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EIRE REF

PG AR TS 2 PR L 2 ST ) — D SRS T, e AR S URE RS S0A M VGG19
2o AE A HMATH Python 1 5 LB T VGG19 MEIR 7128, A5 /v iu{#E DLP
ESEEEG 2, B A AR UNFT ] Python 3 5 SR LI WS I RE S0k . AR =S,
P RFETH 2 R RAERY REIIR, RN SE R 2 B i) fiERE . RelU #iF
PR AR S HEA T, fEBERE BT AR TG . KRR .

3.1 EF VGG19 LI E& 42
3.1.1 SCEGHMEY

ERGRHAEM BT R, RGP W2 R L, GERSAEH Python 155
SCHL VGG19P! W 2857 Xt 45 5 (1 g A\ PR EAT 70 2 AR A4 -

1) MNARXS IR G MR U . O 28 ZE A B e N HE A

2) FIH Python i & SEH VGG19 BIRT LR U5, IAXT VGG19 W44 45 I # g, N
J5 4 AT FE Al B VGG19 W48 P8 RS 4ii 2k 24 78 Hfidt

3) TR RIG A AL A B ZEAN A NER YT N VGG19 R4, IR He k45 TRESE
U HE AR AR, VIR SRR R AR S (W XURITRE ) BUE LA

SEEGHEFE: 10%.
LI TAFR: 29300474005, 275 3 N/,

3.1.2 BENA

3.1.2.1 EFHEMERPRERE T

SR AR SR 3.1 R . BRUE IR T2 ] ReLU S80S %, N A&
BTl = — Mot iR (A A fD . SR & BBl M k2
Ja . SEHHREERURE 2280 K A e R B8+ M A e b, s e —A4
ST 7 B softmax JERGUE & M0 . RS2 S0G T, OENM T AR RelU
BOREREL softmax JZ, AFT AL FEE IR T GRIZMEKILZ. EEK
THERZMBIGLZ M BER (R RS RIZEME 3.1 719,

BHE

HAERREL, EREHHNSHAENE (NERZZSH0 MfE. VGG19 HEH
(RIS 2 A i YRR IE P B G BB 5 . BB ARFE R X (4EREN N X Ci X Hiy X Wiy F
N AR N L (FEARTZE R N =D, G, ZMANBELR, H, W, 28R
TERIIR A e . BRUZIKE W RIU4ERERE R, dEEN Ciu X K XK X Couer HF K XK N
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K
A
Sl B ST
WiE softmax
1

B 3.1 ERERMEMBELEH

BRI E L/ E, Cou FITMIFHAE IS . SRR E b e 3R,
N Couro I TE SUBANIHE BB A TR po BBUBK 5. HHIHER Y BN X 5
B W BRI E b i FAE], Y PN N X Cour X Houwr X Wours 361 Hou Tl W
A LR G PR £ e R

R FIHHR TSR, A T (RE AR 2 G A i R SRS — 8, HRX B HE
(RN X MO 78 (padding), HIZESR NFHAE B bR LA A A5 00 53 IS N p AT LA
p ST 00 HEFEA N X Cip X Hip X Wi BISINFFAER], £ I N p BEILSY 78, 514 %
JEFURFAE B X paa

X(n,cin,h—p,w—p) p<h<p+Hu,p<w<p+W,
Xpud(na Cin» I, W) =
0 HoAth

Hne [1,N] cin € [1.Cinls h e [1,Hinl~ ¢ € [1, Wi,] 48 B ZRE NEHIE EIIREA S L 38
WS ATS W5, BN Xpaa BN N X Cin X Hpaa X Wyaar SEETE Hpqq A
TELE Wpaa 575N

(3.1)

Hyua = Hiy +2p Wpaa = Wi +2p (3.2)
W, RARY 7e)E MR 6 B M AR5 BI04 2% R AE I Y

Y(I’L, Couts h,, W) = Z W(C{m kha kw’ Cmu)Xpad(n’ Cins hs + kh’ ws + kw) + b(‘:our) (33)
Cinskn.kyw
;E\:EF' ne [1, N]\ Cour € [1 Com] he [1, Hour]‘ w e [1, Wom] ﬁ%Uﬁﬁﬁﬁtﬂ%?ﬁgmﬁjg
5. HES. 79, Fljﬁf kh € [LLK]- ky € [1K] B RZIAT 5 M5 ¢ € [1,Cinl
TN AL EIAIRIE S o RS R R R R Y R A B8 R e A

Hpua — K H, +2p—K
| [z
R)
(3.4)
Wa -K in -
Wom:\\ pad +]J=\‘—W +2p K+]J
S S

B RRTEER, RBEARREON L, 2 K R BO AR Z it w2 vy L, FLYERE
55 R 004 ARIE AR I N X Coue X Houwr X Woy o FRAEREZ, 0] LLH R E AN
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i B ATHEEE vw Ly vy L LARAR R R EO I A4y 78 a5 A A R i vk, L, HHHEARN

pad

VW(L'i,,,kJ,,k“,,c,,,,,)L = Z VY(H,C(,M“h,l“))L Xpad(na Cins hs + kl'ra ws + kw)

nh,w

VL = Z VY (o show) L (3.5)

n,h,w

VXP(,,;(H,C,-,,JT.\'+k,,,ws+k‘.-)L =: Z VY(H,('nm,-'T,()C)L W(Cm, kh’ kw, Cau!)
J

Z a8 vy, L T RIAR, [SBRAEEN v L, THRARKN
VxL(n,cip, h,w) = VXPML(H, Cins H+p,w+p) (3.6)

Htne[I,N], cin € [1,Cinl, h € [1,Hinl. w € [1, Win]-

B

5 e e Rt Ak 2 3 NS E ) X FIERE N N X C x Hipy X Wiys FH N 2 AN REA A
O (FEARSLRP N = 1), CAMNRGRIEL, H, MW, L5 NFRE R = M5 . ik &
R R AN S50 K, ik B o s, SRR Y BIYEE N N X C X Hour X Wours 91 H,y,t
W, 2 S HRRE B v AN 5

R A 4% SRR, AR Y b R B AR S NS AR P X A Rt A 1 P
RKE, HEARXA

Y(n,c,h,w)= Ign%x X(n,c,hs + ky,ic+k,) (3.7)
i o Fow

HFne[lLN]. ce[1,Cl« he l,Hyuls we [, W, ] 205l b AR e i REA S i
ES. TS 515, ky € [1.K]~ ky € [, K] Zomibfb & D N ARFRAI B, 0B,

SIS SR B R AT AR i AR ARG DHES IR . A e R R B AR E S i
T vy L, FLAERE S EO R B4 RFAE B AR F I N X C X Houe X Wy o HHT R
P EAE T A A 3% 5 A ORI AL & O A R AE,  DRERAE S a B 3R, OURE G — B4R e Fxd
Rz Ak & FME b A O N B E T EALE, J A B E N 00 15 L 3w
et R NEETENE p, 1HEAA:

pn,c,hyw)= F (X(n,c,hs+ky,ws+k,)) (3.8)
k. ke

Hor FACGERIUR KA A B R R 2, IR b —A i p(n,c, h,w) = [¢(0),q(1)] 73
AR AR BN T & R A bR, g(0) KR A J7 I AARR, g (1) XFRL w J5 i) 28 R
ne[l,N],ce[l,Cl,he[l,Hyul,we [1,W,,], kpn € [1,K], ky, € [1,K] 3% N4
FREAE B AN IBAL 7 P B AR . R B RABFTAERL L [g(0), g(1)] PSR At A2 i ok
vxL, HEAHN:

VX (n,e.hs+q(0).ws+g(1) L = Vy L(n,c,h,w) (3.9

3.1.2.2 VGGI19 MR E AR L

VGG19BT 228 SR L G A M 2 25 4, B8 5 VBB I 16 NMETRER 3 20k
B2, WARIAFR. 7l 2 M EST 2 MEH)E, B3 MBS 4 M ERZE. B8R
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JEEIER] 3 % 3 K/ANRIERIZ, A5 Fe R/ 1, SO 1, B GRERA A S H R AE 1 ey
MTEAAE . BEAPEHIE R R E A AW . ERE DT BRI — N SRR, Al
EHCN B G RUR 5 B R (B B A iE HOon R s BRI HO . SRR
B MU S HamaE H0r A 644 128, 2564 5120 5120 FEANBMERREE — D BRUZSN, H
fib G B Z B R R ARG B E A F . B RR)Z 5 0 AREREEAT ReLU JZ1E A HGE B 4L,
AT BedseJa #RERBE A — AN O RHAL)Z RERRIE 0 iR AN BE i /N R IR 1720 3 A4
JEHHD 2 MR S R ERBE A ReLU JZ. (SRR, 55 0 B A RFE P 2t
1T, R VYRR L A O HER PR A R A . W&t 5 /2 Softmax 2115
IrEMFE . VGG19 ST E LR, HEERD AN T EREMN2ERE 5K ReLU
R BERT VGG19 MR ATEN CERETTR RS RFEEM S 3.2.2 7.

