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MO PAU

1. Tinh cép thiét cua dé tai

Trong cudc sdng ngay nay, chung ta gap phai vo van tinh hudng phai
dua ra quyét dinh. Budi sang nén mic gi cho phu hop? Lua chon thuc don
nao cho gia dinh? Nhiém vu nao chung ta nén thyc hién dau tién? Nén ding
ky hoc ¢ ngbi trurong nao? Chung ta phai tra loi hang nghin cau hoi quan
trong nay hang ngay. Chinh vi thé ma hang loat cac hé tu van da xuat hién dé
dap tng nhu cau nay. Hé tu vin (Recommender System) la mét hé théng loc
thong tin ding dé du doan danh gia va so thich cia mét nguoi dung vé cac
san pham, tir d6 hé théng co thé dura ra nhimg tw van goi y sao cho phu hop.

Vi ly do trén, hoc vién da quyét dinh lua chon dé tai “Nghién ciu va
rng dung k¥ thuit hec sau cho hé tu vin” dé thyc hién dé an tét nghiép

thac si.

2. Pit van dé

Khi nguoi dung truy cap vao mot nén tang xem phim nao dé thi van dé
dwoc dat ra la: “Lam thé nao dé nén tang d6 co thé goi ¥ cho ngudi dung
nhitng bé phim ma ho s& yéu thich?”. Va cau tra 15i chinh la can phai xay
dung dwoc mot hé tu van dé xuat cac bd phim hiéu qua cho nguoi dung.

M6t hé tu van tot anh huong rat 16n dén su thanh bai cua cac nén tang
va mdi hé théng can tinh chinh mét hé tu vn sao cho phu hop véi dir liéu ma
nén tang thu thap duoc. Va trong thuc té, hau hét cac hé tu van déu c6 thé dat
két qua rat tot néu nhu so hitu du dir liéu nhung s& la kém hiéu qua néu dir
lieu qua it, diéu nay khién nhitng nén tang vira va nho sé khong thé nao tan
dung duoc nhiing ich loi ma hé tu van dem lai. Bai toan nay la mot trong
nhitng muc tiéu can duoc giai quyét hang dau ma nhiéu phong nghién ctu

trén khip thé gioi dang thuc hién.



3. Muc tiéu dé ra
Ngay nay c6 rat nhiéu cong trinh nghién ciru vé cac hé tu van cho nguoi
dung. Nhiéu mé hinh méi, da dang duoc ap dung vao thuc té va chat luong
cua cac md hinh nay ciing ngay cang duoc cai thién theo thoi gian. Tuy nhién,
nhimg phuong phap khac nhau dua lai nhitng wu nhuoc diém khac nhau.
Trong dé an nay, hoc vién sé dua ra hai muc tiéu sau:
1. Nghién ciu cac phuong phap phd bién da dwoc xay dung trudc
day va thuc hién cai dat.
2. Xay dung md hinh mang hoc sau két hop vai d6 thi va giai thuat
K-means, tién hanh cai dat va so sanh hiéu suét véi cac phuong

phép phd bién.

4. P6i twong va pham vi nghién ciru

Trong d& 4n nay, ngoai viéc trinh bay co s ly thuyét vé hé tu van va cac
phuong phap hoc may truyén thong nhu d& xuat dya trén noi dung, loc cong
tac dua trén nguoi dung, loc cong tac dua trén san pham kém véi d6 cac ky
thuat phé bién khac nhu Matrix Factorization, Singular Value Decomposition
(SVD), Autoencoder. Dé an sé di sau vé ky thuat do thi (Graph-Based) két
hop vé6i Autoencoder va thuat toan phan cum K-means dé xay dung mé hinh
GHRS [21].

5. Phuong phap nghién ciru

Trong qué trinh nghién ctu va thuc nghiém, hoc vién s& két hop cac
cong cu caa giai tich, giai thuat phan cum, Iy thuyét d6 thi va kién tric mang
cho cac phuong phap xay dung hé tu vin kém véi cac thu vién caa python
cho qua trinh viét ma.
6. B6 cuc cta bao cao

Bao cao duogc chia thanh ba chuong, trong do:



Chwong 1: Tong quan vé hé tu van

Noi dung chinh cua chuong nay la trinh bay nhiing nghién ctru co ban
vé hé tu van, cac phuong phap tiép can phé bién nhit hién nay. Trén co s¢ do
trinh bay cu thé mot sb phuwong phap phd bién hién nay dé c6 céi nhin tong
quan khi so sanh véi phuong phap dugc trinh bay tai chuwong 2.
Chuwong 2: M6 hinh dya trén db thi va hoc sau

Trinh bay cu thé phuong phép xay dung mé hinh GHRS ciing nhu co s&
thuc nghiém s€ duoc sir dung cho viée cai dat cac phuwong phap da trinh bay
0 ca chuong 1 va chuong 2.
Chwong 3: Két qua thyc nghiém

Trén cang mot méi treong va tap tha nghiém, so sanh dau ra cua tung
phuong phap két hop véi kiém dinh RMSE va lap bang so sanh.
Cudi cung la két luan va huéng nghién ciu tiép theo.

CHUONG I: TONG QUAN VE HE TU VAN

1.1. Khai niém hé tu van

Hé tu van (hé théng goi y hay con goi la hé thng khuyén dung), tiéng
anh la Recommender System hoic Recommendation System, la mét I6p con
cua hé thdng loc théng tin, tim kiém du doan “danh gia” hodc “wa thich” cua
nguoi dung véi mot san pham hozc déi twong nao do. Dya theo Ricci va cong
su [2], Hé tu van la cac cdng cu va ky thuat phan mém cung cip de xuat cac
d6i tuong c6 thé hiru ich v6i nguoi dung. Nhimg dé xuét lién quan dén quyét
dinh cua nguoi dung nhu: cubn sach nao nén doc, bo phim nao dang xem, bai

hat nao nén nghe hay tin tic nao nén doc tiép theo. ..

