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7z zE, 0.638. .. LT fliL VI EAR=a—m s TUIAE RN
ANMEERVET, N—tT I BREITHLINNC, VT EAR=a—
AIENEND AT LT, A (wr, we, .. Ve fFb, Fle=a—oy
BRI T2 A T AEEINDEO) R > TOVET, L, i
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2018/8/3 23Ry ND-DEREFE
ORI TSV E A, RDVIZ, AL THo(w - @ + b)) %
LOET, oISV EA BB LI TRY, RO TiEHShEy: 0 IR ol

LWh=a—nr%d OSAFA JO —a1—O>t
FESZENRHVET, ZHOLDHiEL Y =2—T L
1 o MR )\/\Lii@” Jl
O'(Z) = —z (3) S LERT. Ll BB LTS
1+e* BLEFERITY, LTz, Aebiz—HL T/
ARBAE N FGED & 2Ll LT,

KOBAfEIZRBLT DL, v EAR=2—nr O X, AR
L1y,L2y - « .VC“\ Eﬁﬁ‘s’llh,’u&, . T\ %L’C/\/l’77<75§b0)<‘:‘3\ Vk@ﬂ%ffﬂy
Di—g‘o

1
1+ exp(—>_;wjz; — b) .

(4)

— R BE AR NI T P ar LI RE B AR DI
RRAET, V7 EBANBEABOENIL, 2OV ST RKHITIEITEN TR0
NIZEL T, BN EE T DT HIR LN LINLET AL, LL

T, =T r T EAR=a—aZ i%%@iﬂéa_ﬁﬁ:éw v
TEARNBEEPRBOZ A TRISNTWDHZ LT, BEOHFEOLE T
HEZAN, TEZ?#TE’J?‘MHHK%E%T<ﬂ‘é%ODUJ:ZoT“L;DO

W=7 arEOIAREHET DI, 2 = w - o + bE KRERIE
@iﬁtkbf%kibotﬁo TDEE e a0, DFEo(2) & 1E730ET,
WHAZ Db 2 =w -z + bERERETHLHEE, VT EAR=2—arD
HOHIFITLERY =T ha LRICIZRDET, Wi

z=w- -z +bIIREIDADEELET, TDEZe? — 0o THY,

o(2) = 0T ET, DFD 2z =w-z + DBRERADELRDEED,
VTERARZ a—n I N — S M HRIEFRCEE AL ET, 5L
w-x + bNEZETRERBETRWG ST/ —E 7 tr LFEICIC :,tfw
FHA,

glZOWTTT N, RIS BFLEIT I NE EH BRIV Do
TLI? EiL, oA THINIFZIFTCHETIIHVEF A, H
B2 DI EIN DT T2 HDNTT, ZNINED T TT7 DT,

LT EBAREK
1.0~
0.8
0.6
0.4
0.2
0.0 -
4 3 2 1 0 1 2 3 4
zZ
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2018/8/3 Za—SILRY NDO—UERBES
ZDTTINIAT T BB D72 BRR T

2T 7 B

0.8

0.6

0.4

0.2

0.0

HLoMEBRICAT Y 7B ThHIL, v/ EAR=a—a 3 —E 7k
L EEUKRDET, i, w-z + b EDIENTRDIETH
RIMOLTRDDETT, AL DoBIlE I ZEzk->T, hichbdd R
2 ROBD =R T IACARDET, RN, oBIOWODSIIE 5ok 0 s T A
KIEFECT I, AT CHBIEE Ay oDOWOISIL, BT
wj, AT ATONTAbD/NEREALIT, =2—rr DHIJIZHONT
Aoutput D/ AV EE AT LVIOZEEERLCWVET, EEET
FLOFHEND, AoutputiIRIE EFN>TnDEDLMDET,

Ooutput O output
TOWPUY A + p

Aoutput ~ i
outpu Z dw, j m

Ab, (5)

ZZTCliEsumiFETOEAw; DT, doutput/dw;&0 output/dblx
output DRI 2 L, THEIUTw; LbENNT TWET, (R IC
WTHIBR TH/ A=y 22BN TSN | ZOFEITEHEIC R,
ESSR/AN /aéf@fﬁ%"rﬁﬁj\@%éi%ﬁ@C“/‘/7°/1/7‘£:}:7552%fﬁb’@‘i@‘(%
LTETHWNZETT), 2FD, Aoutput|TEAEL/ AT AZEWNT,
Aw;EADDZEALIZH L THRE T D, LF - TWDDTT, ZOMEE
1%, BRL W output 3 E A/ INSIRELTE | AL NAT R/ NS
SHLHILTHHIIHALNDLILEERLTVET, ZOIEND, V7 EAR
Za—n 3= T e LREFEREE T OICLEDL T, KA
GNCEIrENRAT ZAD I outpute ZAL S0 M0 £9,

HL, RBICEHETHLIONRoDTT77 D THY, ZOR B K TRND
ThiUL, 2o THELNDLIREDEREMEIDOTLEIN (3)? F
BS, BRICRESTRIOP DT« R—23 VR ()il f(w -z + b)D
MhEFRiS>=a—nr 2B 27, MOT 774 —arBEEflio7
RrD F72EW T, FRUTB T DR OREDETT, (5) %2 Iib
DR EFETHEE o0& lHZETREMN B 2RIV ET, Zh
B2 FEREAR O MBI B L > TR 55T, 12K, oli=
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2018/8/3 Za-3SRY hD— U EREEE
2=V R R TCILMEONTEY, ZORTHRLIMEI T /7 4 _X— =
VBETY

VI ERARZ 2 —u DN B E BT RETLEIN ? bR
TN, R—t T b S EA R a—a D RERRE D —DL,
VI EARZ 2= OB E0EITITIE W2 e T, VU E
AR =2 —a 300 D1IDRDH B L FEHZ H 1952 IR ET,
B 2130.173... X 0.689. . (FENRHIEEZXET, ZOZEFTETH
BHERDZFT, Iz, HEEZ =2 —T VR T —21Z%8 T DA
N OE TN ESNELTELIZWEETY, LvL, Bix o
NIRbOELIRNZET, FhT—IPHOH AT ATTEERIHLL
AT BTV ELTORLIEWELE T, FASLMIC, Kb iiEIX
TEZ =7t DI NE0BLIE1ETHZETT, LnLE
BRDEZA, ZOWIERHT-OII— NV ERETDHIENHEET, filx
X, 0.5L0KRER M INIT"9" & A7, 0.5LL FOH )T "9 TiFApun"& A
IRY AT, IRELDRWNIDIZ, 2O XI70— V2 Al L& T H 12
RTAHIEICLET,

Exercises

o VIEARZ=a—ur DI Ial—gy X—F]
L HHR— T A DAY NT =T DT N TDELENRAT AL
ST, HOHIEDFER e > 0TERETHELET, ZDLERYIT—
I OWHEENIEDSRN LA TR L THTIIEEN,

o VIEAR=a—mr DIzl —ay N—FI
FIFEDORE(=/ N — T har DRy T —2) L RIU K Ef%zi
T IHIR—ET MRy T =T ~D AT BAKIT T TIZ
NTWHELET, 22T, Ao BRBYZ2 I EET m< 2\77
EREESNTSZWULES EE A, BAREANAT AL, X
NI — I NOALE DO/ S—' 7 M A28\ T, AzizxfL
w-x+b# 0L TWDALDELET, 4 Ry T —INDO4A
TO)/\~'E7I\D/&‘/ﬁ%ﬂn—:~m/f%§éﬁﬁz & A
T 24 Te > 0LRDIDRIEOHTERETHELET, ZnLx
¢ — coDIERIZIBNT, ZDOV T EAR=a—ar DRy T —71%
NR—t 7 arOGELLLFEICLINTIEDFI LA R LT REY,
Fo =T b DIBED1ONw -z + b = 0&TH =T HAEI2E
ZOMWEIIROSI B FE A, 72 TLEID ?

Z1—-3IRY ND—DDF7—FFIF
-V

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 13/47




2018/8/3 —1-SIRY ND—0 EEEFE
ROFETIL, FEZORFOHFICBNTETH EFE@<=a2—FL
AN =D %FBIr L ET, ZDOHEfiFEL T, W< O FEZ B
T DD =2 —F )V Ry NI — I DZIENDER T4 R Z O TE
TEL LD,

output

PIRR ~7=8Y , — &L O EIZANE(input layer) FEIEL, 20
HO=a—ur2AN=Z1—0>(input neurons)t W4, —%&
FHoEE-zAE(output layer) i, A =1—0O>(output
neurons) oSV TNET, EOLAETIIH I=a—r 131>
TT 4, FROBIIATNTHH I THRWZ LD, BNE(hidden
layer): i HEnEd, 2B SV HEEITD LA EEICHZIZ 5 TL
19, FRADHIO T FH5EE 2 RE (a3 20 E 1 3B R R
HHDTEEENELTZ, LINLERDIIUT" A S LIS EVD T &2 B bk
LTCWDICTEER A, LRLO=a—T Ry NI =237 721D DR
JEINHLTETHET N, HHORNEEZ b le=2—T NV Ry N —7%
FELET, HlEL T, Fogfgry by —2ide>DRBNEEL> T E
R

hidden layers

output layer

input layer

OO LWZ &I, IEERE NS, 20X DO xRy N — kX
BZEI\—t 7 bO>(multilayer perceptrons). £7-iZMLPs
EFFONET, LInLZBIF S —E 7 b Tkl 7 EfF=a—ny
TY, ZNOOHREIRIRELZBLTEO ZOARTIIHWEE AN, 2D
TEITE > TBWTLIEEN,
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=a2—F LRy T —27D A HBOEFHIUIZ UM T, #1203
FEEXOWENRNZED) TRV EHIEI LW ELET, 3%FtD §’J<7iﬁji
EIX, 20EBOE 7NV HTVDEDESWVE AN =a—r iz a
—R$5Z2ETYT, bLEZOME 364 x 640 A REE THIE, A=
2—11 D134, 096 = 64 x 6412720 LD FESWITIAE A0/ 510D
WEIRMETRLET, HABIT1>O=a—arnbih, HER
0.52L E72B" AJERIT9THL"EVHZEZRL, 0.5LL F7eb" A )]
BIFQTITZRN"EWNHZ AR LET,

A @ OGRS HAIZ2 DI L | BRAVE DR EHIN RV AIER 7R

DIZIRVFFE T, LVDT, FRNE DR FOWMFEZ N D00 Bl TR
22 T ETITODIIARFIRE TS, ZDbY, =2—F /Ry T —7D

FHAEDIT, ZLORNBORG b2 — Y AT/ AZBAF L TEELI,
ZLTENDIZIA L ZERLELT, BIEL T, ZNHDEa—URAT 47 A
ITFE R ERENBOBEDN — ATV AEWEDITHI LN TE
FT, AEHBRIC, ZORDOPTEDWKDNOREFHIMNDZ &7
5HTLED,

D, HDEDH TP RDIED AN/ H 858 ==2—T /Ry Y
—ZZONWTERLTHELL), ZOIHRF T =213 T4 —RIA
JD—RZ1—-3)L1vy hD—2 (feedforward neural
networks) S EivET, ZAUTRY R =R —T DR EnDH
LEBIRLCWVET, HHITF T MEDY A NTRVEE A, L
N—TF 5751, oFE D ATNIEDHINKAF LI RBIZ /e > TL
FIOTLLY, EOR>TUTDLIT DO ERE A, EDTZDITRTZBHITZED
FORN =T HFHEIRNDTT,

LINLIEND, 74 =R\ —T % WL N, A L=a—F
NEY T =TT IVBFELE T, TNb0ET VI BREZ1—
L2y MO —2 (recurrent neural networks) L IEiENnE4, Zh
SOETNAOEIT, FIETHETORLNFIICE KT DI =
2= ELSTET AENIED T, ZOFKPMUO =2 —r
WL, ZDO=a—a b TR RO T LB TR ALET,
LIRS TELRDLIEKEFIEE L, T HITR K DB EFHTEN
TEET, ZNOHDOET MZBW OV IEREIZIT RV EE A, 72872
HZEOHIFENRFTIE7e, WS ADEBILTED AT ES D)
5TY,

Rl =a—I NV Ry N — X7 4 — R 74T —R=a2—F /L Ry T —7
IR THEOE N DRHYFEATLZ, ZOHBO—D1%, BIFH
FRNT = DFET NAVRLINIETTE 57228 T, N TH R
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2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
R =23 IEFICHBREONE S 2 F9, TNHIET7 4 —R 74T —RF X3
VNI —= 7T R B DR O E F IO T, ELT7—R 7+
T —R 32y T —7 IR #7 R | FIRA Ry N — 7 TIEfRELZEN
TELEVOATREMEIZ 3 IZHVET, LLRBBEIOARTIL, KVIEL
o TND 74— RT7 4T —R=a—F NV Ry N — 7R A2 Y Tz
ERWET,

FESHFENTAI SHEMRTRY bD—
D

Za—I N RN —IDEZREEZ T, WEIWLFESIETOFRITR
DET, BT FESETHEBOMELZ2>O A REIChITEZ L
IMTEET, 121%, EEMT O TS bl B E | EILEILDOEFND
RO DN OFNZ T HZETT, FIZIXZ O %,

S04/ q2

6 DDAV ERIZ L ET,

SO /]9 &

L= H AN EIZZ o EIIRE(segmentation problem)4 % 5 12 fi#<
ZENTEETN, I a—F7 'l I LN EMICERZ o2 803
KO TIEHVET A, —EEBZSTTLEXIL, HEIHE~ O F%

DT DT T, OFEY RO TFE T, BN vs T LTRSS

DI,

b2 HORE, DEVE T O MBI E T 17T LITHE A
U TEY, o n ZORBEEMRS RO ITE DU, 12 H Off
. DEV S EIRBEIXZAUIE L L7225 TT, HIRE~DT
Ta—FIXZHHVET, ZDO VLI, ZLDRRLI7IETHEIGRE /5 E
LT, ZOHEGDSZFHADRERNG ENEND 5 ENEAZ G+ 2715 T
o TRTOHFNISIZHHGE THEEADD EWTIE, 2O ENETE W
AT EGET, WO EODRITFIUTZEAUT AT DR EIEE 7
DET, AL, SFA TR RBENEZ UL, BEOEUTR-T20

5C9,
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2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
FNEEZHWTODDTE ST AT 4T TT, ZOTAT AT R0Z DA
DIRELTZTEIL, S BIREE D R eNTEET, BT IR
Hid, ENECM TR, ol A< THELWRE, > F0E % D
FHEPFORBNEL =2 —T NV Ry N — 7 Z B L TNEE
SR

ETNENDOETHBKT DD, 3@D=2—F /Ry NI —7%
7,

hidden layer

(=15 neurons)

input layver

(T84 meurons)

X T —ID AN 7V Oz a—RtTAh=ma—al a2 Ffo
TWET, ROFETHHUET A, =B BMEIFIFAT — 213, BEX
028 x 2887 E/L DG TY, DEVATIEIT28 x 28 = 784==
—RUINBIRBENIZE T, i OD, LK TliEi=a—ar0
BEEKLTEVNTWET, ADEZ73s L —27—/L T, 0.013H
Z, LOIFEREAZRL, ZOMOMEIXEIUISCIRES DL —2 R UET,

“EFBOBIIRENAETT, ZoRNEO=a—a O EnEL, nDIE
PEZTERLET, ZOHITlIn = 15=a—a 721 o/ N R
NEEELTWET,

HAEIT10=a—n b RSN QO ET, bURHID=a—a 35
KT =~ DLTeh, ZHUT, Ry T —I R E DR T 2072 L -TD
ZEERLTWET, L B HO=a—a bl oMb FEETY,
HYDUIERMEIZE 21, B2 B30 09D i =a—ar 28 5T,
EO=a—nrPEbEIEH LT 2053 B L ET, FlIZIFZED=a—
BUN6TELT DL, Ry T =TI AT DB FR6THLEHERIL TWHZ
LIV ET MO S =2 — O W TH R T,
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BiRTlE, R b A 10D ) =2 —a s VAR E ST
TLIY, fERDEZA, ZOFY NI —7 DI —UiE, AJIOBEHRITRL
TENNEDET(0,1,2,...,9)2D0 R ZERDTY, ZNEITHD
ICHREEBDND H BT, 4D 1 =a—ar 2T, ThEn
D=a2—u THANROEIIUZTWNEINTIN T T ID(EE &
HZETT,, B2 T a—RT 5034 >D=a—aTH+4oTT, Ind
7252 = 161IA O TDI0LD S DEZEEHZENTEDLNGTT,
TIHRBRE - BITZE R DYIZ10fE D=2 —r 2 HNTHDDOTLED
D30 R TITRODTLEID, T DZEMODIE LRI TRRIRIZH-S<
HLOTT, FAEBITZOELLD FIELL, ZOREDREIZIBNT
I, 10D H ) =a—n b ST Ry NI —T D34 >DZENLVHEL
FETDHENZEDRDNSTZD T, LLFEIRAZ, ZeE 10D /)=
2= W DRI ENLKDNENI B DR E LT, 7120, FL
ebhg-thhi=ra—F 7 oRboiZio-H = a—7 10 7%
WBHRETZEVIE 2 —URT AT RARH DD TLLID,

REIOTHONEET HI2DIT, =2—T N Fy M =7 M 2L TD
D ZDFENSEZET, YO —A, DEV10HDOH ) =2—nm
WG B 2B R TLIZSW, IO =2 —m Al ma 4T

THDE, ZHUTEDEFR0NEINERDIHEL TNHZ LN E
o ZHUTRNELDIEHREE BEL TITWET, TNOOREEIEA]
ZLTWDDTLIINY, TOTY R, #EamD7eOIlENHZ T FRALE D
RO =2—n W, FRROIIRBEUG LT DN EIN a5
BoTTZE0,

»

ORI, ZOEGERE ST AN B/VCESEAMTL, o
ATNZFBNEAMHT 2T HZET ATHZENTEET, AR Ik
T, “FH, ZFA MERORBh=2—a Y, FRROIIZRMEE T
TET 2 EINERRHT HE B TTEEN,

"
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BEOHIHRIZDNEATNTNDIANT, ZHHD4ODEEITEDED
&L BB 2NN R BT OFO0D BRI /2D £,

DFEN, HLEDGOETOBN=2—a N3 K LT=6, FA-HIdZF D%
FROTHLHEAEM DT HIENTEET, bHAALZNEGFN, ZOH
DO THDLEEM OGHLTIEIH A, FToBHIX, EDOMDELIDTT
BT AR EFEO B DA HCHE) Ve B AT LS OB BEIZ0%2 155
ZEMTEET, LD RSB ZOHE TIEIATNIOE LR im D T2
LX 2N TLEY,

Za—I N Ry N —=INZOTFETHERET TR, 2E10H ==
—a D IFNRAENE BOOTONTO RS R A E S5 LN TEE

T bLADDOMNTELT DL YD) =2 —m AT OHFORK I
e RAMI 22D RO IO ETHTLEY, LnLEDR EffE v, b
(R U7 O 72 Bl R B S 2 HIEIE S A, BTE K
THEZDOIIRD ) D EArEy MIRSBEIR T 5, V) E Y7

H IARB LA TLED,

HERLIEZINGDOZEE, TRTEEDE2— VAT VATY, ZjE=
2=V R NI =2 ITLHZOHE, DEVFABFA L, RiEns
B2 R AR T 2897 FIE TITHOREITHV ER A, BEH
IR B T NAVALN A )] =2 —a %l L7 A DEY
TxEADIFHTLEY, LINURRBRAIANZ AL TEE X 13e
THIFNE, RN =a— I )y N —I 7 —% 77 F v ikt 35 b
T, HIRT-ORFRZ KT HZENTEET,

IOYY4A4X

o XY —2D BITH)—DBEIBINTHIET, HFOEYRY
ARRBAETEODLTENRSVET, WML, FrRoMoL
(2, BIOENSO 1% R ORBUERBLET, HLWHS1E
DO DEIRESAT A% BOTFTLIEIWN, 72720, B D381,
3fg B (72 bW YD IELWH 1230 72< 840,99 THETE
L. BRo7c i 230.01 8L F CIEMAL T 5897 eb D SR EL TTE
Sy,
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old output layer

-:.;\:i\ / \{ new ool
= O =g 7> O\

SN

—_— L _ TS,
input layer Q‘_‘%’: ’#.:?’ ..-,‘.".:’?
(T84 newrcns) ,A'#‘ 4
Sl e =
57 Sl
CIAAES h‘a&%ﬁ.";”:}"j’,”;-
LA PSR T
A RN .,./*’;é,r/
S NN\Y

N

HECkE FEZRBVWCES

AR BT =2 =TI N Ry NI =T DT AL FITANELTZMN, &
AUTE DI FORHAEFE T DL TELDTLLIN, HAN
MBI b DIFENE MW TEE T 12D O — =0 77—
By T, B BIFE O FEEH T AT Y BB EZDIELV V)
YD/ HMNISTT — 4w MV ET, MNISTEWO £ FRiL, 4
P37 AU g E AR HERARAT SR T (NIST) 12 k> TUIEE B L OME IE
(Modify) &7z — 2D T — -ty MBI LS TWAZ EIZH KL T
F£7, LA FIZMNISTO E {2 < DhvRLET,

S0 |/]q]2

RITTE 25 WD T idbeginning of this chapter CHW:=H D
TY, bHAA, FTEHDO Ry N —7 D7 ANMIITFHI A Cldenb oz
AuvEd !

MNIST(X — DD EFRNHR>TOET, —2 HI%60,0001E D 5
DOE T, ZHHOHEEIT250 AD FEZDOEANL AT v SN2t
DTHY, 250 ADHIH¥-41ECensus BureauD R B TRV E
BAETT, ZNHOERIZ28Xx28E 7 /LD J L — R r— )L L7 5> TUVE
7, 2 HiF10,000fH DT ANHE G T, ZALOEBRS[FEERIC
28x28 /L DI L — R — L s TWET, ZILHDT ANF —4
Zffio T=a—I N Ry N =7 ST ORI HONTENLBVWVEE T
ETCVDDEFHIL 7, TANDREZ RS D720 7T AN —Z1FF
T — 2 L 13RIRDB 250 A HELEEN T E (BEICCensus
BureauDHt ¥ B LER AL T L —T TSN THDIZHLE DL ST
T)o ZAIUTID T AT ADGRFR CE D FZANFR IR L T Zpng
Mg TEET,
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2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
ZITHMA N Z 2 LIEFRLET, ZHTH AT 28 x 28 = 784-k i
IV g LRI AT, XMV OK BT —DDE 7LD
RRMEZ R L CWET, Z2CTHE y = y(z) EEFRL, 20 y Z10ik
DRI MVELET, RIS B Dz 36% R TODHE A
y(z) = (0,0,0,0,0,0,1,0,0,0)T BEAFFSNDFRYNT—IBOHJIT
T ZTCTIRHRE A A THVIT XTIV ESIRI LA AIVE 2 E
KR

R HEDFT0E O ZAUTRFIFAT) 1220V T, Ry T —2 D HY
175 y(2) (272 _SELIRDIVRBE I LNAT A% BDTF LT VT X
LTT, ZOEEEZENIETER CE0 5720 X FEBZ ERL

F*, *LIZUIE 85 B $7-13 B B L IS E
) Fo BB OATIE—TTL TIAREEES T
BEFVET A, 22— R T — I DR

) = o Y lhte) . I
ZZTw EZAYNT—IHOETOER, bITE AT A, niLili#A
NI, a lZIATIN & DRFITRY NI —I0bH S o <7y Fi
IR TOIEAT 2 TT, bHALVH T alFw & bZLTx ITEFL
FINERLEL T ICT DD I TIIEZ THRLEE A, ||o|[i3<
Jv v OFEBERIEAE R TR T, C IZ2RaANIHEMF O EL X
9o ZHUTUIRUIR T ZHREREDH D\ [T HIZMSE(mean squared
error) L CTHHNGILAE DT, 2IRAAMEE DA JTHLERFID
ORIE A I THBI D Clw,b) XIFEUABZENSINET, &
7=, C(w,b) H/hELTe B0, T72bH C(w,b) ~ 0 DRFIAFIA T
IZBWT y(z) S NPFFFELL DL ES, 2FD, C(w,b) ~ 0
LIRDIDIRE I ENAT A% BT HAUE, R H ORI /LT YR A
T EFSHRELTZ, LE A E T, MR C(w,b) BRENEE-REH
DAINZEBNT y(z) LHE DI ELRWIG ST EFSHERE T DL
BAFEE A, LI T, BT VTR LD NI E A LA T ADR
B C(w,b) DiR/MUIZEE A E T, FWVRA T HERIRY A AN/ NS
STEDLEBEASATAOE ROF 20O TE, T EFT-HITBE
BETFES DT NATVRLE S TATNOET,

LU, 7 2R aAREE 2D TLEID 2 fE RO L AT H AN
DTN DIZE N T OEAE D R NI — 72> TIELL SN T
(T2 TL RO 2 EEEP O BRI 2k AN i/
BT 201372 TLLID ? Z OB IO LN R b — 7
DEIENSNAT AD IO EAEI I HRNZE T, BHRE AT AT
INSTRE A INA TH MBI AT DT ENFEEA LR | AR
BUGETDDOIZEHARENAT A EYEL LD RV NEIRND T
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Network® HH D /3 AT AL H A (E, NumpyDnp. random. randniZd> TS
NI O - BEVEIR A1 D AT A A DELEUAI I LS E T, ZDH)
BUEDT= OFELHEUT., HER AR TIEDORMG AL THEHLEYT, &
[ENEELBUZ Lo THIMEA RO D Z LU E 03, RO E T, A
SAT ZDHHULD Y RNTFIEZ MR L E T, NetworkD #JHI{LD=—
RTIE, =a—nr01g RIZA DB THY, AT ATE -0
NEFHRT DL T EDONLDOT, ANFD=2—m D/ AT AL
BT DIEZL TODZEIZ DN THEHEEL TESNY,

NumpyNDOITHNIDYAREL TAAT AL B AIIRAFINDHZEIZDONT
HIEBFLTIEE, 22D T, net. weights[111%., 2Ji A L3 A&7 &
I EARAE T HNumpy D115 CT9, (PythondDA 27 7 A% 0B B 44

SNAHDT, 18 H Lofg HABRSEATIIHVEE A, ) net.weights[11&

VIOREIRIT TR /A2D T, 22 TlRwE W T8I L ORLEL LD, EUE,
wip EWVITTHITERESN TN T, 2B ADOEFEHD=a—rm L3 HD
JFFHO=2— 2B EHR T, ZO5EEDNEFITET IR 5%
LIVER A, WD jERE AT DIEINEITE > TNEHTT, ZDJE
FFORERFRIZ, =2—r g8 HOTEMALO T MUITLLI T 2 B %

THIETT,

a' = o(wa + b). (22)

ZORTIE, RO EZLDIRDFEND DD T— D — DN THEL L
2. alZ2fE B OIEHALDO XTIV TT, o/ 21557210, FATebital E
FATHNwEBNTRL AT ADO_IbE R LELET, FA=HiE, X
Zhvwa + bIZREB oS £7, (ZHudfEicdvectorizings
FEIENET, ) % (22) B, P BEAR=a—u O HEFE T 57
DD R (4) EFRIUHE R D L2 MR T LR T,

Exercise

e Equation (22) #_XJMVOEREZFLRL, ZL T T EAR=2—
O S EFFE T D725 0 Equation (4) ERIUHK RE4 52528
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HERLEL LD,

ZAHLTZWRAV T, Network 2D H D& FHR 352 —RZFER 92O X fii H
R EDOMNET, VT EARBEREERTHIENLIILDET, 2D
X VT EARBEEIIANMVEA CNumpyZ i > CEFRLET,

def sigmoid(z):
return 1.0/ (1.0+np. exp(-z))

sigmoid_vec = np. vectorize(sigmoid)

I T =D AN Sja 352 Hi7-6, ks L7-H 7141 9 feedforward%
Network”Z 7 AIZIBINLE T, ZOAVYRIE, BI LI (22) ZiEHL £
7,

def feedforward(self, a):
“"“Return the output of the network if “a” is input. ”"”
for b, w in zip(self.biases, self. weights):
a = sigmoid_vec (np. dot (w, a)+b)
return a

