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LOI CAM DOAN

T6i xin cam doan dé an véi tiéu dé “Nghién ctru va tng dung k¥ thuat hoc sau
cho hé tu van” hoan toan 1a két qua tim hiéu nghién ciu cua riéng ca nhan téi. Trong
qua trinh thuc hién dé an tét nghiép, toi da thuc hién nghiém tdc cac quy tic dao duc
nghién ctru; cac két qua trinh bay & trong dé an 1a san pham nghién ciu khao sat cua
riéng toi; tat ca cac tham khao sir dung trong dé an déu duoc trich dan tuong minh,
theo ding quy dinh.

T6i xin chiu hoan toan trach nghiém vé tinh trung thuc cua dé an.

Ha Noi, ngay 20 thang 3 nam 2024

Hoc vién

Tran Hai Anh



LO1 CAM ON

Toi xin chan thanh cam on Khoa Sau dai hoc, Hoc vién Céng nghé Buu chinh
vién thong di tao moi diéu kién thuan loi cho t6i hoan thanh dé an tét nghiép thac si
nghanh Khoa hoc may tinh.

Toi xin gui 101 cam on chan thanh t6i tap thé cac Thay Co cdng tac tai Hoc
vién Cong nghé Buu chinh vién thong da nhiét tinh chia sé va gitip d& t6i hoan thanh
hoc phan nay trong chuong trinh dao tao thac si cia nha trudng.

T6i xin gui 1oi cam on chan thanh va sau sac nhat téi ngudi Thay huéng dan
cua toi 1a TS. Nguyén Duy Phwong di ludn gitip d&, nhiét tinh huéng dan toi hoan
thanh dé an nay. Bén canh nhitng kién thirc chuy@n sau, uy@n béc chia sé téi hoc vién,
Thay con 1a niém dong vién, giup d& téi vuot qua nhitng khé khin dé hoan dé an.

Mic du da rat 6 gang, nhung chic chan dé an nay khong tranh khoi nhiing
thiéu s6t, rit mong nhan duoc sy dong gop cua cac Thay Co dé tac gia co thé hoan
thién nghién curu cua minh.

Xin chén thanh cam on!

Ha Noi, ngay 20 thang 3 nam 2024

Hoc vién

Tran Hai Anh
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MO PAU

1. Tinh cAp thiét caa dé tai

Trong cudc séng ngay nay, chung ta gap phai vo van tinh hubng phai dua ra
quyét dinh. Budi sang nén méc gi cho phu hop? Lua chon thue don nao cho gia dinh?
Nhiém vu nao chang ta nén thuc hién dau tién? Nén dang ky hoc & ngdi trudng nao?
Chung ta phai tra loi hang nghin cau hoi quan trong nay hang ngay.

Trén thyc té, trude day chung ta thuong nho cac chuyén gia hoic ban bé giap
d& dé dua ra quyét dinh, nhung trong khoang thoi gian vira qua, Vi su gia ting chong
mit cta cac san thuong mai dién tir, nhu cau tim kiém va mua béan san pham mét cach
nhanh chong va phu hop véi sé thich cta nguoi tiéu dung duoc dac biét quan tam,
diéu nay da thu hut duoc sy chl y va quan tam tir nhiéu nha nghién ciru tir khip noi
trén thé gisi voi muc tiéu dap tmg duoc nhitng doi hoi cap thiét caa thi trudng. Clng
Vv6i d6 1a sy phat trién khdng nging trong nhiéu linh vuc d cung cap nén tang vitng
chéc dé trién khai duoc cac phuong phap hién dai hon, hoan thién hon. Ciing vi thé
ma hang loat cac hé tu van di xudt hién dé dap tng nhu ciu ndy. Hé tu van
(Recommender System) 1a mot hé thng loc thong tin dung dé dir doan danh gia va
s¢ thich cia mot ngudi dung vé cac san pham, tir 6 hé théng co thé dua ra nhitng tu
van goi ¥ sao cho phu hop.

Nhitng cong trinh nghién ctru da dugc kiém ching nhu phuong phap Content-
Based (dé xuét dua trén ndi dung), Collborative Filtering (loc cong tac) déu dua trén
nén tang hoc may truyén théng hay phuong phap duoc phat trién gan day nhu
Autoencoder dua trén ky thuat hoc sau.

Véi Iy do trén, hoc vién da quyét dinh lya chon dé tai “Nghién ciru va ng
dung k¥ thuét hec sau cho hé tw van” dé thuc hién dé an tt nghiép thac si.

Trong dé an tét nghiép 1an nay, hoc vién sé tim hiéu khai niém chung vé hé
thdng dé xuat, sau do tap trung vao cac thuat toan phd bién hién nay, thuc hién viét
ma cho tat ca ca phuong phap trén dé co duoc cai nhin rd rang nhat, qua d6 nam bét

duoc nhitng yéu té cbt 16i, hiéu duoc wu diém va nhuoc diém caa cac phuong phap



nay. Sau cuing la nghién ctru cai dat phuong phap ap dung do thi vai b ty ma hoa roi
thuc hién so séanh hiéu suat voi cac phuong phap duoc cai dat trude do.
2. Pit van dé

Khi ngudi dung truy cap vao mot nén tang xem phim nao d6 thi van dé duogc
dat ra la: “Lam thé nao dé nén tang do c6 thé goi y cho ngudi dung nhitng bo phim
ma ho sé& yéu thich?”. Va cau tra 15i chinh Ia can phai xay dung duoc mét hé tu van
dé xuat cac bo phim hiéu qua cho nguoi dung.

Thuc té hién nay nhiéu trang web déu da co hé théng dé xuat cac bo phim bang
nhitng hién thj quang cao cho nguoi dung. Dé ¢ thé thuc hién tac vu trén, hé tu van
phai str dung cac thuat toan phan tich danh gia va dua du doan dya trén dir liéu nguoi
dung thu thap duoc. Nho d6 hé thdng co thé ca nhan hoa toi nguoi dung va biét duoc
mdi ngudi dung co nhu ciu gi dé dua ra dé xuét thich hop.

Mot hé tu van tot anh huong rat [on d&én sy thanh bai cua cac nén tang va moi
hé théng can tinh chinh mét hé tu van sao cho phu hop véi dir liéu ma nén tang thu
thap dwoc. Va trong thuc té, hau hét cac hé tu van déu co thé dat két qua rat tot néu
nhu so hitu da dir liéu nhung s& la kém hiéu qua néu dix liéu qua it, diéu nay khién
nhitng nén tang vira va nho s& khdng thé nao tan dung duoc nhitng ich loi ma hé tu
van dem lai. Bai toan nay la mét trong nhitng muc tiéu can dwoc giai quyét hang dau
ma nhiéu phong nghién ctu trén khip thé gioi dang thuc hién.

3. Muc tiéu dé ra

Ngay nay co rat nhiéu cong trinh nghién ctru vé cac hé tu van cho ngudi dung.
Nhiéu mé hinh méi, da dang dwoc ap dung vao thuc té va chat lugng cua cac mé hinh
nay cung ngay cang duogc cai thién theo thoi gian. Tuy nhién, nhiing phuong phap
khac nhau dwa lai nhitng wu nhuoc diém khac nhau. Trong dé an nay, hoc vién sé dua
ra hai muc tiéu sau:

1. Nghién ctu cac phuong phap pho bién da duoc xay dyung trude day va thuc

hién cai dat.



2. Xay dung mé hinh mang hoc sau két hop véi do thi va giai thuat K-means,
tién hanh cai dat va so sanh hiéu suat véi cac phuong phap pho bién.

4. Pbi twong va pham vi nghién ciru

Trong dé& an nay, ngoai viéc trinh bay co so Iy thuyét vé hé tu van va cac
phuong phap hoc may truyén théng nhu dé xuat dua trén noi dung, loc cong tac dua
trén nguoi dung hodc san pham kém véi d6 cac ky thuat khac nhu Matrix
Factorization, SVD, Autoencoder. D& an sé di sau vé ky thuat d6 thi (Graph-Based)
két hop vaoi Autoencoder va thuat toan phan cum K-means dé xay dung md hinh
GHRS [21]. B6 dit liéu s& duoc st dung xuyén sudt dé an nay 13 Movielens-100Kk.
5. Phwong phap nghién ciru

Trong qua trinh nghién ctu va thuc nghiém, hoc vién s& két hop cac cong cu
cua giai tich, giai thuat phan cum, ly thuyét do thi va kién trac mang cho cac phuong
phap xay dung hé tu van kém véi cac thu vién caa python cho qué trinh viét ma.
6. B4 cuc cua bao cao
Bao cao duogc chia thanh ba chuong, trong do:
Chuwong 1: Téng quan vé hé tu van

Noi dung chinh cua chuong nay la trinh bay nhitng nghién ciru co ban vé hé
tu van, cac phuong phap tiép can phd bién nhat hién nay. Trén co so d6 trinh bay cu
thé mot s6 phuong phap phd bién hién nay dé c6 céi nhin téng quan khi so sanh voi
phuong phap dugc trinh bay tai chuong 2.
Chwong 2: M hinh dya trén d6 thi va hoc sau

Trinh bay cu thé phuong phap xay dung moé hinh GHRS ciing nhu co sd thyc
nghiém s€ dugc su dung cho viéc cai dat cac phuong phéap da trinh bay ¢ ca chuong
1 va chuong 2.
Chuong 3: Két qua thuc nghiém

Trén cung mot moi trudng va tap thar nghiém, so sanh dau ra cua tung phuong
phap két hop vai kiém dinh RMSE va 1ap bang so sanh.

Cubi cung la két luan va huong nghién ctu tiép theo.



CHUONG I: TONG QUAN VE HE TU VAN

Muc tiéu chinh cua chuong nay la trinh bay cac vin dé téng quan cua hé tu
van, cac phuong phap tiép can phé bién trong xay dung hé tu van va xu huéng mai
hién nay, phan tich rd nhirng han ché cua tiing phuong phap. Sau dé trinh bay chi tiét
co so ly thuyét vé cac phuong phap pho bién nhat.

1.1. Khai nigm hé tw van

Hé tu van (hé thdng goi v hay con goi la hé théng khuyén dung), tiéng anh la
Recommender System hoic Recommendation System, la mét 16p con cua hé thong
loc thdng tin, tim kiém du doan “danh gia” hoic “ua thich” cua ngudi dung voi mot
san pham hoic dbi twong nao d6. Hé théng goi y chu yéu dung trong cac tng dung
thwong mai [22]. Dua theo [2,23], Hé tu van la cac cdng cu va k§y thuat phan mém
cung cap dé xuit cac ddi tuong co thé hiru ich voi nguoi dung, 1a cdng cu hiéu qua
dé loc thang tin truc tuyén dugc phd bién rong ri do thoi quen thay d6i cua ngudi
dung may tinh, xu huéng c& nhan hoa va kha ning truy cap Internet méi noi.

Hé tu van thuong hudng toi ca nhan nguoi dung, dua trén so thich cua nguoi
dung dé dwa ra tu vin cho mét muc ma ho quan tam. Vi du nhu viéc tu van mot bd
phim cho nguoi dung. Mot trong sé nhitng trang web néi tiéng sir dung hé tu van dé
dua cac goi v cho ngudi dung la Netflix.com hinh 1.1. Hé tu van sé dua trén lich sur
hoat dong cua ban trén trang web va dua ra goi y ma ban sé quan tm. Nhirng nguoi

dung co so thich khac nhau sé duoc dua ra nhitng tu van khac nhau.
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Hinh 1.1: Giao dién hg tw véin cha Netflix

(Nguon: NETFLIX system design)



1.2. Cac linh vuc @ng dung cua hé tw 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 1.2: Cac h¢ théng thuc té cia mét sé nén tang

Hinh 1.2 dwa ra mot s6 ung dung phd bién cua hé tu van va muc tiéu cua
chang. Nhiéu muc tiéu trong sb nay déu thudc linh vuc thuong mai dién ti. Tuy nhién,
hé tu van da phat trién xa hon chi Ia trong linh vuc goi ¥ san pham cu thé. Dé thuc
day su phat trién cua mang xa hoi, cac nén tang mang xa héi truc tuyén thuong dé
xut cac lién két vai khach hang cua ho.
1.3. Phat biéu bai toan cho hé tw van

Trudc khi trinh bay vé cac quy trinh va hudng tiép can, can lam rd 2 thuat ngir
sé duoc sir dung: Nguoi dung (user) va san pham (item). Thir nhat, khai niém nguoi
dung ¢ day la nguoi s dung hé théng dé thuc hién cac thao tac xem, danh gia, binh
luan, ... Thir 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
van, dir liéu dugc cung cip dudi dang danh gia cia nguoi dung vé san pham.

Bang 1.1: Xép hang ciia ngwdi dung cho b phim

Userl | User2 | User3 User N
Iltem 1 3 ? 4 ?
ltem 2 ? 2 1 2
Item 3 ? 5 ? 4
ltem M 5 ? ? 3

iy Uy, o, Uy, M osan pham I = {iy, iy, ...

Bai toan dugc dit ra nhu sau: Cho tap hop hitu han gém N ngudi dung U =

iy e, iy} VA tAp dir liéu Y =




u,i, 1, trongd6 u € U, i € I va r,; 1a danh gi4 cta ngusi ding u cho san pham i.
Can du doan danh gia (hay xép hang) chua biét cia mot ngudi dung thi n nao do u,,
cho san pham i,,,. (Moi vecto déu duoc biéu dién dudi dang cot).

Mbi nguoi ding u, € U (Véi n = 1,2, ..., N) duoc biéu dién thdng qua tap
thdng tin c& nhan (biodata) W = {wy, w,, ..., w, ..., wy} . Cac w, € W 12 ddc diém
ciia mdi nguoi dung. Vi du W c6 thé bao gdm: nghé nghiép, giai tinh, tudi, hoc van...

M®i san pham i, € I (v6i m = 1,2, ..., M) dugc biéu dién thong qua tap dic
trung (feature) X = {xy,x,, ..., x,, ..., x¢ }. Cac x,; € X 12 thong tin chi tiét ciia mdi
san pham. Vi du X c6 thé bao gom: hang, thé loai, dao dién...

