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TOM TAT — Hé thong goi y thuong tao ra mét danh sach cac muc tin dé goi ¥ cho nguoi ding theo mét trong hai cach: loc dua
trén ngi dung (content-based filtering) va loc cgng tac (collaborative filtering). Loc duwa trén ngi dung la hwéng tiép can cdn cit vao
viéc phan tich ddc trimg trén ndi dung cia CAC muc tin ma nguoi ding da chon trong qué khit va hé thang thuc hién goi ¥ cho nguoi
ding nhing muc tin ¢6 ddc trung néi dung twong tu. Loc cong tac la huong tiép can duwa trén nhém nguoi ding da timg chon nhiing
muyc tin glong nguai ding can goi y dé xdac dinh nhifng muc tin cdn gidi thiéu véi nguoi nay. Nhitng huong tiép cdn nay chi sir dung
diF liéu c6 san dé xay dung cac md hinh dir dodn. Trén thuc té, ton tai nhitng hé thong 9oi y chura san ¢6 hodc chua di dit liéu dé
hudn luyén cho mé hinh dir dodn. Piéu nay ciing la mét trong nhiing nguyen nhan 1am gidm d¢ chinh xac cia céc két qud goi Y.
Trong bai viét nay ching t6i gisi thi¢u gidi phap tich hop xir Iy ngit nghia vao hé thong goi v. Phuwong phap nay la su két hop giia
kp thudt goi ¥ truyén thong va phan tich mdi quan hé ngi nghia cia nhiing muc tin trong hé thang duwoc leu tri bang Ontology.
Théng qua mé hinh ngi# nghia, ching t6i tién hanh suy dién di liéu nham ting thém dir liéu hudn luyén cho cac md hinh dir dodn.
Thue nghiém cho thay vdi viéc tich hop ngi nghia d@é suy dién thém diz liéu, cac mo hinh cho két qud dir dodn chinh xdc hon so véi
chi sir dung di# liéu san co.

Tir khod — Hé thang goi ¥, web ngir nghia, goi y dua trén ngit nghia, dit liéu suy dién.

I. GIOI THIEU

Viéc st dung nhung hé thong goi y (recommender systems - RSs) hi¢n nay da phat trién nhanh chéng va manh
mé&. Nhirng k¥ thuat goi y gilp con nguoi giai quyét duoc van dé qua tai vé théng tin va sy lua chon théng tin bang
cach trinh bay cac muc tin gol y phu hgp véi s¢ thich cua nguorl dung. Tuy nhién, van dé cua nhitng thuat toan goi y
hién nay dang gap phai 1a van dé thua thét dir liéu va van d& muc tin méi thuc sy khé dén dugc véi nguoi dung cua hé
thong. Trong do, phai ké dén viéc cac hé théng khong €6 kha ning dua ra dugc nhitng goi y phu hop cho dén khi thu
thap du sb luong xep hang tr phia nguoi dung dé huan luyén cho mé hinh dy doan. Thuc té cho thiy, cac hé théng goi
¥ thuong sir dung két hop nhiéu hon mot mé hinh du doan nham cai thién do chinh xé4c, nang cao tinh hiéu qua, ciing
nhu giam thiéu 16i cho cac mé hinh du doan xép hang. Tuy nhién, cac hudng tiép can néu trén chi sir dung dit liéu sin
¢6 dé huan luyén cho mé hinh du doan. Véi nhitng hé théng chua sdn c6 dit liéu dé huin luyén, hoic dir liéu thua,
nguoi ding méi thi cac md hinh khong ¢ kha niang dua ra nhiing dy doén chinh xac dé goi y cho ngudi dang.

Bai viét nay dé xuét giai phap tich hop ngit nghia vao hé thdng goi y. Phuong phap nay két hop gilra ky thuat
goi y truyén théng va phan tich mbi quan hé ngi nghla cua nhitng muc tin trong h¢ thong luu trix bing Ontology. Y
tuong la tan dung uu thé cua nhiing phuong phép goi y truyén thong két hop véi khai thac mbi quan hé ngir nghia giira
cac muc tin nham suy di&n thém dir liéu dé thuc hién du doan, gidp han ché phan nao tinh trang dir liéu thua thét, trang
thai muc tin mai, nguoi dung mai va tir 6 nang cao hon nita do chinh xac ctia nhitng muc tin ggi ¥ cho ngudi ding.
Sau khi xay dung md hinh, ching t6i tién hanh thuc nghiém trén cac tap dit liéu chuan nham xac dinh tinh kha thi cua
mo hinh d& xust.

I1. NHUNG NGHIEN CUU LIEN QUAN

Framework Hermes[5] 1a mot cong cu cung cap mot cach tiép can dua trén ngit nghia (semantic-based) dé iy
c4c tin tic lién quan tryuc tiép hozc gian tiép. Cac khai niém ma ngudi dung cé thé thich tir mot mién ontology duoc goi
la co so tri thie. Hermes News Portal (HNP) la mét chuong trinh Java cai dat Framework Hermes[5], chuong trinh nay
cho phép ngudi st dung truy van cac tin tirc va xem céc thong tin khac. HNP sir dung thu vién Jena va suy luan dua
trén ngén ngir ontology OWL. Ddi véi truy van, HNP sir dung SPARQL va tSPARQL[5], Pong thai, ¢ thém thong s6
thoi gian dé thuc hién cac truy van. Viéc phan loai cac bai bao dwoc thuc hién bang cach sir dung GATE[7] va
WordNet[2] ngit nghia cta tir vung. Nghién ctiu sir dung d do IF-IDF va hé s6 tuong tu Jaccard dé tinh toan do tuong
tw cho cac bai bao goi ¥ cho nguai dung.

