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T6i xin chan thanh cam on!
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Loi cam doan

T6i xin cam doan luin van duwgc hoan thanh trén co s¢ nghién ctu, tong hop va
phét trién cac nghién cau tom tit van ban. Trong qué trinh 1am luin vin t6i co
tham khao céc tai liéu c6 lién quan va di ghi rd ngudn gbc tai liéu.

Téi xin hoan toan chiu trdch nhiém va chiu moi hinh thic ky luat theo quy dinh
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Mé dau

Ngay nay, con ngudi dang budc vao Ky nguyén cta cach mang cong nghiép
4.0, chling ta phai d6i mat voi lugng thong tin khong 16 trén mang Internet. Do d6
nhu cau tom tat thong tin dbi véi mdi van ban 1a vo cing cap thiét. Tom tat van ban
1a phuong phap rat gon lai mot luong 16n cac théng tin thanh mot ban tém tat ngan
gon bai su lua chon nhitng théng tin quan trong va bo qua cac thong tin du thira.

Thong thuong tom tit van ban co thé chia thanh tom tat trich chon (extractive
summarization) va tém tit tém luoc (abstractive summarization). Tém tat trich
chon dua ra sy tom tat bang viéc chon mot tip cac cdu trong vin ban ban dau.
Nguoc lai, tom tit tom lugc dua ra thong tin duoc thé hién lai theo mot cach khac.
T6m tat trich chon bao gom cac cau lay ra tir vin ban, trong khi d6 tom tat tom
lugc sir dung nhitng tir va cum tir khdng xuat hién trong van ban goc. Tom tat trich
chon 1a phuong phap don gian nhung manh mé cho tém tit van ban, n6 lién quan
dén viéc 4n dinh diém sé cho thanh phan vin ban rdi chon ra phan c6 diém cao
nhat. Tém tat tom lugce can phai doc va hiéu dugc vin ban dé nhan thirc dugc noi
dung, sau d6 tom tat vin ban cho ngan gon. Vi thé tdm tit tom luwoc can mot ky
thuat sau vé xt Iy ngon ngir.

Nhitng ndm gan day ching to sy trd lai manh mé& caa mang no-ron nhan tao
trong cac mod hinh hoc tu dong vai tén goi hoc sau (Deep Learning). Hoc sau da va
dang dugc &p dung trong nhiéu bai toan khac nhau dé thu duoc nhitng két qua tot
trong nhiéu linh vuc cua khoa hoc may tinh.

Nhiing nghién ctru déu tién cho bai toan tom tit van ban st dung hoc sau duoc
dua ra boi nhom tac gia Alexander Rush[2]. Nhom tac gia d€ xuat mo hinh mang
no-ron attention két hop mc‘; hinh xac suat véi mét thuat toan sinh dé dua ra do
chinh xac cho bai toan tém tat. Ho su dung m@t\lu:c_mg l6n dix lieu huan luyén la cac
cdp van ban tom tat, tn dung sirc manh cua phan cimg may tinh dé hoc ra md hinh
huan Iuyen Sau d6 mot nam, nhém tac gia Submit Chopra[3] mao rong bai toan
tom tat téi kién trdc mang no-ron hoi quy — RNN. Két qua dat tot nhat trén tap
Gigaword va DUC-2004. Tiép d6, nhém ciia Ramesh Nallapti [19] dva ra ban tom
tat st dung mang RNN Attention Encoder-Decoder. Két qua dat cao nhat trén hai
bo dﬁ: liéu khac nhau. N ’ o ,

Gan day, tac gia Nguyen Viét Hanh [25] da nghién cttu van d¢ tdm tat van ban
str dung mé hinh LSTM trong hoc sau, p dung cho ca tiéng Anh va tiéng Viét. Két
qua tac gia dua ra cho thay hiéu qua caa cac mé hinh hoc sau d6i vai bai toan nay.



Mang no-ron tich chap (CNN) da duoc ap dung thanh cong trong cac linh vuc
cua xu ly anh, xur ly video. Trong xur ly ngon ngit tu nhién, Yoo Kim[5] da ap dung
nang cao két qua bai toan phan tich cam xdc va phan loai cau hoi. Nhém Nal
Kalchbrenner[6] mé ta kién tric CNN dong cho bai toan gan nhan ngit nghia cau.
Yoo Kim[7] dua ra mot kién trdc mé hinh no-ron don gian két hop mang no-ron
tich chap va mang highway trén ky tu cua cau. Tiép theo d6, nhom tac gia Jason
Lee[8] gidi thiéu mang ky tu convolution véi max pooling dé ma hda giam chiéu
dai cua cau trinh bay. Két qua caa ho chiing to mé hinh ky tu cho két qua cao hon
cac mo hinh trong dich may hién tai.

V61 nhitng thanh céng cua mang no-ron tich chap trong xtr ly ngébn ngir tu
nhién, t6i mubn cai dat mang no-ron tich chap va cac mé hinh trong Deep learning
vao bai toan tom tat van ban, két qua trén tap dir liéu Gigaword va DUC cho thay
hiéu qua cia phuong phap nay.

Ngoai phan m¢ dau va phan két luan, luan van dugc chia thanh 4 chuong nhu
sau:

Chuong 1: Giéi thiéu bai toan tom tat vin ban. Trinh bay khéi niém va cac phuong
phap tiép can cho bai toan.

Chuong 2: Co sd ly thuyét. Trinh bay nhitng khai niém va mé hinh trong hoc sau.
Chuong 3: M6 hinh dé xuat. Trinh bay co ché attention cuing thuat toan tim kiém
chim va ap dung vao mé hinh dé xuat.

Chuong 4: Thuc nghiém va danh gia. Trinh bay qua trinh thir nghiém va dua ra
mot s6 danh gia, nhan xét ciing két qua dat duoc.



Chuwong 1: Giéi thiéu tom tit vin ban

T6m tit van ban 1a qué trinh trich rGt nhitng thdng tin quan trong nhat tir mot
van ban dé tao ra phién ban ngan gon, xuc tich mang day du luong thong tin cua
van ban goc kém theo d6 1a tinh ding dan vé ngit phap va chinh ta. Ban tom tat
phai gitr duoc nhitng théng tin quan trong cua toan bo van ban chinh. Bén canh do6,
ban tém tat can phai ¢ bé cuc chat ché co tinh dén cac thdong sé nhu d6 dai cau,
phong cach viét va ¢t phap van ban.

Phu thudc vao sb luong cac van ban, ki thuat tom tit c6 thé chia 1am hai lop:
don vin ban va da van ban. Tém tit don van ban chi don gian 1a rGt gon mot vin
ban thanh mat sy trinh bay ngan gon. Trong khi d6 tom tat da van ban phai rat gon
mét tap cac van ban thanh mot sy tom tat. Tom tat da van ban ¢ thé xem nhu mét
su mé rong cua tom tat don van ban va thuong ding véi thong tin chira trong cac
cum vin ban, dé ngudi ding c6 thé hiéu duoc cum van ban d6. Tom tit da vin ban
phtrc tap hon tom tat don van ban vi phai lam viéc trén s luong van ban nhiéu
hon.

Xét vé phuong phap thuc hién, tom tit van ban c6 hai hudng tiép can Ia tom tét
theo kiéu trich chon — “extraction” va tom tit theo kiéu tém lugc Y — “abstraction”.
Phuong phap tom tit trich chon 1a cong viéc chon ra mot tap con nhiing tir da co,
nhitng 10i n6i hodc nhiing ciu cua vin ban goc dé dua vao khudn mau tom tat.
Nguoc lai phuwong phép tom tit tom luoc xay dung mot biéu dién ngit nghia bén
trong va sau d6 str dung k¥ thuat xa Iy ngdn ngit dé tao ra ban tém tat gan giii hon
S0 véi nhiing gi con ngudi c6 thé tao ra. Ban tom tat nhu vay cd thé chira nhiing tir
khong c6 trong ban gdc. Nghién ciru vé phuong phép tom tat tom luoc 12 mot budc
tién quan trong va tao su chu dong, tuy nhién do cac rang budc phuc tap nén cac
nghién ciru cho dén nay chu yéu tap trung vao phuong phap tom tat trich chon.
Trong mét vai linh vuc tng dung, phuong phap tom tat trich chon dem lai nhiéu tri
thirc hon.

Mot luong 16n cac cach tiép can dé xac dinh noi dung quan trong cho viéc tu
dong tom tit dugc phat trién téi ngay nay. Cach tiép can cha dé dau tién nhan mot
biéu dién trung gian cua vin ban dé dat duoc chu dé thao luan. Dya vao nhing su
biéu dién nay, cac cau trong van ban dau vao dugc ghi diém theo do quan trong.
Theo mét cach tiép can khac, van ban duoc biéu didn béi mot tap cac thuoc tinh



cho d6 quan trong ma khong nham xéac dinh cha dé. Cac thudc tinh thong thudng
duoc két ndi lai str dung cac ki thuat hoc may, gilp viéc xac dinh diém sb cho do
quan trong trong cau. Cudi cling, mot ban tom tét dugc sinh ra bang viéc lra chon
cac cau theo mot cach tham lam. Viéc chon cac cau dugc thuc hién trong mot tdm
tat 1-1 hoic bang lya chon téi uu toan cuc dé chon ra tap cac cau tét nhat cho ban
tom tit. Sau day xin dwa ra mot cach nhin tong quan trén cac khia canh véi cac
cach biéu dién, cach tinh diém hoic lua chon chién lugc tom tat dam bao hiéu qua
cua ban tom tat.

1.1. T6m tat trich chon [1]

Hé thong tom tat can dua ra ban tdm tat ngan gon va troi chay chira dung nhiing
thong tin thiét yéu cua van ban dau vao. Trong phan nay toi thao luan vé cac hé
théng tom tat trich chon dé dua ra cic doan vin ngan va giai thich hiéu qua tom
tat. Nhitng ban tom tit xac dinh cac cau quan trong trong dau vao, c6 thé 1a mot
van ban hoac mot tap cac van ban lién quan va két ndi ching véi nhau thanh mot
ban tom tit. Sy quyét dinh xung quanh ndi dung nao 1a quan trong trudc hét hudng
vé dau vao cua ban tom tat.

Su lya chon tap trung vao tom tit trich chon bo qua mot luong 16n van ban sinh
ra bai tom tat tom lugc, nhung cho phép ching ta tap trung vao cac cach tiép can
vuot troi dé dé dang diéu chinh thong tin nguoi ding quan tdm cho don vin ban
va da van ban. Hon nira, bang kiém tra cac giai doan trong sy hoat dong cua ban
tom tit, chlng ta c6 thé tap trung vao su trong ddng va su khac biét trong cac cach
tiép can tom tat, lién quan t&i cac thanh phan cét yéu cua hé thdng va co thé giai
thich cho diém wu viéc cua ky thuat lya chon so véi cac kg thuat khac.

Dé hiéu hon vé sy diéu khién cac hé théng tom tat va dé nhan manh cac lya
chon hé théng thiét ké can 1am, tdi phan biét ba nhiém vu doc lap twong ddi thuc
hién boi tat ca cac ban tom tat: Khoi tao su biéu dién trung gian cho dau vao dé dat
duoc cac khia canh quan trong nhat cua vin ban, ghi diém cho cau dya vao sy trinh
dién va lya chon mot ban tdm tat chira cac cau van.

1.1.1. Giai doan trinh dién trung gian



Cach tiép can biéu dién chu dé chuyén d6i van ban téi mot su biéu dién trung
gian hiéu nhu chii dé cua vin ban. Cac phuong phap tom tat pho bién nhat dya vao
biéu dién chu dé va phuong phap nay ngin ngtra nhitng bién thé ndi bat trong su
phtrc tap va niang luc trinh din. Ching bao gom tan sé, TF.IDF va cac cach tiép
can tir chu dé bao gom bang cac tir don va b trong sé tuong ng véi thdng tin 1a
cac tir c6 bo trong sé cang cao thi cang biéu thi chu dé.

Céch tiép can chudi tir vung ma liét ké tir lién quan dén linh vuc nhu WordNet
duoc sir dung dé tim cac chu dé hoic khai niém cua nhing tir lién quan vé ngir
nghia, va dua ra trong s6 cho cac khai niém. Phan tich ngit nghia an trong d6 céac
mau tir d6ng xuat hién dugc xac dinh va phan tich day du nhu cac chu dé, tuong tu
nhu cac trong s6 cho méi mau.

Céch tiép can chu dé Bayesian trong d6 dau vao dugc trinh bay nhu sy hén don
cac chu dé va mdi chii dé dua ra mot bang cac phan phoi xac suat tir (trong sd) cho
chi dé do.

CAc céch tiép can biéu dién thuoc tinh trinh dién mdi cau trong dau vao nhu 13
danh sach céc thugc tinh quan trong nhu la d6 dai cau, vi tri trong van ban, su co
mat trong cum, ...

Trong cic md hinh db thi, nhu 13 LexRank, toan bd van ban dugc trinh dién nhu
la mang cua cac cau lién quan ngam.