1.2. Cac linh varc &ng dung cua hé tr van



System Recommended Items
Amazon.com | Books and other products
Netflix Streaming Videos

GroupLens News
GoogleNews News
Youtube Online videos
TripAdvisor Travel products
IMDB Movies

Hinh 1.1: Cac hé théng thuc té ciia mdt sé nén tang
Hinh 1.2 dwa ra mét s6 tng dung phé bién cua hé tu van va muc tiéu cua
chang. Nhiéu muc tiéu trong s6 nay déu thudc linh vuc thuong mai dién tir.
Tuy nhién, hé tu van da phat trién xa hon chi 1 trong linh vurc goi y san pham
cu thé. Bé thuc ddy su phat trién cia mang xa hoi, cac nén tang mang xa hoi

truc tuyén thuong dé xuat cac lién két vai khach hang cua ho.

1.3. Phat biéu bai toan cho hé tw véin

Trudc khi trinh bay vé cac quy trinh va huéng tiép can, can lam rg 2
thuat ngir s& duoc st dung: Nguoi dung (user) va san pham (item). Thir nhét,
khai niém nguoi dung & day la nguoi s dung hé théng dé thuc hién cac thao
tac xem, danh gi4, binh luan, ... Thi hai, khai niém san pham la mat hang
nhu cac video, bo phim, ban nhac, bai bao, ... riéng trong dé an nay thi item
la cac bo phim. Trong hau hét cac hé tu vén, dir liéu dwoc cung cép dudi dang
danh gia cua nguoi dung vé san pham.
1.4. Quy trinh xay dwng hé tw vin

» Buwéc 1: Thu thap dix lig¢u

Tai giai doan dau tién, nhiing thong tin ma céc hé théng hay thu thap

nhu: San pham (Item), Nguoi dang (User), Danh gi4 (Rating).



» Buwéc 2: Xay dung mé hinh

Budc nay c6 thé thuc hién bang nhiéu huéng khac nhau nham danh gia
méi lién hé giira cac thdng tin thu thap dugc ¢ Budc 1.

> Buéc 3: Pwa ra du doan

Két qua dau ra cua Budc 3 s& duge ding dé du doan cac danh gia xép
loai cta ngudi ding vai san pham chua co danh gia trude d6 va chon ra z san

pham mai pht hop nhat ddi véi ngudi ding hién thoi dé dua ra goi y cho ho.

1.5. Cac hwéng tiép cin xay dung hé tw vin

C6 nhiéu cach phan loai cac phuwong phap xay dung hé tu van tly theo
quan diém cia mdi nha nghién ctru. Dya theo bai bao cua Jiliang Tang va
cong su [4] cung véi nhiéu nghién ciu khac sau nay [3], viéc phan nhom
duogc dua ra ¢ sy chong chéo 1an nhau nhung tong thé dwoc gom lai thanh

mot s6 loai nhu 1a ;

1.5.1. Content-based Filtering

CAc hé tu van dua trén noi dung bit dau tir viéc nghién cau truy xuit
thdng tin va loc thdng tin [5]. Cac hé tu vin ndy s& tu vin cac muc tuong tur
nhu muc ma ngudi ding da thich trong qua khir. Cac hé tw van dya trén noi
dung chu yéu tap trung vao tu van cac muc c¢6 thong tin vin ban nhu sch,
phim va tai liéu. Noi dung trong céac hé théng nay duoc mé ta bang cac san
pham va muc do tin ciy cua cac san pham d6 ddi véi ngudi ding thuong
duogc do bang trong sb TF-IDF. Cac phwong phép tiép can cho loc theo noi
dung dugc chia thanh hai nhém chinh: Loc ndi dung dwa vao bo nhé

(Memory-based) va Loc noi dung dya vao md hinh (Model-based).

1.5.2. Collaborative Filtering
Loc cong tac (CF) 1a mot ky thuat phé bién nhét dé xay dung hé tu vén,

khai thac nhiing khia canh lién quan dén théi quen sir dung san pham cua



cong don ngudi ding c6 cling so thich trong qué khir dé dua ra du doan cac
san pham phu hop nhat. Gia dinh rang néu nguoi dung da dong tinh véi nhau
trong qua khtr thi ho cd nhiéu kha nang s& dong tinh trong tuong lai hon 1a
dong tinh véi nhitng ngudi ding thudc nhém khac. Cac phurong phap tiép can
cho CF néi chung ciing chia thanh hai nhém giéng nhu loc néi dung: CF dwa

vao b6 nhé va CF dua vao mo hinh.

1.5.3. Hybrid Filtering

Loc két hop hay con lai hé thng lai 1a phuong phap két hop giira loc noi
dung va loc cong tac nham tan dung nhiing wu diém cua ca hai phuong phap
nay. Véi loc noi dung 14 viéc khai thac cac khia canh lién quan t6i dic diém
trong thong tin di kém vai timg dbi twong ma khong quan tdm téi nhimng
ngudi ding khac. Nguoc lai, loc cong tac quan tam dén thoi quen ngudi ding
cua mdi khach hang va d6 twong dong cua ho. Mdi phuong phap déu c6
nhimg wu va nhuoc riéng da thuc ddy cac nha nghién ctu tim kiém céc
phuong phap tan dung duge cac vu diém do.
1.5.4. Other Approaches

Ngoai cac phwong phap dwoc dé cap & trong Phan 1.5.1, 1.5.2 va 1.5.3,
con ¢d mot sé phwong phap khac dwoc phét trién va da dat duoc nhidu két
qua kha quan nhu: Knowledge-based, Context-aware, Time-sensitive,
Location-based, Social-based [7], Demography-based [8].

1.6. Phwong phap danh gia hé tw vin
1.6.1. Mean squared error

Sai 6 binh phuong trung binh (MSE).

1 n
MSE=-"" (3= 9)? (L)
Nédi=1

trong d6: n 12 tdng s6 mau trong tap kiém tra; y; 1a gié tri thyc té tai mau i;

9, la gia tri du doan tai mau i.



1.6.2. Root mean squared error
Cin bac hai cua sai s6 binh phuong trung binh (RMSE) hay don gian
chi Ia MSE lay can bac hai.

