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MO DAU

Trong nhitng nim gan day, v6i sy phd bién ngay cang 16n cia dit
liéu va tmg dung tryc tuyén, hé tu van déi dién véi nhiéu thach thirc. Ngay
cang kho khan dé xu 1y va phan tich lugng 16n dit liéu, dong thoi can tim ra
céch ca nhan hoa dé xuat sao cho phui hop va chinh xac. Pay 1a mét trong
nhitng 1y do phwong phap hoc sau ndi 1én nhu mot cong cu manh mé dé giai
quyét nhitng thach thirc nay. Hoc sau mang lai kha nang hoc va rit trich dac
trung tur dit liéu 1on, xir Iy thong tin phure tap, va tir 6, cai thién do chinh xac
va kha ning d& xuit cua hé tu van.

Huoéng nghién ctru hién tai ctua hé théng tw van c6 thé duogc chia
thanh ba loai [5]: khuyén nghi dua trén noi dung (Content-based Filtering
Recommendation), khuyén nghi dya trén loc cong tac (Collaborative
Filtering Recommendation) va phuong phap khuyén nghi két hop (Hybrid
Recommendation). Loc thong tin theo ndi dung khai thac nhitng khia canh
lién quan dén ndi dung thong tin san pham hoic ngudi dung da timg tuong
tac trong qua kh dé tao nén tu van. Trai lai, loc thong tin theo cong tac khai
thac nhitng khia canh lién quan dén théi quen sé thich ctia nguoi sir dung san
phdm dé dwa ra du doan va phan bd cc san pham cho ngudi dung nay. Cac
phuong phap khuyén nghi két hop tim cach dat dugc két qua khuyén nghi tot
nhét bang cach két hop cac phuong phap khuyén nghi dya trén ndi dung va
c4c phuong phap khuyén nghi dua trén loc cong tac. Trong bdi canh cua viée
cai thién hé théng goi y hién nay, sy phat trién ctia cac phuong phép loc cong
tac (Collaborative filtering) di dem lai mot cach tiép can manh mé& va linh
hoat hon trong viéc cung cip goi ¥ dua trén hanh vi va s¢ thich cia nguoi
dung. Cac phuong phép loc cong tac c6 thé dugc phan thanh hai loai Dya trén
b nhé (Memory-Based) va Dya trén mé hinh (Model-Based) [6]. Loc cong

tac dua trén mo hinh cho két qua t6t hon loc cong tac dua vao b nhd.
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Chinh vi nhitng vu diém da néu ra ¢ trén cia cac phuong phap, em
da lwa chon d8 tai: “Nghién citu phirong phdp hoc sdu cho hé tr vdn”, phuong
phap s€ xdy dung hé tu van loc cong tac dya trén mang no-ron lgc cong tac
(Neural Collaborative Filtering). Hy vong rang nghién ciru nay s& mang lai
nhitng hiéu biét sau hon va kham pha méi trong linh vyc nay, tao ra nhiing
dong gop y nghia cho cong dong nghién ctru va mang lai gia tri thuc té cho
ngudi dung.

Nbi dung d& &n duoc trinh bay thanh ba chwong theo cau tric sau:
Chuwong 1: Téng quan vé hé tw vin
Trinh bay téng quan vé cac khai niém lién quan co ban t6i
hé tu van va dua ra cac phuong phép tiép can chinh, cac vu va
nhuoc diém cua timg phuong phap nay dugc sir dung dé xay dung
hé thong tu van.

Chuwong 2: Hoc siu cho hé tw van loc cdng tac

Gioi thiéu téng quan vé hoc sau, cac khai niém dic trung
ctia phuwong phap phén ra ma tran, uu va nhuoc diém cta phuong
phap nay. Trinh bay chi tiét cach xdy dung md hinh Neural

Collaborative Filtering (NCF) dé giai quyét bai toan.

Chuwong 3: Thue nghiém va két qua

Xay dung bo dir lidu tir dix liéu thuc té, trinh bay qua trinh
cai dat thr nghiém, so sanh hiéu suit cua phuong phap Neural

Collaborative Filtering (NCF) v6i mét sb phuwong phéap hién co.

Két luan va hwéng phat trién.

Trinh bay tém tit nhitng két qua da dat va chua dat duoc. Qua
d6 @& xuat myc tiéu, huéng nghién ctru, ciing nhur huéng phat trién

tiép theo.
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CHUONG 1. TONG QUAN VE HE TU VAN
1.1. Gi6i thiéu vé hé tw vin

Trong xd hdi ngay nay, vai trd cta hé tu van tré nén quan trong
khong thé thiéu trong cudc song hang ngay. N6 khong chi gitip nguoi ding
tiét kiém thoi gian va cong sirc trong viée tim kiém thong tin ph hop véi nhu
cau c4 nhan ma con mang dén trai nghiém c4 nhan hoa, t61 wu va tha vi.
1.1.1.  Gi6i thi¢u bai toan tw vin

Cho mét tap hop hitu han U = {u;, uy, ..., u,} 12 tap gom N nguoi
dung (ngudi sir dung hé thong), I = {iy, iy, ..., i} 12 tip gdm K san phim
(san pham cta hé théng). M&i san phim i, € I c6 thé 1a san phim hang héa,
tai liéu, sach, bao, hodc bat ké dang thong tin nao ma ngudi dung quan tam.

