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Abstract. Collaborative filtering is a technique to predict the utility of items for a particular user
by exploiting the behavior patterns of a group of users with similar preferences. This technique has
been widely used for recommender systems and has a number of useful applications in e-commerce.
In this paper, we present a collaborative filtering method based on an multi-task learning algorithm
that was designed for pattern recognition . The method formulates the collaborative filtering problem
as classification problems and performs classification for all users simultaneously by using a modified
boosting algorithm. This allows sharing common features among different classification tasks and
thus reduces the negative effect of data sparseness. Experimental results show the effectiveness of the
proposed method in comparison with other methods, especially when data are sparse.

Tém tit. Loc cong téc 1a phuong phiap du dodn vé mit hang ma ngudi ding quan tam duya trén
thong tin tir nhitng ngurdi ding cé cling s& thich. Phwrong phép nay dwoc st dung phd bién cho cic
hé hoé tro tw van va cé nhitu tng dung trong thirong mai dién tit. Trong bai b4o nay, ching toi de
xuat st dung mot phwong phap loc cong tic dua trén ky thuit hoc da nhiém da duwoc dung trong
nhan dang dnh. Day 1a phuwong phép st dung ki thuat ting cuong dé thuc hién dong thoi viée phan
loai cho nhiéu ngudi ding khac nhau, qua dé cho phép chia sé nhitng dic trung chung gitra cdc bai
toan phan loai dé gidm bét dnh hwémg cia viée ¢6 it dir litu. Két qua thir nghiém va so sanh véi ki
thuat loc khéc cho thiy phuong phap cho két qua tét, dic biét trong trudomg hop it dir liéu.

1. MO PAU

Nguwoi str dung Internet thiromg gap khé khan vi phai xir Iy qué nhiéu thong tin trirde khi
tim dwoc thong tin quan tam. Mot trong nhirng gidi phdp ho tro ngudi diing trong truwdomg
hop nay 14 stt dung céc hé ho tro tir van (recommender systems). Hé ho tro twr van 1a nhitng
hé thong c6 kha nang tu dong lwa chon va cung cdp cho nguwdi ding nhing thong tin ma
nguoi dé quan tam. O day thong tin c6 thé la thong tin dudi dang van ban nhiwr trang web,
ban tin, hay thong tin vé hang hod, san pham .v.v. P& don gidn, trong phan trinh bay tiép
theo, chiing toi sé goi chung thong tin hay hang hod 14 cdc mat hang (item). Hé ho tro tu
van da cé nhiéu img dung thwong mai thanh cong nhw tw vdn mua hang trong website mua
bén trire tuyén 16n nhat thé gidi http://www. amazon.com, cdc website tw van hra chon dia
nhac va phim anh ...

Hé ho tro tw van dwge chia thanh hai loai: hé sit dung phwong phép loc cong téc (col-
laborative filtering) va hé loc theo ndi dung (content-based filtering) [2]. Loc theo noi dung
la phwong phép dira trén viéc so sanh noi dung ciia thong tin hay moé ta hang hod dé tim ra
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nhitng mat hang twong tu véi nhirng gl nguwoi dung tirng quan tam va gidi thiéu cho nguoi
dung nhirng mat hang nay.

Khéc véi loc theo noi dung, loc cong tédc khong dua trén viée st dung noi dung thong
tin. Thay vao dd, phuong phdp nay xdc dinh nhirng ngudi ¢é cling s thich v4i nguoi ding
can tu van, tir dé gidi thiéu véi ngudi can tuw van nhirng mit hang ma ngudi cing s& thich
tirng mua hodc danh gid cao [13]. Hai nguoi duogc coi la ¢ cting s& thich néu ho da timg
mua nhirng loai hang gidng nhau hay cing truy cap nhirng thong tin gidng nhau trong qué
khit. So véi loc theo noi dung, loc cong tac c¢é mot s6 wu diém nhu c¢é thé st dung véi moi
loai thong tin hay hang hod ma khong can cé mo ta dudi dang van ban. Két qua thir nghiém
ciing cho thay, loc cong téc cho két qua tur van t6t hon trong nhiéu truomg hop [1, 10]. Trong
bai bdo nay, chiing toi chi tap trung vao phrrong phép loc cong téc.

Ngoai céc wu diém so véi loc theo ndi dung, mot khé khan khi st dung loc cong tac la
moi nguwoi ding thwomg chi ddnh gid hodc mua twong ddi it mit hang, hodc khi xudt hién
mat hang mdi chwa ¢6 ddnh gid cia ai ca. Truwomg hop nay dwoc goi la treomg hop ¢6 it di
liéu hodc dir liéu thwa thét va sé dwoc chi y gidi quyét trong nghién ciru nay.

Bai toan loc cong tac ¢é thé phéat biéu nhw bai todn phan loai tir dong clia hoc méy. Dira
trén dénh gid cia ngudi ding vé nhitng mit hang khac nhau, véi moi ngudgi diing, mot mo
hinh phan loai sé dwoc xay dung va hudn luyén, mé hinh nay sau dé dwroc st dung dé phan
chia mat hang méi thanh cac loai khac nhau, vi du nhw loai “thich” va “khong thich”. Twong
tir nhw vay, cé thé thay doi vai tro gitta nguoi diing va mat hang va xay dung bo phan loai
cho phép dir dodn mot mat hang cu thé sé diroc mot nguwoi dung “thich” hay “khong thich”.
Phuong phdp nay da dugce st dung trong mot sé nghién ciru veé loc cong téc [3,5] va cho két
qud tét so véi phuong phap loc cong tac truyén thong.

