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RS,

XA AL Pythonfgzn FRIER M R N) ATER I i) #7720

X R R R EE ) IR A e R BRI, 0 SRR B AE Notebook I
IR, RN R RS, XA T REEERE S .

2.3.2  fil #. [\ Python

AT Python & — MR LI EHIE S, B e I EE. T
K, FEFRIEA“In[ 17 EAME R R HRA T R, JFhdies
1T. WAL HMLHAUNY ZANRIFRER AR ENES R ETES. R
RIS TR Er SIS AT AT R, A2 TE B IR, 8 A B A
FECtrl-Enter AU E: .

print("Hello World!")

PRIAZAS R —AN BN, XA ]S ATA2 T B 4T B H 45 1 “Hello
World! ”, W NN,

PRI ORI, e 52564 4 FTEVA “Hello World ! »,  FFcAT B BRSE Al
R B FITH R )5 58 IR A A A B LA 3 B R
LE SRS SR oL



: J U pyte r Untitled1 Last Checkpoint: 9 minutes ago (autosaved) P

File Edit View Insert Cell Kernel Help | Python3 O

B+ | G B v M B C | Coe 4 Cell Toolbar: = None

In [1]: 2 * 3

Oout[l]: 6

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

Hello World!

WAE, ERATWE — TN T HMIAE S KA A, XFINT —x
BER AR, TEF IO, B NIXSAID RIS T EREE B A R
¥, WaibBdiERRZEANINS . T AR N Insert Cell Below” H4%4H .

X = 10
print(x)
print(x+5)

y = X+7
print(y)

print(z)

FBATHx = 10°FEKREEFE Y, HUFHEA1x % F10. {EPython
T, XEREx R E Y10, WU, 1088 1R ux BB 1.
XARFE R, R E TR,

W Vi ...\
|
|
| 10
|

10 FRFEIX N7, BERAER . BT 2 arfd T e fs
A, R ERATTX “print(x)” WA b A 5 o IX AT DAFTEN X HOME, tomt
2107 N AREANTES AT EIH = BRx e ? X J& K N Python /& & )R AT fig
B FrRE A — VI E N, x A AR vEAL 910, BRltEPythonit 4] B HY
710, F—47“print (x+5)”Ht & THHx + SIIG R, WL &10 + 58115,
I, BATTHARE Fr &3 Bl 157,



Rz @ Python = 1B & et B — UIX A8, AT —Ii“y = x
+77, PRUAMETESR. ZIMEIFRERA], XA ERSRC Ny &
¥, HERXMERZDWR? FIARX x+7, HEiR10 + 78017, Kty REF
TAEL7, BN —ATHSAZITENH X ME

I RPN BER BB 2 x My IAE A 452, B2 44T “print(z)” X AT 45
» DREA AT TATALIMAE R D RE R, &R R A 5
, JRATREHLES BIERA IR XA . IR, REHOHENESH—
BRI S, XTI BRI EA D R, EAN—E BENS T -

MBS T EIRARSER, ARRALSH A T B AR S

HJ“name z is not defined” -

i 4>

=t 5
et J U pytEr Untitled1 Last Checkpoint: 17 minutes ago (unsaved changes) 'l:
File Edit View Insert Cell Kernel Help ! Python 3 ©
B+ (3 @ B 4+ % M B C | Code :  Cell Toolbar: None
In [l]2 |2 * 3
Out[1l]: &

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

In [4]: |x = 10

print(x)

print(x+5)

y = x+7

print(y)

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

NameError: name ‘'z’ is not defined

XEERAE V10RI17H)E . 2 uxMly &1, BATIRZ AL & .

EENLES S, RATEF EHZEAN - EEHNES, B
AR XA Y XA A 28 U — MR A Rk

2.3.3 HzfbTAE



THHEAEEF IE S 2 REEHATRUUMMAES, EIIANEZREEPAT
FANAESs, AT ASME AR, e IEEARE R iERATRE
E, BSALTENLITEN AT 10N BB 5, MWORISF 7 s, ARG 1R
L 2P TSR, WATTUAART DAL 2 F i, @10, 1. 4. 9. 16, 25%%,

WATW R L E AT, REEH—24H$84, tn“print (0)”“print
(1)”“print (4)"% . HARXW AT PR TS, (HEHRIETEV ARNMPATITHE
1155 EE%‘&E‘J%, WAV T, WA —4EHESE, FTEB MR E
AR TN S . BEMRIIX— A, BATHEERS AR, X
PUMRBEAAHIASIH AR T o

£ N — P HESF 4 i) ok R A BL RS, 2R )R Is T .

list( range(10) )

PR FRIFIER, N0RI9. FATLTFENIATIESS, IS
%, AT 2% B0 TAE, XEEARE T . HAITZEN, HEHLED
|

/

In [8]: list( range(1l0)

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

RV RR I VE, FIRZMOFI9, AR M1F10. KRBTt
FH R FHEZMNOTTIR, A ZMUTFIER) . FA S L) T HEYLSIR
e MU TIT AN MOTFAR YT, IXAMARNE 2 Ak 5] 7 . EPATTHREZ X
P HTEACRR A, QAT Fr AR e AR E A W B .

fRATRe CayE = 2], TATER 7o “print”, 4IRATHT BN iE“Hello
World! ’ HT R TR, (Hig, 1EHE2 * 30, AR
Y. BT PythonFIERAN 1A BE B K HIBS ISR, I HERATUAL
B 1977 X5 Python—#2 TAER, S<HEY“print’ IET@E[’]

ETHENL B B S ) — PR L 7 AR RO IE IR AR RS 25
Mo TERHRSLZA TR E AR T —FEN S, S —FFEEE AT bk EE
1To TAIAS L PEIA, 1 22T R RIEA . 7E— D F oo H
HINFFIEAT RIS,

|for n in range(10): |



print(n)
pass
print("done")

XEAT =FER S, ARRANDREE — T 5B —47/2 “range(10)”, 'E !
7 ORIE T AL, IEAnEATI S HT i W A HBAE

“for nin” G % | —MEN, EXMFH, EXTETIRA BT
FAl 7 — e, A Er M ER TR EkR R AR AR
=, XHUGREE - MER K ORIESn, A5 En=1. n=2, HIF|E
1) 5% J5 —Win=9.

I — AT “print(n)” A& ] L HAT EIn A . FRATTTRBAEFT ER R P I
7. (HAZ&, fE“print(n)” 2|, MNyEE4ai#t. /EPython, 4t H 2
IR R s SR HARTE S R E T, kg R EE, fEXA
B, XEUE H“for nin... QI FIEM . “pass”fR S An EEHA A,
TATEL R B E R B48 1, AHERESRR—E9 T . XEWRE “done” A BE
FTEI—R, MAREL10K. FEERH THiH, X IEIRATH A ABAE o

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

In [12]): for n in range(10):
i n

gGAvoeoounewnEo T
g B

WAE, FAINIZRIERE, @BILITE“n*n”, W] LATERHE A1 7. &
s b, BATTAT BAFT BN H 1“The square of 3 is 97X AR A IE, (H15HHE EH
. THPAREER T HRATES N EEPATIFT R S 0 7 — &
B, WBEE, MEsl SRR S EHMTIMEN TR,

for n in range(10):
print("The square of", n, "is", n*n)
pass

print("done")

HEERW PR



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

XOEM MR AR TArENLRE S, R — AR E R
AP HAT RE R TAE. AT AR 5 {8 Frange(50), H2 Uk
Q%%,ﬂUﬁ%mm(w%),ﬁﬁ%%ﬁ%ﬁ?%@@ﬁo%ﬂu%
T — H!

2.3.4 VTR

FEBRAA 41 5 2 B 5 K 1Y) Pythonin 2 2 7, JeREH LU T F B AR
f

# the following prints out the cube of 2
print(2**3)

AT LRI A 7T 5 # o PythonKt S F I 75 75 54T L 14T -

REEA A AL, BATRLMERIX AT, 5 R R A
TERE, AR ARSI AR TR M, A DUR A TR [BIRE AR R
fi, XA TRARAG H Bl

SRS BEATVERE, 4R 1) 5 T e AR 6 2 A% B AS R B B AR RS R4 TV R
MBI, kR extib AR .. R4 2 oREEE E SRR, &2
WHEMCOYE, REEAMEE..



2.3.5 BRI

ZHE, AP IES, WAL TR N AR A R BATR R
B, B2, SR, ARsR it X RS A%
5%, AL .

WZISEHIES, WPythonfE N, #RREAFSGIE n] 5 K THHEAL
TR E . REARAL  WRIRAES 206 Wi € SOXLE R AL, X
Son] 5 A HACEY F BOs BEOZAZAE, JF H S VRIRS tH e . SEAUHERIAR
e N ABOE RIS BEAFe ? 31X 78 N vl id ek B2 R 2 0 ek £, tE
Z K5 RO Py ARG 2 1R 2

FATUL AW B ) SO AT AR B ? AR, IX AN A B R e X
PRECHUIA ARG A, F R AL i dar tH AR 28 . — S8R B2 80y
TR, ARASBESE A H 5 B2 R B 3R] 25 I 28 pR B

[FIRE, UAER T ek R T S AR, S I i R I — AT B
R, A R B S A F S . BN BL MU IREAT

# 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

PATRIR G — X B S5 . PythonZ0& | DL # =L ET
1T, XRBINBEMER. F—17def avg( x,y )’ J/fPython, FA1EE X —
ANF A E A R X R T def B, “avg”lX — IR AA BRI EL
K147, BEARFATT AFR R H N “banana (F#E) B “pluto (EEE) 7,
HR AR EE, 7] DIRBERA TR Z b L 15, XEAS
H, F£HF5HH (x, y) X0, & iFPythoniX N EREH AN\ Z 4L,
XA AT S5 TH I BREUE LN EBRR Ax Ay

— BB RHLE S T REEA LRI 2 A A KA R, {HEPython A
EORIRIZFE,  Python A SAE /R BT ST, Hlamke 575 A/ s
i I B AR AL R AR I, AL 3h A R4 .



WAE, ATCLIEA T Python, @ L— A%, FRATTE EMISL & 1F
B, ENRBUEMAT 2 FER . R e AR E g, W b AR B
e —ESESMH KBRS, PRI TE S 2R T — AN e —
B4y, SR, PythonfixitEINA, mEFETSib NIRIESEEL, XHELL——
XN, g HA5 7 ARFR T 45 MWk 18] AR 4595 T n] I, RS LR ML .
T MNMRME A v iX e g ik, PRI A 70 B L, (H R 3R E VR F i g ix A
FE! EFHNAS AN IRPTTEN SR AT, X2 E R — DN ER
ANEAEEE ! HTavg (x, y) BREEH FTRANCEHAMAE, FIEm
EX%E%%@%O%W%E4%ﬁW,ﬁ%ﬂ@ﬁ%ﬁ%@%%*4ﬂ
5 To

EIRFT BN Y IR L85 0 SR I EAN 2 L T5 1Y, (HEIRNTIXFEM, &N
TibEmEEEEERBAN SR ERNEE. P —O0tE (x+y) /2.0, HH
EIRES 2 Nalt A . [FIRE, FRATHXRITENH-FIME, #Bhsesd B g i
THAER. 5 —2%EA) & “return a”, X&KL E, 45 FPythonkg
ﬁﬁﬁﬁ%ﬁéyﬁ@ﬁmZWﬁ%%mﬁ

AEA VAT X BAGI, EUF B PATEM FHE . B0 AT
o RRFRNEAT A E ST R, AR SEhRR ARSI
5&, PythonC&idsk VXA, JFbiX AR mids, LR 18 %
REB =SSk VU N R EIAE R

FERE N R BATORE i N “avg (2,4) "I FIX D RE, Tl 240
4o EH—F), TETHENmFEHE S, FRATFRZ A K% (calling a
function) o FATAFRIFIHE RS, R FT B H AR S BP9 AN A B AN
HERTFHME. B TESERPython2ifH R 7TiXAN R %, HIkLSE
FIXA KBS R . THRR 7 REUE LA Plavg (2,4) AECKIE
avg (200,301) i s £ TS B 145

TR A B SR AE, 18170, 347525



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(Z2,4)

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 B =3, THE - E I B B AHD FH PN A B AT DA
2.0, MIARE2. XA NHAWE? B, IXZEFRA R IIPython ¥ —MF A,
IRAE 2, T Pythoni\ N2 9%, RIS 2l 4 R 1m) i B B s il
%, X Tavg(2,4), HT6R% T3, &— B, XA . HENT
avg(200,301), “FHE N501/2, 5TF250.5, X<=[a] NEEN250. FIANIX
—UIHARE B R, (HRWEIRPIS AR B2 IEF AT, XERIRE
F—. FRLA2.0% JrPython, FATIREFFEH BA /NG ET, AR
LR P AT E LS A

ERAIOPE e X T — Al ER AR, TR A s
BT SRR, XA BT RORKIITRL .

