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TOM TAT: Trong thoi dai biing né thong tin hi¢n nay, hé au van ngay cang cé vai tro ddc biét quan trong va trg nén pho bién trong
viéc hé tro'ra quyet dinh ciia con ngwoi. Trong cac hé ne van, cac thuat toan loc cgng tac 1a mgt trong nhing phiwong phdp phé bién
nhdt d@é tao khuyen nghi. Bén canh thanh céng ciia minh, cac hé fir vén loc céng tac déu gap vin dé 1a chi do dnh hwong cia hai
nguoi dung bang cac dé do twong déng dua trén lich si tiéu ding cua ho vd do do, méc dinh xem dnh hurong cia cap nguoi dung
Ién nhau la déi ximg, Tuy nhién, trong khi thuc té, diéu dé c6 thé khéng ding, béi |1é nguroi dung c6 nhiéu kinh nghiém sé cé mire dg
anh hwong lén hon nguoi ¢6 it kinh nghiém hodc nhiing nguroi méi bdr dau tham gia hé thang, tic 13, sw dnh huong qua lgi giza hai
nguoi dung thuong khong doi ximg, chinh sy khac biét ndy c6 thé tqo ra céc thién Iénh nhat dinh trong céc khuyén nghi cia hé nr
van. Mgt khac, cac hé ar van truyén théng cha yéu tdp trung vé tinh chdt logic thé hién su ton tgi hay khéng ton tai mai quan hé
giita nguoi diing va muc di liéu hay san phdm ma khéng quan tam dén méi quan hé dy cé thé Chép nhdn d@én mirc dg ndo. Pé gidi
quyét Ccac van dé trén, trong bai bdo nay, ching 16i dé Xudt mét céch tiép cdn mgi trong viéc xay dung hé s van theo ky thudt loc
cong tac dya trén viéc phan tich bién thién cua chi 6 ham trong truong ham y d@é xép hang va loc thdng tin dua vao bién thién
cua chi sé ham ¥ tir @6 diwa ra mét tw vin c6 y nghia, nham khdc phuc nhwoe diém cia cac hé théng fir van truyen thang la khong
quan tam dén mike dp dnh hwong bdt doi ximg Ciia nguoi dimg va dwa ra khuyén nghj véi mét ham y nhdt dinh dé tao ra mét do do
twong ty cho tung cap nguoi dung.

Tir khéa: cuwong do ham ¥ thong ké, trieong ham ¥, hé nur van loc cong tac, dg do bdt doi ximg.

I. GIOI THIEU

Ngay nay, cac cong cu tim kiém dang dimg trudéc mot thir théch ngay cang 16n: rat kho dé tim chon théng tin
hitu ich nham dua ra quyét dinh vai mot s luong 16n céc lya chon trong mét thoi gian ngan. Xu hudng chuyén dich tir
hoat dong tim kiém thong tin sang tu van khuyén nghi théng tin dién ra nhanh chong hon bao gio hét va hé tu van [15]
tro thanh mot cong cu cuc ky can thiét va dugc st dung rong réi nhiéu trong thwong mai, dich vy dién tir nhu Banes &
Noble, Amazon, Pandora, Netflix, Walmart,... Myc tiéu cua hé tu van 1a dé loc cac thong tin hitu ich tir mot sé lugng
I6n cac thong tin dé cd thé du doan duoc sy danh gia ma mot ngudi dung s& cung cap cho mot muc va tir d6 khuyén
nghi cac mat hang phti hop cho nguoi dung [15]. Trong sb cac thuat toan hé tu van, thi thuat toan loc cong tac [15] 1a
mot trong nhiing ky thuat thanh cong nhét. Tuy vay, bén canh nhirng thanh cong cua céc thuat toan loc cong tac, thi
chung ciing gap phai mot sé van d& noi tai trong viéc tao ra cac tu van 1a (1) xem mic d6 anh huong cua cip nguoi
dung 1én nhau la déi xing lién quan dén viéc sir dung cac do do d6 twong dong dbi xing. Tuy nhién, trong thyc té, vai
trd va sy anh huong qua lai gitra hai nguoi ding thudng khong ddi ximg. Diéu ndy c6 thé tao ra mot thién léch nhat
dinh trong két qua tu van. Boi vi nguoi ding ¢ kinh nghiém nhiéu hon (vi du nhu mot chuyén gia vao hé théng) sé co
anh huong nhiéu hon 1én ngudi ding con lai, nhung ngudi con lai (it kinh nghiém hon, hodc méi tham gia) s& khong
thé c6 mirc d6 anh huong tuong ng nguoc lai. (2) Céc hé tu van hién nay chi tap trung giai quyét vé mat logic moi
quan hé ton tai hay khong ton tai moi quan hé wu tién giira nguoi dung va muc dit liu ma chua quan tam dén murc do
xuét hién hay mdi quan hé ham y (implicative) trén co s thong ké gitra nguoi dung va muc dit ligu trong thuc tlen
M&i quan hé ham y nay con dugc xem nhu 1a mol quan hé mang tinh chét tri thirc gitra nguoi diing va muc di liéu can

vu tién tu van. Do vay, st dung mot tiép can vé su tuong ddng bat dbi xing 1a mot huéng thu hat nhiéu quan tam dé
giam thiéu sy thién léch tir sw khac biét néu trén trong két qua tu van.

Gén day, da ¢6 mot s6 nghién ciru xay dung cac giai phap cho hé tu vin dua trén do tuong ddng nguoi dung bét
dbi ximg, nhu tu vén loc cong tac dung ky thuat phan rd ma trén dya trén cdc d6 do bat dbi ximg [1] [2], tu van dya
trén anh huong nguoi ding bat dbi xtimg két hop vai gia tri tim quan trong toan cuc ctia ngudi ding [16] nham gidi
quyét van dé anh hudng bat ddi ximg ciia ngudi ding trong hé tur van. Mot xu huéng méi nira 1a ing dung 1y thuyét
phan tich ham y thong ké trong linh vyc hé tu van, |a nham giai quyét van dé anh huong nguoi ding bat doi xing va
giai quyét vén d¢ dénh gid dugc mic do xuét hign hay moi quan hé ham y (implicative) gitta nguoi dung va myc dir
liéu trong thyc tién nhu mo hinh hé tu van dya trén tlep can luat ket hop va d¢ do cuong do ham y (implication
intensity) [13] nhiam khac phuc nhuoc dlem clia cac hé thong tu van truyén thong 1a chii yéu tap trung vé tinh chét logic
thé hién sy ton tai hay khong ton tai mdi quan h¢ uu tién gitra nguoi dung va muc dir liéu hay san phim. Trong mo
hinh nay nhom tac gia dac biét quan tam dén ty 16 hay mdi quan hé ham y gitta ngudi dung va muc dir li¢u trong mot
ngilr canh cu thé dé dwa ra cac khuyen nghi cho nguoi dung hiu qua hon. Mot nghién ctru khac trong Gmg dung phén
tich ham y thong ké vao h¢ tu van la tu van loc cong tac dya trén nguoi s dung dung phép do gin két ham y thong ké
[14] dé tinh d6 tuong tu cho tirng cap ngudi dung bat d6i xung trong phuong phap loc cong tac.

~ Trong bai bao nay, ching toi tiép tuc sir dung phan tich ham y thong ké [3] [4] [7] nhung dé xuit mot huéng
tiép can mai dya trén phan tich xu hudng bién thién cua chi s6 ham y trong truong ham y thong ké (SIFA- Statistical
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Impllcatlon Field Analy5|s) dé giai quyet van d¢ anh huong nguoi ding bat ddi ximg va méi quan hé ham y giita nguoi
ding va muc dit liéu cua cac hé tu van.

