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MO PAU
1. Tinh cip thiét ciia luin 4n

V6i su gia ting nhanh chong cua thong tin trén Web thi can thiét phai c6 cong cu gitp nguoi
duing lya chon cac thong tin truc tuyén phi hop v6i minh. Dé dép tng nhu cau ndy, cic hé thong tu
van d3 ra doi. Hé tu van (Recommender System) dugc xem nhu mot hé théng loc tich cuc, co chue
nang hd trg dua ra quyét dinh, nham muc dich cung cip cho ngudi str dung nhimng goi ¥ vé thong
tin, san pham va dich vu pht hop nhit v6i yéu ciu va so thich riéng cta timg ngudi tai timg tinh
hudng (ngit canh).

V& co ban hé tu van duogc chia thanh hai hudéng tiép can chinh tuy thudc vao cach khai thac
céc thong tin dau vao khac nhau phuc vu cho muc dich tu van, d6 1a: 1) Hé tu van véi cach tiép can
truyén thong; 2) Hé tu van md rong cach tiép can truyén thong. Trong qué trinh nghién ctru va tng
dung, mic du dd c6 nhiéu nghién ciru dé xuit dugc dua ra dé giai quyét bai toan tu van theo hai
hudng tiép can trén, tuy nhién mot sb van dé mang tinh dic thu dbi voi thong tin tu van nhu van dé
dir liéu thua, nguoi ding méi, san phim méi, van d& s¢ thich thay ddi theo thoi gian, yéu cau két
hop cac dang thong tin khac nhau, lam viéc vdoi dir li€u kich thude 16n duge cép nhat thuong
xuyén. .. ludn 14 nhitng van dé c6 tinh thoi sy va thu hat dugc sy quan tdm cua cong dong trong viée
nghién ctru va trién khai vao thuc té.

Dé tai “Phat trién mot s6 phuong phap xdy dung hé tu van” dugc thuc hién trong khudn khod
luan 4n tién si chuyén nganh hé thong thong tin nham gop phan giai quyét mot sé van dé con ton tai
trong qua trinh xay dyung hé tu van, d6 1 van dé dir liéu thua va két hop mot s6 dang thong tin khac
nhau vao qué trinh tu van.

2. Muc tiéu cia luan an

Muc tiéu ciia ludn an 13 nghién ciru phét trién mot sd phuong phap xay dung hé tu van. Dac
biét, nghién ctru tap trung vao viéc nang cao do chinh xac ciia két qua du doan san pham phu hop
vo1 nguol dung trong truong hop dit liéu thua, cling nhu trong truong hop c6 ca dit liéu so thich
ngudi dung, thong tin dic trung ngudi dung, thong tin dic trung san pham va thong tin ngir canh st
dung san pham ctia ngudi ding. Pong thoi, nghién ctru ciing tap trung dé xuat mot sé phuong phap
tu van don gian trong cai dit dé kha thi trién khai thuc té.

3. Cac dong gop ciaa luan an

(1) Bé xuat mot phuong phap loc cong tac dya trén mé hinh do thi cho hé tu van theo ngir canh.
(2) Bé xuat mot phuong phap loc két hop bang phuong phap dong huan luyén.

4. B6 cuc ciia luan 4n

Chuong 1: Téng quan vé hé tu vén.

Chuong 2: Phat trién phuong phap loc cong tac dua trén mo hinh d6 thi cho hé tu van theo

ngtr canh.

Chuong 3: Phat trién phuong phap loc két hop bang dong huan luyén.



CHUONG 1: TONG QUAN VE HE TU VAN
1.1. Khai niém hé tw van

Hé tu van, tiéng anh 12 Recommender System hodc Recommendation System, 1a nhiing hé
théng duoc thiét ké dé huéng ngudi dung dén nhimg d6i twong quan tdm, yéu thich, khi luong
thong tin qua 16n vugt qua kha nang xtr 1y cua nguoi dung.

Theo Ricci va cong su, hé tu van 13 nhitng cong cu phan mém, k¥ thuét cung cip dé xuit cac
d6i tuong c6 thé hiru ich voi ngudi ding. Nhing dé xuét lién quan dén quyét dinh cua nguoi ding
nhu: san phAm nao nén mua, bai hat ndo nén nghe, hay tin trc nao nén doc...

1.2. Cac linh vuc &ng dung cia hé tw van

Hién tai hé tu vin duoc ung dung rong rai trong nhiéu linh vuc khac nhau, dién hinh nhu
thuong mai dién tir, gido duc, gidi tri, du lich, chdm soc strc khoe, tmyén thong xa hoi, an uéng. ..
1.3. Phét biéu bai toan tu van

Cho tap hop hitu han gdm N nguoi ding U = {uy,uy,..,uy} va M san phim P =
{P1,D2s -, Py ). Mbi nguoi ding u; € U (V6i i = 1,2,...,N) dugc biéu dién théng qua |T| dic
trung ndi dung T = {ty,ty, ..., tjr }. Céc déc trung t, € T thong thudng la thong tin ca nhén cua
mdi ngudi dung (Demographic Information). Mdi san pham p, € P (V6i x = 1,2,... M) c6 thé 1a
hang hoéa, phim, anh, tap chi, tai li€u, sach, bao, dich vu hoac bat ky dang thong tin nao ma nguoi
dung can dén. Mdi san phdm p, € P dwoc biéu dién théng qua |C| dic trung nodi dung C =
{ c1,¢2, v, ¢ ¢} Céc déc trung ¢; € € nhéan dugc tr cac phuong phdp trich chon déc trung trong
linh vuc truy van thong tin. Méi quan hé giita tap ngudi ding U va tap san pham P duogc biéu dién
thdng qua ma tran danh gia R = [y, ] voii = 1,2,...,N;x = 1,2,...,M (Hinh 1.2).
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Hinh 1.2. Vi du ma trdn d4nh gid tong quat

Goi u, € U 1a nguoi ding hién thoi, ngudi ding can duoc tu van hay nguwoi ding tich cue.

Khi do, ton tai hai dang bai toan dién hinh cua h¢ tu van la:

(1) Du doan danh gia cua ngudi dung u, voi cac san pham chua cé danh gia trude do.

(2) Tu van danh sach ngin cic san pham phi hop véi ngudi ding hién thoi. Cy thé ddi véi ngudi
ding u,, hé tu van s& chon ra K san phdm méi p,, € (P\P,) phu hop voi nguoi dung u, nhat dé
€01 y cho ho.

1.4. Qui trinh xay dwng hé tur van

Qui trinh téng quat dé giai quyét bai toan tu van thong thudng gdm cé 3 giai doan chinh: 1)

Thu thap thong tin; 2) Xay dung mé hinh; 3) Dy doan d4nh gia / Pua ra tu van.
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1.5. Cac hwéng tiép can xay dwng hé tw van

Hé tw vin
(Recommender Systems)

Tiép cin truyén théng Xu hwong

- Khai thac thong tin ngir canh

€ (Context-Aware)

- Phat Ftriéﬂ cic phwong phap
loc két hop

Tiép cén loc céng tac
(Collaborative Filtering — CF)

Tiép cin loc theo néi dung .
(Content-Based Filtering — CBF) Lyl Tiep cin cic phwong phap loc
dwa trén mdi quan tim
(Attention based)

Tiép cin loc kéth
ﬂ-;z}rjznﬁﬁ;ing _C."I_I["P) - - Khai thac cac quan hé x3 hoi

(Network-Based)

Hinh 1.4. Cic huéng tiép can truyén thong va xu hudéng hién nay cta hé tir van

1.5.1. Hé tw van sir dung loc cong tac

Loc cong tac 1a phwong phap khai thac nhing khia canh lién quan dén thoi quen st dung san
pham cta cong dong ngudi dung c6 cung sé thich trong qua khtr ¢é dua ra dy doan cic san phdm
mai phu hop véi nguoi dung hién thoi. Cac phuong phap loc cong tac ndi chung duge phén thanh
hai nhom chinh: 1) Loc céng tac dwa vao by nho (Memory-based /Heuristic-based); 2) Loc cong
téc dira vao mé hinh (Model-based). Nhitng van dé can tiép tuc nghién ciru cta loc cong tac 1a van
dé dir liéu thua, van dé ngudi dung méi va san phdm mai, vin dé s thich thay dbi theo thoi gian.
1.5.2. Hé tw van sir dung loc ndi dung

Loc theo ndi dung 1a phuong phap goi ¥ cho ngudi ding nhitng san pham méi c6 ndi dung
twong ty v4i cic san pham ho di timg mua hodc truy nhap trong qua khir. Cac phuong phép tiép
can cho lgc theo ndi dung dugc chia thanh hai nhém chinh: 1) Loc néi dung dwa vao bo nhé va 2)
Loc ndi dung dira vao mé hinh. Nhimg van dé can tiép tuc nghién ctru cia loc ndi dung 13 van dé
trich chon déc trung va ngudi dung mai.
1.5.3. Hé tw van sir dung loc két hop

Loc két hop 1a phuong phap két hop cac k¥ thuat tu van khac nhau. Trong d6 c6 bon xu
hudng chinh 13: 1) Két hop cdc két qua dw dodn ciia loc céng tac va loc néi dung trong loc két hop;
2) Két hop ddc tinh cua loc néi dung vao loc cong tac; 3) Két hop ddc tinh cua loc cong tac vao loc
néi dung; 4) Xay dwng mé hinh hop nhat giita loc cong tic va loc ngi dung. Van dé can tiép tuc
nghién ctru cua loc két hop 1a nang cao hiéu qua phuong phap biéu dién va dy doan cho mé hinh
két hop.
1.5.4. Hé tw vAn mé rdng cach tiép can truyén théng

Céc nghién ctru hién nay vé hé tu van dang tap trung theo hai xu huéng chinh: 1) Cai tién cac
phuong phap loc tin truyén théng trong hé tu van; 2) M6 rong cac phuong phap tu van truyén
thng cho phép tich hop thém cac ngudn thong tin khac, dién hinh 1a thong tin ngit canh.



