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. MO PAU

1. Ly do chon dé tai

Trong thoi dai phat trién cua cong nghé thong tin nhu hién nay viée lya chon cac thong
tin hitu ich 1a mot van dé kho khan véi nguoi dung, do c6 mét sy gia ting rat 16n vé luong
thong tin c¢6 sin trén Web. Sy gia ting to 16n nay trong thong tin khong thé xur 1y d& dang
dugc dan dén viéc qua tai thong tin. Trong cudc séng hang ngay, moi nguoi thudng dua vao
nhitng khuyén nghi ctia nguoi khiac dé lya chon thong tin thong qua 10i noi, thu tham khao,
c4c tin tirc tir cic phuong tién truyén thong, hay tir nhitng khdo sat chung. .., hé thng tu van
(Recommender systems) hd trg va ting cudng qua trinh x4 hoi ty nhién nay dé gitp nguoi
dung sang loc thong tin bang cach dy doan va cung cap cho nguoi ding mot danh sach nhiing
cudn sach, bai bao, trang web, phim anh, &m nhac, nha hang, san phém,. ..c6 thong tin thu vi
Vva C0 gid tri nhat ma nguoi dung c6 kha niang quan tim dén. Hién nay nhiéu trang thuong mai
d4 duoc st dung hé tu van rat thanh cdng nhu hé théng caa Netflix, Amazon, Youtube...[16]

Loc ¢éng tic (CF) 1a mot phuong phép tiép can duoc st dung dé dua ra cac dé xuat
dira trén mdi twong quan giira cac tiiy chon ctia nguoi dung. Nhimng lya chon nay duoc tim
thiy bang cach sir dung cac do do twong tu nhu: Hé sé twong quan Pearson, Tuong quan
Pearson han ché, Cosine, Jaccard, v.v. Vi 1y do d6 trong luan vin nay tic gia s& nghién ctru
mot sb do do tuong tu st dung cho tu van loc cong tac, st dung thuat toan K-means dé phan
tich va danh gia hiéu qua cua cac d6 do tuong tu.
2. Tong quan vé van dé nghién ctru

Hé théng tu van duoc xay dung dua theo mdt trong hai mo6 hinh chinh d6 la phuong
phap loc dua trén ndi dung va phuong phap loc cong tac. Ky thuat loc dua trén ndi dung dugce
thuc hién dya vao viéc so sanh cac ndi dung cua thong tin hay nhitng mé ta cua hang hoé dé
tim ra nhirng san pham co su twong ddng v6i nhitng nhu cau ma ngudi ding quan tam trudce
d6. Khac véi loc theo ndi dung, loc cong tac chi sur dung dir licu Xép hang cua nguoi dung dé
dua ra du doan va dé xuat. Do do, loc cong tac co thé loc hiéu qua hon trén nhiéu san phém
khac nhau nhu phim, anh, 4m thanh, hang hoa. Trong tu van loc cong tac dugc chia 1am céac
k¥ thuat loc khac nhau d6 1a: Ky thudt loc cong tdac dwa trén bo nho va Ky thudt loc cong tdc
dua trén mo hinh.

KJ thudt loc c¢dng tdc diea trén bé nhé 1a mot phuong phap tinh toan mirc d6 giéng
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nhau gitta ngudi dung ndy véi ngudi dung khac hodc san phdm nay véi san pham khéc sir
dung nhirng dit li¢u trudc dé cua nguoi dung da danh gia.

Ky thudt loc céng tac dira trén mé hinh: Viéc thiét ké va phat trién cdc mo hinh (chang
han nhu hoc may, thuat toan khai thac dir liéu) co thé cho phép hé théng hoc cach nhan ra cac
mau phurc tap dya trén dit li¢u dao tao va sau do dua ra dy doan thong minh cho cac tac vy
loc cong tac ddi voi dir liéu thir nghi¢m hodc di li¢u trong thé gi61 thuc dya trén cac mo hinh
da hoc. Cac thuat toan loc cong tac dua trén mo hinh, ché'ing han nhu mo hinh Bayes, mé hinh
phan cym va mang phu thudc, ...

Pé tinh toan dugc muc do gidng nhau thi cic d6 do twong tu dong vai trd rat quan
trong. Trong k¥ thuat loc cong tac sir dung cac do do twong tu nhu [3]: Hé 56 twong quan
Pearson, Chi sé Jaccard, Twong tw cosine, Hé sé twong quan Pearson rang budc, Twong
quan Pearson dya trén chirc nang Sigmoid, Khodng cdach Euclide
3. Muc dich nghién ciru

Muc tiéu dat ra cia ludn van trong dé tai nay la: Khdo sat cac cach tiép can tu van loc
cong tac béng cach nghién ctiru mot s6 do do tuong tu sir dung trong tu van loc cdng tac, dung
thuat toan K-Means thir nghiém va danh gia cac do do tuong ty duoc st dung trong tu van
loc cong tac.

4. Poi twong va pham vi nghién ciru

Dbi tuong nghién ciru: DE tai tap trung nghién ciu cac d6 do twong tu st dung cho tur
van loc cong téc.

Pham vi nghién cau: Stir dung cho viéc danh gié hiéu qua cua cac d6 do tuong tu sur
dung cho tu van loc cong tac.