1 n
= |= )2 (1.2)
RMSE = |~ E izl(yl Vi)
1.7. Co s6' 1y thuyét cho cac phuwong phap phd bién

1.7.1. Hé fw vén si¢ dung loc néi dung

Y tuong chinh ciia phuong phap nay 1a goi y san pham mai can cir theo
nhiing san pham ma nguoi ding di thich trude d6 trong qua khir. Sy twong
dong giira san pham dwoc goi y va san pham da duoc nguoi ding yéu thich
trude d6 khong nhét thiét phai ¢ mdi twong quan tryc tiép ma la dva trén
thudc tinh cua cac san pham d6. Khong gidng nhu cac hé théng CF tan dung
cac danh gia cua nhimg nguoi ding khac, cac hé thdng loc noi dung chu yéu
tap trung vao danh gia xép hang cuia chinh ngudi ding muc tiéu. Do d6, nhing
ngudi ding khac co do quan trong thap [6].

% Hé thong nay duoc xay dung dua trén 3 budc [10] chinh nhu sau:

> Buéc 1: Xay dung thong tin san pham

> Buéc 2: Xay dung hd so nguoi ding

> Budc 3: Tinh gia tri chwa biét cho ma tran tién ich
1.7.2. Hé tw vén sir dung loc céng tac

1.7.2.1. Loc cong tac theo ngudi dung

Thuét toan cdt 16i caa User - CF la tim nhiig ngudi ding ¢ hanh vi
danh gia trong qué khtr trong tir Vi ngudi ding can dy doan va st dung danh
gia cua nhitng ngudi ding tuong tw d6 dé du doan cai ma ngudi ding can du
doan s& thich. Viéc can lam 1a xac dinh d6 twong tyr (similarity) gitra hai nguoi

dung. Gia sir thong tin duy nhat ta ¢6 1a ma tran tién ich Y ma khéng ding dit



liéu bén ngoai. B0 twong tu s& dugce xac dinh dua trén cac cot twong ung caa
ho trong ma tran.

Trai qua nhiéu thap nién nghién ctru va phat trién, da c6 rat nhiéu cong
thire tinh d6 twong tu dugc d& xuat va mot vai trong sé d6 da duoc thir nghiém
thuc té va tong hop bai Fethi Fkih [13]. Tuy nhién, do gisi han cua dé &n nén
chi sir dung cong thie tinh d6 twong tw théng dung nhét 1a cosine vai Ugp 2
cac vecto ngudi dung (vecto cot) trong tng trong ma tran tién ich chuan hoa
Y.

T, M-15 =
cosine(ug, up) = ||u:|0|lz||l:li;||z = Mii:_oz Yi,ay;’,[jl - (1.12)
\/Zi=0 Yia \/Zi=0 Yip
Dé c6 thé do duge do tuong tu gitra hai nguoi ding, cach thuong lam 1a

xay dung vecto dic trung cho mdi ngudi ding rdi 4p dung do twong tu cosine
gitra hai vecto. Cac vecto dac trung dugc xdy dung dya trén ma tran tién
ich Y, tuy nhién kho khan dat ra vi ma tran nay thuong la mét ma tran thua
(sparse matrix) bao gom nhiéu gié tri bi khuyét vi nguoi dung thuong chi
danh gia mot lwong rat nho cac san pham. Giai phap don gian nhét 1a dién
vao nhitng phan tréng nay mét gié tri wéc lwong. Nhitng gia tri nay chi phuc
vu cho phén tinh d6 twong tu chtr khdng phai két qua cudi cting ma hé thong
can du doan.
1.7.2.2. Loc cong tac theo san pham

User — CF dat dwoc nhiéu thanh cong trong qué khir nhung ciing gap
phai mot s6 han ché khi dugc sir dung rong rai nhu: Sw thiea thét: Thuc té
ngay ca voi ngudi ding tich cuc nhit ciing chi ¢6 thé mua duoc sb san pham
chiém ty 1 rat thap trong tong sb san pham. Do d6, hé tu van User — CF c6
thé khong dua ra bit ky goi ¥ nao;

Mot cach tiép can khac Ia loc cong téc san pham (Item - CF), duoc dé

Xuét boi Sarwar cling cong su [14] va duoc Amazon sir dung cho hé tu van



cua ho [15]. Céch thirc tinh toén thay vi tim su twong tu gitra cac ngudi dung,
ta c6 thé tim su twong ty giita cac san pham. Tir d6 néu mot nguoi ding thich
mét san pham thi hé thdng nén goi y cac san pham twong tu voi san pham do.
Va néu luong san pham nho hon sé luong nguoi ding, mé hinh nay s& co
nhitng wu diém nhu tinh toan it hon do ma tran tién ich c6 sé hang it hon sb
cot nén anh huong boi danh gia cuia mot ngudi dung sé it anh huong dén gia
tri trung binh cua tong cac danh gia ciia moi ngudi ding téi san pham do.
Nhu vdy ma tran twong tu san pham S s& khong can cap nhat qua thuong
xuyén. Thém nita 1 ma tran tuong tu san pham S c6 kich thuéc nho hon véi
s6 hang bang s6 san pham M nén gidp luu trir va tinh toan & nhimg budc sau
hiéu qua hon.

1.7.2.3. Loc cong tac phan tich ma tran

Khac véi hai phwong phap trén con duoc biét dén 1a loc cong tac 1an can,
mot phuong phap dwoc goi 1a matrix factorization (MF) cho CF duoc biét
dén lan dau tién do Simon Funk ding trén blog nam 2006 [16] ké vé ly do
dang sau viéc anh 4y va déng nghiép gianh duoc vi tri thi 3 trong giai thuong
Netflix. Thay vi ap dung mo hinh Singular Value Decomposition (SVD), giai
phéap cta Simon Funk la phéan tich ma tran tién ich thanh tich hai ma tran co
s6 chiéu thap hon, ma tran thi nhat c6 hang cho mdi nguoi ding va ma tran
thir hai ¢6 cot twong (ng voi mdi san pham. Hang va cot nay duoc lién két
v6i nhau duoc goi la latent feature.

