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Fuzzy association rules have been investigated by many authors under
several different approaches with worth results. The approaches of the
published papers mostly used a single-granularity fuzzy set structure
for fuzzy association rule. In this paper, we present the application of
fuzzy association rule mining method using Hedge algebras in
assisting students to plan their learning, fuzzy set structures of
attributes are built on Hedge algebras. using multi-granularity
representation. Using Hedge algebras to build fuzzy sets using a
multi-granularity representation is much simpler than using fuzzy set
theory. The advantage of using multi-granularity set structure helps us
to explore fuzzy association rules that are both general and detailed.
The test results were performed on a data set of 157 students in 10
core subjects. The experimental results showed that the key courses
extracted by our proposed approach provide useful information to
educational managers to improve the training efficiency. This results
would help students to choose suitable subjects for the purpose of
achieving high scores in study.
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Luét két hop mo da dwoc nhiéu tac gia quan tdm nghién cau theo
nhiéu céch tiép can khac nhau va da c6 nhiéu két qua cong bd. Cac
céch tiép can cua céc tac gia da cong bd da phan 1 st dung ciu tric
tap mo dang don thé hat cho bai toan khai phé luat két hop mo.
Trong bai b&o nay ching tdi trinh bay ung dung phuong phap khai
phé luat két hop ma st dung Dai s6 gia tir (PSGT) trong viéc hd trg
sinh vién 1ap ké hoach hoc tap, cac cau tric tap md cua cac thudc tinh
dugc xay dung dya trén cac cu tric DPSGT va ¢ dang da thé hat. St
dung céc cau DSGT dé xay dung cac tap mo dang da thé hat don gian
hon rat nhiéu so véi sir dung ly thuyét tap mo. Uu diém cua sir dung
C4u trdic tap dang da thé hat giup chiing ta khai pha dwoc cac luat két
hop mo vira khai quét vira chi tiét. Cac két qua thir nghiém duoc thuc
hién trén bo dir liéu diém cua 157 sinh vién caa 10 mén hoc cét 16i.
Két qua thu dwoc sau khi rdt trich c6 thé cung cap thong tin hitu ich
cho cac nha quan ly gi4o duc trong viéc t6 chiic giang day dé nang
cao hiéu qua dao tao. Viéc nghién cau nay gidp sinh vién lya chon
cac mon hoc phu hgp nham muc dich dat két qua cao trong hoc tap.
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1. Gioi thigu

Viéc du doan két qua hoc tap clia sinh vién mot cach chinh xac 1a rat hiru ich trong viéc giang
day va hoc tap cia sinh vién. Dya vao két qua hoc tap cua cac sinh vién da co, lam thé nao dé rut
trich ra dugc cac thong tin hiru ich dé tu van cho sinh vién lya chon cac mon hoc phu hop nham
hd trg hoc tap tot hon, phu hop véi sinh vién hon.

Phan 16n cac truong dai hoc tai Viét Nam trién khai theo hoc ché tin chi, nén céac sinh vién
thuong bi lung ting khi Iya chon cdc mdn hoc, lya chon cac dinh hudng chuyén mon trong mdi
hoc ky. Trong mét chuong trinh dao tao s& c6 nhiéu mén hoc sinh vién co thé ty lwa chon trong
mot hoc ky. Dé luya chon cac mon hoc phu hop, céc sinh vién trude khi dang ky moén hoc thuong
lién hé véi giang vién 1a cac c¢b van hoc tap dé xin tu Van Khi do6 cac giang vién dya vao kinh
nghiém cé nhan va két qua hoc tap cua sinh vién dé tu van tuy thudc vao nang luc cua mdi sinh
vién. Vi vay, doi ngii tu van s& mat rat nhiéu thoi gian tra ciru két qua hoc tap dé tu van, nhiéu khi
tu van con mang tinh ch quan ciia giang vién.

Bai toan dat ra 1a lam sao dé sir dung két qua hoc tap cua sinh vién da c6 dé khai théac, rit trich
ra cac thong tin dé goi y sinh vién lya chon mdn hoc mét cach hiéu qua va tu dong.

