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BAN CAM POAN

Tdi cam doan da thuc hién viée kiém tra mirc do twong déng ndi dung dé 4n qua
phan mém DolT mét cach trung thuc va dat két qua mirc do tuong dong 5% toan bd
ndi dung dé an. Ban dé an kiém tra qua phan mém la ban cimg dé 4n d4 ndp bao vé
trude hoi dong. Néu sai toi xin chiu cac hinh thirc ky ludt theo quy dinh hién hanh
cua Hoc vién.
Ha Noi, ngay 31 thang 08 nam 2025
HOC VIEN CAO HOC
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LOI CAM ON

Trong qua trinh xay dung dé cuong, nghién ciru va hoan thanh dé an thac si, tac gia
d4 nhén duoc rat nhidu sy tro ginp dén tir cac thiy, cac cd trong Ban giam hiéu, Sau
dai hoc, cic gidng vién khoa Hé thong thong tin truong Hoc vién Cong Nghé Buru
Chinh Vién Théng. Dic biét, cho phép tac gia dugc bay to sy trin quy va biét on t6i
PGS. TS. Trin Dinh Qué. T4c gia di nhan duoc sw huéng din tén tinh, tim huyét
dén tir thiy. Qua ddy, tac gia cfing xin giri 161 cam on chan thanh dén giang vién
huéng dan va cac thay cé trong khoa Sau dai hoc dé nhiét tinh gitp da, hd tro tac
gia trong qua trinh hoc tap ciing nhu trong qué trinh nghién ciru hoan thanh dé tai dé

an thac sT.
Cudi clng, t6i xin dugc bay to6 1ong biét on sdu sic t6i gia dinh, ban be¢ va dé“)ng
nghiép tai Téng Céng Ty Buu Dién Viét Nam dé lubn bén canh dong vién, hd trg va

tao diéu kién t6t nhfit cho t6i trong qua trinh hoc tdp va hoan thanh dé an tét nghiép.

Tréin trong!
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MO PAU

1. Tinh ciip thiét ciia dé tai:

Ngay nay, throng mai dién tir (TMDPT) da va dang trd thanh linh vyc ¢6 anh
hwong cuce ky quan trong dén ting trueomg kinh té ctia céc qubc gia. Sy phét trién cla
TMDT khong chi gitp cdc hoat dong kinh doanh thuan loi ma con cung cip nhiéu
gia tri méi va dap tng nhitng nhu cdu méi cia cac doanh nghiép va ngudi tiéu ding.
Chinh vi viy, moi qudc gia trén thé giéi déu quan tam dén viéc phat trién TMPT. Co
thé ké dén mot s6 vai trd cia TMBT bao gdm: Thay ddi tinh chiit cia nén kinh té mi
qudc gia va nén kinh té toan cau, lam cho tinh tri thirc trong nén kinh té ngay cing
tang lén, mé ra co hdi phat huy wu thé ciia cic nude phat trién sau, dé ho 6 thé dudi
Kip, tham chi vuot cac nudc di trude, rat ngéﬂ khoang céach vé trinh @b tri thirc gitra
cac nude phat trién v6i cac nude dang phat trién.

Trong nhimg nam gan day, thi truong TMPT Viét Nam ngay cang duoc mé
rong va hién da tr¢ thanh phwong thirc kinh doanh phd bién dugc doanh nghiép, nguoi
dan biét dén. Su da dang vé mo hinh hoat dong, vé dbi tugng tham gia, vé quy trinh
hoat dong va chudi cung fing hang héa, dich vu véi sy hd trg clia ha tang Internet va
Umg dung cong nghé hién dai da dwa TMDT tré thanh tru ¢t quan trong trong tién
trinh phat trién kinh té s6 ctia quéc gia.

Mac du gdp nhitng anh huong tiéu cyc trong nam 2020 do dai dich Covid-19,
TMPT Viét Nam vén ¢6 nhitng budc tang toc manh mé, tré thanh mét trong nhirng
thi trrong TMPT ting trwéng nhanh nhét trong khu vie Pong Nam A. Theo Sach
trang Thurong mai dién t&r Viét Nam, nam 2020, téc d6 ting truong ciia TMDT dat
mitc 18%, quy md dat 11,8 ty USD va la nuéc duy nhit & Pong Nam A cé ting trudng
TMDT 2 con s6. Theo tinh toan ciia céc tip doan 16n thé giéi nhuw Google, Temasek
va Bain&Company, nhiéu kha ning quy mé cia nén kinh té s6 Viét Nam s& vuot
ngudng 52 ty USD va gitr vi tri thir 3 trong khu vire ASEAN vao nam 2025.

Tuy nhién, ngudn nhén luc cia TMPT nhin chung vén con thiéu va yéu, ciing
nhur ha t:?lng thuvong mai k¥ thudt cho TMBPT chua thuén loi, khién TMPT chua tao
dugc su tin tudng cling nhu chua phat trién manh mé&. Do viy, viéc xay dung va lién
tuc hoc hoi, cai thién va nang cdp cic chirc ning, hé thong cho san Thuong mai dién
tor 14 mot giai phap vo cung quan trong. Dac biét 1a cac tinh ning phuc vu cho khach
hang, ddi twgng chii chét tao ra ngudn lgi nhudn cho doanh nghiép.



Vi myc dich dua nhirng tien by cong nghé vao phuc vy cho séin Thuong mai
dién tir cling nhur viée kinh doanh cho doanh nghiép, hoc vién xin chon dé tai nghién
ciru “Ap dung ky thudt hoc séu cho tie vén trén Sén thicong mai dién nir Postmart”.

2. Téng quan vé vin d& nghién cdu:

Hé thf)ng tw van (Recommendation system) dan tré thanh mot thanh phén
khong thé thiéu clia cac san phim dién tir c6 lugng ngudi dung 16n. Cac san phim ca
nhén héa dién tir ngay cang phd bién véi muc dich mang san pham phi hop t6i nguoi
diing hodic gitip ngudi ding 6 céc trai nghiém tét hon trén nén tang. Néu quéng co
san pham téi ding ngudi dimg, kha nang cic moén hang duge mua nhiéu hon. Néu tu
vin mot video ma nguoi ding nhiéu kha ndng thich hodc tu véan két ban dén ding doi
twong, ho s€ & lai trén nén tang cua ban lau hon.

Thuong mai dién tir 13 noi hé thong tu vin duge str dung nhidu nhit dudi dang
quang cao huéng dung dbi twong. Quang cdo dién tir ngodi viéc gitp cac doanh
nghiép ban dwoc nhidu hang con giip ho tiét kiém duge chi phi kho bai. Ho s& khong
can cac cira hang & vi tri thuén loi dé thu hat khach hang hay phai trung ra moi mit
hang & vi tri dic dja nhit trong ctra hang. Moi thr ¢6 thé dugc ca nhan héa sao cho
mdi ngudi ding nhin thiy nhimg san phim khac nhau phit hop v&i nhu ciu va sé
thich cua ho.

3. Muc dich nghién ctru:

Nghién ctru va xdy dung Hé théng Tu vin (Recommendation system) cho San
thuong mai dién ti Postmart, cu thé 1a tu vén, goi ¥ céc san phdm théng qua viéc mua
sam va tim kiém ctia khach hang.

4. P6i twong va pham vi nghién ciu:
D¢ 4n tép trung vao nghién ciu phwong phip xdy dung Hé théng tu vin
(Recommendation system) danh cho san thuong mai dién t& Postmart.

Trong d6, pham vi nghién ctru & ddy chi tip trung vao xay dung hé thing tur
van gdm xir li ngdn ngir tu nhién, phan loai ¥ dinh va x4y dung giao dién hd try xay
dyung tim kiém san pham, tu vén san phim giira ngudi diing va hé thong.

5. Phwong phap nghién ciru:
Hai phuong phap hé théng tu van:

- Hé thdng tu vén dya trén ndi dung - Content based recommender
systems: tirc la hé thong s& quan tdm dén néi dung, dic diém cia muc tin
hién tai va sau dé tu vin cho ngudi dung cac muc tin twong tu.

- Hé théng tr van dua trén céc user - loc cong tac - Collaborative filtering
recommender systems: tirc 1a h¢ théng sé phan tich cac user ¢6 ciing danh



g1a, cung mua muc tin hién tai. Sau d6 tim ra danh sach cédc muyc tin khac
ciing duge danh gia béi cic user ndy, xép hang va tu vin cho ngudi ding,
Tu twdng ctia phwong phap nay chinh la dya trén sy tuong dong vé so thich
gifta cac ngudi ding dé dua ra cac tir van.

C6 mot diéu d& nhin thay thi phuong phap tu van dira trén ndi dung doi hoi
chiing ta phai thu thap rit nhiéu théng tin vé cic muc tin twong ty . Chinh viéc xéc
dinh xem mot muc tin nao la twong tu véi muc tin hién tai doi héi ching ta phai thu
thap va phin tich, xir IV todn bd céc muc tin trong co s¢ dit liéu. Tuy nhién véi phuong
phap loc cong tac chiing ta khong cin qua nhiéu théng tin. Don gin chi 1a item id
cua item hién tai, cac user_id va cac feedback trén item d6 ma thoi nén thyc té thi
phuong phap loc cong tac dwoc sir dung phd bién hon dé xay dung cac hé théng tu
van



NOI DUNG
CHUONG 1. TONG QUAN VE HE THONG TU VAN
1.1 Gid6i thiéu

Heé thing goi ¥ (Recommendation Systems) hién nay duge xem la mot trong nhimg
cong nghé c6t 161 hd tro cd nhén héa trai nghiém nguoi ding trén céc nén tang s6. Xuét phat
tir nhu cdu xir Iy va khai thac hiéu qua khéi luong thong tin ngay cang lén, RS déng vai tro
nhir mot ¢dng cu thong minh gitap chen loc, phén tich, cling nhu d¢ xudt nhitng san phim,
dich vy, hoiic ndi dung phi hop nhét cho timg ¢4 nhan. Thay vi d& ngudi ding ti tim kiém
trong kho dir liéu khdng 18, hé thng goi ¥ s& chii ddng du bdo s& thich, d4nh gia tiém nang
hoiic xép hang céc muc thong tin (item), cho di ngudi diing chua timg tiép cén cac doi twong
d6 trude day. Cac dbi tuong duoc hé théng goi ¥ 6 thé rit da dang, tir bai hat, bé phim,
video, sach, bai bio, dén cac san pham tiéu ding hogc dich vu truc tuyén.

Mot vi du dién hinh 14 cAc san thuong mai dién tir 16n nhu Amazon, noi ma RS dong
vai tro rét quan trong trong viée thic déy hanh vi mua sam, ning cao su hai 16ng va giir chan
khéch hang. Hé théng goi ¥ & day khéng chi sir dung théng tin v& sin phim, ma con tin
dung t6i da lich sir hoat ddng cta timg khéch hang nhu s6 1an xem san pham, thoi gian dimg
lai & timg trang, tin sudt tuong tac (click), céc binh ludn, xép hang va tham chi la ca cic hanh
vi d4 bo qua. Dua trén dir liéu qué khir nay, RS ¢6 kha nang “hoc héi” tir nhitng mau hanh
vi cii @ du doan chinh xac hon céc san phdm ma ngudi ding cé thé quan tAm trong tuwong
lai. Vi du, néu mot khach hang da nhiéu 14n mua sach thubc mot chu dé nhit dinh hojc
thuong xuyén danh gid cao mot loai mat hang, hé thong sé tu dong wu tién gidi thidu cac san
phim cung phan khic hodc cic mit hang lién quan, gitip ting x4c suét mua sim thanh céng.
Hinh 1 dudi day 1a minh hoa cho qua trinh nay trén nén tang ban 1& truc tuyén.

Khong chi gidi han trong pham vi thuong mai dién tir, cac hé théng goi ¥ ngay cang
chimg to hiéu qua vuot trdi & nhiéu linh vue khac. Trong linh vuc gidi tri s6, RS gop phan
cé nhén hoa danh sach phat nhac cho timg nguoi nghe (vi du LastFM), lua chon phim dnh
pht hop voi thoi quen va so thich cia timg ca nhéan (nhu Netflix), hay ty dong dé xuét nhing
video dugc danh gia cao trén cac nén tang nhu YouTube dua vao lich sir xem va tuong tac
trude do. O moi trrong gido duc va dao tao, hé théng goly hé tro hoc vién hoic gidng vién

tiép cén nhimg nguém tai liéu gia tri, cac bai bao khoa hoc, sach giao trinh hoac thadm chi la



nhitng dia chi web hoc thut phil hop véi muyc tiéu hoc tdp clia moi ngudi. Nho vy, qua
trinh hoc tdp va nghién clru trg nén hiéu qua va ca nhdn héa hon.

Sur phét trién manh mé cua tri tué nhan tao, hoc may va dic biét 1a cdc mé hinh hoc
su (deep learning) d& mé ra nhitng co hdi méi cho hé thong goi ¥, gitip chiing tré nén ngay
cang thdng minh, chinh xéc va thich tmg linh hoat véi nhu cau, théi quen thay déi lién tuc
ctia ngudi dimg. Viée tich hop cde thudt toan tién tién cting dit liéu 16n cho phép RS khéng
chi don thudn 12 “ggi v san phdm™, ma con c6 thé dw bdo xu hudng, phat hién hanh vi bat
thudng hodce d& xuit cac ndi dung méi mé, mang tinh khdm phé cao. Do d6, hé thong goi y
dang tré thanh mot thanh phan khong thé thiéu trong moi nén tang s6 hién dai, gép phén tao
ra gi4 tri virot tdi cho doanh nghiép ciing nhw nang cao chét lwong trai nghiém cho ting
ngudi ding ca nhan.
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Hinh 1.1: Hé théng goi y san phdm clia Amazon

*Nguén anh: https://www.amazon.com

Heé théng goi ¥ khong chi don thuén 13 mét dang Hé théng thong tin ma né
con 14 ca mét linh vure nghién ctru hién dang rat dugc cic nha khoa hoc quan tam. Ké
tir nam 2007 dén nay, hang ndm d&u c6 hoi thao chuyén vé hé thdng goi ¥ cia ACM
(ACM RecSys) ciing nhu cdc tiéu bang danh riéng cho RS trong céc hi nghi Ion
khéc nhw ACM KDD, ACM CIKM ,..



1.2 Hé thong tir vin (Recommendation Systems)
1.2.1 Céc khdi niém chinh

Trong céu triic ciia hé théng tir van, ba yéu t6 trong tdm ludn duge dit 1én hang
ddu, bao gdbm: ngudi sir dung (user), ddi twgng duge dé xuit (item — c6 thé 1a san
phAm, phim anh, ca khuc, tai liéu, v.v.), cling v6i cac phan hbi (feedback) ma nguoi
duing da dé lai cho timg d6i tuong do. Phan hdi nay thuong thé hién qua cac dénh gia
dinh lwong nhu chim diém, xép hang hodc cac hinh thire biéu thi mirc d6 hai 1ong,
quan tim dén san phdm/dich vu.

Théng tin ctia toan bd hé théng duoc td chirc dudi dang m6t ma trin hai chidu,
trong do, moi hang dai dién cho mét ngudi dung cu thé, con moi edt (g voi mot mue
théng tin (item) trong tap dir liéu. Gia tri tai giao diém gifra hang va cot chinh 1 phan
hdi ma ngudi diing danh cho muc tin 6 — dién hinh 1a diém s6 danh gid hoic mirc do

yéu thich. Hinh 1.2 duéi ddy minh hoa céu tric nay.
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Hinh 1.2: Ma trin biéu dién dir liéu trong RS (user-item-rating matrix)
*Ngudn anh: https://viblo.asia/p/tim-hieu-ve-content-based-filtering-phuong-phap-goi-y-
dua-theo-noi-dung-phan-1-Vim5WGBg507)

Théng thudmg, khong phai ngudi diing nao ciing phan hoi hodc danh gid tit ca
cac item trong hé théng. Ngugc lai, mdi ¢4 nhan chi twong tac véi mot phan rit nho
cac san phém, dich vu hodc ndi dung. Do d6, ma trén biéu dién phan hdi trong thuc
té ¢ sb lugng 1on cac 6 trbng, tirc 1a nhidu item chua duge bat ky ngudi ding nao
danh gia. Dic diém nay tao nén mot ma trin thua (sparse matrix), dat ra thach thic

16n cho bai toan tu van.



Trong tim cta hé thdng goi v 12 st dung céc gia tri phan hdi da biét trong ma
tran dé xdy dung mo hinh hoc may c¢6 kha ning du doan céc gia tri con thiéu — tirc 1a
uwoc lugng mure do yéu thich cia nguoi dung voi cac item ma ho chua tirng tiép xuc
hodic chwa danh gia. Sau khi hoan tit qué trinh du doén, hé théng tién hanh sip xép
céc item dua trén diém s6 ky vong theo thir ty giam dan (tr mire do quan tam cao
nhét dén thip nhét). Cudi cling, hé théng chon ra nhém Top-N item c6 diém s cao
nhét dé gisi thiéu cho nguoi dung, tir do gia tang kha ning dap tmg dung sé thich,
nhu ciu ¢4 nhan va ti wu héa trai nghiém tuong tic trén nén tang.

Vi dic diém dir lidu thua va sb lugng item 16n nhu viy, cac thudt toan t vén
hién dai thuong 4p dung nhiing phwong phap tién tién nhu phan rad ma tran (matrix
factorization), hoc siu (deep learning), hoic cac ky thuat hybrid két hop nhiéu ngudn
thong tin dé nang cao d6 chinh xé4c cia du dodn, déng thoi giam thiéu tac dong cua
dit liéu thiéu hut va hién tugng cold-start cho user hoic item m&i.

1.2.2 Thong tin phan hdi tir ngudi diing v hai dang bai toan chinh trong RS

Trong bat ky hé théng tw vAn nao, thong tin phan héi (feedback) ma ngudi
ding dé lai d6i voi timg muc tin (item) 1a mot yéu tb then chdt quyét dinh chit luong
du dodn. Moi gia tri phan hf’ii, ky hi¢u la ruir_{ui}rui, dai dién cho muc dd tuong tac,
su hai long, hodc cam nhén c4 nhin ma ngudi ding uuu danh cho mét item iii. D
liéu nay chinh I ngudn cin ban dé cac thut toan hoc may hodic cac phwong phap
phén tich dir liéu khai thac nhim du béo céac lua chon tiép theo.

