) + b2)
# BE_BREEERENMIERE.

h

h

return nd.dot(h2, W3) + b3

WZR

2

2

= dropout(h2, drop_prob2)

ZRER Z Bl —FF,

In [8]: from mxnet import autograd

epoch

1
epoch 2
epoch 3,
epoch 4

5

epoch

from mxnet import gluon

loss

gluon. loss.SoftmaxCrossEntropylLoss()

num_epochs =
1r = 0.5

gb.train_cpu(net, train_iter, test_iter, loss, num_epochs, batch_size,

loss
loss
loss
loss
loss

© © © © +

.1739,
.5991,
.4962,
.4518,
.4231,

5

params, 1r)

train
train
train
train

train

acc
acc
acc
acc
acc

© © &6 © o

.545,
.778,
.819,
.834,
.846,

test
test
test
test
test

acc
acc
acc
acc
acc

© © o6 © ©

.751
.820
.838
.817
.854
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3.13.8 /N4

FATA] DOE I EFF B M 25 IENIE,

3.13.9 43

- ZAAERERE, BERXMMEWINREESBRNZZREAWLA ISR 455,

» BATHEFATE ST A BRI TR BFR MR N — . RN 2?7 ST ARTIH
BN TREZARSESH A L4552

3.13.10 HEEAITIEX

3.14 EF’% (Dropout)—{FH Gluon

ABENLRIFAIER 6luon FEYIZRFIINIATIR 2 SRR ] E 57 1% (Dropout),

3.14.1 EXEREBEHAIMERTE

BT Gluon, AR E L TAEBEREA 7L, BINTAFEARERZEGRM gluon.nn.
Dropout EIFHEETLREZFTMR, —MIEN T, BAHEFE R AZRRNITREZFERIZH
BAh—m, XPMREH, BITE B REFMRIEN 0.2, HEZEREREN
LR EFMRIEN 0.5,

In [1]: from mxnet.gluon {dimport nn
net = nn.Sequential()

drop_probl = 0.2
drop_prob2 = 0.5

116 3. FEFIEM



with net.name_scope():
net.add(nn.Flatten())
# E—EeEE
net.add(nn.Dense (256, activation="relu"))
# BE—BE2ERERMIERE.
net.add(nn.Dropout(drop_probl))
# B_EeEE.
net.add(nn.Dense (256, activation="relu"))
# BE_BR2ERERIERE.
net.add(nn.Dropout(drop_prob2))
net.add(nn.Dense(10))

net.initialize()

3.14.2 EEVEHEFHIIER

IXERZ A A AN,

In [2]: dmport sys
sys.path.append('..")
import gluonbook as gb
from mxnet import nd
from mxnet import autograd
from mxnet import gluon

batch_size = 256
train_iter, test_iter = gb.load_data_fashion_mnist(batch_size)

loss = gluon.loss.SoftmaxCrossEntropyLoss()
trainer = gluon.Trainer(net.collect_params(),
'sgd', {'learning_rate': 0.5})

num_epochs = 5

gb.train_cpu(net, train_iter, test_iter, loss, num_epochs, batch_size,

None, None, trainer)

epoch 1, loss 0.8081, train acc 0.704, test acc 0.822
epoch 2, loss 0.5137, train acc 0.812, test acc 0.838
epoch 3, loss 0.4519, train acc 0.834, test acc 0.857
epoch 4, loss 0.4184, train acc 0.847, test acc 0.847
epoch 5, loss 0.3951, train acc 0.856, test acc 0.858
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3.14.3 /&

T Gluon FATTAT DUE 77 (B HIAl 1E 2 E M8 I FH E ik,

3.14.4 43

- ZIARTEREFMRSYANE, BEEREMT AR,

3.14.5 HBEIAITIEX

3.15 IEMfEREMREEHE

BATEZNE T 0 T A ERT T — AU EBEN LS R R AL ORISR, FEREHLERE
TR —RIEAH, BREISEE Y ATER B B S R G ZSEHERR, ERRIXERAIEM
TSR,

FIERAERIT—AE, EHEET, BAOIHZERCEZRIIGRREESIBA, MR EESR
AR R LRI R, R, BRI EE AT RO BRI+ 0 B, AW, 12K
JERESI R T SRR S A E, RIS R AT REE A B, BATATAT D
MXNet BANRBUE I SEEIREE, (B2 TS EE R T R0/ A B T /AT — 2 TR
5 SPSALIZRI A R

3.15.1 =
RAERE (back-propagation) J& I EIREY: SIS EIEN Tk, SRR, RAEHH 2

RIEHAR P RORETEN, iR, St ZEER, BT ARNE S ENmAZH
7, MR EFHAF IR bR RO SR A28 R [ TR 2 BRI SRR
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IRIEMERRN T4 B iR B S EIRE T AT RE 2 O 2R B M SEI L §iE, ARSI
RIS, SEITMmABRRE R, Sl ZrEE S 2L BT, RO EH i
AR R A U OE A& (forward-propagation),

3.15.2 EH3HF—ENL SRR

N T R LR RERIS e RE, BATTPA—MA R Ly JERUENILRY 2 ZRIH LB,

TREIE X

BE—DEAN x € R (BMEARARRREN o) FIESUEN y € R IIZREIEREAR, 1%
FEMRZEIN, FATTRT DAS 2 Al AL 8

z2=wWWg

Hep w) e R Z2IRIZH, RIRAIZER 2 € RPN AT RIRERBIE R ¢ FRERIM R K
N h RS R &

h = ¢(z)

[REE h e R R —hAZR, BEERSH WO e Ry i ISSIAEKEN y it EE

%
o=W®%h
IRBREOY £, T
L ={(o,y)
AR Lo JEBUENIEAYE X, A TRATIE RESE Y IERLIT
5= Z2AWOR+ W)
TR B 2% AR B AL ) B PR R

J=L+s
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HEE

T AR AR BRI SR AR T R P RIAOIOC 2R, FRATTAT D2 R

[Not sugported by viewer]

[Not sppported by \y&§ TorStpported by viewer]

[Not spipported by \fewer]

[Not spipported by & TOTSToported by rEETOSRLoported by
[Not sufported by e PRl pported by e " .
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BENITESEFHE

£ LE, BEISEGE WO R W), O TIEBBRLIZ S SXM AN S, CAREHURE RiE
B, B3R N g, BT DEd

oJ
w® —w® _
- napv(l)
oJ
w® — w® _
o napv@)

KAWL RIS EIE, NN FEERERSEEE 07 /oW Rl o /ow P, Joitt, FfiTal
DAFZ R S AR AR I IR AR B IR

NTRIRTTE, AR XY, Z AEBARK BRI Y = fF(X) 12 = g(Y), BAMER

0z oz oY
ax — Prod(z5, 54)
RAGRFERTEN], DU IR H AT 2 AR BRI A

B, AR B BRSO AR I A SC IR T 6

aJ
87_[/ — 1
oJ
% - 1
Hik, BAMEHEREGRNTH R B AR 80E R 2B B IRE 07 /00 € RY,
aJ oJ 0L oL
TE T S SEEI R T DUR Bt 5
Js - (1)
oww =W 1
Js - (2)
@ AW

HERRATT AT AT R S R BB S BUNRAEE 0.7 /oW @) € Rvxh, TEIHEIEH, W@ Al )
283t o M1 s 1A J, RIERESGEN, FATH

o7 aJ do o7 9s . aJ

Y = Z i N (2)
pITRe) prod( 50 8W(2)) + prod( s 8W(2)) aOh + \W
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IEREHEAR S RRS AL, REEZRIEE 0J/0h € RM ATLUXFEITE

0.7 8 _do ToJ
9J _ 2 N— Y
on — Prod(goBa) =W 50

THERRHIEREL ¢ RIGTTRIRIEN, hRER 2 WA 0/02 € R I EREM Ot RRIE
fFo

oJ 0J _0Oh oJ
2%, BAA AR RIS M N BRI BEISBRE 07 /oW ) € R, fEHHREF, wO Ay
DAZEI = A s 3T J, RAERESIEN, Al

o7 07 0z oJ 9s . 9] 1

— = i e = 77y = )
PR prod( 5% 8W(1)) + prod( s 8W(1)) 2.% T AW

T EFHRIEERR, BUOERH, EIRAMRURT B H AR SR HE ST, X2 T 7
EEIUH, B, BTFHLEERME 0J/00 Bl HEN, RIVEERENSEME 07 /oW ®)
FIRS & R REERE 0 /oh B ] DLE R 2L B ERE, MIRELHE,

A TREERNR, RIAEREN T8RP BMS AR TR T i 2AR0E E a5
4 B RS EI Y RIE, 280K3, SEBE 07 /oW @) YT ETR BRI & 2 R4
{E ho XD HRIEZIET Wi Z 2 tHZ A IE B RE T R B S 2,

© ¢'(z)

3.15.3 /\&

IETAEREI S R R 2 IR 22 SRR AL (HATR).

3.15.4 43

- WERBRIERAZ, BT RS A4 RE?

+ 1986 %, Rumelhart, Hinton, fl Williams & T [F1{£4#%, $R1M 2017 FEHinton e/~ fthxf
JIAERE “RZIMEE” F &R T Capsule 163, R} LA MIEE?
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https://www.iro.umontreal.ca/~vincentp/ift3395/lectures/backprop_old.pdf
https://www.axios.com/ai-pioneer-advocates-starting-over-2485537027.html
https://www.axios.com/ai-pioneer-advocates-starting-over-2485537027.html
https://arxiv.org/abs/1710.09829

3.15.5 HBEIAITIEX

3.16 4% Kaggle LbF: TG M#0 K 3z X IGIE

ARENHUAER 6luon KL bkKaggle FEFE, BATLAG M FN R UAHI, NARFIRM—FEEL
PR HRE LA, Bl KXk, JATELL pandas 8 TEA G HL AR
HAERATE AR, Blg:

- JEEEEEE
- SEEERATEIRRHE
o AR TAR (L

TEERNE, AR EEALBREMARESE, N TEIENHCE, RER®RHS
B, BB R HRIEMARA, FERR —E L@ TR, [FAMELEINR,
INE AT SLIREE RO AWTREE IR, MIMF2IS B SRR,

KR -RERIERAILS, BIRER RN TSP ZEIRZ,

Get your hands dirty,

3.16.1 Kaggle AHYE /) Tl in] 28

Kagglefg2 —MERHIMHIE 7S Z & KRG N TRETIRRER, ERKEMKagglelk S,
THER, Hiili Kaggle {XFREMKS —RKPAN 10 RIBREERIINL S, T AR S R AT 55 0 =R,
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https://www.kaggle.com
https://www.kaggle.com/c/house-prices-advanced-regression-techniques
https://www.kaggle.com
https://www.kaggle.com

Q Competitions Datasets Kernels Discussion Jobs ==

The Home of Data Science
& Machine Learning

Kaggle helps you learn, work, and play

Competitions » Datasets » Kernels »

Climb the world’s most elite Explore and analyze a collection Run code in the cloud and
machine learning leaderboards of high quality public datasets receive community feedback on
A your work

BATRAG A Al ] A B BR R AR SR — IR Kaggle b8, 1R RAESNF I8 2 A s ifi 55 1 7l
IRV T R R AR B

2!

*
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https://www.kaggle.com/c/house-prices-advanced-regression-techniques
https://www.kaggle.com/c/house-prices-advanced-regression-techniques
https://www.kaggle.com/c/house-prices-advanced-regression-techniques

- House Prices: Advanced Regression Techniques
Predict sales prices and practice feature engineering, RFs, and gradient boosting

1 ROA taame T uaare t ae
1,698 teams - 2 yearsto go

Cwerview  Data  Kernels  Discussion  Leaderboard Rules

Overview

Description Start here if...

Evaluation You have some experience with R or Python and machine learning basics. This is a perfect competition
Frequently Asked for data sm.em:e students who have completed an Un|I!I|E course in machine learning and are locking to
Questions expand their skill set before trying a featured competition.

Tutorfals Competition Description

Ask a home buyer to describe their dream house, and they probably won't begin with the height of the
basement ceiling or the proximity to an east-west railroad. But this playground competition’s dataset
proves that much more influences price negotiations than the number of bedrooms or a white-picket
fence.

With 79 explanatory variables deseribing (almost) every aspect of residential homes in Ames, lowa, this
competition challenges you to predict the final price of each home.

3.16.2 ENTIE

FEBREAE D N GEAREFMNAEIEE., M BIERECEESNE TRRE, flangnEsss, &
EEG, B iﬂﬂ‘%ﬂﬂi?ﬂ%‘%ﬁﬁ IXERHIME A ELSLE T, BRI RSE R R IE
na . RAINGEIEEEE T BNFEENREIRE IS B TR0 BEET DN
T [a] AR,

YIRBHESE Nttt MRS ESE N

BADELFEH pandas IAEWE, EHRZEET pandas (pip install pandas),

In [1]: +import pandas as pd
import numpy as np

train = pd.read_csv("../data/kaggle_house_pred_train.csv")
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https://www.kaggle.com/c/house-prices-advanced-regression-techniques
https://www.kaggle.com/c/house-prices-advanced-regression-techniques
https://www.kaggle.com/c/house-prices-advanced-regression-techniques/download/train.csv
https://www.kaggle.com/c/house-prices-advanced-regression-techniques/download/test.csv

test = pd.read_csv('"../data/kaggle_house_pred_test.csv")

all_X = pd.concat((train.loc[:, 'MSSubClass':'SaleCondition'],

test.loc[:, 'MSSubClass':'SaleCondition']))

BATBEEBIE R 2T

In [2]: train.head()

Out[2]: Id MSSubClass MSZoning LotFrontage LotArea Street Alley LotShape \

0 1 60 RL 65.0
1 2 20 RL 80.0
2 3 60 RL 68.0
3 4 70 RL 60.0
4 5 60 RL 84.0

LandContour Utilities
Lvl AllPub
Lvl Al1lPub
Lvl AllPub
Lvl AllPub
Lvl Al1lPub

A W N R O

MoSold YrSold SaleType SaleCondition

0 2 2008 wD Normal
1 5 2007 WD Normal
2 9 2008 WD Normal
3 2 2006 WD Abnorml
4 12 2008 WD Normal

[5 rows x 81 columns]

BRI,

In [3]: train.shape
Out[3]: (1460, 81)

In [4]: test.shape

Out[4]: (1459, 80)

3.16.3 FAbIREE

FBA M pandas X EMERAE bR (L AL EE :

xi——Exi
Ty =

std(z;)

0

© 0o o o

S

8450
9600
11250
9550
14260

PoolArea PoolQC

NaN
NaN
NaN
NaN
NaN

alePrice
208500
181500
223500
140000
250000

Pave
Pave
Pave
Pave
Pave

NaN
NaN
NaN
NaN
NaN

Reg
Reg
IR1
IR1
IR1

Fence MiscFeature MiscvVal \

NaN
NaN
NaN
NaN
NaN

NaN
NaN
NaN
NaN
NaN

© o © o
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In [5]: numeric_feats = all_X.dtypes[all_X.dtypes != "object"].1index
all_X[numeric_feats] = all_X[numeric_feats].apply(lambda x: (x - x.mean())

/ (x.std()))
BRAEAT B B e U EAR

In [6]: all_X = pd.get_dummies(all_X, dummy_na=True)

B IS FHARHE R P E G T

In [7]: all_X = all_X.fillna(all_X.mean())

S HEAE R R — T AR

In [8]: num_train = train.shapel[0]

X_train = all_X[:num_train].as_matrix()
X_test = all_X[num_train:].as_matrix()
y_train = train.SalePrice.as_matrix()

/var/lib/jenkﬁns/miniconda3/envs/gluon_zh_docs/lib/python3.6/site—packages/ipykernel_lJ
< auncher.py:3: FutureWarning: Method .as_matrix will be removed in a future
— version. Use .values instead.
This 1is separate from the ipykernel package so we can avoid doing imports until
/var/lib/jenkins/miniconda3/envs/gluon_zh_docs/lib/python3.6/site—packages/ipykernel_lJ
< auncher.py:4: FutureWarning: Method .as_matrix will be removed in a future
< version. Use .values instead.
after removing the cwd from sys.path.
/var/lib/jenkins/miniconda3/envs/gluon_zh_docs/lib/python3.6/site—packages/ipykernel_lJ
— auncher.py:5: FutureWarning: Method .as_matrix will be removed in a future

— version. Use .values instead.

3.16.4 S\ NDArray 18RV 5E

NTHETH Gluon ZZH, HTAIFHZETF A NDArray AL,

In [9]: from mxnet 1dimport ndarray as nd
from mxnet import autograd

from mxnet import gluon

X_train = nd.array(X_train)
y_train = nd.array(y_train)
y_train.reshape((num_train, 1))
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X_test = nd.array(X_test)
BATHEHK R ECE TR %,
In [10]: square_loss = gluon.loss.L2Loss()

BATE X LRI ELE R AT R AL

In [11]: def get_rmse_log(net, X_train, y_train):
num_train = X_train.shape[0]
clipped_preds = nd.clip(net(X_train), 1, float('inf'))
return np.sqrt(2 * nd.sum(square_loss(
nd.log(clipped_preds), nd.log(y_train))).asscalar() / num_train)

3.16.5 TENEHY

FATRBIUR 2 SORAE— PR R, 12— D EARI LM R TR,

In [12]: def get_net():
net = gluon.nn.Sequential()
with net.name_scope():
net.add(gluon.nn.Dense(1))
net.initialize()
return net

BATE X —MINERRTEEY,  IXAEAE B AN R B SE S0 N AN 22 B R SC AR RN 25 3R

In [13]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 120
import matplotlib.pyplot as plt

def train(net, X_train, y_train, X_test, y_test, epochs,
verbose_epoch, learning_rate, weight_decay):
train_loss = []
if X_test is not None:
test_loss = []
batch_size = 100
dataset_train = gluon.data.ArrayDataset(X_train, y_train)
data_iter_train = gluon.data.DatalLoader (
dataset_train, batch_size,shuffle=True)
trainer = gluon.Trainer(net.collect_params(), 'adam',
{'learning_rate': learning_rate,
'wd': weight_decay})
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net.collect_params().initialize(force_reinit=True)
for epoch in range(epochs):
for data, label 1in data_titer_train:
with autograd.record():
output = net(data)
loss = square_loss(output, label)
loss.backward()
trainer.step(batch_size)

cur_train_loss = get_rmse_log(net, X_train, y_train)
if epoch > verbose_epoch:
print("Epoch , train loss: " % (epoch, cur_train_loss))
train_loss.append(cur_train_loss)
if X_test is not None:
cur_test_loss = get_rmse_log(net, X_test, y_test)
test_loss.append(cur_test_loss)
plt.plot(train_loss)
plt.legend(['train'])
if X_test 1is not None:
plt.plot(test_loss)
plt.legend(['train', 'test'])
plt.show()
if X_test is not None:
return cur_train_loss, cur_test_loss
else:
return cur_train_loss

3.16.6 KT3I IGIE

RIS A RTINS, AR EAR AR R R INIAEIE R R ER S FBOI S, F
Kb, HSBATAZSN, EEREET KITZXRIL

£ K T ERUEA, BAHEHIERAE T HIR K DTREAR, — IR T REA R B
TENBRIERBRIAEEE, HAth K — 1 DEARRIIZE

P20 K SR UERT RTINS A P EEM I ZRRERFEME, FIEIRITE X K Hr5d XRIE
PREANR,

In [14]: def k_fold_cross_valid(k, epochs, verbose_epoch, X_train, y_train,
learning_rate, weight_decay):
assert k > 1
fold_size = X_train.shape[0] // k
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train_loss_sum = 0.0

test_loss_sum = 0.0

for test_i 1in range(k):
X_val_test = X_train[test_i * fold_size: (test_i + 1) * fold_size, :]
y_val_test = y_train[test_i * fold_size: (test_i + 1) * fold_size]

val_train_defined = False
for i in range(k):
if 4 != test_d:
X_cur_fold = X_train[i » fold_size: (i + 1) * fold_size, :]
y_cur_fold = y_train[i * fold_size: (i + 1) * fold_size]
if not val_train_defined:
X_val_train = X_cur_fold
y_val_train = y_cur_fold
val_train_defined = True
else:
X_val_train = nd.concat(X_val_train, X_cur_fold, dim=0)
y_val_train = nd.concat(y_val_train, y_cur_fold, dim=0)
net = get_net()
train_loss, test_loss = train(
net, X_val_train, y_val_train, X_val_test, y_val_test,
epochs, verbose_epoch, learning_rate, weight_decay)
train_loss_sum += train_loss
print("Test loss: " % test_loss)
test_loss_sum += test_loss
return train_loss_sum / k, test_loss_sum / k

SRR R H X X JEIE

DA B S JGET 2 T AR Y

In [15]: k = 5
epochs = 100
verbose_epoch = 95

learning_rate = 5
weight_decay = 0.0

A LA LRGSR, S RBATNIZRIF 22 RUETATT AR,

In [16]: train_loss, test_loss = k_fold_cross_valid(k, epochs, verbose_epoch, X_train,
y_train, learning_rate,
— weight_decay)
print("%d-fold validation: Avg train loss: , Avg test loss: "%
(k, train_loss, test_loss))
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Epoch 96, train loss: 0.201935
Epoch 97, train loss: 0.199819
Epoch 98, train loss: 0.197814
Epoch 99, train loss: 0.195959
4.0 — train
' test
3.5 1
3.0 A
2.5 1
2.0 1
1.5 A
1.0 ~
~—
0.5 A1 —
00 T T T T T T
0 20 40 60 80 100
Test loss: 0.188436
Epoch 96, train loss: 0.198050
Epoch 97, train loss: 0.195858
Epoch 98, train loss: 0.193861
Epoch 99, train loss: 0.191910

3.16. ¥ &f Kaggle LbEE: FINE M1 K 38 R IIE
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4.0 4

3.5 1

3.0+

2.5 7

2.0

1.5+

1.0+

0.5 A

— {rain
test

0.0 T
0

Test loss:
Epoch 96,
Epoch 97,
Epoch 98,
Epoch 99,

0.211722

train loss:
train loss:
train loss:
train loss:

20

0.199046
0.196912
0.194866
0.192946

60
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4.0 A

3.5 1

3.0+

2.5 A

2.0 A

1.5 4

1.0~

0.5 A

0.0 T

— {rain
test

0

Test loss:
Epoch 96,
Epoch 97,
Epoch 98,
Epoch 99,

0.201585

train loss:
train loss:
train loss:
train loss:

0.201766
0.199597
0.197527
0.195591

3.16. ¥ &f Kaggle LbEE: FINE M1 K 38 R IIE

133



4.0 4

3549 |

2.0 A
1.5~
1.0+

0.5 A

0.0 +—

— {rain
- test

0

Test loss: 0.178410

Epoch 96, train loss:
Epoch 97, train loss:
Epoch 98, train loss:
Epoch 99, train loss:

0.196697
0.194487
0.192383
0.190363
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] — {rain
\ — tost
359 |

4.0 A

3.0 4 ':*-;

2.5 -
2.0 -
1.5 - »
1.0 -

o -‘*-—--_.;-.L_-___-_-.x.L

0.0 T T T T T T
0 20 40 60 80 100

Test loss: 0.206371
5-fold validation: Avg train loss: 0.193354, Avg test loss: 0.197305

RIEEIZRIRZE AT USEIRIR GAZHZ)E), B2 KXl ERRZERTREE M, HIZRIR
ZRPAMIRES, ZEER K 58 AR TE_E AR 22 R RO & . BATE R A8 K #7522
BUEIRZELE RIS

3.16.7 FMHTE Kaggle IRASFUMLE R

ARERTY NI NE . S ARGFIIIRIZERT DU EIR K 738 R IERT 77 125K PRI B I ZRAVER,
TATE SerE LI R L,

In [17]: def learn(epochs, verbose_epoch, X_train, y_train, test, learning_rate,

weight_decay):

net = get_net()

train(net, X_train, y_train, None, None, epochs, verbose_epoch,
learning_rate, weight_decay)

preds = net(X_test).asnumpy()

test['SalePrice'] = pd.Series(preds.reshape(l, -1)[0])

submission = pd.concat([test['Id'], test['SalePrice']], axis=1)

submission.to_csv('submission.csv', index=False)
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PGB EOE, THEBNBINFH/E Kaggle fRZMEER,

In [18]: learn(epochs, verbose_epoch, X_train, y_train, test, learning_rate,
weight_decay)

Epoch 96, train loss: 0.171242
Epoch 97, train loss: 0.170645
Epoch 98, train loss: 0.170112
Epoch 99, train loss: 0.169636

4.0 1 train

3.5 1

3.0 +

2.5 A

2.0

1.5+

1.0~

0.5 ~

0.0

T
0 20 40 60 80 100

PATE LIRS G, A —1 submission.csv X, XJE Kaggle ZRAVIERME T, X
FATA] LATE Kaggle BAEFRATTPIUAR HH VG RAR I EBE SR KIEE LELBENIIRE, %
PUE Sk Kaggle Wuli, FTHF 0 il )i, JAdi R4 M Submit Predictions %112

N
Xo

I. House Prices: Advanced Regression Techniques
__ Predict sales prices and practice feature engineering, RFs, and gradient beosting

698 tear

Data HKernels Discussion Leaderboard Rules  Team My Submissions

~

2!

*

136 3. FEFIEM


https://www.kaggle.com/c/house-prices-advanced-regression-techniques

BHRdE R Upload Submission File &SRR ERLMFMLE R, AEmdi A Make
Submission $ZEIRL AT DAZS B4 SR !

Step 1
Upload submission file
Upload Submission File
Your submission should be in G5V format. ‘We expect the solution file to have 1459 prediction rows. This file
You can upload this in a zip/gzfrar/7z shaul a header row. Please see sample submisslon file on
archive, if you prafer the dati

Step 2 B | % &b < fal E=EH - ™3]

scribe submission

BOURBIEE, H Al Kaggle {XRRFMKS—KEAN 10 IRTERE RN S, Fr ATESREE Rl 552

Do

3.16.8 {Ell CCIRIEALAIEFBHMMAEEEL) :

< BITAERE, HRTHIRBEIE 5 58 AR IE B r] PR EIT 28] loss?

« QHIRMIZEZRAFSCVF, 1E Kaggle {RARABREMITAMEL R, W —F, X145 REELE Kaggle -
ZEF 20 loss?

< I EHNZIHEE, ESHNIE K T IRUEES IR, BTEAE A FEH A MR TEEF? BR
T2, RATRERIIEATZ AT B PU R A A L B

- ZERAN—1FF Gluon
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- 1EN{E—f# ] Gluon
o QB DN BUERHAE MR A BEREE R 2 £ 1) loss?

o PRI 2 HABITE T AAR SR ? /MK R TRRERE  S BRI A = A I3 70 i

3.16.9 HABEIAITIEX
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REFIHE

E—EA T RS SRR PR A BRI SR BRI S, X — BB TR R IR
SRS D EEAEBR I, FIERIE, Z805R. BE EMEMH GPU, B AR,
IREFRERSIRN T AR R SCEINTTH RN, MR Je B 7 SE P R 2 AR T R 2kfik

4.1 1EEIM)E

[EZAE 2 JZEANL—E ] Gluon” — T HRERATZ LA LB — D R ERRZEAL, HATETTH
18 Sequential 5K, SRJEMRIREINM N E2ERE R, HAHE — RNy 256, RIERIZHIT
MO 256; HERVERH N 10, BlHESRITMECR 10, XMEAIFEAENE TIRES
SRR 75 T, SRR N ERATR B S0X M7 eI T

PAZBT#Z M T Sequential ZERAIERIY, XA 7 Ih—FEET Block SRR IE 7T %,
EIEERE RS, WA IEIREE E AT I HERE Sequential HYIZTTHLH,
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4.1.1 47 Block R EIRE

Block 2872 gluon.nn BRI —MEBIMGIEZ, BATTAT DA AR TR E R RIEAL, 5]
w, FANEXEME— N EERZIMERR Z BRI, X EE XK MLP 288 %, T Block 28/
P PERE: __dnit__ A1 forward.

In [1]: from mxnet dimport nd
from mxnet.gluon import nn

class MLP(nn.Block):

# ERSERUESHNE, XERIMERTHEINLHES.

def __init__(self, *xkwargs):
# VA MLP R Block WIMEHRECRHITVENTIAN. XETISEAIIER LIEE
# EHfthREsEk, T F—TRBNBERE S params,
super (MLP, self).__init__(**kwargs)
# FREZ.
self.hidden = nn.Dense(256, activation='relu'")
# HHR.
self.output = nn.Dense(10)

# EXEENFIRITE, BNNFEREEm ST ERL.

def forward(self, x):
return self.output(self.hidden(x))

AT PASEHIE MLP 28158 net, HAFAER “ 2 2N —F H Gluon” — i@t Sequential
KHER net —F FHEACHEEAIGNL net HENBMALIE x M—kaimHE,
In [2]: x = nd.random.uniform(shape=(2,20))

net = MLP()

net.initialize()

net(x)
Oout[2]:

[[ ©6.09543004 0.04614332 -0.00286654 -0.07790349 -0.05130243 0.02942037

0.08696642 -0.0190793 -0.04122177 0.05088576]
[ 0.0769287 0.03099705 0.00856576 -0.04467199 -0.06926839 0.09132434

0.06786595 -0.06187842 -0.03436673 0.04234694]]
<NDArray 2x10 @cpu(0)>

Hr net(x) VM T MLP 4k2& % Block FY __call__ K&, XMERECRKEH MLP & Y
forward BRECRSERATAITE,

BATCFEXEE X RUERHEERE, AnEid sk, 2% “"HakeE” —1, kgt
X backward EF%,

~

2!

*
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EREEIBANAZHR Block MHRESE B KR4, XZRNER 0] PLH HARRIER T,
BRTFREERTA—DE, BI40 Gluon $244H) Dense 2, WATPUR— MY, FfITE LAY MLP 2K,
BE BRI — a7y, BIANERANSAEZ S5/ 248HT ResNet RUFRZESE, FATT R @S M 735
HH'E'O

4.1.2 Sequential 224%7% B Block 3£

SIS A B A T T SRR B A R R, BATTAT DORF AL AR 1S B R
¥, XNE Sequential KAVEI, THEIT add BISCKIRI Block T3, AR AL
BRI SFIE —ia1T, FEFATEI— MR Sequential KX EMFELIRERI, XFEIRATAB R E
A 2 e R T,

In [3]: class MySequential(nn.Block):

def __init__(self, *xkwargs):
super (MySequential, self).__init__(**kwargs)

def add(self, block):
# block B—1 Block FEXAI, RREE—ME—TZHNEF. HKITBEREFE
# Block XMRATE _children B, HZEAIZ Ordereddict. AR
# initialize RS, RHKSBEMN _children BEEFBERRTIEAK.
self._children[block.name] = block

def forward(self, x):
# OrderedDict RIESIERIBEBNBBIIMFEEF TR,
for block 1in self._children.values():
x = block(x)
return x

FATH MySequential 2R SCINRT A MLP 2£:

In [4]: net = MySequential()
net.add(nn.Dense (256, activation='relu'))
net.add(nn.Dense(10))
net.initialize()
net(x)

Out[4]:
[[ ©0.00362228 0.00633332 0.03201144 -0.01369375 0.10336449 -0.03508018
-0.00032164 -0.01676023 0.06978628 0.01303309]
[ 0.03871715 0.02608213 0.03544959 -0.02521311 0.11005433 -0.0143066
-0.03052466 -0.03852827 0.06321152 0.0038594 ]]
<NDArray 2x10 @cpu(0)>
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TR R IIX E MySequential R AR “ 2 A —L ] Gluon” —iH Sequential 5
—

4.1.3 MEERAIEE

B Sequential XA DAFISEAGIEE N A, AFEE X forward BREL, (HERE4K Block
KA DA KPR R RGN, T HEFA A IE — DM E 2% R 2%
1. fERIMAFE A T NDArray BRECRT Python AR
2. ZREARR—Z
In [5]: class FancyMLP(nn.Block):
def __init__(self, **kwargs):
super (FancyMLP, self).__init__(**kwargs)
# AW EHNHEIINE,

self.rand_weight = nd.random.uniform(shape=(20, 20))
self.dense = nn.Dense(20, activation='relu')

def forward(self, x):
x = self.dense(x)
# AT nd BF relu f dot HE,
x = nd.relu(nd.dot(x, self.rand_weight) + 1)
# EAT dense, ENTREMEBELEZT S,
x = self.dense(x)
# =ER, XBERMNBERA asscalar FREWREHTTHER.
while x.norm().asscalar() > 1:

X /= 2
if x.norm().asscalar() < 0.8:
X *x= 10

return x.sum()

TEIX FancyMLP &8I FATEA THEINE rand_weight (EREARERMSED)., M7
FEPETIEIRIE (nd.dot) HEEMH THEEK Dense F., MIA—T:
In [6]: net = FancyMLP()

net.initialize()
net(x)

out[6]:
[ 18.57195282]
<NDArray 1 @cpu(0)>

FH T FancyMLP fl Sequential #\/& Block 1738, FATAT LARRE VA FH A T,

~

2!

*
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In [7]: class NestMLP(nn.Block):
def __init__(self, **kwargs):
super (NestMLP, self).__init__(*xkwargs)
self.net = nn.Sequential()
self.net.add(nn.Dense(64, activation='relu'),
nn.Dense (32, activation='relu'))
self.dense = nn.Dense(16, activation='relu')

def forward(self, x):
return self.dense(self.net(x))

net = nn.Sequential()
net.add(NestMLP(), nn.Dense(20), FancyMLP())

net.initialize()
net(x)

Out[7]:
[ 24.86621094]
<NDArray 1 @cpu(0)>

4.1.4 &5

o FATA] DRI 4K K Block JERANIE S ZRAURLAY,

« Sequential /& Block ¥,

4.1.5 43
* 7£ FancyMLP KHEFATEH T dense, XFEMNMIATZIRE T —@EZ K, Z1A%Z N AL
PRI
o WIERFA1 245 FancyMLP HE M asscalar B4 [AI?

« £ NestMLP B FANIK K self.net=[nn.Dense (64, activation='relu'),
nn.Dense(32, activation='relu')], MAEH Sequential 2KKHMiE, =H 4N
A ?
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4.1.6 HIBEIAITIEX

4.2 EESHRIHE. MRENEE

TEZ BB/ N R EA ] — BLEEHEBARPIAREL, net.initialize(), RAMAIEHRIISEL, I
BRI A2 N 5 R R S B e 8175 TR X — T BRATRAR A DRI S ET 17 [ A0 4R
e, DARAnfafE 2 N R Z R R — 25,

PATE S AT 2 BRAWL. WG BEMTH RIS R, FEit— R RE, EiXEIE
MM MXNet FFAT init XM, EWE 7 ZMBERGLTTIR.

In [1]: from mxnet dimport init, nd
from mxnet.gluon 1import nn

net = nn.Sequential()
net.add(nn.Dense (256, activation='relu'))
net.add(nn.Dense(10))

net.initialize()

nd.random.uniform(shape=(2,20))
net(x)

X
y
4.2.1 ifREBIEE

BATRBERTLAEL [ 2RI Sequential FAIEHORIIMEZHIRIE R, X T ARUSHEIIR,
FATATLUEE Block 2K params B REGFHIEUSHAESE. HINRMNEERBENSE:

In [2]: net[0].params

Out[2]: dense@_ (
Parameter dense0®_weight (shape=(256, 20), dtype=float32)
Parameter dense@_bias (shape=(256,), dtype=float32)
)
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AILEFRMNEE T T HSZHAREN IS HN TR 1P HETRN
dense®_weight, EH net[0] M&H (densed_ ) MHCWZES (weight) HAk,
M HA BRI ESEWIIRN (256, 20), HEIEERALN 32 (iiF s

NT VIR EZE, AR OS2k BB TR, el IEZEHENZES, T
IR T 2, AE@E 55 R AR R B 4T

In [3]: (net[0].params['dense0_weight'], net[0].weight)

Out[3]: (Parameter dense@_weight (shape=(256, 20), dtype=float32),
Parameter dense0®_weight (shape=(256, 20), dtype=float32))

Gluon S AR Parameter 28, HESSEREN XN NLEE, EA10 Ao 5Ed data
M grad BRECKT A, RABATRENLOIAGC TAE, FrAE 2 — D HBEHIEEH R R S (256,
20) HJ NDArray.

In [4]: net[0].weight.data()

Out[4]:
[[ 0.06700657 -0.00369488 0.0418822 ..., -0.05517294 -0.01194733
-0.00369594]
[-0.03296221 -0.04391347 0.03839272 ..., 0.05636378 0.02545484
-0.007007 ]
[-0.0196689 0.01582889 -0.00881553 ..., 0.01509629 -0.01908049

-0.02449339]

ceey

[ 0.00010955 0.0439323 -0.04911506 ..., 0.06975312 0.0449558
-0.03283203]

[ 0.04106557 0.05671307 -0.00066976 ..., 0.06387014 -0.01292654
0.00974177]

[ 0.00297424 -0.0281784 -0.06881659 ..., -0.04047417 0.00457048
0.05696651]]

<NDArray 256x20 @cpu(0)>

BRI IREANE — A (HIENEBA AT REERR TR, FrClERIES=RN 0.

In [5]: net[0].weight.grad()

Out[5]:
[[ 6. o. , 0. ]
[ 0. o. , 0. ]
[ 0. o. , 0. ]
[ 0. 0O , 0. 0 ]
[ 0. 0 , 0. 1
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[ 0. 0. 0. ..., 0. 0. 0.1]
<NDArray 256x20 @cpu(0)>

RAAFRATTAT LAV R AR 2 S E, Flant 2 i w22 AR :
In [6]: net[1l].bias.data()

Out[6]:
[ 6. 0. 6. 0. 0. 0. 0. 0. 0. 0.]
<NDArray 10 @cpu(0)>

&Ja, BATAT LA Block 42 4tH) collect_params BRECKIKBUX LA S WG RS
B, EHNREIFEAZ -SRI SEE) 78,

In [7]: net.collect_params()

Out[7]: sequentialo_ (
Parameter dense@_weight (shape=(256, 20), dtype=float32)
Parameter dense0@_bias (shape=(256,), dtype=float32)
Parameter densel_weight (shape=(10, 256), dtype=float32)
Parameter densel_bias (shape=(10,), dtype=float32)

4.2.2 {IRILIREISER

S BN Y] 451E, Gluon RFNESHITRIARML N [-0.07, 0.07] ZHYY
ATHIBENLEL, (mZES RN 0. EEH JATH L6 H AR TT IR ROILGTEIE, MXNet
B “dnit &R <https://mxnet.incubator.apache.org/api/python/optimization/optimization.
html#module-mxnet.initializer>"__ HARM#L T Z MR AL TT IR, BIAN T B FRATTRAY
HZHANAMEIEN 0, FRIEZEDY 0.01 UIES M ARENLIEL

In [8]: # FFERMWERYGUEERIEE force_reinit,

net.initialize(init=init.Normal(sigma=0.01), force_reinit=True)
net[0] .weight.data()[0]

out[8]:
[ 0.01074176 0.00066428 0.00848699 -0.0080038 -0.00168822 0.00936328
0.00357444 0.00779328 -0.01010307 -0.00391573 0.01316619 -0.00432926
0.0071536 0.00925416 -0.00904951 -0.00074684 0.0082254 -0.01878511
0.00885884 0.01911872]
<NDArray 20 @cpu(0)>

GRERAR PO SN E SEGHEATRIA L, FRATATLAMA Paramter 2K initialize K%L, ‘B
A ER Block ZHARMEAT—2, THIHHATH EE —MEBURAIPE R Xavier J7iEREITHIAAL,
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In [9]: net[0].weight.initialize(init=init.Xavier(), force_reinit=True)
net[0].weight.data()[0]

Out[9]:
[ ©.00512482 -0.06579044 -0.10849719 -0.09586414 0.06394844 0.06029618
-0.03065033 -0.01086642 0.01929168 0.1003869 -0.09339568 -0.08703034
-0.10472868 -0.09879824 -0.00352201 -0.11063069 -0.04257748 0.06548801

0.12987629 -0.13846186]

<NDArray 20 @cpu(0)>

4.2.3 BEXWIRNTGE

A INETAFERVIALTTTEIF AR init BERARRAL, SXINIRITAMNMITIER B E XS
AL, —FU2 KBl — Initializer ZRAY TR 1S IATTAT DAERRTIE A init. Normal ARFERE
HEo EIXNAER, BIIATFELI _init_weight IXPREL, K HIE A\K) NDArray E5%
TRINE, THEFIT RBAHEAELAMR [-10,-51 F1 [5,10] MANXEE5 0k
P,

In [10]: class MyInit(init.Initializer):
def _init_weight(self, name, data):
print('Init', name, data.shape)
data[:] = nd.random.uniform(low=-10, high=10, shape=data.shape)
data *= data.abs() >= 5

net.initialize(MyInit(), force_reinit=True)
net[0].weight.data() [0]

Init dense®_weight (256, 20)
Init densel_weight (10, 256)

out[10]:
[-5.36596727 7.57739449 8.98637581 -0. 8.8275547 0.
5.98405075 -0. 0. 0. 7.48575974 -0. -0.
6.89100075 6.97887039 -6.11315536 0. 5.46652031 -9.73526287

9.48517227]
<NDArray 20 @cpu(0)>
BR TR RIATES Parameter 281 set_data MECKERN G HAISEL, Hlan REI-HFRA]
K REE S B EIA R B B0 1.

In [11]: net[0].weight.set_data(net[0].weight.data()+1)
net[0] .weight.data() [0]
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Out[11]:

[ -4.36596727 8.57739449 9.98637581 1. 9.8275547 1.
6.98405075 1. 1. 1. 8.48575974 1.
— 1.
7.89100075 7.97887039 -5.11315536 1. 6.46652031

-8.73526287 10.48517227]
<NDArray 20 @cpu(0)>

4.2.4 HEERSE

FERERILT, BINREESNRZEEEERSEY, BAHE "BAE" X—EE 7T afFE
Block X8 forward MEEZRIAMFE —MISREMR, XEFNMARI-NTTE, EEHER
WM B E R E S, MRARBEERF -2, BaeANERERAT RIS KA
RIENH 2= IR RIS

NG E, WATEEARAYE — RE S =R = RS

In [12]: from mxnet import nd

\

from mxnet.gluon import nn

net = nn.Sequential()

shared = nn.Dense(8, activation='relu')

net.add(nn.Dense(8, activation='relu'),
shared,
nn.Dense(8, activation='relu', params=shared.params),
nn.Dense(10))

net.initialize()

x = nd.random.uniform(shape=(2,20))
net(x)

net[1].weight.data()[0] == net[2].weight.data()[0]

Out[12]:
1. 1. 1. 1. 1. 1. 1. 1.]
<NDArray 8 @cpu(0)>

BAMERESE =R ENIET params KB EMHHE KBNS, ATHEESHEG
ETEREE, FDATER GRS AN, 2 ZRBEMNE =RB RN EE W RNMTE shared.
params.grad() &,
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4.2.5 \gE

- BATEZRTTIERTIE, VGRS,

4.2.6 43

« EFIMXNet 328, T HARRBSERIELTT o
« ZIRAME net.initialize() JGF net(x) RiViFERISE, BEESREM 4,
- E - EHESEENZ BERAWUIFIIZE, WG — BB SERI TR,

4.2.7 ABERANIEX

4.3 RESHEEFHRK

MERIRERRN T EWES, IREEMTE net.initialize() G net(x) HIEAISEIIEIR
#iEs, B L initialize 5 TTAESEWIGHIERE, AT Gluon FXEA—ER, K
X BRI NS,

4.3.1 LEENMIKENK

ERZIRTE A Gluon FUETTH, HAHEAIESERZNARATEEMARN FlUNE—E/FH
2 ERFINLGI T B, FRAIAIEE T iR/ 256 RIREEUE, H247EVEM initialize B
I, FATHAHEX N R SEENRE 2K, KB AR MR AR, RATES A
EARZ (2,20) B9 x EAEMZEN, BATZNEAAER —BRNSEOUNNZE (256,20).
It U HMEEAT A REE IETHE WAL SR
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LEFATIEE A B9 AT MyInit ZERIEERERIZ — NI, FrkMoIE2 R, R
FI MylInit SEEIREITHIAEIE

In [1]: from mxnet €dimport +init, nd

from mxnet.gluon dimport nn

class MyInit(init.Initializer):
def _init_weight(self, name, data):
print('Init', name, data.shape)

# SERTHYIIR S BRI E IR T o

net = nn.Sequential()
net.add(nn.Dense (256, activation='relu'))
net.add(nn.Dense(10))

net.initialize(init=MyInit())
HEEE Mylnit FEAHANSFTEME R, EYEIRIDPAEEZIMENHE, FTERMITETA T
ﬁ(}

In [2]: x
y

nd.random.uniform(shape=(2,20))
net(x)

Init dense®_weight (256, 20)
Init densel_weight (10, 256)

X RAGHIE A x FIEAK B aHENEATE Z2E0PIK, FIInEmRERNE (256, 20), F
OIS, UM Mylnit SCHRBHTOIGTTE, RIGREITRIATTE,

SR, BRBAMA SR —IRKITHRHH. ZJFBMTHIZT net(x) WUAZEF#AL, HI
PAIARZFFE E MyInit LBV,

In [3]: y = net(x)

BATRIX N ARG B IERI BB IIE IS EIRTG T R W5 B BN R 2 NEE S #IiafL, ‘ERT BAE
BRI E NG, FOVBITAFTREE D RIRIE N, AR R E IR R AR,
AT ZE RN R 2R B 2= BRI Mg A .

HIREMNATITF AR ENFRRE, IS WIaE AR R RESIE R —E RIRR, EIHAS —RRiR iR

HIFRANTCIR B E R 28, PIANTCIEMEM data il set_data ECKRIKEFIN T 24, A
DEH BN ZHINAH IR net (x) KEHNSEHEIERNFIIAL,
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4.3.2 BREGVRK

MRSV initialize RENBEBHIERAESEIVIR, LIEEVIBMAAS KL, Tl
XA IXFERIE O

B PMERENCEEYIGE, mERMNEMN A TER TGN, FARMAES BN
247 B DAREME N BT T EE T HIAG .

In [4]: net.initialize(init=MyInit(), force_reinit=True)

Init dense@_weight (256, 20)
Init densel_weight (10, 256)

ST EAIRZ RN e E T B NERRMA KD, ERRGEATFEHMIMIE ERAEN
SRR, NRIPEATET in_units REEE D RERBIMARD, H1S0IGENLEEE RN
AT,
In [5]: net = nn.Sequential()

net.add(nn.Dense(256, 1in_units=20, activation='relu'))

net.add(nn.Dense (10, in_units=256))

net.initialize(init=MyInit())

Init dense2_weight (256, 20)
Init dense3_weight (10, 256)

4.3.3 /N4
« AR dnitialize RN, RSO EIEMNYIALIEEE]ETHE, Flanaim &R, 3k
AT, XA E I EERLE ] DU & 2.,
4.3.4 %43

« AIRAE R —IR net(x) AT x IR, QHSHERDIRHERD, REERA?
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4.3.5 HIBEIAITIEX

4.4 BEXE

RS — D) ZJEAE TR ML S NS HETR, IR R Z G 7 R A4
EHE, MEESHEAR. B Gluon 24 T REFEHIE, EAMNRENKRATEBE R,
R BT NDArray >k HE X —1 Gluon HE, M PAG AT DIE S A .

4.4.1 FERBESHHBEXE

BV EINTE X — DRSS EN B E R, FE L, XM FAIE — AR
H Block FiE AL SEAEL,
B, ARG A e,

In [1]: from mxnet import nd, gluon
from mxnet.gluon dimport nn

R AR Block HE ST — MM ABISERZ: CenteredLayer 2K, HIZEHITHEKAE
forward HE(H, XMEEASEUSEL,

In [2]: class CenteredLayer(nn.Block):
def __init__(self, xxkwargs):
super (CenteredLayer, self).__init__(xxkwargs)

def forward(self, x):
return x - x.mean()

FATAT DAL A R AR

In [3]: layer = CenteredLayer()
layer(nd.array([1, 2, 3, 4, 5]))
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Out[3]:
[-2. -1. 0. 1. 2.]
<NDArray 5 @cpu(0)>

BT AT DA e kA 16 8 B Ak AR

In [4]: net = nn.Sequential()
net.add(nn.Dense(128))
net.add(nn.Dense(10))
net.add(CenteredLayer())

FTENEE SRR AT E, BT ERTERE, ERERMREL 0 B9,

In [5]: net.initialize()
y = net(nd.random.uniform(shape=(4, 8)))
y.mean()

Out[5]:
[ -6.63567312e-10]
<NDArray 1 @cpu(0)>

4.4.2 SEHSBNEEXE

FATER] AE & EBRSERHE X B, X, HIE X EBIERZHu AT DOEE 2R ok
To BAME “BAIZET —TENA T Parameter 35, H, £ HIE X EMINRBATIERT PAFE
Block H#7 ) ParameterDict KR AL | params, W E Y, X2—THFEFRIANS
4T W F| Parameter 2SRRI S EAT L, FTRATTATLAIEIE get BRI¥AM ParameterDict
@l Parameter,

In [6]: params = gluon.ParameterDict()

params.get("param2", shape=(2, 3))

params

out[e]: (
Parameter param2 (shape=(2, 3), dtype=<class 'numpy.float32'>)
)

IERKNTE TSl — N SNESERREZ SN 2ERE R, CFEH ReLU fENIIGREL, H
Hodn_units M units A2 A SR T NG H BT NG

In [7]: class MyDense(nn.Block):
def __init__(self, units, in_units, **kwargs):
super (MyDense, self).__init__(*xxkwargs)
self.weight = self.params.get('weight', shape=(in_units, units))
self.bias = self.params.get('bias', shape=(units,))
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def forward(self, x):
linear = nd.dot(x, self.weight.data()) + self.bias.data()
return nd.relu(linear)

N, FRATEHME MyDense KK E T ERIREISEL,

In [8]: dense = MyDense(5, in_units=10)

dense.params

Out[8]: mydense@_ (
Parameter mydenseO@_weight (shape=(10, 5), dtype=<class 'numpy.float32'>)
Parameter mydense@_bias (shape=(5,), dtype=<class 'numpy.float32'>)
)

AT AE R A B & EMITE,
In [9]: dense.initialize()
dense(nd.random.uniform(shape=(2, 10)))

Out[9]:
[[ o. 0.09092736 0. 0.17156085 0. ]
[ 0. 0.06395531 0. 0.09730551 0. 1]
<NDArray 2x5 @cpu(0)>

PATHL AT DARE A B OB, e SRR Gluon HYHABEIREL,

In [10]: net = nn.Sequential()
net.add(MyDense (32, in_units=64))
net.add (MyDense(2, in_units=32))
net.initialize()
net(nd.random.uniform(shape=(2, 64)))

Out[10]:
[[ 0. 0.]

[ 0. 0.]1]
<NDArray 2x2 @cpu(0)>

4.4.3 /g

« M Block, FfITRI ATkl B2 LR

4.4.4 %43

- anfarfE B e R BARIS R BOARI 4G (L R £ ?

~

2!

*
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4.4.5 FHIBEIAITIEX

4.5 REXHTFE

FIHATN L, BTG T I BE R DA, IGRRIINATR 2 ST, SRMESEPR,
11 N 7R ZHE I 2R FORBR R B BIR AR R IR 5 XAMEOLT, FRATTA] HEPRAE FR I ZREF A
RIS RAAEAERE AL BB S SRt I A

4.5.1 355 NDArrays

BATE LB WMMEESE NDArray, BATRILAEREMEM save Ml load BT AL NDAT-
ray, PNHEGERIFEMONE x, HREFEXFAFEN x BSUFE,

In [1]: from mxnet dimport nd
from mxnet.gluon import nn

x = nd.ones(3)
nd.save('x', x)

RGBT R WS RN

In [2]: x2 = nd.load('x")
X2

out[2]: [
[ 1. 1. 1.]
<NDArray 3 @cpu(0)>]

[FIREEATTAT DAfE i —%1] NArray F 2RI 17,

In [3]: y = nd.zeros(4)
nd.save('xy', [x, y])
x2, y2 = nd.load('xy"')
(x2, y2)
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out[3]: (
[1. 1. 1.]
<NDArray 3 @cpu(0)>,
[ 0. 0. 0. 0.]
<NDArray 4 @cpu(0)>)

HE B — N FAFEEE| NDArray HY 781,

In [4]: mydict = {'x": x, 'y': y}
nd.save('mydict', mydict)
mydict2 = nd.load('mydict")
mydict2

Out[4]: {'x':
[ 1. 1. 1.]
<NDArray 3 @cpu(0)>, 'y':
[ 6. 0. 0. 0.]
<NDArray 4 @cpu(0)>}

4.5.2 35 Gluon EEIHY S #

Block 424t T save_params 1 load_params HRECKIZE A S, B SLhrEER 2
WA SR — N FRE] NDArray 7B, S IHE AR IR S EAR AR R 1
NDArray HMR{E, TG FBATE SEOlE— N2 2REWL, PG LER RIS BURE RIS B,

N, BATeNE -2 R

In [5]: class MLP(nn.Block):
def __dinit__(self, x*xkwargs):
super (MLP, self).__init__(**kwargs)
self.hidden = nn.Dense(256, activation='relu')
self.output = nn.Dense(10)
def forward(self, x):
return self.output(self.hidden(x))

net = MLP()
net.initialize()

# BATERMBL, BINFELSTREIATES LRI RA SR,
x = nd.random.uniform(shape=(2, 20))
y = net(x)

net.save_params('mlp.params')

~

2!

*

156 4. REFIIHE



TNHBAHDZER S ALK,

In [6]: filename = "../data/mlp.params"
net.save_params (filename)

RIG, BATHERBIE— RN TE X2 BRI EERATH A 2R a s 2
B, W AR RS

In [7]: net2 = MLP()
net2.load_params('mlp.params')

RN D SLBIEA R SR, B2 F—1 x IFRERESZ —H,

In [8]: y2 = net2(x)
y2 ==y

Oout[8]:
(. 1. 1. 1. 1. 1. 1. 1. 1. 1.]
[1. 1. 1. 1. 1. 1. 1. 1. 1. 1.]]
<NDArray 2x10 @cpu(0)>

4.5.3 N4

« J@id save #1 load A] MR IS NDArray,

« @i load_params fll save_params A] AR5 #I2S Gluon MRS EL,

4.5.4 %3]

o AMEICFRACIISRar IR AR B 2R RIS, AR S IAE SRR I a4 Ak ?

4.5.5 ABEIAITIEX
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4.6 GPUitE

H Ay BT — B CPU MR, B, RERITHRIRSAE CPU, AT CPU KYIXIHH
AR B TR, N T 2R M HIUB R EEE R, fH CPU R ATREA S &
o

AT, AR AN F SR Nvidia GPU RIHRL, %6, FEMMRZEDH I Nvidia £
CaLHU 7, A5, FECUDAFZIRILRIZ BN AIERTS, XM TIRERES, Nl
FRATLUE nvidia-smi REBR FEET,

In [1]: !nvidia-smi

Wed May 16 23:41:29 2018

o +
| NVIDIA-SMI 375.26 Driver Version: 375.26

|-=== Fo o +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M.
|:::::::::::::::::::::::::::::::+::::::::::::::::::::::+::::::::::::::::::::::|
| © Tesla M60 On | 0000:00:1D.0 off | o |
| N/JA  48C PO 38W / 150W |  1479MiB / 7612MiB | 0% Default |
e oo o +
| 1 Tesla M60 On | 0000:00:1E.0 Off | 0 |
| N/A 49C PO 38W / 150W | 289MiB / 7612MiB | 0% Default |
o o o +
o +
| Processes: GPU Memory |
|  GPU PID Type Process name Usage
|==mmmmmmmmmmssmmssmsmmsssmsssssmssmomssssesssssssssssssossosssooooooooooc
| 0 101705 C /home /ubuntu/miniconda3/bin/python 1180MiB |
o +

] DAE B FATIE HRIH 8% LA L Tesla M60, &H+H 7.6GB N1F,

BRR, BATFREFMIANLLE T MXNet Y GPU hRA, 1R EE T MXNet [ CPU AR, A T7RZ5CE
HE, BINBATATPAEA pip uninstall mxnet, ZAJ5HRHE CUDA HIRRAS Z24E XS W 1 MXNet
FRAS, RIZIRZEET CUDA 9.1, HRAFATATLUEIE pip install --pre mxnet-cu9l K%
$E37FF CUDA 9.1 1Y MXNet A,
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https://developer.nvidia.com/cuda-downloads

4.6.1 ITHIEH

MXNet £ context & RIFEMHEMIT RIS, HIANAT LU CPU 8(3# GPU, BHIANIEILT,
MXNet ¥ BHBE QI FNTE, REFIH CPU KRITH, £ MXNet H, CPU 1 GPU AJ 435I
cpu() I gpu() KFR, BFEEEMEZE, mx.cpu() XRATENY CPU MINTE, XEKE
HHE FSREMHAEN CPU . H mx.gpu() RIUKR—HERAMENNE NG, WRESZ
PrGPU, FATH mx.gpu(i) KRFRE i L GPU (i M 0 FFEH),

In [2]: dimport mxnet as mx
from mxnet import nd
from mxnet.gluon import nn

[mx.cpu(), mx.gpu(), mx.gpu(1)]

Out[2]: [cpu(@), gpu(0), gpu(l)]

4.6.2 NDArray B9 GPU itH

ERINIE LT, NDArray f£1E CPU b, [Flitt, Z BiFRAT XA TED NDArray RURHMEET 2B E] @cpu(0)
XARI,

In [3]: x = nd.array([1,2,3])
X

Out[3]:
[ 1. 2. 3.]
<NDArray 3 @cpu(0)>

FAIRTPAEIS NDArray Y context M RERHERIRE.
In [4]: x.context

Out[4]: cpu(0)

GPU ERITEfE

AT ZF07772% NDArray IRETE GPU L, HIIANFATTAT PATE AN NDArray FURHEEIE ctx 45
EFER S, NEIEMNTE a QIETE GPUO b, EEFEFTEN a b, WEFEELRT egpu(0).
Alli#1E GPU EINFATTE R A GPU N1Z, IRATBAEE nvidia-smi && GPU WA EHE N, 8@
HARTEERAELEEIT GPU N7 _LIRIEHE,
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In [5]: = nd.array([1, 2, 3], ctx=mx.gpu())

a
a
Out[5]:

[ 1. 2. 3.]
<NDArray 3 @gpu(0)>

BRIRE D EMER GPU, FHEARIHZAE GPU 1 _LAIERENIEEH

In [6]: b = nd.random.uniform(shape=(2, 3), ctx=mx.gpu(l))
b

Out[e6]:
[[ ©.59118998 0.313164 0.76352036]
[ ©.97317863 0.35454726 0.11677533]]
<NDArray 2x3 @gpu(l)>

bR T IEQIEERfEE, BAIWA]DUE copyto Ml as_in_context FREEIL % 2 AL HEHE,
THBA 1 CPU LR x EH#lF GPU O L,

In [7]: y = x.copyto(mx.gpu())
y

Out[7]:
[ 1. 2. 3.]
<NDArray 3 @gpu(0)>

In [8]: z = x.as_in_context(mx.gpu())
z

Out[8]:
[ 1. 2. 3.]
<NDArray 3 @gpu(0)>

FEXIHE, WRFEZEMERZERER context —#, as_in_context fif HRZE EMJFLE
R & NAF

In [9]: y.as_in_context(mx.gpu()) is y
Out[9]: True
ﬁ!ﬁ Copyto IL\IEjJ E* E%ﬁ”@wro

In [10]: y.copyto(mx.gpu()) is y

Out[10]: False
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GPU FHIiItH

MXNet FHHESTERIENR context LT, N T GPU HHE, BAIRFEFIHEIRBAE
GPU L, mitE&EESHREAEMRRN GPU L,

In [11]: (z + 2).exp() * y

Out[11]:
[ 20.08553696 109.19629669 445.23950195]
<NDArray 3 @gpu(0)>

7, MXNet ZR R AIFTA i ABURARTER— 1 CPU/GPU _L XM H YR A/Z AR CPU/GPU

Z R BAE RS BiE s FLRERT, R, MXNet 752 P #a Y TSI H B A A EHRERTE R — 1
CPU/GPU L, filan, @S cPU LAY x Al GPU B vy #UZ5E, SHIENIREE,

LIRATTED NDArray 806 NDArray #4058 NumPy #3U, WREEAEFEAFE, MXNet &
B HE G HIR =N, MR RIE T,

4.6.3 Gluon HY GPU it &

[F] NDArray 258, Gluon HIRERYA] DATERIUGILINIEIT ctx FEE XA, NEHAIEEBISHIG
fLAE GPU L,
In [12]: net = nn.Sequential()

net.add(nn.Dense(1))
net.initialize(ctx=mx.gpu())

L \J2 GPU _Ef NDArray i, Gluon 1EMAN GPU EitHLEH,
In [13]: net(y)

Out[13]:
[[ ©.0068339 ]
[ ©.01366779]
[ 0.02050169]]
<NDArray 3x1 @gpu(0)>

WIA— TERISHAFEEAEFIRY GPU L,
In [14]: net[0].weight.data()

Out[14]:
[[ ©.0068339]]
<NDArray 1x1 @gpu(0)>
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4.6.4 \&5

« BI¥ context, FATAICATEARIER) CPU/GPU T EEHEMITE,

4.6.5 %43

< AR — R RAAESS, BIAIRIERERISREE, FF CPU M GPU HUBE XA, WSR2 RE
R/NHIESSIE?

* GPU LA 325 iA 2852

4.6.6 FABEIAITIEX
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B IHLE LR

AREBANRRE S BRI A& 20— R WA ML BIRHEMZ (Convolutional neural
network) . ‘BEIREY SN HTEHEH I AR, IEAEs g B R ES A, HER
SAES AN R BATIEEITCEN, ZERNM AR UFER NN EZNERES
R R 2%,

5.1 ERE
EHHZE (Convolutional layer) ZEIMEAEM L HIE A, AR N BERA RIE R 4456

HERBELTIEN, BARAEREZRMEHER (Convolution) I2&EFF, (HH AR SCELE
R 2 EMEN A (Correlation) 1BEHFF,

5.1.1 “#HBEXEER

— D HEERIB R R D 4R (kernel) fEAE— " 4ER AEHE LR H—D4EE
Bk
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TEBITEENEE T (3, 3) BIRREA XA (2, 2) ARAE KRIFERH Yo

R 2 ol 1 19 | 25
3|14 ]|5]|=* =

213 37 | 43
61718

5.1: “HEHRBREAT,

AIDVER] Yy NEIRE (2, 2), MAE—-IMTERZH XA LW (2, 2) FEMESZEET
EFBRIEHIER, Bl Y[, 0] = (X[0:2, 0:2] * K).sum(), IXEFAMERELEDE
KRR NDArray, REFEANE X EFEREMAES— N E2RiE Yy NE—TE MR, D
R NI 4R

BEIESALR R s,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import matplotlib as mpl
import matplotlib.pyplot as plt
from mxnet {import autograd, nd

from mxnet.gluon import nn

A _EHHRRX — I AELHAE corr2d RREE,

In [2]: def corr2d(X, K):
n, m = K.shape
Y = nd.zeros((X.shape[0]-n+1, X.shape[l]-m+1))
for i in range(Y.shape[0]):
for j in range(Y.shape[1l]):
Y[i, j1 = (X[i:i+n, j:j+m]I*K).sum()
return Y

X = nd.array([[0,1,2], [3,4,5], [6,7,81])
K = nd.array([[0,1], [2,31])
corr2d(X, K)
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out[2]:
[[ 19. 25.]
[ 37. 43.1]
<NDArray 2x2 @cpu(0)>

5.1.2 B RYMEDASE

FEIX EIETATE — DNMAHIE — MR T A BRI GAa I, BRINFERATE X —1 6 x 8 1
B, eiE 45088, HRohH,

In [3]: X = nd.ones((6, 8))
X[:, 2:6] =0
gb.set_fig_size(mpl)
plt.imshow(X.asnumpy(), cmap='gray')
plt.show()

0 2 4 6

RGEAME—DEIRN (1, 2) B, SRR EREMER G ENEEY 0, AEitE(t
NN 1. BFOX BB R B2, AR TR — TR N 1, EANITEN-L
In [4]: K = nd.array([[1, -1]11)

K

Out[4]:
[[ 1. -1.1]
<NDArray 1x2 @cpu(0)>

X AB R EABRANET PG R AR B, MEZIRAOGRAMENRL T 1, MNBFENE-1, H
REZ 0,
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In [5]: Y = corr2d(X, K)

Y
Out[5]:

[[fo. 1. 0. 0. 0. -1. 0.]
[6. 1. 0. 0. 0. -1. 0.]
[6. 1. 0. 0. 0. -1. 0.]
[6. 1. 0. 0. 0. -1. 0.]
[6. 1. 0. 0. 0. -1. 0.]
[6. 1. 0. 0. 0. -1. 0.]]

<NDArray 6x7 @cpu(0)>

5.1.3 —EEFRE

“HEE BRI NP, SMn— M rEmZE, ERTriH R, R tyUEm NSRRI
“HEARSIB RN B R, (EVIZRRIN B, FRAE ISR AR EEATREN LG, RIS AWNE
AR 22 KA S 2R

THEFENET corrad MBCRLH—1 B E XN 48 ER R, 1LV R BRI B
weight 1 bias X MRS, HimHHREEENZEREEA corr2d BN EwZE,
In [6]: class Conv2D(nn.Block):
def __init__(self, kernel_size, **kwargs):
super (Conv2D, self).__init__(**kwargs)
self.weight = self.params.get('weight', shape=kernel_size)
self.bias = self.params.get('bias', shape=(1,))

def forward(self, x):
return corr2d(x, self.weight.data()) + self.bias.data()

RUFSGF N 2AAMER 4RI EMNE? L eMitET5 488280, HE—
FIXARBA G RIAYIA K, Bl Y[0, 0] = (X[0:2, 0:2] % K[::-1, ::-1]).sum()o
FNTEEEZBRMS@Ed B RS K, i AARERIEMIERRIAVIR, BTREHERINGR
R,

5.1.4 F3I1%EE

BRIGBNPRE D7, FNBEHE AN BE XA Y RFES K BABTZATE X
T Conv2D, HET corr2d M THEANTTRME ([1, j1=) FRIEXSBERATLIENHA
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FRF, FTPABAMER nn BELERY ConveD JZREHIX MBI T BRI EREATE XHIAEHR AR
{1788

F—MERE, BAOMERFTRERLR v ERERA, REHEBERERNE CyT
ﬁE‘ JLJJXE/LAH]%T{JH%%)O

In [7]: # WE— REEERE 1 NZHSEER, RiIIsEEER/NHERBRTARBE.
conv2d = nn.Conv2D(1l, kernel_size=(1, 2))
conv2d.initialize()

# “HEERGR 4 £RARLE, B0 WEX), BEHR, 5, &), XEfSMEEHA 1.
X = X.reshape((1, 1, 6, 8))
Y = Y.reshape((1, 1, 6, 7))

for i in range(10):
with autograd.record():
pY = conv2d(X)
loss = (pY - Y) *x 2

print('batch , loss "% (i, loss.sum().asscalar()))
loss.backward()
conv2d.weight.data()[:] -= 3e-2 * conv2d.weight.grad()
batch 0, loss 12.080
batch 1, loss 4.949
batch 2, loss 2.028
batch 3, loss 0.831
batch 4, loss 0.341
batch 5, loss 0.140
batch 6, loss 0.057
batch 7, loss 0.024
batch 8, loss 0.010
batch 9, loss 0.004

-

A AEE] 10 AN IREZCERER] 7 — PN HEUNIE, IERE — TSI BIRIRE,
In [8]: conv2d.weight.data()

out[8]:
[[[[ ©.98949999 -0.98737049]]11]
<NDArray 1x1x1x2 @cpu(0)>

IR RIS ROX EANE 2 — 4 480 (SAEZJa/NTERE) , BATEZIRIPE S BA 1 Z /e XK
K E&AFH L.
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5.1.5 /&
- CHEBREENZOHRE “HMEXIEE, ERERIET, e 4EAERE L
3PN
o BATAT PAB ISR PR ARAR TN Fr R 3 2%, (RNt AT DA IS B ok 2 ST MR

5.1.6 %43

< BE—A XERKPITRRES, WA K RARIE? IR M T HRIL % IE?

- IKENENMER Conv2D #ITHBIRS, REMTAHIEIREE?

« 1£ Conv2D i) forward E¥(H, ¥ corr2d B nd.Convolution 15 HA] IR S,
« WER convad WG (2, 2), RFHITAFIER?

- G AE I AFAZ AR R R SR AR B — MR R TA,

5.1.7 HIBEAITIEX

5.2 IHEMDIE

TEFFETZIR R ARIZSECT, FATA] DOs I8 T &2 R e P IR R S it RN, X —
BATRfEREIZ NS L

2 _E—FBAER BT, £/ (3, 3) BIREEAN (2, 2) BIREE AT LAGEE]
(2, 2) IRAHH, MHERMTE BN 1. — Bk, RIRRATEIRE niy x nyw, BP
W& kn % kw, BRLEHETAIREZRZ (nn — kn 4+ 1) X (nh — kw 4+ 1)s
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5.2.1 {E%

— MR TPARR R AR Rt R, BEEE R 0. N E AR AR /8
M EBEFE T 0 EFIRERL T (4, 4), NMSBHLEIREmME (3, 3).

rFessr=="Fr==r=="

10'010!0:

rolol1]2 o | 1 0| 8
— * —

: 013 [4]5 213 21 | 43
role|7]s

& 5.2: TERARIZEI0R_EIBEFE T 0 B9 —HERHSCTHRL,

—RBE, WMRBNHES LERT py, E%LERTT p,, BLEHBIRESE (0 — kn +pn +
1) X (N — kw + pw + 1).

FEBRMZMEEE, WATEH A TGRS A R E A — R &M 9, XFEAEHEN
Mgk, TCHRRZEMSE, SRR E R NTENE S, RN RNERE p, = kb — 1M
Pw = kw — Lo QR ky, BAE, BAWERAR_E T 2BBETE p /217, WRHZMEE, —FMAlaE2
RHEFE [py /2] 17, T NEETE [pr/2] 170

H RTHIA R BRI M2t (S Bm 3e i9%, Blan 1, 3, 5, #1 7, ATDAHFEEE ZXFREY,
i HABATHBER H Y3, 5] R EEALL X[, 5] AFOR X IRREREA TR ES K,

TEFEEMNQE—NEBIOY (3, 3) MR 4R, HAE S5 fm o5 E s
L REHE— (8, 8) WA, BiM=AMmtKEELE (8, 8).

In [1]: from mxnet dimport nd

from mxnet.gluon import nn

# EX—MEFRERITEERR. CYIRUESTRENE, FHXIENARE L AER B0 R4,
def comp_conv2d(conv2d, X):

conv2d.initialize()

X = X.reshape((1,1,)+X.shape)

Y = conv2d(X)

return Y.reshape(Y.shape[2:])
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X = nd.random.uniform(shape=(8,8))

# ARXERRMMAFIET 1, AL p_w = p_h = 2
conv2d = nn.Conv2D(1l, kernel_size=3, padding=1)
comp_conv2d(conv2d, X).shape

out[1]: (8, 8)

LRBATAT AR AR EZRERZR, (R SERE e A] DARAES 2 R A NV F .