HHEA A NetworklZL TUELWZ X E THZETT, ZDOITHER
M AELRE FIEG) A FEHLET, 2—RNEIZZIZiLET, 2 LIED AR
TR BV E T2, FHUC OV T PRt T L CLhvaEEd,

def SGD(self, training_data, epochs, mini_batch_size, eta
test_data=None) :
“"“Train the neural network using mini-batch stochastic
gradient descent. The “training data” is a /ist of tuples
“(x, y)” representing the training inputs and the desired
outputs. The other non-optional parameters are
self-explanatory. [f “test _data” is provided then the
network will be evaluated against the test data after each
epoch, and partial progress printed out. This is useful for
tracking progress, but slows things down substantially. ”””
if test_data: n_test = len(test_data)
n = len(training_data)
for j in xrange (epochs) :
random. shuffle (training_data)
mini_batches = [
training_datalk:k+mini_batch_size]
for k in xrange(0, n, mini_batch_size)]
for mini_batch in mini_batches:
self.update_mini_batch(mini_batch, eta)
if test_data:
print “Epoch {0}: {1} / {2}”. format(
j, self.evaluate(test_data), n_test)
else:
print “Epoch {0} complete”. format (j)

training_datald, FIFHA I ERHELZ BEH IO/ x, y) DUANTT,
¥ epochsémini_batch_sizelXFNFEDO =D DAL YoV 758
LT HI= Ny TFORESTT, Efletal T 7 EFENTT, bLA
Tar D5 test_datad3 D oY G, TR T AIE RO TR Y7 DH
LIZRY N =7 %3 L T BUEDOEATIR A I L ET, ZoRelix
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PEREL B O TIRILEHERR T DL TR L E428, BHRIZD LI
DB IRV ES,

I—RIFLL FOINHEREL F7°, KR/ Tk, AT —2 &7 % A
23y 7T HT LIS TRIBAL, 722 A XDI= Ny F 1T EIL
EY, 20N, T —HDT U M TV D ATk
W20 ET, BI= Ay TFIT, AR FIEZIAT Yy 7 FATLET, i
X, 2—NR'self.update_mini_batch(mini_batch, eta)(Z&~->TiTHiL, I=
v F DHIFET — 2720 i%@ﬁﬁbf@ﬁaﬁéﬂ EEFITL, RN —JDH
FRENAT AT HLFET, 222, update_mini_batch®dD1—RZ7RLFET,
def update_mini_batch(self, mini_batch, eta):
“"“Update the network’s weights and biases by applying
gradient descent using backpropagation to a single mini batch.
The “mini_batch” is a list of tuples “(x, y)” and “eta”
/s the learning rate. ”””
nabla_b = [np. zeros (b. shape) for b in self.biases]
nabla_w = [np. zeros (w. shape) for w in self. weights]
for x, y in mini_batch:
delta_nabla_b, delta_nabla_w = self. backprop(x, )
nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self. weights = [w-(eta/len(mini_batch))*nw
for w, nw in zip(self.weights, nabla_w)]

self.biases = [b-(eta/len(mini_batch))*nb
for b, nb in zip(self.biases, nabla_b)]

TEEDZLII TROT—FTIThNET

delta_nabla_b, delta_nabla_w = self.backprop(x, )

ZOa—RE, AAMNIBDO AR L F A T D mde T ik Th DR GEYI R
#&7£ (backpropagation) 7 /L2 X A AR BT 545 T,
update_mini_batchl X HLMIZI = N FNOFI T — & Z LI ARl AZ 7T
L. self.weights&self. biasesZ @ W HHTLFET,

self. backprop® 2 —R L4 T IZITFAL FH A, IROFE TR ZETHE
{fii_ob\‘(‘i%ﬁb Z DR Tself. backpropD1—RZFFN L ET, 72DT

L, AT —F OB T 5 AMNIR L CHE O AR Z K T #hx %
ﬁ“é&b\ﬁ:k%ﬁﬁ%:b&ffo

ZITI, TRIOFERR T 1T T L% B TLIZEN, ZOBR, Sl a4 I
L7z BBy 0m ) 3L A3 AU CUVET S, sel f. backpropZ fRUNT, 'R T A
R THY, - TICIEELLIZIED 2 TOLBEOE RSy (Iself. sGDE
self. update_mini_batch C{THOALCUVET, self. backpropl L AJECA EHH -
HZEHFITTHD DN O DB NIFEREZ L THY, FEMIIEZ
ZTIHAALEE AR, oA OB RAEAFIH T Dsignoid_prime, 7
IWIER Dsignoid_prime_vec&self. cost_derivative C9 -, IRDE Tiffl%
B LET N, a— eI L RO FIC Lo CHE AT T 5H N TEE
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T TR TEADREWVIDICRAET N, ZUT7 077 LN OB FA R
FO O CTHY, 2—F ARITEEFHEICED TN OB T
To KB TRT T AT T 2T R A RO T4/ 7T, 2—RD
FTRTCIGItHub TROIFHZEN TEET,

network. py

A module to implement the stochastic gradient descent learning
algorithm for a feedforward neural network. Gradients are calculated
using backpropagation. Note that I have focused on making the code
simple, easily readable, and easily modifiable. [t /s not optimized,
and omits many desirable features.

#EE Libraries
# Standard |ibrary
import random

# Third-party |ibraries
import numpy as np

class Network():

def __init__(self, sizes):
“"“The |ist ‘sizes'' contains the number of neurons in the
respective layers of the network. For example, if the |ist
was [2. 3 1] then it would be a three—layer network, with the
first layer containing 2 neurons, the second layer 3 neurons,
and the third layer 1 neuron. The biases and weights for the
network are initialized randomly, using a Gaussian
distribution with mean 0, and variance 1. Note that the first
layer is assumed to be an input layer, and by convention we
won't set any biases for those neurons, since biases are only
ever used in computing the outputs from later layers. ”””

self. num_layers = len(sizes)

self.sizes = sizes

self.biases = [np. random. randn(y, 1) for y in sizes[1:]]

self.weights = [np. random. randn(y, x)

for x, y in zip(sizes[:-1], sizes[1:1)]

def feedforward(self, a):
“"“Return the output of the network if “‘a’'’ is input. 7"
for b, w in zip(self.biases, self.weights):

a = sigmoid_vec (np. dot (w, a)+b)

return a

def SGD(self, training_data, epochs, mini_batch_size, eta,
test_data=None) :

“"“Train the neural network using mini-batch stochastic
gradient descent. The '‘training data’’ is a list of tuples
““(x, y) ' representing the training inputs and the desired
outputs. The other non-optional parameters are
self-explanatory. If "‘test data'' is provided then the
network will be evaluated against the test data after each
epoch, and partial progress printed out. This is useful for

tracking progress, but slows things down substantially.
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if test_data: n_test = len(test_data)
n = len(training_data)
for j in xrange (epochs) :
random. shuffle (training_data)
mini_batches = [
training_datalk:k+mini_batch_size]
for k in xrange(0, n, mini_batch_size)]
for mini_batch in mini_batches:
self.update_mini_batch(mini_batch, eta)
if test_data:
print “Epoch {0}: {1} / {2}”. format(
j, self.evaluate(test_data), n_test)
else:
print “Epoch {0} complete”. format (j)

def update_mini_batch(self, mini_batch, eta):
“"“Update the network’s weights and biases by applying
gradient descent using backpropagation to a single mini batch.
The “‘mini_batch’" is a list of tuples ““(x, y) ', and '‘eta’’
/s the learning rate. ”””
nabla_b = [np. zeros (b. shape) for b in self. biases]
nabla_w = [np. zeros (w. shape) for w in self.weights]
for x, y in mini_batch:
delta_nabla_b, delta_nabla_w = self.backprop(x, )
nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self.weights = [w-(eta/len(mini_batch))*nw
for w, nw in zip(self.weights, nabla_w)]
self.biases = [b-(eta/len(mini_batch)):*nb
for b, nb in zip(self. biases, nabla_b)]

def backprop (self, x, y):
“""Return a tuple (nabla_b, nabla_w) ' representing the
gradient for the cost function C_x. "~ ‘nabla_b’ " and
“nabla_w' " are layer-by-layer lists of numpy arrays, similar
to ‘‘self biases' " and ‘self. weights' . ~""
nabla_b = [np. zeros (b. shape) for b in self.biases]
nabla_w = [np. zeros (w. shape) for w in self.weights]
# feedforward
activation = x
activations = [x] # //st to store all the activations, layer by layer
zs = [1 # /ist to store all the z vectors, layer by layer
for b, w in zip(self.biases, self. weights):
z = np.dot (W, activation)+b
zs. append (z)
activation = sigmoid_vec (z)
activations. append (activation)
# backward pass
delta = self.cost_derivative(activations[-1], y) * ¥
sigmoid_prime_vec (zs[-1])
nabla_b[-1] = delta
nabla_w[-1] = np. dot(delta, activations[-2].transpose())
# Note that the variable | in the loop below is used a [|itt/e
# differently to the notation in Chapter 2 of the book. Here,
# | =1 means the last layer of neurons, | =2 is the
# second-last layer, and so on. It's a renumbering of the
# scheme in the book, used here to take advantage of the fact
# that Python can use negative indices in |ists
for | in xrange(2, self.num_layers):
z = zs[-1]
spv = sigmoid_prime_vec (z)
delta = np. dot (self. weights[-1+1]. transpose(), delta) * spv
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nabla_b[-1] = delta
nabla_w[-1] = np. dot (delta, activations[-1-1].transpose())
return (nabla_b, nabla_w)

def evaluate(self, test_data):
“""Return the number of test inputs for which the neural
network outputs the correct result. Note that the neural
network’s output s assumed to be the index of whichever
neuron in the final layer has the highest activation. =~~~
test_results = [(np. argmax (self. feedforward(x)), y)
for (x, y) in test_data]
return sum(int(x == y) for (x, y) in test_results)

def cost_derivative(self, output_activations, y):
“"“Return the vector of partial derivatives ¥partial C x /
¥partial a for the output activations. "
return (output_activations-y)

#aat Miscel laneous functions
def sigmoid(z):
“"“The sigmoid function. ="
return 1.0/(1. 0+np. exp(-z))

sigmoid_vec = np. vectorize(sigmoid)

def sigmoid_prime(z):
“““Derivative of the sigmoid function. ~*"

return sigmoid(z)*(1-sigmoid(z))

sigmoid_prime_vec = np. vectorize(sigmoid_prime)

ENTIE, ZOa—RRENTET B FEESR TR TE O EHRL
TWEFELLEY, FTIEMNISTT — #2270 —R T 5LZA00LIE0D
THLED, ZZTldmnist_loader. pyZ i L £7°, LL F D=~ R%python
TV TCEITLUTIEENY,

>>> import mnist_loader

>>> training_data, validation_data, test_data = ¥
. mnist_loader. load_data_wrapper ()

HH A, ZHUTISE L Zpython 7 /T AL L TERITTEET N, 22
FTHE-TEZBIE, pythony =/L Tl BLIZALE T 5 TL X,

MNIST7 —# %4 7 u—RLictk, - HIF30E O =2 —r %
HONetworkZ i ELE T, FL7zBldnetworkE 44 il 21772 _LFLDpython
TT T DA R —UIZRIS, 2O EITVET,

>>> import network
>>> net = network. Network ([784, 30, 10])

%12, 301t 2=y F VA K10+ iRy = 3.005 T, MNIST
Dtraining_data) HRER ABLRE FEEZFEHAL THEELET,

>>> net. SGD (training_data, 30, 10, 3.0, test_data=test_data)
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HLIDLEE GNP HT—REFITLTCNDRBIE, ZOFRITD 4
RERI DD DO THEREL TIES, 20144F 12 BIT 5 — X iR A~y 7
DAL IRBIE, RO LIE S FEE 0 F3, FHR A FAT
LoD, el T, e RICEHRAE R AR T 02627 T0OLET,
HLHRTZNBNTNDG AL, HART T I E RS T 75, FRihv==
— B OEEWST D, T — X DO—EOAfEH T8 E > TR
RAHRTHIENTEET, EROBEHAa—RIII0#RGHENATHET
T, ZOpythona—RlT=a2—TF /LRy NI — I R 52 LB
HZENBHITHDIZD, FHENPBEWDITTIESHVEEA, BBAA, —
fE=a—I N Fy NI =2 &I IUT, BT bidEloarta—4—
7Ty MR =L ECIEFITEIBICFTTHIENTEET, BRI ==
— NI T =T DEPENSAT AD By Rd i, web”7 774
DJavaseript=°, #ET T NAADT TUNIBHEL , FITTHOILFHHET
T ENTIFUTIZ, =2—I NV Ry N =7 DH LI 7T mEAD—
DFERZRLELLY, ZOHNTIHO TRy 7 Z8Il=a—F /L %k
U — &R CEUNCHIET — 228 C& - HE R L0 ET, &
DA D -T-H 12100001 F D 9129 EH N IE LR T TH
D, EDOZRITHIUGET TODZENDIDET,

Epoch 0: 9129 / 10000

Epoch 1: 9295 / 10000
Epoch 2: 9348 / 10000

Epoch 27: 9528 / 10000
Epoch 28: 9542 / 10000
Epoch 29: 9534 / 10000

RS2 Ry N —21395% D /0 R Z A L TR, B — a1 328
RTD95.42% TLTz, ZOFERIL, MDA EL TUIKREFLTT,
NI =0 %T H NIREIRESAT AL S THIHHEL THDAD T, 2
DA—REFITLIZEL T, LR TORLIEE R —FEITRDEITIRLAR
WZEIZHEELKES, ZOFETIE, 3RIOFHEDIHDORANDf#RE
RLTWET,

ZN T, Bih=a—urofZz100ffIc L T ERROEREZFHFHELT
HELLY, ZOFEGFEERICHR 20 ETOT, HEE2FEITLoD
HAMEDHZENEATT, (SEIOHA . Bil=a—rr DER L
DO THPACTOFFERER R L0 ED T, )

>>> net = network. Network ([784, 100, 10])
>>> net. SGD (training_data, 30, 10, 3.0, test_data-test_data)

TAEY , ZOFE TIEMERED96.50% (210 ELELT, etz
— AT, JNELORENBEEM AT 2L TI RV REGLZED

ek * SEHDT A~ I EBE | ZOEBRCIEPERED
° H SIS IUTEY | U OO RH R B
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bHDA, TNBOR LT 72010, IROTHRY 78 3=y T et s e
DY AR FHE e BARKIIC E?RUZKT I720EHATLZ, ERED BIRICHDT 2L CEET
N, FETNAYANCE S THEE T 23T A= Z (HHLAATR) &
AT D721, ZNDIE=a =TV Ry NI =T DA /8= /TR — 2 &
LTIHEN TV ES, bLAANR=RTA=F 2 REINERIR LI 25
(E BORREGDHILITRVET, HIIE, 7y = 0.001&EA 2L

ERAIR

>>> net = network. Network ([784, 100, 10])
>>> net. SGD (training_data, 30, 10, 0.001, test_data=test_data)

FERDOUEDHERTE > TLENET,

Epoch 0: 1139 / 10000
Epoch 1: 1136 / 10000
Epoch 2: 1135 / 10000

Epoch 27: 2101 / 10000
Epoch 28: 2123 / 10000
Epoch 29: 2142 / 10000

LALZ2 35, Ry NI —27 D FJIMEREIT P <V E BLTeo T ZEN D
ET, ZTHTFEBEREST RELVIZLEZREL TVDLDT,
Ry = 0.0LICLTAHELE), ZORETIHELIZGE. IVEBWER
EAFHIENTEET, ZORERIL, SHITFEH RS EZIION R
WIEEBERLET, GLEFL X THENUELI2DIE, IHICE
HAREEETHATEEN, ) FENZDI-> THERAT o722
X, FERITATOEBR CHEHALIEICE ) = LOREIZ/RATLLY,
BAANIANAIN—IRT A= 2 O ARG 72 B LTz IZb b b g, A7
EUONAIN—INTG A= B E N FICOWTHEREA UGE T A Ao L
PTEEL,

WD E =2 —F VR N —0% T 7§52 IR ERZ L

THHEEZET, NAR—TA=ZDYHADRINNEL ToH LA
IFFRROFER LGNSR E XL, FRICREE T, R Bixai

WL =2 —a 2330 H O %y hT — 27128\ T, 8 s

n = 100.0ICEH LG AZIUEL THELLD,

>>> net = network. Network ([784, 30, 101)
>>> net. SGD (training_data, 30, 10, 100.0, test_data=test_data)

DR TEITERITEZBL TCODEITESTWELEZD, RII RN
BTELL5TY,

Epoch 0: 1009 / 10000
Epoch 1: 1009 / 10000
Epoch 2: 1009 / 10000
Epoch 3: 1009 / 10000

Epoch 27: 982 / 10000
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Epoch 28: 982 / 10000
Epoch 29: 982 / 10000

WO TZOREIZEm L 72Z8%, B L THATIZEN, bHAA,
FATBIXATOFEERZ TN > TN T, FEFL TITFDHIEDIELNZEZE N
HZEEAITHMDOTWVWET , Lo, ZORBEICHIO CTEE T 255 .
HRE R, ME T REPEHZ U ET A, FERIZTTRL,
Z=a =Ry T =7 DO TOMEIZ OV TLELT H0vb LitER
oo NI =R FETHZ LSS LIIRITIETEHARE AT
2L LTEODE LIV WEEI DS LIVER A, £iLeh, BEHROH
LB T DOV T — 2 & Ffo TN E RO LiLEH
Poo TR EHEL TR DONL LR ? TEETE
BT DD EE T8I =2 — T Ry NI — 7 TIER ATREE D
PHLNER A, FEEMETED LNV, ZNELETED?
XD T, ZOMBEICE R T HBT. &b DR IREBIZH DD
T,

INHDERMZERORTIZDO D=2 —TF N Ry NT—I DT Ry 7L TD

Ly AT 7R CIEHV EH A, ELTEE O ar 730 712 BEL
TEE, BRLEENAHVET, =2—F LRy N —27b BV

RAEBDIDDT R Hiffie B S0 BERHYES, LRI E 2

1L, R BIERONANAN— T A—FE QB WT —FX T 7 F v &R 57
DDOEa—YAT 4 7 EN R T L2MNERHVET, ZORZIBEL T,

RO NAIR—=RTA=E DR E T 1EE T L TID ORI DU THERR
LET,

Exercise

o RIEDRRNATIEEH D HD2JEDFy NI — I %> T
TSN, ENEN=a—r 0T, 784 L10fE T, LT, MR
AR E THE S THTIIEESN, EARS R EZER TED
TLXIDN

LLAT, MNISTT —# O v —RIFEDOFERNC OV TR ZE R L T EL
7o MRV CIEHVET D, SDT=dIZa—R Rzl MIZEEEL,
MNIST T — & &40 T D7D I D 7 —Z L, BN O
25518 C, NumpyDndarray4d 7 =78 C9, (4 Undarray (2Bl 7
DR IE, RITMLELTEZTESY, )

mnist_loader

A library to load the MNIST image data. For details of the data
structures that are returned. see the doc strings for ' ‘load data'’
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and " load data_wrapper . In practice, load data_wrapper " is the
function usually called by our neural network code.

#g Libraries

# Standard |ibrary
import cPickle
import gzip

# Third-party |ibraries
import numpy as np

def load_data():

Return the MNIST data as a tuple containing the training data,
the validation data, and the test data.

The '‘training data'' is returned as a tuple with two entries.
The first entry contains the actual training images. This is a
numpy ndarray with 50, 000 entries. Fach entry is, in turn, a
numpy ndarray with 784 values, representing the 28 * 28 = 784
pixels in a single MNIST image.

The second entry in the ' ‘training data’’ tuple is a numpy ndarray
containing 50, 000 entries. Those entries are just the digit
values (0...9) for the corresponding images contained in the first
entry of the tuple.

The ‘‘validation data'' and ‘test _data'' are similar, except
each contains only 10, 000 images.

This is a nice data format, but for use in neural networks it’s
helpful to modify the format of the '‘training data'" a little.
That’'s done in the wrapper function ' load data wrapper() ", see
below.

f = gzip.open('../data/mnist.pkl.gz', "rb")

training_data, validation_data, test_data = cPickle. load (f)
f.close()

return (training_data, validation_data, test_data)

def load_data_wrapper () :
“““Return a tuple containing "(training data, validation_data,
test_data) "' Based on '‘load _data'’, but the format is more

convenient for use in our implementation of neural networks.

In particular, ‘training data’’ is a list containing 50, 000
2-tuples ““(x, y) . x'' is a 784-dimensional numpy. ndarray
containing the input image. 'y ' is a 10-dimensional

numpy. ndarray representing the unit vector corresponding to the
correct digit for “x

“‘validation_data’" and test data’’ are /ists containing 10, 000
2-tuples ““(x, y) . In each case, 'x' is a 784-dimensional
numpy. ndarry containing the input image, and "y is the
corresponding classification, i.e., the digit values (integers)
corresponding to " x "

Obviously, this means we're using slightly different formats for
the training data and the validation / test data. These formats
turn out to be the most convenient for use in our neural network

code.
tr_d, va_d, te_d = load_data()
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training_inputs = [np. reshape(x, (784, 1)) for x in tr_d[0]]
training_results = [vectorized_result(y) for y in tr_d[1]]
training_data = zip(training_inputs, training_results)
validation_inputs = [np. reshape(x, (784, 1)) for x in va_d[0]]
validation_data = zip(validation_inputs, va_d[1])
test_inputs = [np. reshape(x, (784, 1)) for x in te_d[0]]
test_data = zip(test_inputs, te_d[1])
return (training_data, validation_data, test_data)

def vectorized_result(j):

““"Return a 10-dimensional unit vector with a 1.0 in the jth

position and zeroes elsewhere. This /s used to convert a digit

©...9) into a corresponding desired output from the neural

network. ©””

e = np.zeros ((10, 1))

e[jl1 =1.0

return e
ZDTaT T NI BWVREREGLNTZES W ELTZ, ZHUZEI)
BBRTLIO, MEHERL TRWEE S TWNADOTLEID, BAWIZH
L7200 (AN LW THE R ONEEAE L 720 D722, W<O0D
=a—I Ry NI — 7 TIIe W 2 RE B E A R D Z T AR T
L b A, ETOR TR VTR T 2T & LMHER TS
LD T, ZHUT, HEREIZ10% R I/ DTL LY, FATZDIX, 1L
BN BUVMEREZFF> CUWVET,

DI DA IRNIEREL T2 AT LI, LTI, ETHY Ve
TATTIZHREEL CTHEL LD, B ENL<EONEOIN DWW TR T
WET, BIRIE, T2 OBiGIET 1 OBGRIZEE T, KOO LY
F9, WD, TRROFIZ AIZh 5180, <O 7L L
B OSSN TNDNHTT,

A

ZAUE, BHF0,1,2,...,9) OROAEFFOE RV OEEFHETD
TR T — 22T EAREL TOET, FLWEGR VRS
NlelE | FGRNENLETROVDEREL, biEWEREALZFOv /2L
DO OEFEL TRBILET, ZIULHARFIETHY, a—T 17
ST, AT RIIZa—REEZEE AN, GitHub?GitHub
repositorylZ/ABL CTBEET, LML, 2O HE T, 100008 D3I
T —HDHH2225 M AW YNZ X BT HIELNTE, DEN22.25% DI
B T2 DHERIC AR TRERBEEL L TEOLET,

T RSB 207 50 %R EDMDT A7 7 % HOTFHZLITHELHY £
Hho bLHRTENDUERIVE, TR E50%ICEETESTLLY,

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 42/47


https://github.com/mnielsen/neural-networks-and-deep-learning/blob/master/code/mnist_average_darkness.py

2018/8/3 Za1—JILRv hDO—O EFEFE
LN EDIZEREEZ TG T 5720121, B8 7 LTV X L% H
ﬁ“é ERFNTITRDTLED, E<‘fﬂ%ﬂ’(b\é$¥£@~o“@é@éﬂf

— IR S =< A (SVMIZHOWTHEERL TAFEL XD, HLSVMIZHI
Yl 72702 L Th, DELLZRW TSV, SVMOEIX (2O TRk
M ER iR DL EITHV EE A, RDOVIZ, A2 HIZLIBSVMEL THIL
ILTWDSVMOD =372 CR—AD T A7 7Y Dpython A o #—7 =—AT
boscikit-learnEWHTA T TV EFEHLET,

t, Lscikit-learn®>SVM /33825 DT 7 4 /V % E TR L= &9 0L
10000f# D E g H D435l A WU/ FHTE LT, (m—NIEXZZ] EE;D
7, ) BOOEEHEIZESLSENOEZDHE, L THRERWET
Fo WD, SVMITTZWV =2 —F L Ry R —J L [RIULSBUV, Bk
S EBBWOMREZ R CNET, BROETIL, FIZHIESVMA X
DINTHBZ D BUVMERER G202, =a—TF /) Ry NI —J %K B 75
B afe T LE S,

ST TRV TIIHYER A 1000018 T D9g351E D3 U172 4548
1%, scikit-learn?®> 7 7 4 /L bR EDSVMIZ LA DO TL Tz, SVMITFH%L
A[REZ2/XT A—=HEN DD EF - TN T, SHITHERED BV VHIBIATTHZ
ENTEDNRTA—HE T LN TEL AR HVET, ZOBKREH
RHNTIIATOERE AR RDOVIZH LEEMAZ D72V Ve b T Andreas
Mueller®> 7 27 Zfgg8 L T7ZEWV Y, Muellerid, SVM D /3T A—4 %
AT 5L T, 98 5% D FRIMERRICEIEL TWAIZEARL TV E

I, SV UL, BT 2 — =2 7 ENT-SVM Tl E A 7o
L7z il \_fowi@‘o ZHUE, DR BUMERETT, =2 —T /L Rv b
U= 7132 I BWHEENTEDLTL IO,

FEFRITATRE T, BUfE, K<EREFSNIc==2—I Xy T — 2%
SVM% & 8 O MNISTORF 7 LTV R LD quﬁz%{%nﬂ vE
7, 2014F-FAEDFEELTIL. 100001 H 9979 # D i t5: 45w B2 43 FE
THIENH R TOET, i, Li Wan, Matthew Zeiler,, Sixin
Zhang, Yann LeCun, Rob FergusiZX->TiThi7=tDTT, ZOXK
DR T, ?ﬁ%ﬁiﬁfﬁ LTEEIRDZ<E RHZENTEET, DM
REDL VI ANHILIZIEFETHY BLOIDRNEDTY, 72872
S ANH AR fzﬁfof Wi HT LS X HELVWMNISTE A3 <D
MHHINETT, FIZITLL FDLI72b DT,

64115 2][Ae
A3 3 UL

S (

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 43/47


http://www.csie.ntu.edu.tw/~cjlin/libsvm/
http://scikit-learn.org/stable/
https://github.com/mnielsen/neural-networks-and-deep-learning/blob/master/code/mnist_svm.py
http://peekaboo-vision.blogspot.ca/
http://peekaboo-vision.blogspot.de/2010/09/mnist-for-ever.html
http://www.cs.nyu.edu/~wanli/
http://www.matthewzeiler.com/
http://yann.lecun.com/
http://cs.nyu.edu/~fergus/pmwiki/pmwiki.php

2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
INBEGETHOITHLNERED L L2 EEL TQOET, MNISTT —
H O TIOIIREENHLDIZH b5 T, =2—F/L Ry kT
— 71310000 DB DO F O 21{FH LM IFE EN 3 F TEHZ LTI
TIETY, TRIIILT T HEE, T2V TWEIMNISTO R 72 B fiE
FTHIOREME R REA R Z LI, MERT VTV LRULEIZEE X
TWET, L, WanbD_R—/R—=DHTF M LIZ=a—F /L Ry kT
— IR0 T NI T VAV A B EERL CONET, R DE
TR CEIET NIV LDON) T—aba A TOET,

IR T NV R I < VU T VIREE T VTV I+ ROFIRET —4

Deep LearninglcR{FT

=2 —I NPy N =7 XSGR MEREZ TR HE L TUVET DY, ZOMEREIT
RRMFHI T, Ry NI =T DERLEASAT AP HBEFJIZHE ASLEL
Too ZAUTOED, R RT—TREDIITHEREL TWODNT OV TR
TERWIEEZEWLET, Ry N —URFEESHFE2 AT DL

MR T 2152 RO LN TELTLIIN? ZL T, ZDIH7H B
HER SIHIZENIKHPRDTLIIN?

ZOERNCEVEEIE Z5T2D12, [1ZH920~30FE T=2—F /L R vk
T =71 I N THBEADIZZRDTEAD 5 2 TTESW, FAebid, ZA7R
BV NI —INE DI Z B TEHTLLIDY, BLINLTE
B, FATZHMEIRL TR WERENAAT AZfEST- Ry N — 713, ANide
BHZRL DI b LR, EWVHDh, Ry T —21 T A BB L
TENBTT, MIHIOAIWITEE 1L, ATAHEET 272D D55 )icd->T
HIBEDJFEE (N DOMHERED JH70) ZBR CE DI D ZAIRTE
ZENTWEL, UL, R BITNIET T, A THIBEOBEIZ
BRI Do TLEIZLITRDID B LINLERA |

ZNHDORBEIZEZ D012, ZOEDORINCHHALIZ A L=a—my
DOXR—F T a2 ANZOWNWTHRV IS THELLY, BN ANDOEEZ LT
WA BT L2 ELET,

Credits: 1. Ester Inbar. 2. Unknown. 3. NASA,
ESA, G. Illingworth, D. Magee, and P. Oesch
(University of California, Santa Cruz), R.
Bouwens (Leiden University), and the HUDFog9

Team. Click on the images for more details.