DPiém dic trung nhat cia phiwrong phap phan loai néi trén 1 moéi ngudi ding hay moi
muc sé duoc coi nhur mot bai todan phén loai riéng, doc lap véi nhirng nguoi khac. Tuy nhién,
dé dang nhan thay, nhitng ngudi ding khic nhau khong hoan toan doc lap véi nhau va ¢
nhirng moi twong quan nhat dinh trong s& thich. Viéc chia sé thong tin twong quan gitra céc
bai todn phan loai cho nhitng nguoi diing khéc nhau c¢é thé cho phép cai thién hiéu qua phan
loai, nhdt 1a trong trudmg hop tirng bai todn phan loai ¢é it dir liéu hudn luyén, tuwong ting
v6i viee moi nguredi diing méi ¢6 danh gid cho rat it méat hang. Phwong phép st dung thong
tin tir bai todan phan loai nay cho bai toan phéan loai khac dwogc goi 1a hoc da nhiém (multitask
learning) hay hoc chuyén giao (transfer learning) va da dwogc dé cap trong nhiéu nghién ctiu,
vidu [4,7].

Trong bai bdo nay, ching t6i dé xudt sir dung mot ky thuat hoc da nhiém cho loc cong
tdc. Khdc véi ky thuat phan loai trinh bay trong [5], phwong phdp hoc da nhiém tién hanh
hudn luyén dong thoi bo phan loai cho tat cd nguwoi dung st dung ky thuat boosting két hop
véi goe cay quyét dinh (decision stump). Viéc hudn luyén dong thoi cho phép phat hién dic
trung chung cho nhimg nguwoi diing khac nhau. Pic trung chung déng vai tro bo sung thong
tin gitra tirng bai todn phan loai riéng 1& va cho phép cai thién hiéu qua phan loai. Phwong
phap nay da dwoc sir dung kha thanh cong trong nhan dang anh nham muc dich phét hién
nhirng dic trung chung gitra cdc ddi twrgng can phéan loai [14].
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Phwong phap dé xuat trong bai bdo dwrge thir nghiém trén hai bo dir liéu thwre vé ddnh
gid cla ngudi dung doi véi phim. Két qua thir nghiém cho thiy viéc hoc da nhiém va sir
dung didc trung chung cho két qud loc t&t hon so véi hoc riéng ré va phwong phép loc cong

tac truyén thong dua trén twong quan gitra ngudi ding trong trwomg hop cé it dir liéu.

2. LOC CONG TAC BANG PHAN LOAI

DE tién cho viéc trinh bay phwong phap dé xuat, trong phan nay ching toi sé nhic lai
tém tat phwong phap phan loai dimng cho loc cong tac cia Billsus va Pazani [5].

Goi U = {uy,...,ux} 1a tap hop bao gom K nguoi ding, G = {g1, ..., gn} 1a tap gom N
mat hang. Dénh gid cia nguoi dung u; vé mat hang g; dwoc ky hiéu bang r;j. Nhar vay, danh
gid 7;; tao thanh ma tran dw liéu cua bai todn loc cong téc, trong dé cac hang twong ting véi
nguoi dung va cot twong tng véi mat hang. Gid tri 75 c6 thé dwoc thu thap truc tiép bang
cach hdi ¥ kién nguoi diing hodc thu thap gidn tiép: vi du khi ngudi diing mua mat hang gi
hay xem bo phim gi thi déanh gid clia nguoi diing sé 1a ”thich”. Trong truomg hop tong quat,
7;; ¢6 thé nhan gia tri tir mot tap cdc mite ddnh gid c6 thit tyr. Pé cho don gidn, & day ching
toi gid st r;; ¢ the nhan gid tri "thich” hodc "khong thich” hay +1 va —1. Thong thuomeg,
moi ngudi ding chi ddnh gid mot tap rat nhd cdc mat hang va do vay da s6 cdc gid tri 5
dwoce dé trong r;; = ¢. Bai todn dat ra khi d6 1a dy dodn nhing gia tri con trong nay cia
ma tran r;;.

Dé xdc dinh cdc gia tri con tréng, [5] coi viéc dir dodn nhitng dénh gid cho moi ngudi
ding 13 mot bai todn phan loai riéng 1&. Nhu vay phuwong phap nay doi hdi hudn luyén m bo
phan loai riéng biét, moi bo cho phép dw dodn gid tri trong trong mot hang clia ma tran z;;.

Xét vi du cho trong Bang 1. Vi du nay bao gom 4 nguoi diing va 5 mit hang. Gid sir can
dur dodn dénh gid cia ngudoi diing 4 doi véi mét hang 5. Do ngudi dung 4 da ¢6 ddnh gid véi
3 mat hang 1, 2 va 3, nhimmg ddnh gid nay sé dwoc diing lam vi du huan luyén bo phan loai.
Mobi vi du hudn luyén cé dang mot vecto cac dic trung, moi dic trung twong tmg véi mot
nguoi dung khac ngudoi dung 4, gid tri cia dac trung 1a gid tri cdc 6 cia ma tran. Nhan phéan
loai cho cdc vi du hudn luyén 1a cdc danh gid twong img cia ngudi ding 4 cho mat hang 1,
2 va 3.