1.1.2. Ghi diém cac cau

M3i khi mot sy biéu dién trung gian duoc lay ra, mdi cau dugc an dinh mot
diém sb dé xac dinh do quan trong. V&i cac cach tiép can biéu dién chu dé, diém s
thong thuong lién quan toi do phd hop cua mot cau biéu thi mot vai chu dé quan
trong nhat trong van ban hoic mic do n6 két ndi thdng tin xung quanh céc chu dé
khac nhau. V&i hau hét cac phuong phap biéu dién thuoc tinh, trong sé cia cau
duoc xac dinh bang viéc két ndi do phi hop tir cac thudc tinh khac nhau, phé bién
nhat bang viéc st dung cac ky thuat hoc may dé tim ra bo trong sé thudc tinh.
Trong LexRank, trong s6 ciia mot cau duoc bat ngudn tir viéc ap dung cac ky thuat
ngau nhién téi sy biéu dién db thi cua van ban.



1.1.3. Lwa chen cac cau tom tat

Cubi cung, ngudi tom tit phai lua chon viéc két ndi tét nhat cac cau quan trong
dé tao ra mot doan tom tat. Trong cach tiép can best n, nhdm n c&c cau quan trong
nhat duoc két ndi da thoa méan chiéu dai tém tit duwoc lva chon cho ban tém tat.
Trong cach tiép can téi da hoa 1& phu hop, cac cau duoc lya chon trong mét tha tuc
tham lam. Tai mdi mét budc cua tha tuc, diém sé quan trong cua cau duoc tinh lai
nhu 12 mot su két ndi tuyén tinh gitra trong s6 quan trong cua cau va sy tuong tu
cuta nd vai cac cau vura chon. Cac cau tuong tu vai cac cau da duoc lya chon sé bi
loai bo. Trong cach tiép can lua chon toan cuc, sy thu thap tdi vu cac cau 1a lya
chon chu dé lién quan ti cac rang budc ¢ gang lam cuc dai hoa do quan trong
toan cuc va cuc tiéu hoa do du thira va mot sb cach tiép can 1a cuc dai hoa sy két
noi.

CO6 mot vai rang bugc gitra ba qué trinh xur ly mo ta bén trén va mot nguoi tom
tat co thé két hop bat ky su két ndi cac su lya chon trong thuc thi mdi buéc. Su
thay doi trong phuong phap cua mdi budc cu thé c6 thé thay ddi dang ké téi chat
lwong cua ban tém tat. Trong viéc sap xép d6 quan trong caa viéc tom tat, cac nhan
t6 khac ciing duoc st dung. Néu chiing ta ¢ théng tin xung quanh ngit canh dé ban
tom tat duoc sinh ra, diéu nay gitp xac dinh d6 quan trong. Ngit canh c6 thé chia
cac théng tin xung quanh nhu cau nguoi ding, thuong biéu thi théng qua mot truy
van. Ngit canh c6 thé bao gom méi truong trong d6 mot vin ban dau vao dugc
dinh vi nhu 1a cac dudng dan chi téi mot trang web. Nhan td khac anh huéng toi
sap xép cau 1a loai cua van ban. Khi van ban dau vao 1a mot ban tin tac, mot ludng
email, mot trang web hoic mot bai tap chi anh huéng téi chién luge lya chon cau.

1.2.T6m tit tém lwoc [22]

TOm tat tom luoc tao ra mot ban tom tat hiéu qua hon so véi tém tat trich chon
boi viéc nd cd thé trich chon thdng tin tir tip cac van ban dé khoi tao ban tom tat
thdng tin rd rang. Mot ban tom tat trinh dién thong tin tom tat trong mot ban két
dinh, d& doc va dung ngir phap. Tinh dé doc hay chit luong ngit phap 12 mot chat
xuc tac dé cai thién chat luong tom tat. Tém tat tom lugc dugc chia theo cach tiép
can cau trdc, theo cach tiép can ngit nghia va gan day 1a theo cach tiép can hoc su.



1.2.1. Céch tiép can cau truc

Céch tiép can ciu trdc ma hoa céac thong tin quan trong nhat trong van ban
théng qua kinh nghiém nhu mau, cé4c luat trich chon va céc cau trac khac nhu cay,
ontology, 14 va cu trdc cum.

1.2.1.1. Phwong phap cay

K thuat nay st dung mot cay phu thudc dé biéu dién van ban, ngir canh caa
mot vian ban. Trong cé&ch tiép can nay cac cau tuong tu duoc tién xir Iy sir dung
mét bo phan tich cl phap ndng va sau d6 cau dugc &nh xa t6i cau trdc vi tr. Tiép
theo, bo quan Iy ngit canh sir dung thuat toan giao nhau dé xac dinh cum phé bién
bang viéc so sanh cac cau trdc vi tir. Cac cum nay truyén céc théng tin pho bién
duoc chon lya va sap xép cling mot sb thong tin dugc thém vao. Cudi cung thuat
toan sinh sir dung ngdn ngit sinh dé két ndi va sap xép cac cum thanh mot cau tom
tat m6i. Biém manh 16n nhat cua cach tiép can nay 1a sir dung bo sinh ngdn ngir dé
cai thién chat luong tom tat tong hop nhu viéc giam thiéu su lap lai va ting do troi
chay. Van dé& gap phai cua cach tiép can nay Ia ngir canh st dung khéng bao gom
khi gap cum chdng chéo.

1.2.1.2. Phwong phap miu

K§ thuat nay sir dung mot mau dé biéu dién toan bo van ban. Cac mau ngon
ngit hay luat trich chon dugc so khép dé xac dinh cac manh vian ban, duoc anh Xa
t&i cac vi tri mau. Cac mau vin ban 1 thé hién cua ngir canh tom tit.

1.2.1.3. Phwong phap Ontology

Phuong phap nay dugc sir dung dé nang cao chat lugng tom tat. Mién ontology
cho cac sy kién tin tic duge xac dinh boi cac chuyén gia. Pha tiép theo 1a pha xu ly
van ban. Cac muc c6 nghia tur tdp van ban duoc sinh ra trong pha nay. Cac muc co
nghia duoc phan loai bang nguoi dua trén cac khai niém cua sy kién tin tac. Gigi
han cua céch tiép can Ia thoi gian ranh boi vi mién ontology dugc xac dinh boi
chuyén gia.



1.2.1.4. Phwong phap luat

Phuong phép nay bao gom ba budc. Pau tién, van ban duoc phan loai dé biéu
dién cac hang muc cua cadc nhdm. Cac nhdm cé thé dén tir cac mién khac nhau.
Budc tiép theo 1a phan cau hoi trén cac nhém. Vi du cac nhom nhu chién tranh,
bénh tat, stic khoe,.. lay vi du cac cau hoi trong nhom nhu: diéu gi xay ra?, khi nao
Xay ra?, ai anh hudng tGi?, hau qua la gi?... Phu thudc vao cac cau hoi nay cac luat
duoc sinh ra. O day mot vai dong tir va danh tir co nghia twong ty dugc xac dinh va
vi tri cta chiing duoc xac dinh dang. M6 hinh lya chon ngit canh dua ra ¢ng ctr tot
nhét trong tong sé d6. Bo sinh mau dugc sir dung cho viéc sinh cau tom tat.

1.2.2. Céch tiép can ngir nghia

Trong céch tiép can ngir nghia, biéu dién ngit nghia cua van ban duoc sir dung
dé cung cap cho hé théng sinh ngdn ngir. Cach tiép can nay tap trung vao xac dinh
cac cum danh tir va cum dong tur.

1.2.2.1. M6 hinh ngir nghia da phwong thic

Trong céch tiép can nay, mot md hinh ngit nghia thu thap cac khai niém va
quan hé gitra cac khai niém, duoc xay dung dé biéu thi ngir canh cua tap cac vin
ban. Khai niém quan trong dugc dinh vi dua trén mot vai do do va cac khai niém
cudi cung dugc trinh bay nhu cac cau trong ban tom tat.

1.2.2.2. Phwong thuc dua trén thong tin

Trong céach tiép can ndy, cac khai niém cua ban tém tit dugc sinh ra tir sy biéu
dién triru twgng ctia vin ban ngudn, hon 14 tir cAc cAu caa van ban ngudn. Biéu dién
triru tuong 1a thanh phan quan trong nhat caa thong tin két dinh trong van ban. T
phuong phap nay, mot théng tin ngan gon, két dinh duoc 1am giau va ban tom tat
giam du thira duoc hinh thanh. Mac du chia nhiéu thuan loi, phuong phap nay
cling ¢6 nhiing gidi han. Trong khi dua ra cac cau dung nglr phap va c6 nghia,
nhiéu thdng tin quan trong bi bo qua.

1.2.2.3. Phwong phap dwa trén do thi ngir nghia



Phuong phép ndy nham tai viéc tom tit bang viéc khai tao mot do thi ngir nghia
goi 1a Pd thi ngit nghia gidu (RSG) cho vin ban gbc, giam thiéu cac db thi ngir
nghia sinh ra, va sau do sinh ra ban tom tit triru. Cach tiép can gdom ba giai doan.
Pau tién, cum biéu dién van ban dau vao sir dung dd thi ngit phap, dong tir va danh
tir cua vin ban dau vao dugc biéu dién nhu 1a cic nut dd thi va cic canh tuong
thich vé&i quan hé ngit nghia va hinh topo giira ching. Giai doan tht hai giam thiéu
dd thi ban dau toi nhiéu db thi sir dung luat thong minh. Piém thuan loi cua
phuong phap nay 1a giam thiéu thong tin du thira va dua ra cau dung ngit phap.
Piém bét loi ciia phuong phép 1a su gidi han téi mot van ban ma khong cho da van
ban.

1.2.3. Céch tiép can hoc sau

Trong nhitng nim gan day, clng vai su phat trién manh mé cua cac mé hinh
huan luyén end-to-end d3 tao ra huéng di méi dé giai quyét bai toan tom tat van
ban tu dong. Mic du vay tom tat tom lugc y sir dung hoc sau van dang & trong giai
doan dau phét trién. Ban tém tat tao ra con chua ding ngit phéap, nhiéu tir du thira
va khéng chira da théng tin quan trong cua van ban.

Do d6, tdi muén &p dung cac phuong phap hoc sau hién dai vao bai toan tom tat
van ban theo hudng tom luoc Y, nham muc dich cai thién chat lugng tom tat vin
ban va dong thoi dua ra mot md hinh manh mé cho bai toan nay.
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Chuwong 2: Co sé ly thuyét

Nhitng nghién ctru du tién cho bai toan tom tit vian ban theo phwong phap
mang no-ron thudc vé nhom tac gia Alexander M. Rush [2]. Ho uéc lugng mot méd
hinh attention cuc bo, dua ra mot tir cta ban tom tat dya theo cau dau vao. Nghién
ctru dya trén sy phat trién cua cac phuong phap dich may no-ron. Ho két hop mé
hinh x4c sut v&i mot thuét toan sinh dé dua ra d6 chinh xéac cta tom tat. Mac du
mo hinh don gian vé ciu trac nhung c6 thé d& dang dugc huan luyén end-to-end va
mé rong véi mot sd luwong dir liéu huan luyén 16n hon. Ngay sau do, Submit
Chorpa cung cong su [3] gidi thi€u mot mang truy h01 RNN ¢6 dleu kién dé dua ra
mot tom tit. Rang budc diéu kién dugc cung cdp bai mang x04n convolution
attention encoder dam bao bd giai ma tap trung & cac tir dau vao phu hop tai mdi
budc. M6 hinh dua vao kha ning hoc cac dic trung va dé dang hoc end-to-end trén
mot luong 16n dir ligu. Cung v6i d6, nhoém cua Ramesh Nallapti [19] dwa ra ban
tom tat st dung mang RNN Attention Encoder-Decoder. Két qua dat cao nhét trén
hai bo dir 1i¢u khac nhau.

Du6i day toi xin trinh bay nhitng khai niém va mé hinh co ban trong ly thuyét
mang no-ron.

2.1. Mang no-ron [21]
Phan nay cung cap mot cai nhin tong quan vé mang no-ron nhan tao, véi su
nhan manh vao ung dung vao cac nhi€ém vu phan loai va ghi nhan.

2.1.1. Mang no-ron da lép (Multilayer Perceptrons)

Mang no-ron nhan tao (ANNs) da dugc phat trién nhu 12 mo hinh toan hoc béng
nang lyc xu ly thong tin cia bd ndo sinh hoc (McCulloch va Pitts, 1988;
Rosenblatt, 1963; Rumelhart et al., 1986).

Céu trac co ban ciia mot ANN 1a mot mang ludi cac té bao nho, hodc nut, tham
gia v&i nhau boi cac két ndi trong s6. Xét vé mat mo hinh sinh hoc géc, cac nut dai
dién cho té bao no-ron, va cac trong s6 két ndi dai dién cho sttc manh cua cac khop
no-ron giita cac t& bao no-ron. Cac mang kich hoat bang cach cung cap mot dau
vao cho mot s6 hodc tat ca cac nut, va kich hoat nay sau do6 lay lan khip cac mang
cung cac két ndi trong sd.

