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5.4 th=ot AS FoistY| 5.4.1 sdAs

class Mullayer:
def  imit_(self):
salf ¥ = MNone

chO05/layer_naive.py

self.y = Mone

def forward(self x_y):

self x = x
self.y = y
out = X ¥ y
return out

def backward(self dout):
dx = dout % self y # x5 yE EHPC
dy = dout % self x

return dx  dy

()olME AAEA B0 ko yE 27|t LCL O] & Bla= =TI A2

__init
WS FXISH| 28l A A& StCt.

Forward( )| A= x@t yE Q2 Bt = 4H2 Holl A ghetotrt

(dout)Of| =T I} S| Z+= 'A = Hf

rt
rg
O
Q
™ 0
o
s
Q
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x
Ir
0
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X
oL
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rto
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Ar

IIM

J8 516 Ak 2o el
1040 200 220

3
: 11

2.2

i
Alzle e s

110

[ ]

AHH

[ 5-16]2 =T LIS LS 20| i =+ ULE

trom laver_naive import =

ch05/buy_apple.py

apple = 100
apple_num = 2

tax = 1.1
mul_apple_laver = Mullaver()
mul_tax_laver = Mullaver()

I forward
apple_price = mul_apple_laver . forward(apple, apple_num)
price = mul_tax_laver.forward({apple_price, tax)

# backward
derice = 1
dapple_price, dtax
dapple, dapple_num

mul_tax_laver . backward{derice)
mul_apele_laver . backward(dapple_price)

print{"price:”, inti{pricel)
print{"dipple: ", dapple)
print("déeple_num: ", int(dapple_num))

print{"dTax ", dtax)




A X oL eH
SECTION 05 @ X} X u}tH =7
ch05/buy_apple_orange.py
5 4 2 H Al 7:"§ . ,
e A D o . from laver_naiwve import =
chO5/layer_naive.py
class AddLayer: apple = 100
det  imit {self}: apele_num = 2
pass orange = 150
arange_num = 3
det Torward({self x_ y]: tax = 1.1
i =
(a1 N =z 4+ W # |ayer
returm ot _
mul_apple_laver = Mullaver()
] mul_orange_laver = MullLayver()
def backward(self_ dout): add_apple_orange_laver = AddLaver()
dx = dout = 1 mul_tax_laver = MullLaver()
dy = dout = 1
returm d= dy ¥ forwarn:;i
apple_price = mul_apple_laver . forward(apple, apple_num) # (1]
orange_price = mul_oranage_laver . forward{orange, orange_num) f (2]
all_price = add_apple_orange_laver . forward({apple_price, orange_price) # (3)
:gadrnm?maemqw price = mul_tax_laver.forward(all_price, tax) # (4)
IR —
L e N 200 # backward
' T . _.T\\\\ 650 715 dprice =1
- e Q dall_price, dtax = mul_tax_laver . backward(derice) # (4]
iy % 50 : dapple_price, dorange_price = add_aprple_orange_laver backward(dall_price) # (3]

5 B dorange, dorange_num = mul_orange_laver backward(dorange_price) § (2J
ol e - dapple, dapple_num = mul_apple_laver . backward({dapple_price) # (1)
[ 1.
. 630 print"erice:", intlpricel)
print("dipple:”, dapple)
print("dipple_num: ", int({dapple_num))
(18 517]2 A4 Q)= S Moo 2 PH L3 Ch3at Z et orint( dOrange: ", dorange)
print("d0range_num: ", int{dorange_num))

print("dTax:", d

tax)
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5.5 g/d3s} gt AlE #2is7|

5.5.1 ReLU A&
claz= Relu:

23 et 2 AFR | = RelU2| A1 2 CHS b LY, def __init__(self):
self . mask = None

common/layers.py

NE x>0 def forward(self, x)
o = :| [415.7] self mask = (x <= 0)
out = x.copy()

outlzelf . mask] =

[A 5.7]01| M xOf| CHBt yo| O] 22 [A 5.8) 4 & FBHCt
return out

def backward(self, dout):

1 (x =0)
é?_z } dout[self mask] =
x T |0 (x=0) [+15.8] dx = dout
return dux

3@ 5-18 RelU A== At pef=

=]
O| AE{ A HHA

i Relu S A= mask2te QIAEHA HEE T
. Y * - ¥ mask+ True/False 2 - £l E1}0| HY EE,
~a “ar R ~a O &=l xo| A 210l 0 O3}l 2l
s S 0 I QOELCHZ dA)=False 2 OJ(|C.’_H:|'