Bdng 1
Gi |g2 | g3 | g2 | g5
ul | +1 | -1 +1 | +1
u2 +1 | +1 | -1
ud | +1 | +1 | —1 -1
ud | +1 | =1 | +1 ?

Véi vi du hudn luyén nhw trén, bai toan phan loai c6 thé thire hién bang nhitng phwong
phép phan loai théong dung, vi du mang no ron nhan tao, ciy quyét dinh, support vector
machines .v.v. Tuy nhién, trwdc khi st dung truc tiép dir lieu dé huan luyén va phan loai,
mot van dé can giai quyét 1a van dé trich chon dic trung. Trong trudng hop trinh bay & day,
moi dic trung chinh 14 ddnh gid ciia mot ngwdi diing khac véi nguoi diing dang xét (trong vi
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du & Béng 1, bai todn phan loai cho ngudi dung 4 ¢6 3 dac trung 1a dénh gid cia nguwdi ding
1, 2, va 3). Trén thuc t€, s6 lwong ddc trung rat 16n va khong phai ddc trung nao cing lién
quan t&i ddnh gid clda nguoi dung dang xét. Viée sir dung ca cac dac trung khong lién quan
lam ting do phitc tap tinh todn dong thoi lam gidm do chinh x4c phan loai.

Dé gidi quyét van de trich chon dac trung, trong [5], cic téc gid st dung phwong phép
singular value decomposition (SVD). Phwong phap nay phan tich ma tran z;; thanh tich cua
ma tran bao gom céc vecto ritng va ma tran dwomg chéo bao gom cac gid tri rieng sau dé
it gon kich thwéc ma tran bang cach chi gitt lai nhitng vecto riéng tirong 1tng véi nhitng gia
tri riéng 16n nhat. Nho vay, nhitng dic tring ban dau dwoc bién déi thanh dac trung méi.
Dic difm cia dic trung méi la s6 lwong dic trung it hon nhung sau khi chiéu di liéu xudng
dic trrng méi sé cho phwong sai 16m hon so véi khi chiéu xudng dic trung goc va do vay deé

phan loai d lieu hon.

3. PHAN LOAI VOI CAC PAC TRUNG CHUNG

Véi phuong phédp trinh bay & trén, qud trinh trich tron diic trung va huan luyén bo phan
loai cho ngwoi dung u; nguwoi dung dwoce thue hién trén dir lieu dwoce tao thanh tir nhitng mat
hang ma ngudi ding nay da cé danh gid. Thong thuromg, moi ngudi diing chi ddnh gid mot
tap rat nho cac mat hang, do vay moi bo phan loai chi dwge hudn luyén trén mot hrong dir
liéu nho. Pay 14 yéu t6 dan téi hiéu qua phan loai thap.

DE gidi quyét nhiroe diém néi trén, phan nay sé trinh bay phwong phap méi trong dé viee
hudn luyén v trich tron dic trung dwoc thire hién dong thoi cho tat cd ngwoi dung thay vi
cho tirng ngwoi riéng 1é nhir vira mo6 td. Viéc huan luyén dong thoi cho phép két hop thong
tin va dit lieu hudn luyén tir nhitng ngurdi ding khéc, nhd vay gidm bét yéu cau cé nhiéu
mit hang dwoc dénh gid trirée cho moi nguwoi ding. Pay 1a mot ky thuat thuwong dwoc goi
l1a hoc da nhiém.

Viéc trich tron dac trung va hudn luyén dong thoi cho tat cd nguoi ding dwoc thire hién

bang thuat toan boosting két hop véi gdce cay quyét dinh (decision stump) [9, 12, 14].
3.1. Phuong phap boosting

Boosting 1& phirong phap hoc may cho phép tao ra bo phan loai c6 d6 chinh xéc cao bang
cach két hop nhiéu bo phéan loai ¢6 do chinh xdc kém hon (con goi 1a bd phan loai yéu) [12].
Dua trén nguyeén tac chung nay, nhiéu phién ban khic nhau cia ky thuat boosting da dwoc
de xuat va sir dung [8,9, 12]. Trong nghién ciru nay, ching toi sé sir dung phién ban Gentle
AdaBoost (viét tat 1a gentleboost) dwge dé xudt trong [9] do cdc wu diém ctia phuwong phép
nay nhir don gian, 6n dinh, va cho két qua phan loai tét trong nhiéu ting dung.

