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LOT CAM DOAN

T6i cam doan rang cong trinh nghién ciru nay 1a thanh qua ciia cong strc ca
nhan cta t6i va khong sao chép tir bat ky ngudn nao khac. Tt ca thong tin dugc trinh
bay trong dé an nay déu 13 san phidm cta cong viéc ci nhan hodc dugc tong hop tir
nhiéu nguén tai liéu khac nhau. Moi tai liéu tham khao déu dugce trich din mét cach
hop phap va c6 ngudn goc rd rang. Cac dir liéu va két qua duoc trinh bay trong dé 4n
déu 1a trung thuc va chua timg duoc cong b trong bat ky cong trinh nghién ciru nao
khac.
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LOI CAM ON

Loi dau tién, em xin guri 1o cam on sdu sic t6i cac thay, cd gido giang vién
khoa Cong nghé thdng tin 1, khoa Pao tao Sau dai hoc ndi riéng va cac thay, ¢ gido
giang vién Hoc vién Cong nghé Buu chinh Vién Théng ndi chung. Trong sudt qué
trinh hoc tap tai Hoc vién, cac thay co da chi bao, giang day cho em biét bao kién

thire, kinh nghiém quy bau dé em cé hanh trang viing budc trong tuwong lai.

Em ciing Xin duoc giri 16i cam on t6i thdy hudng dan TS. Nguyén Duy Phuong,
cam on thay di ludn huéng din chi bao tin tinh em trong sudt qua trinh hoc tap,
nghién ciru va thue hién dé 4n nay. Nhimng 11 khuyén, su chi bao ctia cac thay da gitp
em hoan thanh dé an tot nghiép nay ciing nhu c6 thém rat nhiéu kién thirc, kinh

nghiém trong viéc hoc tap va nghién ctru.

Du dd nd lyc hoan thanh dé an, em hiéu rang cé thé khong tranh khoi nhiing

sai sOt. Kinh mong duoc thay ¢ va cac ban théng cam va dong gop v kién.

Em xin tran trong cam on.



MUC LUC

LOT CAM DOAN ..ottt i
LOT CAM ON ...ttt i
11 L [P TPORRPRRTR ii
DANH MUC TU VIET TAT ..ooiviiiiiieiiierisessiesissesss s sssssss s sssssnens v
DANH SACH CAC BANG .....uvvrmeriiieiieeesseesssessssessssssssssssssssssssssssssssssssssssssssessssnneees vi
DANH MUC CAC HINH.....ccoooiieoeeeeeeeeeeeeee oot e et vii
MO DAU ..ottt 1
CHUONG 1. TONG QUAN VE HE TU VAN ..ot 3
1.1, GiO1 thiBU VE NE T VAN......eeeeeeeeeeeeeeeeeeee et en e, 3
111, Gi6i thidu bai toaN t VAN oo 4
1.1.2. Mot s6 khai niém chung vé hé thdng tw VAN ........c.cocceveiveeeeeeeeeeeesee e, 4
1.1.3.  Céc tiéu chi dAnh @id D& t VAN .......coveevieeeeeeee e 7

1.2.  Céc hudng tiép can trong & t VAN ......c.cc.eveeveeceeieeieeeeecieee e 9
1.2.1. Loc theo ndi dung (Content-Base Filtering) ..........c.ccoovvvvvniiieieninin 9
1.2.2.  Loc cong tac (Collaborative Filtering).........ccoceviriviriieiiniiiieieneeseeeseeees 13
1.2.3.  Loc két hop (Hybrid Filtering) .....c..coccevurrvrreereseeeeisssseeseessessessesessses s 18
1.2.4.  Tu van xi hdi (Social Recommendation) ...........cc.cceeereereeereererenrnrensinsenias 19

1.3.  Phuong phap hoc sau trong Collaborative Filtering..........cccccovveiiiiiiniiniieennnn. 22
1.4, KEtTUAN CRUONG . ....oovocveeeeeeeeeece et 23
CHUONG 2. HOC SAU CHO HE TU VAN LOC CONG TAC ...covvvrrrrnerrrirsrerceenne 24
2.1, GIO1 thiBU VE NOC SAU ..ot ee e en e 24
2.1.1. Céch thirc hoat d0ng clla hQC SAU.......oeiviiiiiiiiiiee e 25
2.1.2. Uu diém ctia hoc sau so véi phuong phap hoc may ¢d dien .........cc.co.cevvveenee. 26

2.2.  Phuong phap phan ra Ma tran ........ccceeeeiieiiiicieeeee e 27
2.3.  Phuong phap hoc sau cho hé tl VAN .......c..oovevveveieeeceeeesceeeeees e, 29
2.3.1. Phuong phap Neural Collaborative Filtering............cccoovviiniiiiiicninnn 30

2.4, KETUAN CHUONEG.......cveeeeeeeeeeeeeeseeee e eeeeeseesee st se s 38
CHUONG 3: THUC NGHIEM VA KET QUA ......o.ooviiieeeeeeeeeeeeeeeees s 39
3.1. Tap dit 1i€u thue nGhI€M .....ccueiiiiii e 39
3.1.1. Tap dir ligu MovieLens-1M .........ccccoiiiiiiiiiiiie e 39
3.1.2. TAp Al HEU DIAD ... s 41

3.2. Phuong phap thuc nghidm va K&t qUA......c.co.eveeeveeverereecieesee e se e, 42



3.2.1. Phuong phap thuc nghi€m .........ccccceeiiiiiiiii e 42
3.2.2. D0 Ao AAnh @IA.....cvviiiiiiiiii 42
3.2.3. K&t qUA thUre NERIBIM ........cvieeeeeeeeeee ettt 43

3.3, KBt TUAN CHUONG.....ovoceecveveeeeeeieeee e eeeeeee et en e 44
KET LUAN VA KIEN NGHI .....covviiviiiisiessieieeesieseeseesesses s sesses s sesssssesssssen s 45

DANH MUC TAI LIEU THAM KHAO........cooiiiiieieeeeciieseeseeeeee s sesies s 46



DANH MUC TU VIET TAT
STT | Tir viét tit Tiéng Anh Tiéng Viét/Giai thich
1 RS Recommender System Hé théng tu van
2 CE Collaborative Filtering Loc cong tac
3 MFE Matrix Factorization Hé s hoa ma tran
4 NCF Neural Collaborative Filtering| Loc cong tac vdi mang no-ron
5 MLP Multi-layer Perceptron Perceptron nhiéu 16p
6 ML Machine Learning Hoc may
7 DL Deep Learning Hoc sau




Vi

DANH SACH CAC BANG

Bang 3. 1: Két qua thuc nghiém



vii

DANH MUC CAC HINH

HINN 1. 15 HE 0 VAN covvoveeeeeeeeeeeeeeee ettt e et e et en et en e eeane s e e, 3
Hinh 1. 2: Phan hdi 4n va phan hoi trong minh ........c..o.oeeeeeeeeeeeeeeeeeee e 6
Hinh 1. 3: Ma tran tuong tic Ngudi diing — San pham.........cc.ccevvveurreseeersrenreererenenn, 6
Hinh 1. 4: Co ché hoat dong loc theo NG dUNgG ......cocvvvviiiiiiiiii 10
Hinh 1. 5: DO trong twr gitra hal VECTOT ......vvviiiiieiiiie i 11
Hinh 1. 6: Co ché hoat AONZ 10C CONG TAC ..vvviieiiie e 13
Hinh 1. 7: Loc cOng tac dya trén bd nhd thong qua ngudi dung .........ccccveeiveiieenee. 15
Hinh 1. 8: Loc cOng tac dya trén by nhé thong qua dbi 12000 1 1 PRSP 15
Hinh 1. 9: Co ch@ 10C KELNOP ovvvovveeveeeieeeeeeeeee ettt 18
Hinh 1. 10: Tu van x3 hoi (Social Recommendation) .............ccoeeerveeresrnrririrnens 20
Hinh 2. 2: Céc layer cia mang no=ION ...........cocueerireiiienieeiiee s 25
Hinh 2. 3: Minh hoa k¥ thudt phan ra ma tran .........ccccceeeeviiiniiiie e 27
Hinh 2. 4: Vi du chimg minh ham tich vé hudng c6 thé gidi han chat lugng cia MF
................................................................................................................................... 28
Hinh 2. 5: Kién tric mo hinh NCF.......ccoovviiirieiineieeessesssss s 31
Hinh 2. 6: Vector thua dai dién cho ngudi dUng U........ccooeeiiiiiiiiii 32
Hinh 2. 7: Hoat d0ng CUA IOP A1 w.....ocveeveeereeee e ieseesesseesee st 34
Hinh 2. 8: Kién tric MLP ..........ovvvieeviieeeieeeisesiossesesvesess s 35
Hinh 2. 9: HAM SIgMOId ........ooviiece e 36
Hinh 3. 1: Vidu 10 dong dir li¢u dau tién cua dataframe rating b¢ dir liéu
IMOVIELENS-1M ...ttt 40
Hinh 3. 2: Phdn phéi diém déanh gid (rating) b¢ dit liéu MovieLens-IM................. 41

Hinh 3. 3: M6 ta tdp dit [iéu DIAb .............cccooeieeiiiiiiiiiieieeeeee e, 42



MO DAU

Trong nhitng nim gan day, véi su phat trién nhanh chong ciia cong nghé cong
nghé, su bung no dir liéu ngay cang trd nén manh mé. Khi khéi luong dit liéu ting
1én, cac ca nhan phai d6i mat véi van dé thira thong tin, khién viée dua ra quyét dinh
dung dan tré nén kho khin hon. Hién twong nay dugc goi 1a qua tai théng tin. Sir
dung k¥ thuét tri tué nhan tao dé thu thap théng tin triru twong tir dit liéu 16n (big
data) va chuyén doi n6 thanh tri thirc hiru ich 1a mot trong nhiing van dé cdt 18i trong
phan tich dir liéu 16n. DBé giai quyét van dé qué tai thong tin, hé thong goi ¥ ra doi
theo yéu cau cua thoi dai.

Tuy nhién véi sy phd bién ngay cang 16n cua dir liéu va tng dung truc tuyén,
hé tu van d6i dién v6i nhiéu thach thirc. Ngay cang kho khan dé xir 1y va phan tich
luong 16n dit liéu, ddng thdi can tim ra cach ca nhan hoa dé xuét sao cho phu hop va
chinh xac. Pay 1a mot trong nhiing 1y do phuong phap hoc sau ndi 1én nhu mot cong
cu manh mé& dé giai quyét nhitng thach thirc nay. Trong linh vuc hoc siu, sir dung
mang no-ron (neural) da tré thanh mot phuong phap quan trong dé xur 1y thong tin
tuong tac phirc tap giita cac thyuc thé trong hé thong goi y. Hoc sdu mang lai kha ning
hoc va rut trich dic trung tur dir liéu 16n, xr 1y thong tin phirc tap, va tur do, cai thién
d6 chinh x4c va kha nang dé xuat ctia hé tu van.

Hudng nghién ctru hién tai cua h¢ théng tu van c6 thé duoc chia thanh ba loai
[5]: khuyén nghi dya trén ndi dung (Content-based Filtering Recommendation),
khuyén nghi dua trén lgc cong tac (Collaborative Filtering Recommendation) va
phuong phap khuyén nghi két hop (Hybrid Recommendation). Loc thong tin theo noi
dung khai thac nhiing khia canh lién quan dén noi dung thong tin san pham hodc
ngudi diung di timg twong tac trong quéa khir dé tao nén tu van. Trai lai, loc thong tin
theo cong tac khai thac nhitng khia canh lién quan dén théi quen so thich ctia ngudi
st dung san pham dé dua ra du doan va phin bo cac san pham cho ngudi ding nay.
Céac phuong phap khuyén nghi két hop tim cach dat dugc két qua khuyén nghi tot
nhat bing cach két hop cac phuong phap khuyén nghi dua trén nodi dung va cic

phuong phap khuyén nghi dya trén loc cong tac. Trong bdi canh ciia viéc cai thién hé



théng goi ¥ hién nay, su phat trién ctia cac phuong phap loc cong tac (Collaborative
filtering) da dem lai mot cach tiép can manh mé va linh hoat hon trong viéc cung cip
g01y dua trén hanh vi va sé thich cua nguoi dung.

