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Email: deityrayleigh@gmail.com
Github: github.com/MingchaoZhu/DeeplLearning

B L5 2R 2 D AE M2 1 — B S RIEE R B R — MBI E R RIEZE A M 45 .

1 EfHZE

GREBEZEN T ERNBEE OME (K64%) H—ABERNE (BHEM. WTUES—MEER BN Filter) BN TRMERENRM (AT,

AT LA AN Ry A, AR A3, — R AT A R R R MM E S REIT Y. W LU FHE BRI SR R AR, r LR
— ARG T, AT RIERMNESRE FESHNE.

FKH— M HIIARE w(a) LB, HA o FoRMESE RSB Z2 B RIERG: s(t) = [2(a)w(t—a)da. XFEEFERME, TUHES IR st) =
(zxw)(t)o HH z ZHi (Input); w j2#% (Kernel =i Filter); HiHiny s /2R EML G B4HAEE (Feature Map) siFR#H (Output).

—HERIZE
FHEFRMINA T HEFUEERN I, (B EEAEEFE P2 B E WA B A% (Cross—correlation) i, filll, £ 4EFZd, —4 4

BINEAL T M 4] K sl ARSI — D 4854 O MRS, WAR IRy 3 M " 4E5d, BB (ARG
HIESR) HOSABE AN 20 R, FATR A ABLUZAR N (3,3), BRE I CUREME ) RN (2,2).

Input Filter Output

K1 Z4eaPluaf. A RIZLE DO SRR LL O X Gl e AT 2 H ) 22 B A 2L X

AAXEER TE Mo TR EEE: 0x04+1x14+3x24+4x3=19,

HoAthdg T R BT IS R R A AT 15 -
1x0+2x1+4x245x3=25,
3x04+4x14+6x2+7x3=37, (1)
4x0+5x1+7x24+8x3=43.

EMBRMER

FA PR RURAETT 2RI AT B 20, s 2 fors, ZEECH AR R RTS R4S, A B RURIE. R AT AR AT Lsh . PR
FHE—ITRASER—R, ASEAFRMNEAGE B2 MEGTRED, SRENE—TRRMMERERANS—UE L. XMk
PE T BAMTATE A A SHERS . AN B L] R 24



VI S]: BRI AR

TTITS

K 2. EBRURIERIT NIRRT A0 (WEAE), ZRVETEIMZ, A B ER M RIT.

XSG E I, #Bic b (Sparse Interactions) 5Z%(JL = (Parameter Sharing). A5t 4%HaF— M BT 56— N\ BTk
LH, WRA m MR n AN, IBAHERETRETRE m x n N2 AN BRI RE 2T N O(m x n); HREREPIRRATR G4 —1
A IEREECN k., IR AFRIERE TR AT kEx n N2ELIN O(k x n) BEfTHSE

2 ik

FEREIEPYHLIE . T2 kMK, Bt b, rTUUHSEIEI A eI 260 264 . (ERATARAER TH R RDOTHSMROR, mHR S 73
ar WA TG

N T RO R, 25 BB BRI KA G, — 4 BARRTE AN A AL BT RE A TIC S Seit s Blan, Al LOT SRR G — DR —
SEFHERPIME (SiRRE) , XPEREESe T R R, A (L SR G R BT A RHAE) RS2, RISt nl ARG 2852 (AR S i
WA IXFERREBRIENN “HAL” . Al LAORBE BB RRE,  FRARAF AR

it fkiz
Ak R B R — (o 5 Y AE &R 4 H B SR R TR I SR A M 4 e o B B i

o RARMILERE (Max Pooling) 4 HiAHSIHE I DX I A I KA ;
o FIite{l (Average Pooling) {14EAH SIS DX I P 1) F- 24K ;
o A A R UG L2 JEE AR LT HR M 22 B B T IS R

W 3 s, FAVER A Iz E R
max(0,1,3,4

9

(0.1.3.4) =4
max(2,0,5,0) =5
max(6,7,0,0) =7,
( )=8

)

max(8,0,0,0

Pooling Output

K 3. ARz B d A\ BYZL 0 DO Z T A5 2 6 Y A2 B A2 X

AERAT 2FER AL R, S AAEH D RP RS, A RERS T Bl N AU FRR I AL o ~PRZ RN MR TR S BA T A B T /D PRI, &
HMARBUEH KR Z B LIPS KA. BESERATEE —MUA IR, AERSENROEMMEREHAMAX CEHANAEFULE
B, JESCIRATE AR B — 2B AA .

ERSMLIEN—MTIREAITTH

Jol A S BE S5 IUR T Se i PR LRV ER TP RRE . 5500 ARSI AR (E . BUanJT ZAIRK RS M, XY ek SR VPR T 2R R B
s sl /D E s SRR B RARAVRE ., BT Z R N S AT, R B R AE P E 2R A RS S IBUR AR s TCRR SR e 5 =
F W HIPR BRI Hg 228 BT HORE, ToiRBdax TIXEESHAES T T2 KIS R, FATTAT LB AR (8 S /2% 7
i —BIZEGIN T A TEREA SR A, ZORIZEF R R EC RS RENE RS R B P BAT A .
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3 REFIEXRTHIER:
3.1 ZPHITER

WHE 2 DT ERARIEE, i DR B U PR AR

Input Filter Output

5
16 | 19
B 4 ZAFTEB. B GRS PI R L TS BB 0 AL IS

W 4 s, BATAT LU S BUZ IR U [ HRHIE o

3.2 WANES#%

WAEE WA NOURIER RIS, 12— R RS, e RGeS MR AR S ALSE =R O L. SRR, B
EERIE AN AR 3 4ERyskE, Hrp—ARIIUATIRUIAREE (130 RGB), SR G I PR UIEERE T liE bR 2w 85, TR LA
KRANEGEAGE V., ERRE—PILRE Vigk. FREEE k5% 758 j ZINE. WFERFrR, VA 3 NliE, S EErgmRegy (3,3).
B, BATEZE BRI K, ERE I ICEE Kk, RROFES [ AEPROEE k5« 758 J SINME. WiE 5 for, BIMEE
A RENCN (2,2), FOSRIANIEED 3, TRINTES M EEAE L — MR, RN NS RAERZSLIITER, FrLl K fIBIR0Y
(2,2,3,2),

Input Filter Output

B 5. SABERYIEESCY 3 (WEGREDR) . MMWAETR (6. B0) F0RE, mMEdER S s BRI

FNHE TP E T Z [ER, RATH 1 HQERZ, FHEHLEACY 2 @EA, B 6, Zij = >0 0k Viemjtn kKmnklo

Input Filter Output

72

104 | 120

K 6. MIABARIEELRCY 20 R GBS SIRHE . BPRIEE I EE S AR BB TE R R B R S R A I 2 -

3.3 JHF (Padding)

TSN KN (mam) . TESBURIIAN (£, F) . WS BUR MM F AN (m—f + Ln—f + 1), sl

o BUEHIER, i E R RSN
o JFURE R Do XEGER AT, il E R E SRRSO S ERNEE .

I AT DAEBH TG BRAERT . XSRS FrAei BB TIA5E (Padding), LMEIEFERIA/N, EHHK 0 fENHFEE.

BRI IR G R BN p, WIBSERFIGE T BRI (m+ 2p,n+ 2p) . BRAUMRFE (f, f) A2, WHHE R RN (m+2p—f + 1n+
2p—f + 1) W HBFEHITEA

o AR (valid) B, MHFE, HEGM, S8R KN (m— f+1Ln—f+1).

3



W BRAM L RHAHE

o FHIA (same) HH, M 0 7w, HEHEGHESR/ NG, XM p=(f-1)/2.
o 4 (full) B, EIHEF, SHEMHHERSN (m+ f-1Ln+ f-1).

FANTPRZ AR M p =1 BG5S, Wl 7 FiR.

Input Filter Output
0 0 0
T 0 . 8 4
0 2 0 T
T 9 19 25 10
03 /4 5 o0]* = e
T 1 T T 21 37 43 16
0 6 7 8 0 T T T
T 1 T T 6 7 8 0
0 0 0 0 0

W7 p=1H5, % (3,3) WEAEHEN (5,5). HEIzEMEEHET.

3.4 HHMYIE (Stride)

BT R LT TR S . AR AR B S (Stride) SRIFSE—HAME B SIRFIREALFIA E A B/ P7 6 A 7 1) A ik
BAMEER . HEFUEE, BB B (FAERH I T oRRE) SRR T4 WA 8 iR, fEm b IEN 3. % _BBIEHR 2 (1
BARVRME. Y55 A TR, SREOR FWET 347, MEMLS 78 P RRERE AT 2 5. BERATEEEKT
77 TR E T B IE— R, ESBIER s, M H R T (| 202=L 4o, |22 4 ),

Input Filter Output
0 0 0
0 0 0 0
0 3|4 5 0| * =
| 6 8
0 6 7 8 0
0 0 0 0 O

K 8. FELIE THIETEE, R LPEN 3. 5 LB 2. 58 T2 SR AN A Kz 8RR A EALaiik, =0 5EAR
fet DX Sea S 2 O 2 T AR £ X

4 EZHIETRRM
4.1 FREA45E%ET (Depthwise Separable Convolution)

WEFTR, KA 3x3x2 AU, A 4 4 2x2x2 WETIZ, 158 2x2x4 Wit . IXEINT—IEFE 2x2x2x4=32 PS40, WA ME R E ]
SEEN, RTS8, 28—, & Depthwise Convolution, i AAJLMEEMIV SR, WE 9 o, WA—3 2 1NEiE,
X EE S T SR, XEAS D EPRHCEE—NEE O RSP RSP T AIE) s 452, /& Pointwise Convolution,
HTAE E— S ARDEE R AR R, FixX—2H 1x1 (PR A EDEE R R AT LUE N, EREA 2B s, AT 552
2x2x24+1x1x2x4=16 PSH.

