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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 tdt. Loc cong téc 1a phuong phap dy dodn vé mit hang ma ngudd dung quan tam dia trén
thong tin tir nhirng ngudi diing ¢é cling s& thich. Phuong phap nay duoe sit dung phd bién cho cdc
hé hé trg tu van va ¢é nhiéu tng dung trong thueng mai dién tir. Trong bai bdo nay, ching toi &
xuit sir dung modt phuong phap loc cong tdc dira trén k¥ thuat hoc da nhiém da duge dung trong
nhan dang dnh. Pay 1a phirong phdp sir dung k¥ thuat ting cuimg dé thae hién déng théd viee phén
loai cho nhiéu ngudi ding khac nhau, qua dé cho phép chia sé nhirng dac trung chung giira cic bai
todn phan loai dé gidm bdt dnh hwéng clia viéc ¢é it dir lidu. Két qua thir nghiém va so sanh vai ki
thuat loc khdc cho thay phwong phip cho két qud tdt, diic biét trong trudng hop it dir lidu,

1. MO PAU

Ngudi sir dung Internet thudng gip khé khan vi phadi xit Iy qué nhiéu théng tin trurde khi
tim duge thong tin quan tAm. Mot trong nhirng gidi phdp ho tro ngudi ding trong trudmg
hop nay 14 sir dung céc hé ho tro tir van (recommender systems). Hé hé tro tu van la nhitng
hé¢ thong cé kha ning tu dong lua chon va cung cdp cho ngudi dung nhimg thoéng tin ma
ngudi dé quan tam, O day théng tin c6 thé 13 thong tin dwéi dang vin bin nhur trang web,
ban tin, hay thong tin vé hang hod, sin pham .v.v. D& don gidn, trong phan trinh bay tiép
theo, chung tdi s€ goi chung thong tin hay hang hod & cdc mit hang (item). Hé ho trg tuw
van da cé nhidu tng dung throng mai thanh céng nhur tw vAn mua hang trong website mua
ban tryc tuyén 1on nhat thé gisi http://www. amazon.com, cac website tir van lua chon dia
nhac va phim anh ...

Hé ho trg tw van duge chia thanh hai loai: hé sit dung phuong phdp loc céng tée (col-
laborative filtering) va hé loc theo noi dung (content-based filtering) [2]. Loc theo ndt dung
I4 phuong phép dua trén viée so sanh ndi dung cia théng tin hay mé ta hang hoa dé tim ra
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nhitng mat hang tuong tu véi nhirng gi ngudi ding tirng quan tdm va gidi thiéu cho ngudi
ding nhitng mét hang nay.

Khéc véi loc theo néi dung, loc cong tdc khong dua trén viée sir dung ndi dung théng
tin. Thay vao do, phuang phép nay xdc dinh nhirng ngudi c¢d cling s& thich véi nguin dung
can tu van, tir dé giéi thieu véi ngudi can tu van nhitng mit hing ma ngudi cling s& thich
titng mua hodc danh gid cao [13]. Hai ngudi dwoc coi 1a ¢ cliing sé thich néu ho da ting
mua nhing loai hang gidng nhau hay cling truy cap nhfrng'théng tin giong nhau trong quéa
khit. So véi loc theo nédi dung, loc cong tdc cd mét s6 wu diém nhur c6"thé sir dung véi moi
loai thong tin hay hang hod mi khong cin c6 md t4 dudi dang viin ban. Két qua thir nghiém
ciing cho théy, loc cong téc cho két qua tur van tGt hon trong nhigu trirdng hop [1, 10]. Trong
bai bdo nay, ching t6i chi tap trung vao phuong phap loc cong tac.

Ngoai cac wru diém so véi loc theo ndi dung, mét khé khan khi sir dung loc cong téc la
moi ngudi ding thudng chi dénh gid hodc mua twong d8i it mit hang, hodc khi xuat hién
mit hang méi chua ¢6 dénh gid cla ai cd. Trudng hop ndy duoce goi la trudmg hop 6 it dir
liéu hodc dir libu thira thét va sé duoe chi ¥ gidi quyét trong nghién ciru nay.

Bai toan loc cdng tdc ¢ thé phat bi€u nhur bai todn phan loai tir déng cta hoe may. Diura
trén danh gid cia ngudi ding vé nhimng mét hang khic nhau, vé4i mbi ngudi ding, mot mé
hinh phan loai sé duge xdy dung va huan luyén, mé hinh ndy sau d6 duoc sit dung dé phan
chia mit hang mdéi thanh cde loai khéc nhaw, vi du nhnr loai “thich” va “khéng thich”. T‘er{g
tir nhir vay, ¢ thé thay doi vai tro giita nguoi diing va mit hang v xay dung bo phan loai
cho phép dir dodAn mot mit hang cu thé sé dwge mot ngudi ding “thich™ hay “khéng thich”.
Phuong phap nay da dugce sir dung trong mot so nghién ciru vé loc cong tac {3, 5] va cho két
qué tét so véi phuong phéap loc cdng téc truyén thong.

