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Tom titt: Cac dic diém ca nhan coa khach hang
nhu gi6i tinh, do tudi, v.v. cung cip cic thong tin
quan trong cho cac nha cung cép dich vu thuong mai
dién to (TMDT) trong cac hoat ddng quang céo va ca
nhan héa hé théng. Tuy nhién, khach hang tryc tuyén
thuong han ché cung cap thong tin do van dé riéng tu.
Bai bao ndy dé xuit mot phuong phap du doan gidi
tinh cta khach hang dya trén dir li¢u lich st truy cap
hé théng TMDT. Chung t6i st dung phuong phap hoc
may trén mot tdp cac dic trung duoc trich xudt tir
thong tin xem san pham ciia nguoi dung dé dy doan
gidi tinh cta ho. Cac thuc nghiém dugc thuc hién trén
tap dir lidu dugc cung cip trong khuon khd cudc thi
vé khai pha dir liéu trong Hoi nghi PAKDD’15. Két
qua c6 do chinh xac 81.9% trén d6 do chinh xac can
bang va 82.3% trén d6 do macro F1 cho thiy thuat
toan hoc may va cac dic trung duge dé xuit di mang
lai hiéu qua tbt trong nhan dién gidi tinh cua khach
hang.

Tir khoa: hoc may, dit liéu 16n, du doan gidi tinh.

. MODPAU

Ngay nay, rat nhiéu cac mg dung web nhu cac hé
thong thuong mai dién tr (TMDT), cac médy tim kiém,
cac hé thong quang cdo tryc tuyén, str dung cac déc
diém ca nhan hoa dé 1am gia ting su trai nghiém cua
ngudi ding va thuc diy hoat dong kinh doanh, ban
hang. V6i mét dich vu duge ca nhén hoa t6t, thong tin
hién thi s& duoc, t6i wu hoa cho mdi ngudi dung ca
nhan thay vi gidng nhau cho toan bd ngudi dung.
Chang han, mot h¢ thong TMBT c6 thé hlen thi cac
thong tin khuyén mai hodc gidi thiéu san phim c6 lién
quan dén timg khach hang thay vi hién thi quang cdo
chung hoic gi¢i thidu cac san pham ngau nhién.

Viéc ca nhan hoa thong tin h1en thi dya trén 2 loai
dit liéu chinh: dit liéu lich sir (ching han cac mat hang
trudc d6 da xem hodc da mua v.v.) va déc diém ga
nhén cua nguol dung (chang han gidi tinh, d§ tudi,
trinh d¢ glao dyc .v.v). Dt li€u lich st chi c6 thé thu
thap duoc néu ngudi dung da st dung hé théng trude
d6 va da ding nhap vao hé thong. Do d6, cac phuong
phép ca nhan hoa dya trén dit li€u lich sit khong kha
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thi trong truong hop khach hang truy cap lan dau hodc
khach hang chua déng ky sir dung hé théng. Nguoc
lai, phuong phap ca nhan hoéa dua trén dic diém ca
nhan cda ngu(n ding hiru ich ké ca khi ngu(n dung
chua ting su dung hé théng. Tuy nhién, cac thong tin
vé dic diém ca nhan cta nguoi dung thuong kho thu
thép duoc, do nguoi dung Internet thu(‘yng khong san
sang cung cap cac thong tin cd nhan ¢4 tinh riéng tu.
Vi Iy do nay, trong nhiéu truong hop, cach duy nhat dé
¢6 dugc thong tin diac diém ca nhan cua ngu(n dung 1a
du doan dya trén cac dir liéu khac ma nguoi ding dé
lai trén hé thong

Van @ du doan dic diém nguoi dung duwa trén
phan tich van ban (con goi du doan dac diém tac gia
vén bdn - author profiling) d@ dugc nghién clru trong
nhiéu thap ky, tuy nhién, trong nhiéu truong hop,
ngudi dung khong dé lai cac van ban trén hé thong
Mot phuong phap khac co thé duoc sir dung dé du
doan déc diém nguoi dung la dya vao hanh vi cta ho
trén hé thong, chang han cac hanh vi duyét web ([6],
[13]), phén tich lvu lwong web ([3]), hoac hanh vi xem
danh muc san pham. Uu dlem chinh cua phuong phap
tiép can nay la trong hu hét cac truong hop, nguoi
ding s& thyc hanh cac hanh vi trén hé thong nhu truy
cap vao cac trang web, nhap chudt vao cac mat
hang/muyc tin, xem danh muc san phim v.v.