5. Phwong phap nghién ciru

Nghién ctru 1y thuyét vé tu van loc cong tac va cac do do tuong tu bang cach doc va
phan tich céc tai li€u, cong trinh nghién ctru da dugc dang tai.

Thir nghi¢m va danh gia cac do do tuong tu dua trén b dir liéu MovieLens trén trang

web https://grouplens.org/datasets/movielens/
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Chwong 1. TONG QUAN VE TU VAN LQC CONG TAC

1.1. Gidi thi¢u chung

Trong thoi dai phét trién cua cong nghé thong tin nhu hién nay, cac trang thuong mai
dién tir cung cip 1én dén hang triéu cac san pham dugc ban. Lya chon giita rat nhiéu san phim
tr& thanh mot cong viée ddy thach thire ddi voi khach hang. Hé thong khuyén nghi xuat hién
dé giai quyét van dé nay.

Thuat ngit "Collaborative filtering" 1an dau tién duoc Goldberg ap dung cho hé théng
tu van Tapestry, ké tir 46 CF da tro thanh mot trong nhitng k¥ thuat duge st dung rong ri
nhat dé cung cp cac khuyén nghi dich vu cho ngudi dung truc tuyén [3].

Loc cong tac da rat thanh cong trong ca thyc tién tim kiém lai, trong ca ing dung thu
thap thong tin va trng dung thuong mai dién tr [2].
1.2. Bai toan loc cOng tac

Trong mot kich ban CF ¢6 dién c6 m 12 mot danh sach ngudi dung ky hiéu 1a U = {u,
U,..., Um} V& N 13 mot danh sach cac san pham ma ngudi ding ¢ thé lua chon ky hidu la | =
{i1, i2,.., in}. M&i nguoi ding ui ¢6 mot danh sach cac san pham ma ngudi dung di danh gia
vé san pham d6 goi 1a Su, Mdi san pham ij€l 6 thé 13 hang hoa, phim, anh, tap chi, tai liéu,
sach, bao, dich vu hodc bat ky dang thong tin nao ma nguodi dung can dén. Tiép theo, ky hi¢u
R={rij},i=1...m, j=1...n13a ma trdn danh gi4, trong 6 mdi nguoi dung ui€U dua ra danh
gia cia minh v& mot sé san pham ij€l bang mot s6 rij. Vi mot ngudi dung u.€U (duoc goi 1a
ngudi dung dang hoat dong, ngudi dung can duoc tu van, hay ngudi ding muc tiéu) nhiém

vu cua bai toan loc cong tac duoc thé hién trong hinh 1.1.

San pham
il i2, - 1_] “es in
ui T3 (dur doan danh
gia cua nguol
b . ding u. cho san
2 Du dodn phém i)
,-g
lg Ua - ) Danh siach N san
En Tw van pham ggi v cho
nguoi ding ua
Um {Ta, Ta,..., Tin}
Piu vio Thuit toan loc cong tac Péu ra

Ma tran danh gia (R)

Hinh 1.1: So' d6 thé hién quy trinh ciia hé théng tw véin loc cdng tac
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1.3. Pic diém va thach thirc ciia loc cdng tac

Viéc van dung cac thuat toan loc cong tac trong thuong mai dién tr thuong gap phai
rat nhiéu van dé thach thuc, dic biét 1a ddi véi cac hé théng mua sam truc tuyén 16n nhu eBay
va Amazon. Thong thudng, mot hé thong gidi thiéu cung cap cac khuyén nghi nhanh chéng
va chinh x4c s& thu hat sy quan tim cua khach hang va mang lai loi ich cho cac cong ty. Di
v&i cac hé théng CF, viéc dua ra cac du doan hoac khuyén nghi du tiéu chuan phu thudc vao
mirc dd ching giai quyét cac thach thie, d6 cling 1a dic diém cua cac nhiém vy CF.
1.3.1. Dit liéu thwa thot

Trong thyc té, nhiéu hé théng khuyén nghi thuong mai duoc sir dung dé danh gia cac
bd san phém rat 1on. Do d6, ma tran danh gia cua nguoi dung duogc st dung dé loc cong tac
s€ cuc ky thua thét va hiéu suit ciia cac du doan hodc khuyén nghi cua cac hé théng loc cong
tac bi thach thirc.
1.3.2. Kha nang mao rong

S6 luong nguoi ding va san pham ting 1én rat nhiéu theo thoi gian, do d6 cac thuat
toan CF truyén théng s& phai giai quyét cac van dé nghiém trong vé kha niang mo rong khi tai
nguyén tinh todn vuot qué mirc thuc té hodc mirc c6 thé chép nhan duoc.
1.3.3. Tir dong nghia

Tir d6ng nghia dé cap dén xu hudng ciia mot sd ndi dung gidng nhau nhung cé tén
nhap khac nhau. Pa sb cac hé théng tu vin khong thé phat hién ra mdi lién quan tiém an nay,
do d6 s& xur 1y cac san pham nay mot cach khac biét. Vi du: cac ndi dung c6 vé khac nhau nhu
"children movie" va "children film" nhung trén thyuc té 1a cing mot noi dung, tuy nhién céac
hé thong CF dua trén bo nhd s& khong tim thay su phu hop nao gitta chiing dé tinh toan sy
giong nhau. That vay, mic do thay ddi trong cach sir dung thuat ngit mo ta 16n hon mirc
thuong duoc nghi ngd. Céc tir d6ng nghia s& lam giam hiéu suat khuyén nghi cta cac hé thong
CF.
1.3.4. Gray sheep va Black sheep

Gray sheep dé cap dén nhitng ngudi dung c6 v kién khong nhat quan dong ¥ hoic
khong ddng ¥ v6i bit ky nhom ngudi ndo do d6 CF khong c6 hiéu qua trong trudng hop nay.
Black sheep dé cap dén nhom dbi lap co thi hiéu dac trung dua ra cac khuyén nghi gan nhu
khong thé ching han nhu thich nhung lai dung nhitng tir ngit danh gia nhu khong thich do
d6 khong thé goi ¥ chinh xac cho nhom nay.