biém dac trung nhit cda phuong phép phan loai néi trén 14 méi ngudi ding hay méi
muc sé duroc coi nhur mgt bai todn phan loai riéng, doc 14p vdi nhitng ngudi khéc, Tuy nhién,
dé dang nhan thay, nhimg ngudi diing khdc nhau khéng hoan toan doc lap véi nhau va ¢d
nhirng méi trong quan nhat dinh trong s& thich. Viéc chia sé thong tin twong quan gitra céc
bai todan phan loai cho nhitng nguéi dimg khéc nhau cé thé cho phép cai thién hiéu qué phan
loai, nhét la trong trurdmg hop tirng bai todn phén loai ¢6 it dit liéu hudn luyén, tuong \ing
véi viéc moi ngudt diing méi cé dénh gid cho rat it mit hang. Phuong phép sir dung théng
tin tir bai toan phan loai nay cho bai todn phan loai khéc duoc goi 1a hoe da nhiém (multitask
learning) hay hoc chuyén giao (transfer learning) va da dwoc dé cap trong nhigu nghién ciru,
vi du [4,7].

Trong bai bdo nay, ching téi dé xuit sir dung mot ky thudt hoe da nhiém cho loc cong
tac. Khdc véi ky thuat phéan loai trinh bay trong [5], phuong phdp hoc da nhiém tién hanh
hudn luyén ddng thdi bd phan loai cho tit cd ngudi ding sir dung ki thuét boosting két hop
véi gde cay quyét dinh (decision stump). Viéc huin luyén ddng theri cho phép phat hién dic
trung chung cho nhimg ngudi dung khéc nhau. Pic trung chung déng vai trd bé sung thong
tin gitra tirng bai todn phan loal riéng & va cho phép cdi thién hiéu qud phan loai. Phuong
phap nay da dugc st dung kha thanh céng trong nhan dang 4nh nhim muc dich phat hién
nhirng déc trung chung giira cdc d8i turong can phan leai [14].
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Phurong phap dé xudt trong bai bao duge thir nghiém trén hai bo dir liéu thyc vé danh
gid cla ngudi dung d6i véi phim. Két qua thi nghiém cho thdy viéc hoc da nhiém va si
dung dic trung chung cho két qud loc t6t hon so véi hoc riéng ré va phuong phap loc cong
tdc truyén thong dua trén tuong quan gita ngudi diing trong trudmg hop ¢6 it dir liéu.

2. LOC CONG TAC BANG PHAN LOAI

Pé tién cho viéc trinh bay phuong phdp dé xudt, trong phin nay ching téi sé nhéc lai
tém tit phurong phap phan loai ding cho loc cong tac cita Billsus va Pazani [5].

Goi U = {uy, ..., ux} 14 tdp hop bao gom K nguvi ding, G = {g1, ..., gn} 12 tip gobm N
mit hang. Pdnh gid clda ngudi ding u; vé mit hang g; dugce ky hiéu bang r;;. Nhu vy, ddnh
gid r;; tao thanh ma tran dir liéu cia bai todn loc cong téc, trong dé cac hang tuong ing véi
nguti ding va cét tuong Ung véi mét hang. Gia tri r;; c6 thé dwoce thu thap trirc tiép bing
cach hoi ¥ kién ngudi dung hodc thu thap gidn tiép: vi du khi nguti dung mua mit hang gi
hay 'xem bo phim gi thi danh gi4 cia ngudi diing sé 13 ”thich”. Trong trudmg hop tdng quat,
rij €O thé nhan gia tri tir mét tap cdc mirc danh gid ¢é thi ty. DE cho don gidn, & day ching
t0i gid stt 7;; c6 thé nhén gid tri “thich” hodc "khéng thich” hay +1 va —1. Théong thudmg,
mdi ngudri ding chi dénh gid mét tap rdt nhd cdc mit hang va do vay da sd cac gid tri ry;
durge dé tréng ri; = ¢. Bai todn dét ra khi dé la du dodn nhirng gid tri con tréng nay cua
ma tran ry;.

Dé xé4c dinh céc gia tri con trong, [5| coi viée du dodn nhirng danh gia cho mdi ngudi
ding 1a mét bai todn phan loai riéng 1&. Nhu vay phurong phép nay doi hdi hudn luyén m bd
phan loai riéng biét, mdi bo cho phép dy dodn gid tri tréng trong mét hang cla ma tran z;;.

Xét vi du cho trong Bang 1. Vi du nay bao gom 4 ngudi ding va 5 mit hang. Gia sir cin
dir dodn danh gia cia ngudi ding 4 déi véi mit hang 5. Do ngudi dung 4 da ¢6 danh gia véi
3 mét hang 1, 2 va 3, nhirng ddanh gid nay sé duge diung lam vi du huin luyén bd phan loai.
Moi vi du hudn luyén cé dang mét vecto cde dic trung, méi dic trung twong \tng véi mot
ngudi dung khdc ngudi dung 4, gid tri cia ddc trung 1 gid tri cac 6 cia ma tran. Nhan phan
loai cho cdc vi du hudn luyén 1a cac danh gid twong tng cia ngudi diing 4 cho mit hang 1,
2 va 3

Bdng 1
Gi |g2 |93 |94 | g5
ul +1 —1 +1 +1
u2 +1l ] +1 ] —1
ud | +1 [ +1 | -1 -1
ud | +1 | =1 | +1 ?