Trong nghlen cuu nay, chung t6i giai quyét vin dé
dy doan gidi tinh ngudi dung dua trén dir ligu xem
danh muc san pham nhu thoi glan/th(n luong xem,
danh sach céc san pham/loai san pham da xem v.v.
Tap dir liéu thuc ngh1em dugc cung cap boi Tap doan
FPT trong cugc thi v€ khai pha dir li¢u trong khudn
kho Hoi nghi Qudc té vé Khai pha dir liéu va Phat
hién tri thirc khu vuc Chéu A Thai Binh Duong nim
2015 (PAKDD 15). Y tu’ong clua phuong phép 1a khai
thac t6i da mdi quan hé giita cac san phim/loai san
pham dugc xem trong cung 1 lugt xem dya trén 1 biéu
dién dang cdy cua danh sach san phdm/loai san pham
Theo d6, bén canh céac dac trung co ban nhu thoi gian,
tan sut xem, danh sich cac san pham/loa1 san phim
riéng ré&, chung toi nghlen ctru dé xuat sir dung céc ddc
trung nhu chu01 cac san pham/loa1 san pham duogc
xem lién tiép, cac cap chuyén tiép san pham/loai san
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phdm khac nhau trong cung 1 luot xem v.v. (goi chung
la cac dac trung néng cao). Voi cau tric phan cap
nhiéu cép d6 cua danh muc san pham/loal san pham,
chung to1 st dung mot phuong phap b1eu d1en dang
cay dé cung cap khung nhin t6t hon vé mdi quan hé
gilta cac san pham/loal san phdm so voi biéu dién
dang liét k€. Sau khi xay dung dugc tap dir liéu huin
luyen mot sb thudt toan hoc may phd bién nhu Rimng
ngau nhién (Random Forest-RF), May véc to hd trg
(Support Vector Machine-SVM), va Mang Bayes
(Bayes1an Network-BN) duoc st dung dé xdy dung
m6 hinh phan loai két hop véi cac ky thuat hd trg de
xtr 1y van @& khong can bang 16p nhu Tai chon mau
(Resampling), Hoc nhay cam chi phi (Cost-Sensitive
Learning-CSL). Ngoa1 ra, do s6 lugng dac trung sur
dung la kha 16n cung v6i tinh chat thua cua dir lidu
xem danh muc san phim, cic phuong phap lya chon
dac trung (feature selection) duoc thu nghlem va ap
dung nham ning cao két qua du doan va giam do phuc
tap ciia mo hinh. Cubi cung, thuat toan phan loai duoc
t01 uu tham s6 va két hop véi thuat toan boosting dé
cai tién két qua du doan. Céc ket qua thyc nghiém cho
thy dd chinh xac nhan di¢n t6t trén tap dic trung co
tinh tong quat va c6 thé dé dang ap dung sang cac h¢
thong TMDT khac nhau. Bai bio nay cung la phién
ban m¢ rong cua nghién ciru da duge bdo céo tai HOi
nghi Qudc t& Ky ngh¢ tri thirc va hé thong nam 2016
(Knowledge and System Englneerlng KSE 2016),
trong d6 cac van de ve xdy dung tap déc trung, lya
chon diac trung, va t01 uu tham so thuit toan da duoc
nghién ctru va cai tién.

Bai bao co cdu trac nhu sau. Phan II trinh bay vé
cac nghién curu li€n quan trong linh vue dy doan dac
diém nguoi dung Phan III mé ta phuong phap tlep can
va hoat dong cta hé thong Phén IV trinh bay vé cac
két qua va thao luan. Cudi cing, cac két luan s& dugc
trinh bay trong phan V ctia bai béo.

Il. TONG QUAN VE DY DOAN DAC DIEM
NGUOI DUNG

Van dé dyu doan dic diém nguoi dung da duoc
nghién cu trong thoi gian dai trude day. Trong giai
doan déu, cac nha nghlen ctu trong linh vyc nay tap
trung nghién ctru vé& van dé xac dinh dic diém tac gid
van ban. B¢ 1a viéc xac dinh hodc du doan dac diém
cua nguoi dung dya trén phan tich cac van ban duogc
tao ra boi nguoi do. Cac phuong phap duge str dung
trong cac nghién ctiru nay chu yéu 1a dya trén phan tich
phong cach viét véi cac dic trung da dang nhu dva
trén cac dung tor vung, nglt phap, cac dic trung dua
trén ndi dung [9]. Cac nghién ctu trude day chu yeu
tap trung vao céc loai van ban chinh thong nhur cac bai
béo, tiéu thuyét, bai luan v.v. Gan day, do sy phat trién
manh m& cua Internet va cac kénh truyen thong tryc
tuyén, cac nghién ctru trong linh vyuc nay chuyén sang
thue hién trén cac loai van ban truyen thong truc tuyén
nhu email, bai viét blogs, bai viét dién dan v.v. De Vel
va cac cfng su [4] st dung 221 dac trung dé xac dinh
tac gid cac emails. Argamon va céc cgng sy [1] nghién
clru sy khéc biét gilra phong cach vi€t ctia nam va nir
trong 604 tai liéu tir kho ngit liéu Anh Qudc (British
National Corpus). Argamon va cac cong su [2] khao
sat viéc st dung cac dic trung dya theo phong céach va
ndi dung dé du doan gidi tinh va tudi cua cac tac gia
bai viét blogs trén tap dir liéu gdm hon 71.000 bai viét
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tor trang blogger.com. M6 hinh néy cho két qua du
doén c6 do chinh xac 80% cho gidi tinh va 76% cho
d6 tudi. Igbal va cic cong su [7] dé xuat mot phuong
phap tinh mot gla tri dugc g01 1a “van chir viét” (write
print) dya trén cac miu xuat hién thuong xuyén duge
trich chon tir cac emails dé du doan dic diém ngudi
dung Nguyen va cac cong sy [14] thyc hién nghlen
ctru v€ du dodn gidi tinh va do tudi cua cac tac gia bai
viét trén mang xa hoi twitter va bai viét dlen dan t1eng
Ha Lan su dung phuong phép hdi quy tuyén tinh va
cho d6 chinh xac dy doan khoang 80%.

