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LJi cam on

Dau tién, ching to6i xin chan thanh gii 16i cAm on dén Ban to chic PiIMA vi da
hét long gitp dé, phat trién chuong trinh trong xuyen sudt bon mua dé ching toi
c6 dude co hoi trai nghiem mot trai he Toan hoc bd ich va thid vi. Dén véi PIMA,
chiing toi khong chi tiép xtc v6i nhing kién thitc mdéi la, ma con duge nhin thay
ro rang hon sy lién két gitta khoa hoc v6i doi sdéng thuong nhat thong qua nhing
chia sé tit mentor, cling nhu nhitng dién gid day nhiét huyét va kinh nghiem. Ho da
tan tinh chi day va mong mudn lan tod niém dam meé, niém yéu thich toan hoc ctia
minh dén véi cac hoc sinh THPT nhu chiing t6i. Khong chi ¢6 thé, chuong trinh da
mang nhitng hoc sinh ¢6 cting niém yéu thich todn hoc tit moi hoan canh, moi viing
mién dén gan nhau hon, tao moi trusng dé ching toi chia sé va hoc tap 1an nhau.
Nhitng cau chuyén ¢ PiMA 13 diéu khién mua he clia ching toi c6 ¥ nghia hon bao
gio hét.

Tiép dén, ching toi mudén cdm on cac vi mentor da gitp dd nhém la anh Nguyén
Ho Thang Long, anh Vii Lé Thé Anh va chi Pham Thanh Ngoc da theo doi va nhan
nai giip dé nhém trong sudt qua trinh nghién citu hoan thanh duge dy an. Cac anh
chi chinh 14 niém cdm hiing ctia ching toi.

Cubi cling, nhém xin cdm on trusng Dai hoc Khoa hoc Ty nhien TP.HCM cling véi
cac don vi tai trg khac da tao diéu kién, cung cap co s6 vat chat dé trai he PIMA
c6 thé dién ra thanh cong tot dep.

Chiing toi tin rang, du trai he nam nay c6 khép lai, hanh trinh PiMA ciing nhu
tinh cdm ctia mdi trai vieén cling sé khong bao gio 1a két thic. Ring mdi nguoi ching
toi sé stt dung nhing gi ¢6 duge tit PIMA lam dong luc thic day ban than viuon lén
trong tuong lai.

V6i anh hudng tich cuec ma PIMA 2019 da mang lai, ching t6i xin chic chuong
trinh c6 thé tiép tuc duy tri va tién xa hon nita trong tuong lai dé nhitng thé heé hoc

sinh tiép theo ciing c6 thé trai nghiem mot trai he tuyét voi nhu vay.

Xin cam on.

Nhém 3
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Tém tat nodi dung

Viéc nhan dinh cdm xtc clia con ngudi thong qua ngon ngtt chit viét 1a mot van de
kha mdi mé. Nho vao Internet cung véi kha nang truy cap mot lugng 16n thong tin
da tao diéu kien dé cac nha nghién cttu tit nhiéu nganh khac nhau: xt 1i ngon ngit
tit nhien (NLP), hoc may (ML), v& tham chi 1a tam 1f hoc,. .. c¢6 thé thic hién viéc
nghién citu xac dinh cdm xtc dya vio nguon dit lieu vin ban cong khai.

Trong khuon kho bai bao cédo lan nay, nhom 3 chiing téi xin trinh bay vé mo hinh
LSTM va cach 4p dung no dé giai quyét bai toan Sentiment Analysis. Cu thé
12 vé nhiing van dé ma Sentiment Analysis dit ra (vanishing gradient, exploding
gradient), ciing nhu di sau vao phan tich nhitng diém vugt troi ctia LSTM so v6i mo
hinh RNN truyén théng, nhitng cai tién gitip né c6 thé gidi quyét van dé trong bai
toan Sentiment Analysis ma RNN truyén théng khong lam duge. Song, chiing to6i
sé dé xuat nhitng tng dung, huéng phét trién trong tuong lai cling nhu ma ngudn
demo cho moé hinh LSTM phuc vy muc dich tham khao.

Keywords: Recurrent Neural Network (RNN), Long Short-Term Memory (LSTM),
Sentiment Analysis, Vanishing Gradient, Exploding Gradient, Backpropagation Through
Time (BPTT)
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1 Gidi thiéu bai toan Sentiment Analysis

NLP (Natural Language Processing) hay con goi la xit Ii ngdon ngit tu nhién 1a mot
linh vitc quan trong trong Machine Learning. Mot s6 bai toan quan trong trong
NLP: Text Classification, Machine Translation, Text Generation,...

Bai toin Sentiment Analysis 13 mot bai toan con trong Text Classification. Doi
v6i Sentiment Analysis néu diing nhitng mo6 hinh Machine Learning truyén thong
thi ching ta sé bicéu dién van ban thong qua céc tit ngit quan trong c6 anh hudng
dén viec phan loai cau. Nhung phuong phap nay c6 nhitng han ché nhat dinh.

Vi dy, xét mot bai toan Sentiment Analysis don gian 1a phan loai binh luan
phim, ching ta c6 cau nhu sau: “Phim rat hay nhung toi khong thich”

D61 véi ching ta, khi doc sé biét ngay day la mot cau binh luan tiéu cyc (Neg-
ative) nhung néu ap dung mot s6 mo hinh ML truyen thong thi may sé phan loai
day 1a binh luan tich cyc (Positive). Li giai kha don gidn bdi vi ta thiy c6 su xuat
hién ctia tit thuong hay xuat hién trong binh luan tich ciic dé 1a “hay” . Trong truong
hop nay mo hinh truyén thong lai té ra khong hiéu qua.

Nhu vay ta mong mudn tao dugc mot moé hinh c6 thé “hiéu” duce ngit nghia clia
cau hay it nhat cting phai “nhé” duge thi tu cac tit ngit trong cau.

