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LOI CAM DOAN

T6i xin cam doan dé an tot nghiép thac si nganh Hé thng thong tin voi
dé tai “Nghién ciru k§ thuit phén loai cAu trong xir Iy ngén ngir tw nhién
biang mé hinh hoc siu” 13 do t6i nghién ctru, tong hop va thuc hién dudi su
huéng dan ctia TS. Nguyén Manh Cuong.

Toan b ndi dung cta dé an, nhitng diéu dugc trinh bay 13 cua chinh ca
nhan to1 hoac la duoc tham khao, téng hop tur nhiéu nguén tai liéu khac nhau.
Tat ca céc tai liéu tham khao, tong hop déu duoc trich xuat ngudn gde rd rang.
Cac sb lidu, két qua duoc néu trong dé an 13 trung thuc va duoc nghién ctu
thuc nghiém.

Hoc vién thuc hién

Nguyén Tuan Diing
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LOI CAM ON

Dé 4n tét nghiép dugc hoan thanh dudi sy hudng din tan tinh, nghiém
khac cia TS. Nguyén Manh Cwong. Loi dau tién toi xin bay to 1ong kinh trong
va biét on sAu sac toi Thay. Toi 3 nhan duoc su hd tro quy bau trong qué trinh
thuc hién dé tai, nhitng kién thac va 16i khuyén hitu ich tir Thay di tao dong
luc 16n cho t6i hoan thanh tét nhiém vy caia minh. Dac biét, nhitng dinh huéng,
nhan xét va gop y cua Thay trong sudt qua trinh nghién cau la nhitng bai hoc
vo cing quy gia ddi vai toi khéng chi trong viéc hoan thanh dé an ma trong ca
cac hoat dong chuyén mon sau nay.

Bén canh d6, tdi xin chan thanh cam on Thay, Co truong Pai hoc Cong
nghiép Ha Noi da tan tinh day dd, trong d6 phai ké dén Thay C6 trong Khoa
Cong nghé thong tin d3 tao diéu kién thuan loi dé tdi thuc hién dé an tt nghiép
nay. TGi ciing xin cam on cac ban hoc vién trong Khoa Cong nghé¢ théng tin da
dong gop v kién gidp toi thuc hién dé an dat hiéu qua hon.

Pé an tot nghiép nay da gitp t6i rén luyén k§ nang tu duy phan tich, xt ly
dir liéu va trinh bay théng tin mot cach cé logic va ré rang. T6i hi vong rang
nhitng kién thizc va kinh nghiém thu thap tir dé an tét nghiép nay sé tiép tuc hd
tro tdi trong tuong lai, khong chi trong nghién ctu ma con trong su nghiép va
cudc sdng.

Cubi cung, to1 xin cdm on gia dinh, ban be va nhitng nguoi da luén bén
canh dong vién, chia sé va hd trg tdi trong qua trinh hoc tap, nghién ctu.

Hoc vién thwe hién

Nguyén Tuén Diing
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MO DAU

1. Gidi thi¢u

Trong bdi canh cong nghé thong tin va tri tué nhan tao ngdy cang phat trién,
xur Iy ngdn ngir tu nhién (Natural language processing - NLP) da tré thanh mot
linh vyuc nghién ctru quan trong va hap dan. Mot trong nhitng thach thtrc 16n cua
xUr 1y ngdn ngit tu nhién 13 phan loai cau, mot budc khong thé thiéu dé hiéu va xir
1y ngdn ngir cia con nguoi. Viée phan loai cau chinh xac khong chi gitp cai thién
hiéu suét cta cac hé théng dich may, rng dung tro chuyén tuy dong, ma con nang
cao kha ning phan tich cam xuc, nhan dién y dinh va nhiéu tmg dung khac.

Ly do chinh dé lya chon dé tai "Nghién ctru k¥ thuat phan loai cau trong xtr
Iy ngdn ngit ty nhién bang mo hinh hoc sau" nam ¢ tiém ning to 16n ciia mo hinh
hoc sau trong viéc giai quyét cic van dé phirc tap ctia xir Iy ngon ngit ty nhién.
M6 hinh hoc sau, dac biét 1a mang no-ron tich chdp (CNN), da chung minh kha
nang vuot troi trong viéc xur 1y dit liéu van ban va phan loai cau so véi cac phuong
phap truyén thong.

Céc 1y do t6i lyra chon dé tai nay bao gom:

- Thu nhét, viéc nghién ctru va ap dung cac k¥ thuat hoc sau trong phan loai
cdu gitip mé ra nhiéu huéng nghién ctru méi, gop phan day manh su phat
trién cta xur Iy ngdn ngir tw nhién. Ky thuat hoc sau c6 kha ning ty dong
hoc céc dic trung quan trong tur dir li¢u, thay vi phai dua vao cac phuong
phap trich xuat dic trung thu cong, do do co thé dat duoc do chinh xac cao
hon va giam thiéu cong strc cta cac nha nghién ciru.

- Thtr hai, m6 hinh hoc sau khong chi cai thién do chinh xac cua viéc phan
loai cau ma con tdng cuong kha nang xu ly ngébn nglr ty nhién trong cac
nglr cdnh khac nhau, tir 46 tao ra cac g dung thong minh va hi¢u qua hon.

Vi duy, trong cac hé¢ théng hd trg khach hang ty dong, viéc phan loai chinh



xac ¥ dinh cta nguoi dung c6 thé giup cung cap cac phan hoi chinh xac va
nhanh chong hon.
- Cudi cung, nghién ctru vé k¥ thuat phan loai cau bang mé hinh hoc sau
khéng chi c6 ¥ nghia hoc thudt ma con co gia tri thyc tién cao. Két qua cia
nghién ctru nay c6 thé duge tng dung rong rii trong cac nganh cong nghiép,
tir dich vu khach hang, gido duc truc tuyén, dén y té va quan 1y thong tin.
Diéu nay khong chi giup cai thién hiéu sut va hiéu qua cua cac hé théng
hién tai ma con mé ra nhiéu co hoi méi cho su phat trién ctia cong nghé.
Tom lai, dé tai "Nghién ctru k¥ thuét phan loai cau trong xir 1y ngdn ngit tu
nhién bang mé hinh hoc sau" khong chi dap g nhu cau nghién ciru va tng dung
thue tidn ma con gop phan quan trong vao su phat trién cta linh vuc xur Iy ngdn
ngir tu nhién va tri tué nhan tao.
2. Ly do chon dé tai/Tinh cap thiét ciia dé tai

Trong thot dai cong nghé 4.0, xtr 1y ngébn ngtt tu nhién (NLP) da va dang
tré thanh mot linh vuc nghién ctru bt 13i trong tri tué nhan tao (AI) do su gia ting
dang ké cta dit liéu van ban tir cac nguén khac nhau, nhu mang xa hoi, cac h¢
théng quan ly thong tin, va cac dich vu truc tuyén. Viéc phan loai cau, mgt nhi€ém
vu quan trong trong xtr Iy ngdn ngit ty nhién, dong vai tro thiét yéu trong viéc
trich xuat thong tin, phan tich cam xtic va tuong tac giira con nguoi va may tinh.
Tir d6, nghién ctru va phét trién cac k¥ thuat phan loai cAu hiéu qua tré nén cap
bach hon bao gid hét.

Sw gia tiang cia div ligu phi cdu triic

Dt liéu phi céu trac, dic biét 1a van ban, dang phat trién nhanh choéng va
chiém moét ty 1é 16n trong tong s dir liéu duoc tao ra hang ngay. Viée xtr 1y va
phan tich hi¢u qua loai dir li€u nay 1a mot thach thuc 16n ddi voi cac nha nghién
ctru va nha phat trién. K§ thuat phan loai ciu dong vai trd quan trong trong viéc
hiéu va xtr 1y ngir nghia ctia van ban, tir @6 chuyén d6i dit liéu phi cau tric thanh

thong tin c6 gia tri.



Yéu céu ciia cdc ieng dung thuec tién

Cac tmg dung thuc tién nhu tng dung trd chuyén tu dong, hé théng ho tro
khach hang tu dong, dich may, va cac cong cu phan tich cam xuc déu dira vao viéc
phan loai cau dé cai thién kha ning twong tac va cung cap trai nghiém nguoi dung
t6t hon. Kha ning phan loai cau chinh xac va nhanh chdng gitip cac hé théng nay
hoat dong hiéu qua hon, dap tng yéu cau ngay cang cao cua ngudi ding trong
viéc xur Iy va phan tich thong tin ngoén ngir ty nhién.

Tiém nding ciia hoc sdu trong phan loai ciu

Mo hinh hoc sdu di chimg minh tiém ning to 16n trong viéc nang cao hiéu
suat ctia cac nhiém vu xtr Iy ngdn ngit ty nhién. Kha nang hoc cac dic trung phirc
tap tir dit liéu ma khéng can dua vao cac phuong phép trich xuat thu cong gitp
mé hinh hoc sau vuot troi hon so véi cac k¥ thuat truyén thong. Viéc nghién ctru
va ap dung mo hinh hoc sau trong phan loai cau khong chi cai thién do chinh xac
ma con mé ra nhiéu co hoi phat trién cho cac tng dung tri tué nhén tao.

Ddp irng nhu cau nghién civu va phdt trién cong nghé

Nghién ctru vé k¥ thuat phan loai cau bang mé hinh hoc sau khong chi c6
¥ nghia khoa hoc ma con dong gdp quan trong vao viéc phat trién cong nghé, nang
cao nang luc canh tranh ctia cdc doanh nghiép trong linh vuc cong ngh¢ thong tin.
Pong thoi, nghién ctru nay cling gdp phan tao ra nhitng budc dot pha méi trong
viéc xtr Iy ngdn ngit tu nhién, dap tmg nhu cau nghién ctru va tng dung thuc tién.

Gidi quyét cdc thdch thirc ngén ngiv

Ngbn ngir ty nhién da dang va phuc tap, mdi ngdn ngir c6 nhiing dic diém
riéng biét can duge xu Iy mdt céach tinh té. Viéc phat trién cac ky thuat phan loai
cau phtl hop voi ngdn ngit cu thé 1a can thiét dé dam bao hiéu qua va chinh xéac
trong cac g dung ngon ngit dia phuong.

Pé tai "Nghién ctru k¥ thuat phan loai cau trong xir Iy ngdén ngir ty nhién

bang mo hinh hoc sau" khong chi dap tng nhu cau cip thiét cta thuc tién va cong



nghé ma con mé ra nhiéu hudng nghién ctiru méi, gdp phan vao su phat trién bén
viing cua linh vuc xtr Iy ngoén nglr ty nhién va tri tu¢ nhan tao.
3. Tong quan nghién ctru

Nghién ctru bao gdm céac ndi dung vé bai toan phan loai cdu str dung méd
hinh hoc sau.

Khdi niém va tam quan trong ciia phan loai ciu

Phan loai cau 1a mot nhanh quan trong trong linh vuc xtr Iy ngén ngir tu
nhién, tap trung vao viéc phan loai cac cau thanh cac nhom hodc nhan khac nhau
dura trén ndi dung va ngit nghia. Nhiém vu ndy c6 tmg dung rong réi trong nhiéu
linh vuc nhu phan tich cam xtc, nhan dién y dinh, dich may, va cac hé théng ho
trg khach hang tu dong. Viéc phan loai cau chinh xac gitip cai thién hi¢u suit cua
cac ing dung nay, tang cuong kha nang tuong tac gitta con ngudi va may tinh.

Cdc ky thudt truyén thong trong phan logi cdu

Trude khi hoe sau trg thanh xu huéng chu dao, phan loai cau chu yéu dua
vao cac k¥ thuat may hoc truyén théng nhu Naive Bayes, Support Vector
Machines, va Decision Trees. Nhitng k¥ thuat ndy thuong yéu cau budc trich xuat
dic trung thu cong, st dung cac phuong phap nhu bag-of-words hoic TF-IDF dé
chuyén d6i van ban thanh dinh dang s6. Mic du da dat duge mot sd thanh cong
nhét dinh, cc phuong phéap nay c6 nhitng han ché nhét dinh, d3c biét 1a trong viéc
xtr 1y ngit nghia phtc tap va bdi canh ngit canh cia cau.

Sw phdt trién djt phd ciia hoc sdu trong xir Iy ngén ngir tw nhién

Véi su phat trién cta tri tué nhan tao va sttc manh tinh toan, hoc siu da tré
thanh mot cong cy manh mé trong viéc giai quyét cac van dé phuc tap cia xir ly
ngdn ngit tu nhién, bao gdm phan loai cau. M6 hinh hoc siu nhu mang no-ron
tich chap (CNN) da chung t6 hi¢u qua vuot trdi so véi cac ki thuat truyén théng

nho kha nang tuy dong hoc cac dac trung tur dir li¢u.



4. Muc tiéu ciia dé tai
Pé tai "Nghién ctru k¥ thuat phan loai cAu trong xtr Iy ngdn ngit ty nhién
béng mo hinh hoc sau" dat ra cdc muc ti€éu nghién ctru cu thé nhu sau:

- Khao sat cac phuong phap phén loai cau truyén théng va hién dai: Phan
tich su phat trién cua cac k¥ thuat phan loai cdu tir cac phuong phap truyén
théng nhu Naive Bayes, SVM cho dén céc ky thuat hién dai st dung hoc
sau cung véi cac ung dung ctia chiing trong viéc phan loai cau. Panh gia su
hi¢u qua cua nhitng mo6 hinh nay trong viéc xtr ly cac ngir canh va ngit nghia
phtrc tap ctia van ban.

- St dung céc kién tric hoc siu tién tién dé thiét ké va trién khai cac mo hinh
phan loai cau.

- Paénh gia hiéu suat va tinh tmg dung ctia md hinh

5. N0Oi dung nghién ciru

Pé tai "Nghién ctru k¥ thuat phan loai cau trong xir Iy ngdn ngir ty nhién
bang mo hinh hoc sau" duoc trién khai qua cac noi dung nghién ctru sau:

Téng quan vé xir Iy ngon ngir tw nhién va phan loai ciu

- Gi6i thiéu tong quan vé xir Iy ngdn ngit tu nhién: Trinh bay khai quat vé
linh vuc xtr Iy ngdn ngit ty nhién, bao gdm cac khai niém co ban, tng dung
va thach thic. Pic biét, nhan manh vai tro cia xir 1y ngbn ngit ty nhién
trong viéc phat trién cac hé thong thong minh nhu dich may va phan tich
cam Xxuc.

- Phan loai cau trong xt 1y ngdn ngir ty nhién: Nghién ctru dinh nghia, tim
quan trong va cac tng dung thyc tién cta phan loai cau. Phan loai cau la
budc nén tang cho nhiéu nhiém vy khac nhau trong xr Iy ngén ngi ty nhién,
gitip hiéu ngit nghia va y dinh cta van ban.

Cdc phwong phdp phan loai cdu truyén thong



Phuong phap théng ké va hoc may truyén thong: Khao sat cac k¥ thuat phan
loai cau truyén thdng nhu Naive Bayes va Support Vector Machines
(SVM). Trinh bay wu va nhugc diém ciia cac phuong phap nay.

Trich xuét va biéu dién dic trung: Nghién ctru cic phuong phép trich xudt
va biéu dién dic trung cho vin ban, nhu bag-of-words, va cac ky thuat giam
chiéu dir liéu. Panh gia hiéu qua ciia cac phuong phap nay trong viéc hd
tro phan loai cau.

Hoc sdu trong phan logi cdu

Gidi thiéu vé hoc sau: Trinh bay tong quan vé hoc sdu va sy phat trién cua
né trong xir Iy ngdn ngir tw nhién. Giai thich co ché hoat déng va loi ich
ctia cac md hinh hoc sau so véi cac phuong phap truyén thong.

Mang no-ron tich chap (CNN): Nghién ctru cach CNN duogc 4p dung trong
phan loai cau. Trinh bay kién triic cia CNN va cach n6 xir 1y dit liéu vin
ban, nhian manh kha nang trich xudt dic trung cuc bo hi€u qua tir van ban.
Thuwc nghiém va danh gia mé hinh

Thiét 1ap moi trudng thue nghiém: M6 ta méi truong thuc nghiém, cac cong
cu thuc nghiém

Huan luyén va thar nghiém mé hinh: Trién khai cac mé hinh hoc sau da
chon trén bd dit li¢u phu hop

Panh gia hiéu suat mo hinh: Str dung cac chi s danh gia mé hinh

Khd ning irng dung thuc tién

Ung dung trong cac linh vuc khac nhau: Nghién ctru tiém ning tmg dung
ctia mo hinh phén loai cau trong cac hé théng thuc té nhu tmg dung tro
chuyén, dich may, phan tich cam xtc, va cac h¢ théng ho tro khach hang tu
dong.

Thach thtrc va giai phap: Trinh bay cac thach thirc gép phai trong qua trinh
trién khai mo hinh vao thyc tién va dé xuat cac giai phap kha thi dé khic

phuc nhitng thach thirc nay.



Két qua nghién civu va dé xudt huwéng phit trién
- Tbng két két qua nghién ctiru: Tom tit cac két qua dat dugc trong nghién
ctru, nhdn manh cac dong gbp mai cho linh vuc xtr Iy ngdn ngit ty nhién va
hoc sau.
- Dé xuit hudng phat trién tiép theo: Dua ra cac khuyén nghi va hudng phat
trién cho cac nghién ctru trong tuong lai, tip trung vao viée cai thién mo
hinh va mo rdng irng dung ctia phan loai cau trong cac linh vuc khac nhau.
6. Phwong phap nghién ciru

Pé tai "Nghién ctru k¥ thuét phan loai cau trong xir Iy ngdn ngir ty nhién
bang mo hinh hoc sau", chung toi sir dung mdt phuong phap nghién ciru két hop
giita 1y thuyét va thyc nghiém dé dam bao tinh toan dién va chinh xac cia nghién
ctru. Cac bude phuong phap nghién ctru duoc trién khai nhu sau:

Phwong phap nghién curu tai liéu

- Tim hiéu tai liéu chuyén nganh: Thu thap va phan tich cac tai liéu hoc thuat,
bai bao khoa hoc, sach va cac nghién ctru trudc day lién quan dén phan loai
cau trong xur Iy ngon ngit ty nhién (NLP) va hoc sau.

- Khao sat cac k¥ thuat hién dai: Nghién ctru cac md hinh hoc sau tién tién
nhu CNN,... Panh gia wu diém, nhugc diém, va tmg dung ctia mé hinh trong
viéc phan loai cau.

Phwong phap thwc nghiém

- Chuén bj dir liéu: Lira chon va tién xtr 1y cac bo dir liéu can thiét cho qué
trinh huan luyén va thir nghiém.

- Huéan luyén mé hinh: Sir dung dit liéu da chuan bi dé huan luyén cac mo
hinh hoc sau.

- Thi nghiém mé hinh: Sau khi huan luyén, tién hanh thir nghiém mé hinh
trén bo dir liéu kiém thir dé danh gia hiéu suat.

Phwong phap trinh bay



- Tbong hop va phan tich dit liéu thu dugc tir qua trinh thir nghiém. Xay dung
cac bao cdo chi tiét vé& hiéu sudt mé hinh, so sanh voi cac phuong phap
khac, va nhimg cai tién dat dugc. Trinh bay rd rang cic thong tin trén bao

cao.



CHUONG 1. TONG QUAN VE PE TAI
1.1. TONG QUAN VE XU LY NGON NGU TU NHIEN
1.1.1. Khai niém xir ly ngon ngir tu nhién

X 1y ngdn ngir ty nhién (Natural language processing - NLP) 12 mdt linh
vuc phan nganh ctia khoa hoc may tinh, tri tué¢ nhan tao va ngoén ngit hoc, tap trung
vao viéc tuong tac gitra may tinh va ngdn ngilr tw nhién ctia con nguoi. X Iy ngén
ngit tu nhién lién quan dén viéc phat trién cac thuat toan va mé hinh dé cho phép
may tinh hiéu, phan tich, va tao ra ngdn ngi tu nhién, tir 46 thuc hién cac nhiém
vu nhu dich may, nhan dang giong noéi, phan tich cdm xuc, va tuong tac véi nguoi
dung thong qua van ban hoac 161 néi [1].

Xtr 1y ngdn ngit tu nhién bao gdm nhiéu nhiém vu khac nhau, mdi nhiém
vu nham giai quyét mot khia canh cu thé ctia ngon ngit ty nhién. Cac nhiém vu co
ban trong xtr 1y ngdn ngit tu nhién bao gom:

- Phan tich ci phap: Xéc dinh ciu trac ca phap cua cau, nghia 14 cach cac
tir va cum tir dugc sap xép va lién két voi nhau trong mot cau. Phén tich ct
phap 1a co s& cho viée hiéu ngir nghia cta cau.

- Phan tich ngir nghia: Tap trung vao viéc hiéu y nghia ciia cac tlr, cum tir
va cau. Phan tich ngir nghia bao gdm viéc nhan dién ngit canh, phan giai
d6ng nghia, va hiéu nghia da nghia cta tir trong cac tinh huéng khac nhau.

- Phan loai cau: Phan loai van ban thanh cac danh muc hoac 16p nhét dinh
dua trén nd1 dung. Vi dy, phan loai email thanh thu rac va thu khong rac,
hoac phéan loai céc bai viét thanh cac chu dé khac nhau.

- Nhan dang thuc thé c6 tén: Nhan dién va phan loai céc thuc thé trong van
ban nhu tén nguoi, dia diém, to chirc, va cac danh tur riéng khac. Day 1a mot
budc quan trong trong viéc trich xuat thong tin tlr vin ban.