Céac phuong phap loc cong tac c6 thé duoc phan thanh hai loai Dua trén bd
nhé (Memory-Based) va Dua trén mo hinh (Model-Based) [6]. Loc cdng tac dua trén
mé hinh cho két qua t6t hon loc cong tac dua vao b nho.

Chinh vi nhitng vu diém d néu ra & trén cta cac phuong phap, em da lua chon
dé tai: “Nghién citu phirong phdp hoc sau cho hé tw van”, phuong phap sé& xay dung
hé tu van loc cong tac dua trén mang no-ron loc cong tdc (Neural Collaborative
Filtering). Hy vong rang nghién ciru ndy s& mang lai nhitng hiéu biét sau hon va kham
pha méi trong linh vuc nay, tao ra nhitng dong goép ¥ nghia cho cong dong nghién
clru va mang lai gia tri thuc té cho ngudi ding.

Noi dung dé &an duoc trinh bay thanh ba chuong theo cau tric sau:
Chuwong 1: Tong quan vé hé tw van
Trinh bay tong quan vé cac khai niém lién quan co ban tdi hé tu van va
dua ra cic phuong phap tiép can chinh, cac wu va nhuoc diém cua ting
phuong phép nay duoc st dung dé xay dung hé théng tu vén.

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

Gi6i thiéu tong quan vé hoc sdu, cac khai niém dic trung ctia phuong
phap phan rd ma tran, wu va nhugc diém ciia phwong phap nay. Trinh bay chi
tiét cach xay dung mo hinh Neural Collaborative Filtering (NCF) dé giai
quyét bai toan.

Chuwong 3: Thye nghiém va két qua

Xay dung bo dit liéu tir dir lidu thyc té, trinh bay qua trinh cai dat thu
nghiém, so sanh hiéu suit cua phuong phap Neural Collaborative Filtering

(NCF) v6i mot sé phuong phap hién c6.

Két luan va huwéng phat trién.

Trinh bay tém tit nhitng két qua da dat va chua dat dugc. Qua d6 dé xuat

muc tiéu, hudng nghién ciru, cling nhu huéng phat trién tiép theo.



CHUONG 1. TONG QUAN VE HE TU VAN

Chuong ndy s& trinh bay tong quan vé cac khai niém lién quan co ban t6i hé
tu van va dua ra cic phuong phap tiép can chinh, cac wu va nhuoc diém cia ting
phuong phap nay duogc sir dung dé xay dung hé thong tu van. Cudi cing s& dua ra

cac tiéu chuan dé danh gia hi¢u qua cua mot hé tu van.

1.1.  Giéi thiéu vé hé tw vin

Trong x4 hoi ngay nay, vai trd ciia hé tu van trd nén quan trong khong thé thiéu
trong cudc song hang ngay. Internet pho bién va sy phat trién manh mé ctia cong nghé
mang lai mot lugng 16n thong tin va tai nguyén, 1am ting cuong su can thiét cua cac
hé théng tu vin. Nhimg hé théng nay gitip ngudi dung tim kiém, kham pha va lva
chon thong tin mot cach hiéu qua. Hé tu van trd thanh giai phap linh hoat va hiéu qua
dé d6i mat voi van dé bung nd thoéng tin do sy phat trién nhanh chong cua cac dich
vu Internet, va chung duoc 4p dung rong rai trong nhiéu linh vuc. N6 khong chi giup
nguoi ding tiét kiém thoi gian va cong st trong viée tim kiém thong tin pht hop voi

nhu cau ca nhan ma con mang dén trai nghi€ém ca nhan hoa, to61 uu va tha vi.
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Hinh 1. 1: H¢ tw véan



1.1.1. Giéi thiéu bai toan tw vin

Cho mét tap hop hitu han U = {uy, u,, ...,u,} 1a tip gdm N ngudi dung
(ngudi st dung hé théng), I = {iy, iy, ..., i} 14 tip gdm K san phim (san pham cua
hé théng). Mdi san pham i), € I c6 thé 1 san pham hang hoa, tai liéu, sach, bao, hoic
bat ké dang thong tin ndo ma nguoi dung quan tam.

Ma tran danh gia A ={a;;, i=1,.., N, j=1,.., K } ding d¢ bicu dién

ijs
mbi quan hé gitra tap ngudi dung U va tap san pham |. Mdi gia tri a; €{0,1,2,..,V}
thé hién danh gia ciia nguoi dung u; € U dbi v6i san pham [; € I. Gia tri cua a;; cO
thé thu thap truc tiép tir y kién ctia nguoi dung hodc thu thap mot cach gian tiép thong
qua cac co ché phan hoi ciia nguoi ding. Gia tri a; i=0co thé hiéu rang ngudi ding
uj chua bao gio biét dén hodc chua danh gia san pham ij.

Nhiém vu cua hé thdng goi v 12 dua trén nhitng dir liéu da c6, dua ra nhing

go1y v€ san pham i; € [ ma nguoi dung w; € U c6 kha nang s€ quan tam.

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

Hé théng tv van, con duoc goi la Recommender System hodc
Recommendation System [15], 1a mot loai cong nghé thong tin duoc thiét ké dé tu
dong dé xuét cac muc hodc san phdm ma co thé phu hop va dugc wa thich nhat véi
mdi ngudi dung ca nhan. Véi sy phat trién manh mé& cta internet va dit liéu, hé théng
tu van di tr& thanh mot phan quan trong trong nhiéu tmg dung truc tuyén, tir thuong
mai dién tr dén giai tri va mang xa hoi. Muc tiéu chinh ctia h¢ théng tu van 1a cung
cAp cac goi ¥ ca nhan hoa, giup ngudi dung kham pha va tiéu thu ndi dung méi mot
cach hi¢u qua. bé dat duoc diéu nay, hé th6ng tu van sir dung mot loat cadc phuong
phép va thuat toan, tir loc dua trén ndi dung dén loc dya trén hanh vi va két hop ca
hai dé tao ra cac goi y chinh xac va phu hop. Cac hé théng tu van thudng sir dung
thong tin tur lich stir hoat dong cua nguodi dung, bao gém cac muc ho da mua, xem,
hodc danh gia, dé dé xuét cac muc tuong tu hodc phu hop voi sé thich cua hg. Ngoai
ra, hé thong ciing c6 thé str dung thong tin vé hd so nguoi dung, nhu tudi, gidi tinh,

hodc dia diém, dé€ tang tinh c4 nhan hoa cta cac goiy. Vo1 kha nang tuy chinh va ca



nhan héa cao, hé thong tu van khong chi giup cai thién trai nghiém cua ngudi dung
ma con tao ra co hoi kinh doanh va tiép thi cho cac doanh nghiép, bang cach tdi vu
hoa viéc tiép can va trong tac voi khach hang.

San pham (Item) 13 thut ngit chung dé chi nhitng th ma ngudi dung o thé
tuong tac trong hé thong tu van. Item c6 thé 13 sach, phim, truyén, tin térc... Thong
thuong, hé théng tu van duogc thiét ké dé phu hop v6i mot loai hinh san pham cu thé,
nham dam béo r@ing qua trinh tu van d6i vi mdi san phém déu dat dugc hiéu suat cao
va dap ung dang nhu ciu cta nguoi dung.

Trong thuc té, viéc thu thap dir licu HO so nguoi dung thuong dugc st dung
thong qua hai phuong phap chinh 1a phan hoi an (implicit feedback) va phan hoi
tuong minh (explicit feedback). Ddi v6i phuong phap phan hoi tuong minh hé thong
yéu cau ngudi dung thyc hién viéc xép hang (rating) cu thé cho mdi san pham dé xay
dung H6 so nguoi dung. Phuong phap nay cung cap dit liéu ngudi ding truc tiép cho
hé thong tu vAn ma khong can cc budc bién ddi trung gian, va két qua tu van tir d6
dugc danh gia 1a dang tin cay hon [2]. Mic du duoc coi 1a mang lai két qua tu van
dang tin cdy, nhung phuong phap nay doi hoi nguoi dung phai thyc hién thém cac
thao tac v6i hé thong, c6 thé 1am giam trai nghiém ngudi dung trong mot sb trudng
hop. Ngoai ra, tim Iy chung ctia ngudi dung khong mudn chia sé quéa nhiéu thong tin
c4 nhan, diéu nay 1am cho viéc trién khai thuc té cia phuwong phép thu thap phan hoi
tuong minh thuong gap kho khan.

Dé khic phuc nhiing mat han ché cua viéc thu thap dir li¢u hd so nguoi dung
ctia phuong phap phan hoi tuong minh, phuong phap thu thap phan hoi an st dung/ghi
nhan cac ddu vét ma ngudi dung c6 thé dé lai trén hé thong nhu lich st truy cap vao
website, lich sir xem hozc mua san pham, thoi gian truy cap trang web, s6 1an nhap
chudt, va cac hoat dong khéc tuong tu dé c6 thé suy luan cac thong tin vé s¢ thich
ctia ho. Phuong phap nay gitp cai thién trai nghiém cta nguoi dung v6i hé thong.
Tuy nhién, kha ning mo ta sé thich ciia nguoi dung bang cach nay duoc coi 1a khong
t6t bang phuong phap phan hdi trdng minh vi hé thong bit budc phai thyc hién qua

céc budc bién doi trung gian dé c6 thé trich xuat thong tin tir hanh vi ctia ngudi dung.



Ma tran tuong tac Ngudi ding — San pham hay con duge goi 1a Utility Matrix
hodc User — Item matrix 1a mot co s& dit liéu mé ta s thich ctua mdi Nguoi dung
(User) voi timg San pham (Item) trong hé thong. Dit liéu nay c6 thé duoc biéu dién
dudi dang ma tran, trong do mdi hang dai di¢én cho mot ngudi dung (User), mdi cot

dai dién cho mot san pham (Item), va gia tri tai moi 6 cia ma tran thé hién gia tri danh
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Bit ngudn tir yéu t6 tdm Iy, ngudi dung thuong khong danh gia tat ca cc san
pham (Item) ho da trai nghiém, thuong chi dua ra danh gia tich cuc (thich) hoic tiéu
cuc (khong thich) d6i voi cac san pham. Vi ly do trén nén thuc té ma trin twong tac
Nguoi dung — San pham s& thudng bi thiéu gia tri ¢ rat nhiéu vi tri, vn dé nay duoc
goi 1 van dé dir liéu thua (data sparsity) [3]. Van dé dir liéu thua ctia ma tran tuong
tac (User — Item matrix) dan dén viéc cac thuat toan tu van dua trén bo nhé (memory-
based recommendation algorithms) [2] hoat dong mot cach khong hiéu qua. Bén canh
do, trong céc trudng hop trong hé thong xuat hién nhitng nguoi dung (User) hodc san
pham (Item) méi chua c6 bt ky tuong tac nao thi ma tran User — Item sé& xuét hién
cac hang/cot khong cé gia tri. Van dé néu trén duoc goi 1a van dé khoi dong nguodi
(cold-start problem) [3], vin dé nay thuong xay ra d6i véi cac hé tu van dwa/khuyén
nghi dya trén cdng tac, khi ma hé thdng gip phai nhitng san pham hoan toan khdng
c6 bat ky twong tic ndo, hé tu van s& khong thé khai thac duoc cac thong tin nhu s&
thich giéng nhau giita cac nhém nguoi dung/san pham dé c6 thé dua ra tu van.