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 44/47


http://commons.wikimedia.org/wiki/File:Kangaroo_ST_03.JPG
http://commons.wikimedia.org/wiki/File:Albert_Einstein_at_the_age_of_three_(1882).jpg
http://commons.wikimedia.org/wiki/File:The_Hubble_eXtreme_Deep_Field.jpg
http://commons.wikimedia.org/wiki/User:ST

2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
ZOMBEIZRL Th, FEECFRMEFCHE TRV ZENTEE
9, OFY, =2 —F LR T —ID AN ELTHBEOE 7BV a0, 1
DO NI =2 —a Lo TIHTHD ) TH TRV D HESE D0
<9,

TIEBZTHELL), L, FETAITVRNIMENET A, 2O
PO, Ry NI =% FE)TRGHL . BORE LN AT AZREL T
xFET, FOIIITHVMDIEINTLIIN ? =a—T LRy T — T %
—B R TENDELT, RAEbRMEIZEDTELE2— AT 4V AL
TRBEZ /NSRRI SFILET, TEHgOLE FIZBIZH50 ] THBRO
£ EIZBIEH 50 THBO LN &ITH 50 THEO R TIZAEH
D TEZDORIT EOIINCH DN 72T L,

“NHDOERDZEZ DWW O INIYES | BFOYES 7284 UE, £+
DHEBITEHATHDHES 2D TLLY, W, BHDEZNEEALTNOTE
T, FAUIBFLEATITRWTLEY,

HHA A ZHUIDRVFEN b2 — AT 4 VA THY | Z< DR HAEFFHE
o BIZIE, /I TZAEZZ TG, OITITEZDOERHVET A,
FT=HIE, BIO—EOHTESTZ0 | BUTH EEDS DUV TWED | BHO—E]
MBI WYL TH, RS CEE T, £ TH, Z0Oka—UX
TAT AL TIRD ISR EAFDHENTEE T, DFED, /NS
E = o —T Ry NI — %o TR LN TEDIRD TNDA Y RT
— VAl BT LZET, BHIEDTO DRy N — I 25T 528
DTEDH, EWHZETY, LUTIZ, HVIVEIRT —FT 7 F v R~LEL
19, ZHUFE, BT RN = E R HETERLTWET, 72720, 22Tl
BRSR I BEA R T2 DBIER 72T 7 a—F LR L TN bigiE
BL SN, ©LAZNIL, EDOINTRy NI — I DS RET 52D
WCERAY R B L TV E T,

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 45/47



2018/8/3 Za-3SIlRYy hDO—OEREFE

Is there an eye in the top left?

Iz there an eyve in the top right?

Iz there a mouth at the bottom?

Y7 Ry b =7 BRGNS ETED, LWVIHIDITNNITHHVEH 70T
T, TR TIIROIIRERNICOWTHRFL TAHAELLY, [HEigD
e BIZE R 50 2 | ZAUTIR D LB RIS SDIT T 5T ENTEE
T EBIZHHD? | TEOFEITHL 2 JTIREKDNEIXH D02 )72
ETY, bHAALINOEDOERNT, EBRINEOFHHE S A TNDHNE
TY, [HBOA EIZERIZHL0 2 ZIUIHED EIZHDH 2 &0
1IN, ZDOIHEETI N, o7 IFLTEEELEY, 20X
L, [ EICHIFH DD ? JITRO IR TEET,

Iz there an eyve in the top left? = Are there eyvelashes?

TOWVSTERNT, HBDOBEIT LT, SHIZIHIZHRL TITZEN ]
RETY, ZEMAYICIT, H—DE 7L~V TR HICE 2 bR L7
T NVIRE RN B Z DY T Ry N — I TYEET HI IR0 ET, fi
ZIXZOERMIL, BBNOHLRFED R TD, T NVRIBIROFD -
BLOLLNEY A, TOFOERMIT, B0/ /VICEOEEELE
eSO =ma—a Nl TERDZENTEET,

BAKZRAE X, FERITIA B AT R (TH{R I3 AE R L QDR

MIDIHR) % H—DE 7B~ TEZ BILAREIC R LT %
NI =227V %7, UL EDOFEREGLT20I12IE, ATTHEGICHONTET
L HE CREOEMICEZ DO L, LOEMECIMR A SOk

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 46/47



2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
JEEEEL QDB DBE G L DEEBDOENNLITT, %<
DFR2IVE (2o F bl B) 2 &2 @& o N — 713, T4 =T
Za1-SIARY ND=J L En T E T,

HHA, EDINTHIFHNCY T Ry M — 21531 THLKDDITDONT
X, B R TCOERA, RYNT—INOERENAT 2% TE TR
DI, ERABTIEHVET A, ROVIZHIET —2 5, BEIRICE A
AT A (SHIZE 2R RO EMIEET) 2B G TELIHRFH
TNFYRLEFHNET, 1980411990 RDBFFEE 1L, FERI 4
ALl FIELRR AW RIRIEE T 4 — 7 o N — 7 ORI L TH LS
ELELTZ, &N, WLKODDRFNR T —% 77 F v 2R\ T, D
FRWEEREZFONFEEATLUZ, FEITT2O TN, EThiE, 3
M TCEFHATLE,

20064 I/ > CTIIRK, TH—T =a—T N Ry P mREIC T 5 —
ORI EL T2 ZNHOF B BN IR DB Tk
FERFREICEE DD TUIWET D, LW T A7 T 28BS TV E
T ZNHOHIL, IS (ZLTEYKER) Fo by —2 % I Al HE
2L, BECIE5~10B DRy NI — 7 NS IRO IZFI SN COOET,
ZLTC BV =a—T 3%y N —7 (FRZRRAIVE D UE O HOE) K
b, ZL<OMBERRICB NV TIEFRICRLIeo TWDLIENDIVELTZ, b
LAALZIUL, TA—T 3o T — I & OB G BT
DD TT, WEROT T T LSFECTHEMR T 1T 25 AEDEEIZIL
55, T 2=V HFROT AL EEZFITDUTNET, 74—
YT =7 LNy N — 7 OBRIE, B ERL LN LAY ATRE 7 1
TINEFEE, EDIIREN EF RO EEOBRIZD LEL TV ET,
HEHRIT, 1ERkDTa T I TIZBIT AL D LT R AT £
S, EAUIBD TEERZERDTT,

In academic work, please cite this book as: Michael A. Nielsen, "Neural Networks and Deep Learning”, Last update: Tue Sep 2 09:19:44 2014
Determination Press, 2014

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License. This means

you're free to copy, share, and build on this book, but not to sell it. If you're interested in commercial use, please
contact me.

http://nnadl-ja.github.io/nnad|_site_ja/chap1.html 47/47


http://creativecommons.org/licenses/by-nc/3.0/deed.en_GB
mailto:mn@michaelnielsen.org
http://creativecommons.org/licenses/by-nc/3.0/deed.en_GB

2018/8/3

Z1—-3JIRy MDD EFREFE

CHAPTER 2

PLIEDOILHA

AT ClX, ARl FEEZHW T2 —F LV Ry NI — T INE R E AT A
BEDINFET DN ERALELZ, L, ZO@BAICiEF vy
MHVFELTz, BARINZIL, AR O ARLE L OINF AT D)%%
L TOERT A, ZHIUTETHORERF vy 7/ T3 | KE T, BEEE
FEEND A AR D ARl A S ICE R T 27 LT X LA L %
R

WHREET VTV ALTHEL L1970 RUITEASIVEL T, L LIF(sRE
DSFEfiS 7Dk, David Rumelhart+ Geoffrey Hinton* Ronald
Williams (2851986404 725w LNV EG L T T Lz, £ D

WRFEZ WL LD TTIESDS T o L R E TE %%
b\<0i)>®::1~7ﬂ/%ylﬂ7~7 XKL TORL, FNET=a—T L1y
NI — 2 T3 T 7o > T-BENRT 552~ LUELZ, 4 BH Tl ¥x
fHE=2—T N Ry N =7 2B SE LM R T VAV A LTT,

AREIMO T ATEARNE M T, KIEBATH LWL T
FIUT AEEZRITL T, W o eh 2\ TE57 Ty IRy 7 A&
TN LD b LILER A, TIE, 2RI 20T T s O
ZRNFRT DD TLEIN ?

ZOEILHAABRDTZHTY, WHRFEDOARE 1T ANIEC D>
Y T =2 D Fw (b LI AT Zb) IZB T DR 5 0C /dw (8C /db)
TT, WD EHRDLE, EHENSAT AEEALS RO ARNIE D
EDEEWROINET, RS ORITE THEMETT R, T2ITTEL
WEER DY, ROKFEHRIT i§§’kf TR RN A 5.2 DN C&E
T, FHTY, WG TR D EHR T 7 LT XL TIEHEE A,
WAL E DL T, AN, T A LSO =2 —F )L %k

— 7 EIRDZEBDOZEAIZ L TIRWIRENEONET, W niE2 i
SR ITZ ZICH DD TT,

ZNIEIDD, REES SLFAZY, AL CTROFEIZHEA T
HRALTRTT, ZORITHBIELT TRy I AL TR > THitho =
ZHRETELINTENTWET, bBAARELE CREDRE LS
I DBV ET, LoL, TOSBE D OiEme 3 X TEb72<
Th, ERMEmIT M CEA1T T,

http://nnadl-ja.github.io/nnad|_site_ja/chap2.html

Za—I N Ry NI — I EREYH
What this book is about
On the exercises and problems

P =a—T N Ry NI E T
ER ST

| QPUIT Y aw i

P = —T LRy NI — I DFE O E

P =2 =T RN — I MEE DR
HERBLICEAHZLEOURINGEY

P =2 —TN R NT =TT DD
IR EEEL VDD

} {’//t}ﬁr#:—‘» 3
Appendix: HED®H D ST
F LAY X LTI B2
Acknowledgements
Frequently Asked Questions

Sponsors

ersatz

2
g | G SQUARED CAPITAL

@ TinEye

-
< © 7 VisionSmarts
o

FERLEIZOREFVHLTIZE -
To VAR —F — DRI EH L E
T FTo, NI L DRI 4 FE
NOERRITHEHNN U ET, Fe,
HAFERR O U & 72> Tk, BIERE
DERRITIREHN AN L ET,
ZORIEH FOEZAR—ZRT, B
FHATHTT, =7 —LAR—NZE
mn@michaelnielsen.org £C, HA&
FEUZ BT DT
muranushi@gmail.com F TRV
7280, ZOMOERNICONTIE, £
FUEFAQE T HALIZEWY,

Resources
Code repository
Mailing list for book announcements

Michael Nielsen's project

announcement mailing list

1/23


http://nnadl-ja.github.io/nnadl_site_ja/chap1.html
http://en.wikipedia.org/wiki/David_Rumelhart
http://www.cs.toronto.edu/~hinton/
http://en.wikipedia.org/wiki/Ronald_J._Williams
http://nnadl-ja.github.io/nnadl_site_ja/chap2.html
http://nnadl-ja.github.io/nnadl_site_ja/chap2.html
http://nnadl-ja.github.io/nnadl_site_ja/index.html
http://nnadl-ja.github.io/nnadl_site_ja/about.html
http://nnadl-ja.github.io/nnadl_site_ja/exercises_and_problems.html
http://nnadl-ja.github.io/nnadl_site_ja/chap1.html
http://nnadl-ja.github.io/nnadl_site_ja/chap2.html
http://nnadl-ja.github.io/nnadl_site_ja/chap3.html
http://nnadl-ja.github.io/nnadl_site_ja/chap4.html
http://nnadl-ja.github.io/nnadl_site_ja/chap5.html
http://nnadl-ja.github.io/nnadl_site_ja/chap6.html
http://nnadl-ja.github.io/nnadl_site_ja/sai.html
http://nnadl-ja.github.io/nnadl_site_ja/acknowledgements.html
http://nnadl-ja.github.io/nnadl_site_ja/faq.html
http://www.ersatz1.com/
http://gsquaredcapital.com/
http://www.tineye.com/
http://www.visionsmarts.com/
http://nnadl-ja.github.io/nnadl_site_ja/supporters.html
http://nnadl-ja.github.io/nnadl_site_ja/bugfinder.html
http://nnadl-ja.github.io/nnadl_site_ja/translators.html
http://nnadl-ja.github.io/nnadl_site_ja/faq.html
https://github.com/mnielsen/neural-networks-and-deep-learning
http://eepurl.com/BYr9L
http://eepurl.com/0Xxjb

A —=SHPYT 1 =1 —S )Ry N
D—HDHEADTFIEBVESELRHE

WRRE AR T DR, =2 — TV Ry N —2 O & @i GRS
D178 T VAV AL T+ =7 Ty 7 LELED, FAEIT A
DItk DB7-0) TEEICZOT VTR LEMEICA TOET, LnlE % Michael Nielsen / 201440 -12
DEAEIE S LFENTWDT, ZZTEHRSTGELSHPILIOS L EVWE - ) ‘ -
T, BT ECHIL ISR G EE CHBT pie Bicten, o 7R
DO, ZOTA—I T Ty FIERNFHIETT,

Za—I N Ry N = PO EHZ BRI E T DRI TENLET
trOELED, wh T (I - 1)EEDOEOkE R O=a—n2hb 1% H
DIE D HO=a—ar ~OEH T 2EAZRLET, FIZIET
Xt 2B HOBDO4EHD=a—r )b, 3BHDOBO2EHD=a—
n O D EAHZRKLUET,

layer 1 layer 2 layer 3

mj—k is the weight from the k™ neuron
in the (I — 1) layer to the j** neuron
in the I'" layer

ZOFRLITIEITRANTEE T, 22T DICH AR ORE S E
NHELNEREA, L, DUBERIVUZZORGLFEIIMHE THARLE L
JEEDHINTRDITT T, ZORLITETEH B RON, jEEDNE
ZTT, AN I=a—ay kM) =a—a 2T 5 BICH 5T
WAL LIVER AN, EBRIZITFICLTOET, Aarb7eZoftid
TEOBHRIIEBERALET,

=a—F N R NT =T DA T ALTEEICOWTHE - RFLFIEEZEA
LEd . BARMICIE, 0 CREH DO H D=a—nr O (T 2%
KLET, T, d CHEHOEDjE& B O=a—nr OFEEZRLET,
TRIZZNHDORFEHFIEDOFIHHITT,

http://nnadl-ja.github.io/nnad|_site_ja/chap2.html 2/23


http://nnadl-ja.github.io/nnadl_site_ja/chap1.html#implementing_our_network_to_classify_digits
http://michaelnielsen.org/
http://michaelnielsen.org/
https://github.com/nnadl-ja/nnadl_site_ja

2018/8/3 Za-3SIlRYy hDO—OEREFE

layer 1 layer 2 layer 3

INLOFRFLE ML, I B OB D% B O=a—nrOfFEMd i,
(1 - 1)FEEBOBOIEHELLTOXTRRMTONET (X (4) LHTED
JED Diggima L L TLIZEWY)

o= (Sukal ). @
k

ZZT NI - 1)EEOBOETO=a—a kIl OV TRLTNE
T ZOREATHNITEIET 72D, FBUTH LEMHMTINW ZERLE
T, BATHw DK ERITIF B OEO=a2—n &R ET D8 D
HATT, J7bb, ATAKIAOERZw, LLET, FERIZ, %8
ZXIL AP RANRD ML & 825 L ET, BEOEMETEHL/MNE
T AT ATV OBEFRITOET, 1B OEOF=a—m A%
LIDDATHIZSR B HENET RIS, IETE~7 MLal Zif el 2T
#LET,

(23) ZATHIERICEEE T DI TR R HE O ERIL, 072 OB
RIMUALTT, _XIMARITBEICHTE CRBIC A ELZ, BEREEL
DHE, DI E AT N vD B ERITHEA LNV DORT AT
T T, ZOIIRBEHRA~DORHE T IZITo(v) W) B R K7L a H
WET, DFEY, o(v)DEEFEITo(v); = o(v;) TT . BT f(z) = 22
ETHE RDIDTRVET,

-1
f<{3])_{f(3) Lo’ (24
Thabb, XTI LIZ fIE_XI ML DOF EE oL £7,

ZORTITEZFAWSLE, K (23) TR D EH7RE L I e_T L
A TETET,

al = o(wla" 1 4 bl). (25)

ZORBEHNDLE, HDJEDIEIEEZEDRIDJEDIENEE D EIRZ G

TEET, HAx DT TCODDITIETEICK LE AT EENT, AT A

RUMVERL, % ICoBa AT 2217 CF, CoRFIEohEe 00 s R o
BixZoRzHEKLET, bL, jgAI=a—nr
W, kEH i =a—a o vz ed 8L 1K

http://nnadl-ja.github.io/nnad|_site_ja/chap2.html 3/23



2018/8/3 Za—SILRY NDO—UERBES
D= BHTO RS ROBIET, IRFO DR THAET, i )Ry
DI 5 B2 IRF R DAL DR B A AL TLE 0 (L1252
5, SbIc, ZORBFELER LOAHTE, L0oob, Z<offEs
YT B I - I L B U B D~ AL 34t
DS NTODENE T, EEE, BIEO=2—R TlE, XAy T —27 D%
O RICZORKNERFIZH AL CWELT,

o' DFEDIZDIZH (25) 2T 2RI, B T2l = wla ! + 0%
FIRLTWET, ZOMEITE O THHRD THAETZ ST Tl
ERHVET, 1 ZE B OB T L2EHFDIDEIANLIESILIILE
o REDOLIEOH M CILEADEAT A EHBEIHALET, X
(25) ZLIFL fﬁ%‘ﬁ%]\ﬁ%ﬁﬁb‘“(cﬁ = o(2)ebHEEFET, JDHE
Fidzl =3, wjk + LEETLFITHIERL TS, D&Y, 2
I3 B OO H D=a—a SR OG5 2 2BEAOEA
PANGERR

X FEBICBER2DDIRTE

WARFED B E =2 —T VR NI — 7 R B D EHwE 23T
ZbIZBAT D AREEC DRy T2 H0C /dwkdC /ObDFHE T
T, WRIEDMEEE T DIZIX, 2 AR DI DV T2 oD EZ &S
VENHVET, ZNOHDOEGEE IR DR, TANIHOH 2 &EHIC
ELDOPRBNWTLLED, ATETHH TE2ax b i (2% :H(6) 22
ZTHEZFET, BIEORIETIE, 2 ARNIEIILL FOAEE2L T
WELT

= 5 X Iv(e) — a* @) (26)

ZZT i XA E DR E L FILE & OFIFER Bzl SOV TR LD HETE
D,y = y()IZxHETHEZEDOH ), LiZ=a—I /2%y NI —IDJE
. ar = aX(z)iZaez AN LTERED =2 —F L S NI — I D DR
MLTT,

T, WEREE T 572010, IAMIRCICEEIZE D X572,
DTLEID 15 H OAREIFZANBIEIELAA 2 O gl ef4- 22 &b
BI%C, DI C = LS O TEPNTNDENIFETY, 2 AN
BCHEZORERHALLTOET, ZAUTiEo O 3N 574
MEBEC, = Ly — of[PET TRV TT, CORERIORTEY
TAMDOTANEE THRRL L TOET,
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O R T aZ RN TOLEELZEIZLF T, KA -2l TR L
FIN, BEIIFCENED LWL O THRIZ2 N ENILTWNDAEE 2 F T,

IANEEZIR T 20 H OIREIE, AN I =2 —T LV Ry T —7 D
HITOBEECEP N TONDEWVIMRE T,

cost C' = C(a")

Bl AL, 2 RARARARUIZ DR Z 7L TOES Zhda>OFIEps1
IR T DRGEIT L T OINTE N NLD TY

0= gl = a1 = 3 3200 - a)” (27)
bHEAAZOAAMERUT BIEE T D ylcb kAL T ET, =AM
BayDBBE RS VEEZREREICEI b LN EE A, Ll
bl B E T HHC, HAybEEL TSI LTS, -
0, AR ERR AT AEE DL LSBT FT CELS TN
BT, Sa—F LRy MVEE T LD TG A, TTOT,
CMI A DIFEVEQL MO BIskE e L, g BIsR T BT D HAe
BT A— BB F DIXEROBHIERE T,

PHAI—=IEsoOt

WHERE T L TUR LT, RT ML O R LUER AR ML AT O BT Fir
&L R REHREIC STV ET, L, 20 T1oHhED —
B TIHRWEIER DV ET, setBRICIRITEDORIILELTZRE, s O t
w2 ODXIM OB EDOFEELET, DD, s © tDOEFIL

(s ©t); = s;t; T, BIAIX,

Lol =Ll =1 @
2 4 2 x4 8
Tt, ZOBOEHTEOMILIZTUIZTPIY—IE. L LIS 1—

FPRUFINES, FAEITH~— VLS LIILET, JKHK
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(cfE % R DB FRICHH TEET,

BRIBDOEEE L2 D54D0D

SRR IL T 2L A T AR BT AN E D L2
EEAURT B I CT, SHURZBIICIEOC  Bul, L9C /9Y, LA 7l
HT B FEERLET, SNBORMAEI T DA ET L HR0
(oL ALEF, COMILIEH O OjE HO=2—n ORRELIT
O, EEOALE AL A5 FIFLS 200 /0wl %
OC/9Yl LIS IR ET

BEDER T IEL IR T H5I1T=a—FL %y NI — 7 DN HEEE
PR L CAHAELLD,

neuron j, layer [

FREIIIFRHOEOFEHD=2— 0 NJES>TWAELET, =a—ny
(CATTIS A TETIg, BT =2 —n 2o T, EHADET AT
INSIBEH A ZMAET, 1-T, =a—rrido(2h) DIPYIZ,
o(z + A& ALET, ZOZ IF=a—T LRy M OR B DRI
{RHEL . %%@E"JKiﬁia)ﬂ/’(l\ﬁgiﬁ@@@ig—gAzjf:“ﬁ%@ﬂ:bi@‘o

TIT, ZOMBETE R T, S AN E S E T D, DRV
INESTDIIRAERED T HLLET, %ﬁ‘ijﬁ%fx@@if‘%ﬁ%

BOVTT) ThHELET, T5&8, STLHDFEOALZRAILT, &
DEFIFAAMEDRYHESELNET, BT, bL I A0 L

FEIIEAOEAT BB S TLIAMELIUIL T YE TEEE A,
TR AVHIWT CEAHPIC BV TlE =2 — BRI R B STV R RE S

= — - — = > *HHhALT SIELWLOOL LS NSV AT RS
= * D Ea—1 =z N z ac —a—F)L % - bHAATIIELNDIZAZ DY) 2
& - Zij— EY N Y 74/(/7& &i\ az]l- [E=a—7 b /]\]7 TTY, BB ZAE LR I 2 L REL
= 3 - N S TWET
I DREEMEL TWDEVOERE G AL5HNTEET,

ZOFEBIELLT, 1 A OBOSE HO=2—0r O#GESEUTOL
INTERLET
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0
;

Q

(29)

o5

<.

z

MBI 5T, 8T B OB OBEN DD M AERLET, BA
FEICLY A8 COS AL, SbATUCHROH 500w, R
9C /ObL LB HZ LN TEET,

BRI EROE AT 2 EX LT HONEFMICE b LILE
i WM, HIE el 22 bEH %@?ﬁ%ﬁ'%)%%%ﬁ?é@?‘é%k

LTHWAERBARPBLIVERY A, EBEZDOINIZL T, LN O

FEFRCIDITEDHNET, Ll Koo THDIEDLNDLOTY A, #hE

WRFR O R R AN TS >oCLENET, TTOT,

«’ﬂ‘z/z @i%ﬁ%@?ﬁiﬁkbf&; _ g_g%%b \6:&W—Lij«*o *MNISTO L5753 M T, 34 2E (error) &)

SEFLIUTRBOEHOEIAZE®RLET, filx

[E=2—T LRy 396.0% DETH IELL D TE
BMSEHE A4 DDA AR E ML L ET, Thbgins T el 0
bUBL, BN LAANIRO AR EF AN TEET, LFTED4D  Fooomkimimmi cl,
DORAFF COFETA, LREESHVET : ThbOROERET <
L TEDEMIE LA T BN CLED, ZOXIICHIFET D75
MOT b LIV ER Ay AR A B THY | ZHHORILEY
DL BT Tl 2 IR TE TV TT, # Rz bic, 2
TR TR L% 4 AL bR AT LR ET, ZO/iO#mIL
S — NHURITIEBE FX A7 EHE O R AR AR DR Cf
IZALDOBDODIETTT,

AR O Z IVIRSEE T2 L OIS IZLL T Omy T3, %
T INLORO FEARFEHARLEYT, ZOMEHE ANIZREInG
DENELWOPZEREL <R ET, 0%, ZHDORA =
—RTEZEL, TOERLa—RELEDOIIEIETEDLEFHEED
PythonD=a—RT/RLET, AEDFEOHTIL, R miE XD
ERA BRI TR, Panb 24— L TE DI S niE 4
FERFDMERLTNEET, ZOEH T, Fox 1 HTES4ODHAREZR
RINEBEVET, HENEEDIC YN, 200N T, £LLH
RIELDESZ A DI/ BIXTTT,

B TORRZESL B4 53 §L DA/ EFEIT

5o _ OC

=—o
J 8a§“

(). (BP1)
TY., SHEETH ARRERTT . ALOHIEDIC/ dak 1X=1 4NN
% H O M ATEIEO B L CE ORREBURIC LT 20D E A\ VAR
STWET, FlxIE, CHHABORED=2—o (FlZIEjE& A L
FP)ICZAUTLIRIFL TR UL, Fox ORIFBISE /SR %
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2018/8/3 —a1-Siry NDO—O ERESE
T — 7 BLDF2H D! (2] )i TR S o 23 2] DZAKICE DFREE
BURIZRIS T2 DEAENERLTVET,

ZITHEHTRERDOIL (BPY) O TOHEMAEHIZFH A TEHHET
T =a—IN Ry N = OEBEHR T DM 2R R TE, &I
BT OA ==~y FEzide’ (2P )bt TEET, > T, Hi2H
FERHR TEET, FHUHIZBEL TTT 23, 8C/dal D AR R T
HANVAANEBEDIIARAELET, Ll AR BERN 22613
8C/8al R H T DO DYEE A, BIZIT, 2RFEI AN
AWT=5E, C = 13,y — a;)? 72D T, dC/dak = (a; — y;) L5
H|ZEHA T?—Séﬁﬂ B/BoIVES,

X (BP1) 1HL DA ERITRT2RATT, ZORKBKRITEIT 2N
DTI D, WPniE TR MTANZ W R A TIEHV A, 0%
THNEL TEEET DIIES T, LT OKRICET £T

st =v,Cod2h). (BP1a)

ZIT, Vo ORI 8C [ dak 2t~z ~ IV T, V,CIEH &M
(2R HCDOELREAIEE T, (BP1a) & (BP1) (X[FMETHHHIT
T I WET, TTOT, LLFT iﬁ%@ﬁ%ﬁﬁﬁﬁ%@ (BP1)
ERWDHEIZLET, HlEL T, 2 i = AN OB T

V.C = (al' — y)TF, 1> THTHIEAD (BP1) | ‘iMT@J:OGUEEDi
SR

6t = (a¥ —y) @ o’(21). (30)

o), ZORKXKNOETOEMNRRIMAIERDRA L TED,
Numpy’2&E DT7A 7 ZY CREICEHR TEE T,

A OWE TORZENTTE TR TILL F ol T
5t = ((le)T(SHl) ® a’(zl). (BP2)

2T, (T + 1)E B OO EAITHIW L OERETT, ZO
X — REHECT A, FERIIEDBALLMRERFL Y, (1+1)%FRB
DJE DFEFESTLEH 73>E}E%D71&Liﬁ“ BTN DR (w1 T 24T
DEREIT, EIRAICITRR 22 Xy N — 7 LA BB SE 0D E
%2{@75%%&@“ W T, ZOMEIXIE H OB O ) DOfEZEE I A
BEO—FRE BT ZENTEET, REITHEENT T2, o/ (2H)eDTH
~— VAR ES CWET, ZIUCKVEE B O ois A EL T
—HZ BT S IBRHELTWET, ZORR. BEHOBOEALSEA
TNZDWTORRES BELNET,
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(BP2) % (BP1) LHABDLELHET, =2 —TF N Ry NT—TDILED
ICOMZES A TEET, 9, 682X (BP1) THALET, /k iz
X (BP2) Zi AL CoL 1 23R LET, 20k, i (BP2) %6

