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1. Tong quan vé hé goi

Tai sao can hé go1y

= Nguo1 dung bi qua tai thong tin trong moi1 truong
web

» Nha ban hang can dua ra san pham phu hop dé
= Tang doanh s6 ban hang
« Nang cao chat lwgng dich vu

« Xu hudng ca nhan hoa va s6 hoa 1a tat yéu
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H¢ go1 v vs hé tim kiém

. Hé tim kiém: Nguo1 dung thé hién mong muon thong
qua cau truy van

« Hé goi y: Ngudi dung chua biét minh muodn gi
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Linh vuc ung dung

» Thuong mai dién tir

« Giai tri truc tuyén

« Tin tirc truc tuyén

» Forum, mang xa hoi
= Nghién ctru khoa hoc
= Hen ho truc tuyén

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Linh vuc Gng dung (tiép)

« Amazon:
« Goi y san pham
« Tang hon 30% doanh thu

= Netflix:
« Go1y phim, chuong trinh TV
= Mang vé $1B mbi nim
= Google News:
« G011y tin tirc
. Ting gan 40% luu lugng truy cap
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Linh vuc ung dung (tiép)

Hating by date
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Cac phuong phap go1y

» Go1 YV dua trén nd1 dung:

» Go1y dua trén lich st giao dich ciia nguoi dung
» Loc cOng tac:

« Go1y dua trén ngudi dung co s thich tuong tu
» Go1 Yy dua trén phién:

= Goi y dua trén chudi giao dich

» Cac phuong phap lai
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Cuoc thi Netflix

Global average: 1.1296 erroneous

Find better items U - 1.0651
BE RS R ser average: 1.

Movie average: 1.0533

Personalization

R X2 R R RN Cinematch: 0.9514: baseline

“Algorithmics”
[ NN A AN A ] Static neighborhood: 0.9002

Static factorization: 0.8911

|
|

Time effects Dynamic neighborhood: 0.8885

AAARARL Dynamic factorization: 0.8794 accurate

Grand Prize: 0.8563; 10% improvement

Inherent noise: ????
v
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Cuoc thi Netflix (tiép)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Number of papers on recsys by years
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Go1y dua trén no1 dung

- Content-based: "Show me more of the

.M same what I've liked"
User profile & —~

contextual prameters \,\

v
item | score

i1l 0.9
._ i2 i
i3 0.3

v -
R Recommendation Recommendation
component list

Tiile | Genre | Actors

Product features
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Loc cong tac

= Collaborative: "Tell me what's popular
S— — among my peers"
User profile & emyp
contextual prameters \

v
: item | score
: H-""l-h.. x 55
Community data — > 2 1
* K 0.3

Recommendation Recommendation
component list

s e e e s i T s s —
E=fottrRedommender Systems: An Introduction 12



Nhturng thach thuc cua hé go1y

= SO giao dich rat nho so véi1 so luwgng ngudt dung va
san pham thuc teé

» Khong du thong tin v€ ngud1 dung va san pham mai

« Nguoi dung va san pham thay doi theo thoi gian,
theo mua

« Thoéi quen tiéu dung thay doi theo thdi gian, theo
mua

= Go1 Y theo thot gian thuc
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2. Cac phuong phap danh gia

= Cho
« Tap nguoi dung U
. Tap san pham I
« DL gém cac giao dich (U, I, r;, t)
« U: nguol dung u € U
« i:sanpham1 €1
= I, danh gia cua nguo1l dung U do1 v6i san pham |
« t: tho1 gian danh gia
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Cac p2 danh gia (tiép)

s .
ul
« Theo thang do 5 bac (1, 2, 3, ,4.5)
= Theo thang do nhi phan (0, 1)

» DL duoc chia lam cac tap train/test

« Hé goi v dugc huan luyén trén tap train

Trén tap test, h¢ go1 y du doan danh gia p ; cua nguoi
dung u véi san pham |
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train/test
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Cac do do danh gia