Biéu dién méi quan hé gitta nguoi ding U va san pham I duogc biéu dién thong
qua ma tran tién ich (utility matrix) ¥ = [, ] véin=1,2,.., Nvam = 1,2, .., M.

Bang 1.2: Vi du vé ma trén tién ich

Nguwoi dung
1 2 n N
1 4 ? 1 ?
e 2 | 1[5 | . [3].]3
(] . . . . .
c :
o
c m 5 ? 2 1
]
2] : : : : . :
M ? 4 . ? 3

Théng thudng gid trj coa r, ,, nam trong tap sb tw nhién {1,2,3, ...} duoc thu
thap bang céach lay danh gia truc tiép cua ngudi dung hoic gian tiép thong qua hé
théng phan hoi danh gia ctia khach khang. Nhiing gia tri 7, ,,, = ? duoc hicu la nguoi
ding u,, khong c6 danh gia nao doi véi san pham i,,,. Pay ciing 1a gia tri can dua ra
du doan, sau d6 dua ra danh sach cac san pham phl hop véi nguoi dung dé. Vi du
VGi ngudi ding ug, hé tu van s& chon ra z san pham phl hop véi ngudi ding ug nhat
dé goi y. Va dé giai quyét bai toan hé tu van nay, thong thuong s& dugc thuc hién
theo quy trinh xay dung & muc tiép theo.

1.4. Quy trinh xiy dung hé tw van

Quy trinh thuc hién thong thuong bao gom 3 budc chinh nhu sau:



feedback

EDA Qlind input ﬁ OMPU [ predicted
: > ata Engine : 7l 1tems

Items

Thu thap di licu Xay dung md hinh Bua ra dy dodn
Hinh 1.3: Quy trinh xay dung h¢ tw van
» Bwoc 1: Thu thap dir liéu
Tai giai doan dau tién, nhitng thdng tin ma céc hé théng hay thu thap nhu:
e San pham (Item): dugc mo ta thdng qua tip cac dic trung do NSX cung cap
va nho d6 cac 1ap trinh vién c6 thé xay dung dit liéu thd cho san pham do.
e Nguoi dung (User): dugc mo ta qua thong tin ca nhan ma khach hang cung
cap va nho vay 1ap trinh vién c6 thé xay dung dir liéu thd cho tirng san pham.
e Danh gia (Rating): dwoc md ta dudi dang gia tri ma ngudi ding xép loai san
pham, sau d6 duoc luu trong ma tran tién tich.
» Buwoc 2: Xay duwng mo hinh
Budc nay cd thé thuc hién bang nhiéu huéng khac nhau nham danh gia moi
lien hé giita cac thdng tin thu thiap dugc & Budc 1. Mot sb hudng tiép can duoc biét
dén nhu: théng k&, hoc may, mé hinh hoc sau, ... [3][9]. Mbi hudng s& khai thac di
licu dau vao theo nhiing cach khac nhau, tiép d6 hinh thanh cac phuong phap khéc
nhau. Noi dung chi tiét s& duoc trinh bay cu thé hon tai myc 1.5 cua dé an.
» Buwoc 3: Dua ra du doan
Két qua dau ra cia Budc 3 sé duoc dung dé dyu doan cac danh gia xép loai cua
ngudi ding véi san pham chua c6 danh gia trude d6 va chon ra z san pham mai phu

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

1.5. Cac hwéng tiép can xay dung hé tw vin



C6 nhiéu céch phan loai cac phuong phéap xay dung hé tu van tly theo quan
diém cua mdi nha nghién cru. Dya theo bai bao cua Cui va cong su [4] cing Voi
nhiéu nghién cau khac sau nay [3], viéc phan nhém dugc dua ra co su chong chéo
lan nhau nhung tong thé duoc gom lai thanh mot s6 loai duoc trinh bay dudi day:
1.5.1. Content-based Filtering

Céc hé tu van duya trén noi dung bit dau tir viéc nghién ctu truy xuat théng tin
va loc thong tin [5]. CAc hé tu van ndy sé& tu van c4c muc tuong ty nhu muc ma ngudi
dung di thich trong qua khir. Céc hé tu van duya trén noi dung cha yéu tap trung vao
tur vin cac muc c6 thong tin van ban nhu sach, phim va tai liéu. Noi dung trong céc
hé thdng nay duoc md ta bang cac san pham va mue d6 tin cay cua cac san pham do
d6i v6i nguoi dung thuong duge do bang trong sé TF-IDF. Cac phuong phép tiép can
cho loc theo ndi dung dugc chia thanh hai nhom chinh: Loc néi dung dua vao bo nhé
(Memory-based) va Loc ndi dung dya vao moé hinh (Model-based).

Nhitng vain dé gap phai: Nguwoi ding méi: Loc noi dung chi hiéu qua khi nguoi
dung danh gia mot lugng san pham du 16n. Véi ngudi ding méi, hé théng khéng cé
bat ky d4nh gia nao nén khdng thé dua ra dé xuat thich hop cho ngudi dung d6; Trich
chon ddc trung: Phuong phap nay chu yéu dua vao viéc trich chon dic trung trong
linh vuc truy xuét théng tin. D& cd mot tap cac dic trung day du, noi dung phai dugc
biéu dién sao cho may tinh c6 thé tu dong phan tich, tinh toén cac trong s6. Tuy nhién
s& khé trién khai néu dix liéu phuc tap, ti nghia. Vi du: dit liéu hinh anh, am thanh.
1.5.2. Collaborative Filtering

Loc cong tac (CF) la mot ky thuat pho bién nhat dé xay dung hé tu van, khai
thac nhiing khia canh lién quan dén thoi quen st dung san pham caa cong dén ngudi
diing c6 cung s¢ thich trong qua kha dé dua ra dy doan cac san pham phi hop nhit.
Gia dinh rang néu nguoi dung da dong tinh véi nhau trong quéa khi thi ho ¢é nhiéu
kha ning s& dong tinh trong twong lai hon 1a dong tinh véi nhitng nguoi ding thudc
nhom khac. Cac phuong phap tiép can cho CF néi chung ciing chia thanh hai nhém

gidng nhu loc ndi dung: CF dwa vao bo nhé va CF dya vao mé hinh.



Nhiing van dé gap phai: Nguwoi ding méi: Trong truong hop ngudi ding méi,
ho khong c6 danh gia cho bat ky san pham nao, khi d6 CF khong thé dwa ra dé xuat
chinh xac cho nhitng khach hang nay; S¢ thich thay déi theo thoi gian: Theo tudi tac
tang trudng, hoan canh thay doi theo mua thi dé dua ra duoc dé xuat chinh xéc s& gap
kho khan rat nhiéu; Diz liéu thua: Trén thyc té, lugng san pham 1an nguoi dung déu
rat 16n nén nhimg danh gia thu duoc chi 1a mét phan rat nho so véi nhitng danh gia
can du doan.

1.5.3. Hybrid Filtering

Loc két hop hay con lai hé théng lai 1a phuong phap két hop gitra loc ndi dung
va loc cong tac nham tan dung nhitng wu diém cua ca hai phwong phap nay. Vai loc
noi dung la viéc khai thac cac khia canh lién quan toi dac diém trong thong tin di kém
véi timg d6i trong ma khdng quan tam téi nhitng ngudi dung khac. Nguoc lai, loc
cong tac quan tim dén thoi quen ngudi ding cia mdi khach hang va do twong dong
ctia ho. M&i phuong phap déu c6 nhimg wu va nhugc riéng di thuc day cac nha nghién
ctru tim kiém cac phuong phap tan dung duoc cac vu diém do.

Nhitng van dé gap phai: Phic tap trong trién khai: Hé tu vén lai thuong kho
trién khai thyuc té hon cac phuong phap khac do kién tric phuc tap cua ching; Kho
trong viéc hiéu va gidi thich: Cac dic trung tiém an chtra nhiéu thir phic tap, khéng
thé md ta theo cach thong thudng; Va khéng phai ltc nao két hop dic tinh caa CF Vi
loc nodi dung ciing thich hop, khi bao gom nhiéu dic trung thi dir liéu s& chira nhiéu
bién du thira hon din dén hién twong da cong tuyén c6 thé xay ra [5].

1.5.4. Other Approaches

Ngoai cac phuong phap duoc dé cap ¢ trong Phan 1.5.1, 1.5.2 va 1.5.3, con ¢
mot sé phuong phéap khac dugc phét trién va da dat duoc nhiéu két qua kha quan nhu:
Phuong phap Knowledge-based s& goi y san pham dua trén cac suy luan vé nhu cau
va so thich ctua nguoi ding. Phuong phap Context-aware, mot hé thong dé xuat dua
trén ngir canh sé tich hop thém ngoai thong tin ngudi ding va san pham, hé thong
con quan tam téi nhiing yéu té ngir canh khi nguoi dung dénh gia mot san pham.

Théng tin ngit canh bao gom thoi gian, dia diém hoac dit liéu xa hoi. Phuong phap
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Time-sensitive dua trén van dé thay doi theo thoi gian nhu da dé cap trude do ciling
m& dau dau cho mot phuong phép tiép can méi co thé xir Iy duoc bai toan nay.
Phuong phap Location-based xay dung hé thong dé& xuat dwa trén vi tri [6]. Hay hé
théng Social-based [7] hoan toan dwa trén céc khia canh cua cau tric dé dé xuat cac
nut va canh lién két trong mang x& hoi. Mit khac, hé thdng c6 thé gigi thiéu céac san
pham khéc nhau biang tin hiéu x4 hoi (Social Cues) [5]. Demography-based [8], mot
hé tu van dua trén nhan khau hoc, thong tin vé ngudi dung duoc tan dung dé tim hiéu,
phan loai va &nh xa t&i viéc danh gia san pham hoic xu huéng mua sam [5]. Trén
thuc té, hé tu van dua trén nhan khau hoc khong duoc phd bién do cac méi lo ngai vé
bao mat va quyén riéng tu.
1.6. Phwong phap danh gia hé tw van

Trong dé &n nay, dé danh gia do hiéu qua cua hé tu van dua ra can dua trén sai
s6 gira gia tri du doan va gia tri thuc té, cu thé qua gia tri MSE va RMSE [9].
1.6.1. Mean squared error

Sai s6 binh phuong trung binh (MSE) 12 mot phép toan wdce lugng trung binh
ctia binh phuong céc sai sd, tic 12 s khac biét gitta cac w6c tinh va nhitng gi dugc
danh gia, cu thé 1 1am phong dai cac sai sb du béo c6 gia tri tuyét ddi 1on, do d6 chu

trong tdi cac quan sat dac biét (vuot troi) trong mau.

1 n
MSE = —z i —9)° (1.2)
Nédi=q

trong d6: n 12 tdng s6 mau trong tap kiém tra; y; 1a gia tri thyuc té tai mau i; 9; 1a gia
tri du doan tai mau i.
1.6.2. Root mean squared error

Can bac hai cia sai s6 binh phuong trung binh (RMSE) hay don gian chi la
MSE l4y cin bac hai.

1 n
RMSE = \/;Z__l(yl- - 9)? (1.2
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Gia tri nay duoc st dung khi can chu trong d6 chinh xéc cua céc gia trj sé duoc
hién thi thuc té, khong bao ham tinh phong dai sai sé nhu MSE. Két qua ta mong doi
raing MSE va RMSE cang nho cang tt.

1.7. Co s6 ly thuyét cho cac phwong phap phd bién
1.7.1. Hé tw vdn sir dung loc néi dung

Y tuong chinh cua phuong phap nay 13 goi y san pham méi can ct theo nhiing
san pham ma ngudi dung da thich trude d6 trong qua khir. Su twong dong giita san
pham duoc goi y va san pham di duoc nguoi dung yéu thich trude d6 khong nhat
thiét phai c6 méi twong quan truc tiép ma la dua trén thudc tinh cua cac san pham do.
Khong giéng nhu cac hé thong CF tan dung cac danh gia cia nhitng nguoi ding khac,
cac hé thdng loc ndi dung cha yéu tap trung vao danh gia xép hang cta chinh nguoi
ding myc tiéu. Do d6, nhitng nguoi ding khac ¢ do quan trong thap [6].

% Hé théng nay duoc xay dung dua trén 3 buéc [10] chinh nhu sau:
> Budc 1: Xay dung thong tin san pham

Trong cac hé thdng dwa trén noi dung, ching ta can xay dung thdng tin cho
mdi san pham. Thong tin ndy duoc biéu dién dudi dang mot vecto dic trung. Trong
nhitng truong hop don gian, vecto nay duoc truc tiép trich xuat tir san pham [11]. Bé
c6 thé sir dung duoc nhitng dic trung ndy, ta ding phuong phap ude luong trong sb
cla cac dic trung (TE-IDF) [12]. Phuong phap duoc trién khai nhu sau:

Goi fm 12 tan sd (s lan dac trung x,; xuat hién trong san pham i,,). Khi d6

tan suat TF, ,, Clia ddc trung x,, trong san pham i, dugc tinh theo cong thuc sau:

rF - Jom (1.3)

9T maxy fym
Nghia la tan so cua dac trung x,; trong san pham i, chia cho tong so lan xuat
hién cua moi dac trung {x;, x,, ..., X4, ..., X } trong san pham i,.

G
maxy fxm = k_lfk,m

(1.4)

Tuy nhién, nhitng dic trung xuét hién trong nhiéu san pham s& khong duoc

dung dén do ching qua pho bién, viéc giir lai nhimg dic trung nay khién viéc tinh
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todn tré nén kho khan hon ma khong dem lai duge ¥ nghia vé mat phan loai cac san

pham. Vi vay, IDF dugc sir dung dé giai quyét duoc van dé nay.

IDF, = log M IDF, = log M+1)iq (1.5)
g df, 9 df, +1

Trong do: df,, 1a ddc trung x, xuét hién trong bao nhiéu san pham; M la tong

s6 san pham. Trong dé &n nay, cong thirc bén phai s& dugc ap dung thay thé cho cong
thire thong thuong vi code su dung thu vién sklearn voi smooth_idf = True.