Phwrong phép gentleboost cho trieomg hop phéan loai hai 1ép ¢é thé mo ta tém tat nhuw sau.
Cho dit lieu huan luyén bao gom N vi du (21, 1), ..., (TN, yn) VGi z; 1a vecto céc dac trung
va y; la nhan phan loai: y; = +1 hoac —1 (twong tng véi “thich” va “khong thich”). Bo
phan loai F'(z) diroc tao thanh bang cach t6 hop F(z) = Zi\le fm(z), trong @6 fi,(x) 1a bo
phan loai yéu c6 kha niang duw doan nhan phan loai cho vecto dau vao z. Két qua phan loai
cudi cing dwroc tao ra bang cach tinh sign(F(x)). Thuat toan bao gom M vong. Tai vong
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thit m, cdc vi du huan luyén sé dwoc danh trong s lai sao cho nhirng vi du bi phan loai sai
trong vong trude nhan dwoc trong s6 cao hon va do vay can dwoc bo phan loai chi ¥ hon.
Bo phan loai f,,(z) dwge huan luyén trén dir liéu c6 trong s6 trong vong thit m. Thuat todn
gentleboost diroc thé hién trén hinh duwdi day.
Thuat toan gentleboost
1. Khdi tao cde trong s6 w; = 1/N, i = 1..N, w; 1 trong s cua vi du huan luyén thit s.
Khéi tao F(z) =0
2. Lapvéim=1,2,.... M
a. Huén luyén fp,(z) st dung dir liéu hudn luyén cé trong so
b. Cap nhat F(z) «— F(x) + fm(x)
c. Cap nhat trong s6 w; « wie Y f,,, (x;) va chuan tic hod trong s6
3. Tra vé bo phan loai sign[F(z)] = sign[>-M_ fo(z)]
Tai buéce (a) cia moi vong lap, thuat todn lra chon f,,(z) sao cho sai s¢ phéan loai dudi
day 1a nho nhat:
N

J = Zwi(yi — fm(2))*. (1)

i=1

Dé tim dwgce bo phén loai cho phép cire tiéu hod (1), can x4c dinh bo phan loai yéu f,, (z)
cho phép cuc tiéu hod binh phwong 16i phan loai ¢6 tinh téi trong so. O day, ching toi sé s
dung goc quyét dinh (stump) lam bo phéan loai yéu. Goc quyét dinh 1a phién ban don gidn
cia cay quyét dinh (decision tree) véi mot mit duy nhat. Goc quyét dinh lra chon mot dic
trung cla vi du huan luyén, sau dé tuy thuoc vao gid tri cia dic trung dé gan cho nhan gid

tri 1 hay —1. Qué trinh x4c dinh nhan phan loai diroc biéu dién bdi cong thite
fm(x) = ad(x! > t) +bo(xf <t) (2)

trong dé d(e) = 1 néu e ding va §(e) = 0 néu nguwoc lai, t 1a mot gid tri ngwong, a va b la
tham s, =/ 1 gia tri dic trung thit f cia vecto z. Trong truong hop dir liéu dénh gid chi
bao gom gid tri 1 va 0 hofic 1 va —1, ¢6 thé chon ngwdomg ¢t = 0. Nhur vay, ngoai viéc phan
loai, goc quyét dinh con thire hién trich tron dic trung do moi géc chi chon mot dic trung
duy nhat. Qué trinh hudn luyén dé chon ra géc tét nhat (cho phép cuce tidu hoa (1)) dwoc
thue hién bang cach thir tat cd dic trung f. Véi moi gid tri cia f, gid tri t6i wu cia a va
b dugce tinh nhu sau (str dung ky thuat least square estimation ma ban chat 1a tinh gid tri

tham s6 tai diém c6 dao ham bang 0):
D wiy;0(zf > 0)
Y wis(ef > 0)
b= > wiyid(al < 0)’ (4)

Yo wid(xf <0)

3)

Gié tri f va gid tri a va b twong ng, cho sai s6 dir dodn (1) nho nhét sé dwge chon dé
tao ra bo phan loai f,,(z) cho vong lap thit m. f,(x) sau d6 dwge thém vao bo phan loai
chinh F(z) (buéc b).
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Tai buée (c), gentleboost tang trong sé cho nhirng vi du bi phan loai sai [vi du c¢6 y; khac
dau véi fin(x;) va do vay y; fm(x;) < 0] va gidm trong s6 cho nhing vi du dwoc phéan loai
ding. Bang céch nay, thuat todn sé khién bo phan loai & vong sau chi y hon téi nhitng vi
du hién dang bi phan loai sai.

3.2. Co s& ly thuyét cia gentleboost

Thuec chat, gentleboost 14 cdch xay dung bo phan loai bang cach sir dung phwrong phép
Niuton dé cure tiéu hod ham 16i khi phan loai (xem [9]). Duéi day la cdc phan tich ching
minh cho nhan xét nay.

Trong bai toan phan loai néi chung, gid tri ham 16i dwoc tinh bang ky vong cta s6 lwong
vi du bi phan loai sai, titc 1a bang:

1 N
E[5(F(z) #y)] = NZ&(F(@) # Yi), (5)

i=1
trong dé E[.] 1a ky vong va dwoc tinh bang ty 1& 16i trén dit lieu huan luyén. Do ham (5)
khong kha vi, nén thay vao d6 cdc thuat toan boosting st dung ham 16i dwéi dang ham mi

nhw sau
J = E[e7¥F(®)], (6)

Dé dang nhan thidy ham (6) 1a giéi han trén cia (5) (do e ¥F(®) > 1 khi F(z;) # ), vi
vay cuc tiéu hod (6) cho phép gidm gid tri ham 16i (5).

