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LOI CAM DOAN

To61 cam doan luén van dé tai "Nghién cieu mot so do do twong tw cho tw vin

loc cong tac" 1a cong trinh nghién clru cua riéng toi.

Céc so liéu, két qua néu trong luan van la trung thyc va chua ting dugc ai

cong bd trong bat ky cong trinh nao khac.

Tac gia luan van

Tran Thi Nghia



LOI CAM ON

Trong sudt qua trinh thyuc hi¢n dé tai luan van "Nghién ctru mot s6 do do tuong
tw cho tu van loc cong tac" to61 da nhan dugc rat nhiéu sy gitp do, dong vién tao diéu
kién tir thiy c6, gia dinh va ban bé. Téi xin bay t6 10ng cam on chin thanh vé su giup
do dong vién nay.

Trude tién, toi xin bay to long biét on sau sic téi PGS.TS. Tran Pinh Qué -
nguoi da dinh hudng cho to1 trong viée lua chon dé tai, dua ra nhirng nhan xét quy
gia va truc tiép hudng dan toi trong sudt qua trinh nghién ciru va hoan thién luan van.

Tiép theo, toi xin giri 151 cam on chan thanh téi tat ca cac quy thay cb gido cta
Hoc vién Cong nghé Buu chinh Vién thong di giang day va hudng dan cho t6i trong
trong sudt qua trinh hoc tap tai truong.

Cudi cung, t0i Xin bay t6 10ng biét on chan thanh d6i voi gia dinh va ban beé -
nhitng nguoi ludn & bén canh dong vién, ting ho, cd vii va tao diéu kién cho toi hoan

thanh khoa luédn nay.
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I. MO PAU
1. Ly do chon dé tai

Trong thoi dai phat trién ctia cong nghé thong tin nhu hién nay viéc lua chon
c4c thong tin hiru ich 1a mot van dé khé khan voi nguoi dung do ¢6 mot sy gia ting
rat 16n vé luong thong tin c6 sin trén Web. Su gia ting to 16n nay trong thong tin
khong thé xir Iy d& dang duoc dan dén viéc qué tai thong tin. Trong cudc séng hang
ngay, moi ngudi thudng dua vao nhitg khuyén nghi ctia ngudi khac dé Iya chon
thong tin thong qua 15i noi, thu tham khao, céc tin tirc tir cic phuong tién truyén
thong, hay tir nhitng khao sat chung..., h¢ thong tu van (Recommender systems) hd
trg va ting cudng qua trinh x4 hoi tu nhién nay dé giup nguoi dung sang loc thong
tin bang cach du doan va cung cap cho ngudi ding mot danh sach nhitng cudn sach,
bai béo, trang web, phim anh, 4m nhac, nha hang, san pham,...c6 thong tin thi vi va
c6 gia tri nhat ma ngudi dung c6 kha ning quan tam dén. Hién nay nhiéu trang thuong
mai da duogc st dung hé tu véan rat thanh cong nhu hé thdng cua Netflix, Amazon,
Youtube...[16]

Loc ¢éng tic (CF) 1a mot phuong phép tiép can duoc st dung dé dua ra cac
dé xuat dya trén mdi twong quan giita cic tiy chon ctia nguoi dung. Nhitng lua chon
nay dugc tim thay bang cach st dung cac d6 do tuong tu nhu: Hé sb twong quan
Pearson, Tuong quan Pearson han ché, Cosine, Jaccard, v.v. Vi 1y do d6 trong luan
van nay tac gid s€ nghién ctru mot s6 do do tuong tu st dung cho tu van loc cong tac,
sir dung thuat toan K-means dé phan tich va danh gia hiéu qua cua cac d6 do tuwong
tu. C6 rat nhiéu do do twong tu st dung trong cac k¥ thuat loc cong tac nhu [3]:
Tuong ty Cosine (Cosine similarity), twong tir Cosine diéu chinh (Adjusted Cosine
Vector), hé sb trong quan Pearson (Pearson Correlation Coefficient), thong tin tuong
hd diéu chinh (Adjusted Mutual Information), chi sé Rand diéu chinh (Adjusted Rank
index), hé s6 twong quan thir tw bac Spearman (Spearman rank-order correlation
coefficient), trong tir Heuristic (Heuristic similarity), chi s6 Jaccard (Jaccard index),

khoang cach Euclide (Euclide distance), khoang cach Manhattan (Manhattan distance),



kKhoang cach Chebyshev (Chebyshev distance), do twong tu tam giac (Triangle
similarity), PCC c6 trong sb voi RPB (improved PCC weighted with RPB),... Tuy
nhién trong luan vin ndy tac gia s& tap trung nghién ctru mot sé do do twong ty nhu:
Tuong ty Cosine, hé sé trong quan Pearson, hé sb twong quan Pearson rang budc,

twong quan Pearson dwa trén chic ning Sigmoid, chi sé Jaccard, khoang cach

Euclide.
2. Tong quan veé van deé nghién ctru

Hé thong tu van dugc xay dung dira theo mot trong hai mé hinh chinh d6 1a
phuong phap loc dua trén ndi dung va phuong phap loc cong tac. Ky thuat loc dua
trén ndi dung dugc thuc hién dua vao viéc so sanh cac ndi dung cua théng tin hay
nhitng md ta cia hang hod dé tim ra nhiing san pham cé su twong dong véi nhiing
nhu cau ma ngudi ding quan tim trude d6. K thuat loc theo ndi dung duoc phat
trién dua vao viéc ké thira cac phuong phap trich chon dic trung trong linh vuc truy
van thong tin. Dé dua ra mot tap cac dic trung phi hop va day du, ndi dung cua tai
lidu phai dugc biéu dién dudi dang hop 1y dé may tinh c6 thé tu dong tinh toan, phan
tich trong sb cac dic trung cua ndi dung. Phuong phap nay s& khé ap dung trong
nhirng truong hop trich chon dac trung nhirng ndi dung phirc tap nhu dir liéu da
phuong tién (hinh anh, am thanh, dich vu). Khac véi loc theo ndi dung, loc cdng tac
chi str dung dit liéu xép hang ctia nguoi dung dé dua ra dy doan va dé xuat. Do do,
loc cong tac co thé loc hiéu qua hon trén nhiéu san phém khac nhau nhu phim, anh,
am thanh, hang ho4. Muc dich ciia phuong phép tu van dya trén loc cong tac 13 dy
doan mot san pham phu hop cho nguoi dung hodc du doan nhimg san phim méi dira
trén nhirng s¢ thich trudc day hodc nhitng sé thich tuong tu cua nhirng nguoi dung
khéc. Trong tu van loc cong tac dugce chia lam cac ky thuat loc khac nhau do la: Ky
thudt loc cong tdac dwa trén b nhé va Ky thudt loc cong tdac dwa trén mo hinh.

Ky thudt loc cong tac dua trén bo nho 1a mot phuong phap tinh toan murc do
giong nhau giita nguoi ding nay véi nguoi dung khic hodc san pham nay véi san

pham khac str dung nhiing dir liu trudc d6 ctia ngudi ding da danh gid.



K3 thudt loc cong tac dua trén mo hinh: Viéc thiét ké va phat trién cac mé hinh

(chang han nhu hoc may, thuat toan khai thac dir liéu) c6 thé cho phép hé thong hoc

cach nhan ra cdc mau phuc tap dua trén dir li¢u dao tao va sau d6 dua ra dy doan

thong minh cho cac tac vu loc cong tac ddi voi dix liéu thir nghiém hodc dit li¢u trong

thé gi61 thye dya trén cdc mo hinh da hoc. Céc thuat toan loc cong tac dua trén mo

hinh, chang han nhu mé hinh Bayes, md hinh phan cum va mang phu thudc, ...

Pé tinh toan duoc mirc d6 gidng nhau thi cac do do twong tu dong vai tro rat

quan trong. Trong k¥ thuat loc cong tac s dung cac do do twong tu nhu [3]:

Hé s6 twong quan Pearson: Hé s6 twong quan cua Pearson 13 théng ké kiém
dinh do luong mdi quan hé thong ké, hay su lién két giita hai bién lién tuc. Hé
s6 twong quan Pearson duoc biét dén 12 mot phuong phap do ludng tot nhat dé
do luong mdi lién hé gitra cac bién quan tdm vi n6 dua trén phuong phap hiép
phuong sai. N6 cung cap cac thong tin vé do 16n ciia moéi lién két, moi twong
quan, ciing nhu hudng ctia mdi quan hé.

Chi s6 Jaccard: (hé sb twong tu Jaccard) 1a thude do murc d6 giéng nhau cia
hai bo dir liéu, véi pham vi tir 0% dén 100%. Ty 1é phan tram cang cao thi hai
b dit liéu cang giéng nhau.

Twong tir Cosine: 1a mot phép do duogc str dung dé do ludng murc do giéng
nhau giita hai hodc nhiéu véc to.

Hé s6 twong quan Pearson rang budc: 13 mot bién thé cia hé s6 twong quan
Pearson phu hop hon khi c6 xép hang 4m trong tap dit liéu.

Tuwong quan Pearson duwa trén chuc nang Sigmoid: 1la st dyng mdt ham
Sigmoid dé giam gié tri twong ty giita cac san phim ma it ngudi dung da xép
hang ca hai san pham.

Khodng cdach Euclide: Khoang cach Euclide giita hai diém trong khong gian
Euclid dugc dinh nghia 1a d6 dai ciia doan thang giita hai diém. Vi khoang
cach Euclide c6 thé dugc tim thiy bang cach sir dung cac diém toa do va dinh

1y Pythagoras, n6 doi khi dugc goi 1a khoang cach Pitago.



3. Muc dich nghién ciru

Muc tiéu dit ra cta luan van trong dé tai nay la: Khao sat cac cach tiép can tu
van loc cong tac bang cach nghién ctru mét s6 d6 do twong tu st dung trong tu van
loc cong tac, dung thuat toan K-Means thir nghiém va danh gia cac do do tuong tu

duoc st dung trong tu vén loc cong tac.
4. P6i twong va pham vi nghién ciru

Déi twong nghién cau: Dé tai tap trung nghién cau cac do do tuong ty sir dung
cho tu van loc cong tac.

Pham vi nghién ctru: Str dung cho viéc danh gia hi¢u qua cua cac d do tuong
tu str dung cho tu van loc cong tac.
5. Phwong phap nghién ciru

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

Thir nghiém va danh gia cac do do tuong tu dua trén bo dir liéu MovielLens

trén trang web https://grouplens.org/datasets/movielens/




Chuong 1. TONG QUAN VE TU VAN LOC CONG TAC

1.1. Gi6i thi¢u chung

Trong thoi dai phat trién cia cong nghé thong tin nhu hién nay, cac trang
thuong mai dién tr cung cép 1én dén hang triéu Cac san phém duoc ban. Lua chon
gifra rat nhiéu san pham tré thanh mot céng viée day thach thirc dbi voi khach hang.
Hé thong khuyén nghi xuét hién dé giai quyét van dé nay. Hé thong gi6i thiéu dugc
str dung dé cung cap cac khuyén nghi chét luong giup hudng dan khach hang dua ra
quyét dinh mua san pham. Hé thong gidi thiéu vé co ban dugc s dung trong cic
trang web thuong mai dién tir, trong d6 dau vao cta hé thong sé 14 phan tich hanh vi
mua ctia khach hang dugc sir dung dé dua ra danh sach giéi thiéu cac san pham. Hé
thong gi6i thiéu da thay doi cach moi ngudi tim kiém san pham, théng tin va muc
tiéu chinh ciia hé thong gidi thiéu 1a cung cép cho khach hang cac khuyén nghi chinh
xéac va chat lwong t6t. Hau hét tit ca cac hé thong gidi thiéu thudng bat dau bang cach
tim kiém nhoém khach hang di mua hodc xép hang cac san pham tuong ty va tring
lap v6i cac san pham did mua hodc xép hang ciia ngudi ding hién tai. Co nhiéu cach
trién khai hé théng khuyén nghi dua trén nhiéu yéu t6 khac nhau va duoc ap dung
cho céac bdi canh khac nhau nhu hé théng khuyén nghi ban 1¢ 1dy cam hing tir sinh
hoc, t6i wu hoa siéu thong s6 cho hé thong khuyén nghi hodc hé thong khuyén nghi
dua trén sy twong dong vé ngir nghia. Mot trong nhitng cong nghé khuyén nghi dau
tién va duogc stir dung rong rai la "Loc cong tac" [15]. Loc cong tac (CF) la loc thong
tin tu vin cho ngudi dung dua trén tdp hop cac hd so ngudi ding cé cung so thich.
Céc thuat toan loc cong tac dugc phan loai la dua trén nguoi dung va dua trén cac san
pham. Hé théng dé xuét can luu trit thong tin vé cac tiy chon cta ngudi dung duoc
g0i 12 hd so ngudi dung. Ho so ctia nguoi ding c6 thé duge thu thap mot cach rd rang
hodc an y. Nguoi ta c6 thé yéu cau ngudi dung danh gia mét cach rd rang nhitng gi
ho da quan tdm dén. Mot hd so nhu vay duoc dién rd rang boi xép hang ciia ngudi
dung. Hd so ngdm dura trén quan sat thu dong va chira dit liéu twong tac lich sir caa

ngudi dung. Dya trén chién luoc nay, cac san phim ma ngudi dung khac da quan tam



tuong tur véi ngudi dung muc tiéu duge dé xuat. Su twong dong gitta hai ngudi ding

duogc tinh toan voi sy trg gitip cua xép hang do nhitng ngudi ding khac thyc hién.

