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TOM TAT— Tir khi ra doi dén nay, hé tw vin loc cong tdc ndi chung, hé tw van loc ¢ng tdc dira trén nguoi ding néi riéng da c6
mét sw phat trién vuot bdc vé mdt img dung ky thudt, cong nghé ciing nhu irng dung Va0 thuec té cude song. Bdc biét, hé tw van dirgc
cdc nha quan Iy sir dung lam cong cu hé tro hitu hiéu trong nhiéu linh vyee kinh doanh nhw Amazon, Netflix va Pandora. Tuy nhién,
cdc thé hé hién tai ciia hé tu van van chua dap img ddy di cdc yéu cau ciia nguwdi sir dung. Trong bdi viét nay ching t0i dé xudt mét
tzep cdn méi cho hé tw van loc cong tac dua trén nguoi dung. Hé tw vén loc cong tdc theo nguoi dung dwoc xdy dung dwa trén do do
ham y théng ké. Trong hé tw vin ndy, ching t6i xdy dung mét do do twong dong diea trén dé do chi sé ham y thong ké goi la dg do
twong dong ham y thong ké dé xdc dinh si twong dong giita hai nguoi dimg trong hé thong. Théng qua thue nghiém trén hai tdp di
liéu MovieLense va MSWeb cho thdy rang dé do twong dong ma chiing téi dé xudt cho két qud khd tot trén hé tw van loc cong tic
dua trén nguoi dimg so véi cdc dg do twong dong truyén thong nhie Pearson correlation, Cosine similarity va Jaccard.

Tir khéa— D¢ do twong dong, do do chi sé ham Y thong ké, hé tw vin loc cong tic dira trén nguoi dimg, B do twong dong ham y
thong ké.

I. GIOI THIEU

Hé tu vén loc cong tac dua trén nguoi dung la phién ban déu tién cua hé tu van dua trén loc cong tac. N6 dugc
gi6i thiéu lan dau tién trong bai bao “GroupLens: an open architecture for collaborative filtering of netnews” vao nim
1994 cho hé tu van GroupLens Usenet [12]. bay la h¢ tu van loc cong tac dua trén nguoi dung dau tién h5 tro: nguoi
doc tim ra cic bai bao ma ho thich trong s6 lugng 16n cac bai bao. Hé thdng tu dong thu thap cac gia xép hang cua
ngudi dung trong qua khi dé du doan so thich cua nguoi ding hién tai. Véi klen trac hoan toan mé, nén hé thong co
the dugc phat trién mo rong dé dang Tiép theo GroupLens Usenet, c6 hai hé tu van khéc ciing st dung phuong phap tu
vén loc cong tac dua trén ngudi dung, do 1a h¢ tu van cho nguoi dung nghe nhac Ringo [15] va hé tu van cho ngudi
dung xem phim BellCore [16]. H¢ tu van loc cong tac dua trén nguoi dung 1a mot giai thuat don gian 1am sdng to cac
tién dé cbt 161 ciia phwong phap tu van loc cong tac. D6 1a tim ra nguoi dung trong qua khir ¢6 hanh vi tuong ddng véi
nguoi dung hién tai. Sau d6, st dung két qua xep hang cta ho cho cac mdt hang hay cac muyc dir li¢u dé du doan so
thich ctia ngudi dung hién tai. Nhu vay, dé c6 duge danh sach cac san phdm hay muc dit liéu gidi thiéu cho nguoi ding
méi, hé tu van loc cong tac dya trén ngudi dung yéu cau phai ¢6 ham dé tinh sy tuong ddng ctia hai nguoi dung va
phuong phap tinh d6 1éch trung binh gia tri xép hang ctia nhirng nguoi dung tuong dong v6i ngudi ding méi dua trén
ma trdn xep hang ctiia ngudi dung cho céc san pham hay cac myc dir liu [9][8] [11]

Trong bai viét nay, dwa trén mo hinh cua hé tu van loc cong tac tmyen thdng st dung cac do do twong ddng
nhu: Pearson, Cosine, Jaccard, chiing t6i dé xudt mot tiép can méi cho hé tu van loc cong tic dua trén nguoi dung - Hé
tu van loc cong tac theo ngudi dung dua trén d6 do ham y théng ké. Trong hé théng nay, chung t6i xay dung mot d6 do
tuong dong dua trén do do chi sb ham ¥ thong ké (Implication index) dé x4c dinh su twrong dong giita hai nguoi dung
goi 1a d6 do twong ddng ham ¥ thng ké dé thay thé cho d6 do twong ddng trong hé thdng. Cu thé hon, gia tri twong
dong gitra hai ngu()ri dung duoc xéc dinh dya trén luat ham y thong ké theo khuynh hudng khong ddi Xl’rng Trong do,
cac luat ham y thong ké dugc sinh ra dya trén cac phan vi dy (counter-example) [14] va gla tri twong dong dugc xac
dinh dya trén tan suat xuit hién cua cac tham sé n, ny, Np, Nap, Nap trong bang phan phéi xac suit 2x2. Mo hinh tu
van loc cong tac dwa trén nguoi dung sir dung do twong dong ham y thong ké duoc chung t6i xay dung va trién khai
thyc nghiém trén hai tap dit liéu MovieLense [2] va MSWeb [7] ddng thoi so sanh két qua véi md hinh tu van loc cong
tac theo nguoi dung sur dung cac do do tuong dong truyen théng.

Bai viét nay duoc to chirc thanh 6 phan. Phan 1 gidi thiéu Ve hé tu van loc cong tac dya trén nguoi ding, cac
nghién ciru lién quan va néu véan dé nghién ciru. Phan 2 gigi thiéu vé md hinh hé tu van loc cong tic dya trén ngudi
dung. Phan 3 trinh bay cach xay dung do do tuong ddng cua hai nguoi ding duya trén do do ham y thong ké. Phian 4 md
ta cac budce xdy dung hé tu van theo ngudi dung dya trén d6 do ham ¥ thong ké. Phan 5 trinh bay két qua thyc nghiém
ctia md hinh va so sanh két qua vai cac mo hinh khéc. Phan cudi cling tém tat mot s két qua quan trong da dat dugc.