Nhiéu bién thé ciia mang ANNs da xuét hién trong nhiing nim qua, voi tinh
chat rat khac nhau . Mot khac biét quan trong giita ANNs 14 két n6i dang chu ky va
nhimng két nbi khac dang mach hd. ANNs véi chu ky dugc goi 1a mang no-ron
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phan hoi dé quy. Mang ANN khong c6 chu trinh duoc goi 1a mang lan truyén tién
(FNNS). Vi du néi tiéng cia FNNs bao gom perceptron (Rosenblatt, 1958), mang
ham co s& xuyén tdm (Broomhead va Lowe, 1988), ban d6 Kohonen (Kohonen,
1989) va Hopfield lu6i (Hopfield, 1982). Cac hinh thirc sir dung rong rdi nhit cia
FNN va nhiing gi ta tip trung vao trong phan nay, 13 Perceptron da 16p (MLP,
Rumelhart et al, 1986; Werbos, 1988; Bishop, 1995).

Output Layer

Hidden Layers

Input Layer

Alex Graves [21]

Hinh 2.1: M6t perceptron nhiéu 16p.

Nhu minh hoa trong hinh 2.1, cac don vi trong mdt Perceptron da 16p dugc bd
tri trong 10p, voi cac két ndi lan truyén tdi mot 16p ké tiép. Mo hinh dugc bat
ngudn tir cac 16p dau vao, sau do truyén qua 16p an dén 16p ra. Qué trinh nay duoc
goi 14 lan truyén vé phia truéc clia mang.

Do dau ra cua mot MLP chi phu thudc vao dau vao hién tai, va khong trén bat
ky dau vao tr qué khir hay tuong lai, MLPs phu hgp hon cho m6 hinh phan loai
hon so v&i ghi nhan theo thur tu.

Mot MLP chira moét tap hop cac gia tri trong s6 dinh nghia mot ham anh xa
vector dau vao té1 vector dau ra. Bang cach thay doi trong s6, mot MLP duy nhat
¢ kha nang dai dién cho nhiéu ham khac nhau. Thyuc té n6 da dugc chiung minh
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(Hornik et al., 1989) rang mot MLP véi mot 16p an chira mot sb luong d cac don
vi khong tuyén tinh c6 thé xap xi ham lién tuc trén mot tén mién dau vao dén do
chinh x4c tuy y. Vi Iy do nay MLPs duoc cho 1a ham xap xi tong quat.

2.1.2. Lan truyén tién (Forward Pass)

Hay xem xét mot MLP voi I don vi dau vao, kich hoat bﬁng vector dau vao x
(I x[=D. Mbi don vi trong 16p & an dau tién s& tinh tong trong s cla cac don vi dau
vao. Dbi v6i don vi an h, duge dé cap 1a dau vao mang t6i don vi h, va biéu thi no
la an. Sau d6 cac ham kich hoat 0, dugc ap dung, dua ra két qua by cuia don vi. Biéu
thi trong s tir don vi i t6i don vi j nhu wy;, ta co:

I
ap = z WinX;
i=1

= On(an)
(2.1)

Mot s6 ham kich hoat hé théng no-ron duoc vé trong hinh bén dudi, phé bién nhét
Ia ham tanh hyperbol.

L=
1A

linear piecewise linear tanh(x)

threshold sin(x) till saturation Iogis'tic 1/(1+exb(-x))
Alex Graves [21]

Hinh 2.2: Ham kich hoat mang no-ron.
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tanh(x) = ez:——l
es* + 1
(2.2)
Ham ham sigmoid:
1
"= T
(2.3)
Hai ham c6 lién quan bai cac bién d6i tuyén tinh sau day:
tanh(x) = 20(2x) — 1
(2.4)

Piéu nay c6 nghia rang bat ky ham tinh toan bdi mot mang ludi no-ron véi mot
16p an ctia don vi tanh c6 thé duoc tinh toan bdi mot mang ludi véi cac don vi
logistic sigmoid va nguoc lai. Do do, cac ham kich hoat 1a twrong duong. Tuy nhién
mdt 1y do dé phan biét gitta chung 1a diy dau ra ciia chiing 1a khac nhau; dic biét
néu mot dau ra gifta 0 va 1 dugc yéu cu (vi du, néu két qua dai dién xac suéit) thi
ham sigmoid nén duoc str dung.

Mot diém quan trong cta ca hai ham tanh va ham sigmoid 1a tinh khong tuyén
tinh cta ching. Mang noron phi tuyén 1a manh hon so véi cac mang tuyén tinh
twong Gmg. Hon nita, bat ky su két hop cua thao tic tuyén tinh chinh 1a mot thao
tac tuyén tinh, c6 nghia 1a bat ky MLP voi nhiéu 16p tuyén tinh an 1a twong duong
v6i mot s6 MLP khac vi mot 16p an don tuyén tinh. Do d6, cc mang phi tuyén c6
thé dat duoc stirc manh dang ké bang cach sir dung lién tiép 16p an dé dai dién cho
dir liéu dau vao (Hinton et al, 2006; Bengio va LeCun, 2007).

Mot diém quan trong 14 ca hai ham nay 1a kha vi, cho phép mang dugc huan
luyén voi1 gradient descent. Cac dan xuat dau tién cua ching la:

dtanh(x) 1 — tanh(x)?
ox
dtanh
T = o1 - o)

(2.5)
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Do cach chung lam giam mot mién dau vao vo han véi mot loat pham vi dau ra
hiru han, ham kich hoat mang lu6i no-ron doi khi duoc goi 1a ham ép.

Sau khi tinh toan céac kich hoat ctia cdc don vi trong 16p an dau tién, qué trinh
téng hop va kich hoat dugc sau d6 1ap lai d6i voi phan con lai cia cac 16p an theo
thtt tu 1an luot, vi du cho don vi h trong tang an tha 1 H,

b, = Op(ay)
(2.6)

2.1.3. TAng dau ra (Output Layers)

Céc vector dau ra y caa mot MLP dugc dua ra boi su kich hoat cta cac don vi
trong 16p ra. Cac mang dau vao ax cho mdi don vi dau ra k duoc tinh bang tong cac
don vi két ndi vai n6, chinh xac cho mot don vi an. Piéu nay dung cho mot mang
L 16p an.

2.7)

Viéc chon sé don vi trong tang dau ra va lya chon ham kich hoat dau ra phu
thudc vao cac nhiém vu mang ap dung. Boi véi nhiém vu phan loai nhi phan, cau
hinh tiéu chuan 1a don vi duy nhat vai mét ham kich hoat sigmoid. Vi pham vi cua
cac sigmoid logistic 1a khoang ma (0, 1), su kich hoat caa cac don vi dau ra c6 thé
duoc giai thich nhu 1a xac suat ma cac vector dau vao thuoc Iop dau tién (va nguoc
lai, mot trir di kich hoat cho cac xac suat ma no thudc vé 1op thi hai).

p(Cilx) =y = o(a)
p(C:lx) =1-y
(2.8)

Viéc st dung cac ham sigmoid 12 mot ude lugng xac suat nhi phan doi khi goi
la héi quy logistic, hodac mot md hinh logit. Néu ching ta si dung mot chuong
trinh m& hoa cho vector muc tiéu z noi z = 1 néu lép ding 1a C1 va z = 0 néu ding
16p hoc 1a C2, chiing ta c6 thé két hop cac biéu thirc trén dé viét:
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p(zlx) = y*(1 —y)'~*
(2.9)
Déi vé6i van dé phan loai véi K> 2 16p, quy udc 1a ¢6 K don vi dau ra, va chuan
hoa kich hoat dau ra véi cac ham softmax (Bridle, 1990) dé co duoc cac xac suat
l6p:

ek

Cel) = Y = og———
p(Cilx) = vk K oan

(2.10)

Pay con duoc biét dén nhu 1a mot mo hinh da logit. Mot luoc d6 1-of-K gidi
thiéu vé 16p muc tiéu z 1a mot vector nhi phan véi tat ca cac yéu té bang s khong,
trir cho cac phan tir twong Gng lép ding bang véi mot. Vi du, néu K = 5 va 16p
dang 1a C2, z duogc dai dién bai (0, 1, 0, 0, 0).

Chung ta c6 duoc X4c suat muc tiéu:

K
p(lo = | [
k=1

(2.11)

V6i cac dinh nghia trén, viéc sir dung MLPs cho md hinh phan loai la don gian.
Chi can di trong mét vector dau vao, kich hoat mang, va chon nhan 16p tuong ung
voi don vi dau ra tich cuc nhat.

2.1.4. Ham 16i (Loss Functions)
Péi vai phan loai nhi phan, thay thé (2.9) vao téi da o phi hop ham 13i:

L(X,z2)=-Inp(z|x)
Ta co:
L(x,z)=(z—1)In(1—-y)—2zlny
(2.12)

Tuong ty nhu vay, d6i véi van dé véi nhiéu lép hoc,
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K
L(x,z) = — z Z; Inyy,
k=1
(2.13)

2.1.5. Lan truyén ngwoc (Backward Pass)

Ké tir MLPs, bing cach xay dung, khai thac kha vi, ching c6 thé duoc huan
luyén dé giam thiéu bat ky chic ning mét kha vi st dung gradient descent. Y
tudng co ban cua gradient descent 1a tim dao ham caa ham 13i dbi véi cho mdi
trong s6 mang, sau d6 diéu chinh céc trong sb theo huéng do dbc am.

Pé tinh toan hiéu qua gradient, ta sir dung mot k thuat goi la lan truyén nguoc
(Rumelhart et al, 1986;. Williams va Zipser, 1995; Werbos, 1988). Piéu nay
thuong duoc goi 1a cac duong chuyén quay lui cua hé théng mang. Lan truyén
ngugc don gian chi 1a mot tng dung lap di 1ap lai cac quy tac day chuyén cho mot
phan cé4c dan xuat. Budc dau tién 13 dé tinh toan cac dao ham cua ham 13i voi doi
véi cac don vi dau ra. Poi voi mot mang ludi phan loai nhi phan, dao ham ham 15i
duoc xac dinh trong (2.12) dbi véi cac két qua dau ra mang cho

0L(x,z) y—z
dy y(1-y)

(2.14)
Cac quy tic day chuyén cho ching ta:
0L(x,z)  0L(x,z) 0y
da dy Jda
(2.15)
va sau d6 chung ta c6 thé thay thé dé c6 duoc
0L(x, z)
ga 77
(2.16)

Déi v6i mot mang ludi nhiéu 1op,
0L(x,z) 1z
i Yk
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(2.17)

Sy kich hoat caa mdi don vi trong mot 16p softmax phu thudc vao mang dau vao
cho ting don vi trong 16p, quy tic day chuyén cung cap cho ta cdng thic:

0L(x,2) _ c 0L(x,z) 0y,

day ) 0y,, 0day
Y .
da, YiOkir — YV
(2.18)
va sau do6 chung ta c6 duoc:
0L(x,z)
da,, = Yk — Zk

(2.19)

Bay gio chlng ta tiép tuc ap dung cac quy tac day chuyén, lam nguoc qua 16p an.
Tai thoi diém nay, ta dat ky hiéu sau:
0L(x,z)

da;

def
5

(2.20)

trong d6 j 1a bat ky don vi trong mang. D4i véi cac don vi trong 16p an cudi cing,
ta co

5 _ L) dby _ 0by  9L(x, 2) day,
T 9b, da,  day da, 0by,

k=1

(2.21)

noi ma ta da st dung thuc té 13 L(X, z) chi phu thuoc vao mdi don vi h an thong
qua anh huong cua né ddi véi cac don vi dau ra.

K
Op = 9'(‘1]') Z 81 Whi
k=1

(2.22)
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Cac gié tri & cho mdi I6p an H, trude khi cudi cung co thé duoc tinh d¢ quy:

op = 6'(ap) Z Snr W

hreHpyq

(2.23)

Mt khi ching ta c6 nhiing gid tri & cho tat ca cac don vi an, ching ta cd thé sir
dung dé tinh toan cac dao ham ddi véi mdi trong sé:

0L(x,z)  0L(x,z) 0q;

ow;; da; Owy;

(2.24)
2.2.M6 hinh RNN

O phan trude ta d3 xem xét mang no-ron hudng tién ma cac két néi khong tao
thanh chu ky. Néu ta gia dinh diéu kién nay, cho phép két néi theo chu ky, ching ta
s& dat duoc mang no-ron hoéi quy (Recurrent Neural Network - RNN).

Piém khéc biét gitta mot mang no-ron da tang va mot mang no-ron hoi quy co
vé don gian, ngu y viéc hoc chudi duoc tiép can sau rong hon. Mot mang MLP chi
c6 thé anh xa tir dau vao toi cac vector dau ra, nguoc lai RNN c6 thé anh xa bit
nguon tir toan b lich sir ciia cac dau vao dang trudc tdi mdi dau ra. Tong quat hon,
tuong dwong két qua cho MLP 1a mot RNN véi mot sb luong du cac don vi an ¢6
thé uéc tinh bat ky chudi téi do chinh xac tiy y. Biém mau chét ¢ day 1a cac két
ndi hoi quy cho phép mot bo nha ciia cac tang dau vao dang trudc ton tai bén trong
trang thai ciia mang va do d6 anh huong tdi dau ra mang.