Nghién ctru [6] xay dung hé thong goi y tich hop Quickstep[11] la su két hop cuia AKT Ontology va hé théng
OntoCoPI da chirng minh mot cach tiép can mai cua céc tac gia dé glam “khoi dau lanh” cua hé thong Téc gia chang
minh ring viéc str dung mot Ontology dé khai dong cho hd so nguoi ding c6 thé 1am giam dang ké tac dong cua hé
thong goiy vé van dé “khoi dau lanh”. Quickstep 1a mot hé thong goi y lai (hybrid recommender system), n6 giai quyét
cac van dé thyc té cua viéc goi y bai bao khoa hoc truc tuyén dé cac nha nghién ciru c6 thé tim thay chung. Hanh dong
duyét web ciia nguoi diing sé& dugc am tham giam sat thong qua mot may chi (proxy server) & mdi lan dang nhap. Mot
thuat toan lang giéng gan dwoc ding dé phan loai cac URL di duyét dia trén mot tap dit liéu huan luyén la cac bai béo
mau. Hé théng luu trit nhitng bai bao méi trong mot co so dir lidu trung tm. Cac phan hdi tudng minh va cac URL da
duyét 1a thong tin co ban luu s thich cua mdi ngudi dang. Nghién ctru trude day cia Quickstep str dung hd so ban dau
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dugc xay dung bang tay, dya trén dit ligu phong van dé doi pho vei van dé “khoi dau lanh” cua hé thong. Tich hop
gitra Quickstep véi Ontology AKT sé lam tu dong hoa qua trinh nay va cho phép han che tinh trang “khei dau lanh”
thyc té hon voi mét so6 lugng I6n ngudi dung méi.

Ontology ¢6 thé dugc sir dung dé cai thién hiéu qua tim kiém duya trén noi dung, nhu trong OntoSeek cua
Guarino, N., Masolo, C. and Vetere [1999]. Ngudi sir dung ciia OntoSeek duge diéu huéng tir cac ontology dé xay
dung cac truy van. Ontology ciing c6 thé duoc sir dung dé tw dong xay dung co sé tri thic tir cac trang web, chang han
nhu trong Web-KB cua Craven, M. DiPasquo, D. Freitag va cac dong su [1998]. Web-KB sir dung phwong phép gan
nhan bang tay cho céc khai niém tén mién va ap dung cac ky thuat may hoc dé phan loai cac trang web méi. Trén co s&
nam bat thong tin ty dong ciing nhu so thich cia nguoi sir dung phuc vu cho viée goi y. Nhiing hé thong lién quan nhu
CiteSeer cua Bollacker, K.D., Lawrence, S., va Giles [1998], trong d6 céac tac gia st dung phuong phap twong tu dya
trén noi dung dé gidp tim kiém céc tai liéu nghién ctru khoa hoc trong mot thur vién ky thuat sé thong qua do do tugng
tu Jaccard va TF-IDF goi y cho ngudi dung.

Anh xa giita cac Ontology nhu: Knowledge framework for Indian Medicinal Plants (KIMP): 1a mot du an quan
ly nhitng tri thic vé cay thude cia An Do duoc xay dung tir cau tric Ontology thong qua giao dién ngudi ding va U.S.
Medical Subject Heading (MeSH) la mét thu vién Y khoa qudc gia nuéc My. MeSH duoc xay dung nhém quan ly bo
tir vung dong nghia trong linh vuc y khoa, quan ly mét tap hop cua nhitng thuat ngir theo c4u tric phan cip (tht bac)
va cho phép tim kiém nhitng thuat ngir & cac cap do khac nhau, duoc quan ly biang Ontology [Vadivu, G. and S.
Waheeta Hopper. 2012] [15]. Anh xa giita KIMP va MeSH duoc thyc hién ty dong théng qua hé s6 Jaccard va
JaroWinkler gitp xac dinh d¢ tuong dong cho céc thuat ngir y khoa chuan; déng thoi, gilp cai thién kha nang tai st
dung va phét hién ra cac méi quan hé méi gitra cac khéi niém.

Nhiéu nghién ciru tap trung vao khai thac ngir nghia dé nang cao chit lwong cho k¥ thuat goi y cua ho. Hau hét
trong s6 do sir dung phuong phap tuong tw ngir nghia (semantic similarity) dé nang cao hiéu suat cua phuong phap tiép
can dua trén noi dung (CB), tuy vay ciing c6 mot sé hé thong st dung phuong phap loc cong tac dya trén hé so cua
nguoi dung luu trir trong Ontology. Vi du: ePaper[8] la mot hé thong goi y cac bai bao khoa hoc, sir dung cac méi quan
hé ké thira cua cac khai niém trong mién dé tinh toan sy két hop gitra cac khéi niém mé ta mot muc tin va cac khai
niém duoc thu thap tir s thich cua ngudi dung. Dy 4n &m nhac FOAFing[3] 1a mot hé thong goi ¥ nhac sir dung tiéu
chuin vocabulary2 FOAF dé thiét 1ap hd so ngudi dung va khai thac cac md ta ngir nghia cta céc bai hat, chi yéu 1a
cé4c mdi quan hé cua nghé si. FOAF tim cac bai hat trong tw nhu théi quen nghe nhac ciia ngudi ding dé thuc hién goi
y. Mot hé théng goi y sir dung cac phuong phép suy luan ngit nghia trong ca hai giai doan cua qué trinh goi v la
AVATAR[1] 12 mét hé théng goi ¥ kénh truyén hinh st dung phuong phép lan truyén nguoc (upward-propagation) va
phuong phap tuong ty nglt nghia.

