TRUONG DAl HOC MO PIA CHAT
KHOA CONG NGHE THONG TIN
BO MON HE THONG THONG TIN VA TRI THUC

BAO CAO SEMINAR
TIM HIEU VE HE THONG KHUYEN NGHI

Nguoi trinh bay: ThS. Bui Thi Van Anh

Ha Noi 11/2023



1. MO PAU

Hé théng khuyén nghi hay con goi la hé théng goi y (Recommender Systems —
RS) duogc (ng dung rat thanh cdng trong dir doan s thich/th6i quen ciia nguoi ding dya
vao so thich/th6i quen cua ho trong quéa khir. RS dang duoc ng dung trong rat nhiéu
linh vuc khac nhau nhu:

v thuong mai dién tir (hd tro ban hang truc tuyén),

V' giai tri (goi y phim anh, bai hat,..),

v gido duc dao tao (goi ¥ ngudn tai nguyén hoc tap, nghién cau,..).
Vi du:

v Youtube ty dong chuyén cac clip lién quan dén clip ban dang xem. Youtube ciing
tu goi y nhirng clip ma c6 thé ban s& thich.

v Khi ban mua mot mén hang trén Amazon, hé thong sé tu dong goi ¥ “Frequently
bought together”, hodc no biét ban c6 thé thich mén hang nao dua trén lich st
mua hang cua ban.

v Facebook hién thi quang cao nhitng san pham cd lién quan dén tir khoa ban vira
tim kiém.

v' Facebook goi y két ban.

v" Netflix tu ddng goi ¥ phim cho ngudi dung.

RS mé ra nhiéu tiém nang trong nghién ctru ciing nhu trong xay dung cac hé thdng
thuc té, dic biét 1a cac hé hd trg nguoi dung ra quyét dinh.

2. CAC KHAI NIEM CHINH
2.1. Gioi thiéu
Trong RS, thong thuong ngudi ta quan tim dén ba thong tin chinh la

v nguwoi dung (user)

v' muc tin (items): item c6 thé 1a san pham, bo phim, bai hat, bai béo,.. tly hé thong)

v' phan héi (feedback) cua nguoi ding trén muc tin d6 (thuong la céc xép
hang/danh gia — rating biéu dién mirc d6 thich/quan tdm cua ho).

Cac Recommendation Systems thuong duoc chia thanh hai nhom lon:

v’ Content-based systems: Phuwong phap goi y dua theo ndi dung
v" Collaborative filtering: loc cong tac
v Hybrid Recommenders
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2.2. Utility matrix

M&i user s& co muze do quan tam (degree of preference) tgi ting item khac nhau.
Mtrc d6 quan tam nay, néu da biét truréc, duge gan cho mot gia tri trng véi moi cap user-
item. Gia st rang mitc dé quan tam duoc do bang gia tri user rate cho item, ta tam goi
gia tri nay la rating.

Tap hop tat ca cac ratings, bao gém ca nhiing gia tri chua biét can duoc dy doan,
tao nén mot ma tran goi la utility matrix.

Vi du vé utility matrix voi hé théng Goi v bai hat.

A/B|C|D|E|F

Mua nira dém 5 0|0(1]7
Co Ga 517|720 7]7

Vung |d me bay 71411172171
Con co bé bé 1(1(4(4(4|7
Em yéu trudng em 0|5 (7|77

v cod6users A, B, C, D, E, Fvab bai hat.

v/ Céc 6 mau xanh thé hién viéc mot user di danh gia mot bai hat véi ratings tir 0
(khong thich) dén 5 (rat thich). Cac 6 ¢6 dau ‘?” mau xam twong rng Voi cac 6
chua c6 dur liéu

Codng viéc cua mot Recommendation Systems la du doan gia tri tai cac 6 mau xam nay,

tir d6 dua ra goi y cho nguoi dung. Recommendation Systems, vi vay, d6i khi cling
duoc coi la bai todn Matrix Completion (Hoan thi¢n ma trgn).