1.4. Cac ky thuat lgc cong tac
K¥ thuat loc cOng tac duogc chia lam hai loai co ban 1a Loc cong tac dvwa trén bo nho

va Loc cong tdc dwa trén mé hinh. Puoc thé hién qua hinh 1.2.

Loc cong tac Loc cong tac
dua trén bd nhd dua trén mo hinh

Loc cong tac Loc cong tac
dua trén nguoi dung dua trén san pham

Hinh 1.2: Cac k¥ thuit loc cfng tac

1.4.1. Ky thudt loc cong tdac dwa trén b nho

K¥ thuét loc cong tac dua trén bd nhé duge chia lam 2 loai: Loc cong tic dua trén
ngueoi ding Va Loc ¢dng tac duwa trén san pham
1.4.1.1. Loc cdng tac dua trén nguoi dung

Pay 1a phuong phap st dung toan bo ma tran danh gia dé chon ra mot tap ngudi dung
twrong ddng nhit véi ngudi dung can duoc tu van. Sau do, két hop cac danh gia cua tip nhimng
ngudi dung twong dong nhét ndy dé dua ra du doan cho ngudi dung can duoc tu van vé mot
san pham chua biét.

Cic buée thue hién tw van loc cong tac dua trén nguoi ding:

Buée 1: Tién xu 1y dit liéu

Buée 2: Tinh toan mitc d6 tuong tu ciia ngudi ding can tu van véi tat ca nhitng ngudi
dung trong hé théng.

Buée 3: Xac dinh tip ngudi dung lang giéng voi nguoi ding can tu van bang cach
chon K1 ngudi ding c6 murc d6 twong ty v6i ngudi ding muc tiéu 13 cao nhat.

Buéc 4: Dy doan danh gia ctia ngudi dung can tu van v6i san phdm chua danh gia
bang viéc két hop cac danh gid cta nhitng ngudi dung trong tip lang giéng.

Buoc 5: Tu van K san pham mdi c6 mice do phu hop cao nhat cho nguoi dung can tu van.



1.4.1.2. Loc cOng tac dwa trén san pham

Giai thuat loc cong tac dya trén san pham dé tu van cho nguoi dung khéc véi giai thuat
loc cong tac dua trén ngudi dung boi ddi trong dugc xét & day 1a cac san pham.

Céc bude thyc hién tu van theo phuong phap loc cong tac dya trén san pham:

Bu6e 1: Tien xir Iy dit liéu.

Buéc 2: Xdy dung Ma trdn danh gid: Hang 1a nguoi dung, Cot 12 cac san pham.

Bu6c 3: Tinh dé twong tw cia cac cip san pham, xay dung Ma trdn tuong tir cia cac

san pham.
Ts”?i
1 2 3 i Ji n-1 n
1 (R R)\
2 - R
Murc do tuong ty gitra hai
san pham duoc tinh bang
u ®_R) , q o
/ cach chi xem xét cac san
i pham dugc dong xép hang
m-1 R _RA
m R ’» -

Hinh 1.3: Tach cc san phdm cing dwoc danh gia va tinh toan dj twong tw

Bu6c 4: Tinh dw dodn ctia ngudi dung dbi voi san pham dua trén nhitng san pham lan
can véi san pham dy doan duoc trinh bay cu thé trong muc 1.6.
1.4.2. Ky thudt loc cong tac dwa trén mo hinh
1.4.2.1. M0 hinh mang Bayes

Mo hinh mang Bayes 13 mot d6 thi ¢ huéng, xoay chiéu, trong d6 mdi nut n € N dai
dién cho mot bién ngiu nhién, mdi cung c6 hudng a € A giita cac nut 1a mot lién két xac suit
gitlta cac bién, va © 1a mot bang xac suét c6 diéu kién dé dinh lugng muc do phu thudc cua
mot nit vao cha me cuia nd6. MO hinh mang Bayer thuong dugc sir dung cho cac nhiém vu
phéan loal.

Panh gia chwa biét ciia ngudi ding u ddi vai san pham p dugc tinh theo cong thic (1.1).