Véi vi du huén luyén nhr trén, bai todn phén loai ¢6 thé thye hién bing nhitng phuong
phép phéan loai thong dung, vi du mang no ron nhan tao, cay quyét dinh, support vector
machines .v.v. Tuy nhién, truée khi st dung true tiép dir lidu d€ huan luyén va phan loai,
mot van dé can gidi quyét 1a vin de trich chon diic trung. Trong trudrng hop trinh bay & day,
mbi didc trung chinh 1a ddnh gid cia mét ngudt ding khic véi ngudi diing dang xét (trong vi
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du & Bang 1, bai todn phan loai cho ngudi dung 4 cd 3 dic trung 14 danh gid cia ngudi dung
1, 2, v& 3). Trén thuc té, s6 hrong dic trung rat 16m va khong phai dic trung nao ciing lién
quan tdi danh gid cia ngudi dung dang xét. Viée sir dung cd cde ddc trung khong lién quan
lam ting dd phite tap tinh todn dong thoi lam gidm d6 chinh xdc phéan loai.

Pé pidi quyét van dé trich chon dac trung, trong [5], cdc tdc gid stt dung phuong phip
singular value decomposition (SVD}. Phuong phép nay phén tich ma tran x;; thanh tich caa
ma tran bao gom céc vecto riéng vh ma tran dudng chéo bao gdm cdc gid tri riéng sau d6
it gon kich thirdc ma tran bing cach chi gitt lai nhirng vecto riéng twong ing véi nhirng gid
tri riéng 1én nhét. Nho vay, nhirng dic trung ban dau dugc bién ddi thanh ddc trung méi.
Pic di€m cia dic trung méi 1a s6 luong d¥c trung it hon nhung sau khi chiéu dir lidu xudng
d#ic trung méi sé cho phuong sai 1on hon so véi khi chidu xudng dic trung gbe va do viy dé
phén leal dir lieu hon.

3. PHAN LOAI VOI CAC PAC TRUNG CHUNG

V&i phuong phép trinh bay & trén, qua trinh trich tron ddc trung va hudn luyén bd phan
" loai cho ngudi dung u; ngudi ding duoce thuc hién trén dir liéu dwoc tao thanh tir nhimg mit
hing mi ngudi ding nay da cé déanh gid. Thong thudng, méi ngudi dung chi déanh gid mot
tap rdt nhd cdc mit hang, do vay méi bd phan loai chi duge huin luyén trén mét hwong dir
licu nhd. Pay la yéu t6 dan téi hiéu qua phan loai thap.

Dbé gidi quyét nhwoe diém néi trén, phin nay sé trinh bay phuong phdp méi trong dé viée
huan luyén va trich tron déc trung dugc thue hién dong thisi cho tdt cd ngudit ding thay vi
cho tirng ngwdi riéng ré nhr vira md ta. Viéc hudn luyén dong thoi cho phép két hop thong
tin va dir liéu huan luyén tir nhirng ngudti ding khéac, nho vay giém bét yéu ciu cd nhicu
mit hang duge dénh gid trwde cho méi ngwei ding. Pay 14 mét ky thuat thuomng dwoc goi
la hoc da nhiém. .

Vige trich tron dic trimg va hudn luyén dong thai cho tat cd nguai ding duge thire hién
bang thuat todn boosting két hop véi gde ciy quyét dinh (decision stump) [9, 12, 14].

3.1. Phwong phap boosting

Boosting 14 phwong phap hoc may cho phép tao ra bd phén loai c¢6 dd chinh xdc cao bing
cach két hogp nhiéu bd phan loai ¢é dé chinh xdc kém hon (con goi 1a bd phan loai yéu) [12].
Dira trén nguyén tic chung nay, nhitu phién ban khdc nhau cia ky thuat boosting da duoc
dé xudt va st dung [8,9,12]. Trong nghién citu nay, ching t6i sé sit dung phién ban Gentle
AdaBoost (viét tit 1a gentleboost) dwge dé xudt trong [9] do céc wru diém cla phuong phap
nay nhw don gidn, én dinh, v cho két qua phén loai t6t trong nhigu ting dung.

Phurong phap gentleboost cho truémg hop phan loai hai 16p ¢é thé mo td tém tit nhu sau.
Cho dir liéu hudn luyén bao gom N vi du (z1,41), ..., (xn, yn} vii x; 14 vecto cac dic trung
va y; 14 nhdn phéan loai: y; = +1 hodc —1 (twong tng véi “thich” va “khong thich”). Bo
phéan loai F(z) duoc tao thanh bing cdch t6 hop F(zx) = ):,‘H:l fr (), trong A6 frn{x) 14 b6
phan loai yéu ¢ kha nang dir dodn nhan phén loai cho vecto dau vio z. Két qua phan loai
cudi cung duge tao ra bang cach tinh sign(F(z)). Thuit todn bao gdm M vong. Tai vong
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thit m, céc vi du hudn luyén sé duge dédnh trong sd lai sao cho nhirng vi du bi phan loai sai
trong vong trudc nhin dugce trong s6 cao hon va do vay can duoc béd phén loai chd y hon,
Bé phéan loal fn(x) dwge hudn luyén trén dir liéu cd trong s6 trong vong thitr m. Thuat todn
gentleboost duge thé hién trén hinh dudi day.
Thuét toan gentleboost
1. Khdi tao cdc trong s6 w, = 1/N, © = 1..N, w; la trong so cda vi du huan luyén thit .
Khéi tao F(x) =0
2. Lipvéim =1,2,... M
a. Huan luyén f,,(z} st dung dir liéu hudn luyén cé trong s
b. Céap nhat F(x) — F(x) + fm{x)
c. Cap nhat trong s6 w; — w;e™ ¥ fm(:ct) va chudn tic hod trong sé
3. Tra vé bd phan loai sign[F(z)] = sign[S-n_| fm(z)]