Thuat toan gentleboost xdy dung ham phan loai cho gid tri 16i J nho nhat bang céch cai
thién dan ham phan loai. Tai buéc thit m, ta can cai thién ham F(x) bang cich cap nhat
F(x)+ fm(x). Thuat todn sé lwa chon f,,(z) sao cho gid tri ham 16i J gidm nhiéu nhat. Khai

trién ham J dudi dang chudi Taylor bac 2, ta co:

J(F(z) + fm(z)) = E[e—y(F(erm(r))]
Ele ¥ (1 = yfn (@) + v fn(2)*/2)]
— Ble @1+ (y — fin(2))2)/2)] do y* = 1.

Q

Do héng s6 va hé s6 1/2 khong anh hwdng t&i f,, (), ta cé thé viét:
fm(z) = arg min Ele™ @ (y — f(x))?]. (7)

m

Thay ky vong bang gi4 tri trung binh trén di liéu huan luyén va sit dung ky hiéu trong

F(x;)

s w; = e Y , (7) dwge viét lai nhw sau:

N
Jm(x) = arg Djf}inz wi(y; — fm (1)) (8)
™ i=1

Gid tri can t6i wu chinh 14 ham 16i (1) da néi & trén. Cong thirc nay gidi thich viéc lra
chon f,,(z) bang ky thuat least square estimation va cach thitc cap nhat trong s6 w; tai budc
m.
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Tiép theo, ta sé thdy viéc cap nhat F(z) sit dung f,(x) theo (7) twong ing véi céc bude

trong phirong phap Niuton dé cure tiu hod ham 16i. That vay, stt dung mot s bién doi don

gidn, ta cé:
OJ(F(x) + fm(x CuF(x
g e I )
P2J(F ( o
k) plere) - plevre, (10)
m (T
fm(z)=0
Céc bude cap nhat cia phwong phap Niuton khi dé dwoc tinh bdi:
E[evF@)y]
F(x) <—F(m)+m. (11)
Thay trong s6 w; = e~ ¥ (@) vi xdc dinh f,,(x) tir (7) bing céch cho dao ham bang 0, ta
co:
Elev")y]
fm(x) = B @] (12)

Nhu vay viéc thém f,,(x) vao F(z) tai buée m twong tng v4i bude cap nhat cia phwong
phép Niuton. Tir day c6 thé suy ra tinh hoi tu cia thuat todn. Céc chitng minh chi tiét hon
c6 thé xem trong tai lidu [9]. Trén thurc t&, thuat todn gentleboost khong can chay t&i khi hoi
tu. Theo cdc nghién ciru trude day cho thiy, M = 200 vong lap cho két qud tot. Chiing toi

cing str dung s6 bude lap nay trong thir nghiém cia minh.
3.3. Boosting dong th&i cho nhiéu bai toan phan loai

Trong phan nay, ching to6i dé xudt st dung phwong phap boosting cai tién da dugce trinh
bay trong tai liéu tham khéao [14] d€ thie hién dong thoi cho nhiéu bai todn phén loai, tiwong
ing véi nhieu ngudi ding trong trirdng hop loc cong téc.

Véi tap K ngudi ding U; N méit hang G va gid tri ddnh gid r;; nhu da cho trong phan 2,
ta c6 tat ca K bai toan phan loai, bai todn thit k, k = 1, ..., K duogce cho bdi N vi du huan
luyén (of, %), ..., (zk, vk, trong d6 yf = rf titc 1a ddnh gid cua ngudi dung k cho mat hang
j, va :L"éC = (7145 oo P(lm1)js Tkt 1)j> -+ TEj) tikC 12 danh gid cia tat cd nguoi ding cho mat
hang j trtr ngudi ding k. Cén hru ¥ réng, chi nhimmg ¢t ¢6 r; # ¢ méi duge st dung lam
vi du hudn luyén trong bai todn thit k (cot cia mat hang 1,2,3 trong vi du & Bang 1). Tuy
nhién, dé cho don gidn, ta van liét ké cd nhimg vi du ¢6 rg; = ¢. Nhirng vi du nay sau dé se
dwoc gan trong s6 bang 0 va do vay khong anh hwdng téi két quad huan luyén.

Diém khéc biét chi yéu cia thuat toan boosting cho nhiéu bai toan dong thoi 1a tai moi
vong lap, thuat todn sé tim mot dac trung cho phép gidm sai s6 du doan dong thoi cho mot
tap con céc bai todn phan loai thay vi gidm sai s6 cia mot bai todn phan loai nhwr mo td &
trén. Pic trung nay déng vai tro dic trung chung cho tat ca cdc bai toan phan loai trong tap
con dwroc chon. Céc tap con dwoc chon trong nhitng vong khac nhau ciia thuat todn cé thé
giao nhau.

Cu thé, thuat todn boosting sé dwoc thay doi nhir sau. Méi vi du hudn luyén thit j sé cé
k trong s6 wf, k=1,..., K. Moi trong s6 dwoc st dung khi vi du dé dwoc diing véi bo phan
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loai thit k. wf = 0 néu rf = 0 titc 1a vi du j khong tham gia vao hudn luyén bo phan loai k.