Thuat ngit "Collaborative filtering" 1an dau tién duogc Goldberg ap dung cho
hé thdng tu van Tapestry, ké tir 6 CF di tré thanh mot trong nhitng k¥ thuat dwoc
str dung rong rii nhat dé cung cap cac khuyén nghi dich vu cho ngudi dung truc tuyén
[3]. Tuy nhién, hé théng tu vin cho cic cong dong 16n khong thé phu thude vao viée
mdi ngudi biét nhitng ngudi khac. Sau d6, mot sé hé thong gisi thiéu tu dong dwa
trén xép hang da duoc phat trién. Hé théng nghién ctiru GroupLens cung cap giai phap
loc cong tac bang bat danh cho tin tic va phim trén Usenet. Ringo va Video
Recommender 1a cac hé théng dya trén web va email tao ra cac dé xuat vé nhac va
phim twong tng. Mot s6 dic biét vé truyén thong cia ACM trinh bay mot s6 hé thong
khuyén nghi khac nhau [2].

Loc cong tac da rat thanh cong trong ca thyc tién tim kiém lai, trong ca ung

dung thu thap thong tin va tmg dung thuong mai dién tur [2].
1.2. Bai toan loc cong tac

Muc ti€u cua thuét toan loc cdng tac la dé xut cac san phém moi hoac du doan
tién ich ciia mot san pham nhét dinh d6i véi ngudi dung cu thé dya trén s thich trude
day ctia ngudi dung va ¥ kién ctia nhitng ngudi ding cung chi huéng. Trong mot kich
ban CF c¢6 dién c6 m 1a mot danh sach nguoi dung ky hiéu 1a U = {us, Ua,..., Um} VA
n 12 mot danh sach cac san phdm ma ngudi dung c6 thé lua chon ky hiéu 1a 1 = {is,
i2,.., in}. Mdi ngudi dung ui ¢6 mot danh sach cac san pham ma nguoi dung da danh
gia vé san pham d6 goi 1a Sy, mdi san pham i€l cd thé 13 hang hoa, phim, anh, tap
chi, tai liéu, sach, bao, dich vu hodc bit ky dang thong tin ndo ma ngudi dung can
dén. Tiép theo, ky hiéu R={rjj }, i =1...m, j = 1...n 1a ma tran danh gia, trong d6 mdi
ngudi ding ui€U dua ra danh gia ciia minh vé mot s san pham ij€l bang mot sd rij.
Mtic d6 wa thich cua nguoi dung ui d6i voi san pham ij dugc thé hién qua gid tri rij.
Gia tri 1jj c6 thé duoc thu thap truc tiép bang cach dua trén diém xép hang hodc thu

thap gian tiép xuét phat tir hd so mua hang, bang cach phan tich nhat ky, bang cach



khai théc cac siéu lién két web,... Néu trong truong hop nguoi dung ui chua biét dén
san pham ij hodc chua danh gia san pham d6 thi gia tri rij = @. Voi mot nguoi ding
U.€U (duoc goi 1a nguoi dung dang hoat dong, nguoi dung can duoc tu van, hay
nguoi dung muc tiéu) nhiém vu cua bai toan loc cong tac duoc thé hién trong hinh

1.1.

San pham

il i2 i_] in

I, (du doan danh
gia cua ngudi
diung u. cho san

[=]
=

Du doan

o phim i)
: >
€ . ) Danh sach N san
e Twvan | | phim goi ¥ cho
ngudi ding ua
- {Ti, Tiz,...,Tix}
Diu vao Thuat toan loc cong tac Diu ra

Ma tran danh gia (R)
Hinh 1.1: So' @6 thé hién quy trinh ciia hé thong tw van loc cong tac

Ma tran danh gia R = (rjj) 1a thong tin ddu vao duy nhét cta cac k¥ thuat loc
cOng tac. Dya trén ma tran danh gia, cac k¥ thuat loc cdng tac thuc hién hai nhi¢m vu
chinh d6 1a dy doéan va tu vAn.

Du dodn la mét gid tri s6 raj thé hién sé thich ctia ngudi ding Ua d6i v6i nhitng
san pham MA Ua chua danh gia (rs = @), trén co sé d6 tu van cho ua nhitng san pham
dugc danh gia cao.

Pé xudt mét danh sach N sdn pham ma ngudi ding ua thich nhét.

Vi du vé ma tran danh gia R = (rij) trong hé tu van loc cong tac gdm bén nguoi
ding trong tap U = {us, Uz, U3, Us} danh gia by san pham trong tap | = {i1, iz, i3, ia,
is, is, i7}. Mdi ngudi dung déu dua ra cac danh gia cia minh vé cac san pham theo

thang bac {0, 1, 2, 3, 4, 5}.



Bang 1.1: Vi du vé ma tran danh gia ciia loc cdng tac

Nguoi San phim

dung is iy is iy is i i;
Up 4 5 1
Uz 5 5 4 4 5
Us 2 4 5
Ug 2 3 3

1.3. Pic diém va thach thire ciia loc cong tac

Vi¢c van dung cac thuat toan loc cong tac trong thuong mai dién tir thuong
gip phai rat nhiéu van dé thach thirc, dic biét 1a ddi voi cac hé thong mua sim truc
tuyén 16n nhu eBay va Amazon. Thong thudng, mot hé thong gidi thiéu cung cép cac
khuyén nghi nhanh chong va chinh xac s& thu hit sy quan tdm ctia khach hang va
mang lai lgi ich cho cac cong ty. Ddi v6i cac hé théng CF, viéc dua ra cac du doan
hoic khuyén nghi du tiéu chuan phu thudc vao muc do chung giai quyét cac thach

thire, d6 ciing 1a dic diém cua cac nhiém vu CF.
1.3.1. Dit li¢u thwa thot

Trong thyc té, nhiéu hé thong khuyén nghi thuong mai duoc sir dung dé danh
gia cac b san pham rat 1on. Do d6, ma tran danh gia cua ngudi dung duoc st dung
dé loc cong tac s€ cuc ky thua thdt va hi¢u suat cta cac du doan hodc khuyén nghi

cua cac hé théng loc cong tac bi thach thuec.

Théch thirc vé dit liéu thua xuit hién trong mot s6 tinh hué)ng nhu van dé xudt
phat ngudi xay ra khi mot nguoi dung méi duoc thém vao hé thong sé chua co danh
gi4 san pham nao hodc chua c6 cac hanh vi ndo véi san pham mai dugc thém vao s&
chua dugc nguoi dung nao danh gia hodc chua dugc ai mua, xem, tim kiém. Rat kho

dé tim thay nhitng ngudi dung hodc san pham tuong ty vi khong c6 du thong tin.



bé giam bot van dé dit liéu thua, nhiéu cach tiép can da duoc dé xuét vi du
nhu cac ky thuat giam kich thuée, chang han nhu k¥ thuat giam s6 chiéu (SVD), loai
b6 nguoi dung hoic san pham khong dai dién hoic khong dang ké dé giam kich thudc

clia ma trin san phim ngudi dung tryc tiép.
1.3.2. Kha nang mao rong

S6 luong ngudi dung va san pham ting 18n rat nhiéu theo thoi gian, do d6 céc
thuat toan CF truyén thong s& phai giai quyét cac vin dé nghiém trong vé kha ning
mo rong khi tai nguyén tinh todn vuot qua mirc thuc té hodc mirc c6 thé chap nhan
dugc. Vi dy, vdi hang chuc triéu khach hang (M) va hang tri¢u danh muc riéng biét
(N), mot thuat todn CF v6i d6 phurc tap ciia O(n) da qua 16n. Ngoai ra, nhiéu hé thong
can phan tng ngay lap tirc vdi cic yéu cau truc tuyén va dua ra khuyén nghi cho tat
ca ngudi dung bét ké lich sir mua hang va xép hang cta ho, diéu nay doi hoi kha ning
mo rong cao cua hé thong CF.

Céc k¥ thuat giam kich thuéc nhu SVD c6 thé giai quyét van dé vé kha nang
mo rong va nhanh chong dua ra cac dé xuat chat luong t6t, nhung chung phai trai qua
cac budc phan tich nhan tir ma tran tdn kém. Mot thuét toan loc cong tac su dung SVD
gia tang tinh toan trudc qua trinh phan rd bang cach sir dung nhiing nguoi dung hién
cd. Khi c6 cac xép hang méi duoc thém vao co sd dir liéu, thudt toan st dung k¥ thuat
chiéu gap khuc dé xay dung mot hé thong gia ting ma khong can tinh toan lai mo hinh

chiéu tir dau. Do d6, n6 1am cho hé thong gidi thiéu ¢ kha ning md rong cao.
1.3.3. Tir dong nghia

Tir dong nghia dé cap dén xu hudng ciia mot sé ndi dung gidng nhau nhung
¢6 tén nhap khac nhau. Pa sd cac hé thong tu van khong thé phat hién ra mdi lién
quan tiém an nay do do s xur ly cac san phém nay mdt cach khéc biét. Vi du: cac ndi
dung cé vé khac nhau nhu "children movie" va "children film" nhung trén thyc té 1a
cing mot ndi dung, tuy nhién cac hé thong CF dya trén bd nhd sé& khong tim thay su
phu hop nao giita chiung dé tinh toan sy gidng nhau. That vay, mirc d6 thay do6i trong
cach str dung thuat ngit mé ta 16n hon mirc thuong dugc nghi ngd. Céc tir dong nghia

s& 1am giam hiéu suat khuyén nghi ctia cac hé théng CF.



Nhitng nd luc trude day dé giai quyét van dé dong nghia phu thudc vao viée
mo rong thudt ngth tri tu¢ hodc tu dong, hoac viéc xay dung mat tur dién déng nghia.
Han ché ddi véi cac phuong phap hoan toan tw dong 13 mot sb thudt ngit duoc bd
sung c6 thé co y nghia khac v6i du dinh, do d6 dan dén su suy giam nhanh chéng cta
hiéu suit khuyén nghi.

Cac ky thuat SVD, dic biét 1a phuong phap lap chi muc ngir nghia tiém 4n
(LSI) ¢6 kha ning giai quyét cac van dé dong nghia. SVD 1ay mot ma tran 16n dit liéu
lién két tai liéu thuat nglt va xay dung mot khong gian ngit nghia noi cac thuat ngir
va tai liéu lién két chit ché duoc dit gan nhau. SVD cho phép sap xép khong gian dé
phan anh cac mau lién két chinh trong dit liéu va bo qua cic mau nhoé hon, it quan
trong hon. Hiéu suit ctia LSI trong viéc giai quyét van dé ddng nghia 1a rat 4n tuong
& cac muc thu hoi cao hon, noi d6 chinh xéac thuong kha thép, do d6 dai dién cho cac
cai tién ty 1& 16n. Tuy nhién, hiéu suat cia phuong phap LSI & muc thu hdi thap nhét
1a kém.

1.3.4. Gray sheep va Black sheep

Gray sheep dé cap dén nhirng ngudi dung co y kién khong nhit quan dong ¥
hoic khong dong ¥ v6i bat ky nhom nguoi nao do d6 CF khong cé hiéu qua trong
truong hop nay. Black sheep dé cap dén nhom ddi 1ap c6 thi hiéu dic trung dua ra
cac khuyén nghi gan nhu khong thé chang han nhu thich nhung lai dung nhimng tir
ngit danh gia nhu khong thich do d6 khong thé goi y chinh xac cho nhom nay.

1.4. Cac ky thuat lgc cong tac

K¥ thuét loc cong tac dugc chia lam hai loai co ban 1a Loc cong tac dua trén

bo nho va Loc cong tdac dwa trén mé hinh. Pugc thé hién qua hinh 1.2.
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Loc cong tac Loc cong tac
dua trén bo nho dua trén mo hinh

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

Hinh 1.2: Cac k¥ thuét loc cfng tac
1.4.1. Ky thudt loc cong tac dwa trén by nho

Céc hé thong nay sir dung céc k¥ thuat théng ké dé xac dinh mot nhém ngudi
dung duoc goi 13 hang x6m c6 lich sir ddng ¥ véi ngudi ding muc tiéu (tirc 13 ho ¢o
danh gia gidng nhau vé cac san pham khac nhau hodc ho ¢ xu huéng mua nhém san
pham twong ty). Sau khi mét viing 1an can clia ngudi ding duge hinh thanh, cac hé
théng nay sir dung cac thuat toan khac nhau két hop cac so thich ctia nhitng ngudi
hang x6m dé tao ra mot dé xuit du doan hoic top-N san pham cho nguoi dung dang
hoat dong. Céc k¥ thuit ndy con dugc goi 13 lang giéng gan nhat hodc cong tac dua
trén nguoi dung.