Tai budc (a) cia mo6i vong lip, thuit toan hra chon f,(z) sao cho sai s& phan loai duéi

-

day. 1a nhd nhat:

N
J =Y wilys — fml@))*. (1)

i=1
Pé tim duge bo phan loai cho phép cure tiéu hod {1}, can xdc dinh bo phan loai yéu f,(x)
cho phép cyc tidu hod binh phwong 16i phan loai ¢ tinh tdi trong so. G day, ching toi sé sir
dung géc quyét dinh (stump) lam bé phan loai yéu. Géc quyét dinh la phién ban don gidn
cla cay quyét dinh (decision tree) véi mot mit duy nhat. Géc quyét dinh lura chon mét dic
trung cia vi du huan luyén, sau dé tuy thudc vao gia tri cia déc trung dé gén cho nhin gig

tri 1 hay —1. Qu4 trinh x4c dinh nhan phan loai dirgc biéu dién bdi cong thite

fm(z) = ad(zf > t) +b6(zf < t) (2)

trong do d(e) = 1 néu e ding va d(e) = 0 néu nguge lai, t 1a moét gid tri nguomg, a va b la
tham s6, ©/ 1a gid tri ddc trung thit £ cia vecto z. Trong trueéng hop dir liéu danh gig chi
bao gom gid tri 1 va 0 hode 1 vA —1, c6 thé chon nguéng ¢t = 0. Nhu viy, ngoai viéc phan
loai, goc quyét dinh con thire hién trich tron dic trung do mdi géc chi chon mét dic trung
duy nhdt. Qua trinh huan luyén d& chon ra géc t8t nhit (cho phép cuc tidu hoa (1)) dwoc
thue hién bing cich thir tat cd dic trung f. Vé&i moi gid tri cda f, gid tri t81 wu cia a va
b duoc tinh nhw sau (st dung ky thuat least square estimation ma ban chat 1a tinh gia tri
tham s tai di€m c6é dao ham béng 0):
D) wiy:d(zf > 0)

S~ wo(@ > 0) 3)
Y wiyid(ad < 0)
b= S, wid(zf <0)° (4)

Gid tri f va gid tri o v b tuong tmg, cho sai s6 du doan (1) nhé nhat sé dugce chon dé
tao ra bo phan loai f,(z) cho vong lap thit m. fi,(z) sau dé dugc thém vao bo phan loai
chinh F(z) (budc b).
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Tai budce (¢}, gentleboost tang trong s6 cho nhirng vi du bi phan loai sai [vi du ¢6 y; khac
dau voi fr,(x;) va do vay yifm(z:) < 0] va gidm trong s6 cho nhirng vi du duwee phan loai
ding. Béng cdch nay, thuat todn sé khién bo phan loai & vong sau chii ¥ hon t6i nhing vi
du hién dang bi phan loal sal.

3.2. Co s& 1y thuyét ciia gentleboost

Thuye chét, gentleboost 1a cdch xay dung bd phén loai bang cach stt dung phuong phép
Niuton dé cyc tiéu hod ham 16i khi phan loai (xem [9]). Dwéi day la.céc phan tich chimg
minh cho nhan xét nay.

Trong bai todn phan loai néi chung, gia tri ham 16i durge tinh bing kv vong cua s6 luong
vi du bi phan loai sai. tirc 14 bing:

N

E(EE) £ 9)] = 5 D0 0(F(m:) # ). Q

i=1
trong d6 E[.] 1a ki vong va dwoc tinh bing ty 18 15i trén div lién huéin luyén. Do ham (5)
khong kha vi, nén thay vao dé cdc thuat todn boosting stt dung ham 161 dirdi dang ham mu
~ nhir san

J = Ele ¥F#), (6)

Dé dang nhan thdy ham (6) la giéi han trén cia (5) (do e ¥F) > 1 khi F(a;) # ), vi
vay cure ti€u hod (6) cho phép gidm gia tri ham 161 (5).

Thuét todn gentleboost xay dumg ham phén loai cho gi4 tri 16i J nhd nhat béng céch céi
thién dan ham phan loai. Tai bude thit m, ta cin cdi thién ham F{x) bing cich cap nhat
F(z) + fm(x). Thuat toan sé lya chon fn,(x) sao cho gi4 tri ham 10i J giam nhiéu nhat. Khai
trién ham J dudi dang chudi Taylor bac 2, ta cé:

J(F(2) + fm(x)) = E[e7v" )
~ Ele ™1 = yfulz) + v (@) /2)]
= Ble "1+ (y — fn(2))/2)] do y® = 1.

