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LOI CAM DOAN

T6i xin cam doan ddy 1a cong trinh nghién ctu do t6i tim hiéu,
nghién ctiu, tham khao va téng hop tir cc tai liéu nghién ctru trude day
va lam theo huéng dan cia ngudi huéng dan khoa hoc. Phan néi dung
dong gop cua luan van do toi thuc hién.

Céc s6 lieu, két qua néu trong luan vin 1a trung thue va chwa ting
duoc ai cdng bd trong bat ky cong trinh ndo khéc, cac noi dung duogc
trich dan da c6 tham chiéu day du.

Tbi xin chiu hoan toan trach nhiém vé 101 cam doan ctia minh. Néu
o diéu gi sai trai, to1 xin chiu moi hinh thuc ky luat theo quy dinh cua

nha trudng.

Tac gia

Bui An Lgc



LOlI CAM ON
Dau tién tdi xin guri 161 cam on su sic t6i thiy PGS.TS. Nguyén
Ngoc Héa, Bo mén Hé thdng thdng tin, Khoa Céng nghé Thong tin,
Truong Pai hoc Céng nghé, Pai hoc Québc gia Ha Noi, ngudi da dinh
huéng dé tai va tan tinh hudng dan, chi bao cho téi trong sudt qua trinh

thue hién luan van tot nghiép nay.

Téi cling xin tran trong cam on cac thay c6 trong Khoa Cong nghé
Théng tin, Trudng Pai hoc Cong nghé, Pai hoc Quéc Gia Ha Noi da
tan tinh giang day, huéng dan nghién ctu khoa hoc cho t6i trong suét
thoi gian theo hoc tai truong ciling nhu trong qua trinh 1am luan van nay.

Xin cam on céac anh, chi, em va cac ban hoc vién b mén Hé thong
thong tin, nhitng ngudi da giup dd, dong vién tinh than va chia sé kinh
nghiém quy bau gitp t6i vugt qua cac kho khin, vuéng mac dé co thé
hoan thanh luan van nay.

Mic du d3 cd gang, nhung t6i tin chac luan van cua tdi con nhiéu
thiéu s6t va c6 rat nhiéu noi dung cé thé hoan thién tét hon. Toi rat
mong nhan duoc nhitng y kién danh gia, phé binh va gdp ¥ cta cac thay
cd, anh chi va cac ban.

Tran trong,

Tac gia

Bui An Lgc
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MO DAU
Theo danh gia cua t chirc Gartner, vao nim 2017 ung dung di dong s&
duoc tai vé hon 268 ty 1an, tao ra doanh thu hon 77 ty USD va tng dung di
dong sé trg thanh mot trong nhitng cdng cu tinh toan phé bién nhat cho nguoi
ding trén toan cau. Gartner ciing du doan rang nguoi dung di dong s& cung
cap dit liéu ca nhan thong qua hon 100 ¢ng dung va dich vu mdi ngay.

Ung dung va dich vu di dong di va dang tré thanh phuong tién giao tiép
théng tin chinh gitta nguoi ding — nguoi dung, ngudi ding — nha cung cap
dich vu. Bai toan 1am thé nao dé céc ung dung dich vu di dong ngay cang trg
nén thong minh hon, linh hoat hon, hiéu qua hon trong viéc trao ddi théng
tin, ddp ung cac nhu cau va so thich ca nhan cua nguoi ding ngay cang tro
nén can thiét va khan cap. Giai phap ca nhan hda cac ang dung va dich vu di
dong theo hudng tiép can ngit canh ngudi dung dua trén cac thong tin duoc
thu thap qua viéc trao doi dit liéu nhu vi tri, thoi gian, thiét bi, thoi quen, so
thich, ... ciia ngudi dung da duoc ap dung dé giai quyét bai toan nay va sé
tré thanh xu hudng phét trién cong nghé tat yéu nham mang lai cho nguoi st
dung cac thiét bi di dong cac tién ich tot nhat, dap tmg day du cac nhu cau ca
nhén trong qué trinh st dung théng tin thdng qua cac ung dung dich vu di
dong.

Theo sé liéu caa Tong cong ty vién thdng MobiFone, hién tai MobiFone
c6 hon 15 tri¢u thué bao di dong, trong d6 co6 12 tri€u thué bao 1a dang sur
dung cac ang dung va dich vu gia tri gia ting. MobiFone ciing dang cung cap
cho khach hang hon 200 dich vu va tng dung gia tri gia ting, bao gdm day
du cac linh vue nhu nhém dich vy thdng tin tong hop, nhém dich vu &m nhac,
phim anh clip, nhém dich vu thé thao, nhém dich vu game, nhém dich vy tién
ich, ... Véi s6 lwong dich vu va cac linh vuc cung cap phong pht nhu trén,
tuy nhién, thuc té sb luong thué bao khéng tuwong tac véi dich vy dang chiém
ty trong 16n (hon 80% thué bao khong thuc hién twong tac véi dich vu qua
kénh SMS hoi dap). Viéc khong tuong tac véi tng dung dich vy cling thé
hién khach hang it quan tam dén céc dich vu ndi dung ma MobiFone cung
cap, hay noi cach khac cac dich vu va tng dung ciia MobiFone chua dap tng
duoc nhu cau ngay cang cao cua khach hang. Pay 1a mot thach thie Ion can
phai dugc giai quyét nham ting do hai long khach hang, ting uy tin va gia tri
thuong hiéu cua MobiFone trén thi truong vién thong trong nurdc.

Véi thyc trang néu trén, lun vin nay hudng dén muc tiéu nghién ctu
xay dung giai phap ca nhan hoa cac ng dung va dich vu di dong theo mo
hinh huéng nglr canh hién thoi nguoi dung, ap dung ky thuat goi y dua trén
théng tin ngir canh va xay dung ng dung thir nghiém tai Mobifone.



V&1 muc tiéu trén, luan van tap trung vao nghién ciru cac dac trung, mo
hinh quan ly cua ngit canh ngudi ding, cling nhu cac phwong thirc nhan biét
ngtt canh. Trén co s& cac ndi dung ngir canh, luan van s& lam rd viéc tich
hop, ttng dung thdng tin ngit canh vao trong hé goi v dua trén nhan biét ngix
canh, xem cac yéu té ngit canh nhu cac chiéu dir liéu tac dong truc tiép vao
tién trinh du doan xép hang cua ngudi ding va goi y cac san pham phu hop
Vi so thich, nhu cau cua nguoi dung. Hé goi y dua trén nhan biét ngir canh
dugc nghién ciru chinh trong dé tai 12 hé goi y phan rd ma tran huéng ngir
canh, mot hé théng mé hinh héa mé rong cua ky thuat phan rd ma tran truyén
théng van dugc xem nhu state-of-the-art trong Iy thuyét hé goi y. Ung dung
cac ly thuyét trén, luan van ciing trinh bay mot hé théng goi y vé du lich trén
mang MobiFone theo huéng ngit canh nguoi dung, s dung mé hinh phén ra
ma tran huéng ngit canh dé du doan xép hang va goi y cho nguoi ding céc
dia diém du lich ph hop.

T6 chtc cua luan vin bao gdm cac ndi dung chinh sau:
Chuong 1: Tong quan vé ca nhan hoa dich vu di dong huéng ngir canh

Chuong nay trinh bay tong quan vé khai niém ngit canh, vé hé goi y
truyén thong va cac van dé lién quan trong hé goi y truyén thong

Chuong 2: Hé goi ¥ dya trén nhan biét ngix canh

Chuong nay trinh bay vé vai tro cua ngit canh trong hé goi y, cac phuong
thac tich hop ngtr canh vao trong hé goi y. Cac noi dung nghién cau trong
tam ciling dugc trinh bay trong chwong nay nhu ky thuat phan rd ma tran
truyén théng, ki thuat phan rd ma tran thién vi va ki thuat phan ra ma tran
dwa trén ngit canh, mot ky thuat 4p dung phuong thuc tiép can mé hinh hoa,
dwa trén hoc may dé xay dung ham du doan xép hang va goi y véi tap di liéu
huan luyén dau vao gdom nhiéu chiéu dir liéu (user, item, contextl, ..,
contextN).

Chuong 3: Xay dung ung dung du lich theo hudng ca nhan hoa dya trén
ngtr canh nguoi dung va tng dung tai MobiFone

Chuong nay trinh bay vé hé thdng goi y du lich theo huéng c& nhan héa
dwa trén ngit canh ngudi dung, dic ta hé thdng, thiét ké kién trac ciing nhu
thiét ké co so dit lidu ciia hé théng. Minh hoa san pham va két qua thir nghiém
tai MobiFone ciing s€ dugc trinh bay trong chuong 3.



10

Chuong 1. TONG QUAN VE CA NHAN HOA DICH VU DI
PONG HUONG NGU CANH
1.1 Cac nhan hoa dich vy hudng nglr canh

Nhén biét ngir canh thudng cin mot giai phap c6 kha ning dap tmg duoc
cac thach thirc nhu gitp cho cac img dung dam bao tinh linh hoat va tinh tu
tri (hoc mdy). Cac img dung nhan biét ngit canh thuong khai thac cac thong
tin v& ngit canh nhu: vi tri, nhiém vy va sé thich cia ngudi dung dé thich tng
v6i hanh vi trong kha ning thay d6i méi trudng thue thi va cac yéu cau ngudi
dung. Thong tin ndy duogc tich hop tir cac cam bién hodc tir nguoi dung.

Néu ngir canh chi don gian 1a vi tri thi viéc c6 thé hiéu va nhan biét
khong lay gi 1am khé khin cho cac hé thong. Tuy nhién, trong nhiéu trudng
hop viéc nhan biét nay con dua trén cac thong tin khac, vuot xa ca vi tri, va
do @6 su phirc tap bat dau nay sinh. Cac thach thuc trong tinh toan nhén biét
ngir canh thuong bao gdom:

- Phai hiéu khai niém ngit canh

Ngit canh d6 13 gi va n6 lién quan t6i cac tinh hudng trong thé gidi thuc
nhu thé nao? Trong khi d6 chung ta van chua c6 mot hiéu biét that rd rang va
co ban bé thuat ngit "cac ngit canh lién quan tdi cac tinh hudng nhu thé nao"
va thong tin ngit canh chung duogc stir dung dé hd tro ning cao cac Gmg dung
ra sao. Van dé nay ciing di kém cau hoi biéu dién ngir canh theo mot cach
chung nhét nhu thé nao?

- Lam thé nao dé st dung ngir canh?
- Lam thé nao dé thu thap ngit canh?

Thu thap ngit canh 1 yéu cau dau tién cho bat ky hé thdng nhan biét ngir
canh nao. Nhin chung, viéc 1iy ngir canh c6 thé xem nhu 1a qua trinh xir 1y
trong d6 tinh hudng thuc trong thé gidi thuc duoc nam bat, cac dic tinh hiru
ich dugc xem xét danh gid va mot biéu dién triru tuong dugc tao, sau d6 nd
dugc cung cap toi cac thanh phan trong hé thdng véi nhitng muc dich sir dung
cao hon. Cac cach tiép can thu thap ngtr canh thi rat da dang nhu: 1an vét vi
tri, cac hé théng cam bién va ca cic cach tiép can mang tinh chat dy doan
nhu mé hinh héa ngudi dung va hanh vi cua ho, ...

- Lam thé nao dé két ndi ngir canh thu dugc véi ngit canh sir dung

Trong mot h¢ théng nhan biét vi tri, moi quan h¢ gitra thu thap ngtr canh
va su dung ngir canh la rat gén, hau hét cac cam bién vi tri duge nap vao cac
thiét bi dinh vi. Trong trudng hop ndy, biéu dién ngit canh ciing 1a giita cac



11

thanh phan. Trong méi trudng chung hon, ngit canh sir dung va ngit canh thu
thap duoc phén tan. O day, kho khin thé hién & hai diém: vuot qua kha ning
phan tan boi cac thanh phan mang va tich hop dé biéu dién véi da thanh phan.
Hiéu tac dong clia ngit canh trong twong tac ngudi may
Khi céc hé thong nhan biét ngit canh thi hanh vi ciia chung 13 doc lap
v6i ngir canh duge dung hodc tinh hudng chung duge ding. Muc tiéu chung
la tao cac hé théng theo cach c6 thé hanh xir nhu dugc biét trude béi nguoi
dung. Tuy nhién trong doi séng thuc, diéu ndy gy nén cac van dé phurc tap,
cu thé nhu néu hé théng hanh xir khac v6i mong doi ciia nguoi dung. Hai tiéu
chi dit ra 1a "ngudi ding c6 thé hiéu hé théng va hanh vi ctia né nhu thé nao"
va "nguoi dung diéu khién hé thong nhu thé nao?"
Lam thé nao dé xay dung cac hé thong nhan biét ngir canh moi noi/nhan
rong
Nhan biét ngit canh 1a mot k¥ thuét hiru ich cho céc hé thong tinh toan
nhan rong va do d6 day 13 yéu cau chung khi hién thuc cac hé thong nhu vay.
Pé xdy dung cac moi trudng tinh toan nhan rong mot cach hiéu qua thi chung
ta can phai cung cap hd tro dé xay dung cac tng dung nhan biét ngit canh.
D6 1a viéc cung cip cac ki thuat thu thap ngit canh, cung cip ngit canh va sir
dung dung ngit canh, ...
Pénh gia hé thong nhan biét ngit canh
Vi cac hé thong nhan biét ngit canh duoc st dung trong mot ngir canh
nhét dinh nén viéc danh gia chinh né cling doi hoi phai dugc thuc hién trong
ngit canh d6. Trong truong hop nay, chirc ning khong chi san c6 va hitu ich
trong mot ngit canh chic chan ma né con duoc yéu cau tao hay mé phong
mot tinh hudng cu thé voi cac két qua trong ngit canh mong mubn dé danh
gia hé thong. Tuy nhién, tinh huéng va ngit canh cu thé y ciing phai phi hop
va c6 hiéu qua dé lam thude do cho viée danh gia.

Nhu vay viée hiéu rd ngit canh 1a gi va cac dic trung cla ngir canh ra
sao 12 rat quan trong khi xay dung va phat trién cac hé thong nhan biét ngir
canh. Viéc hiéu rd ngit canh hay loai ngit canh can dung giup nguoi phat trién
c¢6 nhitng phuong phap dic ta va thiét ké phu hop tir viéc cam nhén toi viée
xtr Iy hanh vi sao cho phit hop véi tinh chét cta cac hé thong trong mdi truong
hay thay d6i. D6 ciing 1a Iy do ma ngay tir khi thuat ngit "ngit canh" xuat hién
(1990), cac nha nghién ctru da bat dau dua ra cac dinh nghia vé nd. Qua thoi
gian phat trién ciia linh vyc nghién ctru méi nay, ngit canh da nhan duoc kha
nhiéu dinh nghia tir don gian toi duoc bd sung mot cach day da hon.
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1.1.1 BDinh nghia nglr canh

Theo tir dién ctia Webster (Noah Webster - M), ngit canh 13 "todn bé tinh
huong, nén tang hay méi truong cé lién quan t&i mot vai sy kién xay ra hodc
cd nhén nao dé”. Pinh nghia nay rat 1a chung khi str dung trong tinh toan nhan
biét ngit canh.

Ngir canh la mot van dé chinh trong trong tuong tac gitta ngudi va may tinh,
miéu ta cac nhan td xung quanh voi ngit nghia biéu dat [1]. Trong linh vuc
nghién ctru tinh toan di dong, tham sb vi tri thudng duoc dung nhét dé chi ngir
canh va cai dit cac tmg dung nhan biét ngit canh.

Ngit canh va nhan biét ngit canh di bit dau dugc nghién ciru trong tinh toan
phan tan véi strc manh ctia cac thanh phan tinh toan di dong tir nhitng nam 90.
Nhirng nghién ctru tir rat sém nay da nhan biét vi tri ctia nguoi ding va sir dung
vi tri nhu 1 trung tdm cua tinh toan nhan biét ngit canh.

Theo Schilit [2], ngit canh 13 vi tri, cac dinh danh gan nguoi va cac d6i
tugng cung nhitng thay d6i cua déi tuong (1994). Ciing trong mot dinh nghia
tuong tu, Brown, Bovey va Chen xac dinh ngit canh la vi tri, cac dinh danh cta
nhitng nguodi xung quanh nguoi dung, thoi gian trong ngay, mua, nhi¢t do,

..(1997). Ryan, Pascoe va Morse x4c dinh ngir canh 1a vi tri ciia nguoi dung,
moi truong, dinh danh va thoi gian. Dey da liét ké nglr canh 1a trang thai cam
xuc cta ngudi dung, tap trung vao ¥ tudng, vi tri, ngay gio, cac dbi tugng va
con ngudi trong moi truong cua nguoi dung (1998). Cac dinh nghia nay xac
dinh ngi canh bang vi du nén rat kho khin trong viéc tng dung. Khi xem xét
tiém nang cua kiéu dit liéu mai 1a thong tin ngit canh thi viéc khai niém nhu
trén khong rd rang dé chiing ta c6 thé quyét dinh liéu nén phan 16p thong tin
nay 1a ngit canh hay khéng. Vi du nhu véi so thich va cac méi quan tim cta
nguoi dung.

Ciing theo cac dinh nghia trén chung ta c6 thé thiy rang cac khia canh quan
trong nhét ctia ngit canh la: nguoi dung dang ¢ dau, nguoi dung dang ¢ cung ai
va cac tai nguyén gan do. Va ngit canh nay la co dinh voi nhiing thay d6i cta
moi truong thyc thi. M61 truong ¢ day gom ba yeu tH:

- MBoi trudng tinh toan: bd xtr Iy ¢6 sin, cac thiét bi truy cap cho nguoi dung
véi ddu vao va hién thi, kha nang mang, cac két ndi, chi phi tinh toan

- MOdi truong nguoi dung: vi tri, tip nhimg nguoi gan ké, tinh hudng xa hoi

- MOoi trudng vat ly: anh sang, mirc do dn, muc do nhidu, ...

Dev, Abowd va Wood dinh nghia ngit canh 1a trang thai vat ly, xa hoi, cdm
xuc va thong tin ciia nguo1 dung.

Khéi niém vé ngit canh van 1a mot van dé dugc ban luan trong subt nhitng
niam qua v6i nhiéu dinh nghia khac nhau dugc dua ra. Ching duoc chia thanh
dinh nghia m¢ va dinh nghia dong.