A
M
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ra

Ay
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5.5.2 Sigmoid A&

|
Y= T+expl-x) [45.9]

[Al 5912 A&t DgfZ 2 J2|H (12 s5-19]K H St

2@ 5-10 Sigmoid HSe) Ak T

£ et () e
x| “ exp |  + ] ¢ ) -
S "\-\.,\_ B .,-' ;-\-\,_\_ L .-". IL'"\-.\_ _.-'".
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5.5.2 Sigmoid A&

utt

1 CHA
[ wE = =L g oy ohe 4o) Huk
dy _ 1
T 2
=_J.|=
X o X ~, Sxp(A) o~ explx) —~, ¥
o "fau;:- ,_+_ _-'_'
! / ¥ ¥
l-" 1 .-':.I
2 THA|
x o K exp(-x} , 1+e:xp{ x}, ¥
Tx) *:.w.: ) —
’. e’ al 1 ‘} 7 e i
5 % 7
-1 .- 1
> > YHHERE AZSH= HEld

[4 5101

[&51]

x o X cexpl-x) o leexpl-x) ¥
> exp | + ) 0 —
.1- S - r .BL o i i _.-. .BL I . F .EIL
F - E v expi-x) = Ei'_} _."I = r}_} . H_
/ ay - ¥ ¥ ¥
-1 1/
C
4 THA
28 520 Sigmoid AES2] Akl JeHe
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5.5.2 Sigmoid A&

4 A
3@ 5-20 Sigmoid AES] AL Joke
X : =% o, expi-x) o leexpl-x) oo ¥
- x| | exe g L+ 1 1 3
+ oLyt —deyt -%Jr‘* ' %
-1, 1
2 exp(—x) = = y(1—y)
Y T e e T yex Y Y
B 1
x /\ Y= 1+e*
- ( sigmoid p
dL oL
—v(1 — -
ayy( y) 3y

common/layers.py

claszs sigmoid:

def

def

def

__init__t{self):
se|f.out = MNone

forwardiself, x):
out = sigmoid(x)
zelf.out = out
return out

backward(self, dout):
dx = dout » (1.0 - self.out) * self. out

return dx

IIM
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5.6 Affine/Softmax AlZ F+3i6}7|
5.6.1 Affine A&

I8 5-24 Affing ASC) A T4 < a7 RGN F2 2 B0 BHE B3 Holl 270,
()

Sy X = np.random,rand(2) # @/ X

»»» W = np.random,rand(2 3) # M2 '[i-} B (3)
»p» B = np.random.rand(3) = 59 Vi) X w..-";"“; Y .
by, 0y o P

Sy X,shape = (2)) ‘Wf /

33) W.shape & (2 3)

%) B.shape = (3,) .

o B

B ¥ = np.dot(X W) + B

W (H’u Wiz H-'u)
Way Wi Wis
O 5-23 Ho) oM St ZHEG B4 S8 URIARICE _—
11 1
X « W =0 W
(2 (2, 3) i3, Il [4514]
_l_ _|__|_ T Wiz Wx
-l

X =i x1, -, x4

al. df. al. di.

Jx ={H:ru'ﬂx1""’ﬁx,} (45351

> > HHISRE AlESHs ©eEld
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5.6.1 Affine A&
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|||le

5.6.1 Affine A&

@ 5-25 Affine HiS=| =HEa) : Mot O IR 2] SHaHHp2] e B2 S Hel 0Rhol| 27 30k

o @2)
- K (3. (3.)
0 T gy e . -
mﬁ=ﬁ.w m lt__,.-mt__.lx wp{_.-"'-l-._l Y N
(2) (33 (3.2 2.3, U oL
ﬁ/ Y
L v al (3.)
E e . ﬁ mﬁj X ={xe xp, -, x,)
2.3) (2.1 (LY : AL _{aL aL  aL
B ﬁr={ﬂxg'ﬂx1""’ﬁx,} 14615)
3L
aY
(3.
@ 5-26 ¥ Adot L=)e) SN M| tiSEHs AIHG BA 47} URIGISE 38 TS T 4 Ut
(2.)
- X
(3.)
oL v _ 9L o X-W
O Fx-W = & L " dot |
(B) (3.2 2 @% o AL
| I W aY
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5.6.2 HiX| -2 Affine AlS

