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TOM TAT - Trong bai viét nay chiing téi dé xudt mot tiép cdn moi nham hé tro tw vin cho thi sinh trung hoc pho thong xdc
dinh nghé nghiép phit hop sé lam trong tuong lai dya trén 1iép cdn vé hé tw van (recommender system). M6 hinh hé tw van duoc xdy
dung trén co s¢ phuong phdp ham y thong ké (statistical implication). Khdc véi cac hé tu van truyén théng chii yéu tdp trung vé tinh
chat logic thé hién si ton tai hay khéng ton tai moi quan hé wu tién gitta nguoi ding va muc dit li¢u, trong mé hinh ndy chiing t6i
ddc biét quan tam dén 1y 1é hay méi quan hé ham y (implicative) gitta nguot ding va muc dit ligu trong mot ngit canh cu thé. Théng
qua thiee nghiém trén hai tdp dir liéu cho thdy rang mé hinh ma ching t6i dé xudt dia ra két qua khuyén nghi khd hitu ich.

Tir khéa - D do hdp dén, ham y thong ké, dinh hiedng nghé nghiép, tuyén sinh, hé tw van.
I. GIOI THIEU

H¢ tw vén [9][10][14][7] tr thanh linh vic nghién clru quan trong tir khi bt dau xuét hién bai béo dau tién vé
phuong phap loc cong tac [11][33][21][32] vao gitra thap nién 1990 cua thé ky XX. Trong gan hai muoi ndm qua, cac
nghién ctru vé hé tu vén di co duge nhitng thanh tyu dang ké trong viéc Umg dung vao cudc song ciing nhu phuc vu
nghién ctru. Hé tu van dugc hinh thanh trén co s¢ x4c dinh hay tu vén mdt cach c6 ¥ nghia cho mot nhom ngudi dung
(users) dbi v6i cac muc dir liéu (items) hay san pham (product) ma ho can quan tdm trén co s& xép hang cac muc dit
lidu theo thir ty wu tién. Céc tiép can thong dung dugc hinh thanh trén co s¢ ndi dung (content-based) [9], loc cong tac
(collaborative filtering) [9][5] hoac pho1 hop ca hai tlep can trén tao thanh tiép can hdn hop (hybrid) [10][9]. Hién tai,
sw quan tdm nghién ctru vé hé tu van dang duoc nhleu nha nghién clru quan tdm nhu: nghién ctru tim ra cac thuat toan
méi dé cai thién do chinh xac cua cac md hinh hé tu van da duge dé xuit, nghién ctu cai tién cac hé thong dé thich u ung
v6i van dé bung nd thong tin va nghién ctru dé dé xuat cac mé hinh hé tu van méi.

Két qua nghién ctru vé hé tu van trong thoi gian qua kha da dang nhu cac nghién ctru dé img dung cac thuat toan
nhim cai tién do tin cay cua cac mod hinh [14][18][36][23][15][4], cac nghién ctru danh gia mo hinh va thuat toan cta
hé tu Van [13][1][28] nghién ctu phan rd ma trdn (matrix factorization) sw ton tai gia tri gitra nguoi dung va muc dur
lidu cin quan tim mang tinh chat du bao su uu tién [37], mdt sO tiép can khac ‘quan tam ve tinh hanh dong cua muc dir
lidu (actionable) két hop véi luat két hop dé tu van cho nguoi dung [28] hay tiép can voi triru twong hoa va luat két hop
[30][30]. Tuy nhién, cic thé hé hién tai ciia hé tu van van can cai tién hon nira de 6 dugc cac phuong phap khuyén
nghi hiéu qua hon va ap dung v6i mot pham vi rong hon cho céc g dung thuc té cudc song.

Trong bai bao nay, chiing t6i tiép tuc phat trién y tuong xay dung hé tw van dya trén phan tich ham y thong ké
[26], md hinh hé tu van dya trén tiép can luat két hop va d6 do ham ¥ thong ké nham khéc phuc nhuoc diém cia cac hé
thdng tu van truyén thong 1a chu yéu tap trung vé tinh chat logic thé hién su ton tai hay khong ton tai mdi quan hé uu
tién gitta nguoi dung va muc dir liéu hay san pham. Trong md hinh nay chiing t6i ddc biét quan tim dén ty 1¢ hay mbi
quan hé ham ¥ (implicative) gitra ngudi dung va muc dir liéu trong mot ngit canh cu thé dé dua ra cac khuyén nghi cho
ngudi dung hi€u qua hon.

Bai viét nay duoc t6 chirc thanh 6 phan. Phan I gidi thiéu chung vé hé tu van va néu van d& nghién ctru. Phan 11
gidi thiéu cac mé hinh thong dung cua hé tu vin va cac nghién ctru c6 lién quan. Phan III trinh bay vé d6 do ham ¥
thong ké va cong thuc tinh gia tri hip dan dua trén 4 tham s6 cta hai d6 do ham ¥ thdng ké. Phan IV mo ta cach xdy
mo hinh hé tu van dwa trén tiép can luat két hop va d6 do ham ¥ théng ké. Phan V trinh bay két qua thuc nghiém cia
mo hinh. Phan cudi ciing tom tit mot sd két qua quan trong da dat dugc.