1.6. Cac phuwong phap va do do danh gia hé tu van

1.6.1. Phwong phap danh gia hé théng tw van

Pé danh gia d6 chinh xé4c cua hé théng tu vén, trude tién tir ma tran danh gia R ta tién hanh
chia cac ngudi dung (cac hang trong ma tran R) thanh hai phin, mot phan U,,4;,, duoc sit dung lam
dir liéu hudn luyén, phan con lai U,.s dugc sir dung dé kiém tra sao cho Uppgip U Upese = U VA
Uprain N Upese = @. Tap dit liéu hudn luyén U,,4;,, duge ding dé xay dung mé hinh theo cac thuat
toan loc st dung trong hé tu van, tap kiém tra Uy, duoc dung vao qua trinh kiém nghiém thuat
toan tu van. Mot sb cach tiép can dé chia tap nguoi dung U thanh 2 phan U,y gi,, VA Uses,: Phan chia
(Splitting), Ly miu Bootstrap (Bootstrap sampling), Kiém thir chéo (k-fold cross validation).
1.6.2. P9 do danh gia do chinh xac cia danh gia du doan

Do do dién hinh dé danh gia tinh chinh xac ciia gia tri du doan ma hé tu van dua ra s& cin clr
trén do sai sd gilta gia tri du doan va gia tri thuc té. Mot s dd do phd bién dénh gia sai sé phan
loai: BJ do trung binh gia tri tuyét ddi 161 MAE, do do trung binh 16 léy can RMSE.
1.6.3. P do danh gia dd chinh xac ciia danh sach san pham tw van

Mot s6 do do pho bién dé danh gia do chinh xac ctia danh sach san pham tu van: P9 chinh
xéc (Precision), do nhay (Recall), E-measure, F-measure; Do chinh xac trung binh tuyét d6i MAP
(Mean Average Precision).

1.7. Céc ngudn tai nguyén hd tro hoc tap, nghién ciru hé tw van
1.8. Két luan chwong 1

Noi dung chuong 1 d3 trinh bay lam rd khai niém cta hé tu van, pham vi tng dung va phat
biéu bai toan hé tur vin & mirc tong quat. Qua day, luan an phan tich wu diém ciing nhu nhitng mat
con han ché cua cac phuong phap va nghién ciru da c6, 1am co s& dé nghién ctu sinh nghién ctru
phat trién mot sb phuong phap tu van. Cac dé xuit ciia luan an duoc trinh bay trong chuong 2 va 3.

CHUONG 2: PHAT TRIEN PHUONG PHAP LQC CONG TAC DUA TREN MO HINH PO
THI CHO HE TU VAN THEO NGU CANH

2.1. Pit van dé

Mot trong s6 kho khin chinh ma cac phuong phap loc cong tac gap phai 1 van dé dit liéu
thua. Dé giai quyét van dé dit liéu thua cho loc cong tac, 2 hudng tiép can dién hinh dugc dua ra; 1)
Giam s6 chidu ctia ma tran danh gia; 2) Khai thic cac mbi lién hé gian tiép trén ma tran dénh gia.
Trong chuong nay luan an trinh bay dé xuit mot phuong phap méi tinh toan mirc d6 twong tu giita
cac cap nguoi dung hodc san phém dua trén mo hinh db thi, theo hudéng tiép can thur 2. Trén co so
d6 do tuong tu dya trén mo hinh dd thi dé xuét cho hé tu van cong tac voi cach tiép can truyén
thong dua ra trong Muc 2.2, luan an phat trién hé tu van cong tac theo ngir canh trong muc 2.3. M
hinh d6 thi cho phép khai thac cac mdi quan hé truc tiép va bac cau giira cac dinh gitp giai quyét
van dé dir liéu thua, ddng thoi khic phuc nhuoc diém ciia cac phuong phép cung hudng trude do.
2.2. Pd do twong tw cho loc cong tac dwa trén mé hinh dé thi

2.2.1. Biéu dién db thi cho loc cong tac
Hé loc cong tac véi ma tran danh gia gdom N nguoi ding U = {uy,uy, ..., uy} VA& M san

pham P = {py,py, ..., Py} hinh thanh nén mot d6 thi hai phia, mot phia 13 tdp nguoi dung, phia
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con lai 1a tp san pham, ky hiéu 13 6 thi G =< V,E >. Tap dinh V ctia dd thi duoc chia thanh hai
tap: tap dinh nguodi ding va tap dinh san pham (V = U U P). Tép canh E cua db thi duoc xac dinh
theo cong thire (2.2). M&i canh e;; € E két ni tir dinh ngudi dung u; t6i dinh san pham p; néu ton
tai danh gia biét trudc cua u; véi pj, o dang e = (u;, p;). Khong ton tai cac canh cua nbi giira hai
dinh nguoi dung hodc canh ndi gitta hai dinh san phdm. Trong sd ciia mdi canh ejj la wjj duge xéc
dinh theo (2.3).

E={e=(u,p;) w €Upj€P|r+0} (2.2)

Wy = {rij If (ui»?j) EE (2.3)
0 Otherwise
2.2.2. P do twong tw cho loc cdng tac dwa trén biéu dién dé thi
2.2.2.1. Pé do twong tw giira cac Cdp ngwoi ding cho lgc céng tac dura trén biéu dién do thi
Mirc do tuong ty gitra nguoi dung u; € U va nguoi dung u; € U duge ude luong bang tong
cac trong s6 cua tat ca cac duong di d¢ dai L di tir dinh u; dén dinh u; trén dd thi, voi trong sb cua
mdi dudng di dugc tinh bang tich trong sb cac canh twong tmg. Viéc 1am nay duoc xac dinh thong
qua ma tran trong sd tong quat biéu dién do thi G dudi day.
UZ(N x N) W(N x M) (2.4)
B (WT(M x N) PZ(M x M) >
Khi d6, mtrc d6 tuong tu gitta cac cap ngudi dung duge tinh toan dua vao ma tran trong s6 Z
theo cong thirc sau:
Uzl = { ) W. \]f\g L=2 (2.5)
W.W'.Uz>+, L=4,6,8,..
Pinh 1y 2.1 duéi ddy s& cho ta mot cach xac dinh L trong trudng hop do thi biéu dién cua loc
cong tac G =< V, E > lién thong.
Pinh ly 2.1. Néu do thi biéu dién cho céac hé loc cong tac G =< V,E > lién thdng thi ludn ludn
ton tai s6 tur nhién chdn L dé uzf; # 0 véi moi w;, u; € U. Trong do, uz}; xdc dinh theo (2.5).
2.2.2.2. Pé do twong tu giira cac cip ngwoi ding cho loc céng tac dua trén biéu dién dé thi
Mtic d6 twong tu gitta cac cdp san pham dugc tinh toan theo cong thire (2.6) sau:
p7L :{ . WT.LIZIQ, L=2 (2.6)
W' W.PZ*"%, L =468, ...
Pinh Iy 2.2. Néu do thi biéu dién cho cé&c hé loc céng tac G =< V, E > lién théng thi lubn ludn ton

tai s6 tw nhién chan L dé pZL'y # 0 véi moi py, py, € P. Trong do, pZL‘y xdc dinh theo (2.6).

2.3. Loc cong tac dwa trén mé hinh d@é thi cho hé tw van theo ngir canh

2.3.1. Ngir canh
Pinh nghia ngir canh: “Thong tin ngit canh 1a nhiing thong tin c6 thé mé ta dwoc hoan canh
ciia mot thuc thé. Thuc thé & day co thé 1a nguoi, 1a vat hoac 1a ddi tuong co lién quan toi sy tuong
tac gilta nguoi ding va tmg dung, bao gdm ca ban than ngudi ding va tmg dung d6”.
2.3.2. Bai toan tw van theo ngir canh
Bai toan tu van truyén thong dugc biéu dién dya trén ma tran danh gia hai chiéu sau:
5



R,:U X P - R (2.7)
Bai toan tu van theo ngit canh s& duya trén ma trdn danh gia da chiéu (Multi-
dimensional matrix) nhu sau:
Ri:UX P xC - R (2.8)

Téng quat hoa, gia st ta co tap hitu han U = {uy,uy, ..., uy} 12 tip gdm N ngudi dung,
P = {p1,pz .., Pm} 12 tdp gdm M san pham va K chiéu ngit canh Cy, Cy, ..., Cx, mdi chiéu ngit canh
c6 twong tng N¢ ,N,, ..., N¢, diéu kién ngit canh. Mbi quan hé giira tap ngudi dung U, tip san
pham P va tap ngir canh C duoc biéu dién théng qua cong thirc (2.8). Nhiém vu ctia hé tu van theo
ngit canh 1a dy doan danh gia va dua ra tu van cac san phAm moéi cho ngudi ding trong tinh hudng
ngit canh cu thé.
2.3.3. Cac hwéng tiép can giai quyét bai toan tu van theo ngir canh

Céc cach tiép can dé sir dung thong tin vé ngit canh trong qua trinh tu van cé thé dugce phan
thanh 3 hudng tiép can: 1) Loc trude theo ngit canh; 2) Loc sau theo ngit canh va 3) M6 hinh héa
ngit canh. Luan an dé xuit mot phuong phap tu van cong tac theo ngit canh méi thudc hudng tiép
can loc trudce ngir canh theo hinh 2.4 sau.
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8l s Phan tach sin s 1 15 .13 7 | Bidu dicn db
ug o s = phamtheo Dy QT3 [7 |- [ [5 |4 sl
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p 056|023 )08 | .. |067)|084)1

Ma trin twong tu giita cdc ciip san phim

Hinh 2.4. B khung trién khai phuong phap loc cong tac dua trén mé hinh d6 thi cho hé tu
van theo ngit canh

2.3.4.1. Phan tach san pham theo ngé cdnh

Phuong phap phan tach san pham theo ngit canh cai tién cho phép tich hop day du thong tin
ngit canh trong viéc chuyén hoa san pham ban dau thanh san pham gia 1ap. Cac budc thuc hién cu
thé nhu sau:



e Buwéc 1. Tao ra 1 chiéu ngit canh méi C dai dién cho K chiéu ngit canh Cy, C,, ..., Cx bang cach
lay tich Dé-cac ctia tat ca cac chiéu ngir canh.

e Budc 2. Tao ra tap san pham gia lap T bang cach liy tich Dé-c4c caa tap san pham P va chiéu
ngit canh C.

e Buéc 3. Chuyén d6i ma tran danh gia da chiéu vé ma tran danh gia hai chiéu bang viéc loai bo
di tap ngir canh, thay tap san pham ban dau P bang tap san pham gia lap T.

