PHAN MO DAU

1. Tinh cp thiét ciia ludn 4n

Loc thong tin 1a linh vuc nghién ctru cic qud trinh phan bo thong tin thich hop va g& bo
thong tin khong thich hop dén v6i mdi nguoi ding. Loc thdng tin cho cic hé tu van duoc tiép can
theo hai xu hudng chinh, d6 12 loc dya vao ndi dung san pham va loc dua vao théi quen st dung
san phém cua nguoi hay con dugc goi la loc cong tac. So véi loc theo ndi dung, loc cdng tac cho
lai két qua tot hon va c6 thé loc bat ky dang thong tin nao. Tuy nhién, loc cong tic gip phai van
dé dir liéu thua, nguoi ding méi va san pham méi can duge tiép tuc nghién ctru giai quyét.

Két hop gitra loc cdng tac va loc ndi dung dé nang cao chat lugng dy dodn va tranh hién
trang dir li€u thua cia lgc cong tdc dugc tap trung nghién clru nhiéu trong thoi gian gﬁn day. Cac
phuong phép loc két hop hién nay van han ché trong biéu dién va udc lugng mirc d6 anh hudng
ctia mdi dic trung ndi dung dén théi quen st dung san phim cia ngudi dung.

Dé tai “Phdt trién mot sé6 phirong phdp loc thong tin cho hé tw van” duoc thyc hién trong
khudn kho ludn 4n tién si chuyén nganh khoa hoc mdy tinh nham gép phan giai quyét mot s6 van
dé con ton tai trong loc cong tac va loc Kkét hop.

2. Muc tiéu cua luin an

Muc tiéu cta luan 4n 12 nghién ctru dp dung, cai tién cdc k¥ thuat hoc mdy nham nang cao
dd chinh xéc cia lgc thong tin trong cac hé tu van. Pic biét, nghién ctu tap trung vao viéc nang
cao két qua du doan nhu ciu nguoi dung trong trudng hop dir liéu thua, cling nhu trong trudng
hop c¢6 cé dit liéu s¢ thich va thong tin ndi dung.
3. Cac dong gop cua luan an

Luén dn nghién cuu va dé xuit duoc hai két qua chinh, d6 1a han ché anh huong cua van dé
dit liéu thua trong loc cong tic bang phuong phép hoc da nhiém va phuong phap két hop giita loc
cong tac va loc ndi dung dya vao mo hinh dd thi.
4. B6 cuc cia luin 4n

Bé cuc luan 4n duogc xay dung thanh ba chuong va mot phu luc, trong do:

Chuwong 1 gi6i thiéu tong quan vé loc thong tin.

Chwong 2 trinh bay phuong phdp han ché anh huéng cua tinh trang dit liéu thua bang
phuong phap hoc da nhiém.

Chuwong 3 trinh bay phuong phép két hop giita loc cong tic va loc ndi dung dua trén mod
hinh d6 thi.

Phan phu luc trinh bay thiét ké va xdy dung ung dung cho phuong phap loc két hop duoc
dé xuét trong Chuong 3. Cudi ciing 12 mot s6 két luan va dé xuat cic nghién ciru tiép theo.



, CHUONG 1
TONG QUAN VE LOC THONG TIN
1.1. GIOI THIEU CHUNG

Loc thong tin 12 linh vyc nghién ciru céc qud trinh phan bo thong tin thich hop, ngin ngira
va g& bo thong tin khong thich hgp cho mdi ngudi ding. Théng tin dugc phan bo (con dugc goi
1a san pham) c6 thé 1a van ban, trang web, phim anh, dich vu, phim hoic bat ky dang thong tin
nao duoc san sinh ra tir cdc phuong tién truyén thong.

1.1.1. Kién tric tong quat ciia hé thong loc thong tin

Mot hé thong loc thong tin tong quét bao gdm bdn thanh phan co ban: thanh phan phan
tich dit liéu, thanh phan loc, thanh phin md ta nguoi ding va thanh phan hoc.

Thanh phan mé

X NN Thong tin dac ta Nguoi dung Nha cung cip
hinh ngu"”dp‘ nguoi dung thong tin
Hb solngudi Phén. J Sa:m p érr{’ Thong|tin cic
ding 01 dung phu hop voi san pham
Y Cép nhit thong P . Y
Thanh phan tin huan luyén > Ble,u d}en T£10ng @1 phan
hoc Thanh p & Lin san pham phén tich dit

Biéu dién Thong
tin san pham

liéu

A

hén)‘

Hinh 1.1. Kién triic téng qudt ciia hé thong loc thong tin

1.1.2. Loc thong tin va truy van thong tin

Mot sd thanh phan cta hé thong loc c6 thé dugc tim thiy trong cdc hé théng truy van
thong tin. Tuy nhién, ta c¢6 thé phan biét sy khic biét giita hé thdng loc thong tin véi cdc hé thong
khic thong qua nhiing dic trung lién quan dén nguoi diing, san pham va phuong phap thyc hién.
1.1.3. Hoc may va lgc thong tin

Thanh phan loc thong tin duoc xay dung theo hai cach tiép can chinh: loc dua trén tri thirc
va loc duwa trén dir lidu. D61 véi loc dua trén tri thic, thong tin duoc loc b?mg céch st dyng cac
luat. Mdi luét biéu dién nhu cau thong tin nguoi diing hodc mot mau thong tin cin loc. Mdi quyét
dinh loc s& duoc thuc hién néu nhitng diéu kién cua lut dua ra duoc thoa man. Khic véi loc dua
trén tri thirc, trong céch tiép can dya trén dir lidu, cdc quy tic cho thanh phan loc duoc xay dung
tir dir liéu ma hé théng thu thap duoc bang cich st dung ky thuét thong ké hodc céc thuat todn
hoc mdy. Céch tiép can nay cho phép tao ra va cap nhat quy tic loc thdng tin ma khong can téi tri
thirc chuyén gia, ddng thoi chat lugng loc ¢6 thé tét hon so véi cach tiép can dua trén tri thic, dic
biét khi c6 lugng dit liéu 16n va chét lugng. So véi loc dua vao tri thuc, loc dya vao dir liéu dugc
quan tdm nghién ctru nhiéu hon.




1.1.4. Loc thong tin va cdc hé tw vin

Hé tu van (RS) dang phit trién va duoc str dung rong rdi trong nhiéu tng dung khéc nhau
ctia khoa hoc mdy tinh nhim goi ¥, giéi thiéu hang héa, dich vy, thong tin tiém ning dén voi
ngudi ding. Céc hé tu van dugc phan loai dwa vao phuong phdp loc duoc dp dung, bao gom: tu
van dua vao phuong phép loc ndi dung, tu van dua vao phuong phdp loc cong tic va tu van dua
vao phuong phap loc két hop.

1.2. PHUONG PHAP LQOC THEO NOI DUNG

Loc theo ndi dung 1a phuong phép thuc hién dua trén viéc so sdnh ndi dung thong tin hay
md ta hang héa, dé tim ra nhiing san pham tuong ty v4i nhiing gi ma ngudi ding da ting quan
tAm dé gidi thiéu cho ho nhimng san pham nay. Céc phuong phép tiép can cho loc theo ndi dung
duogc chia thanh hai phuong phéap chinh: loc ndi dung duya vao bd nhé va loc ndi dung dua vao mo
hinh. Nhiing van dé can tiép tuc nghién curu cua loc ndi dung la van dé trich chon dic trung va
nguoi dung moi.
1.3. PHUONG PHAP LOC CONG TAC

Loc cong tic khai thic nhitng khia canh lién quan dén théi quen so thich cta nguoi sir
dung san pham dé dua ra du dodn va phan bd cic san pham cho ngudi dung nay. Céc phuong
phép tiép can cho loc cong tic ciing duoc chia thanh hai phuong phdp chinh: loc cong téc dwa vao
bd nhé va loc cong tic dua vao mo hinh. Nhiing van dé can tiép tuc nghién ctru cua loc cOng tac
12 van d& dir liéu thua, van dé ngudi ding méi va san pham méi.

1.4. PHUONG PHAP LQC KET HQP

Loc két hop 1a phuong phap két hop gitra loc cong téc va loc ndi dung, nham tan dung loi thé
va trdnh nhitng han ché cta mdi phuong phdp. Loc két hop dugc tiép can theo bon xu hudng
chinh: Két hop tuyén tinh, két hop déc tinh cua loc ndi dung vao loc cdng tac, Kkét hop déc tinh
cua loc cong tac vao loc ndi dung va xay dung md hinh hop nhét cho ca loc cong tac va loc nodi
dung. Van d can tiép tuc nghién ctru ctia loc két hop 1a ning cao hiéu qua phuong phap biéu dién
va dy dodn cho md hinh két hop.

