Projects in Mathematics and Applications

NEURAL NETWORK

Hoang Qubc Thai * "Nguyén Nhat Minh Khoi
Tran Gia Phong ¥ 3Phan Thi My Linh

Ngay 26 thang 8 nim 2018

* University of Washington

1 Truong THPT Chuyén Hoang Lé Kha
1 Trudng Phd thong Ning Khiéu

§ Truong THPT Gia Dinh



LOi cam on

Xin chan thanh cadm on cdc anh chi trong Ban t6 chiic cla Trai he Toan Khoa hoc PiIMA da
hé tro nhdm trong sudt qua trinh hoan thanh du dn. Bén canh dd, xin cdm on 2 nha tai tro
chinh 1a Truong Dai hoc Khoa Hoc Tu Nhién BPHQG-HCM va Trung tam Gido duc TITAN
Education da ludn Gng hd va déng hanh cling PIMA trong subt nhiing ngay trai vira qua.

Tom tat ndi dung

Mang Neuron nhan tao (Artificial Neural Network - ANN) 1a m6é hinh x(t ly théng tin dugc md
phong theo hé théng neuron trong bd ndo con ngudi, bao gém sb luong 16n cac neuron duoc
gan két dé xtr ly thong tin. ANN gibng nhu bd ndo con ngudi, dudc hoc bsi kinh nghiém théng
qua huln luyén, cé kha nang luu git nhiing kinh nghiém dé va st dung nhiing né trong viéc du
doan cdac dit lieu chua biét.

Tai liéu dudi day sé gidi thiéu vé Hé thdng Neural Network,cu thé 1a Multi Layer Perceptron,
cach hoat déng ciing nhu mot sbé cdch cai tién.



Muc luc

(=)

Dat van dé

Perceptron

2.1 Perceptron . . . . .
2.2 Weightsva Bias . . . . . . ..
Multi Layers Perceptron (MLP)

3.1 Layers . ..o
3.2 Units (Nodes) . . . . . . . . . .
3.3 Activation Function . . . . ...
3.4 Cost Function (Loss Function) . . . . . . . . ...
3.5 Gradient Descent . . . . . . ..
3.6 Backpropagation . . . . . .
T6i uu héa (Optimization)

4.1 Dung sém (Early Stopping) . . . . . . . . ...
42 SinhdbliBu. . . . .
4.3 Mini-batch Gradient Descent . . . . . . . . ...
4.4 L1, L2 Regularization: . . . . . . . . .
4.5 Dropout . . . ..o
4.6 Cross Entropy Loss Function . . . . . . ...
Cach hoat dong ciia Classification Neural Network:

Ap dung mé hinh

Két luan danh gia



D3t van dé |

1 Dat van dé

Khi nhin vao mét biic anh chup cac ki tu todn hoc, ta nhan ra duoc ki hiéu trong bic anh la gi
mot cach dé dang. Thé nhung, ching ta lai thudng khéng thé tu ly gidi duoc ly do ching ta
nghi hinh anh dé 1a ki hiéu toan hoc ma lai khdng phai 1a nhitng vat khac? Cé thé giai thich
rang, phai cé moét diém dic trung gitp ta nhin nhan nhiing ki hiéu nay.

Xét géc nhin tir mdy tinh, néu cé thé tim ra nhiing diém dic trung cia mét vat, thi mdy tinh
ciing c6 thé phan loai duoc cac su vat. Ngudi ta goi viéc tim ra nhiing diém dic trung nay dé
phan loai la Mang Neuron dung dé phan loai hay Classification Neural Network.