Output Layer
Hidden Layer

Input Layer

Alex Graves [21]
Hinh 2.3: Mot mang RNN
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2.2.1. Pha hwéng tién

Pha huéng tién caa moét RNN giéng véi mot mang no-ron da tang véi mot tang
an, trir viéc ham kich hoat dén tir ting 4n cua ca dau vao bén ngoai hién tai va cac
ham kich hoat ting an tir trang thai dang trugc. Xem xét mot dau vao x do dai T t6i
mang RNN véi I don vi dau vao, H don vi 4n, va K don vi dau ra. Cho phép xi 1a
gia tri cua dau vao i tai thoi diém t, va a va by twong tng véi dau vao mang toi
don vi j tai thoi diém t va ham kich hoat ctua don vi j tai thoi diém t. Di voi cac

don vi an, ching ta co:
I H
t _ t t—1
ah - ZWihxi + 2 Wh’hbh,
i=1 h'=1

(2.25)

Pé phi tuyén, cac ham kich hoat khac nhau duoc ap dung chinh xac nhu mot mang
MLP:
by, = 6,(ap)
(2.26)
Hoan tat mot chudi cac ham kich hoat an cé thé dugc tinh toan bat dau tai t=1
va duogc ap dung hoi quy, ting dan t tai mdi thoi diém. Chi y rang can khoi tao gia
tri bi® & chon cac don vi 4n, twong wng Véi cac trang thai mang trude khi nd nhan
bat ky théng tin tir chudi di liéu.

Céc dau vao mang toi cac don vi dau ra c6 thé dugc tinh toan tai cung thoi diém

véi cac ham kich hoat an:
H
t t
ax = z Whi by
h=1

(2.27)

2.2.2. Pha quay lui

Cho dao ham tung phan mot sé6 ham 13i L véi cac dau ra mang tuong tng va
tiép theo 1a x4c dinh cac dao ham véi cac trong sb twong ung. Thuat toan quay lui
thudng dugc &p dung cho mang RNN vi tinh don gian va hiéu qua vé thai gian tinh
toan.
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Gidng nhu thuat todn quay lui chuan, thuat toan lap lai cac quy tic chudi. Su
tinh t& ¢ chd, dbi véi mang hoi quy, ham 18i phu thudc vao sy Kich hoat ting an
khong chi anh huéng trén 16p dau ra ma con théng qua anh hudng trén tang an tai
thoi diém tiép theo. Vi thé:

5p=0' (ah)(z SWhi + z S5 Whn)

(2.28)
Trong do:

§F g
J 6a]F

(2.29)

Chudi hoan tit & co thé duoc tinh toan bat dau tir t=T va ap dung hdi quy, giam
bét t tai mdi budc. Cha y rang & = 0 vai moi j khi khdng c6 16i tir ngoai phan
cudi cua chudi. Cudi cing, trong sé tuong tu duoc tai st dung tai moi thoi diém, ta
tong hop lai toan bo chudi dé nhan dugc dao ham twong (ng vai bo trong sé cua
mang:

oL oL E)a .
S Sy,
an'j aa aWU

t=

(2.30)

Khi huan luyén RNN, ta st dung ky thuat dao ham quay lui, dé cong don dao
ham cua cac buéc quay lai voi nhau. Pay 1a mot bién phap dé giai quyét van dé
dao ham hoi tu vé 0 qua cac budc ldp nhung ciing can diéu chinh phl hop dé dao
ham khéng phan ky. Do ciing 1a vin dé dat ra trong nhiéu nim va mang LSTM
(Hochreiter & Schmidhuber - 1997) va mai day 1a mang GRU (Cho - 2014) duoc
dé xuat dé giai quyét van dé nay.
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2.3.Mang LSTM, GRU

2.3.1.Mang LSTM

Nhu di trinh bay phan trudc, mot diém thuan loi cia mang no-ron hdi quy la
kha ning st dung thdng tin ngit canh khi 4nh xa gitra chudi dau vao va chudi dau
ra. Tuy nhién, véi kién tric RNN tiéu chuan pham vi cua ngit canh c6 thé duoc
truy cap kha han ché. Véan dé 1a do anh huong cua dau vao trén tang an, va vi thé
trén dau ra cia mang hodc 1a suy giam hoac 1a tang 18n cip sé nhan theo chu ky
xung quanh céc két néi hoi quy ciia mang. Hiéu tng nay con goi 1a vin dé bién mat
dao ham (vanishing gradient problem). Mot luong 16n cac nghién ciru dugc dua ra
vao nhitng nim 1990 dé giai quyét van dé giam dao ham cho mang RNN. Cac
nghién ciru bao gdm qué trinh huan luyén khéng can tinh dao ham, nhu thuét toan
gia md phong va roi rac 13i truyén, hoic dung thoi gian tré, thoi gian rang budc.
Mang LSTM (Long Short Term Memory) dugc dua ra 1a cling cach tiép can giai
quyét van dé nay.

Kién tric mang LSTM bao gom mot tap cdc mang con duoc két néi hoi quy,
con goi 1a cac khdi nha. Céc khéi co thé dugce lién twong nhu 1a phién ban khac cua
cac chip nhg trong may tinh sé. M&i khéi nhé chira mot hodc nhiéu 6 nhé ty lién
két va ba don vi: dau vao, dau ra va céng quén cung cap kha ning lién tuc viét, doc
va hoat dong khai dong cho cac 6 nhé.

~o ~ 1~
(2

Output Gate
~

Forget Gate

~

~
~

~

~
.
~
- ~

Input Gate

Block

N
Alex Graves [21]
Hinh 2.4: Mbt khbi nhé LSTM véi mot 6 nhé



22

Mot mang LSTM tuong duong voi mang RNN trir viéc cac don vi tong hop
trong tang an duoc thay thé bang cac khdi nhé. Céc khéi LSTM ciing c6 thé duoc
hoa trén véi cac don vi tdng hop mac du vé co ban 1a khong can thiét. Tang dau ra
c6 thé duoc st dung cho cc mang LSTM nhu cho mang RNN chuan.

Céc cong nhan 1én cho phép cac 6 nhg LSTM duoc luu trix va truy cap thdng tin
trén mot thoi gian dai, vi thé giam nhe van dé bién mat dao ham. Vi du ngay khi
cong dau vao duge dong lai (c6 ham kich hoat gan 0), sy kich hoat cua 6 s& khong
bi ghi d¢ boi ddu vao dang dén trong mang, do d6 ¢ thé cung cap cho mang sau
nay bang cach mé cong dau ra.

LSTM kha thanh cong trong mét loat cac nhiém vu yéu cau bo nhd pham vi dai,
va né con duoc &p dung trong cac van dé trong thé gidi thuc nhu 1a cau tric tha
cap proteion, sinh &m nhac, nhan dang &m thanh, nhan dang chir viét.

2.3.2. Mang GRU

Mang RNN lam viéc trén bién tuan ty X = (X1, Xo,....x1) bai viéc duy tri trang
thai an h qué thoi gian. Tai mdi thoi diém t, trang thai 4n h duoc cap nhat bang
cong thuec:

h® = f(htD, x,)
(2.31)
Trong d6: f 1a ham kich hoat. Thong thuong f thyc thi nhu 1a mot ham chuyén
tuyén tinh trén vector dau vao, tong hop lai thanh mét ham logistic sigmoid.

RNN duoc sir dung hiéu qua cho viéc hoc phan phdi cac bién tuan ty bang viéc
hoc phan phdi trén dau vao p(Xw1[Xs. ..,x1). Vi du, trong truong hop chudi 1 d¢én K
vector, phan phéi c6 thé hoc béi mot mang RNN, dua ra dau ra:

exp(wjh(t))

Yioq expwj b))

p(xt,j = 1|x;_q, ...,xl) =

(2.32)

Cho tat ca cac gia tri j = 1,..,K. Trong do, w; la tat ca cac hang ciia ma tran trong s6
W. Két qua trong phan phdi:
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T
pe) = | [Pty -ox)
t=1

(2.33)

Gan day, Cho[12] giéi thiéu mang GRU (Gated Recurrent Units) nhu 1a mot
mang kich hoat cho RNN. Ham kich hoat méi lam tang thém ham kich hoat
sigmoid véi hai cong goi 1a reset r, va update z. Mdi cong phu thudc vao trang théi
an dang trudc h®Y va dau vao hién tai x; dua ra ludng thdng tin.

Kyunghyun Cho et al. [12]
Hinh 2.5: Minh hoa mang GRU

Dau tién cong reset rj dugc tinh todn nhu sau:
1= o([Wex]; + [Uphe-1l;)
(2.34)
Trong d6: o 1a lam kich hoat logistic sigmoid

[.]; x4c dinh thanh phan thi j cta vector, x va h 1a dau vao va trang thai an dang
trude trong ang. W, va U, 1a ma tran trong s6 can hoc.

Tuong tu cong update z duoc tinh bang:
zj = o([Wyx]; + [Uzhe-1)]))
(2.35)
Trang thai an h; duoc tinh bang cong thuc:

® _ (t-1) =(t)
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(2.36)
Trong do:
RO = p(Wxl; + [U(r O he_y)];)
(2.37)

Khi cong reset tién gan téi 0, trang thai an dan bo qua sy ¢ mit cua trang thai an
dang trudc va chi anh huong boi dau vao hién tai. Bidu nay cho phép trang thai an
hay bo bat ky théng tin ndo khéng phl hop trong twong lai, cho phép trinh dién
gon nhe hon.

Mt khéc, cong update diéu khién viéc bao nhiéu théng tin tir trang thai an dang
trude dugc mang téi trang thai an hién tai. Diéu nay gitp RNN nhé thdng tin 1au
hon.

2.4. Mang no-ron tich chap

Mang no-ron tich chap (Convolution Neural Network - CNN — LeCun, 1989) la
mot mang no-ron cho xu ly dir liéu dang ludi. CNN da ap dung kha thanh cong
trong cac ung dung nhu xur ly anh, xu Iy tiéng noi, xtr Iy 4m thanh,... Tén goi
mang no-ron tich chap c6 nghia 1a mang sir dung mét biéu thirc toén hoc goi 1a tich
chap. Tich chap 14 mot dang dic biét caa phép tuyén tinh. Nhu vay mang CNN la
mot mang no-ron don gian sir dung phép tich chap trong cac phép nhan ma tran tai
it nhat mot trong cac tang caa no.

Phép tich chap c6 bat nguon trong xtr Iy anh. Bé 1am min anh ¢6 nhiéu, ngudi ta
st dung trung binh mot vai do do. Goi x(t) 12 gia tri diém anh tai vi tri t. Goi w(a)
la ham trong s, trong d6 a 1a dai dién cho do do.

Néu chiing ta ap dung phép Iy trung binh b trong sb tai moi thoi diém. ta s& dat
duoc ham min s tai vi tri nhiéu.
s(t) = fx(a)w(t —a)da
(2.38)
Pay duoc goi 1a phép tich chap. Phép tich chap thudng duoc xac dinh bang dau *
s() = (x *w)(t)
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(2.39)

Trong hé théng mang no-ron tich chap, tham sb dau tién x duoc x4c dinh nhu dau
vao va tham sd tht hai w duoc xac dinh nhu ham nhan. Pau ra duoc xac dinh nhu
la &nh xa dac trung.

Khi lam viéc vai dir liéu trén may tinh, thoi gian 1a roi rac, dugc nhan nhiing gia tri
kiéu s6. Khi d6 dang rdi rac cia mang no-ron tich chap 1a:

0]

SO =GO = ) x@Qw(t-a)

(2.40)

Trong cac ung dung hoc may, dau vao ludn ludn 1a mang dit liéu da chiéu va nhan
lubn 12 mot mang cac tham sé da chiéu 6 tac dung diéu chinh thuat toan hoc.

Gia str chiing ta c6 dit liéu du vao 2 chiéu I, va ma tran nhan hai chiéu K.

Phép tich chap c6 thé dinh nghia 1a:
SG,j) = (I +K)(i, ) = z z I +m,j + n)K(m, n)
m n

(2.41)

Pé dé hinh dung, ta c6 thé xem tich chap nhu mét cira s6 truot (sliding window) ap
dat 1én mdt ma tran. Co ché cua tich chap qua hinh minh hoa:

x B e O (B O (o 1) 1@
o|]1|]1|11|0 4 |1 3| 4
o O] 1. 1. 214|3
S 0] 1.1 1 e Z|3
- EMERDEN
——— Convolved
Feature

http://www.wildml.com/2015/11/understanding-convolutional-neural-networks-
for-nlp/#more-348

Hinh 2.6: Phép tich chap



26

Ma tran bén trai 1a mot buc anh den trang. Mdi gia tri cia ma tran tuong duong
voi mot di€m anh (pixel), 0 1a mau den, 1 1a mau trang (néu 1a anh grayscale thi gia
tri bién thién tr 0 dén 255).

Cura sd truot con goi tén la nhan, bd loc. O day, ta dung mdt ma tran bd loc 3x3
nhan timg thanh phan twong g (element-wise) vdi ma tran bén trai. Gia tri dau ra
do tich ctia cac thanh phan nay cong lai. Két qua cua tich chap 1a mot ma tran sinh
ra tr vi€c truot ma tran bd loc va thuc hién tich chap cung lic Ién toan by ma tran
anh bén trai.

CNNs chi don gian bao gdm mdt vai ting convolution két hop véi cac ham kich
hoat phi tuyén (nonlinear activation function) nhu ReLU hay tanh dé tao ra thong
tin triru teong hon cho cac tang tiép theo.

