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BB REMAR, X REAMEMESE, A GES. hit
AU, BN AN AR s B B XA A A Heth A i SR
BRI, 1 SRR X RUE 1. MR S — RN R, XZET
E T SRR A, DU 2.

FHoEMANRIRE S, Bk, KR .

BRIE TR, RIMTHEM . TR —EZHE8NT R, &
MFEEFEHAGA. BILH Sy =1/ (1+e™) B2 ZKNREK x
Ra— P RAEHA .t S KR PER T — 2 TR R 46 %
EA X A 2 7 BEBCE R . T B2 AT /T A 21—
B, (EAEBLAE, IR P A (I B R E R T A5 5 IR

LN L
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b '? x= ‘ ——% : fiiry
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BRIt  ESELERATRIES B R 1o S — BN E A 2
BB TR A XS N AR 1.0 R 0.5 IMIRGGE . SRE AT
PFEEEA 0.9 BAHCGHEE, KRB MW AERERE 03 MBGE. K,
Hesgd TRERT SRR, R

x = CE—N0 U * BEFEERCE D+ AN B %+ SRR D

x= (1.0*0.9) + (0.5*0.3)
x=09+0.15
x=1.05

BNIAGEFRR: AMEABERTHES, R — DR RRE A
1.0 + 0.5, AUH AL KFEAT 2 N, RERE ST, 153
TRBR AT 45 R
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PRI . 2%, AT DM BOER Sy = 1/ (1 +e™ THEIZT AW
. URATDERTFE SR RIEATIEMTE . HE Ny =1/ (1 +0.3499) =
1/1.3499. [, y=0.7408.

EATAERARRMER T BAE, AR T #2289 A 15 s
) — NS B o

TEIRA RS R AR BT, BV R AN AL AR x

x = CE—A AR * FEERED+ CGE AT S * SEERED

x= (1.0%0.2) + (0.5%0.8)
x=02+0.4
x=0.6

BRI, ILAEFRATTAT CAME T S WS s % y = 1/(1 + 0.5488) = 1/1.5488 i}
Hmdt, 153y =0.6457.

SR T FRATRIRI - 575 30 7 99 28 B o

0 — Q LI O ————> 07408

,,=0.3 /

0.5 _— Q o >© ———>> 06457

AN ARF TR R 2875 B A R, XA TAE BRI BUh . X T
—MHRECR IS, AR T LHHAT R T FAER TR
RS R IARR e, JF EAN R s AN PO

Bk, WHEAG2Z TR, 20 4. 8 HE 100 1 M
2%, AL B G E U AR RIS R AT T 5. RIS
%ﬁf&ﬂw5Mﬁﬁ%é,&ztﬁﬁﬁﬁ&,tﬁﬂﬁ,ﬁfﬁ%%
THRHTIXETHE T .
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grfE, BRI — PN EARZE. AZH A Rsams, Hesnrbl
HEWFATAARH 13 1075 305 TS P i E 4R 2 R R R
P, fEBMARE I, PUTER M AR, BIIR R A ASA
KB AL, MFHENNE, AR,

K faE R A SRR, 3Tk, JATHORE B HEFE .

1.8 fRlimiie, MFeRiERAE

A E LN EXEAE R, eI 7 3RATe1Z, bR E
FEE AT RS IS , RA b N DI . Rt 5% 0 AR, AL 2
70 SCHAI T) — /NI — /N LA

Serl, AP ILEMZ. BRI R EME AT 5. X
NEIME, ZHEOTARRR LT, HE, HERERT, BA1Z
HJE R 100 AN S AT R TS, XAt Aikaz? B
EH NITEBERE, W NRERES e W R AL
R REHEESIHE, RCLEHMOBE, NH S Himm A

W2, FEREI TR BB AT AL TSR 2 sz, R R A 5 T B T
Al B, RPN A AR LT, SEEATA R Rl AE A
Mg EHN BT ANEAERTEOCEMEN TR, W BRAE S H
DL FERT NS BIAR K . 28 AN IFAb e, VF 2T AR = BEAR
SRR T, AW S R R B SEhr ) TE R EEVER, B
R RENS = R R AT TH AR

B, FERE S VFBRATRENG . T SRR BA T & 0 LA, R TR
A AR ey 28 e v

S BAE AR TR A — Boms e M, (B R IHE R AE
AT A ZAE FAFERE 7. AEIA DTG RRERE, FIT R AR 2D .

TR — R SRR . X TR S, B2 Rk
MINET

I RARAE I o 736 b, AR B SR T SR R RS B 4T 58
BT MEER TR R R TR
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= Untitled spreadsheet a
File Edit View Inset Format Data Tools Add-ons Help

&5 e P £ % 0_ .00 123~  Arial - 10
Jx
A B @ D
1 3 32 5
2 5 74 2
3 8 11 8
4 2 75 3
5
6

K2 —ANMERE, B IR AT R, 5T A
“2 LA 37 RIS —Ff

23 iz 22

43 12 54

B M RERAT, B ANETERS, KR E, B, AN
K 3327 MFERE, MV “2 Ll 37 AIRERE.

BeAh, —EE N5 SRR, 51— NS RAT 4, R
FRIHERE .

Fosg, FEFERTRBALRE T, efIRaT DRI 2R, HiER
TP SEPR I AUE A — & Bk, PO IRFE—AMERE: A TER#EsE—
MR, B ENE. BRI IOER B DA AT, (22
AR E R IX AT N2 D

longitude of ship [ongitude of plane

lattitude of ship lattitude of plane
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FERERTRAVRA AL, EIRATE B AR WA . /R0 it ic1T
PAVE AR A Al BEAT AR FE TS0 W RARIEE A XA, ERA 1
R —

T THD A2 P A T L R A TR () — AN T

£ 2 5 6 (1%5) + (2%7)  (3%6) + (2%8)
3 4 7 8 (3%5) + (457)  (3*6) + (4%8)
19 22
43 s0

PRAT AR SRR, FRATT AN (a7 R B e kAT A gl A2 AR
BHREARE XS, A FAERBAZ 4X8,

M, FEAE RS R R0 3R 4T evkig 5. Jm %8 B ron g, IR
A LA HY IR SR o SRS B e 5 H IR SR, S A B AT AR R R
TERPREERTERPE LARCRZ AT ESHT.

1 £ =3 & (L s) (257 (3%6) + (2*8)
3 E3 7 8 (3*5) + (4—*7) (3*6) + (4*8)
( = ., )

TRATLAE 2, 7 BB o 3 A8 8 I 55— N0 B A THAT R 25—
WIZe Bt A . I X L84 A8, H% BT REAT M, IR
PR B E IR B, N TR R AR SR, RIDHRIE
B MNEMER S AT, WATREEC S 1, HEAVHRIEE S A
MR e 50 k8 5, BATRBNEC Y 5, BATE 140 5 Mgk, B3] 5. A4k

HaES i E

I%

]

S KIRARE) RS (18011487917) B2 {SEEIRIN 039




B E A Uoylhd

O S ok

WETMBN R, BT 2 F17, K2 f1 7 A3, IRAIEH 14, R
EANET

BATECERE TATRBIAR R, IR BT S 2 Ee A1, B
5+ 14, 5319, Xglass RErEH L FAKITER.

BARIX R RAEE IR, (22, TEEAER, XRESMEMEE. K
Hor Lk —ik. N, BIOINEA T AR LW EEH .

FRE, 75T B, ARATLAEE R FRAT 2380 S BT N AT F 3 (TR
AR, BB AT S, TAMEE] (3X6) fil (4X8), w/Efk

F| 18 +32 =50,
A 2 5 6. (1%5) + (2%7) (1%6) + (2%8)
3 4 7 g (3%s) + (4*7)  ((B%e) + (#*8))
19 22
) 43 (50

ETFARTETEARN 3*5) + (4*7) =15+28=43. [FEH, 4
FAITTEREARN (1%6) + (2%8) =6+16=22.
NHFRAVE A E, AR, SRIEGHU RN,

a b . e f (a*e) + (b¥g) + ... (@*f) + (b*h) + ...
¢ d % g h (c*e) + (d*g) + ... (c*f) + (d*h) + ...
aerbgs.. afrbh...
- ce+dgt.. cfrdhr...

SR FAT UL WA AR VA R 53— Ry e AR B U 107
B, FRATTAT LU 7 B S A R A 3R ) — AU A R U T B i )
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BN E AR L, PR — s AR

EARTRAT UL X Fh 7 V5 1E T A R RN AR B, (HIX LA — > H 2
PR o URAS BEXT P AT B PR EAT vk Is B, X N SE B 7R 22 HOAH
WA, MR EMWER T, £ MEEMATHE ZDHEERS, X
PN Z 2 BAHILEE R . W RAT TR M B ES Y o= E ALK,
A X P EAT AE T ik, RARER “2 L2227 BRI “5
Felh 5”7 M FEMAHR. el bhik—TF, M Aa A 2AXITANE T .
R T RS ATAERE AR TR, BB — AN HERE R RS E BOZ S T AN
HATECHE .

fE—Le e, JREFH BIXFEMHFEIRIEFR N 3l (dot product) BLHY
1 Cinner product). SEPr b, XFTHFEM S, AAFZRAEKTE, W30k,
{HIEFRATRL A Fr 4R 1 22 i Tfe

R A FRATE BT 18 Lk N BT AR B R R e v AN A N S sk AR B e 2
RERKGE A TR, XBEAF N e EE - B
HAR!

AN EE, AR IRATH - BF 4 Rl 22 X 25 B8 B T X ], R4
DR ATEOE? BEIREE AR 2 e bl 1 AR RE, (HJ2 ek ;i 2
FHIE T

W, W, fnput_1 (input_ 2 *w,, )+ ( input 2 * w, )
W, W, fnput_2 ) (input 2 *w, )+ (input2 *w,,)

JLAE 7 328 R 2 5K 1!

BN SR R ZRORE. B RS R A
JRRIE S W AR, RATE B RS M AR R A
HEWTEMES. FHUE, KR ARX A BHBEw,, 1151
input_1 Ji_EBAE w,, WATH input_2, L2 TEHE I R A
6. XEEMRAENT S RB A x KIMHE.

TEARFFE R ER VX R
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x=(input_l *w, )+ (input 2*w, )

input_1

input_2

x=(input_l * w )+ (input 2*w,,)

X E AR A R L

FAtaWe? BRATRATAT LA AR B SRe A R m T A&, PR S
W ERES x, MARE ZZH s AT U T, JE% A
HHLR IR

X=W-1I

Ubab, woRBEMME, [RFNERE, X 2H5 Y ERNES, B
BN Z WSS AR . R R RHMA R OR, RN TR,
A A AT

WMAE, BAMAFELATR—EZHAZ2DMN 6. WRBNFRZ 0
s AR S BAR K. (B2, BRITARES HKKK—$ 7k
KER T AT AT N W I, NETH 2D ILRERA 200
MIEE .

PUAE, R F AR RS T AR R PR RS, IR AT LR AT bA
SERIT A X LR S TAE, B X = W, MERRIE 21
FEAST R g B T 5 FE 4

XEARRET ) RES S — A, BRI, Hinr DR B Wkss K
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TR, XFERATTCTALTRZHE St ol LASEI 2 45 T .

ARBOEREL, FRATZ T R AW ? WOE R AL SR B, IR
R PR vk . FRATAT AT, AR R X AN TR M S R
By=1/(1+e™).

peht, TAIATHFEZAGKRBARY HHE S, RNCE7E T X
B, BRI X . BIRZWrRRWf B, (HR IR IEFK . Al
JERTE BN, WOE R RS B, S N AR AR R AR AR
LR BINAT A Bk, REEZER R 2.

O = sigmoid (X))

RHAR O ARIERE, XA TR A2 M1 & e —
BIREE Th

Kk X=wIEHTHERZETE. s, &A74 3 =,
AT R PR AT RE R R, AR R RIS = 2 A .
SR, XA BZ AR B R B AT R T AT G

Mo 2w 7, e, ILRIMNEEZ WAL ELRE P T
fEo EX—W, AT 3 ZE. B FF 3 M WAR. MR- rfma
X 2%

By xwes

e BEMHEZNBEERIREESHBNAEZET LR TNER
Tk o

o NEMEZMERIFEINT, BENEHRIEERETGE, (E153KA0)
AILAEEEHT RS

o HEENE, —EHBNREESIEMREMRTSE, FHAREEER
HEISEELIE . XAIFtETSESHIHI TXEE,
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1.9 BRI 2Pz gl

AL B AT s i A P P AT TSRS B 28 A 22 8 A IS 5
BATHEA B RS Z T 2 ERMHEMNE RG] EXADRET, RATFHENR

S RIEARF)/ VA (18011487917) 2= SEEIRY 043




B E A Uoylhd

O S ok

SEHT Kb B ) JZ A A S DA N RS S =R AN, BRI AN R — g R
WA,

TRIERTEREA3E. BEEA 3T RBEMERE. T RIE
PRI, SIS bR LT RCE .

0.9

Q=00

,,=0.3 /

S O\ Q =

1,02 /
08— ©/ ,_,.;\ b —>

Ak, RATER KENE - HAARE, EWRIIFTAER, 2
—ZAMNE, BE—EAmHE, FEZEERNRZ NEEEZE. BARR
EUZ T SRAR PR . IR RIS, (HR R, WATXFERRIEREZE, HHE
BHIEAN AL . A ]2 i % A 77 R B B s A, BRI IRATI AR 2
RCRRIRT Ee MR, RAMERE RAER, AR, AT XA BIRKE
U IAARRE T .

L FATE R — N E TR IR R N 4. RATIHE R T 3 AN 2
0.9, 0.1 F10.8, Kt, FHNFEFETHN:

o4a

0.8
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RARME . RN RIS FE, SRR A, B&RIE
LT HRRANR .

PR RAZ PR RORE - EIXE, FATHE Z 5 A 2 e =
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FATTREM A BE 4 2 VI,

X T 45 78 R 8 TR ) X 488 DL SR 58 0TS s, B kA LR
FEATEHCE, flet TEEN, WE TG E. X2&dE
HOCORRER Y R, LEFRATI Ak S AT EE .

TELEAL, ARG FiHEgY, (Ha, HZ0BEE, WRREES
HEN—ANTT 8 ORI E Mg HIEND, I XS ESHRID
AT, ASKK, BASSTMEEFETEE, BAEXNIREE5SHITHE

B KIEARFNEA(18011487917) E= iSEERIN



FERLF S SR, AU ROZ SRR IR LRI R UG 5. #rA)ihie, IR
AT R EBIR TR OGS 15 . B R 2 &R,
FATAT DAE—N 5 m A N BRSSP O ARASIE R R B BBl N BEAT LR, W46
R, (Rl SR B 3 e NBERE, IS AWIUA L E Va1
FEMN-1/3 8]+ 173, BRI £0.577 Z[a). G0RAEANT 5 5A 100 2046 NEERZ,
AR LR RZAE —1/J100% +1/100, BRI +0.1 Z 8],

Hiw b, X2ERNM. —Si Ky aa AR E S S0 E T W -
e B O BRI, AR DR IR 2 A B PR B A . — AN R AR N
Bz, ARZNESHSNE R, Wik, WREREL, LMW
INERTERE, XA IENEEIEE R,

WIERAR O 4 AR MR ZE 70 A AT R AR, TR A IX — & 5035 ) 5
bR VR, MIMEN 0. bRl 7 255 T fife N 80~ 7 AR B 5
IESD AT A (B2, HTL%EN PR — S, mar iR
(IS R 2L tanh () SINE SR E TS, ATReANZSHM, Bk, &A1
AN DA R FH U TR Bty Lyt BRI S92 )

N B G T R A R AR I E A A T

SR T00

R AR E ! WAL AVE R

0 —> WIARE
. BN
N gD
ANERMAT 4, BV GE PR W e AR R e e A8, Rl 2281k
WIERLE R EN 0. BEAR, FIHFSBGRERE,
WFIXFE, A AE M2 RN S A BRI R AR R 15 5 E, &
AN R R R B R AR R, EIXAE LT, W SR IRATAE M 2%
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S AR IR Z T, IRZE W ER/EITI) . IRIEICARZE B L
frorEme Mo, X FBAEEOBCELER, BRI —HEMER
BUE . i T 1A I R A R 28 B2 BAT AN SRR Ot LT 1 1)
KARWATATREMITEOL) , A A TR ARYE,  IRHG KT A A BRI 2%
PR L 2 — P RRE RS A 15 00

T 0 BE, HAESIHE, BRGS0 B3R St A
HE, XFEOCERIES . N2k T I HTRCE 1 BE

PRIETT ISR 2 HA I F45, 0 iy e AN HE . IEBGE . HA
Pt K AT A . FEAR T, DA R R BARIR A 5 BAE, AT IS 3 —
AMHEGFRIRCR, B, AT (E

By xma

o AR . BHEFIWIIAINEEUERYES SR FISERRKAERY T
A ILED, BRAMREMZEFHARERTF B T(F.

o —NERREEIEM. EXTER, XES (XERHMREBRX
WEHRD ) ST NAEES LAYMERMIOMNELEIERETF
%, XFE T HMEMEFEIEEIFNENGE

o Z—NIBEFTEESHFENE . XBAILUERERAF S ELF
NERIREN -

o RNEMHHERINENIZZRENAY, BB\, EE#R2EE. IRTS
RENEER S, B—EAXEREXEZAIMN, 20EINXEA

BRI/
e MANZBEIRIME, BFREAZT. —TERAEERN

0.01~0.99, 5-1.0~1.0, {EABSEE, BURTFEEEC T ak,

o B NIZTERIEREBETEERRIERTEER . IZIESHREEARAI/E
ERNTFEFEFOHARTETIE. BIGERERETERRTEE
25, BRIKEFEMEHARINE, SN — M EIEN
S8E790.01~0.99,

B KIEARFNEA(18011487917) E= iSEERIN



F 28 ([FAPython#TDIY

“IR Rk K, BAMMLERSIT, 7
“ARES, TUETE,”

FEARTE R, FATRER EH 3 FhlE e 2% .