Bai viét duoc t6 chuc thanh 5 phan, phan dau tién 1a gigi thiéu bdi canh va céc van dé can giai quyét cua hé tu
van hién nay ciing nhu dé xuat huéng tiép can giai quyét, phan Il trinh bay céc noi dung co6 lién quan dén phan tich
ham y thong ké va cac nghién ctiru mé rong trong trudng ham y, phan tha 111 trinh bay mé hinh hé tu van dya vao su
bién thién cua chi s6 ham ¥ trong trudng ham y, phan ké tiép 1a phan thuc nghiém mé hinh véi cac kich ban va cudi
cung la phan két luan.

II. TRUONG HAM Y THONG KE

A. Truwong hamy théng ké
Phan tich ham y thang ké

Phan tich ham y thong ké (SIA- Statistical Implication Analysis) [3] [5] [7] [6], do Regis Gras d& xuét, nghién
ctru mdi quan hé ham ¥ giira cac bién dir liéu. SIA sir dung do do cudng d6 ham y (hay con goi 14 chi s6 ham y Gras)
dé do mdi quan hé ham y gitra cac bién dit liéu. Khong gidng nhu nhidu phwong phap phan tich di liéu khac, méi quan
hé giita hai bién trong phwong phap nay la khéng ddi ximg. P do trong phan tich ham ¥ thdng ké, cudong do ham y,
dugc st dung dé phat hién nhiing luat hodc R-luat (luat caa luat) c6 mbi quan hé ham y manh giita hai vé cua luat, hoac
dé do su twong quan giira hai bién (c& nhan, thudc tinh...), d6 do nay co tinh chat 1a khong ddi xung. Ban dau, phan
tich ham ¥ thong ké di dugc hinh thanh dé danh gia hanh vi hoc tap ctia hoc sinh pho thong trong qua trinh giang day
toan hoc [3] [10], sau d6 né dugc ung dung trai rong trén nhiéu linh vic nhu phan tich mbi quan hé tac dong giita cac
van ban [7], trong ban thé hoc (ontology) [11], trong khoa hoc xa hoi [9], tim 1y hoc [12].

Céc luat khong mang tinh chét tuyét d6i ma mang tinh chat ham y [3] [7] (c6 mot x4c suat nhét dinh) s& duoc
phan tich dudi goc d6 théng ké, goi 1a phan tich ham y thdng ké. Phan tich nay cho phép phat hién cac luat (rules)
khong dbi xtmg theo dang “néu x thi gin nhu y” hay “néu x thi y & mirc d6 chip nhan nhu thé nao”. Cac luat nhu vay
dugc goi 1a luat ham y (implication rule) ma trong pham vi bai viét nay dugc goi 1a luat dé don gian trong trinh bay.

Goi E la tap hitu han céc bién nhi phan, A va B Ia hai tap con cua E, lan luot |4 tap dit liéu chira cac phan tir a
a € A sao cho A(a) = true va b € B,sao cho B(a) = true , tap A,B la tip bu cla tdp A va B tuwong tng, goi
ng = card(A),n, = card(B) 1a luc luong ciia Tap A va B tuong tng, n; = card( A),n; = card( B) twong tmg 1a
luc lugng cia tip A vatdp B VA ngz = card(A N B) 1a lyc luong cua tap A N B 1 tap chira cac phan tir thoa tinh
chit a = true va b = false, ngj con goi 1a sé phan vi du (counterExample) hay bét kha di (unlikelihood), ddng thoi
ciing chon ngau nhién va doc lap hai tap con X va Y c¢d ciing luc luong voi A,B tuong ting, c6 nghia 1a card(X) = n,
va card(Y) = n,. Goi Xva Y tuong tng 12 phin bu ciia X va Y trong E va ¢6 lyc luong twong tmg 1a ngz = n —ng
ng =n—n.

M&bi quan hé ham y giira a va b dugc md hinh héa trong phan tich ham y thong ké nhu sau (xem hinh 1).

Rap

Nq

Hinh 1. Minh hoa cac thanh phan cua phan tich ham y théng ké bing biéu db venn

luat a = b is dugc chap nhan ¢ ngudng a cho trude néu:
Pricard(X nY) < card(ANB)] < a

Phan phdi cua card(X N Y) phu thudc vao mau rit ngiu nhién [7], ddi véi mot qué trinh rat ngau nhién cu thé,
ma trong d6 cac phan tir xuat hién mot cach linh dong, theo dong thuc hién cua cac giao dich dién vao co so dir liéu.
Qué trinh nay dung lai khi c6 n, phan tir voi a = True, va n, phan tir véi b = True. Gan card (X nY) cho bién ngau
nhién s6 cac phan vi du trong qua trinh nay. C6 3 gia thiét: (i) thoi gian cho doi cho céc su kién (a va b ) 1a cac bién
ngau nhién doc Iap (ii) phan bé s6 lugng ciia cac su kién do ) xay ra trong khoang [t,t+ T ] chi phu thudc vao T, (iii)
hai su kién c6 thé khong dong thoi xay ra. Khi d6, bién ngau nhién card (X nY) theo phan phdi Poisson P(1) véi

1= nanp
n
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card(AnB)
s

Prlcard(X NnY) < card(ANB)] = Z %e‘a 1)

Véing # 0, goi Q(a, b) la bién ngau nhién chuan tac cia P(1), thi Q(a, b) duoc x4c dinh bai [3] [7]:
nanb
card(XNnY) —
Q(ab) =

\/@ (2)
n

Trong thuc nghiém, gia tri quan sat caa Q(X,Y) la (X, Y) dugc goi 1a chi sé ham y va xac dinh boi:

nanE

q(a b) = == ®

Trong diéu kién xap xi (vi dud > 4), Q(a, b) 1a xp xi phan phéi chuan N(0,1).

Do do mat do ham y ¢(a, b) cualuat a — b xac dinh bai Error! Reference source not found.:
_ _ _ naEA_S -1 _ L © —ﬁ 2
o(a,b) =1—Pr( Q(a,b) <q(a,b)) ={1 ~2s=05¢ = T doam @ 7 dt,vin, <n ()
) 0, cho cac truong hop nguoc lai
Luat hamy X — Y duoc chap nhan ¢ muc tin cay a néu va chi néu ¢(X,Y) = 1 — a. [7]
Cén cha y 1a viéc mo hinh hoa mdi quan hé ham y nay s& do duoc sy “ngac nhién” trén co s¢ luat ham y c6
dugc. Do do6 viée danh gia mdi quan h¢ gitra cac myc dir liéu trong mot h¢ tw van dudi dang luat ham y s€ giap xép
hang hay danh gia mbi quan hé can c6 hay cin tu van giita cac muc dit liéu.

Dinh nghia cuong d6 ham y nay, goi lai cho nhitng nguoi dung d6 hap dan vé ham y véi diéu kién trén 0,50, co
nghia la q(a, l_)) phai am. Vay cling c6 nghia la hAm cang am thi cé y nghia ham y cang cao.
V6i d6 do nay thi @(a,b) # @(b,a): phit hop véi quan diém vai tro cia ngudi ding 1a khong dbi ximg trong cing
mot hé thong.
Sw bién thién cia chi s6 ham y
Nghién ciru sy 6n dinh cuia chi s6 ham y q [4], phdi xem xét dén nhirng bién d6i nho ¢ viing 1an can cua toan bo
4 gia tri quan sat (n, ng, ny, ngp), dé 1am dugc diéu nay, can phai thyc hién nhitng mo phong khac nhau cua toan bg 4
bién nay, ma n6 phy thudc vao q [4] [7] Can phai xem nhing bién nay nhu nhitng sé thuc va q giéng nhu 1 ham vi
phan d6i voi cac bién rang budt theo bét dang thirc: 0 < ng < ny; ngsp < inf{ng, np} va sup{ng, n,} < n. Thé thi su
khao sat sy khac nhau cua q dbi v6i nhiing bién nay va dé khac phuc nhitng han ché cua toan b gié tri ciia nhimng tham
s6 theo quan hé a — b. Su khac biét ciia q theo nghia hinh hoc ctia Frechet dugc dién dat theo cach sau:
dq 9q , .94
dq=——dn+ dn, + —
9= 50" " n, 4"t o,
Vé6i M 1a diém c6 toa do (n, ng, ny,, ngj) cua trudong vector vo huéng C, dM 14 vector thanh phan vi phan cua
cac bién thé hién va grad q la vector dao ham riéng cua cac bién.