1. GIAI PHAP DE XUAT

Trong pham vi nghién ciru ndy, chung toi dé xuat giai phép tich hop xir Iy ngit nghia vao hé théng goi y; ky
thuat nay 1a su két hop giira ky thuat goi y truyén thong (vi du: Thuc nghiém ching téi sir dung k§ thuat loc cong tac
dua trén ngudi dung k-NNs Collaborative Filtering) va phuwong phéap suy dién dir liéu ngit nghia giita cdc muyc tin luu
trir bang Ontology. Y tuéng la tir cAc muc tin ma ngudi dung dang doc/xem, thong qua mé hinh ngir nghia ching t6i c6
thé xac dinh cac muc tin tuong tu (diéu nay c6 uu diém Ia ngudi dung cé thé tham chi khdng can phai thuc hién thao
tac danh gia, xép hang hoac phan hdi tré lai voi hé thong). Bang viéc sinh ra dit liéu suy dién tir md hinh ngir nghia s&
khéc phuc duoc tinh trang thiéu thong tin tir phia nguoi dung, tinh trang dit liéu hiém hoic tinh trang dir liéu thua ma
cac hé théng goi y dang gap kho khan. Tir y twéng néu trén, ching toi dé xut mé hinh tich hop nhu sau:

a. M@ hinh tich hop
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Hinh 1. M6 hinh tich hop xir Iy ngir nghia vao Hé thong goi y
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M0 hinh tich hop xtr ly ngit nghia vao hé théng goi y trinh bay trong Hinh 1. Trong dd, cac truong hop can xir
ly duoce trinh bay dudi day:

* Truong hep 1 (ngudi ding mai/khach): Nguoi dung khdng cé thdng tin trong hé thdng, tic 1a khdng cé UserlD.

- Buéc 1 (goi y co ban): Heé thong tra vé Ntop muc tin goi ¥ cho nguoi dung theo phuong phép xu 1y * truyen
thdng” c¢6 thé 12 Ntop muc tin nguoi dung thich nhat, hay ban chay nhat hoic méi nhat — tuy vao muc tiéu cu thé cua
tieng ung dung.

- Buéc 2: Nguoi ding chon xem hodc danh gia trén 1 muc tin (muc tin & day c6 thé 1a két qua ciia budc 1 hoic
do ngudi dung tim dugc — tuy hé thdng thuc té). Hé thdng tién hanh xi ly tim trong Ontology nhitng muc tin ¢ tuong
tu vé mat ngir nghia (muc I11.d) v&i muc tin ngudi dung dang thao tac; tir d6, tra vé Ntop muc tin ¢6 d6 twong dong cao
nhat goi y cho nguoi dung.

* Truong hep 2 (ngudi ding): Ngudi dung da ¢ thong tin trong hé thong, tuc 12 ton tai UserlD va thong tin lich
su (History data).

- Buéc 1: H¢ thong sir dung giai thuat goi ¥ “truyén théng” (nhu loc cong tac da trén nguoi ding k-NNs
Collaborative Filtering) dé dua ra goi y Ntop muc tin ma nguoi dung cé thé quan tam.

- Bwéc 2: Ngudi dung chon xem hodc danh gia trén 1 muc tin (muc tin & day c6 thé 1a két qua caa budc 1 hoic
do nguoi ding tim dugc — tuy hé thong thuc té). Hé thong tién hanh qua trinh xir Iy tim trong Ontology nhirng muc tin
¢6 twong tu Vé mat ngir nghia véi muyc tin ngudi ding dang thao tac; tir 6 tra vé Ntop muc tin c¢6 do tuong dong cao
nhat. Dong thoi, két hop véi két qua bude 1 tra vé Ntop muc tin goi ¥ cho ngudi ding tuy vao tmg dung cu thé.

— Su khéc biét chii yéu giita 2 trwong hgp: Trong truong hop 1: do h¢ thong chua ton tai thong tin cua nguoi
dung, vi vy hé thong sir dung du dodn co ban dé goi ¥ ¢ bude 1 va bude 2 khong thyc hién thao tac ket hop ket qua du
doan tra vé cho nguoi dung. Truong hop 2 thi nguoc lai, & budc 1 thuc hién goi ¥ theo phuong phéap “truyen thong”
tuy vao hé thong va budc 2 sé thyuc hién thao tac két hop két qua ctia budc 1 tra vé cho ngudi dung.

b. Giai phap x&y dung Ontology lwu trir dir li¢u
DEé luu trir cac myc tin phuc vu cho viéc xir 1y céc truong hop theo md Hinh 1 ma bai viét dé cap bén trén, mo
hinh Ontology dé nghi nhu sau:

* M hinh Ontology:

Private
~ properties

e Subclassof

has €—  Propamy
Cotm > o]
Q

‘ Public properties ‘

Hinh 2. M& hinh Ontology

Dé luu trir cAc muc tin phuc vu cho viéc xir Iy cho cac trudng hop theo Hinh 1. Mé hinh Ontology tong quét dé
Xuat nhu Hinh 2; Trong d6, mdi 16p ltem c6 nhitng thudc tinh: property 1, property 2...1a nhitng thudc tinh s& mang
gia tri riéng cho méi muc tin (vi du: item id, item title...) va 16p Sub_item la I6p con (subclass) cua Iop Item,
Sub_item c6 céc thudc tinh (Item_genre. ..) 12 thé loai ciia muc tin vai céc gia tri cu thé (vi du: Comedy, Amination...)
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* Céu tric dd thi RDFS:

rdftpe

rdfs: Class

s s ClassOF

republicproperty
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s . ==
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T —— -
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Hinh 3. Céu trGc d6 thi RDFS

Véi cau trdc do thi RDFS Hinh 3, thi ta nhan thay: rdfs:Class la 16p cua tat ca cac l6p, rdfs:subClassOf chuyén
thuoc tinh cua 16p cha rs:Item sang l6p méi rs:sub_item, rdfs:domain chi dinh mién cia mét thuoc tinh, rdfs:range chi
dinh pham vi caa thugc tinh, rdf:Property 16p cua tat ca cac thudc tinh, rdf:type: chi dinh 16p cua I6p méi hoic tai
nguyén; Dac biét, vai mdi thé hién cua Iop Item ta s& c¢6 nhiéu [privateproperty] va tuong tu véi mdi subClass cua Iop
Item tirc 12 16p sub_item ta ciing c6 c6 nhiéu [publicproperty] tuy vao tirng tap dir liéu cu thé khi sir dung dé xay dung
Ontology.