2 Recurrent Neural Network(RNN)

2.1 Giéi thiéu

Trong mang Neural Network (NN) thong thuong, ching ta mic dinh tat ca dit lieu
dau vao ciing nhu cac dit lieu dau ra 1a hoan toan doc l1ap v6i nhau, va mac du ¥
tudng nay co thé gitp ta giai quyét duge nhidu bai toan nhung trong mot s6 van dé
nhat dinh, khi ma gid thuyét ctia ching ta sai - tiic cac dit lieu dau vao (dau ra) phu
thudc vao nhau, mo hinh NN lai trd nén toi té. Vi du nhu trong trudng hop mudn
dir doan tinh tiét tiép theo ctia bo phim thi phai tan dung nhiing thong tin tit cac
phan trude clia bo phim; lic nay, cic dit lieu phu thuoc vao nhau va tuan theo mot
trinh ty thi khong thé st dung NN duge nita.

Dugce kham pha vao ndm 1982 bdi John Hopfield, Recurrent Neural Network (RNN)
ra doi. Khéc v6i mang NN, Recurrent Neural Network (RNN) tan dung thém nhiing
thong tin vé thi ty. RNN ghi nhé nhiing gl né da thyc hién 6 qua khit va nhiing
ki tic d6 sé 4nh hudng dén nhiing tinh toan trong tuong lai. Nho vao kha nang nay
cung véi tinh linh dong trong dit licu dau vao va dau ra (khong c¢6 dinh kich thudc)
ma RNN da 1a mot phat minh dot phé trong viéc phat trién nhan dang giong néi
(speech recognition) va xit i ngdn ngtt tu nhién (natural language processing - NLP)...
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Hidden layers
Input Output

Hinh 1: Cau truc ctia Neural Network (NN)

2.2 CAu tric

Dau tién, hay ctiing nhin lai mang NN truyén théng: Trong NN truyén théng, trong
s6 (weight) gitta 2 no ron khac nhau thi khac nhau. Con RNN sit dung cling mot
bo trong s6 tai moi thoi diém ¢, viec nay dude goi 1a chia sé trong sb theo thoi gian
(weight shared across time). Cach nay giup giam do phiic tap di rat nhieu khi ta
can cap nhat trong so.

Theo 1i thuyét, viéc sit dung trang thai an tai thoi diém ¢ — 1 lam input dé tinh toan
trang thai an tai thoi diém ¢ (tinh h, dua vao hy_;) gitp cho RNN c6 thé ghi nhg
duge tat ca cac thong tin tir thoi diém bat dau dén thoi diém ¢. Nhung trén thuc
té, RNN khong thé ghi nhé nhitng thong tin tit nhing thoi diém cich xa né, viéc
nay sé duge dé cap & Vanishing/Exploding Gradient.

Mang RNN:

©

@@

T v Unfold TV< T ]
(= -

O, & ®

Hinh 2: So do cau tric cia RNN
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Trong do:

z; 1& dau vao tai thoi diém ¢,

h; 1a trang thai an tai thoi diém ¢. Pay duge xem nhu la tri nhé ctia RNN. Duge
tinh dua vao input va trang thai an tai thoi diém ¢ — 1, tidc z; va hy_q; y; 12 dau ra
tai thoi diém t.

Biéu do trén thay mang RNN cho ra output tai titng thoi diém ¢, nhung diéu nay con
phu thudc vao ting bai toan. Vi du khi ta can gidi bai toan Sentiment Analysis
thi chi can quan tam dén output cudi ciing thoi. Do d6 ma RNN linh dong hon rat
nhiéu so v6i mang NN. Trong khi mang NN gidi han dau vao va dau ra béi kich
thuée,. .. thi RNN khong nhu vay.

Mot s6 vi du nhu: bai toan nhan dién cdm xtc vin ban nhan vao mot chudi ki tu

one to one one to many many to one many to many many to many

) UOE i ol Oek

t

AR e i

I 1 T T [

Hinh 3: Tuy theo bai toan ma ta c¢6 cac cach cho ra output

va cho ra két qua 1a mot so6 nguyén phan loai sic thai ctia chudi ki tu do, bai toan
dich thuat tit ngon ngit nay sang ngon ngit khac nhan vao mot chudi ki tir va cho ra
mot chudi ki tu ¢6 do dai khac v6i chudi ban dau, ngoai ra con c6 nhiéu bai toan
khac nhu nhan dién giong néi, phan tich chudi ADN,.. Tit bi¢u doé trén ta ciing c6
thé dé dang suy ra cong thiic tinh trang thai an h; (dua vao x; va h,_1) tong quat
nhu sau:

hy = f(Xt, ht—l)

o) phién ban dau tién ctia RNN thi cac phép tinh toan duge thuc hién nhu sau
h; = tanh(Ux;)
ht = tanh(UXt + Whtfl)
Vi = softmax(Vhy) = softmaz(o)
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2.3 Softmax

Softmaz 13 mot ham phi tuyén thuong duge ding & cac neuron output dé né phan
loai dit lieu dau vao thanh vao cac nhém khac nhau. Hay néi cach khac, khi 4p dung
cho trudng hop ciia RNN, ham softmaz nhan vao oy, va tra vé cac gié tri z;, thé hién
xac xuat gid tri oy roi vao 16p 4 (tich cyc, tieu cye, trung tinh).

01 <1
02 22 e0i
o= , Yy = softmazx(o) = , trong d6 2z = —
>
k=1
On Zn

Multi-Class Classification with NN and SoftMax Function

SoftMax
o probabilities

€

SE
21 Wy ] f’.E

22 ¥3 x3 K -

B = 3 = w:; Ty lllll_} k
: €3

i 2

K wi ] L¥n k=1 €k

Hinh 4: Ham softmax dung trong bai toan phan loai 6 mang N

5.Nguon: http://rinterested.github.io/statistics/softmax.html
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2.4 Cross Entropy Loss

Cross-entropy loss hay con goi 13 log loss, diing dé do error value trong cac bai toan
phan loai (classification). Cross-entropy tra vé két qua 1a mot gia tri thuc trong
doan [0;1].