Sai s6 phan loai dwoc tinh bang té’ng sai s6 cho tat cd K bo phan loai:

J = ZZw — fa (@))% (13)

k=1 i=1

Tai mo6i vong 18p m, goi S(t) 1a tap con cdc bai todn. Thay vi xdc dinh dic trung f tot

nhat cho tirng bai todn riéng 1& nhw & phan trude, thuat todn can xdc dinh ddc trung chung

cho tat ca bai todn thuoc S(t) va chon géc quyét dinh twrong ing sao cho sai s6 (13) 1a nhd
nhat. Gdc cay quyét dinh sé ¢6 dang nhur sau:

7 (o,) {%aﬂ>omw¢@f<m khi k € S(t)

* khi k & S(t) (14)

O day, gid tri goc cay quyét dinh phu thude vao viéc tap con S(t) duwge chon 1a tap con nao
va vi vy ta ky hiéu ham f,, 1a ham cia t. Ky hiéu f* (z,t) dwroc hidu 1 ham phan loai yéu
tai bude thit m cho bai todn thit k va ham nay chung cho tap con S(t) cdc bai todn phéan
loai. Do gi4 tri ham 16i (13) ciing phu thudc vao tap con S(t) nén ham 16i (13) cling can viét
lai thanh ham cia tham s t nhu sau:

K N
ZZw fm (z5,1))>. (15)

k=1 1i=1
Diém khac nhau co ban so véi gde quyét dinh & phan trieée 1a gdc quyét dinh (14) phan
biét trwomg hop bai todn k thudc tap con S(t) va trwong hop khong thuoc. Trong truong
hop k khong thudc S(t), ham f,,(x) sé dwoc dat bang hang s6 ¢* dé tranh trwomg hop lra
chon bo phan loai mot cdch tinh co do chénh léch s6 lwong gitra vi du huan luyén 1 va —1
(chdng han trong tromg hop qué nhiéu vi du 1 thi c6 thé luén dwr doan nhan la 1 khong can
quan tam téi dac trung).
Véi méi tap con S(t), giai bai todn cue tiéu hod sai s6 (13) sé& cho két qua sau:
o) — Dkesto Do vtidler > 0)
ZkeS(t > w; 5(%’ > 0)

bs( /) DokeS(t) 2o whyks(z! < 0) 17)
S = )
S kes i who(z! <0)

o iy (18)

> wk, k‘§ZS()

Tai moi bude 1ap, thuat toan sé hra chon tap con S(t) tot nhat, titc 14 tap con cho gia tri

ham 16i (13) nhé nhat va gdc quyét dinh tét nhét cho tap con d6. Ky hiéu F*(z) 1a bo phan
loai chinh xéc cho bai toan phan loai thit k, ta cé thuat toan boosting méi dwoc thé hién nhw
sau.

Thuéat toan 2. Thuat todn boosting céi tién sit dung ddc trung chung cho nhiéu bai toan

1. Khorltaow —1neurk75¢vaw —Oneur =¢,i=1,..N;k=1,..,. K
KhorltaoFk() 0
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2. Lapvéim=1,... M
a. Lap véi tap con céc bai toan S(t)
i. Tinh tham s6 ag, bs, va c* theo (16), (17), (18)
ii. Tinh sai s6 J(t) = S, Yoy wf (uf — fh(wi,1))?
b. Chon tap S(t) tot nhat t* = argmin J(¢)
c. Cap nhat F¥(x) « F*(z) + fk (z,t)
d. Cap nhat trong s6 wk « wfe‘yffm(mi’t*)

3. Tra vé bo phan loai sign[F*(z)]

Mot chi tiét can lam ro doi véi thuat todn trén 1a cdch xdc dinh tap con S(t). Néu liét
ké tat ca tap con S(t) tir K bai todn thi s6 lwgng tap con sé 1a O(2%). Do vay, thay vi liét
ké, chiing toi st dung phwong phap tim kiém tham lam. Triéce tién, xdc dinh tap con t chi
bao gom 1 bai toan va cé sai s6 (13) nhd nhat. Sau dé thém mot bai todn khéc vio tap con ¢
trirée dé sao cho t méi ¢é sai s6 nhd nhat. Tiép tuc nhw vay cho dén khi thém tat cd K bai
todn vao t. Trong s6 céc tap t nhw vay lwa chon ¢ ¢6 sai s6 nhd nhit. Do phite tap tinh todn
khi d6 sé 14 O(K?) cho moi buwée lap va O(MK?) cho toan bo thuét todn.

Phan tich ly thuyét

Céc phan tich ly thuyét ddi véi thuat toan gentleboost & Muc 3.1 van ding doi véi Thuat
toén 2 néu thay ham 16i (6) bang exp(— >, y* F¥(z)) va thay ky vong trong (7) va (11) bing
gid tri trung binh cho cd K bo phan loai. Piém khac nhau duy nhat & day la tai méi buwde
lip, thuat todn cé thé khong tim dwge ham f% () cho sai s6 nho nhat do phai x4c dinh tap
con S(t) mot cach tham lam va do vay toc dd hoi tu sé cham hon so truwong hop tim dwoc
f% () t6i wu. Tuy nhién, thuat todn van cho phép gidm dan 16i phan loai tai moéi bwédce lap va
cho két qud tot trong cac thir nghiém.