Y nghia cu thé ctia gia tri phan héi tiy thudc vao timg hé thong mg dung.
Chéng han, trong céc nén tang thwong mai dién ti, feedback thuong 1a cac danh gia
(rating) vé mirc dd phit hop hoic yéu thich d6i v&i san phim, dich vu ma khach hang
d3 mua hoijic trai nghiém. Céc con sb nay cé thé biéu thi trén thang diém (vi du: 1 dén
5 sa0), qua nhén xét, hodc théng qua hanh vi nhwr s6 14n mua lai, thém vao gié hang,
thoi gian xem san phdm, v.v. O linh vuc do tao truc tuyén (e-learning), phan hdi co
thé thé hién nang lwe thuc hién, két qua kiém tra, méc d6 hoan thanh céc bai tap hoac

hoat dong hoc tép cua hoc vién.



Nhe viée lwu trit va phén tich tdp hop cic phan hoi tir ngudi ding, hé théng tu
vén khéng chi nim bét dugc xu hudng, théi quen tidu ding/hoc tip ma con phat hién
cac mbi quan hé tiém 4n gifra user va item trong kho di liéu 16n. Pay la nén tang dé
trién khai cac giai thuét du dodn, tir d6 dua ra nhiing dé xuét t6i uu hoa theo tirng ca
nhan.

Gia tri rui c6 thé duoc xé4c dinh mét cach tuong minh (explicit feedbacks) nhur
thong qua viéc danh gia/xép hang (vi du, rating tir <> dén <><>¢><>¢>; hay
like (1) va dislike (0),...) ma nguoi dung v da binh chon cho item i; hoéc rui c6
thé dugc xac dinh mot cach khong tuong minh (implicit feedbacks) thong qua
56 1an click chudt, thoi gian ma u da duyét/xem i,...

Thong thuong, trong linh vuc hé théng tu vén, hai dang bai toan chinh duoc
quan tm gdm:

« Du doan gia tri phan hoi (rating prediction): Bai toan tip trung vao viéc
wéc lvong didm sé hodc danh gid ma mét ngudi dung cu thé s& danh cho mot
item ma ho chua tirng tuong tac trude do.

o Bai toan xép hang (top-N recommendation): Hé théng tim ra danh sach N
san pham, dich vu hodc ndi dung co kha ning cao nhét s& nhan duoc phén hoi
tich cyc tir nguoi dimg, tir do dé xuét dé t6i wu hoa trai nghiém ca nhan hoa.

Ca hai dang bai toan niy déu dua trén dir liéu feedback thu thap duoc trong qua khi,
két hop véi cac md hinh dy doan dé phyc vy qua trinh tu vin, cé nhan hoéa dich vu
trong nhiéu linh vue khac nhau nhu thuong mai dién tir, giai tri, gido duc va cac nén
tang s hién dai.

1.3 Cac ky thuat chinh trong Recommendation System

Hién tai, trong Recommendation System ¢6 rat nhiu giai thuit dugc dé xuft,
tuy nhién c6 thé gom chiing vio trong cic nhom chinh: nhom giai thudt loc theo ndi
dung (content-based filtering), nhom giai thudt loc cOng tac (collaborative filtering),
nhom giai thudt lai ghép (hybrid filtering) va nhom giai thuét khong ca nhan hoa (non-

personalization).



1.3.1 Loc cdng tac

M6t trong nhirng chién lwoe duwrge g dung rong rai nhit dé x4y dung hé théng
tu van 1a phuong phap lge edng tac (Collaborative Filtering - CF). Y tudng ¢t 16i
ctia loc ¢Ong tac 13 tin dung dir liéu hanh vi, s& thich hodc thoéi quen sir dung cua sb
lwong 1én nguoi dung dé dy doan cac muc tin ma mot ngudi ding cu thé c6 thé quan
tAm trong twong lai. Phuong phap nay khéng dira vao ndi dung chi tiét cua tirng san
phdm, ma tap trung phan tich sy tuong ddng gifra cac ngudi ding hodc gitta cac muc
tin dua trén lich sir twong tac. Nho vay, loc cOng tac to ra dic biét hiéu qua ngay ca
vGi nhitng mit hang ma ban chat rat phiic tap, chang han nhw phim anh, Am nhac hay
sach, béi n6 khong doi hoi hé théng phai “hidu” ndi dung ctia timg myc.

Nhiéu thuét toén da dugc phét trién dé do mire do gidng nhau giira ngudi ding
v6i nhau, hoiic giita cac san pham. Mot sé phrong phap phd bién gdbm c6: k-nearest
neighbor (k-NN), Pearson Correlation va ciac phuong phap dua trén khoang cach. Cac
thudt toan ndy duoc x4y dung trén gia dinh ring nhimg ngudi ding timg thé hién s
thich gidng nhau trong qué khr thi nhiéu kha nang s& tiép tuc c6 chung s thich trong
tuong lai, va ho s& thich cac san phim tuong ty nhitng gi di thich trude day.

Khi x4y dung hé théng dwa trén loc cng tic, thong tin hanh vi ngudi ding co
thé duge thu thap duéi hai dang chinh: ré rang (explicit) va ngdm An (implicit).

« Dir lidu phin hbi rd rang bao gdm cic truomg hop ngudi ding truc tiép cung
cip danh gia hoidc v kién, vi du:
‘o Pinh gia mirc 46 hai 16ng v6éi mot san pham trén thang diém (vi du 1-
5 sao).
o Lua chon muc wa thich tir danh sach dé xuit.
o Sosanh va xép hang cdc muc tin theo thir tu wu tién.
o Thuc hién céc thao tdc nhu tao danh sach “yéu thich” c4 nhén.
« Dit lifu phan hdi ngdm An xudt phat tir viéc theo doi hanh vi ty nhién cha
ngudi ding ma khéng yéu céu ho phai twong tac truc tiép véi hé thong, bao

g0m:
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o Thoi gian ngudi ding xem mét san phim, mét video hodc doc mot bai
bao.

o Lich st click, sb 14n xem, tin suft mua hang.

o Ghi nhén céc hoat dong nghe nhac, xem phim, hoac doc tai liéu trén
thiét bj ca nhan.

o Phén tich mbi quan hé trén mang xa hoi de phat hién cdc nhom s& thich
chung, tir 46 m& rong dé xuat két ndi ban bé hogc nhom.

Céc hé thong tur van s€ tién hanh d6i chi€u tap dit li€u hanh vi cta timg nguoi

dung véi toan bo dir li€u lich st tir cong dbng nguoi ding, tir d6 xac dinh danh sach

cac muc tin phit hop nhét dé tr van. Dang chii ¥, nhidu nén tang thuong mai dién tir

va giai tri lon da (rng dung thanh céng loc cdng tac, vi.du:

Amazon.com v6i thudt toan “ngurdi mua X ciing thuéng mua Y™, gitp dé xuit
cac séan pham lién quan dya trén phan tich dong mua hang ctia nguroi ding.
Last.fm ca nhédn hoa danh sach phat nhac dua vao théi quen nghe nhac cua
céc thanh vién c6 thi hiéu twong dong.

Facebook, LinkedIn, MySpace ding loc cong tac dé goi y két ban, nhém
hodc cac méi lién hé méi dua vao mang ludi xa hoi va s& thich chung.
Twitter sir dung céc chi s twong tac va tin hiéu xd hdi dé dé xudt cic tai khoin
nén theo doi.

Tuy nhién, cac phuong phép loc cong tic ciing ddi mat voi ba thich thire 16m:
Van dé khéi dong 1§uh (Cold Start): Khi mdt ngudi ding hodc san phdm
mai xudt hién ma chua c6 du dir lidu trong tac, hé théng kho c6 thé dua ra cic
dé xuét chinh xac.

Kh# ning mé rong: Trong bdi canh luong ngudi ding va sb lwong sin phim
ngay cing ting manh, hé théng phai xi I va tinh toan trén quy mé di liu cyc
16m, doi hoi nang luc tinh toan manh mé.

Tinh thua thét ciia div liéu (Sparsity): D kho dir liéu san phdm khong 19,
mdi ngudi diing chi trong tac véi mot phan nho, dén t6i rit nhiéu 6 tréng trong

ma trdn phén hoi, anh hudng téi chat lugng dy doan.
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Pé khic phuc cac vain dé nay, mot nhanh nghién ctru quan trong trong loc cong
tac 1a sir dung phéin rd ma trin (matrix factorization), hay con goi la xap xi ma
tran hang thip (low-rank matrix approximation), nham phat hién cac yéu td tiém 4n
anh hudng dén s¢ thich ngudi ding va mé hinh héa mdi quan hé gitra nguoi ding voi
cac san pham.,

Tuy theo phuong phap st dung, cac thuat toan loc cong téc ¢6 thé duoc chia
thanh hai nhom chinh:

« Loc céng tic dwa trén bd nhé (memory-based): Sir dung truc tiép dir lidu
lich str, vi du nhu céc thuat toan dua trén nguoi dung hoac dya trén san phém
(user-based, item-based).

« Lgc cfng tac dira trén mod hinh (model-based): St dung cac k¥ thuat hoc
may, nhu kernel mapping, matrix factorization hodic cac mé hinh hoc sau dé
hoc va du doan s thich tir dir li€u 16n.

Nho sy da dang trong phuong phap va tmg dung, loc cdng tac da va dang la
nén tang viig chéc cho su phat trién ciia cac hé thdng tu vén hién dai trén toan cau.
1.3.2 Loc dya trén ndi dung

Bén canh phuong phap loc cdng tac, loc dwa trén ndi dung (content-based
filtering) ciing 1a mot trong nhitng chién luge quan trong va duge tmg dung phd bién
khi x4y dung hé thdng trr van. Phuong phap nay tip trung khai thac cac théng tin md
td vé dic diém cia timg muc tin (item) ciling nhu hé so s thich (user profile) cua
ngudi ding, qua d6 dua ra cic dé xuat ¢4 nhin hoa.

Nguyén Iy ¢dt 16i ciia loc ndi dung 1a hé thdng st dung cac thude tinh, tir khoa,
hodc dic trung nhén dién d& mé ta cac item; déng thoi xdy dung mot hd so phan anh
xu hudng, s¢ thich cua timg nguoi ding dua trén lich sir twong tac hodc danh gia
trirée d6. N6i cach khéc, néu mdt ca nhan da timg thich hodc danh gia cao mot s6 mat
hang, hé théng s& ty dong tim va goi y nhitng san phim c6 dic diém twong dong voi
cac muc da dugc yéu thich trong qua khir.

Co ché hoat déng cua loc da trén ndi dung thudng gdm hai budc chinh:
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« Trich xuét v:‘albiéu dién dic trung cia item: Hé thong sir dung cac thuat
toan biéu dién muc tin, dién hinh 12 phuong phap tf-idf (term frequency —
inverse document frequency) hodc cac k¥ thudt biéu dién khong gian vecto, dé
xac dinh mirc dd quan trong ctia timg tir khoa, thude tinh trong md ta san phim,
bai viét, bai hat, v.v.

» Xy dung hd so nguéi ding: Co6 hai ngudn thong tin chit yéu duoc khai thac:

- Mo hinh wu tién (preference model): Phan anh cac cha dé, thé
loai, thude tinh ma ngudi dimg quan tim nhit dua trén cac item da
tuong tac hodc danh gia.

- Lich si twomg tac: Tong hop céc hanh ddng nhur click, xem, mua,
danh gia, hodc tham chi 12 bo qua céc muc tin dé hoan thién chan
dung so thich cia mdi ¢4 nhan.

Théong thuomg, hé théng xiy dung hd songudi ding dudi dang mdt vecto trong
56, mdi thanh phan cua vecto biéu dién mirc d6 quan tAm dbi véi mot thude tinh hoidc
dédc trung noi dung cu thé. Trong sO nay co thé dugc xac dinh theo nhiéu céch, tir tinh
trung binh don gian cua cac thudc tinh item timg duoc nguoi ding thich, cho dén sir
dung cac thudt toan hoc may nhu bd phéan loai Bayes (Bayesian classifiers), phan cum
(clustering), ciy quyét dinh, hodc mang no-ron nhén tao dé du dodn xAc sudt nguoi
dung s€ thich mot item mai. _

Ngoai ra, phan hf“_)i truc tiép tr nguoi dung — vi du nhu nhan nat thich, khéng
thich — cling c6 thé duoc hé thén‘g tdn dung dé diéu chinh trong sb coa tirng thudc
tinh, tir d6 tang do chinh xac ciia cac dé xudt tiép theo. Cac thudt toan nhu Rocchio
hoéc cac k¥ thuit cap nhit trong s6 dong thudmg duge ap dung trong trudong hop nay.

Mt thach thirc 16n ddi v6i phwong phap loc ndi dung 13 kha ning mé rong
pham vi s& thich ciia ngudi diing ra ngoai loai ndi dung ma ho timg tiép can. Hé thong
ndy ¢ xu hudng chi dé xuét cic san phém cung loai v&i nhitng gi nguoi dung da
thich trude do, din dén viéc “dong khung” trai nghiém ca nhan héa. Do d6, viée
khuyén nghi cac item thudc loai ndi dung khac — vi du: dé xudt video, am nhac hodc

sin phdm thwong mai dua trén lich sir doc tin tirc — thudng gip nhiéu kho khan.



Trén thue té, nhidu hé théng da trién khai thanh cong loc dua trén ndi dung,
dic biét trong linh vurc gidi tri va truyén théng sd. Mot vi dy dién hinh la Pandora
Radio, noi ngudi dung chi cén nhap tén mot bai hat hodc nghe si yéu thich, hé théng
s& tr déng tao playlist véi nhimg ban nhac c6 dic diém tuong tu vé giai diéu, thé loai,
hoiic cam xtic. Trong linh vire phim anh, céc nén ting nhu Rotten Tomatoes, Internet
Movie Database (IMDb), Jinni, Rovi Corporation va Jaman déu sir dung mé hinh
content-based dé goi y phim dya trén thudc tinh ndi dung hodc danh gia trude do. Do
voi linh vue tai liéu hoe thuat, hé thong tur vén gitp cic nha nghién ctru tiép céin nhanh
chong cac bai bao hodc tai liéu lién quan, ning cao hi¢u qua tim kiém va hoc tap.
Thém chi, trong y t& cong cong, cac hé théng ca nhan hoa dé xuét tai liéu gido duc
sirc khoe hoic cac chién luge phong ngira ciing duoc phat trién dya trén cac dic diém
ndi dung.

Nhu vay, lgc dua trén ndi dung da va dang dong vai tro quan trong trong viéc
c4 nhan héa thong tin, dic biét khi hé théng cin d& xuit cac muc tin méi hodc chua
phd bién, hoic khi dit liéu hanh vi cong ddng con han ché.

1.3.3 Hé thong goi ¥ lai (Hybrid recommender systems)

Nhiéu nghién ciru hién dai da chi ra rang, su két hop giira loc cong tac va loc
dua trén nfi dung mang lai hi€u qua vuot trdi so vai vige st dung riéng I€ tirng phuong
phap trong hé théng goi y. Nhirng hé thong lai (hybrid recommender systems) tin
dung dong thoi diém manh cia nhiéu phwong phap khac nhau dé ting do chinh xac,
khé ning thich nghi va giam thiéu nhirng han ché thudng gip, dac biét trong cic tinh
huéng dir liéu mdoi hodc dir lidu thua thot.

C6 nhiéu cach tiép cin dé xay dung cac hé théng goi ¥ lai, trong d6 phd bién
nhét 1a:
o Tién hanh song song ca hai phuong phép loc cong téc va loc dua trén ndi dung,
sau do két hop két qua dy dodn cua timg phuong phap bing cac k¥ thuét tong
hop nhu trung binh trong s6é hozc binh chon.
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» Tich hop dic diém cua mot phwong phap vao trong thudt toan cua phuong
phap con lai, vi du bo sung thong tin dac trung san phﬁm vao thuat toan loc
cong tac hodc thém yéu t6 twrong tac cong dong vao hé thong loc ndi dung.

- Phat trién mo6t mé hinh thng nhat két hop tit ca cac ngudn dit liéu va ky thut
du doan dé dua ra két qua tdi uu.

Thue nghiém da cho théy, trong nhiéu trudmg hop, hé thong lai khong chi vuot
troi vé do chinh xac so véi cac hé théng goi ¥ truyén théng ma con gop phin khic
phuc cac van dé 16n nhir Cold Start (kho dé xuat cho ngudi dimg hodc san phim mai)
va dit li¢u thua thét (sparsity).

Netflix 1 mét vi du dién hinh cho {mg dung hé théng goi ¥ lai. Nén tang nay xéy
dung dé xut dua trén viéc phén tich hanh vi xem va tim kiém cta nguoi ding (loc
cong tac), ddng thoi khai thic cc dic diém néi dung cia phim ma ngudi ding timg
danh gia cao (loc dwa trén ndi dung) dé dé xuit cic bd phim tuong tu.

Ngoai hai phuvong phép cbt 16i, hé théng goi ¥ con ¢6 thé tin dung céc k§ thuét khac
nhu:

o Dura trén kién thirc (knowledge-based): Dua ra khuyén nghi dwa trén hiéu
biét vé mdi quan hé giita nhu cdu ngudi dung va cac dic diém san phim,
thwong fmg dung nhiéu trong linh vuc chuyén mén nhu tw van tai chinh, du
lich.

« Nhin kbiu hoc (demographic): Tan dyng thong tin vé do tudi, gioi tinh,
nghé nghiép, vi tri dia Iy dé xdy dung hé so ngudi ding va dé xuét san phim
phu hop v61 tirmg phén khic.

Du mdi k¥ thuat déu ¢é wu va nhuge diém, nhung hé thong lai khi dwgc thiét ké
hop 1y s& b6 trg cac diém manh cho nhau. Vi dy, cic phiong phap cong tac thudng
giip kho khin véi ngudi ding hodc san phim méi do thiéu dir 1iéu (cold start), trong
khi hé théng dua trén ndi dung lai d& bi giéi han trong pham vi cac muc c6 tinh chit
tuong tu nhau ma khong thé m& rdng sang loai san pham méi la. Cac phuong phap
dira trén kién thirc co thé gap kho khan trong viéc xay dung va duy tri kho tri thirc

16n (knowledge engineering bottleneck).
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Thuft ngit “hybrid recommender system” dugc ding dé chi cac hé thong ma
& d6, nhiéu ky thuat dé xuat khac nhau duge phdi hop dong thoi nham tao ra danh
sach san phim hogc ndi dung ti wu hoa cho ngudi dung.
C6 bay mo hinh két hop phd bién cho céc hé thong lai:

- Weighted (C6 trong s6): Két qua ctia cac k¥ thuéit khac nhau dugc gan trong
s6 vi tdng hop dé tinh diém cudi cing.