K§ thuat loc cong tac dua trén bo nhd duoc chia lam 2 loai: Loc céng tac dva
trén nguoi ding Va Loc cong tdc dya trén san pham
1.4.1.1. Loc cong tac dua trén nguoi dung

Diy 1a phuong phap st dung toan bo ma tran danh gia dé chon ra mét tap
ngudi ding twong déng nhat voi ngudi ding can duge tu van. Sau dé, két hop cac
danh gi4 cua tap nhitng ngudi dung twong déng nhat nay dé dua ra du doan cho ngudi

dung can dugc tu van vé mot san pham chua biét.
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Cic bude thye hién tw van loc cong tac dua trén nguoi ding:

Buéce I: Tién xtr 1y dit liéu: Dit liéu duoc thu thap 13 nhitng danh gia vé san
pham cua ngudi dung. Dit liéu thu thip thudng rat lon tuy nhién trong d6 mot sé danh
gia khong c6 ich trong qué trinh tu van theo phwong phap loc cong tac. Do d6 can t6i
vu dit liéu dau vao bang cach loai bé mot sb san pham hodc ngudi dung danh gia qua

it san pham, hodc san pham dugc qué it nguoi dung danh gia.

Bu6ce 2: Tinh toan muc d6 twong tir cia ngudi ding can tu van véi tit ca nhitng
nguoi dung trong hé thong.

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

Buéc 4: Dy doan dénh gia ciia nguoi ding can tu van voi san pham chua danh
gia bang viéc két hop cac danh gia cua nhimg ngudi ding trong tap lang giéng.

Buéc 5: Tu van K san pham méi c6 muc do pht hop cao nhat cho nguoi ding
can tu van.
1.4.1.2. Loc cong tac dua trén san pham

Giai thuét loc cong tac dya trén san phdm dé tu van cho ngudi dung khac véi
giai thuat loc cong tac dua trén nguoi dung boi ddi twong duoc xét ¢ day 1a cac san
pham. Qua trinh tu van bang phwong phap loc cong tac dua trén san pham sé& tinh
toan do twong tu cac san pham, sau d6 lua chon k san pham tuwong tu {i1, iz,.., ik}. Khi
do cac dy doan duogc tinh toan dya trén trung binh cac danh gia ctia ngudi dung trén
nhing san pham tuong tu.

Céc budc thyc hién tu van theo phuong phap loc cong tac duya trén san pham:

Buéce 1: Tién xir 1y diF liéu.

Buéc 2: Xay dung Ma trdn danh gid: Hang 1a nguoi dung, Cot 1a cac san pham.
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Béang 1.2: Ma tran danh gia

Nguoi San phim
dung iy iy is iy is i i;
Up 4 5 1
Uz 5 5 4
us 2 4 5
Usg 3 3

Buoc 3: Tinh do twong ty ciia cac cdp san ph'flm, xay dung Ma trdn twong ty

cua cac san pham.

Mot budc quan trong trong thuat toan loc cong tac dya trén san phém la tinh
toan su tuong tu gitra cac san pham va sau d6 chon nhitng san pham c6 mirc do twong
ddng cao nhat. Y tudng co ban tinh toan d6 twong tu gitra hai san pham i va j 1a trude
tién tach nhirg ngudi dung da xép hang ca hai san pham nay va sau d6 ap dung mot
d6 do twong ty dé tinh todn mutrc d6 twong ty Sij. Hinh 1.3 minh hoa qu4 trinh nay, &
day cac hang cia ma tran dai dién cho nguo1 dung va cac cot dai dién cho cac san
pham. C6 mot s6 cach khac nhau dé tinh d6 gidng nhau giira cac san pham s& duoc

trinh bay cu thé trong chuong 2.

(R__RXx

1 2 3 n-1 n
! s
2 -1 |R
Murc dg tuong ty gitra hai
san pham duoc tinh bang
u ®__R) cach chi xem xét cic san
/// pham dugc dong xép hang
m-1 R RF¥
m R

Hinh 1.3: Tach cic sin phidm cung dwgc danh gia va tinh toan dd twong tw
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Trong truong hop xét cac san pham i va j, sy gidng nhau Sij duoc tinh bang
cach xem xét cac san pham dong xép hang, tic 1a cac cap ngudi dung da danh gia ca
2 san pham trén sau d6 ap dung cac k¥ thut tinh toan d6 twong tu dé mo ta do twong

tu Sij, trong hinh nhitng ngudi ding ciing déanh gia san phamivajla 1,u va m-1.

Buoc 4: Tinh dy doan ctiia nguodi dung doi véi san pham dua trén nhitng san

pham 1an cin voi san pham dy doan dugc trinh bay cu thé trong muc 1.6.

Vi du minh hoa thuc t& vé mot hé théng loc cong tac dya trén san phém: Gia
sir san pham & day 1a cac bo phim va ngudi dung 13 cac khach hang dang nhap vao
mot hé thong webstie dé xem phim. Trén hé thong s& luu trit hd so cia mdi ngudi
ding bao gom thong tin c4 nhan, cac danh gia ctia nguoi ding véi cac bd phim. Cac
danh gia dugc thuc hién theo thang diém tir 1 sao dén 5 sao, danh gia cang cao thi
nguodi dung cang thich bo phim d6. Cong viée ciia hé thong tu van 13 khi mot ngudi
dung dang nhap vao hé thong, hé thdng can tu van nhitng bo phim cho ngudi ding
d6 va nhimg bd phim dugc tu vin d6 duge du doan 13 nguoi dung s& danh gia cao.
Hé thong xem xét cac bd phim ma nguoi dung chua xem, so sanh do tuong ty gitra
bd phim d6 vdi nhitng bo phim khac. Bo twong tu hai b phim dugc tinh dua trén
nhitng ngudi dung ting danh gia trén ca hai bd phim d6 theo mét thuat toan tinh Xac
suat. Budc cudi cung cta hé théng tu van 13 du doan danh gia cua ngudi dung véi
nhirng bd phim ma nguodi dung chua xem, lya chon nhitng bo phim dugc du doan co

danh gia cao dé dua vao danh sach tu van cho nguoi dung.
1.4.2. Ky thudt loc cong tac dwa trén mé hinh
1.4.2.1. M6 hinh mang Bayes

Mo hinh mang Bayes 1a mét d6 thi c6 hudéng, xoay chiéu, trong ¢6 mdi nut n
€ N dai dién cho m6t bién ngiu nhién, mdi cung c6 hudng a € A giita cac nat 1a mot
lién két x4c suit gifra cac bién, va © 1a mot bang xac suét c6 diéu kién dé dinh luong
murc do phu thude ciia mdt nut vao cha me cua n6. M6 hinh mang Bayer thuong dugc

st dung cho céc nhi€ém vu phan loai.
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Phuong phap mang Bayes don gian cho loc cong tac dugc Breese dé xuét sir
dung mot chién luoc Bayes (NB) gén nhat dé dua ra du doan cho cac nhiém vu CF.
Gia st cac tinh nang 1 doc 1ap véi 1p, xac sudt cia mot 16p nhat dinh cho tat ca cac
dac trung co thé duoc tinh toan, sau d6 16p c6 xéc suét cao nhét s& duoc phan loai la
16p du doan. Déi voi dir liéu khong diy du, viée tinh toan xac sudt va san xuat phan
loai duoc tinh trén dir liéu quan sat. Breese gia thiét cac gia tri danh gia nhu nhiing
s nguyén & giita 0 va n, rup 1a danh gia chua biét cua ngudi dung u ddi v6i san pham
p dugc udc luong dua vao nhitng danh gia trude do cua nguoi dung u. Goi Py= {p' €
P| rup # 0}. Khi d6, danh gia chua biét cia ngudi dung u d6i v6i san pham p duoc

tinh theo cong thue (1.1).
Tup = E(ru,p) = X0l X Pr(r,, = i|ru'p,',p’ € Pu) (1.1)

Billsus va Pazzani di chuyén doi dit liéu c6 nhiéu mirc danh gia thanh dit liéu
nhi phan. Khi d6 ma tran danh gia dugc chuyén d6i thanh ma tran c6 cac dic trung nhi
phan. Viéc chuyén doi nay lam cho viéc sir dung mo hinh mang Bayes trd nén thuan
tién hon. Tuy nhién, két qua phan loai st dung cac dic trung nhi phan khong phan anh
dung cac bo dir liéu thuc. Su va Khoshgoftaar [1] d@ md rong md hinh mang Bayes
g6m nhiéu 16p danh gia khac nhau cho cac tap dit liéu thyc. M6 hinh dua ra két qua dy
doan tt hon so véi cac phuong phéap dua trén do twong quan Pearson va mé hinh mang

Bayes don gian.
1.4.2.2. M6 hinh ph&n cum

Mot cum 1a tap hop cac d6i twong dit liéu twong ty v6i nhau va khong gidng
v6i cac dbi tuong trong cac cum khac. K thuat phan cum duogc thyuc hién bang cach
phan chia cac ddi twong dir lidéu ban dau vao trong cac cum dit liéu khac nhau nham
muc dich tap trung khai thac thong tin tu dbi tuong dir liéu c6 quan hé mat thiét véi
nhau, cling nhu bé qua nhitng thong tin nhiéu tir nhitng d6i twong dir lidu it quan

trong.
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Loc cong tac ap dung cac phuong phap phan cum dé phan chia tap nguoi dung
(hodc tap san pham) thanh cac cum nguoi dung (hodc cum san pham) co so thich
tuong tu nhau. Qua dé tu van cac san pham duge danh gia cao cho ngudi dung (hodc

san pham) dya vao cum do.

Phuong phap phin cum c6 thé dugc phan thanh ba loai: phuong phap phan
vung, phuong phap dua trén mat do va phuong phap phan cip. Mot phuong phap
phan ving thuong duoc st dung 13 K-Means, do MacQueen dé xuét, ¢ hai wu diém
chinh d6 13 hiéu qua twong dbi va dé thuc hién. Cac phuong phap phan cum dya trén
mat do thuong tim kiém cac cum d6i tuong day dic dugc phan tach bang cac ving
thwa thdt biéu thi nhidu. DBSCAN va OPTICS 1a cac phuong phap phan cum dua
trén mat do cua dir liéu. Cac phuwong phap phan nhom phan cip, chang han nhu
BIRCH tao ra mot phan tach phan cip cia tap hop cac dbi tugng dir liéu bang cach

st dung mdt so ti€u chi cu thé.

Trong hau hét cac tinh hudng, phan cum 1a mot bude trung gian va cac cum
két qua duoc st dung dé phan tich hoac xtr 1y thém dé tién hanh phan loai hoac thuc
hién cac nhiém vu khac. Sarwar va cong su, O’Connor va Herlocker da st dung k¥
thuat phan cum dé phan vung dir 1i€u thanh cidc cum va st dung thuét toan loc cong
tac dua trén bo nhd chéng han nhu thuét toan dya trén tuong quan Pearson dé dua ra

du doén cho cac tac vu loc cong tac trong moi cum.
1.5. Cac tiéu chuan danh gia do do

Chét luong cua mot hé¢ théng gioi1 thi€u co thé dugc quyét dinh dua trén két
qua danh gia. Loai s6 liéu duoc sur dung phu thudc vao loai rng dung CF. Cac s6 liéu
danh gia cac h¢ théng dé xuét c6 thé duoc phan loai rong rai thanh céc loai sau:

e Tiéu chuan danh gia d6 chinh xac cua danh gia du doan bao gom: Sai sb tuyét
d6i trung binh (MAE) va Sai s6 trung binh binh phuong (RMSE)

e Tiéu chuin danh gid do chinh xdc ctia danh sach san phdm tu van bao gém
Do chinh xac (Precision), d§ nhay (Recall), E-measure, F-measure; D3 chinh

xac trung binh tuyét d6i (MAP)
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1.5.1. Tiéu chudn déanh gid d¢ chinh xdc ciia danh gid dw dodn

Sai s6 tuyét déi trung binh (MAE)

Do do duogc sir dung rong rdi nhét trong loc cong tic dé danh gia sai s giira
gia tri danh gia dy doan va gia tri danh gia thuc té 1a sai s6 tuyét ddi trung binh (MAE)

Sai s6 du doan MAE, v6i mdi nguoi dung u thude tap dir li€u kiém tra Utest
dugc tinh bang trung binh cong cua sai sb tuyét d6i gitta hai gia tri duoc du doan va
xép hang thuc ctia ngudi ding u voi tat ca cac san pham thudc tap Py

1 ~
MAE, = ﬁerPulrxu — 1] (1.2)

Trong d6: Py: 1a 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 ding u trén san pham x
Sai s6 du doan trén tap dir licu kiém tra duoc tinh béng trung binh cOng sai $6

dy doan cho mdi ngudi dung thudce Uest.

MAE = LueUese MAFu (1.3)

|Utest!

Sai s6 trung binh binh phwong (RMSE)

Mot tiéu chuan thong dung khac ciing duoc dung dé danh gia du doan 1a sai
s6 trung binh binh phuong RMSE. RMSE dugc tinh bang cin bac hai ctia trung binh

binh phuong giira xép hang thuc va xép hang du doan.

1 A~
RMSE, = \/Ip_ul S vep, (R — 102 (L4)
RMSE. = LueUest RMSEu (1.5)
v [Utestl

Do do RMSE dugc sir dung trong truong hop chi trong ddc bict vao danh gia

do chinh xac cho nhitng du doédn c6 sai s6 16n hon so vdi gia tri thuc té.