Trong vi du trén, c6 2 thé loai nhac khac nhau: 3 bai dau la nhac Bolero va 2 bai sau la
nhac Thiéu nhi.

Tur dit lidu nay, ta cling c6 thé doan duogc riang A, B thich thé loai Bolero; C, D, E, F
thich thé loai Thiéu nhi.

Tir d6, mot hé thong tét nén goi y Co Ga cho B; Ving 1a me bay cho A,; Em yéu truong
emcho D, E, F.

AlB|C|D|E|F

Mua nira dém 5/5(01]0 ?
Cé da 5?21?2077

Vung |4 me bay 7141172171
Con cd bé bé 1114447
Em yéu trudng em 110|572 7|7

Xay dung Utility Matrix



v' Nho nguoi dung rate san pham
v" Dua trén hanh vi cta users.

3. CONTENT-BASED RECOMMENDATION

Trong céc hé théng content-based, tirc dwra trén néi dung caa mdi item, ching ta can xay
dung mot bo hd so (profile) cho mdi item. Profile nay duoc biéu dién dudi dang toan
hoc Ia mét feature vector. Trong nhirng truong hop don gian, feature vector duoc truc
tiép trich xuét tur item

Vi du, xem xét cac features cia mot bai hat ma co thé duoc sir dung trong cac
Recommendation Systems:

v' Ca si. Cung la bai Thanh phé buon nhung c6 ngudi thich ban cua Pan
Nguyén, c6 nguoi lai thich ban cia Pam Vinh Hung.

v Nhgc s sdang tac. Cung la nhac tré nhung c6 nguoi thich Phan Manh
Quynh, nguoi khac lai thich MTP.

v' Ndam sdng tac. Mot sé nguoi thich nhac xua cii hon nhac hién dai.

v' Thé logi. Biéu nay thi chac réi, Quan ho va Bolero s& c6 thé thu hit nhiing
nhom nguoi khac nhau.

Vi du don gian hoé bai toan bang viéc xay dung mot feature vector hai chiéu cho mdi
bai hat:

v chiéu thr nhat 1a me d6 Bolero,

v chiéu th hai 1a mtc d6 Thiéu nhi caa bai do.

bit cac feature vector cho moi bai hat 1a X1,X2,X3,X4,Xs

A|B|C|D]|E|F|]| item’s feature vectors
Mua nira dém 5 0|0 x1 = [0.99,0.02]
Cé na 517217210727 x2 = [0.91,0.11]
Ving |4 me bay 7141?71 x3 = [0.95,0.05]
Con co bé bé 1 (1|4 (4|47 x4 = [0.01,0.99]
Em yéu trusngem |10 (|52 |?2]|7? x5 = [0.03, 0.98]
User’'s models 01 |0z |03 | 04|05 | 60| « need to optimize

Gia st feature vector cho mdi item duoc cho trong cot cudi ciing. Vi mdi user, ching
ta can tim mot moé hinh 6i twong rng sao cho mo hinh thu dugc la tot nhat

Bai toan di tim mo hinh 6; cho mdi user c6 thé duoc coi 1a mot bai toan Regression trong
treong hop ratings [a mot dai gia tri, hoac bai toan Classification trong truong
hop ratings la mot vai trueong hop cu thé, nhu like/dislike chang han.

Dir li¢u training dé xay dung mdi mé hinh 6; 1a cac cap (item profile, ratings) tuong wng
véi cac items ma user do da rated. Viéc dién cac gia tri con thicu trong ma tran Utility
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chinh 1a viéc du doan dau ra cho céac unrated items khi &p dung md hinh 6; Ién ching.
Viéc lua chon mé hinh Regression/Classification nao tuy thuoc vao tng dung.

