PR e

E2E MHEMSEIHSCR

PRZRE 28 TR VT S AR P 20 S/ N F O B, AR B A R T ik — A = 2
LM RR I T 58703 BN EUFTR M &4 LS S Python #4448 /2%
WIZRAERTHE SRR ST 58 2 KRR o BE S A 40 an T A2 AR IR T 27 5] AL BE 23
DLP ESCEl T 58708, tiT MuT B (i A ) DLP SRR fE, Bt A+ DLP
FH 2R SEBR  SEBLAP L2 W 28 HE T T BE o

21 BEF=-EHEMNELMFEHFE,E
2.1.1 SEIEHM

PR IPLE R LR (B SR, AR LR B2 o 25 () I RAVE T i, e 5 Python 5
H A =R AE L MR RN T B R R AR E ] . AR

1) SEHL = JZ 2R P SR AR AT T S A 7 22, TR R e B R R R 2% AR . O
Tak AR ST B At o 222 [0 24 v i AR () A R R DI R) 1) O & R R R AT R R () 42
PSR (RS IERS ) BE5E S

2) FIFI SRR Python SIS KA B CHI N R FeE CIEEN Rt
PV, IR A AR, B AERR . MR PR
AT

3) I B4 RTRVE EF Python SEILMRIA UG, LA Rl S22 46 7 08 1 0 2 T I
Sk, IR Sl AR R T .

SEEGHERR: 5%,
SEOG TAE R £9 200 1740, 2975 5 /.

2.1.2 HEIA
2.1.2.1 HEMLEHRIERRR

— /NSRRI I H 2 AN A NS EHEE MR AL = E e es
W24 B = A2 E M R, TR 22 Z Al ReLU BUE BRE T A JELR MR ik,
)58 H Softmax it 528 RS, WE2. PR, P A S I (i (1 R A s s 4
HEHEZ . ReLU 0SB, Softmax #5126 pR%t, FEACT Aol 2 T4 . 2 T2
R ITAETVEN CRRETHE RS #5523 75,

EEEE

EEBFEV M EE RN, MASBEMAREHESREMNSEmE mE. B
EIEEEMANRA R R x, 4R m, BESEEEN R ARy, 4EEER n.
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¥

BT
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ReLU#LT e 302
¥
| eEmE |
2
‘ Softmaxii 2 2 |

7
LTS

H 21 ATFESRENLN=ELEEHEM%
EEREZWIBE W& SRR, 4B A moxn, B b S HEREY, BN n. BTRAERE
I, AR E I H R R AR
y=W'x4+b (2.1)

(ET B AE R MR A R, 445 bGPV o B L 0 24 A E B MO y R S
VoL = 9L, A AR y A B BRI, AR R A
IREIIBERE WL = 2= . v,L = 2 YR ARRECHIA NS v, L = 2 HHARA:

VwL =xVyLT
WL = v,L 2.2)
Vel = W9, L

S b L R 3 A A R UGG R B SR, BRI REAR I THR . ik dE
HIREACR N py BER RN THERERE X, 4R pxom, BATAR DA, firth th2ey
YRR Y, UEREN p x ono O AR Z AT A AL RS AR AR DE R

Y=XW+b (2.3)

Horp iy + GRS HRIZ 5, FormE b TP JCER S PINE] XW AR 0 R — 1T TR
B e B RIBEFE Yy LV L ARG R RO TN I T v L T84 30 A 20(2.2)%
N

VwlL = XTVYL

VpL = 17y L (2.4)

VXL = VYLWT

Horh b S0 B AIBRE v, L B, AW ORAEREIER, H vy L SHEEEN 1 x p (4 1 A& 1 A3,
ReLU ¥ R ¥
VIRELAT AR, M R AR R R ATLRRR, ERR  HE RAMR ELAE
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ReLU b BRAGE s I H AR, S & y m4EEE 5S4 n & x M4EEARY. £

A AEE T, W R x PRI ER AN T 0, fith v 0, I SE TN . BRI ReLU RO
FARN

y(i) = max(0,x (7)) (2.5)

okt x (i) A y(i) 49K x By 7ERLE £ I

T ReLU WOR BEOR A B3, 7 P60 b O A AR 2 o6 O 4
(S v, L P B R RO RO S L. i ARFEMA x AU, Tk B O A
A5 | MRS o L AR N

Vyiy Ly i) >0
S (2.6)
0, x(i) <0

Softmax KB

Softmax 45 2% JZ A& B i 2 43 2 in) il o e i FH (9453 2K R B o (B 152 Softmax 532K JZ2 A
NIE x, HEFEN ko Forb kR SRR AL, i F R0 2 9 T a2k, SERIEL
k =10 7EAT ERR I TH R RR A, B e x) x TH e FREOGEEATATIA 4k, M7 2] Softmax
AN B x NN A B IE RN x (i), £() i APE T Softmax 71, e [1,k] A
R W G MR AR

ex

E et ()

J
FERTFTHS, 4 Softmax 73 S5MEE 5 HUER A MRS X B2 () ST R T (0 73 200 sk
PR HUZ AL TF SR 1 4% 3R A T ZEARARE € MIbRic (label, tHFRNHSCEBRSERRMED y o5
SRR B . TR AR, ARl y SR RN —NERE N k /) one-hot [, %A
s B2 LS 1 4 BAE A, HARMEY 0. Softmax 5128 BT T2 R HAf Rk Af, H
PURAE L BT~y

¥y = (2.7)

L=—Zpamwm (2.8)

76 S R TS v, AT B R bR e R R 51 2k 2R B2 R S 2 N

k. KT Softmax FMREZE, TRRETANMS: v.L MitEARHA
VxL=a—L=J7—y (2.9)
dx

i T CARE S A A L B ATLRE FE R RS, BRiid IR AT p, Softmax 1% /2
IS N YERE R X, 45N px k., X BT RIEARR —FEA . DA RE AR
AT e IBEOFFIHTATIH— 15 2]
eX (D)

3 eX(id)
j

Y(i.j) = (2.10)

DR AT DU AR, b3 A
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Forb X (i, ) AR X X RER i FEAS jALELME. 4 X, 7)) BUEBRCRRS, K e IRETRES
HELEE B AR . DR AE S P T ARSI, AR EUER e, &70R e fRENT Lt
TR G AL TR, et Y (i, j) AR N
X (i, j)-max X (i,n)
V(i j) =