- Switching (Chuyén dbi): Hé thong tu dong lua chon gitra cac phuong phap
@& xudt da trén tinh hubng hoic loai dir lidu du vao.

- Mixed (Hon hop): Gop danh sach dé xuét tir nhiéu phuong phap khac nhau
va cung lic trinh bay ching cho nguoi ding.

- Feature Combination (Két hop dic trung): Két hop cac thudc tinh hodc
dic trung thu thip tir nhiéu ngudn trude khi dra vao thudt toan du doan.

- Feature Augmentation (B6 sung diic trumg): Két qua ciia mot phuong phap
dé xuit duoc sir dung 1am dau vao (hodc dic trung bd sung) cho phwrong phép
tiép theo.

- Cascade: Cac thuit toan duoc xép thanh chubi, mdi phuong phap loc dir liéu
déu ra ctia phuong phap trude theo mic do wu tién.

-  Meta-level (Cﬁp d0 meta): Mot ki thudt hoc duoc st dung dé tao ra mé
hinh hogc hé so, sau dé mé hinh nay dong vai tré dau vao cho thuat toan dé
xuét khac.

Viéc phdi hop linh hoat cac k¥ thudt néi trén gitup hé théng tu van khéng nhimg
khéc phuc hiéu quéa cic van dé truyén thong ma con ning cao kha nang c4 nhén hoa,
mé rong pham vi tmg dung va thich nghi tot v&i nhiéu linh vue tir giai tri, thwong mai
dién tir dén gido dyc va y té.

1.3.4 Cac ky thuit khong ci nhan hoa

Trong nhém k§ thudt nay, do ching kha don gi an, dé cai dit nén nén thuong
dugc céc website/hé thdng tich hgp vao, gdm cé cic website thuong mai, website tin
tirc, hay giai tri. Ching han nhu trong cac hé théng ban hang truc tuyén, nguoi ta

thuong goi ¥ céc san pham duge xem/mua/binh ludn/.. nhidu nhit; goi ¥ céc san phﬁm
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méi nhét; goi ¥ cac san phim ciing loai/ cling nha san xuat/..; goi y cc sdn pham
dugc mua/chon cting nhau. Mot vi du khé dién hinh la théng qua luét két hop (nhw
Apriori), Amazon dé ap dung khé thanh cong dé tim ra cac san phim hay dugc mua
cung nhau nhu minh hoa trong Hinh 1.3.

Tuy vay, bt loi ctia cac phiwong phép nay 1a khong ca nhan hoa cho timg
ngudi dung, nghia 1a tit ca cac user ddu duoc goi v gidng nhau khi chon cling sin

phéim.
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Hinh 1.3: Goi ¥ san phdm thudng duge mua cing nhau

#Ngudn anh: hitps://www.amazon.com

1.4 Deep learning trong hé théng khuyén nghj

Trong linh vire hoc méy hién dai, hoe sdu (Deep Learning - DL) dé tr¢ thanh
mot chi dé thu hut rit nhidu sy quan tim, ndi bat khong chi vé mit Iy thuyét ma con
vé tinh ting dung trong thure tién. Tuy nhién, phai dén khoang nam 2016, cic phuong
phép hoc sdu méi bét dau duoc cha y manh mé trong nghién ctru va trién khai cdc hé
théng goi y (recommender systems). Minh ching rd nét 1a sy xuét hién cua hoi thao

chuyén siu “Deep Learning for Recommender Systems” tai su kién ACM RecSys
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2016, danh d4u médt budce ngoat quan trong dua hoc sdu tré thanh xu hudng cha dao
trong cong dong nghién ciru hé thong khuyén nghi.

Mot trong nhitng kién trac ndi bit thude ho hoc séu, dic biét phit hop voi cac
bai toan lién quan dén dir liéu tudn ty, 14 mang no-ron hbi quy (Recurrent Neural
Networks - RNN). Diém manh 16n nhét cia RNN 13 kha nang ghi nhé va tich hop
théng tin tir cac su kién trude do trong chudi, nhér vao cac lién két hdi tiép trong kién
tric mang. Tinh chét ndy cho phép mé hinh héa hiéu qua céc phién hoat déng cia
ngudi ding (user sessions) — noi ma hanh dong, lya chon hodc twong tac cua nguoi
dung tai mdi thoi diém déu c6 thé chiu anh hudng béi lich st twong tac trong qua
khit.

Viéc str dung RNN trong hé thng tu vin md ra kha ning dy doan chinh xdc
hon vé y dinh, s& thich hodc budc tiép theo clia ngudi ding. Vi du, trong mot chudi
mua sam tryc tuyén, RNN c6 thé phin tich qua trinh duyét, tim kiém hodic mua hang
lién tuc, tir 46 nhin dién cAc miu hanh vi, dir bdo nhu ciu san pham tiép theo va dé
xuét cac lua chon phit hop nhit cho timg c nhan. Nhé kha ning hoc héi tir dir liéu
tudn twr, RNN di chimg minh wu thé vurot trdi trong céc bai toan goi y theo phién
(session-based recommendation) — mot linh vuc ngay cang dugc quan tam trong
thuong mai dién tir, truyén thong sé va nhidu nén tang truc tuyén khac.

1.5 Hé théng ggi ¥ tin tirc

Céc nén tang tin tire truc tuyén ndi tiéng nhr Google News, Yahoo! News,
The New York Times, Washington Post ciing nhiéu cng théng tin dién tir khéc hién
dang thu hat mét lrong doc gia khong 16 trén toan thé gidi. Dé nang cao trai nghiém
ca nhan hoa va gitp ngudi ding tiép cin nhimg ndi dung phi hop, cic hé théng goi
y tin tirc da duge 4p dung réng rii, dua trén nhiéu phuong phap nhu loc dua trén ndi
dung, lgc cong tic ciing nhu cac md hinh lai két hop.

Tuy nhién, xdy dung mét hé théng khuyén nghi hiéu qua cho méi trudng tin tirc
tryre tuyén van diit ra hang loat thach thirc 16n ma céc phuong phap truyén théng chua

thé giai quyét triét dé:
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« Tinh thwa thét trong hd so ngwdi ding: Phén 16n doc gia truy cép cac trang
tin tirc & ché do 4n danh, hodc chi doc mot lwong rét nhé céc bai viét so vai
kho luu trit khong 16. Do d6, s6 lwong phan hdi, ddnh gia hay dir liéu lich st
ma hé thong thu thap duoc trén mdi nguoi ding 12 cuc ki han ché. Ma trin bai
viét-nguoi dung vi vy trd nén dic biét thua thét, gay kho khiin cho céc thuat
toan goi y dua trén dir li€u qua khi.

« Toc d9 xufit ban tin bai méi: Mdi ngay, cac cdng tin tirc hang dau nhu The
New York Times c6 thé ding tai hang tram bai viét mai, khién kho néi dung
thay doi lién tuc voi toc dd cao. Piéu nay lam trim trong thém bai toan cold-
start, béi hiu hét cic bai viét vira dugc xuit ban chwa kip thu thip du luong
twong tac dé phuc vu viée dé xuat. Ngoai ra, véi nhimg hé thdng tong hop va
phén phéi tin tire, khdi lwong dir liéu 16m con dit ra thach thire vé kha ning mé
rong, khi hé thong phai xr Iy va phan tich hang nghin bai bao trong thoi gian
thuec.

« Vong doi théng tin ngiin va thj hiéu bién dong: Tin tirc 12 linh vuc ma gia
tri ctia théng tin gidm din rat nhanh theo thoi gian; phin 1on doc gia wu tién
cdc bai bdo mdi, cap nhat néng hdi. Vi vy, mdi bai viét chi c6 “thdi gian
sbng” ngdn nghi trude khi bi thay thé béi cac chi dé méi. Ngoai ra, s¢ thich
va nhu cau thong tin clia nguoi ding ciing khong 6n dinh, thudng xuyén thay
d6i theo bbi canh xa hoi, sy kién thoi sw, vi tri dia Iy hay thdm chi 14 tim trang
ca nhin trong tirng phién truy cép. Mot su kién dac biét hodc tin nong c6 thé
ngay lap tirc 1am thay doi hanh vi va méi quan tim cia s déng doc gia chi
trong thoi gian rat ngin

Tét ca cac dic diém nay doi hoi hé théng goi ¥ tin tire phai ludn thich img nhanh

véi dir lidu dong, ¢ kha ning hoc va du doan tét ngay ca khi thiéu théng tin lich st
hoic xuét hién luong 16n ndi dung méi lién tuc. Dé giai quyét cac van dé néu trén,
nhidu hudng nghién ciru hién dai da phat trién cac thudt toan hoc su, khai théc t6i vu
thong tin thoi gian thue, ciing nhu két hop nhidu ngudn dir liéu khac nhau dé nang

cao hi¢u qua ca nhan hoa cho tirng nguoi doc.
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1.6 Két ludn

Chuong I dd cung cip mot nén tang 1y thuyét viing chic vé cac hé tu vén, tur
lich si phat trién, phén loai cic phuong phép b dién nhu loc cong téc, loc dua trén
noi dung, cho téi cac xu hudng lai ghép (hybrid). Phin nay cling 1am rd nhitng
théch thire 16m trong linh viee TMBT, nhu dir liéu 16n, tinh thua thdt, cold start va
sirthay dbi hanh vi nguoi dung. Qua do, chwong nay dit ra co sé khoa hoc cho viéc
timg dung cac k¥ thuat hién dai nhim ning cao chét lwrong tir vén c4 nhan hoa trén

san throng mai dién tr.
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CHUONG 2: KY THUAT HQC SAU CHO TU VAN THUONG

MAI BPIEN TU

Trong bbi cdnh dit liéu TMDT ngéy cang 16n vé quy mé, da dang vé loai hinh
va hanh vi nguoi dung phirc tap, cac ky thuat truyén théng nhu loc cong tac
(Collaborative Filtering) hay loc theo néi dung (Content-based Filtering) din boc 10
han ché vé& kha niing mo rong, kha nang tu dong trich xuét dic trung va xir Iy dir liéu
phi ciu triic (vi du nhu van ban d4nh gi4, m6 ta san phim, log hanh vi, v.v.). Su phat
trién manh mé ciia hoe siu (deep learning) di mang lai mot cude cich mang méi cho
hé théng tu vén, cho phép khai thic hiéu qui cdc mdi quan hé phi tuyén, dong thoi
tan dung t6i da théng tin da chiéu tir dir liéu thuc té.

Trong thuong mai dién tir, cdc mo6 hinh deep learning khong chi gitp ting
cudng ca nhan héa trai nghiém, du bao nhu cu tiém ning ciia ngudi diing, ma con
mé rong kha nang thich nghi v6i cac bdi canh mai nhu cold-start (san phf‘im mdi,
ngudi ding mai), hd trg goi ¥ thoi gian thue, hoac tich hop nhiéu ngudn dit liéu khéng
dong nhét (text, anh, biéu dd hanh vi).

2.1. Téng quan vé mét s6 mé hinh mang no-ron hoc siu
Mang no-ron hoc siu (Deep Neural Networks — DNN) la nén tang cdt 16i trong nhiéu

hé théng tur van hién dai. Cac md hinh nay co6 khéa ning trich xudt dic trung phirc tap
tir dir liéu phi cu tric va c6 thé hoc duoc cac mdi quan hé phi tuyén tinh gitra nguoi
ding va san pham. Duéi day 1a tdng quan mét sb kién trac tiéu biéu: |

2.1.1. Mang no-ron rong & sau (Wide & Deep Neural Network)

Wide & Deep Neural Network 14 mot trong nhitng kién tric ndi bat va dugc sir
dung nhiéu trong cac hé théng tu vén san phidm 16n (vi du: Google Play, YouTube,
Amazon...). Kién tric nay két hop dong thoi hai huéng tiép can:

« Nhéanh réng (Wide): Dwa trén cac dic trung roi rac, tuyén tinh (one-hot,

cross-features), gitp “ghi nhé” cac mdi lién hé tryc tiép tir dir liéu lich s, tin

dung céc quy luét thii cong, quy tic kinh nghiém
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o Nhénh sdu (Deep): Sir dung cac 16p embedding, mang dense nhiéu ting, gitp
“hoc thng quat hoa” nhimg mdi quan hé phi tuyén, phat hién cic twong tac
phirc tap gifra cac dic trung ma mé hinh tuyén tinh khong phat hién duge.

Su két hop nay cho phép mé hinh vira ghi nhé t6t cac truong hop phd bién (frequent
patterns), vira hoc duge cac quy ludt méi hodic céc t6 hop hiém gip (rare patterns), tir
d6 ning cao hiéu qua dy doan trén dir liéu 16n, phirc tap va da chiéu ctia thuong mai
dién tir.

Ung dung thue tién:

o Goiy san phdm c4 nhin hoa dia trén hanh vi (click, mua, xem, dénh gid)

« Du doan kha ning mua lai san phdm, ty 1& chuyén ddi, xdc suit click quang
cao

« Tichhop hiéu qua cé dac trung rdi rac (category, user ID, time,...) va dic trung
lién tuc (gia, thoi lugng xem,...)

2.1.2. Mang no-ron héi quy (RNN) va cdc bién thé

RNN (Recurrent Neural Network) va cac bién thé nhu LSTM, GRU thuong duoc
mg dung manh mé& cho bai toan goi ¥ theo chudi hanh vi (sequence-based, session-
based recommendation), noi ma dir liéu nguoi dung 1a moét loat hanh ddng lién tiép
trong phién truy cép

» Un diém: C6 kha ning “ghi nhé” ngit canh lich sir, du dodn hanh dong tiép
theo t6t hon so v&i mé hinh khéng tudn tu

» Ung dung: Dy doén san pham tiép theo ma khach hang co thé click/mua, phén
tich log truy cép trong céc phién duyét web, cd nhin hoa trai nghiém theo tirng
chudi hanh vi ngén han (vi dy: khach vang lai khéng dang nhap)

2.1.3. Kién triic Attention va Transformer

Su xuét hién cta Transformer v&i co ché Attention da tao budc dot pha vé do
chinh x4c va kha ning hoc biéu dién phrc tap trong hé théng tu van hién dai.
Transformer c6 thé:

« Hoc mbi quan hé giira cac su kién trong chudi bat ké khoang céch vi tri (non-

sequential)
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» Nhan manh trong sb (attention) vao cac hanh vi c6 v nghia nhét, tir d6 tang
chiit lrong dé xuét
« D& dang song song hoa khi training trén tap dit liéu lon
Ung dung thwe té:
« Goiy san phim dua trén log hanh vi dang chudi dai/ngén, phi hop ca véi div
lidu nhidu user 4n danh hoac dir liéu cue ky 16, cdp nhat lién tyc.
Vi du ndi bat: SASRec, BERT4Rec, NARM,... gitip cai thién chit lugng du doan
san phim tiép theo trong session
2.1.4. Mang tr ma héa (Autoencoder)
Autoencoder thuong ding cho:
o Phuc hdi, hoan thién dir liéu thiéu (du doan cac gi trj con trong trong ma trn
user-item)
» Hoc biéu dién an (latent representation) cho user, item.
o Kéthop tbt v6i cdc mé hinh deep khic dé ting kha ning tw dong trich xuat dic
trung

2.2. Phin tich bai todn tw vin sin phim trén sin TMDT Postmart
2.2.1. Dinh nghia bai todn goi ¥ trén san TMDT Postmart

Bai toan dat ra: Trén san TMBT Postmart, ngudi dung c6 hanh vi da dang:
xem san pham, click, mua, d4nh gi4, thém vao gié hang, yéu thich... Dir liéu nay
duoc ghi nhin chi tiét qua cac bang nhu ds_goods (san phém), ds_order (don hang),
ds_ordergoods (san phim trong don), ds_evaluategoods (d4nh gié san phim) va
thong tin nguoi dung (ds_member)

Muc tiéu: Dua ra danh sich goi ¥ sin phim phil hop nhat véi mdi khach
hing tai timg thoi diém, tang ty 1& chuyén doi, gia trj gio hang, giir chan va sy hai
long khéach hang
2.2.2. Ludng dir li¢u va y nghia ciia timg bing ciia sin TMDT Postmart
a) Bang ds_goods — Sin phim

o Luutitca thong tin san phfim dang kinh doanh: tén, gia, thuong hiéu, luot

xem (goods click), lugt ban (goods salenum), luot yéu thich
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(goods_collect), sb sao danh gia (evaluation good star), thudc tinh san
pham...

« Y nghia: Gitp xdy dung profile timg san phim, dung dé embedding dic
trung va tao features cho mo hinh goi y

b) Bing ds_order — Pon hang

¢ Ghi nhén toan bd don hang da phat sinh: ai mua, thoi gian nao, tri gia bao
nhiéu, trang thai gi...

« Y nghia: Cho phép xéc dinh lich sir mua sim ctia timng ngudi ding, xay dung
vector hanh vi, xac dinh session, phat hién xu hudng ca nhén.

¢) Bang ds_ordergoods — Sin phiam trong don

» Luu cac san pham cy thé xut hién trong timg don hang: ma san pham, s6
lugng, gia, thudc tinh, v.v.

» Y nghia: Lam ro hanh vi dong mua (co-purchase), phuc vu thuét toan kiéu
"ngudi mua A thuong mua cing B", xdy dung context trong session-based
recommend

d) Bang ds_evaluategoods — P4nh gi4 san phim

 Luu ndi dung dénh gia, s6 sao, thoi gian danh gia cia ngudi ding cho timng
san pham

e Y nghia: Dir liéu gitp xac dinh mtrc d¢ hai long, dd tin cdy cia san phém, la
feature d4u vao dé ranking goi y

e) Bang nguoi dung (ds_member hoidc cgt dir liéu buyer_id, buyer_name trong
bang ds_order)

« Théng tin ding ky, nhan dién ca nhén, viing mién, lich sir truy cip, ding
nhép lan cudi, v.v.