V6i phuong phap trén két hop vai nghién ctru caa Koren va cong su
[17]. Nhiém vu hang diu 1a can cb ging tinh xap xi ma tran tién ich ¥ €
RM*N hing tich hai ma tran: ma tran thong tin san pham X € RK* va ma
tran mo hinh ngudi ding W € R¥*N, Gia tri K ¢ day chinh 1 tinh chét tiém
4n va thuong nho hon so v6i M va N, khi d6 ca hai ma tran X va W déu c6

hang (rank) khong vugt quUa K.
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> Budc 1: Xéy dyng ham mat mat

» Buwdéc 2: Toi wu ham mat mat
1.7.2.4. Loc cong tac dya trén bo tu ma hoa

Trong nhiig nam gan day, mang no-ron hoc sau hay tén goi tiéng anh
1a Deep neural networks da duoc st dung phd bién trong cac hé thong dé
Xuit. Mot s6 cong trinh da xuat hién dé cai thién hé théng dé xuat véi ky thuat
dién hinh 12 Autoencoder [20]

Tong két lai c6 2 cach chinh dé &p dung Autoencoder vao hé théng tu
van: Truc tiép udc tinh cac gié tri bi thiéu trong ma tran tién ich bang cch sir
dung 16p tai xay dung (reconstruction layer); Hay Ia st dung dé biéu dién dac
trung két hop giam s chiéu ciia chiing théng qua lép bottleneck va tai tao
dau ra voi s6 chiéu nho hon dau vao.

+«» Cach thac hoat dong:

Ca bo ma hoa va bo giai ma déu 1a cac mang no ron chuyén tiép duoc
két ndi day du, vé co ban la cac ANN. Bottleneck 1a mot I6p duy nhét véi
kich thudc kha nho. Sé nit trong céc 16p (kich thuéc Encoder va Decoder) 1a
mot siéu tham sé dwogc dit truée khi huan luyén cho md hinh Autoencoder.
Cu thé hon, dau tién dau vao di qua b ma héa, la mot ANN duoc két ndi day
du ding dé tao ma. Bo giai ma, c6 cdu triic ANN twong ty, sau d6 tao dau ra
chi bang cach dao nguoc bo ma hda. Muc tiéu 1a dé co dwoc mot dau ra giéng
Vi ddu vao. Nhung tiry bai todn cu thé ma input va output s& gidng vé noi
dung chr gid tri thi khong han, vi du nhu lam me anh.

Tap dir ligu khong gan nhan D = {x@, ...,x™}, gia si rang chiéu cua
bottleneck m 1a da nho so véi s6 chidu cia dau vao va daurap (m < p). Va
néu autoencoder di duoc dao tao mang lai x = R thi diéu d6 c6 nghia 1a ta
ciing da c6 ham giam chiéu dit liéu. Vi du trong thuc nghiém cua dé &n nay

tacOdp = 1682 vam = 20. Véi encoder dwoc huan luyén, ta cd thé chuyén
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d6i mdi user voi vecto chira 1682 dic trung thanh vecto nho hon nhiéu voi
kich thudc 20. Véi decoder sau khi huan luyén, chi can chuyén doi nguoc lai
va nhan duoc gié tri gan dung véi gia tri gbc. Lua chon m = 20 ngu Y rang
hé sb nén vao khoang 84.

C6 thé coi autoencoder nhu mét ham f,: RP — RP, trong d6 @ la tham
s6 c6 thé huan luyén. Céc tham s 6 ¢6 anh huong ti hoat dong cia ham nhu
sau: fp (x*) =~ x* trong d6 x* 1a mot dir liéu bat ky nhur dir liéu trong tap huan
luyén (seen data) hoac dir liéu trong tap test (unseen data).

Xay dyng ham mat mat dua trén binh phuong khoang cach Euclid:

; ; 1o : :
Vi Li@) =[O~ o} =L@ = > KO- e @y

n
trong d6 L;(8) 1a thudc do sai sé cia dau vao x© va dau rax® = f, (x®).
C6 thé lién hé vai hoc c6 giam sat trong d6 chiing ta c6 thé so sanh nhén
huan luyén véi nhan du doan, thi autoencoder tuy thugc nhém hoc khong
giam sat nhung ta c6 thé coi dau vao nhu 1a nhan y® caa hoc c6 giam sét.
fo(*): ham encoder dugc ky hiéu la fg[[ll]] (+) vaham decoder dugc ky hiéu

la £17, (). trong d6 811 12 céc tham sb ciia encoder va 812! 12 cac tham s6 cua
decoder:
2= 200 = (i £12) 00 = 713 (A0 (132)
Trong trudng hop bai toan chi véi mot 16p dn nhu hinh 1.5 ta ¢6 thé xac
dinh cong thirc cu thé nhur sau:

f6[[11]] (w) =st(bl + witly)  véi uw€RP  (Encoder)
(1.33)
fg[[zzll (w) =S®(b2 + wllu)  voi u€R™ (Decoder)

trong d6: Nhom encoder c6 cac tham sé 811 da bao gdm vecto bias b1 €
R™ va ma tran trong s6 Wl € R™*? S[1(+) 1a vecto cac ham kich hoat vé6i

sit: R™ — R™. Nhém decoder c6 cac tham s 0!2! da bao gdm vecto bias
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b2l € RP va ma tran trong s6 W2l € RP*™ SI21(+) 14 vecto cac ham kich
hoat voi SI21: RP — RP. Vi vay, danh séach toan bo cac tham sé cho mang
autoencoder nhu sau:
6 = (b1, Wit b2, wi2)) (1.34)

Lam rd vecto cac ham kich hoat SI(+) va SI21(+), ta khai quéat thanh
S () dugc xay dung bai cac ham kich hoat vo huéng ol: R - R voi [ =
1,2 chang han nhu ham sigmoid, ReLU. C6 S (z) dwoc x4c dinh bai o (+)
trén mdi phan tir cua z bang phép toan element-wise:
ol (21)]

all(z)
Tinh gi tri cho cac no-ron bottleneck %, ...,%,, va no-ron dau ra

sil(z) = I (1.35)
Xy, ..., X, VOi a8, = Xy, a dai di¢n cho gia tri da c6 ham kich hoat.
%, = ol (bu +Z Wil ) Véi i=1,..,m

% = ol (b[z+z wZa ) VoI j=1,..p

Viét lai ham kich hoat (1.31).