IL. HE TU VAN

Bai toan tu van dugc coi 1a bai toan udc lugng trudc hang [9] (rating) ciia cic muyc dir lidu hay cac san pham
chua dugc nguoi dung xem xét. Viée ude lugng nay thuong dugce dua trén nhitng danh gia da co cua chinh nguoi dung
d6 hodc nhimg ngudi dung khac. Nhitng muc dit liéu hay san pham c6 hang cao nhat s& duoc ding dé tu van. Mot cach
hinh thire, bai toan tu van dugc mé ta nhu sau:

Goi C la tap tit ca nguoi dung, S 1a tap tit ca cac muc dit liéu hay san phim c6 thé tu van. Tap S c6 gia tri trong
khoang {1, n}, tap C co gia tri trong khoang {1, m}. Ham u(c, s) do d¢ phu hop (hay hang) cia muc dir liéu hay san
phim s véi ngudi dung c: u: € x S — R véi R 1a tap dugc sap thir tw. Vi mdi ngudi dung ¢ € €, can tim san phdm s’ €
S sao cho ham u(s’, ¢) dat gia tri 16n nhét [9]:
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Vc € C,s, = argmaxu(c,s)
SES

Trong hé tu van, d6 phil hop ctia mot muc dit liéu hay san phdm thuong dugc cho bang diém, vi du ngudi ding
A danh gia bo phim “Star war 3” 1a mirc 7 diém trén 10 diém. Tuy nhién, cach do dé phu hop trong cac hé thong tu van
¢6 thé 12 mot ham bat ky tay thudc vao linh vuc ing dung cu thé. Gia tri cia ham u ¢6 thé duge xac dinh bai nguoi
dung hodc dugc tinh toan boi cong thire nao do. Moi nguoi dung trong khong gian C dugc xac dinh boi mot hd so
nguoi dung [8] (User profile). HO6 so nguoi dung nay ¢6 thé gom rat nhiéu loai thong tin: tén, tudi, gidi tinh, thu nhap,
v.v. hodc ¢ thé chi gdm mot truong ma sé nguoi ding (user id) duy nhat. Twong tu nhu thé, mdi san pham trong
khéng gian S cling duge xdc dinh boi mot tap cac dac trung. Vi du, trong hé thdng tu van nganh hoc, dic truag cia mdi
nganh c6 thé 1a: tén nganh, yéu cau kién thic, yéu cau nang luc, yéu cau ky niang, v.v.

Vén dé chinh cua hé tu van 1a ham u khong dugc xéac dinh trén toan khong gian € x S ma chi trén mét mién nho
ctia khong gian d6 [9]. Piéu nay dan tdi viéc ham u phai dugc ngoai suy trong khong gian C x S. Thong thudng, do phu
hop dugc thé hién bang diém va chi xac dinh trén tap cac muc dit lidu hay san phdm di timg dwoc ngudi durg danh gia
tir trude thuong rat nho. Co rat nhidu cach dé du doan, wdc lwong hang hodc diém cho cac muc dir liéu hay san pham
nhu sir dung hoc may, 1y thuyét xap xi, cac thudt toan dua trén kinh nghiém... Cac hé thong tw van thudng dugc phén
thanh ba loai dya trén cach né ding dé wéc luong hang hodc diém ciia muc dit liéu hay san pham:

Phuong phap tu vén dya trén ndi dung (Content-based recommendations), do phit hop u(c, s) cua muyc dir liéu
hay san pham s véi nguoi ding ¢ dugce danh gia dua trén d6 phu hop u(c, si), trong d6 s; € S va “twong tu” nhu s [9]. Vi
du, dé goi y mot bo phim cho nguoi ding ¢, hé thong tu van s& tim cac ddc diém cta nhitng bo phim ting dirgc ¢ danh
gi4 cao (nhu dién vién, dao dién...), sau d6 chi nhitng bo phim tuong ddng véi s¢ thich cta ¢ méi duoc gidi thidu.

Phuong phép tu van dua trén cong tac (Collaborative recommendations), khong gidng nhur phuong phap tur van
dwa trén noi dung, dy doan d6 phu hop u(c, s) ciia mot muc dir liéu hay san phdm s véi nguoi dung ¢ dua trén do phu
hop u(cj, s) gitra nguoi dung ¢; va s, trong do ¢; 1a nguoi co cung so thich voi ¢ [9][21]. Vi dy, dé goi ¥ mdt bo phim
cho nguoi dung c, dau tién hé thong cong tac tim nhing nguoi dung khac co cung so thich phim anh véi c. Sau do,
nhitng bd phim duoc ho danh gia cao s& dwoc dung dé tu van cho c. Hé théng cong tac co thé chia thanh hai loai: hé
thdng dua trén kinh nghiém (heuristic-based hay memory-based) va hé théng dua trén mé hinh (model-based).

Phuong phép lai ghép (Hybrid approaches), mét vai h¢ tu van két hop ca phuong phép cong tac va dira trén ndi
dung nham tranh nhitng han ché cta ca hai phuong phap trén.

I11. PO PO HAM Y THONG KE

Ham y thng ké (statistical implication) [27][24] nghién ctiru mdi quan hé ham ¥ gitra cac bién dit liéu (variable)
hay thudc tinh dir liéu, cho phép phat hién cac luat (rules) A — B khong doi xtimg theo dang “néu A sau d6 gan nhu B”
hodc “xem xét dén mic d6 nao ma B s€ dap ting ham y cua A”.