Bén canh viéc nhén dién nguoi dung thong qua
phan tich vin ban, gan day, nhiéu nha ngh1en clru
trong linh vuc khoa hoc mdy tinh dd@ m¢ rong sang
phan tich nhan dién dic diém nguorl dung dua trén
hanh vi ciia ho, ching han nhu cac hanh vi duyét
website [6, 14], hanh vi trong mang di dong [5] hanh
vi xem san pham trong hé thong thuong mai dién tur
v.v. Khic véi van dé xac dinh dic diém tac g1a van
ban, cac dac trung hanh vi cua ngu(n dung trén cac hé
thong 1a da dang hon nhiéu. Do vy, cic nghién ciru
trong linh vuc nay da su dung céc tap dac trung khac
nhau va phu thugc vao cac hé thong cu thé. Phuong
phap nhan dién chii yéu sir dung k¥ thut hoc may.

Hu va céc cong su [6] dé xuit mot phuong phép dé
giai quyet van dé dy doan gi6i tinh va do tudi cia
nguoi dung Internet thong qua phan tich hanh vi duyét
web cua ho. Hu sur dung céac thong tin xem trang web
ctia nguoi ding nhu 13 céc bién du vao dé suy dién
thong tin ddc diém ca nhan cua ho. Thuat toan SVM
da duogc sir dung trén tp dic trung bao gdm céc dic
trung dya trén ndi dung (cac tir trong trang web) va
dya trén phan loai (theo cac muc trong cau tric cia
trang web). Két qua thuc nghiém dat d§ chinh xac
79.7% khi dy doan gi¢ tinh va 60.3% khi du doan
tudi. Kabbur va cac cong su [8] cing thyc hién 1
nghlen ctru sir dung hoc may dé dy doan dic diém
ngum dung website dua trén thong tin vé& ndi dung va
cau truc siéu lién két.

Nghién ctru cua Dong va cac cong su [5] c6 muc
tiéu suy dlen ra thong tin ca nhan cua nguodi dung dua
trén cdc mau giao tiép hang ngdy trén mang di dong.
Nghién ctru dugc thuc hién trén mdt mang di dong
thyc v&i hon 7.000.000 ngudi dung va hon 1 ty ban
ghi gigo dich mdi ngay. Cac dic trung duoc sir dung
bao gdm céc ddc trung cd nhan, ban be, dac trung tuan
hoan v.v. va dat két qua dy doén 80% cho giGi tinh va

70% cho do tudi. Ying va cac cong sy [15] d& xuét
mot phuong phap du doan thong tin ca nhan nguoi
dung dya trén phan tich hanh vi va moéi trudng.
Nghién ctru ciing phat trién mot phu’ong phap moi la
mé hinh phan loai nhiéu cap do (multi-level
classification model) dé giai quyét van dé khong can
bang trong dit liéu.

Phuong va cac cong su [13] gidi quyét vin dé du
doan gioi tinh ngudi dung thong qua hanh vi duyét
website. Nghién ctu st dung phuong phap phan loai
hoc may va dung cac dac trung thu dugc tr dir li€u luu
trlt thong tin duyét web. Cac dac trung co ban dugc su
dung cling twong tu nghién ctru cia Hu va cac cong su
[6], nhung nhém téc gia st dung thém nhidu loai dac
trung khac nhu cdc déc trung dya trén chu de, dic
trung thoi gian, dac trung ké tiép v.v. qua d6 1am ting
dang ké két qua du doan.
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Nghién ctru cua Lu va cac cong sy [12] cling giai
quyét van dé trong tu nhu nghién clru nay Lu st dung
1 tép dac trung bao gdm cac dic trung vé tan suat, thoi
gian, cic san pham/loai san phim dwoc xem va thudt
toan phan loai Gradient Boostlng Dec1s;on Trees. Sau
d6, Lu thuc hién viéc c@p nhat nhan dé nang cao do
chinh xac bang cach dua céc thong tin v€ san pham
dugc xem vao tinh toan lam mugt (tong s6 lugng
nam/nit xem san pham). Két qua cudi cung cho do
chinh xac F1 trung binh cua 2 16p phén loai la 80.6.