(1.36)

1
L(6;D) = Ez Ix® — SEIWEISH(Wtx® 4 by 4 b2 (1.37)
i=
fo(x@)

1.7.2.5. Loc cong tac phan tich gia tri suy bién

Trong phan nay, hé tu vin duoc xay dung dua trén phuong phap phan
tich gia tri suy bién [11] con dugc viét tit 13 SVD thuoc nhém cac phuong
phép matrix factorization. Pay 1a mot phuwong phap cb dién tir dai s tuyén
tinh da tré nén pho bién trong linh vuc khoa hoc dit liéu va hoc may. SVD la
mot ky thuat phan tich ma tran thanh tich caa nhiéu ma tran gitp giam chiéu
dir liéu ma khong yéu cau la ma tran vudng nhu ly thuyét chéo héa ma tran

(Diagonalizable matrix) da dé cap.



13

Két luan: Chuong nay da trinh bay tong quat vé dinh nghia hé tu vén,
phan loai cac cach tiép can pho bién va md ta thém mot s phuong phap phd
bién hay dwoc &p dung trong thuc té. Hon nira, mot s vi du cu thé nham mo
ta hoat dong cua cac phuwong phap ciling dwoc trinh bay mét cach ki ludng
nham biéu dién tdt cach hoat dong caa ching.

CHUONG II: MO HINH DUA TREN PO THI VA HQC
SAU
2.1. Co sé Iy thuyét cho mod hinh GHRS

2.1.1. Lwa chon dic trung dwa trén do thi

2.1.1.1. PageRank

Thuét todn PageRank (PR) dugc phat minh boi Serge Brin va Larry Page
14 cdng thirc todn hoc danh gia sy anh huong cua mot nut thdng qua viéc xem
xét s6 lwong cua cac nat lién két véi nd. Puoc sir dung lan dau tién dé danh
gia tam quan trong tuong ddi ciia website trong toan bo hé thong World Wide
Web hay don gian 1a xép hang céc trang web nham hd tro tac vu tim kiém
cua Google, thuat toan da giGp nang cao chat lwrong két qua tim kiém cao hon
rat nhiéu so véi cac cong cu tim kiém khac.

Dua trén bai bao cua Zahra va Valipour [21], cAc tac gia da xép hang
cac n(t bang viéc lap di lap lai viéc phan phéi gia tri mdi nit theo ty 18 véi
cac nat két ndi v6i no. Cac nit khac sau d6 nhan duoc gid tri tir nat gbc va
qué trinh phan phdi xép hang s& tiép tuc dién ra cho dén khi hoi tu. Phuong
phép nay cho ra két qua tuong tu nhu k§ thuat Random Walk.
2.1.1.2. Degree Centrality

Hé sb trung tam tryc tiép (Degree Centrality - DC) giup do ludng duoc
s6 lugng cac mdi quan hé tryc tiép ciia mot nut nao dé vai cac nat khéc trong

4 thi. Gia tri ciia hé s6 nay chay tir 0 dén 1 va khi gia tri tién gan dén 1 thi
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tinh trung tam caia ndt cang 16n, tc 1 nat nay cang co nhiéu két ndi véi cac
nut khac trong d6 thi, diéu nay dong nghia véi viéc nit d6 nam giir nhiéu
thong tin nhat. Nguoc lai khi tién dan vé 0 thi nat tro nén phu thudc vao cac

nat khac, mang it gia tri khai thac hon.

2.1.1.3. Closeness Centrality

Hé sb trung tdm 1an can (Closeness Centrality - CC) 1a hé sé tim cac nit
c6 méi lién hé “gan” nhit voi mot nut nao d6 trong mang dd thi hay cu thé
hon 13 tim nhitng ndt c6 thé chia sé thong tin hiéu qua. Mot nut nhu vay 1a
quan trong khi n6 nam trén duwong di ngan nhat téi tat ca cac nat con lai. Hé
s6 nay khac phuc diém yéu cua hé sé DC khi chi xét dén mdi quan hé truc
tiép ma bo qua tiép xtc gian tiép gitra cac nat, mot nit ¢6 hé sé DC cao khong

c6 nghia 1a nat d6 1a nat “gan” nhat véi moi thanh vién trong mang do thi.

2.1.1.4. Betweenness Centrality

Dinh nghia chinh thirc vé hé s6 trung tdm trung gian (Betweenness
Centrality - BC) duoc dé xuat dau tién bai Linton Freeman, 1a mot trong
nhimg thudc do tinh trung tim (Centrality) quan trong trong mang d thi. Hé
s6 md ta mot ndt bat ky c6 thé mang gia tri €, va C,. thap nhung lai c6 y nghia
cau ndi giita cac nut khac trong do thi hay don gian 1a thong tin trao ddi can

di qua no.

2.1.1.5. Load Centrality

Mot thude do khac vé tinh trung tim duoc goi la Load Centrality (LC),
mot hé s6 kha tuong tu nhu hé sé BC. Tuy nhién, thay vi da vao s6 lwong
doan duong ngan nhat, LC wdc tinh luu lugng trén mot ndt, gia sir rang luu
lwong duoc phan bb cong bang gitra tat ca cac doan duong ngin nhit cia db

thi. Hé s6 LC hai tu v& hé sé BC trong nhiéu truong hop thuc té.
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2.1.1.6. Average Neighbor Degree

Gid tri cua mdi ndt c6 thé tinh bang cach Iy trung binh cua tong bac céc
nat hang xém cda nat do.
2.1.2. Autoencoder

2.1.2.1. Autoencoder denoising

Khac v6i mo hinh co ban trong hinh 1.5, md hinh nay hoc cach loai bo
nhiéu trong 16p tai xay dung tir dir liéu dau vao bi nhiu. N6 nhan dau vao bi
hong mot phan va hoc cach khdi phuc dau vao da khir nhidu ban dau. Vé mat
kién truc, autoencoder denoising cé kién truc twong tu autoencoder co dién,
tuy nhién diém khéc biét chinh 1a trong qué trinh huan luyén, mé hinh dugc
dao tao trén mau bi nhidu va ham mét mét da duoc stra twong ng.