- Dich may: Ty dong dich van ban tir ngébn nglr ndy sang ngoén ngir khac.
Dich may yéu cau hiéu sau vé ca ca phap va ngit nghia ctia ca hai ngdn ngi

nguodn va dich.
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- Tém tat vian ban: Tao ra mot ban tom tét ngrfm gon va suc tich tir mot doan
van ban dai. Tom tit vin ban co thé 1a tom tit trich dan hodc tom tit tong
hop.
- Nhan dang giong néi: Chuyén ddi giong néi thanh van ban. Day 1a mot
trong nhitng tmg dung phd bién nhit cta xtr Iy ngdn ngir ty nhién, dugc st
dung trong cac tro ly 4o nhu Siri, Alexa, va Google Assistant.
- Sinh ngon ngir tw nhién: Tao ra van ban hoac 161 n6i1 c6 y nghia tur dit li¢u
¢6 céu trac. Sinh ngon ngtt ty nhién co thé duoc st dung dé tu dong tao bao
cdo, tom tat dir liéu hodc giao tiép tu dong.
1.1.2. Lich sir phat trién ciia xir Iy ngon ngir tw nhién

Xt Iy ngdn nglr ty nhién la mot linh vye nghién ctru lién nganh, véi lich st
phat trién kéo dai hang thap ky. Su tién bd ctia xir Iy ngén ngir tu nhién co thé
duogc chia thanh nhiéu giai doan, mdi giai doan phan anh nhiing budc tién quan
trong trong cong nghé¢ voi nhitng giai doan chinh:

Giai doan khdéi dau va nén ting Iy thuyét (1950 - 1980)

- Nhirng nim 1950: Xt 1y ngdn ngit tr nhién c¢6 ngudn gdc tir nhitng nim
1950, trén tap chi Mind, Alan Turing da xuit ban mot bai bao co tua dé
"Computing Machinery and Intelligence" trong d6 dé xuat cai ma hién dugc
goi 1a bai kiém tra Turing nhu mot ti€u chi cua tri thong minh, mac du vao
thoi diém d6, n6 khong dugce néu rd 1a mot van dé tach biét véi tri tué nhan
tao.

- ELIZA (1966): Mot trong nhitng chuong trinh may tinh ndi tiéng nhat
trong giai doan nay 1a ELIZA, dugc phét trién bai Joseph Weizenbaum tai
MIT. ELIZA sir dung mot tdp hop cac quy tic don gian dé tao ra cic phan
ho6i ngdn ngir tu nhién, gia 1ap mot nha tam Iy hoc. ELIZA dbi khi cung cap
mot twong tac giéng con ngudi dén kinh ngac. Khi "bénh nhan" vuot qua

co s6 kién thuc rat nho, ELIZA c6 thé cung cip mot phan hoi chung chung.
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Mic du ELIZA kha so khai, no da ching minh tiém nang ciia xtr 1y ngén

ngir tu nhién trong vi¢c twong tac véi con nguoi.

- Nhirng nam 1980: Giai doan nay dugc xem la thoi ky dinh cao cta cac

phuong phéap biéu tuong trong xir Iy ngdn ngir ty nhién, véi mot sb trong

tam nghién ctru chinh trong giai doan nay bao goém:

+

Phan tich ci phap dwa trén quy tic: Day 1a thoi ky ma cac phuong
phap phén tich ¢t phap dua trén quy tic nhan duoc nhiéu sy chu ¥,
chang han nhu sy phéat trién cia HPSG (Head-Driven Phrase
Structure Grammar), mot dang hi¢n thuc hoéa tinh toan cua ngtt phap
tao sinh.

Xir ly hinh thai hoc: Vi du nhu two-level morphology, mot phuong
phap xir 1y hinh thai hoc hai ting dé phan tich céu tric tir.

Ngir nghia hoc: Céc nghién ctru vé ngir nghia, chang han nhu thuat
toan Lesk algorithm, duoc phat trién dé giai quyét van dé phan giai
da nghia cua tu.

Tham chiéu: Nghién ctru vé tham chiéu, dic biét 1a trong 1y thuyét
trung tim nham hiéu cach cac don vi ngdn ngit nhu danh tir va dai tir
duogc st dung dé duy tri tinh gan két trong vin ban.

Cic linh vue khéc ciia hiéu ngdn ngit tw nhién: Bao gdm Iy thuyét
cAu trac tu tir, gitp hiéu va mé ta cach cac phan cua vin ban lién két

v61 nhau vé mat tu tur.

Ngoai ra, cac hudng nghién ctru khac ciing duge tiép tuc trong giai doan

nay, chang han nhu sy phat trién cua cac ung dung tro chuyén, vadi vi du noi bat

la Racter va Jabberwacky.

Mot phét trién quan trong trong thoi ky ndy, dong vai tro 14 tién dé cho bude

ngoit dé chuyén sang cac phuwong phap thong ké trong xtr 1y ngén ngit tw nhién

vao nhitng nam 1990, 1a sy gia ting tAm quan trong cta viéc danh gia dinh luong
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trong nghién ctru xtr Iy ngdn ngit tw nhién. Piéu nay dan dan dan dén viéc ap dung
cac phuong phap théng ké va hoc may rong rai hon trong cac nghién ctru va tng
dung x1r Iy ngdn ngir ty nhién sau nay.

Giai doan ciia cdc phwong phdp thong ké trong xir Iy ngén ngit ti nhién
(1990 - 2010)

Trude 1990, hau hét cac hé théng xir Iy ngdn ngit tu nhién dya trén cac bd
quy tic phirc tap dugc viét thu cong, hau hét cac hé thong phu thudc vao cac tap
ngir liéu dugc phat trién dic biét cho cac nhiém vu ma ching thuc hién, diéu nay
thuong 1a mot han ché 16n ddi véi sy thanh cong cua cac hé thong nay. Nhing
quy tic nay thudng rat kho mo rong va duy tri, va hé théng gap kho khin trong
viée xir 1y cac bién d6i phirc tap ctia ngdn ngit ty nhién.

- Thanh cong ban dau ciia cic phwong phap thong ké: Nhiéu thanh cong
dang chu ¥ cua cac phuong phap théng ké trong xur 1y ngdn ngit ty nhién
da dién ra trong linh vyc dich may, dac biét la nho cong viéc tai IBM
Research, voi cac mo hinh sap xép cua IBM [2]. Nhiing hé thong nay da
tan dung dugc céac tap ngir liéu da ngir co san, dugc tao ra boi cac co quan
chinh pha nhu Quéc hoi Canada va Lién minh Chau Au, do luat phép yéu
cau dich tat ca cac thu tuc hanh chinh sang tit ca cac ngdn ngit chinh thirc
ctia cac hé théng chinh phu tuong tng.

- Sw phat trién ciia dir liéu ngén ngir chwa dwoc gan nhian: Véi su phat
trién ctia web, ngdy cang c6 nhiéu dir liéu ngdn ngit thd (chua dugc gan
nhan) tré nén san co tu gitta nhimg nam 1990s. Do d6, nghién ctru ngay
cang tap trung vao cac thudt toan hoc khong giam sat (unsupervised) va hoc
ban giam st (semi-supervised). Cac thuat toan nay cé thé hoc tir dir liéu
chua dugc gan nhan véi cac cau tra 16i mong mudn hodc st dung két hop
dir liéu da gan nhan va chua gan nhan.

Thong thuong, cac nhiém vu nay khé khin hon nhiéu so v6i hoc c6 giam

sat, va thuong tao ra két qua kém chinh xac hon véi cung mét luong dir ligu dau
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vao. Tuy nhién, c6 mot luong 16n dit liéu chua gan nhan c6 san (bao gém, vi du
nhu toan bd ndi dung cuia World Wide Web), diéu nay co thé bu dap cho cac két
qua kém néu thuat toan dugc sir dung co d6 phire tap thoi gian du thap dé thuc té
ap dung.

Xir Iy ngon ngit tw nhién biang mang no-ron (Tir nam 2000 dén nay)

Pay 1a giai doan ma cac mo hinh mang no-ron sau va hoc biéu dién d thay
d6i can ban cach tiép can dbi voi cac nhiém vu trong xir Iy ngdn ngit tw nhién.

- Trong nim 2003: Mot budc ngodt quan trong da dién ra khi mo hinh n-
gram, mot trong nhing thuat toan théng ké tot nhat thoi d6, bi vuot qua boi
mot mang no-ron nhiéu 16p (multi-layer perceptron) vdi mot 16p an va ngi
canh ctia mot sd tir nhat dinh, dugce huin luyén trén to1 14 tricu tu béng cach
st dung mdt cum may tinh (CPU cluster) trong ngir cdnh m6 hinh héa ngon
ngir. Nghién ctru nay dugc thuc hién boi Yoshua Bengio va cac cong su [3],
danh dau mot bude tién quan trong trong viéc ap dung cdc mang no-ron
vao xu 1y ngdn ngir tu nhién.

- Nim 2010 dén nay: Tomas Mikolov, khi d6 1a nghién ctru sinh Tién si tai
Pai hoc Cong nghé Brno, cung vdi cac cong su [4] da &p dung mdt mang
no-ron hoi tiép don gian voi mot 16p an vao viéc mo hinh héa ngon ngir.
Cong trinh ctia Mikolov dd m¢ dudng cho sy phat trién ciia Word2vec, mot
mo hinh ndi tiéng gitp biéu dién tir ngir trong khong gian vector. M6 hinh
nay da tro thanh nén tang cho nhiéu nghién ctru va ing dung xu 1y ngdn
ngit tr nhién, nho kha ning hoc tir cac ngit canh xung quanh va nim bat
dugc cac quan hé ngit nghia nhu twong déng va dong nghia.

Lich st phat trién cta xt Iy ngdn ngit tw nhién 1a sy khong ngimg cai tién
ctia cac phuong phap va cong nghé nham thu hep khoang cach gitra ngon ngit clia
con ngudi va kha niang hoc tap ctia may tinh. Tir nhing nd lyc ban dau véi cac hé
thng dura trén quy tic trong nhitng nim 1950s dén 1980s, xir Iy ngdn ngit tw nhién

da chuyén minh manh m¢ véi sy ra doi cia cdc mo hinh thong ké trong nhiing
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nam 1990. Cudc cach mang nay di duoc thuc ddy boi sy gia ting cta sitc manh
tinh toan va luong dit liéu khéng 13, cting véi su chuyén ddi tir cac 1y thuyét ngon
nglr truyén théng sang viéc st dung ngir li¢u thuc té.

Budc vao nhitng ndm 2000, xur Iy ngdén ngit tu nhién da budc sang mdt giai
doan m&i voi sy xuit hién cta cac mo hinh mang no-ron sau, dac biét 1a cac ky
thuat hoc sau va hoc biéu dién. Nhimg tién bo nay, cing voi sy phat trién cia cac
mo hinh tién tién d3 mo ra nhitng kha ning méi trong viée xtr Iy va hiéu ngdn ngir
tw nhién v6i 6 chinh xac va hiéu suat vuot troi.

1.1.3. Ung dung ciia xir Iy ngdn ngir tw nhién

V61 nhitng kha nang manh mé ctia minh, xtr 1y ngdn nglt tu nhién da tréd
thanh mot trong nhitng linh vuc quan trong nhét cua tri tué nhéan tao, v4i nhiéu
tmg dung thuc té trong cac nganh cong nghiép khac nhau. Tir viéc hd trg con
nguoi trong giao tiép, phan tich dir liéu dén ty dong hoa quy trinh kinh doanh, xur
Iy ngdn ngit tu nhién dang ngay cang duoc tich hgp vao nhiéu khia canh ciia cudce
séng va cong viéc. Dudi day 1a nhitng tng dung phd bién va quan trong cua xu 1y
ngdn ngit ty nhién:

Dich may

Dich may 1a mot trong nhimng Gng dung lau doi va quan trong nhat cia xtr
Iy ngdn ngit tu nhién. Dich may ty dong gitp chuyén ddi vin ban hodc 1i noi tir
ngdn ngit nay sang ngdn ngir khac, dong vai trd quan trong trong viéc két ndi cac
ngdn ngir va van hoa khac nhau trén toan thé giéi. Qua nhiéu thap ky phat trién,
dich may di tién bo vuot bac tir cac phuong phap dua trén quy tic ban dau dén
cac mo hinh hoc sau hién dai.

Trong nhitng nam 1950s, dich may chtl yéu dua trén cac hé théng quy tic,
trong d6 cac quy tic ngit phap va tir vung dugc lap trinh thi cong. Ngudn gdc cta
dich may bat nguén tr cong trinh cua Al-Kindi , mdt nha mat ma hoc nguoi A
Rap thé ky tht chin, ngudi d phat trién cac k¥ thuat dich ngdn ngit hé thdng, bao

gom phan tich mat ma, phan tich tan suat va xac suat va thong ké, duoc s dung
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trong dich may hién dai. Y tuong vé dich may sau d6 xuat hién vao thé ky 17.
Nam 1629, René Descartes dé xudt mot ngdn ngit phd quat, véi cac ¥ tudng tuong
duong & cac ngdn ngtr khac nhau chia sé mot ky hi¢u.

Y tudng st dung may tinh k§y thuat sb dé dich ngdn ngit tw nhién di dugc
dé xuat tir nam 1947. Pién hinh nhét 12 dy an Georgetown-IBM nim 1954, trong
do6 mot doan van ban tiéng Nga dugc dich sang tiéng Anh. Mac du dat duoc mot
s6 thanh cong ban dau, cac hé théng nay nhanh chéng boc 10 nhimng han ché do
su phtrc tap va tinh khong linh hoat cia ngdn ngir tu nhién.

Pén nhimg nam 1990, cac phuong phap dich may thong ké bat dau thay thé
cac hé thong dua trén quy tic. Cac phuong phap niay dwa vao cidc md hinh xéac
suat dé du doan cac cau dich dua trén tin suét xuat hién cua tir va cum tir trong
cac cdp ngdn ngit song ngir. Mot vi du quan trong 1a cac mo hinh sap xép cua
IBM, dic biét 1a trong du an Europarl [5], tdn dung céc tai liéu da dugc dich san
tr cac co quan chinh pht nhu Lién minh Chau Au.

Véi su xuit hién cua mang no-ron va cac mé hinh hoc sau vao dau thap
nién 2010, dich may da tién dén mot budc tién méi véi sy ra doi cta dich may
no-ron. Thay vi dich ting cum tir hodc cau mot cach roi rac, dich may no-ron sur
dung mang no-ron sau dé mé hinh héa toan bo cau trong ngit canh, gitp cai thién
dang ké do chinh x4c va muot ma cua ban dich.

Ung dung thuc té cta dich may:

- Dich viin ban: Google Translate va cac hé théng dich may truc tuyén khac
1a vi dy dién hinh vé Gng dung cta dich may trong viéc dich van ban giira
hang tram ngdn ngit khac nhau. Nguoi dung ¢ thé nhanh chéng dich cac

doan van, trang web, hodc tham chi toan bd tai liu chi trong vai gidy.
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Google

Translate

«

Hinh 1.1. Cong cu Google Translate

- Dich may trong cac doanh nghiép: Nhiéu cong ty st dung dich may dé
dich tu dong email, tai liéu noi bo, va cac tai liéu hudng dan. Diéu nay giup
tiét kiém thoi gian va chi phi, dac biét trong cac td chirc toan cau c¢6 nhu
cau giao tiép da ngdn ngir.

- Dich ngon ngir trong thoi gian thuc: Mot ing dung quan trong khéc cua
dich may 1a dich ngon ngit trong thoi gian thyc, chang han nhu trong céc
cudc hoi nghi quéc té, cac cudc goi video da ngdn ngtr, hoac khi di du lich.
Dich may hd tro dich truc tiép cac cudc hoi thoai, gitup loai bo rao can ngoén
ngit trong giao tiép qudc té.

- Dich ngon ngir trong giao duc va nghién ctru: Trong linh vyc giao duc
va nghién ctru, dich may gitp sinh vién va nha nghién ctru truy cap vao cac
tai liéu hoc thuét va nghién ctru tir khap noi trén thé gidi, bat ké ngdn ngi
gbc cua tai lidu.

Nhan dang giong noi

Nhén dang giong néi 13 mot trong nhing tng dung ndi bat ctia xir Iy ngdn
ngit tw nhién, cho phép chuyén ddi ngdn ngir nodi thanh van ban. Cong nghé nay
da tro thanh mot phan khong thé thiéu trong nhiéu san pham va dich vu hién dai,
tir tro 1y 4o dén hé thong diéu khién bang giong néi nham dap tng yéu cau ngay
cang cao cua con nguoi.

Nhan dang giong néi da trai qua nhiéu giai doan phat trién, bat dau tir cac

hé thong nhan dang don gian chi véi vai tir hoac cau 1énh ¢6 dinh vao nhitng nam
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1950. Bén nhitng nam 1980 va 1990, cac hé thong nhin dang giong néi dua trén
m6 hinh théng ké, nhu Hidden Markov Models d3 gitip ting cuong kha nang nhan
dang cac chudi 4m thanh dai hon va da dang hon. Tuy nhién, phai dén dau nhiing
nam 2010, véi sy ra do1 cia cac md hinh mang no-ron va hoc sau, nhan dang
giong nd1i moi thuc sy dat dugc bude tién dang ké vé do chinh xéc va tinh linh
hoat [6].

Ung dung ciia nhan dang giong noi:

- Troly 40: Nhan dang giong néi 1 cong nghé cbt 16i dang sau cac tro 1y 4o
nhu Sir1 cua Apple, Alexa cua Amazon, Google Assistant, va Cortana cua
Microsoft. Cac tro 1y ndy c6 kha ning nhan dién va xtr Iy cac 1énh bang
giong noi dé thuc hién nhiéu tac vu nhu giri tin nhan, dat bao thic, tim kiém

thong tin, va diéu khién céc thiét bj thong minh trong nha.

T6i c6 thé gitp gi |
cho ban

[

Hinh 1.2. Tro ly do Siri nang cao trai nghiém nguoi dung
- H@ thong diéu khién bang giong né6i: Nhan dang giong néi dugc tich hop
vao cac hé théng diéu khién trong 6 t0, thiét bi gia dinh, va thiét bi y té. Vi
du, nguoi 1ai xe co thé sir dung 1énh giong noi dé diéu chinh hé thong giai
tri, goi dién thoai, hodc thiét 1ap chi duong ma khong can phai roi mét khoi

duong di.
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- Giao tiép v6i may tinh va thiét bi di dong: Trén cac thiét bi di dong va
may tinh, nhan dang giong ndi gitp ngudi dung thuc hién cac tdc vu nhu
soan thao vin ban, tim kiém trén web, va diéu hudng ung dung chi bang
giong noi. Piéu ndy gitip nang cao trai nghiém nguoi dung va hd tro nhiing
ngudi co khuyét tat trong viée sir dung cong nghé.

- Tong dai tw dong: Nhiéu trung tdm dich vu khach hang sir dung hé théng
nhan dang giong néi dé tu dong hoa cac cudc goi, giup khach hang giai
quyét cac van dé thong qua cac hé théng ty dong ma khong can dén su can
thiép ctia con ngudi. Pidu nay gitp giam chi phi van hanh va tiang toc do
xu 1y yéu cau.

Phén tich cam xuc

Phén tich cam xuc, con dugc goi 1a khai thac y kién, 1a qu4 trinh str dung
cac k¥ thuat xir Iy ngén ngit tu nhién, hoc may, va khai thac dit li¢u dé xac dinh,
trich xuét va phan loai cam xuc hodc thai do cua con nguoi trong cac doan van
ban. Pay 1a mot trong nhiing (mg dung quan trong va pho bién nhat cua xu 1y
ngdn ngit tu nhién, véi nhidu tng dung trong kinh doanh, truyén thong xa hoi,
dich vu khach hang, va nhiéu linh vuc khac. Phan tich cam xtc nham xac dinh
thai d6 (tich cuc, tiéu cuc, trung 1ap) hodc cam xtc (nhu vui vé, gidn dit, budn ba)
trong mdt van ban nhét dinh. Van ban c6 thé 1a bai dang trén mang xa hoi, danh
gia san pham, phan hoi ctia khach hang, hodc bat ky noi dung vin ban nao khac
ma nguoi dung chia sé.

Phén tich cam xtc trai qua nhiéu giai doan phat trién v6i nhiéu cong nghé
duogc cai tién khong ngimg theo thoi gian. Khdi dau 1a phan tich cam xtc dua trén
tir vung, phuong phap nay str dung cac tir dién chira cac tir hodic cum tir dugc gan
nhan cam xuc. Khi mot vin ban duoc phan tich, hé théng sé tra ciru cac tir trong
tir dién ndy dé xac dinh cam xiic ctia vin ban. Sau d6 phat trién thanh sir dung cac

thuat toan nhu Naive Bayes, Support Vector Machines, va Decision trees dé hoc
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tur cac tap dir liéu gén nhan trudc d6. Cac mo hinh nay dua vao cac dac trung nhu

tor vung, tan suat tur, va n-gram dé du doan cam xuc.

O thoi diém hién tai, cic mo hinh hoc sau da mang lai budc tién 16n trong

phan tich cam xuc. Cac mo6 hinh nay c6 kha nang nam bat nglt canh va moi quan

hé gitra cac tur trong cau, giup hi€u rd hon vé cam xuc dugc truyén tai trong van

ban.

Ung dung ciia phan tich cam xuc:

Trong truyén thong va quén 1y thwong hiéu: Cac cong ty co thé sir dung
phan tich cam xtc dé danh gia hiéu qua cta cac chién dich truyén thong x4
hoi va quang céo. Bang cach phan tich phan ung cua cong ching di véi
mot chién dich cu thé, doanh nghiép c6 thé do luong tic dong va diéu chinh
chién luoc trong thoi gian thuc. Pong thoi theo ddi cam xtic ciia khach hang
vé thuong hiéu cta ho trén cac nén tang xa hoi va trong cac bai danh gia
truc tuyén. Bang cach nhan dién cac xu hudng cam xuc tich cuc hay tiéu
cuc, doanh nghiép co thé diéu chinh chién lugc quang ba san pham va dich
vu dé dap tng nhu cu va mong doi ctia khach hang.

