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5.1 PyTorch

PyTorch 32 H Facebook 7EVRE 2 2 HE4E Torch WAL F . i H Python | E /Y
— N I HE SR, AN AL AR R T NumPy #5810 Ak 2245 5 R I 38 23 GPU ik
A R B BGRB8 T NumPy. 1 B AH T TensorFlow, ‘B B8 2946 4 £ 3% i A
HEW ., PyTorch &AIER F 6 09 APL, 1] LIRS Hb 58 508 BE filt 28 I 45 450 78U (1% A 2 A1 5
R AR T 4T (TR 2% 2 AR DL Py Torch Sk S2EE

5.1.1 PyTorch %%

PyTorch /& Python ) — /M AHHZH T X 5ZH AN EMA AR, 5
BB T Ml Chttps: //pytorch. org/) F 8, B4 M A E M RG R A A PyTorch fi4A< .
Python A< W RAFLRILA, T3 5h, 75 BARM A C A9 #RAE 2 40 0 CRE 1 ic & F 17 #5
WmE 5.1 Fiw,

ARBBEH T FERA (1. 08 PyTorch,Mac OS &4, 14 pip % %%, Python & 3.6
RRAS 5 BT T MacBook Air A2 Hf CUDA, R JE 64T GPU finit. 181 5. 1 45 Hh iy 42 3¢
AT PR .

1 pip3 install torch torchvision
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Blog Tutorials Docs Resources GitHub Q

PyTOFCh Get Started Features Ecosystem

QUICK START

LOCALLY

Select your preferences and run the install command. Stable represents the most currently tested and supported version of PyTorch 1.1. This should
be suitable for many users. Preview is available if you want the latest, not fully tested and supported, 1.1 builds that are generated nightly. Please

ensure that you have met the prerequisites below (e.g.,, numpy), depending on your package manager. Anaconda is our recommended package
manager since it installs all dependencies. You can also install previous versions of PyTorch. Note that LibTorch is only available for C++.

PyTorch Build Stable (1.1) Preview (Nightly)

Language Python 2.7 Python 3.5 Python 3.7 C++

pip3 install torch torchvision

Run this Command: # Mac0S Binaries dont support CUDA, install from source if CUDA is needed

Previous versions of PyTorch

QUICK START WITH
CLOUD PARTNERS

[ 5.1 PyTorch % %6 51 (5L 6 ED

BN IG A Notebook B8, I AT LT AU R ik S 15 il 2y AP 5. 2 o

&€ > C 0 @ localhost:8888/lab &

File Edit View Run Kernel Tabs Settings Help

A 20190526 32 FEHS.ipynb X | (W] 20190529 _pytorch.ipynb @ | [A] 20190521_pyspark.ipynb X

[}
B + XTO 0 » m C Code v

x import torch

torch.__version__

'1.0.0.dev20190113"

K 5.2 I3F PyTorch J& 75 il By 2 %%
PR I AR VT BB R 5 PR Y 28 B IRAS 5 O R N A A T Y . R R T s AT aE
PLF i 4 B iE 52 5 4 GPU g,

1 torch.cuda. is_available() =5y
£ KR A LHF

2 False

A SCRF GPU T, 75 25 A 393 18] 43075 A8 0 LR i 4 o Bl s s podi31 58



if torch. cuda. is available():

2 x = x.cuda() + GPU Jill 33
3 y = y.cuda()
5.1.2 G4 tensor

PyTorch 5 NumPy 7E454F FAE# AL, #5132 % A& NumPy B8 0 A S #RAE IR 4
7 S5 5] (] P9 3k B 25 98 9 A5 % F Py Torch, 76 i HL {7 %2 ) i
1AM,

tensor(ﬂﬁgi)ﬂﬁ %E%%jiﬁk

O O 3 o U b W N

WWwWwWwWwWwwNNmweNNDNDNNDNR £ P 22 sl s e
A WN PO WOW®®MIOU R WNREPRO LTI UM WDNDR O

£ R 3% 2 BEALIE s R ok

a = torch.FloatTensor(3, 2)

a

1.4013e—45, 1.4013e—45],
3.9883e—22, 1.4013e-45],
—1.1426e— 14, 4.5911le—41]])

tensor([[
[
[
a. numpy( )

(
array([[ 1.4012985e— 45, 1.4012985e—45],
[ 3.9882707e—-22, 1.4012985e—-45],

[ -1.1426393e— 14, 4.5910742e — 41]], dtype =

# | FH% tensor
b = torch.FloatTensor([1, 0.618])
b
tensor([1.0000, 0.6180])
= Hg 3 x 2 FEAL O
torch. IntTensor(3, 2)
tensor ([ [ 0, 13421772807,
[ 0, 13421772801,
[ 5, 0]], dtype = torch. int32)
£ Y K4 tensor, FIFRITLER NiF s Al
torch. IntTensor([1.2, 3.2])
tensor([1, 3], dtype = torch. int32)
#FHFE 2x3 JLE 2N 0 [ tensor
torch. zeros(2, 3)
tensor([[0., 0., 0.7,
[0., 0.,0.1])
# Fg 3 x 3 B4 M (k%520 tensor)
torch. eye(3, 3)
tensor([[1., 0., 0.]
[0., 1., 0.1,
[0.,0.,1.1])
S 3X 3 JLE AN 1 A
torch. ones(3, 3)
tensor([[1., 1., 1
[1.,1.,1.]
1

’

# tensor 3 it ¥

SRR i v (IER TR

float32)

SHid Y

ZH v

SHid Y

ZHH v

# numpy. eye(3, 3) il v

ZH v
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37  # NumPy %% tensor H¥fu:F % fj PR B 4%

38 torch. from numpy(np.array([[1, 2, 3], [3, 4, 51]))
39 tensor([[1, 2, 3],

40 [3, 4, 51])

R

5.1.3 JEARBH

X B X PyTorch H (1) tensor 37432 54 1 47 ] 22 ) i .

a = torch.randn(2, 3) = Bl B %
a £y
tensor([[ 0.3786, 0.8703, 0.5232],
[ 0.2417, —-0.7136, —1.2713]11])
s I x_{1}] B
torch. abs(a) #HrH v
tensor([[0.3786, 0.8703, 0.5232],
[0.2417, 0.7136, 1.2713]])
F0 1, 4R — 2K
a.add(b) #HiH v
tensor([[0.7572, 1.7407, 1.0464],
[0.4834, 0.0000, 0.0000]])
£k 2
torch. add(a, b) #HrH v
tensor([[0.7572, 1.7407, 1.0464],
[0.4834, 0.0000, 0.0000]])
Z£ME3,b<—a + b

W O 3 o0 U d W N

I e S e
W O < 0 U W N P O

tensor([[0.7572, 1.7407, 1.0464],

[0.4834, 0.0000, 0.0000]])
b Hhd vy (REBK, HE)
tensor([[0.7572, 1.7407, 1.0464],

[0.4834, 0.0000, 0.0000]])

NNNDNN
s~ W N O

R R7S

b. sub_(a) £E8F Db Hilhy
b 4 ¥
tensor([[0.3786, 0.8703, 0.5232],

[0.2417, 0.7136, 1.2713]])

a-b #§3%, [A] a. sub(b)
# ek

a * b FHH Y

tensor([[ 0.1433, 0.7575, 0.2738],

[ 0.0584, —0.5092, —1.6162]])
a.mul(b) # ok, SR E I
# Brik
a.div(b) h ¥

W W w w w w wNDDDNDNDDNDDN
o U W N P O LW o J o U

b.add_(a) FESA T IEZNY. nethod_ 23 85T A7 40

i v




37 tensor([[ 1., 1., 1.1,

38 [1., -1., -1.11)

39 a/b 2 BR, AR

40 H#RE

41 as%b =2 T

42 tensor([[0., 0., 0.1,

43 [0.,0.,0.1])

44 a.pow(3) ERAICHRMN 3 R Ky
45 tensor([[ 0.0543, 0.6593, 0.1432],

46 [ 0.0141, —0.3634, —2.0546]])

M T A ACAS AN HE A BL . Py Torch 56 T A iz SR 75 i 19 (B A R R T ok e
SE SC— 1] B 73 B R K

Ja, r<a
f(x) =<3, a<x<b (5. 1)
b, x=0

Hr,a Mo BFEEEE. T PyTorch SRSZHX A pREL .