£3.1 VGGI19 MgiEALH

EE s it} GHEEAE B B MARIEE R SRR R A
convl_I R 3 1 1 3 64 224
convl 2 R 3 1 1 64 64 224
pooll  fiibE 2 2 64 64 112
conv2_1 HRZ 3 1 1 64 128 112
conv2 2 HRE 3 1 1 128 128 112
pool2  HKibik)E 2 2 128 128 56
conv3 | A 3 1 1 128 256 56
conv3 2 HBRE 3 1 1 256 256 56
conv3 3 LR 3 1 1 256 256 56
conv3_4  HRE 3 1 1 256 256 56
pool3 B KiliLE 2 2 256 256 28
convd_1 HRE 3 1 1 256 512 28
convd 2 HRE 3 1 1 512 512 28
convd 3 B 3 1 1 512 512 28
convd 4  HRZ 3 1 1 512 512 28
poold  BEKIbiL)E 2 2 512 512 14
convs | GHZ 3 1 1 512 512 14
convs 2 HBME 3 1 1 512 512 14
convs 3 LR 3 1 1 512 512 14
convs 4 G 3 1 1 512 512 14
pools  FKiliik)E 2 2 512 512 7
fc6 AR 25088 4096
fc7 LERHE 4096 4096
fc8 R 4096 1000
softmax Enle =

3.1.3 SEIGIfE

TR A 2R 155 ¢
AL Python S M EE AN CIIY R, (UH5 Python 2.7.9, Pillow 3.4.2, SciPy
0.18.1, NumPy 1.11.2 (ASZEG AT 8 TensorFlow S8R E 7 STHESE).

40

CPU.,
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HAELE: BN% VGGI9 {3 H I E 4 A ImageNet™ . ZHHRELTEL 128 il
PG AN 5 ki it g, F8H 1000 NAFIRISER] . ASSLIG A T B 7 I R rRE R 2 5,
HAT L EHPAE A ImageNet IR E 1T VGG19 B[ 25

3.1.4 AR

AL HH VGG19 W28 34T B 7325 . B Je @5 VGG19 M £ 5544, SR 5 FIH VGG19
F B 7 R A 2 B0t 4 8 BREAT 2028, VGG19 W45 [ HE Y S 4 L 7F ImageNet™ HdE 4 I
N3RS, Hoibm 45 Xt B ImageNet 20455411 1000 SR AIHEZE .

TE LARSE I AR IR IR B2, 11T SE 58 (1 R H ) 73 J7 v, B IR ER ) FLAR SE B T 5821779
LI HE T R, BT AR R R VGG19 P25 R HE Tl fE DR b A Sz S, 35 B s
PR, FEAHCIIE . RIZREE IR IR HERTSIE, AN B HE 2R I g

3.1.5 SLIGSIR
3.1.5.1 EIBEMEAER

KO D ERAS B S IR R G ORI AL B, R s W I3 2N e RS ESR FH ImageNet [&]
R EH 5, 2 4 UL jpg B.png FE 4 S #& AP CEETR RGBAEIR, HA R M I R Al fig
AfEe N T Gr— I RN R, SN BUR B IS, 7 50 75 206 BSR40 R 224 %224 K
ANy FEAEAETEFERE P . HOR, TN B bR L, REEMR AR FE{E I 2 ImageNet
BRSO, 1% BRI N VGG19 B S HUR [FII N o 25 B2 24 i A
P o A0 15 AT bRt AL, R N TE LN [0,255]) bratE A A EME 0 0 A IXTH), O i e ol
22 0 2% (I 2R FE AN A e MR ORI . AR S T VGG 19 SR 1 7 1 RSB
ITh N B FRUEAL, RN T HE S B VGG19 M4 ) Fiab# 5 AR — 8. &5,
B — b5 1 EUR O PR N I S N G — 4R 1S, BP N X C x Hx W, Hi N &4
ANFIREAS (el TERBREZIKIEAR, FIE N = 1), CREMAREES R Eig
J& RGB BEEEIE, Btk ¢ =3), H W 43 HIZRH N W @ F g (4680 1 BRI A
¥0h224).

def load_image(self, image_dir):

print('Loading and preprocessing image from ' + image_dir)

self.input_image = scipy.misc.imread(image_dir)
4 self.input_image = scipy.misc.imresize(self.input_image ,[224,224.3])
self.input_image = np.array(self.input_image).astype(np. float32)
self.input_image —= self.image_mean
self.input_image = np.reshape(self.input_image, [L]+ list(self.input_image.shape))
# input dim [N, channel, height, width]

self.input_image = np.transpose(self.input image, [0, 3, 1, 2])

E 3.2 VGG19 FISHE stk e R 5]

3.1.5.2 EARBTER

ARSI VGG19 I Tl (HEWT, AN B0 R M A% 3k H R AN S50
o AHTELBZ R aR 1L . ZEAIIEA . TR AR5 SEONESE AR . 7£ VGGI9 M
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&, WEEPE. ReLU 2. RIMALZ . &L Softmax [7%. HA4r#fZ R ReLU
JER Softmax FEAES2 11 SLg b Q2SI wT AELEAER], BRIAC H= A/ G E it
JZ L. BANE T LI flatten Ori~F46) JZ=, FITE VGG19 H 88— AL 2 20, 1
TR B Z (pool5) it (1 DU AEAFAIE B M FE AR T O — AR PR AR Oy e 2 M - 1
KitfbJZ A0 flatten JZH AT S8, AU S SEAG AN S EUN R

BRE: EEREIWE3300R, & 3T IR R R

« ERAIRE: TREE SCERINHE S HL, RRERRITR () K. i ARRIE i
JEH Cips TV IEENRIERL Copr v LIS 78RS py BRRD K 5 550

« ZHIAE: BRZNSHERIE (SR MWE. 5aEEzER0e, mE &
HrBEHLEAT A A B AR, TR L I BB BRI 4R 1R 0.

o LR TR AR A G ORGP T ERUE A RT & J S R ARG )
NFHIERATIARY 7. 2 5 FIH ARG ERIZ ST 705 R B 58
i P AR 5 00 A I SR A 22 7 2 ) A R R E P 8 SR G B R T I 3R A N
HARRAE B 25 5 78 CREsEBl b, A 20 B B2 0 Se By RO A DU O 0 S tH R
EEFA A ERE. BT VGG19 M i GG ZH &2 3 x 3 B, B K =3,
MR KN p =1, B s =1, FEk VGG WL [ T B 52 HRFE B R i
S SN REAE B R AT 1A

« BRI MZER B AN AR R RECE W AR E b
BAWAE: BT Rl B3 4078, €T LR R R

o RIS T RIS, A E D () K AB R

So

o B FARRR TR AR A 3G ) AT TSR R (R AT IR AR 4 R o AR B 1 R —
o7 B AL N N P 4o I e B 0 e A e AR El T i R P A R A
I AR BP0k I A B I B AL R i T B 43 19 SRy o2 DY B A A
ST S H R P I A o L A

Flatten B: fFF7RBIUNER SR, 5 T AT 0 e

« JERIFIEELE: fatten f2 HI - cSO2RFAE PR AE L, R A AR Ik P b BRI A O RFALL 14
AR . WAL flatten 2 e if 25 SO A\ Ik LA LRk P A 48 )

o BIFAERETEE: BRIERARIEE X F4EEE N N X Cx Hx W, HH N ZHRARREAA
B FEARLIH N =1), CREMANIEELE, HMW 2 NREEN &S K
NREAE B R R A RE AT RFAE PR — N = S, S R B I 4E ARy N x (CHW)
HE VGG19 B 7 BRI F B985 2 21 °F 5 MatConvNet!™! FIRFE B A7 it 75 A5 A
G ANE . MatConvNet HAFAEELEE A N x H X W x C, A SR FREE ) X 4
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class ConvolutionalLayer(object):

def __init__ (self, kernel_size , channel_in, channel_out, padding, stride):
self. kernel_size = kernel_size
self.channel_in = channel_in
self.channel_out = channel_out

self.padding = padding
self.stride = stride
def init_param(self, std=0.01):

self.weight = np.random.normal(loc=0.0, scale=std. size=(self.channel_in, self.