Ma tran dénh gia A ={a;;, i=1,.., N, j=1,.., K } ding dé
biéu dién mdi quan hé giita tap ngudi ding U va tap san pham 1. Mdi gié tri
a;; €{0,1,2,...,V } thé hién danh gid cua ngudi ding u; € U d6i véi san
pham i; € I. Gid tri ctia a;; c6 thé thu thap tryc tiép tir ¥ kién cta nguoi ding
hodc thu thap mot cach gian tiép thong qua cac co ché phan hoi cia ngudi
dung. Gia trj a;; = 0 co thé hiéu rang nguoi dung u;j chua bao gioy biét dén
hodc chua danh gia san phém ij. Nhiém vu cta hé théng goi y la dya trén
nhitng dir liéu da c6, dua ra nhitng goi ¥ vé san pham [; € I ma nguoi dung

u; € U co6 kha nang s€ quan tam.

1.1.2. Mot s6 khai niém chung vé hé thong tw vin

Hé théng tw van, con dugc goi 12 Recommender System hodc
Recommendation System [1], 1a mdt loai cong nghé thong tin dugc thiét ké
dé tr dong dé xuét cac muc hodc san ph?im ma c6 thé phu hop va dugc ua

thich nhat véi mdi nguoi ding ca nhan. Muc tiéu chinh cua hé thong tu van
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1a cung cip cac goi ¥ c4 nhan hoa, gitp ngudi dung kham pha va tiéu thy ndi
dung méi mét cach hi¢u qua

San pham (Item) la thuat ngit chung dé chi nhitng tht ma ngudi
duing c6 thé tuong téc trong hé thong tu van. Item c6 thé 1a sach, phim, truyén,
tin tuc...

Trong thyuc té, viéc thu thap dir liu Ho so ngudi dung thuong dugce
sir dung théng qua hai phuong phap chinh 1 phan hoi an (implicit feedback)
va phan hdi trong minh (explicit feedback). Pbi v6i phuong phap phan hoi
tuong minh (explicit feedback) hé théng yéu cau ngudi dung thuc hién viée
xép hang (rating) cu thé cho mdi san phiam dé xay dyng Hd so nguoi dung.
Phuong phap ndy cung cap dit lidu ngudi dung truc tiép cho hé thong tu van
ma khéng can cac bude bién doi trung gian, va két qua tu van tir d6 duoc
danh gia 1a dang tin cay hon [2].

Dé khic phuc nhitng mat han ché cua viéc thu thap dir liéu ho so
ngudi dung ciia phuong phap phan hdi twong minh (explicit feedback),
phuong phap thu thap phan hoéi an (implicit feedback) str dung/ghi nhan cac
dau vét ma nguoi dung co thé dé lai trén hé thong nhu lich sir truy cap vao
website, lich sir xem hodc mua san phdm, thoi gian truy cdp trang web, s6 1an
nhip chudt, va cac hoat dong khac twong ty dé c6 thé suy luén céac thong tin
vé s¢ thich ctia ho.

Ma tran twong tac Ngudi ding — San phim hay con duoc goi 1a
Utility Matrix hoac User — Item matrix 1a mét co s¢ dit 1iéu mo ta so thich
ciia mdi Ngudi dung (User) voi timg San pham (Item) trong hé thong. Dit
liéu nay co thé duoc biéu dién dudi dang ma tran, trong d6 mdi hang dai dién
cho mot ngudi ding (User), mdi cot dai dién cho mot san pham (Item), va gia
tri tai mdi 6 ctia ma tran thé hién gia tri danh gi4 (rating) cta ngudi dung d6

cho san pham tuwong ung.



San phim 1 San phim 2 2in phim 3 Sinphima
Nguéi ding 1 1 5 3
Ngudi ding 2 2 4
2 1 5
Ngwdi ding m 3 1 1
R

Hinh 1. 1: Ma trdn tiwong tac Nguweoi ding — San pham

1.1.3.  Cac tiéu chi danh gia hé tw vin
1.1.3.1. Phwong phap danh gia hé tw vin

Dé co thé danh gia duoc do chinh xac cua hé thong tu van/khuyén
nghi, dau tién tir ma tran danh gia R, ching ta tién hanh chia tap ngudi dung
U (cac hang trong ma tran danh gia R) thanh hai phan, mot phan ky hiéu la
Ugrain duoc sir dung 1am dir liéu huén luyén (training), phan con lai ky hiéu
1d Upese duoc str dung dé kiém tra (testing) sa0 cho Ugain U Urest = U VA
Uprain N Urest = @ Tap dit liéu hudn luyén Uy,a;, dugc sit dung dé xay dung
mo hinh theo cac thuat toan sir dung trong hé tu van/khuyén nghi. Tap dit liéu
kiém tra Ugegy dugc st dung vao qua trinh kiém nghiém thuét toan tu van.
Chung ta c6 thé biét dén mot sb cach tiép can thuong dugce sir dung dé chia
tap ngudi ding U thanh 2 phan huén luyén (Uain)VA Kiém tra (Uyes,) la: Lay
mau Bootstrap (Bootstrap sampling), Phan chia (Splitting), Kiém thir chéo
(k-fold cross validation).
1.1.3.2. Do do danh gia do chinh xac clia danh gia du doan