1 a # tensor M ¥

2 tensor([[ 0.3786, 0.8703, 0.5232],

3 [ 0.2417, —0.7136, —1.27131])

4  torch.clamp(a, 0, 0.5) ZH{ia=0,b=0.5 HHHy
5 tensor([[0.3786, 0.5000, 0.5000],

6 [0.2417, 0.0000, 0.0000]])

7 HBAERKE

8 torch. clamp max(a, 0.5) R

9 tensor([[ 0.3786, 0.5000, 0.5000],

10 [ 0.2417, —0.7136, —1.2713]])

11 # HRER/AME

12 torch.clamp min(a, 0) = L]

13  tensor([[0.3786, 0.8703, 0.5232],

14 [0.2417, 0.0000, 0.0000]])

15 torch. clamp?? #HEMASMAHE  #iH v (notebook or ipython)
16 Docstring:

17 clamp(input, min, max, out = None) —> Tensor

18

19 Clamp all elements in :attr:'input' into the range '[' :attr:'min', :attr:'max'']'and return
20 a resulting tensor:

21

B T LA B HEAGE ST B A IR 2 ALY I8 5, X BN FE—— B3R, T T R R R s 5
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5.1.4 Hiffis

1 A = torch.Tensor([[1, 2, 3]1]) = 1x3 40 [F
2 B = torch.Tensor([[1, 2, 3], [7, 8, 9]]) # g 2x3 4 [
3 A.shape 2147340 v
4 torch.Size([1, 3])

5 B.shape #2147 351 Hth v
6  torch.Size([2, 3])

7 #JEFFEREIL AB{T} A: 1X3 B {T}: 3X2

8  A.mm(B.reshape(3, 2)) # ([f] torch. matmul (A, B.reshape(3, 2))) Hid v
9 tensor([[31., 43.]])

10 #MEMES RN Ax - nv (i FAZEEL) : matrixvector

11 torch.mv(B, A[0]) H 5y

12 tensor([14., 50.17)

13 & R

14 ¢ = torch.randn(3, 3) H M 3x 3 M
15 ¢ FHH v

16 tensor([[ 0.2634, 0.8859, —0.5662],

17 [-0.5709, —0.8612, —0.3837],

18 [ -0.6534, -0.8777, 2.2320]])

19 c. inverse() HEHE c B3 i
20 tensor([[ —2.8565, —1.8718, —1.0465],

21 [ 1.9283, 0.2755, 0.5366],

22 [-0.0779, —0.4396, 0.3527]])

23 #1477

24 c.det() FHiH ¥

25 tensor(0.7908)

26 SIEREMEIE AR {-1) = 1

27 torch.matmul(c. inverse(), c) sy

28 tensor([[ 1.0000e+ 00, —1.1921e-07, 4.7684e—-07],

29 [ 0.0000e+ 00, 1.0000e+ 00, 0.0000e+ 00],

30 [ -3.1692e—-10, —1.5118e—-08, 1.0000e+00]])

31 F A 2x4xd BRAE

32 d = torch.randn(2, 4, 4)

33 d S TR

34 tensor([[[ —0.0879, —-0.6460, —0.1376, —1.2186],

35 [-0.9019, 1.1118, —0.0460, 2.1199],

36 [-1.2170, 0.0621, —1.1434, —1.1737],

37 [ -1.3173, 0.6776, 0.2788, 0.4723]],

38

39 [[ 0.2511, —0.1904, —0.5661, —0.4801],

40 [ —1.0341, —1.4300, 0.2876, 0.6154],

41 [ -0.6928, 1.4691, —0.7081, —0.2806],

42 [ -0.7519, —1.2448, 1.1138, —0.0593]111])

43 d. shape i R

44  torch.Size([2, 4, 4])
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o1
1

K
1k
Y

45 d[o] U Rk v
46 tensor([[ —0.0879, —0.6460, —0.1376, —1.2186],

[
47 [ -0.9019, 1.1118, —0.0460, 2.1199],
48 [-1.2170, 0.0621, —1.1434, —-1.1737],
49 [ -1.3173, 0.6776, 0.2788, 0.4723]])

KT PyTorch B Z 1Y P2 134 AT LU 2 A5G 45 5% o8 7 SO AT IR A 52 2) X L
AR R B TR 2

5.2 EfiEiR

TEAT G310 22 ) 45 2 BT 7 8 5 X0 A G ) RV 36 AV B MR BEAT T D e 75 B b 58
— LA O R0 A DA BE B G b B A ) A PN A

5.2.1 S Rigik

SR IR WRR G R vk BT 20 R RSB EZ — ., ABIERTE A
B OCT SRR IR A S OR e B3 ARUED o AR 2 3 o M40 2 B CRAED S SR fi— A~
32 % 1)L 1 AR e DA o 30 B A5 400 COR A ) 250 B 20 B 4 30 o D0 A A G T P [l 15 1Y)
B O G S HE T I S EON A O B D B2 — A S A R 278 1 0 pR B AR MEAL B, 52
R RIS LT DAAE — € R B ek A ) L, 28 A 3R 0] 1L 48 0 — > — 0 IR R 8K
flo) =2 A INBEYLME S, R A 5.3 A,

F5.3 G R BORTES SR AL 75 9 T

K53 U S (o D P RA AR BB IS . BT R 3 — A R BOR 8
TR I Y T T S PR R AR T TR A AT AT X 2 RT LA 5 2 a0 2 e )
FEAE T AT R 3 — A5 T Y PR, R T — 8 T [ T, A A R O R Y g R 2 R e A Y
4 1 B -

o P RRI YRR B J SRR R ) AU T A

o P RRRC YRR - B i AR R A e AU TR A

(163

e |
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X RAT I (2 sy ) b G=1,2, -+ m) 398 I Ay AU AT AR ML #8776 © A 3 1
PR E G5, 2) R
v.=a,ta,x;, tasxi+-+a,x! +e, (5.2)
Hrfoa; (G=0,1.2,- ) ZTFE R E e, BB, 18 WL EL A P58 3 I pR
B(—TL W RED .
]?(x,»):ax?—l—bxi—#c (5.3)

b, £ ORAIA B a b oc SRR BB BRI . 3 5 PRV 1 B B0PE R 3 T L AR
S BB >0, 1 B9 HBIN L 5B 1 2 T DL A 8 BB I S8R4T 590 e A
JE SRR T T 1 5 091 T S S R L

AR R (5. 3) . HCAR 2 BB R TR

J<a,b,c>=%2<f<x,.>—y,>z (5.4)
i—=1

TR T Ca b o) R R B, XRBR B /N B J(a™ 367 y¢ " )=min J (a,b,c), F:
Hila " b oo DRFR “RAEREA”. GO BIS AT HE S BRI AT X
FEM, S A0 3 5207 RIS R A il g A G DL ) BEFLELAH (a, 2b, e, (r=1,2,--,
@) » LA I3 B 2R (O AT RO MR GG DK T A 7E g 455 ik B/ IMA T
XERE R Ca, 5, e, s BISR AR E R B (0™ 207 e 7).

i DL B A3 A, A 3 B (5L ) PR AR A {(2y sy ) BB SR RIS R HEATOR
AR IR R .

1 import numpy as np
2 import torch
3 from torch. autograd import Variable
4 import matplotlib. pyplot as plt
5 % matplotlib inline
6 x = np.linspace( -3, 3, 30) #x #hER
7 f = x w%x 2 # 5 R AL
8 f noise = f + np.random.randn(x. len ()) B IR0 MRS S ) B
9 EEXWEEE
10 def f prob(x, a, b, c):
11 returna * x *¥* 2 + b ¥ x + c
12 x_tensor = torch.from numpy(x) # array2tensor
13 f_tensor = torch. from_numpy(f_noise) # array2tensor
14 tmp result dict = {} R EfC A 7Ry =R i
15 for _ in range(100000): #3X B 100 000 ¥
16 arg value = torch. randn(3) # A B BE LA
17 EAE 1/m T AR
18 J = (f_prob(x_tensor, * arg value) — f tensor).pow(2).sum().numpy()
19 tmp_result dict[str(arg_value. tolist())] = J
20 loss_min label = min(tmp result dict, key = tmp result dict.get)
=BT Y NN -ROPVAINES Y ¢
21 tmp result dict[loss min label] sy




| #58 RE¥I
22 array(14.71679089) # 22 {E 57 5 1 (14.71679089/30) H 24 /), 78 W] 332 3% 30 Bl N

23 # AR REEAH TR R UEE KB str2float

24 Dbest_args_list = [round(float(i),4) for i in loss_min_label.strip('[]').split(',")]
25 print(best _args list) iy

26 [1.015, 0.1198, 0.0314]

g 100000 AL AT 45 2| — A X e a9 ff L Bl @ =1. 015,60 =0.1198,¢=0. 0314,
A LA R B (R (5.3 A5 £ (x)=1.0152"40. 11982 +0. 0314, ¥ EHEIC A MK
BOFE AT SR WEAE 5. 4 Fin.

—— original °
— - fitting .

3 2 - 0 1 2 3

5.4 UG PR JRURR BN LR

SCELE 5. 4 ARSI R TR

f fitting = f prob(x tensor, * best args list)

fig = plt.figure(figsize= (7, 5))

plt.plot(x, f, 'r— ', label = 'original') = REE S
plt. scatter(x, f noise) = M

plt.plot(x, f fitting.numpy(), 'g—.', label = 'fitting') & {5 PREL
plt. legend()

plt.xlabel('$x$ ")

plt.ylabel('s f(x)$ ")

W g3 0 U W N

M A SR A I T SRR — AR X R A 2R B E SE 100 000 WA UL 2 OB A 25
TR R TR TS AL T3 ) He B (5 2 AR T 0 5 B i T X O R 1
5 JEINA LR LA

o REEEIREAR (HERRK;

o SR A RAUR — Bl U, B -S BB R R C R

o KA BIE T RS AR SR ARG B0 i o BB — b 0L, BEE b E R 22 M

B ] L2 i 3 — 0 — R A — J0 W I CR T 2) e B E AT S8 9. B/ RO Wiy
A A SR R I T SR A 22 5 U pR K L R E AR BB LA 4 5 RS BT DR SR A
I AT AR R BN A RO — T A 1 S L AR R e T vk L R TSR M

(i65)

O
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I 5 2 11 ) U 552 4 R T T R 2k S — o I s
5.2.2 BREE PR