* Vi du minh hoa:

Hinh 4. Vi du minh hoa

Hinh 4 1a mot vi du cu thé cua 1 khai niém Iuu trir (mau tin dAu tién trong tap dir liéu MovieLens100k), cu thé:
(Movie_id=1, Movie_title=Toy Story (1995), Video_release_date=01-Jan-1995, Movie_genre (attributes) =
{Comedy, Amination, Childrens}.

* Cac budéc tién hanh xay dwng Ontology

Dé ¢6 thé luu trit va truy van lai cac myc tin da dugc nguoi ding danh gia, xép hang tir cAc tap dir liéu dé xuat
(muc IV.a), ching tdi xay dung Ontology theo ciu tric Hinh 3, cac budc thyc hién nhu sau:

Budéc 1. Tao 1 M6 hinh OWLModel rdng.

Buéc 2. Tao I6p Item kiéu Class, cac 16p [Privateproperties] va [Publicproperties]; luu y: [Privateproperties]
thugc mién Item va [Publicproperties] la kiéu [Class].
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Buéc 3. Tao thé hién cua cac 16p [Publicproperties], tic 1a cac thé hién cu thé ddi tuong cua l6p.

Budéc 4. Doc ting muc tin tir dir liéu truyén vao, mdi ItemID 1a 1 muc tin (chinh I thé hién cua I6p Item) va
subClass la sub_item; moi thugc tinh cua muc tin chinh la cac thugc tinh cua thé hién vira tao; Luu y: moi
[Publicproperties] la thudc tinh cua thé hién vira tao véi gia tri la cac thé hién cua 16p [Publicproperties] dugc tao &
budc 3;

c. Phwong phap chuin hoa dir ligu diu vao cho mé hinh Ontology

Dé thyc hién viéc luu trit dit ligu muyc tin trong cu tric Ontology theo Hinh 3, cn thiét chuan hod dix li¢u déu
vao cho mé hinh nay, cy thé ching téi thyc nghiém trén dix liéu dang nhu sau:

[ItemID]|[privateproperties]|[publicproperties]

Va mot tap tin luu trir cau trac thudc tinh chi tiét cua dir liéu muc tin. Vi du: cé:lu tric thudc tinh cuoa tap di liéu
MovieLens (u.item) cu thé nhu sau (tdp dir liéu nay s€ duoc giGi thiéu chi tiét trong phan thyc nghiém):

movie_idmovie_title|video release date[IMDb_URL|unknown|Action|Adventure]...

Tir ciu tric cua dit liéu ta tién hanh thuc hién cac budc trong phan “Giai phap xay dung Ontology luu trir dit
liéu” (muc 111.b).

d. Cach tinh d9 twong tu giira CAC muc tin lwu trir trong Ontology

Dé thuc nghiém chiing t6i str dung chi s6 Jaccard dé thuc hién do do tuong tu giira cac muc tin luu trit trong cau
trdc Ontology. Chi s6 Jaccard, con duoc goi 12 hé sé twong tu Jaccard — (Jaccard Similarity), ban dau dugc dat 12 hé sé
de communauté dé xuat boi Paul Jaccard, 12 mot hé sé thong ké duoc sir dung dé so sanh sy gidng nhau va da dang cua
cac bo mau (sample sets). Hé sb Jaccard do tuong ddng giira cac bo mau hitu han va duoc dinh nghia 14 kich thudc cua
phan giao (intersection) chia cho kich thuéc ciia phan hop (union) cua cac bo mau, cu thé:

|A N B| |A N B|

J(AB) = =
|AU B| |Al +|B| - |AnB|

(Néu ca A va B déu rdng thi ta dinh nghia J(A,B) = 1), Trong do:
0< JAB) <1
Vidu: Xéthaibo A={0,1,2,5,6} vaB=1{0,2,3,5,7,9}. B0 twong tu Jaccard dugc xac dinh nhu sau:
JAAB)=]ANB|/AuUB|={0, 2,5} /{0, 1,2,3,5,6,7,9}=3/8=0.375

Ching t6i sir dung hé s6 twong tu Jaccard nham muc dich lugng hoa d¢ twong t giita cac muc tin luu trir trong
Ontology, két qud tim dugc nhitng muc tin c6 do tuwong tw cao nhat (tic J(A,B) = 1) voi muc tin A (ngudi dung dang
xem) tra vé cho hé thong goi y. Véi nhirtng hé thong cu thé cé thé sir dung nhirng hé s6 twong tu khac, tuy tinh hinh
thuc té.

e. Phwong phap tich hgp Ontology vao h¢ théng

Dé két hop Ontology vao hé thong RS, can phai truyén vao thuat toan tich hop Hinh 5 cac tham sé: userID,
itemID va tham s ktop muc tin can tra vé goi ¥ cho nguoi ding, thuat toan cu thé nhu sau:

1: procedure INTEGRATIONRECOMMEND (userID, itemID, ktop)

// Let L[ktop] be return results of the traditional RS for userID

// Let M[ktop] and R[ktop] be return results of Similarity for itemID and Procedure
2: R« L

3: for k « 1 to ktop do

4 R[ktop + k] « M[k]

5: end for

6: for j « 1 to 2*ktop - 1 do

7 biggest « j

8 for i « j + 1 to 2*ktop do

9: if R[1] == R[biggest] then remove (R, RI[i]) // remove (from, what)
10: if R[1] > R[biggest] then