IL. HE TU VAN LQC CONG TAC DUA TREN NGUOI DUNG

He¢ tu van loc cong tac dya trén ngudi dung 12 hé thong tim ra muc dit liéu hay san phdm twong dong dé gidi
thi¢u cho nguoi dung hién tai dua trén gia tri xep hang cla cac nguoi dung khac trong qua khir. Nhitng muc dir liéu hay
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san pham c6 hang cao nhit s& duoc ding dé tu vin cho ngudi ding. Mot cach hinh thire, md hinh tu van loc cong tac
dua trén nguoi dung dugc mo ta nhu sau: ‘

Qoi U = {uy,uy, ..., Uy} la thp m nguoi d‘)l]ng, I={i, iy ..,iy} 12 tép n san ph@m hgy muc dir liéu, R = 7; la
ma tran xep hang cua nguoi dung cho cac san phém hay muc dir li¢u vdi moi dong biéu dién cho mot nguoi dung u;
(1 = j = m), mdi cot biéu dién cho mot san pham hay muyc dit ligu iy (1 = k = n), 15, la gia tri xép hang ciia ngudi
dung u; cho san pham i), va u, € U la nguoi ding cin tu van.
2.1. Tinh d9 twong ddng giira hai nguoi ding

Lua chon d¢ do dé tinh d6 twong dong giita hai ngudi ding 1a mot khau quan trong trong viée thiét ké hé tu
van loc cong tac dua trén nguoi dung. Boi vi, nd anh hudng tryc ti€p dén két qua tu van cua hé thong. Hién tai, trong
linh vuc nghién cru may hoc, c6 nhiéu do do dugc dé xuat cho muyc dich nay. Trong d6, Pearson correlation, Cosine
similarity va Jaccard la ba do do dugc nhi€u hé tu van sir dung.

Pearson correlation 1a do do tinh sy twong ddng gitra hai nguoi dung dya trén twong quan thong ké [8][9][13].
Do twong dong cia hai ngudi dung u va v duge xac dinh bang coéng thie (1):

S(u,v) = Liel(Ty,i—Ty) (Ty,i—Tu) "
\/Ziel(rv,i_ﬂ])z\/Zie[(ru_i—fu)z

V6i S(u, v) 1a gia trj twong ddng giira ngudi ding u va ngudi dung v; | 13 tip cac san pham hay cac muc dir
lidu duoc xép hang boi ca hai ngudi ding; Ty, 1a gié tri xép hang ctia nguoi ding v cho san pham i; 7;, 1a gia tri xép
hang trung binh ciia nguoi diing v; 73, ; 12 gia tri xép hang cua ngudi ding u cho san pham i; 7;, 1a gia tri xép hang
trung binh caa nguoi ding u;

Cosine similarity la d6 do tinh sy tuong ddng gitra hai ngudi dung dya trén khong gian vector dai s6 tuyén
tinh [8][9][13]. Céc gia tri xep hang cua timg nguoi dung trén m san pham hay myc dir li¢u duoc biéu dién bang mot

vector m chiéu. Do twong dong ctia hai ngudi dung u va v duoc xac dinh bang khoang cach Cosine giita hai vector
#,va vector 7, theo cong thurc (2):

S S m
— 22y Tw-Ty _ Yi=1Twilv,i
S(u’ U) - Cos(ru! rv) - |I~ > - (2)
Full XWollz — [gm 2 [gm 2

Vi S(u, v) 1a gia tri tuong dong giita nguoi dung u va ngudi ding v; m 1a sd chiéu ciia vector (sé san
pham); 7, ; 1a gia tri xép hang ctia ngudi diing u cho san pham i; 73, ; 12 gia tri xép hang cua nguoi ding v cho san
pham i;

Jaccard la @6 do xac dinh d¢ twong dong gilta hai nguoi dung dya trén cac phép toan gitra hai tap hop hiru han
[11]. bay 1a d6 do dugc dé xuat dé xir Iy vin dé khi gia tri xEp hang cuia nguoi dung cho mdt san pham hay myc dir liéu
trong ma tran xep hang bi b6 qua va dugc gan gié tri bang 0. Trong d6 do nay, tap cac san pham hay muc dif liéu duoc
nguoi dung u xép hang s& dugc xdy dyng thanh mot tap hop twong g trong hd so ngudi ding u. Do twong dong ciia
hai ngudi dung duoc tinh bang luc lugng phin tir cia phép toan giao trén hai tap hop (N - intersection) chia cho luc
lwong phan tir ciia phép toan hop trén hai tap hop (U - union). Gia tri twong ddng giita ngudi ding u va ngudi ding v
dugc tinh bang cong thuc (3):
S(u,v) = 450 ®3)

|AUB|

Véi S(u, v) 1a gia tri twong dong giira nguoi dung u va ngudi dung v; A 1a tap hop biéu dién céc gia tri xép
hang trén danh muc san pham hay muyc dit liéu ciia nguoi dang u; B 1 tap hop biéu dién céc gia tri xép hang trén danh
muc san pham hay muc dit liéu cua ngudi dung v.

2.2. Sinh két qua tw vin

Dé tinh toan két qua khuyén nghi cho ngudi ding u, bude dau tién, hé tu van loc cong tac dya trén nguoi dung
su dung cac do do tuong dong dé tim ra danh sach N ngudi dung tuong dong véi nguoi dung u. Khi ¢6 danh sdch N
ngudi dung tuong ddng, hé thong s& két hop céc gia tri xép hang cua ho dé sinh ra dy doan s& thich cua nguoi dung u
ddi voi san pham hay muc dir liéu i. Thong thuong, Kkét qué du doan dugc tinh dya trén trong $6 trung binh cua gia tri
xép hang ctia N ngudi dung twrong ddng duoc biéu didn bang cong thic (4) [8][9]:
. _ ZureNS(u,u’)(ru/‘i—r'ur)
P(u, D) =7, + =5 —s @




Phan Quéc Nghia, Nguyén Minh Ky, Dang Hoai Phuong, Huynh Xuan Hiép 233

III. PO PO TUONG PONG HAM Y THONG KE CHO HAI NGUOI DUNG

Phan tich ham y thdng ké 1a phuong phap phan tich di liéu nghién ctru mdi quan h¢ ham y giira cac bién hay
thudc tinh dir liéu, cho phép phat hién cac luat (rules A — B) khong doi xtmg theo dang “néu A sau d6 gan nhu B” hoac
“xem xét dén marc d6 nao ma B s€ dap ung ham y ciia A” [14].