THUEEﬁL)I fFfEﬁ/zE(iﬁ@ﬁhE’VfE) XA — B BB R BRI

aJ(CZ?b?C)iz S P o 2
P —m;(aIierx,JrC V)X
9 ’ ’
% fZ(ax +bx, +c—y)x; (5.5)
C m
d s0 5 C S
%:zz(axwabx;Jrc*y;)
d N/ d N/ d N/ N
B (5. 5) M B IE Y Ca sy — (04000 2100000 OTLa0200) oy
A 0= "Cab.c) BT B kARl
0, =0, —qVJ]WO, ) (5. 6)

Horfr, p (BR A2 2 32) S48 78 W 4L, 8
RIGHIE (n=0,1,2,),
FHA BE T BEIEME T Casb s OB AN fir s . FEX AN, 9=0. 05,

B L 0, 1),0, RAEMVIE.0, JE5Hn Kk

1 FBRE R

2 def gradient(x, y, a, b, c):

3 x len = len(x)

4 tmp value = a * x.pow(2) + b * x + ¢ — y # tensor 5
5 ja = 2/ x len * (tmp _value * x.pow(2)).sum().numpy()

6 jb = 2/ x len * (tmp_value * x).sum().numpy()

7 jc = 2/ x len * tmp value.sum().numpy()

8 return torch. Tensor([ja, jb, jcl)

9 HHE—HYIHER

10 coeff value = torch.Tensor([1, 1, 1])
11 loss_result_list = []
12 for ix in range(20):

£ AE R R R A
13 coeff value = coeff value — 0.05 * gradient(x tensor, f tensor, * coeff value)
14 loss_value = (f prob(x tensor, * coeff value) — f_ tensor).pow(2).sum().numpy()
15 loss result list.append(round(float(loss value), 2) )

16 print("E S {0}, REEAH: (1) AR BRBUE : {2:.2F}". format(ix + 1,

coeff value, lossivalue # FTERH v
17 AR, RBUEYL: tensor([0.7178, 0.7044, 0.9046]), 4k RE{E : 76.06
18 ¥ 2, ZREHAL: tensor([0.9878, 0.5037, 0.9092] ;f SR : 52.66
19 83, RBUEYL: tensor([0.7573, 0.3673, 0.8268]), Fisk phE{H : 40.66
20 B4, BBEU . tensor([0.9793, 0.2746, 0.8266]), i RE(H : 34.08
21 A% 5, REE4 : tensor([0.7910, 0.2117, 0.7552]), fiJ R : 30.16
22 A6, BRI : tensor([0.9737, 0.1689, 0.7513]), Pik kL : 27.57
23 U7, RBOEA . tensor([0.8199, 0.1399, 0.6892]), ik KE(E : 25.71
24 AL E8, REUE4: tensor([0.9703, 0.1202, 0.6826]), ik FRE(E : 24.27




25 AR 9, R4 : tensor([0.8448, 0.1068, 0.6285]), L KEE : 23.10
26 %10, RECHA . tensor([0.9686, 0.0977, 0.6200]), i REE : 22.12
27 AU E 11, ZEEA : tensor([0.8663, 0.0915, 0.5727]), M REL{E : 21.28
28 ALK :12, REHA : tensor([0.9683, 0.0873, 0.5629]) % S PR - 20.55
29 AR 13, BB : tensor([0.8849, 0.0844, 0.5214]), K REUE : 19.92
30 LR 14, BB tensor([0.9689, 0.0825, 0.5108]) ;c L RBE: 19.36
31 AR 15, ZREE4 : tensor([0.9011, 0.0812, 0.4742]), L sRE(E : 18.86
32 A E16, A4 : tensor([0.9704, 0.0803, 0.4632]), ik sR%(E : 18.43
33 AR H:17, ZECEY: tensor([0.9151, 0.0797, 0.4309]), i R%(l: 18.04
34 AU %:18, RECHA . tensor([0.9723, 0.0793, 0.4197]), i KRE(E : 17.69
35 U %19, REE4]: tensor([0.9274, 0.0790, 0.3912]), L %@iﬂz{ﬁ: 17.39
36 AL E:20, BB : tensor([0.9746, 0.0788, 0.3800]) SRl : 17,11
37 £ HEMUEIE B R E R
38 coeff value ZH v
39 tensor([0.9746, 0.0788, 0.3800])
il $5c 5 — UGS AR G 20 G XK =0, 05) TH3R M RBUVE N S R B4R A
PREC, Heg & 5.5 Frs .
10
8
6
g 4
2
0
—origdifr_la]_ °**
— - gradfitting L]
_2 . . ; . ; . ;
-3 -2 -1 0 1 2 3
X

B 5.5

6 T B0 20 IR GG PR BX (gradfitting) F1 5 2R %X Coriginal) R 2

FH I R A5 K PR RI(E G Tk AR BRI 2R AP 5. 6 B .

1204 &

100
o
= 801t
=
X 60
+-

40

0 25 50 75 100 125 150 175 200
ERTE
Bl 5.6 515 R BOERE
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5.5 FE 5.6 AR SZELAN R Br s .

U W N

# A R AR

fig = plt.figure(figsize= (7, 5))

plt.plot(x, f, 'r— ', label = 'original') £ REEG

plt. scatter(x, £ noise) £ M T
plt.plot(x, f prob(x_tensor, * coeff value).numpy(), 'g—."', label = 'gradfitting')

A R
plt. legend()
plt.xlabel('$x$ ")
plt.ylabel('$ f(x) $ ")
= Wik mEE A
plt.plot(list(range(l, len(loss_result list) +1)),loss_result list, 'r—"')
plt.xlabel("EACHE")
plt. ylabel ("4 2k s L{H")

X RS SR RIS R R BE R R, il DA B SE AR HER L SRR RIS R TEAR
JELL UGB T vk ok AR e (B A 4R A R oK R RO BRI Y L SXORE A RE R IE
“FE RO RTEEVE OB R R R A R AU R — A etk AT AOR B B — 2R
CZ5 78D M SR R DR IR B T B e T3 A i I3,

X LK A B BOSUF I ey sy ) P A B R AR B T R AT 25 8 B I BE LR A
CEE B2 R BE) R b A7 8 BE 11580, Bk A BE LA B % 15 (stochastic gradient descent, SGD)
BEBLAR FE R BV AT LA R0 i o 400G [0] 80, 56 T Bl LA B2 32 0 PN 25 A8 i I 3R L 13235 T D) A
e FH OGBS 1 ik BEAILABR B vk RO A OC E SCRTIN 2 . BRI Z Ah 30 A L B 86 B2 T B 7% (batch
gradient descent, BGD) Fl/NMit &6 B R [k (mini-batch gradient descent, MBGD),

5.2.3 B3l

T T 30 A ) 2 R A S AR AR F) ) A AN 5AL, IB 38 i Py Torch 8 Qi fuf S2 3L WE 7 3%
HL 5 O R AR

1 x = x tensor.float() £ HAr |

2y = torch. from numpy(f noise).float() = R AF |

3 £ MIARE

4 def £ prob(x, w):

5 return w[0] ¥ x %% 2 + w[l] % x + w[2]

6 ZWIRILSE

7 w = torch.ones(3, requires_grad = True)

8  EHAKEK

9 criterion = torch.nn.MSELoss()

10 #fifbei%k

11 optimizer = torch.optim.SGD([w,],1r =0.05) S REALELE FREE* 22 0.05

12 #imMh

13 for iter n in range(20):

14 loss = criterion(f prob(x, w), y)

15 optimizer. zero grad() = W) R AL




16 loss. backward()

17 optimizer. step()

18 if iter n % 2 == 0:

19 print("E(CEH", iter n, '"IKA{H "', loss.data, "SEE4L", w.data)
HHH v

20 FEARAEE 0 i (H tensor(4.1230) S Ak tensor([0.7178, 0.7045, 0.9046])

21 S 2 Bl {H tensor(1.7554) Ak tensor([0.7573, 0.3673, 0.8268])

22 A E 4 $iS{H tensor(1.1360) (78 {k tensor([0.7910, 0.2117, 0.7552])

23 HEACE % 6 i 2 {H tensor(0.9190) S %(7% 1k tensor([0.8199, 0.1399, 0.6892])

24 AR 8 i 4 {H tensor(0.8090) Z %751k tensor([0.8448, 0.1068, 0.6285])

25 A 10 #i%{l tensor(0.7373) ZE75 4k tensor([0.8663, 0.0915, 0.5727])

26 HEACEE 12 HiK(H tensor(0.6851) S EZE{k tensor([0.8849, 0.0844, 0.5214])

27 AR 14 P tensor(O 6452) Z¥725 1k tensor([0.9011, 0.0812, 0.4743])

28 HEAUHEE 16 FiA(H tensor(0.6142) SE 25k tensor([0.9151, 0.0797, 0.4310])

29 it % 18 i {H tensor(0.5898) Z%( 48 {k tensor([0.9274, 0.0790, 0.3912])

K5 4 R AR (SHO w=[0.9274,0. 0790,0. 3912 & A2, I 4 K A,
HEE RN 5.7 Jis .