kernel_size , self.kernel_size, self.channel_out))
self.bias = np.zeros([self.channel_out])

def forward(self, input): i §
self.input = input C, 1
height = self.input.shape[2] + self.padding = 2
width = self.input.shape[3] + self.padding * 2

self.input_pad = np.zeros([self.input.shape[0]., self.input.shape[1l], height,

width 1)

self.input_pad[:, :., self.padding:self.padding+self.input.shape([2]. self.padding

:self . padding+self.input.shape[3]] = self.input

height_out = (height — self.kernel_size) / self.stride + 1

width_out = (width — self. kernel_size) / self.stride + 1

self.output = np.zeros ([ self.input.shape[0], self.channel_out, height_out,

width_out])
for idxn in range(self.input.shape[0]):
for idxc in range(self.channel_out):
for idxh in range(height_out):
for idxw in range(width_out):
Tono: A Al B
self. output[idxn, idxc, idxh, idxw] =
return self.output
def load_param(self, weight, biasg): # = ' sl
self.weight = weight
self.bias = bias

B33 BRENLIRE

class MaxPoolingLayer(objcet):

def __init__(self, kernel_size, stride):
self.kernel_size = kernel_size
self.stride = stride

def forward(self, input):
start_time = time.time()
self.input = input
self.max_index = np.zeros(self.input.shape)
height_out = (self.input.shape[2] — self.kernel_size)

/ self.stride + 1

width_out = (self.input.shape[3] — self.kernel_size) / self.stride + 1

self.output = np.zeros([self.input.shape[0], self.input.shape[l], height_out,

width_out ])
for idxm in range(self.input.shape[0]):
for idxc in range(self.input.shape[l]):
for idxh in range(height _out):
for idxw in range(width_out):
self.output[idxn. idxc, idxh, idxw] =

return self.output

B34 Bk ERSLHRA
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JEA N xCx HxW. RIARE A AR5 IR, flatten EAEDCRHA
FROEPIROLERE AT, 7 ZORAM NRROE P BE T 4R A2 ¥, fR+F 5 MatConvNet HIHFIE A7
fig 73— F.

class FlattenLayer(object):

def __init__ (self, input_shape, output_shape):
self.input_shape = input_shape
self.output_shape = output_shape

def forward(self, input): =

self.input = np.transpose (input, [0, 2, 3, 1])
self.output = self.input.reshape([self.input.shape[0]] + list(self.output_shape)

10 return self.output

& 3.5 Flatten B FLHRH

3.1.5.3 MEEEHIER

2B RL,  AR SO0 ) 190 25 5 M TRt T — AN Sk X VGG19 & 2g, H
BT ROk E X VGG19 BIRIEEI . BT I EEHY . e W2 S 5 i 1 e 3 A 41
VGG19 B4 S5 B i RE e s an 3.6 7 s 8 T BA T Rl R 2.

« PP REERIAEAL: TRAE N ARSI SR TR W, ARSI TE R A ia A
IBE R A RR, 75 S R IR P50 E B 23 (1) B 28

o WSTINERLER: E RN ME MG RIS, WEBEMESE, L EARTT

FH e U2 IR X e 2 M, IR VGG19 & 450 . iEZR3.19 VGGI9 M
25 S5 M FNREE Rl S A Tk . RN BB 3 N EEEEP R 2 ek
PR G ASIREE A ReLU 2 1E NIGE A . Ak, pools ZAN fe6 2 a4 — 4 flatten
JESCERHE B 4E R . B )52 Softmax JZ 115 4F FNEER

o PR REE SHEAWIRIE: KR AR 2% rh 5 S 8N R S BTG R L. fEASE
Kb, VGG19 T 16 MERZEM 3 MR E U528, RN SEAia LS
.

3.1.5.4 [MEHERTIRLR

VGG19 14 25 HE BT FE s Bl B3 7 s 5382 15 O Sai 2oL, X HE I b
[E AL & VGG19 MER I RTAAESE . VGG19 MR SE N, IR R 5 RS e iE, Xk
FRAE ] VGG19 PP 0 25 25 (10 i 0 el BOk 5 3

o PREEIEE (1T A% Rk I 1) A% R ) 3 NS TR B S R R . o Sl Pt Ak 2 5 1) PR 45
ANE VGGI19 M2 e 2 RIS IR Z i & LI VGG19 M2 gkt , i
H & JZ AT, RN EERNT 2. BT VGG19 i 2% 751
B, "] LRI M EE IR 52 SR Z B, @ SEAEA SB[ 4% 375 .
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class VGGI9( object):

def __init__ (self, param_path="imagenet—-vgg-verydeep—19.mat’):
# PRI % (AR
self.param_path = param_path
self.param_layer_name = (
‘eonvl_17, ‘relul_17°, “"convl 2", ‘relul_27, "paoll’,
‘eomv2_17, ‘relu2_1°, ‘conv2 27, ‘relu2 27, ’paol2’,
'conv3d 17, "relu3d_17, "conv3 2, 'relu3_2’, ’conv3 3', 'relu3_ 3, 'conmyd 4%

‘pool3”,
‘conv4_1', ‘relud4_1°, ‘conv4_2', 'relud4_2°, ‘conv4_3', "relud_ 3, Cconvd_4°,
, “poold’,
conv5_1°, ‘relu5_17°, ’econvS _2', 'relu5 27, "convi 3PP S ", "cofk5 47,
‘pool5’,
*flatten®, 'fe6*, 'relut™, *fc7°, relu?’, *fc8 B 'EiimaX J
def build_model(self): # UL
#TODO: 52 % VGG19 (14 £ 5 g
self.layers = {}

self.layers[ convl_1"] = ConvolutionalLayer(3, 3, 64, 1, 1)
self. layers[ relul_1'] = ReLULayer()

self.layers['convl_2"] = ConvolutionalLayer(3. 64, 64, 1, 1)
self.layers[ relul_2'] = ReLULayer()

self.layers[ pooll '] = MaxPoolingLayer (2, 2)

self.layers[ conv5_4'] = CenvolutionalLayer(3. 512, 512, 1, 1)
self.layers[ relu5_47] = ReLULayer()
self.layers[ pool5° ] = MaxPoolingLayer(2. 2)
self.layers[ flatten™] = FlattenLayer([512, 7, 7], [512%7%7])
self.layers[ " te6 ] = FullyConnectedLayer(512%7%7, 4096)
self.layers[“relu6"] = ReLULayer()
self.layers[ fc8°] = FullyConnectedLayer(4096, 1000)
self.layers [ “seftmax’] = SoftmaxLossLayer()
self. update_layer_list = []
for layer_name in self.layers.keys():
if fconv' in layer_name or 'fc' in layer_name:
self.update_layer_list.append(layer_name)
def init_model(self): !
for layer_name in self.update_layer_ list:

self.layers[layer_name]. init_param ()

B 3.6 VGGI19 KRSt S5l
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o MM ZHIINE: FHE TR 1] VGG19 RS H, AR UK H i i 2 30 202
VGGI19 XN EE . AL E AR P #dbht Ahttp: //www.vifeat.org/
matconvnet/models/betal6/imagenet-vgg-verydeep-19.mat.VGG19 &2
FIPER 2R BRI R A TERE R, W LIRYE 2 (0 % 5 MR AR A AU A 4 42 2 1
PR B ERAEASEL 1M EHIGatk S, 7E pools JZH fe6 /= Z [HASIN | flatten
JER SRR 4R R, T B 7 R BE AR AL flatten )28, DRI fe6 J2 R Z G A
EIISH FE WM. FNESEERZ, VGG B M HKRE TG
MatConvNet ™! {f15 FIBUHE 1977 if 7 0 5 AR S50 AN A . MatConvNet WG AR B 4EEL A
HXW X Cipy X Cour» MIASLIG AL E FVAEREN Cin X HXW X Copp o AT IEAE T E 7 R
PR B R AR U BRI 5 O g AU 4 A2 4, {R 75 5 MatConvNet
IR AAAH 7 20— 3. BEAME AT BLATZAR R rp i3 BT Ak 34 Pt {88 0 (R P4