Hinh 1. M6 hinh biéu din ludt ham y théng ké A —» B
Mbi luat dang A —> B duoc biéu dién boi mot bang dua trén cac khai niém xac suat goi la Bang phan phdi xac

Suit 2x2 dé luu trir tan suat dém duoc dap trmg diéu Kién cho trudc. Tir Bang phan phdi xac suat nay, cac gia tri xac

suat duoc tinh duya trén cac tan sudt xuat hién n, n,, ng, nag, nup tuong tmg nhu sau: P(4) = "7“ P(B) = "73 P(AN

B) =2 P(An B) = &
Bang 1. Bang phén phdi x4c sudt 2x2 cta luit A —» B
A-B

B B

LOY:} Nyp ny

A
A | nggp | Ngg | Ny
ng ng n
Khi d6 gia tri hép dan (interestingness value) cua d6 do ham y thong ké cho luat A — B dugc xéc dinh boi
ham dya cac ban s6 luat cé trong bang phan phoi xac suat 2x2 cé dang theo cong thire (5) [14]:
__nap(n-np)
q(A - B . S — 5
Tir cong thic tinh gia tri hap dan cia do do chi s6 ham y th6ng ké, khoang cach hay sy khac nhau gitra hai
ngudi ding u, v duge xac bang gid tri trung binh cua cac chi sb ham ¥ dua trén cac luat ham y thong ké ma vé trai 1a
tap cac san pham hay muyc dir liéu nam trong ho so nguoi dung U va vé phai la tdp cac san pham hay muc dir liéu khong
nam trong ho so ngudi dung v theo cbng thire (6):

D, v) = [Excuren ) ©

Véi Dy (u, v) la gia tri khoang cach giita nguoi dung u va nguoi dung v; I, la tap cac san pham hay muc dir
liéu dugc nguoi dung u xép hang; I, 1a tap cac san pham hay muc dit liéu dugc ngudi ding v xép hang; x 1a tap con
ctia tap I,,, v 1a tp con bu cua tap I, va X, y | hai tap phan tir roi nhau (x Ny = @); M 1a tong sb luat ham y théng ké
duoc sinh ra.

Dua trén cong thirc tinh khoang cach giita hai ngudi ding, chung t6i dé xuat mot do do twong dong dung dé
do gi4 tri trong ddng gitra hai ngudi dung goi 1 d do twong ddng ham ¥ théng ké va duoc tinh biang cong thirc (7):

Squ,v) =1 —Dy(u,v) ()
IV. HE TU VAN LQC CQNG TAC THEO NGUOI DUNG DUA TREN BQ PO TUONG PONG HAM Y
THONG KE

Dua trén cac budc xay dung hé tu van loc cong tac dua trén nguoi dung [8][9][11] va @b do xac dinh d¢ tuong
dong gitra hai ngudi dung dya trén d6 do ham y thong ké da trinh bay ¢ phan trén, ching t6i dé xuét cac budc xay dung
hé tu van loc cong tac theo nguoi ding dua trén do do tuong dong ham y thong ké nhur sau:

4.1. Tim hiéu bai toan thuc té

Hé tu vén 1a cong cu hd tro nguoi dung lya chon céac san phém va dich vy thong qua mang Internet. Vi thé,
viéc nam bat duge cac ky vong cua ngudi dung, nhitng gi ma ho can cung cap tir h¢ thong, 1a mot budce rat quan trong
trong quy trinh xay dung hé tu van. N6 chinh 1 co s& cho viée Iya chon va xir 1y dir liéu va cung la diéu kién can dé
dua hé thong vao tng dung thuec te.
4.2. Lwa chon va xir ly dir liéu

Viéc lya chon va xtr 1y dir li¢u cling dugc danh gia 1a budc quan trong trong tién trinh xay dung hé théng tu
van. Bgi do dac thu ctia hé tu van la két qua tu van dugce sinh ra dya trén sy tinh toan tir dir liéu cii. Cu thé hon, hé tu
van dua ra cac khuyén nghi cho nguoi dung trong twong lai bang cach ap dung cac phép toan thong ké, cac thuat toan
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may hoc trén cdc tap dir liéu chuyén nganh dugc thu thap trong qua khir. Vi vay, lya chon ding va xur 1y t6t dir ligu s&
g0op phan lam tang do chinh xac ket qua khuyén nghi cta hé thong.
4.3. Xy dung giai thuat tw vin

Trong giai thuat nay, khi c6 mot nguoi dung m6i can tu van, hé théng s sir dung do do tuong dong giira hai
nguoi dung dya trén do do tuong dong ham y théng ké dé tim ra danh sach cc nguoi dung tuong ddng voi nguoi dung
maéi. Sau do, danh sach Ccac san pham hay muc dir liéu duoc‘ xep hang cao dé glol,thleu cho nguoi dung mdi duge tinh
toan dua trén céc gia tri xép hang cuia cac ngudi dung twong dong. Gidi thuat hé tu van dugc thuc hién theo cac budc sau:

Input: Ma tran xép hang cta nguoi ding, Nguoi ding can tu van u,.
Output: Danh sach cac san phiam hay cac muc dif liéu c6 gia tri xép hang cao.
Begin
Buwdre 1: Cap nhat hodc xay dung hd so nguoi dung mai U,.
Budc 2: Tim danh sach nguoi ding twong dong:
- Chon hé s6 k dé xac dinh danh sach k nguoi dung tuong dong véi ngudi ding méi.
- Xac dinh danh sach nguoi dung twong dong dua trén d6 do twong dong ham y théng ké.
Budre 3: Tim danh sach cac san phadm hay muc dir liéu duoc xép hang cao nhét boi k nguoi ding tuong dong:

- Tinh gia tri xép hang trung binh cho timg san pham hay muc dit liéu.

- Sap xép cac san pham hay muyc dir liéu dya trén gia tri trung binh xép hang.

Buére 4: Chon N san pham hay muc dif liéu c6 tri trung binh xép hang cao nhit lam két qua tu van.
End.

Dé thiy rd hon cac budc thuc hién cua giai thuat, chung t61 biéu dién giai thuat tu van béng vi du cu thé, duoc
trinh bay trong hinh 2. Trong hinh nay, gia st h¢ thong tu van cho nguoi dung lya chon 8 san pham (tir i iy dén ig) va
hién tai hé théng di c6 10 nguoi dung (tir ug dén uyg) x€p hang cho cac san pham. Cac san pham duoc x€p hang tur 1
dén 5 (“17- danh gia thip nhat; “5” — danh gla cao nhét; “?” — ngudi dung khong danh gia cho san pham) Hé thong
dugc yéu cau tu van cdc san pham cho ngudi ding mdi u,, Véi hé s6 k duoc cho bang 4 (tinh trén 4 nguoi dung tuong
dong). Tt yéu cau nay, hé thong da tim ra danh séch 4 ngudi dung twong dong vOi U, 12 Uy Uy, U7 VA Ug dé dodn ra cac
gia tri xép hang ma nguoi ding u, bo qua va xac dinh danh sach cac san phdm ma hé théng doan 14 u, s& thich.