Hinh 1. M6 hinh biéu din luat ham y théng ké A —» B

Chon ngiu nhién va doc Iap hai tap con nao d6 X va Y cua E (khong co6 mdi quan hé nao gitta X va Y, XN Y = @),
dong thoi ciing chon twong ty hai tip con A va B. Cho Y va B twong ting 1a phan bu cua Y va B trong E va ¢5 cung ban
sé ng = n — ng. Khi d6 luat ham y A — B s& dugc chép nhan ¢ muc tin cdy 1 — a néu va chi néu [24]:

Pricard(XNY) < card(ANB)] < «

gon va tap trung bién Poisson nay thanh blen [24]:
card(XNnY) — %_n’g)

na(n-ng)
n

Trong thuc té thuc nghiém, gia tri quan sat dugc ciia Q(A, B) 1a q(A, B). Chi s6 ham ¥ (implicative index) duoc
xac dinh nhu sau [24]:

Q(AB) =
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n n—-n
Nam — a(n—ng)

na(n-ng)
n

Trong trudng hop xap xi phu hop (chang han nhu % > 4), bién Q(A, B) s& co gia tri xap xi theo luat phan
phdi Chliél’l rit gon. Chi s6 mat do ham y (implication intensity) vdi n, < ng va ng # n dugc dinh nghia trén co so chi
s0 q(A, B) 1a [24]:

_ 1 v t2
@(A,B) =1—-Pr[Q(A,B) < q(A B)] =— e zdt
mq(ffﬁ)

Ludt ham y A - B dugc chép nhén & muc tin cdy 1 — o néu va chi néu ©(A,B) =1 —al24]

IV. HE TU VAN THEO HUONG TIEP CAN LUAT KET HQP VA PQ PO HAM Y THONG KE

Gia sir rang ching ta c6 mot tap hop n nguoi dung C = {c, ¢, ..., ¢y} trong mot hé thong bat ky. M&i ngudi
dung dugc mé ta bang mot ho so nguoi dung [8] bao gom tap hop cac thude tinh V = {vi, v,, ..., v}, trong d6 cac
thudc tinh tir v; dén vy 1a thudce tinh diéu kién, cac tl}uC)c tinh tr vy dﬁn V18 céc thudc tinh q}Jyét dinh. Trén co so hai
tap hop C va V chung t6i xay dung mo hinh hé tu van dya trén luat két hop va @6 do ham y thong ké nhu sau:

Cic tude trh didu Cécthudetinh quyétdinh
A A
( N [ \

— Vi | V2| eee | Vg | wemp Vk+1 vee Vm
Tép “
. C2 —
h()’p C3
nguoi '< . —
dung :
& [ [ [ ] [ [ ]

Hinh 2. Mé hinh hé tur vin dua teén ludt két hop va do do ham v thng ké
Trong mé hinh chiing t6i xay dung giai thuat xir Iy ctia hé théng tur van gdm cac budc sau:
Giai thuit cho mé hinh h¢ tw vin dwa trén luit két hop va do do ham y thong ké
Input: Tap dir liéu mo6 ta hd so ngudi dung gdbm n dbi twong C = {c1, 2, .ons Cul, mdi dbi tuong duge mo ta
bang m thu(f)g tinh V = {vy, vo, ..., Vu}, trong d6 cac thudc tinh tir v; dén vy 1a thudc tinh diéu kién, cac thudc
tinh tr v,y dén vy, 1a cac thude tinh quyet dinh.
Output: Bang tinh gi tri hip dan cho timg luat két hop duoc sip xép dua trén hai d6 do ham ¥ thong ké.
Begin
1: Xt ly tap dir liéu tho
Chon tép cac thudc tinh theo clu cia hé théng;
Fori=I ton
Chon céac dong dit liéu trong Gng vai tap thudc tinh;
02: Sinh tap luat va lya chon céac luét cho hé tw vin
Sinh tap luat két hop tir tap dir lidu da xir 1y;
Luya chon cac luat cho hé tu vén;
03: Pém cAc tham sb n, ny, ng, nyp
V6i mdi luat trong tap luat da chon
Begin
Pém tham sb n;
Dém tham sé ny ;
Dém tham sb ng;
Dém tham sb n,z;
End;
Tao bang dir liéu cac tham s6 cho tap ludt;
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Ludt | n | ny | ng | nyup

04: Ap dung cic d9 do ham y thong ké dé xép hang cac luat
V6i mdi dong tham s6 n, ny, ng, n,z trong tap luat da chon
Begin
Implicationindex(n, ny4, ng, Nyg);
Implicationintensity(n, n4, ng, ngg);
End;

05: Tao bang tinh gia tri hip din cho tirng luit két hop

Luat | Implicationindex | Implicationintensity

Kg=

Return(Kq)
End;

4.1. Xt Iy dir liéu

Trong giai doan xtt 1y dit liéu, dya trén hd so ngudi ding (tap thudc tinh) va cac yéu cau cua bai toan tu van dé
xac dinh tip cac thudc tinh diéu kién va tap cac thudc tinh quyét dinh c6 dang: {vy, vy, ..., Vi, Vi1 -or U}

4.2. Sinh tap luat va Ira chon céc luit cho hé tw van

Trong budc sinh luat két hop, ching toi dé xuét ap dung giai thuat Apriori [25] dé sinh ra tap luat kéthop tir tap
dir liéu da xur ly. Thong thuong tap luat két hop dugc sinh ra ¢ s6 lugng rat 16n. Vi thé, tiy theo yéu cau da: ra ciia bai
toan tu vin ma chang ta chon lua céac luat ¢6 dang {vy, v, ..., Uy} = {Vkg1s oer Ui}, trong d6: {vy, vy, ..., v} 12 tip céac
thudc tinh diéu kién, {Vy4q, ..., Uy} 12 tp cac thudc tinh quyét dinh.

Vi du 1: Sinh luat tir tdp dir liéu co6 3 thudce tinh, trong d6 thude tinh 1, 2 1a thude tinh diéu kién, thuoc tinh 3 1a
thudc tinh quyét dinh. Ap dung thuat toan Apriori vdi Supp=0.01 va conf=0.5 ta sinh dwoc tap luat két hop gom 26
luat, sau do ta tién hanh luya chon cac luat co vé phai chira thudce tinh quyét dinh ta dugc tap luat Kkét qua gém 9 luat
dugc trinh bay trong hinh 3.