Két hop cong thic (1.3) va (1.5) ta c6 phuong trinh tong quét sau:

tf.idfym = TFym X IDF, (1.6)
> Budc 2: Xay dung ho so nguoi dung

Dit s6 luong nguoi ding 12 N, sé lugng san pham 1a M. Dbi véi mbi ngudi
ding u, € U, s& c6 matran X,, 1a matran con cua ma tran théng tin - san pham X =
{X1,Xg, o) X, oo, X} € ROM (x,, 12 vecto cot). {x, x5, ..., X, ..., X } 12 vecto trong
s6 cac dic trung san pham cho ngudi dung u,, duoc tinh toan tir X,,. Vecto cua san
pham u,, ¢d thé tinh bang nhiéu ky thuat khac nhau nhung trong phan ny sé str dung
mé hinh hdi quy Ridge [6][11] dé tinh vecto trong s6.

Dé thuan tién, ta goi ma tran ngudi ding - san pham 1a ma tran tién ich (utility
matrix) ¥ € RM*N chira tit ca danh gia dang s, bao gom ca nhitng gia tri can du
doan va dit liéu danh gia duoc cung cip trude do.

Gia sr rang tim dugc md hinh cho mbi nguoi dung, duoc minh hoa bang mot
vecto cot hé s6 w,, € R¢ va hé sb bias b,, sao cho mic d6 quan tdm cua mot ngudi
ding tgi mot san pham duogc tinh bang mot ham tuyén tinh:

ym,n = ngm + by, (17)
Xét ngudi dung thir n, néu coi tap huan luyén 1a tap hop cac thanh phan da

biét cua y, (cot tht n cua ma tran ¥), ta rGt gon né bing dit ¥, =
{Vin Y2n - Vs, n} € RS 14 vecto con cua y, dugc xdy dung bang cach trich cac
thanh phan da biét c6 tong s6 1 s,, tai cot the n cua ma tran Y. Bong thoi c6 X, €

RE*sn 13 ma tran con cua X, thu dugc bang céch trich cac cot twong ang véi san pham
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da duoc danh gia bai ngudi ding thir n. Tao thém vecto cot e,, Véi tat ca thanh phan

bang 1, ta c6 thé xay dung ham mat mat cho ngudi ding thi n nhu sau:

1 Sno 2 A 5
Ln(wn' bn) = XZ 1(Ym,n - ym,n) + X ”Wnllz
n m= n

= % 1K W, + bae, — 3l + % [k (1.8)
Ciap nghiém w,, va b, s& duoc tinh bang gradient descent hoic c6 thé giai
nghiém tryc tiép vi regularization da dam bao ma tran X" X 1a kha nghich véi M gan
gidng ma tran don vi I véi duy nhat mot hang (cot) dau tién 1a 0 théng qua cong thuc sau:

6= (XTX + AIM)"XTy (1.9)
> Buwéc 3: Tinh gia tri chwa biét cho ma tran tién ich

Tuy thudc vao mdi phuong phap ma hé thdng sé tinh toan khac nhau. Co thé
sir dung do tuong tu cosine giita vecto trong s6 w,, ciia ngudi ding véi ting trong sb
X, ctia mdi san pham ma ngudi ding chwa danh gia dé dy doan muc d6 phi hop cua
ngudi ding n véi nhitng san pham chua danh gia 1a bao nhiéu [12].

Wy, - X, 0 WinXip

Wall %o~ [ooo: 2 oot 2
i=0 Win 2i=o Xia

Trong phan nay, do sir dung mé hinh héi quy nén chi can nhén tich vé huéng

cosine(w,,, X;) =

(1.10)

giita w,, VGi X, va cong vé6i hé sé b,, s& cho ra gia tri du doan can tim nhu cong thirc
(1.7). Cubi cung ta c6 dugc ma tran tién ich du doan Y bang cong thire tong quét sau:

Y=X"T-W+b (1.11)
Sau khi hoan thién ma tran tién ich, ta chi can chon z san pham c6 gia tri cao

nhat trong cot Y,, dé dé xuat cho nguoi dung thi n.
1.7.2. Hé tw vdn sir dung loc céng tac

Y tuang cua loc cong tac 1a xac dinh mic do quan tam cua mot nguoi ding
tGi mot san pham dua trén nhitng ngudi ding ¢6 hanh vi twong tu. Viéc xac dinh sy
tuong ty gitta nguoi ding co thé dugc xac dinh théng qua mic d6 quan tdm cua ho

tGi san pham khac ma hé thong da biét [11].
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1.7.2.1. Loc cong tac theo nguoi dung

Thuat toan ct I8i cia User - CF la tim nhitng ngudi ding ¢6 hanh vi danh gia
trong qua khir twong tu voi ngudi ding can dyu doan va sir dung danh gia caa nhitng
ngudi dung tuong tr d6 dé du doan cai ma nguoi ding can dy doan s& thich. Viéc
can lam 13 x4c dinh d6 twong tu (Similarity) giita hai nguoi ding. Gia st thong tin
duy nhét ta c6 1a ma tran tién ich ¥ ma khong dung dit liéu bén ngoai. Do tuong tu s&
dugc xac dinh dya trén cac cot teong (rng cua ho trong ma tran.

Trai qua nhiéu thap nién nghién ctru va phét trién, da c6 rat nhiéu cong thic
tinh do twong tu dugc dé xuat va mot vai trong sb d6 da duoc thir nghiém thuc té va
téng hop boi Fethi Fkih [13]. Tuy nhién, do gigi han caa dé an nén chi st dung cong
thire tinh do twong tu thong dung nhét 1a cosine véi u, g 1a cac vecto ngudi duing
(vecto cot) twong (g trong ma tran tién ich chuan hoéa Y.

uy - ug _ 2 ViaVip
llagllz llagll \[Z{" 152, \/Z{”Bl 52, (1.12)

Dé c6 thé do dugc do twong t gitra hai nguoi dung, cach thuong 1am 1a xay

cosine(ug, uﬁ) =

dung vecto dic trung cho mdi nguoi ding rdi p dung do tuong tu cosine gitta hai
vecto. Cac vecto dac trung dugc xay dung dua trén ma tran tién ich ¥, tuy nhién kho
khan dat ra vi ma tran nay thuong 1a mot ma tran thua (sparse matrix) bao gom nhiéu
gia tri bi khuyét vi nguoi dung thuong chi danh gia mot lugng rat nhé cac san pham.
Giai phap don gian nhit 1a dién vao nhitng phan tréng ndy mét gia tri wdc luong.
Nhiing gia tri ndy chi phuc vu cho phan tinh d6 twong tu chir khdng phai két qua cudi
cung ma hé théng can du doan. Gia sir ta c6 ma tran tién ich Y sau:

Bang 1.3: Ma tran tién ich ban dau Y [11]

Nguoi dung
U Uy U, Us Uy Us Ug
io 5 5 2 0 1 ? ?
% i 4 ? ? 0 ? 2 ?
o<
< ly ? 4 1 ? ? 1 1
Q- .
k= I3 2 2 3 4 4 ? 4
@ iy 2 0 4 ? ? ? 5
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l

3

3

3

3

3

% | 325

2.75

2.5

1.33 2.5

1.5

3.33

Viéc tinh gia tri udc luong cho céc 6 tréng (?) can mot phuong phéap dé tranh
nhitng trudng hop ngudi dung 1a kho tinh ¢6 théi quen danh gia thap san pham va
ngudi dung dé tinh thi du san pham khéng tét van cho mirc danh gia cao. Néu ta chi
dién bang nhiing gié tri 0 thi c6 kha ning bi nham véi danh gia thap. Mot phuong

phap khé 6n dé xir Iy trudng hop nay 1a dién cac gia tri khuyét bang 0, con nhitng gia

tri dugc biét dén s& trir di gia tri trung binh ma nguoi dung di danh gia.

U;

Zl:y_?,]-:#? Yi,j

B Count(y?,]- ;t?)

Bang 1.4: Ma tran tién ich chuan héa Y [11]

Up Uy Uz us Uy Us Ug
ic, | 175 | 225 | =05 [—-133| —-15| 0 0
i 0.75 0 0 —1.33 0 0.5 0
iy 0 1.25 | —1.5 0 0 —-0.5 | —2.33
i3 —-1.25| —-0.75| 0.5 2.67 1.5 0 0.67
iy —-1.25| -2.75| 1.5 0 0 0 1.67

Sau khi di liéu da dugc chuin hoa, ham tuong tu cosine (1.12) duoc st dung

dé tinh ma tran trong tw ngudi ding S véi s6 hang bang sé nguoi dung N.

Bang 1.5: Ma tran twong tw nguoi dung S [11]

Uy Uy Uy, Usg Uy Usg Ug
Uy 1 0.83 | -0.58|-0.79 | -082| 0.2 |—-0.38
Uy 0.83 1 -087| —04 | —0.55| —0.23 | —=0.71
u, |—0.581|-0.87 1 0.27 0.32 047 | 096
uz | -0.79| -04 | 0.27 1 0.87 | —-0.29 | 0.18
U, | —0.82 | —-0.55| 0.32 0.87 1 0 0.16
Usg 0.2 |-0.23] 047 |-0.29 0 1 0.56
Ug | —0.38|—-0.71] 0.96 0.18 0.16 0.56 1

Tuong tu voi KNN, thuat toan User - CF ciing str dung k_users lan can dé du
doan. Str dung ma tran tuwong ty ngudi dung S véi mdi nguoi ding u,, can du doan

san pham chua dugc danh gié i,,, ta thu duoc k nguoi dung c6 do tuong tu gan nhat
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VG Uy, R(Uy, i) = {u, |k € k_users}. Sau d6 dé du doan do quan tdm cia nguoi

dung bang cach két hop véi ma tran tién ich chuan héa Y qua cong thie sau.

A
Yun,im -

B Lot €X i) [Fi.j - cosine(un, u;)]

Zujex(un,im) | COSine(unJ u]') |

Bang 1.6: Ma tran tién ich chuan hoa sau hoan thién [11]

Up Uy Uz us Uy Us Ug
iy 1.75 2.25 -05 | -1.33 | —15 | 0.18 | —0.63
i 0.75 | 0.48 | —-0.17 | —1.33 | —-1.33 | 0.5 0.05
iy 0.91 1.25 -15 | -1.84|-1.78 | —-0.5 | —2.33
i3 —1.25 | —0.75 0.5 2.67 1.5 0.59 | 0.67
iy —1.25 | —2.75 1.5 1.57 1.56 | 1.59 1.67

(1.14)

Thuc hién tinh gié tri can dyu doan cho toan bd ma tran tién ich chuan hoa Y,

ta can dua gia tri vé thang danh gi4 cii dé c6 thé thuc hién dé xuat va tinh gia tri RMSE

bang cach cong lai voi gia tri @i; tuong tng.

Bang 1.7: Ma tran tién ich sau hoan thién Y [11]

Up Uq U us Uy Us Ug
iy 5 5 2 0 1 1.68 | 2.7
i 4 3.23 | 2.33 0 1.67 2 3.38
ly 4.15 4 1 -0.5]0.71 1 1
l3 2 2 3 4 4 2.1 4
iy 2 0 4 2.9 | 4.06 | 3.1 5

Sau khi thu duoc ma tran Y, ta chi can chon z san pham cd gia tri cao nhat

trong cot Y,, dé dé xuat cho ngudi dung the n.

1.7.2.2. Loc cong tac theo san pham

User — CF dat duoc nhiéu thanh cong trong qué kha nhung ciing gap phai mot

s6 han ché khi duoc sir dung rong réi nhu: Sw thuwa thét: Thyc té ngay ca voi nguoi

ding tich cuc nhét ciing chi ¢6 thé mua dugc sé san pham chiém ty Ié rat thap trong

t6ng sé san pham. Do d6, hé tu van User — CF c0 thé khong dua ra bat ky goi y nio;

Kha ndang mé réng: Céc thuat toan CF ludn yéu cau tinh toan ting dan theo lugng

ngudi ding va san pham. Véi lugng nguoi ding qué 16n sé 1a ganh nang vé mat tinh

toan, hon nita ma tran tién ich ¥ thuong rat thua vi nguoi dung khéng cé théi quen
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danh gia nhiéu san pham nén khi mot danh gia bi thay doi ciing kéo theo ma tran
tuong tu ngudi ding S can thyuc hién lai; Yéu cau kha nang heu triv: Khi luong ngudi
ding 16n hon sb luong san pham (thuc té diéu nay lubn xay ra, dic biét 1a cac san
thuong mai dién tir v6i co s& ngudi dung 16n), mdi chiéu cia ma tran twong tu bang
VGi s6 luong nguoi dung M nén viée luu trir ma tran tuong tu 1a khong kha thi.

Mot céch tiép can khac 1a loc cong tac san pham (Item - CF), duoc dé xuat boi
Sarwar cung cong su [14] va dugc Amazon str dung cho hé tu van cua ho [15]. Céch
thire tinh toan thay vi tim sy tuong tu gitta cac nguoi ding, ta c6 thé tim sy tuong tu
gitta cac san pham. Tir d6 néu mot ngudi dung thich mot san pham thi hé thdng nén
goi ¥ cac san pham tuong ty v6i san pham dé. Va néu lugng san pham nhoé hon sb
lwong ngudi dung, md hinh nay sé c6 nhitng vu diém nhu tinh toan it hon do ma tran
tién ich c6 s6 hang it hon sb cot nén anh huéng bai danh gia cua mot nguoi ding sé
it anh huong dén gié tri trung binh cua téng cac danh gia ctia moi ngudi ding téi san
pham dé. Nhu viy ma tran twong tu san pham S s& khong can cap nhat qua thuong
xuyén. Thém nira 1 ma tran tuong tu san pham S c6 kich thuéc nho hon véi sé hang
bang sé san pham M nén gitp luu trit va tinh todn & nhitng budc sau hiéu qua hon.