In [2]: conv2d = nn.Conv2D(1l, kernel_size=(5,3), padding=(2,1))
comp_conv2d(conv2d, X).shape

out[2]: (8, 8)

5.2.2 $i&

£ E—TTHEANLBN corr2d MEE, BMME LEIFGEITERY, REFRELBE—5]
BEE N —1T. BTSN TERISIEFRR 2 8. RG] 7 B0 8 1E SR 5 R A
i ¥ 1,

HARTAMTAT A AR, FEER TR A SR 2 (&R, Bil@sm TitEE =
M ER TR TR, RE 5.2tk XEMFAMNEAXBRARE T, NS
BT 1775,

r==-r FrTTTrT° %,

0'0!0!0:

ke ol 3] 8
‘0'o0l1]2 011

b * = |9 |19]|25
03|45 2|3

5*5‘ 51718 21 | 37 | 43

& 5.3: [A][E 5.2, (B FAH0E 2,

— R, WERAE S _EERI0E s, TR L sy, ARAHIH AN [(n — kn+pr+sn) /sn] ¥
(1w = kw 4 Pw + Sw)/Sw]o RECERU, HHADE s, ABLEEIMREUD s . BAKFNIH
BRI/ HFERN, R AERERERRIE, RN, BATEFREMART 1 AP EkR
A ) O N B R R
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B BT IS — Mo R AR AN A BE AR RESRERAU IR Do

In [3]: conv2d = nn.Conv2D(1l, kernel_size=3, padding=1, strides=4)
comp_conv2d(conv2d, X).shape

out[3]: (2, 2)
X, —kn+pn+sn=8—3+2+4=11, #s, =4, FibmHA/NR 2, BAMEHOHA

TERWTEAUR, SEMEERIGE TP E, SABGETNARER (3, 3) FREHKMS,
XEBMNEZZFXMS, AN ENRIEREE R o,

5.4: EHE 4,

5.2.3 /\&
o JEIHETE AT DU hnE AT BE, R SR A S 4 S e ] =
o JE A5 0E AT DARCARS B Rk D A v

5.2.4 43

o SEFERIP IR CEASHET fa R/ NIRRT XE, 22U AN R B A B SR H R NI 2R A
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5.2.5 HIBEAITIEX

5.3 ZAMELEE

AT /N BT B AR AT 2 —4ERERE, (HSCRREE R PRI BRI 4 E 2 H e )
A RE AR AR AR, ERTREH RGB X =MEIE, BIZEREMEDHIZ bl w,
LWNFHRERRER PR 3 x h x w BIZ4EREAH, BATRAR/N N 3 HIIX—4ERR < iETE
(channel) o JX—T9FATRE /& A\ Fikin #1022 I8IE R —4EERUR,

5.3.1 ZHINBEE

L NIBIERUR ci, HEM iy x by, TR, BA 208D N JBIE 2B — DB Ky, X ke
RIS FTERBRIES BRI SR ¢ X kn X kwo NERR T HHEAEIER 2 1Y
AR, AT DAE 2B HE R BN 5 B B A E R MR SC T B, A5 AR e
Z SRS B B 45 R

11213
1]2
4156 | =*
q 3|4
ol1]|2 o1 1 71819 56 | 72
* - =
314]|5 - +
213 0ol1]2 104 | 120
6|78 0] 1
3|14]|5]|*
213
6|78

5.5: F NIEIE N 2 1) 4B TR
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PEHBENREI R, EeBOTRERTHNTELHE corr2d Rk,

In [1]: from mxnet {dimport nd, autograd
from mxnet.gluon import nn

def corr2d(X, K):
n, m = K.shape
Y = nd.zeros((X.shape[0]-n+1, X.shape[l]-m+1))
for i in range(Y.shape[0]):
for j in range(Y.shape[1]):
Y[i, j1 = (X[i:i+n, j:j+m]I*K).sum()
return Y

NTEMEZMANBERRA, BATAFREN G MBEESHECHRE, A nd.add_n Ki#T
2,
In [2]: def corr2d_multi_in(X, K):

# BITEHAE X Ml K NE o # (@EH) BH. AEEHR ~ BERIIR (list) TR

# add_n BIMIBESE (positional argument) FFHITHEN.
return nd.add_n(*[corr2d(x, k) for x, k in zip(X, K)])

TSRS R R AR, SRR USSR A ERR

In [3]: X = nd.array([[[0,1,2], [3,4,5], [6,7,8]],
(r1,2,31, [4,5,61, [7,8,9111)
K = nd.array([[[0,1], [2,3]], [[1,2], [3,4111)

corr2d_multi_in(X, K)

Out[3]:
[[ 56. 72.]
[ 104. 120.]]
<NDArray 2x2 @cpu(0)>

5.3.2 ZHiti@EE

H T 3RATDA g BB ROZE /A T 20, BRI A SR EE e NMNE 2D, wAEEREN
Lo GRBATERE] ¢, ERHITA, BATRTARIE ¢, 1 ¢; x ky X ky NRHIZBE, RGN
BSEEMA SRR R R A —NMEE, X6, BHBERBIBIRER ¢0 x ¢ x by X kuo
25 i HH @ T ) SR AL T ARG

In [4]: def corr2d_multi_in_out(X, K):

# X K N o HiBH, SXERAN X MEXITE. MEERER nd. stack B@HE—E,
return nd.stack(*[corr2d_multi_in(X, k) for k in K])
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BATH =T K, K+1 R K+2 PHE—ERAE — M HIEE D 3 S, e — M Uuges
#H,

In [5]: K = nd.stack(K, K+1, K+2)
K.shape

out[5]: (3, 2, 2, 2)

HREEREWUEFA M EHE =EE, Hps— N sEmR b o —8.
In [6]: corr2d_multi_in_out(X, K)

Out[6]:
[[[ 56. 72.]
[ 104. 120.]]

[[ 76. 100.]
[ 148. 172.]1]

[[ 96. 128.]
[ 192. 224.]1]]
<NDArray 3x2x2 @cpu(0)>

5.3.3 1 x 1 ERE

BIEBANNE—TEM 1 x 1B (k) = ko = 1) BIRRERR, ERE TEEZ T PIRAIHE
RBTTEM AR AITIRE (PN EZ 2 B A E AR IRAD, BREH M,
NERER TR AEIE D 3 ik HIEIE N 2 BRSO fr it AR TRk B A A BRI TTRTE
AFEDEIE 2 FEHZAE R, XMERT, EFMN T —MaAKNN 2 T H ANy 3 2R
E
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TNEARS A TE R AR ELIL 1 x 1 BRR, FTAES, X HEAEEX N 2R
fiE, T BEA = E A TT 2R R B i AR L

In [7]: def corr2d_multi_in_out_1x1(X, K):
c_i, h, w = X.shape
c_o = K.shape[0]
X = X.reshape((c_i, h*w))
K = K.reshape((c_o, c_1i))
Y = nd.dot(K, X)
return Y.reshape((c_o, h, w))

Az — R L BOR IR IEFRAT I A SEIR A TE R

In [8]: X nd.random.uniform(shape=(3,3,3))

nd.random.uniform(shape=(2,3,1,1))

Y1 = corr2d_multi_in_out_1x1(X, K)
Y2 = corr2d_multi_in_out(X, K)
(Y1-Y2).norm() .asscalar() < le-6

Out[8]: True

AIDVEE 1 x 1 BRERRKE TR REHIIIRE, (HERBIR S EENFBEZ HEEE,
Rl s (E IR VBRI 28 12 2 TR AJEE R, PSSR R 2k

5.3.4 /\&5

« (EH 2 03E A DR R R R SR
- 1 x 1VERZEH FRIETTEE

5.3.5 43
o BREHIAKINA ¢; x h x w, BAUEH co x ¢; x ki, x ky B, 1EEEH (o, po) HEFEH
(h, s0) &, ILRXNEHBRRIATHAETREZ DRI, Z2/00INE?
o BIfEE I o METHOETE o, WM/ DEHRE? B EEE?
o WRMEH k), = ky = 1, BEIMRZ/DEHHE?
< Y1HI Y2 SRR —EIE? RERZMA?
« MTFAEL x 1 BRZE, MR HBRRR—MERETEE,
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5.3.6 HIBEAITIEX

O340

5.4 ML=

£ ERET XN EBN A TRINE AR AL, B8 N FEEE TREER
ERNEHERENE R LRI E, BlananRatoy v B v[i, jl1=1, adg@dimA X 5
X[i, J1A X[, j+1] WEle EAEKENAF, ERPERITEEBIP AN S S IR
W E, MR RO AL E BURA R A REIR AT RO BX AR UL,

5.4.1 “#KK. IR

{tift/Z (pooling layer) AYFRHHFUREHATIXNAE, CRAERZIFERFRIER £ ALIEN—1
EE AR NIE H b AR TEREEEE R R, W RE BRI RS AT RRKR
{EEE FI(E,

TERR T4 2 x 2 BHRRARMLZR, HAEHEE —NTRERARE L 2 x 2 &HEE
PINTCRRIR KA R, RIEIERE —RRRIR A B A NS alE CR R AR R .

011 2
= 415
3|45 | 2X2%
KitibE 718
6178

& 5.6: 2 x 2 B RMLE

XM E RN TYIRL G ERERN L, BEEHRBERARE X, B REZWK
WgEE X[, J1M X[4, j+1], B2 X[i, j+11 8 X[, j+21, BAEEMLERH
Y[, jl=1, #HANER, A 2 x 2 RS, RERSGEBYIRRIA & iR ZEA B H NI,
FATTE AT DARGI R
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THEAET pool2d RECRILINXNMHE, TR “GHHE" B corr2d BMEINSLEIIEE KA,
ME—XBIEETE Yih, w] ko

In [1]: from mxnet +import nd
from mxnet.gluon dimport nn

def pool2d(X, pool_size, mode='max'):
p_h, p_w = pool_size
Y = nd.zeros((X.shape[0]-p_h+1, X.shape[1l]-p_w+1))
for i in range(Y.shape[0]):
for j in range(Y.shape[1l]):

if mode == 'max':
Y[i, j]1 = X[i:i+p_h, j:j+p_w].max()
elif mode == 'avg':

Y[i, j1 = X[i:i+p_h, j:j+p_w]l.mean()
return Y
38 = P H R R B Lk S B TE A
In [2]: X = nd.array([[0,1,2], [3,4,5], [6,7,8]])
pool2d (X, (2,2))

Out[2]:

[[ 4. 5.]

[ 7. 8.1]

<NDArray 2x2 @cpu(0)>
AN A T — TR,
In [3]: pool2d(X, (2,2), 'avg')
Out[3]:

[[ 2. 3.]

[ 5. 6.]1]
<NDArray 2x2 @cpu(0)>

5.4.2 IEFMP IR

[FIERZE—HF, At A] DS A PO A R o L IR s iR i AR e AR
I nn AR E P 4R Kt E R S MaxPool2D R BEIH T I TAENHI, BAISEME—
(1, 1, 4, 4) ARREALLE, AT D4ER A2 RIS,

In [4]: X = nd.arange(16).reshape((1, 1, 4, 4))
X
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Out[4]:
(e e 1. 2. 3.1
[ 4. 5. 6. 7.]
[ 8. 9. 10. 11.]
[ 12. 13. 14. 15.]]111]
<NDArray 1x1x4x4 @cpu(0)>

MaxPool2D 2 B ERIA D 8 I B AR & K/ h—HE, FHEfEA (3,
3) P,
In [5]: pool2d = nn.MaxPool2D(3)
# R ESEIRESH, PRUREERRSEIBLERE,
pool2d(X)
Out[5]:

[[[[ 10.]111
<NDArray 1x1x1x1l @cpu(0)>

BATRT AFBhHE & P IR FIE T,
In [6]: pool2d = nn.MaxPool2D(3, padding=1, strides=2)

pool2d(X)

Out[6]:
(eee 5. 7.1
[ 13. 15.]]11]
<NDArray 1x1x2x2 @cpu(0)>

SR, BATHATDURAES TERIE L, M2 D75 A _ERBEFERI iR,

3) @H, BIAMKSE (3,

In [7]: pool2d = nn.MaxPool2D((2,3), padding=(1,2), strides=(2,3))

pool2d(X)
Out([7]:
[[LL o. 3.1
[ 8. 11.]
[ 12. 15.1]11]

<NDArray 1x1x3x2 @cpu(0)>

5.4.3 Zi@iE

FEACER 2@ TE R AN BRI, LR B D A EIE At e, TIARBRERBEIR A4 SR AIE

o IR TREPRIRALZ A% I ER e A BB EAH AL
TR XA X+1 FEIEIEAEE b5 HRAEBIELRCN 2 B
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In [8]: X = nd.concat(X, X+1, dim=1)

X
Out[8]:
[[[[ o. 1. 3.]
[ 4. 5. .7
[ 8. 9. 10. 11.]
[ 12. 13. 14. 15.]1]

[C 1. 2. 3. 4.]
[ 5. 6. 7. 8.]
[ 9. 10. 11. 12.]
[ 13. 14. 15. 16.]1]1]1]
<NDArray 1x2x4x4 @cpu(0Q)>

T A fa FRAT 1A e HE @B TR 2, T ELIsIE 0 RUSS SRR Z Al —2L

In [9]: pool2d = nn.MaxPool2D(3, padding=1, strides=2)

pool2d(X)
Out[9]:
[ 5. 7.1
[ 13. 15.7]
[[ 6. 8.]

[ 14. 16.]]11]
<NDArray 1x2x2x2 @cpu(Q)>

5.4.4 I\&5

- LR — 2R E TR B BRI,

- LRV REFRIERZ R PO Fah i D ELR, HE ORI EmfE R, @5 BRI
BAE O NTTRI B ESE P I(E,

5.4.5 %3]

« DHTCZERTHRE T, BRIZBARNN ¢ x h x w, BAEH py x p,, FHLE, HE
S (ph, pw) BIEH (sn, s0) FE, IBLXDMLERIRTA T RFEE 2 DR, 20000
%2

« RS R/ N EX MEEE A FE?
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5.4.6 HIBEIAITIEX

5.5 SIS

£ “ZRREAWI—MMEIHE” X EENE T — W ERIH UK FashionMNIST iX
PNERBEIRREHEIT K, X NEBIRERE RTINS 28 x 28, AR —4EE AR — KN 784
AT R AR B, IXPERI IR AR R, (AN D EZEARIRE,

1. FETTAHRERBREX DA RIE R R E Al REHERIE, MR RIZE,

2. MNFKE AR A RESE K, HIEAFH A2 1000 x 1000 x 3 B EHR, RI#HERR 5
Bl 256, X— BRI 3,000,000 x 256, H 5 F¥IE 3GB INTE, XK
T8 2R & 7 G T8,

EREZ RGN A ERERATER, (AR KR B 75 R EESC
B, HadEashEa RS BESEMAERA L, MEHEZKENSERR, ERWEMLHZ
FEBEHBEHRAIMNGE, X/ NN E— D ELR ARG T 5 85 B R B
W45 LeNet [1], T RIFETIEX—1F Yann LeCun, ‘EIERH T BE R R EEI SRR peZz p 45
A PUREIF 5 R BRI BR ST R XD BT TAF S — IR M2k i ESR S, N
[ENZ/FSI

5.5.1 TEXI&EH

LeNet 70 NEERMEIERZHRM N7, ERUZIEREAM A R EHBEERERIMLE:
SRR ARIRAE A BRI AR, BN, 2R E N R IRERE A A E A8
&M, BRZB N IZAERERB A R, B REREREAMEM 5 x5 @H, Hieft B0F
H sigmoid BTE PR f(2) = 1ri= HAFHAARLMEZHLE] (0,1) X, ARRETH - MERR
FtEE>y 5, B NBEINE] 16, WA ECRHLERRTE DARNT N 2 x 2, HAP WM 2, XEIR
HREMME DR AESN, BRBBOS S MEA R TR B AR SRR, 2
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EERE RPN N AN 120 #1184 RYIERER, AR5 Bt/ 10, XFRL 10 8807,

A R

FHEFMAL Sequential 25K SLF] LeNet,

In [1]: Hdmport sys

sys.path.append('..")

import gluonbook as gb

import mxnet as mx

from mxnet import nd, gluon, init

from mxnet.gluon import nn

net = nn.Sequential()

net.add(

nn.Conv2D(channels=6, kernel_size=5, activation='sigmoid'),

nn.MaxPool2D(pool_size=2, strides=2),

nn.Conv2D(channels=16, kernel_size=5, activation='sigmoid'),

nn.MaxPool2D(pool_size=2, strides=2),

# Dense REIANE HEX/), BE, 5, &) FRIOBNEIER
# (EKXD, Bl x & x &) RN,

nn.Dense (120, activation='sigmoid'),

nn.Dense (84, activation='sigmoid'),

nn.Dense(10)

)

BTRBAMIE DR BEEN 28 FRIEIERIE S, FHZERBRITHIA I RREE SRR

/e

In [2]: X = nd.random.uniform(shape=(1,1,28,28))

net.initialize()

for layer 1in net:
X = layer(X)

print(layer.name, 'output shape:\t', X.shape)

conv@ output shape:
pool@® output shape:
convl output shape:
pooll output shape:

dense® output shape:
densel output shape:
dense2 output shape:

(1, 6, 24, 24)
(1, 6, 12, 12)
(1, 16, 8, 8)
(1, 16, 4, 4)

(1, 120)
(1, 84)
(1, 10)

A DEFIEE R P E A & EERRBD, EREB TR EAETEMR S5 4, il

5.5. HTHEMILE
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RN, EEEEOUM 1 8INE] 16, %R R NH—H B N R/ NEEZE K 10,

5.5.2 FRENEUEFIIZR

BAUBIAMEH FashionMNIST 1E R I ZREE,

In [3]: train_data, test_data = gb.load_data_fashion_mnist(batch_size=256)

KoY EE M T A 2 ERRAINLE A 7%, R A GPU RINETTH, A2 IA7E GPU
0 6l NDArray, @ISRAINNIERH GPU o, HMINEEH CPU, (FRATTR FHEIXEBAILRZTE
GluonBook H try_gpu FREE T NREEMHEH),
In [4]: try:
ctx = mx.gpu()
_ = nd.zeros((1,), ctx=ctx)
except:
ctx = mx.cpu()
ctx

Out[4]: gpu(0)
BANEF BB EWIENE] ctx, B Xavier [2] KA TRENIFIGAL, Xavier RIEE DN ER

i N EHOR/ N AR REALEUX R, MITE 5 A\ i HH O 77 ZZARBUR S I 4 UL SE NS E s #2%
BRSO I ZR SRR U5 P BR < T — AR ) 5 SO R S R SR ML B BB AT LB 2 R R

In [5]: loss = gluon.loss.SoftmaxCrossEntropyLoss()

net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())

trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 1})

gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=5)

training on gpu(0)

epoch 1, loss 2.3206, train acc 0.099, test acc 0.102, time 1.8 sec
epoch 2, loss 2.1758, train acc 0.160, test acc 0.390, time 1.6 sec
epoch 3, loss 1.0520, train acc 0.581, test acc 0.655, time 1.6 sec
epoch 4, loss 0.7794, train acc 0.699, test acc 0.714, time 1.6 sec
epoch 5, loss 0.6677, train acc 0.736, test acc 0.744, time 1.6 sec

5.5.3 /\TI

LeNet i FIZ& fHERBEMBRAIMLEZ, JFRESERZEARETE 7K,

182 5. HNHEMLE



5.5.4 #43]

LeNet 24 MNIST $2H, {HEEFAIX HEAY) FashionMNIST _EURAZREANGF, — DNREIKATRE
& FashionMNIST #EEE MG 4%, AIREFTFEEE MM, ZIXBRCKEAEE, TAFE
JEAREE DR/, BHBERDN, BUGKRE, SERERE KN, MARTEN T, 7] LAZZIfE
ARSI, WA T IR0 2 A8 F — SR AR

5.5.5 ABEBAITIEX

5.5.6 &E 3k

[1] LeCun, Y., Bottou, L., Bengio, Y., & Haffner, P. (1998). Gradient-based learning applied to
document recognition. Proceedings of the IEEE, 86(11), 2278-2324.

[2] Glorot, X., & Bengio, Y. (2010, March). Understanding the difficulty of training deep feedfor-
ward neural networks. In Proceedings of the thirteenth international conference on artificial

intelligence and statistics (pp. 249-256).

5.6 REGTRHZFMLE . AlexNet

LeNet $2HH/GHVRNE —HFH, MLEMLE 8 — BRI H AL RE, R LeNet A DAfE MNIST
EREIFIRRSE, EERWESLIANBIEE b, MR AE, —TTEMEM TR,
BIR 90 FEA AT —EE XML LR RTILRIEE, (EFHA G EAT GPU RS Mo RILIZE—
NEE, ZBEMRBESHIVESFEIRMESI, 5—J7H, SN RITREICRAE RBIRAIIFAN
BRI TRF TG, FEEE AR R L IRMEN L,

BRI 28 MR AR R R B B AR, B IEH BN ElN (end-to-end), A, RE—B
IS IR AT RN R S E A D oy, & SRR A A T R 2 T LRHE. @R A2
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1. BEIESE;
2. F—HEE A MR R B R B0 R A
3. XL R IR PO — NME AR SRR CYIHA IR ST ER A URIX —2) .

IXFERY R T — E4ERFE] 2012 £F, AERARIN B RIRERYL AR A I W& 122K, Ml 1= Les
FMEEXLE, UHERTEHIER 7R 0 2R aemME BT, Hlas 2> oA lgizh, ™ig, ma
WA, SRMARIRER— M EHA TR E K, WD IERR. ZAXIERIREBIR
AE” AREN IS, RIS EAIPLESE S A o IR E A R BRI, T
R REUES, SEE ISR LR T RIER SRR R ARG R A, o) FEas Bkt &
BRI AFEMAR, HEE, ERHETEZERIA, SaRmEl, s A rds, RIS
=

5.6.1 FIIFHIERT

fa SR YL, 2808 — MRS, LN TE ERE RN D, HFHED 2012 4, FHERR
XGE AT P R E MU T T R, FS2 b, i —ARE, SOHesR,
JTEE BT RS SC R — D EERIR,

57— MR 7 TV RHEAR S BRZ A S5k, MTDEMME, N T RER R 7%
HURIN, FHIEA S BOZR R SR, FiX —ARIRRIWI & TR EE I v 2 M 4t 24
ARCRINLR, MATATRERT PALE M 28215 Fr X A BiE 2R ik

FlanfEE F, SEEBHRRHEZE R RN, RSB — R EE A RE, FRRIEME
JER]RER] DAL T IXEERORORRAE B RRUSEAY, WARIE, &= S RIHAARAE, B85k A
LRRRER] AR IR, WAL ’AL MR RE. w28, ENXRESEATR SR RESRIE
ZICERNE, HAARFERZEAR SRR 01, RMTFL4K, 5B h TR EH
ARESKIX — 57

RREZR—: BUE

RUEEXBEHNE RIWF 5B ARG, KB SR AL B RAE, IR KA— B[R] B L2 O
RAESKH, RHEPHEZRR, B, BEFSRIENRERTERRIERENEIE RE
DSt E AR TR AT, BARIXLE L IIEA AR, FRT I T RALE IRA AN B &
R 90 FARWIATR, KEBwiFd /N AITTEERS, i, KEn iHERI eSO &+
UCI 2 {103 T8RS, Hhir2 AL R/ LTKE R,
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IX—IRIALE 2009 FF2= K KFIBATIMR T ImageNet £ A 515 DURAR—#T, BHE T 1000 2,
KA 1000 FKAFRIMIE F, X — BSR4 N HAD AT SR A TR IR R, X DR RN HE
2 7RISR SO AR BL, B 2 AR R E T AN A I,

RARERZ: B

RSP RS IRE SRR &, X MR 4 B A 90 ARG FET R Y ST BE 4 75 R
JRA, HER L7 IR AR RIS,  FFn] DAEREI 2R i IMERT = BT,

GPU HIZIRILZE TH% )Rl TRAALAK, GPU#EN T EHGACERITHRALIFRMAER), STHEN TR
IR 4x4 FEFEMFRTRTR, ATEANER LR, ESRAERE, XHAEEESREMSS
HEEREAER 200, @A AR GPU (GPGPU) IX/MIETE 2001 FEIT4AI4EE, TMELIEIN OpenCL
1 CUDA HIZmFEHEZE, 11 H GPU 1E 2010 £F A S HHIABILER 7 STHE X 4R A

5.6.2 AlexNet

2012 4F: AlexNet [1], T RIFETIEX—ERF Alex Krizhevsky, H=titt, T{HH 8 Z&EH M
M2 AR KL BAS T ImageNet 2012 EBRIRAIBEK. ©5 LeNet Y HUEIEFEHEML, H
AR EERHIE,

H—, SHENB/N LeNet HLL, AlexNet i 8 EAHt, HiE LRGN EREZE SR,
ke — Mt R.

FRPREREOR 11 x 11, HES_BEPHR5 x5, ZJEHUE 3 x 3, I, BH—, HM
BANMEHBEZGEIR TAESNE N 3 x 3, HIEN 2 x 2 FERKLE,

ZEFEENE, AlexNet HEER/NN 4096 DR EEZZEN, XN DNE R EIEREET R
R 1GB WA/, TR GPU RAFAVIRMI, £RF AT AlexNet £ 7 AEUERAVILTE, DA
LEMZE R —2ERITT R REFE A — D GPU, XM MR, WALZHM D GPU HE—E o B Tl
{5, XFEIREIRE] GPU R N RIEINTHIRER, 002, GPUE R UERE T KENA
Jee, BRT —LRPRAVEEHTSL, BATHREA B R ZIXARR R B T

B, 4 sigmoid UG REER AL T NN EARY relu PREK f(2) = max(z,0), EiHHE _LHEER, [FH
INTEA R S EA IR 77 75 N SR IS E.

F=, BEEFE S "EFET X)) KRR E R RN E R,

B, FINTREREFET, GINEEE, BETMmBegil, kit—S 9 REdRERB NI A,
BATKAESSER “E 37 BN OREAIT IS,
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chapter_computer-vision/image-augmentation.md

PEBEANEI WM FELIER) Alexnet:

In [1]: -dmport sys
sys.path.append('..")
import gluonbook as gb
from mxnet import nd, init, gluon
from mxnet.gluon import nn

net = nn.Sequential()

net.add(
# ARBANERRY (224 x 224) tb LeNet (28 x 28) KiR%,
# ELLERRANSIRE RBERYE. FNERALE 4 RRAONELE S,
# XBEFEANBNBERL LeNet BEKREZ,
nn.Conv2D(96, kernel_size=11, strides=4, activation='relu'),
nn.MaxPool2D (pool_size=3, strides=2),
# RNERREO, FRETA 2 REFBABEEE . BEARHBEER.
nn.Conv2D (256, kernel_size=5, padding=2, activation='relu'),
nn.MaxPool2D(pool_size=3, strides=2),
# EE=ANERE, BEFAENNERED. RTRENERES,
# H—PRATREBER. FIRNERBRENMERAMERB NN
nn.Conv2D (384, kernel_size=3, padding=1, activation='relu'),
nn.Conv2D (384, kernel_size=3, padding=1, activation='relu'),
nn.Conv2D(256, kernel_size=3, padding=1, activation='relu'),
nn.MaxPool2D (pool_size=3, strides=2),
# fERALL LeNet MMAEET 2EER. HEAEFEFRITHERE.
nn.Dense (4096, activation="relu"),
nn.Dropout(.5),
nn.Dense (4096, activation="relu"),
nn.Dropout(.5),
# BHR. BATXEMER FashionMNIST, FALAA 10, MARIEXHH 1000,
nn.Dense(10)

)
PATIE— =BT 224 B SOETERUIE ROR S B — BRI RN,

In [2]: X = nd.random.uniform(shape=(1,1,224,224))
net.initialize()

for layer 1in net:
X = layer(X)
print(layer.name, 'output shape:\t', X.shape)

conv@ output shape: (1, 96, 54, 54)
pool® output shape: (1, 96, 26, 26)
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convl output shape: (1, 256, 26, 26)

pooll output shape: (1, 256, 12, 12)
conv2 output shape: (1, 384, 12, 12)
conv3 output shape: (1, 384, 12, 12)
conv4 output shape: (1, 256, 12, 12)
pool2 output shape: (1, 256, 5, 5)
dense® output shape: (1, 4096)
dropout® output shape: (1, 4096)

densel output shape: (1, 4096)
dropoutl output shape: (1, 4096)

dense2 output shape: (1, 10)

5.6.3 EENERIE

BIREH Alexnet i Imagenet 48, T [A Imagenet HHEIIZRN K, A AL
FashionMNIST K R, IEECEHRFIRHEBRATEIMI T —2 BB &%y K2R Rk Alexnet {#
1 224,

In [3]: train_data, test_data = gb.load_data_fashion_mnist(batch_size=128, resize=224)

5.6.4 i)ll%

I BRRATTAT DTG IS, MR T 1519 LeNet, IX AT SN T H/ING2 S %,

In [4]: ctx = gbh.try_gpu()
net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())

trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': .01})

loss = gluon.loss.SoftmaxCrossEntropyLoss()
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=3)

training on gpu(0)

epoch 1, loss 1.3105, train acc 0.510, test acc 0.743, time 99.5 sec
epoch 2, loss 0.6480, train acc 0.759, test acc 0.811, time 97.3 sec
epoch 3, loss 0.5313, train acc 0.803, test acc 0.837, time 97.3 sec

5.6.5 /\&5

AlexNet iR LeNet 258 (B T 3 2 HEFUZEF BRI SE0S BER LS KIS EHESE ImageNet,
ERIREHEMERIR EHEMLE R 77 Rk, BARE LXK AlexNet HJSLILLL LeNet st 2 7)1
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fImc. HRX MW BRI EIERE G SRas R, EARFEEREILT 20 4,

5.6.6 4>

- ZIERJLHLEE? Il LeNet LA AKHI? Rft4?

+ AlexNet X T FashionMNIST i FE 2%, & RMEESRESIIZRE P, RIS EAHET
T

- BRI/, WIEMERERT GPU NA7RYZE(K,

5.6.7 ABEBRAITIEX

5.6.8 &E Xk

[1] Krizhevsky, A., Sutskever, 1., & Hinton, G. E. (2012). Imagenet classification with deep con-
volutional neural networks. In Advances in neural information processing systems (pp. 1097-
1105).

5.7 FRESTENNSE . VGG

AlexNet 7£ LeNet YA BRI T = DMEEE, (EMMIEENE N B, J@ES ST R
A X, FRAE EARZI LS, TATFHZ I R AIEIN, VGG [1], A7 RIETIE
XAEEFTESLER % Visual Geometry Group, 2t A] DA B 42 5 FH &) B A SRR AR TR R S

m,
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5.7.1 VGG %

VGG A I B BN RS MBI 1 EF7EH 3 < 3 BEEG#E E— M AREEN 2 x 2 &
RHMALR, BT CREHm i = BE, 58 W HIRE . BATTE SOX XA AR vgg_block,
‘B AT DA SRR 5 B N 2k R A HOE TE 2

In [1]: Hdmport sys
sys.path.append('..")
import gluonbook as gb
from mxnet import nd, init, gluon
from mxnet.gluon import nn

def vgg_block(num_convs, num_channels):
blk = nn.Sequential()
for _ 1in range(num_convs):
blk.add(nn.Conv2D(
num_channels, kernel_size=3, padding=1, activation='relu'))
blk.add(nn.MaxPool2D(pool_size=2, strides=2))
return blk

VGG M FRT—HE BN SRR R RN EERZ K, SRR BB, HAKR
M conv_arch, RMENREGERZMEREHIEE, &, 2IERENER AlexNet —F£H
H 3 P EEER,

In [2]: def vgg(conv_arch, num_outputs):

net = nn.Sequential()

# BRZES

for (num_convs, num_channels) 1in conv_arch:
net.add(vgg_block(num_convs, num_channels))

# DERERHD

net.add(
nn.Dense (4096, activation="relu"),
nn.Dropout(.5),
nn.Dense (4096, activation="relu"),
nn.Dropout(.5),
nn.Dense (num_outputs))

return net

BUEBAT IS —1 VGG M4k, BA 5 MERER, AI=SUEMEERR, miaMRERIEER.
F—BHH HIEE R 64, ZREIONHIEEREIE. ROV DMEEER T 8 MEEEM 3 M2
EREER, FrUAEEEIRZ N VGG 11, ARIGTAHTENME M SRR fr 221

In [3]: conv_arch = ((1,64), (1,128), (2,256), (2,512), (2,512))
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net = vgg(conv_arch, 1000)
net.initialize()

X = nd.random.uniform(shape=(1,1,224,224))
for blk in net:
X = blk(X)
print(blk.name, 'output shape:\t', X.shape)

sequentiall output shape: (1, 64, 112, 112)
sequential2 output shape: (1, 128, 56, 56)
sequential3 output shape: (1, 256, 28, 28)
sequential4 output shape: (1, 512, 14, 14)
sequential5 output shape: (1, 512, 7, 7)
dense® output shape: (1, 4096)

dropout@ output shape: (1, 4096)

densel output shape: (1, 4096)

dropoutl output shape: (1, 4096)

dense2 output shape: (1, 1000)

A DAE S RBA TSR, BEER 7 x 7 EARER R, X MERTEZ GRS E WE,
(7] iR i HE B TE SRR . ROV B D EEBRRE DR/N—#, BT AR SHOV NI R
EIREIRE x B8 x A EIEEL x H @ ERRIE ., VGG XA 8 J -1 A JE B A% 10 B 15
FNMEEEEAMREESEOVNMITHRE R,

5.7.2 1&EEY)II%k

KI5 VGG 11 115 _EEE AlexNet EAIE 7%, FAIMIE— MEELCE/D, BCEREAR, Bk
|2k FashionMNIST,

In [4]: ratio = 4
small_conv_arch = [(pair[0], int(pair[l]/ratio)) for pair in conv_arch]
net = vgg(small_conv_arch, 10)

RERIIZRER | —T9H) AlexNet 8MBL, FRTEEAIEE TRIRLERIFSIZR,

In [5]: ctx = gh.try_gpu()
net.initialize(ctx=ctx, init=init.Xavier())
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': .05})

train_data, test_data = gb.load_data_fashion_mnist(batch_size=128, resize=224)
loss = gluon.loss.SoftmaxCrossEntropyLoss()
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=3)
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training on gpu(0)

epoch 1, loss 1.1499, train acc 0.580, test acc 0.826, time 156.0 sec
epoch 2, loss 0.4245, train acc 0.843, test acc 0.878, time 153.5 sec
epoch 3, loss 0.3389, train acc 0.877, test acc 0.896, time 153.5 sec

5.7.3 /\&5

VGG J&jd 5 Nr] DA & 8 AR ST R A 1SN LS, RIS E S ELE M B iEE AR AT
PATE X HREIRY VGG AR,

5.7.4 4.3

« VGG it E L AlexNet 181R%2, HWFHER LM GPU NTE, 4 FIREA,
« 22805 FashionMNIST Y %% FH 224 2%, 96, S5 HA KA,

- 2% (1] BER 1 kMiE VGG HAthd AR, #0 VGG16 F1 VGG19,

5.7.5 HIBEAITIEX

5.7.6 SE @k

[1] Simonyan, K., & Zisserman, A. (2014). Very deep convolutional networks for large-scale
image recognition. arXiv preprint arXiv:1409.1556.
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5.8 MEHBEIMLE: NiN

[FZERATT/ T 4HH) LeNet, AlexNet Fl VGG #FH P MERIHAL, HIAK A E AR ERZI AL
IR 7 8 o IS RIRFAE,  SRJE FRIE A B i EA BT o Rt B 28 70 2R 45 R . AlexNet #ll
VGG Xt LeNet HJHCHE 3= ZAE T AN AN SEIX P ER 73

XM EME PRI (NIN) [1]. BERH T B DR, eBRkZMHEREN “2
R JRM RN 28 R — MR Z M 45

5.8.1 PISEHRIMLE

FAVHIEBEHZ0 AR AR U4, maERENE 45, mREELEREREH
7 LR, NSRS HR MM U4, BIiZE “ShmARmTEE" X—/NNiE, BINHE
T 1x 1EH, CrlERERGE (S5 LN TEYMEEAR, HIERERESE L%
BB, NINfEA 1 x 1 BHERERSEZE#SZRERREELEIEHNEE, NENIT
NiN [f] AlexNet fl VGG 25 M4 E X 1,

LIERE 1x 1 7%
A A
LIERE BRE
A A
BHE 1x 1 #7E
A A
BHE BIE

B 5.7: MEENIN () FiHEAMh (7)

NiN ) — MR —NERZIMI DB EEE R 1 x 1 EHERR. 85— PMEHER
AT AR B ERESE, M M =GR NIBR T IRE e HEE 5 2 i—800, AR08
SEREIEIER T EE(E, aREH]

In [1]: import sys
sys.path.insert(0, '..")
import gluonbook as gb
from mxnet import nd, gluon, 1init

from mxnet.gluon import nn
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def nin_block(num_channels, kernel_size, strides, padding):
blk = nn.Sequential()
blk.add(nn.Conv2D(num_channels, kernel_size,
strides, padding, activation='relu'),
nn.Conv2D(num_channels, kernel_size=1, activation='relu'),
nn.Conv2D (num_channels, kernel_size=1, activation='relu'))
return blk

NiN R ZESEIR Alexnet XL, FEHE 25009 11 x 11, 5 x 5 1 3 x 3 HEIHE, &
BIEIREITH 3 x 3 FESNHEAME, HEERT A NIN J9b, 0F — R EZAER AlexNet Y
ARTETERT BREN =12 R, BUmAZ B2 6 i L EE S TR el g, A
JEAE B —NMEIE  F — it BRI A iE B BUE I — MR R R e XM
TERBUIMERIS IR, IWSTE R TG, (Ht R RESE s 2RI I 8218,

In [2]: net = nn.Sequential()
net.add(

nin_block(96, kernel_size=11, strides=4, padding=0),
nn.MaxPool2D (pool_size=3, strides=2),
nin_block (256, kernel_size=5, strides=1, padding=2),
nn.MaxPool2D(pool_size=3, strides=2),
nin_block(384, kernel_size=3, strides=1, padding=1),
nn.MaxPool2D (pool_size=3, strides=2),
nn.Dropout(.5),
# IRELEHE 100
nin_block(10, kernel_size=3, strides=1, padding=1),
# 2RFMUBEREOMRB NS E LS.
nn.GlobalAvgPool2D(),
# ROEMRmERER _4nEmE, ER2KA EX/N, 10),.
nn.Flatten()

BAT RN EREE T — R H R,

In [3]: X = nd.random.uniform(shape=(1,1,224,224))
net.initialize()

for layer 1in net:
X = layer(X)
print(layer.name, 'output shape:\t', X.shape)

sequentiall output shape: (1, 96, 54, 54)
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pool® output shape: (1, 96, 26, 26)

sequential2 output shape: (1, 256, 26, 26)
pooll output shape: (1, 256, 12, 12)
sequential3 output shape: (1, 384, 12, 12)
pool2 output shape: (1, 384, 5, 5)

dropout@ output shape: (1, 384, 5, 5)
sequential4 output shape: (1, 10, 5, 5)
pool3 output shape: (1, 10, 1, 1)

flatten® output shape: (1, 10)

5.8.2 FRENEUEFI)ILK

IR Alexnet 1 VGG 8L, BfEH T KIS 2,

In [4]: ctx = gb.try_gpu()
net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': .1})

loss = gluon.loss.SoftmaxCrossEntropyLoss()
train_data, test_data = gb.load_data_fashion_mnist(batch_size=128, resize=224)
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=3)

training on gpu(0)

epoch 1, loss 2.2008, train acc 0.180, test acc 0.311, time 131.4 sec
epoch 2, loss 1.4991, train acc 0.441, test acc 0.575, time 129.8 sec
epoch 3, loss 0.9996, train acc 0.650, test acc 0.705, time 129.8 sec

5.8.3 /\&5

NiN $244 7P E =AY HE
- BEHHHEHBEMRE2EREEDN 1 < 1 BB EREPORATETR B M4 ;
« R TR SEREUEEERR, R R EE LR G E M2 R
EETAL R R
AR R AR FE R SEOR S A8 NIN 15 AT R AR HAB M LAR 280 72 ], {5 NiN
AT RARSE NN 1 e T Y — ARSI L 3% 1T
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5.8.4 #43]

« ZHJUMIEUE RIS 28 W S5O
« 2 NIN SREZEEHAD 1 < 1 BHE, KBR—1MEE?

5.8.5 HIZEAITIEX

5.8.6 &E Xk

[1] Lin, M., Chen, Q., & Yan, S. (2013). Network in network. arXiv preprint arXiv:1312.4400.

5.9 EHITIELIIME . GoogleNet

£ 2014 £Ef¥) Imagenet 3e 25, — 4N GoogLeNet [1] IMLELERI KR, ERAESLFE
s2l] LeNet Ui}, EAEMLLEH FEARHEEF| LeNet HI5 . GoogLeNet IRIK T NiN HIM %
HREMLEHAEE, fEHER BT IRRRISOH, ERE SR LA B R N BRSO B TH08, 12
H T E T IR, AN X MR RS —MRA

5.9.1 Inception iR

GoogLeNet HHI BT Inception, 154 T[R4 (Inception), HEZHREL, [t
B =T NIN, XD ERRTESS R R NE 2%,
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BEAIFE

AN

3 x 3 BHE 5 x 5 &2

1x 1 88E

1x1

BRE

A A

A

1x1BRE 1x1BRHE

3 x 3 mKtLE

N 7

A

5.8: Inception Ht,

H LR AE H, Inception A PYMNFATHILM, /T =MEEEEHNE AN 1< 1, 3x3
15 x 5 BIERERMBORFE SRR FRER. HrhE DL SR AEEM 1 x 1 &

HAF RN AEIE LY, DU S 2, 56

U2 3 x 3 IAMMLE, J5Hi1 x 1

GRPERAHGEE, PUFRLRSAER 7 EEEFORES M AR S — 2, BRI ERL
BRI IR L AIFE R, WMAZHE TORIEH X,

Inception HEFF AT DL E & XHTESER BN R E HIEEL, DULIRMREHRIE 2,

In [1]: import sys

sys.path.insert(0, '..

import gluonbook as gb

D)

from mxnet import nd, init, gluon

from mxnet.gluon import nn

class Inception(nn.Block):
# cl - c4 NEFEZERENENRLEER.

def

__init__(self,

cl, c2, c3, c4, **kwargs):

super (Inception, self).__init__(**kwargs)
#OEEE 1, B 1 x 1 BRE.

Conv2D(cl, kernel_size=1, activation='relu')

self.pl_1 = nn.

# &R 2,1 x 1

self.p2_1 = nn.
self.p2_2 = nn.

#ORES 3, 1 x 1

self.p3_1 = nn.
self.p3_2 = nn.

# LRER 4, 3 x 3

HREGEE 3 x 3 BHE.
Conv2D(c2[0], kernel_size=1,
Conv2D(c2[1], kernel_size=3,
activation='relu')
EREGERE 5 x 5 R,
Conv2D(c3[0], kernel_size=1,
Conv2D(c3[1], kernel_size=5,
activation='relu')

EAMEEEE 1 x 1 HRE.

activation='relu'")

padding=1,

activation='relu'")

padding=2,
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self.p4_1 = nn.MaxPool2D(pool_size=3, strides=1, padding=1)
self.p4_2 = nn.Conv2D(c4, kernel_size=1, activation='relu')

def forward(self, x):
pl = self.pl_1(x)
p2 = self.p2_2(self.p2_1(x))
p3 = self.p3_2(self.p3_1(x))
p4 = self.p4_2(self.p4_1(x))
# TDmEg FEH AT
return nd.concat(pl, p2, p3, p4, dim=1)

5.9.2 GooglLeNet {EE!

GoogLeNet I} VGG —#¥, TEFREGIIER 3 H i F 7 MEER, B MEPLZ [RE AR 2 89 3 x 3
AR N =5, 58— B — > 64 JBIER 7 x 7 BHEE,
In [2]: bl = nn.Sequential()
b1l.add(
nn.Conv2D (64, kernel_size=7, strides=2, padding=3, activation='relu'),

nn.MaxPool2D(pool_size=3, strides=2)

)

FORERMNEEZR, HAOE 64 HIEMN 1 x 1 BRE, RAEBHIEIEN A 3 513 x 3 HxE
Bo BEX M Inception HHHIEE — 2k,

In [3]: b2 = nn.Sequential()
b2 .add(
nn.Conv2D(64, kernel_size=1),
nn.Conv2D (192, kernel_size=3, padding=1),
nn.MaxPool2D(pool_size=3, strides=2)

)

5B N 52 R Inception B, 25— Inception LAY HIEIEECH 256, HHPY MR
AmILIETE LGy 20 40 10 1, HEE . =Z4&Joornlim A J@iE i 2 50 12 55 EiE A
ZEEEE, £ Inception JUI HIBIEHCY = 480, FMEREELLEIN 4: 6: 3: 2, HEZ, =
LRSS HIIRD 2 f5F0 8 5 ImIE S,
In [4]: b3 = nn.Sequential()
b3.add(
Inception(64, (96, 128), (16, 32), 32),

Inception(128, (128, 192), (32, 96), 64),
nn.MaxPool2D (pool_size=3, strides=2)
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SEVURRE NS 2%, B HET A Inception H, HAHI@EE 7 Al/2 512, 512, 512, 528 #1832,
HEBEHEIE IR, 3 x 3 BHEAMMNRZIEE, HZE 1 x 1 BELELK, ZE2
5 x 5 BEEM 3 x 3 A ZELEE, HPSW MNEEA S etz tLigy VsE R, XL BIES D
Inception HEHERIE A AL,
In [5]: b4 = nn.Sequential()
b4 . add (

Inception(192, (96, 208), (16, 48), 64),

Inception(160, (112, 224), (24, 64), 64),

Inception(128, (128, 256), (24, 64), 64),

Inception(112, (144, 288), (32, 64), 64),

Inception(256, (160, 320), (32, 128), 128),

nn.MaxPool2D (pool_size=3, strides=2)

)

B ABEUE B IEECH 832 fil 1024 BIPA™ Inception B, /N6 Y38 1 43 Bic 65 A [0 s 9 i
i, AHBARET XOR A, FOIX MRS T R IR R, FrLAER NIN — R 2R F itk
BRIGT N EIE S TR 1o o BT 2R pl 4B a0 b — M O NIRRT 4
EZ B R,
In [6]: b5 = nn.Sequential()
b5.add (
Inception(256, (160, 320), (32, 128), 128),

Inception(384, (192, 384), (48, 128), 128),
nn.GlobalAvgPool2D()

net = nn.Sequential()
net.add(bl, b2, b3, b4, b5, nn.Flatten(), nn.Dense(10))

ROMIX MBI R E 2%, M B IBSCEEECN VGG ARFERI B, AT IR TR A = 58 M 224
R2 96 RAME T, NETERE ML R #%R TR,
In [7]: X = nd.random.uniform(shape=(1,1,96,96))

net.initialize()

for layer 1in net:

X = layer(X)
print(layer.name, 'output shape:\t', X.shape)

sequential® output shape: (1, 64, 23, 23)
sequentiall output shape: (1, 192, 11, 11)
sequential2 output shape: (1, 480, 5, 5)
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sequential3 output shape: (1, 832, 2, 2)

sequential4 output shape: (1, 1024, 1, 1)
flatten® output shape: (1, 1024)
dense® output shape: (1, 10)

5.9.3 FRENFUEFHIIL

FAMEAH =% 96 RIEHERIIZR,

In [8]: ctx = gb.try_gpu()
net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())

trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': .

train_data, test_data = gb.load_data_fashion_mnist(batch_size=128, resize=96)

loss = gluon.loss.SoftmaxCrossEntropyLoss()

gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=3)

training on gpu(0)

epoch 1, loss 1.7184, train acc 0.381, test acc 0.673, time 75.9 sec
epoch 2, loss 0.6003, train acc 0.776, test acc 0.830, time 74.2 sec
epoch 3, loss 0.4404, train acc 0.837, test acc 0.858, time 74.2 sec

5.9.4 /\&5

Inception & X T —MEVUSLEE T M4, BIEE ARG 0K/ NYEE B R KM ER T
MEUS R, (A 1 x 1 BEBRIGEEECR R/ D EAE 7%, GoogLeNet NS R 2 1 Inception
PR A 2 Rk, HOmEIE 9 EC L2 1E ImageNet % HIE KEMSLERIER, XAM#EE
GoogLeNet FI'ER/G48# — & /2 ImageNet AR > —  RITEZA & ARG & Rt

REZREEL,

5.9.5 %4>

1. GoogLeNet HEINELLRA, HALIMIIFBITERER T LA M. ANTNHERZR
JEHIAR (1] 21 IMABIT—LE U5—/NTN40), [3] X Inception BRI T IHEE, [4]

NIIMA T 3REERE Jam/NTR4).

2. XfLk AlexNet, VGG Fll NiN, GoogLeNet FIRRISEUR/IN, 73T R4 G NI 0T DL,

FH I IMERLIR N

5.9. EHITIELRIMLSE: GoogleNet
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5.9.6 HIZEIAITIEX

5.9.7 SE @k

[1] Szegedy, Christian, et al. “Going deeper with convolutions.” CVPR, 2015.

[2] Ioffe, Sergey, and Christian Szegedy. “Batch normalization: Accelerating deep network
training by reducing internal covariate shift.” arXiv:1502.03167 (2015).

[3] Szegedy, Christian, etal. “Rethinking the inception architecture for computer vision.” CVPR.
2016.

[4] Szegedy, Christian, et al. “Inception-v4, inception-resnet and the impact of residual con-

nections on learning.” AAAL 2017.

5.10 #tEF—K—MZFHA

R=TENNH—MERBEHMEINEEMEZNE: #it&)9—1 (batch normalization) [1],
[FZAE < “S2fk Kaggle EE2E: TIPS M1 K #7228 X UE” <../chapter_supervised-learning/kaggle-
gluon-kfold.md>__ X—7 5 FRATHABIEM T I3 — LA, SRS NMFIEERTAFEA b
B HLRRISME N 0 7T 2200 1o XM EEUEANRFE RS b, MIAESIZRAII R EE TR E,

XA —(EFAC BN TR AR GOE R 208 7, FOvE  LEMESHIER )G, Mt e
ASHIURIZNAE L, (X TIREFEMEERG, HIOATRER IERE 2%, BRI —RE AR
WEGFEHL, HIRZ BRI RN, &N AT REARREE ), T EAEE
AR AT REH R R B, N TIRIZREESE, 1R BT ERR R RE BEE MR/ N2E, B
ARSI, M S B g,

RN RTR R ME e — MR B AL TIH R E R, ARk
ITRHRIA— R E ML SN R Z ], AR2mER] ORI A a i TR, T ORIE
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BN P2 B B A RS

5.10.1 t2F—KE

PATE LB R BT EREERERZ R NIE L, RIZXEEEEN — M EEdER
n NEABRBIER X = {z1,...,z.}, HA 2 € RP, FATAT DA LR SR MR H A ER
JiZg, HEJREN p M

1 n
HUx Ez;xlv
i—

1 n
0% - Z(xl —pnp)*
i=1

XNTEIEA 2, AT PO BRI — MHELE T — 1k

Ti — UX

X e B— MR EBRIEABREA 0o 7E_EHIH—LAYEAS B, #tRIF—ES AT MR
FIWERIZEL, NSy TR SE 8, el ¥h p Kiag, FHERTE 4 b

fi<—

Yi ’}/fi + ﬁ = BN%ﬁ(xi).

XEY ={y,...,yn} BHEHLERIHH,

R BN CERREEEREEE, W2BNEEgE S MR, SR (G B
RITRN S BRAEASKI R (3% "2 ARG HIEE" BRI 1 x 1 EHERR),

T UIZRAI I BRATE PR B B A N RARBUE AT O THRERE, IXIHIL R AEA BT 2/
HHEABONER, EEMINAIRE, FAOTATREERRNIERD, EEFRBAIDT— DA
figFml, XN BAITCEG BB MR ER T 22, Xt #tEIA—CENBRTTIER AT —
MBI I REARIIER 75 22 RAE TN R

FE AT NDArray RSEIX MHHE,

In [1]: -Hdmport sys
sys.path.insert(0, '..")
import gluonbook as gb
from mxnet import nd, gluon, 1init, autograd
from mxnet.gluon import nn
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def batch_norm(X, gamma, beta, moving_mean, moving_var,
eps, momentum):
# BT autograd RIREVEFREINLIFIE T,
if not autograd.is_training():
# MRBEFUUEINT, BEREFERENNGEHEEHENSZE.
X_hat = (X - moving_mean) / nd.sqrt(moving_var + eps)
else:
assert len(X.shape) in (2, 4)
# BE2EERRER, TTHRIFEE LAYENE E,
if len(X.shape) == 2:
mean = X.mean(axis=0)
var = ((X - mean)x*x2).mean(axis=0)
# BEZHSEERENER, HEEEL L (axis=1) BBYEMAE. XERMNEBEREF X
# BRIRLMEEE R LUE BN B E,
else:
mean = X.mean(axis=(0,2,3), keepdims=True)
var = ((X - mean)*x2).mean(axis=(0,2,3), keepdims=True)
# NZRIEN T A MR8 EMHF E YT —1k.
X_hat = (X - mean) / nd.sqrt(var + eps)
# B ETEEEN S E,
moving_mean = momentum * moving_mean + (1.0 - momentum) * mean
moving_var = momentum * moving_var + (1.0 - momentum) * var
# RIFFIRE
Y = gamma * X_hat + beta
return (Y, moving_mean, moving_var)

B TRBANEE L — BatchNorm &, ERIFS 5K FMEHAESE betafl gamma, [F]
IN 2P R B P A E AN 77 22 CEASAE TN =] AGE AT

In [2]: class BatchNorm(nn.Block):
def __init__(self, num_features, num_dims, *xkwargs):
super (BatchNorm, self).__init__(**kwargs)
shape = (1,num_features) 1if num_dims == 2 else (1,num_features,1,1)
# BERSMERNRESE, D306 KE o M 1.
self.beta = self.params.get('beta', shape=shape, init=init.Zero())
self.gamma = self.params.get('gamma', shape=shape, init=init.One())
# FEE5RSNRESHY, &7 CPU L¥BHA 0.
self.moving_mean = nd.zeros(shape)
self.moving_variance = nd.zeros(shape)
def forward(self, X):
# MR X A CPU Lk, ¥ moving_mean F moving_varience EFIEINIFIEE L.
if self.moving_mean.context != X.context:
self.moving_mean = self.moving_mean.copyto(X.context)
self.moving_variance = self.moving_variance.copyto(X.context)
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# RIFEIYH moving_mean F moving_vare

Y, self.moving_mean, self.moving_variance = batch_norm(
X, self.gamma.data(), self.beta.data(), self.moving_mean,
self.moving_variance, eps=le-5, momentum=0.9)

return Y

5.10.2 fEA#t=E)T—ILERY LeNet

THEHENMER G X—T M40 LeNet RKEHMBIT—LZ, BIHEMEEREZ
MEERRESHMIER R BT R, RESEEN AR E— 1k,

In [3]: net = nn.Sequential()
net.add(

nn.Conv2D(6, kernel_size=5),
BatchNorm(6, num_dims=4),
nn.Activation('sigmoid'),
nn.MaxPool2D (pool_size=2, strides=2),
nn.Conv2D(16, kernel_size=5),
BatchNorm(16, num_dims=4),
nn.Activation('sigmoid'),
nn.MaxPool2D (pool_size=2, strides=2),
nn.Dense(120),
BatchNorm(120, num_dims=2),
nn.Activation('sigmoid'),
nn.Dense(84),
BatchNorm(84, num_dims=2),
nn.Activation('sigmoid'),
nn.Dense(10)

)
(A ERTFEEATES R, n] DU BRI Z0NIE AR R WesSoR B o,

In [4]: ctx = gb.try_gpu()
net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 1})
loss = gluon.loss.SoftmaxCrossEntropyLoss()
train_data, test_data = gb.load_data_fashion_mnist(batch_size=256)
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=5)

training on gpu(0)

epoch 1, loss 0.6516, train acc 0.769, test acc 0.754, time 3.4 sec
epoch 2, loss 0.3942, train acc 0.858, test acc 0.772, time 3.3 sec
epoch 3, loss 0.3478, train acc 0.875, test acc 0.810, time 3.3 sec
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epoch 4, loss 0.3193, train acc 0.884, test acc 0.799, time 3.8 sec
epoch 5, loss 0.3016, train acc 0.890, test acc 0.880, time 3.8 sec

REEMNEE ME—MBHLEFE]T beta®l gamma,

In [5]: (net[l].beta.data().reshape((-1,)),
net[1].gamma.data() .reshape((-1,)))

Out[5]: (
[ 1.40176749 0.00727557 -0.00675547 0.56281644 -0.41581157 -1.52440953]
<NDArray 6 @gpu(0)>,
[ 2.27523398 1.41030586 1.9413203 1.5304116 1.04069507 1.62909055]
<NDArray 6 @gpu(0)>)

5.10.3 /\&%

LRI —(LEX LS PR R ST — 1L, SRESIRE IS S B EIIRRE

5.10.4 %43

- ZIRERFESIR, BEIRATHN LeNet kb, EAZ AT DA ERHIF SR,
o« ZUCRHE I —LEH A2 LeNet UMY, BHERCRWM, B—ENH 24,

« ZIAARHS) betafl gamma (FIERIEIIAIXNSEL grad_req="null' Ki#fRit
B, BEIRZELE,

5.10.5 HBBEIAITIEX

5.10.6 &k

[1] Ioffe, Sergey, and Christian Szegedy. “Batch normalization: Accelerating deep network
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training by reducing internal covariate shift.” arXiv:1502.03167 (2015).

5.11 #tE)3——1FH Gluon

M EEF TN E X BatchNorm 28, nn #HUE Y BatchNorm {#FHE M H, EAFERETE
AR P 4E EERVRHE4ER R/, IXLEER R I I J5 ¥ 4Rt R IRER . BRATTSCBR A A /N T —FER 4T
&= I4—1tH LeNet,

In [1]: import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import nd, gluon, init
from mxnet.gluon import nn

net = nn.Sequential()

net.add(
nn.Conv2D(6, kernel_size=5),
nn.BatchNorm(),
nn.Activation('sigmoid'),
nn.MaxPool2D(pool_size=2, strides=2),
nn.Conv2D(16, kernel_size=5),
nn.BatchNorm(),
nn.Activation('sigmoid'),
nn.MaxPool2D(pool_size=2, strides=2),
nn.Dense(120),
nn.BatchNorm(),
nn.Activation('sigmoid'),
nn.Dense(84),
nn.BatchNorm(),
nn.Activation('sigmoid'),
nn.Dense(10)

)
F{E F R R S BOHA TR,

In [2]: ctx = gb.try_gpu()
net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 1})
loss = gluon.loss.SoftmaxCrossEntropyLoss()
train_data, test_data = gb.load_data_fashion_mnist(batch_size=256)
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=5)
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training on gpu(0)

epoch 1, loss 0.6672, train acc 0.762, test acc 0.823, time 2.2 sec
epoch 2, loss 0.3994, train acc 0.856, test acc 0.805, time 1.9 sec
epoch 3, loss 0.3487, train acc 0.875, test acc 0.851, time 1.9 sec
epoch 4, loss 0.3256, train acc 0.882, test acc 0.853, time 1.9 sec
epoch 5, loss 0.3035, train acc 0.889, test acc 0.854, time 1.9 sec

5.11.1 /\&

Gluon 2 BatchNorm {8 - 58 hnfé B,

5.11.2 43

« &% BatchNorm XXASK TR 2[RI, BIananfaieIgRm i H 2 R R ERTTT
#o

5.11.3 ABERAITIEX

5.12 REM4:. ResNet

NI R RAER A E R P4 R RR AR O 1, ES I ZR £ E S AR e R 5
B HNTRZEMEG KL, EH—DNEBELIZR, EETHERETTRERN, JITMIRZEREL
(TiHR) e, FIEmARIE M (RE) BRUEME, SROGZHBAE AR, RYEhE
RPNV BRI R 2, XARLH SEREAR/MEEEER, WIfESRL R E S
FR/ANRIBEE, BE AR B, (ES IR R g,

ResNet [1] i Z 884 N5 2 AR St R fe Vi i) DABIERI ZIAJRER R, KA R0k X — 1% 0o
XA PRS2 ResNet Y TAEFEHE,
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5.12.1 ZER

ResNet [UFERERAY %2, G TEFR, ERE A B e AL ZE B FENEET B, HH B
AU AR IR N R HEZRVEI A &R AR SO N MIZAI, —PHERAR A, —MIEZ A
1B, IXHZ AEMDMMEZRFESE ERBERNRE, KEZ B _LENERA LUEY R
B WAl DAERZERE A, MR A AT DAE A 2 ARIBUR I RHIRE R TR R BT

B /E[\
T

K 5.9: 5kZEMR () MERSHR (R)

ResNet {iTf] T VGG 4 3 x 3 BRI, Fhz= P N\ B oo SL 0 M O R f A JEIERY 3 x 3
R, BPEHBRR MR LZ, 52 ReLU BUERE. ARHA TR ABITIXH ™
ERREERINERSGHI ReLU BUSJZAT IXAEBATESRIX NG RUZ A f R ORI ER M AT AR
—FERLRIE AT LA S5 5 H AR,

RBAVEBEE AN, BRE SRR AN —HEREERD, FRNEATEE N ER
EREADE 2 RIRER A RTE, N T RIERMNHREIERERAT, TAIFIA—DHIIMNG 1 x 1 EH
JEFRAF i N AL T ZE IR 5 B Ao

FRERRISIRU T, er] e mtiEEs, M2 a ek bR A —2.

In [1]: -Hdmport sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import nd, gluon, init

from mxnet.gluon import nn

class Residual(nn.Block):
def __init__(self, num_channels, same_shape=True, **kwargs):
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super (Residual, self).__init__(**kwargs)

if same_shape:
self.convl = nn.Conv2D(num_channels, kernel_size=3, padding=1)
self.conv2 = nn.Conv2D(num_channels, kernel_size=3, padding=1)
self.conv3 = None

else:
self.convl = nn.Conv2D(num_channels, kernel_size=3, padding=1,

strides=2)

self.conv2 = nn.Conv2D(num_channels, kernel_size=3, padding=1)
self.conv3 = nn.Conv2D(num_channels, kernel_size=1, strides=2)

self.bnl = nn.BatchNorm()
self.bn2 = nn.BatchNorm()

def forward(self, X):
Y = nd.relu(self.bnl(self.convl(X)))
Y = self.bn2(self.conv2(Y))
if self.conv3:
X = self.conv3(X)
return nd.relu(Y + X)

EE WAL TIR—BI 0

In [2]: blk = Residual(3)
blk.initialize()
x = nd.random.uniform(shape=(4, 3, 6, 6))
blk(x) .shape

out[2]: (4, 3, 6, 6)

75 T FRAT T80 2 oy A T2 DR P[] I 9 i v 0 -

In [3]: blk2 = Residual(6, same_shape=False)

blk2.1initialize()
b1lk2(x) .shape

out[3]: (4, 6, 3, 3)
5.12.2 ResNet {ZEY
ResNet FARHZ MNRZEIMG R, ERHEERXEEL— NS RREDL, REEENE

R A IRROGRZEER, SR)E AR — @RI (H = s - AR 2B, W E R 4 1R, BATIEE
— NI, BRI TR RE DS I IR AR T 22 1
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In [4]: def resnet_block(num_channels, num_residuals):
blk = nn.Sequential()
for i in range(num_residuals):
blk.add (Residual(num_channels, same_shape=(i is not 0)))
return blk

THIFAIIE— ResNet, i M ZERATH M4 GoogLeNet —Ff, TEMIHIEIEN 64, IR
H28 7 x T EBRREELIEN 2 B9 3 x 3 R AR, A~FT GoogLeNet fE/5H % 4 ™MH
Inception FRAHFRAYREER, IX BFRAIE A f L JETE RO 64 FHaa, FOREIEAIH 2 DRZEH ALY
Wi, BJGER GoogLeNet — A 42 R -5tk E AT 2%+ 2k H o

KX B MEREA 4 MEHE (1 x 1 BHEAR), I EEFHGIERENRG N 2ERZR,
347 18 2, XM PFR 2 A ResNet 18, 1t B 7 5B 0N B2 (5% 2 Bl
FATAT IS EIAF A ResNet £,
In [5]: net = nn.Sequential()
net.add(

nn.Conv2D(64, kernel_size=7, strides=2, activation='relu'),

nn.MaxPool2D(pool_size=3, strides=2),

resnet_block(64, 2),

resnet_block(128, 2),

resnet_block (256, 2),

resnet_block(512, 2),

nn.GlobalAvgPool2D(),

nn.Dense(10),

)

FEBGMRESBBATE M A BRSEBL BN 1 x 1ERENER T -, FrCARMEEE
RZ, HKRERIE EHREIR AL IR R I AR ZACE,, X 1SR 2R K ResNet (140
ResNet 152) TEWRSGHE EFETRN ResNet (FA1IX HIZHN) ResNet 18) 2K, RN BEREM
FERZEH EIR GoogLeNet 2X{EL, {H ResNet Z5H B AN B, (B EE N7y, IXLERZAFE T
ResNet JUEAIH 2 H,

RIETATE L4 ATE ResNet RIS Z R,
In [6]: X = nd.random.uniform(shape=(1,1,96,96))

net.initialize()

for layer 1in net:
X = layer(X)
print(layer.name, 'output shape:\t', X.shape)
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conv5 output shape: (1, 64, 45, 45)

pool® output shape: (1, 64, 22, 22)
sequentiall output shape: (1, 64, 11, 11)
sequential2 output shape: (1, 128, 6, 6)
sequential3 output shape: (1, 256, 3, 3)
sequential4 output shape: (1, 512, 2, 2)
pooll output shape: (1, 512, 1, 1)

dense® output shape: (1, 10)

5.12.3 FRENEUBFHIIER

i FER GoogLeNet —FEfHES L,

In [7]: ctx = gb.try_gpu()
net.initialize(force_reinit=True, ctx=ctx, init=init.Xavier())
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.1})
loss = gluon.loss.SoftmaxCrossEntropyLoss()
train_data, test_data = gb.load_data_fashion_mnist(batch_size=256, resize=96)
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=5)

training on gpu(0)

epoch 1, loss 0.7534, train acc 0.776, test acc 0.847, time 38.4 sec
epoch 2, loss 0.3296, train acc 0.877, test acc 0.859, time 37.0 sec
epoch 3, loss 0.2708, train acc 0.899, test acc 0.840, time 37.0 sec
epoch 4, loss 0.2296, train acc 0.914, test acc 0.899, time 37.0 sec
epoch 5, loss 0.1916, train acc 0.928, test acc 0.906, time 37.1 sec

5.12.4 /N4

FRZEUE R A IE BRI AR RS NP8 ZlIE, XS EIE SRR IR 45 L RETR
B,

5.12.5 %3]

« 27 [1] B3R 1 REFAFIRY ResNet iliA,
o FEXN T EHEEIRIIMZE, [1] MH T — “bottleneck” ZRAGKBEAERIE 248, SIALIE,

- 7£ ResNet FYJGZHRAHE [2], FERIRESRER “EH, MBI —MBIE" SlsoR T
SR, BIENERT (3% 2] PR D, SKIX G
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5.12.6 HBEIAITIEX

5.12.7 E R

[1] He, Kaiming, et al. “Deep residual learning for image recognition.” CVPR. 2016.

[2] He, Kaiming, et al. “Identity mappings in deep residual networks.” ECCV, 2016.

5.13 TAZIEZRIMLE . DenseNet

ResNet HP5 ZER AR 71 FRIIARZ THE, XEBMNNHEFPE—D: DenseNet, T
JeoR T IX AN XA
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https://arxiv.org/pdf/1608.06993.pdf

ResNet DenseNet

Ry
i i

A AE | DenseNet HoR HBVZHIHAZIEL N7E (+) WPz (concat) KiR HEIENH
HEH, FAEPHE, IiURERNHEHSERIEA LHER, XA “FAER" 1
JE IR
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5.13.1 %R (Dense Block)

FAERIE L — MR IERH, DenseNet YEFHEH H ResNet MUEhi A BN->Relu->Conv,
HNERNEHEERER 2N growth_rate, XE2RNEREMEHN in_channels, TiH
F layers &, I2HHINEEEGHZ in_channels+growth_ratexlayers,

In [1]: from mxnet dimport nd

from mxnet.gluon import nn

def conv_block(channels):
out = nn.Sequential()
out.add(
nn.BatchNorm(),
nn.Activation('relu'),
nn.Conv2D(channels, kernel_size=3, padding=1)

)

return out

class DenseBlock(nn.Block):
def __init__(self, layers, growth_rate, *xkwargs):
super (DenseBlock, self).__init__(**kwargs)
self.net = nn.Sequential()
for i in range(layers):
self.net.add(conv_block(growth_rate))

def forward(self, x):
for layer in self.net:
out = layer(x)
x = nd.concat(x, out, dim=1)
return x

FATIRUE N @ E RO AR & P,

In [2]: dblk = DenseBlock(2, 10)
dblk.initialize()
x = nd.random.uniform(shape=(4,3,8,8))
dblk(x) .shape

out[2]: (4, 23, 8, 8)
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5.13.2 T;ER (Transition Block)

ROMBE A PHER G, B — PR HIEE ST RER Y, O TIEfIBRE 20 E, XEGIA
— R, AR AR IR, RN 1 x 1 ERERSEEIEEL.

In [3]: def transition_block(channels):

out = nn.Sequential()

out.add(
nn.BatchNorm(),
nn.Activation('relu'),
nn.Conv2D(channels, kernel_size=1),
nn.AvgPool2D(pool_size=2, strides=2)

)

return out
WUE— R& R

In [4]: tblk = transition_block(10)
tblk.initialize()

tblk(x) .shape

out[4]: (4, 10, 4, 4)

5.13.3 DenseNet

DenseNet 1 ERGE RS RIS AL IEH, BFEH2RM growth_rate (#H15H0E &N
R, OE B EREE BB, RHE X —1 121 21 DenseNet,

In [5]: init_channels = 64
growth_rate = 32
block_layers = [6, 12, 24, 16]
num_classes = 10

def dense_net():
net = nn.Sequential()
# add name_scope on the outermost Sequential
with net.name_scope():
# first block
net.add(
nn.Conv2D(init_channels, kernel_size=7,
strides=2, padding=3),
nn.BatchNorm(),
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nn.Activation('relu'),
nn.MaxPool2D(pool_size=3, strides=2, padding=1)
)
# dense blocks
channels = 1init_channels
for i, layers 1in enumerate(block_layers):
net.add(DenseBlock(layers, growth_rate))
channels += layers * growth_rate
if i != len(block_layers)-1:
net.add(transition_block(channels//2))
# last block
net.add(
nn.BatchNorm(),
nn.Activation('relu'),
nn.AvgPool2D(pool_size=1),
nn.Flatten(),
nn.Dense(num_classes)

)

return net

5.13.4 FREVEUREFHIISR

RIOAIX ELBATEE A 7 ERATR RIS, B ATRAT T3 — 240 AR D 2 32 < 32 SRilll 2k,

In [6]: dmport sys
sys.path.append('..")
import gluonbook as gb
from mxnet dimport gluon

from mxnet import init

train_data, test_data = gb.load_data_fashion_mnist(
batch_size=64, resize=32)

ctx = gb.try_gpu()
net dense_net()

net.initialize(ctx=ctx, init=init.Xavier())

loss = gluon.loss.SoftmaxCrossEntropyLoss()
trainer = gluon.Trainer(net.collect_params(),

'sgd', {'learning_rate': 0.1})
gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=1)
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training on gpu(0)
epoch 1, loss 0.4979, train acc 0.825, test acc 0.840, time 87.0 sec

5.13.5 /\&5

« Desnet JEJI ¥ ResNet Y + FHipl concat MRS EH B ER,

5.13.6 4.3

* DesNet i FFIEZZH) — MERUBHRAISEL L ResNet B/, B NH4?