L= H(Ytayt)

M) =

t=1

I =

WE

y¢ - log(¥e)

t=1

C6 2 1y do dé ham nay duge dimng cho mot bai toan phan loai la:
e Ham nay dat cyc tiéu khi ¢ = y

e Khi g;; cang xa 1;; thi gia tri cia ham loss sé kha 16n va tang kha nhanh. Do
d6, khi diing ham nay thi viéc t6i wu hoéa sé gitp cho ta cho ra cac output gan
véi gia tri thuc hon.

0.0 0.2 0.4 0.6 0.8 1.0

Hinh 5: D6 thi ham cross entropy L = plog(q)+(1—p)log(1 — ¢) (duong xanh) va do
thi ham binh phuong khoang cich L = (¢—p)? (duong do) véi gia tri p=0.1(machine
learning co ban[I]). C6 thé thay cang ra xa gia tri 0.1 thi ham cross entropy tang
nhanh hon ham binh phuong khoang cach.

Khi chi can phan loai vao 2 16p, ta c¢é thé diing binary cross-entropy:

L = —(ylog(y:) + (1 —y)log(l —u))

Bai todn Sentiment Analysis ma chung to6i trinh bay 6 day chi c6 mot output
¥~ sau khi da tinh toan véi cac input xq, Xa,..., XN. Do d6, ham cross entropy ma
chung t6i sé dung trong lic tinh toan la

L=y -log(yn)

8
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2.5 Backpropagation 8 RNN

Trong khi train, dé cho mang c6 thé "hoc" tit nhitng dit liéu train thi né can phai
t6i wu héa ham Loss bang cach dieu chinh cac tham s6 bang phuong phap gradient
descent. Dé sit dung duge phuong phap dé thi ta can phai tinh dao ham ctia ham
Loss theo cac tham s6 trong mdi lan chay. Vi vay, bén canh qua trinh lan truyén tién
(feedforward) thi ta can mot qua trinh lan truyén ngudc (backpropagation) dé tinh
dao ham tit output nguge vé input. D6i véi RNN, qua trinh tinh toan lan truyén
ngugc duge thie hién nhu sau.

aL

® v

Vit Viz .. Vig
Vor Voo o Vo

V: |:V1 V2 Vd] -
Va Ve .. Vu
Xét mot phan tit bat ki Vj; ctia V ¢ dong ¢ va cot j
OL Oyn\' OL  [Oon;09n\' OL  don; (09N OL
3Vz’j aVz‘j don; %N B 3Vz'j don; %N

oV

oyn
Trong do6, v6i dao ham thi ba

L =—y-log(yn) = —[y1log(yn1) + y2 log(9n2) + ... + yelog(ine)]

[ OL ] r Y1
9N IN1
OL )
oL Ogn2 N2
OyN
oL _ Ye
_8Z}Nc_ - ch'
V61 dao ham tha hai
- - ONT A
Yn1 =
~ e°N2
Yn2 S ¢
VN = = , V6 S = E €Nk
k=1
~ °Nc
[ YNe 5
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[Odn1 T —YUN1YNi
doni
9Nz —UN2UNi
don;
= 8yN = =
801\” YN
doni Uni — Ui
OYne N R
L doni | —YNcYNi |
Suy ra
- -
IN1
T _ Y2
Oy~ oL B [ PN PO . 9 o ] Un2
aONi ayN - YN1YN; YN2YNi - YN YUni - YNCYNi
_ Y
- ch-
oyn " OL ) . . ) S )
~— = YVYNiTYuUNi+ - FYYNi —Yi T T YYNi = Zyk YN — Y
doni ) OYN 1

Vi cac phan ti ¥, ¥a,..., Y. 12 cic gia tri xac suat dé output duge xép vao céc
C

16p phan loai nén do dé ) yx = 1. Vi vay,

k=1
ogn\" oL .
aONi ayN - yNZ yl
V6i dao ham thi nhat
d
ON; = Z Vikhng
k=1
aONZ
Rns
vy Y

T do ta suy ra

OL  don; (09N OL )
= — = (Uni — Yi) Iy
oy~

oVij OVij \ Oon;
Tinh toan tuong tu nhu trén véi cac phan tit thudce cot j ctia V, ta duce
r 9L - -
Vi (le - yl)th
dL .
oL | (Gne —ye)long| ,
8_Vj = = =(I~n—-Y) Nj
_38‘/1;],_ _(ch - yc)th_

10
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Va ta tiép tuc tinh dao ham cho cac thanh phan Vi, V,,..., Vg4, ta dugc

oL - - N
ov [c‘)aTLl aa_\%2 aa_\éc} = [th(YN —y) hve(In—y) - hne(IN —y)}
oL .
aV (yN - Y)hNT
hay
oL
50 oW

Stt dung quy tac chudi (chain rule), ta co:

0L  Ohy 09n OL

0U U oOhn O9n

Hai nhan ti dao ham &N 2L 5 thé duge tinh todn tuong ty nhu phan trén,

dhyn ' 9N
ohn

con nhan tit 5t c6 thé dugc tinh bang chain rule khi biét hy 13 ham ctia hy,

h27"'7 thl

Z ahk 8hN 8yN oL
U ou 8hk 8hN 0yN

T6i lugt 8hN thl Cung phai tinh bang chain rule néu nhu k # N — 1. Khi dung

ohy  Jhn_1 Ohy i1
chain rule thl la tich ctia cac thanh phan Fhn.T’ Ohn g Ohr -

OL <= Oy (77 Oy | 09N OL
oU ~ 49U \ 11 "gn; | ohy oy

Tiép theo g_va ciing dugc tinh tuong ty nhu trén.

OL = Ohy (17 Ohya | 99w OL
oW ) - oh; | Ohn Oyn

2.6 Gradient Descent

Gradient descent 14 mot trong nhitng thuat toan pho bién nhat st dung trong viéc
train cdAc mo hinh hoc may. Nhu ta da biét, mot mo hinh hoc may chi yéu 1a bao
gom cac tham s6 va mot ham mat mat dé tinh toan do hieu qua ctia tham s6 do.
Mang ctia chiing ta hoc bang cach diéu chinh céc tham s6 dé toi thicu ham mat
mat.