Khu vee | Piém | Két qua Luit két hop
2 1.0 A 1. {V1=1}=>{V3=A}
1 1.5 A 2. {V2=1.5}=>{V3=A}
3 0.5 B 3. {V1=3}=>{V3=B}
3 0.5 B Apriori 4. {Vv2=0.5}=>{V3=B}
2 1.0 A = 5. {v2=1} =>{V3=A}
1 15 A 6. {V1=2}=>{V3=A}
1 15 A 7. {V1=1,V2=1.5}=> {V3=A}
> 1.0 A 8. {V1=3,v2=0.5} =>{V3=B}
3 05 B 9. {V1=2,v2=1}=>{V3=A}
2 1.0 A

Hinh 3. Két qua sinh luat theo giai thudt Apriori [25]
4.3. Dém cac tham sd n,n,, ng, n,p cia ham tinh d6 do ham y

Dé ap dung dugc cac d6 do ham y théng ké cung nhu cac do do hap din khach quan khéc thi viéc dém cac tham
s6 n,ny, np, nyp cua ting luat két hop 1a mot bude can thiét trong quy trinh xir 1y cta hé thdng. Dé dap img yéu cau
nay, ching t6i dé& xuét phuong phép chuyén dbi tap dir liéu tho va tap luat két hop sang dang ma tran nhi phin. Dbi voi
tap dur liéu tho, dya trén mién gié tri cua timg thudc tinh cua tap dir liéu, viéc chuyén déi duoc thuc hién theo nguyén
tac cir mdi gia tri cua thude tinh trén tap dit liéu tho sé sinh ra mot cot trén ma tran dit liéu nhj phan.
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Vi du 2: Chuyén dbi dir liéu tho sang dang Ma tran dit liéu nhj phan dugc thé hién & hinh 4.

Dir liéu tho Ma tréin dit liéu nhi phin
Ijﬂ: Piém | Két qua Vi=1 Vi=2 Vi=3 | V2=1.5 | V2=1.0 | V2=0.5 | V3=A | V3=
2 1.0 A 0 1 0 0 1 0 1 0
1 1.5 A 1 0 0 1 0 0 1 0
3 0.5 B 0 0 1 0 0 1 0 1
3 0.5 B —_— 0 0 1 0 0 1 0 1
2 1.0 A 0 1 0 0 1 0 1 0
1 1.5 A 1 0 0 1 0 0 1 0
1 1.5 A 1 0 0 1 0 0 1 0
2 1.0 A 0 1 0 0 1 0 1 0
3 0.5 B 0 0 1 0 0 1 0 1
2 1.0 A 0 1 0 0 1 0 1 0

Hinh 4. Minh hoa chuyén tr dir liéu tho sang Ma tran dir liéu nhi phan

Doi véi tap luat két hop, chung tdi tach ra thanh ba ma trdn dang nhi phan: Ma trn luat nhi phan day du, Ma
tran luat nhi phan ve trai va Ma tran ludt nhi phan vé phai. Trong timg ma trn nhi phén, viéc chuyén ddi duoc thuc
hién theo nguyén tic cr mdi thudc tinh xuét hién trong vé trai hodc vé phai cua luat két hop sé sinh ra mot cot méi
trong ma tran luat nhi phan tuong ung.

Vi du 3: Tir tap luat két hop & trén ta chuyén sang ma tran nhi phan twong g dugc thé hién trong hinh 5.

A Ma tran luit nhi phian day da
LK T e e e | e e e
(V1=1] = {V3=A} 1 0 0 0 0 0 1 0
(V2=1.5} => {V3=A] 0 0 0 1 0 0 1 0
(V1=3} = {V3=B} 0 0 1 0 0 0 0 1
(V2=0.5} => {V3=B] - 0 0 0 0 0 1 0 1
(V2=1} = {V3=A} 0 0 0 0 1 0 1 0
(V1=2} = {V3=A} 0 1 0 0 0 0 1 0
(V1=1,V2=1.5} = {V3=A} 1 0 0 1 0 0 1 0
{V1=3,V2=0.5} => {V3=B} 0 0 1 0 0 1 0 1
(V1=2,V2=1} => {V3=A} 0 1 0 0 1 0 1 0
a v K Ma tran luat nhi phan ve trai
Ludtket hop = e B e e e
(V1=1} => (V3=A} 1 0 0 0 0 0 0 0
(V2=1.5} => {V3=A} 0 0 0 1 0 0 0 0
{V1=3} => {V3=B} 0 0 1 0 0 0 0 0
{V2=0.5} => {V3=B} - 0 0 0 0 0 1 0 0
(V2=1} => (V3=A} 0 0 0 0 1 0 0 0
(V1=2} => {V3=A} 0 1 0 0 0 0 0 0
{(V1=1,V2=1.5} = {V3=A} 1 0 0 1 0 0 0 0
{(V1=3,V2=0.5} = {V3=B} 0 0 1 0 0 1 0 0
(V1=2,V2=1} => {V3=A} 0 1 0 0 1 0 0 0
st K Ma tran luat nhi phan ve phai
LK = e sl = e
(V1=1] = {V3=A} 0 0 0 0 0 0 1 0
(V2=1.5} => {V3=A] 0 0 0 0 0 0 1 0
(V1=3} = {V3=B} 0 0 0 0 0 0 0 1
(V2=0.5} => {V3=B] - 0 0 0 0 0 0 0 1
(V2=1} = {V3=A} 0 0 0 0 0 0 1 0
(V1=2} = {V3=A} 0 0 0 0 0 0 1 0
(V1=1V2=1.5} = {V3=A} 0 0 0 0 0 0 1 0
{(V1=3,V2=0.5} => {V3=B} 0 0 0 0 0 0 0 1
(V1=2,V2=1} => {V3=A} 0 0 0 0 0 0 1 0