Qua trinh phén tach san phdm theo ngit canh s& bién d6i ma tran danh gia da chiéu R, (biéu
dién danh gia ctia nguoi dung voi san phdm trong cac tinh hudng ngit canh khac nhau) vé ma tran
danh gia hai chiéu R, (biéu dién danh gia ciia ngudi ding véi san pham gia 1ap). Dé han ché nhiing
van dé dit liéu thua cua loc cong tac ap dung cho ma tran danh gia hai chiéu R,, luan an str dung
phuong phép tinh toan toan mirc d6 twong tu gitra cac cip ngudi ding hodc san phdm dya trén mé
hinh d6 thi dé xuat trong Muc 2.2.

2.3.4.2. Biéu dién do thi cho loc céng tac
Ap dung phuong phap biéu dién d6 thi cho loc cong tic dé xuét trong Muc 2.2.1 cho ma trén
danh gia hai chiéu R, thu dugc sau budc 2.3.4.1.

2.3.4.3. Tinh dé twong tw cho loc céng tac dwa trén biéu dién do thi
Viéc tinh toan muc do twong tu cho loc cong tac dya vao biéu dién d6 thi néu trén duoc chia
thanh 2 cach tiép can theo dé xuat trong 2.2.2.

2.3.4.4. Sinh tw vin

Ap dung phuong phap kNN dé sinh danh sach cac san phdm tu van pht hop véi nguoi dung
hién thoi voi do do tuong tu trinh bay trong Muc 2.3.4.3.

Trén co s& bd khung trién khai phuong phép loc cong tac dua trén mo hinh dd thi cho hé tu
van theo ngir canh, luan an dé xuat hai thuat todan méi cho hé tur van cong tac theo ngir canh 1a: 1)
Thuét toan loc cong tac theo nglr canh dya vao muc do tuong tu gitra cac cdp nguoi dung trén mo
hinh db thi (IS-UserBased-Graph); 2) Thut toan loc cong tac theo ngit canh dwa vao mirc do tuong
tu gifta cac cdp san pham trén mo hinh do thi (IS-ltemBased-Graph).
Piu vao:

- Ma trén ddnh gid da chiéu Ry (chira théng tin ngit canh).

- u, € U la nguoi ding hién thoi can dwoc tie van.

- ¢ € (€ X Cy X ... X Cy) la ngir canh ung voi nguoi dung hién thoi.

- K, la s6 lwong nguoi ding trong tdp lang giéng véi ug.

- K, ld 6 heong san pham can tw vin cho u,.

Piu ra:

- Danh sach K, sdn pham tw vén téi ngueoi ding u, trong tinh huéng nge canh c.

Cac bude thuce hién:

Buée 1. Chuyén doi ma trdn danh gia dang da chiéu Ry vé dang hai chiéu R,

Theo phuong phéap phéan tach san pham theo ngir canh ( Muc 2.3.4.1).

Budre 2. Tinh mirc dg twong tir giita cdc cdp nguwoi ding dwa trén mé hinh do thi
Biéu dién db thi cho hé tu van (Muc 2.3.4.2).
L < 2; //Thiét lap do dai duong di ban dau gitta cac cip nguoi ding
Repeat




UzL:{ TW.T{Z,L:Z
W.W>.UzZ""%, L =4,6,8, ...
L < L+ 2;// Tang d¢ dai duong di.
until (uzf; # 0 véi moi u; € (U\uy));
- Bué6rc 3. Sinh tir van cho nguweoi diing hién thoi u, trong ngi# canh c.
e V6i mdi nguoi dung hién thoi ug, chon K; ngudi ding ¢6 mirc d6 twong tu cao nhat vai
u, 1am tap lang giéng. Ki hiéu U, 1a tap lang giéng ctia u, gdm K; ngudi dung.
e Dy doan danh gia chua biét r,, j ctia ngudi dung u, véi san pham tieT
= Lrijer; Tij
IR
e Chuyén ddi ma tran du doan danh gia hai chidu chtra san pham gia lap (trong tap T) vé
ma tran du doan dénh gia da chiéu chira san pham thuc (thudc tap P) va tinh hudng ngi
canh di kém (thugc tap C).
e Chon K, san pham thyc trong P c6 danh gia du doan cao nhat dé tu van cho ngudi ding
u,, trong tinh hudng ng canh c.

,R] = {Tij|1‘ij * O,Ui € Ua}

Thuat toan 2.1. Thuat toan IS-UserBased-Graph

Piu vao:
- Ma trdn déanh gid da chiéu R, (chira thong tin ngit canh).
- U, € U la nguoi ding hién thoi can dwoc tw vn.
- ¢ € (C; X Cy X ... X Cg) la ngir canh ung voi uy,.
- K, la s6 lwong san pham trong tdp lang giéng véi san pham dwge u, danh gid.
- K, la 6 heong san pham can tw vin cho u,.
Piu ra:
- Danh sé&ch K, sdn phdam tw vén téi nguoi ding u, trong tinh huéng ngi canh c.
Cac buée thuce hién:
Buwéc 1. Chuyén déi ma trdn danh gid dang da chiéu R, vé dang hai chiéu R,
Theo phuong phéap phan tich san pham theo ngit canh ( Muc 2.3.4.1).

Budc 2. Tinh mirc do twong tu gitta cdc cdp san phcfm dwa trén mé hinh do thi

Biéu dién db thi cho hé tu van (Muc 2.3.4.2).

L < 2; //Thiét lap d6 dai duong di ban dau gitra cac cap san pham

Repeat
12y i £
WY W.TZ*"%, L =4,6,8, ...
L<«< L+ 2;// Tang d6 dai duong di.
Until (tz,%j # 0 voi moi t € (T\t))),
- Bwéc 3. Sinh tw van cho nguoi dimg hién thoi u, trong ngi canh c.
e Thyc hién lap: v6i mdi san pham gia lap tj € T chua dugc danh gia boi nguoi dung u,
o Chon K; san phdm c6 murc d6 tuong tu cao nhat véi tj 1am tap lang giéng. Ki hiéu
T; 1a tap lang giéng clia ti gdém K, san pham.

o Du doan danh gia chua biét r,, j cua nguoi dung u, voi t; € T;
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Taj _ ZrakERa Tak
|Rql
e Chuyén d6i ma tran dy doan danh gi4 hai chidu chira san phim gia 1ap (trong tap T) vé
ma tran du doan danh gia da chiéu chira san pham thyc (thudc tap P) va tinh hudng ngi
canh di kém (thudc tap C).
e Chon K, san pham thuc trong P c6 danh gia du doan cao nhat dé tu van cho ngudi ding
u, trong tinh hudng ngit canh c.

Thuét toan 2.2. Thuat toan IS-ItemBased-Graph

, Ra = {Taklrak * O, tk € ’1}}

2.4. Thuc nghiém va két qua
2.4.1. Dir liéu thuwc nghiém

Str dung ba bd dit liéu DepaulMovie, MovieLens 100K, InCarMusic. Trong d6: DepaulMovie
chira 5043 danh gia tir 97 ngudi dung cho 79 phim trong cac tinh hudng ngit canh khac nhau, bo dir
liéu nay co 3 chidu ngit canh; MovieLens 100K chira 100000 danh gia tir 973 ngudi dung, 1682
phim trong cac tinh hudng ngit canh khac nhau, bo dit liéu nay c6 2 chidu ngir canh; InCarMusic
chira 3938 danh gia tir 1042 ngudi dung, 139 album trong cac tinh hudng ngit canh khac nhau, bo
dir lidu nay c6 8 chiéu ngit canh.
2.4.2. Cai dat thuc nghiém

e Do do: Precision@N, MAP@N (N=10).

e Phuwong phap thwe nghiém: Phuong phap kiém thir chéo (k-fold cross-validation) véi k=10.
Viéc thuc nghiém duoc thuc hién 10 1an va lay trung binh két qua thuc nghiém.

e Cic phuong phap tu van dwoc sir dung dé so sanh: BiasedMF, UserSplitting-BiasedMF,
ItemSplitting-BiasedMF,  UlSplitting-BasedMF,  SLIM,  CSLIM, ItemSplitting-SLIM,
UserBased-Graph, ItemBased-Graph, ItemSplitting-UserBased-Graph,  ItemSplitting-
ItemBased-Graph, 1S-UserBased-Graph, 1S-ltemBased-Graph, IS-Graph.