- DesNet # AR — MR AT IEEL 2, EAYSIXREL? T U AR 224 x 224
(BERRIEH AvgPool2d KN, KEBIFE (GPU) MIFIEE,

« XERY FashionMNIST A ZEF 100+ ERIMEIL? 205 B BB REER,

5.13.7 HBEIARITIEX
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BN

6.1 EIFHENEZ—MEFA

AT A 00 B TR T FH B I 28 T S T il i e e e, Z Al AN RGO, R RO EEA 28 2 — 4k 5%
(H4ETF gluon.nn.Sequential), B—EMEREZRMELE N —E, X—TRNNHIEHH
ZMgg, XERE-EMUEELS T8, RNEHE—MRERE, SUrEENHE F—MER
A, TERRIZ PR IRZE X 5],
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Bl i

FRARRS

TN A

BRI LS AR A (15 G S A FERT S A IO R B AR . TSI S R 72k
RN R IE A TAERY, 16 S BRAURE S RAE A 7RIAT t DT, REHINE t+1 D7, B
RN T2 “IREFIR”, (ARSI —Mitizz, ENE 1WA IR, il
7 gr < WA 2 AR E N CaFT T, RS TR,

gf L 7 gF t 7
S S S S
tr 1 R B
{R F tt {R aF tt

FEEF— DR, SO “H” [IRHRRS T i XA, meEeas T 8%, 5%
bR RRAMARIZAIX AN LR R, BRI AIEUE i AT DUEYY n-gram SR, w2
WIS t+1 DRI, FATRART n D7 MR n=1, RS2 BATXEAR, AT
R n REGMASHEZER, HERNIAGEEE R n, FROVIXFEEF RS 2 R0
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NI TR R BRI T RRIIZRERL,

TR I L ] — R S RS SR AT T B 2 R B B S A, _EEAID R TN
Fo TEFU “4F" BUMMEE, FA TG —DRERE TATARMRESTFIRmA 4" ki
T, RS R — R AR SRS BN AT A5 SR SR EIR DR SIS
H, MM imsEser.

6.1.1 BRI MLE

FEXH NIRRT, BADPRIERX AL,

B Lz — T RS RATRTIS M M B S, B2 2RI, IR & RIS R 2O o,
KT DHEALCY n FHERBAEREY « M EEHE X e R (X 22— n AT = FIRISCEOER)
KL, AR Z R 2

H = ¢(XW,p, + by)

BRERSZEKEN b, KR W), € R* ZEESHWESE b, € ROMESHT X W ), €
R™MAHANINEER 73 XA EEREERIRSTN H e R,

RS RN H (v R, SRR
Y = softmax(HW},, + b,)

B SRR NI RS y, HA Y € RV, Wy, € RV, b, € RY>Y BRI
R %o

R BT P28 ORABFR LR 2%, FATE S AR N BN ARt RIZ X, e R 250
AUEE ¢ MLEEIAN FEAREOY n, B DFEARRRHERRLER Y o), XM AR R 2R SIS
H, e Rh (REZKEA B, T RREREHIIR Y, € RY (GAFREAR BLF i o) R4
N y)o EHREEEEAH AN, TEEARZER2E TR A A5 2 0 28 B ali_b b BRAT— i R
t— 1RGSR He_y € RV BN, Jitt, FANSIA—ERI AT S BIRE W), € R

H; =X W, +Hi Wy, +bp)
FH TSR AT — 2

Y, = softmax(H W, + by)
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—IHEENUREIE, REIRSA] UAN X NI, Mg, %] ¢ B S IR 1%
NI S BRZ R H,o iR R = mrEE. B0 H2 R ETRXMRES. BITIHER
e RS B R TT Rl BN 0,

6.1.2 FENCTREES

N T LB R EIA R IS, BATE A A AMC IR SR S RN R R, 2R R B S T
HHAFLE T RANMCNE —iK T Jay) 2 HIKEHE BN Fra Rk,
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B N

oD Sry e Pose 81 B0T B M Seakitar

TEBENEBOX MR EERIH 49 DA (char) ZHHAFER:

In [1]: import zipfile
with zipfile.ZipFile('../data/jaychou_lyrics.txt.zip', 'r') as zin:
zin.extractall('../data/")

with open('../data/jaychou_lyrics.txt') as f:
corpus_chars = f.read()
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print(corpus_chars[0:49])

BEFEAN
REMREIFEHE
BEMIRETE—E
RMUETFHE
REXRESXRSRERBEBET

FAE — AR R E AR

In [2]: len(corpus_chars)

Out[2]: 64925

BT T N RS, I THTENTI M, BB TRPER S, AR E G —BR S
BRIV Pr— mo

In [3]: corpus_chars = corpus_chars.replace('\n', ' ").replace('\r', " ")
corpus_chars = corpus_chars[0:20000]

6.1.3 FAHHERT

SR B A AR 745 2 R AR — 7 ik

In [4]: didx_to_char = list(set(corpus_chars))
char_to_idx = dict([(char, i) for 1, char 1in enumerate(idx_to_char)])

vocab_size = len(char_to_idx)

print('vocab size:', vocab_size)

vocab size: 1465

SR AT AR BN AT O 0 THIBRIZR 5] (index) K772 G HIFE A,

In [5]: corpus_indices = [char_to_idx[char] for char in corpus_chars]
sample = corpus_indices[:40]

print('chars: \n', ''.join([idx_to_char[idx] for idx in sample]))
print('\nindices: \n', sample)

chars:

BEEEAY BENMEIFEE BENMREET—E RUETFHE REXEXS
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indices:
[227, 973, 216, 1275, 699, 105, 411, 227, 973, 196, 1386, 871, 1136, 933, 943, 155,
< 411, 227, 973, 196, 1386, 130, 345, 1138, 1419, 595, 411, 130, 345, 1138, 933,
< 943, 381, 411, 162, 809, 1183, 809, 1183, 809]

6.1.4 BIFEERVHLEREF

[l Z B —FEFAN I TR R BN L —2E (batch_size ) FEARFEN RIS, X BEIHALR
AT A, REMERER G S —RINESH TR (RS mss B el e N1 HEN
— AR

RBIHEFIIKE (num_steps) &M 5, a—DralREIHAR “BEEET, HXMK
ISR KN 5 BIFA, BN FAHRA M AEEA B AR S EAR . BN AT REA RIS S 2
“EHETL,

BEMHEE R+

N HEAAEE R R EE ERELRAE — LR,

In [6]: dimport random

from mxnet import nd

def data_iter_random(corpus_indices, batch_size, num_steps, ctx=None):
# W—EEN label WRSIZIEN data BIERSIINI—
num_examples = (len(corpus_indices) - 1) // num_steps
epoch_size = num_examples // batch_size
# BN
example_indices = list(range(num_examples))
random.shuffle(example_indices)

# iR[B] num_steps MR
def _data(pos):
return corpus_indices[pos: pos + num_steps]

for i in range(epoch_size):
# ®EEL batch_size MHENIEZS
i = 1 % batch_size
batch_indices = example_indices[i: i + batch_size]
data = nd.array(
[_data(j * num_steps) for j in batch_indices], ctx=ctx)
label = nd.array(
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[_data(j * num_steps + 1) for j in batch_indices], ctx=ctx)

yield data, label

N7 AT BRI EdE L AOREA LR RAE, IERMTEA— DM 0 2 290 AL, B FBkHRK

N

In [7]: my_seq = list(range(30))

for data, label in data_iter_random(my_seq, batch_size=2, num_steps=3):

print('data:

data:
[[ 9. 10. 11.]

[ o. 1. 2.1]
<NDArray 2x3 @cpu(0)>
label:

[[ 16. 11. 12.]

[ 1. 2. 3.11

<NDArray 2x3 @cpu(0)>

data:
[[ 6. 7. 8.]

[ 15. 16. 17.]]
<NDArray 2x3 @cpu(0)>
label:

[ 7. 8. 9.]

[ 16. 17. 18.]]

<NDArray 2x3 @cpu(0)>

data:
[[ 18. 19. 20.]

[ 12. 13. 14.]]
<NDArray 2x3 @cpu(0)>
label:

[[ 19. 20. 21.]

[ 13. 14. 15.]]

<NDArray 2x3 @cpu(0)>

data:
[[ 24. 25. 26.]

[ 21. 22. 23.]]
<NDArray 2x3 @cpu(0)>
label:

[[ 25. 26. 27.]

', data,

"\nlabel:', label,

l\nl)
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[ 22. 23. 24.]]
<NDArray 2x3 @cpu(0)>

T4 SRAHE A 51 RO EURBEFLIOIN 7 K0 num_steps MIESERURA, HASRII
B RAEIAR 5 LA B AEAS, (Rt (EVIZRBUINT, U RN iRl
FEEHA IR SR

BB ERAF

bR TN IR PP A BEN LT B SRAE 2 A1, FATTIE AT DUREAR AT BN BEH LA B AR [ 4R e 51 _E A7 EAR I
/%\BO

In [8]: def data_iter_consecutive(corpus_indices, batch_size, num_steps, ctx=None):
corpus_indices = nd.array(corpus_indices, ctx=ctx)
data_len = len(corpus_indices)
batch_len = data_len // batch_size

indices = corpus_indices[0: batch_size * batch_len].reshape((
batch_size, batch_1len))

# B—EREN label WRSIZIEN data KIESIII—

epoch_size = (batch_len - 1) // num_steps

for i in range(epoch_size):
i = i * num_steps
data = dindices[:, i: i + num_steps]
label = dindices[:, i + 1: i + num_steps + 1]
yield data, label

MFEHE, O 7 TR PR LR ERAE, TEBATRMA—TM 0 29 WAL, &
R RAT 2K

In [9]: my_seq = list(range(30))

for data, label in data_iter_consecutive(my_seq, batch_size=2, num_steps=3):
print('data: ', data, '\nlabel:', label, '\n')

data:
[[ o. 1. 2.]

[ 15. 16. 17.]1]
<NDArray 2x3 @cpu(0)>
label:

[[ 1. 2. 3.]
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[ 16. 17. 18.]]
<NDArray 2x3 @cpu(0)>

data:
[ 3. 4. 5.]

[ 18. 19. 20.]1]
<NDArray 2x3 @cpu(0)>
label:

[ 4. 5. 6.]

[ 19. 20. 21.]]

<NDArray 2x3 @cpu(0)>

data:
[[ 6. 7. 8.]

[ 21. 22. 23.]]
<NDArray 2x3 @cpu(0)>
label:

(L 7. 8. 9.]

[ 22. 23. 24.]]

<NDArray 2x3 @cpu(0)>

data:
[[ 9. 1lo. 11.]

[ 24. 25. 26.]]
<NDArray 2x3 @cpu(0)>
label:

[[ 16. 11. 12.]

[ 25. 26. 27.]]

<NDArray 2x3 @cpu(0)>

BT & RAEFE R 4R 51 L AR BRI AN P RN num_steps FIESHEUER, B, (]
MR ERAE VISR, B DI AR AT, BT ER Z M B EIHAR R SISO B
HERZH NSRS, 1EF— epoch /1, REIREHRFTFEAIZ epoch TGN BRIIG L,

6.1.5 One-hot A=

EEFSNTFRUMERH - MEECRTUR, M AENERNFE - NMEKNmE, — AN
INESEEH one-hot KRG HFTRKAE, HWLZEN, R DFRBEIER i, AT 16E—
NEOMEN vocab_size MmiE, HRHEHSE i (%A 1, ZMEEXN R FIFH one-hot A&,

In [10]: nd.one_hot(nd.array([0, 2]), vocab_size)
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Out[10]:
[l1. 6. 0. ..., 0. 0. 0.]
[e. 0. 1. ..., 0. 0. 0.1]
<NDArray 2x1465 @cpu(0)>

IR IR FRGRIREIER 1 batch_size * num_steps AUitE, FHIXNERECKH
HHLAK num_steps DA DU AEMZEH) batch_size * vocab_size HIFEIE, XfTF— K
EAN num_steps A, S M HLERM A X € R™*® Hin =batch_size,lMiz =vocab_size
(onehot Zrtd A E4ESE)

In [11]: def get_inputs(data):
return [nd.one_hot(X, vocab_size) for X in data.T]

inputs = get_inputs(data)

print('input length: ', len(inputs))
print('input[0] shape: ', [dnputs[0].shape)

input length: 3
input[0] shape: (2, 1465)

6.1.6 {JIB{LIEEISEL

TR EE DN EE, — NP8 AZEE N vocab_size [ one-hot A&, XN i
HIR N — M ROV RS E R F A MR, R izf it 2455 vocab_size MIMIE,

2 A RN B A — DMEARECH batch_size O RBIELE H n) HILE,
AR BB AR H B W RST batch_size x vocab_size (W MNBERIE XHH n x 2)
AIHERE, RIS MEAS R AR SRS EA hidden_dim O MAERE CHRREEKE ),
MRAERERE T TEE S, TRATTAT AT AR AL RE & B 2P & NS EEIRST,

In [12]: +dmport mxnet as mx

# =AER GPU

import sys
sys.path.append('..")
import gluonbook as gb
ctx = gb.try_gpu()
print('wWill use', ctx)

input_dim = vocab_size
# BRERSKE
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hidden_dim = 256
output_dim = vocab_size
std = .01

def get_params():
# RER
W_xh = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hh = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim),
— ctx=ctx)
b_h = nd.zeros(hidden_dim, ctx=ctx)

# WHE

W_hy = nd.random_normal(scale=std, shape=(hidden_dim, output_dim),
— ctx=ctx)

b_y = nd.zeros(output_dim, ctx=ctx)

params = [W_xh, W_hh, b_h, W_hy, b_y]

for param in params:
param.attach_grad()

return params

Will use gpu(0)

6.1.7 ENXIER

2 HI R — AN R B AN — DREEARECN batch_size WIHLE, RN FHIKE
A num_steps I, AR rnn BREA inputs fl outputs BN num_steps ™R H
batch_size * vocab_size MR, RELE H 2— MR N batch_size x hid-
den_dim FURERE, ZRE &L E H ZHIHHEMKIEEINE state,

BATRE AT AR AT CBIE A, X B AR R R T $5 e SRR AR DU 1 DT R 2K

1— 6—21
1+4+e 2

FEEROR, TUESIESO R (-1, 1), WREERISS N HERN LR, WREREH
BN 0.

In [13]: def rnn(inputs, state, *params):
# inputs: num_steps ‘NR A batch_size * vocab_size #Ef%,
# H: RITA batch_size * hidden_dim %EPE%,
# outputs: num_steps RS batch_size * vocab_size P&,
H = state

tanh(z) =
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W_xh, W_hh, b_h, W_hy, b_y = params

outputs = []

for X in inputs:
H = nd.tanh(nd.dot(X, W_xh) + nd.dot(H, W_hh) + b_h)
Y = nd.dot(H, W_hy) + b_y
outputs.append(Y)

return (outputs, H)

R T B
In [14]: state = nd.zeros(shape=(data.shape[0], hidden_dim), ctx=ctx)

params = get_params()
outputs, state_new = rnn(get_inputs(data.as_in_context(ctx)), state, *params)

print('output length: ',len(outputs))
print('output[0] shape: ', outputs[0].shape)
print('state shape: ', state_new.shape)

output length: 3
output[0] shape: (2, 1465)
state shape: (2, 256)

6.1.8 FILNIES!

FEMCTTIMIN BATT R TR N TR 0 AR AL RS S22 8 RGBT UCRE b — N TR At 1
NN TRI A

> >

In [15]: def predict_rnn(rnn, prefix, num_chars, params, hidden_dim, ctx, idx_to_char,
char_to_idx, get_inputs, is_lstm=False):

6.1. BIFHEME—MNEFFH 229



# FUMLL prefix FRIARVEETREY num_chars NFf.
prefix = prefix.lower()
state_h = nd.zeros(shape=(1, hidden_dim), ctx=ctx)
if dis_lstm:
# M RNN ER LSTM BASBE, XEJUZ,
state_c = nd.zeros(shape=(1, hidden_dim), ctx=ctx)
output = [char_to_idx[prefix[0]]]
for i in range(num_chars + len(prefix)):
X = nd.array([output[-1]], ctx=ctx)
# ERYIFREIFEAREEE,
if is_lstm:
# H RNN R LSTM BIASAE, XErIUZK,
Y, state_h, state_c = rnn(get_inputs(X), state_h, state_c,
< *params)
else:
Y, state_h = rnn(get_inputs(X), state_h, *params)
if i < len(prefix)-1:
next_input = char_to_idx[prefix[i+1]]
else:
next_input = int(Y[0].argmax(axis=1).asscalar())
output.append(next_input)
return ''.join([idx_to_char[i] for i in output])

6.1.9 HEEE

BAEE USRS L R R 2, I ZReh SR 28 A T BAOmUse T AL BB, a3k
TZ RN BRIBENLEEE N, MEEMRZE RS RIIIZRA, S8 DN IR B AR N 7K
& num_steps BARSEMNZ t Bo)N, BIREEE X t NZIMRRE R R ERE 5 LR
(vanishing) BURLE (explosion), FATRAE F— 1 MM HHINXIMR A,

NT NHREERRNE, — AR ERBIR, 2B — N R NIRE o R
REANMEFTE RN N AR g, RIZBIEAIBMER 0, M2ABAMIRZHEITERAER ||g)| AT

0:
()
g=min|—,1])g
lgll

In [16]: def grad_clipping(params, theta, ctx):
if theta is not None:
norm = nd.array([0.0], ctx)
for p in params:
norm += nd.sum(p.grad *x* 2)
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norm = nd.sqrt(norm).asscalar()
if norm > theta:
for p in params:
p.grad[:] *= theta / norm

6.1.10 i)llZRi&EEY

TNEFATAT POS R I ZRR, BRAG Al B M2 B L, X BEA TILNAA,
L OEHEBNERRNZRE (Perplexity) X MERR,
2. TEEHTRIBA SR BT,
3. FEVNZRREIM, Xt e B5E R AR I BRAE 7T 10K S 3R & L B (LRI A A,

EZRE (Perplexity)

[AZ AR BAT 2 BT M RR 22 SRR PR A, ETE S P R 0 5% R R BB 0 155 O DR
FEERIHE S

1 N
loss = N ; logptargeti

HR N RFIIE S, prarger, SEFES i NFRINARELSEH FANFAFRRIIRO RS,

T3¢ ERL Y R 2 1T DA AU R SRR 58 SRR excp 128 (1S BR (E T 7 52,

N T BRI IR Y, Rl s da s i BN R R B RAN AR T 1,
BRRRE, IHERE i KB, prarger, = 1o ICRISEEEIUT, NEREEN 1,

BT B — AR R AR EENTIES W RESFARE W), BER RN R 5
PENEE W AT REARE, AR, AHERN K, pager, = 1/|W o IXFIELLE
TR, BB (W

BT, TROTATLAE R MRIRGS SR B R SE R AN AR 0, Wb, %
FEREA i KB, prasger, = 00 IXFMEIREIR T, HmREHAIETLS,

(AT — N TR 8 B (RS AU N T S PP T 0 8CR, FEARBI, RS AN T 52
FOF 8 W |, 1SR — A AT AR e (R R RO (G 1), BRI, s m
IR
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In [17]: from mxnet import autograd
from mxnet import gluon
from math import exp

def train_and_predict_rnn(rnn, 1is_random_iter, epochs, num_steps, hidden_dim,
learning_rate, clipping_theta, batch_size,
pred_period, pred_len, seqs, get_params, get_inputs,
ctx, corpus_indices, idx_to_char, char_to_-idx,
is_lstm=False):
if is_random_iter:
data_iter = data_diter_random
else:
data_iter = data_diter_consecutive
params = get_params()

softmax_cross_entropy = gluon.loss.SoftmaxCrossEntropylLoss()

for e in range(l, epochs + 1):
# SNEFRAESBHEERAE, ER—1 epoch H, RETERFEMTIZ epoch FIRHIBHMEYIYA

if not is_random_-iter:
state_h = nd.zeros(shape=(batch_size, hidden_dim), ctx=ctx)
if dis_lstm:
# X RNN EA LSTM BASAR, XELZ.
state_c = nd.zeros(shape=(batch_size, hidden_dim), ctx=ctx)
train_loss, num_examples = 0, 0
for data, label 1in data_titer(corpus_indices, batch_size, num_steps,
ctx):
# WERARNMERE, LIBE MBI ERSBEENRKRETE,
if dis_random_iter:
state_h = nd.zeros(shape=(batch_size, hidden_dim), ctx=ctx)
if is_lstm:
# X RNN A LSTM BA=AE, XErLUZE,
state_c = nd.zeros(shape=(batch_size, hidden_dim),
— ctx=ctx)
with autograd.record():
# outputs R~F: (batch_size, vocab_size)
if dis_lstm:
# X RNN R LSTM BASBE, XEJUZE,
outputs, state_h, state_c = rnn(get_inputs(data), state_h,
state_c, *params)
else:
outputs, state_h = rnn(get_inputs(data), state_h, *params)
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# 9% t_ib_j AN 1 HE#HERN j TE:

# label R~f: (batch_size * num_steps)

# label = [t_0b_0O, t_ Ob_1, ..., t_1b_ 0, t_1b_1, ..., ]

label = label.T.reshape((-1,))

# BHE outputs, R~: (batch_size * num_steps, vocab_size)o

outputs = nd.concat(*outputs, dim=0)

# 2 ERIRIE, outputs F label B,

loss = softmax_cross_entropy(outputs, label)
loss.backward()

grad_clipping(params, clipping_theta, ctx)
gb.SGD(params, learning_rate)

train_loss += nd.sum(loss).asscalar()
num_examples += loss.size

if e % pred_period ==
print("Epoch %d. Perplexity %f" % (e,
exp(train_loss/num_examples)))
for seq 1in seqs:
print(' - ', predict_rnn(rnn, seq, pred_len, params,

hidden_dim, ctx, idx_to_char, char_to_idx, get_inputs,
is_lstm))

print()

DA E SRS BRI A e 51 5%

In [18]: epochs = 200
num_steps = 35
learning_rate = 0.1
batch_size = 32

softmax_cross_entropy = gluon.loss.SoftmaxCrossEntropyLoss()

seql = 'O’

seq2 = "R

seq3 = 'fFEHEN

seqs = [seql, seq2, seq3]

FATSE R A BENLIL B RAE LI E A M 25 1 5 A, BAMRE S AN TS 2518 “53
PARNNEN N5 52 Sl Vo s S 11 /N
In [19]: train_and_predict_rnn(rnn=rnn, is_random_iter=True, epochs=200, num_steps=35,

hidden_dim=hidden_dim, learning_rate=0.2,
clipping_theta=5, batch_size=32, pred_period=20,
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pred_len=100, seqs=seqs, get_params=get_params,
get_inputs=get_inputs, ctx=ctx,
corpus_indices=corpus_indices, idx_to_char=idx_to_char,
char_to_idx=char_to_idx)

Epoch 20. Perplexity 225.467972

- DF BRAMERT BEER BFF — BFRF HEF BRMF — BFF BF BRMER — BRMER BF HRME
- — HERMR BF BRME — BFM HBR BRR — BRMR BT BRMR — HBFRR BF

- AOHF BAMRER TR BAMR — BRMR BF HRAMR — HAR BR B — BRF FR BAR
-  — BRMR BER BRMFE — BFRMF B BRAMR — BRR BF FAMR — AR BR

- WEPREA BRAMERT BER BFFR — BFF B BFRMR — BRF BF BRME — BRME HBFR

- BRNMR — BRMFR BR HRF — HRF BF BRFR — BRMF BF BN — BRMR HEF

Epoch 40. Perplexity 85.662196

- PDF —BER —SIHRPF= F—Mk RE—H FESXE B—Mk RE—H FESXE Bk

— BRE—H MEXF Bk RE—H FESXHE B—MK RE—H MESXHF B—Mk RE—EH
- OF FEENZE §—MEk RE—Y MEaXE B—HKk RE—H FESXE B—MiEk RE—B

-~ FEEXE B—Mk RE—H FESXE B—MK RE—H MEaXEF B2—MK RE—FH TESX
- SEPFEA (FHRULRRENTEZA FANLERRENTEZA FFNIERRIENTTEZA

o  FRNLERKIENATELA RN ERENATEZA FIRLERRENRIEZA

o FRRLLRKIENEIELA SFIRRIEERRIER AT

Epoch 60. Perplexity 30.795107

- OF BAEERMFR FAFRRE MELBAR FAOFRE RETXHFR FHOFRE RETXHFR TR

— BRETEHER FHARE RETXHER FHNARE HETXHER FHNARE HETXHFR FHFE HETX
- R ERBEMBE —KER (RELE HEAXHFR THNAR HETXHR THAR HETXHR

o FHARRE HETXER FHFRRE HETXER FHFRRE HETXER FHFARE HETEER FHRR
- HERIANEIE BAF —SHP=FNL ERLE FRSBIFE RBEKE FHAR KETXHR
o FHARE BETEER AR BETXER FHNARE RETXER FAORRE RETXER AR

Epoch 80. Perplexity 13.374274

- OF BBTE BAEBR RTEEE HTEEE RTEEE HTERE RTEEE Hfese

o  BRFEEEE HTREER RAESRE HTEEN TR HrEE8 RTEEE RTEE8 Hfee
- OF ERHEFRD FRESBBORE BEARKREMNR BRABRKER RIRBIMINKARERITE

— FEFRTEBMNEK FEE JNEE—OR FHNE BRE—OR FHKE MRE—OS THIE

- MEE—OS

- HEPEIE FFENE BMIEUMR MERRF F-MIREMLMR thEBNE B—FIREUMR
—  fREERFE F-FIRBEMMER tERMNF FMREMHK HEENF F—MREMNHEK thEarR
-~ B

Epoch 100. Perplexity 7.174969
- O BABMBRASE JRBR RIREAFER WRIF 817 Fa BF Mi CY M— xi xi xi xi xi

o X1 oxi xi xi xi xi xi xi xi xi xi xi xi xi
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- AOF HRITARFHR REEZFEEF HEROHR MFIMNER RABRNAZ Ra—Hifsd
—~ REREZ BA RBZMERE RE—BHFED REKTEEF RET8OFHF

- AAREDFEIREMR

- HEPEHUE RENMGAR FT7TR EMIEREER ESANK G—TRELMR thSR%

o BMEREMER WHENE B-MIKELUER WHENE F-MIKELUMR MWHENSE

- BMEREUNMER hSENFR

Epoch 120. Perplexity 4.828117

- DF MERE WERHEE KRPIEE TFLIMNZEL BRERES RIS —SERIENKF

o HEWERNER SNEIE HBARMIF REREILE EEEFR RLBHKENIEE XEEERE

-  IANRREEIZ

- AORF BEFHNAFHRENSE [UILR D/ RHMEL RREF RFIFETN: —5ES REANER
- IFFNS REANERE FIFRs REANEIR FrFies REANEIR FrFRs REFWNER 75
- WERIHANER SEXITE BRTERHE IRBENME—17ERE RERXEFIE—PNEK

-~ REEB—EEENXE ROMRENE REARES F BRMERK RZBEM HBEME

o BAEFR BT ®

Epoch 140. Perplexity 3.481290

- O fRERE OEERKXR DREE T3] FE2T NRH R FLEETE BRLERNES IR

-~ H¥EA NRHM P4 WTHEFENE BRENSH HEE FER B B! & B Bl B

- FOFAERBEMGBAE BEFRMRERE FATHR XEFTO —x—%xEF METHE SKANES
-  FHEFHEBENIRT) RUZHNAFEEGEHNN BRAZRERIRE HFEEE RAEBR BT BF
- HEPHURRSNMGE 2R RERBEL BEENESER FIER ER RIAEASEAR

o XETHE FHOHFSRER BFTEBELE RFRR ERE BAaAT) FHA(F) w4 (®)

o  FEREHBEHD

Epoch 160. Perplexity 2.871796

- ORARE T3 EmIEEK 2N BREETE XN BEEK & XN REEK\E XY FBEEK
o FREEXEN RREL —RRRBEIC CERS REAVEIR P85 REAVER 7785 1R

- AR BETEEMER T2 BWNZIKE HBRMREHA BNTXEEET B 51K

o BRREARBE RETHEREHE AARSESENR WEHRFRPHN BEEXTESL FOMBR

o HAVHE RS

- WFPEARHAN G HARMRXIBESHEE BREEFEREXEN ESF  RKE) LBIZRHE

— NEEgz#H—T FRENE MRLAEMNLKE BRTENRY EEEE SFENT0 ABENES
-  FBAW 1RBI5

Epoch 180. Perplexity 2.525899

- O friie —SEPXSOFEER —RiE BHETFT BRISEE ERM —RE L BL HF
- B BFEBRE HT HF HFEBRMR FHAR HRELBEAR FHAR ERTXTRE EHER

- FOFHE ARRIE MEANGERE IRFUHBEREZ R XEmERed GXHFE FIRB\FiE mFEdE
— BREA\EE MFEE GRA\ERE NFEE GRA\ER NFEdE GRA\ER mEdE GRia
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- SEPEHAEARBLER MEERNEXF\F FR2ARSAE BRSNS RERHKRFINE
- R e HBOENFA BRBMEMREHRABEE IWRERRNERERE BEZ F=2 B
- ERMAZR ® F

Epoch 200. Perplexity 2.300685

- DFAFE EEEARE T EERHNERN EEENNE MTERE FEEFRS

< MIERSERTENS BEEAN E—WE BAONEE—O HFEEEREZL RIUWBHER

~ ZB% 5% BB

- AOHF B RAEXMHWEZE HAERE RETHN FEXrEm 2XMAL Betdh ERTTH

-~ B8R 2REARM REZEKE BMER RIFELENE EARBERT mMAAKBEREIME
RANE S

- HEPIHIRRYE EHGAE—GHG TEY FRIBNEENH MRAEFEBE) BEYFHSY)
- DEZEE BEARHE REGEMEER XRMEF —0O FEE LIMNE BFR7T HEHF—FA
o EHFE

!

PATTRER AR QB AL B SRAFE S RRAB A 22 N 21 5 B IR

In [20]: train_and_predict_rnn(rnn=rnn, is_random_iter=False, epochs=200, num_steps=35,
hidden_dim=hidden_dim, learning_rate=0.2,
clipping_theta=5, batch_size=32, pred_period=20,
pred_len=100, seqs=seqs, get_params=get_params,
get_inputs=get_inputs, ctx=ctx,
corpus_indices=corpus_indices, idx_to_char=idx_to_char,
char_to_idx=char_to_idx)

Epoch 20. Perplexity 213.182282

- OF BANMR HFNE HAMNT RANE RANT FANE HANE HFHET TR RANE
—  HAME HAMNE HANE RANE RANE HFAME HANE HANE] RANE ZANH

- AOF AR HANE HANE FHARE FHAME HANE HAE HAE HARE HARE
o BAHNAE BANE BANE BANE BANE BANE BANE BRANE BANA ZARNE

- EEHEA BRAMR RFME HFANT BT RANE RANE JFNE HFRNE HFRE

—  HAME HANE FANE RANE RANAE FAMNE HAHND BANE RANE ZRANH

-  BANH

Epoch 40. Perplexity 69.431232

- DF MERM fFs B X BFAEBT BTEEAE RAERE BAERE Hfelsl RFAEE8
o~ BAEFHE RFAEERR RFEER BTFERS RTFERR BTFERR RTERR RTEFE B

- FOF HEGXEF RTEBM HFERE RTEBE HFERE RTERR HTERE RTERR

— BAEERR RFERR RTERR RFERN RTERR RFAEFN HTERE RTEFNR HTER
- HEPHIAN BRTER BEFEER RAERR ETERTR BTFEFE BFAERNR RTFEER

o BAEFE HFAERNE RFEER RAERS RTERE BTFERE RFAERR RFEER

- EAEFE BIAER

Epoch 60. Perplexity 22.679852
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- OFF REOLRRENTELA FFNLIERENTEZA FHRLERRENTELZA

- FHRLLERENETEZA FRILRRENTEZA FIFRLLRRENATELA

-  FERLLHRENTEZA FRIERRKIER T

- ARFE XFE NER RENAXBFITR FEEXFL BUER RENLRRENTELA
o  FFMLERRENATEZA FHRRILRRENTELA FIFNLLRRIENTEZA

-  FERLHERENTELA FFIL

- BEDEA (EFEFRHRENINERR ELERE MRSBIEINEER) (BEXFTERENKER
o MERR MASBIEINER) (EEXTERENXERR NERR MRASRIEIMERK)

- (EEXTERREHX

Epoch 80. Perplexity 9.809241

- OF BFEXRE XEHNFW MEMNERK T30 F2A WRE 24 FUEREF KIZERNGE 13
- FEA R B4 WNUEREF KIZIERHESE LRI FEBA R B4 WNERE KIZIERBIE

- FOFEN XHANGEERTEXN BAAERELTY KRETEMR BNERRKE KTEMF
TMEEWEIR FI7ies REANEIR FIries REANEIRE FIries REANEE FIrias

o REAWER 1FOFS

- HERINUR XAEXENE AFRTRE BROHRRKE MPAK EXENER 1F0FRS REANEE
—  FIFRS REANEE FIFes REANER FiFes REANERE FiFias REMANER

o IFIEIRE IR

!

Epoch 100. Perplexity 5.343990

- OF RENER —EHESR ERRTER MBI £FE5T% MEETRLE LE&FREE

—  AREREIZ FFERE BAZEE RRATEMRNEE HBFMFELEA MERIMF BN XE2R
- AOFAER HOXLMOBERATBIRERE BASLRAERITBEX HERMROER AT IRRRE

- AEABLRAERITRIXY BREBRMOEZATEMZRE JEARBERITERIEXS

RERMOBES ARRZIRE I8

- HEPEAR HEMITA —MH—XFi HFEHK MELBRY FEF DT —URF=PNFEEX
— BEE —PRI=HOH ERAEEERRITTOR BRANE F—MREMMR MmIVERHE

- BILRENLIK

!

Epoch 120. Perplexity 3.643290

- DF WMEART EATE—IH REZFITHA TR KSR BAMOENE TRy 2R
HRBERFT—F SRFERE BNE0O MRFASE OMFBEMRER BEFINFEENR N FEFK
- FEzPNES

- AOAER BREFTHL HFAEFNR BT BT Bfee EHEENKNRRERER FeeARHELLAIHR
— HEAEFE BTFERE HET BF HTE EBEENKARMERLERX TEAZEELLAAIR BFAEER
- EAR

- HEPEARER & EmRRE! 2R FINHENE BETE—S CINPBRN XANTZEE

o EEMA BREHARBREEB TR seiFiFE REEHER BRERTR & XTHRREE XEHEEM
— AR AT

!

Epoch 140. Perplexity 2.933824
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- OF WMXARRE R XTAE £FF HWAF MR BIERR XELERBES L3 FEBA HIRHE
— B4 WIEEEFENE ARENT B ORMENHE tEHkaR BRNTERE MITENE &iEK

- AOFARE BAMBOEMRMMAMIE RRIXEF MUER RIFR 2REAFE —BEFR

—  WILEEEN AtaRzir SEREENT BENETYE BRESEEE TATFETA MEMBETER
-  FER

- EEPEIN GRIF HHHE RENAXEFIR EEXFERENRERR NLERR

- MRIFBIENAR) (HEXFTERENRERR MLRE HRRIBEENMAR)

o (CEEXTERENRERR NLRR R

Epoch 160. Perplexity 2.575358

- SOATREENE & HEFER! B BXER HIMEMRR BELkT HBEEH FUHEERINER
o EAIMHERELHEERT O AABFTEFR! Bl~~~~ HFSEE MAaFTmd RAUMEH

- AOAME XEEBRNPNESE RE——FTEF RBBIHFEEFR FEMAXARS —BREESM

— BAZAKX BT EFE RXNFHE ERRAAST [IREENER TEIZ TEEE BXROARKHAE
fth7EXE

- HERE FHBEA) IRFENMEB—FHER BREXEFIE—IANEN REB—TABEMEIZ
-~ RETEE EREEHE NRBENVFE—FHEE BREXEFIE—IANEN ZEE—TABENEIRZ
- ®/ETIE

!

Epoch 180. Perplexity 2.242369

- DATEBERWK &F HMNEBSENEZEIy BRIEHAENLES MIARETs RS THRER
-  RBIFIK REFIGEX BEENEDER HIER NER RINEAENE BARKRENRA REEZRFE
- AOAMT XFNREXR BARNERN RERERIMNIFEHAE RERBAE (REESFRF

o  MRERESEIRTIEE BEMBER BRAEEE FEMEENURIERR KA 2EBESXHA

o RERRZMEE FRA

- HEPEEINK BARE B MitE FI9EAIRTL XKE REKD —FEHEM IR E

o BRHREMNIL BMREUEER MPRSE OFRNTE BDATEAE WMGEEE XBAAH BFIERER
- FIATEEX

Epoch 200. Perplexity 2.077573

- DALEXREFEEIE HIFRRIEE HEME BRI F—TRS BINERE RFEBR BF
o HF BT BEBEENKRAUGEEN TRAZHETATR HEFEFE RTEEE HT BT HTEE
- AORXE BENXEFEEMFNFARA ERAULUKEREEEMHE F FERNERE F TREOES
o BEXENETE BEM FER B ! & 2! XESR 257HR RR|Y BEEHIZ (WHERE HR
- HERIHNEER THEREE E—CERNIY RIEE BREPRLE RERITATR ®8HR

o 1BULOHTNE ARBE) 2R NRBERF T SRERE BURHREE BEBITATR ©k8AR
— ?Emiﬂ’,ﬂ:“

A DIE S THAZ IR AR TR, RRREERE, e RERaE, ReE EREFRNMIT
I
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6.1.11 /\&5

< B FREIRE, MMM LE & BT S B R RN B,
« XA AR RIS AR AR ERAER,, FRATTAT DASE I REAL B RAE R R RAE
o VBRI R 2 H BB I AR A

6.1.12 43

- HASEGINEBRE RN FHIKE, B EIRSRKENF S R) BB ISTI L, perplexity
FOFII R 25 RIS AT

- TERENULERAES, GNRAER—1 epoch F TR &AL BAE 1% epoch JHAGHIIN R HIAGIL S
BoFE?

6.1.13 HABEIAITIEX

6.2 @I B8] /2 [M{EE

16 b —F a2 RIS, SR E AR EEREY, BELRICIEEREIZR, T IRZI#
X —IR, HIMABCEIEHE BRI R, AT EIE M ZE - AR EE R TR
FfEfs, tRNELN R R P& (back-propagation through time),

PAHE LR S AL R DA Ly JEBOE NI 2 2 RAI LA, S8 T IR SR R
HRMFME, FL b, FriEed i b e DR R SR EIE A 2 1 BAR R . FRATTH
TR L84 IN AT, MG RIS AR BRSEC MRS R, FHHRbEsE BN B A
RIAERE T ERRE,

N REREEI I R S AL, BATTRA— ey SRR LR M 458 o 1
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6.2.1 IREIFEN

BE—MAN 2, € R® (BMEREIABR KN 2) FINMESLEN g, € R BN FEIRIZ
HA (t=1,2,.... T HANZD, AEEMER, BMI]IREIRESRERIRIEN

hi = ¢(Wexe + Wiphi 1)

Hrp by e RM ZAIRKEN L RS ELE, W), € RV HI W), € RV Z2REEHEIISHL
RS EEEMEHEEUSH W), e R, BATAT UGS ZIAEMN 2K HZE2E & o, € RY,
B IEMmZED,

Oy = Wyh h,

HEBNMNZRIRKREATE AR ¢, KERN T RN AR RE L 2 SH
1 T
L= fé“‘%%)
X R AR B 27 B A B AR R £

HEE

BT AR AR B RS E 2 R T B P RO 2R, BATIAT DAHIHEE, AR FEE
T = 3 Ffil,
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[Not su viewer] [Not su viewer] [Not sugported by v

[Not supported by viewer] § [Not supported by viewer] § [Not supported by viewer]

pported by

[Not supported by viewer]j [Not supported by viewer]

[Not spipported by Wewer] [Not spipported by Wewer] [Not sppported by

[Not s " iewer]
[Not su viewer] [Not su viewer] [Not sugported by v

1E EE, BRIRZEOE Wy Wi I W e N TERRINZARESIX =128, DAREYLIESE
TREERB, RS g, BATA] DOEE

I
!Jpported by \yem %o pported by
I

¥ePRYpported by

[Not supported by viewe

BENITESEME

oL

Whe =Whse — UW
OL

Win = Whp — Um
oL

Wyh = Wyh, - T}Wh
Yy
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RAMNERBERI SENIE, KA TR RIS LRI EE OL/OW 1yos OL/OW 1, F1OL/OW o
I, FRATAT DAL IR S A R A P AR S A7 SR
N TERIRTIE, M AREL XY, 2 MEERIRKEREE Y = f(X) F1 2 = g(Y), FAEH
0z oz oY
X prod(ﬁ, &)
RFGRFERTEN], UM RO AT 2 BRI AT
B, BREECE R&NZ L 2 ERIREE 0L /0o, € RY A] UREZHIITH
8L - aﬁ(ot,yt)
870t B T- 80,5
I b, XN LA DA ERREACH SRS W, HIBEEE OLJOW ,, € Rv<h, TEBETE
Brg, EiHEEY, Wy, AIE o, ..., or HEIA] L, KAEHEZTEN,

oL 4 oL oy " or -
— = rod(—, =>» —h
W ;p o aw,,) ;aot t

HX, BMERIRSEEREZREAERBC R, N TRENZ T, £IHREYT, BEELE hy
RE or I\ Lo FIHFAVeHHE BRREE XRANZIGE S 2L RAEE OL/0hy € R", R
TEREATEN], BAEE

oL L dor - oL
% = pro (%7 %) = yh%
NT IR, BAMREBIERE ¢(v) = 2o ¥R, NTHNZ ¢t < T, fEHEES, BT h, 7]
IS by # o JEIA) L, EAERESTEN], HIREEE XESZLRAEEE 0L/ oh, € RM T24%
SR ZI SR 28) B RT3
oL oL Oh oL Oo oL oL
ohy pro (mv a;:trl) PrOd(GT)tv 8Tzi) = WZhWtH + —yrhaiot

R AREIT, MER 1<t <T, BATRTLAGE]H AR LA KRS R R ATEITA RN

oL T T—i oL
= Z (W;h) W;hi

Ohy — 007 44—;
AT, B8NPI SRR AR N K T 8RS ENZ ¢ 50, BIrREE KRS ELE
HEERA S IR (valishing) FIREKE (explosion), FHFE—TF 230 #10.5%° 2H LK,
BTENZIREELENMEZ G, BT AHERES BHERBSEIEEE OL/OW,, € R
M OL/OW 1y, € RVP, FEHHEEIN, BRI AL hy, ..., he 87 Lo KIEFEIEN], FATH

oL d oL  Oh, ) .
W med(aTt’ 76th) = ; Thtmt
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T T

oL OL Oh, | =L+
Wi ;pmd(aht’ oW = 2= om, M

FEIE A RER S AL R BATRRT, BERA,  ERS MRS H IS BRI L
B, XN TR EE IR, fln, BTRLEZRME OL/oh, $OHEAAE, REEREME
HISERRIE OL/OW ), TR S BB OL/OW ,, RITHE AT DU RE S B AR B R O (E,
MmEHEE I,

EHREERNR, RAEEN T8 ZHERBMSHAHE TR e Ao Erm &R iR
M 2L BN SEEI S ATE, 250K, SEHREE OL/OW 1), B BT Z AR S R BN Z
t=1,..., T —1HEHHE h, (ho BEAAGEIND) o XA H BIERIEE M N Z E i 2 HIIE ]
EREIH RIS 2R,

ING

o PIEREIL IS [R] S A A& U R AR TR FE R PR AR I 258 ) B B

- SN IIZEIRREAR NN P RE T ERSRENZ ¢ B/, BREEE RS R
JERA 5 WIS AR A

%3

- TEFEFRAPZEILE T, RRERBTE SR AR AR
« PRICRERBZUBIATA 277 125 7] DARL X IEPA LR A 258 R B B T IR AR KEER R 2

ABEEITIEX
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6.3 | JiXEIFEIT (GRU)—MNEFIA

bR, AN TS M RO TR R, BATAI, MMMl s R
FREE AT RE R tHEN R IRl MR K, BR IR FEE R B W AR X8 FE AR, (ELTC TR AR R0 P S DR A [P
I, 28— DINEFPE, BIAISCAREA, FEPMREE R 28 5 SR b SRR P4 1IN 2 BB EOR
HISCATER (FER) Z RFIARIC R,

[ THEIR 22N 4% (gated recurrent neural networks) HYHEH, J&28 T 5 4F HfRHE IS - 5dE Hh a)
B KR R, HP, 118 1EIR¥IT (gated recurrent unit, fAiFK GRU) 2—FE HRI 1%
TEIR LM, ©H Cho, van Merrienboer, Bahdanau fll Bengio £ 2014 fE#42 H,

6.3.1 | JITEIFE T

BAVEA B A B TTHIRDE, & LLIEPR NSt B & EAIERN E 2 — R

EEIMEH)

[EEARRTHRESREREESREEEE H, WERSIKESKEN h, BENZI t F—MEAR
BN n FHEMELEER o« WIEEEE X, ¢ RV M E—MZIBRERES H,, ¢ R, HE[]
(reset gate) R, € R™" FIEEH] (update gate) Z, € R™ " BYE XU :

R, = G(XtW$7' +H; \Wp, + b7)

Zi=0(X Wy, +H Wy, +b.)

HHI W, W, € R I W, W), € RPM ZRZESIHIRESEL, b,,b, € RV ZA[3]
HImiE 28, M o HAZARPRI=IRAIEER 1 4,

FEERARE, EEN IR A TESN 0,1) MEE o (x) = 1/(1 -+ exp(—x)). Fit, B
11 R, FITHT1] 2, hAS TR EBERE [0, 1),

RERERE

FATRT LOEIS TR EIAE [0, 1] BYSEHTT TR BB IREEHIE SRS E RN XIEH A] DAY
FAHLTCRRIERF Oo [TTHEAEIRBATT AR IBEE RS SRS B, € RP A TEIRAE [—1, 1) AUXUHILE
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PIIERI %X tanh YRS PRER -
f_It = tanh(Xthh + R OH; «Wpp+ bh)

HAW W, e RN HI Wy, € RV ZBAIZESIHNESE, b, € RV Za]# 3 MmBESE

WEERENE, PRERSIESER TEEPRIEHE ST BN ZIE R E— MRS ISR
QUREE DM 0, E—NEERSRRER. Hit, SEEMRM T BZFRE5ARORERNERES
IRASHIHLAH

RERE

FERE Hy € R FHHREHERT] Z, RN E—NZIRREEIRES =,y FEE N 2L
BREIRA H, s, ARWR:

H =Z,60H, 1+(1-2Z,)0H,

T EERAZ, R AT DA AR SRS AR L Al 2R B 2, an SR sEH ] — B 1,
ERR SRR — BB N AR L 2 Y AT Zl, 3X M AT DARDS IS B2 ] 265 Hh R A6 o
TEPRIAIRE, S A AR N 280 P TR R R A O 2R o

BATHT R TR B R (RS 45
- EE[ AT P EE R R O R
- BT A BT RN R KRR R
fHH EAI T A S ARG A 22 0 245 HP R

6.3.2 LI§

N TSI R BN TT, BT MR A BN AR EdE SR SRR BT, IX BRI 9008
MEITT LA SE L EAE TGP FRZE M 255 HR A28,

iR

BRI Lin S (i e B AL B
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In [1]:

import zipfile

with zipfile.ZipFile('../data/jaychou_lyrics.txt.zip', 'r') as zin:

zin.extractall('../data/")

with open('../data/jaychou_lyrics.txt') as f:

corpus_chars = f.read()

corpus_chars = corpus_chars.replace('\n',
corpus_chars = corpus_chars[0:20000]

idx_to_char = list(set(corpus_chars))

" "Y.replace('\r', ' ")

char_to_idx = dict([(char, i) for 1, char 1in enumerate(idx_to_char)])

corpus_indices = [char_to_idx[char] for char in corpus_chars]

vocab_size = len(char_to_idx)

print('vocab size:', vocab_size)

vocab size: 1465

FATMFEF onehot REFIFR G| FRRALIAI &,

In [2]:

def get_inputs(data):

return [nd.one_hot(X, vocab_size) for X in data.T]

IR IRE S

PAR R AL S RO TR

In [3]:

import mxnet as mx

# ZEER GPU

import sys
sys.path.append('..")
import gluonbook as gb
from mxnet import nd
ctx = gb.try_gpu()
print('Will use', ctx)

input_dim = vocab_size
# PRERESKE

hidden_dim = 256
output_dim = vocab_size
std = .01

ZH hidden_dim & T REIREHIKE,
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def get_params():
# [REER
W_xz = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hz = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_z = nd.zeros(hidden_dim, ctx=ctx)

W_xr = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hr = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_r

nd.zeros(hidden_dim, ctx=ctx)

W_xh = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hh = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_h = nd.zeros(hidden_dim, ctx=ctx)

# WHE
W_hy = nd.random_normal(scale=std, shape=(hidden_dim, output_dim), ctx=ctx)
b_y = nd.zeros(output_dim, ctx=ctx)

params = [W_xz, W_hz, b_z, W_xr, W_hr, b_r, W_xh, W_hh, b_h, W_hy, b_y]
for param 1in params:

param.attach_grad()
return params

Will use gpu(0)

6.3.3 TENXIEH

PV AT AR TR 2 SRR R R

In [4]: def gru_rnn(inputs, H, *params):

# inputs: num_steps MR A batch_size * vocab_size ¥E[E

# H: RITA batch_size * hidden_dim $E[%

# outputs: num_steps NR~XA batch_size * vocab_size ¥EPE

W_xz, W_hz, b_z, W_xr, W_hr, b_r, W_xh, W_hh, b_h, W_hy, b_y = params

outputs = []

for X in inputs:
Z = nd.sigmoid(nd.dot(X, W_xz) + nd.dot(H, W_hz) + b_z)
R = nd.sigmoid(nd.dot(X, W_xr) + nd.dot(H, W_hr) + b_r)
H_tilda = nd.tanh(nd.dot(X, W_xh) + R * nd.dot(H, W_hh) + b_h)
H=2ZxH+ (1L -2Z) ~ H_tilda
Y = nd.dot(H, W_hy) + b_y
outputs.append(Y)

return (outputs, H)
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IERIRE

NEBENDTHEIZREERL,
1X BELR [ SR AR AT

In [5]: seql

seq2
seq3
seqs

lﬁ;l:l

ROFF

'R ERRA

[seql, seq2, seq3]

A,

RV S GBI I,
SRS R T

R 2 S VI = s N

gb.train_and_predict_rnn(rnn=gru_rnn, is_random_iter=False, epochs=200,
hidden_dim=hidden_dim,
learning_rate=0.2, clipping_norm=5,
pred_period=20, pred_len=100,
seqs=seqs, get_params=get_params,

num_steps=35,

batch_size=32,

get_inputs=get_inputs, ctx=ctx,

corpus_indices=corpus_indices,

idx_to_char=1idx_to_char, char_to_idx=char_to_idx)

Epoch 20. Training perplexity 273.012025
D BRRNRHORHIRERETH R RR BRI AR BIRIIRAIREIREIIREI R REIIRAIIREIE |
BIRBY AR ER ORI BB RV R RO RV IR B REV LU IREV IR AU R BUER RO IRE IR B R BV RO IREY IR VIR BOEK |

!

—

—

BIPREYELRILR

v P dE > SN BE 4 BE 4NN : NE = 9: DN N 92 Sy UENE 2 42 Sy UEIE 5 A=A =R > AN RONEN ES A RGN RS i RN :RE 4: NN DE 2 3: i i Il
BRI BIIRBVE AV RBIE BIIRBI R BV REV R BV REI RV REY IR A REY IR AT REO IO IRBVERBO IRV ERBOIRAT |
FEVIRBIIRETIR

G EPEIEA RAHIRBEBIIREI R AR BRI TR BRI FA RV BOIRBV IRV REV TR BOIREV IR BV IR ERRY |
TREVEBIIRBV BRIV BORBI R BOR BV B RE R BV MREY R BV REY AV REY BB REO RO IRBV RO IRBOFRAT |
TREYFRAVIRBIERBIR

Epoch 40. Training perplexity 102.791829
D BEEMFRNER BAE FI2A IR xi xi xi xi xi xi xi xi xi xi xi xi xi xi xi xi
xi xi xi xi xi xi xi xi xi xi xi
TOHF BEEMNER BAE FIBA MR xi xi xi xi xi xi xi xi xi xi xi xi xi xi xi
xi xi xi xi xi xi xi xi xi xi xi xi
PRI BAEMRIER BAE FIA FY xi xi xi xi xi xi xi xi xi xi xi xi xi xi xi xi

xi xi xi xi xi xi xi xi xi xi xi xi

—

—

—

Epoch 60. Training perplexity 27.989152

o

- OF —BE—H Zx —HBH\ Sk —HE —x —HE —x —HE S —HE —x —HE =%

o —HE =R —EE =R —EE =® —EE =m —HE Tk —HE —x —HE Zx —

- RHFT 73517&107{'9? IHFERE MR R —E =% —E =t —Ei ® —HE =R

o —Hff Sx —HE =R —HE = —HE = EE Eﬁ EE =% —
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- ESEPEIA MEX KBRS RENAXBEFTR (HEXTERENKRERR NERR
- MRARZBIEIMAR) CEEXEFTF HNXRFELE BEOR RBENTELA
- FIFRLRRENATEZA FRRLERRENATE

Epoch 80. Training perplexity 7.883757

- DATAREKE WEE FTFEEMR FHAR BRETXTNE BHER XAERMAEs TRENIEE HER
o RER B & G Bl B REEXET MEEXEE MEEKATIR &

- FORT—HE BRERNNEEXRTEETD RAEXBERE RBHNMER BURMRHRIR RETEME
- FIRHER RRMF TMER BMOFRYE BTMHEER J9EEAE BIRE YWIRNIRK BUE

- REAX

- HEPEA AR 2ORTEENF K—NEIR REFEBI HTEE BBR RERX EROFIRY
o BETMHEER 9K FEEXHET 5IERE RAER HIEMRR ZBE RER EIRIRREY

-~ RBErRE

Epoch 100. Training perplexity 3.068651

- DATONZEE REBENTEE REFTHIBNEEMEA/N MEAXERHRNFRRT BEEREED K
o FHARRE RETXTR BHER XI37—NM BHER RZIFFEE RIZFEFEE S HEERRIER
- AORTEENF EIRILRFE FEERMNIERX MEATENEE IMEENER RAREREARR

o AT RENEERE—EIR ARVWNKNENEBELRSL (BRRAE ILRNENNERNIE
RIERIIRR

- HEPIRA XEANKEE ENIEME REE) INXKENERIEE) WG #EE HTNQAXBRFERRK
o (HEXTEBREMXRERR NELRR MRIBRIEINAR) (HEEXTERHRENXESRR NLER

-  RRZED

!

Epoch 120. Training perplexity 1.668566

- DATHEF=DEE tEXREE SMOIE B8 MRRATHR THBR MANRERD RRENEN
o  HKEMR RER B B! & 8! 8] Brremvmeens B E! A Bl Bl B

- FOATEENF EINX FEREENEE LBRERURER AIEfXSE FIEHNE—REERE

- WMENXERFATRM HELERNK AR BRA Z2MHEOMET EREANFHMRBETROBEE
I REZHEFIN

- HEPIHIE) KEIFFIFSABMERE 58 SREIEE —BERE LAMXET BEE —HE
- BEMXEFEEMNFIRA EUAUUERRELIEGE F RERNBE 1 TREOEE

- RXENEE B

!

Epoch 140. Training perplexity 1.238852

- DF AMAEWE TRk XEATH REMXEEEMNFRRFT ERIFAUERRREEHRE T

-~ SREBRNBE f ETRROEE GAXENEE REMR MER B & & B! Bl Brrvvvveneee

- FORTEERER RESRFIEETHTIDE HB FIEMRELIK FIETHRE BEEHET XTEkiE
o BREFAEBRXAT EIZEHAR BEANERER BRAARKEMR BEARKEMR BENERKER

- ERAREKEMR

- WFPEA BREEXEER —EMESARLE MRS SFAFO WAERE WiBHEEE

o XEBAAFENEHE SFGQENE IMRENE EEIERE BRIERSERTENS SEEANS#IE

- —RLEOYEY
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Epoch 160. Training perplexity 1.100933

- O XER EELER SETENSGHE RiRENERSHF=KARBMROONE NOFER T IMESHNER

o SHEXARFTHBIIES UMK T KERMINFE RAMFNESERATTH REEERTAKTER
5315134

- AOAME BFBIELR WTOFNEDZ MENFEEE SIFRMERNE S3EMNR

— EETFEFE TEIERN AEARTED/ N XFEDIF FREATRER SWERZE RITEH LIRS

o  EHERAR

- SEPEA R EBYERES EREKE \ SERERERD AN SEREFRERD A

o OZBFKHALA EBFKMAE MFIE GRA\HE MFEEE KRN \HIE kE EFY\BF k2

o EEE\HF X

Epoch 180. Training perplexity 1.062013

- DATEFER BRERHIEMT RAME MUREEM RFNEERAREERNLAZLA

o BRENULEROENAIEZA BERNILRBRSNIEZA FRRERRIENTTEZA

o FRBLLBRRENAEZA NREFEE T

- TOAME BFBRIEXHLR WTOFNEDZ MEMAEE SIFRMERNE S3EMNR
BEETEES BIRARN XANTEN) X FREAIREER SWERZE KB HREE
o EEIEANR
- HEREA BX EEBRINEAEMRA\F FBEAREHE GERES RIS GERES RS

o ABREBRREERL FEHEERREEHE NERKTBEE AEVMUE FEIUATHE BIE FdUEEg
— BRIE {BEEMK

!

Epoch 200. Training perplexity 1.046608

- DFF EEXNEEE NECR-FER TATIRERE BRBENEEEEF TASSRREN WEIRFZAER
-~ BEXTESL FOMBRY REANESER FIFRS REANER FFRS MRFEREY WWEEE
- FOARECBRERNE ANENEZEMEGNERR—EBRNEA—RBHR

- BREMEIRT EHMRE WRilSHKENOEEHRTRE /IVINRECHHBESWGET

o~ WAREZXEBZE—KR BRENREMIFEREZN

- HEREIA HBEFXEX MEAREERAEXNERE X FERGHEAEF— BENE

o EEENTE NRREBNGRE—FER RERXEFIET—IAER REE—TABEMEIZ &ETIE
— ERTEmRE

APV I THAF R BT, RafEaniE, a8 amniE, R5E LRGN T
g

6.3.4 /\&5

o [TREPA B TTER HUZ DY T SE dr M B I 25 v IR BR BRI R
- HETEITHHEN 7 E8dE R R,
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< SR 1A B TR N P RdE AR O &R

6.3.5 4]

- HHSEGIINEBRE RN FHIKE, B EIRERKEN S R) BB X ISTI AL, perplexity
T 25 SR AT

« FERFESAET, AT IR TTATE AR LS HTIBT TRCR

6.3.6 HIZEAITIEX

6.4 KIEHAIZIZ (LSTM) — M EFFI4

i, BAIN A TR TR RIBERE TR TR, BATREL, 1B MR S RE R
PR ATRE R HE IR E R A, R ORI TR B W AR X AR, (ELTC TR A R0 P SRR A [P
I, ZE—DINEFE, BSOS, FEPAREE R 48 75 S2 R b SO HE P I I 2 B ESHOR
FISCATER (FER) Z AFIARRmIC R,

N T G BN AR T R R AR BMOR R, BAINA T — R RO I8 AR k4, Y
TR T, AT S — R R BT 2%, KFEHIICIZ (long short-term
memory, fE#{LSTM), ‘& H Hochreiter fl Schmidhuber £ 1997 @, F5L b, B L1
TR TC R EE AR T BE 2% —

6.4.1 KiGHAIZIZ

BV A REHILIZEE, KECIZRREEIRSEMARSEZR] H M4iE ¢ (thikidiz
il I (2N EICTS
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NNl )

BoER ERASKERN h, BENZ ¢ BI—DEARECN n FHERRLEE N « K ELHE X, e R
ME—KNZEERE Hy_y € R, AT (input gate) I, € R**", &[] (forget gate)
F; c R flfH(] (output gate) O; € R lE AR :

I, =0(X W, + H_ Wy; +b;)

Fi=0(XW,y+H; W+ by)
O, =0(XWyo+H_1Wy,+b,)

/E\:EPB/‘J Wxia Wa:f7 Wa:o S Rth *u Whi; thv Who S RhXh %ﬂigag*XE%%&a bia bfv bo €
RV BAZES RIS SEL, B8 o BRI =IUEINGER T .

M IEA e EE TR ER 18, XEHA]. B M TP E e E2 1 EEET
72 [0,1]o
vl

R TR0 PR e A R 2 RS —HE, KICIZ R BE i C, € R WA T {EIAE
[—1, 1] BB IE TP EK tanh RS PR

C; = tanh(X,W .+ H; W, +b.)

HAPH Woe € R HI W € RV BAZZSHINESEL, b € RV BRI HIRE S,

i)

FATA] DOBI ST RAEIAE [0, 1] BRI, SBST TR R SRR S S E B Riah : Xl
AT DA FHZOTRRIEST 0. HAINZIAINE C, € R" (HHRAS T _E— 21400 5 A %)
fIEAIMEAE R, FREIEE R T AR B RRE):

Ci=F,0C; 1 +1,6C;

WEERRE, WREE]—E M1 HRAr—EEM o, I RRIANAR —EsEd i R R
I IR, IX B AT DAL PR P28 A B S R R0, B A A P I o A e
[EEEININ IS
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PR A7

5

A THIELYS, £ FRFABE AT DOmI & RN S B '] H, ¢ R IEER
sl

Ht = Ot @tanh(Ct)
TR EAZ, SITERL L, HiE R BRIk S B R, Skt tlo, AEERE
R,
BRI ] SRR IE A2 0 25 FR A FE IR

6.4.2 LI%

N T RIGF RoRI I EAE I, ?kﬂ]ﬁ?,m@ﬂ%ﬂm\{@%‘)\ﬂ?ﬂl?ﬁ%ﬂ%vll SRR, X ERRKIEH
IEIZLASNSEBL E LRI L2 i 45 AT

iR

BT R Lin S (i e B AL B

In [1]: +dmport zipfile
with zipfile.ZipFile('../data/jaychou_lyrics.txt.zip', 'r') as zin:
zin.extractall('../data/")

with open('../data/jaychou_lyrics.txt') as f:
corpus_chars = f.read()

corpus_chars = corpus_chars.replace('\n', ' ").replace('\r', " ")
corpus_chars = corpus_chars[0:20000]

idx_to_char = list(set(corpus_chars))
char_to_idx = dict([(char, i) for i, char 1in enumerate(idx_to_char)])
corpus_indices = [char_to_idx[char] for char 1in corpus_chars]

vocab_size = len(char_to_idx)

print('vocab size:', vocab_size)

vocab size: 1465

PATIEEH] onehot FRFFAFRF IR AIA &
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In [2]: def get_inputs(data):
return [nd.one_hot(X, vocab_size) for X in data.T]

I IRE S

PURNER N BRI SHORTRIIA M. 280 hidden_dim & X TR EIREH KL,

In [3]: +import mxnet as mx

# =EER GPU

import sys
sys.path.append('..")
import gluonbook as gb
from mxnet import nd
ctx = gb.try_gpu()
print('wWill use', ctx)

input_dim = vocab_size
# PRERESKE

hidden_dim = 256
output_dim = vocab_size
std = .01

def get_params():
R NS
W_xi = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hi = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_i = nd.zeros(hidden_dim, ctx=ctx)

# BT

W_xf = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hf = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_f = nd.zeros(hidden_dim, ctx=ctx)

# HIIE%

W_xo = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_ho = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_o = nd.zeros(hidden_dim, ctx=ctx)

# RIS

W_xc = nd.random_normal(scale=std, shape=(input_dim, hidden_dim), ctx=ctx)
W_hc = nd.random_normal(scale=std, shape=(hidden_dim, hidden_dim), ctx=ctx)
b_c = nd.zeros(hidden_dim, ctx=ctx)
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# HWHE
W_hy = nd.random_normal(scale=std, shape=(hidden_dim, output_dim), ctx=ctx)
b_y = nd.zeros(output_dim, ctx=ctx)

params = [W_xi, W_hi, b_i, W_xf, W_hf, b_f, W_xo, W_ho, b_o, W_xc, W_hc,
b_c, W_hy, b_y]
for param in params:
param.attach_grad()
return params

Will use gpu(0)

6.4.3 TEXIEH

PAT VAT AR 2 TR R R

In [4]: def lstm_rnn(inputs, state_h, state_c, *params):
# inputs: num_steps NR~A batch_size * vocab_size %EfF
# H: R~IH batch_size % hidden_dim %E[E
# outputs: num_steps NRIA batch_size * vocab_size %Ep%
[W_xi, W_hi, b_i, W_xf, W_hf, b_f, W_xo, W_ho, b_o, W_xc, W_hc, b_c,
W_hy, b_y] = params

H = state_h
C = state_c
outputs = []
for X in inputs:
I = nd.sigmoid(nd.dot(X, W_xi) + nd.dot(H, W_hi) + b_i)
= nd.sigmoid(nd.dot(X, W_xf) + nd.dot(H, W_hf) + b_f)
= nd.sigmoid(nd.dot(X, W_xo) + nd.dot(H, W_ho) + b_o)
_tilda = nd.tanh(nd.dot(X, W_xc) + nd.dot(H, W_hc) + b_c)
=FxC+IxC_tilda
0 * nd.tanh(C)
nd.dot(H, W_hy) + b_y
outputs.append(Y)

< T O O O m

return (outputs, H, C)

IERIEE

PEBATFHAVIZER, BAUMRE S HAARRTR AN T8 “RaIT" i,
IX BR[O RAR AR B RAE S AR T I A AT 5 AL,
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In [5]: seql = '9FF'
seq2 = 'O
seq3 = 'GEEAHEN
seqs = [seql, seq2, seq3]

gb.train_and_predict_rnn(rnn=lstm_rnn, is_random_iter=False, epochs=200,
num_steps=35, hidden_dim=hidden_dim,
learning_rate=0.2, clipping_norm=5,
batch_size=32, pred_period=20, pred_len=100,
seqs=seqs, get_params=get_params,
get_inputs=get_inputs, ctx=ctx,
corpus_indices=corpus_indices,
idx_to_char=1idx_to_char, char_to_idx=char_to_idx,
is_lstm=True)

Epoch 20. Training perplexity 320.567702

- OF REA REN BED | HIMAY HIAY HIH FHEW FFH BEH RED BRH RN
o BREM FHIMAY WER LAY WIFR LMY R HWHY REW R REH BED

- FOF HRORB R HI|H KM HHD R BHEDO FEH BEO FHA HHEH HE
o HER RFA RIEH RFED BWEH WIMAY WIMAY FHIAY FHIH AT RFH BEH BRK

- EEHPEA REAORAY IR A FHIH FHEH HFH BEH BEH BEH RO BRH

o REB HIMAY WER FHIMAY WER HIMAY WER HIMEY BWIFR LMY BEA LMY REW HRK

Epoch 40. Training perplexity 180.839080

—ﬁﬁﬁ?@\{m{m?ﬁﬁ?\iﬁﬁ%‘ﬁ?ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%%%
- AT BBRMHER FEMRE FFRR AR ?*27F &*&ﬁﬁﬁﬁ&ﬁﬁﬁ&ﬁﬁﬁﬁ
- ERFEHEIA RBRRHER RAMRIMR RAZK RF %EJZ7F ﬁ?\ﬁ&ﬁﬁﬁﬁ%%ﬁﬁﬁﬁ

Epoch 60. Training perplexity 72.701393

- DF BEMF BEE BEFEXT BFRER BATXHE BFEMR BFETXE HTEFR BEFRT7TXR

o HEFEMR BRTEXFR BFEER BRTERTER BTFER TMATRIFER BFER RFATH

—  BARTXHE

- AOF AR AR BAEXFT BFER BFATXER BFER BA TR BTFEER
BTAERTER BTER MATHRAER BTER FATH EFRT7TEE BFATE BRTXEK

- EFREER BEFTXF
- HEREIA HRGFHNE —MIKE FRAE BEREXR BAEMR BATHIRK EFAR EFRTXEK
EFER FARTER BRTEF BFLER FATER BTER BFATXR HFEER BTFERTER
- EAE

!

!

