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Loi cam on

Thuc hién luan an tién si 1a mot thir thach 16n, doi hoi sy kién tri va tap
trung cao d9. To6i thuc sy hanh phic véi Kkét qua dat dugc trong dé tai nghién
cuu cua minh. Nhiing Kkét qua dat dugc khong chi la nd luc cd nhan, ma con ¢
su hd tro va gidp d& cia tap thé gido vién huéng dan, nha truong, bd moén, dong
nghiép va gia dinh. T6i mudn bay té tinh cam ctia minh dén véi ho.

Trude tién, toi xin bay to sy biét on siu sic dén tap thé gido vién hudng
dan PGS TS Tu Minh Phuong va PGS TS Dinh Manh Tuong. Pugc lam viéc
v6i hai thdy 1a mot co hdi 16n cho t6i hoc héi phwong phép nghién ctru. Cam on

hai thay rat nhiéu vi sy huéng dan tan tinh, nghiém tic va khoa hoc.

To1 xin tran trong cdm on B mon Khoa hoc mdy tinh, Khoa Cong nghé
thong tin, Phong Pao tao, Ban gidm hi¢u truong Dai hoc Cong ngh¢ da tao diéu
kién thudn lgi cho t6i trong sudt qua trinh thyc hién ludn an.

To61 xin cam on tap thé Lanh dao Hoc Vién Cong nghé Buu chinh Vién
thong, can bo, giang vién khoa Cong nghé¢ thong tin — Hoc Vién Cong nghé
Buu chinh Vién thong da c6 vii dong vién t6i trong qué trinh nghién ctu.

T6i cam on tat ca nhimg nguoi ban cia tdi, nhimg nguoi ludn chia sé va cb
vii tdi trong nhiing lic khé khan va tdi ludn ghi nhé diéu dé.

Cudi cling, tbi xin bay to 1ong biét on vd han ddi voi cha me va gia dinh da

ludn bén canh ung hg, gitp 4o toi.
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PHAN MO DAU

1. Tinh cép thiét ctia luin 4n

Van dé qud tai thong tin (Information Overload) duoc J.Denning néu ra
lan dau tién vao nam 1982 [49]. Véi nhimng 1y 1& va bang chung thuyét phuc,
Denning khang dinh kha ning Iya chon thong tin hitu ich clia nguoi ding méy
tinh s& gdp kho khan nghi€ém trong boéi sy gia tang khong ngung luong thong tin
khong 16 dén tir hang trim kénh truyén hinh, hang triéu bang hinh, sich, béo, tap
chi, tai liéu thdng qua cdc hé thong giao dich dién tr. Van dé& Denning cong bd
ngay 1ap tirc duoc cong dong cic nha khoa hoc mdy tinh nhiét tinh hudng tng va
tap trung nghién ctru phuwong phap han ché anh hudng ciia van dé qu4 tai thong tin
dbi voi ngudi dung, thic ¢y mot linh vuc nghién ctiru méi d6 1a loc thong tin.

Loc thong tin (Information Filtering) 1a linh vuc nghién ctru cdc qua trinh
loc bo nhitng thong tin khong thich hgp va cung cap thong tin thich hop dén véi
mdi nguoi ding. Loc thong tin duge xem 13 phuong phép higu qua han ché tinh

trang qua tai thong tin dugc quan tam nhiéu nhat hién nay.

Loc thong tin dugc tiép can theo hai xu huéng chinh, d6 1a loc dya trén tri
thirc va loc dua trén dit lidu. Trong trudng hop dwa vao tri thirc, hé théng thuc
hién loc thong tin bﬁng céach st dung tap luat xay dung trudc. Nhugce diém cua
phuong phép nay 12 dé c6 duoc mot tap luat du tot doi hoi chi phi nhiéu thoi gian
va kinh nghiém cua chuyén gia; viéc cap nhat cac luat khong thé thuc hién dugc
ty dong vi ngudn dir liéu vao thuong khdng c6 cau tric va ludn trong trang théi
bién dong. Chinh vi vay, loc dua trén tri thitc ¢6 xu hudng it dugc su dung.

Ddi véi cdc hé théng loc dya trén dir li€u, cac quy tic loc duoc xay dung tur
dir liéu ma hé thong thu thap duoc bang céc k¥ thuat thong ké hodc cdc thuat todn
hoc mdy. Céch tiép can nay cho phép tur dong cap nhét cac quy tic loc va khong
1¢ thudc vao tri thirc chuyén gia. Hé théng loc dua trén dit liéu c6 kha nang thich
nghi cao va tan dung dugc nguén dir liéu. Chinh vi vay, cach tiép can nay dugc

quan tdm nghién ctru hon so v6i phuong phdp dua vao tri thirc.
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Hé tu van (Recommender System) 1a hé thong c6 kha nang tu dong phan
tich, phan loai, Ia chon va cung cip cho nguoi ding nhiing thdng tin, hang héa
hay dich vu ma ho quan tam. H¢ tu van dugc xem nhu mot bién thé dién hinh c6
vai tr0 quan trong trong loc thong tin. Nhiéu hé tu van da dugc thuong mai héa va
trién khai thanh cong, tiéu biéu 1a hé tu vaAn cua céc hang Amazon.com,
Netflix.com, Procter & Gamble.

Hé tu van duoc xdy dung dua trén hai ky thuat lgc thong tin chinh: Loc
theo ndi dung (Content-Based Filtering) va loc cOng tac (Collaborative Filtering).
Loc theo ndi dung khai théc nhiing khia canh lién quan dén noi dung thong tin san
pham ngudi ding da timg st dung hay truy nhap trong qué khir dé tao nén tu vén.
Tréi lai, loc cong tic khai thac nhitng khia canh lién quan dén théi quen sir dung
san pham clia cong dong ngudi ding c6 ciing s¢ thich dé tao nén tu van.

Trong qud trinh nghién ciru va Gmg dung, bén canh nhitng van dé chung
clia bai todn loc thdng tin théng thuong, xuat hién mot s6 van dé mang tinh dic
thit d6i v6i thong tin tu van nhu tinh thua thét dit liéu huén luyén, xir Iy nguoi
ding méi, hang héa méi, yéu cau két hop cdc dang thong tin khac nhau, 1am viéc
voi dir li€u kich thudc 16n dugc cap nhat thuong xuyén. Mac du da cé nhiéu
nghién ciru nham téi ndi dung nay, nhung ddy van 1a nhitng van dé nghién ctru
mo, c6 tinh thoi su va thu hit sy qua tim cta cong ddng nghién ciru.

Dé tai “Phdt trién mét sé phwong phdp loc thong tin cho hé tw van” duoc
thyc hién trong khudn kho lun 4n tién si chuyén nganh khoa hoc méy tinh nham
g6p phan giai quyét mot sd van dé con ton tai cua loc thdng tin cho céc hé tu van.
2. Muc tiéu cia ludn an

Muc ti€u cua luan an 1a nghién ctru dp dung, céi tién mot sb ky thuat hoc
may nham cai thién d6 chinh xdc cua loc thong tin trong céc hé tu van. Dic biét,
nghién ctru tdp trung vao viéc nang cao két qua du dodn nhu ciu ngudi ding
trong truong hop dir liéu thua, cling nhu trong truong hop ¢ ca dir li€u s¢ thich

ngudi ding va thong tin ni dung san pham.
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3. Cac dong gop cua luan an

Péng gop thir nhdt cia ludn dn la dé xudt dp dung mét kj thudt Boosting

cdi tién cho nhiéu bai todn phdn loai vao loc cong tdc [3, 81], bao gém:

- Dé xudt phuong phdp gidi quyét bai todn loc cong tic bang k§ thuat
Boosting duya trén biéu dién dir liéu phit hop cho bai toan phan loai ciia
hoc may;

- Ap dung k¥ thuat Boosting cai tién cho nhiéu bai todn phan loai bang
phuong phép hoc da nhiém dua trén goc quyét dinh (Decision Stump) cho
loc cOng tac nham han ché anh hudng cua van dé dir liéu thua;

- Thir nghiém va danh gid két qua phuong phdp cai tién, dic biét chi trong
danh gid két qua dy doan trong trudng hop dit lidu thwa ctia loc cong téc.

Hau hét cic phuong phédp hoc mdy cho lgc cong tidc hién nay déu thyc hién

nhting nhiém vu hoc don 1€ (Single Task Learning) véi gia thiét dir liéu huin
luyén va dir liéu kiém tra dugc md ta trong cling mot khong gian céc gid tri dic
trung véi cling mot phan bd. Khi phan b thay ddi, tap dit liéu huan luyén va dir
lidu kiém tra phai xay dung lai. Trén thyc té, viéc 1am nay khong phai lic nao
ciing thuc hién dugc 1am cho két qua du dodn cdc phurong phap kém tin cay.

Mt khéc, tai mdi thoi diém, phuong phéap chi thyc hién mot nhiém vu don

16, két qua cua mdi nhiém vu cu thé hoan toan ddc lap véi céc nhiém vu khéc.
Chinh vi vdy, phuong phép tiép can nay s& gap khé khan khi dir liéu huan luyén
thua thot. Dé giai quyét van dé nay, luan dn dé xuét 4p dung phuong phdp hoc da
nhiém (Multi-Task Learning) cho loc cong tac nham st dung tap thong tin chung
gitra cac nhi¢ém vu hoc don 1¢. Tap thong tin chung tim dugc dong vai tro chia sé
va bo sung thong tin vao qud trinh huan luyén cho mdi nguoi ding khic nhau,
g6p phan nang cao két qua du dodn va han ché dugc anh hudng cia tinh trang dir

liéu thua trong loc cOng téc.
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Déng gop thir hai cia ludn dn la dé xudt mot phirong phdp loc két hop dwa
trén mé hinh do thi [2, 80], bao gom:

- Biéu dién mdi lién hé giita cdc d6i tugng tham gia hé théng loc (Nguoi

ding, san pham va noi dung san pham) dya vao mo hinh db thi;

- Xay dung phuong phép du doan cho loc cong tdc dua trén md hinh d6 thi.

- Xay dung phuong phdp trich chon dic trung ndi dung san pham dya trén

théi quen sir dung san pham ciia nguoi diing;

- Cé nhan héa anh hudng cia céc dic trung ndi dung d6i vai théi quen sir

dung san pham ctia ngudi diing;

- Ap dung thuat todn lan truyén mang trén do thi két hop dé du dodn, phan

b6 céc san pham cho mdi ngudi ding;

- Thir nghiém va d4nh gid két qua phuong phap dé xuat.

Dé tan dung loi thé cia mdi phuong phdp loc, luan 4n dé xuat phwong phap
két hop gitra loc cong tic va loc ndi dung dya trén biéu dién do thi cac ddi tuong
tham gia qua trinh loc, bao gom: ngudi diing, san pham, danh gid ngudi ding va
noi dung san pham.

Pé tranh nhing han ché cta cac phuong phép loc két hop trudc day (phuong
phdp trich chon dic trung ndi dung chi dua vao ndi dung san pham), luan 4n dé
Xudt phuong phép trich chon dac trung ndi dung dya vao théi quen nguodi dung
dbi voi san pham. Dya trén phuong phdp nay, nhiing dic trung ndi dung duoc
xem I quan trong voi méi nguoi ding duge giir lai dé phuc vu muyc tiéu du dodn.
Viéc tim ra nhiing dic trung c6 anh hudng quan trong dén théi quen ngudi ding
khong chi 1am giam chi phi tinh todn cta phuong phép (vi s6 lwong cic dic trung
noi dung quan trong d6i véi mdi nguoi ding con lai rat it), ma con loai bo dugc
nhiing dic trung khong anh huéng hodc anh huéng khong tot dén théi quen sir
dung san pham ctia nguoi ding.

Phuong phép du dodn duoc dua vé bai todn tim kiém trén d6 thi khong chi
tan dung dugc cac thuat toan hi¢u qua trén dd thi ma cdn tan dung duogc mobi lién

hé gidn tiép giita cdc d6i tuong tham gia hé thong.
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Phuong phap loc két hop dé xuat dugc thir nghiém va dp dung cho hé thng
tu van lya chon phim da cho lai Kkét qua dy dodn tot. He théng cho phép xem,
d4nh gi4, binh luan va goi y nhitng phim dugc xem hop véi so thich tmg véi moi
ngudi ding. Hé théng gdm bdn chiic nang chinh: Chiic nang cap nhat, phan tich
thdng tin nguoi diing va san pham; chire nang hoc; chirc nang loc va chirc nang tu
van. Trong d6, chuc nang hoc va loc dugc thuc hién theo phuong phép loc két

hop dé xuat.
4. B0 cuc ciia lugn an

No6i dung luén 4n dugc xay dung thanh ba chuong va mdt phu luc, trong dé:

Chwong 1. gi6i thiéu tong quan vé loc théng tin. Trinh bay nhitng nghién
ctru co ban cia loc thdng tin, cic phuong phdp loc théng tin cho hé tu van va
nhiing van dé& can tiép tuc nghién ctru ciia mdi phuong phédp. Trén co nhiing
nghién ctru co ban, xdc dinh & huéng nghién ciru ctia dé tai. Mot két qua nghién
clru co ban cua dé tai duoc cong bd trong [4].

Chwong 2. trinh bay phuong phdp han ché anh huéng cia van dé dir liéu
thua trong loc cong tic bang phuwong phdp hoc da nhiém. Noi dung trinh bay
trong chuong nay duoc tong hop dua trén két qua nghién ctru da cong bd trong [3,
81].

Chuong 3. trinh bay phuong phép két hop giira loc cong tac va loc ndi dung
dya trén md hinh d6 thi. Noi dung trinh bay trong chwong nay dugc tong hop tir
két qua nghién ctru da cong bd trong [2, 80]. Cubi cung la mot s6 két luan va dé
Xuét cc nghién ctu tiép theo.

Phin phu lyc. trinh bay thiét ké va xdy dung tng dung cho phuong phdp loc
két hop duogc dé xuat trong Chuong 3.
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CHUONG 1
TONG QUAN VE LQOC THONG TIN CHO HE TU VAN

Chuong nay trinh bay nhiing van dé téng quan vé loc thong tin, céc
phuong phap loc thong tin cho hé tu van cung voi nhitng han ché ton tai mdi
phuong phép. Trén co s& nhitng nghién ctru co ban, xac dinh rd hudng nghién
ctru cu thé cia dé tai. Nhimg két qua nghién ctru ciia dé tai s& duoc trinh bay
trong céc chuong tiép theo ctia luan 4n.

Do loc thong tin 1a Iinh vuc nghién ctru ¢6 pham vi rong 16n, sau khi trinh
bay ngan vé loc thong tin ndi chung, luan 4n tap trung trinh bay vao chii dé

nghién ctru chinh cua luan an dé 1a van dé loc trong céc hé tu van.

1.1. GIOI THIEU CHUNG

Loc thong tin (IF) 12 linh vyc nghién ciru céc qué trinh cung cap thong tin
thich hop, ngin ngira va g& bo thong tin khong thich hop cho mdi ngudi ding
[75,99]. Thong tin dugc cung cép (con dugc goi la san phém) ¢6 thé 12 van ban,
trang web, phim, anh, dich vy hoac bat ky dang thong tin nao dugc san sinh ra tir
cic phuong tién truyén thong. Pham vi ing dung cua loc thong tin trai rong
trong nhiéu tmg dung thyuc té khdc nhau cta khoa hoc mdy tinh. Ung dung tiéu
biéu nhét cua loc thdng tin duge ké dén 1a loc két qua tim kiém trong cic may
tim kiém (Search Engine), loc e-mail dua trén ndi dung thu va hd so nguoi
ding, loc thong tin van ban trén cdc mdy cha dé cung cép thong tin cho tap thé
hodc c4 nhan thich hop, loai bo nhimng trang thong tin c6 anh huéng khong tot
dbi v6i nguoi dung. Pac biét, loc thong tin ¢ vai trd quan trong cho cdc hé
thong tu van (RS) tmg dung trong thuong mai dién tu.

Cic hé thdng loc thong tin c6 thé khic nhau vé nguyén ly, phuong phap,
k¥ thuat, pham vi tng dung nhung déu thuc hién muc tiéu cung cip cho nguoi
ding nhimg thong tin can thiét nhét, loai bo nhitng thong tin khong c6 gid tri

hoic khong thich hop ddi véi nguoi ding. Nguyén 1y phd bién duge dung trong
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loc thong tin 1a nguyén ly dua vao dit liu (Data-Based) va nguyén 1y dua vao tri
thic (Knowledge-Based) [99]. Cac phuong phép loc c6 thé dugc thuc hién dua
vao ndi dung thong tin san phém hodc lgc dua trén théi quen sé thich nguoi
dung. Céac k¥ thuat loc dugc phét trién dya trén nén tang tu linh vuc truy van
thong tin (Information Retrieval), tach thong tin (Information Extraction), phan
loai thong tin (Information Classificarion). Pham vi tng dung cua cdc hé théng
loc duoc ap dung cho tat ca cdc mé hinh thuong mai dién tu thuc té: Khach hang
- Khach hang (Customer to Customer), Nha cung cip - Khich hang (Business to

Customer), Nha cung cap - Nha cung cap (Business to Business) [75].
1.1.1. Kién tric tong quat ciia hé thong loc thong tin

Mot hé théng loc thong tin téng quét bao g@)m bon thanh phﬁn co ban
[99]: Thanh phan phan tich dir liéu (Data Analyser Component), thanh phan md

hinh nguoi dung (User Model Component), thanh phﬁn hoc (Learning

Component) va thanh phﬁn loc ( Filtering Component).

Thanh phin mo A — - -
Thong tin dac ta Nh
hinh ngudi dung & : Nguoi dung a cung cap

thong tin

Hb so|ngudi Phan héi Thong|tin cdc

dijng 01 dung U hop véi san pham

A 4 Ci A A
ap nhat thong s

Thanh phin tin hufin luyén | Bi¢u dicn Thong " ryanp phin

hoc Thanh phin loc e ti540 pham han tich dit

- p p
Biéu dién Thong li¢u

tin san phém

Hinh 1.1. Kién triic tong qudt ciia hé théng loc thong tin.
o Thanh ph&n phan tich dir lieu (DAC) c6 nhiém vu thu thip dir li€u vé san
pham tir cdc nha cung cap thong tin (vi du tai liéu, thu dién tir, sdch, bdo, tap
chi, phim, anh...). Dit liéu vé san pham dugc phan tich va biéu dién theo mot

khuon dang thich hop, sau d6 chuyén dén bo phan loc nhu Hinh 1.1.
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 Thanh phdn mé hinh nguoi dimg (UMC) c6 thé “hién” hodc “4n” dung dé 1ay
thong tin vé nguoi dung, nhu gidi tinh, tudi, noi sinh séng va thong tin nguoi
ding da truy van trudc d6 dé tao nén hd so nguoi ding. HO so ngudi ding
sau khi tao ra duoc chuyén dén thanh phﬁn hoc dé thuc hién nhiém vu huin
luyén.

e Thanh phan hoc (LC) thuc hién huan luyén trén tdp hd so va phan hdi cia
nguoi dung theo mot thuat todn hoc may cu thé. Thuat todn hoc léy dix liéu tur
thanh phan mb ta ngudi dung; liy dit liéu vé san pham da duoc biéu dién tir
thanh phan loc két hop vdi thong tin phan hdi nguoi ding dé thyc hién nhiém
vu huan luyén. Két qua qud trinh hoc dwoc chuyén lai cho bd phan loc dé
thuc hién nhiém vu tiép theo.

e Thanh phan loc (FC) 1a thanh phan quan trong nhat ctia hé théng, c6 nhiém
vu xem xét sy phit hop giita hd so ngudi dung va biéu dién dit liéu san pham
dé dua ra quyét dinh phan bd san pham. Néu dir liéu san pham phit hop véi
ho so nguoi ding, san pham s& dugce cung cip cho nguoi ding d6. Trong
truong hop nguogc lai, hé thong loai bé san pham khoi danh sich nhimg san
pham phén b cho ngudi ding. Nguoi diing nhan dugc nhiing san pham thich
hop, xem xét, danh gid, phan hdi lai cho thanh phé‘m hoc dé phuc vu qua

trinh loc tiép theo.

1.1.2. Loc théng tin va truy van thong tin

Belkin va Croft [75] nhin nhén loc thdng tin va truy van thdng tin nhu hai
mat cia cung mot van dé. Chinh vi vay, nhiéu dic trung co ban cua loc thong tin
c6 thé tim thiy trong linh vuyc truy véan thong tin (IR). Tuy nhién, ta c¢6 thé phan
bi¢t sy khac biét gitra hai h¢ théng nay thong qua viéc so sinh mot sb dac trung
co ban dudi day.

e Kiéu nguoi diing. Hé thong truy van thong tin ddp timg nhu cau cho tat ca

nguoi dung tai moi thoi diém ma khong can quan tdm dén ho 1a ai. Tréi
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lai, loc thong tin quan tim dén nhimg nguoi diing thudng xuyén st dung
hé théng dung, c6 hd so 1o rang, co mbi quan tam dai han ddi voi hé
thdng va ludn nhan duge thong tin thich hgp tir hé théng & moi thoi diém.

e Biéu dién nhu cau théng tin. Hé thong truy van thong tin biéu dién nhu
cdu nguoi ding bat ky dudi dang mot cAu truy van. Loc thong tin biéu
dién nhu cau nguoi diung 1au dai hé théng dudi dang mot ho so nguoi
dung. H6 so ngudi dung khong chi ghi lai cdc dic trung thong tin ¢4 nhan,
ma con bao ham cic dic trung lién quan dén lich st truy cap hay théi
quen str dung thong tin cua nguo1 dung nay.

o Muc tiéu hé thong. Hé thong truy van thong tin quan tdm dén cdc phuong
phép cung cap thong tin thich hgp cho mdi nguoi ding phit hop véi truy
vén cua nguoi dung nay. Loc thong tin quan tdm dén céc phuong phap go&
b6 dir liéu hon 1a viéc nd lyc tim kiém thém dit liéu. Ciing vi 1y do nay,
loc thong tin dugc xem la phuong phdp gidm tai thong tin chinh duoc
quan tAm nhét hién nay.

* Co 50 dir liéu. Hé thong truy véan thong tin thyc hién cung cip thong tin
trén cédc co so dir liéu tinh. Loc thong tin cung cip thong tin trén co so dir
liéu dong, c6 cau tric khac nhau va thudng xuyén bién doi.

e Pham vi tiong tdc. Hé thong truy van khong quan tdm dén su twong tic
giita nhitng ngudi ding khéc nhau. Loc théng tin quan tim dén sy tuong
ddng theo so thich, théi quen hay nhitng dic trung xa hoi, tu nhién khac
nhau cia tdp ngudi ding. Hé thong ludn c6 mot mo hinh nguoi ding dé

giit lai nhitng dic trung can thiét cho mdi ngudi ding.
1.1.3. Hoc may va lgc thong tin

Hoc may (Machine Learning). Hoc mdy la linh vuc nghién ctu cua tri
tu¢ nhan tao tap trung vao viéc ra quyét dinh hodc phat hién tri thic dya trén

dir liéu [1, 85, 97]. Céac k¥ thuat hoc mdy dugc sir dung trong viéc du dodn (vi
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du dy dodn nhu cau nguoi dung), phan loai, xép hang (vi du phén loai, xép
hang thong tin, phan loai nguoi dung).

Loc thdng tin ¢6 ciing chung muc tiéu véi hoc may (ML) d6 1a cung cép
thong tin can thiét cho mdi ngudi ding dwa trén nhimg gi c6 thé hoc tir nhiing
kinh nghiém cua cong ddng trong qué khtt. Chinh vi vay, thanh phan loc thong
tin dugc xay dung theo hai ciach tiép can chinh cua hoc may: loc dva trén tri
thire va loc dva trén dir liéu.

Loc dua trén tri thirc (KBC). Thong tin dugc loc bﬁng cich st dung
cac luat. Mdi luat biéu dién nhu ciu thong tin nguoi ding hodc mot mau thong
tin can loc. Mdi quyét dinh loc s& duoc thuc hién néu nhirng diéu kién cta luat
dua ra dugc thoa man. Vi du trong hé théng loc thu dién ttr, mdi luét c6 thé
duge dinh nghia va 4p dung cho céc truong tidu dé thu (Ngudi gui, ngay g,
chu de...).

Piém quan trong cia cich tiép can nay Ia cdc luat do nguoi ding
(chuyén gia) cung cép dya trén kinh nghiém hay tri thitc ciia minh. Uu diém
ctia céch tiép can nay 1a hé thong s& don gian hon do khong can sir dung céc k¥
thuat hoc tuy dong. Nhuoc diém 1a viéc xay dung céc luat loc tdt ddi hoi nhiéu
thoi gian, kinh nghiém cta chuyén gia. Viéc cap nhat cic lut cling khong thé
thyuc hi¢n ty dong. Do nhugc diém nay, loc dua trén tri thuc c6 xu hudng it
duoc su dung.

Loc dua trén dir liéu (DBC). Khéc voi loc dya trén tri thirc, trong cich
tiép can dua trén dit liéu, cdc quy tic cho thanh phan loc duoc xdy dung tir dir
liéu ma hé théng thu thap dugc bang cach sir dung k§y thuat thong k& hoic céc
thuat todn hoc may. Cach tiép can nay cho phép tao ra va cap nhat quy tac loc
thong tin ma khong can t6i tri thirc chuyén gia, dong thoi chét lugng loc c6 thé
tot hon so vdi céch tiép can dua trén tri thuc, dac bi¢t khi ¢6 lugng dir li¢u 16n

va thudng xuyén bién dong.
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Do viéc thu thap dit liéu ngdy cang nhanh va dé, loc dya trén dir liéu
dang dan tré thanh céch tiép can chinh trong loc thong tin. Chinh vi vay, ludn
dn sé tdp trung nghién ciru ky thudt loc thong tin cho hé tw van dwa trén cdch

tiép cdn nay.
1.1.4. Loc thong tin va cac hé tw van

H¢ tw van (RS) 12 truong hop riéng ciia cdc hé thong loc thong tin. Dua
trén thong tin dd c6 vé ngudi dung, hé tu van xem xét trong s6 luong rat 16n
hang héa hay thong tin va tu van cho ngudi ding mot danh sich ngan gon
nhung day du nhitng hing héa ma ngudi ding 6 kha ning quan tam [25, 26,
40, 51, 53, 54, 67,70, 83].

Str dung hé tu van trong cic ung dung thuong mai dién tir s& hd trg
khéch hang khong can thyc hién cdc thao tic tim kiém san pham, ma chi can
lya chon hang héa hoac dich vu ua thich do h¢ théng cung cép. Diéu nay sé
lam gia ting nang luc mua, ban ctia toan by hé théng. Chinh vi 1y do nay, hang
loat céc cong ty da qudc gia (Amazon.com, Netflix.com, CDNOW, J.C. Penney,
Procter & Gamble..) dd dau tu va phat trién thanh cong cong nghé tu van dé
gia tang hé thong khach hang va ban hang qua mang [7].

Do 1a truong hop riéng ciia hé thong loc tin, hé tur van c6 nhiéu dic diém
ctia h¢ loc tin tiéu biéu. Tuy nhién, do dic diém cua dit liéu, ngudi ding va noi
dung, hé tu van cling nhu céac ky thuat dugc sir dung c6 mot s khdc biét nhat
dinh. Ty vao phwong phép loc tin, cic hé tir van durgc phan loai thanh ba loai:
Tw vin dwa vao phwong phdp loc theo ndi dung (Content-Based Filtering
Recommendation), tw vin dwa vao phwong phdp loc cong tdc (Collaborative
Filtering Recommendation) va tw van dira vao phwong phdp loc két hop (Hybrid
Filtering Recommendation)[36, 107].
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Phwong phdp tw vin dwa vao loc ndi dung: Hé théng tur van cho nguoi
dung nhirng san phém ma&i ¢6 ndi dung tuong ty véi mot sb san phém ho
da tirng mua hodc tirng truy nhép trong qua khu.

Phwong phdp tw van dwa vao loc cong tdc: Nguoi dung sé dugc tu van
mdt s6 san pham cuia nhitng ngudi ¢6 sé thich gidng ho da timg wa thich
trong qua khu.

Phwong phdp tw vdn dwa vao loc két hop: Hé théng tu van cho nguoi
dung nhiing san phém twong tu voi mot s6 san phém ho da tung mua
hogc tirng truy nhép trong qud khtr va san pham cila nhitng nguoi cé so
thich gidng ho di tirmg wa thich trong qua khu.

Mobi phuong phap loc 4p dung cho céc hé tu van duoc phan thanh hai

hudng tiép can [36, 107]: loc dua vao bd nho (Memory-Based Filtering) va loc

dua vao mo hinh (Model-Based Filtering).

Cdc phuong phdp loc dwa vao by nho (MBF) [21, 22,29, 52,57, 63, 64,
69]: PBay 1a phuong phdp luu lai toan bd cic vi du huan luyén. Khi can
du doan, hé théng tim cdc vi dy huin luyén giéng truong hop can dy
dodn nhat va dua ra tu van dya trén cdc vi dy nay. Truong hop tiéu biéu
cia loc dwa vao by nhé 1a thuat todn K nguoi ling giéng gan nhat
(KNN). Uu diém chinh cta phuong phép tiép can nay la don gian, d& cai
dat. Tuy nhién, phuong phap nay c6 thoi gian loc cham do viéc du dodn
ddi hoi so sanh va tim kiém trén toan bo luong ngudi diing va san pham.

Phuwong phdp loc dva trén mé hinh (MDBF) (27, 30, 32, 33, 34, 35, 37,
41, 43,45, 90, 95, 96, 108, 109, 121]. Trong phuong phap nay, dit licu
duoc str dung dé xay dung mo hinh rat gon, vi du mo hinh xac suat hay
ciy quyét dinh. M6 hinh nay sau d6 dugc sir dung dé dua ra cdc tu van.
Phuong phédp nay cho phép thuc hién viéc dy dodn nhanh, do qua trinh

du doan thuc hién trén m6 hinh da hoc trudc doé.
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Bang 1.1 thong k& mot sé nghién ciru tiéu biéu cic phuong phdp loc

thong tin cho hé tu vén [36].