Trong mo hinh mang no-ron truyen thang (FNN), cac tang két n01 truc tiép voi
nhau thong qua mot trong s6 w. C4c tdng nay con duoc goi 1a két ndi day du (full
connected layer).

Trong m6 hinh CNNs thi nguoc lai. Cac tang lién két duoc v6i nhau thong qua
co ché tich chap. Tang tiép theo 1a két qua tich chap tu tang trudc do, nho vay ma
ta c6 duoc cac két ndi cuc bo. Nghia 1a mdi no-ron ¢ tang tiép theo sinh ra tir bd
loc ap dat 1én mot vung anh cuc bd ctiia no-ron tang trudce do.

Moi tang nhu vay dugc ap dat cac bo loc khac nhau, thong thuong c6 vai tram
dén vai nghin bd loc nhu vay. Mot sd tang khac nhu tang pooling/subsampling
dung dé chan loc lai cac thong tin hitu ich hon (loai bd cac thong tin nhiéu).

Trong subt qua trinh huin luyén, CNNs s€ tu dong hoc dugc cac thong s6 cho
cac bo loc. Vi du trong tac vu phan 16p anh, CNNs s cd gang tim ra cac thong )
t6i wru cho cac bd loc twong tmg theo thir tir raw pixel > edges > shapes > facial >
higher-level features. Tang cudi cing dung dé phéan 16p anh.

Convolubon Pooing Convolutior Pooling Fully Fully Ttput Predechor

NN

http://www.wildml.com/2015/11/understanding-convolutional-neural-networks-
for-nlp/#more-348

Hinh 2.7: Mang CNN
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CNNs c6 tinh bat bién va c6 tinh két hop cuc bd (Location Invariance and
Compositionality). Véi ciing mot d6i tuong, néu d6i tuong nay duoc chiéu theo
cac goc do khac nhau (translation, rotation, scaling) thi ¢ chinh x4c cua thuat toan
s& bi anh huong dang ké. Tang Pooling s& cho ban tinh bat bién d6i v6i phép dich
chuyén (translation), phép quay (rotation) va phép co gidn (scaling).

Tinh két hop cuc bo cho ta cic cAp do biéu dién thong tin tir mirc d6 thip dén
murc do cao va truru tuong hon thong qua tich chap tir cac bd loc. Do 1a 1y do tai sao
CNNs cho ra mé hinh véi d6 chinh xac rat cao. Cling gidng nhu cach con nguoi
nhan biét cac vat thé trong tu nhién. Ta phan biét dugc mét con chd védi mdt con
meo nhd vao cac dic trung tir mirc d6 thap (co 4 chan, c6 dudi) dén muc do cao
(dang di, hinh thé, mau 16ng).

2.4.1. Tang convolution

Xét 1 nhu 1a tang convolution. Pau vao tang | bao gom my@Y ban dd dic trung tir
tang dang trudc, mi ban dd ¢ kich thudc my0-D x ms-D.

Tang tha i cia ban do dic trung trong tang |, xac dinh dau ra Y

mgz—n

O _ p® ) (1-1)
Y =B"+ z Ki,j *Y]
=1

(2.42)
Trong do:
Bi() Ia ma tran bias.

Ki;® 1a kich thudc bo loc 2h;O+1 x 2h,W+1 két néi ban dd dic trung thw j trong
tang (I-1) voi ban d6 dic trung tht i trong tang |.

Khi d6 dau ra ban db dic trung tang I:
mo® = mytD-2h,0 va ma® = my-D-2h,0

Thong thuong cac bo loc dé tinh toan mot ban do dic trung Y 1a giéng nhau.
Piéu d6 c6 nghia 1a: Ki;® = K;x® véi moi j£k.

MAi vi tri (r,s) trong ma tran Y;® dugc tinh bang cong thic:
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l l
(Yi( ))r,s = (Bi( ))r,s

mgl—l)

l -1
* 2 (Kifj)*yj( s
j=1
mgl—l) hgl) hgl)

l l -1
= Bt > > Y KD ) rsr
j=1 u=—hgl) v=—hgl)

(2.43)

input image

: output feature maps
or input feature map P P

https://davidstutz.de/wordpress/wp-content/uploads/2014/07/seminar.pdf
Hinh 2.8: Minh hoa mét tang don convolution.

Tang dau vao hay la ban d6 trong s cua tang dang trude dugc nhan chap boi cac
bo loc khac nhau dé dwa ra mot ban d6 dic trung cua tang |.

2.4.2. Tang phi tuyén
Néu I 1a tang phi tuyén, dau vao 1a my® ban d6 dic trung, dau ra lap lai my® =m; D
ban d6 dic trung. Mdi ban d6 kich thudc m,® x ms®, va gia tri tinh bang cong
thuc:

Y0 = f(Y;0D)

Trong d6 f1a ham phi tuyén nhu ham sigmoid hay tanh.
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10F [—

..........

Hinh 2.9: Ham sigmoid (trai) Ham tanh (phai)

2.4.3. Tang pooling

Coi | 1a tAng pooling. Pau ra duoc hop thanh tr mi® = my() ban d6 dic trung da
giam kich thudc. Tang pooling thay thé céc cira s6 truot tai cac vi tri khéng chong
chéo trong mdi ban do dic trung va gitt mdi mot gia tri cho mdi cira so nhu 1a viéc
ban d6 dic trung duoc ldy mau. C6 hai kiéu pooling:

Average pooling: L4y gia tri trung binh mdi cira s6 duoc chon.

Max pooling: Lay gia tri I6n nhat mdi cira s6 duoc chon.

feature maps feature maps

ature map layer [
I ——
—
o —— ==

https://davidstutz.de/wordpress/wp-content/uploads/2014/07/seminar.pdf
Hinh 2.10: Minh hoa tang pooling.
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Coi | 1a tang pooling va chon m;"Y = 4 ban d6 dic trung cua tang trudc. Tat ca cac
ban d6 dic trung duoc pooling va ldy mau doc 1ap. Mai dau ra trong s6 my® ban d6
dic trung dua ra mot gia tri trung binh hodc gia tri 16n nhat trong mot cira s6 ¢b
dinh twong @ng vai ban d6 dic trung trong tang (I-1).

2.4.4. Tang két néi day da
Coi | 1a tang két ndi day du. | 1ay m;™Y ban d6 dic trung kich thudc my0-D x ms-
nhu dau vao. Vi tri th i trong tang 1 duogc tinh bang cong thic:
yi = £(z;0)
Trong do:
D D ()

l -1
() z z Z Wl]TS(Y( ))rs

(2.44)
Vi Wi xéc dinh trong s két ndi gitra vi tri (r,s) tai ban do dic trung thi j cua
tang (I-1) va thir i cua tang |.
Trong thuc thé, ting convolution duoc sir dung dé hoc cac dic trung ké thira va
mot hay nhiéu tang két ndi day du sir dung cho muc dich phan loai dua vao tinh
toan dac trung.
Luu ¥ rang, mot tang két ndi day du da bao gdm ham phi tuyén trong khi ¢ tang
convolution, tang phi tuyén dugc tach roi trong 16p riéng caa ching.
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Chuwong 3: M0 hinh dé xuat

Céc qua trinh xir Iy mang no-ron lién quan dén Attention di dugc nghién ctu
nhiéu trong linh vuc than kinh hoc. Cac nghién ctru lién quan 1a hién thyc hoa
Attention: rat nhiéu loai dong vat tap trung trong vi¢c xac dinh thanh phﬁn cu thé
dau vao dé tinh toan phan hoi phu hop. Ngudn gde c6 mot luong 1on anh hudng
dén khoa hoc than kinh khi ching ta phai Iya chon nhitng thong tin phu hop nhét,
hon la viéc st dung tat ca cac thon tin, chira mot luong 16n cac _thong tin khong
pht hop cho phan héi no-ron. Y tudng tip trung vao cic thanh phan cy thé cua dau
vao duoc ap dung trong cic tmg dung ctia hoc sdu nhu nhan dang tiéng néi, dich
may, 1y gidi va nhan dang thi giac cua dbi tuong.

Bai todn mé dau 1a: Sinh mot tiéu dé cho anh.
Mot hé thong c6 dién sinh tiéu dé co thé ma hoa hinh anh, st dung mot qua trinh

tién xr Iy CNN c¢6 thé dua ra tang 4n h. Sau d6, no c6 thé giai ma tang 4n bang mot
mang RNN, va sinh ra mot dé quy mdi tir cua tiéu dé.

he
ISTM = >
h,
O v
8 s - 2
h;
3 < : 2
Q w h - LSTM —= =.
Q = a
— hl
(4)) ~ v
= -
o 5
g

l

=1

=
Jalem

https://blog.heuritech.com/2016/01/20/attention-mechanism/
Hinh 3.1: Bai toan sinh tiéu dé
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Van d¢ dat ra véi phuong phép nay 1 khi mo hinh ¢ gang sinh ra mot tir ctia
tiéu dé, tir ndy thudng chi mé ta duy nhat mot phan cua hinh anh. St dung toan bo
biéu dién ciia birc anh h dé diéu kién héa viéc sinh mdi tir s& khong hiéu qua trong
viéc dua ra mot tir khac cho nhiing thanh phan khac cta birc anh. Diéu nay 1y giai
cho loi ich cua k¥ thuat Attention.

Vi ky thuat Attention, birc anh dau tién dugc chia thanh n thanh phan va chung
c6 thé tinh toan véi su trinh dién CNN cho mdi thanh phan hy,...,h,. Khi RNN sinh
ra mot tir moi, ky thuat Attention tap trung vao nhimg thanh phan phu hop cia buc
anh, vi thé qu4 trinh giai ma chi st dung thanh phan cuy thé cta anh.

= N\
e — N

-X =X - X
T % ! ,.| 1 o .

) _ Attention Model SOFTMAX

.
my m; my m,

W (G

https://blog.heuritech.com/2016/01/20/attention-mechanism/
Hinh 3.2: So d6 mo6 hinh Attention

Trude khi st dung Co ché Attention, cac md hinh tém tat déu co co ché su
dung Encoder-Decoder. Tai budc encoder, dau vao cua mang RNN, LSTM, GRU
1a cac vector duoc tao ra tir md héa chudi tr véi md hinh tir nhing (word
embedding). Pha decoder stir dung mdt mang RNN, LSTM hoac GRU tuong ung
dé sinh ra mét chudi tir méi dua vao chudi diu vao va cac tir sinh ra phia trudc.
Trong mo hinh tom tit van ban tu dong, thay vi tim ra xac suét 1én nhat ctia mdi tir
sinh ra & budc decoder, ching ta tao ra danh sach cac tir tng vién tai moi budc giai
ma. Sau do6 str dung giai thuat tim kiém chum (Beam Search) dé lya chon cac tu
Ung vién va két ndi danh sach cac tir img vién do lai thanh mot cau co diém sd cao
nhat tao ra mot chudi tom tit.
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3.1. Co ché Attention

3.1.1. Kién tric RNN Encoder-Decoder
Puoc dé xuat boi Cho[12] va Sutskever[10] nhu 1a mot kién tric hién dai c6 thé
hoc su can chinh va dich ngay lap taec.

Trong Encoder-Decoder, mot encoder doc vao mot cau - mot chudi vector x =
(X4,...,x1x) thanh mot vector c. Céch tiép can nhu sau:

ht = f(Xt, ht-l)
3.1)
c= q({hl, . .,th})
(3.2)

Trong d6 h 14 trang thai an tai thoi diém t, h; € R" va ¢ 1a vector duoc sinh ra tir
mot chudi c4c trang thai an. f va g 1a cac ham phi tuyén.

Pha decoder, dugc huan luyén dé du doan tir tiép theo y, cho ngit canh ¢ va tit ca
cac tir du doan dang trudc {yu....,ye-1}. Hiéu theo cach khac decoder dinh nghia
mot xac xuat trén chuyén dich y bang viéc phan tich xac suat lién két thanh thi tu
cac diéu kién:

T
p(y) = HP()’H{)’L iy Ye-15C)

(3.3)
Trong d6 y = (y1,-..y1y).
Véi mot mang RNN, mdi xac suit ¢ diéu kién duoc md hinh bai:
PWelyis o Ye—1,€) = gVe-1,S6:€)
(3.4)

Trong d6 g 13 ham phi tuyén, y; 1a dau ra va s, 1a trang thai an caa mang RNN.
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Decoder
Yr Yi
r‘l\x’f/ r"L, )
N o

Encoder

Kyunghyun Cho et al. [12]

Hinh 3.3: Minh hoa kién tric caa mang Encoder-Decoder

3.1.2. Co ché Attention

Kién tric Encoder-Decoder c6 thé bi pha v khi chudi dau vao qué dai. Nguyén
nhan 1a néu & mdi budc néu chi c6 mot vector ngit canh ¢ giao tiép giira encoder va
decoder, vector d6 s& phai md hoa cho toan bo chudi dau vao, din dén no co thé bi
tan bién khi né xu ly chudi ky tu qua dai. Co ché Attention cho phép bo giai ma
tap trung vao mot phan khac nhau tir du ra cua encoder.