Epoch 80. Training perplexity 26.711690
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- OF fRER BERE BB BAE B8 7R B8 818 SRNWHENERE MARMER FRABEF
— HE R BEENR! FREZWE RMILEER FRR RETREER BFAESMR RNE

- AR B FFRE B GFF BFE EROME {AT BEROXTR THOFRE HEBTXERE

o BRAARRE ROIFFNR BHN FTFFHR BRARE RETIFEE BNFFE RTEFE BRNXFERAF
- EEHEA RBRNE B—KE AR MAERBE HAE 7% BIFNEK £ (18

- fRREEVERE B RAFF R BART IERHNEE BMTRENE FHAR BRFER RFRR

o RRTEWEH

Epoch 100. Training perplexity 10.525111

- OF HARBNEM BE HREBRA  BATHERNE BFE GRER IR RERNONERE TR

o RFEERE BANE HE BFAE BRE BB BFAE TRENKEMGREN EREAR aIFH
- ORI RABRAE BHNERAKEENE RAB F2K IFE BFE ARNBAER AR

o HAEFXE BHAR MABXER AR RIBTXESR BRHER RizFFLEE RATFERE

o FHEARB MR

- WFFEARE (REC\ 2RISR B2 REH BERONIKEATSE BNESAE BIRAVEE

- FFEEEE B’E Tk BFE EBEXNARMERLEN EREAABA % RAEBEE HTEHAE
- HEF BF K

Epoch 120. Training perplexity 5.193585

- DF AR FAFT EROMT BEEAZE AT LANEE geiElh BIRAT RFT —8H+

— AANNE —f=T BEANE KT BIFAR FENE FEREE fRER TFE "RFE RBRRT

- AOFF HAZRHBE —EHEREE BOXARE SH00E BAE ILREAR XTEE EEEA

o BT BALE RAREN BeER —BT EAE —HATY Fetdd 2NN BERNENX 1
- SEPEHIAE BEZE2AREZHE BFEG—RENEE BFEG—RBERZE BRFRG—REBERSE

- BEREBE—K—E\# AERE BEERSKZREE AEUE NEKRSKZREE AEVUE

o~ MERE2R CEEUE

Epoch 140. Training perplexity 3.032119

- DF MARERE FAR —HE HEMXEREMNFARF EaFAAIUNEEEREEGE T

— EFFNBEE f ERROEE GXENEE REM MER B & & 2! 2 EAFLLEEN TE
Rz

- AOREF HFEFAP RBE—EBNONER AZHNREE EmNEFE WERRE HREEXRHER SHER
o NHTEZRI BIHNERAZ WERLEE BE/ELE SS4EH Bz XEE —#ERZEBE &
- HEREAE MA\2ARSHE FB\ ANRE RFNEAESITIT— RNTEH FREA (LE=
- HEERXANESRE B—HFEEL BRELEE JIRESEIRKERE NERLAE—RHBE

< BT ErbiEErE

Epoch 160. Training perplexity 2.059639

- OF EENNAE EHAE) FHAE) FHAE FHAE FHAE FHAE FHAE
o FHAME) FHAE) FHAE) FHA®E) FHA®) FHa®@) Fi

- FOFE HEABBAF ATARERFT HF2ARAAEE BRNXREFAR IKE2HNZHEE RAXESHS
o FRENKHEFIL AIRFEAE —BEETEERBtTE MRXEERRE-REFEF EHEHAERRR
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- HEPEIALE AR \2RARENE BFEE-RENQE REG-RBRRE BIE KK \H
- BEE—K—K\H# XBH SHIFENABMR\F XBH SHEENABMR\FE FE2AREAE
-  RB2ARLAE &

Epoch 180. Training perplexity 1.645760

- DF XEENKIL BE RIEETRA FIHNIB SMENRLEE TR FEIFE KIAREIRTE

- WMEBREHNE HFRENIZ E Amd TR —FEREINEE LEI—ARE KERENEL T2

- ROFF BHEFR B —RAEEHER WIrES5HE5—TE UIrEHRRES—ME FEA-/\ETHE

o BUZEEEA RAVELERERT) MEMNILIREBNE FTFEENIR —RE88—& Rttt itENEE
- EFPEAL REE\ 22 ILERMNEFREF XEFH FESHR RXETHE XTE0HE

o NOSEEETREE ENRBESB BTN FREEI2 BREEM HSEMEM HHEEER

— MKETE BRNARH

Epoch 200. Training perplexity 1.392779

- OF XFEMNXE A4AMRIZ FETEE BKERN ZERA2 EW=I34 =M= ERTHER

— FrBABRER MLk BFIASK BETYEHF F2REE MRTHR 2T ART BETREKIE
- FORABENFFRAE BERXEXE—TANEN REE—TABENEIZ SETEE BEETHHE

- MRBEUMR 7R REENNE EEENTE BEEY CRTREBNNE Z8E —PHINTN
RinE

- HEBEALE RR\LARGAE M\ 2ARGHE BFRG—RBENSE HRG—RBHLE

o BEG-RENEE BIE KK B E—K—K 1 XHE-K K\ X E KK
o XEEKK

{

DB S THAZ IR AR TR, RRRERE, e REREE, REE EREFRNMIT
g

6.4.4 N4

« KIEHAICIZRITR 200 1 B4 b e i 20 o (RN BB B B ARIR R o
« KIEHICIZRISE L THEAIE PR BT EE A SR 7%

6.4.5 4]

- RS E BIHINEERE RN FAIKE R E RS RKERN S R) , BB NIBITIVAL perplexity
RO 25 SRS AT,

« FERFESET, HAKEHINCIZHT IR T UM L I 4 BT TR .
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6.4.6 FHIZEIAITIEX

6.5 R HLEZEMLE—EF Gluon

AT ETER  6luon YIZRIEFIHZE LS,

6.5.1 Penn Tree Bank (PTB) &

BATIDABAIA N A TTERIZRE S AL, Penn Tree Bank (PTB) J&— MRIENI XA FHIEHRE,
EHEAEIZE, RIESEMMILE,

NHBATEAEEE,

In [1]: {dmport math
import os
import time
import numpy as np
import mxnet as mx
from mxnet {import gluon, autograd
from mxnet.gluon import nn, rnn

import zipfile
with zipfile.ZipFile('../data/pth.zip', 'r') as zin:
zin.extractall('../data/")

6.5.2 EIiRiE&RG|

THENXT Dictionary ZRMUIATER RS,

In [2]: class Dictionary(object):
def __init__(self):
self.word_to_idx = {}
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https://catalog.ldc.upenn.edu/ldc99t42

self.idx_to_word = []

def add_word(self, word):
if word not 1in self.word_to_idx:
self.idx_to_word.append(word)
self.word_to_idx[word] = len(self.idx_to_word) - 1
return self.word_to_idx[word]

def __len__(self):
return len(self.idx_to_word)

AR Corpus ZHZIREENAI SR BR R MG AEA RS IE B, HOR SO R AR TE R
SIS, Xk, BN SCAEIREMER T NDArray AR,

In [3]: class Corpus(object):
def __init__(self, path):
self.dictionary = Dictionary()
self.train = self.tokenize(path + 'train.txt")
self.valid = self.tokenize(path + 'valid.txt")
self.test = self.tokenize(path + 'test.txt')

def tokenize(self, path):
assert os.path.exists(path)
# REERINE A,
with open(path, 'r') as f:
tokens = 0
for line 1in f:
words = line.split() + ['<eos>']
tokens += len(words)
for word in words:
self.dictionary.add_word(word)
# BXAERAINERSINFY] (NDArray 1830
with open(path, 'r') as f:
indices = np.zeros((tokens,), dtype='int32')
idx = 0
for line in f:
words = line.split() + ['<eos>']
for word in words:
indices[idx] = self.dictionary.word_to_idx[word]
idx += 1
return mx.nd.array(indices, dtype='int32")

B NAATR/N,

In [4]: data = '../data/ptb/ptb."'
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corpus = Corpus(data)
vocab_size = len(corpus.dictionary)
vocab_size

Out[4]: 10000

6.5.3 TEIFMLEZMEIERE

BATA] PUE L MBI 8T 2, X FERIE AT DASCHF S AR Rl IR R I 8RR T

In [5]: class RNNModel(gluon.Block):
e R TR
def __init__(self, mode, vocab_size, embed_dim, hidden_dim,
num_layers, dropout=0.5, **kwargs):
super (RNNModel, self).__init__(**kwargs)
with self.name_scope():
self.drop = nn.Dropout(dropout)
self.encoder = nn.Embedding(vocab_size, embed_dim,

— weight_initializer=mx.init.Uniform(0.1))
if mode == 'rnn_relu':
self.rnn = rnn.RNN(hidden_dim, num_layers, activation='relu',
dropout=dropout, input_size=embed_dim)
elif mode == 'rnn_tanh':
self.rnn = rnn.RNN(hidden_dim, num_layers, activation='tanh',
dropout=dropout, input_size=embed_dim)
elif mode == 'lstm':
self.rnn = rnn.LSTM(hidden_dim, num_layers, dropout=dropout,
input_size=embed_dim)
elif mode == 'gru':
self.rnn = rnn.GRU(hidden_dim, num_layers, dropout=dropout,
input_size=embed_dim)
else:
raise ValueError("Invalid mode . Options are rnn_relu, "
"rnn_tanh, lstm, and gru"%mode)

self.decoder = nn.Dense(vocab_size, in_units=hidden_dim)
self.hidden_dim = hidden_dim

def forward(self, inputs, state):
emb = self.drop(self.encoder(inputs))
output, state = self.rnn(emb, state)
output = self.drop(output)
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decoded = self.decoder (output.reshape((-1, self.hidden_dim)))
return decoded, state

def begin_state(self, *args, **kwargs):
return self.rnn.begin_state(*args, *xkwargs)

6.5.4 EXEH
AL € RIS E, BADNEREMER ReLU USRI BTG IR LM 45 i, X HERATHE
epochs B2H 1 20 TR,

6.5.5 ZEFEIFHEMLE

U@L num_layers WEEIHEMLEE S ZIZE, Hlan 2,

MNF—DZ BRI ML, LATNZIESZEMACKBR—NZIBAR WRE) s k—RE
B, B RBRINESIRERITER —RLE,

A ZE AR N 25 R & BN BT S I — R f, XN ERERTE ¢ RN X, H 1,
W2 H,:

f( X, He—1) = Hy

BZHANE 0 12, MHDHE L+ 1R, fE—2% L MRS RIOIR s, X e
A RABR AL

-1 l l
fEy D) = =Y

N EFTR,
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supported by viewer] [Not supported by viewer] [Not supported by vie

supported by viem TP uUpported by viEwe ¥ upported by v

supported by viewer] [Not supported by viewer] [Not supported by vie

upported by vipw™ TYoPJupported by vigem ToPJupported by Vi

supported by viewer] [Not supported by viewer] [Not supported by vie

In [6]: model_name = 'rnn_relu'
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embed_dim = 100
hidden_dim = 100
num_layers = 2

r = 1.0
clipping_norm = 0.2
epochs = 1
batch_size = 32
num_steps = 5
dropout_rate = 0.2
eval_period = 500

6.5.6 Ht=EXHF

PATTRF B it — 2 A B O (58 AR R B RAE AR 3o

In [7]: # SREM GPU
import sys
sys.path.append('..")
import gluonbook as gb
context = gb.try_gpu()

def batchify(data, batch_size):
i BEEFR  (num_batches, batch_size)"""
num_batches = data.shape[0] // batch_size
data = data[:num_batches * batch_size]
data = data.reshape((batch_size, num_batches)).T
return data

train_data = batchify(corpus.train, batch_size).as_in_context(context)
val_data = batchify(corpus.valid, batch_size).as_in_context(context)
test_data = batchify(corpus.test, batch_size).as_in_context(context)

model = RNNModel(model_name, vocab_size, embed_dim, hidden_dim,
num_layers, dropout_rate)
model.collect_params().initialize(mx.init.Xavier (), ctx=context)
trainer = gluon.Trainer(model.collect_params(), 'sgd',
{'learning_rate': 1lr, 'momentum': 0, 'wd': 0})
loss = gluon.loss.SoftmaxCrossEntropyLoss()

def get_batch(source, i):
seq_len = min(num_steps, source.shape[0] - 1 - 1)
data = source[i : i + seq_len]

264 6. TEIFHHLEMLE



target = source[i + 1 : i + 1 + seq_len]
return data, target.reshape((-1,))

6.5.7 MitTRESBERERE

AR R UGE, SRR PIRRIa R SRR B L — MERHL R 7 5% R &R
o N T HBRISERI R RS AR RS, T NMFUOE R RITR, FRATA]
DAER] detach BECRAGRR SIS RE B Hik,

In [8]: def detach(state):
if isinstance(state, (tuple, list)):
state = [i.detach() for i 1in state]
else:
state = state.detach()
return state

6.5.8 IZRFNFMIEEY

FIZRT—HE, A TE SEAPEHT R 2

In [9]: def model_eval(data_source):
total_L = 0.0
ntotal = 0
hidden = model.begin_state(func = mx.nd.zeros, batch_size = batch_size,
ctx=context)
for i in range(0, data_source.shape[0] - 1, num_steps):
data, target = get_batch(data_source, 1)
output, hidden = model(data, hidden)
L = loss(output, target)
total_L += mx.nd.sum(L).asscalar ()
ntotal += L.size
return total_L / ntotal

Ba, BT PAUIZREEHAE R epoch PRATERIMEIRIES: ERVSEIR, TATATASHIRIES ERY
iRz,

In [10]: def train():
for epoch in range(epochs):
total_L = 0.0
start_time = time.time()
hidden = model.begin_state(func = mx.nd.zeros, batch_size =
— batch_size,
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ctx

= context)

for ibatch, i in enumerate(range(0, train_data.shape[0] - 1,

— num_steps)):

— batch_size)

data, target = get_batch(train_data, 1)
# MITEEDBRERS.

hidd

en

= detach(hidde

n)

with autograd.record():
model(data, hidden)
loss(output, target)

grad

out
L =
L.b

s =

# TREHE
# EWEFHNTE clipping_norm 3ELL num_steps F batch_sizes
gluon.utils.clip_global_norm(grads,

put, hidden =

ackward ()

[i.grad(context) for i in model.collect_params().values()]

5, FRIENE, XENRE

trainer.step(batch_size)

EEMENBE,

clipping_norm * num_steps *

total_L += mx.nd.sum(L).asscalar()

if dibatch % eval_peri

val_L =

cur

tot

od ==

0 and

ibatch > 0:

_L = total_L / num_steps / batch_size / eval_period
print('[Epoch %d Batch %d] loss %.2f, perplexity %.2f"' % (

epoch + 1, dbatch, cur_L, math.exp(cur_L)))

al_L = 0.0

model_eval(val_data)

print('[Epoch %d] time cost %.2fs, validation loss %.2f, validation '

'perplexity %.2

math.exp(val_L)))

g DU, AR IEINASE EIFTRER T,

" % (epoch + 1, time.time() - start_time, val_L,

In [11]: train()
test_L = model_eval(test_data)
print('Test loss %.2f, test perplexity %.2f' % (test_L, math.exp(test_L)))
[Epoch 1 Batch 500] loss 8.01, perplexity 3021.63
[Epoch 1 Batch 1000] loss 6.41, perplexity 610.50
[Epoch 1 Batch 1500] loss 6.21, perplexity 498.75
[Epoch 1 Batch 2000] loss 6.14, perplexity 462.33
[Epoch 1 Batch 2500] loss 6.03, perplexity 414.60
[Epoch 1 Batch 3000] loss 5.92, perplexity 371.34
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[Epoch Batch 3500] loss
[Epoch Batch 4000] loss 5.80, perplexity 331.65

1 .93, perplexity 375.41
1

[Epoch 1 Batch 4500] loss 5.79, perplexity 326.34
1
1

(62BN C, B G, B¢

[Epoch Batch 5000] loss 5.78, perplexity 323.76

[Epoch Batch 5500] loss 5.79, perplexity 325.67

[Epoch 1] time cost 47.14s, validation loss 5.68, validation perplexity 291.98
Test loss 5.64, test perplexity 282.37

6.5.9 /\&

« BATTATLAEA Gluon BANIZEFRFAIEIAHZEM LS, HIREMSSE, HIATMZHE
e

« WIZRERAP TR ZRFFRE IS FE 8, SRS RO R T 50 U AT A e 2
HEEEREE,

6.5.10 43

- VAVZEL (I8 epochs, FASERIER. FHIKE, BERESKEMEIR), BEMET
AL, VIZRSE. SUESAIINR S b perplexity MERRIIRAN,

6.5.11 HIBEIAITIEX
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s =x

GRIRIR— EAZIRAR BRI REX H, RATEEEEMH T REZERINZRIRE SR, Bk
W, EVIZRERIN, AT MR REARWNE RS AR MBI, HIERE
1R, BAURIZRRE 280k, N RPL S BB ARNE I 115 ST 2R S L

MACRIER TIRE LS B, —J7m, WE 7.1 FrRMEIARE, JIZR— DR 2R A ST
RIRTRERR Z U, B EEBJARE, Mt RRRM BRI RIIZRAR, 55—,
BRSO R A 2R SO A B T RATE G IS, W R
STRERUSR I B 4T

AERF RN HRE S P HTE IR,
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AEFIEREMME
& ®ANED:
"BEIRRE! 7

1=

7

)

7.1 RUEZEER

IR S TR ST R 2R DA AACAE IR B2 ST TR R Bk,

7.1.1 RUEREFS

FE— R S A, 8 B2 CE L MR B TR LS, TAT8tnT DA
PRI B (/M FEILALHR, SR 55 B 508 B VR DAL ]I H AR R %L (objective
function), MRIEHGI, JLLBIZER B ER/IME PR, HK, (LM AMREHER A DARE
Gy hEA N B/ MU AT TS H AR R BT T Y 1E S5 8 S B A

BRI IRIE SR T B/ MEASUR B 7 1%, BABE, XM 2RI B R A XA,
FERPLERTLALE =T, FAX 7 TIZRRZEMZAIRZE, BT IR B Ar R BoEH 2 —
PNET NGB RARREL, R EARTE TRERIIZRIRZE, MRS S HARE TRz
RE, NTRRZRZE, BRTERUCEERRIIZREDSN, BAEFZEERRIEE,

AREEF, BAVSGERMEIEE R/ MU B REE AR, MAKERRR)Z IR E,
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7.1.2 RETEREZFIIFEIHEY

HRDBGVEF P B BEIR E A% B, REAACREIF A EREATR, TR 2265
TRUETTER LR E RN R, XA RTE — @ I A ik ACE B i A U E R AR E L 2
fiit. BATNIEREILRIRAR X A TRUE T AR R,

MAAETRE SR AR PR, DR T HAR APk RilE/ IMEF SRR O T S 4 i
R, A TAARTT S50 T A L BB,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import matplotlib as mpl
import matplotlib.pyplot as plt
from mpl_toolkits import mplot3d
import numpy as np

SES=ZNIE

T B f(2), MR f(z) £ o ERMELAE o SOERTHMSRIEE /D, B2 f(2) AIRER—D
JRElE/IME (local minimum), 1R f(x) 7E = LAYER HFRREIER N E R BB/ ME, AR
2, f(x) BERis/ME (global minimum),

ZNBIF, BT R
f(x) = x - cos(mx), —-1.0<x <20,

FATTRT AR BAR M X R B R i MER 2 R i/ MERIA B, TEFENE, BPEEkERe
/\ﬂij(zﬁ{_l‘ﬁo

In [2]: def f(x):
return x * np.cos(np.pi * x)

gb.set_fig_size(mpl, (4.5, 2.5))

X = np.arange(-1.0, 2.0, 0.1)

fig = gb.plt.figure()

subplt = fig.add_subplot(111)

subplt.annotate('local minimum', xy=(-0.3, -0.25), xytext=(-0.77, -1.0),
arrowprops=dict(facecolor="'black', shrink=0.05))

subplt.annotate('global minimum', xy=(1.1, -0.9), xytext=(0.6, 0.8),
arrowprops=dict(facecolor="'black', shrink=0.05))
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plt.plot(x, f(x))
plt.xlabel('x")
plt.ylabel('f(x)")

plt.show()
17 global minimum
X
[rey
O -
-1 - local minimum

-1.0 =05 0.0 0.5 1.0 1.5 2.0

IR SRR HARR BT REA 75 TR il UM, =4 — ML P 100 R ) B e 1 JR R B (1L e 3
i, BT B ECE X RO e R E, REIEAORGHRUER AT REH < B AR EUR T i
IMETTTHE 2R/ IME

B

NINIERAT TR E, of B B B AR A AT RE 2 124 AR JR R B LR L Pt R, SFE b, 5—
FhR]REME 2 M ATRAE R L (saddle point) i, Z5MIlT-, ZAEKEL

HEOEES
TATAT IR i R B e R A

In [3]: x = np.arange(-2.0, 2.0, 0.1)
fig = plt.figure()
subplt = fig.add_subplot(111)
subplt.annotate('saddle point', xy=(0, -0.2), xytext=(-0.52, -5.0),
arrowprops=dict(facecolor="'black', shrink=0.05))
plt.plot(x, x**3)
plt.xlabel('x")
plt.ylabel('f(x)")
plt.show()
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<
) t

—5 saddle point

PRSI S S R B 15, ilan

fla,y) =2 -y

BT AR R B R . IFRESEIL T, IXRSELRG S, maar2
i b RTAR IR AL,

In [4]: fig = plt.figure()
ax = fig.add_subplot(111, projection='3d")
X, Yy = np.mgrid[-1:1:31j, -1:1:317]
Z = XKkKk2 - ykkR2
ax.plot_surface(x, y, z, **x{'rstride': 1, 'cstride': 1, 'cmap': "Greens_r"})
ax.plot([0], [0], [0], 'ro")
ax.view_init(azim=-50, elev=20)
plt.xticks([-1, -0.5, 0, 0.5, 1])
plt.yticks([-1, -0.5, 0, 0.5, 1])
ax.set_zticks([-1, -0.5, 0, 0.5, 1])
plt.xlabel('x")
plt.ylabel('y")
plt.show()
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£ EERE RN E, HARREUE « #i ERR R IME, TAE y i B2 RS R(E, ik HAREEL
FE— RN k IR _ERTRER BT/ ME, Rl REEGE 2 (BREAE), BR—F, W
R PR AR I RUE TR YR R i/ MBS R R ERIBER 272 0.5, %m0 BRI L
JR Bk IMERIBER N 0.5%, B b, HTRESASIEUSEOEF AR 4R, B AR LA s
LR B AR/ ME UL,

7.1.3 /&5

BEAES BB EFRE B 2 B AR, (HiXHIEVNE, BATEERE N RIE TR
—NBRE2ESIPERANRAELE, ENERZSERREPEIGEE T+ 098 SR E2E S
5,

7.1.4 43

- PRIEREAEEWPLE IR 5 S R LA AR A PR AR

7.1.5 ABEBIAITIEX
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7.2 HETEMEVNSE TEFE—MEAR

AATH, BAEAN2886E N (gradient descent) FIFEALERE FF% (stochastic gradient descent)
Bk, HTHEE FRERMAERENROESY, FRAREEERIA X T B2, T AR IEZ R
BREE, FRATH B A FE B RERA . SRR o

7.2.1 —4HHETRE

BATC DA B —4ERREE NREON G, ARRept R SRS IR A] DARER E AR EBUE R IR K, —4ERRE 2
—MrE, MG

RIZEEEL f - R — R BMARGIHE RN E, AR/ e, MIERPBITARX (BU "
FELT —T), WS E DU RIZLL

fa+e) ~ f(z) + ['(@)e.
BRI n B—DNEE, ¥ BN —nf (x) G, BIE
flz—nf @) ~ f(2) = nf (@)
AR n B—MENNIESL, A4
f(@—nf'(@) < f(@).
HWELEDE, R EREKEL f(z) YETNSEL f/(z) #0, %8
z ez —nf (@)

IEEZE ¢ FTRERFER f (o) BME. TS /(o) BEE V, f E— 42D FRRREN, Lk
IERBZR « FTEMRAI—4ES BRI TR, —4ES R TR 7.2 (£) R, BHZER
o AR T TANER,
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f(x) A f(x) A

B 7.1: BB RRE, BFREREL f(2) FIEZR « (BIERIRIEER) &R 7T AR

7.2.2 F3IX

EIRERE RREEIR g ISR, KR DESE, TEATRE, 3% g ZRIEE
TERRENR, ¥R KRATGERIER B LR « 8 (overshoot) HAIRKEL f(x) FIEILHE, H
R WE 7.2 (B),

SR, WNERFSIR/N, HAREE AR RAIAREE TR, Lhrd, —PDEENESIRER
B I 22 IR SRR E

7.2.3 SHBETRE

PAEBAIB N EIHEOL: B RS A A&, v,

I EFREEAL £ RY - R AURIARE D d AR @ = (01,20, 24) To EAREEK f(2) X 2 0
PR B — N d MR SEE R R
of(x) of(x)  Of(=)]"

V f( ) 8$1 ’ 8x2 T axd ’
RHFRENE, TAA VI (z) 0 Vo f(z)e BETEMESHITE of (x)/0r; ("EH fIEx HX
BN o AR, R TIR f BRI o A R, E2TTES T, RITEX f
1z BB u RTS8k

Duste) = lim /@10 = S12)
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(eI SRR [1, 14.6 RFE=], 1 SHT DS

JITEVFEL Doy f () 28T f 1 @ LIFERTARRE MR, N THRME £, BINHELE f
REM AR PRI 7T A, PRI, FRATTA] DO B A & w SR/ IMETT A FEL Dy f (22)o

HT Duf(x) = |Vf(x)] - [|u] - cos(d) = |V f(x)|| - cos(h), HH 0 NEEE Vf(z) FMIBALIAE w

ZIAIERA, 260 =, cos(0) BUFHR/IME-1, Kk, 24 w FEBBETTIA V f (x) IR TT RN, T51H

S Do f () Bl MEo FTEA, FRATTATRERIS T H ARSI T R SRR R AR EARRR &L f BME:
x < x—nVf(xr).

MIF, Hr oy (BREHD) FREFSIER,

7.2.4 FENIEE TR
ST, NSRBI, B PREFIEATRESHECIE M. 8 T ROX NI, 5 & H AR EL

(@) = iémw),
$05h £ () XD § IIREABRERIIURIRE, n RINEIRRARL, T

Vi) = ;Z Vi),

oI RRERS ORI PR n SHEC, B, SRR AR, B RIS
IEREIH BT R S, X BATAT DUEABEIUEE TR, 408 >R g (BUEED, TERIRERE,
LBATE RIESTERBFLETSIRAE ( LR ¥ £ (2) IR o

x < x —nVfi(x).

b, BENUERIE Vfi(z) BXEEE V f (z) FITCmG T

EVfi() = 3" V@) = V(@)
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7.2.5 /DML ERENEE TR

IR, B UOEARET DABENLYS 51 R — N I R B AE AR R S I T /Mt & (mini-batch)
Bo ZKALUth, FATA] DAREA

Y fs() = ﬁ S Vi)
eB

FRIER z:
x +— x—nVfg(x).

£ B, Bl REFEARILERD, n (BUERD FREFSR, FRE, MUBREILESE V f5(x) B
R V f () BTG

EsVfs(x) = V().

XA RIEM /N EREYLBE TR, ZBRRIOERIHEITHN O(1B)). SRR/ 11,
ZEIRRBENUEEE TR, S EAR/NETIIGREBIREAL, ZEIRRBE N M SR —H,
HERNMUZ—NESH, SRR, BREBIGERIVFREITHEVD, (EIHREYUF TR
BHSMERNRENTEERGRIEOAM, B, HNZGEIRERAEARE DR, BATA] DUEAES
JERRE; SRR, BATA] DAER MR NIRRT R R INE S S E Rt R R/,

7.2.6 /I EFREHIEE RIS

PATATZ LBV BRI TR, S BANFETNRERNN, ZRIERNINERE R, it
BAR/NN 1 BINBENLERE TR,

In [1]: def sgd(params, lr, batch_size):
for param in params:
param[:] = param - lr * param.grad / batch_size

7.2.7 LI

BIE, ARSI A e,

In [2]: %matplotlib inline
import sys
sys.path.append('..")
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import gluonbook as gb

import mxnet as mx

from mxnet import autograd, nd
import numpy as np

import random

seaerh, FRATLAZ B LM B 06, REBAEEIFEAECH 1000, FAMEHAE wi (2,
-3.4], W7 “D“N 4.2 (ILRIERNIRRRAE RS, IZAERIRY T 77 #5155 B B BN A 7R L AL Y AR
R, RIS EETH R E R,

In [3]: # EREUES.

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# WRHIEESE,
def init_params():
w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
for param in params:
param.attach_grad()
return params

# RMEAREL,
def linreg(X, w, b):
return nd.dot(X, w) + b

# FHIRKE
def squared_loss(y_hat, y):
return (y_hat - y.reshape(y_hat.shape)) *x 2 / 2

# IBHEIES,
def data_iter(batch_size, num_examples, features, labels):
indices = list(range(num_examples))
random.shuffle(indices)
for i in range(0, num_examples, batch_size):
j = nd.array(indices[i: min(i + batch_size, num_examples)])
yield features.take(j), labels.take(j)
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NEBATER — R UEEE optimize,

T REA LS EE A 7T ZAE IR R TEiR D, CMILE) BENUERRE RREAS S REH 2R B3
AT W —K, S RMBEHUEEERINR T Z SRR, Lied, HIEREH (epoch) K
T2, CUMtE) BEHUBERE RREAYESIRE NS HIT I B3R 0.1 1F B IR, M R
FEAEIEOS R — B A B R B SSRRE, Tofs BB A SR,

FEIEIEREH, Y log_interval MEABCRIED G, HAILRIAHILEEIE (loss) Hid
R RIFHTEEL fila, % batch_size fl log_interval &5 10 I, BIRIEAGE K
BUEARAB R EE.

In [4]: net = linreg
loss = squared_loss

def optimize(batch_size, lr, num_epochs, log_interval, decay_epoch):
w, b = init_params()
1s = [squared_loss(net(features, w, b), labels).mean().asnumpy()]
for epoch 1in range(l, num_epochs + 1):
# FIRBERERo
if decay_epoch and epoch > decay_epoch:
r x= 0.1
for batch_i, (X, y) 1in enumerate(
data_iter(batch_size, num_examples, features, labels)):
with autograd.record():
1 = loss(net(X, w, b), vy)
1.backward()
sgd([w, b], lr, batch_size)
if batch_i * batch_size % log_interval == 0:
1s.append(loss(net(features, w, b), labels).mean().asnumpy())
print('w:', w, '\nb:', b, '\n'")
es = np.linspace(0, num_epochs, len(ls), endpoint=True)
gb.semilogy(es, ls, 'epoch', 'loss')

L ERN LI, RACE R Z BB N R, Y R15 SN, SRR EUETE R P %
JEMEE DN, X2H TRV 7 ZEIEMAE TR N, SIEREIIRT 2, #IREFRK
HRGE, PURREE TREERER, &%, MEBNERSEE wil b SElEIYE (2,
-3.4] FI 4.2 e8I,

In [5]: optimize(batch_size=1, 1r=0.2, num_epochs=3, decay_epoch=2, log_interval=10)

w:

[[ 1.99977875]
[-3.40041184]]

<NDArray 2x1 @cpu(0)>
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b:
[ 4.19880533]
<NDArray 1 @cpu(0)>

101
10° -

1071

loss

1072 4

1073

104 akbamhmilloiihlam

0 1 2 3
epoch

Lt s K/ 1000 I, HITEEEREAR S LI 1000, PULGEFHRZERE N, BRI NRETCRHR A
HHRF 3% (decay_epoch=None), &%, (MALATFIERISHIES CIIEIAEREIT,

TEERAR, B RER 1 MEURID RS EIOENR 1R, TREHUERE RRERTHLE /NN
1, BIE 1 MEREERSEOENT 1000 R, FATER], 1/MEEME, B2 TS
AR R 8 EEREM LR R RS A R BB . TIAE 3 MERE G, XM DNRIESH
R R BUEARIEI

In [6]: optimize(batch_size=1000, 1r=0.999, num_epochs=3, decay_epoch=None,
log_interval=1000)

w:
[[ 2.00041699]
[-3.40231657]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.19891977]

<NDArray 1 @cpu(0)>
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10 4
10° 1

1071 4

loss

1072

1073 3

1074

epoch

L EAN 10 I, BT EIEREASEMIZ 1000, MR/ NMEERINIEE N, &%, I
LR SRR RS RE 5 e B S E BRI,

In [7]: optimize(batch_size=10, 1r=0.2, num_epochs=3, decay_epoch=2, log_interval=10)

w:
[[ 1.99997509]
[-3.39973736]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.20000505]

<NDArray 1 @cpu(0)>

10! -
100 4

1071 -

loss

1072 5

1073

1074 1

epoch
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FIFERIE AR 10, FBATHEESIRBCK, XK EEEANE A, HEIHM “nan” (nota
number, IEED. XEREA, & RAVFESIRIEN THESEL BRI BL, REFEBIRIER
Z2HE “nan”,

In [8]: optimize(batch_size=10, 1lr=5, num_epochs=3, decay_epoch=2, log_interval=10)

w:
[[ nan]
[ nan]]
<NDArray 2x1 @cpu(0)>
b:
[ nan]
<NDArray 1 @cpu(0)>

0.00 0.05 0.10 0.15 0.20 0.25
epoch

FIRER LR/ 10, BAHEFASI RSN XA TS BB R EE FREEce, BE 3 MER
JE R S A IR e B AR S,

In [9]: optimize(batch_size=10, 1r=0.002, num_epochs=3, decay_epoch=2,
log_1interval=10)

w:
[[ ©.58594185]
[-1.52971637]]

<NDArray 2x1 @cpu(0)>

b:

[ 1.38485587]

<NDArray 1 @cpu(0)>
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9x 100 -
8x 1009 -

loss

7 x 10°

epoch

7.2.8 /&5

 HYIGRBHREOR, B TRESERHEIHHECR, KM CMEE) FEYUESE T EE2E
Eﬂ%o

« FIRGRINRE R, — D EIERY S REE 2 2 RSB EI,

7.2.9 43

< BITARTHRRIE AN, U — TRENUEEEE RRERIBEE R RIS TT I,
- BRI T RERIBENLERREE R RRE B XA, (Hr]RES A MR A ?

7.2.10 ABERAITIEX
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7.2.11 SEEk

[1] Stewart, James. “Calculus: Early Transcendentals (7th Edition).” Brooks Cole (2010).

7.3 BE TEMBENEE T E—A=ER Gluon

£ Gluon B, /ML BRIV NRERTTME, BITCHEHLINZEE, i, SitER/N
FTRAREREALIN, ZRIERIVEEE TR, LR/ 1 RIOVREHUEEE TR,

B, ARSI e,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import autograd, gluon, nd
from mxnet.gluon import nn, data as gdata, loss as gloss
import numpy as np

HEAE RS EAR T E L R,
In [2]: # E£REESE,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# LRMEEIARE,
net = nn.Sequential()
net.add(nn.Dense (1))

R TSR HRER, FOIFZEA gluon.Trainer B learning_rate JEMFHfH
M set_learning_rate %%,
In [3]: # RIBIFEL

def optimize(batch_size, trainer, num_epochs, decay_epoch, log_interval,

features, labels, net):
dataset = gdata.ArrayDataset(features, labels)
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data_iter = gdata.Dataloader(dataset, batch_size, shuffle=True)

loss = gloss.L2Loss()
1s = [loss(net(features), labels).mean().asnumpy()]
for epoch 1in range(l, num_epochs + 1):

# FIRBERER.

if decay_epoch and epoch > decay_epoch:

trainer.set_learning_rate(trainer.learning_rate * 0.1)

for batch_i, (X, y) 1in enumerate(data_iter):
with autograd.record():
1 = loss(net(X), vy)
1.backward()
trainer.step(batch_size)
if batch_i * batch_size % log_interval == 0:

1s.append(loss(net(features), labels).mean().asnumpy())

# NTETITEN, SRERBARHFEUA numpy ¥4H.

print('w:', net[0].weight.data(), '\nb:', net[0].bias.data(),
es = np.linspace(0, num_epochs, len(ls), endpoint=True)

gb.semilogy(es, ls, 'epoch', 'loss')

|\n|)

DA JLHSEIR 7 BIEEL T BB R RERIREA LR N E—MZIT0R" — T siesi iR,

In [4]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)

we

optimize(batch_size=1, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

[[ 1.99934125 -3.4019556 ]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20001841]
<NDArray 1 @cpu(0)>

trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.2})
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0 1 2 3
epoch

In [5]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.999})
optimize(batch_size=1000, trainer=trainer, num_epochs=3, decay_epoch=None,
log_interval=1000, features=features, labels=labels, net=net)

w:

[[ 2.00041699 -3.40231657]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.19891977]

<NDArray 1 @cpu(0)>

epoch
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In [6]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.2})
optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ 2.00002098 -3.40036488]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20048046]

<NDArray 1 @cpu(0)>

10t

10°

1

loss
[
9

I
S 9
(78] %)

=
9
S

epoch

In [7]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 5})
optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

w:
[[ nan nan]]
<NDArray 1x2 @cpu(0)>
b:

[ nan]

<NDArray 1 @cpu(0)>
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epoch

In [8]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd', {'learning_rate': 0.002})
optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ ©.58626902 -1.53005981]]
<NDArray 1x2 @cpu(0)>

b:

[ 1.38444638]

<NDArray 1 @cpu(0)>

101_
9 x 10° 1

8% 100 {

loss

7 x 10° {

o -
=
N
w A
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7.3.1 /&5

- {8/ Gluon Y Trainer RJ AT EHLAE /ML B REATLES R TR,

« ¥/ilAl gluon.Trainer B learning_rate BMIFEH set_learning_rate HRE(A]
DAEIEOI R IR 2 S5,

7.3.2 43

« EFIMWBEBATR, TSR BB AT,

7.3.3 ABEBERAITIEX

7.4 THhE; MEFHIE

BATCENH THE N, SIS, ZEERYE BB RITEME, 15 BT R

PREGTT R SEHT B AR, BRI, B NREE I I HREE TR (steepest descent), EIFREEEH K
B AR BRI AR T HARRRECT B PR A 75 T

7.4.1 HEE TERYR)

S EbReR g, ERE RS, HZRRANERTTAMNIRRT B R YT E, XA RERTHR—
%I‘lﬂ%}ﬁ_\.o

FE— MmN LN AR @ = (1, 20" HSREREREE f - R? - R, B 7.3BRT
ZREHE mERE R,
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B 7.2: BAREREL f BOSF RN B R [z, 2] ERBE TREAFRNEN, BRFEHL WHELL)
REFA R EEM R B 2R AR, SOOBEE B R BRGNS, BFECAERE AR
FIRERSGHIAET,

BT B R BAE R E T8 (x BTTED) FEAEAKPTTIA (2o BTG BB, 403K, BET
eI B RN &6 BB S E T A P T TR EhiEE E R, i, BAIFE—DEUM
) ER T G AL R AR T 1A B RO B AR BRI, PRI, IXIERL T E 7.3 H AR R AR
AR R,

7.4.2 ThE%

SETRRHR RN 7 NONERRE R IR R, )7k, DUNMEERENUEERE N E] (GitER
INETYIERBREARI, IZFIRNINEEE T, EA/NA 1 R RIABENLESEE REE), BT Txd /I
RN E R IRE UGS AP IR ek

v yv +nV fg(x),

r<—T—0.

Hrbo Z2HELR, HEESE R0 <y <1, ShREPIESR g A NMER B R
B V fp(x) BFE “FEE NREFIBENLEE RIE" — iR,
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RIS B 1Y

N T EEW IR BIR, IERAVCRIE BN 5 T2 (exponentially weighted moving
average). HEEBE Y H 0 <~y <1, HHElNZ ¢ )EE yO & E—NZlt — 1 12RE -0 Fl
YRI5 — 28 o) LRI E:

Y =yt 4 (1 - ).

TRATAT DARE o ® JEFF:

y® = (1 = 7)z® 44y~

(1=7)a® + (1 —7) -9z 4 4%y
= (1 =72+ (1= 7) 72D 4+ (1 =) 22l 4%y

T

1
lim (1 — E)" =exp(—1) ~ 0.3679,

FATAT A AL/ =) JEN exp(—1)o 141 0.95%0 ~ exp(—1)o GHFRIE exp(—1) Z—ERE/)N
FI%L, FATTAT AR AL R RS T & 1/ (=) R kb Y/ O =) B R T, 140, 24 v = 0.95
B,

19
y" ~0.05)0.9572(0.
=0
Rit, fESCBRA, BAVERE ¢ BERXNEIE 1/(1 — ) MNZIK « ERINECES, fildn, 4
v =0.95 K, y ol AEEERAERIE 20 NS R « ERIACES); 4~ = 0.9 K, y ATDLEEE
W 10 D ZIET « [ERIINBCER) . B YAl ZIEGEHY = EIR1FRIREE R,

FIE SIS h Y IR R B 80X

BULE, AT BhEIEREE D & #ZE T
nV fs(x)

1—7 '
L s ETE RS, B & o Khn LA (0V fs(2)) /(1 — ~) T FEENEE 5
¥, SHENBESE y MFESE y, SEhEEN/ NIRRT R E (EEH TRk
ERBEFREEI B R, XMNMRIREERERIT 1/(1 — ) DRIV f5(2) /(1 — ~) BIIRCEE,

veyv+(1—7)
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g AR AL, EEh BRI IOENH, BZRESDIT A ERBSIIRE AL R, &
RS BB MEEES DT ERE 8 B 7.4 BR T RS RIENHE FEERE 7.3 H
PREREL AR BRI R BATR DB ARR AT SL T K75 AN 55 o it T RTE
BRERKEENIE (FA), E8EH ENIE (AE) R (AT, BZEREKETTHEIEE
BEHR, TS BT MRS ENIE RN XA, BATA] DU BRI, I E 2L
BIARIE RIS,

x4

K 7.3: HARBREL f IS5 REREM E LR (21, 2] FERE S BIERIBE FREPINIEN, BREFEK
(WRIRISRER) RARATE MEUEAR R B AR B ATAER, SODER B ZRBOIRER, B 1L
R EAZBRAEBRIENRIGHILRR,

7.4.3 ThEEMNSEI

SHETARSCI ARG B BATIE/NMIL BRI T RS a AR &,

In [1]: def sgd_momentum(params, vs, lr, mom, batch_size):
for param, v 1in zip(params, vs):
v[:] = mom x v + 1lr * param.grad / batch_size
param[:] -= v

7.4.4 LG

B, ARSI e,

In [2]: %matplotlib inline
import sys
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sys.path.append('..")

import gluonbook as gb

import mxnet as mx

from mxnet {import autograd, nd
import numpy as np

seaerh, FRATLAZ B LM B 06, REBAEEIFEAECH 1000, FAMEHAE wi (2,
-3.4], W7 “D“N 4.2 (ILRIERNIRRRAE RS, IZAERIRY T 77 #5155 B B BN A 7R L AL Y AR
B, BUSEETHARREE L,

In [3]: # S£HEIESE,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# WRHIEESE,
def init_params():
w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
vs = []
for param in params:
param.attach_grad()
# IBRETR M ANSHRERNEZKE,
vs.append(param.zeros_Llike())
return params, vs

AR optimize 5 “BHE REEFIFEHLELE FiE—METFE" — TR

In [4]:

net = gb.linreg
loss = gb.squared_loss

def optimize(batch_size, lr, mom, num_epochs, log_dinterval):
[w, b], vs = dinit_params()
1s = [loss(net(features, w, b), labels).mean().asnumpy()]
for epoch 1in range(l, num_epochs + 1):
# FIRBERER.
if epoch > 2:
r *= 0.1
for batch_i, (X, y) 1in enumerate(
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gb.data_iter (batch_size, num_examples, features, labels)):
with autograd.record():
1 = loss(net(X, w, b), vy)
1.backward()
sgd_momentum([w, b], vs, lr, mom, batch_size)
if batch_i * batch_size % log_interval == 0:
ls.append(loss(net(features, w, b), labels).mean().asnumpy())
print('w:', w, '\nb:', b, "\n'")
es = np.linspace(0, num_epochs, len(ls), endpoint=True)
gb.semilogy(es, ls, 'epoch', 'loss')

BAVCRKENEBESE y (mom) ¥ 0.99, BEI, /RGBSR NREATHEMEER THRIRBIE : X
NREIRIE SR BRI 100 DNZIRY 100V f5(x) BIIIBCTE, FRATIEE], #HIKEE(ELE 3 MEUE
WG ETr. IXARATRESR H T HREIRBE L A ERHI 2R £ 100 T2 AT,

In [5]: optimize(batch_size=10, 1r=0.2, mom=0.99, num_epochs=3, log_interval=10)

w:
[[ 13.93714237]

[ -9.93804359]]
<NDArray 2x1 @cpu(0)>
b:

[ 16.50610352]
<NDArray 1 @cpu(0)>

103 4

102 4

loss

101 4

10° E

1071 4,

epoch

REESIRAZE, NT R R RS EH R, BITKENEESE y (mom) 0.9, I,
IR AL R 10 DINZIE 10V £ () BTN, FATIIEE], BUERRREUELE 3 DA
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S R
In [6]: optimize(batch_size=10, 1lr=0.2, mom=0.9, num_epochs=3, log_interval=10)

w:

[[ 1.99968374]
[-3.39915347]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.20056868]

<NDArray 1 @cpu(0)>

107
10° 4

101

loss

epoch

MERFFL IR, BT RESE y (mom) 0.5, LEAN, /INVEREERENUEAE RI% AT 4B /F
R T TR RIE L . IXMRIIRER R IR 2 DINZIY 2V f5(2) BINIBCEYS, BTSN, Hidk
BREUETE 3 MEREWIE N, H NREHERTFE. RE, A SIERSEES EMNrESX
ERAEI,
In [7]: optimize(batch_size=10, 1lr=0.2, mom=0.5, num_epochs=3, log_interval=10)
[i 2.00006437]
[-3.39987087]]
<NDArray 2x1 Q@cpu(0)>
b:
[ 4.19989109]
<NDArray 1 @cpu(0)>
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10!
100 -

1071 4

loss

102
1073 4

104 4

7.4.5 /&5

- ShETEMM T80 s) R BAE,

7.4.6 43

- EAHAMS) BESERT SRS, MRLEEER,

7.4.7 HIEEAITIEX

7.5 ohE2;5—1#H Gluon

£ Gluon H, EMZIERIXRIIE, BAICHFEFLMZEZL,
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B, SAKRT ARSI R e,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import gluon, nd
from mxnet.gluon import nn

HEAE LR EAR T E M R,
In [2]: # E£REESE,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# LRIEEIRE,
net = nn.Sequential()
net.add(nn.Dense (1))

fgn, CAERBREER/ ML BREUBE RRENBI, FATATLE Trainer FE X RESE mo-
mentum, DARJLHSLRR AR T “dh8EA—MNZIHE" —Thsiiags il

In [3]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd',
{'learning_rate': 0.2, 'momentum': 0.99})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

w:
[[-64.12218475 -39.98664856]]
<NDArray 1x2 @cpu(0)>

b:

[ 74.69139862]

<NDArray 1 @cpu(0)>
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10° -

o -
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w A

epoch

In [4]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd',
{'learning_rate': 0.2, 'momentum': 0.9})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ 1.99962533 -3.39955068]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.19983578]

<NDArray 1 @cpu(0)>

101 4
100 4

1071

loss

o
=
N
w 4

7.5. Sh=E5—1FH Gluon 299



In [5]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'sgd',
{'learning_rate': 0.2, 'momentum': 0.5})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=2,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ 2.0002768 -3.40028286]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20039892]

<NDArray 1 @cpu(0)>

101 4
10° -

1071

loss

1072 1

1073 4

104 4

epoch

7.5.1 /&

« {#[ Gluon By Trainer B] DA77 @3 &%,

7.5.2 4.3

- GNAAEH DA E R BB ML BREILESE TR, MizitshES ko202
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7.5.3 HIBEAITIEX

7.6 Adagrad—MEF1A

RN AT LR IE, TORR R TR, REYLEE R, /MEEREYUBE NREEERE
MR, R R — DR RN ZER A R — 2 S Rk B BIEA

BNEIF, RZRERERECY f, BZEEAN—DZLEAR (21,2,] ", ZAEDE—DICRIEEHN
HAEHMERIZE SR, GINTESESIZN o R TIES, JTR oy 1 2 EERMEFISESIER g oK
HIIER:

of
Uaaa

of
778762-
SRLE 21 B 2o SERREIRAE SR B BIRANE? SLF5 |, Adagrad i@ —MEE R AR E
B R, LRI SE PN TR AR AR 22 > R A (1],

N, TGN Adagrad Bk, KTARTHWLEINOTRIZE, FlUirR SRR D%
TLEME o, BHSW “HEEEMT T,

T < T1 —

T < To —

7.6.1 Adagrad %

Adagrad FRTERHER— N NMLEBEVBEHOTR P R RMEZR s, FRHEFENTTRIGL
00 AERRIENH, BRTR/MEBRIIL g, AR EOTR TR RMEIZR s:

s§<—s8s+g0g.

Ra, BAEBERREALETF N RN LI REL TR sBERAE—T:
/ 7

— ©g,
g s T e g
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Hrpg BAAFSIRE g > 0, « BN THRFBUEREEMAIMEE, Bl 1077, FHANFEE
BHAGTRITTT . BREMSFRENERE, XEHTTRBRES HARE S E LR &R
H B SFIR,

e, BERINERPERS/MEBREYUBEZ FREREL HUZX BRI S R OAH R 7!

z—x—g.

7.6.2 Adagrad B94F =

T RIARE, MEERYUSEITR TR RMEZ R s HIIE SRS RIBE o' K97
BRI, [AIbE, AR EAREEECE R B Z RPN TR S A EARK, B2z RS
R —R; R, WREREEA X ELZRPIEN TR FE BB, IBamtibizT
RHESR TR, R, BT s ~BERMOTRVPTNE, BZEREHFEFNTRNFES
REEAE R —EERE G, AL, L7 REERPEHRGR I E SRR E
i}, Adagrad FEIEFUSHAH T3/, Al RERDHERE]— NG IR,

7.6.3 Adagrad BYSEIR

Adagrad FUSCEIRMIE, AT TR E L m e s Ui,

In [1]: def adagrad(params, sqrs, lr, batch_size):
eps_stable = le-7
for param, sqr in zip(params, sqrs):
g = param.grad / batch_size
sqr[:] += g.square()
param[:] -= 1lr x g / (sqr + eps_stable).sqrt()

7.6.4 4%

BIE, AR AT e,

In [2]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet {import autograd, nd
import numpy as np
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Kgerh, BATPAZ AT RILAERIA 0B, REHREAREALCY 1000, FAEAE wh (2,
-3.4], fWZ “D“N 4.2 LNERNTRIRRA: RS, XU F- 75 1515 bR B BT R AL Y H bR
PR, RIS E AR E A R,

AR E T R 7 I BN AR YA AR S B IR R 5k &
In [3]: # E£MEESE,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# MRS,
def init_params():
w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
sqrs = []
for param in params:
param.attach_grad()
# IBBERTREANRNEEMBUAMSERARERNZKE,
sqrs.append(param.zeros_Llike())
return params, sqrs

ALEREL optimize 5 “BAJE REEMIBEALEEE FE™ — iR, FEFRHEZE, XENY
AR Lr T R,
In [4]: net = gb.linreg

loss = gb.squared_loss

def optimize(batch_size, lr, num_epochs, log_interval):
[w, b], sqrs = dinit_params()
ls = [loss(net(features, w, b), labels).mean().asnumpy()]
for epoch in range(l, num_epochs + 1):
for batch_i, (X, y) 1in enumerate(
gb.data_iter (batch_size, num_examples, features, labels)):
with autograd.record():
1 = loss(net(X, w, b), vy)
1.backward()
adagrad([w, b], sqrs, 1lr, batch_size)
if batch_i * batch_size % log_interval == 0:
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1s.append(loss(net(features, w, b), labels).mean().asnumpy())
print('w:', w, '\nb:', b, '"\n')
es

np.linspace(0, num_epochs, len(ls), endpoint=True)
gb.semilogy(es, ls, 'epoch', 'loss')

B2, AT RISRIZEE S BN I B S BRI,
In [5]: optimize(batch_size=10, 1r=0.9, num_epochs=3, log_interval=10)

w:

[[ 2.00056624]
[-3.39963412]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.19975615]

<NDArray 1 @cpu(0)>

101
10° +

1071

loss

102 4

1073

1074 4

epoch

7.6.5 /&

. Adagrad TR RIS ST, IFIE EARIRIE 26 R L R A A B T
)%,

- /] Adagrad I, HZEFFNITRIZAIREBSET—EERK (AR,
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7.6.6 4]

« fENT2H Adagrad FURF N, FAMHER] T ERREAAERIMIEL, VREEAEEI 2P IERBIATIZ D

[l ?

7.6.7 ABERITIEX

7.6.8 &k

[1] Duchi, John, Elad Hazan, and Yoram Singer. “Adaptive subgradient methods for online
learning and stochastic optimization.” Journal of Machine Learning Research 12.Jul (2011):
2121-2159.

7.7 Adagrad—fEF Gluon

£ Gluon B, ffiff] Adagrad IR/5f#, AT EHLIIZEL,
B5E, SAKRTHLETE B,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import gluon, nd

from mxnet.gluon 1import nn

NHEAE RS EAR T M B,
In [2]: # EEIESE.

num_inputs = 2

7.7. Adagrad—f£FH Gluon 305



num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# LRMEEIARE,
net = nn.Sequential()
net.add(nn.Dense(1))

FATTA] DATE Trainer F7E ARMLEREZFR adagrad, DA R HIEM T “Adagrad— MZEIF
4a” — IR A R,

In [3]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'adagrad',
{'learning_rate': 0.9})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=None,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ 1.99896657 -3.40251374]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20037699]

<NDArray 1 @cpu(0)>

epoch
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7.7.1 /&5

« {fH Gluon iy Tradiner A] A7 {EHIff ] Adagrad,

7.7.2 43

 ZIEHHAMRRRE SR, SREF2ZL?

7.7.3 HIBERAITIEX

7.8 RMSProp— MEFH4

BAHE “Adagrad—NFITLE" — RS, BHTHEESIRN DR ERTE s —BEERMIZ
TLERFIT H ML BRI, BbreEE H Z & NI RIF S REEAOIRE A —EERR (A
) FTBA, S5 SRAEIRURIARRS R L AR AR, Adagrad fEIEAUSIIH T3
R/, ATREBERE— A R, 0T ROIX—[Al, RMSProp Bi%Af Adagrad it 17—
IIVINHMERR (1],

N, AR RMSProp Hi%,

7.8.1 RMSProp &%

BAME “SEE—NZITUE" — T BN a s, 9L L, RMSProp FIkHEH T
/NIRRT R P77 BT EINBGE 8 P19 Z & s, FRHAPENITRGMNM N 0. 7T
¥y Ho <~y <1, FEBXIERS, RMSProp HILHHHE/NMUBERINIEE g, RSN IZEETT
RV g © g ISEBUNBE ST, 12h s:

s+—v5+(1-7)gog.
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ARG, Ml Adagrad —Ff, FEHIREEHBL RGN TRV RESHOTRIZHEHRAE—T:
g/ - n
VvVs+e
Hep g BUIIAYSIERH n > 0, e B0 THFFEREEMERMNEE, Hla0 108, 1 Adagrad
—F, BRSHHEN TR G B N SIR, A, RENETEERDES/MLE
SiglhrdmN E = Ve

©g,

r—x—g.

TR A2, RMSProp R7E Adagrad Bl B T2 & s (E#HT 71 MNFEATig o g M
SUMAR L THEEUINBUR S, HTZE s AIEIERRIT 1/(1 — v) TMNZIKFEF I g © g BN
BOEY, BEZREFNITENFSIREERSEFER T “BEAH" AYAE,

7.8.2 RMSProp FYSCIR

RMSProp AYSKERAR M1 8 FRATT I TR 24T b A 2522 28 SR8 Bl A

In [1]: def rmsprop(params, sqrs, lr, gamma, batch_size):
eps_stable = le-8
for param, sqr in zip(params, sqrs):
g = param.grad / batch_size
sqr[:] = gamma * sqr + (1 - gamma) * g.square()
param[:] -= 1lr * g / (sqr + eps_stable).sqrt()

7.8.3 I8

BIL, ARSI T e,

In [2]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet dimport autograd, nd
import numpy as np

Kger, BAMRIRCALNE R B, REHRREAIREALCY 1000, FAVEHPE wih[2,-3.4], W
Z= “b*N 4.2 BILME MR RRA: R . IR 75 10 5 R R RIRR R AL A E bk £, A
il Gl SR NES A S Rt
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FAHE M R BEH LS FE TR 77 FFE BN 3 P8 & s FIAR I RIS S BT R R Y
Tk,
In [3]: # E£REIES.

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))

labels = true_w[0] * features[:, 0] + true_w[l] *» features[:, 1] + true_b

labels += nd.random.normal(scale=0.01, shape=labels.shape)

# R IEE S,
def init_params():
w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
sqrs = []
for param in params:
param.attach_grad()
# 1B ER TR TS S SIS sh ) B EVA U AMSHAARERN S K E,
sqrs.append(param.zeros_Llike())

return params, sqrs

ALEREL optimize 5 “Adagrad— MEFFLH" —TTHRIERL

In [4]: net = gb.linreg
loss = gb.squared_loss

def optimize(batch_size, 1lr, gamma, num_epochs, log_dinterval):
[w, b], sqrs = dinit_params()
1s = [loss(net(features, w, b), labels).mean().asnumpy()]
for epoch in range(1l, num_epochs + 1):
for batch_i, (X, y) 1in enumerate(
gb.data_iter(batch_size, num_examples, features, labels)):
with autograd.record():
1 = loss(net(X, w, b), vy)
1.backward()
rmsprop([w, b], sqrs, lr, gamma, batch_size)
if batch_i * batch_size % log_interval == 0:
1s.append(loss(net(features, w, b), labels).mean().asnumpy())
print('w:', w, '\nb:', b, "\n'")
es = np.linspace(0, num_epochs, len(ls), endpoint=True)
gb.semilogy(es, 1ls, 'epoch', 'loss')
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BATRWIAE >IN 0.03, FKE ~ (gamma) &4 0.9, N, & s Al BRI 1/(1-0.9) = 10
PMZIFF T g © g BIIIECEES, BATIERE], kR EBHEIE UG HIEE D,

In [5]: optimize(batch_size=10, 1r=0.03, gamma=0.9, num_epochs=3, log_interval=10)

w:
[[ 2.00894499]
[-3.41119981]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.18644953]

<NDArray 1 @cpu(0)>

101 4
100

1071 4

loss

1072 4

1073 1

1074

epoch

AR ~ AR—RL, 140 0.999, LR, 288 s AIEIERERIT 1/(1 — 0.999) = 1000 NN ZIHFT5
i g ® g BIAMBEES) IXIHHRK BR BT R ARG IR 8

In [6]: optimize(batch_size=10, 1r=0.03, gamma=0.999, num_epochs=3, log_tinterval=10)

w:
[[ 1.99981487]
[-3.4007616 ]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.1991744]

<NDArray 1 @cpu(0)>
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10 4
10° 4

1071

loss

1072 4
1073 4

104

epoch

7.8.4 /&5

+ RMSProp #1 Adagrad FIANETET, RMSProp i T /Mt FEAURSRE T £ F 75 FsaEom
BRI -1 78 R B ) 3,

- BREHEEOINBGE 3 V16 B T A 11T RMSProp FLAHIIESEL, HIU0 o

7.8.5 43

o 0y BEIR 0 81, WS HTRss R,

7.8.6 ABEBIAITIEX
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7.8.7 SE @k

[1] Tieleman, Tijmen, and Geoffrey Hinton. “Lecture 6.5-rmsprop: Divide the gradient by a

running average of its recent magnitude.” COURSERA: Neural networks for machine learning
4.2 (2012): 26-31.

7.9 RMSProp—1{£FH Gluon

£ Gluon H, {#H RMSProp R77f#, AL EHLINIXEZL,
B, SARTH LR AT,

In [1]:

%matplotlib inline

import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx

from mxnet dimport gluon, nd

from mxnet.gluon import nn

N SRR R SR AR R,

In [2]:

# EREIES,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] *» features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# RMEEIRE,
net = nn.Sequential()
net.add(nn.Dense (1))

FrAITA] DATE Trainer FPE ARALEIEZFR rmsprop HE X ~ @S5 gammal, DARJLLEK >
AIEI T “RMSProp— MEFFLR” —FiHsLIREs R,

In [3]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'rmsprop',
{'learning_rate': 0.03, 'gammal': 0.9})
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gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=None,
log_interval=10, features=features, labels=labels, net=net)

w:
[[ 2.01147795 -3.41311526]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20159388]

<NDArray 1 @cpu(0)>
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epoch

In [4]: net.collect_params().initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'rmsprop',
{'learning_rate': 0.03, 'gammal': 0.999})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=None,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ 1.9976126 -3.40089774]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20046854]

<NDArray 1 @cpu(0)>
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10° 4

epoch

7.9.1 Ih&E

« fi/ Gluon #J Trainer A]LA75 M | RMSProp,

7.9.2 43

- B EHHAATRGE SR @SB E, WEFHFPrRgs R,

7.9.3 HIBEAITIEX

7.10 Adadelta— M EFFH4

BAHE “RMSProp— MWEIFUE” — IR T, RMSProp 14 Adagrad TEIE S HARTREZMERK
FI6 FfREIIRIE, /N R REATUR T 27 77 TR EUNAE 3 A 2 BN, 59— R RO
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ZAER LR (% Adadelta [1], BREERR, BERAFEIRBESE,

7.10.1 Adadelta E3%

Adadelta HIE IR RMSProp —#%, (M T7/IMILBREHLESE TR V77 FHE BN 3 1972 &
s, FHRHAPEDNITTRIGN N 0, BEESH p H 0 < p <1, FEBIGENH, RMSProp Hitit
BN BRIV g, REAIZIBEIZTR I g © g BEELIIAEE T, 120 s:

s« ps+(1—pgog.

Ria, HWEAAFHZEEANERRESH TR E g
, Az +e
g < NCE ©g,
Hrb e BN T HEFFEBUERE HEmMEA e &4k, #40 1075, 1 Adagrad 5 RMSProp —Ff, BAReK
BADEFTFNTRE G B CNY SR, LN Az YItatoh Tk E, Hids ¢ fonEF
TT BN AE B -

Az + pAxz+ (1—-p)g ©g'.
[FREh, ARfe i) BRI RS /M EREYUEEE T REEL:

r—x—g.

7.10.2 Adadelta FYSCIR

Adadelta HUSCIAR ML, P17 ZHE R A B B,

In [1]: def adadelta(params, sqrs, deltas, rho, batch_size):

eps_stable = le-5

for param, sqr, delta 1in zip(params, sqrs, deltas):
g = param.grad / batch_size
sqr[:] = rho x sqr + (1 - rho) * g.square()
cur_delta = ((delta + eps_stable).sqrt()

/ (sqr + eps_stable).sqrt() * g)

deltal[:] = rho *» delta + (1 - rho) * cur_delta * cur_delta
param[:] -= cur_delta
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7.10.3 LIS

B, AR RS AT A e,

In [2]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import autograd, nd
import numpy as np

LI, BAMRIRCALIERIA B, BARERREALCY 1000, FAMEHPE wh(2,-3.4], W
% “DNy 4.2 ML MTRADRAE it a e, AP 77 B 25 R B BIRT R U AL B bR R £, A
Uil G SR NES A g S Rt =

BAHERIEP DR s f1 Ax PR IR SEIE IR IE S 5K &
In [3]: # E£MEUESE,

num_inputs = 2
num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b

labels += nd.random.normal(scale=0.01, shape=labels.shape)

# WRIEESE,
def init_params():
w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
sqrs = []
deltas = []
for param in params:
param.attach_grad()
# BEERET RIS ch TN T EVR U AMNSETIRERNZKE,
sqrs.append(param.zeros_Llike())
deltas.append(param.zeros_like())
return params, sqrs, deltas

ALEREL optimize 5 “Adagrad— MEHFLE” —TTHIEMLL

In [4]: net = gb.linreg
loss = gb.squared_loss
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def optimize(batch_size, rho, num_epochs, log_tinterval):
[w, b], sqrs, deltas = 1dinit_params()
1s = [loss(net(features, w, b), labels).mean().asnumpy()]
for epoch in range(l, num_epochs + 1):
for batch_i, (X, y) 1in enumerate(
gb.data_iter(batch_size, num_examples, features, labels)):
with autograd.record():
1 = loss(net(X, w, b), vy)
1.backward()
adadelta([w, b], sqrs, deltas, rho, batch_size)
if batch_i * batch_size % log_interval == 0:
1s.append(loss(net(features, w, b), labels).mean().asnumpy())
print('w:', w, '\nb:', b, '\n')
es = np.linspace(0, num_epochs, len(ls), endpoint=True)
gh.semilogy(es, ls, 'epoch', 'loss')

2%, USRS EUE S BN B S E SRR,
In [5]: optimize(batch_size=10, rho=0.9999, num_epochs=3, log_interval=10)

w:

[[ 2.00071096]
[-3.39967394]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.20098114]

<NDArray 1 @cpu(0)>

101 4

100

epoch
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7.10.4 /N4

« Adadelta (X B SRS,

7.10.5 43

- Adadelta N AARFEREF S RBESE? e LR 7?2

\

7.10.6 HBEIAITIEX

7.10.7 SEXEk

[1] Zeiler, Matthew D. “ADADELTA: an adaptive learning rate method.” arXiv preprint
arXiv:1212.5701 (2012).

7.11 Adadelta—1 8 Gluon

f£ Gluon H, /] Adadelta R 5, BATFHTEH LIIZFIX,
BIL, ARSI e,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import gluon, nd
from mxnet.gluon import nn

NI BRSRRERERE SCEE [A AARR,

318 7. LEZx



In [2]: # %EIES.
num_inputs = 2
num_examples = 1000
true_w = [2, -3.4]
true_b = 4.2
features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] *» features[:, 1] + true_b

labels += nd.random.normal(scale=0.01, shape=labels.shape)

# RMEAREL,
net = nn.Sequential()
net.add(nn.Dense(1l))

FATA] DATE Trainer 7€ XA EIEZFR adadelta HE X p 8854 rho, PAREKEM T
“Adadelta— MWEFFUH” — IR EER,

In [3]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'adadelta', {'rho': 0.9999})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=None,
log_interval=10, features=features, labels=labels, net=net)

w:
[[ 1.99959457 -3.40028739]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20023298]

<NDArray 1 @cpu(0)>

epoch
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7.11.1 /&

- {fiF] Gluon FY Trainer B CLy7{E{# A Adadelta,

7.11.2 43

- GRS p BUNRIERE? WEFF T LIRS R,

7.11.3 HBEIAITIEX

7.12 Adam— MEFE

Adam 22— NG T EhEEM RMSProp FEALRTE (1], FEIRMTKNZE Adam R,

7.12.1 Adam 3%

Adam BIEMHH T &2 & v 1 RMSProp H/ ML EREHLUES T4 T 2 77 e EOIARE 31) F15 28
& s, NP NIRRT 0, TEBIERY, EEITE/IMEERYIEE g, HHEEIENR
IREL

t<«t+ 1.

MhEERL, HEBSE s Hil 0 < g <1 EEEEREIGR 0.9), R/ 2BEYIEE
g RIEBUNBUAE N T ICEa R AL & o

v+« S1v+ (1—51)g.
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A1 RMSProp FH—FE, LATEMESEL B, HIHE 0 < By < 1 (BIEEHEEBOLN 0.999), ¥ g #TE
SEFS R AR EUINAEE S E15 5 s

s Pas+(1-pP2)gog.

AE “BhEE—NEIFE —TTHER T, o fl s AIDRIBEIERRIE 1/(1 - £1) TZ g Fl
BIE 1/(1 - Bo) MZIN g © g BIMBCES, 1% 51 = 0.9, B2 = 0.999, WIHR v Fl s RETTEAD
WAtk 0, ENZ] 1 BI85 v = 0.1g, s =0.001g ® go KR E, EERVIH ¢ B/, o f
s AJREIE/ N CIERERIG T g 1 g © go Wik, Adam BIEMAH TIRZEBIE:

“ v

U — 71 — ﬁf y

" S

S < m
BT 0 < 81,8 < 1, TEIAHI ¢ BN, EENRAY B 0, HE TR T v #1 s FES
SRV ¢ BRI, BN B 1, IR IR LA A R,

BERK, Adam RIEMA DA EREBIEFHEIEZE o fl RMSProp HVMILE RIS E TR
TIHHEEIBAEE) P2 & 5, RS EH TR I ROt R R EHRE:

L no
g \/37—*—6’
Hrpn BUIEFSIRH n > 0, e 2N THREUEREMEMARIMAEL, Fla0 10-8, #1 Adagrad.
RMSProp PAK Adadelta —tf, HireK%H L &HENITRERE 2 HITE B RS,

o, BZRRERP BRSNS TR

rz+—x—g.

7.12.2 Adam BYSEIR

Adam HYSCIAR IR, P T 20 L R A A B B,

In [1]: def adam(params, vs, sqrs, lr, batch_size, t):
betal = 0.9
beta2 = 0.999
eps_stable = le-8
for param, v, sqr in zip(params, vs, sqrs):
g = param.grad / batch_size
v[:] = betal * v + (1 - betal) * g
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sqr[:] = beta2 x sqr + (1 - beta2) * g.square()

v_bias_corr = v / (1 - betal **x t)

sqr_bias_corr = sqr / (1 - beta2 ** t)

param[:] = param - lr % v_bias_corr / (
sqr_bias_corr.sqrt() + eps_stable)

7.12.3 S£I8

B, AL E e,

In [2]: %matplotlib dinline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import autograd, nd
import numpy as np

K, BAMRIRCALIERA B, REARERIHEALCY 1000, FAVEHPE wh[2,-3.4], W
% “bN 4.2 BIZME AR AE SRR, 1AL 75 105K R AL BT R AL E R bR &, A5
e G L S Rt

BAHEBE LD R v f s WAL RIS EO R R N 25K &
In [3]: # “EMEUEE,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] *» features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# R IEE S,
def init_params():
w = nd.random.normal(scale=1, shape=(num_inputs, 1))
b = nd.zeros(shape=(1,))
params = [w, b]
vs = []
sqrs = []
for param in params:
param.attach_grad()
# IBEEREFERINNB N T VR AN S HERERNS KE,
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vs.append(param.zeros_like())
sqrs.append(param.zeros_Llike())
return params, vs, sqrs

ALEREL optimize 5 “Adagrad— METFUAE" —TTFIIZEML,

In [4]: net = gb.linreg

loss = gb.squared_loss

def optimize(batch_size, lr, num_epochs, log_interval):
[w, b], vs, sqrs = init_params()
1s = [loss(net(features, w, b), labels).mean().asnumpy()]
t=20
for epoch in range(l, num_epochs + 1):
for batch_i, (X, y) 1in enumerate(
gb.data_iter (batch_size, num_examples, features, labels)):
with autograd.record():
1 = loss(net(X, w, b), vy)
1.backward()
# WARTEAR Adam #io

t +=1
adam([w, b], vs, sqrs, lr, batch_size, t)
if batch_i * batch_size % log_interval == 0:

1s.append(loss(net(features, w, b), labels).mean().asnumpy())
print('w:', w, '\nb:', b, '"\n'")
es = np.linspace(0, num_epochs, len(ls), endpoint=True)
gb.semilogy(es, ls, 'epoch', 'loss')

2, AT RERL S EE S BN B S ERERI,
In [5]: optimize(batch_size=10, 1r=0.1, num_epochs=3, log_interval=10)

w:

[[ 2.00052381]
[-3.40048957]]

<NDArray 2x1 @cpu(0)>

b:

[ 4.19950819]

<NDArray 1 @cpu(0)>
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101 4
10° 4

1071 4

loss

1072 +

1073

104

epoch

7.12.4 /&5

 Adam HE T FEEMN RMSProp.
« Adam ] T ImZIEIE,

7.12.5 43

- fERHEMPIIESE SR, WEFF LR R,

7.12.6 HBEIAITIEX

7.12.7 SEXE

[1] Kingma, Diederik P., and Jimmy Ba. “Adam: A method for stochastic optimization.” arXiv
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preprint arXiv:1412.6980 (2014).