2 Perceptron

2.1 Perceptron

Mang neuron nhan tao duoc tao nén tir nhiéu neuron don 1é, goi la Perceptron. Cau tao cla
perceptron dugc md phong theo neuron sinh hoc trong bd ndo con ngudi. Mdt neuron cé thé
nhan cdc dit lieu vao (Input), xir ly ching va cho ra mét két qua (Output).

xlw\
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Inputs X, 2_) Output
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X3
(Perceptron)

Tuong tu nhu hinh v&, mdt perceptron sé nhan nhiéu input 13 x1, xo, X3, ... (0 hodc 1) va xuat
ra két qua output 12 0 hodc 1. Qud trinh xuat ra output dugc quyét dinh bdi input, cac trong
s6 (weight) va cédc do lech (bias).

2.2 Weights va Bias

o Trong sb (weight, ki hiéu: w): La thanh phan thé hién muc dd quan trong cla di liéu
dau vao dbi v6i qua trinh xi ly théng tin va muic dé quan trong cla layer trudc so Vi
layer sau.

o Do léch (Bias, ki hiéu: b): La modt ngudng gid tri quyét dinh két qua dau ra.

Output sé dugc tinh don gian nhu sau:
0,if) wixi+b<0
i

1if) wixi+b>0
i
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3 Multi Layers Perceptron (MLP)

3.1 Layers

ANN duoc ciu tao tir nhiéu tang perceptron (multilayer perceptron), bao gém 3 tang chinh:
Input layer, Hidden layers va Output layer. Trong dd, chi c6 duy nhat 1 Input layer va 1 Output
layer nhung cé thé c6 nhiéu Hidden layers.

S6 lugng layer (ki hiéu: L) duoc tinh bang téng sb hidden layers va output layer, ta khéng tinh
input layers.

AN
ototo}o
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_. .‘ output layer
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hidden layer 1 hidden layer 2
(Neural Net)

Trong MLP, dau vao cta layer n chinh 1a dau ra cla layer n - 1. BGi vay, ta sé c6 két qua cudi
cuing 1a mét gia tri phic tap duoc xay dung dua trén két qua cua tat ca cac layers. Chinh vi
thé, dbéi véi nhitng bd dir liéu don gidn thi chi can st dung mot sb luong nhd layer |3 cé thé
giai quyét. Nhung dbéi véi nhiing bo dir liéu phiic tap nhu: time-series hodc computer vision thi
viéc c6 nhiéu layer sé gitip mdy hoc chi tiét va hiéu qua hon.

Tuy nhién, viéc cé qud nhiéu layers sé khién cho mang neuron khé huan luyén. Vi khi hoc qua
chi tiét sé dan téi viec mdy hoc vet ca nhiing chi tiét khdng can thiét, din dén lam giam do
chinh xdc cla thuat todn. Hién tuong nay la overfit, sé duoc dé cap & phan 4.1.

3.2 Units (Nodes)

M6t node hinh tron trong mét layer dugc goi 1a mot unit. Dau vao cla cdc hidden layer ducc
ky hiéu la z, dau ra dugc ki hiéu la a (gid tri sau khi da dp dung ham activation Ién z). Dau
vao cla unit thi i trong layer | dugc ki hiéu la z,-’. Tuong tu, dau ra duoc ki hiéu 1a a,’-.

DAau ra cla unit dugc tinh nhu sau:

1 _ 100 4 1
Zk _Zij aj + by
J

(k: unit tha k o layer I; j: unit thi j & layer | - 1)
Dau ra cllia mét layer duoc tinh nhu sau:

2 — wla 11 p

2



Multi Layers Perceptron (MLP)

3.3 Activation Function

Perceptron chi ¢6 hai gia tri 13 0 va 1. Trong khi d6, thuc té két qua du doan khoéng chi c6 0
va 1, vi do chinh xdc chi mang tinh tuong déi. Do dé, can moét ham dé biéu dién két qua mot
cach chinh xac hon.

Cé nhiéu ham activation nhu Sigmoid, ReLU va nhiéu ham khac.

e Sigmoid.