Gia sir rang sb users 1a N, sé items 1a M, utility maxtrix dugc mé ta bai ma tran Y.
Thanh phan & hang thir m, cot thir n cua Y 12 mie dg quan tam (¢ déy 1a sé sao di rate)
cua user thi n 1én san pham thir m ma hé thong da thu thap dugc. Ma tran Y bi khuyét
rat nhiéu thanh phan twong ang véi cac gia tri ma hé thong can dy doan. Goi R 1a ma
tran rated or not thé hién viéc mot user da rated mot item hay chwa. Cu thé, rij bang 1
néu item thtr i d3 duoc rated bai user tht j, bang 0 trong trudng hop nguoc lai. Gia st
rang ta c6 thé tim duoc mot mé hinh c6 thé tinh duoc mac d6 quan tm cua mdi user
v6i mdi item bang mot ham tuyén tinh:

Ymn — XmWn + b’n (1)

Trong do, Xm 1a vector dac trung cua item m. Muc tiéu cua ching ta sé€ 1a hoc ra mo hinh
cua user, tic la tim ra wn va b,

Xét mot user thir n bat ky, néu ta coi training set 1a tap hop cac thanh phan da duoc dién
cua yn, ta co thé xay dung ham mat mat twong ty nhu sau:

1 A 2
ﬁﬂ, = 5 Z (men —l_ bn - ym_n,)Q + EHWTE”z

m: rmpn=1

Trong d6, thanh phan thi hai |4 regularization term va A 1a mot tham sé dwong. Cha ¥
ring regularization thuong khong duoc &p dung Ién bn. Trong thuc hanh, trung binh
cong cua 131 thudng duoc ding, va mat mat nén Ly duoc viét lai thanh:

n

Trong d6 sn 14 s6 lwong cé4c items ma user thir n dé rated. Noi cach khac, sn 13 tong cac
phan tir trén cot thir n cua ma tran rated or not R:

M

8p — E Tmns

m—=1

Vi biéu thire loss function chi phu thudc vao cac items da duoc rated, ta c6 thé rat gon
nd bang cach dat 1a sub vector caa y duoc xay dung bang cach trich cac thanh phan khac
dau? ¢ cot the n, tirc d3 duoc rated boi user thir n trong Utility Matrix Y. Bat X,, 1a sub
matrix cia ma tran feature X, duoc tao bang céch trich cic hang tuong wung Voi
cac items dd duoc rated bai user th n. Khi d6, biéu thac ham mat mat caa md hinh
cho user thir n duoc viét gon thanh:
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28,

Pay chinh xac 1a ham mat mat cua Ridge Regression. Cap nghiém wn, bn c6 thé duoc
tim qua Stochastic Gradient Descent (SGD), hoac Mini-batch GD

Vi du vé ham méit méat cho user E

A|B|C|D|E]|F| item’s feature vectors
Mua nira dém 5 0 ? x1 = [0.99,0.02]
Cé Gia 5 21027 =x2=1[0.91,0.11]
Ving 14 me bay 71417271 x3 = [0.95, 0.05]
Con ¢o bé bé 111(4 (447 x4 = [0.01,0.99]
Em yéu trudsngem | 1[0 |5 |7 ? x5 = [0.03,0.98]
User’'s models 0105|058, |05 |0 | < need to optimize

feature matrix cho cac items (mdi hang tuong ung voi mot item) la:
X=[0.99 0.02 0.91 0.11 0.95 0.05 0.01 0.99 0.03 0.98]

Xét truong hop cua user E véi n=5, yb=[1, ?, ?, 4, ?]T = r5=[1, 0, 0, 1, O]T. Vi E méi
chi rated cho items thir nhat va thir tu nén s5=2. Hon nita:

X; =[0.99 0.020.01 099],§y, =[14], es=[11]

Khi d¢6, ham mat mét cho hé s6 twong ung véi user E 1:

2

1 , A
L5 =|10.99 0.020.01 0.99]w5+b;.[11]—[14]||§—|—I||w5 2

4. COLLABORATIVE FILTERING

Dic diém cua Content-based Recommendation Systems Ia viéc xay dung mé
hinh cho mdi user khéng phu thudc vao céac users khac ma phu thuoc vao profile cia
mbi items. Viéc 1am nay c6 loi thé 12 tiét kiém bo nhé va thoi gian tinh toan. Hé théng
c6 kha ning tan dung cac thong tin dic trung ciia mdi item nhu dugc mo ta trong ban
mo ta (description) cia mdi item.