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 théng tu van/khuyén nghi, dau
tién tir ma tran danh gia R, chling ta tién hanh chia tip ngudi ding U (cac hang trong
ma tran danh gia R) thanh hai phan, mot phan ky hiéu 13 Uy, duoc st dung lam di
liéu huan luyén (training), phan con lai ky hiéu 14 U, duoc sit dung dé kiém tra
(testing) a0 €hO Uypain U Ugest = U VA Uprain N Upest = @ Tép dit liéu huan luyén
Uyrain duoc st dung dé xdy dung mé hinh theo céc thudt toan str dung trong hé tu
van/khuyén nghi. Tap dir liéu kiém tra U,eg, duoc st dung vao qua trinh kiém nghiém
thuat toan tur van. Chiing ta c6 thé biét dén mot sb cach tiép can thuong dugc sir dung
dé chia tap ngudi ding U thanh 2 phan huan luyén (Uyain)Va Kiém tra (Ueg) 12:

e Lay mau Bootstrap (Bootstrap sampling)
e Phan chia (Splitting)

e Kiém thtr chéo (k-fold cross validation).



1.1.3.2. DO do danh gia d¢ chinh xac cia danh gia du doan

bé danh gia tinh chinh xé&c cua cac gia tri dy doan tur h¢ tu van, mot trong
nhirng phuong phap pho bién 1a str dung cac d6 do dua trén do sai sb gitta gia tri du
doan va gia tri thuc té. Piéu nay gitp do ludng muc do chinh xac cia dy doan va dua
ra cAi nhin tong quan vé hiéu suét cua hé thong. Duéi diy 1a mét s6 d6 do phd bién

duoc st dung dé danh gia sai so trong cac bai toan phan loai:

e Sai s trung binh tuyét d6i (Mean Absolute Error - MAE): Pay la
d6 do tinh toan trung binh cta gia tri tuyét ddi cua céc sai s6 gitra du
doan va gia tri thuc té. MAE cho biét mutrc 6 16n nho cua sai s6 ma hé
thong tu van gap phai trong dy doan.

e Do do trung binh 15i ldy cin (Root Mean Square Error - RMSE):
RMSE tinh toan can bac hai cua trung binh ctia binh phuong cua cac
sai s6 giita du doan va gia tri thuc té. Diéu nay c6 y nghia 14 sai s6 16n
hon s& duoc danh gia cao hon va phan anh mirc d6 bién dong cua sai
s0.

e Sai s6 binh phwong trung binh (Mean Squared Error - MSE): MSE
tinh binh phuong cua sai $6 gifra gia tri dy doéan va gia tri thyc té, sau
d6 1ay trung binh ciia cac binh phuong sai s6 do.

Ca hai d6 do nay déu cung cap thong tin quan trong vé mirc do chinh xéc cta
du doan, gitip ngudi phat trién va nguoi st dung hé tu van cd cai nhin téng quan veé
hiéu suat cta hé théng. Tuy thudc vao ban chit caa dix liéu va yéu cau cu thé cua bai
todn, cac do do nay co thé duoc st dung mdt cach linh hoat dé danh gia va cai thién
hiéu sudt cta hé tu van.
1.1.3.3. DP§ do danh gia dd chinh xic ciia danh sich san phim tw vin

Céc d6 do pho bién duoc sir dung dé danh gia do chinh xéac cta danh sach san
ph'flm tur vin cung cép mot cai nhin chi tiét vé hiéu suit cua hé théng, dac biét 1a trong

cac hé thong tu van san pham hodc ndi dung. Duéi day 1a mot s6 do do quan trong:



e Do chinh xac (Precision): Day 1a ty 1¢ giita s6 luong san pham duoc
dé xuét chinh xac dén s6 lugng san pham duoc dé xuit tong cong. Do
chinh x4c cao chi ra ring sb luong san phdm dé xuit 1a chinh xac va
thich hop.

e P nhay (Recall): Puoc tinh bang ty 1é giita s6 luong san pham duoc
dé xuat chinh x4ac dén s6 luong san pham thuc s lién quan. Recall cao
chi ra rang hé théng c6 kha ning dé xuit ra tat ca cac san pham lién
quan mot cach toan dién.

e [E-measure va F-measure: Day 13 hai 46 do két hop giita precision va
recall, cung cAp mot cai nhin tong quan vé hiéu suat cta hé thong. E-
measure va F-measure thuong dugc sit dung khi can can nhic ca
precision va recall mot cach can bang.

e Do chinh xac trung binh tuyét déi MAP (Mean Average Precision):
Pay 1a d6 do pho bién dugc sir dung trong cc bai toan dé xuat hang
loat (recommendation) dé danh gia hiéu suit ctia hé théng. MAP tinh
toan precision cho mdi ngudng cta danh sach dé xuat va sau dé tinh
trung binh cac precision nay. Piéu ndy gitp danh gia do chinh xéac cia
hé théng trén toan b danh sach dé xuét.

Bang cach két hop cac do do nay, ngudi phat trién va ngudi sir dung co thé co
cai nhin tong quan va chi tiét vé hiéu suat ctia hé thong tu van, tir d6 dua ra cac diéu
chinh va cai thién dé ting cuong trai nghiém ngudi ding va chat luong cua cac dé
xuét san pham.

1.2.  Cac huéng tiép cin trong hé tw vin

Hudng nghién ctru hién tai cua h¢ théng tu van co thé duoc chia thanh ba loai
[5]: tu van dya trén loc theo nodi dung (Content-Base Filtering), tu van dya trén loc
cong tac (Collaborative Filtering) va tu van dua trén loc két hop (Hybrid Filtering).
1.2.1. Loc theo ngi dung (Content-Base Filtering)

Phuong phap khuyén nghi dua trén noi dung (Content-Base Filtering) sir dung

ndi dung cua cac san pham va tim ra diém twong dong giira chung. Sau khi phan tich
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du s luong san phadm ma mot nguodi dung da thé hién sy yéu thich, hd so so thich
ctia ngudi dung s& duoc thiét 1ap. Sau do, hé thong tu van co thé tim kiém co s¢ dit
liéu va chon cac san pham phu hop theo hd so [4]. Kho khin cia cac thuat todn nay
nam & cach tim kiém so thich ctia ngudi dung dua trén ndi dung ciia cac san pham.
Khi cac van dé vé quyén riéng tu ca nhan ngay cang nhin dwoc nhidu sy quan tim
ctia ngudi dung Internet, viée thu thip hd so ngudi dung cho cac phwong phap khuyén

nghi dya trén ndi dung ngay cang tré nén kho khan hon.

Cac tai
lién tiromg
o

L

Hinh 1. 4: Co ché hoat dong loc theo noi dung
Hé thdng tu van ghi nhan Ho so nguoi dung (User Profile) duéi dang vector
u” = (U1, U, ..., Un), trong d6 w; 12 trong s thé hién mac do quan tdm cta ngudi dung
d6i voi ting thudc tinh caa san pham. Vector Hb so san pham (Item Profile) v = (v1,
V2, ..., vn) biéu dién thong tin san pham théng qua cac thudc tinh vi. Mic d6 phi hop
giita s thich cia ngudi ding va san pham duoc danh gia dua trén goc léch gita hai

vector Ho so nguoi dung (u) va vector Hb so san pham (v).
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Hinh 1. 5: B¢ twong tw gitva hai vector
Pé danh gia mirc d6 tuong dong gitta 2 vector U Va ¥ dé c6 thé dua ra tu van,

hé théng thuc hién so sanh bang cosine goc 1éch giira 2 vector:

v n Ty
uv Yimq UiV (l)

1B \/Zn 2 J n 2
il u.- Z._ v.
=1 L 1=1"1

Nhiing vu diém ciia phuong phap tu van dua trén ndi dung:

similarity = cos(@) =

- Hé théng khong can yéu cu phai c6 qua nhiéu dir liéu tir nhitng nguoi dung
khac dé dat duoc do chinh xac tu van chip nhin dugc. Dbi v6i phuong phap
loc dwa trén cong tac hé thong tu van can phai phan tich toan bo dir liéu twong
tac dé tim ra dugc cac quy ludt (nhu san pham dugce nguodi dung wa thich hodc
dé y dén) trude khi c6 thé dua ra goi y/dé xuat. Nguoc lai véi phuong phap
loc dua trén ndi dung, hé théng chi st dung thong tin vé noi dung cta san
pham va lich sir tuong tac cua timg ngudi ding cu thé dé tao ra cac goi y.

- Dua trén co ché hoat dong ctia hé thong loc ndi dung, c6 thé cung cap goi v
vé cac san phim méi dya trén thong tin mo ta sén co, ma khong can phai dua
vao dir liéu twong tac tir ngudi dung. Qua trinh nay dya trén vi¢c phan tich ndi
dung cua cac san pham dé tao ra cac goi y. Khi mot san pham mai xuét hién,
néu ndi dung cia n6 "tuong tu" v4i cac san pham trude d6 ma ngudi ding ua

thich, hé théng s& tw dong goi y cho ngudi ding vé san pham nay.
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Trong trudong hop nguoi dung c¢é nhitng s¢ thich dac biét dya trén ndi dung
clia san pham, nhung céc san pham nay khong phd bién trong ma tran tuong
tac, hé théng van c6 kha ning kham pha duoc thong tin nay thong qua ndi
dung.

Mo hinh nay c6 kha ning cung cp giai thich chi tiét vé cac yéu t anh hudng
dén s¢ thich ciia ngudi dung thong qua cac gia tri trong sb trong vector ho so
ctia ho. Cac gia tri trong sb 16n hon s& phan anh mirc d6 quan tdm ctia ngudi
dung dbi vai cac yéu t6 noi dung cia san pham. Diéu niy gitp ting cuong Cac
dic tinh/ndi dung pht hop cua ndi dung san pham véi nguoi dung dya trén

thdng tin nay

Mot sb nhuge diém ciia phuong phép tu van dua trén ndi dung;

Tinh da dang han ché: Phuong phap nay cé thé gip kho khan trong viéc dé
xuat cac muc co tinh da dang cao. Do viéc dua vao noi dung dé dé xuét, hé
théng thuong chi dé xuét cac muc tuong tu vé ndi dung, dan dén viéc han ché
su da dang trong cac goi y.

Van dé Cold start: Mot khi mot muc méi duoc thém vao hé théng, hoac mot
ngudi ding méi tham gia, viéc tao ra goi ¥ chinh xac dya trén ndi dung c6 thé
gip kho khan. Piéu nay 1a do khéng c6 du dir liéu ndo vé muc d6 hodc ngudi
dung d6 dé xay dung mot ho so ndi dung hodc sé thich rd rang.

Hién tuwong "citng nhdc" (Over-specialization): Hé théng dya vao ndi dung co
thé da dang bi mic ket trong viéc dé xuit cac muc tuong tu nhau, lam gidm
trai nghiém ctia nguoi dung. Néu mot ngudi ding da tuong tac vi mot s loai
ndi dung nhét dinh, hé théng 6 thé chi dé xuit cac muc tuong tu ma khong
kham pha ra cac sé thich médi ciia nguoi dung.

Vin dé vé mire do chdt heong ciia dir liéu: Dé ap dung phuong phap loc theo
ndi dung, can co dir liéu vé ndi dung cua cac san phém, va doi1 khi viéc thu
thap va danh gi4 dit liéu nay co thé ton kém va phic tap. Piéu nay co thé dan
dén viéc su dung dir liéu khong chinh xac hodc khong du dé tao ra céc go1y

chat luong.