Bang 1.1. Phan loai cc phurong phép tu van va mot s6 nghién ciru dién hinh

PHUONG PHAP TU VAN DUA VAO LOC NOI DUNG

Loc ndi dung dwa vao by nhé

Loc nji dung dwa vao mé hinh

Cdc ky thudt thong dung:
e Tan suat xuat hién nguoc
¢ Phén cum (Clustering)

Nhitng nghién civu dién hinh:
e Balabanovic va Shoham [69]
e Pazzani va Billsus [73]

Cdc ky thudt thong dung:

e MOo hinh mang Bayes

e MO hinh phan cum

e M5 hinh ciy quyét dinh

® M6 hinh mang no ron nhén tao
Nhiing nghién ciru dién hinh:
Pazzani [74]
* Mooney va Roy [92]
e Billsus va Pazzani [30]
® Zhang va cdc cOng su [113]

PHUONG PHAP TU VAN DUA VAO LOC CONG TAC

Loc cong tac dwa vao b nhé

Loc cong tac dwa vao mo hinh

Cdc ky thudt thong dung:

e K ngudi lang giéng gan nhat (K-
Nearest Neighbour) st dung do
tuong tu cosin hodc cic do
tuong quan.

e Phan cum

e Dy tuong quan
(Indirect Similarity)

gian tiép

Nhiing nghién civu dién hinh:

e Resnick va cdc cong su [83]

® Breese va cdc cong su [52]

e Nakamura va Abe [11]

e M. Deshpande and G. Karypis
[72]
Sarwar va céac cong su [21]
Yu va céc cOng su [63, 64]
Herlocker va cic cOng su [55]
Wang va cdc cOng su [57]
Bell va Koren [86]
Desrosiers va Karypis [24]

Cdc ky thudt thong dung:
® MOo hinh mang Bayes
M0 hinh phan cum
Mb hinh ciy quyét dinh
MO0 hinh mang no ron nhan tao
M5 hinh héi qui tuyén tinh
Mo hinh thong ké
M6 hinh do thi

Nhiing nghién ciru dién hinh:

e Nakamura va Abe [11]

e Umyarov va Alexander
Tuzhilin [15, 16, 17]
Ungar va Foster [68]
Aggarwal va cic cOng su [24]
Chien va George [114]
Condliff va cdc cong su [71]
Kumar va céc cong su [89]
Shani va cic cong su [41]
Hofmann [95, 96]
e Marlin [18]
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Si va Jin [66]

Getoor va Sahami [65]
Huang va cdc cong su [119]
DeCoste [31]

Nikovski va Kulev [33]

Su va cac cong su [105, 106,
107]

e Goldberg va cdc cong su [62]

PHUONG PHAP TU VAN DUA VAO LOC KET HQP

Loc két hop dwa vao b nhé Loc két hop dwa vao mé hinh
Cdc ky thudt thong dung: Cdc ky thudt thong dung:
* T6 hop tuyén tinh két qua du| e Hop nhat mo hinh biéu dién dir
dodn cua cd hai phuong phép. ligu.
o Két hop céc dac tinh cua lgc e Hop nhét mé hinh du dodn.
cong tac vao loc ndi dung. * Hop nhit md hinh biéu dién dir
o Két hop cédc déc tinh cua loc noi liéu va md hinh du doan.

dung vao loc cong tac.
® Hop nhat lgc cOng tac va loc ndi
dung trong cung md hinh.

Nhitng nghién civu dién hinh: Nhiing nghién ciru dién hinh:
® Basu vacéc cong su [23] e Gunawardana va Meek [8]
¢ Claypool va céc cong su [70] e Billsus va Pazzani [29]
e Soboroff va Nicolas [46] e Lazanas va Karacapilidis [10]
e Billsus va Pazzani [30] e Popescul va cdc cOong su [12]
e Tran va Cohen [98] e Hofmann [96]
e Melville va cac cong su [82] ¢ Huang va cdc cOng su [120,
e Adomavicius va cdc cong su 121, 122]
[37, 38, 39] e Su vacéc cong su [104]
e Anand va Bharadwaj [28] e Balisico va Hofmann [47]

® Good va cic cong su [76]

- -~ {Formatted: Indent: Left: 0,63 cm ]

1.2. PHUONG PHAP LQC THEO NQI DUNG

Loc theo ndi dung la phuong phdp thuc hién dya trén viéc so sdnh nodi
dung thong tin hay mo ta hang héa, nham tim ra nhitng san pham twong ty véi
nhirng gi ma nguoi dung da ting quan tdm dé gidi thiéu cho ho nhimng san
pham nay [4, 6, 19, 69, 73, 84, 92]. C4c phuong phdp tiép can cho loc theo noi
dung c6 ngudn gdc tir linh vyc truy van thdng tin, trong d6 mdi san pham dugc

bicéu dién bang mdt ho so san pham, moi nguodi dung dugc bicu dien bang mot

24



ho so ngudi dung. Phuong phdp dy doan ndi dung nguyén ban cua san pham
thuc hién dua vao viéc xem xét cac ho so san pham cé mirc d§ phu hop cao voi

ho so nguoi ding [84].
1.2.1. Bai toan lgc theo noi dung

Bai toan loc theo ndi dung duogc phét biéu nhu sau. Cho P= {p1, P2-., PN}
1a tap gdbm N san pham. Noi dung san pham peP dugc ky hiéu 1a Content(p)
duoc biéu dién théng qua tap K dic trung nodi dung cia P. Tap cic dic trung
san pham p duogc xdy dung bang cédc k¥ thuét truy van thong tin dé thyc hién
muc dich dy dodn nhiing san pham khéc twong tu véi p.

Cho U = {u, uy,.., um} la tap g@)m M nguoi dung. Véi mdi nguoi dung
ueU, goi ContentBasedProfile(u) 1a hd so nguoi dung u. H6 so cia ngudi
dung u thuc chét 12 lich st truy c@p hodc danh gia ctia nguoi dé ddi véi cdc san
pham. ContentBasedProfile(u) dugc xay dung bang cich phan tich ndi dung
cic san pham ma ngudi dung u da ting truy nhap hodc ddnh gid dua trén cic
k§ thuat truy van thong tin.

Bai toan loc theo ndi dung khi dé la dy dodn nhitng san phém méi cé noi
dung thich hgp véi ngudi dung dya trén tap hd so san pham Content(p) va ho

so nguoi dung ContendBasedProfile(u).

1.2.2. Cac phuwong phap phap loc theo ngi dung

Nhu da trinh bay & trén, loc theo ndi dung dugc tiép can theo hai xu hudng:
loc dya trén bd nhé va loc dya trén mo hinh. Noi dung cu thé cdc phuong phép
duogc thyc hi¢n nhu dudi day.
1.2.2.1. Loc néi dung dua vao by nho

Loc ndi dung dwa vao bo nhé 12 phuong phap sir dung toan bo tap hd so san
pham va tap ho so ngudi diing dé thyuc hién huan luyén va dy doan. Trong phuong
phdp ndy, cdc san phim méi dugc tinh todn va so sdnh véi tat ca hd so nguoi

dung. Nhitng san pham méi c6 mirc d§ twong tu cao nhat véi ho so nguoi dung sé
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dugc diing dé tu van cho ngudi diing nay. Phuong phép nay con dugc goi 1 hoc
luoi (Lazy Learning) hay hoc dua trén vi du (Instance-Based Learning) trong cic
tai liéu vé hoc mdy [97].

Dé thuc hién loc theo ndi dung, ta can gidi quyét hai van dé: tha nhat 12 biéu
dién Content(p) dudi dang vector trong sb céc dic trung ndi dung, thtr hai 1a tinh
do tuong ty giita hd so nguoi ding va hd so san pham.

Phwong phap biéu dién hd so san pham:

Phuong phép uéc lugng trong s céc dic trung thong dung nhét thudng
duogc sir dung 1a phép do tan suat két hop vai tan sudt xuat hién ngugc (Term
Frequency / Inverse Document Frequency). Phuong phap dugc thuc hién nhu sau.

Goi f;; 12 56 1an dic trung ndi dung k; xuat hién trong san pham p;. Khi d6 tan
sudt TF;; cla dic trung ndi dung k; trong san pham p; dugc xédc dinh theo cong
thue (1.1).

f.

TF =—~
max f“,

i,j

(1.1)

O day, max_f., la s6 1an xuét hién nhiéu nhat cua dic trung ndi dung k,
trong san pham Dj-

Tuy nhién, nhitng dic trung ndi dung xuat hién trong nhiéu san pham khong
dugc ding dé xem xét muc do twong tu gitta cdc san pham, tham chi nhitng dac
trung ndi dung nay khong chira dung nhiéu thoéng tin phan dnh noi dung san
phém. Chinh vi vay, tan suét xuat hién nguoc IDF;, Kkét hop véi tan suét TF;j cho
phép ta chi y nhiéu hon dén nhiing dic trung ndi dung c6 trong san pham nay
nhung it xuat hién trong cic san pham khic.

Phuong phdp xdc dinh tan suat xuat hién ngugc dugc thuc hién nhu sau. Gia
sir hé ¢6 N san pham can dugc phan bo hodc tu van cho ngudi ding va dic trung
ndi dung k; Xuét hién trong n; san phém. Tan suét xuat hién ngugc IDF; cua dac
trung nodi dung k; c6 tan suat xuat hién trong san pham pj la TF;j dugc xdc dinh
theo cong thic (1.2), mirc d6 quan trong hay trong sb cua dic trung ndi dung k;

dugc x4c dinh theo cong thuc (1.3).
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IDF, = logﬂ (1.2)
n

w,, =TF, , X IDF, (1.3)

Trong cong thirc 1.2, néu n; = N hay dic trung ndi dung k; xuat hién trong dai
da s6 cdc san pham can phan bo dén nguoi ding thi trong s6 wij = 0. Noi céch
khac, nhitng dic trung ndi dung c6 trong moi san pham thi dic trung d6 khong
chtra nhiéu noi dung thong tin phan dnh san pham. Nguoc lai, néu dic trung ndi
dung chi Xuét hién trong mdt san phém thi n; = 1, khi d6 w; ; = TF;;. Nhu vay,
nhiing dac trung ndi dung chi xuét hién & mot loai san phém va khong xuét hién &
nhing san pham khac thi nhitng dic trung ndi dung nay chtra nhidu ndi dung
quan trong ddi v6i san pham.

Bang cich uéc lwong nay, mdi san pham pieP duoc biéu dién nhu mot véc
to trong sb cac dic trung noi dung Content(p;) = (Wi, waj...,wk;). Trong do, K 1a sb
lugng dic trung ndi dung ciia toan b san pham.

Phwong phap biéu dién ho so nguoi dimg:

Mdi hd so nguoi ding ContentBasedProfile(u) ciing duoc biéu dién bang
mot véc to trong sd céc dac trung ndi dung (Wy .y, Was.., WK > trong do mdi Wi
biéu thi mirc 46 quan trong ctia dic trung ndi dung k dbi véi nguoi ding u. Véc to
trong sb (W1 Wause-s Wi dugc tinh todn bﬁng cac ky thuat khac nhau tur véc to
ho so san pham da duoc nguoi ding thuong xuyén truy cap hodc danh gid.
Balabanovic [69] tinh todn vécto trong s6 mdi hd so nguoi dung
ContentBasedProfile(u) bang cach 1y trung binh cong véc to trong s6 Content(p;)
trén céc tai liéu pje P ma nguoi dung da ting truy cap hodc danh gid. Pazzani [74]
sir dung bd phan loai Bayes udc lugng kha ning gidng nhau ciia san pham va dé
xuét thuat toan Winnow thyc hién trong nhiing trudng hop cé nhidu dic trung ndi

dung.
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Xac dinh murc d§ twong tu:

V6i céch biéu nhu trén, vécto trong s cic dic trung ndi dung san pham
ContentBasedProfile(u) va Content(p) c6 cung sb chiéu va udc lugng theo cung
mot phuong phdp (trong trudong hop nay 1a TF-IDF). Viéc xac dinh mtrc d9 thich
hop ciia mbi san pham peP cho ngudi ding u duoc xem xét theo murc do giéng
nhau gitra véc to hd so ngudi dung ueU va véc ho to san pham peP.

r(u, p) = Sim(ContentBased Pr ofile(u), Content( p)) (1.4)
Phuong phép uéc luong mirc ¢6 gidng nhau giita véc to hd so ngudi ding

ueU va véc to ho so san pham peP dugc dung pho bién la tim cosin cta hai véc

RN

to trong sO w, va w, .

Wu. Wp
r(u, p)—cos wu,w,;
el <l

K
Zi:l WiuWip
K 2 K 2
\/Z i=1 Wi \/Z i=1 Wip

O day, K 1a s6 lwong dic trung ndi dung cia hé théng. Trong cong thire 1.5,

néu cosin cua hai véc to gé‘m véi 1, hay géc tao bdi hai véc to nay nho thi mic do
tuong ty gitra hd so nguoi ding va hd so san pham cang cao. Nguoc lai, néu cosin
cua hai véc to gan véi 0, hay géc tao boi hai véc to 1on thi mic dd phit hop cua
san pham véi hd so ngudi ding cang thap. Véi cich do nay, néu ngudi ding u
truy nhap nhiéu san pham lién quan dén mot chii dé ndo d6 thi hé thng loc theo
noi dung s& phan b nhing san pham ciia chu dé d6 cho nguoi diing u.

Ngoai cosin, cdc d§ do twong tu khic nhu khoang cach Euclid hay d6 tuong

quan Pearson cling dugc sur dung trong nhitng nghién ctru khéc nhau.

1.2.2.2. Loc néi dung dua vao mé hinh
Loc ndi dung duya trén mo hinh 14 phuong phép st dung tap ho so san pham
va tap ho so nguoi dung dé xay dung nén md hinh huan luyén. M hinh du doén

sau do6 s€ sir dung két qua cua md hinh huan luyén dé sinh ra tu van cho nguoi
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ding. Trong cdch tiép can nay, loc noi dung c6 thé str dung cdc ky thuat hoc méy
nhu mang Bayes, phan cum, ciy quyét dinh, mang noron nhan tao dé tao nén du
doan.

Pazzani va Billsus [73] st dung by phan loai Bayes dya trén nhitng danh gia
“thich” hoac “khong thich” cia ngudi ding dé phan loai cc san pham. Trong d6,
phuong phap udc lugng xac suét san phém pj ¢6 thudc 16p C; hay khong dya vao
tap cac dac trung ndi dung ki j,..,k,j cua san pham dé.

P(C 1k &k, & . &k, ) (1.6)

Panzanni va Billsus gia thict cdc dac trung ndi dung xuat hi¢n doc 1ap nhau,
vi vay x4c suat ¢ trén tuong tng voi:

P(C)[]P(k,,1C) (1.7)

Vi P (kI C;) va P (C;) c6 thé udc lugng dua vao tap dir licu huan luyén. Do
vdy, sin pham p; dugc xem Ia thuoc 16p C; néu xdc suit
PC Ik, &k, &..&k, ) c6 gid tri cao nhét thudc 16p nay.

Solombo [42] d& xu4t md hinh loc thich nghi, trong d6 chi trong dén viéc
quan sat mtrc phu hgp cua tat ca cdc san phém. Zhang [112] dé xuat mo hinh t6i
wu tap cic san pham tuong tu dya vao gid tri ngudng. Trong d6, gid tri ngudng
dugc udc lugng dua trén tap san pham thich hop va tap tai liéu khong thich hop

v6i mdi hod so nguoi ding.
1.2.3. Nhiing vén dé ton tai

Mac du lgc theo ndi dung da dp dung thanh cdng cho nhiéu ung dung loc
van ban, tuy vay phuong phap van ton tai mot sb van dé can tiép tuc nghién ctru
giai quyét [36, 107].

e Vin dé trich chon dac trung. Loc theo ndi dung ké thira va phat trién dya
chi yéu vao céc phuong phép trich chon dic trung trong linh vuc truy van
thong tin. D& c6 mot tap cac dic trung day di, ndi dung tai liéu phai dugc
biéu dién dudi dang pht hop dé mdy tinh c6 thé ty dong phan tich, tinh
todn trong sb cdc dic trung ndi dung hodc phai dugc thyc hién ban tu

dong. Phuong phdp s€ kho dp dung trong nhiing truong hop viéc trich
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chon ndi dung phirc tap, chang han trich chon dic trung ndi dung céc d6i
tuong dir liéu da phuong tién (hinh anh, am thanh, dich vu).

e Vin dé nguoi dung moi. Cac hé théng loc theo ndi dung chi thuc hién
higu qua khi nguoi ding danh gid hodc truy nhap mét s6 lugng san pham
du 16n. Trong truong hop nguoi dung méi, véc to ho so ngudi ding cé
cic thanh phan 1a @, vi vdy hé thong s& khong thé thyc hién du dodn va

phan bd nhitng san pham thich hgp cho nguoi ding.

1.3. PHUONG PHAP LQC CONG TAC

Khong gidng nhu loc theo ndi dung, loc cong tic khai thac nhiing khia
canh lién quan dén théi quen sé thich ctia nguoi sir dung san pham dé dua ra du
dodn céc san pham méi cho ngudi diing nay. So véi loc theo ndi dung, loc cong
tac khong phai phan tich, béc tich, hiéu, danh chi myc cho cic dic trung noi
dung san phém. Chinh vi vay, loc cong tic c6 thé loc hiéu qua trén nhiéu dang
san phém khac nhau nhu hang héa, phim, anh, tai liéu [55]. Cung trén mot hé tu
van, nguoi dung s€ dugc tu van nhiéu loai mat hang khéac nhau cho du cdc mat

hang nay c6 thé biéu dién trén khong gian cic dic trung ndi dung khac nhau.
1.3.1. Bai toan loc cong tac

Ky hiéu U = {uy, uy,..., ux} la tap g@)m N nguoi dung, P = {p1, p2,..., Pm}
12 tap gdm M san pham ma ngudi diing c6 thé lya chon. Mdi san pham p;e P c6
thé 1a hang héa, phim, anh, tap chi, tai li¢u, sach, bdo, dich vu hoac bat ky dang
thong tin nao ma nguoi ding can dén.

Tiép theo, ky hiéu R={ r; }, i = 1.N, j = 1.M 1a ma trdn ddnh gid, trong
d6 mdi ngudi dung u;eU dua ra danh gid cia minh cho mot s6 san pham pieP
bﬁng mot sb rij. Gid tri r;; phan dnh mac d6 va thich cia nguoi dung u; ddi voi
san pham p;. Gi4 tri r; c6 thé dugc thu thap truc tiép bang cch héi y kién ngudi
dung hodc thu thip gidn tiép thong qua co ché phan hoi clia nguoi dung. Gia tri
rij = & trong truong hop nguoi dung u; chua danh gid hodc chua bao gid biét dén
san pham Dj.

V6i mot nguodi dung can duoc tu van u, (duoc goi la nguoi dung hién

thoi, ngudi ding can duoc tu van, hay nguoi ding tich cuc), bai todn loc cong
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tac 1a bai toan dy dodn ddnh gi4 cia u, dbi v6i nhitng mat hang ma u, chua danh
gid (ryj = D), trén co s¢ d6 tu vén cho u, nhimg san pham dugc danh gia cao.

Bang 1.2 thé hién mot vi du v6i ma tran ddnh gid R = (ry) trong h¢ gém 5
nguoi dung U = {uy, us, us, us, us} va 4 san phém P ={pi1, p2, p3,ps }. Mai nguoi
dung déu dua ra cic danh gid ciia minh vé cédc san pham theo thang bac (@, 1, 2,
3,4, 5}. Gia tri rj=0 dugc hiéu 1a nguoi dung u; chua danh gid hoac chua bao
gio biét dén san pham pj. Céc gid tri r5, =? 1a san pham hé théng can du dodn
cho nguoi dung us.

Bang 1.2. Vi du vé ma tran d4nh gid cta loc cong tic

P1 p2 p3 P4
u 2 1 3 5
[15:) 4 2 1 (%]
us 3 %) 2 4
Uy 4 4 %) %)
Us 4 ? 5 5
1 2 ¥ M
1 a
2 Dy dodn (Prediction) ——0> Gid try dy doén Ty
f: I i D h iC‘.'l‘l
« Voo roendation)—> Yo p) LA B
17 i top- T khoan mue ggi §
N[V cho ngui ding a
Db vao: Ma trdn dinh gid R Gidi thudt Loe cfng tic D ra
(Rating Matrix) (CF Algorithm)
Gid trjcdn tinh dir dodn

Hinh 1.2. Cac thanh phﬁn cua hé théng loc cOng tac
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Ma tran ddnh gid R = (r;j) 1 thong tin dau vao duy nhéat cta cdc phuong
phap loc cong tic. Dya trén ma tran dénh gid, cic phuong phap loc cong tic
thuc hi¢n hai tic vu: Du dodn quan diém cua nguoi dung hién thoi (Active User)
vé céc san pham ma ho chua dénh gid, dong thoi dua ra mot danh séch céc san
pham c6 danh gid cao nhat phan bd cho ngudi ding hién thoi. Hinh 1.2 mo ta
c4c thanh phan ciia hé thong loc cong tac.

1.3.2. Cac phwong phap loc cong tac

Ciing giéng nhu loc theo ndi dung, loc cOng tac tiép can theo hai xu hudng
chinh: Loc cfng tdc dua trén by nhd va loc cOng tdc dua trén mo hinh. Méi
phuong phédp tiép can c6 nhirng vu diém va han ché riéng, khai thic céc mdi lién
hé trén ma tran ddnh gid nguoi dung. Cach tiép can cy thé mdi phuong phép

duoc thuc hién nhu sau.
1.3.2.1. Loc cong tac dwa trén bo nho

Cé4c phuong phdp loc dua trén bd nhd [21, 52, 56, 83, 100, 101, 102] su
dung toan bo ma tran d4nh gid dé sinh ra du dodn cic san pham cho ngudi ding
hién thoi (AU). Vé thuc chét, day la phuong phap hoc luoi (LL) hay hoc dua trén
vi du (/BL) dugc str dung trong hoc mdy. Phuong phap dugc thuc hién theo hai

budc: Tinh todn mic d¢ twong tu va budc tao nén dy doén.

e Tinh toan mirc do twong tw sim(x, y): M6 ta khoang cach, sy lién quan,
hay trong s giita hai nguoi diing x va y (hodc gitra hai san pham x va y).

e Duy doan: Pua ra dy dodn cho ngudi diing can dugce tu van bang céch xic
dinh tap ling giéng clia ngudi ding nay. Tap lang giéng ctia nguoi ding
can tu van dugc xdc dinh dya trén mic do tuong tu giita cic cip nguoi
ding hogc san pham.

Cac phwong phap tinh toan mirc d§ twong tuw
Vi¢c tinh todn mirc d§ twong tu gitta hai nguoi dung x va y dugc xem xét
dya vao tap san pham ca hai nguoi diing déu danh gid. Tuong tu, viéc tinh todn

muc do tuong ty gitra hai san pham x va y dugc xem xét dua vao tap nguoi dung
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ciing ddnh gid ca hai san pham. Sau d6, sir dung mot do do cu thé dé xac dinh
mirc do tuong tu giita hai ngudi ding hodc san pham.

C6 nhiéu phuong phép khéc nhau tinh todn mirc do tuong tw sim(x, y)
gitra cdc cap nguoi dung [56, 72]. Hai phuong phdp pho bién nhét duoc sir dung
14 do twong quan Pearson va gia tri cosin gitra hai vécto.

o D¢ twong quan Pearson gitta hai nguoi dung x, y (User-Based Similarity)
dugc  tinh  todn theo cong thac (1.8). Trong  do,

P = {pe P r, OAr,  # ¢} 12 tap tt ca cic san pham nguoi ding x va
nguoi dung y cung danh gia, Z,Z 1a trung binh cdng cac danh gid khac &

cua nguoi dung x va nguoi dung y.

0, -7, -7)

PEP,

> b, -n)f X0, -7)

PEP, PEPy

sim(x,y) = (1.8)

e D¢ twong quan Pearson gitta hai san pham x, y (Item-Based Similarity)
duoc  tinh  todn theo cong thac (1.9). Trong  do,

U,= {ue Ulr, . #¢Ar,  # ¢} 1a tap tat ca nguoi dung ciing danh gid san
pham x va san pham y. Gid tr r,, Z 12 d4nh gi4 trung binh cho san pham

x va san pham y.

> -7, -7)

uel

> (-7 f X0, -7 )

ueU, uel

sim(x,y) =

(1.9)

o D¢ twong tu vécto giita hai nguoi dung x, y 1a cosin cta hai vécto x va y
theo cong thtrc (1.10). Trong d6, hai nguoi dung x va y dugc xem xét nhu
hai véc to m chiéu, m=IPl 1a s6 lugng cdc san pham ca hai nguoi ding

cung danh gi4.
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- ror

AN X,py.p
sim/(x, y): cos(x, y): — zx.yd - = : P“z' - (1.10)
T

e D¢ twong tir vécto gitka hai san phdam x, y 1a cosin ctia hai vécto x va y
theo cong thie (1.11). Trong d6, hai san pham x va y dugc xem xét nhu

hai vécto cot n chiéu, n=IUy,l 1a s6 luong cdc nguoi dung cung danh gid

san pham p.
~= DI
. ( )_ (_> _’)_ X.y _ uel
sim\x,y)=cos\x,y)=—5———= Z 5 Z > (1.11)
X XH k. L.,
H y uel,, ! uel,, !

Chi y rang ca hai phuong phdp loc theo ndi dung va loc cong tic déu sir
dung d do cosin gidng nhau trén tap cdc sin pham. Tuy nhién, loc theo ndi
dung sir dung d6 tuong tu cosin cho céc véc to clia trong s6 dugce tinh theo do do
TF-IDF, loc cOng tic sir dung cosin gitta hai véc to biéu dién ddnh gid cua
nguoi dung.

Mot sb do tuong tu khic cling dugc st dung trong loc cong tic nhu:
Constrained Pearson correlation, Root Mean Square, Spearman rank
correlation, Kendall’s 7 correlation. V& ban chat, nhitng d6 do tuong tu nay Ia
bién ddi cua d6 tuong quan Pearson [56].

Cac phuwong phap duw doan

Phuong phép dy dodn mirc do thich hop cta san pham p chua dugc ngudi
dung u ddnh gid dugc tinh todn dua trén tap nhitng nguoi dung khic da danh gia
p. Goi U 1a tap N nguoi dung twong ty nhat ddi voi u. Khi d6, mic d6 phi hop
ctia nguoi ding u doi véi san phdm méi p duoc xédc dinh nhu mot ham céc danh
gid ciia tap lang giéng. Dudi day 1a mot s6 phuong phép thong dung nhét dé du

dodn muc do phu hop ctia san pham p d6i véi nguoi dung u.
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(a) ’/;4,]7 - N“é[j’;',p

b) r,, =k sim(u,u)xr,, (1.12)

u'eU

(c) r,, =T, +k2sim(u,u’)x (ru,m —Fu,)

u'el
Trong cong thic (1.12), k duge goi 1a nhan t6 chuan héa, 71a trung binh
cac danh gia cua nguoi dung u dugc xac dinh theo (1.13).

k = l/zuw|sim (u,u')|

]
r, = WZ ven Ty (1.13)

P, =we Plr ¢¢}

u,p

1.3.2.2. Loc cdng tic dwa vao mé hinh

Khic v6i phuong phdp dua trén by nhd, phuong phdp loc dya trén md
hinh [3, 11, 18, 34, 41, 59, 65, 68, 71, 77, 81, 88, 93, 94, 95, 103, 106, 117, 118,
119] sir dung tap ddnh gid dé xdy dung md hinh huan luyén. Két qua ciia mo
huan luyén dugc sir dung dé sinh ra dy dodn quan diém cta nguoi ding vé cic
san pham chua duoc ho ddnh gid. Uu diém cia ctia phuong phép nay 1a md hinh
huan luyén c6 kich thudc nho hon rat nhiéu so véi ma tran ddnh gid va thuc hién
dy dodn nhanh. M6 hinh chi can cap nhét lai khi c6 nhitng thay d6i 16n va chi
thuc hién lai pha xay dung mo hinh.

Mo hinh mang Bayes:

Mo hinh mang Bayes biéu dién mdi san pham nhu mot dinh cua d6 thi,
trang thdi cta dinh tuong tng voi gid tri danh gid cia nguoi ding ddi véi san
pham di duoc ddnh gid. Céu tric ciia mang dugc nhan biét tir tap dir liéu huan
luyén.

Breese [52] dé xuat phwong phap mang Bayes don gian cho loc cong téc,
trong d6 nhiing d4nh gid chua biét dugc tinh todn theo cong thirc (1.14). Breese
gia thiét cdc gid tri danh giad dugc xem xét nhu nhitng s6 nguyén nam giira 0 va

n. Danh gia chua biét cua nguoi dung u d6i vo6i san pham p la r,, dugc udc
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luong thong qua nhiing danh gia trudc d6 cia nguoi dung u. Goi P, = { p’eP |
rup#D}. Khi d6, ddnh gid chua biét ctia nguoi diing u d6i véi san pham p dugc

tinh theo cong thic (1.14)

u,p u,p u

r o=E(r )= fixPr(rW =ilr,,,p'cP,) (1.14)
i=0

Billsus va Pazzani [29, 30] chuyén d6i dir liéu c¢6 nhiéu muc d4nh gid
thanh dit liéu nhi phan. Khi d6, ma tran d4nh gid dugc chuyén d6i thanh ma tran
bao gém dic trung nhi phan. Viéc chuyén dbi nay 1am cho viéc sir dung mé hinh
mang Bayes tro nén thuan tién hon. Tuy nhién, két qua phan loai theo cac dic
trung nhi phan khong phan 4nh ding cdc b dir liéu thuc.

Su va Khoshgoftaar [103] m¢ rong mo6 hinh mang Bayes cho céac tap dir
liéu thyc gom nhiéu 16p dénh gia khac nhau. Két qua duy dodn ctia md hinh tot
hon so véi cic phuong phap dua trén d twong quan Pearson va mo hinh mang
Bayes don gian.

M6 hinh phan cum:

Mot cum la tap céc doi twong dir liu c6 cac phé‘m tor trong cum giéng
nhau nhiéu nhét, va khéc nhau nhiéu nhit ddi véi céc phé‘m tr thudc cac cum
khéc [107]. Céc phuong phdp phan cum cho loc cong tic duge sir dung dé phan
chia tap nguoi dung (hodc tap san phém) thanh cdc cum nguoi dung (hodc san
phém) c6 s¢ thich twong ty nhau. Khi d6, nguoi dung (hodc san phém) thudc
cum nao sé& dugc dy dodn va tu van cdc san pham dugc ddnh gid cao trong cum
doé [55, 107].

Do do ding dé ude lugng mirc d6 gidng nhau giira cac ddi tuong dir lidu
thuong dugc s dung la khoang ciach Minkowski va d§ tuong quan Pearson
[107].

Cho hai d6i tuong dit liu X = (x5, X2..X0), ¥ = (Y1, Y2..yn). Khi d6,
khoang cach Minkowski dugc dinh nghia theo cong thtrc (1.15).

b

(1.15)
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Trong d6, n la sb chiéu cua X va Y; x;, y; 1a gia tri thanh phﬁn thtr i cia X
va ¥; ¢ 1a mot sb nguyén dwong. Néu q =1, thi d(X,Y) 1a khoang cach
Minkowski. Néu q =2, thi d(X,Y) 12 khoang cch Euclid.

Sarwar [20] va Herlocker [55] cung cdc cong sy su dung cdc k¥ thuat
phén cum chia tap nguoi dung thanh cidc cum. Phuong phdp dy doédn str dung
céc thuat toan dya trén by nhd nhu do tuong quan Pearson dé thyc hién trén mdi
cum dir liéu.