Bai bao nay nghién ctru mét phuong phéap du doan
gidi tinh clla ngudi dung dya trén dit lieu xem san
pham cua ho trén hé théng TMDT. Theo khao st cua
chung t61, hién chi c6 nghién ctru ciia Lu va cac c6ng
su [12] la nghién ctru chinh thirc duge thyc hién va
cong bo trong linh vic nay.

lll. PHWPONG PHAP

A. Téng quan vé hé thong

Trong nghién clru nay, chung t6i phat trién mot hé
thdng c6 thé nhan dir liéu tir cac file luu trir thong tin
Xem san pham clia cac khach hang da biét gioi tinh,
trich chon céc déac trung va nhan phan loai dé tao ra 1
tap dir liéu huin luyén. M6 hinh du doan s& dugc xay
dyng dya trén tap dir liéu huan luyén tao duoc sir dung
mot phuong phap phan loai va sau d6 co thé sir “dung
dé dy doan gidi tinh cua cac khach hang chua biét dua
trén hanh vi xem san pham cua ho.

File dir liéu huin luyén chtra céc ban gh1 twong
g v&i cac thong tin luu trit vé hanh vi xem san pham
cua nguon dung Mot ban ghi luu trir chira céc thong
tin vé hanh vi xem san pham cua 1 nguoi dung, nhu
thoi glan bét dau xem, két thiic xem, danh sach cac san
pham va loai san phim di xem. Nhan phan loai cho
moi dir liéu mau la male/female (nam/nir). Do vay,
vén dé can giai quyét 1a mot vin d& phan loai nhi phan
v6i 2 nhan tuong Ung.

Phan tiép theo s& md ta chi tiétﬁ hon v& cac dic
trung va cac k¥ thuat duoc sir dung dé du doan.

B. Cadc dac trung phan logi

Céc dac trung dugc sir dung trong nghién ctru nay
duoc chia lam 2 loai, dugc goi 1a cac dac trung co ban
va cac dac trung nang cao.

1) Dac trung co ban

Céc dic trung co ban bao gdbm cac dic trung lién
quan dén thoi gian, té‘{n suat xem sénqpham va cac dac
trung v€ céac san pham/loai san pham riéng ré. Cac
thong tin nhu thoi gian xem trong ngay, ngay trong
tuan, ngay nghi/ngay 1&, thoi luong xem, so san phim
xem, thoi gian trung binh khi xem 1 san pham v.v. la
cdc nhén t0 co thé duoc dung dé du doén giéi tinh ctia
nguoi xem. Tong cdng c6 98 dac trung nhi phan va 3
dic trung s dugc sir dung va dugc mé ta chi tiét hon
nhu trong bang 1.
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Bang 1. Cac dac trung co bdn

Pic trung Mo ta
Day Ngay trong thang (31 déac trung)
Month Thang trong nam (12 dac trung)
DayOfWeek Ngay trong tuin (7 dic trung)

StartTime/EndTime

Gio (24 dac trung)/ Gio (24 dac
trung)

Duration

Téng thoi gian xem (1 dic trung)

NumberOfProducts

S6 san phan xem (1 dic trung)

AverageTimePerPro
duct

Thoi gian trung binh xem 1 san
pham (1 dac trung)

biac trung vé céc san pham/loai san pham bao gém
tat ca cac san phiam va loai san pham c6 trong hé
thong. Dé xiy dung danh muc cac dic trung nay,
chung toi thuc hién trich tur trong tap dir li¢u ra cac ma
san phdm/ma phan loai va st dung chung nhu cac dac
trung dang s6. Vi mdi san pham/loa1 san pham
ching t6i thyc hién dém s6 1an nguoi dung Xem san
pham/loa1 san pham do trong lugt xem va st dung con
s0 nay lam gid tri cua ddc trung twong tmg. Do moi ma
san pham day du duoc hinh thanh tir 4 ma khac nhau,
bao gdbm ma loai san pham & muc chung nhét (bat dau
bing ky tu “A”), cdc ma loai san pham ¢ muc tiép
theo (bat ddu bing ky ty “B” va “C”), va cubi cung la
mé san pham cu thé (bat dau bang ky tw “D”), c6 4
loai déc trung thudc dang nay véi tong cong 8.035 dac
trung nhu trong bang 1. Luu y rang do s6 lugng ma
san pham cu thé 1a rat 16n va nhiéu san pham xuét hién
& tap dit liéu huin luyén nhung khong xuét hién & tap
dir liéu kiém tra va nguoc | lai, chiing t6i chi lya chon
c4c ma san pham co tan sut xuit hi¢n tir 3 lan tré 1én
va bd sung thém céc san pham co tan suat thdp hon
nhung xuat hién ¢ ca 2 tap dit liéu. Ngoai ra, do mot
san pham ¢6 thé thudc vé nhiéu hon 1 phan loai, cac
san pham ndy sé& tao ra nhiéu hon 1 dic trung, twong
ung vai cac phan loai.