IEWRSEHTIT 7 ARSI, R ERAT IR T, DI RATR A —
BTSN TR ARG . R DU 34T KB T 5.

HATAL T ENL BRI TR L, VR ENUSEEAT 40 THENLE LATE
B ER I AR S, e, MaBsi sy if. $Eselk, HAME
SN, EORSTRMT LA B 77, WAl Re B3 NXE, EXJ7m, it
FHA IR NSRRI SNt .

2.1 Python

PAVH A — PRy i Python FITHEALE S . T Python 5%, [l
B FEEIANTNES . BHSFIBRARHAR A2 S () Python [1FE 4, tHRZIR%A
Siif)e Python 1RZZXGH, NFFEVFZ AR, G 2. 2EkiaH
WSS R AT N TR RE A, R, AR 2 H T 4R 2
% Python, HRSZXG I AEIRE45 Python NS Z NPT, A4E LM

Btk B A4E 7 —/MER, 1B RIEE W EMEEIR Zero, SERUATETN-AHAE
| Python #I{E H CHIMHEEEH) TAE. WREIR Zero ;&P BERT/NETHEHL,
HETHINS N 4 Je85E80 5 5200, R, RASPIEER, TS 4 9585,

KT Python AR HALTHEANE T, BAMREZIHHNERIRZ,
B2, fEARfH, AT KRERIEMEMLE, H% 2] 2451 Python Al

B KIEARFNEA(18011487917) E= iSEERIN
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PURSEIX — H AR,

2.2 %220 Python = IPython

AT IS b A 2 BN T L% %¢ Python, DAk AT $ 2=t
SO TR S R AR, AR AT B R T
2%, N IPython.

[Python 14475 | Python Zwfih 5 DAL LR WHIE AR 2 K fe
f, XEHTERMFERNTE., IPython A —fi#, 122 .3 Notebook,
X F72 5 3 Notebook AT NG EMATICFA, JEHE S ZARBATIEE,
EFRATL RN E RIS R, AR5 PR — LBy B R A 5, ANEMH .
XFE, WATALILORET U RSP 2 A BUE =), WTH T
PATEAEZARHN, RS LX R P AL T TAR R, 52 anith.

XA~ ipython.org W uhi i PLER AL — 2L 58 T, 5 YRR AT AbSRAF TS FT
LI IPython. FRIELE(EFH 1/2& M www.continuum.io/downloads F#K [T
Anaconda B, U1 FEFN.

Anaconda for Windows

-

FHONE
Windows 64-bit Windows 64-bit
|
aam

:::::

Behind a firewall? Use these
Windows Anaconda Installation
1. Download the installer.

2. Double-click the .exe file to install Anaconda and follow the instructions on the screen.
3. Optional: Verify data integrity with MD5.

Anaconda for OS X

e

NS
Mac OS X 64-bit Mac OS X 64-bit
274M (05 X107 o higher)
C Line]
239M(05%

(05X107or hgher) 233 (05X 107 or igher)

FEATKIEAE)IVEIE(18011487917) €= IREERRA



XA 3l ) TR R) e DA U TOANIE, PR, i SRR B ) AR
T EAEWEE. B, RBISREUEIRGHRARIRA, X 0] HE
Windows Z&5t. EH Mac [ OS X &4t8k Linux #54t. KB FI RS )G,
WEERAR T 2 /& Python 3.5 FiAS, 1 AN/ Python 2.7 FRAS

KH Python 3 & K#AFTE, XEARRI T . B Python 2.7 R4
RE] T REHPNAT, (HR AT ZEEEAR, RAJRe i/ Python 3,
RN THIET S . REHATENZ 64 CLrEF, Bk, & E R
T Python WA 64 AL, RA KL 10 ZHEFMITHENA A REH
32 ST IH IR AR

PR s U, AEVRITHEL b 2238 Python. Python /27y | 5 T
TR, 223 TPython MAZAR L, AN 23 BT ] i) o

2.3 DA G Python

BAUBRARIAEE WL 433545 IPython, FHHRIE 22515 IR 222385 1 At
2.3.1 Notebook

— B IRAT1S S “New Notebook” FF4H1# H] Notebook, i< HH—/7
] Notebook, 1 FFlT7R .

=z jupyter Untitled Last Checkpaint: a few seconds ago (autosaved) [
File  Edit View Inset  Cell  Kemel Help # |Python3 ©

+ ¥ @ B 4+ + M B C Code 4+ Cell Toolbar: = None

‘ ]|

XA Notebook /22 B, XERAE EERIRIGHER, 7 HZMH
H1%, )5, Notebook BiFMATIX L4, FFE Notebook A HEZR . A,
PSRRI N — 248 2B . XE — & BA TR R AR #
BLENE K.

W RAARAE S A AR, B3 A ] o3 i R JLAS S8 o bE R
P, XA, URATCAAR R 2 i gH 4B AE,  [RIIE  EL AR R Z R B R

B KIEARFNEA(18011487917) E= iSEERIN
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TR —3 0 T M@, X5 T IPython M &, FRATHRIXLELEE 0 A B ITH
(celD. #13 IR IPython Notebook A —/MIUG I 2 BTk, HSAVRTT LAE
FINERIIAIBAST S, S IRMATE 2.
AR R T EN LS — LS I L FRATT SR v LT A B SR 1)
B, wnud, 2 7Ll 3. WATHEA “2 * 37 BHIokEH, BB TR
A, XA ARG — AR SRH . EilE, AERAG .
THENLA] DL BRI JE, fEBf R LR FIE S, W NFR.

= Ju pyter Untitled1 Last Gheckpoint: 6 minutes ago funsaved changes) A
File Edit  View Insert  Cell Kemel  Help # |Python3 O

+ % @B B (4 ¥ M E C | Code 4 Cell Toolbar: | None

In [1): 2 *3

out(1]: 6

’I..[]=| ‘

YRATLUE B IEM B R IE R “67. FRATNINME A Python X+ & HLA
Mm%, IR T IERm AR XN E RV
£ ! Ipython BRI FEFRIC A “In [1]7, ZZEARCHN “Out [1]7, ANEp:
I EER T

X W2 Python S/n RG] CRr ) AIERIEIE (i) 17720,

TX G HG P AR ) (P A0 [l 2 B, G 2R AVREE4E Notebook H |
IR AR R TR S, XA B TARIEERTE S .

2.3.2 WAy Python

FATYE Python 2 — P B ATHENIE S, RSN EE. BT
K, FEFRIEHN “In [ 17 #ERBLEE BT AN T AR, I hdis
17 WANAFMEH “RE” IANRFEREREATENEST RS2 W
RARGAFFE BN FRET m IS AT G BRI, A TE G FRIX AR, 3 B
REEEE Ctrl-Enter KACE: .

print ("Hello World!")

PRBZAFEN AN, XA [ o2 ] BT BT AE S “Hello World ! 7,
N,

B KIEARFNEA(18011487917) E= iSEERIN



PRATLAAR L, RIS 2 6452 4TENH “Hello World ! 7, JFBECH IR
SRR B H TR A 2 5. R IE R 2 A S LA B I
fFRTT ST, XA AR

I AQREUOWAL IR oW

ZJupyter uUntitied1 Last checkaoint: 9 minutes ago fastosaved e
File Edit View Insert Cell Kernel Help | Python3 O
+ % @ B 4+ ¥ M B C | Code 4 Cell Toolbar: | None

In [1): 2 * 3

out[1]: 6

In [2): print("Hello World!™)

Hello World!

In [ ]:

BAE, RIS - TRATHORE A4, BEANT 4

B EAR . FER R ITAE Y, AR IRET. REA T
BTk, WAWdREERRENMNS . TESERA “Insert Cell Below”
4L

x = 10

print (x)

print (x+5)

y = x+7
print (y)

print (z)

BATH “x =107 BHERRGHEAY, &R« E T 10, £
Python ', IXEWAE x X E AN 10, WAL U, 10 PRALE TN x 1
W& T . ZARHE RS, W ER.

T O\

\ 10
|

10 FEAFAER NG T, BRI ER @R . T 2 B A 4T B

BEHRITRENINESE(18011487917) 2 EEEARIY 087
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L, RIIEFRATN “print(x)” A ATV X AT AFTEIH x B9ME, 5T
& “107. A AR AITEN 7B “x” WE? iX 2 KA Python & /2
AT REHL TS B BT TH LI — VI 1E, x FTLABPA o 10, Rtk Python 7t
FTEIH T 10. F—47 “print (x+5)” it x + 5 LR, Wil 10 +5
515, ik, JATHHTE R SATEIH “157,

WERZ M Python 21 EEFTRETH RN —VIXAMEE, AT —I0 “y =
x+77, RWAMETHEA R ZIME RN, XRFERS RN y P&
T, HERXMELZDR? RIAX N x +7, Mt 10+ 78017, FHiky
RAE TAE 17, T —ATHURZAT B H X AME

W R IRATE RABGRAE LS x Ay IBFEIRME %45 2z, A AT “print(z)”
KATHR A, S RAEMFAW? AT LA 2] — DM IRGE S, 5 HIXF
T EE R, R REHLEE B RRAT M X A ) . iU, K2R
HUE A — SR R, XU RE R AT R &, HA—E
RERE YT -

TEER T R R, mFEL A T/ B H P RN S,

B “name z is not defined”.

Z JUPYTer untitled1 vas checkooint: 17 minutes ago (unsaved changes) A
Fle  Edt View Inset Coll Kemel Help |Python3 ©
+ % @B 4 ¥ HE C Code 4 Cell Toolbar: | None
In [1]: 2 * 3
out[1]: &

In [2]: print("Hello World!")

Hello World!

In [4]: x = 10
print(x)
print(x+5)
¥ = x+7
print(y)

print(z

10
15
17

NameError Traceback (most recent call last)
<ipython-input-4-5797bafab021> in <module>()
6 print(y)
7
--> § print(z)

NameError: name 'z’ is not defined

RESMRAE T 10 A1 17 ME AR x My (&7, BT Z AL E .

B KIEARFNEA(18011487917) E= iSEERIN



EHEIES T, BATLER R4 R — @RS, Mg
FAEH “X” F“Y” IXFERIRIE M — B RIS

233 HaMbI:

THENLEAER &G 2 REEPATRBMALS, ENANTEZ REER
ITRPMAES, MIET AEEHESR, SR EREAEE R ARRATR
BA, BUOALTIEVLITEN AT 10 NMEEEF 7, Mo Fr G, Ra
1T 2 P 5. ATHUA AT DU S22 th, W o, 1. 4. 9.
16, 25 %%,

TATB AT LI TS, RS —4 4, a0 “print (0)” “print
(1)” “print (4)” . BIRXWATLLRT), (R FFARIETHENARAIPAT I
HARS . HHEERRZ, A 7, WA —4EMEL%, T HARMTE
EBFHE NS . BEMENX — A, RATFEZEZS AR, X
Al DUREBE A HE B B AR T

TE N —MER R T A DL NS, AN E AT

list ( range (10) )
PR32 10 MFIFIEE, N0 3] 9. FATETHENPATIES, Az

P, MATER BMOX A TR, XERRE . RAZEN, HEHLE
N

In [8]: list( range(10)

out[8]: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

R £ B, FIREMNO0F 9, MARZMNL F 10, XM
T Z I EHA R FEEZMN 0 8s, MAZM LG, RIBEE
INHNTHEALE R TR T A 2 M 0 FFaa ), X R AR Z 2k T
o EPATIFFECZ KN IE AR BT, B A 750 R ki Hoe 3R
BB .

AR A E RS, FTATE R 7 “print”, MIATIT B E
“Hello World ! 7 B, fif] TIXANCHET, H2&, fEiFE2*3 0, KAM
FXA KRBT . T Python FIEIRATA E AR K BB 4 H, Fit
LIRATLAAE H )5 RS Python — i TAER, S&4# “print” /& ],

B KIEARFNEA(18011487917) E= iSEERIN
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AR TS R A — AR AR L 75 R 8 T R 1R A AR &5
Ho PEIBSEET TR T —REIR, B2 —F s e o bk Blig
170 BAIASEE A, R T R fEh . £ — Dok T
AT B

for n in range (10):

print (n)
pass

print ("done")

XA SRR, ALRAREE . 4T R “range(10)”, B
B 7 0 2] 9 M FHIR, IEWFRATSEFT BT WA A .

“fornin” A& T —/MER, EXMHTFH, BXRHESR R ET
FRM T —Ee G, B ETAEIR TR R o RORFRII . AT RT N A AR
i, IXEERE S —MERR I 0 WRIEZE n, SRJE 2 n=1. n=2, EF|F|
LW G — T n=9.

F—AT “print(n)” & HE EHATE n PE. FRATTAEATEIF] R F
FIFTE# . (H&, 76 “print(n)” Z 8, MyERE4gidt. 7& Python H', 4i
A A B IR R R LR S AE HAR TR S E B2 T, BRIk IR &
B, EXMMFH, XEUEE “for nin..” FTEIERITEN . “pass” F84Hn
BMEAMEEHR, F—ATHERIER 48, AHERESRN 2T X8
K& “done” WAEEFTEN—X, MAZ 10K, MEERH THiH, XIiEW
BATHT A IS

out(8): (0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

In [12): for n in range(10):
int(n

gueNouswNNo g
A
3

PAE, BATSOZARERE, @IEATED “n*n”, B LT EDHHECF 10T 7
Hor b, AT LAFTERH 40 “The square of 3 is 9”7 XFEMRETE, 154
HEEA A B T AR SR 1 AT G N 8 AT B 4T B4R 4

B KIEARFNEA(18011487917) E= iSEERIN



TR R, AMESI SRR AT IR
for n in range (10) :
print ("The square of", n, "is", n*n)
pass

print ("done")
HEER TR,

In [13]: for n in range(10):
print("The square of", n, "is", n*n)
pass
print("done"

The square of 0 is 0
The square of 1 is 1
The square of 2 is 4
The square of 3 is 9
The square of 4 is 16
The square of 5 is 25
The square of 6 is 36
The square of 7 is 49
The square of 8 is 64
The square of 9 is 81

done

KOS ER ! RAVWZIE T iHENEE S, R — AR5 5
LR POE R PAT KB ) TAE. ATAT MRS 246 A range(50), 2 UH K
fI1EX, A LM#EH range (1000), iEJEMIEARFIEFASIFIR K. /RAT DA
R

2.34 R

FEFRATIA 41 B 2 B0 5 KK Python i@ Z B, JasREE LAN g S A4S .

# the following prints out the cube of 2

print (2**3)

FHATHIF L RIS AR5 # . Python 4 2 A F I 75 77 5 # JF &
AT -

REEAPEAR —ToRAL, BATATBME AR AT, 5 BT R ey
VERE, A5 LAt 13 2 AR BETE I, L AR DS BATIR B R AR i
fe, XX HATBIRA B

XA BEAT VERE, 5 06 A LS AR X 52 2k AN R 28 ) A QRS 2 AT R
HER, BERIRES AR K. RG22 G EY A SR, 2

B KIEARFNEA(18011487917) E= iSEERIN
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WHIE R, HEE ARG

2.35 KL

ZHT, ARSI 1 EF, RAE 7R 2 I AR B . A
KBNS, AN, T, Rttt X Hae
AL H Y, WLIUREMH.