BNV R, A AT E R B, S Al EA
%%ﬁ5H%%ﬁ%@ﬁ,ﬁﬁﬁmﬁﬂu%ﬁﬁﬁﬁ,ﬁ%ﬁﬁé@

2.3.6 H

BN R BERR, e IR TR B R —F, ARAT LIRS
T HUMANHORTE R R E R ot I RIRREER 1 3RA%, IR ARRNIZAIE,
FAE BB CSIX A 7 2R FE A HL T, X LLH o E AT DU i 5,



nC3 + D7,

BNV E g A LRI, R B R R S 5. DU A
BHHRE. I HA R, AR f 2% IS 5 T B e R ZE A AL
P 2% T S A RN, FAT BRI R X 5 5 MRz Bk, ik
FAT— RGBT AL MU IFE1T e,

= Untitled spreadsheet [
File Edit View Inset Format Data Tools Add-ons Help Allchan

& ~ P £ % .0_ 00123 Arial - 00 - B .
A B Cc D E
1 this is cell A1 this is cell B1
2 thisis cell A
3 this is cell B3 1.342
4
5 this is cell C5
6
7 2.323
8
9

import numpy

XK A M A We ? importay 27 FPython, M A HL 75 £ B~
T, EEMXBHERNGN I, GhME, XEHAY T HZPythonH
B —&45r, (HEXE TR RESMEMRKFMAH . N T RFFPython ¥
fa, HAVREfFH—Sg4h ) T EE, Python A #H7 IX LAY T H. 18
W, IXEEEAN T E A ZPython A% 0o 43, T A H At A G2, 1EN
HHBIMmIaE ok KEMEH . X B, A5 784h0—4H T H, X
HTEWF A Nnumpy . numpydEH 2 X0l, XA S | —LH8fF
T HE () PR Ad R X e T B 475 g

TR PRI BT, B A LMD

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

XA AE H S A B numpy bk, QI 133 I2AEAL, IF HR




BT HIMEER B ON0, AT ARG T4 NalZ . Ra, AT
igéﬁﬁ?um%ﬁﬁﬁﬁ,ﬁ%ﬁﬁﬁ%%—%%ﬂﬂ%%%,E¢%
FICHB N0

In [2]: import numpy
In [3]: a = numpy.zeros( [3,2] )
print(a)
[[ 0. 0.]
[ 0. 0.]
[ 0. 0.]]

BUE, AERNVESEA RN, R — L0 E SOy AR . R IIAIAC
R 1 AT F e s e Fon, (EADEHEDRE B IHE . XalBR e e 13
A% HCJ 5 A% BT A P ) X A% —

a[0,0] = 1
a[0,1] = 2
a[1,0] = 9
a[2,1] = 12
print(a)

B ATARER AT M SR BT E BTN, TR AT Z o2t 4
1, WP 1 HATAS RRt AT 7RI EH, JF HJa—
freprint(a)”, FTEIH THRA4ER . FEIER 180G AT .

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[2,1] = 12
print(a

[r 1. 2.]
[ 9. 0.]
[ 0. 12.1]

DAL, BRARFRATTERME 1 anfe) i BB PR oA R, IR AT e /R 4T BN



BAHH ] DLAETRE T I EE ? FATCAEXIAR 1o T LA
A I ZRA L, W0[1,2]8002,1], RIEEIXEEHTOH, BATAI LT EI H X 2L
FITRE N, Bk IR KAt AR & . A4S 7 2 XA

print(a[0,1])
v = a[1,0]
print(v)

Mgt el AR R, 55— 25 ST EMR 2 A2l 7 2.080MH,  IX 2 E HL U
[0, . "~ FEFITTK[L,0IN ERUIRS: 1A Ry, FEFITHEIH X
M E, FAEE] T HIR9.0.

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

2.0
9.0

FIRIAT B 905 MOFFEB T AN & MIFF AR R . A LA B TS /2 [0,00 48 &
[1,1]. XWERESL T HEITHER, 1A Z3,2]. LTI, EiHENL
HA L, BFZ2HEEMNOITFEMARMIITLE, FHXENSERIE. R
BATRE G H3,2], £E3— M RENEE, SRR ER B IoH I+
A0, WRBANES 7T, SA2MEMIRENE S . 1ERATZR 05
AFAEM0,2], BERRKSHEMN AHIRHE R

In [6]: # trying to look up an array element that doesn't exist
af0,2
IndexError Traceback (most recent call last)

<ipython-input-6-489d1c44975f> 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

FE RS 5 BB WX 28 S [ AR FR R, FR BT K&, il
MEHBE RS, FATR LTS, DI R PR E A . A1
B, RATRCAKER 7iX—ri.

2.3.7 2l #H



HUR R 7 RA% B AR, BIAEIRIRF A i 5 R T )
B, MAEARUEMRARER . rTOACEEZHAT B T3 TR SR A 2 1
R o 2 YRR R R OGSO e ATy 4B T, AR PR
ZH T B TS B B TAR AT R . R ] DA URTRE B oo R B A 2L
(ERESISE LNV

PRa] L] B e AR PR [, R A R o R B, B R L
R BHER Bk ERE, RARHbR — DI o AR IR B

BB 2 Se Rl A A /NN 3x 2404 o

TR 2 AT, FRATREEY R Python I RE J, AT DAL B .
AT I 5 N AR 2R S A 1 Py thon R AD KA BIX — £ o /RTT LUK
FPAT NSO MR A AR B, BUEH CHRE, ZIFRRKHRE T
WHMAINE, FILLRTHIEL, PREEHEREZRISER 1.

ARG S T BAT AT S N B2 D e

import matplotlib.pyplot

“matplotlib.pyplot”/& A I FH T “ B 4 7. IRAT BB H1 K
{LL“import a module” B¢ “import a library” I X FE ) FEIE . XERTFEHESFA
[R5 HPython RS 4 7 o AR ARERANAE F Python, I REZELH S LIS
KThRE, @I E M ATE & EE AR, 40 TARRGE S —%. fR&E
20 LH CalEE RS, S5

A M HEVERE, {EIPythonH, ZE'XEF{ENotebook i EE, A
ﬁ@@ﬁ@ﬁ%%%@m¢%ﬁ@%oﬁﬁﬁﬁ?ﬁ4%%%%@yWT
7N

%matplotlib inline

BIAE, AT LA 1. A LD MU IFHELT

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

Al 2 B R 954 7&imshow(), 5 — DS HRBATE 20 154



B¢ J5 — Dil“interpolation” & &5 fPython, ANEN [ ik% & K I~
W TRA B, X2PythonoN | HEHIRA T AT HIERE W E .. iERATKRE
it

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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15

20

25
-05 00 05 10 15

FEKKER 1 BRI — @ B B R 1 3<% 4l /RAT L
&3, BAMEMEREA R CH O fE, JATR AR
imshow() 45 % K AT ALAL FRAT 145328 21 e 228 ) 2% v B AN B 2H A

IPython A7 5 B M A, F& KT EIE 0 T A . IR ZAF4IER
FIXLT R, B2l Reme i), Baaf Ui e T HRAEE O
%ﬁog%%Mﬁw@%émﬁﬁﬁ%%Eﬁﬁ@%%%,%m,ﬁﬁﬁ
[7 A A

2.3.8 X%

FATH K2 — A PythonF B4R, BIxt%. HTEIMRE X H—
W, HAT A2 IR S, B SRR Tl ER . (22, LS
PIRRE, SR LM EEE 2S£,

AN R, SR RRTA R MEENIRIN, AR —KHE
MRS . WEBATEE TS,

# class for a dog object
class



Dog:

# dogs can bark()
def

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

pass

RN ABNEH UG RATCLE R, EREBNE— DR H A
bark()o WIRBATHAHRXAN KL, MBS ZE DX ANNE, BIFER# LT
1T “woof! 7. XIEFZNE!

BUAE, EBAPREBREZNAERRBUE L. 1RA] BLE 2508 7 class.
A7 “Dog” M — MR KRB R BAI LN . X5 KA E SCHREL g —4
%?OT;IEIZ%E?, PR I S B 5 “def” oK g 3C,  TTTIX B ] “class™>k
5E S R

TER A Welass (32) S5XF &AM XA 287, ibIRANTHF—IXKER L&
LS T R AR, R e g2 i) AR B AR TR

sizzles = Dog()
sizzles.bark()

] LAE 256 — AT A T — % Asizzles I &, XML EF LK
KH—MUEMEAER R E R . F32 E, Dog()se — MR EREL, XA
A T AT X HDogdEH)— AN SEH . BUE KRB F tfa] NS & X alz
H S o FRATTRRIXLL S 0T Gt e FRATTMDogZR 11 2 X H B # | 44 Hsizzles
FIX %, B PLUCHIXA ST RO —2601 (dog) o

N —AT AR fEsizzles Xt % F i T barkO %, HTHATH A4 &R
B, BT FFAREAE . F RA KA AZ T K bark(), B4 2
sizzleshf R —#B 5. X A2 A FTA A& HDog X R AR bark() & %L -
Al AIFEDogZR 13 X H & 2TX A R HL

L FRATIAS FH ] B AR TE SR R AR T A4 . FRATTRN A T — Ry fi
sizzlesf) %] (Dog) . sizzlesie— X%, MM (Dog) KL R AN,
X R RS 6



TEER T ERANTES P g, WuEsk | sizzles.bark()ffi SE

Efﬂ“VVCN)f! »

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 !

PRATBE L I T BREUE Xbark (self) Hrirj“self”. XLFEIREFEE,
XTI R RIRZ . BRI E X Python, {H 23 I A\ NPython/2 78 %
o “self”Z T A IRAEIR B, 42y 1 24Python @ @ s %, Pythonfeks R
R T IEFRIN R o (HR2IRDANWEZERZ: H T bark()&7ERE LN,
IRl e Py thon W i FTE IX AN B BGEZ 2] TR, X2 2 WL .

EEATIRE B P F R R . AF A% K A .

sizzles = Dog()
mutley = Dog()

sizzles.bark()
mutley.bark()

BATIRBUY, BESREMN A

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

sizzles.bark()
mutley.bark()

woof!
woof!

2 5o ] (O



HA®! BAVEIE T 4 Hsizzlesfimutley FI AN R ZEINE], HIE
) — RUE X A RAR B H Dog (OIS SE o IXERRIRA 1! FATTRE X
T DogIEZR LA EATIAT A, IR ERATIEIEE 1 H A s pi.