Tup = E(ru’p) = Yl=0i X Pr(n,, = i|ru‘,p,‘,p’ € Pu) (1.1)



1.4.2.2. M6 hinh phan cum

Mot cum 1a tap hop cac d6i tuong dir lidu twong tu voi nhau va khong giéng véi cac
dbi tuong trong cac cum khac. K¥ thuat phan cum dugc thuc hién bang cach phan chia céc
dbi tuong dir li¢u ban dau vao trong cac cum dir liéu khac nhau nham muc dich tap trung khai
thac thong tin tir ddi twong dit liéu c6 quan hé mat thiét véi nhau, ciing nhu bo qua nhiing
thong tin nhiéu tir nhitng d6i twong dit liéu it quan trong.
1.5. Cac tiéu chuéin danh gia d¢ do
1.5.1. Tiéu chudn ddnh gid dé chinh xdc ciia dinh gid dw dodn

Sai so tuyét doi trung binh (MAE)

Sai s6 du doan MAE, véi mdi nguoi ding u thudc tap dit liéu kiém tra Urest dugc tinh
bang cong thuc:

1 ~
MAE, = = Sep, |5 — 1l (1.2)

Trong d6: Py: 13 tong xép hang trén tit ca ngudi ding
7" 1a xép hang du doan ctia ngudi dung u trén san pham x
r¥: 1a xép hang thuc cua ngudi dung u trén san pham x
Sai s6 du doan trén tap dir licu kiém tra dugc tinh béng trung binh cong sai s6 du doan

cho moi1 nguoi dung thudce Utest.

MAE = LueUpose MABU (1.3)
[Utestl
Sai sé trung binh binh phwong (RMSE)
RMSE duoc tinh bang céng thuc:
1 ~
RMSE, = \/ﬁerPu(rxu —1¢)? (1.4)
RMSE, = LueUos RMSEu (1.5)
[Utestl
1.5.2. Tiéu chudn danh gid dp chinh xdc ciia danh sdch sin pham tw vin
e DO chinh xac (P)
d
P=— (1.6)

Trong do:
- d san pham tu van trong tdp Q ciling 14 san pham thuc té duoc thich boi ngudi
dung thudc Utest.
- b + d: t6ng sé san pham trong tap Q tu van cho ngudi ding Ugest.



e Do nhay (R)
R=-L (1.7)

c+d
Trong do:
- ¢ + d: tong s6 san pham trong tap Q thuc té thich boi nhitng ngudi dung trong
Utest.

e D0 do E-measure theo cbng thirc sau:

E — measure = O%T_oc)% (1.8)
Tham s6 « 1a d6 léch cho trude gitra P va R. Gia tri <€ [0,1].
e DJ do F — measure theo cong thirc sau:
2XPXR 2
F — measure = iR % (1.9)

Gia tri F — measure cang cao thi ching té hé tu van cho két qua cang chinh xAc.
1.6. Cong thirc du doan

Budc quan trong nhat trong h¢ théng loc cdng tac la tao giao di¢n dau ra vé mit du
doan. Sau khi tinh toan muc do twong tu gitra cac san pham thi budc tiép theo 1a xem xét xép

hang cua nguoi dung muc ti€u va st dung mot ky thuat dé co duoc du doan.
i 2 3 -1 0 i+t n-1 n

iz 7

[ | B 11 J[RT TA] ltfﬂjfi;l AL
1 — [

m-1

2nd 1st 4th 3rd 5th

Hinh 1.4: M6 phéng cong thirc du doan
1.6.1. Cong thic dw dodn dwa trén nguwoi dung
Phép do dugc st dung phd bién nhat trong linh vuc nay 1a phuwong phap tong cé trong

sb (Sarwar va cong su, 2001) duoc cho bai cong thirc 1.12.

hX i Simyp*Ty;
~ VEN
L (1.12)
! ZveN.a'Slmuvl
Trong do

N%: La tap nhimg ngudi hang xém gidng nhat véi nguoi dung u va da xép hang muc i.



v: 1a ngudi ding thuoc N,

Sim,,,,: la gia tri twong tu gitta ngudi dung U va v.

Ngoai ra chirc ning du doan trung binh dwgc dé xuat boi (Aggarwal, 2016) 1a mot bién
phap tong hop phé bién dugc cho bai cong thuc (1.13)

ZveNa Simyp*(ryi—Ty)

'Pu,i = 771 + (113)

et 1St
Trong do
7. 12 xép hang trung binh caia ngudi ding u.
7. 1a xép hang trung binh cta nguoi dung v.
1.6.2. Cong thic dw dodn dwa trén sdn pham
Cong thic du doan dya theo san pham dugc cho nhu cong thuc (1.14)

X jent SIMijTuj

(1.14)

Fo=
ut ZveNyl‘Simifl

Trong do

N¥: 1a tap nhitng ngudi hang x6m giong nhat véi san pham i va da duoc ngudi dung u
xép hang.

J: 1a nguoi dung thuge N

Sim;;: la gid tri twong tu gifta san pham i va j.

Cong thic tong hop lay gié tri trung binh dwoc cung cap trong (1.15)

ZjeN}‘ Simjx(ryj—T7j)

Foup =T+ (1.15)

ZpenulSimij|

Trong d6

7: 1a xép hang trung binh cta san pham i.