Bdng 2. Cdc ddc trung vé san pham/logi san pham
riéng ré

Pic trung Mo ta

Loai san phdm mirc Ma bét ddu 1a A (11 dic trung)

chung nhat

Loai san phdm muc 2 | M3 bit dau la B (60 dic trung)

Loai san phdm muc 3 | Ma bt dau la C (186 dic trung)

Ma bét ddu 1a D (7.778 dic
trung)

San phadm cuy thé

2) Cac ddc trung ndng cao

Bén canh cac dac trung san pham/loa1 san pham
rleng 1€, chung t61 dat gia th1et rang mbi quan hé giira
cac san pham/loai san pham dugc xem trong cung 1
luot xem cung 12 mot yeu to co thé dung dé du doan
giéi tinh ngudi dung. Chang han ngudi dung nam
thuong chi xem it loai san pham trong 1 lugt xem
trong khi nguoi dung nit ¢6 thé xem lién tiép nhidu
loai san pham khac nhau. Trong file dit lidu, danh sach
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cac san pham/loai san pham da xem trong 1 lugt xem
duoc biéu thi dudi dang danh sach 1iét ké nhu dudi
day:

A00002/B00003/C00006/D19760/; A00002/B00001/C00010/D18416;
A00002/B00001/C00004/D19764/; A00002/B00003/C00008/D19761/;
A00002/B00003/C00008/D08538/

Viéc su dung danh sach li¢t ké nay co thé gay kho
khan cho vi€c trich chon hi¢u qua tat ca cac thong tin
vé mdi quan hé giira cac san pham/loal san pham trong
1 luot xem, chung t6i dé xuat mot biu dlen dang cay
nham cung cap 1 khung nhin t&t hon vé cic quan hé
nay. Theo biéu d1en nay, loai san pham ¢ muc chung
nhat s& ndm & goc cua cay, cac san pham cy thé nam ¢
phan 14 cua cay va céc loai san pham ¢ cap do trung
glan nam & cac tang gitra cua cdy. Theo d6, danh myc
san pham/loai san phim duoc biéu didn dudi dang
danh sach liét k& ¢ trén dugc chuyén ddi sang biéu
dién cay nhu trong hinh 1.

Tir biéu dién dang cay nay, chung ta c6 thé dé dang
chuyen dbi nguoc tro lai biéu dién dang danh sach liét
ké bang cach duyét cay theo chidu sau va tir trai sang
phai. Ng0a1 ra, tur bleu dién cay, chung ta c6 thé rat ra
duoc céc thong tin vé quan hé gura cac san pham/loai
san pham bang céch khai thac céac thugc tinh cta cay
nhu c4c nut, cic ting, dudng di, nit k& v.v.

Hinh 1. Biéu dién dang cdy cia danh muc san
phdm/logi san phiam dirgc xem

Trong vén dé hién tai, chiing ta c6 thé su dung cac

thudc tinh sau cua cdy dé lam dic trung vé mdi quan
h¢:

e SO cac nit tai mdi tang: Twong tmg voi sO san
pham/loai san pham dugc xem trong mdi lugt xem.

e Chudi cac nat lién tlep trén cung 1 tang Tuong
mg v6i cac chudi san phdm/loai san phim dugc
xem lién nhau trong cung mot luot xem. T chudi
cac nit lién tlep trén cung ting, chung toi trich ra
tat ca cac chu01 con k niit va chon cac chudi con co
tan suit cao nhat lam dic trung chudi.

e Ciap nit chuyén doi tai cac ting khac nhau: Dic
trung nay phan anh thdéi quen xem san pham cua 1
nguoi dung khi chuyen tir 1 loai san phim nay
sang | loai khac ¢ tang khac nhau.

Chang han, véi biéu dién cdy nhu ¢ hinh 1.1, mdt
$6 thudc tinh nhu & trén co thé duoc trich ra nhu sau:

e Sb lugng nut tai mdi tang: {1, 3,4, 5}

e Chudi cac nut lién tip trén cing 1 tang c6 thé la
{B00001, B00003, B00001}, {B00001, BO0003},
{C00006, C00010}, {D19760, D18416, D19764},
V.V.
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e Céc cap nut chuyén ddi tai cac tang khéc nhau co
thé 1a {D19760, B00001}, {D18416, C00004},
V.V.

Véi sé luorng 16n cac san pham va phan loai san
pharn tong s0 lugng cac chudi nat va cac cip nut
chuyen d6i c6 thé rat 1on. Do d6, twong tu nhue cach
xay dung tdp dac trung cho céc sin pham don 1¢,
chung t6i chi lya chon cac chudi nat va cac cip nut
chuyén dbi c6 tan suat xuat hién it nhét 3 1an va hodc
tan suat it hon nhung xuat hién trong ca 2 tap dir liu.
Theo @6, danh sach va s lugng cac ddc trung ning
cao duogc liét ké trong bang 3.