Pinh nghia mdi X4c suat c6 diéu kién nhu sau:
Pl o yicabh ) = gz, s €)
(3.5)
Trong do:
MJdi s; 1a mét trang thai an RNN tai thoi diém i, tinh bang cong thic:
Si = f(Si-1, Yi-1, Ci)
(3.6)

Piéu nay khdng giéng vai cach tiép can encoder-decoder, ¢ diy mdi xac suat dugc
diéu kién trén mot ngix canh riéng biét ¢; cho mdi tir muc tiéu y;.
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Vector ngit canh ¢; phu thudc vao chudi trang thai (hy,...,hr) — dé encoder anh xa
cau dau vao. Mdi trang thai h; chira dung thdng tin cua toan bo cau véi mot su
nhan manh céc thanh phan xung quanh tir thir i ciia cau dau vao.

Ngit canh ¢ duge tinh toan nhu 13 trong 6 tong hop cua cac trang théi h;:

Ty
c; = Z a;jh;
j=1
(3.7)
Trong d6: trong sb o;j ciia mdi trang théi h; duoc tinh nhu sau:
- exp(ey)
7T explen)
(3.8)

Vi e = a(si1, hy) 1a hinh thirc can 1€ tinh diém kha nang dau vao xung quanh vi tri
j va dau ra tai vi tri i tring nhau. Diém s dua trén trang thai an RNN s;.; va trang
thai gan nhan h; cia cau dau vao.

XA&c suat a;j hay ej; phan anh d6 quan trong cia trang théi h; véi trang thai an dang
trudc siq dé quyét dinh trang thai tiép theo s; va dua ra nhan y;. Decoder quyét dinh
thanh phan cua cau dau vao dé tap trung. Encoder toan bo thong tin cau thanh mat
vector c6 d6 dai ¢ dinh. Théng tin c6 thé trai dai thanh chudi gan nhan, c6 thé lva
chon Iy lai bai pha decoder tuong Gng.

Toan bé mé hinh dugc huan luyén end-to-end bang viéc cuc tiéu hda xac suét co
diéu kién:

1 N
L(O) = N Z logp(y: = yi'|ly2e, X™)
n=1t=1

(3.9)

Trong d6: N 1a sd lwong céc cap cau, X" 1a cau dau vao, y;" 1a nhan dau ra thir t
trong n cap tuwong ung.
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3.1.3. BiRNN

Péi voi rat nhiéu nhiém vu gan nhan chudi, viéc truy cap vao thong tin twong
lai rat cd ich cho bdi canh qua khua. Vi dy, khi phan loai mot chix viét tay, s& rat
hitu ich khi biét chir cai dén tir dang sau ciing nhu chit cai dén tir dang trude no.
Tuy vay, mang RNN chuan xir Iy chudi theo thi ty thoi gian, ching bé qua tuong
lai cua ngit canh. Mot giai phéap rd rang 1a thém mot cira s6 truot cua ngir canh
tuong lai vao mang dau vao. Tuy nhién, né lam tang sb lugng bo trong sb dau vao.
Mot cach tiép can khac 1a tao su tré giira cac yéu td dau vao va muc tiéu, nho do
tao cho mang mot s6 moc thoi gian cia ngir canh tuong lai. Phuong phéap nay tuy
van duy tri duoc diém manh cta mang RNN di véi su bién dang, nhung né van
yéu cau pham vi cua ngir canh phai xac dinh bang tay. Hon thé nita n6 dat mot
ganh nang khdng can thiét 1én mang bang cach budc n6 phai nhé ban goc dau vao
va boi canh trude d6 cua no, trong sudt thoi gian tré. Trong cic phuong 4n trén,
khong c6 phuong phap nao loai bo su khdng can xtng gitra théng tin qua khir va
tuong lai.

Mang hai chiéu RNN (BiRNN) duoc dua ra nhu mét giai phap phu hop. Y
tudng co ban caa BIRNN 14 trinh bay mdi chudi tién va chudi Ui thanh hai ting an
hoi quy riéng biét, ca hai déu dugc két ndi véi nhau toi mot tang gidng nhau. Cau
trdc nay cung cap cho mdi tang dau ra véi qua khir hoan chinh va béi canh tuong
lai cho moi diém trong chudi dau vao, ma khong phai di doi cac dau vao tir cac
muc tiéu phd hop. BIRNN di cai thién két qua trong cac linh vuc khac nhau, ching
hoat dong tot hon RNN mét chiéu khi gan nhan chudi.

Thong thudng RNN doc cau dau vao theo thir tu bat dau cua cau tir diém dau
tién X, toi diém cudi Xry. BIRNN duogc dé xuat dé tong hop mdi tir khong chi ding
trudc mot tir ma con tir dang sau tir do.

BiRNN bao gdm chiéu tién RNN va chidu quay lui RNN. Chiéu tién R RNN
doc cau dau vao theo ding thu tu (tr x; dén xr) va tinh toan trang thai an
(Ry,...,hz,) Chiéu quay Iui RNN & doc cau dau vao theo thir tw nguoc lai (tir xrx t6i

x1). Két qua trong chudi quay lui trang thai &n (hy,....hr,).

Pé dat duoc trang thai cho mdi tir x;, ta két néi chiéu trang thai tién h va chidu
quay lui h.

hj = [h); hy]
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(3.10)

Trang thai gan nhan h; bao gém théng tin tong hop cua ca dang trudc va dang sau
tir d6. Phy thudce vao xu huéng RNN trinh bay cau gan tir ma trang thai an h; s& tap
trung xung quanh tir X;. Chudi trang thai dwoc str dung béi decoder va model cin
chinh dé tinh toan vector ngit canh.

Pha tién cua tang an BiRNN gidng nhu mang RNN chuén, trir viéc chudi dau ra
duoc trinh bay theo cac hudng nguoc nhau véi hai 16p an, ting dau ra khong duoc
cap nhat cho dén khi ca hai ting an da dugc xir 1y toan bo chudi dau vao.

fort=1to T do
Forward pass for the forward hidden layer, storing activations at each
timestep

fort =T to 1 do
Forward pass for the backward hidden layer, storing activations at each
timestep
for all ¢, in any order do
Forward pass for the output layer, using the stored activations from both
hidden layers
Alex Graves [21]
Hinh 3.4: Pha tién cuia mang BiRNN

Tuong ty qua trinh quay lui nhu véi mot mang RNN chuan trir viéc tat ca cac tang
dau ra & duoc tinh toan dau tién va sau d6 quay trd lai hai ting an theo huéng
nguoc lai.

for all ¢, in any order do
Backward pass for the output layer, storing ¢ terms at each timestep
fort =T to 1 do
BPTT backward pass for the forward hidden layer, using the stored & terms
from the output layer
fort=1to T do
BPTT backward pass for the backward hidden layer, using the stored o
terms from the output layer

Alex Graves [21]
Hinh 3.5: Pha quay lui caia mang BiRNN
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Dzmitry Bahdanau et al. [9].
Hinh 3.6: Minh hoa co ché Attention

3.2. Thuat toan tim kiém chum (Beam search)

Trong mo hinh tém tit, bo giai ma duge diéu khién bai mot cau da duoc ma hoa
dé tao ra cAu méi. Tai mdi budc lap t, bo giai ma can dua ra quyét dinh tir ndo sinh
ra tir thir t trong cau. Van dé la chiing ta khong biét chinh xéac chudi tir can sinh ra
dé cuc dai hoa xac suat co diéu kién tong thé. Dé giai quyét van dé nay thuat tim
kiém chim s& duoc 4p dung. Thuat toan c6 do réng K sao cho tai mdi budc dua ra
K d& xuat va tiép tuc giai ma vai mot trong sb ching.

Cac mo hinh phat trién giai quyét van dé sinh chudi thuong hoat dong bing sinh
ra cac phan phdi x4c suat thdng qua tir dién céc tir dau ra. Chung ta d6i mat véi van
dé nay ldc 1am viéc véi mang no-ron truy hdi (RNN), khi ma vin ban duoc sinh ra
nhu dau ra. O tang cudi cling trong mang no-ron c6 mot mang no-ron cho madi tir
trong tir dién dau ra va mot ham kich hoat dugc sir dung dé dua ra kha niang mdi tir
trong tir vung la tir tiép theo trong chudi.

Pha giai ma lién quan dén tim kiém théng qua tat ca cac chudi dau ra dya trén
kha ning cta chung. Kich thudc tap tir vung c6 thé téi hang ngan, hang triéu tir. Vi
thé van dé tim kiém 1a s6 mil trong chiéu dai ca chudi dau ra va 1a vin d& NP khé
dé hoan tat tim kiém.
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Thong thuong, cac phuong phap tim kiém thong minh duoc sir dung dé dua ra
chudi dau ra dugc giai ma gan dung cho su du doan. Chudi tng Vién cua céc tir
duoc ghi diém dua trén kha ning ctia chung. Phuong phap phd bién 1a tim kiém
tham lam hozc tim kiém chum dé dinh vi chudi tng vién caa vin ban.

Khac véi cac phuong phap thong minh, thuat toan tim kiém chim mé rong trén
thuat todn tham lam va tra vé danh sach phi hop nhat cac chudi dau ra. thay vi
tham lam chon budc tiép theo c6 kha ning nhét khi chudi dugc xay dung, thuat
toan tim kiém chim mo rong cac kha ning c6 thé ¢ budc ké tiép va giira k truong
hop phl hop nhét, trong d6 k 1 tham sé nguoi dung chi dinh va kiém soat sé luong
cac chum hoac tim kiém song song thong qua chudi xac suat.

Théng thuong d6 rong chum 13 1 twong Gng véi thuat toan tim kiém tham lam
va gia tri 5 hoac 10 cho tiéu chuan chung caa dich may. Do rong chim két qua I6n
hon dan t&i hiéu suat tét hon ctia mot mé hinh vi céc chudi tng vién nhiéu kha
nang lam tang kha nang két hop tét hon mot chudi muc tiéu. Su ting hiéu suat nay
lam giam toc d6 giai ma.

Cho (2014)[15] da cai dat mot thuat toan tim kiém chum tiéu chuan trong pha
giai ma cua dich may (Koehn, 2004) cho mét hé théng Encoder-Decoder trong
GroundHog. Thuat toan chum da thanh cong trong viéc giam thiéu khong gian tim
kiém tir kich thuéc mii sang kich thudc da thuc.

Cho mot pha encoder, mot pha decoder va mot dau vao la x, ching ta tim kiém
chudi dich tét nhat § = argmax,p(y|x). Mot nhém cac ngin xép dugc su dung dé
luu lai c&c gia thuyét trong qué trinh tim kiém. Kich thuéc chum N duoc sir dung
dé diéu kién khong gian tim kiém bang viéc mé rong dinh N gia thuyét trong ngan
xép hién tai. Vé6i nhitng cai dat bén trén, phan dich y duoc sinh ra tir boi tir theo
chiéu tir trai sang phai. Ta dinh nghia mot gia thuyét hoan tat la ciu chira dau ra
EOS, trong d6 EOS 1a tir dic biét chi ra két thlic trong cau.
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3.3. M6 hinh dé xuit

Cac md hinh hoc sau &p dung trong bai toan tom tit vin ban gdm: nhém tac gia
Rush [2] sir dung mang no-ron tich chap két hop véi co ché attention. Sau do,
nhém Chopra [3] st dung mang no-ron tich chap va mang RNN két hop véi co ché
attention. Nném Nallapati[19] st dung mé hinh GRU va co ché attention dat két
qua tét hon nhom cua Rush [2]. Hon nita mé hinh cua nhém tac gia Nallapati[19]
con &p dung duoc trén ca dir liéu tom tat chira nhiéu cau van. Pidu ma nhém tac
gia Rush[2] va Chopra[3] chua tién hanh thi nghiém.

Do d6, tdi m& rong nghién ciru cia nhdm tac gia Nallapati[19] bang cach st
dung mang no-ron tich chap voi mang GRU két hop vai co ché Attention. Cau dau
vao dugc di qua cac tang Convolution roi dén tang mang Highway. Pau ra cua
tang Highway s& 1a dau vao ciia mang GRU va di vao co ché Attention.

Attention

Bidirectional
GRU

Highway
network

Segment
embeddings

| - | | | | nohgaliﬁg

| ’—| 71 \ Stride 5

Single-layer
Convalution

L L nai rdacnéa Tinel pmai i pautiul Harog loity] Tof [ Gawdy, {ocofsidd ipy} manf finel dliturf _:

Hinh 3.7: Mb hinh dé xuit
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Tang nhing (embedding): Gia sir ta ¢6 cau ngudn X = (X1, Xz,... X1x) € RIXTX,

Trong d6: d 1a s6 chiéu cia mot tu.