Hinh 5. Minh hoa chuyén tir luat két hop sang Ma trén dir liéu nhi phan
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Sau khi ¢c6 Ma tran dit liéu nhi phan, Ma tran luat nhi phan vé trai va Ma tran luat nhi phan vé phai, budc tiép
theo 1a tien hanh dém cac tham s6 n, ny, ng, nyz cho tung luat trong tap luat da chon theo cong thirc sau:

- Pém tham sé n: n=sb dong cia Ma trén dit li¢u nhi phan.

- Pém tham s nu: liy timg dong ctia Ma tran luat nhi phan vé trai so khép véi tat ca cac dong ctia Ma tran dir
liéu nhi phan, néu céc bits khop v6i dong luat dang so sanh thi ting ns 1én 1.

- Pém tham sb ng: Iy timg dong ctia Ma tran ludt nhi phan vé phai so khop vai tat ca cac dong cia Ma tran dix
liéu nhi phan, néu cac bits khép véi dong luat dang so sanh thi ting ng 1én 1.

- Pém tham sb n,5: 14y timg dong ctiia Ma tran luat nhi phan ddy du so khép véi tit ca cac dong ctia Ma tran dit
lidu nhi phan, néu céc bits khop v6i dong luat dang so sanh thi ting nyp 16n 1. Khi d6 n,5 = ny — ngp.

Vi du 3: Dém cac tham s n, Ny np, Ny tu tap luat két hop da chon duoc thé hién trong bang 1.

Bang 1. Két qua dém céac tham sb n, Ny Np, a5 cho ting luat két hop

Luit két hop n | n, | ng | ngg
{V1=1}=>{V3=A} 10| 3 7 0
{V2=1.5} => {V3=A} 10| 2 7 0
{v1=3}=>{V3=B} 10| 3 3 0
{V2=0.5} => {V3=B} 10| 3 3 0
{v2=1}=>{V3=A} 10| 4 7 0
{(V1=2} => {V3=A} 04|70
{V1=1,v2=1.5}=>{V3=A} | 10 | 3 7 0
{V1=3,v2=0.5}=>{V3=B} | 10 | 3 3 0
{V1=2,v2=1}=> {V3=A} 10| 4 7 0

4.3. Ap dung cac @9 do ham y thong ké dé xép hang cac luit phuc vu tw vin

Tir bang két qua dém cac tham sé n,n,, ng, nagz cua tung luét ta 4p dung cho hai d§ do ham y thdng ké:
Implication index [24] va Implication intensity [24], sau d6 xép hang theo gia tri d§ do ta dugc két qua trong bang 2.

Bing 2. Bang tinh gi4 tri hap din cho timg luat két hop

Luat Kkét hop Implication index Implication intensity
{v2=1.5} => {V3=A} -0.7745967 0.780711
{V1=1} =>{V3=A} -0.9486833 0.8286091
{V1=1,v2=1.5} => {V3=A} -0.9486833 0.8286091
{v2=1} => {V3=A} -1.095445 0.8633392
{V1=2} => {v3=A} -1.095445 0.8633392
{V1=2,v2=1} => {V3=A} -1.095445 0.8633392
{V1=3} =>{v3=B} -1.449138 0.9263504
{v2=0.5} => {V3=B} -1.449138 0.9263504
{V1=3,v2=0.5} => {V3=B} -1.449138 0.9263504

Tir két qua nay, khi can tw vin cho mot ddi twgng méi, chung ta dwa trén cac thudc tinh didu kién cua dbi tuong
nay va két qua xeép hang cua tap luat dya trén cac d6 do ham y thong ké dé dua ra cac khuyén nghi cho doi trgng méi
Iya chon cac gia tri ctia thudce tinh quyét dinh mét cach hop 1y nhat.

V. THUC NGHIEM
5.1. Dir liéu sir dung

Trong phan thyc nghiém nay, dé kiém tra d¢ chinh x4c va kha ning ing dung ciia mo hinh, ching t6i st dung
hai tap dir liéu khac nhau dé chay mo hinh trén hai kich bén khac nhau. Kich ]aén 1 chung t6i sir dung tap dit Lenses
cua UCI [3]. Kich ban 2 chung t6i st dung tap dir liéu tuyén sinh dai hoc, cao dang ciia Truong Pai hoc Tra Vinh.

Trong kich ban 1, chiing t6i tiéI‘l hanh th}.rc nghiém trén tap dir liéu Lenses (Co s& dl? liéu cho viéc chqn kinh sat
trong) cua UCI [3]. Tap di liéu n,aiy gom 24 mau tin, 5 thudc tinh (trong d6 4 thudc tinh dau 1a thudc tinh diéu kién va
thugc tinh thir 5 1a thudc tinh quyét dinh. Noi dung cua tap dir li€u dugc trinh bay trong bang 3.
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Bang 3. Tép dit liéu Lenses cua UCI