1.0 ————————

o8rF /
/

0.6 H

(Sigmoid)

Cdng thic cta ham Sigmoid:

1

a=0(2)=1=

Sigmoid [a mdt ham phi tuyén tinh. Théng qua nd, gid tri dau vao va dau ra thay vi chi
13 0 hodc 1 sé tré thanh mot giad tri nam trong khodng tir 0 dén 1. Hon nita, né cé dao
ham kha dep.

Tuy nhién, mét nhuoc diém dé nhan thiy 13 khi dau vao c¢é tri tuyét déi I6n (rat am
hoac rat duong), gradient cia ham sb nay sé rat gan véi 0. Diéu nay déng nghia véi
viéc cdc hé sbd tuong ting vdi unit dang xét sé gan nhu khong duoc cap nhat, day goi la
hién tuong Vanshing Gradient. Do d6, thuong ham Sigmoid chi duoc st dung & layer cubi.

* ReLU (Rectified Linear Unit)
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Hién nay ham activation phé bién hon chinh 13 ham RelU, cé dang:

f(x) = max(0, x)
Khéng nhu ham Sigmoid, RelLU khéng gap hién tugng Vanishing Gradient vi dao ham
clia ham ReLU la mét hang s6. Ngoai ra, mot tinh chat dic biét quan trong dé gidi thich
su phd bién cta ham ReLU chinh 13 khd nang “lam thua” mang neuron cla RelLU: vi khi
dau vao bé hon 0, output clia ham RelLU Ia 0, hay neuron dé coi nhu khéng hoat déng.
Tinh chat thua thét cla mang neural gitip mé hinh hoat déng nhanh va hiéu qua hon.

Ny sinh mét cau hoi Tai sao phai st dung cdc ham activation phi tuyén tinh ?

Ta biét, 8 mdi unit cla layer nao dé, ta nhan vector dau vao, sau dé bién déi dé trd vé mot
gia tri dau ra.

Khi khong st dung ham activation thi:

2= wis0 4 pl
22— 2l 4 p2
— W2(W120 + bl) 4 b2
— w2wlZ0 4+ w2p! 4 p2
W = 2.1
o (W=
B=wb +b
Ta c6: z2 = Wz% + B (ham tuyén tinh)
Tu dé théy rang, khi khéng duing ham activation moi layer sau luén 13 két qua clia mét té hop
tuyén tinh cla layer truéc. Do dé két qua trd vé 13 modt ham tuyén tinh 13 siéu phang phan
chia khéng gian R" thanh 2 khdng gian con. Vay nén chi gidi dugc nhitng bai todn phéan loai

don gian. Dé giai quyét nhiing bai toan phuc tap thi ta can mdt ham phi tuyén tinh dé phd vé
tuyén tinh, tao phi tuyén. D6 13 ly do ta st dung ham activation.

3.4 Cost Function (Loss Function)

Khi ta cho mét mau X vao dé “huln luyén” mang neuron, goi yy la két qua du doan va y; E

két qua thuc té. Khi d6, thong qua Cost Function ta nhan duoc Loss Value la Cy thé hién do
.~ ! N - M ! N A~ 2. N A~ .z . N A

chénh léch gilta y, va yyx (Luu y rang y, va yx khong phai la mot gid tri thuc 1a mét vector

thudc R trong khi Cx ma la mét gid tri thuc).
Cé nhiéu loai Cost Function dugc sir dung, mét sb loai théng dung la:

e Mean Squared Error (MSE):

1 /
C==Y llv—w |
2” ~ || .yX yX ||

e Cross Entropy (CE):

CE — _% Z [y;/n(yx) +(1 —y;)/”(l _yX)}

X
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Cost Function c6 nhiing tinh chit dic trung sau:
o Ham luén trd vé gia tri thuc khéng am.
o Khi do léch gitia y)'( Va yx cang giam, gia tri cta C cang tién gan 0.