Céc két qua nghién ctru true day vé khai pha dit ligu két qua hoc tap cua sinh vién duoc thuc
hién bang nhiéu phuong phap khac nhau. Trong [1], cAc tac gia sir dung phuong phap hai thuat
toan khai phé dir liéu Logistic Regression, Naive Bayes dd duoc 4p dung dé tim ra md hinh tét
nhét cho viéc dy bao tinh trang hoc tap. Trong [2], cac tAc gia st dung giai thuat rirng ngau nhién
hoc tir dir liéu dé rdt trich cac mén hoc quan trong trong chuong trinh dao tao nganh CNTT.
Trong [3] cac tac gia str dung cong cu BIDS cua Microsoft SQL Server 2008 dé khai pha di li¢u
diém cua sinh vién. Céc két qua nghién ctru nay déu nham Muc dich hd trg tu van cho sinh vién
trong qué trinh hoc tap. Céc két nghién ctu cho thiy sy can thiét cua khai pha két qua hoc tap
nham muc dich tang cudong hd tro, du béo két qua hoc tap cua sinh vién, giup sinh vién dat qua
cao trong qua trinh hoc tap.

Bai bao nay ung dung phuong phap khai pha luat két hop mo dang ngén ngir véi cac cau tric
tap mo sir dung biéu dién da thé hat dé rut trich céc luat két hop tir CSDL diém cua sinh vién.
Cac luat két hop mo dang ngdn ngit sir dung c&c cau trdc tap mo da thé hat, vi vay cac luat vira &
dang khéi quat, vira chi tiét [4]-[6]. CSDL diém duoc lya chon gdm két qua cua cac mdn hoc
quan trong trong chwong trinh hoc cua sinh vién nganh Céng nghé thdng tin (CNTT ). Két qua
thuc nghiém cho thay cach tiép can khai phé luat két hop trong viéc goi y lwa chon mén hoc cua
sinh vién la rat kha thi.

2. Luat két hop

Cho D la mot co so dix ligu, | = 1y, Io...., In 1& tdp m thudc tinh riéng biét, doi luc goi 1a muc
(itemsets), trong d6 mdi ban ghi T 1a mot giao dich va chira cac tap muc, T < |I.

Pinh nghia 2.1: [7] Mot ludt két hop 1a mot quan hé c6 dang X =Y, trong d6 X, Y <1 1a cac
tap muc, va X Y =¢. O day, X duoc goi 1a tién dé, Y 1a ménh dé két qua.

Hai thong s6 quan trong cua luat két hop 1a d6 hé tro (s) va dé tin cdy (c).

Pinh nghia 2.2: [8] PJ hé tro (support) cia ludt két hop X =Y 1a ty 1& phan trim cac ban ghi
X UY véi téng s6 cac giao dich c¢6 trong co sé dir licu.

Pinh nghia 2.3: [8] Dbi v6i mot sé giao dich duoc dwa ra, dé tin cdy (confidence) 14 ty 18 caa
s6 giao dich c6 chira X U Y vdi sb giao dich c6 chira X. Pon vi tinh %.

Viéc khai thac cac luat két hop tir co s& dir li€u chinh la viéc tim tat ca céc luat c6 do hd tro va
do tin cay 16n hon hodc bang ngudng ciia dg hé tro' Va do tin cdy do ngudi sir dung xac dinh trude.

Vi luat két hop mo véi modi myc cé thé phan hoach thanh cac mién mo (nhu "Thdp", "Trung
binh", “Cao”, “it Cao”, “R4t Cao”, “it Thap”, “Rat Thap”...), thuc chét 1a ta phan hoach m¢t muc
ban dau thanh cic myc con va gla tri ctia moi hang tai myc do s& nam trong doan [0, 1] chu
khong chi 1a 0 hoac 1. Khi d6, do hd tro ciia mot mién mo s; thudc muc x; dugce dinh nghia la:

http://jst.tnu.edu.vn 36 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(02): 35-41

FS(4%) = 23wl (aX) (1)
con d6 hd trg ciia CAC Mién mo sy, Sp,.., Sk Cla CAC MUC Xq, X;,.., X), tuong (ng S& 1a:
FS(A A2, A5) = 37 TT 0 (d)Y) (2)

& d6, x; 1a muc tha i, s; 1a mién mo thuée muc thi i, n 1a sé hang trong CSDL, u;‘; (d;“') 1a do
thuoc cua gia tri tai cot tha i, hang j vao tap mo s;.
3. Xay dwng cau tric tip mé biéu da thé hat sir dung dai sb gia tir