Ungar va Foster [68] sit dung k¥ thudt K-median phan t3p nguoi dung
thanh cic cum dya vao nhitng san pham ho di d4nh gid, phan tap sin phim
thanh céc cum san pham dya vao nhimg nguoi ding ddnh gid san pham d6. Tap
nguoi dung sau d6 dugc phan cym lai dya vao sb san phém ho danh gid. Tuong
tw nhu vay, tap san phém cling dugc phan cum lai dua vao ) lvong nguoi dung
da danh gid san pham. Phuong phép nay dugc ddnh gid cao vé y tudng, nhung
trén thyc té két qua dy dodn khong dugc nhu mong mudn.

Si va Jin [66] dé xuat mo hinh phan cum bang mo hinh FMM (Flexible
Mixture Model). Phuong phdp phan cum ddng thoi cho ca nguoi ding va san
pham va cho phép mdi ngudi ding hodc san pham c6 thé thudc nhiéu cum khic
nhau, sau d6 md hinh héa cdc cum nguoi dung va cic cum san phém doc lap
nhau dé thyc hién dy dodn. Két qua thir nghiém da chtng té phuong phép cho
lai két qua tét hon so v6i phuong phdp dua trén d9 tuong quan Pearson va md
hinh dinh hudng (Aspect Model) [95].

M4 hinh ngir nghia an:

Mo hinh ngit nghia an cho loc cong tic dya vao cic ky thuat thong ké,
trong d6 cdc tham bién an dugc thiét 1ap trong mot md hinh hon hop dé kham
phé ra cong dong nguoi ding phit hop v6i mau ho so thich hop. Hofmann [96]
dé xuat mo hinh dinh huéng (AM) cap 3 bang cich mé rong md hinh dinh hudéng
cap 2 da dugc dp dung cho bai todn phén tich ngit nghia vin ban. Sau d6 sir
dung thuat todn EM (Expectation Maximization) dé udc lvong nglr nghia cédc

tham bién an.
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Si va Jin [66] dé xuit mo hinh MM (Multinomial Model) phan loai tap
nguoi ding véi gia thiét chi c6 mot kiéu nguoi ding duy nhét. Marlin [18] dé
xudt md hinh MMM (Multinomial Mixture Model), két hop v6i md hinh dinh
hudng (AM) [96] dé tao nén md hinh URP (User Rating Profile) voi gia thiét c6
nhiéu kiéu nguoi ding va céc ddnh gid mdi ngudi ding doc 1ap nhau. Marlin
khang dinh, URP thuc hién t6t hon so v6i md hinh AM va MMM [18].

M4 hinh phan loai va hdi qui:

Cho tap gdm N vécto M chiéu {x;}. Muc tiéu ciia phan loai hay hdi qui 1a
du dodn chinh xéc gid tri dau ra tuong tmg {c;}. Trong trudng hop phan loai, ¢;
nhan mot gia tri tt mot tap hiru han goi la tdp cdc nhan. Trong truong hop hdi
qui, ¢;c6 thé nhan mot gid tri thuyc.

bé ap dung mo hinh phan loai cho loc cong tac [23, 29, 84, 103, 106],
mdi san phém (hodc nguoi dung) dugc xay dung mdt by phén loai riéng. B
phan loai cho san pham y phén loai tap nguoi ding dya trén nhitng nguoi ding
khéc da ddnh gid san pham y. C4c bd phén loai dugc tién hanh huan luyén doc
1ap nhau trén tap cac vi du huén luyén.

Mt s6 mé hinh khac: Mot s6 mo hinh khic cling duge sir dung trong loc
cong tdc nhu md hinh cuc dai Entropy (Maximization Entropy Model) [34], md
hinh d6 thi (Graph-Based Model) [ 27,118, 119].

1.3.3. Nhiing vén dé ton tai

So véi loc theo ndi dung, loc cong tac c¢6 wu diém 1a khong ddi hoi biéu
dién san pham duéi dang céc dic trung noi dung. Ngoai ra, loc cong tic cho két
qua chinh x4c hon trong mot sb ung dung [56, 119]. Tuy nhién, loc cOng tac van
gap phai nhitng han ché can dugc tiép tuc nghién ctru dudi day [36, 78, 107].

e Vin dé nguoi ding méi (New User Problem). Ciing giébng nhu loc theo
noi dung, dé phan bd chinh xdc cic san pham nguoi ding quan tim, loc
cong tac phai udc luong duoc so thich ctua nguoi ding d6i véi cdc san

pham méi thong qua nhimg ddnh gid cua ho trong qué khtr. Trong truong
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hop mot nguoi ding méi, sé danh gid cia ngudi ding cho céc san pham
12 @, khi d6 phuong phdp loc cong tic khong thé dua ra nhimng tu van
chinh xé4c cho nguoi dung nay.

e Vin dé san pham méi (New Item Problem). Trong loc thong tin, cdc san
pham thuong xuyén dugc bo sung, cip nhat vao hé théng. Khi xuat hién
mot san pham méi, tat ca danh gid nguoi ding cho san pham nay déu la
@. Do d6, loc cong tic khong thé tu van san pham cho bat ky ngudi ding
nao trong hé théng.

o Vin dé dir liéu thua (Sparsity Data Problem). Két qua du doén cua lgoc
cong tac phu thudc chii yéu vao sé cdc ddnh gid c6 trude cia ngudi ding
ddi véi cdc san phém. Tuy nhién, ddi véi cac hé théng thuc té, sb lugng
ngudi ding va san pham 1a rat 16n (hang triéu ngudi dung va san pham),
s6 nhitng danh gia biét trudc thuong rat nho so vai sd luong cic danh gia

can duogc du doan.

1.4. PHUONG PHAP LQC KET HQP

Loc Kkét hop hay con goi la phuong phép lai [ 2, 8, 10, 28, 70, 74, 80, 96,
104, 117, 122] 1a phwong phép két hop giita cong tic va loc ndi dung nham tan
dung 1gi thé va tranh nhiing han ché ciia mdi phuong phap. So véi céc phuwong
phép khiéc, loc két hop cho lai két qua du doan tét va c6 nhiéu trién vong ap
dung trong cdc ung dung thuc té. Bai todn tong quat cua loc két hop duge phat

biéu nhu sau.

1.4.1. Bai toan lgc két hgp

Ngoai tap ngudi diing U, tip san pham P va ma tran loc cong tic R nhu da
duogc trinh bay ¢ trén, ky hi¢u C = {cy, c,,.., cx} 12 tap K dac trung biéu dién ndi
dung thong tin céc san pham peP hodc ngudi dung ueU. Vi du néu peP 1a mot
bo phim, khi d6 ta c6 thé biéu dién ndi dung ctia phim thoéng qua cdc dic trung c;

: “thé loai”, “dao dién”, “dién vién”, “hang san xuat” va cac dac trung ndi dung
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khéc ciia phim; néu ueU 1a mot nguoi ding thi ta ¢6 thé xem xét dic trung c; :
“tuéi”, “gidi tinh”, “nghé nghiép” va céc dic trung ndi dung khac phan anh
thong tin cd nhin nguoi dung.

Bai to4n ctia loc két hop 1a du dodn cho nguoi ding hién thoi u, nhiing
san phém pxeP chua dugc u, danh gid dya trén ma trdn danh gia ry; va cac dac

trung ndi dung C = { ¢1,¢2,..,cx} -

1.4.2. Céc phuong phap loc két hop

Loc két hop dugc tiép can theo bdn xu hudng chinh: Két hop tuyén tinh,
két hop déc tinh cua lgc ndi dung vao loc cong téc, Kkét hop dac tinh cua lgc cong
tdc vao loc ndi dung va xay dyng mod hinh hop nhat gifra loc cOng tic va loc noi
dung.

Két hop tuyén tinh [46, 70, 74, 98] 12 phuong phép xay dung hai lugc db
loc ndi dung va lgc cdng tac doc 1ap nhau. Két qua dy dodn cua toan by mo hinh
¢6 thé duoc Iwa chon tir phuong phdp cho két qua tt hon. Uu diém cia phuong
phép nay 12 ké thira dugc phuong phap biéu dién va tinh todn von c6 cla cic
phuong phdp. Nhugc diém 16n nhat ciia md hinh nay 1a cho lai két qua khong
cao Vi chua c6 sy két hop hiéu qua giita ndi dung va danh gid nguoi dung.

Két hop dic tinh cia loc ndi dung vao loc cong tic [23, 76, 82] 1a
phuong phép dua trén cdc k¥ thuat loc cong tdc thuan tdy nhung van duy tri hd
so ngudi ding ContentBasedProfile(u) nhu mot tham bién tham khao khi tinh
todn sy tuong tu gitra cdc cip nguoi dung. Phuong phdp c6 thé phét hién ra
nhing san pham tuong ty véi hd so ngudi ding hoic khong twong tur voéi hd so
nguoi dung. Trong trudng hop dir liéu thuwa hodc nguoi dung mdi, mirc do tuong
tu gitra hd so nguoi ding va san pham s& duoc xem xét dén dé tao nén du doén.

Két hop dic tinh ciia loc cong tac vao loc ndi dung [10, 46, 80, 105] 1a
phuong phdp xem xét cdc danh gid nguoi dung cua loc cdng tdc nhu mot thanh
phﬁn trong mdi hd so nguoi dung. Phuong phdp du doan thuc hién theo loc ndi

dung thuan tdy va so sinh véi két qua dua trén biéu dién hd so nguoi duing mo
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rong. Phuong phép phé) bién nhét thuc hién theo md hinh nay la sir dung cac k¥
thuat giam s6 chiéu cho ho so nguoi dung truwdce khi két hop voi danh gid nguoi
dung.

Mé hinh hop nhit (Unifying Models) [7, 8, 12, 23, 47, 98, 117] 1a
phuong phép biéu dién dic trung ndi dung va dénh gid nguoi ding trén cing md
hinh. Két qua dy do4n dya trén md hinh dit liéu hop nhét ciia ca ndi dung va
danh gid nguoi dung. Basu va céic cong su [23] dé xuit st dung loc cong tic va
loc ndi dung trong mot by phan loai don 1é. Schein [14] dé xuat phuong phap
thong ké két hop hai phuong phadp dya trén md hinh phan tich ngit nghia an
(LSM). Ansari [7] dé xuit md hinh hdi qui dya trén mang Bayes, trong d6 mdi
ho6 so nguoi diing va san pham dugc biéu dién trong ciing mot mé hinh thong ké.
Cic danh gia chua biét rij cua nguol dung i cho san pham j dugc xé4c dinh theo
cong thire (1.16).

rEX MY Hw A te,

e ~N(0,0%),

i (1.16)
A = N(0,A),
¥, ~N(O,D),

Trong d6, i=1,2,..,N biéu dién tap nguoi dung; j= I, 2,..,M biéu dién tap san
pham; e;; 1a bién ngiu nhién diéu khién nhiéu tuong tic giita nguoi ding va san
pham, A; 1a bién ngau nhién diéu khién nhiéu khong quan sit duoc ddi véi nguoi
ding, y 1a bién ngiu nhién diéu khién nhiéu khong quan sit dwoc déi voi san
pham, Xij biéu dién cic dic trung ctia ngudi ding va san pham, z; 1a véc to céc
ddc trung nguoi dung, wj 1a véc to cdc dic trung cua san pham. Céc tham bién
chua biét cia md hinh 12 4 &%, A, I"duoc u6e luong tir dit liéu dénh gid bibt
trude st dung chudi Markov an theo phwong phap Monte Carlo.

Toém lai, md hinh st dung tap cac thudc tinh nguoi dung {z;} tao thanh mot
phan cia hd so nguoi ding, tap cic thudc tinh san pham {w;} tao thanh mot
phan ctia hd so san pham, két hop véi ma tran tuong tic gitta nguoi ding véi

san pham {x;} dé udc lugng danh gid chua biét cua san pham.
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Nhiéu két qua so sanh loc Kkét hop da chiing t6 phuong phép cho lai két qua
dy dodn t6t hon so véi cic phuong phap loc cong tic va loc ndi dung thuan tdy
[82]. Pic biét, loc két hop han ché hiéu qua van dé dir liéu thua va ngudi ding
moéi. Tuy nhién, cdc phuong phdp van con mot sd han ché duéi ddy can dugc

nghién ciru khic phuc [8, 10, 36, 38].
1.4.3. Nhirng van dé con ton tai

o Thiéu su két hop hiéu qua cdc dac trung noi dung vao loc cong tdc.
Khong phi tat ca cdc dic trung ndi dung cia san pham déu anh hudng
dén théi quen str dung san pham cua tat ca ngudi diing. Viée tim ra tap
cdc dic trung ndi dung c6 anh hudng quan trong dén théi quen sir dung
san pham cua mdi nguoi ding cu thé, sé cai thién dang ké két qua dy dodn
cua cidc mo hinh.

o Thiéu sur két hop hiéu qua cdc dac tinh cua loc cong tdc vao loc ngi dung.
Céac phuong phédp loc cong tic thuc hi¢n dy dodn dya trén tap danh giad
ngudi ding d6i v6i san pham. Trai lai, cic phuong phap loc nodi dung dya
trén biéu dién noi dung san pham va hd so nguoi ding san pham. Viéc
thuc hi¢n tinh todn mtrc d¢ twong tu theo ndi dung trén ca ndi dung san
pham va danh gid nguoi ding chua giai quyét trigt dé mau thuan giira cic

cach tiép can.

1.5.KET LUAN

Nhu da trinh bay ¢ trén, phuong phép loc theo ndi dung thuc hién hi¢u
qua vé6i cic dang thong tin dugc biéu dién dudi dang cdc dic trung ndi dung
nhung lai khé thuc hién trén cdc dang thong tin da phuong ti€n. Loc cOng tic
cho lai két qua tét hon so véi loc ndi dung va cé thé loc bt ky dang thong tin
nao nhung gip phai van dé dir liéu thua, ngudi ding méi va san pham méi. Loc
két hop chi phat huy hiéu qua néu ta giai quyét duwoc nhitng méu thuan trong khi

két hop cac dic trung nodi dung vao loc cong tic. Chinh vi vay, luan 4n tap trung
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nghién ctru vao mot s6 van dé con ton tai trong loc cong tic va loc két hop voi
muc tiéu cu thé sau:
e Nghién ciru va dé xuat phuong phép han ché dnh huéng tinh trang dir liéu
thua ciia loc cong tac. Phuong phap dé xuat duogc trinh bay trong Chuong 2.
e Nghién ctru va dé& xudt phuong phép két hop gitra loc cong tic va loc ndi
dung dé nang cao chat luong tu van. M hinh két hop dé xuat duoc trinh
bay trong Chuong 3.
e Xay dyng mot ing dung dua trén phuong phap dé xudt. Két qua cai dat
ung dung duogc trinh bay trong Phu luc 1.
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CHUONG 2
LOQC CONG TAC BANG PHUONG PHAP HQC PA NHIEM

NGi dung chinh cua chuong nay trinh bay mdt phuwong phédp loc cong tic
dua trén ky thuat hoc da nhiém (Multi-task Learning). Hoc da nhiém thyuc hi¢n
d6ng thoi nhidu bai toan phéan loai nham phét hién ra nhiing dic trung chung cho
mot hodc nhiéu bai todn phén loai. Tap dic trung chung tim dugc déng vai trd
chia sé va bo sung thdng tin gilta cdc bai todn phan loai khic nhau, gép phan
nang cao két qua dy dodn va han ché anh hudng cia van dé dir liéu thua trong
loc cong tac.

Dé thuan tién cho viéc trinh bay, van dé dit lidu thua dugc trinh bay trong
Muc 2.1. Muc 2.2 trinh bay phuong phép phan loai bang k¥ thuat Boosting. Muc
2.3 trinh bay phuong phdp hoc da nhiém dya trén k¥ thuat Boosting. Muc 2.4
trinh bay vé phuong phép thir nghiém va danh gid két qua phén loai trong truong

hgp dir li¢u thua.

2.1. PAT VAN PE

Nhu da trinh bay trong Chuong 1, mot khé khan cic phuong phap loc
cong tic gap phai 12 van dé dir liéu thua [9, 14, 24, 36, 107]. Van dé dit liéu thua
anh hudng truc tiép dén két qua tinh todn mic do twong tu, x4c dinh tap ling
giéng va nhiéu van dé lién quan khéc trong loc cong tic. Chinh vi vay, han ché
anh hudéng van dé dir liéu thua 1a mot trong nhitng trong tdm nghién ctru cua loc
cong tic [9, 24, 115]. Van dé dir lidu thua cia loc cong tic c6 thé dugc mé ta

nhu sau.

2.1.1. Van dé dir liéu thwa ciia loc cdng tic

Gia sir hé gom N ngudi dung U = {uy, us,..., ux}, M san pham P = {p,,
D2,.., pm} V01 ma tran danh gid R =(r;) nhu da duoc trinh bay trong Muyc 1.3.1.

Trong cdc hé théng loc cong tac, sé lugng nguoi ding 1UI va s lugng san pham
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|P| 1a rat 16n. Tuy vdy, mdi nguoi diing chi dua ra mot sb rat it cic danh gia cua
minh trong tdp céc san pham. Piéu nay 1am cho ma trin dau vao rij €O s6 lugng
cic danh gid 7,7 @ nho hon rat nhiéu 1an sb cdc danh gid ry=@. Ty 18 dit lidu
chua dugc danh gid trong tdp di li¢u EachMovie la 97.6% va MovieLens la
95.7%. Loc cong tac goi van dé nay Ia van dé dir liéu thua (SDP).

Nhiém vu cta cdc phuong phdp loc cong tic la du doan cho ngudi dung
hién thoi (AC) dya trén ma trén dénh gid R v6i hau hét céc gid tri ryy =2.

Bang 2.1. Ma tran dénh gid nguoi dung

P1 P2 Ps3 P4 Ps
u; 5 %) %) 4 4
up %) 4 %) 3 5
u3 %) 4 5 2 3
Uy 5 %) 5 %) %)

2.1.2. Anh huéng ciia van @@ dir liéu thua

o Vin dé dir liéu thia ddnh gid lam cho nhiéu cdp nguoi ding khong xdc
dinh duoc mirc do twong tu. Loc cOng tac goi van dé nay la van dé dir liéu
bao phu yéu (Reduced Coverage Problem)[107]. Vi du ta can xé4c dinh
mirc d6 tuong ty giita ngudi ding uy va u, trong Bang 2.1. Vi s cic san
pham cé uy va u, déu ddnh gid khong phu nhau hay khong giao nhau, do
d6 do tuwong tur giita uy va u, tinh todn theo cic do do twong tu 1a 0. Diéu
nay anh huéng tryc tiép dén phuong phap huan luyén va két qua du dodn
vi cdc danh gid khiac & cua nguoi dung u, khong bao gio dugec xem xét
dén trong qua trinh huén luyén va tham gia déng gép vao két qua dy dodn

cho nguoi dung uy.

o Van dé dir liéu thira lam cho viéc xdc dinh tdp hang xom cho nguwoi dung

hién thoi kém tin cdy. Vi du ta can dy dodn cc san pham cho nguoi ding

45



uy trong Bang 2.1, dya trén cac do do tuong tu ta s€ tinh toan dugc us tuong
tu voi uy vi rluy, p1] = rlug, pa] = 5. Két qua la c4c san phém Pa, ps s€ duoc
phan b6 cho uy Vi uy tuong tu v&i u; va uy “thich” p4, ps. Tuy nhién, ta
cling tinh todn dugc u, twong tu voi usz vi rlus, ps] = rlug, p3] =5, do d6 py,
Pps & bi g& bo trong danh muc cdc san pham phéan bd cho uy Vi uy twong tur
V01 us va us “khong thich” ps, ps. Nhu vay, néu coi hodc u; hodc u; 1a lang
giéng clia uy thi két qua dy dodn tré nén kém tin cdy, néu xem xét ca u; va
us déu 1a lang giéng cuiia p4 thi xdy ra mau thuan vi u; va u3 hoan toan

khong tuong tu nhau.

o Vin dé dir liéu thua lam cho viéc gidi quyét bai todn ddnh gid ban dau
(The First Rater Problem) gap nhiéu khé khan. Khi hé théng ¢6 thém mot
ngudi diing méi, ngudi diing niy can c6 mot sb danh gid ban dau cho mot
vai san phém thi hé théng moi ¢6 thé dy dodn cho ho nhitng san phém tiép
theo. Tuong tu nhu vay dbi v6i cic san pham méi chua duoc bat ky ngudi
ding ndo danh gi4, san pham nay chi dugc tu van dén nguoi ding khi c6
mot vai ngudi ding dénh gid. Loc cong tic con goi nhiing van dé nay Ia

véan dé xuat phat cham (Cold Start Problem).

2.1.3. Cac phuwong phap han ché van dé dir liéu thua

Hudng tiép can pho bién dé han ché anh huong van dé dir liéu thua dua vao
ciac phuong phdp giam s6 chiéu cia ma tran danh gia. Vé ban chat, nhiing
phuong phép nay han ché van dé dir liéu thua bang cich tao nén ma tran twong
tdc dic hon, sau d6 sir dung ma tran nay dé tinh toin mic do twong quan giira
nguoi diing hodc san pham.

Chién lugc don gian nhat dé giam s6 chiéu cia ma tran dénh gia 12 tao lap
nén cic cum san pham hodc cum nguoi ding, sau d6 sir dung nhitng cum nay nhu
nhiing don vi co ban dé sinh ra du doén [14, 20, 24, 55, 103]. Ungar va Foster
[68] sir dung k¥ thudt K-median phan cum ngudi ding va san pham doc 1ap

nhau, sau d6 cic cum nguodi dung va san pham dugc phéan cum lai d€ tao nén cac
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cum c6 muc d¢ twong ty cao theo cd ngudi dung va san phém. Si va Jin [66]
thyc hién phan cum dong thoi cho ca ngudi diing va san pham. M6 hinh cho
phép ngudi ding hodc san pham cé thé & nhitng cum khic nhau. Két qua du
dodn dugc thuc hién trong cum ngudi dung hoac san phém c6 mat do danh gia
cao nhét.

Phuong phdp giam s6 chiéu clia ma tran dénh gia bang céc ky thuat thong ké
dugc quan tam nhiéu hon so véi cic ky thuét phan cum [20, 29, 62, 79]. Billsus
va Pazzani [29] dé xuét viéc sir dung phuong phép phat hién ngit nghia an (LSM)
dua trén ky thuat phan ra gia tri riéng (SVD). K.Goldberg cung cic cong sy [62]
cai tién phuong phdp phan cum str dung k¥ thudt phan tich thanh phan chinh
(PCA). Tuy nhién, trong nhiéu trudng hop thong tin hiru ich c6 thé bj mat trong
qud trinh giam chiéu ma tran 1am cho két qua du dodn gap nhiéu han ché.

Mot hudng tiép can khic han ché van dé dit lidu thua dya vao viéc khai thac
cac mbi lién hé gidn tiép trén ma tran danh gid. Huang [119] biéu dién ngudi ding
va san pham nhu mot d6 thi hai phia (Bipart Graph Model), mot phia 12 tap nguoi
duiing, phia con lai 12 tap san pham, mdi canh ndi tir dinh nguoi ding dén dinh san
pham dugc thiét 1ap néu nguoi ding da mua hodc dénh gid cao cho san pham
tuong tmg. Dya trén biéu dién méi quan hé nguoi diing va san pham, dit liéu duoc
dién vao céc 6 con tréng trong ma tran ddnh gid thuc hién bang cach lan truyén c6
trong so trén do thi hai phfa.

Desrosiers va Karypis [24] han ché van d¢ dit liéu thua bang do twong quan
gian tiép (Indirect Similarity). Trong phuong phép nay, mic do twong tu giita
cdc cap nguoi diing khong chi dugce tinh todn dya trén tap san pham ca hai nguoi
ding ciing d4nh gi, ma con dugc ting cudng thém gid tri twong ty gidn tiép
dugc tinh dya trén tap san pham hai nguoi ding danh gid khong giao nhau.

Phuong phdp han ché van dé dit lidu thua caa loc cong tac dé xuét trong
chuong nay dugc thuc hién dya trén ky thuat hoc da nhi¢m [3, 81]. Hoc da
nhiém cho phép phat hién ra cdc dic trung chung cho mét hodc nhiéu nguoi

ding khac nhau. Cic dic trung chung tim dugc déng vai tro chia sé, bo sung
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thong tin cho nhimg nguoi ding khac s& 1am ting dir liéu huan luyén, vi vay
nang cao Kkét qua du doan va han ché dugce anh hudng cua tinh trang dir li¢u thua

cua loc cOng tac.

2.2.LOC CONG TAC BANG PHAN LOAI

Loc cong tic c6 thé phat biéu nhu bai todn phan loai tur dong ciia hoc mdy
[23, 29, 81, 106, 108]. Dua trén danh gid cua ngudi dung vé nhiing san phém
khac nhau, mot md hinh phan loai s€ dugc xay dung va huén luyén cho mbi
ngudi ding. M6 hinh nay sau d6 dugc st dung dé phan chia san pham méi
thanh cdc loai khac nhau, vi du nhu loai “thich” va “khéng thich”. Tuong tu nhu
viy, c6 thé thay doi vai trd giita nguoi ding va san pham, cho phép ta xiy dung
duogc cac by phan loai cho mdi san phém dé dy dodn mot san phém cu thé cé
“thich” hay “khong thich” dbi v&i ngudi ding. Bai todn loc cong tdc bang phan

loai dugc phat biéu nhu sau.

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

Cho ma trn ddnh gid nguoi dung R = (r;) nhu dugc trinh bay & trén. Céc
hang cua ma trn twong Gmg voi tdp nguodi dung, cac cft cua ma tran tuong ung
v6i tap san pham, cic phan tir rij cua ma tran tuong ung voi danh gid cua nguoi
ding dbi v6i san pham. Thong thuong, mdi ngudi dung chi danh gid mot tap rat
nho cidc mat hang va do vay da sb céc gia tri ryj duoc dé tréng (rj = D). Nhiém
vu cua lgc cong tac 1a dién vao hay dy doan cac gid tri thich hop vao ciac 6 tréng

cho moi hang ciia ma tran danh gia.

Tiép can cho loc cong tic bang phén loai, ta cin cd nhan héa md hinh hoc
cho mdi nguoi dung. Mai nguoi dung s€ dugc xay dung riéng mot bd phan loai.
MGi bo phan loai du dodn cdc gid tri tréng cho mgt hang ciia ma tran danh gid.
Vi du v6i ma tran dau vio cia loc cong tic R = (ri;) mo ta h¢ gdém 4 nguoi ding
va 5 san pham trong Bang 2.2, ta can xAy dung 4 bd phan loai khéc nhau cho 4

nguoi dung uy, uy, us, us. Gia st ta can du doan cho nguoi dung u, vé cic san
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phém pavaps. Ta can huan luyén mot thudt todn hoc dya vao thong tin danh gia
truée d6 cua nguoi diing uy cho cdc san pham. Trong Bang 2.2, ngudi ding ug
da danh gia 3 san phém P1> P2, P3- Diéu nay chira 3 vidu huén luyén py, pa, p3 s€

dugc dung dé sinh ra du dodn cho nguoi dung uy.

Bang 2.2. Ma tran dau vao cuia loc cong tic

P1 P2 P3 P4 Ps
u 5 2 %) 4 4
u %) 4 5 3 %)
us3 4 5 2 %) 3
Uy 5 3 4 ? ?

M&di vi du huén luyén duogc biéu dién dudi dang mdt véc to dac trung. Méi
dic trung tuong Gmg v6i mot ngudi ding khac nguoi ding can du dodn (nguoi
dung u,, u,, us). Gia tri khac réng cua ma tran danh gia la gid tri cac dac trung
(vidu ry1, 112, 123, 124 12 cdc gid tri dac trung ng voi nguoi dung uy, uz). Nhan
phan loai cho cdc vi du huén luyén 1a nhitng dénh gid khic & cta nguoi ding
hién thot (vi du 74, 742, 743 1a cdc nhan phan loai cho nguoi dung uy).

Mot van dé dat ra trong biéu dién nay 12 nhidu gid tri ddc trung c6 gid tri
r5ng (ryj =) chua dugc dién gid tri (vi du ry3, r21). bé khic phuc diéu nay, ta
chi can thyc hi¢n mot bién doi don gian dua ma tran ddnh gid R = { ryj | ryy = O,
1,2,.,V} thanh ma tran R = { r;j | r;j = -1, 0, 1 }. Trong d6, cdc gid tri rj>0 dugc
bién d6i thanh +1; cdc gid trj ;< © dugc bién ddi thanh -1; ry; = & dugc bién doi
thanh 0; 6 1a mot gid tri ngudng dugc xac dinh tuy thudc vao tap dir licu kiém
nghiém. O ddy, gid trj r; = 1 biéu dién ngudi dung u; “thich” san pham p;, rij=-1
biéu dién ngudi dung u; “khong thich” san pham p;, ry = 0 biéu dién ngudi dung

u; chua danh gid hodc chua bao gid biét dén san pham Dj-

Vi du véi ma tran dénh gid dugc cho trong Bang 2.2, ma tran dau vio cho

cac bai todn phan loai duge chuyén doi thanh ma tran trong Bang 2.3. Céc gi4 tri
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ry > 3 dugc chuyén doi thanh +1, cic gid tri r;<3 dugc chuyén doi thanh -1,

nhiing gid tri & con lai dugc dién 1a gid tri 0.

Bang 2.3. Ma tran dau vao bai todn phén loai theo ngudi diing

P1 P2 P3 P4 Ps
u; 1 -1 0 1 1
up 0 1 1 -1 0
uj 1 1 -1 0 -1
uy 1 -1 1 ? ?

Tuong ty nhu trén, ta c6 thé thay doi vai trd gitta nguoi diing va san pham
dé xay dung nén cac bd phan loai cho cac san phém. M&éi bo phan loai thyc hién
du dodn san pham tuong tmg phit hgp hodc khong phit hop véi nhimg nguoi
ding nao. Vi du ta c6 thé thay doi vai trd gilta nguoi ding va san pham trong
Bang 2.2 va thyc hién bién d6i nhu trén ta dwoc ma tran dau vao cho bai todn

phan loai cho cic san pham trong Bang 2.4.

Bang 2.4. Ma tran dau vao bai todn phan loai theo san pham

u up uj Uy
p1 1 0 1 1
p2 -1 1 1 -1
p3 0 1 -1 1
jon 1 -1 0 0
Ps 1 ? -1 ?