Bang 1.8: Ma tran tién ich ban dau Y [11]

Nguwoi dung
U Uy U, Us Uy Us Ug i;
Iy 5 5 2 0 1 ? ? — 2.6
e% i 4 ? ? 0 ? 2 ? — 2
g— iy ? 4 1 ? ? 1 1 — 1.75
;}‘5 i3 2 2 3 4 4 ? 4 — 3.17
iy 2 0 4 ? ? ? 5 — 2.75
Bang 1.9: Ma tran tién ich chuan héa Y [11]
Uo Uq U Uz Uy Us U
iy 2.4 2.4 —-0.6 | =26 | —1.6 0 0
i 2 0 0 -2 0 0 0
iy 0 2.25 | =0.75 0 0 —0.75 | —0.75
i3 -1.17 | -1.17 | —-0.17 | 0.83 | 0.83 0 0.83
ig —0.75 | =2.75 | 1.25 0 0 0 2.25

Do tuong tu san pham dugc tinh gidng véi cong thie (1.12):
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iT'iﬁ N (}yau)_’ﬁu

llig |l Iligl
¢ pl \[ZN Oyau\[ZN oylgu
Bang 1.10: Ma tran twong tw san pham S [11]

cosine(iy, ig) = (1.15)

Iy 51 I i3 Iy
io 1 | 077 | 049 | —-0.89|—-0.52
i o077 | 1 0 |-064|-014
i, | 049 | o 1 |-055|-088
i |-089|-064]|-055] 1 | 0.68
i, |-052|-014]-088| 068 | 1

T ma tran S ndy, ta nhan thay cé hai nhém san pham khac nhau nho cac gia
tri khdng am, nhom 1 {iy, iy, i,} va nhém 2 {is, i,}. Diéu ndy gilp dy doan chinh xéac
hon vi khi nay nhitng san pham trong mot nhém rat teong ddng veé tinh chat bi an nao
d6, néu ta d& xuat mot san pham twong tu thi nguoi ding s& ¢d ty 16 hai long cao hon.

Bang 1.11: Ma tran tién ich chuan héa sau hoan thién [11]

Uy Uq U, Us Uy Us Ug
iy 2.4 2.4 —0.6 | —2.6 —-16 | —-0.29 | —1.52
i 2 2.4 —-0.6 -2 —1.25 0 —2.25

iy 2.4 225 | -0.75|-2.6 | —1.2 | —0.75 | —0.75
i3 -1.17 | -1.17 | —0.17 | 0.83 0.83 0.344 | 0.83
iy —-0.75| -2.75| 1.25 | 1.03 | 1.16 0.65 2.25
Thuc hién tinh gié tri can du doan cho toan bd ma tran tién ich chuan hda Y,

ta can dua gia tri vé thang danh gid cii dé c6 thé thuc hién dé xuit va tinh gia tri RMSE
béng cach cong lai véi gia tri §; twong tng.

Bang 1.12: Ma tran tién ich sau hoan thién Y

Uy Uy Uy, Usg Uy Usg Ug
Iy 5 5 2 0 1 2.31 | 1.08
i 4 4.4 1.4 0 0.75 2 —-0.25
iy 4.15 4 1 —0.85 | 0.55 1 1
i3 2 2 3 4 4 3.51 4
ig 2 0 4 3.78 | 3.91 | 3.4 5

Sau khi thu duoc ma tran Y, ta chi can chon z san pham c6 gi4 tri cao nhat

trong cot Y,, dé dé xuat cho ngudi dung tha n.
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1.7.2.3. Loc cong tac phan tich ma tran

Khéc véi hai phuong phép trén con duoc biét dén 1a loc cong tac 1an can, mot
phuong phap duoc goi la matrix factorization (MF) cho CF duoc biét dén lan dau tién
do Simon Funk ding trén blog nim 2006 [16] ké vé 1y do dang sau viéc anh 4y va
ddng nghiép gianh duogc vi tri thir 3 trong giai thuong Netflix. Thay vi 4p dung mo
hinh Singular Value Decomposition (SVD), giai phap cua Simon Funk la phén tich
ma tran tién ich thanh tich hai ma tran c6 sb chiéu thap hon, ma tran thir nhat c6 hang
cho mdi nguoi ding va ma tran thi hai ¢ cot twong tng voi moi san pham. Hang va
cot nay duoc lién két voi nhau duoc goi 1a latent feature.

Vé6i phuong phap trén két hop véi nghién ciru cua Koren va cong su [17].
Nhiém vu hang dau 1a can cb gang tinh xap xi ma tran tién ich ¥ € RM*N bang tich
hai ma tran: ma tran thong tin san pham X € RX*™ va ma tran mé hinh ngudi ding
W € RKXN_ Gi4 tri K & day chinh 1a tinh chét tiém an va thuong nho hon so véi M
va N, khi d6 ca hai ma tran X va W déu c6 hang (rank) khong vuot qué K.

Y~Y =XTW

N K N

| K W

M Y ~ |MXT
M& hinh ngudi diing

Ma trin tién ich (ddy da) Théng tin san phim
Hinh 1.4: Phén tich ma tran [11]

Nhitng wu diém cia phwong phap phan tich ma tran: Trong thuc té, sé luong
ngudi dung N va s luong san pham M 1a vo ciing I6n, vi du nhu tap dit liéu do Netflix
cung cap trong céac cudc thi cia minh. Thay vi phai tinh ma tran twong tu ngudi ding
hay san pham ludn yéu cau vé bo nha rat Ion thi viéc huan luyén dé téi uu mot trong
hai ma tran X hoic W va c6 dinh ma tran con lai c6 vé phic tap hon nhung khi thuc
hién tinh gia tri du doan don gian hon rat nhiéu vi chi can tinh tich vé huéng hai ma
tran dé tim Y. Hon nita néu dit K cang nho thi viéc tinh toan s& cang nhanh; Mat van
dé khac cua CF 1a ma tran Y yéu cau bo nha rat I6n, van dé co thé giai quyét bang

viéc chi can luu hai ma tran X va W ¢6 tong kich thudc nhé hon rat nhiéu. Cu thé voi
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(K <« M, N) bd nhé yéu cau cho phuong phap MF: K(M + N) phan tir dé luu hai ma
tran X va W; phuong phap thong thuong: M x N phan tir cho Y , M? hoic N2 phan
tir cho ma tran tuong ty S.

> Budc 1: Xay dwng ham mat mat
Dé du doan duoc xép hang cua nguoi dung thi n cho san pham m cé thé dugc

tinh bang cong thac §,, ,, = x5, w,, tuong tu véi cong thic (1.7). Dé ting do chinh
Xéc ta cho thém hé sb bias vao cong thirc nay va thuc hién téi wu né.

ym,p =Ymn = XZan 'lr' brrE +d, (11@)
Trong d6 b,, va d,, lan lugt 1a cac hé so dieu chinh twong (tng véi san pham

m va ngudi ding n. Vecto b = [by, b, ..., by ] 1a vecto bias cho c4c san pham, vecto
d = [dy, d,, ..., dy]" 12 vecto bias cho cac nguoi ding. Két hop ca hai hé s bias dé

xay dung ham mat mét (loss function) cho MFCF [17]:

N 1 Sn A
LEWhA =D oo (xhwy + by + dy = )| + 5 (IXIE + WD)
n=1 Sn 2

m=1
(1.17)
Tuong tu nhuw mé hinh hdi quy cho loc ndi dung (1.8) két hop véi Frobenius

Norm:

M K 2 N K 5
”X”F zjzlzlzjzllxl']l ”W”F =\/zlzlz]=1|W1,]| (118)

Tuy nhién viéc téi vu dong thoi ca X, W, b, d 1a rit phic tap. Chinh vi vay ta
t6i wu theo ting cap (X, b), (W, d) trong khi ¢é dinh cip con lai. Thuc hién tinh toan
lip di lap lai cho dén khi ham loss c6 gi4 tri toi wu.

> Buwéc 2: T6i wu ham mat mat
= Khi c6 dinh cap (X, b), toi vu cap (W, d):

N 1 Sn 2
- 25, " o+ Zgwiz (129
[,(W) Zn:l [an Z (men + bm + dn ym,n) ] + > ”W”F ( )

m=1

Bai toan ti wu cdp (W, d) tach thanh N bai toan nho:

1 Sn A
Ll(wn: dn) = gz 1(X1ann + bm + dn - ym,n)2 + E ”Wn”%
n m=
1

— A 2 A
= —||XZw, + b, + dpe, — 9|, + 5 1w, 12 (1.20)
2s, 22
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Trong d6 X,, € R¥*5» [a ma tran con dugc tao bai cac cot cua X twong ung Véi
cac san pham da duoc nguoi dung thi n (s, tong cac san pham di duoc ngudi dung
thi n danh gia). Tao thém vecto e,, VGi tat ca thanh phan bang 1 véi kich thudc pha
hop. b,, 1a vector bias trong tng va ¥,, 1a cac danh gia twong @ng.

Tinh gradient:

Vw, L1 = %)’Zn()’iﬂwn +b, +d,e, —¥,) + 1w, (1.21)
Vg, Ly = %eﬂ X'w, + b, +d,e, —¥,) (1.22)
Cap nhat trong s6 w,, va bias d,,
W, — W, — U [%)’Zn()’iﬂwn +b, +d,e, —9,)+ Awn] (1.23)
dy = [ REwy + By + e =50 (L.24)

= Khi cé dinh cap (W, d), téi uu cap (X, b):

N 1 Sm 1
= o5 " — 2| ¢ Aixpz - (1.25
L(X) zn:l [Zsm z (WEX, + dp 4 by — Vinn) ] +5 x|z (1.25)

n=1

Bai toan t6i wu cap (X, b) tach thanh M bai toan nho:

1 ZSm A
LZ(Xm; bm) = s 1(W31'Xm + dn + bm - Ym)z + z ”Xm”%
m n=

= W+ o e = 9l + s (29)
Trong d6 W,,, € RK**m |a ma tran con duoc tao bai cac cot cia W tuong ting
VGi cac ngudi dung di danh gid san pham tha m (s, tong cac nguoi ding da danh
gi san pham thir m). Tao thém vecto e,, V4i tat ca thanh phan bang 1 véi kich thude
phu hop. d,,, 1a vector bias twong tng va §,, 1a cac danh gia twong ung.

Tinh gradient:

| PN A

Vi, L2 = — W (WX, + dyy + bpen — 9 + Axyy (1.27)
m
1 N A

Vp, Lo = s_e% (WIx, +d,, +ben—F.) (1.28)
m

Cap nhat trong s6 w,, va bias d,,

| PN “
X — X — U S—Wm(W,flxm +d,, + bpe, — V) + X, (1.29)

m
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1 . A
by < bm — 1 S_eZn(erXm +dy, + bpen — ym) (130)

m

1.7.2.4. Loc cong tac dua trén bo tuy ma hoa
Trong nhitng nim gan day, mang no-ron hoc sau hay tén goi tiéng anh 1a Deep
neural networks dd duoc st dung phd bién trong cac hé thong dé xuat. Mot sé cong
trinh d4 xuét hién dé cai thién hé thong dé xuat véi ky thuat dién hinh 1a Autoencoder
[20]. Cac nghién ciu tiéu biéu phai ké dén nhu: Diana Ferreira va cac cong sy 2020
[18], AutoRec do Ting-Hsiang Wang va cac cong su [19].
Tong két lai ¢6 2 cach chinh dé ap dung Autoencoder vao hé thdng tu van:
e Tryc tiép wdc tinh céc gia trj bi thiéu trong ma tran tién ich bang céch st
dung 16p tai xay dung (reconstruction layer).
e Duoc sir dung dé biéu dién dic trung két hop giam sé chiéu cua chiing thong
qua 16p bottleneck va tai tao dau ra vai sé chiéu nhé hon dau vao.

% Kién tric mang Autoencoder cé dién bao gdm 3 phan chinh:

1. Encoder: Module c6 nhiém vu nén dit liéu dau voa thanh mot biéu dién duoc
ma hoa, thuong nhoé hon mot vai bac so vai dit liéu dau vao.

2. Bottleneck: Module chira c&c biéu dién tri thirc duge nén (chinh 1a dau ra caa
Encoder), day 1a phan quan trong nhit cia mang béi né mang dic trung cua
dau vao, cd thé dung dé tai tao lai di liéu, liy dic trung cua dir lidu.

3. Decoder: Module gillp mang giai nén cac biéu dién tri thuc va tai cau tric lai

dir liéu tir dang ma héa caa né, md hinh hoc dwa trén viéc so sanh dau ra cua

Decoder v4i dau vao ban dau (Input caa Encoder).
¢+ 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 la mot 16p duy nhat voi kich thudc kha
nhé. Sb nut trong cac 16p (kich thudc Encoder va Decoder) 1a mét siéu tham sé duoc
dat trude khi huan luyén cho md hinh Autoencoder. Cu thé hon, dau tién dau vao di
qua bo ma hoa, 1a mot ANN duoc két ndi day du dung dé tao ma. Bo giai ma, c6 cau

traic ANN tuong ty, sau d6 tao dau ra chi bang cach dao ngugc bo ma hda. Muc tiéu
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1a dé co dugc mot dau ra gidng véi dau vao. Nhung tiy bai toan cu thé ma input va
output s& gidng vé noi dung chir gia tri thi khong han, vi du nhu 1am md anh.

Input Luyer Output Layer ;

Bottl k PN
Iy .( e )
\ L 4
|

g (%)
s ‘ \‘_,

|
, ) (f')’

Hinh 1.5: Shallow Autoencoder

Kién trac don gian nhat véi chi mot 16p 4n dugc md ta trong Hinh 1.5, trinh
bay so db cua mot bo ma hoa ty dong voi mot 16p an duy nhét (shallow autoencoder).

Tap dit licu khdng gan nhan D = {x@,..,x™}, gia sir rang chiéu cua
bottleneck m 1a du nho so véi s6 chiéu cua dau vao va dau ra p (m < p). Va néu
autoencoder di dugc dao tao mang lai x = % thi diéu d6 c6 nghia 13 ta ciing da c6
ham giam chiéu dit liéu. Vi du trong thuc nghiém cia dé an ndy taco p = 1682 va
m = 20. Vi encoder duoc huin luyén, ta ¢d thé chuyén doi mdi user véi vecto chia
1682 dic trung thanh vecto nhé hon nhiéu véi kich thudc 20. Véi decoder sau khi
huan luyén, chi can chuyén ddi nguoc lai va nhan dugc gia tri gan dung véi gia tri
goc. Lua chon m = 20 ngu ¥ rang hé s6 nén vao khoang 84.

C6 thé coi autoencoder nhu mot ham fy: RP — RP, trong d6 8 la tham sb ¢6
thé huan luyén. Cac tham s6 8 ¢6 anh huéng toi hoat dong ciia ham nhu sau: f (x*) =
x* trong d6 x* 1a mot dir liéu bat ky nhu dir liéu trong tap huan luyén (seen data) hozc
dix li¢u trong tap test (unseen data).