Trong gido duc: Phén tich cam xuc c6 thé dugc sir dung dé danh gia phan
héi ciia hoc sinh d6i vdi cac khoa hoc, gido vién, va ndi dung hoc tap. Thong
qua viéc phén tich cac phan hdi nay, cac truong hoc va to chirc gido duc co
thé diéu chinh chuong trinh giang day va phuong phéap giang day dé cai
thién trai nghiém hoc tap. Phan tich cam xuc c6 thé gitp giang vién ting
kha ning nam bt trang thai cam xuc ctia hoc sinh qua cac bai tra 11 khao
sat. Piéu nay gitip giang vién phat hién sém cac van dé, chang han nhu hoc
sinh c6 dau hiéu gip nhitng van dé vé tam 1y, tir 46 c6 thé can thiép kip thoi
dé tranh anh hudng dén kha nang hoc tap.

Trong y té: Phan tich cam xuc c6 thé duogc sir dung dé theo ddi su tién trién
ctia bénh nhan trong qua trinh diéu tri tam 1y, gitp xac dinh hiéu qua cua

cac phuong phap diéu tri va diéu chinh phac do diéu tri khi can thiét.
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- Sang tao ndi dung va giai tri: Phan tich cam xuc co thé duoc st dung dé
phan tich phan tng ctia khan gia ddi véi cac chuong trinh truyén hinh, phim
anh, hodc ndi dung tryc tuyén. Piéu ndy gitp cac nha sang tao ndi dung
hiéu rd hon vé s& thich va phan tmg ctia khan gia, tir 46 t6i uu hoa ndi dung

dé ting cudng twong tac va su hai 1ong cua khan gia.

b
A\
\

e AN

Hinh 1.3. Phén tich cam xiic gitip ndm bdt nhu cau ciia ngwoi ding cuéi tot hon

Ung dung tro chuyén tw dong

Ung dung tro chuyén ty dong va tro 1y 4o 1a hai trong sé nhiing ing dung
manh mé cua xtr Iy ngon ngir ty nhién. Nhiing cong ngh¢ nay da cach mang hoa
cach con ngudi tuong tac voi mdy tinh va thiét bi thong minh, mo ra ky nguyén
moi cua giao tiép gilta nguoi1 va may. Tro chuyén tu dong va tro ly 4o hién dién
trong nhiéu ung dung thuc té khac nhau, tir dich vu khach hang dén diéu khién
thiét bi thong minh trong nha.

Ung dung tro chuyén tu dong 13 cac tmg dung phan mém thyc hién cac
cudc trd chuyén véi con ngudi qua giao dién vin ban hodc giong néi. Ung dung
tro chuyén ty dong co thé duogc 1ap trinh dé tra 161 cic cau hoi, hd trg thuc hién
cac nhiém vy, hoac tham chi tuong tdc nhu mot nguoi ban do.

Ung dung pho bién nhét ctia ing dung tro chuyén tu dong 1a cung cip tong
dai tu dong. Cac doanh nghiép str dung tng dung tro chuyén ty dong dé cung cap
dich vu hd tro khach hang lién tuc, giai dap cac cau hoi thuong gip, hd tro dit

hang, theo d&i don hang, va giai quyét cac van dé co ban trude khi diéu chuyén
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dén nhan vién k¥ thuat. Diéu nay gitp giam chi phi nhan sy va cai thién thoi gian
khach hang can bo ra khi st dung dich vu.
1.2. TONG QUAN VE CAC MO HINH HQC SAU
1.2.1. Tong quan vé hoc siu

Hoc sau (Deep learning) 1a mdt nhanh ctia hoc may (Machine learning), tap
trung vao viéc mo hinh hoa cac triru tugng cao trong dir li€u thong qua viéc su
dung cdc mang no-ron nhan tao c6 nhiéu 16p. Céc 16p nay duge td chic theo kiéu
"sau", tic 1a gdm nhiéu tang xtr 1y dir liéu, mdi ting hoc cach biéu dién dit liéu &
muc d0 triru tuwong khac nhau.

Mot vai dic diém cia hoc siu:

- Nhiéu t?lng: Hoc sau stir dung cac mang no-ron sau, trong do dit liéu dau
vao dugc truyén qua nhiéu ting no-ron. Mdi ting hoc mét biéu dién phuc
tap hon ctia dit liéu, tir d6 cho phép hé thong nhan dang cic mau phirc tap
hon.

- Hoc cac yéu to diic trung tw dong: Khong gidng nhu cac phuong phap
hoc may truyén théng can thiét ké dac trung thu cong, hoc sau ty dong hoc
cac dic trung tir dit liéu thd ma khong can can thiép nhiéu tir con nguoi.
Piéu nay gitp cai thién hiéu suat trong cac nhiém vu phirc tap nhu nhan
dang hinh anh, xr Iy ngon ngtt tr nhién, va dich may.

- Hiéu qua voi dir liéu phi cdu tric: Hoc sau dic biét hiéu qua trong viéc
xtt 1y cac loai dit liéu phi cau trac nhu hinh anh, 4m thanh, va vin ban. Diéu
nay di mé ra nhiéu tmg dung trong cac linh vuc nhu thi giac may tinh, xtr
1y ngdn ngtt ty nhién, va nhan dang giong nodi.

- Kha ning mé rong: Cac mang no-ron sau co6 thé dugc mé rong dé xu Iy
luong 16n dit liéu va cac bai toan phirc tap. Kha ning tong quat hoa cao
giip mod hinh hoc sdu co thé ap dung cho nhiéu nhiém vu khac nhau ma

khong can phai thay doi cau tric co ban cia mo hinh.
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- Hiéu suét vugt troi: Hoc sau da cho théy hiéu suit vuot troi trong nhiéu
nhiém vy so véi cac phuong phép truyén thng.

- Yéu ciu tai nguyén phan cirng: Mic du hoc sau rat manh mé, no ciing doi
hoi lwgng 16n dit liéu dé huan luyén va tai nguyén tinh toan manh m&. Qué
trinh huén luyén cdc mé hinh hoc siu thudng rat ton kém vé thoi gian va
cong suc.

- Kha nang t6i wu lién tuc: Cac mo hinh hoc sau co thé lién tuc cai thién va
t6i wu hoa thong qua qua trinh huan luyén va diéu chinh céc tham s dua
trén dit liéu méi. Pidu nay cho phép cac hé théng hoc sdu duy tri hiéu suat
cao ngay ca khi diéu kién va dit lidu thay doi.

1.2.2. Lich sir phat trién ciia hoc siu

Hoc sdu da trai qua qua trinh phét trién nhiéu thap ky tir nhiing y tudng ban
dau dén sy bung n6 manh mé hién nay. Dudi day la tong quan vé qua trinh phat
trién cta linh vuc nay.

Giai doan so khai (1940 — 1980)

Giai doan tir nhitng ndm 1940 dén 1980 1a thoi ky dat nén méng cho linh
vue hoc sdu, véi nhimg ¥ tudng ban dau vé mang no-ron nhan tao va cac thuat
todn co ban.

Nam 1943: Warren McCulloch va Walter Pitts da gigi thiéu mo hinh toan
hoc dau tién vé no-ron nhan tao trong bai bao "A Logical Calculus of Ideas
Immanent in Nervous Activity". M6 hinh nay m6 phdong hoat dong ctia mot no-
ron sinh hoc béng cach sir dung cac ham sb toan hoc, danh diu sy khéi dau cua ly
thuyét mang no-ron.

Nam 1958: Frank Rosenblatt, da phat trién mo hinh Perceptron, mot loai
mang no-ron don gian cé thé hoc cach phén loai cac mau dir liéu. Ong di dé xuét
mot perceptron véi ba 16p: Mot 16p dau vao, mot 16p an véi trong sé ngau nhién
khong hoc dugc va mdt 16p dau ra. Sau do, ong xuét ban mot cudn sach nim 1962

cling gidi thi€u cac bién thé va thi nghiém may tinh, bao gdm mot phién ban véi
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perceptron bon 16p trong d6 hai 16p cudi cung cé trong sé duoc hoc (va do d6 1a
mot mang than kinh da 16p dang nghia) Perceptron c6 thé hoc tir dit liéu thong
qua mot thuat toan don gian, nhung né chi hoat dong tdt v6i cac dit lieu tuyén tinh
va khong thé giai quyét cac van dé phurc tap hon va dit nén moéng cho cac thanh
phan co ban ctia hé théng hoc siu ngay nay.

Nam 1969: Marvin Minsky va Seymour Papert d3 chi ra nhitng han ché cta
Perceptron trong cudn sach "Perceptrons", dic biét 1a viéc Perceptron khong thé
giai quyét cac van dé khong tuyén tinh nhu bai toan XOR. Ho ciing chi ra rang
viéc huan luyén mot mang no-ron nhiéu 16p 1a khong kha thi véi cong nghé thoi
d6, diéu nay dan dén sy giam sat quan tam d6i véi nghién ctru mang no-ron trong
mot thot gian dai.

Giai doan phdt trién tiém ning (1980 — 2010)

Giai doan tir nhitng nam 1980 dén 2010 1a thoi ky phat trién tiém ning cta
hoc sau, khi cac y twong va cong nghé quan trong dugc phat trién va dan hoan
thién, tao nén tang cho su bung nd cia linh vuc nay sau nim 2010. Trong giai
doan nay, mdt s6 mo hinh va thuét toan cot 13i cta hoc sau di duoc dé xuit va cai
tién, du chua duoc ung dung rong rai do han ché vé dix liéu va strc manh tinh toan.

Céc thuat toan dugc phat trién:

- Thuit toan lan truyén nguwoe (backpropagation): Nam 1986 David
Rumelhart, Geoffrey Hinton, va Ronald J. Williams da ph bién thuat toan
backpropagation, mot phuong phap hiéu qua dé huan luyén mang no-ron
nhiéu 16p. Backpropagation 1a mot cai tién quan trong cho phép diéu chinh
trong sb clia cac no-ron trong mang dya trén sai s6 dau ra, tir d6 cai thién
kha ning hoc cia mang. Mic du backpropagation di ton tai tir trude, nhung
chinh nh¢ cong trinh cia ho ma n6 méi duge cong nhén rong rai va trd
thanh tiéu chuan cho viéc huan luyén mang no-ron

- Deep belief networks: Nam 2006, Geoffrey Hinton va cac dong su da giGi

thiéu Deep belief networks [7], mot loai md hinh hoc sau cho phép huan
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luyén cac mang no-ron véi nhiéu ting 4n mot cach hiéu qua bang cach su
dung thuat todn "greedy layer-wise training." Deep belief networks da mo
ra kha ning huén luyén cac mang no-ron rat siu ma khong can qua phu
thudc vao backpropagation, déng thoi 1am giam thiéu nguy co "vanishing
gradient." Deep belief networks dd dong vai tro quan trong trong viéc hodi
sinh hoc sau sau mot thoi gian bi lang quén.

Hoc sdu trong giai doan nay gip nhitng kho khan. Hau hét cac moé hinh hoc
sdu can luong dir liéu 16n dé hudn luyén hiéu qua. Trong nhitng nim 1980 va
1990, viéc thu thap va xu 1y luong dir li¢u 1on van con kho khan, lam han ché hiéu
qua cta cac mo hinh nay. Strc manh tinh toan can thiét dé huan luyén cac mang
no-ron sau chua di manh mé trong giai doan nay. Piéu nay khién cho viéc huan
luyén cac mo hinh hoc sau tré nén tén kém va cham chap.

Giai doan 1980 - 2010 da chung kién nhiing budc tién quan trong trong 1y
thuyét va cong nghé cta hoc sau. Du con nhiéu han ché, cic cong trinh nghién
ctru trong giai doan nay d3 dit nén mong cho su bung nd cua hoc siu sau nim
2010, khi dir liéu 16n va stitc manh tinh toan tré nén san c¢6 hon. Céac y tudng va
thuat toan dugc phat trién trong giai doan niy da duogc cai tién va tng dung rong
rdi, dan dén nhitng tién bd dot pha trong céc linh vuc nhu thi gidc may

Buing né manh mé ciia hoc sau (2010 — hién nay)

Giai doan tir nam 2010 dén nay da chtng kién sy bung n6 manh mé cua
hoc sau, dua linh vyc nay tir cac phong thi nghiém nghién ctru tr¢ thanh cong nghé
cdt 151 trong nhiéu Gmg dung thuc tién. Nhiing tién bo trong stcc manh tinh toan,
su san c6 ctia dit liéu 16n, va cac dot pha trong kién triic mang no-ron da déng vai
trd quan trong trong sy phat trién nay.

Céc tng dung cua hoc sau trong cac giai doan trude dé tap trung vao cac
nghién ciru cia cac nha nghién ctru va chua hudng dén phan dong ngudi dung.
Tuy nhién cho t&i hién nay, hoc siu di duoc tng dung sau rong va da c6 thé tiép

can boi dong ddo nguoi dung nhu:
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Xir ly ngon ngir tw nhién: Dich may nhu Google Translate, GPT.... Nhiing
m6 hinh nay c6 kha ning hiéu va dich ngit canh tot hon, gitip tao ra cac ban
dich ty nhién va chinh x&c hon. Céc tro ly 4o nhu Siri, Google Assistant,...
Céac mo hinh xtr Iy ngén ngit t nhién gitp cac tro Iy 4o ¢ thé xir Iy ngdn
ngit ty nhién va cung cp phan hoi chinh xac. Bén canh d6 X 1y ngdn ngi
tu nhién dugc ung dung dé phan tich cam xuc tir van ban, gitp cac doanh
nghiép hiéu rd hon vé phan hdi cua khach hang thong qua cac bai dang trén
mang x3 hoi, danh gia san pham, hodc phan hoi tryc tiép.

Thi giac may tinh: Hoc sau duoc sir dung dé nhan dién khudén mit trong
cac hé théng bdo mat, mang xa hdi, va cac ing dung nhan dién sinh trac
hoc khac. Pugc trng dung trén trén di¢n thoai thong minh va h¢ théng giam
sat an ninh st dung cac mé hinh hoc sau dé phat hién va x4ac thuc danh tinh
nguoi dung.

Y té va chiim séc sirec khoe: Hoc sau duoc sir dung dé phan tich céac hinh
anh y t& dé phat hién sém cac bénh nhu ung thu, ton thuong ndi tang, hoic
cac bat thuong khac. Hoc sau cling duogc sir dung dé phan tich dir liéu di
truyén, gitip phat hién cac gen lién quan dén cac bénh di truyén

Thwong mai dién tir: Cac nén tang thuong mai dién tir stir dung hoc sau dé
phan tich hanh vi mua sam cta ngudi dung va goi ¥ cac san pham phu hop.
Hé théng goi ¥ san pham gitip ting cuong trai nghiém mua sam va thic day
doanh thu.

Céc md hinh hoc sau pho bién

Mang no-ron tich chdp (Convolutional neural network - CNN)

Convolutional neural network (CNN) 1a mdt loai mang no-ron sau dac biét

duogc thiét ké dé xir 1y dir liéu dang ludi. CNN duoc xay dung dya trén mo hinh

t6 chire ctia hé thong thi giac ctia dong vat, voi kha nang tu dong hoc cac dic trung

tur dit liéu dau vao ma khong can su can thi€p thu cong.
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CNN str dung cac 16p tich chap (Convolutional layers) dé trich xuat dic
trung tir dit liéu ddu vao. Céc 16p nay c6 kha ning phat hién cic miu nho trong
hinh anh, chang han nhu canh, goc, va sau d6 két hop ching thanh cac dic trung
phtc tap hon qua cac 16p tiép theo.

Ung dung nodi bat:

- AlexNet (2012) [8]: Pay 1a mo hinh CNN di gianh chién thang trong cudc
thi ImageNet naim 2012, danh dau budc ngodt quan trong trong viée ap dung
hoc sdu vao thi gidc may tinh. AlexNet str dung nhiéu 16p tich chap va gop,
két hop vai k¥ thuat hoc sau trén GPU dé dat duoc hiéu suét vugt troi.

- Residual networks - ResNet (2015) [9]: ResNet giai quyét van dé
"Vanishing gradient" trong cac mang sdu bang cach gi6i thiéu cac khoi
residual, cho phép thong tin truyén qua cac 16p ma khong bi suy giam.
ResNet da dat dugc thanh cong 16n trong cac nhiém vu thi gidc may tinh va
tiép tuc duoc sir dung rong rai trong nhiéu tmg dung thuc té.

Mang no-ron hoi tiép (Recurrent neural networks - RNN)

Mang no-ron hoi tiép (RNN) Ia mot loai mang no-ron sau dugc thiét ké dic
biét dé xtr Iy va phan tich dit liéu tuan ty, chang han nhu chudi van ban, 4m thanh,
hoac dit li€u thoi gian. Khac voi cdc mo hinh mang no-ron truyén théng, RNN co
kha ning ghi nhé thong tin tir cac bude trude do trong chudi dit lidu, gitp chung
hiéu qua hon trong viéc du doan cac su kién dua trén ngir canh trudc do.

RNN c6 cau triic dac biét véi cac vong 1ap bén trong, cho phép thong tin
duogc luu truyén tir bude ndy sang budc khac trong chudi dir liéu, thong tin tir cac
budc trudc duge luu trir va sir dung & cac budc tiép theo. Piéu nay giup RNN xir
Iy tdt cac chudi dir liéu c6 do dai bién d6i. RNN dic biét hiéu qua trong cac nhiém
vu nhu dich may, nhan dang giong noéi, va du doan chudi thoi gian.

Van dé vanishing gradient: Mot trong nhiing van dé 16n nhat cia RNN
truyén thong 1a "vanishing gradient,” xay ra khi thong tin vé cac budc trude do

dan dan bi mat di khi chudi dit liéu qué dai, khién viéc hoc cac phu thudc dai han
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tré nén kho khin. Piéu nay han ché hiéu suat cia RNN trong cic ung dung yéu
cau ghi nhé thong tin 1au dai.

Céc bién thé cia RNN:

- Long short-term memory (LSTM): Dé giai quyét van d¢ vanishing
gradient, Sepp Hochreiter va Jiirgen Schmidhuber da phat trién LSTM vao
nam 1997 [10]. LSTM la mét bién thé cua RNN dugc trang bi cic cong
(gates) dic biét, cho phép nd kiém soat ludng thong tin vao, luu trit, va
truyén di qua cac budc thoi gian. Nho vay, LSTM c6 kha niang hoc va ghi
nh& cac phuy thude dai han trong chudi dir liéu mét cach hiéu qua.

- Gated recurrent unit (GRU): GRU 13 mdt bién thé khac ctia RNN, duogc
gi61 thi€u bé1 Kyunghyun Cho va cac cong su vao nam 2014 [11]. GRU ¢6
cau trac don gian hon so v6i LSTM nhung van giai quyét duoc van dé
vanishing gradient. GRU sur dung it tham s6 hon va thuong duoc chon khi
can giam thiéu d6 phtc tap tinh toan ma khong 1am giam dang ké hiéu suit.
Ung dung noi bat:

RNN duoc str dung rong réi trong xt 1y ngdn ngit tu nhién, bao gdm céc
nhiém vu nhu phan loai van ban, dich may, tao sinh van ban. Cac mo6 hinh nhu
LSTM va GRU di cai thién dang ké hiéu suét trong cac ing dung nay, dic biét
trong dich may (nhu Google Translate) va tao sinh van ban (nhu GPT cua
OpenAl).

1.3. KET LUAN CHUONG 1

Chuong 1 da trinh bay téng quan vé xur Iy ngdn ngit ty nhién, dua ra cac
nhiém vu chinh cuia xir Iy ngdn ngir ty nhién, va khai quat su phat trién cua xu ly
ngdn ngir ty nhién qua timg giai doan phat trién. Mdi giai doan tir khi phat trién
cac nén tang 1y thuyét dén khi ap dung céc quy tac thong ké va sau d6 1a ung dung
hoc sau cho thay xtr Iy ngdn ngit ty nhién dugc hinh thanh va phat trién trén mot

nén tang viing chac. Cac ung dung ctua xtr Iy ngdn ngir tu nhién da va dang lam
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thay d6i nhiéu nganh céng nghiép, tir cham soc strc khoe, dich vu khach hang, cho
dén phan tich truyén thong x4 hoi, dich may, va nhan dang giong noi.

Chuong 1 cling da trinh bay vé hoc sdu, mot nhanh cua hoc may da tao ra
nhiing budc dot pha 16n trong xur 1y ngdn ngit tu nhién nho kha nang xu 1y dir li¢u
phtic tap va hoc cac biéu dién da tang tir dir liéu 1on. Hoc sdu da tién hoa qua
nhiéu giai doan, tor nhitng khai niém ban dau vé mang no-ron, dén su bung nd
manh mé& nhd sy phét trién cua phan cing tinh toan va cac ky thuat huin luyén
hiéu qua hon. Cac mé hinh hoc sdu da trd thanh tru cot trong viée giai quyét cac

bai toan phuec tap trong xur Iy ngon ngit tw nhién.
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CHUONG 2. BAI TOAN PHAN LOAI CAU TRONG XU LY NGON NGU
TU NHIEN VA MO HINH HQC SAU
2.1. GIOI THIEU BAI TOAN PHAN LOAI CAU TRONG XU LY NGON

NGU TU NHIEN
2.1.1. Tong quan vé phan loai ciu

Phan loai cau (Sentence classification) la mot nhanh ctia xir Iy ngén ngir tu
nhién nham muc dich gan nhan hodc phan loai cac cau dua trén ndi dung va ngi
nghia cua chung. Piéu nay co thé bao gém viéc xac dinh cam xuc, loai cau hoi,
chu dé, hodc cac thudc tinh khac lién quan dén ngir canh cua cau.

Phén loai cAu c6 vai trd quan trong trong nhiéu tng dung thyc té, tir phan
tich cam xuc, hé thdng hoi dap, dén viéc loc tin rac va phan loai email. Vi du,
trong phan tich cam xuic, phan loai cau dugc str dung dé xac dinh cam xuc tich
cuc, ti€u cuc, hoac trung tinh trong cac binh luan trén mang xa hoi hodac danh gia
san pham.