Gradient descent hoat dong bang cach t6i uu hoa dan dan mot bo tham sé ban dau.
Dé t6i wu mot bo trong s6, ta phai tim cach biéu thi mbi quan hé ctia ham mat méat
déi véi cac trong s6 bang cach tim gradient ctia ham mat mat nhu ta da thie hién
¢ phan trén. Gradient sé cho ta biét chicu tang ctia ham s6, vi vy nén néu mudn
t61 thiéu ham s6 can phai di theo chiéu ngugc lai. D6 ciing chinh 1a 1f do méa thuat
toan nay c6 tén goi la Gradient descent (di nguge Gradient). Thuat toan Gradient

11
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Trong s6

khai tao \

J(w) Gradient

]
i
/]

Cuc tiéu toan cuc

/ "min(w)

Hinh 6: Mo ta thuat toan Gradient Descent. Nguon: Medium

descent dugc dung nhu sau

OL
W=W —aar
“ow
V6i W la tham s6, L 1a ham loss va a 1a t6c do hoc (learning rate) véi gia tri do ta
chon.

2.7 Vanishing/Exploding Gradient

Trong viéc xt i ngdn ngit, dit liéu van ban noéi chung, thuong sé gap truong hgp doi
mang phai ghi nhd nhitng thong tin rat lau vé trude- hay noi cach khac 1a xit 1f cac
phu thuoc xa (long-term dependency). Mac dit RNN dugc thiét ké dé c6 thé nhé
duge nhitng thong tin trude d6, nhung trén thyc té, dieu nay lai khong dung. Van
dé nay goi 1a vanishing gradient. Tt nhiing nam dau cta 1990, vanishing gradient
tré thanh mot bude can 16n doi véi su phat trien cia RNN.

Nhu ta da biét, gradient ciia ham méat mat biéu dién cach ma sy thay déi ctia moi
trong s6 dan dén sy thay doi cia ham mat mat, tit d6 cho ta biét huéng di dé co
the t6i thiéu n6. Néu ta khong biét duge huéng di, ciing c¢6 nghia la ta khong biét
cach dé cap nhat trong s6 sao cho ham mat mat giam dan vd mang ctia ta sé ding
hoc.

Vanishing gradient 13 hién tuong khi ma gradient trd nén rat nhé khién viec cap
nhat trong so chi khién trong s6 thay doi mot cach khong dang ké, do d6 ciing sé
khong lam cho ham mat méat gidm di. Ta ctiing xem lai dao ham ctia ham mat méat
tai thoi diém ¢ theo trong s6 U ctia mang RNN:

OL = Ohy (77 Ohyia | 09w OL
ou £~ 9U oh; | Ohn YN

j=

12
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Gia stt ta sit dung ham kich hoat 14 ham tanh, hy = tanh(Uxy + Why_4)

Ohgiq

—W(l—h,Oh
Ohy Wi ¢ ©he)

Ham tanh gidi han gia tri ctia cac phan t1t trong hy vao khodng [-1;1]. Khi ma cac
dao ham nhu trén bé hon 1, néu N cang xa k thi dan t6i khi tinh dao ham ctia hy
theo hy sé phai tinh mot cai tich rat dai ciia cac s6 bé hon 1 kéo theo dao ham ctia
L theo U sé cang tién tdi 0

ohn

Ohy

oL

Day dudc goi 1a hién tuong vanishing gradient khi ma mot thanh phan trong gradient
ctia ham mat mat ma ta tinh ra ddi v6i bién hy cach xa hy rat bé. Vi vay trong cac
truong hgp input 14 mot chudi rat dai thi khi chay t6i mot phan tit cang xa thi mang
sé ¢6 xu huéng "quén " di nhitng phan ti trude d6. Exploding gradient ngudc lai véi
vanishing gradient, thay vi gidm dan thi exzploding gradient 13 hién tuong gradient
tang dan va tré nén rat 16n. Vanishing gradient va exploding gradient 13 nhitng van
dé chung ctia mang NN, hau hét RNN thuong phai déi mat véi van dé vanishing
gradient. Dé khic phuc nhugce diém d6 nguoi ta da phat trién mot mo hinh khac
tuong tu RNN 1a Long Short-Term Memory (LSTM)

—0

3 Long Short-Term Memory(LSTM)

3.1 Gidi thicu

Nhitng van dé wvanishing gradient, exploding gradient, short-term memory khién
mang RNN gap kho khan trong viéc mo hinh cac cau dai. Do vay ma ngudi ta
da tao ra mot cau tric mang méi goi 1a Ki ttc ngdn han-dai han (Long Short-term
Memory — LSTM). LSTM dugc chinh stta tit RNN, nhung thay vi chi don gidn sit

dung trang thai an 6 thoi diem ¢ — 1 1a h,_; dé tinh trang thai an h, thi LSTM thuc
hién them mot loat cac thao tac tinh toan khéc dé né c6 kha nang ghi nhé t6t hon.

3.2 Céau tric

Trong mo hinh nay ta thay ddi cach tinh hidden state bang cach thém 3 cong iy, f;,
o¢, 1 bién C; vi mot bién méi Cg.

Céng input kiém tra xem c6 thong tin nao dang dé c6 thé tac dong len bo nhé
clt va cap nhat bé nhé véi cac thong tin méi do.

i, = o(U'xy + Why_4)

Céng forget xem xét xem thong tin nao trong bo nhé can duge gitt lai ciing nhu
thong tin nao can duge quén di. N6 1a mot ham sigmoid déng vai tro 1a mot bo loc

13
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Yi

+
B

bct

=

Hinh 7: So dd cau tric cia LSTM

thong tin. Néu déng cong nay (tra vé 0) sé khong c6 thong tin nao dudc giit lai, néu
mé cong nay (tra vé 1) thi moi thong tin déu duge giit lai.

f, = o(U'x; + W'h; ;)

Céng output quyét dinh xem thong tin nao sé duge output.

Oy = O'(UOXt + Woht_l)

Céc cong thitc tinh déu giéng nhau chi khac nhau & cac tham s6. Cac cong nay
stt dung ham sigmoid dé co gia tri clia vector xuéng trong doan [0,1]. Va ta nhan
element-wise cac cong véi mot vector khac sé cho ta biét nén cho bao nhiéu phan
cua vector d6 duge di qua.