11 12 | 5] L s 16 1 Is — 2
u |2 40 40 10 20 20 2?2 7 (o (us ) o)
w |30 2?2 7?7 50 10 7 7 - - :
u: |40 ? ? 30 20 20 ? 30 S it L
w 30 ? 30 20 10 ? 50 40 e < oY
us | 1.0 1.0 7 ? T 7T 7 10 - Y\
o o . { ? ? 10 7 1.0 O ‘
s . ) \
u |10 40 7 20 ? 40 40 ? ; Q‘»‘“ % do tiromg ding el
w |50 ? 40 30 2 20 30 10 .‘ @
w | 2 1.0 30 ? - Lo ? " mid s R
2 2 2 ¥ » 1 )
ue j20 2 2 9 30 20 1.0 R Vil re=i 4
" )
W ) AT ’ -
— \ X (u’) ,°
n |3 4 1.5 4.0 N - e
(A) [ LT -
(B)

Hinh 2. Minh hoa giai thuat tu vin loc cong tac dwa trén ngudi ding (A) Ma trén xép hang va tinh toan danh sach céc san phim dy
doan cho nguoi dung ug; (B) Xac dinh nguoi dung twong dong voi ngudi dung mai

4.4. Panh gia md hinh tw vin

Panh gia do chinh x4c cia md hinh tr vin 13 mot khdu quan trong trong quy trinh xdy dung hé tu van
[51[4][3]. N6 gitp cho nguoi thiét ké mé hinh lya chon mé hinh, kiém tra d6 chinh x4c ciia md hinh trude khi dwa mo
hinh vao tng dung thuc té. Dé danh gia mé hinh tur van loc cong tac duwa trén nguoi ding, ngudi xay dung hé théng can
thye hién qua 2 budce sau:

4.4.1. Chudn bj di¥ ligu cho dinh gid

DPé danh gia mo hinh tu vén, budc dau tién la chudn bi dit liéu, trong budc nay tap dir liéu thuc nghiém dugc
chia lam hai tép con: tap dit liéu huan luyén (Training set) va tép dit liéu kiém tra (Testing set) [10][11]. Hién tai, c6
nhicu phuong phép dé chia tap dir liéu cho viéc danh gia moé hinh tu van nhu:

Splitting: 1a phuong phap dau tién dé xay dung tép huén luyén va tap kiém tra béng cach cit tap dir liéu thuc

nghiém thanh 2 phan. Véi phuong phap nay, ngudi thiét k& mo hinh cin quyet dinh ty 1¢ phan tram cho tap huén luyén
va tap kiém tra. Vi dy, tap huin luyén chiém 80 phan trim va tap kiém tra chiém 20 phan trim con lai.
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Bootstrap sampling: 1a phuong phép xay dung tap huan luyén va tap kiém tra bang cach cét tap dit liéu thuc
nghiém thanh 2 phan. Tuy nhién, viéc cit ndy dugc thuc hién ngiu nhién nhiéu 1dn nhim muc dich dé mot nguoi dung
c6 thé 1a thanh vién cua tap huan luyén & lan cit nay nhung 1a thanh vién cta tap kiém tra trong cac lan cat tiép theo.
Diéu nay co thé khic phuc duge nhuge diém khong dong déu cua tap dir liéu thuc nghiém dong thoi tang tinh toi wu
trén cac tap dir liéu co kich thudc nhd.

K-fold cross-validation: la phuong phap xay dung tap huin luyén va tap kiém tra bang cach cit tap dir liu
thuc nghiém thanh k tap con c6 kich ¢& giéng nhau (goi 14 k-fold). Sau d6, thyc hién k 1an danh gi4, véi mdi lan danh
gia str dung mot tap con lam tap kiém tra va k-1 tap con con lai dung lam tap huan luyén. Két qua danh gia duoc tinh tur
két qua k 1an kiém tra bang phép tinh trung binh. Phuong phap nay dam bao rang moi ngudi ding it nhat mot lan xuat
hién trong tap kiém tra. Vi thé, n6 c6 do chinh xac cao nhat trong ba phuong phap dugc néu & trén. Tuy nhién, né mat
nhiéu chi phi cho viéc tinh toan so véi hai phuong phap con lai.

4.4.2. Pdanh gid mé hinh tw vin

C6 hai phuong phap dé danh gia mo hinh tu van: danh gia dua trén cac xép hang (Evaluatlon the ratlngs) va
danh gia dva trén cac khuyén nghi (Evaluation the recommendations) [10]. Phuong phéap dau danh gia cac xép hang
dugc sinh ra boi mé hinh. Phuong phap con lai danh gia truc tiép trén cac khuyén nghi cia mé hinh.

~ Danh gia dya trén cac xép hang: phuong phap nay danh gia do chinh xac cua md hinh bang cach so sanh gia
tri xép hang du doan véi gia tri thyc hay chinh xe’ic hon 1a tim ra gia tri trung binh 1§i dua vao ba dai lugng RMSE,
MSE va MAE [5][10]. M6 hinh dugc danh gia 1a tot khi cac dai lugng nay c6 gia tri thap.
Root mean square error (RMSE): Do léch chuan giira gia tri thuc va gia tri xép hang.
Y pex(rij—Tij)?

N}

RMSE =

Mean squared error (MSE): Trung binh cta binh phuong d0 léch giira gid tri thuc va gia tri xép hang du
doan. N6 chinh 1a binh phuong cua d6 1éch chuan.
MSE = Z(LJ)EK(ITYIJ_TU)

Mean absolute error (MAE): Trung binh trj tuyét di ciia d6 16ch gitra gia tri thyuc va gid tri xép hang dy doén.
1 R
MAE = =% jedrij = ]

V6i K 14 tap tat ca cac xép hang cua nguoi dung cho san pham hay muc dir liéu; r; ; gia tri xép hang thyc cua
nguoi ding i cho san pham hay muc dit liéu j; # ; 1a gia tri xép hang du doan ctia ngudi ding i cho san phim hay muc dir
liéu j.