. (N)MAE
. RMSE

« Xép hang:
« Precision/Recall/F-score

— *
™
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MAE

n

» P,;: Du doan cua moé hinh d6i voi danh gia ciia nguoi
dung u véi san pham |

« I',;: Danh gia cua nguoi dung u d6i voi san pham i
« N: Tong sb vi du trong tap test
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NMAE

al%g

MAFE

'maz — Tmin

NMAFE =

« ... Gia tr1 du doan 16n nhat cua nguo1 dung

« .0 Gid tri dy doan be nhat cua ngudi dung
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RMSE

RMSE =

y - : N . R
SOJCT VIEN CONG NGHE THONG TIN VA TRUVEN THONG
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A/B testing

g 100% nguw&i dung

100-x% ngweoi dung X% nguwoi dung
Hé thdng Churc nang
ban dau goi y
Panh gia
(vd pageview,
CTR)
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3. Loc cong tac dua trén kNN

« Dua trén ma tran tuong tic ngudi dung san pham
« Khong c6 qua trinh huan luyén

» Go1 vy dua trén nguoi dung
« Tim tip V bao gom nhitng ngudi dung tuong tu vai nguoi
dung u
» Tinh toan danh gia véi san phém | dua trén danh gié cua
nhirng nguoi dung trong tap V do61 voi |
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Go1y dua trén nguo1 dung

/ Item for which prediction
iy I, .. ij . i is sought
I"|1
u '
2 P_. (prediction on
: oal :
Prediction item ffor the active
' I user)
: Recommendation
: {T]!, TE,...., T} Top-N
u, list of items for the
g active user
Active user

Input (ratings table) CF-Algorithm Qutput interface

s=ew= \|EN CONG NGHE THONG TIN VA TRUYEN THONG

~darwar et al 2010
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Po twong dong ngudi dung

Z;&EC(T’H*& — Tu)(Tvi — Tv)

\/ZieC(T'ui — rF‘u)z\/Zf.:;EC‘(r""v*-'i — FV)Z

sim(u,v) =

« C: Tap nhiing san pham ma nguoi dung u va v déu
danh gia

» I',: Danh gia trung binh cua nguo1 dung u (chi tinh
trén cac san pham ma nguo1 dung u danh gia)
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Du doan danh gia

Y ovev stm(u, v)(ry; — 7y)
Y ovev |stm(u, v)|

Pui = Tu +

= V: top k nguoi dung tuwong tu vo1 ngudi dung u

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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5 4

2 1

5 4 4
1

sim(u,,u,) = ~0.492
sim(u,,u,) = ~0.948
sim(u,,u,) = ~0.919

p(u,,i,) =~ 6.67
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Nhuoc diém

= Thuong xuyén phai cap nhat lai vector nguoi dung
khi ngud1 dung c6 giao dich moi
« Phai tinh toan trén toan b tap nguol dung

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Goi ¥ dua trén san pham

= Biéu dién san phém dua trén ma tran tuong tac nguoi
dung - san pham

« Phu hop véi hé thong c6 s6 san pham << s6 ngudi
dung

« [t phai cap nhat lai véc-to san pham

« Co thé tinh toan trudc do toong tu san phém - san
pham

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bi€u di€n san pham

[tem-item similarity is computed by

loo

King into co-rated items only. In

cage of items /and j the similarity s, is
computed by looking into them. Note:
eadh of these co-rated pairs are

obt

ained from different users, in this

example they come from users 1, u
ang m-1.

§=?
1 2 3 i f n-1
1 R__Rx_
2 - Rl
\\\
u (R R
/
_Ff,,,..-r"“'
m-1 R _Rf
m R -

~darwar et al 2010
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P trong dong san pham

sim(i, j) = Yuet (Tui = Tu)(uj — Tu)

Vuer (Tui = Fu)?Suer (Tuj — Tu)?