Gia tri MAE, RMSE cang nho thi h¢ tu van cho két quéa cang chinh xéc.
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1.5.2. Tiéu chudn danh gid dp chinh xdc ciia danh sdch sin pham tw vin

Gi4 tri danh gia cia nguoi dung véi san pham duoc chia thanh 2 loai: danh gia
“thich" va "khong thich". Nhitng dénh gia c6 gia tri 16n hon hodc bang mot ngudng
cho trudc dugce goi la danh gia "thich” va nhitng danh gia c6 gia tri nho hon ngudng

gia tri cho trude goi la danh gia "khong thich".

bé danh gia do chinh xé4c ctia danh sach san pham tu van véi nhitng san pham

thuc té "thich" boi nguoi dung, ta tién hanh xdy dung ma tran nham 1an (Confusion

matrix) sau:
Bang 1.3: Ma trin nham lin
Panh gia thuc té/Panh gia du doan Thich Khong thich
Thich a b
Khéng thich c d
Trong do:

e Tong s6 san pham tu van cho cac nguoi dung Urest 13:
- a 13 san pham tu vén ciing 1 san pham thuc té thich boéi nguoi dung.
- ¢ la san pham tu van nhung lai 1 nhitng san pham thyc té khong dugc thich
b1 nguoi dung.

e Tong s san pham khong duoc tu van cho nhitng nguoi ding Utest la:
- b 12 san pham khéng duoc tu vin nhung thuc té san pham nay duoc thich boi
nguoi dung.
- d 14 san pham khong dugc tu van va thuc té cac san pham nay ciing khong

duogc thich boi nguoi dung.

Tr ma tran nham 1an, linh vuc hoc may da dwa ra mot s6 do do tinh chinh xac

cua danh sach san pham tu van nhu:
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Do chinh xac (Precision), d) nhay (Recall), E-measure, F-measure

Tir mot tip cac san pham c6 sin cua hé théng, hé tu van dua ra mot danh sach
céc san pham nguoi dung cé thé thich twong tu v6i qua trinh loc thong tin trong linh
vuc truy van thdng tin (Information Retrieval — IR). Do vay, cac do do tiéu chuan
trong loc thong tin thudng duge st dung dé danh gid hiéu ning cua hé tu van. Hai
trong sd cac d6 do d6 1a d6 chinh xac (Precision), d6 nhay (Recall). o chinh x4c va

do nhay dugc xac dinh theo cong thure sau:
e Do chinh xac (P)
P=— (1.6)
Trong do:

- d san pham tu van trong tip Q ciing 13 san pham thyuc té dugc thich boi

nguoi dung thudc Utest.
- b + d: téng s san pham trong tap Q tu van cho ngudi ding Utest.
e DO nhay (R)
R=-%L 1.7)
Trong do:

- ¢ + d: tong sb san pham trong tap Q thuc té thich boi nhitng nguoi dung
trong Utest.
Do nhay va do chinh xac cé gia tri nguoc nhau: Do nhay cao thi do chinh xac
thip va nguoc lai. D& cin bang gitra hai 46 do nay, mot d6 do méi duoc dua ra d6 1a

E-measure theo cong thurc sau:

E — measure = (1.8)

1 1
o+ (1-)n

Tham sb « 1a d6 1éch cho trudc giita P va R. Gia tri <€ [0,1].
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Trong trudng hop o«c= 0.5 khi d6 P va R ¢6 vai tro nhu nhau trong vi¢c danh
gia do chinh xac cua hé théng. Véi truong hop nay, do do E — measure duge dinh
nghia vdi tén maéi F — measure theo cong thirc sau:

2XPxR — i (19)

1 1
P+R S+

F — measure =

Gia tri F — measure cang cao thi chimg t6 hé tu van cho két qua cang chinh

Xac.

Tuy nhién trén thyc té thi sé luong két qua tra vé s& rat 1on ma ngudi dung
khong can thiét lua chon hét nén chi s6 P khong con may y nghia. Vi vay nguoi ta
thudng stir dung chi sé6 P@k dé c6 thé danh gia két qua tra vé chinh xac hon. P@k chi

Iira chon top k san pham c6 gi tri du doan cao nhat dé danh gia.

_ [Ptryel
P@k = e (1.10)

Trong do6:
o |P,y.l: Tong s6 két qua chinh xac trong top k san pham dugc chon tu van.
e |P,|: Tong sb luong két qua.

P@10 thé hién rang ctr 10 goi ¥ t&i nguoi dung thi s& c6 bao nhiéu goi ¥ duoc
nguoi dung lua chon.
R@k ciing 12 mot chi s danh gia pho bién thé hién xac suat goi ¥ thanh cong

trong top k san pham dugc chon tu van, dugc tinh bang cong thirc sau:

R@k = —Ptruel (1.11)

min(k,M)
Trong do:
o |P.ryel: Tong s6 két qua chinh xac trong top k san pham dugc chon tu van.

e M: Tong sb lugng lya chon cua ngudi dung.
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1.6. Cong thirc du doan
Budc quan trong nhét trong h¢ théng loc cOng tac 1a tao giao dién dau ra vé
mit du doan. Sau khi tinh toan murc do twong t giita cac san pham thi budc tiép theo

la xem xét xép hang cua nguoi dung muyc tiéu va st dung mot ky thuét dé c6 duoc du

doan.
1 2 3 -1 i i+ n1 n
2
1. | | 1 2 3 -1 i m-1 m
«R[[R[ TR R
I I
v[R||R RN - R | |

I prediction —|

m-1
(- —

Hinh 1.4: M6 phong cong thirc dy doan
1.6.1. Cong thirc dw dodan dwa trén nguwoi dung

Pé dy doan xép hang ciia mot ngudi dung dang hoat dong, nhiéu bién phap da
duogc dé xut. Phép do dugc sir dung phd bién nhét trong linh vuc nay 1 phwong phap

tong c6 trong sb (Sarwar va cdng sy, 2001) duoc cho boi cong thire 1.12.

[ Sim [
X eni uv*Tpi
VENY,

(1.12)

——
u,i s
ZveN{L|SlmuV|

Trong do

N}: La tap nhitng nguoi hang xém gidng nhat voi ngudi dung u va da xép hang

muc 1.
v: 12 nguoi dung thude N..

Sim,,,: 1a gia tri tuong ty gitta nguoi dung u va v.
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Ngoai ra chie ning du doan trung binh dugc dé xuit boi (Aggarwal, 2016) 13

mot bién phap téng hop phd bién dugc cho béi cong thire (1.13)

x i Simyp*(Tyi—Typ)
G L . (1.13)

ZveN%.llSlmu”I

Trong do

7, 1a xép hang trung binh ctia ngudi ding u.

7,,: 1a xép hang trung binh ciia nguoi dung v.
1.6.2. Cong thirc dw dodn dwa trén sin pham

Tuong ty nhu cong thire du doan dua trén nguoi dung, cong thic du doan dua
theo san pham dugc cho nhu cong thic (1.14)

L jent SIMij Ty
i = oo

(1.14)

Zyenulsimi;|
Trong do
N¥: | tap nhirng ngudi hang x6m gidng nhat véi san pham i va da dugce nguoi
dung u xép hang.
j: 1a nguoi dung thugc N*.
Sim;;: 1a gia tri twong tu gilta san pham i va j.
Cong thirc tong hop ldy gid tri trung binh dugc cung cap trong (1.15)

. X jenw Simij* (ruj=7})

Tui = n+

(1.15)

ZyentlSimij|
Trong d6
7;: 1a xép hang trung binh cua san pham 1.

7i:la xép hang trung binh clia san pham j.
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1.7. Két luan

Trong chuong nay, luan vin di trinh bay vé k¥ thuat loc cong tac bao gdm Cac
k¥ thuat loc cong tac dua trén b nhd va loc cong tac dua trén mo hinh, céc tiéu chuan
danh gia do do va cac cong thirc du doan két qua. Pbé du doan duoc két qua trong tu
van loc cong tac chiing ta phai st dung cac d6 do dé tinh toan khoang cach giira ngudi
dung hodc san pham. Trong chuong tiép theo, luan van tim hiéu vé mot sé do do

tuong tu dung trong k¥ thuat loc cdng tac.
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Chuong 2. MOT SO PO PO TUONG TU CHO TU VAN
LOC CONG TAC
2.1. Gi6i thiéu chung

Viéc tim kiém sy twong ddng gitra nhitng ngudi dung 14 nhiém vu quan trong
nhét vi do chinh x4c va chat luong cua cac dé xuit chu yéu dua vao ho. C6 nhiéu
thude do do twong dong dé tim ra diém giéng nhau giita ngudi dung va san pham,
diéu nay lam giam mirc d6 gan giii va muirc do tach biét gitta nguodi dung va san pham.
Viéc chon mot thudc do do tuong déng hoan hao 1a rat quan trong ddi voi loc cong
tac va do d6 d6i voi hé thdng tu van vi cac thude do d6 tuong ddng khac nhau sé cung
cap cac két qua khac nhau trong cac bdi canh thong tin khac nhau. N6i chung, tly
thudc vao thudc tinh ctia nguoi dung hodc thong tin san pham hoic ban than sé do,
d6 do tuwong tu cung cap mot gia tri sé duy nhat 1a khoang cach hoic do tuong tu gitra
hai nguoi ding hodc san pham [15]. Chuong nay s& tim hiéu vé mot sé do do tuong

tu cho tu van loc cong tac.

e Khoang céch Euclide

e Chi sb Jaccard

e Tuong tu Cosine

e Hé sb twong quan Pearson

e Hgé sd twong quan Pearson rang budc

e Tuong quan Pearson dua trén chirc ndng Sigmoid
2.2. Mot s6 d¢ do twong tw
2.2.1. Khodng cdach Euclide (Euclide distance)

Khoang cach Euclide tir ngudi dung u dén nguoi dung v (hodc tir san pham i
dén san pham j) 13 d6 dai cia mot doan thing giita hai nguoi dung (hodc san pham)
trong khong gian Euclide. Trong diéu kién thuc té, mdi ngudi dung duoc biéu dién

bang toa d0 Descartes cua nd doi vdi co so cua cac san pham (di€u tuong tu doi voi
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mot san pham duogc biéu thi ddi véi co sé cua nguodi dung) va khoang cach giira hai
nguoi dung (hodc hai san phém) la gia tri tuyet ddi hiéu sb cua toa d6 cua ching.
Céng thirc khodng cdch Euclide biéu thi méi tirong quan giita hai ngudi ding

uva v nhwsau:

dﬂww=J&%mm—mV (2.1)

Trong do

I,,: 14 tap hop cac san pham dugc xép hang boi ca ngudi dung u va ngudi

dung v.
Ty;: X€p hang clia nguoi dung v véi san pham 1.
1,i: X€p hang cua nguoi dung u voi sdn pham 1.

Céong thirc khodng cdach Euclide biéu thi moi twrong quan giita hai san pham i

va j nhwr sau:

A5 i) = [Sueo,(ry =)’ @2)
Trong do

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

Ty xép hang ctia ngudi dung u voi san pham j.

1, Xep hang ctia ngudi ding u v6i san pham i.

Khoang cach Euclide duoc chuan hoa thanh d6 do twong tw Euclide cho nguoi
dung va san pham duoc thé hién ¢ cong thic (2.3) va (2.4).

1

SimE(u, U) = m

(2.3)

1
1+dg(i,))

Simg(i,)) = (2.4)
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2.2.2. Chi 56 Jaccard (Jaccard index)

Chi s Jaccard (Jaccard, 1912), ky hiéu 1a J tinh d6 giéng nhau va da dang cua
hai tap hop. H¢ sb Jaccard gifra hai tdp hiru han dugc dinh nghia la giao cua hai tap
hop chia cho hop cta hai tip hop. C6 nghia 13, n6 do ty 18 giita s6 phan tir dugc chia
sé gitra hai tp hop véi tong s6 phan tir trong ca hai tp hop. Chi s6 J nhan gia tri tir

0 dén 1, chi s6 cang gan 1 thi hai vecto cang gidng nhau.

Chi s6 Jaccard giiva hai nguoi ding u va v dwge tinh theo cong thirc:

Sim, (u,v) = 10| L] (2.5)

[ [ulLy|

Trong d6

I,,: S6 lwong cac san pham do ngudi dung u danh gia.

I,: S6 lugng cac san pham do nguoi dung v danh gia.

Chi 56 Jaccard giiva hai san pham i va j dwoc tinh theo cong thirc:

Uiln|uj
luilu|u;|

Simy (i, j) = (2.6)

Trong do

U;: S6 luong ngudi dung cuing danh gia san pham i.

U;: S6 lugng ngudi dung cung dénh gia san pham j.
2.2.3. Twong tw Cosine (Cosine similarity)

K¥ thuat nay dugc Breese va cong su trinh bay bang cach cho mot ngudi dung
& dang véc to xép hang do chinh ho danh gia va mot san pham dudi dang véc to xép
hang do nhém ngudi dung danh gid. Cosin gitra hai véc to dai dién cho hai nguoi
dung hodc hai san pham cho biét gi tri twong ty gitta ching. Gia tri gan bang 1 cho
biét n6 ton tai mdi twong quan chit ché giita hai bién. Gia tri gan bang 0 cho biét

khong c6 mdi trong quan (cac bién doc 1ap).
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Do twong ty cosin giita hai nguoi dung uva v la cosin cta 2 véc-to u va v dugc
tinh theo cong thue (2.7). Trong do, hai nguoi dung u va v duge xem nhu hai véc-to
m chiéu, m =ly 14 s6 luong cac san phdm ca hai ngudi dung cung danh gia san pham.

uv _ Xielyy TuiTvpi (2 7)
lzl2x|Izlz 2 2 '
Zielurui Zielvrm'

Simeos(u,v) = cos(u, v) =

D6 twong ty cosin giita hai san pham iVa j 14 cosin ctia 2 véc-to i va j dugc
tinh theo cong thirc (2.8). Trong d6, hai san pham i va j duoc xem nhu hai véc-to n
chiéu, n =Ujj1a sb luong ngudi ding ciing danh gia san pham san pham i va j.