J)

~~~~~~~

— original
=== fitting °

3 2 0 1 2 3
B 5.7 LA pRECS 5 pR SR L E

X B G 19 R AR SR R S0 R 2 25 1 T AT 32 B3 1Y 45 SR s A 22 031 L (L
HEGERRBUR B R, AR 22 e 2R/

5.2.4  PRiGeREL
i BRL (activation function) M FRIE LR M BR L (nonlinear function) . i pREZ S
IF LS M e s 5 B —F 5 B AL F B, WS R B2 A DU LR .

Ot ; QB M; OEBA Ak
X EAE 3 AE LS BREL: sigmiod.tanh F1 RelL U,

1. B Ry &
1) sigmoid

5.7

g () “Trer
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(@)
2) tanh
o — e
tanh(z) =—— (5.8)
anh(x e
3) ReLU
0 <0
relu(z) = (5.9)
x x>0

W iZ Python XA F 3 A pREIEAT 2 HARES A0 F frzs G i 5.8 Fias .

1 = sigmoid FR%K
2 def g(x):
3 return 1 / (1 + torch.exp( —x))
4 £ tanh G BREL
5 def tanh(x):
6 al = torch. exp(x)
7 a2 = torch. exp( — x)
8 return (al — a2) / (al + a2)
9 #ReLU ¥ i% PA%L
10 def relu(x):
11 return torch. clamp min(x, 0)
12
13 x = torch.linspace( -5, 5, 100)
14 fig, axes = plt.subplots(l, 3, figsize= (12, 5))
15 axes[0].plot(x.numpy(), g(x).numpy(), 'r—."', label = 'sigmoid')
16 axes[1].plot(x.numpy(), tanh(x).numpy(), 'g', label = 'tanh')
17 axes[2].plot(x.numpy(), relu(x).numpy(), 'b', label = 'relu')
1.0 - 1.00
7 0.75
0.8 /
7 0.50
0.6 // 025
i 0.00
0.4 // -0.25
0.2 / -0.50
J -0.75
0.0{-=" -1.00 —
4 2 0 2 4 4 2 0 2 4 4 2 0 2
B 5.8 IS pR A

2. BE R BRI ER

Ph b 3 AN BT PR BCER A 4 I D0 R 0, 3k X LR A 4
1) sigmiod PR
=



o (HBR 0, D), B S AR A 5

* HKF,

A

o Dy i LTI BB BE T 2R L DTS B0 Sk s B )

o HAEHAIELL 0 A HUL (zero-centered)

2) tanh BR%L

P

o FHILT sigmiod pRER, H S0 R AR

o H 2L o s,

Bl e FR T AR R A B AR B2 T 2R (JR] sigmiod PRED .

EE: A TaK (), % 2—>—comf  EFo ()0, MARA Alode, 405, &
B Ao, A A AR Rl A AR A B kA

3) ReLu PR%X

(W=

o TR AR AT E AT IR EUS

o YR SLTE FE LL sigmiod A tanh PR,

A

o HAELL O bt

o NS N U BOR T A DR O HSCHRR R R 2 B A R R B R S IR e R

BT L% .18 ELU.SELU, Threshold.PReLU F1 Leakly ReLU % ¥ i o6 44
X AN —— ik,
5.2.5 softmax

softmax PRECUFRIH — AL 45 £ ek £, 2 2 58 R A 1 — B, Softmax PRELA T |2
X A PRI S BICE 2R 40 A1 9 6 B X 50U — KD softmax BRUBCTE N T4 28 I 45 1 &2 43 2 1]
AUP A G T Z N . HE B — S AR SO ke 2z B E 5 — A &
e gz B (HHICRIEE R (0,1 ok DITRIAN 1.

z
J

6(z), =+ (5.10)
>
i=1

H Python A% 52 H0 AR & a1 80, 40 F s .

A4

import NumPy as np

 H A

z = np.array([1.0, 2.0, 1.0, 5.0, 6.0])
print(np. exp(z) / sum(np. exp(z)))

g W N

@ https://zh. wikipedia. org/wiki/softmax PR%Y .
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oF ot
2

IR R

5.3 BIiRHEMLE

5.3.1 i

N T2 M 2% (artificial neural network , ANN) i BRAIZ R4 D, A T 2 () 4 A 1R
Z 2R 5% BV R R — SE 22 MR T . T T e A 4 A o A 2 I 2, TR B O AR A
B 5.9 s,

— HAJZ

— BRE) b

— FEZQ) &

— il

5.9 AiEimamyg

WA 5.9 iR, XE— A4 i M 4 W 4% (fully connected neural network) , 4 3%
P2 W 45 A A R A AT A 2 M 4%, /5.9 A AR (R Z (2 4 i
wZ)viE

flw,,x) =w,x, +wix, +w,x, —Q—b:Ew;xi—f—b (5.1
=0

KOG ADRE—ANRIKZCEA 3 DML I0) 8 — 4 ROEUZ B8 A4 ROl 2 15 3% 2 1
TEA S BIE R A () HE A (f (w2 RIFAE N M ATT " FHHFETFZRLTF
G AR g (v, oh (f G, ax))) B2l it iy B Z RT3 iyt 25 1

TR A 28 R 28 A LA R

o BRSNS FBCR BB 2, R 2 22 18] 9 #20 T0 1%

o FHABPA ) 22 [H] A A 48 50 4 W P 3% 4

o BCASRILE TG R AR ER T L AT LB A O — AT T G ER A

5.3.2 5N H

X HEE T 2 R —— T 5 AR (MNIST) SR 42 Sk 47 52 0 R Wi e B ML B 6 A4
FEAMEAT M2, HES an i 5. 10 iR .

@®  https://zh. wikipedia. org/wiki/ N\ T.## 28 M 2% ,



| 5% REx3

target: 5 target: 0 target: 4

0 10 20 0 10 20 0 10 20
target: 1 target: 9 target: 2

0 10 20
5.10 6 MNEEAY R B s
MNIST #4472 — N F S5 R E LG 10 KL B — M HEARRZEE N 0~9

M — ¥, YZEA 60 000 MEEA,MHKER 10 000 /I\HZK,/PH:ZIK%WUEEE 28 X
28 FRE [, DX M LR 1 1 X 784 [l &, B 784 AR T
N8 3 Py Torch A H ) H AT M 2 W25 1 25, S0 5 AR DL R JE AR S50 &

1 FRIRSA

2 import torch

3 import torch. nn as nn

4 import torchvision

5 import torchvision. transforms as transforms
6 FHERASHWE

7 input_size = 784 # A
8 num_calsses = 10 #0KHH
9 num_epochs = 5 # R
10 batch size = 100 £ YAtk
11 learning rate = le-3 #H3 R

torchvision BIHAE N PyTorch (4T BB B , AN AL & 4 M i PR B 24 > BEAY i H &%
A UL 5 L BLAE T 30T 5 A MNIST £ 48 .

1  data_path = '../data/MNIST' £ 7E data 45 R A #H MNIST SO
2 BUIGEFEAENTH
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3 train dataset = torchvision.datasets.MNIST(

4 root = data_path, # HiE R kR

5 train = True, BT M
6 transform = transforms. ToTensor( ), = 0 B0 ik = Ak b 2
7 download = True) # T T

8  HiKE

9 test dataset = torchvision.datasets.MNIST(

10 root = data path,

11 train = False,

12 transform = transforms. ToTensor( ),

13 download = True)

14 A VNSRBI N 2 A%

15 train loader = torch.utils.data.Dataloader(dataset = train dataset,
16 batch size = batch size,
17 shuffle = True)

18 IR HOHE n 2 AR

19 test loader = torch.utils.data.Dataloader(dataset = test_dataset,

20 batch_size = batch size,
21 shuffle = False)

i3 PyTorch #He JE 17 5045 b #H A, 12 505 4 19 i AAS X #0 2 Ab # Ay b train_
loader A EIEME#  B 1 IR b AT HE AL PRI 8, 3@ id PyTorch Jo#8 8 — - # fif 19
EFEL MY, B A2 B2

1 #LPkER
2 model = nn.Linear(input size, num_calsses) T R

3 Linear(in features = 784, out features =10, bias = True)

e — A AR TR AR B A 784 DS BRI 1 A i B I (bias) L iyt o4 10 4> 93
A . HUER] AT, 58 Tz 80 5 By AL BRI R i © 5E L, R I T IR AT R T

2,
1 EHRRE
2 # nn. CrossEntropyLoss() HHREE N T softmax K%L
3 criterion = nn.CrossEntropyLoss()
4 #0uTrE: BENLBRBE T MRk
5  optimizer = torch.optim.SGD(model.parameters(), lr = learning rate)
6 FUNGER: W
7  for epoch in range(num_epochs) :
8 for i, (images, labels) in enumerate(train loader) :
9 £ i R AR 2
10 images = images.reshape( —1, 28 * 28) #28x28 — 1x784
11 = 1 [0 1% 1%
12 outputs = model (images) = 5 AKOHE, T A s R
13 loss = criterion(outputs, labels) = AR PR B (512 PRER)




14 = ) A% 1 KAk

15 optimizer. zero grad() # WAL BS

16 loss. backward() = TSR R KUY 5 PR KR
17 optimizer. step() = HHT A

18 FATEIAR 3 H Ak

19 if (i + 1) % 300 ==

20 print("Epoch: {0},Step: {1},loss: {2}".format(epoch + 1,i+1,loss.item()))
21 =iy

22 Epoch: 1, Step: 300, loss: 1.999853491783142

23 Epoch: 1, Step: 600, loss: 1.8600431680679321

24 Epoch: 2, Step: 300, loss: 1.6646180152893066

25 Epoch: 2, Step: 600, loss: 1.4261541366577148

26 Epoch: 3, Step: 300, loss: 1.3930109739303589

27 Epoch: 3, Step: 600, loss: 1.3381340503692627

28 Epoch: 4, Step: 300, loss: 1.1542218923568726

29 Epoch: 4, Step: 600, loss: 1.2540661096572876