Z ex(i.,f)wml?xX(i,n) (211)

j
FERTFITHEET, Xt Softmax 70 HMEZE ¥ (i, j) MR MFEAR (RGN ) 8D TR R E 20 [N
(KIS E AT (7> SR o BRI FRIC Y 8% R4 one-hot A&, 4E/EH pxk, H
FEET L~ one-hot [ &, R PMFEAIIAR L. W ESREN A Q28N

L:—%ZY(i,j)ln?(f,j) (2.12)

Hrp R RAE AR T AR T390 5, BRI R A p BUT- 1.
TER AL R, i FERIREA A p B, 0K R AN 09 R 5 vx L 10T A R (2.9)%
N
vXL:%(f’—Y) (2.13)

Fllty, ik vy L A FEARRFERUL, NI A SR p BT

2.1.2.2 FRZRMLEI)IZ%

FPLE R 2 | 2 R B R 48 R I SRR (A2 W 2% o B SR I 45 RS J S a1 (Bid)
SREFT . APEe P28 I i w00 BEALEE B TR, B AW ARG A2 S HUp
B, MFBEEEN GRS Bl AT 8 BRI =, 4 Aans ARIgReEA (B8 m A%
FARCAE 20, T el AT e I ZF I AT 04 1 AL EE, A\t AR AR ofe 5 22 1 0 eR it
FiiRz, RZS5T JRSCEMRELE R ERE T MRz, BdERENHE
HH PP I 25 S A A SR . BB S R s A SRR e (5 B RO UK Ul . AR AT AR
4 28 1) B ) A AR 2L, A0 2 b B 0630 1 328 J2 T 540 % R OGS B AN 0 LA - CEITERS
FE), e A SRR AN M S EOE T E . B SH W MR ASN

WeW-nuwl (2.14)

Hrf, vwL AZEIIEL, n 25203,

FHE A2 2R PR A0, A MR ZRI RS RE . B2.29 R4
P 7 I Softmax JRZH Y, Hrp SRR MAE A WO, WE N b,
NEERZNBER WD, WER D . BTSN S RAR x, R KARCA y.
A2 P 268 T [ A 4 O T2 2 T B UK

h=wW x+p0

z=WO h4+p® @15)

VAT P I = R MR S XA T AR 2L, TR TR R RN — 2 R A — 2 ReLU ERIAS,
LN SRR 1 X s A — B
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E22 HEMEMERG

Hrb b,z 3HRE— B EEERENRIH . Softmax #5K MHUAE LY:

(i) et
§() = ——
Ze? (2.16)

L=-2y()ny()
EEIECE G iR e YR g MW

V., L=y =y

Vivod = hv, BE

Vg L=V, L

L =W v, L (2.17)
Nty Li= x v, LT

V'L = Vi L

v.L=W0Oyg,L

FQEP VZL\ V},L\ vxL ﬁ}%ljx%fﬁgi@ﬁ%f Softmax}:'\ fﬁ:}%{'\ ;ﬁéﬁfnﬁ{ﬁ‘%y VW(DL\ meL\
Vwo L Vyul MRS ERE R OB ERRE R, %, AR

(A B A BT A
WO — WO —pvy 0L

b — b - Ve L
W(z) — W(z) = ?]thE)L
b2 — p2 T]vme

MM LI VN BT LLZ L (BT R SE) Bob 36 2.2 5.

(2.18)

2.1.3 SCIGIfE

il 385 CPU.

A Python S E3AEE S AH S I T g %, {045 Python 2.7.9, Pillow 3.4.2, SciPy
0.18.1, NumPy 1.11.2 (ASEEG AT 8 A TensorFlow S8R 2% STHEAL) .
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HAEE: MNIST FEH T AR, ZHIEEQS —MIGEM—NIRE, HAPilgeE
A 60000 MFEEA, TALEA 10000 MEA . BEMFEAA AR FIG (BN IEIE 5D Rt
PRICHLRR, BIF KN 28 x 28. MNIST Hin 0 & 4 A, HalZ G EREG. Ig%GE
Frid. MAAEEE . MLEMRIC. FaEMbl Ahttp: //yann. lecun. com/exdb/mnist/.

2.1.4 AR

Wil — N =EMaMELF 587 EBR K. ZMNEAENINREM - HETE,
Horpdg N2 o AN B AN AR 4ERE e, i B R 2 oA B B A E T
FABRE R Z AN BT U EAESH T RE. T TSRS E0E, A
BATEHTEUE, ARG Rmn T4 M ORBE RIS s =405 (BB,
T4 NP L2 P 26 50 245 PR R B A B2 oy — dE ) AR AN o RF 2 250 SR8 — B SR AT T
W, MFSHETEE 0 E 93 10 KA, TIFPEE R £ 15 H #2850 N ECH 106

N TAETIERIF R, TRRSEEUE R BLAL 1 77 AR LI A w2 g b B . H AT
Y R 2 B 22 ) 2 LRSS E R 7y 5 KB

1) Hnaasee: MSCPFh R, JFEAT LR, P B AR — 1 4R
AP, AR T B AT LR 0, DU RCE B A TR £ R i A
Bz

2) HACHITHIEL: SCHLPZE PR B AR BT AR 2 B2 S B AR R TR L Rl
THESEIhRE

3) MIZgEifRL: BT AS R iR S — A SE B R RO 2%

4) MZEI%R (training) B AZBRSCEIUT I ZREEIEAT M2 RER I ZRRI DI RE . /£ AL
FOPhe R 2 A5 KRRl L, SN2 R 28 B RO il (3 . AP P28 B Sl A i . xR
BIEAT SRR IRMEH MR S HEE R AR, YL ZRR F 1K

5) MZgHERT Cinference) HEH: 1ZRiH S E(E I ZR75 B R 28 R, S IaARE AR AT
FoU i AR AR S AR R A LRI 25T BRI S HOR N PR I 4% 1 AT 1) A%
5.

1S LERRIR N 37 5, PPEE N 248 TRE il BEAN 75 B & A A, (3 S S 4 T ok A
TR AR ISR (nsei3.1), JEsir AR ER TREP A EHERHS
SEES3.3).