Dé danh gi4 tinh chinh xac ctia céc gié tri du doan tir hé tu van, mot
trong nhirng phuong phap phd bién 1 st dung cac d6 do dwa trén do sai sb
giita gi4 tri du doan va gié tri thuc té. Piéu nay giup do ludng mirc do chinh

xac cua du doan va dua ra cai nhin tong quan vé hi¢u suat cua hé thong. Mot
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s6 d6 do phd bién dugc sir dung dé danh gia sai s6 trong cac bai toan phan
loai: Sai s6 trung binh tuyét d6i (Mean Absolute Error - MAE , B¢ do trung
binh 13i 14y cin (Root Mean Square Error - RMSE)

1.1.33. Do do danh gia d9 chinh xac ciia danh sich sian phiam tw vin

Céc d6 do phd bién dugc sir dung dé danh gia d6 chinh xéc cua danh
sach san pham tu van cung cap mot cai nhin chi tiét vé hiéu suat ciia hé thong,
dac biét l1a trong cac hé théng tu van san phém hodc ndi dung. Mot sb do do
quan trong: Precision, Recall, E-measure va F-measure, MAP (Mean
Average Precision)

1.2. Céc huéng tiép can trong hé tw vin

Huoéng nghién ctru hién tai ctia hé théng tu van c6 thé duge chia
thanh ba loai [5]: tu van dua trén loc theo ndi dung (Content-Base Filtering),
tu van dya trén loc cong tac (Collaborative Filtering) va tu van dya trén loc
két hop (Hybrid).

1.2.1.  Loc theo ndi dung (Content-Base Filtering)

Phuong phap khuyén nghi dwa trén ndi dung (Content-Base
Filtering) str dung ndi dung ciia cac san pham va tim ra diém tuong dong gitra
chung. Sau khi phén tich du s lugng san pham ma mot nguoi dung da thé
hién sy yéu thich, hd so so thich ciia ngudi dung s& dwoc thiét 1ap.

D3 doc
Cic tai

liu trong
tr

i

I'ln'ﬁ-l-f“'u__ — ||
o

Hinh 1. 2: Co ché hoat dong loc theo néi dung
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Hé thdng tu van ghi nhan Ho so ngudi ding (User Profile) dudi dang
vector u” = (uy, Us, ..., Uy), trong d6 u; |4 trong sb thé hién mic d6 quan tam
clia nguoi dung ddi véi ting thudc tinh cia san pham. Vector H) so san pham
(Item Profile) v = (v1, va, ..., v,) biéu dién thong tin san pham théng qua cac
thuoc tinh v;. Mic do phd hop giira so thich ciia nguoi dung va san pham
dugc danh gia dva trén goc léch giira hai vector HO so nguoi ding (u) va

vector Ho so san pham (v).

Hinh 1. 3: D¢ twong tw gitka hai vector
Dé danh gia mirc do twong dong giita 2 vector % Va ¥ dé co thé dua

ra tu van, hé thong thuc hién so sanh bang cosine goc 1éch giita 2 vector:

uv _ Z‘lﬂ=1 Ui vi (1)

— —
lleli-wll n o2 yn 2
i=1%i i=1"i

1.2.2. Loc cdng tac (Collaborative Filtering)

similarity = cos(8) =

Céc phuong phéap khuyén nghi dya trén loc cong tac (Collaborative
Filtering) [6] tan dung tdi da thong tin hanh vi va thong tin tiry chon do ngudi
dung tao trudc day ma khong st dung thong tin ca nhan cua nguoi dung va
thong tin mo ta san pham, chang han nhu danh gia cia ngudi ding vé san

pham dé tao san pham dugc khuyén nghi. Cac phuong phap Collaborative
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Filtering c6 thé dwoc phan thanh hai loai Dya trén bé nhg (Memory-Based)
va Dua trén m6 hinh (Model-Based) [7].

Doc b ci hai nguéi dimg

e

ElE

NE

Do ngwéi ding gidi thiéu
cho ngwii ding khac

Hinh 1. 4: Co ché hoat dong loc cong tac
1.2.2.1. Loc cfng tac dua trén by nho
Dua trén gia tri danh gia (rating) ctia nguoi dung trong ma trin
Ngudi ding — San pham (User — Item), d6 twong dong gitra ngudi dung hién
tai vOi nhitng nguoi dung tuong tu duogc tinh theo hai budc nhu sau:
Budc 1: Hé thong tinh toan do tuong tu gifra Cc4c ngudi ding/san pham.

X1y Ty,

IIxII2><IIyII2_
xL E:ryl

Budc 2: Tinh toan gia tri danh gia du dodn theo cong thirc:

similarity(x, y) = cos(¥,y) =

™ (ry; — 1) X similarity(x, y)
Y, similarity(x,y)

r(a,i) =71, + 3)

K§ thuat loc cong tac dya trén bd nhd cod thé thuc hién dya trén nguoi
ding va dua trén ddi tuong:
K7 thudt diea trén nguwoi ding: Phuong phép nay do do twong dong

giita cac ngudi ding bang cach so sanh danh gia (rating) ciia ho trén cac san
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phim twong tw. Panh gia du doan cho san pham hién dang xem xét ciia ngudi
dung duoc tinh bang cach iy gi4 tri danh gi (rating) trung binh ctia san phim

d6, nhan véi trong s6 phan anh mirc d6 twong dong ciia ngudi dung hién tai

| Sinphim1

v6i nhitng nguoi dung c6 so thich tuong tu.