W2 IENIES, B Python /£, #IR RS G T EAKTHAE
BRI H T MARECA R AL 0 RARBE NS 2 0% B i 5 SCIX e e 4
X en) B RS BOst eI LAAAE, JFHARVFRS B, EAUHEMAR
o AR RIS EELFE ? X8 R i ad e $e4a Ak 22 R A R 8, L
EQVETE PR NN EE-Y SR G A

AT “ 2R E L R A R Ble? EXE, ZXMER SR
XF R BT ARG 2, X R B A Bl e ARG 2 . — SE s B B 32 80
FAENHIN, VRANBESE AL B 7 BF AL 517 25 IX L R 5

[FIRE, 7B 7 AR oR 250 1T B RELARURE, R 07 1) I W% — A T B
REL IR R B — A R . AL AU IR AT

# function that takes 2 numbers as input

# and outputs their average

def avg(x,y):

print ("first input is", x)
print ("second input is", vy)
a=(x+y) / 2.0

print ("average is", a)

return a

BATVRIED, — TAEX BT S . Python ZBE 1 DL # A L1 T
AT, XN EER. F—147 “def avg( x,y )” & f Python, &
e L= F ] A R, X2 %Y “def” MER. “avg”
KT A4 B 4 7. BARIRATAT AFR R HN “banana (58”7
B “pluto (REE)”, HEMHAE LA T, 7L EEIRAT SR %
SEBR BT, XEASHE. EFESFN (x, y) X—I, EHiF
Python IXMERECH NS E, X0 H A AE S5 T BR OSSO B
PR x fly,

B KIEARFNEA(18011487917) E= iSEERIN



— e R F 0] RE LR BRI R AT A R BRI 5, {HJE Python
AN EERARIZAEAY, Python R 7EARE B AR &, B Weks 745 414k
S P B A RO B, A AL A R AR

BAE, AL T Python, ZE L — M eR%. ATHR Ewses
Ve, XANRBRMAT 2 F 5. KB e RS, 0 b g
fim. —EIES M A KBNS, WHRSBEELSZE TN EF
P—# 55, SR, Python MWTHH A, ARZHETaib NIRTESEL,
PL——XF B, SRRk A3 T R FE 7 10 45 K 5 (R) AR 4395 i T DL, IR AR 15 st
B BT AR RS e gi g, Rt AR, HEREVCR
MR EANTEE EAN S AR E R T, X2 A E
) — NN S BT avg (x, y) BEMEH T RIICEH A
PINZ, PRI E e AR A 5 BRI HIX AR, 2T EH
BRIEOIRAS 1) B — RIS AN

ELORFT B H I e 2 ) SRS A AN 2 T, H R FRATTIX R
N TibEREHIEEERAA T KA TS T —O00FE (x +y) /
2.0, IMEMRS BN a IR FFE, RATHXRITEHFME, )
e B AR T A S, RE BRI “return a7, XK
M5, 5 VF Python BRE R H 244, BUAQIRATZ A7 T8 AL &%
— s

YBAVEATXBACE I, BRI IRRE AT T HS . WA AR
Ber. XRENIRATRE X TR, HEA 1 E . S2hr R AR
J&, Python C&ILT IXANREL, HibiX AN REHEREZE, DAALFRATAR 2
XA SR A

TERE RIS TTAR N “avg (2,4)7 KR EE, BAE N 2
A4, WE S —H5), ErHENmEHE AR, AR R KA (calling a
function). FATAFRNFTHIEEM I, BRECSHT B H AR DG 7 N B AT
HEREME. BT TRA Python £2i& i 7 XA sk, Fithses
BRI RS R . FHER T REUE LR avg (2,4) FIECKHIME
avg (200,301 T#FH BRETS R4 R .

AT DMEA B R NE, @170, #7585

B KIEARFNEA(18011487917) E= iSEERIN
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In [20]: | # function that takes 2 numbers as input

# and outputs their average

def avg(x,y):
print("first input is", x)
print("second input is", y)
a=(x+y)/ 2.0
print("average is", a)
return a

In [21]: avg(2,4)

first input is 2
second input is 4
average is 3.0

out[21]: 3.0

In [23]: avg(200,301)

first input is 200
second input is 301
average is 250.5

Out[23]: 250.5

RATRE A E R, THEFIME I R E RS FH P A4 B I AT B DA
2.0, MR 2. K& NFAME? B, XZARAEKK Python f—MF £,
WSHAEH 2, T Python tACN 2 NEEHL, Ftb e 225 R m T 5 3 i 4
T, 5T avg24), BT 62%5%F 3, 28, XEAH. |
X T avg(200,301), “FHIME A 50172, 2&F 250.5, X4 NN 250,
BINNIX—DIHAEE B8, (HR2 MRS ARER 84 IEf AT, 1X
EAEAREL ., BRLL 2.0 %5 F Python, FRATTWFRd H HAT /INECEE 23 (1%
T, ARG R T AR

AT B O LT — AT ESME AR, Tl Sugie
SRR E LR, XAE R EE, R AMILEZ —.

MBS, ST EH R B, w5 NeTER
PR, THE S Wom A, XFEERATET LAZ O, IR AR S E.

23.6

B R RBUERN, eMAEwE T oG RA&—FE, RAT DURE
ITHANBVHOR IR R E T, SRR TR, IARPIZANE,
FAMEH B1 8 C5 X P77 Ak /m e, XL {E ] U T1HE
B, 1 C3+D7.

MIRA T A PP L2 2% I, AT B R R R NS 5 B g
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FTMAERE . I HA S RIX LS, 2 4 (S S AT IR ER ZE AR A
W2 b S A FE I, JRATIE R B R R R R fF 5 MR ZE. B, it
FAT R AEAL T LU ABSIFEATEAN

= Untitled spreadsheet |
File Edit View Insert Format Data Tools Add-ons Help Allchan

= e -r' £ % 0_ .00 123 -  Arial - 10 v B .

I
A B c D E

this is cell A1 this is cell B1
this is cell A2
this is cell B3 1.342

1

2

3

4

5 this is cell C5
6

7 2.323
8

9

import numpy

XSk A A et AWe ? import iy 4 2 UF Python, A At 75 15 Bh#i4t
e, EErXEPRnEr LR, ArE, XM T HEZ Python
I —#B 4y, (H2XEe T HIE RMES R KK M. N 7 IR¥F Python
FIRE TR, WA VREME R — g4 T HE, Python A 4547 X L6 4h i T
H, @, XM T HEARE Python FIAZOH 5, /e H HAh A6 2
1), AENE R INIIRe vk KM . X8, FRAT513 T8 —4A
TH, XRHAT BTN numpy B, numpy JEH 2000, X MEHE
T AN THE (i) DLRAE X T H TR RE T

el iL e s S TNV A

a = numpy.zeros( [3,2] )

print (a)

KBRS AE 3N numpy FE8, G 1 3 3L 2 I, JF BART
AHRITHIMEAREN 0, FATRBNAME 748 a R, N5, &
IIATED a0 FRATAT DARLEEIX AN HAM, XABAHGZE A 31T 2 FIHIRK,
Hrh AT H TN 0.
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In [2]: dimport numpy

B E A Uoylhd

=4
9%
s In [3]: a = numpy.zeros( [3,2] )
E3 print(a)
|
[[ 0. 0.]
[ 0. 0.]
[ 0. 0.]1

e, ERAMMESBA N AR, K50 HEOyHMbE. T
MRS 7R 1 W T 35 5 RF 5 Fos, (R ADBTEDR B 2 INME . X B2 4R
P~ A 0 B T M AT PRI ) R —

al0,0] =1
a[o,11 = 2
all1,0] = 9
al2,1] = 12
print (a)

AT FAT M E S BT EE R N 1, LR ILATiZ TR
ol #RERE 7. HAMATAMEEAT 7RI ER, I HR)E —1T
“print(a)”, FTEIH THRALER. FTEER TSR E ST T

In [2]: import numpy

In [3]: a = numpy.zeros( [3,2] )

print(a)

[[ 0. 0.]
[ 0. 0.]
[ 0. 0.]]

In [4]: a[0,0] =1

a[0,1] = 2

a[1,0] = 9

a[z2,1] = 12

print(a

r 1. 2.1
[ 9. 0.]
[ 0. 12.]]

IAE, BESRICATELM 1 an e i B A B e i HOME, AU T TG 75 41 B H
BB T DL HAAL TS ME IR ? AT S AR T . AT AT A
A IR 0 [1,2] B (2,10, SRAR XL TThs, FATRTAFTHY X e
TR TN, BRI A AR & . T A BRI A R

print(af[0,1])

v = all,0]

m S KRR E/NA,(18011487917) H= EEERRAY



print (v)

M T DO B, 58— 24T BB T 2.0 UM, X2 fEHoT
% [0,1] A . N —MERITH [1,00 WIERIRSG TS v, RFITE
XA E, BAME ] T BN 9.0,

In [5]: print(a[0,1])
v = a[l,0]
print(v

2.0
9.0

FIFIAT 9% 5 I 0 FRUBTIAS M 1 UG . 2 BRI ek & [0,0] N
F& 1,17 XWEREA T HRICHE [2,1] AL [3,2]. REEED, it
LA b, 2 HEE M O A LIRS, R A B2 i E 3R IE .
WARBATAE G A [3,2], 23— MREVHE, SRR R IuH
HALFAE . WERIRATRIE TATAF], 2 FE RS . 1hIRATZER
Vi MIAELER [0,2], BEBRSMET 28RE S,

In [6]: # trying to look up an array element that doesn't exist
al0,2
IndexError Traceback (most recent call last)

<ipython-input-6-489d1c44975€> in <module>()
1 # trying to look up an array element that doesn't exist
-> 2 a[0,2]

IndexError: index 2 is out of bounds for axis 1 with size 2

TERT VR 5 SOE T 0 4% S A SRR 250, FE AT Ko, Sl f
FABAEL B R, FRATRT BLR AR 4, DR B s R e . eSS
1 &, BRATREEER 7 ix— .

2.3.7 %A

MR KT B 2 hs BB A 2 —RE,  BIEARAR A AR ST 8
H, WAFREUT AR IFRAR. TGS B 3R T SR A i — %
B o ) B — Ay SR A R T, AR S
TOMS AT BT IEAT 2 (. AR AT LA B AT B 7O T SN B e ey
WO,

AR T DA S BB bR BE U B o A e, S
o — B ) 2R ORI B, A HA I — V) e R A
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WA I S AT BRI/ 3X2 Hidl.

Té"ﬁ%J%ﬂEZHU, FATHES & Python HIRE Sy, fEILAT AL EIE .
AT T H AN G S BB Python AUFS KRB — . ARA] LK
Jzﬂlﬁjj*tl:jj%}\ﬂﬂji&\ﬁﬂ%ﬁwa, BAEH CHBRLE, ZEERKHRE
THUMNINE, MUHTAHEL, /REERHER EZ MR T .

NHEFAS R T EATIT 2 B 2 T Re

import matplotlib.pyplot

“matplotlib.pyplot” ZFAMEHIIH “&i%” KHF. M\ﬂﬁ k!
Z&fBl “import a module” 8% “import a library” XFERIFEE. XHERFEH
ZR NS Python US4 7. WIERAVRIRAM ] Python, WREEZAH
g‘)\%ﬁ?l‘ﬁ’]ﬁ]ﬁﬁy I E AT KA AR, ﬁﬁi/ﬁifﬁ?ﬁ%“ S0 —

o REERTTLLE CalEA AR, SHhAr=

WA FENER, 1F IPython 1, ERKE/E NotebookJ: o, AE
REFEMOL RS NTE O efil B . BATRE TR S, W0 NFoR:

Smatplotlib inline

BAE, FATATAZHIEA 1. WA LSS IFisTT

matplotlib.pyplot.imshow(a, interpolation="nearest")

QUL 4R 272 imshow(), 55— NS EUERATE L A
fJa— I “interpolation” /& 1F Python, ANEA L EIE R ENIPFEIT
RGP, 1XF2 Python Jy 1 HBIHATMEATHISVE R E. IERIPREE .

In [8]: import matplotlib.pyplot

$matplotlib inline
In [9]: matplotlib.pyplot.imshow(a, interpolation="nearest")
out[9]: <matplotlib.image.AxesImage at 0x108917710>
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IOI
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20
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=05 00 05 10 15
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HRAMET ! RS —IEEE S G R R T 3X2 M. R
LB B, LA 48 0 2 2 e B B R . RS, AT A FE A 11
imshow () 362> K T AL TR A1k i35 50 o 428 9 2% 11 (0 NS48 1 1

IPython 1075 % & Bl & 4E. &5 AT AL EE 10 T B4R . (RRZAT40
XM TR, B2 MTAeE R, HE LU ix e T RiAE H
O K. Bf#E imshow() $4 B HE U L L EETUEARE, Hlln, ff
FAAS [ (6 TR

2.3.8 W%

BATH RS — A Python HIEAR, BIXF %, oFBATH & A5 —
W, ML IS, FIL ST &R B2, HRFs
(RS, SR UM SRS,

BT RS, SRR WS AR, AR S — K
R MMEA . ERATEE T A,

# class for a dog object

class Dog:

# dogs can bark ()
def bark(self):
print ("woof!")

pass

pass

EBRATNAR AN ETF WG T UER], ERENA DR EE N
bark()o WIERILATHAHIX AN REL, WIRAE S ERXANENE, BIERR H4THE)
HT “woof ! 7. IXIRAZNE!

WAE, AERATRE B XA AL RECE X R LA 2 ST class,
HF “Dog” M—ANBERKG RN X5RE0E UL, B
—MNaT e AFEZAAET, REEH BT “def” KE X, mixHEEH
“class” RE X H .

FEVRATIR class (3R) HXRAMX A AT, ibFATH —XEEF L
TSI 7 L PARAG, R el G i SR T B AR VR

sizzles = Dog/()
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sizzles.bark()

Al LR B —ATARSAIE T — NN sizzles R, IXMVERFELKK
H—/MUEmAERRE oA . 2, Dog() /&2 — MFkRE, XA REE
7 FTE XK Dog EH—ANSA5 . IAESRTE T anfer MR S B gt 545 o
FATFRIXLESLFI AT G . AT Dog FEIE LHAIEE T 8484 sizzles XA,
AT AN GON— 541 (dog)

T —ATARSAE sizzles X G LA T bark() BEL. T3 ATH A4 2
PR, RO FEABAAE o A S KRR 2 Frif (7 R 2L bark (), B4
14 7% sizzles X R —HB5r . X R NATA B H Dog FHIX %A bark()
PR AT LAE Dog I X & R AN R AL

RIS TR ARE R IA KA T4 FRATEIEE 17— Mg sizzles
)4 (Dog). sizzles £ —MRTR, #%MEM (Dog) KL LA, X2
FRIPI 1

TEER T HATIES Priff F 1%, WAESE T sizzles.bark() fif 55 i H

“Woof ! »

In [7]: | # class for a dog object
class Dog:

# dogs can bark()

def bark(self):
print("woof!")
pass

pass

In [8]: sizzles = Dog()

In [9]: sizzles.bark()

woof !

PRAT e ORI T BRBUE X bark (self) T “self”. XLFIRARE,
Pt b BR A5 B . AR S XK Python, {HZ2 AN Python /&5¢
FM. “self” ZFrCAHINEIE, 24 T4 Python G K%K, Python
At R EUR T IER PN R (BN ANWEEZ: BT bark() 2&7ERE X
IS, BRI Python MiZ A1 IX AN B HOEFE R THEM AR, X2 W1 &)
DLET

LA RE B P I AN AF4EIEE T iARhg .
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sizzles = Dog/()

mutley = Dog ()

sizzles.bark()

mutley.bark()

BATIXBAS, R SREMN A

I AQREUOWAL IR oW

In [4]: sizzles = Dog()
mutley = Dog()

sizzles.bark()
mutley.bark()

woof !
woof!

In [ ]:

HA! FATRIE T 2N sizzles Fl mutley (PR ZREIRE], &
T — RUZIXPIA X AU B Dog() JEMITE 3o IXF KGR 11 FATE
X7 Dog MRV ENNAT N, SRJGHATENE 7 H LS.