VNS M 2 E I X S S AL E S R 82 v e W = 11 3 2 e S R ey P (2N EE Y e
KB R E 4 7 20, B AR F TR 5 I R SRS O, sl I 2% I R B
5 g HEmT B G It

OLEAN[E] SRR AT BE AR A TR Rl T .
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2.1.5 SCIGHE

ARAT - E AT SEIASSZ G 5 M R 2, DLA i frT 5 i A B S BBk SRR
o EG 3.
2.1.5.1 HUEmMEBIELR

A SIZHG R FH [ K BE  MNIST F 5 807 FE P, 2800 45 A 1) PRS00 A0 brc 3o 1
FHAR2 19 [ IDX SCAFA% AF T . BEUR G R AEFAT TR SE 0 08, BUE TSR N [0,255], F
o BB, 255 R,

# 2.1 MNIST ¥4 IDX %R

SRR

TR Hdh e fE i
0000 int32 (32 fEAFF 0x00000803(2051) magic number (JREHD « FRMRERIEIE SR L AR
SRR FHARMAE G R, MSB CR 25D
. 60000 CilllZx4) el
0004 int32 10000 (kA EREE§
0008 int32 28 BT %, BEG R
0012 int32 28 %7 M, BB
0016 uint8 (8 L LFFS 27 BEE
R
0017 uint8 7 &AL
XXXX uint8 ” lESNI
FRic S H 30
F i Hm A {& il ik
0000 int32 0x00000801(2049) magic number
) 60000 (Il 54> s
0004 int32 10000 CHIELE) Fric R
0008 uint8 7 LS
0009 uint8 7 (XL
XXXX uint8 77 e

5T S B MNIST #8235 AL B 7 s 3, R PP B an 23R . 25 iR
FAZF B O MNIST Bl e 8 4 A SO U HEAT EEICRFIAR B, IR A 2 91 2R A0
WK A7 7E NumPy H R G ZRAE Y i ] DASRIE 3 U2 [ vh 155 D, seBliZ o g
HIRE s Bl 2.4 77

2.1.52 EARBITIELR

KR ER2AR M =EMEmMs, ERe=1 208, Al NeEEE G
F ReLU ¥ s 302 9| NIEZR AR, SRS R ReLU EAE NIETE REUZ . 7E M2 2%
[ JG AN Softmax Z1HEAZ SO 2K . (Rl ARSI A 75 AL R AL A o i b 95 4
EHEE . ReLU EM Softmax ik 2.

EFi M 2 SE I, JEH [ R E H — DN RE X, ZANEZEAL R E H 28 ) 524 2K
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def load_mnist(self, file_dir, is_images = "True’):
bin_file = open(file_dir, 'rb")
bin_data = bin_file.read()
bin_file.close()
if is_images:
fmt_header = ">iiii’
magic, num_images, num_rows, num_cols = struct.unpack from(fmt_header, bin_data .
0)
else:

fmt_header = ">i1’

10 magic, num_images = struct.unpack_from(fmt_header, bin_data, 0)

1 num_rows, num_cols = [, 1|

12 data_size = num_images * num_rows % num_cols

13 mat_data = struct.unpack_from(’'>" + str(data_size) + 'B’, bin_data, struct.calcsize(

fmt_header))
14 mat_data = np.reshape(mat_data, [num_images, num_rows * num_cols])

15 return mat_data

B 23 MNIST BB 04 ARt #

=%
o

( load_data(self):
f yad _mni ! g I (3
train_images = self.load _mnist(os.path.join (MNIST_DIR, TRAIN DATA). True)
train_labels = e

test_images =

test_labels =

self.train_data = np.append(train_images , train_labels , axis=1)

self.test_data = np.append(test_images, test labels , axis=1)

B 2.4 MNIST THIHER BTG E

S, T SR 2R R R e ORE e SR 5 eR B R LR R IR G SR
gt AURAR RS OGRS SRS SEI A R A7 5. Kb R MRIaatE
BR B — A R AR S B R I AN R 8000 2 2 R S8 FIAnZ)E F N f 4 T B A
B e e C U SR . SRR LR B 2 i RS (B E TP R EM M E)
FeAFfif S Ia), JFEFERIAaE < B 17 5% e BRI T AT — R RS R VA E s A, HEAR
T b 5 R o IS A 43 o BSR4 i 0 I 0 38 2 TSR0 % el JOR B AN B RO BR T . 2
A0 BT R AR P 16 4% 1 R BT SR BB N A R O S RGHAT B . SRR BN g
JE RSO IR 2 H M, SH0 PR A R EOR 20T 2 S B E SR B € ISR . F s
2 (WEaE =) TTREBCH 280 AN 20 (2 MRt 8 I iR A7 B EL .
AL CBed RAUZMBURREUZ) 1% g dm A e, AR ENTRE, W
WA EJZ BT A B AL

PAR 4R 2. ReLU 1 Softmax #1582 1) H AR S0P B

EFEER: HEFonlnE25R, 2 LT U R

« BRI TS A B AT VA 4R P A
VAEIE ) G A T IV S A7 RO .

« ZHIEIL: AER RS ERIEPCER N E o ARYE A R BYERE m A H R R
YEIE n AT CAHE BCE W IAEN moxon, WE b OYEIEDY no (EXTRCE AN BT )
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g Ay, S HR R N LR A B R, TR LR IR E AT AR AR N 0.

o BUFAERRTES. AERERIHT AT A A0N(2.3), T DU A R R 5 B AR
TR i AR IS o

o RIMERRTEE . ERZER R AR R AR N4, g5 E 0k R HO A R A Y
T3 vy L, FIRIFERE AR ST SEACE AN (i B AL Vi L vy L UL RAUR B A E fi A
I3 VLo

o BEFE N B2 g, W R AR TSGR B ERRE vy L AR E R v, L
STAZHIALE W AR E b 4T 5

W e—W-nvyL (2.19)
b—b-nv,L (2.20)
o SHONE: MBI AR FALE WA E b
o ZHURAF: IR INARZ A ET AR WA E b

class FullyConnectedLayer(object):

def __init__(self, num_input, num_output): =

self.num_input = num_input

self.num_output = num_output
def init_param(self, std=0.01):

self.weight = np.random.normal(lec=0.0, scale=std, size=(self.num_input, self.
num_output))

self.bias = np.zeros([Il, self.num_output])
def forward(self, input): |

self.input = input
1l self.output = &y B
| return self. output
def backward(self, top_diff): =
1 b A0DO . G LYl
1 self.d_weight =
16 self.d_bias =
|
|
I

bottom_diff =
return bottom_diff

def update_param(self, Ilr):

21 self.weight = _

self.bias = __

del load_param(self, weight, bias):
self.weight = weight
self.bias = bias

def save param(self):

return self.weight, self.bias

B 25 &EBEERSIUR

ReLU B: A& Z5, FbsehE A 28inih. 808 . 800 nEM R 1774
KETERE . ReLU ZMFEF R WiE2.651 2, & X 1 LA B B3
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o B AERETEE: RIEAR2.5) T LLHE RelLU JE a1 mMERR 25 K. 8 TR s,
DL 3t #E A A A FEAd ] maximum PR, maximum pRELZHEATRE, TR RSB RER
HAILES 0 PR AE.