PR I 28 HEWT PR LA ARSI B 4 8 ) — K &I AT 9 % PRl ge e — 7K Tl
KR PEOF R, ARAT 28 B 1% 4 bR B T3R5 VGGT9 BN K 1000 A5 9 432K
R, SRJE IO R R R MBI B A T ) 4 2828 Al o AESKBRRL T, AT RE
O — A EE S 19 2 SRR AR G AT 7328 SR A P {500t 1 AR AT L
X, BRI E A  R IR

def load_meodel(self): =
params = scipy.io.loadmat(self.param_path)

self.image_mean = params[ normalization ' ][0][0][0]
4 self.image_mean = np.mean(self.image mean, axis=(0, 1))
for idx in range(43):
if 'conv’ in self.param_layer name[idx]:
weight , bias = params|[ layers ' |J[0][idx][0][0][0][0]
natconvpel: Wheiohts i ( nnel
17548 cights dmd in_chaone heigh vidt out_channel
10 weight = np. transpose(weight ,[2,0,1,3])

] bias = bias.reshape(-1)

12 self.layers[self.param_layer_name[idx ]]. load_param(weight, bias)

13 if idx >= 37 and "fc’ in self.param_layer_name[idx]:

14 weight, bias = params[ " layers J[O][idx —1]J[O][O][0][0]

15 weight = weight.reshape ([ weight.shape[O]*xweight.shape[1]# weight.shape[2],

weight shape[3]])
self. layers[self.param_layer_name[idx]].load_param(weight, bias)

4| def forward(self):

current = self.input_image

20 for idx in range(len(self.param_layer_name)):

| current = self.layers[self.param_layer_name[idx]]. forward(current)
return current

24| def evaluate(self):
prob = self. forward()
topl = np.argmax(prob[0])

print( ' Classification result: id =%, prob = %f" % (topl, prob[0, topl]))
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3.1.5.5 SCIGSEERRIE

SEA VGG19 (AN 5 , aitm] DL IX etk s B 25 w2 BB 40 95 VGG19 i T
18 KR e B AR R FE R - 9 i B3 8 7 o B S S2 4k VGG19 W 24468 B 1925, 137 VGG19
sk ait, FHXT RN SEGHTYIE, RENEIMEMF MG 20SH, ZEnE
25 58 I UGS FHEAT TRACEE, I 1R FH 0 24 i I B bR SR A I 2% 1 B 20 2585 R

Il if __name == "__main__":
vgg = VGGI9()

vgg. build_model ()

vgg. init_model ()
vgg.load_model ()

vgg . load_image(catl .jpg ')
vgg.evaluate ()

E 3.8 VGG19 #ATEE A KH BRI R

3.1.6  SERGIFE

RBSUESEIS R TERATE, a4t 3. 9B AR A WK 11 B R HEAT 2 28 MR . 2 R R R ) Sk
JEH1A tabby cat, XM ImageNet #4887 9 5 1 281, SLBG 45 B Z BRI 2700 2% 5 4]
Wy 281 . i1 i) ImageNet ZUH 425 il ghi56] B2 BLARZE 1), 25 281 X1 tabby cat,
BRI VGG19 /2% F W5 21 1 IR R 280 .

B 3.9  FHRAmK G

ARSI AT AR B E W F

o 60 7rbrifE: g BAURAIOAL R FIHT AL R A FERERI S 80E, w] LA )RR B A
e AR

« 80 ZrbRitE: HESL VGGI9 MR )G, 255 VGG19 (M S HUE Mt AN E1g, wTLiE 3]
IEHRY) pools FE i H 45 .

« 90 JyhritE: HEOL VGGI9 MZE G, 4558 VGGL9 HIM 2 S flda NS, "I LLA 3
IEAf 1) Softmax 7447 H &5 SR IE6ff (1) R 20 2545 5
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« 100 ZrbrifE: 57 VGG19 M8 )G, 255% VGGI9 128 2 BB MmN E%, 758 m0E
Wi R FEAE B, nT R F RS R ER RN E R GRESEAImES R, RS
A IE AT E SRS B 2 (1) i AL 3 (8]
3.1.7 SCiGREE

7S L B

1) TESEIUER B AN 2 X 280 kA B e, T il fR— = I SE B IR A ) 2

2) TESEILIREERREE N 28 f5,  An e ORI 28 A SE B IR R 2 S SRR R 28 e (R AN )2
AR, TP B A IR R ?

3) TSR P I R S TR BRI S0 2 J (T ST 2%
B 4 80115 o 52 60 12 87340 28 928 ) A SR R 2 )
S I PALE I AT

32 EFDLP FESMEG S
3.2.1 SEIGEM

LI 25 AR ok 22 o 5% () A T B, RS U A pyenml FEHE B Python 42 4% VGG19P!
BRI DLP L, scilEBdE. e

1) 1 pyenml PESEILER . ReLUSEIEA M 26451 .

2) fE AT pycnml FESEIL VGGI9 4% .

3) Zr#1iFfl DLP A1 CPU JE4T VGG19 AT B/ 2 Mg
S TAEE: 245 1 NN,

3.2.2 SEIRINE

TiE{F3%5%: DLP.

AR pyenml 2. Python %% A8 K HI MY B, 404% Python 2.7.12, Pillow
3.4.2, Scipy 0.18.1, NumPy 1.11.2.

A4 ImageNet.

323 SRR

A28 ] DLP F- 5 _EH pyenml FEkdE i VGG19 M2 HEAT IR 732 . #4377 3
3SR, o BRI, BRI 4% S5 MBI R 28 HE T AL .
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324 WEE
3.2.4.1 EIEMMEEDR

s I ERARE B SE PR e ORI P AL B, R P al an 3. 107 5. T Python iE 5 R,
Wi pyenml 21 Python 4 BT 5 226 2045 258 M numpy.float32 #4424 numpy.float64 .

def load_image(self, image_dir):

4 self.image = image_dir
image_mean = np.array ([123.68, 116.779, 103.939])
print( Loading and preprocessing image from ' + image_dir)
input_image = scipy.misc.imread(image_dir)

input_image = scipy.misc.imresize(input_image ,[224,224 ,3])
input_image = np.array(input_image).astype(np. float32)

10 input_image —-= image_mean

] input_image = np.reshape(input_image, [I]J+list(input_image.shape))
input_image = np.transpose(input_image, [0, 3, 1, 2])

I

I

14 self . input_data = input_image. flatten().astype(np. float)
| )

|

self . net.setlnputData(input_data)

B 3.10 VGG19 BB DLP SLHURA

3242 EARBTIER

VGG19 T FIERZ . ReLU E. et 2 . 42 M softmax 2 nf DL #1H H
pyenml RSN B2 4 aE 40« ZEUINER . 10 1nE RS 3E . pyenml [E I 5 AT L&
FH2 2.2 2 (R

3.2.43 MEEERIIRER

5852253840, Mgt — Mok E L VGG19 M, AT LB AR
pyenml 5 B AF I ARLEE FURGE 3o MRS R BR (O RE PP ) 0 T TR Py s, Herbog
ST RATF 1 rR A

o MM B : WL 618 pycnm]l.CnmINet() [#) 5247 net.

o RALPHEEMIEREERY: I EEE B R RS H, AR net BRI ZEZ
O LB LM MR ita, FERRIESH.

2| class VGGI9( object):
def __init__(self):

self.net = pyenml. CnmlINet ()
self.input_quant_params = []

self. filter_quant_params = []

def build_model(self,

param_path="_./ data/vggl9_data/imagenet—vgg—verydeep —19. mat",
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quant_param_path="../data/vggl9_data/vggl9_quant_param_new.npz’):
self.param_path = param_path

params = np.load(quant_param_path)
input_params = params|[ input”]
filter_params = params[’ filter "]
17 for i in range(0, len(input_params), 2):
8 self.input_quant_params.append(pycnml. QuantParam ( int (input_params[i]), float(
input_params[i+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 (1, 3, 224, 224)

self.net.createConvLayer( convl_1", 64, 3, 1, 1, 1, self.input_quant_params[0])
self.net.createReLuLayer( reful_1")
self.net.createConvLayer(’'convl_ 2", 64, 3, 1, 1, 1, self.input_quant_params[1])

self.net.createReLuLayer( relul_2")

self.net, createMlpLayer( fc8 ", 1000, self.input quant params[18])

self.net.createSoftmaxLayer( softmax’, 1)

3.2.4.4 PREEHERTIRLR

DLP SEHL) VGG19 HIMIZs HERT SRS P om Bl U T i fE i s R D 2 Hoin &
PO A 4 HERT oR A RS, IXERRAE ] VGG19 20 I 28 2819 B 7 bR HOR E S