» U: tdp nguo1 dung cung danh gia san pham i va san
pham |

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Du doan danh gia

Yty X s ))
Z}E ,sim(, J)

p(ll, 3') —

*

J: top k san pham twong tu v4i san pham i

-
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1 2 3 11+ n1 n

= E
-
p
p p
p Al - P .
" [ S,
o ’ & / | B Zim
Rl R R - IR -
. s . .
z.- r -'.. z"z
. p p
- . . p
p

Al SN - - .
m-I | < j = .. e | weighted sum | | regression-based |
2“6 st g - 5th

4tn -
rg,ofmeeﬁ})ﬁ'n r;u;kre/n(/m /,
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4. Loc cOng tac dua trén MF

» Dua trén ngtr canh tong thé cua tuong tac nguoi dung
- san pham

. Biéu dién nguoi dung, san pham theo cac khia canh
an

» Su dung ki thuat MF (phan ra ma tran)

» Dua trén véc-to nguol dung, san pham dé dua ra du
doan

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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SVD

= Ma tran nguoi dung - phim R

= Phan rd R thanh ma tran nguoi dung - khia canh U va
ma tran phim - khia canh M

= MO1 nguo1 dung dugc bi€u di€én bo1 mot vec-to K
chiéu, trong do K 1a s6 khia canh an

= MO1 phim dugc bi€u dién bd1 mot véc-to K chiéu

K
T [t T —_—
R~U'M. AW M= X m,
k=1

]
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Du doan danh gia

K
Py = Zukf XMy -
k=1
= p;: Du doan danh gia cua nguoi dung | vO1 phim |

« U Véc-to nguoi dung |
« M;: Véc-to phim |

. X, 2 — —
Ham I0i: e; e. = ff,. p;}. .
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Hoc mo hinh

« U, M la cac tham sO can hoc

= R1atap
« Ham binl

) | o= g g omens
s = 1T T

DL huan luyén

h phuong 10i: Ej=e;"=(p;_1;)°

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Suy giam gradient

x e, e
Pao ham cua ham 16i theo u,, o( H) —Je.. 0 Y
ou, ' Ou,,
aef,f — @p U
ou O,

a(eﬂ' )2

ki

= 2¢;(=my; ) ==2(r; — p;)my .
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Suy giam gradient (tiép)

d(e;)’
Dao ham clia ham 16i theo m, — =2e,(—u,;) = =2(r; = p;)u, -
Smkj ' ' '
o(e,)’
1 [
ouy,

r+1

Uy =y + 23/(!?;' B pff')m’;?’"

(+1 { [
AWwis My = my + 2y (1 = Py uy,

,7'
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il |

||

]
0
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Suy giam gradient (tiép)

Cap nhat u,, theo dao ham:

1
ui:r = ui—:‘ + }’(2(!’;} o p;_‘;‘)m;g' — )'“u;-g) )

Céap nhat My theo dao ham:

141

My = mi} ™ }/(2(@ — P )ui‘f _im;ﬂ") :

A: Gié tri chuan hoa
y: Toc dd cap nhat

y

a/

]
0
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5. NCF (Neural CF)

. Biéu dlen ngu0’1 dung, san pham theo mot murc khia
canh an c6 thé khong thé hién dugc hét tinh chat
phurc tap cua twong tac nguo1 dung - san pham

. Mang no-ron tién nhleu tang cho phep twr dong hoc ra
cac mure khia canh an tir don gian dén triru tuong

« MF 1a trudng hop don gian nhat ciia mang no-ron

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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(G101 han cua MF

= MF bao toan tinh chat twong tu cua véc-to ngudi
dung

» G1a su do twong tu cua nguot dung dugc tinh theo hé
s6 Jaccard

« VEc-to nguoi dung va véc-to san pham cung dugc
biéu dién trén khong gian khia canh an K chiéu

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

41



Gidi han cua MF (tiép)

S,,(0.66) >s,, (0.5) >s,,(0.4)
s, (0.6) >s,,(0.4) >5s,,(0.2)

uy|1|1]|1 1 I
u, 111 5
[ T T T ;
| 1 1(1]1 ;l

________________________

7 ,. :
{ % y : ° E ® A El ®
R =M VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Kién trac NCF

-

n

CIC

Output Layer

Score (J,; |+

%0\ Training

J’

Neural CF Layers

~

-

Embedding Layer

User Latent Vector

e

= PMxK = {Pur!}

Ta rget

Item Latent Vector

.-

__,:::H:f:.r__ Qnx = (i)

o™

Input Layer (Sparse)

0

o(ojo0f1|0

0 0.0

User (u)

