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RelLU

Rectifying Linear Unit (RelLU)
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>>> print (train_images.ndim)
3

>>> print (train_images.shape)
(60000, 28, 28)

>>> print(train_images.dtype)
ulint8
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>>> import

>>> X = np
M | 3
array(12)

>>> x.ndim
0

numpy as np
.array(12)

>>> X =
>>> X
array([12,
>>> x.ndim
1

np

.array([12,

3, 6, 14])

3,

)QMJSGQUEG

>>> x = np.array([[5, 78, 2, 34, 0],
(6, 79, 3, 35, 11,
(7, 80, 4, 36, 2]1])
>>> x.ndim
2
>>> x = np.array([([[5, 78, 2, 34,
£6s 19 3 355
6, 14]) {1, 80, 4. 86,
[[5; 78 2, 34;
[6; 79, 3 35;
[7, 80, 4, 36,
[[5; 78; 2; 34;
[6: 79 3 355
[7, 80, 4, 36,

1D tensor, and 4D vector!

>>> x.ndim
3

0],
1],
211,
0],
1]
211,
01,
1],
2111}

18



Mg slad 40 0310 s ygwid 31 S I

S slaosls

1) 3)8 1 3000 AT8)S HA5 )y 3)8 o wT)s 0 AT (D ol )3 a5 s))8l (S)LAT o5y acqans
Mo 100 sosls acqans JS G5 (3l @ g G8)5 )4 )3 Hsde aw b Hsp K pleic @ P30
.3)5 0383 (100000 ,3) JSids by (532393 )ouui3 )3 o3¢0 1)y (5)ad

G) BT ) aals G )3 Olads shhal giylad b 3w jo A1 ) a5 $)GEiDY s6uw) asls acqsss
i 20 G (5)lsp OlYic @ 3w jo 30,0 (L3Il (Jglse aslS e 20 G slebcad) @ sGiw)
0 slosls acgans (INGY § 30,8 (5)1T8S (3900¢,0 03)aub 3)08 Gy LI )5 aslS jo) )ads
335 apa3 (500 ,20000) JSub b ¢5)gmi3 )s Olg3¢» 1) siw 500

19



Mg slad 40 0310 s ygwid 31 S I

s L ¢3Ls) (syw (sladosly

OIPOB0 9 A8 aByds Cread PNL elgw Jad Craad «aiuds o .elgw Clad oy acgans
J5 g 03ib (5)13555 s3vaw Yy Aloic @ ABIBS )o 3lnGy (e 6183 |y 1B ABBS C1a)8
aByds 390 (5)1a3 19) 1o )3) 30 5)13335 (390 ,3) JAb b sags Jowid plgic @ ()T jo)
yo laisl )y .3)5 883 (250 ,390 ,3) JSI b sa@yaw Howi3 )s Ple3eo 1) ) H9) 250 g (e)s

393 3198 (5)(5 j9) A3 o83

panie sLAN Gy p (e (8)s 280 Al olgic @ Cg3 1o g1 )s a5 lBCangd asls acgans
211331 0 (20303 )3) Olgic W e3¢0 1) Lo)ya Yo HEALL (3] )3 3018 (5)I352S (,8)s 128 316 @y
)3 (5)1A5a5 ()is)ge a)s ay bops gusil )y 1 paic 35 sGEXw! ay yao-elsd )y ) 128
9 83)5 (5)135s5 (280 ,128) JSb U sx@gs jowid olgic @ ) WS o lge Wuw

.3)5 a)34d (1000000 ,280 ,128) JSuib b (5)emd3 )y ly gl ogalas 1 osls acgens

o @

. J
Flej slaals

ladiges

20



2219 Lo 49 0019 s ygwid I S I

1303 (slaosls

3)5 o)A (128,256 ,265 ,3) JSib L (5)gmd3 )3 O1g3¢,0 1y (,33) 1Lal (36 128 alws Ay

:3)13 3080 }9LAT (sla)guis JS (sl gbg) 9

(smaples, height, width, color_depth) :(siS¢,s aslatwl o)1 j) gléygui3 as) JBI5-)aT (i)
(samples, color_depth, height, width) :(siS¢,s aslaiw o7 i g3l aS) JBIS-Jg) i)

=5, ‘su.Jb'lS/

el
/é

P

21



Mg slad 40 0310 s ygwid 31 S I

(IR0 Slaodsls

®)% 240 (il ) )3 )8 4 (5)lspaigsd 3) b 03593 144 x 256 Il 60 (203339 QWIS Sy
(4,240 ,144 ,256 ,3) JSib U joui3 G ) loend 08 )| (06)les Aws Sy .Cubls salgd
30,0 d)AAD