X RN R A X, SRR E X, MR 2 HTE LA H L SE

Bl KA RIEARRC T, X R AT MOl — k. MBI
Zii s MSSHIECTT S anfar e x4

: DogZk

—————

N

Dogh| % Dogi| %5

XL SR B BAT A A AR FIE? AT A ZLX A RAIE 7 AN 22
P S RIACRY, BT B H ] “woof !, S AN & B fij 1. |

W, ARG BIPAT X LS SR AL s AR A B AH R AR, gl I
RrZAMARA T . ZMIREER R T RMEIESE X R A L. H
e, HIERIFAIRE TXROEA 1 RFFHEARE N B R E. XA
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# 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
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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

PR LRI, W Dog*) Hlassiestatus() B £ nJ LT B[ H 4 1) 44 - A0
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lassie.setTemperature (40)
lassie.status()
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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
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# 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
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# 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

# learning rate

self . 1r = learningrate
pass

TEBRAVE T E LMk, SROBEFEIDT A, FAXRRN
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# number of input, hidden and output nodes
input_nodes = 3

hidden_nodes
output_nodes

3
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)
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In [1]: # 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 = hiddenncdes
self.onedes = outputnodes

# learning rate
self.lr = learningrate
pass

# train the neural network
def train():
pass

# gquery the neural network
def query():
pass

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 [ ]z
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numpy. random. rand( rows
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In [l]: import numpy

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

out[3]: array([[ 0.8133122 , 0.49193566,

[ 0.75997346, 0.15676617,
[ 0.03287221, 0.01884548,

0.147904961,
0.27449845],
0.17282894]])
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In [5]: numpy.random.rand(3, 3) - 0.5

Out[5]: array([[ 0.143827 , -0.13728512,
[-0.41129188,

[ 0.3188901

0.24625022],
0.24551424, -0.43500754],

, 0.06173198, 0.1840613711)
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# 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 w21

# 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)
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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)

)
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hidden_inputs = numpy.dot(self.wih, inputs)
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# scipy.special for the sigmoid function expit()
import scipy.special
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# activation function is the sigmoid function
self.activation_function = lambda

X: scipy.special.expit(x)
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# calculate the signals emerging from hidden layer
hidden_outputs = self.activation_function(hidden_inputs)
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# 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)
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# 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 w21

# 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.1lr = 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
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import numpy

# scipy.special for the sigmoid function expit()
import scipy.special
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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([1l.0, 0.5, -1.5])
Out[4]: array([[ 0.45122712],

[ 0.44630336],
[ 0.49183299]1])

PRAT DA I, WS40 5 O R S T T 2 5T, B BIAEE
MR T2 . I K072 U — ML B it (), XA
SRR B NI, WA E 2SI, Python{UiDH A & K IhiE
EE SRS T Y

N2 —BIR, Pythonil SRR ST TN M2y 5]

Ko HTEBANMGMEE, X5 BA LR, EREATERRE %
ARS8

2.4.7 YNZRM 2%

AR DX R 28 I ERAE ST . ZRAE ST 70 00
o Wk, FXEEERINGFEAT R T . X5 A TNINIZEquery () &



BB A X A o
o Ay, RIHHEARA ML SRR X, 2 E RS T M4
PENNEE IR

BATC A TR T 2B — 807, AL, SEdtXEs 5 Hik:

# 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
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def train

(self, inputs_list, targets_list)
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targets = numpy.array(targets_list, ndmin=2).T
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# error is the (target - actual)
output_errors = targets - final_outputs
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# hidden layer error is the output_errors, split by weights,
recombined at hidden nodes
hidden_errors = numpy.dot(self.who.T, output_errors)
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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)

)
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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)

)

# 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)

)
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e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
blob/master/part2_neural_network.ipynb

# neural network class definition
class neuralNetwork :

# initialise the neural network
def _ _init__ (self, inputnodes, hiddennodes, outputnodes,



https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/blob/master/part2_neural_network.ipynb

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 w21

# 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.1lr = 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)

# 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)

return final_outputs
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iles
y mnist_test.csv 4 Dec 2013, 01:19 18.3 MB Plain Text
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data_file

= open("mnist_dataset/mnist_train_100.csv", 'r')
data_list

= data_file

.readlines()
data_file

.close()
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In [B): 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): '5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
¢,0,0,90,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,18,18,18,126,136,175,26,166,255,247,127,0,
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,
%0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,139,253,19%0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,11
,190,253,70,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,35,241,225,160,108,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,81,240,253,253,119,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,45,186,253,253,150,27,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,16,93,252,253,187,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2
0

0 o
0,0,0
0,0,0,0 252,253,187 9,253,249,64,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,46,130,183,
5 0,0,0,0
0,0,0
3

7

4
0,183,253,253,207,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,39,148,229,253,
253,253,250,182,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,24,114,221,253,253,253,253,201,78,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
+0,23,66,213,253,253,253,253,198,81,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,18,171,219,253,253,253,253,195,80,9,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,55,172,226,253,253,253,253,244,133,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,136,253,253,253,212,13
5,132,16,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0\n"’

A LLE R, FERKKE 100 . Pythonflen() A # & R ERAIFI R AT K

/N

B 0] DUE B3 —4%id kdata_list [0 N . B — DT 25", XaEhr
%, FHHERM784NMF M E GG EEIEE . WRIRITF4nmEE, 1]
DL B3 e B €6 AR LT A1 T 01255 2 [H]

fRe] ey R A HLbid s, BRAELbICRT 2 G HERXHEN. R
KRB, BUOAERASETE E 102255 TEH Y .«

S, BAIHSEE B T A0 { Fimshow() bR £ 22 U%ﬁl?%ﬁﬁ%&fﬂ s
XH, FATEMHFE AR, B EOR AL IZ 500 b RS AR 5
PR EER AL, EERXAHbr, FEET NP ER:

. Jj]EE B, KMSXATFRERME, FRoseaME, £EShdtirs
£

o ZMEHE—NME, X, HEIRMI28 x 28 = 784/ ME F 11 7 284128
1T

o 2l B !

I, %iﬁi‘iﬁﬂBlTMfL/I\E%E‘Jfﬁ%Pythonﬁﬁ% SRIE RS,
e Ja VRN AR RE FIT R L B SR, X R AT B 52 20 T 3

B, —REAEIEIL T APythond ™ &, IXH5AG BT HAME A 4L A
LAz A
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import matplotlib.pyplot
%matplotlib inline
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Kot

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’)
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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>
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In [37): all_values = data_list[1].split(',")
image array = numpy.asfarray(all_wvalues[l:]).reshape((28,28))
matplotlib.pyplot.imshow(image array, cmap='Greys', interpoclation='None')

Out[37]: <matplotlib.image.AxesImage at 0x108bc3160>
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scaled_input = (numpy.asfarray(all_values[1:]) / 255.0 * 0.99) + 0.01
print(scaled_input)
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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
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output label example “5” example “0” example <97

@ 0 0.00 0.95 0.02
O | 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
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He b, BAMELHA T, RELEME N4 RO M, XT3
TR B AT RN, X FECORPIACEAMIANMZS, K175 2 T i
FOAX LR FRATTEHE B 0.0 F10.99K B 011, IXFERRZE N5 ) H 5
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#output nodes is 10 (example)

onodes = 10

targets = numpy.zeros(onodes) + 0.01
targets[int(all_values[0])] = 0.99
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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]
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e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
blob/master/ part2_neural_network_mnist_data.ipynb
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e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
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) Tariq 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
%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 w21

# 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.1lr = learningrate



https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/blob/master/%20part2_neural_network_mnist_data.ipynb
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# 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)

# 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)

return final_outputs

# number of input, hidden and output nodes
input_nodes = 784

hidden_nodes = 100

output_nodes = 10
# 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
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# 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()
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In [27]:

In [39]:

In [40]:

Out[40]:

# 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()

# get the first test record

all values = test data list[0].split(',')
# print the label

print(all_values[0])

7
image_array = numpy.asfarray(all_wvalues[l:]).reshape((28,28))
matplotlib.pyplot.imshow(image array, cmap='Greys', interpolation='None')

<matplotlib.image.hAxesImage at 0x1090d4£d0>

In [41]: n.query((numpy.asfarray(all_values[l:]) / 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 ],
[ 0.08000447],
[ 0.05209131]])
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# 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
pass
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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)

(i, 0, 1, 1, 1, 1, 1, 0, 0, 0]
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# 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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In [49]: print(scorecard)

[, 0, 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
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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
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# 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




fil FI2AN AR 22 R 28 T A3 2 PR RERS 7 90,9579, EE A 1AMEEARH)
A2 X 254 Bl St o

AUR R B A o) R, AR R LA AN R R EARREAT sE 30 IR 22 1A
LAURT AR B8 R . L S VR 3RATT, P 2R, s B P AE i
oo ANAIRERTERE], KZHINGRSEhr Bl A K, Xl T Mgl
FEMEIIZRE R, DR 28 7R S AT I B fog Bl R DAV . MY
re ek, ERMRARPLEAT T, IR A e HEE R .

KAERIFEEI R PIR:

PEAES AT

3R MR 0 45 FMNISTH
0.964

0962 AN
sl A M N

0.958 / \\

0.956 // \

0.954
0.952
0.95
0.948 T T T T
0 5 10 15 20
fEACEH

ZE R A ATV A RASE 7 MEACUN, H— A HE S £
ZJa, VERER MR, XARERMEEMAIRCR . YEREAE6 MRS
B, XAlgeRia Tt 1R, SRS TR R T A
R ME T . FL b, BT R AEE ST 2O, Toik
ANEEHLERERISZ M, BT BB R A S A . X2 Nt
ARE TN IRIXA TN AL, XY T IREEEAT, g i > il e
Hiz O YL R, ARHE TAREAR, A nHE TR SR,

HAA R R NS, EBOREE AR R, AR e el Bl
w1 e ARERIXANSRES, K ) B A0.20 N EN0.1, BE SR AT

TE7NHARHIB T, 161E M 68 51150.96285796.28%
FHEER TSR NOIEN T, 52T S —iE B & s



Do
el S HER

3EMpLE L% SMNIST R R
0.975

0.97

0.965
% 09 —
: #/ ‘maﬁﬁﬁaﬂiu
0.955 g

v

0.95

0.945

0 5 10 15 20
LRV /E!

A LAVER], R Z AR T, NS 2 R SE e e 15 21 5 4 i) 14
Ao 0.9689HIEMH KNk Ze B #13%, 1X 1] LL5Yann LeCun® i I 4
WX 2 AR EAH AR SR T o

EAE, I RARITHEAE AR ] (2D SRR N, T
2ARA PR SER ITBE R K (22150, IF HAEEAR B n] DR R B 45 1
PR, XRAEME. S, XN TMNISTH: LS, FRATHIFE M 2% (1
B RAEEKRES A EHIGOCE, AT — M AR 2 1 T 20k
BEAT S . BEAERA . BHAMSRIE — &L §UR U B2 S R AR &
AT 22 RS, R TERR I T B R A BEALIE RIS

2.5.6 AT LS TR

PABEBA Z ol B 2 AR, VR B R i fh 3.
IERATAE AL [a] (Sl = T R U H - —ELROR, BATR eI E N
100!