Cach lam trén c6 hai nhuoc diém co ban.

v Thir nhat, khi xay dung md hinh cho mét user, cac hé thong Content-based khdng
tan dung dugc thdng tin tir cac users khac.
v" Tha hai, khong phai ltic nao chung ta ciing c6 ban m ta cho mdi item.

Nhitng nhuge diém phia trén ¢ thé duoc giai quyét bang Collaborative Filtering (CF).

C6 mot s6 phuong phap CF c6 tén la:



v Neighborhood-based Collaborative Filtering (NBCF)
v’ Matrix Factorization Collaborative Filtering.

4.1. Neighborhood-based Collaborative Filtering

Y tudng co ban cia NBCF 1a xac dinh mie d6 quan tam ctia mot user téi mot item dya
trén céc users khéac gan giéng vai user nay. Viéc gan gidng nhau gitta cac users cé thé
duogc xac dinh thdng qua mirc @6 quan tam cua cac users nay toi cac items khac ma hé
thdng da biét. Vi du, A, B déu thich phim Canh sat hinh su, tic déu rate bo phim nay 5
sao. Ta d3 biét A ciing thich Ngudi phan xt, vay nhiéu kha ning B ciing thich bo phim
nay.

Hai cau hoi quan trong nhat trong mot hé théng Neighborhood-based Collaborative
Filtering la:

v' Lam thé nao xac dinh duoc sy gidng nhau gitra hai users?
v" Khi di xac dinh duoc cac users gan giong nhau (similar users) roi, lam thé nao
du doan dugc mac @6 quan tdm cua mot user 1én mot item?
C6 hai hudng tiép can:

User-user collaborative filtering: Xac dinh mac do quan tdm cua mdi user téi
mot item dua trén mure d6 quan tam cua similar users tai item do

/ Kﬁw 5
o L i i ‘ similar l“ |

recommend \‘

Item-item collaborative filtering: xac dinh item similarities tr d6, hé théng goi v
nhiing items gan giéng véi nhitng items ma user c6 mirc d6 quan tam cao.
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4.2. Similarity functions

Xac dinh duoc sy giéng nhau (similarity) gitta hai users. Sy giéng nhau duoc xac dinh
dua trén cac cot twong wrng vai hai users trong ma tran Utility matrix

Up | U | U2 | UG | Ug | U | Ug

|55 |12|0[1 7|7
i | 3?2?2107 7]7?

ia|7]4|1 7012
is|2]2|3|4|a|?|4
is|2)0]4al?22]72]5

Vi du vé utility matrix dua trén sé sao mot user rate cho mot item. Mét cach truc quan,
hanh vi caa uo gidng voi us hon 1a Uz, Us, Us, Us, Us. Tir d6 c6 thé du doan rang uo S& quan
tam tGi i2 Vi Uz cling quan tam t6i item nay. Pat mic do giong nhau cua hai users ui, u;
la sim(ui, u;). Quan sat dau tién ching ta cd thé nhan thay l1a cac uo,us thich io, i1,
i2 va khong thich is, is cho lam. Piéu nguoc lai xay ra & céc users con lai. Vi vay,
mét similiarity function tét can dam bao:

sim(uo, U1) > sim(uo, uj), Vi>1

Pé do similarity gita hai users, cach thuong lam la xay dung feature vector cho
mdi user roi ap dung mot ham co kha nang do similarity giita hai vectors d6. Cac feature
vector dugc xay dung truc tiép dua trén Utility matrix cht khdng dung di liéu ngoai
nhu item profiles. Cac cot trong Utility matrix thudng c6 rat nhiéu mising ratings vi
mdi user thudng chi rated mot s lwong rat nho cac items.