Céc dinh nghia m& trinh by vé ngit canh thong qua mot danh sach céc
chiéu ngit canh c6 thé ¢ va c4c gia tri di kém cua ching. Ngit canh duoc biéu
dién boi vi tri ngudi dung, cac dbi twong xung quanh. Brown [3] dinh nghia
ngir canh 13 vi tri, gin véi ngudi khac, nhiét do, thoi gian ... Trong [4], khai
niém ngtr canh dugc chia theo 3 hang muc: nglt canh tinh todn (mang, hién thi,

..), ngit canh ngudi dung (dic ta, gan ngudi do, tinh hudng xa hoi, ...) va ngir
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canh vat 1y (4nh sang, tiéng On, ...). Chen [5] thém 2 hang muc: ngit canh thoi
gian (ngay, thang, ...) va lich su.

Céc dinh nghia dong biéu dién ngit canh theo cach thong thuong, dinh nghia
cua Dey. Theo Brazie va Brezillion, "ngit canh hoat dong gidng nhu tip cac
rang budc anh huéng dén hanh vi ciia mot hé thdng (mot ngudi ding hay mot
may tinh) nhung trong mot nhi€ém vu nao do".

Céc dinh nghia m& dudng nhu hiru ich trong céc tng dung cu thé hon, vi ¢
d6 khai niém ngit canh dugc 1am rd. Tuy nhién, tir goc nhin ly thuyét thi ching
khong hoan toan chinh xé&c vi ngit canh khong thé dugc vach ra chi boi vai khia
canh. Mat khac cac dinh nghia dong thi dugc sir dung it trong thuc té nhung nd
lai thoa man vé mit 1y thuyét.

Céc tng dung nhan biét ngit canh tim kiém ai, & dau, khi nao va lam gi (tire
hanh dong nay dang xay ra) cua cac thuc thé va st dung thong tin nay dé xac
dinh tai sao mot tinh huong dang xay ra. Mot ing dung khong xac dinh dugc
thuc sy tai sao mot tinh huéng dang xay ra nhung nguoi thlet ké ung dung thi
c6 thé 1am duoc diéu do. Nguoi thiét ké st dung ngir canh nam bit duoc dé xac
dinh tai sao lai co tinh huong do va st dung diéu nay dé lap trinh cac hanh dong
trong ung dung [6]. Va cho dén nay, voi mot lugng khé 16n cac hé thong duoc
xdy dung trong moi trudong tinh todn nhan rdng, thi khai niém nglr canh cua
Dey van duoc st dung nhiéu nhét va c6 thé coi gan nhu 14 chuan.

Dey [5] dinh nghia ngii canh la "bét ky thong tin nao ma co thé sir dung
dwoc dé dic ta mgt tinh huong ciia mét thwe thé. Mt thuwe thé la mét nguwoi,
mot noi hay mét sé déi twong dwoc xem la cé lién quan dén twong tc giira
ngwoi dung va trng dung, bao gom cd chinh ngwoi dung va irng dung dé"
Dong thoi, 6ng cling cung cap dinh nghia sau cho cac hé thong tinh toan nhan
biét ngir canh: "M¢t hé thong sir dung ngiv cinh dé cung cdp cdc théng tin
lién quan hodc cac dich vu cho nguwoi dung trong do maoi lién quan phu thudc
vao nhiém vu cua nguwoi dung''.

Albrecht Schmidt [3] xac dinh khong gian ngir canh C v6i dinh nghia la sy
két hop cta cac tham sé ngit canh, c4c phan tir ontology mién va cac miéu ta
dichvu: C={U, P, L, T, D, I, S}, trong dé:

- U: 1a tap cac nhéan t6 nguoi dung va vai tro
- P:laticvuvaxuly

- L:lawvitri

T: 1a thoi gian

D: 1a thiét b

I: 1a cac ddi tuong thong tin sin c6

- S:1a céac dich vu san ¢6 hodc dugc miéu ta.

Mot ngit canh 1a mot diém cuy thé trong khong gian ngit canh.

Khong gian lién quan R c6 thé duoc dinh nghia 1a san pham ctia khong gian
ngtr canh vdi cac nhén t6 lién quan: R = C*R
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Tur thich img

lc_rrgug thai thiét bi, dac diem vat
V...

Hinh déng MBn trreme ( vat Iy, x3 héi)

(hanh =i, tac vu) -

.

Hinh 1: M6 hinh ng@r canh

Viéc quan 1y ngit canh trong mot hé thong dugc thé hién nhu trong hinh
2. Trong d6 mdi thanh phan c6 mot chirc nang nhiém vu lién quan téi ngit
canh riéng. Cac thanh phan nhu B9 triéu goi ngit canh, 1ap luan ngir canh,
quan 1y lich sir ngit canh va quan 1y co s¢ dir liéu ciia ngit canh ¢6 mdi quan
hé chit ché v6i nhau. Cu thé, viée 1ap luan ngit canh can phai 1y thong tin
tir co sO dir lidu va lich sir ngit canh. B tridu goi ngit canh 1ay thong tin tir
co s¢ dit liéu, bd 1ap luan, lich st ngtr canh theo ting tinh huéng cu thé cua
dich vu. Bo quéan 1y co s& dit liéu ¢ chirc ning luu trit moi thay d6i cua ngir
canh sau mdi tac vu. Ngoai ra con cd bd quan 1y ngir canh ngudn, c6 nhiém
vu truy xuat thong tin tir cdc ngudn phat sinh va luu trit dudi hai hinh thuc:
ngtr canh lich sir va nglt canh hién thoi.

[ Dich wu quin If ngir cdnh ]

&
Triéu goi ngir
cénh

i
Nguén ngit canh

Hinh 2: Kién trdc quan Iy ngit canh mirc cao
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1.1.2 Cac dac trung cua ngr canh

Trong phan nay, theo Karen [7] thong tin ngit canh c6 4 dic trung duge cho
trong bang sau. Theo d6, ta thiy dic trung ngit canh phu thudc vao hai yéu tb
nhu: kiéu nhdn biét ngiv canh, nguon thu thdp. Pidu d6 anh huong t6i gia tri
thugc tinh cta ngir canh. Vi du néu kiéu nhan biét ngir canh 1 cac cam bién thi
kha nang ton tai cua thong tin ngir canh la khong cao, chat lugng thong tin ¢6
the chua t6t tai mot thoi diém nhat dinh khi gip cac su ¢b nhu: thiét bi c6 151,
mat mang, ...

Kiéu Nguén Tinh | Chatlwong | Nguyén nhan 16i
lau dai
Cambién|Cém bién vat ly va|Thap |COthecOIdi [LOi thiét bi cam
logic bien, mat mang,
ngat mang, ...
bac  ta|Do nguoi dung dac ta|Mai C6 thé khong|Ldi con ngudi
(profiled) | truc tiép hodc gian tiép | méi chac chan
qua chuong trinh)
Puoc Céc théng tin ngit|Bién |Dua vao viéc|Pau vao khong
phat sinh |canh khéac doi x ly cualday du, co ché
nguon phdt  |nguon, ...

Bang 1: Cac thugc tinh dac trung cua ngir canh

Ngoai ra khi nghién ciru vé cc dic trung ngl canh, con mot s6 van dé sau:
- Chua xac dinh khi khong c6 thong tin nao veé vat chat 1a sin c6
- Mo hd (t01 nghia) khi c6 mot s6 bao cao khac nhau vé vat chat, vi du 2 vi
tri cting dugc doc cho mot ngudi duge 1ay tir cac thiét bi dinh vi riéng
- Khong chinh xac: khi trang thai dugc bao cdo khong dung véi trang thai
dung, vi dy khi vi tri cta 1 nguoi duoc biét trong mién gioi han, nhung vi
tri trong mién nay khong duge chdt cho mirc 6 yéu cau chuan xac
- Sai: khi c6 15i giita trang thai dugc bao cdo va trang thai thuc cta vat chét
Tinh chua x4c dinh thudong 13 do cac van dé vé két ndi, cam bién va cac 16
khéc. Thong tin mo hd phat sinh khi gia tri cia mot vat chat c6 thé duoc lay
mot cach doc 1ap tir nhiéu ngudn. Thong tin ngir canh duge 1y tir cam bién 1a
thuong xuyén thay doi va chap nhan cac van dé nhu tinh khong chinh xac va
staleness (tinh cii, chua cip nhat). Thong tin ngit canh duoc cung cip boi ngudi
dung thuong cham thay d6i, kiéu thong tin ngay duoc goi 1a tinh (tirc khong
bao gio thay doi nén d6 chinh xac cao). Kiéu thong tin ngit canh profiled dugc
ldy truc tiép tir nguoi dung trong form vé dic ta thong tin cua ho hodc 1dy gian
tiép qua tng dung cta ho [7], vi du phan mém 14p lich duy tri lich sir hoat dong
ctia nguoi ding. Thong tin profiled thudng cii va khong day du. Cubi cung, dic
diém vé thong tin mong mudn thuong duge xac dinh rong béi cac thong tin co
ban.
1.1.3 Phan loai ngit canh
Shilit [8] xac dinh c6 3 loai nglr canh:
- Ngit canh thiét bi: 1a c4c thong tin ngir canh lién quan dén thiét bi nhu kha
nang xu 1y CPU, b nhd, mang
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- Ngir canh nguoi ding: gdm c6 thong tin ngudi dung, sé thich ngudi dung
va thong tin vé cac ing dung ctia ngudi ding
- Ngir canh vat Iy: vi tri, thoi tiét, anh sang, ...

Tat ca c4c thdng tin ngit canh nay dén tir nhidu dbi trong khac nhau trong
moi treong xung quanh nhu cac cam bién, cac ung dung va cac thiét bi. Va cac
d6i tugng cung cip ngtr canh nay la khong dong nhat va duoc thé hién trong
mot md hinh chung can duoc dinh nghia kha ot dé nguoi dung tng dung c6
thé hiéu.

Pash [9] phan loai ngit canh thanh 4 chiéu 1a: ngit canh tinh nguoi st dung,
ngir canh dong cua ngudi dung, két ndi mang va ngir canh méi trudng. Mdi
chiéu ngit canh dugc miéu ta bai tham sb ngit canh twong tng, vi du tham sb
ngir canh tinh cua ngudi dung 1a profiled, cac so thich, méi quan tdm cta anh
ta, ...

canh

Ngir Chiéu ngir canh C4c tham s6 ngir canh

Ngt canh tinh cua nguoi|Profiled, thoi quen, so thich
dung

Nglr canh dong cua nguoi| Vi tri, nhiém vu hién thoi hoac c6 lién quan

ding t6i ngudi hay d6i tuong khéc

Ngit canh moi trudng Thoi tiét, tiéng on, thoi gian

Két ndi mang Dic tinh mang, cac dic ta thiét bi di dong dau
cuoi

Bang 2: Phan logi céc chiéu cia ngir canh

Déi véi nhitng ngir canh nay, c6 3 loai hanh dong duoc thé hién. Bo tich
hop ngit canh thu thap dir liéu ngit canh thd tir cAc cam bién dé lam ting dir
liéu. BO phan tich ngit canh chuyén dit lidu thd tir cam bién thanh cac dit liéu
mirc cao ma con ngudi cO thé hiéu. CAc ngir canh mirc cao duogc tao tir dir licu
khac véi céc ngudn dit lidu ngit canh theo céc chiéu khac nhau (vi trf, nhiét do,

..). Bo dién dich thyc hién bang viéc st dung céc luat.

Cau hoi céach tich hop cac phan tir ngit canh, hay cac tham sé nhu thé nao
trong mot mo hinh tng dung duoc tiép can theo 2 cach khéc nhau. Pau tién, co
thé hiéu 1a cho phép dinh nghia tuy y cac tham s6 ngir canh va két hop tuy y
VGi cac phan tir ciia ontology mién. Piéu ndy s& cung cap tlnh linh hoat t6i da
trong viéc lién két cac tham sb ngit canh va cac phan tr mién linh vuc, va dam
bao md hinh ¢6 kha ning biéu dién khong gisi han vé mit 1y thuyét. Cach tiép
can thr 2 1a xac dinh mt hang myc cac tham s6 ngir canh, va y8u cau cac gia
tri ddc ta lién quan toi mién linh vuc dé gan cho mdi 16p. Piéu nay dudng nhu
l& mot han ché chinh cho mo hinh khai niém, tuy nhién viéc sir dung cu thé
chling ta mac dinh rang viéc nhém céc tham so 1a khong the tranh khoi (xem
hinh 3), tur trlen vong md hinh héa va viéc st dung. Vi chiing ta gia thiét rang
c4c biéu miu tuong tac voi nguoi dugce yeu cau dé hoan thanh va diéu chinh
mo6 hinh, viéc nhom cac tham sb 1a rat can thiét dé nguoi dung duy tri mot cai
nhin tong quan vé md hinh. Mic khéc, chung ta giai thiét rang khong phai tat
ca cac phan tir ngir canh déu s& duoc lién két véi ontology mién. Didu nay co
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nghia s& c6 mot khai niém "hang x6m" hoic cu thé hon 1a khoang céch giira
cac phan tir ngit canh; cac phan tir chic chan sé lién “quan téi mot ngilt canh
dugc cho, tham chi ching khong dugc hen két truc tiép toi mién linh vuc. Pé
dat dugc mot hang xom mot sd biéu miu caC hang muc dwoc yéu cau. Hon
nita Use & Role cung cip modt hang myc vé nguoi ding theo cac nguyén tic
ctia ho nhu cac kiéu khach hang, hay céc kiéu nhan vién khac nhau.

Téc vu va xur ly biéu dién mot ngit canh chirc ning nhu cac ddi trong cong
Viéc cho nhan vién.

Vi tri 12 mot hang muc cua vi tri ¢6 lién quan dén tng dung, c6 thé 13 thanh
pho ...

Thoi gian thé hién kiéu khac cua thong tin thoi gian c6 thé lién quan nhu
vung thoi gian cua client, thoi gian thue, thoi gian ao, ...

Céc tham =0 ngit cinh |4 Thé gian

Thiét bi
Vi ted

Wewrdi diung va vai tro

Tac vy va xi Iy

Hinh 3: Tong quan cac hang muc ngit canh

1.1.4 M0 hinh lam viéc cho ngit canh

Céu tr(c khai niém theo [6] nhu sau:
- Mot ngit canh miéu ta mot tinh hudng va méi trudng ma mot thiét bi hay
nguodi dung & trong do
- Mot ngit canh dugc xac dinh bdi mot tén duy nhét
- Mot ngilr canh ¢6 mdt tap cac dac tinh 1ién quan
- MGJi dic tinh lién quan c6 mdt mién gia tri xac dinh (rd rang hodc khong
r0 rang) boi nglr canh
Theo nhu cach xac dinh ndy, ngit canh lién quan tgi nhan t6 con nguoi va
ngtr canh 1ién quan téi mot truong vat 1y dugc phan biét rd rang, va dugc phan
theo tirng hang muc nhu hinh 4 sau:
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Mo 8¢

Clueu dat
seng

Ngoos dung
Nhin 16 con ngut < Méi traomg x4 hés
Tacwy
Cac dieu kiér
Moi troomg vat Iy < Co sdha ting
Vim

Déén
dinh

/Hl.'l wan

Hinh 3: Khéng gian dac tinh ngit canh

Ngir canh lién quan téi nhan té con nguoi duge cau trdc theo ba hang muc:
thong tin vé nguoi dung (tri thire vé hanh vi thoi quen, trang thai cam xuc, diéu
kién tdm sinh 1y ...), moi truong x& hoi cua ngudi dung (cung vi tri véi nhitng
nguoi nao khac, twong tac xa hoi, nhém tham gia, ...) va cac tac vu ciia nguodi
dung (hoat dong tu nguyén, nhi€ém vu thyc thi, muc tiéu chung ...). Ciing twong
tw, ngi cdnh lién quan t6i moi truong vat 1y duoc phan thanh ba nhom: vi tri
(vi tri chac chan, vi trf lién quan, cling Vi tri, ...), co s& ha tang (cAc tai nguyén
xung quanh dung dé thyc hién tinh toan, su giao tiép, ...) va cac diéu kién vat
ly (nhiéu, on, anh sang, ap suét ...).

1.2 Nhan biét ngir canh (context-awareness)
1.2.1 Xu thé nhan biét ngir canh va lgi ich trong viéc ca nhan hda ang dung di
dong

Nhén biét ngit canh dang ndi 1én nhu mot cach tiép can phd bién cho viée
xady dung cac ung dung trong méi truong tinh toan moi noi va di dong, cb kha
nang thich ing mot cach ty tri v6i méi truong cua ching, lam giam sy dinh
hu0'ng cta nguoi dung. Vi du chung nhat vé c4c ung dung nhén biét ngir canh
gom cO Cac trng dung hudng dan du lich dua thong tin chi tiét theo vi trf, s¢
thich va dién thoai di dong dé thich ung véi cac hanh vi tuy theo noi ma ngudi
dung dang dtng, ngudi ma ho dimg cling va diéu ma ho thich 1am. Hién c6 mot
loat cac moi treong thdéng minh nhu: nha, bénh vién, phong hop.

Nhan biét ngir canh rat hiru ich cho méi truong tinh todn véi cac thiét bi di
dong. N thich mg theo thay d6i ciia mdi trudng va cai tién theo giao dién
ngudi dung. V&i mot thiét bi di dong c6 két ndi internet thi nguoi dung trai qua
nhiéu tinh huéng: mot minh trong van phong, cong tac cung ddng nghiép, roi
khoi van phong, di by trong cong vién, XUong Xe,

Nang Cap tuong tac gitta nguoi va cac thiét bi d1 dong cling 1a mot dong luc
dé phat trién cac tng dung nhén biét ngir canh. V& co ban, thong tin ngit canh
c6 thé dat dugc mot cach rd rang qua su nhan biét boi cac cam bién va khong
rd rang tir phia nguoi ding. Thong tin nay duoc loc theo ting ludng dé mg
dung str dung cho muc dich nguoi dung, ddng thoi tranh duge viée tran thong
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tin hay thong tin bi qua tai. Va véi méi ludng ma tng dung cung cip cho ngudi

ding, théng tin ngir canh c6 thé dugc thém ngir nghia boi chinh nguoi dung do.

Phét trién ca nhan hoa cc tmg dung di dong nhan duoc nhiéu loi ich tir viéc
nh4n biét ngit canh nhu:

- Giao dién dap tng nguoi dung: cac kiéu twong tac va cac ché do hién thi
tiy thudc rat nhiéu vao méi truong xung quanh, nhan biét ngir canh co thé
thuce thi cac dap tng véi cac diéu kién mot truong nay.