IR, BT B

b iﬁﬁ)\}i‘ﬂ“ : (Hzna Win: Cl)
b %%ﬂ*ﬁﬁﬁ : (K7 Ka Cl)
o %HIEHRTJ_ : (Houta Wout, 02)

MNFTERIREE P S EE K XK x c1 X coo FEREAIDEERT, B PRENSEIRN KxKx Ixer, HLTERSEON 1x 1x e x e,
—HKXKx1xe+1x1xe xcpo FIAREISEGRSEREREST £ + 220
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&
s

Input Filter Output

Depthwise Convolution Pointwise Convolution

9. EJTROR TR TUIRE, WG MNAmEECh 2 IWEHA, SdsEnsimt. T2 TIREM S EE]H, S8d A5, BE
HPUHEE RN 2 (HE/ NGB .

4.2 47¢H%EFR (Group Convolution)

WE 10 o, TATEH REFREGETL SN 3x3x4 UL, 40t 2 4 2x2x4 [ERE, 155 2x2x2 [ H o IXHEBTAT LT E 2x2x4x2=32
NSE FATEMNBEAREIE S A 2 H, HTRE 2x2x2 G DIGE] 2x2x1 i, PHEERREGE] 2x2x2 iyl ExXh
UG, AT ILTFE 2x2x2x2=16 1S4,
BIPA, FRAMEGR :

o HIARST: (Hin, Win, ¢1)

b %%E&Rﬂ‘ : (Ka Ka Cl)

i iﬁﬁ&ﬁﬂ“ : (Houtu Wouh 02)
TAFF LIRS SEGE N K x K X ¢ X coo fEFHEBRR, (B84 g H, W —HBARST N (Hin, Win, c1/g), X IIZHTT LS
PFRAHR RSN (K K, e1/g,¢2/9), HHRSTN (Houts Wout, c2/9) o BJa, K g HRVERPHZAE R, HZA55] (Houwt, Wout, c2) K/NHHIH o FEIX
M, SABREENERZSEGN K x K x (e1/g) X (c2/g) x g, RIREERN Lo

Input Filter Output

| ' |
®
group = 2
—_—

An,

Group Convolution Filter

*

~I
ul

[ 10. EJ5ROR T EISHE TR, WIEWALEEECY 4 WETA, SdisfG8ml. T RR TaaE, EEmm AL AWAL, Al
EECHN 2. HoRlgd—4EEECY 2 BRI B0 alGRIn 4 RPF RS 2l m 250

4.3 ¥ #%EFR (Dilated Convolution)

ke, WiREREBl, EIIANNSEMR N K% (Dilation rate), HEXL TRWEZEAFE. WME 11 fx, By ikEE)y 2 19 3x3
WA HAE 5x5 WIZMHFERIET, (BGEH 9 28 XAITERR VMR HHEMA, et RHRZ . R 2RO, Btk

5
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2N EMSERINE, AL E.

AN RN A (my n), TEEBZIK N (f, £) AT 08 BR8N p, SR s ARG B R~y (| 2=t ) (2=t
1])e WEG IS v, WP SERG R (|2 UEDEU] g ) ) e 2 P DED] g ),

Input Filter Output

B 11, S RLEoR T ETIRE (BRI 1), DA ET5RE (O 2 fl 3) RIRCR .

2 Dilated Convolution

*
*

3 Dilated Convolution

*

[1]: import numpy as np
import time
import sys
sys.path.append('../")
from method.optimizer import OptimizerInitializer
from method.weight import WeightInitializer
from method.activation import ActivationInitializer
from chapter6 import LayerBase, CrossEntropy, FullyConnected, minibatch, softmax

from collections import OrderedDict

[2] . nmnn
Padding #1E

nnn

def calc_pad_dims_sameconv_2D(X_shape, out_dim, kernel_shape, stride, dilation=1):

mnn

YHEA G AAMEERE, H&E padding WHE, RIEMAMEWNANMIE. XEAERIEFEZRERL (Padding),
BRI WE (Stride), ¥ KE (Dilation rate)o RIEY KEMRNiH AKX UF 2| padding WH H.

Z 8L

X_shape: BIN$4, # (n_samples, in_rows, in_cols, in_ch)
out_dim: HrH A%, N (out_rows, out_cols)
kernel_shape: HREHW, A (fr, fc)

stride: HMFIE, int A

dilation: ¥ K&, 4nt A, default=1

nnn

d = dilation

fr, fc = kernel_shape

out_rows, out_cols = out_dim

n_ex, in_rows, in_cols, in_ch = X_shape

# ZRY KR

_fr, _fc = fr + (fr-1) * (d-1), fc + (fc-1) * (d-1)



[3]:

W BRAM L

R

def

def

# 1TE padding 4%

pr = int((stride * (out_rows-1) + _fr - in_rows) / 2)
pc = int((stride * (out_cols-1) + _fc - in_cols) / 2)
# R, WL (right/bottom &) HmAH 0 HEFK

out_rowsl = int(1 + (in_rows + 2 * pr - _fr) / stride)
out_colsl = int(1 + (in_cols + 2 * pc - _fc) / stride)

prl, pr2 = pr, pr

if out_rowsl == out_rows - 1:
prl, pr2 = pr, pr + 1

elif out_rowsl != out_rows:
raise AssertionError

pcl, pc2 = pc, pc

if out_colsl == out_cols - 1:
pcl, pc2 = pc, pc + 1

elif out_colsl != out_cols:
raise AssertionError

# REX X B Padding %% (left, right, up, down)

return (prl, pr2, pcl, pc2)

pad2D(X, pad, kernel_shape=None, stride=None, dilation=1):

nimnn

ZHER

23

X MIN# 4, K (n_samples, in_rows, in_cols, in_ch),
HY padding HIEZNAZ| in_rows F in_cols

pad: padding ¥ H, 4-tuple, int, 3 'same’, 'valid'
EEFMA. £ £ T (left, right, up, down) 0 7
EH int, RREE A b THEEHEN pad ¥ 0,
#F N same, R4ET)EANME (same) AR,
A wvalid, RAEREH AR (valid) %M

kernel_shape: HREHW, KA (fr, fc)

stride: HMFPIE, int A

dilation: ¥ K&, 4nt A, default=1

p = pad

if isinstance(p, int):
p=(p, P, P P)

if isinstance(p, tuple):
X_pad = np.pad(

X,

pad_width=((0, 0), (pl[0], pl[11), (pl2], p[31), (O, 0)),

mode="constant",

constant_values=0,

)
# 'same' B, HHITHE padding %%
if p == "same" and kernel_shape and stride is not None:

p = calc_pad_dims_sameconv_2D(

X.shape, X.shape[1:3], kernel_shape, stride, dilation=dilation

)

X_pad, p = pad2D(X, p)
if p == "valid":

p = (0, 0, 0, 0)

X_pad, p = pad2D(X, p)
return X_pad, p

conv2D(X, W, stride, pad, dilation=1):

nimnn
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AR LA

SR
X MIANF 4, H (n_samples, in_rows, in_cols, in_ch)
W. HREWEHERESH, N (kernel_rows, kernel_cols, in_ch, out_ch)
stride: ERBNERT B, int &
pad: padding ¥ H, 4-tuple, int, B 'same’, 'valid' #
EEARWE. & £ T (left, right, up, down) 0 HT
EH int, kpfks B £ THEZKEA pad B 0,
& same, RAETJGEHME (same) &R,
#HA valid, RTETLEAAR (valid) HH
dilation: ¥ K&, int A, default=1

Hr A

Z: BRER, N (n_samples, out_rows, out_cols, out_ch)

s, d = stride, dilation

X_pad, p = pad2D(X, pad, W.shape[:2], stride=s, dilation=d)
prl, pr2, pcl, pc2 =p

fr, fc, in_ch, out_ch = W.shape

n_samp, in_rows, in_cols, in_ch = X.shape

# ZRY KR

_fr, _fc = fr + (fr-1) * (d-1), fc + (fc-1) * (d-1)
out_rows = int((in_rows + prl + pr2 - _fr) / s + 1)
out_cols = int((in_cols + pcl + pc2 - _fc) / s + 1)

Z = np.zeros((n_samp, out_rows, out_cols, out_ch))
for m in range(n_samp):
for ¢ in range(out_ch):
for i in range(out_rows):
for j in range(out_cols):

i0, il =i * s, (4 * 8) + fr + (fr-1) * (d-1)
jO, j1 = j * s, (j * s) + fc + (fc-1) * (d-1)
window = X_pad[m, i0 : il : d, jO : j1 : d, :]

Z[m, i, j, c] = np.sum(window * W[:, :, :, c])

return Z

5 GEMM %5

FERTTH T 230 PR B IANIZA 4 4 for EIR, IXFHEARKHIMEDTE . FATREA A ERATHETTE?
FEFEIE (General Matrix Multiplication, GEMM) ZRE 2RI Do FI A2 TR 2 2l F MRS . BIUR R A dun] DI seal?