11: biggest ~ i

12: end for

13: R[j] « R[biggest]

14: end for
15: return R[ktop]
16: end procedure

Hinh 5. Giai thuat tich hop Ontology vao hé thng
Ham tra vé danh sach ktop muc tin c6 du doén 16n nhat dé goi y cho nguoi ding c6 userlD cu thé truyén vao
thuat toan, trén co s két hgp cua nhitng muc tin goi ¥ cho nguoi dung nay tr md hinh goi y truyén thong va nhitng
muc tin c¢6 d6 tuong ty v&i myc tin ma nguoi dung dang doc/xem (trong thuc nghiém chdng téi sir dung d6 twong tu
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bang 1 cho c&c muyc tin luu trir trong Ontology thong qua hé s6 twong t Jaccard); Tir danh séch cua nhitng muc tin két
hop tir 2 mé hinh nay, ching t6i tien hanh cong doan loai bé nhitng muc tin tring lap, dong thoi tien hanh thém viéc
sap xep lai danh sach ket qua nay theo thur t giam dan dya theo tiéu chi danh gid (rating) cua muyc tin; sau cong doan
sap xep, thuat toan s& tra vé ktop muc tin goi ¥ cho ngudi dung (userlD).

f. Phwong phap suy dién dir ligu thong qua mod hinh Ontology

Muc dich cua viéc suy dién dir lieu la r]hém xay dung pén tap di liéu huan luyén cho mé hinh tich hop ma
chung toi dé& xuat; Vi md hinh goi y truyén thong, ching téi tién hanh cong viéc danh gid do 15i ctia giai thuat théng
qua 2 d6 do: Root Mean Squared Error (RMSE) va Mean Absolute Error (MAE) [Chai, T., Draxler, R.R.R, 2014] theo
phuong thire: “3-fold cross validation” [Geisser, Seymour, 1993 va Kohavi, Ron, 1995]; Va&i mb hinh tich hop, ching
t0i tién hanh cong doan suy dien dir li¢u thong qua m6 hinh Ontology dé xay dung nén tap dit lieu huan luyén; Trén co
so dir liéu suy dién, ching téi tién hanh xay dung lai md hinh dénh gia do 10i cua giéi thuat tich hop véi cung d6 do va
phuong thirc da dung trong dénh gid nhu m6 hinh truyen thong, thuat toan suy dien dit liéu duoc thuc hi¢n qua 2 giai
doan, cu thé nhu sau:

- Giai doan 1: chuén bi

+ Chuan bi dir liéu dé suy dién (dit liéu huan luyén cua giai thuat goi y truyén thong).

+ Sap xép lai dit liéu (ASC/DESC) theo tiéu chi UserID (vi du: UserlD trong u.data caa MovieLens).

+ Chuén bi Ontology luu trir c&c muc tin theo c4u tric (muc IILc). Giai doan chuan bj dir liéu hoan tat, ta tién
hanh sang giai doan 2.

- Giai doan 2: Suy dién dir liéu.

=

: procedure SEMDATA (D**"'"9, OWLmodel)

// Let R be return results of Procedure
R <« null
size « 0
for each item i from D™" do

M be return results of Similarity for i in OWLModel, even i i with rating is the globalAVG item’s
ate for current user.

n « lengh of M

for k « 1 to n do

R[size+k] « M[k]

end for
0: size « size + n
1: end for

// remove dupplicate items on R[size]

12: for i « 1 to size - 1 do

PO JdJoals o wN

13: for j - i + 1 to size do
14: if R[1i] == R[]J] then remove (R, R[]]) // remove (from, what)
15: end for

16: end for
17: return R
18: end procedure

Hinh 6. Giai thuat suy dién di liéu

Thuat toan suy dién dit ligu Hinh 6 thuc hién cong viéc nhu sau: Véi mdi muyc tin i twong tng trong tap dit ligu
huan luyén ciia md hinh goi y truyén thdng D"™" (cdc muc tin trong D™" di duoc sap xép lai theo tiéu chi userID dé
truyén vao thuat toan) chiing tdi tién hanh tim trong Ontology nhitng muc tin twong ty véi i (trong thuc nghiém ching
t6i tim nhitng muc tin ¢6 hé sb twrong tu Jaccard bang 1 so voi i va gia tri danh gia 13 gia tri trung binh dénh gi4 trén tat
ca muc tin - global AVG) dé xay dung tap dit liéu huan luyén cho mé hinh tich hop; sau khi tit ca cac muyc tin twong tu
v6i i (luu tri trong ontology) di dwoc tim thdy, ching t6i tién hanh loai bo nhitng muc tin tring nhau theo tiéu chi
userID-itemID 1 duy nhit. Két qua thuat toan tra vé danh sach nhitng muc tin sau suy dién theo ciu trdc userID\t
itemID\t rating.

Sau cong doan suy dién dir ligu, ching tdi tién hanh xay dung lai mo hinh huan luyén trén dir licu suy dién
twong tw nhu phuong phap ap dung cho md hinh du doan truyen thong véi cing tap dir lieu kiem tra; Tir do, chung t6i
thuc hién lai cong viéc danh gid cho mo6 hinh tich hop. Thu thap ket qua dénh gia ciia mo hinh truyen thong va md hinh
tich hop ta cé duoc két qua thuc nghiém dé thyc hién viéc so sanh tinh kha thi cia moé hinh dé xuat.