Céch khac phuyc 1a bang cach nao do, ta gilip hé thong dién céc gia tri nay sao cho viéc
dién khdng lam anh huéng nhiéu téi su giong nhau gitra hai vector. Vay mdi dau *?° nén
dugc thay bai gia tri nao dé han ché viéc sai 1éch qua nhiéu?

v’ thay cac dau “?” bang gié tri 0. Khong thuc sy tot vi gia tri ‘0’ twong (ing véi mirc
d6 quan tam thap nhat.

v’ thay cac dau “?” bang gié tri 2.5. Mot gié tri an toan vi n6 Ia trung binh cong cia
muc thap nhat, va mac cao nhat. gia tri nay c6 han ché doi voi nhitng users dé
tinh hoac khé tinh

v' Thay bang trung binh céng cua cac ratings ma user tuong tng da thuc hién



. Up U1 U us U4 Us Ug

i 5 5 2 0 1 7 ?

i1 4 ? ? 0 7 2 ?

ia 7 4 1 ? ? 1 1

i3 2 2 3 4 4 ? 4

14 2 0 4 ? 7 7 5

Hang cudi cung trong la gia tri trung binh cua ratings cho mdi user.

. (') U1 (15 us Uy Us Ug

10 |1.752.25]-0.5-1.33|-15| O 0

ip (075 0 0 |-1.33] 0 |05 | O

ia 0 |125|-15| O 0 |-05]-233

13 |-1.25|-0.75| 0.5 [267| 15 | 0 |0.67

14 |-1.25(-2.75| 1.5 | O 0 0 |1.67

Utility Matrix d& duoc chuan hoa

Trir tir mdi rating di gia tri trung binh ndy va thay cac gia tri chua biét bang 0, ta s&
duoc normalized utility matrix

Tai sao phai chuan hoa: Viéc trir di trung binh cong ciia mdi cot khién trong trong mdi
cot ¢O nhitng gié tri dwong va am.

v’ gid tri duong twong (rng vai viéc user thich item,
v’ gid tri &m tuwong ung véi viéc user khong thich item.
v giatri 0 chua xac dinh duoc liéu user cé thich item hay khong.

Vé mat k¥ thuat, sb chiéu cua utility matrix 12 rat I6n voi hang triéu users va items, =>
chiing ta luu ma tran nay dudi dang sparse matrix, tiec chi luu cac gia tri khac khdng va
vi tri caa ching. Viéc nay khong nhiing téi vu bo nhd ma viéc tinh toan similarity
matrix sau nay cling hiéu qua hon.

Sau khi da chuan hod dir liéu nhu trén, mot vai similiraty function thuong duoc sir dung
la:

10



Euclidean Distance

Cosine Similarity
d.b
@ Ilb I

sim(a, b) = cos@ =

Person corelation
L DE-R)-5)
VD -5) D -5)

Cosine Similarity

Cong thuc:

T
u, up

cosine_similarity(u;, uz) = cos(uy, up) = [ [5- [[az]|
1llg- 11H2][2

Trong doéul, u2la vectors tuwong wUng voiusers 1, 2da dugc chuan hoa.
Do similarity caa hai vector 13 1 sb trong doan [-1, 1]. Gia trj bang 1 thé hién hai vector
hoan toan similar nhau. Ham sé cos cia mot goc bang 1 nghia 1a goc gitra hai vector
bang 0, tirc mot vector bang tich cia mot s6 duong vai vector con lai. Gia tri cos bang -
1 thé hién hai vector ndy hoan toan trai nguoc nhau. Khi hanh vi cia hai users 1a hoan
toan nguoc nhau thi similarity giita hai vector d6 1a thap nhét.

ab

Ild bl

Document a sim(a,b} = cosf =

Document b

Similarity matrix 12 mot ma tran d6i xiing vi cos 1a mot ham chan, va néu user A giéng
user B thi diéu nguoc lai cling diing. Cac 6 mau xanh trén duong chéo déu bang 1 vi d6
la cos cua goc gitra 1 vector va chinh nd, tac cos(0)=1. Khi tinh todn ¢ cac budc sau,
ching ta khdng can quan tam téi cac gia tri 1 nay.