Mean Squared Error thuc chat Ia trung binh cong clia binh phuong khoadng cach cla cac vector
Yy Va y;, biéu dién cho do léch gita két qua chuan va két qua do ta huan luyén. Cross-Entropy
Loss tuy tuong dbi phtic tap nhung ta ciing cé thé chiing minh ducgc ham dé ciing thoéa hai
diéu kién trén. Vai trd clia ham Cross-Entropy sé dudc hiéu sau hon khi duoc dp dung trong
Backpropagation ma ta sé dé cap.

Cost Function déng vai tro to 16n trong viéc “huin luyén” mang neural. Muc dich cla viéc
“huln luyén” chinh I3 cuc ti€u héa Loss Value C théng qua diéu chinh gid tri clia cidc weight
va bias trong mang neural. Tuy theo Cost Function ma ta sl dung, ta cé thé biét duoc C sé
thay déi nhu thé nao sau khi ta diéu chinh weight va bias. D6 1a diém mau chét cla thuat
toan Gradient Descent.

3.5 Gradient Descent

Gradient Descent 1a mét thuat todn tim diém cuc tri cia ham kha vi tir R” dén R. Y tudng
cla thuat todn la di nguoc huéng clia dao ham thi sé t6i duoc diém cuc ti€u nhu mot vién bi
trong khéng gian n chiéu “lan xudng” ddy thung liing. Trong trudng hop Neural Network, ta
cap nhat cac bién Weight va Bias sao cho Loss Value gidm di nhiéu nhat. Vé co ban, ta thuc
hién cac budc sau:

o Buéc 1: Feedforward training data, cé duoc Loss Value C la trung binh cong cla tat ca
Loss Value C, clia cac mau thu.

C C
e Budc 2: Tinh —6 ; va 8_/
aij ij

e Budc 3: Cap nhat weights va biases:

e 6C
b= wh - —
J J 8V\/J-/k
ocC
I« _ 4l
4 =t-n oy

o Buéc 4: Lap lai tir buéc 1 cho dén khi hudn luyén xong.

Ki hiéu m 1a mét sb thuc duong va duoc goi la tdc dé hoc. m cang nhéd, neural network hoc
cang cham do cac weight va bias cap nhat cham. Nhung khi m qua I6n, Loss Value dang |é
phai hdi tu vé cuc tiéu thi cé thé phan ki va may khéng thé hoc duaoc, cé thé vi nhu vién bi
“lan xubng” qua nhanh dan tdi 1an vuot qua ddy thung liing. Do dé viéc xdc dinh va diéu chinh
gid tri cla m cling quan trong dé mang luéi cé thé hoc duoc va hoc hiéu qua.

5



Toi uu héa (Optimization)

3.6 Backpropagation
Truéc hét, ta dinh nghia:

oC
5l ===
J azjl

(6J’- la error cua neural thir j cua layer |)

Ta c6 bdn coéng thiic co ban cla phuong phap Backpropagation:

ot = vaC(Da/(zL) (BP1)
5/ — ((W/+1)T6/+1> @O',(Z/) (BPZ)
oC
— =4 (BP3)
I
ob; J
oC 115/
— =a, 0, (BP4)
ow/, ko ™

(L la layer cudi, | 1a layer bat ki)

Ca 4 dang thtc trén déu cé thé chiing minh dua trén nguyén tic mat xich (Chain Rule).
Ta c6 thé cap nhat Gradient Descent theo cac budc sau day:

e Dua vao cdng thiic ctia Cost Function, ta c6 thé dé dang tinh duoc s7,C 1a dao ham
. N 4 L. . . 2 ., / N ,
riéng cta C dbi véi activation a qua dang thic (BP1), o (z) =0(z) - (1 —0(z)). Tu dé
ta tinh duoc error clia cdc neuron I6p cudi cling.

e Qua dang thtc (BP2), ta c6 thé tinh dugc error clia mdi neuron trén mot I6p khi da cé
error clia tit ca cac neuron cla I6p lién sau. Qua dé ta cé thé tinh duoc error cla tat ca
neuron trong mang neuron (ta cé thé tudng tuong cac gia tri error lan truyén ngugc lai
tir layer cudi lén qua cdc weight va do ciing 1a ngudn gbc cua tén “Backpropagation™).

o Cubi cling, qua dang thic (BP3) va (BP4), ta cé thé tinh duoc dao ham riéng clia Loss
Value dbi véi tiing weight va bias.