Panh gia dua trén cac khuyén nghi: phuong phap nay danh gia d6 chinh xac ciia mé hinh biang cach so
sanh cac khuyen nghi ctia m6 hinh dua ra véi cac lya chon mua hay khong mua cua nguoi dung. Phuong phap nay sir
dung ma tran hdn don 2x2 (Confusion matrix) dé tinh do chinh xac (Precision), do bao phu (Recall) va trung binh didu
hoa gitta do chinh x4c va d6 bao phu (F-measure) [5][10]. M6 hinh dugc danh gia 1a tét khi ba chi s6 trén ¢6 gia tri cao.

Bing 2. Ma tran hdn don

Lua chon cua nguoi Khuyén nghi cia mé hinh
ding Gidi thiéu Khong gidi thiéu
Mua TP FN
Khéng mua FP TN

Trong do6:
TP: Nhitng san phdm dugc mé hinh khuyén nghi di dwoc mua.
FP: Nhitng san phidm dugc mé hinh khuyén nghi khéng duoc mua.
FN: Nhitng san phim khong dugc mé hinh khuyén nghi di dwoc mua.
TN: Nhiing san phadm khong duge mé hinh khuyén nghi khong dugc mua.

A . . .. S8 san phdm gi6i thiéu chinh xac TP
Do chinh xac (Precision) = g =

T6ng s6 san phadm duwoc giti thidu ~ TP+FP
S0 san pham gidi thiéu chinh xac _ TP

P06 bao phu (Recall) =

T6ng s6 san phadm dwoc mua T TP+FN
2% Do chinh xac* Do bao pht

Trung binh diéu hoa (F — measure) = ————— -
P06 chinh xac+bPo6 bao phu

V. THU'C NGHIEM
5.1. Dir liéu sir dung

Trong phan thyc nghiém nay, chiing t6i st dung hai tap dir liéu khac nhau dé chay mé hinh trén hai kich ban
khac nhau. Kich ban 1, chung téi sir dung tap dit MovieLense [2] ctia dy an nghiém cru GroupLens tai Truong Pai hoc
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Minnesota (the University of Minnesota) vao ndm 1997. Kich ban 2, ching t6i st dung tdp dir liéu MSWeb cua
Microsoft cong bo vao nam 1998 [7].

Trong kich ban 1, ching t5i tién hanh thyc nghiém trén tap dir liéu MovieLense. Day la tap dir liéu duge thu
thap tir két qua xép hang ctia 943 ngudi ding cho 1.664 bd phim (99.392 két qua xép hang tir 1 d&én 5) thong qua trang
web MovieLense (movielens.umn.edu) trong thoi gian 7 thang (tir 19/9/1997 dén 22/4/1998). Tép dit liu nay duoc to
chirc theo dinh dang ma trdn gdm 943 hang, 1.664 cot va 1.569.152 6 chira gié tri xép hang. Tuy nhién, khong phai mdi
ngudi ding déu xem tat ca cic phim. Vi thé, trong ma tran xép hang chi c6 99.392 luot xép hang ciia ngudi ding cho
danh muc cac bd phim.

Trong kich ban 2, ching t6i tién hanh thuc nghiém trén tap dir lisu MSWeb. Pay 1a tap dir liéu vé ngudi ding
Microsoft truy cap cac trang web trong thoi gian mot tuan trong thang 2 nim 1998 duoc ldy mau va xir 1y tir file log
ctia dia chi www.microsoft.com. Tap dit liéu nay bao gdm 38.000 nguoi dung nic danh truy cap trén 285 dia chi web
gde dugce xir Iy va to chirc thanh ma tran nhi phan véi 32.710 hang, 285 cot va 98.653 gia tri xép hang.

5.2. Cong cu thyc hién (ARQAT)

Dé trién khai hai kich ban thuc nghiém, ching t01 str dung cong cu ARQAT dugce trlen khai trén ngén ngir R.
bay la g6i cong cu duge nhom chung t6i phat trién tir nén tang cua cong cu ARQAT phat trién trén Java [6]. Cong cu
nay gom cac chirc nang: xtr ly dit liéu, ham sinh luat ham y thong ké, ham dém cac tham sé n, n,, ng, Nz, cac ham tinh
d6 do hap din khach quan cho luat ham y dua trén 4 tham s6 ham théng ké n, ny, ng, n,5, Chic ning tinh d6 twong
ddng clia hai ddi tuong dua trén d6 do chi s6 ham ¥, cac chirc ning xay dung va danh gia md hinh cua hé tu van [10].

5.3. Kich ban 1
5.3.1. Lwa chon va xur ly dit liéu

Tép dir liéu MovieLense dugc luu trir dang ma tran xep hang sb thuc (giatritr 0 dén 5) gom 943 dong, 1.664
cot vdi 1.569.152 6 chira gia tri xép hang. Trong do, hon 93 phan tram gi4 tri xép hang co gia tri bang 0 va 7 phan trim
con lai c6 gia tri xep hang c6 gia tri tir 1 dén 5 (Gid tri hang 0 1a 1.469.760; Gi4 tri hang 1 1a 6.059; Gié tri hang 2 1a
11.307; Gi& tri hang 3 la 27.002; Gia tri hang 4 1a 33.947; Gia tri hang 5 la 21.077). Nhu viy, toan tap dir liéu
MovieLense chi ¢6 99.392 gia tri xép hang cua nguoi dung tht sy xép hang cho cdc bo phim. Trong do, da s6 gia tri
xép hang ndm trong khoang tir 3 dén 5 va 4 1a gia tri xep hang chiém s6 lwong cao nhat. Dé thay 13 phan bé gia tri xép
hang ctia tép dir liéu MovieLense chung t6i sir dung biéu d6 nhiét dé dai dién cho cac gia tri xép hang ciia nguoi ding
duogc trinh bay trong hinh 3.