« MEMBEZERIINE: VGG19 M4 S ARG EM IS EACEMRE . 565k
WE A I VGG19 TRIZRART A, SRS TEIF T net THIPTA ZE, WIRHHTELE
FHER AR 2, TRKE X B TA R i B LA R s A S EUm R B 2 b o B SR AN AF
Z e AR AN T T A A — T T VIR B A R R R 4 O HXW X Ciy X C o »
T DLP AbHE R0 28 S AL [ 4EFE A Couy X Cop X H X W, DRI 5 B2 152 Y B EE AR —
IRAEFEACH:, fH3LS DLP A ERI4EE — 8 N — 4T, FTETE numpy HdkEk
%R np float6d 21,

o PR KA L& AT HI ) A 4 AL AL PR 1 PR N net.forward pREY 2 F Bl 1 R net
HHRE— E AT AR R, IR e — =2 R4 R

o FHZEZEHENT R B AR SEE3.1.5.477 1) CPU SEIRL, 4558 —okeeid Tiab PEAY BIE
B, PATER IR 7] A% 3% iR 2D AT 49 21 VGG19 TN 1000 SR 1 73 8%, 28
J T UL 5 B e PRI SR A 11 2% B 24 T 11 70 2R
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ile: vegl9 demo.ps
def load_model(self):
print('Loading parameters from file ' + self.param_path)
params = scipy.io.loadmat(self.param_path)
self.image_mean = params[’ 'normalization J[0][0][0]
self.image_mean = np.mean(self.image_mean, axis=(0, 1))
count = 0
for idx in range(self.net.size()):
if "conv' in self.net.getLayerName(idx):
weight, bias = params[ ' layers J[0][idx ][0O][0][0][0]
idth channe

u A |out _channel in channel ight 1th ]
weight = np.transpose(weight .[3.2.0.1]). flatten().astype(np. float)

bias = bias.reshape(—1).astype(np.float)

self.net.loadParams(idx, weight, bias, self.filter_quant_params|[count])

count += 1

if "fc’ in self.net.getLayerName(idx):

weight, bias = params[’layers " J[0][idx —1][0][0][0][0]

weight = weight.reshape ([ weight.shape[0]* weight.shape[l]# weight.shape[2]. weight.shape
[311)

weight = np.transpose(weight, [1, 0]).flatten().astype(np.float)

bias = bias.reshape(=1).astype(np. float)

self.net.loadParams(idx, weight, bias, self.filter_quant_params[count])

count += |

def forward(self):

return self.net.forward()

de

=

get_top5(self, label):
start = time.time ()
self. forward ()
end = time.time ()
print('inference time: %f’ %(end = start))
result = self.net. getOutputData ()
topl = False
top5 = False
print('————— Top S of ' + self.image + ' ————)
prob = sorted(list(result), reverse=True)[:6]
if result.index(prob[0]) == label:

topl = True
for i in range(5):

top = prob[il

idx = result.index(top)

if idx == label:

top5 = True

print( %f — otop + self.labels[idx].strip())

return topl ,tops

de

"

evaluate (self, file_list):
topl_num = 0
topS_num = 0

total num = 0

self.labels = []
with open( synset_words.txt”, 'r’) as f:

self.labels = f.readlines ()

start = time,time ()
with open(file_list, "r') as f:

file_list = f.readlines ()
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total_num = len( file_list)

for line in file_list:
image = line.split()[0].strip()
label = int(line.split()[1].strip())
self.load_image (image)

topl ,top5 = self.get_top5(label)

if topl :
topl_num += 1
if tops :
top5_num += 1|
end = time.time()
print ( 'Global HLCliIlLy o 1)
print( accuracyl: %f (%d/%d) '%(float(topl_num)/float(total_ num), topl_num, total num))
print( accuracy5: %f (%d/%d) "%(float(top5_num)/float(total_num), top5_num, total_num))
print( Total exccution time: %f %(end — start))

3245 ESCIETEERIE

SERCL B E, BT BUR ] AR (R L, 7E DLP 21T VGG19 M2 5%
By E BRI 71 3. E%E’Jmﬁlfﬂ?T{ﬁJﬁﬂF‘%IIFﬁTo HEE3A5H) CPU SEI AL, ok
LB VGG19 MER I, FRIEIE 2% £ M B L 48 250, iR BB Z NS, R
1%ER$E&IH#SJ@E—JJD$X%<§&, B J A 2 SR BB S 8 P FHE WA B SRAT I 25 £ 00 45
R

if __name__ == ' _ _main__":
vgg = VGGI9()
vgg. build_model ()
vegg. load_model ()

vgg.evaluate (' fileslist?)

341 VGG19 #1T BB/ KEI SRR DLP KB 4

3.2.5 SEIGERZ

Ziiﬂf*‘%%ii%@.%9Fﬁu_\‘§'"‘ﬂi|flﬁ"l@f%iﬁ TArINR, 2K PR Y B 525 tabby
cat, X N ImageNet %73 4225 M4 5 (1) 281, 5 5206 45 Foks 12 BRI 28 0 4t 5 T A 281,
AN AW R . PER ﬁ%ﬂhf’ﬁﬁ:’ﬂ‘ﬁuﬂJa‘mﬂ*%ﬁUHTVG<319 ]9 2% forward PR IS AT HII [A] .

ARSEYE PR bR BT R

« 100 ZrFrdE: {1 pyenml 58 VGG19 W45, 4552 VGG19 11194 285 2 KU A A BE S
T LA B IERA ) Softmax /256 H 4 %WE%E’J@@/ ey AP

3.2.6 SEIGREE
76 S0 v B S )

1) [%i% pyenml/sre/net.cpp 1 forward BRELIISEIL, LU DLP 7ETHRMELELJZ I L CPU 2
R, RftA?
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2) W% forward PRELISLIN, 76 VGG19 MR o At 72, DLP 4l dT5¢ —
JEHTE TR CPU 2 H—R, XM HRETRHLE? G4 JpEn] Ll X fag 1ng ?

3.3 JESCATESR MG ITERE
33.1 EIGHEM

HRVRPE S I MG, REWEAEFT Python 15 5 55T VGG19 MIZE A RSB R s P
BRI O BAR{HE:

1) DRI R R R ER AR, R VGG19 BN HEAT EUG R HE 3R L.

2) f# ] Python it 55 SEHLIRE AT RS H1 AR S XU AT DY 75 40 2K bR B U5, xSk I
R IERS B ER A

3) {1 Python i 5 SEHLAR SIS KU IT S hak AR R XU AL BUR A e SRR, v sk
BLSE I KUK T A% O 37 R AR 4% 1 S0 B B

SIS HHEFR . 20%.
SIS TAFER: 29 300 47400, 2975 3 NAhi,

332 BENE

PSR AR I R AR 4 25 52 1 H AR XU BB B N B B BOR R KR IE R R, (UK AT
M ERBIENM B S BAR RS R 20 ENE LS BN ERE . BBRREIEHRT N
ARSI KIS 55 L KURRERS . AFSEIN RS AS AU0 2 § 45 5 19 B A A 2 MG HEAT AR
e, SEBECV TR, (BRSNS A B A A BRI 2R 1T SE R RIS I 2R — MR,
XHE P 2 BRI AT CAAE RS AL R, SEBLAI R %

WAL RS VGG R (I VGG19) 1B ITRHIE, STt HEXIETREREGS
HARRUE (D BRI (D BRI IREE (W) KR AR SErf AT
Mrb, TR CEE) BURIFEEAT A&, SREGXRGER ERNBERE, S AR IE
PR L2 DOEA, AN URERS BHR S H AR U (%D BHRIOXRE (A% 6
Ko AP RIRACE I ER . ARSI RAgIER b, BH FIIAEE = 1) 3 RN 2 BB
NIRRT R R . SEBERY ARSI XA IT RS L R L IEI3.12. TV /1 43 F SE i XU
SRS A P AR PA) 400 K R ORI XK 902 2K R

AR R

WK E TR X IR BRI | R E S H A w BRI S [ ERAEE
BRI BRI | EARIEIEDY XY, YRR N x C x H x W I U 4ER R
N+ Cv Hy W 2 BRI ANFFIEE R AN (FEASEG T N = 1), JHiEH. A, ®
B H b N BRI [ RAIEEDY Y, 4EMERMEN N x C x H x W, W H RN EEHERFZ)Z
FHIE B AT W EUR ERIbRIC . WESUK LT XA Y Z ARG s, A
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amnemn NIEREERENE -
uik ~
b
= = >
= = =
S -
o | - -
B 312 Jescrf Rk
AA
Leontens =~ D (X', hw) = ¥ (ne, b)) (3.10)