4 T6i vu héa (Optimization)

Khi cho may hoc, mdt van dé goi la Overfitting xuat hién. Overfitting |a mot hién tuong hay
xay ra khi may hoc qua hiéu qud, dan téi “hoc vet”, tic 1a dd chinh xdc clia may khi dau
vao la Training Set 13 rat cao, nhung khi cho Test Data lam dau vao thi dd chinh xac lai
thap. Nguyén nhan dan dén sai léch 1a do mdy hoc hét tit ca, bao gdbm nhung sai s cla
data (noise). Muc dich cla tbi uu héa chinh 1a gidm thi€u van dé nay, ngoai ra ciing dé ting
tbc do va gidm ganh nang bd nhé cho may. Nhin chung, ta cé hai phuong huéng dé téi uu
héa: cai thién bo dir liéu (sinh di liéu, tim thém di liéu,...) va cai tién thuat toan ( L1, L2
Regularization, Dung sém, Dropout,...).

6



Toi uu héa (Optimization)

4.1 Dimg sém (Early Stopping)

O phuong phap nay, ta sé tach riéng mot phan nhd tur training data thanh mot phan goi 1a
Validation Data. Sau mdi epoch (mot Ian train hét toan bd Training Data), ta sé do dd chinh
xac cla neural network khi cho vao Validation data. Khi dé chinh xac dé dan dan khéng con
tang dang k€& nira thi ta cho diing qua trinh “huln luyén” dé tranh Overfitting.

4.2 Sinh du liéu

Trong truong hop khéng du di liéu dé “huln luyén” neural network, ta cé thé tao ra data méi
dua trén cac data sdn cé bang cach bién déi ching khong dang ké. Vi du nhu véi mét tAm
anh, ta c6 thé xoay, kéo dan hay dich né mét it. Hon nita, nhiing phép bién déi nhu thé con
tai hién lai cho sai sb, hay "noise” ngoai thuc tién.

4.3 Mini-batch Gradient Descent

Diém khdc biét & day la thay vi trong Gradient Descent truyén théng ta truyén toan bé training
set vao cho may hoc trudc khi xir ly, & day ta sé chia training set thanh nhiéu m3u nhd hon goi
I3 mini-batch c¢6 s mau thtr gan gidng nhau. O trudng hop sb luong mau thr méi batch 13 1
thi ta goi day la Stochastic Gradient Descent. Phuong phap nay gidm ganh ndng vé bé nhé vi
cac mau thi da duoc chia nhé.

o o
a ) ' \
) o o g

N e ® o \0\,

/,lll . .\\\\\
o. ° e o g T o”\
\\ ° [e] ° /,’ o\)/

iteration 1 iteration 2 iteration 3 iteration 4

4.4 L1, L2 Regularization:
A
Ci=Co+=) |wl
n w

A 2
C2—CO+%;W

Trong d6 Cg la Loss Function ban dau nhu MSE hay Cross Entropy, C; va C» lan luct 13 gia
tri cla loss function sau khi qua L1, L2 Regularization. D3c diém clia ca hai phuong phap nay
la ching déu giam di do tang cla weight trong méi lan cap nhat. L1 thi giam di mét luong la
hang sb duong, trong khi L2 gidm di mot luong ti 1& thuan véi do 16n clia weight dang xét. Ca

7



Cach hoat dong cua Classification Neural Network:

hai déu c6 tac dung lam “tiéu bién” weight, gitip gidm di tinh quan trong cac chi tiét sai s6 nho.