TOO2EHELET, LRI a#iKL C=a—I /0 Xy NI — %3
UL FENTEET,

EEDONRAT R THIANDELEROA: BEARIZIZLL FOi#
ﬁ—

ocC

v _ st (BP3)
ob,

Thbb, BT AN DI HIC /b, LFREICA— T,
(BP1) & (BP2) O ZDED FH R ITIEITEEIZ O > THDD T, ZOH
FITLFHERE T, (BP3) ZfHERIC

oC

= - (31)

EELZENTEET, 22T IDOKE D EFRL =2 —ar O/RAT AT
AL 7B SRR L £ 97,

EBDERIIONTOARM (LI BRNIZITLL T D@ T,

=al 14t (BP4)

ZORERDEARMIOC /uw') Z A RITENEEN DS Lal~ 2 VT
FHRTELZENDNVET, ZORITHIDV UIRF-ORNAT

oC
% = ainéouta (32)
CEIEEET, 2T, anlTEBEAwEFF ORI TAA S =a—mr
TEMETC, Soue (XA AT A 1 =a—nr OFfOFRETT, Ehw
EFNICE T D2 oD =a—n PRI E S A KDL, ZORUTLL T D

NCRDZENTEET:

ac _

Hw

( :ﬂ'i“ X 6{)1“.{ :

2 (32) 22Dan DV NEW (ay, =~ 0)FFITIE, ABLOC /dwh/NELR DA
NHDHEVIFERMESLNE T, ZDIHREELZ BEAOFEFHEUE K
BLET, ZOE %;’E ABLRE TIEEIT> QO EARESE{ L2
WEVIHEETT, [RIUFEOS VX TT 23, K (BP4) DiFfEd1>EL

TAEMEDRW =2 —a NS AN &2 T EDEATFE DB EDND
£
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(BP1) - (BPg) mbboirdHIMiZbHVET, M@ R THELL
9. (BP1) NDo' (2 )DBITIERLET, ROV 7 AR DsT7
ZRROHT L, o(2]) D0 UL AL E B ol T L THHIZAR> TN E
L7z, ii’biia'(zf) ~ 0DIRIETY, 1E-> T, Hi=a—ar OiE MR
K -720(= 0), mr-o7z0(= 1) T DL, Bk&gD7E 1T NFR D)
NET, ZOIHRNE, Hi=a—n 388fIL, EAOFEENKT
LTS (BLLITEADFEDEN) ERBLTHOD—MA T, [k
DHFFIH N =a—mr DA T AU THEALLET,

@ RVEIOE THIT= B LR TEET, F1Z (BP2) WD’ (2) DI
WZEALET, ZoRiT, =a—mrpfafikie :“&5; 1T/ ISR B E )
NHLFEEZBEWLET, -, SOLIZEFRED =2 —1 N A1Enb
N2 SIS]y N - 2 #wHY T 4y R&L U’(zé-)’/ﬁ‘;/l\é<f‘§>%@
iﬁ@ig%ﬁKﬁé‘k%‘“%Lij—*" ° D A I TE DT, MR b &

e ZTTH— AR DOWN TR TN E

FewHE, A=ma—n PMERIEHIRE THL0 1) ==—r 73 EE
FRRE (RFEMES LI miE MR RE) DRFIZIE, A DFE BB L)
FRDINELT,

INHOFITE b B NS HETIIHVEE A, L, 2hb
DFEEHEAL Coa—T VR NI — I ORI T DA 2 LT
VORI TEE T, SBIZ, LA EDOBRE WX IR AT2HNTE
FT, INDa O OFEARGREAIIMERE OIEMEALBIEIZ DWW TR L E
T (BRI, FEBNC RIS DFERIZ2 M E 2 IV TOZRN)NE T
T)o 0T, ZNHDOREFH U ThF 72278 Rtk 2 R OIE M L BE 2K
Rt T O N ARE T, TAT T ERT IO R T DL, B2
(T AR TR ) IEMEALBI o b L Co/ 3 IZIE T, 0L L7 u
LOEBTRATZELET, T5HL, BHF OV EANEEEH W c=a—n
AL BRI Z > TL R FE OBOHZ P HERFEETT, 20D
KOHBATIL, ZOFEDEELTEMHALEIEIC KL THELET, (BP1) -
(BP4) D4 >DORERZ TELE, R ZDIH7MEIEEITHOD), EIET
EDIORBENRL D% T DI HET,

Summary: the equations of backpropagation
ot =V,C@a'(2F) (BP1)
8 = ()T © o' (2) (BP2)
o =0 (BP3)
%*_ =aj 1ol (BP4)
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Z1—-3JIRy MDD EFREFE

il

MEWRBOROFRRFTE: ZNE T, mE=nfE o (K
(BP1) & (BP2) ) &7 ¥ ~— AW TR L TV ELT, 74~
— VHEITEN CORWEEEIZZDERUTICF R b L E
Pue ZIUHDORZ @ E OITHIOBNT HIZIESWTERIR T 2510 T5
ERDHVET, E Ik Uo7 P o —FI3HBERLLLE
Hho (1) (BP1) ZLL FORRICEEMZ bNDHHF 2R TTZE N

st =¥'(H)yv, 0 (33)

ZIT R (M) iEe! (2] ) B X AR ISR D R R ONF0D TS
ITH0ITY . ZOATHNIV,,CIZIEHE OITHIOETHE TIERL £,
(2) (BP2) ZLL FORRIZEEHZ HNHF LR L TITZEN

5l — E/(zl)(wl+l)T6l+l. (34)
(3) ME@)EHHAEDLET, L TORERLTITEEN,
& =3 (") 2 () (Wh)TE (M) VO (35)

TR OENT BB QWD EEE 12> T (BP1) & (BP2) Kb,
ZHLDHNEFELLT VDB LVEY A, £4UTH (BP1) &
(BP2) OFRAAE AW =DI%, 2H50 5 DS FEERFOFUE AV
WB T,

A DDEARNIRNDEIA ((ER)

ZITIL, (BP1)-(BP)ZFEHL TWEET, TNHITT X TEE
KB OM oy OHEFHA O FH TY, bLEEHAITENL TWHEb,
FEAHED DN H I TOBEHITHEL THL0Em<EB T HL
i‘g‘o

FT. I TOIRESL DFRX (BP1) 2HiELEL LS, ZOR%E
AT O, FTROXEZBNHLET

oC
6L = —. 36
F =5 (36)
A28, 2Oy & HTEEICBE T DRy TEE
EJHNTEES

oC Odak
st =3 9¢ T 37
J 2,; 8a£ 32:]4: (37)
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IITC R IEOT R TO=a—a kIO T ELA DY E
*1“0 bHAHA, k= jORHIE, kF B O=a—nr O iE al
I B D=2 —ar DR EAT 2HCOIMEFLET, -
T\ k # JORIILOay /0z) DIEIZOT Y, fRELL THR DA
U FOIIZEIg L TEET

L
5t — 00 %4 (38)
7 dak 02F

af = a(z[ ) ChoToFa BT L, FHalHido! (2]) LEHIT T,

0F = —0o'(21) (39)

EIRVET, TNEIRFRLOEATELL (BP) BME6NE T,

R, BBFES ZF D1oH%ADfEDIRFEST L 2 W TEHT (BP2) &
AEFILET . ZO7IC, MHHA TS = 0C/021%
5 =0C /0 VTR ELET

ag.:g—j (40)
_ Z oC 057 (41)
8zl+1 8Z]
-3 12
k J

ZIT, Rt OITIE2 DDA ML | FotHA S, DER THE MR
ZEUI, BBOITOE AR T 572010, kORUTTEELE
.@—-

l+1 Zwl+1al + bl+1 Zwlﬂ + bl+1 (43)
ZOREWSTHE, RPELNET
= wgla’(zjl.). (44)
ZOHT (42) ZEZHZ DL, WOXPHBOLNET
Zwl+16l+1 l (45)

ZOREWZFEHNTIZENZHON (BP2) Z0OLD T,

FE L=V E2 oD T (BP3) & (BP4) T, :ﬂ%@ﬁ%’?{b
i‘(@20@#‘}:1/17ﬁ_j3‘/£‘( ié'fiﬁ %% Tiﬁ‘o uEEﬁ th
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S-SRy MO O EREEB
BEELET,

o (BP3) & (BP4) ZREFAL TTZSV Y,

PLE T RIE D4 O DFEARN 72 ROFERANE T LELZ, FEIE
—RAEHE B LNER A, UL, 2GS A A B E I AL
TAERIZUIBE A, DIV LFELLE 2L, TRIBIIZ A
B D T%IJﬁHéhéa_féﬁi%/xvv%ﬁ T 5F T,
AN D ARLEF R T L HFIEERLENTEET, PR
FEOIEARTHY, FROITEH 255 T,

BEEFZIIVTUXA

WHRREDONUTIY | AR D AR DFE I REIC RV E LT, £
D FiEE BARICT VIV R LD TES TFTLTAELLD,

1. AA @ ANBIZHRIET HiE e 2y 5

2. 74 —RT7HTU—R: &1 =2,3,...,LIZRL, 2! = wla!~1 + ¥
and o' = c(2)EHETD

3. RENLEM S RESRIIMVEL = V,C 0 o' (M) EFETS

4. REEYLRE: A1 =L—1,L—2,...,2ITxL,
St = ((wl-i-l)T(Sl-i-l) ® a’(z ) a+§‘§‘§>

5. i 2 ANEROBRIE J0 = o) 0] 58 = 6 THbR
%

TINAVALE AL 2D BB LM XD 030D TL
Y0, HALENDIAED | WX ICRREST LS R RL CWET,
ARy T =2 % A E UL DR A I b o b LitEt A, L

L. W sfEOFEAZ VIR L aZANI=2—F LRy T —I D
HINZOWTOREE THLEWIFND, W mfE D7 2R EST
WHFENDPVET, %E&@E#%/WTXb:ot‘onxm‘i}:“@o@
AT 203 AAT-DIZiE, HEH AR IR Ui H L2 huE7e
SN ﬁkbb‘ﬁﬁt%ﬁé iZ\/FU 2 %3 07 AN D L) 8
nET,
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o Za—urO1OEELBXBOWGIE: 74— K7 3U—F
=a—I N RN — DR EDI D=2 —aL %,
fOo wia; +b)E W T HLDICEELLELET, 22T, f
X7 EBARLSN O M 72 TT, 2056 Wik T v
YALZTEDINEE S IUTINTLEID,

o M=o —uL TOWGREE: —o—T/L Ry NI — 7 NDOIERL
Do izo(z) = AT FLIELET, WEHET LIV
Ll OEFTIZHHINNTEZEL TIZSN,

AR D XN, WRIET VT X LT H— O3 2= AN
BC = CoDAlEFHELET, L LEROELTIL, Wik
| MR ARLIE TIERE DI DO INFREN T DA Bl A7 R
LT NAYR LB GO DLONR— ) TT, LLFoT7 L=
YA LTI, mEOFFINGRDI=/y FITf L CTARLRE T k%
HHLTEEEZITo>TOET,

1. FEEBI OB AT

2, Z ARG 12 LT *HGT DI e YR, L FDART
v EITH

» J4—R7%U—R:1=2,3,...,LIZXfL,
Zw,l — ,wlaz,l—l + blkax,l — J(z””’l)%%‘;%@‘é

= BESLEMA: UM = V,0, 0 o (250 &
+%

» BEPWLETD: =L —1,L—2,...,2IZxFL.
5ol = ((wl+1)T5m,l+1) ® J’(zm’l)%%‘%ﬁﬁ"f)

3. AT l=L,L—1,...,21c%L, BEii
w' = wh — L3 §el (@@ )T THBL, AT RE
ol — bl — LN §HTHEETD
HHA A MR ARLRE FIEZRIETDERT, AEIOI= vF
ZARRCT DAMER L — 7 LR D Ay 7 TR 2 A0 IR §~ 2 D4
E—T IS ETT, fHEOTDIZENLITFTIR L EFEATL,

PRIEDRT

WARFE OB Z BE L7 F C, Bk O EE IR H LRI FE D=
— NP CEARMEELELT-, ZOELBWH T L, WiEHE
D FEAE | INetworkZ 7 ADupdate_minibatch A K Ebackprop A R &
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Z1—-3JIRy MDD EFREFE
FNTWEL, ZNHDOAYYRITHNRO T VAV LZZDEEA
—RIZEIER LU=, DT, update mini_batch A R IXERIE D I 517
Dmini_batch{Z OV TAFLZFIFL | NetworkZ 7 ADEHIp L/ AT A
FEHLCOET,

class Network() :

def update_mini_batch(self, mini_batch, eta):
I Z N FI DR CH R EF N GEETEEEFEL .
Za—SAFY FT—ODEHRENT TIEEFT B,
‘mini_batch”IZ % Z/L"(x, y) " DY FT”,
eta"l*FFEFE, 7"
nabla_b = [np. zeros (b. shape) for b in self.biases]
nabla_w = [np. zeros (w. shape) for w in self.weights]
for x, y in mini_batch:
delta_nabla_b, delta_nabla_w = self.backprop(x, y)
nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self.weights = [w-(eta/len(mini_batch))xnw
for w, nw in zip(self.weights, nabla_w)]
self.biases = [b-(eta/len(mini_batch))*nb
for b, nb in zip(self.biases, nabla_b)]

1 FEAE DYEZEITdelta_nabla_b, delta_nabla_w = self. backprop (x, v)
@ﬁ’f“ﬁ‘bﬂf“i@—o ZDFT T, backprop A/ Yy RZF|H L TR

Wo30C, /3bl LoC, /8wl ZEHBEL QO ET, backpropAY v RIXAE(
DT NAYZ LI > TERESHTWET, B~DIRTDOIRD T5
Z, B OHHNOE TOEELCONET, ZOZL H (FPythond
R, BRI B EOIRTE W TY AN AR A 082 2715
T 272D T> TOE T (FIREL 1 [SBUFV AN DA 53
& HDOEFETT), RiZbackprop Ay RDa—RARLE T, oAk
LEDRITMUE, oBIEDE RS DT, R O= AR
DG ZFHE T DT2D DA~V AR =B TRETWET, &
MOV AR—BEE M TRAE B 2ERLIoB Ta—%
PR CEDITTTT, bLEIMATOESWES JuD—ROFiH]
(EBEa—R) 2B L2ONENTLL,

class Network():

def backprop(self, x, y):

IR FEHDLEFZT X T/ (nabla b, nabla_w)  FERHT B,
“self. biases” and “self. weights”& [EF%IZ.
“nabla_b”& “nabla_w”lZnumpydD 7 L4 DX T
BEEFILEEIZSHIET Bo
nabla_b = [np. zeros (b. shape) for b in self.biases]
nabla_w = [np. zeros (w. shape) for w in self.weights]
# 1=
activation = x
activations = [x] # B LIZEHF#MTEYX R
zs = [1 #BECELICzND FILFEMT S UX F
for b, w in zip(self.biases, self.weights):

z = np.dot(w, activation)+b

zs. append (z)
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activation = sigmoid_vec (z)
activations. append (activation)
# B
delta = self.cost_derivative(activations[-1], y) * ¥
sigmoid_prime_vec (zs[-1])
nabla_b[-1] = delta
nabla_w[-1] = np. dot(delta, activations[-2].transpose())
# FREDIN—TEHZF2ETDZZEE I ANE TFELS,
# = 1IERHEEZF, | = 2AIREHL2EEDEFEHRT S (LUTEE
# EXERNTDIZED S EETDIL—/LF#FE L -DIL,
# Python® ) X F THOEDFFEELEZHT /=0 THB.
for | in xrange (2, self.num_layers) :
z = zs[-1]
spv = sigmoid_prime_vec (z)
delta = np. dot (self.weights[-1+1]. transpose(), delta) * spv
nabla_b[-1] = delta
nabla_w[-1] = np. dot (delta, activations[-1-1].transpose())
return (nabla_b, nabla_w)

def cost_derivative(self, output_activations, vy):
I EMEIZ R T B RS ¥partial C x / ¥partial a
DNY L FRATT S,
return (output_activations-y)

def sigmoid(z):
s o B
return 1.0/ (1. 0+np. exp (-2))

sigmoid_vec = np. vectorize (sigmoid)

def sigmoid_prime(z):
I OEL R DB
return sigmoid(z)*(1-sigmoid(z))

sigmoid_prime_vec = np. vectorize(sigmoid_prime)
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Ay FNOFNEEI O AR A FIRFICFH R T I EHT&
FT, B—D AT bitb DTt #5033 =
NyFHNDOXTIVINGIRDITINX = 2122 . . . 20 | ZAND D
INFEARI 72T AT T T, ZOITINCEATENE T, AT
AHENZX ST 50 Y 7 THIE R L, F BRI T EAREEE
HHT5E CIEEHEELLET, WL TETITOET

ZOT I —F KD WARTET VTV X LD FE o — R & BAR
ANZEE TL TSN, F72, network. pyZ A THIZ =T 7
D—FIEFLKIEEN, 207 Fa—FOFE1E, KiED
WIARELT A7 TV %7 WA ZNE A T% %@ﬁ’%%i:ﬂyv’“
NEZ—7F 5855 AR THEBIRICERIZ 2D 5T (i
FAEC SNV VAV VACER ﬁﬁ%f%if:MNlST@ﬁiﬁEF‘nﬂ
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C= 1 Z[ylna + (1 — y)In(1 — a)] + constant, (77)
n x
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TENRET F Y JATUNL, 4OLDVITA—HDIRNET KL TT
TR TLIZ, 30fH DRI =2—mL %2 F>FL7= HOMNIST Sy 4
T NI —ZIZ1E, 72 A E5924,00080 D/ 3T A= NHVET | S,
FAD/NT A4 L4 E 2 100fHORBIN=a—ar RNH LRy NI —I7
5, NTA=ZOEUT8 T LITHZRY, L TURFTDOREFEH =2 —7
R MFEE AT E F ATEENID ST A—F NG ENET, TA
RHDOEEU T, KR TLEIN?

ZORIBED BARFIEL T, FA=bD=a2—F /L Ry R — 735 LU VR
(B TEZRVIRREE VD D% ERRITE>THEL LD, £77, DD
fEi=a—1r30ff, /3T A—%7)323,860fHDET /L TH, 72721
MNIST? 50,0001 O Hi§ 24t 1097, L1000 DM 72T %
fENET, T HEEERIRTHZET, MBI SR AT <7e0 %
o AFIEIILIATE[EAR, 78 By = 0.5, I= Sy F A X105 H
LET, 72720, AEGI D250, FilsE I Z400=R 7 & LLRT
JOELLE T, 2AMNEIEDO D IH T % JADT-0 1 Tnetwork2 2V VE
LxD:

>>> import mnist_loader

>>> training_data, validation_data, test_data = ¥

.. mnist_loader. load_data_wrapper ()

>>> import network2

>>> net = network2. Network ([784, 30, 10], cost=network2.CrossEntropyCost)

>>> net. large_weight_initializer()

>>> net. SGD (training_data[:1000], 400, 10, 0.5, evaluation_data=test_data,
.. monitor_evaluation_accuracy=True, monitor_training_cost=True)

ZORERE HWT, FEOMEATION T 22X MBI DA E 7y LT
% . *ZDTTTERD4HDDT T 7L overfitting.py 7>
FrET*: BARLCVET,

0.010

Cost on the training data

0.009
DB |oooeoeveeeeee N

005 [ o-ovveerees oo TS

0'00500 250 300 350 400
Epoch
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http://nnadl-ja.github.io/nnad|_site_ja/chap3.html 15/82


https://github.com/mnielsen/neural-networks-and-deep-learning/blob/master/fig/overfitting.py

2018/8/3 Za—SILRY NDO—UERBES
WET, ZOFEBY TR TOWAHERIAWERSR S ZnbA CNESE
7,

ZAEE BB T — 2O GERENE DAL TSR TAHELEY:
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Accuracy (%) on the test data
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POIZ INERRIRFHIPHE N RONDTEFIZR0ES, ZorT7E
T — 2 DIAARNEHE D 72D BN LD ST HLARTD T T 7 % FL bt
RCLIEEN, TR E BA0ED BT VORIV ST A ELD
BT CNDESITT, UL T — X O a2 D&, AR
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2?2 R, EOFFETHIRL T, RICLI 77 E oIk btk

T, 72720 MIERICIEMESEV DB ET, fl 21X, BT —FZ D=2
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2.1

Cost on the test data

2.0 i . P R T R .

Epoch

K5, BT —Z O ANEEIT =Ry 7155720 CTIIckEL TV <
M, EOHITET BALLIZLD T2 ENDNDET, WolED THIFE
T —ZOAANEBUIYGEL S DT TOET D, Zhvb £ & o
KiETHDLENZET, bokb, ZZT1o0ERMB3bWLTEET, 8
1T EOREEDBIEE A M- T2E AT RETLEIDN ? =Ry 7150
HTLEID, ThEbxARy7280 ? FEHARBLEANLWAIX, FAT2H
DARD NIRRT —Z D EZ M LS 528 ThoT, 3k
T —H O ANEELITS) ;EE**T”@F'?T%;E’J&?ETE TEERA, TTH
5, TARv7280% 5 T FE D A IZfa -7 sl & AT D2 R
AEENZET,

AR T —Z DRI iE2EE OIREAB N TOET

Accuracy (%) on the training data
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K EEN100/N—F FETO=T 6 ELTHET, oF0, FizboD=
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FBENRKTT, 20, A= HD=a—T )L Ry T — 71351350 #5107
DB A FEH LD TIERL, T —Z BBRITR A O+
FLTCLESTWHDEDOTY, FiiHina i LR T — 2 bk
TELIOREMRERIO LTI, 127553 —F 2 HEFLL CTLE- T
WoH, EE-STHEWTLED,

WAL= — 7 )y NI — 7 OFF O RMBE T, FRZ, BD==
—I N Ty NI =7 FZUILUIERD TEE DO EHLRNAT A%/ RTA—H
ELTE D720, i G OMENBE 200 E T, =2—T /LRy N —
JRINFEHN B ST H70I12E, il & OMEIT AL | 8 Akt
JHFNLTCHRMETT, ZL T, il G O BRI 57200 Tk

DEENET,

WA AR T HLERITEL, ERLE=T 7 a—F oF), =a—F
VI NI — 2% FIFRUIR RN ORER T — 2k T DR B DA kA Bl
HZETT, bLAIBRICL > TR T — 2Tkt 2R EE A M _E L7 leo
725, EOR R THlFE (EDHRETT, bHAAUMBICE 2, 2hvg

HADOIMETHLHEM S THZ LT TEEEA, RBRT —ZLFIFET

R TDREEE DS EDRIRFIZIEESTODEONELINVER A, £
Th, ZORRITEE G A FBEEL TUXARTT,

ERRZ, AT BIZZ OISO A2 AL E9, MNISTOT —X%1
—RIHEFIZ, B2 HIE3 DT — By hen—RL TWAZEE N H
LELED:

>>> import mnist_loader

>>> training_data, validation_data, test_data = ¥
.. mnist_loader. load_data_wrapper ()

ZIETOEZA, FAT- BT training_data & test_data DA% UV T,
validation data ZMEMLL CXFL 7=, validation data |TEF D%
10,000 B A CWET, OO ME & IX, MNISTOFIMT — X128 %
1% 50,000 FDEIHECFRERT — 212 & £415 10,000 ALO MG LT 5
2HbOTT, WG EBI<T20IT, FAZ BT test_data DRDOVIC
validation_data Z T, JEfRIB~_7HRIE 2 AT 5281l ET, D
F, KRy 7 DT T DT, val idation_data (29200 KERE FE -G
BLEJ, validation_data (2% 9 D0 G ENEAFILT-EZA T, =a—
TNy NT =T DR EME T LET, ZOIRZBHIIFTBEEID LE0E
T bbAA, FEEFEEL CUIREEN ML= Z L2 IR+ 2
IV EE A, ORI, FEEEN IR LT A5 23 FF CHREAE
B 5L

2804 KE LIS CHHEEDELTZ, ZD

@i A2 ATz fiﬂf test_data ClE72< validation_data 2\ 5D I AR . R 125 B0 RS
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TLIHID? S, E S Z <o DI A LI Z O8I, 0 —ixi) SN — 2 DRI SR BEHLC, 20
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7RMHE D AR T, K0S 13, IR pAy BT ERERen T B

V7 400% M E THLILRLFE PRI -T-LLThH

I8 PR =2 — )V R N — I DT —% T I F YLD A BEILEEA, 7L, ZOLIREETD T
o . ~ o . LTH/INSRbDOTLEY, ZOIDNTHEFTHEID
oG A— Ll - S 572012, validation_data & DLV FIBTICHEAHILIES . 2 DR A 0 =

DTY, ZHLTRLNIFHEETIT, BN S— 5T 2—agoi T
TEDET, EEE INETHNTEEFATLER, ZORTINET

BRI L CEToNAR =G A= FD—FI%, FLA B INZ ORG-S

WTHEVE WD T, (CHICBET23EMIL%IZL)
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A2 BT test_data TIE7e< val idation_data 29 D IX72E D,
EWOE A K0 — BB, DFED, BUWNA/N—= T A=%D
IT57281Z test_data TIE72< validation_data ZfEHDIF/2EM, Db
DI BERZ 27203720 T, ZOEB~DRIEZHFET 570128
WHLTELWDIE, BB RBUIWNA/S— T A—=H PR LX),
Wil KR IREIRDIED A /N— T A= 5 A IR A T 7259
EWHZETT, EDRR, NA/R—RTA—=FZ D7 % test_data T{To72
LT DL, NAIR—=INTRA—=H test_data IZRFL CilmEE A L TLEIRN
WHVET, DFED, FAERIIRNAIN—/ST A—H T test_data DFEF-O4F
AOREFELUTLED, =2—F Ry N =7 R EE U RO
T =2y MIRT L TR AL TDIENTER, EVOTENERIVHIHDT
Ty NAIR—=IRTA—HDIRTEIT validation_data 2 H\HIET, ZDL
VREREEHEET, EOLTEHELONANRN—NIGA=ERNELNT LD
AT, test_data & V72 o7 EEREA 21TV E T, 2O X722 FIH
ZTeZ LT test_data (X2 RS — AR T — XKL T=a—
TIVKY N — I ISR DT p—  AD E L5 ChHDHE, AR
RO T CEHD T, EVWHEER DL WGET —%
(validation_data) IZ L\ NA/N— /T RA—Z 5205270 | 2fifbid
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5, "=V RPDI NEEHTET,

EREMBEEL T, =2 —T /)Ry NI — T DI/RT —~< A% test_data |Z
FoTHIHMIL CLEASTRIT2 o ThD, YRR L TR T
2 —F %R L TR DELNVER A, EORFIZIE, =2—F /LRy h
T = DRIRDT —F T I F v ailk BT, FllZRONA/N— T A—H
ERLAREBTEITRDTLLY), ZOIH7ZEELTLEIE, iR
test_data |[Zxf L CiliiE & L CLEIERITIANDTL 1IN 2 RAT2HRN
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AT — 2R IUE, ETHORER=2—T LRy NI — I TE % i
BERITZETRNTLEY, R LESRRD, JT —23UiEL
6?%@7‘:“0f:@ﬂ?.%ﬁfio?’:@ﬂ‘%ﬁf:&) RKEDOFT —2%&FITA
NAZ LT FIZB IR IR L LI TRV FH A,

IEFE

http://nnadl-ja.github.io/nnad|_site_ja/chap3.html 20/82



2018/8/3 —a1—-3J)lxxy NDO—OEFREFE
AT —H 2T Z8IE, W G AT 5 — DD T, il
DIFVEITENDTLEIN? — DD R[RERT 7 u—F L, =2—T /L%
NI =T DI ARL/NSLTHIETT, LinL, RER=a—T/LRvh
T =7 NS e =2 —F )V Ry N — 7 KOG R 72 ERE 1N HVET
N6, ZAUIFEMAICEE T 23970 @ R UK TlEdHv £ A,

FEIIH, =2 — IRy N — IR T — 2 D RESEEZ72<Th,
WG 2RI T D HENHYET, TNHOFEIL, IERYEIEEL CTa
LATWET, ZOHITIE, EHER. H2 T LZIEF{EL L Tibh
LFEEZMIALET, L2iEBY kIR KWL IER LT ED—D
T9, LB b TIE, AN IERYEIA I T D 4 0 7 TH AT
RLET, 2y, ERbESh/c/exz hoe—T9