2.1.2. Vai tro caa phan loai cau trong xir ly ngon ngir tu nhién

Phén loai cdu 1a mét trong nhitng nhiém vu c6t 186i va quan trong trong xtr
Iy ngdn ngit ty nhién, vi né cd anh hudng truc tiép dén kha ning hiéu va xu ly
ngdn ngir cia may tinh. Vai tro cua phan loai cau trong xtr Iy ngdn ngit ty nhién
duoc thé hién 1o rang qua cac khia canh sau:

Téi wu héa trdi nghiém nguwoi diing

- Cai thién giao tiép: Trong cac tmg dung nhu tng dung tro chuyén ty dong
hoac trg 1y 4o, phan loai cau gitp hé théng nhan biét y dinh cia ngudi dung
dua trén cau hoi hodc ciu 1énh ma ho dua ra. Piéu nay cho phép hé théng
phan hdi mot cach chinh xac va hiéu qua, cai thién trai nghiém nguoi dung.

- Phan loai cam xtic: Phan loai cau c6 thé xac dinh cam xtc trong mot cau,
gitip cac hé thong phan tich phan hoi cua khach hang hodc binh lun trén
mang x4 hoi. Piéu nay hd trg cac doanh nghiép hiéu rd hon vé cam xuc va

nhu cau cua khéach hang.
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HQ tro tim kiém thong tin

Phan loai truy vin: Trong cac hé théng tim kiém thong tin, phan loai ciu
gitip phéan loai va xir 1y cac truy van cua ngudi dung mot cach chinh xAc.
Vi du, mot hé théng 6 thé phan loai mot truy van 1a cau hoi hodc yéu ciu
tim kiém thong tin, tir 6 dua ra két qua tim kiém phu hop.

Tra 107 cdu héi: Phan loai cdu dong vai trd quan trong trong cac hé thong
tra 101 cau hoi, giup hé théng xac dinh loai cau héi (nhu cau hai truc tiép,
cdu hoi yéu cau xac nhan, hodc cau hoi goi ¥) va cung cdp ciu tra 10i chinh
xac.

HGé tro trong dich mdy va tom tit vin ban

Dich may: Phén loai cAu gitip cai thién chat lugng dich may bang cach
phan loai dung ngit canh cua cau, chang han nhu cau khang dinh, cau nghi
van, hay cdu ménh lénh. Diéu nay giup hé thong dich chinh xac hon va giir
dugc y nghia ngtr canh trong ngon ngir dich.

Tém tat viin ban: Trong cac hé thong tom tit van ban, phan loai cau co thé
gitip xac dinh cac cdu quan trong can dugc giit lai trong ban tom tat, tir d6
gilip tao ra cac ban tom tat ¢ ¥ nghia va phu hop véi muc dich cta nguoi
dung.

Phan tich dit liéu vin ban

Phan loai chii dé: Phan loai cau gitp hé thong tu dong gan nhan chu dé
cho cac cau hodc doan van trong tai li€u, hd tro viée phan tich va td chire
dir liéu van ban 16n. Piéu nay rat hitu ich trong viéc sap xép tai liéu, phan
loai tin tirc, hodac quan Iy ndi dung trén mang xa hoi.

Phén tich xi hdi hoc va hanh vi ngudi dung: Phan loai cau co thé dugc
sir dung dé phan tich hanh vi nguoi dung trén mang xa hoi, chang han nhu
phat hién cac xu hudng, chu dé néng, va cac cudc thao luan quan trong.
Piéu nay gilip cac nha nghién ciru xa hdi hoc va cac doanh nghiép hiéu rd

hon v€ xu hudng xa hoi va nhu cau cua nguoi dung.
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Phén loai cau trong xtr Iy ngdn ngit tu nhién doéng vai trd nén tang trong
viéc ning cao hiéu suit va hiéu qua cta cic hé théng xur 1y ngon ngir. N6 gitip
may tinh hiéu rd hon ngir canh va y dinh cta ngudi dung, tir d6 cai thién chét
luong dich vy, ting cudng su tuong tac va hd trg viéc ra quyét dinh dva trén dir
liéu vin ban mot cach hiéu qua. Trong bdi canh hoc sau ngdy cang phat trién, phan
loai cau khong chi gitp giai quyét cac van dé ky thuat ma con mé ra nhiéu co hoi
tmg dung moi trong nhiéu linh vuc khac nhau.

2.2. PHUONG PHAP PHAN LOAI CAU TRUYEN THONG
2.2.1. Thuat toan Naive Bayes

Naive Bayes 1a mot thuat toan phan loai dua trén 1y thuyét xac suat Bayes
vo1 gia dinh doc 1ap co diéu kién gilta cac dac trung. Thuat toan nay dugce goi la
"naive" (ngdy tho) vi né gia dinh rang cac dic trung cta dit liéu dau vao déu doc
1ap véi nhau, tirc 1a su xuét hién ctia mot dic trung khong anh hudng dén su xuat
hién cua cac dic trung khac. Du gia dinh nay thuong khong dung trong thuc té,
Naive Bayes van hoat dong rat hiéu qua trong nhiéu bai toan phan loai.

Naive Bayes 1a mot thuat toan dé xay dung cac bo phan loai: cic mé hinh
gan nhan 16p cho cac trudng hop can phan 16p, dugc biéu dién dudi dang cac
vecto gia tri thudc tinh, trong d6 cac nhan 16p dugc rat ra tr mot tap hop hiru han.
Khong c6 mot thuat toan duy nhat dé huan luyén céac bo phan loai nhu vay, ma la
mot ho cac thuat todn dua trén mot nguyén tic chung: tat ca cac bod phan loai
Naive Bayes déu gid dinh rﬁng gia tri cia mgt thudc tinh cy thé 1a doc 1ap véi gia
tri ctia bat ky thudc tinh nao khac.

Naive Bayes dya trén cong thiic Bayes, dugc biéu dién nhu sau:

P(X|C).P(C)
P(X)

P(CIX) =

Trong do:
P(C|X): Xéc suat cua 16p C khi biét dic trung X.
P(X|C): Xéc suat cua dic trung X khi biét 16p C.
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P(C): Xac suét tién nghiém cua 16p C.

P(X): Xac suét cua dic trung X.

2.2.2.

Uu diém cua thuat toan Naive Bayes:

Hiéu qua tinh toan: Naive Bayes rat nhanh va c6 thé xtr 1y dit liéu 16n mot
cach hi¢u qua.

Yéu cau dir liéu huin luyén it: Thuat toan khong yéu cau nhiéu dir lidu dé
dat duwoc d6 chinh xéc tét.

Hiéu qua v6i dir liéu c6 tinh ddc 1ap: Néu cac dic trung thuc sy doc 1ap,
Naive Bayes co thé dat d6 chinh xac cao.

Nhuoc diém:

Gia dinh ddc 1ap: Gia dinh rang cac dic trung 1a doc 1ap co thé khong dung
trong nhiéu trudng hop, dan dén két qua khong chinh xac.

Khong linh hoat: Naive Bayes co6 thé khong hoat dong tot v6i cac bai toan
cO quan h¢ phtrc tap gifta cac dac trung.

M6 hinh Support Vector Machine

Support Vector Machine 1a mot mo6 hinh manh mé& dung cho ca phén loai

va hdi quy, nhung cha yéu duge st dung cho cac bai toan phan loai. SVM hoat

dong dua trén nguyén tic tim kiém siéu phang (hyperplane) toi wu dé phan tach

dir li¢u thanh cac 16p khac nhau. Thuat toan nay dac bi€t hiéu qua khi dir liéu co

su phan tach ro rang hoac khi lam viéc voi cac khong gian da chiéu.

SVM tim cach t6i da hoa bién (margin) giita hai 16p, tirc 13 khoang cach tir

si€u phang phan tach dén cac di€m dir liéu gan nhat ctia moi 16p (cac di€ém nay

duoc goi 1a cac vector hd tro - support vectors).

Siéu phang (Hyperplane): Trong khong gian hai chiéu, siéu phang la mot

duong thang. Trong khong gian ba chiéu, siéu phang 1 mdt mat phang, va trong

khong gian nhi€u chiéu hon, si€u phang la mot khong gian con v6i s6 chi€u nhé

hon khong gian tong thé 1a mot.
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Bién (Margin): La khoang cach tir siéu phang t6i diém dit liéu gan nhat cta
mdi 16p. Muyc tiéu ctia SVM 1a tim siéu phang v&i bién 16n nhat co thé, vi mot
bién 16m hon gitip gidm kha niing 161 phan loai khi gip dit liéu méi.

Uu diém ctia Support Vector Machines:

- Hiéu suit tot véi dir liéu nhé: SVM hoat dong tét ngay ca khi sé luong
mau nho hon sb luong dic trung, dic biét trong cac khong gian ¢ sd chiéu
cao.

- Hiéu qua trong xir Iy dir li¢u phi tuyén: Nho Kernel Trick, SVM c6 thé
xtr 1y t6t cac bai toan phan loai phi tuyén tinh.

- Tranh overfitting: Vi soft margin, SVM c6 kha ning tong quét hoa tot va
tranh duoc hién tuong overfitting trong nhiéu truong hop.

Nhuoc diém cua Support Vector Machines:
- Chi phi tinh toan cao: Dac biét khi xur 1y vo1 céac tap dir 1iéu 16n hoac khi
st dung cac ham kernel phirc tap, SVM c6 thé tré nén cham chap.
- Kho khan trong viéc chon kernel: Vi¢c Iya chon ham kernel va cac tham
s6 di kém co thé phuc tap va doi hoi thir nghiém nhiéu lan.
- Khong d& mé rong cho bai toan nhiéu 16p: SVM nguyén ban 1a mot bd
phan loai nhi phan, va viéc md rong né cho bai toan phan loai nhiéu 16p
can str dung cac phuong phap bd sung nhu "one-vs-one" hoic "one-vs-all".
2.2.3. M6 hinh Bag-of-Words

Bag-of-Words 1a mét trong nhimng k¥ thuat co ban va phd bién nhét trong
xur 1y ngobn ngilr tu nhién, dugc stir dung dé biéu dién van ban dudi dang sb liéu dé
phuc vu cho cac thuat toan hoc may, bao gdm ca phan loai ciu. Bag-of-Words don
gian hoa viéc xir 1y vin ban bang cach bién doi van ban thanh mét tap hop cac tir
(bag) ma khong quan tim dén th ty ciia chung trong cau hay tai lidu.

Trong md hinh Bag-of-Words, mdt cau hodc mot tai lidu duoc biéu dién

bang mét vector cé kich thudc bang sé lugng tir khac nhau trong toan b tap dix
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liéu. Mdi vi tri trong vector dai dién cho mot tir trong tir vung, va gia tri tai moi
vi tri 12 s6 1an xuét hién cua tir d6 trong cau hodc tai li¢u.

Vi dy, v6i cau "The cat sat on the mat", tr vung s€ bao gém cac tur "the",
"cat", "sat", "on", va "mat". Vector Bag-of-Words cho caunay s€la[2, 1,1, 1, 1],
trong d6 2 13 sb 1an xudt hién cta tir "the" va cac gia tri 1 tuong Gng voi su xuét
hién cuda cac tir con lai.

Qua trinh xay dyng mé hinh Bag-of-Words bao gém cac budc sau:
Budc 1: Tokenization: Tach van ban thanh cac tir riéng biét (tokens).
Budce 2: Xay dung tir vung: Tao ra mot danh sach céc tu xuét hién trong toan bo
tap dir licu.
Budc 3: Vector hoa: Biéu dién mdi cau dudi dang mét vector sd, trong d6 mdi gia
tri thé hién tan suat xuat hién cla tlr tvong Ung trong cau.

Uu diém cta Bag-of-Words:

- Pon gidn va dé trién khai: Bag-of-Words 1a mot mo hinh rat don gian, dé
hiéu va d& trién khai.

- Hiéu qua véi vin ban ngin: Pdi v6i cac ciu hodc doan vin ngin, Bag-
of-Words c¢6 thé hoat dong hiéu qua trong viéc trich xut cac dic trung don
gian tur van ban.

Nhuoc diém cua Bag-of-Words:

- Khoéng nim bit dwoc ngir canh: Bag-of-Words khong luu giit thong tin
vé thtr ty tir va ngit canh ciia cac tir trong cau, do d6 c6 thé mat di y nghia
quan trong.

- Van dé kich thwéc tir vang: V&i cac tap dit lidu 16n, tir vung c6 thé trd
nén rat 1on, dan dén cac vector rat dai va thua, 1am ting chi phi tinh toan va
giam hi€u qua cua cac thuat toan.

- Khong phén biét dwgc cac tir ddng nghia: Cac tir ddng nghia hoic nhimng
tr ¢o lién quan ngtt nghia khong duoc xu 1y khac biét, din dén viéc mét

thong tin quan trong trong qua trinh phan loai.
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2.2.4. TF-IDF (Term frequency-inverse document frequency)

TF-IDF 13 mot phuong phap phd bién trong xur 1y ngdn ngit ty nhién dé
biéu dién vin ban dudi dang sb liéu nham phuc vu cho céc thudt toan hoc may,
bao gém ca phéan loai cau. TF-IDF cai thién mo hinh Bag-of-Words bang cach
xem xét khong chi tan sut xuét hién cta mot tir trong mot tai liéu cu thé ma con
tan suat xuat hién ciia tir d6 trong toan b tap dir lidu. Piéu nay gitp TF-IDF phan
anh tot hon tAm quan trong cia tir trong van ban, dic biét 1a trong cac bai toan
phan loai cau.

TF-IDF la su két hop cua hai thanh phan chinh: Term Frequency (TF) va
Inverse document frequency (IDF):

- Term frequency (TF): Day la tan suat xuat hién ctia mot tir trong mot tai
liéu, phan &nh mac d¢ quan trong cua tir 46 trong tai liéu cu thé.

- Inverse document frequency (IDF): Pay 1a mot thudc do nham giam tam
quan trong cta cdc tir xuat hién pho bién trong nhiéu tai liéu, vi cac tir nay
thuong it co gia tri phan biét.

TF-IDF: La tich ctia TF va IDF, phan anh tim quan trong ctia mot tir trong
mot tai lidu cu thé, co can nhic dén su xuat hién cia tir d6 trong toan bo tap dir
ligu

(G1d st ta co6 hai cau:

Cau 1: "The cat sat on the mat."
Cau 2: "The dog sat on the log."

Sau khi tinh toan TF-IDF, ta c6 thé nhan thay rang cac tir pho bién nhu
"the", "on", "sat" s€ c6 gia tr1 TF-IDF thép hon so v6i cac tur "cat", "dog", "mat",
"log". Piéu nay 1a do céc tir pho bién xuat hién & ca hai cau va do d6 it ¢ gid tri
phan bi¢t. Nguoc lai, cac tir nhu "cat" va "dog" s€ c6 gia tri TF-IDF cao hon, vi
chung chi xuat hién trong mot cau, giup ting kha nang phan biét giita cac cau.

Uu diém cua TF-IDF:
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- Giam tAm quan trong ciia céc tir pho bién: TF-IDF gitp giam thiéu anh
huéng cua cac tir phd bién nhung khong mang nhiéu thong tin, nhu cac tir
dung.

- Phan anh tét hon tim quan trong cia tir: Bang cach két hop TF va IDF,
TF-IDF gitap xac dinh céc tur ¢6 gia tri phan biét cao trong tap dir li¢u.
Nhugc diém ctia TF-IDF:

- Khéng niam bit dwoc ngit canh: Gidng nhu Bag-of-Words, TF-IDF khong
nam bat duoc ngir canh va thir ty tir trong cau.

- Khong phan biét dwoc tir ddng nghia: TF-IDF khong xur 1y t6t cac tir
d6ng nghia hodc cac tir co ngit nghia tuong ty.

2.2.5. N-grams

N-grams 1a mot k¥ thuat pho bién trong xir Iy ngdn ngit tu nhién, dugc sir
dung dé trich xuét va biéu dién cac miu ngdn ngir trong vian ban. Trong N-grams,
"N" biéu thi s6 luong tir lién tiép duoc nhom lai v6i nhau dé tao thanh mot chudi.
Vi du, vo1 N=1, ching ta ¢6 "unigram", v&i N=2, chung ta c6 "bigram", va voi
N=3, chling ta c6 "trigram". N-grams duogc str dung rong rai trong phan loai cau
vi chung cho phép nam bét duoc ngit canh cuc bo va mdi quan hé gitra céc tir lién
tiép trong van ban.

N-grams duoc st dung trong phan loai ciu dé tao ra cac dic trung ngit
nghia tir vin ban. Khi sir dung N-grams, cac cau dugc chuyén doi thanh cac vector
dac trung, trong do mdi phﬁn ttr dai dién cho tan sudt xuit hién cua mot N-gram
cu thé. Céc thuat toan hoc may sau do co thé st dung cac vector nay dé phan loai
cau.

Céch tao N-grams tor mdt cau rat don gian. Ta chi can trugt mot cira s ¢d
kich thudc N qua cau, va tai mdi bude, ghi lai chudi N tir lién tiép.

Vi du, xét cau: "The cat sat on the mat". Véi:

Unigram (N=1): "The", "cat", "sat", "on", "the", "mat".

Bigram (N=2): "The cat", "cat sat", "sat on", "on the", "the mat".
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nn nn

Trigram (N=3): "The cat sat", "cat sat on", "sat on the", "on the mat".
Uu diém cta N-grams:

- Giir lai ngir canh cuc bd: N-grams gitt lai mdi quan hé giita cac tir lién
tiép, giup cai thién d6 chinh xac trong viéc nim bét y nghia cua cau.

- Pon gidn va hiéu qua: D& dang trién khai va st dung v6i nhiéu thuit toan
hoc may, gitip nang cao hiéu suat phan loai.

- Kha nang phat hién cac cum tir quan trong: Cac cum tur nhu "not bad",
"very good" c6 thé mang y nghia khac biét va dugc N-grams phat hién hiéu
qua.

Nhuoc diém ctia N-grams:
- Kich thwéc vector 16n: Khi gia tri N ting 18n, s6 lugng N-grams ciing ting
1én theo cap s6 nhan, din dén vector dic trung rat 1on va thua (sparse).
- Khong nim bit dwoe ngir canh dai han: N-grams chi nam bat dugc mdi
quan hé trong mot chudi N tir lién tiép va khong thé ndm bat dugc ngir canh
toan cuc cua cau.
- Kha nang khai quat hoa kém: Cac cym tu tuwong ty nhung c6 thir ty tu
khac nhau (nhu "good weather" va "weather good") dugc coi 1a khac nhau
trong mo6 hinh N-grams.
2.3. PHUONG PHAP PHAN LOAI CAU DUA TREN HQC SAU
2.3.1. Mang no-ron tich chap (Convolutional neural networks - CNN)
2.3.1.1. Khai niém mang no-ron tich chdp

Mang no-ron tich chap (Convolutional neural networks - CNN) 1a mdt mo
hinh hoc sdu manh mé, ban dau CNN chu yéu dugc sir dung trong thi gidc may
tinh. CNN d4 tao nén nhiig dot pha 1on trong phan loai hinh anh va la ¢t 15i cua
hau hét cac hé thong thi gidc may tinh ngdy nay, tir viéc gan thé anh ty dong cua
Facebook dén xe tu l4i. Tuy nhién trong nhitng nim gan day, CNN da duoc diéu
chinh thanh céng dé ap dung trong nhiéu tac vu xir Iy ngdn ngit tw nhién, bao gdm

phan loai cau [12]. CNN trong phan loai cau c6 kha ning tu dong trich xuat cac
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dac trung tu cau, giup hé théng dat duoc hiéu suét cao trong vi¢c phan loai cac
loai cau khac nhau.
2.3.1.2. Phép toan tich chdp (Convolution)

Phép toan tich chap (Convolution) 1a budc quan trong trong hoat dong cua
Mang no-ron tich chap (CNN), duoc thiét ké dé tu dong trich xuit cac dic trung
ttr dit liéu dau vao, chéng han nhu hinh anh hodc chudi vin ban. Trong bdi canh
ctia CNN, phép toan nay gitp phat hién cac dic trung cuc bo trong dir liéu, chang
han nhu cac canh, goc, hodc cac mau phtrc tap khac, bé“mg cach sir dung cac bo
loc (filters) di chuyén qua toan bd dau vao.

Qua trinh: Tai mdi budc, bd loc "truot" qua cac vi tri khac nhau cua dit lidu
dau vao. Tai mdi vi tri, n6 thuc hién phép nhan tung phén tr gitra bd loc va vung

twong tmg cua dit lidu dau vao, sau d6 cong tat ca cac gia tri lai (phép nhan chap).

1{1(1|0|0
0(1|1(1]|0 4134
olof1af1] [2]4]3
olo[1]1]o| [2]3]4

o[1]1[0]0,
image Convolved
Feature

Hinh 2.1. Phép toan tich chdp
2.3.1.3. Cdc ham kich hoat phé bién
Ham Sigmoid

1
1+e~%

Cong thuc: f(x) =

Ham Sigmoid & mdt trong nhitng ham kich hoat pho bién trong mang no-
ron, dic biét trong cac md hinh hoc may trude day nhu hdi quy logistic va cac

mang no-ron don gian. N6 c6 vai tro bién doi dau vao thanh mdt gia tri x4c suat
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nam trong khoang (0, 1), gitp mé hinh xt 1y va phan loai dit liéu, dic biét 1a trong
cac bai toan phan loai nhi phan.
Uu diém cua ham Sigmoid:

- Gia tri dau ra dé hiéu: DPau ra ctia ham Sigmoid dé dién giai dudi dang
xac sudt, diéu nay rat hiru ich trong cac mé hinh phan loai.

- Tinh lién tuc va vi phan: Ham Sigmoid 1a lién tuc va c6 dao ham ro rang,
gitip viéc tinh toan gradient trong qua trinh hun luyén mo hinh tré nén dé
dang.

Han ché ctia ham Sigmoid:

- Vanishing gradient (Bién mat gradient): Khi gia tri cia x qua 16n hoic
qua nho, gradient (dao ham) ctia ham Sigmoid trd nén rat nho (gan bang 0).
Piéu nay gay kho khin trong qua trinh huan luyén cac mang no-ron sau, vi
cac trong $6 khong duoc cap nhat hi¢u qua, lam giam tdc dd hoi tu cua mod
hinh.