KR G2 1B X, SRR E L, X B T e SR IESE
Bl FSREEIEF P EARERC T, X GO MRC T it i — A k. R
IR T SEIIECT A AR X B

L------. Dogk
,,,,, |
I
T
I [}
/ \
\
ﬂﬁf ‘?Sﬁ
Dogif 5t Dog ] 4t

RN PRI o G A AR ? AT A BEX A RIE ? A7 2
P BN, BEAEFTEIH 53R “woof ! 7, EANE B fij 1!
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W, KRG BIPTA IR LRI (50 RAREN E E AR R AR, st KB
KRZAMEHLT . EMITETERE 2T a0 R THE. H
e, HIERFRER TXROAH [ 8B REE N KB R # . XMy
Ab AT T NIRRT M & 1. W RACRS v BLRe A 2 23U il 565 X x4
Hty, JFHIXEARIDE AR T XA R, A X AR THRATELE S
PRARARDN E ARy . SR, B A S KA . ATEINLT
B, BUABHERAC. fEVFZ RN RSG T, ALK R, 25 S FITEnpLEE
NN R, F I X e G FH R

AR, 7RG BIR R AR 7% (method). 7E LIANZ T,
BATCLIXFER T, BATHINT bark() B F] Dog 35, 1] Dog 244
1 sizzles Al mutley Xt RABEA bark() Jiik. 1E6IFH, 1RGZIEAN1ES
bark (BR) 1. FHEMILE T ZE 2 RN, BT — 5 H IR At
AT ENE AT LN ZRph 2 2% . ARAT AR H], XEEafE. IIZRAIAE R &
%, RMAMGE R RS, B R A RIS, e
WA 2 N A O, e BEEAE, X R AR 2 B T A M 1.
T A AT THE A 25 X 24 Wy i et G PR TR

N RGN, AERATE B AEEEE R EAR NI 2E S, RN — L
TIER MG ARIX LR . A 4EUEE LT Dog ZREVHTHIE Lo X HRA
TV, ERAT— ke — 1 .

# class for a dog object

class Dog :

# initialisation method with internal data
def init_(self, petname, temp) :
self.name = petname;
self.temperature = temp;

# get status

def status(self) :
print ("dog name is ", self.name)
print ("dog temperature is ", self.temperature)
pass

# set temperature

B KIEARFNEA(18011487917) E= iSEERIN



def setTemperature (self, temp) :
self.temperature = temp;

pass

# dogs can bark()
def bark (self) :
print ("woof!")

pass

pass

HAEFENHESZ, WAVGBIT 3 M8 KEE Dog K. &AM
4 [ bark() BEL, WAENA THIKE, 4 init (). status() Hl
setTemperature(). R ZHMERIIH K% WRIERE, Wl Clismia N
sneeze() TR S bark() ULELC .

HI2, ERBANHE, PLFAEE THREZE 4. setTemperature
PRI SZBR b setTemperature (self, temp). _ init PR B S by b2 __init__
(self, petname, temp). {EFE5 KN, XEEHIMITUEA A7 2K BH0H B,
EATRREATHE MR, FONSE 1B BRATCHT TG 20K 1E R
avg (x, y) 8?2 avg() REE AT 2 2 M. Rk, init ()

i 2 — petname Fl—> temp, setTemperature() BAE H 75 Z—4> temp.

WAEREEXLEH RN 5%, BELENAN __init __ () FIK
o Wt A e — A RXAHERATR? XNZFRR ], 45— KE)
X GES, Python XA init () FUBREL. XXTFRATIES H1E,
FESERRE FHIX AR AT, XA BRI AR TR GOX — TR XA
IR E, AT Al ? AT R G0 1 2 SRR, aléh
self.name Fl self.temperature. RA] LML IHZS AL petname F temp 25 &
BB ENTHME. “self.” Hr BWRERX MR RN AL K —E7),
HEEA—A “self”. Wheil, XU NG TRMNR, ML TH
filt Dog X R A Python " — R &E. FAIAABIRFERX R M4 75K
fi 4 7 R AR B Ak, AL, HLbRE T DN E SR
T, XRIRESWER.

T status() AL RARKBEAEHE TR EATEMSE, HZ
FTERH Dog X R 44 FliR AR &

W
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5 i /& setTemperature() BRI, XABRERSEA — NS48 SR
AR, B self.temperature W E N FTHHLN) temp 4. XEWE,
TEQNVEX R G, TEARATI 8] P9 ARER AT DA 0 AR . R EAAR B,
CINYEN/ GG ITE SN

FRATIE G iR S AT BT X L ek 4 (BLHE bark() BB , ERA — A “self”
YENEE — A28 X2 Python HUHF s, FRWEAFX AR AU R4 NIRHL,
{HRZIX /& Python AR . XANSEM/EH B2 L Python B, RE
EXREUR T %, SRR “selt”. RSN, BAIESEF 4
R, XMNZE RIS L., X5 R DS L KA Python F2/7 7
G TR, XL, RASIIE, B2 NERSR— R EA

b AT B ERER, WHX—V], RN SER. TE2R
T IX S HT R EE SLITTET Dog ZR A f 44 K lassie [RBTIR) Dog X 4, AT
EHZEH Har o8 “Lassie”, WEVIRIRER 37, Gl 7T XM NR.

In [18]: # class for a dog object
class Dog:

# initialisation method with internal data
def _ init (self, petname, temp):
self.name = petname;
self.temperature = temp;

# get status
def status(self):
print("dog name is ", self.name)
print("dog temperature is ", self.temperature)
pass
# set temperature
def setTemperature(self,temp):
self.temperature = temp;
pass

# dogs can bark()
def bark(self):

print("woof!")
pass

pass

In [19]: # create a new dog object from the Dog class
lassie = Dog("Lassie", 37)

In [20]: lassie.status()

dog name is Lassie
dog temperature is 37

PRET LA B, T Dog XF 4 lassie ) status() R LLFT EN A 1K) 44
FREYRTIEE . M lassie %EZ@'JL):, B A it

BUAE, AETATSCRRE, @ iE R — AN E R FPRES, SR A XS
FZWNIRE R R AR T
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lassie.setTemperature (40)

lassie.status|)

TR AR
In [19]: | # create a new dog object from the Dog class

lassie = Dog("Lassie", 37)

In [20]: lassie.status()

dog name is Lassie
dog temperature is 37

In [22]: lassie.setTemperature(40)

In [23]: lassie.status

dog name is Lassie
dog temperature is 40

1E lassie X} % i H setTemperature (40), AfSEiAs 1 X5 % AN HHT R
it

FAIC L% 3 TR Z X FAEKRI R, Hdg — 2 me s £ 3,
TR FIR — S, FRATEMRZNE AR &S BIICEEET -
% ] Python KIH, B AFFUAHIVEMZMLS | o

2.4 ffil] Python HilfFtheR4

BUE, HATRITIaIRRE, A TR 5T Python KR {F 4 £
[

AT WE XA RS, AR RIFLG, DR, ZP#T Python
FEFF o
MANENT, SRR R ROR, XRS5 R R TR
g — Ry iy 3K

FESER T WA I AR Z )5, AR B AR I ST 2 R 4 S AR HE 2
JHig, AR E AT

2.4.1  HEZRCRY

LEFRA VA AP ZE I 8RR o FRASNIE, ERZEDA 3R

© WA —— PR R T R FEGRUR T R AR R R

o MGG ENGEENR G, ABE.,
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ml—ERAN, M A AR,
HAl, XEREEERTEEE N, WIFERELLZHRE, H2, $HE
AT, AERATIIX LR Sk b
Jivdh 5 A CRSHEZR AR o -

# neural network class definition

class neuralNetwork :

# initialise the neural network
def __init_ () :

pass

# train the neural network
def train() :

pass

# query the neural network

def query() :
pass

BRI RAR. F% b, XA DESLIESR, EIXMER L, RA]
CATESEARLZE j 2 AR (A4 1 .

2.4.2  WhRAEIIL

MATIEA R TT 4R . BATHRZ R E AR T R FOBUR 7 R4 =
TR R X GRS PRAM R . BATA SR I
SRR E, R LAV SR S R T R, 2
FEIXEERE . IR I, AR TIEFER AR, BRI A R
NN 2

FERATRINI T e h, HREHESHE D EEE L. RHNERF
L HENUBEE RN oK, R TR, AR B — A, AR R
PRIARRS o X — i 25, B HAT A — R IR B iz 1 IE A T A8
R AR AR AEMBNX 5, WU R JA A g o5 ] LUE T AN A
Midmst. fEUAh, XEWE, FATEA]RE ML 4T A A0S, fif
20 P2 AR TS IR BE 2 MO T I PR I, R BB PR AR B SR IR BR B, AT
AR AR AN A R AT BT . JATA B — AT LU — >
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RIAPER I 2E, Al G — AN KB p e 2 X 28 —— R R A B AT 7 1K/ G
SRR

A IS A EE T 2 21 %, A MM Mg e, XHEFRER
FHZH. \LBANEE _init () REUEH AT

# initialise the neural network

I AQREUOWAL IR oW

def init ( self , inputnodes, hiddennodes, outputnodes,
learningrate )
# set number of nodes in each input, hidden, output layer
self.inodes = inputnodes
self.hnodes = hiddennodes

self.onodes = outputnodes

# learning rate
self.lr = learningrate

pass

EFATE I B e SRR 2838, Sl BIERER 3 MRl 20N
0.5 HRI/NRIRRZE X 28 5T R

# number of input, hidden and output nodes

input nodes = 3

hidden nodes = 3
output nodes = 3

# learning rate is 0.5

learning rate = 0.5

# create instance of neural network
n = neuralNetwork (input nodes,hidden nodes, output nodes,

learning rate)

LR, XBARREAIE T — X4, Had H T IRATBE A Gt AT bk £k
PAT SR TAE, BUEX A GO RFERHE. BRR, WNEEIR,
ERAEIZ AP R K, fEEAE HARRIEt, SIS, X8 — MR
iR,

N TR B R RT A, R EER TEX MR IPython Notebook,
Horp A E T AP E 2% 2R 10 5E LA B R A .
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T A AR ? ATC AT IRME MG R, FEAZ DD
BONJET R OB R A R R (HR SRR b, A7 XA T T AR
i TARHRIEBAT TR HEATIE -

: J u pyte I' part2_neural_network Last Checkpoint: a few seconds ago (unsaved changes) "
File  Edit  View Inset  Cell  Kemel  Help |Python3 O
+ 2 @B 4 ¥ M B C | Code % Cell Toolbar:  None

In [1]: | # neural network class definition
class neuralNetwork:

o & . h . learningrate):
# set number of nodes in each input, hidden, output layer
s =

e
earningrate

# train the neural network
def train():
pass

# uer; y the neural network

# learning rate is 0.3
learning rate = 0.3

# creat stance of neural network
n= neumur twor) k(ulp ut )md /hidden nodes,output nodes, learning rate)

In [ ]:

2.4.3 BUE—MIZD
AR O P T RNV . I 28 v BB ) R BE R AR,
A X LA R R ATIRE 5 AR ZE, I H AR B St R 2%
IO BE A A £
AIERATER], o] UAE AR B R s . R, FATTAT LA E
© ERINE SRR B R RERA G P Wiy biagens AN/NN hidden_
nodes LA input nodes.
© TERRERZE A B E 2 B BE A AR BE W igaen oupur NDH
hidden nodes € LA output_nodes.
TEEEICAERT RN, KB E 45— AN FERER R /N2 hidden_nodes
Fel) input nodes, 1A/ input nodes LA hidden node.
HiClE, AR 1 Erh, BERAENYIIBENIZEN, JF H2ERE
L. I numpy BRECER— DM, BAPITERN 0~ 1 KEEHUE,
B K /NN rows 36 LA columns.
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numpy. random. rand( rows , columns )

FTA TS RO A Y LR R4 28 5| R A 4R 5 T I AZ /Y Python
PR I FEZ SO, EE R TAATARER . CAAEREHER S H KR
Google fE &K T g f2 HIME B 07 HRF 70 A7 H, 6040 st b 46 38 ) numpy.
random.rand() P& %L,

WAL numpy 9 RAL, 4 T EAEARS T 3 o

WX AR E, I E COFA R EREEE TR, FERIE R TiXANREmT L
AR 3 X3 1) numpy B4 . AT MEEZ 0 ~ 1 KIFENLE.

In [1]: import numpy

In [3]: numpy.random.rand(3, 3)

out[3]: array([[ 0.8133122 , 0.49193566, 0.14790496],
[ 0.75997346, 0.15676617, 0.27449845],
[ 0.03287221, 0.01884548, 0.17282894]])

PATH L] LU AT S 4o AT Z0E 7B AT By IE S T DU 7 5
BUH A JE AT AAE -1.0 1) +1.0 2 [8). Jy 1 faj Sk I, JATT AT LUK b %
AP RAMERE 0.5, XFE, EXCR B, AT RRAMERR N T -0.5
2 0.5 ZMABEHLE. T ERRIZANRET D) 7, ARAT VR B2/ F
0 FIBEHLAE .

In [5]: numpy.random.rand(3, 3) - 0.5

Out[5]: array([[ 0.143827 , -0.13728512, 0.24625022],
[-0.41129188, 0.24551424, -0.43500754],
[ 0.3188901 , 0.06173198, 0.18406137]])

BAICEHESL T, 1€ Python F2/7 AW 4a A B FE . AUE Z
M A 5, SMENSEEET, BEAR— I EIRE, Aok
HRFOHAA R L. XEwE, BELAMRYIGHE—5, FH
AT DA A R B Canll 2Rk B W e 0D SR V5 I .

T AR AL AE TR, B T I EE AL E R, IR self.
inodes. self. hnodes 1 self. onodes AP A FEHALEH FE L E T A& K.

# link weight matrices, wih and who

B KIEARFNEA(18011487917) E= iSEERIN
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)

# weights inside the arrays are w i1 j, where link is from node
i to node j in the next layer

# wll w2l

# wl2 w22 etc

self.wih = (numpy.random.rand(self.hnodes, self.inodes) - 0.5)

self.who = (numpy.random.rand(self.onodes, self.hnodes) - 0.5)

Ay JATE LS T AR P48 1 O I —— BB !

244 WIEDL: BAIALE

FATT AT DA B 1% P 7 B A AT IR AR AT LA B 1 5 5K

W B e AR A E 1 &0 TR s DL VIIE BRI i8, R =K
W, A N =R R 2 B 7 R AV W Ga BEH LA EE o AdA 1A A IE S M
FOAKFEAE, HAp-FIEN 0, FrtEdT 2R s NEEFRECH 1917,
BRI 1/ A NBFEHECH -

7E numpy 27 EMFEI T, X2REZLIM. FFE, Google 1T LA
HBIFRATHL B A IER SRS . numpy.random.normal() B8] PLHS BHERATTLLIE
AT R . TRV Z P 2 BN RE, AR BT,
R A AR OB FRIHETT ZEF0 numpy A R ME NS

AL, FRATRH 7 — R, EH T —ZE 05 S T I b e o7
ZERWIMEALE, AR a0 Fros:

self.wih = numpy.random.normal ( 0.0 , pow(self.hnodes, -0.5) ,
(self.hnodes, self.inodes) )
self.who = numpy.random.normal ( 0.0 , pow(self.onodes, -0.5) ,

(self.onodes, self.hnodes) )

BAVEIESS AP OLEEN 0.0, 5K 291 s Kb T %
IRIER, %I Python JE, #i/2& pow(self.hnodes, -0.5), & HHK,
XARIERMEFZ R EABEN -0.5 K07, eS8, MaRIHE
) numpy EZH AR KN o

2.45 Hifggs

PR, B R E, FRATHLE N %49 5 I Zhtp & 25 (100, HH5 Y
Fi 25 H train() BGE. (H2, ER% TS train() B, LRA1ES S #
B query() BREE . TR 245 3RATTSE 2 B (B RGBS L, BRAFAE
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FH Python FIAH £ [0 28 55 G2 P E15 A E o 1) S e 22 5

query() BB Z A ML IHN, IR B2 . XA ThREEH
B, fHRE, N TN R, RESCE, AR E AR BN E T A
AR, BEEEE, &N R RicEL M, BETHIEE
5 E I RS B0UZ 1 st R sy, AV B E WSS, R S
B0 PR AR X TS R E T .

WMPRAIRZ AT, AT G E — MR AT AR, BRI yix ey
MAEE— 5 Python AARS, #EATAUEIATT, IMAVE S, NABEUE R
B, TAEZ, REEE. XEELS GBS GERAIIEE T A
] BA f i R R IR NS R 454, BRI e/ X e, PR TN E
AR EZ 2 TA) BB A i 55y N RE R AR ST, 20 H 2 7 RO el
UNERE

X bidden = Winputfhidden ol

X IEAL, AMOZERES TS, 1 HA Python XA AEE 5
WA AR ARAE RS, T X Le g RS 5 IR B T A I SRR S5 [A] AR AR
Ak, EATTRT AR A R 5E ROV SERR A

et T Python UG sEhr ERZ A HE ! LUFIGRN A T numpy
AL EE, 4B AU R W input hidden RO N FERE 1.

hidden inputs = numpy.dot (self.wih, inputs)

THEAE R !

X — B 51 Python 5E R T BT WY TAE, K P 8% A5 B 1L
MBS A A, A TS WS S SRR, AR B BB T
Mo WERTF — UGk EAE FI A FBCRE A 2T m R E T A, ABES
RBACE AT LU AT AR XA & SRR JAT e RORAS S N 2 2
SR T e A P R 3 ) L A

N T BAFMEEUZ W R A LIS 5, BATT ) SRy S 0 ek H0ns
- MHRKES L.