o ERFETEE: AR AR (Q2.6) T LA EHU R A A IR S . ETRESZE A, Al LA
IR x(i) < 0 I E RS, ¥y XA ER{EEN 0,

I| class ReLULayer(object):

def forward(self, input):
self.input = input
output = ____
return output

def backward(self, top_diff):

bottom_diff =

10 return bottom_diff

B 2.6 ReLU EHILHRH]

Softmax |WER: FFEAEESE, KL% Z 8 SR InEF A7 AH
KEJRAE AHERZEFHEBIMTE S NHUR R EE, (EINZRm i af i 2558, #8h
FIWE A N 2Rt RE . Softmax 47 5% J2 INFEFP R B IR 7, 58 SC T RAR 1% A R 4.

o HTFEAERR TR ATRMER A RQAD TR, ZAFOSMREETRE, S7EK e THEUTL
BEAT Wkt KAR AL ZE

o BURBBOTEE: W RUE A Q2 12) 5, SRR EEALRS B T BRI 2R B {E 2
batch W FTAT FEA FUREEME . FHZHEZ AL, MNIST F5 507 e (0 bric S
BEARE 0 F 9IRS 5, L THE AR 75 2RI A % 5 #4004 one-hot A & .

o Sl et e ATRAER A (2 13) TR, TR AR R AR B R T

2.1.53 PIEEEHIIEER

IR 2% 4 KRR Y 420 ST 3UR o 220 48] 248 1) ik A B 70 SR B 7 — A e BE [ A28 ) 2% . 7E T
o S R R — AN 2R AN 4, FH 21 1 S BR B0 5 U 22 I 2% IR AL
FRSTAPZ UL AR . PR P £ AT BRI IA AL S S AR . ARG vh = R R £ 11 Y
R SR R S FE s B2 8 s, 58 LT LA 8 5 iR 8

o PP REERIAEAL: E TSR S, Flam S h AR dh g oo E.

o HALMIEREGH: TE SO IR TGN, SEBIAE A B TR R v e S J= R
RUE AT HE R o IUASEIR A i) = R M S e = anE 2, JFHAERTA
PIEHZ R IRBEA ReLU |2, #& M 4% HRE(EH 1 Softmax #1125 2.
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class SoftmaxLossLayer(object):
def forward(self, input):

input_max = np.max(input., axis=1, keepdims=True)

input_exp = np.exp(input — input_max)
self.prob =

return self.prob
def get_loss(self, label):
self.batch_size = self.prob.shape[0]

10 self.label_onechot = np.zeros_like(self.prob)
1 self.label _onehot[np.arange(self.batch _size), label] = 1.0
loss = —np.sum(np.log(self.prob) * self.label_onehot) / self.batch_size

13 return loss
14 def backward(self):

16 bottom_diff =
17 return bottom diff

B 2.7 Softmax kBB AH

« ERMBSEAIGEN: N THERME DS SRR, ROOR X SR K2 LA ihi
PR, TSSO M 2 B S H G . ASKIAE AT SR phae g, R =
MEEREAE G KR S8 10 R ZEp AT

class MNIST MLP(object):
def __init__(self, batch_size=100, input_size=784, hiddenl=32, hidden2=16,

out_classes=10, Ir=0.01, max_epoch=2, print_iter=100):

self.batch_size = batch_size

self.input_size = input_size

self.hiddenl = hiddenl

self.hidden2 = hidden2

8 self.out_classes = out_classes

9 self.lr =l

10 self.max_epoch = max_epoch

8l self.print_iter = print_iter

1 def build model(self):

1 i APDO: @ B i 29

14 self.fcl = FullyConnectedLayer(self.input_size, self.hiddenl)
15 self.relul = ReLULayer()
1

I

|

|

self.fc3 = FullyConnectedLayer(self.hidden2, self.out_classes)
self.softmax = SoftmaxLossLayer()

self . update_layer_list = [self.fel, self.fe2, self.fel]

20 def init_model(self): f

21 for layer in self.update_layer_list:

layer.init_param ()

Bl 2.8 =EHMEM LK RSB IR 5

2.1.5.4 RGI)IZRIEHR

FPLE R B ZRRAE U298k o 78 56 BRER B BN W 28 S i st Il 2 )i, 75 22
LSRR . ASTEG p = )2 2 9 £ (1 I 258 1] SR AR ERRE 1 s ] S PRI 2. 10 R . i X 4%
NN 2SR Iy i SE S pwi SRR DR L e e RN K N ke D A L K (N i 4
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B 2.9 MEMEIGRE

M2 ZHOT R AP S JARIF SR AR o 30 o 28 Y1 R H 1) 3 A LA B 25 1
% FH A2 R0 228 SR Pl D3 bR HBOR S 3L

o MEEMLKHTRT AL R MR IR SR AR, U A = T A R e . BA
WAEEAE NS RN, 2R AR AR iR T AR
(o, fE B R R EUZ 5

o FHERIALE Y S AR ARIE AL P2 B R TN 300 R U AR B S e AR i e . R
P A M 732 J2 i A R R O 5 2 2 5 i 3, BUe R BIMEM ST 215
HbhIE .

o MEMESHER: MNHEMETREESAME, KIS ENSEERRE, K
RN FE ML KIS LETE R AR PR = EME NS OU P = g R R
SHHL RIKER =D R 2 H AT .

« MEMBBERAT: LMK USSR, KKK RS L0215
(SRR

o MR BIIZREM: Ak, (D TR — B S8, il AR R T %
SRR IR RS . 52 ST R0 AR (B B O s TR 2Rl R ¢
IERZ D B L — A AT AR R A S . (2) THRIEARIIZRE R . R SRR
HFUGRHT, T AR 5 200 B AT RN LT AL, — B — IR RIS Hdl 5
RIBEE S S5 — N R Ja o Bls AT RENLIT AL . BUOERIUNZRd T, ik
B Fir A A G (8 F SRR R AThRIL, FREAT B SR B A %4k, Bl e 5 AT
SRR, SRS BEAT S P28 1 S R AR SRR 1T RN PR B S JOBR L, i Je o
AR IS RO AT R . SE R RS AU P DUR IR 75 ZEAE IR b =5 i 4 R AH
PAPLSEBR L] R O T E 228 . Se M M IR RIS, il 2 I 2R3 21
HHER I 28 MR B DR A7 B S