Biéu dién dit liéu theo cdu trac da thé hat xuat phat tir khai niém tinh toan hat (GrC - Granular
Computing) mot huéng nghién ctru phat trién manh trong thap ky qua [4], [5]. Y tuong ciua GrC
phan chia thong tin thanh cac hat dé xr Iy. Viéc phan chia nay giup ta khong chi d& xir 1y hon, ma
con gitip nhan thirc thé gidi théng tin tot hon vi cac goi thong tin duge phan chia di mang tinh
khai quat nhat dinh. Thong tin tiép nhan c6 thé phan chia theo nhiéu cach khac nhau, cho céc
cach nhin khac nhau vé thé gi6i thuec.

Pé xay dyng cac phan hoach mo cho cac thude tinh dinh lugng st dung dai s6 gia tir (BSGT)
[9], [10], ta dva vao gia tri dinh luong ngit nghia cua cac phan tir cia DSGT. Tuong tng véi moi
mién mo dung cac tam giac Ia biéu dlen cac ham thudc cua tap mo véi 1 dinh ¢6 toa do
(v(x;),1), hai dinh con lai nam trén mién xac dinh, c6 toa do twong ung 1a (v(x;_1),0),
(v(xi+1),0), trong d6 v(x;—1), v(x;), UV(Xi41) la cac gia tri ngir nghia dinh luong cua 3 gla tri
ngon ngir twong ung. Vi moi thugc tinh, ching ta can chuan hoa gi tri cia muc do6 tir mién gia
trj thuc vé doan [0, 1], tir d6 chung ta co thé tinh d6 thudc cua cac gia tri thudc tinh vao cac mién
mo twong tng [4], [6], [8], [11]-[13].
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Hinh 1. Cdu tric tdp mo da thé hat

Vi DSGT, viée thiét ké cAu tric tap mo trén mién gia tri cua thude tinh cac mic khac nhau
clia biéu dién da thé hat 1a d& dang, do da bao ham trong cach xay dung DSGT. Trong ly thuyét
DSGT, véi mdi mién gia tri ciia thugc tinh chi can x4c dinh b tham sé mo cua DSGT thi khoang
tinh mo& cua tat ca cac hang tir dugc xac 1ap thong qua cc cong thire tinh toan xac dinh, du cho
hang tir ndy c6 do dai bao nhiéu. Tinh phan cip mét thude tinh dwoc GrC st dung, nam trong
cach xay dung DSGT. Theo 1y thuyét DSGT, mbi hang tir x c6 do dai k c6 thé phan hoach thanh
cac hang tir hyx (v6i h; 12 moi gia tir cia DPSGT dang xét) c6 do dai k+1. Tuy theo ting bai toan
va ung dung ma ching ta xac dinh mirc phan hoach cu thé. Trong cac bai toan str dung cdu tric
tap mo dang da thé hat, thuong phan hoach thanh 3 muc.

Hinh 1 12 mot ciu tric tap mo gém 3 thé hat duoc xdy dung dua trén gia tri dinh lugng ngir
nghia cua PSGT AX = (X, G, H, <=), G ={0,C~,W,C*,1}, H=H- UH* H™ ={it}, Ht =
{rdt}, C™ = {Thcfp}, W = {Trung binh}, C* = {Cao}. Céc tham sé nhu sau: fm(C~) =
fm(c*) = 0.5; u(rcft) = u(it) = 0.5. Thé hat mirc 0 gdm 3 ham thudc, thé hat muc 1 gdm 4
ham thudc va thé hat murc 2 gf”)m 6 ham thudc nhu trong Hinh 1.
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Véi cach str dung biéu dién tdp mod dang da thé hat, giup tao ra cac luat két hop vira khai quat,
vira chi tiét. Cac murc thé hat: mac 0, muc 1, mic 2 cé sy rang budc 14n nhau do cung dugc sinh
ra tir mot cau trac DSGT.

Str dung cau tric tdp mo dang da thé hat nhu Hinh 1 ching ta c6 thé thu duoc céac luat két hop
c6 dang nhu sau:

a) Néu A 1a "Trung binh" thi B 1a "Trung binh", v&i do hd tro 1a 60% va do tin cay la 80%.

b) Néu A 1a "Cao" thi B 1a "Cao", v6i d6 hd tro 1 60% va do tin cay 1a 80%.

c) Néu A 1a "t ThA " va C la "Rét Th" " thi D 1a "ft Thép" , voi do hd tro 1a 40% va do tin
cay la 80%.