O higgen = 81gMOIA( X piggen )

UARAESEN IR Python EAR, ©40E LT IXAS S B%, B4 Xk

TERARAERE R S . RAHIRY SciPy Python A — Rk EL, 7EIX4A
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PRECFH, S BREFRN expit()e AEE NI N4 S REHXHE—MEENL T
ATLME N numpy F2J7E—HE, T\ scipy HREUE :

# scipy.special for the sigmoid function expit ()

import scipy.special

AT 3RA TR REAY B HEAT SEIO M A, BB e e rUR G R, Rk
MR I8N AR, FERPE 20 A R g LIRS BB, XAl
RABER. 2 JE, FAMZREIH T S %L, BIWTE query() ML
Ho XFEM e HEE RS R R B SR S BRI E — IR, T J0 5 4R B
T BRI A A B DA 3 HARES

FEAPZE P B HTAE AL FR 7 ARRS T, R PR E S 1 A SR A8 T s

# activation function is the sigmoid function

self.activation function = lambda x: scipy.special.expit (x)

R A ? EE ARG WL AR LS. lambda &
Ha? REERATRA RS NER, HRSERRE, ZIFAFE. X B
) — VIt 2 G — e, R G oAt R K —FF, Ak AT 1 B
(07 R IX A RS R 7o FRATAVE I 1) def() RE L%, fEI,
AV P71 lambda KRBV RREL, J7HECHREE. XADRBEER T x, 1B
[H] scipy.special.expit(x), X e S A%, {8 H lambda 617 1 R EEH 4
T, AR FE NRF A SRR TNE A R, BRX B S E A
47 self.activation_function(). FTAXLEHEEWRE, LIRATIAEF AR
BUFHBOE R AL, T4 R )5 T selfactivation_function().

[ F ERAESS, RATEGBOE BN BA SRS, ERHEAR
T RS T . HARS 5 T A AHD — R fi £

# calculate the signals emerging from hidden layer

hidden outputs = self.activation function (hidden inputs)

Wk, FEZE T M4 S 5754 4 hidden_outputs FIFEFEH

KAk 5 Bk T M EEE, IAE S W BA R L ER? H
5, EF%aEst'm SRR B A T R M AT A AR X 1, PR 72
R — R X EME ARG AR AL
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A& MR, XEARDEL T BT R R R S SRR S .

# calculate signals into hidden layer
hidden inputs = numpy.dot(self.wih, inputs)

# calculate the signals emerging from hidden layer

I AQREUOWAL IR oW

hidden outputs = self.activation_function (hidden_inputs)

# calculate signals into final output layer
final inputs = numpy.dot(self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function(final_inputs)

WIS IRTERE, T4 R VAT AR SR AR AT T T i,
T AREHRE, BT NER&s R,

2.4.6 &4 Ak Ry

IERAT— R, TR, e —F WML MK N NE
FREARET . XBERKSZI TR

# neural network class definition

class neuralNetwork :

# initialise the neural network
def _ init (self, inputnodes, hiddennodes, outputnodes,
learningrate)
# set number of nodes in each input, hidden, output
layer
self.inodes = inputnodes
self.hnodes = hiddennodes

self.onodes = outputnodes

# link weight matrices, wih and who

# weights inside the arrays are w i j, where link is
from node i to node j in the next layer

# wll w2l

# wl2 w22 etc

self.wih = numpy.random.normal (0.0, pow(self.hnodes,
-0.5), (self.hnodes, self.inodes))
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self.who = numpy.random.normal (0.0, pow(self.onodes,
-0.5), (self.onodes, self.hnodes))
# learning rate

self.lr = learningrate

# activation function is the sigmoid function
self.activation function = lambda x:

scipy.special.expit (x)

pass

# train the neural network
def train()

pass

# query the neural network
def query(self, inputs_ list)
# convert inputs list to 2d array

inputs = numpy.array(inputs list, ndmin=2).T

# calculate signals into hidden layer

hidden inputs = numpy.dot (self.wih, inputs)

# calculate the signals emerging from hidden layer
hidden outputs =

self.activation function (hidden inputs)

# calculate signals into final output layer

final inputs = numpy.dot (self.who, hidden outputs)

# calculate the signals emerging from final output
layer

final outputs = self.activation function(final inputs)

return final outputs
KRR RIS, BRitbZ A, NZAE Notebook [ 5 — AN HLok i,
EARRLTIER S N numpy 1 scipy.special :
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import numpy
# scipy.special for the sigmoid function expit ()

import scipy.special

HAS 3R, query() B R 752 inputs listo ‘& /A 75 BATAA] HAD ST

BMo&hss 7Rt R, MAE, BATREEHDM train() KEL.
HILAE, EIZGMAEME RS BER AR B, 2B A Bok 2 vk E i
H, WiFE query() i =G, 5 =N BUR R I mAE IR R 2, R
AR .

TE SRS train() BRI FHFEAR I ZRN 25 2 77, LEFRATIEE H 77
BB A AR . RATEIEE — AN/ EE, A — L8 [E AL 5\ 79 9
%, BHEEMSWMA T oW, ZHEMASEEAEREL, Ji
9 1A% 0 I 61 g2 ) R

T B SR AR N 2%, o, fERINZ . BagE)E A 2
H, BEA 3R, JEEAHBENLEERRA (1.0, 05, -1.5) i,

In [3): # number of input, hidden and output nodes
input_nodes = 3
hidden nodes = 3
output_nodes = 3

# learning rate is 0.3
learning rate = 0.3

# create instance of neural network
n = neuralNetwork(input_nodes,hidden_nodes,output_nodes, learning_rate)

In [4]: n.query([1.0, 0.5, -1.5])
Out[4]: array([[ 0.45122712],

[ 0.446303361,
[ 0.49183299]])

URAT LRI, #PZMZE% R IBI @S BB E %, MEII/EEA
FEFIRAN I, M08 S — AN IEER L init (), XANBRSL
FESGE— L%, WU EYSI%E, Python RIDE AL MINET, I
Hesss e,

HINE—AF1%, Python B S¥IIREEIFESN. il 2T
Fo MTEBRAENLIALE, XA A EZBRE L, (ERBAE R 5%
REDIEA 4.

2.4.7 YIZEg

TRAE SRR RIX AT 2T . INZAT S50 AT 4
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o Sy, BEXTAE NGRS R . X5 AT R 7R
query() BRI L BT B A4 Xl

< BBTEY, CROHEARRIRML ST, SR ZEERER T4
BUE TR

FAICa e, TRy, B, eIt S Hk:

# train the neural network

def train(self, inputs list, targets list):
# convert inputs list to 2d array
inputs = numpy.array(inputs list, ndmin=2).T

targets = numpy.array(targets list, ndmin=2).T

# calculate signals into hidden layer

hidden inputs = numpy.dot (self.wih, inputs)

# calculate the signals emerging from hidden layer
hidden outputs = self.activation function (hidden inputs)

# calculate signals into final output layer
final inputs = numpy.dot (self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function (final inputs)

pass

FAAE T 58 M F 07 NRIZ BTHE 5 Bl &M=, I UZX B
IG5 query() A& L5782 —Ff.

FH 7 A P A 5 S B A B H AR R BV ASSR AN S5 26 —— D] G e
—HIXE, KE RS NN IS, BITE R B A4 PR E SCHY
targets listo

def train (self, inputs list, targets list)

X BARIGIAHE targets list AR T numpy 041, %1% inputs_list 28 %
numpy HZH—FF.

targets = numpy.array(targets list, ndmin=2).T

PAE, FATECR BB A W2 TAERZ L, BT Pt St 5 H
Pl AR 22, AL
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LAV IR 0T P R, AT IX P ERAE

BT EILEARZE, XAMEZE T I ZRAE A B34 i 700 H brdi e
5Bt BRI R A 2 . XA ZE MR AERE targets FIAERE final
outputs ARG N G R ARG B K. Python AL IEH ] 8, IX PR IRALHE
7R T AERER &

# error is the (target - actual)

output errors = targets - final outputs

FATRT BLVH 55 B 19 S B SR R 22 . 35 B2 — T W T AR 4R
PTERRIBE S FIRZE, ARG TR B EIRZE . XTI
SR, AMS R 7 AR

€rrors ., = Weights ' |1 oupu * €ITOrSs o0

T Python A 681 numpy #H47 553, [RIUL, X B Ff& sAN
U
# hidden layer error is the output errors, split by weights,

recombined at hidden nodes

hidden errors = numpy.dot (self.who.T, output errors)

R, BATRIA TIrREN—V), TSN EZ R 1. X
TAERHE MR A2 Z A FIREE, AT output_errors HEATHAL. X T4
NIZHEETZ 2 RIRLEE, FRAT TS FH WA A2 1) hidden_errors HEAT LA«

Jent, WAVSHE THTER TS ] 5HT BT A k 2 A E
()5 BT A R IA 5K

|
‘ AW, = & * E, * sigmoid ( Zw,:0;) * (T - sigmoid (Zw,;:0;)) - or :

|

o &, sigmoid R JGHIE BIMBEGE R E HILE, * AR IER
XN TC R MIARTE, « R FEIE S, R RENER, REERM
W R E T Sbs b, IXEME R AERE I SIAL L T AT .

£ Python A%, XMELHIARE T FATESCNRRZEMRAZZ
[ R BEAT SR D o
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# update the weights for the links between the hidden and output

layers
self.who += self.lr * numpy.dot( ( output errors * final outputs *
(1.0 - final outputs) ) , numpy.transpose(hidden outputs) )

BRI R BAR KRS, HiE, BotridMiza T RIAN S
Bt RIEARMER . o) HJE selflr, B RRE RS RE MK
oy AT AT . FRATE A numpy.dot FATHIFETRVE, ARG RERT
H5KRETZMIRZEM S MEM KD, SEMTRER T 5KAR
— J2 I B A AR AR DR B A

AR, += RS eRT RGN, Bl x+=3, B2 x 1§
N 3. 1% x=x+3 W% WAl ERZAINER R HAIZE, dix/=3
o x BREA 3,

FI T N 2 R0 B2 < AR R AR 2 AL o AT R XA
P, HEMRMY, FHAT, XFElErmemamMErm—/z 7. T
FEX AP, AUSES T, AR UARBLEN T2 57 A A

# update the weights for the links between the hidden and output

layers

self. who += self.lr * numpy.dot (( output errors * final outputs *

(1.0 - final outputs) ), numpy.transpose(hidden outputs) )

# update the weights for the links between the input and hidden

layers

self. wih += self.lr * numpy.dot (( hidden errors * hidden outputs *
(1.0 - hidden outputs) ), numpy.transpose (inputs) )

THEA5 R

BAVERTHAT RIS TAE. WENTE. SHERIMER %, Bl
T P R e M X 48 R 22 - BT X e AR i 1 DA 7 8 1 75 s P4
i, XEEMELLERE! ERME L E, X& Python HEKED, HE, &
Br b, IXRFRATEE S TAE TR AR LR 25 5 43 B =i nl i S i 4 3

24.8  SERE PRI RS

BANCATER T HEMS. DU RS, ] bodid DL
FEU7 A GitHub, 3% & — AN LA 17 26 9 i
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 https://github.com/makeyourownneuralnetwork/makeyourownneural

network/blob/master/part2_neural network.ipynb

# neural network class definition
class neuralNetwork
# initialise the neural network
def _ init_ (self, inputnodes, hiddennodes, outputnodes,
learningrate)
# set number of nodes in each input, hidden, output layer
self.inodes = inputnodes
self.hnodes = hiddennodes

self.onodes = outputnodes

# link weight matrices, wih and who

# weights inside the arrays are w i j, where link is from
node i to node j in the next layer

# wll w2l

# wl2 w22 etc

self.wih = numpy.random.normal (0.0, pow(self.hnodes, -0.5),
(self.hnodes, self.inodes))

self.who = numpy.random.normal (0.0, pow(self.onodes, -0.5),

(self.onodes, self.hnodes))
# learning rate
self.lr = learningrate

# activation function is the sigmoid function

self.activation function = lambda x: scipy.special.expit (x)

pass

# train the neural network
def train(self, inputs list, targets_list)
# convert inputs list to 2d array

inputs = numpy.array(inputs list, ndmin=2).T

FEATKIEAE)IVEIE(18011487917) €= IREERRA
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targets = numpy.array(targets list, ndmin=2).T

# calculate signals into hidden layer
hidden inputs = numpy.dot (self.wih, inputs)
# calculate the signals emerging from hidden layer

hidden outputs = self.activation function(hidden inputs)

# calculate signals into final output layer

final inputs = numpy.dot (self.who, hidden outputs)

# calculate the signals emerging from final output layer

final outputs = self.activation function(final inputs)

# output layer error is the (target - actual)

output errors = targets - final outputs

# hidden layer error is the output errors, split by weights,
recombined at hidden nodes

hidden errors = numpy.dot (self.who.T, output errors)

# update the weights for the links between the hidden and
output layers

self.who += self.lr * numpy.dot ((output errors *
final outputs * (1.0 - final outputs)),

numpy . transpose (hidden outputs))

# update the weights for the links between the input and
hidden layers
self.wih += self.lr * numpy.dot ((hidden errors *

hidden outputs * (1.0 - hidden outputs)), numpy.transpose

(inputs))

pass

# query the neural network
def query(self, inputs_list)
# convert inputs list to 2d array

inputs = numpy.array(inputs list, ndmin=2).T

# calculate signals into hidden layer

hidden inputs = numpy.dot (self.wih, inputs)

FEATKIEAE)IVEIE(18011487917) €= IREERRA



# calculate the signals emerging from hidden layer

hidden outputs = self.activation function (hidden inputs)

# calculate signals into final output layer
final inputs = numpy.dot (self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function(final inputs)

return final outputs

RS T RE, NEMER 3 R, H17LTAEME
%, RAEKR, HBEBAFELRZ.
T, BATKRATRERS, FRMTEHT.

2.5  THE 5 MNIST

RN E XA ) A B %, ARE RO, IR — R g A
TR REM BB . X ARBEAT KR H 7 AR SR B 5 0

ETFEHUAER X 0 BB RS N, I AR Z oy BRI A
BHAZ A BT T )L HERE TS, BRIRE, 4G 7 S
(UEFE, Qi 22 R 2 XA (10 075 V2 U0 ) X 4 R BRI AR 7

N T AR BRI T 5a A 2 Hea — D EYEAR, 224007, ARA
s R P S A B A AR R W AR 50 5 445 52br 2 At
AR BRI, R T B EEIEE NSO KENS THTFE T
7F, BRI, H A MHENTFEHT, XEN4EZ9?
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N T8 ReR 78 5 48 FH — BT 19 F 5 Ho7 B R R0 A AT i 55 87
BARFNE . XERFAEA, dEFRIT, XERERNMNBEES
5 H AR FE A R, R B 3R AT e 3 58 T BRI R ARV R A
EZIIT

AR EARN T S5EHTH MNIST 84l . A2 N BP0 20 X 2%
5 R Yann LeCun )3 http://yann.lecun.com/exdb/mnist/, 7] PA1S 31X
AR

AN TR RS S RNER R X T 5 7 A5 7 1, X IH ARk
LI, AT =2 TERBIXANFIE, FE RN LIRA TR AEEE
Blanfrt MNIST Hde e (U AR S, AR Sl 7 xS fi
R SCAAS S, 2 http:/pjreddie.com/projects/mnist-in-csv/, XX ERATE
WA

XEE SRR A CSV A, X R R 21 S0 A i B — B B A2 B
B5 R R VBRI AR XA RE ST EEXEHME, K
53 () FL - RS R B o i B RS CSV U, BT IEE E A
() b o

AW B TS CSV S0

Y%L http://www.pjreddie.com/media/files/mnist_train.csv
MREE http://www.pjreddie.com/media/files/mnist_test.csv

JEi42 B, YIRS SR U ZR &2 I 45 1) 60 000 Mnic RS . rid
AR NS BRI ILA, e R ZE £/,

AT DASE FEINRT A 10 000 A FEAS (R AR SR I FRAT T 7 AR B B2
TAEMGF AR . TR WA T IEMIIARIE, BIn] DL SR 2 Y 25 2
ISR IERE R,

USRI 52 40 T BOARVE, o T i OR AT DA FH i 48 I 24 2 il
WA W S B AT AR e S0, FRATEE AT DUOR ISR T B, ki
W 2% ] B CAZ N SR idls, B3 — A 583k (ERABRIENS . 8
PLas 5 2 e, RIS 5 28088 70 T 2 — PR & LR ART

AR —BIX LS . R TR A AR B SCAR S 2% Y MINIST
AR — &6 53
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FERANWF FUEATIXAEERAE AT, FATINIZ N 3 MNIST HdE St i) — 1
BUNHIT 4. MNIST dfs 0 EE ST AR 2RI, AV TR SR A R
TR ASESS: . 22 A RS, 1A & i T KR R e S o e 1 S LAY
W, bR ERIE R KA. — BfE R TR I SR A4S,
AT AT PAE L S B A 4R

LAR 52 MNIST #dla R h BT M EERE, 2Bl CSV M A7 1 -

« MNIST MR H 1) 10 2513 —https://raw.githubusercontent.
com/makeyourownneuralnetwork/makeyourownneuralnetwork/master/
mnist_dataset/mnist_test 10.csv

«  MNIST YIZRE A1 100 2510 5% —https:/raw.githubusercontent.
com/makeyourownneuralnetwork/makeyourownneuralnetwork/
master/mnist_dataset/mnist_train_100.csv

G R0 U A R R HEE AN BB N EL, T BLE] “File — Save

7 FERAE I, AR A AT A SR A

hiﬂﬁiﬁﬁﬁﬁﬂﬁﬁf%f’ﬁ MIhr E. BB I RAFAES N “mnist_
dataset” WISCHEJer, XA IERAE IPython ) Notebook U571, Nl
NTH A R B s . WIS TPython ) Notebook SCA4 AN ST s /a1 T
BRI AT, R AR AR TR AL .