] _ ZueUij Tui-Tuj

. . N
Simeos(L,1) = cos(L.]) = {aims = [Zuev;éi [Tueu; 72
uEUiTui uEUjTuj

2.2.4. H¢ s6 twong quan Pearson (Pearson Correlation Coefficient)

(2.8)

Hé sb tuong quan Pearson (PCC) 12 mot trong nhirng thudc do d6 twong dong
truyén thong pho bién va ndi bat nhat dugc dé xuét boi Karl Pearson (Pearson, 1895)
dé do cac mdi quan hé tuyén tinh va duoc sir dung rong rai trong linh vuc thong ké,
duoc biéu thi bang ty 1& hiép phuong sai cua hai nguoi dung hodc san pham véi do
1éch chuan gitta nguoi ding hodc san pham, chi xem xét cac san pham dugc xép hang.
Cong thire PCC tra vé gia tri tir -1 dén 1, trong d6: 1 cho biét mbi twong quan duong
manh mé, -1 cho thdy méi twong quan 4m manh va 0 cho thay khong c6 mdi twong

quan nao ca (Resnick va cong su, 1994)

Hé 56 twong quan Pearson gitta hai nguwoi ding u, v dugc tinh toan theo cong

thire (2.9)

Zieluv(rui_fu)(rvi_fv) (2 9)

Jziezw(rui—r‘uﬂ Sictyy (roi=T)?

Simpec(u,v) =

Trong do6:

lo = {i € I|ry; # @"r,; # @} 1a tap hop tit ca nhimg san pham ngudi dung u

va v cung danh gia.
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r,;: Danh gia cia ngudi dung u cho san pham i
1,;: Panh gia ctia ngudi dung v cho san pham i
7. 1a trung binh cong cac danh gia khac @ ciua nguoi dung u
7, 1a trung binh cong cac danh gia khac @ ctia nguoi dung v

Hé twong quan Pearson giita hai san phdam i va j [20] dugc tinh toan theo cong

thirc (2.10)

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

Simpcc(i,)) =
\/ZuEUi

(2.10)

j(rui=T)? Zueuij(ruj—fj)z

Trong do:

Uij = {u € Ulry; # 0"ryj # Q)} 1a tap hop tat ca nhitng nguoi dung cing ddnh
gia san pham i va j.

7;: 1a danh gia trung binh cho san pham i

7; la danh gia trung binh cho san pham j.

2.2.5. Hé s6 twong quan Pearson rang bugc (Constrained Pearson

Correlation)

Dé xuat RINGO duoc phat trién dé cung cap cho ngudi dung cac dé xuét vé
album nhac va nghé si. Trong RINGO, nguoi ding cung cap phan hoi trén thang diém
danh nghia tir mot (“khong thich manh”) dén bay (“thich manh™), voi gia tri trung
binh tinh ¢ giita thang. Dya trén sb luong ngdy cang ting cua nguoi dung RINGO,
Shraddhanand va Mae [5] da d¢ xuét phuong phap tuong quan Pearson c6 giéi han
(CPCC) dé thay thé cac bién xép hang trung binh dugc st dung boi cac phuong phap
tiép can PCC bang gia tri trung binh ciia thang do xép hang tich cuc va tiéu cuc. Moi

tuong quan gitta hai nguoi dung u va v dugc tinh nhu sau:

SimCPCC (u’ 17) _ Zieluv(rui_rm)(rvi_rm) (211)

\/Zie]uv(rui_rm)z Zieluv(rvi_rm)z
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Trong do:

7;,: biéu thi gia tri trung binh cta thang danh gia. Vi du: trong thang diém tir 1

dén 5 thi r;,, 12 3, 7;,, 1a 4 trong thang diém tir 1 dén 7.
Méi tuong quan giira hai san pham i va j duoc tinh nhu sau:

ZiEUij(Tui_Tm)(ruj_rm)

Simepec(6,)) = (2.12)

- 2
\/ZieUij(rui_rm)z ZieUij(Tuj_rm)

Han ché chinh cua k¥ thuat nay 1a hiéu suat kém doi voi tap dir li€u thua thét.

2.2.6. Twong quan Pearson dwa trén chirc nang Sigmoid (Sigmoid

Function-Based Pearson Correlation)

Mot phuong phap dua trén twong quan Pearson khac 1a Hé sd twong quan
Pearson dua trén ham Sigmoid (SPCC). Bién phap tuong tu nay hoat dong tt nhat
khi c6 mot s6 luong 16n cac san pham duoc dong xép hang gitra nhitng ngudi dung.
Murc do tuong ty gitra hai nguoi dung u va v trong SPCC dugc tinh nhu sau:

. . 1
SlmSPCC (u, v) :SlmpCC (u, v) —ll/| (213)
1+exp(—7)

Trong d6 i' 13 tong sd ngudi dung dong xép hang.

Mirc d6 tuong tir gitra hai san pham i va j trong SPCC duoc tinh nhu sau:

1

Simgpcc (U, v) =Simpcc (i, ) (2.14)

1+exp(—@)

Trong d6 j' 13 téng s san pham dong xép hang.
2.3.Vidu

Cho ma tran danh gia R = (rij) trong hé tu véan loc cong tac gdm 7 nguoi ding
U = {us, Uz, Us, Us, Us, Us, U7} V& 5 san pham | = {i1, iz, i3, ia, is}. Mi ngudi dung déu

dua ra cac danh gia vé cac san pham theo thang bac {@, 1, 2, 3, 4, 5}. Nguoi dung u;

chua danh gia san pham ij thi gi tri rj=@ duoc thé hién trong Bang 2.1.
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Béang 2.1: Ma tran danh gia cia nguoi dung

i1 i2 i3 i4 I5
U1 3 4 2 2
Uz 5 4 2 1
Us 2 1 5
Ug 3 2 4
Us 1 S)
Us 2 1
uz 1 4 4

Yéu cau dat ra ctia bai todn la tinh todn muirc dg tuong tu gitra cac cap nguoi dung va

cac cap san pham. Van dé sé dugc giai quyét trong muyc 2.3.1 va 2.3.2.
2.3.1. Dg twong tw gitra Cac cap nguoi dung

Phén nay trinh bay cach tinh do twong ty gitta cac cip ngudi dung dua vao céc
cong thuac tinh d§ do tuong tu: Khoang cach Euclide, Chi s6 Jaccard, Tuong tu
Cosine, Hé $6 tuong quan Pearson, H¢ sb tuong quan Pearson rang budc, Hé sb tuong

quan Pearson dua trén chirc nang Sigmoid.

Khoéng cach Euclide biéu thi mdi twong quan giita hai nguoi dung u; va u,

duoc tinh nhu sau:

de(uy,uy) = (3—5)2+ (2—2)2+ (2—1)2 = 2.24

bJ do tuong ty Euclide dugc tinh nhu sau:

1 1
1+dE('LL1,u2) 1+2.24

SimE(ul,uz) = == 031



Tuong tu ta ¢c6 bang d do tuong tu gitra hai nguoi dung sir dung d6 do tuong

tu Euclide.
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Béang 2.2: Bang tinh d§ twong tu giira hai ngwoi dung theo cong thirc cong thirc E

U1 uz us Us Us Us urz
Ui 1.00 0.31 0.24 0.26 0.22 0.33 0.26
Uz 0.31 1.00 0.15 0.26 0.17 0.25 0.18
us 0.24 0.15 1.00 0.50 0.50 1.00 0.50
Usg 0.26 0.26 0.50 1.00 0.31 1.00 1.00
Us 0.22 0.17 0.50 0.31 1.00 1.00 0.50
Us 0.33 0.25 1.00 1.00 1.00 1.00 1.00
Uz 0.26 0.18 0.50 1.00 0.50 1.00 1.00

Chi s6 Jaccard giita hai nguoi ding ui Va Uz dugc tinh nhu sau:

Sim, (uy, uz) = % = 0.60

Tuong tu nhu vy ta c6 bang tinh d tuong tu gitra hai nguodi dung khac nhau

bang chi so Jaccard

Béang 2.3: Bang tinh dj twong tu gitra hai ngwoi dung theo cong thire J

Ui uz us U4 Us Us uz
U1 1.00 0.60 0.40 0.60 0.50 0.20 0.40
U2 0.60 1.00 0.75 0.40 0.50 0.20 0.75
us 0.40 0.75 1.00 0.20 0.25 0.25 0.50
Us 0.60 0.40 0.20 1.00 0.67 0.25 0.20
Us 0.50 0.50 0.25 0.67 1.00 0.00 0.25
Us 0.20 0.20 0.25 0.25 0.00 1.00 0.25
Uz 0.40 0.75 0.50 0.20 0.25 0.25 1.00
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Twong tu Cosine

Tir ma tran danh gia ciia 7 nguoi dung vé 5 san pham ta tinh gié tri trung binh
cong cac danh gia ciia nguoi dung.

Bang 2.4: Gia tri trung binh cfng cac danh gia cia nguwoi dung

uz uz us Us Us Ue uz

Ty, 2.75 3.00 2.67 3.00 3.00 1.50 3.00

Tur do6 ta dua ra ma tradn chuan hoa dir lié€u

Bang 2.5: Ma tran chuin héa dir liéu

i1 I2 I3 4 is

U1 0.25 1.25 -0.75 -0.75
U2 2.00 1.00 -1.00 -2.00
us -0.67 -1.67 2.33
Usg 0.00 -1.00 1.00

Us -2.00 2.00

Us 0.50 -0.50

Uz -2.00 1.00 1.00

Do twong ty cosin gitra hai nguoi dung ui, Uz duge tinh nhu sau:

Si a 0.25%2+(—0.75)X(—=1)+(-0.75)%(-2)
Meos (1, 2) J0.252+1.252+(=0.75)2+(—0.75)2 X+/22+12+(—1)2+(=2)2

Simcos(ul, uZ) = 052

Tuong tu nhu vay ta c6 bang tinh do tuong tu gitra hai ngudi dung khéc nhau

bang d6 tuong tu cosin (Bang 2.6).



Béang 2.6: Bing tinh d§ twong tu giira hai ngwoi dung theo cong thirc COS

Ui u2 us Ua Us Us uz
Ui 1.00 0.52 -0.39 -0.85 -0.43 0.53 -0.37
Uz 0.52 1.00 -0.82 -0.22 -0.67 -0.22 -0.65
us -0.39 -0.82 1.00 0.00 0.16 0.40 0.79
Usg -0.85 -0.22 0.00 1.00 0.50 -0.50 0.29
Us -0.43 -0.67 0.16 0.50 1.00 0.00 0.29
Us 0.53 -0.22 0.40 -0.50 0.00 1.00 0.58
Uz -0.37 -0.65 0.79 0.29 0.29 0.58 1.00

H¢ s0 twong quan Pearson giita hai nguoi dung u,;Vva u, dugc tinh nhu sau:

(3-2.75)(5-3)+(2-2.75)(2-3)+(2-2.75)(1-3)

Simpcc(Uyq,

uZ) :\/(3_2

Simpcc(uqg, uy)=0.84

Tuong tu nhu vay ta c6 bang tinh dd tuong tu gitra hai nguoi dung theo cong

thirc ctuia hé s twong quan

75)24(2-2.75)2+(2-2.75)%,/(5—-3)2+(2—3)2+(1-3)2

Bang 2.7: Bang tinh d§ twong ty giira hai ngwoi dung theo cong thirc PCC

uz uz us U4 Us Us uz
U1 1.00 0.84 -0.72 -0.96 -0.89 0.71 -1.00
U2 0.84 1.00 -0.82 -0.45 -0.95 -1.00 -0.83
us -1.00 -0.87 1.00 0.00 1.00 1.00 0.88
Us -0.96 -0.45 0.00 1.00 0.00 -1.00 1.00
Us -0.89 -0.95 1.00 0.00 1.00 0.00 1.00
Us 0.71 -1.00 1.00 -1.00 0.00 1.00 1.00
Uz -1.00 -0.83 0.88 1.00 1.00 1.00 1.00
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H¢ so twong quan Pearson rang bugc

Nhin vdo ma trdn danh gia ngudi dung (Bang 2.1) ta thy cac danh gia cua

ngudi dung tir 1 dén 5 tir d6 ta ¢6 rm = 3

Do twong tw gitta hai nguoi dung ui va Uz dugc tinh nhu sau:

Si : (3-3)%(5-3)+(2-3)%x(2-3)+(2-3)%x(1-3)
imepec (U, Uz) J((B-3)2+(2-3)2+(2-3)2)x((5-3)2+(2—3)2+(1-3)?)

Simcpcc (ul, uZ) = 071

Tuong tu ta c6 bang tinh toan do tuong tu gitra hai ngudi dung khac nhau dua

trén Hé s6 tuong quan Pearson rang budc.