Céc luat két hop a ), b), ¢) ¢6 sir dung cac gia tri ngon nglr “Trung binh”, “Cao”, [t Thap”,
"Rat Thap" dé danh gia (vi du danh diém s cta sinh vién). Cac gia tri ngon ngir “Thap”, “Trung
binh” c¢6 murc khai quat hon céc gia tri ngdn ngir “ft Thap”, “Rat Thap”. Vi vay, cac ludt a), b) co
muc do khai quat, luat ¢) c6 mic d6 chi tiét hon so véi luat a) va b). Vi luat a) su dung gid tri
ngén nglr & muc 0, ludt b) st dung cac gia tri ngdn ngtr & muirc 1, ludt c) thu dugc tr cac tap mo
muc 2.

4. Thuit toan khai phéa luat két hop mé dang ngon ngir

Trong phan nay chiing toi trinh bay thuat todn dé khai pha luat két hop mo dang ngon ngit [6],
[14], [15]. Céc céu truc tap md dugc xay dung biéu dién dang da thé hat nhu trinh bay trong muc 0.

Input:

- CSDL dinh lugng D gdm n ban ghi, mdi ban ghi gdm diém cta m mén.

- Do hd tro tdi thieu MinSupp va do tin cay tdi thiéu MinConf.

- C4c céu tric PSGT AX cho cdc mon hoc.

Output: Tép cac ludt két hop md dang ngdn ngi.

Ky hiéu sir dung trong thudt toan

D CSDL (dang quan h€ hodc giao dich)

| Tap cac muc (thudce tinh) trong D

Df CSDL m¢

If Tap cac muyc trong Df, mdi muc déu duge gén voi mot tap mo

Tf  Tap cac ban ghi Df

Cx Téap cac tap muc co6 kich thudc k

Fy  Tap cac tdp muc phd bién c6 kich thudc k

F Tap tat ca cac tap muc pho bién

MinSupp D¢ hd tro t01 thiéu

MinConf D¢ tin cay tdi thiéu

Cdc bwdoc thuc hién:

D7= Transform(D, I, T, c4c cau tric DSGT);

F, = Counting(D/, 17, Tf, MinSupp);

k=2
while (Fyx_, # @)
{
Ck = ]oin(Fk - 1),
Cy, = Prune(Cy);
Fx = Checking(Cy, Dy, MinSupp);
F=FuU Fk’
k=k+1;
}

GenerateRules(D7, F, MinConf)
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- Ham Transform m¢& héa CSDL D sir dung cAu tric tdp mo da thé hat dugc xay dung tur cac
ciu trac DSGT.

- Ham Counting tim cac tap pho bién 1-Itemset va dua vao F;.

- Ham Join tir tip phd bién Fy._; sinh ra cac tap tmg cir vién C.

- Ham Prune loai bé nhitng tdp muc nao trong Cy co6 tap con luc lugng k-1 khéng thudc tap
cac tap thudc tinh phd bién F_;.

- Ham Checking tinh d6 hd trg cho cac tap muc trong Cy. Cac tdp muc co do hd trg 16n hon
hoic bang MinSupp s& duoc dua vao Fy.

- Ham GenerateRules sinh luat két hop mo tin ciy tir tap cac tap pho bién F.

5. Két qua thuc nghiém va danh gia

Dit liéu duoc str dung trong thuc nghiém la két qua hoc tap cua 157 sinh vién. O day chung t6i
chon 10 mén hoc c6t 161 dé thir nghiém nhu trong Bang 1. Cac mon hoc nay dwoc danh gia theo
thang diém 10.

Pé mo hoa diém cac mon hoc, chung ta st dung cung véi mét cAu tric DSGT nhu sau:

-AX = (X, G, H, <=)

-G={0,c~,w,ct*,1}

-H=H UH* H™ ={it}, H* = {rat}

- ¢~ = {Thdp}, W = {Trung binh}, C* = {Cao}

Céc tham s nhu sau:

- fm(C7) = fm(C*) = 0.5;

- u(rat) = u(it) = 0.5.