V6i vi du huén luyén nhu trén, bai todn phan loai c6 thé thyuc hién bang
nhitng phuvong phdp phan loai thong dung, vi du mang noron nhan tao, cay
quyét dinh, mdy hd tro vécto (SVM) . Tuy nhién, trudc khi str dung truc tiép dir

liéu huan luyén va phan loai, mot van dé can giai quyét 1a trich chon dic trung.
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Trong truong hop trinh bay & ddy, mdi dic trung chinh 13 d4nh gid ctia mot
nguoi dung khéic véi nguoi dung dang xét (trong vi du ¢ Bang 2.2, bai toan phan
loai cho nguoi dung uy ¢6 3 dac trung la danh gid cia nguoi dung uy, u,, us3).
Trén thyc té, s6 lugng dic trung rat 16n va khong phai dic trung nao ciing lién
quan tdi danh gid cua ngudi dung dang xét. Viéc su dung cad cic dic trung
khong lién quan 1am tang d¢ phuc tap tinh todn déng thoi 1am giam d6 chinh xac
phan loai.

Dé giai quyét van dé trich chon dic trung, Billsus va Pazzani [29] sit dung
phuong phip SVD dé phan tich ma tran danh gia thanh tich cia ma tran bao g@)m
cac vecto riéng va ma tran duong chéo bao gdm céc gi4 tri riéng, sau d6 it gon
kich thudc ma tran bang céch chi giir lai nhitng vecto riéng twong tng véi nhiing
gid tri riéng 16n nhat. Nho vay, nhitng dic trung ban dau dugc bién d6i thanh
dac trung méi. Pac diém cua dic trung mai la sb lugng dac trung it hon, nhung
sau khi chiéu dir liéu xudng dic trung méi s& cho phwong sai 16n hon so véi khi
chiéu xudng dic trung gdc, do vy dé phan loai dit lidu hon.

Trong pham vi ludn 4n, ching t61 dé xuét mot cach tiép can khac duva trén
viéc st dung k¥ thuat Boosting cho bai toan phan loai cua lgc cong tac. Noi

dung cu thé caa phuong phap duoc trinh bay trong Muyc 2.2.2.

2.2.2. Phan loai biang phuwong phap Boosting

Boosting 1a phuong phdp hoc mdy cho phép tao ra by phin loai manh
(Strong Classifier) c6 dd chinh xac cao bang cdch két hop nhiéu bo phan loai c6
d6 chinh xdc kém hon hay con duoc goi 14 bd phan loai yéu (Weak Classifier).
Duya trén nguyén tac chung nay, nhiéu phién ban khéic nhau cua ky thuat Boosting
da dugc dé xuat va s dung [50, 91, 110, 111]. Trong d6, phién ban Gentle
AdaBoost (viét tat 12 GentleBoost) dugc Friedman dé xuét c6 nhiéu vu diém nhu
don gian, 6n dinh va cho két qua phan loai tot trong nhiéu img dung [13].

Phuong phép GentleBoost cho truong hgp phéan loai hai 16p c6 thé mé ta

t6m tat nhu sau. Cho tap dir liéu huan luyén bao g@)m M vi du (x1, y1),.., (it Y1)
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véi x; 1a vecto cac dac trung va y; la nhan phén loai nhan gid tri y; = +1 hodc y; =
—1 (twong Gng voi “thich” va “khong thich). BO phan loai manh F(x) dugc tao
thanh bang céch t6 hop tuyén tinh cic bo phan loai yéu.

Fx)=Y" f,(x) (2.1)

Trong d6, x 1a vecto dic trung dau vao, fi(x) 1a bo phan loai yéu c6 kha
ning dy dodn nhin phén loai cho vecto dau vao x, K 1 s6 vong lap. Két qua
phan loai cudi cung dugc tao ra bﬁng céch tinh sign(F (x)).

Thuat toan bao gdm K vong lap. Tai vong lip thir k, cdc vi dy huan luyén s&
duogc déanh trong s6 lai sao cho nhiing vi du bi phan loai sai trong vong trudc
nhan dugc trong s6 cao hon va do vay dugc bd phan loai chu y hon. B§ phan
loai fi(x) duoc huan luyén trén dir li¢u c6 trong sb trong vong tht k. Thudt todn

GentleBoost dugc thé hién trong Hinh 2.1.

DPau vao:
o Tap dir liéu hudn luyén gém M vi du (xj, ¥1),.., (Xp, Yu) VOI X; la

vecto cdc ddc trung va y; la nhan phan logi nhan gid tri y; = +1

hodac y; = —I.
e K la s6 vong lap (k<200).
Piu ra:

o Tralgi sign[F(x)] =sign[},  f, ()]
Cac bude thue hién:
1. Khdi tao cdc trong s6 wi = 1/M, i = 1..M, w; la trong so ciia vi du
hudn luyén thir .
Khoitao F (x) =0
2. Lap voik=1,2,..,K
a. Hudn luyén fi. (x) sw dung dir liu hudn luyén co trong 56
b. Cdp nhdt F (x) « F (x) + fi. (x)
c. Cdp nhdt trong so w, —we W (i=]1, 2, .., M) va chudn

tac hod trong so

3. Trd vé b phan logi sign[F(x)] =sign> .  f, (0]
Hinh 2.1. Thudt todn GentleBoost.
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Tai budc (a) ciia mdi vong 1ap, thuat toan lya chon fi(x) sao cho sai sb phan

loai (2.2) nho nhét:

J =zzlwi(yi - f (x,-))z 2.2)

Pé tim dugc bo phan loai cho phép cuc tiéu hod (2.2), can xay dung bd
phan loai yéu fi(x) cho phép cuc tiéu hod binh phuong 16i phan loai c¢6 tinh t6i
trong s6. C6 nhiéu phuong phap xiy dung bo phan loai yéu khic nhau. O day,
bo phan loai yéu duoc st dung 1a gdc quyét dinh (Decision Stump). Goc quyét
dinh 12 phién ban don gian cuia ciy quyét dinh véi mot niit duy nhat. Goc quyét
dinh lya chon mét déc trung cua vi du huén luyén, sau d6 tuy thudc vao gia tri
ctia dic trung dé gan cho nhin gid trj 1 hay —1.

f.(x)= a§(x'f > t)+ b§(x-f < t) (2.3)

Trong d6 & (e) = 1 néu e diing va & (e) = 0 néu nguoc lai, 7 1a mot gid tri
ngudng, a va b 12 tham sd, X' 12 gid tri ddc trung thu f cia vecto x. Trong
truong hop dit liéu ddnh gid chi bao gom gid trj 1 va 0 hodc 1 va —1, c6 thé
chon ngudng ¢ = 0. Nhu vay, ngoai viéc phan loai, géc quyét dinh con thuc
hién trich chon dic trung, mdi gbc chi chon mot dac trung duy nhat.

Qua trinh huan luyén dé chon ra géc tdt nhét dugc thuc hién bﬁng cach
thir tat ca dic trung f. Vi mdi gid tri ciia f, gid tri tdi wu ciia a va b duoc ude
luong theo k¥ thuét binh phuong t6i thiéu (Least Square Estimation) ma ban

chét 12 tinh gid tri tham sb tai diém c6 dao ham bﬁng 0.

> wy.d(x’ >0)
a==

2.4
Z’ w.d(x" >0) 24)

. 2. wyo(x’ <0)
Y wek' <0) 2)
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Gid tri f, a va b tinh dugc cho sai sé du dodn (2.2) nhé nhét s& dugc chon
dé tao ra bo phan loai fi(x) cho vong lap thtr k. Bo phan loai yéu fi(x) sau d6
duogc cdng thém vao bo phan loai chinh F (x) tai budc b.

Tai budc (c), thuat todn tién hanh cap nhat lai trong sb w, « we W Cac
vi du phan loai sai c¢6 y; fi(x;)) < 0 dugc GentleBoost ting trong sd, cic vi du
phan loai ding c6 y; fi (x;) >0 bi gidm trong sb. Véi cdch 1am nay, thudt todn sé
khién bo phan loai chd ¥ hon téi nhitng vi du hién dang bi phan loai sai.

Friedman va cdc cOng sy chimg minh vi¢c thém fi(x) vao F(x) tai budc k
dép ung dugc ky vong mong mudn théng qua cdc budc cap nhat cia phép khai
trién Niuton [50] .

Ménh dé 2.1. Thudt todn GentleBoost cuc tiéu héa ham 16i phén loai thong
qua cdc buée cia phép khai trién Niuton.

Chirng minh. Thuc chat, GentleBoost xdy dung bo phan loai yéu bang cach sir
dung phuong phap Niuton dé cuc tiéu hod ham 15i khi phan loai. Dudi day 1a
nhimng phan tich chitng minh cho khang dinh nay.

Trong bai to4n phan loai néi chung, gia tri ham 15i duoc tinh bang ky vong
cua sb luong vi du bi phan loai sai, tic la bﬁng:

ELS(F () # D=~ 3 8(F () % 3) 2.6)

Trong d6, E[.] 1a ky vong va dugc tinh bang ty 1é 15i trén dir lidu huan
luyén. Do ham (2.6) khong kha vi, nén thay vao dé cac thudt toan Boosting stir
dung ham 13i theo tiéu chuan ham mil duéi dang

J=E[e”"™] 2.7)

Dé dang nhan thdy ham (2.6) 1a gidi han trén cua (2.5) (do ¢ "™ >1 khi
F(x;)#y,), Vi vdy cuc tiéu hod (2.6) cho phép giam gid tri ham 161 (2.5).

Thuat todn GentleBoost xiy dung ham phan loai sao cho gi4 trj 16i J nho

nhat bang cach cai thién dan ham phan loai. Tai budc thir k, ta can cai thién ham
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F(x) bﬁmg cach cap nhat F(x) + fi(x). Thuat toan s€ lya chon fi(x) sao cho gi4 tri

ham 18i J gidm nhiéu nhét. Khai trién ham J duéi dang chudi Taylor bac 2, ta c6:
J(F(x)+ f,(x)) = E[e”?T@0]

=E[e”" (- yf, (X)+ ¥ f, ()7 /2)]
=E[le”™ 1+ (y- f,(x)*)/2)] doy®=1

Do hang s6 va hé s 1/2 khong anh huong téi f; (x), ta c6 thé viét:

() =argmin Ele”" (5 = £, (0)'] 2.8)

Thay ky vong bﬁng gid tri trung binh trén dir licu huan luyén va st dung ky

—yiF (x;)

hi¢u trong sb w. . =e , (2.8) duoc viét lai nhu sau:

[0 = argfmin[z w, (v, = ()] (2.9)

Gid tri can tdi uu chinh 12 ham 15i (2.2) d néi ¢ trén. Cong thirc nay giai
thich viéc lya chon f; (x) bﬁmg k¥ thuat LSE va cach thuc cap nhat trong s w; tai
budc k.

Tiép theo, ta thay viéc cap nhat F(x) sir dung fi(x) theo (2.8) twong (mg voi
cdc budc trong phuong phap Niuton dé cuc tiéu hod ham 15i. That vay, sir dung

mot so bien doi don gian, ta c6:

3J (F(x)+ f, (x))| P
=—E[e”""y] 2.1
0L |, ! (10)
azJ(F(X)"‘fk (X))| —yF(x) .2 —yF (x)
> =E[e™ I=Ele™"] 2.11
A @1
Céc budc cap nhat cua phuong phap Niuton khi d6 dugc tinh béi:

E[e—.vF(X)y]

F(x) < F(x) +W (2.12)

(x;)

Thay trong sd w, = e " vaxac dinh fi(x) tr (2.9) bﬁmg cach cho dao

ham béng 0, ta co:
Ele™"y]

fk(X):W

2.13)
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Nhu vay, viéc thém f; (x) vao F(x) tai budc k dap ung dugc ky vong mong
mudn twong g véi cdc bude cap nhat ctia phuong phap Niuton va thuat todn s&
hoi tu néu chon K du 16n. Trén thuc té, cic thu nghiém cho théy thuat toan

GentleBoost cho két qua tot v6i K= 200 vong lap [50].

2.3. PHAN LOAI VOI CAC PAC TRUNG CHUNG

Vi phuong phdp trinh bay ¢ trén, qud trinh trich chon dac trung va huan
luyén bo phan loai cho nguoi dung u; dugc thuc hién trén dir li€u tao thanh tir
nhimng san pham ma ngudi ding nay di c6 danh gia. Thong thuong, mdi ngudi
ding chi ddnh gid mét tap rat nho cdc san pham, do vdy mdi bo phan loai chi
dugce hudn luyén trén mot luong dir lidu nho. Pay 1a yéu t6 dan téi hiéu qua
phan loai thap. Dé gidi quyét nhugc diém néi trén, myc nay sé trinh bay phuong
phép huan luyén va trich chon dic trung dong thoi cho tat ca nguoi dung thay vi
cho timg ngudi riéng r& nhu vira md ta & trén. Viéc huin luyén ddng thoi cho
phép két hop thong tin va dir liéu huan luyén tir nhitng nguoi ding khac, nho
vy gidm bSt yéu cau c6 nhiéu san pham dugc danh gid trudc cho mdi nguoi
dung. Bay 1a mot k¥ thuat thuong duoc goi 1a hoc da nhiém.

2.3.1. Phwong phap hgc da nhi¢m

Dé thuan lgi cho viéc trinh bay, trong phan nay chiing tdi tém tit vé
phuong phép hoc da nhiém trudc khi chuyén sang trinh bay vé dé xuét str dung
hoc da nhi¢m dya trén Boosting cho bai toan loc cOng tac.

Hau hét cdc phuong phap hoc mdy cho loc cong tic hién nay déu thuc
hién nhiing nhi¢m vu hoc don I1é. Két qua cua mdi nhiém vu cu thé hoan toan
doc 1ap véi cdc nhiém vu khéc. Trén thuc té, két qua ciia mdi bai todn phéan loai
cho ting nguodi dung khdong hoan toan ddoc 1ap nhau, Kkét qua cua bai todn phan
loai nay cé thé duoc dung lam vi du huén luyén cho bai todn phan loai khéc.

Chang han, ta c6 thé str dung két qua phuong phép hoc nhan ra qua tdo dé ap
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dung cho viéc hoc nhan ra qua 1€, sir dung phuong phap hoc choi dan Violin dé
hoc cdch choi dan Organ. D¢ thuc hién diéu nay, trudc khi thuc hién nhiém vu
nao d6 ta thuong nhd lai va chuyén giao nhiing tri thirc nhan duogc dé thuc hién
nhitng nhiém vu khéc.

Phuong phdp hoc mdy thuc hién déng thoi tir nhiéu nhiém vu lién quan
dé nang cao két qua du dodn duoc goi 1a phuong phdp hoc da nhiém [3, 48, 81,
87]. Bﬁng viéc suy dién déng thoi gitra cdc nhi€ém vu, hoc da nhiém phat hién
ra nhirng tri thie tir nhiéu nhiém vu dé ting cuong vao két qua du dodn cho
mdi nhiém vu don 1&. Véi nhiing bai toan c6 sb lvong nhiém vy 16n nhung c6
sb vi du huan luyén it, hoc da nhiém nang cao Kkét qua du dodn cho mdi nhiém
vu bang céch chia sé thong tin chung giita cdc nhiém vu.

Hinh 2.2 md ta phuong phép hoc don 1¢ cho bdn bai toan phén loai véi
ma tran dau vao duoc cho trong Bang 3.3. Mdi bai todn phan loai dugc xem xét
nhu mot nhiém vu can du dodn. Mdi nhiém vu duoc biéu dién nhu méot dd thi,
trong d6 cédc canh ndi tir dinh nguoi ding u; dén dinh san pham pj dugc danh
trong sO 1 gid tri ddc trung tuong tng. Céc canh ndi tir dinh san pham dén
dinh nhiém vu tuong Gng (Taskl, Task2, Task3, Task4) dugc danh trong sb 1a
céc nhan phan loai, trong s duoc danh dau “?” 1a nhan chua biét can dugc du
doan.

Trong vi du nay, bai todn phan loai cho cic nguoi dung khac nhau dugc
tién hanh huin luyén doc lap nhau trén cung mot tap thong tin vao. Két qua
mdi bai todn phan loai 1a tdp cic nhan dau ra cho cdc san pham chua duoc
nguoi ding ddnh gid. Qua trinh huan luyén va du dodn khong xir 1y bat ky mbi
quan hé nao gitra cdc nhiém vu. Piéu nay lam cho ciac phuong phdp hoc don 1¢

cho lai két qua thap trong truong hgp c6 it dir liéu huan luyén.
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Task1: Bai toan phan Task2: Bai toan phan
loai cho ngw¢i dung u, loai cho ngw¢i dung u,

Task3: Bai toan phan Task4: Bai toan phan
loai cho nguoi dung ug loai cho nguoi dung u,

Hinh 2.2. Phirong phdp STL cho bon bai todn phan logi déc lap nhau.

Nhiém vu 1 Nhiémvu 2 Nhiémvu 3 Nhiém vu 4

l Lo 1

Hinh 2.3. Phirong phdp hoc MTL cho bon bai todn phan loai dong thoi
Tréi lai, phwong phdp hoc da nhiém tién hanh thyc hién huan luyén dong
thoi cho cac nhiém vu (Hinh 2.3). C4c nhiém vu chia sé cac gid tri dac trung va

két qua huan luyén thong qua mét 16p an. Lép an dugc xay dung tir viée xir 1y
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cdc moi quan h¢ gitta cdc nhiém vu dé tang cuong cho cic nhiém vu don 1¢. Day
cling 1a trong tam nghién ctru cua hoc da nhiém.

Nhiéu dé xuit xem xét mbi lién hé gitra cdc nhiém vu trong hoc da nhi¢m.
Huéng tiép can pho bién xem xét cdc mdi lién hé nhu nhiing rang budc cling
biét trudc dé thuc hién qud trinh huin luyén. Nhitng dé xuat khdc xem xét cic
nhiém vy chia sé véi nhau thong qua mot phan ciia tham bién [13]. Trong muc
tiép theo, chiing t6i xem xét cac bai toan phan loai chia sé v6i nhau théng qua
mot tap cdc gid tri dic trung chung va tim chién luge tdi uu phuong phdp du

doan duya trén gid tri ciia cdc ddc trung chung.

2.3.2. Boosting dong thoi cho nhiéu bai toan phan loai

Loc cOng tc c6 thé duoc thuc hién theo phuong phédp hoc da nhiém bﬁng
k§ thuat Boosting nhu d trinh bay trong Muc 2.2.2. B¢ thyc hién diéu nay, ta c6
thé xem xét mdi bai todn phan loai nhu mét nhi¢m vu. Sau dé, thay thé viéc thuc
hién timg bai todn phan loai don 1é cho mdi nguoi ding bang viéc thyc hién
dong thoi cho tap con cic bai toan phan loai. Thay viéc giam sai s6 cho mot bai
todn phan loai bang viéc giam sai sé dong thoi cho tip con cdc bai todn phan
loai. V6i cach 1am nay, tai mdi vong lap thudt todn Boosting tim dugc mot ddc
trung chung cho tat ca cdc bai todn trong tdp con cic bai toin phan loai. Dic
trung chung tim dugc déng vai trd chia sé va bo sung thong tin giita cic bai todn
phan loai dé ting cuong thém vio két qua du dodn. Phuong phép Boosting cai

tién cho nhicu bai todn phén loai dugc thyc hién nhu sau.

2.3.2.1. Xay dwung ham muc tiéu
Véi tap N nguoi dung U, M san pham P, va gid tri d4nh gid rij nhu da trinh

bay ¢ trén, ta c tAt ca N bai todn phan loai, bai todn thitn, n = 1,..., N dugc cho
boi M vi du hudn luyén (x";, y"),.., (x"yi, Y"m), trong dé y'j = ry tc 1a ddnh gid
cua nguoi dung n cho san pham j, va x“j = (11, - » F-1)j Tel)js -+ » Tj) tc 12 danh
gid cuia tat ca nguoi ding cho san pham j trir ngudi ding n. Can luu ¥ rang, chi

nhitng cot c6 ry # & mdi dugce s dung lam vi du huén luyén trong bai toédn thtr
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n (cot cta san pham 1, 2, 3 trong vi du & Bang 2.3). Tuy nhién, ta van liét ké ca
nhiing vi du ¢6 r,j = . Nhitng vi du nay sau d6 s¢ dugc gan trong s6 bang 0 va

do vay khong anh hudng téi két qua huan luyén.

Mbi vi du huan luyén tht j twong ng v6i n trong s6 w", n = 1,...,N. Mdi
trong s6 duoc sir dung khi vi du d6 duoc dung véi bo phan loai thir n; w'; = 0
néu 1y = 0 tirc 1a vi du j khong tham gia vao huan luyén bd phan loai n. Khi d6

sai s0 phan loai dugc tinh bang tong sai s6 cho tat ca N bo phan loai:

N M n n n
J ZZH=1 Zi=lwi (y’ Tk (xi ))2 (2'14)

Muc tiéu cuiia cdc phwong phip Boosting 1 Iya chon céc bd phén loai yéu
trong mdi vong 1dp sao cho (2.14) dat gié tri nho nhét.
2.3.2.2. Xay dung b phan loai yéu

Tai mbi vong 1ap k, goi S(¢) 1a tap con cac bai todn. Thay vi xdc dinh dac
trung f tot nhét cho timg bai todn riéng 1é nhu & phan trudc, thuit todn can xic
dinh dac trung chung cho tAt ca bai toan thudc S(¢) va chon géc quyét dinh tuong
{rng sao cho sai s6 (2.14) 1a nhé nhat. Goc ciy quyét dinh s& c6 dang nhu sau:

a; if S(x' >0)Ane S@)

frean=4b, if S(x' <0)Ane S (2.15)
c" if ne S@)

Trong do, as, bs, ¢, dugc xac dinh sao cho ham 16i phan loai (2.14) dat gia
tri nho nhat. Vi gia tri géc cay quyét dinh phu thudc vao viéc tap con S(¢) nao
duoc chon, do d6 f; 1a mot ham cua . Ky hi¢u £, (x,r) dugc hiéu 12 ham phan
loai yéu tai budc thir k cho bai todn thir n va ham nay chung cho tap con S(f) céc
bai toan phan loai. Do gia tri ham 161 (2.14) cting phu thudc vao tap con S(¢r) nén

ham 16i (2.14) cling can viét lai thanh ham ctia tham sb ¢ nhu sau:

JO=Y" 3w - £ x)? (2.16)
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Piém khac nhau co ban so véi gbc quyét dinh & phan trudce 1a géc quyét
dinh (2.15) phan biét truong hgp bai todn n thudc tdp con S(¢) va truong hop
khong thudc tap con S(¢). Trong truong hop n khong thudc S(7), ham £ (x,7) s€
duoc dat bang hang sd ¢" dé tranh trudng hop lua chon b phan loai mot cich
tinh c& do chénh 1éch s6 lugng gitra vi du huén luyén 1 va -1 (Chéng han trong
truong hop qud nhidu vi du 1 thi ¢6 thé ludn dy doan nhan 1a 1 khdng can quan

tam tdi ddc trung).

V6i mdi tap con S(f), gidi bai todn cuc tiéu hod sai s6 (2.15) ta nhan duoc:

M
2. 2wy oG] >0)
ag(f) =" 2.17)

3 w'd(x! > 0)
2 2 wiox;

nes(t) i=1

Y D wiyie(x <0)
by(f)="50"1 (2.18)

> f:w;lé(xif <0)

neS(t) i=l

M
n n
Zwi Vi
n __ i=l
- M
2w
i=1

Tai mdi bude 1ap, thudt todn s€ lya chon tap con S(7) tdt nhét, tic 1a tap con

¢ . neS@) (2.19)

cho gid tri ham 13i (2.16) nho nhét va gbc quyét dinh tot nhét cho tap con d6. Ky
hiéu F'(x) 12 b phan manh cho bai todn phan loai tht n, thuat todn dugc thé

hién trong Hinh 2.4.

Mot chi tiét can 1am rd dbi véi thuat toan MC-Boost (Hinh 2.4) 1a céch xédc
dinh tap con S(z). Néu liét ké tat ca tap con S(z) tir N bai toan thi s6 luong tap
con 12 O(2"). Do vy, thay vi liét k& ta c¢6 thé st dung phwong phdp tim kiém
tham lam dé giam s6 céc tap con can duyét tur 0(2") thanh O(KN?) theo Ménh dé
2.3 dudi day.
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Piu vao:
o Tdp vidu hudn luyén cua N bai todn phdn loai, bai todn thit n, n=
1,..., N dwoc cho boi M vi du hudn luyén (x"1, ¥"1),..., (X"w, ¥"u1).
e K la s6 vong lap (K<200)
Piu ra:
o Trd vé bg phan logi sign[ F" (x)]
Cac budc thue hién:
1. Khoi tao W'y = 1 néur,; # Ivaw';=0néur,; =3 j=1,,M;
n=1,.. N.
Khdi tao F'(x) =0
2. Lapvoik=1,...,. K
a. Lap voi tdp con cdc bai todn S(t)
i. Tinh tham sé as, bs, va ¢" theo (2.17), (2.18), (2.19).
ii. Tinhsaiso J()=Y " w'(y = f(x.0)°

b. Chon tdp S(t) tot nhdt t = argmin J ()

c. Cdp nhdt F"(x) < F"(x)+ f(x,,t)

d. Cdp nhdt trong s6 w' < wle 5 =1 2 M

3. Trd vé bg phan logi sign [ F' (x)]

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

Ménh dé 2.2. Thudt todn MC-Boost cuwc tiéu héa ham 16i phan loai théng qua

cdc bude ciia phép khai trién Niuton.

Chirng minh. Céc phén tich ly thuyét d6i voi thuat toan GentleBoost & Muc

2.2.2 van ding ddi véi thuat todan MC-Boost. Thuc vay, thay ham 15i (2.14) theo

tiéu chuan ham ta nhan duoc (2.20).

J=E[e"™] (2.20)

Xap xi J(F"(x)+ £, (x)) du6i dang khai trién Taylor béc 2 ta c6
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+ (x) =argmin E[e” "™ (y" - (%)) 2.21)
Thay ky vong bang gid tri trung binh trén M vi du huan luyén va dit

no_ =YiF" (%)

w, =e , khi d6 (2.21) duogc viét lai thanh (2.22).
f{ (x) =argmin D> wr = £ )] (2.22)
Trién khai cdc budc cap nhat cia phuong phdp Niuton twong tu trong

_}‘fF” (%)

Muc 2.2.2, thay trong sb W,-” =e va xac dinh f(x)tr (2.21) bﬁng cach
cho dao ham bang 0 ta nhan duoc (2.23) 1 diéu can thuc hién.

E[e V" (x) y, ]

n
X.)=
L=

(2.23)

Piém khac nhau duy nhat ¢ ddy 1a tai mdi budc lap, thut todn c6 thé
khong tim dugc ham () cho sai sb nho nhét do phai xac dinh tdp con S(f) mot
cach tham lam. Do vay, tdc do hoi tu s& chdm hon so truong hop tim dugc £ ()
t6i wru. Tuy nhién, thuat todn van cho phép giam dan 16i phan loai tai mdi budc
14p va cho két qua tot trong céc thir nghiém.
2.2.2.3. Do phiic tap thudt toan

Ménh dé 2.3. So luong cdc tdp con S(t) can duyét cua thudt todn MC-
Boost la O(KN?). Trong dé, K la s6 vong ldp, N la sé liwong nguoi ding.

Chitrng minh. Phuong phdp tim kiém tham lam trong thudt toin MC-
Boost dugc tién hanh nhu sau:

e Trudc tién, xac dinh tap con ¢ chi bao g6m mot bai todn ¢6 sai s6 (2.16) nhod
nhat. S6 lugng céc tap con can so sanh trong N tap con dé tim ra tap con co

sai s6 (2.16) nho nhét 1a N.

. Tiép theo trong sd (N-1) bai todn con lai, thém mot bai todn khéc vio tap
con ¢ trudc d6 sao cho r méi c¢6 sai s6 (2.16) nho nhét. S6 luong céc tap
con can so sanh (N-7) bai todn dé tim ra bai todn c6 sai s6 (2.16) nho nhét

1a (N-1).
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e Toéng quét, gia sir ta dd thém dugc i bai todn ¢ sai sd (2.16) nho nhat
trong sb (N-i) bai todn phan loai con lai. ) lugng céic tap con can so sdnh
(N-i) bai todn dé tim ra bai todn c6 sai s6 (2.16) nho nhat1a (N-i).
e Qua trinh duogc tiép tuc cho dén khi chi con mot bai todn phén loai v6i sb
luong céac tap con can so sanh 12 1.
Nhu vay tong toan bo céc tap con can duyét cila thuat todn 1a:
(N+ (N-1) +..+ (N-i) + .. +1)= (N *(N-1) /2 =O(N*)
Thuat toan bao g@)m K vong lap, mdi vong 13p duyét O(Nz) tap con S(1).
Do viy, sb lwong céc tap con S(1) can duyét cua thudt todn la O(KN?).
Hinh 2.5 duéi day, md td phuong phdp duyét tap con cdc bai todn phan
loai theo MC-Boost.

Hinh 2.5. Phuong phdp duyét tap con cdc bai todn phdn logi
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2.4. THU NGHIEM VA KET QUA

Nhu da trinh bay trong Chuong 1, hi€u qua cac phuong phéap loc cong tac
dugc xac dinh dya trén kha nang thuat toan dy doan chinh xdc danh gia cua
khéch hang. Phuong phdp Boosting dong thoi duoc trinh bay ¢ trén duoc ddnh
gid va so sanh voi cic phuong phéap khac theo thu tuc mod ta dudi day.

2.4.1. Phwong phap thir nghiém

Trudc tién, toan bd khach hang duoc chia thanh hai phan, mot phan U,
dugc sur dung lam dir lidu huén luyén, phﬁn con lai U, dugc st dung dé kiém
tra. Dt liéu huén luyén dugc su dung dé xay dung md hinh theo thuat todn mo ta
& trén. Vi mdi khach hang thudc tap dir lidu kiém tra u, cdc ddnh gia (da co)
ctia khach hang duoc chia 1am hai phan O, va P,. O, dugc coi 12 da biét, trong
khi d6 P, 1a danh gia can du dodn tir dit liéu huan luyén va O,

Sai s6 du doan MAE, v&i mdi khach hang u thudc tap dir liu kiém tra dugc
tinh bang trung cong sai s tuyét ddi gitra gid tri du dodn va gid tri thuc dbi véi

tat ca san pham thudc tap P,.

AU u

MAE, = }1) IR =r (2.24)

y y

‘ ul b

Sai s& du dodn trén toan tap dir licu kiém tra duoc tinh bﬁmg trung binh
cOng sai s du dodn cho mdi khich hang thugc U,,.

> MAE,
MAE ="% (2.25)

te

Gid tri MAE cang nhé, phuong phép cho lai két qua cang chinh xéc.

2.4.2. Dir liéu thir nghiém

Thuét todn loc cong tic dugc thir nghi€m trén hai bd dir licu EachMovie

(www.reserch.compag.com/SRC/eachmovie/) va MovieLens

(www.grouplens.org/node/12). Pay la hai by dir liéu dugc cong déng nghién
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ctru str dung phd bién trong nhitng nghién ctru vé loc cong tac [11, 15, 16, 17,
18,21,27,29, 38,39, 52,56,57,95, 96, 106, 107].