Bang 3. Cac ddc trung ndng cao

DPic trung Mo ta

S6 lugng nat tai mbi tang 4 dac trung

Céc chudi nut co tan suét xuét

! 2.277 déc trung
hién cao nhat

Céc cap nut chuyén dbi co tin
suat xuat hién cao nhat

465 dac trung

C. Cac phuong phap phan logi

Trong nghién ctru nay, ching t6i sir dung 3 thuét
toan hoc may dé xay dyng mo hinh phan loai nhu da
nodi ¢ trén. D6 1a Random Forest (RF), Support Vector
Machine (SVM), va Bayesian Network (BN). RF la
mot thuét toan hoc két hop str dung cac tap con cua di
lidu va tap con dic trung dé xdy dung nén cac cdy
quyét dinh. RF xdy dung nhiéu cy quyét dinh nhu
vy va két hop ching dé cho két qua phan loai cubi
cung c¢6 d6 chinh xac cao hon. Do thuit toan nay lya
chon ngau nhién cac tdp con dic trung dé xay dung
ciy quyét dinh nén phu hop véi cac van dé c6 tap dic
trung 16n va thua nhu van dé hién tai. SVM 1a phuong
phap phén loai dya trén 1y thuyét hoc théng ké dugc
dé xuat boi Vapnik nam 1995. SVM la thuat toan hoc
may c¢6 uu diém 1a co thé xtr 1y s6 lugng 16n cac dic
trung phéan loai va khong can dén viéc giam bot sd
lwong dic trung nhdm tranh van dé qua khop (over-
fitting). Pac diém nay rat hiru ich khi xir 1y cac van dé
¢6 sb chiéu 16n. BN 1a mot md hinh xac suit dang dd
thi biéu thi sy phu thudc théng ké trén mot tap hop cac
bién ngiu nghién. Pay ciing 1a thuat toan dugc sir
dung kha pho bién trong xdy dung cac mo hinh hoc
may.

Bén canh cac thuat toan hoc may, do tap dir liu
hudn luyén c6 dic diém khong can bang gitra cac 16p
(khoang 80% la nir va chi 20% nam), mot s6 k¥ thuat
hd trg nhu Resampling, Cost-Sensitive Learning
(CSL) dugc ap dung dé nang cao do chinh xac cho 16p
thiéu s§. Resampling 1a mot phuong phap duoc st
dung phd bién dé xir Iy cac truong hop khong can
bang trong dit liéu huin luyén. Y tuéng co ban cua
phuong phap nay 1a thém vao hodc bét di 1 sb mau dé
lam cho tap dit li€u tré nén can bang hon. Ngoai ra,
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cling c6 thé dat lai trong sb cho cac miu ctia mdi 16p
dé giup can bang téng trong s6 ctia mdi 16p [10].
Trong khi resampling 12 mot phuong phap ¢ muc dit
liéu thi CSL 1a mét phuong phap & mirc thuat toan
ding dé giai quyét vin dé phéan loai khong cin bang.
Theo Ling va cac cong su [11], CSL la mot phuong
phép c6 tinh dén chi phi phan loai sai, nghia I n6 xem
xét cac phan loai sai cua cac 16p khac nhau la khac
nhau, nho d6 c6 thé can bang do chinh xac gitra 2 16p
khi xay dung mé hinh phan loai.

Ngoai ra, do sd luong cac dic trung 16p va dir
li¢u thura, cac k¥ thuat lya chon dac trung dugc nghién
ctru, ap dung dé giam bt o phirc tap va loai bo di cac
dic trung it lién quan dén qué trinh phan loai. Trong
nghién ctru nay, chang toi thir nghiém mot sb do do
nhu DJ lgi thong tin (Information Gain), Khi-binh
phuong (Chi-Square), Tuong quan (Correlation) dé
chon ra phuong phép va sé luong dic trung phu hop
nhat.

IV. TH'C NGHIEM

A. Duw ligu va phuwong phap danh gia

Trong nghién ctru nay, chiing toi st dung cac tap
dir liéu dugc cung cp bai tap doan FPT cho cude thi
vé khai phé dir lidu va phat hién tri thirc trong khudn
khé hoi nghi PAKDD’15. Dit liéu duoc chia thanh 2
tap 1a tap hudn luyén va tap kiém ching. Mbi tap dir
liéu chira 15.000 ban ghi, twong Gmg vdi cac ban luu
trit vé thong tin xem san pham ciia mdi nguoi ding.

Vé phuong phap danh gi4, nhu da trinh bay &
trén, do van dé khong can bang cta cac 16p du doan,
d6 do chinh xac cin bang dugc st dung dé danh gia
mo hinh. B§ do chinh xac can bé“mg duogc dinh nghia la
dd chinh x4c trung binh ctia mdi 16p va viée sir dung
d6 do nay co thé tranh duge cac du bao hiéu suét gia
tao trong cac tap dir liéu khong can bang 16p.
0.5*p 0.5%m
tp+fn tm+fp
Trong d6 tp (true positive) 1 sb cac mdu mang

+

balanced accuracy (BAC) =

nhan “duong” dugc phén ding vao 16p “duong”, tn
(true nagative) 13 s cac miu mang nhin “4m” duoc
phan dung vao 16p “am”, fp (false positives) 1a s6 cac
mau mang nhin “4m” dugc phan sai vao 16p “dwong”,
va fn (false negative) 1a s6 cac miu mang nhin
“duong” dugc phan sai vao 16p “am”.

Pay ciing 1a d6 do dugc st dung dé danh gia cac
két qua trong cudc thi PAKDD’15 Data Mining
Competition. Trong nghién ctru nay, chung toi st dung
d6 do nay ciing v6i d6 do Macro F1 dé tién so sanh
véi cac nghién clru trude day.