« Y nghia: Xac dinh ngudi ding, gitip ca nhan hoa goi ¥ dua trén dic diém
riéng (tudi, gidi, ving, nhom khach hang...)

2.2.3. Dic thn ctia dit liéu Postmart trong bai toan goi ¥
» Rét nhiéu sin phim ciing loai, ciing thwong hiéu — embedding sin phim

quan trong
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« Nhiéu user truy cip khong ding nhip — cin goi v theo session, khong
phai theo profile.

o Dii liéu hanh vi phong phi: khong chi mua ma con click, danh gia, yéu
thich — tan dung t6i da cho cic loai recommendation (Next-item,

Personalized, Popularity-based...).

2.2.4. D¢ xuat md hinh cho sin TMDT Postmart
Trén co s& phén tich dic thii dir 1iéu va yéu ciu nghiép vu ciia sin TMDT
Postmart, cling nhu khao sat wu nhuge diém cia cdc mé hinh mang no-ron hoc sau,
mé hinh Wide & Deep Neural Network duoc lua chon lam gidi phéap trong tdm
cho hé théng tu vén sin phdm c4 nhan hoa. Viéc dé xuat mé hinh nay dya trén cac
ly do sau:
« Kha nang tin dung ﬂ(’ing théi kién thire kinh nghiém va kha niing hoc
siu quy ludt phi tuyén
o Thanh phan “wide” cho phép tan dung t6i da cic quy tic dic trung,
cac mbi lién hé manh, tuyén tinh d3 duoc kiém chimg tir dit liéu lich
str, vi du: ngudi dung timg mua céc san phim thugc nhom A thuimg
tiép tuc mua nhom B, hoic khich hang tir viing mién nhét dinh
thudng wu tién san phim ban dia
o Thanh phan “deep” c6 kha ning hoc tu dong cac biéu dién phic tap,
phiét hién nhimg mdi quan hé phi tuyén giira cac truomg dir liéu ma mo
hinh tuyén tinh khéng thé giai thich, vi du: két hop giira thoi quen tiéu

dung, dac diem ving mién, thoi diém truy cdp va ndi dung danh gia

o Phii hop vdi ciu tric dir lifu ri rac, da chiéu va lién tuc cip nhit ciia
Postmart
o Dir liéu trén Postmart vira ¢6 nhiéu dic trung roi rac (ID san phim,
nh6m nganh, ma user, ving mién,...) vira c6 truong lién tuc (gid, so

lwgt mua, so sao danh gia...)
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o Wide & Deep hd tro tt viée nhing céc trudng roi rac thanh vector
embedding (deep), dong thdi cho phép cross-feature (wide) nhim tin
dung dac thi nghiép vu (vi du: combo sin phim, ciip user-san phim
phd bién)

« Kha ning mé rong va linh hoat véi dir liéu lén

o M6 hinh nay di dugc chiing minh kha niing mé& rgng, huén luyén
nhanh, trién khai thue té hiéu qua trén cac nén tang TMPT quy mé
16n nhu Google Play, Amazon, Shopee.

o Dap tmg t6t nhu cdu c4 nhan hoa cho hang triéu user va san phim,
ddng thisi cap nhat d& dang khi thém dir liéu méi, xuat hién san pham
moi (cold start).

o HO trg giai quyét cic bai toan thue tién diic thii ciia TMPT Viét Nam

o Phu hop véi bai toan cold start nho kha ndng generalization (deep).

o Tan dung t6t cac tap ludt manh sin co6 trong dir liéu lich sir, phi hop
voi thue té ngudi ding Postmart thuong 6 hanh vi mua l3p lai theo
mua vu, san phﬁm ving mién.

o Linh hoat tich hop céc dang dir liéu méi (review text, anh san phim,
thong tin bdi canh...), m& rong cho céac bai toan recommendation
néng cao trong tuong lai

o Khi ning t6i wu hoa hiéu suit thuc té

o D@ dang trién khai song song, giam do tr& khi inference, phu hop yéu
cdu tra goi ¥ gan real-time trén website/app.

o Céu triic mé hinh dé tinh chinh (ting gidm s6 16p deep, thém cross

feature & wide, tuy chinh embedding dimension...)

Tir cac phén tich trén, Wide & Deep Neural Network la2 mo hinh dap tmg
toan dién ca vé ly thuyét 13n thye tién cho hé théng tu vén san phdm trén Postmart.

Viéc trién khai mo hinh nay hira hen s& nang cao chat luong ca nhan hoa, t6i uu trai
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nghiém mua sim cta khéach hang, d-‘ﬁng thori tao loi thé canh tranh bén viing cho san

TMDT Postmart trude trén thi trudng Viét Nam

2.3. Gidi thiéu m6 hinh Wide & Deep Neural Network

Mot hé théng tur véin ¢6 thé dwoc xem 14 mét cong cu tim kiém xép hang, trong
do truy vén dau vao 1a mot tap hop cac dic trung nguoi ding va bdi canh, con déu ra
12 mot danh sach céc vit phém da duoc xép hang. Khi nhén dwgc mot truy van, hé
thdng s& tim céc vat phdm lién quan nhét trong co sé dit liéu roi xép hang ching dua
trén mét sb tiéu chi nhur click hay mua hing

Mot théch thire trong hé théng tu vén, twong tw nhiéu bai toan xép hang khac,
4 1am sao cin bing giita ghi nhé (memorization) va tong quat héa
(generalization). Ghi nh¢ duoc dinh nghia 16ng 1éo 12 viéc nhan biét sy xuét hién
thuong xuyén cua cac vét phﬁm hoiic dic trimg —ndm bét cidc mdi lién hé dya trén dir
liéu qué khir. Téng quat héa 1a viéc mé rong tinh lién hé nay sang cic t6 hop dac
trung chua timg xuét hién truéc ddy trong dit lidu

Céac dé xudit dua trén ghi nhé thudong mang tinh "cuc bd", lién quan truc tiép
dén céc vat phdm ma nguoi ding da timg tuong tac. So v6i ghi nhd, tong quét héa
gitip tang sw da dang cho cic vat pham dugc dé xufit

D1 voi cac hé thdng tw vin quy mé 16n, cac mo hinh tuyén tinh tong quat nhu
héi quy logistic thuong dwoc sit dung vi don gian, d& mé rong va dé giai thich. Cac
mo hinh nay thuong huén luyén trén cic dic trung thua d@ duge mé héa one-hot. Vi
du, déic trung nhi phén user_installed_app=netflix c6 gia tri 1 néu ngudi ding da cai
Netflix. Ghi nhé c6 thé dat dwoc hiéu qua nhd cic bién @i dac trung dang cross-
product trén cac dac trung thwa, nhu AND (user_installed app=netflix,
impression_app = pandora) — dic trung ndy co gia tri 1 néu ngudi ding da cai Netflix
va vira xem Pandora. Piu ndy giai thich tai sao sy dong xuét hién ctia mot cip dic
trung lai fwrong quan v6i nhan muc tiéu

Téng quét hoa co thé bd sung thém bang viée sir dung céc dic trung téng hop it
chi tiét hon, nhw AND (user installed category = video, impression_category=music),

nhung viéc xéy dung cac dic trung nhu vy bang tay 14 ton cong sirc. Mot han ché clia
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céc bién ddi cross-product 1a ching khéng tong quat hoa dwge cho cac cip dac trung
chua timg xuét hién trong dir liéu huan luyén

Céc mo hinh dya trén embedding, nhu Factorization Machines hodc mang no-
ron siu, co thé tdng quat héa t6t hon cac cap truy van—vat pham hiém bang cach hoc
ra mot véc-to nhing chidu thép cho m6i cp truy vin va vat phim, véi it ganh ning
x4y dung dic trung hon. Tuy nhién, khé dé hoc ra céc biéu dién véc-to thuc su hiéu
quéa néu ma trén truy vin-vét phim 1a qua thua hodc c6 tinh thir bac cao (nhw ngudi
ding v6i s& thich cue k¥ dic biét hodc vt phdm siéu ngéch). Trong nhitng truomg
hop nay, embedding c6 thé tao ra cac dy doan khong chinh xéac véi cc ¢ap truy van—
vét phAm hiém, cdn md hinh tuyén tinh véi cross-product lai cé thé ghi nhd dugc cac
"quy tic ngoai 18" niy

it P

P . o

Dense
Embeddings

Sparse Features

Wide Modals Wide & Deop Maodels Deep Models

Hinh 2.1: Phé cac mé hinh Wide & Deep

#*Ngudn anh: https://bangdasun.github.io/2019/04/14/45-wide-and-decp-learning-for-recommender-

systems/
Mic di y tuong don gian, hé théng cho thay Wide & Deep gilp ting dang ké ty 1§
cai dat img dung trén app store di dong, dong thoi dap img dugc yéu ciu vé toe do
huén luyén va phuc vu.
2.3.1. Tong quan md hinh

Mot truy vén (query), gbm nhiéu dic trung vé user va bbi canh, duge sinh ra
méi khi user truy cép ctra hang tmg dung

Heé théng tu van sé tra v& mot danh séch cac app (hodc vat phém), cho phép
nguoi dung thue hign cac hanh dong nhu click hodc mua hang

Céc hanh ddng va lrgt impression clia nguoi dung dugce ghi vao log, phuc vy

huén luyén sau nay
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Vi s6 lugng app/vat pham rat 16n (trén mot triéu), khong thé kiém tra toan bo
database cho méi truy van véi thoi gian phuc vu thuc té (chi O(10) milli gidy).
Do do, bude dau tién 13 refrieval — chon ra tap con cac vét phdm (g vién nho nhiéu
tin hiéu (truy vén, hanh vi, v.v

Sau khi rat gon, hé théng xép hang (ranking) s& tinh x4ac suat user thuc hién
mot hanh déng (nhu click, mua) v6i timg vat pham, dua trén nhiéu dic trung nhu

user, bbi canh, vit phém va dédc trung log (lich str impression/click)

.’ Recommandation System

o Query Retrieval —E Databsasa

\____JJ

E: Ranked |
h O{10) items | O 1004 tems :
' & i bt s B R - ST S —— a
s ltems : s - :
£ Ranking ' ‘ Medel —j:

oo .,-- g —.--:::‘-‘:-'.:‘:‘:‘;r_‘:--— E:-:_ . RS :
Usar Actions =----===""" | Logs }_‘ Leamer :

Hinh 2.2: Téng quan hé théng tu van
*Ngudn anh: hitps://bangdasun.github.io/2019/04/14/45-wide-and-deep-learning-for-recommender-
systems/

Query sinh ra tir nguoi ding, retrieval rit gon sb vit pham, ranking ding model dé
xép hang, két qua dua trén log hoc dugc tir qua khi.
2.3.2. Thanh ph:’in Wide (The Wide Component)
Thanh phan Wide 1a mot mé hinh tuyén tinh tong quat c6 dang:
y=wix+b

trong do:

¢ v la du doan,

s X=[xi, X2, ..., X d]la vector dic trung

« w,blacac tham s6 mo hinh
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Tép dac trung dau vao gE"Jm ca dac trung tho va cac dac trung bién dbi
Mot trong nhing bién doi quan trong nhit la bién ddi cross-product, duge dinh

nghia nhu sau:

o(X) = [1%-n) xNew),  cu €40, 1}
Trong d6 ckic_{ki}cki I bién nhi phan c6 gia tri 1 néu dic trung thir i thudc bién
ddi thir k, 0 néu khong
Vi dac trung nhi phan, mét cross-product nhu AND(gender=female, language=en)
s& cO gia tri 1 néu ca hai didu kién déu dung
Bién dbi nay gitip mo hinh héa twong tic giita cac diic trung diu vao va ting tinh phi
tuyén cho md hinh tuyén tinh tong quat
2.33. Thanh phﬁn Deep (The Deep Component)
Thanh phin Deep 1a mdt mang no-ron truyén thing (feed-forward neural network),
nhu & Hinh 1 (phai)
Véi cac dic trumg phin loai, ddu vao duge ma héa one-hot (vi du: “language=en”).
Mbi dac trung phén loai high-dimensional dugc dnh xa sang moét véc-to nhing
(embedding vector) chiéu thap, tao thanh embedding layer.
Kich thuéc embedding thudmg tir 10 dén 100
Embedding dugc khoi tao ngdu nhién va t6i wu héa cling cac tham sé mang trong qué
trinh huén luyén.
Mbi téng 4n cla mang deep thuc hién phép bién déi:
al*h = F(Wha® + bo)
Trong do:
« a,b, W: Chir in dim (vector/matrix)
« @) ®: Chi s6 trén kiéu liiy thira, nho gon

o fla ham kich hoat (thuong la ReLU)
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2.3.4. Huén luyén két hop Wide & Deep (Joint Training)
Thanh phin Wide va Deep dugc két hop bang cach cng céc output logit (ddu ra

trude softmax hoac sigmoid), rdi dua qua ham kich hoat

;, Data Generation ii = Model Training

P g T ' 3 1
: User Data ™™ “|_| Training Data ' Model e
S Generation EE Trainer fe] Vmﬁe_'
B e |11 Model Serving
' App : P
impression Vocabulary | | ! | FEi
Data : i . Recommendation [+ Model Servers
i Engine s
Hinh 2.3: Quy trinh tong thé hé thong goi v 'ng dung.

#Ngudn anh: https://bangdasun.github.io/2019/04/14/45-wide-and-deep-learning-for-recommender-

systems/
Huén luyén két hop (Joint Training) va So sdnh véi Ensemble
Cén phén biét giira joint training (huin luyén két hop) va ensemble (5 hop nhiéu
mo& hinh)
« Trong ensemble, timg mo hinh thanh phén (wide hoiic deep) duge huin luyén
riéng biét, két quéa dwoc két hop chi ¢ giai doan suy luin (inference)
« Trong joint training, moi tham s6 cua hai thanh phan déu dugc t6i wu hoa
ddng thoi, tin dung tot wu diém cia ca hai phén
Loi thé:
« Joint training gitp phan wide chi can bd sung nhiing diém yéu cua deep, thay

vi phai xdy dung mo hinh wide riéng ré quy mé 16n nhu trong ensemble

Ham mat mat (Loss function) trong Wide & Deep
M5 hinh Wide & Deep dung mét ham logistic loss chung cho ca hai phan. Véi bai

toan nhi phan (binary classification), du doan dugec tinh nhu sau:



31

P(Y = 1|x) = o (w"det [x, p(x)] + wéeert al) + b )

* ¢ la ham sigmoid

« x 1a vector dic trung gbc

* ¢b(x) 1a tép cac cross-product feature

» w*e 13 trong s6 phdn wide, weer 1a trong s6 phan deep, a® 1 output tAng cudi
deep

» b 14 hé sb ty do (bias)

2.4 Két ludn

Chuong 2 tap trung phén tich cdc m6 hinh mang no-ron hoc siu ndi bét trong hé
théng tur van, gdbm Wide & Deep, RNN, Transformer vi Autoencoder. Qua phan tich cAu
tric dir liéu va nghiép vu ctia Postmart, dé an lua chon md hinh Wide & Deep Neural
Network la giai phap trong tam, nho kha nang tan dung dong thoi cac dic trung nghiép vu
tuyén tinh va hoc siu c4c quan hé phi tuyén trong dit lidu thuc té. Kién tric nay chimg
minh sy pht hop, tinh mé rong, dé trién khai va higu qua ca nhan hoéa trén quy mo 16m, dap

tng tot dic thiy cia TMPT Viét Nam.
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CHUONG 3: THU NGHIEM, PANH GIA VA PE XUAT MO
HINH AP DUNG CHO SAN THUONG MAI DPIEN TU
POSTMART

Chuong nay tip trung vao viéc gidi quyét bai toan goi ¥ sin pham trén san thuong
mai dién tir Postmart thong qua viéc tmg dung hai kién triic mang no-ron hoc siu
tiéu biéu: mang no-ron réng & siu (Wide & Deep Neural Network) v4 mang no-
ron bién d@di (Transformer-based model). Noi dung chuong bao gdm phdn tich bai
todn, mé ta dic trung dir liu, thiét ké hé théng va dénh gia két qua thue nghiém.
3.1. Thir nghi¢m trén b dir litu Amazon Reviews for Sentiment Analysis
Quy trinh gdm 4 giai doan: Dir liéu, X4y dung md hinh, I—Iuén luyén md hinh Wide
& Deep, Két qua thir nghiém
3.1.1. Dix liéu
« Dirlicu sir dung trong phé‘n thue nghiém duoc lﬁy tir b0 Amazon Reviews
for Sentiment Analysis cong khai trén Kaggle
« Ngudn tii vé:
https.//www.kaggle.com/datasets/bittlingmayer/amazonreviews
B0 dir liéu nay dugc tdng hop tir nhiéu dénh gia thyc té cta khach hang
Amazon, thuong xuyén duge st dung trong nghién ciru vé phén tich cam xc
va xdy dung hé thong tur van.Cac chudi string categorical s€ dugc anh xa

thanh ID (sinh tir buéc Vocabulary Generator)



 Dic trung lién tyc duge chudn héa vé [0, 1] qua ham phéan vi.
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Hinh 3.1: Kién tric chi tiét md hinh Wide & Deep cho goi ¥ rng dung.
o Ciu tric va dic trung dir lidu:
Dit liéu c6 dinh dang file text (test.ft.txt, train.ft.txt) véi mdi dong gdm 1 nhan cam
x0c va 1 cdu danh gia bang tiéng Anh.
Cu thé:
- label: Nhin cam xtc, gdm 2 gié tri:
o _ label 1:Danh gia ti€u cuc (Negative review)
o _ label 2: Panh gia tich cuc (Positive review)

- review: Van ban danh gia san pham tu do, d dai linh hoa
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« Mo ta tom tit dir lidu:

Béang 3.1: M6 ta tém tit dir liéu Amazon Reviews for Sentiment Analysis

STT | Nhan (label) Noi dung danh gia (review)

1 2 Great CD: My lovely Pat has one of the GREAT voices of
het...

2 2 One of the best game music soundtracks ever made.

3 1 Batteries died within a year ... : | bought these batteries...

4 2 Works fine, but Maha Energy is better...

5 2 Great for the non-audiophile: Review: It works fine for...

6 1 DVD Player crapped out after one year. Don't waste your
money.

7 1 Incorrect Disc: I love the style of the cover, but...

8 1 DVD menu select problems: I cannot get this DVD to
play...

9 2 Unique Weird Orientalia from the 1990s...

10 | Not an "ultimate guide": Firstly, I ...