- Do bio hoa: Khi ddu vao 16n hoic nhé hon mot gia tri nhat dinh, dau ra
ctia ham Sigmoid s& bio hoa & gan 0 hodc 1. Piéu ndy 1am giam sy nhay
cam ctia mo hinh ddi véi thay doi trong cac gia tri dau vao 1on, khién viéc
hoc cac dac trung phuc tap tré nén khé khan hon.

- Gia tri dau ra khong ddi xirng: Ham Sigmoid c6 gia tri ¢au ra nam trong
khoang (0, 1), diéu nay c6 thé gay ra van dé khi gia tri dau ra can phai d6i
xtng quanh gbc toa d6. Ham Tanh duoc st dung nhiéu hon trong cac truong
hop nay vi gié tri ddu ra ciia n6 nam trong khoang (-1, 1).

Ham RelU

Cong thie: f(x) = max (0, x)

ReLU [13] (Rectified Linear Unit) 1a mot ham kich hoat pho bién dugc str
dung rong rai trong cac mang no-ron hién dai, dac biét 1a trong cdc mod hinh hoc

sau nhu Convolutional Neural Networks (CNN). ReLU d thay thé cac ham kich
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hoat truyén théng nhu Sigmoid va tanh trong nhiéu tng dung do hiéu suat vuot
trd1 cua no.
Uu diém ctia ham ReLU:

- Giam thiéu van dé vanishing gradient: Mot trong nhiing van d¢ 16n cta
cac ham kich hoat nhu Sigmoid va tanh la vanishing gradient, tuc la
gradient tr¢ nén rat nho trong qua trinh huin luyén, dan dén viéc cap nhat
trong s6 khong hiéu qua. ReLU giai quyét van dé nay bang cach giit cho
gradient bang 1 ddi véi cac gia tri dwong, gitp mo hinh hoi tu nhanh hon
trong cac mang sau.

- Don gidn va tinh toan nhanh: Ham ReLU rat don gian vé mat tinh toan,
chi yéu cau so sanh va tra vé gia tri 16n hon gitra 0 va gia tri dau vao. Diéu
nay 1am cho né tinh todn nhanh hon nhiéu so véi cac ham kich hoat khac
nhu Sigmoid va tanh, vén doi hoi cac phép tinh lily thira va chia.

- Thic day sy thwa thét: ReLU c6 kha ning dua mot phan dau ra cia no-
ron vé 0, diéu nay lam cho cac mang no-ron trd nén thua thdt hon. Su thua
thdt ndy giup ting cudng tinh hiéu qua ciia moé hinh, giam thiéu su phu
thudc gitra cac no-ron va gidm nguy co overfitting.

Han ché ctia ham ReLU:

- Dying ReLU: Mot van dé tiém an cua ReLU 1a hién tuong "Dying ReLU,"
xay ra khi cdc no-ron c6 dau ra bang 0 trong mot khoang thoi gian dai va
khong dugc cap nhat trong s6 nira, dan dén viéc no-ron dé trd nén khong
hoat dong (khong kich hoat). Piéu nay c6 thé xay ra néu dau vao cia no-
ron ludn 1a mot s am, hodc néu hoc suat qua lon khién no-ron khong thé
phuc hoi tir trang thai nay.

- Khong d6i xirng: ReLU khong ddi xung xung quanh gbc toa do (0), do do
khong phai ltic ndo ciing phit hop cho cac bai toan yéu cau sy doi xing gitra

cac gia tr1 am va duong.
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2.3.1.4. Kién triic ciia mang no-ron tich chép

Dir liéu dau vao: Trong xir Iy ngdn ngit ty nhién, dit liéu dau vao cia CNN
thuong 1a mot cau hoac doan van ban, dugc biéu dién dudi dang ma tran, trong
d6 modi tir hodc token trong cdu duoc mi hoéa dudi dang mot vector nhing
(embedding vector). Nhitng vector nay thudng duoc tién huan luyén tir cac méd
hinh, hodc str dung truc tiép tir cac mé hinh ngdn ngit. Két qua 1a mot ma tran hai
chiéu dai dién cho cau, trong d6 mdi hang 1a mot vector nhung cuia mot tir [14].

Lop tich chap (Convolutional layer)

Chure nang: Lép tich chap trong CNN quét qua cac doan cua cau (n-grams)
bang cach str dung cac bo loc (filters) vai kich thudce ¢b dinh. Cac bd loc nay cd
thé dugc coi nhu cac "cira sb truot" di chuyén doc theo chudi dit liéu vin ban dé
trich xuat cac dic trung cuc bo, chéng han nhu cdc cum tir hodc ngir canh lién
quan.

Mbt bd loc 14 mot ma tran nho ¢6 kich thude ¢d dinh, chéng han nhu 3 x 3,
5 x 5 hodc tham chi 1a 1 x n di voi dir 1iéu chudi nhu van ban. B loc nay di
chuyén trén toan bo dit liéu dau vao dé thuc hién phép tich chap. B0 loc chira cac
trong s6 (weights) dugc hoc trong qua trinh huan luyén. Céc trong s6 nay dugc
nhan véi cc gid tri tuong Gmg trong mot ving nho cua dit liéu dau vao va tong
hop dé tao ra gié tri dau ra.

Stride: Pay 1a sb budc ma bo loc di chuyén sau mdi lan tich chap. Néu
stride 16n hon 1, b loc s€ bd qua mat ) phﬁn tr trong dir licu dau vao, lam giam
kich thudc cua ban do dic trung.

Padding: Pé kiém soat kich thudc ctia ban d6 dic trung, nguoi ta thudng
thém cac gia tri 0 xung quanh bién cua dit liéu dau vao (goi 1a zero-padding). Diéu
nay giup gilt nguyén kich thudc cua ban do dic trung so véi kich thude ban dau
cua dit ligu dau vao.

Vai tro cua 16p tich chap trong CNN:
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- Trich xuat diic trung cuc bd: Lop tich chap c6 kha nang phat hién va trich
xuét cac dic trung cuc bd trong dit liéu, chéng han nhu cac canh, goc, hoac
mau ngit nghia trong mot cau. Nhitng dic trung nay sau d6 dugc sir dung &
cac 16p tiép theo dé xay dung cac dic trung phuc tap hon.

- Tinh bat bién ddi v6i bién doi cuc bd: CNN co kha ning nhan dang cac
dic trung quan trong ngay cé khi chtng bi dich chuyén hodc bién dang nhe
trong dit 1iéu dau vao. Lép tich chap giup duy tri tinh bét bién nay, lam cho
mo hinh manh mé& hon trong viéc nhan dang cac ddi tuong hodc dac trung
dui nhiéu bién doi khac nhau.

- Chia sé tham so6: B6 loc trong 16p tich chap chia sé ciing mot bd trong s6
trén toan bo dir liéu dau vao, giup giam dang ké sd luong tham s can hoc
so v6i cac 16p két ndi day du (fully connected layers). Piéu nay gitp giam
thiéu nguy co overfitting va cai thién hiéu suét tinh toan.

Lop kich hoat (Activation layer)

Chtrc nang: Sau 10p tich chép, cac gia tri trong ban d6 dic trung thudng
dugc dua qua mot ham kich hoat nhu ReLU dé gi6i thiéu tinh phi tuyén vao mo
hinh. Piéu nay gitip CNN hoc dugc cac mbi quan hé phi tuyén giita cac tir trong
cau, cai thién kha nang phan loai.

Vai tro cua 16p kich hoat:

- Tinh phi tuyén: Trong mot mang no-ron, néu khong cé 16p kich hoat,
mang sé& chi 1a mot t6 hop tuyén tinh ctia cac 10p, bat ké sd luong cac 16p
an co6 trong mang. Diéu ndy s& han ché kha ning cia mang trong viéc hoc
cac mdi quan hé phirc tap. Lop kich hoat gidi thiéu phi tuyén tinh, gitp
mang c6 thé hoc duoc cic ham anh xa phi tuyén giira dau vao va dau ra.

- Kich hoat no-ron: Ldp kich hoat quyét dinh gia tri ndo tir mot no-ron s&
duogc truyén di cac 16p tiép theo va gid tri ndo s& bi loai bo. Piéu nay twong
tu nhu viéc quyét dinh xem no-ron ¢6 "ban" tin hiéu hay khong.

Lop gop (Pooling Layer)
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Max Pooling: Thuong duoc sir dung trong CNN dé chon ra cac dic trung
quan trong nhat tir cac ban do dic trung. Lp nay gitip giam kich thude cua cac
ban dd dic trung, tir d6 giam sd lwong tham sé va khéi luong tinh toan, dong thoi
tang tinh bat bién cia mo hinh dbi véi cac bién d6i nho trong dir licu.

Sau mdi 16p tich chap, mot 16p max pooling duoc thém vao dé giam kich
thude dit liéu dau ra, nhung van giir lai cac dic trung quan trong nhat. Max pooling
gitip chon ra gia trj 16n nhat tr mdi vung tich chép, do d6 gitp giam do phirc tap
cua mo hinh va ngan hién tuong qua khép. Lép gdp quan trong vi nhitng 1y do
sau:

- Giam dd phirc tap: Max pooling gitp giam kich thudc dit liéu sau mdi 16p
tich chap ma van giir lai thong tin quan trong nhét. Piéu nay gitp ting hiéu
qua tinh toan va giam thiéu viéc mo hinh hoc qua nhiéu thong tin khong
can thiét.

- Tép trung vao dic trung manh nhat: Max pooling dam bao rang chi
nhitng dic trung manh nhat dugc gitr lai, giup mo hinh tap trung vao nhimng
gi quan trong nhét cho qua trinh du doan.

Lép két noi day dii (Fully connected layer)

Chirc ning: Sau khi qua 16p gdp, cic ban do dic trung duoc lam phang va
dua qua cac 16p két ndi day du dé thuc hién phén loai. Lép cudi cung thudng su
dung ham softmax dé tinh toan xac suat cho ting 16p dau ra, gitp xac dinh loai
cau ma hé théng nhan dién.

CNN vé co ban 1 nhiéu 16p tich chap véi cac ham kich hoat phi tuyén tinh
nhu ReLU hodc tanh ap dung cho két qua. Trong mot mang no-ron truyén thong,
mdi no-ron dau vao duoc két ndi voi mdi no-ron dau ra & 16p tiép theo. Diéu do
cling dugc goi 1a 16p két ndi day du. Trong CNN, thay vao d6 ta sir dung tich chap
trén 16p dau vao dé tinh toan dau ra. Piéu nay dan dén cac két ndi cuc b, trong
d6 mdi ving ciia dau vao dugc két ndi voi mot no-ron & dau ra. Mdi 16p ap dung

cac bd loc khac nhau, thuong 14 hang tram hodc hang nghin va két hop két qua
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cua chung. Trong giai doan huin luyén, CNN tu dong hoc céc gia tri ctia bd loc

dua trén nhi¢m vu nguoi dung mong mudn thuc hién.

+ activation function

canvolution 1-max softmax function
\ poolin regularization
+ y P 9 L ] in this layer
h 3 region sizes: (2,3,4) 2 feature —— v
Sentence matrix 2 filters for each region maps for 6 univariate 2 classes
7x5 size each vectors :
totally 6 filters region size concatenated

together to form a
single feature
vector

like
this
movie

very
much

Hinh 2.2. Vi du vé kién triic cia mot mang no-ron tich chap

Hinh anh trén mo ta ba kich thudc vung loc: 2, 3 va 4, mdi kich thuée ¢6 2
bo loc. Mbi bd loc thuc hién tich chép trén ma trin cau va tao ra cac ban do dac
trung (c6 do dai bién doi). Sau do, thao tac pooling 1-max dugc thuc hién trén
mdi ban dd, tirc 1a s6 16n nhat tir mdi ban dd dic trung dugce ghi lai. Do d6, mdt
vecto dac trung don bién duoc tao ra tir tat ca su ban do, va 6 dic trung nay duoc
ndi lai dé tao thanh mot vecto dic trung cho 16p cudi ciing. Lép softmax cudi cing
nhan vector dic trung ndy lam dau vao va sir dung n6 dé phan loai cau; & day

chung toi gia str phan loai nhi phan va do d6 mo ta hai trang thai dau ra c6 thé.
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2.3.2. Ky thuat Word2Vec

Word2Vec 1a mot k¥ thuat hoc tir nhing (word embedding) manh mé, dugc
phat trién bdi nhém nghién ctru tai Google vao nim 2013 dudi sy dan dat cua
Tomas Mikolov. Muc tiéu ciia Word2Vec 1 chuyén d6i cac tir trong ngdn ngit tu
nhién thanh cac vector s, trong d6 cac tir c6 nghia twong tu s& cd vector gan nhau
trong khong gian vector [4]. K§ thuat nay dd mo ra nhiéu co hoi méi trong xur 1y
ngdn ngit tr nhién nhod kha ning biéu dién ngir nghia cua tir mot cach toan hoc.

Khi str dung dau vao 1a vin ban cho mang no-ron tich chap Convolutional
Neural Networks - CNN, vi¢c st dung Word2 Vec la can thiét vi cac 1y do sau:

- CNN chi xir Iy cdc gia tri s6: CNN la cdc m6 hinh hoc may dugc thiét ké
dé xir Iy cac dau vao dudi dang ma tran sé (nhu hinh anh hodc 4m thanh).
Do d6, khi dau vao 13 van ban, cac tir can duoc chuyén doi thanh céc vector
s6 dé mo hinh co thé xir Iy duoc. Word2Vec thuc hién viéc ndy bang cach
chuyén d6i mdi tir trong van ban thanh mot vector sb trong khong gian
vector c6 chiéu thap hon so v4i one-hot encoding truyén théng.

- Biéu dién ngir nghia: Word2Vec khong chi don thuan chuyén tir thanh sd,
ma nd con dam bao rang cac tir ¢6 ¥ nghia twong tu nhau s& c6 cc vector
gan nhau trong khong gian vector. Piéu nay giup CNN ¢6 thé hiéu va xir Iy
ngir nghia cua tur trong van ban. Vi du, cac tu "vua" va "nit hoang" sé co
cac vector gan nhau, phan 4nh méi quan hé ngir nghia giita chiing.

- Giam chiéu dir liéu: So voi phuong phap one-hot encoding, noi mdi tir
dugc biéu dién bang mot vector c¢6 kich thudce bang kich thudce cua tir vung,
Word2Vec gitip giam chiéu dir liéu dang ké bang cach ma hoa cac tir thanh
cac vector c6 kich thuéc nhé hon nhiéu, thuong 13 100-300 chiéu. Diéu nay
giip giam tai tinh todn va tai nguyén can thiét cho qué trinh huan luyén
CNN.

- Giam tach biét ngir canh: Mot han ché 16n cua one-hot encoding 1a mdi

tir duoc coi 1a mot don vi doc 1ap, khong lién quan dén cac tir khac.
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Word2Vec khic phuc diéu nay bang cach tao ra cac vector tir nhung ma
trong d6 ngit nghia cua tir dugc giit lai va thé hién méi quan hé ngit nghia
v6i céac tir khac, gitip CNN xu 1y tot hon ngit canh va ¥ nghia cua céc tir
trong cau.

- Ting hiéu qua huin luyén: Viéc sir dung Word2Vec gitip mo hinh CNN
huan luyén nhanh hon va hiéu qua hon, boi vi cac tir dd duoc biéu dién dudi
dang vector c6 ¥ nghia, giam b6t ganh ning cho CNN trong viée tim kiém
méi quan hé giira cac tir tir dau.

Word2Vec c¢6 hai mé hinh chinh dé huin luyén cac vector tir: Continuous
Bag of Words va Skip-Gram.

Continuous Bag of Words

Muc ti€u: Continuous Bag of Words du doéan tir muc tiéu dua trén ngir canh
xung quanh nd. Ngit canh ¢ day la céc tur trude va sau tir muc ti€u trong mot ctra
s6 ngit canh ¢ dinh.

Céch hoat dong: Continuous Bag of Words tinh trung binh céc vector cua
cac tir ngir canh roi sir dung vector trung binh nay dé du doan tir muc tiéu. Pay 1a
mot mo hinh don gidn va hi¢u qua khi xur 1y dir liéu 16n, dac biét 1a khi céc tir ngl
canh xuat hién thudng xuyén [4].

Skip-Gram

Muc ti€u: Skip-Gram Iam nguogc lai véi Continuous Bag of Words. N6 su
dung mot tir trung tim dé du doan cac tir ngit canh xung quanh.

Cach hoat dong: Skip-Gram huan luyén mé hinh dé t6i da hoa xac suit cua
tir ngilt canh dua trén tir muyc tiéu. Mo hinh nay hoat dong t6t khi xir 1y cac tir it
gap, vi n6 hoc duoc nhiéu tir cac tur ngir canh hiém.

Qud trinh hudn luyén Word2Vec

- Inputlayer: Pau vao cua Word2 Vec 1a mot tir duge ma hoa dudi dang one-

hot vector. Mot tir trong mét tir dién (vocabulary) c6 kich thuée V s& dugc
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biéu dién bang mot vector V-chiéu voi chi mot phan tir 1a 1 va cac phan tir
con la1 1a 0.

Hidden layer: Tt vector one-hot, mdt ma tran trong sb s& bién d6i vector
nay thanh mdt vector nhiing (embedding vector) c6 kich thudc nhé hon
nhiéu, thuong 13 100-300 chiéu.

Output layer: Lép dau ra ciia Word2Vec 1a mot 16p softmax, cung cap xac
sudt cta ting tir trong tir dién, dua trén vector nhung cua tir da cho.

Huén luyén: M6 hinh Word2Vec dugc huin luyén bang cach tdi uu hoa
mot ham mat mat (loss function) dé diéu chinh céc vector tir sao cho cac tir
ngit canh c6 lién quan s& c6 vector gan nhau trong khong gian vector. Qua
trinh nay thuong st dung cac k¥ thuit nhu Negative Sampling hodc
Hierarchical Softmax dé giam chi phi tinh toan.

Cadc wng dung ciua Word2Vec

Phan tich ngir nghia: Word2Vec c6 thé ndm bat cac mdi quan hé ngit nghia
gilra cac tur. Vi du, no6 co thé nim bét cac mbi quan hé nhu "vua" va "nir
hoang" hodc "Phap" va "Paris" bang cach biéu dién chiing gan nhau trong
khong gian vector.

H¢é thong goi y: Word2Vec duoc sir dung trong cac hé thong goi ¥ dé hiéu
rd hon vé s thich ctia ngudi ding thong qua phan tich van ban, giup tao ra
cac goi y chinh xac hon.

Tim kiém thong tin: Ky thuat nay cling dugc stir dung dé cai thién cac hé
thong tim kiém thong tin bang cach hiéu ngit nghia cta cac tir khoa tim
kiém va tra vé cac két qua lién quan chat ché hon.

M6 hinh héa ngon ngir: Word2Vec co thé duoc sir dung dé cai thién cac
mo hinh ngdn ngit trong viéc du doan tir tiép theo trong chudi vin ban.

Uu diém

Hiéu quéa: Word2Vec rat hiéu qua trong viéc huan luyén trén cac tap di

liéu 16n va cé thé tao ra cac vector tir chat luong cao.
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- Ngir nghia: Word2Vec c¢6 kha nang nim bat cac mdi quan hé ngir nghia
gita cac tir, diéu ma cac phuong phap truyén thong kho 1am duoc.
Han ché
- Pdc 1ap ngir canh: Word2Vec chi tao ra mot vector duy nhat cho mdi tir,
khong phan biét ngit canh khac nhau cta tir do. Vi dy, tir "bank" trong "river
bank" va "financial bank" c6 cung mot vector, du ngtr nghia ciia ching khac
nhau.
- Yéu ciu tai nguyén: Dé huan luyén Word2Vec hiéu qua, can mot luong
16m dir 1i€u van ban va tai nguyén tinh toan.
2.4. TRIEN KHAI CAC MO HINH PHAN LOAI CAU DUA TREN HQC
SAU
2.4.1. M6 hinh 1: CNN véi Random embeddings
Muc tiéu ctia viéc trién khai mo hinh: Trién khai mot mo hinh phan loai
cau. Pau vao cua mod hinh 13 cc cdu van ban dd dugc chuyén d6i thanh vector
ngau nhién (Random embeddings). Pau ra la nhin phan loai cta cau.
Trong mo hinh CNN, céc tir trong cdu khong thé duoc dua truc tiép vao mo
hinh vi cdc md hinh hoc sdu can dir liéu dau vao dang s6. Do do, cac tir duoc
chuyén d6i thanh cac vector s6 thong qua ky thuat embeddings.

Quy trinh d¢ trién khai mé hinh nhu sau:

Dir liéu dau vao | Xay dung mo Huén luyén
vo1 Random Embeddings hinh CNN mo hinh

y

Dit liéu dau ra

Hinh 2.3. Quy trinh trién khai mé hinh CNN véi Random embeddings
Xir Iy dit ligu ddu vao
Trong mé hinh nay, cac tir trong tap dit liéu duoc biéu dién bang cac vector
ngau nhién véi s6 chiéu cd dinh (200 chiéu). Mdi tir s& duoc anh xa thanh mot
vector s6 hoc ¢6 kich thude ¢d dinh. Mdi tir s& duogc biéu dién dudi dang mot

vector ¢ chiéu thap thay vi hang ngan hodc hang triéu chiéu nhu cac phuong
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phap ma hoa one-hot. Khi hoc embeddings, céac tir c6 nghia gan nhau trong ngi
canh s& co vector twong ddi gan nhau trong khong gian vector. Vi random
embeddings, vector khoi tao ban dau hoan toan ngau nhién, va cac vector nay sé
dugc diéu chinh théng qua qua trinh huin luyén dé tré thanh cac dai dién tot hon
cho ngir nghia cua tir trong tap dir liéu. Quy trinh xtr 1y dit liéu ddu vao bao gém:

- Lam sach vin ban: Vin ban duoc loai bo cac ky tu khong can thiét, chuyén
thanh chir thuong, va loai bé céac ky tu dac biét nhu dau cau va URL.

- Tokenization (Chia van ban thanh cac tir): Cac cau trong van ban dugc
chia thanh cac tir hoac token.