- Lién lac nhén biét ngit canh: céc lién lac chung la bét budc cho cac thiét bi
di dong

- Chu dong lap lich ing dung: viéc lya chon trudc dé nhan biét ngit canh cua
g dung s& hd tro trong tac kiéu adhoc
Vi tri, dinh danh, thoi gian va hanh dong la nhirng kiéu ngir canh quan trong

ddc trung cho md tinh huong ctia mot thyc thé cu thé. Cac kiéu ngit canh nay

tra 161 cho cau hoi ai, diéu gi, khi nao va & dau. Vi du, cho dinh danh cia mét
ngudi, chung ta c6 thé biét dugc nhiéu thong tin lién quan khac nhu s6 dién
thoai, dia chi nha, dia chi mail, ngay sinh, danh sach ban b¢, cic mdi quan hé
vOi nhimg nguoi khac...Voi vi tri cua thuc thé, chiing ta c6 thé xac dinh dugc
d6i tugng hay nguoi ndo gan thuc thé va hanh dong gi dang xay ra gan thuc
thé.

1.2.2 Khai niém nhan biét ngir canh

Tinh toan nhan biét ngit canh lan dau tién dugc xem xét boi Schilit va
Theimer nim 1994 v&i phan mém thich tmg theo vi tri sir dung dé suu tdm
nhimng ddi twong va nguoi gan d6 dong thoi thay doi cac ddi tuong nay theo
thoi gian.

Dinh nghia cic tng dung nhan biét ngit canh dau tién duoc dua ra ciing boi
Schilit va Theimer da gioi han lai khai niém cta cac rng dung mét cach don
gian 1a cac ung dung thich tmg theo ngit canh. Nhan biét ngit canh tré thanh
mot khai niém gi d6 ma gan véi thuat ngit 1a: “thich tng” (adapt) (Brown 1996),
“hanh dong lai” (“Cooperstock, Tanikoshi 1995”), “tuwong thich” (Elrod, Hall
1993), “theo tinh huéng” (Hull, Neaves 1997).

Tiép 0, cac dinh nghia dan trd nén rd rang va dic ta hon: thich Gmg theo
ngtr canh. Dey da xac dinh khai niém mai theo cach ngt canh duge dung va
C4cC dic tinh nhan biét ngit canh khac nhau. Theo 6ng, dinh ‘nghia sy nhén biét
ngir canh nhu sau: M6t hé thong 1a nhin biét ngir canh néu né sir dung ngir
canh dé cung cap thong tin lién quan hay cac dich vu t6i nguoi dung, trong
do, mire do lién quan tuy thudc vao tac vu cia nguoi dung. Va dinh nghia
nay dwoe lya chon 13 dinh nghia dung chung cho tinh toan nhén biét ngir
canh.

Dinh nghia nay cho chung ta biét cach dé xac dinh xem liéu mot ing dung
c6 1a nhan biét ngit canh hay khong. Diéu nay rat hiru ich khi xac dinh kiéu img
dung ma chiing ta muén hd tro. Va theo Dey [10] nhén biét ngit canh 13 mét
thugc tinh ciia mot hé théng c6 sir dung ngir canh dé cung cip cac thong
tin hay dich vu lién quan téi ngwoi dung.

1.2.3 Tinh toan nhan biét ngix canh

Tinh toan nhan biét ngit canh tirc 1 né giup cho mot tng dung hop nht tri

thirc vé cac chiéu ngir canh khac nhau nhu ngudi dung 13 ai, nguoi dung dang



20

1am gi, ngudi ding & dau va thiét bi tinh toan ndo ngudi dung dang st dung
[11].

Nhéan biét ngr canh dang ngay cang nhan dugc nhiéu quan tdm nhu mot
hudng tiép can thiét ké méi phu hop cho tinh toan moi noi. Cac phan mém nhan
biét nglr canh dua trén da dang cac kiéu théng tin ngir canh dé tao cac quyét
dinh vé cach thich ing linh dong dap ng cac yéu cau nguoi dung. Cac thong
tin nay dugc lay tir mot tap cac nguén gom profiled ngudi dung, cac ing dung
va cam bién. Mot vai kiéu thong tin nglr canh duoc cam nhén ndi tai va phai
dugc bao vé dé dap ung yéu ciu riéng tu clia ngudi dung.

1.3 Hégoiy
1.3.1 Dinh nghia hé goi y

Hé goi ¥ (Recommender system - RS)la mot dang cua hé théng loc thong
tin, n6 duoc sir dung dé du doan so thich (preference) hay xép hang (rating) ma
ngudi ding c6 thé danh cho mot muyc thong tin (item) nao d6 ma ho chwa xem
x¢€t to1 trong qua khir (item co thé 1a mot san phém, bo phim, video clip, music,
sach, ...) [12] nham goi y cac muc thong tin “c6 thé quan tim” béi nguoi ding.
H¢ goi y s€ dua ra cac goi ¥ dua trén qua trinh thu thap, xtr Iy va phan tich dir
liéu tr nguoi dung. Dir liéu do duge chia lam 2 loai la twong minh (explicit)
bang cach yéu cau ngudi ding phan hoi truc tiép va tiém an (implicit) bang
cach tu dong suy luan dya trén nhiing twong tac ctia ngudi dung véi hé thong
nhu: vi tri thay doi, s6 1an nhap chudt, thoi gian quan sét... Trong hau hét cac
truong hop, bai toan goi ¥ duge coi 1a bai toan du doan viéc xép hang (rating)
clia cac san pham (phim, san pham tiéu dung, sach, nhac...) chua duoc ngudi
ding biét dén. Viéc du doan nay thuong dya trén nhitng danh gia di c6 cia
chinh nguo1 dung d6 hodc nhiing nguoi dung khéac. Vi du, nhitng bo phim dugc
du doan 1 s& c6 xép hang cao nhét s& duoc dung dé goi y. C6 kha nhiéu ung
dung noi tiéng vé hé goi ¥ nhu: goi y san pham ctia Amazon va Ebay, hé goi y
phim cua NetFlix va Youtube,..

H¢ thong goiy da ching minh dugc y nghia to 1on: gitip cho nguoi sir dung
tryc tuyén d6i pho véi tinh trang qua tai thong tin. H¢ théng goi ¥ trd thanh
mot trong nhitng cong cu manh mé& va pho bién trong thuong mai dién tir. Muc
dich ctia hé thong goi ¥ 1a dua vao hanh vi tir thoi quen, nhu cau... trong qua
khir ctia nguoi sir dung dé du doan sé thich trong twong lai cua ho.

1.3.2 Du doan trong hé goi y

Mot cach hinh thirc, goi U la tap ngudi dung, I la tap cac san pham c6 thé
dugc goi ¥. Tap san pham I c6 thé 1én dén hang trim, hang nghin thim chi 1a
hang triéu san pham. Tuong tu nhu vay, tap nguoi dung U ciing co thé rat 16n
lén dén hang tri¢u truong hop. Pé dy doan xép hang (hay tinh tién ich) cta san
pham i ddi v&i nguoi dung u thi nguoi ta dua ra ham xep hang (rating) r: U X |
-> R, trong d6 R 1a tip cac gia tri xép hang duogc tht tu toan phan (vi dy b
nguyén dwong hodc s thuc trong tip xac dinh). M6 hinh nay con dugc goi véi
tén goi 1a mod hinh du doan 2 chiéu (two-dimensional recommendation
framework).
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Data 2D Recommender i ) Recommendations
Usi=xR Usi=>R iy, b, B, oo

Hinh 4: Céc thanh phan co ban cua tién trinh goi y truyén thong

Véi mdi ngudi diung u € U, chung ta ¢ thé chon duoc san pham i € | sao
cho ham xép hang cua ngudi dung u doi voi item 1 1a 16n nhat.

vueUu,i', = argmale (u,i)
AS

Tap nguoi dung U (u € U; [U|=n), tap san pham | (i € I; |I|=m), vari €R
1a xép hang cua nguoi dung u cho san pham i. Trong hé goi y, tinh tién ich ciia
san pham i thuong biéu thi mirc d6 quan tim cia ngudi dung t6i mot mat hang
cu thé thong qua trong sd; vi du ngudi dung Alice danh gia san pham 3 c6 trong
sO 14 4 nhu trong bang 3.

Iteml | Item2 | Item3 | Item4 | Item5
Alice | 5 3 4 4 ?
Gil |3 1 2 3 3
Kai |4 3 4 3 5
Blue |1 5 5 2 1
Bang 3: Bang ma trdn trong so (danh gid) cua hé goi ¥

1.3.3 Cac phuong phép tiép can truyén théng trong hé goi y

C6 rat nhiéu phuong phap tiép can trong hé goi ¥, tuy nhién c6 thé chia
thanh 3 nhom k¥ thuat chinh nhu sau:

- Goi y dua trén cong tac (collaborative filtering - CF): nguoi dung s€ dugc
goi ¥ nhitng san pham dugc ua chudng xuat phat tir nhitng ngudi ding c6
cung s thich va thi hiéu véi minh (c6 d6 twong quan cao)

- Goi y dua trén ndi dung (content-based filtering): nguoi dung s€ dugc goi
¥y nhitng san pham tuong ty voi nhitng san pham da duoc ngudi ding d6 ua
thich trudc day

- Goi ¥ dua trén cach tiép can két hop (hybrid approach): két hop ca hai
phuong phap loc cong tac va dya trén ndi dung.

Trong cac phuong phap tiép can trén, phuong phép tiép can dua trén loc
cong tac thuong dugc sir dung nhiéu nhat. Phuong phap nay dya trén nhiing
hanh vi qué khtr cia nguoi dung, vi du nhu: lich st giao dich, danh gia san
pham, xem mot bo phim, nghe mot bai hat, ... va dic biét 1a né khong can thiét
phai tao ra cac ho so tudng minh (explicit feedback) cho nguoi dung. Pé goi y
cac san pham cho nguoi dung, hé thong loc cong tac can so sanh cac dbi twong
co ban khac nhau nhu cac san pham va ngudi ding. Mot hé théng loc cong tac
truyén théng thuong co kién tric nhu sau:
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| 2 }' M
1 a
< Dyf &odn (Prediction) [——" Gid trdy dodn 7,
d = Db b,y Danh sich
o Got raendati
)4 0i  (Recoramenda ‘m}:‘}[mp- T kol mo goi. §
NV Ichu ngutri ding a
Dduvao: Ma brin dink gid R Gidi thudt Loc epng sic Pébu ra
(Rading Matrs) (CF Algorithm)
Gid trj cdn tinh dy dodn

Hinh 5: Kién trdc tong quan cua hé théng loc cong tac

1.3.4 Danh gia hé goi y
Theo cuén sach ‘Recommender Systems Handbook’, chuong 8 [13], viéc
danh gia mot hé goi ¥ trong nhiéu trudng hop thi d6 1a viéc so sanh nhimg
huéng tiép can nao tot phit hop dé thiét ké quy trinh hay hé thong. Tir budc dau
tién 1a chon ra thuat toan phu hop dé quyét dinh nhiing thudc tinh nao ciia ing
dung dugc dung dé duara quyét dinh, cu thé 1a mot hé go1y co rat nhiéu thudc
tinh khac nhau c6 thé anh hudng dén trai nghiém nguoi dung nhu d6 chinh xac,
chac chin, kha ning mo rong... Cac thuat toan c6 thé so sanh bang nhiing hé
s6 (metric). C6 hai nhom tiéu chi danh gia: cac tiéu chi dinh lugng va tiéu chi
dinh tinh. Cac ti€u chi dinh lugng dugc gianh riéng cho viéc danh gia $6 luong
cac goi y lién quan, chung twong tng vdi dd chinh xac. Céc ti€u chi dinh tinh
duoc sir dung dé danh gia chung vé chat luong cta hé goi ¥.
Cac tiéu chi dinh 11r0’ng
- Ddnh gid dg chinh xdc ciia ham dw dodn xép hang (rating prediction): viéc
danh gia chinh xac cac du doan co thé sir dung sai s0 binh phuong trung
binh (Mean square error — MSE), cin cua sai s6 binh phwong trung binh
(Root mean square error — RMSE), sai s6 trung binh tuyét ddi (Mean
absolute error — MAE) [14]. Tinh chinh xac cua cac dy doan dugc do trén
n quan sat, trong do pi la gia tri dy doan xép hang ctia san pham i va ri 12 gia
tri xép hang thuc té cta san pham i .

MSE = —Z . —1)?
n s 1(pl 7;)
=

n
1
RMSE = VMSE = EZ(pi —1,)?
i=1

n
1
MAE = - E -
"2 1(191 1)
=
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Céc chi s6 nay thich hop cho moét CSDL khéng phai nhi phan va cho mot
gia tri du doan 1a s6. N6 giup do ludng muc do sai sé ciia cac du doan. Cac
gia tri ndy do luong nay bang 0 khi hé thong dat hiéu qua tét nhat. Gia tri
nay cang cao thi hiéu qua cia hé thdng, hay noi cach khac 1a d6 chinh xac
du doan cua hé théng cang thap.

Danh gia do chinh xdc cua ham goi y (item recommendation): ngoai vigéc
danh gia tinh chinh xac cua cac du doan, mot so chi so khac nhu precision,
recall va F_score, Rscore dugc ding dé danh gia d6 chinh xac ctia ham goi
Yy (danh gia viéc str dung ctia cac dy doan) trong truong hop CSDL nhi phan
(Herlocker J.L et al, 2004).

o Precision: 1a ty 18 giita s6 luong cac goi ¥ phu hop va tong sb cac
goi y dd cung cép (da tao ra). Precision bang 100% c6 nghia 1a tit ca
cac goi ¥ cho nguoi dung déu phu hop.

S6 lwong goi y phu hop

Precision = — —
So6 lwgng goiytaora

o Recall: dugc dinh nghia bdi ty 1¢ gitra so lugng cac goi y phu hop
va s lugng cac muc dir liéu ma nguoi dung dd chon (xem, nghe,
mua, doc, ...). Recall dugc sir dung dé do kha nang h¢ théng tim duoc
nhirg muc dit liéu phit hop so véi nhiing gi ma ngudi ding can.

S6 lwong goiy phu hop
Recall =

S6 lwong san pham dwgc chon boi nguwoi dung

o F-score: Precision va Recall dugc xem la hitu ich trong viéc danh
gia mot hé goi ¥. Tuy nhién, trong mdt sd trudng hop thi precision
va recall lai c6 gia tri ty 1¢ nghich véi nhau. Vi du ) luong goi y ma
hé théng tao ra 12 10, s6 luong goi y phu hop 14 3, s6 luong san pham
chon boi nguoi dung 1a 3 thi d6 chinh xac tham (3 0%), tuy nhién gia
tri recall lai cao (100%), nghia 1a do chinh xéc thap nhung nguoi
dung lai hai 1ong béi vi ho chon diing 3 san pham ma h¢ thong goi y
dung ca 3 san pham d6. Trong tinh hudng do, chi sé F-score dugc
sit dung dé danh gia hiéu qua tong thé cua hé thong bang cach két
hop hai hoa hai chi s6 Recall va Precision.

2 X Precision X Recall

Fscore =
Precision + Recall

o Rscore hay Bresse score [15]: ciing la mdt trong nhitng chi s6 danh
gia kha nang stir dung dy doan nhung chi s6 nay chinh xac dén thir
tu cila cac goi y dugc xay dung. Rscore danh gia vi tri ciia san pham
dugc chon béi ngudi dung trong danh sach san pham goi ¥ duoc tao
ra boi hé thong Vi du, mot hé théng goi ¥y cho nguoi dung 10 san
pham sip x¢&p theo thir tur vu tién tir cao dén thap Néu nguoi dung
chon san pham dau tién trong danh sach thi hé théng goi ¥ hiéu qua
hon khi nguoi ding chon san pham c6 thi ty thir 10. Chi s6 Rcore
duogc tinh dya vao ty 1¢ gitta thir ty cua muc goi y ding (Rankscorep)
va tht ty cia muc goi y dang t6t nhat (Rankscoremax) nhu cong thirc
Sau:

Rankscore,

Rankscore =
Rankscore,,
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Rank(i)—-1

Rankscorep =Z 2 a
i€h

Tl -1

27a

i=

Rankscore,, ,, =

Trong do:

h la tap san pham goi y nguoi dung

Rank tra vé thir t sip xép clia mot san pham trong danh sach

goly
T 1a tap tat ca cac san pham nguoi dung quan tim

o 1a chu ky nita phan ky (xac suat ma muc dir liéu trong danh

sach goi y dugc chon 1a 50%).

Céc chi s6 Precision, Recall, va F_score, Rscore thuong dugc su dung do6i
voi cac h¢ goi y trong linh vye thuong mai dién tur. Cac chi 5O danh gia, cong
thire tuong ing va mot s hé goi y/nghién ctru da ap dung céc chi so tuong ting
dugc trinh bay trong bang 4:

STT | Chiso Cong thirc He;’ thong da
ap dung
MAE 1w MovieLens
MAE = = (3= 1)
"=
MSE 1 Netflix
MSE = =" (p = 1)?
"
RMSE " BookCrossing
1
RMSE = VMSE = —Z(pl — Ti)z
ni=
Precision S6 lwong goi y phu hop EachMovie
S6 lwong goiy taora
Recall So6 lwong goiy phu hop Yeong el al,
$6 lwgng san phdm dwoc chon b&i nguwoi dung 2005
F-score 2 X Precision X Recall MovielLens
Fscore = —
Precision + Recall
Rscore B Rankscore, TaFeng, B&Q
Rankscore = Rankscore,, (Breese, J.S
_Rank(i)-1 and
Rankscore, = iehz D.Heckerman,
ITl -1 1998, Hsu, C.
Rankscoremg, = ) 27« and H.Chung.
= 2004)

Bang 4: Cdc phwong phdp danh gia

Tiéu chi dinh tinh:
Trong nhiing giai doan dau phat trién thi hé goi ¥ chi str dung cac d6 do
chinh xac dinh luong nhir da trinh bay. Tuy nhién, nguoi dung ngay cang c6
yéu ciu cao hon va nhiéu hon vé chét lugng cua cac goi ¥. Néu chi xét d6 chinh
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xac thi khong du dé danh gia hiéu qua cua mot heé goi y nén can dua thém cac
thudc tinh chét lugng clia cic goi y, bao gdm:
- Tinh moi cua cdc goi y
- Tinh da dang (Diversity) cua cac goi y
- Do bao phu cua cac goi y
- Sw hai long cua nguoi dung
1.3.5 Céc thach thuc cua hé goi y truyén thong

Nhing thach thire tir khi hé goi y duoc quan tam phat trién dén nay c6 thé
ké dén nhu dit liéu thua, kha nang mo rong pham vi, bién thé tir (nhom tir ddng
nghia), nhap nhang nghia, quyén riéng tu... Dic tinh nhiing thach thirc nay cu
thé nhu sau:

Dir liéu thua (sparsity). Truong hop thuong thdy khi tdp san pham item
thuong 16n va ngay cang dugc mo rong thém, lugng nguoi dung maéi cling tang
theo thoi gian, cong thém ngudi dung chi xem mot phan rat nho trong danh
sach san pham d6, dan dén ma tran user — item cuc ky thua. Nguoi dung dic
biét 1a nguoi dung tai Viét Nam cling khong c6 thoi quen dua ra danh gia hay
nhan xét cho san phém ho xem hodc mua, rat kho dé nhan dinh ho thich hay
khong. Mot khoi dau kho cho nhom ngudi ding méi va san pham méi, hay con
dugc biét dén 1a van dé cold start[16]

Khda néing mé réng pham vi. Khi sb nguoi dung va san pham ngay cang mo
rong, pham vi xu ly s€ tr¢ thanh mot van dé 16n.