Xay dyng ham mat mét dya trén binh phuong khoang cach Euclid:

. . 1" . .
Vi Li(®) =[x — f,c®)||° = L(6; D) :—Z__lux(‘)—fg(x(‘))”z (1.31)

n
trong d6 L;(6) 1a thudc do sai s6 cua dau vao x@ va dau rag® = £, (x®).
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C6 thé lién hé véi hoc ¢ giam sat trong d6 chiing ta ¢ thé so sanh nhan huan
luyén véi nhé@n du doan, thi autoencoder tuy thuéc nhom hoc khong giam sat nhung
ta c6 thé coi dau vao nhu 1a nhian y® caa hoc c6 giam sat.

fo(+): ham encoder duoc ky hiéu la fe[[ll]] (*) va ham decoder duoc ky hiéu la

fg[[zz]] (), trong d6 O] 13 cac tham sb cua encoder va 6121 1a cac tham sé cua decoder:

X=fo(x) = (fg[[ll]] ° fg[[ZZ]]) x) = f9[[22]] (fg[[ll]] (X)) (1.32)
Trong truong hop bai toan chi véi mot 16p an nhur hinh 1.5 ta c6 thé xac dinh
cong thurc cu thé nhu sau:
i w) = sH(bl + wily)  voi weRP  (Encoder)
fim(w) = sE(b + wlzly) véi weR™ (Decoder)

(1.33)
trong d6: Nhom encoder c6 cac tham sé 811 da bao gdm vecto bias b1l € R™ va ma
tran trong s6 Wl € R™*P_ s[1(+) 1a vecto cac ham kich hoat véi SIU: R™ — R™,
Nhom decoder cd cac tham sb 0121 43 bao gdm vecto bias b2l € RP va ma tran trong
s6 W2l e rp*m §l21(1) 13 vecto cac ham kich hoat véi S12: RP — RP. Vi vay, danh
sach toan bo cac tham sé cho mang autoencoder nhu sau:

6 = (b1, Wil p[2 wi2]) (1.34)
Lam 13 vecto cac ham kich hoat SI(-) va SI21(-), ta khai quét thanh SI ()

dugc xay dung boi cac ham kich hoat v huéng oll: R = R véi [ = 1,2 chiang han
nhu ham sigmoid, ReLU. C6 S!(z) duogc xac dinh bai o (+) trén mdi phan tir cua z
bang phép toan element-wise:

olll (z1)

Sll(z) = (1.35)

ol(z,)
Tinh gia tri cho cac no-ron bottleneck X4, ...,X,,, va no-ron dau ra Xy, 0 Xp

VGi a;, = Xy, a dai dién cho gia tri da c6 ham kich hoat.
p
%, = glll (bi[l] + Z Wi[,:]xk> Voi i=1,..,m
k=1

m
%; = o2l (bj[21+zk_1wj[,f]ak) VoI j=1,..,p

Viét lai ham kich hoat (1.31):

(1.36)



25

1on .
L©O:D) == > fIx® — sAWEISHWLIX® + b + bE)[Z  (1.37)
n i=1 -
fo(x®)
1.7.2.5. Loc cong tac phan tich gié tri suy bién

Trong phan nay, hé tu van duoc xay dung dua trén phuong phap phén tich gia
tri suy bién [11] con duogc viét tit 12 SVD thudc nhém cac phuong phép matrix
factorization. Pay 1a mot phuong phap co dién tir dai s6 tuyén tinh da tré nén phd
bién trong linh vuc khoa hoc dir liéu va hoc may. SVD 1a mét ki thuat phan tich ma
tran thanh tich cua nhiéu ma tran giGp giam chiéu dit lieu ma khdng yéu cau 1a ma
tran vudng nhu Iy thuyét chéo hda ma tran (Diagonalizable matrix) da dé cap.

Cho ma tran A kich thuéc m X n, SVD cua A duoc tinh theo cong thic sau:

Amxn = Umxmzman%"xn (138)
C6 hai diém quan trong can dam bao cho phuong trinh (1.38):

e Thu nhat 13 sb chiéu caa mdi ma tran; U € R™™ ¥ € R™™ V € R™*™,
Theo ly thuyét phan ra tri riéng (Eigendecomposition) cac ma tran vé phai
déu 1a cac ma tran vuodng co kich thudc gidng véi ma tran ta mudn phan ra.
Tuy nhién trong SVD vi ma tran muc tiéu cé thé 1a ma tran khong vudng
nén ma tran tao bai vé phai c6 cung kich ¢& véi ma tran muc tiéu.

e Thur hai la ma tran U va V la ma tran truc giao (Orthogonal matrix), X la ma
tran chéo hinh chir nhat (Rectangular diagonal matrix) cung kich c& ma tran
A. Ma tran  véi tat ca cac thanh phan c6 toa d6 i # j déu bang 0, cac gia
tri trén dudng chéo chinh i = j dugc sép xép theo tha tu giam dan o, >
0, > >0,>0=0=-=0.56luong cac phan tir khac 0 trong Z chinh
la hang cua ma tran A vé6i r = rank(A). Ta c6 thé biéu dién lai phuong
trinh (1.38) nhu sau: A,,,x;, = Uy Zrxr Vin-

C6 thé thay rang su phan ra nay giong nhu phan ri tri riéng, bang cach viét lai
phuong trinh (1.38) thdng qua phan ré tri rieng ATA va AAT. Cu thé nhu sau:
= Pdi véi truong hop ATA:

ATA = (UzZVT)T(UZVT) = (vTUT)(UzVT) = VETZVT (1.39)



26

Pang thac cudi cung vi 12 nghich d4o cia ma tran truc giao bang véi chuyén
vi cua nd. Ta ciing thay thé ZTE = A dé phuong trinh (1.39) don gian hoa thanh:

ATA = VETEIVT = VAV? (1.40)
Két qua thu dugc sau khi phan ra tri riéng mot ma tran cac vecto doc lap tuyén

tinh bang hang v&i ma tran ban dau, mot ma tran chéo va ma tran nghich dao cuaa no.
That vay, dé dang nhan thay phuong trinh (1.40) Ia phan tich tri riéng cua ma tran
ATA. Vi matran A khong nhat thiét phai vuéng nén ta tinh ATA cho ra mot ma tran
vudng, hon nira con 1a mot ma tran ddi xang va hién nhién 1a mot ma tran ban xéac
dinh duong vi thoa man xTAATx > 0 (v6i x 1a mot vecto cot bat ky). Hé qua 1a khi
thuc hién phép phan tich tri riéng sé& thu vé cac gia tri riéng khdng &m (1 > 0).

= Ddi voi truong hop AAT:

AAT = (UZVT)(UZVT)T = (UZVT)(VETUT) = ULETUT (1.41)
Nhan thiy su twong ddng gitra ca hai tredng hop, gidng nhu ma tran V ma tran

U cling 1a mot ma tran truc giao nén chira cac vecto riéng ctia ma tran AAT. Chi c6
duy nhat sy khac biét gitra hai ma tran trén la chiéu cua chdng. Trong U 1a ma tran
Kich co m x m thi V Ia ma tran kich ¢& n X n, su khac biét nay gay ra béi ma tran A
khéng vudng nén ma tran AA” va AT A 1a khong giéng nhau. Ma tran tao boi 27 tuy
c6 kich ¢& khac so v&i ETZ nhung lai ¢6 gia tri trén duong chéo chinh giéng nhau va
moi gid tri khac déu bing khéng. Ta ciing thay thé Z27 = A:

AAT = Uz2TUT = UzzTUT = UAU? (1.42)
¢+ Ap dung thuat toan SVD cho bai toan hé tu van:

Nho tinh chat trén, ta c6 thé 4p dung cho bat ky ma tran nao, di né ¢ vuéng
hay khong nhung tinh chat quan trong thuc sy caa n6 1a nén dir ligu tir viéc trich xuat
thong tin tir dit liéu da cho. Qua trinh nay con duoc goi la giam chiéu dir liéu.

Gia sir ta cO mot ma tran tién ich nhu sau:

1

(1.43)

R ONUTLD WE
COOUTHD WK
NUIAOOOO
ll\.)(.J'l»-[>OOOOI

cCooculh W

> Xac dinh ma tran AAT:
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1110 0 '3 9 1215 2 0 17
33300[1345000] 9 273645 6 0 3
44400|1345201| 12 36 48 60 8 0 4
AAT=]55500(1345000|=|1545607510 0 5 (1.44)
02044l0000452J 2 6 8 10 36 40 18
000550000452 0O 0 0 O 40 50 20
0 1 02 2 L1 3 4 5 18 20 9
Tim gié tri riéng ctia ma tran bang cach tim nghiém cua da thic dac trung:

det(AAT — AI) = A7 — 2484° + 145304° — 255001* = 0

(1.45)

Ta thu dugc 1; = 155.78, 1, = 90.41 va A; = 1.81, suy ra ma tran chéo A

(trong vi du nay st dung A, = UmxrzrerrTxn Vi r = 3):

0 9051 0 (1.46)

0 0 181
C6 thé nhan thay rang gia tri suy bién cua A 1a can bac hai gia trj riéng tuong

155.78 0 0
| |

duong v4i ma tran AAT, o, ~ 12.48, 0, ~ 9.51 va o5 ~ 1.35:

1248 0 0
) =l 0 951 0 (1.47)
) 0 0 135
Dé dang tim dugc ma tran truc giao U:
-0.13 0.02 —0.017
041 0.07 —0.03
0.55 0.09 —0.04
U={068 0.11 —-0.05 (1.48)
0.15 —0.59 0.65
0.07 —0.73 —0.67
10.07 —0.29 0.32 4
> Xac dinh ma tran ATA:
1110 0
1345000733300 [515151 0 0]
1345201144400 [51565110 10
ATA={1345000(55500[=(515151 0 0| (1.49)
l0000452J02044 lO 10 0 4545J
000045200055 0 10 0 45 45
010 2 2
Thuc hién tuong tu nhu trén, ta cling tim dugc ma tran truc giao V:
[056 0.12 040
0.59 —0.02 —0.80
v=loz%6 012z 040 | (1.50)
l0.09 —0.69 0.09J
0.09 —0.69 0.09

> SVD cuamatran A = UZV’:
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10.13 0.02 —0.017
0.41 0.07 -0.03
0.55 0.09 -—-0.04|712.48 0 0 170.56 0.59 0.56 0.09 0.09
A=10.68 0.11 -0.05 [ 0 951 0 HO.lZ —0.02 0.12 —-0.69 —0.69
0.15 —0.59 0.65 0 0 1.35110.40 —0.80 0.40 0.09 0.09
0.07 —0.73 —0.67
L0.07 —0.29 0.32

(1.51)
C6 thé biéu dién lai cong thuc (1.38) bang cac ma tran c6 rank = 1 nhu sau:

A= 0’1u1VI + O-Zl,lzvgw + -+ O-kukvz + -+ O-rurV;I: (152)
Chia khoa dé giam kich thudc 1a mot vai cot cia U, gia tri riéng twong ung

trong £ va mot vai hang twong duong ctia V7 chira hau hét cac thdng tin caa ma tran
A. Ta thdy duoc gia trj riéng trong £ nho dan nghia l1a dong gop trong A ciing it dan
di. Noi cach khéc ta c6 thé thu dwgc mot ma tran xap xi A bang cach trich xuat mot
s6 cot va hang dau tién cua tung thanh phan trong SVD.

013 0.02
041 0.07
055 0.09
A~A,_, =068 011
0.15 —0.59
0.07 —0.73
10.07 —0.20
093 0.95 093 0.01 0.01
295 3.01 295 0.00 0.00
395 4.03 3.95 0.03 0.03
=1 488 499 488 0.04 0.04 (1.53)
038 122 038 4.04 4.04
—0.34 0.65 —0.34 4.87 4.87
L 016 057 016 1.98 1.98

Gia tri A thu duoc tir viéc tinh tir mot phan hang va cot trong SVD cho gia tri

1248 0 ] 0.56 0.59 0.56 0.09 0.09
0 9.51/10.12 —-0.02 0.12 —0.69 —0.69

gan dung vai gid tri A ban dau. Phuong trinh (1.53) dwoc goi la phan tich gid trj suy
bién cat gon (truncated SVD) vai k gia tri suy bién (k < r) dugc chon trong khi loai
bo r — k gié tri suy bién:
A~ A, =UZX V]l =oiuyv! +ouyvl + -+ opu vl (1.54)
Ciing tir vi du trén ta d& dang nhan thay khi st dung SVD trong truong hop
m,n > r s& ¢ loi ich 1on vé mat luu trix, dac biét véi truncated SVD lai cang hiéu
qua hon. Vidu trén A can: 7 X 5 = 35 6 luu trit trong khi A,_, chican: 7 X 2 + 2 x

2+ 2Xx5=2806luu tri.



29

Két luan: Chuong nay di trinh bay tong quat vé dinh nghia hé tu van, phan
loai cac céch tiép can pho bién va md ta thém mot sé phuong phép phd bién hay dugc
ap dung trong thuc té. Hon nita, mot s6 vi du cu thé nham md ta hoat dong cua cac
phuong phap ciing dugc trinh bay mét cach ki ludng nham biéu dién tét cach hoat

dong cua ching.
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CHUONG I1: MO HINH DUA TREN PO THI VA HQC SAU
Chuong nay trinh bay qué trinh ap dung d6 thi dé do ludng mdi quan hé ngudi
ding dua trén cac do do va trich xuat dic trung, bo tw ma hda dam nhiém tac vu giam
chiéu dir lidu va giai thuat K-means dé tién hanh phan nhém nguoi ding. Tir d6 xay
dung kién tric két hop ca ba ky thuat trén nham téi tao lai mé hinh GHRS [21].
Trinh bay co s& thuc nghiém bao gdm liét ké thong tin bo dir liéu Movielens-

100k dugc stir dung va phan tich bo dix liéu nay.
2.1. Co s& ly thuyét cho md hinh GHRS

2.1.1. Lwa chon diic trung dwa trén do thi

Trong nhiéu nhiém vu phan tich dit liéu, ching ta thudng phai doi mat véi dix
licu c6 chiéu rat 16n doi hoi can c6 nhitng phuong phép téng hop dé tim duoc mdi
quan hé, mac do lién quan va tir d6 cho ra dugc nhimg dic trung va su tuong dong
gita cac nat trong do thi. Va dé do ludng duoc sy chénh léch giira cac nit, nha nghién
ctru s& tién hanh do luong céc hé sb thé hién tinh trung tdm (centrality) caa cac nit
trong mang d6 thi, nGt nao cd gia tri cang 16n thi s& c6 vi tri cang cao va stc anh
hudng 1én cac nat khac cang manh.
2.1.1.1. PageRank

Thuat toan PageRank (PR) dugc phat minh boi Serge Brin va Larry Page la
cong thuc toan hoc danh gia sy anh huéng caa mot nt thong qua viéc xem xét sb
lwong cua cac nat lién két véi nd. Puogc sir dung lan dau tién dé danh gia tam quan
trong twong dbi ctia website trong toan bo hé théng World Wide Web hay don gian
la xép hang cac trang web nham hd tro tac vu tim kiém cua Google, thuat toan da
gilip nang cao chat lugng két qua tim kiém cao hon rat nhiéu so vai cac cong cu tim
kiém khac.