TT | VI | V2 | V3 | V4 | V5 | TT | V1 | V2 | V3 | V4 | V5
1 1 1 1 1 3 13 2 2 1 1 3
2 1 1 1 2 2 14 2 2 1 2 2
3 1 1 2 1 3 15 2 2 2 1 3
4 1 1 2 2 1 16 2 2 2 2 3
5 1 2 1 1 3 17 3 1 1 1 3
6 1 2 1 2 2 18 3 1 1 2 3
7 1 2 2 1 3 19 3 1 2 1 3
8 1 2 2 2 1 20 3 1 2 2 1
9 2 1 1 1 3 21 3 2 1 1 3
10 2 1 1 2 2 22 3 2 1 2 2
11 2 1 2 1 3 23 3 2 2 1 3
12 2 1 2 2 1 24 3 2 2 2 3

Trong kich ban 2, ching t6i tién hanh thyc nghiém trén tap dir liéu tuyén sinh cua Truong Dai hoc Tra Vinh.
bay la tap dir liéu dugc Xudt ra tur phin mém tuyén sinh cua Truong voi tong s6 mau tin 1a 12287 trong do c6 3202
mau tin cua nam 2012, 3624 mau tin ciia ndm 2013 va 5461 mau tin ciia ndm 2014. Trong tp dir liéu nay moi hoc sinh
dugc mo ta bang mot ho so gdm 71 thudc tinh (71 cot). Pay 1a dit liéu tuyén sinh dit trung cho phwong thirc tuyén sinh
theo Quy ché thi ctia Ky thi tuyén sinh ba chung. Trong ky thi ndy, hoc sinh d4 lam ho so du thi dé chon Trudng, chon
Nganh trude khi tham gia ky thi.

5.2. Cong cu thuc hién (ARQAT)

Dé trién khai hai kich ban thyc nghiém, chung t6i str dung cong cu ARQAT dugc trlen khai trén RStudio. Day
1a g6i cong cu duge nhom chung t6i phat trién tir nén tang cua cong cu ARQAT phat trién trén Java [16]. Trong goi
cong cu ndy, chiing t6i cap nhat kha day du cac ham tinh d6 do hap dan khach quan cho luat két hop dua trén 4 tham sb
n, Ny, Np, Nyp, cac chirc nang xur ly dir liéu, tich hop ham sinh luat Apriori cua géi arules [19], chirc nang dém cac tham
so, m, N4, Np, Nyp, chire nang tinh do héap dan ctia luat két hop theo cic d6 do duoc chon, chirc ning xép hang luat theo
gi4 tri hap dan, chirc nang sinh két qua tur vén.

5.3. Kich ban 1

\{(’)ri muc tiéu kiém tra do c’hinhr xac cia mo hinh, chung t6i tién hanh chay tirng budc cua mo hinh trén }ép dir
lidu chuén Lenses do UCI cong b6. Két qua sinh luat ciia ham Apriori voi Supp=0.15 va conf=0.8 la 23 luat ket hop.
Tur két qué nay, chung t6i chon cac luat cé ve phai chira thude tinh quyét dinh cho hé¢ thong tur van gém 10 luat dugce
trinh bay trong bang 4.

Béng 4. Tap luat ket hop duoc sinh ra tir tap dir li¢u Lenses

Luat két hop
{Va=1} => {V5=3}
{V3=1,V4=2} => {V5=2}
{V1=1,V4=1} = {V5=3}
{V1=2, V4=1} = {V5=3}
{V1=3,V4=1} => {V5=3}
{V2=1,V4=1} => {V5=3}
{V3=1,V4=1} => {V5=3}
{V3=2, V4=1} => {V5=3}
{V2=2,V4=1} => {V5=3}
{V2=2,V3=2} => {V5=3}

Budc thuc nghiém tiép theo 1a dém cac tham sb n, Ny Np,Nap bang cach goi ham dém cac tham s trong goi
cong cu ARQAT cho tap luat da chon va tao ra bang dir liéu cac tham so6 cua tap luat nhu trong bang 5.
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Bing 5. Két qua dém cac tham s6 n, ny ng,Nyp cho ting lut két hop cua tap dit liéu Lenses

Luit két hop n | n, | ng | ngg
(Vd=1} = {V5=3} % 12]15] o
(V3=1,V4=2} = (V5=2} | 24| 6 | 5 | 1
(VI=1,V4=1} = (V5=3} | 24| 4 | 15| 0
(VI=2, Va=1} => (V5=3} | 24| 4 | 15| 0
(VI=3,V4=1} = (V5=3} |24 | 4 | 15| 0
(V2=1,V4=1} => (V5=3} | 24| 6 | 15| 0
(V3=1,Va=1} = {V5=3} | 24| 6 | 15| 0
(V3=2, V4=1} = {V5-3} |24 | 6 | 15| 0
(V2=2,V4=1} => (V5=3} | 24| 6 | 15| 0
(V22 V3=2} => {V5=3} | 24| 6 | 15| 1

Tir bang dir liéu cac tham sd, chung toi tién hanh khao sat két qua cta hai do do: Do do chi sé ham y
(Implication Index) va Do do mat dd ham y (Implication Intensity) cho mdi luat dugc chon. Tir két qua khao sat ciia hai
d6 do trén, chiing t6i tao ra Bang tinh gia tri hap dan cho timg luat két hop dong thoi xép hang cac luét theo thir tw giam
dan duya trén gia tri ciia hai 46 do ham ¥ thong ké. Két qua ctia xép hang dugc thé hién trong bang 6.