8 5-27 RIS Affine S| A J2Hm
(N, 2)

{
L AL o
X~ W h-‘lm\

dlL r  dL
B jw=x"%
(2.3) (2, N)(N, 3)

g AL _ L
(3 N

IIM

3y X_dot_w = np.array([[s, 8, @] [18, 18, 18]])
sy B = marray([1, 2, 3])
w
Wy X_dot W
arrgy([[ 8, @, ],
[ 18 18 18]])
By X dot W+ B

array([[ 1. 2. 3],
[11, 12, 13]])

=T Hek 2 242fo| HIO|H (1M H| Ol &, 2 T O]
B, ..)ofl o TICt.

AT} M= 2 OO & o] JTm} 40| Hetol A0 2 OfOf ok
Ct.
e Y
Joxdv = npoarray([[1, z, 3], [4, 5, 6]])
v
array([[1, 2, 2],
[+. 5. 611}
e
3wy dB = np,sum{dyY axis=8)
2y dB

arrayl[s, 7, 2])




5.6.2 HiX| & Affine A5

I8 5-2T7 xS Affine HISS) e Qi

X
AL AL 1 \,‘ Y
E = ﬁ * “ m E, ..dnt' Y
T L] - -t
N2 (N 3032 ¥ . e
//’ Y
(N, 3)

dl. r  db
B Sw=X"3%
(2.3) (2, N)(N.3)

E

g 2L _ oL | .
(3 (N3

dl

SECTION 05 X} X mjtH

clazs Affine:

def

def

def

__init__t{self, W, b):
se|f W I
sel|f. b b

self.x = Mone
self.original _x_shape = Mone

# M=EaAlet JEF OHoHH =2 O =
sel|f . dl = Mone
self.db = Hone

forwardi{self, x):

# M s
se|lf.original_x_shape = x.shape
% = x.reshape(x.shapel0], -1)
self.x = %

out = np.dotiself x, self W) + self.b
return out

backward(self, dout):

dx = np.dot{dout, self.W.T)
self.df = np.dotiself.x. T, dout)
self.db = np.sum(dout, axis=0)

dx = dx.reshapel*self.original_x_shape)
return dx
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5.6.3 Softmax-with-Loss A&
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A.1l Softmax-with-Loss A =: &= 1}
exp(as)
k="r
Eexp (a;)
i=l
T8 A-2 Softmax AIEC| Al TIHI(EFI)
S
I
— exp(al)'fexlp(aalwxp(an) 3
Y 2 J
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A.2 Softmax-with-Loss A=: &M}

o ofimol Z72} 5 (02 A—410) 71 Q25 ofEnlo| 22 1 QILIEH 5y =10|22),
o'’ EO| S AT} Alo] QIRS0) ZHS M= EIR* AR jsol Sokn 5iRE SRLIC
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12 A-4 Cross Entropy Error AI52| |40}
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“__:ilog/‘____; %
ST S

Y > logy, =

] log >

tilogy, +t:logys+tylogys = !
f 3 e o

-1 ==




SECTION 05 X} X i}

A.2 Softmax-with-Loss A=: &M}

|||le
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A.2 Softmax-with-Loss A=: &M}
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A.2 Softmax-with-Loss A=: &M}
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5.6.3 Softmax-with-Loss A&
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5.6.3 Softmax-with-Loss A&

% A-5 Softmax—with—Loss HE2| At 224
Softmax A& Cross Entropy Error #Z

tlog y +nlog v« 1; log I N L
AR A |

= 1
-




clazs SoftmaxWithlLoss:
__init__(=self):
self. loss

forward(self, x,

zel|f . loss

return self. loss

return dx

common/layers.py

SECTION 05 X} X mjtH

5.6.3 Softmax-with-Loss A%

Al =SF

Mone # fo & &=
# softmax
# HY

th:

o =
0l =

softmax(x)
cross_entropyv_erroriself. .y, self. t)

backward(self, dout=1):
batch_size
it self.t.size

dx = (self.v - self.t) / batch_size

self.t.shapel[0]

se|lf.v.size:

self. v, copy()
dx[np.arangelbatch_size), self.t] —= 1
dx / batch_size

HQJ

Softmax-with-Loss A& 2| A4t 2=

A
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5.7.2 LAYT LY S HEoh M P FHH5L