1.6. KET LUAN

Loc theo ndi dung thyc hién hiéu qua véi cic dang thong tin dugc biéu dién dudi dang céc
dac trung ndi dung nhung lai kho loc dugc cac dang thong tin da phuong tién. Loc cong tic cho
lai két qua tot hon so véi loc ndi dung va c6 thé loc bat ky dang thong tin ndo nhung gip phai khé
khan trong truong hop dit liéu thua, ngudi ding méi va san phdm méi. Loc két hop chi phat huy
hiéu qua néu phuong phap két hop giai quyét duoc nhitng mau thuan trong du dodn theo loc nodi
dung va lgc cong tic. Chinh vi viy, trong tam nghi€n clru cua luan 4n la van dit liéu thua cua loc
cOng tic va van dé két hop hiéu qua gitta loc cong tic va loc ndi dung.



~ CHUONG 2
LOC CONG TAC BANG PHUONG PHAP HQC DA NHIEM

2.1. PAT VAN PE

Gia sir hé gdm N ngudi ding U = {uy, ..., ux}, M san pham P = {p, ps,..., pu} v6i ma
trdn danh gid R =(r;;). Nhiém vu cua loc cong tdc la xay dung phuong phdp du dodn va phin bd
cho ngudi diing hién thoi u, cdc san phim pht hop nhat véi u, chua duge dénh gid dya trén ma
tran ddnh gid R = (ry). DPdi voi céc hé théng loc cong téc, $6 lugng nguoi dung Ul va $6 luong
san pham P! 1a rat 1on. Tuy vdy, mdi nguoi ding chi dua ra mot sb rat it cdc danh gid ctia minh
trong tap cdc san pham. Piéu nay 1am cho ma tran dau vao rij €O sd cdc danh gid ri# 9 nho hon
rat nhiéu 1an s6 cdc ddnh gia ri=2. Loc cong tac goi van dé nay 1a van dé dir liéu thua.

Van d& dir liéu thua 1am cho nhiéu cip ngudi ding khdng x4c dinh duge mirc do twong tu
va viéc xdc dinh tp hang x6m cho mdi ngudi ding trd nén kém tin cay. Pac biét, van dé nguoi
diing méi can c6 nhimng danh gid ban dau.

2.2. LOC CONG TAC BANG PHAN LOAI

Bai toan loc cOng tac co thé phat biéu nhu bai todn phan loai tuy dong cua hoc may. Dya trén
danh gid cua ngudi ding vé nhitng san pham khéc nhau, véi mdi ngudi ding, mot md hinh phan
loai s& dugc xdy dung va huan luyén. M6 hinh nay sau d6 dugc st dung dé phan chia san pham
ma&i thanh céc loai khac nhau, vi du nhu loai “phit hop” va “khong phu hop”. Tuong tu nhu vay,
c6 thé thay doi vai trd gitta nguoi ding va san pham va xay dung bd phan loai cho phép du dodn
mot san pham cu thé c6 “phit hop” hay “khong phix hop” ddi v6i ngudi ding.

2.2.1. Phat biéu bai toan loc cdng tic bang phan loai

Cho ma tran ddnh gid nguoi dung R = (r;j) nhu duoc trinh bay trong muc 2.1. Cac hang cua
ma tran tuong (mg voi tap ngudi ding; cic ¢t clia ma tran twong Gmg voi tip san pham; cdc phan
tr ;; cua ma tran twong Ung voi danh gid cua ngudi dung dbi v6i san pham. Thong thudng, mdi
nguoi dung chi danh gid mot tap rat nho cdc mat hang va do vay da s6 céc gid tri r duoc dé
tréng. Nhiém vu cta cdc phuong phép phén loai 1a dién vao hay dy dodn cic gid tri thich hop vao
cdc 0 trong cho mdi hang ctia ma tran dénh gia.

Pé thuc hién du dodn, mot bd phan loai s& duoc xay dung riéng cho mdi ngudi ding. Moi
bd phan loai du dodn cic gid tri rdng cho mot hang ctia ma tran d4nh gid. Mdi bo phan loai thuc
hién huin luyén trén tap céc vi du huén luyén; mdi vi du huin luyén dugc biéu dién dué6i dang
mot véc to dic trung; mdi dic trung tuong Gng véi mot ngudi dung khdc nguoi dung can dy
doén. Gia tri ciia dac trung 1a gia tri cdc 0 cia ma trdn danh gid. Nhan phan loai cho céc vi du
huan luyén 1a cdc danh gid khac @ clia ngudi dung hién thoi.

2.2.2. Phan loai bang phwong phap Boosting

Boosting 13 phuong phap hoc mdy cho phép tao ra bd phan loai ¢ do chinh xdc cao bang
cach két hop nhiéu bo phan loai c6 d6 chinh xdc kém hon hay con duoc goi 1a bd phén loai yéu.
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Duya trén nguyén tic chung nay, nhiéu phién ban khic nhau ciia ki thuat Boosting da duoc dé
XUAt va str dung. Luan an nay st dung phién ban Gentle AdaBoost (viét tit 12 GentleBoost) duogc
Friedman d& xuat do cic uu diém cta phuong phép nay 12 don gian, 6n dinh, va cho két qua phan
loai tét trong nhiéu tng dung.

Phuong phiap GentleBoost cho trudng hop phén loai hai 16p ¢6 thé md ta tém tit nhu sau.
Cho tap dir liéu huan luyén bao gdbm M vi du (x1, 1), ..., Gty Yar) VOi x; 12 vecto céc didc trung va
y; 1a nhan phan loai nhan gia tri y; = +1 hodc y; = —1 (twong ung voi “thich hop” va “khong thich
hop”). BO phan loai manh F(x) dugc tao thanh b?mg céch to hop tuyén tinh F(x)= z; fi(x),

trong d6 fi (x) 12 bd phan loai yéu c6 kha ning dy dodn nhan phén loai cho vec to dau vao x. Két
qua phan loai cubi cung duogc tao ra b?mg céch tinh sign(F (x)). Thuat todn bao g@)m K vong lap
dugc thé hién trong hinh 2.1 dudi day.
Piu vao:
e Tap di liéu huan luyén gdm M vi du (X, y1),.., (Xm, ym) VOi X; 12 vecto
cdc dac trung va y; 1a nhan phan loai nhan gid tri y; = +1 hoac y; = —1.

Piu ra:
o Trd lgi sign[F(x)]=sign[Y.  f (x)]
Cac bwoc thuc hién:
1. Khoi tao céc trong sOw,=1/M,i=1.M,wla trong sb cua vi du huan
luyén thir i.
Khoitao F (x) =0
2. Lap voik=1,2,...,K
a. Huan luyén f; (x) str dung dit liéu hudn luyén c6 trong s6
b. Cap nhat F (x) < F (x) +fi (x)
c. Cap nhat trong s6 w, « w,e ™
3. Tra vé bo phan loai sign[F(x)]=sign[Y .. f,(x)]

Hinh 2.1. Thudt todn GentleBoost.
Tai budc (a) ctia mdi vong 1ap, thuat todn lya chon fi(x) sao cho sai $6 phan loai dudi day la
nho nhét:

va chuan tac hod trong so

J=Y" w (v, = fo(x))? 2.1)

Pé tim dugc bd phan loai cho phép cuc tiéu hod (2.1), cin x4c dinh bd phan loai yéu fi(x)
cho phép cuc tiéu hod binh phuong 16i phan loai c¢6 tinh téi trong s6. O ddy, bo phan loai yéu
dugc str dung 12 gdc quyét dinh. Goc quyét dinh 13 phién ban don gian cua ciy quyét dinh véi
mat nit duy nhét. Gbc quyét dinh lga chon mot ddc trung cia vi du huén luyén, sau dé tuy thudc
vao gid tri cia dic trung dé gan cho nhan gid tri 1 hay —1. Qua trinh x4c dinh nhan phén loai dugc
biéu dién béi cong thirc 2.2.

fi(x)= aé‘(xf > t)+b§(xf < t) (2.2)



Trong d6 & (e) = 1 néu e ding va J (¢) = 0 néu nguoc lai, 7 12 mot gid tri ngudng, a va b 1a
tham sd, x’ 12 gid tri dic trung tht f cia vecto x. Trong truong hop dit liéu danh gid chi bao gdbm
gid tri 1 va 0 hodc 1 va —1, c6 thé chon ngudng ¢ = 0. Nhu vdy, ngoai viéc phan loai, gbc quyét
dinh con thuc hién trich chon dic trung do mdi géc chi chon mot dac trung duy nhét. Qui trinh
huén luyén dé chon ra gdc t6t nhat duoc thuc hién bang cach thir tat ca dic trung fdé phép cuc
tiéu hod (2.1). V&i mdi gid tri cua f, gia tri tdi wu cta a va b duoc tinh theo ky thuat binh phuong
t6i thiéu ma ban chat 1a tinh gi4 tri tham s6 tai diém c6 dao ham bang 0.