- Biéu dién vin ban dudi dang s0: Sir dung bd tokenizer, moi tir trong cau
duoc 4nh xa thanh mot sd nguyén dai dién cho tur do.

- Padding va chuén hoa d9 dai: Cac cau c6 d6 dai khac nhau dugc chuan
hoa vé ciing mot do dai bang cach thém cac gia tri 0 (padding) vao cudi cac
cdu ngin hon. Piéu nay gitp dam bao moi cau déu c6 cung kich thudc dau
vao.

Lop tich chap (Convolutional layer)

CNN trong xtr 1y van ban str dung cac 16p tich chap (Convolutional layers)
dé hoc céc dic trung cuc bo tir cau. Mdi 16p tich chap dp dung mét bo loc (filter)
1én cac chudi vector tir dé tim kiém cac mau dic trung.

B4 loc: Trong m6 hinh nay str dung ba 16p tich chap véi cac bo loc ¢6 kich
thudce khac nhau: 3, 4 va 5 tu. Cac b0 loc nay truot qua cac doan van ban dé hoc
cac dac trung tir cac cum tur c6 do dai tuong ing.

- Filter size = 3 s& hoc cic mau dic trung tir cac cum 3 .

- Filter size = 4 s€ hoc tir cac cum 4 tr, va tuong tu cho filter size = 5.

Tich chap: B loc s€ quét qua van ban va thuc hién phép tich chép
(convolution) dé tao ra mot ban d dic trung (feature map), gitip md hinh nim bat
dugc thong tin quan trong tir cac cum tir nho trong cau.

Lop kich hoat (Activation Layer)
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Sau khi thyc hién tich chap, dau ra s& dugc dua qua lop kich hoat
(Activation layer) dé tao ra tinh phi tuyén, giup mé hinh c6 kha niang hoc cic quan
hé phuc tap gitta cac tir. Mo hinh nay st dung ReLU (Rectified linear unit) lam
ham kich hoat. ReLU gitip md6 hinh giir lai cac gia tri duong va loai bo cac gia tri
am trong két qua tich chap, tir 46 giup giam thiéu hién tuong gradient bién mat
(vanishing gradient) va tang tbc d hoi tu trong qua trinh huan luyén.

Lop gop (Pooling layer)

Lé6p gop (Pooling layer) ¢6 nhiém vu giam kich thude ciia ban d6 dic trung
(Feature map) sau tich chip, ddng thoi giit lai cac théng tin quan trong nhat. Mo
hinh nay c6 thé sir dung max pooling, chon ra gia tri 16n nhat tir mdi ving dugc
xem xét. Max pooling giup chon ra dac trung quan trong nhat tir mdi bd loc, giam
s6 lugng thong tin can xtr Iy va giam hién twong qua khép (overfitting).

Viéc giam do phirc tap cta dir liéu sau pooling gitip mé hinh dé dang hoc
cac moi quan hé sau hon ma khong gip kho khin vé qua tai dit lidu.

Lép két noi day dii (Fully connected layer)

Sau khi 4p dung cac 16p tich chap va gop, dau ra s& dugc 1am phing (flatten)
thanh mét vector 1 chiéu dé dua vao cac 16p két ndi ddy du (Fully connected
layer). L6p két ndi day du co nhiém vu két hop céc dic trung da hoc dugce tir cac
16p trude do va tao ra cac két qua phan loai.

O day mé hinh sir dung mot 16p Dense véi 1 don vi, tuong tng v6i 2 nhan
phan loai cau trong bai toan phan loai cau. Lop nay st dung ham kich hoat
Sigmoid, gitip chuyén doi dau ra thanh cac xac suat cho mdi 16p.

Dropout: Dé giam thiéu overfitting, mot 16p dropout duoc sir dung dé ngiu
nhién boé qua mot sé no-ron trong qua trinh huan luyén.

Dit liéu dau ra

Mo hinh nay c¢6 1 don vi dau ra. Pon vi nay sir dung ham kich hoat Sigmoid,
gitip chuyén d6i dau ra thanh xac suat thuoc vé mot trong hai 16p phan loai cau

tich, néu xac suat 16n hon 0.5, cdu dugc phan loai la tich cuc; nguoc lai, néu nhé
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hon 0.5, cAu s& duoc phan loai 1a tiéu cuc. gitip ta dé dang lua chon 16p c6 xéc
suit cao nhét lam két qua du doan cudi cung.

Ham mét mat Binary cross-entropy: Dé do gia tri cia ham muyc tiéu, ham
méat mat dugc st dung 13 binary cross-entropy, gitip danh gia do chinh xac cua du
doan giita hai 16p. Ham nay so sanh xéac suat du doan véi nhén thuce té va tinh toan
16i dé mo hinh c6 thé t6i vu héa qua timg budc huan luyén.

2.4.2. M6 hinh 2: CNN véi Word2Vec embeddings

Muc tiéu cua viéc trién khai mo hinh: Trién khai mdt mé hinh phan loai
cdu. Pau vao cia mo hinh 1a cac cau vin ban da duoc chuyén d6i thanh vector tir
Word2Vec. Pau ra 14 nhin phan loai cta cau.

Mo hinh CNN str dung Word2Vec embeddings 1a mot cai tién so voi mo
hinh sir dung random embeddings, thay vi khéi tao cac vector tir ngau nhién, n6
tan dung céc vector tir dugc hun luyén trude d6 bang ki thuat Word2Vec. Mo
hinh nay gitp cai thién hiéu suat phan loai vin ban vi n6 d co kién thirc ngit nghia
co ban tur dir li€u ngon ngir 16n.

Quy trinh d¢ trién khai mé hinh nhu sau:

a4k s Xay dung mé : .
Dt liéu dau vao o : | | Huanluyén | | ... .
vi1 Word2Vec Embeddings hml(l:é(él\lgi Vol mo hinh Do ligu dau ra

Hinh 2.4. Quy trinh trién khai mé hinh CNN véi Word2Vec embeddings
Xir Iy di ligu ddu vao
Mo hinh nay str dung Word2Vec embeddings c6 thé dugc cap nhat va tinh
chinh trong qu4 trinh huan luyén. Diéu nay gitip mé hinh khong chi dya vao thong
tin ngit nghia tir cac vector tir ¢ dugc hoc trudc, ma con cé thé téi wu hoa nhiing
vector tur ndy dya trén dir ligu huin luyén cu thé.
- Embedding layer (Word2Vec): Cac vector tir ban dau duoc khoi tao tir

tép GloVe, sau d6 chiing s& duoc mo hinh diéu chinh trong qué trinh hoc.
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Piéu nay gitip mé hinh c6 thé tdi uvu hoa cac vector tir ndy sao cho phu hop

nhét véi bai toan phan loai van ban cu thé.

- Embedding matrix: M6 hinh nay xay dung mot embedding matrix tur t&p
GloVe va cho phép chiing dugc tinh chinh trong sudt qua trinh hoc dé nam
bét ngit canh va y nghia cua tir trong tap dit liéu cu thé.

Viéc cho phép huén luyén cac vector tir ndy gitip md hinh c6 thé cap nhat
cac vector tir dbi voi nhitg tir ma Word2Vec c6 thé chua xur 1y t6t hodc c6 nghia
dic biét trong bdi canh dir liéu cu thé.

Lop tich chap (Convolutional layer)

Gidng nhu mo hinh CNN véi Random embeddings, mé hinh nay st dung
cac 16p tich chap (Convolutional layers) dé hoc cac dic trung tir cac cum tir trong
cau.

B loc: Str dung ba b0 loc voi kich thudc cira s6 khac nhau: 3, 4, va 5 tu.
M&di bd loc hoc cac dic trung tir cac cum tur co do dai tuong ing. Kich thudce cua
cac bd loc ndy giup mo hinh hiéu dugce cic mdi quan hé ngir nghia cyuc bo giita
c4c tir trong cac cum tir ngan.

Lép kich hoat (Activation layer), I6p gép (Pooling layer), I6p két noi diy
dii (Fully connected layer), div lidu diu ra

Céc 16p nay truong tu véi mo hinh 1 trude do.

M6 hinh CNN vé1 Word2 Vec embeddings dugc cho 1a mang lai su linh hoat
va kha nang thich nghi cao hon so v&i mé hinh 1. Bang cach cho phép cap nhat
cac vector tir trong qua trinh huén luyén, mé hinh nay c6 thé t6i wu hoa céac
embeddings dé phul hop hon véi ngit canh cu thé ciia bai toan phan loai cau. Diéu
nay giap cai thién do chinh xac, dac biét 1a trong cac trudong hop ma tir ngit trong
dir liéu huan luyén co su khac biét 16n so véi dit liéu huan luyén ban dau cia

Word2 Vec.
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2.5. KET LUAN CHUONG 2

Chuong 2 di cung cip mdt cai nhin toan dién vé bai toan phan loai ciu
trong xur Iy ngdn ngit ty nhién va cac phuong phap dé giai quyét bai toan nay, tir
cac phuong phap truyén thong dén cac phuong phap dua trén hoc siu.

Phuong phép truyén thong trong phan loai cau nhu naive Bayes, Support
Vector Machines, Bag-of-Words, TF-IDF, va N-grams da duogc trinh bay k¥ ludng.
Mic du cac phuong phap nay don gian va c6 thé giai quyét cac bai toan co ban
trong phan loai cdu, tuy nhién chung ciing gip phai nhiéu han ché, dic biét 1a
trong viéc xu 1y ngir nghia sau va ngit canh phirc tap ctuia cau. Nhitng phuong phéap
nay thuong gip kho khin trong viéc nam bat cac mdi quan hé ngit nghia phirc tap
va phu thudc nhiéu vao cac dic trung duogc trich xuét tha cong.

Phuong phap dua trén hoc sau da ching to su vuot trdi trong viéc phan loai
cau nho kha nang tu dong hoc cac dac trung tu dir liéu. Trong d6, Mang no-ron
tich chap (CNN) la mdt cong cu manh mé trong viéc xur 1y ngon ngir tw nhién, dac
biét 1a phan loai cau, nho kha ning trich xuat cac dic trung cuc bo tir vin ban. Ky
thuat Word2Vec ciling dong vai trd quan trong trong viéc chuyén d6i tir ngit thanh
cac vector sO co ngit nghia, gitip cac mé hinh hoc sau nhu CNN hiéu va xur 1y vin
ban mot cach hiéu qua hon. Cubi cing, Chuong 2 da trinh bay hai mé hinh CNN
bao gdbm CNN vé6i Random embeddings va CNN v&i Word2 Vec embeddings, cac

mé hinh nay s& dugc thuc nghiém trong chuong tiép theo.



54

CHUONG 3. THUC NGHIEM VA PANH GIA
3.1. THIET LAP THUC NGHIEM
3.1.1. B dir li¢u thuc nghiém
3.1.1.1. B¢ dir lieu Movie Review (MR)

B dit liéu Movie Review (MR) [15] dugc thu thap tir cac trang web danh
gia phim, gdm cac bai danh gia tir nhiéu ngudn khac nhau. Téc gia bo dir lidu 1a
Bo Pang va Lillian Lee tir Pai hoc Cornell. B¢ dir li¢u nay dugc thiét ké dé giup
cac nha nghién ctru thir nghiém va danh gia cac mo hinh phan loai cau. Muc tiéu
chinh cua viéc st dung bg dit liu nay trong phan loai cau la xay dung mdt mo
hinh c6 kha nang nhan di¢n va phan loai cau thanh mdt trong hai nhan phan loai
tich cuc hodc ti€u cyc tur tung cau doc lap.

Céu triic dir lidu

Bo dit liéu bao gom cac danh gia dudi dang vin ban, trong d6 cam xtc cla
nguoi viét thuong duoc thé hién & mirc ciu hodc doan vin ban. Dit liéu duoc chia
thanh hai tép “rt-polarity.pos” va “rt-polarity.neg”, moi tép chira cac cau danh gia
phim véi nhan cam xuc tuong tng. Mdi dong trong cac tép ndy 1a mot cau danh
gia, giup dé dang dua vao cac mo hinh phan loai cAu ma khong can phai phan tach
thu cong thanh céc cau con.

Trong do:

- Tép rt-polarity.neg: chlra cac cau danh gia phim v4i nhan tiéu cuc.
- T¢p rt-polarity.pos: chira cac cau danh gia phim vé1 nhan tich cuc.

Bang 3.1. Muoi dong trong bo dit liéu Movie Review (MR)

Tép Dit liéu

simplistic, silly and tedious

not so much farcical as sour

rt-polarity.neg :
unfortunately the story and the actors are served with a

hack script
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this 100-minute movie only has about 25 minutes of

decent material

solaris is a shapeless inconsequential move relying on

the viewer to do most of the work

rt-polarity.pos

occasionally melodramatic, it's also extremely effective

if this movie were a book, it would be a page-turner, you

can't wait to see what happens next

it's fun, splashy and entertainingly nasty

deep intelligence and a warm, enveloping affection

breathe out of every frame

a movie that will thrill you, touch you and make you

laugh as well

Diic diém ciia bé di lieu Movie Review (MR)

B0 dir liéu co téng cong 10,662 dong, mdi dong di duoc phan loai vao nhan
tuong tng. Cac cau danh gia phim st dung ngdn ngir ty nhién, bao gdm tir ngir
mang tinh cam xuc, biéu cam, va cac phép an du thudng gip trong cac bai phé

binh phim. Tinh da dang trong cach dién dat cta cac cAu danh gia gitip mo hinh

hoc dugc nhiéu ngir canh cam xtic phong phu.

Cac mau trong bd dir liéu MR chu yéu 1a cac cAu hodc cum tir ngan trich tir
cac danh gia phim, khong phai cac doan vian dai. Piéu ndy gitp mo hinh tap trung
phan tich & mirc cAu. MR c6 cdu trac don gian, chi gdm cac ciu va nhin cam xdc,
nén khong can nhiéu thao tac tién xir Iy phtic tap nhu cac bo dit liéu chira van ban

dai hodc da ngtr.

Uu diém ciia bo dii liéu Movie Review (MR)

- Dir liéu danh gia thue té: Bo dit liéu nay gom cac bai danh gia phim thyc

té tir nhi€u nguo1, mang lai cac sac thai cadm xdc chan thyc trong cac danh

gia cua nguoi dung.
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D& huén luyén va danh gia: V6i nhan nhi phan, vi¢c huan luyén va danh
g14 mo hinh tré nén don gian, nhanh chong.

Co sé cho nghién ctiru mé rong: MR c6 thé dugc sir dung két hop véi cac
bo dit liéu khac nhu SST-2 dé danh gia hi¢u suét ctia mo hinh phan loai trén
cac dang ngtr liéu cam xuc khac nhau, tir 6 nang cao dd chinh xac va kha

nang khai quat cia mo hinh.

3.1.1.2. B dir lieu Stanford Sentiment Treebank (SST-2)

Bo dir li¢u Stanford Sentiment Treebank (SST-2) [16] 1a mot trong nhiing

bd dir liéu phé bién nhat trong linh vuc xtr Iy ngoén ngtt ty nhién, dac bi¢t 1a cac

bai toan phan loai cau. Pay 1a phién ban khac tir bd dir liéu ban dau ciia Stanford

Sentiment Treebank (SST-1) vé6i viéc giam s6 nhin phan loai.

Cau truc dir liéu

SST-2 cung cap céc cau doc 1ap va nhan phan loai cau twong tmg. Mdi cau

1a mot nhan xét ngan gon hodc doan van ngan. Cac cot chinh trong bg dir li¢u bao

gom:

Idx: Pay la ma dinh danh duy nhat cho mdi cau.

Sentence: Dy 1a ndi dung thuc té ctia cum tir hodc cu tir bai danh gia
phim. Cac cum tir nay c6 thé 1a mot phan hodc toan bo cau goc trong bai
danh gia.

Label: Pay la nhan phan loai cua tirng cum tir hodac cau. Bo dit li€u phan
loai thanh hai nhan phan loai khac nhau. Trong d6 nhan 0 1a ti€u cuc va

nhan 1 1a tich cuec.

Bang 3.2. Nam dong trong bo dir liéu Stanford Sentiment Treebank (SST-2)

1dx sentence label

109 1

would have liked it more if it had just gone that one step

further
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takes a classic story , casts attractive and talented actors
112 and uses a magnificent landscape to create a feature film 1

that is wickedly fun to watch

11131 felt trapped and with no obvious escape for the entire 0
100 minutes

11906 would be rendered tedious by avary 's failure to construct 0
a story with even a trace of dramatic interest

52079 with liberal doses of dark humor , gorgeous exterior |
photography , and a stable-full of solid performances

Dic diém ciia b div liéu SST-2

- Kich thwéce: Bo dir liéu ¢6 67,348 cau kém theo nhan phan loai trong ing

- Tir vung phong phii: Cac cau trong SST-2 duoc trich xuét tir cac bai danh
gia phim thuc té, v6i ngilt canh phong phti va da dang vé ngdn tir. Nhiing
cau nay co thé 1a nhirng nhan xé&t ngén, doc 1ap hoac doan cat ngén tur cac
cdu dai trong danh gia. Do 13y tir cic danh gia phim, tir ngit trong SST-2 ¢6
nhiéu sic thai phtrc tap, khong chi bao gom tir ngit tich cuc hay tiéu cuc ma
con co cac tu chi trang thai trung gian, tor ngltr mia mai, hoac cam xtc da
chiéu trong timg cau.
Uu diém ciia by div liéu SST-2

- Cau tric don gian: Mdi mau dit liéu trong SST-2 bao gdm mat cdu va mot
nhan phén loai cu (tich cuc hodc tiéu cuc). Piéu nay gitp cho viée tién xtr
Iy va xay dung mo hinh trg nén dé dang hon.

- Kich thuée phut hep: SST-2 c6 kich thudc phu hop, di dé huan luyén cac
mo hinh hiéu qua ma khong qua tén kém vé tai nguyén tinh toan.

- Pa dang chii dé: Cac cau trong SST-2 bao phu nhiéu chu dé khac nhau,

gitip mo hinh hoc dugc cach nhan dién cam xtc trong cac ngir canh da dang.
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- Can bang nhin: SO lugng cdu tich cuc va tiéu cuc trong bo dit liéu thudng
dugc phan bd twong dbi can bang, gitip tranh tinh trang mo hinh bi thién
1&ch.
- Thwong dwoc sit dung dé danh gia mé hinh: SST-2 1a mot trong nhing
b0 dir liéu dugc str dung rong rai dé so sanh hiéu suét cua cac mo hinh phan
loai cau khac nhau.
3.1.1.3. B dir lieu nhung tir GloVe: Global vectors for word representation

B dit liéu nhung tir "GloVe: Global vectors for word representation” [17]
[18] 1a mdt tap cac vector tir duoc hudn luyén trude voi muc dich biéu dién tir ngir
trong mot khong gian vector sao cho cac tir c6 ngit nghia tuong tu nhau s€ co vi
tri gan nhau trong khong gian nay. GloVe 1a mot trong nhitng k¥ thuat phd bién
trong xir 1y ngdn ngir tu nhién, gitip moé hinh hoc may hiéu dugc ngir nghia caa tir
ngit dya trén nglt canh. GloVe, dugc phat trién boi cac nha nghién ctu tai
Stanford. M6 hinh nay dugc huin luyén trén cac tap dir liéu 16n nhu Wikipedia,
Common Crawl va cic nguoén vin ban khac, nham hoc ra céc vector tir ¢ ngit
nghia twong quan v6i nhau. Muyc tiéu caa GloVe 1a tim cach biéu dién cac tir thanh
vector sao cho khoang cach giita cac vector phan anh dugc méi quan hé ngit nghia
gifra cac tu.

Ciu triic ciia b di lidu

Bo dit liéu nhiing tir GloVe bao gom cac tép chira cac vector tir di dugc
huin luyén trudce, voi mdi tir dugc biéu dién dudi dang mot vector co nhiéu chiéu
(50, 100 hodc 200 chiéu). Mdi tép trong bo dit liéu twong tmg voi mot tap ngir
liéu khac nhau va sd luong chiéu vector khac nhau, mdi dong trong tép chira mot
tir va mot vector twong tng. Co ba phién ban véi sé chiéu khac nhau: 50, 100, 200
chiéu. Vi du cho mét dong: king 0.50451 0.68607 -0.59517 -0.022801...Trong
d6, tir "king" duoc biéu dién bdi mdt vector c¢6 nhiéu chiéu (tiy vao so chiéu cua
bo nhung), mdi gia tri trong vector dai di¢én cho mot thanh phﬁn cua tu trong khong

gian ngilt nghia.
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Bang 3.3. Nam dong trong bo dir liéu nhung tie “GloVe: Global vectors for word

representation”
Tu Vector nhung tir
king 0.50451, 0.68607, -0.59517, -0.022801...
from 0.41037,0.11342, 0.051524, -0.53833...
they 0.70835, -0.57361, 0.15375, -0.63335...
like 0.36808, 0.20834, -0.22319, 0.046283...
final -0.41236, 0.6493, -0.55848, 0.86319...

Dic diém ciia bé dir ligu GloVe

- Nhung tu: Moi tir trong bo dir licu GloVe dugc biéu dién bai mot vector
s6 thuc. Vector nay cho phép moé hinh méay hoc hiéu dugc y nghia cua tir
dua trén ngit canh. GloVe hoc dugc cac mdi quan hé ngir nghia giira cac tir
bang cach str dung thong ké dong xuat hién cia tir trong cac tai liéu. Noi
cach khac, tir nao xuét hién ciing véi cac tir khic trong cting ngit canh s& c6
vector twong ddng. Bo dit liéu cung cip cac vector tir duoc huin luyén trén
nhiéu ngudn vin ban khac nhau véi quy mo 16n, bao gom Wikipedia,
Common Crawl va cac tweet tir Twitter.