San pham mdi, nguoi dung mdi (cold-start). Nhimng d6i tuong nay rat kho
g0i ¥ néu chua hé hodc rat it thong tin lich st truéc d6. Khong chi nhitng san
pham méi ngay ca nhiing san phim mo ta cu thé, chung chung s& gay nham.
Véi nguoi dung méi hé théng can hoc dé hiéu vé so thich cua ho, c6 mot vai
phuong phap di duoc dé xuat dé giai quyét van dé nay, 1a theo hudng lai, két
hop céc phuong phap, c6 thé 1a loc cong tac va ndi dung, ngoai ra con cd mot
k§ thuat dé x4c dinh nhitng san pham tt nhat cho nguoi dung moi duoc dé cap
trong [17], dy la nhiing k¥ thuét ap dyng cho chién luge loc cong tac.

Gian IGn 13 khi nhitng nha cung cap san pham, hay dich vu c6 nhirng thu
thudt gia thong tin khach hang, giap ho tang loi ich.

Dé bj tan cong 1a van dé thuong xay ra nhu kiéu tin cong dich vu, 1am tri
tré kha nang cung cap dich vu t6i nguoi ding thuc

Bdo mdt riéng tw: xu huéng ca nhan hoa 1a khi hé goi ¥ can hiéu rd vé timg
nguoi dung.

MGt s6 thach thire vé méi trwong nhw: Lugng ban 18, nguoi ding va san
phém c6 thé rat 16n (1én t6i hang triéu); cac tng dung thuong yéu cau két qua
tra v€ trong thoi gian thyc (khong qua nira gidy) trong khi van phai dap tmg goi
¥ chét luong tot; ngudi dung cii ¢ rt nhiéu thong tin thtra, nguoi dung mai lai
thiéu thong tin va dit liéu nguoi dung thi dé bi tréi mat.

Ngoai ra con rat nhiéu van dé khac can quan tdm nhu: sy da dang va chinh
xac, dé dang bi tAn cong, gia tri thoi gian, danh gia d6 hiéu qua, giao dién nguoi
dung,...

1.4 Két luan chuong
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Qua chuong 1, dé tai di lam rd cac ndi dung vé khai niém ngir canh, céc
dic trung, md hinh quan 1y ciing nhu cac phuong phap nhan biét ngit canh. Noi
dung chuong nay cting da lam r6 cac ly thuyét vé hé goi ¥, cdc phuong phap
tiép can trong dy doan xép hang ciing nhu cac k¥ thuit chinh 4p dung trong hé
goi v truyén thong dua trén dir liéu 2 chiéu (users, items). Pay la nhitng ndi
dung co ban, 14 tién dé cho viéc tiép can Gmg dung ngit canh vao trong hé goi
¥ ma s& duoc dé tai lam rd trong Chuong 2 - Hé goi ¥ dya trén nhin biét ngir
canh.
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Chuong 2. HE GOl Y DUA TREN NHAN BIET NGU CANH

Nhu da trinh bay trong phan 1.4 Chuong 1, mot hé goi y truyén théng
thudng xuyén phai déi dién véi cac thach thire nhu khéi dong chim (cold
start), dir li¢u roi rac (sparsity) c6 thé dan den viéc goiy va x€p hang cac san
pham cho cac nguoi dung mat di do chinh xac can thiét. Dé giai quyét cac thach
thire d6, rat nhiu cac phuong phap tiép can hién dai d3 duoc nghién ciru va ap
dung, trong do phuong phap t1ep can su dung cac thong tin ngr canh nhu la
mot trong cac yéu td tiém an dé tich hop vao cac hé goi y nham nang cao tinh
chinh xac cling nhu hi€u qua goi ¥ cho nguoi dung dang 1a mét xu hudng cia
cac hé thdng goi ¥ hién dai. Cac thong tin ngit canh nguoi dung s& duge mo
hinh hoa va tich hgp vao cac hé goi y, khi d6 mot hé goi y dua trén nhén thirc
ngir canh (Context-awareness Recommender System — CARS) [18] s€ tinh toan
xép hang va goi ¥ cho ngudi ding khong chi dya trén thong tin ngudi ding va
san pham nhu hé goi ¥ truyén thong ma con str dung ca thong tin ngit canh lién
quan. Néu goi Contexts 1a tap ngir canh thi ham goi ¥ khi d6 dugc viét lai nhu
Sau.:

r: Users x Items x Contexts -> Ratings

Vi du: Xem xét mot ing dung xem phim c6 tich hgp tinh nang goi y phim
phu hgp cho nguoi dung, khi d6 nguoi dung va cac phim duge mo ta nhu la
cac quan hé bao gdm cac thudc tinh sau:

- Phim (Movie): 14 tap hop tat ca cac bo phim c6 thé duoc goi y, duoc dinh
nghia bo1 Movie(MovielD, Title, Length, ReleaseaY ear, Director, Genre).

- Nguoi dung (User): 12 tap hop tat ca ngudi dung duoc goi y xem phim, dugc
dinh nghia boi User(UserID, Name, Address, Age, Gender, Profession).
Ké tiép, thong tin ngit canh bao gdm 3 loai thong tin sau ciing s& duoc dinh

nghia tuong trng nhu 1a cac quan hé c6 cac thudc tinh sau:

- Rap chiéu (Theatre): 1a cac rap chiéu phim, dugc dinh nghia boi
Theatre(TheatrelD, Name, Address, Capacity, State, Country).

- Thoi gian (Time): 1a thoi gian ma by phim dugc chiéu hodc di chiéu, duogc
dinh nghia béi Time(Date, DayOfWeek, TimeOfWeek, Month, Quater,
Year). Trong do6 thudc tinh DayOfWeek s€ c6 céc gid tri Mon, Tue, Wed,
Thu, Fri, Sat, Sun va thudc tinh TimeOfWeek s€ co6 cac gia tr1 “Weekday”
and “Weekend”.

- Ban cung xem phim (Companion): dai di¢n cho mdt nguoi hodac mdt nhom
ngudi c6 thé xem mot bd phim, duwoc dinh nghia boi
Companion(companionType), trong d6 thudc tinh companionType s€ co
cac gid tri “alone”, “friends”, “girlfriend/boyfriend”, “family”, “co-
worker”, va “others”.

Vi cac tham sd ddu vao nhu trén thi gia tri Xép hang cia mot bo phim duogc
danh gid bo1 mdt nguoi dung s€ phu thudc vao cac thong tin ngtr canh nhu vi
tri chiéu phim, thoi gian xem phim, xem phim véi ai, va xem nhu thé nao. Khi
d6 ham xép hang cta tng dung s& duoc biéu dién nhu sau:

R: Users x Movies x Theatres x Times x Companions -> Rating
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2.1 Cau trdc thdng tin ngir canh trong hé goi y
Trong mot hé goi ¥ dua trén ngit canh, thong tin ngit canh co thé biéu dién
dué6i 2 dang céu tric bao gdm cau trac dit liéu cAy phan cip va ciu trac dit lidu
da chiéu.
2.1.1 Cau tric dix liéu phan cap
Thong tin ngir canh duoc dinh nghia bai mot tap K cac chiéu ngit canh, mbi
chiéu ngit canh K trong tip K dugc dinh nghia béi mot tap q thudce tinh K =
(K1, ..., Kq), K ¢6 cau triic phan cap va thé hién cho mot loai ngit canh cu thé.
Ngit canh duoc xac dinh bai thudce tinh Kq s& ¢6 muc dinh nghia thap hon so
vo1 nglr canh dugc xac dinh bdi thudc tinh K1. Vi du biéu dién dir liéu ngit
canh dudi dang ciu trac cdy phan cip 4 muc trong cac tng dung e-retailer tai
hinh 7. nhu sau:

E-retailer DB Food DB

Friend Other

Partner L Friend Parent — Other Christmas Easter

(a) (b)

Hinh 6: Cau trdc phan cap cua ngit canh trong hé goi y

Tai dinh ciia cAy phan cap s& bicu dién cho ngir canh mua bat ky, tai mirc
ké tiép ngir canh dugc biéu dién boi thudc tinh K1=(Personal, Gift), thé hién
muc dich mua hang c6 thé 13 ca nhan (personal) hoic ting qua (gift). Tai mirc
ké tiép ctia cAy phan cap, ngit canh Personal lai duoc biéu dién theo ngir canh
chi tiét hon: mua phuc vu cong viéc hay muc dich khac. Tuong tu, v6i ngir
canh Gift, tai muc ké tiép s& duoc biéu dién chi tiét hon bdi céac nglr canh mua
qua cho ban hodc ddng nghiép va mua qua cho gia dinh hodc khac. Véi cach
dinh nghia nhu trén, thudc tinh nglt canh K2 = {PersonalWork, PersonalOther,
GiftPartner/Friend, GiftParent/Other}.

2.1.2 Cau trdc dit ligu da chiéu

Néu xem nglr canh nhu mat chiéu dit liéu trong h¢ goi y bén canh céc chiéu
User, va Item, khi d6 c6 thé biéu dién dit liéu cua hé goi ¥ dua trén ngir canh
duéi cdu trac dir liéu da chiéu OLAP (Online Analytical Processing, dugc st
dung rong rai trong cac hé théng kho dit liéu Datawarehouse). Cu thé, goi D1,
D2, ..., Dn 1a cac chiéu dit ligu, khi d6 hai chiéu dit liéu dau tién s& la User,
Item, cac chiéu dir liéu con lai s& 13 ngit canh. Di sé& 13 tip con cua tap tich Dé
cac (Cartesian) bao gom cac thudc tinh Aij, (j=1,..,Ki), D; € A;; X Ajp X .. X
Ay, Vi du tai hinh 8, véi cac dit liéu ¢ 3 chiéu, User x Item x Time, chiéu
User s€ duoc xac dinh boi User € UName X Address X Income X Age.
Tuong ty, chiéu ltem s& duoc xac dinh bgi Item S IName x Type X Price.
Cudi cuing, chiéu Time s& duoc xac dinh boi Time < Year X Month X Day.
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Khi d6 goi S 1a khong gian goi y, S duoc xac dinh béi tich dé cac cua cac
thudc tinh D1, D2, ..., Dn, dong thoi ham xép hang R ciling s& duoc xac dinh
nhu sau:

R:D; X D, X ... X D,, —> Rating

Nhu trong hinh 8, v6i User ¢6 1d 1a 101, Item véi id 1a 7, thi danh gia xép
hang rating s€ 1a 6 trong sudt tuan, R(101,7,1) =6.

R (RATINGS)

VA4 R(101.7.1)=6

10 John 25 r !
H_) Time
10 Bob 18

I[d MName
mn Alira 27 Itemn
1 Weakday
10 Aary 31 Id  Wame Cogt _
Waskend
2 ABI17T 250.0
3 Holiday
3 AR 1009
5 X¥70 150.0
Far i e 115.5

Hinh 7: Cau trdc OLAP 3 chiéu User x Item x Time trong hé goi y

2.2 Co ché tich hop ngir canh vao hé goi y

Viéc tng dung thong tin ngit canh trong cac hé thong goi y c6 thé tim thay
trong cac nghién ctru cua Herlocker va Konstan [19], trong d6 cac tac gia cho
rang viéc 16ng ghép cac tri thirc vé hanh vi nguoi dung vao trong thuét toan goi
¥ trong cac Gmg dung chuyén biét s& dan dén cac két qua goi ¥ c6 chét luong
tdt hon. Vi du, néu ching ta mudn mua tdng madt dra tré nao dé mot vai quyén
sach, thi chung ta mudn biét duoc cac quyén sach trude day dira tré da timg doc
hodc thich doc va cung cap cac thong tin nay cho hé goi y dé tinh toan va dua
ra cac goi y moi ve cac quyen sach phu hop. Huéng tlep can nay da duogc ap
dung trong cac h¢ goiy truyén thong khong gian 2 chiéu User x Item, trong d6
thong tin vé hanh vi cia mot nguoi dung cu thé ddi voi cac san pham cu thé
duoc xem nhu 13 dit liéu mau dung dé huan luyén h¢ thong. Hay néi cach khac,
trong cac hé goi ¥ truyén thong khong dé cap dén viéc 4p dung thong tin ngit
canh trong qua trinh tinh toan dé dua ra cac goi ¥ cho nguoi dung. Tuy nhién,
cach tiép can trén 13 minh hoa 1 nét cho viéc c6 thé tich hop cac thong tin ngit
canh lién quan vao trong cac hé goi ¥ loc cong tac chuan hoa.

C6 nhiéu céach tiép can khac nhau trong viéc tich hop thong tin ngit canh
vao trong cac hé goi y, tuy nhién chiing ta c6 thé phan nhom cac cach tiép can
nay theo hai nhom chinh, cu thé:
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Goi y dua trén tim Kiém va truy vin hwéng ngir canh (context-driven
querying and search):

Hudng tiép can nay duoc “ing dyng rong rdi trong cac h¢ goi ¥ di dong va
du lich [20,21,22]. Céc hé thdng theo cach tiép can nay sir dung thong tin ngir
canh thu thap dugc (tr nguoi dung, tir thlet bi di dong, ...) dé thuc hién truy van
va tim kiém céc tap san pham va cung cap cho nguoi dung san pham phu hop
nhét. Vi du, trong mét hé goiy vé du lich, dva trén thong tin s& thich ctia nguoi
dung (thu thap theo thong tin hd so ban ddu cia ngudi dung), thong tin vi tri
hién tai cua nguoi dung (thu thap dua trén toa do tr mang di dong hodc toa do
GPS cua thiét bi di dong) ma hé théng c6 thé tim kiém va lra chon tap dia diém
du lich xung quanh vi tri hién tai ciia nguoi dung dé cung céap cho ngudi dung
dia diém du lich phu hop nhit. Mot s0 thong tin nglr canh hay dugc sir dung
trong cac h¢ goi y nay thuong bao gom sO thich, gio dia phuong, thoi tiét, vi
tri hién tai, ... Mot trong nhitng hé thong dién hinh theo hudng tiép can trén co
thé ké dén la Cyberguide [23], dugc phat trién nhu mot hé goi y du lich trén
nhiéu nén tang di dong khac nhau. Mot s6 hé thong khac co thé ké tén ra nhu
GUIDE [24], INTRIGUE [25], COMPASS|[26] va MyMap [27].

Goi y dua trén suy ludn va téi wu tham chiéu ngir canh (contextual
preference eliction and estimation):

Mot hudng tiép can khac trong viée ung dung thong tin ngir canh vao trong
hé goi y la go1 y dua trén suy luan va t6i wu tham chiéu ngit canh. Pay ciing 1a
xu hudng tiép can mdi nhét trong viéc nghién ctru cac hé goi y dya trén ngir

canh [28,29,30,31]. Khac véi hudng tiép can goi ¥ dua trén truy van va tim
kiém hudng ngir canh, chi yéu dya trén cac thong tin ngir canh hién tai cia
nguoi dung, cac k¥ thuat thudc hudng tiép can nay sé ¢ gang mo hinh hoa va
hoc cac sé thich ctia ngudi ding bang cach theo ddi tuong tac cia nguoi ding
can xem xét va cac nguoi diung khac ddi v6i hé thdng, hodc bang cach thu thiap
thong tin phan hoi cia nguoi dung ddi véi cac san pham da dugc hé thong goi
¥ trudc ddy. Pé mo hinh hoa sé thich thay doi theo ngir canh ciia ngudi ding,
cac k¥ thuat nay thuong hodc chip thuan cac phuong thic goi ¥ dua trén loc
cong tac (collaborative filtering), goi v dua trén ndi dung (content-based
filtering) hodc goi ¥ hdn hop (hybrid) nhu 1a cac thiét 1ap ciia hé goi ¥ dua trén
nglr canh, hodc ap dung cac phuong phap phan tich dit liéu thong minh khac
nhau trong khai pha dir li¢u, hoac hoc may dé dat dugc muc tiéu (k¥ thuat phan
loai Bayes, ...).

Ca hai hudng tiép can trén déu mo ra rat nhiéu co hoi va thach thirc cho cac
nha nghién ctru dé phan tich va xay dung mot hé goi y dua trén nhan biét ngir
canh hiéu qua. Tuy nhién, hién nay, huong tiép can thtr hai dang tro thanh xu
the chinh dé t1ep can va xay dung cac h¢ goi y theo phuong phap suy luan va
t6i wu tham chiéu ngit canh. Ngoai ra, van c¢6 nhiéu nhom nghién ciru lya chon
giai phap két hop ca hai huéng tlep can dé xay dung cac hé thong go1y. Cac
hé thong dién hinh trong nhém tlep can két hop c6 thé ké dén nhu hé thong
UbiquiTO [21], duge xay dung dé trién khai cac ung dung hudng dan du lich.
Heé thdng nay khong chi dua trén cac thong tin ngit canh cu thé ma con két hop
cac ky thuat khac nhu ky thuat goi y dva trén tap luat (rule-based) va tap hop
mo (fuzzy set) dé dap tmg cac yéu cau vé ndi dung cta tng dung dya trén su
thay doi so thich va sy quan tim cta ngudi ding.
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Nhu d3 dé cap trong phan 1.4.2, cac hé goi y truyén thong duoc xdy dung
dua trén tri thirc vé s thich roi rac ciia ngudi ding, vi du nhu so thich nguoi
dung d6i v6i mot vai (thong thudng 13 ¢ gidi han) tap san pham, khi d6 dau
vao clia cac hé goi ¥ truyén thdng thudng 1a cac bang ghi c6 dang <user, item,
rating>. Khac vé6i cac hé goi v truyén théng, hé goi y dua trén nhan biét ngir
canh duoc xay dung dua trén tri thirc vé s thich tiry bién theo ngit canh roi rac
ctia ngudi dung, khi d6 dit liéu dau vao cua nd s€ 1a cac bang ghi theo dang
<user, item, context, rating>, trong do moi bang ghi khong chi chira thong tin
vé murc d6 thich cta nguoi dung déi voi san pham ma con chira thong tin vé
ngir canh cy thé khi nguoi dung sir dung san pham. Khi dwa cac thong tin ngi
canh vao hé goi y nhu 1a cac chiéu dit liéu dau vao thi ciing 1am phat sinh céac
van dé sau can duoc giai quyét, cu thé:

- Nén tich hop anh xa dit liéu nglt canh vao hé¢ goi y nhu thé nao khi thuc
hién mo6 hinh héa sé thich nguoi dung?