Do hiing s3 va hé 88 1/2 khéng dnh hudng t&i fi,(z), ta cd thé viét:

fn(a) = axg min Ble™ Oy = f(x))) Y

Thay ky vong bing gia tri trung binh trén dir liéu hudn luyén va sir dung ky hiéu trong
56 w; = e ¥ E) (7) dwoce viét lal nhur sau:

N
fm(2) = argmin 3~ wilys — f(2:))°} (8)
=1 .

(i4 tri cAn ti wu chinh 13 ham loi (1) da néi & trén. Cong thire nay giai thich viéc lya
chon f,.(z) biang ky thuat least square estimation va cach thite cap nhét trong sé w; tai bude
m.
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Tiép theo, ta sé thay viéc cap nhat F(x) st dung f,.(x) theo (7) tuwong ing véi cac bude
trong phuong phap Niuton dé cye ti€u hod ham 16i. That vay, sit dung mét sd bidn dai dom

gidn, ta co:
8J F - + I . — T
S, e )
2 T f"‘ (J_‘):G
0 J(FZ(I) + fm(w)} —_ E[e*yf'(r}yQ] . E[E_yF(:r)}, (10)
F*(fm(x)) -
Sm(x)=0 .
Cac budc cAp nhat cua phirong phdp Niuton khi dé dugce tinh béi:
F(@) = F(a) + 220 (1)
x T ElevFe)]
Thay trong s6 w; = e %) va xdc dinh f, () tir (7) bing céch cho dao ham bing 0, ta
oo
Ele ¥F(x)y]
fn(z) = i) (12)

Nhu vay viéc thém f,(x) vao F(x) tai bude m tuong ttng vdi bude cap nhat cia phuong
phép Niuton. Tir diy 6 th€ suy ra tinh héi tu cia thuat todn. Céc chirng minh chi tiét hon
c6 thé xem trong tai lidu [9]. Trén thuc té, thudt todn gentleboost khong can chay t&i khi hoi
tu. Theo cac nghién ciru truée day cho thay, M = 200 vong lip cho két qua tdt. Ching toi
cing str dung s& budce lap niy trong thir nghiém ctia minh.

3.3. Boosting dong th&i cho nhiéu bai toan phan loai

Trong phéan nay, ching t6i dé xuat sir dung phwong phap boosting cai tién da dwoc trinh
bay trong tai liéu tham khdo [14] d€ thyc hién ddng thii cho nhiéu bai toan phan loai, tuong
trng véi nhiéu nguoi diing trong trudmg hop loc cdng téc.

Vi tap K nguoi dung U; N mit hang G va gid tri dénh gid r;; nhu da cho trong phan 2,
ta co tat cd K bai todn phan loai, bai toé,n thir k, & =1, ..., K dugc cho bdi N vi du hudn
luyén (x%, 4%y, ... (x,v, y% ), trong dé yJ = T tirc Ja danh gia cia ngudi dung k cho mit hang
J, va :cff
hang j trir ngudi dimg k. Can lu y rdng, chi nhitng ¢t ¢6 ry; # ¢ méi duge st dung lam
vi du huén luyén trong bai todn thit & {¢dt cia mat hang 1,23 trong vi du & Bang 1). Tuy
nhién, dé cho don gidn, ta van liét ké ca nhirng vi du ¢6 ri; = ¢. Nhitng vi dy nay sau dé sé

dugc gén trong sd bing 0 va do vay khéng anh hudng téi két qué huan luyén.

= (15, - s T (k= 1)50 T (k41)j0 s TK) tch 13 ddnh gid cia tat cd nguoi ding cho mit

Di¢m khac bigt chii yéu ciia thuat todn boosting cho nhiéu bai todn dong thoi 14 tal moi
vong lap, thuat todn sé tim mét dic trung cho phép gidm sai s§ du dodn dong thei cho mot
tap con cic bai todn phan loai thay vi gidm sai s§ ctia mét bai todn phan loai nhir mé ta &
trén. Péc trung nay déng vai tro ddc trung chung cho tat ¢i cdc bai toan phan loai trong tap
con dugc chon. Céc tap con dwge chon trong nhitng vong khéc nhau ctia thuit todn cé thé
giao nhau.

Cu thé, thuit tosn boosting sé dugc thay déi nhu sau. Méi vi du hudn luyén thnt j sé cé
k trong sé waf, k=1,..., K. Moitrong s6 duge sit dung khi vi du do duroc dung véi bo phan
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loal thit &. wJ = 0 néu T'J 0 tirc 14 vi du j khong tham gia vao hudn luyén bd phan loai k.