7;:la xép hang trung binh ciia san pham j.
1.7. Két ludn

Trong chuong nay, luan vin da trinh bay vé k¥ thuat loc cong tic bao gom cac k¥ thuat
loc cong tac dua trén bd nhé va loc cong tac dua trén mo hinh, cac ti€u chuén danh gia do do
va cac cong thie du doan két qua. Pé dy doan duge két qua trong tu van loc cong tac ching ta
phai st dung cac do do dé tinh toan khoang cach gitra ngudi ding hodc san pham. Trong chuong

tiép theo, luan van tim hiéu vé mot sd do do tuong ty dung trong k¥ thuat loc cong tac.
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Chwong 2. MOT SO PQ PO TUONG TU CHO TU VAN
LOC CONG TAC

2.1. Gidi thi¢u chung

Viéc tim kiém su twong dong giita nhitng nguoi dung 13 nhiém vu quan trong nhat vi
d6 chinh xac va chat luong cua cac dé xuit chu yéu dya vao ho. C6 nhiéu thude do d6 twong
ddng dé tim ra diém giéng nhau gitra ngudi dung va san pham. Viéc chon mét thude do do
trong déng hoan hao 13 rat quan trong d6i vai loc cong tac va do d6 ddi véi hé thong tu van
vi cac thude do do twong dong khac nhau s& cung cép cac két qua khac nhau trong cac bdi
canh thong tin khac nhau. Chuong nay s& tim hiéu vé mot sé do do tuong tu cho tu van loc
cong tac.
2.2. Mot s6 @9 do twong tw
2.2.1. Khodng cdach Euclide (Euclide distance)

Céng thirc khodng cdch Euclide biéu thi moi twong quan gita hai ngwoi diing u va v
nhw sau (20):

ds (1, v) = \/zie,u,,mi — r)? (2.1)

Trong do

I,,,: 1a tap hop cac san pham duoc xép hang boi ca nguoi dung u va nguoi ding v.

Tp:: Xép hang cua ngudi ding v voi san pham i.

1, Xep hang ctua ngudi dung u véi san pham i.

Cong thic khodng cach Euclide biéu thi méi firong quan giira hai san phdam i va j nhw
sau (21):

A5 = [Sue, (g = a)’ 22

Trong d6

Uj;: 1a tap hop nhitng nguoi dung da xép hang ca hai san pham i va .

r,j: Xep hang ctia nguoi dung u véi san pham j.

7, Xep hang ctia ngudi ding u véi san pham i.

Khoang cach Euclide dugc chuan hoa thanh dé do twong ty Euclidean cho ngudi dung

va san pham duoc thé hién & cong thie (2.3) va (2.4).
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1
1+dg(u,v)

Simg(u,v) = (2.3)

1
1+dg(i,))

2.2.2. Chi sé Jaccard (Jaccard index)

Chi s¢ Jaccard giita hai nguoi dimg u va v dieoc tinh theo cong thac:

Simg(i,)) = (2.4)

| |n| L]
|1y (U] Ly

Sim;(u,v) = (2.5)

Trong do

I,: S6 lugng cac san pham do ngudi dung u dénh gia.

I, S6 luong céc san pham do nguoi dung v danh gia.

Chi sé Jaccard giiza hai san phédm i va j duwoc tinh theo cong thac:

_ luilnlyj|
Uilu|uj

Sim; (i, j) (2.6)
Trong do
U;: S6 luong nguoi dung cung danh gia san phém I
U;: S lugng nguoi dung cung danh gia san phﬁm ].
2.2.3. Twong tw Cosine (Cosine similarity)
Do twong ty cosin giita hai nguoi dung uva v 1a cosin cua 2 véc-to u va v dugc tinh

theo cong thuc (2.7).

uv _ ielyy TuiTvpi 27
21125112 2[5 2 @n
ZlEI—u_ Tui ZlEIyrvy,
D¢ twong t cosin giita hai san phdm iva j 12 cosin cua 2 véc-to i va j duoc tinh theo
cong thuc (2.8).

Simcos(u, v) = cos(U, V) =

ij Zueuij Tui-Tuj

7112 7112
1||#X 2 2
Il =151 \/ZueUiTui\/ZuerTuj

Simeos(i,j) = cos(i,)) = (2.8)

2.2.4. Hé so twong quan Pearson (Pearson Correlation Coefficient)
Hé s6 twong quan Pearson giita hai ngwoi dung u, v duoc tinh toan theo cong thic
(2.9

Simpcc (u’ U) _ Zieluv(rui_ru)(rvi_rv) (29)

\/Zieluv(rui_fu)z Zieluv(rvi_fv)z

Trong do:

lw ={i € I|ry; # @"r,; # @} latap hop tat ca nhitng san pham nguoi ding u va v cliing
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danh gia.

r,,;: Panh gia ctia ngudi dung u cho san pham i

1,;: Danh gia ctia ngudi dung v cho san pham i

7. la trung binh cong cac danh gia khac @ cua nguoi dung u

7, 1a trung binh cong cac danh gia khac @ cua nguoi dung v

Hé twong quan Pearson giira hai san pham i va j [20] duoc tinh toan theo cong thuc
(2.10)

Zuev;j(rui=T) (ruj=7})

Simpec(i,7) =
\/ZuEUi

(2.10)

jrui=T)? Zueuij(ruj—fj)z
Trong do:
Uj={u€Uln, # O 1y # @} 14 tap hop tat ca nhitng ngudi dung ciing danh gid san
pham i vaj.
#;: 1a d4nh gia trung binh cho san pham i
7; 1a danh gia trung binh cho san pham j.
2.2.5. Hé so twong quan Pearson rang budc (Constrained Pearson Correlation)
Moi twong quan giira hai nguoi dung u va v duge tinh nhu sau:

Zieluv(rui_rm)(rvi_rm)