4.5 Dropout

Truéc mbi lan feedforward, ta vé hiéu héa mot s6 neuron ngdu nhién trong cdc hidden layers
(xem nhu cdc weight lién két t6i ching khong ton tai). Sau khi feedforward, ta backpropagate.
Sau dé, tiép tuc thir vd hiéu héa mot té6 hop neuron ngdu nhién khac rdi lai feedforward,
backpropagate. Lap lai qua trinh trén nhiéu 1an. C6 thé néi rang, mdi 1an ta vo hiéu héa mot
sb neuron bat Ki, ta dugc cdc mang neuron khac nhau. Cdc mang nay cé thé gap tinh trang
overfit theo nhiing cach khic nhau nhung cudi cung khi héi phuc cac neuron, cac tinh trang
overfit dé cé thé trung hoa cho nhau.

(a) Standard Neural Net (b) After applying dropout.

4.6 Cross Entropy Loss Function

Ta da ting dé cap dén ham nay trudc day. Diéu khién cho Loss Function nay tré nén théng
dung chinh 13 tinh chit dic biét cta né: output cang léch so v6i nhan thi Gradient cang 16n,
cap nhat cang nhanh, téc dd hdi tu cang cao. Ta cé thé ly gidi diéu nay bang céch tinh error
clia layer cudi va dé y rang error ndy chinh bang do Iéch gifta output va target ma khoéng phu
thudc vao dao ham ctia ham Sigmoid. Error nay backpropagate ca mang neuron nén ciing tang
gid tri error tat cad neuron trong ca mang ludi so vdi khi st dung MSE, tir d6 tang gradient clia
Cost Function, gitp ta cap nhat weight va bias nhanh hon.

5 Cach hoat déng cua Classification Neural Net-
work:

Vé ban chat, qua trinh hoat déng clia mot Classification Neural Network st dung thuat todn
Backpropagation nhu sau:

e Budc 1: Chuan bi di liéu:

8



Ap dung mé hinh | 9

— Ta chia dii lieu thanh 2 phan chinh: D liéu huin luyén (Training Data) va Di liéu
kiém tra (Test Data).

— Mai dit liéu ta phai dan ding nhan cla né.
— Cac dang dir liéu thuong st dung: csv, jpg,. . .

e Buéc 2: Doc dir liéu va dua né vé dang vector

o Budc 3: Di tir layer 1 dén layer cubi (Feedforward):

- a =o(Z)

(z, a, b lan luot la weighted input, activation, va bias cia cdc neurons tai Iop ctia nd)

e Budc 4: Backpropagation:
— Tinh error clia cic neurons layer cubi bang (BP1)
— Tinh error clia cac layers trudc dé khi biét error cla layer lién sau bang (BP2).

— Dua vao cac error tinh dugc cac dao ham riéng cliia Loss Value vdi biases va weights
theo (BP3) va (BP4).

e Budc 5: Dung Gradient Descent dé cap nhat cic weights va biases dua theo cdc dao
ham riéng vua tinh.

— VVJ/k = VVJ//( -n- (a;(—l . 61/)

Cp— sl
bj=b ?76J-

6 Ap dung mé hinh

D& minh hoa co ché hoat dong cllia mot Classification Neural Network, trong trudng hop dudi
day, ta sé dat né vao mdét md hinh cu thé: M6 hinh phan loai ki tu toan hoc viét tay (Hand
Written Math Symbol Classification).