Sai 80 phan loai dugce tinh bing tong sai 86 cho tat cA K bo phan loai:

J= ZZw‘“(yl i (2:)2 (13)

k=1 i=1

Tai moi vong lap m, goi S(¢) 1a tap con céc bai todn. Thay vi xéc dinh diic trung f tot

nhét cho tirng bai todn riéng 1& nhur & phan trudce, thuat todn can xdc dinh dic trung chung

cho tat ca bai todn thude S(t) va chon gbe quyét dinh tuong g sao ¢ho sai s6 (13) la nhd
nhat. Gdc cdy quyét.dinh sé cé dang nhir sau:

: agé(z! > 0) + bgs(xf <0} khi ke S(t

Fi ) = { ( %

¥ khi k& ¢ S(t) (14)

O day, gis tri géc cAy quyét dinh phu thude vao viée tap con S(t) duoc chon 1 tip con nio
~vA vi vay ta k¥ hiéu ham £, 1a ham cta ¢t. Ky hiéu f% (x, ) duoc hiu 13 ham phén loai yéu
‘tai buéc thit m cho bai todn thi k vA ham nay chung cho tdp con S(t) cdc bai todn phan
loai. Do gia tri ham 16i (13) cling phu thuée vao tap con S(¢) nén ham 16i (13) cling can viét
- lai thanh ham cda tham s6 t nhur sau:

K N
=3 > whyf - fhlza 1) (15)
k=1 1=1 .
Diém khéc nhau co badn so véi gde quyét dinh & phan trude 1 gde quyét dinh (14) phén
biét truong hop bal todn k thude tdp con S(t) va trudng hop khong thude. Trong trudng
hop k khéng thuée S(t), ham f,(z) sé dwoc dit bing hing s6 ¢ dé tranh truomg hop hea
chon b phan loai mot cdch tinh c& do chénh léch s6 lwong gitra vi du huén luyén 1 va —1
{chdng han trong triomg hgp qué nhigu vi du 1 thi ¢6 thé luén du dodn nhan la 1 khéng cin
quan tam tdi dédc trung).
V&i moi tap con S(t), gidi bai todn cue ti€u hod sai sd (13) sé cho két qua sau:
Lresi L whyké(a! > 0)

) 16

wslf) = YokeS() 2o Wi 5(33 > 0) (16)
EkES(t) Ziwfyfé(x{ < 0}

bs(f) = , 17

s ZkeS(t Z w(ca(x{ < 0) (17)

Ck Z w yz (18)

>oiwk, kg Sty
Tai moi buée lap, thuit toan sé lya chon tap con S(t) tét nhat, tire 1a tap con cho gia tri
ham 1561 (13) nhd nhét vi gée quyét dinh t6t nh&t cho tap con dé. Ky hiéu F*(x) 1a bo phan
loai chinh xdc cho bai toan phén loai thit k, ta ¢6 thuat todn boosting mé&i dwogc thé hién nhr
sau.

Thuét todn 2. Thuat todn boosting cai tién sit dung déc trung chung cho nhiéu bai toan

1. Kh(’ntaow —1neufr #é)vaw ~0neur =¢, t=1,.,N;k=1,..,K
Khé'lti_lOFk() 0
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2. Llapvéim=1,... M
a. Lap vd&i tap con céc bai toan S(t)
1. Tinh tham s6 ag, bg, va & theo (16), (17), {18)
ii. Tinh saisg J(t) = S8 | SOV wF(yF — 5 (2, )2
b. Chon tap S{t) tot nhat t* = argmin J(#)
c. Cip nhat F*(z) — F¥(z) + fX(z,¢")
d. Cip nhat trong s8 wh «— whe v fm(zt’)

3. Tra vé bo-phan loai sign[F*(x))

Mot chi tiét can lam r6 déi véi thuat toan trén 1 cdch xde dinh tap con S(¢). Néu liet
ké tit cd tap con S(t) tir K bai toan thi s6 lugng tip con sé la O(2K }. Do vay, thay vi liét
ke, ching t6i sit dung phwong phép tim kim tham lam. Trurde tién, xac dinh tap con ¢ chi
bao gdm 1 bai todn vi 6 sai s6 (13) nhé nhat. Sau dé thém mét bai todn khic vao tap con ¢
trudg d6 sao cho ¢ méi ¢6 sai s¢-nhd nhat. Tiép tue nhu vay cho dén khi thém tat ca K bai
todn vao . Trong s6 cdc tap t nhur viy lya chon t 6 sai s& nhé nhit. DO phite tap tinh todn
khi d6 sé 14 O(K?2) cho méi bude lip vi O(M K?) cho toan bd thuit toén.

Phan tich I thuyét ,

Cac phan tich Iy thuyét d6i véi thuat toan gentleboost & Muc 3.1 van diing déi véi Thuat
toan 2 néu thay ham 16i (6) bing exp{— Y, v*F*(x)) va thay ki vong trong (7) va (11) bing
gia tri trung binh cho ca K bé phan loai. Diém khdc nhau duy nhét & day I tai mbi buée
lap, thudt todn c6 thé khéng tim duwge ham £5() cho sai s6 nhé nhdt do phai xac dinh tap
con S(t) mot cach tham lam va do vay téc d6 hdi tu sé cham hon so trudng hep tim duoc
fE() t6i vu. Tuy nhién, thuat toan van cho phép gidm dan 15i phan loai tai moi buée lip va
cho két qud tot trong cac thir nghiém.