IR NG EHEPIE), B Ui sh B AR N\ R B RO R R I, S BRI & UE w. S ES EX R i & ME
z, AP, SRR ARINAR 2 VR B —ME. BRI A BGINE—GsR, AT LEEZA TR AR, X EWRE G PERIEE 2] L
TP R S o

FAN S ERE B E R G AUE A RS i N B A 5 N BRI TR . FRATTERAE B 0% -
o BRI (c2,c1, K, K), LR Kernel [ K/ (e1, K, K);
b iﬁﬁ)\ﬁéﬂ (Cla Hin; Wln) 5

AL 12 i BRI Kernel /R N EG B35 2]# Patch,, Patch, BIA/NABSFZ . AT Kernel 1 Patch, ¥R —4E
e BIA ne(ne = co) HEPZ, IFHEBHEPZARA BRI LIS n, 4> Patch, T2 DISEIEASERE (leot, np) LASABEH
(nk) lcol) o

o BUBEKERE: (2,01 x KX K);

4 ﬁﬁ)\%ﬁgi (Cl x K x KaHout X Wout)
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Input Filter Output

Filter Input

im2col

o3

fp

Ird

A 12. im2col FfEidRE. —AHERUZA =HE G B iR, ol HUWESTEZ SN ER EA RSB lusf. BTHenl Do A - G
AN (eotsnp) e WRA i, BEPZ, HCHEBIZHEAN (nk, leot) -

FREAMGE —F Kernel Ml Patch fYJEIFERE. XT Kernel, FATAILMKIA 13 frosfedt, EHFRh 1 AEHA 3 TNlE ., KGRI cialiE i
PRATHTN o

Filter

&~ E

Y
v

Imi
K 13, im2col B, KRN ERUZA (=4E) BITR—F A A LB R

Patch BRI FEEFE. M%FD Patch & Kernel fE4 N\ WSS, RIRATIC Patch 945 EAEEGH AR (4, 5), W Patch BTN
{Zciivhggantc =1, e, h =K, 1 (4,7) WHUE i =1, ..., Hout, J = 1, ..., Wouro WIERFZRE KGN, WITEAT UEVE: {Tcimitrh,jmjtrh}o
(4. "o
THERET conv2D W GEMM XA, ¥ X v w # MK 2D 4%,
X EENK X %1 H (kernel_rowsxkernel_cols*in_ch, n_samples*out_rows*out_cols)
WK (out_ch, kernel_rows*kernel_cols*in_ch)

nnn

def _im2col_indices(X_shape, fr, fc, p, s, d=1):

mmnn

ERBINFEFES (c,h_in,w_in) =R R

B P

i: BT NZE[EHY 4 {E, (kernel_rows*kernel cols*in_ch, out_rows*out_cols), EH & = 4 A Ax
g BMINAEMER 5 fE, (kernel_rows*kernel_cols*in_ch, out_rows¥out_cols), FE7xH % = 4 A 4r
k: B NJE[EH ¢ fH, (kernel_rows*kernel_cols*in_ch, 1), ER¥ % — 4 AR

prl, pr2, pcl, pc2 = p

n_ex, n_in, in_rows, in_cols = X_shape

# /Y KR

_fr, _fc = fr + (fr-1) * (d-1), fc + (fc-1) * (d-1)
out_rows = int((in_rows + prl + pr2 - _fr) / s + 1)
out_cols = int((in_cols + pcl + pc2 - _fc) / s + 1)

# 10/41/50/51: ATHE i, j, ke 10/50 TRNER, 1/51 wEFHHLRRFE
i0 = np.repeat(np.arange(fr), fc)

i0
il

np.tile(i0, n_in) * d

s * np.repeat(np.arange(out_rows), out_cols)
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jO = np.tile(np.arange(fc), fr * n_in) * d

jl = s * np.tile(np.arange(out_cols), out_rows)

i = i0.reshape(-1, 1) + il.reshape(l, -1)

j = jO.reshape(-1, 1) + jl.reshape(l, -1)

k = np.repeat(np.arange(n_in), fr * fc).reshape(-1, 1)

return k, i, j

def im2col(X, W_shape, pad, stride, dilation=1):

nimnn

im2col L

S B
X WANB4, N (n_samples, in_rows, in_cols, in_ch), WHILK 0 EX (padding)
W_shape: BRMEWERZIN TR, X (kernel_rows, kernel_cols, in_ch, out_ch)
pad: padding ¥ H, 4-tuple, int, Z 'same’, 'valid' A

ERKFWE. . £ T (left, right, up, down) 0 7

EH int, RoELE B L THETEKEA pad B 0,

# K same, RTEKJEHNME (same) HR,

#HA valid, RTEFLFEAAR (valid) FH
stride: HHRBHERLE, int B
dilation: ¥ K&, 4int A, default=1

Hr A

X _col: MEER, BRA (kernel_rows*kernel_cols*n_in, n_samples*out_rows*out_cols)
p: BLIE, 4-tuple

fr, fc, n_in, n_out = W_shape

s, p, d = stride, pad, dilation

n_samp, in_rows, in_cols, n_in = X.shape

X_pad, p = pad2D(X, p, W_shape[:2], stride=s, dilation=d)

prl, pr2, pcl, pc2 =p

# BN REESBEL M

X_pad = X_pad.transpose(0, 3, 1, 2)

k, i, j = _im2col_indices((n_samp, n_in, in_rows, in_cols), fr, fc, p, s, d)

# X_col.shape = (n_samples, kernel_rows*kernel_cols*n_in, out_rows*out_cols)

X_col = X_padl[:, k, i, j]

X_col

X_col.transpose(l, 2, 0).reshape(fr * fc * n_in, -1)

return X_col, p

def conv2D_gemm(X, W, stride=0, pad='same', dilation=1):

nimnn

ZHERELATE, KE “im2col” BN H AN B IE T EPAT

S
X: MIAN# 4, H (n_samples, in_rows, in_cols, in_ch)
W. HREWERESH, N (kernel_rows, kernel_cols, in_ch, out_ch)
stride: ERENERTE, int B
pad: padding % H, 4-tuple, int, Z 'same', 'wvalid' A
EEARWE. & £ T (left, right, up, down) 0 ET
EH ant, KL A £ THEAHKEHN pad W o,
&N same, RAETEAME (same) &,
#HA valid, RTETLEAAR (valid) HR
dilation: ¥ KZE, int &, default=1

Har A

Z: BRER, H (n_samples, out_rows, out_cols, out_ch)

mnn

10
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s, d stride, dilation

_, p = pad2D(X, pad, W.shape[:2], s, dilation=dilation)
prl, pr2, pcl, pc2 =p

fr, fc, in_ch, out_ch = W.shape

n_samp, in_rows, in_cols, in_ch = X.shape

# Ry KR

_fr, _fc = fr + (fr-1) * (d-1), fc + (fc-1) * (d-1)

# %%, RELEAXTHE

out_rows = int((in_rows + prl + pr2 - _fr) / s + 1)
out_cols = int((in_cols + pcl + pc2 - _fc) / s + 1)

# ¥ x M ow HNA 2D BEIEHF TR

X_col, _ = im2col(X, W.shape, p, s, d)

W_col = W.transpose(3, 2, 0, 1).reshape(out_ch, -1)

Z = (W_col @ X_col) .reshape(out_ch, out_rows, out_cols, n_samp).transpose(3, 1, 2, 0)

return Z

6 H M 4RI SR
BRI R EREARTE, [RIUY., A7) B 0 PR o Sl R A e AL

6.1 EHEHMEREE

CNN WEABRUFBERNEMMAZ, “HEE —RBEH (— MR RR D EREZR). XWEARE =R R E: S, B R A (A
sigmoid PREY), ik JLATIAERRAIE [ AR R LT

X Convolution  Sigmoid Pooling X Convolution  Sigmoid Pooling
) N
1
— N,
I/_\I N e "‘\‘ TN
(=) —{) (= — f
_ — N N
/_\ ) .-/.._..\-. r/_\ ; TN \ N N
I\J?/ "\..—_./: \_/ \ji/}i ‘ :"\___ ___/": |\\__ _ﬂ/}
/_\ N N N
|oxa —)' ] < r e <
\_4/ S /_\ b '\j‘i/” N \ /‘r N
_ —~ \__/ > . i )
N / \ N SN N
=) —>_) (x5 — K
_ — N RS
/_\ .-/.._..\-. /_\ PN TN TN
 EA— I —— b p ¥ p \ e
ij/\\ .. (% —{ J—A )
— \ P // J— 4
'/x ?\ F—n —{ < ( X7 e ! < [ W
\_/ N \\_ _J/’l AN
| ; \ f/- "‘\‘
>/ Forward ) Backward

v
o

K 14, ERUMZHIRT LS A AR N (XA —4E i, RI—Z4EEH).