Dau tién, diu vao ban dau x bi bién d6i thanh % théng qua mot sé phép
anh xa ngau nhién vi du nhu Gussian noise, masking noise hay salt-and-
pepper noise. Vi vay cong thirc (1.32) duoc bién d6i thanh:

%= a0 = (£ o £18) 00 = £ (1) 220

Tiép theo cin sira ham mét mat (1.31), ta so sanh giira x véi X thay Vi

20

X Voi

L(6; D) = %Z;”x@ — fa D)2 (2.21)

Vi vay trong qué trinh huan luyén, ta tim dwoc cac tham s6 6 dé cb géng
loai bo nhiu cang nhiéu cang tét.
2.1.2.2. Hoi quy ElasticNet

Mot md hinh hoi quy két hop caa hdi quy Lasso va hdi quy Ridge gitp
can bang trong viéc lya chon cac dic trung (didu ndy giai quyét van dé da
cong tuyén) nhung ciing khong 1am mat tinh 6n dinh ciia mé hinh. Két hop
vai (2.21), ta cd:
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1~ . . n
WeD) =) KO- & +ay 6l @2
trong d6 a; Va a, 13 hé s chinh quy héa lan luot cua hdi quy Lasso va Ridge.

2.1.3. Phan cum ngwoi dung

Duya theo dé xuat cua Zahra va Valipour [21], mdi ngudi ding s& thudc
mot cum ndo d6 va mdi phan cum dugc coi la xép hang wdc tinh cho nhém
ngudi ding d6. Can ctr vao két qua thu dwoc sau qué trinh huan luyén thong
qua mang hoc sau Autoencoder dé thuc hién phan loai bang thuat toan phan
cum K-means. Mot vin dé nita dugc dat ra 1a 1am sao tim dwoc s6 cum k
thich hop, ¢ day hai tic gia da sir dyng phuong phap Elbow va Average

Silhouette dé giai quyét vin dé nay.

2.1.3.1. K-means

Thuat todn phan cum K-means (K-means clustering) la mét giai thuat
cua hoc khong giam sat. Trong d6 ta khong biét dwoc nhan cua timg diém dir
liéu. Muc dich 1a 1am sao dé chia dit liéu thanh cac cum (cluster) khac nhau
sao cho dir liéu trong cling mét cum cé nhiing tinh chat giéng nhau, hiéu theo
mot cach hinh hoc 1a khoang cach cua céc thanh vién trong cum téi tdm cum
(centroid) cua chiing phai la gan hon so v6i tdm caa cac cum khac, kiéu phan

chia nay trong toan hoc duoc goi 1a so ¢ Voronoi.

2.1.3.2. Phuong phap Elbow

Tinh dén hién tai da c6 nhiéu bién phap dé xac dinh xem sé cum thich
hop dé tach nhom dir liéu. Su phéan tach do mirc d6 khéc biét ciia mot cum
voi mot cum khac. Sai s6 Cluster cohesion c6 thé dwoc do bang Within
Cluster Sum of Square (WCSS) va Cluster separation véi Between Cluster
Sum Squares (BCSS)

N,
wess=> " x-myl; (2.27)
j XEC; 2

trong do N la tap hop cac cum, C; 1a phan cum thir j thudc tap N.
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N¢ 2
BCSS = > 16| — my ] (2.28)
j
trong d6 |C;| 1a s6 cum trong N, va m 1a tim cum cua toan b tap dit liéu.

2.1.3.3. Phuong phap Silhouette

Phuong phap nay sir dung hé s silhouette 1a sy két hop cua Cluster
cohesion va Cluster separation. Két qua mong mudn khi hé sb silhouette tra
vé cang cao cang tot.

WCSS < BCSS: g1 _WESS  ngueclai: (- BCSS (229
BCSS’ WCSS

2.2. Co s6 thue nghiém

Tap dir liéu thuc nghiém duoc sir dung trong dé an 1a MovieLens-100k
[1] d3 dwoc gidi thigu tai muc mo dau. Bo dit liéu nay duoc cong bd nim
1998 bai GroupLens. N6 bao gom 100.000 danh gia tir 943 nguoi dung cho
1682 bo phim va hon nita da dugc chia sin thanh cac tap huan luyén va tap

kiém tra cho viéc kiém dinh mé hinh.

2.3. X4y dwng m6 hinh GHRS

Budc 1: Xay dung do thi véi nhimg nguoi ding nhu cac nit. Hai nguoi
ding s& duoc két ndi dua trén nhimg dic diém gidng nhau theo muc 2.1.1.
Canh két ndi 1a nhimg nguoi ¢6 sy trong dong vé xép hang.

Budc 2: Trich xuit thong tin ciia ngudi ding tir do thi.

Budc 3: Tién hanh két hop thong tin phu nhu gidi tinh va do tudi voi
cac dac trung dya trén dd thi ¢ buée 2 lam diu vao cho giai doan
Autoencoder.

Buwéc 4: Ap dung ki thuat Autoencoder dugc md ta trong muc 1.7.2.4 va

2.1.2 dé trich xut dic trung méi va giam kich thude dit liéu.



18

Buwéc 5: Sir dung cac dic trung méi duoc ma héa bai Autoencoder dé
phén cum ngudi dung, st dung thuat todn K-means da trinh bay trong muc
2.1.3 dé tao ra mot s6 lugng cac nhom ngudi ding co sy twong dong.

Buwéc 6: Phan bd ngudoi ding mai vao cum thich hop dua trén cac dic
trung dugc mé héa va du doan xép hang cac myuc méi ma nguoi dung d6 chua
xép hang.