2.4.3. Két qua thwc nghiém
Bang 2.7. Gia tri Precision@10, MAP@10 trén tap DepaulMovie

Phuong phap Precision@10 MAP@10
BiasedMF 0.082 0.141
UserSplitting-BiasedMF 0.089 0.162
ItemSplitting-BiasedMF 0.086 0.147
UISplitting-BiasedMF 0.084 0.144
SLIM 0.084 0.145
CSLIM 0.085 0.121
ItemSplitting-SLIM 0.092 0.158
UserBased-Graph 0.087 0.149
ItemBased-Graph 0.085 0.150
ItemSplitting-UserBased-Graph 0.122 0.134
ItemSplitting -ItemBased-Graph 0.124 0.151
IS-UserBased-Graph 0.121 0.159
IS-1temBased-Graph 0.125 0.158
IS-Graph 0.117 0.148

Bang 0.1. Giatri Precision@10, MAP@10 trén tap MovieLens 100K
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1)

2)

3)

Phwong phap Precision@10 MAP@10
BiasedMF 0.027 0.0064
UserSplitting-BiasedMF 0.030 0.0076
ItemSplitting-BiasedMF 0.029 0.0065
UlISplitting-BiasedMF 0.028 0.0066
SLIM 0.022 0.0060
CSLIM 0.004 0.0005
ItemSplitting-SLIM 0.023 0.0061
UserBased-Graph 0.028 0.0065
ItemBased-Graph 0.034 0.0068
ItemSplitting-UserBased-Graph 0.057 0.0085
ItemSplitting -ltemBased-Graph 0.069 0.0097
IS-UserBased-Graph 0.085 0.0104
IS-1temBased-Graph 0.103 0.0108
IS-Graph 0081 0.0089

Bang 0.2. Gia tri Precision@10, MAP@10 trén tap InCarMusic

Phwong phap Precision@10 MAP@10
BiasedMF 0.032 0.121
UserSplitting-BiasedMF 0.033 0.125
ItemSplitting-BiasedMF 0.034 0.127
UlISplitting-BiasedMF 0.033 0.117
SLIM 0.023 0.064
CSLIM 0.018 0.038
ItemSplitting-SLIM 0.023 0.065
UserBased-Graph 0.033 0.123
ItemBased-Graph 0.035 0.130
ItemSplitting-UserBased-Graph 0.035 0.063
ItemSplitting -ltemBased-Graph 0.036 0.111
IS-UserBased-Graph 0.034 0.147
IS-ltemBased-Graph 0.037 0.142
IS-Graph 0.014 0.115

Mot s6 nhan xét dugc dua ra can cir vao phan tich két qua thuc nghiém nhu sau:

Céc phuong phap loc cong tac cho hé tu van khong st dung ngir canh: Viéc khai thac méi quan
hé bic cau giira cac dinh dya vao mé hinh db thi gilp cai thién dang ké chat lugng du doan cua
UserBased-Graph, ItemBased-Graph so véi cac phuong phéap co sé trong cac hé tu van khong
su dung ngir canh.

Céc phuong phap phén tach theo ngir canh (UserSplitting / ItemSplitting / UISplitting) két hop
v6i phuong phép phan rd ma tran MF cho chat lugng tu van tot hon phuong phap BiasedMF
thuan tay cho loc cong tac. Didu nay hoan toan phil hgp voi nhitng nghién ciru trude day [113].
Céc phuong phap phén tach theo ngit canh két hop véi phuong phap BiasedMF cho chét luong
tu van t6t hon phuong phap CSLIM trén ca ba tap dit liéu. Phuong phap CSLIM cho do chinh
xéc thap hon phuong phap ItemSplitting-SLIM, tham chi thdp hon SLIM ¢ 2 trong 3 tap dit liéu.
Diéu d6 cho thay su két hop ciia cac phuong phap phan tich theo ngit canh véi cac phuong
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4)

5)

6)

phap tu van truyén thdng cho lai hidu qua tu vain kha tbt so voi cac phuong phéap tu van theo
ngit canh khac, day ciing 1a hudng tiép can dé dua ra dé xuit phuong phap tu van theo ngir canh
mdi cua tac gia trong luan an.

Céac phuong phap dua trén mo hinh db thi sir dung 1 chiéu ngit canh ItemSplitting-UserBased-
Graph, ItemSplitting-ltemBased-Graph cho lai Precision@10 tot hon, nhung MAP@10 lai cho
két qua thap hon cac phuong phap dua trén mé hinh do thi khéng st dung ngir canh UserBased-
Graph / ltemBased-Graph va phuong phép tu van theo ngit canh co sé cung huéng sir dung két
hop ItemSplitting. Nhu vay c6 thé khang dinh viéc dung 1 chiéu ngir canh trong phuong phép
phan tach san pham theo ngit canh két hop véi phuong phép dua trén d6 thi chwa han 1a giai
phép téi wu.

Viéc st dung dong thoi nhiéu chiu ngit canh gitp bd sung thong tin hitu ich cho qua trinh tu
van hon viéc sir dung 1 chidu ngit canh xét ca ¢ tiéu chi Precision@10 va MAP@10. Két qua
kiém nghiém ciing chi ra rang phuong phap dé xuét 1S-UserBased-Graph, 1S-ItemBased-Graph
cho lai d6 chinh xac Precision@10 tdt hon cac phuong phap co sé. Dac biét, phuong phap IS-
ItemBased-Graph cho Precision@10 cao nhat ddi véi ca ba tap dir liéu vda MAP@10 cao nhat
trén tap dir liéu MovieLens. Phuong phéap 1S-UserBased-Graph cho MAP@10 cao nhat trén tap
dt liéu InCarMusic. Quan sat riéng trén tdp dit li€u DepaulMovie, tic gid nhan théy phuong
phap UserSplitting-BiasedMF cho MAP@10 cao nhét cac phuong phép khac, diéu nay c6 thé
duogc 1y giai 1a do DepaulMovie 1a tap dir liéu it thua thét nhat trong ba tap dit liéu. Cac két qua
nay dua ra bang ching cho thiy phuong phap dé xuét boi luan an it nhay cam véi dir lidu thua
thdt so v6i cac phuong phéap tu van theo ngit canh co sd, du thuc té phuong phap dé xuit tich
hop day du cac thong tin ngir canh.

Trong hai phuong phap dé xuit bai luan an, IS-ltemBased-Graph cho d¢ chinh
X4c Precision@10 cao hon 1S-UserBased-Graph, diéu nay duoc 1y giai 1a boi vi tai budce 1 ctia
thuat toan, cac san pham duogc phéan tach thanh cac san pham gia lap nén thong tin vé san pham
dugc khai thac chi tiét va ddy du hon cho qué trinh huan luyén va sinh tu van sau do.

Phuong phap dé xuét boi luan an IS-UserBased-Graph, 1S-ltemBased-Graph cho lai 6 chinh
xac cao hon IS-Graph, diéu d6 c6 thé khang dinh viéc két hop khai thac mdi quan hé bac cau
giita cac cap nguoi dung hodc cic cap san pham va giai thuat kNN cho lai hidu qua tu van tot
hon viéc khai thac mdi quan hé bic cau giita dinh nguoi ding va san pham trén db thi trudc day.

2.5. Két luan chwong 2

Chuong nay di trinh bay mot do do twong tu giita cac cip ngudi dung hodc cc cip san pham

moi dé€ giai quyet bai toan loc cong tac cho hé tu van truyén thong va trong tdm vao moé rong cho hé

tu van theo ngit canh. Phuong phap loc cong tac dya trén mo hinh do thi dé xudt cho hé tu van theo

ngit canh cho phép tich hop day du thong tin ngit canh vao qua trinh du doan san pham phu hop cho

ngudi ding va han ché anh hudng van dé thua di liéu danh gia. Két qua kiém nghiém trén ca ba tap

dir liéu thue cho thiy phuong phap dé xuét cho lai két qua du doan t6t hon cac phuong phap tu van

theo ngir canh co so, dac biét trong truong hop dir liéu thua.
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CHUONG 3: PHAT TRIEN PHUONG PHAP LQOC KET HQP BANG
PONG HUAN LUYEN

3.1. Pt van dé

Loc két hop 1a phwong phéap két hop cac phuong phép tu van khac nhau cho phép ta tn dung
duoc loi thé mdi phwong phap trong viée nang cao két qua du doan. Trong chuwong nay, ludn 4n tiép
can huéng Két hop dac tinh cua loc ndi dung vao loc cong tac dua vao by nhé dé phat trién phuong
phap loc két hop mai cho hé tw van. Muyc 3.2 trinh bay dé xuat mot phuong phap méi giai quyét van
dé dir liéu thua cho loc cong tac bang dong huin luyén. Trén co s& loc cong tac bang phuong phap
ddng hudn luyén, luan an dé xuit phuong phap loc két hop méi biang dong huén luyén & Muc 3.3
nham giai quyét vin d& dir liéu va tich hop hiéu qua cac dic trung ndi dung vao loc cong tac.

3.2. Loc cdng tac bang phwong phap dong huan luyén

Bai toan loc cong tac nham dy doan cac déanh gia chua biét tir tap cac danh gid da biét co thé
phat biéu nhu bai toan phan 16p co so ctia hoc may.
3.2.1. Phat biéu bai toan loc céng tac bing phan l6p

Nhiém vu cta loc cong tac 1a dién vao hay du doan cac gia tri thich hop cho cac gia tri chua
c6 danh gia trong ma tran danh gia. Tiép can loc cong tac bang phan 16p ta can ca nhan hda md hinh
hoc theo ngudi dung hodc theo san pham nham gan nhan cho nhiing gia tri danh gia chua biét trong
ma tran danh gia. Cac nhin nay thudc clng dai gia tri v6i cac gia tri danh gia da biét.