Vay vi phan cua ham q xut hién gidng nhu mot tich v huéng giua gradient Clia né va lugng tang cua q trén
mit biéu dién cac bién caa ham q(n, n,, ny, ngj). Cling nhu gradient q biéu thi bién thién bang ham hgp thanh (tir 4
bién), 1a 4 luc luong cuacactap E, A, B VaA N B, chira huong tang ctia ham q trong khong glan 4 chiéu. Néu mubn
nghién ctru sy bién doi cia ham q theo ng can phal thay thé nj boi n — My, Vva can phai thay thé ky hi¢u dao ham n;
trong dao ham riéng. Mit khac, d6 hap dan cta cac vi tri khéc nhau cua né trong viéc dénh gia sy gia ting cua q (+
hozc -) ma chiing ta ghi nhan 1a Aq ddi véi cac bién thién tuong tmg An, Ang, Any,, Angj. Ta co:
dq dq dq dq

rg =22 Ang + L5
=5, g, Mat g, A 5

dny, + dnaAg = gradq. dM (5)

aq
on, g

a”

———Any 5 +0(Aq)
vGi 0(Aq) la mét vo cung nho
Xét dao ham riéng theo ny va s phan vi du n,,5- Ta duoc:

aq 1
= g (% )(n n,)7 + 2 92 (n — ny)2>0 ©®)
va:
aq 1 1
_— = = ——>( 7
Ongnp JnanE Jna(n—nb) ( )

n n

Tir (6) va (7), chi s6 ham y ddng bién vé6i cac thanh phan n,, n,z, néu cac thanh phan nay ting thi chi sé ham ¥
cling tang theo, do vay cuong d6 ham y thi giam.
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3
fa__ing(ny 1 [, ©®)
ong 2\/5 ng 2+lng

n

Vay nhitng bién thién cua n, trén [0,n,], thi chi sb ham ¥ q(a, b) thi ludn giam dan (lom) ddi véi bién n, va t6i
thieu dé n, = n,

Tiép theo, mat d6 ham y tang va t6i da dé na = nb, cho dao ham riéng q dbi véi n:
9q _ 1 _ 4 Mafp ©)
on ~ 2vn (Manp n )

Két qua, néu 3 tham sé khac khong thay df)i, chi s6 ham ¥ giam theo v/n. Tinh chét ciia ham ¥ vi vay la tot hon,
ddc tinh riéng biét ciia A.S.I d0i v6i nhitng chi s0 khic ciing duge xac nhan trong linh vic chuyén mon [4]. Tinh chat
nay duogc tan thanh trong thong ké véi d tin cay tir tAn xuat quan sat.

Bay gio, dé khao sat tiép moi quan hé giira chi s6 ham ¥ va cuong do ham y, hdy xem mat do ham y
@(a, b) nhu mot ham ddi vai q(a, b):

@@ = 2=/ e /2t

Vay thi, ta khao sat sy thay doi gia tri cua ©(q) khi gia tri q thay doi trong vung gia tri 1an cén (a, b), gid tri g tw
n6 thay d6i nhu thé nao theo ham 4 tham s6 xac dinh né. Lay nguyén ham (lay dao ham ciia ctia ham tich phan 4 bién),
taco

2
d_(p_ 1 - (10)
dq_ vame? <0

Diéu nay khing dinh mat d6 ham y ting khi q giam, nhung tdc d6 ting dugc xac dinh boi cong thic (10), diéu
nay cho phép nghién ctru k¥ hon tinh dung din sy bién thién cua ¢.

Truwong hamy
a. Truong ham y thong ké

Chung ta dén voi chi sé ham ¥ q(a, b). Xét khéng gian 4 chiéu E, véi cac diém M c6 toa do 1a nhitng tham sb
lién quan dén céc bién nhi phanavab la (n Ng, Ny, Ngnaj), thi q(a b) la mét truong vo hu’o’ng bang viéc ap dung anh
xa tir R*vao R. Dbi véi vector grad q bao gdm nhitng dao ham riéng cua q dbi véi cac bién n, n,, ny, ngsy 1a 1 truong
gradlen:{ truong vector dac biét ma chung ta cting goi la truong ham y — vi n6 thoa man cac tiéu chi Schwartz vé vi
phén hon hop, nghia 1a phai thoa man diéu kién dao ham hon hop ciia tig cdp bién [4], tic 1a

8 S_q 8 8q

= e

SnaAE Bnb Snb Sna/\b

T (6) va (7), ta cé:

— () =307 2D e = - ()

Tuong ty nhu trén cho ting cap bién khac trong bo (n, ng, ny, Ngnp), ta ciing duge két qua:
8 S_q _ 8 8q i 8q 8 ﬂ _ § . 8q, & 8q

Bnb SIlb

snzCong) ~  ony Gonyp on G, );a—ng, o) = om, G e, Sns)
— - 2 °q
- Sn B (Sna) )_ &n (Sna)'

Vay, trudng vector C = (n, ng, Ny, Ngn p) trong E, phu hop véi truong gradient G va do d6 n6 la mot trudong ham
y, n6 dugc xem nhu la tiém ning (potentlal) cua q. Grad q la vector bleu dién cho thay d6i khong gian cua mat cta do
trweong, nd sap xép céac gia tri truong thap dén gia tri cao hon. O mdi diém cia gradient, ta theo ddi sy gia ting mat
ham y cua trong khong gian va trong chirng muc nao toc do ma n6 thay doi dudi tic dong clia sy bién doi cua mot hodc
nhiéu tham sd.

Vi du, néu ta cb dinh 3 trong nhitng tham sb n,n,, n,,ng; da cho boi viéc thuc hién cua cip bién (a, b),
gradient la 1 vector chi huéng tang hodc giam cua g, vay viéc giam hogc tang cua |q| va tiep theo cua ham ¢ theo bien
thién cua tham s6 thit 4. Chiing ta chi ra thém thdng qua giai thich cong thirc (8).

b. Mit déng tri chi s6 ham y

Xét chi s6 ham y duéi dang mot ham bén bién q(n, ng, ny, ngrp). Mot duong hodc mit phang dang tri trong
truong C thi cong trong E, khong gian 4 chiéu c6 thir tu, doc theo d6 hodc trén d6 mét di€ém bién M duy tri cung mot
gia trj clia tiém nang q. Phuong trinh cuia dudng cong nay 1a, dugc chi ra boi Error! Reference source not found.:
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ngNp
Nap — n

ngnp
n

Tiép theo, trén duong cong do, tich vo huéng grad q.dM bang 0 (theo (10) va (11)). Diéu nay duoc hiéu nhu 1a
tinh truc giao cua tiép tuyén gradient hodc mot tiép tuyén siéu phing véi duong cong dé, cé nghia 1a v6i mat phiang
dang tri.

q(a,b) - =0 (11)

De dé minh hoa, ta xét mdi quan hé tir mot potential F chi phu thude vao 2 bién, hinh duéi day thong qua vi du
cho thiy huéng truc giao cla gradient doi voi su khac nhau cua cdc mat dang tri, doc theo potentials F khong doi
nhung chuyén tir F7 dén F10 [4], nhu minh hoa & hinh 2.