ERE AN RIS H BRSO T R AT skie 2 j, AEERANTE A — T,
IR AT BE X R A AT BRis)= e KA SRR 2. 15D
£, AT RHAGEIINRAGES, w7 A A SN MERESR, 2
Sz (RTBLZJR) BT, RN E SR RRF I RKAERNY



e FsL b, GO T AT IE R BERAUE BAT A > fE

IR R W R, B3y, AR LR S, XAATRER 2%
2 T LR R 2 2 SRR, R BT A s N O IERf A e i o X iR 225
JERERBI0N N ARAFTRERE IR A 2 NFEREL . THEHIRFA SFRZ P R i
N FEE. BRI R IA T REEE I wE, (H2n] DLEE 2R 2 40
B 28 TR R I 7%

IR 10 000 =1 i, SR ATGOLNE? BIRBATA 2w
PR, HREBT HATA RS MR kR, D n] aexE LLIZRM
7% o XV EAE H 10 000/ TH AR I ZRXAFE ) N 45

ERATIEAT — L0, BHE SR A

Pl 5 B 1
3JZ AR 4 5 MNIS TR

e 'y
v v

0.95

09

0.85

0.8

PEAE

0.75

0.7

0.65

0.6

0 100 200 300 400 500 600
Reusdt )= 15 s 9 B H

TUESR, WERZERZET A, BT aEmD, BACRAE
REE, KRBMNAUAKLER. HE, RAASMEEURTT R, H
PERERS 70wt i) LLIE$I0.7001, %1 K4 7 antb w210, 45 E
70%H LR, KON T .

HiICE, A5k, BRFEATHZ1000FEEUZ T M. R 10N 5=
TR PSR 1 0.8998 K HEMTE, IXFEFFILAME . HRAEHHATHY 2
R 8 H 591710, TR RERBERI90%. A 48 A dnakt /b (1 Bt =
TREEA P, M2 RETS S BN aF A5 R . X WAUEW] 1 APee i
KT IE . X AR S



B BN SR T R, S RA PTGE, (HRARE m%wm
—NERRZ T RERE BN T BHT A )2 R 5%%“%%& X
ISNSER IV RS E A7 g I%W%H%%%Mﬁ@&ﬁ%“MT'I
Bb, AZRAE AT B AT I TR) A R R EH BB 1 R

ST RITHREAN S, AT /2200015 /o IRITTHEHL AT BE AN
BAR B T B o

WANLAE VBTt sk, 20019 &, £4900.9751. f# A
500/ AL, AT HIETE], RATHI LN 44453 170.97627 . AHELT
Yann LeCunff) WG EAH B e, XA YA RS T .

sk, BHERURHIE, LUK, @i A MR, Jeri)
95% 1) HER BEIX A FLmAS R IR PR 2 TA T

2.5.7 KRIE Rk

[ B TR TAE, JATR H Se i/ 4a 1 fal 5Lt & LA f] 51K Py thon X,
i, B 7R i

BATAEATZ RACH . a8, MM 2 D2 RIS UL H AR,
ﬁ%?%ﬁﬂﬁ%kﬁ%%%%ﬁﬁm%,ﬁﬁﬁ%m%%%%&%ﬂ%
A R

AP35 AT S, B IRIE R IR LKL AR, 1l AR,

fEH OS5 MR, B R, Sl A FEECE R ER)E T Rk
AFEIFFEE L], AR RBE R, BESKEA AR

2.5.8 FHAACHY

N T B IEANGE VS IR GitHub_E A, R H TSR, 34T
AR RIASAEBE A, R Tl d AR

# python notebook for Make Your Own Neural Network

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

# (c) Tariq 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
%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 w21

# 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.1lr = 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)

# 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)

return final_outputs
# number of input, hidden and output nodes
input_nodes = 784

200

hidden_nodes

10

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",

training_data_list training_data_file.readlines()
training_data_file.close()

# train the neural network

Irl)

# 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[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

# 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[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)
# 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

pass

# calculate the performance score, the fraction of correct answers

scorecard_array = numpy.asarray(scorecard)
print ("performance = ", scorecard_array.sum() /
scorecard_array.size)




TH3E BRI

4

“CEET R, ”

fEA S, el — SR — R AT IR, . I TR T A
HRLAIE OBEAR R, S DA B A 3, 0 R A 1 R L 0 — ) Py
7

K A BREONE T, BT SNt — L, ERIAIVIR
S Tl BT SORMAREIX SEARTL



3.1 HOWFEHT

ERARAF, RAT—EAHKBMNISTEIRE ST B . 4 A
& B 2L le ?

TEIXANSEIG R, FATK A H B S ED NN E . ATHE 2=
ﬁ%ffﬁm%gm%,ﬁ%%%ﬁﬂﬂ%@ﬁ,%m%W%m%mmﬁ
Be 1 und

PR DA FH A ART 55 X 1) A G i s e R AR B B o AN FH )
5t [fJPhotoshop, GIMP# % 2% JFE I B AT, i& H T-Windows. MacHl
Linux®§ #%t. HLE2rUH— S BHBFE5ELL L, JFHERTIL. ML
A& &R AR, BT E5EFARRE &R ME— R ZEREE A VIR
B (REETKE) , I HRERANPNGIE . 7E 5 T EIER i 4%
Wi, RS sk T 1 5 BRI A “File — Save As” B4 “File — Export” .

MRS ER — L

HrswieEL. B4t HmENAE LS wESH . M3k
FBILHFA BV BB B2 Gk aiei s vk, ERHAT 1
R AL EL . B7 647 BHUNEI IR T, B EAK T RIEIR .. HdE— ik
Fr SRR R MF, ERIIN TR, ORE R BATR S A LA 22 ]
25 I LARRERL

HIRIXARAT R, (HAXEAS TR NRKRNEE 215 F



Ja, HAETMKIRREVSAS B RIF K%, AN IRIRR N . KRERE, il
2o MR EATTPT A BRI FI R o A E T LARBESA R |, e, RS T
PERRUEE R | —EWE, A O] IR L. XFN S0k

A, WREARBEHAAEE, ezl a] ERISH =4 X2
; PR SRR TIRE, XAt BATAy B2 H B P v W b s 48 () 33 AT Uk ) RE

PATTH EQ BB/ NIPNGHE F, e 228 1ME =T L2815
7, XFERLRT PLULEC % 28 A i ok B MINISTE R £ - Ao Rm] PLBE
G I A IX — R

Python %2 # 0 Bl 1 AT, © & WA EHE SO U (R FEPNGH
2O RS EEE . BH N X B ) AU .

import scipy.misc

img_array = scipy . misc . imread
( image_file_name
, Flatten = True

)

img_data = 255.0 - img_array . reshape( 784 )
img_data = (img_data / 255.0 * 0.99 ) + 0.01

scipy.misc.imread() & £ 5 B ERAT T EME SO, WIPNGEJIPG A H,
B s . 2 Ascipy.misc e R A HIX AN R E. 2 40“flatten=True” 4 ]
AR TR BT S, WREG A, AR R A T
T RIKE

T AT EIEEH, K I\ 28x28 11 7 B AR AR K 1 — R 4L
H, RPN FEGERE MM XSG . SEAT, BAN102 2 KT
IERAE 1o (B2, IXHECBOR N — 2R B MR 1255.00 IXFRT
RS, EMINE, 0fRi2 R M, 255882 Hf, B2, MNISTHE
FAE M T SRR, IR ASRHE S R Rk UL ACMINIS T .

wa —ATRIEERIBAZN, EBBEEEITHER, FEEfmia
Bl A% 1%0.013)1.0. /N PNG A7~ IS 7] PAZE GitHub L 3K 21



e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
blob/master/part3_load_own_images.ipynb

P EANRIEA AL 2%, X2 i 24 FTMINIS Tl 2584k 5
BEATIIZR, AR5, AEFIMNISTI AR R4 EAT I, e e B el
e 1) PR et oxe ) 28 34700k

{EGitHub I, WJIEE 8RR 0T

e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
blob/master/part3_neural_network_mnist_and_own_data.ipynb

AR TS ? ZR KT 1. LSS E SRR EGRE
WIS R

[l 7.02555500e-04] [l 1-54007772e-01] I
I 6.606028658-03] | 2 _629722608-03) [ 564110874 nz;
| 3.60881789e-01] | 6.91873673e-04] I 6.150848500-02]

[ 5.020447278-03) | 9.73060217e-01) [ 6.30824730e-04]
[ 6.51005775e-03) | 1.02681001e-03) [ 7.74401513e-01)
I 1 34410624m=03] [ 2.83167145e-02) [ 5.759760580-03)
[ 1.78961544=-05] [ 5.18050641e-03] [ 3.665915038-02)
i 3 201823260-02) | 3.32821011e-03) 1 8.924399796-03)
[ i:anstindinss) [ LAmsdien) ¢ 3.araniaa i)
[ S.622620 ~83]1] | ) ) [ L.550210% 1

netwo k ays “‘.0“ ,, , n-tnurk w-

...... pie makeh
.:[i i Li —_
| | o - h ,| |
. . F . ,
1 il - n|
J4 ! ; 2 - J |
’ »| | - |
:I'E | 6: al | 1

|
o L] w0 o) x = v e — ] ¥ 0 n N o

[l 2.33230403e-01) 11 0.0080 1 490234

1 4.39043210e-04) 1 0. DIE‘H!S { 0 0?_22!1{!]

[] 1 0.00316907 1 7777777777

1 - I 0.02374758) [ 0.02834356)

1o 00)12585 [ ©.09279172)

1 1 0.20343227 | D.03882574]

1 0. 506]11!“ [ 0.06774731]

1 D 2298550 03\ 1 0.00807928) [ ©.03402066)

1 I 95884943e-06) I 0.0018657" 9! [ 0.21817469)

1 3. 5(‘1\'95 =041 ) 1 0.00693799)) [ 0 14698296] )

network says network says 6 I( says 2

mateht match! n matonl
g o [
1 n E w0
1 5 B i
5 1 | » - é
| -3 =
s = | | @ i = SR

ATLVE R, A2 REs R A 1A R e BR, BAA =R
Boresr. RATERAIIRIN T R B8y 6" 2RI T

EHRE CrEER, THETFEIEGREEE, VIR R 25
SERENS TAF.


https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/blob/master/part3_load_own_images.ipynb
https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/blob/master/part3_neural_network_mnist_and_own_data.ipynb

HH, AFaiE, ZOR RGBT BT AT, MamMas 2k
W Mg PR 4 IR R IRZIRIEI G



3.2 L 28 K PN T

E SRR BATANKAE An AT 5 P ] 240 1T PR A9 R U e e 1 il LR
MM 2R T mEAER]. G —F, 5NN, R LRI N T
FEHEG, Kietretta, ZFFIFAERaES, HFHIANH
Al REA B2 T

3.2.1 R A

—HApe g2 7IZR, I AN EEE BRI R, BARAK L
R T — R ERE T RAMEZ N EE T E AR,
e BB SE T B TR

INRAR AN B PG, ARG EAN A3 XA E R, A
2RO, XA R . (HA2, IR KR IX LA A 3 T
PRI BR S, RIERBE T (MAEME) CEFES R, H2
FL Rz 23 BRI RTIE 5 AN B et X [ Rt ) B AR

LA EREFE R G TR E NI — R Tt 5w, &0 HEpms
P 2% Pt > B AR, R 2 o 2 i 1o )1 45 4 3 B0 Fn iR AT ARAK o

FATAT LS, X R A X ST N . (HA2, BUEAK
ARES FHANIRZAE L . R, MMz n TR 2USR 24 > A 3 A
FIHBE R E o X AR 7 AL X 1R B 7 e, IXiig e A4
PR ris47 550 MR — AW A EEM A2 A, ST MR
Pz 2% R4 i) AR RE

XA A RILR R8T

3.2.2 [0 )5 &)

EIBETEOT, BAOVBUEL COZINGRHIARE Lk — N a5, R R 4%
B —NER. ERIE T, XA RS AN TFERTRG. &%
TR BT 0RO I HEARE



N SRREIX AT e, R ERAE, S RAA AW ? AERBEE MRS
P A, B CRZ GRS RAE S, BRI SR —
%Hi W Bake? SRR R 1 IR I ) 2 W AL 5 R 0 J5 A
{iFRE

IEH IE A 2 i)

] y v ' 3
% { ___.é T [ 2% ___% W

S 17 1] J 2

p;

TN

aw | e man  { €— | W

FAT O rE anfE AR (S5 5, B E 5 S, RN
PGS R AR T AL A 555 . bR 1 0 2 s 2 AT,
P IX — DA ARG T T ) AL 3% (5 5 . ARy = f(x ) 2 IE 1365 B AL,
IR IZXA R B I X = g(y ) AT AICE, SREZ AR AR,
H AR

y=1/(1+e™)
1+e*=1ly

e*=y)-1=0-y)/y
x=In[(-y)/y]
x=In[y/(1-y)]
XA A IV B H R £, 1% Python JyiZ 4R S R i 12 11
scipy.special.expit)—#f, PythonH[¥]scipy.special FE B HE it T iX ek, Bf
scipy.special.logit().