Dua trén bai béo cua Zahra va Valipour [21], cac tac gia da xép hang céc nit
bang viéc lap di 1ap lai viéc phan phéi gia tri mdi nat theo ty 1 vai cac nat két noi

V6i nd. Cac nut khac sau 6 nhan duoc gia tri tir nit goc va qué trinh phan phdi xép
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hang sé tiép tuc dién ra cho dén khi hoi tu. Phuong phéap nay cho ra két qua tuong tu
nhu k¥ thuat Random Walk.
» Thuat toan hoat dong nhu sau:

Gia sir rang co6 4 nut trong dd thi dugc mo ta boi hinh dudi day:

Hinh 2.1: Pé thi 4 nat

Ta c6 gia tri phan phdi cua mdi ndt téi cac nat con lai nhu sau:

111 1 1 11
— (o= 22 —(Z 002 - 1 =(0,=,= (2.1)
lA (013'3' 3)' lB (2;0;01 2)1 lC (010101 )J lD (0121210)

Gia tri nhan duoc cua tirng nut co thé biéu dién dudi dang ma tran truyén ning

lwong L va vecto bién r dai dién cho gia tri hién tai cua céc nat:

— 1 -
0 %5 0 0 r
1 1
Lz 00, r=| 2.2)
Y5 0 0 1 o
Y5 Yy 10

Cong thic tong quat dé tinh gia tri cua nit i tai thoi diém vong lap tha ¢:

n
r® = Z Li; x & (2.3)
j=1

]
Két hop vé6i cong thic (2.3) ta c6 thé biéu dién (2.2) théng qua phuong trinh

r® = Lr¢-D:

1
NORNENCEY

A 2 B

rB(t) _ %rA(t—l) + %rD(t—l) o
rc(t) _ %rA(t—l) + %rgt—l) '
TD(t) _ %rA(t—l) + %rB(t D rc(t—1)
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Tuy nhién cong thirc (2.3) gap phai mot van dé c6 tén 1a duong cut (dead ends),
nghia 14 trong qua trinh tinh toan khi d6 thi dau vao xuat hién nat khéng co lién két
di ra (links out) khoi nat d6 va gi tri bi Ket tai d6 va khién gia tri mot vai nat hosc

tat ca cac nut sau khi thuc hién tinh toan lip nhiéu lan tién dan vé 0.

Hinh 2.2: P thi 4 nat chia dwong cut
Gia sir rang d6 thi trong hinh 2.1 vé&i nat B khdng c6 canh ra duoc md ta trong

hinh 2.2, ta c6 gia tri phan phdi cua ching la:

111 11
= (o,—,—,—), Iy = (0,000), lc=(0001), I,= (0,5,5,0). (2.5)

3'3°3
Biéu dién ma tran truyén ning luong L va vecto bién r tai thoi diém ¢ = 0:
[0 20 % (1 Y4
L= I /s 09 /ZI 0) IrB(O)I Ya (2.6)
=11 1 r® = = .
|[1/3 - /2J| Ir§°)| Y4
0O 1 0
/3 er(O)J _1/4_
Tiép tuc thyc hién tinh toan va sau lan lip thir k d& dang thu duoc két qua sau:
[, | [ 4 0
€ I /24| @ I I W ~ |0 (2.7)
r' =|g r? =1 v T » -
/24| |5/ | 0
11/3] 15/24]

Pé giai quyét van dé nay, mot khai niém quan trong trong PR goi 12 “damping
factor” duoc sir dung trong qué trinh 1ap. Noi cach khéc, dé tong gia tri cac nit khong
bi bién mat khi s6 lan lap ting, mot gid tri xac suat dé chuyén do6i ngau nhién s& duoc

thém vao. Ta viét lai cong thirc (2.3):

1—-d n
r® = — +d L xr&Y (2.8)
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trong d6 d 1a hé s6 damping factor nam trong mién [0, 1], trong thyuc té nguoi ta
thuong dat gia tri mac dinh cua d 1a 0.85.
2.1.1.2. Degree Centrality

Hé s6 trung tam tryc tiép (Degree Centrality - DC) gitip do luong dugc sd
lwong cac méi quan hé truc tiép caa mot nat nao d6 véi cac nit khac trong db thi. Gia
tri cua hé sb nay chay tir 0 dén 1 va khi gié trj tién gan dén 1 thi tinh trung tam cua
nGt cang Ion, tac 1a nat ndy cang c6 nhiéu két ndi voi cac nat khac trong do thi, diéu
nay dong nghia voi viéc nit d6 nam giir nhiéu théng tin nhat. Nguoc lai khi tién dan
vé 0 thi nt tré' nén phu thudc vao cac nat khac, mang it gia tri khai thac hon.

Theo bai bao cua Zahra va Valipour [21], phan cai dit da thuc hién phép tinh
cho db thi vo hudng thay vi d6 thi c6 huéng dé pht hop véi dir liéu dau vao.

> Cong thirc tinh hé s6 nay nhu sau:

o) = (2.9)
trong d6 k 1a tong s6 canh lién thudc hay 1 tong sé két ndi gitra nat u téi hang x6m
tryc tiép ctia nd va n 12 téng s6 dinh trong db thi voi n — 1 12 bac téi da c6 thé c6 cua
mét nat. Hé s6 €, (w) € [0, 1], khi gia tri cang gan 1 thi tinh trung tam tryc tiép cang
16, tire 12 cang nam & vi tri trung tam cua d6 thi va nguoc lai khi tién gan vé 0.

(A e

Hinh 2.3: D6 thi vé huéng véin = 7
Vi du c6 do thi vé hudng nhu hinh 2.3, ta 1ap bang liét ké hé sé6 DC dya trén
cong thirc (2.9) nhu sau:

Bang 2.1: Két qua hé sb trung tam truc tiép

|Nl]t (u)| k | Cp(u) ‘
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0.3333
0.5000
0.3333
0.3333
0.5000
0.1667
1 0.1667

Véi két qua nhu trén, d& thay nat B va E 13 hai nat c6 hé s6 DC cao nhat voi

=0 NN (N

QMmO |m|>

Cp(B) = Cp(E) = 0.5 vuot troi hon nhitng nit con lai trong do thi. Nguoi ta thuong

goi nhitng nut nhu vay 1a Hub cta mang do thi.
2.1.1.3. Closeness Centrality

Hé s6 trung tdm 1an can (Closeness Centrality - CC) 1a hé s6 tim cac nit c6
méi lién hé “gan” nhat véi mot nit ndo d6 trong mang do thi hay cu thé hon 13 tim
nhitng nat c6 thé chia sé thong tin hiéu qua. Mot nat nhu vay 1a quan trong khi nd
nam trén dudng di ngan nhat ti tat ca cac nat con lai. Hé s6 nay khic phuc diém yéu
cua hé s6 DC khi chi xét dén méi quan hé truc tiép ma bo qua tiép xuc gian tiép gitra
cac ndt, mot nat c6 hé s6 DC cao khong ¢ nghia 13 nit d6 1a nat “gan” nhat véi moi
thanh vién trong mang d6 thi.

Dé tinh toan hé sé nay, can phai tinh tong sb budc (step) cua cac doan dudng
ngin nhit (shortest path hoic geodesic path) ma nat phai di dé dén duoc tat ca cac
nit khac trong mang do thi. Phuong phap duoc sir dung dé tim duong di ngian nhat
khi stir dung ham closeness_centrality() cua thu vién networkx duoc dat mac dinh la
thuat toan Dijkstra, trong khi cac thuat toan théng dung khac nhu Bellman-Ford,
Floyd-Warshall hay Johnson van chua dugc hd tro.

> Cong thuc tinh hé sé nay nhu sau:

n—1
_ 2.10
Cew) Yn-td(v,u) ( )

trong 6 n 1 tong sé nut trong mang voi n — 1 1a tong sé nat khéng phai nat wu,
d(v,u) 1a doan duong ngan nhat tir nGt v t&i nGt u. Hé s6 C-(u) € [0, 1], cang dén
gan 1 thi nit cang gan véi nhiing ndt con lai trong d6 thi hay sé budc can dé toi cac
nut khac cang ngan.

Dua trén d6 thi nhu hinh 2.3, ta thu duoc bang gia tri:
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Bang 2.2: Két qua hé sé trung tam lan can

n—1
NGt () | ) CICADR N
v=
A 15 0.4000
B 11 0.5454
C 15 0.4000
D 10 0.6000
E 11 0.5454
F 16 0.3750
G 16 0.3750

Tir bang 2.2, 1 rang thay duogc ndt D ¢6 sé budce phai di it nhat vai chi 10 voi
hé sb CC cao nhét vai C-(D) = 0.6 trong khi hai nat B va E 1a hai nat ¢4 hé sé6 DC
cao nhét ltc nay chi c6 C-(B) = C-(E) = 0.5454.

2.1.1.4. Betweenness Centrality

Dinh nghia chinh thirc vé hé sb trung tdm trung gian (Betweenness Centrality
- BC) duogc dé xuat dau tién boi Linton Freeman, 1a mot trong nhiing thuéce do tinh
trung tdm (Centrality) quan trong trong mang dd thi. Hé sé md ta mét nit bat ky c6
thé mang gia tri C,, va C, thap nhung lai c6 y nghia cau ndi gitra cac nat khac trong
db thi hay don gian 1a thong tin trao di can di qua no.
> Cong thuc tinh hé sé nay nhu sau:
W= ) aa(is—tr)‘) (2.11)

S,tev
S*Et#uU

trong d6 V 1 tap cac nit véi u € V, a(s, t) 1a sé duong di ngan nhat tir s téi t va
o (s, t|u) sb duong di ngin nhét c6 di qua nit u.

Trong trudng hop tét nhat, u ludn nam trén moi duong di ngan nhét tr s téi ¢,

o(stlu)

vi vay ta co 0

= 1. Gia tri 16n nhat ma Cz(u) c6 thé dat dugc trong d6 thi co

hudng:

I,

S,tev
S#Et+uU S#Ft#u
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Pé chuan hda cdng thic (2.11) va can cir vao két qua thu duoc tir phwong trinh
(2.12), bang céach chia cho tong sé canh c6 thé co trong do thi bang cach &p dung t6
hop, ta c6 thé giéi han gié tri Cz(w) trong doan [0, 1]:

= Chuan hoa khi d6 thi v huéng:

2 o(s, tlu)
Ce(Wnormatizea = (n—1)n—2) ZV o(s, t) (2.13)
» Chuan héa khi d6 thi c6 hudng:
1 o(s, tlu)
Cs(Wnormatizea = (n—1)n—2) Z o(s, t) (2.14)

2.1.1.5. Load Centrality

Mot thude do khac vé tinh trung tam duoc goi 1a Load Centrality (LC), mot
hé s6 kha twong tu nhu hé s6 BC. Tuy nhién, thay vi dwa vao sb luong doan duong
ngin nhat, LC udc tinh luu legng trén mot ndt, gia sir rang luu lugng duoc phan b
cdng bang giita tit ca cac doan duong ngin nhat caa dd thi. Hé sé LC hoi tu vé hé sb
BC trong nhiéu trudng hop thuc té.

> Cong thtc tinh hé sé nay nhu sau:

Cp (u) = Z 95,t (u) (2_15)

S,tev

S#EL+U .
trong do V la tap cac nut véi u € V, 6, 1a nang luong truyen tir ndt s téi nat ¢ thong
qua dudng di ngin nhat giira hai dinh, trong trudng hop c6 nhiéu budc thi ning luong
duoc chia déu cho cac nut trén duong di. 8, . (w) 1a gia tri ma dinh u thu dugc tir qua
trinh truyén ning lugng tir ndt s tGi nut ¢.

Khi truong hop tot nhat xay ra, u luén nam trén moi dudng di ngin nhat tir s

toi t va la duy nhét, vi vy ta c6 6, ,(w) = 1. Thuc hién tuong tu nhu hé sé BC dé
tim gié tri C, (w) dugc chuan hoa.

= Chuan hoa khi d6 thi v huéng:

2
CL(Wnormatizea = (n—1)(n-2) SZV Gs,t(u) (2.16)
s#EtEU
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= Chuan hoa khi d6 thj c6 hudng:

1
CL(Wnormatizea = (n—1)(n-2) SZV Hs,t(u) (2.17)
s#Et#U

2.1.1.6. Average Neighbor Degree
Gia tri cua mdi ndt ¢é thé tinh bang cach ldy trung binh cua tong bac cac nat
hang x6m cua nt do.