Z'wl.yié‘(xf >0)
g==
Z'wl.é‘(xf > 0)

(2.3)

Z w,y,0(x’ <0)
b: i
Z'wié‘(xf <0)

Gid tri f, a va b tinh dugc cho sai s du dodn (2.1) nho nhét s& dugc chon dé tao ra bd phan
loai f; (x) cho vong 1ap thr k. B phan loai yéu fr (x) sau d6 duoc thém vao b phan loai chinh F
(x) (budc b).

Tai budc (c), cac vi du phan loai sai c6 y; f; (x;) < 0 dugc GentleBoost tang trong s6, céc vi
du phan loai ding cé y; fi (x;) >0 bi gidm trong s6. Vi cdch lam nay, thuat todn s¢€ khién bo phan
loai ¢ vong sau chd ¥ hon tdi nhitng vi du hién dang bi phan loai sai.

(2.4)

Ménh dé 2.1. Thudt todn GentleBoost cuc tiéu héa ham 16i khi phdn loai thong qua cdc bude cia
phép khai trién Niuton.
2.3. PHAN LOAI VOI CAC PAC TRUNG CHUNG
2.3.1. Phwong phap hoc da nhiém

Phuong phap hoc méy thyc hién déng thoi cho nhiéu nhiém vu lién quan dé nang cao két
qua dy dodn duoc goi 1a phuong phap hoc da nhiém. Bang viéc suy dién dong thoi giita céc
nhi¢m vy, hoc da nhiém phat hién ra dugc nhiing tri thirc tr nhiéu nhiém vu dé tang cuong vao
két qua du dodn cho mdi nhiém vy don 1é. Vi nhiing bai todn c¢6 sé lugng nhiém vy 16n nhung
¢6 s6 vi du huén luyén it, hoc da nhi€ém nang cao Kkét qua dy doan cho mdi nhiém vu b?mg cach
chia sé nhitng thong tin chung gifra cdc nhiém vu.

Loc cong tac co thé dugc thuc hién theo phuong phap hoc da nhiém b?mg ky thuat Boosting
da trinh bay trong muc 2.2.2. Pé thuc hién diéu nay, thuat todn GentleBoost dugc cai tién b?mg
cach tai mdi vong lap, thay vi giam sai s6 cho mot bai toan phan loai, thuat todn giam sai s6 dong
thdi cho mot tip con céc bai todn phan loai. V&i cdch 1am nay, tai moi vong lip thuat todn tim
duoc mot dac trung chung cho tat ca cdc bai toan phan loai trong tap con cdc bai todn phan loai
dugc chon. Pic trung chung tim dugc déng vai tro chia sé, chuyén giao thong tin gitta cdc bai
toan phan loai ting cudng thém vao két qua du doan.

2.3.2. Boosting dong thoi cho nhiéu bai toan phan loai

Véi tap N ngudi dung U; M san pham U, va gid tri danh gid r; nhu da cho trong ¢ trén, ta c6

tit ca N bai todn phan loai, bai todn thtr n, n = 1,...,N dugc cho béi M vi du huan luyén (x"),
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Y'Dseooy X"y, ¥'m), trong d6 y"; = r,; 1a ddnh gid cua nguoi dung n cho san pham j, va Xnj = (Fjy oo
Y-y Tnslyjs ---» Tryp) 12 ddnh gid cla tat ca ngudi dung cho san pham j trir ngudi ding n. Can luu ¥
r?mg, chi nhitng ¢t ¢6 r,; # @ mdi dugc su dung lam vi du huén luyén trong bai toédn thir k. Tuy
nhién, ta van liét ké ca nhitng vi du c6 r,; = &. Nhiing vi du nay sau d6 s& duoc gén trong sO bang
0 va do vay khong anh huong t6i két qua huan luyén.

M&i vi dy hudn luyén thir j s& dugce 1am twong tng Vi n trong sb w', n=1,...,N. Mdi trong
56 dugc st dung khi vi du d6 duge ding v6i bo phan loai thir n; w'; = 0 néu r,; = 0 tic 1a vi du j
khong tham gia vao huan luyén bo phan loai n. Sai s6 phan loai duoc tinh bang tong sai s6 cho tat
ca N b phan loai:

J=" S W = £ () (2.13)
Tai mdi vong 13p n, goi S(7) 1a tip con cdc bai todn. Thay vi xdc dinh dic trung f tot nhat cho
ting bai todn riéng 1é nhu & phan trudc, thuat ton can xdc dinh dic trung chung cho tat ca bai
toan thudc S(r) va chon géc quyét dinh tuong ng sao cho sai s6 (2.13) 1a nho nhit. Goc cay
quyét dinh sé& c6 dang nhu sau:
a,8(x" >0)+b,0(x’ <0) khine S(t)
c" khine S(t)

O day, gia tri géc cay quyét dinh phu thudc vao vi¢c tap con S(f) dugc chon la tap con nao
va vi vay ta ky hiéu ham f; 1a ham cua ¢. Ky hiéu f" (x,r) dugc hi€u la ham phan loai yéu tai budc

fl = { (2.14)

thtr n cho bai todn thtr k va ham nay chung cho tap con S(7) cdc bai todn phan loai. Do gid tri ham
16i (2.13) ciing phu thudc vao tap con S(f) nén ham 156i (2.13) ciing can viét lai thanh ham cua
tham s6 7 nhu sau:

JO=Y SO = £ (x.0) (2.15)
Piém khéc nhau co ban so véi goc quyét dinh & phan trudc 1a gbc quyét dinh (2.15) phan
biét truong hop bai toan n thudc tap con S(¢) va truong hop khong thudc. Trong truong hop n
khong thudc S(7), ham fi(x) s€ duoc dat b?mg h?mg s6 ¢" dé tranh truong hop lya chon bo phan
loai mét cdch tinh c& do chénh 1éch sb lugng gifta vi du huan luyén 1 va -1 (ch'fmg han trong
truong hop qud nhiéu vi du 1 thi c¢6 thé ludn du dodn nhin 13 1 khong can quan tim toi dic
trung).
V&i moi tap con S(¢), giai bai todn cuc tiéu hod sai sb (2.15) ta nhan duoc:
M
> w!'y!'S(x] >0)
ag (f) _ neS() i=l

Z iwi”é‘(xif > 0)

ne S (t) i=l1

(2.16)

b



M
D D wiyid <0)
__ neS@) i=l
bs(f)= M ’ (2.17)

> > wisx! <0)

neS(t) i=l

M
n n
> wly,
i=1

= _M
>
i=1

Tai mdi budc lap, thuat todn s€ lya chon tap con S(r) tdt nhat, tuc 1a tap con cho gid tri ham

16i (2.15) nho nhat va gbc quyét dinh tot nhat cho tap con d6. Ky hiéu F'(x) 12 bd phan loai chinh
xéc cho bai toan phan loai tht #, ta c6 thudt toin Boosting méi duoc thé hién trén hinh 2.4.

¢ ,  nke S@) (2.18)

Piu vao:
e Tap vi dy huan luyén ciia N bai todn phan loai, bai toan thi n, n =
. 1,..., M duogc cho béi M vi du huan luyén (x", y"y),.., X"y, Y 'm)-
Pau ra:
e Tra vé bo phan loai sign [ F" (x)]
Cac bwoc thuc hién:
1. Khéitaow',=1néur, @ vaw',;=0néur,=03,i=1,. M,
n=1,.,N
Khoi tao F' (x) =0
2. Lapvoik=1,...,K
a. Ldp voi tap con céc bai todn S(r)
i. Tinh tham s as, b, va ¢” theo (2.16), (2.17), (2.18)
ii. Tinhsaisd J@)=>" > w/' (' = £ (x.0)°
b. Chon tap S(¢) tot nhét ¢ = argmin J (1)

c. Capnhdt F"(x) <« F"(x)+ f, (x,,t")

.
=y fie(x )

d. Cap nhat trong s& w" < w'e

3. Tra vé bd phan loai sign [ F" (x)]

Hinh 2.4. Thudt todn MC-Boosting cdi tién sir dung ddc trung chung
cho nhiéu bai todn

Ménh dé 2.2. Thudt todn MC-Boost cuc tiéu héa ham 16i khi phan loai thong qua cdc budc cia
phép khai trién Niuton.
Ménh dé 2.3. S6 liwong cdc tdp con S(t) can duyét cia MC-Boost la O(KN?). Trong dé, K
la s6 vong ldp, N la s6 lwong nguoi ding.
2.4. THU NGHIEM VA KET QUA
2.4.1. Phwong phap thir nghi¢ém



Trudc tién, toan bd khach hang dugc chia thanh hai phan, mot phan U, duoc sir dung lam
dit liéu huén luyén, ph?m con lai U,, duogc su dung dé kiém tra. Dit liéu hudn luyén duoc st dung
dé xay dung md hinh theo thuat todn md ta & trén. Véi mdi khach hang thudc tap dir liéu kiém tra
u, cac danh gid (dd c6) cua khach hang duoc chia 1am hai phan O, va P,. O, duoc coi 1a di biét,
trong khi d6 P, 1a danh gid can du dodn tir dit liéu hudn luyén va O,. Sai s6 du doian MAE, véi
mdi khach hang u thudc tap dit lidu kiém tra duoc tinh bang trung binh sai s tuyét d6i gitra gia tri
du dodn va gid tri thyc dbi voi tat ca san pham thudc tap P,.