[ XON part2
< A = ENEREY Q search
Favorites Name A Date Modified Size Kind
@ AirDrop v mnist_dataset 22 Feb 2016, 17:15 --  Folder
% All My Fil mnist_test_10.csv 9 Jun 2015, 22:55 18 KB Plain Text
iles
v mnist_test.csv 4 Dec 2013, 01:19 18.3 MB Plain Text
& iCloud Drive mnist_train_100.csv 9 Jun 2015, 22:55 182 KB Plain Text
;Ag Applications mnist_train.csv 4 Dec 2013, 01:19 109.6 MB Plain Text
_ part2_mnist_data_set.ipynb 22 Feb 2016, 16:46 898 bytes Document
Desktop ) .
part2_neural_network.ipynb 22 Feb 2016, 16:06 6 KB Document
[H Documents
© Downloads
Devices
Remote Disc

FEAE P AT AT A% 2 B, Ee e PR 0 A B U S e i 2%, 3R
T E AR B —Fh 77 50K Python ARG 152X Le 44z .

£ Python 1, FTIFSCAFIFARICEL o 19 A 7 — PR AR 3 3 5 I F 1S
SERBR — NIXAERAE, RJE B AR BRI 4G
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data file = open("mnist dataset/mnist train 100.csv", 'r')
data_list = data file.readlines()

data file.close()

XA 347, AERAT—— TS .

F—ATMHH open() BREITH —A30F. LIBL MBI E — NS4
AR R s, XA AE 4 “mnist_train_100.csv”, IX &%
BAr, Hh R T O ERH . B oA SERERN, B RES
Python FA 1A BB AT AL BESCAF . “r” 259 Python LA R 27 i A2 il 'S
(177 ST S0 o I FE AT DUE o AT Ar] B 5 it s B Bt i =4k . Rk
EIE A BECct:, Python H4BH Lk A2 B — 2 AR B

A5 data file 2114 ? open() RO T LSO R — AU RIS —
NI, BATEIXAN AR B %8 datafile 78 & . MECEITHF T
S, ATATEE B RRAE, WSRO, H# R E A S R

AT AR . 85 SO AR datafile AHOCHY readlines() ¥R
B, oo A 4TINS B data liste XDNBEAE T K, 5
R — I ROR SR — AT R . fESIR Y, AT LUk BIRE E 1) 4%
H, Jelih, tonr DABkE SO bR e AT, XFERAMIRMAHZ 7. W
I data list [0] /255 — 4510 3%, data list [9] &5 H2%i05%, LALEHE.

N i—*5), T readlines() 2B SN AEH, IR ]
RES T B AN 5 URARANBAS X o7 v, AT & VFIR, — IR —1T,
XPIRATHEAT B 5 BEAT 4R, ARG R B N —AT. AR A, A%
KB SR AN A, TR —IRIE—AT BT, XEAME. HE, &
AT AR K, W Ad FH readlines(), IEAACAGAIXT 2 5 —L8, X3k
TS, 1E2%>) Python I 7 BRI I 2 1K 25 B 11

B Ja —ATRIG A S TR SE QSO FE I BER S, SR P AE #E L
PR — MR G 0. R, SO KR, IX AT R 2 1 Al
o A4 WG ? A LR A e A S AN TEFT PRSI St Bl
A= XGRS NREIE R —k4C B 5E ! ArE, FENLTRE
SRUESCHE, B R AR R, G A e SO ANTE R, IR AR —
HEBIE M SCPF o SRS ROZ SR SO, AT EAURE O T 0- A7 ST 4y
WAF

B KIEARFNEA(18011487917) E= iSEERIN

I AQREUOWAL IR oW

125




B E A Uoylhd

126

I — B 2 K Notebook, BlilIXBUAS, HITHIH SR TR
I, MEERAE T 4. TEER 7 IXF R4S

In [8]: data file = open("mnist dataset/mnist_train 100.csv", 'r')
data_list = data file.readlines()
data_file.close()

In [9]: len(data list)

out[9]: 100

In [10]: data_list[0]

out[10]: 's,0,0,0,0,9,0,0,0,0,0,0,9,9,0,0,0,9,0,0,0,0,0,0,90,0,0,0,0,9,9,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,9,0,0,0,0,0,0,0,09,0,09,0,9,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,9,0,90,0,0,0,0,0,0,0,0,0,9,0,0,9,0,0,9,90,0,0,0,0,0,0,0,0,0,0,0,3,18, 18, 18,126,136, 175, 26, 166, 255,247,127,0,
0,0,0,0,0,0,0,0,0,0,0,30,36,94,154,170,253,253, 253,253, 253,225,172, 253,242, 195,64,0,0,0,0,0,0,0,0,0,0,0,49,238,253,25
3,253,253,253,253,253,253,251,93, 82,82,56,39,0,0,0,0,0,0,0,0,0,0,0,0,18,219, 253,253, 253,253, 253, 198,182,247, 241,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,156,107,253,253,205,11,0,43,154,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,14,1,154,253,
90,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 139,253,190, 2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,11
,190,253,70,0,0,0,0,0,0,0,0,0,0,0,0,0,0,90,0,0,0,0,0,0,0,0, 0,0, 35, 241,225, 160,108,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,81,240,253,253,119,25,0,9,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0, 45, 186, 253, 253,150,27,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,16,93, 252, 253,187,90,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,249,253,249,64,0,0
,0,39,148,229,253,

cwe

#0,0,

,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,46,130,183,253,253,207,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
253,253,250, 182,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,24,114,221, 253, 253, 253,253,201, 78,0,0,0,0,0,
,0,23,66,213,253,253,253,253,198,81,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 18,171,219, 253,253, 253,25
,0,0,0,0,0,0,0,0,0,0,55,172, 226,253,253, 253,253, 244,133,11,0,0,0,0,0,0,0,0,0,0,8,0,0,0,0,
5,132,1s,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,

’

ALAER], FIRMBKE N 100 . Python Y len() BELE FIRATIFIER
KN

AT LAE B8 — 4610 data_list [0] I E. H—PMHERe “57, X
bR, I HIRE 784 MUTF R B GE RIS SRR
8, Al LLR B B A LA 0 Fl 255 Z1A],

PR Re A R B HAhid sk, BEEHMIEK PR B WRLXFER. IR
RO, BUEAERSEIER] T 0 2 255 BITERE K .

Sen, ATHSEE B T W {E A imshow() B A2 il B 7 46 T H 4
TEIX L, FRATEMEE ZMFER, (B2 FEEEHES 2 mnETs%R
HW RGN HAH., BRI, TEITU TSR

o BHIESSRE, KIOSCARARFEME, FORBEAME, 1EE5 it

1757 %,
« BB —ME, XEARZ, BREIRM 28 X 28 = 784 ME A
28 %1 28 4T HIE 4

o 2%

[FIRE, Jeffon il AT IXAMESS 116 5 Python /%19, SR HHEARAD,
B B VEANHL AR BT R AR B, IR R AT B A 2 T

B, —EAZICTA Python ¥R, XHA B TIRAEAHEEH L. Kok
1T
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import numpy
import matplotlib.pyplot

Smatplotlib inline

A& NI 3ATAM. REOAEO T, XFEER S PRI A
T -

all values = data_list [0].split(',")
image array = numpy.asfarray( all values [1:]) .reshape ((28,28))
matplotlib.pyplot.imshow( image array , cmap='Greys',

interpolation="'None')

AT TWIAFTEN kY data list [0], X225 —%Kids, 1
PE S, B —KBHHTIRD. split() BEGEPITXIES K, Hbf
—MZEE R BRI TS5 AT R o . FERXAM T, XANRFS NE
o FRIRE BK R all_values o T PUIX AN EITEIH R, MEIX
ffi 5 & Python H K HIZR M -

A IS KA R AT, BRI — AT A R A
ERAMIMAZ O FFUGIERE . #2072 all_values ¥13R, (HIZXIKMERH T iS5
[1: ], KRR 7 HIERAB I —Iozm AN FTA ., tl 2 2885 —
MRZAE, REF TR 784 /ME. numpy.asfarray() /& numpy KA, X
A BRECHE SO T B A S, IO X SR 1 B

G W R TR RN, R AEE? W, U
AR, BT8Rl R KRS AR, IS pEE—1T4
BRI A B SCART LA 514 “apple” “orangel23” B “5677,
WARFFFE “5677 58+ 567 ANFl. Hitk, B CAFR G T, K
TR SO PR B e 4 307 )5 — 0 .reshape ((28,28)) AJ LA
RECTH R 28 DT R ITIR— IR, TERK 28 e 28 7 TR A BE. T3 21
28 3¢ 28 [ 44 image array. FF! XA ZHRAELE—ATHASH,

F AT AR W, B2 8 imshow() %% tH image array.

XK, EFIKEREHR——cmap= “Greys (JK[E)”, PAHIFHERTF
EEEGE

TENRIR T X BG4 2R«
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In [32]: all values = data_list[0].split(',")
image_array = numpy.asfarray(all_values[l:]).reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys', interpolation='None')

Out[32]: <matplotlib.image.AxesImage at 0x108818cc0>

oF

5

10

15

2 -

el

WLV RIS 5, XU PR R R PO Y. QSR n ik
BT 2kidok data_list [1], X AKACKABRZEN0, AT LA 2R I LA
In [37]: all_values = data_list[1].split(',")

image_array = numpy.asfarray(all_values[1:]).reshape((28,28))
matplotlib.pyplot.imshow(image array, cmap='Greys', interpolation='None')

Out[37]: <matplotlib.image.AxesImage at 0x108bc3160>

of

5

10

15

AT LUR 25 5 Hh A T 5 B i S 2 0.

25.1  HEFSMNIST I K

BATC A FniE Wl SR BCRF T MNIST EoE SO i Bdls, M BR AR
AT LA R . FR AT A ORI S 2 4, (R 3R AT 7 AR
L, TEE IR I o 2 I 4% 2 B AT v 4% B

RAVERFER, R ANBIEA G B E, RIEFES, XTI
T LARLE P46 15 R B ST X P, TR AR 4 1 TAE S 1

TRAT 5 A 5 — S K N € NS 0 B 255 st
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TN 0.01 2 1.0 BITEH . FRATZIRIESE 0.01 (NG HIRAKS, =2
N B S HTWLER B O {E SN B 2o N H i R EE R . FRATTI
BIEFE 0.99 1E NN EIRME, ZFECNHIA 1.0 Aais STl il @, 347
W Sk g B 1.0,

FAE 0 2 255 JE A I R dG% N B RBR BA 255, #irl LAS 3] 0 2 1 JE
N -

SRIG, TEDR TR NIELL 0.99, e TR E A8 Ak 0.0 31 0.99.
FERK, b 0.01, X e B # 2 B 7 193 0.01 £ 1.00. T HY
Python fARSH7R | 1X Le45 4 .

scaled input = (numpy.asfarray(all values[1:]) / 255.0 * 0.99) + 0.01

print (scaled input)

A, X S ETAVE RN 0.01 2] 0.99.

In [19): # scale input to range 0.01 to 1.00
scaled_input = (numpy.asfarray(all_values[1l:]) / 255.0 * 0.99) + 0.01
print(scaled_input)

[ 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.208 0.62729412 0.99223529 0.62729412 0.20411765
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.19635294 0.934 0.98835294 0.98835294 0.98835294
0.93011765 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.21964706 0.89129412 0.99223529 0.98835294 0.93788235
0.91458824 0.98835294 0.23129412 0.03329412 0.01 0.01 0.01

BATC LS 45 MR AL LE MNIST B #E % 2%, 7 LU AN 2 1
KT IR T .

WAE, ATTFEBE MR . Sar, FRATE 2% HH N 1%
UG JC 30 BR 50mT DU % B B Y Bl FRATIAE FH 102 4 ek E0OA e e a0 -2.0
BG 255 XFEM AT, medm i YE Ry 0.0 3 1.0, FH5E EARRIAR] 0.0 5
1.0, X224 R BN RE, @R AT XA, HEARHEIE
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BAAE . Ik, B ARAE IR 20 250 % H AR{H

B2, br b, FATER B O NERZXRI . SRzt AR
THI? ZNAZRE T EREY? R EREH 28X28 =784 Marth 15 mi.

MRIBJE—2, BEERMEMK T4, FOEIRE], ZRML
RIS BB HEAT 7028, D ECIEFIAREE . X EEARZEE 0 21 9 3k 10 MUY
P — A IXEIREMALM L NAZA 10 N RS 5 B RN —
ANATRERI B R ERAE . WREREZ “07, Ml EH Bk, MR
(¥ 7 RO DR BN AHIRAS . WERFE SR “97, R RJE 1 52
Ko MR B4 S RUWEREFIHDIRES . T IRIVEARIRE T XA R, R
N T TR

output e example “5” example “0” example “9”
layer

@ 0 0.00 0.95 0.02
@ 1 0.00 0.00 0.00
@ 2 0.01 0.01 0.01
@ 3 0.00 0.01 0.01
@ 4 0.01 0.02 0.40
@ 5 0.99 0.00 0.01
@ 6 0.00 0.00 0.01
@ 7 0.00 0.00 0.00
8 0.02 0.00 0.01
@ 9 0.01 0.02 0.86

FHo MR aeMB I EE BT “57. wLER, M
2 I RS 5ok B TR0 5 BT . BT AAAREE 0 JTaR, Bk
RAREFEANDN TR KRG HAR I S ERE T IEE AN, %
ETE. FANREARSRTME, HFEFLE, ZOEREREA S
ER IS E SRR

B ARSI T IR L MBI EE R T TS 07 KR Am
FiE. FRE, HATSCORm R BT 5 M 5 m, MRRARZE €07

WG NRBIEA R, XH, Memsr s Rt E SR E TG —
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AT, XTRIbRZE 97, SR, TEARZEN “4” W sikh, efEE 7 s
KA HH . 8%, RINSEHBEKRESAER, B, TUEEMLZ%N
I NABRARER “47, PR E e ELIE? M2 hifsis
RAZXMATEM, RIS ZEEEEL—RE, %N E
FHRI LA, B 53— AN St mT e 2 261

XEARRET ! BTE, BATH B L ek H bR, FH T4
2 S M][E2

WERVNGFEARMIRRZE R “57, W27 B 1 S B s, K
HBR TR TARZE “57 BT R, HAm T A T R BB N AZ AR IR AN, XA
&k fEw [0, 0, 0, 0, 0, 1, 0, 0, 0, 0].

H b, ®AICAWA T, RELEME ML R 0 f 1 W, X T
BOEREON 5 2 AR, X2 IRECRIIBCEFEAM L, KI5 2=
PR 7. A TAE AL 0.01 A 0.99 SKACE: 0 Al 1, XEEFRZE N “57
f) H ks #2H 4 [0.01, 0.01, 0.01, 0.01, 0.01, 0.99, 0.01, 0.01, 0.01, 0.01].

fF AW 52 T 411 Python XA, IXLLARADH T HARKERE:

#output nodes is 10 (example)

onodes = 10

targets = numpy.zeros (onodes) + 0.01
targets[int (all values[0])] = 0.99

AR, AT R s T S = R E N 10 FEIXAN R
W, X IERR, BOAH 10 MR

B ATAAS R E R 5 ) numpy PR EL numpy.zeros(), G HEIH
FAMEH . XA RS — D SER A B RN . AL, FRAT
HAEEEF] AR N . KN onodes M4, onodes N4 E K
RECE . AT T 0.01, MEVRIA R B 0 i N\ IE R 1) .