Cdc két qua lien quan

Nhw da néi & trén, phwong phép loc cong tdc vira trinh bay dwa trén viée sit dung thuat
todn boosting véi cdc dic trung chung do Torralba et al. dé xudt cho bai todn nhan dang
anh va dwoc trinh bay trong tai liéu [14]. Tuy nhién, tinh chat bai todn cting nhw muc dich
st dung dac trung chung trong hai trudmg hop 14 khéc nhau:

- Trong [14], thuat todn dwoc dé xuat cho phéan loai déi twong dnh. Bai todn phén loai céc
doi twong anh trong [14] von 14 mot bai todn phéan loai nhiéu 16p (multiclass classification),
trong khi dé bai todn loc cong tac & day bao gom nhiéu bai toan phan loai hai 16p (binary
classification). Sy khac nhau nay doi hoi céch biéu dién pht hop dé 4p dung thuat todn
boosting vira trinh bay.

- Muc tiéu st dung boosting céi tién trong [14] 1a phét hién dic trung chung ma cdc doi
tirong anh chia sé dé tang toc do (do khong phai chia bai toan nhiéu 16p thanh nhiéu bai
todn hai l6p) va gidm dir liéu huén luyén, trong khi @6 muc tiéu cia loc cong tdc 1a phét
hién nhirng ngudi diung twong tw nhau va gidi quyét van dé dir lieu thwa thgt (nhicu di lieu
thiéu). Viéc tim ra cdc tap con S(t) (twong ing v4i tap nguoi ding cing s& thich) sé ¢6 ¥
nghia quan trong ddi véi loc cong tdc khi can gidi thich 1y do dwa ra quyét dinh.
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4. THU NGHIEM VA KET QUA

Hiéu qua loc cong tac dwroc xdc dinh dura trén khd nang thuat todn dur dodn chinh xdc
dénh gid cua khdch hang. Phuong phdp trinh bay & trén dwoc danh gid va so sanh véi cdc
phuong phdp khéc theo thu tuc mo ta dwdi day.

Trude tién, toan bo khach hang dwgce chia thanh hai phan, mot phan Uy, dwoc st dung
lam dit liéu huan luyén, phan con lai Uy, diroc st dung dé kiém tra. Dit liéu huan luyén diroc
str dung dé xay dung mo hinh theo thuit todn mo ta & trén. Vi moi khach hang thudc tap
dit litu kiém tra u, cdc danh gia (da cé) cia khach hang dwoc chia lam hai phan O, va P,.
O, dwoc coi la da biét, trong khi dé P, 1a ddnh gi4d can duw dodn tir dir liéu hudn luyén va
Oy.

Sai 56 du dodn M AE, véi moi khach hang u thudc tap dir liéu kiem tra duoc tinh bang
trung cong sai s6 tuyét doi gitra gid tri dur doan va gid tri thue doi véi tat cd mat hang thude
tap Py.

1
MAE, = — Y |/ —ry.
|Pul
yeP,

Sai s6 dir dodn trén toan tap dir liéu kiém tra dwoc tinh bang trung binh cong sai s6 duw

Z MAE,

u€Ute
|Ute|

doédn cho moi khéch hang thude U.

MAFE =

Gi4 tri M AE cang nho cang tot, tire 14 phrong phap cang chinh xéc.
4.1. D liéu thir nghiém

Thuat todn loc cong tac duge thir nghiém trén hai bo dir lieu EachMovie [16] va MovieLens
[17]. Pay 1a hai bo dit liéu thwong dwrgc stk dung dé danh gis cdc phwong phép loc.

EachMovie dwrgce xay dung bdi trung tam nghién ciru hé thong thong tin cia hang Compagq.
Bo dir liéu nay gom 72916 ngudi diing, 1628 bo phim véi 2811983 dénh gid, cdc mitc ddnh
gid duge cho tir 1 dén 6 (chinh xdc 14 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) , trung binh s lwong phim
ngudi dung chwa ddnh gid 1a 97.6%. Hai mitc ddnh gid cao nhat (0.8 va 1.0) dwoc bién doi
thanh “thich” (+1) va bén mirc danh gid con lai dwrgc bién d6i thanh “khéng thich” (—1)
(day 14 phwong phép bién d6i dwrge sir dung trong [5]).

MovieLens 1& co s& dir licu duwoe xay dung bdi nhém nghién citu GroupLens cua trirdong
dai hoc Minnesota. MovieLans c6 6040 nguoi dung, 3900 bo phim, 1000209 danh gid, céac
mitc ddnh gid cho tir 1 dén 5, trung binh s6 lrgng phim ngurdi ding chua ddnh gid 14 95.7%.
Tuong tur nhir trén, hai mirc danh gid cao nhat dwge bién doi thanh “thich”, céc mic con lai
thanh “khong thich”.

DE han ché anh hwdng cia tinh trang dit liéu qua thwa thét, ching t6i chi lira chon nhirng
khach hang c6 ddnh gid it nhat cho 20 bo phim. Trong s6 nhitng ngwdi diing thod man diéu
kién nay, chiing toi chon ra bo dit liéu thit nhat tir EachMovie bao gom 10000 ngudi dung.
Bo dit lieu thit hai tir MovieLens bao gom dénh gid ctia 500 nguoi diing.
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4.2. So sanh va két qua

Phwong phdp boosting véi dic trung chung (ky hiéu 14 MC Boost) trinh bay trong phan
3.2 dwoc so sanh véi nhirng phwong phap sau:

- Phuong phdp k hang x6m gan nhat st dung do twong quan Pearson (ky hi¢u 1la KPC)
[6]. Pay 1a phuong phap loc cong tdc thong dung nhéat va thuong dwge st dung nhuw phwong
phép tiéu chuan khi so sanh.