13

1.2.2. Loc cong tac (Collaborative Filtering)

Céc phuong phap khuyén nghi dya trén loc cong tac (Collaborative Filtering)
[6] tan dung t6i da thong tin hanh vi va thong tin tiy chon do nguoi ding tao trude
day ma khong st dung thong tin ¢4 nhan ctia ngudi ding va théng tin mé ta san pham,
ching han nhu danh gia cua nguoi dung vé san pham dé tao san pham dugc khuyén
nghi. Str dung céc k¥ thuét thdng ké dé tim ra su twong ddng giita vecto ngudi ding
hoic san pham. Cac phuong phap Collaborative Filtering c6 thé dugc phan thanh hai
loai Dya trén bo nhd (Memory-Based) va Dya trén mo6 hinh (Model-Based) [7]. Cac
phuong phap khuyén nghi dua trén loc cong tac cling c6 mot sé han ché. Khi ma tran
danh gia rat thua thét, do chinh xac ctia khuyén nghi thuong giam xudng rat 1 rang.
Quan trong hon, né khong thé tao khuyén nghi cho mot san phim méi chua nhan
dugc danh gia cua nguoi dung.

Poc bai ca hai ngwdi ding

[‘[ J
q Nguwdi dung trong tr 5

AN

Do ngwai dung gigi thiéu
cho ngwei dung khac

Hinh 1. 6: Co ché hoat dong loc cong tac
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Loc cong tac dua trén by nhé

Dya trén gid tri danh gia cuia nguoi dung trong ma tran Nguoi dung — San

pham, do twong ddng gitta ngudi dung hién tai v6i nhitg ngudi dung tuwong tr duoc

tinh theo hai budc nhu sau:

Budc 1: Hé thong tinh toan d6 twong tu giita CAC ngudi dung/san pham.

o . . X-y
similarity(x, = cos(x, = — = =
ty(xy) EY) = F x5

er i Ty i
’ ’ (2)
rZ.
Vil

/Zrﬁi b

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

m(r - 1{‘) x similarity(x, y)
X, similarity(x, y)

r(a,i) = ﬁl +

(3)

K¥ thuat loc cong tac dya trén bo nhd cod thé thuc hién dua trén nguoi dung va

dya trén d6i tuong:

- K thudt dwa trén nguoi ding: Phuong phap nay do do tuong dong gitta

cac ngudi dung bang cach so sanh danh gia (rating) cta ho trén cac san
pham twong ty. Panh gia du doan cho san phdm hién dang xem xét ctia
ngudi ding duoc tinh bang cach 1ay gia tri danh gia (rating) trung binh
clia san pham d6, nhan véi trong s6 phan anh mirc d6 trong dong cla

nguoi dung hién tai voi nhitng nguodi dung c6 so thich tuong tu.

- K thudt loc diea trén déi twong: Phuong phap nay tinh toan du doan

danh gia (rating) dya trén su twong dong gitta cac san pham. N6 xay
ding mot md hinh cac san pham twong ty bang cach xem xét tat ca cac
san pham d3 dugc danh gid boi ngudi dung dang hoat dong tir ma tran
tuong tac. Sau d6, nd xac dinh muc do twong déng ctia cac san pham
truy xuat ddi véi san pham dich, chon ra k san pham twong tu nhat va
tinh toan du doan bang cach lay trung binh c6 trong s6 cua danh gia

ngudi ding trén cac san pham tuong tu k.
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S&n pham 1
Ngwx diang 1
H -
- San pham 2
- L
- o -
|
W = Negwoi ding 2
— - =
= =
= =
-1 - 1
) E[ San pham 3
Ngwx diong 3
San pham 4

Hinh 1. 7: Loc cong tac dua trén bé nho thong qua nguoi dung

L San phim 1
Ngwai ding 1 s
g g
! x =
San pham 2 & re
S ; A
[ [l e
; [ E—
Negwa dong 2 ' g

San pham 3

Ngwai dung 3

San pham 4

Hinh 1. 8: Loc cong tdc dua trén bo nhé thong qua doi tuong
Uu diém:
- Hé thong Recommendation System khong yéu cau phai co tri thirc chuyén biét

dé xay dung moé hinh nguoi dung/san pham. Ban chit ctua phuong phép loc
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cong tac 1a khai thac thong tin vé s thich cia mot nhém ngudi ding c6 cliing
s& thich ddi v6i mot sb san phém cu thé. Do d6, khi nhan biét cac san phém
duoc ua thich, hé théng Recommendation System c6 thé cung cip goi ¥ truc
tiép dén nhitng san pham d6 ma khong can quan tim dén ndi dung cu thé cua
chung. Diéu nay gitip hé thong mé rong kha ning tu van cho nhiéu loai nguoi
dung c6 dic diém khac nhau.

C6 kha nang str dung thong tin tir ngudi ding ¢ cac dic diém twong ty nhau
dé cung cip cac goi ¥ va tu van (phan tich xu huéng va s¢ thich cta cic nhom

ngudi ding tuong dong)

Phuong phap loc cong tac dua trén bd nhé van c6 nhitng han ché sau:

Hé théng thudong khong thé cung cap cac goi v cu thé phu hop véi so thich
riéng cua tung nguodi dung, thay vao do, né thuong dua ra cac goi y dua trén
cac san pham pho bién trong hé théng.

Chét luong tu van dua trén phuong phéap loc cong tac dua vao bd nhd giam
hiéu suét khi dit liéu twong tac trd nén qué thua (data sparsity). Thyc t&, nguoi
dung thuong chi danh gia san pham khi ho cam théy rat tich cuc hoic rat tiéu
cuc ddi v6i san pham d6, ddn dén viéc dir liéu ma tran twong tac gitta Nguoi
ding — San pham thudng thiéu gia tri & nhiéu vi tri do nguoi dung khong dua
ra danh gia cho san pham dé. Trong truong hop nay, viée str dung do twong tu
gilra cac nguoi dung thong qua do luong cosine trg nén khong hi¢u qua.
Phuong phap loc cong tac dya trén bo nhd doi hoi thoi gian tinh toan lau va
yéu cau bo nhé Ién. Phuong phap nay thudc nhom instance-based, co nghia la
hé thong phai xay dung mot mé hinh riéng cho mdi nguoi ding u, dua trén
toan bo dir liéu ma tran tuong tac, dé tim ra gié tri danh gia (rating) trung binh
Tq CUA tp nguoi dung co6 cung sé thich vai u truede khi du doan gia tri danh

gia.
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1.2.2.2. Loc cong tac dua trén moé hinh

Pé giai quyét cac han ché vé thoi gian tinh toan va yéu cau dung luong bd nhé

16n, hai tdc vu chinh trong phuong phép loc cong tac da dugc phan biét rd rang. Cu

thé, c6 hai nhiém vu quan trong: xay dung mo hinh tur dit liéu huén luyén va tinh toan

két qua tu van tr mé hinh d3 duoc xay dung. Pé huin luyén mo hinh va tao ra mot

md hinh rat gon mé phong so thich ciia ngudi dung, hé théng tu van st dung céac

thuat toan hoc may, c6 thé 1a khdng giam sat hoic cé giam sat. Cac thuét toan hoc

may c6 thé bao gdm cdy quyét dinh, b phan loai Bayes, hdi quy, mdy vector hd trg

(SVM), mang no-ron va cac thuat toan khéac. Khi da ¢c6 mé hinh tir qua trinh huin

luyén, hé théng RS sir dung mo hinh nay truc tiép dé san sinh ra két qua tu van.

Uu diém so v6i phuong phap loc cong tic dya trén bd nhé:

Do linh hoat cao: Phuong phép loc cong tac dua trén mo hinh thudng linh hoat
hon trong viéc xir Iy cac van dé nhu dit liéu thua (sparse data) hodc dir liu
16n. Thay vi phy thudc hoan toan vao dir liéu nguoi ding va san pham, phuong
phap nay thuong sir dung cac mo hinh théng ké hoic hoc may dé du doan cac
danh gia hodc s& thich cua nguoi dung.

Gidm thiéu van dé lang phi khéng gian: Phuong phap dya trén mo hinh thuong
c6 thé giam thiéu van dé lang phi khong gian (cold start problem) hon so véi
phuong phap dua trén bd nhé. Vi phuwong phap dua trén mé hinh, néu c6 du
dir lidu vé cac dic trung ciia nguoi ding va san pham, c6 thé dé dang tao ra
cac du doan cho cac nguoi dung mdi hodc san phém moi dua trén cac dac
trung do.

Hiéu sudt cao hon véi dir liéu thwa: Phuong phap dua trén mo hinh thuong
hoat dong tdt hon vai dir liéu thua hon, trong do6 co thé bao gém cac nguodi
dung chua danh gia nhiéu san phim hoic cac san pham it duoc danh gia.
Tinh téng qudt héa tét hon: Phuong phap dua trén mé hinh thuong cé kha
nang tong quat hoa tét hon ddi véi cac loai dit liéu méi hodc bién doi, vi chiing

dua vao cadc mo hinh toan dién hon vé ngir canh va tinh chat cua dir liéu.
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Tuy nhién, phuong phap loc cong tdc dua trén md hinh thuong doi hdi thoi
gian va tai nguyén tinh toan 16n hon dé huan luyén cac mé hinh va tao ra du doén,
dac biét 1a khi &p dung cho dit liéu 16n.

1.2.3. Loc két hop (Hybrid Filtering)

Céac phuong phap khuyén nghi két hop (Hybrid Filtering) [8] tim cach dat
duoc két qua khuyén nghi tot nhat bang cach két hop cac phuong phap khuyén nghi
dua trén ndi dung va cac phuong phap khuyén nghi dua trén loc cong tac. Cac hé
thong khuyén nghi két hop dugc chia thanh khuyén nghi két hop nguyén khoi, khuyén
nghi két hop song song va khuyén nghi két hop dudng ng [9]. Cac hé thdng tu van
két hop duogc str dung dé tan dung strc manh cua nhiéu nguén dir liéu hodc dé cai
thién hiéu suét cua cac hé théng tu van hién co trong mot phuong thirc dir liu cu thé.
Dong luc quan trong cho vi¢c xay dung cac hé théng tu van lai 1a cac loai hé théng
tu van khac nhau, chéng han nhu cac phuong phap dua trén loc cdng tac, dua trén noi
dung, c6 nhitng diém manh va diém yéu khac nhau. Mot s6 hé thong goi ¥ hoat dong
hiéu qua hon khi khai dong ngudi (cold-start), trong khi cac hé thong khac hoat dong
hiéu qua hon khi c¢6 dua dir liéu. Cac hé thdng tu van két hop cb ging tan dung sirc

manh bo sung ctia cac hé théng nay dé tao ra mot hé thong c6 tong thé 16n hon.

Hé tu van dua trén
loc cdng tac

Dif liéu dau
vao

Bd ket hop

Hé tu van dura trén
loc ndi dung

Dii liéu dau
vao

Hinh 1. 9: Co ché loc két hop
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Mot s6 phuong phép loc két hop di duoc nghién ctiru nhu sau:

1.2.4.

Collaborative-Content Hybrid: Phuong phép nay két hop ca loc dua trén noi
dung va loc cong tac, thong tin tir ca ngudi dung va san phdm dugce st dung
dé tao ra cac khuyén nghi. Phuong phap két hop ndy c6 thé khic phuc nhuoc
diém cua tirng phuong phap don 1é va tan dung cac wu diém cua ca hai dé tao
nén tu van.

Model Combination: Két hop cac mé hinh dy doan khac nhau dé tao ra mot
mo hinh tong hop. Vi dy, chiing ta ¢6 thé tao ra mot mo hinh bang két hop mot
mo hinh dy doan dua trén ndi1 dung vé1 mot moé hinh du doan dua trén dit li¢u
nguoi dung.

Feature Combination: Két hop cac dic trung (features) tir nhiéu ngudn khac
nhau dé tao ra mot biéu dién tong hop cho mdi san pham va ngudi ding. Diéu
nay co thé bao gdm thong tin tir ngudi ding (vi du: hd so ngudi ding, lich sir
tuong tac) va tir san pham (vi du: thong tin mé ta, tir khoa).