30 Epoch: 5, Step: 300, loss: 1.0619515180587769

31 Epoch: 5, Step: 600, loss: 0.9185544848442078

T T3 Of AR Y A I A D L AR T iR

1 #PyTorch BRINFG— UK ] & 46 #8237 540

2 with torch.no_grad():

3 correct = 0 # ) b Ak IE B AR

4 total = 0 EX IR G MERA

5 for images, labels in test loader:

6 images = images.reshape( —1, 28 * 28) = MR A5 X

7 outputs = model(images) # ANl iy LA
8 _, predicted = torch.max(outputs.data, 1) # B K{E

9 total += labels.size(0)

10 correct += (predicted == labels).sum() = R E

11 print('Accuracy of the model on the 10000 test images:{} % '. format(100 * correct/total))
12 EHimy

13 Accuracy of the model on the 10000 test images: 83 %

1 L o 3 4 2 I 2 AR A R LA AR AT 83 %0 M TR R . IR S S5 4 R
kfiﬂziﬂfﬁﬁﬁ T S AR . A N LR R A B, A E 5 9 Py Torch 3CAY
HATH#
A IR A ) ot 2 I 2% L A A 2 L SR ZK 7R torch. nn. Module 28 3fe i) 8 i 45 o 445,
AR A5 A 2 AR T 1Y

# 5B

import torch.nn as nn

import torch. nn. functional as F
# M H#—> MnistNet 2§

BN W N e
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class MnistNet(nn. Module) :

def init (self, input size, hidden size, num classes):

5

6

7 super (MnistNet, self). init ()

8 self.fcl = nn.Linear(input_size, hidden size)
9

self.fc2 = nn.Linear(hidden size, num classes)

10 def forward(self, x):

11 x = self.fcl(x) # e

12 x = F.relu(x) H ReLU I % bR %X
13 x = self.fc2(x) F i

14 return x ERERE S

DL B B E SCEHRASC T MR T 7 T T A AR

o FALEMB,

o 44 MnistNet 1925, 447K torch. nn. Module 2 ;

o JE LR fel,fe2;

o HEAHT P2 I 45 PR AL forward;

o TP I 285 v St o) i A RCHE I S B — A S M pR B PR TR L R L e O eR L
ReL U Ab3, P o 55 2 Dtk R BHAT ST H 3 W B 5 M B2 R o

PRAE A X g 52 B4k HARRS 4n T B s .

modell = MnistNet(784, 20, 10) S AR: 784, AR 20 AN TT, HiHR 10
modell ﬁﬁﬁx‘ﬂ¢ ﬁiéélm%é*ﬁ]
MnistNet(

(fcl): Linear(in_ features = 784, out features =20, bias = True)
(fc2): Linear(in_features =20, out features =10, bias = True)

o U W N

Y S A IO P 458 % R BIOR R BT B i, I X S R R AT N 5, AR A0 R iR

criterion = nn.CrossEntropyLoss()
optimizerl = torch.optim.SGD(modell.parameters(), lr = learning rate)
= Yl
total step = len(train loader)
for epoch in range(num_epochs) :
for i, (images, labels) in enumerate(train loader):
£ WA A% 2
images = images.reshape( —1, 28 x 28)
1 1] f%

outputs = modell (images)

W O 3 o U b W N =

e
= o

loss = criterion(outputs, labels)

& i) £ 4 Lo Ao A

optimizerl. zero grad()

[ e
sw N

loss. backward()




B
o1
1L
N
ik
Y

(177

15 optimizerl. step()

16 FATERER 2> H A

17 if (1 + 1) % 300 == O:

18 print("Epoch: {0}, Step: {1},loss: {2}". format(epoch+ 1,i+ 1, loss. item())

XEORFLG AT EN 45 5 R XA H PyTorch BB #4481 20 ) 4% 2 Al % 3 40 1 3%
. X PyTorch B8 K47 J5 % 32 0 1) F B 2 —

5.4 HHRHEME

10855 e
PR 25 ) 2% (convolutional neural network, CNN) & —Fh B R &l & 2 A T L= e

SRR TR Z BT A 22 R 2% . CNIN B89% 32 81 7 PRI A B IRD T, (R O [R50l LR s A
22~ U 8 A 1 A LA SR AR AR PR AR o 2 L A S B T U T —
AR . B FE I RE R AR 45 2 i R L B — A B (B B R B, SRR IE B AR
i 3 AR 35 AT — 2B B AR

A T 2 I 2% v, ORI 1 2 1R W 2 BUE IR AR IR .

5.4.1 KEeR%

R ERML W Z 0 B AL ENFERE R, BRI RECA R ZFh, X B A
25 BRI 33X 3 AR pR AR

1. identity
identity £ FUZ R AR H AT SR 10 .
0O 0 0
kernel = (O 1 O) (5.12)
0O 0 0

T34 B PR B Y8 RS AT AT JC 2, A5 20 78 — A RS (oA 3 30 i 6 ) IR R T
WA,

s o0 o 2 1 o 0o 0 3
o o0 5 14 2 0 0 3 O
o 3 o0 13 0o 0 0 3 O
o o 6 3 0 13 3 7 2
I=|0 16 0 18 7 0 11 3 0 (5.13)
o o o 11 7 0 0 11
12z 6 0 20 0 7 0 19 15
2 0 5 0 0 12 14 0 8
o 4 19 0 o0 4 5 0 O

XFAE T AT A AR R Rl BRI R T SR AR R R R (A F IR AT R



178) A THEREE XS bk (Python+PyTorch)— iR L 87 Ak |
o

oo, (ST

8 0 0
(o 0 5) (5.1
0 3 0
Lo 5536 RO 10 T8 3R 3 AR -
0X8+0X0+0X0+0X0+1X04+0X5+0X0+0X3+0X0=0
B i 4 B kernel PRACTERIE I, - REEIEDN O,
X LA E — A R AR SRS A 5. 11 foR.

B 5.11 JREET MATLAB & B4

DL EEG R —DEH 3 NEIER.G.BI 256 X256 B 5 KG , HARES 0 F frs .,

= Bk

import numpy as np

import torch

from PIL import Image, ImageShow
from torchvision import transforms
import matplotlib. pyplot as plt

% matplotlib inline

= IUE R

path = "../chap3/girl.png"

O 0 3 o0 U W N

=
o

girl pic = Image.open(path)
girl pic £ 5 v

=
=

A4 UL PG i OB 53X BB G NumPy BRI array Ji 5T e BORE A5 B0 e 452 ik

B RA
1  np.array(girl_pic). shape ZHH v
2 (256, 256, 3)
3 type(girl pic) Ry
4 PIL. PngImagePlugin. PngImageFile




5 # (48 (width, height, channel) %% i (channel, width, height)

6 data2channel tensor = transforms. functional.to tensor(np.array(girl pic))
7 data2channel tensor. shape HEH Y

8

torch. Size([3, 256, 256])

i A B R kernel 1 XS R AGRERE T 00 81, LACAS A0 T

1 kernel tensor = torch.FloatTensor(3,3,3)

2 for i in range(3):

3 EREATSE

4 kernel tensor[i] = torch.Tensor([[0,0,0],[0,1,0],[0,0,0]])
5

6  HMHE-DAER, TTREN 0 WA

7 new_data_tensor = torch.zeros_like(data2channel_ tensor)

8 ¢, m, n = data2channel tensor. size() #RIE, %, 5

9 for layer in range(3): =9 I E

10 tmp data = data2channel tensor[layer]

11 kernel = kernel tensor[layer]

12 = 38 i i 55

13 for i in range(l, m—1):

14 for j in range(l, n—1):

15 ele data = tmp data[i—-1:1+2,j-1:5+2]

16 i ES R

17 result value = float((ele data * kernel.float()).sum().numpy())
18 new data tensor[layer][i, j] = result value

2. edge detection

N GAG I (edge detection) 5 BUZHE M A R ZH 30, 3 WLAY 3 R LT fros .

1 0 —1

0 0 O) (5.1
—1 0 1
0 1 0
(1 —4 1) (5.16)
0 1 0
-1 —1 —1
(1 8 1) (5.17)
-1 —1 —1

DL b3 o R I R AR B UL B R T il b PR B K O 1, HA
mE 5,12 Fros.
WIE R 5. 12 AMER R 22 SR i 8.
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3. sharpen

Bifk (sharpen) & B RECAN T Frs .

0 —1 0
—1 5 —1 (5.18
0 —1 0

HEERNE 5.13 i,

o

B 5.13 BB m b # s R
4. box blur

£ TR (box blur) 244 3% 3 mmfa%%ﬁmﬁj@%,muﬁvﬁeﬁﬁmwm
37 5t L SU BRI RO T T

(5.19

©|— ©|— o]~
@‘»—l @‘»—x @‘»—A
o~ ©|— ©o|—




| #58% RE¥I

5 T PR 5T B A S 0 PR T 5 B 1 0 0 L

5. Gaussian blur

R HERI (Gaussian blur) 5 — i o4 T 0 AL 7 v . & % 18 ) 7 BF 5 A, B
BT RN L AT R A AR TR A At TR

2 1
16 16 16

4 2
16 T6 TG (5.20)

oz 1
16 16 16

0 Ao R Ak B ) PRLASORH LE T D BT A — AR SR o R v SO A T A A — i A
JE b AT S AR s e P, JLIRMR AN AT 5. 14 i

5. 14 SRR B AR Ak B 4 R

BT RLL 5 BRI 33 AU bR B B AT HA LAY 50X 5 R 7 X 7 45 U R
B T LLF AT R VR R A TR

5.4.2 WiLE

B b A B R KR S pR R s B A% R O — A R S5 M R AL R
(pooling) . HEA S B R A2 /1N 3k B — Pl R 4E 1) A9 DT A 2504 v 3 5 008 JF RE R