7.13 Adam——1$EFH Gluon

£ Gluon #, /] Adadelta RS, BAICHEHLIIZEIL,
BIE, ARSI f e,

In [1]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
import mxnet as mx
from mxnet import gluon, nd

from mxnet.gluon import nn

THEAE RS EAR S E LM R,
In [2]: # E£REESE,

num_inputs = 2

num_examples = 1000

true_w = [2, -3.4]

true_b = 4.2

features = nd.random.normal(scale=1, shape=(num_examples, num_inputs))
labels = true_w[0] * features[:, 0] + true_w[l] * features[:, 1] + true_b
labels += nd.random.normal(scale=0.01, shape=labels.shape)

# LRIEEIRE,
net = nn.Sequential()
net.add(nn.Dense (1))

FATAT DATE Trainer FRE SURALIRIESFR adam HE LIRS, UNLIGEM T “Adam—
METHE” — TR SIRsE R,

In [3]: net.initialize(mx.init.Normal(sigma=1), force_reinit=True)
trainer = gluon.Trainer(net.collect_params(), 'adam', {'learning_rate': 0.1})
gb.optimize(batch_size=10, trainer=trainer, num_epochs=3, decay_epoch=None,
log_interval=10, features=features, labels=labels, net=net)

w:

[[ 2.00044465 -3.40001488]]
<NDArray 1x2 @cpu(0)>

b:

[ 4.20102882]
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<NDArray 1 @cpu(0)>

epoch

7.13.1 /&5

« {#H Gluon i Trainer BJDL/7{EH{EH Adam,

7.13.2 43

- BEARES MR RFL,

o [EIEREGTE ) LB AP ORISR IR0 B AL B s b B, SR IF A s
W%,

7.13.3 HBEZEITIEX
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7.13.4 Z<E[O][

PO RRERTYL, BEALREKT 2R,
SINBEAZE, Adagrad £ 5
Adadelta 2~ e, RMSProp /7%
Adam 3% RMS ¥, MALEFR IS,
R

BT BRI,

o DU R RARMOTI AR BN,

- i XA SEBF R,

< B FRBUINEGRE 51,
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B

TR S EIRERIOC R R R IR AL RSEN, REYS o Rk EHEERE, AFRE
RO AR EZER 7 e\, fFSA%mE. BHE. B3 TiHRENZ GPU
R, EEARENTS), RS PR O AT RERE, BIAITE AR
ATTE T8RP )15 T

8.1 ip SRS N EERIE

Hsz) B HATNIERNT—EHEMEH SN E: FHREEARERERIRES, FE NmIXBFE
R a2 GRS,
In [1]: def add(a, b):

return a + b

def fancy_func(a, b, c, d):
e = add(a, b)
f add(c, d)
g add(e, f)

329



return g

fancy_func(1, 2, 3, 4)

Out[1l]: 10

AR —FE, £181T e = add(a, b) I, Python RMANEIZRIFHEERAMEELR e,
MR RPN R AL T, KO, JEEAIMMER f = add(c, d) fl g = add(e,
f) KERRIRIZEHFIEL R,

BB XA, HENBITrERE, —J7m, BIfE fancy_func BREHH) add
SEWESFEANEL, Python WSB—PUTIX = ANHRECAHIEA), B—7H, BIFHERELE
efl fHEES| fancy_func FEIBAHPITE R, XERNEHRIT e = add(a, b) fl f
= add(c, d) ZHIBENPDFAHELE e fl f 2HSHREFHIHMI S 6H,

S SAGIEAR, 175 gAEE T RS 2 AT FA I T, KRB IR E SIHEZR,
{5114n Theano A1 TensorFlow, AR 1155 gwte, HH, FFSAMENEFTRE NH=TDEK:
1. 7 ORI
2. O RRAEG R PATHIRRF ;
3. faERN, VARSRIELFHIRR AT,
NEBATARF S G A EEH AT T 328 tH B a2 g A R

In [2]: def add_str():
return '''
def add(a, b):

return a + b

def fancy_func_str():
return '''

def fancy_func(a, b, c, d):
e = add(a, b)
f = add(c, d)
g = add(e, f)
return g

def evoke_str():
return add_str() + fancy_func_str() + '''
print(fancy_func(1, 2, 3, 4))
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prog = evoke_str()
print(prog)
y = compile(prog, '', 'exec')

exec(y)

def add(a, b):

return a + b

def fancy_func(a, b, c, d):

e = add(a, b)
f = add(c, d)
g = add(e, f)
return g

print(fancy_func(1, 2, 3, 4))

10
DA R =R EE IR AR, o, FAImIEeBIT R8T, BT ERE
N RGRENE e R E FIRE MRy, WA EZ AR, Fla, HEFERHEe] DO F s
B print((1 + 2) + (3 + 4)), EREEKEK print(10), XFENMURD T REEH,
THE T NF,

BEE—TF,

- iR E T, HIAFE Python BEM A AR, KA RIGH G ERETEEH
o AN, aRgIEEASEREE, IXZRABATRT AR b E 2 A RO R A B E T
FTEN, B Python HBREE LA,

- FEAGEE SV ERZBIE, —J7H, EgFEINNRRGA] LA 2 HEE 2 ; 55—
73, FF S GmAEA] DLRAE P B — D5 Python JERAIME IR, AT AT BAEREF1ETF Python
5 N iB1T,

8.1.1 BANREMMEZK
RER T BRI SIEZRAE iy @ SRR SR Z 7] —3&—. B4 Theano MISZHE & HIJEK

# TensorFlow il TS5 %f2; Chainer fIERIEREE PyTorch (/T2 HEA
AAER T Gluon I TIXANRI#E: BEA FTREME R M2 NRENIFL, XEZMF 5 AREN
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2 TFRENTN N, MRz @ g TR, SHEE PRI ERERI S
i, ] DR ZE /DR B 0 R B A 5 S okia T T,

E1F5RIARYZ, Gluon A] PUEIITR & MWEMENIX — . EREN WS, FATAT o 8 H
HybridBlock 8¢# HybridSequential AR, BRIATEHL R, EA1H1 Block 5{# Sequential 3¢
—PHRAIE A SRR T I T, YA hybridize FMEUG, Gluon SEEHAMKIERF S
IR TT T, HE L, BRZERIIHE AT AE 2R 5 AL,

ARTTREE L RN R AR 1, BIE, AR TR TR,

In [3]: from mxnet €dimport nd, sym
from mxnet.gluon import nn

from time -dimport time

8.1.2 fEFH HybridSequential 2 E1EHE!

Bz w23 T Sequential ZKRABIKZNE, N T HAHRE NG, FEHITE Se-
quential KA HybridSequential 2%,

In [4]: def get_net():

net = nn.HybridSequential()

net.add(
nn.Dense (256, activation="relu"),
nn.Dense (128, activation="relu"),
nn.Dense(2)

)

net.initialize()

return net

x = nd.random.normal(shape=(1, 512))
net = get_net()
net(x)

Out[4]:
[[ ©.08827581 0.00505182]]
<NDArray 1x2 @cpu(0)>

BATRTLUE VA hybridize RECRIRIFEFMILIL HybridSequential SZfH R EBLHY BRI 8L,
BRI RS R AL,

In [5]: net.hybridize()
net(x)
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Out[5]:
[[ ©.08827581 0.00505182]]
<NDArray 1x2 @cpu(0)>

WETERZ, AR HybridBlock FEA 2B b, HIU, HybridSequential 251 Gluon 2
#£9 Dense 2KER /2 HybridBlock Y3, BEMIERSMLMLIT R, (R —DMEHEH K H Block i
ANJE HybridBlock 28, AMAEEASHARI, FA1E R iean{# A HybridBlock 2,

£d:13

BTAILLBIAH hybridize BREHTE TR AR R S mRITERESR T IXEIATHH N
1000 X net BBRITHE, f£ net A hybridize HREHIG, E75HkIEmLRWEMFES K
EETE G G

In [6]: def benchmark(net, x):
start = time()
for i in range(1000):
y = net(x)
# EREPMEITETTH.
nd.waitall()
return time() - start

net = get_net()

print('Before hybridizing: sec' % (benchmark(net, x)))
net.hybridize()
print('After hybridizing: sec' % (benchmark(net, x)))

Before hybridizing: 0.3204 sec
After hybridizing: 0.1903 sec

H BTSSR AI W, 7E— HybridSequential SV hybridize %5, &l PAEL TS5
IRFETR I E I RE,

REFFSUIERF

TEREA net MR N HHEBAE LS, B0 benchmark BEHH) net(x), FATHLAT DU
export HECRIEENT S R AR SR EIREAL,

In [7]: net.export('my_mlp")

A . json Fll.params XA G5 B FHIRAI S, EATA] LA# Python B{ MXNet
XFFHH AR RTHIE S 1, B0 C++, IXAE, FRATTHEAT DR 75 8 M s FH H AR A8 5 Bfe HoAth i
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& FEBIIGRArRIREAY, [FN, BT EEN AN RE TS EWENESF, R
TSN mEHE LT
£ MXNet H1, FF5 IR FHEM)Z Symbol REUFEF, BAIHNE, 44 net 24t NDArray 2%
BN x5, net(x) 2HE x BRIFAEBRELHIHREIZER, X TAAE hybridize HEK
JERIRERY AR R A B —1 Symbol KAIRIZ R, net(x) RIR[EIFFEZ Symbol K4
HIFEF o
In [8]: x = sym.var('data')

net(x)

Out[8]: <Symbol dense5_fwd>

8.1.3 {#FH HybridBlock ZHiE1EEY

1 Sequential 285 Block Z A% Z —F, HybridSequential 25/ HybridBlock HJF3, IR
Block SLHIFRELI forward RECAK—FERZE, AT HybridBlock SEHFRAIFELIL hy-
brid_forward H%{,

A EAEZR TWA hybridize BREUGHIERE AT DURIG BE 47 BT R RERIBAE M, 9 — 77,
VM hybridize FHBRBIX IR TG, N THERIX—K, FAEMH HybridBlock #4iE 5
",
In [9]: class HybridNet(nn.HybridBlock):
def __init__(self, **xkwargs):

super (HybridNet, self).__init__(**kwargs)

self.hidden = nn.Dense(10)

self.output = nn.Dense(2)

def hybrid_forward(self, F, x):

print('F: ', F)

print('x: ', x)

x = F.relu(self.hidden(x))
print('hidden: ', x)

return self.output(x)

fE4k 7K HybridBlock 2KH}, FAFHZELE hybrid_forward BRERESIMESNIEAN Fo FATH
1, MXNet BEAET SN NDArray 28, XAHETRFS5HAYRERN Symbol 2K, HTIXM
DRIEEFEA—F, MXNet 2ARTEFMARIE F A NDArray 8 Symbol,

N T —> HybridBlock Si6ll, RILABRZIENAT F (8 NDArray, MH, FAHTENH TH
A x FIE A ReLU {75 e B RERUR A9t o
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In [10]: net = HybridNet()
net.initialize()
x = nd.random.normal(shape=(1, 4))
net(x)

F: <module 'mxnet.ndarray' from ’/var/lib/jenkins/miniconda3/envs/gluon_zh_docs/lib/pJ
— ython3.6/site-packages/mxnet/ndarray/__init__.py'>

X:

[[-0.12225834 0.5429998 -0.94693518 0.59643304]]

<NDArray 1x4 @cpu(0)>

hidden:
[[ ©.11134676 0.04770704 0.05341475 0. 0.08091211 0. 0.
0.04143535 0. 0. 1]

<NDArray 1x10 Q@cpu(0)>

Out[10]:
[[ ©.00370749 0.00134991]]
<NDArray 1x2 @cpu(0)>

HIBIT— R 2GRN FEFERISE R,

In [11]: net(x)

F: <module 'mxnet.ndarray' from ’/var/lib/jenkins/miniconda3/envs/gluon_zh_docs/lib/pJ
— ython3.6/site-packages/mxnet/ndarray/__init__.py'>

X:

[[-0.12225834 0.5429998 -0.94693518 0.59643304]]
<NDArray 1x4 @cpu(0)>

hidden:
[[ ©.11134676 0.04770704 0.05341475 0. 0.08091211 0. 0.
0.04143535 0. 0. 1]

<NDArray 1x10 Q@cpu(0)>

Out[11]:
[[ 0.00370749 0.00134991]]
<NDArray 1x2 @cpu(0)>

N REEBEWM hybridize MEUG2EAEMN 20
In [12]: net.hybridize()
net(x)

F: <module 'mxnet.symbol' from '/var/lib/jenkins/miniconda3/envs/gluon_zh_docs/lib/pyJ
— thon3.6/site-packages/mxnet/symbol/__init__.py'>

x: <Symbol data>

hidden: <Symbol hybridnetO_relu0>
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Out[12]:

[[ 0.00370749 ©0.00134991]]

<NDArray 1x2 @cpu(0)>
AIAERI, FARLT Symbol, MiH, SR ALIEILZE NDArray, {H hybrid_forward K%K
B, HEFEH AR A A AR R T Symbol,

HIZfT—REE.
In [13]: net(x)

Out[13]:

[[ 6.00370749 0.00134991]]

<NDArray 1x2 @cpu(0)>
AILAEE] hybrid_forward BEEE XA =1THTENBEAER A FTEMEAT/R Y, X 2R E—Ik
M hybridize MEUGIBIT net(x) HIHE, FFEREFELSTE, ZEFHIEIT net(x)
(I i MXNet ¥ AFEY5 A Python AR, M@ EAETE CH EImPUTRS X2, XZHA
hybridize JaBAIHHRIERERRTHI—DRE, (HERTREFBUZ TR T ERFIRTEM,
5 HEIX M) F-Hr, QR BA 17 A AR =ATHT ENE A I A, PUTRF S R F i 2Bl et
IRFTERIEAM X T /08 Symbol ANSCFFHIRELL BN asnumpy  FATETCIETE hybrid_forward
BRECR R HAEVEH hybridize BREUS I TRALT Y,

8.1.4 /&

- R AR S AGWELE IS, MXNet BT RS NRERNE 2 K.

5
« JEIT HybridSequential 251 HybridBlock ##IAAIRT AV hybridize KRS
EFHERA ST, BATRBCRR M IXF T BRS  E R RE R o

8.1.5 43

« TEA7 HybridNet 2% hybrid_forward B EE—1T7IRM x.asnumpy (), BITAT 2
HRACH, SR EE I AL BRI R,

o [BlEFTE ) L&A RESBR AR 22 HybridBlock Y HybridSequential 2855H,
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8.1.6 HIZEIAITIEX

¥
L

o

8.2 [BMiItHE

MXNet fEF1EHETE (lazy evaluation) SRIZA I EMERE, BREN TIERMBEA THRES
MEIFRT, XAEBITENAERIRARIIE T 3SR B RE T RN,

TAVE AT S0 75 E A R BsiER,

In [1]: from mxnet 1dimport autograd, gluon, nd
from mxnet.gluon import loss as gloss, nn
import os
import subprocess
from time dimport time

BT RIS SO, B T RATESS RE IS IR RA 1T, BATISeE XM
To

In [2]: a =1+ 1
a=2+ 2
a=3+3
print(a)

6

XN, BT=fEEN LR ailEH, RE—ffTEER a IHREER, Ftk, BT
DA =R E A A A T B AEIR 2 RPR AT TENE AU Z il XA T ZAF IR RGHE IR T R R
aINEAFR T2 ARHE a UiEH, NMEEZSRNMHE, B, XERNFEAR N
AT SR AR A 0 R
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8.2.1 MXNet HAYIEMIHHE

J7 Xk, MXNet L5 A B2 B RTRTmA R GURRPUT H R S0, BIan, AT
ANFEHTETRIE S 9S MXNet £2F7, & Python. R. Scala fl C++, JCief A RIETRIZIE S,
MXNet F2 P FIHAIT EEAR A AL CH+ LAY EYm. HaEd, M5 RIRETR MXNet #7215
BRI TH R, JEimA B CRVZRERARIBERES, WiE, TR, Eumitier s
NERZA, HPEHEARERNAREETR,

B BAT I E AT A F DL R PUSRIE A, MXNet JEim LAz S oA BT RIS RO tH AN 8.1
PRI

In [3]: a = nd.ones((1, 2))
b = nd.ones((1, 2))
c=a*b+2
print(c)

([ 3. 3.1]
<NDArray 1x2 @cpu(0)>

& 8.1: MXNet J5umfitE &

FEEMEH R, AR T AT =SB MR, OO TSSO E s AS ERUR W T Hi)h
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—RIERFREATENH A AR, i RF R RmMAARE ¢ SRR, HEITHN— MLz,
IXHEH Python RSHEAE AT ZMELPRITR, Kk, JCit Python RUPEREANM], EXEEMERIERE
R RIR/N, HE CH+ Jaim e i =5k, ARAANERIIE S MEREUN, MXNet #n] AR —2
A ERE,

NE B FEE TSR ERIE I R AR, FTMEES], % y = nd.dot(x, x) IR[EIATHHE
HIAERERIESIT R,

In [4]: start = time()

x = nd.random.uniform(shape=(2000, 2000))
y = nd.dot(x, x)

print('workloads are queued: sec' % (time() - start))
print(y)
print('workloads are completed: sec' % (time() - start))

workloads are queued: 0.000585 sec

[[ 561.15838623 508.29724121 495.65237427 ..., 492.8470459 492.69091797
490.0480957 ]
[ 508.81057739 507.18218994 495.17428589 ..., 503.10525513
497.29315186 493.6791687 ]
[ 489.565979 499.47015381 490.17721558 ..., 490.99945068
488.05007935 483.2883606 ]
Cey
[ 484.00189209 495.71789551 479.92141724 ..., 493.69952393
478.89193726 487.20739746]
[ 499.64932251 507.65093994 497.59381104 ..., 493.0473938 500.74511719
495.82711792]
[ 516.01428223 519.17150879 506.35400391 ..., 510.08877563 496.3560791
495.42523193]]
<NDArray 2000x2000 @cpu(0)>
workloads are completed: 0.143778 sec

WRf, BRAFBIFZZATEHISE RIFHRER, BNIERATLHRROHAISERENFHERCAHR
0T, HEEHEZRIF1E NDArray B H MXNet 284S HEAF, MXNet Gt BRI fE M
HRSRIRBUR = R TR RE.

8.2.2 AR R FImFHFITHESR

BRTRIENR print Sh, TATEA HAMRT7 R I RTREAR SRR im i) H R LS R, AT A
i/ wait_to_read EEIEATHHERHE N NDArray UM RERSEK, FBHUTHINGR S H
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Bh), 8, BTN waitall A AIHEAFRT I A HH R RN, Ja& R IEREIIAH
W75,

THEZMEM wait_to_read BIfI¥. WHARNMET vy BIHERIFEL,

In [5]: start = time()
y = nd.dot(x, x)
y.wait_to_read()
time() - start

Out[5]: 0.12493276596069336

THEZMEM waitall BBIF, BHANESET vy z BIHTHRER T,

In [6]: start = time()
y = nd.dot(x, x)
z = nd.dot(x, x)
nd.waitall()
time() - start

Out[6]: 0.24926090240478516
LA, AL NDArray ##pHAA SR B T B R BER S MR E R S 1L R E T A S 5
BN YFATAA asnumpy Fl asscalar EHREHT,

In [7]: start = time()
y = nd.dot(x, x)
y.asnumpy ()
time() - start

Out[7]: ©.23314809799194336

In [8]: start = time()
y = nd.dot(x, x)
y.norm() .asscalar ()
time() - start

Out[8]: 0.17902660369873047

HT asnumpy. asscalar fl print BREEMUL LRGSR RS RIT R, BATEE
FEIX 2K R B AR [F] 2 BRI R
8.2.3 EABHITEREAITRIEEE

FENESTH, BATRBON y ETRE, WRAERERTE, AT PHE for FEEAAE
wait_to_read fif 1000 XIR(E TR, EEIEHES, MXNet XA MR —EABEHIT,
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In [9]: start = time()
for i in range(1000):
y = x + 1
y.wait_to_read()
print('no lazy evaluation: sec' % (time() - start))

start = time()
for i in range(1000):
y = x + 1
nd.waitall()
print('with lazy evaluation: sec' % (time() - start))

no lazy evaluation: 1.504210 sec
with lazy evaluation: 1.405351 sec

8.2.4 1B B AFEFERNE M

TEMEMEH S, REARIMRA T ELR, MXNet [GiiA—E STZR1IH AT E AT
KT,

Z R TS

In [10]: a = 1
=2

Out[10]: 3

EBIR, S-S A BEARB. FTL, 8 b = 242608 a = 1ATHITHZRTDAR, H
XFERIRES S RIZAL,

N T RREE LT N A P B, LEFRAT S IR — T Al TR 27T AP A 8 A TR 779 A B
RIS AR, BADER RSN/ MEE LI — TR, FIINERRIRRsE R, 40
IRBVFRIL T, XEIFE AZIFE D EE, Blal asscalar 8#F asnumpy, MR EHIXLEH
AR, AR R MR T RS RN SO EN, T ARE S EERIIA T, 3]
FEREN/IML R EERAE TR D REON, A R S OOE RINA 2R — I ML B R E S5 O R smtAd T i
B/, M52, BITEESEOEEHE, WMBUNAEITHE, XM —f “WrEsm” (s
o

IR SIRRNE R LR, MAESRIRER AR, BATREBORRAEIZEIIR /MR
ARRE IR0 bR A, 260Ut TERE AR, Oy 7OV NI, AT BRSO &Mt
B PO IR (R0 BRI, AN RS TEN HY 2 A L & A i 5 R
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D EBEA RS TR AF fERIREIE, BATPeE MR RIE R, E = WA RN
AUHI, FEHHTENS H Ay IR E T B RER,

In [11]: num_batches = 41
def data_iter():
start = time()
batch_size = 1024
for i in range(num_batches):
if i % 10 == 0:
print('batch , time sec' % (i, time() - start))
X = nd.random.normal(shape=(batch_size, 512))
y = nd.ones((batch_size,))
yield X, y

PN SNE 258 5511/ N WA i 7R 17 & SE -

In [12]: net = nn.Sequential()
net.add(
nn.Dense (2048, activation='relu'),
nn.Dense (512, activation='relu'),
nn.Dense(1),
)
net.initialize()
trainer = gluon.Trainer(net.collect_params(), 'sgd',
{'learning_rate':0.005})
loss = gloss.L2Loss()

X EE SCH B R ECRIEM AN R, REERERNE, X PEEUHEETE Linux 81T,

In [13]: def get_mem():
res = subprocess.check_output(['ps', 'u', '-p', str(os.getpid())])
return int(str(res).split()[15]) / le3

BTEBATRT AINIA T . BAERIBIT—IRIERSAE net NSERIAL, HEXNBEESW “H
RIS GOIEL” —T5,
In [14]: for X, y 1in data_iter():

break
loss(y, net(X)).wait_to_read()

N

batch 0, time 0.000002 sec

TR net KU, FATATLAEAMEER R BHEL asscalar FEEAN/ MRS M NDArray
AR ERH, FHTENM MEURE RIS, T, S NMERRZERAREK, NEREF
PARCEL U
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In [15]:

batch
batch
batch
batch
batch
epoch
batch
batch
batch
batch
batch
epoch

0,
10,
20,
30,
40,
1
0,
10,
20,
30,
40,
2

mem = get_mem()
for epoch in range(1l, 3):
1_sum = 0
for X, y 1in data_iter():
with autograd.record():

1 = loss(y, net(X))
1_sum += l.mean().asscalar()
1.backward()
trainer.step(X.shape[0])

print('epoch', epoch, ' loss: ', 1_sum / num_batches)
nd.waitall()
print('increased memory: MB' % (get_mem() - mem))

time 0.000002 sec
time 1.356563 sec
time 2.805264 sec
time 4.254584 sec
time 5.703094 sec
loss: 0.15615208556
time 0.000003 sec
time 1.448640 sec
time 2.897139 sec
time 4.345896 sec
time 5.794361 sec
loss: 0.0985021460347

increased memory: 10.980000 MB

R EHFED R, BRSNS MEBIARAIFEEDE, JIZRdREP S SBEAETHE R, X
ERDVEMEIETET, Am iGN E TR — RISt 5.

In [16]:

batch
batch
batch
batch
batch

0,

10,
20,
30,
40,

mem = get_mem()
for epoch 1in range(1l, 3):
for X, y in data_iter():
with autograd.record():
1 = loss(y, net(X))

1.backward()

trainer.step(x.shape[0])
nd.waitall()
print('increased memory: MB' % (get_mem() - mem))

time 0.000002 sec
time 0.016111 sec
time 0.030303 sec
time 0.044364 sec
time 0.058341 sec
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batch 0, time 0.000002 sec
batch 10, time 0.013992 sec
batch 20, time 0.028052 sec
batch 30, time 0.042468 sec
batch 40, time 0.056408 sec
increased memory: 185.188000 MB

8.2.5 /\&

+ MXNet fHH] - B AR B R RS R GO HRPU T HH R R 5.
+ MXNet REfSIEIS LT RARTHT R ERE,

« BATEBUE R/ MR IZRE TN 2 MEH — DR R, Mgl 2 s
(Al IR A3 i

8.2.6 43

< ATRRE T “IRECEET AR, ATTRIREE S S AR R RIS 2

8.2.7 HIBEAITIEX

8.3 BEIHITIHE

£ “IEIETET —9 BRI 142E] MXNet /5062 HAM TR, @it i8R, 2gin DAHTEME
HRAMKEUCR, I A DURBRR R A MR R H 2 MEF HATHRUT RIS HERERITE . DA 1B E
HE” =W rit-EE (8 8.1) A, Hf a = nd.ones((1, 2))fl b = nd.ones((1,
2)) RMPIHHEZ B EERIC R, Fit, RER]LUEEFHITHITEN
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BHE—MaEFE A — CPU/GPU LA AR, fldl, dot #/ERF=MEIFTE cPU (B
i A2 CPU) S GPU LA ZAE, RILAE ¥ CPU/GPU LIFTIBIT 2 MEHE A Rl RERCR
FHARHE, AR B TR FEE R CPU I GPU KT, DA A
7o

BHASARTHERRNOEEER, B8 BMNIFEERD—1 GPU A RIS TAT LK,

In [1]: +dmport mxnet as mx

from mxnet import nd
from time dimport time

8.3.1 CPU 1 GPU HIH1TIHE

AN CPU M1 GPU WFHATIHHE, BlanE it B EE L 2E7E CPU, XRATE GPU 2 L,
SEE X — R, e 10 IR,

In [2]: def run(x):

return [nd.dot(x, x) for in range(10)]

B Rk, 2r3ITE CPU Al GPU L6/ NDArray,

In [3]: x_cpu = nd.random.uniform(shape=(2000, 2000))
x_gpu = nd.random.uniform(shape=(6000, 6000), ctx=mx.gpu(0))

R, AMERENIE CPU M GPU _FIZ1T run EREOFFTENFTRRIE,

In [4]: run(x_cpu) # FHFFHA.
run(x_gpu)
nd.waitall() # FiFgssR,

start = time()

run(x_cpu)

nd.waitall()

print('run on CPU: sec'%(time()-start))

start = time()

run(x_gpu)

nd.waitall()

print('run on GPU: sec'%(time()-start))

run on CPU: 1.198151 sec
run on GPU: 1.205718 sec
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BA1EE run(x_cpu) Fl run(x_gpu) MMTEESZEE nd.waitall(), HERSEE
BTN MES
In [5]: start = time()

run(x_cpu)

run(x_gpu)

nd.waitall()

print('run on both CPU and GPU: sec'%(time()-start))

run on both CPU and GPU: 1.222770 sec

AIES], YW NHELS—EHUTH, PITREEVNFEMI TP TRER, XFR, MXNet
BEARE CPU M1 GPU _EEEIFHATIHHE,

8.3.2 I REMBERNNHITIHE

1£% CPU/GPU HHEH, i 14H FEAE CPU/GPU Z [AEHIEHE, EREHEIET, 25+,
£ NHEf T, BAME GPU _BiHE, AERHEREHIE CPU, FA1AIFTEN GPU iSRRI
GPU | CPU HJIE T A,

In [6]: def copy_to_cpu(x):
return [y.copyto(mx.cpu()) for y in x]

start = time()

y = run(x_gpu)

nd.waitall()

print('run on GPU: sec' % (time() - start))

start = time()

copy_to_cpu(y)

nd.waitall()

print('copy to CPU: sec' % (time() - start))

run on GPU: 1.221859 sec
copy to CPU: 0.518355 sec

BANEH I EABIRZ B waitall BEL, FTENXFMESS 2R R R,

In [7]: start = time()
y = run(x_gpu)
copy_to_cpu(y)
nd.waitall()
t = time() - start
print('run on GPU then copy to CPU: sec'%(time() - start))
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run on GPU then copy to CPU: 1.264952 sec

AIDAEE], ST HEREIRE I RN TP 2 B TRIREN 2, fREERERNE, XA
FIENAIESS AR TRTE 2 CPU/GPU KIFFATIHRPRIESS . IXERIBITINERZ RA R R
y [1] AT R A REEHIZ] CPU, FrseryZ, IR y[1] BRG] AR y[i-11],
MR D T BT T SB A T I TRl

8.3.3 /\&
« MXNet BESIEIT BAhFFTIHHETRA I EM:RE, H420 CPU F1 GPU BYFHAT AN I EANE T
H17,
8.3.4 4.3

« ATHEXH) run MEERT 10 RKizH, Mz BBRERBCR, BE MXNet Hi%H
HaH T ITEN,
« A S EIME AEIRKII T S5, MXNet REAREIS B ERZERITHEATHEMERE?

8.3.5 AMBBIAITIEX

8.4 % GPU ItHE—MNEHE

ABREBA R Z A GPU IR, FIAIEMZ A GPU MIZRIRAL, RN RIERATARAE,
BITATHNEFRESDM GPU, HE L, —AHE BRI GPU FHH W, X2 N
FREIBHZHEZA PCle 1, MR IEWIZSE T NVIDIA 385, BT LA nvidia-smi an
LREF HRIHLE LI 2E GPU,

In [1]: !nvidia-smi
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Thu May 17 01:45:01 2018

o +
| NVIDIA-SMI 375.26 Driver Version: 375.26

|-===—— o e +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M.

| ===============================+======================+======================|
| © Tesla M60 On | 0000:00:1D.0 Off | 0 |
| N/A 46C PO 39W / 156W | 1479MiB / T7612MiB | 0% Default |
o o o +
| 1 Tesla M60 Oon | 0000:00:1E.0 off | 0 |
| N/A 55C PO 39W / 150W | 289MiB / T7612MiB | 0% Default |
o B it et o +
Bt st et et T e +
| Processes: GPU Memory |
|  GPU PID Type Process name Usage

| s======sssmssmsssssssmsssssssmsssssssssssssssssssssssssssssosssssssossssoooes|
| 0 101705 C /home /ubuntu/miniconda3/bin/python 1180MiB |
o +

£ CHAPHTIRET W, BIgE, KERaE R DEARTER CPU i R,
B B GPU Y BRTHRBR IR, (HAREH 21 GPU YIZRERY, TR PATR ZE SR B A %,
IXEERIR AR R RIS AT

8.4.1 BUEH1IT

HAEIH1T B AR IR E > B A &) AL 551 2 2124 GPU INE, BIfC— T3
IHE “BRE NERIBEALESE NE— TR — TR AR ERIGERAERE, T
T FATTE DA/ B REATLES T B BIR A R B AT R ] TAERY,

B —atlas B kD GPU, BERZEINGRIER, 1 GPU K HIFRIZHE— ) e B R
S8 ERRIIGRER —UOENH, BE— A/ MUR, BITRIZILEFIREARRI DK & 735573
BB GPU —17, A5, 81 GPU K AIRME B o ZIRTIIZREURAE AR B D4 Ry 25
RIS EIIME, # Tk, BAHE kD GPU LRIt RS BIRI B EA DN, MIMAS 2124 AT/
MEME, 25, 10 GPU EEIX ML ERRRE 7275 3 5 4T RIIR— M e B RIS,

N7 NEIFaEIZ GPU ISR RIEHEIFT, LB e AT Z A E e,

In [2]: dmport sys
sys.path.append('..")
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import gluonbook as gb

import mxnet as mx

from mxnet import autograd, nd

from mxnet.gluon import loss as gloss

from time import time

8.4.2 FENIEHEY

BAER “BRMLEMEE—MNFITUE" — T HN ) LeNet SRAENATIRIREBIREEL,

In [3]: # ¥FRHIEESH,
scale = 0.01

w1
bl
w2
b2
W3
b3
w4
b4

= nd.random.normal(shape=(20, 1, 3, 3)) * scale
= nd.zeros(shape=20)

= nd.random.normal(shape=(50, 20, 5, 5)) * scale
= nd.zeros(shape=50)

= nd.random.normal(shape=(800, 128)) x scale

= nd.zeros(shape=128)

= nd.random.normal(shape=(128, 10)) * scale

= nd.zeros(shape=10)

params = [W1l, bl, W2, b2, W3, b3, W4, b4]

# EXIRE,
def lenet(X, params):

hl_conv = nd.Convolution(data=X, weight=params[0], bias=params[1],
kernel=(3, 3), num_filter=20)
hl_activation = nd.relu(hl_conv)
hl = nd.Pooling(data=hl_activation, pool_type="avg", kernel=(2, 2),
stride=(2, 2))
h2_conv = nd.Convolution(data=hl, weight=params[2], bias=params[3],
kernel=(5, 5), num_filter=50)
h2_activation = nd.relu(h2_conv)
h2 = nd.Pooling(data=h2_activation, pool_type="avg", kernel=(2, 2),
stride=(2, 2))
h2 = nd.flatten(h2)
h3_linear = nd.dot(h2, params[4]) + params[5]
h3 = nd.relu(h3_linear)
y_hat = nd.dot(h3, params[6]) + params[7]
return y_hat

# R K R,
loss = gloss.SoftmaxCrossEntropyLoss()
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8.4.3 % GPU Z[alES iR

BATFRELI % GPU Z AR EERAIH IR E, i R R AR S B i F 3 NMEE GPU
FHHIE AR

In [4]: def get_params(params, ctx):
new_params = [p.copyto(ctx) for p 1in params]
for p in new_params:
p.attach_grad()

return new_params

K= params EiilF] mx.gpu(0) L,

In [5]: new_params = get_params(params, mx.gpu(0))
print('bl weight:', new_params[1])
print('bl grad:', new_params[1].grad)

bl weight:

[ 6. 0. ©. 0. 0. 0. 0. 0©0. O6. 0. O6. 0O0. 0. 0O0. 6. 0. 6. 0.
0. 0.]

<NDArray 20 @gpu(0)>

bl grad:

[6. 0. 6. 6. 6. 6. 6. 0. 6. 6. 0. 6. 6. 0. 0. 0. 0. 0.
0. 0.]

<NDArray 20 @gpu(0)>

EBEDNMEZ GPU Z[HIVEHE, DA AEAD GPU _EREEEINER, KRG #H2IFT
H GPU L,

In [6]: def allreduce(data):
for i in range(l, len(data)):
data[0][:] += data[i].copyto(data[0].context)
for i in range(l, len(data)):
data[0].copyto(datal[i])

BIHAMIX—TF allreduce A%,

In [7]: data = [nd.ones((1,2), ctx=mx.gpu(i)) * (i + 1) for i 1in range(2)]
print('before allreduce:', data)
allreduce(data)
print('after allreduce:', data)

before allreduce: [

[[ 1. 1.]]
<NDArray 1x2 @gpu(0)>,
(2. 2.11]
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<NDArray 1x2 @gpu(1l)>]
after allreduce: [

(3.

3.11

<NDArray 1x2 @gpu(0)>,

(f 3.

3.1]

<NDArray 1x2 @gpu(1l)>]

SHE— MR AEEREREA,  DUNEEA] DRI e DFERIZIE4 GPU L,

In [8]: def split_and_load(data, ctx):
n, k = data.shape[0], len(ctx)

IEFATAE RN split_and_load HEUR 6 MNMIBRFEAREYY 4 2 1> GPU,

In [9]:

input:
([ o.
[ 4.
[ 8.
[ 12.
[ 16.
[ 20.

m=n// k

assert m * k == n, '# examples 1is not divided by # devices.'

return [data[i * m: (i + 1) * m].as_in_context(ctx[i]) for i 1in range(k)]

batch = nd.arange(24).reshape((6, 4))

ctx = [mx.gpu(0), mx.gpu(l)]

splitted = split_and_load(batch, ctx)

print('input: ', batch)
print('load into', ctx)
print('output:', splitted)

3.]

7.]

10. 11.]

13. 14. 15.]
17. 18. 19.]
21. 22. 23.]1]

<NDArray 6x4 @cpu(0)>
load into [gpu(0), gpu(l)]

output:
([ o.
[ 4.
[ 8.

[

1. 2. 3.]
5. 6. 7.]
9. 10. 11.]]

<NDArray 3x4 @gpu(0)>,

[[ 12.
[ 16.
[ 20.

13. 14. 15.]
17. 18. 19.]
21. 22. 23.]]

<NDArray 3x4 @gpu(1)>]

8.4. % GPUITHE—MNEFIE
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8.4.4 ENNtE FRIZ GPU IR

BITEFRATTAT ASCEL B N & BN 2 GPU IR T . B RSB = ZURIE AR T HINEEE I AT 71
AR A NINGE X2 GPU Z B[R EEEH B R £, #l40 split_and_load il allre-

duce,

In [10]: def train_batch(X, y, gpu_params, ctx, 1lr):
# X/ NMEFIEEAHEREEZD 6PU Lo
gpu_Xs = split_and_load(X, ctx)
gpu_ys = split_and_load(y, ctx)
# 8D GPU EitEHK,
with autograd.record():
1s = [loss(lenet(gpu_X, gpu_W), gpu_y)
for gpu_X, gpu_y, gpu_W 1in zip(gpu_Xs, gpu_ys, gpu_params)]
# &N GPU EREERE.
for 1 in 1s:
1.backward()
# 1BE 6PU EMBREMER, AEBIEEIME 6PU Lo
for i in range(len(gpu_params[0])):
allreduce([gpu_params[c][i].grad for c 1in range(len(ctx))])
# TN GPU LEMBCHEIFNI—HRENRIESH,
for param in gpu_params:
gb.sgd(param, lr, X.shape[0])

8.4.5 IRk

IRAEFRATTA] DAE SCIZREREL, 1% AR R BN 2 Bl = L A ISR R B A AN, filin, 7EIXH
BANHEEMRAEAR T AEIRFAT, KRB SHERZ 2D GPU L, FHEFUGEINXT
BAVNMLE E3ETZ GPU IIZK,

In [11]: def train(num_gpus, batch_size, 1lr):
train_iter, test_iter = gb.load_data_fashion_mnist(batch_size)
ctx = [mx.gpu(i) for i in range(num_gpus)]
print('running on:', ctx)
# BRESHERER] num_gpus 1 GPU Lo
gpu_params = [get_params(params, c) for c in ctx]
for epoch 1in range(l, 6):
start = time()
for X, y 1in train_iter:
# WEANIMEE E#HITE 6PU 5.
train_batch(X, y, gpu_params, ctx, 1r)
nd.waitall()
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print('epoch , time: sec' % (epoch, time() - start))
# £ GPUO LIIFHREY,

net = lambda x: lenet(x, gpu_params[0])

test_acc = gb.evaluate_accuracy(test_iter, net, ctx[0])
print('validation accuracy: ' % test_acc)

BAeEH— GPU K2k,
In [12]: train(num_gpus=1, batch_size=256, 1r=0.3)

running on: [gpu(0)]

epoch 1, time: 2.2 sec
validation accuracy: 0.1001
epoch 2, time: 1.8 sec
validation accuracy: 0.6748
epoch 3, time: 1.8 sec
validation accuracy: 0.7916
epoch 4, time: 1.8 sec
validation accuracy: 0.8184
epoch 5, time: 1.7 sec
validation accuracy: 0.8308

K, BAVEREM 21 GPU KR, BATRAEA NI —1%, DAERS GPU RYIHHEBTIRAE
AR 7E A

In [13]: train(num_gpus=2, batch_size=512, 1r=0.3)

running on: [gpu(0), gpu(l)]
epoch 1, time: 1.3 sec
validation accuracy: 0.0994
epoch 2, time: 1.0 sec
validation accuracy: 0.0995
epoch 3, time: 1.0 sec
validation accuracy: 0.0998
epoch 4, time: 1.0 sec
validation accuracy: 0.4828
epoch 5, time: 1.0 sec
validation accuracy: 0.7400

T HEEANEI T %, S NEREPFREARREN T —F, R, JATER S NIERE
WARTFERS ELER GPU IIIZRID 73—, (HE T EARIR AU D, SRR UERERSE LRI
JEMEA TR IXRATAER B TGRS 780G . [Hit, 2 GPU JIZRRY, FATRT DOE 24 Hhnik
B EEIZRE 7257
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8.4.6 /|\&5

o BATA] DAE R BHRFAT E S A 24 GPU BUTHRBEIR, SKBLZ GPU ilIghsiiy,

8.4.7 43

AT H, ARSI, #LEARNIFSR,
REA T SR RTINS 70 50N F 2 GPU 1l

8.4.8 HIZEAITIEX

8.5 % GPU itH —f#H Gluon

£ Gluon H, FATTA] MRV fEHLEE FHBARHATHM T2 GPU I8, T3, BAIHFATREH DK
W “Z GPU HH—MNEIFE" —WENANZ GPU Z IRl [F A EE 4B s £

FEFARTLEFREOESL, AL, BIIATHRNEFRZEZEDMR GPU,

In [1]: +dmport mxnet as mx
from mxnet import autograd, gluon, init, nd
from mxnet.gluon import loss as gloss, utils as gutils
import sys
from time dimport time
sys.path.append('..")
import utils

8.5.1 % GPU L#IIRLiREISEX

FAEH] ResNet-18 SKAF N AT HIFEBIRER,
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In [2]: net = utils.resnetl18(10)

ZHIBMINE TWM#FER initialize B ctx SEE CPU 88 GPU LAk Z
B, HILE, ctx ifHEZ— RSN CPU/GPU, MIMfHEFIAILTHIERISEEHIE] ctx HATE
i CPU/GPU I,

In [3]: ctx = [mx.gpu(0), mx.gpu(l)]
net.initialize(ctx=ctx)

Gluon $&fit 7 E—TAsSIIf) split_and_load B, &R AKX — ANt BERIEIEE AT S
HE]&A CPU/GPU L, 2 J5, IRIEH AEHETER CPU/GPU, A E 4% £ 1EMHIF I CPU/GPU
o

In [4]: x = nd.random.uniform(shape=(4, 1, 28, 28))
gpu_x = gutils.split_and_load(x, ctx)
print(net(gpu_x[0]))
print(net(gpu_x[1]))

[[-0.00299451 -0.114948 -0.04571831 -0.08353794 0.09219883 -0.10255374
0.08285993 0.08471885 -0.03377745 0.0142048 ]
[-0.01095816 -0.12053964 -0.05160385 -0.08963331 0.08892047 -0.10402268
0.07713397 0.08005997 -0.02352627 0.02912929]]
<NDArray 2x10 @gpu(0)>

[[-0.00705471 -0.11297002 -0.04886303 -0.08850279 0.0929175 -0.10409503
0.07982443 0.08671783 -0.01739573 0.02761966]
[-0.01419117 -0.10728938 -0.0441721 -0.08339462 0.09654251 -0.09772847
0.08203971 0.09051772 -0.02636191 0.02598564]]
<NDArray 2x10 @gpu(1l)>

[EZ—F “BAIZEE G 0)MEIE" — R B G RIaG . IITE, FRATATDAUEE data 15
FRIE AP RITISEUE T . TFEFRNE, BN weight.data() £IR[E CPU LS EUE,
HTHAHEE T 21 GPU RWIA RIS EL, BAFRERE GPU Viinl, FA1ER, MHESEAE
AP GPU _EE—FE,

In [5]: weight = net[1l].params.get('weight')
try:
weight.data()
except:
print('not initialized on', mx.cpu())
print(weight.data(ctx[0])[0])
print(weight.data(ctx[1])[0])

not initialized on cpu(0)
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[[[-0.00613896 -0.03968295 0.00958075]
[-0.05106945 -0.06736943 -0.02462026]
[ 0.01646897 -0.04904552 0.0156934 ]]]
<NDArray 1x3x3 @gpu(0)>

[[[-0.00613896 -0.03968295 0.00958075]
[-0.05106945 -0.06736943 -0.02462026]
[ 0.01646897 -0.04904552 0.0156934 ]]]
<NDArray 1x3x3 @gpu(1l)>

8.5.2 % GPU j)l|Zi=EY

P S AT R AL

In [6]:

= gloss.SoftmaxCrossEntropyLoss()

LEAUEHZAD GPU RYIZEEAIN, gluon. Trainer & BENMHEIRIFT, Blankls/ Mt &%k
PEFEAFFEHIZNZD GPU L, W& GPU _ERIBBESRFIE 21T H GPU L, 1XAE, FATA]
DAR 75 (St SEER IR BRI T

In [7]: def train(num_gpus, batch_size, 1r):

train_iter, test_iter = utils.load_data_fashion_mnist(batch_size)
ctx = [mx.gpu(i) for i 1in range(num_gpus)]
print('running on:', ctx)
net.initialize(init=init.Xavier(), ctx=ctx, force_reinit=True)
trainer = gluon.Trainer(
net.collect_params(), 'sgd', {'learning_rate': 1r})
for epoch 1in range(1l, 6):
start = time()
for X, y 1in train_iter:
gpu_Xs = gutils.split_and_load(X, ctx)
gpu_ys = gutils.split_and_load(y, ctx)
with autograd.record():
1s = [loss(net(gpu_X), gpu_y) for gpu_X, gpu_y in zip(
gpu_Xs, gpu_ys)]
for 1 in 1s:
1.backward()
trainer.step(batch_size)
nd.waitall()
print('epoch , training time: sec'%(epoch, time() - start))
test_acc = utils.evaluate_accuracy(test_titer, net, ctx[0])
print('validation accuracy: '%(test_acc))
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FATE 2 1> GPU B2,
In [8]: train(num_gpus=2, batch_size=512, 1r=0.3)

running on: [gpu(0), gpu(l)]
epoch 1, training time: 7.7 sec
validation accuracy: 0.8023
epoch 2, training time: 7.0 sec
validation accuracy: 0.8863
epoch 3, training time: 7.0 sec
validation accuracy: 0.9059
epoch 4, training time: 7.0 sec
validation accuracy: 0.9062
epoch 5, training time: 7.0 sec
validation accuracy: 0.9087

8.5.3 /\&5

« £ Gluon /1, FRATATDMRTTEEMIEITZ GPU M5, HIAN7E2 GPU LIMAKARIZEFII
2N UL

8.5.4 43

« RH{HE T ResNet-18, IWIAARFEANEERA, MER/INNZESIR, REMH R, EHE
% GPU 5,

- G, ANEE CPU/GPU HIIHEREIA—FE, FlaNFEREH CPU #1 GPU, (3% GPU Z[H]
RIER—E, X3RN 1% E A T0?

8.5.5 HIIHIAITIEX
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TTEANARE

9.1 EIR1Er

AlexNet 4 /FRERIFE AR, EIE it SRATIE, S — R PURIBE L3S A
BB OREA, WTTRADE BT, DU SRR ME g, T H R R
AR — 55

9.1.1 BRAEI7*E

PATE SR EE—5K 400 x 500 AYEFVEARER]

In [1]: %matplotlib inline
import matplotlib.pyplot as plt
from mxnet import image

img = image.imdecode(open('../img/catl.jpg', 'rb').read())
plt.imshow(img.asnumpy())

Out[1]: <matplotlib.image.AxesImage at Ox7fed7c079048>
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2 RRBANTE L MHBIEE, AEMmAE R img B J71% aug, BERIBITZRIT

In [2]: from mxnet import nd

|
=
5
&

import sys
sys.path.append('..")
import gluonbook as gb

def apply(img, aug, n=3):
# B float, —@EAN aug FE float FEBUERSEMZ(.
# ZXBRER copy 12E, AABYE qug BEFEEIRBHRA
# (MASHERL) REVERERFA
X = [aug(img.astype('float32')) for _ 1in range(n*n)]
# BY qug FMRIEBRMAZEEE, FIMME—XR clip
# BRAISEEN imshow ERMANE [0,1] ZI8
Y = nd.stack(*X).clip(0,255) /255
gb.show_images(Y, n, n, figsize=(8,8))

AKETT IS I AR e PR R T A B — A,
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In [3]: # LL.5 AOBIRMERS:
aug = image.HorizontalFlipAug(.5)
apply (img, aug)

FEBIE L BAT IO LR AE B FrIE AR IR, (E—RRIB 0L rTREANERX M A AT 2t L= RESS
ERZX EARM BRI BURE, (B ARESE £MRIX RIS, — NI 5 T2 BN LA EEH
HE— R,

ERFIREVUEI B4/ M ARTZIR, R A B /D, SEIRE K22 R TR

59, R MIERICRHBORI R RIIRT, BT AIERIRE GG E R e R, BIAEF= e
TR L8 T ZHIR D,
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In [4]: # FEHEE—DIR 200 x 200 BIXIE
aug = image.RandomCropAug([200,200])
apply(img, aug)

P AT DAREAL ST — BRI/ N X 35

In [5]: # BENIEE], BEREREZED 0.1 HIXE, FEVKELE.5 M 2 ZiE,
# RIGHER resize F| 200x200
aug = image.RandomSizedCropAug((200,200), .1, (.5,2))
apply(img, aug)
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FARZ AN — A5 — KRR LB

In [6]: # MNRSERMIERNE 0-50% BEHN—T =
aug = image.BrightnessJitterAug(.5)
apply(img, aug)
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In [7]: # BEHEIAZK
aug = image.HueJitterAug(.5)
apply(img, aug)
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9.1.2 WNfAIfEF

T RN BAIREE 77 R TR A )R U I gREdE, TS
BARNIRMSEUN. 58 RN s RREHLBYRE, 2RV 5 9k E A Bmings RS (E,
NEFRAIEE CIFAR10 SRR E A3 A NZRAIENE, Bl X A AT — B B9 Fashion-
MNIST, XERNXMHRHIE R AT T, mMEZRRAEA, FiUANERLMIERE
) REREA R,
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iR IEY

PATE FerE L B RECRT DA [ 3 U i P8

In [8]: def apply_aug_list(img, augs):
for f in augs:
img = f(img)
return img

X FINGRE  BATIBEA LK F R FIeT &, I A AUt 2 H0 8T Ek. CIFAR10 Bl A RS2
32 x 32 x 3, FKATHIELK 28 x 28 x 3.

In [9]: train_augs = [
image.HorizontalFlipAug(.5),
image.RandomCropAug((28,28))

test_augs = [
image.CenterCropAug((28,28))
]

RGN EEIEE, IX EERAGHEIFY FashionMNIST 2810, {EfE transform HANA TR HE:

In [10]: from mxnet dimport gluon
from mxnet import nd
import sys
sys.path.append('..")
import utils

def get_transform(augs):
def transform(data, label):
# data: sample x height x width x channel
# label: sample
data = data.astype('float32"')
if augs 1is not None:
# apply to each sample one-by-one and then stack
data = nd.stack(*[
apply_aug_1list(d, augs) for d in data])
data = nd.transpose(data, (0,3,1,2))
return data, label.astype('float32')
return transform

def get_data(batch_size, train_augs, test_augs=None):
cifarlO_train = gluon.data.vision.CIFAR10(
train=True, transform=get_transform(train_augs))
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cifarl0_test = gluon.data.vision.CIFAR10(
train=False, transform=get_transform(test_augs))
train_data = gb.DatalLoader (
cifarlo_train, batch_size, shuffle=True)
test_data = gb.DatalLoader(
cifarlo_test, batch_size, shuffle=False)
return (train_data, test_data)

AT LIKE R

In [11]: train_data, _ = get_data(36, train_augs)
for imgs, _ in train_data:
break

gb.show_images(imgs.transpose((0,2,3,1)), 6, 6)

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for fdintegers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).
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Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for dintegers).

Clipping input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for 1integers).

Clipping 1input data to the valid range for imshow with RGB data ([0..1] for floats or
— [0..255] for -dintegers).

368 9. IHENME



In [12]: dimgs.shape

out[12]: (36, 3, 28, 28)

9.1.3 jlll&

PATEM ResNet 18 I, F HUIGRARSEEER AR — R E L 15 ] DASE LU -

In [13]: from mxnet import 1init

def train(train_augs, test_augs, learning_rate=.1):
batch_size = 128
num_epochs = 10
ctx = gb.try_all_gpus()
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loss = gluon.loss.SoftmaxCrossEntropyLoss()
train_data, test_data = get_data(

batch_size, train_augs, test_augs)
net = gb.resnetl8(10)
net.initialize(ctx=ctx, init=init.Xavier())
net.hybridize()
trainer = gluon.Trainer(net.collect_params(),

'sgd', {'learning_rate': learning_rate})

gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs)

R
In [14]: train(train_augs, test_augs)

training on [gpu(0), gpu(1)]

epoch 1, loss 1.4918, train acc 0.468, test acc 0.534, time 19.6 sec
epoch 2, loss 1.0598, train acc 0.625, test acc 0.669, time 19.5 sec
epoch 3, loss 0.8877, train acc 0.690, test acc 0.721, time 19.3 sec
epoch 4, loss 0.7690, train acc 0.731, test acc 0.719, time 19.3 sec
epoch 5, loss 0.6938, train acc 0.759, test acc 0.746, time 19.5 sec
epoch 6, loss 0.6324, train acc 0.780, test acc 0.764, time 19.3 sec
epoch 7, loss 0.5855, train acc 0.796, test acc 0.783, time 19.0 sec
epoch 8, loss 0.5473, train acc 0.809, test acc 0.787, time 19.0 sec
epoch 9, loss 0.5154, train acc 0.822, test acc 0.746, time 18.9 sec

epoch 10, loss 0.4798, train acc 0.833, test acc 0.785, time 18.9 sec
AR
In [15]: train(test_augs, test_augs)

training on [gpu(0), gpu(l)]

epoch 1, loss 1.4479, train acc 0.484, test acc 0.562, time 17.5 sec
epoch 2, loss 0.9969, train acc 0.650, test acc 0.630, time 17.1 sec
epoch 3, loss 0.7720, train acc 0.731, test acc 0.667, time 17.0 sec
epoch 4, loss 0.6123, train acc 0.785, test acc 0.670, time 17.1 sec
epoch 5, loss 0.4728, train acc 0.835, test acc 0.736, time 17.4 sec
epoch 6, loss 0.3563, train acc 0.877, test acc 0.737, time 18.4 sec
epoch 7, loss 0.2651, train acc 0.908, test acc 0.708, time 17.2 sec
epoch 8, loss 0.1872, train acc 0.936, test acc 0.710, time 17.0 sec
epoch 9, loss 0.1341, train acc 0.955, test acc 0.730, time 17.1 sec

epoch 10, loss 0.1033, train acc 0.965, test acc 0.711, time 17.2 sec

AIABE RGN E, IR EIE TR, (EIOR LA AT 4T
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9.1.4 /\&5

- BRI A DUA RO IS L

9.1.5 43

o SN E R 7RI,

9.1.6 HIZEIAITIEX

9.2 THES]

FE R A EE T AR T ATl gr e I gg 1N E R R R, Bl TtBsM4H 7 ImageNet
RN FARFABARE SRS, eH@Ed — a3 nE R — TR, X NIRRT TR
HUBERX NIUR, R T IR Z 18 B/ NOETESE EMORE, (75 GB FIREHE B2 ATRERY,
FL L, BATHANEARE A T ABRRT DER B E/NE F#dage b, flin—maskE A, 2k
H— D RS,

Fr AR — A, REREGHRMEMYTE ImageNet BA TREIFIIEER, [HAED AR
0> Imagenet IXMIIRE ARG, M 1OOMTTE CHIRIE, Flandt & A B ARG S, 8%
FAIE T R 10 PRSI, 185 A 7EAE BAT SRS B A ALE MR T AT b
IRz, BEIRISAY FURAR R SR S AR RO 08, T LE KB A RIER, B LTKE R tE
AE, {HARME Imagenet —FEHR1G L H T3KkE Ao

TRBMNEA—MRE AR, A E 7 5K E R EIZRH R BRI B T2
/NSRS ERTREENE? XAPEIREGE LR, RER-22IR0RNRN A 2 AR EdE s BB
WINIERS Y3, sEisig, BATHE A REIBARRMIGX N A,

X TIREMZIZERE, BOTATRI— T EMEE (fine-tuning) . EAVARIEIR & BAEARL:
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 TEVEEUE S LIZR— AN mzs,

- RIFERK, RErHRSRES B REERE S BRI

- Refanth BAORCERA M RBENUE, (BHE RIS IZRF I BE — 2
- RIETHAFE B FRBUREITE %%

TEERTRXADHEZE:
Pre-trained Model Fine-tuned Model
‘Source Label‘ ‘ Target Label ‘

Random

1 1

—> Copy

| |

—_— Copy

1 1

‘ Source Data ‘ ‘ Target Data ‘
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9.2.1 #JEIAF

X—EEATRIET ResNet SKIERUNMABEATIMIE, FOWEE ANSZERM 0 JTIG1E ImageNet L
SRR, BATTEFEM Gluon HIBRIFE N ECLIIZRIFHT, IRIERHIEB R — D ERAE 4R A
e AV IRy (8

9.1: hot dog

ARG K, R IR AR I EATIRA, 2 1400 3KIE %R0
FIRESAO5, SOKE TR RIS . BRI A0 1000 KAERIILES, HARRIERT
HREA,
IV

BATE S _E R EEIEHRIES]. . /data/hotdog, NIRRT HENME png X,

In [1]: from mxnet dimport gluon
import zipfile

data_dir = '../data’'
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fname = gluon.utils.download(

— 'https://apache-mxnet.s3-accelerate.amazonaws.com/gluon/dataset/hotdog.zip"',
path=data_dir, shal_hash='fba480ffa8aa7e0febbb511d181409f899b9baas5")

with zipfile.ZipFile(fname, 'r') as f:
f.extractall(data_dir)

BATME A Pl S o EE SR B 5 TR A B

In [2]:

from mxnet import nd
from mxnet import -image

from mxnet {dimport gluon

train_augs = [
image.HorizontalFlipAug(.5),
image.RandomCropAug((224,224))

test_augs = [
image.CenterCropAug((224,224))

def transform(data, label, augs):
data = data.astype('float32"')
for aug in augs:
data = aug(data)
data = nd.transpose(data, (2,0,1))
return data, nd.array([label]).asscalar().astype('float32")

RS RROBEF, 3 B2

In [3]: %matplotlib inline
import sys
sys.path.append('..")
import gluonbook as gb
train_imgs = gluon.data.vision.ImageFolderDataset(
data_dir+'/hotdog/train',
transform=lambda X, y: transform(X, y, train_augs))
test_imgs = gluon.data.vision.ImageFolderDataset(
data_dir+'/hotdog/test',
transform=lambda X, y: transform(X, y, test_augs))
data = gluon.data.DatalLoader (train_imgs, 32, shuffle=True)
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../image-augmentation.md

for X, _ 1in data:
X = X.transpose((0,2,3,1)).clip(0,255)/255
gb.show_images(X, 4, 8)

break

REIFNINLR

IXEBA A Gluon $2 L ResNet18 SRR, A 15 WARRY R B AREN K R ResNet, {#H
pretrained=True ¥< B3I FEIFIMEM ImageNet a5 LI 2RISRV,

In [4]: from mxnet.gluon.model_zoo +import vision as models

pretrained_net = models.resnetl8_v2(pretrained=True)
W WA B AL, —& features, & output, & FEUERE—ES®
EREER, W& S MNEAFFER R R, X — N FZERR N T3 ESA0E,
BT output HNE:
In [5]: pretrained_net.output
Out[5]: Dense(512 -> 1000, linear)
AT AT — R85 — MR AL

In [6]: pretrained_net.features[1].weight.data()[0][0]
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out[6]:
[[-0.04693392 0.11487006 -0.13209556 0.16124195 -0.21484604 0.18044543
-0.05956454]
[-0.00242769 -0.03129578 0.01799692 0.15277492 -0.41541672 0.38176033
-0.13370997]
[ ©.10314132 -0.30472746 0.59482247 -0.52606624 0.0621427 0.25646785
-0.12772678]
[ 0.01783164 -0.21222414 0.58199424 -0.84664404 0.57027811 -0.20741715
0.02784866]
[ ©.01255781 -0.02931368 0.1608634 -0.33185521 0.31180814 -0.16463067
0.05555796]
[-0.0167121 0.03173966 0.00400858 -0.02572511 -0.02412852 0.08885808
-0.04472235]
[-0.05655501 0.08309566 -0.08147315 0.02597015 -0.03567177 0.0657132
-0.03488606] ]
<NDArray 7x7 @cpu(0)>

TERRE, BAT—Borid— DMz, BrE R ATIZRF RIS —FF, BR T &ia i 8T
SRTEHRHIRBIEL #rMLEH) features WHTAAILATINIZRAT LS HIREE, T output MIZEM
SKITEYIZR,

In [7]: from mxnet dimport 1init

finetune_net = models.resnetl8_v2(classes=2)
finetune_net.features = pretrained_net.features
finetune_net.output.initialize(init.Xavier())

PAeE X— T AR A YIZRER L

In [8]:
def train(net, ctx, batch_size=64, epochs=10, learning_rate=0.01, wd=0.001):

train_data = gluon.data.DatalLoader (train_imgs, batch_size, shuffle=True)

test_data = gluon.data.Dataloader(test_imgs, batch_size)

# MR net BIMIMAMIE ctx Lk

net.collect_params().reset_ctx(ctx)

net.hybridize()

loss = gluon.loss.SoftmaxCrossEntropyLoss()

#

trainer = gluon.Trainer(net.collect_params(), 'sgd', {

'learning_rate': learning_rate, 'wd': wd})

gb.train(train_data, test_data, net, loss, trainer, ctx, epochs)

IAEBATAT AR T
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In [9]: ctx = gb.try_all_gpus()
train(finetune_net, ctx)

training on [gpu(0), gpu(l)]

epoch 1, loss 0.3559, train acc 0.841, test acc 0.927, time 16.4 sec
epoch 2, loss 0.1549, train acc 0.942, test acc 0.924, time 14.2 sec
epoch 3, loss 0.1335, train acc 0.950, test acc 0.906, time 14.3 sec
epoch 4, loss 0.1165, train acc 0.957, test acc 0.944, time 14.2 sec
epoch 5, loss 0.0978, train acc 0.962, test acc 0.949, time 14.4 sec
epoch 6, loss 0.0738, train acc 0.975, test acc 0.940, time 14.3 sec
epoch 7, loss 0.0622, train acc 0.979, test acc 0.949, time 14.3 sec
epoch 8, loss 0.0644, train acc 0.977, test acc 0.958, time 14.2 sec
epoch 9, loss 0.0717, train acc 0.975, test acc 0.943, time 14.3 sec

epoch 10, loss 0.0563, train acc 0.980, test acc 0.950, time 14.2 sec

Xt EEEE IBAT T 2 I M BB LRI AR (E TR I ZR— D 25

In [10]: scratch_net = models.resnetl8_v2(classes=2)
scratch_net.initialize(init=init.Xavier())
train(scratch_net, ctx)

training on [gpu(0), gpu(1l)]

epoch 1, loss 0.4489, train acc 0.796, test acc 0.828, time 14.5 sec
epoch 2, loss 0.3633, train acc 0.842, test acc 0.789, time 14.3 sec
epoch 3, loss 0.3507, train acc 0.851, test acc 0.818, time 14.7 sec
epoch 4, loss 0.3200, train acc 0.862, test acc 0.843, time 14.2 sec
epoch 5, loss 0.3229, train acc 0.861, test acc 0.825, time 14.2 sec
epoch 6, loss 0.3177, train acc 0.867, test acc 0.835, time 14.3 sec
epoch 7, loss 0.3220, train acc 0.858, test acc 0.825, time 14.3 sec
epoch 8, loss 0.3053, train acc 0.870, test acc 0.775, time 14.3 sec
epoch 9, loss 0.2939, train acc 0.876, test acc 0.826, time 14.3 sec

epoch 10, loss 0.2763, train acc 0.878, test acc 0.843, time 14.2 sec

AR, FOERRANS L MBENUETT AR Z IR Z

& Fm
In [11]: import matplotlib.pyplot as plt

def classify_hotdog(net, fname):
with open(fname, 'rb') as f:
img = dimage.imdecode(f.read())
data, _ = transform(img, -1, test_augs)
plt.imshow(data.transpose((1,2,0)).asnumpy()/255)
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data = data.expand_dims(axis=0)

out = net(data.as_in_context(ctx[0]))

out = nd.SoftmaxActivation(out)

pred = int(nd.argmax(out, axis=1).asscalar())
prob = out[0][pred].asscalar()

label = train_imgs.synsets

return 'With prob=%f, %s'%(prob, label[pred])

R RBATA VI GRar BRI Lok &

In [12]: classify_hotdog(finetune_net, '../img/real_hotdog.jpg')

Out[12]:
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'With prob=0.999747, hotdog'

50 100 150 200

In [13]: classify_hotdog(finetune_net, '../img/leg_hotdog.jpg')

Out[13]:

'With prob=0.997494, hotdog'
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In [14]: classify_hotdog(finetune_net, '../img/dog_hotdog.jpg')

Out[14]: 'With prob=0.737879, hotdog'
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9.2.2 /&L

- BATESR, B PUCIZRATRIERL,  BATRTDAE R N Bda g EVIZRS 2R AFHY

AR XRFINIXMMES R BIR SRR AR Z AN, BT ZanmnRAIseE,
IR B5ESE, XA WA SIS 2 AR, B, WERIRE — MRV
BARAT, mHBOEREASINZRHRGF A, JRA] DAFHRER R BRI R a5
HRICGRIRHIBER, )5 BEIRT_ERBUESE R,

9.2.3 43

« ZHIJL epochs HEIWS (IRFIIMFRZIIESED, BF scratch_net fl fine-

tune_net B&JGHFEE R NEAR XA

« XH finetune_net Bl T pretrained_net Bi/o &iEHMIFIENE, RIA/VE

HEAE, FaAtaX5)

« L L ImageNet A hotdog XK, B index /& 713, HIANEXS MY weight AT

POAEEEE], I 8 A M
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In [15]: weight = pretrained_net.output.weight

hotdog_w = nd.split(weight.data(), 1000, axis=0)[713]
hotdog_w.shape

out[15]: (1, 512)

« WAL finetune_net BEFAMNESSIIZK, EAEIINE
o WRE RPN — 2 ERATNZRAIERS G N FrE B R, anfarekidt?

9.2.4 HBEAITIEX

9.3 B4Rt

SABATEX B A HATHIEE, 20 H A8 EBATERKIE 02K, BTSN T2 0 2] 9 Z[F]
RO —, XADE A RE TR, B T Xk E A iR IE 2.
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HISKE A REME 2, ENATREACUE & — D ERWIR, PIRRRINHTUR E X AR
ENCBEIE R EEF 2, MHRERAEETAME, FOBEREILS S F T IRER IS
HIE R ERER, FREbs B EEPIATINE,
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A] DA WY INER I R0 60 LD AR AL AL

1. BR300 E R Em e B i BRI 52, BRI EENS IR AN 2 MK,
B A LR REAE [ RPN 5 AR, kS R, IXMESS — MY 2 ARG,
B RAEEH AT ZRANLE, FIABIIXER TR ER T 228 ¢

2. B2 USSR A YRR B 2R AR (B AR A T S IR AR R
EHFRERFIAREE PR E, XNMEE 2 — MEEX YRR T HE, 8 Witz Rl
BHE (bounding box),

HWEZ AR ER B 2268 RO Ak, BRA —E & A XA = L S = YR, Rt R]
DIRE S FAT IAE R T A AR FE T B R I 2 R B o 28 m] DARE I F 21X B,
X—BERN TN BN E T ERHE N RIS LR B

+ R-CNN: https://arxiv.org/abs/1311.2524
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https://arxiv.org/abs/1311.2524

« Fast R-CNN: https://arxiv.org/abs/1504.08083

+ Faster R-CNN: https://arxiv.org/abs/1506.01497
« Mask R-CNN: https://arxiv.org/abs/1703.06870
+ SSD: https://arxiv.org/abs/1512.02325

» YOLO: https://arxiv.org/abs/1506.02640

« YOLOV2: https://arxiv.org/abs/1612.08242

9.3.1 R-CNN: XIZ&HFItRZMLE

IXRETE R MR AR R B 2 1, Hopo D BARZAER 5K B R B M XK, A5
TN BIRIEN— DA — DB ISR IBCRE, RIS ER 2RERNTT AL, f—1
[ 5 AR A5 2 R A IAAE,
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Selective Search

9.2: R-CNN

BACKH, RAARIEAW TV E:
L AR R — D EET RN MR BERIEE S MR X K
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2. PRGMAIER A S BRSBTS ISR R BRI I 48 R m — M A B,
AN DXIERAR A5 X A P 45 SR A AR/ N TS o 3N HE 0 3 DXIBRARFAE

3. (A EEXISRHERIZR 21> SVM SR IATR A, &4 SVM Filil— D X IBU2 AR &5
VIS

4. fi X X BUARHIE R I ZRERVE (] U5 35 Re R I X 45

B - R-CNN REFIRfE, (AR T RIRERE, —KE A BATATREEN EFAXE, S5 —
KRR R i, BSRERGOEA—E, X EIZRAT DAAS F B 3T B R AHRHIE A AR 22 )
7%, MImEATA LS BITF DDAV RHE R BN T-10, BA eI, M3
R-CNN TR AESZFRH# f5 F

9.3.2 Fast R-CNN: REMXIGEFIHEIE L

Fast R-CNN Xf R-CNN 3= Bl 7 s o0 R A2 RE

1. #JE%| R-CNN BRI fE R B E R, FIREFMRREE TR, Kt Fast
R-CNN JeXshi A B A i BURHE, 285 ARG X%

2. Fast R-CNN AEMEMZ A SVM K2, MEMHRDZKEREE, X hz2 ke 2
BRI A,
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3B0x Reg

Dense

Rol Pooling

i

INot supported by vie

& 9.3: Fast R-CNN

MWRBERTUEE], GRS RIERA XU (E AR I AR RHE o IXFEERAT]
HTE IR R A B A — RHESRERETA], i 7 RREE IR,

Fast R-CNN 2 H 248X 5t & (Region of Interest (RoI) pooling), ‘&K A RHIER—ZR %

9.3. Brt&l 387



RIS, A XIER I S35 noxom BRI, AN ISR, S
= xm BT, FIAERAXIBRIA/N, Rol il EHR Hath e sl & K/t

TNHBAMFYIE — T Rol LZRUNMA TAERY, BT —aKE AR T4 4 x 4 BIRHLE,
FHEEHO 1.

In [1]: from mxnet dimport nd

x = nd.arange(16) .reshape((1,1,4,4))
X
Out[1]:
[[[[ o. 1. 2. 3.]
[ 4. 5. . 7.]
[ 8. 9. 10. 11.]
[ 12. 13. 14. 15.]11]
<NDArray 1x1x4x4 @cpu(0)>

SRIGBAIRIEEM AN XK, &N X — MOy 5 FIREFRR, P ns 2 X MRS S,

2R x_min, y_min, x_max, 1 y_max. XEFNTERT 3 x 3F14 x 3 K/NIFHA
X1,

Rol b 2 H K/NE num_regions x num_channels x n x m, BER]PLYH— DA
MR num_regions WSt &1 A HAEHTIIZR

In [2]: rois = nd.array([[0,0,0,2,2], [0,0,1,3,3]])
nd.ROIPooling(x, rois, pooled_size=(2,2), spatial_scale=1)

Oout[2]:
([l 5. 6.1
[ 9. 10.]]]
[[[ 9. 11.]
[ 13. 15.]]11]

<NDArray 2x1x2x2 @cpu(0)>

9.3.3 Faster R-CNN: FERIEMXIHEFIHIFMLE

Fast R-CNN 7l T R-CNN AU MHE R 7T ERRIERE X I, X M@ R1E, Faster R-CNN i3
BN RARH T IR IUMEE (region proposal network, RPN) SREZFMRIEFMER, ERXA
TAFRY:
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1. fEHINFHE FE — RRRIRRE256K3 x 3 B, X MEER, ERIEH)EE 8 ™MEZR,
HERWRLET B — MR 256 A&,

2. DMEMEENAL, AR kDRI SE ELERTR S IR AR ERIABAE, 38 5 AU B A,

3. XHEEANBHE, FHEACMEEN NI 256 4EMIEENFHE, RPN JIZk—> 2 22502888 KK
WX X IR & B BB YR RS 5, F—A 4 4k H v [0 28 R
— N AERRIOAE,

4, NFATERIEHE, NON nmk TEREAKNE n x m, EHBHIWBOEE YRR, SRJEHT
HATTRS 2 R[] U 2 0 ) SRRV R i N JGHERE SRS Rol L2
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—

Conv

Rol Pooling

Conv

Region Proposal<div>Network

[%] 9.4: Faster R-CNN

BRE LAEE, (A RPN BAEIEFREN, E/cifNIChc Barr)—E X, RJEmdmem
SORFINHX L X IUR AR RSB, WIERTE, RN — RO, XA IRER X
R RAE IR AE AT
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9.3.4 Mask R-CNN

Mask R-CNN 7£ Faster R-CNN EAIA T — NG EIGNITNE, EAXF— D HEHEX B
FIRATESERYIAAE, T HSHIMNX MEAE N MEEN MR R R T R, GHEREN
HIZ RO A, Mask R-CNN i T 2 )G FA TR R i G M ZE (FCN) SRS RGX A i,
LARIX R YN GEAR LA G RIGNEIPRE, A & U,
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Rol Align
RPN
Conv

9.5: Mask R-CNN

K2 FCN ZFEHATINEE MERIZEA, 2B A A i MERE S AERE A R — D25,
AFEAE R R —AE, AT USRI VCACE] R ER M ATIX I, {272 Rol k21
REEZ IGHIRAE b, HERNRREEEHER 7 e BIUNRBOESAIHIER (2, v, w, h), HFF
FERHECR E R 22/ T 16 1%, U2 AHIRIELAE A2 256 x 256, ABARHER/NHZE 16 x 16, X5
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TERHMIE LA S RO EAE L2 R T ([2/16], |y/16], |w/16], |h/16])s W z,y, w, h FHEEM—1
AW 16 ZLBR, ARAFRRIRER A48, FIFEHERE, £ IR EANTES], 0REHER K5 A1
WAL K/ NEERR, R RIRESE mifl, AT REE AL,

EE XA LR L NME R Z ], N TR AR, XN TR R T,
XFEREE AL AT RESH R KA, Mask R-CNN 2 —> Rol Align &, BEXLIT Rol it E, H
EERE T ERMTE, MEBRRTIE ||, WRITEBRANRERNZNGFEGEZME, A
FAl THE A Y A B 15 R MBS 20X D A A ME,

T —4EE0, RIRFNEHE o« f0E f(z), IATATA P o AR S E R AR -

f@) = (lz] + 1=2)f(lz]) + (& = [z f(l=] + 1)

BASBRE R SR (2,y), BATEIETE 2 b EREIIE) £(o, 1)) B f (o, Ly) +
1), REHRIEXHMERZEGE] f(x,y).