6.2 BREHE/MILE
6.2.1 HRAMHSHR KR EERE

MN—HERANTF, B — TSR RAMA IS ., Wl vy, 280058 (ERET) 2 w. MAZH R -

Y=T*xw (3)
Hrb oy BB [yl y PRk EIE N
|w|
Yn = (:D * w)[n] = anJrkflwk = wan:n+|w|71 (4)
k=1
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%
PG
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M

X Convolution X Convolution
> O—x —
e e SRR ° —
W Ly
n r— o] @ =3, —
w3
O — N

Kl 15. G R R R AT L3-S SRR B8 (— 4.

y PHCRY @ PRTRA T SRR

OYn—k+1 Oyn
T —Z = <k<
ox. Wk, Dy Tptk—1, forl <Fk <|uwl (5)

BB LIMGE] J KT w Ml 2 (3R

|w] |w]

p &] 6y &] 6yn_k+1 .
57 = Ay Oz, Z < OYn—tt1 OTn Z k+1wk 3« lip(uw) ]

5 = 5(y) * flip(w)

|y |yl
9 ,_9J oy Z OF Dn _ ™ 50y = (60 s )]

8wk 8y 8wk 8yn 8wk —
0
T g=—5w
3 J=0Yxx

A, it 6@ 5 flip(w) AIEE J XTF @ (155 6@, it 6V 5 @ i w T &

SR R ERIOE A, RGN, v 53R RS 9 158 a = g(y) = gz * w + b): AL, 0@ = 6@ 6 ¢(y). TR 6@ =
§W) x flip(w) © ¢'(y)-

M, AR T BT E PR 1SS 5 R T B3 R, R80T —4Ea B e e 4t N F s,
G BT SR R IR R

SRR, ROTEEES S, SN BNLEERN, F—R0a BB ma— R0 B2 S RER A . TR
AT DABRAR R A B, T R — AN A\ B

Input Output

!mmm

& 16. FEZEE TREMZE. MARNSMEECS A RSP AMN SIS, RIS AT A E . X SRl O,
R BB FUZA A
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BRI

R

[6]: class Conv2D(LayerBase):

def

def

def

__init_ (

self,

out_ch,
kernel_shape,
pad=0,
stride=1,
dilation=1,
acti_fn=None,
optimizer=None,

init_w="glorot_uniform",

nnn

ZHEM

BRI

out_ch: HRMBAMEKE, int A

kernel_shape: BNEBRZR, 2-tuple

acti_fn: WEEH, str A

pad: padding ¥ H, 4-tuple, int, 3 'same’, 'walid' A
EERFWA. & £ T (left, right, up, down) 0 AT
EH int, RAEL. & b THETRHEN pad 0 0,
# K same, RAHETEAME (same) £,
X wvalid, RAALFAAN (valid) MR

stride: HREWERFIE, int &

dilation: ¥ K%, int A, default=1

init_w: WEMBENLNT %, str A

optimizer: @ﬁﬁbj?%?, str Al

nimnn

super () .__init__(optimizer)

self.pad = pad

self.in_ch = None

self.out_ch = out_ch

self.stride = stride

self.dilation = dilation

self.kernel_shape = kernel_shape

self.init_ w = init_w

self.init_weights = WeightInitializer(mode=init_w)
self.acti_fn = ActivationInitializer(acti_fn) ()
self .parameters = {"W": None, "b": None}

self.is_initialized = False

_init_params(self):

fr, fc = self.kernel_shape

W = self.init_weights((fr, fc, self.in_ch, self.out_ch))
b

np.zeros((1, 1, 1, self.out_ch))

self .params = {"W": W, "b": b}
self .gradients = {"W": np.zeros_like(W), "b": np.zeros_like(b)}
self.derived_variables = {"Y": [1}

self.is_initialized = True

forward(self, X, retain_derived=True):

nmnn

BREW R A, BRI L

Z 80
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VI S]: BRI AR

X MIAN#FA, HRA (n_samples, in_rows, in_cols, in_ch)
retain_derived: = LHRGFHELE, WEREEERFRMEH, bool A

LA
a: BREMY, BRA (n_samples, out_rows, out_cols, out_ch)
if not self.is_initialized:
self.in_ch = X.shape[3]
self._init_params()
= self.params["W"]

= self.params["b"]

B T =

samp, in_rows, in_cols, in_ch = X.shape

s, p, d = self.stride, self.pad, self.dilation
# BRBIE

Y = conv2D(X, W, s, p, d) + b

a = self.acti_fn(Y)

if retain_derived:
self.X.append(X)
self.derived_variables["Y"] .append(Y)

return a

def backward(self, dLda, retain_grads=True):

nnn

HEREE R, FEIL L

23
dLda: < THAKWHE, H (n_samples, out_rows, out_cols, out_ch)
retain_grads: ZEITEFERENSHEMZ, bool A

i PLA -
dxs: B dx, YW ERMEMMAKRTMENHE, § (n_samples, in_rows, in_cols, in_ch)
if not isinstance(dLda, list):

dLda = [dLda]
W = self.params["W"]
b = self.params["b"]
Ys = self.derived_variables["Y"]
Xs, d = self.X, self.dilation
(fr, fc), s, p = self .kernel_shape, self.stride, self.pad
dXs = []
for X, Y, da in zip(Xs, Ys, dlLda):

n_samp, out_rows, out_cols, out_ch = da.shape

X_pad, (pril, pr2, pcl, pc2) = pad2D(X, p, self.kernel_shape, s, d)

dY = da * self.acti_fn.grad(Y)

dX = np.zeros_like(X_pad)

dW, db = np.zeros_like(W), np.zeros_like(b)

for m in range(n_samp):

for i in range(out_rows):
for j in range(out_cols):
for ¢ in range(out_ch):
i0, i1 =i * s, (4 * 8) + fr + (fr-1) * (d-1)
jo, j1 =3 * s, (j * s) + fc + (fc-1) * (d-1)

we = Wl:, =, :, c]

dY[m, i, j, c]

X_pad[m, i0:i1:d, jO:j1l:d, :]
db[:, :, :, c] += kernel

kernel

window
dwl:, :, :, c] += window * kernel

dX[m, i0:i1:d, jO:jl:d, :]1 += (

wc * kernel

14



[6]:

W BRAM L

)
if retain_grads:
self .gradients["W"] += dW
self.gradients["b"] += db

pr2 = None if pr2 == 0 else -pr2
pc2 = None if pc2 == 0 else -pc2
dXs.append(dX[:, pril:pr2, pcl:pc2, :1)

return dXs[0] if len(Xs) == 1 else dXs

O@property
def hyperparams(self):
return {
"layer": "Conv2D",
"pad": self.pad,
"init_w": self.init_w,
"in ch": self.in_ch,
"out_ch": self.out_ch,
"stride": self.stride,
"dilation": self.dilation,
"acti_fn": str(self.acti_fn),
"kernel_shape": self.kernel_shape,
"optimizer": {
"cache": self.optimizer.cache,
"hyperparams": self.optimizer.hyperparams,

+,

USRI GEMM F e SCBRT R IS R 58 . BUARERE W IEHON (c2, 1 x K x K), IAJERE X JEARY (e1 x K X K, Houwr X Wour)

TRy=WX+b, b WK e
AT PR SEN A DEN B IAEREE L, E58 | Mg Ea:
zi41 = Wia; + b

ajy1 = g(zl+1>

BATAT LA
5 = W) T 0 g (=)
VwiJ =6,y (a) "
vle = 51(—7—)1

[FEIFERT, FROTXEA:
8@ =wTs® o g (y)
VwJ =sWXxT

V] = 0W

def col2im(X_col, X_shape, W_shape, pad, stride, dilation=0):

nimnn

col2im £, “col2im’ WKW 2D ML K 4D AR

ZH
X_col: X A3 im2col J& (Fl) WHEME, BWRA @, z), BEBRIL EX
X_shape: R MANBAIRK, H (n_samples, in_rows, in_cols, in_ch),
WHZAK 0 HRL (padding)
W_shape: &BMEAWIK, 4-tuple X (kernel_rows, kernel_cols, in_ch, out_ch)
pad: padding H, 4-tuple
THERFWA. & £ T (left, right, up, down) 0 T
stride: ERBNERT B, int &
dilation: ¥ K&, 4nt A, default=1

A
img: ﬁﬁﬂﬁﬁiﬁ%, ﬂ?%ﬁ%] (n_samples, in_rows, in_cols, in_ch)
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VI S]: BRI AR

nimnn

s, d = stride, dilation

prl, pr2, pcl, pc2 = pad

fr, fc, n_in, n_out = W_shape

n_samp, in_rows, in_cols, n_in = X_shape

X_pad = np.zeros((n_samp, n_in, in_rows + prl + pr2, in_cols + pcl + pc2))

k, i, j = _im2col_indices((n_samp, n_in, in_rows, in_cols), fr, fc, pad, s, d)

X_col_reshaped = X_col.reshape(n_in * fr * fc, -1, n_samp)

X_col_reshaped = X_col_reshaped.transpose(2, 0, 1)

np.add.at(X_pad, (slice(None), k, i, j), X_col_reshaped)

pr2 = None if pr2 == 0 else -pr2

pc2 = None if pc2 == 0 else -pc2

return X_pad[:, :, prl:pr2, pcl:pc2]