Chii thich: Cét “Néi dung dénh gid” da rit gon cho ngdn gon, dit liéu thuc 1é dai hom.

3.1.2. Xay dyng mé hinh Wide & Deep
« Kién tric Wide & Deep

hai nhanh hoc:

Mb hinh Wide & Deep Neural Network la mét kién triic két hgp dong thoi

- Nhanh rong (Wide): sir dung céc dac trung roi rac, tuyén tinh

(linear), gitp khai thac cac mbi lién hé truc tiép, cac dic trung

dang one-hot, TF-IDF, cross-feature
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- Nhanh sau (Deep): la mang no-ron nhi¢u tang (deep neural
network), hoc biéu dién phirc tap tir dir liéu, thuwong ding cac 16p
embedding, dense va céc k¥ thuat hoc siu

Muc tiéu cta kién triic nay 1a tan dung dong thoi ca stiic manh hoc biéu dién ctia
deep learning va kha nang t4n dung dac trung réi rac gidu thong tin, gitp md hinh du
doan tong quat hon va chinh xac hon.

« Kién tric chi tiét md hinh thue nghiém

- Nhanh Wide

o Input: Dir liéu dang vector thua (sparse vector) tir TF-IDF

o Layer: Dense layer (64 units, activation ReLU) hodc c6 thé
dé nguyén lam input linear.

o Y nghia: Khai thac nhanh cac méi lién hé tuyén tinh, vi du
céc tir khod manh mang tinh quyét dinh nhin cam xic.

- Nhanh Deep

o Input: Dir liéu dang sequence (chudi s6 nguyén tir tokenizer
+ padding).

o Embedding: L6p Embedding 4nh xa mdi tir thanh vector
dense (64 chiéu).

o Pooling: St dung GlobalAveragePoolinglD dé gidam chiéu
ma trdan embedding thanh vector dac trung,.

o Dense layers: Néi tiép 1-2 16p Dense (vi du: 64 units, ReLU)
dé trich xudt cédc ddc trung sau hon.

- Két hop hai nhanh: Ké&t qua cta hai nhanh dugc ndi (concatenate)
lai, dua qua mot 16p Dense output (1 node, activation sigmoid) dé
du doan xac suét nhin (phan loai nhi phén).

- Tham s6 huan luyén

o Loss: Binary crossentrop
o Optimizer: Ada
o Epochs: 5 (c6 thé diéu chinh)



o Batch size: 128
o Early stopping: Co thé thém dé tranh overfitting.

3.1.3. Huéin luyén mé hinh Wide & Deep
« Chia tip dir liéu

Sau khi biéu dién dic trung, toan bo tap dir litu duge chia thanh hai phﬁn:

o Tép huén luyén: 80% dir liéu, ding dé huén luyén md hinh

o Tép kiém tra (test): 20% dir lidu, dung dé danh gia hiéu ning mé hinh

o Céu hinh mé hinh huén luyén

Input:

= DPiu vao “wide” 1a dic trung TF-IDF ciia cu danh gia (review)

= Pau vao “deep” 1a embedding cac tir trong review, di dugc pad
vé cling chiéu da

Kién tric: Mo hinh bao gébm 2 nhanh: Wide (Linear) va Deep

(Dense + Embedding), sau d6 ndi lai va dua vao 16p dau ra.

Ham mét mat (Loss function): St dung binary crossentropy (vi day

1a bai toan phén loai nhi phén - positive/negative review)

Ham t6i wu (Optimizer): Sir dung Adam véi learning rate mic dinh.

Céac chi sd danh gia: Accuracy, MAE, MSE, Precision, Recall, F1-

score

e Tién hanh huén luyén

o 86 epoch: 5, 50, 100 (c6 thé diéu chinh dé tranh overfitting)
o Batch size: 512

o Sir dung callback dé luu lai mé hinh t6t nhét theo validation loss

Poc file dir liéu

Lmport pandas a: pd

df = pd.read csv('tost.fL.ixl', se

1] = df[f].str.ext
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Biéu dién dic trung cho Wide (TF-IDF)
Muc tiéu: Bién vin ban thanh vector dac trung (dang roi rac, do dai chd dinh)

cho nhanh "wide"

from sklearn. feature extraction. text import 1fidfVectorizer

tfidf = TfidfVectorizer(max features=1060)

X wide = tFidf.fit transform(df[ ‘review' |}.tearray{}
Biéu dién dic trung cho Deep (Embedding/Tokens)
Mug tiéu: Bién mdi céu thinh mdt day s (token), ding cho embedding layer
& nhanh "deep".

max len

num_words

Tokenizer{num
nizer.fit on texts(d

Tién xir Iy dir liéu
o Chuyén ddi label thanh sé (vi du: _ label 113 0 - tiéu cuc,
__label _21a1 - tich cuc)
o Lam sach dir liéu text (loai bo ky tu dic biét, chuyén vé chir
thuong...)

<1_num‘] = dff "label"].apply(

Tach train/test

Chia di¥ liéu thanh hai phdn dé hudn luyén va kiém thie

from sklearn.mo

X traing

df[ 'r lean' ], df['labs o p=0.2, random state=42)




(5]
o0

Bién doi van ban thanh vector s0

from sklearn.feature extraction.text import TfidfVactorizer

X tesi vec = vec ansform(X test)

Huén luyén mé hinh don gidn (Logistic Regression)
Dé kiém tra quy trinh

from sklearn.linear_model import Logis

clf = LogisticRe .o iter=1000)
clf. fit

y pred = clf.predict(X t

Danh gid md hinh
Hién thi cac chi s0: accuracy, precision, recall, f1

»: o Irom sklearn.metrics impo classification report, confusion matrix
5 —_ —

S [[35699 4197]
[ 3817 3628711

precision recall Fl-score support

] 0.9 .89 @.9a 3996
1 a.98 [ 3 15 a.99 4681064

RCCUrdcy .38 Baooa
MICE0 Vg a.9n 2.98 ]
weiphted avpg @.98 a.98 Baces

Giai thich:
»  35699: S6 review “negative” dugc dy doan dang (True Negative, TN)
» 4197: 86 review “negative” bj doan nhim thanh “positive” (False Positive,
FP)
 3817: S6 review “positive” bi doan nhim thanh “negative” (False Negative,
FN)
o 36287: Sb review “positive” dugc du dodn ding (True Positive, TP)
Y nghia cdc chi sb
* Accuracy (D0 chinh xac téng thé): 0.90
o MO hinh do4n dang 90% téng s6 review. Pay 1a mot con s6 rit cao trén

tp test 16m (80.000 ban ghi)
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Precision (D¢ chinh xic ciia tirng 16p): 0.90
o 90% nhitng review ma md hinh dy doan 1a “positive” thuc s dung 1a
positive, va tuong tu cho negative
Recall (D6 phii, d6 nhay): 0.89 véi negative, 0.90 véi positive
oMb hinh bit duge 90% céc review positive va 89% review negative
trong tap test
F1-score: 0.90
o Trung binh diéu hoa cuia precision va recall, cho thiy mé hinh cin bang
t6t giita hai chi s6
Support: S6 luong méiu timg 16p, cin bing gifra hai 16p (khoing
40.000/40.000)

Panh gia tong quan

P§ chinh xic 90% cho mt bai toan sentiment analysis 1a rdt 4n twong, dic
biét v6i dir lidu thue t& 16n nhuy Amazon Reviews

Precision, Recall, F1-score dong déu giira hai 16p, chimg td mé hinh khéng
bi 1&ch (khdng thién vi mot 16p)

S6 lwgng false positive (4197) va false negative (3817) 1a twong dbi nho so véi

tbng s6 sample (~80.000), mo hinh it bo sét review tich cuc/tiéu cyc

Nhén xét

M6 hinh Wide & Deep di tan dung tét théng tin clia ca feature don gian (wide
- TF-IDF) 1an biéu dién siu (deep - embedding), cho ra két qua tong quat cao,
pht hop cho g dung thuc té

Gia trj wng dung: Co thé duing md hinh ndy dé tu dong danh gia sentiment
clia cac review san phé‘m moi trén Amazon, hd tro hé th("ing tu vin hoic kiém
sodt chit lwgng dich vu

Han ché: Co6 thé tiép tuc 181 uu (fine-tune), ting epoch hodc két hop thém

feature metadata (user, product, time...) dé ndng do chinh xac 1én nira

Két qua danh gia trén tap kiém tra cho thdy mé hinh Wide & Deep dat do chinh

xac 90%, véi cac chi so precision, recall va Fl-score déu dat 0.90 & ca hai 16p tich
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cuc va tiéu cuc. Diéu nay cho thffly mo hinh khong bi thién 1éch, nhan dién tt céc
danh gia ciia nguoi ding trén tap dir lidu thuc té. Wide & Deep chimg minh wu diém
rd rét 5o véi cac md hinh truyén théng nho kha ning két hop hiéu qua gitva dic trung
tht cong va dac trung hoc séau
e Thir nghiém mo hinh Wide & Deep
Xdy dung mo hinh

Input, Embedding, Dense, Flatten, Concatenate
Model

input wide = Input(sha shape[1],}, name

input_deep = Input(shapes( shape|1f, §, name

feep. shape[1]) (input _deep)

wide = Dense(64, aclivabion='relu®)(input wide)

1

model . summary( )}

o Nhénh Wide: TE-IDF gitip model tin dung t6t tir khéa va ciu triic
ngit nghia roji rac, tang kha nang nhan dién cac pattern manh vé tin
sudt

o Nhénh Deep: Embedding & Dense gitp hiéu méi lién hé sau giira cic
tlr, cac ngit canh déc biét

o Két hop (Concatenate): Cho phép model tin dung dong thoi ca
thong tin tuyén tinh (wide) va phi tuyén (deep)
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Huén luyén mé hinh (fit)

3.1.4. Két qua thir nghiém

a. 5 epoch:

Biéu dé Learning Curve (P chinh xic theo epoch):

e Duwong mau xanh (Train Accuracy): D4 chinh xac trén tip huén luyén, tang dén
qua cic epoch, thé hién model hoc t6t dan 1én trén chinh dit liéu huén luyén

e Pudng miu cam (Validation Accuracy): Pd chinh xic trén tip kiém tra
(validation). Pudng nay on dinh quanh mirc 0.90 va ¢6 xu huéng di ngang hoic giam
nhe khi 56 epoch tang

o Khodng cich giira hai dwdng: Néu khoang cach nay qué 6n (train accuracy ting
manh con val accuracy gin nhu khong d6i hoic giam), thudng 12 ddu hiéu overfitting
—md hinh nhé qua k¥ dit liéu train nhung khong tong quat héa tét ra dif liéu méi

e Nhin xét: Validation accuracy lubn 6n dinh quanh 0.90, train accuracy ting déu,
chwa xuét hién overfitting nghiém trong nhung néu tiép tuc train dai c6 thé sé xdy
ra. Su 6n dinh cia validation accuracy ciing cho thiy m6 hinh tong quat hoa tét trén

dit lidu méi
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Biéu dé Learning Curve (56 1an 1ap = 5)

—— B0 chinh xac huan luyén
D6 chinh xac kiém tra
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Hinh 3.2: Biéu dd Learning Curve ctia tip dit litu Amazon véi 5 epoch

Biéu db Learning Curve ciia md hinh Wide & Deep trén tdp dit liéu Amazon
Reviews. D6 chinh x4c trén tdp hudn luyén (Train Accuracy) ting din qua céc epoch,
trong khi do chinh xéc trén tip kiém tra (Validation Accuracy) 6n dinh quanh mc
90%. Diéu nay cho thiy mo hinh hoc &t nhung chua bj overfitting, kha ning tong

quét hoa tét trén dir liéu chua thiy.



Biéu ddo MAE:
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Hinh 3.3: Biéu d¢6 MAE ctia tap dit liéu Amazon vgi 5 epoch

e Truc hoanh (x): S6 lugng epoch (vong lap huén luyén).

e Truc tung (y): Gia tri MA

¢ Pwong mau xanh (Train MAE): MAE trén tép hudn luyén, giam dan theo timg
epoch (md hinh hoc tét dan 1én trén dit liéu train)

e Duwdng mau cam (Validation MAE): MAE trén tép kiém tra (validation), giir 6n
dinh & mic khoang 0.11-0.12 va chi giam rit nhe

Nhén xét:

e rain MAE gidm déu: Ching td m6 hinh dang hoc va cai thién kha ning dy doan
trén tap train

e Validation MAE én dinh: Pudng nay khong giam nhiéu, thé hién kha ning téng

quét héa clia mé hinh trén dit liéu méi khong thay doi déng ké qua céc epoch, c6 thé
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[2 do model dd hoc duoc nhitng gi quan trong ngay tir diu hodc dir lidu kiém tra c6
tinh chét khéc biét nhe so véi dir liéu hudn luyén

e Khodng cdch giira hai dwong: Validation MAE cao hon train MAE nhung khong
qué xa, diéu nay khdng phai 1a overfitting nghiém trong nhung ciing cho thdy mo
hinh chua thue sy hoe tdt cho dir liéu mdi nhw da hoc trén tp train. Dudng validation
MAE cang gin train MAE cing tot

Panh Gii:

e Mo hinh Wide & Deep hoc t6t trén tap hudn luyén (Train MAE giam manh)

o Tbng quit héa & mire tot: Validation MAE én dinh, md hinh khong bi overfitting

Biéu do6 MSE:

Biéu d6 MSE theo sé lan 1ap
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Hinh 3.4: Biéu ¢d6 MSE cta ctia tdp dit liéu Amazon véi 5 epoch
e Overfitting nhe:
o DAu hiéu dién hinh la train MSE giam déu nhung validation MSE lai ting

nhe theo thdi gian. M6 hinh ¢6 xu huéng ghi nhé chi tiét dir liéu train thay vi
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hoc cic quy ludt té)ng quat, nén hiéu qua du dodn trén dit liéu méi khong con
tot nhu ban dau
e Vin trong mirc kiém soat:
o Tuy MSE validation ting nhung mirc d6 ting con nhe, cho thdy mo hinh chi
mdi bt ddu overfit, chua qua nghiém trong,
Biéu dd Learning Curve v&i chi sé MSE cho thy gia tri MSE trén tdp huan luyén
giam déu qua cac epoch, chig t6 md hinh hoc tot trén dir lidu train. Tuy nhién, MSE
trén tap kiém tra lai ting nhe, ddy Ia ddu higu cho thiy md hinh bat ddu gip hién
tugng overfitting, tire 1a mé hinh pht hop qua mirc véi dit liéu hudn luyén nhung lai
giam hidu qua trén dit liéu kiém tra. Pé cai thién, c6 thé ap dung céc k¥ thuat nhu

early stopping, regularization, hoic b sung thém dit liéu huan luyén

b. 50 epoch
Biéu dd Learning Curve
Biéu @b Learning Curve
0.95 4 = 89 chinh xac huan luyén o
Do chinh xac kiém tra i
.—‘/f"'
0.90 - g
.U
© 0.85 1
o
B
£L
[
18'
0.80 -
0.75 1
0 10 20 30 40 50

Sélanlapepoch:

Hinh 3.5: Biédu dd Learning Curve cia tap dit liéu Amazon v6i 50 epoch
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» Dudng train accuracy ting déu, tir khodng 0.75 1én trén 0.95.
e Duong validation accuracy cling tang ban dau, dat dinh khoang 0.89, sau do
giam dén tir epoch 20 trd di (con khoéng 0.87 & cudi 50 epoch).

e Sau epoch 20, khodng c4ch giita train va validation ngay cang l6n

— Nhan xét:

e Ban diu, md hinh hoe dwge cic quy lndt chung ciia dir li¢u, nén ca train va
validation cung tang. Tuy nhién, sau mot 56 epoch, md hinh bit dau ghi nhé cac dic
trung riéng biét cuia tép train (memorization), dn tGi overfitting

e Pudng validation accuracy di xubng trong khi train accuracy van 1én 12 diu hiéu
overfitting kinh dién. Diéu nay cho thiy mé hinh Wide & Deep ¢6 di “cong suit”
dé hoc thudc train set nhung chwa c6 di bién phép regularization dé tong quét hoa
cho unseen data

e Trong thuc té, nén dimg huin luyén tai epoch ma validation accuracy dat dinh

(epoch 20-25)
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Biéu d6 MAE

MAE qua cac epoch

——— MAE huan luyén
0.250 - MAE kiém tra

0.225 A
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0.100 &R““axk
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-
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Hinh 3.6: Biéu d¢d MAE cta tip dit liéu Amazon vdi 50 epoch
« Train MAE giégm manh, v& duéi 0.08 & cudi qud trinh hudn luyén
« Validation MAE chi giam nhe trong 20 epoch d4u rdi dao dong nhe, khong
giam thém di train MAE van giam
— Nhén xét:
o MAE do lwong d6 1éch trung binh tuyét ddi gitta nhan dy béo va thye té. Duong
train MAE giam lién tuc cho thiy md hinh ngay cang “chinh x4c™ hon trén train set
e Validation MAE dirng giam som, roi dao déng, xéc nhian mé hinh khéng ci thi¢n
thém cho dit liéu chwa thiy |
e Viéc validation MAE khong ting manh chiing to6 mé hinh khong qué “catastrophic

overfit”, nhung chic chén dd hoc qud mirc cho train set so voi kha nang khai quat héa
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Biéu dd MSE

MSE qua cac epoch

~—— MSE huan luyén

0.225 1 MSE kiém tra

0.200 A
0.175 A1

0.150 -
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Hinh 3.7: Biéu d¢d MSE ciia tip dit liéu Amazon v6i 50 epoch

o« Train MSE giam &n dinh, xubng rét thap

« Validation MSE giam nhe rdi lai ting lén, nhét 12 sau epoch 20
— Nhién xét:
e MSE nhay cam hon MAE déi vdi céc dy dodn sai I6n, nén MSE cua validation
tang trd lai nghia 1a md hinh bét ddu méc cac 16i dy béo “16n™ hon véi validation set
khi huén luyén qua l4u
e Day la biéu hién ro nét ciia overfitting: mé hinh “ddy manh” fit vao noise ciia train

set, khién cac diém dit liéu la bi dy bao sai nghiém trong hon
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Biéu dd Loss Curve

Loss qua cac epoch

Ham mat mat hudn luyén

Ham mat matkiém tra
14

12

10

Ham mat mat

T T

0 10 20 3ID 40 50
S6 lan 1ap (Epoch)