- Phuong phdp boosting khong sit dung dac trung chung nhu trinh bay trong Muc 3.1.
Cdch thitc tién hanh thit nghiém va so sanh nhw sau:

Lan lrrot 100, 200, va 300 ngudi ding dwoc lwa chon ngau nhién tir bo dir lieu MovieLens
va dwoc diung lam dir liéu hudn luyén, 200 ngwoi dung dwoe lwa chon ngau nhién trong s6
con lai dé lam tap kiém tra.

Dai véi bo dir lieu EachMovies, Tan Iwgt 1000, 2000, va 6000 nguwdi ding dwoce chon lam
tap huan luyén, 4000 nguwoi diing con lai diroe dung dé kiém tra.

D¢ thir nghiém kha ning cia phirong phap méi dé xuit so véi nhitng phirong phap khac
trong trwomg hop c6 it dir liéu, ching téi thay d6i s6 lwong dénh gid cia moéi ngudi diing
trong tap kiém tra sao cho s6 lwong danh gia da biét Ian lwot 1a 5, 10 va 20, phan con lai 1a
nhirng ddnh gid can du dodn. Gi4 tri MAE khi thir nghiém véi hai bo dir licu MovieLens va
EachMovies dwroc thé hién trong Bang 2 va Bang 3. Nhw da néi & trén, gia tri MAE nhé hon
chitng t6 phwong phdp chinh xdc hon.

Bdng 2. Két qua thir nghiém véi MovieLens

Kich thu?c t?p Phuong phap S? danh gia cho tru?c ¢?at?p ki?m tra
hu’n luy?n 5 10 20

KPC 0.378 0.337 0328
100 ngu?i dung GentleBoost | 0.350 0.322 0.291
MC Boost 0.329 0.305 0.292
KPC 0.361 0.330 0318
200 ngu?i dung GentleBoost | 0.333 0.314 0.284
MC Boost 0.314 0.299 0.289
KPC 0.348 0.336 0317
300 ngu?i dung GentleBoost | 0.325 0.304 0.279
MC Boost 0.308 0.298 0.283

Két qua thir nghiém cho thay ca hai phuong phép loc cong téc bang phan loai boosting
déu cho két qua tét hon so véi phuwong phép truyén thong sir dung do twrong quan Pearson.
Sai s cia boosting v4i moi kich thuée dir liéu huan luyén va s6 lwong danh gid cho truée
cla ngudi dung kiém tra déu nhd hon phwong phép twong quan Pearson.

Trong trwomg hop di dit liéu, cu thé 1a khi biét trierde nhieu danh gid cia nguroi ding
trong tap kiém tra, phirong phap GentleBoost cho két qua t6t hon so véi MC Boost. C6 thé
giai thich két qua nay 14 do GentBoost cho phép chon dic trung t6i wu hon d6i véi ting bai
todn phan loai trong khi MC Boost chi chon dwoc dic trung t6i wu cho cd nhém bai todn
phan loai.

Tuy nhién, khi dit liéu it di, cu thé 1 khi chi biét trwée 5 hodic 10 ddnh gid ciia nguoi diing
kiém tra thi trong da s6 triromg hop, MC Boost cho sai s6 MAE nhé hon so véi GentleBoost.
Ly do chi yéu 1a do MC Boost cho phép két hop thong tin tir nhimg ngwdi diing twong tw
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véi nguoi diing kiém tra thong qua céc dac trung chung va do vay gidm dwoc anh hwdng cia

viéc thiéu nhan phan loai.

Bdng 3. Két qua thir nghiém véi EachMovies

Kich thu?c t?p Phuong phap S? danh gia cho tru?c c?a t?p ki?m tra
hu?n luy?n 5 10 20

KPC 0.559 0474 0.449

1000 ngu?i dung GentleBoost 0515 0455 0421
MC Boost 0492 0.460 0.429

KPC 0.528 0.450 0422

2000 ngu?i dung GentleBoost 0.495 0.424 0.393
MC Boost 0.484 0419 0.393

KPC 0.521 0437 0378

6000 ngu?i dung GentleBoost 0477 0408 0.362
MC Boost 0452 0.397 0365

5. KET LUAN

Bai bdo da trinh bay mot phirong phép loc cong tdc bang cich sit dung ky thuit phan

loai boosting va gdc cay quyét dinh dong thoi cho nhiéu ngudi diing. Pay 1a mot cai tién cia

thuat todn boosting, trong d6 viéc lwa chon dic trung cho méi bo phan loai yéu dwoce thure

hién dong thoi trén mot nhém ngwoi ding twong tuw nhau. Uu diém chi yéu cia phwong

phap nay la viéc phan loai dong thoi tirng nhém ngurrdi ding cho phép stt dung thong tin tir

nhirmg nguoi dung twong tw nhau va nhd vay cai thién do chinh xdc phan loai khi ¢6 it du

liéu, vi du khi nguoi ding can dir dodn chi ddanh gid rat it mat hang truée d6. Két qua thir

nghiém trén hai bo dir liéu MovieLens va EachMovies da cho thay phwong phdp dé xuét cho

két qud tot hon hai phwong phép khéc trong truomg hop it dir liéu.
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