2.1.5.5 MLRHERTIRLR

BEA P2 W 2 AT R A0 B2, 1R . SER e 28 1IN 2R S, T BAR IR 2
RN A AT T, DIVP AR B NG RE . A S v = 2 o 2 I 2% 1) [0 28 HE T A B e
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def forward(self, input):

hl = self.fcl.forward(input)
hl = self.relul . forward(hl)

prob = self.softmax . forward(h3)

return prob

u| def backward(self):

11 dloss = self.softmax.backward()

def update(self, Ir):

for layer in self.update_layer_list:

18 layer.update_param(lr)

20 def save_model (self, param_dir):
2] params = {}

2 params[ 'wl ], params[’'bl’] = self.fcl.save_param()
params[ w2’ ], params[’'b2’] = self.fc2.save_param()
params[ 'w3’], params[’'b3’] = self.fc3.save_param()

np.save(param_dir, params)

def train(self):

max_batch = self.train_data.shape[0] / self.batch_size

for idx_epoch in range(self.max_epoch):
30 mlp.shuffle_data ()
31 for idx_batch in range(max_batech):

bateh_images = self . train_data[idx_batchsself.batch_size:(idx_batch+1)*xself.
batch_size , :—1]

batch_labels = self . train_data[idx_batchxself.batch_size:(idx_batch+1)xself.
batch_size , -1]

prob = self. forward(batch_images)

35 loss = self.softmax.get_loss(batch_labels)

self . backward()
self.update(self.Ir)
if idx_batch % self.print_iter ==

print( "Epoch %d, iter %d. loss: %.6f" % (idx_epoch, idx_batch, loss))
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: VI 444 TMGEE T
| y
1
\ 4 T I 4 B

B 2.1 P2 R HENTIR R

e ————— -

25



R R Gk

FeonBluntE2.12f7r . TAESCHLA FIREHAG — D MR MBS T8 1%, O
FE MG BT SHOME AT R SR AR . 100 0 2% HE W AR 1 B AR 4%
1 LB HEWT = 1A FH o 2 0 245 2K 1) i 7 R R E L

o FHERIXER YR [P0 AR 19 28 HEWTAS R A 18 e 28 I 45 i ) A 35 1 5 I 28 I ik o
F R [ A R AR sg 4 IRt mT UL EL B2 R FH R0 28 I 2R B o ) e 428 ) 2% i 1 4% 4 R0
.

« MEEMIER SRR PR8I 25 ) SRR CRAF IO S B 1, FR N 280 W
ZRHZHUE.

o MRZEIEXHEWT R BT 0K TEHEAT P I ERHEIRT AT, 75 BN S MO a8 22
RIS H. M PN RE T, IR R I B S AT
AL N 2% B T [ A AR T S A 8 b 2 X 2% 1l 45 R o 75 38 B AN 00 sl e B 1) e 45
RJF, GBS RPRICHEAT LU, FURTHER PR BT SRR AR, s
Br- o 2R ) RS 0 28~ ¥ 1 E R SR AL Y PR e

def load_model(self, param_dir):
params = np.load(param_dir).item()
self.fcl.load_param(params[’wl"], params|['bl’'])
4 self.fc2 . load_param(params[ w2’ ], params[ 'Bb2'])
self.fe3 . load_param(params|[ 'w3'], params[ b3 "])

7| def evaluate(self): |
pred_results = np.zeros ([ self.test _data . shape[0]])

for idx in range(self.test_data.shape[0]/self.batch_size):

10 batch_images = self.test_data[idx*xself.batch_size:(idx+1)*xself.batch_size, :—1]
1 prob = self. forward(batch_images)
pred_labels = np.argmax(prob, axis=1)

13 pred _results[idx=self.batch_size:(idx+1)%self.batch_size] = pred_labels
14 accuracy = np.mean(pred results == self.test_data[:,—1])
15 print( Accuracy in test set: %f' % accuracy)

Bl 212 =02 R4 R 45 HE W B ST T 451

2.1.5.6 SEESLIIRIE

TGRS R 26 1) 25 B R 2 5, R A X SRR B T LASE B = JZ M 22 M 2% AT 5 8
TR 0 0 BERAE . AR SIS T = R ) 2% 1) S0 SR AR R R PR Gl i 213 . B
FRBIE =2 A NS, fEME MBS H, R ENMa 3. Hiki
AT (RN AN AL R . U P Y s 2 AR B S R R, B R AT MR TR 1L, TR
BRI 29 S5 MR 2 B Bl U A BT BB S B A 2 ) 20 v B BN 2 o SR T R 4%
BN ZRBE A%, 2 JE U 2515 B AR R 2 B R A7 B S F o fe i AOCAF R SR HG
SATBIRIBIR S HL, 2 I A PO 25 41 B R bl 1 A 28 AR T
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if __name__ == '_ main__":
hl, h2, e = 32, 16, 1
mlp = MNIST_MLP(hiddenl=hl, hidden2=h2, max_epoch=e)
mlp. load_data ()
mlp. build_model ()
mlp. init_model ()
mlp. train ()
mlp . save_model ( "mlp~2%d—%d—%depoch.npy” % (hl, h2, e))
mlp.load_model ( "mlp~%d—%d-%depoch.npy* % (hl, h2, e))

10 mlp. evaluate ()

B 213 =E#EM%H e ERELIRR

2.1.6 SCIGT(L

TE PG 53 AT S5, 30 R RAE A T 35 40 25 IE R 2R 1 W S 4 RBRG FE . (R L
H NN EUEFEA (MNIST F5 8 4 A7 10000 5-IAEE, HER N = 100000, bmp;
R I g A i Sk MR R TIMEE R, p AN, B R A SN R S AR
TR . BBEE R ERAERIC A v RIS SR EURIE T30y, JUITE SRS 5593 26 1E 1
ERMARN

N

> (argmax(py) = y;) (2.21)

i=1

R=-
N

Hop 1(argmax(p;) = y;) 188 p, HIE R BTN IG5 5 v, #IERER 1, H0
il 0.
ARSI PR bR AE B E W R

o 60 pbritE: 5 EREREE. ReLU 2. Softmax #0155 BRI HE RS NEIE. S8
B SR B4 NG rT LA 31 TR A 1 i ) 4% 39 04 AR S 1 4% 336 pf i HH AN 2 5
B

o 80 7rbrifE: SEHLIETREI=Z ML RILE, JFHEATIIZRMERT, 8o I 2675 2 RBR (L
MNIST WA ik LR 7 2K IEFR R T 92%.