D& don gidn hod van dé, mo hinh dudi day sé phan loai 5 ki tu thudng xuat hién: a, 3, 00,0,
(trich tir ngudn dir lieu 6 www.kaggle.com).
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alpha_13432jpg  alpha_13437jpg  alpha_13531jpg beta_14530jpg  beta_145%jpg  beta_14703jpg exp1Ds64jpg exp10S66jpg p105%.jpg
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clpha_14587jpg  alpha_145%4jpg  alpha_14600 jpg beto_15829jpg  beta 15837jpg  beta_15840jpg e@l2512jpg exp12602jpg exp12608ipg

alpha beta infinity
v 70 T g o

ep3045pg ep3052jpg exp5083,jpg op9iT3jpg opdT6jpg opI078jpg
exp3501jpg exp3563jpg exp5608.jpg ep9355,pg ep9396,pg ©p9399,pg

™ ™ A b b

&pi034jpg expBd6 pg xp6103.jpg xp9651ipg p9654jpg P93 jpg

Pi Theta
- SAMPLE DATA -

Quy trinh huin luyén b3t dau bang viéc doc dit liéu. Trong md hinh dudi day, ta dua 15000
biic anh véi kich thudc 45 x 45 cla 5 ki tu trén vé dang cdc vector 45 x 45 = 2025 chiéu. Dé
lam duoc diéu nay, ta sé trich ddn dudng dan téi thu muc chtia cac bic anh.

directory list = []
foldername="D:/Khoi/[PiMA] Nguyen Nhat Minh Khoi/SymbolRegconitionDataset3”
for root, dirs, files in os.walk(foldername, topdown=False):
for name in dirs:
directory list.append(os.path.join(root, name))

Sau dé, ta bat dau doc dit lieu va gin nhan cac dit liéu dé vao ding nhan mac cla né.

10
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19  num_symbol = @
20 # iterate through all folder
21 for directory in directory list:

22 # create standard output of symbol i

23

24 std output = np.zeros(s)

25 std output[num_symbol] = 1

26 num_symbol = num_symbol + 1

27

28 # print(std output)

29 # iterate through all file in folder

30 for file in os.listdir(directory):

31

32 filename = os.fsdecode(file)

34 if filename.endswith(".jpg"):

35

36 # image to vector

37 img = Image.open(os.path.join(directory, filename)).convert('")
38 arr = np.array(img)

39 flat arr = np.ravel(arr)

40 training data.append(flat arr)

11 std output data.append(std output)

Sau khi khéi tao va xtr ly dé dua dir liéu thanh cdc vector, ta st dung thu vién Sklearn, tao ra
mot mang neural gdm 2 hidden layer (trong dé méi hidden layer gdm 50 neuron) va 1 output
layer dé huan luyén.

8  #neural network
6@  clf = MLPClassifier(hidden_layer sizes=(58,58))
62  #train network with 4/5 data

64  n=(4*n)/5

65  clf.fit( np.matrix( r_training data[:int(n)] ) , np.matrix( r_std output data[:int(n)]) )

66

67  #score network

68  print( (clf.score( np.matrix(r training data[int(n):]), np.matrix(r_std output data[int(n):]) )) )

Luu y & day la ham fit cia thu vién Sklearn & day st dung thudt toan Feed Forward va
BackPropagation (cé s dung ham activation ReLU va két hop cdc ki thuat téi uu héa da
trinh bay & trén) dé huan luyén.

. R U A e 4 o
Ham fit yéu cau nhap di liéu va nhan ctia né. O day ta chia dir liéu sang 3 dir liéu cho viéc

A N a 1 ~ A ~ - 7 ~ A ~ s
huan luyén va 3 dir liéu dé kiém tra qua trinh huan luyén dé.
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Dé danh gia do hiéu qua clia md hinh, ta st dung metric. Cé nhiéu loai metric khac nhau. O
day, ta sir dung metric Accuracy c6 céng thiec la:

Téng sb test ding

Accuracy = ; 7 ;
y Tong so test thur

G mé hinh trén, véi training data 13 11000 buic anh va test data 13 1000 buic anh, ta c6 ti 1
chinh xac: accuracy = 0.89
Hiéu qua huan luyén véi Sklearn:

Ban c6 thé xem doan code dugc dung dé thuc hién mé hinh tai https://github.com/minhkhoi1026 /PiMA20
Hand-Written-Math-Symbol-Classification

Tai liéu
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