Meatmap of MovieLente ratng sutnx

Sorns (g
Dhtsmniomes 547« THOE

Hinh 3. Biéu d6 nhiét trinh bay phan b gia tri xép hang ctia ngudi ding trén tap dit liéu MovieLense

Tir biéu do nhiét, chung t6i thdy rang c6 s6 phim chi dugc xép hang boi mot vai ngudi ding va ¢ mot sb
nguoi dung chi xép hang cho mgt vai phim. Néu su dung cac truong hgp nay dé huan luyén mo hinh c6 thé dan dén cac
sai 1éch do thiéu théng tin. Vi vay, ching toi quyét dinh chi chon cac ngudi dung cd xép hang it nhat cho 50 phim va
cac bo phim phai dugc it nhat 100 ngudi dung xép hang dé xay dung tdp dir thuc nghiém cho m6 hinh. Khi d6, ma tran
dir liéu thuc nghiém chi con 560 dong, 332 ¢t va 55.298 gia tri x€p hang. Trong do, chung t6i chia tap di li¢u thanh
hai tap con: Tép huan luyén chiém ty I¢ 80 phan tram va Téap kiém tra chiém ty 1¢ 20 phan tram con lai.
5.3.2. Két qud ciia mé hinh

Véi muyc tiéu kiém tra d6 chinh x4c ctia mé hinh trén ma tran xép hang dang sb thuc, chung t6i tién hanh xay
dung mo hinh tu van theo ngudi dung dua trén d6 do twong dong ham y thong ké trén tp dit 1iéu huan luyén vdi 449
ngudi dung va kiém tra két qua ctia mé hinh tap dit liéu kiém tra v6i 111 nguoi dung. Trong do, s6 ngudi dung twong
dong dugc xac dinh 1a k=25. K&t qua tu van cua mo hinh dugc xuat ra theo dinh dang ma tran véi cau triic 10 x 111
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(mdi cot 1a mot ngusi dung, mdi 6 1a mot phim dwge chon dé gi6i thiéu cho nguoi dung & cot twong tng). Hinh 4 trinh
bay két qua tu van cho 4 nguoi dung dau ti€n, vai moi ngudi dung chon 10 phim duge xép hang cao nhat.

Userl user2

1 "Lone Star (1996)" rGodfather: Part 11, The (1974)"
2 “"woop Dreams (1994)" “mlade runner (19 25

3 "wrong Trousers, The (1993)’ "To kill a mockingbird (1962)‘

4 “L.A., ConFident1a1 1997)*" “sSchindler's List (1993)"

5 “Titanic (1997)" "x1111n? Fields, The (1984)"

6 "pPeople vs. Larr el nt, The C(1996)" 'uoot. DAS (1051;

7 ‘lr;1nspott1ng C 99 § “Annie Mall (1977)>"

8 "Close shave A (1995>" "Great Escape, The (1963)"

9 "Bound (1996)" ‘Princess Br|de. The (1987)"
10"8ig thht C1996)" "THitanic (1997)"

user3 User4

1 “usual Suspects, The (1995)" ‘Secreots & Lies (1996)"

"wrong frousers, The (1993)" rGood will Hunting C1997)>"

3 "Godfather, The (1972)" ssflence of the Lambs, The (19913*
4 'GoodFe11as g1990{ Usua1 Suspects The £1995)"

5 "Secrets & Lies (1996)" Big Night €1996)"

6 "smonty Python and the Ho1y Grail (1974)" come to the pollhouse (1995)"
7 "Trainsporting (1996)" Alicns (1986)"

8 "2001: A Space odyﬁsey (1968)" "raiders of the Lost Ark (1981)"
9 "Shawshank Redempt iol The (1994)" "sSense and Sensibility (1995}
10"Schindler's List (19§ "shawshank rRedemption, The (199)

Hinh 4. Trinh bay két qué tu vin cta 4 ngudi ding diu tién

Duya trén ma tran két qua tu van, chung toi thong ké s6 1an duogc gidi thiéu cua timg b phim. Qua két qua
thdng ké, ching ta thiy rang phan 16n phim chi dwoc gi6i thiéu dudi 5 1an. Trong do6, ¢ dén 38 phim chi dugc gidi
thiéu duy nhét 1 14n, 26 phim dugc gigi thi¢u 2 lan. N guoc lai, $6 phim duoc gidi thi€u tir 5 14n tré 1én chiém sb luong
tuong d6i nho. Pa s6 déu ¢6 sb lwong dudi 5. Trong d6 ¢ 2 phim dugc gidi thidu dén 41 1an.

5.3.3. Ddnh gia moé hinh

Trong phan ndy, chung tdi tinh cac thong sb 161 (RMSE, MSE, MAE) cho tung nguoi dung va cho md hinh
dya trén dir liéu dugc xay dung bang phuong phéap k-fold (k=5). Dbi vai thong sb 151 cua timg nguoi dung, chung t6i
trinh bay phan bd cua timng thong so 156i bang dang biéu d6 dong thoi so sanh cac thong s6 nay véi cac thong sb 161 cua
md hinh st dung d9 do tuong ddng Pearson (hinh 5). Qua biéu d6 ta thy ring, sb luong nguoi dung phén bb trén cac
thong s6 151 cua md hinh sur dung d6 do tuong ddng ham y thong ké 0 gia tri cao hon so v6i s6 lugng ngudi dung phan
bb trén cac thong sb 16i ciia mo hinh sir dung d6 do twong dong Pearson. Ddi véi thong s 11 ctia toan mé hinh, ching
t6i tiép tuc so sanh véi mo hinh sir dung d6 do twong ddng Pearson dugc trinh bay trong bang 3. Qua két qua so sanh,
chung t6i thiy rang mé hinh cua chung dé xuat c6 cac thong sé 18i thip hon mé hinh sir dung d6 do twong dong
Pearson trén tap dir liéu MovieLense.

Bang 3. Trinh bay so sanh cac thong s6 16 ctia hai md hinh

RMSE MSE MAE
Mo hinh sir dung d do twong 0.8961562 | 0.8030960 | 0.7077939
dong ham y thong ké

M5 hinh sir dung dé do Pearson 0.9796664 0.9597462 0.7704055

MO hinh sir dung d6 do tuong ddng ham ¥ thong ké

_Distribution of the RMSE Dy user Distribution of the MSE by user Distribution of the MAE by user
€20 oo .,
= o0 ' 0"
210~ 8 s- 2 10 -
-~ ...I‘ vlg ‘I ‘IE 3I3 .-.I, .I3 ‘I: :IS SIE ‘IS
eval_accuracy], RMSE ] eval_accuracy[, "MSET] eval_accuracy[, "MAET]
Mo hinh sir dung d6 do turong dong pearson
Distribution of the RMSE by user Distribution of the MSE by user Distribution of the MAE by user
= g =- g1o-
o » . i o i ive - 3¢
eual au:curac:\y'[ RMSE] eval_au:u:uracy[,_"MSE'] ) Ue-val_accur;cy[, "MAET]

Hinh 5. Trinh bay so sanh céc théng s6 13i ctia timg ngudi ding trén hai mé hinh
5.4. Kich ban 2