B. Két qua va danh gid
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Nhim dénh gia hiéu qua cta cac dic trung co ban
va nang cao, chung tdi thuc hién cac thi nghi¢ém trén
céc tap dic trung khac nhau, bao gdm tap dic trung co
ban va tap dic trung co ban két hgp nang cao. Theo
cach phan loai tap dac trung, cac dac trung nang cao
chi mang tinh b6 sung, néu str dung riéng r& s& khong
hiéu qua. Do do, chiing toi khong tién hanh thi nghiém
trén tap ddc trung nang cao riéng ré trong nghién ciru
nay.

Mdi tap dic trung sé duoc thir nghiém trén 3
thuat toan hoc may va céac k¥ thuat hd trg nhu d3 noi &
trén, trong d6 Resampling sir thut toan tai cén bang
16p dya trén k¥ thuat dat lai trong sé Class Balancer
(CB). Cong cu thyc nghiém st dung bo cong cu hoc
may WEKA (Waikato Environment for Knowledge
Analysis). Day 1la mét tdp hgp céc thuat toan hoc may
va cac cong cu xir 1y dir liéu duge phat trién boi nhom
nghién ctru tai Pai hoc Waikato, New Zealand. Cong
cu nay duoc viét bang ngdn ngir Java va dugc phan
phéi dudi dang md ngudn mo. Két qua thuc nghiém
cudi cung cho thdy khi thuat todn hoc may két hop
v6i k¥ thudt tai can bang 16p theo phuong phap dat lai
trong s6 cho cac 16p ClassBalancer va ky thuét hoc
nhay cam chi phi CostSensitiveClassifier cho két qua
BAC tt nhit. Bang 4 cho thiy két qua cu thé cta cac
thue nghiém khi chua ap dung cac thuat toan lya chon
dic trung va tdi wu tham sb hoc may.

Bdng 4. Két qua thuwe nghiém khi sir dung CSL két

hop CB
Pac trung co ban Pac trung co ban +
ning cao
BAC Macro F1 | BAC Macro F1
RF 77.3 75.5 81.0 78.5
SVM 76.6 74.4 79.5 76.7
BN 76.0 74.4 78.5 76.0

C6 thé thiy, cac dic trung nang cao khi duoc sir
dung két hop vé6i cac dic trung co ban di cai tién két
qua dang ké khi so sanh véi viéc chi sir dung dic trung
co ban. Mic du vay, trong tap dir liéu dugc cung cép,
c¢6 kha nhiéu luot xem chi c6 mot san phém duoc xem
(khoang 30%) va cac ddc trung nang cao khoéng cod
hidu qua véi cac truong hop nay (do khong co nhiéu
san phan dugc xem trong cing lugt dé khai thac méi
quan hé giita chung). Trén thyc té, sb lwong nguoi
ding xem nhiéu san phdm trong 1 luot xem s& nhiéu
hon va do d6 viéc sir dung cac dac trung nang cao sé
dem lai hiéu qua cao hon khi &p dung trong céc trudng
hop nay.

So sanh két qua cia cac thuat toan hoc may,
thuat toan RF c¢6 két qua vuot troi so v6i cac thuat
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toan SVM va BN. Thuét toan RF thyc hién hoc két
hop thong qua viéc lua chon nhiéu tdp con dac trung
va dir liéu dé xay dung nén 1 tap cac cdy quyét dinh,
do @6 phu hop véi bai toan c6 s6 luong dic trung 16n
va thua nhu bai toan hién tai. Mot diém tha vi khac 1a
phuong phap biéu dién dic trung dugc st dung trong
nghién ctru ndy ciing ¢6 ciu triic dang cdy. Tuy nhién,
két qua van cé thé tiép tuc dugc cai tién thong qua
viéc lwa chon dic trung va t6i uu tham sd.

C. Lua chon ddc trung va 16i wu tham sé

Mic du thuat toan RF d tién hanh Iya chon tap
ddc trung tot trong qué trinh hoc thong qua viée lya
chon ngau nhién cac dic trung tai cac budc xay dung
ciy quyét dinh, tuy nhién van c6 thé cai tién do chinh
Xac béng viéc thuce hién cac thuit toan lya chon dac
trung dua trén cac do do thong ké. Trong nghién ciru
nay, chung t6i thir nghiém 3 phuong phap lya chon
dac trung la Information Gain, Chi-Square, va
Correlation. Information Gain st dung cich do do
quan trong ctia mdi dic trung trong viéc phan biét cac
16p phan loai va da duoc tmg dung trong nhiéu nghién
ctru trude day va cho két qua tét. Chi-Square 1a phép
thir ¢6 thé danh gia sy doc 1ap cua 2 bién trong théng
ké, va dugc str dung dé do murc do doc lap gitra 1 dac
trung va 1op phan loai. Trong khi do, phuong phap
Correlation sur dung d§ do tuong tu gitra cac déc trung
v6i nhau va v6i 16p phan loai dé danh gia tap dic
trung tot. Két qua thir nghiém cho thay Information
Gain 1a phuong phap pht hop nhit cho van dé hién tai
véi sb lugng t6i wu duoc lua chon 1a 2.500 dic trung.
Hinh 2 cho thiy két qua phén loai t6t dan véi cac s6
luong déc trung th'?ip va dat dinh tai mirc 2.500 dac