Yoy
r Grad F in M’

Grad Fin M

»
»

Hinh 2. Minh hoa méi quan hé mét potentials F chi phu thudc vao 2 bién

Trong truong hop nay, potentlal q lap nén nhirng mat dang tri nhu minh hoa ¢ hinh 2 (mlnh hoa theo hai chiéu
dé dé biéu dién). Ta c6 thé hiéu rang trudng niy manh hon d6i v6i mat phing chat ché va yéu dan ¢ ving thua thot
hon. Dé c¢6 dugc 1 gid tri q trong trudng hop nay, ngudi ta ¢b dinh 3 bién, vi du nhu n, ng, ny.

Vay, khong gian E bao gdm nhiéu 16p boi cac miat dang tri twong ing v6i nhimg gid tri ké tiép lién tuc cia q
lién quan dén cac luc lwong ctia , ng, ny, ngrj - Tinh hudng nay duoc dénh gia phi hop trong mé hinh cta ASI [4].

Tir céc két qua trén, chung toi nhan thiy mét s6 tinh chét trong trudng ham ¥:

- Truong ham y 12 mot tap cac mat dang tri sinh ra do su bién thién cua mot bién bét ky trong bo bdn cac bién
(n, g, Ny, Ngnp)-

- Trén mot mit dang trj thi cwong do ham ¥ 13 nhu nhau.

- Céc mit déng tri thi c6 th tu (do tinh chat cua truong gradient).

- Truong ham y ¢6 cuong do phu thudoc vao mat do ctia cac mat drfmg tri, tuc 1a cuong d6 cao & nhitng noi ma
mat d§ mat dang tri chdc ché va gidm dan ¢ nhiing noi mat dang tri thua thét hon.

Can cht y 1a viéc mo hinh hoa mdi quan hé ham y nay s& do dugc su “ngac nhién” trén co s ludt ham y co
dugc. Do d6 vi€e danh gia mdi quan hé gilta cac myc dir liéu trong mot hé tw van dudi dang luét ham y s€ giap xép
hang hay danh gia mbi quan hé can c6 hay can tu van giita cac muc di liéu.

I11. MO HINH TU VAN DUA TREN DO BIEN THIEN CUA CHI SO HAM Y
TRONG TRUONG HAM Y THONG KE

1. Ludt ham y théng ké

Cho tap dit liéu D 1a co sé dit liéu bao gém céc giao dich T, mdi giao dich Ti bao gdm cac dbi twong hay muc
dir liéu(item) 1a ddi twong xuat hién trong giao dich nhu (san pham, dich vy, hang héa,...). Tap muc dit liéu (itemset) I
la mot tap bao gdbm m muc dit liéu. Tan sé xut hién ciia mot tap muc dir lidu trong co so dit liéu duoc ky hiéu 1a 8. Do
hd trg cua tap X, ky hiéu la support(x) l1a ty Ié giao dich c6 chtra X trong co s& dit liéu D. Luat két hop (association
rule) 1a luat c6 dang X — Y , trong d6 X,Y < I la cac itemsets, X duoc goi 14 tién dé (premise), Y 1a két qua hay hé
qua (consequence). Luat két hop thuong dwoc danh gia bang hai d6 do 1a d¢ hd trg (support - S) va 4o tin cay
(confidence - C). Po hd tro (Support) cua luat X — Y ky hiéu la sup(X — Y) laty Ié cac giao dich bao gom ca X va

Y trén tong s giao dich. sup(X - Y) = % b6 tin cay (confidence) cua luat X — Y, ky hiéu: conf(X - Y)
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14 kha nang ma mét giao dich chua X thi s€ chia Y duge xac dinh boi: conf(X - Y) = JoOr) _ supXov)

8(X) sup(x)
P(Y|X).

Vi du mot tap dir liéu luat két hop vé cac giao dich mua sach véi cac luat két hop co confidence 16n hon 50% va
support >200 nhu bang 1.

Bang 1. Vi du tap dir liéu mau cia ludt két hop

Rule no Confidence Support Antecedent (A) Consequent (C)
(A=>C) % (Au0)

1 100 227 ItalCook=> CookBks

2 62.77 204 ArtBks,ChildBks => GeoBks

3 54.13 203 CookBks, DoltYBks => ArtBks

4 61.98 207 ArtBks,CookBks => GeoBks

5 53.77 207 CookBks, GeoBks => ArtBks

6 57.11 245 RefBks => ChildBks, CookBks

7 52.31 204 ChildBks, GeoBks => ArtBks

8 60.78 203 ArtBks, CookBks => DoltYBks

Trong bang, dong s6 2 (luat sb 2) chi ra rang néu mua mot cubn sach nghé thuat va mot cubn séch thiéu nhi, thi
v6i sy tin cdy (confidence) 62,77% sach dia 1y cling s€ duoc mua, cot support chi ra rang luat ¢ sy hd tro ciia 204 giao
dich, c6 nghia 1a 204 ngudi di mua mot quyén sach nghé thuat, sach thiéu nhi va sach dia 1y, twong tu cho cac luét
khac ¢ cac dong khac cta bang.

Luat ham y trong phan tich ham y théng ké dugc trinh bay nhu sau: Gia sir, A < I 1a tip nhitng muc dit liéu
dugce danh gia bai ngudi ding u,; A la tap bu cia A. Tap B < I 13 tap nhing muc dit lidu duge danh gia béi ngudi
dung u,; B 1atap buicua B; n, = card(A) 1a sb muc dit lidu dugce dénh gia boi ngudi dung u,, 1 sé phan tir cia tap
A); n, = card(B) la sé muyc dir liéu duoc danh gia boi nguoi ding u,, (s6 phan tir cia tap B); n,; = card(A N B) la
s6 muc dit liéu dugc danh gia boi ngudi ding u, nhung chua dwoc danh gia boi ngudi dung uy,. Trong phan tich ham y
thong ké, trinh bay luat ham y dang A — B 1a mot dang m& rong cua luat két hop khong chi 14 biéu didn méi quan hé
gitra cac sy kién ma con cac mbi quan hé gilra sy kién vai luat hodc gitra cac luat véi nhau (hay con goi 1a siéu luat, R-
ludt) ngoai cac d6 do danh gia thong thudng, thi nhu dd néu trong doan trén, d6 do dat thu cho luat ham v 1a chi sé ham
y va cudng d6 ham y, nhd 6 ma cac luat ham y thé hién duoc muc do ham y ma céc luat két hop khong thé hién duoc,
mot luat ham y dugc thé hién bai bo bdn céc gié tri (n, ng, ny, ngj). Chung duge goi 1a lyc lwong cua luat ham y. Noi
cach khéc, luat ham y biéu dién mbi quan hé ham ¥ giira ngudi dung u, va u, 1a mdi quan hé giira tap muc A duoc
thich boi nguoi ding u, va tap muc B duoc thich boi ngudi dung u;, voi mot ngudng ham y nhat dinh, ngoai dugc
biéu dién bang mot b 4 phan tir trén.