Hinh 3.8: Biéu dd Loss curve ciia tip dit liéu Amazon véi 50 epoch

« Train loss giam rit nhanh vé gén 0

« Validation loss ban dAu giam nhung sau do lai ting dan tir epoch 20 tro di
— Nhan xét:

o Khi train loss tiép tuc giam con validation loss ting, do la diu hiéu nén early

stopping (dimg sém), tranh md hinh “memorize” dit liéu huan luyén
o Su chénh l&ch 16n cudi qué trinh huén luyén phan anh viéc mo6 hinh “bam

dinh” vao train set (high capacity, low regularization)
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c. 100 epoch:
Biéu d6 Learning Curve

Wide & Deep Model Accuracy

—— Train Accuracy e
validation Accuracy "HJ,_HrAffﬂ"'ﬁJ—'ﬂ_H'J_
0.95 J /
o

0.90 - /
> pra
E /
5 7
£

0.85 4

0.80 A

0 20 40 60 80 100

Epoch

Hinh 3.9: Biéu dd Learning Curve ciia tip di ligu Amazon véi 100 epoch
e Train Accuracy lién tuc ting va dat t6i ~0.98 6 cudi qua trinh huén luyén

e Validation Accuracy (duong cam) ting 6n dinh & giai doan déu (dén khoang 10-
20 epoch), dat dinh khoang 0.89, sau d6 c6 xu huéng gidm din con ~0.85 & cudi qua
trinh huén luyén

— Nhin xét:

e Mo hinh dang bi overfitting. Pudng train accuracy ting manh trong khi validation
accuracy chiimg lai rbi giam dan 12 diu hiéu dién hin

o (6 thé thy mé hinh ghi nho rat t5t dit liéu hudn luyén nhung lai mat dan kha ning
téng quat hoa trén dir ligu kiem thi/validation & céc epoch sau. Binh performance
trén validation xudt hién sém (tdm epoch 20-30), ve sau cang hudn luyén cang giam
e Khuyén nghi: Nén ding Early Stopping hodc gidm s6 epoch, hodc 4p dung céc

k¥ thuat regularization nhu Dropout, L2 dé han ché overfitting.
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Hinh 3.10: Biéu d¢d MAE cia cua tap dit liéu Amazon véi 100 epoch

e Train MAE (dudng xanh) giam din déu tir ~0.25 v& dudi 0.05
o Validation MAE (dudng cam) giam nhe dén khodng epoch 20 r6i dao dong quanh
0.15 va bt ddu tang nhe & cac epoch cudi
— Nhén xét:
o Sy ciach biét ngay cang lém giita train MAE va validation MAE sau epoch
30 12 ddu hidu overfitting twong tw nhw & biéu dd accuracy
« Trong giai doan dan, md hinh hoc tot trén ca hai tip, nhung sau d6 chi cai thién
trén train, trong khi validation khong tién bd, thim chi ting nhe - day 1a dau
hiéu mét kha ning tong quét
o Khuyén nghi: Tap trung t&i wu trong giai doan mé hinh vén tong quat tot
(epoch < 30-40)
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Biéu dé6 MSE

MSE qua cac epoch

0.200 - — MSE huan luyén
MSE kiém tra
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Hinh 3.11: Bidu d6 MSE ctia cua tap dit liéu Amazon véi 100 epoch
e Train MSE giam manh tir ~0.20 xudng dudi 0.025
e Validation MSE gidm & giai doan dau, sau d6 ting dan tir epoch 30 trd di (nguoc
hudng voi train)
— Nhan xét:
o Sy gia ting ciia Validation MSE trong khi train MSE tiép tuc giam 14 bing chirg
rd rét cho overfitting
o Trong céc bai todn phén loai, MSE khong phai la metric chinh, nhung xu hudng
ctia né van phan dnh chét lwgng md hinh
o Khuyén nghi: Nén dirng hudn luyén trude khi validation MSE bat du tang, hodc

ap dung ky thuat lam muot/lam chdm overfitting
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Hinh 3.12: Biéu dd Loss Curve cta tip dit liéu Amazon véi 100 epoch
e Train Loss gidm cyc nhanh & giai doan dau, vé st 0 va gitr & mirc rat thap
e Validation Loss giam & dau (epoch 1-20), sau d6 tang dan tré lai
— Nhan xét:
o Loss trén tip hufn luyén cwre thip nhumg tip kiém thi lai ting — mot 1an nira
xdc nhén overfitting
e Hinh dang loss nay cho thdy md hinh "qué hoc thude" dit liu train, din dén danh
mét kha niing dy béo cho dit liéu méi
o Khuyén nghj: Nén dit early stopping khi validation loss dat cuc tiéu (khong nén

hudn luyén qud sb epoch nay)



54

3.1.5. Panh gia thir nghiém
Sau khi tién hanh x4y dung va thir nghiém mo hinh Wide & Deep trén tap dit liéu

Amazon Reviews for Sentiment Analysis, t6i rit ra cic nhan dinh chinh nhu sau:

Epoch| Train Val Train | Val |Train| Val | Train| Val | Nhin xét
Accuracy | Accuracy | MAE | MAE | MSE [MSE | Loss | Loss | nhanh
3 0.892 0.889 0.175 |0.178 [0.095 [0.097]0.350 [0.355 |Dang hoc
manh,
underfit
50 0.950 0.879 0.093 |0.151 [0.040 |0.094|0.120 |0.320 |Dat dinh
som, bit
dau overfit
100  {0.983 0.850 0.055 |0.154 [0.018 |0.132|0.060 |0.410 |Overfitting
10 rét .

Bang 3.2: Bang tong hop két qua huén luyén Wide & Deep

Epoch = 5 (Underfitting)

o Nhén xét: Md hinh méi chi bét d4u hoc, cac chi s6 Train/Val con kha sat nhau
va chua cao. Puong loss, MAE, MSE trén c4 train va val déu con giam manh
qua timg epoch — chimg t6 m6 hinh chua khai thic hét dic trung cua dit lidu

o Khuyén nghj: Nén ting sé epoch 1én dé mé hinh tiép tuc hoc, tranh tinh trang
underfitting

Epoch = 50 (Optimal/Overfitting bit diu)

« Nhéin xét: D6 chinh xac trén tap huén luyén dat cao (0.95), nhung validation
lai khong ting theo, dimg & 0.879 r6i chimng lai hodc gidm nhe. MAE, MSE,
Loss trén validation ciing ngimg giam va bét déu ting nhe sau 20-30 epoch

o Y nghia: Day 1a ving “diém vang” - mé hinh hoc di sau d€ hiéu dif liéu nhung
chua bi qua khép (overfit) qua nhiéu. Tuy nhién, cin cén trong: néu tiép tuc
tang epoch, overfitting s€ tré nén nghiém trong hon

 Biéu @6: Cac duong train (accuracy ting, loss/MAE/MSE giam) tach xa khoi

validation sau 30 epoch
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o Khuyén nghj: Ding early stopping tai thoi diém validation dat cyuc dai

(khoang 20-30 epoch), khéng nén dé training chay qua liu
Epoch = 100 (Overfitting ro rét)

« Nhan xét: Do chinh x4c tip train ting manh gin 0.98, nhung validation lai
giam chi con khoang 0.85. MAE, MSE, Loss trén validation déu ¢6 xu huéng
ting 1én du train vin giam

- Giii thich: M6 hinh “hoc vet” dir liéu train, mit kha ning téng quat hoa. Dy
doan trén dit liéu méi khong con tdt nira

« Khuyén nghi: Khong nén dé s6 epoch 16n nhu viy. Néu van mudn hoc 14u,
cAn ting regularization (dropout, 12) hoic data augmentation

Pénh gia va Dé xuat

o Wide & Deep cho kha nang hoc tbt véi dir liéu 16n, tan dung ca déc trung roi
rac lAn ddc trung phi tuyén sau

o Chi s6 validation dat dinh tai 20-30 epoch, sau d6 bét dau giam: diém dimg
t6t nhét cho mé hinh chinh 13 & day

« Biéu hién overfitting: Dudng train va val tich nhau o rét sau 30 epoch
(accuracy, MAE, MSE, Loss). Péy la du hiéu dién hinh khi chua kiém soét
tt qua trinh hoc

» Nén sir dung:

o [Early Stopping dua trén validation loss/accuracy.

o Giam learning rate khi loss/accuracy plateau.

o Regularization (dropout, 12) dé han ché overfit khi cn train lau.

o Quan sét tit ¢a chi sb chit khéng chi mdi accuracy (MAE, MSE, Loss
déu 1a canh béo quan trong)
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3.2. Thir nghiém trén bd dir li€éu Danh gia cia Postmart

Quy trinh gdm 4 giai doan: Dir liéu, X4y dung mo hinh, Huén luyén m6 hinh Wide

& Deep, Két qua thir nghiém
3.2.1. Dik liéu

Dir liéu danh gia san pham dugc xudt tir co sé dit lidu ctia san Postmart, luu dudi

dang file CSV voi mdi dong 12 mot nhan xét v& san phdm, gdm cac théng tin chinh

Sau:

L]

geval goodsid: M3 san phé"im dugc danh gia
geval frommemberid: Ma ngudi ding dé lai danh gia
geval content: Vin ban ndi dung dénh gi4 san phim (bing tiéng Viét), d¢
dai linh hoat, c6 thé gl’:")m cac nhan xét tich cuc, tiéu cuc hodc trung tinh
geval scores: Diém danh gia san pham (theo s6 sao), 1a s6 nguyén tir 1 dén
5, trong do:

o 1,2: Danh gia tiéu cuc (Negative review)

o 3,4, 5: Panh gia tich cuc (Positive review)
geval goodsname: Tén sin phim duoc dénh gia
geval addtime: Thoi gian d¢ lai danh gia

Trong phan tich cam xic, hai trwdmg dwee sir dung chinh la:

geval_scores (chuyén thanh nhén nhi phin: 0 — tiéu cuc, 1 — tich cuc)
geval_content (van ban danh gia ty do)

M ta tom tit dir liéu:
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Hinh 3.13: Bang dit liéu ddnh gi4 sin phdm ciia khach hang

“evaluategoods™ ctia san TMDT Postmart

Béng 3.3: M6 ta tom tét dif liéu danh gia san pham trén Postmart

STT

ID San
phﬁm
(geval

goodsid)

ID ngwéi danh
gid (geval

frommemberid)

Diem so

(geval_scores)

N¢i dung danh gia

(geval_content)

289

10653

San pham chat hrong t6t,
giao hang nhanh, s€ tng ho
lan sau.

565

5997

Héng dong goi so sai, dung
trong mdi mot thi nilon den
roi dan bang dinh vio....

682

7750

Hai long

280

6626

Shop phén hdi nhanh, giao
hang dang du kién




5 420 915 2 San phém 13i, lién hé
shop mai khong ai phan
hoi

6 353 2964 5 Gid hop ly, chit lugng
tuwong ximg, s€ quay lai
mua tiép

7 212 7964 1 San pham giao mugn, théi
d¢ shipper khong tét

440 7613 . :

B » s Shop ship sai mau 4o

9 151 7015 1 San phim khéng giéng
nhu quang cao

10 | 289 10653 5 Gao duge dong goi rat can
than va giao dang gio

Chti thich: Ct “Néi dung ddnh gid” da rit gon cho ngan gon, dit liéu thec té dai hon.
3.2.2. Huén luyén mé hinh Wide & Deep

Buée 1: Chuén bj va xir Iy dit liéu

L pandas a5 pd
klearn.model selsction rt train_test split

n sklearn.feature_extraction.text import CountVWectorizer

(score_to labal)

‘D

fy dé gif ti 18

¥_train, X_test, train, y_test = train_test split(

X, y, test size=0 7, random state=<l, stratify=y

vectoriz = CountVectorizer()
¥_train_vec = vectorizer.
¥_test wvec = vectorizer.:
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Bwée 2: Danh gia mo hinh

Hién thj céc chi sb: accuracy, precision, recall, f1

Lonfusion Matrix:
[[218 65]
[ 27 298]]

Classification Report:
precision recall fl-score support

(4] £.8861 B.7636 8.8203 275
1 8.8209 B.9169 8.8663 325

accuracy 8.8467 L7

macro aveg @.84a3 0.8433 (5% ]
weiphted ave ©.8467 8.8452 (it ]

fccuracy: ©.8466666666606007

Giai thich:
« Precision (P9 chinh xac): Trong cac miu duge du doan 1a 1 (tich cuc/tiéu
cuc), ¢6 bao nhiéu miu 13 ding thue su
o Lop 0: 88.61% du doan tiéu cuc la ding
o Lép 1: 82.09% du doén tich cuc 14 ding
« Recall (PO bao phi): Trong cac mau thyc sy 1a 1 (tich cuc/tiéu cuc), md
hinh nhén dién ding duoc bao nhiéu
o Lép 0: M6 hinh chi nhan dién ding 76.36% mau tiéu cyc
o Lép 1: Mo hinh nhan dién 16i 91.69% méu tich cuc
« Fl-score: La trung binh diéu hoa giira Precision va Recall, gitp c4n bang hai
chi s6 nay
o Lép 0: 0.8203
o Lép 1: 0.8663
« Support: S lugng mau & timg 16p (0: 275, 1: 325)

Panh gi tong quan
« Accuracy: Do chinh xac téng thé cia md hinh 12 0.8467 (~84.7%) trén tap test
(600 mau)
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e Macro/Weighted Avg:
o Macro: trung binh déu céc 16p, phit hop khi dit li¢u mét cin bing
o Weighted: tinh trung binh ¢é trong sb theo ti 1 mau ctia timg 16p
Nhin xét
» M0 hinh du doén tdt véi 16p ﬁch cuc (Recall = 91.69%), nhung hoi kém voi
1op tiéu cuc (Recall = 76.36%). Piédu nay cho thiy md hinh d& nhan dién
binh ludn tich cuc hon 14 tiéu cue, ¢6 thé do dir liéu hudn luyén bi mét cén
bﬁng hodc cac binh luén ti€u cuc co biéu dat da dang hon, kho6 hoc hon
« Precision lop tiéu cuc cao (88.61%): Khi mo hinh dy doan la ti€u cyc thi kha
nang duing rat cao, tirc it bi nhim lan
o Fl-score 16p tich cyc cao hon: Tong thé mé hinh 1am t6t hon v&i 16p tich cyuc
« Do chinh x4c tdng thé gin 85%: Day 14 mirc kha t6t véi dit liéu thue té,

nhung vAn con tiém ning cai thién, nhat 13 véi 16p tiéu cuc

Budc 3: Xay dung md hinh Wide & Deep
Mb hinh Wide & Deep co ban c6 thé hiéu la:
o Wide part: Céc feature (& ddy c6 thé ding input truc tiép, vi du tir
BoW/CountVectorizer)

o Deep part: Mt mang no-ron nhiéu tang fully connected



61

tensorflow

tensorflow. keras

# lide dinput
wide input = keras,input(shape=(X_train vec.=hzpe[i],), name="wid

# Deep part
deep = layers.! (& activation= "){wide input)
deep = layer [ activa;iun= ‘){deep)

# Két hog
concat = layers nate([wide_input, deep])

output = layers.Dznz=(1, activation=' i¢' ){concat)

model = keras.lodei{inputs=wide_input, outputs=output)

loss='h
metrics=["acc ke cs.iteandbsolutetrrarn), keras.ps

history = madel.iit(
X_train vec, y train,
validation data=(X test vec, y test},
epochs=
batch s
verbose=1

Budc 5: Danh gia va vé biéu dd: Cac bubc vé Learning Curve, Loss Curve,
MAE, MSE twong tw nhw cdc bwée da xiv Iy véi bo dir lieu Amazon Reviews

for Sentiment Analysis
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3.2.3. Két qua thir nghiém
a. 5 epoch:

Biéu d0 Learning Curve

Bi€u dé Learning Curve (S6 lan lap (Epoch) = 5)

—— B0 chinh xac huan luyén
Do chinh xac ki€ém tra

0.95 A

0.90 A

0.85 A

0.80

Q.75 4

D6 chinh xac

0.70 -
0.65 A

0.60 A

0.0 0.5 1.0 115 ZjO 2:5 3.0 3.5 4.0
S6 lan lap (Epoch)
Hinh 3.14: Biéu dd Learning Curve cua bo dit liéu Postmart véi 5 epoch
« Dic diém:
o D0 chinh x4c hudn luyén (train) va kidm tra (validation) déu ting dén
qua tirng epoch
> Sau 5 epoch, do chinh x4c hufn luyén da dat gan 0.97, do chinh xac
kiém tra ~0.94
o Dudng kiém tra lubn sat dudng huan luyén, khong c6 khoang cach lén
e« Nhin xét:
o M hinh hoc nhanh: Chi sau 5 lan ldp da dat do chinh x4c cao trén ca
train/test
o Chwa c6 ddu hi¢u overfitting (hai duong song song, chura bi tich xa

nhau)
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o Pitu ndy cho théy dit mé hinh dit manh dé phan bit duge diém dac
trung ngay tlr cac epoch dau

Biéu d6 MAE

Biéu dé MAE (S6 lan lap = 5)

0.45 A —— Sai sb tuyét déi trung binh (huan luyén)
Sai s6 tuyét déi trung binh (kiém tra)

0.40 -

0.35 A

0.30 A

0.25 -

0.20

Sai s6 tuyét doi trung binh (MAE)

0:15 -

¥ I I T ' T

0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0
56 lan lap (Epoch)

Hinh 3.15: Biéu dd MAE ctia bo dit ligu Postmart vGi 5 epoch

« Nhén xét:
o MAE trén ca tip train va validation déu giam din, gin nhu tuyén
tinh qua ting epoch
o Dudng MAE ciia validation ban du thap hon train, va 2 dudng ti¢m
c¢dn nhau vé cubi
o MAE cubi cing dat muc thip (gén 0.15)
« Y nghia:
o M0 hinh hoc duge nhanh va higu qua, khong bi overfitting ¢ s6 epoch

nay
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o Hiéu qua giiia train/test twong dwong nhau, chirg t6 kha nang tong
quat hoa tbt khi sd epoch vira phai

Biéu d6 MSE

Biéu dé MSE (SO lan lap = 5)

—— Sai 50 binh phuong trung binh (huan luyén)
0.200 A Sai 56 binh phuong trung binh (kiém tra)