2.4.2. Dir liéu thir nghiém

Thuat toan loc cdng tdc duoc thir nghi¢m trén hai b dir liéu EachMovie va MovielLens. Day
12 hai bo dit liéu thuong dugc sir dung dé danh gid cdc phuong phép loc cong tic.

2.4.3. Két qua thir nghiém

Phuong phép Boosting v6i dic trung chung (ky hiéu 1a MC Boost) trinh bay trong phan 4.2
dugc so sanh v6i nhitng phuong phép sau: Phuong phdp K hang x6m gan nhét sir dung do tuong
quan Pearson (KPC). Phuong phdp Boosting khong stir dung déc trung chung nhu trinh bay trong
Muc 2.2.2.

Trong trudong hop du dir liéu, cy thé 1 khi biét trudc nhiéu danh gid ctia nguoi ding trong
tap kiém tra (N=20), phuwong phdp GentleBoost cho két qua t6t hon so véi MC Boost. C6 thé giai
thich két qua nay 1a do GentBoost chon duoc dic trung toi vu hon ddi véi timg bai todn phan
loai, trong khi MC Boost chi chon dugc déac trung t8i wu cho ca nhém bai todn phan loai.

Tuy nhién, khi dir liéu it di, cu thé 1a khi chi biét truéc 5 hodc 10 ddnh gid ciia ngudi ding
kiém tra thi MC Boost cho sai s6 MAE nhé hon so véi GentleBoost trong da sb truong hop. Ly
do chii yéu 1a do MC Boost cho phép két hop thong tin tir nhitng nguoi ding tuong tu véi nguoi
ding kiém tra thong qua céc dic trung chung va do vay giam duoc anh hudng cia viéc thiéu
nhan phan loai.

Bang 2.1. Két qua thir nghiém véi MovieLens

Kich thudce tap | Phuong phdp S6 d4nh gi cho trude cua tap kiém tra
huan luyén 5 10 20

KPC 0.378 0.337 0.328

100 nguoi dung  |GentleBoost 0.350 0.322 0.291
MC Boost 0.329 0.305 0.292

KPC 0.361 0.330 0.318

200 nguoi dung  |GentleBoost 0.333 0.314 0.284
MC Boost 0.314 0.299 0.289

KPC 0.348 0.336 0.317

300 nguoi dung  |GentleBoost 0.325 0.304 0.279
MC Boost 0.308 0.298 0.283




Bang 2.5. Két qua thir nghiém véi EachMovie

Kich thudc tap Phuong S6 d4nh gi cho trudc cua tap kiém tra
huén luyén phép 5 10 20

1000 nguoi dung | KPC 0.559 0.474 0.449
GentleBoost 0.515 0.455 0.421

MC Boost 0.492 0.460 0.429

2000 nguoi dung | KPC 0.528 0.450 0.422
GentleBoost 0.495 0.424 0.393

MC Boost 0.484 0.419 0.393

6000 nguoi dung | KPC 0.521 0.437 0.378
GentleBoost 0.477 0.408 0.362

MC Boost 0.452 0.397 0.365

2.4.4. Phan tich két qua

Dé thay rd sy noi trdi cia mod hinh, ching toi 1dy gid tri trung binh MAE cua 10 lan kiém
nghiém ngau nhién trong tap dit liéu kiém tra dé tién hanh mot paired t-test. Gid tri ndi trdi thong
ké p (Statistical Significance) trong tat ca cic bo dit liéu huan luyén déu nho hon 0.05. Piéu d6
chung to, trén 5% gia tri MAE cua phuong phidp KPC 16n hon GentleBoost va MC-Boost. N6i
cach khic, GentleBoost va MC-Boost cho lai két qua phén loai tot hon KPC.

2.5. KET LUAN

Chuong nay da trinh bay mdt phuong phdp hoc da nhi¢m cho lgc cong tac. Phuong phap
dugc phat trién dya trén nén tang cta k¥ thuat phan loai Boosting két hop véi trich chon dic
trung dua vao gdc cdy quyét dinh. Pay 1a mot cai tién cua thuat todn Boosting, trong d6 viéc lua
chon dic trung cho mdi b phan loai yéu duoc thuc hién déng thoi trén mot nhom ngudi dung
tuong tu nhau.

Uu diém chu yéu cta phuong phdp nay 1 viéc phan loai dong thoi timg nhém ngudi dung
va st dung thong tin tir nhitng nguodi dung tuong tu nhau, nhd vy cai thi€n do chinh xac phan
loai khi dit liéu ddnh gia thua thot(vi du khi nguoi dung can dy dodn chi ddnh gid rét it san pham
truge do). Két qua thir nghiém trén hai bd dir liéu MovieLens va EachMovie da cho th?iy phuong
phép dé xuét cho két qua t6t hon nhitng phuong phdp khac trong trudng hop dit liéu thua.
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CHUONG 3
LQC KET HQP DUA TREN MO HINH PO THI

3.1. VAN PE LOC KET HQP
3.1.1. Bai toan loc két hop

Gia st hé ¢6 N ngudi dung U = {uy, u,..., ux} va M san pham P = {py, p»,.., pm}. Mbi nguoi
ding u;eU dua ra danh gid ctia minh ddi véi san pham pieP bang mot s6 ri. MOi dénh gid r;; c6
thé nhan cdc gid tri trong mot tap cac gia tri roi rac xdc dinh. bé don gian, ta c6 thé coi rij nhan
cacgiatri +1/, -1, 0.

+1  Néu nguoi dimg u; da thich hop phdn bé san pham D
r =J_1  Néunguoi ding u; khong thich hop phdn bé san phdm D (3.1)

i , ’
¢  Neéunguoiding u;chwa danh gid san pham p;

Goi C = { ¢y, ¢3,..,cx} 1a K déc trung thé hién ndi dung cic san phém P. Ky hi¢u ma tran
Y = (yy) biéu thi méi quan hé gitra san pham va dic trung ndi dung san pham dugc xdc dinh theo
cong thtc (3.2).

1 néu san pham p; cé ddc trung néi dung Cj
y; = (3.2)

0 néu san pham p; khong cé ddc trung noi dung Cj

Nhiém vu cua loc két hop la du doan cho nguoi dung hién thoi u, nhitng san phém preP
chua duoc u, ddnh gid dua trén ma trdn danh gid r;; va cac dac trung néi dung C = { c¢y,cz,..,ck}.
3.2. LOC CONG TAC DUA TREN MO HINH PO THI
3.2.1. Phuong phap biéu dién do thi 7 ‘

M5 hinh d6 thi cho loc cdng tac c6 thé md td nhu sau. Cho ma tran danh gia dau vao cua
loc cong tdc R = (r;;) dugc xdc dinh theo cong thuc (3.1). Goi X=(x;;) 1a ma trén c?ip NXM cé cac
phén tir duwoc xdc dinh theo cong thirc (3.3). Trong d6, x; =1 twong Ung voi trang thdi nguoi

ding u; da danh gia san pham pj» X; =0 tuong Gng voi trang thdi nguoi dung chua dénh gid san

1 if r
x:{ ifon#e (3.3)

v 0 otherwise

pham Dj-

Pb thi biéu dién ddnh gid cua nguoi ding ddi voi cdc san pham (Goi tat 1a Ngudi diing -
San phflm) G =(V, E) dugc biéu dién theo ma tran X, trong d6 tap dinh V = UCP (U 1a tap nguoi
ding, P 1a tap san pham); tap canh E bao gdm tip cédc canh biéu dién danh gid cia nguoi ding d6i
v6i san pham. Canh ndi giita dinh ;e U va dinh pie P duoc thiét 1ap néu nguoi ding u; da danh
gii san phém pj(x, = ). Trong s6 ctia mdi canh dugc lfiy twong Ung la r;. Nhu vay, trong biéu
dién nay, dod thi Nguoi dung- San phém ¢6 hai loai canh: Canh c6 trong $6 duong rij=+1 biéu dién
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nguoi dung u; “thich” san pham Dj> canh ¢c6 trong sd Am rij=-1 biéu dién nguoi dung u; “khong
thich” san pham Dj-
3.2.2. dv doan trén dd thi Nguoi ding- San pham

Phuong phép du dodn trén db thi Nguoi .dung- San phém ¢6 thé duoc thuc hién thong qua
cic budc sau: Tach d6 thi Nguoi dung- San pham thanh céc db thi con dugc trinh bay trong Muc
3.2.2.1, dy doén trén d6 thi con chi bao gom céc canh c6 trong 5O duong dugc trinh bay trong
Muc 3.2.2.2, du dodn trén dd thi con chi bao gom céc canh c6 trong s6 am dugc trinh bay trong
Muc 3.2.2.3, dy dodn trén tat ca ddnh gid duoc trinh bay trong Muc 3.2.2.4.