9.3.5 SSD: & ZIEI NS

1E£ R-CNN ZFIHAH . XIBIR A2 T ERBCRIH TR, SSD NP HS — i — 0 Bk
PSR B T B ELR S SRR, XM AT A ERIRR 2 R R R,
TR Faster R-CNN = E G W mA—FF
1. ANTFHE, FMIANBEELHMERRNESERBNEYIR, FRFEREERANEEYERSAR,
SSD HEAMTEREMHH—1 num_class+1 B R3RAIMTEXN M 2WRMIK, 2R 2
BT, BAMEABEEIINYLEHESN BHERE—E TN, 72 B0 A B ] ) 28R )
HIJOHE,
2. SSD ANHUE A BRI % HH U RHE M, et —P R EE i BRI Z 22N
RATM, IXAEIRE] 2 R MR,
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Conv

9.6: SSD

Softmax

BBox Reg

Softmax

BBox Reg
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SSD HYERSCIRAE I — B TR IE,

9.3.6 YOLO: REEE—IE

A2 Faster R-CNN J&72 SSD, ‘ENVEMMEEAA RRZMHEESRN, WMmSBEHRAER
BRXIEHES IR T, YOLO IMEPRMRONX N, e E A RHESSIRITIR S x S R, f—
B — D EEHE, BNRAETIN B NAAE, DAROXAMHE EZE ST A,

9.3. BRI 395



& 9.7: Yolo

9.3.7 YOLOVv2: ¥, BiR, BiR

YOLO v2 X YOLO #{7—Seh 7 iy kcit, H s

1. BRI ML R MRETE R, 5 B R A B 448 x 448 1S FHiE A/ NG
K#E[13 x 13
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2. A SYRRIHAE, TR IZRE0E A B SRR, REEHREFLIEN
HAME, MHXTT SSD M1 Faster R-CNN i3 AT DAK MR HHE 1 M1,

3. ANFEHH YOLO M5 25, 1R SSD —AE{d FI &, BlanEilif 5 MNMEHE (R
HKH52K), BLYIEDPEMFERBIELE 5+ (1+num_classes) 1 x 1 B, JHHERH
fERIEEEL 4%5.

9.3.8 /\&5
o BAHER 7 HETERMEMER TLNYIRG IR, ]2 FRHE S E T e HEE,

{5 PR A R 22 O 258 il SCRFALE J >R P LA 25 B9 T2 P R AN SE VA IO AE (BRI AE B HE Y
RN _E A AR, FEMRAIEH R SERAIREE A,

9.3.9 43

+ TODO@mli

9.3.10 HIBEIAITIEX

9.4 BIrtNIFREY: ssD

X B IR E—EEA AR SSD RARINEF AL K+ o
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9.4.1 HUESE

MBI ERT — NN TEIRER, TATE S — IR R 3D B, FHAE R 1000 5K
AR RN e ARE R HBENLAYIE S =B A B, BATEE A TR rec X, X
52— MXNet # R I EdREMS T AT LAER MXNet FHJtools/im2rec. pyRAFF & F4T
o (TODO(@mi) fi— MRS T AMAIfE R im2rec).
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https://github.com/apache/incubator-mxnet/blob/master/tools/im2rec.py

TEEE

FTRLaF B8 AT DAELREAE b R

In [1]: from mxnet {dimport gluon
root_url = ('https://apache-mxnet.s3-accelerate.amazonaws.com/"'
'gluon/dataset/pikachu/")
data_dir = '../data/pikachu/'
dataset = {'train.rec': 'e6bcb6ffbalac04ff8a9bl115e650af56e€969c8"',
'"train.idx': 'dcf7318b2602c06428b9988470c731621716c393",
'val.rec': 'd6c33f799b4d058e82f2cb5bd9a976f69d72d520'}
for k, v in dataset.items():
gluon.utils.download(root_url+k, data_dir+k, shal_hash=v)
IRENERIESE

FAER image. ImageDetIter KR, XBHMYMAENAILNES, (Det %R Detec-
tion), EER image.ImageIter fHMRAEM, TEARZERMEIIRSANRENE RS, MM
ERNEA BEIEYRRIARS, DAHI R,

In [2]:

from mxnet import -image

from mxnet import nd

data_shape = 256
batch_size = 32
rgb_mean = nd.array([123, 117, 104])

def get_-iterators(data_shape, batch_size):

class_names = ['pikachu']

num_class = len(class_names)

train_iter = image.ImageDetIter(
batch_size=batch_size,
data_shape=(3, data_shape, data_shape),
path_imgrec=data_dir+'train.rec',
path_imgidx=data_dir+'train.idx',
shuffle=True,
mean=True,
rand_crop=1,
min_object_covered=0.95,
max_attempts=200)

val_iter = image.ImageDetIter (

9.4. EFrtEMIIERY: ssD
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batch_size=batch_size,
data_shape=(3, data_shape, data_shape),
path_imgrec=data_dir+'val.rec',
shuffle=False,
mean=True)
return train_iter, val_iter, class_names, num_class

train_data, test_data, class_names, num_class = get_iterators(
data_shape, batch_size)

FATEE— MR, ATLBEERREMIRE batch_size x num_object_per_image x 5,
XEFIREG MR BHARA MRS, BMRSHEN s AR, F— 1R 20y
RRIbRS, Hrp-1 RoRAREMR, (USEERSH, 5 4 MTREBRIBE,

In [3]: batch = train_data.next()
print(batch)

DataBatch: data shapes: [(32, 3, 256, 256)] label shapes: [(32, 1, 5)]

BT

FATE LK E A AHN AR S, AT ABE LR R R/ M B Rk B A A —FE, A
HERENIX D EIRE R BN —RoTahi8 K R IR =0T RS G AT R I A B X
Ayt B 77 R A] DA S XBI R A2 B BATE AR, BATTHIX AN ] A S K TR SSD 2
ARl AR, SEPRAPIBRIREHRERIER S E R

In [4]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 120
import matplotlib.pyplot as plt

def box_to_rect(box, color, linewidth=3):
""""convert an anchor box to a matplotlib rectangle"""
box = box.asnumpy ()
return plt.Rectangle(
(box[0], box[1]), box[2]-box[0], box[3]-box[1],
fill=False, edgecolor=color, linewidth=1linewidth)

_, figs = plt.subplots(3, 3, figsize=(6,6))
for i in range(3):
for j in range(3):
img, labels = batch.data[0][3*i+j], batch.label[0][3*i+j]
# (3L, 256L, 256L) => (256L, 256L, 3L)
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img = dimg.transpose((1, 2, 0)) + rgb_mean

img = img.clip(0,255).asnumpy() /255

fig = figs[i][j]

fig.imshow(img)

for label 1in labels:
rect = box_to_rect(label[1l:5]*data_shape, 'red',2)
fig.add_patch(rect)

fig.axes.get_xaxis().set_visible(False)

fig.axes.get_yaxis().set_visible(False)
plt.show()
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9.4.2 SSD &Y
HIE: BRIARYILFRIE

A3 AE T DA BUE I BT 8, 9 ELRT A (ERE A/, 4 T FIAKIFSE, SSD B Faster
R-CNN —RE8 FHl—LSBRIA ML AE, SREF 2 WHIHE (anchor box), OISR, AR,
RT3, LA RSN E R IFTARAT R [ LI R, B AK/IVE w x b,

« KRN s € (0,1], IAERALFHEZIRNE ws x hs

« SR > 0, ALEBMBFHEINE wyr x B
TERFERIIERATHR AL n DR/ (sizes) Flm DB (ratios). N T IHRERIHRX EAARL
nm NHIE, TEn+m — 140 HAEE i DNHERH

+ sizes[i] Ml ratios[0] W i<n

« sizes[0] fl ratios[i-n] W i>n
BATATLMER contribe.ndarray Y MultiBoxPrior R REEHIAE, X EHEHEED £ A
A BN SORIEE, T HARRIEALR T IXHE [0, 1] FYSEEL
In [5]: from mxnet import nd

from mxnet.contrib.ndarray import MultiBoxPrior

# shape: batch x channel x height x weight
40
nd.random.uniform(shape=(1, 3, n, n))

n

X
y = MultiBoxPrior(x, sizes=[.5,.25,.1], ratios=[1,2,.5])

boxes = y.reshape((n, n, -1, 4))
print(boxes.shape)

# The first anchor box centered on (20, 20)
# its format is (x_min, y_min, x_max, y_max)
boxes[20, 20, 0, :]

(40, 40, 5, 4)

Out[5]:
[ 0.26249999 0.26249999 0.76249999 0.76249999]
<NDArray 4 @cpu(0)>

BATATCAEHI L (20,20) AHULHIATA HHHE
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In [6]: colors = ['blue', 'green', 'red', 'black', 'magenta']

plt.imshow(nd.ones((n, n, 3)).asnumpy())
anchors = boxes[20, 20, :, :]
for i in range(anchors.shape[0]):
plt.gca() .add_patch(box_to_rect(anchors[i,:]*n, colors[i]))
plt.show()

10 ~

15 ~

20 A

25

30 A

35 A

T AR

ME—THERNTFETNEZ2AREE TRMBBIYIR, ©ERZE R, XEFBNMEH
— 3 x 3 WBERERMmM, it pad=1 R HFHA—FE, [FRHHEESCE
num_anchors* (num_classes+1), &MEEXN N —PMEHENENRNERFE, RigHEHZ
Y, LIS MEAFE n MFERPIZE (1, 5) GENEREZE Yin,:,i,j] B, BIRKEH, F
L (4,3) AHLEIE a DHIE,

« JBJE ax (num_class+1) BEHHAEEE 2R

« JHjE ax (num_class+1)+1+b 2 HAEZE b MIAKIEL

PATE XA —IXAERIZE N 3 K ds bR
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In [7]: from mxnet.gluon [import nn
def class_predictor(num_anchors, num_classes):
"""return a layer to predict classes"""
return nn.Conv2D(num_anchors * (num_classes + 1), 3, padding=1)

cls_pred = class_predictor(5, 10)
cls_pred.initialize()

x = nd.zeros((2, 3, 20, 20))

y = cls_pred(x)

y.shape

out[7]: (2, 55, 20, 20)

P 5HE

KON E SR FAER] DUB R, AR ZE AN I — M HE R s E IERTID AAE, XA
e DA — KO 4 IR ESRENA, A E—F¢, BAIH—DF num_anchors x 4 EIERIEM,
BRI Y, R2X N AES n DEARIEE (i, 7) BENHORIBERERRIAE Yn,:,7,7]
B, BIRRE, STH a MIE, EREHRE ax4 F| ax4+3@EH,

In [8]: def box_predictor(num_anchors):

""M"return a layer to predict delta locations"""
return nn.Conv2D(num_anchors * 4, 3, padding=1)

box_pred = box_predictor(10)
box_pred.initialize()

x = nd.zeros((2, 3, 20, 20))
y = box_pred(x)

y.shape

out[8]: (2, 40, 20, 20)

IR ARIR

BATE X —DERR, ERMARIER R, DUCRIRIZ RER M, EHMD Conv-
BatchNorm-Relu ZHi%, FATMERIHFN 1# 3 x 3 BEUHEIS M A AG FFERKSE, REH
LRSI 2 IR AL R TR
In [9]: def down_sample(num_filters):

"""stack two Conv-BatchNorm-Relu blocks and then a pooling layer

to halve the feature size'""
out = nn.HybridSequential()

404 9. ITEMNMBE



for _ in range(2):
out.add(nn.Conv2D(num_filters, 3, strides=1, padding=1))
out.add(nn.BatchNorm(in_channels=num_filters))
out.add(nn.Activation('relu'))

out.add(nn.MaxPool2D(2))

return out

blk = down_sample(10)
blk.initialize()

x = nd.zeros((2, 3, 20, 20))
y = blk(x)

y.shape

out[9]: (2, 10, 10, 10)

BHEEFRENTM G

AT BRAITE 2N SSD Y — N EEMFUR EREZL MRRN TN, &R H TR IEMEIEERE
A, SFBEHREBIRARS AR XERNTAP AR T E ARG, JDHERTZ U,

BATE SRR MREE R/ NHTHIN, SRR E 2 T, RFE X AR, A 2RI,

In [10]: x = nd.zeros((2, 8, 20, 20))
print('x:', x.shape)

cls_predl = class_predictor(5, 10)
cls_predl.initialize()

yl = cls_predl(x)

print('Class prediction 1:', yl.shape)

ds = down_sample(16)
ds.initialize()

x = ds(x)
print('x:', x.shape)

cls_pred2 = class_predictor(3, 10)
cls_pred2.initialize()

y2 = cls_pred2(x)

print('Class prediction 2:', y2.shape)

x: (2, 8, 20, 20)

Class prediction 1: (2, 55, 20, 20)
x: (2, 16, 10, 10)

Class prediction 2: (2, 33, 10, 10)
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AIDAEE] y1 /1 y2 JEIRARR, 0T 2 et 8, B ARZRMA SR — Mt &
BATREERRRGHLERE, RERKHR 2D g, KNE - DMEERFEANL, AR
HZFRAE, BATA] LUK Al i TR S8 — MR EPFRGEERK,

In [11]: def flatten_prediction(pred):
return pred.transpose(axes=(0,2,3,1)).flatten()

def concat_predictions(preds):
return nd.concat(*preds, dim=1)

flat_yl = flatten_prediction(yl)

print('Flatten class prediction 1', flat_yl.shape)
flat_y2 = flatten_prediction(y2)

print('Flatten class prediction 2', flat_y2.shape)
y = concat_predictions([flat_yl, flat_y2])
print('Concat class predictions', y.shape)

Flatten class prediction 1 (2, 22000)
Flatten class prediction 2 (2, 3300)
Concat class predictions (2, 25300)

EFMLE

TR FH R E AR S SRR AL, 38R AT /28 BRI R 20 2R R BRI M4, B4 ResNet,
AR AT AR AR MLS, JXE N 7RI, BRI LRI TR R4,

In [12]: def body():
out = nn.HybridSequential()
for nfilters in [16, 32, 64]:
out.add(down_sample(nfilters))
return out

bnet = body()

bnet.initialize()

x = nd.random.uniform(shape=(2,3,256,256))
y = bnet(x)

y.shape

out[12]: (2, 64, 32, 32)
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tIE— 1A ssp 1RE

BREESRATTAT AR — P Br A SSD B 7 FfTFRZ MET AR E XA M4 ANE R R BOL 2 Bt
MEERELEY, APOE & 2 JGBANZ G HE AR — NS, (B MRS 4 SSD.

XL R E VIS, ERRISE, =R, DU AV A RUAE RS, Hrp i 7y
BN FAEAE EAM L, SR, MREN2RLE L,

In [13]: def toy_ssd_model(num_anchors, num_classes):

R

downsamplers = nn.Sequential()
for _ 1in range(3):
downsamplers.add(down_sample(128))

class_predictors = nn.Sequential()

box_predictors = nn.Sequential()

for _ 1in range(5):
class_predictors.add(class_predictor(num_anchors, num_classes))
box_predictors.add(box_predictor (num_anchors))

model = nn.Sequential()
model.add(body(), downsamplers, class_predictors, box_predictors)
return model

LR AN B S T o (S P BB A NFIFZAR, - BATT ] DARE SR R

In [14]: def toy_ssd_forward(x, model, sizes, ratios, verbose=False):

body, downsamplers, class_predictors, box_predictors = model
anchors, class_preds, box_preds = [], [1, []
# feature extraction
x = body(x)
for i in range(5):
# predict
anchors.append (MultiBoxPrior(
X, sizes=sizes[i], ratios=ratios[i]))
class_preds.append(
flatten_prediction(class_predictors[i](x)))
box_preds.append(
flatten_prediction(box_predictors[i](x)))
if verbose:
print('Predict scale', i, x.shape, 'with',
anchors[-1] .shape[1], 'anchors'")
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# down sample
if i < 3:
x = downsamplers[i](x)
elif i == 3:
x = nd.Pooling(
x, global_pool=True, pool_type="max',
kernel=(x.shape[2], x.shape[3]))
# concat data
return (concat_predictions(anchors),
concat_predictions(class_preds),
concat_predictions(box_preds))

FTRNRE

In [15]: from mxnet +dimport gluon
class ToySSD(gluon.Block):
def __init__(self, num_classes, verbose=False, xxkwargs):

super (ToySSD, self).__init__(*xkwargs)

# anchor box sizes and ratios for 5 feature scales

self.sizes = [[.2,.272], [.37,.447], [.54,.619],
[.71,.79], [.88,.961]]

self.ratios = [[1,2,.5]]*5

self.num_classes = num_classes

self.verbose = verbose

num_anchors = len(self.sizes[0]) + len(self.ratios[0]) - 1

# use name_scope to guard the names

with self.name_scope():

self.model = toy_ssd_model(num_anchors, num_classes)

def forward(self, x):
anchors, class_preds, box_preds = toy_ssd_forward(
x, self.model, self.sizes, self.ratios,
verbose=self.verbose)
# it is better to have class predictions reshaped for softmax
— computation
class_preds = class_preds.reshape(shape=(0, -1, self.num_classes+1))
return anchors, class_preds, box_preds

BATE — MBI AR, E4mHRIER,

In [16]: net = ToySSD(num_classes=2, verbose=True)
net.initialize()
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X = batch.data[0][0:1]

print('Input:', x.shape)

anchors, class_preds, box_preds = net(x)
print('Output achors:', anchors.shape)

print('Output class predictions:', class_preds.shape)
print('Output box predictions:', box_preds.shape)

Input: (1, 3, 256, 256)

Predict scale 0 (1, 64, 32, 32) with 4096 anchors
Predict scale 1 (1, 128, 16, 16) with 1024 anchors
2 (1, 128, 8, 8) with 256 anchors
Predict scale 3 (1, 128, 4, 4) with 64 anchors
Predict scale 4 (1, 128, 1, 1) with 4 anchors
Output achors: (1, 5444, 4)

Output class predictions: (1, 5444, 3)

Output box predictions: (1, 21776)

Predict scale

9.4.3 JJII&k

ZRIZRETA EER R, AT KA PSS RANE SLAIFR S, FAl Tl 52 SRR - E At

MNZES, EYRREIRBRANIFTEMLHE, XEENIeT A — MR RAR NN LHERT R,

loU: EMRHE

PATTRITE HI TR S S RORECLE B A 5 U AR Jaccard BERY, A8 %A A B, BHE X2
-t

JHRERT AE 2B RHES, BATATIRATE B, X MRIEIE R R Z N Intersection over
Union (IoU),
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Area of Overlay

) =&nbsp:

Area of Union

RIYEFRRN IR, i/ NERZR AL

BR R

RN IR B E A U MRERSAE, B SSD A MK ERIHINE, 7] DUEZIR Z HHEATA
SHEERSEBRIPIIE, SR UL ER AT SRS E (R BRI FAER) ToU #VNTHABIE, XS
ERERITEEHAE, BB AR SN 0 BURHE, X T IXRHNEA N R 25 TR Y -

1. JOHEFIM B AS BRECAN RIZ LG R EHE, (RO BN DR AN B B SEIAHE
2. RO HER H rTRBIZ 2 T HAh, FATTAT AR LR Hrppg—2, 1 B2 OR B ARLE H #i i
MERAE TR IR, SUEXSE o WEHET, FEEEUE S N — L5 BRI R,
FATTCAFEA MultiBoxTarget RFERK L HIX M MEIE,

In [17]: from mxnet.contrib.ndarray import MultiBoxTarget
def training_targets(anchors, class_preds, labels):
class_preds = class_preds.transpose(axes=(0,2,1))
return MultiBoxTarget(anchors, labels, class_preds)
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out = training_targets(anchors, class_preds, batch.label[0][0:1])

out
Out[17]: [
[l ®. ©0. ©0. ..., 0. 0. 0.]]
<NDArray 1x21776 @cpu(0)>,
[[ 6. ©. 0. ..., 0. 0. 0.]]
<NDArray 1x21776 @cpu(0)>,
[[ . ©0. 0. ..., 0. 0. 0.]]

<NDArray 1x5444 @cpu(0)>]

‘BIREI=A NDArray, HE
1. FOAONERR ESSAERI WS, K/INME batch_size x (num_anchorsx4)
2. FIREREAT ZRI S ERERIEN, /MR B —%
3. HHERYESERIPRS, K/JVE batch_size x num_anchors

FATAT DA ROX A e b 7 22/ D MHEE A SRR PR

In [18]: out[1].sum()/4

out[18]:
[ 9.]
<NDArray 1 @cpu(0)>

SRIGFEATAT DAE R RIS T
TR, HEANRKEEUE Z BT — B AR E, XEFRNTE X — RO TRRXE
Pk, ANETAXHIE X log(py), XH j 2ESLHZGN, H p; 22X TRIBIIEEE, FAIEH
— IR Z I RIEIR R BREL, AE IR Fl o, ERE 2

—a(l —p;)7 log(p;)

TNEBATERANR v FEETE, FTUABER], 80~ ] PAERA IEEFME R 2R 2/

In [19]: {dmport numpy as np

def focal_loss(gamma, x):
return - (1-x)*xgammaxnp.log(x)

X = np.arange(0.01, 1, .01)
gammas = [0,.25,.5,1]
for i,g in enumerate(gammas):

plt.plot(x, focal_loss(g,x), colors[i])
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plt.legend(['gamma="'+str(g) for g in gammas])

plt.show()

— gamma=0
— gamma=0.25

41 — gamma=0.5
— gamma=1

3_

2_

1_

0_

0.0 0.2 0.4 0.6 0.8 1.0

XA BB IS R E ] DA BRid IS 4k 2K gluon. loss. Loss RSCHE,

In [20]: class FocalLoss(gluon.loss.Loss):
def __init__(self, axis=-1, alpha=0.25, gamma=2, batch_axis=0, *xkwargs):
super (FocalLoss, self).__init__(None, batch_axis, *xkwargs)
self._axis = axis
self._alpha = alpha
self._gamma = gamma

def hybrid_forward(self, F, output, label):
output = F.softmax(output)
pj = output.pick(label, axis=self._axis, keepdims=True)
loss = - self._alpha * ((1 - pj) ** self._gamma) * pj.log()
return loss.mean(axis=self._batch_axis, exclude=True)

cls_loss = FocallLoss()
cls_loss

Out[20]: FocalLoss(batch_axis=0, w=None)

XA HE AT — N [ AN, 38 A] DOESF T IR (L2 i55) f(x) = 220 (HIX PR
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T HERRRTIRZRVETI IR S FRATTAT DR RS IR AN — AR R (L1 KD f(2) =
M

BEMERELMEK, MARFTEK, X PRI 0 R SFEAME—, Kt

|z,

o — MIEHFRIRRINEZAE 0 WL P77 R E S E g, EHFRZ T L1 ik

R, el NS o R IE R X
{(ax)2/2, ifex <1/0?
x) =

|z] — 0.5/0%, otherwise

BANEIRAFR o B9FH L1 51580 L2 $5RB9 XA,

In [21]: scales = [.5, 1, 10]
x = nd.arange(-2, 2, 0.1)

for i,s in enumerate(scales):

y = nd.smooth_11(x, scalar=s)

plt.plot(x.asnumpy(), y.asnumpy(), color=colors[i])
plt.plot(x.asnumpy(), (x**2).asnumpy(), color=colors[len(scales)])
plt.legend(['scale="+str(s) for s in scales]+['Square loss'])
plt.show()

4.0 1 scale=0.5

scale=1
scale=10
3.0 - Square loss

3.5 1

2.5 7

2.0

1.5+

1.0+

0.5 A

0.0 ~

T T T T
-20 -15 -1.0 -0.5 0.0 0.5 1.0 15 2.0

PANFFEEE AR Loss KE SOX MK, FNERSZ— NN mask, XZHREEREEA

TEPIETT R A BIFEAR,
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In [22]: class SmoothLlLoss(gluon.loss.Loss):
def __init__(self, batch_axis=0, *xkwargs):
super (SmoothLlLoss, self).__init__(None, batch_axis, *xkwargs)

def hybrid_forward(self, F, output, label, mask):
loss = F.smooth_11((output - label) * mask, scalar=1.0)
return loss.mean(self._batch_axis, exclude=True)

box_loss = SmoothL1lLoss ()
box_Tloss

Out[22]: SmoothLlLoss(batch_axis=0, w=None)

&M E

XTI RAFABATRT DA Z BT 72 2R R, PR AE T B4 R — N HS 2 2 P 4 xt i
Zo IARFELNEMIAEAIBER 197 7R 2%, EIR EEXHRRRBEIIe—F, FriRENT
RHTREL TIEARNE, WmE(E BT8R, IR IREGUR R RIS R d, B
SRR BN AIDRER B SAMELE 4 DERE A2 ERZEXHE,

In [23]: from mxnet import metric

cls_metric = metric.Accuracy()
box_metric = metric.MAE()

VIR AR BRI R 28

In [24]: from mxnet -dimport 1init
from mxnet import gpu

ctx = gpu(0)

# the CUDA implementation requres each image has at least 3 lables.
# Padd two -1 labels for each instance
train_data.reshape(label_shape=(3, 5))

train_data = test_data.sync_label_shape(train_data)

net = ToySSD(num_class)
net.initialize(init.Xavier(magnitude=2), ctx=ctx)
trainer = gluon.Trainer(net.collect_params(),
'sgd', {'learning_rate': 0.1, 'wd': 5e-4})
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IERIRE

R EBRATH A —FEAE T S A 2 M, T HA P MK R,

In [25]: +dmport time
from mxnet import autograd
for epoch 1in range(30):
# reset data iterators and metrics
train_data.reset()
cls_metric.reset()
box_metric.reset()
tic = time.time()
for i, batch in enumerate(train_data):
X = batch.data[0].as_in_context(ctx)
y = batch.label[0].as_in_context(ctx)
with autograd.record():
anchors, class_preds, box_preds = net(x)
box_target, box_mask, cls_target = training_targets(
anchors, class_preds, y)
# losses
lossl = cls_loss(class_preds, cls_target)
loss2 = box_loss(box_preds, box_target, box_mask)
loss = lossl + loss2
loss.backward()
trainer.step(batch_size)
# update metrics
cls_metric.update([cls_target], [class_preds.transpose((0,2,1))])
box_metric.update([box_target], [box_preds * box_mask])

print('Epoch , train s , time sec' % (
epoch, *cls_metric.get(), *box_metric.get(), time.time()-tic

))

Epoch 0, train accuracy 0.95, mae 0.00422, time 12.7 sec

Epoch 1, train accuracy 0.99, mae 0.00359, time 10.6 sec

Epoch 2, train accuracy 0.99, mae 0.00342, time 10.7 sec

Epoch 3, train accuracy 0.99, mae 0.00325, time 10.7 sec

Epoch 4, train accuracy 0.99, mae 0.00320, time 10.6 sec

Epoch 5, train accuracy 0.99, mae 0.00313, time 10.6 sec

Epoch 6, train accuracy 1.00, mae 0.00311, time 10.6 sec

Epoch 7, train accuracy 1.00, mae 0.00310, time 10.7 sec

Epoch 8, train accuracy 1.00, mae 0.00309, time 10.6 sec

Epoch 9, train accuracy 1.00, mae 0.00302, time 10.7 sec

Epoch 10, train accuracy 1.00, mae 0.00288, time 10.7 sec
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Epoch 11, train accuracy 1.00, mae 0.00303, time 10.6 sec
Epoch 12, train accuracy 1.00, mae 0.00296, time 10.6 sec
Epoch 13, train accuracy 1.00, mae 0.00287, time 10.7 sec
Epoch 14, train accuracy 1.00, mae 0.00289, time 10.6 sec
Epoch 15, train accuracy 1.00, mae 0.00288, time 10.6 sec
Epoch 16, train accuracy 1.00, mae 0.00288, time 10.6 sec
Epoch 17, train accuracy 1.00, mae 0.00286, time 10.6 sec
Epoch 18, train accuracy 1.00, mae 0.00271, time 10.7 sec
Epoch 19, train accuracy 1.00, mae 0.00285, time 10.6 sec
Epoch 20, train accuracy 1.00, mae 0.00282, time 10.6 sec
Epoch 21, train accuracy 1.00, mae 0.00268, time 10.6 sec
Epoch 22, train accuracy 1.00, mae 0.00274, time 10.6 sec
Epoch 23, train accuracy 1.00, mae 0.00273, time 10.6 sec
Epoch 24, train accuracy 1.00, mae 0.00268, time 10.6 sec
Epoch 25, train accuracy 1.00, mae 0.00266, time 10.6 sec
Epoch 26, train accuracy 1.00, mae 0.00265, time 10.7 sec
Epoch 27, train accuracy 1.00, mae 0.00264, time 10.6 sec
Epoch 28, train accuracy 1.00, mae 0.00262, time 10.7 sec
Epoch 29, train accuracy 1.00, mae 0.00254, time 10.7 sec

9.4.4 TN

Tl

FEFRMBT B, BA A B RELE i A A OSBRI K
PANEE — BRI AL BE R £

In [26]: def process_image(fname):

3

with open(fname, 'rb') as f:
im = image.imdecode(f.read())
# resize to data_shape
data = image.imresize(im, data_shape, data_shape)
# minus rgb mean
data = data.astype('float32') - rgb_mean
# convert to batch x channel x height xwidth
return data.transpose((2,0,1)).expand_dims(axis=0), im

SRIGBATTER I ZRABKE I ZRAE RN HRT B A PIA , (B R B R TRAT TR MG R E 2 A2 B,
IXAEFRATATRE S T HY R BAR AT RAE, MM SEEE RIFFE A, — DIMEEN T ToU HEE K
PRNZRAE, AT OR B AT B ELB = AR, IXDNELE (FRZ O non maximum suppression)
{£ MultiBoxDetection BSEZI 7 NEIFRATTSLINT M R :

In [27]: from mxnet.contrib.ndarray import MultiBoxDetection
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def predict(x):
anchors, cls_preds, box_preds = net(x.as_in_context(ctx))
cls_probs = nd.SoftmaxActivation(
cls_preds.transpose((0,2,1)), mode='channel')

return MultiBoxDetection(cls_probs, box_preds, anchors,
force_suppress=True, clip=False)

TR R S S A JANE, &NMUOKMEH [class_id, confidence, xmin, ymin, xmax,

ymax] FR, HA class_id=-1 FRBE2ARXMIEHEIINASHER, SEHRER T,

In [28]: x, im = process_image('../img/pikachu.jpg')
out = predict(x)
out.shape

out[28]: (1, 5444, 6)
B JEr FRAT VRPN BB A i 1 (L ) 20 1 K -

In [29]: mpl.rcParams['figure.figsize'] = (6,6)

def display(im, out, threshold=0.5):
plt.imshow(im.asnumpy())
for row in out:
row = row.asnumpy()
class_id, score = int(row[0]), row[1]
if class_id < 0 or score < threshold:
continue
color = colors[class_id¥%len(colors)]
box = row[2:6] * np.array([im.shape[0],im.shape[1]]*2)
rect = box_to_rect(nd.array(box), color, 2)
plt.gca().add_patch(rect)

text = class_names[class_1id]
plt.gca().text(box[0], box[1],
"{:s} {:.2f}'.format(text, score),
bbox=dict(facecolor=color, alpha=0.5),
fontsize=10, color='white')
plt.show()

display(im, out[0], threshold=0.5)
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9.4.5 Ih\&L
o VARG L PR ERMERZ, RN CE T ARL], SERB eI E, X—
ERATRREATIEE AT DATE & H i 8 B SCEH SSD &7k,
9.4.6 4]

BATHRZ AT H A RITITiE, BN
o BHHE AR R BE EE R A AT B
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+ MultiBoxTarget BHEA LA RIETH]
o PARMEEEBATERZNER T, HRELTINE
« TERRHIRHENANEEEE threshold

9.4.7 HIBEAITIEX

9.5 BIrtNIFREL: YyoLO

%5 E—UH9 SSD,  FRAARSSRSI— D HAML IR £ B 15-YOLO2, YOLO2 24k YOLO ZJ&
AR NI E . X BEAFEREIRE 2 KW BiE, B ARIELINE S, HEEAR
MK FESEF SSD MBI FHE —F,
In [1]: -{dmport numpy as np

import mxnet as mx

from mxnet import gluon

from mxnet import nd

from mxnet.gluon dimport nn

from mxnet.gluon import Block, HybridBlock
from mxnet.gluon.model_zoo import vision

9.5.1 YOLOv2

RIS AVEEIR

PATNE R &R HEZ— (B, N, H, W) fYREFE, Hr B /2 batch-size, H I W Z2RHEEN
ZREE, NRERRETEER, MHNRET, BRITRENLERE, FEthid, A7
BABRLEE FRA (x,y) Fl CERIEC+ 1+4) ADINE, AIERFR, sU2IIZREEIE
KHER, 4 R, W2 D TIHER WM& (x, y, w, h)
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ARl R B R

HUL AU sigmoid BREIIEIHHAE, ABTE 0 2 1 ZF, FRIE SR M8 RNERN 2 HALHE,
PANFEIC e K= BRI B, 18I arange PREA: UIESHEHEAIES, N EFIIE,
U HAROTEE R BRI AR,

In [2]: def transform_center(xy):

"nGiven x, y prediction after sigmoid(), convert to relative coordinates
- (0, 1) on image."""

b, h, w, n, s = xy.shape

offset_y = nd.tile(nd.arange(0, h, repeat=(w * n * 1),
— ctx=xy.context).reshape((1, h, w, n, 1)), (b, 1, 1, 1, 1))

# print(offset_y[0].asnumpy()[:, :, 0, 0])

offset_x = nd.tile(nd.arange(0, w, repeat=(n * 1),
— ctx=xy.context).reshape((1, 1, w, n, 1)), (b, h, 1, 1, 1))

# print(offset_x[0].asnumpy()[:, :, 0, 0])

X, ¥y = xy.split(num_outputs=2, axis=-1)

x = (x + offset_x) / w

y = (y + offset_y) / h

return x, y

KA

KOEZ exp BMERTHL, FSCRAN THRRKIEIER, BT HER exp() e DA R
%, PROABI AR RRVEGR, SEIRZE B SEE TE R RIRT,

In [3]: def transform_size(wh, anchors):

"m"Given w, h prediction after exp() and anchor sizes, convert to relative
— width/height (0, 1) on image"""

b, h, w, n, s = wh.shape

aw, ah = nd.tile(nd.array(anchors, ctx=wh.context).reshape((1, 1, 1, -1,
- 2)), (b, h, w, 1, 1)).split(num_outputs=2, axis=-1)

w_pred, h_pred = nd.exp(wh).split(num_outputs=2, axis=-1)

w_out = w_pred * aw / w

h_out = h_pred » ah / h

return w_out, h_out
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yolo2_forward {EA— NS EEAKE, SILERBEESD T, KR, REREENEZNR
MAE

In [4]: def yolo2_forward(x, num_class, anchor_scales):
"""Transpose/reshape/organize convolution outputs."""
stride = num_class + 5
# transpose and reshape, 4th dim is the number of anchors
X = X.transpose((0, 2, 3, 1))
X = X.reshape((0, 0, 0, -1, stride))
# now x is (batch, m, n, stride), stride = num_class + 1l(object score) +
— 4 (coordinates)
# class probs
cls_pred = x.slice_axis(begin=0, end=num_class, axis=-1)
# object score
score_pred = x.slice_axis(begin=num_class, end=num_class + 1, axis=-1)
score = nd.sigmoid(score_pred)
# center prediction, in range(0, 1) for each grid
xy_pred = x.slice_axis(begin=num_class + 1, end=num_class + 3, axis=-1)
xy = nd.sigmoid(xy_pred)
# width/height prediction
wh = x.slice_axis(begin=num_class + 3, end=num_class + 5, axis=-1)
# convert x, y to positions relative to image
X, y = transform_center(xy)
# convert w, h to width/height relative to image
w, h = transform_size(wh, anchor_scales)
# cid i1s the argmax channel
cid = nd.argmax(cls_pred, axis=-1, keepdims=True)
# convert to corner format boxes
half_w=w/ 2
half_h = h / 2
left = nd.clip(x - half_w, 0, 1)
top = nd.clip(y - half_h, 0, 1)
right = nd.clip(x + half_w, 0, 1)
bottom = nd.clip(y + half_h, 0, 1)
output = nd.concat(x[cid, score, left, top, right, bottom], dim=4)
return output, cls_pred, score, nd.concat(*[xy, wh], dim=4)

EX— P ERERER yolo2 LB 1R

YOLO2 SHRESLHARKT IR LSOk, RS MDA B HE, TIAREHAZR/NTL,
HBNTATER A RETNZR EAREAT R A&, Oh 7RISR LR 7575, BRI DAFEIX B i
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numpy M HA] DU for 138 (UIEER K numpy SBIF B3R FHIICE, RASRAEE AT
AU RERE X M), SKEREER R, anFOBENERE M, A7) DU mx.ndarray FEFFHE
PRINE, XEBAVER T— M5 sample_weight (MARE) FEFE, FTHEEAHL
EAAEE, BT AT DOE A ERE PR IR L AR A BR i, IX — R AE HARG I U,
RN AR 2 B0 5 XN T ZE A AL

In [5]: def corner2center(boxes, concat=True):

def

def

""MConvert left/top/right/bottom style boxes into x/y/w/h format'""
left, top, right, bottom = boxes.split(axis=-1, num_outputs=4)
x = (left + right) / 2
y = (top + bottom) / 2
width = right - left
height = bottom - top
if concat:
last_dim = len(x.shape) - 1
return nd.concat(x[x, y, width, height], dim=last_dim)
return x, y, width, height

center2corner (boxes, concat=True):
"""Convert x/y/w/h style boxes into left/top/right/bottom format"""
X, Y, W, h = boxes.split(axis=-1, num_outputs=4)
w2 =w / 2
h2a = h / 2
left = x - w2
top =y - h2
right = x + w2
bottom = y + h2
if concat:
last_dim = len(left.shape) - 1
return nd.concat(x[left, top, right, bottom], dim=last_dim)
return left, top, right, bottom

yolo2_target(scores, boxes, labels, anchors, qignore_label=-1, thresh=0.5):
""Generate training targets given predictions and labels."""

b, h, w, n, _ = scores.shape

anchors = np.reshape(np.array(anchors), (-1, 2))

#scores = nd.slice_axis(outputs, begin=1, end=2, axis=-1)

#boxes = nd.slice_axis(outputs, begin=2, end=6, axis=-1)

gt_boxes = nd.slice_axis(labels, begin=1, end=5, axis=-1)

target_score = nd.zeros((b, h, w, n, 1), ctx=scores.context)

target_id = nd.ones_like(target_score, ctx=scores.context) * ignore_label
target_box = nd.zeros((b, h, w, n, 4), ctx=scores.context)

sample_weight = nd.zeros((b, h, w, n, 1), ctx=scores.context)
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F('1F8 YOLO20utput {7 yolo2 BYiaItH B, HILAFFLE—1 HybridBlock, RNEET —1ER

for b in range(output.shape[0]):
# find the best match for each ground-truth
label = labels[b].asnumpy()
valid_label = label[np.where(label[:, 0] > -0.5)[0], :]

# shuffle because multi gt could possibly match to one anchor, we keep

the last match randomly
np.random.shuffle(valid_label)
for 1 in valid_label:

gx, gy, gw, gh = (1[1] + 1[3]) / 2, (1[2] + 1[4]) / 2, 1[3] -

1011, 1041 - 1[2]
ind_x = int(gx * w)
ind_y = int(gy * h)
tx = gx * w - ind_x
ty = gy * h - ind_y
gw = gw * w
gh = gh » h

# find the best match using width and height only, assuming centers

are identical

intersect = np.minimum(anchors[:, 0], gw) * np.minimum(anchors[:,

1], gh)

ovps = intersect / (gw * gh + anchors[:, 0] * anchors[:, 1] -

intersect)
best_match = int(np.argmax(ovps))
target_id[b, ind_y, ind_x, best_match, :] = 1[0]
target_score[b, ind_y, ind_x, best_match, :] = 1.0
tw = np.log(gw / anchors[best_match, 0])
th = np.log(gh / anchors[best_match, 1])

target_box[b, ind_y, ind_x, best_match, :] = mx.nd.array([tx, ty,

tw, th])
sample_weight[b, ind_y, ind_x, best_match, :] = 1.0

# print('ind_y', ind_y, 'ind_x', ind_x, 'best_match', best_match,
't', tx, ty, tw, th, 'ovp', ovps[best_match], 'gt', gx, gy, gw/w, gh/h,

anchors[best_match, 0], anchors[best_match, 1])
return target_id, target_score, target_box, sample_weight

BEARLNEmL

In [6]: class YOLO20utput(HybridBlock):

def __init__(self, num_class, anchor_scales, **kwargs):
super (YOLO20utput, self).__init__(**kwargs)

9.5. E#rt&MIERY: YoLo



assert num_class > 0, "number of classes should > 0, given
— {}".format(num_class)
self._num_class = num_class
assert isinstance(anchor_scales, (list, tuple)), "list or tuple of
— anchor scales required"
assert len(anchor_scales) > 0, "at least one anchor scale required"
for anchor 1in anchor_scales:
assert len(anchor) == 2, "expected each anchor scale to be (width,
— height), provided {}".format(anchor)
self._anchor_scales = anchor_scales
out_channels = len(anchor_scales) * (num_class + 1 + 4)
with self.name_scope():
self.output = nn.Conv2D(out_channels, 1, 1)

def hybrid_forward(self, F, x, *args):
return self.output(x)

ETRE T HHMBERIESE

In [7]: from mxnet import gluon

root_url = ('https://apache-mxnet.s3-accelerate.amazonaws.com/"'
'gluon/dataset/pikachu/")

data_dir = '../data/pikachu/'

dataset = {'train.rec': 'e6bch6ffbalac04ff8a9bl115e650af56ee969c8"',
"train.idx': 'dcf7318b2602c06428b9988470¢c731621716c393"',
'val.rec': 'd6c33f799b4d058e82f2cb5bd9a976f69d72d520"'}

for k, v in dataset.items():

gluon.utils.download(root_url+k, data_dir+k, shal_hash=v)

In [8]: from mxnet <import -image
from mxnet dimport nd

data_shape = 256

batch_size = 32

rgb_mean = nd.array([123, 117, 104])
rgb_std = nd.array([58.395, 57.12, 57.375])

def get_-iterators(data_shape, batch_size):
class_names = ['pikachu', 'dummy']
num_class = len(class_names)
train_iter = image.ImageDetIter(
batch_size=batch_size,
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data_shape=(3, data_shape, data_shape),
path_imgrec=data_dir+'train.rec',
path_imgidx=data_dir+'train.idx',
shuffle=True,
mean=True,
std=True,
rand_crop=1,
min_object_covered=0.95,
max_attempts=200)

val_iter = image.ImageDetIter(
batch_size=batch_size,
data_shape=(3, data_shape, data_shape),
path_imgrec=data_dir+'val.rec',
shuffle=False,
mean=True,
std=True)

return train_iter, val_iter, class_names, num_class

train_data, test_data, class_names, num_class = get_iterators(

data_shape, batch_size)

In [9]: batch = train_data.next()
print(batch)

DataBatch: data shapes: [(32, 3, 256, 256)] label shapes: [(32, 1, 5)]

In [10]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 120
import matplotlib.pyplot as plt

def box_to_rect(box, color, linewidth=3):
"""convert an anchor box to a matplotlib rectangle"""
box = box.asnumpy ()
return plt.Rectangle(
(box[0], box[1]), box[2]-box[0], box[3]-box[1],
fill=False, edgecolor=color, linewidth=linewidth)

_, figs = plt.subplots(3, 3, figsize=(6,6))
for i in range(3):
for j in range(3):

img, labels = batch.data[0][3*i+j], batch.label[0][3*i+]]
img = dimg.transpose((1, 2, 0)) * rgb_std + rgb_mean

img = img.clip(0,255) .asnumpy() /255
figs[i1[]]

fig
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fig.imshow(img)
for label 1in labels:
rect = box_to_rect(label[1l:5]*data_shape,'red',2)
fig.add_patch(rect)
fig.axes.get_xaxis().set_visible(False)

fig.axes.get_yaxis().set_visible(False)
plt.show()

BR R

In [11]: sce_loss = gluon.loss.SoftmaxCrossEntropyLoss(from_logits=False)
11_loss = gluon.loss.LlLoss()
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In [12]: from mxnet import metric

class LossRecorder (mx.metric.EvalMetric):
""" ossRecorder is used to record raw loss so we can observe loss directly
def __init__(self, name):
super (LossRecorder, self).__init__(name)

def update(self, labels, preds=0):
"""Update metric with pure loss
i
for loss 1in labels:
if disinstance(loss, mx.nd.NDArray):
loss = loss.asnumpy ()
self.sum_metric += loss.sum()
self.num_inst += 1

obj_loss = LossRecorder('objectness_loss')
cls_loss = LossRecorder('classification_loss'")
box_loss = LossRecorder('box_refine_loss')

AL IR T S MR KA RN E

In [13]: positive_weight = 5.0
negative_weight = 0.1
class_weight = 1.0
box_weight = 5.0

e

IR R B K47 (Y resnet 2%, B AR AIAVRHEIR VR, FHEERH RS Hrt |18y
YOLO2 it 2
In [14]: pretrained = vision.get_model('resnetl8_vl', pretrained=True).features

net = nn.HybridSequential()
for i in range(len(pretrained) - 2):
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net.add(pretrained[i])

# anchor scales, try adjust it yourself
scales = [[3.3004, 3.59034],
[9.84923, 8.23783]]

# use 2 classes, 1 as dummy class, otherwise softmax won't work
predictor = YOLO20utput(2, scales)

predictor.initialize()

net.add(predictor)

XEHNEZFE GPU FKINEIIZ

In [15]: from mxnet dimport 1init
from mxnet import gpu

ctx = gpu(0)
net.collect_params().reset_ctx(ctx)
trainer = gluon.Trainer(net.collect_params(),
'sgd', {'learning_rate': 1, 'wd': 5e-4})

In [16]: import time
from mxnet import autograd
for epoch in range(20):
# reset data iterators and metrics
train_data.reset()
cls_loss.reset()
obj_loss.reset()
box_loss.reset()
tic = time.time()
for i, batch in enumerate(train_data):
x = batch.data[0].as_in_context(ctx)
y = batch.label[0].as_in_context(ctx)
with autograd.record():
X = net(x)
output, cls_pred, score, xywh = yolo2_forward(x, 2, scales)
with autograd.pause():
tid, tscore, tbox, sample_weight = yolo2_target(score, xywh,
-~ Yy, scales, thresh=0.5)
# losses
lossl = sce_loss(cls_pred, tid, sample_weight * class_weight)
score_weight = nd.where(sample_weight > 0,
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nd.ones_like(sample_weight) =*
— positive_weight,
nd.ones_like(sample_weight) *
— negative_weight)
loss2 = 1l1_loss(score, tscore, score_weight)
loss3 = 11_loss(xywh, tbox, sample_weight * box_weight)
loss = lossl + loss2 + loss3
loss.backward()
trainer.step(batch_size)
# update metrics
cls_loss.update(lossl)
obj_loss.update(loss2)
box_loss.update(loss3)

print('Epoch , train s 5 time sec' % (
epoch, *cls_loss.get(), *obj_loss.get(), *box_loss.get(),
<  time.time()-tic))

Epoch 0, train classification_loss 0.00097, objectness_loss 0.03681, box_refine_loss
— 0.00250 time 9.1 sec

Epoch 1, train classification_loss 0.00035, objectness_loss 0.01591, box_refine_loss
— 0.00210 time 8.3 sec

Epoch 2, train classification_loss 0.00010, objectness_loss 0.00714, box_refine_loss
— 0.00191 time 8.4 sec

Epoch 3, train classification_loss 0.00008, objectness_loss 0.00462, box_refine_loss
— 0.00188 time 8.3 sec

Epoch 4, train classification_loss 0.00005, objectness_loss 0.00339, box_refine_loss
— 0.00193 time 8.3 sec

Epoch 5, train classification_loss 0.00005, objectness_loss 0.00280, box_refine_loss
— 0.00197 time 8.4 sec

Epoch 6, train classification_loss 0.00004, objectness_loss 0.00243, box_refine_loss
— 0.00197 time 8.3 sec

Epoch 7, train classification_loss 0.00003, objectness_loss 0.00208, box_refine_loss
<~ 0.00187 time 8.3 sec

Epoch 8, train classification_loss 0.00004, objectness_loss 0.00199, box_refine_loss
— 0.00179 time 8.3 sec

Epoch 9, train classification_loss 0.00005, objectness_loss 0.00200, box_refine_loss
<~ 0.00171 time 8.3 sec

Epoch 10, train classification_loss 0.00004, objectness_loss 0.00183, box_refine_loss
— 0.00166 time 8.3 sec

Epoch 11, train classification_loss 0.00004, objectness_loss 0.00174, box_refine_loss
— 0.00161 time 8.3 sec

Epoch 12, train classification_loss 0.00003, objectness_loss 0.00157, box_refine_loss
— 0.00152 time 8.2 sec
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Epoch 13, train classification_loss 0.00004, objectness_loss 0.00158, box_refine_loss
— 0.00149 time 8.2 sec

Epoch 14, train classification_loss 0.00003, objectness_loss 0.00152, box_refine_loss
— 0.00141 time 8.3 sec

Epoch 15, train classification_loss 0.00004, objectness_loss 0.00150, box_refine_loss
— 0.00141 time 8.2 sec

Epoch 16, train classification_loss 0.00004, objectness_loss 0.00147, box_refine_loss
— 0.00134 time 8.3 sec

Epoch 17, train classification_loss 0.00003, objectness_loss 0.00138, box_refine_loss
— 0.00132 time 8.5 sec

Epoch 18, train classification_loss 0.00003, objectness_loss 0.00135, box_refine_loss
— 0.00128 time 8.5 sec

Epoch 19, train classification_loss 0.00004, objectness_loss 0.00146, box_refine_loss
— 0.00124 time 8.3 sec

Fou s 3R T3 B ¥5

In [17]: def process_image(fname):
with open(fname, 'rb') as f:
im = dimage.imdecode(f.read())
# resize to data_shape
data = image.imresize(im, data_shape, data_shape)
# minus rgb mean, divide std
data = (data.astype('float32') - rgb_mean) / rgb_std
# convert to batch x channel x height xwidth
return data.transpose((2,0,1)).expand_dims(axis=0), im

def predict(x):
X = net(x)
output, cls_prob, score, xywh = yolo2_forward(x, 2, scales)
return nd.contrib.box_nms(output.reshape((0, -1, 6)))

HRERIRENRZ R B SR

In [18]: x, im = process_image('../img/pikachu.jpg')
out = predict(x.as_in_context(ctx))
out.shape
out

out[18]:
[[[ o. 0.99552453 0.53300101 0.52224678 0.66038698 0.67853349]
0.98359966 0.23022327 0.60371518 0.35035852 0.71767378]
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[ 0. 0.96311462 0.76637644 0.52913278 0.89032966 0.68917173]

*

[-1. -1. -1. -1. -1. -1. ]
[-1. -1 -1 -1. -1 -1 ]
[-1. -1. -1. -1. -1. -1. 111

<NDArray 1x512x6 @gpu(0)>

ETRER
In [19]: mpl.rcParams['figure.figsize'] = (6,6)
colors = ['blue', 'green', 'red', 'black', 'magenta']

def display(im, out, threshold=0.5):
plt.imshow(im.asnumpy())
for row in out:
row = row.asnumpy()
class_id, score = int(row[0]), row[1l]
if class_id < 0 or score < threshold:
continue
color = colors[class_id¥%len(colors)]
box = row[2:6] * np.array([im.shape[0],im.shape[1]]*2)
rect = box_to_rect(nd.array(box), color, 2)
plt.gca().add_patch(rect)
text = class_names[class_id]
plt.gca().text(box[0], box[1],
"{:s} {:.2f}'".format(text, score),
bbox=dict(facecolor=color, alpha=0.5),
fontsize=10, color='white'")
plt.show()

display(im, out[0], threshold=0.5)

9.5. Bfrt&IHREY: YyoLO 431



w »

100 +

200 A

n -.-- = o

pikachu 0.50 kachu 1-00l pikachu 0.96

300

400

500

0 100 200 300 400 500

9.5.2 /\&

« TODO(@mli)

9.5.3 4]

« ISR BN anchor scale, JARER ST, HEhnskik/ DEE?
o TR E BN E, BEXN TIIGERE T AR0?

432 9. itEMA

&
&k
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9.8: Semantic Segmentation

AIAER, ERYMAEIAEEL, 18 o BTN AE SRS Al

WMPFRZIENTEE H AN ) — D LSS BR2#E. BEIiEXFIRE, HENMERN
I, EERE X FIANFERIRE, B A BTN D IR M E, Hit
B Fr o Bz AR R R Z WARCUZRTA], TiE o BN TRk an S, XN
T+ 2R HN T YR AL,

AERN PEN R ERE B IRRIE X B — IR LAz —: SR Eiieg, 7Rt
ZRIBATE T R RRAOE X o B

9.6.1 IEE

VOC201252— P HATE L BIEHEE, MR R BTSRRI, (EFRE R RAEIRE RN
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https://arxiv.org/abs/1411.4038
http://host.robots.ox.ac.uk/pascal/VOC/voc2012/

KRANERRTTEER, MRS X MEIREH L, ERIEMHEARNE 26GB, AIPATL

TiFBE data_root R,

In [1]: -+mport os
import tarfile
from mxnet import gluon

data_root = '../data'

voc_root = data_root + '/VOCdevkit/v0oC2012'

url = ('http://host.robots.ox.ac.uk/pascal/VOC/voc2012'
'/VOCtrainval_11-May-2012.tar')

shal = '4e443f8a2ecabbldac8a6c57641b67dd40621a49'"

fname = gluon.utils.download(url, data_root, shal_hash=shal)

if not os.path.isfile(voc_root+'/ImageSets/Segmentation/train.txt"'):

with tarfile.open(fname, 'r') as f:
f.extractall(data_root)

NHE XRECRE 2R B R RIRREE 1% e B 1F

In [2]: from mxnet import -image

def read_images(root=voc_root, train=True):

txt_fname = root + '/ImageSets/Segmentation/' + (
"train.txt' if train else 'val.txt')

with open(txt_fname, 'r') as f:
images = f.read().split()

n = len(images)

data, label = [None] * n, [None] * n

for i, fname in enumerate(images):
data[i] = image.imread('%s/JPEGImages/%s.jpg' % (

root, fname))

label[i] = image.imread('%s/SegmentationClass/%s.png' % (

root, fname))
return data, label

BATE H AT =K E A FIENT AR S, Einsd, BOARRIIEROARRER, HARREK

P B RIPIA,

In [3]: Hdmport sys
sys.path.append('..")
import gluonbook as gb

train_images, train_labels = read_images()
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imgs = []
for i in range(3):
imgs += [train_images[i], train_labels[i]]

gb.show_images(imgs, nrows=3, ncols=2, figsize=(12,8))

[im.shape for 1im 1in imgs]

Out[3]: [(281, 500, 3),
(281, 500, 3),
(375, 500, 3),
(375, 500, 3),
(375, 500, 3),
(375, 500, 3)]

Rl R B R A 36 AR 500, HEESA K, N T RERZKE R aFF s — MR
HE, FMNFTEEABEFEZFREIRN, ZATERITET imresize RAGHA TR KIRIFEAIR
Mo (BFETE ST EIE, AT ZSPREM R R A RIB NG R IGHIVEEC, (HIAER/ VR A
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In [4]: def rand_crop(data, label, height, width):
data, rect = image.random_crop(data, (width, height))
label = dimage.fixed_crop(label, =*rect)
return data, label

imgs = []
for _ 1in range(3):
imgs += rand_crop(train_images[0], train_labels[0],
200, 300)

gb.show_images(imgs, nrows=3, ncols=2, figsize=(12,8))
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In [5]: classes = ['background','aeroplane','bicycle','bird','boat',

'bottle','bus','car','cat','chair','cow', 'diningtable’,
'dog','horse', 'motorbike', 'person', 'potted plant',
'sheep','sofa','train','tv/monitor']

# RGB color for each class

colormap = [[0,0,0],[128,0,0],[0,128,0], [128,128,0], [0,0,128],
[128,0,128],[0,128,128],[128,128,128],[64,0,0],[192,0,0],
[64,128,0],[192,128,0],[64,0,128],[192,0,128],
[64,128,128],[192,128,128],[0,64,0],[128,64,0],
[0,192,0],[128,192,0],[0,64,128]]

len(classes), len(colormap)

out[5]: (21, 21)

XEELEE — MRS E R, BATHERT PLR MBS B AR S R K,

In [6]: dimport numpy as np
from mxnet import nd

cm21lbl = np.zeros(256%%3)
for i,cm in enumerate(colormap):
cm21bl[(cm[0]*256+cm[1])*256+cm[2]] = 1

def image2label(im):
data = im.astype('int32"').asnumpy()
idx = (datal[:,:,0]*256+datal:,:,1])*256+datal[:,:,2]
return nd.array(cm21lbl[idx])

A] DB £ — 5K 2R B A B9An S B R T CHLE R BRICR T 1.

In [7]: y = image2label(train_labels[0])
y[105:115, 130:140]

Oout[7]:

i e e e R ]
eePeeeee e
ePeeeeeeee
eePeee2e e e
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errRErROeR
PR RERRERO®
S
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N
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[ 6. 0. 6. 0. 0. 6. 0. 0. 1. 1.]1]
<NDArray 10x10 @cpu(0)>

BUAERATT AT DU SCBAHRIE T o B —RBATR B A RARERE LSS VI BN ZOREIIR, FHERbRE
MEEREL IO N HIFR S o i SRS DLBRAT PR ZESROR/INIT I 2l s 1

In [8]: from mxnet import gluon
from mxnet import nd

rgb_mean = nd.array([0.485, 0.456, 0.406])
rgb_std = nd.array([0.229, 0.224, 0.225])

def normalize_image(data):
return (data.astype('float32') / 255 - rgb_mean) / rgb_std

class VOCSegbataset(gluon.data.Dataset):

def _filter(self, images):
return [im for im 1in images if (
im.shape[0] >= self.crop_size[0] and
im.shape[1l] >= self.crop_size[1l])]

def __init__(self, train, crop_size):
self.crop_size = crop_size
data, label = read_images(train=train)
data = self._filter(data)
self.data = [normalize_image(im) for im in data]
self.label = self._filter(label)
print('Read '+str(len(self.data))+' examples')

def __getitem__(self, +idx):
data, label = rand_crop(
self.data[idx], self.label[1idx],
xself.crop_size)
data = data.transpose((2,0,1))
label = image2label(label)
return data, label

def __len__(self):
return len(self.data)
FATTRA 320 x 480 HIAV/INHRINZR, FEEXAELETHFAE R 224 x 224 2R FRZ, H2
[FEREERA TR BEATE R T 32 FYEEELULE

9.6. IBX 5 E| 439



In [9]: # height x width
input_shape = (320, 480)
voc_train = VOCSegDataset(True, 1input_shape)
voc_test = VOCSegDataset(False, input_shape)

Read 1114 examples
Read 1078 examples

e KRR, PR FIR AR A R BIR S ARZE—NAE, mE— D=4,

In [10]: batch_size = 64
train_data = gluon.data.Dataloader (
voc_train, batch_size, shuffle=True,last_batch="'discard')
test_data = gluon.data.Dataloader(
voc_test, batch_size,last_batch='discard')

for data, label 1in train_data:
print(data.shape)
print(label.shape)
break

(64, 3, 320, 480)
(64, 320, 480)

9.6.2 £EIEETNML

TEEHR AL BRI AR BA TR NG S o HIBRATE A A N I FZXATET, TR s A2 —1
HHE LT, MRS MEREFEAGIRE, EEHMEMLE B, T @SR ERME R
/DR T E R B @ E £ 5140 ResNet18 B, FRATAERHH AR T/ 32 %, HH 3 x 224 x 224
HIEIFEER 512 x 7 x 7 WU, Nix2 R EL 512 K, REREET SHEEBER—
MNER n AR, XE o 2285 B num_classes, BEXE, XFHiH N 3 x 320 x 480
HIEF, BATFRER LR n x 320 x 480, SRS MMAGREFTF LM —MEN n HFHIR,
EIERERMZ (FCN) FRHEE TP, B f 2—1MEHE, MHy = f(z). AP
PIERAGK T, Of (y) RIREI—R » =R T, BRUE—DIEEE, 92 0% f = f.
AL AR BN TR RN IR A — RN, IBAE N g = 0f, 1XFE g(f(x)) BEREIREIFA TAEZAT,
BACRSE, BliTe X — 1M EREEZE (transposed convolutional, 42 H #7552 HIIUK deconvo-
lutions), EHLEHEHER forward fl backward ERE I,

NHEG T EBIERIE A RS, BT S A HEE RSN, Conv2DTranspose AL
¢ nn. Conv2D A% HIE S HAH AR/,

440 9. ITENMBE



In [11]: from mxnet.gluon {import nn

conv = nn.Conv2D(10, kernel_size=4, padding=1, strides=2)
conv_trans = nn.Conv2DTranspose(3, kernel_size=4, padding=1, strides=2)

conv.initialize()
conv_trans.initialize()

x = nd.random.uniform(shape=(1,3,64,64))

y = conv(x)

print('Input:', x.shape)

print('After conv:', y.shape)

print('After transposed conv', conv_trans(y).shape)

Input: (1, 3, 64, 64)
After conv: (1, 10, 32, 32)
After transposed conv (1, 3, 64, 64)

RO RBEEERE, EREHNEHERENFAREERFLZE (nn.Flattern) =& (&RF) i
ERMERTT R 2GR RER 2, ERZAESIMEZRELE, XM E L EIR
HE, —~MRRINFZEREATENMAR, IHHRERREIK 1 x 1 B1ER,

FRDAGE € — MRS, FCN T2 NS
- BHAEERENK 1 x 155
« B TR REERMAR, flane)Eitit
- RJEtE FEREE RS EIFRE AN H
< NTIERER, EHENEX AR g HIAE

9.6. IBX 5 E| 441



=

442
& 9.9: FCN
9. itH
e

&k



PHEFEAET Resnet18 KAIE FCN,  E /AT FE—DHICIIZRAF AR,

In [12]: from mxnet.gluon.model_zoo import vision as models
pretrained_net = models.resnetl8_v2(pretrained=True)

(pretrained_net.features[-4:], pretrained_net.output)

Out[12]: (HybridSequential(

(0): BatchNorm(axis=1, eps=1le-05, momentum=0.9, fix_gamma=False,
— use_global_stats=False, in_channels=512)

(1): Activation(relu)

(2): GlobalAvgPool2D(size=(1, 1), stride=(1, 1), padding=(0, 0),
— ceil_mode=True)

(3): Flatten

), Dense(512 -> 1000, linear))

BA1ER] feature MLER/GMER GlobalAvgPool2D fl Flatten, HEBRANTAFEN, AT
DAFRATTE L—NHBIMZE, EEHIFR T REGMEZER features BERAIAE,
In [13]: net = nn.HybridSequential()

for layer 1in pretrained_net.features[:-2]:
net.add(layer)

x = nd.random.uniform(shape=(1,3,*input_shape))
print('Input:', x.shape)
print('Output:', net(x).shape)

Input: (1, 3, 320, 480)

Output: (1, 512, 10, 15)

RIEH L —MEERETIREN 1 x 1 BHE, 22 net CEKMAKKERD T 32 5, A
BAMFERA— strides=32 NEHEER, FAMEH—E stides KMfER) kernel,
RNEH EIE S IE T,

In [14]: num_classes = len(classes)

with net.name_scope():
net.add(
nn.Conv2D(num_classes, kernel_size=1),
nn.Conv2DTranspose(num_classes, kernel_size=64, padding=16,strides=32)
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INZREIIN AT TR AR AT AT R, FRATTA] DAREHLOIAR L, (ESChrrh & BLR BRI E R
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In [15]: def bilinear_kernel(in_channels, out_channels, kernel_size):
factor = (kernel_size + 1) // 2
if kernel_size % 2 == 1:
center = factor - 1
else:
center = factor - 0.5
og = np.ogrid[:kernel_size, :kernel_size]
filt = (1 - abs(og[0] - center) / factor) * \
(1 - abs(og[l] - center) / factor)
weight = np.zeros(
(in_channels, out_channels, kernel_size, kernel_size),
dtype='float32")
weight[range(in_channels), range(out_channels), :, :] = filt
return nd.array(weight)

AR R A A SF TR B A AT R EOR

In [16]: from matplotlib 1import pyplot as plt

X = train_images[0]
print('Input', x.shape)
x = x.astype('float32'").transpose((2,0,1)).expand_dims(axis=0) /255

conv_trans = nn.Conv2DTranspose(

3, in_channels=3, kernel_size=8, padding=2, strides=4)
conv_trans.initialize()
conv_trans(x)
conv_trans.weight.set_data(bilinear_kernel(3, 3, 8))

y = conv_trans(x)
y y[0].clip(0,1).transpose((1,2,0))
print('Output', y.shape)

plt.imshow(y.asnumpy())
plt.show()

Input (281, 500, 3)
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Output (1124, 2000, 3)
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B 2 RRE TR ERIRETLRI G 1L,

RGBT E RN ARNEMEEE, N TEREER, BATAIPIEE e, &5k
W, XEBNEREEIER set_data MEENE, LGNNI Gluon AES 4G
PRI HGIE I I 75 E KN A AR RaG e, HHE—IR forward, A5
HSENE,

In [17]: from mxnet {dimport 1init
conv_trans = net[-1]
conv_trans.initialize(init=init.Zero())

net[-2].initialize(init=init.Xavier())

x = nd.zeros((batch_size, 3, xinput_shape))
net(x)

shape = conv_trans.weight.data() .shape
conv_trans.weight.set_data(bilinear_kernel(*shape[0:3]))

XIHREATA] AEIETHAZR T o (15 —J2R2 BAE SR BRATEE R TSR R A5,
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Fr AFERL softmax FOFIAY ISR A7 B0 @ EIX N ERE, BE4EE 1. FTPATE Softmax-
CrossEntropylLoss A THIIN T axis=1 %00, HAMAERSERZ mifilg—2,

In [18]: loss

ctx

net.collect_params().reset_ctx(ctx)

trai

= gluon.loss.SoftmaxCrossEntropyLoss(axis=1)

= gb.try_all_gpus()

ner =

‘Sgd',

{'learning_rate':

gluon.Trainer (net.collect_params(),

.1,

'wd':1le-3})

gb.train(train_data, test_data, net, loss, trainer, ctx, num_epochs=10)

training on

epoch
epoch
epoch
epoch
epoch
epoch
epoch
epoch
epoch
epoch

1, loss
loss

-

loss

-

loss

-

loss

-

loss
loss

-

loss

-

O 0o N O U b~ W N
-

-

loss

9.6.4 Tl

Lgpu(0), gpu(1)]
1.5610, train acc

(0]
0]
0]
0]
0]
0]
0]
0]

.5760, train acc
.4858, train acc
.4067, train acc
.3500, train acc
.3441, train acc
.2949, train acc
.2763, train acc
.2505, train acc
10, loss 0.2475, train acc 0.916, test acc 0.854, time 35.1 sec

© © © &6 © © © o 6

.730,
.831,
.849,
.870,
.886,
.887,
.903,
.908,
.916,

test
test
test
test
test
test
test
test
test

acc
acc
acc
acc
acc
acc
acc
acc
acc

© © O © © © © © 6

.809,
.826,
.841,
.849,
.849,
.844,
.849,
.853,
.857,

time
time
time
time
time
time
time
time
time

2.
35.
35.
35.
35.
35.
35.
35.
35.

R H R R ® R RO U

sec
sec
sec
sec
sec
sec
sec
sec
sec

FOUI BRI B R 2 BiTHY L 20 PR, (HER R —FF, FEAFRETRANIFESE axis=1 ki
argmax. [ARFATE X image2label KL, E¥HMMERRKE A,

In [19]: def predict(im):

BATTIEECHT ) Lo IR o FL A T 3

def

data =
data =
yhat =
pred =
return

normalize_image(im)

data.transpose((2,0,1)).expand_dims(axis=0)
net(data.as_in_context(ctx[0]))
nd.argmax(yhat, axis=1)

pred.reshape((pred.shape[1l], pred.shape[2]))

label2image(pred):

x = pred.astype('int32").asnumpy()

cm = nd.array(colormap).astype('uint8")

return nd.array(cm[x,:])
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In [20]:

test_images, test_labels = read_images(train=False)

n==~6

imgs = []

for i in range(n):
x = test_images[i]
pred = label2image(predict(x))
imgs += [x, pred, test_labels[i]]

gb.show_images(imgs, nrows=n, ncols=3, figsize=(6,10))
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9.6.5 /)\&5

B EHEREER, AT DS E R PR H,

9.6.6 4]
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- BEMEIEEEN R R AR LER
BRSO S BORE IR 4 2k
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9.6.7 HIZEAITILX

9.7 HFILE

EOVGHIRAT R ] REAR R 08, ENIRERCR IR A U XU, (E XU IR ANBIA], =i A
BEMEA, E—MEFHER HRESCEIR A BRI, EAFIEER NS, 2 FHERITKE
HEZRALZMER, X PNIBRPOEEIRZN “PS — 1 NTH AR, Hlanhi—hgiihk
AR H B/ INEBT R EE DS, @A AEME, EXNTE2RAER, IR E A SN,
W FFERBRL AT, Flan 17 4 By CRZER) B 115 B2 EiE 1 65,000 KR =X
S HTH T 15

—MNERIEER, BITEAREEE MLk BaX NI, BARE, BN —ikE
TERIE R B XU, BIARE e RO ok, A2 S A — sk A E A b
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https://arxiv.org/abs/1411.4038
http://lovingvincent.com

[ 9.10: Neural Style

Gatys 5 AJTRI M AT PUACE R I 44 (1 TR R e R IR & KB Fr o BRTAR A R AR :
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https://www.cv-foundation.org/openaccess/content_cvpr_2016/papers/Gatys_Image_Style_Transfer_CVPR_2016_paper.pdf

Style loss Content loss

Conv2D —>'$~ Conv2D Conv2D

Conv2D Conv2D - Conv2D

Conv2D %= Conv2D Conv2D

Conv2D Conv2D Conv2D

= 0rted

9.11: Neural Style Training

L BATEHOE —DERMEMEORIZBRHIL, BATEREIRIE BRILEREK, FEZEK
PEREAR, NEEPERMNERZ 1,2,4 (EERNER, B 3ENNER.