tmng.
0.85
v /‘3— - o

Ft
£ 075
2
g o7
=} 1000 1500 2000 2500 3000 3500

Sb lwgng dic trung

Hinh 2. Két qua phan logi véi cdc sé hrong ddc trung
duoc lya chon khac nhau

Ngoai ra, cac thuc nghiém & phan trude duoc
thuc hién trén tdp tham s6 mac dinh cua thuat toan.
Céc két qua co6 thé dugc cai tién thong qua viée tdi wu
cac tham sd. Thuat toan RF ¢6 3 tham 6 c6 thé anh
huong t6i d¢ chinh xac phan loai. D6 14 s6 lugng dic
trung t6i da dugc lya chon khi xdy dung céc ciy
quyét dinh, sé lugng cdy duoc xdy dung (sb vong
1ap), kich thudc 14 tdi thiéu cua cdy. Cac tham sb nay
duoc tbi vu su dung thuét toan Grid Search dé chonra
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cac tham s cho két qua tot nhat véi thoi gian tinh

toan phil hop. Bang 6 cho biét két qua phan loai sau

khi thuyc hién lya chon dic trung va téi wu tham sb

cho thuat toan RF.

Bdng 5. Két qua phan loai sau khi hra chon ddc trung
va t6i wu tham s6

BAC | Macro
F1
Két qua ban dau 81.0 | 78.5

Ap dung lya chon dic trung véi | 81.2 | 78.8
Information Gain

Toi vu tham so cho thuit toan RF | 81.7 79.3
(1000 cay, voi so dac trung 13)

D. Danh gia

Két qua co s ctia cac nghién ctru vé du doan gidi
tinh tac gia van ban 1a hon 80% (d0 do chinh xac
thong thuong accracy va d§ do F1). Méc du so sanh
cac két qua cua cac nghién ctru trén cac tap dit liéu
khac nhau khong thuc sy hgp ly, tuy nhién, véi cung
muc dich du doan gidi tinh ngudi ding, két qua cua
nghién ctru nay ¢ thé xem 1a c6 nhiéu trién vong. Vi
cac nghién ctru c6 do tuwong ty cao hon nhu [6], [13]
khi du doédn gidi tinh nguoi dung thong qua hanh vi
duyét website, két qua Marco F1 cua nghién ctru nay
cling twong duong, trong khi hanh vi duyét website tao
ra nhiéu dit liéu c6 ¥ nghia hon. Ngoai ra, cic trang
web con chira cac van ban, do vay co thé tao ra nhiéu
loai déc trung hon. So sanh véi cac giai phap khac cia
cac nhom tham gia cudc thi PAKDD’15 Data Mining
Competition, giai phap trong nghién clru nay trong
top 10 trén 150 nhom tham du. Két qua ctia nhom cao
nhét 1 87.9% va cac nhom trong top 10 c6 két qua tir
81%. Tuy nhién, wu diém cua giai phap cuia nghién
clru ndy 1a sir dung mot cau tric dic trung don gian,
nhung van dat duoc cac két qua dang ké. Cau trac dic
trung nay c6 tinh tong quat, khong chira cac ddc trung
mang tinh dic thi, do vay c6 thé d& dang ap dung
sang cac hé thong khac. So sanh véi nghién ctru dugc
thuc hién trén cung tap dir li€u va dugc cong bd chinh
thirc cua Lu va cac cong su [12], nghién ciru nay co
két qua t6t hon, mdc du khong sir dung budc cap nhat
nhan.

V. KET LUAN

Trong nghién cuu nady, ching t6i trinh bay mot
phuong phap dy doan gidi tinh nguoi dung dga trén
dit lidu thu thap tir hé thdng TMDT. Phuong phép tiép
can su dung cac dac trung co ban nhu thoi gian, tan
sudt xem san phim, cung véi cac dic trung nang cao
nhu cac chudi san pham/loai san phdm hodc cac cip
san pham/loai san phim chuyén tiép trong luot xem.
Phuong phap nay sir dung mot biéu dién dang cy cua
danh sach cac san phdm/loai san phim va st dung céac
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thudc tinh cta cay nhur s6 nit, chudi cac nit cling tang,
cdp nat chuyén khac ting v.v. 1am déc trung phan loai.
Thiét ké tap dac trung nay cho két qua t6t nhit trén
thuat toan Random Forest cliing v&i cac ky thuat hd trg
nhu Cost Sensitive Learning va Class Balancing.
Ngoai ra, két qua ciing dugc cai tién thong qua mot s6
k¥ thuét nhu lya chon déc trung, t6i wu tham sb thuat
toan.

Hudng phat trién tiép theo cua nghién ctru ¢6 thé
lién quan dén viéc khai thac cac dic trung rut trich tir
cdy biéu dién danh sach san pham/loai san pham.
Ngoai ra, ciing ¢6 thé thu thap thém cac dir lidu bd
sung va mé rong sang du doan cac dic diém khéc cta
ngudi ding nhu d6 tudi, nghé nghiép v.v.
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