C=—-=— Z [yjlnaf + (1 —y;)In(1 - af)] + QA Zw2. (78)

nmj n o

FUAIZNETEVO/nAT b —D R TT, LALAEITES
(2, HolHl L C=a—T L Ry NI —2 D O TOELD2FFI L
SNTWET, ZORTOITERIZ N/ 2n ORF 387> TOES,
A > 0 IFIERUEINS A—H LIEENDFEE T, n XV 2bil@b T —
ADORESTT, ZO A ZENRENIZOVTIIRIZEH#ERLET, £
7o, I A T AZBERBRV LIS HEEL TRV SN,
AUZDNWTHZIEETRALET,

bHAHA, rrAT I rE =S O AN A ST 5L ATHET
T, BIAIE, 2RI AR A L2 BB LT HELL F DI E:

_ i _ L2 i 2
C—2n;uy a®|| +2n;w- (79)
EBLLOLGEICH, EFbENZa AN E R DI ETF 7!
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ZZC, Co HIED ERMES TR AR T,

BN, EAETAZEICIV=a—T L Ry N — I PR/ NS0
HEMFTe IO ET, RERBEHDHFINDLDIL, £ THTEN=R
MEBOEIHAREREWET L ETLTTT, Vx5l ER
{LEIFEAEZ /NS TDHIEETEDAANEIEZ /NS THIEDR TN
VRAEWDFETHLE RHZELTEET, ZONTUAZRS T, 2
DOEFDOFART IR EEIEZDE T DD X DETT 2 A DI/ NEWEE
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HINFIZ2 500, ZOBEILHED BICH T <SEHLN 2L D TIEHY
FHA, Lol IEBYEAFEERICEE A 288 2281350 > T0E
T, ETOEBIZOWTIROEI T HZEIZL T, FTITEHIBIZE
S T A DS T 1% N THRDLIEIZLELED,

ZDIHBRPIZAEDITITES | LT T ES SN c=2—T Vv kD
— 7\ AR A% A CEXHONEH LT 2NERH E
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T, X (80) DR EILE, OFXNHLNET:

aC  8C, A

0w TR (81)
aC  9C,
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2018/8/3 Za-SIRY NI— O ERERE
BIL T R Z BT R VO TY, Z5L T IRD IR ARE T
EOERESNIZ A E BRSO ET (ef. 3 (20)):

w — <1—n—)‘>w—£ 9C, (86)

n mxaw

ZIZTC, FIR =AY FITE ENL NG z (2D THY, Cp 13477

Flo GEFULENTOARV) 22MRLET, ZHuE 1 - B Lv)ER
IR T-ABRNT, MR AR MEDZNE Tl > TEHAIE <
FIL T, BRI EDTD, AT ADEEE T EHI bS8
FAZ R N TEREELLY), ZHUTDLBAA, EF LS TR LTI E

2RI TT (ef. X (21)):

bosb— 1520

. 87
m$8b (87)

ZIT IR =AY FITE ENLINES] 2 ([CHOW TV E T,

T, EFUERE D BN=a—T NV Ry NT—I DR T p— <V AE X
HODEPD THELLY), ZI T, BEihv==—arng0fll, I=vF
DRESMN 10, FHEN 0.5, LT /AT foe’—Z2a xR EL
TEHHLI=2— IV %y N —7%nET, SENEELIZ, EF BN
TA=HZELTA=01%2FHLET, 2—ROFTIEH L/ STA—5%
FeTEEA ELT Imbda &2 AV TOD AT R E DT TLIEE D, £V
?t, Python Cl lambda 23 IEBIb/ 87 A—& LI RAFR O N R A RO
THRIGET- DO T, F-, 22 TIEHE W validation_data Tld7e<
test_data Z W FEL7z, BEIZERLIZIONZ, BEIZE 2R
validation_data ZffiH & T, &[0 test_data Z{HHODIL, HTHZL
TIEHL T DRI R E IV BB DS A RBIZ /R D72 T, 2D
Z—R% validation_data ) JHICEZHLZ DDIFIE S TT L., FEERIZ
EHLTHRIBEDRE RDBIFONAZENDOINDHTLLI,

>>> import mnist_loader

>>> training_data, validation_data, test_data = ¥

.. mnist_loader. load_data_wrapper ()

>>> import network2

>>> net = network2. Network ([784, 30, 10], cost=network2. CrossEntropyCost)

>>> net. large_weight_initializer ()

>>> net. SGD (training_data[:1000], 400, 10, 0.5,

.. evaluation_data=test_data, Imbda = 0.1,

.. monitor_evaluation_cost=True, monitor_evaluation_accuracy=True,
.. monitor_training_cost=True, monitor_training_accuracy=True)
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>>> net. large_weight_initializer()
>>> net. SGD (training_data, 30, 10, 0.5,

.. evaluation_data=test_data, Imbda = 5.0,
.. monitor_evaluation_accuracy=True, monitor_training_accuracy=True)
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>>> net = network2. Network ([784, 100, 10], cost=network2. CrossEntropyCost)
>>> net. large_weight_initializer ()
>>> net. SGD (training_data, 30, 10, 0.5, Imbda=5.0,
.. evaluation_data=validation_data,
.. monitor_evaluation_accuracy=True)
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FRDINT, AT R DOWTIILARTE R, 28 0 THEAERZEDS 1
DA AT UL £, 2HL Th=a—ar OBEIfafists
TN O TRERMEIZRDET A, EIT, SO MES 2T
X, AT 2% EDINTHHUEL T KRBT DT, &2TD
AT A% 0 IZHIHHEL C, HEIT DB FIETHEE T EDLAS
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>>> import mnist_loader
>>> training_data, validation_data, test _data = ¥
.. mnist_loader. load_data_wrapper ()
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>>> import network2
>>> net = network2. Network ([784, 30, 10], cost=network2. CrossEntropyCost)
>>> net. large_weight_initializer ()
>>> net. SGD (training_data, 30, 10, 0.1, Imbda = 5.0,
. evaluation_data=val idation_data,
. monitor_evaluation_accuracy=True)

WIZ, LW FIECTEAZMIEL TAELELY, EIZTHLOIFD D3 HE
HT9, V)OO, network2 DT 7 A/VNTIE, HTLW L TEAEZY]
L3592 Zpo TCWAENLTT, LT2A- T, ED
net. large_weight_initializer ) % AMEI LTI NTT:

>>> net = network2. Network ([784, 30, 10], cost=network2. CrossEntropyCost)
>>> net. SGD(training_data, 30, 10, 0.1, Imbda = 5.0,

. evaluation_data=val idation_data,

. monitor_evaluation_accuracy=True)

%%%7OHVF‘§—%)E*\ @(@7577%?%‘%%&‘?— FINERDT T AR DI DI ST T

A%, weight_initialization.py T,

Classification accuracy
100 : : :

98

— Old approach to weight initialization
86 New approach to weight initialization |1
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Epoch

WTNOEES . B 72 R 1396/ N — U MNRE WS T2 L2 AT
o 30T ARy CHMFIXTT R U B EEICRELET, LinL, Fil
WHETIE, ToblT ol B{E0REICEELE T, RYDOTR
YIRS EZA T, N TN FREEN87/ X —E T
T, BLWFIETIEo3/ 3 —EUMZ #LIHEL TWET, EHADY]
UL EEEZ HZET, RV LT oL BUWGEIN G H R TX
T, fEROBEELD 7RV FE REITTH0TY, RLHGIE 100 EOR
N=a—m EffioThEINET:
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86 New approach to weight initialization |7
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DAL, 2D HRN —B T DITITESTOER A, LnL, R
B4 T FERLU CHIFER, HLa, 3Ry 21T iz kei T 5L, 4k
FEIXIZEAL FCIZR0ET, LIz > T INHLDOEROFERE RHE,
BAOYPIUE T IEZSELTH, FENBAE—RT 757200 T, &
K= —T Ry NI =T D/NT v A% T D LTI )
DI ZF T, LoL., Chapter 4 Tlk. EAD YIS A O e 7
%1/ [CTHIET, =2—F Ry N =V ORRRICE T IS
FORBEF I CUESNABI AR ET, EAOYIME TR
DIHIEHT, FHZ=a—F NV Ry NI —I DR T —< L A EAT5
RO TY,

HADHIAT DR ER A 1/ /g (ST HZET, =2—T/VFvhY
— 7 DOFENBGESIVET, BEAEZYHET O FiED #2R33hT
WETD, ZLUXRCERNLRT AT TIZHE SN CET, Fi-HOH
HIDT=DIIEZNETITRAN LI FIE TSRO T, 22T O FIE
IEHD B ERE A, BLAHLHEE 1. Yoshua BengiolZ L b20124F0D
D14, 15— Vb HE e . Fo TSI TWA A TR *Practical Recommendations for Gradient-Based

Training of Deep Architectures, by Yoshua

é_k%@j&)iﬁo Bengio (2012).

il

o EFbLESN-EAMBULIEDORELR L2t T524T,
I 2 BB LW T E CERAZ VI LT 22887 2R 035
SNLHTENHYET, EHOYIHIT WG IEEM 72 LELE
Do tn~)7\74/77‘£@a G CIRDZEERLTLIESU: (1) A 371
ST ERTHUL, FIFHDIZCD OETAR 7 TILE A A SR
Tho, (2)n\ < n &T 5L, BT exp(—nA/m) DR T THE
T5, Q) ADRETERNET DL HADLIN 1/ /n IT8oT
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WYT, BAPENEDLENTLD, 2T, nid==2—7/L vk
—IDETCOELOKELET, ZOE T I7IRULIZFITIE, =
NHEETORMENHTZEN TWNDI EEiFEim L TLIEEW,

FESNFwmmah 1 1— R

ZOETHEmL CELTAT TR FEIELELLD, LW rT T4
network2. py ZBA% L E£7, 2L Chapter 1 CIERKL 7= network. py ZAE1E
L7=/3—2 2 T9, B L network. py DINEZH 2 TV UX, 22T
B E L TRLEZRDOIMTITRDTLLY, Toole7gfTOa—RTT L,
LI TEET,

network. py E[RIEEIZ . network2. py TOHLMETFE Network 77 AT, =
DI FAF=a—F N Ry N —0 %R LU TOET, Network DAL AK LA
2L 213, BFEO=a—n K sizes & AAMEIREIEE T D
cost ZFREL FT, AAMIRKIUTT 7AH/V P Tr/RAT Pt — HHEE
S CVET:

class Network () :

def __init__(self, sizes, cost=CrossEntropyCost) :
self.num_layers = len(sizes)
self.sizes = sizes
self.default_weight_initializer ()
self. cost=cost

_init_ Ay REFAD21TIE network. py E[EIC T L, RALIZ 2L TV
DONTINDETLLEY, LU 2ATIZHTLL . E DB A A | 2B fAE 3
E)L[Z‘E:i)‘igbnijﬂo

F91% default_weight_initializer 2 A CAFELEY, ZOA YR Tl
SNICFIETEHAZIBIELET, HH=a—a AN THEADE
g ETHE. FILWFETIIZED=a—a NI AT HELEZEE 0
TERERZE 1/ /nm O VA THHELE3, £72, AT AICH
W 0 TERERZED 1 O T 250540 T Pkl £, 20—k
IZLLF O 9
def default_weight_initializer (self):
self.biases = [np. random. randn(y, 1) for y in self.sizes[1:]]

self.weights = [np. random. randn(y, x)/np.sqrt(x)
for x, y in zip(self.sizes[:-1], self.sizes[1:1)]

ZDOa—RERET L2012, £ np BRI EGHEA1TO Numpy 7
AT T)—Ths ZEa BN HLELL), Numpy 13707 T AOFEHT

import L CWET, F1EIIATIE/2D T, ZORETIINAT A% HIHL
LTCWEH A, ZAUZ network. py T{To7-ZEEREU T,
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2018/8/3 1SRy ND—OEREEE
HELL T, 7ar I 20X large_weight_initializer AR & £ T
FT, ZOAYRIE, EAESIAT A% Chapter 1 CES72d Wik, ©
FVF) 0 TIEEEERA 1 O TV A5 THIHMEL £, 2 —RIE,
default_weight_initializer S1EADENNTEITZIT T :

def large weight_initializer (self):
self biases = [np. random randn(y, 1) for y in self sizes[1:]]

self.weights = [np. random. randn(y, x)
for x, y in zip(self.sizes[:-1], self.sizes[1:])]

large_weight_initializer A/ R& AILT-DIL, EICZOEDFEHL
Chapter 10 i R& i HUZ LI CEDIDICT A7 TT, EREMEE
L CHWHEZFE) NZRIUTIZEAE BN OZFEHA !

Network 77 AP _init_ A/ RIZET 25202 HRIX, cost JEMEA )
IUbT 2R T, ZOMELEMET L7202, /rAxshat—axb
% = =% . *4 LPython DAY RITBI Y2370 AU,
Fﬁﬁ%%ﬁ—ﬁ7xé’ﬁfﬁiblj ’ @staticmethod 7 =L —#(L KUTHT, fn %0
delta Z W HDAY Y RTEEZ 2 TEL A EE

class CrossEntropyCost: hos BRI BB DI-DIENTELL,
@staticmethod Zff172Z& T, ZDOAYYRITZIL
@staticmethod BBELTCNDT V= MURIFL TORNZEEFL
def fn(a, y): TWET, fnedeltary vy R gE1514451C sel f %
return np. nan_to_num (np. sum(-y*np. log (a) - (1-y)*np. log (1-a))) ST THRNDIL 2O T

@staticmethod
def delta(z, a, y):
return (a-y)

FHEZFLATOEELL), ETRAOVTELVOE, 7rAT bt
— BRI 2SO 2R TE% T8, PythondD 77 AL L TEEEEX
NTWDHRTT, ZOFERELRALEOL, AAMNIEN=2—F L Ko b
U — 7 TC2OD BB BN FFOETT, 010 HIL, HEM o
DIEfEDH ) y IZE DLHUMETW D DFRIEDOEEITY, Zo&EIX
CrossEntropyCost. fn A/ NIZFEEEXILTCNET, (i kv ET 23,
CrossEntropyCost. fn O H1CREIXILTUNA np. nan_to_num | B2 20T
WEHE O %% Numpy TIELEI 72 DI BT, )b — 2D H
% PR$ 5726012, Chapter 2 Tiam L7 {mfiE 2 NV L EL 19,
WEREAITOIZIE, =a—T Ry NI =2 D JRE 68 Z3HE 3240
ERHET, TLT, HIRREDBITRATZAANERT LIZE 2 E
T yuAT e =08 HITRRAEITR(66) T/RLIERATY:

6L =al —y. (92)

ZDTD DA R CrossEntropyCost. delta Z#EFELFELT-, ZD R/
YRIZHRRELZFITRLET, 2022013 =2 —F LRy T —IHa Xk
B OWTHIDZANEZLEDOETTT D, 22DA/yRE—DDITA
\ZEEDT=DTT,
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[FIERIZ ., network2. py |F2 RAXMEABA R T 77X FATVET, T
IZChapter 1D#E FeL LB T 572D 72T IZ A->TEY, 5% DiEin TiE
FEAE IaAz o bat —DHhE HVWET, a—RII FIORLEL,
QuadraticCost. fn AV RI% FEFRDH T) a LIERFH ) y D2 D23RRREAF
B F9, QuadraticCost. delta 2>HIKSFVAMEIL, Chapter 2 CEHL7-2
e AREE D HITRRZE (30) ICHEDNTNET,

class QuadraticCost:

@staticmethod
def fn(a, y):
return 0.5+%np. linalg. norm(a-y) **2

@staticmethod
def delta(z, a, y):
return (a-y) * sigmoid_prime_vec (z)

Z AU T network2. py & network. py D 7BV TFRARL £L7-, b i H
7RZETY, LR Cileam 958018, L2lERUb D EIL/R 8/ NS/ 28 B R
TSV ET, TIBIZHHI DRI, network2. py DFEE7RT—
RERTHELLD, 2—REEREZHIN<HA TOKREITHVET A, £
DORDY, BEROREZET IOICLEL LD, FRIZ, RX 2 A RCF5%E
T DT 1T T LDOZIIMZ L TODON RS2 BiF2725TL
59, bbAA, BEARLEIEY TR W TLE), 2—FDOFHHFEIC
Wo7eh, TOXEZZA THHIA—RIIESTTHRWTLLY, &b
L EPTIEF=—FERLET:

“"“network2. py

An improved version of network.py, implementing the stochastic
gradient descent learning algorithm for a feedforward neural network.
Improvements include the addition of the cross—entropy cost function,
regularization, and better initialization of network weights. Note
that [ have focused on making the code simple, easily readable, and
easily modifiable. [t is not optimized, and omits many desirable
features.

#apt Libraries

# Standard |ibrary
import json

import random
import sys

# Third-party |ibraries
import numpy as np

w## Define the quadratic and cross—entropy cost functions

class QuadraticCost:
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@staticmethod
def fn(a, y):

Return the cost associated with an output '‘a’' and desired output
oy

return 0.5*np. linalg. norm(a-y) **2

@staticmethod
def delta(z, a, y):

sror0)

Return the error delta from the output /ayer.

oo

return (a-y) * sigmoid_prime_vec (z)

class CrossEntropyCost:

@staticmethod
def fn(a, y):
“"“Return the cost associated with an output "'a’’ and desired output
'y Note that np. nan_to_num is used to ensure numerical
stability. In particular, if both “‘a’ and 'y have a 1.0

in the same slot, then the expression (1-y)+*np. log(1-a)

returns nan. The np. nan_to_num ensures that that is converted

to the correct value (0.0).

return np. nan_to_num(np. sum(-y#*np. log (a) - (1-y) *np. log (1-a)))

@staticmethod

def delta(z, a, y):
“"“Return the error delta from the output layer. MNote that the
parameter "'z is not used by the method. It is included in
the method’s parameters in order to make the interface

consistent with the delta method for other cost classes

return (a-y)

w4p# Main Network class
class Network() :

def __init__(self, sizes, cost=CrossEntropyCost):
“"“The list "‘sizes ' contains the number of neurons in the respective
layers of the network. For example, if the list was [2, 3 1]
then it would be a three-layer network, with the first layer
containing 2 neurons, the second layer 3 neurons, and the
third layer 1 neuron. The biases and weights for the network
are initialized randomly, using
‘self. default_weight_initializer'" (see docstring for that
method).

self. num_layers = len(sizes)
self.sizes = sizes

self. default_weight_initializer
self. cost=cost

def default_weight_initializer (self):
“““Initialize each weight using a Gaussian distribution with mean 0
and standard deviation 1 over the square root of the number of

weights connecting to the same neuron. [Initialize the biases
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using a Gaussian distribution with mean 0 and standard
deviation 1.

Note that the first layer is assumed to be an input layer, and
by convention we won't set any biases for those neurons, since
biases are only ever used in computing the outputs from later

layers.

self.biases = [np. random. randn(y, 1) for y in self. sizes[1:]]
self.weights = [np. random. randn(y, x)/np.sqrt(x)
for x, y in zip(self.sizes[:-1], self.sizes[1:])]

def large_weight_initializer (self):
“"“Initialize the weights using a Gaussian distribution with mean 0
and standard deviation 1. Initialize the biases using a

Gaussian distribution with mean 0 and standard deviation 1.

Note that the first layer is assumed to be an input layer, and
by convention we won't set any biases for those neurons, since
biases are only ever used in computing the outputs from later

layers.

This weight and bias initializer uses the same approach as in
Chapter 1, and is included for purposes of comparison. It
will usually be better to use the default weight initializer
instead.

self.biases = [np. random. randn(y, 1) for y in self.sizes[1:]]
self.weights = [np. random. randn(y, x)
for x, y in zip(self.sizes[:-1], self.sizes[1:]1)]

def feedforward(self, a):

Return the output of the network if “‘a’’ is input. ”"”
for b, w in zip(self.biases, self.weights):
a = sigmoid_vec (np. dot (w, a)+b)

return a

def SGD(self, training_data, epochs, mini_batch_size, eta,
Imbda = 0.0,
evaluation_data=None,
monitor_evaluation_cost=False,
monitor_evaluation_accuracy=False,
monitor_training_cost=False,
monitor_training_accuracy=False) :
“"“Train the neural network using mini-batch stochastic gradient
descent. The "‘training data’" is a list of tuples "“(x, y)
representing the training inputs and the desired outputs. The
other non-optional parameters are self-explanatory, as is the
regularization parameter ‘Imbda’’. The method also accepts
“‘evaluation_data’’, usually either the validation or test
data. We can monitor the cost and accuracy on either the
evaluation data or the training data, by setting the
appropriate flags. The method returns a tuple containing four
lists: the (per-epoch) costs on the evaluation data, the
accuracies on the evaluation data, the costs on the training
data, and the accuracies on the training data. All values are
evaluated at the end of each training epoch. So, for example,
/f we train for 30 epochs, then the first element of the tuple
will be a 30-element |ist containing the cost on the
evaluation data at the end of each epoch. MNote that the /ists
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are empty If the corresponding flag is not set.

if evaluation_data: n_data = len(evaluation_data)
n = len(training_data)
evaluation_cost, evaluation_accuracy = [], []
training_cost, training_accuracy = [], []
for j in xrange (epochs) :
random. shuffle (training_data)
mini_batches = [
training_datalk:k+mini_batch_size]
for k in xrange(0, n, mini_batch_size)]
for mini_batch in mini_batches:
self. update_mini_batch (
mini_batch, eta, Imbda, len(training_data))
print “Epoch %s training complete” % j
if monitor_training_cost:
cost = self. total_cost(training_data, Imbda)
training_cost. append (cost)
print “Cost on training data: {}”. format (cost)
if monitor_training_accuracy:
accuracy = self.accuracy(training_data, convert=True)
training_accuracy. append (accuracy)
print “Accuracy on training data: {} / {}”. format(
accuracy, n)
if monitor_evaluation_cost:
cost = self. total_cost (evaluation_data, Imbda, convert=True)
evaluation_cost. append (cost)
print “Cost on evaluation data: {}”. format(cost)
if monitor_evaluation_accuracy:
accuracy = self.accuracy (evaluation_data)
evaluation_accuracy. append (accuracy)
print “Accuracy on evaluation data: {} / {}”. format(
self.accuracy (evaluation_data), n_data)
print
return evaluation_cost, evaluation_accuracy, ¥
training_cost, training_accuracy

update_mini_batch(self, mini_batch, eta, Imbda, n):
“““Update the network’s weights and biases by applying gradient
descent using backpropagation to a single mini batch. The
“mini_batch’ " /s a list of tuples “(x, y) ', ‘‘eta' /s the
learning rate, ‘Imbda’’ s the regularization parameter, and

'n'" js the total size of the training data set.

nabla_b = [np. zeros (b. shape) for b in self.biases]
nabla_w = [np. zeros (w. shape) for w in self.weights]
for x, y in mini_batch:
delta_nabla_b, delta_nabla_w = self.backprop(x, v)
nabla_b = [nb+dnb for nb, dnb in zip(nabla_b, delta_nabla_b)]
nabla_w = [nw+dnw for nw, dnw in zip(nabla_w, delta_nabla_w)]
self.weights = [(1-eta*(Imbda/n))*w-(eta/len(mini_batch))*nw
for w, nw in zip(self.weights, nabla_w)]
self.biases = [b-(eta/len(mini_batch)):*nb
for b, nb in zip(self.biases, nabla_b)]

backprop (self, x, y):

“"“Return a tuple (nabla_b, nabla_w) ' representing the
gradient for the cost function C x. "~ ‘nabla b’ and
“nabla_w'" are layer-by-layer |ists of numpy arrays, similar

to “‘self biases' and "self weights .
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nabla_b = [np. zeros (b. shape) for b in self.biases]
nabla_w = [np. zeros (w. shape) for w in self. weights]
# feedforward
activation = x
activations = [x] # //st to store all the activations, layer by layer
zs = [1 # /ist to store all the z vectors, layer by layer
for b, w in zip(self.biases, self.weights):
z = np.dot (w, activation)+b
zs. append (z)
activation = sigmoid_vec (2)
activations. append (activation)
# backward pass
delta = (self.cost).delta(zs[-1], activations[-1], y)
nabla_b[-1] = delta
nabla_w[-1] = np. dot (delta, activations[-2].transpose())
# Note that the variable | in the loop below is used a [|itt/e
# differently to the notation in Chapter 2 of the book. Here,
# | =1 means the last layer of neurons, | =2 is the
# second-last layer, and so on. [It’s a renumbering of the
# scheme in the book, used here to take advantage of the fact
# that Python can use negative indices in /ists.
for | in xrange(2, self.num_layers):
z = zs[-1]
spv = sigmoid_prime_vec (z)
delta = np. dot (self. weights[-1+1]. transpose (), delta) * spv
nabla_b[-1] = delta
nabla_w[-1] = np. dot (delta, activations[-1-1].transpose())
return (nabla_b, nabla_w)

def accuracy(self, data, convert=False):
“““Return the number of inputs in "‘data'' for which the neural
network outputs the correct result. The neural network’s
output is assumed to be the index of whichever neuron in the

final layer has the highest activation.

The flag “‘convert '’ should be set to False if the data set /s
validation or test data (the usual case), and to True if the
data set is the training data. The need for this flag arises
due to differences in the way the results 'y’ are
represented in the different data sets. [In particular, it
flags whether we need to convert between the different
representations. It may seem strange to use different
representations for the different data sets. Why not use the
same representation for all three data sets? It’s done for
efficiency reasons — the program usually evaluates the cost
on the training data and the accuracy on other data sets.
These are different types of computations, and using different
representations speeds things up. More details on the
representations can be found in

mnist_loader. /oad _data wrapper.

rorer

if convert:
results = [(np. argmax (self. feedforward(x)), np.argmax(y))
for (x, y) in data]
else:
results = [(np. argmax (self. feedforward(x)), y)

for (x, y) in data]
return sum(int(x ==y) for (x, y) in results)

def total_cost(self, data, Imbda, convert=False):

Return the total cost for the data set “‘data’ . The flag
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“‘convert " should be set to False if the data set is the
training data (the usual case), and to True if the data set /s
the validation or test data. See comments on the similar (but

reversed) convention for the ‘accuracy’ " method, above.

cost = 0.0
for x, y in data:
a = self. feedforward (x)
if convert: y = vectorized_result(y)
cost += self.cost. fn(a, y)/len(data)
cost += 0.5+ (Imbda/len (data))*sum(
np. linalg. norm(w)*+2 for w in self.weights)

return cost

def save(self, filename):
“““Save the neural network to the file ‘filename .~
data = {“sizes”: self. sizes
“weights”: [w.tolist() for w in self.weights]
“biases”: [b.tolist() for b in self. biases]
“cost”: str(self.cost.__name_)}
f = open(filename, “w")
json. dump (data, f)
f.close()

### Loading a Network
def load (filename) :

Load a neural network from the file “'filename . Returns an

instance of Network.

f = open(filename, “r”)

data = json. load (f)

f.close()

cost = getattr (sys. modules[__name__], data[“cost”])
net = Network (data[“sizes”], cost=cost)

net.weights = [np.array(w) for w in data["weights”]]
net.biases = [np.array(b) for b in data["biases”]]
return net

244 Miscel laneous functions
def vectorized_result(j):
“""Return a 10-dimensional unit vector with a 1.0 in the j th position
and zeroes elsewhere. This is used to convert a digit (0...9)

into a corresponding desired output from the neural network.

e = np.zeros ((10, 1))
eljl =1.0
return e

def sigmoid(z):
“"“The sigmoid function. =~~~
return 1.0/ (1. 0+np. exp (-2))
sigmoid_vec = np. vectorize(sigmoid)
def sigmoid_prime(z):
““Derivative of the sigmoid function. ~*"

return sigmoid(z)*(1-sigmoid(z))

sigmoid_prime_vec = np.vectorize(sigmoid_prime)
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IZETZENTEET, ZOEDOHFTHINOLD T T T Z i fEb i~ T
FLZD, MWL THBIT=DIT, 54— FEHEWFOflZ Rl TREE
ERE
>>> import mnist_loader
>>> training_data, validation_data, test_data = ¥

.. mnist_loader. load_data_wrapper ()
>>> import network?2
>>> net = network2. Network ([784, 30, 10], cost=network2. CrossEntropyCost ())
>>> net. SGD (training_data, 30, 10, 0.5,

. Imbda = 5.0,

.. evaluation_data=val idation_data,

.. monitor_evaluation_accuracy=True,

.. monitor_evaluation_cost=True,

.. monitor_training_accuracy=True,
.. monitor_training_cost=True)

ZZTClZ, evaluation_data [T validation_data 22 FL CUWNVET A3, /N7 4
— N UADFE=S T test_data ZfED LB TEET L, DT —F &
YNEAESZEH TEET, TOMIT4DDT T EE Y LT, IRNAFE
% evaluation_data & training_data Dl f CE=F—FTHIIHHKEL TWVE
T 2D TTT 1L T 7 H/VRT False TTH, 22Tl True [V ML
T Network D/ N7 —< L A E=H—L CWVET, X512, network2. py D
Network. SGD AV R iL, FE=XV L T OFERAELR T 4EROX T N ERLE
o ZHUTIRO IR L £ T
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>>> evaluation_cost, evaluation_accuracy,
.. training_cost, training_accuracy = net. SGD(training_data, 30, 10, 0.5,
. Imbda = 5.0,
.. evaluation_data=validation_data,
.. monitor_evaluation_accuracy=True,
.. monitor_evaluation_cost=True,
.. monitor_training_accuracy=True,
.. monitor_training_cost=True)

T b, B2 13X, evaluation_cost [F30HDIELZEAFFHOYUANT, FNE
VDB I TR I T H D evaluation data [ZXTAIANTT, =
OHEDIFHRIT =2 —T N Ry T —7 DIRD N EEfET 5 L TIEFIC
AT, BlzX, BFREEBITFE P EIT T o827 T 7 1ITHEK I
2 F9, FEBE ZOETRLEZ T IZO I TV = D7
DTT, 2R BLE=AI T OTIF 7 NRESHTORITIUE, %
JETDH T N DEFRITZEV AN EITER LTS,

ZOMITBINUT-AEREE L Tl Network 47 Y =/ baT A AV ITARAET
5 Network. save A/ R & PRIELTZ Network 472 =77 b 14D A4
T2 load BAEDSHV E 3, RAFLFEAIAZIL, Python TERYER T
% pickle X cPickle CTlH72<, JSONZA{ > TIT> T ET, JSONZE i)
IZ975 pickle X2 cPickle [ZHANT ZL<Da— 2 LB L L £7, JSONA
ST BREE, FF2K Network 77 AZAEIE T2 RAIREMED D2 5T T, ]
21X VAR =2 —a Tl =a—a % #9512 Network %
BEIETHELELLD, ZOEHZFIET H7201T, Network. __init__ AV
RCERTHRMEALELTHILITRDTLE), THE, HflilT pickle &
FWTLEIE load BIEITRIL CLEWE T, JSONZEW YT AL
ZIRENTATHOZE T, d U Network 77 A% KO fl B CHESE T He A~ A T
ZENTEET,

112 H network2. py DI—RIZILT-KSAD/NEIRBEENHVET, L
L. FH5IE4AT network. py 235D Bl B LICiBEFH5 A, 2RELT
WX, 74T DT T L KOGR T1721524 TICHE R T AE R0 E LT,

il

o FOa—REEIELT, LUER LA EEL TTZE, F/2, 30D
Ril=a—a 2R Oo=2—I Ry N —7C, LLEH bZEf~>T
MNISTO FEEEFO AT TSN, EFLEITHe0n
B KOBREE N BB IEHb/ ST A—=2X O ETH 2

e network. py @ Network. cost_derivative A/ R%Z B TLTZEV, ZDAY
vRIF2a AN A ICEPNTWET, Tha /AT e —
AZMIBHICEZETITIFIEILEH RV TLEI N ? Fe,
Network. cost_derivative A/ RO /oA ot —k CA U A&
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ZFRHL CTTEEVN, network?2. py Tl Network. cost_derivative A/
RE&5E4I2 KLU TLEW, fRDICZ DR
CrossEntropyCost. delta AV RIZ L F L7~ 29T AHZET, I
R LT BEN E R S E 7 2

Z1—3SIRY RO—=DDI\ALI\—=I\5
A—H & ESENN?