0175
0.150
0.125 -
0.100 A

0.075 A

Sai s0 binh phuong trung binh (MSE)

0.050 A

T L] T T I L

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
S0 lan lap (Epoch)

Hinh 3.16: Biéu d6 MSE cia bo dit liéu Postmart véi 5 epoch

» Nhin xét chung:
o Ham mit mat MSE trén ca tip hudn luyén va kiém tra déu giam dén
déu qua tirmg epoch
o Dudng MSE ciia hun luyén va kiém tra khd sat nhau
« Y nghia:
o M0 hinh hoc kha tét, chua co déu hiéu overfitting ho#c underfitting rd
rét
o Tuy nhién, s6 epoch con it, chua cho thdy dugc xu hudng dai han cia

mo hinh



65

Biéu dd Loss Curve

Ham mat mat

Biéu dé ham mat mat (S6 lan lap (Epoch) = 5)

—— Ham mat mat huan luyen
Ham mat mat kiém tra
0.6 -
0.5
0.4 4
0.3 - N
0.2 1 \

] L] v L T T

0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
So lan lap (Epoch)

Hinh 3.17: Biéu dd Loss Curve cta bo dir liéu Postmart véi 5 epoch

e Nhén xét:
o Ham mét mat trén train va validation du gidm déu, tuyén tinh,
khdng bi dirt doan
o Sau 5 epoch, loss train va loss validation tiém cén vé ciing mét miie,
rat thép (~0.2)
o Hai dwdng gin nhir song song, khong c6 déu hiéu tach xa hodc cit
nhau.
o Y nghia:
o Mo hinh dang hoe t6t trén ca tip hudn luyén va kiém tra
o Chua cé ddu hiéu overfitting, underfitting

o Sb epoch nay kha an toan, thich hgp véi dit liéu vira phai
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b. 50 epoch:

Biéu do Learning Curve

Bi€u dé Learning Curve (S0 1an lap (Epoch) = 50)
1.00 - /7
0.95 - [

0.90 -

0.85 A

0.80 A

D06 chinh xac

0.75 A

—— Do chinh xac huan luyén
Do chinh xac kiém tra

0.70 -

0.65 T T T T T T
0 10 20 30 40 50

S6 lan lap (Epoch)
Hinh 3.18: Biéu dd Learning Curve ciia bod dit liéu Postmart véi 50 epoch
o Dic diém:

o Do chinh xéc hudn luyén nhanh chéng dat dinh (gén 1.0) chi sau 5-
7 epoch déu tién, va duy tri mirc nay dén hét qué trinh

o Do chinh xéc kidm tra ciing ting nhanh 1én khoang 0.96, sau d6 6n
dinh, khéng ting thém

o Bét diu xuét hién khoang cach nho giira train va validation (train cao

hon test)

e Nhain xét:
o Mé hinh di hoc dwoe toan b§ miu train (train accuracy ~1.0), trong
khi test vin bi gidi han do dir liéu test c6 nhiéu hodic phén phrf)i khac

biét nhe
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o €6 déu hiéu biit dhu overfitting nhe: Khi train accuracy cao tuyét
d6i. con validation bi chirng lai
o Téng thé mé hinh vin téng quat t6t trén dit lidu test do khoéng cach

khong qua lon

Biéu dd MAFE

Biéu dé MAE (Sé lan lap = 50)

—— Sai s6 tuyét doi trung binh (huan luyén)
Sai s6 tuyét déi trung binh (kiém tra)

0.1

Sai so tuyét ddi trung binh (MAE)

0.0 -

0 10 20 30 40 50
S6 lan lap (Epoch)

Hinh 3.19: Biéu dd MAE ctia b6 dit liéu Postmart vdi 50 epoch

« Nhan xét:
o MATE train giam rit nhanh trong khoang 10 epoch diu, sau d6 gin
nhu cham vé& 0
o MAE validation ciing gidam nhanh lic @u, rdi "ling thitng" di
ngang (van con cich biét véi train)
o Su chénh léch gitta MAE train va validation ting din vé cudi
» Y nghia:

o Co hién twgng overfitting nhe:
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o MBS hinh ghi nhé tdt dit liéu train, nén MAE frain tiém cén vE 0,
nhirng MAE validation khong giam thém ma "cH dinh"

o Néu dimg lai & ~10 epoch, c6 thé s& t6i ru hon

Biéu dd MSE
Bi€u dé MSE (Sé lan Iap = 50)

N —— Sai 56 binh phuong trung binh (huan luyén)
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Hinh 3.20: Biéu d6 MSE ctia b dit li¢u Postmart véi 50 epoch

o Nhin xét chung:
o MSE trén tiap hudn luyén gidam nhanh vé gin 0, sau khoang 10 epoch
thi gitr 6n dinh
o MSE trén tdp kiém tra cling gidm theo, nhung tir khoang epoch thir 10
trér di lai hoi tdng nhe
o Puong kiém tra bit ddu tach khoi duong huin luyén

» Y nghia:
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o DAu hiéu overfitting nhe xuét hién sau khoang 10 epoch, m6 hinh bét
d4u hoc qué ky dit licu huan luyén
o Chn Iuu y dé dimg lai & diém MSE kiém tra thip nhat (early stopping)

Biéu dd Loss Curve

Biéu dd ham mat mat (56 lan [&p (Epoch) = 50)

0.6 —— Ham mat mat huan luyén
- Ham mat mat kiém tra

0.5 -
0.4 1

0.3

Ham mat mat

0.2 1

0.1- k

0.0

I

0 10 20 30 40 50
S6 1an lap (Epoch)

Hinh 3.21: Biéu dd Loss Curve cia bd dir liéu Postmart vé&i 50 epoch

« Nhén xét:
o Loss train gidm manh va rit nhanh vé gﬁn 0 chi sau khoang 10
epoch déu, sau do gan nhu khong ddi (bam sat truc dudi)
o Loss validation ciing giam nhanh lic diu, nhung dén khoang epoch
thir 10 thi bit dAu ting nhe din vé cudi
o Dudng loss validation cach biét din voi loss train
e Y nghia:
s M5 hinh bét d4u overfitting tir sau khoing epoch 10:
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«  Qua trinh hoc tiép tuc gitp md hinh ghi nhad cue (Bt dir lidu
train, nhung 1am giam hiéu qua tong quat hoa Ién tap kiém tra.
= Khoang cach loss test va loss train ngdy cang xa
> Néu dimg sém (early stopping) & ~10 epoch, ¢6 thé dat két qua tdt
nhat
¢. 100 epoch:

Biéu dd Learning Curve

Bi€u dé Learning Curve (S6 lan lap (Epoch) = 100)

1.00 A [

095+ |
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0.85 -

0.80 4

o chinh xac
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0.70 4 | —— Do chinh xac huan luyén
Db chinh xac kiém tra

I ] L]

0 20 40 60 80 100
So lan lap (Epoch)

Hinh 3.22: Biéu d6 Learning Curve ciia bd dit liéu Postmart véi 100 epoch

« Dic diém:
o Duong huén luyén “bam sat” truc trén, duy tri mie g’é‘m 1.0, khong
con tang thém
o Dudng kiém tra (validation) duy tri 6n dinh quanh ~0.96, khéng ting
theo train va c6 xu hudng gitt nguyén, tao ra khoang cach rd rang vai
train

o Nhin xét:
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o Overfitting 16 rang:
»  MO{ hinh dd ghi nhé hoan toan tép train, nhung khéng cai thi¢n
thém trén test
= Validation accuracy “diing im”, khong dugc huong lgi tir viée
huén luyén thém
o Véitip nhd, hién twgng nay cang ré do md hinh dé “thudc long™ dir
liéu train

o Viéc ting epoch khong gitp ting kha ning téng quét hoa ctia mo hinh

Biéu d6 MAE

Biéu dé MAE (S6 lan lap = 100)
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Hinh 3.23: Biéu dd MAE ctia bo dit liéu Postmart véi 100 epoch
o Nhin xét:
o MAE train gin bing 0 tir sau epoch 10, chirg té md hinh thuéc
long dir liéu train
o MAE validation 6n dinh & mirc cao hon (khéng gidm thém)
o Su céch biét cang r0 giira train/test
« Y nghia:

o Overfitting rd rét néu train qua 1au véi bo dir liéu nho
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oMb hinh khéng hoc thém duge gi mdi cho test sau khoang 10-20
epoch

Biéu dd MSE

Biéu dé MSE (So lan lap = 100)

—— Sai 56 binh phuogng trung binh (huan luyén)
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Hinh 3.24: Biéu dd MSE cuia bd dit liéu Postmart vé&i 100 epoch

o Nhéan xét chung:
o MSE huén luyén gan nhu tiém cén 0, gilt nguyén sau 20-30 epoch diu
o MSE kiém tra vin én dinh & mic thAp nhung cao hon so véi tap hudn
luyén, va van ¢6 xu hudng ting dn nhe
o Khoang cach gifra hai dudng I6n hon so v6i cie mite epoch thip hon
o Y nghia:
o M0 hinh d3 everfit ro rét: hoc cuc tot trén dif lidu huén luyén nhung
khé ning khai quat 1én dif liéu méi khong con cai thién, tham chi co

thé giam
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o Nén dirng lai ¢ s6 epoch vira du khi validation loss dat mirc thap nhat
(theo ddi qua early stopping)

Biéu dd Loss Curve

Biéu ddé ham mat mat (S6 lan lap (Epoch) = 100)

—— Ham mat mat hudn luyén
Ham mat mat kiém tra
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Hinh 3.25: Biéu dd Loss Curve ctia bo dit liéu Postmart v&i 100 epoch

e Nhin xét:
o Loss train gin nhw biing 0 sudt tir sau epoch th 10, ching td md
hinh d4 "thudc 1ong" dif liéu hudn luyén
o Loss validation ¢6 xu hwéng ting nhe déu, ngay cang xa loss train
o Duong validation loss khong giam thém du s& epoch tang
» Y nghia:
o Overfitting rd rang:
« MBS hinh khéng cai thién thém vé tong quat hoa, thdm chi

performance trén test c6 thé xdu di néu epoch ting nira
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s Nén ding som & s6 epoch vira phai (early stopping), khéng nén train

qua nhiéu epoch khi dir ligu nhé

3.2.3. Dénh gi4 thir nghiém

Hi¢u suat md hinh: Md hinh Wide & Deep dat @9 chinh x4c (accuracy)
trung binh khoang 84.7% trén tip kiém tra véi dit liéu 600 mau (325 nhan
1,275 nhéan 0)

Cac chi sé Precision, Recall, F1-score déu & mic t6t va cin bang gifta hai
16p, cho thiy md hinh khéng bj thién 1éch vé mét phia

Biéu db Learning Curve cho théy m0 hinh hoc nhanh, dat trang thai 6n dinh
sau it epoch. Tuy nhién, khoang cach giita dudng huin luyén va kiém tra vin
con, thé hién hién trong overfitting nhe khi ting s6 epoch 16n

Biéu dd Loss/MAE/MSE: Ham mét mét giam déu qua cac epoch, riéng tip
kiém tra c6 d4u hiéu "lron séng" hodc ting nhe & epoch cao, xac nhan nguy

co overfitting khi hudn luyén qua 1au

Nguyén nhain:

« Dir liéu thye té cia Postmart kha dic thi, danh gia san phdm da dang, c6

thé chira nhiéu tir 16ng, tir dia phuong hodc binh luin khong déng nhat

TV 1€ nhan kha can biing (nhung vén hoi léch vé phia danh gia tich cuc),
day 1a didu kién thudn lgi cho hoc mdy, tuy nhién mé hinh vén cin kiém soat
& tranh du doan 1éch han vé phia nio dé

S6 lwgng dir liéu vira phai (~3000 mu gbc) gitp mé hinh hoc khé 6n dinh
nhung chua thé hién & st manh ciia md hinh deep learning néu so v6i div

liéu 16n nhu Amazon

3.3. So sanh va d4nh gia sau thir nghiém 2 tdp dir liéu

3.3.1. So sénh v dir liu va tién xir Iy

» Amazon Reviews: La b6 dir lidu tiéng Anh, c6 quy md 16n (hang trim ngan

dén hang triéu dong), ndi dung da dang voi nhidu ngft canh, cau danh gia
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thuomg dai va chi tiét. Ty 1& nhén tich cuc/tiéu cue twong doi can bang, dit
litu dugc chudn hoa tdt, it nhiéu va phan anh kha ddy di cac tinh hubng su
dung thuc té

o Postmart: Dif liéu thyc té tir san TMPT Viét Nam, chi yéu la tiéng Viét, sé
Iwong mau con han ché (vai tram dén vai nghin dong), dd da dang v& ngon
ngir chura cao, cdu dénh gia thuong ngén, c¢o nhidu truéng hop lap lai noi
dung hoiic thidu chi tiét. Sy cin bang nhin c6 thé chua rd rang do tap khach
hang nho hon, va dit li¢u thyc té thuong ton tai nhiéu yéu t6 nhidu nhu ngon
ngir dia phuong, tir long, ky tu dic biét

3.3.2. So sinh vé hiéu suéit méd hinh va cic chi sé danh gia
a. Do chinh xic (Accuracy)

« Amazon Reviews: D0 chinh xac (accuracy) trén tip kiém tra thuong dat 88—
90% & céc lan thir nghiém véi sé epoch tang dan (5, 50, 100). Duong
Learning Curve khé én dinh, khoang cach giita duong huén luyén va kiém
tra nhé, cho thiy mé hinh tdng quat tét trén dit liéu I6m, it bi overfitting

o Postmart: D6 chinh xéc kiém tra thudng & mic 80-86%, tuy vao 50 lugng
dit lidu va epoch. Puong Learning Curve cho thdy mé hinh hoc nhanh nhung
¢6 hién tuong overfitting khi sé epoch tang, do dir liéu nho, cac trudmg hop
danh gia dic biét dé bj “thudc long”. Tuy nhién, trong pham vi dit liéu thyc
té & Postmart, két qua nay vin dugc danh gia 1a tot va thuce té

b. MAE (Mean Absolute Error) & MSE (Mean Squared 'Error)

« Amazon Reviews: MAE va MSE trén tip kiém tra giam déu qua cc epoch
va ludn thép hon tap huén luyén, cho thdy m6 hinh dy doan n dinh, khéng
bi léch pha nhiéu

o Postmart; Gié tri MAE va MSE ban déu kha t6t nhung c¢6 xu huéng ting
nhe khi s6 epoch 16n (100), x4c nhén nguy co overfitting. Biéu db Loss
Curve trén tap kiém tra xudt hién séng nhe & cubi, chimg to dir liéu Postmart

con it da dang hodc chua di 16n dé mé hinh hoc tong quat
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c. Biéu dd Loss Curve
« Amazon Reviews: Dudng Loss gidm manh & c4c epoch dAu va chimg lai khi
tang epoch, gan nhu song song gitra tap hudn luyén va kiém tra
» Postmart: Pudng Loss giam nhung xuit hién do “luon séng” & tap kiém tra
khi epoch 16n, cho thiy mé hinh bat dau “thudc long” dit liéu training thay vi
hoc quy ludt tong quat
d. Cic chi s6 mé rong (Precision, Recall, F1-score, ROC-AUC)
« Amazon Reviews: Precision, Recall, F1-score déu cao (trén 0.86), ROC-
AUC thuong vugt 0.90 — xédc nhin mo hinh phan biét t6t hai nhan
« Postmart: Cac chi s6 nay c6 thé dao déng manh hon (thuong trong khoang
0.80-0.85) tuy timg 1an thir nghiém, tuy nhién d¢ Iéch gitra Precision va
Recall khong 16m, AUC van > 0.85 — phi hop véi thuc té dir lidu tiéng Viét
con han ché
3.3.3. Phén tich cic nguyén nhin chénh léch
» Dung lugng va da dang dir liéu: Amazon Reviews lon va da dang nén mo
hinh hoe duge nhidu quy luat tng quat, giam thiéu overfitting. Dit lidu
Postmart con han ché, nhiéu truomg hop bi lap lai, cau danh gia ngz‘in, giy
kho cho céc md hinh deep learning v6n can dir lidu l16n
» Dic thit ngdn ngir: Amazon st dung tiéng Anh, dir liéu chuan hoa cao.
Postmart la tiéng Viét, dé phét sinh tir 16ng, 16i chinh ta, ky tw dic biét, dic
biét 14 trong cc ving mién khac nhau. Didu nay doi hoi mé hinh cin nhiéu
dir liéu hon dé khai quat hoa tbt
« Muc dich sir dung: Amazon chi yéu ding dé phén tich cam xiic (sentiment
analysis), con Postmart huéng téi goi v san phim, nén déi khi tap trung vao
cac danh gia “trung tinh” hodc phan dnh cé biét ciia ngudi dung Viét Nam
3.3.4. Panh gia
o Mo hinh Wide & Deep t0 ra hi€u qua & ca hai tap dit liéu, dac biét la voi
Amazon Reviews — noi mé hinh phét huy hét sirc manh nho dir ligu 16n, da

dang va chuin héa. Véi dir lidu thuc té ctia Postmart, mo hinh vin cho két
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qua kha t6t, c6 thé tng dung vao thuc té, tuy nhién dé t6i uu hon nira, cin
tang dung luong va da dang hoa ngudn dir liéu, ciing nhur ap dung thém céc
ky thudt xi 1y tiéng Viét hién dai

Hién twgng overfitting xuét hién rd rang hon & Postmart khi s& epoch 16n,
nguyén nhan chi yéu do s6 mAu nho, it truong hop ddc biét, mo hinh hoc
thudc long thay vi tong quét hoa

Két qua thwe té trén Postmart phan anh dang dic tht TMDT Viét Nam:
ngudi dung danh gia nhanh, it binh luan chi tiét, thudng xuyén dénh gia tich

cuc hodc cuc doan, vé ton tai nhiéu mau cé ndi dung lap lai

3.3.5. Pé xuit cai thién

Mé rong va lam sach dir ligu: Tiép tuc thu thap nhiéu hon cac danh gia
thuc t&, loc bo spam va mau tring 13p, chuén hoa ngdn ngi, tir 16ng, 16i
chinh ta...