Ngwai ding 1

Nguwoi dong 2

Twong quan

silia ngwoi

Newsi diag 3
Hinh 1. 5: Loc ¢éng tac dwa trén bo nhé thong qua nguoi diung

Ky thudt loc duwa trén doi twong: Phuong phap nay tinh toan dy doan
danh gia (rating) dya trén sy tuong ddng gitra cac san pham. N6 xay dung
mot md hinh cac san pham tuong ty bang cach xem xét tat ca cac san pham
da duoc danh gia boi nguoi dung dang hoat dong tir ma tran tuong tac. Sau
d6, n6 xac dinh mirc do twong dong cua cac san pham truy xuat ddi voi san
pham dich, chon ra k san pham tuong tu nhat va tinh toan dy doan bang cach
lay trung binh c6 trong s6 cua danh gia ngudi dung trén cac san pham tuong
tu k.
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San phim 1

Ngwaod ding 1

wieyd ues vz
uenb Suon |

Ngwdi ding 2

Ngwdi ding 3

San phim 4

Hinh 1. 6: Loc c¢dng tic dwa trén bé nhé thong qua doi tuwong
1.2.2.2. Loc cfng tac dua trén mé hinh

Dé giai quyét cac han ché vé thoi gian tinh toan va yéu cau dung
lugng bo nhd 16n, hai tdc vu chinh trong phuong phap loc cong tac da dugc
phén biét 16 rang. Cu thé, c6 hai nhiém vu quan trong: xay dung md hinh tir
dir liéu huan luyén va tinh toan két qua tu van tir mé hinh da duoc xay dung.
Dé huan luyén md hinh va tao ra mot mé hinh rat gon mé phong sé thich cua
ngudi ding, Hé thong Recommendation System sir dung cac thuét toan hoc
may, ¢ thé 1a khong giam sét hoic co giam sat hodc. Cac thuét toan hoc may
c6 thé bao gdm cay quyét dinh, bd phan loai Bayes, hdi quy, may vector hd
tro (SVM), mang no-ron va cac thuat toan khac. Khi da c6 mo hinh tir qua
trinh huén luyén, hé thong RS sir dung mé hinh nay truc tiép dé san sinh ra
két qua tu van.

1.2.3.  Lgc két hop (Hybrid Filtering)

Céc phuong phap khuyén nghi két hop (Hybrid Filtering) [8] tim
cach dat dugc két qua khuyén nghi tot nhat bang cach két hop cac phuong
phap khuyén nghi dua trén noi dung va cac phwong phap khuyén nghi dwa
trén loc cong tac. Cac hé thdng khuyén nghi két hop dugc chia thanh khuyén
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nghi két hop nguyén khdi, khuyén nghi két hop song song va khuyén nghi

j o '——.

Hinh 1. 7: Co ché loc két hop

két hop duong dng [9].

HE tw vén dua trén
lpc cong tac

D ligu Gu
vao

D liéu déu
vao

1.2.4. Tuwvinxa hoi (Social Recommendation)

H& tw vén dua trén
loc ndi dung

V6i su bung nd phat trién cta Internet, chung ta c6 kha ning tiép
can va kham pha toan bo thé giéi thong qua nhitng thiét bi thong minh nhur
may tinh va dién thoai di dong. Nhu cAu vé két ndi va chia sé ctia con nguoi
da diéu chinh va phat trién theo chiéu hudng nay. Cac bai toan tu van xa hoi
phé biét 1a: tu van ndi dung, tu vin dia diém, tu vin ban bé
1.3. Phuong phap hoc sau trong Collaborative Filtering

Cac phuong phéap hoc sau da mang lai sy dot pha trong linh vuc
Collaborative Filtering (CF), mé ra nhitng kha nang mai trong viéc cai thién
d6 chinh xéc ciia cac hé théng dé xuat. Thay vi chi tap trung vio sy twong tic
giita ngudi dung va san pham, cic phuong phap nay tich hop strc manh cta
md hinh hoc sau dé hiéu biéu din phirc tap cua di lidu.

14. Két luan chwong
Noi dung chuong 1 da trinh bay 1am rd mot s6 khai niém co ban cia
hé tu vén, cac phuong phap tiép can dé xay dung hé tu vin. Chuong 1 ciing
dua ra chi tiét nhitng wu diém ciing nhu nhuge diém cia timg phuong phéap
tiép can. Bén canh d6, chuong 1 da trinh khai quat vé phuong phap hoc sau
trong loc cong tac 1am co s¢ dé lya chon phuong phép hoc sau cho hé tu

van dugc trinh bay ¢ chuong 2.
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CHUONG 2. HQC SAU CHO HE TU VAN LOC CONG TAC