ZZETIE, FEHEgREBEANTA—Z N EDONA/R— /T A—H %
FREDINTRD =D TS| =2—F 2y T —773 EFLEK
IHRLDS FRINCRD Tl E > TEE L, EEMEEL T, =a—TL
H NI =2 %Afi S T FREIZI AT I T > T, RV NA 73—
TA—=L% BT HDOIIRNEERIGE R HVET, Hilx1L, MNISTOFFE
PO HEEE S Z 2T TS CL IR ANA ST A= Z D
EZ D TIZZAUCEHN D LA R L TAHTIIZEN, ZORRITH
WD FEERIE 2 DNAI/R—=IRF A= R IONTIDOETH - TE
i, 3ofDEN=2—1nr KEX10DI=N\yF ZLI/RATIE
E—&fi o730 Ry 7 DFla R RATZELEL L, L LFHE
IZHOWTIEp = 10.0, ZL TIERIL T A—=F1T X\ = 1000.0 Z3A
PELET, THERDIIFERNEONET:

>>> import mnist_loader
>>> training_data, validation_data, test_data = ¥
. mnist_loader. |oad_data_wrapper ()
>>> import network?2
>>> net = network2. Network ([784, 30, 101)
>>> net. SGD (training_data, 30, 10, 10.0, Imbda = 1000.0
. evaluation_data=validation_data, monitor_evaluation_accuracy=True)
Epoch 0 training complete
Accuracy on evaluation data: 1030 / 10000

Epoch 1 training complete
Accuracy on evaluation data: 990 / 10000

Epoch 2 training complete
Accuracy on evaluation data: 1009 / 10000

Epoch 27 training complete
Accuracy on evaluation data: 1009 / 10000

Epoch 28 training complete
Accuracy on evaluation data: 983 / 10000

Epoch 29 training complete
Accuracy on evaluation data: 967 / 10000

RAESERSEIT AL DY TT oI ERETT | —=a—T)L Ry kT —
NI Aza2udIHRL DI/ > TLEWELT !
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ZARBICE Z DB NI LIVER A, [ 5te, ZAZRDIERHIZ
EELE, FEBLEFNAN—RTRA=E 5/ NST TR VWA
591 LNLBESERFoTIZE N, £9F 25D EFFH A/ —
INT A=K FENZH S TONENDTH- T, FEFLER LT A—H
T UT E UK EE 7 U VISR NOTT, HLnd
He B =a—ar ODZ30ME TIE D/ A /X=X T A—=R Z T
AL TH EFEWD720 OB LIVERE A, HLTHE47e<E100
fEl, W=e300f TR =2 —ar NN EROTIE 2?2 HHVIIENEN
BRMLELROTIL? W D= a—F o 7 RREEL O LIVE
FAL? RYITFEEDEITLTODTNED, bo b EL DRy I i
BV A[EEMEIIHD ERE AN 2 I=NyFOREZID/ NS TEEEA
2 2RI AL TATIIEITL LD 2 HADYIMIL HFIEEZZEZ
THDLDIX? F L JRTEDNA/N— /T A—=FDZER T @I
TLEWEITT, ERR=a—F V3o NI — I &R -T2 B R
MR T —H 2 ST L COD R ZIIRFC W N2 LD R T, fTLA,
AT 2O BT B b LT DAL D 0, fATD
FERLBELNRNIELHLOTTND, ZOIHRRIETIZAEZ
BB LAER A, BITARMEFITERD THE THEF THIAD
T M~ NI LILER A,

ZOHITIE, =2—F VR RNT =T DA R— T A= B 5 TED DI
HI72 5% WLSODFRITLET . BIEEIZ A= "F2—=F% R
WRHDHIDDOU—r7a—% G DL T D2 FT 423562 TT, b5
5o INA 7= IRT A= R DIGEAIZONWT 2 TE A A—F5bIT Tl
HVERE A (ILALTHRERMETY, LT, BRICHRS T
LA TIX WL, =2 —F L )ry N — 7 %45 N\ % OFT @i ic 3t
ASNTWLHEEDBENDTY, =a—TIN Ry N —IDNTF—<
A& EADH LN EEEDHTZDIT, FIZ—D i TELIENDHLHITT
TY, ZOHETRITT 2R AL HIET, EOR-E#0E 52 TWHM
HTLED,

HFE A =2 —T 0 Ry N — 2% CHUORBEIC BT e, 551

OBEFNIHATERWVWDT L)L AR T 52T, SWVizd
b, =a—I N Ry NT =T TTHTAI T~V 7ehE RA R T AT LN
ETT, bOT IRV AN—RLITEZ 203 LIVER A, ERRICIT

TNNEIZEHLNGALHVET, R, BTLWEEH ORIV
TRl 2O ONERGERHVET, £TIXZOHEDOK
HE Tl ST RRIZERD D DHIK 2 L CAEL X9,

BIZNE, BH7R7=MNISTIZ IO THWFATe L EL 1D, BB A THWY
BT b DD, =2 —TNFy NI — 7 TRICR ) O RN et ik
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IR A IO T, D a2 EHIA/THET, ZORWREMENTHITIE
FPECCOLMBEA R ETDHIETT, FHADIC, T — 2 LRGE
T —ANHol1LAN OB EETRVREELLY, £L T, =2—T7/L%
YR =2 D0l 1Z X HITELINTIIFRL THELLD, ZDol1x Xl
FTHEVIF LW EIT, o4 O10FEEHOE T2 K75 B L0 H
THHORHI2ET, FIFET —Z D EE80WIHHT ZEIZ/2HD T, FIfE
MERHESIRVET, ZHTHIECRIBEEZRE T 570 D FEBR A 3 F. 5
ITTHIENARRIZRVET L, BD=a—FL Ry N — V&3 212
IZEILTELERWVOD, FRWRESLTHRIHEIZZRDET,

SOIZHEFLSEREITOTL, FEBITFE D ARETHLEWIFF TE 5%
T, =2—IV Xy N =% TCELL T ML T 52N TEET, b
LS D=2 —a 4708 1784, 101 D==2—F /LRy~ —277)5 MNISTD
FEIHT MBI L CEERIVITEEL R EE R EN TEDHE
B2 D5, EBROHFERELTIOII =0 —T Ry T —InbHE
Bt T DB RWTLLY, —a2—a 400 [784, 30, 10] D==2—7
Ny NI =7 I T oL l<FEETLTLIING, FERbEET TL
X9

FBRESDIZAE =R T w7 T HI2E, F=HV 7 OBEE FiF i)
FFERHDET, network2. py Tld. FFEDOE TR 7 E T LIZRER T
IRNT p—< A HELEL, *O@ij?“/7k50 000FL DML NG
FNBEDT, =a—T /L Fy R — I DEERBUZANT EHEEDDIC
bty LRI AN £, B2 IE, FLD ) —FPCTHE D ==2— s
[784, 30, 10] D==—F /L Rxy NI —J%&GIHTHE, BRI DT
TA—=RR I %2 T HETRIGENET, bBAA, 15780 HDIFk
L’CEH#F@’C“ IHVEFAN, REONA/R—/RFGRA=ZZ YD T
‘i%ﬂ“@%ﬁ TY, fiTE . Tl D NAIR—=/RTA—=Z 2 ED
oL, B RERAMTT, o HEIC, 2 IFFIE 51,000
1‘5(\_ IR AT A2 LT, JIDFEFR N T — R0 3 5561
F9, IDIT, 10,0008 D E %2 TSRV IZ100K DO FRFE 57>
DIFEAHEETHZET, JDHEANT 4 —< ZZETDHIENFTHE
TY, KURDIL, FELRFE BRI T O G E =2 —TF v
XN =252 5288, ZZEZICRVWR T+ — v ADHEEERD
ZE7DTY, b B AAL network2. py ITBIRF S TIOWIE=HXY T 51T
STIFEWERAD, ZZTIEHFEFIEL T, MNISTO 7 — 441,000
KATEHL TAHE T, Bl THR TR IO A TAELED, (Bl
2T D702, OL1DEHRTZIT ZED LV T AT TIFFEEL TOER
o bBAA, HEDL T RTIUITENEZFEETHIELFRETT, )
>>> net = network2. Network ([784, 101)
>>> net. SGD (training_data[:1000], 30, 10, 10.0, Imbda = 1000.0, ¥
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. evaluation_data=validation_data[:100], ¥
. monitor_evaluation_accuracy=True)
Epoch 0 training complete
Accuracy on evaluation data: 10 / 100

Epoch 1 training complete
Accuracy on evaluation data: 10 / 100

Epoch 2 training complete
Accuracy on evaluation data: 10 / 100

FIEHTLDDITHEY R /A X TT | TH— DO KRERELRHVET 4
T4 =R I ZAFHDIZ1 b RE DB 2 I EIZE HRAFHN
FT, TNRD NAR—NTG A= B BT 2 TRBREE RIS OLR ST

TL., HDONTHR A 7R BI2 DA /R — /T A= B E R RIRFIZEAL THA

HTEZZBARETL L,

FoBICiE A BRI S72 A = 1000.0 DFFICLTRBEELE, L
MU, T — 2 DOEEEZT-DE0, BAREDOEEEZ— EITRD
TZOICAS BT HRETT, ZOHEIEL A = 20.0 ([ZT HERTEHEA
R DR F-ARTERICIZZ2DET, LTFRZEORER T :
>>> net = network2. Network ([784, 10])
>>> net. SGD (training_data[:1000], 30, 10, 10.0, Imbda = 20.0, ¥

. evaluation_data=validation_data[:100], ¥

. monitor_evaluation_accuracy=True)

Epoch 0 training complete
Accuracy on evaluation data: 12 / 100

Epoch 1 training complete
Accuracy on evaluation data: 14 / 100

Epoch 2 training complete
Accuracy on evaluation data: 25 / 100

Epoch 3 training complete
Accuracy on evaluation data: 18 / 100

A, A EIIV T FANRHEL | ECHRWERLTIE AT,
ELNRREIVIZRWFER T, ZhUL, SORDWEEFFHTIZOITN
AIR=INTGA=ZEAETEL TOKBEEDO T R0 E T, FEEEZL L
RESTHREIEEHER T Db LinFEE A, OEIABK N TN
LI, ZAUTEDRHER T, EOEBIZHOWTETICHEmLE
T8, LIZOIFEREL TIZIN, ) 22 TEOHERIZIREET 572012,
n D% 100.0 £T EIFTHAELED:
>>> net = network2. Network ([784, 10]1)
>>> net. SGD (training_data[:1000], 30, 10, 100.0, Imbda = 20.0, ¥

. evaluation_data=validation_data[:100], ¥

. monitor_evaluation_accuracy=True)

Epoch 0 training complete
Accuracy on evaluation data: 10 / 100
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Epoch 1 training complete
Accuracy on evaluation data: 10 / 100

Epoch 2 training complete
Accuracy on evaluation data: 10 / 100

Epoch 3 training complete
Accuracy on evaluation data: 10 / 100

ZHUTOE W | ZORERIT, FH BN T EDEVOHERI D ] i#E-> T
WeZEZ R LET, ETTREIZ, n& 1.0 FT/hSKLTAHAELEY:
>>> net = network2. Network ([784, 101)
>>> net. SGD (training_data[:1000], 30, 10, 1.0, Imbda = 20.0, ¥

. evaluation_data=validation_data[:100], ¥

. monitor_evaluation_accuracy=True)

Epoch 0 training complete
Accuracy on evaluation data: 62 / 100

Epoch 1 training complete
Accuracy on evaluation data: 42 / 100

Epoch 2 training complete
Accuracy on evaluation data: 43 / 100

Epoch 3 training complete
Accuracy on evaluation data: 61 / 100

ZHHDFHMMBENTT R ZOIITHUT TV T, NA/N— /T A—H
H— DT OMEL T, NI —<UAERAILELONEET, FH
Fon DEAYETEL, WITIEFUE ST A= N OUGEITER E T,
TN TEID, RIZIVEHEEED =2 —T NV Ry N — 27 B2 TR
N=a—nrZ10fHEF> =2 —F L Xy N —7 TERLEL LD, BiLF
LI n AL £, RICEN=a—nrZ20f@ITHEOL T, A
DNAIR—=/RT A= EFHFELFEL 15, LU T RERIZ, & Bt CRGET —
B D—IuAE ST T =~ ADRNEEATV, ZORERESEZIT L
IMBEEY BUNA/ =G A—=F % B O TOEET, ThEHHT T
HIZ, LIZUIEANA = RTA=ZZAETE LT R DB A DI KR
DI DD T, F=LV T DBHE AR A NI AN TEE
SR

THUT— A TE TR ERMIRIZ A FT, Lol EBEEDLZA, |
D CSZ RBELABBNTZ50TT, [MHFEHLRN=2—T)L
Zy NI =% CHDIE, EFLIIBEDITNAEETT, MHD
INAIR=INGA=ZDFFEZAT ST, TN THIEEERRAERLEDIL
IRNZEESTHNET, TING, O THRFALIZWDO T A, #ID
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BFETIE, ERELIZO TELRET R RS 74 =R w7 3o s 3o

LTRLIENETHEHERDTY, HMICHEL=2—F LRy T —7
OIEEZHEMIEL CLEIE, M0 BN LES > TLEIIIITE
2B LNER A, L L, 29528 T=a—T/L Ry NI — 7D E
DHLFEETHETICHEDRFMIT T s LEfisnsL, —HEKD
HOYT T IBELNAIUL, NAN—RTRA— R B HETHLET =a—
TNFw =7 OMREIT LI UIR RS I EL Q& Ed, —F )
DEAENOD | Feb W97 T HETARDTT,

ZZETIT—AREEEZ L CTEELIZ, ZIDDIT A A= "FA—=ZD
RDIFITHONT, FADEND D BARRIZ2 FNEZ WS DA THEL L,
IR T, Ry, L2IEF LA TA—=Z A ZLTRI=ANyF O AX
DY FFEigm LT, UL, 22 TR0 ELE, =2—T /L%
Y RT—=I DT —FT I F oD IEHUVIEIC B DA 78— 8T A—
B AT — AR MBS T ORI T A/ NA 78— 8T R
—ZFITH Y TRVET,

FRE: 3ODORLRLFEHE n=0025.7=025.1n=25% FFo=
2=V Ry NI =7 CMNISTO = E 2SI ELHZ B2 F T, oA
IR G A= BZHONTE, PN W= LA, FlfiZzomRy 2
1TV R= T OY A RT10, EHIL/STA—2T N =5.0 zBHLE
I, £77. ZZTIE 50,000 K TOFE G AZ A WAZEICLET, &K
DI TTVE, DROFBLEBIZAAMSEI LT HAEARL TGS > 0777 miile el my

DTY,

1.2

e—e 7 =0.025
I\ oo =025
A e-e =25

o o

00g 0 g

o0
% pooo o0g o o0a
!

0 5 10 15 20 25 30
Epoch

FEE = 0.025 Tl KEOTR Y7 ETIHEOLITARFA LTV
F9, p=0.25 TIE AR LET R, 200Ky 72w E 7210
IFEFIL T, ZO®RITTUH DMIRZ /NS BRIRENZ L ET, itk

2o n = 2.5 T, (ZLOOOLIANIREZ2IREZ L TWVET, ZOIRE)
MR ZHH AP 272012, MR AR TiETIZaANOREID
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Za1—3JIlRv DU EFREFES
RIS TNSIRAT 7 TR A2 ICFEEZED T EZ BV HHLEL

-

D

LU, bUFEEFE g NRETEDE AT YT DRRETE AN F/N
BT CTLED AREMERHVE T, 29T 5& BIEIZ T LRI
STLEITLLEY, ZNNRESL n = 2.5 DIFIZEZS>TWVDHDTLEY*,
n = 0.25 DAL, KOIUIESUTIARIE O/ B> TR,
B/ MTIE D W TR E OREDNAECET, n = 0.025 ZiE5
&L RHID30 =Ry TIHFERRO BT —O/EC A, bBAA, Th
IZE/NSIp PR AR ESL | MR AR S FIEICLD R P E DL
VORIORIENAECET, JVRWHIEIZ, n = 0.25 76hh8 T20TR
V7L . Zd b n = 0.025 [ZHVEZ HZETLEY, ZOIIIZFH
RELHIEDLFIEICOWUIRIEEHRLET, LiIZDUE, —20
BWEEER g ZERRENICONTEZLELLY,

ZOHMG AT AN THRLE, n ZIRDIDNTEDDHZENTEET, £
T AR ENCHE AT T Ho A LA L TS FEFED |
R REHVET, ZORMBEHONETHIEM THOLNEITHYER A, Hr
BOMIUZEVEVIRRE T, TThb, n= 0.01 225h40 TR
w7 O AN T HUE, EEFIZn = 0.1,1.0,... ERRL T &, 2R
IR A DOEL TRy 7 THRECH A 354 RO E3, 12,

n = 0.01 THIRMDIKTR Y7 TIANRELCE N A 1RO 125,

n = 0.001,0.0001,... EL TV, IARETR 7 ORI T DfE%
ROTET, TN TRV EZELNDFE F n O LIRS KHERIC
AELLNET, ol FlziEn=0.5n=02 DOIHfE%x
RLTHLHZET, EROAMEHVAUETHIELARETT (2L
DIEF I EHETHLLEITHVERTA),
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*ZDRBITH DT NT T, HSETHEIKR
AL L ORLIZH DT, SERRHIIIER->T
WER A, KVFERRTINE, FEICSIERDES
b0 TT ARk FETIE, AN TS
— U TR AN S L) Ll
o RE72 n TlE, AN O LY @R OIE LD
EIEIRY, HEICEs TEa AN OED %
PEDTHOT, ALK FIESEIEL TLENE
Fo ZAUTFHTT AN D i/ oA M5 &
EZDLI LA ET, LVIDh, 2O IS fEk T
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FERIZfED n OFIEZO LRIV NSKEDRIEZRVET A, EEFEOED
AR FE R g NELD TRy Z IS TEWIIT 2 HT20121,
BlzIE, EBROYGLBENC n 2EDOBRWILLNERA, TDLD
ICRSEZET BT FEOEEEZHLLME DL, JIWEZLDTR
VS IR A EN AT RRIZARD £,

MNISTDH A IZIE, ZOMMIRIZIED & AP SEONLFE RO
ERAHTTE-TO01FEETHLEN) ALV AT T, L0
TUE, = 0.5 FREN ERTHLHIENGVET, EFLOLFITHE
HE, FERLL T =02 2R SEASEIELEZET, EBROLD
A.n=0.5 TH30THRyIZ<HWeLHIC RFEELET A, 720 T
WIEED/ NS n A THRIESD EH A,

ZITIHRAREZET, ENbETHHMICEX ET, UL, n&RS5e0
(ZRNHR T — 2T AN O EE VD DIE, 2O TRIZE A~
2T JETHDTIFIRNTLIIN 2 DFED NA /=T A—F 5
SZiE, BoTRW("held-outREET — &% WD EE 57213 C
TR ? EEE FERUL ST A—H I= T OV AR ZLTRIVESR
FEihl=a—ar Ol =2 —F N Ry NI —T DINT A= 5 EDDHT-
DI, BRET — X2t T DR EE HVWET, Tk, FERICOW TR
WIRUD I/ DO TLEIN ? REIZE > T, ZOEPUIFLADO LR 4T
FZEDHD T, 1o S A DR R CT 0 IROIDIZE BT CEET,
D/ NA 78— IXT A= H GRIR T — Z 5T DI KR 72 50 KBS FE D 2
HEHE BIETHOT, MAET — 2T AR E I RSN TTF 2 —
=TT LDIFRUTN o TWVET, UL, Pl SRR J8 R
BT B DRI —F b O TY, FEEETF2—=0 7T 50—
HI72 H BT ARE TIEOAT Yy ZiEZ ST 228 T 0b, JiT —
AT HAANEER T 2O NRETEDLAT v T aEm N5k RO
FETHHLTTT, LiTE 2, HETHIIUIFR O ARI72 3L/ BR
RO T, MEET —Z kT o0 R E NS E T 570, FEHO
WP AN AN T D TL IS, FEEE HIIRGET — 4D
SRR LA E B LA FEHEL L TH KL ZAITAELRNEE 2
BIVET,

TR 7 R DDFERELTCORFTHE . ZOE TRl &
L7c Iz, RHIFTHEIN LI3E TRy 7 D3 T 572 NTRGEET —Z 1T
XD PHEREAGEL, ZORED L ESTHAIFEF T HEH800)
RFFTY, 29THZET, ETCHMHICERy 7 HEEDHIENTEE
o ZORTTSERHTAER2 DL, BTNy 7 BN DDA 73— 3
FA=ZNTR L TENRAFT DD KUTT 2B T, oo
AR=INGA=BZIEZ DEBEIR TRy VBB DOET N, FORHE
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PiEEd, ZHUTHLHAALRWIETY, 7220, EROYIHIDOEFET
3. HZTRYFTHEEAT DRV R RWGELHIET, BHTH
Pz b2 THEE A ZEIL, £ O 2T~ TIEH LD
#HEHFLHDTT,

FHFT B0 2T 21203, ETNEHBREOLEN L ED 1 LW)
—UNEWTHEZAE JVEMISR R TRBLERHVET, BEICH
FONT B E DS RRANZYEEDMNICH > ThH, TRy 72 ERDLT
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*Random search for hyper-parameter
optimization, by James Bergstra and Yoshua

Bengio (2012).
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learning algorithms, by Jasper Snoek, Hugo
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*Practical recommendations for gradient-based
training of deep architectures, by Yoshua Bengio

(2012).

*Efficient BackProp, by Yann LeCun, Léon
Bottou, Genevieve Orr and Klaus-Robert Miiller
(1998)
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Ay NI =2 IREDMWEZEFFOHIET D RWHIERDNDLZEZ WL
FHA, TVTVEIEOII T T MRS D A7 g E T E B
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*Approximation by superpositions of a sigmoidal
function, George Cybenko (1989). ZMif 5 id/A<
HSIL, B DD T L — T HBEH LT T
ZFEHLELT-. Cybenko® s L TIEE D FIZ Y
LCEL OB IR 2SN TOET . WO
LTEOMOTEE /et T, Multilayer

feedforward networks are universal
approximators, Kurt Hornik, Maxwell
Stinchcombe, Halbert White (1989)7 %V %7,
ORI A = T A T 2 N T AD E A IV
THEOMERERTOET,

FEBHIT1 DD LETII S A DR Y /2R IT 8
BHHDT, 2L DB ZLNDBE DI B D125
LCWDHITRVET,
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HFT, M g(z) M g(z) — f(z) < e HARED AN zIZHL Tz ==
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fadtBidHma—TN Ry T — 7 DRER T IO W TR E D 7250
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12O EEE L ET,

=2 —F Ny NI — I E AR T DA B DO ZEEN OV TR &2 o) e
A2, FolEi=ma—a AL TAELEY), FRITEAwDEEY

Vo7 L= A ULR T 7 T 5w DENEINLET, ZAUnl
TEoREN=2—ar OB OEA T30 0 ET,

http://nnadl-ja.github.io/nnad|_site_ja/chap4.html

4/24



2018/8/3 Za-3SIlRYy hDO—OEREFE

Output from top hidden neuron
b=-4
w=8 7
— \
T ( .
AL A z 1

ZOERDOHIOHTHEE LIS, Bma—a TEHEL TSI
o(wz +b)TT, ZZTo(2) =1/(1 + e ?)ITT7EAREETT, Zh
ET, ZOIORBHUICILRBAHEIMEN L TEELZ, Lol HiE
PEEBOFENZB W TCUIZOF AL ERICENT, 777 D4 #H
VE- BT DI NEVINEEFHIENTEET, ZDIINTTHILET,
BT Z o T E R D 2720 Tidied 7B/ RBI%K
PISOTEMAV BRI H o8B M E B ORER *H A6 ET,

SEBAA GG HENC . ERIOAAT 2057V 7 U THICR G 7+ AHZ LT
EZPEINEE TH TSN, NATANKELRDIHENT T 7T /EIT
BEILET 2, I LW ZEnbnnET,

WRIZTY 7 < FERTG T LTS T AE PO THRTLIZE N, AT A
DI DNTT T7BAEITBEILET03, RITVBITEL 20N
PINET,

WIT, EBAHZE2DFEEETRHOL THTLTEEN, EAEES T IO
T HIFRDED S T DD ES, #hifa 7L —LNIINDLHT0
(2 AT ABEZ DB DD LILEE A,

WIRICEAZw = 100X ETHOL THTIIZEWN, HMSE5I22

NCHIBRDO B E LY | AN AT 7 B D XS0 IR0 E
T BNz = 0.357-0ITRDHININAT AZFHIL TH TSN,

T2y FITMETHEIHERL COET, BARZ ZTLe T4
WA GBLIZI T LA &SET,

BHAEZHEINSYE, HEAT v 7B S0 52T, fiffTa L
SHHICTHZENTEET, T T, BEADw = 999D FofZi
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FINZITAE B 2 DN TOAL DO TIEHY EH A,
Ll ST 7 r—F 13 o 0fE RS EL
WOIZDW T ABFEIIZRRE L0 L 2L DA%
BEONDHEEFELTNET, ZLTHHAAL, 2O

; 3, bLIDOZERKUT

=H, RIFTWHTTH A LD 53 2Pk
LTHTEE N, UL, 2 gt E A EL L
DYEFRT HEVH O ERZ K DIRNEIIZL
TLIEEW,
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Za—ur O NERIRLTWET, ZORITET, EARED/ITA
— R h AL CEIRNFITHER L TIEEN,

1 Output from top !'!idder! neuron
b=-400
- \‘.\I
- V\/ \.%,_/ \\\
T | { = 0 _—
A /35* J T 1

— DL T AR AR TAT Y T EMCEZD B E T, £
OEHIZH AN EN T R COBN=a—a b0 R 552 2 LHE50
5TY, A7y 7 BEGEO AN T H5DIXE T, v 7 EARD

% LTz ks e L TR I DN E 2 2 D E RT3 2 DI13E
IZHEARDEFT S LEELWTT, TTOT, Bil=a—rr BTy 7B
HHOLTOBLRETHZETT oL HICR T, BT, E
FAiil G 70 b CHREREICE E LTI A T A B ST TR ED

MEEZHIETHECINEEBLCEET, bOHAUNEZAT Y7 B

ELTHODITERITT, LLZiuT+53 BWIEEUZ /2> THHD T,
UIBEBIREBICAT v T ChHHEL THRWET, B TIOMDICRE
STET, ZOIPUCID T NOREEHRLET,

AT T NHHDIZeDE TNZIZEZTLIIN? Sz 5L, BE
DN BT E AL E DINHEAFTDHTLEIN?