Simepee (U, v) = (2.11)

et rui=rm)? Sietyroi=rm)?
Trong do:
7,,: biéu thi gia trj trung binh cua thang danh gia. Vi du: trong thang diém tir 1 dén 5
thi 7, 12 3, 7;,, 14 4 trong thang diém tir 1 dén 7.
M&bi twong quan gitra hai san pham i va j duoc tinh nhu sau:

ZiEUij(rui_rm)(ruj_Tm)

Simepec(i,)) =
\/Zieui

(2.12)

jrui=rm)? ZieUij(ruj_Tm)z

Han ché chinh ctia k¥ thuat nay 13 hi¢u suat kém d6i véi tap dir lidu thua thét.
2.2.6. Twong quan Pearson dwa trén chirc nang Sigmoid (Sigmoid Function-Based
Pearson Correlation)

Mirc @6 tuwong tu gitra hai ngudi dung u va v trong SPCC duogc tinh nhu sau:

. . 1
Simgspcc (U, v) =Simpec (U, v) 7 (2.13)
1+exp(=)

Trong d6 i' 1a tong s nguoi dung dong xép hang.
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Mt d6 twong tu gitta hai san pham i va j trong SPCC duoc tinh nhu sau:
Simspec (w, v) =Simpec (i, ) m (2.14)
Trong d6 j' 14 tong sb san pham dong xép hang.
2.3. Vidu
Cho ma tran danh gia R = (rij) trong hé tu van loc cong tac duoc thé hién trong Bang 2.1.

Béang 2.1: Ma tran danh gia ctia nguoi dung

i1 I2 i3 ia is
U1 3 4 2 2
Uz ) 4 2 1
us 2 1 5
Us 3 2 4
Us 1 5
Us 2 1
uz 1 4 4

2.3.1. D twong tw giita cac cdp nguwoi dung

Khoang cach Euclide biéu thi méi twong quan gitra hai ngudi dung u; va u, duoc
tinh nhu sau:

de(uy,uy) =/(3-5)2+(2—-2)2+ (2—-1)%2 =224

Do do tuong tu Euclide dugc tinh nhu sau:

1 1
Simg(uq,u,) = = = 0.31
ECERY) 1+dg(usuy) 1+42.24

Chi s6 Jaccard gitta hai ngudi ding usz va uz duoc tinh nhu sau:
Sim; (uy, uy) = % = 0.60

Twong tw Cosine

D¢ twong ty cosin gitra hai nguoi dung us, uz dugc tinh nhu sau:

0.25X2+(=0.75)X(—=1)+(—0.75) X (—2)
\0.252+1.252+(=0.75)2+(=0.75)2 X/ 22 +12+(—1)2+(=2)2

Simeos(ug, uy) =

Simcos(ul, uz) = 052
Hé s6 twong quan Pearson gitra hai ngudi ding u,va u, duoc tinh nhu sau:

) = (3-2.75)(5-3)+(2-2.75)(2—3) +(2-2.75)(1-3)
20 [(3=2.75)2+(2—2.75)2+(2—2.75)2/ (5-3)2+(2—3)2+(1—-3)2

Simpec (U,

Simpce(uq,u,)=0.84
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Hé sé twong quan Pearson rang buac
Do tuwong ty Qitra hai nguoi dung ui va Uz dugc tinh nhu sau:

. B (3-3)%(5-3)+(2—3)x(2—3)+(2—3)x (1—3)
Mepee (s, uz) J(B=3)2+(2-3)%+(2-3)2)x((5-3)2+(2—-3)2+(1-3)2)

Simepce(ug, uz) = 0.71
Hé s6 twong quan Pearson dwa trén chirc ning Sigmoid

Do twong ty Qiita hai nguroi dung uz va uz dugc tinh nhu sau:

Simspcc(ul, uZ) :084‘ X ;Bl = 069

1+exp(—7)
Bang tong hop két qua tinh toan do twong tu gitra cac cap nguoi dung dya trén céac
cong thic tinh toan dg tuong tu nhu sau:

Béang 2.10: Bang tinh d§ twong giira hai nguoi dung

E J COS PCC CPCC SPCC
Ur2 0.31 0.60 0.52 0.84 0.71 0.69
U3 0.24 0.40 -0.39 -1.00 -0.89 -0.53
U14 0.26 0.60 -0.85 -0.96 -1.00 -0.78
Uis 0.22 0.50 -0.43 -0.89 -0.71 -0.65
Ue 0.33 0.20 0.53 0.71 -1.00 0.44
U7 0.26 0.40 -0.37 -1.00 -1.00 -0.73
Uz23 0.15 0.75 -0.82 -0.87 -0.89 -0.67
U2 0.26 0.40 -0.22 -0.45 -0.45 -0.33
Uzs 0.17 0.50 -0.67 -0.95 -0.95 -0.69
U26 0.25 0.20 -0.22 -1.00 -1.00 -0.62
Uz27 0.18 0.75 -0.65 -0.83 -0.83 -0.68
Uz 0.50 0.20 0.00 0.00 0.00 0.00
Uss 0.50 0.25 0.16 1.00 1.00 0.62
U3e 1.00 0.25 0.40 1.00 1.00 0.62
Us7 0.50 0.50 0.79 0.88 0.95 0.65
Uss 0.31 0.67 0.50 0.00 0.00 0.00
Use 1.00 0.25 -0.50 -1.00 1.00 -0.62
U7 1.00 0.20 0.29 1.00 1.00 0.62
Use 1.00 0.00 0.00 0.00 0.00 0.00
Us7 0.50 0.25 0.29 1.00 1.00 0.62
Ue7 1.00 0.25 0.58 1.00 1.00 0.62
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2.3.2. g twong tw giita CAC cdp sdn pham
Khoang cach Euclide biéu thi mbi twong quan gitra hai san pham i, va i, dugc tinh

nhu sau:

dg(iy, i) =J(3—4)2+ (3—2)2 =141

Do do tuong tu Euclide dugc tinh nhu sau:

1 1
Simg(iq,i,) = = =0.41
(i i) 1+dg(iy,iy) 1+1.41

Chi s6 Jaccard (Jaccard index)

Chi so Jaccard giira hai san phdam i1 va iz duroc tinh nhw sau:
. . 2

Sim; (iy, i) = - =033

Twong tw Cosine (Cosine similarity)

Do tuong tu cosin giita hai san pham i1 va iz dugc tinh nhu sau:

0.2x1.33+0.2X(—0.67)
J0.224+2.224+(-0.8)2+0.22+(—1.8)2/(1.33)2+(—0.67)2+(-0.67)2

Simcos(il, 12) = 0.03

Simeos(iy, i) =

Hé twong quan Pearson gitra hai san pham i, va i, duoc tinh nhu sau:

5 S (3-2.8)(4—2.67)+(3-2.8)(2-2.67)
imece (s L2) J(3=2.8)2+(3-2.8)2/(4—2.67)2+(2—2.67)2

Simpcc(il, lz) = 0.32
Hé s6 twong quan Pearson rang budc:
Do tuwong ty Qitra hai nguoi dung i1 va iz dugc tinh nhu sau:

i )_ (3-3)%x(4-3)+(3-3)x(2-3) .
27 [(3-3)2+(3-3)D)x((4-3)2+(2-3)2)

Simepcce(iy,

Twong quan Pearson dua trén chirc nang Sigmoid

P tuwong tr gida hai san pham i1 va i duge tinh nhu sau:

Simgpee (iy, ip) =0.32 X ——— = 0.23
1+exp(=7)

Bang tong hop két qua tinh toan do twong ty giita cac cip san pham dya trén cac cong

thirc tinh toan do tuong tu nhu sau:
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Bang 2.19: Bang tong hop tinh d9 twong giira hai san pham

E J COS PCC CPCC SPCC
I12 0.41 0.33 0.03 0.32 0.00 0.23
I13 0.41 0.29 0.72 1.00 0.80 0.73
I14 0.16 0.57 -0.77 -0.82 -0.80 -0.72
15 0.16 0.43 -0.66 -0.88 -0.89 -0.72
i23 0.50 0.17 0.12 1.00 1.00 0.62
24 0.26 0.33 -0.52 -1.00 -1.00 -0.73
25 0.33 0.17 -0.26 -1.00 -1.00 -0.62
i34 0.22 0.29 -0.52 -1.00 -0.95 -0.73
I35 0.15 0.60 -0.82 -0.90 -0.89 -0.74
45 0.50 0.50 0.57 0.95 0.94 0.77

2.4. Két luan

Trong chuong nay, luan vin di trinh bay vé sau do do twong tu st dung trong tu van
loc cong tac bao gdm cong thire tinh toan va ¥ nghia ciia cac ky hiéu sir dung trong cong thic,
vi du minh hoa cach tinh cac do do tur d6 dua ra dugc nhitng dy doan phu hop vé xép hang
cho nguoi dung hoac san phém. Van dé dit ra 1a can danh gia cac do do tuong tu sir dung
cing mot thudt toan dé xem xét mire d6 phu hop cua cac do do twong tu d6. O chuong tiép
theo, luan van s€ thir nghiém cac do do twong tu vdi thudt toan K-Means trén b dir liéu
MovieLens 100K dé dua ra két qua tu van, so sanh va danh gia cac do do twong tur ap dung

trong tu van loc cong tac.
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Chuong 3 . THU NGHIEM VA PANH GIA
3.1. Gi6i thiéu chung

Pé danh gia cac do do tuong tu co rat nhiéu thuat toan phan cum duogc st dung nhu:
BIRCH, DBSCAN, OPTICS,... Tuy nhién trong ludn van nay tac gia st dung thuat toan
K-Means dé phan cum danh gid cac do do twong tu dya trén bo dit li¢u danh gia cua nguoi
dung MovieLens 100K trén website https://grouplens.org/datasets/movielens/.

3.2. Phat biéu bai toan

Input Ouput

Bo dir liéu MovielLens 100k danh gia cua | Dir liéu da dugc phan cum dya trén cac do
ngudi ding vdi cac bo phim trén website: | do tuong tu: Twong ty Cosine, hé sd

https://grouplens.org/datasets/movielens/ tuong quan Pearson, hé sd twong quan

Thuat toan K-Means. Pearson rang budc, tuong quan Pearson
dua trén chic ning Sigmoid, chi sb

Jaccard, khoang cach Euclide.