2. Tur vdn dya trén bién thién cia dé do ham y thong ké

Pé dua ra mot dinh nghia chinh thtrc ctia nhiém vu tu vén, can phai gigi thiéu mot s6 khai niém vé hé tu vén.
Theo d6, tap hop cia ngudi dung (users) trong hé théng s& duoc ky hiéu 1a U, va tap cac muc (items) bang I. Hon nita,
tap cac xép hang (rating) trong hé thdng duoc biéu thi boi R, va tap céc gié tri (Scores) c6 thé c6 cho mot danh gia la
S(vidu, § = [1,5] hay S = {like, dislike}). Ngoai ra, gia thiét rang khdng c6 nhidu hon mét danh gia co thé dugc
thuc hién bang cach nguoi ding bat ky u € U cho mot muc hang cuthé i € I va ghi vao r,; € R cho danh gia nay.
Dé xéc dinh tap con cua nguoi ding u di danh gia mot muc i, cac ky hiéu U; duge sir dung. Tuong tu nhu vay, I, dai
dién cho cac tap hop con cuia cAc muyc hang da dugc danh gia boi mot ngudi ding u. Cudi cliing, cc muc hang da duoc
danh gia boi hai nguoi u, nghia 1a I, N1, 12 mot khai niém quan trong trong bai trinh bay ctia bai viét, va I, dugc st
dung dé biéu thi khai niém nay, nghia 1a I,,, = I,NI,. Trong mdt biéu dién tuong tu, U; ; duoc st dung dé biéu thi tap
hop nguoi dung da danh gia ca cac mat hang i va j, nghia la U;; = U;NU;.

Hai trong sb nhitng van dé quan trong nhat lién quan dén hé théng tu van 1a muc hang tot nhat va d& xuat danh
sach n muc di liéu tot nhét cho ngudi ding. Van dé dau tién bao gdm trong viéc tim kiém, ddi véi mot ngudi dung cu
thé u, cAc mat hang méi i € I\I,, ma ngudi dung u nhiéu kha ning c6 quan tim dén. Khi xép hang ¢ sin, nhiém vu
nay thudng duge dinh nghia nhur 1a mot hoi quy hay van dé phén loai (da 16p) ma muyc dich 1a dé tim hiéu mot ham

f:UxI->S

Ma dy doan danh gia f (u, i) cia mot ngudi dung u cho mot muc hang maéi i. Ham nay sau d6 dugc sir dung dé
gi6i thiéu cho nguoi dung tich cuc u, mdt mot muc i* ma danh gia udce tinh cd gia tri cao nhat.

i* = arg max f(uaj) (12)

Dua vao cac két qua nghién ctru vé truong ham y néu trén, ching t6i dé xuat mot thuat toan khuyén nghi nhu sau:
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- Thuqt toan IRC (implication Rule Creation)

Thuat toan nay c6 tham b dau vao 1a tap dir liéu dataSet, 1a tap di liéu duoc tmyén tr thuat toAn RBEP sé duoc
md ta & doan sau, két qua la tap luat va ban s6 cua tap luat dudi dang bd 4: (n, ng, ny, ngi)-

Dé sinh tap luat tir tap giao dich dataSet, tap dit liéu nay dugc nhi phan héa céc danh gia (rating) muc trén timg
giao dich ciia nguoi dung thanh tap data. Dé sinh luat trén tap data, c6 nhiéu thuat toan khai khoang dit liéu cho viéc
sinh luat phd bién hién nay nhu thuat toan apriori,, FP-Growth, setM, AIS (Artificial immune system)..., trong d6 thuat
toan apriori dii khong phai 1a thudt toan tot nhat nhung 1a mot trong nhitng thuét toan phd bién va duge quan tim nhiéu
v6i nhiéu phién ban khac nhau nhu aprioriTID, apriori Hybrid. Trong bai viét nay, thudt toan apriori dwoc dung® (do
tinh phd dung ciia nd va tap dit liéu trong céc kich ban thyc nghiém trong bai viét nay la khéng qua l6n dé xir ly) voi
d6 hé tro va do tin cay téi thiéu 13 minConf va minSup. Trén mdi luat dwoc sinh ra, 1an luot xac dinh tap céc ban s6 cua
ching (n,ng, ny,ngs), n duge xac dinh qua viée dém sd cac giao dich, cac tham s6 con lai dwoc xac dinh bang céch
phan tich luat thanh vé trai, vé phai sau d6 ap dung cic phép toan ma tran don gian 1én ching, nhu mo ta trong thuat
toan IRC.

Két qua tra vé 1a tap luat va ban s ciia chung dung cho thuét toan RBEP d¢ sinh ra cac ludt ham y cing véi do
do bién thién chi s ham y trong trudng ham y phuc vu cho mé hinh tu van, va sé dugc trinh bay ¢ doan sau.

Thuit toan IRC (Implication Rule Creation)

Input: tap cac giao dich (dataSet)

Output: tap luat va ban s cua tap luat: (n, ng, ny, ngs)

Begin
Chuyén Dataset dang tp cac mau tin ngudi ding nhi phan data
rules = apriori(data, minConf, minSup) #Dung thuat toan apriori dé tao ra tap luat tir dataset.
Vi moi luat i

{

Dém sé giao dich (transaction) n(i). ,
Tach tap luat thanh hai ma tran vé trai lhsRules va vé phai rhsRules
. True,néu item j thudc vé vé trai cha luat i
lhsRulesli,j] = : .
False,trong trwong hop ngwoc lai

. True,néu item j thudc vé vé phai cua luit i
rhsRules[i, j] = { : .
False,trong truwong hgp nguwoc lai
Tinh ng (i):
lhsProduct = data X (lhsRules)T # (lhsRules)” ma tran chuyén vi clia lhsRules
na[i] = rowSum(lhsProduct[i]) #Dém n, cua luat i
Tinh ny:
rhsProduct = datar X (hsRules)”
nb[i] = rowSum(rhsProduct[i]) # DPém n,, cua luat i
Tinh ngy: viéce tinh toan giong nhu cho ngnhung trén ca hai vé trai va vé phai cua luat i
Tinh ngz: ng5(i) = ng(i) — ng, (@) # Dém ny; cua mdi luat i
}
Return cardinalities = (n, ng, ny, ngp)
End

- Thudt toan RBEP — Recommendation by equipotential plane

Trong thuat todn ndy, c4c tham sb dau vao s& la tap dir liéu dataSet, yéu té bién thién cua chi s6 ham y
byFactor, va ngudng 6 cho mat dang tri.

Tap dir liéu dataSet sé dugc xir ly qua thuat toan IRC da moé ta & trén dé sinh tap luat va cac thong sé (n, Ng,
Ny, Ngp) tuong tng voi ting luat cua no, ké tiép, trén mdi luat chi s6 ham y q(a, b) va dao ham ri€ng cua n6 theo yeu
t6 byFaCtor s€ duoc tinh toan. Khong gian cac gia tri dao ham riéng cua chi so ham y sé€ dugc phan hoach thanh tap cac
mit dang tri recSet véi ngudng (|Aq(a, b)| < 0).