FATARIE RS T MNIST #di il — ook, Wate g
HARPREE, 4 HMNTRF e o B EBOE . HI0E, AR SO
WAL, AR TF. — BT, TAMTH Biress, #
HARFIRPIEFITT R E N 099, 1525 “07 BREHNEE 0, X 5HrZEXT
N targets [] HEIRE G —E0), FUGIXERRIER B Ko, a5
“O” JGEEHONEEEL 9, targets [9] HSE R ILEA MR — N Iu R
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N IR IR AR DT S AR

In [12]: #output nodes is 10 (example)
onodes = 10
targets = numpy.zeros(onodes) + 0.01
targets[int(all values[0])] = 0.99

In [13]: print(targets)
[ 0.99 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]

REFT, WA, RATSEHE T Wik T I 20 A i A\ 250808
A iy i 2 130 R i e 5cdls

AT HT Python ARHY, (EH A FEIX LL44F . F iU 2124 ik
TEREIARED . X LA AE DL GitHub 8Pl LIS 2), (Hi2, BE&ERIN
ORI BT, A2 B HTE AL :

* https://github.com/makeyourownneuralnetwork/makeyourownneural

network/blob/master/ part2 neural network mnist data.ipynb

WA DA AT BB th R BT R ARHY, Jl i X AR, W LAE B LURT
(I RRAR «

* https://github.com/makeyourownneuralnetwork/makeyourownneur

alnetwork/commits/master/part2_neural network mnist data.ipynb

# python notebook for Make Your Own Neural Network

# code for a 3-layer neural network, and code for learning the MNIST
dataset

# (c) Tarig Rashid, 2016

# license is GPLv2

import numpy

# scipy.special for the sigmoid function expit ()

import scipy.special

# library for plotting arrays

import matplotlib.pyplot

# ensure the plots are inside this notebook, not an external window

Smatplotlib inline

# neural network class definition

B KIEARFNEA(18011487917) E= iSEERIN



class neuralNetwork:

# initialise the neural network

def init (self, inputnodes, hiddennodes, outputnodes,

I AQREUOWAL IR oW

learningrate) :
# set number of nodes in each input, hidden, output layer
self.inodes = inputnodes
self.hnodes = hiddennodes

self.onodes = outputnodes

# link weight matrices, wih and who

# weights inside the arrays are w i j, where link is from
node i1 to node j in the next layer

# wll w2l

# wl2 w22 etc

self.wih = numpy.random.normal (0.0, pow (self.hnodes, -0.5),
(self.hnodes, self.inodes))

self.who = numpy.random.normal (0.0, pow(self.onodes, -0.5),
(self.onodes, self.hnodes))

# learning rate

self.lr = learningrate

# activation function is the sigmoid function

self.activation function = lambda x: scipy.special.expit (x)

pass

# train the neural network
def train(self, inputs list, targets list):
# convert inputs list to 2d array
inputs = numpy.array(inputs list, ndmin=2).T

targets = numpy.array(targets list, ndmin=2).T

# calculate signals into hidden layer
hidden inputs = numpy.dot (self.wih, inputs)
# calculate the signals emerging from hidden layer

hidden outputs = self.activation function (hidden inputs)

S IERE/VEAZ(18011487917) £ iEEEITN 133
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# calculate signals into final output layer
final inputs = numpy.dot (self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function(final inputs)

# output layer error is the (target - actual)

output errors = targets - final outputs

# hidden layer error is the output errors, split by weights,
recombined at hidden nodes

hidden errors = numpy.dot (self.who.T, output errors)

# update the weights for the links between the hidden and
output layers

self.who += self.lr * numpy.dot ((output errors *
final outputs * (1.0 - final outputs)),

numpy . transpose (hidden outputs))

# update the weights for the links between the input and
hidden layers
self.wih += self.lr * numpy.dot ((hidden errors *

hidden outputs * (1.0 - hidden outputs)), numpy.transpose (inputs))

pass
# query the neural network
def query(self, inputs list):
# convert inputs list to 2d array

inputs = numpy.array(inputs list, ndmin=2).T

# calculate signals into hidden layer
hidden inputs = numpy.dot (self.wih, inputs)
# calculate the signals emerging from hidden layer

hidden outputs = self.activation function (hidden inputs)

# calculate signals into final output layer
final inputs = numpy.dot (self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function(final inputs)

FEATKIEAE)IVEIE(18011487917) €= IREERRA



return final outputs

# number of input, hidden and output nodes

I AQREUOWAL IR oW

input nodes = 784
hidden nodes = 100
10

output nodes

# learning rate is 0.3

learning rate = 0.3

# create instance of neural network
n = neuralNetwork (input nodes,hidden nodes, output nodes,

learning rate)

# load the mnist training data CSV file into a list
training data file = open("mnist dataset/mnist train 100.csv", 'r')
training data list = training data file.readlines ()

training data file.close()
# train the neural network

# go through all records in the training data set
for record in training data list:
# split the record by the ',' commas
all values = record.split(',")
# scale and shift the inputs
inputs = (numpy.asfarray(all values[1:]) / 255.0 * 0.99) + 0.01
# create the target output values (all 0.01, except the desired
label which is 0.99)
targets = numpy.zeros (output nodes) + 0.01
# all values[0] is the target label for this record
targets[int (all values[0])] = 0.99
n.train (inputs, targets)

pass

AT S T B E, T —2R, RERAR. REEM
RN, BRI MNIST I 285, S5 il X 2 5%
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YIGRAPLZE 2% o

P2 $E 784 MM RE? AFILE, K02 28X28 MR, B4l
BESCE /GRS G &g

P 100 ASBRBR)Z T AR B I AR R 2RI B . Bl
W, MR RLZ ] UK IR S A\ IR Bl o, X B Al v
CLE AT LA AS B B T R BT ARE IR BeA S FE HE 784 K%y il
ok 3 A P BN s B R/ O, A IR 2 S A N 1) T R
sle fHGE, WSRIESE KD RRGHUZE T S, 2R TR RIRE ST, R
268 XE LA 21 2 08 BRI BB, gl 2 S A 22 X 248 R Lt MINTS T %
PEERMRIRE S . 25 M 2 TR 10 MARSE, WFRLT 10 M 29 a8,
PRI, 3% 100 XA ML/ D v e Bosiz (717 s, BT mE L

X REZSE — e KPR, NAZIERZ DN FGEBIZ AL A
AAAE— MR EETTIR. RN, BA BB R EIRE RS B URRRZ. HiH
RIS, B IMRRAT S0, H R EE A R ZERR R TR — T

2.5.2 I R92%

U, BMEDSCLMA T — /M 100 2305 1T 8K R
2, A A BRI GRACR QT o A RR A TR SR A 26 — NSl ok
TR R 2%

Bom 2R IAE S, XS T RGN0 1) Python AUISEH
HAL

# load the mnist test data CSV file into a list

test data file = open("mnist dataset/mnist test 10.csv", 'r')

test data list = test data file.readlines()
test data file.close()

BULHT—FF, SRR BA MR A5, BATCRRE A7 30k 11X
SR

FEQVE A A M AT /T, BB Wk F i r—
MR R AAT 2o T B s AN ElE S T B 55— 2% il >, A AT
O BIIZRI L R 25 o

ATLLE S, WA —FIL K A RS 77, X LEEATEH
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ALK, BAIA BB R 25 45 A [R5
MR, ARG, ROZT S8 <77
W CAF R ZRA 2%, A2 a1 AR i H 5 R T e A — R
o PRIRIRELS RIL, o — M e A R E IR 2, B R T
B 77 mTHEAITEM N TR 07, BLIXHUES 8 MR

In [27]): # load the mnist test data CSV file into a list
test_data_file = open("mnist_dataset/mnist_test_l0.csv", 'r')
test_data_list = test_data_ file.readlines()
test_data_file.close()

In (39]: # get the first test record
all_values = test_data list[0].split(',")
# print the label
i print(all_values[0])

7

In [40]: image_array = numpy.asfarray(all_values[1:]).reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys', interpolation='None')

Out[40]: <matplotlib.image.AxesImage at 0x1090d4£d0>

In [41]): n.gquery((numpy.asfarray(all_values[1:]) / 255.0 * 0.99) + 0.01)

out[41]: array([[ 0.07652418],

[ 0.01745079],
[ 0.0054554 ],
[ 0.07442751],
[ 0.07348178],
[ 0.01906993],
[ 0.00938124],
[ 0.7704694 1,
[ 0.08000447],
[ 0.05209131]])

T

KA T AN AR A %o FRATEAR R AT 1 3 AR AR T
IRIER:

PATINGR T2 p %, AR M2 5 YR BATIE Fr oh AR 8 7 =2 At
2o TEILME, MM Z ATERA LA AR ISR 1 —&T
gr. B, MM RET L X e WREA XL M T 575 XHERELE
NENRIRZI !

R JUAT T #H Python, FATHCLEIE 7 —MP&Em L, XA
ZMB AT UPATHEZ ANANEZAEZ N LE R FE —E¥2 TN
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2B & Fr o

B NFRAF AR, AT A ] 5 B AN R SR 1 — >/ 7B x4
L MZEAT T INGR. TR, IIZREERSEA 60 000 sidsx, HATHIZT
100 s5ick. RELVNXARRIY! EIRATHEZEN, RE:0TiE, w5
KRB GMEM R B RN HRICFA R TATT LSR8, X
FRHBLEI R, AR S 2 M4 52 ST B AR TR RS T, RNt
A DAE A T oAt A 22 X 2 R R B ]

f ] B 7 Ut R 4R T T AR, JFARYE X LAY AT 1 -

# test the neural network

# scorecard for how well the network performs, initially empty

scorecard = []

# go through all the records in the test data set
for record in test data list:
# split the record by the ',' commas
all values = record.split(',")
# correct answer is first value
correct label = int(all values[0])
print (correct label, "correct label")
# scale and shift the inputs
inputs = (numpy.asfarray(all values[1:]) / 255.0 * 0.99) + 0.01
# query the network
outputs = n.query (inputs)
# the index of the highest value corresponds to the label
label = numpy.argmax (outputs)
print (label, "network's answer")
# append correct or incorrect to list
if (label == correct label):
# network's answer matches correct answer, add 1 to
scorecard
scorecard.append (1)
else:
# network's answer doesn't match correct answer, add 0 to
scorecard
scorecard.append (0)

pass
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pass

PEIAT] DUAE A R S A I Rt TR, Rk MG 2 71,
Bl —NEHIBNER, RN FE (scorecard), XA/ RAEMRREE LR )G

AR EEAT
FLVE R, IR AES, BATIT K 5 it s —#, REES
P XA, pEHEBE. LTE -7 BREMESR. AA,

B N E, EENEA AT AR N

ARG R B 28 0 25 (1) [R] B R AFAE 44 O outputs IR R .

PR R AR AR — 2o FRATTFIE B AT e RAR ) i H 1 s X 2
FER. RN WAMRL, WS arnE, SEREXMN. N
U, WALEE —NITEMMNTRRZE “07, HAIICENM TR “47, DAt
K, FIEMZ, B MERF numpy BEE numpy.argmax () 7] PAA I EL
HA s A, FHFEFRBATE IO E . VRAT PALE 2R [ 13290 T 31X AN R AR 1 S
o X AR 0, FATHITEMZINNE RZRE, DL,

ARG )8 Je — 30 B b 25 5 AN IE AR 25 db AT b iR el 124
FR, IALET R ERHm— “17, B “0”.

ERIGH, ROAEE T —EAHM print() T84, XFEH AT LUE 2 IE
TR bRRE . NERR TABIZITIIER, FNFTEIH 7ikaR.

7 correct label
7 network's answer
2 correct label
0 network's answer
1 correct label
1 network's answer
0 correct label
0 network's answer
4 correct label
4 network's answer
1 correct label
1 network's answer
4 correct label
4 network's answer
9 correct label
4 network's answer
5 correct label
4 network's answer
9 correct label
7 network's answer

In [49]: print(scorecard)

(1, 0, 1,1, 1,1, 1, 0, 0, 0]
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R RRM AR, XAMZHZNALERR. RERTHR
B, AR 10 MRS R e g REX T 6 4, Wi 215 7 60 7.
Ak, HRERMERI I IZREIR AN, X SERr EIFAE RS

AV E —BAUS, FINKREHE N BOHTEIHR, S5RREF .

# calculate the performance score, the fraction of correct answers

scorecard array = numpy.asarray (scorecard)

print ("performance = ", scorecard array.sum() /

scorecard array.size)

KRR, S8 T IEME RN KBS 17
Mg AR, BRUAT RIS HaEL, BIXAMTH-RIER/N. SRE B X B
A RRIIEE R .

In [49]: print(scorecard)

f, o, 1, 1, 1, 1, 1, 0, 0, 0]

In [59]: | # calculate the performance score, the fraction of correct answers
scorecard array = numpy.asarray(scorecard)
print ("performance = ", scorecard_array.sum() / scorecard array.size)
performance = 0.6

IEUnBATHIN, X BACEERL 170 %00.6, Bl 60% HIHER:Z

2.5.3 (AR AL TYIZAIIA

EIRA TR X e T A I 28 PR RE ARSI S R

PRI A SR 4%, SRRl AT AR LA 60 000 2510 3% 1 58 B4 Il Rk
a5, LURCRA 10 000 Zic kIt Bn . JEnT, JRATRX LR A7
A mnist_dataset / mnist_train.csv f mnist dataset / mnist_test.csve IAE, AT
FONERF T EIeAE, AT A1) GitHub 38HX Python ) Notebook SC{4::

*  https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/

blob/master/ part2_neural network mnist data.ipynb

f£ GitHub L, tHn] A5 2] S2ACHS, IXHE Rl n] LR 2R BT &
U R

* https://github.com/makeyourownneuralnetwork/makeyourownneu

ralnetwork/commits/master/part2 neural network mnist data.ipynb

fFEF 60 000 NYIZREEAIZRTE B 3 JZRZE %, SRJE4 T 10 000 4%
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In [72]: # calculate the performance score, the fraction of correct answers
scorecard_array = numpy.asarray(scorecard)
print ("performance = ", scorecard array.sum() / scorecard array.size)
performance = 0.9473

EANIEART 95% BIERATE, AT LA S 1E3% 1L http://yann.lecun.com/exdb/
mnist/ P UTRATIARHERRESE . FRATPTLUE 2, Eold—2ep s, X AMiE
T 20 R WS JE— 25 1, 3 FE A0 HH (00 e B PR o 20 P9 28 77 v T R LI R 26
N 95.3%, TTFRATT IR 22 X 4% 14 e R B0 24

X — R AR RATBAZR B S, B — a1 fa] B 22 Y 25 gl
SEIL T IR BT B A 2R I 2% TR R

N di—5), THE 60 000 NMNZRFEAS, FEANFEARRITHEH T EHT —
H 784 M AL 22 100 ASEGEUZR T AT TSR, RN A B AT IR
ZE G E R, BT — SR IR A RN S, XY
AL B a], X A Nzt REDET B I AT EAAE T4 2
SRR TR SE R T NZRIE . AR AL Z B EAR L .

2.5.4 ek PREAE )R

BATHEE — A g, s a7 s i LR L ] B ) Python 4RAS,
AT LE MNIST £eda 45 ESRAGHERIZ N 95% BT RE 08k, X OB AH
7o WERARA R, WAl DIERARR .

A, EIAVEE 215 0] DUl AT — B ] 5 ok

A LSRR 5 — A gk R B 2SI 2 . Je i A HOE A AN [F] 4R 2k
T8, M EREN0S 1.

R R REE, WEN 0.6, FEPEE SR L412
e IR G A M. MR ST, 2733 0.9047 ERefS 5. X HLCLFT
Bk, Bk, BRERFBRIY RSB AERE TR — kR
Bk B A0 I o

iR 0.1 B S Rk — ke Xk, PEREA ITHGE, 33 17 0.9523 71,
MR b, XM EAH RS 1000 ASBEEUZE T s A 255, 3K
fiT“Libz” 7,
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RSB E NN 0.01 231K, KRB ALY R A A
fFEELF, 5707909241, Bk, TId /N S WA T

AR BB T B AR, AP RN T, BRI Pk ReiE
TR, XA R B RAEEN.