Cdc két qud lién quan

Nhu da néi & trén, phwrong phép loc cong téc vira trinh bay dira trén viée sit dung thuit
toan boosting véi cdc ddc trung chung do Torralba et al. dé xuit cho bai todn nhan dang
anh va duge trinh bay trong tai liéu [14]. Tuy nhién, tinh chdt bai toan ciing nhu muyc dich
str dung déc trung chung trong hai truomg hop la khac nhau:

- Trong {14}, thuat todn duge dé xuét cho phan loai ddi twgng dnh. Bai toan phin loai cdc
ddi twong Anh trong [14] v8n 13 mot bai toén phéan loai nhidu 16p (multiclass classification),
trong khi d6 bai todn loc cong tac & day bao gdm nhigu bai todn phan loai hai 16p (binary
classification). Su khéc nhau nay doi hdi cdch bidu dién phit hop dé ap dung thuat toan
boosting vira trinh bay.

- Muc tiéu str dung boosting cai tién trong [14] Ix phat hién déc trung chung ma cdc ddi
tugng dnh chia s¢ d€ ting téc dé (do khong phai chia bii todn nhidu 16p thanh nhidu bhai
todn hai 16p) va gidm dir liéu huén luyén, trong khi dé muc tiéu cia loc cong tac la phat
hién nhimg nguoi dung twong tir nhau va gidi quyét van dé di lieu thua that (nhiéu dir lidu
thi€u). Viéc tim ra cdc tap con S {t) (tuomg vmg vdi tap ngudd ding cang sé thich) sé cé v
nghia quan trong d6i véi loc cong tac khi cin gidi thich Iy do dua ra quyét dinh.
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4. THU NGHIEM VA KET QUA

Hiéu qud loc cong téc duge xdc dinh dua trén khd ning thuat todn du doén chinh xéc
danh gid cia khdch hang. Phuong phéap trinh bay & trén duoc dédnh gia va so sanh véi céc
phirong phdp khéc theo thit tuc mé td dwdi day.

Truére tién, toan bd khéch hang duoc chia thanh hai phin, mét phin U, duoc sir dung
lam dir lién hudn luyén, phin cdn lai Uy, duge st dung dé kiém tra. Dit liéu huén luvén duoc
str dung d¢ xdy dung mé hinh theo thuat todn mé ta & trén. Véi moikhach hang thude tép
dir liéu kiém tra u,-cac dnh gid (da c6) cia khach hang dwgce chia lam hai phan O, va P,.
0. dirge coi la da biét, trong khi d6 P, 14 danh gid can diy doan tir dir liéu hudn luyén va
.. '

Sai 56 du dodn M AE, véi méi khach hang u thude tap dir lidu kiem tra dwoc tinh bing
trung cong sai 56 tuyét ddi gitra gid tri dir dodn va gid tri thue d6i véi tAt ca mit hang thude
tap F,.

1
MAE, = — Y |f — 7).
| Pl
ye Py

Sai 56 dir dodn trén toan tap dir lidu kiém tra duge tinh bing trung binh cong sai sé d
doan cho moi khach hang thude Up,.
> MAE,

MAE — U lie
Ute‘

Gid tri M AE chng nhd cang t6t, tirc 14 phwong phap cang chinh xéc.
4.1. Dir liéu thir nghiém

Thuat toan loc cong tde duge thir nghiém trén hai b dir liéu EachMovie {16] va MovieLens
[17]. DAy 1i hai bd dir litu thudmg duoc sir dung dé dénh gid céc phirong phéap loc.

EachMovie duoc xay ding bdi trﬁng tam nghién eiru hé théng théng tin cda hang Compaqg.
B dir licu nay gom 72916 ngudi dung, 1628 hé phim véi 2811983 dénh gia, cac mire dénh
gida dugce cho tir 1 dén 6 (chinh xéc 12 0.0, 0.2, 0.4, 0.6, 0.8, 1.0} , trung binh s6 lugng phim
ngudi dung chwa dénh gid 1a 97.6%. Hai mirc ddnh gid cao nhéat (0.8 va 1.0) duoc bién doi
thanh “thich” {+1) v b&n mitc dinh gid con lai durge bién déi thanh “khéng thich” {—1)
(day 1& phuong phép bién déi dwgc sir dung trong [5]).

MovieLens la co s& dir liéu dugce xdy dung bdi nhém nghién citu GroupLens clia trudng
dai hoc Minnesota. MovieLans ¢6 6040 nguwdi ding, 3900 bé phim, 1000209 danh gid, cdc
mitc danh gia cho tir 1 dén 5, trung binh s6 lugng phim ngudi ding chira danh gia 1a 95.7%.
Tuong ty nhu trén, hai mic ddnh gid cao nhit duge bién déi thanh “thich”, cdc mitc con lai
thanh “khéng thich”.

D€ han ché dnh hudng cda tinh trang dir lidu qua thua thét, ching téi chi lwa chon nhiing
khach hang ¢6 danh gid it nh&t cho 20 bé phim. Trong s6 nhimg ngudi diing thod man didu
kién nay, chiing toi chon ra bd dir liéu thi nhat tir EachMovie bao gém 10000 ngudi ding.
Bo dir liéu thit hai tir MovieLens bao gom dénh gid ciia 500 nguéi ding.
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4.2. So sanh va két qua

Phuong phéap boosting véi dac tring chung (ky higéu 1a MC Boost) trinh bay trong phan
3.2 dugc so sanh vol nhirng phwong phap sau:

- Phirong phép k hang x6m gan nhdt sit dung d6 twrong quan Pearson (ky hiéu 1a KPC)
[6]. Pay 14 phwong phap loc cong tac thong dung nhat va thudmg dwee sir dung nhr phrong
phép tiéu chudn khi so sanh.