Cudi cung, dwa vao tap recSet dé tra vé& két qua tu van 1a mgt muc hay danh séch k muc phi hop cho ngudi
dung, nhu trinh bay trong thuat toan RBEP dud6i day:

! Thuat toan Apriori c6 do phirc tap vé thoi gian 1a O(k * t * n) véi k 1a kich thuéc tap muc phd bién, t 1a kich thuse
tap dix liéu va n 1a s6 tap muc cua t (véit >> k,n >> k). V&i do phuc tap nay, thuat toan phu hop véi cac tap dir liéu
khoéng qua 1on.
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Thuit toan RBEP — Recommendation by equipotential plane
Input: dataSet, 8, byFactor ## byFactor is variant factor: (n, n,, n,, ngs)
Output: recommendation item/ top k item list
Begin
Goi ham IRC(dataset) # sinh luat va tinh n, ng, n,, g5 cia mdi luat cho tap dataset bang thuét toan IRC
Vi mbi luat rule(i),

{
_ ng_nE
Tinh chi s6 ham ¥ q;(a, b) = fn
Ranp
tinh dao ham riéng q;(a, b) theo byFactor.
}

Xéc dinh tap recSet chira g trén ciing mot mat dang tri theo byFactor (|Aq(a, b)| < 6)
Return myc or k muyc tir tp recSet.
End

Thuat toan Rbep vira md ta trén lam co s& cho mé hinh khuyén nghi cho hé tu van dya trén truong ham ¥ thong
ké (RSISF - Recommender System based on Implicative Statistical Field) nhu hinh 3, theo d¢, tap dit liéu can xir 1y dé
dua ra cic tu van phu hop cho ngudi dung s& duge tién xtr 1y dé ap dung céc thuét toan khai khoang dir liéu dé sinh ra
cac luat két hop, tiép theo ap dung cac thudt toan phan tich ham y thong ké dé co6 duoc tap ludt ham y, cu01 cung dung
c4c thuat toan trén truong ham y RBEP va IRC dé tao ra truong ham ¥ gdm nhiéu mat déng tri, tir d6 tw vin cho ngudi
ding muyc hay danh sach k-muc phu hop véi mot mirc d6 ham ¥ nhét dinh.

M6 hinh nay giip ngudi dung giai quyét bai toan voi mirc 46 ham y chap nhan duoc & mot ngudng (ty 1¢) a,
nham du bao cho ngudi dung 1 san pham phu hop nhét véi yéu cau hodc liét ké mot danh sach k san pham phu hop
nhét theo yéu cau.

Tap dit lidu cac thuat toan trén
truong ham y ) i
l tu van mdt san pham
- R dua trén:
Céc thuat toan khai || Cac thuat - Muc
khoang dit liéu toan ASI l H - Nguoi dung
1 - Hé tu van dua trén
Tap cac luat ket hop truong ham y Tu van danh sach k-
| san pham duya trén:
! — “Muc
NN - Nguoi dung
Tap cac luat ham y

Hinh 3. M6 hinh hé tr vén dua trén truong ham y thong ké

IV. THU'C NGHIEM
1. Tdp der liéu s dung

V6i md hinh hé tw van dya trén dit liéu phén tich ham y thdng ké ngudi dung theo thoi gian da duoc dé xuit &
trén, chung t6i tién hanh thuc nghiém trén bo dit liéu MovieLens di dwoc thu thap bang cach nghién ctru GroupLens tir
trang web MovieLens? trong d6 c6 khoang 100.000 xép hang cta khoang 943 phim dugc thyc hién béi 1.682 ngudi
dung, cac xép hang c6 gia trj tir 1-5 twong tng voi cac bd phim duoc danh gia tir thip dén cao nhit. B dit lidu duoc
tién xtr Iy nham phuc vu cho thuc nghiém dwoc chinh x4c hon, bang cach:

o Chuén hoéa dit liéu: nhitng ngudi ding xép hang cao (hodc thip) cho tit ca phim ctia ho tiy theo c4 nhan c6
thé dan dén cac thién vi (bias) két qua. Ching ta c6 thé loai bo hi€u Gng nay bang cach chuan hoa dir liéu sao cho danh
gia trung binh ciia moi nguoi dung 1a cung mot thang do.

- Chon dit lidu c6 lién quan: bo qua cac dit liéu c6 thé dan dén cac két qua thlen 1éch (bias) va cling dé tang toc
do tinh toan, bang cach khong quan tam dén cac phim da dwoc xem chi mot vai 1an®, vi gia tri xép hang cua cac bo
phim nay c6 thé bi dan t6i thién léch vi thiéu dit lidu, va nhiing ngudi dung danh gia ch1 mdt vai by phim” vi xép hang
ctia ho c6 thé 14 thanh kién.

2 https://movielens.org/
3 Chiing 6i chi quan tdm cac by phim dugc danh gia trén 90 lin
4 Chiing t6i chi quan tim dén nhiing nguoi dung di danh gi4 trén 40 phim
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Trén bo dit liéu di dwoc tién xir 1y nhu vay va dé tranh cac vin dé& qua chuyén mén (overfitting), ciing nhu dé co
dugc do chinh xac tot hon ching toi tién hanh thyc nghiém theo phwong thirc k-fold cross validation, thay cho cac
phuong phap Splitting va Boostrapping la cac phuong phap thue hién viéc thir nghiém mo hinh hé tu van trén mot phan
cua bd dir li€u (phan con lai ding lam tap kiém tra), du rang khdi lugng tinh toan ctia phuong phap k- fold cross
validation c6 thé ting 1én, do trong phuong phap nay, bo dir liéu duoc chia thanh k khdi (chunk, fold), iy mot khoi ra
lam tap kiém tra, va danh gia do chinh xéc, cac khéi con lai dung cho tap huén luyén, sau d6 lap lai qua trinh nay voi
tat ca cac khdi con lai va tinh toan d6 chinh xéc trung binh ciia k 1an kiém tra, nhu vy tap kiém tra sé 1a toan bo dir liéu
chr khong trén mot phan dir liéu nhu hai phuong phap trude.

2. Cong cu thyc nghiém

Céc thuc nghiém duge thue hién dwa trén goi cong cu implipativefield do ching toi xay dung dua trén ngdn ngit
R, bao gdbm céac cong cy nghién ciru ing dyung phan tich ham ¥ thong ké phyc vu cho hé tu van dya trén d6 bién thién
cua chi s6 ham y trong trudng ham y thong ké.

3. Kich ban 1. Tuw van dea trén bién thién chi so ham y theo mét yéu té trong truweong ham y

Két qua thyc nghiém ciia mo hinh hé tu van dva trén do bién thién chi s ham ¥ trong truong ham ¥ trén tap
dataset Movielens d3 duoc tién xur Iy nhu noéi & doan trén, cac tap luat dugc sinh ra (véi diéu kién support = 0.4 va
confident = 0.4), tng cong 1a 119 luat, sau khi loai bo cac luat khong co ¥ nghia (vé trai cua luat bang nil), va thoa
mén cudng d6 ham y Ién hon 0,5 ta chi chon cac luat c6 chi sé ham y nho hon 0, con lai 84 tap luat, Véi ngudng
6 = 0,5, ching t6i c6 dwoc cic gia tri cdp nhat cua chi s6 ham y q theo bién thién cua yéu t6 bat ky cua bo 4
(n, g, Ny, Ngrj), trong kich ban ndy byFactor= ng.; va thu duoc 18 tap cac mat dang tri trong trudng ham y ciia md
hinh 1a céc siéu phang 3 chiéu (n, ng, np), cac siéu phang nay c6 mat d6 phén bd tiém nang (potentials) cua chi s ham
yla khong dleu nhau, dugc liét ké theo bang 3. trong d6 mat dang trl s6 1 gdm cac luat(102,119,117,95,97, 70, 88)
mit dang tri s6 2 (103), mat ding tr1 s0 3(113,98), mat déng tri s6 4 (116,118,92,101,99),..., mit dang tri s0 18
(85,112,82,39). C4c tap luat trén mdi siéu phang c6 gié tri chi s6 ham y 1a nhu nhau véi mot nguong Xap xi 6. Cu thé
siéu phang dang tri s6 1 (7 luat, c6 chi sé ham y cap nhat theo bién thién = -8.94194+6, véi nguong xap xi 6 = 0,5)
nhu bang 2.