11



U Uy u2 us Uq Us Ug

Up 1 [0.83|-0.58(-0.79|-0.82| 0.2 |-0.38

u1 {0.83| 1 [-0.87|-0.40/-0.55|-0.23|-0.71

uz |-0.58|-0.87| 1 |0.27|0.32|0.47|0.96

u3z |-0.79|-0.40/0.27| 1 |0.87|-0.29/0.18

u4 |-0.82|-0.55(0.320.87| 1 0 |0.16

us | 0.2 |-0.23{0.47 |-0.29| O 1 |0.56

g (-0.38|-0.71/0.960.18|0.16 [0.56| 1

User similarity matrix
Rating prediction

Tuong tu nhu KNN, trong Collaborative Filtering, missing rating ciing duoc xac dinh
dua trén thong tin vé k neighbor users (chi quan tdm téi cac users di rated item dang
xét). Predicted rating thudng duoc xac dinh 1a trung binh c6 trong so cua cac ratings da
chuan hoa. Cong thiic phd bién duoc st dung dé dy doan rating cua uu cho i 1a:

Zu_,-{ Nu,i) girujs.llll{ﬂ., ﬂ'j)

Zuj-_’ N {u,i) |Siﬂ1(ﬂ, ﬂ'.f) |

i —
yi_\u _

trong d6 N(u,i) 12 tap hop k users trong neighborhood (trc c6 similarity cao nhat)
cua u ma da rated i.

Vi du tinhnormalized rating ciia ul cho il dwgc cho trong Vvé&i s nearest
neighbors la k=2. Cac budc thuc hién la:

v" X4c dinh céc users da rated i1, do 1a uo, us, Us.
v' Xac dinh similarities cta ui véi cac users nay ta nhan duoc 0.83,—0.40,—0.23.
Hai (k=2) gia tri 16n nhat 12 0.83 va —0.23 tuwong (ng V4i Uo VA Us.

Xac dinh cac normalized ratings cia u0, u5 cho i1, ta thu dwoc hai gi4 tri lan luot
la0.75va 0.5.

Dy doéan két qua:

0.83 x 0.75 + (—0.23) x 0.5

~ 0.48
0.83 +| — 0.23|

5 —
yi[,ﬂ-| -

Viéc quy doi cac gia tri ratings da chuan hod vé thang 5 ¢d thé dugc thuc hién bang cach
cong cac cot cua ma tran Dy doan cac (normalized) ratings con thi€u vai gia tri rating

12



trung binh caa mdi user

. Ug U uz us Uq Us Ug

19 |1.75]2.25|-0.5(-1.33| -1.5|0.18 |-0.63

t1 | 0.75]0.48]-0.17|-1.33|-1.33| 0.5 [ 0.05

t2 |0.91|1.25|-1.5|-1.84|-1.78| -0.5 [-2.33

13 [-1.25(-0.75| 0.5 [2.67| 1.5 | 0.59 | 0.67

tq |-1.25|-2.75| 1.5 | 1.57|1.56 | 1.59 | 1.67

. (%) (751 U9 us Uy Uus Ug

iQ 5 5 2 0 1 [1.68|2.70

i1 4 13231233 0 |167| 2 |3.38

2 |4.15| 4 1 [-05(071| 1 1

i3 2 2 3 4 4 [210| 4

14 2 0 4 |29 (406|310 5

Viéc hé thdng quyét dinh recommend items nao cho mdi user ¢ thé dugc xac dinh bang
nhiéu cach khac nhau:

v/ C6 thé sap xép unrated items theo thir ty tu 16n dén bé cua cac predicted ratings,
v" hoic chi chon céc items c6 normalized predicted ratings duong - twong tng véi
viéc user nay c6 nhieu kha nang thich hon.