* 90 73 biif : SCBLIERA K = JZ # 2 W28, FEEATIIZRANHERT, AN ZA G S5,
fit fpe VI ZR A5 2 A AE MNIST IR 4 B -T2 00 R IE R 2 51 95%.

* 100 73brifE: fE =AM IR Bttt H CRIRREE MR G5k, JFEAT I ZRAnfElsT, {4
2 IR B HORI AR AE MNIST I En 42 B A T2 0 IR % T 98%.

217 XA
206 rh i L 4 A
1) 7ESTHLMIZE 28 SE A B ITI, ST A AN 2 0 SEBLR IR (1) 2
2) {ESCHAPE L G, WU AN SR R 48 55 KR 4 A T SR iR 1 2
3) TSI 16 A PO 00 S R B R P 2 T L BB L 16065 4 A 48 4 2
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22 EFDLP FESLUFEHFENA
22.1 SLIEHBY

BRI AL LSS DLP PSR, REAE A B e UF (9 Python 4 1 ROBL & 22 > 4
FEPE pyenml K552, 171 (UMPLE & HEWTHE /> B AE F DLP P 65, Sl FHEET . Al
EiiE

1) FIHHEA pyenml B Python 4% A # T 585 70 R = E M4 M 45

2) PAEAE DLP EIsATHhER L8 FIMRE, OVAE Jm S 5 4T VE40 ¥ ) DLP itk e DL fig
P ALl 5 4T 2R

3) SIS SREe BT LR s, TR DLP AT CPU AR A FI B
SIS TAER: £9% 2 AN/

222 BHEIA

2221 =k

PR 0 24 T SRS 8 SR 32 A7 (1) S I A (float32), T SEFRRF R 16 A7 5 S
ol 8 A 5E RO AT LA AR RS FE TR R . SR FAIRAL B8 1 2 GO AT LU 20k A7 figh 2 18] B 17
L7798, AL T] DAY RO b 5 S (W AR DR, PR ab B RE, (5t 8 A 5E A i AR I i
HITFEI2I R 32 ALF mARIL AR /8. AT Rt At S RE 8 M 2512 51, DLP H S F#IRAI %
52 SRR, W int8. int16. Bk, 7€ DLP LIS4T#f4R 4% 2 /T, 5 Bt o5 o 25 45
MNSH (AFEAE. WES #1T7EREN.

i€ A — H L R EAL ) RORR R — I R, L SR SRR R
BN R E . R Ty N
ry X scale
Jposition
o,y FORBIAWTE B, g B REALE BRI, scale RGENEAE T, position 2
TREH ¥

X ] 2 AR B AR, T Y T BB AT — I float32 B KA At 44T, RIS e
MG E A AEGE LS, R SHEGH T RN, SRSZENELSE. AR
B, ARSZIGTRAL T LS S BIRY, o] DLELE INEOLE S 40T 9000 . 55422370 2
TEAA - A N ] EAT B SRR AL

qx = round( ) (2.22)

2.2.2.2 Python ¥ ORARE F 3 %wiIZEE pycnml

PRI 22 21 e e pyenml, JEILIHA DLP 2 CNML EE b i) e R S - sE B 7 iR =
FR)ZE L WAk )Z . ReLU U5 JZ . Softmax 45 2K JZ 565 FH W N 28 IZ IR 3L AR T fig, FR4eit 7% H
WY 4% 2 1] Python #2111, pyenml $2 LA 4w FEE: T LUR T 76 DLP b g spes N eg ik, B
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# 2.2 pyenml B0 HE

I Ihfe g R PR
setInputShape: P M5 — 2 | dim_1 (int) : 4E5F 1
pyeml.CnmINet().setinputShape(dim_1, dim_2, dim_3, | AR | dim_2 (int) : 4E7% 2
dim_4) dim_3 (int) : #EFf 3

dim_4 (int) : 4E/¥ 4
createConvLayer: B ERE input_shape (list) : FAZIRHIEAK, [N, input channel,
pyeml.CnmlINet().createConvLayer(input_shape, input height, input width]
out _channel, kernel size, stride, dilation, pad, output_channel (int) : $itl} channel f) 7/
quant_param) kernel_size (int) : A5 1A/

stride (int) : FF G

dilation (int) : ik 54X

pad (int) : 3HFE KD

quant_param (QuantParam) : S {2 3
createMIpLayer: R A input_shape (list) : % AR 2R, [N, input channel,
pyeml.CnmlINet().createMIpLayer(input_shape, out- input height, input width]
put_num, quant_param) output_num (int) : ¥ &4 1 channel A

quant_param (QuantParam) : {2 %
createReLuLayer: 1% ReLu W% e | input_shape (list) : 4 A8 f 2R
pyeml.CnmINet().createReLuLayer(input_shape) =

createSoftmaxLayer:
pyeml.CnmlINet().createSoftmaxLayer(input_shape,

@i Softmax 4f
N

input_shape (list) : it A KL AR
axis (int) ; AT softmax P15 4EE

axis)
createPoolingLayer: BIEE R KIAEE | input_shape (list) : i AR LR
pyeml.CnmINet().createPoolingLayer(input_shape, ker- kernel _size (int) : pool & FI{fI A/
nel_size, stride) stride (int) : & O#EslH K
createFlattenLayer: gz e = input_shape (list) : %A\ HCHE (1 TR
pyeml.CnmINet().createFlattenLayer(input_shape, - out- output_shape (list) : it 245 0 R
put_shape)
loadParams: SRR E M E InE | layer id (int) @ 75 ZINEACEFIZ M id. CnmiNet HK
pycnml.CnmINet().loadParams(layer_id, filter_data, | Z%{ Bl R A AE b, id B AT B ez el
bias_data, quant_param) o AR, LR — AR id 0, B AN id
M1
filter_data (list) : AU FE & . o202 4%l
bias_data(list) : % &
quant_param (QuantParam) : Tt {£ % %
setInputData: T A H input_data (list) : SAEE . 22 -4, i
pyeml.CnmliNet().setInputData(input_data) J&) 9 NCHW
forward: pycml.CnmlINet().forward() HEAT A7 A% 3
"

getOutputData: pycnml.CnmliNet().getOutputData()

BRI 5 5

4

IR [A{A output_data : 45 &k JG— 2 11T HL45

size: pyenml.CnmINet().size() ST #2225 2 | IR [ layers_num (int) : 24002 (140

[iER)=S
needToBeQuantized: P8 02 4 | IR0 need_to_be_quantized or not (bool): 251 22
pyenml.CnmINet().need ToBeQuantized(layer_id) TRl | SRR

QuantParam: pycnml.QuantParam

AR, FTARIR
1k 24 position
Ml scale.