- S6 chiéu ciia vector tir: GloVe cung cip cac vector tir v6i nhiéu sb chiéu
khac nhau, thuong 1a 50, 100 va 200 chiéu. S6 chiéu cang cao, vector cang
c6 kha nang biéu dién nhiéu dic diém ngit nghia cua tir hon. Tuy nhién, sb
chiéu 16n hon ciing 1am ting do phirc tap tinh toan. Vector 50 chiéu phu hop
cho céc ung dung doi hoi hiéu qua tinh toan va khong can do chinh xac qua
cao. Vector 200 chiéu cung cp biéu dién ngir nghia chi tiét hon, thuong
duoc str dung cho cac moé hinh hoc sau yéu cau do chinh xéc cao trong vi¢c
hiéu ngit canh tir.

- Tinh chét cia vector tir GloVe: Vector tir trong GloVe ¢6 tinh chit ngi
nghia toan hoc, nghia la ta cé thé thuc hién cac phép toan trén cac vector

dé kham pha cac moéi quan h¢ ngit nghia gitra céc tur.
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- Kha ning wng dung rong rii: GloVe c6 thé duoc sir dung 1am 16p nhung
tor (embedding layer) trong cdc mo hinh hoc may va hoc sau, giap cac mo
hinh nay hiéu duoc ngit nghia cta tir ngit ma khong can phai huan luyén tur
dau. Bo dit liu GloVe dic biét hitu ich trong cac bai toadn phan loai cau
trong xu ly ngén ngit tw nhién.

Uu diém ciia GloVe

- Hiéu qua ngir nghia: GloVe hoc dugc cac quan hé nglt nghia manh mé
giita cac tlr, va c6 thé ndm bat duoc cac modi quan hé phire tap nhu tir dong
nghia, trai nghia, hodc quan h¢ thur bac (vi duy, "father" va "son").

- Pa dang ngudn dir liéu: Bo dit lidu GloVe duoc huan luyén trén nhiéu
ngudn van ban 16n, gitip mo hinh c6 kha nang xir Iy nhiéu loai van ban khac
nhau, tir bai viét Wikipedia dén cac bai dang trén Twitter.

- D& sir dung: Céc vector tir da duoc huan luyén truéc nén co thé dé dang
tich hop vao cac mo hinh hoc may ma khong can phai tén cong sirc huan
luyén lai tir dau.

Thach thirc khi sw dung GloVe

- Khong cap nhat ngir cinh theo thoi gian thuc: GloVe 1a m6 hinh nhing
tir tinh, tic 13 mdi tir ludn c6 mot vector ¢b dinh, khong thay d6i theo ngir
canh. Piéu nay khién GloVe khong thé xur 1y tot cac tir da nghia (vi du: tir
"bank" c¢6 thé c6 nghia 1a "ngan hang" hodc "bo séng" tiy thudc vio ngir
canh).

- Kich thuée 16n: Ddi véi cac phién ban huin luyén trén tap dir liéu 1om,
kich thudc tép dit liéu rat 16m, co thé gay kho khin trong viéc luu trit va xir
Iy trén cac hé thdng c6 tai nguyén han ché.

3.1.2. Cong cu phuc vu thuc nghi€ém
Trong dé tai "Nghién ctru k¥ thuat phan loai cau trong xir Iy ngon ngit tu
nhién béng mo hinh hoc sau", viéc str dung cac cong cu va thu vién ph?m mém 1a

v0 cung quan trong dé xay dung, huan luyén, va ddnh gid cadc mo hinh hoc sau.
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Céac cong cu nay khong chi hd tro xur Iy dit liéu ngon ngit tu nhién mot cach hiéu
qua ma con tdi wu hoa qua trinh hun luyén moé hinh, gitp cai thién do chinh xéac
va hiéu suat. Phan nay s& gi6i thiéu nhitng cong cu cha yéu duoc st dung trong
qué trinh thyc nghiém, tir cac thu vién hoc sau, xur Iy ngon ngir ty nhién dén cac
cong cu truc quan hoa va danh gia két qua.

Python 1a ngdn ngtr 1ap trinh chinh dugc st dung trong qua trinh thyc
nghiém cta dé tai "Nghién ctru k¥ thuat phan loai ciu trong xir Iy ngdn ngit tu
nhién béng mo hinh hoc sau". Python da tré thanh mot lya chon phé bién trong
cac linh vuc lién quan dén tri tué nhan tao va hoc may nho ct phap don gian, dé
tiép can, cung v4i hé sinh thai phong phu cac thu vién hd tro manh mé cho viéc
xtr Iy dit liéu va trién khai cac mo hinh hoc sau [19].

Python duoc lua chon cho dé tai ndy bai cac 1y do sau:

- D& hoc va sir dung: Python c6 ct phap 16 rang va dé hiéu, giup rit ngin
thoi gian hoc tap va phat trién tmg dung.

- Thuw vién da dang: Python c6 mot hé sinh thai phong phti gom nhiéu thu
vién chuyén dung cho xur Iy ngén ngir ty nhién, hoc sau, va tryc quan hoa
dir li¢u nhu NumPy, Pandas, TensorFlow, Keras, va Matplotlib. Cac thu
vién nay di dugc tich hop day du cic cong cu can thiét dé thuc hién cac
thao tac tir tién xur 1y dir liéu dén huan luyén mo hinh.

- Twong thich tot véi cic nén tang may hoc: Python hd tro cic nén tang
tinh toan hiéu ning cao nhu GPU va TPU, gilip ting tdc qué trinh huin
luyén mo hinh hoc sau, dac biét 1a khi lam viéc vo1 cac tap dir liéu 16n va
phuc tap
Trong dé tai nay, Python déng vai tro trung tdm trong toan bd quy trinh thuc

nghiém:

- Tién xir ly dir liéu: Python duogc st dung dé 1am sach dit liéu van ban,

token hoa, va tao cac biéu dién vector cho cac cau thong qua cac cong cu
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nhu Tokenizer trong Keras, Pandas dé quan 1y va thao tac dir liéu, cling nhur
cac ham xir Iy chudi co ban.

XAy dung va huin luyén mé hinh hoc sau: Vi su hd trg ciia TensorFlow
va Keras, Python cung cp cac cong cu can thiét dé xay dung mo hinh hoc
sau nhu CNN. Cac mé hinh nay dugc huan luyén trén cac tap dit liéu ngon
ngir tu nhién dé thyc hién nhiém vu phén loai cau.

Panh gia va truc quan héa két qua: Python ciing hd trg danh gia hiéu
sudt ctia cac md hinh théng qua cac cong cu tinh toan do chinh xac, ma tran
nham 13n va truc quan hoa két qua huan luyén bang cac biéu d6 thong qua
Matplotlib.

Céc thu vién Python dugc sir dung trong dé tai:

NumPy: Thu vién nay duoc sitr dung dé lam viéc v6i mang va cac phép
toan ma tran. NumPy rat quan trong khi thao tac v&i cac dir liéu dang sd.
Pandas: Day 1a mot thu vién manh mé dé xu 1y va phan tich dit liéu dang
bang. Pandas duoc dung dé doc, xt 1y va phan loai dit lidu dau vao dudi
dang DataFrame

Scikit-learn: Pay 1a thu vién chuan cho céc tic vu hoc may, duoc sir dung
trong viéc tinh toan d chinh xac, ma tran nham 1an, va phan chia dit liéu.
Scikit-learn hd trg danh gia hiéu suat md hinh va thuc hién céc phép do
ludng quan trong trong qua trinh phat trién mo hinh.

TensorFlow va Keras: TensorFlow 13 nén tang ma nguén mé manh mé
cho hoc sau, con Keras 1 giao dién cip cao ctia TensorFlow, gitip don gian
hoéa viéc xay dung va huan luyén cac mé hinh hoc sau. Trong du 4n nay,
Keras duoc sir dung dé xdy dung cac 16p mang no-ron tich chip véi cac 1op
nhu Embedding, Conv2D, MaxPooling, va Dense. TensorFlow gitip toi wu
héa viéc hudn luyén cac mo hinh nay trén dir liéu 16n.

Regularizers: Cac rang budc dugc st dung trong cac 16p tich chap dé tranh

hién tugng qua khdp (overfitting) bang cach thém cac rang budc L2.
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3.2. QUY TRINH THU'C NGHIEM

Dé trién khai thuc nghiém, dé tai thyc hién quy trinh thuc nghiém gém ba
budc: tién xtr 1y dit liéu, huan luyén cac mé hinh, va danh gia hiéu suét. Quy trinh
nay duoc thiét ké nham dam béo rﬁng dit liéu dau vao duge chuan bi tot nhit cho
mo hinh, cac m6 hinh hoc sau dugc xay dung va t8i wu hoa hiéu qua, va két qua
cudi cung dugce danh gia khach quan va rd rang. Quy trinh thuc nghiém duoc thé

hién qua so d6 dudi day:

Tién xtr 1y dir li¢u Huan luyén mo6 hinh » Danh gia hi¢u suat

A

Hinh 3.1. So d6 quy trinh thuc nghiém

3.2.1. Tién xit Iy dir liéu

Trong cac bai toan xir 1y ngdn ngit ty nhién, tién xir 1y dir liéu 14 budc quan
trong nham chuan bi dit liéu tho thanh dang c6 thé st dung cho cac mo hinh hoc
may [4]. Duéi day l1a cac budc chi tiét vé quy trinh tién xtr Iy dit liéu cho bai toan
phan loai cau:

Lam sach dit liéu

Budc dau tién 1a 1am sach cac van ban trong tap dit liéu. Van ban tho thudng
chtra cac ky tu dic biét, diu cau, URL va cac khoang tréng thtra. Viéc loai bd cac
yéu td nay giup giam nhiu cho mé hinh. Cu thé:

- Loai b6 URL: Cac duong dan trang web dugc loai bo hoac thay thé dé tranh
mo hinh bi anh huéng baéi cac tir khong co ¥ nghia ngit nghia.

- Loai bo ky tu dic biét va dau cau: Nhimg ky tu nhu ddu cham, phay, va cac
ky tu ddc biét khac khong mang nhiéu ¥ nghia ngit nghia nén can dugc loai
bo.

- Chuyén thanh chir thuong: Tat ca céac tir dugce chuyén thanh chit thuong dé
dam bao tinh nhat quan, tranh phan biét giita tir viét hoa va viét thuong.

Loai bo cac nhan mat cin bang
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Trong bai toan phan loai, dir li¢u co thé bi mat can b::ing néu c6 su chénh
1éch 16n gitra s lwgng cac nhan (16p) khac nhau. Piéu nay din dén mo hinh bi
thién 1é€ch va kém hi€u qua. Do do, tap dir li¢u can duoc can b::ing béng cach léy
ngau nhién sé lugng mau giéng nhau tir mdi 16p nhan. Viée can bang nay dam bao
réng md hinh ¢6 co hdi hoc tdt trén tat ca cac nhan.

Danh gia dj dai cau

Vin ban dau vao thuong c6 do dai khong ddng déu, tir cac cau ngan chi vai
tir cho dén céc cau dai hon nhiéu. Trude khi chuyén d6i van ban thanh dang sb dé
dua vao mo hinh, can xac dinh do dai trung binh va téi da ctia cac cau. Diéu nay
gitp quyét dinh chiéu dai cd dinh cta cac chudi dau vao. Cc cau ngan hon do dai
nay s& duoc thém padding, trong khi cac cau dai hon sé& bi cit bét.

Token hoa van bdan

Qua trinh token héa chuyén d6i vin ban thanh chudi céc chi so (token), mdi
chi s6 dai dién cho mat tir trong tir dién. Trong cac hé thdng xir Iy ngdn ngir tu
nhién, token hoa gitip bién cac tir thanh cic s6 nguyén dé mo hinh cé thé xir Iy
duoc. Tu dién tir nay thuong duogc tao dua trén tan suat xuit hién cta tur trong dir
liéu. Nhirng tir it xuat hién co thé bi loai bo, chi giit lai nhitng tir pho bién nhat dé
t6i uu hoa higu suat mo hinh.

Padding chuéi

Sau khi cac cau d3 dugc token hoa thanh cac chudi s, can dam bao réng
tat ca cac chudi c6 do dai bang nhau. Diéu nay duoc thyuc hién thong qua qua trinh
padding. V61 cac cau ngfm hon d6 dai ¢b dinh, cac gia tri 0 s€ dugc thém vao cudi
chudi dé dat do dai yéu cau. Padding giup mo hinh c6 thé xir Iy tat ca cac cau voi
cung mot kich thudce dau vao, tranh viéc gap 16i do céc cau c6 d6 dai khac nhau.

Chuyén déi nhén thanh dang so

Trong bai todn phan loai, cdc nhan phan loai cau ban dau 1a cac gia tri roi
rac. D& mé hinh c6 thé hoc tbt, cac nhan nay can duoc chuyén thanh dang s6 hodc

dang one-hot encoding, trong d6 moi nhan dugc bi€u dién bang mdt vector co gia
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tri 1 tai vi tri tuong timg voi 16p cta nd. Viée nay giup mé hinh hoc phén loai nhiéu
16p hi€u qua hon.

Chia tdp dit liéu thanh tdp huén luyén va tap kiém tra

Cudi cung, dir liéu dugc chia thanh hai tap riéng biét: tap huin luyén va tap
kiém tra. 90% dit liéu duoc dung dé huan luyén md hinh, trong khi phﬁn con lai
duoc gitr lai dé kiém tra d6 chinh x4c ciia mé hinh trén dit liéu méi ma né chua
thiy trude d6. Piéu ndy giup danh gia kha ning tong quat héa ciia mé hinh sau
khi huan luyén.

Quy trinh tién xtr Iy dit liéu bao gém cac budc nhu lam sach van ban, can
bang dir liéu, token héa va padding cac chudi, chuyén d6i nhin, va chia dir liéu
thanh tap huin luyén va kiém tra. Cac budc ndy 1a rt can thiét dé dam bao di liéu
duoc chuan bi & dang phu hop nhét cho mé hinh hoc sau, tir d6 nang cao do chinh
xac va hiéu qua cua mo hinh trong qua trinh phan loai cau.

3.2.2. Huén luyén cic mé hinh
3.2.2.1. M6 hinh 1: CNN voi Random embeddings

Quy trinh dé trién khai mé hinh da duoc trinh bay & Chuong 2, dudi day 1a
cac trién khai cho ting budc.

Xir Iy div lieu dau vao

Trude khi dua dit liéu van ban vao md hinh, cdc cAu vin ban cin duge
chuyén d6i thanh cac chudi sb, noi mdi tir trong cdu dugc anh xa thanh mot chi
s6 duy nhét trong tir dién tir vung.

- Tokenization: Qu4 trinh ndy gitip mo hinh hiéu cac tir duéi dang céc sd
nguyén.

- Padding: Cac cau thuong c6 do dai khac nhau, do dé can chuin hoa vé
cung mot do dai. O day, tat ca cac cau duoc diéu chinh vé chung d6 dai cua
cau dai nhat thong qua qua trinh padding (néu cau ngan hon d6 dai nay, cac
tir 40 0 duoc thém vao cudi cau). Diéu nay gitip mo hinh xir Iy mot kich

thudc dau vao nhat quan. Vi du: Néu cau c6 do dai 1én nhat 1a 50 tir ma cau
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hién dang xur ly chi c6 30 ttr, ta s€ thém 20 s6 0 vao cudi cau dé dat do dai

50.

Sau khi xir Iy xong, tap dit liéu dugc chia thanh 90% dé huan luyén va 10%
dé kiém tra, dam bao mo hinh c6 tap dit liéu riéng dé danh gia sau khi huén luyén.

Céu hinh caa 16p nhing:

- input_dim: La s lugng tir c6 trong tir dién tir vung (& day 1a 20,000 tir
phd bién nhit trong dit liéu).

- output_dim: S chiéu cia mdi vector tir (200 chiéu trong trudng hop nay).

- input_length: Do dai cua mdi cau (da duogc padding), d0 dai nay la sb tir
dai nhat cia mot ciu trong bo dit liéu.

Lop tich chap (Convolutional layer)

Trong mé hinh nay, c6 3 16p tich chap véi cac kich thudce cira s6 khac nhau:

- Lép tich chap dau tién ¢ cira s6 kich thude 3 tir.
- Lép thir hai c6 cira s6 kich thudc 4 tir.
- Lép tha ba c6 cira so kich thude 5 ti.

MBOi 16p tich chap c6 100 bd loc (num_filters = 100), va ham kich hoat dugc
str dung 1a ReLU (Rectified linear unit) dé dua tinh phi tuyén vao mang, gitip mo
hinh hoc dugc cac dac trung phire tap hon.

Lop gop (Max pooling layer)

Sau khi ap dung cac 16p tich chap, dé giam kich thudc dit liéu dau ra va giir
lai cac dic trung quan trong nhat, mo hinh sir dung cac 16p Max Pooling. Két qua
cua cac 16p tich chap va gop 1a ba ma tran dac trung tur cac 16p tich chap khac
nhau. Cac ma tran nay duogc gop lai thanh mot tensor duy nhat, gitp mo hinh hoc
dugc cac dac trung tir cac cum tu co6 kich thudce khac nhau.

Lép két néi ddy dii (Fully Connected Layer)

Sau khi qua céc 16p tich chap va gop, dir liéu dau ra 1a mot tensor nhiéu
chiéu. Pé dua dit liéu nay vao cac 16p fully connected (két ndi day du), mé hinh

can lam phang dit liéu dau ra thanh mot vector 1 chiéu. Sau d6, mot 16p Dropout
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dugc thém vao. Diéu nay gitip mang khong qua phu thudc vao mot nhém no-ron
cu thé.

L6p Dense (Fully Connected): Str dung 16p Dense véi 1 dau ra, dai dién
cho x4c sudt ma cau van thudc vé 16p tich cuc (1). Ham kich hoat Sigmoid duoc
str dung dé chuyén ddi dau ra thanh xac suét tir 0 dén 1.

Huén luyén mé hinh

M hinh sau d6 duge bién dich va huin luyén [20]

- Loss function: Str dung ham mat mat binary crossentropy do mé hinh chi
c6 dau ra 13 hai nhin phan loai cdu.

- Optimizer: St dung b6 t6i wvu hoa Adam [21], dugc biét dén v6i kha niang
cap nhat trong s6 hiéu qua trong cdc mang no-ron sau.

- Metrics: Do chinh xac (accuracy) duoc st dung lam thudc do dé danh gia
mo hinh.

Mo hinh duoc huén luyén véi:

- Batch size: 32 (mdi lan cap nhat trong sé mo hinh s& xir 1y 32 mAu).
- Validation split: 10% dir li¢u huin luyén dugc str dung dé kiém tra mod
hinh trong qua trinh huan luyén.

Kién triic mé hinh

Bang dudi ddy cung cp thong tin chi tiét vé tén 16p, kich thudc dau ra, sd
luong tham sb va 16p ma no két nbi dén.

Bdng 3.4. Kién triic mé hinh CNN véi Random embeddings

Lép (loai) Két ndi dén

InputLayer

Embedding InputLayer
Reshape Embedding

Conv2D 1 Reshape

Conv2D 2 Reshape




68

Conv2D 3 Reshape
MaxPooling2D 1 Conv2D 1
MaxPooling2D 2 Conv2D 2
MaxPooling2D 3 Conv2D 3

MaxPooling2D 1,
Concatenate MaxPooling2D 2,
MaxPooling2D 3

Flatten Concatenate
Dropout Flatten
Dense Dropout

Trong do:

Cot 16p (Loai): Mdi 16p trong md hinh dugc liét ké tai day, va ta co thé

thy
+

+

+

+

15 loai 16p da sir dung. Cac 16p bao gdom:
InputLayer: Lp dau vao ctia mo hinh.
Embedding: Lép nhiing tir dung dé chuyén d6i cac chi s tir thanh
cac vector tir (200 chiéu).
Reshape: L6p thay d6i hinh dang dau ra cua 16p nhing dé phu hop
v Conv2D.
Conv2D: Céac 16p tich chap (Convolutional Layers) vdi cac b loc co
kich thudc khac nhau.
MaxPooling2D: Cac 16p gop dé giam kich thude dau ra.
Concatenate: Lp gdp cac dau ra tir cac 16p MaxPooling lai v&i nhau.
Flatten: Lp lam phang dau ra tir Conv2D va MaxPooling thanh mot
vector 1 chiéu.
Dropout: Lép dropout dé ngin chin overfitting.

Dense: Lop fully connected voi 1 déu ra (nhan phan loai).

Cot két noi dén: Cot nay chi ra 16p dau vao cua 16p hién tai.
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Tham s6 hudn luyén mé hinh

Céc tham s6 huan luyén mé hinh dugc lwa chon dé dép tmg yéu cau mo
hinh ¢6 thé hoc dugc cac dic trung quan trong trong bai toan phan loai cau va dat
hiéu suét tot trén tap kiém thur.

Bdng 3.5. Céc tham s6 hudn luyén mé hinh

Tham sb Gia tri
S6 luong tir vung tbi da 20,000
S6 chiéu cia embedding 200
S6 b loc tich chap 100
Kich thudc bo loc (3,200), (4,200), (5,200)
Ham kich hoat ReLU (cho 16p tic‘h chép),
Sigmoid (cho dau ra)
1, Regularization 3
Ham mat mat Binary Crossentropy
Optimizer Adam
Learning rate 0.001
Batch size 32
S6 epoch 35
Trong do:

- S0 lwong tir vueng t6i da: M6 hinh st dung 20,000 tir ph bién nhét trong
tap dit liéu. Cac tir khong nam trong danh sach nay s& duoc thay thé bang
mot token dac biét “unknown”. Viéc gidi han nay giip mo hinh tap trung
vao cac tlr quan trong nhét va giam kich thudc cta 16p nhing, giup toi uu
b6 nhé va toc do xur 1y.

- S6 chiéu caa embedding: Moi tir trong tUr dién s& duoc anh xa thanh mot

vector ¢6 200 chiéu. Gia tri 200 1a mirc pho bién, dam bao mé hinh co du
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thong tin ma khong bi qua tai, ddng thdi can bang gitra hiéu suat va chat
luong biéu dién.

S6 bd loc tich chap: S6 luong bo loc trong mdi 16p tich chap 1a 100. Mdi
b0 loc s& hoc mdt dac trung khac nhau cta dir 1liéu dau vao. Viéc chon 100
b loc giup can bang gitra hiéu sudt va chi phi tinh toan.