(NJt la "tng ct vien" cho hidden state nhu ta thay la cach tinh ctia né 1a cach
tinh hidden state trong mang RNN truyén thong.

a = tanh(U%%x¢ + W&h,_;)

C, déng vai tro la trf nhé RNN. Tinh dua vao tri nhé truée dé Ci_q, cong forget,
hidden state tiém ning va cdng input.

Ct:Ct—1®ft+ét®it

h; 1 hidden state ¢ thoi diém t.
ht = tanh(Ct) ® ot

14
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Bén canh d6 dé cho thuan lgi trong tinh toan ta quy udc cac bién sau.

i U'x, + Wih,_, Ut W%
ft Uth + tht—l IJ—f Wf
Zy = ét - UOXt + ‘Rfoht_1 ) U= Ue |’ W = Wwe
ét UCXt —+ Wcht,]_ ue Wwe

<~ Zy = UXt + Wht—l

Trong dé z; 1a mot bién dai dién cho céc cong khi ta chi lay nhitng thanh phan trong
cac ham activation. W, U la ma tran chia cac tham s6 ma mang dung trong suot
mot 1an chay.

3.3 Backpropagation ¢ LSTM

0 phan nay ta trinh bay qua trinh backpropagation dé tinh cac dao ham riéng ciia
ham loss v6i cac ma tran tham s6. Dé cho thuan tien, ta dit chung ki hiéu cho dao
ham riéng ciia ham L theo cac ma tran la

oL
day = —
a aat
Véi a; 1a mot ma tran bat ki tai thi tu ¢
e )0y
oL OL Ohyy,
= = dhy, tanh(C,
80tk 8htk aOtk th LAt ( tk)
Suy ra
50‘5 = 5ht ® tanh(Ct)
(] (501;
0L . 8L ahtk + aL 8C(t+1)k
ICy,  Ohy, 0Cy,  OCq1y  OCy
oL 9
ac, Ohu (1 — tanh™(C.)) ok + C 1)k 41k
tk
Suy ra
§Ct = 5ht ® [1 — tanhQ(Ct)] ® o4 + (5Ct+1 ® ft+1
® (5it
oL OL 0Cy, ~
= = 0Cy.C,
Bige  OCy, Diy, i
Suy ra

Siy = 6C; ® C
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® (5ft
oL 0L 0Cy,
= =0CuCl—
Of.  0Cy Ofy " U
Suy ra
0fy = 0Cy © Cyq
(] (561;
a,{j — aL agtk - (Sctkitk
actk aCtk 8Ctk
Suy ra N
(5Ct = (SCt @ it

L] 5it, 5%1;, 661;
OL QL diy

. 7
T O A = 0ig,0 (@tk)
altk Utk altk

oL

% = (Sitka(gtk)[l - J(%tk)] = 5itkitk(1 - 7;tk)
tk
Suy ra R
0y = 0ig © iy © (1 —iy)
Tuong tu R
ofy = 0f O f © (1 — £)
66y = 0oy ©® 0y © (1 — 0¢)
[ ] (Sét
a/fj = a,{/ agtk = 56tk‘ tanh’(étk)
0Cu 90w aCy,
oL e~ _ 2, YL 2
—— = 6Cy[1 — tanh?(Cy)] = 6C(1 — C2)
IC'
Suy ra N
(Sét == 561; @ (1 - Ejt @ ét)
® 5Zt "
51'3 0y @iy © (1 — iy)
Sae — ofy | | i ofio(1—£f)
26 = |66 | T Joy ® 0y © (1 —oy)

56‘5 561; ©(1-Cio 6t>
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® (5ht_1

o 8Zt oL T\T
5ht_1 = (8ht_1) aZt (W ) 5Zt Wézt

dhy_q dugc tinh dé phuc vu cho viéc tinh tiép 6z¢_1. Dé bt dau qua trinh
backpropagation thi dau tién ta can tinh dhy (c6 thé dé dang tinh dugc ti
output). Cudi cling sau khi da tinh xong cac vector dzq, dza,..., dzn thi ta co
the bit tay vao tinh dW, 6U

e VU, W

8[/ 8zt) N
ouU = 0Z¢X 0z¢ @ X
o ( z ! = b
N N
L
5W=Z% (aZt) Z5Ztht 1 =Z5Zt®ht_1
t t=2

Thanh phan chinh gay ra vamshmg gmdzem‘ trong RNN la M = (1 - hm)W.
= = f;. Do ham f; la m@t ham sigmoid

nén gia tri 0 < f; < 1 nén vé co ban thi LSTM van bi vanishing gradient nhung bi
it hon so v6i RNN. Hon thé ntta, khi mang thong tin lén bo nhé thi it khi can phai
quén gia tri bo nhé cii nén f, ~ 1, gitp ta chéng duge vanishing gradient.

4 Ap dung
M6 ta bai toan
Sau khi tim hiéu 1y thuyét vé hai mé hinh RNN, LSTM & cac phan trén thi dén
phan nay chiing ta sé 4p dung mo hinh vao mot bai todn cu thé va ciing 1a bai toan
chinh ctia dy 4n nay (Sentiment Analysis). Nhu da dé cap trong phan tong quat
Sentiment Analysis 1a mot bai toan con cta Text Classification. Nhiém vu cia

chiing ta 1a phai xay dung mot mo hinh dé cé thé phan loai duge mot binh luan 1a
tich cye(positive) hay tieu cuc (negative) dua vao danh gia ctia khach hang.

Tan man mot xiu vé ung dung clia bai toan nay trong cudc song: Gia st ban
la chti ctia mot clta hang an udng va cita hang ctia ban ¢6 mot trang web rieng dé
khéch hang c6 thé review cho cita hang ctia ban. Sau khi c6 duge dit lieu rdi thi di
nhién ban sé can thong ké lai xem c6 bao nhiéu ngudi binh luan tich cye, tieu cuye
va binh luan tiéu cyc thuong dén tit van dé gi dé tit d6 ban sé c6 ging khic phuc
dé dap tng nhu cau ciia khach hang... Vay nén ta c6 thé thay tinh tng dung cta
bai toan nay rat l1a cao.