- €6 thé str dung lai cac thanh tuu ctia hé goi ¥ truyén thong (khong c6 théng
tin ngit canh) dé xay dung cic hé goi ¥ dua trén nhan biét ngir canh hay
khong?

Pé giai quyét cac bai toan néu trén, chiing ta bat dau xem xét voi tap dir lidu
dau vao co dang UxIx Cx R, voi C la chiéu dit liéu ngit canh thém vao va
két thuc 13 tdp san pham goi v dua trén ngit canh i1, i2, i3, ... cho ting nguoi
dung u. Khi d6, cac tién trinh goi y dua trén suy luan va téi uu tham chiéu ngir
canh nguoi dung c6 thé trién khai dua trén 1 trong 3 co ché sau (hinh 9):

- Loc trwéce theo ngir canh (Contextual Pre-Filtering, hay con goi la ngir
canh hoa dit liéu dau vao): theo co ché nay, thong tin ngit canh s& diéu khién
viéc lya chon dir li€u hoac xay dung dit liéu theo mot ngtr canh cu thé. Hay
noi cach khac, thong tin vé ngit canh hién tai ¢ s€ dugc st dung dé lya chon
hodc xay dung tap dir liéu lién quan (vi du nhu bang xép hang san pham).
Sau do, cac x€p hang nay s¢ dugc du doan bang cach st dung cac hé goi y
truyén thong trén cac tap dit liéu da dugc Iya chon trude do.

- Loc sau theo ngir canh (Contextual Post-Filtering, hay con goi 1a nglr canh
hoa dit liéu ddu ra): theo co ché ndy, thong tin ngit canh s& dugc bo qua tai
budc khoi tao, va cac xép hang s& duoc du doan dua trén cac hé goi ¥ truyén
théng ddi v6i toan bo dir lidu. Sau do, tap két qua goi ¥ s& duogc tinh chinh
(nglt canh hoa) cho tung ngudi dung phu hop véi thong tin ngir canh.

- Mo hinh héa huwéng ngir cinh (Contextual Modeling, hay con goi 1a mo
hinh héa theo ngit canh ham goi ¥): theo co ché nay, thong tin ngit canh s&
dugc sir dung truc tiép trong k¥ thuat mé hinh hoa véi vai tro nhu 1a mot
thanh phan dé t6i wu ham xép hang.
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(a) Contextual Pre-Filtering (b) Contextual Post-Filtering (c) Contextual Modeling
Data Data Data
UxlxC=xR Uxl=xCx=R UxlxC=xR
r=a1
Ve Lo ___
2 4
Contextualized Data
Uxl=R
2D Recommender 2D Recommender MD Recommender
B Uxi=>R . Uxl=>R o UxI=C=>R
(7 vy b (T
u, g My 'l |.L_i| "
Recommendations e b |
I b, by, I, ... L1
1
e E .
Contextual Contextual Contextual
Recommendations Recommendations Recommendations
i, Ia, i3, .. iy, b, fa, .. i, da, da,

Hinh 8: Cac co ché tich hop thdng tin ngit canh vao hé goi y
Sau ddy, bai luan s& trinh bay chi tiét vé 3 co ché tich hop trén.

2.2.1 Loc trudc theo ngir canh (Contextual Pre-Filtering)

Nhu trinh bay trong hinh 9.a, hudng tiép cin loc trudc theo ngit canh st
dung thong tin ngit canh dé chon loc dit lidéu 2D (User x Item) phu hop nhat dé
tao ra cac goi y cho nguoi dung. Mot trong nhirng lo1 ich quan trong nhat cua
hudng tiép can nay 1a viéc c6 thé sir dung lai cac phuong phap goi y truyen
thong 2 chleu dd dugc dé cap trong phan gidi thidu vé hé goi ¥ truyen thong
Theo cach tiép can nay, nglr canh ¢ s€ dugc s dung nhu mot truy van dé loc
ra cac dir liéu xep hang lién quan. Mot vi du str dung ngit canh dé loc dit licu
trong mot hé goi ¥ vé phim nhu sau: néu 1 ngudi dung mubn xem mot bd phim
vao thr 7 thi chi nhitng bd phim duoc chiéu vao tht 7 di duoc xép hang moi
duoc dung dé goi ¥ cho ngudi dung. Trong vi du trén, bo truy véan loc dit liéu
duogc xay dung dya trén nglr canh cu thé xac dinh vé thoi gian (thtr 7), hay néi
cach khac bg loc trude dir liéu trong truong hop nay duoc goi 1a loc trude di
liéu chinh xac.

Véi co ché loc trude dit liéu theo ngit canh, tac gia Adomavicius [28] dd dé
xuat mot hudng tiép can theo phuong thirc rat gon dit liéu (reduction-based)
nham dua mot bai toan goi y trong khong gian dir liéu nhiéu chiéu vé bai toan
hé goi ¥ truyén thong 2 chiéu. Nhu vay, voi bat ky phuong phap loc trude theo
ngir canh nao, mot lgi thé quan trong cua hudng tlep can rat gon dir liéu do la
tat ca cac nghién ctru trudc day veé hé goi y truyén thong 2 chiéu déu c6 thé ap
dung truc t1ep trong cac h¢ goi y nhiéu chiéu sau khi buégc rat gon dir liéu dugc
thuc hién. Cu thé, cho RPuser x 1tem: U X | -> Rating 1a ham xép hang 2 chiéu
bay ky, D 1a tap dit liéu xép hang miu bao gém cac bang ghi <user, item,
rating™>, thi hoan toan c6 thé du doan dugc cho bat ky xép hang nao cua ngudi
dung ddi voi san pham, vi du: RPuser x iem(JOhn, StarWar). Khi d6, ham duy
doan xép hang 3 chiéu v&i ngit canh 1a thoi gian (Time) c6 thé duge dinh nghia
bai cong thirc: RPuser x 1tem x Time: U X | X T -> Rating, trong d6 D 1a tap dit liéu
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chtra cac bang ghi (user, item, time, rating) chtra théng tin xép hang cta ngudi
dung. Ham du doan x€p hang 3 chiéu trén c6 thé dugc mé rong thong qua ham
du dodn x€p hang 2 chi€u theo rat nhiéu cach theo cong thirc sau:

V(u, i, t) €U XIX T' RLDJseertemxTime (ur ir t)

RD[Time=t] (User,litem,Rating) )
— "‘Userxitem ( ’ )

e [Time =t] ky hi¢u cho b loc trudc theo ngir canh thoi gian, va

e Dprime=tj(user,item,rating) ky hiéu cho tap dir liéu xép hang nhan
duoge tir tap dit liéu D ban ddu bang cach chi cho nhitng bang ghi
thda man chiéu dir liéu Time co gia trj bang t va chi giit lai 2 chiéu
dir liéu User, Item va gia tri xép hang rating twong tng.

Ttr phan tich trén ta thay, néu xem tap dir liéu 3 chiéu D 1a 1 quan hé thi
Drrime=g(user,item,rating) don gian la 1 quan hé khac nhan dugc tor D bﬁng
cach thyc hién cac phép toan quan h¢ sau: phép chon, phép trir va phép chiéu.

Tuy nhién, theo phwong phap b loc chinh xac nhiéu luc s& lam cho két qua
thu duoc sau khi rat gon dir li¢u la rat han ché. Vi du, xem xét mot ngit canh
cho viéc mot ngudi ding xem phim vai ban gai trong mot rap chiéu phim vao
thtr 7, khi d6 ¢ = (Girlfriend, Theater, Saturday). Stir dung ngtr canh chinh xac
nay dé thyc hién truy van loc dir liéu c6 thé gayra nhleu van d¢ han ché dit liéu
do cac nguyén nhan khac nhau. Pau tién, chac chan ton tai mot ty 1& khong nho
cac ngilt canh chinh xac khong du ¥ nghia. Vi dy, s& thich xem phim véi ban
gai vao thir 7 co thé trong ty voi xem phim voi ban gai vao chi nhat, tuy nhién
s& khong giéng vao thtr 4. Do d6, nén xem x¢ét dung ngir canh tong quat hon
nhu Weekend (ngay cudi tuan) thay vi chi dung chinh xac ngit canh tht 7. Thir
hai, cac ngir canh chinh xac co thé s& khong du dir liéu cho viée du doan xép
hang, hay dugc biét dén v6i van dé dir liéu thua (sparsity) trong cac h¢ goiy
truyén thong. Tom lai, hé goi ¥ s& khong c6 du cac dir liéu qua khur vé s thich
xem phim v&i ban gai trong rap chiéu phim vao thir 7 d6i v6i ngudi ding can
Xem xet.

Tong quat héa ngir canh (context generalization)

Ham tong quat loc trudc theo ngit canh cho phép tong quat hoéa truy van loc
dir liéu thu dugc dua trén mot ngir canh cu thé [3]. Cho ¢’=(c1’, .., ¢’K) lam
mot ngit canh tong quat hoa cua ¢ = (cl, .., ck) néu va chi néu ci -> ci’ voi V i
=1, .., k trong trat tu ngit canh twong ung. Khi d6, ¢’ (thay vi ¢) c¢6 thé duoc
dung nhu 1 truy van dé thu dugc dir liéu xép hang theo ngir canh.

Phat trién theo ¥ tudng tong quat hoa ngit canh, Adomavicius [3] dé xuét
khong st dung ngtt canh chinh x4c [Time = t], ma thay vao d6 st dung ham
loc trudc tong quat hoa [Time € St], v6i St 1a ky hi€u cho tép ngir canh cha cua
t. Khi do, St dugc goi 1a mién ngir canh hoa. Vi du, trong mot hé goi ¥ vé phim,
néu ta mudn dy doan xep hang cua nguoi dung John Doe v6i bg phim Gladiator
khi xem vao thtr 2, dé tinh RY s orxitemxtime(JONNDOE, Gladiator, Monday),
ta nén dung ngir canh xép hang theo Weekday hon 1a chi ding ngir canh xép
hang theo Monday khi thuc hién loc dir li¢u du doan. Hay n61 mot cach khéac,
v6i mdi (u,i,t) ma t € Weekday, ta c6 thé du doan duoc xép hang R:
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) . DITimeeweekday](User.Item,ARRG (Rating))
RUseerserxTLme (u' L t) RUserxltem (u' l)

Tong quat hon, dé dy doan xép hang R(u,i,t), ta c6 thé ding mién ngi
canh xac dinh S; nhu sau:

D[Timeesy] 1(User,item,ARRG (Rating))
RUseerserxTLme(u l t) Userxltem (u, l)

Trong cong thire trén, ARRG(Rating) 1a ham dai s6 dung dé xac dinh gia tri
xép hang chung cho ca tap trén mién St. Ham dai s6 nay c6 thé 1a ham tinh gia
tri xép hang trung binh khi thyc hién rat gon chiéu dit liéu cua khong gian mién
goty.

Ham rat gon 3 chiéu & trén c6 thé duoc mé rong thanh phuong thire rit gon
tong quat n chiéu vé khong gian goi y m chleu (m <n). Thong thuong cac hé
thong hay ap dung m=2 vi cac hé goi ¥ truyén thong chi dugc xay dung véi 2
chiéu dit liéu User x Item.

Trong thyc té s& c6 rat nhiéu kha ning xay ra khi tong quéat hoa ngit canh,
phu thudc vao phéan loai ngit canh va mic do chi tiét cia ngit canh xem xét.
Quay trd lai voi vi du xem phim, ta s€ c¢6 céac loai nglt canh nhan dugc do suy
luan tir phan cap ngi cach sau:

- Company: GirlFriend -> Friends -> NotAlone -> AnyCompany;

- Place: Theater -> AnyPlace;

- Time: Saturday -> Weekend -> Anytime;

Khi d6 ngit canh tong quat ¢’ suy luan tir ngir canh c=(GirlFriend, Theater,
Saturday) c6 thé s& c6 cac gia tri sau:

- ¢’ =(GirlFriend, Anyplace, Saturday)

- ¢’ = (Friends, Theater, Anytime)

- ¢’ =(Notalone, Theater, Weekend)

Tur vi du trén, c6 thé nhan thr?'ly viéc lua chon ham loc trudce téng quat phu
hop ¢6 vai trd rat quan trong trong hudng tiép can rat gon dir liéu. Thong
thudng, ¢ hai tiy chon sau hay dugc 4p dung. Thir nhat, chon manual theo y
kién chuyén gia, vi du ludén ludn tong quat hda cic ngdy trong tudn thanh
Weekday hodc Weekend. Mot tuy chon khac 1a chon theo hudng tur dong, sau
do danh gia hi¢u qua dy doan theo kinh nghiém. Theo phuong thirc nay, hé
thong sé& thuc hién du doan theo céc truy van loc trudce tong quat khac nhau va
chon ra ham loc ¢6 hiéu qua nhat.

2.2.2 Loc sau theo ngir canh (Contextual Pos-Filtering)

Nhu biéu dién trong hinh 9.b, huéng tiép can loc sau bo qua yéu td ngir
canh trong dit liéu dau vao khi thyc hién tinh toan cac goi ¥ cho nguoi dung.
Sau khi c6 két qua goi y thu duge véi cac ky thuat goi y 2 chiéu truyén thong,
ham loc sau theo ngir canh s€ dugc ap dung trén danh sach cac goi y thu dugc
dua trén cac théng tin ngit canh. Danh sach goi ¥ tinh chinh c6 thé thu dwoc
theo cac budc:

- Loc bo cac goi y khong lién quan vdi ngtr canh ap dung
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Hiéu chinh tht ty xép hang cac goi y trong danh sach

Vidy, trong cac h¢ goi y phim, néu 1 nguoi dung mudn xem 1 bo phim vao
cudi tuan va trong cudi tudn ngudi dung ay chi mudén xem thé loai phim hai.
Sau khi thye hién du doan danh sach phim goi y theo cac ky thuat goi y 2 chiéu
(b6 qua yéu tb thong tin ngir canh), hé thong c6 thé loc loai bo cac bd phim
khong lién quan dén thé loai phim hai tur danh sach phim goi y.

Téng quat, ¥ tudng cia hudng tiép can loc sau theo ngit canh 1a phan tich
dir liéu s¢ thich theo ngilr canh cia mot nguoi dung cu thé trong mot ngit canh
cu thé dé tim ra cac mau goi ¥ dién hinh, sau d6 dung cac mau nay dé hiéu
chinh danh sach goi y cho ngudi ding. Két qua 1a cac san pham phu hop véi
ngir canh s¢ dugc goi y cho ngudi dung phu hop.

Reco_mme_ndations 4..{ Item Adjustments ]—. Recomr_ﬂe_ndations

| |
Data i Input Context | | Input User |
Uxl=CxR ! c ! u I
L_--In' _____ a L____:_,..___a
= P
‘ Item Usage Patterns ]
Traditional I Contextual

I, I3, 13, ... 14, I3, I3,

Hinh 9: Buéc hiéu chinh danh sach goi y trong loc sau theo ngir canh

Tuong ty nhu cac k§y thuat goi ¥ khac, hudng tiép can loc sau theo ngit canh
cling dugc phan loai theo 2 nhém: nhém dua trén kinh nghiém (heuristic) va
nhom dya trén mo hinh (model-based).

Nhom dua trén kinh nghiém: tip trung vao tim kiém céc thudc tinh dic
trung cua san pham phu hop véi ngudi dung duoc cho theo ngit canh
duoc cho (vi dy, dién vién yéu thich cia ngudi dung mudn duge xem
trong ngtr canh dugc cho), sau d6 sir dung cac thude tinh nay dé hiéu
chinh danh sach goi ¥, bao gdom:

= Loc bo cac san pham goi y khong c6 du sé luong cac thudc tinh
can c6 (vi du, dé duoc goi ¥, bd phim phai c6 it nhat 2 dién vién
yéu thich ctia nguoi dung trong ngit canh xem Xxét)

. Xép hang lai danh sach goi y dua trén sb luong thudc tinh dac
trung ma cac san pham co (vi du, bd phim co6 cang nhiéu dién
vién yéu thich thi cang dugc xép hang cao hon cac bo phim khac)

Nhom dya trén mé hinh: xay dung cac mé hinh du doan c6 thé dung dé
tinh ra duoc xac sut ma nguoi dung co thé lya chon mot thé loai chic
chan clia san pham theo ngir canh xem xét, chang han nhu x4c suat lién
quan, sau d6 st dung x4c sudt nay dé hiéu chinh danh sach goi ¥, bao
gom:

= Loc bo cac san pham goi y ma xéac suit lién quan ctia né nho hon
mot gia tri ngudng (threashold) tdi thiéu do hé théng dinh nghia
sin

. Xép hang danh sach goi y dua trén gia tri trong sb xép hang du
doan theo xac suat lién quan.
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Tuong ty nhu hudng tiép can loc trude, hudng tiép can loc sau ciing c6 mot
loi thé quan trong do6 1a c6 thé dung bét ky k§ thuat goi y 2 chiéu truyén thong
nao khi tinh toan goi y cho ngudi ding. Hon thé, do tinh chat tuong tu giira 2
huéng tiép can ma viée két hop ca 2 trong bai toan xdy dung hé goi ¥ huéng
canh s€ 1a mdt huong nghién ctru thl vi trong tuong lai.

2.2.3 MO hinh hoa hudéng ngir canh (Contextual Modeling)

Nhu biéu dién trong hinh 9.c, huong tiép can mo hinh héa sir dung thong
tin ngir canh tryc tiép trong ham goi y nhu mét dy doan tuong minh vé x&p
hang cta ngudi dung dbi véi san pham. Trong 3 huéng tlep can, huong tiép
can mo hinh héa méi thuc su sit dung cac ham goi ¥ nhiéu chiéu (multi-
dimension), biéu dién bdi cac mé hinh du doan (dugc xay dung dya trén cac
k¥ thuét cdy quyét dinh, dai s6 hdi quy, mé hinh thdng ké, ...) hodc cac tinh
toan duya trén kinh nghiém két hop voi cac thong tin ngir canh thém vao bén
canh thong tin User va Item, theo cong thirc xép hang Rating = R(User, Item,
Context).