3.2.2.1. Tach @6 thi Ngudi ding- San pham thanh cic do thi con

Cho dd thi Nguoi dung - San phém G =(V, E) dugc biéu dién theo ma tran X = (xij) c?ip
NxM nhu da trinh bay trong Muc 3.2.1. Ky hi¢u X" = (x; ) 12 ma tran cap NxM dugc xac dinh

theo cong thuc (3.4). Ky hiéu X~ = (xl.j_.) la ma tran cép NxM duogc xéac dinh theo cong thuc (3.5).

1 if r.>0

= g (3.4)
0 otherwise
1 if r <0

X, = f Y (3.5)
0 otherwise

Pb thi G =(V, E™) dugc biéu dién theo ma tran X* ¢6 tap dinh dung bang tap dinh cta G,
c6 tap canh E* bao gdm céc canh co trong s6 duong cia G.

E'={e=(u,, p)EEl T, =1} (3.6)

Db thi G =(V, E) duoc biéu dién theo ma trén X ¢6 tép dinh ding bang tap dinh cua G,
co tap canh E bao gom céic canh c6 trong s6 am cua G.
E‘={e=(ui,pj)e El r,.jz—l} (3.7)

3.2.2.2. Phuong phap du doan trén do thi G*

Phuong phap dy doan trén d6 thi G* dugc Huang dé xuét dya trén viéc tinh toan trong 5O
cac duong di tr dinh nguoi dung dén dinh san pham [113]. Nhitng san phiam nao c6 trong sb cao
nhit s& dugc ding dé tu van cho ngudi ding hién thoi.

Dé y rang, do thi G, G*, G* déu 1a nhiing d6 thi hai phia, mot phia 1a cac dinh nguoi dung,
phia con lai 1a cac dinh san pham. Do vay, cic dudng di tir dinh nguoi dung dén dinh san pham
Iudn co do dai 1é.

Pbi véi @6 thi hai phia, sb cac duong di ¢ dai L xuat phat tir mot dinh bat ky thudc phia
nguoi dung dén dinh bat ky thudc phia san ph?lm duoc xac dinh theo cong thuc (3.8), trong d6 X
12 ma tran biéu dién dd thi hai phia, X" 1a ma trn chuyén vi cua X, L 1a o dai duong di.

= 3.8
XX'X if L=357,. (38)
Dé ghi nhan trong s clia cac duong di tir dinh san pham den dinh nguoi dung trén d6 thi
G sao cho nhiing duong di dai c6 trong s6 thap, nhirng duong di ngan c6 trong s cao, ta su dung
hang khur nhiéu o (0<o<1) theo cong thirc (3.8), trong d6 X 1a ma tran biéu dién dd thi G*, (X* )

_{X if L=1
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12 ma tran chuyén vi ctia X*, L 1a d6 dai dudng di. Thuat toan du doan trén do thi G* dugc thé
hién trong Hinh 3.1.

Piu vio:

e Ma tran X' la biéu dién cua do thi G*
Piu ra:

e K sdn phdm cé trong sé cao nhdt chia dwoc nguoi ding ddnh gid
Cac bwoc thuc hién:

Budce 1. Tim trong s6 cdc duong di d6 dai 1¢ L trén dd thi G*sao cho cdc duong di
dd c6 dai nhé duoc danh trong s6 cao, cac duong di c6 do dai 1on dugc danh
trong sb thap.

a(X*) if L=1

{az.(X+).(X+)T.(X+)2‘2 if L=35/7..

Budre 2. Sap x€p cdc san pham theo thir ty giam dan cua trong s6 x"

(X+)L —

24

Bwéc 3. Chon K san phém c6 trong $6 x:tecao nhét chua duoc ddnh gid dé tu van

cho nguoi dung hién thoi.

Hinh 3.1. Thuét toan du dodn trén do thi G

Ménh dé 3.1. Do phuc tap thudt toan du dodn trén do thi G* 1a O(L.N**"®). Trong d6, L 1a do dai
duong di tir dinh nguoi ding dén dinh san pham, N 12 sé cot ciia ma tran X

3.2.2.3. Phuong phap duw doan trén do thi G

Pé xem xét anh huong cic danh gid “khong thich” vao qua trinh du dodn, ta ¢ thé wéc
lugng muc d6 déng gép cua céc danh gid nay trén do thi G bang cich phu dinh lai phuong
phép du dodn trén do thi G*. Cuy thé - phuong phap thay thé viéc du doan trén do thi G bang db
thi G". Thay viéc udc hrorng trong s6 duorng di tir dinh nguoi dung dén dlnh san pham dai s& co
trong so thap, duong di ngan c6 trong so cao bang viéc udc lugng trong so cac duong di dai co
trong so cao, duorng di ngan co trong s6 thap. Thay viéc sir dung hang s6 khtr nhiu +a bang
hing sé khir nhiu —a dé trong s6 cac duong di ludn am va ting dan theo do dai duong di. Thay
viéc sdp xép cac san pham theo thir ty giam dan cua trong sd bang viéc sap xép cac san pham
theo thtr ty ting dan cua trong sb. Thay qua trinh phan bd cac san pham c6 trong sé cao cho
ngudi dung hién thoi bang viéc loai bd cac san pham c6 trong sd thap. Thuat toan du doan trén
dd thi G~ duoc thé hién trong Hinh 3.2.
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Piu vio:

e Ma tran X la biéu dién cia do thi G
Piu ra:

e K sdn phdm c6 trong sé nhé nhdt chua dwoc nguoi dimg ddnh gid
Cac bwoc thuc hién:

Buéce 1. Tim trong s6 céc duong di do dai 1¢é L trén dd thi G sao cho céc
duong di ¢6 do dai nhé dugc danh trong $6 th?ip, cac duong di c6 do dai 16n duoc
danh trong sd cao.

(X = {—a.(X‘) if L=1

()X )X ) (XHE? if L=35]..
Buwéc 2. Sap xép cédc san pham theo thtr ty ting dan cia trong s6 x"
Buéc 3. Loai bo K san pham c6 trong s6 x" thap nhat chua dugc nguoi ding

danh gid ra khdi danh séch céc san pham can tu van cho nguoi dung hién thoi.

Hinh 3.2. Thudt todn du dodn trén do thi G

Ménh dé 3.2. B§ phirc tap thudt todn dy dodn trén do thi G~ 1a O(L.N**"°). Trong d6, L 1a do dai
duong di tir dinh nguoi dung dén dinh san pham, N 1a s6 c)t cia ma tran X'.

3.2.2.4. Phuong phap du doan theo tat ca danh gia

Phuong phép dy doén trén d6 thi G* chi dugc thyc hién trén nhitng ddnh gid “thich” cta
ngudi dung ddi voi san pham, phuong phép dy doan trén d6 thi G chi dugc thyuc hién trén nhitng
danh gid “khong thich” cua nguoi dung dbi voi san pham. Viéc bo qua nhimg dénh gid “khong
thich” cta nguoi ding d6i voi san phim c6 nhitng anh huong khéng nho dén chét luong dy dodn,
vi d4nh gid “thich” hay “khéng thich” déu phan dnh théi quen va so thich st dung san phém cua
ngudi dung. Dé khic phuc mau thuin nay, ta ¢6 thé mo rong phuong phap dy doan cho tat ca cac
danh gia “thich” va “khéng thich” ctua ngudi ding. Cac bude cu thé cua phuong phdp duoc tién
hanh nhu Hinh 3.3.
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Piu vao:
o Matrdn X', X la biéu dién ciia do thi G*, G
Piu ra:
e K sdn phdm cé trong sé cao nhdt chia dwoc nguoi ding ddnh gid
Cac bwoc thuc hién:
Budc 1. Tinh todn ma tran trong $6 (X )L cta cac duong di do dai 1é L trén ma
tran X *sao cho cdc dudng di c6 d6 dai nho dugc danh trong sé cao, cic duong di
c6 do dai 16n dugc danh trong $6 thép.
a(X*) if L=1
&’ (XT)XHT(XHE? df L=357...