Mic di ¢6 loc cong téc 1a van dé duoc quan tdm nghién ctru va da c6 tng
dung thuong mai, tuy nhién s bo dir lidu chuéan dung dé danh gia thuat toan loc
cong tic khéng nhiéu nhu dbi véi trudng hop hoc may néi chung. Ly do chil yéu
12 do viéc thu thap s& thich khach hang ddi hoi nhiéu thoi gian, phuong phép 14y
y kién hop 1y, dong thoi khong dugc vi pham han ché vé thong tin c4 nhan. Do
vay, hau hét nghién ctru vé loc cong tac chi c6 thé tiép can va sur dung hai bo dir
liéu EachMovie va MovieLens dé danh gid thuat toédn loc. Trong pham vi luén
an, day ciing 1a hai by dir liéu dugc str dung cho cic thu nghiém.

EachMovie duoc xay dung boi trung tim nghién ctru hé théng thong tin cia
hiang Compaq. Bo dir liéu nay gém 72916 nguoi ding, 1628 bo phim véi
2811983 danh gia, cac muc danh gia dugc cho tur 1 dén 6 (chinh xdc 12 0.0, 0.2,
0.4, 0.6, 0.8, 1.0) , trung binh s6 lwong phim ngudi dung chwa danh gid Ia
97.6%. Hai murc d4nh gid cao nhét (0.8 va 1.0) duoc bién d6i thanh “thich” (+1),
bon mirc danh gid con lai duoc bién doi thanh “khéng thich” (—1). Phuong phép
bién doi nay dya trén nhitng phan tich thuc nghiém cua Billsus va Pazzani [29].
Vio thang 10 ndm 2004, hing Compaq sit nhap v6i HP va dd ngimg cung cép bd
dir liéu EachMovie phuc vu cong vi¢c nghién ctru. Bo dir li¢u thyc hién ¢ day
duogc chung t6i thu thap trudc thang 10 nam 2004.

MovieLens 1la co s¢ dir liéu dugc xdy dung bdi nhém nghién ciu
GroupLens cua truong dai hoc Minnesota. MovieLens cé 6040 ngudi dung,
3900 bd phim, 1000209 danh gid, cic mtc ddnh gid cho tir 1 dén 5, trung binh
s6 luong phim ngudi ding chua ddnh gid 12 95.7%. Dya trén nhimng phén tich
thuc nghiém cua Billsus va Pazzani [29], hai mtc danh gia cao nhét (4, 5) duoc

bién d6i thanh “thich”, cic mirc con lai thanh “khong thich”.

66



2.4.3. So sanh va danh gia dwa vao gia tri MAE

Phuong phdp Boosting voi dac trung chung (ky hi¢u 1a MC-Boost) trinh
bay trong Muc 2.3.2 dugc so sanh voi nhitng phuwong phép sau:

- Phuong phdp K hang x6m gan nhat sir dung do tuwong quan Pearson (ky
hiéu la KPC) [52]. Day la phuong phdp loc cOng tic thong dung nhat
thuong dugc sir dung trong khi so sdnh.

- Phuong phédp Boosting khong sir dung dédc trung chung (GentleBoost) nhu
trinh bay trong Muc 2.2.2. Viéc so sanh véi Boosting thong thuong cho phép
lam rd anh huong cua Boosting da nhi¢m ddi véi hiéu qua loc cOng tic.

Cich thire tién hanh thtr nghiém va so sdnh nhu sau: Lan lugt 1ay 100, 200,
va 300 nguoi dung dugc lya chon ngﬁu nhién tir bd dir li€u MovieLens va duoc
ding 1am dit liéu huan luyén, 200 ngudi ding lya chon ngau nhién trong sb con
lai dé 1am tap kiém tra. D4i v6i b dir liu EachMovies, 1an lugt 1dy 1000, 2000,
va 6000 ngudi ding dugc chon ngiu nhién 1am dir liéu huan luyén, 4000 ngudi
dung con lai dugc dung dé kiém tra. Viéc tao tap huin luyén va tap nguoi dung
nhu vy dugc thyc hién 10 1an, d6 chinh x4c dugc 1ay trung binh trén 10 lan thir

nghiém.
2.4.4. Két qua thir nghiém

Dé thir nghiém kha ning ciia phuong phdp méi dé xuit so v6i nhiing
phuong phép khac trong viéc han ché dnh huéng cila van dé dit liéu thua, ta thay
d6i s6 luong danh gia ciia moi nguoi dung trong tap kiém tra sao cho sé luong
d4nh gid da biét 1an lugt 12 5, 10 va 20, phan con lai 12 nhimg ddnh gid can du
doén. Gia tri MAE cho timg bo duoc thé hién trong Bang 2.5 va Bang 2.6. Két
qua nay dugc lay trung binh cta 10 1an thir nghiém ngau nhién dir liéu cia tap

kiém tra.
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Bang 2.5. Két qua thir nghiém véi MovieLens

Kich thuéc tap | Phuong phap | SO dénh gid cho trudc ciia 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 0318
200 ngudi dung GentleBoost 0.333 0.314 0.284
MC-Boost 0.314 0.299 0.289
KPC 0.348 0.336 0317
300 nguoi dung |GentleBoost 0.325 0.304 0.279
MC-Boost 0.308 0.298 0.283

Bang 2.6. Két qua thir nghiém v6i EachMovie

Kich thudce tap S6 ddnh gid cho trudc cua tap kiém tra
huan luyén Phuong phip 5 10 20
KPC 0.559 0.474 0.449
1000 nguoi dung | GentleBoost 0.515 0.455 0.421
MC-Boost 0.492 0.460 0.429
KPC 0.528 0.450 0.422
2000 nguoi dung | GentleBoost 0.495 0.424 0.393
MC-Boost 0.484 0.419 0.393
KPC 0.521 0.437 0.378
6000 nguoi dung | GentleBoost 0.477 0.408 0.362
MC-Boost 0.452 0.397 0.365

Két qua sai s6 phan loai MAE trén ca hai b dit liéu cho thiy, dit s6 luong
dir liéu biét trude nhiéu hay it (so danh gid biét trudc trong tap dir liéu kiém tra

N=5, 10, 20) phuong phiap GentleBoost va MC-Boost déu cho lai gia tri MAE
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nho hon phuong phip KPC. Piéu d6 ching t6, viéc sir dung gbc quyét dinh
trong trich chon ddc trung cua thuét toan GentleBoost lya chon dugc phuong éan
phan loai t6t hon so véi KPC.

Trong truong hop du dit liéu, cu thé 1a khi biét trudc nhiéu dénh gid cta
nguoi ding trong tap kiém tra (N=20), phuong phdp GentleBoost cho két qua tot
hon so voi MC-Boost. C6 thé gidi thich két qua nay 12 do GentBoost chon duoc
ddc trung toi wru hon ddi véi timg bai todn phan loai, trong khi MC-Boost chi
chon dugc dic trung t6i wu cho ca nhém bai todn phén loai.

Tuy nhién, khi dir liéu it di, cu thé 12 khi chi biét trudc 5 hodc 10 dénh gia
ctia nguoi ding kiém tra thi MC-Boost cho sai s6 MAE nhé hon so véi
GentleBoost trong da sb truong hop. Ly do chil yéu 1a do MC Boost cho phép
két hop thong tin tir nhitng nguoi ding twong tu véi ngudi ding kiém tra thong
qua cdc dic trung chung va do vy giam duoc anh huong cuia viée thiéu nhan

phén loai.

2.4.5. Phan tich két qua

Dé thiy o sy noi trdi ciia md hinh, chiing tdi ldy gi tri trung binh MAE
ctia 10 1an kiém nghiém ngau nhién trong tap dit lidu kiém tra dé tién hanh mot
paired t-test [58]. Céc tham sb thong ké so sanh giita KPC v4i GentleBoost va
MC-Boost bao g@)m:

Tham s6 DF (Degree of Freedom) 1a s6 bac tu do ciia paired t-test.

Tham s6 Mean 1a trung binh d6 1éch giita KPC va phuong phép so

sénh.

e Tham s6 SD (Standard Deviation) 1a d6 l1éch chuan gitta KPC va
phuong phép so sanh.

e Tham sb SE (Standard Error) la 16i chuan dugc tinh theo d¢ léch
chuan ctia KPC va phuong phép so sanh.

e Thamsé t va p la giéd tri kiém nghiém cua pair t-test dugc tinh theo bac

tu do, trung binh do léch, va 15i chuan giita cdc phuong phép. Gid tri
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p<0.05 phan dnh phdp KPC c6 gid tri MAE 16n hon GentleBoost va
MC-Boost it nhat 5%.

Két qua kiém nghiém céc tham s thong ké giita KPC véi GentleBoost va
MC-Boost ting v6i tung bo dir liéu huan luyén cua tap MovieLens dugc thé hién
trong cic Bang 2.7, Bang 2.8 va Bang 2.9. Két qua kiém nghiém céc tham s6
thdng ké gitra KPC v6i GentleBoost va MC-Boost tmg véi tirng bg dit liéu huén
luyén cua tap EachMovie duogc thé hién trong cidc Bang 2.10, Bang 2.11 va
Bang 2.12. Gia tri p (p-value) trong tat ca cac bd dir liéu huan luyén déu nho hon
0.05. Diéu d6 chung t6, trén 5% gid tri MAE ciia phuong phap KPC 16n hon
GentleBoost va MC-Boost. N6i cach khac, GentleBoost va MC-Boost cho lai
két qua phan loai tot hon KPC.

Biang 2.7. Cic tham s6 théng ké voi K=5 danh gia biét trudc

cua tap dit liéu MovieLens

Kich Ehl.I? ¢ tap I,Dhuong DF | Mean | SD SE | t-value | p-value
dir lidu phép so sdanh
100 nguoi GentleBoost | 9 |0.028 | 0.035 | 0.011 | 2.549 | 0.031
dung MC-Boost 9 10.049 | 0.052 | 0.016 | 2.982 | 0.015
200 nguoi GentleBoost | 9 |0.028 | 0.034 | 0.011 | 2.628 | 0.027
dung MC-Boost 9 10.047|0.046 | 0.015 @ 3.214 | 0.011
300 nguoi GentleBoost | 9 | 0.023 | 0.026 | 0.008 | 2.822 | 0.020
dung MC-Boost 9 10.040 | 0.037 | 0.012 | 3.425 | 0.008

Bing 2.8. Cic tham s6 théng ké voi K=10 ddnh gia biét trude
cua tap dit liéu MovieLens

. . oA Phuon

Kldclhthllilglf tap phéap sg DF | Mean | SD SE | t-value V%ﬁ;le
; sanh

100 nguoi GentleBoost | 9 | 0.015 | 0.017 | 0.005 | 2.766 | 0.022

dung MC-Boost 9 0.032]0.028 | 0.009 | 3.623 | 0.006

200 ngudi GentleBoost | 9 | 0.016 | 0.019 | 0.006 | 2.713 | 0.024

dung MC-Boost 9 0.03110.029 | 0.009 | 3.378 | 0.008

300 nguoi GentleBoost | 9 | 0.032 | 0.034 | 0.011 | 2.973 | 0.012

dung MC-Boost 9 10.038|0.032|0.010 | 3.725 | 0.005
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Bang 2.9. Cic tham s6 théng ké voi K=20 ddnh gia biét trude
cua tap dit liéu MovieLens

. o oA Phuon
Kich Ehl.I?C tap phép sg DF | Mean | SD SE | t-value p-

dir liéu ) value

sdnh
100 nguoi GentleBoost | 9 | 0.037 1 0.040 | 0.013 | 2916 | 0.017
dung MC-Boost 9 10.036 | 0.048 | 0.015 | 2.341 | 0.044
200 nguoi GentleBoost | 9 ]0.034|0.039 | 0.012 | 2.741 | 0.023
dung MC-Boost 9 10.029 | 0.037 | 0.012 | 2.469 | 0.036
300 nguoi GentleBoost | 9 |0.038 | 0.033 | 0.011 | 3.629 | 0.027
dung MC-Boost 9 10.034|0.045|0.014 | 2377 | 0.041

Bing 2.10. C4c tham s6 thong ké v6i K=5 ddnh gia biét trude
cua tap dit liéu EachMovie

Kich th?c @p l?hIIOIlg, DF | Mean | SD SE | t-value | p-value
dir lidu phép so sdnh
1000 ngudi GentleBoost | 9 | 0.044 | 0.600 | 0.019 | 2.335 | 0.044
dung MC-Boost 9 10.067 | 0.066 | 0.021 | 3.215 | 0.011
2000 ngudi GentleBoost | 9 | 0.033 | 0.035 | 0.011 | 2.943 | 0.016
dung MC-Boost 9 |0.044 | 0.046 | 0.016 | 3.018 | 0.015
6000 nguoi GentleBoost | 9 ]0.044 | 0.054 | 0.017 | 2.589 | 0.029
dung MC-Boost 9 |0.069 | 0.070 | 0.022 | 3.112 | 0.013

Bang 2.11. C4c tham sb thong ké v6i K=10 dénh gia biét trudc
cua tap dit liéu EachMovie

Kich thude tap | LPuong p-

dit lidu phép so DF | Mean | SD SE | t-value value

; sanh

1000 ngudi GentleBoost | 9 | 0.019 | 0.021 | 0.007 | 2.812 | 0.020
dung MC-Boost 9 10.014 | 0.018 | 0.006 | 2.451 | 0.037
2000 nguoi GentleBoost | 9 | 0.026 | 0.027 | 0.008 | 3.083 | 0.013
dung MC-Boost 9 10.031| 031 |0.010| 3.203 | 0.011
6000 ngudi GentleBoost | 9 | 0.029 | 0.035 | 0.011 | 2.641 | 0.027
dung MC-Boost 9 10.040 | 0.043 | 0.014 | 2.915 | 0.017
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Bang 2.12. C4c tham sb thong ké v6i K=20 dénh gia biét trudc
cua tap dit liéu EachMovie

Kic%éhllilgf ap Eﬁggzg DF | Mean | SD SE | t-value V%ﬁ;le
; sanh

1000 nguoi | GentleBoost | 9 | 0.028 | 0.028 | 0.009 | 3.218 | 0.011
dung MC-Boost 9 10.020 | 0.025 | 0.008 | 2.541 | 0.032
2000 ngudi GentleBoost | 9 |0.029 | 0.033 | 0.011 | 2.758 | 0.022
dung MC-Boost 9 10.029 |0.035|0.011 | 2.615 | 0.028
6000 nguoi | GentleBoost | 91 0.016 | 0.020 | 0.006 | 2.497 | 0.034
dung MC-Boost 9 |0.013|0.018 | 0.006 | 2.312 | 0.046
2.5. KET LUAN

Chuong nay da trinh bay mot phuong phép hoc da nhiém cho loc cong tac.
Phuong phap dugc phiét trién dua trén nén tang cia k¥ thuat phan loai Boosting
két hop vdi trich chon dic trung dwa vao gbe cdy quyét dinh. Pay 12 mot cai tién
cua thuat todn Boosting, trong d6 viéc lya chon dac trung cho mdi b phan loai
yéu duoc thuc hién déng thoi trén mot nhém nguodi dung twong ty nhau.

Uu diém chil yéu ciia phuong phéap nay 1a viéc phéan loai dong thoi ting
nhom nguoi dung cho phép st dung thong tin tr nhitng nguoi dung tuwong tu
nhau va nho vay cai thién d§ chinh xac phan loai khi dir licu thua thét, vi du khi
nguoi diing can dy dodn chi danh gid rat it san pham trudc d6.

Hiéu qua cta phuong phép dé xuat dugc kiém nghiém trén hai bo dir lidu
MovieLens va EachMovie v6i nhitng d6 thua thét dir liéu khac nhau. Két qua
cho thay, phuong phép dé xuét cai thién déng ké do chinh xéc so voi hai phuong
phép khac (v6i gid tri p nho & 0.05), va c6 wu thé 16 rang khi d6 thua thét coa dix

liéu tang 1én.
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CHUONG 3
LOC KET HQP DUA TREN MO HINH PO THI

Nhu di dé cap trong Chuong 1, loc cong tic va loc ndi dung l1a hai
phuong phdp co ban dugc sir dung trong cdc hé tu van lya chon. M&i phuong
phép c6 nhing wu diém riéng, khai thic nhimg khia canh riéng theo ndi dung
san pham hodc théi quen nguoi ding. Két hop hai phuong phédp trong ciing mot
mo hinh cho phép ta tan dung duoc loi thé mdi phuong phdp trong viéc nang cao
két qua dy dodn.

Mb hinh két hop gitra 1oc cong tac va loc ndi dung dugc trinh bay trong
chuong nay thuc hién dya trén biéu dién d6 thi quan h¢ gitra ngudi dung, san
pham va ndi dung san pham. Str dung biéu dién d6 thi cho phép tan dung dugc
cdc mdi quan hé gian tiép giita nhitng ddi twong néi trén vao két qua dy dodn.

Pé thuan tién cho viéc trinh bay, Muc 3.1 phét bicu lai bai todn loc két
hop cung v61 cdc mé rong khi thém thong tin nd1 dung. Muc 3.2 trinh bay mot
phuong phdp loc cong tic bang dd thi 1am co s& dé két hop véi loc ndi dung.
Muc 3.3 trinh bay phuong phdp két hop gitta loc cong tac va loc ndi dung. Muc
3.4 trinh bay vé két qua thir nghiém, so sanh va ddnh gid vdi cdc phuong phap

loc khéc. Muyc cudi cling 1a két luan va huéng nghién ciru tiép theo.
3.1. VAN PE LOC KET HQP

Gia st hé ¢6 N ngudi ding U = {uy, us,.., ux}, M san pham P = {p,, p,...,
pm} v6i ma tran ddnh gid {ry} nhu phét biéu trong phan 2.1. Goi C = { ¢,
C2,..,cx} 1la K déc trung thé hién ndi dung cic san phém P. Vi du néu ¢ 1a mot
phim, khi d6 ta c6 thé xem xét dic trung ¢; 12 “thé loai”, “dao dién”, “dién vién”,
“hang san xudt’.... Ky hi€u ma tran Y = (y;) biéu thi mbi quan h¢ gitra san phém
va déc trung ndi dung san pham duoc xdc dinh theo cong thic (3.1).

1 néu san pham p; cé déc trung néi dung Cj
Vi = {0 néu san pham p; khéng cé déc trung noi dung Cj G-
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Bai todn ctia loc két hop 1a du dodn cho nguoi ding hién thoi u, nhiing
san pham p;eP chua dugc u, ddnh gid dya trén ma tran danh gid ry va céc dic
trung ndi dung C = { ¢1,¢,..,cx} -

Dé minh hoa cho md hinh trinh bay trong céc muc tiép theo, ta xem xét vi
du sau. Gia st hé g@)m 5 nguoi dung U = {uy, uy, us, uy, us}, 7 phim P = {py, pa,
D3, D4, Ds, De, P7}- Ma tran danh gia r;j duoc cho trong Bang 3.1. Gid su py, pa, ps
, Ps» Pe €6 ddc trung ndi dung phim ¢, (“hanh dong”); ps, ps, ps, p7 c6 dac trung
noi dung phim ¢, (“#inh cam”). Khi d6, ma trdn ndi dung Y =(y;;) duoc thé hién
trong Bang 3.2.

Bang 3.1. Ma tran déanh gid R

Nguoi San pham
diing p1 p2 P3 P4 Ps Pe 1%
ug 1 (%) -1 1 (%) -1 %)
u, %) 1 -1 1 -1 (%) -1
us3 -1 1 1 -1 %) %) 1
uy -1 -1 %) %) 1 -1 1
Us ? 1 ? -1 1 1 ?

Bang 3.2. Ma tran San pham — Noi dung Y

Sdn pham Noi dung
Cy Cy
P 1 0
p2 1 0
P3 0 1
Pa 1 1
Ps 1 1
Ps 1 0
p7 0 1
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Nhiém vu ctia loc két hop 14 dy dodn va phan bd cdc san pham thich hop,
gd bo nhitng san pham khong thich hop cho ngudi ding hién thdi u,. Vi du ta
can du dodn céc san pham cho nguoi diing us cdc san pham us chua danh gis d6

lé pl, p3, p7'

3.2.LOC CONG TAC DUA TREN MO HINH PO THI

Loc cOng tac co thé xem xét nhu bai toan tim kiém trén do thi dva trén
biéu dién mdi quan hé dénh gid ctia nguoi ding dbi véi cac san pham. Muc nay
trinh bay mot mé hinh d6 thi cho loc cong tic. Pay 1a mot thanh phan quan trong

ctia md hinh d6 thi két hop s& dugc trinh bay trong muc tiép theo.
3.2.1. Phwong phap biéu dién d6 thi

M hinh db thi cho loc cong tic co thé mé ta nhu sau. Cho ma tran ddnh
gia dau vao cua loc cong tac R = (r;j). Goi X=(x;) la ma tran cép NXM cé cac
phé‘m tr dugc xdc dinh theo cong thuc (3.2). Trong d6, x, =1 twong ung vai
trang thdi nguoi ding u; da dénh gid san pham p;, x, =0 tuong Ung vai trang
thi nguoi ding chwa danh gi4 san pham Dj-

1 if r#
X, = fon ¢ (3.2)
0 otherwise

D6 thi biéu dién d4nh gid ctia ngudi diing dbi voi céc san pham (Goi tat 1a
Nguoi dung - Séan phém) G =(V, E) dugc biéu dién theo ma tran X, trong dé tap
dinh V = UCP (U 1a tap nguoi ding, P 12 tap san pham); tap canh E bao gdm tap
cac canh biéu dién d4nh gid cia nguoi ding d6i v6i san pham. Canh ndi giira
dinh w;e U va dinh pje P dugc thiét 1ap néu ngudi diing u; di ddnh gid sin pham
pj (x; =1). Trong sb ctiia mdi canh duogc léy tuong Ung la r;;. Nhu vay, trong biéu
dién nay, do thi Nguoi dung- San phém c6 hai loai canh: Canh c6 trong sb
duong rij=+1 biéu dién nguoi dung u; “thich” san pham Dj, canh c6 trong s6 4m

ri=-1 biéu dién nguoi diing w; “khong thich” san pham p;.
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Vi duy véi ma tran ddnh gid R dugce cho trong Bang 3.1 thi ma trén X duoc
thé hién nhu Bang 3.3. Khi d6, dd thi dugc biéu dién nhu Hinh 3.1.
Bang 3.3. Ma tran X biéu dién d4nh d6 thi Nguoi ding- San pham

Nguoi San pham
diing P1 P2 P3 P4 Ps Ps Pz
u; 1 0 1 1 0 1 0
u; 0 1 1 1 1 0 1
us3 1 1 1 1 0 0 1
Uy 1 1 0 0 1 1 1
us 0 1 0 1 1 1 0

Hinh 3.1. D6 thi Nguoi ding- San pham
3.2.2. Phuong phap du doén trén do thi Nguoi ding- Sin pham

Céc phuong phép loc cdng tac dua trén do tuwong quan [52, 56] thuc hién
bang céch xé4c dinh nhimng nguoi ding twong ty nhat véi ngudi ding hién thoi dé
tao nén tu van. Trong vi du trén, d& dang nhan thay us twong tu nhat véi u,, us va
Uy V1 us, Up, uz cung “thich” p, va us, uy cing “thich” ps. Dya trén muc do tuong

tu nay, cdc san pham ps, p4 va p; s€ dugc tu van cho nguodi dung us.

Cich lam trén c6 thé dugc thyuc hién dé dang trén md hinh d6 thi bang

cich xem xét cic dudong di do dai 3 tir dinh nguoi dung dén dinh san pham,
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nhing san pham nao c6 nhiéu s6 dudng di d¢ dai 3 tir dinh nguoi ding hién thoi
dén dinh san pham s& dugc ding dé tao nén tuw van. Vi du ta can phan bo san
pham cho nguoi ding wus, cic duong di us-ps-ug-pr, Us-pr-Ur-ps, Us-Pa-Uz-P3, Us-
pa-uz-p; dugc xem xét dén trong khi du doan cac san phém cho us. Nhing san
pham c6 nhiéu dudng di nhat dén us s& duge dung dé tu van. Vi du p; c¢6 nhiéu
duong di do dai 3 hon so VGi ps VA py (Us-ps-us~p7, us-pr-uz-p7) s& dugc tu van

cho Us.

Hon thé nita, phwong phép loc dua trén d twong quan s& khong bao gid
dugc xem xét dén p1 trong céc kha nang tu van Vi us va u, duoc xédc dinh 12
khong tuong ty nhau. Diéu nay khong ding trong trudong hop dit liu thua cua
loc cong tic, us va u; khong twong ty nhau vi chiing ¢6 qua it dir liéu danh gid dé
thuc hién tinh todn. Nhugc diém nay c6 thé khic phuc trén md hinh d6 thi bang
cdch md rong phuong phép du doan dén céc duong di do dai 1¢ 16n hon 3 (5, 7,
9...). Nhitng san pham c6 nhiéu duong di nhit dén né duge dung dé tu van cho
nguoi dung hién thoi. Vi cdch 1am nay, p; cling duoc xem xét dén vi c6 duong
di d¢ dai 5 (us-pr-ur-p4-u;-p1). Phuong phap dy doédn trén dd thi Nguoi dung-
San pham c6 thé duoc thyc hién théng qua cic budc sau:

Téch @6 thi Nguoi ding- San pham thanh cic dd thi con. Trong sd
cac duong di tir u; dén pj, ta xem xét dén hai loai dudng di: Puong di theo cac
canh co trong sb duong (vi du duong di us-p,-us3-p3) va dudong di theo cac canh
c6 trong s6 4m (vi du duong di us-ps-uz-p;). Pé tinh toan hiéu qua cho mdi loai
duong di, ta tach do thi Ngudi dung- San pham thanh hai d6 thi con: D6 thi con
chi bao gdm cac canh c6 trong s6 dwong va do thi con chi bao gdm céc canh c6
trong s6 am. Phuong phap tach cy thé dugc trinh bay trong Muc 3.2.2.1.

Du doan trén dd thi con chi bao gdm cic canh c6 trong sé dwong.
Trong s6 duong di tir dinh nguoi ding u; dén dinh san pham p;j theo céc canh co
trong s6 duong dugc ghi nhan 1a mot s6 duong phan dnh mirc do “thich” cua
san pham ddi v6i nguoi diung. Nhitng dudng di c6 do dai 16n s& dugc danh trong

s6 thap, nhimg duong di c6 do dai nho duogc danh trong sb cao. Nhitng san pham
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ndo c6 trong sd cao s& duogc dung dé tu van cho nguoi dung hién thoi. DAy chinh
12 md hinh d6 thi dugc Huang dé xuit trong [119]. Phuong phép dy doan cu thé
duogc trinh bay trong Muc 3.2.2.2.

D dodn trén do thi con chi bao gom céc canh c6 trong s6 am. Trong
s6 duong di tir dinh ngudi ding u; dén dinh san pham theo cac canh c6 trong s6
am dugc ghi nhan 1a mot s6 4m phan anh mic do “khong thich” cia nguoi dung
dbi voi san pham. Nhitng duong di c¢6 do dai 16n sé& dugc danh trong sé cao,
nhiing duong di c6 do dai nhé dugc danh trong sb thap. Nhimg san pham nao
c6 trong sd thép duoc loai bo ra khoi danh sach cic san phém can tu van cho
nguoi diing hién thoi. Phuong phap du doan cu thé dugc trinh bay trong Muc
32.23.

Dy doan trén tit ca danh gia. Mot san pham ngudi dung “thich” van c6
thé xuét hién trong danh sich cic san pham loai bo khoi qua trinh tur van, mot
san pham nguoi dung “khong thich” vin c6 thé xuat hién trong danh sich céc
san pham can tu van. Dé ngin ngira tinh trang nay, luan 4n dé xuat phuong phap

du dodn trén tat ca ddnh gid dugc trinh bay trong Muc 3.2.2.4.

3.2.2.1. Tach @6 thi Nguwoi dung- San pham thanh cac do thi con

Cho d0 thi Ngudi ding - San pham G =(V, E) duoc biéu dién theo ma
tran X = (x;) cép NxM nhu da trinh bay trong Muyc 3.2.1. Ky hi€u X* = (x;) la
ma tran cdp NxM dugc xac dinh theo cong thirc (3.3). Ky hiéu X~ = (x[;) la ma

tran cép NxM dugc xac dinh theo cong thic (3.4).

L if r,>0

j = ! (3.3)
0 otherwise
1 if r.<0

X, = f v (3.4)
0 otherwise

Do thi G* =(V, E*) dugc biéu dién theo ma tran X* c6 tap dinh dung bang

tap dinh cua G, co tap canh E* bao gom céc canh c6 trong sb duong cia G.

78



E'={e=(u,p)eEl r =1}

(3.5)

D6 thi G =(V, E) duoc biéu dién theo ma trén X c6 tap dinh ding bﬁng

tap dinh cua G, co tap canh E” bao gom cac canh co trong so am cua G.

E ={e=(u,p)eEl r,=-1} (3.6)

ij

Vi du v6i ma tran danh gid R dugc cho trong Bang 3.1, dd thi G dugc biéu

dién theo ma tran X trong Bang 3.3 thi ma tran X", X" dugc thé hién trong Bang 3.4
va Bang 3.5. B6 thi G*, G tuong g duoc biéu dién theo Hinh 3.2 va Hinh 3.3.

Bang 3.4. Ma tran X" biéu dién cac d4nh gi4 thich hop

Nguoi San pham
dung

=
o
N
o
W
o
N
o
S
o
X
=
N

U

us

Uz

Uy

S|l |Oo|

Us

Hinh 3.2. D6 thi G* biéu dién cdc ddnh gid thich hop
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Bang 3.5. Ma tran X' biéu dién cac d4nh gi4 khong thich hop

Sdn pham
Nguoi dung

b1 b2 1% P4 Ps Ps p7
u; 0 0 1 0 0 1 0
u, 0 0 1 0 1 0 1
u; 1 0 0 1 0 0 0
uy 1 1 0 0 0 1 0
Us 0 0 0 1 0 0 0

Hinh 3.3. D6 thi G biéu dién cdc ddnh gid khong thich hop.
3.2.2.2. Phuong phap dv dosn trén d6 thi G*

Phuong phap du doan trén dd thi G* dugc Huang dé xuét dya trén viéc
tinh toan trong s cac dudng di tir dinh nguoi dung dén dinh san pham [119].
Nhimng san pham nao c6 trong s6 cao nhit s& duoc ding dé tw van cho ngudi
dung hién thoi.

bpé y rﬁng, dd thi G, G*, G déu 1a nhiing dd thi hai phia, mot phia la cac
dinh nguoi dung, phia con lai 1a cic dinh san pham. Do vay, cic duong di tir
dinh nguoi dung dén dinh san pham ludn c6 do dai lé.