2. ARERE R REAEZ M, 1058 0 BRHoy s;
3. MANBE R FHRENRZ M, 1258 i Bty o
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4. FIEERE R o BB UEECE E M i I PIaE, AEHATIEESH « MEERHERE
FEUCHE b s F ;o ELARSRIE, FRATAINIERE RIS,

5. B o HEFXBERMAEZEHL, 105 BN v

6. FEAMEIRRECKRIHT R ¢, F1 s, NESR

7. EHNBIRERECRITE o; #l ¢; IER

8. XK RMIFAHAN = 3R], ILFE N g

9. BHra, Hlile=a—ng
NSRBI A A IE B B AR 7713 2, N TR, AT AR EER R B R AET N EE
IS 73, BIAn VLR 5K B A B (L, FRATTAY — MBS R PEECIX P 5K B - 7 RGB IX =Nl
B ERETTE, ERE), RZEHERAEEEAZE cx h x w, BE channels x height x
width, HRATATATDIEEZEK ¢ x hw 1 2D $i4H, R EBRZE —NEEN c RN &R
FERN) hw PR ATTEBIREVLECL 2 1SN ¢ ZERENI RS0 — 3
PLECSt oA FRGE 2 rh R Ui, S UM 1A —AERIsE, Mg, MHEMmES4ER
B, NTHHERAIHREN, FMXBEREEHRBECEESEN T, mARMHRTE) T2, 1
U, ARSI EREGREX s; fl y; THE Gram FEFERG N Y TR ZE

styleloss(s;, y;) = HSiSzT - yiyz‘THF

1
hw
XERIEANTCEHK s; Ml y; TIERLT ¢ x hw B 2D FEFET
PHEBNPRFEIIXNEZORERABR SN SR, GIEEUERIA S ZHIER, X SEPREERATIN,

9.7.1 #uRE

P22 0RO G AR 2R F B SAE O AAR o

In [1]: %matplotlib inline
import matplotlib as mpl
mpl.rcParams['figure.dpi']= 150
import matplotlib.pyplot as plt

from mxnet import image

style_img = image.imread('../img/autumn_oak.jpg')
content_img = image.imread('../img/pine-tree.jpg')

452 9. IHEM%
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https://spirosart.deviantart.com/art/Autumn-oak-591768233
http://imgstocks.com/forest-path-forest-path-tree-pine-tree-summer.html

plt.imshow(style_img.asnumpy())
plt.show()
plt.imshow(content_img.asnumpy())
plt.show()

200

400

600

800

1000

1200 ' ‘
0 200 400 600 800 1000 1200 1400 1600

9.7. HRXEH 453



400
600

800

1000 -l

1200
1400 4

1600

500 1000 1500 2000 2500

ERATTE B — AR RATE XA G A B R AY, e PREIFR B R A T — (e e BRI 4%
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In [2]: from mxnet -dimport nd

rgb_
rgb_

def

def

9.7.2 1&EHY

mean = nd.array([0.485, 0.456, 0.406])
std = nd.array([0.229, 0.224, 0.225])

preprocess(img, image_shape):

img = image.imresize(img, *image_shape)

img = (img.astype('float32')/255 - rgb_mean) / rgb_std
return img.transpose((2,0,1)).expand_dims(axis=0)

postprocess(img):
img = img[0].as_in_context(rgb_std.context)
return (img.transpose((1,2,0))*rgb_std + rgb_mean).clip(0,1)

PAEE LSRR VGG 19 828, FF FEAE Imagenet b lIZR4FHIRE,
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In [3]: from mxnet.gluon.model_zoo +import vision as models

pretrained_net = models.vggl9(pretrained=True)

pretrained_net

Out[3]: VGG(

(features): HybridSequential(

(0):
(1):
(2):
(3):
(4):
(5):
(6):
(7):
(8):
(9):

(10):
(11):
(12):
(13):
(14):
(15):
(16):
(17):
(18):

Conv2D(3 -> 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))

Activation(relu)

Conv2D(64 -> 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))

Activation(relu)

MaxPool2D(size=(2, 2), stride=(2, 2), padding=(0, 0), ceil_mode=False)

Conv2D(64 -> 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))

Activation(relu)

Conv2D(128 -> 128, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))

Activation(relu)

MaxPool2D(size=(2, 2), stride=(2, 2), padding=(0, 0), ceil_mode=False)
Conv2D(128 -> 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

Conv2D(256 -> 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

Conv2D(256 -> 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

Conv2D(256 -> 256, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

MaxPool2D(size=(2, 2), stride=(2, 2), padding=(0, 0),

— ceil_mode=False)

(19):
(20):
(21):
(22):
(23):
(24):
(25):
(26):
(27):

Conv2D(256 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)

MaxPool2D(size=(2, 2), stride=(2, 2), padding=(0, 0),

— ceil_mode=False)

(28):
(29):
(30):
(31):
(32):
(33):
(34):

Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)
Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)
Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
Activation(relu)
Conv2D(512 -> 512, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1))
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(35): Activation(relu)
(36): MaxPool2D(size=(2, 2), stride=(2, 2), padding=(0, 0),
— ceil_mode=False)

(37): Dense(25088 -> 4096, Activation(relu))
(38): Dropout(p = 0.5, axes=())
(39): Dense(4096 -> 4096, Activation(relu))
(40): Dropout(p = 0.5, axes=())

)

(output): Dense(4096 -> 1000, Llinear)

)

M2 VGG X—FH, TAITHEHANERL vgg_block RME ML, Rz EMHEH nn.
MaxPool2D R [Ef7, FATHEIRZFIEFRMEHFELEIENFEAMANENILER, 185 BE
RN ZHA G ICE N AR TEE R, BREEUT H E e T 18 SR N AR 2 )5 BIRE K,
X B FA WL RIS SN SRR S — M R R ITRAE S, MNP RRE—1
LHERILANE, HRIE pretrained_net MUk IRATICTE FIXLEEX M N &,

In [4]: style_layers = [0,5,10,19,28]
content_layers = [25]

RO AR EE R P RZR RS, BATE—DHRmgs, e RURERNTEENZ,

In [5]: from mxnet.gluon 1import nn

def get_net(pretrained_net, content_layers, style_layers):
net = nn.Sequential()
for i in range(max(content_layers+style_layers)+1):
net.add(pretrained_net.features[i])
return net

net = get_net(pretrained_net, content_layers, style_layers)

BEkAN x, FERMH net(x) REEEFIRJGHEL, MRXERNEFZE net FIFPREIZHH,
RIHFABATZEUE, TR R,

In [6]: def extract_features(x, content_layers, style_layers):
contents = []
styles = []
for i in range(len(net)):
x = net[i](x)
if i in style_layers:
styles.append(x)
if i in content_layers:
contents.append(x)

o=
&k
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return contents, styles

9.7.3 KR

P PRGN [N AR, BT PRER A A2 77 IR 225K LA N IR A B e

In [7]: def content_loss(yhat, y):
return (yhat-y).square().mean()

FEAPERENPRIE IS Gram FEFE, FA150E LERIHRE:

In [8]: def gram(x):
c = x.shape[1l]

n x.size / x.shape[1l]

y = x.reshape((c, int(n)))
return nd.dot(y, y.T) / n

gram(nd.ones((1,3,4,4)))

out[8]:
[[ 1. 1. 1.]
[ 1. 1. 1.]
[ 1. 1. 1.]]
<NDArray 3x3 @cpu(0)>

FHRS R AR B R, T PR B A e RRE U R VIR 23, BATTRHE AT R AT
‘EHY Gram FEFERIEN A 1S THRANE,

In [9]: def style_loss(yhat, gram_y):

return (gram(yhat) - gram_y).square().mean()
ML B S BR CRLE R, %] DRI FRINE R HEA KESHgEE, X1
B RBUYEAREHMYEEBRNAEE, A2 2oRER, FlaneT DUIMABRIIES:, &
i F S A8 22 %1% (Total Variation Denoising) o
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https://en.wikipedia.org/wiki/Total_variation_denoising

Crriginal Denoised image

R = ; FRBR (i,5), IRLABATMATHEHEIBUIREEL, EERATRBREREL:

> lwig = il + iy =zl
i

In [10]: def tv_loss(yhat):
return 0.5%((yhat[:,:,1:,:] - yhat[:,:,:-1,:]).abs().mean() +
(yhat[:,:,:,1:] - yhat[:,:,:,:-1]).abs().mean())

SISO bR = MR R BTN, 383 A BB (EIRAT AT DA 2 EI I Fr 2 A R B
ZHK, B2NAE, EEEMTE, FERFELEPERNERN T 5 MEEL, OIS EETE
N ELE T HER IR,
In [11]: channels = [net[l].weight.shape[0] for 1 in style_layers]

style_weights = [le4/nxx2 for n 1in channels]

content_weights = [1]
tv_weight = 10

BATAIAER  nd . add _n R 2 M5 B HE A R AITEE R

In [12]: def sum_loss(loss, preds, truths, weights):
return nd.add_n(*[w*loss(yhat, y) for w, yhat, y in zip(
weights, preds, truths)])

9.7.4 illl&

B IEBATE AR, AT B IR B A A TsAE X B R BURFAE

In [13]: def get_contents(image_shape):
content_x = preprocess(content_img, image_shape).copyto(ctx)
content_y, _ = extract_features(content_x, content_layers, style_layers)
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return content_x, content_y

def get_styles(image_shape):
style_x = preprocess(style_img, image_shape).copyto(ctx)
_, style_y = extract_features(style_x, content_layers, style_layers)
style_y = [gram(y) for y 1in style_y]
return style_x, style_y

MZRE R Z AT 1 2R EE AR T
L X HEBATIHHR K R BRI E 7%
2. BATEENEATER, RPERERNTTFENRA x FILIHEC 1R,

3. BT RES B HLICAC N A RIRENR R, AR Z ARV, RGEIAR XIS AT, 1X
BRATABEM T —efl, FEEARSETIESIRATERRZEL,

4. THSRME A B RIRRE RE, (B8 n ORI BUN—IRFE SR

In [14]: from time -import time
from mxnet import autograd

def train(x, max_epochs, lr, lr_decay_epoch=200):
tic = time()
for i in range(max_epochs):
with autograd.record():
content_py, style_py = extract_features(
x, content_layers, style_layers)
content_L = sum_loss(
content_loss, content_py, content_y, content_weights)
style_L = sum_loss(
style_loss, style_py, style_y, style_weights)
tv_L = tv_weight * tv_loss(x)
loss = style_L + content_L + tv_L

loss.backward()

x.grad[:] /= x.grad.abs().mean()+1le-8
x[:] -= 1r * x.grad

# add sync to avoid large mem usage
nd.waitall()

if i and i % 20 == 0:
print('batch , content , style s
'TV , time sec' % (

i, content_L.asscalar(), style_L.asscalar(),
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tv_L.asscalar(), time()-tic))
tic = time()

if i and i % lr_decay_epoch == 0:
1r *= 0.1
print('change 1r to ', 1r)

plt.imshow(postprocess(x).asnumpy())
plt.show()
return x

AR P BREEERE AT T, BATA] AEIEFFRIIZR T . MIERE EE &, BERFAITE— T/ 300
x 200 BUEIAR/N BTN, ROVBANTA S EFIRE AR S5, i ATRATTAT DASR Al e
ATIHRHE,  FRATHE S KR F HIRIARE IR AR PN A A R AME L,
In [15]: +dmport sys

sys.path.append('..")

import gluonbook as gb

image_shape = (300,200)

ctx = gb.try_gpu()
net.collect_params().reset_ctx(ctx)

content_x, content_y = get_contents(image_shape)
style_x, style_y = get_styles(image_shape)

X = content_x.copyto(ctx)
x.attach_grad()

y = train(x, 500, 0.1)

batch 20, content 29.11, style 603.43, TV 4.60, time 3.7 sec
batch 40, content 30.22, style 312.46, TV 4.92, time 1.3 sec
batch 60, content 30.95, style 238.68, TV 5.18, time 1.3 sec
batch 80, content 28.93, style 255.18, TV 5.27, time 1.3 sec
batch 100, content 29.72, style 226.97, TV 5.48, time 1.3 sec
batch 120, content 30.36, style 153.36, TV 5.59, time 1.3 sec
batch 140, content 29.09, style 190.19, TV 5.64, time 1.3 sec
batch 160, content 28.56, style 233.52, TV 5.79, time 1.3 sec
batch 180, content 29.02, style 145.63, TV 5.87, time 1.3 sec
batch 200, content 27.36, style 194.98, TV 5.85, time 1.3 sec

change lr to 0.010000000000000002
batch 220, content 23.86, style 33.09, TV 5.73, time 1.3 sec
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batch 240, content 22.14, style 27.01, TV 5.69, time 1.3 sec
batch 260, content 20.66, style 25.03, TV 5.64, time 1.3 sec
batch 280, content 20.10, style 22.44, TV 5.62, time 1.3 sec
batch 300, content 19.10, style 22.14, TV 5.58, time 1.3 sec
batch 320, content 18.62, style 21.75, TV 5.56, time 1.3 sec
batch 340, content 18.30, style 20.54, TV 5.55, time 1.3 sec
batch 360, content 17.93, style 18.99, TV 5.53, time 1.3 sec
batch 380, content 17.38, style 18.86, TV 5.49, time 1.3 sec
batch 400, content 17.23, style 18.63, TV 5.47, time 1.3 sec
change 1lr to 0.0010000000000000002

batch 420, content 16.72, style 12.70, TV 5.46, time 1.3 sec
batch 440, content 16.38, style 12.26, TV 5.44, time 1.3 sec
batch 460, content 16.13, style 11.93, TV 5.43, time 1.3 sec
batch 480, content 15.92, style 11.65, TV 5.42, time 1.3 sec
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PHBENEERE 1200 x 800 AIRST BN, MERESEIEAMEMRISKE o RN T
RIS, FRATTRE RS2 Y & B R TR BRERAT T2 1 RS RO R AR .

In [16]: image_shape = (1200,800)

content_x, content_y = get_contents(image_shape)
style_x, style_y = get_styles(image_shape)

X = preprocess(postprocess(y)*255, image_shape).copyto(ctx)
x.attach_grad()

z = train(x, 300, 0.1, 100)

batch 20, content 47.79, style 757.34, TV 3.29, time 25.8 sec
batch 40, content 45.34, style 698.64, TV 3.59, time 18.3 sec
batch 60, content 45.46, style 716.08, TV 3.82, time 18.3 sec
batch 80, content 46.33, style 768.03, TV 4.01, time 18.3 sec
batch 100, content 46.51, style 792.28, TV 4.18, time 18.4 sec
change lr to 0.010000000000000002

batch 120, content 29.30, style 62.32, TV 3.68, time 18.3 sec
batch 140, content 25.42, style 30.53, TV 3.47, time 18.3 sec
batch 160, content 23.50, style 20.66, TV 3.36, time 18.4 sec
batch 180, content 21.74, style 34.97, TV 3.30, time 18.3 sec
batch 200, content 20.66, style 41.28, TV 3.25, time 18.3 sec
change lr to 0.0010000000000000002

batch 220, content 19.88, style 12.25, TV 3.22, time 18.3 sec
batch 240, content 19.17, style 11.33, TV 3.19, time 18.3 sec
batch 260, content 18.65, style 10.71, TV 3.17, time 18.2 sec
batch 280, content 18.22, style 10.23, TV 3.16, time 18.3 sec
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In [17]: plt.imsave('result.png', postprocess(z).asnumpy())
9.7.5 I\&E

- IS VEACHRZE RIS R R 2 B, FRATTAT DUE SRR S AR AR A AR,

9.7.6 %43
- BURNARIRER R
- fEF AR E
< HJ LKA N BB A
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9.7.7 HIBEAITIEX

9.8 4 Kaggle tbF: XIREIGEG 4533 (CIFAR-10)

PAMERE >R — 25, D0l e B, g T ER  6luon KK kRkKaggle [L7E,

PAHEAZE LS T Kaggle HEAICIFAR-10 JFU4AEIG 0 8L, FRATLUIZIAEUAH], NRK
TRBEER G luon X SR AREIE SR IHT 70 KB B A,

RIS — ERIREA ST R, H

Get your hands dirty,

9.8.1 Kaggle FAY CIFAR-10 [RIAE (5 57 2 in) &

Kagglefg —MEZHIMHLES 7 S B4 KR TG, N TRETIEREER, ERFKIEMKagglelk S,
RIETHRZRICR AT CIFAR-10 [RUARIEN 57028 [ 1 i RA IR EEZRHIE R
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https://www.kaggle.com/c/house-prices-advanced-regression-techniques
https://www.kaggle.com
https://www.kaggle.com/c/cifar-10
https://www.kaggle.com
https://www.kaggle.com
https://www.kaggle.com/c/cifar-10

-.g e .H- CIFAR-10 - Object Recognition in Images
.'EE“HE Identify the subject of 60,000 labeled images

mb VE¥E

Overview  Data  Discussion Leaderboard Rules  Team My Submissions Late Submission

Overview

Description CIFAR-10 is an established computer-vision dataset used for object recognition. It is a subset of the 80
. million tiny images dataset and consists of 60,000 32x32 color images containing one of 10 object

Evaluation

classes, with 8000 images per class. It was collected by Alex Krizhevsky, Vinod Nair, and Geoffrey
Hinton.

Kaggle is hosting a CIFAR-10 leaderboard for the machine learning community to use for fun and
practice. You can see how your approach compares to the latest research methods on Rodrigo Benenson's
classification results page.

9.8.2 EIBFISHIESE
FEEREIE 0 MR EIE R LR R, GRS 5 HkERA, MIAEEE 30 HkERA: H
FE 1 kB RSk r, B THIIEATTARENNIRE, BEBMNT 29 Fik A2 E A,

P EHREAE png REEF, K/NR 32 x 32 x 3, YIZRE—HHF 10 KB v, 5108 ¥l 1R
LSRN T: NN (NI €N N 1 S
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https://www.kaggle.com/c/cifar-10
https://www.kaggle.com/c/cifar-10/download/train.7z
https://www.kaggle.com/c/cifar-10/download/test.7z
https://www.kaggle.com/c/cifar-10/download/trainLabels.csv

fRIESUES

MZREAEEE train. 7z FIMIALIESE test. 72 FRZ RS, NRUSIEMEAE, 95 IR IGEdRE S
B AE R AR :

- ../data/kaggle_cifar10/train/[1-50000].png
- ../data/kaggle_cifarl0/test/[1-300000].png
- ../data/kaggle_cifarl0/trainLabels.csv

R TAEM DTG R — A, FRATTTE git repo BAUNAFEIN 100 NMIZRFEEAR C train_tiny.zip’ ) F1 1
AR C test_tiny.zip’ )o $ATLANEZS M git repo BRI AL BUIMEARIZRATINAESE,
KT AN train_tiny’ F1 test_tiny o YIZREHEAREE M E 46 AR trainLabels.csve
In [1]: # WRIETHDN Kaggle W=EHIESE, IBTEN False
demo = True
if demo:
import zipfile
for fin in ['train_tiny.zip', 'test_tiny.zip', 'trainLabels.csv.zip']:
with zipfile.ZipFile('../data/kaggle_cifar1i0/' + fin, 'r') as zin:
zin.extractall('../data/kaggle_cifar1i0/")

BIZHIESE

BATENX THBP reorg_cifarlo_data HRECKREEEKIES, BMH5, F—REHKBHIEE
F—NXHFET, EF Gluon FY/EIEEL

PRECHR IS5 data_dir, train_dir F test_dir X W _EIREIEIE BRSO ZRAnIp B 8¢
T REFR. S label_file AYIGEIRIRE RS AFR, S input_dir 25 5 BHR & -=kH
Ko %4 valid_ratio 2K IFEE 5 RIAVIZFEMLE, DA valid_ratio=0.1 A, HTRGIIZEGE
5 kB R, ESNEE 475 5 TRERFATIIZ EHEERAE input_dir/train) %45k 5
Tk ovgniEsE GBS AE input_dir/valid)

In [2]: Hdmport os
import shutil

def reorg_cifarl0_data(data_dir, label_file, train_dir, test_dir, input_dir,
— valid_ratio):
# IRBUGREARIT S
with open(os.path.join(data_dir, label_file), 'r') as f:
# B HkiT (28,
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lines = f.readlines()[1:]

tokens = [l.rstrip().split(',"') for 1 1in lines]

jdx_label = dict(((int(idx), label) for idx, label in tokens))
labels = set(idx_label.values())

num_train = len(os.listdir(os.path.join(data_dir, train_dir)))
num_train_tuning = int(num_train * (1 - valid_ratio))

assert 0 < num_train_tuning < num_train
num_train_tuning_per_label = num_train_tuning // len(labels)
label_count = dict()

def mkdir_if_not_exist(path):
if not os.path.exists(os.path.join(*path)):
os.makedirs(os.path.join(*path))

# FEIEIGRANLOIESS,
for train_file in os.listdir(os.path.join(data_dir, train_dir)):
idx = int(train_file.split('.')[0])
label = ddx_label[1idx]
mkdir_if_not_exist([data_dir, dinput_dir, 'train_valid', label])
shutil.copy(os.path.join(data_dir, train_dir, train_file),
os.path.join(data_dir, dinput_dir, 'train_valid', Tlabel))
if label not in label_count or label_count[label] <
— num_train_tuning_per_label:
mkdir_if_not_exist([data_dir, input_dir, 'train', label])
shutil.copy(os.path.join(data_dir, train_dir, train_file),
os.path.join(data_dir, input_dir, 'train', label))
label_count[label] = label_count.get(label, 0) + 1
else:
mkdir_if_not_exist([data_dir, input_dir, 'valid', label])
shutil.copy(os.path.join(data_dir, train_dir, train_file),
os.path.join(data_dir, input_dir, 'valid', label))

# EIENIAE,
mkdir_if_not_exist([data_dir, dinput_dir, 'test', 'unknown'])
for test_file in os.listdir(os.path.join(data_dir, test_dir)):
shutil.copy(os.path.join(data_dir, test_dir, test_file),
os.path.join(data_dir, dinput_dir, 'test', 'unknown'))

PRV, 0T ER DGR R — A, BT EAUER] 100 DYIZREEATT 1 MINAEEA, 1%k
FINABHE A SR AFR BN train_tiny’ FI' test_tiny o FHRHE, FRAVOUFHH BN 1.
SKERYIZRANMIARS B Kaggle U2 R E RS, BTEIREREK, #EK/) batch_size K/NA]
BN —MERIVEEEL, filan 128,
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FATHRF 10% BIYIZREEARVE NS N A SIESR.

In [3]: if demo:
# AR AMERINIEERBETMIEIR. Kaggle MTREHBIBENGIE 5 Hill&EAE,
train_dir = 'train_tiny'
# AR WAMERNIIREREFMIIHIF. Kaggle MEEIMIBENEIE 30 ML,
test_dir = 'test_tiny'
# FER: ICMERIER/MEE, X Kaggle MIREIIBERNZRANEL, 0 128,
batch_size = 1
else:
train_dir = 'train'
test_dir = 'test'
batch_size = 128

data_dir = '../data/kaggle_cifarlo'
label_file = 'trainLabels.csv'
input_dir = 'train_valid_test'

valid_ratio = 0.1
reorg_cifarl0_data(data_dir, label_file, train_dir, test_dir, input_dir,
— valid_ratio)

9.8.3 fHH Gluon IEENEIBERIEUESE

RS, BOTEXEMH transforms RIE HIEE, HIAFRATMA transforms.
RandomFlipLeftRight() BRI RN & 5K & v i e . AT transforms.
Normalize () X ¥ EEIG RGB = MEIE 7 AR, PAUREATFIZS T B AT REFH BIRIHRIE,
IXEEPRAER] DAMRIR TR SRR E R VA, BN EEZ TN,

In [4]: from mxnet import autograd
from mxnet import gluon
from mxnet import 1init
from mxnet import nd
from mxnet.gluon.data import vision
from mxnet.gluon.data.vision import transforms
import numpy as np

transform_train = transforms.Compose ([
# transforms.CenterCrop(32)
# transforms.RandomFlipTopBottom(),
# transforms.RandomColorJitter (brightness=0.0, contrast=0.0,
< saturation=0.0, hue=0.0),
# transforms.RandomLighting(0.0),
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# transforms.Cast('float32'),
# transforms.Resize(32),

# MEMIZER scale # ratio #EBY, HM4EN 32x32 WIER

transforms.RandomResizedCrop (32, scale=(0.08, 1.0), ratio=(3.0/4.0,
- 4.0/3.0)),

# W EGEEE R

transforms.RandomFlipLeftRight(),

# BERGRESRDT (0,1) A, FREERIANT & » 5 x BE" 8" &

transforms.ToTensor (),

# WERNSNMBEMITEL

transforms.Normalize([0.4914, 0.4822, 0.4465], [0.2023, 0.1994, 0.2010])

(mk
*
mt
X%
e

D)

# MAET, RIS EGMAT &L AT IE R BB AL IR,
transform_test = transforms.Compose ([
transforms.ToTensor (),
transforms.Normalize([0.4914, 0.4822, 0.4465], [0.2023, 0.1994, 0.2010])

D)

BRR, BATAILAMHEH Gluon Y ImageFolderDataset ZRILEBIEHGHEIESE, HE,
FATZALE Loader HAHNINGGE SEFHIE A1) K%L, 1@id vision.ImageFolderDataset
AR Z—D (image, label) A, transform_first() FEAERNIXNHEH
P — PR (BNRAREIG) M A1 54,

In [5]: dinput_str = data_dir + '/' + dnput_dir + '/'

# IREVRIBEIGR X . flag=1 WEBRNEGE=TEE (&),

train_ds = vision.ImageFolderDataset(input_str + 'train', flag=1)

valid_ds = vision.ImageFolderDataset(input_str + 'valid', flag=1)
train_valid_ds = vision.ImageFolderDataset(input_str + 'train_valid', flag=1)
test_ds = vision.ImageFolderDataset(input_str + 'test', flag=1)

loader = gluon.data.DatalLoader
train_data = loader(train_ds.transform_first(transform_train),

batch_size, shuffle=True, last_batch="keep')
valid_data = loader(valid_ds.transform_first(transform_test),

batch_size, shuffle=True, last_batch="keep')
train_valid_data = loader(train_valid_ds.transform_first(transform_train),

batch_size, shuffle=True, last_batch="keep')

test_data = loader(test_ds.transform_first(transform_test),

batch_size, shuffle=False, last_batch="keep')
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# XX R R,
softmax_cross_entropy = gluon.loss.SoftmaxCrossEntropyLoss()

9.8.4 iZiT1EE
BATIXEAFE A T ResNet- 1888, FA 1 Fhybridizing RE2AHI TR,
WHER: AR DLENLT, SEa] DIERTTHE,

In [6]: from mxnet.gluon +import nn
from mxnet import nd

class Residual(nn.HybridBlock):
def __init__(self, channels, same_shape=True, **kwargs):

super (Residual, self).__init__(**kwargs)

self.same_shape = same_shape

with self.name_scope():
strides = 1 if same_shape else 2
self.convl = nn.Conv2D(channels, kernel_size=3, padding-1,

strides=strides)
self.bnl = nn.BatchNorm()
self.conv2 = nn.Conv2D(channels, kernel_size=3, padding=1)
self.bn2 = nn.BatchNorm()
if not same_shape:
self.conv3 = nn.Conv2D(channels, kernel_size=1,
strides=strides)

def hybrid_forward(self, F, x):
out = F.relu(self.bnl(self.convl(x)))
out = self.bn2(self.conv2(out))
if not self.same_shape:
x = self.conv3(x)
return F.relu(out + x)

class ResNet(nn.HybridBlock):
def __init__(self, num_classes, verbose=False, xxkwargs):
super (ResNet, self).__init__(*xkwargs)
self.verbose = verbose
with self.name_scope():
net = self.net = nn.HybridSequential()
# 1R 1

9.8. LAY Kaggle LbF: XHEHEIAEIG 4532 (CIFAR-10)
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resnet-gluon.md

net.add(nn.Conv2D(channels=32, kernel_size=3, strides=1,
— padding=1))
net.add(nn.BatchNorm())
net.add(nn.Activation(activation="'relu'))
# TR 2
for _ 1in range(3):
net.add(Residual(channels=32))
# 1RIR 3
net.add(Residual(channels=64, same_shape=False))
for _ 1in range(2):
net.add(Residual(channels=64))
# 1RIR 4
net.add(Residual(channels=128, same_shape=False))
for _ 1in range(2):
net.add(Residual(channels=128))
# IR 5
net.add(nn.AvgPool2D(pool_size=8))
net.add(nn.Flatten())
net.add(nn.Dense(num_classes))

def hybrid_forward(self, F, x):
out = x
for i, b in enumerate(self.net):
out = b(out)
if self.verbose:
print('Block output: '%(i+1, out.shape))

return out

def get_net(ctx):
num_outputs = 10
net = ResNet(num_outputs)
net.initialize(ctx=ctx, init=init.Xavier())
return net

9.8.5 JIIZIREIHFES

FEIS L E AT, I BRI ZR BRI B R IR E A 5 S BOd L&,
TEGIRINGR R PTRER R, 758, BATXEARMER K XRIE, 2w iEsr
HZERKIAZ,

BATE ST ZRef £, X B EATIE KB epoch BIYIZRIN AL, XA BT HATHBA R &1
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AR TR SA

In [7]: import datetime
import sys
sys.path.append('..")
import gluonbook as gb

def train(net, train_data, valid_data, num_epochs, 1r, wd, ctx, lr_period,
— lr_decay):
trainer = gluon.Trainer(
net.collect_params(), 'sgd', {'learning_rate': lr, 'momentum': 0.9,
— 'wd': wd})

prev_time = datetime.datetime.now()
for epoch in range(num_epochs):
train_loss = 0.0
train_acc = 0.0
if epoch > 0 and epoch % 1lr_period ==
trainer.set_learning_rate(trainer.learning_rate * lr_decay)
for data, label 1in train_data:
label = label.astype('float32').as_in_context(ctx)
with autograd.record():
output = net(data.as_in_context(ctx))
loss = softmax_cross_entropy(output, label)
loss.backward()
trainer.step(batch_size)
train_loss += nd.mean(loss) .asscalar()
train_acc += gb.accuracy(output, label)
cur_time = datetime.datetime.now()
h, remainder = divmod((cur_time - prev_time).seconds, 3600)
m, s = divmod(remainder, 60)
time_str = "Time : : "% (h, m, s)
if valid_data 1is not None:
valid_acc = gb.evaluate_accuracy(valid_data, net, ctx)
epoch_str = ("Epoch . Loss: , Train acc , Valid acc , "
% (epoch, train_loss / len(train_data),
train_acc / len(train_data), valid_acc))
else:
epoch_str = ("Epoch . Loss: , Train acc ,
% (epoch, train_loss / len(train_data),
train_acc / len(train_data)))
prev_time = cur_time
print(epoch_str + time_str + ', 1r ' + str(trainer.learning_rate))
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PARE NESHOTN AR, XS BT, T M TR — R, FATXERF epoch £1
BEHREN 1, FHELE, epoch —f%AT DAYEALE, 140 100,

BATEARIBIUE R 5 AW R BN T RIS, (AR THNSEIRE, UMEBEIENYS
ZA1ES 80 1 epoch HIE 0.1,

In [8]: ctx = gh.try_gpu()
num_epochs = 1
learning_rate = 0.1
weight_decay = 5e-4
1r_period = 80
lr_decay = 0.1

net = get_net(ctx)

net.hybridize()

train(net, train_data, valid_data, num_epochs, learning_rate,
weight_decay, ctx, lr_period, lr_decay)

Epoch 0. Loss: 3.691536, Train acc 0.033333, Valid acc 0.100000, Time 00:00:01, 1r 0.1

9.8.6 XMliAEED S

LIEH—HR RO SEUE, BAMEAERIZGEYRSE (GRIESR) ERIZER, 3f
xS 2,

In [9]: {dmport numpy as np
import pandas as pd

net = get_net(ctx)

net.hybridize()

train(net, train_valid_data, None, num_epochs, learning_rate,
weight_decay, ctx, lr_period, lr_decay)

preds = []

for data, label 1in test_data:
output = net(data.as_in_context(ctx))
preds.extend(output.argmax(axis=1).astype(int).asnumpy())

sorted_ids = list(range(l, len(test_ds) + 1))
sorted_ids.sort(key = lambda x:str(x))

df = pd.DataFrame({'id': sorted_dids, 'label': preds})
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df['label'] = df['label'].apply(lambda x: train_valid_ds.synsets[x])

df.to_csv('submission.csv', index=False)

Epoch 0. Loss: 3.943431, Train acc 0.050000, Time 00:00:01, 1r 0.1

FIRRBIITRESER— submission.csv B T1E Kaggle L1252, iX/2 Kaggle B3K
AIFEAS S, IXINFRATTAT PATE Kaggle bHEATINIRER 73 KAV AR IH B F 7 K UMEFR, I1FH
%% Kaggle Mk, FTFFCIFAR-10 JF4aEIG KM, H AT AN Late Submission %
o

BE" . EE CIFAR-10 - Object Recognition in Images

E:.Enh. Identify the subject of 60,000 labeled images
mBRESFE

Overviewy  Data  Discussion Leaderboard Rules Team My Submissions

WD R/ Upload Submission File EHFHREIRRRMIMEER, AREAE FAE Make
Submission %L AT PAZE B 45 SR M !

Step i
Upload submission file
Upload Submission File

Your submission should be in CSY format. ‘We expect the sclution file to have 300000 prediction rows. This
You can upload this in a zipfgz/rar/7z file should have a header row, Please see sample submission file
archive, if you prefer. on the data page.

Step 2 B I % §& > @ iE = H M3

Describe submission

Make Submission
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https://www.kaggle.com/c/cifar-10

9.8.7 1Rl CCIREUAMEFREMIMAFEL)

- {#H Kaggle 52%% CIFAR-10 #E4E, 1 batch_size 1 num_epochs 73 HlIECH 128 #1100, AJ
DAE Kaggle FEFIH 2FERIHERZRAI4IR?

o WA G SR EAR Y T IRREE EI T AR IR ?

o« PRIEE 2 HAWIMER] DRSSO S 20 /M TR AR VR 53

9.8.8 HIZEIAITIEX

9.9 34K Kaggle b : 127! 120 #35 (ImageNet Dogs)

BAMEARTEHIESE T Kaggle Y120 FA2 i Al A @, X/EE A ImageNet 1 FHEEIEE, 5
Z HIHICIFAR-10 JF A EIG 73 2R AR, AREH R E R SO R NERERI RS AN, BR
INAR—, A AR R AnIE A« Bl TR B B sk B R4 B 120 R o3 BT,

9.9.1 Kaggle FAY CIFAR-10 [RIEE &5 2ia) &

Kagglefg —MEZHIMHLE 7 S ZITFE ZRHF- B, N T ETIEREER, ERFKEMKagglelk 5.
SRIETHRRIE R 120 F 2050 R T 8 R A IR EE BRI R
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https://www.kaggle.com/c/dog-breed-identification
https://www.kaggle.com
https://www.kaggle.com
https://www.kaggle.com/c/dog-breed-identification

Dog Breed Identification
Determine the breed of a'doginanimage"

Kaggle - 176 teams - 4 months to go

Overview  Data  Kernels Discussion Leaderboard Rules Team My Submissions

Overview

Description Who's a good dog? Who likes ear scratches? Well, it seems those fancy deep neural networks don't have

all the answers, However, maybe they can answer that ubiguitous question we all ask when meeting a

Evaluation four-legged stranger: what kind of good pup is that?

In this playground competition, you are provided a strictly canine subset of ImageNet in order to practice
fine-grained image categorization. How well you can tell your Norfolk Terriers from your Norwich
Terriers? With 120 breeds of dogs and a limited number training images per class, you might find the
problem mare, err, ruff than you anticipated.

9.9.2 EIB[RIAIEE

EEZEEE 7 I R SR AN R R, MIZREEE 10,222 5KE o ML RS 10,357 5KE Ao

PN ER jpg KB, R/METESIRA RN, HRMA—, JIZgRE—IH 120 20H)
EA.

THEBIESE

B Kaggle J§, $OEAT DA 120 R 51l irh R,
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https://www.kaggle.com/c/dog-breed-identification/data

o YIREHES train.zip FEBMIE
o« MRABHRLE test.zip NEME
o YIREHEFRA label.csv.zip ML

fRESIES

ZREHEEE train.zip FITIIAEAELE test.zip #REAAEN, TEGENIRIBZATLAAT:
- ../data/kaggle_dog/train.zip
- ../data/kaggle_dog/test.zip

- ../data/kaggle_dog/labels.csv.zip

R THEMTURFER— R, BATE git repo BAUXETBUNIHEREAR € train_valid_test_tiny.zip’ ).
PUTRAFRAGE M git repo BRIEA BUNESHRREAR,
In [1]: # WRIEGTEHN Kaggle MITEHIEE, I8 demo XN Falses

demo = True
data_dir = '../data/kaggle_dog'

if demo:
zipfiles= ['train_valid_test_tiny.zip']
else:
zipfiles= ['train.zip', 'test.zip', 'labels.csv.zip']

import zipfile
for fin in zipfiles:
with zipfile.zZipFile(data_dir + '/' + fin, 'r') as zin:
zin.extractall(data_dir)

BIENIES

X F Kaggle I5EBEHREE, BAFEE X THB reorg_dog_data FRECKREEM—T, BHf5
Al — 2 & 7R HERTETE R — D SRS, T Gluon FE/E T2

RIS EN data_dir. train_dir f7 test_dir X N _FIRAEEBEIE SR R G 2R B A
BXHFRALFR, SE label_file NI ZREIRIRE R SRR, S48 input_dir B FHIRE X
R, SE valid_ratio ;2 K UEERE AR M A EE 5 R IG )| R B P EE /D — R £ E
(66) HLLEE,
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https://www.kaggle.com/c/dog-breed-identification/download/train.zip
https://www.kaggle.com/c/dog-breed-identification/download/test.zip
https://www.kaggle.com/c/dog-breed-identification/download/labels.csv.zip

In [2]: +dmport math
import os
import shutil
from collections import Counter

def reorg_dog_data(data_dir, label_file, train_dir, test_dir, input_dir,
valid_ratio):

# REUIGREIBATE

with open(os.path.join(data_dir, label_file), 'r') as f:
# BRIk T (R,
lines = f.readlines()[1:]
tokens = [l.rstrip().split(',') for 1 1in lines]
idx_label = dict(((idx, label) for idx, label {in tokens))

labels = set(idx_label.values())

num_train = len(os.listdir(os.path.join(data_dir, train_dir)))
# IEEPHERD—LXNBANEHE,
min_num_train_per_label = (
Counter (idx_label.values()).most_common()[:-2:-1][0][1])
# ISP ERMIEE,
num_valid_per_label = math.floor (min_num_train_per_label * valid_ratio)
label_count = dict()

def mkdir_if_not_exist(path):
if not os.path.exists(os.path.join(*path)):
os.makedirs(os.path.join(xpath))

# FEIE)IGRALIESS,
for train_file in os.listdir(os.path.join(data_dir, train_dir)):
idx = train_file.split('.")[0]
label = +didx_label[idx]
mkdir_if_not_exist([data_dir, dinput_dir, 'train_valid', label])
shutil.copy(os.path.join(data_dir, train_dir, train_file),
os.path.join(data_dir, dinput_dir, 'train_valid', Tlabel))
if label not 1in label_count or label_count[label] <
— num_valid_per_label:
mkdir_if_not_exist([data_dir, input_dir, 'valid', label])
shutil.copy(os.path.join(data_dir, train_dir, train_file),
os.path.join(data_dir, input_dir, 'valid', label))
label_count[label] = label_count.get(label, 0) + 1
else:
mkdir_if_not_exist([data_dir, input_dir, 'train', label])
shutil.copy(os.path.join(data_dir, train_dir, train_file),
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os.path.join(data_dir, input_dir, 'train', label))

# IR,
mkdir_if_not_exist([data_dir, dinput_dir, 'test', 'unknown'])
for test_file in os.listdir(os.path.join(data_dir, test_dir)):
shutil.copy(os.path.join(data_dir, test_dir, test_file),
os.path.join(data_dir, dinput_dir, 'test', 'unknown'))

PRGN, O 7R DR — R, BATHEIX B E /NSRS, AR, FRATOCR R
INEER 20 SEERUIZRATININT N6 Kaggle RISEEEBHRE A reorg_dog_data BREUCRERL
fET Gluon BEEAURE N, HITHIREREK, #E8E K/ batch_size K/INANRA—DMEKAVEEEL,
il 128,
In [3]: if demo:

# AR WMERNEIRENETF M IIRE,

input dir = '"train_valid_test_tiny'

AR MAAMERER/ IS, X Kaggle MITEEEIEERIIGIAREL, fld0 128,

batch_s1ze =2

else:
label_file = 'labels.csv'
train_dir = 'train'
test_dir = 'test'
input_dir = 'train_valid_test'

batch_size = 128

valid_ratio = 0.1

reorg_dog_data(data_dir, label_file, train_dir, test_dir, input_dir,
valid_ratio)

9.9.3 fH Gluon IXENEIRERVEUESE

FE IS LS, BAOEXEM A transforms K a8, HIWFIIMA transforms.
RandomF i pLeftR'l ght () RIRTREATLN 8K B A fesim /e ik, DANIRATIZIAS T Al vl RE FH 21
e, IXERERT DURIEFE SCRIGE 2 SEH, EMNSEhEs 2l Em,

In [4]: from mxnet import autograd
from mxnet import gluon
from mxnet import 1init
from mxnet import nd
from mxnet.gluon.data import vision
from mxnet.gluon.data.vision import transforms
import numpy as np
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transform_train = transforms.Compose ([
# transforms.CenterCrop(32)
# transforms.RandomFlipTopBottom(),
# transforms.RandomColorJitter (brightness=0.0, contrast=0.0,
< saturation=0.0, hue=0.0),
# transforms.RandomLighting(0.0),
# transforms.Cast('float32'),

# BERZLLHIBEERDN 256 BE

transforms.Resize(256),

# BENIZRIR scale N ratio MBI, HMIEN 224x224 WIIEFHF

transforms.RandomResizedCrop (224, scale=(0.08, 1.0), ratio=(3.0/4.0,
< 4.0/3.0)),

# W EGEEER

transforms.RandomFlipLeftRight(),

# BERGRESRDD (0,1) A, FREERANT & 5 x BE" 8" B&i

transforms.ToTensor (),

# WERNSNMBBEMITEL

transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])

(mk
*
ot
X%
et

D)

# EiEREE /B, REREMNEGILIESER
transform_test = transforms.Compose ([

transforms.Resize(256),

# BEFBRRE 224x224 ERFKIHEHTHFR

transforms.CenterCrop(224),

transforms.ToTensor (),

transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])
D

BRK, EATATLAMER Gluon Y ImageFolderDataset FRIZBURHEMIEUESE, TE,
FAZAE Loader FHARNINIE AFHIE F 14 K%L, 1@id vision.ImageFolderDataset
BEAREIEZ D (image, label) A, transform_first() MEAMERMIXNHEH
HIEE— AR (B ARIEIG) (B iS5 0F,

In [5]: dnput_str = data_dir + '/' + dnput_dir + '/'

# BERIREGX M, flag=1 HERMANEGE=TEE (K&).

train_ds = vision.ImageFolderDataset(input_str + 'train', flag=1)

valid_ds = vision.ImageFolderDataset(input_str + 'valid', flag=1)
train_valid_ds = vision.ImageFolderDataset(input_str + 'train_valid', flag=1)
test_ds = vision.ImageFolderDataset(input_str + 'test', flag=1)
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loader = gluon.data.DatalLoader
train_data = loader(train_ds.transform_first(transform_train),

batch_size, shuffle=True, last_batch="keep')
valid_data = loader(valid_ds.transform_first(transform_test),

batch_size, shuffle=True, last_batch="keep')
train_valid_data = loader(train_valid_ds.transform_first(transform_train),

batch_size, shuffle=True, last_batch="keep')

test_data = loader(test_ds.transform_first(transform_test),

batch_size, shuffle=False, last_batch="keep')

# RXIEIRREEL
softmax_cross_entropy = gluon.loss.SoftmaxCrossEntropyLoss()

9.9.4 iZiHER

XA LR EE IR T ImageNet BHREN 758, KT PUEBTR Y S B, EMLE Im-
ageNet 2% EWUIZRE AR, FHmEd ROAAE# EdEsE ERITIIZR, 6luon f24E T ALK
A, SREH BRI NG HERR, BATEREM A ResNet-34,

XE, WAMER SRR AR AR TR S T7 5. FERRIIZREEE S5 W) IR R AR R 1A
N, BATANEERIEZATEMAR, ETRXNRE, £ DGR =, FITTAAZR
B SR EYIZRATRIREE, TR TR L8 SiAL g — 1/ NE i 45

TEIZRIE AR, FATEYIZRE @ E RSB Ed RA RHE R S HE A RS, ARG HRTE
XA/ INM G b IEI S R BT, XA R TARERE RS T & R R MR T 5 R AR 1R A I 1],
WRETT A ERHIE R L7 6 L A T Z AN 23 1

TR, BAEZE BRI FE KSR A T ImageNet #dEEE HAYIIE bR EZ MR ENL,
IXFEA REPRUE T S AL RE %47 2 L A BRI
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resnet-gluon.md

Input

FPre-trained Features

Pre-trained Output:
1600 CI Dense Layer
Mew Output:
120 Classes

BARBRNTE L= W4E, HESITINZLFH ResNet-34 BENE, B NRBATHIE X—1TWZ
AU eIE MR, FHOIMGHHREE, TR,

In [6]: from mxnet.gluon +import nn
from mxnet import nd
from mxnet.gluon.model_zoo 1import vision as models

def get_net(ctx):
# 1&E pretrained=True FLEEEFIFUNGIRILMNE, E—XERAFTERKNTEH
finetune_net = models.resnet34_v2(pretrained=True)
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# TESCHTAVER R4

finetune_net.output_new = nn.HybridSequential(prefix="'")

# EX 256 MRZTHLERE
finetune_net.output_new.add(nn.Dense (256, activation='relu'))
# EX 120 MERETHEERER, WH9 TN
finetune_net.output_new.add(nn.Dense(120))

# FIR IR N6 H R4S
finetune_net.output_new.initialize(init.Xavier(), ctx=ctx)

# IBMESHRORIBERFITEN cPU/GPU L
finetune_net.collect_params().reset_ctx(ctx)
return finetune_net

9.9.5 JIIZIREIHFES

TEISLE RTINS, W EAREOIZR B A IR R MT IR B RAIR E R 5 S B0 MG, B
TEGIRINGR A TRER K, AT 758, BANXEAREN KA RIUE, T2 AR e &K

PATE AR E A T IR IR UELR AR REE, BATHE ST RISk, Hp it
BRSSP AR,

ER, BT HEF R RS, T

1. £ gluon.Trainer HHEX net.output_new.collect_params() & X THLTT %
IS,

2. FEYIZRIN RAE#T i R Bl B3R SRIEER,

In [7]: +import datetime
import sys
sys.path.append('..")
import gluonbook as gb

def get_loss(data, net, ctx):
loss = 0.0
for feas, label 1in data:
label = label.as_in_context(ctx)
# BRI
output_features = net.features(feas.as_in_context(ctx))

# BIEENERENEN, TEEEENENER

484 9. itEM¢

o=
&k



output = net.output_new(output_features)
cross_entropy = softmax_cross_entropy(output, label)
loss += nd.mean(cross_entropy).asscalar()

return loss / len(data)

def train(net, train_data, valid_data, num_epochs, 1lr, wd, ctx, lr_period,
1r_decay):
# REMNSEREMEHSEH E#ETIIZ
trainer = gluon.Trainer(net.output_new.collect_params(),
'sgd', {'learning_rate': 1lr, 'momentum': 0.9,
— 'wd': wd})
prev_time = datetime.datetime.now()
for epoch in range(num_epochs):
train_loss = 0.0
if epoch > 0 and epoch % lr_period == 0:
trainer.set_learning_rate(trainer.learning_rate * lr_decay)
for data, label in train_data:
label = label.astype('float32').as_in_context(ctx)
# EMERITEHEIENER
output_features = net.features(data.as_in_context(ctx))
with autograd.record():
# BFHEERERERNEN, ITELEENENE
output = net.output_new(output_features)
loss = softmax_cross_entropy(output, label)
# RAGESNEEMRAETSEEWSE &
loss.backward()
trainer.step(batch_size)
train_loss += nd.mean(loss).asscalar()
cur_time = datetime.datetime.now()
h, remainder = divmod((cur_time - prev_time).seconds, 3600)
m, s = divmod(remainder, 60)
time_str = "Time %02d:%02d:%02d" % (h, m, s)
if valid_data is not None:
valid_loss = get_loss(valid_data, net, ctx)
epoch_str = ("Epoch %d. Train loss: %f, Valid loss %f, "
% (epoch, train_loss / len(train_data), valid_loss))
else:
epoch_str = ("Epoch %d. Train loss: %f, "
% (epoch, train_loss / len(train_data)))
prev_time = cur_time
print(epoch_str + time_str + ', 1r ' + str(trainer.learning_rate))

PANE SN2 EoTIgRERL, XSS R alE, 7 M TgiE—m, BATXERF epoch £
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BEBERN 1, FEE, epoch —fA] DAJAKRLEE, FATVR AR UESR AR A LB TR
JARESEL

SN, A TG ATZR I ARSINIIZ, R THNSEE, R
SN 0.01, HRKAER 10 1> epoch H3E 0.1,

In [8]: ctx = gh.try_gpu()
num_epochs = 1
learning_rate = 0.01
weight_decay = le-4
lr_period = 10
lr_decay = 0.1

net = get_net(ctx)

net.hybridize()

train(net, train_data, valid_data, num_epochs, learning_rate,
weight_decay, ctx, lr_period, lr_decay)

Epoch 0. Train loss: 5.447030, Valid loss 4.756134, Time 00:00:01, 1r 0.01

9.9.6 XHMiAED S

LIEH—HR RO SEUE, BAMEAERIZGEYRSE (GRIESR) ERIZER, 3f
MG R, EE, BATERRINIZRE FFm R

In [9]: {dmport numpy as np

net = get_net(ctx)

net.hybridize()

train(net, train_valid_data, None, num_epochs, learning_rate, weight_decay,
ctx, lr_period, lr_decay)

outputs = []
for data, label 1in test_data:
# ITEHERNSE
output_features = net.features(data.as_in_context(ctx))
# BIHEERNARERNEN, ITE2EENENER
output = nd.softmax(net.output_new(output_features))
outputs.extend(output.asnumpy())
ids = sorted(os.listdir(os.path.join(data_dir, input_dir, 'test/unknown')))
with open('submission.csv', 'w') as f:
f.write('id,' + ','.join(train_valid_ds.synsets) + '\n')
for i, output in zip(ids, outputs):
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f.write(i.split('.")[o] + '," + ', ", join(
[str(num) for num in output]) + '"\n'")

Epoch 0. Train loss: 5.078403, Time 00:00:02, lr 0.01
LRSI TR 2B — submission.csv B T1E Kaggle L%, 1X/& Kaggle E5kK

MR R, IXINTRATAT PATE Kaggle EEATMNASE 73 R RIERHEE R MEFRR, REE
B S) Kaggle WG, FTHF120 Ffy2il sl mit, HAE RAEM Submit Predictions %5,

@) Playground Prediction Competition

Dog Breed Identification
Determine the breed of a'degiivanimage

Kaggle - 178 teams - 4 months to go

Data Kernels Discussion Leaderboard Rules Team My Submissions Submit Predictions

WM R/ Upload Submission File IEBFFEIRZMIMLEER, AEsE FAH Make
Submission ZHHL AT DA B 45 SR M !
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https://www.kaggle.com/c/dog-breed-identification

Step 1

Upload submission file
Upload Submission File
fle F MNurmbr t

Your submission should be in CSY format, We expect the solution file to have 10357 prediction rows, This file

You can upload this in a zipfaz/rar/7z should have a header row. Please see sample submission file on

archive, if you prefer. the data page.
Step 2 B I % 6k @ | EEH - [M3] Styling with Markdown suppor
Describe submission

Make Submission

I BIENE, HAT Kaggle (JUREFMIKS —RKLAMN 5 RGERERIML &, BT AR E RAT 540 =8,

9.9.7 Rl CCIRIFWFERHMIMRAFE(FL)

- {#H Kaggle 52844, 8 batch_size fl num_epochs 735 KLE, RJPATE Kaggle 52
B AR ERRR AN K2

- VRIEE 2 HAMIp AT ARSI S E? /MK TR R 70 =2
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9.9.8 HIIEIAITIEX

9.9. SLAK Kaggle EbZE: iR%! 120 #3 (ImageNet Dogs) 489



=

9. itEHL

490



10

BAAES A E

10.1 jA[[E: word2vec

HAES R EMRFRIRS UNERRY, EXERGH, ARERXNEARIT, FHLEY S,
GuArI{sE P e B AR R 1A ?

BB, TAAER AR RIANAE, WSO RIRRERE, Tk, JAME R
A B PRIE S A BB

10.1.1 A{AARFEF one-hot R E

BAHENEA R ZE M 25 /413 one-hot [MIERFTRIA, BOZiA M ARIEEEN N, &1A
FATDAFIAN 0 B N — 1 (IESHREE — — X L, R — MARHEN BT ¢, N TRENZIR K
one-hot MEFR/R, FAQE—D2 0 BN N EE, HRHS  ALRWN L

SR, M one-hot JAMEIF AR —MFIER, — PNEEMIHAZ, one-hot iF[\I&EICIERIEAN
[Al3A] 2 RIFROARCUE . flan, fEAal—X$iAY one-hot [\l & AYSRIZARUE AL A 0,
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10.1.2 word2vec

2013 4, Google FIBAR 3 T word2vec T. B, word2vec T E EHE S MR PReA! (skip-
gram) FIESLALEHET (continuous bag of words, f&#K CBOW), PAN RN ERGNLZRI T
KAt (negative sampling) F1JZf¥ softmax (hierarchical softmax), fEfS—4$2//2, word2vec

el [ R T DAREAT AR AN TR 3R] 2 (RO AR (LRSS PSR 2R

word2vec HARHEHY 2N AL BAE S LHES T, BRBRIMIIZG G ERER TIRZ 54
AR A BRI, AR B R4 word2vec RIBRTURNINIZRT5 75,

10.1.3 1E#

BRFIREY

TEBR TR FRATH — AR e A SOAR P2 JE TR, BN, 4578 SCARFS)” the” , “man”
, “hit” , “his” , f1” son”, BKFEAUFSCOOLNE, 4787 hit”, ERERILE “the” , “man”
“his” , #1” son” WML, EXMEITFH,” hit” IHFUCNE, “the” , “man” , “his” , #1” son”
&R, BT hit” HAERS EREAEY 2 (I RIE, X EE RN 2,

Bl kAttiid — Nk RAY,

B IEEAR N V], FATRARIBLAR A ENME S5 M 0 2] V] — 1 RS ——XF R Ja R 5[5
V={0,1,...,|V| - 1} —MATEIXIA AN RV EREEFR NIRRT A& —MKEN T R
AFFIH, ¢ ZIRTER w®, YEEEOARN m B, Pl 2 s KA E E— A A
BT SRl MR -

2 P(wtt) | ®
I I e )

t=1 —m<j<m,j#0

BB ERA G T 5 e/ ME DL R 5K A

T
f% Z Z logP (w9 | w®)
t=1 —m<j<m,j#0
FATAT A v Hlw AR DIRME R AR, 152, N TREb—PNR5 Dy fE, &
FEAE D LA R SR AT A B R R 7 AR v B wgo TR SR FTA TR A3 P e 8 I 2 Bk A8t
RIS SRS, N T RER S BRI AR, B 2 AR S RRIA R B
AR ZE B SRR B P OA AR s N1 R A BB 2 A BRAZ Y, 2878 HOA w.
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https://code.google.com/archive/p/word2vec/

TEIRHHR RGN ¢, B RIA w, TERBHERG N o, #AEREH AR BT SR A2 AT DA
H softmax BAEE SN

exp(u] v.)
Yicyexp(u/v,)
MFPHIHE T 8KkEE, FBADEE BENLIRAE— NN F 8RB R R B B E T
FECAZIR PR EL, @Ry, FATTAT DA b 204 st R i 3 Boe FHhutiA b & v, FIERE
H:

IP)(wo | w6) =

OlogP(w, | we) u eXP(“jTVc)

ov. CT T ep(u] v

J

i L5 R ASEr

o8B [0e) - Y By [ wu,
JEV
i B EARIEEE S, FRATAT AR BN S N ERARNE AR A S v, HMEA S
u, FIERTTAFAG, &Z, N TIREAPRE—RS D8 BiE, BAIEENZIEE O
B RIARA IR E v, flu.

SRR SRk AR L, SRy BRI RRTARFR, ESLRSER A A — DA XA
F 5 e BB AR T A, BN, 2R SCARFPS” the” , “man” , “hit” , “his” , 17 son”,
ESASRBAIFTIOLEZ, BT “the” , “man” , “his” , 1" son” —EAKHLIA" hit”
AR,

BRisIA S AR V], BATRRS AR NE S 0 2 (V] — 1 BURE—— X AR5
V=A{0,1,..., V|- 1}o —DRAEIZIRSLAF RN ERBIRRNRS 48— MRKEN T X
AFFFI, ¢ INZIETERD w®o SR DN m N, JESRR SRR R R A i SR AL
AL A AR :

T

HP(w(t) | w®m o wtD D ,w(ter))
t=1

BB BRI 5 e/ ME DL 5K R

T
_ Z log]p(w(t) | wt=m) D) D ’w(t—i-m))
t=1
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FATAT DA v #1 w 3 IR AR Rp A & GEERFSMBkFER R AR, #5Z, X
FiA# R —NE518 ¢ WA, EEERE RIAMF IR RERR 252 v fl u, miadd
Fi & TR IX I AR ) & 1 R I SRS A R B2 ST 2B, N T B RL SBOE AR eR AR, Tk
75 B AR S FIA IR R E R B O IR AR B RIAER, 4 H0MA w, TEIRH R S|
He, BRI we,, ..., Wo,, EIHHHFRTH 01,...,00,, FAREEHIERIAEBRH ORISR
A DA softmax BRECE R

explu! (vo, +...+V,, )/(2m)]
ZiEV exp[u;r(vol +...+ Vozm)/(Qm)]
MFRHIKE T 3KRE, FATEE VR — D8N T AR B R BT AL E
PRI IZIRI R B, ISy, FATTAT DA A XA SR AN BT —E =AM & v, (i =
1,...,2m) BIBEER:

Plwe | weoyy - s Wo,,, ) =

OlogP(we | Woyy .-y Wo,,,) 1 EXP(U;'FVC)
o (2 2

v, ‘S Diev exp(u; v.)
iS5 NS
OlogP(we | Wy, ..., Woy,,) 1
av., = %(uc - EZVIP(wj | we)uy)
J

I b RSB S, FRATTAT DUEE FRE LR R R AW IR R B N RSB E v, (0 =
1,...,2m), HAWERIBE u, FNIEAOTKFEIRAS, &, XNTRMmPrE—RK5 0 « /9, &
TS ENZRANE N T SRR ORI AR R v, F wgo

10.1.4 EAIERE
BATAI AR, LIt FHAIR ZBESL R NSER S§—PEITENE S v IR/ 8

Ko WA, HIAMPRN, L2 LA, EMINGTANTRITHIEKR. AL, EH
RN TTIEAE KB PR A XEE R

FATPE A AR 5 1R X R B T RUINH BT, 3 R )| ZRIE G HE TR AERD 2
¥ softmax.

ARF

BATLAB AL R B THE TORAE
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T Y KN A ATE BFREREH L, 2 R HONA w,. AT 50 w, BB P(w, | w.)
FHT softmax, i softmax 1E/2% [ T i i Al REZ IR I —I/, FHAIFE softmax 76}
LO
BTG AE, BRI w, ERRE =18 w, B AN ES SRS H ORI

o HURMA] w,. T 5LIA w, RN LRI 2R EdR & 1

o HULE w, FIEE 1R ] w, AR HIRE I ZREAEE 1 (B A 1] wy 120875 18 701 P(w)
BEFLAEAR, (RIE—EM w, AR HIE I R8RS )

« UL w, P18 K DRI wye AR HEIEZIZREERE - (BRI w g 125 17 7016
P(w) BENTAERR, RIE—EM w, AR EIE X ZREdEE )

BATAT LA o(2) = 1/(1 + exp(—x)) FECRFIALT w, R 517 w, [ HBIEZ I
SR R

P(D =1 | wy,w.) = oc(u/v.)

M2, HOLTE we A RE T w, BB AT DAL

K
logP(w, | we) =1og[P(D =1 | w,, we) H P(D =0 | wg,w.)]
k=1, wi~P(w)
(R ir] wy, TEIRBARAYR SN i, ERXATRE N
K
logP(w, | w.) = log

1
S — logl - —
1+ exp(—u/v,) k—l,m%;vﬂ’(w) d 1+ exp(fuiTkvc)]

b, A IRHOA we ERTHE R w, KRR EEUR
K

1
—logP =-log— 1
ogP(w, | we) 81 exp(—ulv.) . ZP( ) 0g

SUFATHE K BEIMERS, 5 RBEHUREE RRE IR RS O(V)) BN O(K),

TATHA] DO ESHARBE R T FORAE, ARE R 0™, w1 D (thm) gl
FOLMA] w,. BIIIR R EL

1+ exp(u v.)

—logP(w® [ wd=m) w0 (D g (thm)y

)
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FEGCRAE A AT DO BN

K

1 1
—lo lo
&1 +exp[—ul (v, +...+V,, )/(2m)] - ;P(w) &1 + exp[(u], (Vo, + ... + Vo, )/(2m)]

R, FRATHE K BUEIMEI, RRBENLRE R RIBEEE L EIFR5 E O(V)) R O(K).

10.1.5 [ZF softmax

J2F softmax A T = XM, REYEDIHFIT R AGRE IR Y RN, BN w VAT
RN vio FATLANEONHI, KRR softmax B TAEHLH,

[Not supported by viewef]

lot supported by viewer] / \

[Not supported by viewer]

; E S 2 [Not supported by viewer] / 2

porffddttsupisevestl [oviewmdriddloy sieweried by viewer] [Not supported by

i L(w) 9 M XA EIRRENR TR w B AR LAY 8, IR n(w, i) ARG L
iR, T RIEEN w0 AEEDB, L(ws) =40 I, BRFRAIFIES R R
Fir s 2 R AR EOA w; AR w HIREER

L(w)—1

Pw|w)= [] o(n(w,j+1)=IleftChild(n(w,))] - u.q, ;v:)

j=1

Hrpo(r) =1/(1 +exp(—2)), Rz NE, [2]=1; RZ[z] = 1,
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BT o(r) +o(—2) = 1, w; ERIARAEAAIIEER 2 f1 1:
%

w=1

IEFATHE w; AWK ws IR, BT EZ W HERE] wg S EHREME, WG, B
W, BANFE

P(w3 | wl) = O—(u;Lr(wg,l)vi)) ! O—(iu;Lr(wg,Q)vi)) ! U(“I(ws,g)vi))
B AT DAGE FEBEATURE FE R R AE Bk P A R RN SRl SR R WE O B R A TR A & v F
T S A R we BOOERITFEIFEE O(|V)) BRI X EE O(log|V))s
10.1.6 /&

word2vec T E A RBk BRI SR R R AT DUEE A A ICRAERI R softmax 8/ NI ZRT 8o

10.1.7 43
o MEREIE P(w) FESEPRA R BOEN w BB FRER 3/4 IRF5. MfH4? (FEAR 0.99%/4
0.013/4 BIK/IN)
o —E the " 17 a” 2 2RSS TR S &5 B E AR A 2SI 2% A A R ? - (Rf B F word2vec
0S8 2.3 7)
o WA ZREFEBIAN” new york” fENRYIAHARE? (RIZ%Fword2vec 16358 4 719),

10.1.8 HIEIXITIEX
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https://papers.nips.cc/paper/5021-distributed-representations-of-words-and-phrases-and-their-compositionality.pdf
https://papers.nips.cc/paper/5021-distributed-representations-of-words-and-phrases-and-their-compositionality.pdf
https://papers.nips.cc/paper/5021-distributed-representations-of-words-and-phrases-and-their-compositionality.pdf

10.2 jAMAE: GloVe 1 fastText

AT EPRNE T — = iE AR, B98I 2014 £ Stanford FIPA & FHIGloveRl 2017 4
Facebook [P\ & FfJfastText,

10.2.1 GloVe

GloVe {# H TS5 18 Z [RIFFLIL (co-occurrence) 158, FATENX X NHELINESAEM:, Hoo
2z, A § TR  FUIREE (context) MIREL, XEHY “INME” HZRATEEME Lo 251l
F, BRI, aniRiE j HELEE « AsE AN E 10 MAEEE, BT DU
Tl j HERLETA ¢ BRI — IR, 2 2y = 30, wa AERIAIEIRAETA] § ROV IREL, HB A4,
Py=P(j|i)=="2

i

A j IR @ FOPRERORER IX— AR ABARIA @ ANiA] 5 AOHEEIAER

HIMBERLLE

GloVe 16 /R T DA R — AR L BIAE R 5 LU :
« P(k | ice): 0.00019 (k=solid), 0.000066 (k= gas), 0.003 (k=water), 0.000017 (k=fashion)

* P(k | steam): 0.000022 (k=solid), 0.00078 (k=gas), 0.0022 (k=water), 0.000018 (k=
fashion)

« P(k | ice)/P(k | steam): 8.9 (k=solid), 0.085 (k=gas), 1.36 (k=water), 0.96 (k= fashion)
FfiiES EERATDONEEEIDL RIS :
« NT5 ice XM G steam AMHKHIIA £, FIUN k =solid, FRATIAEILIMERILE Py / Py,
K, BN Fimss —ER 8.9,
« NT5 ice MRS steam HRHIIA £, HIANk =gas, FATIABEILIMERE P/ Py B
/N, BN b iR e — 2 HY 0.085,

« MT5 ice fl steam &BHHIEATIA k, BIUN k =water, FRATTEAREILIIMEZRLLE P,/ Py, B
1, BN ki fe—1£ 1.36,

« MT 5 ice Fl steam HSAMESKHNIA k, B0 k =fashion, FATIEILIMBERLILE P/ Py 12
M1, BN bR S — 12 0.96,
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https://nlp.stanford.edu/pubs/glove.pdf
https://arxiv.org/pdf/1607.04606.pdf
https://nlp.stanford.edu/pubs/glove.pdf

AT O, IR R L ERE LU AR B FOA TR A SE R GloVe T EI A X in) A & 1Y e ok 3k
IR LA,

RiRmEREHMTRLLE

GloVe IR OME T FIRIM B RIAHBIMRLE, MERE - NI HETRZE =" . j M k1
R, NTHIBER Py =P | 4), BATFRIE « FHA] § 25000 HCIEFIE i, AR o
o 73 AIFR IR FU LRI 5718 B 1A ) &

PATTRT AR A SRR A B AR AL f R FRIR IR LA -

P;
P;

f(via vj, f)k)) =
TETEAZ, R f FTRERNIRTIFARME—, &t, TRAAME 2 ZRFEILIMERATLE, I
X5
P
P;
T HIER HUER — M, T AR Z BRANTIEERE f e ERF —P %S, &
(REIPAEE

fv; —vj,v) =

LR — ARSI AR, Bl 1A 2 OA R 3 T AR 2
AR R ORI AR RS HERA L, v =5
o VL2 HEERRERE X RO R 75, 2y = o,
NT R LR MR, —E, B4

F1FE f(x) = exp(x)o LALEMAIGEILIKIZ,

exp(viTi;k) = sz
SENERVCIEE;

v, Oy, = log(zk) — log(z;)
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S—7iH, AR A B3P log(z;) B MR Z 1 b; + by, 155
U;r’f]k = log(mik) — bl — bk

RRG1 0 Mk B, BRATAT SR UERT FR IR M RT AR 7B 2K

KIt, TR/ F 5, AefiEm & RIA IR U E R 2 ] DA (o RIS e 1
TR EL:

’U;rfjj +b; + bj = log(ajw)

BRI

AR IA SR ERAE G EE BGOSR, O 7SR RN R WS, AR E
ERPRED S ALY . SRR/ V RIKEREL f(2;), BATE KA

”
> flay) (] 05 +b; +b; —log(xs))”
ij—1
XN FIERE f(x), —PMEWINERRZ, Yz < c Bl c =100), % flx) = (z/c)> a0
a=0.75), RZ% f(z) =1, WEFENZE, MKREHEHIHESZESEIAMER X HAEZF
TLERMEE BLEMERR, BATATM X FREHERE ML RIS IOER, (HRBEVIEE SRR
Al A m A I,

REERNE, MTPEE—X i, BREBTFE NRITZA
Fl@ig) (0] 05+ b; + by —log(wi5))* + f(2ji)(v] D; + bj + b; — log(w;:))?

T 25 = a5, X o F 0 FAKEIRE AN AAE, B2, R EETH I
XA v B o AR R R B EIE, RItE, ERIRAY AL IR A B AN SR A R .
HRHTAERARR, [F—MaRZFESIEINWAHFR R AT, STHRRRY 152
JG, GloVe fifiFH— Ml Cial A& 5 7 Sia f 2 MOE NIRRT R &R R,

10.2.2 fastText

fastText £ ] GORFERYBE 7 BAUEAE |, RN HOIEaMN 718 (subword) WIS, FFH3
ERGNICI NS
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PA where IX/MAHHI, 578 3 DR, EMTIAELE “<wh”, “whe”. “her”. “ere”. “re>”
MR TR (CB&iA]) “<where>”, HHY “<” F1 7 BATRAE RIS FiRX 75 ek, i
H, XEETIE “her” 5%id “<her>” WMAJ#{X 73, 4T — M w, FATEE ] DINFEFKE
1E 3 2| 6 Z [AIHIFTE FIAMIRR IR IF 4R G, BXit, BRIRAERE T8 g B FIAMER z,,
FATTAT DAREAL FH GCRAE () B AR A R 2K BR 4

1
1+ exp(u;, v.)

K
1
—logP(w, | w.) = —log ERIP S
1+ exp(—u, v.) k=1,wi~P(w)
B
K

1 1
—logP(w, | w.) = —log - log
1+exp(—ug Yyeq, Zg) k—l,%ﬂr(w) 1+ exp(u 3 oeq,. Z9)

FATATAER, TR A0 A SO R T HO IR R F iR A = AR, S8R (word2vec Hl
GloVe) AN, Talgit DASM#r i) ] [ & o] DAGE A fastText FRAR R -a] A A,

fastText A T —LEiBE S ES, FlANFHATE, EIEMEIE, fla, EmiEbERZE A1, fild
EEPR (I table tennis) EfEIEAHHY “Tischtennis”, fastText A] U@ T1AZRIAF MAAE
JeE, a0 “Tischtennis” F1 “Tennis”,

10.2.3 /&

+ GloVe A ial[A) & FIAFEIIR AN £,
« fastText F FiA][A] & & FIFRIEEEH,

10.2.4 4.3
« GloVe H1, @SR —"MNAEHIIE S — MAIRES, 274 7] AR 12 BIFE AR 75 i 2
EN&AmH A T R? (A& Glove 1©£74.2 )
- MR EF Glove FHRBEIN, 25 tha] DA TR — M RFL IR FR M ?