Bang 2.8: Bang tinh d¢ twong tu giira hai ngwoi dung theo cong thire CPCC

U1 uz Us Ua Us Us uz
Uz 1.00 0.71 -0.89 -1.00 -0.71 -1.00 -1.00
uz 0.71 1.00 -0.89 -0.45 -0.95 -1.00 -0.83

us -0.89 -0.89 1.00 0.00 1.00 1.00 0.95

Ug -1.00 -0.45 0.00 1.00 0.00 1.00 1.00

Us -0.71 -0.95 1.00 0.00 1.00 0.00 1.00

Us -1.00 -1.00 1.00 1.00 0.00 1.00 1.00

uz -1.00 -0.83 0.95 1.00 1.00 1.00 1.00

H¢é s0 twong quan Pearson dwa trén chirc ning Sigmoid

Do twong tw gitra hai nguoi dung ui va Uz dugc tinh nhu sau:

. 1
Slmspcc(ul, uz) =0.84 x SEVEER = 0.69

1+exp(—7)

Tuong ty ta c6 do tuong tu gitta hai nguoi dung khac nhau dugce thé hién trong

bang 2.9.



34

Béang 2.9: Bang tinh d§ twong tu giira hai ngwoi dung theo cong thirc SPCC

U1 uz us Us Us Us urz
Ui 1.00 0.69 -0.53 -0.78 -0.65 0.44 -0.73
Uz 0.69 1.00 -0.67 -0.33 -0.69 -0.62 -0.68
us -0.53 -0.67 1.00 0.00 0.62 0.62 0.65
U4 -0.78 -0.33 0.00 1.00 0.00 -0.62 0.62
Us -0.65 -0.69 0.62 0.00 1.00 0.00 0.62
Us 0.44 -0.62 0.62 -0.62 0.00 1.00 0.62
uz -0.73 -0.68 0.65 0.62 0.62 0.62 1.00

Tir cac bang trén ta c6 bang tong hop két qua tinh todn do twong tu gitta cac

cap nguoi dung dua trén cac cong thire tinh toan do twong ty nhu sau:

Bang 2.10: Bang tong hop tinh dé twong t gitra hai ngwoi dung

E J COS PCC CPCC SPCC
U2 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
U1e 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
U23 0.15 0.75 -0.82 -0.87 -0.89 -0.67
U24 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
U27 0.18 0.75 -0.65 -0.83 -0.83 -0.68
U34 0.50 0.20 0.00 0.00 0.00 0.00
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E J COS PCC CPCC SPCC
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
Ua7 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

Tur bang 2.10 va bang 2.1 ta dua ra mét s6 so sanh, danh gia cac do do tuong

tu vdi cac cdp nguoi dung nhu sau:

e Khoang cach Euclide (E): Déi v6i cip nguoi ding Uiz trong bang 2.1 cling
danh gia 3/5 san pham chiém 60% tong s6 san pham, trong d6 ¢ 2/3 san pham dugc
danh gia voi mire xép hang trong dwong nhau chiém 67%. Nhu vay d6 twong tu giira
hai nguoi ding ndy & mic trung binh dén twong ddi cao. Tuy nhién, trong bang 2.10

d6 twong tu giira hai nguoi ding ui2 duoc thé hién & mic do thap.

Doi véi cip Uiz, s6 lugng san pham cing danh gia 1a 2/5 chiém 40% trén tong
s6 san pham, xép hang gidng nhau trén ca 2 san pham chiém 100% nhu vay do tuong
tu gilta cap nguoi ding Uiz twong ddi cao, tuy nhién trong bang 2.10 mirc do twong

tu duge dénh gia thap (bang 0.26).

Doi v6i cip Uss, s6 lugng san pham cung dénh gia 1a 1/5 chiém 20% trén tong
s6 san pham, muc xép hang khac nhau, nhu viy do tuong tu giita cip ngudi ding Uss
tuong ddi thap, trong bang 2.10 muc do twong ty duoc danh gia & mic trung binh
(bang 0.5).

Ddi vai CAC cip Uss, Ugs, Uaz, Us7 SO lugng san pham ciing danh gid 1a 1/5 chiém
20% trén téng sd san pham voi muc xép hang tuong tir nhau & ca 2 san pham chiém

100%, nhu vay do twong tu giita nhitng cip ngudi ding nay chua thé danh gia & mirc
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d6 chinh xac do s6 lwong san pham cung danh gia & mire thip, tuy nhién trong bang

2.10 mirc d6 twong tu duwoc danh gida & muc rat cao (bang 1).

Dbi voi cap Uss, sd lugng san pham cung danh gia 1a 0/5 chiém 0% trén tong
s6 san pham, nhu vay do tuong tu giita cip nguoi dung nay 1a 0. Tuy nhién trong

bang 2.10 mirc do twong tu duoc danh gia rat cao (bang 1).

Nhu vy trong mot sd trudng hop Khodng cdch Euclide (E) dua ra mic do

tuong tu chua chinh xac.

e Chi s Jaccard (J): D6i voi cap Uiz, sO luong san pham cing danh gia 1a 2/5
chiém 40% trén tong s6 san pham, xép hang giéng nhau trén ca 2 san pham chiém
100% nhu vay do twong tu gilta cip nguoi dung Ui7 twong dbi cao, tuy nhién trong

bang 2.10 mirc do twong tu duoc danh gia thap (bang 0.40).

Ddi v6i cap Uzs, s6 lugng san pham cung danh gia 1a 3/5 chiém 67% trén tong
s6 san pham, mirc do xép hang hoan toan khac nhau trén ca 3 san pham, nhu vay do
tuong ty giita cip ngudi dung Uzs thap, tuy nhién trong bang 2.10 mirc d6 tuong tu

duoc danh gia kha cao (bang 0.75).

Tuong tu v&i cap Uzz, sO lwong san pham cung danh gia 1a 2/5 chiém 40% trén
tong sb san pham, muc do xép hang hoan toan khac nhau trén ca 2 san pham, nhu vay
d6 tuong ty giita cip ngudi dung Uz thap, tuy nhién trong bang 2.10 mirc do twong

tu dugce dénh gia kha cao (bang 0.75).

e Tuwong tw Cosin (COS): Déi v6i cap Uiz, s6 lugng san pham cung danh gia 1a
2/5 chiém 40% trén tong sd san pham, xép hang gidng nhau trén ca 2 san pham chiém
100% nhu vay do tuong tu giita cip nguoi dung Ui7 twong dbi cao, tuy nhién trong

bang 2.10 mirc do twong tu duoc danh gia thip (bing 0.37)

e H¢ twong quan Pearson (PCC) va H¢ twong quan Pearson rang budc
(CPCC): Trong bang 2.10 ta thdy mirc d6 twong tu giita cac cip nguoi dung st dung
cong thirc PCC va CPCC 1a tuong d6i gidng nhau.
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Dbi véi cac cip uss, Uzs sd lwong san phdm cung danh gia 13 2/5 chiém 40%
trén tong s6 san pham, mirc 46 xép hang hoan toan khac nhau trén ca 2 san pham,
nhu vay do twong ty gitta CAC cip ngudi dung Uss, Uzs thap, tuy nhién trong bang 2.10

mirc do tuong ty duge danh gia cao.

Dbi voi cic cip Uia, Uzs, Uz7 sO luong san phdm cung danh gia 13 3/5 chiém
67% trén tong sd san pham, muc do xép hang hoan toan khac nhau trén ca 3 san
pham, nhu vy d6 twong tu giita cac cip ngudi ding Uss, Uzs, U7 thip, tuy nhién trong

bang 2.10 mtrc d¢ twong tu dugc danh gia cao.

Doi véi cac cap Uss, Uze sO lugng san pham cung danh gia 13 1/5 chiém 20%
trén tong s6 san pham, mirc 46 xép hang hoan toan khac nhau trén ca 3 san pham,
nhu vy do tuong tur giira cic cip ngudi ding Uis, Uzs thap, tuy nhién trong bang 2.10

miurc do tuong ty dugc danh gia cao.

Doi v6i cac cdp Uss s6 lugng san pham cung danh gia 1a 2/5 chiém 40% trén
tong sd san pham, mirc do xép hang twong ty nhau 1/2 san pham chiém 50%, nhu d6
tuong tu gilra cac cap nguoi dung Uss trung binh, tuy nhién trong bang 2.10 mtrc do

tuong ty duoc danh gia 1a khéng c6 (bang 0).

Déi v&i cac cap Uss, Uss, Uss, Us7, Us7, Us7 $O lrgng san pham cung danh gia 1a
1/5 chiém 20% trén tong sb san pham véi mirc xép hang twong ty nhau & ca 2 san
pham chiém 100%, nhu vy d6 tuong tu gitta nhitng cip ngudi dung nay chua thé
danh gia & mtrc d6 chinh xac cao hodc thip do sd lwong san pham cung danh gia ¢
mitc thap, tuy nhién trong bang 2.10 mirc do twong tu dugc danh gia & mic rat cao

(bang 1).

Nhu vdy han ché cia PCC va CPCC 1a chi tinh ¢én murc danh gia tuong tu cta

ngudi ding ma chua tinh dén sé lwong cac cip san pham cing dugc danh gia.
e Twong quan Pearson dya trén chirc nang Sigmoid (SPCC):

Doi v6i cac cdp Uzz s6 lugng san pham cung danh gia 1a 3/5 chiém 67% trén

tong sO san pham, mirc d¢ x&p hang hoan toan khéac nhau trén ca 3 sdn pham, nhu vay
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d6 twong tu giita cac cip ngudi dung Uiz, Uzs thip, tuy nhién trong bang 2.10 mirc d6

tuong ty dugc danh gia cao.

Dbi v6i cac cdp Uss s6 lugng san pham cung danh gia 13 2/5 chiém 40% trén
téng s6 san pham, mirc d6 xép hang twong tu nhau 1/2 san pham chiém 50%, nhu do
tuong tu gitta cac cap nguoi dung Uss trung binh, tuy nhién trong bang 2.10 mac do

tuong tu duoc danh gia 1a khong co (bang 0).

Nhu vay nhin vao két qua tinh toan do tuong tu vdi cac dd do khac nhau trén
bang 2.10 ta thiy d6 tuong tu giita hai ngudi dung st dung cac do do khac nhau sé
cho két qua khac nhau, tuy nhién hai do do PCC va CPCC cho két qua twong tu nhau

va bi han ché nhiéu so v&i cac do do khac.
2.3.2. Pj twong tw giita CAC cdp san phim

Phén nay trinh bay cach tinh d6 twong tir gitta cac cip san pham dua vao céc
cong thuc tinh d6 do twong tu: Khoang cach Euclide, Chi s6 Jaccard, Tuong tu
Cosine, Hé $6 tuong quan Pearson, H¢ sb tuong quan Pearson rang budc, H¢ $6 tuong

quan Pearson dua trén chirc nang Sigmoid.

Khoéng cich Euclide biéu thi mdi twong quan giita hai san pham i, va i,

duoc tinh nhu sau:

de(iy, i) = (B3 —4)2+ (3-2)2 =141

b0 do tuong tu Euclide duogc tinh nhu sau:

1 1
Simg(iq,i,) = = = 0.41
£(l1 1) 1+dg(ipip) 1+1.41

Tuong tu ta ¢c6 bang dd do tuong tu gitra hai nguoi dung st dung do do tuong

tu Euclide (Bang 2.11).



Bang 2.11: Bang tinh d9 twong tu giira hai sian phim theo cong thirc E
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i1 I2 i3 ia is
i1 1.00 0.41 0.41 0.16 0.16
I2 0.41 1.00 0.50 0.26 0.33
I3 0.41 0.50 1.00 0.22 0.15
4 0.16 0.26 0.22 1.00 0.50
is 0.16 0.33 0.15 0.50 1.00

Chi s6 Jaccard (Jaccard index)

Chi 56 Jaccard giiva hai san phdam i1 VA iz dwoc tinh nhw sau:

Sim, (iy, i) = % = 0.33

Tuong ty nhu vay ta c6 bang tinh do twong tu giita hai san pham khac nhau

bang chi sb Jaccard

Bang 2.12: Bang tinh d§ twong tu giira hai san phiam theo cong thirc J

i1 i2 i3 ia is
I 1.00 0.33 0.29 0.57 0.43
I2 0.33 1.00 0.17 0.33 0.17
I3 0.29 0.17 1.00 0.29 0.60
ia 0.57 0.33 0.29 1.00 0.50
Is 0.43 0.17 0.60 0.50 1.00

Twong tw Cosine (Cosine similarity)

Ttr ma tran danh gid ciia ngudi dung Uz, Uz, Us, Us Us, Us, U7 vé céc san phém i1,

2, I3, i4, Ista tinh gia tri trung binh cdng cac danh gia ctia nguoi dung doi vdi tung san

pham nhu trong bang 2.13.