Cascade Hybrid: Str dung cac phuong phap khac nhau cho cac giai doan khac
nhau trong qua trinh khuyén nghi. Vi dy, c6 thé sir dung collaborative filtering
dé tao ra mot danh sach ngén cac san phém c6 thé duogc yéu thich, sau do su
dung content-based filtering dé cai thién cac khuyén nghi trong danh sach nay.
Meta-Level Hybrid: Két hop cac hé thong khuyén nghi khac nhau tai mot mirc
d6 cao hon, chang han bang cach két hop cac hé théng khuyén nghi di duoc
huan luyén trude.

Context-Aware Hybrid: Két hop thong tin vé ngir canh (context) nhu vi tri dia

Iy, thoi gian hodc trang thai nguoi dung dé cai thién cac khuyén nghi.

Tw van xa hi (Social Recommendation)

Véi su bung nd phat trién cua Internet, ching ta c6 kha ning tiép can va kham

pha toan bg thé gidi thong qua nhiing thiét bi thong minh nhu may tinh va dién thoai

di dong. Nhu cau ve két noi va chia sé cua con ngudi da di€u chinh va phat trién theo

chiéu hudng nay. Cac tng dung web va mang xa hoi tré thanh nhing san phim khong
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thé thiéu, cung voi su xuét hién cuia cac san thuong mai dién tir truc tuyén, chuang la
cau ndi gitta doanh nghiép va nguoi tiéu dung. Khai niém Web 2.0 (dugc gidi thiéu
boi Dale Dougherty vao nam 2004) dua ra nhitng dac trung nhu su hop tac, chia sé,
Va séng tao gitta cong dong ngudi dung. Vi vay rat dé dang dé xdy dung cac phan
mém cung cap dudi dang dich vu web, ngudi dung co thé sir dung trén nhiéu thiét bi
khac nhau. Khong chi vy, phuong tién truyén thong xa hoi ciing phat trién manh mé

tor nhitng xu hudng nay.

Social Links

Users in
Social Network

H e e Soalne
User-Item 4}* S O A
interactions . N '

Items

Hinh 1. 10: Tuw vén xd héi (Social Recommendation)

Tir khi xuat hién, Web 2.0 da tiép tuc phét trién tinh chat sau rong trong cong
d?)ng, tao diéu kién cho sy ndi 1én cta phuong tién truyén thong xa hoi. Vi duy, mot
nguoi co thé tham gia vao mdt trang web chia sé hinh anh, bai viét, video, 4m nhac,
cling nhu cong trinh nghién ctru va tng dung khac. Nhirng ngudi khac ¢ thé binh
ludn, twong tac, va phan hoi trén nén tang nay. Ngudi ding con c6 thé 1a tac gia hodc
dong gop tich cuc vao ndi dung trén phuong tién truyén thong xa hoi, thuong duoc
t6 chtrc theo hé thdng phan cip véi cac vai trd nhu quan tri vién, thanh vién.

Nam 1997, 1an dau tién chung ta biét dén khai niém hé tu van xa hoi (social
recommender systems). Nghién ctru vé hé tu van x4 hoi ciing ngdy cang phat trién va

thu hat nhiéu su quan tam, dau tu tir nhiéu phia. Sy phat trién 16n manh cua cac loai
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hinh phuong tién xa héi lam cho nhirng nghién ctru vé tu van xa hoi luén phai tich

cuc do1 madi va sang tao. Nhung cho dén nay, mot khai niém vé tu van xa hoi ma tat

ca cung cong nhan van chua dugc dé xuat. Tac gia Jiliang Tang va cac cong su [10]

cua minh da dua ra hai dinh nghia hep va rong v€ tu van xa hoi. N1 dung co ban cua

2 dinh nghia c6 thé dugc trinh bay nhu sau:

Dinh nghia hep cta tu vin xa hoi: Mot dic trung quan trong ciia cac phuong
tién x3 hoi 1a cadc mbi quan hé gitta ngudi dung v6i nhau, c6 thé d6 13 ban be
cung tham gia mot trang mang xa hdi, quan hé thir bac quan tri vién — thanh
vién, hay sy tac dong vé mit tdm 1y dén nhau 13 su tin tudng gitta cac ngudi
dung v6i nhau. Va hé tu van s& str dung céc mbi quan h¢ nay nhu mot dau vao
bd sung dé cai thién hiéu qua hé tu van ciing nhu cai thién chinh cac mbi quan
h¢.

Dinh nghia rong cua tu van x4 hoi: Trong mot pham vi rong hon, tu van x3 hoi
bao gébm moi hoat dong lién quan dén cac nén tang phuong tién xa hoi. P6i
tugng cua tu van nay cé thé 1a bat ky thuc thé nao trén cac nén tang xa hoi,
bao gébm ngudi dung, bai ding, thé, cong dong, va nhiéu hon nita. Ngoai ra,
dir liéu con bao gdm cac hanh vi va tuong tac va ciia ngudi st dung trén cac

nén tang mang xa hoi.

Céc bai todn tu van xa hdi pho bién:

Tuw van néi dung. Hé théng tu van tap trung vao viéc st dung cac dir li¢u tur
nhiéu nguén nhu phim, 4nh, &m nhac, tin tirc trén cac nén tang xa hoi ma nguoi
dung thuong xuyén twong tac. Bang cach phan tich hanh vi truéc d6 va so
thich ctia ngudi dung, hé théng c6 kha ning dé xuét nhirng noi dung cu thé ma
ho ¢6 thé quan tam, bao g@)m sach can doc, phim can xem, hodc 4m nhac can
nghe. Viéc nay giup cd nhan hoa trai nghiém cua nguoi dung va tang co hoi
tim thdy nhitng ndi dung méi ma ho sé thich.

Tw van dia diém: Hé théng tu van nay tan dung thong tin vé dia ly va céc dia
diém du lich dé dé xuét nhirng diém dén thu vi cho nguoi dung kham phé. Duwa

trén vi tri hién tai ctia ho hodc cac so thich trudc do, hé thong co thé goi ¥
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nhimng dia diém phu hop nhu nha hang, céng vién, bao tang, hodc diém du lich

dia phuong. Didu nay gitip nguoi dung khdm phé nhimng diém dén méi mot

cach dé dang va thuan tién, dé)ng thoi tao ra trai nghiém du lich da dang va
phong pha.

- Tw van ban bé: Hé théng nay tan dung thong tin v& mdi quan hé cua ngudi
dung trén céc nén tang mang xa hoi, nhu danh sach ban be, theo doi, dugc theo

ddi va mdi quan hé khac, dé dé xuat cac hoat dong va noi dung lién quan. Bang

cach phan tich mbi quan h¢ va hoat dong trudc dé cua ban be, hé théng o thé

goi y nhitng hoat dong, su kién hodc ndi dung ma ngudi dung c6 thé quan tam.

Diéu nay tao ra mot cach tiép can ca nhan hoéa va xa hoi hoa trong viéc kham

pha va chia sé trai nghiém gitta cdc mdi quan hé cta nguoi dung.
1.3.  Phuong phap hgc sau trong Collaborative Filtering

Céc phuong phap hoc sdu da mang lai sy dot pha trong linh vuc loc cdng tac
mo ra nhitng kha niang méi trong viéc cai thién do chinh xac ctia cac hé thong dé xuét.
Thay vi chi tap trung vao su tuong tic giita ngudi ding va san pham, cac phuong
phap nay tich hop sirc manh ctia mé hinh hoc sau dé hiéu biéu dién phirc tap cia dir
liu.

Céc phuong phap nhu Matrix Factorization, Neural Collaborative Filtering
(NCF), AutoEncoders, DeepFM va Attention Mechanisms déu dai dién cho sy két
hop gitra loc thong tin truyén théng va wu diém cia mo hinh hoc sau. Piéu nay gitp
cai thién kha nang du doén va tao ra trdi nghiém nguoi dung cé nhan hoa hon.

Su linh hoat ctia md hinh hoc sau, khi tich hgp vao CF, gitip chiing ta vuot qua
nhirng gidi han cta cic phuong phéap truyén thdng, dic biét 13 khi xir Iy cac tuong tac
phi tuyén tinh va mdi quan hé phirc tap gilta nguoi dung va san pham. Viéc nay ting
cuong kha nang dé xut san pham chinh xac va toi uu hoa trai nghiém nguoi ding.

Tuy nhién, sy thanh cong cua cac phuong phap nay cling phu thude vao vi¢ce
c¢6 du dit liéu da dang dé huan luyén mé hinh. Diéu nay dit ra thach thic vé quan ly
va thu thap dit liéu 16n, ciing nhu van dé vé tinh toan ddi véi cac mé hinh phurc tap.

Tuy nhién, v6i sy tién lgi ma chiing mang lai trong vi¢c cai thi€n do chinh xac va dé
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xudt ca nhan hoéa, cac phuong phap hoc sau trong Collaborative Filtering dang trg
thanh xu huéng quan trong trong phat trién cac hé thong loc thong tin hién dai.
1.4. Két luin chuong
Noi dung chuong 1 d4 trinh bay 1am rd mét s6 khai niém co ban ctia hé tu van,
cac phuong phép tiép can dé xay dung hé tu van. Chuong 1 ciing dua ra chi tiét
nhirng vu diém ciing nhu nhugc diém cua tirng phuong phap tiép can. Bén canh do,
chuong 1 da trinh khai quat vé phuong phéap hoc sdu trong loc cong tac 1am co so dé

Iira chon phuong phap hoc sau cho hé tu van duoc trinh bay & chuong 2.
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CHUONG 2. HQC SAU CHO HE TU VAN LOC CONG TAC

Gi6i thiéu vé téng quan vé hoc sau, khai niém ctia phuong phép phan rd ma
tran va lya chon phuong phap hoc sau cho hé tu van.
2.1.  Giéi thiéu vé hoc sdu

Hoc sau (Deep Learning - DL) khong chi 1 mot phan ctia hoc may, ma con la
mot linh vuc quan trong va day tiém nang trong linh vuec tri tué nhan tao (AI). N6 chil
yéu la mot phﬁn mo rong cua hoc may, st dung cac mé hinh mang no-ron sau dé hoc
tir dir lidu. Vi it nhét ba 16p hodc nhiéu hon, cac mé hinh hoc sau ¢ gang mo phong
cach ma ndo ngudi xtr Iy thong tin, tir viéc nhan dién hinh anh dén du doan ngdn ngit
tu nhién.

Trong qué trinh hoc, cac mang no-ron nay tién hanh diéu chinh céc trong sd
va cac tham sb khac cua mang dé t6i uu hoa hiéu suat cua ching trén dir liéu huan
luyén. Céach tiép can nay cho phép hoc sau "hoc" tir cac mau dir liéu 16n va phtc tap
ma khong can phai biét trude cu thé vé cach hoat dong cua dir licu.

Mot trong nhirng diém manh cta hoc sau 1a kha nang tu dong hoda cac tac vu
phan tich dir liéu va cac tac vy thong minh ma trudc day can sy can thiép cta con
nguoi. Piéu ndy c6 thé 1am tang hiéu suat va tiét kiém thoi gian cho cac ung dung
trong nhiéu linh vyc, tir y t& dén tai chinh va hang khong vii tru.

Ung dung ctia hoc sau 1a rat da dang. Chiing khong chi xuat hién trong cac hé
thdng tro 1y k¥ thuat sd nhu Siri va Alexa, ma con trong cic cong nghé tién tién nhu
xe tu lai va robot hop. Hoc sau cling da ¢6 anh huong 16n dén nén kinh té, véi viéc
cai thién ty dong hoa trong quy trinh san xuit va dich vu, cling nhu trong viéc phat
hién gian l1an va du bdo xu hudng thi truong.