> Cong thirc tinh hé s6 nay nhu sau:

1
AND() = s Z k, (2.18)
VEN (u)
trong d6 N (u) la tap hop cac hang xém truc tiép cua nit u va k,, la bac cta ndt v véi
diéu kién v phai thuéc N (w).
Déi véi nhimg d6 thi c6 trong s6 (Weighted graph), mot cong thic tinh hé sé

tuong tu (2.18):

1

ANDY () = = Z Wik, (2.19)

u VEN (u)

trong do s, 1a weighted degree cua nit u nghia 1a tong trong so cac canh két noi truc

tiép u vai cac nut hang xém N (w), wy,, 1a trong sé cua canh ndi gitra u va v.
2.1.2. Autoencoder

2.1.2.1. Autoencoder denoising

Khac véi moé hinh co ban trong hinh 1.5, md hinh nay hoc cach loai bo nhiéu
trong 16p tai xay dung tir dit liéu dau vao bi nhidu. N6 nhan dau vao bi hong mot phan
va hoc cach khoi phuc dau vao da khir nhiéu ban dau. Vé mat kién tric, autoencoder
denoising c6 kién trac tuong tu autoencoder ¢6 dién, tuy nhién diém khéc biét chinh
la trong qua trinh huan luyén, mé hinh dugc dao tao trén mau bi nhidu va ham mat
mat da dugc stra trong Gng.

Pau tién, ddu vao ban dau x bi bién doi thanh X théng qua mot s6 phép anh xa
ngau nhién vi du nhu Gussian noise, masking noise hay salt-and-pepper noise. Vi vay
cong thic (1.32) duogc bién doi thanh:
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%= £,00 = (£ o fi2) 0 = £ (A1) (2.20)

Tiép theo can sira ham mat mat (1.31), ta so sénh giira x véi X thay vi X v6i X

1 ) T
LED) = [|x® - fo &) (2.21)
n i=1 2
Vi vay trong qué trinh huan luyén, ta tim dugc cac tham sb 6 dé cb ging loai
bo nhidu cang nhiéu cang tét.
2.1.2.2. Hoi quy ElasticNet
Mot mé hinh hoi quy két hop caa hoi quy Lasso va hdi quy Ridge gilp can
bang trong viéc lya chon cac dic trung (diéu nay giai quyét van dé da cong tuyén)

nhung ciing khong 1am mat tinh 6n dinh cia mé hinh. Két hop vai (2.21), ta co:

n

1 n , . 2 n
L(6; D) =E§ | 1||x(‘)—f9(§(l))”2+a1 E lolra ) of (222)
1= =

i i=1

trong d6 @, Va a, la hé s6 chinh quy hda lan lugt cua hdi quy Lasso va Ridge.
2.1.3. Phan cum ngwoi dung

Dua theo dé xuat caa Zahra va Valipour [21], mdi ngudi dung s& thuoc mot
cum nao d6 va mdi phan cum duoc coi 1a xép hang wdc tinh cho nhém nguoi ding
d6. Can ctr vao két qua thu duoc sau qué trinh huan luyén théng qua mang hoc sau
Autoencoder dé thuc hién phan loai bang thuat todn phan cum K-means. Mot van dé
nita duoc dit ra 1a lam sao tim duoc s6 cum k thich hop, & day hai tac gia da sir dung
phuong phap Elbow va Average Silhouette dé giai quyét van dé nay.
2.1.3.1. K-means

Thuat toan phan cum K-means (K-means clustering) la mot giai thuat cua hoc
khong giam sat. Trong d6 ta khong biét dugc nhan cua timg diém dit liéu. Muc dich
1a 1am sao dé chia dit liéu thanh cac cum (cluster) khac nhau sao cho di liéu trong
cling mdt cum c6 nhitng tinh chat giéng nhau, hiéu theo mot cach hinh hoc 1a khoang
cach cua céac thanh vién trong cum téi tam cum (centroid) cia ching phai 12 gan hon
so Véi thm ciia cac cum khéc, kiéu phan chia nay trong toan hoc duoc goi 1a so d6

\oronoil.
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Duya trén muc 1.3 va hinh 1.4, ta ¢c6 ma tran dac trung-nguoi dung W =
[Wy, Wy, ..., Wy] € RPN trong d6 d 13 s6 dic trung hay sb chiéu cua vecto cot w, N
| 56 lwong nguoi ding va K 1 s6 cum duoce xac dinh trude (s& duoc ude tinh tai muc
2.1.3.2 va 2.1.3.3) véi diéu kién K < N, K € N*. Nhiém vu 1a tim vj tri cac tdm cum
my, m,, ..., my; € R va nhan (label) cia mdi nguoi dung. Ma hda one-hot duoc
sir dung dé biéu dién nhan cta nguoi dung th i: w; véi vecto y; € R™X trong d6 tat
ca phan ti cua y; = 0 trir phan tir y;;, 14 nhin dung cua w; ¢6 gia tri bang 1 véi k €
{1,2, ..., K} nghia 1a w; thuoc cum thir k c6 m, 1a tdm cum, phan tir thuoc ma tran

nhan Y € RV*K, C6 thé biéu dién rang budc cho y; nhu sau:

K
yij €{0,1} & Z Vi = 1 (2.20)
]=

> Budc 1: Xay dwng ham mat mat
Dé kiém tra sai s6 cua vecto w; khi duoc phan vao cum thir k, khoang cach

Euclid duoc ap dung véi y; = 1vay;; = 0, Vj # k. Cong thuc tinh duoc trinh bay

nhau sau:
K
lw; — m I3 = yullw; — my |5 = Z yijllwg — mj||§ (2.21)
j=1
Ham mat mat hay sai s6 trung binh cho toan bo dir liéu:
1V k 2
L(Y,M) = —Z Z vij|lwi — my|| (2.22)
N - Laj—y 2

trong d6 M = [m;, m,, ..., mg| € R |a ma tran tao boi K tdm cum va £(Y, M)
phai théa man diéu kién dugc md ta trong phwong trinh (2.20).
> Budc 2: T6i wu ham méat mat

Pé tim duoc 10i giai t6i vu cho phuong trinh (2.22) 1a rat kho do ton tai yéu
cau mot sb bién nhan gia tri s6 nguyén, cé thé thay bai toan nay thuoc nhém quy
hoach s6 nguyén hén hop (Mixed integer programming — MILP hay MIP). Mac du
hau hét cac dang bai nay déu str dung quy trinh nhanh va can (branch-and-bound) dé
tim kiém nghiém nguyén, tuy nhién chiing c6 d6 phuc tap rat lon. Mot ki thuat pho

bién khac da dugc ap dung truée dé trong md hinh MF ciing phu hop cho bai toan



40

nay, don gian la thuc hién lap di 1ip qué trinh ¢ dinh mot trong hai bién va giai bién
con lai cho dén khi £(Y, M) hoi tu.
= C dinh ma tran tim cum M, tim ma tran nhan Y
Gia sir rang di xac dinh duoc cac thm cum [m,, m,, ..., my], thuc hién tim
nhan cho mdi diém w; sao cho ham mat mat dat gia tri nho nhat.
Khi ¢ dinh cac thm cum, bai toan tro thanh tim nhin cho cac vecto w; bang

cach tim nghiém y; dé w; c6 khoang cach tgi tam cum duoc gan cho n6 1a nho nhat:

S L 2
yi = argy?lnﬁzjzlyij|lwi - l'rljll2 (223)
Pon gian hoa phuong trinh (2.23) vi chi c6 mot phan ti tai vi tri nhin dung
ctia vecto nhin y; mai ¢6 gia tri bang 1 nén ta chi can tim tim cum gan véi w; nhét;

2

j = argmin||w; —my],

]
Cin ctr vao khoang cach tir vecto w; t6i vecto tim cum m;, ta c6 thé két luan

(2.24)

mdi diém w; thudc vao nhdm cd tdm cum gan nhat véi nd. Tir d6 suy ra duoc nhén
ciia w; Vva tiép tuc thuc hién trén toan bo tap dir liéu.
» C6 dinh ma tran nhan Y, tim ma tran tim cum M
Gia dinh rang dd xac dinh duoc nhan [yy,y,, ..., yy] cho cac diém w;, thuc
hién tim c&c tm cum m&i trong méi nhém dé ham mat mét dai gia tri nho nhat.
Khi ¢ dinh cac nhan, bai toan tro thanh tim cum cho cac vecto w; bang céach

tim nghiém m; dé w; c6 khoang cach t6i tim cum méi ctia nd I nho nhat:

1 N
m; = argmin—z yl-j”mj - wi||2 (2.25)
m; N i=1 2
Pay 1a mot ham kha vi lién tuc hay don gian 1a c6 dao ham tai moi diém nén
ta ¢ thé tim nghiém m; bang cach dao ham phuong trinh (2.25) va cho bang khong.
Duya trén cong thicc V,||Ax — b||2 = 2AT(Ax — b), néu A 12 ma tran don vi I thi
V,||Ax — b||2 = 2(x — b). Suy ra ta can giai phuong trinh sau:

N N N N
1 2 2 2 2

Vi, NZ yij”mj - Wi”Z = WZ yij(m; —w;) =0 < NZ Yijm; = NZ YijWi
= = = =
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N N N ovow
L= =

Iiv=1 Vij
D& thay Y., y;; latong sé phan tir nam trong cum j va Y, y;w; la tong gia
trj cua cac diém thuéc cum j dugc biéu dién dudi dang vecto thuoc RE¥L. Vay gid tri

m; can tim 1a mot vecto trung binh cong cua cc vecto w trong cum ;.

2.1.3.2. Phuong phap Elbow

Tinh dén hién tai da c6 nhiéu bién phap dé xac dinh xem s cum thich hop dé
tdch nhom di liéu. Su phan tach do mire d6 khac biét cia mot cum vai mot cum khac.
Sai s6 Cluster cohesion c6 thé duoc do bang Within Cluster Sum of Square (WCSS)

va Cluster separation vai Between Cluster Sum Squares (BCSS)

N
WCSS = Z Cz Jx —my||” (2.27)
j X€EC; 2

trong d6 N, la tap hop cac cum, C; la phan cum thu j thudc tap N.

N¢
BCSS = Z 11| — m | (2.28)

]
trong d6 |C;| la s6 cum trong N va i 1a tim cum cua toan bo tap di lieu.

Trén thuc té phuong phap Elbow khong c6 mot thuat todn cu thé ndo ca boi
muc dich ctia phuong phap 1a tim ra “diém udn” trén do thi truc quan. Pay 1a tiéu chi
chu quan khi mdi ngudi s& dua ra nhirng két luan khac nhau trén ciing mét biéu dd.
Tuy la mot phuong phap chii quan nhung van c6 kha nang tao mot phuwong phap toan
cu thé dé phat hién diém “khuyu tay” bang cach tim tiép tuyén véi duong cong va
phai song song véi duong thang ndi hai diém cubi cua dudng cong. Pudng cong &
day duoc tao boi cac sai s6 cluster cohesion thu dugc sau khi lap di 1ap lai viéc tinh

WCSS sau mdi lan ting s6 cum K, 11<m11v WCSS = 0. Tuy nhién phuong phap nay van
chua du dé xac dinh liéu s6 cum c6 tét hay khong, dac biét khi d6 thi co do cong thap.
2.1.3.3. Phuong phép Silhouette

Phuong phap nay st dung hé sb silhouette 1a si két hop caa Cluster cohesion
va Cluster separation. Két qua mong mudn khi hé sé silhouette tra vé cang cao cang
tét.
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WCSS

. BCSS
_ nguoc lai; «— 27 _ 2.29
BCSS’ guoc lal. ¢ 1 ( )

~ WCSS

2.2. Co s¢ thue nghiém

Tap dit liéu thuc nghiém duoc st dung trong dé an 1a MovieLens-100k [1] da

dugc gigi thiéu tai muc mo dau. Bo dir liéu nay dugc céng bd nim 1998 boi

GroupLens. N6 bao gdm 100.000 danh gia tir 943 nguoi dung cho 1682 bo phim va

hon nira da duoc chia sin thanh cac tap huin luyén va tap kiém tra cho viéc kiém

dinh mé hinh, chi tiét thdng tin cac tép s& duoc st dung:

u.data: Chua toan b cac danh gia cua 943 nguoi dung cho 1682 bo phim.
Mdi ngudi ding danh gia it nhat 20 bo phim.

ua.base va ua.test: La tap huan luyén va tap kiém tra duoc chia ra tir tap
u.data véi ua.test chira it nhat 10 danh gia cho mdi ngudi dung. Viéc tap
test khdng tuan theo nguy@n tic phan chia theo ty Ié giira tap di liéu va tap
huan luyén s& gay anh huéng nhu thé ndo dén sai s binh phuong trung binh
ctia cac phuong phap duoc trinh bay tai myc 3.2.

u.user: Chira thdng tin vé& nguoi ding, bao gom: id | age | gender |
occupation | zip code. Nhiing théng tin nay c6 thé anh huéng téi sé thich
nguoi dung nhung trong bao cao chi st dung thudc tinh id.

u.genre: Chua tén cua 19 thé loai phim, bao gém: unknown | Action |
Adventure | Animation | Children's | Comedy | Crime | Documentary | Drama
| Fantasy | Film-Noir | Horror | Musical | Mystery | Romance | Sci-Fi |
Thriller | War | Western.

u.item: Théng tin thudc tinh vé mai bo phim.

u.info: Thdng tin vé bo dir liéu

2.3. Xay dung m6 hinh GHRS

Bwéc 1: Xay dung d6 thi véi nhimg ngudi ding nhu cac nat. Hai nguoi
ding s& duoc két ndi dya trén nhitng dic diém giéng nhau theo myc 2.1.1.
Canh két ni 1a nhitg ngudi 6 sy twong dong vé xép hang.

Bwéc 2: Trich xuat thong tin caa ngudi ding tir d6 thi.
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e Buwdéc 3: Tién hanh két hop théng tin phu nhu gidi tinh va do tudi véi cac
dic trung dua trén do thi ¢ budc 2 1am dau vao cho giai doan Autoencoder.

e Budc 4: Ap dung ki thuat Autoencoder duoc md ta trong muc 1.7.2.4 va
2.1.2 dé trich xuat dic trung moi va giam kich thuéc dir lidu.

e Buéc 5: Sir dung cac dic trung moi dugc mé hoa boi Autoencoder dé phan
cum ngudi dung, sir dung thuat toan K-means da trinh bay trong muc 2.1.3
dé tao ra mot sé lwong cac nhoém nguoi dung 6 sy twong dong.

e Buwdéc 6: Phan bb ngudi ding mai vao cum thich hop dua trén cac dic trung
dugc mé hda va du doan xép hang cac muc méi ma ngudi dung d6 chwa xép
hang.

e Budéc 7: Du doan xép hang cua nguoi dung cho tit ca cac muc theo xép

hang trung binh cua cum va tién hanh dé xuat cho nguoi ding.