2NCHW |

o
Htne[l,N]. ce[1,C]s he[l,H]. we [LW] 255, T RRBE i E,
X'(n,c, hyw) Y (n, ¢, hyw,) 70l 2o Kb IE 7 EUR A H AR s BRI S | 2R E 38
n MFEARSE ¢ IIEFEAN b TN w LB . B R B R B I R BR
PR, [RIH RS 2R R B AR Ak B H AR AR ) i

S AR, AR N BRI R A (3. 10) AT TR N A o T KU T 7% E R
FIRFIE R X! BIBEIE Vi Leonrens

1
NCHW
ASLIG ] convd 2 A 1 ReLU JZ (R relud 2) R4 HURRNE PR S R i 8. TR
ARGINYE CHERiF R RS FME 3.6.1 T 10 N A KRR RS AN E . okt a4,
L RAE IR AL BAE /N T 0 I, %o R 1) N A0 R AR FE R 0. 102 TR AR 2b
rhAd 2 RURE NS R AE conva 2 AR JZ IRFAE, 10 A% SE 56 Al H ) 2 BT 2 J5 1) ReLU
JRRFEE, 285 ReLU JE M S mAL4Ef, A SEin vk 54 2 5 20h 10 2 2UEs AR ]

PAEA R R B

A AR 2T RS IE R R R | EREE S H RS BUE RIS | B REE
PRSI o R R TR BRI | ERHIEED X!, R4EFEN N x C x H x W IFTITU4ERE R,
N,C,H,W 7 SRR AN FRE E I FEAR DN (FEARSEI R N = 1), liEE. S5, ik
H br Xs BURAZZRAEE N Y, 4ERERIFE N N x C x H x W fEHT A& R RS R v,
HEFIH Gram O T XFE TR BHE AN B A5 XU BB 0 KA FRHE G 1 A, HIE i fj iE
& PR E E AR R R, TFEA RN

G'(n.i,j) = Z X' (n,i, h,w)X'(n, . hyw)
how

(X'(n,c,h,w) =Y'(n,c, h,w)) (3.11)

Vxt L(:(mrent (H, C, h, W) ==

: 3.12
Al(ni, j) = D Y (i b W)Y (n, Iy w) G2
h,w
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HFne[1,N], i,je[1,C]ACERE i M1 j HEMFFERE, he [1,H) Mw e [1,W] 1S
TEE B RAEE AL B, KAREHIE G A AT FIZERESSIN N x C x Co 35 1 2 RIRG
L' A

style

Lo = Tocmmmms Z(G’(n i.j) = A(n.i. )’ (3.13)

K A7 2K o R % 2 ARG A2 2R 2 A
L.s'tyf(' = Z mlLily[g (3 14)
!

o, wp AETHE ISR 56 1 28R R E .,
VI AL R, AR 4 XU A R T B A 30(3.12)F1(3.16), ATTS 551 )2 RS 41 2R 6] AU
IE R SRR X RE

VLl L (ni hw) = me”humamjg Alln, j.i)) (3.15)

Hhne [1,N], i,je[1,C) ALK i A jIBIE, & e [1,H] flw e [1,W] fAREF
fiE P& b 7K P Al A7

E PN

JRUKE ST F 1453 2 bR ORI 25 5 R R JRUR 5 2% 1 AR <

Liotar = aL.ontent + BLgy, (3.16)

Hr, o f1 g RALE.

Adam 4L 2%

Y 22 ) 2 B - — RS St B ATLE B2 1 B St W 2 SR AT S 0T . LB LA
JEE TR SRR W4 254 11 T A7 28 AR R 2 31 26, HAEE N LW e sl B S E 31
[ AT . AE RS RS BR8] Adam B3R % KU #2 B AT 8. AT
HEREBEALER R PR SEL, Adam STVLRIFIBSFE (0 — B il R B R il i e & T e A~ &
itz S 2, RS R, IR R T TR 45 R T KU SR RS AR X A
BARE vx L, MBriEiCRE . #5E Adam RALZRHIHE BB = 0.9, B, = 0.999, € = 10F,
W% 212 g, W XUKS IE % PSR ) FE 37 A 200N

m; = Bim,_y + (1 = B)Vx L

Vi = Bavioy + (1 = B) vy L?
n;

M, =
=B (3.17)
t I_B; )

T
Vi, + €
DA A S 2 3100, TR RO bl R S U R E I, T A SR b 2 ReLU 2SR, 4

R BRFE SOP 1 2 3Urh 2 DR AT RS VR (R R L B T O IR o7 27D PR AR R BRI B0 00 283 ReLU JE LAl 54 )5, A4Sk
Bo i SR S S RFR RO A 2 U5 ST

=

Xe—X-73
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Forbom, BB BriEfhit, v, RRER B AR, A, AT, KON m, By, TiRBFIE IS
4 R
HERTIREN RS ITR A ATER (BRI H RS REHMF 3.6.1 71,

3.3.3 SCIGINGE

i385 CPU.

BFIREL: Python 4 IR N L HHDCIA 1, 4145 Python 2.7.9, Pillow 3.4.2, SciPy
0.18.1, NumPy 1.11.2 (ASZEG AT {1 H TensorFlow SEIR % I HESD) .

334 STHAR

ARSI VGG19 FIZE SEILAR SIS KARIERE o AR SEI MG IR (X it 524 B 4s a2 1Y
P75 BB Uk AL S, 5 SITEE IRURS IE % A LU ST BR8] B . A ORAE PR IRURR L 7% R
5HbRE (A &2, &AM VGG19 BT A 7 BB XU R RS
fiE, BEJETHRERARITREGZR S HAr Mg (AE) FURIIRUE CAZD Kk, SRR AT
Felrfedl, SEHTERER. @2 KA, ARR N E RGBS E R (A BB
KAg () ik, mAFGNIEALETRE . fEIESem KAgIT R s, (N R VGG19
RBPERIZAAL)R, ASH2IERE softmax )=«

TRESEEUN, AR FE IR 3 1T SEIR (BB 257, R T 53 15006 P LR B AR R
BEAT ek o BT AR SR R IE RS PR VGG 19 MZSEATRFAE SR EL, AR SE88 W] DAFIH 583.1°1%
SR P AR . T AL AP R A B IR AR AL AR, AR SRS (B 5 5
PEINEEEI . FEA TR, IR AR St SRR, AN RLAE I T .

33.5 LIS
3.3.5.1  EIEMEAELR

et KRS #E 75 B Ae e A N S GRS R, A XU g vl sa e g, 78
it b R A S, R SeBLEAE . B E G vIiE . B RAF RS, P Bl
E 3130 k. BARRET)REA:

o B SRR, SLHMACH P EIEER. AiEE . DR ERIAME.
P E B PR FR . WETERENAE, ASLRMNAEA VGG19 HA G Z AR
Rt ZBEATRHE L VGG19 B Z A Z SR, MiERZENR A
A T2 B A N AR AIE P R v A B 2 T BAAR AR . BRI, nT DAAE B N ke ol 7 Ak 2
Jr BRI 7 B F N 28, 7 (0 R A R 7 B 1 2 B 2

» BIREBYIE: FEH RN A BRI BERL SR SR G e R IE R B R

o BRI DRAF B AR I AT R B . Hod A2 b R S UM T AL B i A2 AH B
BRI MR AR PR AR, 0 LRI, d s G A ORTE R B S
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def load_image(self, image_dir, image_height, image_width):
# Sl
self.input_image = scipy.misc.imread(image_dir)
image_shape = self.input_image.shape
self.input_image = scipy.misc.imresize(self.input_image ,[ image_height, image width
31)
self.input_image = np.array(self.input_image).astype(np. float32)
self.input_image —= self.image_mean
self.input_image = np.reshape(self.input_image, [1]+ list(self.input_image.shape))
1 [T 1 x pdtl
10 self.input_image = np.transpose(self.input_image. [0, 3, 1, 2])
] return self.input_image, image_shape
2| def get_random_img(content_image, noise):

# RS TR ) A b P 1R

! noise_image = np.random.uniform(—20, 20, content_image.shape)

return random_img
de

=

save_image(self, input_image, image_shape, image_dir):
# (RAr g

1

1

1

15 random_img = noise_image * noise + content_image * (I — noise)
|

|

|

1 input_image

np.transpose (input_image. [0, 2, 3, 1])
input_image input_image [0] + self.image_mean

21 input_image np.clip(input_image, 0, 255).astype(np.uint8)

input_image scipy.misc.imresize (input_image , image shape)

scipy . misc.imsave(image_dir, input_image)

B 313 st XU E B3R In SR SRS HUR 5

33.52 HEAKRBEITIER

A SEG R ) e AR TR AR BRE . BORIBLE . WEBURE . XIS HKE .
Adam fLib 5.