¥ 51 TwolayerNet SciA2] pIARA B
PLAELA B e
FErams SMu] Hed, LIRS iifiHeE 28
params{W12 18im &=| 78] params{bi2 184w S| &e
parama{ W2k 28W £2| 7i87] params[b2= 2 S2 T8

layers SM7} = EMHE] BE MR HSE B
layers Affinai’]. layers Relul ] layerd Affina?]et 201 ZHHISS &
Moz S|

lastl ayer L2 ot HE

0] M= SoftmaxWithLoss HIS

|||le

# 52 TwolayerMet S5 HM=

= ue
_init_{self. input_siFe hidden_ 7|84 4}
size, output_size, weight_ini_ P WHMTE RS 52 4, 2UE W 4 B32S B 4 718
std) 78} 4| EELD o) AR
predictiself, x) HSHEEIE +8ert.
214 %= 0JOx| HIE
lossiself. x 1 £l o) 2B Tt
Pi4 x= 0ol HOIEL = 2 ok
accuracyised, « 1) HEs=S ST
numerical_gradianiisef, x_ 1) TEEE 7S] 7 B2 IR X D WAlO S JIScHor iy S

pradianisalf, ». 1) FHEX| DiP S 7E7 1§ SRR O 8 At




ch05/two_layer_net.py
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imeort svs, os

sys.path.appendios.pardir) # F2 ClEHZE IEE MMHE = U= &4
Import numey as np

from common. lavers mport #

from common.gradient Tmport numerical _aradient

from collections import OrderedDict

pl Iy

clazs TwolaverMet:

def __init__{self, input_size, hidden_size, output_size, weight_init_std = 0.01):
# 2t=Ex =2 =
self.params = 1}
N weight_init_std * np.random.randnfinput_size, hidden_size)
' np.zerosChidden_size)
' weight_init_std * np.random.randnf{hidden_size, output_size)
' np.zeros{output_size)

1
sel|lf.params[ "W
self. params['bl
self. params[ W2
self . params['b?

#AE A4

]
]
]
]

sel|f.lavers = OrderedDict()

self. lavers['Affinel'] = Affinel(zelf.params['W1'], self.params['b1'])
self. lavers['Eelul'] = Relul)

self.lavers['&ffine?'] = &ffine(self.params['W2'], self.params['b2'])

sel|f.lastlaver = SoftmaxWithloss()
def predict(self, =)
for layer in self. lavers.values():
wx = layer . forward{x)

return x




#x 0 @2 OOy, £t #HY Mol =
def loss(self, x, t):
v = self.predictix)
return self. lastlaver . forward(y, t)

gp

def accuracwy(self, x, t):
v = self.predictix)
v = np.argmax(y, axis=1)
if t.ndim '= 1 £t = np.argmax(t, axis=1)
accuracy = np.sumiy == t) / floatl(x. shapel[0])

return accuracy

#ox 0 ®HE dolgy, t 0 HY Mo S
def numerical_gradientiself, =, t):

loss_W = lambda W self.loss(x, t)

grads = {}

grads['W1'] = numerical_gradient{loss_W, self.params['W1'])
grads['b1'] = numerical _gradient(loss_W, self.params['b1'])
grads['W2'] = numerical_gradient{loss_W, self.params['W2']1)
grads['b2'] = numerical_gradient{loss_W, self.params['b2']1)

return grads

def gradient(self, x, t):
#f forward
self.loss(x, t)

#f backward
dout = 1
dout = self.lastlaver.backward{dout)

layers = |ist(self. lavers.values{))
lavers . reversel )
for laver in lavers:

dout = laver.backward(dout)

# 20 AE
grads = {}
grads[ "W '], grads['b1"]
grads['W2'], arads['b2']

self. lavers['Affinel'].dW, self.lavers['&ffinel'] . db
self. lavers["Affine?2'] . dW, self. lavers['Affine?'] . db