ZDERNEZ DO, EHDELRNAT A% BALSHE THATLES
WD LAZE— VTR ERHLBLINVERA) . BEEOME P wS
WIZEDINURAFT 003000 ET D, D LRL THDLE, BEEDNL

EIIIZ AU, wICREFIUTVWSELRDONIS ERBNET,

FROERL AT AEEALSEBEDIDET A, RIXEET
s = —bj/wDHIELET

Output from top hidden neuron

T

RN =a—n Rl T DD AEDN B &R T /8T A—H
s = —b/wr D&, T EE L EMIZTEET, FLvVITA—2fF
TFITIBENDT-01C, FTRIODsH S THTIEE N,
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Output from top hidden neuron
s =10.40
El A
\\%
T | > B — .
A . T 1
Sy
{

AR L728912, AN DELwE+53 RESEY , 27> 7 BN By ik
U725 TNDZ LT 2 IR EROHY BT EL TWET, AT A%
b= —wsLBSILET, 1DD/NTA—LsTHRESIToNIz=a—nr %
HIDOET VTR THENTEET,

INFETAETI OB =2—ar O NIIERLTEELE, 22T
=2 =TV R NI — I RIROFEEE L CHAELL), 2200fh=a—n1
ANIBFEDALED s (E=a—m) bsy (F=a—nml) TATA—ZfF

TN AT Y T EIEERTRE L QB ELET, Sz, HhoEAEZ

NENwy, wekLET, =2—F/L Ry NT—27 TN F D@D T

/ ‘Weighted output from hidden layer

EV—%LVCU \%)@Liﬁﬁﬂ)%ﬁ)%@ia}{ﬂgﬂiﬁwlal -+ wgaz“C“To
I @ ka i ERER E OS2~ b0 T s, T e e e,

fma—F L xy NT—rOH T
o FEUIRLIEME (activation) SFEEN DT80 a TR T HICLE o(wia1 +wzey +b) THSFERL TS
LHAHAZOMIFARLTODREIE DR AT E
7, HALZRADEY, ARERRGEN SO T4
SHOTEHLTWDOT, =2—F Xy hy—7
EEROH N LOREMTIIEO%REELET,

LR =a—ar OB R s S T, B@nbo E Al X
HI%E DI ELSEAMICHOWTEEAHA TN, Filis &
STV L 7= R I D0 E BT 201X A AT, LokEn=
2= BRISTHRMNE FORN=a—rr B RIST HIRGUIZE
T DD, T TT7 DN EALT DDLUV ET,

[FIERIZ, RO =2 —rn TOBRFEM s Z ST T, HAMRE
LT DR F DR Z2AE A TTZSUY,

M DOEHEF ST THRTIEEN, TS TENRLER
DOREN=2—a IPEOF GRS NDFE RO ET, EHA
DIHLD1OENCTHEED LR ZENEZDLTLIIN ?
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B ICw, %0.8, wem —0.81C YR L THTLIEE Y, s10BIAEN 9T
KDODEZ0.8DITIROBEBIEONET, HlZiX, EAMEH D

DIH7RELETY
2 Weighted cutput frem hidden layer
8, = 0.40
.:")- ‘. 14
s s =10
P i \\\
z ) > o — >

\. . T !

LA, AT OESEALFIIER i/ N CEET, mSeRT/TA—
ZhEBALELL), HOLEZRO T BT sy =..."R wy = ..."E
DAEEMELET

5 Weighted output from hidden layer
h=0.6
(0.40
= A
AN 0.6
“\,\%’ -
z -: > L | >
N T !
T
(0.60)

ROMEZHEBSE TAHAT, 27 DO@SHE T R 2 LTS, &
SEADMEICESE TR D EBEEL TES, ShiT, B
MR ZEE L TRT OIRRE DINTEAT D7 % B TLTEEN,

LZAT, Fxld=a—r 2R B OBLRGTET TR 7 a
T T DBRINDL RHZENTE, =a—m %Ll FOERRif-then-
elseff§ LD IHE A2 L FITR DN Tb LIVER A, FIZIXIROIED
<
if input >= step point:
EAfFEHANICIZMR S

else:

EHFEHNIZ0EMR S

PR DR O K0 CIIR R 72 BRI b A B ET, Ll
ZNLABE DRI % | if-then-else DL THE 25 LBURI TN DG 1L
FH A,

ZDOaT A EAN) I ERIL, 2flofan =2 —ur DO T A1 OD =
—INFRT—INTLoDFHHET, 2007 & EL N TEET:
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/ ‘Weighted output from hidden layer

CITEHERAIENT, TNETNOEN=2—a DT L ThE
EBXFU-, WFTORDEEIHSE T, S I7NE DI D
PRIEL TSN, £ BREOH S AT ESE 52 Ta7 2 Bihs

HTLTZENY,

FO—ENIE, ZOT AT T EFIH L ChF& e @S Chp& e o’ —2
EAERCEET, RERENZHWTIXM0, 1)Z2 NEOE > XI5y
L x4, LT NEHOBEN=2—0  O_T 2 AN THERE SO
—JERTEET, N =505 VTR TAHAELL), 72{SAD
=a—nrPHLHOTOLLEO THHIWTWET, N EMEICR->TLE
W AFERA AL THITITEMSZRE 50 TTN, =a—71x
Y RNT =2 5B FNE BARIICA A= T 5720 £ T OEMESITTE

T MDD L BN ET,

P {‘ ‘Weighted output from hidden layer

SHHOBEN=2—a OXT N THRNDEENET, ZnEhoT
DB FEM X (0,1/5), (1/5,2/5), ..., (4/5,5/5) T3, ZALHOfEILE
ESNTEY, 500OERRICE ESN a7 2R >/ 77 B3 GoiddH

IZUET,
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INEND=a—nar XTIUIADENE->THET, ZhbD=a—n1
VEPHLH TWORITIIZENE VA, —hDEAH DB EZHNTHET (2
NHIEEENZEFEFHETCWEREAL) . kDB 2% 7y I, EAIZRT T
LA ZEZ THTIESN, EQOINTEBNEL T2 EBIEELEL
5D, HAEEZHIET, AT 52N TEHOTY !

W, 7T 7% 7V IL E IRy LT, ENnOaT OESEEZT
HTLIZEN, @3Z 26T DI S LT ROER BT 20030035
ERWET, BUTIFBNETADR, KIS THH I OEA (ZIHOFEIE
+h&—hTH)HEIL TWET,

SV D8, BAITADTT7NOBEEBEHERET DL, Tk
D=2—F )V F Yy NORDIEEL TSN TODONDNET, <~
ADRE L H LS ERLIZL T, — bbb — FE TR Iy L ThLE
HHEWTLE), B EAE A RIS I ERIET OIS T, =2a—F /L%
YT =T DINTGA=E AT DR & R CHIE S,

TNTIEF YL P ORFHET,

ZDED B INIFADMHAN =B A B L TLEE W,

."J‘\.'\ /
y. \ /\ ff/—J \

ZORHIZIZEVEREATLED, AN Z0
f(z) = 0.2 + 0.42% + 0.3sin(15z) + 0.05cos(50z),  (106)
VIR D307 H1DE 5 Tyl X072 1D EZ B> TV ET,
A TOBY AT R TIIH EE A,
Ihe=a—I NV Ry NI —7 CitA T HIEAEE L TAHELLI,

AR D=2 —F /LRy NI —27 Tl Fiv=a—a b0 O B2
EFNY wja AT CEELC, AR Z OO /7 ik% B<
HoTWET, Lo, BICERLZISIC i =2 —T VL R b —
IO TIEHVERF Ay =2 —T Ry NI —ZDARFDH )%

o(3 wja; +b)TT, ZZT BEH ) =a—nr O/ TRATY, =
2=V Ry NI =T OEREO H ) &2 5B D720 TLED
2

BExIX BWEORERSMFEH 10! o f(x)2FFOo=2—T /LRy T
—JEEFTHIETT, 22 To IO B TT, T70bb,
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FRNENSD B DAL T OIINCLET:
2 U'lof(a?)
/
1 a’(J
|
I||'
fx \'\_,.\ II|| 2
\ {
\ p\ a'lllll \\I /’;"l
- ' I|" r_.f 1
VAVAN V
2 ll"l\)ll
BLIRATENIE, =a—TF /LR M — 22K TOH AL f(z) D Fu
ﬁ{ﬂ&iﬁ@iﬁ“*o :uj‘ij;zbri~tlyv>/i47’xé:0kt'(t VHHICHEREL

F L VT HDIE=a—T N Ry NI —2 %55, B L7z B ARk
ZTAHIETT, TELETELDIEEERZDOI, ZORMEE2[H]
RNTIFLWEESTWET, 1IBIBIZY 77270y EnEho=
T OEmSwEEREL TS, ARSI IS~y F T 28 %S
DT HHEIZLREDIT T T, FAENEORE EFATA TS
iE. BB =2 —T L Ry T — I L COD RIS E DR O T
BRECHECTEET, TYL VT DI FEHIRAE KL TING
T52ETT, FHRAEZ0ANENARIZINZ HENTEHF v

LV T T,

VEHDPYESTEID, VY MRZUZ L Car 270 7 DTHIHHEL
ELTEEW, 2 RIZVT7 207 LTk baimz Th#E
ZfRNTLTEE N, ZDOROVEEMDORDEEZEE T 52 TEHRAEL

U040 ZF VAR I 2 THATTEE,
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/ ‘Weighted output from hidden layer

w

Average deviation: 0.61

[ Reset '

TN TC=a—F/V 2y N —2% W TR f () 2 (USG5 957
WICHBERBE RN THIWVEL -, ZAUTHWIEEI TR, Bihv=a—
2 DT OB T 2L TR IS P E A B T&EE T,

FENROITH LT — 2% =2 —F /L 12y NI — T DI D/ 3T A—H
TOERHINTET OB TT, EOINTI0EfEIcksIb0nLE
R

HAIDBD=a—nr DEMNIET, HlZiFw = 100072 E D Y 7e K
XREETT,

Bh=a—1ar ONRAT AT = —ws T, FlZIE 2o HOENN=2—
o Ts = 0.27251X, b= —1000 x 0.2 = —200TC,

BB D EATADIEIZE > TR EVET, BlZIE, HAIDIZHONT
h =-1.2 2R ATNAD T, 1E FO2oDEN=2—aToOH Sld
HAX, ZNEN-1.2 2 1.2 T, OO EARTHFRERTT,

EHICH =2 —a TORALT AF0TT,

VBT, AR E + o BGHATES=2—I Xy N — %50k T
TELZ, Fo B =a—nr OFEHEPL GEUORKEEZR<T 50
ELDONDEL,

SHIT, FAEEE HAERI%KL

f(z) = 0.2 + 0.42” + 0.3sin(15z) + 0.05 cos(50z) (= DUV THEBIIZ
ELEBENTOEE A, FLEIZ]0, 5[0, 1] ~DIEE OHEF B EIT kL
TZOFIEEFIHTEET, REWREIRERON T T T —T
NERERT DO, UBD=2—F NV Ry NI — 2% AN TWAHZ LT,
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ZDTAT T2 ANT, — RO E O mE T O Z{THZ L T&EE
R

SEVDES

DL EOFE R AL OBEITIELEL L), ZHUTEMEEICHZZ 5
PHENEE A, UL, MERT AT TIEETANN2oD4 TH
R CEETOT, 2A DG EITEALTEZLTAHAELLD,

Za =)y T =TI R A 1RO SN 2503 B 2 DFT)
DGO FELED:

ANz, ye N Z TG LT E Bwy, we b/ AT AR HVET, wa®D
HAZOZLTREET1D B DEAw LA T AbE W LY, ZNHR==
—RrOWHNNIEDIN B 52 o0 E R THELLD,

Output

COHY, wy = 0L T HEANYDEIZ=2—1 > D H I OEN
EHRHLERT A, FHT2DHBATITHLINDINIRDERNET,

INAEEEZ T weZob L EFw DELALZIECL Cw; = 100817~
R, AR ZDEBNET D, LI IZZOEZ N30T B
DRIV LB ZTD, ZNBIELWODERL TATESN, L
T OBYE TN DDE R TVET :
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Paiaml72do1c, AJIOBEZABRKELBRDIZONTHINZAT Y7
BITES&EET, AERRDDIIEENIAT v 7 B3R T TH D A
T, HIEFERICASAT AL E T 5L TRADN B ZE)NTZE0
TEET, EEREOBZEDO(LEIXs, = —b/w1 T,

BAEDAEL /A TA=ZELT, FILZEEbIET> TAHELLD:

o Output
€T
(0.50}—
/;? -
=1
y v \
\\L', =1

ZZT, aDEATE M2 K EME (FAlFw, = 1000% FHWELTD) &L
wy = 0L TCWNET, =a—arNOBFIZEZEDN EEZRL, ETFD
FONSTRe DO LTI F M THHFEERLCONET, bHhAA,
yDE I % KERME (B 2 1wy = 1000) ELaDEHLE0ET D (F70bb
wy = 0&T%) Z&T B Ay F AT bitET :

- Output
xr
; TN
(0.50—>
/:? S
v

ATERERIC, =2 — B NOEIIB =S T, Bro Lo/ &hylT
B NS Ty F I E RN TNAZEZ R L CWET, 2bytZ o
BHEPIRTHZEOHRELIED, 25T DL KBIRMEL CLEIDTH
XEHATLI, LinL., IhSA gl EOM Iy D B LA A EL Tadd
EANOTHHIEERL TNDIEE BILRNT RS,

LK AT Y T B A VTR IT DA T IR OB AL TEET,
ZDT=DITIE, 2T ADAT > AR AE R T 520D =a—n 2 &
L., ZNHDOAT > 7 BHEZ N ENEARE—RTHEATIULINT
T, ZZThIIEVT-W a7 OEsSTT, L EORNEN FTRICESNT
WET,
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>>> import network3

>>> from network3 import Network
>>> from network3 import ConvPoolLayer, FullyConnectedLayer, SoftmaxLayer
>>> training_data, validation_data, test_data = network3. load_data_shared()
>>> mini_batch_size = 10
>>> net = Network ([

Ful lyConnectedLayer (n_in=784, n_out=100)

SoftmaxLayer (n_in=100, n_out=10)], mini_batch_size)
>>> net. SGD (training_data, 60, mini_batch_size, 0.1

validation_data, test_data)
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Xy T = CIEHEFEIENLTT,

HoLIRWARY N =2 %A 213, IV RV REHGLNLTLLIN ?

S XY NI =T DENIDIE~, B il BHIFANT HEZADDIAD E
LX), 5 x5 DRFTZEE, 1 DANARES, 20 HOR M~ 7 %k
WET, EbiZMax =V 7 EEFALET, 207 =T @ik

2X 2D =V T4 RUEFWTR#EERGALET, LIER->T, 3
VT = REE AR, BN G EUSMT Lot s a THEiRL
b DTN TT,
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convolutional layer 100 sigmoid 15 o ron
28 % 28 20 % 24 % 24 i ““;Ef"“‘ output layer
p pooling layer O {softmax)
A 20% 12 % 12 e ~
]
il 9] O
L O O
—"""0 o
[ O O
l—:’ 'S :
L .
~
L

ZOWEDORE | BIAREET =) T @B AT O E LN O R

ZEfEEE SN, BT OE TEEAEN. bV USRI ~L T

BB RO ETHREFSELREET, ZUIERAB=2—T )L

T "I —7 OB 70 2 — T,

%®J:57L£7\“‘/]*]7‘—‘?%§Jllf(f;’ﬁbfﬁf\ E5T}§é%57b:ﬁfﬁib;5*o *10 DFARDI= Ry F 222 THHOFRT TOE

To KBEL TR L2 dOIZ, I= 3w F O A
R KE S E L TESTLLS, L
22> net = Network ([ 3= FHAREE S TOBOIE, BIHIOE T
ConvPoolLayer (image_shape=(mini_batch_size, 1, 28, 28), T — B AR T D T,
filter_shape=(20, 1, 5, 5),
poolsize=(2, 2)),
Ful lyConnectedLayer (n_in=20%12%12, n_out=100),
SoftmaxLayer (n_in=100, n_out=10)], mini_batch_size)
>>> net. SGD (training_data, 60, mini_batch_size, 0.1,
validation_data, test_data)

ARl FEREEE X 98.78 L720 ., ZILE T TR E DGR TLZ, FEE.
PRFZERZSO1LL FEOLELZ, ZHUIEBSLWSG R T,

I N —IHEEE MR T DL, BARIAREET =V V@l T1D
DRELFESTNET, Bllx DBLELTHRTI, 1DDEEIIT NI
FDEETT, network3. py ClEFEELOT1ODBEALRLTWET, 7t
MEVIE network3. pyDI—RZ/D L aL /NI TELHNHTT, L
L. BEATOHIUL., KEEB % 12D I 9network3. pyHEIETHZEE
flcCEE T,

A

o BFEAREERNL T, BIIAI-T =N T EEY TR~ I AJE D I
fire. BEORSEIXEIRDTLION? A EOEEN TS L
TWADTLIIN?

98.78 % D/ NG LA EHIZ M L TEHTLEIN ?

2O HDEFHIAF-T =V T @t AL THELLY, BT DB A Fx-
= U EEefERRB ORI ANE T, SRIOEHRIAI-T =T
JEITH. 5 X b DRI REE 2 x 2O =V 7 HEk SN 3% E A
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LET, FFHEFD A= T A—=F I LLRTERIC SR E LT, AN &
DR THELLD,
>>> net = Network ([

ConvPoolLayer (image_shape=(mini_batch_size, 1, 28, 28),
filter_shape=(20, 1, 5, 5),
poolsize=(2, 2)),
ConvPoolLayer (image_shape=(mini_batch_size, 20, 12, 12),
filter_shape=(40, 20, 5, 5),
poolsize=(2, 2)),
Ful lyConnectedLayer (n_in=40*4*4, n_out=100),
SoftmaxLayer (n_in=100, n_out=10)], mini_batch_size)

>>> net. SGD (training_data, 60, mini_batch_size, 0.1,
validation_data, test_data)

BIEILDE BUWEERTT ! 99.06 %D Sk B ICRELE L !

ZIZT2OoDBMMNEEE T, 1o HDEMIZ, 2/8 H DBIAI-T—V
7 @ LI BRI 7200 2 Lo O TY, 28 H OB A Fx-
T=U T TEDATINE, 12 x 12 D A" B "L R ET, FOE"E
7RANE, bED AN TJEIE DD L R FTHIZR RS R FF T DB DA R L
FT, LIeDo T ZORITIHED ATEGE DR S —a O g "2 A
HELTHSLEZONE T, ZONR—Var OEGITHSRIbETRY
HHAERISN COE T2, ZEAOREEITRFFL COET, Lizhio
T, 2B B DEHRAIR-T =V T TEIIIMFIEERPHHEEZDHDT
R

AU IR R TE, T, E97eb b2 D HOREMANBEEET, 1
J& B oM 20 OfEBIORE~> 7T, Lichi->T, 2/ HDE A
WH-T =V T TEA~DATIE 20 x 12 x 12 L7220 F9, Zhud, 18 H
DEFIAIR-T =V T DY HE DI DD EHGE B AT SIDHEND L
DE. £5H7T 20 DDA TTEE NG IR I -7 =V T I AN 1SHL
HIPDEOTT, 2BHOEHRAI-T VT TEO=a—a %, ZIb
DEFD NNERIZE DISRFUGE RADDOTLEIN 2 EEE, 2/8 H
DHFDORFTZEETDOAS I =2—1 20 x 5 x 5 DRTHD, 2JF
HOF=a—a 3P LET, SoK0E W2 5L, 28 H DEIAF-
7=V 7 T8 ORHSR HER IR E ORI TIC T 7B ALE T, 272
L. FrEDJR AT BB OFPHIC BN TOH TN,

AN AZ7— G DOYE | g B OZ OB
FTHTLE), EOHE . ATEHROIR k- FDOF

T ARIATKIIE T H3 D DORHRAE L 7RV HMRFEL

RYEE S, Uk io TR ERN SN, RIS Aok
A BP0 TR A CO MM BT /LA TEBOT
¥

o WEMALEA%EL TtanhDEA AFEOHTH:DF TrtanhPHAT 7
EARBEELIDS RODEHALBEIS CHL LB NFELT, ZHFETIEE
(37 BARBIE A > Ciliana s T L7223, tanh 2 MHAL
BEEL THW T LERE L THAELE), BRIALEEERA

*activation_fn=tanh% 7 2—% L1 T
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J& CtanhZFALIZEV, Ry v —Z &G TATIES N, o7
FEARDRY NI =T DIFERIC/NTA—=HThiD THELLD, 1272
L. TRy Z7803 60 TI37e< 20 IZLET, Ry b —271ZED IS
RHETEITLIIN? 60 ZARyIZETRUT-HE9725TLEY ?
tanhD 5 LT 7 EARDOEE T, RAET — X3 DG % 60
TARYZETT Y L TATLIESN, HRT=OfE RNFLAOREFE
I AU, tanh DRy NI —2 D F WD Ul T8, B0k
FEIXIRERCIZ 72572137 CT9, ZeftanhD Ry NI —27 D F D3
RO FATEET N ? FEHEOAT — N REREHETHZE
T, V7 EARERILHE CHEIELIENTEHTLEIIN ? tanh
DT EARIDBEIN TODRERT T2, ™A= "TA—H
KAy NI —IiEE AR T 578 3 UTERAL T2, Zhid
BHEZDBETHDICEICERULTLSEEZ V. IARTDHE
EZERLTHETLWERBAD, BANICE, tanh\EIE(E
RHZZEBEIIFREBRNELSICBVWET., SLHMLESH
RZERDIENIMEUNERA. EB5ICEXK. EELE
HZReLUNEE I JFImR DR, ROMODTULERVWET,
TIDT. ChBlLttanhZ{ERITBICEFEXFEA.

ReLUDER : ZIVE TR L TEIoRy NI —21%, 19984 D JeliRiy72

WSl Rk N = O TY, 2O SCTIE, MNISTO R
L LeNet-58\V ) Ry NI — IR S CWET, B HOFfREE
JARET 2 BT ZOFMmSUIAHTY, R R E BT 272012
&9 UL D ER T, Ry T — 7 O FEREH NS AH-> T E
¥

FT RO, TEHEBEEE T 7 EARTIE<, ReLUIZEFLEL L,
F720b f(2) = max(0, 2) EWVOTEMEALBIEAAED IO L £, FIFE
DRy 7E 60 , FE=E n=0.03 TIHLET, "TA—FA=0.1%L
LCL2 IESUbAEIE DL BARDEVIZELFN>TWVET,

>>> from network3 import RelLU
>>> net = Network ([
ConvPoolLayer (image_shape=(mini_batch_size, 1, 28, 28),
filter_shape=(20, 1, 5, 5),
poolsize=(2, 2),
activation_fn=ReLl),
ConvPoolLayer (image_shape=(mini_batch_size, 20, 12, 12),
filter_shape=(40, 20, 5, b5),
poolsize=(2, 2),
activation_fn=RelU),
Ful lyConnectedLayer (n_in=40%4*4, n_out=100, activation_fn=ReLU),
SoftmaxLayer (n_in=100, n_out=10)], mini_batch_size)
>>> net.SGD (training_data, 60, mini_batch_size, 0.03,
validation_data, test_data, Imbda=0.1)
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ConvPoolLayer&Ful lyConnectedLayer ? 27 A~
EEET,

*o( ) (1 + tanh(z/ )) /2 DRA BN T ZET,
A7 VOSTLEID ?