Ung dung cdc ky thuit NLP cho tiéng Viét: Ding thém mo hinh BERT
tiéng Viét (PhoBERT), word2vec, hoic transformer cho dir li¢u vin ban dé
cai thién hiéu qua

Cii thién biéu dd va danh gia md hinh: Tang s6 lan thir nghiém véi tap dir
liéu 160 hon, sir dung cross-validation dé danh gia 6n dinh

Trién khai thwe tién: K& hop mo hinh nay vao hé théng Postmart, dénh gia
theo thoi gian thyc dé t6i v trai nghiém ngudi ding, cdnh bio sén pham c6

nhiéu danh gia tiéu cuc
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3.4 Két ludn

Chuong 3 di trinh bay chi tiét qua trinh thir nghiém, d4nh gié va so sanh céc mo
hinh hoc séu, voi trong tAm la mé hinh Wide & Deep, trén hai b dir liéu danh gia
san phim: Amazon Reviews (qudc té) va Postmart (thwc té Viét Nam).

Quy trinh thir nghiém tuan tha diy da cac budc: chuén bi, tién xtr 1y dir lidu, xay
dung md hinh, huén luyén, danh gi4 va trie quan hoa két qua théng qua cac biéu do
Learning Curve, Loss, MAE, MSE, ROC-AUC, ciing cic chi sé chinh xac
(accuracy), F 1-score, confusion matrix...

Két qua thir nghiém cho théy:

o Trén bd dit liéu Amazon Reviews, mé hinh Wide & Deep dat higu qua rat
cao, @ chinh xéc trén tap kiém tra thuong xuyén trén 88-90%, cac chi sb
Precision, Recall, F1-score, AUC déu vurot troi nho dir liéu 16n, da dang va
dé dugc chuén hoa tot

e Trén b dir liéu Postmart, md hinh vAn dat két qua kha quan (accuracy
trung binh 84-86%), tuy nhién mé hinh dé gép overfitting khi ting s6 epoch,
nguyén nhén do dir liéu thyc té con han ché vé sb lwong, chét luong va d6 da
dang ngdn ngir. Cac biéu d6 Learning Curve, Loss Curve va cac chi s6 MAE,
MSE déu phan 4nh dung thyc trang nay

So sanh hai bo dir liéu cho thﬁy sur khac biét ro rét vé hiéu qua mo hinh, dfﬁng thoi
nhén manh vai trd quyét dinh cta dung luong, chét lwong va tinh da dang ctia dir
liéu déu vao dbi voi thanh cdng chia cac mé hinh hoc sau trong thuc té.

Cudi ciing, chuong 3 da dua ra cac d& xuit hudng cai thién cho dir liéu va mé hinh,
dac biét nhin manh viéc md rong dir liéu thyc té, ing dung cac k¥ thuat xir Iy ngén
ngit ty nhién hién dai cho tiéng Viét, ciing nhu thir nghiém thém nhiéu mo hinh tién
tién dé ning cao hidu qua ciia hé théng khuyén nghi san phf’im trén nén tang thuong

mai dién tir Postmart
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TONG KET

1. Két qua dat dwoc

Pé an di hoan thanh cdc muc tiéu nghién ctru dit ra, cu thé:

Dé 4n da nghién ctru va thir nghiém k¥ thuat hoc sau, ddc biét la mo hinh
Wide & Deep cho hé théng tw vin san phidm trén san thuong mai dién tr
Postmart

Qua trinh thir nghiém duge thye hién khong chi trén bd dir liéu Amazon
Reviews chudn qubc t& ma dic biét da dwgrc trién khai thye nghiém trén
chinh b dit liéu danh gia san phém thue té cuia Postmart

Két qua cho thiy mé hinh Wide & Deep dat higu qua rat cao trén dit liéu 16n
(Amazon), va van giff dugc hiéu sudt tét trén dir liéu thue té Postmart v6i d6
chinh xéc trung binh 84—86%. Diéu nay khing dinh tinh kha thi cta viéc ap
dung mb hinh vao hé théng thuc té tai Viét Nam

Thir nghiém d4 phén tich, so sanh chi tiét higu sudt, biéu d6 hoc tap
(Learning Curve), MAE, MSE, ROC-AUC gifra hai bd dir liéu, qua d6 1am
0 vai tro va anh hudng cua chét lrgng, dung lugng dir li€u tdi hi¢u qua mo
hinh

2. Nhirng han ché clia @8 4n

Bén canh cic két qua tich cyc, d& 4n con ton tai mot s6 han ché nhét dinh:

Dit liéu Postmart con han ché vé sé lwong va 6 da dang, din dén hién tuong
overfitting khi hudn luyén mé hinh véi s6 epoch 16n. Mot sb dic thu tiéng
Viét, tir 1ong, 16i chinh t4... vAn con gay nhiéu cho qua trinh xir 1y

Chua khai théac hét tiém ning cta cac md hinh ngén ngir hién dai nhu BERT,
Transformer cho tiéng Viét do han ché tai nguyén

Pac trung dau vao chil yéu méi tap trung vao ndi dung danh gia, chua tich
hop siu cac truong théng tin phu nhu metadata san phim, hanh vi mua hang,
thoi diém danh gia. ..
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3. Huéng phat trién tiép theo

Dé phat huy hiéu qué va khic phuc céc han ché néu trén, tac gia xin dé ra cac

hudéng phat trién tiép theo dugc dé xut nhu sau:

« Tiép tuc m& rong, 1am sach va chuan hoa dit lidu dénh gid san pham ctia
Postmart, tang s6 luong, da dang ving mién, nganh hang, dic biét 1a cac
danh gi4 mang tinh khach quan va chi tiét hon

. Ung dung thém céc ky thudt xir Iy ngon ngit tw nhién chuyén siu cho tiéng
Viét (nhw PhoBERT, ViBERT, cac Transformer mai), dong thoi thir nghiém
két hop nhiéu md hinh khac nhau dé téi wu higu qua

o Két hop nhiéu dac trung diu vao hon: tich hop metadata, hanh vi ngudi
dung, lich sir trong tac. .. vao mo hinh dé ting chit lugng goi y va d6 ca
nhan hoa

o Trién khai thuc nghiém md hinh trén méi truong thuc té, danh gia hiéu quéa

van hanh, tiép nhan phan héi tir ngudi ding dé hiéu chinh lién tuc
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BO KHOA HOC VA CONG NGHE CONG HOA XA HQI CHU NGHIA VIET NAM

HQC VIEN CONG NGHE DPéc lap - Tw do - Hanh phic
BU'U CHINH VIEN THONG

BIEN BAN
HOQP HQI PONG CHAM DE AN TOT NGHIEP THAC SI
Cin cir quydt dinh sé Quyét dinh sé 1098/QD-HV ngay 26 thang 06 nim 2025 cla
Giam d6¢ Hoc vién Cong nghé Buu chinh Vién thong v& viéc thanh 14p Hoi dong chdm dé
an t&t nghiép thac si. Hoi ddng da hop vao hdi... T .gior..T0.phut, ngay 19 thang 07 nam 2025
tai Hoc vién Cong nghé Buru chinh Vién thong dé chdm d& an t6t nghiép thac si cho:
Hoc vién: Nguyén Béo Tiing

Tén d an t6t nghiép: Ap dung k¥ thuit hoc siu cho tw vin trén San thwong mai dién tir
Postmart

Chuyén nganh: H¢ thong théng tin Mi s6: 8480104
Céc thanh vién cta Hoi déng chidm d an tdt nghiép c6 mit: 0?/ 05
TT HOQ VA TEN TRACH NHIEM TRONG HP GHI CHU
1 | PGS.TS. Tran Quang Anh Chu tich
2 | TS. Pao Thi Thiy Quynh Thu ky
3 | PGS.TS. Nguyén Trong Khinh Phan bién 1
4 | PGS.TS. Nguyén Ha Nam Phan bién 2
5 | TS. Tran Ping Cong Uy vién

Cac ndi dung thwe hién:

1. Chutich Hoi déng diéu khién budi hop. Cong bd quyét dinh ctia Giam ddc Hoc vién Cong
nghé Buu chinh Vi2n thong v& viéc thanh 1ap Hoi ddng chim dé 4n t6t nghi€p thac si.

2. Ngudi huéng din khoa hoc hodc thr ky doc 1y lich khoa hoc va céc diéu kién bio vé dé

an t6t nghiép ctia hoc vién. (c6 ban ly lich khoa hoc va két qua cdc mon hoc cao hoc cia

hoc vién kém theo).

Hoc vién trinh bay tom tit d& 4n t&t nghiép.

Phan bién 1 doc nhéin xét (c6 van ban kém theo)

Phan bién 2 doc nhan xét (c6 vidn ban kém theo)

Al

Cac cdu hoi cua thanh vién Hoi dong:

-----------------------------------------------------------------------------------------------

el /% S0 Pt T Ma f’&z ...... S P ot .. W/g'é
ﬁaz ..... / M.ﬁd.cz.% ............................................. 1%0 .............. MQL ............. mw

7. Tra 161 cua hoc vién:



8. Thur ky doc nhan xét vé& qué trinh thyuc hién @ 4n tt nghiép ctia hoc vién (¢d vin bdn kém
theo).

9. Hoi ddng hop riéng:
- Biu Ban kiém phiéu:
1. TruongBan kiém phidw: . T 22 T Foss .
2. UY vién Ban kiém phiéu: .. 475 70 ﬁ f}ﬁm{ .....
3. Uy vién Bankiém phiéu:  ...[L..[/zs....00% Cy ...... .
- Hoi d6ng chim d& 4n t&t nghiép bang bod phiéu kin.
- Ban kiém phiéu lam viéc:
- Trudng Ban kiém phiu bao cao két qua kidm phiéu (cé Bién ban hop Ban kiém
phiéu kém theo)
- Piém trung binh cia dé 4n t6t nghiép: 6/(7L .............
Két ludn:
1. Céc ndi dung cin chinh stta, hoan thién sau bao vé dé 4n t6t nghi¢p:

.......................................................................................................................................

vererees fﬁM ........ f ,;v»?ﬂt?' ...... / M .......
s yr “f .......... y fu ygﬂ‘%ﬁw %f‘éﬁ%"ig,ﬁ e

.........................................................................................................................................
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.........................................................................................................................................
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2. Bé nghi Hoc vién cong nhén (hodc khdng) va cép bing (hoic khong) thac si cho hoc vién:
3. D2 4n t6t nghiép c6 thé phat trién thanh d& tai nghién ctru cho

Bubi 1am viéc két thic vao............... cung ngay.

Chi tich Thuw ky

e i

PGS.TS. Trdn Quang Anh TS. Dao Thi Thiiy Quynh



CONG HOA XA HOI CHU NGHIA VIET NAM
Péc lap - Tw do - Hanh phuc

BAN NHAN XET LUAN VAN TOT NGHIEP THAC SI
(Diing cho nguoi phan bién)

Tén dé tai luan van: Ap dung k¥ thuat hoc séu cho tu vAn trén san thuong mai dién tir
Postmart

Chuyén nganh: Khoa hoc may tinh  Ma 56:8.48.01.01

Tén hoc vién: Nguyén Bao Tung

Ho va tén ngudi nhan xét: NEuy8n HA NaMl.....ovovveeereersieecseneeceenensecssssssssimmsssssessssans
Hoc ham, hoc vi:  PGS. TS Chuyén nganh CNTT ..oeeeeeeveecreensiineneeaeeneens
Co quan cong tac: Ban Khoa hoc va Pdi méi sang tao, PHQGHN.........ccoverererevirinnns

NOI DUNG NHAN XET

I/ Co s& khoa hoc va thye tién, tinh cip thiét caa da tai:

TMDT dang ngay can trd thanh linh vyc quan trong trong téng thé nén kinh té. Bai
toan tu vin san pham ludn dugc cac hé théng kinh doanh chu trong dic biét trong bbi
canh toan cu héa nhu hién nay. Pay la mot huong nghién ctru c6 tinh thoi sy va thuc
tién cao.

I/ V& ndi dung, chit lwgng ciia luan vin, cic két qua da dat dwgce (so véi dé
cwong di duge duyét):

Noi dung cta lugn vin va cac két qua dat dugc co ban bam sat theo dé cuong dd duge
phé duyét.

Lu@n van dugc trinh bay trong 3 chuong bao gdm gidi thiéu tbng quan vé bai toan tu
Van hé théng tu véin, gidi thiéu mot s k¥ thuét hoc siu ap dung cho bai toan tu vén va
cubi ciing thir nghiém danh gid md hinh trén san thuong mai PostMart va dd cho ra
mdt sb ké qua buéde dau.

III/ Nhitng vAn @ can giai thich thém:

- Muc dich ctia phin data generation trong hinh 2.3 dé 1am gi?

- Sao khong so sanh voi cac két qua trude ddy cla céc tac gia khac trén cing bd dit
ligu?

- Tai sao chon t¥ 18 huén luyén/ kiém chl’rlzlé 80/20?

IV/ Két luin:
Ludn van dap tng dugc yéu cdu co ban ctia luan vin thac s§ chuyén nganh
KHMT(theo dinh huéng tng dung). Tb6i ddng y dé hoc vién duge bao vé ludn vin
trude Hoi dong chdm luan vin thac st
Ngay /7 thang 4 ndm 2025
NGUOI NHAN XET
(Ky va ghi rd ho tén)

Ol _—



CONG HOA XA HOI CHU NGHIA VIET NAM
Poc 1dp — Tw do — Hanh phiic

BAN NHAN XET LUAN VAN TOT NGHIEP THAC SI
(Diing cho nguoi phan bién)

Tén dé tai ludn van: Ap dung k¥ thudt hoc sdu cho tu van trén san thuong mai dién to
PostMart.
Chuyén nganh: Hé thong Théng tin
M sb: 8.48.01.04
Ho va tén hoc vién: Nguyén Bao Tung
Ho va tén ngudi nhan xét: Nguyén Trong Khanh
Hoc ham, hoc vi: PGS. TS.
Co quan cong tac: Hoc vién Cong nghé Buu chinh Vién thong
S6 dién thoai : 0912314482 Email: Khanhnt@ptit.edu.vn
NOI DUNG NHAN XET

I. Cé sé khoa hoc va thuc tién, s cin thiét lya chon aé tai:

P& 4n tim hiéu céac k¥ thuat hoc may, dic biét 1a cac k¥ thuat hoc sdu cho hé thé van
trén san thuong mai dién tr, day 1a bai toan c6 co s6 khoa hoc va y nghia thuc tién.

I1. N§i dung ctia ludn vin, cac két qua da dat duge:

V& co ban, d& 4n da tim hidu duoc 1y thuyét v& hé tu vin, mot sé hudng chinh, ciing
nhu moét sé phuong phép hoc may ap dung trong xay dung h¢ tu van. D& 4n ciing dé
xuét 4p dung mang no ron sau va rong dé 1am hé tu vin cho céc san thuong mai dién
ttr, trong d6 ¢6 Postmart. Tuy nhién, dé an chua thuc su thuc nghiém va xay dung
duge hé tu van cho san nay, thay vi d6, chi thir nghiém va danh gid mo6 hinh dé xuét
v&i bo dir liéu ngoai (Amazon Reviews for Sentiment Analysis).

IIL. Mot s6 ndi dung chwra dong ¥

Muc tiéu chinh cia dé an 1a xay dung hé théng tu van cho san TMDT Postmart,
tuy nhién dé an chua thuc sy hoan thanh muc tiéu dit ra. D& 4n ma&i chi tim hiéu va dé
xuét ap dung mang no ron sdu va rong, sau do thu nghiém dé xuét trén bo dir lidu
Amazon Reviews for Sentiment Analysis. Chwa c6 hé théng tu van, hay mé hinh nao
duge xay dung cho san Postmart dugc xay dyng, thir nghiém, danh gia.

Mot trong nhiing déi tugng quan trong cla dé an 1a sain TMPT Postmart, tuy
nhién quyén bao c4o khong gidi thiéu gi v& san nay. Chi ¢ phén 2.2 gidi thidu truc
tiép cac bang dir liéu dang ¢ trong CSDL ctia Postmart.



Viéc thuc nghiém va danh gia trong chuong 3 khong hop Iy, ¢ nhiéu diém chua
r5, nhidu nhén xét kha kho hiéu, twong tu ngudi/may viét. Vi du cling trén mot qué
trinh training cdc biéu dd cua training véi 5 epoch lai khong phu hop véi 50, 100
epoch; cic 101 nhin xét sau mdi 1an thuc nghiém (vi du trang 45 “trong thuc té, nén
dirng huén luyén tai ...”, trang 48 “md hinh dang bi overfitting...”, “nén dung early
stopping ...”) tuong tu 101 khuyén nghi ca nguoi/cong cu dé xuft cho qua trinh thue
nghiém, chit khong phai nhdn xét danh gia thuc nghiém.

Bio céo td chirc chua tdt, con kha 16n x0n va ciu tha. Dic biét chuong 2, chuong
ndy gidi thiéu cac k¥ thuét hoc sdu cho TMDT, tuy nhién chi dugc 2 trang gioi thi€u
chung chung vé& mét s6 mang co ban, khong c6 thong tin chi tiét va tng dung, vi du
cAu tric mang nhu nao, dugc ap dung & dau, va vao bai toan TMDT nhu nao. Phan
tich bai toan tu vin san pham Postmart lai duoc dat trong phin 2.2 1a khong hop Iy ...

B4o cao khong co trich dan bét ky tai liéu tham khao ndo, mdc du co6 11 tai licu
tham khéo. Hoc vién cin bd sung trich dén, cho nhitng ndi dung kién thirc tham khao
bén ngoai. Ngoai ra, tit ca hinh tir 3.3 dén 3.12 déu c6 chung 1 tén “Biéu d6 MSE cua
md hinh”; khéng dua mi ngudn vio bao cdo d& 4n thac s ... Bdo cdo quyén ctia dé 4n
can dugc cap nhap chinh sua lai cén than hon.

IV. Nhirng vin d¢ hoc vién can gidi trinh thém:

- Giai thich cach ap dung phuong phép dé xuét véi dir liéu ctia san Postmart, nén
tién xir ly dir liéu nhu nao, dua dir li¢u vao mang dé huin luyén nhu nao ...

- Tai sao biéu dd huin luyén ciia 5 epoch khic va c6 vé t6t hon véi 50 va 100 epoch.

V. Kétluin

Pdng v cho phép hoc vién bao vé ludn vin tt nghiép.

Ha Noi, Nge‘ly/f/é thang 4. nam 2025
NGUOI NHAN XET
(Ky va ghi rd ho tén)
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Nguyén Trong Khénh