2.1, Gi6i thiéu vé hoc siu
Deep Learning (DL) khong chi 1a mot phan ciia hoc may, ma con 1a
mot linh vie quan trong va day tiém nang trong linh vuc tri tué nhan tao (AI).
Hoc sdu ciing dong mt vai trd rat quan trong trong cac hé thong tu
van/khuyén nghi, n6 giup nguoi diung ¢ thé c¢6 nhing trai nghiém tot nhat.
Hoc sau khong chi 1a mt cong nghé manh m€, ma con 1a mét linh vye nghién
ctru day trién vong, véi tiém niang dé tao ra nhitng tién bo déng ké trong nhidu
linh vyc khac nhau trong tuong lai.
2.1.1. Céch thac hoat dong caa hoc su
Hoc séu (Deep Learning - DL) hoat dong bang cach khiam pha va
tim hiéu cac ciu trac phirc tap trong dir liu.
Cac no ron dugc nhom vao 3 loai layer khac nhau: Input layer, cac hidden
layer, Output layer
- Input layer: Nhan cac dir liéu dau vao
- Céc hidden layer: Thyc hién cac phép tinh toan trén cac du vao.
Mot trong nhiing thach thirc 16n khi thiét ké mang no-ron 1a quyét
dinh vé s6 lugng hidden layer va sb no-ron trong mdi layer.
- Output layer: tra vé dir liéu dau ra
2.1.2. Uu diém ciia hoc siu so véi phwong phap hoc may c6 dién
Hoc sdu mang lai nhiéu wu diém so v6i phwong phap machine
learning cd dién, va diéu nay da dong vai trd quan trong trong viée bién ddi
cach ching ta tiép can va giai quyét cac bai toan may hoc.
2.2. Phwong phap phin rd ma trin
Phéan rd ma tran (Matrix Factorization - MF) [12] 1a m{t trong nhirng

thudt toan 1au doi sir dung trong cac hé théng goi y. M6 hinh dau tién duoc
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d8é xuit boi Simon Funk va phat trién manh mé&, phd bién sau cudc thi Netflix
t6 chirc nam 2006.

K¥ thuat phan rd ma tran (Matrix Factorization) dugc thuc hién
théng qua viéc chia mot ma tran I6n X thanh 2 ma tran ¢6 kich thuéc nho hon
rat nhiéu so véi ma tran ban dau 1a W va H, sao cho X c6 thé duoc xay dung
lai tir hai ma tran nho hon ndy cang chinh xac cang tot [11], diéu nay c6 nghia
1a X ~ WHT nhu minh hoa trong hinh 2.3. Trong d6, X 1a tap hop tit ca cac
danh gia (rating) ctia nguoi dung (user) véi muc tin (item), bao gdm ca nhiing

gia tri chua biét can duoc du doan tao nén mot ma trn goi la Utility Matrix.

«~ | items — — K> < | >
EREN - ENERERE
I £ “1_1 5 14 | 3
~ 2 3 ’L
ok HT

11 ] 01

X w

Hinh 2. 1: Minh hoa ky thudt phdn rd ma trdn

<« U users —»

Trong do:
e K4 sd nhan td tiém an, va nho hon rat nhiéu so véi s6 ngudi ding
va sb muyc dir liu (K << |U] va K << |I]).
e W e RIUXK |3 mot ma trin ma mdi dong 1a mot vector bao gdm K
nhan t6 tiém an (latent factors) mé ta user u.
e W e R™X |3 mot ma trin ma mdi dong 1a mot vectors bao gdm K
nhan t6 tiém an mé ta cho item i.
Y tudng chinh cia MF 13 ton tai cac tinh chit 4n (latent features) mo
ta sy lién quan giita cac ngudi ding (user) va san pham (item). Mdi ngudi

dung s€ mang chat an nao d6 va dugc mo ta badi cac hé so trong vector w;,.
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Twong ty, mdi san pham ciing s& c6 nhitng tinh chat 4n & mot mirc do nao do
tuong tng véi cac hé sb trong vector h;. Hé sb cang cao twong Gng vai viée
mang tinh chat d6 cang cao.

Goi h;;va wyla cac phan tir trong ng cua hai ma tran H va W, khi
d6 xép hang (rating) ciia ngudi dung u trén muc dir lidu i dugc dy doan boi

cong thirc (4):

K
P = ) wahi = (WHT)yi (4)
k=1

2.3. Phuong phap hoc siu cho hé tu véin

Do phuong phap Matrix Factorization (MF) con c6 nhiéu han ché
nhu di néu 6 myc 2.2 nén viéc phai thiét ké mot ham tuwong tac t6t hon dé mé
hinh hoa viéc tuong tac giita cac thudc tinh 4n (latent features) cua nguoi
dung (user) va san pham (item) 12 v6 cing can thiét. Vi vay dé an dé xuét
phuong phép hoc sau Neural Collaborative Filtering (NCF) cho hé tur van.
M0 hinh NCF di khai thac phuong phap MF theo huéng nay va thuc hién né
bang mang no-ron.
2.3.1. Phwong phap Neural Collaborative Filtering

NCF két hop ca hai tiép can truyén thong trong viéc xay dung hé
thong dé xuét: Collaborative Filtering (CF) va Neural Networks (NN), tir d6
tao ra mot phuwong phap manh mé& va linh hoat. O ban chat, CF tap trung vao
viéc du doan s& thich cua mot nguoi dung dya trén lich st hodc hanh vi cua
ngudi dung d6 cling nhu hanh vi cia nhitng nguoi dung khac. Trong khi d6,
NN ¢6 kha ning hoc cac biéu dién phirc tap tir dit liéu ddu vao va thuc hién
cac du doan dwa trén cac biéu dién do.