3.2.2. Phan I6p biang phwong phap dong huan luyén
3.2.2.1. Gidi quyét bai toan phan I6p theo hwéng tiép can hec ban giam sat

Xét mirc d6 phi hop ciia cac hudng tiép can hoc may cho hé tu van, v6i thong tin dau vao 1a
ma tran danh gid, tac gid nhan dinh réng: Vi ma tran danh gia ban dau chi c6 mot sb rat it danh gia
biét trudc, dé co thé khai thac day du dit liéu gan nhin va chua gan nhan tir ma tran dénh gia dau
vao cho hé tu vin nham han ché anh hudng cia van d& dir liéu thua, tac gia tdp trung nghién ctru
vao hudng tiép can hoc ban gidm sat cho bai toan phan 16p, trong truong hop nay 1a bai toan loc
cong tac.
3.2.2.2. Phat biéu bai toan phan lép bang hec ban giam sat

Cho tap hitu han D' gém cac miu dir liéu d duge gan nhan, D* = {x;, y;}* va tap hiru han
DY gbm céc mau dit lidu chua duge gan nhan, DV = {x;}i7, ;. Nhiém vy cua bai toan phan 16p dit
lidu 1a can xdy dung mot mo hinh phan 16p dé khi c6 mot mau dit liéu méi vao thi mé hinh phan 16p
s& cho biét mau dit liéu d6 thuodc 16p nao. Véi huong tiép can hoc ban giam sat cho bai todn phan
16p thi ca hai tp dit liéu da dugc gan nhan va chua dugc gan nhan & trén déu tham gia vao viée
huén luyén va du doan 16p. Trong pham vi luén éan, tac gia dé xuit mot cach tiép can dua vao
phuong phap dong huan luyén cho bai toan phan 16p cia loc cong tac.
3.2.2.3. Ban giam sat bang phwong phdp dong hudn huyén

Phuong phap dong hudn luyén dugc danh gia 1a phu hop cho cac bo dit lidu chira cac mau dir
liéu dugc quan sat dudi hai goc nhin doc 1ap nhau, khi d6 phuong phap nay cho phép 2 bo phan 16p
hoc riéng biét trén mdi goc nhin dir liéu va két hop cac du doan dé giam 156i phan 16p. Qua trinh nay
duoc 1ap lai dén khi théa man diéu kién cac mau dir liéu déu duogc gan nhan hoac ) vong 1ap dat
dén ngudng xac dinh trudc.
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3.2.3. Md hinh ddng huin luyén cho lec cong tac

Ddng huén luyén
Mo hinh hoc theo f"”antr:aé’t‘ Janh gia ;gap
Sin phim nguw&i ding L du doan méi
2 ... M
o 1153 1]2
2 2 4
g : |
T ul3]a 21
Eﬁ : Bl
N 3[2 {Ma tran danh gia R cap
et s nhat cac danh gia Mo hinh hoc
Ma tran danh gia R dy doan moi ) theo san pham

<

Ma trén danh gia R da tich hop
day da cac danh gia du doan

san pham tw van

[Danh sach Top-Nk Sinh tw vin

Hinh 3.1. Bo khung trién khai loc cong tic bang phuong phap dong huan luyén
3.2.3.1. M6 hinh hgc theo nguwéi dung

Viéc xac dinh mtrc dd twong tu gilra cac cdp nguoi dung u; € U khong dung dé xac dinh tap
lang giéng K; tac dong truc tiép 1én tu van nhu trong, ma chi dé dung vao viéc xac dinh cac nhin
phan loai chic chin Tiy cho nguoi dung u;. Pé thuc hién diéu nay, tac gia dua ra khai niém ¢dp sinh
cho nguoi dung u; € U theo dinh nghia 3.1 dudi day.

Pinh nghia 3.1. T4p sinh cho nguoi dimg u; € U dwoc ky hiéu la S; la tdp tdt ca nhitng nguoi
dung u; € U c6 danh gia giao nhau véi u; 16i thiéu y san pham. Trong do, y la hang sé nguyén
duong.

Si={w €U:|P,NP| =y} (3.2)

Mtc do twong tw ciia mdi mdi ngudi dung u; € U va ngudi ding u; € U chi duge tinh toan
trén tap sinh S; € U.
_ J ZpXEPiﬂPj(riX - ITI) (rjX - lT])
ui]- =
l \/prepiﬂpj (riX - lT1)2 ZpXePinP]— (rjX - IT])Z
Tap lang giéng ciia ngudi ding u; € U duge xac dinh theo dinh nghia 3.2 dudi day.
Pinh nghia 3.2. Tdp ling giéng cia nguoi dimg u; € U, ky hiéu K;, la tdp nhitng nguwoi ding
u; thugc tap sinh S; co mirc do twong tw u;j dwogc xdc dinh theo cong thirc (3.2) vuot qua nguong p.

Trong do, p € [0,1].
Ki = {Ll] € Si |uij > B} (33)

, Otherwise

Duya trén tap lang giéng K; cia ngudi dung u; € U, cac mau dir lidu chua co dénh giad duoc
gan nhin gia tri du doan (nhan phan loai chic chin) theo cong thic (3.4).
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ZquKi(rjX — })uj; (3.4)

ZUjEKi Iuij I

lix =T,

3.2.3.2. M6 hinh hgc theo sdn pham

Tuong ty nhu ddi véi nguoi dung, viéc xac dinh mic do miac do tuong tu gilta cac cap san
pham dura trén khéi niém tap sinh cho san pham p, € P theo dinh nghia 3.3 duéi day.

Pinh nghia 3.3. Tdp sinh cho san phiam py € P dwoc ky hiéu la C, la tdp tdt ca san pham
py € P c6 danh gid giao nhau vdi py 16i thiéu ynguoi dung. Trong do, y la hc%ng 56 nguyén duwong.

Cx={py EP:|UynUy| =7} (3.5

Mirc d6 twong tu ctia mdi san pham py € P va san pham py € P chi dugc tinh toan trén tap

sinh C, € P.

_ ! 2ueuynuy (Tix — Tx) (Tiy — Ty)

| _ _
k\/ZuiEUXnUy(rix — )2 ZuiEUXnUy(rix - ry)2

Pxy

, Otherwise

Tap lang giéng ciia san pham p, € P dugc xac dinh theo dinh nghia 3.4 dudi day.

Pinh nghia 3.4. Tdp ldng giéng ciia san phim p, € P dwoc ky hiéu la K, 1a tdp nhitng san
pham py thuoc tap sinh Cy c6 mirc do tuwong tw Py, dugc xac dinh theo cong thirc (3.6) vieot qua
nguong f. Trong do, B € [0,1].

Ky = {py € Cx | Pxy > B} (3.7)

Duya trén tap lang giéng K, ctia san pham py € P, nhin phan loai chic chian cho nguoi ding
u; € U dugc du doan theo cong thirc (3.8).

_ Zpyer PxyTiy (3.8)
B Zpyel(x |pxy|

Fix

3.2.3.2. Loc cgng tac bang phwong phdp dong hudn luyén theo nguwéi dung

Piu vao:Khéi tao ma trin danh giad R©® = {rigco)} = {r}-
Piu ra :Ma trdn dw dodn R® = {rigf)}.
Cic buérc tién hanh:
1. Khoi tao s budc lap ban dau: t«0;
2. Budec lap:
Repeat
2.1. Tang budc lap: t«t + 1;
2.2. Huén luyén theo ngudi dung:
a) Tim Si(t), ufjt) theo cong thire (3.1), (3.2)
b) Tim K theo céng thite (3.3).
C) Du dodn rigct) theo cong thirc (3.4).

2.3. Huén luyén theo san pham:
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a) Tim C,Et),pgz theo cong thire (3.5), (3.6).
b) Tim K,Et) theo cong thire (3.7).
) Dy doan ri;t) theo cong thirc (3.8).
Until (rigf) = rigf_l)
Thuét todn 3.2. Thuat toan CoTrainning-Userltem.

Tinh hoi tu va diéu kién can va du dé thuat toan CoTraining-Userltem co thé dién dﬁy du cac
gia tri dy doan theo ménh dé 3.1 va dinh 1y 3.1 duéi day.

Ménh dé 3.1. Thudt toin CoTraining-Userltem sé hi tu tai vong Idp thir t khi khéng c6 nhan
phan loai nao dwoc bo sung vao ma tran dw doan, khi do rigct) = 7D

o Vol =12, ,N;x =
1,2,.., M.

Pinh Iy 3.1. Piéu kién can va di dé dir dodn quan diém ciia nguoi ding u; € U cho tdt ca cdc
san pham méi p, € P mét gid tri danh gia 1, # 0 theo phwong phdp CoTraining-Userltem 1a
Uu].e,(i P; = P. Trong do, K; dugc xdc dinh theo cong thirc (3.3).

3.2.3.3. Loc cgng tac bang phwong phdp dong hudn luyén theo san pham

Pau vao:Khdi tao ma trin danh gia R© = {riio)} = {r }.
Pau ra :Ma trdn du doin R® = {rigct)}.
Cac bude tién hanh:
1. Khoi tao s budc lap ban dau: t «0;
2. Budc lap:
Repeat
2.1. Tang budc lap: t«t + 1;

2.2. Huan luyén theo san pham:
a) Tim ¢°, p) theo cong thire (3.5), (3.6).
b) Tim K,gt) theo cong thire (3.7).
) Du doan Tigct) theo cong thirc (3.8).

2.3. Huan luyén theo nguoi dung:
a) Tim 52, u? theo cong thire (3.1), (3.2).
b) Tim Ki(t) theo cong thire (3.3).
¢) Dy doan rigf) theo cong thirc (3.4).