5.4.1. Lwa chon va xwr ly dir liéu

Ma tran dir liéu nhi nhan MSWeb c6 kich thuée duong ddi 16n véi 32.710 dong, 285 cdt, 98.635 gia tri xép
hang. Tuy nhién, qua khao sat chung t6i thiy ring co kha nhiéu ngudi dung chi truy cdp mot vai trang web va kha
nhiéu trang web chi dugc truy cap boi mot vai nguoi dung. Dé tang do tin cay cta két qua khuyén nghi ciia mé hinh,
chung t6i tién hanh xay dung tap dir liéu cho mod hinh theo diéu kién chi chon nhiing nguoi dung truy cép it nhét 10 dia
chi web va nhiing trang web dugc truy cap it nhat 50 ngudi dung. Sau khi thuc hién cac thao tac chon loc, chung toi da
c6 ma tran dit li€u cho thyc nghiém cé kich thudc 796x135. Tuwong ty nhu trong kich ban 1, ma tran dir li¢u thuc
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nghiém dugc chia 1am hai tdp con: Tép dit liéu huan luyén c6 kich thudc 626x135 (chiém 80%), Tap dit li¢u kiém tra
¢6 kich thudc 170x135 (chiém 20%).

5.4.2. Két qud ciia mo hinh
Vi muc tiéu kiém tra 6 chinh xac ctia md hinh trén ma tran xép hang nhi phéan, chiing t6i tién xay dung md
hinh tu van theo nguoi dung dua trén d¢ do tuong dong ham y thong ké trén tap dir liu da duoc xtr ly ¢ trén. Trong lan

thuc nghiém nay, chung t6i chon sé ngudi dung tuong ddng k=30 va mdi ngudi dung dwoc gidi thidu 6 trang web ma
md hinh dy doan 13 ho yéu thich. Két qua tu van cho 6 ngudi ding dau tién dugc trinh bay trong hinh 6.

Userl User

1 "Free Downloads" SunoYr' Desktop"

2 "Support Desktop™ l&nmv edge Base

3 “Microsoft,.com Search" “Internet Site Construction for oevelopers
4 \nnduws rmm‘ly of oss” “Sitesuilder Ne twork sembership”
5 "pProducts™ “windows NYT Server”

6 “"Developer workshop" “peveloper workshop™

User Userd

1 "ocvolopcr warkshop” “feapi”

2 "microsoft.com Search" “peveloper Network"

3 "peveloper Network' “ms Offvce Development

4 ‘vnndcms NT Server" "ourLook™

5% “Products “Activex chhno\oqy pevelopment™
6 "Activex Technology Development”™ M5 Office

users useré

1 "microsoft.com Search" “microsoft.com Search"

2 "Free Downloads “windows raml'ly of oss"

3 "windows l.'un!ly of oss”™ “"Interner eExplorer”

4 “mMs office” rwindows95 Support”

5 "Interne% Site Construction for n!-vc"lopers “IT Technical Information™

6 "Sitesul lder Network membership “MS word"™

Hinh 6. Trinh bay két qua khuyén nghi trén tip MSWeb cho 6 users diu tién
Tir ma tran két qua tu van, chung t6i trich chon 10 trang web dwoc md hinh chon dé gidi thidu dén nguoi ding
nhiéu nhét (hinh 7a). Trong d6, ding dau danh sach 1 trang tim kiém ctia Microsoft (Microsoft.com Search) véi 74 1an
gi6i thiéu dén nguoi dung. Nguoc lai v6i danh sach 10 trang web dimg dau, chung t6i ciing trich ra danh sach 10 trang
web ¢6 s6 1an gi6i thiéu it nhéat (hinh 7b). Hiu hét cac trang nay chi dwoc gidi thiéu duy nhat 1 14n ngoai trir trang
Microsoft Excel dugc gidi chon dé gi6i thiéu 2 1an.

Names of website Number of recommendation s

Microsoft.com Search 74 ccess Development 1
Windows Family of OSs 65 S Proxy Server 1
Products 63 S Publisher 1
Support Desktop 63 Product Catalog 1
Internet Explorer 58 romo 1
isapi 52 sports 1
Free pDownloads a6 raining 1
[Kknowledge Base a6 isual Interbev 1
Windows95 Support 44 indows Hardware Testing 1
s office 1nfo 39 S Excel 2

a) (b)

Hinh 7. Danh sach 10 trang web duoc gidi thiéu nhidu nhit va 10 trang dwoc gi6i thidu it nhét

5.4.3. Danh gia mo hinh

Do tap dir liéu MSWeb la tap dit liéu nhi phan, nén mé hinh chi dugc danh gia dya trén cac khuyén nghi.
Trong danh gi nay, chung t6i tiép tuc sir dung phuong phap chia dir liéu k-fold dé xdy dung bo dit liéu danh gia voi
k=5. Pé khao sat dd chinh xac ctia mé hinh, chung t6i kiém tra md hinh véi sb luong trang web dugc gidi thiéu dén
ngudi ding ting dan (tir 1 d&én 15). Két qua danh gia trung binh cuia 5 k-fold trén mé hinh sir dung d6 do twong ddng
ham y thong ké va mo hinh sir dung d6 do twong ddng Jaccard dugc trinh bay trong hinh 8. Trong hinh ndy, ching toi
thiy rang chi sb precision ludn giam khi sb trang web dugc gioi thidu ting trén ca hai d6 do twong dong. Nguoc lai voi
precision, chi s6 recall ludn tang trén ca hai 6 do twong ddng khi s trang web dugc gidi thiéu ting. Khac véi hai chi
s6 trén, chi s F-measure dat gia tri cao nhat khi s trang web duoc gidi thiéu bang 10 trén md hinh sir dung do do
tuong dong ham ¥ théng ké va bang 3 trén mo hinh sir dung d¢ do twong dong Jaccard. Didu nay cho thiy rang mo
hinh str dung d6 do twong dong ham ¥ thong ké cho két qua tot nhét khi mdi nguoi ding dwoc gidi thidu 10 trang web
va mo6 hinh sir dung d6 do tuong ddng Jaccard cho két qua tt nhit khi mdi ngudi dung dugc gidi thiéu 3 trang web.