2 0 R Bogit O 1, AT T RS T2 2. X2 4



AW ? g B, @SR TAR T EUE, o 2 [\ ) HEA
B, HRNERE0R LA G . 1 pf 00 2 52 40 [5] 1) Y0 FE 0 AN 12 [a] ) A
B, AEFEOAL, B IEESAE. A7 SEIX—H AR, AT
st ERrEra1E, NAlogit), B EMIEHARERERMGEE. ik
FEIFVE B 90.01420.99,

X BARISAE N _Faa & T H, 1 V5 ) GitHub PASREX -

¢ https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
blob/master/part3_neural_network_mnist_backquery.ipynb

3.2.3 F5pZE“0”

KEEWRBAVEHFRZOHAT RINEWR, SRKEMFLAER. Wil
ut, AT SRR T, B T EME0.99 IR B — N T AR
TRERZEC0”, H4eT EEER 70.01. ¥Aaigil, Wt 2i4[0.99, 0.01,
0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01,0.01].

MBS R TR AR R E A


https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/blob/master/part3_neural_network_mnist_backquery.ipynb

RHEKAH !

XA EHRAEBATDR A 20 W0 268 (1 R A7 1 — PR ZI 0 UL . X EHR
AT AR Iz TR A E R ?

HANTER B EERRAES, BB . AT ] A2 j 2%
—XFFERO", REERREEHA, B, ZIMEBREAEER.

FATEIE R BIR O FREA— L8 T g R X ek

o VRO DX sl e i R P R A% A SRR AR 3, X BB ALK T
SCRAIEHE, UEMIEZRON“0”, A DUXFERRfR, IXEEERIFERA M 10
HITARGE R

o Jth X sk e R P NAZ A AR B IR ER 73, IXSRF 1A
07 [FIRE, A DUXFERRAR, IXEEERI TR 1 O AR A el # 0o

o RARLE, FHEMZEXT K XA R IR B

PRIt FHESSRUF, AR EOSBM 7, i B IESE iR
207, AR ELE S BIRAIR .



X MOER R I, X TIRE R BRI A2 N 2% B R 2% 1 1]

A S, ATREBCH WL H R4 R . BB IRt AT e, 2RE 3T

i

i

3.2.4 T2 IR

MBS T HAREC T R R B REE R .

— 1

E@! IR — SR A B R, s R A BT e 2 A R
i —HE

RTIXEER, AU T — L

“PHEIRIER . WA BIEEREE PR ICREAE, smARER T
RAENRZE <77 W] LLE BIEOM < 0 X, XL XIS AR A b
0o KPR RS EEK, fEat 1IXE“7”,

R ARG T Here3”, Ao iR KRR 7«37, AR X
AR TR

“27 AN5” AT LA TR I £

%;%?“4”75,@75@, ZAIR B IAEANRER 24 EA RRX
“@” L ESEHI“H N IR, XAF N A Ok, RE8HI%F
MEAE T OREF 1 KB B R X BRI o

B NHZ SR . XEERIF R NS E FEL T b ic X



Egﬁ T/ R R BRI A X e R AR, XU M 2 A Hh 272 3]
D—[’/\

e — REANERE. EF - PMUBIIREXE, &G SRR
PR 0 X, XA 28 fir ST B RIA, Bk, 5
P 2 M AN T 45 G, XSV R I 2] 1 97.5% (1)
R . BATHE — NXANEF, FHEHEIE, AEZ IR
A7 BTt 22 0 4 2 B BE SR T Y <97 BOABAR

BUE, R X 28 R B AR 7 sAREZAT 7 — NRZIH T 1 IE.



3.3 AR IIZR B Jieks BR

InRIEZE — FMNISTUNZREdE, Rpla=iRe], KRR T IS
B — S FEEIREAE. KEAGHMEFE. SMXEEHHEE, A1
GHRYE, AR SRR,

ML DA AUR W] REZ o 2] IR BEAR AL R AL . fEIX B, 5 2 M
Boredar, FERSm 7, AUILESE, AT 1 ede, A EEIEZIT K
(1, A7 SR TR S, SO 28 R 45 11 5 > AT 1 B

In R RES 613G B 2 IARRRUNEOREAR, A AR ? anfT
HEIX— sl ? HE2WEEILT D NEFEE AL, WEATRUA mAK
oo BATATLUZFEA, (H2 TAREA FK.

—MRESHIARTIRHUE A CA RIS, @D £ BCw i £ e e
i1, P e 1052, QISR REA . X TR DIIGEARTT S, RATHE
42 BB MIREAS o FRATTRT LA AN [R] ) Jie 8% A P2 Q1 3 B 22 ROAREAS,
1%%1:, HAr, EBEAIA Z98+1081-10 A EE, BB XM IEIRAEA G
e

[, PythonfI V24 AL T EHIRA H .
ndimage.interpolation.rotate() i) AR E H 3% ik — N E e WA, X IERFRA]
T B i5icfF, BHTEITEBHRE Mo mI— K EmAGE S,
RlEF AN B2 784K B — B — 455 7. AT Bl X — KPR TFEHT K
28x28M A, XAEFL AT DA XN, AR e R X AN B A ik B e
2% 2 |/, AT, B —KE 7845 5.

32 1 JeHi M scaled_inputtdl, T HIAESE R 1 a0 ff A
ndimage.interpolation.rotate() B8 % :

# create rotated variations

# rotated anticlockwise by 10 degrees

inputs_plus10_img =

scipy.ndimage.interpolation.rotate( scaled_input.reshape(28,28)

, 10

4
cval=0.01




, reshape=False)

# rotated clockwise by 10 degrees

inputs_minus10_img =

scipy.ndimage.interpolation.rotate( scaled_input.reshape(28,28)

, -10

4
cval=0.01

, reshape=False)

A LAVE R, JH S scaled_input®l 20 4 B Hr AL AR 283k DL 28184, AR
JaAT T %%, reshape=False, X/NZHP5 1R E i p«#oly, KBS
I, R e Gl LLse eid G, A B Ea. fERGEE
b, —UHH TR AR, (IR TR IEAN TR, cvalit 2
HREABAHTTENE. HTRNERZ M AETCRE, & 20/E e M4
IR, R AE 0.0/ ABNME, 218 FH0.01/E NERNE.

INFIMNISTYIZREERIE %6 (BB740%) £— N FEHT1. £ T
R CLE R, RS B R A FACRE A2 B T AN EA R AR AL T 3

Vi

N
B g R Weks+10 8 Tk 10

w
w
w

10 : 10 | . 10

15 " 15 15

20 20 20

25 Py S 25

) 5 1 15 20 5 0 5 1 15 20 25 0 5 10 B 20 %

A LLE A BT AU Al . TG MR RO RRAS iR +1012, 4l
T A, B NRI 1S MRS R LI 5 Rt R R B R (O RRCAR I
BT HEF 10 A . MURIRBTRRA R LE, XA RRCATER M E 2R
REHER AT .

1EFRATAEFr ¥ Python Notebook, 1 H] Jii K B M 45 A hS, Aid,
PRAETRA T S 46 B SR GT RS 4t R0 300 B P AN 7 [m) e % 108, AR A )il
GIFEA, SRIIZRMA M ZE . X BASEGitHub LR LAfS 2], 1515 In) LT 4



e

¢ https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
blob/master/part2_neural_network_mnist_data_with_rotations.ipynb

WEFAF N0, HHRMMH-NNGHAR, VIR iTmemes, B
1311 BE /20.9669. I XT38 A i FH B A1 e i BUG AT VI 1) #2428 I 28 1)
HEE0.9541T 5, & PNKERHLD ., XFERFRI, FFEEYann LeCeun
v IR E R LRI T .

ERAIHET — R AR5, ORI H BB 2 SR ik O Al
WIRIE b — 2tk I, AT 7 E 2 MIIgREd, Al LR /D
%@E%%Eﬁﬁyﬁ%%%ﬁ%ﬁ&ﬁmm,ﬁﬁﬁﬁwiﬂ&Tiﬁ
S 1] o

THICAE, HTRE AP X 28 B BRI 28t 1) e B e, FHAEIR AT AE
FFAENTERIBR I, IR RATIA 2 IR 15 2198% 8k LA _ERJHER|E, g H2
7 100%HIHERA B o ATV 5 e UM 22 M 28 204>, RS AERE— 2 W 2L
ERiDprivt e NIGT W=y privk £ 73 I SLIE R ¢ 1 priek £ 8

PNV GR BRI, R HAFNBONIIIGRREA, FEZR T AE
FESL T MM 2 PERE . [, NIRRT AN e
IZREEA I 2 R 2 B PR, DASEIEAT a7 # ) R AR

PeAg5 AR

3JZ A M 4% S MNIS TH S
0.985

0.9787
L

/'—*/\—.\1 OA-EEAR
0.975 /_/\___.\\’
0.97

0.98

g /’ “\<TM
- 0965 / ~>
0.96
0.955
0_95 T T T T T
0 5 10 15 20 25 30

8 i ekat/a- M () HYBRSMEIS

A LAVE S|, ESMNHARKITE LT, s r4s 5 20.97458097.5 % I HEA


https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork/blob/master/part2_neural_network_mnist_data_with_rotations.ipynb

JZo X IRITH T AR 28 5%

ERERRE, MR MR, MamMergtEaes il ~ .
H T e e O A FE R B 1 SEfr EARRAUR B TR, Hitbrhe
Pt EITEREHI L 1 B, X2 rTAFRMRA . R —F, K37[—AJ7 A e
FEOORE, X3 1 o DIk, SR B e i B A B ZhFEA 35
T HRFEAR, RTINS E. TR s E, 1055
R AL .