*Z O L E1319984F0Yann LeCun, Léon
Bottou, Yoshua Bengio, Patrick Haffner!{Z &
%"Gradient-based learning applied to document
recognition" T4, flANEZAITHEW IS ADH
HOTTN, Xy T =7 RRTRLEFTIZH DR
U=\ 2T ES,
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Al 99.23 %D NFEREEEGELZ, V7 EARDEA(99.06% ) &
RTIEADDLSEESNELZ, L, Fl—ORBEIC U~ 725
PECRLTRE R R R L7ZDIX, ReLUAED L3 7 EA R 573
=210 —BLCREMELRDZETT, ZoOREICEL T
ReLU~AT T DONEROLHITT,

ReLUDTEMALBIHI L 7 A R Ctanh B LD T MBI TV DD TL

19?2 ZOMWICHT2EZ 2453 /RbAbECQOET A, %B%i‘

EZA, ReLUILZ ZHUEClibuAd -0 T3, ZOHRAOHE KT, &
LMo TAIZFEBROFERD BT LlZdET, IO A

T JRR ] = . By /\* Z =p . - AT EL TILKD LD A, max(0, 2) 1EKER 2
&Z%tj— )27‘4/7&::@%:&% L_/ﬁéb ’ ReLU%nﬁLT#ﬁ_@T‘g‘ IR THERIL 2V DO TRV, EVIObD T, v
ReLUIZRF~—rDOF —HEvhzd FFRSHELUE L, FOEM] T EARBERITHOISHL T, ZOReLUIE L

RWNEDIFEB LRI ONDEVHDTT, ZDE

1L, SBITIEDYDOHVFET, BALL UL, HFEDSCTHE-H T BRI A >TOBRARLET, LrLief
5«% AL BRI ST OB LN BN ET, ThBIEI AR TR Somnmmu o
FlEdVEE A, bURITTEMH LB A SHIZ EFORSIENTEN
\F%ﬁxﬁﬁaéfwoo 72D TEAFZITIE I BI SB35
ﬁﬁjﬁﬁi*ﬁ>$iﬁ“(b\6\_k%ﬁ;ﬁﬁfbfb\i@“ THAEIE, K& iE7%e
ST HE 7R B A IR LT IR B S A B S LR D
mm

BT —Z DIEHR: KEREL LT DRI FIELL T, BT — 227 v
FYVRLEAESTHE T HFERHVET, 77200 X, JIRET
—H DA WG 7T O L N ELEDOWT DG AT H L

T9, expand_mnist.pyD 7 2T T L% w7 T RGEINL CEEE

?_* *expand_mnist. pyOa—RIZZZCHRGTEET,
o

$ python expand_mnist. py

ZOTT T REFEITTHE ASID 50,000 OMNISTO Il Hi{4 %
250,000 SHECLFET, Bro AR LB Ry N — 2 & B3 5D
iz E9, S EORy T —2ZLRICEIICReLUZEWET, fiH)
DFEBRTIE, IO TR 7 HEWOLELTZ, Lo, JlT — 2 %4
T IET mESESHRPHFFTEET, 20720 KON DER
TR It T, RN TRy 78 % 60 ~EL £z, &b, AL CTHELE
Do

>>> expanded_training_data, = network3. load_data_shared(

”../data/mnist_expanded. pkl. gz”)
>>> net = Network ([
ConvPoolLayer (image_shape=(mini_batch_size, 1, 28, 28),
filter_shape=(20, 1, 5, b5),
poolsize=(2, 2),
activation_fn=RelLU),
ConvPoolLayer (image_shape=(mini_batch_size, 20, 12, 12),
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filter_shape=(40, 20, 5, 5),
poolsize=(2, 2),
activation_fn=ReLU),
Ful lyConnectedLayer (n_in=40%4*4, n_out=100, activation_fn=ReLU),
SoftmaxLayer (n_in=100, n_out=10)]1, mini_batch_size)
>>> net. SGD (expanded_training_data, 60, mini_batch_size, 0.03,
validation_data, test_data, Imbda=0.1)

PEAEL T3 T — 22t o 7o R, 99.37 %O FEEEE S E LT, 7
— SN AED TR EAVA S 7o 28R A LD T, 7 —#Lik
WZEORER D BB Z LT LIANCh#im L ELTo, ZORFOHE R DI

ZEOHLTHEBWELED, 20034-1ZSimard, Steinkraus, Platt* (<
MNISTIZ R} 3 20 ¥EkE % 99.6 £CIH_ELELZ, TORFTIE, 20
DI A I -7 =V 7 g &K< 100 0)%:L~—D/7E#F/D}_n’i/\
JE@N D72 HF Y NI — 7o TNELTZ, ZIUTFIZHD Ry NI —27|Z
IEFIZIENTT, Ll RAI2HDO Ry NI —T S B0 1y NI — 2 O
BTN BV OHYET, B2 I1E, ReLUZAfE - TV o
ZERETT, Ll 2T =< ARIER IC B o7 RERF AT
AT — 2 OPLRIZHVET, HHITMNISTO R ERIZRT LT, [[
fis P ERBE - AW OBIEEZI TV ELT-, S5 elastic distortion" ™
BEOINA LTz, Zhid, ADBFEEERICFOFHRNRT A H LIS
REN T DA 2T 2 HIE T, ZOLOBELFLAGHE T, FI
TR — 22 FEENTHICL ., 99.6 %O FEREE A EM L £ LT,

il

o BIABTEDT AT 7 EIE, BT T S 17 D R ZEVEZ 7
DOZETT, bl ANEBICK L CUEBBIOBIEL INZ T
AFRT — 2 IEOUT LT, Ry N — I DREEED A 32013 —
AAEETT, REINURETHARBEIZRONF TEET) 2

EFERBDBM: SHIZH R TELTLEIN? 1ODHEMEEL Tk
FRRERICFHEEATVRNADE, FAXDKREREIEGBEBIIL TH
5HZETT, 300 & 1,000 D=a—n A EFOLREAEABMNL T, T
FIRLIZEZA, ZNZEI 99.46 % & 99.43 %BOFERAEFELT, T
ZBLR RN T3, AEIOAE R (99.37 %) L FVE DV EFA TL,

CEEEEEBMLUCAIELEITLIIM? Sb, &6 1EEB
LT, 100 ==2—mr bR bt G a2 dR o ry N —2ELEL L
Do
>>> net = Network ([

ConvPoolLayer (image_shape=(mini_batch_size, 1, 28, 28),
filter_shape=(20, 1, 5, 5),

poolsize=(2, 2),
activation_fn=RelLU),

http://nnadl-ja.github.io/nnad|_site_ja/chap6.html

*20034F-DPatrice Simard, Dave Steinkraus,

John PlattiZ % Best Practices for Convolutional

Neural Networks Applied to Visual Document

Analysis,

18/53


http://nnadl-ja.github.io/nnadl_site_ja/chap3.html#other_techniques_for_regularization
http://dx.doi.org/10.1109/ICDAR.2003.1227801

2018/8/3 Neural networks and deep learning

ConvPoolLayer (image_shape=(mini_batch_size, 20, 12, 12),
filter_shape=(40, 20, 5, 5),
poolsize=(2, 2),
activation_fn=ReLU),

Ful lyConnectedLayer (n_in=40%4*4, n_out=100, activation_fn=RelLU),

Ful lyConnectedLayer (n_in=100, n_out=100, activation_fn=RelLU),

SoftmaxLayer (n_in=100, n_out=10)], mini_batch_size)

>>> net. SGD (expanded_training_data, 60, mini_batch_size, 0.03,
validation_data, test_data, Imbda=0.1)

ZHIUTED, 99.43 DR EASE LT, BREGEEZBINLZZT T
X, F2LTH, BENA ELEEATLEZ, =a—nar$% 300 & 1,000
LI A O G THIRIUERE L THELIZ, TNEI 99.48 %
£99.47 %EVIOFERTL, BELZRWTT N, MEIZIIm ELTnER
Ao

AIREETNDDOTLEIN ? EftEEZET O MNISTREIC
A TRODOTLEIN 2?2 BLLUTFRY NI — 2T BEENTHDHDIZ,
FT=HNREHIES T2V THIEL TWODOTLEID 2 FlZIX, A
Rk D701, KRN IREBUL DT 7 =7 %508 LV TLE
70 BIOBIELTIL, 3ETRNLIZR ey 7 T I RDOT 7=y 7 360 %
T Rey 7 TORNOREBENLT AT 72 BONHLTIEEN, BRI
TR 15T 2 Mol THDOTT, ZHUTIDET VR, K AT
DFHEDFENIRSAMNIZR DT | Al T — X DFRERMEIKF L2
BVET, ZOFry T 7O REOSREEIZET L THELLI,

>>> net = Network ([
ConvPoolLayer (image_shape=(mini_batch_size, 1, 28, 28)
filter_shape=(20, 1, 5, 5),
poolsize=(2, 2)
activation_fn=RelLU)
ConvPoolLayer (image_shape=(mini_batch_size, 20, 12, 12)
filter_shape=(40, 20, 5, 5),
poolsize=(2, 2)
activation_fn=RelLU)
Ful lyConnectedLayer (
n_in=40%4%4, n_out=1000, activation_fn=ReLU, p_dropout=0.5)
Ful lyConnectedLayer (
n_in=1000, n_out=1000, activation_fn=ReLU, p_dropout=0.5)
SoftmaxLayer (n_in=1000, n_out=10, p_dropout=0.5)]
mini_batch_size)
>>> net. SGD (expanded_training_data, 40, mini_batch_size, 0.03
validation_data, test data)

ZHUTED 99.60 %D FEKEEA S E LT, ok 100 D=2—1 )5
RAFINT =T DR F~—I5ERTHD 99.37 2 RKE<SHEHLEL,

2ODEH T AREEDBHVET,
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Z O FITHD<HERR T HMIEDR DV ES, HAID2>DEL
FL6" LS T T VNI LT REVL T, LasL, ES WD
THBETELMENTT, ABTHLREZESTT, £

D"6"IE"0"DIINTRAETL, "5" i"g"@io WZRAET, 320D

BIT"8" DI TT D, EERITIT" Q" AR ET, DT, BT xy
ND =7 DT T OO TN TELWNIIZE A FET, oFD, %
@%@%%b\f:Aot%%\yW~&®aii75§E<b\ﬁ%&bﬂ\&Eﬁu\i
T — 7 4D BOEBED"6"THy N — I LD BT A G
ESU AN

KD —ATIIRLTZH D Ry T — 7 DFERIRL, D7l Ebbo bbbl
WIINCRZFET, KOO —A T, T EEVAILL BWEE
HEZLTWET, ERIORERD-729,067D G a2 E &I 5L, 2k
EL TR B DR N — VX EEL L WA T p— < U AEFEE L TUDHE
EXFET, ZOIORIREB X DL ENTHDH DR BNRFRVE
FFPARTEET, BIRIIEARITERTREWVAMTIZ S, FRZIZRHEND
ZARLET, LD T, LA THREEERS TR NMIZT Nz
DR RT =7 I0b IWEEAZ HE LB WET, bRy T —7
X AM DI EREEIZEZEL > 2HHDTT,

REEERRIE TNy TUNEALZOd: Filoa—RE7E
B ALE Rey 7 T UM EBICOREHAL TEBY, BEAHIAH:
JE A~ L TN SR DO<TLEY, JREIZIE, BAIAREIC
KLU THRICFEAEH TEET, Ll FEZOLEITHVEE
Poo B FRIAT BT SR T b EB EDIFLI I RNDTT, £
DML, BEAE LA THILITLY BIABRT VE BB ARG
BT LD T, ZHUSIVIIFET — & D R fe B rkic ks
WL Z T 2o TWET, LIed-> T, KRRy 7O MNREDMOIE
HULFEZ T2 0B ENDO T,

5 5MRER EADI LU T: MNISTRHEEIC A DMEREEb & BiFd
Z&IETEE T, Rodrigo Benenson?® 4 i57eELH N — U EESTVE
To ZOX—U T2 DL UV 7 LT Tl CEET,
INBHOFR LTI, R HRES TETb DL T LV EE B A B Ry
) =22 ALTWET, M Xaifiid, mAWT 7=y 7R3 &
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RFTUVNETT,
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ZEDIE S OFEMMPEENRLOIIFITRVET, ZL T, ZOFED
EOEHTe b EE T,

B8HAHTRY NT—DODI—K

S, R H D —NRnetwork3. pyx 7L CAHAEL LD, 38 THZFELE
network2. py(CHIERYICELCUES, 72720, TheanoZE ALTZ/2 | 7%
X 72> TUET L F9Ful lyConnectedLayer (D7 T ANDIiERZ IR £
LEd, ZAUIAEFTRECH > TEBITEITWET, 2—REZodd
272> TUWVET*,

class FullyConnectedLayer (object) :
def __init_ (self, n_in, n_out, activation_fn=sigmoid, p_dropout=0.0) :
self.n_in = n_in
self.n_out = n_out
self.activation_fn = activation_fn
self. p_dropout = p_dropout
# Initialize weights and biases
self.w = theano. shared(
np. asarray (
np. random. normal (
loc=0.0, scale=np.sqrt(1.0/n_out), size=(n_in, n_out))
dtype=theano. config. floatX)
name="w', borrow=True)
self.b = theano. shared(
np. asarray (np. random. normal (loc=0.0, scale=1.0, size=(n_out,))
dtype=theano. config. floatX)
name="b", borrow=True)
self. params = [self.w, self.b]

def set_inpt(self, inpt, inpt_dropout, mini_batch_size):

self. inpt = inpt. reshape ((mini_batch_size, self.n_in))

self. output = self.activation_fn(
(1-self. p_dropout) *T. dot (self. inpt, self.w) + self.b)

self.y_out = T.argmax(self.output, axis=1)

self. inpt_dropout = dropout_layer (
inpt_dropout. reshape ((mini_batch_size, self.n_in)), self.p_dropout)

self.output_dropout = self.activation_fn(
T.dot (self. inpt_dropout, self.w) + self.b)

def accuracy (self, y):
“Return the accuracy for the mini-batch. ”
return T.mean(T.eq(y, self.y_out))

_init_ OKETABTT R, DUMFRL TR —R OB PR
(2725 TLXD, WH Y, WY AEZ R EL CHEAL AT A%
FUH LNEL O THIHEL TOET, ZOEEEIT> TWVDITIE
DUBIGEZ NN B LILEE A, T, ML R X DB T 5T,
BT AT 2% Theano D3 A I ERESIBAPEL TWHDET T,
ZOEAEIT, GPUEITAIRE CTH UL, ZOEENGPU L TAESNHE
LERRIETHEVIEDTE, FEMICIZZ UL B AIAT FE A, BB
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class Network (object) :

def __init__(self, layers, mini_batch_size):
“"“Takes a |ist of ‘layers’, describing the network architecture, and
a value for the ‘mini_batch_size' to be used during training
by stochastic gradient descent.

self. layers = layers
self.mini_batch_size = mini_batch_size
self.params = [param for layer in self. layers for param in layer.params]
self.x = T.matrix("x”)
self.y = T. ivector ("y")
init_layer = self. layers[0]
init_layer. set_inpt(self.x, self.x, self.mini_batch_size)
for j in xrange(1, len(self. layers)):

prev_layer, layer = self. layers[j-1], self. layers[j]

layer. set_inpt (

prev_layer.output, prev_layer. output_dropout, self.mini_batch_size)

self.output = self. layers[-1]. output
self. output_dropout = self. layers[-1]. output_dropout

I—ROIERNE AT ONDEENET, self. params = [param for
layer in ... 10T TlX, B ED/IRTA—=2Z1 DDV ANIFEED TVET,
A= L91Z Network. SGDEEELA3se | f. params %481 C . Network®D 1D E
DEFNFEHTHONEEIELE T, self.x = T.matrix("x”) Lself.y =
T.ivector ("y") DITIE, xky& A {1 7-TheanoD> o RV 7 2% TE
TR HTVES, ZNHOEHIET, A1ERy N — 7 DEBDH
NEFRETHOIMEDIVET,
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init_layer. set_inpt(self.x, self.x, self.mini_batch_size)

AN DDI= NNy TN~ FEICEESNAZLITFERLTLIZS N, A
Jiself.xZ2 D5 HEL THEL TWDHIZEITHIFER L TIES N, T,
AT =% (Ray 7T I NDOFEET) 20D R0 5 J71HE TS T2 T
I, for/b—"7"TlL. Network D J& [ %> L RV 7 25 K sel f.x DINEIEHE L
TWEET, ZIUTLY, H& DoutputLoutput_dropout D H A TEFKT D
TEMNTEET, TNDIINetworkD H /&R ELLF7,

ZHUT, Network/ N E D INZHIHMEEND 03D ELT-, &SR
WZEDAR G EE R CnEELEY, a—RIZEWTT N, #iEidsicy
CINTY, a—ROBICHIADa A MR LET,

def SGD(self, training_data, epochs, mini_batch_size, eta,
validation_data, test_data, Imbda=0.0):
“"“Train the network using mini-batch stochastic gradient descent. ”””
training_x, training_y = training_data
validation_x, validation_y = validation_data
test_x, test_y = test_data

# compute number of minibatches for training, validation and testing
num_training_batches = size(training_data) /mini_batch_size

num_val idation_batches = size(validation_data)/mini_batch_size
num_test_batches = size(test_data) /mini_batch_size

# define the (regularized) cost function, symbolic gradients, and updates
12_norm_squared = sum([ (layer. wxx2) sum() for layer in self. layers])
cost = self. layers[-1]. cost (self)+¥
0. 5¢Imbda*[2_norm_squared/num_training_batches
grads = T.grad(cost, self.params)
updates = [(param, param-etaxgrad)

for param, grad in zip(self.params, grads)]

# define functions to train a mini-batch, and to compute the
# accuracy in validation and test mini-batches.
i = T. Iscalar() # mini-batch index
train_mb = theano. function (
[i], cost, updates=updates,
givens={
self. x:
training_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size],
self.y:
training_y[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
1))
validate_mb_accuracy = theano. function (
[i], self. layers[-1]. accuracy (self.y),
givens={
self. x:
validation_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size],
self.y:
validation_y[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
1))
test_mb_accuracy = theano. function(
[i], self. layers[-1]. accuracy(self.y),
givens={
self. x:
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test_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size],
self.y:
test_y[i*self. mini_batch_size: (i+1)*self.mini_batch_size]
1))
self. test_mb_predictions = theano. function(
[i], self. layers[-1].y_out
givens={
self. x:
test_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
1))
# Do the actual training
best_val idation_accuracy = 0.0
for epoch in xrange (epochs) :
for minibatch_index in xrange (hum_training_batches) :
iteration = num_training_batches*epoch+minibatch_index
if iteration
print ("Training mini-batch number {0}”. format (iteration))
cost_ij = train_mb (minibatch_index)
if (iteration+1)
validation_accuracy = np.mean(
[validate_mb_accuracy(j) for j in xrange(num_validation_batches)])
print ("Epoch {0}: validation accuracy {1:.2
epoch, validation_accuracy))
if validation_accuracy >= best_validation_accuracy:
print(“This is the best validation accuracy to date.”)
best_val idation_accuracy = validation_accuracy
best_iteration = iteration
if test_data:
test_accuracy = np. mean(
[test_mb_accuracy (j) for j in xrange(num_test_batches)])
print (' The corresponding test accuracy is {0:.2
test_accuracy))
print (“Finished training network.”)
print (“Best validation accuracy of {0:.2
best_validation_accuracy, best_iteration))
print (“Corresponding test accuracy of {0:.2

ROBATIIHM TS, T —Fvbz e by DERIIHIT T, KT —
Yy THONLI= AN F ORAFHFEL TOET, IROBATITELIRTE
<\ Theano DRI L2 5H 53 T, TOITEZIITHI ML THELE

-

Do

# define the (regularized) cost function, symbolic gradients, and updates
|12_norm_squared = sum([ (layer. wx+2). sum() for layer in self. layers])
cost = self. layers[-1]. cost (self)+¥

0. 5% Imbda*|2_norm_squared/num_training_batches
grads = T.grad(cost, self.params)
updates = [(param, param-etaxgrad)
for param, grad in zip(self.params, grads)]

INHDIT TR, IEBUEL T B E OFRAEBE HEL COVET, £
7o NFA=ZDOHEFNIIEL T, AR O OXfIET 50 % 3R L
%7, TheanoZflH AT TINOL R TEFEETEET, ST T
ME— 537012 DIT, costDFIHRDRFIZHI I JE Dcost BEZ IF 52 LT
o ZDcostBAEITnetwork3. py N DRI DEFTICHVE T, Lo, £D=
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L. 241U Cnetwork3. py D B /2 EB /01X B AR L 72 812720 FE T, Tl
BERE R THELL), I—REFEMICH AL EIIHVET A, &
S, a—REPRDDIZT TELNEIT T, SRI-NRUTI T fEiTE
FIEOL THLOE BWERWET, bbAA, a—REREFET 5720
DO—FRBWHIEIE, a—RIUEIEZINAT0, (A REEBINLTED, §
LIE=VH U MERD IV T 772 T L THDHIETT, a—RD#HA
(2 SODEIET SR LA T ES S
SRR WA D LR 7T
“network3. py LEET, AT LR AL Cx E
L7z, Z0Oa—RTClETheano? fciifl sk & & 1 &

AT TCNDTZD | D0 ICEMET 5133 C
A Theano-based program for training and running simple neural T, FEAMIITheanodD R % = A M B CHEFRL L

g

networks. 7ZEV,

Supports several layer types (fully connected, convolutional, max
pooling, softmax), and activation functions (sigmoid tanh, and
rectified |inear units, with more easily added).

When run on a CPU. this program is much faster than network. py and
network2. py. However, unlike network. py and network2 py it can also
be run on a GPU, which makes it faster still.

Because the code is based on Theano, the code is different in many
ways from network. py and network?. py. However, where possible I have
tried to maintain consistency with the earlier programs. In
particular, the APl is similar to network2 py. MNote that [ have
focused on making the code simple, easily readable, and easily
modifiable. It is not optimized. and omits many desirable features.

This program incorporates ideas from the Theano documentation on
convolutional neural nets (notably,

http://deeplearning. net/tutorial/lenet. htm/ ), from Misha Denil’s
implementation of dropout (https://github. com/mdenil/dropout ), and
from Chris 0lah (http://colah. github. io ).

Written for Theano 0.6 and 0. 7. needs some changes for more recent
versions of Theano.

#HE Libraries
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# Standard Iibrary
import cPickle
import gzip

# Third-party libraries

import numpy as np

import theano

import theano. tensor as T

from theano. tensor. nnet import conv

from theano. tensor. nnet import softmax

from theano. tensor import shared_randomstreams
from theano. tensor. signal import downsample

# Activation functions for neurons

def linear(z): return z

def RelLU(z): return T.maximum(0.0, z)
from theano. tensor. nnet import sigmoid
from theano. tensor import tanh

#H## Constants
GPU = True
if GPU:

print “Trying to run under a GPU. If this is not desired, then modify “+¥

“network3. py¥nto set the GPU flag to False.”
try: theano.config. device = " gpu
except: pass # /t's already set
theano. config. floatX = 'float32
else:

print “Running with a CPU. If this is not desired, then the modify “+¥

“network3. py to set¥nthe GPU flag to True.”

#H4# Load the MNIST data
def load_data_shared(filename="../data/mnist. pkl.gz"):
f = gzip. open(filename, 'rb’")
training_data, validation_data, test_data = cPickle. load(f)
f.close()
def shared (data) :

“""Place the data into shared variables. This allows Theano to copy

the data to the GPU, if one is available.

shared_x = theano. shared (

np. asarray (data[0], dtype=theano.config. floatX), borrow=True)

shared_y = theano. shared (

np. asarray (data[1], dtype=theano.config. floatX), borrow=True)

return shared_x, T.cast(shared_y, “int32")

return [shared(training_data), shared(validation_data), shared(test_data)]

#ap# Main class used to construct and train networks
class Network (object) :

def __init__(self, layers, mini_batch_size):

“"“Takes a |ist of ‘layers’, describing the network architecture, and
a value for the ‘mini_batch_size' to be used during training

by stochastic gradient descent.

self. layers = layers
self.mini_batch_size = mini_batch_size

self.params = [param for layer in self. layers for param in layer.params]

self.x = T.matrix("x")
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self.y = T.ivector ("y")
init_layer = self. layers[0]
init_layer. set_inpt(self.x, self.x, self.mini_batch_size)
for j in xrange(1, len(self. layers)):

prev_layer, layer = self.layers[j-1], self. layers[j]

layer. set_inpt (

prev_layer. output, prev_layer.output_dropout, self.mini_batch_size)

self.output = self. layers[-1]. output
self. output_dropout = self. layers[-1]. output_dropout

def SGD(self, training_data, epochs, mini_batch_size, eta
validation_data, test_data, Imbda=0.0):
Train the network using mini-batch stochastic gradient descent.

training_x, training_y = training_data
validation_x, validation_y = validation_data
test_x, test_y = test_data

# compute number of minibatches for training, validation and testing
num_training_batches = size(training_data) /mini_batch_size

num_val idation_batches = size(validation_data) /mini_batch_size
num_test_batches = size (test_data)/mini_batch_size

# define the (regularized) cost function, symbolic gradients, and updates
12_norm_squared = sum([ (layer. w*2).sum() for layer in self. layers])
cost = self. layers[-1]. cost (self)+¥
0. 5%Imbda*|2_norm_squared/num_training_batches
grads = T.grad(cost, self.params)
updates = [(param, param-etaxgrad)
for param, grad in zip(self.params, grads)]

# define functions to train a mini-batch, and to compute the
# accuracy in validation and test mini-batches.
i =T lIscalar() # mini-batch index
train_mb = theano. function(
[i], cost, updates=updates
givens={
self. x:
training_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
self.y:
training_y[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
D)
val idate_mb_accuracy = theano. function(
[i], self. layers[-1].accuracy (self.y),
givens={
self. x:
validation_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
self.y:
validation_y[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
b
test_mb_accuracy = theano. function(
[i], self. layers[-1]. accuracy (self.y),
givens={
self. x:
test_x[i*self.mini_batch_size: (i+1)*self.mini_batch_size],
self.y:
test_y[i*self.mini_batch_size: (i+1)*self.mini_batch_size]
b
self. test_mb_predictions = theano. function(
[i], self. layers[-1].y_out
givens={
self. x:
test_x[i*self.mini_batch_size: (i+1)*self. mini_batch_size]
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# Do the actual training
best_validation_accuracy = 0.0
for epoch in xrange (epochs) :
for minibatch_index in xrange (num_training_batches) :
iteration = num_training_batches*epoch+minibatch_index
if iteration % 1000 == 0:
print (“Training mini-batch number {0}”. format (iteration))
cost_ij = train_mb (minibatch_index)
if (iteration+1) % num_training_batches ==
val idation_accuracy = np.mean(

[validate_mb_accuracy (j) for j in xrange(num_validation_batches)])

print ("Epoch {0}: validation accuracy {1:.2%}”. format(
epoch, validation_accuracy))
if validation_accuracy >= best_validation_accuracy:
print(“This is the best validation accuracy to date.”)
best_validation_accuracy = validation_accuracy
best_iteration = iteration
if test_data:
test_accuracy = np. mean(
[test_mb_accuracy (j) for j in xrange(num_test_batches)])
print (' The corresponding test accuracy is {0:.2%} . format(
test_accuracy))
print ("Finished training network.”)
print (“Best validation accuracy of {0:.2%} obtained at iteration {1}”. format(
best_validation_accuracy, best_iteration))
print (“Corresponding test accuracy of {0:.2%}”. format (test_accuracy))

#ht# Define layer types

class GonvPoolLayer (object) :
“"“Used to create a combination of a convolutional and a max-pooling
layer. A more sophisticated implementation would separate the

two, but for our purposes we'll always use them together, and it

simplifies the code, so it makes sense to combine them.

def __init_ (self, filter_shape, image_shape, poolsize=(2, 2)
activation_fn=sigmoid) :
““"filter_shape is a tuple of length 4, whose entries are the number

of filters, the number of input feature maps, the filter height, and the
filter width.

‘image_shape " /s a tuple of length 4, whose entries are the
mini-batch size, the number of input feature maps, the image
height, and the image width.

‘poolsize is a tuple of length 2. whose entries are the y and
X pooling sizes

self. filter_shape = filter_shape

self. image_shape = image_shape

self.poolsize = poolsize

self.activation_fn=activation_fn

# initialize weights and biases

n_out = (filter_shape[0]*np. prod (filter_shape[2:])/np.prod(poolsize))

self.w = theano. shared (

np. asarray (

np. random. normal (loc=0, scale=np.sqart(1.0/n_out), size=filter_shape),
dtype=theano. config. floatX)
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borrow=True)
self.b = theano. shared(
np. asarray (
np. random. normal (loc=0, scale=1.0, size=(filter_shape[0],))
dtype=theano. config. floatX)
borrow=True)
self.params = [self.w, self.b]

def set_inpt(self, inpt, inpt_dropout, mini_batch_size):

self. inpt = inpt. reshape (self. image_shape)

conv_out = conv. conv2d (
input=self. inpt, filters=self.w, filter_shape=self.filter_shape
image_shape=se|f. image_shape)

pooled_out = downsample. max_pool_2d(
input=conv_out, ds=self.poolsize, ignore_border=True)

self.output = self.activation_fn(
pooled_out + self.b.dimshuffle( x", 0, "x', "x'))

self. output_dropout = self.output # no dropout in the convolutional layers

class Ful lyConnectedLayer (object) :

def __init__(self, n_in, n_out, activation_fn=sigmoid, p_dropout=0.0) :
self.n_in = n_in
self.n_out = n_out
self.activation_fn = activation_fn
self. p_dropout = p_dropout
# Initialize weights and biases
self.w = theano. shared(
np. asarray (
np. random. normal (
loc=0.0, scale=np.sqrt(1.0/n_out), size=(n_in, n_out))
dtype=theano. config. floatX)
name="w', borrow=True)
self.b = theano. shared(
np. asarray (np. random. normal (loc=0.0, scale=1.0, size=(n_out,))
dtype=theano. config. floatX)
name="b’, borrow=True)
self.params = [self.w, self.b]

def set_inpt(self, inpt, inpt_dropout, mini_batch_size):

self. inpt = inpt. reshape ((mini_batch_size, self.n_in))

self.output = self.activation_fn(
(1-self. p_dropout) *T. dot (self. inpt, self.w) + self.b)

self.y_out = T.argmax (self.output, axis=1)

self. inpt_dropout = dropout_layer (
inpt_dropout. reshape ((mini_batch_size, self.n_in)), self.p_dropout)

self. output_dropout = self.activation_fn(
T.dot (self. inpt_dropout, self.w) + self.b)

def accuracy(self, y):
“Return the accuracy for the mini-batch. ”
return T.mean(T.eq(y, self.y_out))

class SoftmaxLayer (object) :

def __init__(self, n_in, n_out, p_dropout=0.0):
self.n_in = n_in
self.n_out = n_out
self. p_dropout = p_dropout
# Initialize weights and biases
self.w = theano. shared (
np. zeros ((n_in, n_out), dtype=theano.config. floatX)
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name="w', borrow=True)

self.b = theano. shared(
np. zeros ((n_out, ), dtype=theano. config. floatX)
name="b", borrow=True)

self.params = [self.w, self.b]

set_inpt(self, inpt, inpt_dropout, mini_batch_size):
self. inpt = inpt. reshape ((mini_batch_size, self.n_in))
self. output = softmax ((1-self.p_dropout)*T. dot (self. inpt, self.w) + self.b)
self.y_out = T.argmax(self.output, axis=1)
self. inpt_dropout = dropout_layer (

inpt_dropout. reshape ((mini_batch_size, self.n_in)), self.p_dropout)
self. output_dropout = softmax (T.dot (self. inpt_dropout, self.w) + self.b)

cost(self, net):
“Return the log-1likelihood cost.”
return -T.mean(T. log(self. output_dropout) [T. arange (net. y. shape[0]), net.y])

accuracy (self, y):
“Return the accuracy for the mini-batch.”
return T.mean(T.eq(y, self.y_out))

#### Miscellanea
def size(data):

“Return the size of the dataset “data’.”
return data[0]. get_value (borrow=True). shape[0]

def dropout_layer (layer, p_dropout) :

srng = shared_randomstreams. RandomStreams (

np. random. RandomState (0) . randint (999999))

mask = srng.binomial (=1, p=1-p_dropout, size=layer. shape)

return layerxT. cast (mask, theano.config. floatX)
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