Bang 2. Mit dédng tri chi s6 ham y thir 1 trén truong ham V sinh ra tir yéu t§ byFactor = nga;

9q q(a,b) q(b,a)
No M6 ta luat n n, n, Ngp ngs
{Star Wars (1977),Empire Strikes Back, The
102  (1980)} => {Raiders of the Lost Ark (1981)} 633 316 385 21 0.089873669  -9.239382357  -9.149508687

{Star Wars (1977),Raiders of the Lost Ark
(1981),Return of the Jedi (1983)} => {Empire

119  Strikes Back, The (1980)} 633 306 333 35 0.083038695 -9.136224171  -9.053185476
{Star Wars (1977),Empire Strikes Back, The
(1980),Return of the Jedi (1983)} => {Raiders

117  of the Lost Ark (1981)} 633 287 385 16  0.094305075 -9.095001955 -9.00069688
{Empire Strikes Back, The (1980),Return of
the Jedi (1983)} => {Raiders of the Lost Ark

95  (1981)} 633 290 385 17  0.093816022  -9.064287696  -8.970471673

{Raiders of the Lost Ark (1981),Return of the
Jedi (1983)} => {Empire Strikes Back, The

97  (1980)} 633 311 333 38 0.082368476 -9.010564805 -8.928196329
{Empire Strikes Back, The (1980)} => {Raiders
70  of the Lost Ark (1981)} 633 333 385 29 0.087549546 -8.883166958 -8.795617412
{Return of the Jedi (1983)} => {Star Wars
88 (1977)} 633 411 471 15 0.097504225 -8.7934024  -8.695898175
C6 thé nhén thay:

- Xu huéng bién thién cta ham y theo yéu té byFactor, & day yeu to Ngnp, CO Vai tro chinh trong viéc cing cb
hay tir chéi mot luat (theo 1y thuyét ham y théng ké néu & doan trén), yéu t& nay tang 1én da lam tang gia tri chi s6 ham
\A ddng nghia v6i cuong dd ham y giam, tuy nhién lugng giam khong dang ke do vay tap luét trén mat déang tri nay
van con & mic ham y cii. Didu nay cting ndi 1én dugc do on dinh cao cua chi s6 ham y thdng ké, khi s§ luong phan vi
du tdng mot lugng nho thi ludt van con y nghia.

- Mat d6 truong ham y phan b khong déu, mat dé ham ¥ cao ¢ nhitng mat dang tri c6 gid tri chi s6 ham y bién
thién it va tap trung duoc nhiéu gié tri hon nhu cac mat dang tri s6 8, 15, 1 va 9. Mat do trudng ham y thwa dan va thip
nhat & cac mat nhu mat dang tri s6, 2, 7, va 13 nhu trong bang 3. Diéu nay, thé hién sy phu hop ctia ludt véi xu hudng
bién thién cua chi s6 ham ¥, khi chi s6 ham ¥ bién thién dén mot lugng nhat dinh ma khi d6 luat khong dwoc chép nhan
& mot ngudng ham y xac dinh thi no s& chuyén dén mot miat dang tri khac c6 ngudng ham y pht hop hon. Va do vay,
s& gitip cho viéc tu van cho ngudi dung nhitng muc dir liéu 6 mirc d6 ham ¥ pht hop nhat.
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Bang 3. Mat do cua truong ham ¥ trén cic mat dang tri va chi sé ham ¥ cta n6

Mitdingtri SOludt  Chisdhamy Mit dang tri  S6 lut Chi s6 ham y
1 7 -8.94194 10 6 -4.9362
2 1 -8.69112 11 4 -4.47583
3 2 -8.1998 12 4 -4.07976
4 5 -7.75697 13 1 -3.83082
5 7 *-7.38222 14 3 -3.26428
6 5 -6.98373 15 9 -2.72022
7 1 -6.73528 16 4 -2.34934
8 9 -5.86112 17 4 -1.86901
9 7 -5.39429 18 4 -1.35299

- Mot ngudi ding muyc tiéu s& duge khuyén nghi bo phim hodc danh sach cac phim ma ngudi ay sé& thich theo
cac ndi dung luat twong tmg dwa vao cac phim trude diy ma ho di timg xem, nhu trong mat dang tri sé 1 & bang 1,
nguoi dung da xem {Star Wars (1977), Empire Strikes Back, The (1980)} thi goi y cho anh/chi ta 1a phim {Raiders of
the Lost Ark (1981) v6i chi s6 ham y la -5.86122.

Trong kich ban nay, truong ham y cling c6 thé dugc phan hoach thanh tip cac mat phang ding trj chtra cac tap
ludt c6 cung chi s6 ham y theo byFactor d€ lam co s& cho cac két qua tu van.
4. Kich ban 2. Khuyén nghi dua trén bién thién chi s6 ham y theo da yéu té trong trweong hamy

Twong ty nhu trong kich bang 1, két qua dugc cac gi tri cip nhat cua chi sb ham ¥ q theo bién thién dong thoi
cua byFactor = (n, va nga3), va thu duoc 19 tap cac mat dang tri trong treong ham y cia mé hinh (la cac mat phang 2
chieu (n,n,)), duogc liét ké theo sO hi€u luat nhu sau: eqPn;, = (102,119,117,95,97,70,103), eqPn,, = (88),
eqPn,, = (88,113), eqPn,,, , = (85,112,82,83), eqPnynj,, = (39). Cu thé siéu phing dang tri s6 1 (7 ludt, c6 chi
s6 ham ¥ cap nhat theo bién thién yéu t6 hé qua (n,) la= -8.91526+6 véi 6 = 0,5 nhu bang 4:

Bing 4. Trinh bay mit ding trj thir 1 cta chi sb ham ¥ theo yéu t6 n;, va ngaj trén truong ham y

) 9q 9q q(a,b)
No M6 ta luat n ng, n, N ony Ong»p
{Star Wars (1977),Empire Strikes Back, The (1980)}
102  =>{Raiders of the Lost Ark (1981)} 633 316 385 21 0.026238057 0.089873669 -9.12327063

{Star Wars (1977),Raiders of the Lost Ark
(1981),Return of the Jedi (1983)} => {Empire
119  Strikes Back, The (1980)} 633 306 333 35 0.024914888 0.083038695 -9.028270588
{Star Wars (1977),Empire Strikes Back, The
(1980),Return of the Jedi (1983)} => {Raiders of

117  the Lost Ark (1981)} 633 287 385 16 0.024420896 0.094305075 -8.976275984
{Empire Strikes Back, The (1980),Return of the Jedi
95  (1983)} => {Raiders of the Lost Ark (1981)} 633 290 385 17 0.024705711 0.093816022 -8.945765963
{Raiders of the Lost Ark (1981),Return of the Jedi
97  (1983)} => {Empire Strikes Back, The (1980)} 633 311 333 38 0.025450948 0.082368476 -8.902745381
{Empire Strikes Back, The (1980)} => {Raiders of
70  the Lost Ark (1981)} 633 333 385 29 0.028147259 0.087549546 -8.767470153
{Star Wars (1977),Raiders of the Lost Ark (1981)}
103  =>{Empire Strikes Back, The (1980)} 633 347 333 52 0.028131495 0.07797879 -8.662992663

Céc ludt ndm trén cing siéu phing nay s& lam co s¢ cho viée khuyén nghi mét bo phim hodc danh sach t6i da7
bd phim cho ngum dung muc tiéu phu hop véi chi s6 ham ¥ -8.9126 c6 xét den xu hudng bién thién cua n6 theo yéu t6
np VA Ngnjp . két qua nay co thé xem nhu viéc phan hoach truong ham y theo t6 ny, Va ngap do vay sb mat dang tri tang
I&n do muc d6 phan hoach theo nhiéu yéu té hon, diéu nay thay ro hon khi, phan hoach theo 3 yeu t6, nhu trong thyc
nghiém nay chon byFactor 1a (n, ny, ngnp), lic nay truong ham ¥ dugc phan hoach thanh 35 mat dang tri la cac duong
thang (mat dang tri mot chleu) céc dudng dang tri xuat hién nhiéu hon, mat do tiém ning cia chi s6 ham ¥ thua dan
(xuét hién nhiéu tap luat véi s6 lugng nho va tham chi chi 1 luat), nhu trong bang 5.