Khi huan luyén bat cit mo hinh nao, ta luon can phai c6 bo dit lieu. Bo dit lieu

ma nhém minh st dung 1& “IMDB Dataset of 50K Movie Reviews”, c6 thé duge tim
thay ¢ [15].
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4.1 X Iy dit ligu
4.1.1 Phan tich dw liéu

Dau tién ching ta sé quan sat vé s6 dit lieu ciing nhu syt phan b ctia dit lieu vao
céc 16p 1a nhu thé nao:

25000

20000

15000

count

10000

5000

positive negative
sentiment

Hinh 8: Sy phan bd clia dit lieu vao cac 16p

Bicu do trén cho ta thay ching ta c6 50000 dit licu va duge phan bd déu vao 2 16p
1a positive va negative véi 25000 dit lieu mdi 16p (Trong truong hgp s6 lugng dit lieu
bi mat can bing thi can phai tién hanh can bang lai dit lieu).

Thit quan sat 15 dong dit lieu dau tién xem nhu thé nao:

10

11

12

13

14

review sentiment

One of the other reviewers has mentioned that ...
A wonderful little production. <br /=<br /=The...

| thought this was a wonderful way to spend ti...
Basically there's a family where a litile boy
Petter Mattei's "Love in the Time of Money" is...
Probably my all-time favorite movie, a story o...

| sure would like to see a resurrection of a u_..

This show was an amazing, fresh & innovative i...
Encouraged by the positive comments about this...
IT you like original gut wrenching laughter yo...

Phil the Alien is one of those quirky films wh...

| saw this movie when | was about 12 when it C...
So im not a big fan of Boll's work but then ag...
The cast played Shakespeare.<br /=<br /=Shakes...

This a fantastic movie of three prisoners who ...

18
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Quan sat thay do bo dataset don gidn nén cic cau ciing kha dé phan biet. Con
mot s6 cau c6 mot s6 ki tir ddc biet khong mong muén nhu  “<br/><br/>"vi thé
ta can phai loc lai cac cau. Van dé nay sé dugde néi trong phan tien xt 1y dit lieu.

4.1.2 Tién xt ly dit liéu

Clean data

Theo nhu quan sat dit lieu & trén thi dit lieu c6 mot sd cau chiia nhitng ki ty dac
biét dan dén viéc ching ta phai clean data, muc dich 1a dé loc nhitng cau chita ki tu
diic biet, chita biéu cam khong can thiét cho viéc phan loai.

Tokenizer
Tach cau ra thanh cac tit, sau d6 ting véi mdi tit duge gan cho mot s6 nguyeén va
trd mang clia céc tir sau khi da tach va chuyén thanh s6.

"the': 1, ‘'with': 16,
"and': 2, ‘movie’: 17,
"a': 3, "but': 18,
‘of': 4, "Film': 19,
"to': 5, ‘on’: 28,
"is': 6, ‘not’: 21,
‘br': 7, "you': 22,
"in': 8, "are': 23,
"it': o, ‘his': 24,
"i': 1e, "have’: 25,
"this": 11, "be': 26,
"that": 12, ‘one’: 27,
‘was': 13, ‘he’: 28,
'as': 14, ‘all': 29,
"for': 15, ‘at’: 30,

Hinh 9: 30 tit dau tien dugc tach va duge biéu dién bdi 1 s6 nguyen tit 1 t6i 30

Pad Sequences

Viéc thao tac véi cac chudi ¢6 do dai khac nhau 14 vo cing kho khan. Vi du mot cau
c6 1 tit va mot cau c6 100 tir, chinh vi thé can phai chuyén dit lieu vé dang mang
numpy 2D, dé padding giap cac chudi c6 do dai bing nhau va bing mot gia tri ndo
do.
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array([ 538,
1,

6,
344,
2453,
2,

10,
6,
79,
2523,
183,
14,
10,
51,
18168,
39,
a1,
2,
5904,
574,
22,
1603,
1103,

570,

109,
4,
200,
a3,

4867,

4636, 2468,
25, 2978,
299, 20,
106, 25421,
51, 34,
33191, 23,
131, 1,
5, 1,
589, 3024,
834, 1443,
86, 398,
1637, 9,
1592, 15,
1417, 3,
1, 299,
18, 7658,
3, 25422,
243, 18,
562, 82,
97e, 2021,
426, 3819,
22, 67,
dtype=int32)

11964,
1,
3161,
13042,
11e,
238,
192,
834,
834,
10,
13,

1288,
2046,
7154,
5904,

1208,
38,
18,
76,

1,

1918,
42636,
327,
225,
1324,
12,
180,
387,
123,
2239,
18,
15,

s
5010,
13497,
69,
19395,
1208,
48,

8,

1208, 117,
391, 34,
7364, 538,
14813, 5058,
9106, 7365,
243, 7,
a, 1,

9, 269,
1320, 4161,
3184, 149,
210, 3241,
10, 413,
14, 10,
3184, 2,
2150, 579,
12497, 26,
504, 20,
7598, 651,
693, 5,
559, 147,
6, 3314,
1228, 16,

29,
16740,

7389,
12486,

119,
117,
15,
954,
58,
131,
237,
189,
21,
2983,
642,
71e,
5,
3184,
805,
125,

Hinh 10: 1 cau sau khi da duge Pad Sequences, v6i do dai 1la 200

Word Embedding

Chuyén tit hosic cum tit thanh mot vector ma gitta chiing c6 sy tuong quan vé mat y
nghia. Hon thé ching ta con c6 thé thuc hién trén nhitng vector nay céc phép tinh

cong, tru.