2R DL I R i e Ok T R4, TRLE R py-
cnml.QuantParam(position:int, scale:float) 3 fil & — >
QuantParam %f % .

SRR -

pycnml.QuantParam.position : $EHL 1 T QuantParam H
TETMY position Z4L . I BAELHER FLHEATIRAE
pyenml.QuantParam.scale : 3KEL ] QuantParam BF
I scale 24, T LLELEER ILEAT IR AR
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BN 2.2F178 . pyenml f] Python 3525 17—/~ C++ 25 CnmINet, %2510 A 7 B8 5L
BT MM ZRAIE . TR, SEONEEERAE.

T LA 22 0945, SR anfaT i A pyenml SE At g R R AT 2 )R . 1 e Lk
pycnml.CnmINet(), %45 H CnmiNet # ] createXXXLayer fil (2t B8 £t 0T ULEEEAH 7 1) )
#E, Flne) 4 iEsEER N FH I pyeml.CnmiINet().createMlIpLayer. fir & ) & &F [ = %]
B FE RN 230 7 LAECH ) SR AP TE CnmINet 1, B TArERNIZER id R, 2
Fl pyenml.CnmINet().loadParams e AU, {# 0] PUERE I id K48 FHEMBESHME. py-
cml.CnmINet().forward ef 5 <> [ 2 22 TR0 G, RGBS ZRUAT M 5 ef 2, &
LR A i Jm — R AT RG4S R

2| net = pyenml, CnmINet ()

| net.setInputShape (1, 3, 224, 224)

7| net.createConvLayer( convl_1", 64, 3, 1, 1, 1, input_quant_params[0])

ol net.createReLuLayer( relul_1")

B 2.14 pyenml BRI EBFRH

EAHR pyenml Z 0, 10T E %% pyenml ;. SLfEE pyenml.targz, it pyenml
Hak, AT build_pyenmlsh A B AT IEM 2256, e TG, 3N pyenmlenv H3x T,
AT source env.sh 174, 22 J5 18 0] PAE Python #2)7 7 I | pyenml . ] DLP ) pycml
FE[#) Python R/, 4ifiz T /7 0L CPU LT X —3L.

BOGIR I [E] 5, nl LA D R SR 22 i C++ B, 1 T i B CNML e
M T E TS I 4 FE Z 02 AT RE . ReLU 20 Softmax JZ R ZSLHL 5 2 254, HAk
— 2R C++ A5 0] BAFE pyenml/sre/layers A

223 SEIGINE

TEE3A8E: DLP.

PSS pyenml . Python i3l MAHSCIY e FE, 4§ Python 2.7.12, Pillow
6.0.0, Scipy 1.2.1, NumPy 1.16.0. CNML & TERESE 7. CNRT iz AT} %

R MNIST TS5k,
PR BALSECOIE. BALS A2 R .

224 AR

il Fi] Python e IR B2 2 4R AL pyenml F5 5 — A == e M4, FIAIIZ:
G R SEILF S ECT R 2., IF(E DLP b IEfE1T.
5T, AT B 2R X 2% AR SN KB AT 4 MR
1) HEin#isE g, S H e AT iAb HE.
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2) AT R ZRE L, DT FEE EA AR ThRE

3) FAZREERIEY: A e e e A I 2%

4) FALEHEIT (inference) AEEbR: i O AR REAY, AR K008 47 T
225 KEPE
2251 HIRMMEIRR

A0 R F A SRR AR 2 MINIST T 5807 e, B 5 U e 305 552.1.5.1 5 sk
BUARRE . B ASLE N e W hie gk, Bk H RSB R8s, 1y A B S A6k 7
Numpy HiFEF, 77 (8 5 S HE R Peis Pl %8 AR 215k .

# file: mnist_mlp_demo.py

2| def load_data(self, data_path, label_path):

# TODO: il Il i % load_mnist i B A 7l &b 72 MNIST I £5 300 #0036 S0 30 0 P (% R0 B ic
test_images = __

test_labels =

self.test_data = np.append(test images, test labels, axis=1)

B 2.15 MNIST FHBER BN T2

2252 EAKREBITIER

pycnml JEH EL 055 FH I 28 2 [ s23 A Python 18 5 sk, K rl DL E B py-
cnml 1 [RIAH 2% Python 42 11 R SZHAREZE B2 R 45 1) 2 A o ot . FLARTE 72, AT BLZ IR
2. 14 [ 48]

2253 PLBLEHgIRER

WA 2% 25 KRB ] L ELEAE Y pyenmll 5 5 0 YRR AR BTG 2 TORSE A — A 52 B M0 22 )
%o FETRESCHLT, B IORE ML, SR)a ISR A B HOK E e
R HIRTSREE . AL PR I 28 5 ) S LA . DLP b SCHLAY I 4% S5 A REER 2 e 9]
BI2.16F 75, 5L 1 PR R 7 iR 3

o LRI A8 pycnml.CnmINet() [ISEH] net, J5ZEfP& 4200608 . ZH0m
o BT AR T S A A I BRI .

o HALMEELERE: DLP b HSCHRE mE AL e IR AN B FRE, IF HAE O i ik =
TEMABR N RS FE e AR AR E N 2SO (EASE
BIEFREH T position FIGE ALK T scale), FRJG & UM ML 3R s F . 8 X
]H g LR INE, A% net HRI1Y createXXXLayer PRECESZflALGE— 2.
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def

2| class MNIST MLP(object):

_init__ (self):

self.net = pycnml.CnmiNet ()
self.input_quant_params = []

self.filter_quant_params = []

build_model(self, batch_size=100, input_size=784,

hiddenl =32, hidden2=16, out_classes=10,

quant_param_path="_../ data/mnist_mlp_data’/ mnist_mlp. quant_param.npz'):
self.batch_size = batch_size

self.out_classes = out_classes

params = np.load(quant_param_path)
input_params = params|[ input’]
filter_params = params[ filter']

for i in range(0, len(input params), 2):

self.input_quant_params.append(pycnml. QuantParam(int (input_params[i]), float(

input_params[1+1]}))

for i in range(0, len(filter_params), 2):

self. filter _quant_params .append(pycnml.QuantParam(int(filter_params[i]), float(

filter_params[i+1])))

self.net.setlnputShape (batch_size , input_size, 1, 1)
TODOE i H  pyenml
(o)

self.net. createMlIpLayer(’ fcl’ . hiddenl, self.input_quant_params[0] )