EL0MEARHIFI T, MR I T A, FTHE Tids%, 1&
3709787, JLUFFiA98%! X F X P AL MNEN S, X2 M
ANEER, HRBREEN MRS, EidME, Y NS M 2% 5 B 3
T — LI Wb AL EE, RATEARIXFEML, AT R B REER s 4, |
FHKIREAS T A NI 25 R

(€S



3.4 4HiE

EARST, WARRCEWH, NIRRT 2 2 ki) — L],
E@%ﬁﬁﬂﬁ%ﬂﬁu%mo@%ﬁ%ﬁ%ﬁ%%%%ﬂdﬁ%&%%
oy

A2 P28 08 BRI DL T2 R A 2 SnfE s, #RIRAT 1 2 Al A 3t
Lo RARIXISHER ) F IS JTH— A IBENVEHB o 2 LRI, el 7~k B
HUPRRIG, BRI ELAE W) RN EEES 45 R A 2t SR L fg B — 2, B
BN, ELEMMKRESIITERIES, W, Ba. @#lixk,
XL PRI H B ARG S, WARE A . B EYU A
ST AR XM e

SR, FENTHERET, AL W2 — L 77 1 N TR 77 )l D ) 5 B 7
9o NTITHRE M RILAR 2 2], Rl R IR ] —— it 2 747 =
RERIHIBL A2 2Tk, HORTET 1T ERXER . fE20165- 4], 1E 12/
AL R, 45 S DeepMind i U 1 1H 77 K AE PRARAREL, [
BLFT B PR ARG, SN, Wt N SRUEAS DO TSN 5 24 J L1
R4 RE RSP A . DR, RO ON 7 AT RE s E— P E R E
RER . A2 X 25 AE TSR A Dl R A% T QR

HAERCEWE T, M2 5 0 B SR AR E o #11 .
oAy B R AT LA LE jR 28 (O SE 30 H 3R B R BT, ReaT TIRRE K
fil SRR B4 77 ST 0N A B O %R

GnRARM ] 7 IX TG, W ARMERIIE R T -




fif <A ARG TR

AR EF LT B/ NS, FRBIR K.

MRE—TF, RE—PREN, [N, PL307E BA/INS AR e 8
M ET K. FRRAAE—N, RER Nl IBse . SRR — EERE W, 15
ZE 2N 4235, 40, 50f1609E B A/ .

I AR AR A A

AT, FATRARG R TR 1R, anyR R g, IFie
R Bt S IR A . AR B XA AR EE? TATNEE
e BRI AT B OCHR,  IXFERL AT LORS AT S, iR — AR L
1 =285 AR . BRI R R R TR I ] A AR A
ARG . XEE U, ARAEYII R LR K AL A AL . BBl i
FERINAFRR )5, EJmsR s e K24 .

R B A F BRI . V2 NV 2 IR e, & NFE
HERLH, #E2 AR, B, A SIS TSR A SRR 1 -

FEARMRARRE, ek, 8L, EW2aHmsT, DR
77 A5 S A AN A A e, XAl 2 SR 73 A 5T

ISR AT e D2 AR SA A B o) 1 R e Bl sy, BN TPReE 3 g s, 2
RS ORIR, DAL, IXWAEASN N — RAIN SR 7 . X EETFRIVER]
Herx AR EREAM TR, BERAEFAH, HEEWRAZEY, ZREARRR
R ABEAS [ S B IR) [a] RN, 3K 92 R A8 2R 1

AR ARE XIS Py S« F g, DU, — R A AE SReAf Je
A AR R ), AT N AR B CE Se KW T 3 o !






Al —FEIIZ

B5E, AEBATN R B3 5T R

ME—T, KA LL309E BAE /N TR FE A Ry it . ARAE, 5
I 309 L,

RIS TIPS R S IR, B Bl E—IK.

18]/ 53 W (GEE/ND
0 30
0.5 30
1.0 30
15 30
2.0 30
2.5 30
3.0 30

N EATAL T AR LA 1] A



555 ]
60

50

40

30 ¢ e e o ® @ o

L e VN

20

0 0.5 I 1.5 2 25 3
f 1) / 43

AT B, I ARBER AT, %R — %K FE L. X4
%ﬁﬁiﬁﬂ(ME),&KET@%(M@>,ﬁ$ﬁﬁ%E%ﬁ£ﬁ
NG

HE R RIS, RN As -

s = 30

BUAE, a0 AT N e S B2 an ] BRI T AR AL, FRATT 2 i 2 AN B I ] 22
. ZBERN0, MAjTEU, AR FIE, A0,

AT 5 B T HRA 70 11 5

WA R R, LIS &R PARoR — P in ] 55 H AL H AR 2240
A . BeAl, FRATTREZE A 3 B e BB I ] A2 AL T A2 AL

BAVE — A ECE T R RIBIXF KR
0s - o
ot

REERA AR T ? W ORI 5 R B« I TR SR, S A
(AR AL Bl s ] 55 FH 557



DAL, 3>k 20 R 2 Tl BE AN BE N [R] 384, 2 0% A8 F I —
s e B —MUs, BEER B IHER, AR SRS
g@%@%ﬁ%miﬁﬁﬁﬁﬁﬁM%%ﬁmﬁﬁoEW%@%KW%

P b, U RN S ORISR s =308, IR LLR SRR B
Mo ZERAFRRT, — AEEEREIN . WA, 7oA FaAR,
WA AR I o PR, AT/ 5 B AT 52 2 R 53 3K 51119/ o
0, BRI NS B2 L
9.

Unos / ot RIS, MR VAL, MO SHL. BRI BMmS, &
AT ERE X 2, IR AR AT BE 2 78 HoAth 7 18 211X N A] o
. WAE, WRBATRTHIT, UERMNEESKEM 4. RELKS AN
T



A.2

IR

AR, AHRIAOTAE LL30 S BLAR /NI AR EE R . BRATTER R ER NV
11, FErimid . AT BB, MWELCRE BRI, S30Mdx—

FE30M 5, 4 LA3S T AR /NN R P itk . AE1 0 Bh ), 1R L4035
AR/ FEEERTE . B0 )E, VAR LAASTE AR/ NN (R EE R . AE24)
BPE, REERIR A S 1 505 AR/ o PR IR N 473 105 LA /)N

i
MRS T AHFIRAE R
I 8]/ HIE (FER/NED
0.0 30
0.5 35
1.0 40
15 45
2.0 50
25 55
3.0 60

TERATTH R S TR




LS I E]

60 [
®
50 °
— L
£ 4 A
= a
B 30¢
i
=
10
% 05 I 145 2 25 3
il / 43

PRAT LR 2, I AR DUIE RE T8 2% 305 BLAE /N — B 2R T 316055
AR/ TR B EERG R AT R Y, PR EE B I TR] AR A 1 AR
ek HE, ATUERIX R,

ol RRIE? FERE0, HEN30. M Jh, HER P
N105E AN Bk, #ERERR AT PR,

speed = 30 + (10 * time)
e U N I
sS=30 + 10t
fEiXE, nJLLEFIH 30, M HE AR (10x0) , XEHRERS

PRAg 105 AN . IR P 2 EARE], 102 JATHr & B2 R R
HICME, HEW—RBIEA Yy =ax +b, HAa@ R e,

Wz, TEPERER A AR RIE AR AT AR ? B, JATE ST 2
XA T, LR PRGN 105 BRI

% =10
ot



riii/l\i%iﬁ_ﬁﬁéﬁ’\]%, H1F-0s / 0t 0, 33 RTINS 8] 22 1] B R A7 55 AH

B, By =ax+ bRl Ea, WATELMEE”, wLLGNIEs =
30 +10tH) R} N 10,

AR ! AICELTHE T AR 2 2R, X R — S oA
Mo BUE, 1EFRATIN M



A3 4Kz

AT R A %5, KIESEE 0,

HAR— 1, FRATHER - ST, 334 A DUE E B I 22 58 ik
. MR, IREERMIESHEE. XEWE, B0 AL E105% 24
NI, T R R T TR 00, YRR AR S T

SFEANET, BB, AN E—GEE, R,

18]/ 53 W (GEE/ND
0 0
1 1
2 4
3 9
4 16
5 25
6 36
7 49
8 64




IR A ] LRI, B FELEE BN TR (38t 1915 .
HI, FEWFIE] 9245 iy, SRBEN2% = 4, (EI 35050, H 32 =9
FEIS R 47y Bhiny, 247 = 165 HRIERAE.

BAE, EANREAMMRESS XK

—|

s =t?

BHARBRIE RSB EVR R E R A B RNZR, (H X AR ) ik 3 A
AR AT AR A T h B

A TREXANRE AL, X, FRATHERT DU e R, 3 an ] i
IS 18] (R AR AG T AR A

i S 5 1 ]
80
[ ]
60
=
Z Py
=
B 40
3 ”
=
o) @
20
®
L)
1=l
0 [ ]
0 2 4 6 8 10

Psf i) / 43

A] DL 23 ) AR A oA AR éw,L%EB%TE—%E%T
A DAV —F, SR E A 2 R KRBT . AE2000 BT,
[@%ﬁ%m%£ﬁ$w;Em%ﬁ%&i@%&ﬁ%mm%%ﬁ$ﬁ!

P FIa], HE R R AR ?
Fe i, HRE AN AT BE I TA] AR A AR AL 2

X ERF € I 8] SR P FE g 2 D B AN — . B C 2 1 RIB
As=t*, FECEMERXME T .




AT 1) ) e ——AEAT AT I 8] R, R B AR AR 270 7 fE AN o]
XA R R T AL i 2

A SR Bl A8 — N R AT, rTRUOREL, AR A 5 T I TR Y
HZEARER . 28774 DUE E 304 BLAR /N A EERITHERS , T IR 2R
IR R N0, HiR R IR, H R AR RS B2 B 109 AR/
o FEARATIN (8], 00 R 1058 B/ NN A2 IR o 75 I [R] 270 A )
%ﬁﬁwﬁﬁﬁﬁﬁmﬁiﬁ$ﬁoﬁﬁﬁWi%ﬂm%%ﬁ,ﬁ%%E
W o

FEHZE B, FA el AN P AR R BB 2 R ] I——(BJ2, It
b, AEBAMEAS X — 5




A4 T2

IEBAUFAER, ENAET35MN, K& THA.

TE3SMBRET, SN AR/ . FRATTANIE, 7R354 5 8 B A5
Po TN X H60 e K AERFEHHEL . E56sr, EE 365 i
NI FE6T BN G, TR SRR R

BFE, ATHHIE, FE670 Pk (A8 —BElR], T80 8 t3
Ja BRI [R) Ko 378 R AR AE 30 B A6 70 Ak 2475 () T AE X A

AR XA LA, S B R

T4 ¥ 55 1 1] 1 B 55t )

80 80|

60 60
= 40 EH 40
= i
® . =)

20 20

- ’ .

OO 1 2 3 4 5 6 7 8 9 O0 1 2 3 4 5 6 7 8 9

) / 43 ey / 43

ATLAE R, fE670 B AL R 3R EEAE3 S B AL O AR ZE R . Rl 2 1A
i BRI R, K DEEN R, ERATEUR . E AT
RAL AR, e 2 E 12 R IR

B2, Al & mh 2 RbR g 2 X HL&Im S, WERRIERES,
MM s, nfLim Ao Bk, VIKER RS &bt —
REFRERAR R, AR AT DUARE D)2k ARG T H 2B X — U RER
L b, EHABIME IR AT, X AT i 2w 1 5 5.

N AR R — ML, BTk IS k. N
N TR, fE6 B, FAE 2] 1 5L 20T — SR



i 55 5 )
80
L3
60
2 %ﬁﬁ\ /w i
g 40 =)
5::_'{ As
=
i)
20 T At
[ ]
I 9o i
0 & L
0 | ) 3 4 5 6 7 8 9
W8]/ 43
WO AT R, B A SRR, A B RO R

Ay 3

PABERE. £ BRI, & GEED yAs, T (BFIED NAt. £75AFK
MR, e MU IEAtI ) — SN

R NAs/Ate ST, W PUEFAER RS =M, HRTES
JEABEE . RIERAMELER, (AR T 1 AsHN.6. AUNO0.8 =
ﬂ:zo JH:U Fﬁ?%ﬁﬁ’\]ﬁﬁ%ﬁ[]?:

F— AR = B iR

As
At

=496/0.38

=12.0

%_?1!‘]?%@?*4\%%5%%%! FE6 I, AR RO EE 7 112,09 B
(2N



RZIE, S5 —URT, REpmE, HEZdMTFmTL, 458
WA HER . HE, RN FEREMME S — A



A5 AFFZRMAR

AN N, KRB AR RIAC E . X R E LR S i AL
TR L, PIAZE—KTIZ. B2, RFELERRUEMT B SE
I 18] F3 B XA HLe

5 I ]
80
[ ]
60
—~ @
E
E 1 AX AX pe
B
=
20
[ ]
v}
0 5]
0 | 2 3 4 5 6 7 8 9
X—AX X X+AX
B il / 43

FHL b, RFEHLENE A3 BB R BATIIE SN A 52, &
MG A 18] e = 30 BRI R JLor . BEAL, BATIEFE 1 7Et = 3704F
B AR B R 20 AL, g, t= 1208t = 574

F B 5 R, AT LA 8 . FRAT TR B B 1] /5N x-
AxHIx+Ax. THICE, F5ARBEWRE — I NNREAE”, KItAxEfEX
AAFE BN INERAR

P AEFEE ? R a T, BATEHHEENE .