Until (rigct) = rigct_l)
Thuat toan 3.3. Thuat toan CoTraining-ltemUser

Tinh hoi tu va diéu kién can va du dé thuat toan CoTraining-ItemUser co thé dién dﬁy du cac
gia tri dy doan theo ménh dé 3.2 va dinh 1y 3.2 duéi day.
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Ménh dé 3.2. Thugt toan CoTraining-ItemUser sé héi tu tai vong lap thit t khi khéng cé nhan
phan loai nao dwoc bo sung vao ma tran dw doan, khi do rigct) = ri;t_l) voi i = 1,2,...,N;x =
1,2,..,M.

Pinh 1y 3.2. Diéu kién can va di méi ngwoi dimg u; € U déu dwoce dw dodn cdc san pham
maoi p, € P mét gid tri danh gia vy, # 0 1a Up, e, Uy = U. Trong do, Ky duwgc xdc dinh theo cong
thiee (3.7).
3.2.3.2. Sinh tw van

Tir ma tran R® thu duoc sau qua trinh déng huén luyén, tién hanh sip xép cac san pham chua
dugc danh gia ban dau boi ngudi dung hién thoi u, theo tht ty giam dan cua ri()?. Sau do, chon K
san pham dau tién trong so6 do tu van cho nguoi dung u,.
3.3. Loc két hop bang phwong phap dong huan luyén
3.3.1. Hop nhit biéu dién gia tri cac dic trung ndi dung vao ma tran danh gia
3.3.1.1. Hop nhdt hé so ngwoi ding cia loc ngi dung vao ma trdn danh gid

Goi P, c P dugc xac dinh theo (3.12) 1a tap san pham py € P dd dugc danh gia boi ngudi ding
u; € U.
P ={px €P |1 # 0 (w; € U)} (3.12)
Goi Item(i, s) 1a tap cac san pham py € P, chita dung dic trung cg € C dwoc xac dinh theo
cong thirc (3.13).
Item(i,s) ={p, €EP; | c,s #0 (u; €U, ¢, €C) } (3.13)

Duya trén P, va Item(i, s) cac phuong phap tu van theo ndi dung uéc lugng duoc trong sd wig
phan 4nh mirc d6 quan trong ctia dic trung ndi dung c, dbi voi nguoi ding u;. Trong dé xuét nay
tac gia dua ra mot phép trich chon dac trung c6 cung mirc d¢ danh gia tu nhién cua rj, theo (3.14).

: ' 3.14
|Item(i, s)| T ,néu |Item(i,x)| = 6 (3.14)

x€ltem(i,s)
1

- Tix , néu |[Item(i,x)| <6

Wis =

x€ltem(i,s)

D@ dang nhan thiy w;, € F, trong 6 F = {1,2,..,g}. Chinh vi vay, ta c6 thé xem mdi dic
trung ndi dung san pham dong vai tro nhu mot san pham phu bd sung vao tap san pham. Ma tran
danh gia m& rong theo hd so ngudi ding dugc xac dinh theo (3.15). Trong d6, py = ¢ (cs € C)
dong vai tro nhur mot san pham phu bo sung vao ma tran danh gia vé phia san pham.

- {rix ,néux € P (3.15)
" Awy ,néuseC (x=s)
3.3.1.2. Hop nhdt hé se’ sdn pham ciia loc ngi dung vao ma trgn ddanh gid

Goi Uy c U dugc xéc dinh theo cong thie (3.16) 1a tdp nguoi dung u; € U da st dung san
pham py € P.
Uc={u; €U |1, #0 (py € P)} (3.16)
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Goi User (x,q) la tap nguoi dung u; € Uy ¢6 dic trung tg € T duge xac dinh theo cong thirc
(3.17).
User(x,q) = {u; € Uy | tjy # 0 (py € P, t, € T} (3.17)
Tac gia dé xuat phuong phép trich chon dic trung ndi dung ngudi ding c6 cing mirc d6 danh
gia voi gia tri danh gia r;, theo (3.18).
(m Z Tix » néu |User(x,q)| =6
¥

(3.18)

i€eUser(x,q)
v,

qx =
LE Tix néu |User(x,q)| <8
i€eUser(x,q)

Ma tran danh gia mé rong theo hd so san pham duoc xac dinh theo cong thic (3.19). Trong
do, u; = t4 (t4 € T) dong vai tro nhu mot ngudi dung phu bd sung vao dé md rong ma tran danh
gia vé phia ngudi ding.

B { Ty ,Néuu; elUvar, #0 (3.19)
Tix = Vg MU tg € TVAV, #+ 0 (u; = t)
3.3.2. M6 hinh hgc theo ngwoi dung

Mo hinh hoc két hop theo ngudi ding phat trién tir moé hinh hoc theo ngudi dung cho loc cong
tac dé xudt trong Muc 3.2.3.1.

Pé han ché anh hudng cta van dé dit lidu thua, véi mdi nguoi ding u; € U tac gia xay dung
tap sinh S; duoc dinh nghia theo (3.20) dé giam sat viéc tinh toan muc do twong tu giira cac cip
nguoi dung. Trong do, P; dugc xac dinh theo (3.12), C; dugc xac dinh theo (3.21).

Si={weuv:|Pnp|=06valc;nC|=0,} (3.20)
C; = {cs; € C:1y5 # 0} (3.21)

Duya vao §; va do twong quan Pearson, murc do twong tu gitta cac cdp nguoi dung cua loc cong
tac dugc xac dinh theo cong thue (3.22), mure do twong tu gifra cac cap nguoi dung cua loc ndi dung
dugc xac dinh theo cong thire (3.23), mirc do twong tu giita cac cip ngudi dung cia loc két hop
dugc xac dinh theo cong thice (3.24).

0 ,néuu; £ S; (3.22)

a: prePinPj(rix - Fl) (nx - T})

ij =
— _\2
k\/prePinPj(rix - rl)z \/prEPiﬂPj(zj - Tj‘)
0 , néu U; Z Si (323)
o checincj(ris - rl) (7}5 - 7})
1y
o) 2
k\/ZCSECiﬂCj(rl’S - 7'1)2 \/ZCSECiﬂCj(T}'S - Tj‘)
( prEHiﬂHj(rl'x - 7;‘1) (nx - 7;1‘) (324)
o prEHinH-(rix —7R)? prEHinH-(rix —1)?
Ujj = J J

| (néuu € S;vaa; >aab; > a)

,néuu; € S;

b

,néuu; € S;

k 0 (trong cac trweong hop khac)
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Trong d6, P; duogc xac dinh theo (3.12), C; dugc xac dinh theo cong thic (3.21); H;, 7, , #, 7;
duogc xac dinh tudn tu theo (3.25), (3.26), (3.27), (3.28).

__ z ) (3.26)
[ ix
|Pi n le DPxE€PNP;
L1 Z ) (3.27)
VT 0, A is
|Ci n Cll Cs€CiNC;
___ 1 2 3 (3.28)
| A |Hl n I_Ijl X
Px€H;NH

Sau khi xac dinh dugc muc do twong tu gitta cac cap nguoi dung, tic gia xay dung tip lang
giéng cho ngudi ding u; € U theo cong thirc (3.29). Phuong phap du doan cac san pham moi
Py € P chua dugce nguoi dung u; biét dén dugc thuc hién theo cong thic (3.30).

Ki = {uj € Si: uij > a} (329)
_ Zuer(x =T Juy (3.30)
Tix =1 +
ZquKiluijl

Nhirng san phdm mdéi p, € P c6 gia tri du doan 7y, theo (3.30) 1a nhitng du doan tin cdy dugc
bd sung vao ma tran danh gid mé rong theo ho so san pham.
3.3.3. M6 hinh hoc két hep theo san pham

M6 hinh hoc két hop theo san pham phat trién tir mo hinh hoc theo san pham cho loc cong tac
bang phuong phap dong huan luyén dé xuat trong Muc 3.3.2.

Tuong ty nhu nguoi dung, voi mdi san pham p, € P tac gia xy dung tap S, dugc dinh nghia
theo cong thurc (3.31) dé giam sat viéc tinh toan mirc do twong ty gitra cac cap san pham. Trong do,
U, duogc xéc dinh theo cong thic (3.16), T, dugc xac dinh theo cong thuc (3.32).

Se={py €P:|U,NU,| = yva|T.nT| = ,} (3.31)
Ty = {tg €E T:1y # 0} (3.32)

Dua vao S, va do twong quan Pearson, mirc d twong tu gitta cic cip san pham cia loc cong
tac dugc xac dinh theo cong thirc (3.33), mirc do twong tu gitta cac cip san pham cua loc ndi dung
duogc xac dinh theo cong thic (3.34), mirc d twong tu giita cac cdp san pham cua loc két hop duoc
xac dinh theo cong thuc (3.35).

( 0 ,NéU Py, £ Sy (3.33)
. Tix — Ty — 1,
Uy = ! ZulEanUy( ix x)( Ly y) ,né’u py c Sx
— N2
L\/Zuieuxnuy(rix —T)? \/ZuiEUxﬂUy(riy - rY)
( 0 ,NEU Py, £ Sy (3.34)
byy = J thETxﬂTy(rqx - rx)(rqy - ry) nfup, €5,

l\/thETany(rqx - @)2 \/thETany(Tqy - 7';3./)2
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( ZuiEHany(rix - i)(riy - 7?1) (335)

— —\2
\/ZuieHany(rix —1)? \/ZHiEHany (riy - ry)

(néu p, € Sy vaa,y, = ava by, > a)
\ 0 (trong cac trueong hop khac)
Trong do, U, dugc xac dinh theo cong thirc (3.16), T, dugc xac dinh theo cong thirc (3.32),
H,, 1,7, T, dugc xac dinh theo cong thirc (3.36), (3.37), (3.38), (3.39), theo thir tu.