[7]: class Conv2D_gemm(LayerBase) :

def __init__(
self,
out_ch,
kernel_shape,
pad=0,
stride=1,
dilation=1,
acti_fn=None,
optimizer=None,

init_w="glorot_uniform",

nunn

MR

ZHR A :

out_ch: HMBAWHEKE, int A

kernel_shape: B/NEBREIK, 2-tuple

acti_fn: WiEE L, str A

pad: padding ¥ H, 4-tuple, int, B 'same’, 'valid' %
TEERFWA. & £ T (left, right, up, down) 0 T
N int, Rr&xs B b THERHEN pad ¥ o,
&N same, RAETJENMFE (same) HR,
EH valid, RAALBAAR (valid) %R

stride: EREWERFIE, int B

dilation: ¥ K%, int A, default=1

init_w: WEMIEMT &, str &

optimizer: ﬁ%ﬁbj?ﬁ%, str A

super() .__init__(optimizer)

self.pad = pad

self.in_ch = None

self.out_ch = out_ch

self.stride stride

self.dilation = dilation

self .kernel_shape = kernel_shape

self.init_w = init_w

self.init_weights = WeightInitializer(mode=init_w)
self.acti_fn = ActivationInitializer(acti_fn) ()

self .parameters = {"W": None, "b": None}

self.is_initialized = False

def _init_params(self):

fr, fc = self.kernel_shape

16



BT

BRI

R

def

def

def

W
b = np.zeros((1, 1, 1, self.out_ch))
self .params = {"W": W, "b": b}

self.init_weights((fr, fc, self.in_ch, self.out_ch))

self.gradients = {"W": np.zeros_like(W), "b": np.zeros_like(b)}
self.derived_variables = {"Y": []}

self.is_initialized = True

forward(self, X, retain_derived=True):

nnn

FERER A E, FRELLE X

S LA
X: WA, HWRA (n_samples, in_rows, in_cols, in_ch)
retain_derived: ZEREFHEE, UWEREEHFHFRER, bool &

Hr L
a: HHEMY, WA (n_samples, out_rows, out_cols, out_ch)
if not self.is_initialized:

self.in_ch = X.shape[3]

self._init_params()

self.params["W"]

self.params["b"]

n_samp, in_rows, in_cols, in_ch = X.shape

s, p, d = self.stride, self.pad, self.dilation
# BRBIE

conv2D_gemm(X, W, s, p, d) + Db

a = self.acti_fn(Y)

if retain_derived:
self.X.append(X)
self.derived_variables["Y"] .append(Y)

return a

backward(self, dLda, retain_grads=True):

nimnn

FRE N e, REL L
B :
dLda: * THEWNEE, X (n_samples, out_rows, out_cols, out_ch)

retain_grads: EHITHEFELTENSHEME, bool A

ki A

dx: YWMAERENMANKRTHANWHE, H (n_samples, in_rows, in_cols, in_ch)

nimn

if not isinstance(dlLda, list):
dLda = [dLdal
dX = []
X = self .X
Y = self.derived variables["Y"]
for da, x, y in zip(dLda, X, Y):
dx, dw, db = self._bwd(da, x, y)
dX.append (dx)
if retain_grads:
self .gradients["W"] += dw
self.gradients["b"] += db
return dX[0] if len(X) == 1 else dX

_bwd(self, dLda, X, Y):
W = self.params["W"]

17



W BRAM L RHAHE

d = self.dilation

fr, fc, in_ch, out_ch = W.shape

n_samp, out_rows, out_cols, out_ch = dLda.shape

(fr, fc), s, p = self.kernel_shape, self.stride, self.pad
dLdy = dLda * self.acti_fn.grad(Y)

dLdy_col = dLdy.transpose(3, 1, 2, 0).reshape(out_ch, -1)
W_col = W.transpose(3, 2, 0, 1).reshape(out_ch, -1).T
X_col, p = im2col(X, W.shape, p, s, d)

daw
db = dLdy_col.sum(axis=1) .reshape(l, 1, 1, -1)
dX_col = W_col @ dLdy_col

(dLdy_col @ X_col.T) .reshape(out_ch, in_ch, fr, fc).transpose(2, 3, 1, 0)

dX = col2im(dX_col, X.shape, W.shape, p, s, d).transpose(0, 2, 3, 1)
return dX, dW, db

Oproperty
def hyperparams(self):
return {
"layer": "Conv2D",
"pad": self.pad,
"init_w": self.init_w,
"in _ch": self.in_ch,
"out_ch": self.out_ch,
"stride": self.stride,
"dilation": self.dilation,
"acti_fn": str(self.acti_fn),
"kernel_shape": self.kernel_shape,
"optimizer": {
"cache": self.optimizer.cache,
"hyperparams": self.optimizer.hyperparams,

¥,

6.2.2 tLEBHSERIEEERE

AL R EUZ — 1 FRFER A, XA/ N m TR Dk, A s R L S 0T LAE SN -
1 if z; = max(z)

o FKiAL: g(x) = max(z), SHN L =

0 otherwise

. MEIAL: g(x) = it Gy Do 1

« L 9@) = llall, = (SRl lenl?)7 . SHCH 5L = (TR feal?) V0 afr !
TRBEIR AR LRR, R

Sigmoid Pooling Sigmoid Pooling

() — &
_ #/' ™ - . :'/ \I
TN \\._ // ’ - N
( } B 1—1 el
Forward Backward

K17, AL R BT R e 1 S SRR N TR (— 4B ).
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[8]:

W BRAM L

R

R e R e R g B SECEIRZEF TREE] g B

5@ 0 oJ OYn

(n—1)m+1inm — J

- a$(nfl)m+1:nm B aiynal‘(nfl)erl:nm

5@ = upsample(é(y),g')

FSRFE (upsampling) ERFERUNT ., AL R/NA 2,2, SilEK 2, H 6W 45 k 74N

2 4
5(?/):

St 0 BRI

0000
0 240
0 6 80
00 00

IR R R RMAL, Bk BRI IO R R EC B DR L, AE, 8, A8, WSS

00
0 0
00
00

S O O N
o O O =

IR RS ERAL, AR AR A2
05 05 1.0 1.0
05 05 1.0 1.0
15 1.5 20 2.0
L5 1.5 2.0 2.0

class Pool2D(LayerBase):

def __init__(self, kernel_shape, stride=1, pad=0, mode="max", optimizer=None):

nmnn

b £ 37N 4

WA

kernel_shape: WLH OB K/, 2-tuple

stride: MEMREMN, FOEF - MEZLEINIK, int &

pad: padding #EH, 4-tuple, int, E str('same’, 'valid') A (default: 0)
At Rk M

mode: WAL E ¥, str & (default: 'maz'), % {"maz", "average"}

optimizer: ik, str &

super().__init__(optimizer)

self.pad = pad

self.mode = mode

self.in_ch = None

None

self.out_ch

self.stride = stride

self .kernel_shape = kernel_shape

self.is_initialized = False
def _init_params(self):
self.derived_variables = {"out_rows": [], "out_cols": [1}

self.is_initialized = True

def forward(self, X, retain_derived=True):

nnn

AR R |

ZHRIA:

19

=¥,

(11)

(12)

(14)



VI S]: BRI AR

X MIANHA, HRA (n_samp, in_rows, in_cols, in_ch)
retain_derived: = LHRGFHELE, WEREEERFRMEH, bool A

i V6
Y: AR, BRHA (n_samp, out_rows, out_cols, out_ch)
if not self.is_initialized:
self.in_ch = self.out_ch = X.shapel[3]
self._init_params()
n_samp, in_rows, in_cols, nc_in = X.shape
(fr, fc), s, p = self .kernel_shape, self.stride, self.pad
X_pad, (prl, pr2, pcl, pc2) = pad2D(X, p, self.kernel_shape, s)
out_rows = int((in_rows + prl + pr2 - fr) / s + 1)
out_cols = int((in_cols + pcl + pc2 - fc) / s + 1)
if self.mode == "max":
pool_fn = np.max
elif self.mode == "average":
pool_fn = np.mean
Y = np.zeros((n_samp, out_rows, out_cols, self.out_ch))
for m in range(n_samp):
for i in range(out_rows):
for j in range(out_cols):
for ¢ in range(self.out_ch):
i0, i1 =i *x s, (i * s) + fr
jo, j1 =3 * s, (j * s) + fc
xi = X_pad[m, i0:i1, jO:j1, c]
Y[m, i, j, c] = pool_fn(xi)
if retain_derived:
self.X.append(X)
self.derived_variables["out_rows"] .append(out_rows)
self .derived_variables["out_cols"] .append(out_cols)

return Y

def backward(self, dLdy, retain_grads=True):

nimnn

AR B R R, B LS

ZHWH
dLdy: X THKWBE, H (n_samples, out_rows, out_cols, out_ch)
retain_grads: = HITEFE L EWNSHEMHE, bool &