> > BHESH AIHSL return grads
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=— L_ gradient check

import sws, oS

sys . path.appendlios . pardir) f F2 ClEg2e MEE MHE & 325 &4
import o numey as np

from dataset.mnist imeort load_mnist

from two_laver_net import TwolaverNet

#oalolye &2
(x_train, t_train), (x_test, t_test) = load_mnistinormalize=Trus, one_hot_label=True)

network = TwolaverMet(input_size=784, hidden_size=50, output_size=10)

w_batch = %x_train[:3]
t_batch = t_trainl[:3]
grad_numerical = network numerical_gradient(x_katch, t_batch)

arad_backprop = network.aradient(x_batch, t_batch)

# 2 JtERe B 22 BEoaE ST
for key in grad_numerical . kews{):

diff = np.averagel np.abs(grad_backproplkey] - grad_numericallkey]) )
printikey + "0 + stridiff))




SECTION 05 @ X} M i}t
5.7.4 LAYHIIH S AtETH atE 7367
import svs, os
sys.path . append{os . pardir)
import numpy 25 np
from dataset.mnist import load_mnist
from two_laver_net import TwolaverNet
# Oy &2
(x_train, t_train), (x_test, ft_test) = load_mnistinormalize=lrues, one_hot_label=True)

network = TwolaverMet(input_size=784, hidden_size=50, output_size=10)

iters_num = 10000

train_size = x_train.shapel[0]
batch_size = 100
learning_rate 0.1

I

train_loss_list = []
train_acc_list = []
test_acc_list = []
citer_num=[]

iter_per_epoch = max{train_size / batch_size,

1)

gp
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rot
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Teiot7|

for 1 in rangeliters_num):
batch_mask = np.random.choice(train_size, batch_size)
x_batch = x_train[batch_mask]
t_batch = t_trainlbatch_mask]

2= A

farad = network.numerical_gradient(x_batch, t_batch) # =
grad = network.gradient{x_batch, t_batch) # =% HIH
#oA
for key in (WY, kT, TWRY, ThE )

network . params[key] —-= learning_rate *» gradlkey]

loss = network. loss(x_batch, t_batch)
train_loss_list.append( loss)

T & iter_per_epoch ==
train_acc = network.accuracv(x_train, t_ftrain)
test_acc = network.accuracvix_test, f_ftest)
train_acc_list.append(train_acc)
test_acc_list.appenditest_acc)
siter_num.append(i)
printi,train_acc, test_acc)

import matplotlib.pyplot as plt
plt.plot(iter_num,train_acc_list, label="train")
plt.plot(iter_num,test_acc_list, label="fest")
plt. legend()

plt . show( )
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4.9.1 sklearn?| 7| =X} G| 0| E{ All

m[ZE0F 4-3]

o272 4-3 sklearn 27| =X} H|0|E{0f| CIS THEE HE

nlojHo = Ate=

ASKIS.....

samae HE prorTaD!

01
02
03
04
05
06
o7
08

09
10
11

12
13
14
15
16
17
18

from sklearn import datasets

from sklearn.neural_network import MLPClassifier

from sklearn.model_selection import train_test_split

import numpy as np

# HO|EMIZ Y1 =3 T HAE Zgo= 2%

digit=datasets.load_digitsO
x_train,x_test,y_train,y_test=train_test_split(digit.data,digit.target,train_
size=0.6)

#MLP 257| 22 85
mlp=MLPClassifier(hidden_layer_sizes=(100),learning_rate_init=0.001,batch_
size=32,max_iter=300,solver="sod’,verbose=True)

mlp.fit(x_train,y_train)

res=mlp.predict(x_test) # E|AE ZSOZ 0

I

*# ES YE
conf=np.zeros((10,10))
for 1 in range(len(res)):




4.9.1 sklearn?| 7| =X} G| 0| E{ All

19
20
21
22
23
24
25
26
27

conflres[ill[y_test[il]+=1
print(conf)

# HEE A
no_correct=0
for 1 in range(10):
no_correct+=conf[1][i]
accuracy=no_correct/len(res)
print("HIAE g0 Cist Y=HES2 ", accuracy*100, "%LICt.")