32
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2.2.5.4 [LEHERTIE LR

EEIFMEE IS, SR LU SR R, d NBHE BRI T T . X 4% ST AR R () DLP
SRR R B W 2.7 FT s o APEE WER TR B I S 0 ak . At AL dk . R AT A S A
VEIR 3 A 0 2 25 ) Rl B3 B B0R o 3L

o PPEE S SO B ZHOCM, I net B loadParams £2 UM#EZE
27T SEES R I 215 B ALY S H F T AT, (H A A A e T R R AR Y
ZH (RESE) #Hraith. AT TER, ARt 7RIS HEN GOt
BRZHEN ARG, TEMPITEALE. —J5mm, 1253 R f 4
R BB E PIAFTAEE N Cin X Couer T DLP AGTE A2 3% 452 22 R [ A 3R 45 2 R
Cour X Ciy » P TRZER IR E L — I B 55— 771, T Python 1 HIFF R
FHY float A& XUKE KV AL, pyenml 32 11 P SEEL T CH+ R BB E th  RE 2 U
FEVF s B, T numpy 7 I ECHE CURERUE AR /2 np.float32 57, TR T T30
numpy F4lE 24 np.floated 2581, S WITE R pyeml FE[R14% L1k fE b S e .

o« HHZEER(ATRT 1) A% 4% net.forward PR 2 1 BN 17 R FH net AP IR — J22 19 i 1) 4% 47 R
8, IR RUE - EATAE R T R A AR [

o PRSI EEHEWT R B M. B2 ) CPU SEIE AL, IBFA BRI e At &l
SR, B S TR D% 2 1D 1) 4% 3R BRSO SRR B R 28 I 2 1 Bt 45 5R . SRS 5 A
A AT HEAT HON T B AT BB RS I

2255 SEEESLIGRIE

SR PR SIS ] LA A IR S R L, AE DLP LIz AT P4 P 4% e
T EG S MEGEZITHRRES CPU LM BT IRERA — 8. AL =2 m
R R R s B W 28 s . T SRSk = R s X 2 2 LR R I
28 5 K build. model TR 4L, FEE M ML SH (T2 ME A 80; B
Je W load data BRECH AT bR N ATFALEE ;. 4R )5 TR ] load model B # M SC A R
WEIF I ZH 55 A evaluate FRETIIAT ) 28 HE TR ER SR A FaIN &5 5L, R [ £
FaPE. BT CPU eI, A E IIERIA batch size 4 100, X T Fi /N2 5,
ST FH DLP iX B 5 )08 K (1 8 & SEEE A S8 M/ 1, RIEFRAT 14 batch size 2424 10000,
kAL 10000 FKE Fr, s DLP HHECIS ], [K2h CNML 7E88 RIS 47 I 241
MESAERPER, FEOSTHR RS-, FUAIRN]Z RKHAT evaluate R¥, HEERE—
YT SEAIT), e A T SR D gl R 0 I (1 e 2 e () AR B 1

22.6 SLIGEZ

ARG, R FEVE R bR S 2.0 S — A, A A ISR A7) S 2 a3 2 T A R S W 2k
SEHLNG B . PEREVEHIbRME N E batch size A 10000 B, #H4T—IK forward IR [A] . A<sk
B IvE bR dE e W R
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def load_model(self, param_dir):
params = np.load(param_dir).item()
weighl = np.transpose(params[ wl ], [1, 0]). flatten().astype(np.float)
biasl = params[ bl " ]. flatten ().astype(np. float)
self.net.loadParams (0, weighl, biasl, self.filter_quant_params[0] )
weigh2 = np.transpose(params['w2"], [1, 0]).flatten().astype(np. float)
bias2 = params['b2"]. flatten ().astype(np. float)

weigh3 = np.transpose(params[ w3 ], [1, 0]). flatten().astype(np.float)
bias3 = params['b3"]. flatten ().astype(np. float)

de

=

forward(self):

return self.net.forward()

def evaluate(self):
pred_results = np.zeros([self.test_data.shape[0]])

for idx in range(self.test data.shape[0]/self. batch size):
batch_images = self.test_data[idxxself.batch_size:(ddx+1)xself.batch_size,

data = batch_images. flatten (). tolist ()

self.net.setInputData(data)
Ji
start = time.time ()
self . forward ()
end = time.time()
print(’inferencing time: %f %(end — start))
prob = self.net.getOutputData()

prob = np.array(prob).reshape ({self.batch _size, self.out_classes))

pred_labels = np.argmax(prob, axis=1I)
pred_results[idx#self.bateh_size:(idx+1)xself.batch_size] = pred_labels
accuracy = np.mean{pred_results == self.test_data[:,-1])

print (' Accuragy in test set: %f’' % accuracy)

=1]
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11 CNg M s t "HF‘ dacmao Yy
if __name == ' _‘main__

batch_size = 10000

hl, h2, ¢ = 32, 16, 10

mlp = MNIST_MLP()

mlp. build_model(batch_size=batch_size . hiddenl=hl, hidden2=h2, out_classes=c)

model_path = ../ data/mnist_mlp_data/mlp—%d-%d—10epoch.npy '%(hl  h2)
test_data = ' ../ data/mnist_mlp_data/mnist_data/tl10k—images—idx3—ubyte’
test_label = '../data/mnist_mlp_data/mnist_data/tl0k—labels —idx]1-ubyte "

mlp.load data(test_data, test_label)
mlp.load_model (model_path)
for 1 in range(3):

mlp.evaluate ()

E2.18 =E#HESMKHSEERE DLP SLIURE)
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60 7rhrdt: SEFEATRIGCY, A pyenml #5 & HH = 2 #H22 MEX GEWS /E DLP b 3EAT
flEdT, JF HAEMRSE ERPF R IE R T 90%.

o 80 ZrAnifE: B L FEE= A B, R AR 2.1 SELG AACRY BRI 2R AL, IR
FALRLE DLP _Fig47 fERT (forward) #ER) 4 CPU HEWTRERT 19 1/20 sl EAL, HFH.
TEMREE ER PR IEME ST 95%.

« 100 7rbrifE: AZESBREZ 0B, TS 2.1 SCIS RS B T I AR, (E 4k
SRR YE DLP F3g 47 13E T RERT 2 CPU HEBTEERS (19 1/50 BLEAL, 7 BN 4E
FHIPER A SO EH ST 98%.

227 EE

FE S8 i 2 R ) B

1) DLP {EREAT #hE2 P Z5 HEWTIR AT T CPU A AT AR #5595 2
2) FEAAREIAREMEE S5 K, DLP RERS i AR OPEREILHA 2
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