IV. KET QUA THUC NGHIEM

a. Dir li¢u dung danh gia

- Tap dir liéu cia hé théng gei y phim MovieLens

Luu tri lai dia chi: http://groupIens.org/datasets/mqvie!ens/ cu thé: Tap dir liu nay duoc sir dung boi nhidu nha
nghién ctu: mot s6 nha nghién ciru dung tap dir liéu nay dé kiém tra nhitng danh gia kinh nghiém cta ban than ho; mot
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s6 nha nghién ctru khac sir dung tap dir liéu nay dé nghién ciru cac hé théng gol y ap dung nhiing ky thuat khac nhau
[L. Candillier, K. Jack, F. Fessant, and F. Meyer. 2009]; ngoai ra GroupLens con cung cip nhiéu phién ban khéc nhau
cua cac bo dit liéu, cu thé: MovieLens 100k, MovieLens 1M va MovieLens 10M.

Dir ligu sir dung trong bai viét nay chung t0i dé xuat sir dung tap MovieLens 100K; tap dir ligu nay c6 100.000
danh gia duogc thuc hién bai 943 nguoi dung trén s6 lwgng 1.682 phim; moi nguoi dung c6 danh gia it nhat 20 phim va
danh gia dugc gan 1 (té) ... 5 (tuyét voi).

* C4u truc caa tap dir liéu Movielens:

- u.item (1,682 items); [movie id | movie title | release date | video release date | IMDb URL | unknown | Action |

Adventure | Animation | Children’s | Comedy | Crime | Documentary | Drama | Fantasy | Film-Noir | Horror | Musical |
Mystery | Romance | Sci-Fi | Thriller | War | Western].

- u.data (100,000 rate/943 users): [user id | item id | rating | timestamp].
- Tap dir lieu MovieTweetings: tap dit liéu goi y cac phim ciua MovieTweetings: luu tai dia chi
(https://github.com/sidooms/MovieTweetings).

MovieTweetings la mot b dir licu bao gom cac danh gia vé phim duoc thu thap trén website cua Twitter, tap di
liéu nay la két qua cua cong trinh nghiér] ciru dugc phi dao bai Simon Dooms va céc cong su cua ong tai bBai hoc Ghent
nu6C Bi. Tap dir liéu duoc tao ra nham cung cap théng tin cho hoat dong cua hé thong RecSys (ACM RecSys
conferences), d¢ phuc vu cong tac nghién ctru va thir nghiém MovieTweetings duoc phan thanh nhimg phéan doan dit
liéu cu thé: 10k c6 nghia la tap da liéu thuvthaflp trude 10.000 danh gia, 20k nghia la dix liéu thu thap trude 20.000 danh
gid va tuong tu dén tap dir lieu 200Kk; cu thé co:

* C4u tric cha tap dir ligu MovieTweetings:

- Items.dat (3,906 items): [movie_id::movie_title(movie_year)::genre| genre|genre]...]

- Ratings.dat (10,000 rates): [user_id::movie_id::rating::rating_timestamp]

Tép di ligu sir dung trong bai viét nay ching t6i dé xuét sir dung tap MovieTweetings 10K; voi thong tin co ban
nhu bang trén; véi danh gid duoc gan tir 1...10; Tuy nhién dé c6 the st dung dugc tap dir liéu nay can thict phai chuan
hoé cau trdc tap tin Items.dat lam dau vao cho mé hinh xu ly.

- Téap dir liéu Restaurant & Consumer data (RCData): dwoc cung cip bai: Rafael Ponce Medellin, Juan
Gabriel Gonzélez Serna va Blanca Vargas-Govea, by mon khoa hoc may tinh, Trung tim Nghién ctru va Phat trién
Chién luoc Qudc gia CENIDET (México) luu trit tai dia chi https://archive.ics.uci.edu/ml/machine-learning-
databases/00232/

Tap dir ligu nay duoc thu thap tir mot phan cua hé thong goi y Nha hang theo dénh gia cua khach hang tai cac
thanh pho trén dat nusc México, muc tiéu tao ra mot danh sach Ntop nha hang tot nhat theo binh chon cta khach hang.
Tap dit liéu nay da duoc thu nghiém bang 2 phuong phap: Loc cong tac va ngit canh, cu thé:

— K§ thuat loc cong tac chi sir dung 1 tap tin rating_final.csv.

Tiép can theo hudng ngir canh thi si dung 8 tap tin con lai trong tap di ligu. DE danh gia giai thuat, trong pham
vi bai viét nay chi sir dung 2 tap tin trong tap dix liéu, cu thé:

* Céu tric cha tap dir liéu RCData:

- rating_final.csv (1,161 rates): [userID, placelD, rating, food_rating, service_rating]

- geoplaces2.csv (130 lines): [placelD, latitude, longitude, the_geom_meter, name, address, city, state, country,
fax, zip, alcohol, smoking_area, dress_code, accessibility, price, url, Rambience, franchise, area, other_services]

Céc thugc tinh thugc cac mién gid tri cu thé nhw sau:

- alcohol [No_Alcohol_Served, Wine_Beer, Full_Bar]

- smoking_area [none, only_at_bar, permitted, section, not_permitted]
- dress_code [informal, casual, formal]

- accessibility [no_accessibility, completely, partially]

- price [medium, low, high]

- rambience [familiar, quiet]

- franchise [t, f]

- area [open, closed]

- other_services [none, internet, variety]


https://github.com/sidooms/MovieTweetings
https://archive.ics.uci.edu/ml/machine-learning-databases/00232/
https://archive.ics.uci.edu/ml/machine-learning-databases/00232/
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Tir cAu trdc tap tin geoplaces2.csv nhu trén ta nhén thiy c6 09 thudc tinh phu thuéc mién gid tri; nhan dinh diéu
nay nham muc dich: dé c6 thé sir dung dugc mo hinh Ontology nhur Hinh 2 trén tap tin di liéu nay thi can thiét phai
chuan hoa céc gié tri thuoc mién cua cac thuoc tinh thanh cac [Publicproperties] cua muc tin, tirc 1a cac placelD trong
tap dir liéu nay va twong tu khi sir dung céc tap dit liéu khac (néu c6).