Tang convolution:

Gia dinh ta c6 mot ham loc f € RY* W véi do rong 1a w, dau tién ching ta ap dung
bién & dau va cudi cia cau X. Do d06, bién ctia cau tao thanh X* € RIX(Mx+w-1) |3 -
1 tir. Ta &p dung phép tich chap gitta X’ va f sao cho phan tir dau ra thi k duoc tinh
nhu sau:

Ye = (X" * )y = Z(X[,:,k—w+1:k] ® f)ij
LJ

(3.11)
Trong do:

® la phép nhan tirng phan ma tran va phép toan * 1a phép tich chap. X’pxws1iq 12
mot tap con ciia X’ chtra tat ca cac hang nhung chi chira w cot ké bén. Kiéu lua
chon 1& nhu vay goi 1a mét nua tich chap (half convolution). Diéu nay dam bao
chiéu dai cua dau ra la Y e R,

Bén trén, ta minh hoa trudng hop mot bo loc tich chap ¢ dinh. Bé trich chon céc
mau théng tin vé&i chiéu dai khac nhau, ta dua mot tap cac bo loc véi chiéu dai
khac nhau. Cu thé hon, ta st dung mét tap cac bo loc F = {fy, ...., fm}. Trong do, f;
= RY*1XN1 |3 mot tap cua cac ni bo loc véi do rong i. Mo hinh cua t6i sir dung m=5,
do d6 c6 thé trich chon dwoc 5 gram chiéu dai. Pau ra cua tat ca cac ham loc dugc
xép chong lai, dua ra mot sy biéu dién don gian Y € RV™ trong d6 sb chiéu cua
mdi cot duoc cho boi tong cac bd loc N = Yis™ ni. Cudi ciing tang kich hoat dugc
&p dung theo tirng phan ti caa su trinh dién.

Tang max pooling:

Pau ra cua tang convolution dau tién dugc phan thanh cac cum véi chiéu dai 13 s,
va tang max pooling dugc &p dung véi mdi cum khéng giao nhau. Thu tuc lua
chon céac dic trung ndi bat nhat dua ra mot phan doan nhing. Mdi tang nhdng la
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mot tom tat cua mot doan riéng biét (hoac chong chéo) trong cau dau vao. Piéu
nay hoat dong nhu don vi ngdn ngir bén trong tir tang hién tai dén tang trén.

Sy rat ngan sy biéu didn nguon theo s-fold: Y’ € RN, Theo kinh nghiém, t6i sir
dung s=5.

Mang highway (nhoém tac gia Srivastava 2015 [14]):

Mang highway duogc ap dung khi sé ting caa mé hinh hoc sau ting 1én cing voi do
la su tang d6 phac tap tinh toan. Mang highway c6 thé sir dung véi hang trim tang
duoc huan luyén truc tiép cling véi phuong phap tdi wu SGD va cac bién thé cua
ham kich hoat.

Chudi ma tran nhdng sau khi qua tang max pooling cua mang no-ron tich chap
duoc dua dén mang highway. Y nghia tiém an la mang highway chuyén do6i dau ra
cua tang max pooling thanh cac khoang ngir nghia, gitp cac dac trung duoc hoc
chinh xac. Mang nay chuyén do6i dau vao x v6i mot co che cong dé di€u chinh
thong tin theo ludng:
y=g OReLUWx+b)+(1—g)Ox

(3.12)

Pau ra cua tang mang highway duoc dua téi mang GRU hai chiéu.

Cubi ciing, mot tang mang hudng tién tinh toan diém sb attention ctia mdi tir muc
tiéu dé san sinh cho mdi cum thé hién dau vao.
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Chwong 4: Thuc nghiém va danh gia
4.1.Dir liu thir nghiém

T6i st dung hai bo dix liéu dé tién hanh thi nghiém: Bo di liéu Gigaword va bo di
licu CNN/Daily Mail.

4.1.1.B¢ dir liéu Gigaword

Bo dit liéu dau tién 14y tai dia chi: https://github.com/harvardnlp/sent-summary.

Dit liéu nay bao gom dir liéu Gigaword chtra khoang 3.8 triéu cap cau gom cau
ngudn va cau tom tat tir dir liu CNN va Dailymail. Ching ciing chira dit ligu DUC
2003 va DUC 2004.

Bang 4.1. Théng ké dit liéu Gigaword

Gigaword DUC2003 DUC2004
Huan | Phattrién | Kiém thu
luyén
So lwong cau | 38039957 | 189651 1951 624 500

Tap kiém thir Gigaword chua 1 file dix liéu gbe va 1 file do con ngudi danh gia.

Tap kiém tht cia DUC2003 va DUC2004 chua 1 file dir liéu goc va 3 file do
nguoi dung danh gia tuong (ng.

Bang 4.2. Vi du dir lieu Gigaword

Cau ngudén | australia 's current account deficit shrunk by a record #.## billion
dollars -Irb- #.## billion us -rrb- in the june quarter due to soaring
commodity prices , figures released monday showed .

Cau tom tat | australian current account deficit narrows sharply

CAau nguon at least two people were killed in a suspected bomb attack on a
passenger bus in the strife-torn southern philippines on monday ,
the military said .
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Cau tom tat | at least two dead in southern philippines blast

CAau nguén australian shares closed down ## percent monday following a
weak lead from the united states and lower commodity prices |,
dealers said .

Cau tom tat | australian stocks close down #.# percent

Cau nguon south korea 's nuclear envoy kim sook urged north korea monday to
restart work to disable its nuclear plants and stop its ~ typical "
brinkmanship in negotiations .

Cau tom tat | envoy urges north korea to restart nuclear disablement

Cau nguon south korea on monday announced sweeping tax reforms ,
including income and corporate tax cuts to boost growth by
stimulating sluggish private consumption and business investment .

Cau tom tat | skorea announces tax cuts to stimulate economy

4.1.2. Bp dir lisu CNN/Daily Mail

Bo dit liéu thir hai, toi sir dung dir liéu huan luyén cia nhom tac gia Jianpeng

Cheng[20].

Dir liéu gom céc bai bao trén CNN va Daily Mail. M3i nguén bai bao chia thanh 3
thu muc: Huan luyén, phat trién va kiém tht. T6i gop hai ngudn bai thanh ba thu
muc: Huan luyén, phat trién va kiém thr.

Bang 4.3. Thong ké dit lisu CNN/Daily Mail

Huan luyén Phat trien Kiém thir
Dailymail 193986 12147 10350
CNN 83568 1220 1093
Téng cong 277554 13367 11443
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Bang 4.4. Vi du dit liéu CNN/Daily Mail

Van ban

CARACAS , Venezuela -- Venezuela president Chavez says he would
be willing to accept prisoners from the Guantanamo detention center ,
which U.S. president Obama has said he will close , the Venezuela
government said thursday president Obama has pledged to close the
detention facility at Guantanamo , Cuba Chavez also said he hopes the
U.S. will give Cuba back the land on which the naval base is located ,
the government said in a news release " we would not have any problem
receiving a human being , " the government release quoted Chavez as
saying in an interview wednesday with Al Jazeera the U.S. obtained the
Guantanamo base in 1903 , after Spain 's surrender in the Spanish-
American War of 1898 in 2002 , then - president Bush opened the
detention center to hold what the Bush administration categorized as
enemy combatants captured in Iraq , Afghanistan and elsewhere U.S.
officials have not said what will happen to prisoners at the camp when it
closes , nor are there are any known plans for any to be sent to
Venezuela Chavez attended the second summit of South American and
Arab heads of state in Qatar earlier this week speaking about Israel ,
Chavez said new prime minister Benjamin Netanyahu is supported " by
the extreme right , " the government release said " i hope someday the
Hebrew people will be liberated from that caste , " the release quoted
him as saying in the 90 - minute Al Jazeera interview from Qatar ,
Chavez traveled to Iranian , where he met with president Mahmoud
Ahmadinejad on thursday Maria Carolina Gonzalez contributed to this
report for CNN .

Tom tat

Chavez would be willing to accept Guantanamo inmates , Venezuela
says Venezuela president quoted as having no problem ™ receiving a
human being " no plans are known for *sending* inmates to Venezuela
when detention center closes on Middle East trip , Chavez *criticizes*
Israel , meets with Iranian president

Van ban

-- five people were killed and 10 critically injured saturday when a
minivan crashed on 1-10 near Baton Rouge , Louisiana , state police said
fifteen people were in the minivan , said trooper Graham , and only two
were wearing seat belts among the dead were children as young as 3
years old , he said " the minivan blew out a tire and the driver lost
control , " Graham said the vehicle " sideswiped a box truck and then
ran off the road into the left median , overturned multiple times and
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finally came to rest upright on the eastbound side of 1-10 , " Graham
said the one person in the truck was not injured the accident shut down
I-10 in both directions shortly after 12:15 p.m. ( 1:15 p.m. et) ; one lane
in each direction was opened about two hours later alcohol and drugs
were not suspected factors in the crash , but blood was drawn from the
driver -- one of the fatalities -- to confirm , Graham said the accident
came soon after the Louisiana Legislature passed a law requiring riders
in every seat to be buckled up " this is an example of why we
implemented that law , " Graham said " it 's very frustrating for us to
come out here and see children dead , " he said .

Tom tat

state police : 15 people were in the minivan , only two in *seatbelts*
crash occurred after minivan blew a tire , trooper says crash near Baton
Rouge shut down I-10 in both directions for about two hours

4.2. Cai dit

T6i st dung framework dl4mt cho bai toan dich may sir dung co ché Attention véi
mang GRU tai dia chi https://github.com/nyu-dl/dl4mt-tutorial.

Dbi v6i bo dir liéu Gigaword, kich thude tir dién 13 3000 tir. S6 chiéu cua tir sir
dung 14 300. Chiéu dai cau t6i da 13 100. Ddi véi bo dit liéu CNN/Daily Mail, kich
thude tir dién dau vao 1a 18000, kich thude tir dién dau ra 1a 60000, sé chiéu cua tir
1a 128, do dai doan van toi da 1a 800.

Phuong phap t0i vu sir dung 1a adadelta v6i hé s0 hoc 0.0001. Tat ca bd trong s0
dugc khoi tao trong phan phoi chuén [-0.01, 0.01]. Pha decode, toi su dung thuat
todn beam search. Kich thudc beam search 1a 20 cho tat ca moé hinh.

Céu hinh server chay: Ubuntu server, 32 core, 96G RAM. GPU Quadro K2200, bd

nho 4G.

T6i st dung mang CNN véi cac cau hinh nhu sau:

Bo loc 1: sir dung 1 kiéu bo loc véi s6 lwong bo loc mdi kiéu 1a 200.

Bo loc 2: sir dung 2 kiéu bo loc véi sb lugng bo loc mdi kiéu 1a 200 — 250.

Bo loc 3: sir dung 3 kiéu bo loc véi s6 lugng bo loc mdi kiéu 1a 200 — 250 — 300.
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Bo loc 4: str dung 4 kiéu bo loc véi sé luong bo loc mdi kiéu 1a 200 — 250 — 300 —
300.

Bo loc 5: sir dung 5 kiéu bo loc vai s6 lugng bo loc mdi kiéu 1a 200 — 250 — 300 —
300 — 400.

4.3. Kétqua

Pé danh gia két qua cua phuong phap, t6i str dung hé théng 46 do ROUGE, duoc
diéu chinh béi DUC nhu hé thdng wéc luong chinh cho tom tit vin ban. No bao
gém nam do do, dé xac dinh chat luong ban tom tit boi may so voi ban tom tit boi
con nguoi, d6 1a: ROUGE-N, ROUGE-L, ROUGE-W, ROUGE-S va ROUGE-SU.
Su do luong thyc hién bdi so lugng don vi trung lap nhu N-grams, chudi cac ti,
cdp céc tir gitra van ban tom tit Gtng cir va van ban tom tat din xuét.

ROUGE-N udc lugng do phu N-grams gitta vin ban tom tat Gng cir va vin ban
tom tat dan xuat.
ZSESummref ZN—grameS Countmatch (N - gram)

ROUGE — N =
ZSESummref ZN—gramES Count(N - gram)

(4.1)

Trong d6 N 14 chiéu dai cia N-grams, Countmaen(N-gram) 13 s6 luong 16n nhat N-
grams cung xuat hién gitra hai ban tom tat twong g, Count(N-gram) la so luong
N-grams trong trong van ban tom tat dan xuat.

ROUGE-L sur dung d6 do chudi con ¢6 d9 dai 16n nhat (LCS — Longest Common
Subsequence) dé udc lugng su tom tat. Mdi cau duoc xem nhu chu01 cac tir va do
d6 LCS gifta van ban tom tit Gmg cir va vin ban tom tat dan xuit duoc xac dinh.
ROUGE-L tinh toan ti 1¢ gitra d¢ dai cua LCS va chiéu dai ctia van ban tom tit dan
xuat.

r LCS(R, )
PLCS(R;S) = T
S|
LCS(R, S)
3 Rics(R,S) = R
(1+ B?)Pycs(R, SRcs(R,S)
kRLCS(R; 5) =

B2Prcs(R,S) + Rics(R,S)
(4.2)
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Trong do:

IR| va|S| tuong tng 14 chiéu dai van ban din xuat R va van ban (mg vién S.
LCS(R,S) 1a LCS giita R va S.

PLcs(R,S) 1a d6 chinh xac cia LCS(R,S) va Rics(R,S) 1a d6 phu ctia LCS(R,S).
B 1a Pics(R,S) / Rics(R,S).

4.3.1. Bo dir liéu Gigaword

Két qua chay véi cac cau hinh bo loc cia md hinh CNN.