Bang 2.13: Gia tri trung binh cong danh gia tirng sin pham
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s

is

y 2.80 2.67 1.75 3.40 3.00
Tir d6 ta ¢6 ma tran chuén hoa dit liéu

Bang 2.14: Ma tran chuén héa dit liéu

i1 i2 i3 ia is
U1 0.20 1.33 -1.40 -1.00
uz 2.20 2.25 -1.40 -2.00
us -0.80 -0.75 2.00
U4 0.20 -0.67 0.60
Us -1.80 1.60
Us -0.67 -0.75
uz -0.75 0.60 1.00

Do tuong tu cosine giita hai san pham i1 va iz duoc tinh nhu sau:

0.2x1.33+0.2%x(—0.67)
J0.22+2.22+(-0.8)2+0.22+(—1.8)2,/(1.33)2+(—0.67)2+(—0.67)2

Simcos(il, lz) = (0.03

Simeos(iy, i) =

Tuong tu nhu vay ta cé bang tinh do twong ty giita hai san pham khac nhau

bang do twong tu cosine (Bang 2.15).
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Biang 2.15: Bang tinh do twong tu giira hai sian phim theo cong thirc COS

i1 i2 i3 i is

i1 1.00 0.03 0.72 -0.77 -0.66
I2 0.03 1.00 0.12 -0.52 -0.26
I3 0.72 0.12 1.00 -0.52 -0.82

Ia -0.77 -0.52 -0.52 1.00 0.57

Is -0.66 -0.26 -0.82 0.57 1.00

H¢ twong quan Pearson giita hai san pham i, va i, dugc tinh nhu sau:

(3—2.8)(4—2.67)+(3-2.8)(2-2.67)
(3—2.8)2+(3—-2.8)2,/(4—2.67)2+(2—2.67)>2

Simpcc(iy,13) :\/

SimPCC (ill lz) = (0.32

Tuong ti nhu vay ta c6 bang tinh d6 twong ty giita hai san pham theo cong thirc cta

hé sd twong quan (bang 2.13)

Bing 2.16: Bing tinh d9 twong tu giira hai sin phim theo cong thirc PCC

i1 2 I3 4 is

i1 1.00 0.32 1.00 -0.82 -0.88
I2 0.32 1.00 1.00 -1.00 -1.00
i3 1.00 1.00 1.00 -1.00 -0.90

Ia -0.82 -1.00 -1.00 1.00 0.95

I5 -0.88 -1.00 -0.90 0.95 1.00
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H¢ s6 twong quan Pearson rang budc:
Do twong tw gitta hai nguoi dung i1 va iz dugce tinh nhu sau:

DN (3-3)x(4-3)+(3-3)x(2-3) _
2) T J(3-3)2+(3-3)D)x((4-3)2+(2-3)2)

Simepec (i1,

Tuong tu ta c¢6 bang tinh toan do twong tu gitta hai san pham khac nhau dya

trén Hé s6 twong quan Pearson rang budc.

Bang 2.17: Bang tinh d twong tw giira hai sin pham theo cong thirea CPCC

i1 i2 i3 i is

i1 1.00 0.00 0.80 -0.80 -0.89
i2 0.00 1.00 1.00 -1.00 -1.00
I3 0.80 1.00 1.00 -0.95 -0.89

Ia -0.80 -1.00 -0.95 1.00 0.94

Is -0.89 -1.00 -0.89 0.94 1.00

Twong quan Pearson dua trén chirc nang Sigmoid

D6 twong tw gitka hai san pham i1 Va iz duoc tinh nhu sau:

Simgpec (iy, iz) =0.32 X ——— = 0.23
1+exp(—7)

Tuong ty ta c6 d6 tuong ty giita hai san pham khac nhau dugc thé hién trong bang

Bing 2.18: Bang tinh d twong tw giira hai san phim theo céng thirc SPCC

i1 2 I3 4 is
i1 1.00 0.23 0.73 -0.72 -0.72
I2 0.23 1.00 0.62 -0.73 -0.62
I3 0.73 0.62 1.00 -0.73 -0.74

Ia -0.72 -0.73 -0.73 1.00 0.77

I5 -0.72 -0.62 -0.74 0.77 1.00
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Tir cac bang trén ta c6 bang tong hop két qua tinh toan d6 tuong ty gitta cac

cap san pham duya trén cic cong thire tinh toan d6 twong ty nhu sau:

Biang 2.19: Bang tong hop tinh d9 twong ty gitra hai san pham

E J COS PCC CPCC SPCC
12 0.41 0.33 0.03 0.32 0.00 0.23
13 0.41 0.29 0.72 1.00 0.80 0.73
l14 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
23 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
34 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

Tir bang 2.19 ta thdy mot s6 han ché cia hai d6 do twong ty PCC va CPCC

nhu sau:

e Hé twong quan Pearson (PCC): Ddi véi cac cip san pham i1z VA izs déu co
chung s6 lwong ngudi dung danh gia 1a 1/7 chiém 14% trong tong sb ngudi ding véi
mirc ddnh gia twong duwong nhau, tuy nhién chua thé ddnh gia chinh xac vé murc do
tuong tu giira hai san pham nay do ti 16 ngudi dung danh gia thip, trong bang 2.19 ta

thiy murc d9 tuong tu giita hai sin pham nay rat cao.
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Dbi véi cac cap san pham iz VA isa déu c6 chung sb luong ngudi dung danh
gia 12 2/7 chiém 28.5% trong tong s6 nguoi ding véi mic danh gia hoan toan khac
nhau, nhu vdy mirc do twong tu giira hai san phim nay thip, tuy nhién trong bang

2.19 ta thdy mirc d6 tuong tu giita hai san pham nay rat cao.

Déi voi cap san pham izs c6 chung s luong ngudi dung danh gia 1a 1/7 chiém
14% trong tong s6 nguoi dung véi mirc danh gi hoan toan khac nhau, nhu vay mirc
d6 twong tu giita hai san pham ndy thip, tuy nhién trong bang 2.19 ta thdy muc do

tuong tu gifra hai sdn pham nay rat cao.

e Hé twong quan Pearson rang budc (CPCC): Ddi véi cip san pham i3 cO
chung s6 lwong ngudi dung danh gia 1a 1/7 chiém 14% trong tong sé ngudi ding véi
mirc danh gia twong dwong nhau, tuy nhién chua thé danh gia chinh xac vé mirc do
tuong tu giira hai san pham nay do ti 16 nguoi dung danh gia thap, trong bang 2.19 ta

thay mirc d6 tuong tu giira hai san pham nay rat cao.

Di véi cac cap san pham iz co chung sé lwong nguoi dung danh gia 1a 2/7
chiém 28.5% trong tong sd nguoi ding va cip san pham izs c6 chung s6 lugng ngudi
dung danh gia 1a 1/7 chiém 14% trong tong sd ngudi ding véi mire danh gia hoan
toan khac nhau, nhu vay murc d6 twong tu gita cac cip san pham nay thap, tuy nhién

trong bang 2.19 ta thdy mirc d6 tuong tu giita hai san pham nay rat cao.
2.4. Két luan

Trong chuong nay, luin vin di trinh bay vé sau do do twong tu st dung trong
tu van loc cong tac bao gom cong thirc tinh toan va y nghia cta cac ky hiéu sir dung
trong cong thire, vi du minh hoa cach tinh cac do do tir d6 dua ra dugc nhiing du doan
phtt hop vé xép hang cho nguoi ding hodc san pham. Van dé dit ra 1a can danh gia
cac do do tuong ty sir dung cung mdt thuat toan dé xem xét mirc d6 phu hop cua céac
dd do tuong tu do. O chuong tiép theo, ludn van s€ thir nghiém céc do do tuong tu
véi thuat toan K-Means trén bo dit liéu MovieLens 100K dé dua ra két qua tu van, so

sanh va danh gia cac do do tuong tu 4p dung trong tu van loc cong tac.
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Chuong 3 . THU NGHIEM VA PANH GIA

3.1. Giéi thiéu chung

bé danh gia cac do do tuong ty cod rat nhiéu thuat toan phan cum duogc
st dung nhu: BIRCH, DBSCAN, OPTICS,... Tuy nhién trong luan van nay tac
gia s dung thuat toan K-Means dé phan cum danh gia cac d§ do tuwong tu dua
trén by dir liéu danh gid cua nguoi dung MovieLens 100K trén website

https://grouplens.org/datasets/movielens/.

3.2. Phat biéu bai toan

Loc cong tdc 12 loc ludng dir liéu ma Hé thong dé xudt (RS) ¢ thé dua ra cho
ngudi dung muc tiéu theo s& thich cia ho. Ho so ctia nguoi dung muc tidu dugc xay
dung dua trén su twong ddng cua ho véi nhitng nguoi dung khac. Do d6 d6 twong
ddng 12 mot phan rat quan trong dé danh gia dugc mirc do twong ty gitra hai nguoi
ding (hodc hai san pham). Trong chuwong 2 luan van da trinh bay mot s6 do do twong
tu duge st dung trong tu van loc cong tac. Pé tim hiéu rd hon trong chwong 3 niy

luan vin s& giai quyét bai toan danh gia cac do do twong ty nhu sau:

Input Ouput

Bo dir liéu MovielLens 100k danh gia
cia nguoi dung véi cac by phim trén
website:

https://grouplens.org/datasets/movielens/

Dit liéu da dugc phan cum dua trén cac
do do tuong tu: Tuong tu Cosine, hé sb
tuong quan Pearson, h¢ ) tuong quan

Pearson rang budc, turong quan Pearson

Thuat toan K-Means. dua trén chic ning Sigmoid, chi sb

Jaccard, khoang cach Euclide.

Muc dich thir nghiém cuta luén van: St dung thuat toan K-Means dé phan cum
dir li¢u stir dung cac do do tuong ty khac nhau dé kiém tra két qua phan cum dau ra
v6i cac o do tuong tu khac nhau thi di liéu phan cum c6 su khac nhau nhu thé nao.
Thuét toan phan cum K-Means 1a mot trong nhitng thuat toan phan cum dir liu dya

trén hoc tip khong giam sat duoc sir dung nhiéu trong hoc may noéi chung va trong


https://grouplens.org/datasets/movielens/
https://grouplens.org/datasets/movielens/
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khai pha dit liéu noi riéng. Uu diém cua thuit toan 1a d& dang cai dit va cho két qua

d& hiéu, linh hoat trong viéc sir dung cac phuong phap do khoang céach.

Thudt todn K-Means dwoc phdt biéu nhw sau:

Buéc 1: Chon sb k dé quyét dinh sb luong cum.
Buéc 2: Khdi tao ngdu nhién trong tadm cum C={ci,Cz,.., Ck}
Buéc 3: Lap

a. P6i voi mbi diém dir 1liéu (xi) trong tap dit liéu (D)

- Tinh khodng céch dis(x;,C) gilta x; va tat ca céac

trong tém cum.
- G&n x; cho cum gan nhét.

b. Tinh todn lai céc trong tam cta cum lam gid tri trung

binh cua tit cd cic thanh vién trong cum.

Buéc 4: Dung khi cédc thanh vién cum 6n dinh.

3.3. Dir li€u thir nghiém va phwong phap danh gia
3.3.1. M¢ ta di liéu

MovieLens 100K 1a tap dit liéu mo ta xép hang 5 sao va hoat dong gin thé
van ban mién phi tir MovieLens, mdt dich vu dé xuat phim. Bg dir li¢éu chtra 100836
xép hang va 3683 tng dung thé trén 9742 phim. Nhitng dit liéu nay duoc tao boi 610
ngudi dung trong khoang thoi gian tir ngay 29 thang 3 nim 1996 dén ngay 24 thang
9 nam 2018. Tap dir liéu nay dugc tao vao ngay 26 thang 9 nam 2018.

Nguoi ding duoc chon ngau nhién dé dua vao. Tat ca nhitng ngudi dung duoc
chon d4 danh gia it nhat 20 phim. Khong c6 thong tin nhan khau hoc dugc bao gom.
Mobi ngudi dung duge dai dién boi mot id va khong co thong tin nao khic duge cung
cap. Dit liéu duoc chua trong cac tép links.csv, movies.csv, ratings.csv va tags.csv.

ratings.csv: T4t ca cac xép hang déu c6 trong tép ratings.csv. Mdi dong cia
tép nay sau hang tiéu dé dai dién cho mot xép hang phim ciia mot ngudi dung va co

dinh dang sau: userld, movield, rating, timestamp
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Céc dong trong tép nay dugc sip xép dau tién theo userld, sau d6 bén trong user duoc
sap xép theo movield. Xép hang dugc thuc hién trén thang diém 5 sao, véi sb gia tang

ntra sao (0,5 sao - 5,0 sao).

tags.csv: Tét ca cac thé dugc chta trong tép tags.csv. Moi dong cia tép nay
sau hang tiéu dé dai dién cho mot thé dugc mot nguoi dung ap dung cho mot b phim
va c¢6 dinh dang sau: userld, movield, tag, timestamp. Cac dong trong tép nay duogc

sap xép dau tién theo userld, sau d6 bén trong user duoc sap xép theo movield.

Thé 14 siéu dit liéu do ngudi dung tao vé phim. Mbi thé thuong 1a mot tir don hoic
cum tur ngén. Y nghia, gia tri va myc dich cia mot thé cu thé duoc xéac dinh bai mdi
nguoi dung.

movies.csv: Thong tin phim duoc chira trong tép movies.csv. Mdi dong cua tép
nay sau hang tiéu dé dai dién cho mot bo phim va cé dinh dang sau: movield, title,
genres. Tén phim dugc nhdp theo cach thu cong hodc nhap tu trang web

https://www.themoviedb.org/ va bao gdm nam phat hanh trong ngodc don.