NCF két hop ca hai mo hinh nay bang cach sir dung mét mang no-
ron dé hoc cac biéu dién nguoi ding va mat hang tir dir lidu, sau do st dung

céc biéu dién nay dé du doan so thich hodc xép hang cta nguoi ding cho cac
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mat hang ma ho chua xem hoac danh gia. M6 hinh NCF dugc nhom tac gia
Xiangnan He va cong sy [13] dua ra vao nam 2017. Nhém tac gia da dua ra
d8é xudt sir dung ciu trac NCF tong quét dugc thé hién nhu trong hinh v& dudi
day:

Huéin luyén

NN N N
Tiing diu ra @( Muc tiéu

: \
( Tiing X
Thng NCF ‘[
Thng Embedding Vte(:;l);::lﬁ:: cila Vertn:a:::'::';n cita
< B = T Qe = )
Ting diu vio Ono olololo
mmmw,lll [o] - HHHI |
Ngwbi diing (1) Siin phiim (i)

Hinh 2. 2: Kién triic m6 hinh NCF ‘ i
Trong hinh vé& trén, di tir dudi 1én, mo6 hinh NCF bao gom céc tang: (1) Tang

déu vao, (2) Tang Embedding, (3) Tang NCF, (4) Tang dau ra.
2.3.1.1. Tang diu vao

Tang dau vao bao gdm cac thudc tinh vector ctia nguwdi ding Va san
phdm. Nhu trong md hinh trén, cac vector d6 1a biéu dién dang one-hot la
vector v&i chi mot truong cod gia tri bé’lng 1, cac truong con lai co gia tri 0
dung dé biéu dién dinh danh cta nguoi ding (userID) va san pham (itemID).
Day 1a biéu dién thuong thdy cta cac phuong phap co dién.
2.3.1.2. Tang Embedding

Dir liéu phan loai (categorical data) la cac loai dir liéu ma cac thudc
tinh ctia chiing nhan gié tri tir mot tap hiru han cac danh muc khac nhau, thay
vi nhan cac gia tri lién tuc. Dt liéu ndy s& duoc biéu didn dudi dang tensor

mot chiéu hodc vector V' ¢6 cac phan tir nhan gi tri nhu sau:
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()

b= {1 néu nhén gia tri

/ 0 néu khong nhan gia tri

Thuat todn ma héa dugc st dung ¢ day duoc goi la one-hot

encoding, trong d6 dau ra cua thuat toan 1a vector VV”, mot vector thua c6 it

phan tir khac 0. Trong ngit canh cia hé thdng tu van, ma tran Nguoi dung —

San pham (User — Item) c6 thé duoc hiéu nhu mot tap hop cac tensor ngudi

dung, trong d6 cac phin tir trong tng v6i cac san pham ma nguoi dung da
danh gia (rating).

Tuy nhién ngudi ding thuong chi xem mot phan nhé cac bd phim
trong toan bd tap hop cac bd phim. C6 thé nhitng van d& néu trén 1a bang céch
sir dung céac thuat toan nhung (embedding), trong d6 vector thwa c6 sb chiéu
16n dugc anh xa vao mot khong gian vector ¢6 sé chidu thap hon day dic hon.
Qué trinh nhiing nay gitp tao ra cic vector dic tinh an (latent vector) mo ta
vé dbi twong (san pham hodc ngudi ding) mot cach day dic va bao toan cac
mdi quan hé ngit nghia ton tai trong dit liéu ban dau.

L6p embedding nhan 03 tham sé dau vao quan trong nhu sau:

e data: mang sb nguyén chira Id ciia d6i trong duoc embedding.

e input dim: d§ 16n cuia mang data.

e output_dim: kich thudc ciia vector dic tinh an.

Céc dic tinh 4n thu dugc tir 16p embedding c6 thé 1a nhitng dic diém
vé noi dung ctia bd phim ma nguoi dung wa thich, nhu thé loai phim, ndm san
xudt, muc do 101 thoai, va nhidu yéu t6 khac.
2.3.1.3. Tang Neural Collaborative Filtering

Céc tang thudc mang no-ron (ting 1 dén N) - Tang neural
collaborative: cac tAng nay c6 nhiém vy 4nh xa tir cac vector embedding dén
vector dau vao cua ting dau ra (output). Mdi tang 1a mot 16p Multi-layer
Perceptron (MLP).
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Ldp an trong mang no-ron duoc sir dung dé mé hinh héa cac quan
hé phi tuyén tinh c¢6 thé tdn tai trong khong gian vector dic tinh 4n ndm & dau

ra cua lép noi

Input Output

yi

2

»l

v3

ya

Hinh 2. 3: Hoat déng ciia Ip dn
Chox € R"y; € R
‘ yi = S(wixy + .. + wpxy) (8)
Vector y day du nhu sau:

o (Wy 121 +... Wy X))

y= = €))
o(Wpax1+... +WymXp)

Khi xép chong nhiéu 16p mang 4n 1én nhau, ta thu dwgc mang Multi-Level
Perceptrons MLP nhu hinh 2.8:

Hinh 2. 4: Kién triic MLP



18

Dau ra tai mdi 16p bang tich cua vector diu vao véi ma tran trong
s6 va mdi phan tir cua vector dau ra duoc &p dung toén tir phi tuyén o:
y=o(wx) (10)
Trong d6: o 1a ma tran khong gian R™*™ ¢6 cac phan tir duoc 4p dung toan
tir phi tuyén o.
Toan tir phi tuyén o cua cac 16p 1a ham sigmoidal dwoc dinh nghia

nhu sau:

1
0(x) = —— (11
0 = 55 = (D
Ham sigmoid dugc st dung dé chuyén doi dau vao tir mdt so thuc
thanh mot gid tri nAm trong khoang (0, 1). Pbi véi dau vao 1a s6 thuc duong
voi gia tri rt 16n s& cho dau ra tiém can 1, dau vao 1a s6 thuc 4m véi gia tri

rat nho s€ cho dau ra tiém cén 0.