Item-item Collaborative Filtering
Mot s6 han ché caa User-user CF:

v Trén thuc té, sb lugng users ludn 16n hon sb luong items rat nhiéu => Similarity
matrix 1 rat 16n => viéc luu trit ma tran nay trong nhiéu trudng hop 1a khong kha
thi.

v’ Ma tran Utility thuong la rat sparse. Voi s6 lugng users rat 16n so voi sb
lugng items, rat nhidu cot ciia ma tran nay sparse, tic chi c6 mot vai phan ta khac
0 => tinh toan ma tran Similarity, vén tén nhiéu bo nhé va thoi gian

Viéc tinh toan similarity giira cac items roi recommend nhiing items gan giéng véi item
yéu thich caa mot user cé nhiing lgi ich sau:

v Vi s6 luong items thuong nho hon sb luong users, Similarity matrix trong trudng
hop nay cling nho hon nhiéu, thuan lgi cho viéc luu trlr va tinh toan ¢ cac budc sau.

13



v' Trong Utility matrix s hang (items) it hon sé cot (users), nén trung binh, mdi
hang cta ma tran nay s& cd nhiéu phan tir di biét hon s phan tir di biét trong
mdi cot. => gia tri trung binh cia mdi hang it bi thay d6i hon khi c6 thém mot
vai ratings => viéc cap nhat ma tran Similarity Matrix c6 thé duoc thuc hién it
thuong xuyén hon.

Quy trinh du doan missing ratings ciing twong tu nhu trong User-user CF.

V& mat tinh toan, Item-item CF c6 thé nhan duoc tir User-user CF bang cach chuyén vi
(transpose) ma tran utility, va coi nhu items dang rate users. Sau khi tinh ra két qua cudi
cuing, ta lai chuyén vi mét lan nita dé thu duoc két qua.

g Uy [ us U4 us Ug ugp uy Uz u3 U4 us Ug
to 5 5 2 0 1 ? 7= |26 o | 24|24 | -6 |-26(-16| 0 0
i1 4 ? ? 0 ? 2 ?7 | — 2 i1 2 0 0 -2 0 0 0
i2 ? 4 1 ? ? 1 1 | — [175 i2 0 [225]-0.75| O 0 |-0.75/-0.75
i3 2 2 3 4 4 ? 4 | — |3.17 i3 |-1.17(-1.17(-0.17/0.83 (0.83| 0 |0.83
iq 2 0 4 ? ? ? 5 | =& 275 t4 |-0.75]-2.75/1.25| 0 0 0 225

a) Original utility matrix Y

and mean item ratings. b) Normalized utility matrix Y.

i 1 o i3 N Ug | uyp Uz Uy | Ug | Us | Ug
io | 1 |0.77|0.49-0.80|-0.52 iv | 24|24 | -6 |-26|-16|-0.29|-1.52
iv 077 1 | 0 |-0.64|-0.14 i | 2 |24 |-06| -2 |-1.25] 0 [-2.25
ir |0.49| 0 | 1 |-055|-0.88 iz | 2.4 |2.25|-0.75| -2.6 |-1.20|-0.75|-0.75
i3 |-0.89|-0.64|-0.55| 1 |0.68 i3 |-1.17|-1.17|-0.17|0.83 | 0.83 | 0.34 | 0.83
iy |-0.52|-0.14|-0.88[0.68 | 1 is |-0.75|-2.75|1.25 [1.03 | 1.16 | 0.65 | 2.25

c) Item similarity matrix S. d) Normalized utility matrix Y.

5. KET LUAN

Bai viét nay da gioi thiéu mot cai nhin tong quat vé hé théng goi. Tac gia da tom
lugc c&c van dé co ban trong hé théng goi . (RS) cling nhu cac nhom ki thuat pho bién
hién nay trong RS, tir d6 di sau vao trinh bay chi tiét mot vai ky thuat cho két qua dy
doan tin cay nhat hién nay
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