Thé hat murc 0 gém 3 ham thudc, thé hat muc 1 gém 4 ham thudc va thé hat mirc 2 gém 6 ham
thudc nhu trong Hinh 1.

Trong Béng 2 thong ké s6 luat thu duoc voi do tin cay toi thidu 1a 80%. V&i “S6 luat mirc 07,
“S6 luat muc 17 va “S6 luat mirc 2 1a s6 lugng lut két hop thu duoc khi sir dung cac tap mo &
thé hat mtc 0, 1, 2.

Mot s6 luat thu duoc & ba mire thé hat:

1) Néu diém A2 14 "Trung binh" thi diém A10 Ia "Trung binh", véi d6 hé trg: 52%, do tin cay: 90%.

2) Néu diém A3 1a "Trung binh" thi diém A10 1a "Trung binh", v6i d6 hd tro: 48%, d tin cay: 90%.

3) Néu diém A8 14 "Trung binh" thi diém A10 13 "Trung binh", v&i do hd tro: 53%, do tin ciy: 88%.

4) Néu diém A2 1a "rat Cao" thi diém A10 14 "it Cao", véi d6 hd trg: 28%, do tin cdy: 84%.

5) Néu diém A3 1a "it Cao" thi diém A6 1a "it Cao", v&i do hd tro: 38%, do tin cay: 83%.

6) Néu diém A8 1a "rat Cao" thi diém A10 13 "it Cao", v&i d6 hd tro: 25%, do tin ciy: 80%.

Trong 6 luat két hop trén ta thdy, cac luat két hop vira & dang khai quat vira & dang chi tiét.
Véi luat két hop 3) ¢ dang khai quat, néu can luat dang chi tiét hon thi chung ta ¢6 thé xem xét
dén luat két hop 6).

Cin ctr vao cac lut két hop trén, ta c6 thé dua ra 101 khuyén hay du doan cho sinh vién nhu
sau: Néu sinh vién hoc mon A3 dat két qua “Trung binh” thi mon A10 s& dat két qua “Trung
binh”. Dé hoc mon A10 dat két qua “it Cao” thi két qua mon A2 phai 1a “rat Cao” hodc két qua
mon A8 phai la “rit Cao”.

Véi céc luat két hop nay chiing ta thiy c6 thé trg gitip cho sinh vién va d6i ngii tu van lya
chon cac mon hoc phi hop voi ning luc dé dat két qua cao trong hoc tap.
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Bang 1. Cac mon hoc su dung trong the nghiém

TT Tén mén Ky hiéu
1 Nhap mén lap trinh Al
2 Lép trinh java nang cao A2
3 Lap trinh hudng ddi twong A3
4 CAu tric dit liéu va thuat toan Ad
5 Tri tué nhan tao Ab
6 Toan hoc roi rac A6
7 Cong nghé DOT Net A7
8 Xt ly anh A8
9 Co so dir liéu A9
10 Hé quan tri co so dit lieu A10
Bang 2. Ludt két hop thu dwrgc véi dg tin cdy 80%
Do hé tro toi thiéu S6 luat mirc 0 S6 luat mirc 1 S6 luat mirc 2
25% 17757 6627 649
30% 5508 5088 216
35% 4554 4952 58
40% 2918 2918 13
45% 558 988 1
50% 125 253 0
55% 38 60 0
60% 10 10 0

6. Két luan

Bai bao nay da ung dung khai pha luat két hgp mo sir dung céu triic tip mo dang da thé hat
nham khai phéa dir liéu diém cua sinh vién. Cac ciu tric tdp mo da thé hat ciia mdi thudc tinh
(mén hoc) dugc xdy dung dua vao cac cau tric DSGT véi cac tham sb cho trude. Két qua dugc
thir nghiém trén co sé dit liéu 1a mot sé mén hoc cdt 18i cuia 157 sinh vién nganh CNTT. Céc két
qua thir nghiém cho thay, budc dau dua ra duge cac luat két hop vira ¢ dang khai quat va chi tiét
gitip sinh vién va doi ngii ¢b van hoc tap sir dung dé dua ra goi y Iya chon mén hoc cho mdi sinh
vién. Cac nghién ctu tiép theo can phai thir nghi€ém trén b co so dit li€u cua nhiéu sinh vién va
mon hoc hon dé nang cao chét lugng cua céac luat két hop thu duge.
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