Hoc sau ciing d6ng mot vai tro rat quan trong trong cc hé thdng tu van/khuyén
nghi, né gitp ngudi ding c6 thé ¢ nhitng trai nghiém tot nhat. Hoc sau khong chi 1a
mot cong ngh¢ manh m¢€, ma con la mgt linh vuc nghién ctru dﬁy trién vong, v&i tiém

ning dé tao ra nhitng tién bd dang ké trong nhiéu linh vuc khac nhau trong twong lai.
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2.1.1. Cach thirc hoat dong caa hoc sau
Hoc sau hoat dong bang cach kham pha va tim hiéu cac cau tric phuc tap trong
dit liéu. Dé thuc hién diéu nay, n6 st dung cdc mo hinh tinh toan sau co nhiéu 16p xur
1y thong tin. Nhd vao sy két hop cta cac mang no-ron (neural) sau, hoc sau c6 kha
nang tao ra nhiéu mure do triru tuong khac nhau dé biéu dién va hiéu dit liéu. Ciing
gidng dong vat, bd nio cla tri tué nhan tao (Al) ciing c6 cac no ron. Chung duoc biéu
dién bang cac vong tron. Cac no ron nay déu di duogc lién két.
Cac no ron dugc nhom vao 3 loai layer khac nhau: Input layer, cac hidden layer,
Output layer
- Input layer: Nhan céc dir liéu dau vao
- Céc hidden layer: Thyc hién cac phép tinh toan trén cac dau vao. Mot trong
nhimng thach thtc 16n khi thiét ké mang no-ron 1a quyét dinh vé s6 luong

hidden layer va s6 no-ron trong moi layer.

- Output layer: tra vé dit liéu dau ra

W
\
‘;‘

9%
W
L 4

tput layer

hidden layer 1 hidden layer 2

Hinh 2. 1: Cdc layer ciia mang no-ron

input layer

Vi dy, trong hé tu van, mot md hinh hoc siu co thé duoc sir dung dé dé xuat
san pham cho ngudi dung dwa trén lich sit mua hang cta ho va thong tin vé sé thich
cd nhan. Mo hinh nay co thé dugc huin luyén béng cach str dung mot luong dir liéu

rat 16n, chang han nhu hang triéu giao dich mua hang truéc d6. Bang cach hoc tir dit
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liéu, m6 hinh c6 thé tu dong nhan dién cac mau mua hang, wu tién cac san phém ma
ngudi dung c6 kha ning quan tim va dé xuat chiing mot cach hiéu qua. Trong nhiéu
truong hop, cac hé théng tu van sir dung hoc sau c6 thé cung cip dé xuit chinh xac
va ca nhan héa hon so véi cic phuong phap truyén thong ciia hoc may.

Tuy nhién, khong c6 nghia 1a viéc xay dung cac hé thong hoc sau d& dang hon
s0 v6i cac hé thong hoc may thong thuong. Diéu chinh hang nghin siéu tham sb 1a
can thiét d¢ ti uu hoa hiéu suat cia md hinh hoc sau.

2.1.2. Uu diém ciia hoc sau so véi phwong phap hoc may cé dién

Hoc sau mang lai nhiéu wu diém so véi phuong phap hoc may co dién, va dicu
nay da dong vai trd quan trong trong viéc bién doi cach chung ta tiép can va giai quyét
cac bai toan may hoc.

Mot trong nhitng vu diém dang chii y nhat ciia hoc sau 1a kha nang hoc céac dic
trung phtrc tap tur dir liéu mot cach ty dong. biéu nay lam cho viéc xtr 1y cac bai toan
c6 tinh phirc tap cao trd nén hiéu qua hon va it phu thudc vao sy hiéu biét chuyén
mon cua con nguoi.

Khong chi vay, hoc sau con thé hién hiéu sudt tot hon trén dit liéu 16n. Nho vao
cAu tric mang no-ron sau va kha ning tinh toan song song trén céc thiét bi c6 dong
nhat, hoc sau c6 thé xt 1y va hoc dugc tur lugng dir liéu 16n mot cach hi¢u qua. Diéu
nay dic biét quan trong trong thdi dai s6 hoa ngay nay, khi luong dif liéu duoc tao ra
va tich llly ngay cang tang lén.

Thém vao d6, hoc sdu con mang lai su linh hoat va da dang. Mang no-ron sau
khong chi hoc duoc tir nhiéu loai dir li€u khac nhau nhu hinh anh, am thanh, van ban,
ma con co thé ap dung cho nhiéu linh vyc khac nhau nhu thi gidc may tinh, xir 1y
ngdn ngir tw nhién, va du doan chudi thoi gian. Diéu ndy tao ra mot co sé cho ung
dung rong rai cta hoc sdu trong nhiéu nganh cong nghiép va linh virc nghién ctru.

Ngoai ra, hoc sau con tich hop phan tich cip cao, cho phép né hiéu duoc cac
mbi quan hé phiic tap gitra cic yéu td trong dit liéu. Diéu ndy lam cho hoc sau trd

thanh mdt cong cu manh mé cho nhiéu bai toan phuc.
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Tuy nhién, ciing can luu ¥ rang viéc huin luyén mé hinh hoc sau thuong doi
hoi nhiéu dit liéu hon va tai nguyén tinh toan 16n hon so véi cac phuong phép hoc
may truyén théng. Dong thoi, viéc diéu chinh céc siéu tham sb cia mang no-ron ciing
c6 thé 1a mot thach thuce ddi véi hoc sau. Tuy nhién, v6i sy phét trién cua cong nghé
va sy gia ting vé kha ning tinh toan, hoc sau van tiép tuc phat trién va trd thanh mot

trong nhitng cong cu quan trong nhat trong linh virc tri tué nhan tao va may hoc.

2.2.  Phwong phap phan ra ma tran
Phan ra ma tran (Matrix Factorization - MF) [12] 1a m{t trong nhirng thuét toan
lau doi st dung trong cac hé thong goi y. M6 hinh dau tién dugce dé xuét boi Simon
Funk va phat trién manh mé, phé bién sau cudc thi Netflix to chtrc ndm 2006.
K¥ thuat phan rd ma tran duoc thuc hién thong qua viéc chia mot ma tran lon
X thanh 2 ma tran c6 kich thugc nhé 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 nhé hon nay cang chinh xéac cang
t6t [11], diéu ndy 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 véi muc tin, bao gdm ca nhiing
gia tri chua biét can duge du doan tao nén mot ma tran goi la Utility Matrix.

«— | items — —Ks» — | ——

A 1 -4 . 11 HEW 3 5 -2 :'1;
v

~ o i o EREDE
2 HT
»

11 | 0.1

&

-7 | 02
-1 7

X w

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

«— U users —»

Trong do:

e K la s0 nhéan t0 tiém an, va nho hon rat nhiéu so véi s6 nguoi dung va s6 muc

dir liéu (K << |U| va K << |I]).
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e W e RIUXK 13 mot ma train ma mdi dong 13 mot vector bao gdm K nhan td

tiém an (latent factors) mé ta user u.

e W e RI™K 13 mot ma tran ma mdi dong 1a mot vectors bao gdm K nhan t6

tiém 4n mé ta cho item i.

Y tudng chinh ctia MF 1a ton tai cac tinh chét an (latent features) mo ta sy lién
quan giita cac ngudi dung va san pham. M&i nguoi dung s& mang chit 4n nao d6 va
dugce mé ta boi cac hé sb trong vector wy,. Tuong tw, mdi san pham ciing s& c6 nhiing
tinh chat 4n & mot mirc do nao do6 tuong ing voi cac hé sé trong vector h;. Hé sd cang
cao twong (g voi viéc mang tinh chat d6 cang cao.

Goi hy,va wy,la cac phan tir tuong Gmg cta hai ma tran H va W, khi dé xép

hang (rating) ctia nguoi dung u trén muc dir liéu i dugc du doan bdi cong thirc (4):

K
Fut = ) Wy = (WH )0 (4)
k=1

Phuong phap MF mo hinh héa tuong tac hai chiéu gitta cac thudc tinh an cua
ngudi ding va san pham. MF gia st cac chiéu trong khong gian an d6 1a doc 1ap va
tinh ra gia tri twong tac bang cach t6 hop cac chiéu d6 lai v6i cing mot trong s6. Nhu

vay, MF c6 thé coi 1a mdt mo hinh tuyén tinh ctia cac thudc tinh an.

iy iy i3 iy i

Uy 1 1 1 (0|1 T
z
u | 0 | 1 11010 =
:
Uz | 0 |1 1 ({10 )
Z
{’---- ------------------------------ \:
i Ugf 1t O 1 |1 |1/
«—— Sin phim ——»
(a) Ma trin ngwoi dang — san phim (b) Khong gian 4n cia ngwoi ding

Hinh 2. 3: Vi du chitng minh ham tich vé huéng ¢ thé giGi han chat leong ciia MF
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Hinh 2.4 ching minh rang ham tich vé hudng (inner product) cé thé giéi han
chat lugng cia MF. Do MF chiéu ngudi dung va san pham 1én ciing mot khong gian
an, d6 trong dong giita 2 ngudi dung co6 thé duoc danh gia bang cach sir dung phép
nhan vo hudéng hodc c6 thé st dung d6 do Cosine giita 2 vector an dugc tao. Dé khong
1am mét tinh tong quat, ta cling c6 thé str dung do do Jaccard dé do d6 twong ty giita
2 ngudi dung trong dir liéu ban dau ma sau d6 MF cén c6 kha ning nim bt duoc.
Do do Jaccard: Dat R, 1a tap cac items ma user U c6 twong tac, khi d6 do do tuong

dong Jaccard cua hai user i va j duoc dinh nghia la:

|R;| N |R;
Sij = ﬁ ()

Tir s6 lidu ciia ba dong dau tién cua hinh 2.4 a, ta s& tinh dugc 5,3(0.66) >
512(0.5) > s;3(0.4). Nhu vay, quan hé trén khong gian cua p,, p,, p3 co thé duoc
v€ nhu trong hinh 2.4 b.

X6t user u, €O s41(0.6) > 5,3(0.4) > 5,,(0.2) diéu nay c6 nghia 13
user u, tuong tu nhat véi u,, tiép theo 1 u; va u, . Tuy nhién, do mo6 hinh MF dua
vector ngudi dung 1én cung mot khong gian an, nén voi MF, ¢6 2 cach dit vector cua
user u, thoa man gan u, nhat nhu hinh vé& trén (2 duong p’,va p,). Nhung ca hai
truong hop ndy déu khong thé théoa min dugc tinh chét thuc té, d6 13 u, gan u,
hon u,. Tir d6, c6 thé thiy raing MF khong thé mé ta dugc do do Jaccard hay chinh

la d6 do su twong tu gitra cac ngudi dung trong truong hop nay.

2.3.  Phwong phap hoc siu cho hé tw vén

Do phuong phap phan rd ma tran con c6 nhiéu han ché nhu di néu ¢ muc 2.2
nén viéc phai thiét ké mot ham tuong tac tot hon dé mé hinh héa viée tuong tac gitta
céc thudc tinh an ciia nguoi ding va san pham 13 vo clng can thiét. Biéu dién cac
ngudi dung va san pham duwa vao tuong tac s& lam giau céc thong tin cho ngudi ding
va san pham d6. Phép toan tich vé hudng (inner product) don gian chi 1a viéc két hop
bang cach nhan cac thudc tinh an tuyén tinh, nhu vay ¢ thé khong dii dé nam bat cau

trac dit liéu tuong tac phirc tap ctia ngudi dung. Vi vay, dé an dé xut phuong phap
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hoc sau Neural Collaborative Filtering (NCF) cho hé tu vAn. M6 hinh NCF di khai
thac phuong phap MF theo huéng nay va thyc hién né bang mang no-ron. Thay vi
viéc chi str dung tht ty ctia ngudi dung va san pham chi c6 tac dung phan biét giira
nguoi dung nay voi ngudi dung khac, san pham nay véi san pham khac, viéc bicu
dién théng qua twong tac s& co thé biéu dién dugc su twong dong gitra ngudi ding
v6i nguoi dung; san phim véi san pham dua vao cic tuong tac chung cua cac doi
tuong nay.