Kich thuwéc bd loc: Ba loai kich thudce bo loc cho phép quét qua lan luot 1a
3, 4 hoac 5 cum tur mdt lac. Céac bo loc voi kich thude khac nhau gitip mo
hinh hoc dugc dac trung ngit canh tir cac cum tir c6 do dai khac nhau.
Ham kich hoat: ReL.U cho céc 16p tich chip giip mé hinh hoc nhanh hon
va giam véan dé vanishing gradient. Sigmoid dugc dung ¢ dau ra.

I Regularization: tham s6 ndy c6 gia tri 1a 3 1am giam overfitting bang
cach phat cac trong so 16n. Tir d6 gitip mo hinh tong quat t6t hon.

Ham mat mat: Binary Crossentropy 1a ham mat mét dugc dung pho bién
cho bai toan phan loai nhi phan. N6 do luong su khac biét gifra gia tri thuc
té va gia tri du doén cuia mé hinh.

Optimizer: Adam [21] 1a mot thuat toan t6i wu héa gitp diéu chinh learning
rate dua trén d6 doc cia ham mat mat (gradient). Adam dugc thiét ké dé
hi tu nhanh chong, 6n dinh va hiéu qua vé6i dir liéu 1on. Bén canh d6 Adam
cling 1am viéc tt v6i dit liéu co6 d6 nhiéu cao, pht hop vai bai toan xir 1y
tu nhién.

Learning rate: C6 gid tri 1a 0.001. Day 1a tham sd gitip xac dinh mirc do
diéu chinh trong s6 sau mdi 1an cip nhat. Gia tri phu hop giup mé hinh hoc
6n dinh hon, tranh nhay qua mat diém t6i wu. Gia tri 16n c6 thé giup hoi tu
nhanh hon nhung dé dan dén mat 6n dinh.

Batch size: C6 gia tri 1a 32. Moi lan cap nhat trong s6, md hinh st dung 32
mau dir liéu thay vi cap nhat sau mdi mau hoic toan bd tap dir lidu.

S6 epoch: M6 hinh duoc huan luyén qua 35 epoch. Mot epoch 1a khi toan

bo tap dit liéu huin luyén dugc dua qua mo hinh mot lan. Néu s6 epoch qua
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thap thi mo hinh c6 thé chua hoc du din dén hién twong underfitting. Tuy

nhién néu sd epoch qua cao c6 thé khién mo hinh gip tinh trang overfitting.

Luu triv két qua

Sau khi huin luyén xong, md hinh va lich st huén luyén duoc luu trir lai.
Do chinh x4c (accuracy) dugc tinh todn dua trén sy so sanh gifra nhan thuc té va
nhin dy doan. Ma tran nham lan (confusion matrix) cting dugc tinh toan dé xem
m6 hinh du doan dang va nham 14n giita cac nhan phan loai nhu thé nao.

M6 hinh CNN véi Random embeddings hoc cac ddc trung ngir nghia tur van
ban bang cach sir dung céac 16p tich chap va nhing tir ngiu nhién. Sau qua trinh
huin luyén, mé hinh c6 thé phan loai cac cau van ban vao mot trong hai nhan nhan
phan loai cau.
3.2.2.2. M6 hinh 2: CNN voi Word2Vec embeddings

M6 hinh nay tuong tu nhu M6 hinh 1 nhung thay vi sit dung cac vector
nhung ngdu nhién, né str dung cac vector nhung tir d3 duoc huan luyén sin tir mo
hinh Word2Vec (dir liéu nhiing ttr GloVe). Trong m6 hinh nay, cac vector tur nay
c6 thé duoc hudn luyén. Piéu nay co nghia 1a cac vector nhung s& duoc cap nhat
trong qua trinh hoc ctia mo hinh, giup cai thién kha ning biéu dién cua cac tir
trong ngit canh cua bai toan cu thé. Dudi ddy 1a cac chi tiét ctia mo hinh.

Quy trinh dé trién khai mé hinh da duoc trinh bay & Chuong 2, dudi day 1a
cac trién khai cho ting budc.

Xir Iy dit ligu ddu vao

Ma tran nhung Word2Vec: M6 hinh st dung vector nhiing da duoc huin
luyén tir trude (nhu GloVe), vi mdi tir cd mot vector nhiing 200 chiéu. Ma tran
nhung nay chtra cac vector nhung cho tit ca cac tir xuat hién trong tap dir liéu.

Lop nhung (Embedding layer)

Lép nhiing Word2Vec: Lop ndy anh xa cac chi s6 tir ctia cau thanh cac
vector nhung co sb chiéu 1a 200. L6p nhung dugc khoi tao voi ma tran nhung

Word2 Vec, trong d6 mdi tir ¢ mot vector biéu dién véi chiéu dai 200.
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Trainable embeddings: Viéc cho phép cac vector nhiing dugc huan luyén
ddng nghia voi viée cac vector ndy s& dugc cip nhat trong qua trinh tbi vu hoa
ctia mo hinh. Diéu nay c6 nghia 1 qua timg epoch, cac vector tir ¢6 thé diéu chinh
dwa trén cach ma chung xuét hién trong tap huin luyén, gitip biéu dién ngir nghia
t6t hon cho bai toan phan loai ciu.

Lop tich chdp (Convolutional layers), lop kich hoat (Activation layer), lop
20p (Pooling layers), l6p két néi diy di (Fully connected layer), kién triic mé
hinh, tham sé hudn luyén mé hinh, huén luyén mé hinh

Céc budc nay tuong tu mo hinh 1.

3.3. KET QUA VA PHAN TiCH

Sau khi thyc nghi¢ém hai m6 hinh CNN véi hat bg dit liéu Movie Review
(MR) va Stanford Sentiment Treebank (SST-2) cho bai toan phan loai cau, cac két
qua d3 duoc ghi nhan va tong hop trong bang sau, két qua duoc tinh bang d6 chinh
xac (Accuracy):

Badng 3.6. Bang tong hop két hudn luyén cdc mé hinh

Mo hinh B0 dir lieu MR B0 dir liéu SST-2
CNN véi Random
. 70.85% 90.45%
embeddings
CNN v61 Word2Vec
74.79% 91.15%
embeddings

Mo hinh 1: CNN voi Random embeddings

Khi huan luyén véi bd dit liéu Movie Review (MR). Biéu d6 vé do chinh
xéc (accuracy) cho thdy rang mé hinh dd hoc dan cac dic trung cua bo dit liéu qua
cac epoch va dan hoi ty. Do chinh xac dat 70.85%. Pay 1a mic d6 chinh x4c twong
dbi t6t cho m6 hinh véi cac nhing tir ngiu nhién. Tuy nhién trong giai doan dau
huan luyén ciing chi ra rang md hinh c6 gap nhiing khé khan nhat dinh khi hoc

cac dac trung ngit nghia tur dir licu Movie Review.
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Hinh 3.2. Qud trinh hudn luyén mé hinh CNN véi Random embeddings trén bo
dir lieu MR
Khi huén luyén mo6 hinh v41 bo dit liéu Stanford Sentiment Treebank (SST-
2) cho két qua t6t v6i do chinh xac 90.45%. Puong biéu dién do chinh xac cho
thdy mé hinh hoc nhanh ngay tir nhimg epoch dau tién va dat trang thai 6n dinh
trong cac epoch tiép theo. Piéu nay cho thay mé hinh c6 kha niang t6i uu hoa tot

voi1 dit liéu va c6 thé trich xuat dugc cac dac trung quan trong tir dir liéu dau vao.
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Hinh 3.3. Qud trinh hudn luyén mé hinh CNN véi Random embeddings trén bé
dir liéu SST-2
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Random embeddings khong mang thong tin ngit nghia sin co, do d6 md
hinh phai hoc tir ddu ma khong c6 su hd tro tir cac tir dién ngit nghia da duogc xay
dung trudc.

Mo hinh 2: CNN voi Word2Vec embeddings

Khi huin luyén mo hinh vo1 b dit liéu Movie Review (MR), két qua do
chinh xac dat 74.79%. Két qua nay t6t hon khi so v6i mé hinh 1 nho kha niang
huén luyén nhing tir giup mo hinh thich nghi tét hon véi dit liéu cu thé. Puong
biéu dién d6 chinh x4c cho thiy mé hinh bat ¢au hoc cham trong khoang 15 epoch
dau tién, tuy nhién sau d6 do chinh xac ting manh Diéu nay phan dnh rang mo
hinh da tim dugc cach hoc cac dac trung ngir nghia tir embeddings Word2 Vec.
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Hinh 3.4. Qud trinh hudn luyén mé hinh CNN véi Word2Vec embeddings trén bo
dit lieu MR

Khi huan luyén mo hinh vdi b dir liéu Stanford Sentiment Treebank (SST-

2) da dat duoc d6 chinh xac 91.15%. Py 1a mot két qua dang cha ¥, thé hién rang

mo hinh hoat dong tot hon so véi mé hinh trude do.
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Hinh 3.5. Qud trinh hudn luyén mé hinh CNN véi Word2Vec embeddings trén bo
dir lieu SST-2

Trong qué trinh huin luyén mé hinh CNN v&i Word2Vec embeddings, mo
hinh thé hién sy cai thién 1 rét hon trong qua trinh huin luyén, véi sy gia ting
ctia do chinh xac qua cac epoch va dan 6n dinh, cho thdy mé hinh dang hoc t6t va
cai thién céc trong s6 ctia nhing ti.

Téng két

Cac mo6 hinh CNN hoat dong hiéu qua trong viéc hoc cac dac trung ngir
nghia phuec tap tu dit liéu van ban. CNN c6 kha nang tu dong hoa viéc trich Xuat
cac dic trung tir van ban, diéu ma cic phuong phap truyén théng phai 1am tha
cong.

Céc két qua vé d6 chinh x4c ctia ca hai mé hinh déu cho ra nhimg két qua
tbt, trong do6 thay ro su khac biét khi tmg dung k¥ thuat Word2Vec embeddings
gitip tan dung tot thong tin ngit nghia, nho @6 mo hinh hoat dong hiéu qua hon.

Két qua cia mé hinh c6 ¥ nghia dbi véi nhiéu tmg dung xtr Iy ngon ngit tu

nhién trong thuc té. Mot sb tac dong thyc tién chinh bao gém:
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Phan tich cam xuc trong mang xa hgi: V61 do chinh xé4c cao trong viéc
phan loai cau, m6 hinh c6 thé duoc tng dung trong cac hé thdng giam sat
cam xuc trén mang xa hoi hodc cac dién dan truc tuyén. Doanh nghi¢p co
thé st dung mo hinh dé danh gia phan hoi cia khach hang vé san phim
hoac dich vu, gitp dua ra cac chién luoc kinh doanh phu hop.

Goi y ndi dung: Cac nén tang mang x4 hoi c6 thé tin dung mo hinh dé hiéu
phan hdi cua nguoi dung, tir d6 c4 nhin héa ndi dung goi ¥ dua trén xu
hudéng cam xuc cua nguoi dung.

Cii thién tro Iy 20: M6 hinh phan loai ciu giup chatbot hiéu rd hon ¥ dinh
ctia ngudi dung, tir d6 phan hoi chinh xac hon.

HG tro hé thong kiém duyét ndi dung: Cac nén tang truyén thong cé thé
st dung mo hinh dé phat hién va ngan chan céc binh luan tiéu cuc, tir do
gitip dam bao mdi truong an toan trén cac dién dan truc tuyén.

Nhiing han ché con ton tai:

Overfitting: Cac mé hinh c6 thé bi overfitting khi dit liéu huan luyén khong
du 16m. Khi huan luyén hai m6 hinh v61 bd dit licu MR da xay ra hién tuong
overfitting trong khi diéu nay khong xay ra véi bo dir liu SST-2, 1y do 1a
bo dir liéu MR c6 it dit liéu hon dang ké so véi bo dit liéu SST-2.

Tiéu ton tai nguyén: M6 hinh CNN yéu ciu nhiéu tai nguyén tinh toan
hon so véi cac phuong phéap truyén thong, dic biét khi sd luong tham sd
16n va can ti uu hoa nhiéu 16p mang.

Khi ning tong quat hoa: Mic di mo hinh c6 thé dat d6 chinh xéc cao trén
tap huan luyén, kha nang tong quéat hoa khi 4p dung vao dit liéu méi 1a thach
thire, dic biét khi dit liéu huan luyén khong dai dién cho toan bo khong gian

dir lidu.
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3.4. DANH GIA & DE XUAT CAI TIEN
3.4.1. Panh gia

Trong qua trinh trién khai cac mé hinh hoc sau cho bai toan phan loai cau,
dé tai da thue nghiém véi bdn mo hinh khac nhau, bao gém:

M6 hinh 1: CNN vé1 Random embeddings.

Mo hinh 2: CNN vé1 Word2Vec embeddings.

Két qua thu dugc tir cac mo hinh nay dugc danh gia dua trén do chinh xac
(Accuracy). Pay 1a thudc do chinh dé danh gia hiéu suat cia mo hinh, thé hién ty
1& dy doan ding trén tong s6 mau thir.

Cu thé:

- Mo hinh 1 (Random embeddings): Day 1a m6 hinh co ban, st dung nhiing
tir ngau nhién. M6 hinh nay c¢6 hiéu suat kém hon cac mé hinh khac do céc
vector tir dugc khoi tao ngau nhién khong nam bat duoc ngit nghia tir ngi.

- Mb hinh 2 (Word2Vec embeddings): Day 1a mo hinh dat hiéu suat t6t
trong bai toan phan loai cau. Viéc st dung vector tir Word2 Vec ¢6 thé huin
luyén cho phép mé hinh hoc va diéu chinh cac vector ndy theo ngit canh cu
thé ctia bai toan, giup cai thién kha niang dy doan.

Mic du bai toan phan loai cau trong xir Iy ngdn ngit ty nhién c6 yéu té phic
tap voi nhiéu thach thirc, nhung dé tai da xay dung duoc nén tang viing chic va
cung cip cac giai phap hiéu qua. Nhitng két qua dat duge di cho thay hiéu qua
vuot trdi trong viée trich Xudt va phan tich cac dac trung ngir nghia tir van ban.
3.4.2. D& xuit cii tién

Tuy dé tai c6 nhiing két qua tot sau khi thyc nghiém voi mo hinh no-ron
tich chap (CNN) nhung dé tai van c6 nhiéu tiém ning phat trién hon nita vdi cac
hudng sau:

Ting cwong dir ligu huén luyén

Mot trong nhirng van dé thuong gip véi cac mé hinh hoc sau 1a thiéu di

liéu huan luyén du 16n va da dang, khién cho mé hinh khong thé téng quat tbt cho
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dir liéu kiém thir. C6 thé phat trién dé tai bang cach st dung céc tap dir liéu 16n
hon, khai thac thém cac bd dit liéu cong khai trong cung linh vuc. Bén canh d6 co
thé két hop nhiéu tap dir liéu khac nhau, hodc str dung hoc khong gidm sat dé tan
dung dit liéu chua gan nhn, giup mo hinh hiéu rd hon vé cac cau triic ngdn ngit
khac nhau.

Két hop nhiéu ky thudt

Viéc két hop nhiéu ky thuat khac nhau c6 thé gitip mé hinh hoc sau nim
bat t6t hon cac khia canh khac nhau cta ngdn ngit ty nhién. Két hop CNN voi
LSTM hodc GRU: M6 hinh CNN manh vé viéc trich xuét cac dic trung cuc bo
trong ngit canh nho, nhung han ché trong viéc xir 1y cac chudi dai. Két hop CNN
vo1 LSTM hodc GRU gitip mo6 hinh hoc dugce ca dac trung cuc b va ngir canh
dai han.

Téi wu héa qud trinh hudn luyén

Téi wu hoa cac siéu tham s (hyperparameter) ciia mé hinh nhu kich thuée
batch, s6 luong epoch, ty 1& hoc (learning rate), kich thudc vector nhung
(embedding size), va sb luong bo loc (filters) dé tim ra cac gia tri tot nhét cho hiéu
suat mé hinh. St dung Grid search hodc Random search dé tim kiém cac tham sb
ti wu, thay vi chi thir nghiém theo tirng gié tri ¢b dinh.

Huwéng phdt trién lau dai

DPé md rong kha ning tmg dung ctia mé hinh, c6 thé thir nghiém mo hinh
trén cac ngdn ngir khac ngoai tiéng Anh, tir 46 phat trién cac hé thong da ngon
nglr manh mé hon.

Thay vi chi phan loai ciu don thuan, c6 thé phat trién mo hinh dé phan loai
cau phirc tap, ngir nghia da chiéu hodc cac tac vu phan loai van ban yéu cau su
tinh t& hon (Vi du: phan loai cdc doan hoi thoai trong tmg dung trd chuyén tu

dong).
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3.5. KET LUAN CHUONG 3

Chuong 3 d trinh bay chi tiét qua trinh thuc nghiém va dénh gia hiéu suét
ctia cac mo hinh hoc sau cho bai todn phan loai cau trong xur Iy ngdn ngit ty nhién.
Cu thé, cac budc tir thiét lap thuc nghi¢m, tién xur 1y dir 1i€u, xay dung va huin
luyén mo hinh, cho dén viéc phan tich va danh gia két qua da duoc thuc hién mot
cach co6 hé thong.

Thiét lap thuc nghiém: Cac mo hinh duogc huin luyén trén mét bo dir ligu
dam bao kha ning tong quat hoa ctia mo hinh khi ap dung vao céc bai toan thuc
té. BO cong cu va phuong phap duoc lya chon ki ludng, phu hop vai bai toan va
muc tiéu cta dé tai.

Quy trinh thyc nghiém: Quy trinh tién xu 1y dir liéu giup chuan héa va lam
sach dit liéu dau vao, tao diéu kién thun lgi cho cac mo hinh hoc sau tiép thu cac
dac trung cua van ban mdt cach hiéu qua. Cac mo hinh khac nhau dugc xay dung
va huan luyén theo quy trinh cu thé.

Két qua va phan tich: Két qua thuc nghiém cho thay su khéac biét vé hiéu
suét gifta cac mo hinh, vd1 mo6 hinh CNN Word2Vec embeddings dat hiéu suét tot
nhat. Két qua nay khang dinh tinh kha thi va hiéu qua ctia mé hinh hoc siu trong
viéc phén loai cau so vdi cac phuong phap truyén thong.

Danh gia va dé xuét cai tién: Dya trén phan tich két qua, mot s6 han ché da
dugc xac dinh nhu hién tuong overfitting trong mot s6 mo hinh. Dé xuét cai tién
da duoc dua ra, bao gém viéc két hop cac mo6 hinh hoc sau khac nhu LSTM hoac

GRU, ciing nhu cai thién quy trinh tién xt Iy va k¥ thuat ting cuong dit liéu.
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KET LUAN VA KHUYEN NGHI
1. Két luan chung

Pé an nay da tién hanh nghién ctru va phan tich cac k¥ thuat phan loai cau
trong xur Iy ngdn ngir tu nhién bang cach st dung cac mo hinh hoc sau. Qua viée
nghién ctru va Gmg dung cac phuong phap truyén thdng ciing nhu cac mé hinh
hién dai nhu mang no-ron tich chap (CNN) va k¥ thuat Word2Vec, dé an da xay
dung dugc mot nén tang virng chic dé phan loai cau mdt cach hi€éu qua hon.

Pé an nay d3 co nhitng dong gop trong viée tmg dung k¥ thuét hoc siu vao
phan loai cau, tir d6 mo rong kha nang cua xur ly ngdn ngir tu nhién trong cac tac
vu phan tich ngon ngtt. Du CNN thuong dugc st dung trong cac bai todn thi gidc
may tinh, dé an nay da chi ra raing CNN ciing c6 thé dat dugc hiéu qua cao trong
phan loai cau. Nho kha ning ty dong trich xuét cac dic trung tir dit liéu dau vao,
CNN di gitp cai thién do chinh xac ctia mé hinh. Qua qua trinh thyc nghiém, dé
an da cung cip nhitng danh gia cu thé vé cac yéu t6 anh hudng dén hiéu suat cia
mo hinh, tir cau tric mo hinh dén kich thudc cua tap dit liéu va ki thuat tién xtr 1y
dir liéu va huan luyén mo hinh dé c6 két qua dau ra.

2. Khuyén nghi vé mdt s6 hwéng nghién ciru tiép theo

Pé 4n vé phan loai cau bang mé hinh hoc sau trong xtr Iy ngdn ngit tu nhién
van con nhiéu hudng phat trién tiém nang. Trong thoi gian tdi, ndi dung nghién
ctru dé an c6 thé mo rong theo hudng:

— Kham pha cac phuong phap t6i wu h6a mé hinh: Cai tién cac k§y thuat
huén luyén, tinh chinh mé hinh, va sir dung céc k¥ thuat hoc khong giam
sat hodc ban giam sat co thé gitip nang cao hiéu suat ciia cac mé hinh hoc
sau.

— Tang cwong phin tich va mé rong rng dung: Mo rong nghién clru sang
cac ngdn ngit khac hodc céc loai van ban khac nhau, dong thoi 4p dung cac
k¥ thuat phan loai cau vao cac linh vyc khac nhu dich may, phan tich cam

xuc, va nhan dang giong noi.
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— Cai tién m6 hinh: Mic du CNN d3 chimg minh hiéu qua, viéc két hop
CNN véi cac mo hinh hoc sau tién tién khac LSTM, c6 thé gitp mé hinh
xtr 1y tot hon cac phu thudc dai han trong cau, tir d6 cai thién kha nang phan
loai.

Tong két lai, dé 4n nay da chimg minh duoc tiém ning to 16n cta cac mod
hinh hoc sau trong viéc phan loai cau trong x1r Iy ngén ngtr tu nhién. Mac du da
dat duoc nhitng thanh cong nhét dinh, van con nhiéu co hoi dé mo rong va phat
trién dé tai trong tuong lai, nham t6i uvu hoa va ap dung rong rdi hon cac k¥ thuat

ndy trong thyc tién.
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