Budce 2. Tinh todn ma tran trong $6 (X 7))L cta cac duong di do dai 1é L trén ma

(X+)L —

o

tran X ~sao cho cic duong di c6 do dai nho dugc danh trong $6 th?ip, cac duong
di c6 do dai 16n dugc danh trong so cao.

XL :{—a.(X’) if L=1
CE) X)X (XHE? if L=35]...
Buée 3. Két hop ma tran trong s6 X" =(X )" +(X )L,
Buéc 4. Sap xép céc san pham theo thir ty ting dan cia trong s6 Xk,
Bwéce 5. Chon K san phém c6 trong $6 xkcao nhét chua duoc ddnh gid dé tu van
cho nguoi dung hién thoi.

Hinh 3.3. Thudt todn dir dodn trén tat ca ddnh gid

Ménh dé 3.3. D6 phic tap thuat todn dy dodn trén tit ca ddnh gid 13 O(L.N**"®). Trong d6, L 1a
d6 dai duong di tir dinh nguoi diing dén dinh san pham, N 12 s6 cot ciia ma tran X', X
3.3. KET HOP LOC CONG TAC VA LQC NOI DUNG
Muc ndy trinh bay md hinh d6 thi két hop giita loc cong tic va loc ndi dung. Pdi véi loc

cong tic, md hinh quan tim xem xét va biéu dién cho tt ca cic danh gid “thich hop” hoic “khong
thich hop” nhu di trinh bay trong Muc 3.2. Bdi véi cdc dic trung ndi dung, mé hinh dé xuat
phuong phép xdc dinh mic d6 quan trong cta ting dic trung ndi dung cu thé d6i v6i mdi ngudi
dung dya trén udc luong su tuong tu theo ndi dung va ddnh gid ngudi dung. Phuong phép du
dodn dugc thuc hi¢n dya trén muc dd déng gép cua cdc danh gid nguodi dung va dac trung ndi
dung san pham ngudi ding wa thich.
3.3.1. Biéu dién a6 thi két hop

Cho ma tran ddnh gid nguoi dung R = (r;j) duoc xéc dinh theo cong thirc (3.1), ma trdn ndi
dung san phém Y = (y;) duoc xéc dinh theo cong thirc (3.2), ma trdn X = (x;;) duogc xdc dinh theo
cong thire 3.6. Khi d6, dd thi két hop G =(V, E) duoc hinh thanh béi tap dinh V = UUPUC (U 1a
tap nguoi ding, P 1a tap san pham, C 1a tap dic trung ndi dung san pham); Canh ndi giita dinh
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u;e U va dinh pje P dugc thiét lap néu xi770 va dugc danh trong s6 1a r;j =+1 hodc r; =-1, canh ndi
gitta pie P va cje C dugc thiét 1ap néu yi£0; ¢6 trong sO bang nhau 13 +1. Vi du v6i ma tran ddnh
gid R dugc cho trong Bang 3.1, ma trdn ndi dung trong bang 3.2 thi ma tran X dugc thé hién trong
Bang 3.3 va db thi két hop duogc biéu dién nhu Hinh 3.4.

Bang 3.1. Ma trdn danh gid R

Nguoi diing San pham
P1 P2 P3 P4 Ps Ps Pz
u; 1 %, -1 1 %) -1 %
[15) (%) 1 -1 1 -1 (%) %)
[1ES @ 1 1 -1 @ @ 1
Uy -1 % % %, 1 -1 1
Us % 1 % -1 1 1 %

Bang 3.2. Ma trdn San phdm-Néi dung

San pham Noi dung

Ci C2

p1 1 0

P2 1 0

P3 0 1

P4 1 1

Ps 1 1

Pe 1 0

p7 0 1

Bang 3.3. Ma trdn nguoi ding san pham X
Nguoi diing Sdn pham

P1 P2 P3 P4 Ps Ps p7
u 1 0 1 1 0 1 0
u 0 1 1 1 1 0 0
u3 0 1 1 1 0 0 1
uy 1 0 0 0 1 1 1
Us 0 1 0 1 1 1 0
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Hinh 3.4. D6 thi thiét Igp lién két giiva nguwoi ding va ndi dung san pham
3.3.2. Xay dung lién két ngwoi dung va ndi dung san phim
Goi sy 12 6 cdc san pham p; c6 noi dung ¢, ma ngudi dung u; dd danh gid. Gid tri sy, chinh
1a s6 dudng di do dai 2 tir dinh ngudi ding u; dén dinh ddc trung ndi dung ¢, thong qua céc dinh
trung gian p;.

M
Sy = inj * Y i (3.9)
j=1

Goi wy 1a hi¢u sé giita tap cdc san pham p; c6 ndi dung ¢, ngudi dung u; ddnh gid “thich
hop” va tap cac san pham p; c6 ndi dung ¢, nguoi dung u; dénh gia “khong thich hop”.

M
Wi =Zr}j *yjk (3.10)
j=1

Khi d6, mic d6 quan trong cta dic trung ndi dung ¢ dbi véi nguoi ding u; duge xdc dinh
theo cong thuc (3.11).

mjn(s[k,}’)* Wi if &>T
Vv, = /4 Sk Sik .
0 otherwise

Trong cong thuc (3.11), néu si>Y thi w =1, khi d6 vy dugc xdc dinh theo cong

thire (3.12). Néu sy<y thi T00w?) _5u i 46 1,4 duoc xdc dinh theo cong thitc (3.13).
y
Wi o Wagp
Vie = Sik Sik (3.12)
0 otherwise
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Vi o Maogp
Vi =9 7 Sik (3.13)
0 otherwise

Trong thir nghiém, chiing t6i diing ngudng 7 = 20, nghia 1a néu ngudi ding u; dénh gid cic
san ph'flm pj €6 ndi dung ¢ 16n hon 20 thi vy dugc xdc dinh theo 3.10, trudng hgp con lai v duogc
tinh theo 3.11. Gi4 tri ngudng T dugc chon 1a 0.3, nghia 12 sb canh c6 trong s6 duong gap d6i sd
canh c6 trong s6 Am dbi véi mdi dic trung dugc xem la quan trong.

V&i mdi cap dinh (u;, ¢;) c6 vy >0, chiing ta thiét 1ap mot lién két tryc tiép giita ngudi ding
u; va déc trung ¢y vOi trong $6 v;. Vi du véi céc ma tran R, Y, X duoc cho trong Bang 3.1, 3.2, 3.3
va d6 thi biéu dién trong Hinh 3.4 thi do thi két hop dugc xdc dinh theo Hinh 3.5, trong d6 céc
canh méi thiét 1ap thém dugc ndi b?mg cac nét dut.

Hinh 3.5. D6 thj thiét ldp lién két giita nguoi dimg va ndi dung san pham

3.3.3. Phwong phap du doan

Cic phuong phép loc cong tic thuan tdy, loc ndi dung thuan tdy, loc két hop don gian, loc
Kkét hop dua vao uéc lugng mirc d§ quan trong cta cdc dac trung ndi dung (Combinate-Graph) cé
thé xem nhu mot bai toan tim kiém trén d thi két hop.
3.3.3.1. Loc cong tac dwa trén mé hinh dé thi két hop

Phuong phdp loc cong tic ¢ thé dé dang cai dat bang md hinh do thi thong qua viéc tinh
todn cdc duong di do dai 3 tir dinh ngudi diing dén dinh san pham théng qua cic canh ddnh gia.
Nhirng san pham nao c¢6 s6 duong di d6 dai 3 nhiéu nhat dén né s& dugc phan bo cho ngudi ding
hién thoi.
3.3.3.2. Loc ndi dung dua trén mé hinh db thi két hop

Phuong phép du dodn theo ndi dung nguyén thity ciing dé dang cai dit dya trén mo hinh
d6 thi bang cdch xem xét tat ca cic duong di thong qua dinh dic trung ndi dung. Nhimng san pham
nao c6 nhiéu dudng di nhat théng qua dinh dic trung ndi dung s& duogc phan bd cho ngudi dung
hién thoi.
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3.3.3.3. Phuong phap loc két hop don gign

Phuong phép loc két hop don gian (Ky hiéu 1a SimpleHybrid) dugc thuc hién bang cich
két hop phuong phdp loc cong tdc nhu da trinh bay trong Muc 3.3.3.1 va loc ndi dung trong Muc
3.3.3.2. Nhitng san phdm ndo c6 s6 duong di nhiéu nhat dén né sé& duoc diung dé phan bd cho
nguoi dung hién thoi.
3.3.3.4. Phuong phap két hop dé xuit

Nhu d3 trinh bay & trén, phuong phdp du dodn dé xuat dua trén viéc ude lugng mic do
quan trong céc dic trung ndi dung cho mdi ngudi ding. Pé thuc hién diéu nay trén d6 thi két hop,
ta xem xét va thuc hién tinh todn mic d6 déng gép vao két qua du dodn cho hai loai duong di:
duwong di thong qua dinh ndi dung(dwong di loai 1) va dwong di thong qua dinh san pham (dwong
di loai 2).