Item (i)
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Tang dau vao

« Nguoi dung duge biéu dién boi véc-to one-hot gdm
M chiéu
= M 14 s6 nguoi dung
= Moi ngu’(n dung U cé mot gia tr1 1 tuong trng, cac gia tri
con lai déu bang 0

» San pham dugc biéu dlen bo1 vec-to one-hot gom N
chiéu, trong d6 N 14 s6 san pham

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tang nhung

« Biéu dién nguoi dung va san pham doc 1ap

« M x K trong s6 lién két dé biéu dién ngudi dung
« N x K trong so lién két dé biéu dién san pham
M6 hinh thir nghiem: K =16

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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MLP

. Biéu dién nguoi dung va san pham dugc ghep ndi dé
dua vao mot mang MLP nhiéu tang nham hoc dugc
cac tuong tac phirc tap ciia ngudi dung va san pham

= MO hinh thtr nghiém:
« Ham kich hoat RelLU
= 3 tang véi kich thudc giam dan 32 — 16 — 8

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ham 101

« Phan hoi an:
= 1: Nguoi dung tuong tac voi san pham
« 0: Nguoi dung khéng twong tac véi san pham

= Bai toan phan loai hai 16p ¢o yéu t6 xac suat

« Str dung ham 16i binary cross entropy

— Y yuilogdui + (1= yui) log(1 — fui).
(u,i)e YUy~

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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6. Go1 y theo phién

« Trong nhiéu truong hop, kho co thé dinh danh ngudi
dung va thu thap danh gia. VD:
» Cac website thuong mai nho
« Cac trang tin tirc

« K1 thuat goi1 y theo phién
= Khong yéu cau dinh danh ngudi dung

= MOoi phién giao dich, bao gom thir tu giao dich duoc sir
dung lam dir li€u huan luyén mo hinh

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phat biéu bai toan

iy, .y |

« Pau vao: Chudi cac san pham i 0 1

« Pau ra: Goi ¥ san pham tiép theo

« Pua ra danh sach cac san pham co6 xac suat 16n nhat
Pr(i [ 1, 1, ..os 1)

= Phu hop véi phan hoi an

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Phan ho1 an

123|4 1IE|3|4
U1?++?I U1o11oI
U+ |22+ | U, 1]0/0[1) <
Uy # [+ (2?2 Q = U[1(1/0[0 |2
Uu/?2 1?2+ + u/0({0 1|1
u 2?2+ ? u.0/0[(1/0

«— jtem —» «— jtem —»
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Kién trac RNN

item 2 item 3 item 4 item 5 . item n

e @O O 0O O O O

gt (DD —D—OD—O—
maw O O O O O O

item 1 item2 item3 item 4 item (n-1)
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Tang dau vao

« Biéu dién mdi san pham tai mot thoi diém t dudi
dang one-hot
. Giatri | Gng véi vi tri clia san pham trong tap tir vung, cac
214 tr1 khac =0
« V —tr vung: SO san pham khac nhau

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tang nhung

= Bién do1 bieu di€n one-hot thanh bi€u dién K chi€u
. K13 s0 no-ron cta tang nhung
. SO trong s lién két giira tang dau vao va tang nhung V X K

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tang hoi quy

« Tang hoi quy luu trir cac thong tin qua khir thong qua
cac lién két ho1 quy

« Nhiéu tang hoi quy co thé dugce “chong” (stack) 1én
nhau dé hoc dugc cac dic trung triru twgng mic cao

« Thay vi nhan co ban, c¢6 thé dung cac nhan LSTM
hoac GRU

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tang MLP

« Dau ra cua tang h01 quy duoc dung lam vao dau vao
ctia tang MLP dé sinh ra du doan

« Tang MLP co thé bao gom cac tang an dé hoc duoc
ham phi tuyén

. Tapg dau ra cia MLP c6 V no-ron tng véi V san
pham

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ham mat mat

« Ham mat mat thtr hang theo cip

= /NV: sO mau negative
=« 72 D1ém cua san phdm mong muodn positive i
. rj” : P1€m cua san phém khong mong muon negative j

« Gia thiét phan hoi an: San pham i dugc lua chon nén
murc dO wu tién cla i cao hon cac san pham j con lai

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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