Vi du: vector Hoang Hau + vector Nha Vua - vector Phyu Nt = vector Dan C)ng

voltage
electrical
solar -
generator electricity
powered coolingotor
Power fuel
chargin
ging output
wind supply
switch .
light consumption engray
efficiency
systems power
speed
generation operate
contr(ﬂ}ggsu%gtgg{y
turruniversal ;
contéggggmy control
neednoantate
enough capable
tragn
g%%?vér
sense gtreng
authority
ability

Hinh 11: Ung dung Word Embedding vao di lieu ctia nhém em
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array([[[ ©.82026546, ©.04279601, -@.

-2.8445837 , -8.82729278]],

[[-©.03285%29, ©.02380784, 0.

-@.85689319, ©.81239457]],

[[-9.01133746, ©.81544211, -8.

-2.81324257, -8.8064427 1],

[[ e.e2562615, -©.86312152, @.

-0.00221671, ©.01917973]],

[[ e.e0522899, -©.07664826, -0.

2.83875233, ©.e7587465]],

[[ @.21351674, -©.81768329, -8.

©.92574865, ©.e7379822]]],

21832438, ...,

23868261, ...,

84971611, ...,

e23e8502, ...,

8823366, ...,

@253251 , ...,
dtype=Ffloat32)

8.04720614,

0.00027636,

-8.85778742,

©.84525236,

-9.91624249,

8.92557267,

Hinh 12: Mot cau sau khi da duge Word Embedding thanh dang vector
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4.2 Thiét ké mo6 hinh

M6 hinh ma nhém minh thiét ké c6 dang nhu so do sau:

140262841087928

Embedding

input:

(None, None)

output: | (

None. None. 200)

'

Bidirectional(LSTM)

input:

(None, None, 200)

output:

(None, None, 1024)

'

input: (None, None, 1024)
LSTM
output: (None, 512)
input: | (None, 512)
Dense
output: | (None, 512)
\
input: (None, 512)
Dropout
output: | (None, 512)
A
input: | (None, 512)
Dense -
output: | (None, 128)
Y
input: | (None, 128)
Dropout
output: | (None, 128)
input: | (None, 128)
Dense
output: (None, 2)

Hinh 13: M6 hinh

Thiét ké mo hinh bing Python

O day nhém minh thi 2 kién tric mang RNN va LSTM vita hoc dude & phan 2 dé
thiét ké mo hinh dé so sanh su khéac biet. Nhin chung dé so sanh thi nhém minh
quyét dinh diing chung moi tham s6, chi thay déi kién triic ctia mo hinh.
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Giai thich moé hinh:

e L6p Embedding dau tién c6 nhiém vu embedding cic cau thanh cac vector sau
do6 dua vao 16p Bidirectional long LSTM.

Backwary
E—
Forward | LSTM

Layer
Inputs (x,D

Hinh 14: So d6 hoat dong ctia BLSTM

e Ldp Bidirectional 1ong LSTM 13 mot kién tric mé rong ciia LSTM, néu nhu
bai toan phan loai van ban trong LSTM, 16p phia sau phu thudc vao céac 16p
phia truée nhu vay sé khong c6 sit “cong bang” gitta 16p phia sau va 16p phia
truée trong viec quyét dinh ¥ nghia ciia cau.

Lay vi du ta ¢6 1 cau: “Em 1a trai sinh”, nhu vay thi tit quan trong trong viéc
biéu dién ¥ nghia clia cau la “trai sinh”. Nhin chung trong mot s6 truéng hop
cac tt ngtt phia trude lai khong mang ¥ nghia quan trong trong cau, trong khi
nhing tit ngit quan trong lai ¢ cudi, nén chting ta can phai st dung mot kién
tric mang khac dé gidi quyét van dé nay. Bidirectional 1ong LSTM c6 nghia la
sé c6 2 luong LSTM chay song song, 1 luong chay tit dau téi cudi, luong kia thi
ngudc lai. Nhu vay viéc quyét dinh ¥ nghia clia cau sé trd nén “cong bang” hon.

e Lép Fully Connected Layer diing dé phan loai v6i activation cudi l1a ham sig-
moid.

e Diung dropout dé giam overfitting do mo hinh qua phiic tap dé dién giai dit licu.

e Loss Function 1a ham Binary entropy va optimizer la Adam
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Mo hinh dau tién 13 mo6 hinh RNN co ban, tiic dau ra ctia 16p phia trude sé duge
dua nguge trd lai thanh dau vao ctia 16p tiép theo:

def build_

model

model.

model
model
model

model

model():
= Seguential()
add(Embedding(56680, 208))

.add(Bidirectional(SimpleRNN(512, return_sequences=Trues)))
model.
.add(Dense(512, activation='relu'))
model.
.add(Dense(128, activation='relu'))
model.

add(SimpleRNN(512))
add(Dropout(©8.5))

add(Dropout(©8.5))

.add(Dense(2, activation='sigmoid'))
model.

compile(loss="binary_crossentropy",
optimizer=keras.optimizers.Adam(),
metrics=["acc"])

return model

D6 chinh xac ctia mo hinh vao khoang 0.6, loss khoang 0.6.

Mo hinh thi 2 1a m6 hinh LSTM:

def build_model():

# create model

model = Sequential()

model.add(Embedding(5@008, 200))
model.add(Bidirectional(LSTM(512, return_sequences=True)))
model.add(LSTM(512))

model.add(Dense(512, activation='relu'))
model.add(Dropout(@.5))

model.add(Dense (128, activation='relu'))
model.add(Dropout(@.5))

model.add(Dense(2, activation='sigmoid'))

# compile model
model.compile(loss="binary_crossentropy"”,

optimizer=keras.optimizers.Adam(),
metrics=["acc"])

return model

D6 chinh x4c clia mo hinh gan dat 0.9, loss gan tién t6i 0.3 trén tap validation.