Bang 6. Bang tinh gié tri hap din cho timg luit két hop cua tap dit liéu Lenses

Luat két hop Implication index Implication intensity
{V2=2,V3=2} => {V5=3} -0.833333333 0.797671619
{VI=1,V4=1} => {V5=3} -1.224744871 0.889664319
{V1=2,V4=1} => {V5=3} -1.224744871 0.889664319
{V1=3,V4=1} => {V5=3} -1.224744871 0.889664319
{V2=1,V4=1} => {V5=3} -1.5 0.933192799
{V3=1,v4=1} => {V5=3} -1.5 0.933192799
{V3=2,V4=1} => {V5=3} -1.5 0.933192799
{V2=2,V4=1} => {V5=3} -1.5 0.933192799
{V3=1,v4=2} => {V5=2} -1.720618004 0.957339918
{V4=1} => {V5=3} -2.121320344 0.983052573

Tir bang tinh gia tri hap din cho timg luat két hop nay, ching toi goi ham sinh két qua tu van véi dit liéu dau
vao la cac thudc tinh di€u kién va ket qua dau ra la tip cac gia tri cua thudc tinh quyét dinh dugc x&p theo thu ty uu
tién. V&i cac gia tri cua thude tinh quyét dinh nay, hé thong s€ dua ra cac khuyén nghi cho nguoi dung khi can chon
mua mot kinh sat trong theo céc thudc tinh dicu kién dau vao da cho trudce.

5.4. Kich ban 2

Véi muc tiéu kiém tra kha nang ung dung vao thuc té ciia md hinh va mong mudn xay dung hé tu van chon
nganh hoc cho hoc sinh, chung t6i chon tap di liéu tuyén sinh dai hoc, cao déng cua Truong Pai hoc Tra Vinh dé chay
thtr m6 hinh 1an the 2. Sau khi xem xét yéu cau bai toan tu van chon nganh hoc cho hoc sinh khi biét diém thi cac mon
trong ky thi THPT qudc gia hodc két qua hoc tip cac mon ciia ba nim hoc trung hoc phd thong, chung t6i tién hanh xu
Iy dit liéu cho bai toan trén cong cu ARQAT cho két qua trong bang 7.

Bang 7. Két qua xu Iy dit liéu tuyén sinh trén cong cu ARQAT

row.names (V1 | V2 (V3 | V4 \'A Vo6 V7
1 A |1 1 300 | 275 |300 | D140201
2 A |1 1 350 | 175 | 350 | D140201
3 D1 |1 1 175 | 300 |425 | D140201
4 D1 |1 1 225 | 200 |475 | D140201
5 D1 |1 1 150 |400 |475 | D140201
6 C 1 1 650 | 300 |450 |D140201
7 C 1 1 600 | 475 |550 |D140201
8 C 1 1 675 | 575 | 550 | D140201
9 B 1 1 150 |400 |325 | D720101
10 B |0 2 575 | 550 |500 |D720101
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Trong bang 7, cac cot tir V1 dén V6 1a cac cot thudc tinh diéu kién. V1 chira gia tri cua thude tinh khdi thi ding
dé xét tuyén vao dai hoc, cao dang ctia hoc sinh. Thudc tinh nay phu thudc vao théng tin tuyen sinh hang nam cua ting
truong, timg nganh hoc. V2 chira gia tri cua thudc tinh gidi tinh cua hoc sinh. Trong quy ché tuyén sinh khong c6 quy
dinh cu thé vé giéi tinh khi chon nganh hoc nhung trong thuc té thi mdi quan hé giira giéi tinh va nganh hoc la kha lon.
V3 chtra gia tri cta thude tinh khu vuc ctia hoc sinh cu tri. Thugc tinh nay cho chung ta biét thong tin vé noi hoc trung
hoc phé thong cua cac em. V4, V5, V6 chuia gia tri cia thudc tinh diém thi ciia ba mon thi thudc khdi thi. Cac thudce
tinh nay phan anh truc tiép ning lyc hoc tap cua hoc sinh, ddng thoi ciing 1a ba thudc tinh diéu kién quan trong dé
quyét dinh chon nganh hoc cua hoc sinh bdi vi theo Quy ché tuyén sinh thi d vao hoc dai hoc, cao déng mdt nganh
nao d6 thi hoc sinh phai c6 diém ba mén nay dat trén ngudng dam bao chét lugng diu vao hang nam do Bo Gido duc
va Pao tao xac dinh. V7 chira gia tri cia thudc tinh nganh hoc. Pay 1a thude tinh quyét dinh cia hé théng tu van.

Sau khi xir 1y dir liéu thé chiing t6i tién hanh sinh tap luat két hop. Dé thu duoc tap luat két hop twong dbi diy
du, chung toi chon giai phap sinh luat két hop trén dit lidu ciia timg nam va khi goi ham Apriori ching t6i chon d¢ ho
trg va do tin cay kha thap (Supp=0.01, conf=0.5). Xuét phat tir yéu cau ctia bai toan 1a trude khi 1am thu tuc xét tuyén
vao cac trudng dai hoc, cao dang hoc sinh da ¢ day du gia tri cua cdc thudc tinh diéu kién (khoi thi, gi6i tinh, khu vue,
diém cac mon) nhung chua chon duoc gia tri cia thuge tinh quyet dinh (nganh hoc), chung t61 quyét dinh chon cac luat
két hop c6 vé phai chira thude tinh quyét dinh (V7) cho hé thdng tu van. Két qua ciia cac bude dugc trinh bay trong
bang 8.

Bang 8. Két qua sinh tap luat két hop va chon céc luat cho hé théng trén tap dir lidu tuyén sinh

Dir liéu S6 mau tin | SO ludtsinhra | S6 luat dwgc chon
Nam 2012 3202 54861 6448
Nam 2013 3624 44801 6118
Nam 2014 5461 53655 6820
Tong cong 12287 153317 19386

Véi muc tiéu do do hép dan cac luat dua trén ham 4 tham sb f(n, Ny N, Nag), bude thuc nghiém tiép theo la dém
céc tham sd n, Ny Np, N4 béng cach goi ham trong cong cu ARQAT cho tip luat da chon va tao ra bang dir li€u cac
tham s6 ctia tap luat c6 cdu trac nhu trong bang 9.