A
dXs: Bl dX, UHHEREMMAXT KN HE, # (n_samples, in_rows, in_cols, in_ch)
if not isinstance(dLdy, list):
dLdy = [dLdy]
Xs = self .X
out_rows = self.derived_variables["out_rows"]
out_cols = self.derived variables["out cols"]
(fr, fc), s, p = self.kernel_shape, self.stride, self.pad
dXs = []
for X, dy, out_row, out_col in zip(Xs, dLdy, out_rows, out_cols):
n_samp, in_rows, in_cols, nc_in = X.shape
X_pad, (prl, pr2, pcl, pc2) = pad2D(X, p, self.kernel_shape, s)
dX = np.zeros_like(X_pad)
for m in range(n_samp):
for i in range(out_row):
for j in range(out_col):

for ¢ in range(self.out_ch):
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W BRAM L RHAHE

i0, i1 =i * s, (i * s) + fr
jo, j1 = j * s, (j *x s) + fc
if self.mode == "max":

xi = X[m, i0:i1, jO:j1, cl

mask = np.zeros_like(xi).astype(bool)

X, y = np.argwhere(xi == np.max(xi)) [0]

mask([x, y] = True

dX[m, i0:i1, jO:j1, c] += mask * dy[m, i, j, cl
elif self.mode == "average":

frame = np.ones((fr, fc)) * dylm, i, j, cl

dX[m, i0:i1, jO:j1, c] += frame / np.prod((fr, fc))

pr2 = None if pr2 == 0 else -pr2
pc2 = None if pc2 == 0 else -pc2
dXs.append(dX[:, prl:pr2, pcl:pc2, :1)

return dXs[0] if len(Xs) == 1 else dXs

Oproperty
def hyperparams(self):
return {
"layer": "Pool2D",
"acti_fn": None,
"pad": self.pad,
"mode": self.mode,
"in ch": self.in_ch,
"out_ch": self.out_ch,
"stride": self.stride,
"kernel_shape": self.kernel_shape,
"optimizer": {
"cache": self.optimizer.cache,
"hyperparams": self.optimizer.hyperparams,

.

6.3 ZRERE/MLE

TESE AN LA T £ IR W4 AR S X AT R . BRI R J(W, b, @, y). 55 [+ 1 EHHARES AR o a2
B W R by, G75TE5 BN RA R 20 = Wiay + bo 2 i) = g(zi01), g MRS, S EM%HH a1 =2, WENRERTN, 5
EI an BAMEEIORN . THEEEIE LR J X 2 R SER J 25 Wy 1 b R

5 = (W) T o g (=)

leJ = 5§i)1(al)T (15)
Vo J =687}

FIFER), AT DMSBEIEB TR S Lk rh, BORAESS |+ 1 ZE B (EAEHU R D) st (WU R ECh LR %0 -
L5 URHEAE] T X 2 B SEG
o MRZEHZ:

01 =02 + lip(Wh) © ¢/ (=) (16)
o WAREMLE:
5l(z) = upsample(dl(i)l,g') (17)
2. X 1 ZHEAE J XNSE W [l b IR "
Vw,J = 61;)1 * ay (18)
Vi, J = I+1

6.4 Flatten & & £EER

Wit 2 ZERUR R AT ISR Z 145 AEE] (Feature Map), TXLERMIEF MANIF A AT BIRRLAGRHIE . (HU2 AT B X LERHIE I &2
KGR T DREAL, RN ELEHEAARRAEIE, SCEBES GRS, v LI BT a2 R SR 15 2IRYEHEIE 9P (&
% Flatten J2). A4 Flatten EAVHIHTE 2EREE (82D 2 BUMHERERZREG ARG HE) . HJa kM softmax X HHEIT23E.
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REE ) BRI RHAHE

Classification

Flatten

A 18. Flatten RRYEILRE : X5 G2 B PUZARIREIT . - AMEME— I R

MR EE G — EIEHERE Flatten FURA2ERE, SN RBUEMANSEET A, XSERIIGREE, RRES MG BAEE X
TXLCIRAE b 7025, AR 45 Ah—Fhal L% B 77 224 5 P44l (Global Average Pooling). WNEfi7n, GAP WA/E S &5 — Z A
BAE. FAUSFRIN GAP ZEHEN T SO N AR RHIER, &8 GAP EMEJE S EZ PR T B ML RS TGN H AR 2250 5Tk o

Classification

GAP "I'H"" :)
LAV

/4 19. GAP ZHSEBLERE : MNEREHRIEIRGIEA, S ERRBOLIEEN— P MEITT A

[9]: class Flatten(LayerBase):

def __init__(self, keep_dim="first", optimizer=None):

nimn

¥ % g i N\ R IT

Z B
keep_dim: EITHR, str (default : 'first')
TN X, keep_dim W[ 'first'-> ¥ X EH K (X.shapel0], -1),
"last'-> ¥ X EM K (-1, X.shapel[0]), 'none’'-> ¥ X EM K (1,-1)
optimizer: A 77 &
super () .__init__(optimizer)
self .keep_dim = keep_dim

self._init_params()

def _init_params(self):
self.X = []
self .gradients = {}
self .params = {}

self.derived_variables = {"in_dims": []}

def forward(self, X, retain_derived=True):

nimnun

A | &

39 -

X WANH4

retain_derived: = EREFERE, WER W EEHEHFREM, bool B

if retain_derived:
self.derived_variables["in_dims"].append(X.shape)

if self.keep_dim == "none":

return X.flatten().reshape(l, -1)
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rs = (X.shapel[0], -1) if self.keep_dim == "first" else (-1, X.shape[-1])

return X.reshape (*rs)

def backward(self, dLdy, retain_grads=True):

nnn

R % 1

Z LA
dLdy: * T kW5
retain_grads: = EITEFH L ENSHHE, bool

i PLA -
ax: X fr AR AT E A R SR N B R
if not isinstance(dLdy, list):
dLdy = [dLdy]
in_dims = self.derived_variables["in_dims"]
dX = [dy.reshape(*dims) for dy, dims in zip(dLdy, in_dims)]
return dX[0] if len(dLdy) == 1 else dX

O@property
def hyperparams(self):
return {
"layer": "Flatten",
"keep_dim": self.keep_dim,
"optimizer": {
"cache": self.optimizer.cache,
"hyperparams": self.optimizer.hyperparams,

Vg

7 EBET
BN 4 BATF A2 (Translation Invariance) BUFREH A, SER A R0 BG4 56 MR AR, (i), 7RSI 210

fi~FRZH o

o B EREETE . HMARAER ERFEER . A 20, MAEGNATAA AR, @dGHE NRRRE (IRE, &)
BETRHEER AN o (BB NRAHEAE R R 2 B, AR 2GR B AV RFE A RE R /2 B TEie BAR BUE R BT RO B, ©
AT IR [FI AL LA, RFER IR, BT A A PR AL M
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8 RIRMUEMERMENLE

8.1 HMMEZML (LeNet)

LeNet [1] 73 NERZRM2IERZIRM I H0. HRERERNEAR A ZEPRIFREAILR . BTURHd XA A B B2 HE S

FEERURER, S EPUZREE 5x5 )%, FFEf i B sigmoid BITHREL. H— M EPURMHEELN 6. 8 M GHUZ5 HisE £
BEINE] 16 X2 NEREAMM 0 e, £ MEPRILS SRR AR ST E/ N, B LA i H i o -G 22 EUTEL.
BRURETPIA SR R T LRI 2x2, FBIEN 20 mTF A -5 2R IRHE , s fef N\ B Ui sh Frdl s i) XA L
Fo SR A B 2 H = R B 1 R B R BT R .

BRURBEHEH IO (RN, 188, &, 98). UEPRBRAR T N RIERRIRAT, e Rk ML MEAL P (Flatten). RIHG4
BRI AN IRAG A N =4, Hrp s — 42/ ML P RIREA, BB 4B B AR FE R RN, B RO EE . SsEa el el

BHE 3 e R, BN B A2 1200 84 A1 10, Horb 10 Dyt pOSEBIA . EFrs.

FATEE T ARAAS TR /Z LeNet RYSEIL, (583 [1] rPRYSEIMA AR : 83C [1] Ay LeNet Mz AE AL R 2 J5 ARt TAR et AL (FI) sigmoid
WO R ED) . EE R IRIE R 2 B AT AR A AL (sigmoid SR REL) . SA)E FHEA T AL R AR

Image

1 !
CORY poo CORD poo
5x5 2x2 5%5 2x2
s=1 s=12 s=1 s=12

5 21. LeNet MIZESCIRHEZE,

[~

_—

120

84

softmax

[1]: Lecun, Y., Bottou, L. , Bengio, Y. , & Haffner, P. . (1998). Gradient-based learning applied to document recognition. Proceedings of the

IEEE, 86(11), 2278-2324.