0.5+

Hinh 2. 5: Ham Sigmoid i
Mot trong nhiing dac diém noi bat cua cac mang an la kha nang hoc

va ghi nhd thong tin tir dit liéu huin luyén theo thoi gian. Piéu nay thuong
duoc thé hién qua viéc giam dan sai sb trén tap huén luyén sau mdi luot huén
luyén (epoch).

Sau khi di qua tat ca cac 16p an (Fully-connected layers), vector an
dau ra tai 16p cudi ciing dugc tinh toan theo cong thirc truy hdi nhu sau:

z; = &4(x),
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D, (x1) = 8,(WJx; + by), (12)

&, (xp-1) = (SL(WLTxL—l + by),
Trong do:

W, : Ma tran trong sb twong tng véi 16p thir x.

b,: Vector hé sb thién 1éch (bias) twong tmg 16p thir x.

o: Ham kich hoat cua perceptron thir x.

Déu ra cua mang MLP la mot vector dac tinh 4n ma trong d6 moi
phan tir md ta mot thude tinh nao d6 ctia ngudi dung, san pham, thong tin
bo tro.

2.3.14. Tang diu ra

O tang nay, diém s dy doan §,,; duoc tinh toan va st dung lan truyén
nguoc dé cap nhat cac tham sé sao cho gié tri 9,,; dat Xap Xi y,;. Viéc huén
luyén NCF duoc thyc hién bang cach ti thiéu hoa ham 13i giira diém s du
doan véi gia tri muyc ti€u (target) y,,; tuong rng.

Piém sb dy doan duge tinh nhu sau:
Jui = f(P™V],Q"V{|P,Q,6;) (13)
Trong do:

e vY, vY lan luot la cac ma tran hang (vector) one-hot biéu di&n
cho user u va item i.

e PeRM*Kyy QeRV*K |in luot 13 cac ma trdn ting
embedding chiéu v¥, v¥ vao khong gian cac thudc tinh 4n. P
va Q 1a ma trén trong sd gitra tng input va ting embedding.

e O latap cac tham s6 md hinh cua ham f. Do ham f ¢ day 1a
anh xa dau vao dau ra cua mot mang no-ron nén ta co thé viét

f theo cong thirc sau:
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f(P™VY,QTv{)
= Boue (0 (- 02(02(P™0Y,@79D)..)) (14)

Trong do:
O @oye 1a ham anh xa ddu vao t6i dau ra cua tang
output.
O Py Ppis ) Pa, @1 1an luot 12 cac ham énh xa dau
Va0 t6i dau ra tai cac tang n, n-1, . . ., 2, 1 trong mang
no-ron.
2.4, Két luan chwrong

Noi dung chuong 2 da trinh bay khai niém ctia phuong phép phan ra
ma tran, uu va nhuge diém cta phuong phap nay, lya chon phuong phap hoc
sau cho hé tu van 1a phuong phap Neural Collaborative Filtering va trinh bay
kién tric mé hinh ctia phwong phéap nay. O chwong 3 tiép theo, dé an s& trinh
bay vé tap dit liéu va tién hanh thuc nghiém va danh gia két qua phuong phap

hoc sau Neural Collaborative Filtering (NCF) da lua chon.
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CHUONG 3: THU'C NGHIEM VA PANH GIA
3.1. Tap dir liéu thuc nghiém
3.1.1. Tap dir ligu MovielLens-1M

Movielens [14] 12 mot nhém nghién ciru cung cap cac bo dit lidu cho
céc bai toan xdy dung hé thong goi y. Cac bo dit liéu trong tap ndy bao gom
thong tin danh gia xép hang cua ngudi ding t6i cac bo phim. Nhing théng
tin vé nguoi dung hay cic bd phim ciing dwoc cung cip. Bo dir licu
MovielLens-1M bao gém xép xi 1 triéu bd (user, movie, rating) tir khoang
3900 bd phim va 6040 ngudi ding. S6 lrong bd phim ma ngudi ding déanh
gi4 nhidu nhét 13 2314 bd phim va 20 1a s lwong b phim it nhit ma mdi
nguoi dung dua ra.

Phan phdi ctia cac diém danh gi4 (rating) cho thy rang rang diém 4
dugc danh gia nhidu nhét trong khi cac diém 1 va 2 ¢6 it lugng danh gia nhat.
Diéu nay c6 thé dugc giai thich bang sy that 1a nguoi ding thuong danh gia
khi ho rat thich mot bo phim; khi ho khéng thuc sy thich, ho sé it ra danh gia
hon.