AN RS AE IS [A] 55 x-Ax Ax+AxAE IR EE,  FEX P R 18] — 2% EL2K,
WA AFR 2K EHLL, HRRERRES PR mx VIR RRER AR . RS



EE, BEMZEZL. M8, XFELSEMYIZERNEIERIFEAZ B2
A, (HREMNSBIEX— R,

RIS IR HER AR GRERD o HZArER BT+, &
ﬁjﬂ%ﬂ@ﬁ‘]%fﬁ%uﬁfﬁﬁﬁﬁfﬁo BRI s 1R A R AN B

B 5 1]
80
@
60
-&
f{ o
5
Ul 40
2 [
=
20
[ ] )
o S
®
o GiJE
0 0(
0 | 2 3 4 3 6 7 8 9
X=AX X x+AX
Bt il / 43

1o BE TR AEX-AXAX +AXP AL TE E ()22, B RIZAE LI B ANS 7 Bh i P
WA 72 . JATFIIE, FERXP kb, I N12 = 1152 = 2535 Bl 4
NI, R A 24 BEEARE B S THE, Bigx-Ax M x+Ax 2 [8]
HIBEE, Wwid IS mAgrEE, R4, Bk, 152

223

L 52

¥ =

=24/ 4

=0

HERIPRE 575 = 370 A DI HIBE TN, BRI ehe s BLAR /N .



AT T 1, BB N oL HEE. Bk, BATEMEHF
UL, PR RIRIER . X RO, BT IRATRACK,
PG IR R, IEARE— B HTZ M L. N MIA AR
FLRUIE, MBI ASIE —F AR EL, XFREHLRRRS
IERA R RER KRB A 25 —MORA e DR SN E Zh ek, BT ARE
NBJLAE, AT A2 AT, JF B ZARR R

XOLRAG T, (HEERAEL !

5 RONE R RN OME . AT SO AME, ARG AE R ?
FATH) A Ar e 2 RS R AR 5 30, TR FH R o2, SRR AE.

R RAMATRER T Bax Ca kg T MARE BRI RA L
H, JFHMNEATHEARE 72 K8,

MK T EARAN, SRAEF2ENR? HAa—FrkRE, Wk,
WRAEAR /N, S RAEA TGN T EEAB 17 MAXIZEA /NS, g
P T E T R Bl 2k .

iR 55 1 ]
40

AX=2

) \\\\
Ax=1
Ax=0.5
Mml\\\\
10 \J/

0 1 2 3 4 5 6 7 8
ki) / 43

B (9 B/
I‘éJ

BI1C42:HH TAx=2.0. Ax=1.0. Ax=0.5FIAx = 0.1/ B Z. 1K



ATUER], BHZGHOIGBET ARG =, 3B AL . FRAT AR
— N, AT NAXHIE, B 2R BORBAEIL 3> P AL IE V)28 .

ARG TCIR/NE, HETTIR T H ST 1X FH 2 KR !
WL ZE AR RO, SOEEME, &, PP AR R B

KT o BAoK iR, SRR DL TR A 1 34T AR M T
THAELT, 1A e MR TR



A6  To 2] BRI AR 41

PATRT L, B 4R 1 DORS R RO A5 30, B in 42
. WEFANTRES, HANEEREMRIRED g/ Ax AR N ] B 5E 30X
SL RN B RE AP —— AR A L R 2k

FATREE LR (A R KL, Blls = ¢ o A T7 SR RNIE A I 1] F) B8y
% WAL . 2ok TR, A1 C4F BIX s IR

JE?ﬂc%as/at’%?ﬁﬂ‘lﬁﬂ@iﬁﬁﬁE‘J%Eﬁfﬁuiﬁiﬁ, B, HAxTE
BRI~

A A IEIIRATERTE BIH, X+ Ax)?-(t-Ax)? . el
BANs =12, HhOyIrBOGERE A E NMufAx, SHXSREs, A
#.

8B4 IEIIRATISEHT P B, fIEGOK, XA+ Ax) (L -
Ax)Z B HIRE R, 220X,

HATHAREBIE H A5 T

s . miE

e e et
SR,

St Vi JiE

(t+Ax)2—(t—Ax)l_>
2Ax

ERATTEIT IR RIE 2

e el = o

ot 24X

&8s t* + Ax? + 2tAX - t* - AX* + 2tAX

4tAx
240X

O ot
ot



Kbr b, BAMREE, RBAGCEMUBIEE RIS T .

HAIELBEHER 1! A5 B, MR EIN0s / 0t = 2t IXEIR
By X TR R, FATIRIEE IR Y0s / 0t = 2t.

1Bt = 34308 kb, FA1E s/ ot =2t =6, {EMF T EZ R, TA1E
SE ERIAITIXAME . fFt= 6408 kb, 0s/0ot=2t=12, XAEFHFIZTES T
AT AT K ILIE

Ft= 100804k, XMERZ/DIE? 0s /ot = 2t = BF/r 5120075 H &5/
B . IXERE, TE10050%0 5, VRZEFIINE Bk 35 8020008 B /N,

A e, BN, WA HEEG 2 ANEE, 2205
8 AR R T A EEERIEA, XANREA S BRATRE I RE, 7EAE
{7 — NI TB) VR R B AR AR o ARTESEHT AT 18, BATTa] UK BLARE R
Fify I i o5 P T 171 5

ARz, RBFSIRRET, (HEM PR = ¢ IFRAHREI—
AP, EEANTEES A H e bAx. B, X —An i, fE
XA TR, IR AT MR

s=t*+ 2t
& MK
ot T pE

WAE, BEERMAAE? X EE+AXM-AxAE T B A 2 s 2,
BI, BE N (t+Ax) 2+2 (t+Ax) - (t-Ax) 2-2 (t-Ax) o
T A X (t+Ax) F (t-Ax) ZEIIEEES, KSR N2AX.

s (t+Ax P +2(t+Ax) -(t-Ax ¥ -2(t - Ax)

E—— -

ot 240X

JeTF It et Rk 5



8s 2+ AX? + 2EAX + 2t + 2AX - 2 - Ax® + 2tAx - 2t + 2Ax

——— e ——

St 24x
_ 4tAX + 4Ax
2Ax
= = 2t+2
5t

L ANEBEMGER! aRRE, B RAET — moRKId
%To XA MHERRBIE, B, AR TS 2] 1
A,

WEEAZG A Al RPN KL R 8. BRIV REE
BCE I 8] 1) =K T7

s=t3
o mf‘*
T
és o (t+Ax P -(t-Ax)
ot 2Ax
JE I R Rk
85 1+ BERAR + STAK + A ~ 7 STEAR ~ BEA+ AR
ot 2Ax

6t2Ax + 2AX®
2Ax

0s

"

ot

32 + Ax?

BUE, HERGEAMR ! BAEE T AR, X4 R s
Ax, TAEZHT, AN AES LA 1o

>
—



Wz, wmictE, R AxEOkEN, ZGIER/N, BEEEA IR .

LS BB AT AR N R, AER K ds / 0t = 362 + Ax?
FHIAxS KA AERER? Wk T ARk SR, A5
AXFHGOAAER N EE /AN —ME . ARAT LR S — AN UM —AME, 28
Ja A E/NEHE. L AR ER R R &, AR T 0.
AL, b AT E s e 2000, 8 SIX FT A IR

X2 7 — HASRECEE BRI AR

~—§-s-~= 3t?

St

XA RIEE R, XU BT8R R R HeE T HOREAT R
gy, IF HIX— SR A A



A7 R

A ME Hdeltasfl (A1AX) , Kideltas{HERAS /NS, W&k A 1)
Eﬁ g%ﬁ%ﬁ 1M ARAEH AP R AT T A B S 80 B /R i T A X
TR,

EEUTHEARN S, 2SS BMEMEN

s = 2 -———\2 e = 2t
ot

ds
s=t*+ 2t ———ﬂ st = 2E D
St

ds

= e 3t2

AT LAVER], BN SEL B T abmasb 71, HaagMEEr. Fit
tHARATE, VRO, DLIESSHE. XA S ! gl , Fik, (5
9t B A1,

HT L W3, 4, 5 CHEEE, WATTEEMRZ Na, b, o , #B&
FAMNE, FIHEBGE R L T . XA eI AT ERIREE,

{H2, 5%, HER, UM ALt © BUN3E A2 . XEBE
—5, TERIGEUR/N AT, WIREW R TaRs. Kk, 7020 BRI 508
1200, FAaBBAE NS, M5 x 2t = 10t4

NHESS VAT AR B S5, 38 A BRI



)
y — axﬂ w, ,‘_ﬂ‘ - naxh—i

WEBAMEE ZH 7 2al, LR ok

oS

GEHE  — By v = St
5t

3
5=6t‘=+‘?t+4————~$ e = BHET4 G
ot
s
=

S . e it 5t

BRI, XA R VP RENMEE, ST REHHENE, X
AN TS . XN R @G T 20, Wit H &M
TR FRIE, Wy =ax3+bx2+cx+d, {H2 N HEsinx Bicosx iX
FE 7. TR AT AR s A E RENHIE, KX AR
Fe— MR RIIHRE .

ORITT, XTI, RSB TR, RAMGE
F—Hhid i TA.



A8 FRETH PR
BR—T, — R
f=y?
Hory A By th /2 R 8K
y=x>+x

IARPATE R, BATEATIE Nf= (x3+x) 2,

fanfaf gy HIe A me3e ? Wk, of/ oy tta? REN NI
@j PRt e L miasl, FIREuHl, WAXMTEMRES T, T
Bof/ oy =2y -

A — AN R A f e[ BEE x B4 AR Ab e 2 v UL R 3R 1k
ANf= (x3+x) 2, RENHMEIRN . ASEEA D RN,
(x3+x) 245K2 (x3+x) &

WRAG LRI —8F, KA ZERN ) delta )y 3K, 38 I8 K XR M 1) T8 7%
ﬁi%;ﬁ&i@iﬁﬁ’ FAIE= BN R IIX B AP 5 — A, EIRATERE
Bk 2 25 2N,

XA IS X
5 8 &y |
S« 8y OX ,I
1
e . A

X ARE EELR, AT e RN



UER], EMEARFRANZZIIEL S, BRER, KES
WE—Z— BT N T iH5Eof/ ox, BATATEE R, SeitHtiof/dy, &
Ja R Oy / ox , X HER S —. WIRIXEHILEE S, AARA
)t A] DU S RAN F] BE AR IA AT 0 s 5. B s Ga ) e v BRATT 9T 5

A, R TR BBV U S I 1)L

FHRME XA 7w ], B aEGE N .
fF=y* and y = x> +x

Sf of by

IAE, THEARR] 7 BRI, BT (of /dy ) =2y, H I
& (Qy/0x) =3x?+1. RJa, MAFEEN, KXLemigd ok, Al
53,

.- (2y)*(3x*+ 1)
Sx 9

HAVENE, y=x3+x, B, B3 7 A fGx KREL:

2L = (2(x+x))* (3¢ +1)
o K> 1.5 X
'g} = (28 +2x)(3x*+ 1)

X WAL AT ) — %1 !