Buwéc 7: Dy doan xép hang ciia ngudi diing cho tat ca cac muc theo xép
hang trung binh caa cum va tién hanh dé xuat cho nguai dng.

Két luan: Chuong nay da trinh bay mot cach cu thé qua trinh xay dung
mé hinh GHRS. Sau ky thuat duoc sir dung trong qua trinh xay dung do thi,
phuong phap Autoencoder v6i nhidu dau nham ting cwong kha niang hoc cac
dic trung tiém an va hai phuong phap phd bién cho viéc tim hé sé phan cum
t6i wru.

CHUONG III: KET QUA THUC NGHIEM

3.1 Moi trwong thue nghi¢m

3.1.1 Méi trwong thuc nghiém

Toan bo qua trinh cai dat huan luyén va kiém thir duoc cai dat trén 2 moi
treong: JupyterLab véi Intel(R) Core i5-4460 CPU @ 3.20GHz, bho nh6 RAM
8GB; Google Colab véi Intel(R) Xeon(R) CPU @ 2.20GHz, bo nhé RAM
12.7 GB.

3.1.2 Ngbn ngiz va thuw vién 1@p trinh

Xuyén sudt qué trinh thyuc hién dé an, t6i da sir dung Python 3.7.4 trén
JupyterLab cho tat ca ca&c md hinh ngoai trir mang Autoencoder va mé hinh
GHRS duoc trién khai trén Google Colab sir dung Python 3.10.12. Cac thu
vién di kém bao gdbm: numpy, pandas, matplotlib, sklearn, scipy, pytorch,

networkx va mot sé thu vién hd tro doc file, tim duong dan.
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3.2 Thue hién cic bwéc xady duwng mé hinh GHRS

Buwéc 1,2: Dya trén ly thuyét da trinh bay tai muc 2.1.1, ciing nhu mé ta
trong nghién ctru [21] va hé sé a = 0.01 duoc lya chon cho thuc nghiém nay.
Két qua do thi tuong tu (Similarity Graph) thu duoc nhu trong hinh 3.1 mo
ta méi lién hé gitta 943 nguoi ding dua trén danh gia tir 1682 b phim:

Hinh 3.1: D6 thi twong tw ciia 943 ngwoi dung

Buwéc 3,4: Dya trén mo ta trong nghién ciru [21] vé thong tin ngudi diing
két hop vai két qua thu duoc tir budce 2, ta thu dwoc bang md ta dic trung cac

user dugc mé ta trong hinh 3.2.

agel age2 age3 aged age5 age6 genderl ... PR (] c B Lc AND

0 0.0 0.0 1.0 0.0 00 00 0.0 0460577 0.673966 0.817829 0.043582 0.043606 0479257
1 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.044933 0.014599 0.568223 0.000000 0.000000 0.660178
2 0.0 0.0 1.0 0.0 00 00 0.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
3 0.0 0.0 1.0 0.0 00 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
4 0.0 0.0 0.0 1.0 00 00 1.0 .. 0189245 0.255474 0.653926 0.000660 0.000662 0.610428
938 0.0 0.0 1.0 0.0 00 00 1.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
939 0.0 0.0 0.0 1.0 00 00 0.0 .. 0107218 0.116788 0.618164 0.000025 0.000026 0.705393
940 0.0 10 0.0 0.0 00 00 0.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
941 0.0 0.0 0.0 0.0 1.0 00 1.0 ... 0.057353 0.036496 0.574410 0.000000 0.000000 0.709976
942 0.0 0.0 1.0 0.0 00 00 0.0 0.260841 0.369830 0.897905 0.002970 0.002976 0.581300

943 rows x 35 columns

Hinh 3.2: Cac dic trung diu vao cho Autoencoder
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Sau khi chuan bi xong dir ligu, ta xy dung mé hinh Autoencoder nhur
hinh 3.3 nham giam chiéu dir liéu dé c6 thé d& dang phan cum nguai ding tai

budc 5.

Layer (type) Qutput Shape Param #

Linear-1 [-1, 16] 576

Sigmoid-2 [-1, 16] 2]

Linear-3 [-1, 8] 136

Linear-4 [-1, 16] 144

Sigmoid-5 [-1, 16] 2]

Linear-6 [-1, 35] 595

Total params: 1,451
Trainable params: 1,451
Non-trainable params: ©

Hinh 3.3: Thong tin mang Autoencoder
Budéc 5,6,7: Két thuc budc 4 ta thu duwoc ma tran dic trung. Va dé ap
dung giai thuat K-means, Iic ndy can xac dinh hé sé k thong qua phuong
phép Elbow va Silhouette dugc trinh bay trong muc 2.1.3. Két qua thu dwoc
cho biét s6 cum tét nhit 1a 3 vai s6 lwong ngudi ding cia timg cum dugc md

ta nhu hinh 3.4.

Cluster ©: 485 users
Cluster 1: 342 users
Cluster 2: 196 users

Hinh 3.4: S6 ngudi dung trong méi cum
Hinh 3.5 du6i ddy mé ta cu thé user thugc nhoém nao véi 1 dai dién cho
user dang dugc phén vao cum (cot) twong tmg con 0 1a user d6 khong thude

cum (cot) nguoi dung do.
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clusterl cluster2 cluster3

1 10 0.0 0.0
2 10 0.0 00
3 10 0.0 0.0
941 0.0 0.0 1.0
942 0.0 1.0 0.0
943 10 0.0 0.0

943 rows x 3 columns
Hinh 3.5: Ma tran phan cum ngwoi dung
Thuc hién tuong tu cho ma tran phan cum b phim, ta thu duoc két qua
nhu hinh 3.6:

1 2 3 4 5 6 L] 1681 1682
cluster! 3.960591 3.202899 3.071429 3.555556 3.25 2875 3.0 3.0
cluster2 3769231 3.136364 2.769231 3.381818 3.411765 3.777778 .. 3.262132 3.702389
clusterd 3.729412 3.233333 3.166667 3.727273 3.277778 3.666667 .. 3.297181 3.695487

3 rows x 1682 columns
Hinh 3.6: Ma tran phan cum b$ phim
Cudi cling ta nhan ma tran phan cum ngudi dung véi ma tran phan cum
bo phim dé c6 ma tran du doan cta ngudi ding vai bo phim dugc mé ta trong
hinh 3.7.