Hems Users Graph Features
! 2 1 m 2 . u n 1 2 k ®
I[5]3] 1121 ] T T T T ITTT T T 1
0

1 Generate 2 |1 |1 Extract 2 1]
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"

IARNES 171 1 ] T
Categorize 2 1 1 2 1 1 T
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u 25 u 11 1]or 1|1
1 1 1 | p.ai | | 1
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Hinh 2.4: Framework ctia phwong phap GHRS [21]
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Két luan: Chuong nay da trinh bay mot cach cu thé qua trinh xay dung mo
hinh GHRS. Séau ki thuat duoc sir dung trong qué trinh xay dung do thi, phwong phap
Autoencoder véi nhidu dau nham ting cudng kha ning hoc cac dic trung tiém an va

hai phuwong phap pho bién cho viéc tim hé s6 phan cum t6i wu.
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CHUONG III: KET QUA THUC NGHIEM
3.1 Méi trwong thuc nghiém
3.1.1 Méi trwong thuc nghigm
Toan bo qua trinh cai dat huan luyén va kiém thir dugc cai dat trén 2 moi

truong: JupyterLab vai Intel(R) Core i5-4460 CPU @ 3.20GHz, bé nhé RAM 8GB;
Google Colab vai Intel(R) Xeon(R) CPU @ 2.20GHz, bo nhé RAM 12.7 GB.
3.1.2 NgONn ngiér va thw vign l@p trinh

Xuyén sudt qué trinh thuc hién dé an, t6i da st dung Python 3.7.4 trén
JupyterLab cho tat ca ca&c md hinh ngoai trir mang Autoencoder va md hinh GHRS
duoc trién khai trén Google Colab sir dung Python 3.10.12. Céc thu vién di kém bao
gom: numpy, pandas, matplotlib, sklearn, scipy, pytorch, networkx va mét sé thu vién
hd tro doc file, tim duong dan.
3.2 Thue hién cac buwée xay dweng mo hinh GHRS

Buwéc 1,2: Dya trén ly thuyét da trinh bay tai muc 2.1.1, ciing nhu moé ta trong
nghién ciru [21] va hé sé @ = 0.01 dugc lva chon cho thuc nghiém nay. Két qua db
thi trong tu (Similarity Graph) thu dwoc nhu trong hinh 3.1 md ta méi lién hé gitra

943 nguoi dung dua trén danh gia tir 1682 bo phim:

Hinh 3.1: Pd thi twong tw ciia 943 nguoi ding
Buwéc 3,4: Dya trén mo ta trong nghién ciu [21] vé thong tin nguoi ding két
hop voi két qua thu dugc tir budc 2, ta thu dwgc bang mo ta dac trung cac user dugc

mo ta trong hinh 3.2.
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agel age2 age3 age4 age5 age6 genderl ... PR cD cc CB LC AND

0 00 00 10 00 00 0O 0.0 .. 0.460577 0.673966 0.817829 0.043582 0.043606 0.479257
1 00 00 00 00 00 10 1.0 ... 0.044933 0.014599 0.568223 0.000000 0.000000 0.660178
2 00 00 10 00 00 0O 0.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
3 00 00 10 00 00 00 0.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
4 00 00 00 10 00 0O 1.0 .. 0189245 0.255474 0.653926 0.000660 0.000662 0.610428
938 00 00 10 00 00 00 1.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
939 00 00 00 10 00 00 0.0 .. 0.107218 0.116788 0.618164 0.000025 0.000026 0.705393
940 00 10 00 00 00 00 0.0 ... 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
941 00 00 00 00 10 00 1.0 .. 0.057353 0.036496 0.574410 0.000000 0.000000 0.709976
942 00 00 10 00 00 00 0.0 .. 0.260841 0.369830 0.697905 0.002970 0.002976 0.581300

943 rows x 35 columns

Hinh 3.2: Cac dic trung diu vao cho Autoencoder

Sau khi chuan bi xong dit liéu, ta xy dyng mé hinh Autoencoder nhu hinh 3.3

nham giam chiéu dir liéu dé c6 thé dé dang phan cum ngudi ding tai budc 5.

Layer (type) Output Shape Param #
Linear-1 [-1, 16] 576
Sigmoid-2 [-1, 16] 2]
Linear-3 [-1, 8] 136
Linear-4 [-1, 18] 144
Sigmoid-5 [-1, 18] 2]
Linear-6 [-1, 35] 595

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

Hinh 3.3: Théng tin mang Autoencoder
Buéc 5,6,7: Két thiic budc 4 ta thu dugc ma tran dic trung. Va dé ap dung giai
thuat K-means, IGc ndy can xac dinh hé sb k théng qua phuong phap Elbow va
Silhouette duoc trinh bay trong muc 2.1.3. Két qua thu duoc cho biét s6 cum tbt nhat

la 3 véi s6 lugng ngudi ding cia ting cum dugc mo ta nhu hinh 3.4.
Cluster ©: 405 users
Cluster 1: 342 users
Cluster 2: 196 users
Hinh 3.4: S6 ngwoi dung trong mdi cum
Hinh 3.5 dudi day mo ta cu thé user thuoc nhdm nao véi 1 dai dién cho user
dang duoc phan vao cum (cot) twong ing con 0 la user do khong thudc cum (cot)

nguoi dung do.
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clusterl cluster2 cluster3

1 1.0 0.0 0.0
2 1.0 0.0 0.0
3 1.0 0.0 0.0
941 0.0 0.0 1.0
942 0.0 1.0 0.0
943 1.0 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 bd phim, ta thu duoc két qua nhu
hinh 3.6:

1 2 3 4 5 6 R 1681 1682
cluster! 3.960591 3.202899 3.071429 3.555556 3.25 2.875 3.0 3.0
cluster2 3.769231 3.136364 2.769231 3.381818 3.411765 3.777778 .. 3.262132 3.702399
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
Cubi cing ta nhan ma tran phan cum ngudi ding véi ma tran phan cum bo

phim dé c¢6 ma tran dy doan cua nguoi dung véi bo phim dugc mé ta trong hinh 3.7.

1 2 3 4 5 6 .. 1681 1682

1 3.960581 3.2028989 3.071428 3.555556 3.25 2.875 .. 3.0 3.0
2 3.960591 3.202899 3.071429 3.555556 3.25 2.875 .. 3.0 3.0
3 3.960581 3.2028989 3.071429 3.555556 3.25 2.875 .. 3.0 3.0
4 3.960591 3.202899 3.071429 3.555556 3.25 2875 .. 3.0 3.0
5 3.960581 3.202899 3.071428 3.555556 3.25 2.875 .. 3.0 3.0
939 3.960591 3.202899 3.071429 3.555556 3.25 2875 .. 3.0 3.0
940 3.729412 3.233333 3.166667 3.727273 3.277778 3.666667 ... 3.297181 3.695487
941 3.729412 3.233333 3.166667 3.727273 3.277778 3.666667 ... 3.297181 3.695487
942 3.769231 3.136364 2.769231 3.381818 3.411765 3.777778 .. 3.262132 3.702399
943 3.960591 3.202898 3.071429 3.555556 3.25 2.875 .. 3.0 3.0

943 rows x 1682 columns

Hinh 3.7: Ma tran du doan nguoi dung — b phim
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3.3 Két qua md hinh va so sanh

Trong dé &n nay, ching toi tién hanh danh gia hiéu suat caa mot loat cac
phuong phap du doan dua trén clng mot tap huan luyén ua.base va cing mot tap
kiém tra ua.test. Cac phuwong phap di duoc trinh bay tai chuong I va chuong II s&
duoc dua vao thuc nghiém bao gdm 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 sdnh d9 chinh xac gitra cac m6 hinh

Method RMSE
Content-based 1.2703
User - CF 09767
Item - CF 0.9678
User - MF 1.0431
Iltem - MF 1.0421
Autoencoder - CF 0.9678
User - SVD 1.0031
Item - SVD 1.0050
GHRS 1.0518

Trong s6 cac phuong phap ndy, User-based CF, Item-based CF va
Autoencoder-based CF da thé hién su hiéu qua cao nhit véi cac gia tri RMSE thap
nhat. Dic biét, Autoencoder-based CF cho thiy su tién bo dang ké trong viéc hoc
biéu dién dit liéu va du doan chinh xac hon vé sé thich cia nguoi dung.

Nhan xét: Tir bang 3.1 ta thiy duoc md hinh Loc noi dung cé két qua kém nhat
v6i RMSE = 1.2703, trong khi d6 ba m6 hinh Item - CF, User - CF va Autoencoder
- CF cho két qua kha quan hon rat nhiéu véi RMSE déu xap xi 0.97. M6 hinh GHRS
da khong cho két qua nhu ky vong nhu theo bai bao [21] véi RMSE ~ 1.0518 gan
nhu trong duong véi RMSE thu dugc tir cac phuong phap MF. Phuong phap su dung
ky thuat SVD cho két qua kha tt véi RMSE lan luot 1a 1.0031 va 1.0050 . Dudi day

la két qua dé xuat vai z = 20 cho nguoi dung thir 2 bang ba mé hinh khéc nhau:
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recommend recommend recommend

0 Aiging wansui (1994) 0 39 Steps, The (1935) 0 Aiging wansui (1994)
1 Anna (1596) 1 Alphaville (1965) 1 Anna (1996)
2 Boys, Les (1897) 2 Anne Frank Remembered (1995) 2 Bitter Sugar (Azucar Amargo) (1996)
3 Close Shave, A (1995) 3 Close Shave, A (1595) 3 Boys, Les (1997)
4 Everost (1998) 4 Cry, the Beloved Country (1995) 4 Brothers in Trouble (1995)
5 Great Day in Harem, A({1994) 5 Faust (1994) 5 Butcher Boy, The (1998)
6 Litlle Cily (1998) 6 Grass Harp, The (1995) [ Butcher Boy, The (1998)
7 Marlene Dietrich: Shadow and Light (1996) 7 Guantanamera (1994) 7 Faust (1994)
g Father Fanchali {1455) 8 IMina Tannenbaum (1994} B Great Day in Harlem, A (1994)
a9 Prafontane (1997) L] Nico Icon (1995) 9 Kaspar Hauser (1993)
10 Saint of Fort Washingten, The (1993) 10 Schindler's List (1993) 10 Little City (1998)
11 Santa with Musclas (1996) " Shawshank Redemption, The (1594) 1 Pather Panchali (1233)
12 Schirdler's List (1993) 12 Sling Blade (1996) 12 Saint of Fort Washington, The (1993)
13 5ome Mother's Son (1996) 13 Someone Else's America (1995) 13 Santa with Muscles (1996)
14 Somzore Hse's America (1995) 14 SubUrbia (1997) 14 Schindler's List (1993)
15 s:ar Kid (1997) 15 Thin Man, The (1934) 15 Some Mother's Son (1996)
16 They Made Me a Criminal (1939) 16 Visitors, The (Misiteurs, Les) (1993) 16 Someone Else's America (1995)
17 To Kill a Mockingbird {1962) 17 Walking and Talking (1995) 17 Spanish Prisoner, The (1997)
18 Wallace & Gromit The Bast of Aardman Animatio... 18 Wallace & Gromit: The Best of Aardman Animatio. . 18 Two or Three Things | Know About Her (1966)
19 Wrong Trousers, The (1993) 19 Winter Guest, The (1987) 19 Wrong Trousers, The (1993)

(a) (b) ()

Hinh 3.8: Pé xuit bang (a) Item — CF, (b) GHRS va (c) Autoencoder — CF

Qua nhan xét vé két qua thu duoc trong bang 3.1 phia trén, ta c6 thé nhan thay
rang viéc thay doi trong cach xay dung tap huan luyén va kiém tra da dan téi phuong
phap duoc chitng minh ¢é hiéu suat cao nhu GHRS lai cho ra két qua kém hon so voi
mot vai phuong phap phé bién khac. Viéc tac gia bo qua thuc nghiém kiém tra trén
tap dix liéu huan luyén c6 phan phéi khong déng nhat 1a mot thiéu sét khién nguoi
doc khéng nhan thirc duoc rd rang pham vi ma mé hinh GHRS c6 thé dat duoc hiéu
qua cao va nhiing trudng hop GHRS khéong thé cho ra két qua tét hon so véi cac

phuong phap pho bién khéc.
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I. Két qua dat dwoc
Dé 4n hudng téi mot chu dé quan trong ca vé mat Iy thuyét va thuc tién trong
khoa hoc may tinh, n6 di va dang duoc nhiéu nha nghién ciru quan tim, d6 1a nghién
ctru mot s6 phuong phap xiy dung hé tu van.
< Vé mat ly thuyét
Dé &n da trinh bay tong quan vé bai toan xay dung hé tu van ciing nhu vai tro
cuia bai toan trong xa hoi hién nay kém theo 1a xu huéng phat trién. Nhitng ly thuyét
nay Vé co ban 1a nhitng ly thuyét nén tang cua hoc may thdng ké va hoc sau.
< Vé mat thyc tién
Dé 4n da trién khai cai dit duoc mot sé phuwong phap ndi bat nhét trong linh
vuc xay dung hé tu van, két qua thuc nghiém cua timg phuong phép, tir 46 danh gia
dugc uu nhuoc diém cua cac phuong phap d6 dya trén tap dit liéu Movielens-100k.
II. Han ché va hwéng phat trién
% Han ché
Do han ché vé mat pham vi va thoi gian, kém theo d6 1a sicc manh phan ciing
da can tro rat nhiéu téi hiéu suat thuc hién viéc cai dat cac md hinh. Phan ciing yéu
da khién viéc trién khai trén mot tap dit liéu 16n hon nhu MovieLens 10M 20M [1] 1a
khéng kha thi. Cac vin dé khac chua giai quyét duoc nhu khai dong ngudi hay viéc
dix liéu lién tuc cap nhat.
< Hudng phét trién
Pinh hudng tiép theo cua tac gia la tim hiéu va xay dung phuong phap mdi
cho hé tu van trong thoi diém cac md hinh ngdn ngir 16n da va dang tré nén phé bién

nhu hién nay.
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