Doi vai d6 thi hai phia, s6 cac duong di do dai L xuat phat tir mot dinh bat

ky thudc phia nguoi ding dén dinh bat ky thudc phia san pham dugc xac dinh
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theo cong thirc (3.7), trong d6 X 12 ma tran biéu dién dd thi hai phia, X' 12 ma

tran chuyén vicua X, L 1a d¢ dai duong di.

X:{X ¢ L=l (3.7)

XXTXE? if L=357.

Dé ghi nhén trong sb cua cac dudng di tir dinh san pham dén dinh nguoi
dung trén do thi G* sao cho nhitng dudng di dai co trong sb thap, nhitng duong
di ngén co trong sb cao, ta sir dung héng khtr nhiéu a (0<a<l) theo cong thirc
(3.8), trong 6 X* 12 ma tran biéu dién d6 thi G*, (X*)" 1a 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 3.4.

aX"’ if L=1
(X+)é:{ 2 + +\T JIrfL—2 D (38)
a X (X)) (X)), if L=357,.

Piu vao:
® Ma trgn X" la biéu dién ciia do thi G*;
e o lahang s6 (0 <a<1), Lladé dai dwong di;
® K la 56 san phdm can tw van.
Paura:

o K sdn pham cé trong sé cao nhdt chiea dwoc nguoi ding ddnh gid

Cac buwdc thue hién:
Buworc 1. Tim trong $6 cdc dwong di do dai lé L trén do thi G* sao cho cdc
duwong di do co dai nho dwoc danh trong 6 cao, cdc dwong di co do dai
lon dwoc danh trong 56 thd'p.

aX' if L=1
(X", =
X (XHT(XHE? if L=357..

a

Buwdorc 2. Sap xép cdc san pham theo thir tw giam dan cua trong so x.".

Buéc 3. Chon K san pham cé trong sé x* cao nhat chwa dwoc ddnh gid

deé tw van cho ngwoi ding hién thoi.

Hinh 3.4. Thudt todn duw dodn trén do thi G*
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N

Ménh dé 3.1. Do phic tap thuat todn du doan trén do thi G* la
O(L.N**"®). Trong d6, L 1a @6 dai dwong di tir dinh nguoi dung dén dinh sin
pham, N 1a sb lugng nguoi ding.

Chirng minh. Thyc vay, tai budc 1 cta thuét todn tich ctia L ma tran (X*)
va (X' s& ¢6 do phire tap 12 O(L. X*.(X")"). Str dung thuét toan nhan hai ma tran
hiéu qua nhat hién nay cia Coppersmith—Winograd s& cho ta d6 phuc tap 1a
O(N**"®) khi X* 12 ma tran vudng (N=M) [44]. Nhu vy, d¢ phrc tap thuat todn
thuc hién tai bude 1 1a O(LN>).

D0 phuc tap thuat todn thuc hién tai bude 2 chinh bﬁng dd phuc tap cua
thuat todn sap xép dugc st dung. Trong truong hop sir dung thuét toan Heap
Sort, d§ phuc tap thuat toan tai budc 2 1a O(M.log,M). Khi trudong hop x4u nhat
xdy ra tai budc 1, ta c6 M =N. Do d6, do phuc tap tai budc 2 cia thuat toan la
O(N.logyN).

Do phtc tap tai budc 3 ciia thuat todn 12 hang s6 O(K) vi ta chi don thuan
chon K san pham x!"cé trong sd cao nhat chua dugc nguoi ding danh gid, da
dugc sap xép ¢ bude 2 dé tu van cho ngudi diing hién thoi.

Nhu vay, d§ phuc tap cua toan bd thuat toan 1a

O(L.N**"°+ N.log>N + K) = O(L.N**™).

Vi du minh hoa:

Vi du v6i ma tran X* biéu dién d6 thi G* trong Bang 3.4, liy o =0.5, L=5.
Gia sir ta can tu van K=2 san pham cho ngudi dung us, khi d6 thuat toan thuc
hién nhu sau:

Tai budce 1 cia thudt todn, s6 cdc dwong di do dai 5 ti dinh nguwoi dung

dén dinh san phdam dwoc xdc dinh theo céng thirc (3.8). Khi do,

[0.250 0.125 0.000 0.375 0.000 0.000 0.000 ]
0.125 0.500 0.125 0.375 0.125 0.125 0.125
(X", =10.000 0.625 0.375 0.125 0.250 0.125 0.500
0.000 0.250 0.125 0.000 0.375 0.125 0.375
10.000 0.625 0.125 0.125 0.500 0.375 0.250 |
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[0.15625 0.18750 0.03125 0.28125 0.03125 0.03215 0.03215 |
0.12500 0.59375 0.18750 0.34375 0.25000 0.18750 0.25000
(X)), =]0.03125 0.81250 0.37500 0.21875 0.43750 0.25000 0.56250
0.00000 0.43750 0.18750 0.06250 0.37500 0.18750 0.37500
10.03125 0.81250 0.25000 0.21875 0.56250 0.37500 0.43750

Tai bude 2 cia thudt todn: Sdp xép cdc san pham theo thir tir giam dan
cua trong 56 cho nguoi dung us ta nhdn dwoc: pa, ps, P7, P> P3» Pa» P1-

Buéc cudi ciing ciia thudt todn: Chon K=2 san pham chua dugc nguoi
dung danh gia c6 trong sd cao dé tu van cho us ta nhan dugc: ps, pr.

3.2.2.3. Phwong phap du do4n trén do thi G

Dé xem xét anh hudng céc danh gid “khong thich” vao qué trinh du dodn,
ta c6 thé udc luong mirc do déng gép cua cic danh gia nay trén do6 thi G bang
cach phu dinh lai phuong phép du doén trén d6 thi G”.

Cu thé phuong phép thay thé viéc dy doan trén db thi G* bang dd thi G
Thay viéc udc lugng trong sb duong di tir dinh ngudi dung dén dinh san pham dai
s& ¢o trong sd thap, dudong di ngan co trong sd cao bang viéc ude luong trong s6
cac duong di dai ¢6 trong sb cao, duong di ngan cé trong sb thap. Thay viéc sir
dung hang s6 khir nhidu +a bang hang s khir nhidu —a dé trong sb cac duong di
ludn 4m va tang dan theo do dai duong di. Thay viéc sip xép cac san pham theo
thir tr giam dan ctia trong s6 bang viéc sap xép cac san pham theo thir tu ting dan
cta trong so. Thay qué trinh phan bo cAc san pham cé trong s6 cao cho ngudi
ding hién thoi bang viéc loai bo cac san pham c6 trong sb thap. Thudt toan du

doan trén d6 thi G dugc thé hién trong Hinh 3.5.
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Piu vao:
* Ma trén X la biéu dién ciia do thi G';
e o lahang s6 (0 <a<1), Llad dai dwong di;
o K la s6 san pham can tw van.
Pau ra:
o K sdn phdm cé trong so nhé nhat chwa dwege nguwoi ding ddnh gid

Cac buée thue hién:

Buwoc 1. Tim trong $6 cdc dwong di do dai le L trén do thi G~ sao cho
cdc dwong di ¢6 do dai nhé dwoe danh trong sé thdp, cac dwong di ¢é
do dai lon dwoc danh trong s6 cao.
X :{—a.X if L=1
)’ X .(X)H'.(XHE? if L=357..

Buéc 2. Sdp xép cdc san pham theo thit tw tang dan cua trong sé X
Buéc 3. Loai bé K san phdam cé trong so X" thap nhdt chwa dwoc
nguoi dimg ddnh gid ra khéi danh sdch cdc san pham can tw van cho
nguoi dung hién thoi.

Hinh 3.5. Thudt todn du dodn trén do thi G~

Ménh dé 3.2. Do phiic tap thuat todn dy dodn trén do thi G 1a O(L.N>"°).
Trong d6, L 1a ¢ dai duong di tir dinh nguoi ding dén dinh san pham, N 1a s6
luong nguoi dung.

Chirng minh. Thuc vay, tai budc 1 cua thuat todn tich cua L ma tran (X)
va (X)"s& c6 do phic tap 1a O(L.X.(X)"). St dung thuat todn nhan hai ma tran
hiéu qua nhat hién nay cia Coppersmith—Winograd s& cho ta d6 phuc tap 1a
O(N*?7%) [44] khi X 1a ma tran vudng (N=M). Nhu vay, do phirc tap thuat todn
thuc hién tai bude 1 1a O(LN"").

D0 phuc tap thuat todn thuc hién tai bude 2 chinh béng dd phuc tap cua
thuat todn sap xép duoc sur dung. Trong trudng hop st dung thuat todn Heap

Sort, @ phirc tap thuat toan tai budc 2 13 O(M.log,M). Khi trudng hop xau nhat
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xdy ra tai Budc 1, ta c6 M =N. Do d6, d0 phuc tap tai budc 2 cua thuat todn la
O(N.logsN).

Do phtc tap tai budc 3 ciia thuat todn 13 hang s6 O(K) vi ta chi don thuan
chon K san pham x;*c6 trong s thap nhét chua dugc nguoi ding danh gid, da
duoc sap xép ¢ budc 2 dé loai bo ra khoi danh séch cdc san pham can tu van cho
nguoi dung hién thoi.

Nhu vay, d§ phuc tap cua toan bd thuat toan 1a

O(L.N**"°+ N.logoN + K) = O(L.N*°).

Vi du minh hoa:

Vi du véi ma tran X~ trong Bang 3.5, 1y L= 5 va a=0.5. Gia sir ta can
gd bo K=2 cac san pham cho ngudi dung us. Khi do,

Tai budc 1 cua thudt toan, ta tinh duoc:

[-0.18750 —0.15625 —0.34375 —0.03125 —0.15625 —0.34375 —0.15625]
—-0.03125 —0.03125 -0.46875 —0.00000 —0.31250 -0.18750 —0.31250
(X )55 =[—034375 —-0.15625 —0.03125 —0.28125 —0.00000 —0.18750 —0.00000
—-0.50000 —0.34375 -0.18750 —0.18750 —0.03125 —-0.50000 —0.03125
| —0.12500 —0.03125 -0.00000 —0.15625 -0.00000 -0.03125 -0.00000]
Tai buéc 2 ciia thudt todn, sap xép cac san pham theo thr tu ting dan cia

trong so, ta nhan dugc: pa, p1, pa, Po» P3» Pss P1-

Budc cudi cung cua thudt todn chon cac san pham c6 trong s6 nho nhat
chua dugc us danh gia dua ra khéi danh sach cac san pham can tu van cho us , ta

nhan duoc: py, ps.
3.2.2.4. Phwong phap du doan theo tit ca danh gia

Phuong phdp du dodn trén d6 thi G* chi dugc thuc hién trén nhitng danh
gid “thich” cia ngudi ding dbi v6i san pham, phuong phap du doén trén do thi
G chi dugc thuc hién trén nhitng danh gid “khong thich™ cia ngudi dung dbi voi
san pham. Viéc bo qua nhiing dénh gid “khong thich” ciia nguoi ding ddi voi

san pham c6 nhitng anh huéng khong nhé dén chat lugng du doén, vi d4nh gid
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“thich” hay “khéng thich” déu phan 4nh théi quen va s thich sir dung san pham
cua nguot dung.

Trong vi du trén, néu thuc hién du doan trén d6 thi G* thi ps duoc xem la
phuong an ding dé tu van cho us. Néu thuc hién du doan trén do thi G thi ps
dugc xem 1a phuong an loai bo ra khoi danh séch cac san pham dung dé tu van
cho us. Bé khac phuc mau thuin nay, ta c6 thé mé rong phuong phap dy doan
cho tat ca cdc danh gid “thich” va “khong thich” cua ngudi ding. Cac budc cu

thé ciia phuong phép dugc tién hanh nhu Hinh 3.6.

Piu vao:
* Matrgn X', X la biéu dién ciia do thi G*, G
e o lahang s6 (0 <a<1), Lladé dai dwong di;
e K la 56 sdn phdm can tw van.
Piu ra:
o K sdn pham cé trong sé cao nhdt chiea dwoc nguoi ding ddanh gid
Cac budéc thye hién: ,
Buwdc 1. Tinh todn ma tran trong so(X )" cua cdc dwong di do dai lé
L trén ma trdn X'sao cho cdc dwong di co do dai nho dwoc danh
trong s6 cao, cdc dwong di co do dai lon dwoc danh trong ) thd'p.
R
XX (XD i L=35]7...
Buwoc 2. Tinh todn ma tran trong sé'(X’)fZ cua cdc duwong di do dai le

a

L trén ma trdn X sao cho cdc dwong di co do dai nho dwoc danh
trong sé thdp, cdc dwong di c6 do dai lon dwoe danh trong s6 cao.
X :{—a.X if L=1
) X (X ) (X2 if L=357..
Budc 3. Két hop ma trin trong s6 XE=(X"): +(X )L
Buwéc 4. Sdp xép cdc san phdam theo thir te ting dan cua trong sé

L
a

X

Budéc 5. Chon K sdn pham c6 trong s6 x* cao nhdt chua dwoc ddnh

gid dé tw van cho nguwoi ding hién thoi.

Hinh 3.6. Thudt todn duw dodn trén tat ca ddanh gid
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Ménh dé 3.3. bo phuc tap thuat todn du doan trén tt ca danh gia la
O(L.N**"). Trong d6, L 1a d6 dai dwong di tir dinh ngudi dung dén dinh san

pham, N 1a s6 lugng nguoi ding.

Chirng minh. Vi ma trin X* va X c6 cling cip nén theo Ménh dé 3.1 va

Ménh dé 3.2 ta c6 do phtc tap thuat todn tai budc 1 va bude 2 cua thuat toan déu

la O(L.N2'376), trong do6, N 1a cép cua ma tran X', X. Lap luén tuong tu nhu viéc

chtirng minh Ménh dé 3.1 va Ménh dé 3.2 ta c6 d6 phirc tap ctia toan b thuat

todn 1a O(L.N*°).

Vi du minh hoa:

Vi du véi ma trdn X* trong Bang 3.4, X~ trong Bang 3.5, ldy L= 5 va

a=0.5. Gia sir ta can tu vin K=2 san pham cho ngudi dung us. Khi d6 thuat toan

thuc hién nhu sau:

Tai budc 1 cua thudt toan ta tinh dwoc:

[0.15625 0.18750 0.03125 0.28125 0.03125 0.03215 0.03215 |

0.12500 0.59375 0.18750 0.34375 0.25000 0.18750 0.25000
(X*))5=]0.03125 0.81250 0.37500 0.21875 0.43750 0.25000 0.56250
0.00000 0.43750 0.18750 0.06250 0.37500 0.18750 0.37500
10.03125 0.81250 0.25000 0.21875 0.56250 0.37500 0.43750
Tai budc 2 cua thudt toan ta tinh dwoc:

[—0.18750 —0.15625 —0.34375 —0.03125 —0.15625 —0.34375 —0.15625]
-0.03125 —-0.03125 -0.46875 —0.00000 —0.31250 —-0.18750 —0.31250
(X )5 =|—0.34375 —0.15625 —0.03125 —0.28125 —0.00000 —0.18750 —0.00000
—0.50000 —0.34375 —-0.18750 —-0.18750 —0.03125 —-0.50000 —0.03125
| —0.12500 —0.03125 —-0.00000 —0.15625 —0.00000 —0.03125 —0.00000)

Tai budc 3 cua thudt toan ta tinh dwoc:

[-0.03125 +0.03125
+0.09375 +0.56250
X, =|-031250 +0.65625
—-0.50000 +0.09375
| —0.09375 +0.78125

-0.03125 +0.25000 —0.12500 —0.32150 —0.12500)
—0.28125 +0.34375 —0.06250 +0.00000 —-0.00625
+0.34375 -0.06250 +043750 +0.62500 +0.56250
+0.00000 —0.12500 +0.34375 —0.31250 +0.34375
+0.25000 +0.06250 +0.56250 +0.37500 +0.43750
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Tai budc 4 cua thudt todn, ta Sép Xép dwoc: pa2, ps, 7, Ps» P3» Pas P1-

Tai budc cudi cung cua thudt todan ta chon p; va ps tu vén cho us.

Nhu da dé& cap trong Chuong 2, loc cong téc trong truong hop dir lidu
thua thuong dua vao phuong phép giam s6 chiéu ma tran danh gia. Han ché 16n
nhat ciia phuong phép nay 1a c6 thé mét thong tin trong khi giam sb chiéu ma
tran. Han ché nay cling c6 thé khic phuc dua trén viéc xem xét va md rong do

dai duong di trén mo hinh d6 thi nhu da duoc trinh bay & trén.
3.3.KET HOP LOC CONG TAC VA LOC NQI DUNG

Muc nay trinh bay mé hinh do thi két hop giita loc cong tic va loc nodi
dung. Dbi véi loc cong tic, md hinh quan tAm xem xét va biéu dién cho tat ca
cic danh gia “thich” hodc “khong thich” nhu da trinh bay trong Muyc 3.2. Déi
véi cdc ddc trung ndi dung, md hinh dé xuat phuong phép xic dinh mirc d6 quan
trong cuia timg dic trung ndi dung cu thé d6i véi mdi nguoi ding dya trén wdc
luong su tuong ty theo ndi dung va danh gid nguoi dung. Phuong phédp du doan
dugc thyc hién dya trén mirc do dong gop cua cdc danh gid nguoi dung va dac

trung ndi dung san pham ngudi ding ua thich.
3.3.1. Biéu dién d6 thi két hop

Cho ma tran ddnh gid ngudi dung R = (r;j) duoc xdc dinh theo cong thirc
(3.1), ma trdn ndi dung san phém Y = (y;) duoc xdc dinh theo cong thirc (3.2),
ma trdn X = (x;;) dugc xdc dinh theo cong thirc (3.3). Khi do, dd thi két hop
G =(V, E) dugc hinh thanh béi tap dinh V = UUPOC (U la tap nguoi dung, P la
tap san pham, C 12 tap dic trung ndi dung san pham) va tap canh E. Trong d6,
tap canh E bao g6m hai loai canh: Canh biéu dién ddnh gia cuia nguoi dung dbi

vOi san pham va canh biéu dién gitta san pham va ndi dung san pham. Canh noi
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gitta dinh we U va dinh pje P duoc thiét lap néu x;70, canh ndi gilta p;e P va
cie C duoc thiét lap néu yii70. Céc canh danh gia (u;, pj) dugc danh trong s6 1a Tij
=+1 hodc r; =-1. Cic canh ndi gitra dinh ngudi dung va dinh ndi dung (u;, cj)
dugc xem nhu c6 trong ) bﬁng nhau 1a +1. Vi dy véi ma tran danh gia R duogc
cho trong Bang 3.6, ma tran X dugc thé hién trong Bang 3.7, ma trdn Y trong

Bang 3.8 thi d thi két hop dugc biéu dién nhu Hinh 3.7.

Bang 3.6. Ma tran danh gid R

San pham
Nguoi diung

P1 P2 P3 P4 ps Pes P7
u 1 %) -1 1 %) -1 %)
up %) 1 -1 1 -1 %) %)
(1K} @ 1 1 -1 @ @ 1
Uy -1 %) %) &) 1 -1 1
Us %) 1 %) -1 1 1 %)

Bang 3.7. Ma tran Nguoi ding- San pham X

San pham
Nguoi diung

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

89



Bang 3.8. Ma tran San pham- Ngi dung Y

San pham Ni duing

€1 C2
P 1 0
p2 1 0
p3 0 1
P4 1 1
ps 1 1
Ps 1 0
p7 0 1

Hinh 3.7. D6 thi két hop nguwoi ding va ndi dung san phdam
Trong nhitng nghién ctru trude day [116, 117, 122], céc tdc gia chi quan
taim dén cdc danh gid “thich” (r;=+1) ma khong quan tim dén cic danh gid
“khong thich” (rij=-1). N6i cach khic, biéu dién do thi chi bao g6m cac canh c6
trong sO +1. Pidu nay chua thyc sy hop 1y trong loc cong tac vi ca hai danh gia

“thich” va “khong thich” déu phan dnh théi quen nguoi ding san pham.

Vi¢c ap dat 1ap luan hai san phém tuong tw voi nhau vé nodi dung dé suy ra
su tuong ty vé so thich chura phan 4nh ding théi quen tu nhién clia nguoi ding.

Phuong phap biéu dién lién két giita ngudi diing va noi dung san pham dugc
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tinh todn thong qua sy twong tu gilta cdc ddc trung ndi dung san pham. Tuy
nhién, cdch 1am nay khoéng xem xét dén anh hudng ciia cdc gid tri ddnh gid cia
nguoi ding dbi véi cic dic trung ndi dung san pham. Chinh vi vay, khong diéu
chinh hop 1¢ sy tuwong ty giita nhitng nguoi dung. Dé chimg to diéu nay, ching
ta xem xét vi du cho boi Hinh 3.7.

Trong vi du nay, san pham ps va p, ¢6 chung dic trung c,. Néu xét trén
quan diém cua loc ndi dung, phuong phdp tinh todn su tuong tu theo ndi dung s&
cho ta két qua p; tuong ty v&i p, vi chiing ciing chung dic trung c,. Tuy nhién,
diéu nay khong diing cho ngudi ding u; vi u; ddnh gid ps 1a +1 (“thich” ) va p4 12
-1 (“khong thich”). N6i cach khac néu xem xét & géc do nguoi ding, ps va ps
khong twong tu nhau va ¢, khdng c6 anh hudng gi dén théi quen st dung san
pham cua u;. Vi du nay ching t6 su can thiét két hop danh gid nguoi dung dé
tinh toan muc d) tuong tu gilra san phém va san phém thong qua ndi dung cua
no.

Dé két hop danh gid nguoi ding trong khi tinh todn sy twong tu gitta céc
san pham, ta coi mdi dic trung san pham cé muc d6 quan trong riéng d6i véi
th6i quen sir dung san pham cta ngudi ding. Mtrc do quan trong mdi dic trung
cu thé c¢6 thé udc luong dugc bang cich quan sét tat ca cdc san pham pi€ P chlra
dung déc trung ¢y € C ma u; € U da danh gia trude d6. Vi du dé xem xét dic
trung ¢, quan trong hay khong quan trong véi nguoi diing u;, ta cin quan sét cic
san phém D1, P3s Pe €6 dac trung c; dé thyuc hién tinh todn. Phwong phdp woc
lwong mirc d¢ quan trong moéi ddc trung ndi dung sin pham cho ting nguwoi
ding dwoc trinh bay chi tiét trong Muc 3.3.2. Pdy ciing diém méi khdc biét quan

trong cua mo hinh dé xudt so véi cdc moé hinh loc két hop dua trén do thi khdc.

3.3.2. Xay dung lién két nguoi ding va ndi dung sin pham

Trong phan nay, ching t6i dé xuat mot phuong phdp xay dung lién két

nguoi dung voi ndi dung san pham trén co s ¢4 nhan hoda céc lién két nay.
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Vi d6 thi duge biéu dién & trén, béng truc quan c6 thé nhan théy, nguoi
dung u; “thich” hay “khong thich” ndi dung c; phu thugc vao s6 céc san pham
Pr€P ¢6 nodi dung ¢j ma u; da dénh gid (ry # 0). Goi sy 12 s6 céc san pham p; c6
ndi dung ¢, ma nguoi dung u; da ddnh gia. Gid tri sy chinh 1a s6 duong di d6 dai
2 tir dinh nguoi ding u; dén dinh dic trung ndi dung ¢, théng qua cic dinh trung

gian p;.
M
S = 2%, * Vi (3.9)
p=

Dé ¥ rang, sy bao gdm s6 cdc san pham p;j c6 ndi dung ¢ ma nguoi dung
u; dd danh gia +1 “thich” va s céc san pham nguoi dung u; danh gid -1 “khéng
thich”. Goi wy 12 hiéu sd gilra tdp cédc san phém pj €6 ndi dung ¢, nguoi dung u;
dénh gid “thich” va tap cdc san pham pj ¢6 noi dung ¢, nguoi dung u; ddnh gia
“khong thich”. Gia tri wy chinh la tich cta hai ma trdn r;j va yj duoc xdc dinh

theo cong thuc (3.10).

Wy =

M=

rEY, (3.10)

~.
LN

Khi gid tri ciia s 16n va wy>0 (s lwong dénh gid cdc san pham p; ciia
nguoi ding u; ¢6 ndi dung ¢y “thich” 16n hon nhiéu s6 lugng danh gia “khéng
thich”), ta c6 thé khang dinh ndi dung ¢y 1a quan trong d6i voi u;. Néu gid tri ciia
si 16n va wy <0 (sb luong ddnh gid cdc san pham pj cua nguoi dung u; c6 ndi
dung ¢, “thich” nho hon sb lwong ddnh gid “khéng thich”) ta cling c6 thé khang
dinh ndi dung ¢, 12 khong quan trong dbi voi u;. Tuy nhién, trong truong hop sy
nho thi dit wy<0 hay wy>0 ta ciing khong thé khang dinh noi dung py 12 quan
trong hay khong quan trong d6i véi nguoi ding u;. Dé ngan ngira diéu nay, ta sir
dung ngudng y dé phan tap ddnh gid ngudi ding thanh hai loai: Tap danh gid
clia nguoi ding u; cho céc san pham p; c6 ndi dung cy 16n hon y (su>Yy) va tap
si<y; ngudng T (0<T<I) dung dé so sdnh véi ty 1¢ giita nhitng danh gid “thich”
trén toan by danh gid sy (wi/si). Cong thuc (3.11) dudi day dung dé xéc dinh

muc d§ quan trong cua dac trung ndi dung ¢y d6i voi nguodi dung u;.
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min(sik ’ 7) sk & lf‘ w
Vi = 4 Sk Sk (3.11)
0 otherwise

min(s,,,¥)

Trong cong thiic (3.11), néu sy>y thi =1, khi d6 vi duoc xdc

min(s,, %) S,

dinh theo cdng thuc (3.12). Néu 5y thi &, khi d6 vy duoc xéc

Y
dinh theo cong thuc (3.13).

Wi if Wi >T

Vie =9 S Sk (3.12)
0 otherwise
Wi if Wi >T

vik = ?/ s,'k (3 . 1 3)
0 otherwise

Trong thir nghiém, ta c6 thé ding ngudng y = 20, nghia Ia néu ngudi ding
u; ddnh gid cic san pham p; c6 ndi dung ¢, 16n hon 20 thi vy dugce xac dinh theo
(3.12), truong hop con lai vj;dugce tinh theo (3.13). Gid tri ngudng 7 dugc chon
12 0.7, nghia 1a s6 canh c6 trong s6 duong gap ddi s6 canh c6 trong s6 m ddi
véi moi dic trung duge xem 1a quan trong.

Véi mbi cap dinh (1, ¢;) ¢6 vy >0, ching ta thiét 1ap mot lién két truc tiép
gitra nguoi ding u; va dic trung ¢ v6i trong s vy. Vi du voi cdc ma tran R, X, Y
duoc cho trong Bang 3.6, 3.7, 3.8, chon vy =2 va T =0.3. Khi d0, s, wix, vik dugc

tinh todn theo nhu két qua dudi day.

1 @ 1 1 @ -1 @ 1 01 1 0 1 0
g 1 -1 1 1 @ o 01 1 1 1 0 0
R=1o 1 1 a1 @ @ 1[X]0 1 11 0 0 1
12 @ @ 1 a1 1 1 00 0 1 1 1
s 1 @ -1 1 1 @& 01 0 1 1 1 0
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1 0 3 2 1 0 0.33  0.00

1 0 3 3 1 -1 0.33  0.00

0 1 S=] 2 3 W= 0 1 V=1 0.00 0.33
Y=|1 1 2 2 0 2 0.00 1.00

1 1 4 2 2 0 0.50 0.00

1 0

0 1

Ma tran S ghi nhan sb céc duong di tor dinh nguoi dung u; dén dinh noi
dung c,. Ma tran W ghi nhén tong cic trong sd cla tat ca cdc duong di tir dinh
nguoi dung u; dén dinh ndi dung ¢ . Gid tri vik dugc tinh todn dya trén gia tri ciia
Sik V& Wik, VO1 s>y (Y=2) thi v dugc tinh toan theo (3.11), nhiing gia tri con lai
duogc tinh todn theo (3.12). Cac gia tri vy>0 phan anh dic trung ¢ quan trong dbi
v6i ngudi ding u; va dugc thiét 1ap mot canh ndi tryc tiép tir dinh nguoi ding
dén dinh dic trung ndi dung. Trong vi du trén, vi;#0, v, 70, v5170, v3,70, v4#0
nén ta thiét lap duogc cac canh (uy, cy), (U2, ¢1), (us, c1), (Uz, c2),va (uy, c2). Do thi
Hinh 3.7 dugc bién d6i thanh d6 thi Hinh 3.8, trong d6 cdc canh méi thiét 1ap

thém dugc ndi bang cdc nét dut.

Hinh 3.8. Do thi thiét lGp lién két gitka nguoi ding va ddc trung ndi dung
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3.3.3. Phwong phap du doan

Cic phuong phap loc cong tdc thuan tiy, loc ndi dung thuan tdy, loc két
hop don gian, loc Kkét hop dua vao udc lugng mirc d quan trong cua ciac déc
trung ndi dung (Ky hi¢u 1a Combined-Graph) c6 thé xem nhu mot bai todn tim
kiém trén do thi két hop. Pé thuan tién cho viéc trinh bay, ta sir dung dd thi
trong Hinh 3.8 1am vi du minh hoa. C4c phuwong phdp c6 thé duoc thyc hién nhu
dudi day.
3.3.3.1. Loc cong tic dua trén mé hinh dé thi két hop

Cic phuong phdp loc cong tic thuan tiy thyc hién dy doan dua trén viéc
tinh toan muc d tuong tu gita u, véi nhitng ngudi dung con lai thong qua cac
gid tri ddnh gid ry; , sau d6 phan b6 K san pham chwa duoc u, danh gid c6 murc
do tuong tu cao nhét dbi véi u,. Chéng han, ta can phan b6 cdc san phém cho
nguoi ding us, sy twong tu giita us va us 12 cao nhat vi ching c¢6 chung nhiéu
nhat cdc d4nh gia giéng nhau ( rs) = r3 = +1 va rss = r3s = -1). Dua vao nhn xét
nay, cac san phém chua dugc us danh gia l1a p; va p; s€ dugc phan b6 cho us.
Kém tuong tu nhat v6i us 12 u; vi ching khong twong ty nhau bat ky dénh gid
nao. Chinh vi vy p; s& khong bao gid dugc phan bd cho ps.