b. Cac d9 do dung trong thuc nghiém

Trong thuc nghiém, chdng t6i sir dung 2 d6 do 16i thudng dugc cac nha nghién ciru trong linh vuc RSs hay sir
dung dé so sanh giai thuat, d6 1a cac d¢ do 15i: Root Mean Squared Error (RMSE) va Mean Absolute Error (MAE);
Trong d6, ¢6 do MAE dung trong du doan muc tin (Item Prediction) va RMSE ding trong du doan xép hang (Rating
Prediction) [Gunawardana, A va Shani, G, 2009]. Pac biét, do do 16i RMSE ciing 14 d6 do chuan dugc sir dung trong
cac ky thi cua hoi nghi kDD Cup vé khai thac dir liéu - kham pha tri thirc; Ca 2 @6 do nay phu hop véi linh vic nghién
ctru ma chung toi dé xuat; Theo nghién ctiu cuia cac tac gia [Chai, T., Draxler, R.R.R, 2014] cho rang khong c6 phuong
phap danh gia nao 1a chinh xac tuyét d6i trén cac giai thuat vi thé cac tac gia dé xuat rang: dé danh gia do 16i cua giai
thuat goi v trén dit liéu dang offline cac nha nghién ctru nén st dung ca 2 do do 156 RMSE va MAE; Dé két qua danh
gi4 cac mod hinh mang tinh chinh xé4c va thuyét phuc hon, ching t6i dé xuat dung nghi thirc kiém tra “3-fold cross
validation” [Geisser, Seymour, 1993 va Kohavi, Ron, 1995] véi cac d6 do 15i RMSE va MAE néu trén, cu thé nhu sau:

* RMSE (Root Mean Squared Error)

RMSE 1a d6 do phd bién ma cong ddng ngudi dung trong linh vuc may hoc thudng sir dung, ké ca trong cac ky thi
giai thuat ciia RSs; Mac du c6 nhiéu phuong phép khac nhau ma chiing ta ¢6 thé st dung dé danh gia giai thuat goi ¥ nhu:
F-Meansure, Area Under the ROC curve (AUC),... véi mdi phuong phép danh gia s& thich hop cho timg linh vuc cu thé
(vi du: F-Meansure va AUC dugc dung trong truy tim thdng tin va phan 16p; MAE dung trong du doan muc tin va RMSE
dung trong du doan xép hang [Gunawardana, A va Shani, G, 2009]); RMSE duoc xéac dinh bang cong thirc:

1 -2
RMSE = \/w > (g —1y)

wieD™
Trong dé: Dtest U x | x R 1a tap dir lidu kiém thir; U: tap ngudi dung (user);
I: Tap item; ry: gia tri thyc t&; " : gia tri du doan.
< Do do MAE (mean absolute error)
MAE |a mot dai lwong dung dé do cudng d6 trung binh cua cac sai s trong mét tap hop cac du béo, ma khong
xem xét hudng caa chung, cong thuc MAE cu thé nhu sau:
1

MAE = —

Xl — 5. )

| wireD'™
Trong d6, cac ky hiéu dugc mod ta nhu str dung trong RMSE.
c. Két qua thuc nghiém

Bang 1. Két qua danh gia do 15i trén cac tap dit liéu chuén

Cac d¢ do danh gia
Cac tap dir liéu RMSE error MAE error
OldData SemData OldData SemData
MovieLens 100k 1,1181 1,0635 0,8805 0,8475
MovieTweetings 10k 2,9434 2,0489 2,1949 1,5440
RCData 2,6314 2,3415 2,0809 1,8785

Bang 1. Trinh bay két qua chay thuc nghiém trén 3 tap dix licu chuén bang giai thuat User-kNN (k=50) v¢i c&c
tap dir liéu (tap kiém tra — tap huin luyén) c6 s lwong miu tin va do 15i cu thé nhu sau:

* Tap dir ligu MovieLens 100k ta co: tap kiém tra: 29.942 mau tin; OldData: tap huén luyén: 70.058 mau tin;
SemData: tap huan luyén: 897.098 mau tin; véi cung tap kiém tra, d6 16i RMSE cua OldData va SemData tuong ung
1,1181 va 1,0635 va 16i MAE twong ung 14 0,8805 va 0,8475.

* Tap dir liu MovieTweetings 10k ta c0: tap kiém tra: 2.569 mau tin; OldData: tap huan luyén: 7.431 mau
tin; SemData: tap huan luyén: 307.158 mau tin; véi cing tap kiém tra, do 16i RMSE cuia OldData va SemData tuong
(rng 2,9434 va 2,0489 va 15i MAE tuong (rng 1a 2,1949 va 1,5440.
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~ *Tapdu ligu RCData ta co: tap k[ém tra: 336 mau tin; OldData: tap huan luyén: 825 mau tin; SemData: tap
huan luyén: 3.421 mau tin; véi cling tap kiém tra, d6 16i RMSE cua OldData va SemData tuong tng 2,6314 va 2,3415
va l1oi MAE tuong trng 14 2,0809 va 1,8785.