B DR P B L O AR AE . AR 2 BEA AT 25 5 T2 8L, OB sQ A7 2 Fb s B e R b
e e/ MELAE BRI AL 25 L O B RS RN RL R B KA AT A i R el . BN
2% v 2R e R M A T2 R A A B

5.4.3 LeNet

LeNet f & M4 HIRE ¥ =FH 3k 2Z—M Yan LeCun ¥ H . iZ FiEbr & E CNN )

®
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EOEm . LeNet ZEHTF RN S 328, - R ERTHAB ZMH, BTY
A 3 S AILAE AN L A B a2 R RS (1 1] 2 4 L B0fl LeNet A5 7Y 78 4b P 45 42 4% 119 [] 851 i
KPR (02 H B AR W EAAfE X, LeNet M& M b/ WA 5. 15 Fix,

i 3ax32 €l 6@ 28x28 S2:6@14x14  C3:16@10x10  S4:16@5%5  C5: 120)2 F6: 84)2 itz 10
%
K 6
PN
| l | | l |
L2 Tk fr )2 B2 RAMALZ 22 2EERZ iR

K 5.15 LeNet #i 2 W 45 45 4

IG5, 15 M E ML AR EW L 2 MERZEM 2 2% )=, H PyTorch
(A ERIEP | S TR P 11 N5 T

1 2 FARB

2 import torch.nn as nn

3 import torch. nn. functional as F

4 FHYH—A LelNet 2

5 class LeNet(nn. Module) :

6 def __init_(self):

7 super (LeNet, self). init ()

8 self. tmp dict = {}

9 #3: M AR R E, 6: FilmEEL, 5 BRI S5 + 5
10 self.convl = nn.Conv2d(3, 6, 5)

11 self.conv2 = nn.Conv2d(6, 16, 5)

12 FeBEHFEy = wx + b

13 self.fcl = nn.Linear(16 % 5 % 5, 120)

14 self.fc2 = nn.Linear(120, 84)

15 self.fc3 = nn.Linear(84, 10)

16 def forward(self, x):

17 F B > JiE - > bk

18 x = self.convl(x) £5X%X5 M

19 x = F.relu(x) # ReLU i1 bR 4K
20 x = F.max_pool2d(x, 2) #HRKMIZE 2% 2
21 x = self.conv2(x) £ B 6 MIZ LY RE 16 MATT, 5 X 5 B
22 x = F.relu(x) =G PR AL

23 x = F.max pool2d(x, 2) Z22x2 Wik )E £54
24 x = x.view(x.size()[0], - 1) #¥#ERF C5

25 x = F.relu(self.fcl(x)) £ PR AL 1

26 x = F.relu(self.fc2(x)) SR PRI 2

27 return self. fc3(x) s )2

ARG AL 2 1 b 22 ) 26 AT X LeNet 50k oEAT M3 -



5.4.4

AR & 3 ABUEE A I BRIV 32 X325

ClJZ: 61 5X5 B, B 6 £ 28X 28 HR1F M5 25 1

S22 R ARMAL)E 2 X2, 4B 6 4 14 X 14 MR ZIT;

C3)2: h 6 AP EH 16 2L K/ 10X 10 (K HRAE e 5, 3x B 5% B T 30 40 2 4 3k
D T 60 A 5X5 BB AR S EENE 6 X16=96 P&

S4 2. kSR A 2 X2 AL )Z A3 5] 16 41 5 X5 BYRFAE BT

C5 J2 s B HEAT R A5 3] 120 4 1 X 1 B9 SRAF We gt , B 16 X 120 4> 5 X5 4~
LR

F6 2. X MR, 7 84 Mgt

AR 10 DR BIEH SR,

AlexNet

AlexNet f Hilton )22/ Alex Krizhevsky $2 1, & 7T #% 01 1 A~ AR R & 5 FH W

2t

s FEARBAEAE N GPU 47 347 U1 25 . FI H] Dropout Bs 1E3d 14 . AlexNet 7E

2012 Y ImageNet G328 KFEF RS TH G, AlexNet FEIAE 5. 16 iR,

3 74

58 2% Joas \Dense/Z
1 Dense Dense
& 2 2 1000
128 L] L
BAE P B Rz TR B
> = 4 =

48

B 5.16  AlexNet £ R (& F ol 8 W2 2% ik [110])

*F AlexNet B A ARAT N F Frs .

O O 3 o U W DN

=
)

import torch. nn as nn
import torchvision. transforms as transforms
class AlexNet(nn.Module) :
def __init_ _(self, num_classes):
super (AlexNet, self). init ()
self. features = nn.Sequential(
£(227 - 11 + 2 X 2) /4 = 55
nn. Conv2d(3, 96, kernel size=11, stride=4, padding=2),
L8 55 x 55 X 96
nn. ReLU( inplace = True),
nn. MaxPool2d(kernel size =3, stride=2),
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O
12 nn. Conv2d(64, 256, kernel size =5, padding=2),
13 nn. ReLU( inplace = True),
14 nn. MaxPool2d(kernel size =3, stride=2),
15 nn. Conv2d (192,384, kernel size= 3, padding=1),
16 nn. ReLU( inplace = True),
17 nn. Conv2d(384, 256, kernel size =3, padding=1),
18 nn. ReLU( inplace = True),
19 nn. Conv2d (256,256, kernel size =3, padding=1),
20 nn. ReLU( inplace = True),
21 nn. MaxPool2d(kernel size =3, stride=2)
22 )
23 self.classifier = nn.Sequential(
24 nn. Dropout( ),
25 nn. Linear(256 * 6 % 6, 4096),
26 nn. ReLU( inplace = True),
27 nn. Dropout( ),
28 nn. Linear (4096, 4096),
29 nn. ReLU( inplace = True),
30 nn. Linear(4096, num classes)
31 )
32 def forward(self, x):
33 x = self.features(x)
34 x = x.view(x.size(0), 256 * 6 * 6)
35 x = self.classifier(x)
36 return x

5.4.5 ResNet

2015 4F, 7E TmageNet 52 3§ T 345 568 75 1 2 I 4K I 9 BF 52 e 9 F 5 53 823 89 5 Jon
i 21 P 2 ResNet . R4 T A5 450 b ffp DR T8 BE i 222 190 6% Xk AU 25 1 1) RV T 9] 2 g ok
1000 EH BRI, t T REFRRPARZHMIN A, X EAH 308,

from torch import nn

import torch as t

from torch. nn import functional as F
class ResidualBlock(nn. Module) :

(RN

P TR . Residual Block

(RN

def init (self, in channel, out channel, stride = 1, short cut = None):

W O 9 o0 U W N

super (ResidualBlock, self). init ()

O PLEZ T LIE LIS 2 R A7 7R A B T 2R Y (] 3



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

def forward(self, x):

class ResNet(nn. Module) :

rer

FEHiH: ResNet34

e

def

def

__init _(self, num_classes = 1000):

_make layer(self, in channel, out channel, block num, stride = 1):

self.left = nn.Sequential(
nn. Conv2d(in channel, out_channel, 3, stride, padding =1, bias = False),
nn. BatchNorm2d(out_channel),
nn. ReLU( inplace = True),
nn. Conv2d(out_channel, out channel, 3, 1, 1, bias = False),
nn. BatchNorm2d(out_channel)

)
self.right = short cut

out = self.left(x)
residual = x if self.right is None else self.right(x)
out += residual

return F. relu(out)

super (ResNet, self)._ _init ()
2 [ L2 B 4
self.pre = nn.Sequential(
nn. Conv2d(3, 64, 7, 2, 3, bias =False),
nn. BatchNorm2d(64),
nn. ReLU( inplace = True),
nn. MaxPool2d(3,2,1))
£ B layer: 43 H|N 3,4,6, residual block
self. layerl = self. make layer(64, 128, 3)

self. layer2 = self. make layer(128, 256, 4, stride = 2)
self. layer3 = self. make layer(256, 512, 6, stride = 2)
self. layerd = self. make layer(512, 512, 3, stride = 2)
RN

self.fc = nn.Linear(512, num classes)

(RN

¥ layer, f1 7 £ residual block

:param in channel:

:param out channel:

:param block_num:

:param stride:

:return:

Vi

shortcut = nn.Sequential(
nn. Conv2d(in channel, out channel, 1, stride, bias = False),
nn. BatchNorm2d(out_channel)

)

layers = []

layers. append(ResidualBlock(in channel, out channel, stride, shortcut))
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57 for i1 in range(1, block num) :
58 layers. append(ResidualBlock(out_channel, out channel))
59 return nn. Sequential( * layers)
60 def forward(self, x):
61 e
62 :param x: FEAR
63 sreturn: Fij iR EIE 45 R
64 v
65 x = self.pre(x)
66 x = self. layerl(x)
67 x = self. layer2(x)
68 x = self. layer3(x)
69 x = self. layer4(x)
70 x = F.avg pool2d(x, 7)
71 x = x.view(x.size(0), —-1)
72 return self. fc(x)

KT ResNet 1 2 M 2% A8 Bl 45 %2, FE 40 ResNet18, ResNet3 . ResNet50, ResNet101
VI K ResNet152, ResNet it 28 W 25 7 4k B 52 o (0] 81 A B B4 09 R B RE 0 L 1R K2 I8
IjF Residual Block.,

5.4.6 GoogLeNet

VGG TE 2014 4F (% TmageNet W FEH R T %, 5 4 K GoogleNet, H 5% I