Bang 4.5. Két qua voéi dit liéu Gigaword

RG-1 RG-2 RG-L
Bo loc 1 25.86 8.69 23.95
Bo loc 2 25.54 8.78 23.78
Bo loc 3 27.00 9.62 24.70
Bo loc 4 26.62 9.23 24.49
Bo loc 5 26.75 9.47 24.79

Bang 4.6. Két qua véi dir liéu kiém thir DUC-2003

RG-1 RG-2 RG-L
Boloc1 15.39 3.72 1431
Bo loc 2 14.38 3.67 13.36
Bo loc 3 16.69 4.64 15.27
B¢ loc 4 14.83 3.87 13.84
Bo loc 5 16.15 4.12 14.99

Bang 4.7. Két qua véi dix liéu kiém thir DUC-2004

RG-1 RG-2 RG-L
Bo loc 1 12.89 3.22 11.78
Bo loc 2 12.39 3.06 11.30
Bo loc 3 14.23 3.73 12.93
Bo loc 4 12.63 3.26 11.63
Bo loc 5 13.63 3.31 12.39
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Két qua trén cac tap kiém tha cho thdy, do chinh xac tot nhat dat duoc khi str dung
bo loc 3. Tac 14 tap dic trung 1-grams, 2-grams va 3-grams cho két qua tét nhét.
Két qua trén bo dir liéu kiém thir Gigaword dat cao nhit, sau d6 dén bo dit liéu
DUC-2003 va DUC-2004. Nguyén nhan la do sir dung dit liéu Gigaword dé huan
luyén mé hinh.

Toi so sanh ket qua trén vai két qua khi chay md hinh  words-Ivt2k-1sent (GRU
Véi co ché Attention) ctua nhom tac gia Nallapati[19]:

Bang 4.8. Két qua mé hinh words-Ivt2k-1sent

RG-1 RG-2 RG-L
Gigaword 16.59 4.26 15.74
DUC-2003 6.41 1.11 6.12
DUC-2004 5.69 0.81 5.47

Két qua so sanh trén cho thay hiéu qua rd rang ciia moé hinh CNN khi 4p dung vao
mang GRU véi co ché Attention.

Bang 4.9. Vi dy dau ra voi bo dit liéu Gigaword

Vidul the sri lankan government on wednesday announced the closure of
government schools with immediate effect as a military campaign
against tamil separatists escalated in the north of the country .

CAau tom tat | sri lanka closes schools as war escalates

Causinhra |srilanka announces UNK of schools

Viduy?2 police arrested five anti-nuclear protesters thursday after they
sought to disrupt loading of a french antarctic research and supply
vessel , a spokesman for the protesters said .

Cau tom tat | protesters target french research ship

Causinhra |french police arrest five protesters
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Vidu3 factory orders for manufactured goods rose #.# percent in
september , the commerce department said here thursday .

Cau tom tat | us september factory orders up ## percent

Céusinhra |us factory orders up #.# percent in september

Vidu4 croatian president franjo tudjman said friday croatian and serb
negotiators would meet saturday to thrash out an agreement on the
last serb-held area in croatia , under a deal reached at us-brokered
talks .

Cau tom tat | rebel serb talks to resume saturday : tudjman by peter UNK

Causinhra |[croatia and croatia to resume talks

Vidu5 israel prepared sunday for prime minister yitzhak rabin 's state
funeral which will be attended by a host of world leaders ,
including us president bill clinton and the jordanian and egyptian
heads of state .

Cau tom tat | israel prepares jerusalem state funeral for rabin

Causinhra |israel prepares for UNK state funeral

Két qua cho thay cdu sinh ra gan gidng véi cau tom tit, tuy nhién mot sd cau sinh
ra gip phai cac van dé nhu:

« Ngir phap khong dung
« Vién dé cac tir hiém (tr UNK) xuat hién trong cau
« Van dé lap tir

bay cling la nhiing van dé thach thtrc dit ra cho cac nha nghién ctru tim phuong
phap giai quyét.

4.3.2. Bp dit liéu CNN/Daily Mail
T6i chay thi nghiém véi kiéu bo loc 3: sir dung ba b loc véi kich thude twong ¢ng
200 — 250 — 300.

Do c4u hinh may huén luyén han ché nén t6i ding lai qua trinh huén luyén ¢ epoch
10 dé kiém tra két qua.
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Bang 4.10. Két qua véi bo dir liéu CNN/Daily Mail

RG-1 RG-2 RG-L
Két qua 18.39 2.95 13.76
Bang 4.11. Vi du d4u ra véi bo dit 1iéu CNN/Daily Mail
Vidu 1 |the Michigan has decided to proceed with a screening of the film "

American Sniper " despite objections from some students more than 200
students signed a petition asking the school not to show the movie as part
of UMix , a series of social events the university stages for students
Bradley Cooper was nominated for an Oscar for his portrayal of Kyle , a
Navy seal and the most lethal sniper in American military history Kyle
was fatally shot at a Texas shooting range in 2013 some students
believed the movie 's depiction of the Irag War reflected negatively on
the Middle East and people from that region Michigan 's Detroit
metropolitan area is home to the nation 's largest Arab - American
population but there was a backlash to the decision to yank the movie ,
and a counter-petition asked school officials to reconsider on wednesday
, E. Royster Harper , Michigan 's vice president for student life , said in a
statement that " it was a mistake to cancel the showing of the movie '
American Sniper ' on campus as part of a social event for students " and
that the show will go on " the initial decision to cancel the movie was not
consistent with the high value the Michigan places on freedom of
expression and our respect for the right of students to make their own
choices in such matters , ' the statement said UMix will offer a screening
of the family - friendly " Paddington " for those who would rather not
attend " American Sniper "' the announcement drew praise from Michigan
head football coach Jim Harbaugh .

Van some *complained* about the film 's depiction of the Iraq War a petition
ban | asked the university not to show the Bradley Cooper film

tom tat

Van the video was posted on the website of the UNK Academy in Michigan
ban the video shows the school students at the school in Michigan

sinh ra

Vidu 2 | Tokyo a bizarre and alarming discovery is raising concerns in Japanese

about the potential for terrorism involving drones a drone carrying traces
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of a radioactive material was found on the rooftop of Japanese 's
equivalent to the White House on wednesday , police and government
officials said the discovery came on the same day a Japanese court
approved a government plan to restart two reactors at the Sendai nuclear
power plant in Kagoshima prefecture , more than four years after the
Fukushima Daiichi nuclear disaster prime minister Abe 's push to restart
the reactors is unpopular among many Japanese , who view nuclear
energy as too dangerous a staff member spotted the drone wednesday
morning on the roof of Abe 's residence , Tokyo Metropolitan Police said
dozens of police investigators were dispatched to the roof to investigate
the origin of the drone , which had four propeller and was 50 centimeters
( 20 inches ) wide police say the drone was equipped with a small camera
, Smoke flares and a plastic bottle containing small traces of a radioactive
material believed to be cesium , a common byproduct of nuclear reactors
cesium was also discovered in areas around the failed Fukushima Daiichi
nuclear plant after its 2011 meltdown investigators suspect the cesium
was placed in the bottle the amount inside is not immediately harmful to
humans chief cabinet secretary Suga said the discovery is raising
concerns about terrorism " there might be terrorism attempts in the future
at the Olympics and G7 Summit using drones , " Suga said " so we need
to examine and review continuously the way small unmanned vehicles
like drones should be operated and how to cope with the threat of
terrorism from drones the government will do all that we can to prevent
terrorism " Japanese law restricts drone flights around airports to prevent
problems with aircraft , but there are no flight restrictions for most of
Tokyo , including the prime minister 's residence and local and federal
government buildings Abe was not in his office at the time he is in
Indonesia , attending the Asian-African Conference CNN 's Elizabeth
Joseph , Joshua Berlinger and Josh Levs contributed to this report .

Vin the drone is *sparking* terrorism concerns , authorities say it was
ban | equipped with a bottle containing radioactive material it was discovered
tom tat | as a court approved a plan to restart two Japanese nuclear reactors

Van the device was used by the White House in UNK , the White House it is
ban believed to have been caused by a drone strikes in the world

sinh ra

Vidu 3 |think it 's hard to redeem your miles for an airline award ticket ? it

depends on which airline rewards program you 've chosen , which route
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you 're flying and when you book your ticket , according to a new
Consumer Reports study of 70 million passenger trips over the past two
years the magazine collected statistics comparing award - seat
availability for the five biggest American airlines on domestic routes the
top performer was Southwest Airlines , which offered the most award
tickets , 11.9 million , and the highest percentage of award tickets -- 11.5
% of 103.1 million total passenger seats " the high number of award
tickets is directly related to Southwest Airlines 's unique combination of '
every seat is an Award Seat , ' no blackout dates , points that do n't expire
, and a route map that reaches more than 90 different destinations in the
American and beyond , making us the largest domestic carrier in the
American , " Southwest Airlines spokesperson Thais Conway Hanson
told CNN " unlike other carriers , we also do n't charge fees for close - in
bookings or penalize you for canceling your trip if something else comes
up " at the bottom of the list was JetBlue , which offered the lowest
percentage of award seats and the fewest number of award tickets of the
five biggest American airlines : 892,000 one - way passenger tickets , or
4.5 % of its total 19.7 million American seats ( JetBlue only operates in
10 of the top 25 markets included in the study ) many JetBlue customers
fly the airline only once or twice per year , making it hard to accumulate
miles , an airline spokesman told the magazine by not allowing miles to
expire anymore , the airline says customers will be able to eventually
redeem them Delta came in second place with 5.6 million American
award seats ; United ranked third with 5 million American award tickets ;
and American Airlines was fourth with 3.5 million American award seats
what are the world 's safest airlines ? remember that award tickets are n't
actually free the cost of miles is built into everything you buy that 's
earning you miles , and the airlines profit from you not using your miles
at all so it behooves consumers to book award travel carefully on average
, nearly 10 % of passengers on the five airlines analyzed by Consumer
Reports flew on domestic award tickets , but some of them were n't
getting the best value for their miles while many American fliers
redeemed miles on American Airlines flights from Los Angeles to San
Francisco , the cheapest average fare on that route was just over $ 100 --
not worth the 12,500 to 30,000 miles needed for an award ticket |,
Consumer Reports says better to use them on American Airlines ' route
between New York and San Francisco or Delta 's route between Chicago
and Los Angeles , which are generally more expensive than that Los
Angeles - San Francisco route , according to Consumer Reports '
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calculations while award - seat availability is important , it may not
matter as much as passengers ' overall satisfaction with an airline
Southwest Airlines had the highest customer satisfaction score ( 86 ) ,
followed by JetBlue (85 ), Delta ( 70 ) , American ( 66 ) and United ( 63
) and do n't forget the fees Southwest Airlines does n't charge any fees ,
while other airlines tack on fees for checking bags , booking by phone ,
changing plans and more .

Van
ban
tom tat

Southwest Airlines tops Consumer Reports ' survey , with the most seats
available JetBlue is at the bottom of the list but ranks high in customer
satisfaction

Van
ban
sinh ra

UNK UNK , UNK , UNK , UNK , UNK, UNK , UNK and UNK are the
most popular airline 's top - ranked airline 's top - ranked airline UNK
UNK UNK UNK UNK UNK , UNK , UNK , UNK, UNK , UNK , UNK
, UNK , UNK, UNK , UNK, UNK , UNK, UNK, UNK, UNK , UNK,
UNK , UNK , UNK , UNK , UNK , UNK , UNK, UNK , UNK , UNK
and UNK

Két qua cho thay, doan tom tit dua ra chua thé hién dung ndi dung tém tat nhu
ngudi ding, chiing con sai vé ngit phap va gap nhiéu van dé khac tuong ty nhu véi
bo dir licu Gigaword.
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Két luan

Ludn van 1a mot nghién ctu cho bai toan tom tit van ban theo huéng tom luoc V,
thue nghiém tién hanh trén dit liéu tiéng Anh.

Nghién ctru da co két qua budc dau cho bai toan tom tat van ban. Lun vin di trinh
bay mot so van de chinh sau:

Tim hiéu téng quan vé tom tat vin ban va di sdu vao tom tat tom lugc.

Trinh bay hiéu biét vé cac mo hinh mang trong hoc sdu nhu mang no-ron da
16p, mang LSTM, mang GRU, mang no-ron tich chap.

Pé xuit md hinh dia trén mang no-ron tich chap va mang GRU kém theo co
ché attention.

Tién hanh thir nghiém vé1 hai bg dit ligu khac biét voi cac cAu hinh mang
CNN khac nhau. Két qua cho thay hiéu qua rd rang ciia mo hinh dé xuét so
v6i mo hinh words-Ivi2k-1sent cua nhom tac gia R Nallapati [19].

Mic du d3 c6 gang va nd luc, nhung do thoi gian nghién ciru va trinh d6 ban than
cO han cung véi cau hinh may chay chua di manh nén luan van chua dat duoc két
qua nhu mong muon.

Trong tuong lai, t6i tiép tuc hudng nghién ctru dung cac md hinh Deep learning
ma&i cho bai toan tom tat van ban theo hudng tom lugc:

Str dung Co ché bao phu [19], [23]: Su lap lai tir c6 thé duoc tinh toan bang
su tdng 1én va lién tuc chi y t&1 mat tir cu thé.

Str dung mang Pointer [23]: Cac ban tom tat cdn sao chép hodc chira mot
luong cac tir xuat hién trong van ban ngudn.

St dung cac phuong phap hoc tang cuong [24]: dya vao 46 do ROUGE dé
dinh nghia ham 161.
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