Dya trén kinh nghiém: y tuong cua hudng tiép can nay 1a mo rong mo
hinh 2 chiéu truyén théng c6 két hop thong tin ngir canh nhu cac chiéu dir liéu
thém vao bén canh User va Item. Mot trong nhitng mé hinh 2 chiéu hay duoc
ap dung dé mo rong 1a mo hinh go1 y nguoi lang giéng gan nhat (nearest
neighborhood) [15,32]. Khi d6, hé théng s& thuc hién xay dung ham tinh don
vi khoang canh n-chiéu thay vi chi sir dung cac d6 do twong quan truyen théng
14 user-user, item- item. Pé hiéu duoc co ché thyc hién cua hudng tiép can nay,
ta hay xem xét vi du vé khong gian goi y User x Item x Time. Ap dung k¥ thuat
nguoi lang giéng gan nhat (dua trén trong s6 ciia tong cac xép hang du doan
lién quan), ham du doan xép hang ru,i,t s& duoc tinh theo cong thirc sau [33]:

=k Y W(@L0,0 ) Xy

@i’ tHh=,it)

v6i W((u,it),(u,i’,t)) 1a trong s6 ciia xép hang ry i » mang trong dy doan ciia
ruitva k 1 yéu té chuan hoa. Trong sé W 1a gia tri nghich dao véi khoang cach
tuong quan gitta 2 diém (u’,i’,t") va (u,i,t) trong khong gian nhiéu chiéu. Hay
noi cach khac, khoang cach tuong quan giita 2 diém (u’,i’,t") va (w,i,t) cdn nho
thi trong s6 W cang 16n, W((u,i,t),(u’,i’,t’)) = 1/dist[(u’,i’,t’),(u,i,t)]. Viéc lua
chon ham tinh khoang cach twong quan dist phy thugc vao tung tng dung cu
the.

Mot trong nhitng phuong phap don gian nhat dé x@y dyng ham khoang cach
trong khong gian nhiéu chiéu do 1a sur dung huong tlep gan gidng v6i phuong
phap rat gon dir liéu d trinh bay tai phan 2.2.1, cu thé ham tinh khoang cach
cho céc diém trong khong gian nhiéu chiéu c6 cing ngi canh sé la:

dist[(u,i,0), @, i’ )] = {dist[(u, D, (@, i) if t =1t
o otherwise

Ham khoang cach nay lam cho ryitchi con phy thugc vao cac gia tri xép
hang trong cling mién ngir canh co gia tri thoi gian time=t. Do d¢, truong hop
nay s& dugc rat gon vé bai toan toi wu hé goiy 2 chiéu truyen thong trén mién
danh gia c6 cung gia tri ngit canh t cua diém (u,i,t). Hon thé, néu ta dinh nghia
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chi tiét hon ham khoang cach dist[(u’,i’,t’),(u,i,t)] sao cho n6 chi con phu thudc
khoang cach gitra 2 user khi i =1’, khi d6 ta s€ thu dugc 1 phuong thirc twong
tw vo1 hudng tlep can loc trude da dugc trinh bay tai phan 2.2.1.

Huong tiép can nay dé dang mo rong cho khoéng gian n chiéu bang cach
thiét 1ap khoang cach gitta 2 diém Xep hang thanh khoang cach dist[(u,i),(u’,i’)]
khi va chi khi cac ngir canh cua 2 diém xép hang nay giong nhau.

Mot s6 phuong thire khac hay duogc dung dé xay dung ham khoang cach
nay nhu:

- Po khoang cach theo trong s Mahattan:

dist[(u,i,t), W', i',t)] = wids(w,u') + wod,(0,i") + wads(t,t")
- Do khoang cach theo trong sé Euclidean:

dist[(u,i,t), (W', i',t")]
= \/wldf (u, ') + wypd3 (i,i") + wsd2 (t,t)

voi:

dy, dz, ds: khoang cach theo user, item va time

W1, W2, Wa: trong s gan cho timg chiéu dit liéu twong tng (trong quan véi
mitc do quan trong cua ting chiéu di lidu)

Tong két lai, khoang cach dist c¢6 thé duoc tinh theo nhiéu cach khac nhau
va trong nhiéu hé thong né dugc tinh giira cac gia tri xép hang ctia ciing user
hodc cing item. Huéng tiép can dya trén kinh nghiém tiép tuc 1a mot hudng
nghién ciru rat thu vi nham tim ra cac cach khac nhau dé dinh nghia khoang
cach dist cling nhu so sanh gitta cac phuong thirc dya trén hi¢u nang dy doan
cua cac phuong thuec.

Dura trén mé hinh: y tuong cta hudng tiép can nay 1a mo rong cac hé goi
v 2 chiéu truyén théng duoc xay dung dua trén viéc mo hinh hoa ham du doan
xép hang. Mot trong nhirng k¥ thuat hay duoc ap dung dé mo rong d6 1a k§
thudt phan rd ma tran (Matrix Factorization - MF). Khi do ta goi phuong phap
nay laky thuat go1 y huong ngir canh dya trén phan rd ma tran, viét tit 1a CAMF
(Context-Aware Matrix Factorization - CAMF). Phan tiép theo trong luan vin
s& trinh bay vé k¥ thuat nay.

2.3 MO0 hinh hoa ngir canh dya trén phan rd ma tran (Context Aware Matrix
Factorization - CAMF)

2.3.1 Ky thuat phan rd ma tran (Matrix Factorization - MF)
Ky thuat MF hién van 13 state-of-the-art trong hé goi y truyén thong [34].
KY¥ thuét phan ra ma tran 1a vi¢c chia mot ma tran I6n X thanh hai ma tran c6
kich thude nhd hon W va H, sao cho ta co thé xay dung lai X tir hai ma tran
nho hon nay cang chinh xac cang tbt, nghia 1a X ~ WHT, nhu minh hoa trong
hinh 11:



38

ltem1 | ltem 2 | ltem 3 | ltem 4 —
User 1 2 1 4 ?
X
User 2 4 ? 2 2
User 3 3 ? 1 HT
User 4 2 3 ? 2
User 5 4 ? ? ?

X W

Hinh 10: Minh hoa k¥ thuat phan rd ma tran
Muc tiéu chinh cua ky thuat nay la phan rd ma tran X thanh 2 ma tran nho
hon W va H sao cho ta c6 thé xay dung lai X tir 2 ma tran con nay:
X ~WHT
(1)
V&i Wva H 1a 2 matran con: W = RIVIXK H = RIIXK

)

W 1a mot ma tran ma mdi dong u 1a mot vector bao g6m K nhan t tiém an
mo6 ta nguoi dung u; va H la mot ma trdn ma moi dong 1 la mot vectore bao
gdm K nhan t6 tiém 4n mod ta cho item I; K: 13 sd nhan t6 tiém an (lantent
factors) K < |U|; K < [I. Goi wuk Va hik 12 cac phén tir trong g ctia hai ma tran
W va H, khi d6 cong thirc dy doan xép hang ctia nguoi u trén san pham I 1a:

Tui = z Wychi = Wuth
3)

Chi tiét vé giai thuat hoc, chung ta thuc hién huén luyén sao cho tim duogc
hai ma tran W va H duoc to1 vu theo mot di€éu kién nao d6 (chan han nhu RMSE
— chuong tong quan). Vi du, ham muc ti€u can to1 uu la:

MF __ 2
o' = e

(u,i,r)€D train

(4)

Véi:
K 2
eii = (Tui - fui)z = (Tui - z Wukhik>
k=1
(5)

Mot trong nhitng k¥ thuat c6 thé dung dé t6i uvu hda ham muyc tiéu 1a ding
SGD (Stochastic Gradient Descent) [34] — k¥ thudt giam gradient ngau nhién.
D¢ t61 vu hoa ham muc ti€u, trude tién ta khéi tao céc gia tri ngau nhién cho
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W va H, sau d6 timg budc cip nhat gia tri cia ching cho dén khi ham muc tiéu
hoi tu vé gia tri nho nhat. Bé lam dugc didu do, ta can phai xac dinh 14 nén ting
hay nén giam céc gi tri cia W va H qua mdi 1an cip nhat, do viy can phai tim
dao ham timg phan cua ching:

d .
aWuk oMF = _Z(Tui - Tui)hik
(6)
a MF o)
ahik 0 = _Z(rui - rui)Wuk
(7

Tiép theo, ta cAn giam thiéu toi da do 161 nay va cap nhat lai gia tri cho wuk
va hik duoc lap di lap lai bang ky thuat SGD:
0

Wik = Wyk — ﬁ—aw el = Wy + 2Beyihy = w4+ 2B (ry; — ) hu
uk

(8)
/ d 2 7
i = hi = ﬁ%eui = hix + 2Beyiwyx = hy + 2B (ry; — Py way
L

9)
B: toc do hoc (learning rate). Sau qué trinh téi wu, ta c6 dugc gia tri

cua W va H.

“Hoc vet” (overfitting) xay ra khi mo hinh dy doan cho két qua tot trén dix
liéu hudn luyén (Drain) nhung cho két qua kém trén dir liéu thir nghiém. Dé
gidm bt viée hoc vet, nguoi ta cho thém vao ham muyc tiéu mot dai lugng goi
1 ham chinh tic (Regularization). Him muc tiéu can tdi uvu bay gio la:

2

K
o=y <rui = Wukhik> + AUIWIZ + [1H]2)
(u,i,r)EDtTain k=1

(10)
Va gia tri W va H sau tbi uu véi ham muc tiéu méi ta duogc:
Wy = Wyk + B(2eyihie — Awyy)
(11)
hix = hie + B ey Wy — Ahy)
(12)
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Sau khi c6 duoc gia tri gradient, chung ta cap nhat lai gia tri caa wuk va hik
Véi toe do hoc 1a B. Lap lai qua trinh cdp nhat gia tri cia W va H cho dén khi
dat do 16 chép nhan ¢ hodc lap lai dén s 1an qui dinh trudc.

Qua trinh du doén: sau qua trinh huén luyén ta dugc 2 ma tran W va H da
t6i wu thi qué trinh du doan (cong thirc 3) dugc thuc hién nhu minh hoa trong
Hinh 12.

teml | Item2 | tem3 | tem 4 —
Userl | 2 1 4 2 03 | 1.2 21 | 07| 06 || 0.3
User2 | 4 3 2 2 X 1.2 | 02| 15 || 0.8
User3 | 2 3 3 1 21 | 1.2 '
Userd | 2 3 3 2 12 | 0.5 HT
User5 | 4 3 4 2 17 | 1.2
X W

Hinh 12. Minh hoa céch tinh du doan xép hang cua ngudi ding 3 cho san pham 3

Gia tri dy doan cta nguoi dung 3 cho san pham 3: P33=2.1*0.6 +
1.2*1.5=3.06

Giai thuat phan rad ma tran MF sir dung phuong phap SGD dé huan luyén
m6 hinh MF. Dau tién cc ma tran W va H dugc khai tao ngau nhién bang phan
bd chuan NV (0,02), sau d6 thuc hién giai thuat MF dé t6i vu ham muc tiéu
nham thu dugce cac gia tri ma tran W, H. Cu thé nhu sau:

Procedure MATRIXFACTORIZATION(D"" K, B, A, stopping
condition)
//Cho WJU[I[K] and H[|I[]J[K] Ia c4c yéu t5 tiém an cua cac ngudi dung va
san pham
W « N(0,0?) //khoi tao W bang ham phan b chuan
H « N (0,0?) //khai tao H bang ham phan bé chuan
While (stopping condition is NOT met) do
Draw randomly (u,i,r) from Dvan
7«0
Fork<-1,...,Kdo
7«7 + Wullk). H[i][k]
End for
ui=r-7
Fork<-1,...,Kdo
WIu][K] <- Wu][K] + B.(eui. H[I][K] — A. W[u][k])
HIIT[K] <- HLI[K] + B.(eui. WIU][K] — A.H[i][k])
End for
End While
Return{W,H}
End Procedure



2.3.2 Ky thuat phan rd ma tran thién vi (Biased Matrix Factorization — BMF)

Dua vao cac khai ni€ém co sé cua ky thuat MF va thém gia tri 1éch (bias)
vao MF, ta s€ thu duoc ky thuat BMF7 [34]; Khi @6 ham du doan x€p hang cua
nguoi dung u cho sdn pham 1 dugc biéu dién béi cong thirc sau:

K
?ui =u+b,+b; +zwukhik

k=1
(13)
Vi gié tri p la gia tri trung binh toan toan cuc, la gia tri Xép hang trung
binh cua tat ca nguoi dung trén tat ca san pham voi tap dir 1iéu huan luyén:
Z(u; i, T) € DtrainR

| Dtrain |
(14)

Gia tr1 by 1a 6 1éch nguoi dung (1a gia tri 1éch trung binh cua cac nguoi
dung so véi gia tri trung binh toan cuc):

b — Z(u’,i,r)EDtmi" |u’:u(r )
Y @, i, r) € Dtrain |y = y}|
(15)

Gia trj bi 1a d6 léch cua san pham (1a gia trj 1éch trung binh cua cac san
pham so v6i gia tri trung binh toan cuc):
_ Z(u,i’,r)eDtmi" |i’=i(7' )
@, i, r) € Dtrain|j’ =}

(16)

Qua trinh dy doan: sau qu4 trinh hudn luyén ta dugc cac gia tri 1éch (biases)
va 2 ma tran W va H da t61 uu, qua trinh du doan dugc thuc hién tuong tu MF,
dung cong thic (13). Giai thuat phan ra ma tran thién vi BMF dugc mo ta nhu
Sau:

Procedure BiasMatrixFactorization(D"", K, B, A, stopping condition)

Letu € Ubeauser,i€lbeaitem, r € R be arate
Let W[|U[I[K], HN]IKT, bu[|U]], and bi[[1]]

% train®
reD
[l < | D trainl

For each user u do
b [u] «— Yulryi—w)
u

|foam|
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End for

For each item i do
bl[l] - Zi(rui‘_ﬂ)

|D1;raln‘
End for
W« N(0,02)
He N(0,02)
While (stopping condition is NOT met) do
Draw randomly(u,i,r) from DUan
Pui & 1+ by[u] + bili] + IXWTullk] * H[i][k]);
eui = Tui — Tuis
Bt B oxey;
b, < b, + B * (ey; — A * by[u]);
b; « b; + B * (ey; — A * by[i]);
For k<-1,....K do
WIu][K] <- W[u][K] + B*(2.eui * H[I][K] — A*W[u][k])
H[i][K] <- H[I][K] + B*(2.eui * W[u][K] — A*H[1][k])
End for
End While
Return {W, H, by, bi, u}

End Procedure

2.3.3 Phan rd ma tran hudng ngir canh (Context Aware Matrix Factorization -
CAMF)

CAMF la mot k¥ thuat du d‘oén )gép hang dua trén mo hinh héa nglt canh

ma& rong tr ky thudt goi ¥ truyén thong phan ra ma tran. Ky thuat nay thudc

nhom cac k¥ thudt mo hinh héa ngir canh dya trén d6 1éch ngir canh (deviation-
based contextual modeling). Ta goi CRD (Contextual Rating Deviation) la d6
1éch xép hang theo ngit canh, d6 1éch nay chi ra gia tri 1éch gifta cac x€p hang
ctia nguoi dung voi cac san pham trong cc ngir canh khac nhau. Dé hiéu 13 vé

CRD ta xét vi du tai bang sau:

D2: Location

cl Weekend Home
c2 Weekday Cinema
CRD(Di) 0.5 0.1

CRD(D1) = 0.5 -> xép hang cua ngu’01 dung trong ngay thuong (weekday)

thudng cao hon so véi trong ngdy cudi tuan (weekend) 1a 0.5
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CRD(DZ) = -0.1 -> xép hang ctia ngudi dung tai rap chiéu phim (cinema)
thuong thap hon so voi tai nha (home) 1a 0.1

Gia thiét rang gia tri xép hang cta nguoi dung d6i voi san pham trong ngir
canh cl(weekend, home) Rating(U,Lcl) = 4, khi d6 gia tri du doan x&p hang
ctia ngudi dung d6i voi san pham trong ngit canh c2(weekday,cinema) sé la:

Predict Rating(U,1,c2) = Rating (U,1,c1) + CRDs =4+ 0.5-0.1=4.4

Tlep theo, ta xét truong hop o 1a mot tinh hudng dic biét ma khong quan
tam dén cac yéu tb ngir canh, cu thé:

@ UnKnown UnKnown
c2 Weekday Cinema
CRD(Di) 0.5 0.1

Ta cling gia thiét rang Rating(U,Ie) = Rating(U,I) = 4, khi d6 gia tri du
doan x&p hang Predict Rating(U,I ,2)=4+05-0.1=4. 4.

Theo hudng tiép can nay thi ham dy doan xép hang tong quat cua cac k¥
thuat dua trén do 1éch xep hang theo ngir canh Rating(U,I,C) s€ dugc tinh theo
cong thure sau:

Rating(U,1,C) = Rating(U,I) + Z CRD (i)

(17)

Néu xem xét goc do md hinh xép hang phy thudc vao twong quan giira ngudi
dung va céc yéu td ngir canh (user-personalized model) ta s€ c6 cong thurc:

Rating(U,1,C) = Rating(U,I) + Z CRD(i,U)

(18)

Neéu xem xét goc do mo hinh xép hang phu thudc vao twong quan gitra san
pham va céc yéu to ngilr canh (item-personalize) ta s€ c6 cong thirc:

Rating(U,1,C) = Rating(U,I) + z CRD(i,I)

(19)

Trong do, Rating(U,]) la ham goi y truyén thong va CRD chinh 1a d6 léch
xép hang phu thudc cac yéu té ngit canh.