Muc dich thir nghiém cua ludn van: Str dung thuat toan K-Means dé phan cum dir licu
st dung cac do do tuong tu khac nhau dé kiém tra két qua phan cum dau ra véi cac do do
tuong ty khac nhau thi dir li¢u phan cum c6 sy khac nhau nhu thé nao.

Thudt todn K-Means dwoc phdt biéu nhw sau:

Buéc 1: Chon sb k dé& quyét dinh sb luong cum.
Buéc 2: Khodi tao ngdu nhién trong tam cum C={ci,Cz,.., Cx}
Buéc 3: Lap
a. béi véi mbi diém dtr liéu (xi) trong tadp di liéu (D)
- Tinh khodng céach dis(xi,C) gitta x; va tdt cd céc trong
tadm cum.
- Gan x; cho cum gédn nhét.
b. Tinh toédn lai cé&c trong tdm cula cum lam gid tri trung binh

ctia tidt cad cac thanh vién trong cum.

Buéc 4: Dung khi céc thanh vién cum én dinh.



https://grouplens.org/datasets/movielens/
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3.3. Dir liéu thir nghiém va phwong phap danh gia
3.3.1. Mo ta dir li¢u
MovieLens 100K 1a tap dir liéu mé ta xép hang 5 sao va hoat dong gin thé vin ban
mién phi tir MovieLens, mot dich vu dé xuat phim. B6 dir liéu chira 100836 Xép hang va 3683
ung dung thé trén 9742 phim. D liéu dugc chra trong cac tép links.csv, movies.csv,
ratings.csv va tags.csv.
3.3.2. Moi trwong va cong cu
Hé diéu hanh Windows 11 64bit, RAM 8GB
Phan mém Visual Studio Code, Jupyter notebook
Ngo6n ngir 1ap trinh: Python
3.4. Cai dat thuat toan
Thuc hién thudt toan K-Means
e Khoi tao cac Centers
e Gan diém cho Centers gan nhat
e (Cap nhat Centers mdi
e Tim cluster
e Hién thi K-Means
Cac do do twong tu
e Khoang cich Euclide
e Chi sd Jaccard
o Tuong ty Cosin
e H¢ s6 twong quan Pearson
e Hg¢ s6 twong quan Pearson rang budc

e Tuong quan Pearson dya trén chirc ndng Sigmoid
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3.5. Két qua thir nghiém
e Khoang cach Euclide
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Hinh 3.1: Phin cum st dung d¢ do twong tw Khoang cach Euclide

e Tuong ty Cosin
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Hinh 3.2: Phin cum st dung d¢ do twong tu Cosine

e H¢ so trong quan Pearson
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Hinh 3.3: Phin cum sir dung d$ do twong tw Hé s twong quan Pearson
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e Tuong quan Pearson dua trén chirc ndng Sigmoid

-1 0 1 2 3 = 5 6

Hinh 3.4: Phan cum st dung d§ do Twong quan Pearson dua trén chirc nang Sigmoid

Compare distance

Userl,User2 Userl,User2 Userl,User2 Userl, User2 Userl,User2
Users

Hinh 3.5: Do thi thé hién dd do twong tw mdt s6 cip ngwdi ding
3.6. Két luan
Trong chuong nay, luan van da st dung thuét toan K-Means véi cac do do tuong tu
Hé sb trong quan Pearson, twong quan Pearson rang budc, twong quan Pearson dua trén chtc
nang Sigmoid, khodng cach Euclide, tuong ty Cosine va hé s6 Jaccard dé phan cum dir liéu
trén bg dir liéu MovieLens 100K va dua ra cac danh gié so sanh vé cac cum dir liéu cling nhu

cac do do tuong tu dugc st dung.
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KET LUAN VA KIEN NGHI

Hé thé)ng tu van loc cong tac la mgt hé théng dang phat trién trong nhiéu linh vuc dic

biét 1a thuong mai dién tir. Hé thong tu van ngdy cang hoan thién vé chat lugng va giam thoi

gian xu Iy dé dap irng nhu cau tu van san pham, dich vu cho ngudi dung.

Luéan van da trinh bay vé mot sé do do tuong ty s dung trong loc cong tac. Cac két

qua dat duoc cta luan van nhu sau:

Tim hi€u tong quan vé tu van loc cOng tac, cac k¥ thuat loc cong tac.

Tim hiéu mét s6 d6 do tuong tu str dung trong tu van loc cong tac nhu: H¢ sb tuong
qguan Pearson, tuong quan Pearson rang budc, twrong quan Pearson dua trén chirc
ning Sigmoid, khoang cach Euclide, twong ty Cosine va hé sb Jaccard. Pua ra vi

du dé st dung cic cong thirc tinh toan do do va danh gia so sanh cac do do.

Str dung thuat toan K-Means dé phan cum dir liéu danh gia cac do do dua vao bd

dir liéu MovieLens 100K.

S0 sanh va danh gia cac do do tuong tu.

Tuy nhién, ludn van van con nhi€u diém han ché, ludn van chi dung lai & mtc 4o

nghién ctru, tim hiéu. S6 luong cac do do nghién ctru chwa day do. Nhitng han ché nay da dua

ra mdt s huong mé cho dé tai ti€p tuc phat trién nhu sau:

- Nghién ctru mot s6 d6 do tuong tu khac str dung trong loc cong tac.

Str dung mét s6 thuat toan khac dé danh gia cac do do tuong tu.
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