EHE

B3 ARSI TGRSR AT A AR i TS D
o ALY EUGHR N G, BRI RGN . SRERFA
T RERI R Bl & 3147

o KRR AR A G5)AG.6), LT SRR AR R . E AR
AGS)THEACE MR E B vw L. v, L USRI BB A A9 78 IS 15N 1R
F Vx,. Lo SEIFALRRIE SRRl A TR SEI AT PUSE S DY AR vw L.
VoL Vo L HACLERE. 251 ARG vy, L HI AL ST U T3
FlvyLo

BAHLE

TEFE3 TSRS 28 SEB 1 e KAl JZ AT AR R R Th . A SEEG A i SEEW A AL
E AR B S, H TS AR TR M AR . f Rtk 2 S A 1 B R R s 1
B 31507~

o SRR TEE : RPE A (3.8)M(3.9), AT AT I IR Z S AR R T 5 AR 4%
oI, DURE IS — R o Rz AL B L EAL S s A o D R R E TR B, H
fltfir BB E N 0. 76 S AL AN f Se i 2 X 3.8) it S KEFATER &, AXG8)H F
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|| def backward(self, top_diff):
self.d_weight = np.zeros(self.weight.shape)
self.d_bias = np.zeros(self.bias.shape)
bottom_diff = np.zeros(self.input_pad.shape)
for idxn in range(top_diff.shape[0]):
for idxc in range(top_diff.shape[l]):
for idxh in range(top_diff.shape[2]):
for idxw in range(top_diff.shape[3]):

self.d_weight[:, :, :, idxc] +=

self.d_bias[idxc] += e
bottom_diff[idxn, :, idxh=self.stride:idxh%self.stride+self.kernel_size, idxws

self . stride:idxwxself.stride+self. kernel_size] +~= ___

bottom_diff = bottom_diff[:, :, self.padding:self.padding+self.input.shape[2], self.padding:
self.padding+self.input.shape[3]]

return bottom_diff

B 3.14 BRERAEEN IR

B KB T E A B I R, 3R 8] — A Fom i RAE A7 i A T 1 HH R A AR ) — 4 )
. {E Python ' F e n] i ] argmax e& 00N unravel index BRI ECSEIH . ARHE 2 K(3.9),
F s KB BT AE A B o) LA B i RS R 5k .

def backward(self, top_diff): =
bottom_diff = np.zeros(self.input.shape)
for idxn in range(top_diff.shape[0]):
4 for idxc in range(top_diff.shape[Ll]):
for idxh in range(top_diff.shape[2]):
for idxw in range(top diff.shape([3]):
[N 1

max_index =

bottom_diff[idxn, idxc, idxh#self.stride+max_index[0], idxwskself.
stride+max_index [1]] =

10 return bottom_diff

3.15 bR R AL SR

W BRR B 440 R 2 75 L7 e R A SRR R R AT (R 3kt S 2 J5 B2k
BB R L E S N R E R R AL E 2 R N w8, R AT ER, RN
FEAR I L BRI R AL B O BE R . BARSEIUN, WARIZHA A ERE X, ATtk
FEUESR B 1) % SR M A s O E S TR Bl 3,16/

o RAERETEED: A BRI S B E S N AR ZERHEE I N AR .
AR ) RS T MG B AR S B bR 2 BRI 1% 2 R AE B R B B R,
ARG 10T

o RARRETIST: M4 N BRI R AR TS A 50311, TSGR AT T
ARSI S PR AE I R B6
R 5 2 R 51 5% 2 15 L 58 1 AR MG R A= i MG I e AL T S 2 s, TR

e PR PRRRAE B 5 RO R R RS AE R 2 1] PR RS 32 s SRS, TE R AR Rk TH SN, 15K
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class ContentLossLayer(object):
def forward(self, input_layer, content_layer):

e R A _—
return loss

def backward(self, input_layer, content_layer):
bottom_diff =

return bottom_diff

316 HFHRREHSLI R

AR IR L B R I RRAE B I BE RE . FARSZELNS, KU 2 T — Sk 3, fiRif%
RoE SR R A% HE T SR 2R A BRIk E S, RE PP il il 3.1 7

o BUAMERERG VRS RS 152K 2 Tk S0 e PR B R A P S EL b KU LS R 2=
RFALE P B AR 505 o B SE RS 2 50(3.12), FIAT Gram FE R TH 57 XURIT R B A H A3 4
& PRI RIS HFIE G A1 Ao SRS IR 2 203 16) THE AR fi1 2k .

o RIS RURS A3 R0 28 i PR A5 A0 5 ik Pl Ao P P AR 72 5K (3.15) 11 5

class StyleLossLayer(object):
def forward(self, input_layer, style_ layer): ¢ s

style_layer_reshape = np.reshape(style_layer . [style_layer.shape[0], style_layer
.shape[1], —1])
self. gram_style =

self.input_layer_reshape = np.réshape(input_layer, [input_layer.shape[0],
input_layer.shape[l], —1])

self.gram_input = np.zeros([input_layer.shape[0], input_layer.shape[l],
input_layer.shape[1]])

for idxn in range(input_layer.shape[0]):
) self.gram_ input[idxn, :, :] = ___
10 TODO: L S
1 loss W
12 return loss
13 def backward(self, input_layer, style_layer):
14 bottom_diff = np.zeros([input_layer.shape[0], input_layer.shape[l], input_layer.
shape[2]*input_layer.shape[3]])

for idxn in range(input_layer.shape[0]):

| J

1
1 1

| bottom_diff[idxn, :, :] =
1 bottom_diff = np.reshape(bottom_diff, input_layer.shape)
I

return bottom_diff

317 RAEBR BRI

Adam {4k 3%

TEAESEi AT R, 8 Adam B930S HEAT S 3. 7ESEBL Adam AR 1L H3 I,
HEORTEVIIA R B B Adam TRALZRIEZEL, W B = 0.9, B2 = 0.999. € = 1078, #]
G221 o SRJEE X Adam TRALES I E BRI, 45 R TN AR AR X FIBREE v L,
MATIEACIREL 0 AR ARG U7 TR LI — B AR AR, A3 AT R IR S, A
R T S .
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Adam AL HIFE PR B 3190w .

class AdamOptimizer(object):
def __init__(self, Ir, diff_shape):
self.betal = 0.9
self.beta2 = 0.999
self.eps = le—8

self.1r = Ir

self.mt = np.zeros(diff_shape)

self.vt = np.zeros(diff_shape)

self.step = 0

10 def update(self, input, grad):

1 self.step += 1

self.mt = self.betal * self.mt + (1 — self.betal) = grad

self.vt = self.beta2 = self.vt + (1 — self.beta2) % np.square(grad)

4 mt_hat = self.mt / (1 — self.betal %% self.step)

output =

1

1

15 vt_hat = self.vt / (1 — self.beta2 #* self.step)
i ,

1

1

return output

B 3.18 Adam {RA4LEE B EHRA]
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PR b [E RS VGGI9 HIRIIAL AT IER £ FH4E  28 1 BB A AL S B A R A
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3.3.5.4  [4EI)IgREER
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o FZRI 28 (RIR ) Ae A Y A 22 X 208 T e AR LR A SR 2.1 SR P T A 2 ), T
KRR I B P AR S N B ZR RO 2% 05— 2 1, PR 1 SCR 4% 45 A NP4 o 1 1
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HEER S (RAEARSEI ML RS s TSI AT XRS5 2K PR 2O, T fiE 23 FL 21 e )
JZ HORFAE P DRk AR S 6 v ) T ) % 47 bR 0 2 g T 55 P 28/ DU 40 2K e 2 A T A 2 A
AN ZHL P DT sk BT X L2 i 45 R
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class VGGI9( object):

def

__init__(self, param_path="imagenet—vgg—verydeep—19.mat’):

self.param_path = param_path
sell.param_layer_name = (

‘convl_ L', “relul_17", "convl_ 2", 'relul_2", "pooll’'4

‘conv2 17, “"relu2 1", "conv2 27, ‘relu2 2°, "pool@ ,

'conv3 17, ’relu3 1, 'conv3d 27, ’'relu3d_2’, ‘convid S Smeclul 3’F
‘relu3_4°, ‘pool3d”,