- Phuong phap boosting khong sir dung déc trung chung nhr trinh bay trong Muc 3.1.
Cdch thitc tién hanh thu nghiém va so sdnh nhiu sau:

Lan lwgt 100, 200, va 300 ngudi dung dwoc lya chon ngau nhién tir bo dir liéu MovieLens
v duoe dung lam dir lieu huan luyén, 200 ngwdi diing duege hra chon ngau nhién trong s6
con lai d& lam tap ki€m tra.

béi véi bo dir liéu EachMovies, lan hrot -'1000, 2000, va 6000 nguti dung duoe chon lam
tap huin luyén, 4000 ngudi ding con lai dirge dung dé kiém tra.

Pé thir nghiém kha ndng cla phuong phip méi dé xuit so véi nhitng phuwong phap khéce
trong truomng hop cé it di liéu, ching téi thay déi s6 lwong danh gid cia moi nguoi dung
trong tap kiém tra sao cho s§ lwgng danh gid da bidt [an lugt 14 5, 10 vi 20, phian con lai la
nhirng dénh gid cin du doan. Gid tri MAE khi thir nghiém véi hai bd dir liéu MovieLens va
EachMovies duoc thé hién trong Bang 2 va Bang 3. Nhwr da néi & trén, gid tri MAE nhd hon
chirng té phuwong phdp chinh xédc hon.

Bang 2. Két qui thit nghiém véi MovieLens

Kich thuée tap Phuong phap | Sé danh gia cho trude cua tip kiém tra
hudn luyén 5 10 20

KPC 0.378 0.337 0.328
100 nguéni ding GentleBoost | 0.350 0.322 0.291
MC Boost 0.329 0.305 (.292
KPC 0361 0330 - 0318
200 nguin ding GentleBoost | 0.333 0.314 0.254
M Boost 0.314 0.299 0.289
KPC 0.348 0.336 0.317
300 ngudi ding GentleBoost | 0.325 0.304 0.279
MC Boost 0.308 0.298 0.283

K&t qud thit nghiém cho thdy c4 hai phuong phap loc cong tac bang phén loai boosting
déu cho két qua tot hon so vdi phuong phédp truyén thong sit dung do tirong quan Pearson.
Sai 56 cia boosting véi moi kich thuée dir lidu hudn luyén vi s6 lwong danh gid cho trude
clia ngudi ding kiém tra déu nhé hon phwong phép twong quan Pearson.

Trong trudrmg hop di dir lidu, cu thé 13 khi biét trude nhigu danh gia cia ngudi ding
trong tap kiém tra, phuong phap GentleBoost cho két qua t6t hon so véi MC Boost. C6 thé
giai thich két qua nay la do GentBoost cho phép chon déc trung t6i wu hon déi vai tirng bai
todn phén loai trong khi MC Boost chi chon duoe dic trung t61 wu cho cd nhom bai todn
phén loai.

Tuy nhién, khi dit liéu it di, cu the 14 khi chi biét tride 5 hodc 10 déanh gia cla ngudi ding
kiém tra thi trong da 3 triromg hop, MC Boost cho sai s6 MAE nhd hon so véi GentleBoost.
Ly do chid yéu 14 do MC Boost cho phép két hgp théng tin tir nhiing ngudi dung tuong tu
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vl ngudi dimg kiém tra théng qua céc dic trung chung va do vay gidm duoce dnh hudng cia

viéc thieéu nhan phan loai.

Bdng 3. K&t qud thir nghiém véi EachMovies

Kich thude tdp Phuong phap 86 danh gia cho trudc cua tap kiém tra
hudn luyén 5 10 20

KPC 0.559 .474 0.449

1000 ngudi dung GentleBoost 0.515 0.455 0.421
MC Boost 0.492 0.460 0429

. KPC 0.528 0.450 0.422
2000 nguéi dung GentleBoost 0.495 (424 0.393
MC Boost 0.484 0.419 0.393

KPC 0.521 0.437 0378

6000 ngutri ding GentleBoost 0.477 0.408 0.362
MC Boost 0.452 0.397 0.3635

, 5. KET LUAN

Bai bdo da trinh bay mdt phuong phép loc cong téc bing céch sit dung ky thudt phan

loai boosting va gdc cdy quyét dinh ddng thoi cho nhigu ngudi ding. Pay 1a mét cai tién cia

thuat todn boosting, trong d6 viéc lya chon dac trung cho moi bo phén loai yéu dwoc thue

hién dong thdi trén mét nhém ngudi ding twong ty nhau. Uu di€m chi yéu cta phurong
phép nay la viée phan loai déng thoi tirng nhém ngudi ding cho phép sit dung thong tin tir
nhirmg ngudi ding twong tw nhau va nhd vay cdi thién do chinh xac phan loai khi ¢6 it dir
liéu, vi du khi nguoi ding can dy dodn chi danh gid rat it mat hang trude dé. Két qua thir
nghiém trén hai hd dir liéu MovieLens va EachMovies da cho thay phuong phap dé xuit cho
két qua tot hon hai phu‘cng phép khac trong trudmg hop it dir héu.
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