[10]: class LeNet(object):

def __init__(

24



VI S]: BRI AR

self,
fc3_out=128,
fc4 _out=84,
fc5_out=10,
convl_pad=0,
conv2_pad=0,
convl_out_ch=6,
conv2_out_ch=16,
convl_stride=1,
pooll_stride=2,
conv2_stride=1,
pool2_stride=2,
convl_kernel_shape=(5, 5),
pooll_kernel_shape=(2, 2),
conv2_kernel_shape=(5, 5),
pool2_kernel_shape=(2, 2),
optimizer="adam",
init_w="glorot_normal",
loss=CrossEntropy()

):
self.optimizer = optimizer
self.init_w = init_w
self.loss = loss
self.fc3_out = fc3_out
self.fc4_out = fc4_out
self.fcb_out = fcb_out
self.convl_pad = convl_pad
self.conv2_pad = conv2_pad
self.convl_stride = convl_stride
self.convl_out_ch = convl_out_ch
self .pooll_stride = pooll_stride
self.conv2_out_ch = conv2_out_ch
self.conv2_stride = conv2_stride
self.pool2_stride = pool2_stride
self.conv2_kernel_shape = conv2_kernel_shape
self .pool2_kernel_shape = pool2_kernel_shape
self.convl_kernel_shape = convl_kernel_shape
self .pooll_kernel_shape = pooll_kernel_shape
self.is_initialized = False

def _set_params(self):

B S R TR b Rl

Convl -> Pooll -> Conv2 -> Pool2 -> Flatten -> FC3 -> FC4 -> FC5 -> Softmax

self.layers = OrderedDict()

self.layers["Convi"] = Conv2D(
out_ch=self.convl_out_ch,
kernel_shape=self.convl_kernel_shape,
pad=self.convl_pad,
stride=self.convl_stride,
acti_fn="sigmoid",
optimizer=self.optimizer,
init_w=self.init _w,

)

self.layers["Pooll"] = Po0ol2D(
mode="max",
optimizer=self.optimizer,

stride=self.pooll_stride,
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kernel_shape=self.pooll_kernel_shape,

)

self.layers["Conv2"] = Conv2D(
out_ch=self.convl_out_ch,
kernel_shape=self.convl_kernel_shape,
pad=self.convl_pad,
stride=self.convl_stride,
acti_fn="sigmoid",
optimizer=self.optimizer,
init_w=self.init_w,

)

self.layers["Pool2"] = Pool2D(
mode="max",
optimizer=self.optimizer,
stride=self.pool2_stride,
kernel_shape=self.pool2_kernel_shape,

)

self.layers["Flatten"] = Flatten(optimizer=self.optimizer)

self.layers["FC3"] = FullyConnected(
n_out=self.fc3_out,
acti_fn="sigmoid",
init_w=self.init_w,
optimizer=self.optimizer

)

self.layers["FC4"] = FullyConnected(
n_out=self.fc4_out,
acti_fn="sigmoid",
init_w=self.init_w,
optimizer=self.optimizer

)

self.layers["FC5"] = FullyConnected(
n_out=self.fc5_out,
acti_fn="affine(slope=1, intercept=0)",
init_w=self.init_w,
optimizer=self.optimizer

)

self.is_initialized = True

def forward(self, X_train):
Xs = {}
out = X_train
for k, v in self.layers.items():
Xs[k] = out
out = v.forward(out)

return out, Xs

def backward(self, grad):
dXs = {}
out = grad
for k, v in reversed(list(self.layers.items())):
dXs[k] = out
out = v.backward(out)

return out, dXs

def update(self):

nnn

BHAE R M E

nmnn

for k, v in reversed(list(self.layers.items())):
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v.update ()
self.flush_gradients()

def flush_gradients(self, curr_loss=None):

nnn

WEIER: EFEEEMNE
for k, v in self.layers.items():

v.flush_gradients()

def fit(self, X_train, y_train, n_epochs=20, batch_size=64, verbose=False, epo_verbose=True):

Z 3L
X train: Y& EE
y_train: Y HHKEAFE
n_epochs: epoch Kk
batch_size: K epoch ¥ batch size
verbose: £ &N batch #rH ML
epo_verbose: &L &N epoch ik
self.verbose = verbose
self.n_epochs = n_epochs
self .batch_size = batch_size
if not self.is_initialized:
self.n_features = X_train.shape[1]
self._set_params()
prev_loss = np.inf
for i in range(n_epochs):
loss, epoch_start = 0.0, time.time()
batch_generator, n_batch = minibatch(X_train, self.batch_size, shuffle=True)
for j, batch_idx in enumerate(batch_generator):
batch_len, batch_start = len(batch_idx), time.time()
X_batch, y_batch = X_train[batch_idx], y_train[batch_idx]
out, _ = self.forward(X_batch)
y_pred_batch = softmax(out)
batch_loss = self.loss(y_batch, y_pred_batch)

grad = self.loss.grad(y_batch, y_pred_batch)

_, _ = self .backward(grad)
self.update()
loss += batch_loss
if self.verbose:
fstr = "\t[Batch {}/{}] Train loss: {:.3f} ({:.1f}s/batch)"
print (fstr.format(j + 1, n_batch, batch_loss, time.time() - batch_start))
loss /= n_batch
if epo_verbose:
fstr = "[Epoch {}] Avg. loss: {:.3f} Delta: {:.3f} ({:.2f}m/epoch)"
print(fstr.format(i + 1, loss, prev_loss - loss, (time.time() - epoch_start) / 60.0))

prev_loss = loss

def evaluate(self, X_test, y_test, batch_size=128):
acc = 0.0
batch_generator, n_batch = minibatch(X_test, batch_size, shuffle=True)
for j, batch_idx in enumerate(batch_generator):
batch_len, batch_start = len(batch_idx), time.time()
X_batch, y_batch = X_test[batch_idx], y_test[batch_idx]
y_pred_batch, _ = self.forward(X_batch)
y_pred_batch = np.argmax(y_pred_batch, axis=1)
y_batch = np.argmax(y_batch, axis=1)
acc += np.sum(y_pred_batch == y_batch)
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[11]:

[12]:

W BRAM L

R

return acc / X_test.shape[0]

O@property
def hyperparams(self):
return {

"init_w": self.init_w,
"loss": str(self.loss),
"optimizer": self.optimizer,
"fc3_out": self.fc3_out,
"fcd_out": self.fc4_out,
"fcb_out": self.fcb_out,
"convl_pad": self.convl_pad,
"conv2_pad": self.conv2_pad,
"convl_stride": self.convl_stride,
"convl_out_ch": self.convl_out_ch,
"pooll_stride": self.pooll_stride,
"conv2_out_ch": self.conv2_out_ch,
"conv2_stride": self.conv2_stride,
"pool2_stride": self.pool2_stride,
"conv2_kernel_shape": self.conv2_kernel_shape,
"pool2_kernel_shape": self.pool2_kernel_shape,
"convl_kernel_shape": self.convl_kernel_shape,
"pooll_kernel_shape": self.pooll_kernel_shape,

"components": {k: v.params for k, v in self.layers.items()}

F LeNet, MNIST #{E&E MK

BB, B 10000 FHFEAUINE, WRETE

def load_data(path="../data/mnist/mnist.npz"):
f = np.load(path)
X_train, y_train = f['x_train'], f['y_train']
X_test, y_test = f['x_test'], f['y_test']
f.close()
return (X_train, y_train), (X_test, y_test)

(X_train, y_train), (X_test, y_test) = load_data()

y_train = np.eye(10) [y_train.astype(int)]

y_test = np.eye(10) [y_test.astype(int)]

X_train = X_train.reshape(-1, X_train.shape[1], X_train.shape[2], 1).astype('float32')
X_test = X_test.reshape(-1, X_train.shape[1], X_train.shape[2], 1).astype('float32')
print(X_train.shape, y_train.shape)

N = 10000  # B 10000 #HEH U %, MWXEFRE

indices = np.random.permutation(range(X_train.shape[0])) [:N]

X_train, y_train = X_train[indices], y_train[indices]

print (X_train.shape, y_train.shape)

X_train /= 255

X train = (X_train - 0.5) * 2

X_test /= 255

X_test = (X_test - 0.5) * 2

(60000, 28, 28, 1) (60000, 10)
(10000, 28, 28, 1) (10000, 10)

model = LeNet()
model .fit(X_train, y_train, n_epochs=15, batch_size=64, epo_verbose=True)

print("Test Accuracy:{}".format(model.evaluate(X_test, y_test)))

[Epoch 1] Avg. loss: 2.265 Delta: inf (17.67m/epoch)
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[Epoch 2] Avg. loss: 1.369 Delta: 0.896 (17.33m/epoch)
[Epoch 3] Avg. loss: 0.703 Delta: 0.666 (17.33m/epoch)
[Epoch 4] Avg. loss: 0.489 Delta: 0.214 (17.35m/epoch)
[Epoch 5] Avg. loss: 0.389 Delta: 0.100 (17.41m/epoch)
[Epoch 6] Avg. loss: 0.330 Delta: 0.059 (17.31m/epoch)
[Epoch 7] Avg. loss: 0.287 Delta: 0.043 (17.39m/epoch)
[Epoch 8] Avg. loss: 0.255 Delta: 0.032 (17.31m/epoch)
[Epoch 9] Avg. loss: 0.230 Delta: 0.025 (17.30m/epoch)
[Epoch 10] Avg. loss: 0.209 Delta: 0.022 (17.38m/epoch)
[Epoch 11] Avg. loss: 0.192 Delta: 0.017 (17.31m/epoch)
[Epoch 12] Avg. loss: 0.178 Delta: 0.014 (17.31m/epoch)
[Epoch 13] Avg. loss: 0.163 Delta: 0.015 (17.32m/epoch)
[Epoch 14] Avg. loss: 0.155 Delta: 0.008 (17.32m/epoch)
[Epoch 15] Avg. loss: 0.143 Delta: 0.012 (17.32m/epoch)