Phuong phép du dodn nay c6 thé d& dang cai dit bang mo hinh do thi
thong qua viéc tinh todn cdc duong di d dai 3 tir dinh nguoi dung dén dinh san
pham théng qua cic canh dénh gid. Nhitng san pham nao c6 s6 duong di do dai
3 nhiéu nhat dén né s& dugc phan bod cho ngudi diing hién thoi.
3.3.3.2. Loc noi dung dwa trén mé hinh do thi két hop

Cic phuong phép loc theo ndi dung thuan tdy thuc hién du dodn dya trén
viéc so sanh noi dung san pham ngudi ding timg wa thich va chon ra nhiing san
pham c6 nodi dung twong ty nhét dé phan bo cho ho nhiing mat hang nay. Vi du
ta cAn phan bd cic san pham cho ngudi diing us, vi us da timg thich hop véi viéc
st dung p,, ps, pe c6 dac trung ndi dung c¢; , p; c¢6 dac trung ndi dung c¢; nén p,

duogc xem la tuong tu nhat véi P2, Pss Pe S€ dugc phan b6 cho us. Kém tuong tu
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nhat d6i v&i us 12 p7 vi us da tng khong thich hop vdi viée phan bo ps ¢6 dic
trung ndi dung ¢, va p; 12 san pham tuong tu nhat véi p4 chtra dung dic trung c,.
Nhu vay, véi loc ndi dung, p; duoc xem xét nhu phwong 4n uu tién nhat phan
b6 cho us va p7 ludn bi g& bo ra khéi danh séch céac san phém phan b6 cho us.
Tréi lai, loc cong téc lai xem p; 12 phwong 4n uu tién nhét phan bd cho us con p;
ludn 12 phuong 4n g& bo ra khoi danh séch cdc san pham phan bo cho us. Vi du
nay mot lan nita minh chimng cho sy khac biét 16n gilta canh tiép can cua loc
cOng tac va loc ndi dung.

Phuong phép du dodn theo ndi dung ciing dé dang cai dit dua trén md
hinh d6 thi bang cdch xem xét tat ca cic dudng di thong qua dinh dic trung ndi
dung (us-pr-ci1-p1, us-ps-ci-p1 va us-pe-ci-p1). Nhitng san phém nio c6 nhiéu
duong di nhat thong qua dinh dic trung ndi dung s& dugc phin bd cho nguoi
dung hién thoi.
3.3.3.3. Phurong phap loc két hop don giin

Phuong phéap loc Kkét hop don gian (Ky hiéu la SimpleHybrid) duoc thuc
hién bang cach két hgp phuong phap loc ndi dung nhu di trinh bay trong Muc
3.4.3.2 va loc cong téc trong Muc 3.4.3.1. Nhiing san pham nao c6 sb duong di
nhiéu nhét dén né s& dugc ding dé phan bod cho ngudi ding hién thoi. Phuong
phép nay dé dang duoc thuc hién bang céch tong hop s6 duong di do dai 3 tir
dinh nguoi ding dén dinh san pham theo tirg phuong phép riéng biét nhau, sau
d6 cong két qua dé tim nhimng san pham cé nhiéu dudng di nhat dé phan bo cho
nguoi dung.
3.3.3.4. Phurong phip két hop dé xuit

Nhu da trinh bay & trén, phuong phdp du doan dé xuat dya trén viéc udc
luong muc d6 quan trong céc dic trung ndi dung cho mdi nguoi ding. Pé thyuc
hién diéu nay trén do thi két hop, ta xem xét va thuc hi¢n tinh todn muc do dong
g6p vao két qua du doan cho hai loai dudng di: duong di thong qua dinh ndi

dung (dwong di logi 1) va dwong di thong qua dinh san pham (dwong di loai 2).

96



Duong di logi 1 ludn c6 do dai 2 di tr dinh nguodi dung u;e U thong qua
cic canh ndi dinh noi dung cye C dén dinh san pham p;e P. Nhiing dudng di nay
phan anh sy tuong ty ctia ngudi ding san pham d6i véi cdc dic trung ndi dung.
Trong vi du Hinh 3.8, dudng di nay c6 dang u,-c;-pa, u1-c1-pa. biéu nay la hoan
toan ty nhién ddi v6i nguoi ding u; vi u; thich hop véi viéc phan bd cdc san
phém c6 ndi dung ¢, va p,, ps la hai san phém c6 dac trung ndi dung c;. Céch
lam nay giéng nhu cdc phurong phép loc theo ndi dung. Tuy nhién, diém khac
biét quan trong cia md hinh nay va loc ndi dung & chd viéc so sanh ndi dung
dua trén co s¢ danh gid cia nguodi dung. Ngoai cac duong di d dai 2, phuong
phép khong mé rong thém do dai duong di loai nay. Trong s6 mdi dudng di nay

duoccholal.

Puong di logi 2 bao gdm cic duong di tir dinh ngudi ding dén dinh san
pham chwa dwoc ngudi dung dénh gid thong qua cdc dinh san pham va dinh
nguoi diing trung gian. PO dai nhirng duong di nay khong vuot qua L. Chang
han cic duong di c6 dang u;-ps-us-p2, u1-ps-uz-prus-p7. Vi chiing ta quan tam
dén nhiing lién két giita dinh nguoi ding va dinh san pham nén do dai cic
duong di nay ludn 1a mot s6 1é. Nhitng duong di do dai 1¢ c6 thé thong qua cic
canh c6 trong sd Am hodc cdc canh c6 trong ) duong déu dugc xem xét dén
trong qud trinh du doan. Céc dudng di loai nay bao gom:

e Tdt cd cdc dwong di tir dinh nguwoi ding dén dinh san pham thong qua cdc
canh trung gian déu cé trong sé dwong. Vi du cac duong di u,-ps-ur-pa, va
ur-p>-u3-p3 (Hinh 3.8) . Nhitng duong di loai nay dugc xem la quan trong
va s& dugc danh trong s6 cao. Nhimng duong di cang dai sé it dugc chi ¥
hon bﬁng cdch nhan véi mot thira s6 o (0<0<1) dé giam trong $0. Trong
s6 cac duong di nay dugc tinh todn trén d6 thi G* nhu da trinh bay trong
Muc 3.2.2.2.

e Tdt cd cdc dwong di tir dinh nguwoi ding dén dinh san pham thong qua cdc
canh trung gian déu cé trong s6 am. Vi du céc duong di u,-ps-uy-ps, va

u1-pe-ug-p; trong Hinh 3.8. Nhitng duong di loai nay ciing dugc xem la
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quan trong va s& dugc danh trong s6 cao. Nhitng duong di cang dai sé& it
duoc chi y hon bang cdch nhin né véi mot thira s6 o (0<0<1) dé giam
trong s6. Trong s cic dudng di nay dugc tinh todn trén d6 thi G nhu da
trinh bay trong Muc 3.2.2.3.

e Nhitng dwong di qua hai dinh trung gian va két thiic tai ciing mot dinh
nhung trdi ddu, diéu d6 c6 nghia ca hai nguoi ding ¢6 ddnh gia khéc nhau
vé san pham nay. D4i vé6i nhiing dudng di nay, chiing ta khong can xem
xét dén vi hai nguoi ding khong tuong déng véi nhau vé sé thich, vi du
cac duong di u;-ps-uz-p4 6 trong sb (uy, p3) =-1, (p3, uz)=1.

o Nhiing dwong thong qua hai dinh lién tuc nhau déu cé trong sé6 am, vi du
duong ui-pg-us-ps, trong d6 lién két u,-ps va pe-us déu cé trong sd am.
Diéu nay c6 nghia hai nguoi ding déu twong tu véi pe (déu 1a khong thich
hop). Tuy nhién, trong thir nghiém cdc duong di loai nay cho lai két qua du
dodn khong cao. Do vay, ta khong can xem xét dén nhimg dudng di nay.
bé xdc dinh muc do doéng gbp cua mdi loai duong di vao két qua du doan,

ta sir dung tham s A (0 < A <I) diéu chinh mtrc d6 wu tién cho timg loai. Goi
¥ 1a trong s6 cac duong di loai 1 c6 d6 dai 2 tir dinh nguoi dung bat ky dén cac
dinh san pham thong cdc dinh ndi dung cé dang ui-ci-pr. Goi X la trong s6 cac
duong di loai 2 tir dinh ngudi dung bat ky u; dén cac dinh san pham p, thong qua
cac dinh san phém c6 dang u;-pj-u-p,. Khi d6, mac do dong gop cua mdi loai
duong di W dugc xéac dinh theo cong thuc (3.14). Thuat toan dy doén trén dd thi
két hop duoc thé hién trong Hinh 3.9.
W=AX"+(1-2)’ (3.14)
Trong cong thirc (3.14), néu ta wu tién cho loc cdng tic thi A duoc 14y gan
v6i 0. Néu uu tién cho loc ndi dung thi A dugc lay gan véi 1. Néu A =0 thi
phuong phép du dodn tré lai ding md hinh loc cong tc dva trén tat ca ddnh gid

nhu di trinh bay trong Muyc 3.2.2.4. Néu A =1 thi phuong phéap du dodn hoan
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toan dua trén ndi dung. Néu léy A = 0.5 thi mac d6 vu tién cho loc cong tac va

loc ndi dung 1a nhu nhau.

Piu vao:
e Ma trdn biéu dién cdc canh Nguwoi ding - Noi dung;
* Matrgn X', X biéu dién do thi G*, G ;
e Lladjdai dwong di trén do thi G, G ;
e a, A lacdchang s (0 <o, A<1);

o K la so san phdm cdan tw van.
Paura:

e K sdn phdm cé trong sé cao nhdt chiea dwoc nguoi ding ddanh gid
Cac buée thue hién:
Buworc 1: Xac dinh trong 6 cdc duwong dilogi 1 la Y.
Buworc 2: Xac dinh trong 6 cdc dwong dilogi 2 la X::
a. Tim (X*):la trong 6 cdc dwong di trén do thi G* theo thudt todn
dwoc trinh bay trong Muc 3.2.2.2.
b. Tim (X )tla trong $6 cdc duwong di trén do thi G theo thudt todn
dwoc trinh bay trong Muc 3.2.2.3.
c. Keét hop trong 56 (XHEva (xHk:
Xg=(X")g+(X )y
Buwéc 3: Hop nht trong sé cia hai logi dwong di theo cong thire (3.14)
ta nhdgn dwgce: T=2X:+(1- )}
Buwéc 4: Sdp xép cdc san pham theo thir tw giam dan cia trong sé.
Buwéc 5. Chon K san pham c6 trong sé cao nhdt tu van cho nguwoi ding

hién thot.

Hinh 3.9. Thudt todn dw dodn trén do thi két hop
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Ménh dé 3.4. Do phirc tap thuat toan trén do thi két hop 1a O(L.IUP" +
(IUIPIHIC1*7). Trong d6, 1UI 1a s6 lugng ngudi dung, IP| 14 sb lugng san
pham, ICI 12 s6 luong cdc dic trung ndi dung.

Chirng minh. Pé tinh todn Y tai budc 1 cia thuat toan, ta can thuc hién
lay luy thira bac 2 ctia ma tran vudng c6 cap (IUHIPI+ICI), sau d6 chiéu xudng
thanh phé‘m (IUPl). Do phtc tap tinh todn cua toan by budc 1 la
O(IU+IPI+ICI*°.

Theo Ménh dé 3.3, d6 phic tap cia budc 2 1a O(IUI**"®. Nhu vay, do
phtic tap tinh todn ctia bude 1 va bude 2 1a O(L.IUP® + (IUI+IPI+ICI)*7¢).

Vi du minh hoa:

Gia sur ta can tu van K=2 san phém cho ngudi dung us trong hé g@)m 5
ngudi ding va 7 san pham véi ma tran R, X, Y dugc cho trong Bang 3.6, Bang
3.7, Bang 3.8 theo thtr tu. Chon a = 0.5, L=5, A =0.72. Khi d6 céc budc thuc
hién cua thuat todn trén do thi két hop cho lai Kkét qua nhu sau:

Tai buoc 1 cua thudt todn ta tinh dieoc trong 6 cdc dwong di loai 1 la:

1101110
1101110
¥2=[0 0 1 11 0 1
0011101
110111 0]

Thue hién tuan tw (a), (b), (c) trong budc 2 cua thudt todn voi a=0.5,

L=5, ta co:

Tai budc (2.a) cia thudt toan, trong sb cdc duong di do dai L=5, o =0.5
trén d6 thi G* 1a:
0.15625 0.18750 0.03125 0.28125 0.03125 0.03125 0.03125
0.12500 0.59375 0.18750 0.34375 0.25000 0.18750 0.25000
(X '), =10.03125 0.81250 0.37500 0.21875 0.43750 0.25000 0.56250

0.00000 0.43750 0.18750 0.06250 0.37500 0.18750 0.37500
0.03125 0.81250 0.25000 0.21875 0.56250  0.37500 0.43750
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Tai budc (2.b) cia thuat toan, trong s6 cac duong di do dai L=5, o =0.5

trén db thi

G la:

[—0.12500 —0.00000 —0.31250 —0.00000 —0.12500 —0.31250 —0.00000 |
—-0.03125 -0.00000 —-0.28125 —-0.00000 —0.15625 -0.15625 -0.00000
(X7);5=|—0.00000 —0.00000 —0.00000 —0.12500 —0.00000 —0.00000 —0.00000
—-0.15625 —-0.00000 -0.15625 -0.00000 —-0.03125 -0.28125 -0.00000
| —0.00000 —0.00000 —0.00000 —0.12500 -0.00000 —0.00000 —0.000000

Tai budc (2.c) cua thudt toan, trong sb cdc duong di do dai L=5, o =0.5

trén tat ca cac danh gid la:

[+0.03125 +0.18750
+0.09375 +0.59375

X, =|+0.03125 +0.81250

+0.15625 +0.43750
| +0.03125 +0.81250

-0.28125 +0.28125
—0.09375 +0.34375
+0.37500 +0.09375
+0.03125 +0.06250
+0.25000 +0.09375

—-0.09375
+0.09375
+0.43750
+0.34375
+0.56250

+0.00000
+0.03125
+0.25000
—0.09375
+0.37500

+0.03125]
+0.25000
+0.56250
+0.37500
+0.43750

Két hop trong 56 gitta loc cong tdc va loc noi dung theo budc 3 cua thudt

todn voi A=0.7: W= +(1-pY’> =0.7* XL +03*Y.

ON*X,, =

A-pY’=

[+0.32188 +0.43125
+0.36563 +0.72563

W=|+0.02188 +0.56875

+0.10938 +0.30625
| +0.32186 +0.86875

[+0.02188 +0.13125 —0.19688
+0.06563 +042563 —0.06563
+0.02188 +0.56875 +0.26250
+0.10938 +0.30625 +0.02188
| +0.02186 +0.56875 +0.17500

[0.30000 0.30000 0.00000
0.30000 0.30000 0.00000
0.00000 0.00000 0.30000
0.00000 0.00000 0.30000
1 0.30000 0.30000 0.00000

—-0.19688 +0.49688 +0.23437 +0.30000 +0.02188 |
—0.06563 +0.54063 +0.36563 +0.32188 +0.17500
+0.56250 +0.36563 +0.60625 +0.17500 +0.69375
+0.32188 +0.34375 +0.64063 +0.23437 +0.56250
+0.17500 +0.36563 +0.693750 +0.56250 +0.30625

+0.19688
+0.24063
+0.06563
+0.04375
+0.06563

0.30000
0.30000
0.30000
0.30000
0.30000

0.30000
0.30000
0.30000
0.30000
0.30000

Tai buéc 4 ciia thudt todn ta sdp xép dwoc: py, p7, p3.
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-0.06563 +0.00000 +0.02188 |
+0.06563 +0.02188 +0.17500
+0.30625 +0.17500 +0.39375
+0.34063 —-0.06563 +0.26250
+0.393750 +0.26250 +0.30625

0.30000
0.30000
0.00000
0.00000
0.30000

0.0000 |
0.0000

0.30000
0.30000
0.00000 |




Tai buéc 5 ciia thudt todn, chon py, p; e van cho nguwdi ding us.

3.3.4. Thuit toan lan truyén mang

Mot trong nhiing khoé khan khi thuc hién dy doédn céc san phém cho nguoi
diing hién thoi dya trén d6 thi & trén 1a ching ta phai thuc hién nhiéu phép nhan
ma tran dé tinh todn (X" va (X7)L. Thuat todn nhan ma tran tot nhat hién nay

2'376) [44], trong d6 N la cép ctia ma tran. Piéu

c6 do phuc tap tinh todn 1la O(N
nay khé c6 thé thuc hién dugc khi s6 luong ngudi ding va san pham 16n. Chinh
vi vay, ta c6 thé sir dung thuét toan lan truyén mang dé tranh cac phép nhan ma
tran co kich ¢d 16n trong céc thuat toan trinh bay & trén.

Y tudng dau tién ciia thudt todn lan truyén mang xuat phat tir linh vyuc tim
1y hoc dugc st dung rong rai trong tri tu¢ nhan tao dp dung cho cic mang nglr
nghia [60, 61, 119]. Hién nay, thuat toin mang truyén duogc Google 4p dung
thanh cong trong cdc mdy tim kiém dugc goi 12 Google PageRank. Pic biét,
thuat toan déng vai trd quan trong trong tin sinh hoc gidi quyét cdc bai todn phén
loai Protein [60]. Huang [119] 4p dung hi¢u qua thuat todn mang lan truyén cho
loc cong tdc dya trén biéu dién do thi hai phia biéu dién cic danh gia “thich
hop”. Thuat toan c6 thé dugc md ta nhu sau.

Goi u, 12 ngudi ding hién thoi can duge phan bd céc san pham. Dé don
gian trong trinh bay thuat todn, ta ky hiéu N 1a tap cdc dinh u, c6 thé di qua dén
cac dinh san phém, dinh n; e N duoc xem la mot dinh ngudi dung. Goi e; 1a
trong s lién két giira dinh n; va n;. Gia tri e, 1a trong s lién két gitra dinh nguoi
dung hién thoi u, va n;.

D6i voi cdc dudng di loai 1, ma tran (e;) duge chuan héa tir ma tran X*, X°
nhu da dugc trinh bay ¢ trén. Déi voi cac dudng di loai 2, ma tran (e;;) dugc
chuan héa tir ma tran biéu dién do thi chi ¢6 cic canh nbi giita dinh ngudi ding
v6i dinh ndi dung. Goi a;(7) 1a trong sb cdc duong di gitta u, va dinh n; € N khi
duyét cac duong di d§ dai L. Thuéat toan hdi tu dén tap dinh khi thyc hién ding L
budrc lap duge thé hién trong Hinh 3.10.
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Piu vio:

® Ma trdn (e;) duoc chudn héa tir ma trdn twong ung cho mai loai

dwong di;

e «ala hang sé diéu chinh trong sé dwong di (0sa<l);

e K la 56 sdn phdm can tw vdn.
Piura:

e K sdn phdm cé trong sé cao nhdt chira dwoc nguoi ding ddnh gid.
Cac budc thue hién:

1. Thiét ldp a,(0) = 0 cho tdt cd n;eN, a,0) = 1

2. fort=0,1,2, .., L

3. for n;e Ndo

4. ai(t) = ea ;

5. for njeN do

6. if e;>0ort=L then

7. ai(t) «ait) + dej.aft-1);
8. endfor

9. endfor

10. endfor

11. return (ai(L): la trong sé cdc dwong di dé dai L

Hinh 3.10. Thudt todn lan truyén mang
Trong thuét toan trén, o € [0,1] 12 hang s6 dugc dung dé giam trong sd cc
duong di c6 do dai 16n. Trong kiém nghiém, ta ldy o =1 dé tinh todn trong sb
cdc duong di loai 1 va a=0.5 cho cdc duong di loai 2.
Do phtc tap thuét toan lan truyén mang 12 O(N.S), trong d6 N 1a s luong

ngudi dung, S 1a s lwgng trung binh céc phan tir khac 0 ctia (ey) [2, 80].
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3.4.THU NGHIEM VA KET QUA

Mo hinh dé xuét dugc thir nghiém trén bd dir liéu MovieLens. Sai s du

dodn dugc udc lugng thong qua dd chinh xac (precision), 40 nhay (recall) va F-
Measure theo thu tuc dugc mo ta dudi day.
3.4.1. Dir liéu thir nghiém

Hau hét cic két qua nghién ctru vé loc thong tin trudc nam 2004 déu dugc
kiém nghiém trén hai tap dir liéu EachMovie va MovieLens [11, 12, 14, 18, 20,
21, 25, 27, 29, 30, 32, 41, 42, 47, 48, 55, 56, 95, 96]. Hién nay, hang HP da
ngimg cung cap bd EachMovie vi vy cic két qua nghién ctru chu yéu dugc
kiém nghiém trén bd dit liéu MovieLens [8, 9, 10, 15, 16, 17, 24, 28, 38, 39, 43,
59, 86, 105]. Trong diéu kién hién tai, bd dir liéu EachMovie dugc ching tdi thu
thap dugc khong c6 cic dic trung ndi dung phim nén khong thé tién hanh kiém
nghiém dugc cho md hinh loc két hop dé xuét. Chinh vi vay, mé hinh dé xuat
dugc tién hanh thu nghiém trén hai tap dit liéu cua by dir liéu MovieLens.

Tap dir liéu MovieLens thtr nhat (MovieLens1) g@)m 1682 nguoi dung, 942
phim véi trén 100000 danh gia. Tap dir liéu MovieLens thur hai (MovieLens2)
gdm 6040 ngudi ding, 3900 phim véi trén 1000000 danh gid nhu da duoc mo ta

trong Chuong 2 (www.grouplens.org/node/12).

Chon ngiu nhién trong tdp MovieLensl 500 nguoi ding lam dit liéu huén
luyén, chon ngiu trong s6 con lai 150 nguoi dung lam dit li¢u kiém tra. Chon
ngau nhién trong tap MovieLens2 1000 nguoi ding lam dit liéu huan luyén,
chon ngiu trong sb con lai 320 nguoi ding 1am dir liéu kiém tra. Hai mirc dnh
gid cao nhét (4, 5) dugc bién ddi thanh “thich” (+1), cic mirc con lai bién doi
thanh “khong thich” (-1) [29]. Cac déac trung ndi dung cta phim dugc chon la
thé loai va dao dién. Céc tap dir lidu nay ciing duoc Grouplens cung cap kém

theo cac tap dir li€u twong tng.
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3.4.2. Phwong phap thir nghiém

Phuong phép danh gid sai s6 phan loai dya trén do chinh xdc P (Precision)
va do nhay R (Recall) dugc Billsus va Basu dé xuét nam 1998 cho cac hé théng
loc van ban va duoc xem nhu phuong phép tiéu chuan cho céc hé thong loc theo
ndi dung va loc két hop [20, 26]. Phuong phap dugc tién hanh nhu sau.

Trudce tién toan bd san phém trong tap dir licu kiém tra duoc chia thanh hai
16p: L6p cdc san pham phan b thich hgp va 16p cic san pham phan bo khong
thich hop. Goi N 1a tong sb cdc danh gid nguoi dung trong tap dit liéu kiém tra,
trong d6 N, 12 s6 cdc san pham ngudi diung da ddnh gid thich hop, N 12 s6 cdc san
pham phuong phép loc dy doan chinh xéc, khi d6 @ chinh xic P dugc tinh theo
cdng thuc (3.15), do nhay R dugc tinh toan theo cong thic (3.16), va d do F (F-
Measure) dugc tinh theo cong thtic (3.17). Gid tri P, R, F_Measure cang 16n do,

chinh xéc cuia phuong phép cang cao.

N
p=—2= (3.15)
N"
N
R=—2= 3.16
N (3.16)
F_Measure:w (3.17)
(P+R)

3.4.3. So sanh va danh gia dwa vao Precision, Recall va F-measure
Mo hinh loc cOng tac Kkét hop véi loc ndi dung dua trén dd thi (ky hiéu Ia
CombinedGraph). DB chinh xdc, d§ nhay va F-Measure dugc tinh toan dya trén
danh sich dau tién cta 10, 20 va 50 san pham dung dé tu van. Cic gid tri
ngudng lan luot duoc chon 1a: =20 va a=0.5, 1 =0.8.
Két qua kiém nghiém ciia md hinh dé xuat dugc ldy trung binh tir 10 1an
kiém nghiém ngiu nhién ciing véi két qua ciia ctia cic phuong phdp:
e Phuong phép loc cOng tic dua trén nguoi dung su dung thuat todn
KNN va d¢ tuong quan Pearson (ky hi¢u la UserBased) [52]. Pay la
phuong phap loc cong tic thong dung nhat va thuong duge sir dung

khi so sanh.
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e Phuong phép loc cong téc trén d6 thi G* (Ky hiéu 1a 3Hop) nhu di
trinh bay trong Muc 3.2.2.2. Day 1a mdt trong nhitng phuong phap c6
d6 chinh x4c t6t nhat hién nay.

¢ Phuong phap loc theo ndi dung (ky hiéu 1a ContentBased) dya trén mo6
hinh d6 thi nhu d4 trinh bay trong Muc 3.3.3.2.

e Phuong phap loc két hop don gian (Ky hiéu 1a SimpleHybrid) nhu da
trinh bay trong Muc 3.3.3.3.

Bang 3.9. Gia tri Precision, Recall, F-Measure kiém nghiém trén tdp MovieLens1

Phuong phip S6 san pham dung dé tu van
bo do 10 20 50

D0 nhay 0.001 0.031 0.078

UserBased D06 chinh xac 0.003 0.041 0.054
F-Measure 0.123 0.028 0.054

Do nhay 0.018 0.026 | 0.046

ContentBased Do chinh xac 0.038 0.032 0.026
F-Measure 0.020 0.024 | 0.028

Do nhay 0.138 0.207 | 0.361

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

D0 nhay 0.098 0.144 0.259

SimpleHybrid D¢ chinh xéc 0.211 0.174 0.144
F-Measure 0.105 0.123 0.152

Do nhay 0.142 0.215 | 0.366

CombinedGraph D¢ chinh xéc 0.339 0.291 0.215
F-Measure 0.157 0.195 0.224
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Bang 3.10. Gia tri Precision, Recall, F-Measure kiém nghiém trén tdp MovieLens2

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

D0 nhay 0.007 0.021 0.069

UserBased Do chinh xac 0.015 0.025 0.034
F-Measure 0.009 0.023 0.045

Do nhay 0.009 0.017 | 0.037

ContentBased b chinh xac 0.022 0.020 0.018
F-Measure 0.013 0.018 0.024

Do nhay 0.155 0.222 | 0.377

3Hop Do chinh xéc 0.284 0.225 | 0.164
F-Measure 0.200 0.223 0.228

Do nhay 0.117 0.162 | 0.279

SimpleHybrid D¢ chinh xéc 0.186 0.148 0.118
F-Measure 0.144 0.155 0.166

D0 nhay 0.165 0.234 0.381

CombinedGraph D0 chinh xéc 0.292 0.240 0.175
F-Measure 0.211 0.237 0.240

Két qua kiém nghiém cho thdy mo hinh dé xuat cho lai két qua d¢ chinh xdc,
d6 nhay va F-Measure déu 16n hon so véi cdc phuong phép con lai. Piéu d6
chiing té viéc x4c dinh mirc d¢ wa thich ctia nguoi ding déi véi nhing dic trung
noi dung san pham c6 y nghia dic biét quan trong dé nang cao chat luong du
dodn cho cdc hé thong tu van.

3.4.4. Phan tich két qua
Dé thay 16 sy ndi trdi ctia md hinh, chiing t6i 1iy gid tri trung binh F-
Measure sau 10 1an kiém nghiém ngau nhién cia 150 nguoi dung trong tap dir

lidu kiém tra ciia MovieLens1 va 320 ngudi dung trong tap dit liéu kiém tra cua
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MovieLens2 dé tién hanh mot paired t-test [58]. Cac tham sb théng ké so sanh
mirc d ndi troi thdng ké gitra CombinedGraph va cic phuong phép con lai bao
g@)m: S6 bac tu do cua paired t-test (DF), trung binh d§ léch gilta
CombinedGraph va phuong phdp so sanh (Mean), do 1éch chuan (SD) gitra
CombinedGraph va phuong phdp so sanh, 18i chuan trung binh (SE) cua
CombinedGraph va phuong phap so sanh, 7 va p 1a gid tri n6i trdi thong ké (SS)
ctia kiém nghiém cua pair t-test giita CombinedGraph va phuong phap so sanh.
Gia tri p<0.05 chtng t6 phuong phdp CombinedGraph cho lai gia tri F-Measure
16n hon phuong phép so sénh it nhat 5% trén téng s6 1an lan quan sét.

Két qua kiém nghiém cdc tham sb théng ké gitta CombinedGraph va céc
phuong phdp g véi trudng hop st dung K= 10, 20, 50 san pham can tu van
ctia tdp MovieLens1 dugc thé hién trong Bang 3.11, Bang 3.12, Bang 3.13 theo
thir ty. Két qua kiém nghiém cac tham s6 thong ké gitta CombinedGraph va cic
phuong phdp g véi trudng hop st dung K= 10, 20, 50 san pham can tu van
ctia tdp MovieLens2 dugc thé hién trong Bang 3.14, Bang 3.15, Bang 3.16 theo
thir ty. Gia tri p (p-value) tinh todn dugc déu nhé hon 0.05 trong tat ca cic
truong hop K=10, 20, 50 trén hai tap dir licu. Chinh vi vdy, ta c6 thé khang dinh
phuong phap dé xuit thuc hién tdt hon so v&i UserBased, ContentBased, 3Hop,

va SimpleHybrid.

Bang 3.11. Két qua kiém nghiém paired t-test véi K=10 san pham cén tu véan
trén tdp MovileLens1

l”hlro’ng’; DF Mean SD SE t-value | p-value
phap so sanh
UserBased 149 0.034 0.198 0.016 2.104 0.037
ContentBased | 149 0.137 0.772 0.063 2.175 0.031
3Hop 149 0.005 0.027 0.002 2.291 0.023
SimpleHybrid 149 0.052 0.266 0.022 2.391 0.018

108



Bang 3.12. Két qua kiém nghiém paired t-test véi K=20 san pham cén tu véan

trén tdp MovileLens1

l”hlr(rng’; DF Mean SD SE t-value | p-value
phap so sanh
UserBased 149 0.167 0.815 0.067 2.511 0.013
ContentBased | 149 0.171 0.868 0.071 2.413 0.012
3Hop 149 0.005 0.031 0.003 1.993 0.048
SimpleHybrid 149 0.072 0.366 0.030 2411 0.018

Bang 3.13. Két qua kiém nghiém paired t-test véi K=50 san pham cén tu véan

trén tap MovieLensl

l”hlr(rng’; DF Mean SD SE t-value | p-value
phap so sanh
UserBased 149 0.170 0.821 0.067 2.536 0.012
ContentBased | 149 0.196 0.916 0.075 2.622 0.010
3Hop 149 0.002 0.012 0.001 2.019 0.045
SimpleHybrid 149 0.072 0.381 0.031 2.317 0.022

Bang 3.14. Két qua kiém nghiém paired t-test v6i K=10 san pham cén tu véan

trén tdp MovileLens2

l”hlr(rng’; DF Mean SD SE t-value | p-value
phap so sanh
UserBased 319 0.202 1.823 0.102 2.078 0.039
ContentBased | 319 0.198 1.784 0.100 1.985 0.048
3Hop 319 0.011 0.076 0.004 2.574 0.011
SimpleHybrid 319 0.067 0.534 0.030 2.243 0.026
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Bang 3.15. Két qua kiém nghiém paired t-test véi K=20 san pham cén tu véan
trén tdp MovileLens2

Phuwong

phép so sanh DF Mean SD SE t-value | p-value
UserBased 319 0.214 1.750 0.098 2.188 0.029
ContentBased | 319 0.219 1.768 0.099 2.216 0.027
3Hop 319 0.014 0.103 0.006 2437 0.015
SimpleHybrid 319 0.082 0.654 0.037 2.243 0.027

Bang 3.16. Két qua kiém nghiém paired t-test véi K=50 san pham cén tu véan
trén tdp MovileLens2

Phuwong

phép so sanh DF Mean SD SE t-value | p-value
UserBased 319 0.222 1.567 0.088 2.534 0.012
ContentBased | 319 0.216 1.313 0.073 1.983 0.004
3Hop 319 0.012 0.095 0.005 2.251 0.025
SimpleHybrid 319 0.074 0.523 0.029 2.531 0.013

3.4.5. Truwong hop dir liéu thwa

Mot trong nhimng khé khan cua cdc hé tu van 1a van d¢ it dir liéu ddnh gia.