Céc thé loai 1a mot danh sach duoc phan tach bang dau s6 dimg va duoc chon
tir cac danh sach sau: Hoat dong, Cudc phiéu luu, Hoat hinh, Tré em, Phim hai, Toi

ac, Phim tai liéu, Kich, Tudng tugng, Kinh di, Am nhac, Huyén bi, Lang man,...

links.csv: Cac s nhan dang c6 thé duoc sir dung dé lién két dén cac ngudn dir
liéu phim khac duoc chira trong tép links.csv. Mdi dong cua tép nay sau hang tiéu dé

dai dién cho mot bo phim va c6 dinh dang sau: movield, imdbld, tmdbld

- movield 1a ma dinh danh cho phim dugc https://movielens.org str dung.

Vd: phim Toy Story cé link https://movielens.org/movies/1.

- imdbld 1a ma dinh danh cho phim duoc str dung bai http://www.imdb.com.
Vd: phim Toy Story cé link la http://www.imdb.com/title/tt0114709/.

- tmdbld 1la mad dinh danh cho phim dugc s dung boi
https://www.themoviedb.org. Vd: phim Toy Story c¢6 link

https://www.themoviedb.org/movie/862.



https://www.themoviedb.org/
https://movielens.org/movies/1
http://www.imdb.com/title/tt0114709/
https://www.themoviedb.org/
https://www.themoviedb.org/movie/862
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Trong trong t&p movies.csv chon hai thé loai phim 1 phim ldng man va phim
khoa hoc vién tuéng dé kiém tra. Trudc tién tinh toan xép hang trung binh ctia mdi
ngudi dung dbi voi tat ca cac phim lang man va tat ca cac phim khoa hoc vién tudng.
Sau d6 loai bo nhitng ngudi thich ca khoa hoc vién tuong va lang man dé cac cum co
xu huong xac dinh ho thich thé loai nay hon thé loai khac.
3.3.2. Méi trwong va cong cu
Hé diéu hanh Windows 11 64bit, RAM 8GB
Phan mém Visual Studio Code, Jupyter notebook
Ngon ngtr 1ap trinh: Python
3.4. Cai dat thuat toan
Cai dat thudt toan K-Means
e Chonsb luong cum
Céch thir nhét 1a thir v6i timg gi tri k=1,2,3,4,5,... dé xem két qua phan cum thay
d6i nhu thé nao. Mot s6 nghién ctru cho thiy viée thay ddi k s& c¢6 hiéu qua nhung s&

dung lai & mot con s6 nao d6. Nhu vay hoan toan c6 thé thr xem dit liéu tot véi gia
tri k nao do.

Céch thtr 2 sir dung phuong phap khtru tay (Elbow Method) bang cach chay thuat
toan K-means nhiéu lan, tang ) lugng cum 1én mdi lan 1ap lai. Ghi lai ton that cho
mdi 1an 13p va sau d6 1ap biéu d6 duong ctia cic cum so v4i ton that.

Tu cac tinh todn theo phuong phéap khuu tay dya vao bg dir liéu MovieLens100K

ta xac dinh duoc k = 2 va xj 1a nhitng nguoi dung.
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e Khoi tao cac Centers

def _init centers(self, points, K, **kwargs):
row, col = points.shape
retArr = np.empty([K, col])
for number in range(K):
randIndex = np.random.randint(row)
retArr[number] = points[randIndex]

return retArr

e Gan diém cho Centers gan nhat

def _update assignment(self, centers, points):
row, col = points.shape
cluster_idx = np.empty([row])
distances = self.pairwise dist(points, centers)
cluster_idx = np.argmin(distances, axis=1)

return cluster idx

e (Cap nhat Centers mdi

def _update_centers(self, old centers, cluster_idx, points):

K, D = old centers.shape
new_centers = np.empty(old centers.shape)
for i in range(K):
new_centers[i] = np.mean(points[cluster idx == i], axis = 0)
return new_centers
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e Ham mét mat

def __call (self, points, K, max_iters=100, abs_tol=le-16, rel_tol=le-16, verbose=False, **kwargs):

centers = self. init_centers(points, K, **kwargs)
for it in range(max_iters):
cluster_idx = self._update_assignment(centers, points)
centers = self._update_centers(centers, cluster_idx, points)
loss = self._get_loss(centers, cluster_idx, points)
K = centers.shape[0]
if it:
diff = np.abs(prev_loss - loss)
if diff < abs_tol and diff / prev_loss < rel_tol:
break
prev_loss = loss
if verbose:
print('iter %d, loss: %.4f" % (it, loss))
return cluster_idx, centers, loss

e Tim clusters

def find_optimal_num_clusters(data, distance_type, max_K=10):
y_val = np.empty(max_K)

for i in range(max _K):
cluster_idx, centers, labels, y val[i] = KMeans()(data, i + 1, distance_type)

plt.plot(np.arange(max_K) + 1, y_val)

plt.show()
return y_val

e Hién thi K-Means

def kmeans_display(data, label):
K = np.amax(label) + 1

X@ = data[label == 0, :]
X1 = data[label == 1, :]
X2 = data[label == 2, :]
plt.plot(Xe[:, @], Xe[:, 1], 'b*', markersize = 4, alpha = .8)
plt.plot(X1[:, @], X1[:, 1], 'go', markersize = 4, alpha = .8)
plt.plot(X2[:, @], X2[:, 1], 'rs’, markersize = 4, alpha = .8)

plt.axis('equal’)
plt.plot()
plt.show()
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Cai dat cdc dp do twong tw
e Khoang cach Euclide

def pairwise dist(self, x, y): # [5 pts]
xSumSquare = np.sum(np.square(x),axis=1);
ySumSquare = np.sum(np.square(y),axis=1);
mul = np.dot(x, y.T);
dists = np. sqrt(abs(xSuquuare[ 1, np.newaxis] + ySumSquare-2*mul))
return dists

e Chi sd Jaccard
def jaccard similarity(self, x):

# Calculate all pairwise distances
jaccard_distances = pdist(x, metric="jaccard')

# Convert the distances to a square matrix
jaccard_distances = squareform(jaccard distances)
jaccard_similarity = 1-jaccard distances

return jaccard similarity

e Tuong tu Cosine

def cosine_similarity(self, x, y):
return cosine_similarity(x, y)

e H¢ so twong quan Pearson

def pearson_cc(self, x, y):
return np.corrcoef(x, y)

e Hg¢ s0 tuong quan Pearson rang budc

def constrained pearson(self, x, y):
stats.pearsonr(x, y)



52

e Tuong quan Pearson dua trén chirc nang Sigmoid
def sigmoid(self, x):

sig = np.where(x < @, np.exp(x)/(1 + np.exp(x)), 1/(1 + np.exp(-x)))
return sig

3.5. Két qua thir nghiém

Ta c6 cac két qua thir nghiém khi st dung thuat toan K-Means véi k=2 va ding

cac do do tuong tu khac nhau dé phan cum dir liéu duogc thé hién nhu sau:

e Khodng cach Euclide
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Hinh 3.1: Phin cum st dung d¢ do twong tu Khodng cach Euclide
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e Tuong ty Cosine
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Hinh 3.2: Phan cum sir dung d§ do twong tw Cosine

e Hé sd twong quan Pearson
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Hinh 3.3: Phan cum sir dung dé do twong tw Hé s6 twong quan Pearson
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e Tuong quan Pearson dua trén chirc nang Sigmoid
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Hinh 3.4: Phan cum sir dung d§ do Twong quan Pearson dua trén chirc nang Sigmoid
Panh gia cac cum sir dung cac do do khac nhau

Cac cum dir liéu str dung cac do do dugc thé hién trong cac hinh: Khoang cach
Euclide (Hinh 3.1), Tuong ty Cosine (Hinh 3.2), Hé s6 twong quan Pearson (Hinh
3.3), Tuong quan Pearson dua trén chirc nang Sigmoid (Hinh 3.4). Quan sat cac cum
két qua duogc dua ra duya vao thuat toan K-Means sur dung cac do do tuong tu trén ta

thay:

Cac cym dir li¢u st dung cac d6 do Tuong tu Cosine, Hé sb tuong quan
Pearson, Tuong quan Pearson duya trén chirc nang Sigmoid cho két qua tuong tu nhau,
nhu vay két qua tinh khoang cach giita cac cap nguoi diung véi cac do do trén c6 mirc

do chénh léch thép khong du dé thay ddi vi tri vao cac cum khac nhau.

Cum dit liéu st dung Khoang cach Euclide duoc phan bd khac so véi cac cum

st dung cac do do twong ty khac tuy nhién van c6 nhitng diém chung
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Panh gia cac cac do do twong tw

Lay ngiu nhién nam cip nguoi dung dwa ra khoang cach cia cic cip nguoi
ding nay sir dung céc do do tuong tu: Tuong tu Cosine, hé sb twong quan Pearson,
hé sd twong quan Pearson rang budc, twong quan Pearson dua trén chirc ning
Sigmoid, chi s6 Jaccard, khoang cach Euclide nhan dugc két qua thé hién trén dd thi
(Hinh 3.5)

Compare distance

Di

Userl,User2 Userl,User2 User],User2 Userl,User2 UUser],User2
Users

Hinh 3.5: D6 thi thé hién do do twong tw mdt sé cip nguwoi ding
Quan st trén do thi (hinh 3.5) ta thdy muc d twong tu giita cip nguoi ding
st dung céac d6 do twong tu khac nhau s& cho két qua khac nhau. Phan 16n cac d6 do
tuong tu cho két qua gidng nhau trong viéc tim kiém nhing ngudi dung.
Trong truong hop thir nhat: Muc d6 twong tu cta hai ngudi dung véi cac do
do PCC, CPCC, COS vaJ la twong ty nhau; con lai két qua voi do do SPCC va E
tuong ty nhau

Trong trudng hop thir 2: Murc d6 tuwong tu cua hai nguoi dung tuong tu nhau
véi cac do do: PCC va E, SPCC va COS; CPCC va l.
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Trong trudng hop thir 3: Mutc d twong tu cua hai nguoi dung tuong tu nhau
v6i cac do do: PCC va J, CPCC - SPCC va COS; E cho két qua khac hoan toan so
vo1 cac do do khac.

Trong truong hop thir 4 va tha 5: Cac d6 do: PCC, CPCC, SPCC, COS va J

cho két qua twong tu nhau, E cho két qua khac hoan toan so véi cac do do khac.

Nhu vay rat kho dé c6 thé danh gia trong viée st dung do do nao 1a tot nhat,
c6 mot sd rang budc trong viéc lya chon cac do do: Chrflng han nhu cac d6 do Hé sb
twong quan Pearson, twong quan Pearson rang budc, tuong quan Pearson dya trén
chtrc nang Sigmoid, khoang cach Euclide va tuong tu Cosine chi xem xét cac san
pham chung da dugc danh gia dé do muc do twong tu, trong khi hé sb Jaccard khong
chi xem xét cac san pham chung cing dugc danh gia bai hai ngudi dung ma con xem
Xét tong cac san pham dugc danh gia boi hai ngudi ding d6. Ngoai ra viée st dung
cac d6 do ciing phy thudc vao mirc do thua thét cia dir lidu, trong mdi truong hop

murc d thua khac nhau thi cac do do s& thé hién wu diém va nhuoc diém khéc nhau.
3.6. Két luan

Trong chuong nay, luan van da st dung thuat toan K-Means vo1 cac do do
tuong ty Hé s6 tuong quan Pearson, tuong quan Pearson rang budc, twong quan
Pearson dya trén chtrc nang Sigmoid, khoang cach Euclide, twong tir Cosine va hé sb
Jaccard dé phan cum dir liéu trén bo dir liéu MovieLens 100K va dua ra cac danh gia

so sanh vé cac cum dir li€u cling nhu cac dg do tuong ty dugc st dung.



57

KET LUAN VA KIEN NGHI

Hé thdng tu van loc cong tac 1a mot hé théng dang phat trién trong nhiéu linh
vuc dic biét 1a thwong mai dién tu. He théng tu vin ngay cang hoan thién vé chat
lwong va giam thoi gian xtr 1y dé dap tmg nhu cau tu van san pham, dich vu cho nguoi

dung.

Luan van da trinh bay vé mét s6 do do tuong tu st dung trong loc cong tac.
Céc két qua dat dugc cua luan van nhu sau:

- Tim hiéu téng quan vé tu van loc cong tac, cac ky thuat loc cong tac.

- Tim hiéu mot sb do do tuong tu su dung trong tu van loc cong tac nhu: HE
sd tuong quan Pearson, twong quan Pearson rang budc, tuong quan Pearson
dua trén chttc nang Sigmoid, khoang c&ch Euclide, twong ty Cosine va hé
s6 Jaccard. Pua ra vi du dé str dung cac cong thire tinh toan do do va danh

gia so sanh cac do do.

- St dung thuat toan K-Means dé phan cum dir li¢u danh gia cac do do dua

vao bd dir liéu MovieLens 100K.
- So sanh va danh gia cac do do tuong tu.

Tuy nhién, ludn van van con nhi€u di€m han ché, luan van chi dung lai & muc
dd nghién ctru, tim hi€u. SO lugng cac do do nghién ctru chua day du. Nhitng han ché

nay di dua ra mot sb huéng ma cho dé tai tiép tuc phat trién nhu sau:
- Nghién ctru mot sé do do twong tu khac str dung trong loc cong tac.

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