CAMF chinh 1a sy mé rong hé¢ goi y truyén théng MF, khi d6 cac yéu td
thong tin ngit canh duoc tich hop truc tiép trong cac bude thyc hién tinh toan
dé dua ra goi y cho nguoi ding. Ky thuat CAMF dugc gidi thiéu 1an dau tién
trong [35] v6i mo hinh ma cac du doan xép hang phu thudc vao ngit canh thoi
gian. Tuy nhién, ngoai yéu té thoi gian, CAMF con c6 thé dugc thuc hién véi
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s6 lwong 16m cac yéu td ngit canh khac, theo cac twong tac khac nhau gitra ngit

canh va nguoi dung, ngit canh va san pham c6 thé tac dong dén gia tri xép hang.
Quay tr¢ lai k¥ thuat phan ra ma tran thién vi BMF da trinh bay trong 2.3.2,

ta c6 cong thirc du doan xép hang cia BMF nhu sau:

=ﬂ+bu+bl+'l_7)uC_[>l

A

(20)

K§ thuat CAMF thuc hién thay thé cac gia tri léch (bias) trong cong thirc
cua BMF bang cac tuong tac gitra ngir canh vo1 nguoi dung hodc gitta nglr canh
va san pham [36]. Khi d6 ham du doan xép hang CAMF dugc tinh theo cong
thirc sau:

Twicpickzmcny — BT b, + E Bijck,j + Vu4;
j=1

(21)

Gia thiét L 1a tong cac chiéu ngit canh, ck={Ck1Ck2...CkL} 1a mot tinh hudng
ngir canh, khi d6 ck;j s& biéu dién cho diéu kién ngir canh trong chiéu ngir canh
thtr j. Do d6, B;; ek s& biéu dién cho do léch xép hang ngir canh két hop giira

san pham i va diéu kién ngit canh trong chiéu ngit canh thi j.
So sanh giﬁ:a 2 cong thuc (20) va (21), ta thay rang k¥ thuat CAMF don

gian thay thé d6 1éch bi bai tong cac do 1éch xép hang ngit canh Z B; jck, Vol

gia thiét rang do léch xép hang ngit canh phy thudc vao cac san pham Céch
tiép can nay duoc goi 1a CAMF_CI. Ngoai ra, d6 léch xep hang ngit canh cling
c6 thé duoc xet chi phu thuge vao ngudi dung, thanh phan duoc thay thé 1 by,
khi d6 cach tiép can nay duoc goi 1a CAMF_CU va c6 cong thirc tinh twong
ung la:

Tuick cpgcrr = M + z Bujck,j + b; + 1, q;
j=1

(22)

Ngoai 2 k¥ thuat CAMF_CI, CAMF CU da trinh bay & trén, con c6 thém
ky thuat CAMF_C, trong d6 gia thiét rang d6 1éch xép hang ngit canh hoan
toan doc lap véi ca ngudi dung va san pham.

Ap dung phuong phap téi vu RMSE, SGD tuong tu nhu d thyc hién trong
ky thuat MF va BMF, sau qua trinh huan luyén dya trén tap dit liéu huan luyén,
ta s& thu dugc cac gia tri tham s6 vector nguoi dung, vector san pham, d6 léch
ngudi dung/do 1éch san pham va do 1éch xép hang ngit canh tuong tng.

Cho R la tap dit liu huan luyén, R = {(u,i, ¢y, ..., ) |Tuic, ., da biét},
Tuicy..c;, €hO biét gia tri xép hang nguoi dung u ddi voi san pham i trong ngi
canh cl, ..., ck, trong d6 ¢j=0,1,..., zj. Chon k§ thust CAMF_CI & trién khai
t6i wu nhur sau:
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= Ham du doan xép hang:

-

K
f'uicl...ck = ﬁuqi +i+ Z ijcj
j=1
(23)
Trong d6 ¥, §; 14 cac vector nguoi dung; T 1a gia tri xép hang trung binh
cua san pham 1 trong tap dir li¢u R; b,, 1a gia tri I¢ch co so& cia nguoi dung u,
tinh theo cong thic (15); B; je; la cac tham s6 moé hinh hoa su twong tac gitra
ngir canh va san phém, hay con goi la do Iéch xép hang theo ngilt canh. Cu thé:

Yr(ui',cqg,...,cx) ER|I' =i
{(u,i’,cy,...,cx) €ER|I' =i}

1=

(24)
Xlr@ui’,c) =1li' =i,c" = ¢
vej {r(w,i’,c") € Rli' = i,c' = cj}|
(25)
= T6i wu ham muc tiéu:
K 2
ruicl...ck - 1})uq)i —1— bu - z Bijcj
min j=1
v*,q*,b*,B* Z K
TER 2 2 2
42| B +IBIP +1GI2 + ) Z B,
j= 1c;=1 i
(26)
= Cap nhat gi4 tri tham sé trong qué trinh téi vu:
b, < b, + B(err — Ab,)
bic; < bic, + B (err — Abyc, ), Ve # 0, = 1,..., k
v, < v, + B(err.q; — Avy)
q; < q; + Blerr.v, — Aq;)
(27)

Qua cac cong thuce (26), (27), ta thay mo hinh CAMF ¢6 thé thuc hién huan
luyén trong thoi gian la mét ham tuyen tinh voi mot s6 lwong 16n dir lidu ky
vong can xu 1y cling nhu cac yéu to ngit canh tac dong lén hé thong. Day la
mot thudn 1gi 16n khi phai xtr Iy cac bai toan véi s luong 16n dir liéu va rat
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nhiéu yéu t thong tin ngir canh. Mot nghién ctru tai [36] da thuc hién thir
nghiém voi mot tap dir liéu bao gom 14 yéu to ngir canh, voi tong cong 52 diéu
kién ngir canh khach nhau, va cho két qua ap dung CAMF dép trng dugc mong
doi.

2.4 Két luan chuong

Trong chuong 2, luan van da lam rd giai phap tich hgp ngir canh vao trong
qua trinh tinh toan du doan xép hang va goi y cho ngudi dung. Tir 2 cach thire
quan 1y dit liéu ngit canh (phan cip, OLAP) trong hé goi ¥ nhiéu chiéu, dén 3
phuong thirc tiép can chinh khi tich hop ngit canh bao gdm tich hop loc trudc,
loc sau va mo hinh hoa ciing da duoc trinh bay trong chuong nay. Quan trong
nhat trong chwong nay, luin vin di trinh bay chi tiét vé cac ky thuét phan ra
ma tran, phan rd ma tran thién vi dé tir d6 ap dung mo rong dé xay dung k¥
thuat mé hinh hda phan ra ma tran hudng ngir canh, mét ky thuat dugc phan
nhom trong cac hé goi y huéng ngit canh dya trén d6 1éch xép hang ngir canh
hiéu qua hién nay. Pay ciing chinh 12 nén tang dé luan vin xay dung hé thong
goi ¥ dia diém du lich theo hudng ca nhan hoa dua trén ngit canh ngudi ding
dé thir nghiém tai MobiFone. Noi dung nay s& duoc luan vin trinh bay trong
Chuong 3 tiép theo.
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Chuong 3. XAY DUNG UNG DUNG DU LICH THEO
HUONG CA NHAN HOA DUA TREN NGU
CANH NGUOI DUNG

3.1 bDat bai toan

Dua trén ky thudt phan rd ma tr@n hudng nglr canh da trinh bay trong
Chuong 2, st dung Framework ma ngudn mo CARSKIT [37], trong phan nay
luan vin sé trinh bay vé giai phap xay dung mot hé thong goi y dia diém du
lich cho ngudi dung, str dung cac ngir canh cua nguoi dung dé ca nhan hoa tmg
dung cting nhu cac goiy vé dia diém du lich phu hop voi nguoi dung.

Hé thong quan ly, luu trir cac dia diém du lich hap dan ¢ Viét Nam cho phép
nguoi dung c6 thé tim kiém cac dia diém du lich. Hé théng hién thi cac dia
diém du lich theo dung nhu ciu nguoi ding quan tam. Hé thong c6 cac chiic
nang cho ngudi ding danh gia, like va comment cho mdi dia diém du lich. Dic
biét hé théng tu dong thu thap cac dir li¢u cua nguoi dung dé dua ra céac go1y
dia diém du lich hop 1y v6i ngit canh ciia ngudi ding.

Nguoi dung mudn thuc hién cac chirc ning thi phai ding ky thanh vién va
dang nhap vao hé théng. Sau khi ngudi dung dang nhap vao hé théng. hé thong
s€ thu thap cac thong tin vé ngit canh cta ngudi dung. Vé vi tri, thoi tiét, thoi
gian dé dua ra cac goi y phit hop v6i nguoi dung ngoai ra h¢ théng con dua vao
cac dia diém ma nguoi dung danh gia, quan tim dé dua ra cac goi y dén ngudi
dung.

3.2 Giai phap dé xuét

3.2.1 MO hinh kién triic ing dung
H¢ thong dwoce xiy dung gom cac thanh phan chinh sau day:
- Ung dung client:

o Phan client duoc x4y dung trén nén tang Android sir dung ngén
ngit Java va Android SDK. Client giao tiép voi hé théng server
bang qua giao thirc http restful web service. Phuong thirc xéac
thuc dua trén cac phién lam viéc (session) dugc sinh ra tir hé
thng xéc thuc (authenticate)

o Thu thap thong tin nglt canh cua nguoi dung: vi tri, thoi gian, thot
tiét va cac ngit canh tinh do ngudi ding nhap vao ung dung.

o Gui thong tin ngit canh vé server, yéu cu phia server du doan
xép hang va nhan danh sach goi y tir server.

- Phan server:

o Phan server quan 1y dia diém du lich va cic tac dong cua ngudi
dung cling nhu quan 1y user va xac thuc hé thong. Server dugc
xdy dung trén ngdn ngit Java, phan co s dir liéu xay dyng trén
hé quan tri co s¢ dir li¢u mysq]l.

o Nhan biét va chuan hoa ngit canh nguoi ding, xay dung dir liéu
ngir canh theo dinh dang chuan trude khi giri sang h¢ goi ¥ dé
tién hanh qua trinh hoc va xdy dung ham dy doan xép hang
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o Thanh phan goi ¥: dua trén framework mi ngudn mé CARSKit
Framework (CARSKit - A java based context aware
recommendation engine), st dung ky thuat CAMF-CU dé hoc va
xay dung ham du doan xép hang, c6 kién trac nhu sau:

Generic Interfaces [ Recommender |1—| IterativeRecommender ]-—I ContextRecommender
Data Algorithms

5t e Pr Baseline CARS
SparseTensor DataDAQ Avg CF Ranking | [Transformation| Adaptation
SparseMatrix DataSplitter : — T
29"59"\"‘;":2 DataTransformer 3"3*’:“\'0@93 UserkhN | BPR ItemSplitting ndependant | Dep
parse\ectar ™ ser verage ItemiKhi | SLIM UserSplitiing CAME_CI
DenseVector ltemAverage SlopeOne | LRMF Uisplitting U= CAME_ICS
TensorEntry Contextavg BiasedMF| RankALS | ].. csLM_Cl
MatrixEntry UserltemAveragd] nmrPME| RankSGD CSLIM_LES
actorEntry UserContextivg | symes M
ItemContextévg |

Hinh 11: Kién trdc nén tang ma nguén mo CARSKIT

o Thanh phan giao tiép vdi client, giri danh sach goi ¥ cho client
cling nhu cho céac trng dung bén thi 3 (third-party).
M6 hinh thiet ké hé thong:

Goif cho ngui ding, c4 nhén héa g dung ngui dung dua rén ket qué xép hang vé g0y

Ung dung
ngudi ding

User x [tem
sample

Hinh 12: Kién trdc thiét ké hé thong



3.2.2 Thiét ké ung dung
3.2.2.1 So dbé ca ngudi dung

Register
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Hinh 13: Thiét ké user case

3.2.2.2 Thiét ké mé hinh co sé di liéu
Mo hinh thue thé quan hé quan Iy nguoi dung:

5QL Model* % | EER Diagram x

7 id INT(11)
> only_device INT(11)

> platform INT(11)

> session_timeout DOUBLE
@ services_id INT(11)

< email INT(11)

< only_web INT(11)

7 id INT(11)
“» service_cade VARCHAR(10)

> service_name VARCHAR(45)
D= ——g

> status INT(11)
> desc VARCHAR(45)
o create_date DATETIME

©id INT(11)
O type INT(11)

» username VARCHAR(50)
“» email VARCHAR(50)

» password VARCHAR(500)
0 status INT(11)

» activationid VARCHAR(50)
o create_time DATETIME

2 expired_time DATETIME
> active_time DATETIME

@ services_id INT(11)
Indexes

« first_name TEXT

> last_name TEXT

< gender INT(11)

> birth_day DATETIME

<> email VARCHAR(100)
< phone VARCHAR(20)

untitied - MysWL workpencn

m

© deviceid VARCHAR(250)
 device_name VARCHAR(500)
» device_type INT(11)

> 0s_name VARCHAR(500)

> os_version VARCHAR(45)

< other TEXT

> address VARCHAR(45)
@ account_id INT(11)
> avatar TEXT

! authenticationid VARCHAR(50)
© authen_type INT(11)

 status INT(11)
> create_time DATETIME
© cloud_key TEXT
 deviceid VARCHAR(250)
 account_id INT(11)

© session VARCHAR(50)
 status INT(11)

< login_time DATETIME
& authenticationid VARCHAR(50)

Hinh 14: M6 hinh thuc thé quan hé quan Iy user



50

Mo hinh thyuc thé quan hé quan 1y dia diém du lich va goi ¥ nguoi dung:

O ] ]
] rates v
| account v d INT(11)
WINT() uid INT(11)
id INT(11
type INT(11) s (1
,,,,, 14 rate INT(11)

username VARCHAR(50)
Ly companion VARCHAR(45)
email VARCHAR(50) M~~~ — " T — — — | | -

password VARCHAR(500) season VARCHAR(45)
_____ | - status INT(11)
activationid VARCHAR(50)
create_time DATETIME
expired_time DATETIME

daytime VARCHAR(45)
weather VARGHAR(45)
transport VARCHAR(45)
temperature VARCHAR(45)

|
|
|
|
|
|
|
|
|
|
» "~ comment ¥ 1

-—H >

| active_time DATETIME o O o

} » services_id INT(11)

| T

| account_id INT(11) —| place v

} place_id INT(11) id INT(11)

| content TEXT place_picture TEXT
| — _| > place_name TEXT

place_desc TEXT

place_lat DOUBLE

place_Ing DOUBLE
'S

"Jaction v

account_id INT(11) LI

place_id INT(11) [
| 2

Hinh 15: Md hinh thuc thé quan hé quan ly dia diém va goi y

3.2.3 Moi truong xay dung va thu nghiém
Phan server xir ly dit litu ngudi dung gom 2 module: Xac thuc va
Recomender, ¢ cau hinh nhu sau:

- Hardware:

o CPU: Dual-Core AMD Opteron(tm) Processor 1222 (3.0 Hz)
2 core 4 Thread

o RAM: 4G

- 0OS:
o Red Hat Enterprise Linux Server release 5.7
o 64 bit

- MYSQL
o Version: 5.1.73

- Java:
o Version "1.8.0_51"

- Tomcat
o Version 7.0.70

Client:
- Android SDK

- Min version: 4.0.0
3.3 Thir nghiém mg dung va danh gia két qua tai Mobifone
Tap dit liéu dia diém du lich dau vao duoc xay dung dya trén thong tin dia
diém du lich Viét Nam tir cac ngué)n trén internet, cac dit li¢u ngir canh cling
nhu gia tri xép hang ban dau duoc hé thong xay dung ty dong theo phuong
phap ngau nhién. Céc dir liéu nay sau d6 duogc chuan héa va dua vao luu
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trong CSDL véi cdu trac dit liéu nhiéu chiéu 1a dit liéu xép hang ctia ngudi
dung theo ngit canh:
UID | PID | RATE | COMPANION | SEASON | DAYTIME | WEATHER | TEMPERATURE
Trong do
- UID: id ctia nguoi dung
- PID: id cia dia diém du lich
- RATE: Piém danh gi4 ctia nguoi dung, c6 gia tri tir 0 - 5
- SEASON: Ngit canh mua, bao gdm:
o Mua xuan
o Mua ha
o Muathu
o Mua dong
- COMPANION: Ngir canh ngudi di du lich cling, bao gom:
o Mot minh (alone)
o Banb¢
o Giadinh
o Nguoi yéu
- DAYTIME: Ngir canh thoi gian, 14 s6 ngay di du lich:
o Nira ngay (di trong ngay)
o Mot ngay (di qua dém)
o Nhiéu ngay
- WEATHER: Ngit canh thoi tiét, 1a thoi tiét tai dia diém du lich:
o Trong xanh
o Co6nang
o Ram mat
o Comua
TEMPERATURE: Ngir canh nhiét do
Cac dir li¢u nay duoc luu thanh bang dit licu nhiéu chiéu OLAP trong CSDL
(hinh 16, 17), tuy nhién trudc khi dua vao ham CAMF thi s& duoc chuyén
sang dir liéu dang mang theo dinh dang cia CARSKIT.

Objects | = Untitled @travel (TMS-198) @ | > =
Query Builder ENeNIAIITTg
!—i avel - 1 select * from rates;
Q 20:1
id uid pid rate companion season daytime weather transport temperature
1 25 29 4 with lovely autumn half day clear sky na
2 40 16 2 na summer one day sunny burning
3 44 9 1 with family na na sunny na
4 29 33 2 na winter more than one day sunny warn
5 44 1 2 with lovely na more than one day clear sky burning
6 39 41 1 with lovely na na cloudy hot
7 29 26 3 with family na one day rainy warn
8 8 40 (§ alone summer one day rainy warn
9 21 10 1 alone winter half day rainy burning
10 35 26 4 alone spring one day rainy cool
11 19 10 1 na autumn half day rainy hot
12 13 4 3 with family spring more than one day sunny warn
13 29 6 2 with family summer one day rainy cool
14 14 36 3 na autumn one day na freezing
15 34 33 4 na summer half day cloudy hot
16 7 a4 4 alone autumn more than one day na na
17 35 36 2 alone na half day clear sky na
18 33 38 4 na summer one day cloudy burning
19 33 8 4 na autumn more than one day clear sky na
20 28 37 4 with lovely spring half day sunny hot
21 % 15 a with friande wintar na rlaar el hnt.
L AL N select * from rates 0.30 sec elapsed [ [=]

Hinh 16: Dir liéu rating luu trong CSDL
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Objects’| 57 Untitled @travel (TMS-198) o | Do) fa
Query Builder
!Etravel select x from place;
21:1
=

id  place_picture place_name place_desc place_lat place_Ing
1 t g/ 1s/thu C8 d6 Hoa Lu C8 d6 Hoa Lu 1a quén thé di tich quéc gia d¥c biét quan trong clia 20.270304  105.917309
2 httj load. g/ ia/vijthumb/2/2t Khu di tich P4c B6 Khu di tich Péc B6 1a mdt khu di tich lich sif cdch mang quéc gia - 22.673954 106.258662
3 h load. g/ ommons/thu Dinh D§c Lap Dinh Ddc Lap (tén goi trudc day la dinh Norodom, ngay nay con gt 10.777021 106.6932252