15&99{"’15&@9 [==============================] - 1??5 12m5f‘5tep
[8.3865265876168431, &.8753888088317391)

Nhu vay c6 thé thay, & bai toan Sentiment Analysis nay LSTM da phat huy kha
nang ctia minh va dat hiéu qua cao. Ngudc lai RNN dat dudce két qua kha te.
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Ta c6 thé 1y gidi cho viéc nay nhu sau:

Chinh van dé Vanishing Gradient cia RNN ma nhém da trinh bay 6 phan 2 da anh
huéng dén hieu nang ctia RNN. Néu phan tich dit liéu ki hon ta c6 thé thay 1 cau
binh luan kha dai, diéu nay lai 1a nhuge diém ciia RNN nén két qua ta nhan duge
khong c6 gi bat ngo.
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5 Két luan danh gia

Mac dut mo hinh Neural Network (NN) rat manh mé trong viéc xit 1f hinh anh va
nhiéu tng dung khac, nhung ban than NN khong c6 bo nhé nén sé gap nhicu van
dé trong viéc giai cac bai toan vé dit litu mang tinh tht tu nhu vian ban,...Diéu
nay giéi han NN trong khuon khé giai quyét nhitng bai toan cé cac input doc lap.
Recurrent Neural Network (RNN) giai quyét nhitng van dé trén bang cach luu gitt
nhitng thong tin ngan han vé nhitng tinh toan né da thiyc hién trude do, do vay
ma mot vai input trude doé sé anh hudng dén viéc sinh ra output lic sau, tuy nhién
do gap phai van dé ve vanishing gradient/exploding gradient nén kha nang nhé clia
RNN ciing han ché. Long Short-term Memory (LSTM) md rong § tudng cia RNN
bang cach tao ra bo nhé dai han song song v6i bo nhé ngan han, khién né tré thanh
mot cong cu tuyet voi dé xi 1 dit lisu khong doc lap.

Hon thé nita, m6 hinh RNN/LSTM con rat linh dong trong viéc nhan di ligu dau
vao va tra vé gia tri dau ra c6 kich thude tuy §. Viéc nay c6 ¥ nghia va ting dung
rat 16n trong thyc tién. Vi du nhu soan nhac (music composing), soan thao vin ban
(text generating),...

Tuy mo hinh LSTM manh mé 13 vay, c¢6 cai tién hon mang RNN nhung ciing khong
hén 1a khong c6 diem yéu. LSTM c¢6 thé nhé mot chudi do dai 100, 1000, nhung
khong thé 13 10000 hay 100000. RNN/LSTM néi chung rat 'cong kénh’, chiing doi
héi yéu cau phan ciing nhat dinh, tai nguyen 16n dé c6 thé train duge nhanh chong.

Vé bai toan, Sentiment Analysis 13 mot bude tién quan trong, gitp ta co thé
phan tich nguon dit licu cong khai trén mang xa hoi, internet mot cach nhanh
chéng. Ngoai viec stt dung hé théng cac thang diém dé cho ngusi ding danh gia,
bay git ta da c6 thé tan dung nhiéu lgi thé hon trong thong tin van ban nhu binh
luan... bang nhitng bude tién cong nghe vugt bac trong AL: RNN/LSTM.

Tong két lai, tuy LSTM 1a mot moé hinh tét dé gidi céc bai toan vé dit lieu co

trinh tu nhung vAn con mot vai han ché can khic phuc, gidi quyét va c6 thé mé
rong ra cac mo hinh c6 két qua tot hon.
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6 Hudéng phat trieén trong tuong lai

Hién tai mo hinh nhém chiing minh gip van dé overfitting khi lya chon epoch khong
phtt hop, do chinh xac trén tap test van chua that su cao, dit lieu chua that sy nhiéu.
Trong tuong lai nhom minh mudn khic phuc tinh trang nay bang mot sdé phuong
phap nhu: Gia tang dit liéu (tdng di liéu tit bo di liéu c6 san hoac thu thap thém
dit lieu review tit bén ngoai), xay dung mot mo hinh phit hop hon bang cach diéu
chinh c4c tham s6 ctia mo hinh nhu s6 16p, s6 chiéu vector,... St dung mot s6
phuong phap giam overfitting nhu: Early stopping, Dropout, Batch normalization,
Regularization,. . .

Bai toan Sentiment Amnalysis lan nay nhém ching minh lam trén bo dit lieu
tiéng Anh, trong tuong lai, nhém muén ap dung cho bai toan nay véi ngon ngit 1a
tiéng Viet. Nhin chung thi cac budc tién xit 1y dit lieu tiéng Anh kha 13 don gidn,
don ctt nhu 13 viéc tokenizer véi tiéng Anh dé dang hon nhiéu so véi tiéng Viet. Vi
phan 16n cac tit tiéng Anh chi can tach ra 1 tit 14 c¢6 nghia con déi v6i hé théng
tiéng Viet thi ta c6 he thong tit ghép vo ciing phong pht, khi 2 tit ditng mot minh
thi ching khong c6 nghia nhung khi ghép lai thi tao thanh 1 tit ¢c6 nghia nhu: bat
bé, day db, ca khia,... Chua ké dai tit nhan xung cta tiéng Viét lai phong pht vo
cting phu thudc vao cdm xic ngudi néi, ngusi viét cong them dau cau, dau chi,. ..
Téng két lai ta thay bai toan Sentiment Analysis cho tiéng Viéet khé khin hon
rat nhiéu so vdéi tiéng Anh dac biet 1a khi dit lieu ngon ngit § Viet Nam lai vo cling
“quy hiém” - day chinh 14 phan khé khin nhat trong bai toan nay vi véi mo hinh
DL thi dit licu 13 thit khong thé thiéu. Khé khin 1a thé nhung nhém ching minh
van mong mudn c6 thé nghién ctu vé bai toan nay béi vi didu dé that su cé ¥ nghia
cho cong dong Machine Learning Viét Nam.
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7 Cac ki hiéu da dung

e - la tich vo hudng gitta 2 vector.
Vi du: cho 2 vector a, b € R"

a-b= aTb = a1b1 + agbg =+ ...+ anbn

e © la element-wise product nghia la nhan 2 phan ti tuong tng clia 2 vector dé

cho ra mot vector mdi.

Vi du:

albl
b

aGOb= 4202

pbr,

e ® la tich ngoai gitta 2 vector cho ra két qua 13 mot ma tran. Vi du:

a1b1 albg Clen
a® b — abT _ Cl2b1 CLQbQ azbn
anby anby ... apb,
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