“Alhl\u] thr.nu-- SIATTartey seasures Jaccard *350““

™ precision recall F-msasurw b4 ™ cisien recalt  rossasure
L 0.71828 o 2375 l wu\ m unn 0. 'n.mm n OB32I728 0. 14592584 ([ o 3TMIR DA21A6 1 01200 107,006 SATRI900 O, LHI05E0 ©,212820%4
2 1.36125 0.63875 7.95125 122 .€806250 0.15312173 0.25000033(|7 9.3314070 1. 46840 1. FI70IAY 121.2024 0. 26570152 0,2974401 2. 24007734
3 1.93000 1.07000 7.33750 121. 6175 Q. snm; 0.21703467 0,32657140]|3 ©.686734 2. 5I55M0 LAITIS 120,513 0, 2281446 0, WIATSY 9. 1807 35T
A 2.45500 1.54500 €.85750 121.3425 0.6137500 0.27605252 0.380819a6(|¢ 0.3322141 1,.1871359 l 367312 119.5038 0, Z‘ 320152 0.4284085 §.27565893
$2.022% 2.00750 €.39000 120.6100 0.3345000 032708059 0.43944422||5 "-3}@:5 4. o@mr i i;gm? 1166219 0. ';m.gm) 0. ugl;“f% :.:s?‘nsm
6 335875 2,64125 5.95375 1200463 0,5557917 0.37523776 o ¢4330132|16 1.OMIEE 497064 B854 117,712 0.320G261) 0, 5200650 9.25658162
7 3.72500 3,27500 §.58750 119.4125 a,mwa 0,41580408 0.44658232||7 10952662 5.9007338 1057930 116, P52 0, 15703518 05530137 9. 24480537
3 4.03250 3.98750 5.28000 113.7 0, 5040625 0.48325480 0.47508316[[0 I1.1455300 E.51D4070 1. 1354477 135 5% 0, 4019575 0. 5022443 0, 21071451
O 428250 ¢.71750 §.03000 117.9700 0.4753313 047620075 0.47602143|[2 1.2 7. 7675879 10766317 1349234 0,13693467 0.§039365 8.32325007
80 A.S3E25 S.48BYS 4.78125 1172158 0.4530350 0.502723%) 0.47663734 ﬂ] ‘1\2“ (h:; s 73 ? A g‘::ugg iﬁ ;5% g 1.;3;:;%; g 6;35’32 g.m}:m

a7 25375 4. A (4314773 0,52617751 0,47414 34 . { 1 ¢ bt ot
}% U,;‘;Eé ??.2’,03 .§?‘;§3 {{263%2 g,i}zm 812#,;,& 8'49}353 13 1. 0768844 30 6251150 \7 21008 137, 0004 0, 11424557 D, 6574884 & 19558100
13 §.12509 7.87500 4.18750 114.8125 0.3942308 0.56695306 0.46508443 (|15 1.4208543 11,5751457 0. 8381930 hl 1118 0. 19423845 06775471 &, LaR2A1A0
16 5.2837% E.71625 4.0067% 113.9713 0,3774107 0.38330117 0.45829371||18 L4560 19638 0.8530151 L 70 0. 1400215 0.6508701 ©.18078474
15 540500 5.55%00 1.50750 11,0825 0,36033)3 0.59392619 0.44910833(|15 1.4874377 135139628 0. &216080 m K‘B‘ 0.09916245 0. 2014221 817375942

Hinh 8. So sénh két qua danh gi4 trung binh cua 5 k-fold khi sb trang web dugc gidi thidu ting dan tir 1 dén 15
VI. KET LUAN

Trong bai viét nay, chung t6i di xay dung md hinh hé tr van loc cong tic dua trén nguoi dung bang cach dé
xudt mot d do twong dong duya trén d6 do chi sé ham y thdng ké dé xac dinh sy trong dong cia hai ngudi dung. Gidng
nhu cac hé tu van loc cong tac dwa trén nguoi ding khac, mé hinh ctia chung t6i van dam bao cac budce chinh nhu: xir
ly dir liéu, xay dyng ma tran xép hang, tinh do tuong ddng gilta hai nguoi dung, xac dinh danh sach san phdm dugc
ngudi dung tuong ddng xép hang cao dé dua ra két qua khuyén nghi va danh gia tinh chinh xac ciia mé hinh. Tuy
nhién, diém méi trong md hinh nay 1a trong budc xac dinh danh sach ngudi ding tuong ddng, thay vi st dung cac do
do twong dong quen thudc nhur Pearson correlation, Cosine similarity, Jaccard dé xac dinh sy tuong ddng giita hai
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nguoi dung, ching t6i st dung d¢ do tuong ddng ham ¥ théng ké. Qua thuc nghiém, chiing t6i thdy rang ctia mo hinh
chung t6i cho két qua khuyén nghi kha chinh xac trén tap dir liu ) thuc va tap dit liéu nhi phan. Ddi véi tap dir liéu sb
thuc MovieLense, cac chi s6 16i (RMSE, MSE, MAE) ciia mé hinh c¢6 gia tri thap hon so véi két qua danh gia cia mo
hinh sir dung d6 do twong ddng Pearson. Dbi voi tap dir liéu nhi phan MSWeb, cac chi sb danh gia do chinh xéac
Precision, Recall, F-measure ctia md hinh ¢6 gia tri vuot troi so voi cac chi sb nay trong mé hinh sir dung d6 do tuong
ddng Jaccard. Két qua thuc nghiém nay cho thdy rang mé hinh hé tu van loc cong tac theo ngudi ding sir dung dé do
tuong ddng ham ¥ thong ké c6 kha ning tng dung vao thyc té.
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USER-BASED COLLABORATIVE FILTERING RECOMMENDATION
SYSTEM BASED ON IMPLICATION STATISTIC MEASURES

Phan Quoc Nghia, Nguyen Minh Ky, Dang Hoai Phuong, Huynh Xuan Hiep

ABSTRACT— From the first appearance, recommender system in general and User-based collaborative filtering recommendation
system have been developed greatly in technology and their application in life. In particular, recommender systems are used by
many managers as an effective tool in order to support the business in various fields such as Amazon, Netflix and Pandora.
However, the present generation of recommender systems has not fully met the requirements of users yet. In this paper, we propose
a new approach for User-based collaborative filtering recommender system. The User-based collaborative filtering recommender
system based on Implication statistic measures. In the system, we build a new similarity measures for two users are based on the
Implication intensity measures. It is called statistical implicative similarity measures. Through experiments on two datasets
MovieLense and MSWeb show that our similarity measures has fairly good results on User-based collaborative filtering model
compared with traditional similarity measures as Pearson correlation, Cosine similarity, and Jaccard.