- 1E fastText 1, FRIZELI (BIUA, 6 FHRLHEEN 26°)? (AIZFHfastText 1£703.2
)
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https://nlp.stanford.edu/pubs/glove.pdf
https://arxiv.org/pdf/1607.04606.pdf

10.2.5 HIEIAITIEX

10.3 WAEIME: KA ELLiE

AN HUWIET mxnet.contrib. text fEAMIZGNIAME, FEFEEMNEZE, mxnet.
contrib. text IEFEMNIAH I AIRETEAR RGN, WEKEN, AT NEVEHERNEHT,

AT EF R TT)IZRRY GloVe 1 fastText iFl[Al & 73 HI2K B :
+ GloVe W H MuGi: https://nlp.stanford.edu/projects/glove/
« fastText W H WMuf: https://fasttext.cc/

BA BT EN L,

In [1]: from mxnet dimport gluon
from mxnet import nd

from mxnet.contrib import text

10.3.1 HABUESEEIIFEIMENIERE—LL fastText 17l

B fastText Qi A DM ZRATHEIAIR, B2 BIMAREIES K Wikipedia BUEEIZFE],

In [2]: text.embedding.get_pretrained_file_names('fasttext')[:5]

Out[2]: ['crawl-300d-2M.vec',
'wiki.aa.vec',
'wiki.ab.vec',
'wiki.ace.vec',
'wiki.ady.vec']
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https://fasttext.cc/

hiEAmE

N TR, BAAE—MRNSOREEESR, IR

In [3]: text_data = " hello world \n hello nice world \n hi world \n"
counter = text.utils.count_tokens_from_str(text_data)

BAVARTE AR RN, FHOMZIA A AYIRIZA fastText iAA1 &, XHEHH Simple English
AT T 7 o

In [4]: my_vocab = text.vocab.Vocabulary(counter)
my_embedding = text.embedding.create(

'fasttext', pretrained_file_name='wiki.simple.vec', vocabulary=my_vocab)

/var/lib/jenkins/miniconda3/envs/g1uon_zh_docs/11b/python3.6/site—packages/mxnet/contrJ
— ib/text/embedding.py:278: UserWarning: At line 1 of the pre-trained text
— embedding file: token 111051 with 1-dimensional vector [300.0] is likely a header
— and 1is skipped.
'skipped.' % (line_num, token, elems))

THHLRR T RS BAR T I N RIRIETE, RS — MR AIAR S, &— FIAK/N,
In [5]: len(my_embedding)

Out[5]: 5

EE—NAHIMAR R B Z A&,

In [6]: my_embedding.get_vecs_by_tokens('beautiful')[:10]

Out[6]:
[0. 0. 6. 0. 0. 0. 0. 0. 0. 0.]
<NDArray 10 @cpu(0)>
E— NEIREHFNA “hello” F1 “world” HMEMEIR, fastText HENALI A 300 4EHiH
A&,
In [7]: my_embedding.get_vecs_by_tokens(['hello', 'world']).shape

out[7]: (2, 300)

FTEN “hello” 1 “world” iEMIERTHNICE,
In [8]: my_embedding.get_vecs_by_tokens(['hello', 'world'])[:, :5]

Out[8]:
[[ ©.39567 0.21454 -0.035389 -0.24299 -0.095645 ]
[ 0.10444 -0.10858 0.27212 0.13299 -0.33164999]]
<NDArray 2x5 @cpu(0)>
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E—F “hello” 1 “world” fEIA#LHIRS],
In [9]: my_embedding.to_indices(['hello', 'world'])

out[9l: [2, 1]

EAMINZIARE4151C gluon.nn.Embedding

FATTRT LA T ZRRYTRI I 24461 gluon.nn. Embedding,
In [10]: layer = gluon.nn.Embedding(len(my_embedding), my_embedding.vec_1len)
layer.initialize()
layer.weight.set_data(my_embedding.idx_to_vec)
fEF R “hello” #1 “world” M/ MATEIRSLHAYZR 5[, FATAT U@ gluon.nn.Embedding
[REEMIARE, JHRMEmSE T —RBLS,
In [11]: layer(nd.array([2, 1]))[:, :5]

Out[1l1]:
[[ ©.39567 0.21454 -0.035389 -0.24299 -0.095645 ]
[ 0.10444 -0.10858 0.27212 0.13299 -0.33164999]]
<NDArray 2x5 @cpu(0)>

10.3.2 HFIIIZRIAREEILIAHE—LL Glove 7l

E— T GloVe i LM IIZRATIRIA) &

In [12]: text.embedding.get_pretrained_file_names('glove')[:5]

Out[12]: ['glove.42B.300d.txt',
'glove.6B.50d.txt",
'glove.6B.100d.txt"',
'glove.6B.200d.txt"',
'glove.6B.300d.txt"']

N TR, FAMER/N— B a e, B 50 4 X EAEE AREEER 2 118, 1
2 LR A 0011 1] 1 R P ) ] B

In [13]: glove_6b50d = text.embedding.create('glove',
pretrained_file_name='glove.6B.50d.txt")

B PRMNAMEZR, EEREPES - PMRRIIARIIATT S,

In [14]: print(len(glove_6b50d))

504 10. BAIES B



400001
FAITA] LAV 1) ) e 2 ) Jeg

In [15]: # JAEIZ&S),
print(glove_6b50d. token_to_idx['beautiful'])
# ZR5|E3E,
print(glove_6b50d.idx_to_token[3367])
# AEEKE,
print(glove_6b50d.vec_1len)

3367
beautiful
50

10.3.3 FiillgriAm=RI N —LL GloVe A1jl

N NSRRI &R, BT SORGEHUE, &) PR & A AR U

In [16]: from mxnet -dimport nd
def cos_sim(x, y):
return nd.dot(x, y) / (nd.norm(x) * nd.norm(y))

RZAUEREERTE-1 2 1 ZH, REEMCUEEBIR, WA H R,

In [17]: x = nd.array([1, 2])
y = nd.array([10, 20])
z = nd.array([-1, -2])

print(cos_sim(x, y))
print(cos_sim(x, z))

[1.]
<NDArray 1 @cpu(0)>

[-1.]
<NDArray 1 @cpu(0)>

KIE{RAIR]

LEEEIR, BATATAMEEANABL CK/N40 77, ANERFIANGS) P 5 ERZEITR kM
(k nearest neighbors), 15 18] Z [A] ABALLEE AT AR PR Tl A S ) R sx AR U RO
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In [18]: def norm_vecs_by_row(x):
return x / nd.sqrt(nd.sum(x * x, axis=1)).reshape((-1,1))

def get_knn(token_embedding, k, word):

word_vec = token_embedding.get_vecs_by_tokens([word]).reshape((-1, 1))

vocab_vecs = norm_vecs_by_row(token_embedding.idx_to_vec)
dot_prod = nd.dot(vocab_vecs, word_vec)

indices = nd.topk(dot_prod.reshape((len(token_embedding), )), k=k+2,

ret_typ='indices')

indices = [int(i.asscalar()) for i 1in indices]

# BREXRMIAF SN,

return token_embedding.to_tokens(indices[2:])
EHRiAMA S “baby” HEZIEN 5 NMA,
In [19]: get_knn(glove_6b50d, 5, 'baby')
Out[19]: ['babies', 'boy', 'girl', 'newborn', 'pregnant']
BIE—T “baby” F1 “babies” F/MallAl&E Z AIARZAHUE,

In [20]: cos_sim(glove_6b50d.get_vecs_by_tokens('baby'),
glove_6b50d.get_vecs_by_tokens('babies'))

Out[20]:
[ ©.83871299]
<NDArray 1 @cpu(0)>

BRI S “computers” FAIFIEHYT 5 M,

In [21]: get_knn(glove_6b50d, 5, 'computers')

Out[21]: ['computer', 'phones', 'pcs', 'machines', 'devices']
BEHAIPES “run” BIFIER 5 M,

In [22]: get_knn(glove_6b50d, 5, 'run')

Out[22]: ['running', 'runs', 'went', 'start', 'ran']
EHIAR S “beautiful” ST 5 M,

In [23]: get_knn(glove_6b50d, 5, 'beautiful')

Out[23]: ['lovely', 'gorgeous', 'wonderful', 'charming', 'beauty']
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K3ELLIA

FeATTAT DA FH Tl ZRiml a2k 1R 5 18 2 [AI 2R B R B4, man : woman :: son : daughter /&
—DEIHIF: “man” 2T “woman” HYT “son” ZT “daughter”, KZELtinlfmlEAT DUE
N ANFREXRAFE M a: b c: d, BERM =T a, b, c, K d, WRLLIAMNEEE, K
FIFN c+(b-a) AILER 1A A &R AR R &,

AR, BN (40 77, REAAIIRFE) P,

In [24]: def get_top_k_by_analogy(token_embedding, k, wordl, word2, word3):
word_vecs = token_embedding.get_vecs_by_tokens([wordl, word2, word3])
word_diff = (word_vecs[1] - word_vecs[0] + word_vecs[2]).reshape((-1, 1))
vocab_vecs = norm_vecs_by_row(token_embedding.idx_to_vec)
dot_prod = nd.dot(vocab_vecs, word_diff)
indices = nd.topk(dot_prod.reshape((len(token_embedding), )), k=k+1,

ret_typ='indices')

indices = [int(i.asscalar()) for i 1in indices]

# AEERIIFPIaERIZELLE,

if token_embedding.to_tokens(indices[0]) == token_embedding.unknown_token:
return token_embedding.to_tokens(indices[1:])

else:
return token_embedding.to_tokens(indices[:-1])

“BHAr” KHe: “man” 2T “woman” fH4T “son” ZTfHA?

In [25]: get_top_k_by_analogy(glove_6b50d, 1, 'man', 'woman', 'son')

Out[25]: ['daughter']

FSUE— T vec( “son” )+vec( “woman” )-vec( “man” ) 5 vec( “daughter” ) Fi/PAIE Z [BHIAR
SR,

In [26]: def cos_sim_word_analogy(token_embedding, wordl, word2, word3, word4):
words = [wordl, word2, word3, word4]
vecs = token_embedding.get_vecs_by_tokens(words)
return cos_sim(vecs[1] - vecs[0] + vecs[2], vecs[3])

cos_sim_word_analogy(glove_6b50d, 'man', 'woman', 'son', 'daughter')

Out[26]:
[ ©.96583432]
<NDArray 1 @cpu(0)>

“EER-ER” 2Kk “beijing” ZF “china” MHMT “tokyo” ZFATA4?
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In [27]: get_top_k_by_analogy(glove_6b50d, 1, 'beijing', 'china', 'tokyo')
Out[27]: ['japan']

“WRE-TERAREMN” Kb “bad” ZTF “worst” YT “big” ZTHA?
In [28]: get_top_k_by_analogy(glove_6b50d, 1, 'bad', 'worst', 'big')
Out[28]: ['biggest']

“BhiA—MEIN-BhiAE BN KLk “do” 2T “did” MM T “go” T4

In [29]: get_top_k_by_analogy(glove_6b50d, 1, 'do', 'did', 'go')

Out[29]: ['went']

10.3.4 /&
« i mxnet.contrib.text A AERAAZR ATIIIZRA IR A &
o FRATTAT DAN B TR )R] ) & SR AR LR AT 2. LR iE],

10.3.5 4.3

o R CORFISEELIRIN AT & R —2E, WEREEIR,
o MK —F fastText YA & (pretrained_file_name=" wiki.zhvec ),

o WNSRAEFE R ZE I 25 (015 5 B AR Embedding ERIAHK T ZRATRIA &, BORN
far?

10.3.6 HIBEXITIEX
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10.4 X753 BREDH

BT RIFFEEZN—TERIE S OENES, BN T Amazon 236 Wk A e & K&~
rIEIR A TIE RS> 2, Netflix 8(3# IMDb A & EB AT THO TIHRE 228, MmAEBI&1F
BUCHFE 5L, SRR PRL, AT AEFAE Gluon REAIE— MBS KEA HIREHE—
s, HBXAIEEERNE Bl &2 AT IE%E, i, BATEE T —MEER AR
#%, HttE embedding 2, encoder (XA LSTM), decoder, >RH|Wr IMDb LHEIFIE
HEHER. NHEBLEFA TR E X G B AT R,

10.4.1 H&TIIE

FET MG R TR 2 1T, BATITR AT R — L8 A T A

BN MXNet #1 Gluon

B, BATHATENE MXNet 1 Gluon,

In [1]: from collections +import Counter
import os
import random
import time
import zipfile

import mxnet as mx
from mxnet import autograd, gluon, init, nd
from mxnet.contrib import text

J%EY IMDb #iEEE

BETE NIRRT T2 HIEEESE., A1 H Stanford’ s Large Movie Review Dataset[1]
TENE RS,

« YL http://ai.stanford.edu/~amaas/data/sentiment/aclimdb_v1.tar.gz .

XANEARER NN (train) AL (test) #fmsE, 2HIERA 25,000 45 IMDb FEHIK T HL
SERITEIE, Horp 12,500 SRARERR “IET” AYIFIE, 5550 12,500 SRHRIERL “AE” BIPFE, K
IMER 1301 Bl e, o0& Al e,
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http://ai.stanford.edu/~amaas/data/sentiment/aclImdb_v1.tar.gz

PEIr R, REIRERE, BN

‘../data/aclimdb’
HE, RBEECE P T LRSIESE, Wity, 1H%E demo =

A, RBEFEEPOE B, A MR SES

../data/aclimdb_tiny.zip, Lﬁ_ﬁ?ﬁﬂ’ﬂﬁﬁgﬁ@ﬁﬁﬁ\d\iﬂﬁ%o

In [2]:

In [3]:

# WRINETEN IMDb MITEEEHURS, B TEN False.
demo = True
if demo:
with zipfile.zZipFile('../data/aclImdb_tiny.zip', 'r')
zin.extractall('../data/")

def readIMDB(dir_url, seg = 'train'):
pos_or_neg = ['pos', 'neg']
dataset = []
for 1b in pos_or_neg:

Jdata)” XHFRZTR, mIGXFAELT:

False,

, BATHREE T BB BERER — NI RAE

as zin:

files = os.listdir('../data/' + dir_url + '"/" + seg + '/' + b + '/")

for file in files:
with open('../data/' + dir_url + '/' + seg +

l/l + 1b + l/l

+ file, 'r', encoding='utf8') as rf:

review = rf.read().replace('\n',"'")
if 1b == 'pos':

dataset.append([review, 1])
elif lb == 'neg':

dataset.append([review, 0])

return dataset

if demo:
train_dataset = readIMDB('aclImdb_tiny/', 'train')
test_dataset = readIMDB('aclImdb_tiny/', 'test')
else:
train_dataset = readIMDB('aclImdb/', 'train')
test_dataset = readIMDB('aclImdb/', 'test')

# shuffle HUEEE
random.shuffle(train_dataset)
random.shuffle(test_dataset)
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EESIAHBNH B

RPN AL, FRIMFRTEE, BAME & A SRR T2t T o018 (ELrRY
R TEBMEESES) . 1817 PHEAAIET 2,

In [4]: def tokenizer(text):
return [tok.lower() for tok in text.split(' ')]

WL HAT T EAE, BATREFBIRS NI BIR R 2 RN PEE, I EGEIRR AR
% (LRE EmT, ofREE T THE).

In [5]: train_tokenized = []

train_labels = []

for review, score 1in train_dataset:
train_tokenized.append(tokenizer(review))
train_labels.append(score)

test_tokenized = []

test_labels = []

for review, score 1in test_dataset:
test_tokenized.append(tokenizer(review))
test_labels.append(score)

efESLE::

WAE, JetRIE IR ZR BRI counter, AJ51# ] mxnet.contrib 1Y vocab @Il iA 4,
X BB TR AN B GEARHRA NI N RS BT AMEEERBEARIE, RREE
X R EX TS

In [6]: token_counter = Counter()
def count_token(train_tokenized):
for sample in train_tokenized:
for token 1in sample:
if token not 1in token_counter:
token_counter[token] = 1
else:
token_counter[token] += 1

count_token(train_tokenized)
vocab = text.vocab.Vocabulary(token_counter, unknown_token='<unk>"',
reserved_tokens=None)
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R343R 89 B4 1L AL NDArray

RUNTIBAT IR A0 SRR RE AL NDArray.
In [7]: # RIBAM, HEBHIRAIHTAR.

def encode_samples(x_raw_samples, vocab):
x_encoded_samples = []
for sample in x_raw_samples:
x_encoded_sample = []
for token 1in sample:
if token in vocab.token_to_didx:
x_encoded_sample.append(vocab.token_to_idx[token])
else:
x_encoded_sample.append(0)
x_encoded_samples.append(x_encoded_sample)
return x_encoded_samples

# B EmEHEERK.
def pad_samples(x_encoded_samples, maxlen=500, val=0):
x_samples = []
for sample in x_encoded_samples:
if len(sample) > maxlen:
new_sample = sample[:maxlen]
else:
num_padding = maxlen - len(sample)
new_sample = sample
for i in range(num_padding):
new_sample.append(val)
x_samples.append(new_sample)
return x_samples

BT R ARSI 2 S R R NSRRI S £ A ORI T

In [8]: x_encoded_train = encode_samples(train_tokenized, vocab)
x_encoded_test = encode_samples(test_tokenized, vocab)

A HIT T EARIERARE A RANSCE R (AL 500), AERRHERREMVHEE context
L) NDArray, XHEBMBRERNTEZRD—H gpu, context HILENK gpu, MR, trlAEH
cpu, IBTTIEERTRERH IS — MR
In [9]: # ¥B%E contexto

context = mx.gpu(0)

x_train = nd.array(pad_samples(x_encoded_train, 500, 0), ctx=context)
x_test = nd.array(pad_samples(x_encoded_test, 500, 0), ctx=context)
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IXH, BATRIBRAREALEAL AN T NDArray,

In [10]: y_train = nd.array([score for text, score in train_dataset], ctx=context)
y_test = nd.array([score for text, score 1in test_dataset], ctx=context)

MEFNLRF R E

IXEBRAE A Z A AIEREIAS vocab PAK GloVe Tl ) & Al i il i & AN ok bz il & 17
A AR fE SRR F R MR R AE R AR, IX A B THE AR 45 3R, BATTTE
XEHEH’ glove.6B.100d.txt” {EATRIIZRHIIAIA &,

In [11]: glove_embedding = text.embedding.create(
'glove', pretrained_file_name='glove.6B.100d.txt', vocabulary=vocab)

10.4.2 BIRBRDAIEE

TH I AR — R LR LA RE A LSTM B A o AT 1ARF A1 AR A58 FH T I 4R ) Tl el 25K )
461 embedding layer WYNXEE, AR LSTM HECRHE, Bif, WAKR—DM)T
BIRE KT, AEEIE embedding layer, FIAAWIIZIRMER R T, Eid LSTM
HECA)FRURHIE, REHMER—MRERN 1 IR, MR8 LR AT & g4,
Hehkbearmi g, N EAR.

BRI 5 TYER 7. 1. embedding layer: HGHm ABHEH LA TNC B9 NDArray, F H 7
SeMEAMEIENZZNNE, 2. encoder: BAEEEANHIX—ER7 . decoder ZH—1HE
BN LSTM #a i, IXFEMATEFAb 2, FRATTREGE A LSTM 1k i Ekm AFEARIRHE, Z/EH
Fidl, 3. pooling layer: Ff1# X encoder 7ERZI 0 I, DANKNZIE G —F 15
HENEA batch H examples FIRHE, 4. decoder: f¢Ji, FATFIA E—L 4 smARHE, &
T— dense E AN

In [12]: nclass = 2
r = 0.1
num_epochs = 1
batch_size = 10
emsize = 100
num_hiddens = 100
nlayers = 2
bidirectional = True

In [13]: class SentimentNet(gluon.Block):
def __init__(self, vocab, emsize, num_hiddens, nlayers, bidirectional,
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*xkwargs) :
super (SentimentNet, self).__init__(**kwargs)
with self.name_scope():
self.embedding = gluon.nn.Embedding(

sel

sel

len(vocab), emsize, weight_initializer=init.Uniform(0.1))

f.encoder = gluon.rnn.LSTM(num_hiddens, num_layers=nlayers,
bidirectional=bidirectional,
input_size=emsize)

f.decoder = gluon.nn.Dense(nclass, flatten=False)

def forward(self, inputs, begin_state=None):
outputs = self.embedding(inputs)
outputs = self.encoder (outputs)

outputs = nd.concat(outputs[0], outputs[-1])

outputs = self.decoder (outputs)
return outputs

net = SentimentNet(vocab, emsize, num_hiddens, nlayers, bidirectional)

net.initialize(mx.init.Xavier(), ctx=context)
# %E embedding BH weight HiFAMRE,
net.embedding.weight.set_data(

glove_embedding.idx_to_vec.as_in_context(context))

# Xt embedding BAHITIAL.
net.embedding.collect_params().setattr('grad_req',
trainer = gluon.Trainer(net.collect_params(),
{'learning_rate': 1r})
loss = gluon.loss.SoftmaxCrossEntropyLoss()

10.4.3 JJl|ZRiERY

"null')

lsgd|’

X BATYNZRAERY, TAIEE P IR B RSB batch_size YIZRET, AT AE ], Gluon
REMCRRITI LIRS R, BRI RARR A, 550, BAMERZS SR E N R

B, AT HERRORPRAT R AL,
In [14]: # EAMEBERENTFNERT.

def eval(x_samples, y_samples):
total_L = 0
ntotal = 0
accuracy = mx.metric.Accuracy()

for i in range(x_samples.shape[0] // batch_size):

data = x_samples[i * batch_size :

data = data.as_in_context(context).T

(i+1) * batch_size]
target = y_samples[i * batch_size :(i+1) * batch_size]
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target =
output =
L = loss(
total_L +
ntotal +=
predicts

accuracy.update(preds=predicts, labels=target)

return total_

target.as_in_context(context).T
net(data)
output, target)
= nd.sum(L) .asscalar ()
L.size
= nd.argmax(output, axis=1)

L / ntotal, accuracy.get()[1]

1217 FHEAARSITHAIZRER, FA114F 800 /> batch, =it —IXEHFIHY loss,

In [15]: start_train_time
for epoch 1in rang
start_epoch_t
total_L = 0
ntotal = 0
for i in rang
data = x_
target =
data = da
target =
with auto
outpu
L=1
L.backwar
trainer.s
total_L +
ntotal +=
if i % 80
print

total
ntota

print('perfor
train_loss, t
test_loss, te

print('[epoch
% (epoc
print('[epoch
% (epoc
print('[epoch
% (epoc

= time.time()
e(num_epochs):
ime = time.time()

e(x_train.shape[0] // batch_size):

train[i * batch_size : (i+1) * batch_

size]

y_train[i * batch_size : (i+1) * batch_size]

ta.as_in_context(context).T
target.as_in_context(context).T
grad.record():

t = net(data)

oss(output, target)

dQ)

tep (batch_size)

= nd.sum(L) .asscalar ()

L.size
0 == 0 and i != 0:
('[epoch ] batch . loss ' % (epoch, 1,
total_L / ntotal))
_L=0
1=0

ming testing:')
rain_acc = eval(x_train, y_train)
st_acc = eval(x_test, y_test)

] train loss , train accuracy
h, train_loss, train_acc))

] test loss , test accuracy
h, test_loss, test_acc))

] throughput samples/s'
h, (batch_size * len(x_train))

10.4. X7A533E: BRSHR
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/ (time.time() - start_epoch_time)))
print('[epoch ] total time s'
% (epoch, (time.time() - start_epoch_time)))

print('total training throughput samples/s'
% ((batch_size * len(x_train) * num_epochs)
/ (time.time() - start_train_time)))
print('total training time s' % ((time.time() - start_train_time)))

performing testing:

[epoch 0] train loss 0.693508, train accuracy 0.45
[epoch 0] test loss 0.691830, test accuracy 0.55
[epoch 0] throughput 256.93 samples/s

[epoch 0] total time 0.78 s

total training throughput 256.76 samples/s

total training time 0.78 s

FXE, BMELMINEH Gluon QI T — MBI EERL, THEHEANZE T —M0lr, KEEK
RS> FP A RICR

In [16]: review = ['this', 'movie', 'is', 'great']
print(review)

['this', 'movie', 'dis', 'great']
REXAMFERE AR ER, ofRERAm) :

In [17]: nd.argmax(net(nd.reshape(
nd.array([vocab.token_to_idx[token] for token in review], ctx=context),
shape=(-1, 1))), axis=1).asscalar()

Out[17]: 1.0

10.4.4 /\&&

XA, BAMER T Z AR ZRA 1] 1A & DA A LSTM SRAGEE IR R 7y A Jaid (i A
Gluon, FATAT AR S AIREAGIE H— DI A H T R,

10.4.5 4.3

REATLAZIRX LA 77 1A RAG El B AT A1 R 70 FAs A -
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- MERSRGANERR, A—NN7E, SUZRERIRE (num_epochs) MUK 3, f/a1E]
SRR SR bR R HEREIR S 0.82,

o« ADAZZIA A FH R 4F B9 5017 T BAS BB R RRCR, SN RAEER G, Hlane] P
F spacy 73R T B, 4t pip %% spacy: pip install spacy, 7 H%%% spacy 59X
f1: python -m spacy download en, /51T FEIMEE21A, JE#EIA spacy: im-
port spacy, EEMZE spacy X H: spacy_en = spacy.load('en'), ®/GENX
BT spacy M 1AKEL: def tokenizer(text): return [tok.text for tok in
spacy_en.tokenizer (text)] BH#FERIE TSI 2H T E, FE, Glove H\&E
N T ARAEANZET R - EEIHI IR, FI40° new york’ 297 new-york’, mMifi
spacy 7F1AIZJG" newyork’ HIFFERIRER" new york' o FilAN T1RE|ELFHY embedding
R, ALY TIRH AT E R A 20, [ spacy fEA R TR, REEHERMZR L5
0.85 PA I,

- [EHBERITIZRIAMRE, F40 300 45/ GloVe [F &,
- FHEIRZERN encoder, B fHEZEEM layer,
- FHEMEEEMN decoder, BIANFTLAN L LSTM, ZJ5H L dense layer,

10.4.6 HBEATIEX

10.4.7 &EHk

[1] Andrew L. Maas, Raymond E. Daly, Peter T. Pham, Dan Huang, Andrew Y. Ng, and Christo-
pher Potts. (2011). Learning Word Vectors for Sentiment Analysis. The 49th Annual Meeting of
the Association for Computational Linguistics (ACL 2011).

10.4. XA BERDH 517



10.5 {RI925—fRMI28 (seq2seq) FI;EEMHI

TEFETIRIEAVIE SR, FRAMEA TR %, BRMAR —BAEKNFY, Mtz
ERH, Blan—NEiE, 28, RZ AR R AT KATFES, DIWLERBIE A, AR AT
AR SRR —BE, H ] DUBIRIBR—BOE, WAL EAER, fla

Hiif: They are watching.
1518 1ls regardent.

Lk N E R A E KA, B TAT DU FH 4fid a8 — g 8% (encoder-decoder) B3 seq2seqs
M HIET 2014 FERFHA TAE:

+ Cho et al., Learning Phrase Representations using RNN Encoder-Decoder for Statistical
Machine Translation

« Sutskever et al., Sequence to Sequence Learning with Neural Networks

DAL TAEA BT LA E T P MESRRZEINLS, SR (i as T RS as . Jmbdas I N F A
B, fEras s R A, I ERATRA A G s — AR AR AT I T

10.5.1 YmiD25—fRE02s

S AR R RS ER2 70 DN R N\ Z R i 7 S PR IMIE IR I 45, FRATTIEH S AER A5
AT B E— MR TAF “<eos>” (end of sequence) FRFHIIL L, TEMIAREY
B, —Hfit “<eos>” ML I Yn1HHIH T,

YmEDas
Gt eI E B — AE KEVE A FPI L — NE KIUHE RAR ¢ ZHERARUS TRA
ARG R. WAL as 2 IR M2,

PATIENER— NOEFRZE I 25 RN BRRAEFRHEE IS BTN f, 12t INZIAN 2, t = 1,..., T
BRi% o, AN 2 AERABIEER, I o, X one-hot & o € R* SR ABESEEM
EcR”" M o' E, RERER

h; = f(%, ht71>

518 10. BAIES B


https://www.aclweb.org/anthology/D14-1179
https://www.aclweb.org/anthology/D14-1179
https://papers.nips.cc/paper/5346-sequence-to-sequence-learning-with-neural-networks.pdf

Zmtt s R IA &

C = q(hl,...,hT)
—NME A R A R R M SR AN S B R hro TRATRIX B AYIE A FHEE W 25 1Y (52w
%g()

IR EBIFFHEE 4R

g i A BLA] DUZ IEAG s, el DU RAfeis, SRmAFIIE v1, 22, ..., xr, TEIEFAE
W REELE

Ho= flan o)
mixafEiES, REEERNTEZN

o= flan hi)

S T SR B0 N B 1 5 TE T 305 8 S 25 R 9 T, ef T DA P O R
G, B, RN 21,20, .., ar, FEFIERS, TR IR RS SR R
B Ty, R, ..., By HRIEM, SITEERBZM%SIES a2 b, .. o
R, W) RS EARATEE |, f b, 5k,

[Not sppported by pported by \l!!mpported by

[

[Not supported by viewer]

!

Jpported by pported by mported by pported by

| | |

[Not supported by viewer] [Not supported by viewer] [Not supported by viewer] [Not supported by vi

pported by

[

[Not supported by vi

Not supported by viewer] [Not supported by viewer]
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In [1]: # EERITEE.
from mxnet import nd
h_forward = nd.array([1, 2])
h_backward = nd.array([3, 4])
h_bi = nd.concat(h_forward, h_backward, dim=0)
h_b1

Out[1]:
[ 1. 2. 3. 4.]
<NDArray 4 @cpu(0)>

A

Fmtdan i T — NERIAE ¢, RWHERARRN TRARI 21,2, .., 20 FIEE.

BN LIE IR v, 2, -y, BATRERREA ¢ 25 H YRR T Z A5
HXBRTHRER, 25, A8 AR 72 SR

TI
]P(ylv"‘ayT’) = HIP(yt’ |y13"'7yt’71ac)

t'=1

AR Bk 3 A BRI
—logP(y1,...,y7)
Ak, BAMER S — DMERHZE LRSS, RTS8 A R p RSNy, AIMEZR
Plye [ y1,-- - ypr—1,¢) = p(ye -1, 8¢/, €)

HAH s, 8 ¢ NZIRREaSHR S RE R, ZESEZ

Sy = g(yt’*lv c, St’*l)

HA Y g BRI ZE BT,
TEERRE, Sty iR asiE i = (0 2 2 e i 2,
10.5.2 EFEAIHH!

FELL BRI, SN THFERE SRR, GEREEESH AR 2 AT DA AN
W s le?
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DABEIE-IRIERIE AN, 4% — AN FF “they are watching” FlfiHF%1 “Ils regardent”, fi#
MEASTENZ] 1 T MEF E 2900 T “they are” (SEME RIAERARL “IIs”, MAERNZ] 2 AT DAfE
FEZYR5 T “watching” EEMNE RMAEKAEK “regardent”s XFH L EMGRIEMILERNE
—INZI A AR FE N ZI 3 BEA R R R T X 2RISR R, B 5 Bahanau
SEAE 2015 4R,

PIALE, A RERIRRRE AR FEE B, BAMRENZ] ¢ S RAIRN cpo AARISERAE ¢ INZIHIRR
CELE
St = g(yt’flv Cy, St/fl)

LYmtdaR(E t NZIHIE S RN by, MRRDARTE ¢ NZIRHESRAEN

T
Cy = E apihy
t=1

WAL, 47E MRS asE S AT ¢, TR ZER g dsrhAR RN Z] ¢ RS R RSB,
MAERAREREINE, ERTHRARE

ifi e € R HHEN:
cor = alsy_1,hy)
HAP R o §2FI&IT 7715, EBahanau M6 H,
epy = v tanh(Wsy_ 1 + Whhy)

HA v, W,. W, MZmtdas5 R 28 M ME AR R 28 H Y S DME RN R I LA IR A RS
SRR BRI S RIS, fFBahanau (Y10, Fmfdesfl R as o B 71 105 R
#76 (GRU)

FEfRGasr, FAITREXN GRU HUIRIHHIEES, R y, B M g ERABRIEER, B0y,
XtRZfY one-hot [ o € RY SMAZESEIEN B € RV i o' B, RIZINZI ¢/ KT 5t &
N oepo MAMFRGARTE ¢ NZIFRNE S BEL &

Sy =2y Osy_1+(1—2zp)O 8y
HEET, B IRRER SRS BN

Ty = U(Wyryt'—l + WS’!‘St'—l + Wc’r'ct/ =+ b,r)
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https://arxiv.org/abs/1409.0473
https://arxiv.org/abs/1409.0473
https://arxiv.org/abs/1409.0473
https://arxiv.org/abs/1409.0473

Zy = O'(Wyzyt/—l + Wszst’—l + Wczct' + bz)

Sy =tanh(W,y, 1 + Ws(spy—1 ©1ry) + Wesep + by)

10.5.3 /\&E

- it as-fEides (seq2seq) MY AR AT DAFRAE K751,

- TEfRRG a8 BN RTERCALE AT D as S NN ZIE AR E RAR, SNERAER
TR TN F B 2 0 BE T AR BER .

10.5.4 43

o THRRHEAMRIE R IV T Fl0ie S Effective Approaches to Attention-based Neural Ma-

chine Translation,
+ fEBahanau I, A2 &7 EH LHFASE: LI GRU?
- BRTHLEREIE, PRIERERRE] seq2seq AIMRLL N FH?
- BRY BRES R, TER MRS AT DA FIE MR 5 2

10.5.5 FHBEXITIEX

10.6 FIFIREDE—ARIBSAERNG: MRz

R AL as— 2 AE B VLI N o FRATLAMZEN253807%  (neural machine transla-
tion) M, AEUMIEER Gluon SEEL—ME A RbD a8 —ARAD A A1 R AR,
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https://nlp.stanford.edu/pubs/emnlp15_attn.pdf
https://nlp.stanford.edu/pubs/emnlp15_attn.pdf
https://arxiv.org/abs/1409.0473

10.6.1 & Gluon SEI4wED 2 —RERI 2R ME R TIHLH!

BV BATERI,

In [1]:

import mxnet as mx

from mxnet import autograd, gluon, nd
from mxnet.gluon import nn, rnn, Block
from mxnet.contrib import text

from io {import open
import collections
import datetime

THE XS5 5% F4F, H PAD (padding) fF5 & 17515 ; BOS (beginning of sequence)
REFRRFHINFFLE; 1 EOS (end of sequence) T 53R FHIMIEEH,

In [2]:

PAD = '<pad>'
BOS = '<bos>'
EOS = '<eos>'

PAN 2 —2E0] AR AR S AL, BT HEgmidas FI R a5 mh 0 A 1 — R R AR LR Y

&%,

In [3]:

epochs = 50
epoch_period = 10

learning_rate = 0.005

# WASHEHFINEAKE (EEKRAFNA £0S

max_seq_len = 5

encoder_num_layers = 1
decoder_num_layers = 2

encoder_drop_prob = 0.1

decoder_drop_prob
encoder_hidden_dim = 256
decoder_hidden_dim = 256

alignment_dim = 25

ctx = mx.cpu(0)

=

FR)o
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BRENERIE

BT SCRBORBON R R, N TR IBITIR], BAER — MR/DNIEE—IORBdE S,

XEMEH T 2R TAEE mxnet. contrib. text RAIEEBEMEIERF M, FEFENEZ,
TAI=AEAIRMS E EOS 75, FHAIREIE#S N PAD ¥ S MFHIEHK,

In [4]: def read_data(max_seq_len):
input_tokens = []
output_tokens = []
input_seqs = []
output_seqs = []

with open('../data/fr-en-small.txt') as f:
lines = f.readlines()
for line 1in lines:
input_seq, output_seq = line.rstrip().split('\t")
cur_input_tokens = dinput_seq.split(' ")
cur_output_tokens = output_seq.split(' ')

if len(cur_input_tokens) < max_seq_len and \
len(cur_output_tokens) < max_seq_len:

input_tokens.extend(cur_input_tokens)

# AEKMILE EOS FFSo

cur_input_tokens.append(EOQS)

# AN PAD FISEESMEYIEK (KEXN max_seq_len),

while len(cur_input_tokens) < max_seq_len:
cur_input_tokens.append (PAD)

input_seqgs.append(cur_input_tokens)

output_tokens.extend(cur_output_tokens)

cur_output_tokens.append(EOS)

while len(cur_output_tokens) < max_seq_len:
cur_output_tokens.append(PAD)

output_seqs.append(cur_output_tokens)

fr_vocab = text.vocab.Vocabulary(collections.Counter (input_tokens),
reserved_tokens=[PAD, BOS, EOS])

en_vocab = text.vocab.Vocabulary(collections.Counter (output_tokens),
reserved_tokens=[PAD, BOS, EOS])

return fr_vocab, en_vocab, input_seqs, output_seqs

DIT AR EdESE, B MREAUERIERRA P YISE R,

In [5]: dnput_vocab, output_vocab, input_seqs, output_seqs = read_data(max_seq_len)
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X = nd.zeros((len(input_seqs), max_seq_len), ctx=ctx)

Y = nd.zeros((len(output_seqs), max_seq_len), ctx=ctx)

for i in range(len(input_seqgs)):
X[i] = nd.array(input_vocab.to_indices(input_seqs[i]), ctx=ctx)
Y[i] = nd.array(output_vocab.to_indices(output_seqs[i]), ctx=ctx)

dataset = gluon.data.ArrayDataset(X, Y)

DR, SEENNFIRRERMNFEESRDBRTS

PUNE LT £ T GRUMI SIS 25

In [6]: class Encoder(Block):
mi g
def __init__(self, dinput_dim, hidden_dim, num_layers, drop_prob,
*xkwargs) :
super (Encoder, self).__init__(**xkwargs)
with self.name_scope():
self.embedding = nn.Embedding(input_dim, hidden_dim)
self.dropout = nn.Dropout(drop_prob)
self.rnn = rnn.GRU(hidden_dim, num_layers, dropout=drop_prob,
input_size=hidden_dim)

def forward(self, inputs, state):
# inputs R~F: (batch_size, num_steps), emb R~ : (num_steps,
— batch_size, 256)
emb = self.embedding(inputs).swapaxes(0, 1)
emb = self.dropout(emb)
output, state = self.rnn(emb, state)
return output, state

def begin_state(self, xargs, *xkwargs):
return self.rnn.begin_state(*xargs, **xkwargs)

PANE X T 2T GRURIEIES, E/& b1 AR LIS,

In [7]: class Decoder (Block):
e ESE R NGB ARIGER
def __init__(self, hidden_dim, output_dim, num_layers, max_seq_len,
drop_prob, alignment_dim, encoder_hidden_dim, **kwargs):

super (Decoder, self).__init__(*xxkwargs)
self.max_seq_len = max_seq_len
self.encoder_hidden_dim = encoder_hidden_dim
self.hidden_size = hidden_dim
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self.num_layers = num_layers
with self.name_scope():
self.embedding = nn.Embedding(output_dim, hidden_dim)
self.dropout = nn.Dropout(drop_prob)
# ARSI,
self.attention = nn.Sequential()
with self.attention.name_scope():
self.attention.add(nn.Dense(
alignment_dim, in_units=hidden_dim + encoder_hidden_dim,
activation="tanh", flatten=False))
self.attention.add(nn.Dense(1l, in_units=alignment_dim,
flatten=False))

self.rnn = rnn.GRU(hidden_dim, num_layers, dropout=drop_prob,
input_size=hidden_dim)
self.out = nn.Dense(output_dim, in_units=hidden_dim, flatten=False)
self.rnn_concat_input = nn.Dense(
hidden_dim, in_units=hidden_dim + encoder_hidden_dim,
flatten=False)

def forward(self, cur_input, state, encoder_outputs):
# 4 RNN AZEN, RREFEIREENEERRERS.
single_layer_state = [state[0][-1].expand_dims(0)]
encoder_outputs = encoder_outputs.reshape((self.max_seq_len, -1,

self.encoder_hidden_dim))
# single_layer_state R~f: [(1, batch_size, decoder_hidden_dim)]
# hidden_broadcast R~: (max_seq_len, batch_size, decoder_hidden_dim)
hidden_broadcast = nd.broadcast_axis(single_layer_state[0], axis=0,
size=self.max_seq_len)

# encoder_outputs_and_hiddens R~t:

# (max_seq_len, batch_size, encoder_hidden_dim + decoder_hidden_dim)

encoder_outputs_and_hiddens = nd.concat(encoder_outputs,
hidden_broadcast, dim=2)

# energy R~: (max_seq_len, batch_size, 1)
energy = self.attention(encoder_outputs_and_hiddens)

# batch_attention R~F: (batch_size, 1, max_seq_len)
batch_attention = nd.softmax(energy, axis=0).transpose(
(1, 2, 0))
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# batch_encoder_outputs R~F: (batch_size, max_seq_len,
— encoder_hidden_dim)
batch_encoder_outputs = encoder_outputs.swapaxes(0, 1)

# decoder_context R~f: (batch_size, 1, encoder_hidden_dim)
decoder_context = nd.batch_dot(batch_attention, batch_encoder_outputs)

# cur_input R~F: (batch_size,)

# input_and_context R~: (batch_size, 1, encoder_hidden_dim +
— decoder_hidden_dim)

input_and_context =
— nd.concat(nd.expand_dims(self.embedding(cur_input), axis=1),

decoder_context, dim=2)

# concat_input R~: (1, batch_size, decoder_hidden_dim)

concat_input = self.rnn_concat_input(input_and_context).reshape((1,
- -1, 0))

concat_input = self.dropout(concat_input)

# H RNN NZEN, ARERERSBELETNENRERES.
state = [nd.broadcast_axis(single_layer_state[0], axis=0,
size=self.num_layers)]

output, state = self.rnn(concat_input, state)
output = self.dropout(output)

output = self.out(output).reshape((-3, -1))

# output R~: (batch_size, output_size)
return output, state

def begin_state(self, *args, **kwargs):
return self.rnn.begin_state(*args, *xkwargs)

N T AR R SRS, BAEE — B M4 R A A g ht s A H I SRS

In [8]: class DecoderInitState(Block):
mn R B RR ARSI IRt
def __init__(self, encoder_hidden_dim, decoder_hidden_dim, **kwargs):
super (DecoderInitState, self).__init__(**kwargs)
with self.name_scope():
self.dense = nn.Dense(decoder_hidden_dim,
in_units=encoder_hidden_dim,
activation="tanh", flatten=False)

def forward(self, encoder_state):
return [self.dense(encoder_state)]
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IERAI N RS

PATEX translate RBCRMAIIZRGF AR, IXEAERGE X R RT = NS EULE, fiFh
PRI ZIE AR B BOS “F4F, HE—INZIRHm o8 EOS AT, Hith o EI5E K,

In [9]: def translate(encoder, decoder, decoder_init_state, fr_ens, ctx, max_seq_len):
for fr_en in fr_ens:
print('Input :', fr_en[0])
input_tokens = fr_en[0].split(' ') + [EOS]
# 0 PAD FISHEENEIIEK (KEA max_seq_len)o
while len(input_tokens) < max_seq_len:
input_tokens.append(PAD)
inputs = nd.array(input_vocab.to_indices(input_tokens), ctx=ctx)
encoder_state = encoder.begin_state(func=mx.nd.zeros, batch_size=1,
ctx=ctx)
encoder_outputs, encoder_state = encoder (inputs.expand_dims(0),
encoder_state)
encoder_outputs = encoder_outputs.flatten()
# FRRSZRMVEE—NMAINA BOS Ffo
decoder_input = nd.array([output_vocab.token_to_idx[BOS]], ctx=ctx)
decoder_state = decoder_init_state(encoder_state[0])
output_tokens = []

while True:

decoder_output, decoder_state = decoder(
decoder_input, decoder_state, encoder_outputs)

pred_i = int(decoder_output.argmax(axis=1).asnumpy()[0])

# HE—HNZINEER Eos FRE, BHFYIRISER.

if pred_i == output_vocab.token_to_idx[EOS]:
break

else:
output_tokens.append(output_vocab.idx_to_token[pred_i])

decoder_input = nd.array([pred_i], ctx=ctx)

print('Output:', ' '.join(output_tokens))
print('Expect:', fr_en[1], '\n')

NHEE BRI ZRREL, T WG RS ER IR SRS, BATE — BSR4k b dmis A
BRI ZIA F R IR IX B A AR A o A X RN I I P 5 SRAE 9 R — I ZI A i Ao
In [10]: def train(encoder, decoder, decoder_init_state, max_seq_len, ctx,
— eval_fr_ens):
# SF=ZWE, DFIREENNERSHHTENENNRES.
encoder.collect_params().initialize(mx.init.Xavier(), ctx=ctx)
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decoder.collect_params().initialize(mx.init.Xavier(), ctx=ctx)
decoder_init_state.collect_params().initialize(mx.init.Xavier(), ctx=ctx)
encoder_optimizer = gluon.Trainer(encoder.collect_params(), 'adam',
{'learning_rate': learning_rate})
decoder_optimizer = gluon.Trainer(decoder.collect_params(), 'adam',
{'learning_rate': learning_rate})
decoder_init_state_optimizer = gluon.Trainer(
decoder_init_state.collect_params(), 'adam',
{'learning_rate': learning_rate})

softmax_cross_entropy = gluon.loss.SoftmaxCrossEntropylLoss()

prev_time = datetime.datetime.now()
data_iter = gluon.data.DatalLoader (dataset, 1, shuffle=True)

total_loss = 0.0
for epoch in range(l, epochs + 1):
for x, y in data_iter:
with autograd.record():
loss = nd.array([0], ctx=ctx)
encoder_state = encoder.begin_state(
func=mx.nd.zeros, batch_size=1, ctx=ctx)
encoder_outputs, encoder_state = encoder(x, encoder_state)

# encoder_outputs R~F: (max_seq_len, encoder_hidden_dim)
encoder_outputs = encoder_outputs.flatten()
# FRIGZRRVEE—MNMAINA BOS F1io
decoder_input = nd.array([output_vocab.token_to_idx[BOS]],
ctx=ctx)
decoder_state = decoder_init_state(encoder_state[0])
for i in range(max_seq_len):
decoder_output, decoder_state = decoder(
decoder_input, decoder_state, encoder_outputs)
# FRIDER A SRIRZIRVFUNE R IE R T —BZIBvHE N,
decoder_input = decoder_output.argmax(axis=1)
loss = loss + softmax_cross_entropy(decoder_output[0],
— y[el[i])
if y[0][i].asscalar() == output_vocab.token_to_idx[EOS]:
break

loss.backward()
encoder_optimizer.step(1l)
decoder_optimizer.step(1)
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decoder_init_state_optimizer.step(1l)
total_loss += loss.asscalar() / max_seq_len

if epoch % epoch_period == 0 or epoch == 1:
cur_time = datetime.datetime.now()
h, remainder = divmod((cur_time - prev_time).seconds, 3600)
m, s = divmod(remainder, 60)
time_str = 'Time : : "% (h, m, s)
if epoch == 1:
print_loss_avg = total_loss / len(data_iter)
else:
print_loss_avg = total_loss / epoch_period / len(data_iter)
loss_str = 'Epoch , Loss , ' % (epoch, print_loss_avg)
print(loss_str + time_str)
if epoch != 1:
total_loss = 0.0
prev_time = cur_time

translate(encoder, decoder, decoder_init_state, eval_fr_ens, ctx,
max_seq_len)

DA 2 Bl SE B gnas., fRadas g as i aaka S IS M4

In [11]: encoder = Encoder(len(input_vocab), encoder_hidden_dim, encoder_num_layers,
encoder_drop_prob)
decoder = Decoder (decoder_hidden_dim, len(output_vocab),
decoder_num_layers, max_seq_len, decoder_drop_prob,
alignment_dim, encoder_hidden_dim)
decoder_init_state = DecoderInitState(encoder_hidden_dim, decoder_hidden_dim)

B RIRRRIE IR RS, TRATAT DOSERIAIIZREE R FTENRIEE RS, Input, Output HI
Expect 73 AREMA A, Hith A FIE#F,

In [12]: eval_fr_ens =[['elle est japonaise .', 'she is japanese .'],
['ils regardent .', 'they are watching .']]
train(encoder, decoder, decoder_init_state, max_seq_len, ctx, eval_fr_ens)

Epoch 1, Loss 2.546908, Time 00:00:00
Input : elle est japonaise .

Output: they is .

Expect: she is japanese .

Input : ils regardent .
Output: they are .
Expect: they are watching .
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Epoch 10, Loss 1.101315, Time 00:00:04
Input : elle est japonaise

Output: she is japanese

Expect: she 1is japanese

Input : ils regardent
Output: she is quiet
Expect: they are watching

Epoch 20, Loss 0.366322, Time 00:00:04
Input : elle est japonaise

Output: she is japanese

Expect: she 1is japanese

Input : ils regardent
Output: they are watching
Expect: they are watching

Epoch 30, Loss 0.017124, Time 00:00:04
Input : elle est japonaise

Output: she is japanese

Expect: she 1is japanese

Input : ils regardent
Output: they are watching
Expect: they are watching

Epoch 40, Loss 0.002681, Time 00:00:04
Input : elle est japonaise

Output: she is japanese

Expect: she 1is japanese

Input : ils regardent
Output: they are watching
Expect: they are watching

Epoch 50, Loss 0.001712, Time 00:00:04
Input : elle est japonaise

Output: she is japanese

Expect: she 1is japanese

Input : ils regardent
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Output: they are watching .
Expect: they are watching .

10.6.2 R{EE

fE L, RAHERGHBERERE T AT RAR ¢ RN RARGD T8N
w1,z rp WIS BRSO R SLR g1y, .y, BT AR 2

T/
P(y17"'7yT') = H P(yt' | ylw"ayt’fl?C)'
t'=1

XFALEREIEAE R, WREHIES LRSS Y NARNA Y|, BEFFINEER 7/, 36
L ATREM T FFIRIEE O(V|T ). A THREIAE R & K 75, —Ro7 keIt EATE
O(Y|™") MRTREFFBIRIE MR, FHiHBERERINFH, BATEZFIIRARTFS, (BR2IX
FOTENTEIFE S (a0, 100001 = 1 x 1040),

AT E BFr A B fRA a5 75 5D 21 U H AR R R — MR, N TR ¢, FRATTA
| V| AMAFRER Hi A

Yy = argmaxyt/gy]P’(yt/ | Y1, -, yrr—1,€)

Hit, MRITEFHE (O(Y| xT") ZEFETFE (Fl0, 10000 x 10 = 1 x 10°), {HIXFHFARERIE
—EHRARITFY,

HIE (beam search) M T LH & ZE, BITRKE T

Bishm s A A s RS 1 MA: Y = {A, B,C, D, EY, RIS R — MBS E MR (beam
width), DABRBESET 2 N, BIEHHFHIRKESR 3, BANZI 1 A BSER P(yy | ) KA
N AR O, BAHENZ 2 N TFRIAR yo € Y EBAHIHE P(ys | A ) FIP(ye | C,c), MIHE
HIfY 10 MERPER KA, BIEAPB | A,c) MP(E | C,c). B2, FATERZ 3 X FFT
1 ys € Y EDHITE P(ys | A, B, ) Ml P(ys | C, E, ), MBI 10 MER BT KA,
BN P(D | A, B,c) MIP(D | C,E,c)o

ok, BATATCAMERHFS: A, C. AB. CE. ABD. CED Wikt DURFIAFAF EOS &if2
ABIE 51, FEENRIZE S AR DA T 7 B i e S B R e e 31 -

L

1 1

ﬁlogP(yl, o yL) = I Zlog}}”(yt, | Y1, yp—1,€)
=1
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Hp L WSERIIKE, o —MANERN 0.75. 2B A Lo BN T IR A 0 BoH RO £
LEN/INN

10.6.3 TN ENRLE

2002 4, IBM [FIBAEEH T —F P4 B 4S Rpfekr, MUMMBLEU (Bilingual Evaluation Under-
study).

¥k RNBAIFR BN n-gram WERKKE, Bk = 4, n-gram BIREE p, HEEIHEHAHE
n-gram VEAC S E 5 H AR SEAE H R EY n-gram AR IIELE, #lan, S5 HE (L)
4 ABCDEF, {584 H> ABBCD, A4 py = 4/5,p2 = 3/4,p3 = 1/3,ps = 0o ¥ len,cp Fl lenpr
7RIS AT R E, A4, BLEU BYE XA

k

. lengey 1/9m
exp(min(0,1 — —— pn/
p(min(0.1 - 5 [T

FEEEME, FE n M2, ngram MRERRERE py/> FHOISE0R/ TR, Bl
0.5'/2 ~ 0.7,0.5"/* ~ 0.84,0.5'/% ~ 0.92,0.5'/16 ~ 0.96, #fyigWi, PCAL 4-gram FLPCALD 1-gram
PZAS BN E Z 225, ok, B BT 515 25 &Y n-gram AR, R, BLEU
AREERIFTHNRECH TR L, Fla0 k=2 5, 2% #HH ABCDEF, Mm%
it~ AB, M pr = po = 1, i exp(1 — 6/3) ~ 0.37, Kt BLEU=0.37, A H 1N
ABCDEF [, BLEU=I,

10.6.4 /\&E

o BRATAT DA R s — AR A AR B M LI F T L es B,
- KRG ARETE S =,
« BLEU 0] DU SRIPANEIIFES SR,

10.6.5 43
o« B ERNBIEEIRER)IZGER, FlIUTWMTHITatoeba Project, YW—JARFEZETT
MEL LI 4R

« Teacher forcing: TERILIIZEA, K& LMD S RTINZIAIEMSE R (A ilgs
F) AEN TR A, SiRZELFE?
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https://www.aclweb.org/anthology/P02-1040.pdf
http://www.statmt.org/wmt14/translation-task.html
http://www.manythings.org/anki/

10.6.6 FHIZEHIAITIEX
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11.1.2 %6P%

& m AT n HIFERE
11 Z12 Z13 cee Tin
T21 Z22 Z23 s T2n
X =
Iml Tm2 ITm3 --- Tmn

EXF 21, BEFFRTTR, BT X e R BR, X B DEITRINELEE m 1T
n FIREFE,

11.1.3 =8
BT RECHE
iz =[4,9]7, AF2—S4onRizB6T
s HOUEMEM: z+1=[5,10"
« HorEMEE: oz =[16,81]"
« HorEMRR: 72/ = [18,8]7
c HOLEHTT: Ve =1[2,3]7

11.1.4 SHMEE

TODO(@astonzhang),
RIEREL 2 RY — R IEINE A d AR @ = (21,20, 2] "o BEL f(2) HX 2 BRI
— AN d MRS EE R T

_[0f(x) of(z)  Of(x)]"
Vaf(@) = dxy  dxy T Omg |

MR, BATAENA V() & Ve f(2),
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ERBE

VoA z=A
Ver A=A
Vex Az =(A+ ATz

Velz|? = Vaz ' = 22

RYPREF

PREL f BB R IT U2

x ) (g
fa) =3 IOy,
n=0 '

Hrpr p) SYeR% f B9 n S8 BRIZ ¢ BANRIE/NIEL, WSRKE B3 & F o 73 HIPEFIRAR « + €
iz, BAlTA] A2

fa+ e~ [(x) + ['(@)e + O().
T e SR/, bt AT AR LA

fl@+e) = f(z)+ f'(x)e.

11.2 £ AWS HiE{THIZ

ARABAT— 25 PHRAMA M 0 FFAGTE AWS | HIIE CPU 5(# GPU #L83 HFiaf T4k,

11.2.1 BHigKSHEME

A7 EEhttps://aws.amazon.com/ LI GIEMK S, EH X NFE—KEHF, RARMFE
2RI DLEATHER U aws 1S 7, [FEE]) AWS FEFEE AT SLIAAGERM, DA IEE
It AWS 23RS,

Bk S A EC2 3\ EC2 ik :
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https://aws.amazon.com/

aws Services v  Resource Groups v

AWS services

> Recently visited services

v All services

@ Compute &L
EC2
EC2 Container Service
Lightsail (4
Elastic Beanstalk
Lambda

==

11.2.2 #EFHIEIT EC2 Ll

Developer Tools
CodeStar

CodeCommit
CodeBuild
CodeDeploy
CodePipeline

*

4

6

Interne

AWS lo”
AWS Gr

Contac

Amaznn

(aTide] BEAEIARE R PAE A b A e BT HROE R EE rh ORISR IER, BIan[E P Al DLk

LA E L
GER] AE8dEHLATREIR A GPU SLH1,
SRIG R R S IR R R G S 11 265
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—

aws Services v  Resource Groups ~ % L muio S - | oregon -

EC2 Dashboard Resources " Account Attribu
Events Y ) ) '
You are using the foilowing Amazon EC2 resources in the US West (Oregon) region: Supported Platforms
Tags
; ; VPC
Reports 7 Running Instances 2 Elastic IPs
Limits 0 Dedicated Hosts 6 Snapshots Default VPC
9 Volumes 0 Load Balancers vpe-50265b34
. 1 Key Pairs 39 Security Groups HEselrss I lengtie

0 Placement Groups
Spot Reguests di
Additional Infor
Just need a simple virtual private server? Get everything you need to jumpstart your = Getting Started Guide
project - compute, storage, and networking - for a low, predictable price. Try Amazon
Lightsall for free.

Reserved Instances
Scheduled Instances

Dedicated Hosts Documentation

All EC2 Resources

_—

L

! Forums
AMis
Create Instance i
Bundle Tasks g
—— I To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon EC2 Contact Us
=] ELASTIC BLOCK STORE ihetanos.
Volumes
AWS Marketpla
Snapshots Launch Instance
=n Find free software trial
= NETWORK . Note: Your instances will launch in the US West ((]rﬁgor‘.) region the AWS Marketplace
Betirtty Sroups EC2 Launch Wizard. C

1E4% ToRAVIRIE R ST BLIAIE Ubuntu 16.06:
1. Choose AM| 2. Chooas Instance Type 3. Configurs Instance 4. Add Stowage 5. Add Tags €. Cantigure Seeurity Group 7. Review

Step 1: Choose an Amazon Machine Image (AMI) Cancel and Exit

i 3 4t i i et

Foot device type: abs Virlua lization Type: bvim

@ Ubuntu Server 16.04 LTS (HVM), $5D Volume Type - ami-

] 1
' '
1 i
i Gela0117 '
i B4-bit i
[} e ™

' Ubuntu Server 16.04 LTS (HWM),EBS General Purpose (S5D) Volurme Typa. '
' '
: Support availabis from Canonical (httpe/www ubunty com/eloud/servicas) :
i i
: Roat devics type: ebs Wirtualization type: hvm :
I A Rt 0 e AL L T R s A D R P S A S L u

EC2 fRMt K ERVE B ARNFRECEILH, XEBJATESFE T p2.xlarge, BEHF—1 K80 GPU, Tt
A DAESRA % GPU MSLAIFEIAN p2.16x1large, SREHHT— s GPU R g3 R4, Bl 1t n] DLk
BHAH CPU ISEH, BN ca 2&A, BDAFESEFHIRINLESEC BRI EE 7] PAZ 3 ec2instances.info.
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http://www.ec2instances.info/

2, Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags 6.C

Step 2: Choose an Instance Type

18 e s AT v e ]

GPU instances g2.8xlarge 32 60 2 %120 (SSD)

=] GPU compute p2.xlarge 4 61 EBS only

GER] SN RBNREBIRTRNFTELE Linits BAE FXMENZERERS], Flanx
IKSHY p2.xlarge RDE&RZ — MBI —1, MIRFTHEEZ, TENGLRHIEHEZ LA
R EFHTFE-DIEEREHE.,

EC2 Dashboard

Events 4 Running On-Demand p2.16xlarge instances 1 Request limit increase
Tags Running On-Demand p2.8xlarge instances 1 Request limit increase
Reports
6 wen Running On-Demand p2.xlarge instances 1 Request limit increase
| Limits
Running On-Demand r3.2xlarge instances 20 Request limit increase

21 INeTANCES

SNIGBATTETERETR B BRI B BREZE M 8GB 18 K1Y 40GB. [K 2745 CUDA T3 4GB &5 [A], Al
/NERE 20GB (5 CPU RUIEARTEE CUDA, AJDAEE/D),

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags £

Step 4: Add Storage

. Size
Volume Device - . - . Th
T i i Snapshot (i {G:B} Volume Type i IOPS i ™
snap- Lir i Cal
Root /dev/sdal 540\ | General Purpose £ * 100 /3000 N#&

D2cc1ed40d2e121683

Add New Volume

HARTRBATAREERIN, IR AEEN T XIS BRHIETDES key pair, XEHKRZEYI
[IALERAIALET (EC2 BRIAASTRFERI D o Q1SR A1 A] DA B— X A,
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Select an existing key pair or create a new key pair

A key pair consists of a public key that AWS stores, and a private key file that you store. Together,
they allow you to connect to your instance securely. For Windows AMIs, the private key file is required
to obtain the password used to log into your instance. For Linux AMIs, the private key file allows you to
securely SSH into your instance.

Note: The selected key pair will be added to the set of keys authorized for this instance. Learn mare
about removing existing key pairs from a public AMI.

: Choose an existing key pair
key pair

| acknowledge that | have access to the selected private key file (mu.pem), and that without
. | won't be able to log into my instance.

SRR R SEBIRY ID A] DA Y AT SRS

Launch Status

@ Your instances are now launching
The following instance launches have been initiated] i-O0bc982372acec87ac | View launch |

WS TR Connect HEA] BB EIUNAT 5 X SLBIRI B T

a Name « Instance|D - Instance Type - Availability Zone ~ Instance State - Status
] -0DC382372. . _h & running @ 22
BranFATIX

S—=/=
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Mus-MacBook-Pro:~ muli$ ssh ubuntu@ec2-34-203-223-63.compute-1.amazonaws.com

The authenticity of host "€CZ—34-203—ZZ3-63. COMPUTE—L. aMaz0Naws. COM (34.203.223.6
ECDSA key fingerprint is SHA256:8aPhw5p745TdmsUxnWhb-+MpWE+vvMKddahBKB12eYi81.

Are you sure you want to continue connecting (yes/no)? yes

Warning: Permanently added 'ec2-34-203-223-63.compute-iidmazonaws.com,34.203.223.
Welcome to Ubuntu 16.04.2 LTS (GNU/Linux 4.4.0-1022-aws x86_64)

* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com
* Support: https://ubuntu. com/advantage

Get cloud support with Ubuntu Advantage Cloud Guest:
http://www.ubuntu.com/business/services/cloud

11.2.3 ZEKFiE

S i AT e B 2 e 1 R A

sudo apt-get update && sudo apt-get install -y build-essential git libgfortran3

234 cupA

(ERE] 2A CPU RYSEBIAT DABKIL 25 3,
AL Nvidia B W T CUDA F2%4e, IEFFIEMIIMRASTIF RIS #itbit,
(73] Hl CUDA BRIN F#9.0 ik, 1H mxnet-cu90 i daily build I A5EEH, BEEMH N

L% 8.0 Fit,
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Select Target Platform @

Click on the green buttons that describe your target platform. Only supported platforms
will be shown.

Operating System

s [ st

Architecture €

Distribution
Version
Installer Type ©®

runfile [local] deb [lacal) deb [network] cluster (local]

Download Installer for Linux Ubuntu 16.04 x86 64

The base installer is available for download below.

> Base Installer n’ Open Link in New Tab
Open Link in New Window

Open Link in Incognito Wint

Installation Instructions:
Save Link As...

1. Run "sudo sh cuda_%.0.176_384.81_linux.run’

2. Follow the command-line prompts

RIEHH wget FHEIT HAeke
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wget https://developer.nvidia.com/compute/cuda/8.0/Prod2/local_installers/cuda_8.0.61_
<375.26_Llinux-run
sudo sh cuda_8.0.61_375.26_1l1inux-run

X AR A LA M,

accept/decline/quit: accept
Install NVIDIA Accelerated Graphics Driver for Linux-x86_64 375.26?
(y)es/(n)o/(q)uit: y
Do you want to install the OpenGL libraries?
(y)es/(n)o/(q)uit [ default is yes ]: y
Do you want to run nvidia-xconfig?
(y)es/(n)o/(q)uit [ default dis no ]: n
Install the CUDA 8.0 Toolkit?
(y)es/(n)o/(q)uit: y
Enter Toolkit Location
[ default 1is /usr/local/cuda-8.0 ]:
Do you want to install a symbolic link at /usr/local/cuda?
(y)es/(n)o/(q)uit: y
Install the CUDA 8.0 Samples?
(y)es/(n)o/(q)uit: n

ZHRESEINRIBAT

nvidia-smi

AT LB ZX DN SEHIN) GPU T /5K CUDA A% library path 75 .2 J5 2481 R R &,

echo "export LD_LIBRARY_PATH=\${LD_LIBRARY_PATH}:/usr/local/cuda-8.0/1ib64" >>.bashrc

23 MXNet

Sz 4E Miniconda

wget https://repo.continuum.io/miniconda/Miniconda3-latest-Linux-x86_64.sh
bash Miniconda3-latest-Linux-x86_64.sh

e 2 [\ N LA e
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Do you accept the license terms? [yes|no]

[no] >>> yes

Do you wish the dinstaller to prepend the Miniconda3 install location
to PATH 1in your /home/ubuntu/.bashrc ? [yes|no]

[no] >>> yes

JB1T—IX bash ik CUDA 1 conda A%,

TEAERE, ZHEIFFEIE conda FABE

git clone https://github.com/mli/gluon-tutorials-zh
cd gluon-tutorials-zh
conda env create -f environment.yml

source activate gluon

BROAINE B 2232 7 U CPU HIRRA, BIERRITE AL GPU i,

pip uninstall -y mxnet
pip install --pre mxnet-cu80

A 224% notedown ffifF>K 1t jupter 25 markdown Xff,

pip install https://github.com/mli/notedown/tarball/master
jupyter notebook --generate-config

echo "c.NotebookApp.contents_manager_class = 'notedown.NotedownContentsManager'" >>~/.

—jupyter/jupyter_notebook_config.py

11.2.4 T

J1217 Jupyter notebook,

jupyter notebook

QIR A G 278 2SS BL Fa H

11.2. £ AWS LiE{THiIE
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(gluon) ubuntu@ip-172-31-0-171:~/gluon-tutorials—-zhs jupyter notebook
Writing notebook server cookie secret to /run/user/1
Serving notebooks from local directory: /home/ubuntu
@ active kernels
The Jupyter Notebook is running at: http://localhost
Use Control-C to stop this server and shut down all

[W 22:10:29.484 NotebookApp] No web browser found: could not locate runnable brow
[C 22:10:29.484 NotebookApp]

Copy/paste this URL into your browser when you connect for the first time,
to login with a token
http://localhost: 8 88/ 7token=c9c7b7d48caedchc®39535d777450T61dff7c@adbfcl

KR BATIH S5 7 5% 8888 Uit 1, FT ATRATTRT AFEA T3] ssh MSCAHIIRERS 1 A<

ssh -1 "XXX.pem" -L8888:1locallhost:8888 ubuntu@XXXX.XXXX.compute.amazonaws.com

RJGHE jupyter log B URL S HIEIA N VEAs 94T T

(EEIWRAHIZTT T Jupyter notebook, AR 2 8888 ¥ [ 5L AT RERK 5 F T B4 KA AN jupyter,
B0 L SRR, BN, (Ri% aws (@RI BRIA 8888 Ui, FRATIAT DAJEAHLE 3] ssh ASK
{5 Bt 5t 11 A< 3y 8889 Ui [T -

ssh -7 "XXX.pem" -N -f -L localhost:8889:1localhost:8888 ubuntu@XXXX.XXXX.compute.

—amazonaws.com

SRIGAEA I Y 25T IT localhost:8889, IXIN 2 1E/R75 % token {H, 1% NK, AR aws | jupyter
log Bf¥) token {H (40 L& E : - -localhost:8888/?token=token &) EHilK5N5ERIAT,

11.2.5 [54

KON ZARSS A% TRV 2%, 38 B BT 1A I R AR RIS, B R U N BT, Q1302 744 (Stop),
TNIRATDAERRSE ], ERER R 212, GIRB 24, (Termination), AT — R CICHRIERSE
B, TUOTENERERER (AMD (EEFZFRMEH T Ubuntu 16.06 AMD HHATT, A
T E A IR E R,
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Instance ID ~ Instance Type ~ Availability Zone ~

i-0bc982372...

Launch More Like This

Instance State
Instance Settings
Image

Networking

REFOTIE, BATEBOIRTHRE (2B/R7 EH CRSEh)

Instance State ~

) running

cd gluon-tutorials-zh
git pull

1 MXNet Jiftas

source activate gluon
pip install -U --pre mxnet-cu80

11.2.6 24

= B RTDMR TS E RO F SR IR B

11.2.7 43

=IRTIE, [EAEE, i NERNE, BB EITH,

11.2. 7 AWS BiE1T83E
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11.3 GPU JXLi5F

IREES ST SRIEHE FHERRN I ER IR, GPU HRTE IR > B (8 I TR ERE 2R, AT
CPU ki, GPU BfHH (AF|FFEMITEEES GPU —BEH 10 £2), MAEFENZESE (—&
AR55 25 AT DAFEHD 8 HREE 16 BL GPU), Ktk GPU & IE & & M & IR S U HEAE 11— MR,
[Fi Nvidia B84 A Jensen Huang % N FRIREE 22 ST B,

(Nvidia CEO ## FEFMBA A% B)
AREBANRENH GPU W SLHA], XEEEEH N AP WEL—F & B A GPU AR5 e%. T
A A N S
« 100+ BHLERHIR AT, EEEEIEFO4E AR, BE IR E Nvidia Tesla
P100 8¢ V100, RA]DASERBRIT T,
- 10+ BVLIE R EMA/NAT ' AREERAT AL Nvidia DGX-1, ARZRA] DA FE M SL4N
Supermicro Z MM LR EHIIRS B8, LT —SENE R DMHCHSE,
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11.3.1 %$% GPU
HETHIZ GPU £ 24 AMD fl Nvidia E] 7, HH Nvidia HFIREZE SRR, REFES
MEZRSZ 5B LT, (R H B 3B 2% 8 Nvidia 19,

Nvidia FEHEADNARF (Blan GTX &%) MENHF (Fla0 Tesla 251) Fifh, A~ -FiE
WA BB EERARIE N T NAERSSS T BB ANE S EdE L, (EIFEREN EREMEY, B FRiEE
B E106%, RN AHPEEEA GTX &5,

Nvidia —f&fF—MWES EFr— ORI, B4 B RiTfs#THI2 1000 250, SPRINERIAFLD
ARRLS, X RAF I TERE,

GPU MUPERE i R =D ESHA L

L HHREET . EERNOOHE 32 MR REE . 4R, AT Ebrkiitial DIFE 16 £
FERRIIER, 8 RLEEEORTITN,

2. WAF RN, MR, sREIGRILRIVNER, AR #EE) GPU NTFsiiiZ,

3. P BE. PITF BB R A RERAFE T A HHERE .
MFRE AP ARG, REZEITREMAT 7. WEAZR/IL, BIAIAZ/NT 4GB, 412R
ERFENZARERER R, LM 6G NAFE, PFEH SR DAL ZokEE,

FEIE T 900 11000 FFN AN R 32 ALiF s ERE AN LL (67482 wikipedia AU
RS, BSLMTSER X ATEE).
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2000

Titan Z
&
1500
Titan Xp
Titan X Titan X Pascal
)
il 2 e ;
_g 1000 : 1080 TI
3 980 Tl 1080 ®
980 %70 i»
500 970+ @ s
qﬁn 1 r'lﬂ:D-
956 (50 ‘170502
od &
0 —a
2000 4000 6000 8000 10000 12000
GFLOPs

BATAT LR H A 5 R

1. fERI—DRYEE, @ETEAERERUELL
2. 1000 25 EE 900 & 2 5/,
WR R RARELLLAR GTX R LIS, WA RN, RIEXDRAITER

1. SLHASKEIE, E9EEIER GPU MREE 2 IERIEIRN, AR,

2. BAWSE, AERERER BRI, EATR 1050TI A,

11.3.2 EHEE

GURFEZ M GPU RMITR, s W LR MR SR, ATREW LR CPU, ] DR
FEWBACRE GPU b, Fr DA ECE AT AZ5 W _EHER T s A mtar

FILHIT GPU IIIFE, HOMRIARL HE—msI5E,
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- LA GPU RATEEKR, @ AEBA/NIHLAE, mHALHE B WA KE 24, (8
] BT A — A P LA IR 4 kS EHUA AT A T 2 B GPUL)

cHJE, WX GPU WHFEEAE K GPU W I #E, sow F| 300w A%, KL
HENEFENDREBRHN, EMNBZ2—-HFHEREZTETXY BEETAEH
MLBEHtHE, THZ 5 ailaMamsfTNEE T — 4 30A HEJFEEO)
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« FHRM PCle FHE, #EFEfEH PCle 3.0 16x RIRIEE B GPU 2| ENFH %, WRZEZFM
I, BUFYNE TR, RIEZ R AR 16x Hot, (BT 4 RN 22
8x HF 4x)
X F B BRI E 0] ASE B TE 1)L 5 FERIHE X 22 i K L gl &,

ARBRER A (FER: A SCRRAARIEAL XA S5 T FLBCRRY L, BATBEAESS R )
EEZES4)
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http://mli.github.io/gpu/2016/01/17/build-gpu-clusters/
https://discuss.gluon.ai/t/topic/1177
http://gluon.mxnet.io/
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