TRA] RER RSN A ZHFE, A ANREE JetRlEx ITf, S8 N H]
ey B U, Ox it 2 0 22 AT R e . SR AERARIEL, (2
GRSREAE I, WA REVEA U I BEGA N, T BE A AT DU BV 22 LA
IR X P i)



UWRNTREE &G — T, XA RFIED T ey ab 2 2 S isrAg
RS2 — K%L
f=2xy + 3x°z + 4z

Hrbx .y Mz RIS e mE. AT TE R 24 Ble? FA7
FIEEE, xo y Mz TUONAEREAE, 3 IGO0 HAh AR & 1 HUE e
Eﬁﬁ*ﬁk%zlﬁlmﬁ*ﬁ%ﬂﬁo EAETFH— DBy =x3+x, FEXFERT, y
5x fHx.

of / ox 722/ ? AEENTE B XM REBEANEI. 55— TiE2xy , Kt
FHON2y o« AT AR AT HENE? BTy Sx ok, HIARE . H3A]
YLOf/ Ox » BATULHIRZ, =ax AR, fanfaietb. wRky S5x ok, Han]
LR HALOH . Blly Bl B2 N2, 3. 1000 53— 4.

AEFRATIGES:, T —TUE3x 2z o AL R, #3502x3xz Bibxz .
Tx 5z ook, HHIRATHz L 8tn2, 48038 100X FE oIl ) & 4. z K32

AN Ex

a4z , XIHAAEEX o BT BRATE AL In288417) 58 5
H, KX IGEREHER T -

A BB 52

of 5 "
e i = e
OX J X

e —PMopld, BEER—GRREARES, BISRCHATIRA
o IR A R 2 I RIE AT A 0 s ARG AR fal 5. TEWLEE A
2o M2 B, FRATTAR B 7 ZLIL AR 2 ) ILAE

PRA] LHEAT R i85 1 !

MARER T IX—F, WAIRERRE T !



TREIEEME 1R 0 i H e, IE T ) HlE et — Bk
%, HBRAGIN TR £ AR RER ], m%%Uﬁ%E%m
ﬁ&*% A2 R ] LS X BTV R AR -

HA1A 2] 7 AU ANBE 2R UK AP A, AT RES 2847 K & AR ARl
MBS, ALHREAR A N 4 ) AL AN R R

ERARK B TR



fff>xB i A R IROR AR

FERXA A, AR B AR E M AR _E 23 B B TPython. IXFEHA
AT HL

o WG TTHIEICA M, WEIRYIENHE, HE2HAHAR,

o MEHRAEF I, ENBITHERHE. HFEMLinuxdRERS F, FMiE
L 3 HIFREAY, E45Python. A T HEIRA TAE, R¥FHA
NAEARI TAE B H S, BEFEY e TR EE, FFRR
HE ., AENZAFEFZIEDWTTAE, HIEESE SR8, 1m
AN A K TR B A A
PR RS, 5 ST BB AT R 5 XA 2R

o WAEIRIA ot K TH RN I A I IR oK. B, UER | ZER
R, ARIIAE H PythonSEEIA Sk FH R AR N 4%, X2 — N
B DL L OB kAR

BT AR Zero LU A 3@ AU AF IR B /N, B R,  [RIb A%k M A5 )R
Zero, i MLEAEXFERITHENL FiEfT, XPEkREANE! X EiHE
LI 3% FH 2945855 8044 53 TG

XAER A AR Zero, 5510 & —HfE A M. W AE)RZero B2 KT/
T






B.1 % 3%IPython

HAMRBIRO ST T E B E SN AR, A8E . WAr. BoRds
DYSEIR R EERETR

HREE TEERFE TGS, (HE2RN B HERITERIER
&, Wt BRE 7 X FFiRaspian, B&FE T XM Linux K17 i
Debian ] % i H A] PAZER R IR _DAR P IS AT B . W AE)R ] BE L4 H i
G TRENRG . WRIRFIMRIRIG AR XN RG, 1] LR B 77 Wk
BERE FIFs XA RS, WERIREAE O ZEREERS, EETLIY
SEOA7d T IEAN RS ISDAFE R

R SRR, VRMAZE B0 N RS, TR EREAA —
sAE ARy, IS EMMER 1 S0 A = B A

RN > B K& . 83|2250

ALAE A B4 EARSERAZH, JF HIEE A — S PRS2 H

AT 2225 1Python, XAEFRATHE AT DL i Webi Ua 2% 5 40X A U HI A8
‘H #{Notebook— [f] TAF, TJo 7 HOPEACHS SRy 24T



N T % 24&IPython, PATHASE T 2L A 47 AR, (H2 H 5 ZIXF
— I, AR TR S

P& m M R, Wil R FE RS B TR 8 P Ebr .
NS AR sAE ez B AR T X L, TF RS S R IRIX e i
(Terminal) - élLﬁJX/\?glﬂﬁlﬁ %\%?U—/\ﬂ?ﬂ: TEIXAS FENEAE
A L BN Y, BRI,

» OEE %O Eressony:- V]

RO REIRE FEARARE 4, A RV El P #IT 2R 2B /2 4t
HIfr o INRAR B IERIGRFIRAIRLR , AELSmBEN LT

sudo su -

ReE BRI T H 7. qu%mﬁ%%m#%ﬁﬁma%%
A THRBG BHE, ARX P AN B A R/ —

N EA AT R AR = AT ARSI, SR D R A B,
RUFEHFE, IINETHI AT

apt-get update
apt-get dist-upgrade
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apt-get install python3-matplotlib
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pip3 install jupyter

NI — 830 e, XTI TAERTE R 1o AR I B2 R TR5 5 R 4
g%guﬁﬁﬂimi@%@fﬁo R T XIUTAER, AT EALE B



L .\:} |E E Tk Q Epu@raspbe«rypu.~ I

W REIRIE 8 AR FRO9SDR, st BB AL 4 ISDR —
o eflEaEEi SR A K2 6. AL NS, HEN T
BEJRT N BT

apt-get clean

5B A ) Raspian i f Chromium (47 B Chromed¥| % 2% A U5 ik
A) KA Epiphany W U1 Wi 2% .  LUAZZE B )Chromium, Epiphany%%F515
%, FEHW PRI SR B JR Zero— [F) TAE . ZoFKEpiphany ¥ & NER
A 2% DL T 78 J5 TPython Notebook S, 1EHIALL T fir 4

update-alternatives --config X-www-browser

X&MLY =E IR, GETBOAMNESR 4, FHWNRREE, 7
LI E — N Y es . 5P S5 Epiphany AR I E T, REEZERIZE T .

FIXFE T, AR 5ER. N T BB EYUSH R E NS (i, S5
WREIRAZ 0, WNNAZEERTSE) , E RN EIR. B Lud W E B A
1 3 52 B g B “Shutdown.. Ik T, 8 J5 ik FE“Reboot”, >RE JFAM AR, U
TE RS




@E ’* o ' Shutdown Options - 3 | %_x 0119

FEM AR OE B )E, N2 amim A LA dr4 LLS 2/1Python:

jupyter-notebook

X H 3 5 3 Web X T 4% ﬁm?@ﬂm&%,MLA£A$ A
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~ Jupyter Logout

Salect iterns to perform actions on them. Upload  Mewe O

REFEARE T BAMEM AR _EJR 3 I712847 T IPython.

YR] AHEAT IEH #-1E, 61 IPython Notebook XA, FRAT K RAEA P
Hh &R AL AR S2 7] LLIZAT . M GitHub M sk 38 BUTF 5 $ 2 fIMNIS T HE 42
F1Notebook X 4. 7EHTHIM W as ik i~ -, A LLF Bz

e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl

R4 F|GitHub I H T i, W N EFrs. siiif B ARI“Clone or
download”? J5, Midi“Download ZIP”, 3RHUCH:.


https://github.com/makeyourownneuralnetwork/makeyourownneuralnetwork

® (;:. @ E by 3 9 ap.@raspbmy3= ~ @Gltﬁmmk_wn =T & 2218

GitHub - makeyourownneuralnetwork/makeyourownneuralnetwork: Code for the Make Your Own Neural Network book

< € htips.igithub. com/makeyourownneurainetwork/makeyourownneuralnetwork Al A\oC

€) GitHub - make

. makeyourownneuralnetwork

58 README.md

IR GitHub 55 Epiphany AN GEARLF A2, A8 A N W a8 H i A LN 8E
RO

e https://github.com/makeyourownneuralnetwork/makeyourownneuralnetworl
archive/master.zip

NG, AR T YRR TR K, N R A2,
e SO, SRR IR e, R A Al

unzip Downloads/makeyourownneuralnetwork-master.zip
rm -f Downloads/makeyourownneuralnetwork-master.zip

B AR & 31 4 ymakeyourownneuralnetwork-master ) H 3¢ H . A L)
iz H X E a4 AR EN AT, HEARD T,

EE?GitHubﬂiﬁTﬁitFﬂFﬁj(E'Jiﬁﬁf Rl HBLE T B INRCAS 1)
MNIST#dE . A 7 REEERYE, ER—Zmm AL Mo, i3
mnist_dataset H 3%, X5 UCSV*%EE%T%%%El']U”ﬁ?ﬁTE%*ﬂfﬂJiﬁiﬁj’E%o

cd makeyourownneuralnetwork-master/mnist_dataset
wget -c http://pjreddie.com/media/files/mnist_train.csv
wget -c http://pjreddie.com/media/files/mnist_test.csv
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pand_mnist_data_set_with_rotations

£1> ~ htpflacalhost 8888/ notebooks/makeyourownneuralnetwork-master/part3_mnist_data_set_with_rotations ipynb ¢ RS
- Z part3_mnist_d
j IUPY‘ET pudS_mnist_datn_set_with_mtnt'runs Last Checkpoint: 21 hours ago (unsaved changes) P Logout
B+ B % HEC rode v | @ | CellToslhar
In [1): # py
#
# th
1
L
& Jic

In [2): impert mumpy
import matplotlib.pyplot
smatplotlib inline

In [31: # scipy.ndimage for rotating Image arrays
impart scipy.ndimage

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): |# mhich record will
record = 6

In |

: # scale input te range 0.01 to 1.00
all_values = data_list[record]).split(’.")
scaled_input = {(numpy.asfarray(all_values[1:]) / 255.0 * 0.99) + 0.01).reshape(28,28)

In [7): print(rumpy.min(scaled_input))

M“Cell” 3 B i “Run All”, iz17Notebook XA HIFTATE L. L
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: Jupyter part3_mnist_data_set_with_rotations Last checkpoint: 21 hours ago (autosaved) & Logout
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0.01
0.99748795356

In [11]: # plot the +I0 degree rotated varistion
matplotlib.pyplot. imshow( inputs_plus10_img. cmap='Greys', interpolation='tonz')

out[11]: <matplotlib.image.AxesImage at Oxaee9agBbi>
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25

L L L
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In [12]: # plot the +10 degree rotated variation
matplotlib.pyplot. imshow( inputs_minus10_img. omap="Greys'. interpolation='Hone')
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part2_neural_network_mnist_data

e » _ hitp://localhost8888/notebooks/makeyourownneuralnetwork-master/part2_neural_network_mnist_data.ipynb le | [m] |
Z makeyouro Z part2_neural_n...
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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[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)

# 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

pass

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

performance = 0.8536

| In[1:
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