Céac phuong phdp User-Based va Content-Based cho lai két qua tu van thép vi

hau hét lién két giita dinh nguoi diing va dinh san pham khéng dugc thiét 1ap.

Tréi lai, trong truong hop nay md hinh dé xuét phat huy hiéu qua bang cich xem

xét cdc moi lién két gifra dinh nguoi dung va dinh ndi dung. Chinh vi vdy, md

hinh it bi 4nh huéng khi dir liéu ddnh gia thua tht. Dé kiém tra diéu nay, ta 1ay

ngau nhién 400 nguoi ding 1am dit liéu huan luyén, 100 ngudi dung lam dit liéu

kiém tra trong tap MovieLensl. 25% dénh gid ctia mdi nguoi ding trong tap dir

liéu kiém tra dugc an di d¢ thyc hién du dodn, sau d6 loai bo ngau nhién cac

phan tir ciia ma tran ddnh gid R dé 1am ting mic do dir liéu thwa. Gid tri F-
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Measure ding cho 50 san pham dau tién dé tu van ctia CombinedGraph dugc thé

hién trong Hinh 3.11 6n dinh hon so v&i User-Based va Content-Based.

0.35
—e— User_Based
0.3 —- - —- Content-Based
---e--- CombinedGraph
0.25
o i e- @ e ..
% 0 2 hd Trec-e E )
& 0.15
0.1
0.05
0
95 100
% D6 thwa thot

Hinh 3.11. Gid tri F-Measure ¢ cdc mirc do thwa thot dit liéu.

3.5.KET LUAN

Chuong nay trinh bay mot mo hinh truc quan, don gian va hidu qua két
hop giita loc cong tac va loc ndi dung. M6 hinh cho phép biéu dién tat ca cac dbi
tugng tham gia qua trinh loc bang do thi, bao gdm: Nguoi dung, danh gia nguoi
dung d6i v6i san pham, san pham va ndi dung san pham.

Déi v6i loc cong tac, mo hinh biéu dién tat ca cic danh dénh gid nguoi
dung trén mot dd thi hai phia. Dya trén biéu dién nay, qua trinh phan b6 san
pham thich hgp cho mdi nguoi ding dugc thyuc hién trén do thi chi bao gom cac
biéu dién “thich”, qua trinh lugc bo thong tin khdng thich hop dugc thuc hién
trén dd thi chi bao gdm nhitng biéu dién “khéng thich”. Phuong phap du doan
trén tat ca cac danh gid, cho phép ta giam thiéu cac 16i c6 thé xay ra trong qua
trinh du doan va phan bo thong tin (M6t san pham nguoi dung “khéng thich” c6
thé c6 mit trong danh sach cac san pham can tu van. Mot san pham ngudi ding

“thich” c6 thé c6 mat trong danh sach cac san pham can loai bo).
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Po6i voi loc ndi dung, md hinh xdy dung phuong phéap trich chon dic
trung khong dua vao ndi dung san pham nhu cic cach tiép can trude ddy, ma
thuc hién trich chon déac trung ndi dung dua vao danh gia nguoi dung. Trén co
s& udc lugng muc do quan trong cua cac dic trung ndi dung cho mdi ngudi
ding, m6 hinh thiét 1ap lién két truc tiép gitra ngudi dung voi cac dic trung do,
dong thoi luge bo nhitng dic trung khong quan trong hodc khong anh huong dén
thoi quen sir dung san pham clia mdi ngudi dung. Bang cach 1am nay, md hinh
c4 nhan hoa dugc anh huéng clia cac dic trung ndi dung cho mdi ngudi dung.

Lién két giita nguoi ding voi nhitng dic trung ndi dung san pham quan
trong ddi véi nguoi dung dugc thiét lap tao nén mdi lién hé gitra loc cOng tac va
loc noi dung. Pay ciing 1 diém méi khéc biét quan trong ctia md hinh dé xuat so
v6i cac md hinh trudc day. Trong dod, loc cong tdc dugc thuc hién bﬁng cach lan
truyén toa co trong sb trén cac canh biéu dién danh gia nguoi dung déi voi san
phém, loc ndi dung dugc thuc hi¢n béng cach lan truyén co trong sb trén cac
canh nguoi dung va dic trung ndi dung san pham.

Phuong phép du dodn dugce dwa vé bai toan tim kiém trén d6 thi cho phép
ta sir dung biéu dién d6 thi bang ma tran thua dé giam thiéu khong gian biéu
dién dir lidu, dong thoi c6 thé sir dung cac thudt toan hiéu qua trén do thi. Két
qua kiém nghiém trén b dir licu MovieLens cho théy, md hinh cho lai két qua
t6t hon cdc phuong phdp loc cong tic dua trén do tuong quan va loc theo ndi

dung thuén tdy.
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KET LUAN

Loc cong tic va loc ndi dung 1a hai phwong phép tiép can chinh dugc 4p
dung cho cac hé théng loc thong tin. Loc ndi dung thuc hién tdt trén cdc dbi
tuong dir liu dugc biéu dién dudi dang céc déac trung ndi dung nhung lai kho
thuc hién trén cic dang thong tin da phuong tién. Loc cOng tic c6 thé loc duoc
moi loai thong tin nhung gap phai khé khan khi nguoi dung dir liéu danh giad
thua thét, mot ngudi ding méi chua c6 dénh gid ndo vé san pham, mot san
pham méi chua dugc nguoi ding nio danh gid. Dwa vao nhitng nghién ciru co
ban nay, lun 4n tap trung giai quyét vao hai vin dé chinh con ton tai cia loc
thdng tin cho cac hé tu vén, d6 12 van dé dit liéu thua cua loc cong tic va van dé
két hop hiéu qua giita loc cong tic va loc ndi dung.

Do6i voi van dé dir liéu thua ciia loc c¢éng tac, luan an dé xuat sir dung
phuong phan loai bang k¥ thuat Boosting dua trén gdc quyét dinh da duoc ap
dung thanh cong trong nhiéu linh vuc khéac nhau cua hoc may [3, 81]. Trén co s&
4p dung phuong phdp Boosting, luan 4n dé xuat phuong phdp MC-Boost han
ché anh huong cua van dé dit liéu thua trong loc cong tic béng ky thuat hoc da
nhiém. Két qua kiém nghiém trén céc bo dir liéu vé phim cho thay, trong truong
hop dit liéu twong di day du phuong phdp Boosting va MC-Boost déu cho lai
két qua tot hon so véi phuwong phdp loc theo do twong quan Pearson. Trong
truong hop dir lidu thua, phuong phdp MC-Boost cho lai két qua tot hon so véi
phuong phédp Boosting cho tung bai todn phén loai.

DBéi véi van dé két hop gitta loc cong tac va loc noi dung, luan an dé xuét
mot mo hinh d thi biéu dién tit ca cac ddi tuong tham gia hé thong loc, bao
gém: Nguoi ding, danh gid nguoi dung, san pham va noi dung san pham [2, 80].
bpé phat huy tinh hi¢u qua cua loc cdng tdc, md hinh biéu din tit ca cac danh
d4nh gid ngudi ding bang mot d6 thi hai phia. Viéc biéu dién quan hé Nguoi

dung- San pham nhu mot do thi hai phia cho phép ta gidam thiéu khong gian biéu
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dién dir liéu vi ma tran dénh gia R c6 rat it dir liéu ddnh gia. Dya trén biéu dién
dd thi nay, h¢ théng tw van c6 thé duoc trién khai dé dang theo tat ca cac khia
canh: Phan bo thong tin thich hgp hodc g& bo thong tin khong thich hgp cho mbi
nguoi dung.

bé két hop hi¢u qua gitra loc cOng tac va loc ndi dung, mo hinh xay dung
phuong phap trich chon dic trung ndi dung san pham dya vao danh gia nguoi
dung. Trén co sé trich chon nhing ddc trung ndi dung san pham quan trong cho
mdi nguoi ding, mo hinh thiét 1ap lién két gitra nguoi dung véi cac dic trung
d6, dong thoi lwge bo nhitng dic trung khong quan trong hodc khdng anh huéng
dén théi quen str dung san pham cua ngudi ding (Muc 3.3.2). Bang cach lam
ndy, mo hinh c4 nhan hoéa duoc anh huéng cua cac dic trung noi dung dbi véi
mdi ngudi dung.

Phuong phap du doan cua mo hinh dugc xem xét nhu mot bai toan tim
kiém trén do thi bang thuat to4n lan truyén mang. Péng gop vao két qua du doan
cho mdi loai duong di (Pudng di théng qua dinh ndi dung san pham, dudng di
thdng qua cac canh danh gid) duogc diéu chinh linh hoat, mém déo cho tung ing
dung cu thé thong qua cac hﬁng s6 khir nhiéu. Két qua kiém nghiém trén bg dir
liéu MovieLens cho thdy, mé hinh cho lai két qua tot hon cdc phuwong phdp loc
cong tac dua trén do twong quan va loc theo ndi dung thuan tiy. Dac biét, mo
hinh thuc hién t6t trong truong hop dit liéu ddnh gia thua thét.

Tém lai, dong gép chinh cua luan 4n d6 la:

Thir nhat, luan 4n dé xuét str dung phuong phdp Boosting dya trén gbc
quyét dinh (GentleBoost) cho loc cong téc trong truong hop c6 twong dbi day du
dir lidu. Trong trudng hop dir lidu thua, luan 4n dé xuéat phuong han ché van dé
nay bang phép hoc da nhiém (MC-Boost).

Thir hai, luan 4n dé& xuat mot phuong phdp biéu dién don gian va hiéu qua
chung cho lgc cOng tic va loc ndi dung trén mo hinh dd thi. M6 hinh cho phép
tan dung hiéu qua cdc mbi lién hé gidn tiép cia loc cong tic vao qua trinh tu

,
A

van.
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Thir ba, luan 4n dé xuat mot phuong phdp trich chon dic trung ndi dung
dya vao théi quen sir dung san pham ctia nguoi ding. Tiép can theo phuong
phép nay, md hinh khic phuc dugc han ché trong trich chon dic trung ciia cic
phuong phép loc ndi dung.

Cudi ciing, phuwong phap loc két hop dé xuat duoc sir dung dé xay dung
hé tu van lya chon phim (dugc trinh bay trong Phu luc 1). H¢ théng phan énh
day du céc chic ning co ban ciia mot hé thdng loc thong tin, bao gom thanh
phan phan tich théng tin, thanh phin mo6 hinh nguoi ding, thanh phan hoc va
thanh phﬁn loc. Hé théng cho lai két qua tu van tot trén bo dit litu MovieLens

g6m 3900 phim va 6040 nguoi ding.
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PHU LUC 1
XAY DUNG HE THONG TU VAN LUA CHON PHIM
DUA TREN MO HINH PO THI KET HQP

Hé théng tu van lya chon phim (Film Recommendation System) dugc xay
dyung dya vao md hinh d6 thi két hgp da dugc trinh bay trong Chuong 3. Hé
thdng cho phép nguoi ding xem phim, tra ciru ndi dung phim, dénh gia phim,
tim kiém noi dung phim, tw vin phim va mot s6 chirc nang cap nhat thong tin vé
phim va thong tin ngudi ding. Toan bo hé thong duge xdy dung dua trén cong

nghé JSP voi giao dién Web than thi¢n, dep va dé str dung.

1.1. KIEN TRUC TONG QUAT CUA HE THONG

Kién tric cta hé théng dugc thiét ké theo md hinh ba ting: Tang trinh
bay, tang logic va tang dir liéu. Ngoai ra, dé c6 thé tuong tic giita tang trinh bay
va tang logic, hé théng st dung khdi diéu khién dé quan Iy cic ludng thuc thi

cong viéc. Nhiém vu chi tiét cua mdi tﬁng dugc mo ta trong Hinh 1.
1.1.1. Tang trinh bay

La tang trén cung c¢6 nhi€m vu giao tiép truc tiép voi nguoi dung. Tang
nay dugc xay dung dudi dang mot website. Nhiém vu cta tang la cung cap giao
dién cho nguoi dung, gt yéu cau tu van, tim kiém, danh gid cho cac tang bén

duéi thong qua khoi diéu khién.
1.1.2. Tang Logic

Day la tang xir Iy nhiing céng viéc quan trong nhat cia hé thong, bao gdm
céc nhiém vu hoc, loc va tao nén tu van cho nguoi dung. Két qua cdc chtrc ndng
trong tang nay giao tiép thong qua khbi diéu khién va chuyén dén tang giao dién
dé sinh ra tu vén cho nguoi dung hién thoi. Khi dugc kich hoat, cdc chuc nang
s& ldy dir lidu can thiét, thyc hién tinh todn va hién thi két qua. Trong tang

Logic, hai chuc ndng chinh dugc thiét lap d6 1a chuc nang hoc dugc thuc hién
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offline (“Pha Offline”) va chuc nang dy dodn duogc thyc hién online (“Pha
Online”).

Téng trinh bay

GIAO DIEN NGUOI DUNG

Trang JSP

PHA ONLINE

Tang logic [Recommendations]

[

UI_Path ] > DIEU KHIEN

I- -----
- R |

PHA OFFLINE

[Learning Method]

[CombinedGraph ]

QUAN LY DB

Ting diligu | ,~-------=-----=----- > DAG

Panh gia nguoi

ding Dir liéu phim,

Dir liéu nguoi
dung

dung phim

Hinh 1. Kién triic hé thong.

e Chuc nang hoc cé nhiém vy xay dung mo hinh dya trén dir liéu danh gid
phim cta nguoi ding, két hgp véi céc dac trung ndi dung ctia phim duoc
xdy dung theo mo hinh do thi da trinh bay trong Chuong 3. Trong chirc
ning nay, md dd thi két hop dugc xdy dung trong khoi
“CombinedGraph”, sau d6 thuc hién tinh todn theo thuét todn mang lan
truyén cho mdi ngudi ding dé luu lai két qua trong khbi “Pic trung ndi

dung phim”.
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e Chtic nang “Tu van™: Khi ¢6 yéu cau tu van tir mot ngudi diung duoc giri
tir khoi diéu khién, chtic ning s& sir dung dit liéu duge xay dung tir pha
hoc offline dé tim trong s6 duong di d¢ dai L cao nhat (UL Path) va chon
ra Top-N phim c6 trong s6 cao nhét dé tu van cho khach hang (Top — N).

1.1.3.Tang dir liéu

C6 nhiém vy quén tri co so dit liéu cia hé thong bao gdm: dir liéu vé
nguoi dung, ndi dung phim, danh gid nguoi dung cho cdc phim, cic dac trung
nodi dung phim va két qua tinh todn theo mé hinh mang lan truyén nhan duoc tir

chtrc nang hoc.

1.2. CAC CHUC NANG CHINH CUA HE THONG

Hé théng duoc thiét ké va thuc hién trén Hé diéu hanh Windows XP str
dung ngdn ngit 14p trinh Java trong moi trudng PHP. Hé théng sir dung tap dir
liéu MovieLens, dugc thiét ké trén MySql. Toan bo hé théng duoc thiét ké nhu
mot Website véi nhitng chirc nang chinh nhu sau:

Pang nhap: Trang chu cua hé théng duoc dinh danh bﬁng mot dia chi
Website, ngudi diing c6 thé dang nhap théng qua dia chi Web dé truy nhap vao
trang chu cta hé thong. Néu nguoi ding da c6 tai khoan trong hé théng, nguoi
ding s& nhan dugc danh sich cic phim hé thong tur van cho ho. Néu 1a nguoi
ding méi dang ky tai khoan 1an dau vao hé thong, hé thong s& yéu cau ngudi
dung danh gi4 tdi thiéu 20 phim trudc khi thuc hién cung cap dich vu tu vén
phim. Sau khi ding nhap, nguoi ding dugc phép st dung céc dich vu hé thong
FRM cung cép, nhu: Tim kiém thong tin vé phim, xem danh sich phim, danh
sach phim méi, xem phim, tém tit ndi dung phim, céc vai déng trong phim,
nhing binh luan vé phim, d4nh gi4 cho phim, d4nh gid nhan vat ciia thdng, phim
cua théang ...

Tim kiém: Chtic ning nay cung cép cong cu tim kiém thong tin vé phim.
Nguoi ding ¢6 thé dua ra tiiy chon ciia minh théng qua céc lua chon: Tir khéa,

dién vién, dao dién, the loai phim.
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Danh sach phim: Chtic ning nay cung cip danh sich cdc phim theo thé
loai, nudc san Xuét, hang phim, cong ty phat hanh, dao dién hoac dién vién dudi
dang mt tity chon do ngudi ding chi dinh. Nguoi diing c¢6 thé dua ra lya chon
ctia minh nhu thé loai phim (Hanh dong, tinh cam, vién tudng, hoat hinh...), theo
nude san xuat (Anh, My, Ca-na-da, Trung Quéc...) hodc theo hang san Xuét, cong
ty phét hanh, dién vién déng ... Nhitng thong tin nay cung cdp cho ngudi ding
nham hd trg ho ¢6 lua chon chinh xéc phim dé xem, d4nh gid va binh phém.

Phim méi: Chirc ning nay cung cép danh sich cdc phim méi dang dugc
trinh chiéu ciing véi nhimg giéi thiéu tém tat vé phim, ddnh gid vé phim do
nhimg ngudi ding khic ctia hé théng da ddnh gid, nhimg binh pham va binh
chon cua khan gia cho phim.

Xem phim: Pua ra man hinh trinh chiéu phim Online, nguoi ding c6 thé
xem, danh gi4, binh pham va d4nh gid cho phim.

Tém tit ndi dung phim: Cung cép thong tin ndi dung ctia phim nhu tém
tat phim, dién vién déng phim, ngudi viét kich ban, hang phat hanh phim.

Binh chon ciia ngwoi dung: Hé thong s& tu dong dua ra binh chon cia
ngudi ding cho cdc phim. Nhitng phim hay cta thang, dao dién, dién vién phim
ctia thang dugc hé thong cung cap cho ngudi ding.

Théng tin dién dnh: Cung cip nhiing thong tin vé dién dnh méi nhét cho
nguoi dung.

Théng tin bén 1&: Cung cip nhiing binh luan cta nguoi ding, nha phé
binh, cic chuyén gia trong linh vuc dién anh cho mdi phim.

Gioi thiéu dién vién: Gi6i thiéu thong tin vé cdc dién vién trong phim,
dién vién ndi tiéng. Nhiing thong tin nay hd trg ngudi dung trong viée tim kiém

nhimng phim ma minh wa thich thong qua dién vién.
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1.2.1. Giao dién trang chii ciia h¢ thong

Phim!Cua toi

Hé théng tir van lya chon phim cho ban

TRANG CHU HH SACH PHIM PHIM MOT

Star Trek
B m nhu cudc phiéu luu vi dain
thési dai. Xoay quanh mét nhém phi hanh gia....

Dai chién Robé&t
Tréi Bt roi vao tinh trang hin loan be

hai ching

Ké Uiy Diét 4

Trang chua

Phim dang chi€u

. Star Trek

[}

. Ngu@i nhén

H2 Halloween 2 Tai rap 09-05-2009

L

. Ban gai dc quy

Gidi thigu: Bénh vién tdm thin chéng thé giif néi Michael Myers, han da tréin thodt va tim v&
qué nha cda minh, thi trdn Haddonfield va d6 cling la ldc nhitng ngudi dan cua cai thi tran
nhé bé, yén a ndy, Ian lugt, [&n lugt, timg ngudi, timg ngudi mét duge "dién kin" mét [&n va
mai mai dudi cdi 6t cla Michael "Halloween” ...

~

. Theo ddi

w

. 17 [3n l&p lai

@

. Khéng khi ngay méi

%)

. Ngugi linh

=3

. Quai vat va Alien

o

. Phéng thi

10. Ngudi s6i

vat Bay Tai rap 09-05-2000
11. Tran chién

Walt Disney Pictures va Pixar Animation Studios lai mét [En nira dua ngudi xem d&n thé gidi

Hinh 2. Giao dién trang chii ciia hé thong
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1.2.2. M6 ta chi tiét phim
Phim!Cua toi

Hé théng tuw van lua chon im cho ban

DANH SACH PHIM En i DAnG HHAR

Budi dém & vién bao tang 2

Xem k&t qua: 9VSBC

Binh thudng © © ©

MGt vign thudc bi &n tir théi Ai Cap o dai bién cdc bic tugng va nhan vat trong tranh cia bao tang Lich sortur nhign M
vao ban d&m. Chang choang nhau chi chat sau khi mat trdi I&n, rBi quay trd v& tu th& ban d3u khi binh minh t&i.

Larry Daley (Ben Stiller) 1& anh chang rit 18n dén trong céng vigc. Qua chdn ngdn trudc 8ng chdng hdu d&u, <6 vo d&m
tir @6, tinh hinh cia Larry cang tr& nén bi d&t hon. Anh chéng gilr dugc viéc nao qua mot tudn. Khéng c6 kha nang tai chink
gianh duge quyEn nudi c8u con trai Nick (Jake Cherry). Khéng biSt sau I&n nép don xin vige 1Sn thir mudi may, Larry duge

nhi&n nhan vao lam nhan vién gdc d&m.

Theo I&i khuyén cia Cecil, Larry lac vao tim hi€u ngudn con cia nhimg sy kién bat thutng d€ co the d6i phé t5t hon tro
Anh g8p c& sinh vién Rebecea (Carla Gugino) khi 6 t&i bao tang d€ tim tur liéu v& nhan vt huyEn thoai Sacagewea cia nc
buc bsi khi Larry néi réng anh o6 thE gidi thiSu cb wdi Sacagewea bang xwudng bang thit d€ néi chuyén truc tidp. Mac di va
thuc hign ¥ dinh cia minh. K& hoach &8 w& khi mét con khi cé té&n Dexter I&y trém chim chia khéa wa d&€ cho mét ngudi tig

qua cira 5. H3U qua |3 sang hém sau, ngudi tign sir d6 bién thanh dat.

©aoc difn: Shawn Levy
Kinh ban: Robert Ben Garant wa Thomas Lenncn

MNgay khai chigu: 22 May 2009 (Tai M¥#

Th& loai: Hanh déng | Phigu luu mao hiém | Hai kich | Gia dinh | Gia tudng TSt ca

Tir khéa: Bao tang | Bao wE& | 1940s | Thay tha

thudng : 1 trong 3 d& cir.

Sen Stiller ... Larry Dalay
Amy Adams ... Amelia Earhart
E Owen wilson ... Jedediah Smith
ﬂ Hank azaria ... Kahmunrah / The Thinker / Abe Lincoln
3 Rrobin wWilliams ... Teddy Roosewelt
E Christopher Guest ... [van the Terrible

Alain Chabat ... Napoleon Bonaparte

Ricky Gervai Dr. McPhee

Hader General George Armstrong Custer
B Jon Bernthal ... Al Capone
W& Fatrick Gallagher ... Attila the Hun
ﬂ Jake Cherry Nicky Daley

z: Rami Malek ... Ahkmenrah

p Mizuo Peck ... Sacajawea

MOt 56 thong tin khac:

Th&i lugng: 105 phut
Qué&c gia: M¥ | Canada
Ngén ngii: Tigng anh

Phim mau: Color

Til& nén: 2.35 : 1

H&a &m: Dolby Digital | DTS

Céng ty san xudt: Twentieth Century-Fox Film Cerporation mere

Hinh 3. Mé ta chi tiét phim
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1.2.3. Giao dién tim kiém thong tin vé phim
U gl —som L MG

TRANG CHU DANH SACH PHIM PHIM MOT HOI BAP LIEN HE DANG NHAPR TiN KIEM _

Tim kiém

Tim theo tirkhda: phén vt

® Tatcacactr © Tirbatky © Tim chinhxdc cum s

Tirts: Méinhétinide  [«]
chitim kigm: 1 Dign vign B Dao dién © nai dung [ The loai [ i thing tin khae B Bai viet

Tim theo tr khoa nhén vat
Téing cing c6 5 két qua duge tim thy.
tignthi e 20 [a]

Leanarda DiCaprio qua béo vdi canh hanh déng

choang nhau chi chat sau khi mat trdi ...

Ke Huy Digt 4

Vit Bay

....nhé tham higm ty phong & tufi Russell. Cudic hanh trinh dua ho t&i mét the qidi 83 mét dy nhimg nhén  vat quéi dan, kv la va bt ngd. Mat cude hanh trinh vui

nhén, day xic cam, sé dua tri tudng twong cla ...

Thign Thn & Ac Quy
khap nai trang Taa thanh, d& dan phat hién ra ...

RSS | €55 Valid | XHTML Valid | Top

Phim!Cua t6i dugc xdy dung bdi Duy Phuong

Hinh 4. Giao dién tim kiém thong tin vé phim.
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1.2.4. Hién thi phim theo thé loai

Phim!ICu

a toi

Phim khoa hoc

Nhirng phim dugdc danh gia cao.

vigs | PEnhOM | &8 phim
trung binh
1. a4 Star Wars: Episode \/ - The Empire Strikes Back (1980}
2. aa Star Wars (1977)
=9 43 The Matrix (1999)
2 13 WALLE (2008)
5. 43 Alien (1979)
6. 4.3 Terminator 2: Judgment Day (1991)
e a2 Aliens (1986)
& a2 District 9 (2009)
. a2 Wotropolis (1927)
10. a2 The Prestige (2006)
11 P 2001 A Space Odyssey (1968)
12 a1 Back to the Future (1955)
13. a1 Star Wars: Episode VI - Return of the Jedi (1983)
14 a1 Dlade Runner (1902)
15. a1 Star Trek (2009)
16. 20 Donnie Darko (2001)
17. 2.0 Ivan Vasilevich menyaet professiyu (1973}
18. 4.0 The Thing (1982)
1s. 20 The Temninator (1954)
20. 4.0 V for Vendetta (2005)
21. 20 Tuwolve Monkoys (1995)
22. a1 Frankenstein (1931)
23. 4 Children of Men (2006}
2a. a0 Bride of Frankenstein (1935)
25. 2.0 The Day the Earth Stood Still (1951)
26. 2.0 I<aze no tani no Naushika (1954)
21. 2.0 Kin-Dza-Dza (1986)
28 20 Invasion of the Body Snatchers (1956)
2. 20 Planet of the Apes (1965)
30. 4.0 Stalker (1979)
1. 20 Moon (2009)
32. 4.0 The Man from Earth (2007)
33. 20 Tanin no kao (1966)
34. 4.0 Night of the Living Dead (1968)
35. 4.0 Brazil (1985)
6. a0 “Young Frankenstein (1974)
37. 2.0 Dawn of the Dead (1978)
28. 2.0 Solyaris (1972)
38. EE) The Truman Show (1998)
an. ED Taki o kakarn shajo (2006)
a1, S Evangerion shin gekijoban: Jo (2007}
a2. EE) Iron Man (2008)
3. EE) Seksmisja (1904)
aa. EE) Batoru rowaiaru (2000}
a5, D) E.T.- The Estra Terestrial (1952)
a6. EE) Serenity (2005)
ai. EE) Grindhouse (2007)
as. 3.0 The Iron Giant (1999)
as. B Kokaku kidotai: Stand Alone Complex Solid State Society (2006)
0. 38 Shin seiki Kii6-b: wo. kimi ni (1997)
Nhirng phim téi nhat
Vi tri Danh gia Tiéu dé phim
uuny
1. 12 The Last Gateway (2007)
2. 13 Ultra Warrior (1990)
3 13 Terror at Tate Manor (2002}
4 11 Bigfoot (1970)
5. 14 Universal Soldiers (2007)
5. 14 Evil Behind You (20086)
7. 14 Zaat (1975)
15 Monster a-Go Go (1965)
o 15 Flosh Feast (1970)
10. 15 Awaken the Dead (2007)

Viéc dua ra théng ké danh gia che timg phim dugc thuc hién nhur sau:

©anh gis — TSng =5 cde dinh gis / §5 dénh gis

== Thém théng tin v& cac phim khac

Hinh 5. Danh sdch phim theo thé logi.
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1.2.5. Tw van phim cho ngwdi dung

Phim!Clia toi

H¢ thong n lwa chon cho ban

TRANG CHU DANH SACH PHIM PHIM MOT HOT PAP

ERSCERE _

Tw vén phim ngwéi dung cé thé thich

=]
Dua trén cac danh gia cia ban ching t6i tu van cac phim sau ban c6 thé thich Dy

doan
The Motebook 5
Gone with the Wind 5
Big Fish 5
Across the Universe 5
The Kite Runner 5
The Nanny Diaries 5
Lackawanna Blues 4
The Naked Kiss 4
The Last Picture Show 4
The Lonely Passion of Judith Hearne 4
The Omega Man 4
28 Days Later... 4
The Omen 4
Resident Evil: Apocalypse 4
Batoru rowaiaru 4
Quarantine 4
Watchmen 4
Dreamcatcher 4
Don't Look MNow 4
Terminator Salvation 4

=> Thém cac ggi y

PhimICua t6i dwgc xay dung béi Duy Phuong RSS | €SS Valid | XHTML valid | Top

Hinh 6. Két qud tw van cho méi ngueoi dimg sau khi ddang nhdp.
1.3. KET LUAN

Hé théng tu van luya chon phim dugc xay dung dya vao mo hinh do thi két hop
dé xuat da mo ta dﬁy du céc chuc ndng chinh ciia mdt hé théng loc thong tin, bao
gdm: chirc ning hoc, chitc ning loc, chiic niang phan tich dir lidu, chirc ning
nguoi ding. Ung dung cho lai két qua tu van tot ngay ca trong trudng hop dir

liéu danh gid nguoi dung thua thot.
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