Pxy = 3

H,=U,UT, (3.36)

7 = 1 z . (3.37)
Uyl i€UxNUy,

. 1 z o (3.38)
TN Tyl qETYNTy

== 1 z . (3.39)
|Hx 0 Hy | i€H,NHy,

Sau khi xdc dinh dugc muac do twong tu gilta cac cap san phém, tac gid xay dung tip lang
giéng cho san pham p, € P theo cong thirc (3.40). Phuong phap du doan mutc do phu hop cia
ngudi ding u; € U dbi voi san pham p, € P duoc thuc hién theo cong thic (3.41).

Ky ={y € Sy pry > a} (3.40)
ZyEKx pxyriy (3-41)
T =< 1
Zyerlpxyl

Gia tri du doan 77, theo (3.41) phan anh mutc d6 phu hop ciia nguoi dung u; € U d6i v6i san
pham p, € P dugc bd sung vao ma trin danh gia mo rong theo hd so ngudi ding.

3.3.4. M6 hinh dong huan luyén cho loc két hep

Piu vao:
- Matrgn R = {r;,} duoc xdc dinh theo cong thirc (3.9).
- Matran C = {cys} duwoc xac dinh theo cong thiec (3.10).
- MatrinT = {tjq} duoc xdc dinh theo cong thirc (3.11).
- Nguwoi ding ug € U la ngueoi diing hién thoi can dwoe tw vin.
- K la s6 lwong san pham can tw van cho nguoi ding hién thoi.
-ty ld s vong lap gici han.
Pau ra : Danh sach K san pham duoc tw vin téi ngwoi ding hién thoi ug.
Cic buérc tién hanh:
Begin
Budc 1( Khéi tao):
t«0;//khéi tao s6 budc lap ban dau la 0
RO ={r? = rpii=1,2,..,N;x =1,2,..,M};

Budc 2 (Budce lap):
Repeat
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2.1. Tang budc lap : tet + 1;
2.2. Hun luyén két hop theo ngudi dung
(®)

a) Xdc dinh trong s6 cdc ddc trung ngi dung san pham w;, tai vong lap thi
t theo cong thirc (3.14).

b) M6 réng ma trdn danh gia theo hé so nguoi ding 1‘1-5:)
theo cong thirc (3.15).

¢) Xac dinh Si(t) theo cong thire (3.20).

tai vong lap thi t

d) Tinh toan ul(]t) theo cong thirc (3.24).

e) Xdc dinh K theo cong thikc (3.29).

f) Dy dodn gid tri rigct) theo cong thire (3.30).
2.3. Huan luyén két hop theo san pham

a) Xdc dinh trong sé cdc ddc trung ndi dung nguoi ding v tai vong lap

ax
thir t theo cong thire (3.18).
b) Mo réng ma trgn ddnh gid theo hé so san pham Tigct) theo cong thurc
(3.19).
¢) Xac dinh S& theo cong thire (3.31).
d) Tinh toan pg,) theo cong thire (3.35).
e) Xdc dinh K,gt) theo cong thire (3.40).
f) Dy dodn gid tri Tigct) theo cong thirc (3.41).
until (r” = 77 hoiic (t = tynqy))
Budre 3 (sinh ra tw vén):

<Sdp xép cdc san pham theo thir t giam dan ciia ngct)>;
<Chon K sdn pham p, € P dau tién t van cho nguwoi ding ug>;

End.

Thuét toan 3.4. Thuat toan CoTraining—HybridFiltering

3.4. Thuc nghiém va két qua

3.4.1. Thuc nghiém va két qua ciia phwong phap loc cong tac bing dong huin luyén

3.4.1.1.Dix liéu thuc nghiém

Thuat toan loc cong tic dugc thuc nghiém trén 3 bo dir liéu: MovieLens-100K bao gom
100.000 danh gia ctia 943 ngudi dung cho 1682 phim; MovieLens-1M bao gdm 1000.000 danh gia
ctia 6000 ngudi dung cho 4000 phim; MovieLens-10M bao gom 10.000.000 danh gia cia 72000

nguoi dung véi 10.000 bo phim.
3.4.1.2.Cai dat thuc nghiém
Do do: MAE,RMSE.
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e  Phuwong phap thuc nghiém: Viéc phan chia tap dir liéu U thanh 2 tap Ugnin Va Ugest duoc thuc
hién nhu sau: Lan luot chon ngiu nhién 200, 400, va 600 nguoi ding trong tip MovieLens-
100K 1am dit liéu huén luyén, 200 ngudi dung dugc lya chon ngau nhién trong s6 con lai dé
lam tap kiém tra. Chon ngiu nhién 1000, 2000, va 3000 ngudi dung trong tip MovieLens-1M
lam dit liéu hudn luyén, 1000 nguoi dung dugc lua chon ngau nhién trong s6 con lai dé lam tap
kiém tra. Chon ngau nhién 10000, 20000, va 40000 nguoi dung trong tap MovieLens-10M
lam dix 1iéu hudn luyén, 10000 nguoi dung dugce lya chon ngau nhién trong s6 con lai dé lam
tap kiém tra. Viéc thuc nghi¢m duoc thuc hi¢n 10 lan va léy trung binh két qua thuc nghiém.

e  Cac phwong phap tw vin dwoc sir dung dé so sanh: UserBased, ltemBased, CoTraining-
Userltem, CoTraining-ItemUser.

3.4.1.3.Két qua kiém nghiém

Bang 3.11. Gia tri MAE, RMSE trén tap MovielLens-100K

, . MAE RMSE
Kich thuée T T - Y 1% z
tap dit liéu Phuong phap S6 danh gia biét trugc  |SO danh gia biét trude
huan luyén 5 10 20 5 10 20
UserBased 0.732 | 0.711 | 0.645 | 0.934 | 0.908 | 0.824
200 nguoi  |ItemBased 0.742 | 0.722 | 0.673 | 0.943 | 0.917 | 0.855
dung CoTraining-Userltem 0.621 | 0.594 | 0.512 | 0.789 | 0.754 | 0.651
CoTraining -ltemUser 0.598 | 0.572 | 0.507 | 0.761 | 0.727 | 0.644
UserBased 0.694 | 0.675 | 0.644 | 0.885 | 0.862 | 0.822
400 nguoi  |ItemBased 0.711 | 0.697 | 0.653 | 0.904 | 0.886 | 0.829
dung CoTraining -Userltem 0.615 | 0.615 | 0.587 | 0.782 | 0.781 | 0.746
CoTraining -ltemUser 0.607 | 0.607 | 0.517 | 0.771 | 0.769 | 0.657
UserBased 0.693 | 0.686 | 0.686 | 0.885 | 0.876 | 0.876
600 nguoi  |ItemBased 0.697 | 0.687 | 0.687 | 0.886 | 0.873 | 0.873
dung CoTraining -Userltem 0.548 | 0.519 | 0.511 | 0.696 | 0.659 | 0.649
CoTraining -ltemUser 0534 | 0524 | 0.514 | 0.679 | 0.666 | 0.653
Bang 3.12. Gia tri MAE, RMSE trén tap MovieLens-1M
Kich thugc : MAE ___RMSE__
tap dit liéu Phuong phap S6 danh gia biét trude SO danh gia biét trudce
hun luyén 5 10 20 5 10 20
UserBased 0.792 | 0.779 | 0.764 | 0.960 | 0.945 | 0.927
1000 nguoi |ItemBased 0.789 | 0.774 | 0.732 | 0.952 | 0.934 | 0.883
dung CoTraining-Userltem 0.764 | 0.752 | 0.716 | 0.922 | 0.906 | 0.864
CoTraining -ltemUser 0.759 | 0.756 | 0.714 | 0.917 | 0.912 | 0.862
UserBased 0.734 | 0.725 | 0.663 | 0.889 | 0.879 | 0.803
2000 nguoi |ItemBased 0.731 | 0.739 | 0.657 | 0.883 | 0.892 | 0.792
dung CoTraining -Userltem 0.685 | 0.654 | 0.615 | 0.827 0.789 0.743
CoTraining -ltemUser 0.667 | 0.647 | 0.607 | 0.805 | 0.779 | 0.733
UserBased 0.713 | 0.688 | 0.686 | 0.865 | 0.835 | 0.832
4000 ItemBased 0.719 | 0.675 | 0.618 | 0.868 | 0.815 | 0.746
nguoi dung |CoTraining -Userltem 0.684 | 0.642 | 0.597 | 0.825 | 0.774 | 0.720
CoTraining -ItemUser 0.667 | 0.631 | 0.598 | 0.806 0.761 | 0.721
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Bang 0.1. Gia tri MAE, RMSE trén tap MovieLens-10M

Kich thuéc MAE __ RMSE
tap dit lidu Phuong phép Sé danh gia biét trude S0 danh gia biét truge
huan luyén 5 10 20 5 10 20
UserBased 0.763 | 0.724 0.716 0.924 | 0.878 | 0.868
10000 nguoi |ltemBased 0.788 | 0.729 0.723 0.951 | 0.879 | 0.873
dung CoTraining-Userltem 0.712 | 0.694 0.647 0.859 | 0.837 | 0.781
CoTraining -1temUser 0.708 | 0.674 0.653 0.856 | 0.813 | 0.788
UserBased 0.734 | 0.615 0.664 0.889 | 0.746 | 0.805
20000 nguoi |ItemBased 0.746 | 0.618 0.672 0.901 | 0.746 | 0.810
dung CoTraining -Userltem 0.689 | 0.643 0.622 0.832 | 0.775 | 0.751
CoTraining -1temUser 0.681 | 0.667 0.619 0.822 | 0.802 | 0.747
UserBased 0.796 | 0.766 0.684 0.965 | 0.929 | 0.829
40000 ItemBased 0.790 | 0.775 0.698 0.954 | 0.936 | 0.843
nguoi dung |CoTraining -Userltem 0.688 | 0.669 0.616 0.831 | 0.807 | 0.743
CoTraining -ltemUser 0.679 | 0.654 0.642 0.820 | 0.789 | 0.774

Két qua kiém nghiém dua ra trong Bang 3.11, Bang 3.12, va Bang 3.13 cho thiy sai s
MAE, RMSE cua ca hai phuong phép loc cong tac bang dong huan luyén CoTraining-Userltem va
CoTraining-ltemUser déu nho hon UserBased va ItemBased truyén thong trén moi kich thudc dir
lidu huan luyén va s6 luong danh gia cho trude ctia ngudi dung. Piéu d6 co thé khiang dinh phuong
phap dé xuit cai thién dang ké chat luong du doan cho loc cong tac, dac biét trong truong hop dir
lidu thua.