=1

ice skat ng

W

A
s /pd
Vo o

M - '
s Gy BT 2
b N [esd | 3
“h'_*-, JM

graduation music performance non-music performance

22



2219 Lo 49 0019 s ygwid I S I

Type ndim shape
Vector data 2 (samples, features)

Timeseries data
or 3 (samples, timesteps, features)
sequence data

(samples, height, width, channels)
Images 4 or
(samples, channels, height, width)

(samples, frames, height, width, channels)
Video 5 or
(samples, frames, channels, height, width)
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|

batch = train_images[:128]
|

batch = train_images[128:256] !

batch = train_images([128 * n:128 * (n + 1)]‘
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>>> my_slice = train_images[10:100]

|
>>> print (my_slice.shape) }
(90, 28, 28) i

my_slice = train_images[:, 14:, 14:] ‘ W3 )s “\J_”‘ju-“’f \_‘c x 1€ lax)
| 320La3 (ola3 ol § Q)

Jmay 1€ x 1€ sloaims @

my_slice = train_images|([:, 7:-7, 7:-7] )55 bavg 1> a5
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layers.Dense (512, activation='relu', input_shape=(28 * 28,))
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output = relu(dot(input, W) + b)
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Outi]:

IR [2]:@

out[2]:

In [3]:

Out[3]:

import numpy as np

a = np.array([1,2,3])
b np.array([4,5,6])

a*b

array([ 4, 10, 18])

np.dot(a,b)

32

a = np.random.rand(2,3)
b = np.random.rand(3,4)

np.dot(a,b

h§,3u43‘5'41a§3~g1ﬂ5

array([[ 1.01448459, 0.54732069, 0.78790565, 0.71547521],
[ 0.9647976 , 0.47166004, 0.74593664, 0.69319332]])
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BLAS U @ b pa s)ag slaasby 1) )) sLeb @3 oaitws wiiws i el
o3 (a3 13013805 )3 )31 @1 )5 sislgh (48036 sslaTwl plisihlac elal slp
Oab @ (HHBIOdw @ G3s)) onb abus Sjlwssly il Cuw O)be BLAS Al
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In [1]: import numpy as np
import time

1000000
np.random.rand(n)
np.random.rand(n)

In [2]:

n
a
b

In [3]: c = np.zeros(n)

tic = time.time()
for i in range(n):
c[i] = a[i] + b[i]
toc = time.time()
print('Naive version: %.4fs'%(toc-tic))

Naive version: 0.4858s
In [4]: tic = time.time()

c = atb

toc = time.time()

print('Vectorized version: %.4fs'%(toc-tic))

Vectorized version: 0.0064s
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output = relu(dot(input, W) + b)

]

(128,784) (784,512)

L J

(128,512) (1,512)

0 a5 300 JbTs (5)6b 35805 Houis 3l Gl oledl a30 a5 (3)g0 ) § plSel Cyg0 )
A0 Al Slgdas BA)) Houid JSun
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>>»> X = np.arrvay([[0., 1.1
2.5 3: 1,
4., 5.11)
>>> print (x.shape)
(3; 2)
>>> x = xX.reshape((6, 1))
>>> X
array([[ 0.],
i 5
7
Jals
- P
5:11)

N ™ ™ M ™M

>>> x = x.reshape((2, 3))
>>> X
arrayilf 0.; 1. 2.1;

L 85 B S5:41)

>>> X = np.zeros((300,
>>> X = np.transpose(x)

- >>> print (x.shape)
- (20, 300)

20))
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output = relu(dot (W, input) + Db)

Go3)sBs a5 slalaye) s3gibee ) G205 § 830aT 1B b V)9 sals slaumPle Bl Iy
Cubly YUK OlgI0d ilws (85003 gW a5 (ils) Lokiis (sgb,0 03380 (85003 (31s%)
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SGD
Momentum
NAG

Adagrad
Adadelta
Rmsprop

I I T

:33)1s 3980 (5)lwiagy (0g) Lalias glgs)

SGD with momentum
Nesterov accelerated gradient
Adagrad

Adadelta

RMSProp

Adam
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Backward Propagation
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while True:
data_batch
gradient =
weights +=

= sample_training_data(data, 256)
evaluate_gradient(loss_fun, data_batch, weights)
-step_size * gradient
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