2.3.1. Phuong phap Neural Collaborative Filtering

Phuong phap Neural Collaborative Filtering (NCF) [13] 1a mot k¥ thuat dac
biét trong linh vuc hoc may va khai phé dir li€u, dugc st dung rong rai trong cac ing
dung dé xuat c4 nhan va loc cong tac. NCF két hop ca hai tiép can truyén thong trong
viéc xdy dung hé théng dé xuat: Collaborative Filtering (CF) va Neural Networks
(NN), tir d6 tao ra mot phuong phap manh mé va linh hoat. O ban chat, CF tap trung
vao viéc du doan sé thich cuia mot nguoi dung dua trén lich st hodc hanh vi ciia nguoi
dung d6 cling nhu hanh vi cia nhiing nguoi dung khéac. Trong khi d6, NN c6 kha
nang hoc céc biéu dién phtrc tap tur dit liéu dau vao va thyuc hién cac du doan dua trén
cac bicu dién do.

NCF két hop ca hai md hinh nay bang cach st dung mot mang no-ron dé hoc
cac biéu dién ngudi dung va mit hang tir dir liéu, sau d6 sir dung cac biéu dién nay
dé dy doan so thich hodc xép hang ctia ngudi dung cho cic mit hang ma ho chwa xem
hodc danh gia.

Mo hinh NCF dugc nhom tac gia Xiangnan He va cdng su [13] dua ra vao
nam 2017. Nhom tac gia di dua ra dé xuit sir dung cu trac NCF tong quat duoc thé

hién nhu trong hinh vé dudi day:
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A A
Huan luyén

Ting diu ra * . Muc tiéu

4 [ timex ] N
Ting NCF T
| Téng 2 |
\ | Ting 1 | /
Ting Embedding Vector Y?l_l tt? iin cila Vectorvyéu té in ciia
nguoi ding sin pham

o< P = o) o< Qe = aw
Tﬁngdﬁuvﬁo |0|0|0n0‘0| ...... I lﬂlﬂlﬂ‘ﬂMOl ...... |

(dang thua)

Ngwdi ding (1) Sin phim (i)
Hinh 2. 4: Kién triic mé hinh NCF

Trong hinh v& trén, di tir dudi 1én, m6 hinh NCF bao gom cac tang: (1) Tang
dau vao, (2) Tang Embedding, (3) Tang NCF, (4) Tang dau ra. Sau ddy, dé an s& trinh
bay ndi dung chi tiét ndi dung chi tiét cta ting tang trong mé hinh NCF.
2.3.1.1. Tang dau vao

Tang dau vao bao gom cac thudc tinh vector cta ngudi ding Va san pham.
Nhu trong mé hinh trén, cac vector d6 1a biéu dién dang one-hot 13 vector v6i chi mot
truong ¢ gia tri bang 1, cac trudng con lai ¢6 gia tri 0 dung dé biéu dién dinh danh
ctia nguoi ding (userlD) Va san phdm (itemID). Pay 13 biéu dién thuong thay cua cac
phuong phap co dién.

Gia sit v}, 12 vector biéu diéu dang one-hot cta user u, v, dugc xac dinh
bdi cong thire:

—_ {(1) EZ?I;(CIDIZ?g id cta user u (6)

Sau khi thyc hién one-hot encoding, cac vector nay sé& dugc két hop lai thanh

mot vector 16n hon dé tao thanh dau vao cho md hinh NCF, c6 thé duoc dua vao

mang no-ron dé thuc hién cac phép tinh va du doan. Diéu nay gitip mé hinh NCF ¢
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thé hoc duoc mbi quan hé giira nguoi dung va san phdm dya trén cic tuong tac giira
chang.
2.3.1.2. Tang Embedding

Dt liéu phan loai (categorical data) la cac loai dir liéu ma cac thudc tinh cua
ching nhan gia tri tr mot tap hiru han cac danh muc khac nhau, thay vi nhan cac gia
tri lién tuc. Vi dy, trong tap dir liéu vé ngudi dung va bo phim, cac thudc tinh nhur thé
loai phim hoic danh gia c6 thé duoc coi I dit liéu phan loai. Tuong tu, trong Xt ly
ngon ngw tu nhién, tir veng trong mot tai liéu cling 1a dir liéu phén loai. D liéu nay
s& duoc biéu dién duéi dang tensor mot chiéu hoic vector V™ ¢6 cac phan tir nhan gia

tri nhu sau:

v; =

{1 néu nhan gia tri
J

£ A ()
0 néu khong nhén gia tri

Thuat toan ma héa duoc st dung ¢ day duoc goi 1a one-hot encoding, trong
d6 dau ra cua thuat todn Ia vector VV~, mot vector thua cé it phan tir khac 0. Trong ngi
canh cua hé théng tu van, ma tran Ngudi dung — San pham (User — Item) c6 thé duoc
hiéu nhu mot tap hop cac tensor ngudi dung, trong d6 cac phan tir twong tng véi cac
san pham ma nguoi dung di danh gia.

Trong hinh 2.6 mdi hang ctia ma tran ghi nhan cac bo phim ma ngudi ding

tuong tmg di xem, mdi ngudi dung twong Gng s& duoc biéu dién boi mot tensor thura.
Nguyén nhan xuat phat tir viéc nguoi ding thudng chi xem mot phan nhé cac b phim

trong toan bo tap hop cac by phim.

Movield
1 2 3 e 10
X
X
X
Ngwdi ding u X X

Hinh 2. 5: Vector thua dai dién cho nguoi ding u
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Vi du, nguoi dung u hién tai trong hinh 2.6 dugc dai dién bai tensor [2, 10]
trong d6 gi tri 2 va 10 1a cac ma sé (Movie Id) cta cac bd phim di xem.

Tuy nhién, viéc truc tiép st dung biéu dién dang vector thua nay dé huin luyén
mang no ron co thé gy ra tinh trang bung nd cac trong s6 can huin luyén cho mang
neuron, voi nhitng hé qua sau:

e S6 luong dir liéu can thiét dé hudn luyén ting 1én: M6 hinh st dung
nhiéu trong s6 doi hoi mot lugng dir liéu 16n hon dé dat duoc hiéu suat
huén luyén mong mudn.

e Khdi lugng tinh toan tang 1én: Vo1 ) lugng trong s6 16n hon, khéi
luong tinh toan can thiét dé thuc hién cac phép tinh ting 1én dang ké.

C6 thé giai quyét nhitng van dé néu trén bang cach sir dung cac thuat toan
nhung (embedding), trong d6 vector thua c6 sé chiéu 16n dugc dnh xa vao mot khong
gian vector ¢ s6 chiéu thap hon day dic hon. Qua trinh nhing nay giup tao ra cac
vector dic tinh an (latent vector) mo ta vé ddi twong (san pham hodc nguoi ding) mot
cach day dic va bao toan ciac mbi quan hé ngit nghia ton tai trong dit liéu ban dau.

Lép embedding nhan 03 tham s dau vao quan trong nhu sau:

e data: mang s6 nguyén chira Id cta d6i tuong duoc embedding.

e input dim: d§ 16n cia mang data.

e output_dim: kich thudc cua vector dic tinh an.

Céc dic tinh 4n thu duoc tir 16p embedding c6 thé 1a nhitng dic diém vé noi
dung cua bo phim ma ngudi dung wa thich, nhu thé loai phim, nim san xuat, mic do
161 thoai, va nhiéu yéu td khac. Tuy nhién, do déc tinh cua I6p mo hinh déc tinh an,
ngit nghia cia cac vector dic tinh niy chi c¢6 thé duoc giai thich mot cach khong hoan
toan déy du duya trén tri thirc mién. Kich thude cta vector thudc tinh an c6 thé duoc
thay dbi trong qua trinh thtr nghiém, dé dat dugc hiéu qua mot cach ti da thi viéc lua
chon kich thuéc phai hop 1y, néu kich thudce cua vector thudc tinh an qua nho thi
mang no ron s¢ co it kha nang hoc dugc cac dac tinh cua dit li¢u géc. Nguoc lai, néu

kich thudc qua 16n, mang neuron cé nguy co bi qua khép (overfitting).
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2.3.1.3. Tang Neural Collaborative Filtering

Céc tang thudc mang no-ron (tdng 1 dén N) - Tang neural collaborative: cac
tang ndy c6 nhiém vy 4nh xa tir cic vector embedding dén vector dau vao cua tang
dau ra (output). Mdi ting 1a mot 16p an.

Lép 4n trong mang no-ron dugce sir dung dé mo hinh hoa cac quan hé phi tuyén

tinh c6 thé ton tai trong khong gian vector dic tinh an nam ¢ dau ra cua 16p noi

Input Output

y1

y2

"l

y3

ya

y5

Hinh 2. 6: Hoat déng ciia I6p dn
Chox €e R™, y; € R
yi = olwix; + ... + wyx,) (8)

Vector y ddy du nhu sau:

a(wmxl +... +W1’mxm)

y = : %)
cr(wn,lx1 +... +Wn,mxm)

Khi xép chéng nhiéu 16p mang 4n 1én nhau, ta thu dugc mang Multi-Level

Perceptrons MLP nhu hinh 2.8:
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Hinh 2. 7: Kién triic MLP
Pau ra tai mdi 16p bang tich cua vector dau vao véi ma tran trong sé va mdi
phan tir cia vector dau ra dugc ap dung toan tar phi tuyén o
y=o(wx) (10)
Trong dé: ¢ 1a ma tran khong gian R™*™ ¢6 c4c phan tir dwgc ap dung toén ta phi
tuyén o.

Toan tir phi tuyén o cua cac 16p 13 ham sigmoidal duoc dinh nghia nhu sau:

0() = ——— (1)

Ham sigmoid dugc st dung dé chuyén doi dau vao tir mot s thuc thanh mot
gia tri nam trong khoang (0, 1). D61 véi dau vao 1a s6 thuc duong voi gia tri rat 1on
s€ cho dau ra tiém can 1, dau vao 1a s6 thuyc am vaéi gia tri rat nho sé cho dau ra tiém

can 0.
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Hinh 2. 8: Ham Sigmoid

Ham gip phai mot s6 han ché nhu sau:

e Ham sigmoid 12 ham b&o hoa: Khi dau vao cua ham sigmoid 13 mét gia
tri rat 16n hodc rat nhd, dao ham cua nod gﬁn tién vé 0. Khi lan truyén
nguoc dé cap nhat trong s0, viée nay co thé dan dén viéc gradient tién vé
0, lam cham qua trinh hoc ciia mang neural (gdy ra hién tuong vanishing
gradient).

e  Khong trung tim & 0 (Not zero-centered): Diéu niy c6 thé dan dén viéc
khé khan trong viéc huan luyén mo hinh.

Mot trong nhitng dac diém ndi bat cua cac mang an 1a kha nang hoc va ghi
nhd thong tin tir dit liéu huan luyén theo thoi gian. Piéu nay thuong dugc thé hién
qua viéc giam dan sai s6 trén tap huan luyén sau mdi lugt huan luyén (epoch). Tuy
nhién, diéu nay khong dam bao ring mé hinh s& hoat dong tét trén dir liéu kiém thur.
Tham chi, c6 thé xdy ra tinh trang tang sai sb trén dir liéu kiém thir trong khi sai )
trén dit liéu huan luyén giam (gay ra hién tuong qua khép - overfitting). Vi vdy, viéc
mang neural "hoi ty" trén tap dir licu huin luyén khong nhét thiét déng nghia vdi viée
n6 hoat dong hi¢u qua trén cac dir 1i€u thuc té.

Sau khi di qua tat ca cac 16p an (Fully-connected layers), vector an dau ra tai

16p cudi cling dugc tinh toan theo cong thirc truy hoi nhu sau:
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z; = @,(x),
d,(x,) = Gz(Wsz1 + by), (12)

®,(x;-1) = o, (W) x4 + by),

Trong do:

W, : Ma tran trong sd twong Gmg véi 16p thir x.

b,: Vector hé s thién léch (bias) twong tmg 16p thir x.

o: Ham kich hoat cua perceptron thir x.