Puong di logi 1 ludn c6 d dai 2 di tir dinh ngudi ding u;e U théng qua cic canh ndi dinh
noi dung cye C dén dinh san pham pije P. Nhitng duong di nay phdn dnh sy twong ty cua ngudi
ding san pham d6i v&i cdc dic trung ndi dung. Nhimg dudng di loai niy dugc tinh todn dya trén
d6 thi két hop sau khi loai bo di cic canh ddnh gia.

Puong di logi 2 bao gdbm céc duong di tir dinh nguoi dung dén dinh san pham chua dugc
ngudi diing danh gid thong qua cic dinh san phdm va dinh ngudi diing trung gian. D) dai nhitng
duong di nay ludn 1¢ va khong vuot qua L. Nhung duong di d6 dai 16 ¢6 thé théng qua céc canh
c6 trong s6 am hodc cac Canh c6 trong sd duong déu duoc xem xét dén trong qud trinh dy dodn.
Cic duong di loai nay bao gom:

e Tt cd cdc dwong di tir dinh nguoi dimg dén dinh san phdam thong qua cdc canh trung gian
déu cé trong so dwong. Trong s6 cic dudng di nay duogc tinh toan trén dd thi c6 biéu dién
duong nhu da trinh bay trong Muc 3.3.1.

e Tt cd cdc dwong di tir dinh nguoi dimg dén dinh san phdam thong qua cdc canh trung gian
déu cé trong sé am. Trong sb céc duong di nay dugc tinh todn trén d6 thi ¢6 biéu dién 4m
nhu da trinh bay trong Muc 3.3.2.

e Nhitng duong di qua hai dinh trung gian va két thiic tai cing mot dinh nhung trdi ddu,
diéu d6 c6 nghia ca hai nguoi ding c6 danh khac nhau vé san phiam nay. D6i véi nhiing
duong di nay, chiing ta khéng can xem xét dén vi hai nguoi ding khong tuong dong véi
nhau vé s¢ thich.

e Nhitng dwong thong qua hai dinh lién tuc nhau déu cé trong s6 am. Piéu ny c6 nghia hai
ngudi ding déu tuong tu véi pe (déu 12 khong thich hop). Tuy nhién, trong thir nghiém céc
duong di loai nay cho lai két qua du dodn khong cao. Do vdy, ta khéng can xem xét dén
nhitrng duong di nay.

Pé xdc dinh mirc do déng gép ctiia mdi loai duong di vao két qua du dodn, ta sir dung tham s6

A (0 <A <1) diéu chinh muc d6 wu tién cho ting loai. Goi Y/ 1a $6 duong di loai 1 c6 dd dai 2 tur
dinh dau u; dén dinh cudi pr thong céc dinh ndi dung c6 dang uj-cj-pr, X ! 1a trong $6 duong di do
dai 1¢ khéng nho hon L tir dinh dau u; dén dinh cubi p, thong qua cdc dinh san phim c6 dang ui-pj-
u-p. Khi d6, kha nang tu van p, cho ngudi ding ;14 W' dugc xdc dinh theo cong thic (3.14).

W =AX'+(1-A)Y' (3.14)
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Trong cdng thirc 3.12, néu ta vu tién cho loc cong tac thi A dugc 1dy gin véi 0; Néu uu tién
cho loc ndi dung thi thi A dugc 1dy gan véi 1; Néu A =0 thi phuong phdp du dodn tro lai ding mo
hinh loc cong tic dua trén tit ca danh gid; Néu A =1 thi phuong phap du dodn hoan toan dya trén
noi dung. Néu lfiy A = 0.5 thi mirc d6 uu tién cho loc cong tic va loc ndi dung la nhu nhau. Thuat
toan du doén trén dd thi két hop duoc thé hién trong Hinh 3.6.

Piu vao:
e Ma tran biéu dién cdc canh Nguoi ding - Noi dung.
e Ma tran X*, X biéu dién d6 thi G*, G".
Piu ra:
e K san pham c6 trong s6 cao nhat chua dugc ngudi ding danh gid
Cac bwoc thuc hién:
Buéc 1: Xdc dinh trong sé cdc dwong di logi 1 la Y],
Buéc 2: Xdc dinh trong sé cdc dwong di logi 2 la Xk
a. Tim (X*):1a trong s6 céc duong di trén dd thi G* theo thuét toan dugc
trinh bay trong Muc 3.2.2.2.
b. Tim (X ):1a trong s6 céc duong di trén dd thi G theo thuat toan duoc
trinh bay trong Muc 3.2.2.3.
c. Két hop trong s6 (X ™)L va (X7)L:
Xoe=(X")e+(X ).
Buéc 3: Hop nhdt trong sé cua hai loai dwong di theo cong thirc (3.14) ta
nhdn dwoc: T=AX"+(1-A)Y?
Buéc 4: Sdp xép cdc san pham theo thir tw giam dan cia trong so.
Buéc 5. Chon K sdn phdm cé trong s6 cao nhdt tw van cho nguoi ding hién
thoi.

Hinh 3.6. Thudt todn dy dodn Combined-Graph trén do thi két hop.
Ménh dé 3.4. D6 phirc tap thuat todn trén do thi két hop 1a O(L.IUP"® + (IUI+IPI+IC1)**"®). Trong
d6, 1U1 12 s6 luong nguoi ding, 1PI 12 s6 lwong san pham, IC! 1a s6 lugng cic dic trung ndi dung.
3.4. THU NGHIEM VA PANH GIA
3.4.1. Dir liéu thir nghiém

Mo hinh dé xuat dugc tién hanh thr nghiém trén hai tap dir lidu cta bo dir liéu MovieLens.
Tap dit liéu MovieLens thir nhat (MovieLens1) gdm 1682 ngudi ding, 942 phim véi trén 100000
danh gid. Tap dir licu MovieLens thir hai (MovieLens2) gdm 6040 nguoi dung, 3900 phim véi
trén 1000000 danh gid nhu da dugc mo ta trong Chuong 2 (www.grouplens.org/node/12).

Chon ngau nhién trong tdp MovieLan1 500 ngudi diing 1am dit liéu huan luyén, chon ngau
nhién trong s6 con lai 150 ngudi diung lam dit liéu kiém tra. Chon ngiu nhién trong tap
MovieLan2 1000 nguoi ding 1am dir liéu huén luyén, chon ngiu nhién trong sb con lai 320 ngudi
dung lam dir liéu kiém tra. Hai muc ddnh gid cao nhét (4, 5) dugc bién d6i thanh “shich” (+1), cac
mirc con lai bién d6i thanh “khong thich” (-1). Céc dic trung ndi dung cua phim dugc chon 1a thé
loai va dao dién. Cac tap dir liéu nay ciing duoc Grouplens cung cap kém theo cdc tap dir lidu
tuong Ung.
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3.4.2. Phwong phap thir nghi¢ém

Phuong phdp ddnh gid sai s6 phan loai dya trén do chinh x4c P (Precision) va 46 nhay R
(Recall). Trudc tién toan bo san ph?lm trong tap dir li¢u kiém tra duoc chia thanh hai 16p: Lop cac
san pham phan bo thich hgp va 16p cic san pham phan bo khong thich hop. Goi N la tong sb cac
déanh gid nguoi dung trong tép dir liu kiém tra, trong d6 N, 1a s6 cdc san pham ngudi ding da dénh
gid thich hop, N, 12 sb cdc san pham phuong phép loc dy dodn chinh xéc, khi d6 d6 chinh x4c P
duogc tinh theo cong thic (3.15), dd nhay R dugc tinh todn theo cong thuc (3.16), va do do F (F-
Measure) dugc tinh theo cong thic (3.17). Gia tri P, R, F_Measure cang 16n d9, chinh x4c cua
phuong phép cang cao.

p=—= 3.15
N (3.15)
N
R=—2 3.16
N (3.16)
F _Measure = 2XPXR (3.17)
(P+R)

3.4.3. So sanh va danh gia dwa vao Precision, Recall va F-measure

M6 hinh loc cdng téic Kkét hop vo61 loc ndi dung dya trén dd thi (ky hi¢u ‘lé
CombinedGraph). B chinh x4c, d§ nhay va F-Measure dugc tinh todn dua trén danh sich dau
tién cia 10, 20 va 50 san pham ding dé tu van. Cdc gid tri ngudng lan lugt duoc chon la: y= 20
va a=0.5A=0.8.