3.1.2. Tap dir liéu Dlab

Dlab [15] 14 cong lap trinh tryc tuyén ciia Khoa Cong nghé thong tin
1 - Hoc vién Cong ngh¢ Buu chinh Vién thong. Dir li¢u Dlab dugc thu thap
truc tiép tir cong 1ap trinh. Tép dir liéu thu thap tir 6120 ngudi dung. Trong
d6, ngudi dung i 1ap trinh diing bai toan x cong 1ap trinh ghi lai gia tri 1, nguoi
dung i 1ap trinh chua ding bai toan x cong lap trinh ghi lai gi4 tri -1, nguoi
dung i chua giai bai toan x cong lap trinh ghi lai gia tri 0. Mdi ngudi 1ap trinh
c6 thé submit mot bai nhidu lan va hé théng chi ghi nhan gié tri 1, -1 cho két
qua cudi cung. Trong sb 6120 nguoi dung di loc ra duge 5311 ngudi dung

da tham gia 1ap trinh it nhat 20 bai du dung hodc sai dé tién hanh thir nghiém.
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3.2. Phuwong phap thuc nghiém va két qua
3.2.1. Phwong phap thuc nghiém

Piu tién, toan bo dit liéu thyc nghiém dugc chia thanh hai ph?m, mot
phan dugc sir dung lam dir liéu huan luyén (training) ky hiéu 1a:U,,., phan con
lai dwoc sir dung dé kiém tra (testing) ky hiéu 1a: U,,. Tap Utr chtra 80% danh
gia va tap U,, chira 20% danh gia. Dit liéu dugc st dung dé thuc nghiém va
so sanh danh gia phuong phap Neural Collaborative Filtering (NCF) so véi
cac phuong phéap Collaborative Filtering (CF) va Matrix Factorization (MF).
3.2.2. bo do danh gia

Mean Squared Error (MSE) 1a sai s6 binh phuong trung binh, tinh
binh phuong cia sai sé giita gia tri du doan va gié trj thuc té, sau d6 14y trung

binh ctia cic binh phuong sai s6 d6, theo cong thirc duéi déy:

n

MSE = %Z(ri —$)2 (15)

i=1
Trong d6:
e Nlasb diém dir licu
o 1;la gia tri thuc
o 7 la gia tri du doan.
MSE céng thap thi du bao cang tét.
3.2.3. Két qua thwc nghiém
Tién hanh thyc nghiém phuong phap Neural Collaborative Filtering
(NCF) so véi cac phuong phap Collaborative Filtering (CF) va Matrix
Factorization (MF). Cac tham s duogc cai dit & md hinh NCF vdéi cac tap dit
liéu MovieLens-1M va Dlab cu thé nhu sau:
B0 dir liéu MovieLens-1M:
e Sé thudc tinh an: 150

e S616pan: 3
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e S6nut & mdilp an: 250
e Ty I& dropout dwoc ap dung sau mdi 16p an: 0.2
B6 dir liéu Dlab
e S4 thudc tinh 4n: 64
e S616pan: 3
e S6 nit 6 mdi 16p 4n: 150
e Ty 1& dropout dugc ap dung sau mdi 16p 4n: 0.2
Céc tap dir liéu dwoc chia ngdu nhién véi mdi lan thue nghiém voi
dir liéu hudn luyén chiém 80%, dit liéu kiém tra chiém 20%. Dé an sir dung
d6 do MSE dé danh gia va thu duoc két qua & bang 3.1, két qua nay 1a két

qua tdt nhit cua cac lan thyc nghiém.

MovieLens-1M Dlab
Collaborative Filtering
0.9313 0.0742
(CF)
Matrix Factorization
0.7870 0.0547
(MF)
Neural Collaborative
o 0.7685 0.0515
Filtering (NCF)

Bdng 3. 1: Két qud thue nghiém

Gia tri MSE trong bang 3.1 cho thiy phuong phap dé xuat Neural
Collaborative Filtering (NCF) cho gia tri MAE nho hon phuong phép
Collaborative Filtering (CF) va Matrix Factorization (MF) trén hai tap dir
thyc nghiém la Movielen-1M va Dlab. Cu thé, trong truong hop di li¢u
Movielen-1M c6 gi4 tri d4nh gia (rating) tir 0.5 dén 5 thi gia tri MSE cua
phuong phap CF, MF, NCF lan luot 1a 0.9313, 0.7870, 0.7685. Gia tri MSE
cua cac phuong phap CF, MF, NCF trén tap dir liéu Dlab lan luot 14 0.0742,
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0.0547, 0.0515. Két qua thu dwoc phép Neural Collaborative Filtering (NCF)
c6 gia tri MAE nhé hon cac phuong phap con lai.
3.3. Két luan chwong

Chuong 3 da trinh bay vé dir liéu va qua trinh thyc nghiém trén tap
dir liéu thyc té ap dung phuong phap di dé xuit & chuong 2 dé thuc hién so
sanh va danh gia. Két qua thu dugc phuong phap dé xuat dat két qua tt va

¢6 thé hd trg cho viée dua tu van.
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KET LUAN VA KIEN NGHI
Dé 4an nay tap trung nghién ctru vé phuong phap hoc siu cho hé tu

van. Cu thé dé an da dat dugc cac két qua sau:

= Nghién ctru tong quan vé hé tu van, cic khai niém va cac
phuong phap tiép can trong hé tu van

= Nghién ctru vé phuwong phép hoc sau trong hé tur van.

= Pua ra phuong phap hoc sau cho hé tw van va tién hanh xay
dung dit liéu va thuc nghiém so sanh danh gia phwong phap dé

xudt v6i cac phurong phap khac trén tap dit liéu xay dung duoc.

Do thoi gian thuc hién dé an khong nhiéu nén tac gia chua c6 diéu
kién nghién ctru thém nhiéu phuong phap. Trong twong lai, néu c6 didu kién,
tac gia sé tap trung nghién ctru dé xay dung, cai tién cac phuong phap hoc
sdu va tién hanh thuc nghi¢ém thém trén cac tap dir liu thyuc té khac dé ap

dung vao cac hé tu van.
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