Pau ra cla mang MLP la mot vector ddc tinh 4n ma trong do moi phén tr mo
ta mot thudc tinh nao d6 cta nguoi dung, san pham, thong tin bo trg.
2.3.1.4. Tang diura

O tang nay, diém sé du doan 9,,; duoc tinh todn va st dung lan truyén nguoc
dé cap nhat cac tham s6 sao cho gia tri 9,,; dat Xap xi y,,;

Viéc huan luyén NCF duoc thuc hién bang cach tbi thiéu hoa ham 13i giira
diém s6 du doan voi gia tri muc tiéu (target) y,,; twong Gng.
Diém s du doan duoc tinh nhu sau:

Yu = f(PTv{,Q"V{|P,Q,0;) (13)

Trong do:

o vV, v lan lugt 1a cac ma tran hang (vector) one-hot biéu dién cho user u
va item i.

e P e RM*XyvaQ € RN lan luot 1a cac ma tran ting embedding chiéu vV,
vY vao khong gian cac thudc tinh an. P va Q 14 ma tran trong s giita ting
input va ting embedding.

o 0y latap cac tham sé md hinh cua ham f. Do ham f & ddy 1 4nh xa dau
vao dau ra cia mot mang no-ron nén ta c6 thé viét f theo cong thirc sau:
F(PTVY, QW) = B (04 (- 02(2:(PTVE, Q7¥D)..))  (14)

Trong do:

0  ¢oyue 12 ham anh xa dau vao téi dau ra cua tang output.
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O O, Pn_1, ., P, @4 1an luot 1a cac hdm anh xa dau vao t6i dau ra
tai cac tang n, n-1, . . ., 2, 1 trong mang no-ron.

2.4.  Két luan chwong

No6i dung chuong 2 da trinh bay khai niém cua phuong phap phan ra ma tran,
vu 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 trac mé hinh cta
phuong phép nay. O chuong 3 tiép theo, dé 4n sé 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: THUC NGHIEM VA KET QUA

Chuong 3 trinh bay vé qua trinh thuc nghiém, bao gom vé tap dit lidu thuc
nghiém, 6 do dung dé danh gia mo hinh, so sanh va danh gia két qua thyc nghiém
trén mo hinh dé xuét.
3.1. Tap dir liéu thuc nghiém
3.1.1. Tap dir liéu MovieLens-1M

Movielens [15] 12 mot nhom nghién ciru cung cap cac bo dit liéu cho céac bai
toan xdy dung hé théng goi . Cac bo dir liéu trong tip nay bao gdm thong tin ddnh
gia xép hang (rating) ctia ngudi dung t6i cac bo phim. Xép hang nhan gia trj tir 0.5
dén 5.

Tinh dén thoi diém hién tai, du 4n Movielens cung cép téng cong 06 bo dir
liéu mau cu thé nhu sau:

e B0 dir liéu mI-100k 1a bo dir liéu gdm 100.000 xép hang phim tir 943 ngudi
dung cho 1.682 b phim dugc phat hanh vao thang 04/1998.

e BO dit liéu ml-1M 1a bo dit liéu gdm 1.000.209 xép hang tir 6.040 ngudi ding
cho 3.900 bg phim dugc phat hanh vao thang 02/2003.

e B dir lidu mI-10M 12 bo dit liéu gom 10.000.054 xép hang tir 71.567 ngudi
dung cho 10.681 bg phim dugc phat hanh vao thang 02/2003.

e B0 dit liéu ml-20M 1a bo dir lidu gdm 20.000.263 xép hang tir 138.493 ngudi
dung cho 27.278 bg phim dugc phat hanh vao thang 10/2016.

e B0 dit liéu ml-25M 1a bo dir lidu gdm 25.000.095 xép hang tir 162.541 ngudi
dung cho 62.423 bd phim dugc phat hanh vao thang 10/2019.

e B0 dir licu MovieLens 1B Synthetic Dataset: Pay 1a bg dir liéu st dung tap dir
liéu ml-20M dé sinh ra dit liéu nhan tao xap xi gdm 1.223.962.043 xép hang
cho dir liéu huan luyén va 12.709.557 xép hang cho dir liéu kiém tra.

Bén canh dit liéu vé xép hang phim, du 4n Movielens con cung cip mot s6 dir
liéu bd trg nhu thong tin nhan khéau hoc cua nguodi dung, thong tin mo td phim nhu

thé loai phim, cac thé (tags) dugc gan cho timg b phim.
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B0 dir liéu MovieLens-1M bao gdm xdp xi 1 triéu bo (user, movie, rating) tir
khoang 3900 bo phim va 6040 ngudi dung. S6 luong bo phim ma ngudi ding danh
gi4 nhiéu nhat 12 2314 b phim va 20 14 sé luong bd phim it nhat ma mdi nguoi ding

dua ra.

UserlD MovielD Rating

0 1 1193 5
1 1 661 3
2 1 914 3
3 1 3408 4
4 1 2355 5
5 1 1197 3
6 1 1287 5
7 1 2804 5
8 1 594 4
9 1 919 4

Hinh 3. 1: Vi du 10 dong dir liéu dau tién cua dataframe rating bo dir liéu
MovielLens-1M
Phén phéi ctia cac diém danh gia (rating) ¢ biéu d6 hinh 3.2 cho thay rang rang
diém 4 duoc danh gia nhiéu nhat trong khi cac diém 1 va 2 ¢6 it luong danh gia nhat.
Diéu nay c6 thé duoc giai thich bang su that 1a nguoi dung thuong danh gia khi ho
rat thich mot bd phim; khi ho khdng thuc sy thich, ho s€ it ra danh gid hon.
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Hinh 3. 2: Phdn phéi diém danh gid (rating) b dir liéu MovieLens-1M
3.1.2. Tap dir liu Dlab
Dlab [1, 17] 14 céng 1ap trinh tryc tuyén cia Khoa Cong nghé thong tin 1 -

Frequency

Hoc vién Cong nghé Buu chinh Vién thong. Dit liéu Dlab duoc thu thap truc tiép tur
cong 1ap trinh. Tap dit liéu thu thap tir 6120 ngudi dung. Trong d6, nguoi dung i 1ap
trinh dung bai toan x cong 1ap trinh ghi lai gi4 tri 1, nguoi dung i 1ap trinh chua ding
bai toan x cong 1ap trinh ghi lai gia tri -1, ngudi dung i chua giai bai todn x cong 1ap
trinh ghi lai gi4 tri 0. M&i nguoi 1ap trinh c6 thé submit mot bai nhidu lan va hé thong
chi ghi nhan gia trj 1, -1 cho két qua cudi cing. Trong s6 6120 ngudi dung di loc ra
duoc 5311 ngudi dung da tham gia 1ap trinh it nhat 20 bai du dang hodc sai dé tién
hanh thtr nghiém.
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Userld Questionld Result

1 1 -1
1 2
1 3
2 1 1
2 4 -1
3 5 -1
4 5
5 3
6 1 1

Hinh 3. 3: M6 ta tap dir lieu Dlab
3.2. Phwong phap thuc nghiém va két qua
3.2.1. Phwong phap thuc nghiém

Dau tién, toan bo dir lidu thuc nghiém duogc chia thanh hai phﬁn, mot phﬁn
duogc sir dung lam dit liéu huan luyén (training) ky hiéu 1a:U,,., phan con lai dugc st
dung dé kiém tra (testing) ky hiéu 1a: U,,.

Tap Utr chira 80% danh gia va tap U, chtta 20% déanh gid. Dir li¢u dugc st
dung dé thuc nghiém va so sanh danh gia phuong phap Neural Collaborative Filtering
(NCF) so v6i cac phuong phap Collaborative Filtering (CF) va Matrix Factorization
(MF).

3.2.2. bg do danh gia

Mean Squared Error (MSE) 14 sai s6 binh phuong trung binh, tinh binh phwong

clia sai so gitta gia tri du doan va gi tri thuc té, sau do6 1ay trung binh ctia cac binh

phuong sai s6 do, theo cong thirc dudi day:

1 n
MSE = HZ(ri - f'i)z (15)
i=1
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Trong do:
e N laso diém dit liéu
o 1; la gia tri thuc
e 7;1a gid tri dy doan.
MSE cang thap thi du bao cang tot.
3.2.3. Két qua thwc nghiém
Dé 4n tién hanh thyc nghiém phwong phap Neural Collaborative Filtering
(NCF) so v61 cac phuong phéap Collaborative Filtering (CF) va Matrix Factorization
(MF). Cac tham s6 duoc cai dat @ mo hinh NCF véi céc tap dit liéu MovieLens-1M
va Dlab cu thé nhu sau:
Bo dir liéu MovieLens-1M:
e S4 thudc tinh 4n: 150
e S616pan: 3
e SO nit & mdi 16p an: 250
e Ty 1& dropout dugc ap dung sau mdi 16p an: 0.2
B¢ dir liéu Dlab
e Sb thudc tinh an: 64
e S616pan: 3
e Sbnat & mdi 16p an: 150
e Ty 1& dropout dugc ap dung sau mdi 16p an: 0.2
Céc tap dir liéu dugc chia ngdu nhién v6i mdi 1an thyc nghiém véi dit lidu
huan luyén chiém 80%, dit liéu kiém tra chiém 20%. D¢ an sir dung 46 do MSE dé
danh gia va thu dugc két qua ¢ bang 3.1, két qua nay 1a két qua tot nhat ctia cac lan

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

Bdng 3. 1: Két qua thuc nghiém

Gia tri MSE trong bang 3.1 cho thdy phuong phap dé xuit Neural
Collaborative Filtering (NCF) cho gia tri MSE nho hon phuong phéap Collaborative
Filtering (CF) va Matrix Factorization (MF) trén hai tap dir thuc nghiém la Movielen-
1M va Dlab. Cu thé, trong truong hop dir liéu Movielen-1M c¢6 gia tri danh gia
(rating) tir 0.5 dén 5 thi gia tri MSE ctia phuong phap CF, MF, NCF lan luot 14 0.9313,
0.7870, 0.7685. Gia tri MSE cua cac phuong phap CF, MF, NCF trén tap dir liéu Dlab
lan luot 13 0.0742, 0.0547, 0.0515. Két qua thu duwoc phap Neural Collaborative
Filtering (NCF) c¢ gia tri MSE nho hon cac phuong phap con lai.
3.3. Két luan chwong

Chuong 3 di trinh bay vé dir liéu va qué trinh thuc nghiém trén tap dir liéu
thue té 4p dung phuong phap di dé xuat & chuong 2 dé thuc hién so sanh va danh gia.
Két qua thu dugc phuong phap dé xuat dat két qua tt va c6 thé hd tro cho viée dua

tu van.
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KET LUAN VA KIEN NGHI
Dé 4n nay tap trung nghién ciru vé phuong phap hoc sau cho hé tu van. Cuy thé

de an da dat dugc cac két qua sau:

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

= Nghién ctru vé phuong phap hoc sdu trong hé tu van.

= Pé xuat phuong phap hoc sau cho hé tu van, tién hanh xay dung dit lidu va
thuc nghiém so sanh danh gia phuong phap dé xuit v4i cac phuong phap

khac trén tap dir liéu xay dung duoc.

Do thoi gian thyc hién dé an khong nhiéu nén tac gia chua cé diéu kién nghién
ctru thém nhiéu phuong phéap. Trong twong lai, néu co6 diéu kién, tac gia sé tap trung
nghién ctru dé xay dung, cai tién cic phuong phap hoc sau va tién hanh thuc nghiém

thém trén cac tap dir li¢u thuc té khac dé ap dung vao cac hé tu van.
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