N TR R RATRZ 2 KEHT TR, JR/NREALTE DA
RAERRIE T B R AN B AR A R I, R IR TR 2RI
B XUIRAE A B T AT A — A SR E S, IRl x4 2 A7 —
N R

M52 I %
3JZ LRI 4 5 MNIS TR

0.96

0.94 /_.\\

0 N
o.és \
0.86 \

9

P

0.84
0.82
0.8

0 Ofl 0'.2 O‘.3 0f4 015 O‘.6 O‘.7 0{8 Of‘) 1
%%

R, SR 0.1 M 03 2 A RS BRI, Fik, %
0.2 B2, 153 0.9537 WITERETS 7. LS 0.1 5L 0.3, XN ILAH 5L
U7 —e, FRATAT AL HIEIZR, WK A 15 2 — PR s, R
HAEW T, VRERZH X R iE— M — R A, BRATE
U ER A R, FRATEREREF 0.2 FI2 )R, X ERRMLIF & MNIST
B HE G AR 2 X 4% 1) 2 4

g 3 —%), BRI AT A SRR — B, Bk, wRIRA
CIBITXBARED, G AN . IREIVILERE LA E AT GEAS A T B A4
GEBEAUECE , PR AR AR AT 5 3 AR B A i (P00 B T [ B 2R A BT AT

255 —LeGlk: BiKistt

PR DM e, R AR, S T IISk.
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AL NI GR— R — A A Bk, B 10 MERRIIZ, =
WK AN YN R EUR SR IZATFE T 10 IRo A A BEIX AMe? Kl 2,
I R FALAE R TR B 02 10 B 20 L3 30 20 BRWE? X EASH,
JR IR sl o $R S 2 T AR L&, A7 B AR B I T BRI R AT A
R

W M 2 A BT IERAE I ZRA SN SN 1SN G,
PRIHAS A e, IR RN TANEIESE, R E e B & 2R L
T4

# train the neural network

# epochs is the number of times the training data set is used for
training

epochs = 2

for e in range (epochs):
# go through all records in the training data set
for record in training data list:
# split the record by the ',' commas
all values = record.split(',")
# scale and shift the inputs
inputs = (numpy.asfarray(all values[1:]) / 255.0 * 0.99) +
0.01
# create the target output values (all 0.01, except the
desired label which is 0.99)
targets = numpy.zeros (output nodes) + 0.01
# all values[0] is the target label for this record
targets[int (all values([0])] = 0.99

n.train (inputs, targets)

pass
pass
ST 2 M EACHRZ X 28 A5 B0 1 REAS- 704 0.9579, EL A 1 AMEAR
AR 22 W 2% A P st

AR AR E SR, AEBAME LA R A HEACREAT 556 2
CART AL X SO . B9 5 VR AT, BTl Zatt 2, B A 2111 14 Bé i
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fF. AANATRESERSR, KEHNGER Lol AL, KR T Mo
LS I ZR B, DR W 2% A e i A I 205 1 At R ILAEE
AGEMZ R4, RS RARPLER 2 2, XA A th 2 2T
B
ARG IR PR
PR R

3JE LR R L SMNISTH AR
0.964

0.962 A_A
woel NN
0.958 /

0.956 v/v —

0.954
0.952

PERE

05483 5 10 s 20
HARELH

SERBEIH AR M ANE. E KL 5 87 MR, A A
M2 G, WS N, Xulaeid A R, HaETE 6 MR
LT TR, XARERBITHH T, SNSRI R b
RIET =AM MEF . T b, T RA XA EE 3T 2 )
SEAS, CVEI/NBENLIE RR S, DR SR ERATT S TR B 5 R A KRR AR
tho XHENTARE T 6 MEARXAAERM A, XN TIREERAT,
PR 28 10 2 2] AR AL O R BE AL 2, A B TAEf AR, AR T
TEAF IR A,

HANTREMERFE A, ERARHEEHMHARBRT, FIRTRERE
T AREXASE, KRN 02 EANE 0.1, BEERXKEMA
R

167 MERFE LT, (ARG RIE 0.9628 B 96.28%.

THEERTESFN 0BT, 3000 1% ae 5 — e & S m)
IR
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HAREE

ATLVE 2], R 2SO, Jl/ 5 ) 20 SRR 8 15 21 T 4 1 14
AE. 0.9689 MIIE(E RNk 22 H B 3%, X1 LAY Yann LeCun M3l F [
WS FRAEAHBESE 1 o

EWE, i RARITEATH A (A (AN IREBRE TR, B
LARTT LLRSZ R B (23, 3 HAE SR BT DL E| 47 i
P12, XAFEM. 5L, T MNIST 230415, AT 4 451
i AR 5 M. I E A, BRATEAEH — R S AR T7
FORFATIES . EIEM . BHEHMRIX — 5, S AU AN 2] S AHAR
HEMATZ IR, KRB ERERE T R F2 oh L R 520 .

2.5.6 BEMIEIR

BV EA it OB 2 W 2 AR, VR R R 22 X 5.
I FRATTE SR B R T SR EH . — BBk, BATHENREN
100 !

2 F AN A 3 H BB 79 RO AT SEBe 2 i, i RATEE — T,
WX AT Re = KA At 0. BRI ZE 2 KA R ER. EHid
fF, MATERTEIARANG S, B REIEHHAENE LR, &
FiZ (WA 2 #1752, BRNE L RER. XS RENSAT.
HA b, BRSO S R E B )R

SR REEZ T MUK, et 3 Ay, B ARTT AR, IXATTREA 2
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i (23 () LR X 22 22 SR RN, IR IT A N Fe i v IE R S . X5
S MELB 10 DN IRATTRER A2 NI L. HEHRERIRIX
MRy S A . BRI R IA T Reid 22 ) A&, (HE AT LhEE
AR 7R AP D 2% PR R T
WERA 10 000 MEEGEUZ T R, 2 REMAEINE? BEARBATA G
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M2 I R ECE 0 1710, WIS BIPEREEEBEE] 90%.  HAE A an sk /b (i fs
FZTT R B I3 T, AR S RE RS 1S B A shiT S5 R . X AR T
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BATEBE T R B R B e sk, R 200 A1 AL, 1943 09751, i
500 NI AL, B TECK A, AT E 2515 2] T 0.9762 47. FHELT
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2.5.7  KIpLmk

[l X T T A, FRATT R S 1 24 B4 i Bt DL & 147 B Python 4R
i, G T — AR

BHAEMZ R MERECe, E M C 4RI A,
FHEG T 2738 R FEN 53 g 55 R AR 22 X 245, 3K /N1 48 IO 9% 1) 30 AL 10 T [
CIP=

ARHRE 3 BEAREAR, HERERFEN SRS, EAEIME,
THOKS I ME ML, #—Bsls, SHRkA FECR 1 R 58UZ 7 ek
AFEFREE LG, LRMAEAR NGRS, EHERKEM AT,

2.5.8 A

N1 B IEAGEYT A GitHub ERIAHD, [FIH T 7SR ER, &
AHEARSRIAAE I Z Y, T T I 20 .

# python notebook for Make Your Own Neural Network

# code for a 3-layer neural network, and code for learning the MNIST

dataset

# (c) Tarig Rashid, 2016

# license is GPLv2

import numpy

# scipy.special for the sigmoid function expit ()
import scipy.special

# library for plotting arrays

import matplotlib.pyplot

# ensure the plots are inside this notebook, not an external window
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$matplotlib inline

# neural network class definition
class neuralNetwork

# initialise the neural network
def _ init__ (self, inputnodes, hiddennodes, outputnodes,
learningrate)
# set number of nodes in each input, hidden, output layer
self.inodes = inputnodes

self.hnodes = hiddennodes

self.onodes = outputnodes

# link weight matrices, wih and who

# weights inside the arrays are w i j, where link is from
node i to node j in the next layer

# wll w2l

# wl2 w22 etc

self.wih = numpy.random.normal (0.0, pow (self.hnodes, -0.5),
(self.hnodes, self.inodes))

self.who = numpy.random.normal (0.0, pow (self.onodes, -0.5),

(self.onodes, self.hnodes))

# learning rate

self.lr = learningrate

# activation function is the sigmoid function

self.activation function = lambda x: scipy.special.expit (x)

pass

# train the neural network
def train(self, inputs list, targets_ list)
# convert inputs list to 2d array
inputs = numpy.array(inputs list, ndmin=2).T

targets = numpy.array(targets list, ndmin=2).T

FEATKIEAE)IVEIE(18011487917) €= IREERRA



# calculate signals into hidden layer
hidden inputs = numpy.dot (self.wih, inputs)
# calculate the signals emerging from hidden layer

hidden outputs = self.activation function (hidden inputs)

I AQREUOWAL IR oW

# calculate signals into final output layer
final inputs = numpy.dot (self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function (final inputs)

# output layer error is the (target - actual)

output errors = targets - final outputs

# hidden layer error is the output errors, split by weights,
recombined at hidden nodes

hidden errors = numpy.dot (self.who.T, output errors)

# update the weights for the links between the hidden and
output layers

self.who += self.lr * numpy.dot ((output errors *
final outputs * (1.0 - final outputs)),

numpy . transpose (hidden outputs))

# update the weights for the links between the input and
hidden layers

self.wih += self.lr * numpy.dot ((hidden errors *
hidden outputs * (1.0 - hidden outputs)), numpy.transpose (inputs))

pass

# query the neural network
def query(self, inputs list)
# convert inputs list to 2d array

inputs = numpy.array(inputs list, ndmin=2).T

# calculate signals into hidden layer
hidden inputs = numpy.dot (self.wih, inputs)
# calculate the signals emerging from hidden layer

hidden outputs = self.activation function (hidden inputs)
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# calculate signals into final output layer
final inputs = numpy.dot (self.who, hidden outputs)
# calculate the signals emerging from final output layer

final outputs = self.activation function(final inputs)

return final outputs
# number of input, hidden and output nodes
input nodes = 784
200
10

hidden nodes

output_nodes

# learning rate

learning rate = 0.1

# create instance of neural network
n = neuralNetwork (input nodes,hidden nodes, output nodes,

learning rate)

# load the mnist training data CSV file into a list
training data file = open("mnist dataset/mnist train.csv", 'r')
training data list = training data file.readlines ()

training data file.close ()

# train the neural network

# epochs is the number of times the training data set is used for
training

epochs = 5

for e in range (epochs) :
# go through all records in the training data set
for record in training data list:
# split the record by the ',' commas
all values = record.split(',")
# scale and shift the inputs
inputs = (numpy.asfarray(all values[1l:]) / 255.0 * 0.99) +

FEATKIEAE)IVEIE(18011487917) €= IREERRA



# create the target output values (all 0.01, except the
desired label which is 0.99)

targets = numpy.zeros (output nodes) + 0.01

# all values[0] is the target label for this record

targets[int (all values[0])] = 0.99

n.train (inputs, targets)

pass

pass

# load the mnist test data CSV file into a list

test data file = open("mnist dataset/mnist test.csv", 'r')
test data list = test data file.readlines()

test data file.close()

# test the neural network

# scorecard for how well the network performs, initially empty

scorecard = []

# go through all the records in the test data set
for record in test data list:
# split the record by the ',' commas
all values = record.split(',")
# correct answer is first value
correct label = int(all values[0])
# scale and shift the inputs
inputs = (numpy.asfarray(all values[1l:]) / 255.0 * 0.99) + 0.01
# query the network
outputs = n.query (inputs)
# the index of the highest value corresponds to the label
label = numpy.argmax (outputs)
# append correct or incorrect to list
if (label == correct label):
# network's answer matches correct answer, add 1 to
scorecard
scorecard.append (1)
else:
# network's answer doesn't match correct answer, add 0 to

FEATKIEAE)IVEIE(18011487917) €= IREERRA
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scorecard
scorecard.append (0)

pass

pass

# calculate the performance score, the fraction of correct answers
scorecard array = numpy.asarray (scorecard)
”

print ("performance = ", scorecard_array.sum() /

scorecard array.size)
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B m 25 BIX — R

Python FEF-IXFE B 73AT, & N W EHE SO X (B 46 PNG
# BEHCRRIDEE . B E T X B A

import scipy.misc

img array = scipy . misc . imread ( image file name , flatten = True )
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< | > | | Z hpsocalhost ‘e m 5
Z Jupyter
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FEPNZ AP L 2% 2 R/, Bk E & T, s Boc .
AEUREE, RGN IEE TAE. iEIRATFT 48 “part3_mnist_data_set_
with_rotations.ipynb” ] Notebook LA, XANICAFREMHATIREATESS . N
1% 7] LA 2 Notebook A4 L& ¥T HFHUES Wi LE, W NETR.

® @ R % O Foeesverpi~ [ paramnistoatase. 3 o) ]2 A

part3_mnist_data_set_with_rotations

FRIE mnist_data_set_with_rotations ipynb |e]|[m] =]

< makeyourown. x| par3mnistd.. x

ZJupyter part3_mnist_data_set_with_rotations Last checkpoint: 21 hours ago (unsaved changes) A ogout
Fle Edt  View Inset Cell Kemel Help # |Python3 O
B+ % G B 4+ ¢ W B C code v = | celToolbar

In (11: | # python notebook for Make Your Own Neural Network
# working with the MNIST data set
# this code demonstrates rotating the training inages to create more examples

4
# (c) Tariq Rashid, 2016
# License is GPLV2

In (21: import
inport matplotlib.pyplot
snatplotlib inline

In (31: | # scipy.ndinage for rotating inage arrays
import scipy.ndinage

In [4): | # open the csV file and read its contents into a list
data_file = open(“mnist_dataset/mnist_train_100.csv", 'r*)
data_list - data_file.readlines()
data_file.close()

In (5): | # which record will be use
record = 6

In (61: | # Scale input to range 0.01 to 1.00
all_values = data_list(record].split(".
scaled_input = ((nunpy.asfarray(all y Vaiust1:1) 7 255.0 % 0.99) + 0.01). reshape(28.28)

In (71: | print(numpy.min(scaled_input)) “

M “Cell” SEirizeE “Run All”, 3817 Notebook SCAFHHHIFTHTES . L
EIARIEICA N, WRIRSBITRER L, —BmEE, NMiZe] LfsE)
— T IE A

j@raspberrypi: ~

part3_mnist_data_se.

part3_mnist_data_set_with_rotations

= http mnist_data_set_with_rotations.ipynb e m| s
< makeyourown. % | C part3_mnistd.. x
:JUPY?ET part3_mnist_data_set_with_rotations Last Checkpoint: 21 hours ago (autosaved) @, Logout
Fle  Edt View inset Cell Kemel Help # |Python3 ©
B+ % & B (v N EC code v || = || cellToolbar

0.01
0.99748795356

In [11]: | # plot the +10 degree rotated variation
matplotlib.pyplot. imshow(inputs_plus10_img, cmap='Greys'. interpolation='None")

0ut[11]: <natplotlib.inage.AxesInage at Oxaee9asbo>

o
5 B
10 L
15
20
25
) 5 10 15 20 25

In [121: | # plot the +10 degree rotated variation
matplotlib.pyplot. inshon(inputs_minus10_ing, cmap='Greys'. interpolation="lione")
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XX LI A AT DUBCR) TAE, A48 SO ol , LA
T RELR B AN EUE TAEH 2% B S\ Python § R A5

WAE, ERAIM S “Close and Halt”, <[] Notebook S 44,
AN A2 B4 0 P N a3 JE T o

B.3  JIZsHliAphep e

WAE, ERATRE NG LN, $TH %N “part2 neural network
mnist_data” '] Notebook Ao XAMRAIFEFAEF A, AReATIef:
KR XFEE AR, BTN ERLE — R ICAHNESES L, Kbk
MR — S5, TR E R, XA DL R IR 2 15 5e e
TAE, MIETFIREW R, BE 2 &G A KA ok TAE.

OB BT ST E D N 10, HARAIECH WA 1. TISRER
SEEEY) MNIST IZRANMNR a4, AR eI A BN 8.
“Cell” ZEHfHT “Run All”, iHFERIEIT. RIGHES -

BT, REILAR N EILR KL 1 e, (HRMEER Zero
TR 25 PRI A IBAT FEXMET . FIERINAEIR Zero BIRA RAGZE 1A HL N 1)
K] 1/400, EAEKNE T FIFEALAHZLE E—RIITE

® G EH % O [Mrcereny - [ = o 2o

part2_neural_network_mnist_data

‘ <> ‘ ‘ Z hitpi/localhost:8888/notebooks/makeyourownneuralnetwork-master/part2_neural_network_mnist_data.ipynb | < ‘ ‘Fl H >3 ‘
Z makeyourown.. x Z part2_neural_n.
: Jupyter part2_neural_network_mnist_data Last checkpoint: a few seconds ago (autosaved) !' Logout
File Edit  View  Insert cell Kernel Help | Python 3 O
@ + 5 @ B[+ v M B Ccome v| @ || celToolbar

all_values - record.split(’.")
# correct answer is first value
correct_label = int(all_values0])
# scale and shift the inputs
inputs = (numpy.asfarray(all_values[1:]) / 255.0 * 0.99) + 0.01
# query the network
outputs - n.query(inputs)
# the index of the highest value corresponds to the label
1abel = numpy.argmax(outputs)

d t or inc

appe! ncorrect to list
if (lab rrect_label):
# rk’s answer matches correct answer, add 1 to scorecard
scorecard. append( 1)
else:
# network’s answer doesn't match correct answer, add 0 to scorecard
(((((((( d.append(0)
pass
pass

In [9]: | # calculate the performance score. the fraction of correct answers
scorecard_array = numpy.asarray(scorecard)
print ("performance = ", scorecard_array.sun() # scorecard_array.size)

performance = 0.8536
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