Test Accuracy:0.959

UATERNER GEMM ##89ERITESLI LeNet, [LRAEMIMEEE-

[13]: class LeNet_gemm(object):

def __init__(
self,
fc3_out=128,
fcd_out=84,
fcb_out=10,
convl_pad=0,
conv2_pad=0,
convl_out_ch=6,
conv2_out_ch=16,
convl_stride=1,
pooll_stride=2,
conv2_stride=1,
pool2_stride=2,
convl_kernel_shape=(5, 5),
pooll_kernel_shape=(2, 2),
conv2_kernel shape=(5, 5),
pool2_kernel_shape=(2, 2),
optimizer="adam",
init_w="glorot_normal",

loss=CrossEntropy ()

self.optimizer = optimizer
self.init_ w = init_w

self.loss = loss

self.fc3_out = fc3_out
self.fc4_out = fc4_out
self.fcb5_out = fcb5_out

self.convl_pad = convl_pad
self.conv2_pad = conv2_pad

self.convl_stride = convl_stride

self.convl_out_ch convl_out_ch

self.pooll_stride = pooll_stride

self.conv2_out_ch conv2_out_ch

self.conv2_stride conv2_stride

self .pool2_stride = pool2_stride

self.conv2_kernel_shape = conv2_kernel_shape

self .pool2_kernel_shape = pool2_kernel_shape

self.convl_kernel_shape convl_kernel_shape

self.pooll_kernel_shape = pooll_kernel_shape

self.is_initialized = False
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def _set_params(self):

E s i e ik =Rl

Convl -> Pooll -> Conv2 —-> Pool2 —-> Flatten —-> FC3 -> FC4 -> FC5 -> Softmazx

self.layers = OrderedDict()

self .layers["Convl"] = Conv2D_gemm(
out_ch=self.convl_out_ch,
kernel_shape=self.convl_kernel_shape,
pad=self.convl_pad,
stride=self.convl_stride,
acti_fn="sigmoid",
optimizer=self.optimizer,
init_w=self.init_w,

)

self.layers["Pooll"] = P00l2D(
mode="max",
optimizer=self.optimizer,
stride=self.pooll_stride,
kernel_shape=self.pooll_kernel_shape,

)

self.layers["Conv2"] = Conv2D_gemm(
out_ch=self.convl_out_ch,
kernel_shape=self.convl_kernel_shape,
pad=self.convl_pad,
stride=self.convl_stride,
acti_fn="sigmoid",
optimizer=self.optimizer,
init_w=self.init_w,

)

self.layers["Pool2"] = P00l2D(
mode="max",
optimizer=self.optimizer,
stride=self.pool2_stride,
kernel_shape=self.pool2_kernel_shape,

)

self.layers["Flatten"] = Flatten(optimizer=self.optimizer)

self.layers["FC3"] = FullyConnected(
n_out=self.fc3_out,
acti_fn="sigmoid",
init_w=self.init_w,
optimizer=self.optimizer

)

self.layers["FC4"] = FullyConnected(
n_out=self.fc4_out,
acti_fn="sigmoid",
init_w=self.init_w,
optimizer=self.optimizer

)

self.layers["FC5"] = FullyConnected(
n_out=self.fcb_out,
acti_fn="affine(slope=1, intercept=0)",
init_w=self.init_w,
optimizer=self.optimizer

)

self.is_initialized = True

def forward(self, X train):
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def

def

def

def

Xs = {}
out = X_

for k, v

train

in self.layers.items():

Xs[k] = out

out

return o

= v.forward(out)

ut, Xs

backward(self, grad):

dXs = {}

out = gr

for k, v
dXs[
out

return o

update (s

nmnn

i 2 1F A

nnn

ad

in reversed(list(self.layers.items())):
k] = out
= v.backward (out)

ut, dXs

elf):

D MR E AT

for k, v in reversed(list(self.layers.items())):

v.update ()

self.flush_gradients()

flush_gradients(self, curr_loss=None):

nmnn

W # 1E A

nnn

P EREEEME

for k, v in self.layers.items():

v.flush_gradients()

fit(self, X_train, y_train, n_epochs=20, batch_size=64, verbose=False, epo_verbose=True):

nmnn
Z B Y
X_train:

y_train:

ER: &5
WHBEATE

n_epochs: epoch K%k

batch_size: K epoch ¥ batch size

verbose:

EEHFN batch Wik

epo_verbose: =& EFEN epoch RN

nnn

self.verbose = verbose

self.n_epochs = n_epochs

self .batch_size = batch_size

if not self.is_initialized:

self
self

.n_features = X_train.shape[1]

._set_params ()

prev_loss = np.inf

for i in range(n_epochs):

loss, epoch_start = 0.0, time.time()

batch_generator, n_batch = minibatch(X_train, self.batch_size, shuffle=True)

for

j, batch_idx in enumerate(batch_generator):

batch_len, batch _start = len(batch_idx), time.time()
X_batch, y_batch = X_train[batch_idx], y_train[batch_idx]
out, _ = self.forward(X _batch)

y_pred_batch = softmax(out)

batch_loss = self.loss(y_batch, y_pred_batch)

grad = self.loss.grad(y_batch, y_pred_batch)

_» _ = self.backward(grad)

self.update()
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loss += batch_loss
if self.verbose:
fstr = "\t[Batch {}/{}] Train loss: {:.3f} ({:.1f}s/batch)"
print (fstr.format(j + 1, n_batch, batch_loss, time.time() - batch_start))
loss /= n_batch
if epo_verbose:
fstr = "[Epoch {}] Avg. loss: {:.3f} Delta: {:.3f} ({:.2f}m/epoch)"
print(fstr.format(i + 1, loss, prev_loss - loss, (time.time() - epoch_start) / 60.0))

prev_loss = loss

def evaluate(self, X_test, y_test, batch_size=128):

acc = 0.0

batch_generator, n_batch = minibatch(X_test, batch_size, shuffle=True)

for j, batch_idx in enumerate(batch_generator):
batch_len, batch_start = len(batch_idx), time.time()
X_batch, y_batch = X_test[batch_idx], y_test[batch_idx]
y_pred_batch, _ = self.forward(X_batch)
y_pred_batch = np.argmax(y_pred_batch, axis=1)
y_batch = np.argmax(y_batch, axis=1)
acc += np.sum(y_pred_batch == y_batch)

return acc / X_test.shape[0]

Q@property
def hyperparams(self):
return {

"init_w": self.init_w,
"loss": str(self.loss),
"optimizer": self.optimizer,
"fc3_out": self.fc3_out,
"fcd_out": self.fc4_out,
"fc5_out": self.fcb_out,
"convl_pad": self.convl_pad,
"conv2_pad": self.conv2_pad,
"convl_stride": self.convl_stride,
"convl_out_ch": self.convl_out_ch,
"pooll_stride": self.pooll_stride,
"conv2_out_ch": self.conv2_out_ch,
"conv2_stride": self.conv2_stride,
"pool2_stride": self.pool2_stride,
"conv2_kernel_shape": self.conv2_kernel_shape,
"pool2_kernel_shape": self.pool2_kernel_shape,
"convl_kernel_shape": self.convl_kernel_shape,
"pooll_kernel_shape": self.pooll_kernel_shape,

"components": {k: v.params for k, v in self.layers.items()}

[14]: model = LeNet_gemm()
model.fit(X_train, y_train, n_epochs=15, batch_size=64, epo_verbose=True)

print("Test Accuracy:{}".format (model.evaluate(X_test, y_test)))

[Epoch 1] Avg. loss: 2.297 Delta: inf (5.20m/epoch)

[Epoch 2] Avg. loss: 1.569 Delta: 0.728 (5.24m/epoch)
[Epoch 3] Avg. loss: 0.751 Delta: 0.818 (5.62m/epoch)
[Epoch 4] Avg. loss: 0.484 Delta: 0.267 (5.52m/epoch)
[Epoch 5] Avg. loss: 0.370 Delta: 0.114 (5.61m/epoch)
[Epoch 6] Avg. loss: 0.310 Delta: 0.059 (5.82m/epoch)
[Epoch 7] Avg. loss: 0.271 Delta: 0.040 (5.62m/epoch)
[Epoch 8] Avg. loss: 0.241 Delta: 0.030 (5.28m/epoch)
[Epoch 9] Avg. loss: 0.217 Delta: 0.024 (5.28m/epoch)

[Epoch 10] Avg. loss: 0.201 Delta: 0.017 (5.28m/epoch)
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[Epoch 11] Avg. loss:
[Epoch 12] Avg. loss:
[Epoch 13] Avg. loss:
[Epoch 14] Avg. loss:
[Epoch 15] Avg. loss:
Test Accuracy:0.9567

ELHERMENERENABESE+ 52
[15]: import numpy

.183 Delta: 0.017 (5.30m/epoch)
.170 Delta: 0.013 (5.27m/epoch)
.157 Delta: 0.013 (5.25m/epoch)
.147 Delta: 0.010 (5.26m/epoch)
.138 Delta: 0.009 (5.24m/epoch)

O O O O O

print ("numpy:", numpy.__version__)

numpy: 1.14.5
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