Bing 5. Tong hop két qué bién thién chi s6 ham ¥ theo 3 yéu t5 (n, ny, n,.5)
No Soludt No Soludt No S0 luat No S6 luat

1 7 10 3 19 2 28 5
2 3 11 1 20 1 29 2
3 2 12 1 21 4 30 1
4 3 13 6 22 1 31 2
5 1 14 4 23 2 32 1
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6 3 15 2 24 1 33 3
7 3 16 1 25 1 34 2
8 4 17 3 26 1 35 1
9 1 18 4 27 1

Khl khao sat bién thién chi so ham y theo 4 yeu t6, lac nay, cac siéu phang dang tri ctia chi s6 ham y 1a mot
dlem sO lugng siéu phang chinh 1a s6 tap luat (cu thé 1a 84), mdi siéu phang chi chira mot luat, va gi tri bién thién cua
chi s6 ham y dai dién cho xu hudng bién thién ham ¥ ctia chinh luat do.

Ldc nay, tu van 1a nhitg phim chi ra tir luat thoa man tat ca bién thién cta chi s6 ham ¥ theo bon yéu t cdu
thanh va c6 cuong d6 ham y nhu mong doi cia nguoi dung.

Tir sy bién thién mé rong trén nhicu yéu t6 (ctia bo 4), C6 thé thiy rang:

- Trong truong ham y, cac ludt c6 mot gia tri ham y (cuong dd ham y) nhat dinh, khi c6 mot bién thién ¢ cac yéu
t6 trong bo bon thi gia tri ham ¥ ciia luat c6 thay ddi, néu gia tri thay ddi van chua vuot qua ngudng ham y ctia mit ddng
tri thi luat van con y nghia trén mat déng tri a‘iy, nguoc lai luat s€ bi chuyén sang mQt mat déng tri khac c6 ngudng gia tri
ham ¥ pht hop véi gia tri ham ¥ cta luat va s& duoc dung dé tu van cho nguoi ding & mot bdi canh ¢ ¥ nghia khac.

- Mat d¢ truong ham ¥ trong cic mat dang tri 1a bién thién khi cac yéu t6 trong bo 4 yéu té bién thién, didu nay
giup cho viéc tu van cho ngudi dung cac muyc theo ngir canh thich hop, gitip lam tang d¢ chinh xac va hi€u qua trong
cac khuyén nghi.

- Két hop véi két qua trong kich ban 2, ¢6 thé thiy rang truong ham y 1a mot phan hoach ciia cac mat dang tri
sinh ra tur sy bién thién clia cac yéu to trong b 4.

5. Kich ban 3. So sanh mé hinh tu van dua trén bién thién chi sé ham y trong trieong hamy Véi cde mé hinh twr van loc
Cong tdc dung cdac do do tuwong dong doi xung

Trong kich ban nay, mé hinh ISF dugc thyc nghiém cung véi cdc md hinh tu vén loc cOng tac dya trén nguoi
dung va trén myc dung cac d6 do twong dong doi xumg, qua cdc chi s6 danh gia 10i khuyen nghi RMSE, MSE va MAE
theo bang 6, M6 hinh ISF c6 céc gia tri 10i du doan 1a thap hon cac m6 hinh khéc. V¢ viéc danh gia d chinh xac véi
két qua trong hinh 4 va hinh 5, d6 chinh xac cua ISF 1a tot tiém cin (gan bang) véi moé hinh UBCF dung d¢ do cosine
va tot hon md hinh UBCF dung d6 do pearson, nhung vGi cac mo6 hinh IBCF (két qua trong hinh 6 va hinh 7) thi d6
chinh xac ciia m6 hinh ISF 1a tot hon.

Bang 6. Téng hop cac chi s danh gia 13i ciia md hinh ISF va cac md hinh IBCF va UBCF dung d6 do dbi ximg
M®& hinh RMSE MSE MAE M® hinh RMSE MSE MAE
ISF 0.9488254 0.9002697 0.7425954 UBCEF pearson 1.0047052 1.0094325 0.7910304

IBCF cosine 1.2441514 1.5479126 0.9296236 UBCEF cosine 0.9918301 0.9837270 0.7775035
IBCF pearson  1.2204327 1.4894560 0.9162715

ROC curve of ISF and others Precision-recall of ISF and other
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Hinh 4. Buong cong ROC ctia m6 hinh ISF va cac m6 hinh Hinh 5. Precision va Recallctia m6 hinh ISF va cdc m6 hinh ISF
ISF dung d6 do dbi ximg ding d6 do ddi xtng
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Hinh 6. Puong cong ROC ctia m6 hinh ISF va cac mé hinh Hinh 7. Precision va Recall cia mé hinh ISF va cac m6 hinh
IBCF dung d6 do dbi ximg IBCF dung d¢ do dbi ximg

V. KET LUAN

Ly thuyét phan tich ham ¥ thong ké d3 md ra mot huéng nghién ciru vé viée xay dung mo hinh hé thdng tu van
dya trén truong ham y. Trong mo hinh ndy, chung t6i xay dung mot d6 do mai 6 tinh bat ddi xtimg va phan anh do
tuong ddng v4i mot ham ¥ nhat dinh, d6 do bién thién ciia chi s6 ham ¥ trong trudng ham ¥, cho phép viéc xép hang va
loc dir liéu theo cac mat déng tri (mdi mat déng tri 1la mot tap cac luat ham y véi cung mét do chi s6 ham y xac dinh va
céc mit ndy co tht ty) dé 1am co so cho hé tu Vén Két qua nghién ctru da tao dwoc mot mod ‘hinh tw van dua trén trudng
ham y implicativefield cung cac thuat todn tu van loc cong tac dua trén do bién thién chi s6 ham ¥ trong trudng ham y
mang tinh bat dbi xtmg, cong cu nay da duoc thue nghiém trén tap dir liéu MovieLens dé x@y dung m6 hinh tuw van va
kiém tra, so sanh véi cac md hinh tu van loc cong tac truyén théng dung céc do do twong ddng ddi xtng, va cho két
qua t6t. Cac dong gop nay nham muc dich lam tang hiéu qua cua cac khuyén nghi (gitp ting thém tinh 6n dinh va do
chinh xac ctia du bao xép hang va chi ra dugc xu hudng cua céac luat).
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RECOMMENDATION BASED ON THE VARIANCE OF IMPLICATION INDEX IN
IMPLICATION FILED

Nguyen Tan Hoang, Huynh Huu Hung, Huynh Xuan Hiep

ABSTRACTS: In the age of information explosion, the Recommender systems have become increasingly important and
popular in supporting human decision-making. In the Recommender Systems, collaborative filtering algorithms are
one of the most popular methods to create recommendations. In the collaborative filtering algorithms, a similarity
measure plays a crucial role in making the recommendation, according to which, the popular measure be used today
that are all symmetrical, and therefore the default, the effect of a pair of users is the same. However, in practice, that
may not be true. The more experienced a user is, the more likely he or she is to have a greater influence than the less
experienced or beginner, that is, the interaction between the two users is often asymmetric. This difference can lead to
bias in recommendations of recommender systems. On the other hand, traditional recommender systems mainly focus
on the logic of the existence or non-existence of a relationship between a user and an item without regard how to them
being admissible (for a given threshold).To address these issues, we propose a new approach in developing
collaborative filtering recommendation systems based on the implication of field analysis to rank and filter information
based on implication index variations to limit the disadvantages of traditional recommendation systems, and to
evaluate it against the recommended models using previous similarity measures.