Dé tryc quan cho két qua thyc nghiém trinh bay trong Bang 1, chdng t6i tién hanh xay dung biéu db so sanh két

qua Hinh 7 nhu sau:
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Hinh 7. So sénh d6 16i RMSE trén m hinh dé xuét (SemData) va phuong phap truyén théng (OldData)

~ * Nhan xét: Qua biéu d6 Hinh 7. thé hi¢n d¢ 16i RMSE trén céc tap di liu trong 2 truong hop: OldData (hé
thong khi khéng két hop xir Iy ngit nghia) va SemData (hé thong khi két hop xt Iy nglr nghia) nhan thay:

- Tap dir liu MovieLens 100k: do I6i RMSE trén OldData la: 1,1181; va SemData 1a: 1,0635; — Mo hinh
tich hgp ngit nghia c6 d6 16i RMSE giam 0,0546 so vai md hinh khéng tich hgp ngir nghia;

- Tp dir ligu Movietweeting 10k: do 16i RMSE trén OldData la: 2,9434; va SemData la: 2,0489; — M6 hinh
tich hgp ngit nghia c6 d6 16i RMSE giam 0,8945 so vai md hinh khéng tich hgp ngir nghia;

- Tap dir ligu RCData: do 16i RMSE trén OldData 1a: 2,6314; va SemData 1a: 2,3415; — Mo hinh tich hop ngir

nghia c6 d6 16i RMSE giam 0,2988 so véi md hinh khéng tich hop ngit nghia;

= Téng quan trén 3 tap dir liéu: d6 do 15i RMSE trén dit liéu khi két hop xir ly ngir nghia (SemData) thip
hon so véi dit liéu khi khdng két hop xur Iy ngit nghia (OldData); Dic biét, ta nhan thiy do 16 cua tap dir liu
MovieTweeting va RCData khé cao trén ca 2 tap dir liéu OldData va SemData do nguyén nhan mdi ngudi dung danh
gia cho cac muc tin trong tap dir liéu huan luyén it, vi thé do 16i caa md hinh s& & mic cao.
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Hinh 8. So sanh d¢ 16i MAE trén mé hinh dé xuit (SemData) va phuong phap truyén théng (OldData)

~ * Nhan xét: Qua biéu d6 Hinh 8, thé hién do 16i MAE trén cac tap di ligu trong 2 truong hop: OldData (hé
thong khi khéng két hop xir Iy ngit nghia) va SemData (hé thong khi két hop xt Iy nglr nghia) nhan thay:

- Tap dir ligu MovieLens 100k: do 16i MAE trén OldData la: 0,7188; va SemData la: 0,7823; — M6 hinh tich

hop ngir nghia c6 d6 16i MAE tang 0,0635 so v&i md hinh khong tich hop ngit nghia; Nguyén nhan d6 16i MAE cua mo

hinh tich hop tang cuing nguyén nhan cua d¢ 16i RMSE trinh bay bén trén.
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- Tap dir liéu Movietweeting 10k: do 16i MAE trén OldData 1a: 2,0970; va SemData la: 1,5978; — Mo hinh
tich hop ngit nghia c6 do 16i MAE giam 0,4992 so véi m hinh khdng tich hop ngir nghia;

- Tap dit ligu RCData: d9 16i MAE trén OldData 1a: 1,2981; va SemData 1a: 1,2860; — Mo hinh tich hop ngit
nghia c6 d6 16i MAE giam 0,0121 so véi md hinh khdng tich hop ngit nghia;

= Tong quan trén 3 tap dir ligu: d do 16i MAE trén dix ligu khi két hop xir Iy ngit nghia (SemData) thap hon
so véi dit lieu khi khong két hop xir Iy ngit nghia (OldData); Dic biét, ta nhan thay do 16i cua tap dir liu
MovieTweeting kha cao trén ca 2 tap dir liéu OldData va SemData cuing nguyén nhan tuong tu nhu RMSE;

= Nhian dinh téng quan trén két qua thuc nghi¢m: Nhin chung két qua chay thuc nghiém trén céc tap dix
liéu khang dinh tinh kha thi caa mé hinh tich hop ngir nghia vao hé thdng goi ¥ ma chung t6i dé xuat, thyc nghiém trén
3 tap dir liéu vai giai thuat User-kNN (k=50) chimg minh d6 15i cia md hinh goi ¥ tich hop do chiing toi dé nghj thap
hon so v&i mo hinh truyén thong (khdng két hop xir ly ngir nghia) ké ca 2 do do 16i RMSE va MAE.

V. KET LUAN VA HUONG PHAT TRIEN

Nghién ctru nay dé xuat giai phap tich hop mé hinh ngir nghia vao hé théng goi y. Phuong phap nay c6 thé khai
thac cac diém tuong dong gt nghia khi thyc hién goi y cho nhitng tinh hubng cu thé, st dung két qua cua cac ky thuat
goi y hién tai va tuong dong ngir nghia vé mat noi dung cia muc tin luu trit bang Ontology dé thuc hién goi y cho
ngudi dung sir dung hé théng. Tur két qua thuc nghiém trén cac tap dir liéu chuan cho thay mé hinh tich hop ching toi
dé xuit c6 do 15i thap hon so v&i phuong phap truyén thdng. Viéc ttng dung md hinh tich hgp nay vao cac hé thong goi
y Vi ddi twong goi ¥ cho nguai dung 1a nhitng muc tin ¢é chia s& thudc tinh 1 hoan toan kha thi.

~ Nghién ctru tiép theo s& (ing dung giai phap tich hop ngit nghia vao hé thong goi ¥ dé giai quyét tinh trang “khoi
dau lanh” cua hé thong goi v.
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A SEMANTIC INTEGRATION APPROACH

FOR RECOMMENDER SYSTEMS
Huynh Thanh Tai, Nguyen Huu Hoa, Huynh Minh Tri, Nguyen Thai Nghe

ABSTRACT — Recommender system (RS) often creates a list of recommendation items to users in one of two ways: content-based
filtering and collaborative filtering. Content-based filtering is the approach based on specific analysis on the content of the items
that the user has selected in the past and recommend for users of specific items with similar content. Collaborative filtering is an
approach that uses groups of users who preferred the same items with the current user. All approaches above use available data to
build prediction models. In this article, we introduce an approach to integrate semantic model into recommender systems. This
approach can generate semantic data from the proposed Ontology model. Experimental results shows that, by using inferred data
from the Ontology, the RS models can improve the prediction results.

Keywords — Recommender systems, semantic web, integrated solutions, hybrid systems.