Google BIBFFE N BB . IZAEARVTE B 52 g f 5 K, FOAR R 7E T 8 1 X 4 R 28 I 4%
B H AL . BRILZAE B R T — R AR R S inception AL 15 3] T L VGG BER Y
W4k 2hH), F HHESE L VGG WS EE /D, X B4 H SR A inception B HUR 2K, @

K 5.17 Fios .,
YN \
X1 131551 1% 14551 333 AL
3x3% 5355 1x 145

Kl 5.17 inception 3R & &

K5.17 & 4 DIATE .

o — A 1IXT BT, — /NI EAZ B T 4 B R 5

o — A IXT BRI E—A 3X3 WAL 1 X1 146 PR AR 5 A B9 7 AF 38 18, el 2D
SHOTA R ARG HE—A 3 X3 BB M — DB REAZ B B L
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0

o — A IX1 BB E—A 5X5 BB, f— 0 KRR B 45
o — AN 3X3ME AN E—A 1 X1 BB, B R A B f A R RRAE A, 1 X
1 A BRI AE 42 L,
WA 4 DIATLR A B W AE VAT PRI, AT T~ — 2 b HE,
5.4.7 bidlesrJzml
B3 A 25 0] B 2 R WF R B — S FAO5 [a) B, X L o B AT R B M 4% (5 LeNet
25 T 28 I B AR RL) Sl S 7 0 0 28 TR R, AR S B RE AR B SRR VR T M 28 B TR O L A 6

N2 B (BB Ccardboard) | BY B3 (glass) . 4 J8 25 (metal) L 48 i 2% (paper) | ¥ k1 2%
(plastic) DA B85 3 (trash) s HUNZRAE 1) 4 RAEAR B N3k 5. 1 R,

RS 1 HREEAMEHERE

label

cardboard

glass

metal

paper

plastic

trash

N

403

501

410

594

482 137

Wk 5. 1 AHE A B YR A A5 AR AS KR O AN A (H X B A R IR AR FEIX A
), BRTEBEALEE UL A LS LR s 5. 18 Fii

& 5.18 YR EREA KR

B 5. 18 A 6 5k IEIME X R 1925 51 40 51 4 . cardboard . glass. metal , paper . plastic
VLK trash, BT U0 2R 48 A B0 A0 b B 8 RS Kb — S IR I A R 28 kb 3,
TH3E 2 PyTorch #4744k b #1 ,

from torchvision import transforms, datasets

from torch. utils. data import Dataset, Dataloader
import torch. optim as optim

import torch. nn. functional as F

path = "./dataset — resized/"

U W N

# I G5 5 BHl e A

@® #E$°M https://pan. baidu. com/s/1rWIl_odFKFAnNBrINUxDo8g, %% : uhv8,
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6 data transform = transforms.Compose([

7 transforms. Resize(84), # |EH MR K/ R 84 x84 Y%

8 transforms. CenterCrop(84), # 554

9 transforms. ToTensor( ), # 5 gk B 20

10 transforms. Normalize(mean = [0.485, 0.456, 0.406], std=[0.229, 0.224, 0.225])
£ b AL Ak T

11 1)

12 train dataset = datasets.ImageFolder(root = path, transform = data transform)

X BAE B torchvision H' transforms 2 #E— 25 40 BEEHE . b anise B R B8 1) ik Ak
Qb B LPL b HE AL AL BEAE LR dataset ok S ABHE4E . AR AT LLiE i 4T B train_dataset
KEF ., HACE AT iR,

print(train dataset) s v
Dataset ImageFolder
Number of datapoints: 2527
Root location: ./dataset — resized/
StandardTransform
Transform: Compose(
Resize(size = 84, interpolation = PIL. Image. BILINEAR)
CenterCrop(size = (84, 84))
ToTensor( )
Normalize(mean = [0.485, 0.456, 0.406], std=1[0.229, 0.224, 0.225])

W O 3 o U b~ W N =

e
= o
—

52 O 2 B8 B0H 1 A BT A T T A0 A BN AT U 2R 07 AR BE Hean UA AR Y
RTINS AL, X SR DAL YR A 2 (batch_size=2) . & ¥R 3% AR BY HE AR A I
FEHLAE 8 (shuffle=True) . LA SR A 2 DR (num_workers = 2) I 45, HAC AL S 81 2
Ak B, AR TR

1 train loader = torch.utils.data.Dataloader(train dataset, batch size = 2,

shuffle = True,num workers = 2)

T4 E A E LRI Z W 2% AT QT s

1  class MyNet(nn.Module) :

2 def __init_(self):

3 super (MyNet, self). init ()

4 self. features = nn. Sequential(

5 nn. Conv2d(in channels = 3, out channels = 18, kernel size=5, stride=1,

dilation=1),
6 nn. ReLU( inplace = True),

7 nn. MaxPool2d(kernel size =2, stride=2),
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8 nn. Conv2d(in channels = 18, out channels = 30, kernel size=5, stride=1,
dilation=1),

9 nn. ReLU( inplace = True),

10 nn. MaxPool2d(kernel size =2, stride=2)

11 )

12 self.linear = nn.Sequential(

13 nn. Linear(in features=30 * 18 % 18, out features=1024),

14 nn. ReLU( inplace = True),

15 nn. Linear(in features = 1024, out_features=512),

16 nn. ReLU( inplace = True),

17 nn. Linear(in features =512, out features=6)

18 )

19 def forward(self, x):

20 x = self. features(x)

21 x = x.view(—-1, 30 * 18 x 18)

22 x = self.linear(x)

23 return x

H TR 3K BUAE i GPU A7 sl 25, AR an R B .

1 net = MyNet().cuda()

2 HERH

3  cirterion = nn.CrossEntropyLoss()

4 =itk mEE

5 optimizer = optim.SGD(net.parameters(), 1lr = 0.0001)

6 A0

7 for epoch in range(100):

8 for i,data in enumerate(train loader,0):

9 inputs, labels = data ¥x, y

10 outputs = net(inputs.cuda()) H#J14, %W\ hat{y}
11 loss = cirterion(outputs.cpu(), labels) = P PR

12 optimizer. zero grad()

13 loss. backward()

14 optimizer. step()

15 loss_val = loss.data.numpy()

16 if i1 % 10 == 0:

17 print('epoch:[ $d| $d], loss: %.3f' % (epoch + 1, i + 1, loss_val))

PR SR BB E T I3 2 o R AT HE U 25, 9 ELak AR Cepoch) 24 100, 3% HLAS
% X S B R A AT LASRATAR [R) ALY de (0 i L A5 R R A M 2 R 2% Y IE W as AT, EH
BT B SE B T B2 2 s net v A9 2 BRI R R &R B, 5 B8 Y ) 36 ik B L AS 14575
3@ PyTorch BRI G RE — T BB AR I L A0 I&T 5. 19 o,

Pl 5. 19 Bt 5 I 2 A5 0 2% ) ] AT LA 38 Py Torch AH B A9 FG RS > 55 3, AR At 3R
W A 5L 0T TR
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features.0.weight
(18,3,5,5)

features.0.bias

(18)

/

| MkldnnConvolutionBackward |

ReluBackward1

| MaxPool2DWithIndicesBackward |
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features.3.weight
(30,18, 5, 5)

features.3.bias

(30)

/

| MkldnnConvolutionBackward |

ReluBackward

| MaxPool2DWithIndicesBackward |

linear.0.bias
(1024)

linear.2.bias
(512)

linear.4.bias

(6)

ViewBackward

AddmmBackward

linear.0.weight
(1024, 9720)

/

TBackward

linear.2.weight
(512, 1024)

|

ReluBackward1 ‘

‘ TBackward |

linear.4.weight

AddmmBackward 6. 512)
ReluBackward 1 | ‘ TBackward ‘
AddmmBackward

[ 5.19 MyNet #fi 25 {2 fi 54



from torchviz import make dot

from torch. autograd import Variable

£ B ALA A R B RS /N R B 5 446 1y 218 3 1) B L 5K

x = Variable(torch.randn(1, 3, 84, 84))

vis_graph = make dot(net(x), params = dict(net.named parameters()))
K i 22 9 245 5 K R T R AT B pdE SO A =X

vis_graph. view()

~N o0 U W N

TR I 25 58 U » it B0 AT IR AF AU R B

#ORAE TN AR, AL X 4% S5 AL BT S5
torch. save(net, 'MyNet model.pkl')

0 3% B I S5 ) B

model = torch. load( 'MyNet model.pkl')

£ PR AF R AR 25 1 28

torch. save(net. state dict(), 'params.pkl')

e iE=ARRl Ry SR L el

resnet. load state dict(torch. load( 'params.pkl'))

W 3 0 U W N

5.5 AT M

5.5.1 MApme

He XT3 R % (generative adversarial net, GAN)/E MR EE 2 2 B9 05 8] 2 — L R
SERF G2 A A T B R, Tan Goodfellow (B2 GAN ZAX) 78 2014 4F & Y4 i 2
SR P TR T — ANl GAN SE T EES . GAN 0] LUA ZU e JE i B 2
) — A 2 R 85— B R REAS N 2R — D RGERE WS 2L S LB AR AR