939

940

941

942
943

1
3.960591
3.960591
3.960591
3.960591

3.960591

3.960591
3.729412
3.729412
3.769231
3.960591

2 3
3.202899 3.071429
3.202899 3.071429
3.202889 3.071429
3.202899 3.071429

3.202888 3.071429

3.202888 3.071429
3.233333 3.166667
3.233333 3.166667
3.136364 2.769231

3.202889 3.071429

943 rows x 1682 columns
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4

3.555556
3.555556
3.555556
3.5555586

3.555556

3.555556
3.727273
3.727273
3.381818

3.555556

3.25

3.277778

3.277778

3.411765
325

2.875
2.875
2.875
2.875

2.875

2.875
3.666667
3.666667
3777778

2.875

1681
3.0
3.0
3.0
3.0
3.0

3.0
3.297181
3.287181
3.262132

3.0

Hinh 3.7: Ma tran du doan nguwdi dung — bg phim

3.3 Két qua mé hinh va so sanh

1682
3.0
3.0
3.0
3.0
3.0

3.0
3.695487
3.695487
3.702399

3.0

Trong d& 4n nay, chdng tdi tién hanh danh gia hiéu suat cia mot loat cac

phuong phap du doan dua trén cling mot tap huan luyén ua.base va ciing mot

tap kiém tra ua.test. Cac phuong phap da dwoc trinh bay tai chwong I va

chuong II s& dwoc dua vao thuc nghiém bao gom Content-based, User-based
CF, Item-based CF, User-based Matrix Factorization, Item-based MF,
Autoencoder-based CF, User-based SVD, Item-based SVD va GHRS.

Bang 3.1: So sanh @ chinh xac giira cAc md hinh

Method RMSE
Content-based 1.2703
User - CF 0.9767
Item - CF 0.9678
User - MF 1.0431
Item - MF 1.0421
Autoencoder - CF 0.9678
User - SVD 1.0031
Item - SVD 1.0050
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| GHRS | 1.0518 |
Trong s6 cac phwong phap nay, User-based CF, ltem-based CF va

Autoencoder-based CF da thé hién su hiéu qua cao nhét voi cac gia tri RMSE
thap nhat. Dac biét, Autoencoder-based CF cho thiy su tién bo dang ké trong
viéc hoc biéu dién dir liéu va du doan chinh xac hon vé so thich cua ngudi
dung.

Nhan xét: Tir bang 3.1 ta thdy dwoc mé hinh Loc ndi dung c6 két qua
kém nhét véi RMSE ~ 1.2703, trong khi d6 ba mé hinh Item - CF, User - CF
va Autoencoder - CF cho két qua kha quan hon rat nhiéu voi RMSE déu xap
Xi 0.97. M6 hinh GHRS d4 khong cho két qua nhu ky vong nhu theo bai bao
[21] v6i RMSE ~ 1.0518 gan nhu twong duong véi RMSE thu duoc tir cac
phuong phap MF. Phuong phép sir dung ki thuat SVD cho két qua kha t6t
v6i RMSE lan luot la 1.0031 va 1.0050.

Qua nhan xét v& két qua thu dugc trong bang 3.1 phia trén, ta c6 thé nhan
thiy rang viéc thay doi trong cach xay dung tap huan luyén va kiém tra da
dan ti phwong phap dwoc chiing minh cé hiéu suit cao nhu GHRS lai cho ra
két qua kém hon so v6i mot vai phwong phap phd bién khac. Viéc tac gia bo
qua thuc nghiém kiém tra trén tap di liéu hun luyén cd phan phéi khong
ddng nhat 1a mot thiéu sét khién nguoi doc khdng nhan thirc dugc rd rang
pham vi ma mé hinh GHRS c6 thé dat dwoc hiéu qua cao va nhimg trudng
hop GHRS khong thé cho ra két qua tét hon so v6i cac phwong phap phd bién
khac.

KET LUAN CHUNG

I. Két qua dat dwoc
Dé &n hudng toi mot chu d& quan trong ca vé mat ly thuyét va thuec tién
trong khoa hoc méy tinh, n6 da va dang dwoc nhiéu nha nghién ctu quan tam,

d6 1a nghién ciru mot s6 phwong phap xay dung hé tu van.
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< Vé mit ly thuyét

Dé an da trinh bay tong quan vé bai toan xay dung hé tu van ciing nhu
vai trd cua bai toan trong xa hoi hién nay kém theo 1a xu huéng phat trién.
Nhiing ly thuyét ndy vé co ban la nhitng ly thuyét nén tang cua hoc may théng
ké va hoc sau.

% V@& mat thyc tién

Dé an da trién khai cai dit dugc mot s6 phuong phap ndi bat nhat trong
linh virc xay dung hé tu van, két qua thuc nghiém cua timg phuong phap, tir
d6 danh gia dwoc wu nhuge diém cua cac phuong phap d6 dua trén tap dir

liéu Movielens-100Kk.

II. Han ché va hwéng phat trién

% Han ché

Do han ché vé mat pham vi va thoi gian, kém theo d6 1a sirc manh phan
cung da can tr rat nhiéu téi hiéu suat thyc hién viéc cai dat cac mé hinh.
Phan cung yéu da khién viéc trién khai trén mot tap dit liéu 16n hon nhu
MovieLens 10M 20M [1] la khong kha thi. Cac van dé khac chua giai quyét
duoc nhu khai dong ngudi hay viéc dir liéu lién tuc cap nhat.

% Hudéng phéat trién

Pinh hudng tiép theo cua tac gia 1a tim hiéu va xay dung phuong

phé&p mai cho hé tu van trong thoi diém cac mo hinh ngén ngit I6n da va dang

tré nén phd bién nhu hién nay.
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