3.4.2. Thuc nghiém va két qua ciia phwong phap loc két hop bang dong huan luyén
3.4.2.1.Dir liéu thuc nghiém

Tac gia sir dung tap dit liéu MovieLens 1M dé tién hanh thuc nghiém cho phwong phap dé
xuat. Tap dit liéu MovieLens 1M gom 1MB danh gia cua 6000 ngudi dung cho 4000 phim.
3.4.2.2.Cai dat thuc nghiém
e Do do: MAE,RMSE.

e  Phuwong phap thwe nghiém: viéc phan chia tap dir liéu U thanh 2 tap Uyrain VA Utest duoc thuc
hién nhu sau: Ly ngu nhién 4000 ngudi dung trong tap MovieLens lam dir liéu huan luyén.
Chon ngiu nhién 1000 nguoi dung trong s6 con lai dé 1am 4 tap dir liéu kiém tra (testl.inp,
test2.inp, test3.inp, test3.inp). Doi voi moi tap dir lidu kiém tra, tac gia thuc hién loai bé ngiu
nhién cac danh gia sao cho sd cac danh gia biét trude cua mdi nguoi dung ddi véi san pham
chi con lai la 5, 10, 15 va 20 dénh gia.

e Ciac phuong phap tu vin dwoc sir dung dé so sanh: CF-UserBased, CF-ItemBased, CBF-
UserBased, @ CBF-ltemBased,  Hybrid-UserBased,  Hybrid-ItemBased, @ CoTraining-
HybridFiltering.

3.4.2.3. Két qua kiém nghi¢m

Két qua trong Bang 3.14 cho thay phuong phap CoTraining- HybridFiltering cho lai gia tri

MAE, RMSE thap nhat & tat ca cac mirc do thua thét dir liéu khac nhau. Pidu nay c6 thé khang dinh

phuong phap xac dinh d6 tuong tu dya trén tap khong thua ddi véi nguoi dung va san pham 13 hoan

toan tin cdy. Phuong phap dong huin luyén cho loc két hop dé xuit cho phép chuyén giao két qua
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du doan giira qua trinh hoc két hop theo ngudi dung va hoc két hop theo san pham dé han ché hi¢u
qua van dé dir liéu thwa ctia cac phuong phap loc.

MAE RMSE

Phuong phap S6 lugng danh gia biét trudce S6 luong danh gia biét trude

5 10 15 |20 5 10 15 20

CBF-UserBased 0.865 [0.859 [0.855 [0.835 [1.049 [1.042 [1.029 [1.013

CBF-ItemBased 0.894 |0.883 [0.875 0.845 [1.085 [1.071 [1.054 [1.025

CF-UserBased 0.824 [0.817 [0.821 [0.813 [0.999 [0.992 [0.988 0.986

CF-ltemBased 0.846 |0.841 [0.836 [0.815 [1.021 [1.015 |0.998 |0.984

Hybrid-UserBased 0.793 [0.792 [0.791 |0.702 |0.957 [0.956 [0.946 |0.922

Hybrid-ltemBased 0.798 |0.788 |0.782 |0.695 [0.963 |0.952 [0.935 0.928
CoTraining-

HybridFiltering 0.672 |0.629 0617 | .o (0811 |0.759 (0.738 0.707

Pé danh gia vé muc do anh hudng cia viéc tich hop thém dic trung ndi dung vao phuong
phap dong huan luyén cho loc két hop so v&i phuong phap dong huin luyén cho loc cong tac, ta
quan sat két qua kiém nghiém cua phuong phap CoTraining- HybridFiltering trong bang 3.14 va
CoTraining -Userltem trong bang 3.12 trong truong hop st dung cung 4000 nguoi dung lam dir liéu
huan luyén. Két qua MAE cua CoTraining —Userltem 13 0.684, 0.642, 0.597, trong khi d6 MAE ciia
CoTraining- HybridFiltering 14 0.672, 0.629, 0.617, 0.585 v&i 1an luot cac mutc do thua thét 5, 10,
20 danh gia biét trude. Nhan dinh tuong tu khi so sanh gia tri RMSE cia hai phuong phap nay.
Diéu d6 chimg to do chinh xac du doan danh gia ctia phuong phap loc két hop duogc cai thién khi
tich hop thém dic trung ndi dung vao qué trinh dong huan luyén hon so véi phuong phép loc cong
tac bang dong huan luyén.

3.5. Két luan chwong 3

Chuong nay di trinh bay két qua nghién ctru cia ludn an vé dé xuat mot phuong phap loc két
hop mai gitra loc cong tac va loc ndi dung. M6 hinh két hop gitra loc cdng tac va loc ndi dung duoc
trinh bay trong chuong nay thyc hién dya trén viéc hop nhét biéu dién céac gia tri dac trung ndi dung
vao loc cong tac. Loc két hop bang phuong phép ddng huin luyén dé xuat phat trién tir phuong
phap loc cong tac bang phuong phap dong huan luyén, day 1a mot phuong phéap thudc hudng tiép
can hoc ban giam sat cho bai toan phan 16p. Trong d6, qua trinh huan luyén theo ngudi dung bd
sung thém mot s6 nhan phan loai chac chin cho qué trinh huan luyén theo san phim. Nguoc lai, qua
trinh huén luyén theo sin pham bd sung thém céc nhan phan loai chic chin cho qué trinh huan
luyén theo nguoi dung. Hai qua trinh huan luyén thuc hién dong thoi cho phép bd sung cic nhin
phan loai tin cdy theo mdi bude thuc hién, nho vay cdi thién dJ chinh x4c dy doan dénh gi4 va tu
vén san phém phu hop cho ngudi dung. Két qua thuc nghiém trén b dir li¢u thuc vé phim cho théy,
phuong phap dé xuét cho lai két qua du doan khé tdt, dic biét trong trudng hop dir licu thura.

KET LUAN
l. Két qua dat dwoe ciia ludn an

1. V& mit Iy thuyét, luan an tong két nhitng nghién ciru co ban va mod rong vé hé tu véan theo cac
huéng tiép can khac nhau, kém theo nhing van dé can tiép tuc nghién ciru va xu hudng. Trén co
s& nhitng kién thirc nén tang, tac gia tap trung nghién ciru nang cao két qua du doan san pham
cho nguoi dung trong truong hop dir li¢u thua, cling nhu trong trudng hop ¢6 ca dir li€u sé thich
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ngudi ding, thong tin ndi dung ngudi dung, théng tin ndi dung san pham va thong tin ngir canh

sir dung san phim cua ngudi dung. Két qua luan an dua ra 2 dé xuét chinh: 1) D& xuit mot

phuong phap loc cong tic dwa trén md hinh dd thi cho hé tu véAn theo ngit canh

[C1][C3][C7][CA4][J2]; 2) Pé xuit mdt phuong phap loc két hop bing phwong phap dong hudn

luyén [C2][C5][C6][J1].

2. Vé mit thuc tién, két qua cua ludn an da duoc thyc nghiém trén cac bo dir li¢u thuc trong cac
kich ban khac nhau, két qua thuc nghiém cua phuong phap dé xuat duoc danh gia 1a c6 do chinh
xéc t6t hon cac phuwong phép co so trong da sb truong hop, déng thoi don gian trong cai dat dé
trién khai cac hé tu van thuc té. Pay 1a s& ¢t cho thay co thé ap dung két qua nghién ctru cua dé
tai trong viéc trién khai cac hé théng tu van thong tin c4 nhan héa téi ngudi dung & da dang cac
linh vuec.

Il.  Han ché va hwéng phat trién ctia luin an

1. Han ché

Mot s6 han ché nhét dinh chua duoc giai quyét trong céac dé xuét néu ra boi luan an, do la:

- Vén dé so thich ctia ngudi ding v6i san pham thay d6i cap nhat thudng xuyén theo thoi gian.

- Van dé nguoi dung méi tham gia vao hé thong tu van.

2. Hudng phat trién
- Nghién ciru phat trién mo hinh hoc may méi cho hé tu van theo hudng két hop thong tin noi

dung vé dic trung san pham va ngudi ding trong hé tu van theo ngir canh.

- Nghién ctru phat trién phuong phap dong huan luyén cho loc cong tac va loc két hop theo
huéng mé rong nhidu co ché quan sat dit liéu pht hop vai timg bo dit lidu thyc té. Dong thoi
xem xét tich hop nhitg mé hinh phan 16p tién tién dé hoc di licu.

- Nghién ctru giai quyét van dé ngudi ding méi, so thich cia nguoi dung véi san pham thay do6i
theo thoi gian.
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