Bang 3.4. Gi4 tri Precision, Recall, F-Measure kiém nghiém trén tip MovieLens1

Phurong phép P do So1 ?)an pham czh(l)ng deé tu 5V(c;m

Do nhay 0.001 0.031 0.078

UserBased Do chinh x4c 0.003 0.041 0.054
F-Measure 0.123 0.028 0.054

Do nhay 0.018 0.026 | 0.046

ContentBased D6 chinh x4c 0.038 0.032 | 0.026
F-Measure 0.020 0.024 0.028

Do nhay 0.138 0.207 | 0.361

3Hop D6 chinh xéc 0.331 0.286 0.214
F-Measure 0.152 0.190 0.222

Do nhay 0.098 0.144 | 0.259

SimpleHybrid Do chinh xdc 0.211 0.174 | 0.144
F-Measure 0.105 0.123 0.152

Do nhay 0.142 0215 | 0.366

CombinedGraph  [pg chinh x4c 0.339 0.291 0.215
F-Measure 0.157 0.195 0.224
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Bang 3.5. Gi4 tri Precision, Recall, F-Measure kiém nghiém trén tip MovieLens2

S6 san pham diing dé tu van
Phuong phap b6 do 10 20 50

D6 nhay 0.007 | 0021 | 0.069

UserBased D6 chinh xac 0015 | 0025 | 0034
F-Measure 0.009 0.023 0.045

D6 nhay 0.009 | 0017 | 0.037

ContentBased Do chinh xac 0022 | 0020 | 0018
F-Measure 0.013 0.018 0.024

D6 nhay 0.155 | 0222 | 0377

3Hop D6 chinh xac 0284 | 0225 | 0.164
F-Measure 0.200 0.223 0.228

D6 nhay 0.117 | 0162 | 0279

SimpleHybrid D6 chinh xéc 0.186 | 0.148 | 0.118
F-Measure 0.144 0.155 0.166

D6 nhay 0.165 | 0234 | 0.381

CombinedGraph D6 chinh xac 0292 | 0240 | 0.175
F-Measure 0.211 0.237 0.240

Két qua kiém nghiém ctia md hinh dé xuat dugc 1ay trung binh tir 10 1an kiém nghiém ngau
nhién cling véi két qua cta cta cic phuong phap: Phuong phdp loc cong téc dya trén ngudi ding st
dung thuat todn KNN va d tuong quan Pearson (ky hiéu la UserBased) [47], phuong phdp loc cong tdc
trén d6 thi G* (Ky hiéu l1a 3Hop), phuong phap loc theo ndi dung (ky hi¢u la ContentBased) dya trén md
hinh d thi, phuong phap loc két hop don gian (Ky hiéu la SimpleHybrid).

Két qua kiém nghiém cho thay md hinh dé xuét cho lai két qua d6 chinh xédc, do nhay va F-
Measure déu 16n hon so véi cdc phuong phdp con lai. Diéu d6 ching t6 viéc xédc dinh mirc do va
thich cua nguoi dung d6i v6i nhimg dic trung ndi dung san pham c6 ¥ nghia dic biét quan trong
dé nang cao chat luorng du doén cho céc hé thong tu van.

3.4.4. Phan tich két qua

Pé thay ro sy ndi trdi cia md hinh, chiing tdi 1dy gid tri trung binh F-Measure sau 10 1an
kiém nghiém ngiu nhién cia 150 ngudi diing trong tap dir liéu kiém tra cia MovieLens] va 320
ngudi ding trong tap dir liéu kiém tra cia MovieLens2 dé tién hanh mot paired t-test. Tham s6 so
sanh mirc d6 ndi troi thong ké gitta CombinedGraph va cic phuong phép con lai déu cho gid tri
p<0.05 chung t6 phuong phap CombinedGraph cho lai gid tri F-Measure 16n hon phuong phép so
sdnh it nhat 5% trén tong s6 1an 1an quan sét.

3.5. KET LUAN

Chuong nay trinh bay mot mé hinh truc quan va hiéu qua cho loc két hgp. M6 hinh cho
phép biéu dién tit ca cic danh gid ngudi dung trén do thi két hop. Trén co so d6, xay duyng md
hinh két hop gitta loc cdng tac va loc ndi dung b?mg cich xdc dinh mirc d§ quan trong ctia mdi
dic trung ndi dung ddi véi timg ngudi ding riéng biét dé thyc hién du doan. Mo hinh dugc biéu
dién bang db thi cic mbi quan hé gitta nguoi diing, san pham va ndi dung khong chi ké thira dugc
c4c thuat toan tim kiém hi¢u qua trén d6 thi ma con dé dang md rong biéu dién cho cic 16p thong
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tin khdc nhau. Két qua kiém nghiém trén bo dir liéu MovieLens cho thay, mo hinh cho lai két qua
tdt hon céc phuong phép loc cdng tac dua trén do twong quan va lgc theo ndi dung thuan tuy. Pac
biét, mo6 hinh thyc hién hi€u qua trong trudong hop cé it dir li€u danh gia.

KET LUAN

Loc cong tac va loc ndi dung la hai phuong phap tlep can chinh dugc dp dung cho cic hé
thdng loc thong tin. Loc ndi dung thuc hién t6t trén cdc ddi twong dit liéu vin ban nhung lai khé
thyc hién trén cdc dang thong tin da phuong tién. Loc cong téc c6 thé loc duoc moi loai thong tin
nhung gap phai van dé dir lidu thua, mot ngudi ding méi chua cé ddnh gid nao vé san pham, mot
san pham moi chua duoc ngudi ding nao danh gia. Két hop ca hai phuong phap loc co ban trén
s& g6p phan ning cao chat lugng du dodn cho cdc hé thong tu van.

Luan 4n da giai quyet dugc hai van dé con ton tai trong loc thong tin, d6 12 van dé dir liéu
thua cua loc cong tic va van dé két hop hiéu qua gitra loc cong tac va loc ndi dung.

Pé han ché anh huong cta van dé dir liéu thua, luan 4n dé xuét sir dung phuong phéap hoc
da nhiém vao loc cong tic nham sir dung tip dic trung chung cia tip nguoi dung khac nhau vao
qué trinh huan luyén. Nhiing dic trung chung tim dugc déng vai trd chia sé thong tin trong tap
ngudi ding twong tmg khong chi nang cao duoc két qua dy dodn ma con han ché dugc anh huong
cta van dé dit liéu thua.

Pé giai quyét van dé két hop giita loc cong tic va loc ndi dung, cdc tic gia thudng cai dat
hai co ché loc cong tic va loc ndi dung doc 1ap nhau sau d6 téng hop két qua du dodn hai phuong
phéap cho toan by mod hinh. RO rang, gitra hai cidch tiép can loc cOng tac va loc ndi dung dya trén
quan diém khédc nhau dé tim ra nhiing san pham twong ty d6i voi nguoi ding. Hai san pham
tuong tu nhau vé ndi dung khong thé suy ra dugc hai ngudi ding twong tu nhau vé sé thich,
nguoc lai hai nguoi dung tuong tw nhau vé ddnh gid khong suy ra dugc ho sir dung cdc san pham
giong nhau vé ndi dung. De giai quyét mau thuan nay, ta c6 thé dya vao viéc quan sét tat ca ddnh
gid nguoi ding ddi véi mdi dic trung ndi dung cu thé tir d6 tim ra murc 46 quan trong cua céc dac
trung noi dung cho nguoi dung. Két qua kiém nghiém trén bg dir liéu thyc vé phim cho thiy, cich
tiép can nay cho lai két qua tot ngay ca trong truong hop dir liéu ddnh gid thua thét.

Phuong phép loc Kkét hop dé xuit duoc sir dung dé xay dung h¢ tu van lya chon phim. H¢
thdng phan dnh ddy du céc chiic ning co ban ctia mot hé thong loc thong tin, bao gom thanh phan
phan tich thong tin, thanh phan ngudi diing, thanh phan hoc va thanh phan loc. Hé thong cho lai
két qua tu van tot trén bo dit liéu MovieLens gom 39000 phim va 6040 ngudi ding.
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