4.9.1 sklearn?| 7| =X} G| 0| E{ All

e
| *El ‘2;'{! 7E:|J_|_|' Iteration 1, loss = 1.93427517
. 7g§|_§ 97 Z%Ekl [E Iteration 2, loss = 0.32451464
EEILEH 3 6 Ol Iteration 3, loss = 0.20142691
D 'O 1= ol = Iteration 4, loss = 0.14313824

SVM(98.7%) 2Lt €&

ot (=T 4-219 Tteration 40, loss = 0.01163957
I E £(93.8%) 2 L} Iteration 41, loss = 0.01127886
T

Iteration 80, loss = 0.008538125
Iteration 81, loss = 0.00538663

Iteration 107, loss = 0.00405861
Iteration 108, loss = 0.00402524
Iteration 109, loss = 0.00397349
Training loss did not improve more than tol=0.00010@ for 10 consecutive epochs. Stopping.

([73. 0. 0. 0. 0. 8. 0. 0. 0. 0.]
[0-69- 1. 0- 1. 0. 1. 0. 1. 0.]
[0. 0.70. 1. 0. 0. 0. 0. 0. 0.]
[0. @. B.67. 0. 0. 8. B. 1. 3.]
[1. 6. 8. ©.7/. 8. 1. 8. 0. 0.]
[1. 0. 0. 0. 0.64. 1. 0. 0. 1.]
[0. 0. 0. 0. 0. 0.67. 0. 0. 0.]
[6. 0. 0. 1. ©- 1. 0.83- 0. 0.]
[0. 2. 0. 0. @. 0. 0. 1.58. 0.1
[0. . 0. 1. 0. 0. 0. 0. 0. 71.7]
HAE 2ol et ¥=&= 97.2183588317107%LICT.
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B [Z20Y 4-4]

[ERIY 430 0

Sl

09~10%: @ 62 XtE T&,
=

12 AHS HAER

sHa

of7|

e MNIST HIO|EAS C}E HUEROR Q1A

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

from sklearn.datasets import fetch_openml
from sklearn.neural_network import MLPClassifier

import matplotlib.pyplot as plt
82: [0,255] IS [0,1] &

import numpy as np

# MNIST HiO|H4E $ #34H gL HAE HE
mnist=fetch_openml(‘mnist 784")
mnist.data=mnist.datas255.0

¥X_train-mnist.data[:60000]; x_test=mnist.data[60000:]
y_train=np.int16(mnist.target[:60000]); y_test=np.int16(mnist.target[60000:])

#MLP 2577 228 o5
mlp=MLPClassifier(hidden_layer_sizes=(100),learning_rate_init=0.001,batch_
size=512,max_iter=300,so0lver="adam’ ,verbose=True)

mlp.fit(x_train,y_train)

# HAE ATtoz @2

res=mlp.predict(x_test)

¥ ES #H
conf=np.zeros((10,10),dtype=np.int16)
for i in range(len(res)):

conflres[i]I[y_test[i]]+=1
print(conf)

¥ HEE Al
no_correct=0
for 1 in range(1@):
no_correct+=conf[il[i]
accuracy=no_correct/len(res)
print("HIAE g0l thFt H&E2", accuracy+100, "*YLCt.”)

&

g
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m AW AN 9778% YHES Y3

Iteration 1, loss = 8.61803286
Iteration 2, loss = 0.26101832
Iteration 3, loss = 0.20624874
Iteration 4, loss = 0.17280300

Iteration 82, loss = 0.00074115
Iteration 83, loss = 0.00072676
Iteration 84, loss = 0.00067264
Iteration 85, loss = 0.00065032
Training loss did not improve more than tol=0.000100 for 10 consecutive epochs.

Stopping.

[[ 970 0 4 0 0 1 4 0 4 1]
[ 6@ 1124 P 4] @ @ P 4 1 3]
[ 1 3 1802 b 3 ] 1 10 4 a1
[ @ 1 6 988 2 1@ 1 1 6 5]
[ 1 0 2 2 964 2 4 3 7 9]
[ 1 1 ] 3 0 863 3 4] 4 3]
L 2 2 P 4] 2 T 942 4] G 11
[ 1 1 5 5 3 2 0 1003 3 6]
[ 3 3 8 3 1 4 1 3 947 11
[ 1 0 1 3 7 3 0 4 3 98011
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HEES 97.78%YL|Ct.
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print("SGD AH=E2",dmlp_sgd.evaluate(x_test,y_test,verbose=0)[1]+100) )

res_sgd=dmlp_mse.evaluate(x_test,y_test,verbose=0)
print("HIANSZAtC| HE2",res_sgd[1]*100) @
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