‘conv4_1, “relud_17, convd_27, ‘relud_2° [Fconvd 8 4 "relud 3°

‘relud4_47, ‘poold”,

“eonv3_17, "relu5_17, ‘conv5. 2", 'relgs 2’4 conv5 ¥ Wrelus_3°,

‘relus_4°, 'pools™)

def

def

build_model(self): =
TODO: | VGG19

self.layers = {}

= ConvolutionalLayer(3, 3, 64, 1, 1)

self.layers[ convl_1"]
"] = ReLULaver()
1
b

self.layers[ relul_
= ConvolutionalLayer(3, 64, 64, 1, 1)
self.layers|[ 'relul_2 = ReLULayer()

self.layers[ 'pooll ] = MaxPoolingLayer(2, 2)

1
self.layers[ convl_2"

self.layers|[ 'conv5_47] = ConvelutionalLayer(3, 512, 512, 1, 1)
'] = ReLULayer()

4
self.layers|[ 'relus_4
'] = MaxPoolingLayer(2, 2)

self. layers[ ' pools
self.update_layer_list = []
for layer _name in self.layers.keys():
if “eomv’ in layer_name or “fc' in layer_name:
self . update_layer_list.append(layer_name)
init_model (self): J f
for layer_name in self.update_layer_list:

self.layers[layer_name]. init_param ()

'conv3 47,

‘convd_4°,

‘conv5_4°,

B 3.19 JEE RAERTF VGG19 RS 4R FI
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(HRLBHIHL) , BB EMNBNARNSEME, N2k, EIEs
I R LA 9 S5 ] A% 4 o R 5 30 A 2 P SR A AL P T T BT Xl . — 7T, ARSI X
FRIERTE A AR I AT E A R R SRR, H T RER K, HR&RE
(05— 2 (R4 R A D AR D A8 MR BB FE X AT S . B — 7T, A B BUR R
HOR AR A5 9% bR B it 2260 22 4o 182 BORAAE B o SR R B A RO e —
JRARFAE BT SR R SR A DR AR SEE S AR AR I 5 565 A A T S 2 1) o e 2= A
B, WNaLEHRE Rt ERTmE - Emk, REREE - ZNR.

I 2g 28 BRI RE S 3. SER IR VGG19 B T SR R A A —
Hle A ZACTE TN EE R ¥ 2500 fiidh B2 RN () R 348, W] LA I
EERENZH

MR 28 I ZR PR L A FR T ARSE I DURGIE RS A& X0 A (1) RURS IE A% PEMBE AT S, 1
AT W 2% SHORAT SR TSI B ZRER A ARRE TS T <SR e B
ke

def forward(self, input_image, layer_list):

current = input_image
layer_forward = {}

4 for idx in range(len(self.param_layer_name)):

CRETEIE, = oo o
if self.param_layer_name[idx] in layer_list:
layer_forward[self.param_layer name[idx]] = current

return layer_forward
11| def backward(self, dless, layer_name):
12 layer_idx = list.index(self.param_layer_name, layer_name)

13 for idx in rangé(layer_idx., —1, —1):

15 dloss =

16 return dloss

3.20  JESEHT RURE RS B R 4 U SRR SR SE B

3355 SLIGTEERIE

SERCARSEI KU IERS (I BEMEER 2 IS, AT LI AT SR Bt 47 KA E 78 R i 5.

ARy KUK ILF2 1) e B AR B3 21 Firas
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GARAMIL, TR S — SRR . N ZRIEAR 20 RS RS R PR Un 3. 25 s, M T4
GRS, B AR B b T — RS R B A R (AN SE . I ZRIE AR
1000 IR 5 WA B B E3.26 R, ZBEUR IR E T BB G ARG R, W
T T A IR IR S R A, RIS SO R BB Rk, R N S,
PUPNTTE A RER D Rl b g V) P S8 I L SR DR S - 2 e

ARSI (R VE Ak b o 8 n R

« 60 Zpbnitt: IEAA S T N EAERIAT SR At 4h 2 B Al 1 A% 3 AT B v £ 4R L R
20 E A= A AL = A AP0 AR A B [ A A A RELRE R 2500, mT AT 21 IR 6
I i) A7 L R R RS e A A e B 2 o (RT3 ) 4t S A2 A s Rt A J2 TE A 1 i
IF) % 3R R I v AR I/

o 70 rhRitEs TRAf S I A AR O BR ORI KU R R B 5, 2 AR AR
FE AN B AR RS IR, mTBLTHSEAS B IE A B A S B R A A KU 40 (8, JF AT A3 1t
S LY LA O A 540 SR AR 23 SR Xt A 1 PR R UK ST A

* 80 ZrhRiE: IEASEELARSIN KASIER A RS, 4 R B AR 2 B A H AR R
PR, AT RLTH RS XU RS ) 1 R

* 90 73 X3 3TT LG Th A G A AE AR 2 A A 2 A ST A T A DY A A AT O
B, TSR . 45 % B ARZ AN IR 17 A 1 RS 17 £ 4 iy A\ B A 22 304
AT LA 1 TE A 14 7 1 0 R R A S e A R i EE B S . RTINS 2 Sl 2t B BUZ A AL
J2% X8 14 T ) A 8 s ) A 9 B TGS 82 ) T L o

* 100 7rbrdE: K5hnid 5 G RUZ AL 2 AT TR AR SS KU iE# b, 22 R B
AR BB H b KOk B, WA S5 A RS T8 PRUR I N 01k . KUk 0 R
ICT2a e (MR,  HPARIERS BRI 70 92 i 45 RE I Bn

63



BRI R L

64

def style_transfer():

CONTENT_LOSS_LAYERS = [“relud_2"]

STYLE_LOSS LAYERS = [’relul 17, “relu2_1", "relu3d_1", "relud4_1", "relu5_1"]
NOISE = 0.5
ALPHA, BETA = 1, 500

TRAINTEP = 2001
LEARNING_RATE = 1.0
IMAGE_HEIGHT, IMAGE WIDTH = 192, 320

vgg = VGGI9()

vgg. build_model ()

vgg.init_model ()

vgg. load_model ()

content_loss_layer = ContentLossLayer()

style_loss_layer = StyleLossLayer()

adam_optimizer = AdamOptimizer (LEARNING_RATE, transfer_image .shape)

content_image , content_shape = vgg.load_image( content.jpg ', IMAGE HEIGHT,
IMAGE_WIDTH)

style_image, _ = vgg.load image(’ 'style.jpg’, IMAGE HEIGHT, IMAGE WIDTH)
content_layers = vgg.forward(content_image . CONTENT_LOSS_LAYERS)
style_layers = vgg.forward(style_image , STYLE_LOSS LAYERS)

transfer_image = get_random_img(content_image , NOISE)

for step in range(TRAINTEP):

transfer_layers = vgg.forward(transfer image , CONTENT LOSS LAYERS +
STYLE_LOSS_LAYERS)

content_loss = np.array ([])

style_loss = np.array ([])

content_diff = np.zeros(transfer_image.shape)

style_diff = np.zeros(transfer_image.shape)

for layer in CONTENT_LOSS_LAYERS:

ropo: i # b 1

current_loss =

content loss = np.append(content_loss , current_loss)
TORENE |- 4 ‘J-"".— 7o
dloss = content_loss_layer.backward(transfer_layers[layer], content_layers|
layer])
content_diff += _
for layer in STYLE_LOSS_LAYERS:
FODO - ’ g {

current_loss = ___
style_loss = np.append(style_loss , current_loss)

dloss = style_loss_layer . backward(transfer_layers[layer], style_layers[layer

D
style_diff = __
total_loss = ALPHA * np.mean(content_loss) + BETA # np.mean(style_loss)
image_diff = ALPHA * content_diff / len(CONTENT_LOSS LAYERS) + BETA # style_diff
!

len (STYLE_LOSS_LAYERS)
2 OTODO | FH Adam {y 42
transfer_image =
if step % 20 =

print('Step %d, loss = %l % (step, total_loss), content_loss, style_loss)
vgg.save_image(transfer_image , content_shape, 'output/output_’ + str(step) +
irg’)
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