T4 GAN By AR L anE 5. 20 B,

FUSCH

FIKTEERD(2', x)
AR EHEG(2) i

BELIEE 2

5.20 GAN Wi

HRAE & 5. 20, 25 Y HAL AL B Fr ek %%
rriinm’?x V(D.G)=E,., [log D(x)] —FEsz:(:)[log(l — (DG ()]

(5.21)

GAN BERILE Y ZR 3 18] 25 ) B AP 2% R B NaN BL4: .G ME5 1 D W 25 7E I Zhoid 72
B R R E — AR A — NGRS BUE ) — T R T ik A7 . AHOCHFSE N IR
£ GAN SR B8 1 T 2 Fh A8 LAY, L4 WGAN.DCGAN,CGAN Fl LSGAN 4%,
JERG R 1) 2 3 AT LAGE 2ok SCER RS R HEAT T R
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XL 9 &% 151
% F

5.5.2

VANS

I ZRAs BHT RO REAS 4 L ZE RN 18T 5. 21 fF

fj,

T Bt

=

it

e 5 MAT DI N6 e s

D NS = Y e e ) Y e
By DN O ) DAl ) =~ e
e ) »~ ey O el N
Sy~ AN L@
Uy s 83 im @R o 0y On iy os
TN W) N P (e GRS
R O B N R T o R

SNNMAQONTTNPYN
WITASNRKOPNQID T RN,
SWOAFOMOYG Tl N—">0

Qo rT 9> Lhm>ow

OMmMoexrxQ{—~Vven~n~g0 o
S TIRNECEIO0ONKNTOERD
MO U N9 o N v~
NOO~ MBS FadNS

AP 50

ERPH:1

7

FTO™TNDOET XN D™
NN~ 0
SoAUNTN PN~
v NN Ny NN
NN~ I>roevoe N
™S~~~ N> A0
VYN ES T TN @ e~
AN NONAANND M O
DT = ™~
WSO NH SN T W
[ N T L I e
N = OO~V NY O
CNndHF~No e o N
—~ N>~ NN X N g
MDD IPCCOD 0N o &>
PO TN TN N

AP 200

150

ERDH

Sl VR IR S iR R )
O (R I SIS IEE SR SR VI SR
NS D SNT% =N
Ea Yo B G LRV I B N . s | =
e D A &S g~ B
S-SR VI SR NN :?387:)&“
7159,.31.&._.1..15!39%
MANGT — " e~ M~ o

: 100

B R IR AR 3 DI R U B s 2R

e
AHEF H

A 5. 21
1l

5 AR A AR H R

A L REA

GAN F 7 1 Yl S iod
LNIE: HE

’

21 My gE R
il ey

o.
github %O 41K B

SipoNEs!
I HUNZRIR %L

M GZAR R % T

o AU

H

1BXE 73 1)

e

*

1) 1

’

AL BE K

.
=)
=]

AR

import torch

1
2
3
4
5

import torch.nn as nn

from torchvision import datasets

from torchvision import transforms

from torchvision. utils import save_ image

6
7
8
9

from torch. autograd import Variable

from torch. utils. data import Dataloader

X P B kAT Ak R

10 def img norm(x):

l|l%&@ﬁl!v

11
12

(x + 1) /2

out




13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

return out. clamp(0, 1)
= hniEfl, BE R 0.5, FRHEXEN 0.5
transform = transforms. Compose([
transforms. ToTensor( ),
transforms. Normalize(mean= (0.5, 0.5, 0.5), std=(0.05,0.05,0.05))])
= BEE
path = "../data"
mnist = datasets.MNIST(
root = path,
train = True, £l g4
transform = transform, H B AR R
download = True
)
# B, BEPLAE IR
train loader = Dataloader(mnist, batch size =100, shuffle = True)
INEEE, X AR AR
D = nn.Sequential(
nn. Linear(784, 256),
#max(0,x) + 0.2 % min(0,x)
nn. LeakyReLU(0.2),
nn. Linear(256,128),
nn. LeakyReLU(0.2),
nn.Linear(128,1),
nn. Sigmoid()
)
= A B 1) BRI L5 SN AR R
G = nn.Sequential(
nn. Linear(64, 128),
nn. LeakyReLU(0.2),
nn.Linear(128, 256),
nn. LeakyReLU(0.2),
nn. Linear (256, 784),
nn. Tanh()
)
#3525 R B DL B AR Ak pR R
criterion = nn.BCELoss()
d optimizer = torch.optim.Adam(D. parameters(), lr=1e-6)
g_optimizer = torch.optim.Adam(G. parameters(), lr=1e-6)
# 3 [
for epoch in range(200):
for i, (images, ) in enumerate(train loader): HANFET label
batch size = images.size(0)

F R 784 + 1 [l EE

images = Variable(images.view(batch size, — 1))
SHEITTREN 1 W
real labels = Variable(torch.ones(batch size))

FILRAEN 0 AR

fake labels = Variable(torch.zeros(batch size))
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61 outputs = D(images)

62 d loss _real = criterion(outputs.view(1l, —1), real labels)

63 real_score = outputs

64 £ H o B LR B

65 z = Variable(torch. randn(batch size, 64))

66 95 G MK JE D M4

67 fake images = G(z)

68 outputs = D(fake images)

69 d_loss_fake = criterion(outputs.view(1l, —1), fake labels)

70 fake score = outputs

71 d_loss = d_loss_real + d_loss_fake

72 D. zero_grad()

73 d loss. backward()

74 d optimizer. step()

75 z = Variable(torch. randn(batch size, 64))

76 96 G ML JE D M4

77 fake images = G(z)

78 outputs = D(fake_images)

79 g loss = criterion(outputs.view(1l, —1), real_labels)

80 D. zero_grad()

81 G. zero_grad()

82 g_loss. backward()

83 g _optimizer. step()

84 if (1 + 1) % 300 == 0:

85 print("epoch: ", epoch, "d loss: ", d loss_real.data.numpy(),
fake score.data.mean())

86 £ X7 & b AT I 2R

87 if (epoch + 1) == 1:

88 images = images.view(images.size(0), 1, 28, 28)

89 save_image(img norm(images.data), './real images.png')

90 fake images = fake images.view(fake images.size(0), 1, 28,28)

91 save image(img norm(fake images.data), './fake image {0}.png'. format(epoch+ 1))

5.6 HthzEme

5.6.1 THIAPEE L

PEER P 25 W 2% (recurrent neural network, RNN) & —Fi B A 55 110 12 T 58 B 0 4
2% AN TR I A 20 I 4% R B 4 0 4%, RN R A T 422 Wi Al o 22 0 4% 336 1 15 8L, B
RN E By I3 AT R TR J— A~ A BRI 0 I 28 254 . RNIN 72 35 & 2000 F1 3 SR i
AU T Z R 3 B A B AE PR 45
Y E— A S o= (' ax” e ) BB S A B R BUR
ho=fGh ) (5.22)
Hrp h" =0, f ] RUJE — ARk R 8 AT DU — DR M 4s . (6. 22) WL —Fh gl



NEGE, B bR P2 MK —E FE B BT L
MRARL Y ESh T R 5E. @
FE: XGC.2OBXELEM TR F T aE ¥
)2 #E A (autoregressive module, AR) , L p—
706 P ol 2 IO 24 %) i AR PR AN 1] 5. 22 R
TG P Bl 28 I 45 1 A N 5 A X AN i 64T K- U
it 22 IR L A 1 X A P P2 I 4 R JER R, T D A e
e At AH OGBS 55 A SR iE F (NLP) A C [E
4 Pl 5,22 JRPRHZE M 45 1) a2

5.6.2 RUKITR P4

UG I F% (neural style) #2245 2 i 1 ] [ AR K= 1Y Bethge LB E W 3 MR
51 Leon Gatys, Alexander Ecker #l Matthias Bethge T 2015 442 i f—Fh B3, HBE %
SEPL T RRARH B AR A AR R LR I R B A AR T LA /D i 2 LAk g il
%k, 2016 AFHTHAE K24 AY Justin Johnson, Alexandre Alahi 12 & & # H T —Fh P X
MIERE ., ZIT ks G GPU Al LI 58 I 25

Hﬂﬁ:ﬂiﬁ?ﬁgﬂé:ﬁfiﬁ%%ﬁﬁﬁﬁﬁﬁ% LR AT LIl A github 4% A 1A £ 5T T IRAR
fith 33X BN R e A7 208 . 3 a8 I gy — H A el BT R ] 5. 23 i,

B 5,23 KsEIR 25

P 5. 23 S Rk AL B B S BN Y R (B iR DO B9 [ A3 4 IR A Al 5. 24
7R
A UK T B ol 2 0 4 1 B 1 i B KURS TR (TR 5. 23) 3 % 3 I8 5. 24 v, HLI
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5. 24 BT AL R (B R DO BB 4K —

£k 100 LS ANl 5. 25 Fiw .,

5. 25 KAS FERIT R U2k 100 USRI

5.7 AZTEING

AR EBENA T PyTorch BEHURIHS 43 48 W 28 7Y . Py Torch 78 2 AR B 5% 7 1 %
. F TensorFlow, F# &5 NumPy e ] DIAR 5 8 M 75 17 76 e, Xt =2 0F FH e ol 4
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0 24 f1 B i PR 2 —  {ELAE R R ) o 22 9 24 0 PR P, S BCR  TensorFlow, i 22 K
2% Iy s AR EL R TGN I ST RO A il J AT L R U iz W T R SR R R A R Y
A5 Y T[] 4 52 B TR 3L, B EC 5[] — [R) RU AT LA S i 22 b pft 22 ) 28 RS BR W 5E . A E
Xt o 2 O 4 A RO R L T LA ] 0T TR R S 2 TR U A A DG R L A I X A TR A
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