» &3 https://upload.wikimedia.org/wikipedia/commons/thu Hoang thanh Thin Hoang thanh Thing Long (chlr Hén: R B / Thing Long hoangt 21.0364204 105.8382185
5 hi /lupload.wikil ia.org/wikipedi 1s/thu ATK ATK, viét tét ciia an toan khu, 13 khu viic ma Quan ddi Nhan dén V 20.8423897 105.457061
6 https://upload.wikil ia.org/wiki 1s/thu Khu di tich chién t Khu di tich chién trudng Dién Bién Phu 1a mdt quén thé cac di tich 21.3806714 103.0062053
7 https:, load.wikil ia.org/wikipedia/vi/thumb/a/a2 Khu di tich Cén So Khu di tich Cén Son - Kiép Bac la mt trong 62 di tich quéc gia d3 21.130519  106.383883
8  https;, ikimedia.org/ ia/commons/thu Khu di tich khdi ng Khu di tich kh&i nghfa Yén Thé gém nhiéu di tich lién quan dén cui 21.481055  106.11442
9 t iki ia.org/ ia/vi/thumb/b/bc Khu di tich Phi Ch Khu di tich Chd tich H& Chi Minh tai Phi Cha tich, goi tat 1a Khu di 21.039697 105.834572
10 htty load.wikil ia.org/wiki 1s/thu Van Miéu - Quéc T V&n Miéu - Qudc Tir Gidm (chir Han: XX - BEIFE) 12 quén thé di tic 21.028888 105.836294
11 https:/jupload.wikil ia.org/wikil 1s/thu Vudn qudc gia Phc Vudn qudc gia Phong Nha-Ké Bang 1a mét vudn qudc gia tai huyé 17.612112  106.306096
12 htt load.wiki ia.org/wikil ommons/thu Vinh Ha Long Vinh Ha Long (vinh ni réng dép xu8ng) I& mdt vinh nhé thudc phé 20.945846 107.153026
13 https://upload.wikimedia.org/wiki 1s/thu Phé c8 Hoi An Phg c8 Hgi An |3 mdt db thi c8 ném & ha luu séng Thu Bén, thuéc 15.881142  108.335487
14 https://upload.wikimedia.org/wiki ommons/thu Dén Hung D&n Hung I3 tén goi khéi quét cla Khu di tich lich sir Dén Hung - ¢ 21.361898  105.32451
16 b ikimedia.org/wiki 1s/thu Vudn qudc gia Ba  Vudn quc gia Ba BE la mot vudn quéc gia, rifng diic dung, khu du 22.415953  105.606742
16 https://upload.wiki ia.org/wiki 1s/thu Vudn quéc gia Béi Vudn quéc gia Béi T Long 1a mdt khu bdo tén sinh quyén cdp qué 21.081293  107.437134
17  https://upload.wikimedia.org/wil 1s/thu Vudin qudc gia Hoi Vudn qudc gia Hoang Lién 1a mt vudn qudc gia Viét Nam dugc th 22.352472  103.77024
18  https://upload.wikimedia.org/wiki ommons/thu Vudn quc gia Tan Vudn qudc gia Tam Dao la mdt vudn qudc gia clia Viét Nam, ndm 1 21.484037  105.611095
19 ¢ ikimedia.org/ ommons/thu Vudn quc gia Xué Vudn qudc gia Xuan Son 1a mét vudn qudc gia ném trén dja ban hi 21.13346 104.985859
20  https://upload.wiki g/wiki iajvi/thumb/5/57 Vudn quéc gia Ba“ Vudn qudc gia Ba Vi Ia mdt vudn qudc gia & Viét Nam, dudc thanh 21.096522 105.400879
21 i Ithis \litdn aude nia 04t \itdin aufe ais 03t B3 13 bhi ritna A3n duna s Viat Nam. bhi die. 20 725207 107042007

Hinh 17- Dit li

Dit liéu traning bao gom:
S6 lugng dia diém: 42 dia diém
S6 lugng user: 50

S6 lugng rating: 1000
S6 lugng yéu t6 tiém an: K = 10

Chi s6 learning rate alpha: 0 <o < 1
Chi s6 chuan hoa beta: 0 < B <1

Chi s6 Interval: 100
3.3.1 Két qua ting dung
Hinh anh deploy server:

éu dia diém dwoc luu trong CSDL

Hinh 18: Deploy hé thdng trén méi truong Linux

Céc module deploy déu c6 3 thu muc chinh gom:
BIN: Chura cac file bién dich class
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- CONFIG: Chta cac file config ctia hé théng

- LOG: Chua file log trong qué trinh module chay runtime.
Phén client thu thap va hién thi thong tin cho nguoi dung dau cubi.

- Man hinh dang ky dang nhap:

) = ill 54%

E )

oA :
Ban da c6 tai khoan Ban da c6 tai khoan

Thu dién
thangm.uet@gmail.com

& [rhu dign e

g Matkhau

@ Nhap lai mat khau

BANG KY

Ban dé c6 tai khodn Dang nhap

DANG NHAP

QUEN MAT KHAU ?

Tham gia ngay

Hinh 19: Giao dién xac thuc nguoi dung

- Man hinh home ( man hinh nay client s€ thu thap thong tin nglr canh
gom vi tri, thoi gian, thoi tiét) hién thi danh sach dia diém du lich
g61y cho ngudi dung dua trén ngtr canh thu thap dugc (client s€ gui
dir liéu vé server dé tinh toan dy doan xép hang va nhan cac goi ¥

ctia hé thong tra lai cho nguoi ding):
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o) = lll 52% & 13:49

Q e
¢ HaNoiVN ¢

A _Iight rain .

Ha Giang

I

Vu'dn qubc gia éa Bé Vudn quéc gia Cat Ba

135,00 km

71 33@ Tifs 91Mm 4@ Ty

1210,96 km
!

Vuon duoc gia Tram
Chim

129, 9@ 43uff 99 65@ 19

Hinh 20: Giao dién home cua client

Man hinh goi ¥ ( dua trén cac nglr canh tinh ciia nguoi dung lya chon
dé dua ra cac dia diém du lich phu hop)
) = uill 52% 0 o) 2 aill 51% @ 13:50

A Q & Céc dja diém du lich

Go'i y dia diém du lich

Picung
Gia dinh

o
- Vudn qudc gia U Minh Ha
Mua

Mua thu 54 9 e 55  1311,92KM

Vuén quéc gia U Mau. Dia gidi
hanh chinh r ré uyén U Minh va Tran Van

Thai. Pugc thanh lap theo quyét dinh s6 112/QD-TTg
ngay 20 thang 1 ndm 2006 ctia Thi tudng chinh phu
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Hinh 21: Giao dién nhap thong tin ngir canh tinh va goi y

- Man hinh théng tin ngudi ding va dang xuat khoi tng dung
%) = alll 51% @ 1351

e

Jimmy Nguyen

1287
Rating

DANG XUAT

Hinh 22: Giao dién thong tin nguoi dung va ding xuat hé thong

3.3.2 Danh gia thr nghiém

Panh gia vé toc d tinh toan cia hé théng: Nhu di trinh bay trong phan
2.3.3, k¥ thuat CAMF duogc thyc hién tinh todn trong thoi gian tuyén tinh,
day 1a mot loi thé rat 16n cia CAMF khi dua vao ap dung trong thuc té.

Trong g dung thuc nghiém, khi ngir canh cua nguoi dung thay d6i (vi tri
thay doi, thoi tiét thay d6i, ...) thi man hinh HOME ctia ng dung sé& tu dong
thay doi va dua ra cac goiy dia diém dugc danh gia cao, phii hop voi nguoi
dung. Tuong ty nhu thé, khi nguoi dung chon tinh nang lya chon cac ngir
canh d4u vao manual dé yéu cau hé thong dua ra cac goi y, thi h¢ thong s€
cin c trén dit liéu ngit canh dau vao dé tinh ton va dua ra goi y dia diém
phul hop cho nguoi dung. Pé mang lai cam giac tot nhat cho nguoi dung thi
thoi gian ma hé thng thuc hién phai dap Gmg realtime. Vi moi truong
dugc dung dé xay dung hé thong thuc nghiém trong luén an (st dung chi 1
server cau hinh tuong d6i thap, chua ap dung tinh toan song song, ...), tap
dir liéu traing gdm 1000 ratings cho 50 user va 42 dia diém mAu thi thoi
gian dap ung trung binh cho mot lan tinh toan 1a x4p xi 2s. So véi cac
phuong phap goi y truyen thong, day 14 thoi gian thuc hi¢n hi¢u qua va co
ban dap (mg dugc yéu cau cua nguoi dung. Day ciing la tién dé dé trlen khai
va phat trién cac hé thong sir dung CAMEF trén cac tap dir licu 1o, tat nhién
khi d6 chung ta phai str dung nhiéu hon céc tai nguyén vé phan cing, dong
thoi 4p dung cac k¥ thuat tinh todn song song thi kha nang dap tung vé thoi
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gian cuia hé thong s€ hoan toan thda man dugc nhu cau cua nguodi dung.
Dénh gia vé thoi gian thyc hién:

Lan | Thoigian | Thoigianhecva | Theoigianthu | Téng thoi gian
thuc | hoc (ms) | dwaraggiy (ms) | thap dir liéu tir (ms)

hién (T1) (T2) CSDL (ms) (T3) | (T1)+(T2)+(T3)
Lan 1 1936 97 2814
Lan 2 2900 16 3697
Lan 3 781 1724 20 2525
Lan 4 2438 16 3235
Lan5 2042 26 2849
Trung binh 2377

Bang 5: Panh gia thoi gian thuc hién

Panh gia vé d chinh xic dw doan theo RMSE so sanh giita CAMF_CU
va BPMF (Bayesian Probabilistic Matrix Factorization): mdt trong
nhirng tiéu chi quan trong dé danh gia mot hé thong goi y chinh 1a d6 chinh
xéac dy doan. Trong phan nay, luén van lga chon d¢ do RMSE da trinh bay
tai phan 1.3.4 v6i cac tham sd toc d6 hoc o cling nhu tham s6 chuan hoa 8
thay d6i khac nhau. Do tap dit liéu ddu vao duoc xay dung dua trén nguon
thu thap trén internet va cac gia tri rating duoc xac dinh ngau nhién nham
muc dich thir nghiém k¥ thuat CAMF, do d6 d¢é tai chon do do RMSE dé
danh gia do chinh xac thay vi chon cac d§ do khac nhu Precision, Recall, ...
(can phai danh gia offline, khao sat thyc té danh gia cua nguoi dung so voi
két qua tinh toan). Qua cac lan tinh toan khac nhau, k¥ thuat CAMF déu
cho ra céac két qua danh gia RMSE ~ 0.9, so v6i phuong phap phan rd ma
tran 2 chiéu BPMF (RMSE > 1) thi d6 chinh xac dy doan ctia CAMF rét 4n
tuong. Gia tri RMSE ~ 0.9 sau tinh toan cua k¥ thuat CAMF ciing ching
minh céc gia tri du doan xép hang sau qué trinh hoc may trén tap dit liéu
dau vao co do chinh xé4c cao, dong nghia véi cac goi y dia diém dua ra phu
hop voi danh gia ciia nguoi ding. Bang dudi day 1a s6 liéu tinh toan RMSE
qua 10 1an thyc hién véi o, p thay d6i, twong (mg véi 2 k¥ thuat CAMF va
MF truyén théng, cu thé:

Lan thwc hién Tham sb CAMF_CU BPMF
1 o =0.1B=0.5 0.94008 1.06854
2 a=02p=0.5 0.95678 1.06468
3 a=05p=0.5 0.96924 1.03847
4 a=05p=0.1 0.95791 1.07317
5 a=05p=0.2 0.96967 1.05508
6 a=18=0.5 0.96027 1.02787
7 a=05B=1 0.94744 1.05255
8 a=0.1p=0.9 0.97139 1.03496
9 a=0.5p6=0.9 0.95778 1.04715
10 a=0.9p=0.9 0.93789 1.04727
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Bang 6: Panh gia do chinh xac du dodn

So sanh RMSE cua CAMF_CU & BPMF

001.100

001.050 ‘_‘\/\’\/’\,/‘—0

001.000
000.950 /N\O\’/‘\
000.900

000.850 2 3 4 5 6 7 8 9 10

=@=CAMF_CU 000.940 000.957 000.969 000.958 000.970 000.960 000.947 000.971 000.958 000.938
=@ BPMF 001.069 001.065 001.038 001.073 001.055 001.028 001.053 001.035 001.047 001.047

=@==CAMF_CU ==@==BPMF

Hinh 23: So sdanh do chinh xac cua CAMF & BPMF theo RMSE
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Chuong 4. KET LUAN CHUNG

4.1 Dong gop cua luan van

Trong qué trinh tim hiéu dé dua ra cach giai quyét cho bai toan c nhan hoa
ung dung va dich vu di dong theo hudng ngit canh nguoi dung, luan van néu
lai nhitng mang kién thire téng quan vé ngir canh, khai niém, dic trung, phuong
thirc quan 1y cling nhu cic hudng tiép can nhén biét ngir canh. Phan tong quan
trong luan van cting néu lai cac ndi dung vé bai toan 16n hé goi ¥, cac hudng
tiép can, phuong phap giai quyét, tng dung va danh gia... V&i hudng tiép can
str dung két hop thong tin ngit canh trong bai toan goi ¥, luan vin di lam rd vé
hé goi v dua trén nhin biét ngir canh, cach thirc quan 1y ngir canh trong hé géi
¥, cac phuong thie tich hop ngir canh vao trong tién trinh tinh toan du doan
gory.

bac biét, luan van da trinh bay chi tiét vé hé g01 v phan rd ma tran dua trén
nhan biét ngit canh (CAMF). Mot hé théng goi ¥ ma phuong thirc xay dung ap
dung theo ding céach tiép can mo hinh hoa, thyc hién tinh toan, hoc may, mo
rong tur k¥ thuat phan ra ma tran thién vi trén tap dir li€u tap luyén nhiéu chiéu
(R: USER x ITEM x CONTEXT => RATING) dé dua ra cac goi y cho nguoi
dl]ng H¢ théng CAMF s¢ giai quyét duoc cac thach thirc dbi v6i cac hé goi y
truyén thong dang gap phai nhu van dé dir liéu thua, van dé khoi dong cham
cling nhu van dé mo rong hé thong, v6i thoi gian tinh todn va hoc may dugc
thuc hién theo ham tuyén tinh. Tir nhitng co sé d6, luan van dua ra phuong
phap va ly do 4p dung cho bai toan thuc nghiém cua luan van: Xay dung Ung
dung du lich theo hudng c4 nhan héa dya trén nglr canh cia nguoi dung.

Két qua san pham cua luan vin 1a d xay dung thanh cong mot hé théng
client — server cho céc thiét bi di dong. Chirc niang chinh ctia hé thong 1a tich
hop ngir canh nguoi dung nhu vi tri, thoi gian va thoi tiét hién tai dé hé thong
s& dua ra goi ¥ cho riéng ngudi dung dé véi tiy bién ca nhan vé cac dia diém
du lich phu hop voi ngir canh dong va ngir canh tinh cua nguoi dung. Huong
go1 ¥y cua hé thong gdm hai huéng: 1) goi y danh sach cac dia diém duoc dy
doan xép hang cao phu hop véi ngudi dung twong Gmg voi ngir canh hién tai va
2) goi v danh sach cac dja diém duoc du doan xép hang cao dwa vao ngir canh
tinh ma ngudi dung lya chon tim kiém. Phuong phéap ap dung dé tinh toan chinh
1a dya trén hé goi ¥ phan rd ma tran theo hudng nhan biét ngir canh nguoi dung.

Két qua chay thyc nghiém da ching minh dugc nhén dinh trude d6 vé do
chinh xéac dy doan, vé thoi gian thyc hién tir bude thu thap, nhan biét va chuan
hoa dir liéu ngir canh dau vao dén budc hién thi két qua xép hang dia diém goi
¥ cho nguoi dung. Két qua ciing 1a minh chimg tinh khoa hoc khi lya chon va
s dung phuong phap CAMF cho cac hé goi ¥ dwa trén nhén biét ngit canh.
Tuy rang thuc nghiém méi dimg lai & budc ngoai tuyén offline, chua c6 diéu
kién ap dung & nhitng budc khao sat nhdém nguoi dung va ddnh gia & moi truong
thuc té, nhung két (qua mang lai cling c6 nhiing y nghia nhat dinh vé tinh kha
thi khi ap dung trién khai phuong phap dung mét hé goi y dua trén nhén biét
ngit canh dé giai quyet cac bai toan cd nhan hoa tng dung di dong hién nay.

4.2 Hudng phat trién
Mot trong nhiing thach thirc ctiia hé goi ¥ dua trén nhan biét ngtr canh vi tri
chinh 1a d§ chinh x4ac trong qua trinh thu thap, nhan biét va chuan hoéa dir li¢u
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ngir canh dau vao. Hé thong phai thuc hién chon loc thong tin ngit canh vira da
dé dam bao thong tin ¢ ham lugng anh huéng hidu qua 1én qua trinh tinh toan
nhung ciing phai dam bao khong du thira dir liéu vi khi d6 s€ phat sinh cac van
dé vé thoi gian tinh toan va he thng bi mé rong khong mong mudn.

Mot huong giai quyét cta ludn vin trong twong | lai v&i thach thire nay la thu
thap thong tin v€ vi tri cta nguoi dung dua truc tiép tir cac nha cung cap dich
vu vién thong (Telco), dwa trén cac nén tang nhu hé théng LBS (Location Based
Service). Khi do, cac h¢ thong goi ¥ s& khong con phu thude vao thong tin ngir
canh vi tri truyén nhan tir phia client phan mém (bat budc phai dugc nguoi dung
cai dat trudc khi thu thap duoc thong tin) ma co thé nhan thong tin vé vi tri cua
ngudi dung truc tiép tir cac hé thdng LBS cua Telco véi do chinh x4c cao vé
thong tin vi tri.

Ngoai ra dé goi y tét hon cho nhém nguoi dung méi hay dit liéu moi, c6 thé
ap dung mo rong cac chiéu ngit canh tich hop vao hé thong, nhu cac ngit canh
vé cam nhan ngudi dung sau khi sir dung, ngir canh quan hé xa hoi thu thap tir
cac mang xa hoi dang thinh hanh hién nay nhu Facebook, Zalo, ... Khi d6, ¢
thé mé rong chirc nang cua hé thong, khong chi 13 thyuc hién goi ¥ cho ngudi
dung cac dia diém du lich ma c6 thé 1a cac tinh ning goi ¥ trong thuong mai
dién tir, trong quang cao truc tuyén trén cac nén tang di dong theo hudng ca
nhan hoa nguoi dung, dang va s€ la xu hudng cua nganh céng nghé thong tin
hién dai v6i h¢ goi ¥, hoc may, tinh toan song song la cac nén tang céng ngh¢.

Hy vong nhing van dé dugc dé cap trong luén van tir lon dén nho, tir cach
tiép can, dén nhirng vudng mic khi giai quyét cac budc thyc hién, s& gitip phan
nao dua ra cach giai quyét, cach tu duy trong nhitng bai toan thuc té nodi chung
va bai toan goi ¥ néi riéng, gép phan nao d6 ching minh dugce tinh kha thi ciia
hudng ap dung cac hé goi ¥ dua trén nhan biét ngir canh theo mo hinh hoa trong
viéc xay dung cac hé théng tmg dung c4 nhan héa hudng ngit canh nguoi ding.
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