Bing 9. Két qua dém cac tham s6 n, nyng,Nnyp cho ting luat két hop trén tap dit liéu tuyén sinh

(V4=775} => {V7=D720101} 3624 14 408 10
(V3=3} => {V7=D720332} 3624 15 398 11
10 {V4=800} => {V7=D720101} 3624 16 408 12

Rules n nA nB nAB_

1 {V4=875} => {V7=D380101} 3624 4 452 0
2 {V6=750} => {V7=D720101} 3624 8 408 4
3 {V6=100} => {V7=D380101} 3624 9 452 4
4 {V5=1000} => {V7=D140201} 3624 9 428 5
5 {V6=675} => {V7=D720101} 3624 9 408 5
6 {V5=750} => {V7=D720101} 3624 10 408 6
7 {V6=125} => {V7=D380101} 3624 13 452 6
8

9

Vi bang dir lidu cac tham s nay, chiing t6i tién hanh khao sat &6 hap dan cua cac luat két hop da chon trén hai do
do: D¢ do chi s6 ham y (Implication Index) va P do mat d6 ham y (Implication Intensity). Tir két qua khao sat cua hai do
do ham y thong k€ trén, chung tdi tao ra Bang tinh gia tri hap dén cho timg luat két hop dong thoi xep hang céc luat theo
thir tu giam dan dua trén gia tri ctia hai d6 do ham y thong ké. Két qua cta xép hang dwoc thé hién trong bang 10.

Bing 10. Bang tinh gia tri hip dan cho timg luat két hop trén tap dir lidu tuyén sinh

Rules ImplicationIlndex ImplicationIntensity
1 {V2=1} => {V7=D380101} 1.060453316 0.144469209
2 {V2=1,V3=1} => {V7=D380101} 0.92445979 0.17762348
3 {V5=250} => {V7=D720501} 0.499585979 0.308683316
4 {V2=1,V3=2} => {V7=D380101} 0.496455457 0.309786553
5 {V1=A,V2=1} => {V7=D380101} 0.466408537 0.320461551
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6  {V3=1,V5=350} => {V7=D380101} 0.406170576 0.342308636
7 {V1=A,V4=150} = {V7=D380101} 0.391975268 0.347538244
8 {V6=275} => {V7=D380101} 0.383860603 0.350540884
9 {V2=1,V3=1,V5=350} => {V7=D380101} 0.37465666 0.353957914
10 {V2=0} => {V7=D720332} 0.374603272 0.353977769

Tir két qua xép hang luat theo gia tri hap din ciia hai d9 do ham y thong ké, ching t6i xay dung hé tu van hd trg
hoc sinh chon nganh hoc trudc khi dang ky xét tuyén vao cac trudng dai hoc, cao dang. Trong hé théng nay, cic em
hoc sinh s& nhap vao hé thong cac gia tri thudc tinh diéu kién nhu: Khéi thi (V1), Phai (V2), Khu vue (V3), Diém mon
1 (V4), Piém moén 2 (V5), Diém mon 3 (V6) (Dlem thi & day co thé 1a diém thi ciia Ky thi THPT qudc gia hodc két qua
hoc tap cic mon clia ba nam hoc trung hoc phd thong). Hé thong s& dua trén két qua xep hang luét theo gié tri hap dan
cua hai d6 do ham y thong ké dé dua ra danh muc céc nganh theo thu ty wu tién nham hd trg cac em chon duge nganh
hoc phu hgp véi néng luc ban than cac em.

VL. KET LUAN

Trong bai viét nay, chung t6i da xdy dung mo hinh hé tu van dua trén tiép can luat két hop va do do ham y
thdng ké. Trong mé hinh nay, chung t6i dic biét quan tim dén mdi quan hé ham y giira tap thudc tinh didu kién va tap
thudc tinh quyét dinh trong timg ngir canh cu thé. Dya trén tap luat két hop duoc sinh ra tir tap dit liéu mé hinh cho
phép lwa chon cac luat theo yéu ciu cia timg bai toan tu van. Khi da chon dugc tap luat cho bai toan, mé hinh s& tién
hanh khao sat gia tri hap dan ciia timg luat bang hai d6 do ham y thong ké. Dya trén két qua cua hai d6 do nay, ham tu
vén sé& dua ra két qua khuyen nghi cho nguoi dung. Mot diém moi khac biét gitta mé hinh cta ching t6i so véi cac mod
hinh hé tu van truyén thong 1a cac md hinh truyén thong thuong dya trén hai d6i twong chinh 1a nguoi ding va san
pham (hay muc dir liéu) dé phat trién cac giai thudt tu van con trong moé hinh cua ching t6i thi cac thuat toan tw véan
dugc phat trién trén tap thudc tinh cia mot dbi twong nguoi ding. Trong céc thuat toan nay, chung t61 dya vao gia tri
cua cac thudc tinh diéu kién dé tinh toan ra céac gia tri cua cac thudc tinh quyet dinh cta cung mét dbi tugng. Qua Kkét
qua thyc nghiém, ching toi thiy rang mo hinh ciia ching i cho két qua khuyén nghi kha phu hop véi yéu cau thyc té
trén tap dir lidu chudn ctia UCI dong thoi c6 thé ap dung cho bai toan tw vin chon nganh hoc theo yéu cau cua quy dinh
tuyén sinh dai hoc, cao dflng hién nay.
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