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Tém tit - Khai thac luat két hop (LKH) trong khai pha dir li¢u c6
vai trd quan trong trong viéc tim ra cac két hop hodc ludt xuat
hién ddng thoi trong dit liéu. Bai toan dugc chia thanh hai glal
doan: thr nhat, sinh céc két hop tir dit lidu thoa ngudng pho bién
minsup; thir hai, sinh LKH tir tap chira cac két hop phd bién duoc
tim & trén va théa ngudng tin cay minconf. Phin 16n cac nghién
ctru tap trung xac dinh céc két hop phd bién & giai doan thr nhét.
Nguoc lai, giai doan sinh LKH it dugc quan tam nghién ctru.
Trong nghién cttu, tac gia trinh bay giai phap it gon tap ung vién
dua vao khai niém 16p tuong duong — giai phap duogc dat tén
QuickGen. Phén thuc nghiém, tac gia xay dung hai kich ban:
(1) so sanh tinh hi¢u qua cta giai phap trén giai doan sinh luat;
(2) danh gia hiéu qua trén toan bd qua trinh khai thac LKH -
QuickGen dugc ding ¢ ca hai giai doan. Két qua cho thiy giai
phéap d& xuét mang lai hi¢u sult vuot troi.

Tir khoa - L6p twong duong; luat két hop; thuat toan QuickGen

1. Pat vin dé

Niam 1993, Agrawal va cac dong nghiép da dé xuit bai
toan khai thac luat két hop (LKH) trén dit liéu giao dich
(DLGD) nhi phan [1]. Muc tiéu cua bai toan la tim céc
LKH vé6i ngudng phd bién tbi thiéu (minsup) va ngudng tin
cay toi thiéu (minconf). Bai toan duoc chia thanh hai giai
doan [1-9]:

e Giai doan khai thac tap phd bién (Frequent Itemset
Mining — FIM): tap hop cac tap phé bién dwoc tao ra bing
cach &p dung thuat todn Apriori. Thuat toan nay st dung
tinh chit két hop va sang loc dé hiéu qua tao ra cac tap pho
bién d4ap tng hoic vuot qua ngudng minsup. Két qua cua
giai doan nay 1a mot tap hop céc tap phd bién;

¢ Giai doan khai thac LKH (Association Rule Mining -
ARM): Sau khi c6 dwoc céc tap phé bién, giai doan nay tap
trung vao tim ra cc LKH tir cAc tap phd bién do. Mot LKH
duoc biéu dién dudi dang "X—Y", trong d6 X va Y la cac
tap con ciia mot tap phd bién. Mot LKH dugc coi 1a y nghia
néu n6 dap tmg cac tiéu chi nhu do tin cay (confidence) va
d6 phd bién (support).

Phuong phap cuia Agrawal cung cap mot cach tiép can
hé thong dé kham pha cac méi lién hé y nghia giira cac thude
tinh trong DLGDnhi phan. Phuong phap nay da cé anh
huéng dang ké trong linh vuc khai thac LKH va di mé ra
con dudng cho nghién ctru va phat trién tiép theo.

Abstract - Association rules mining in data mining shows an
important role in discovering combinations or rules that appear
together in data. The problem is divided into two stages: first,
generating combinations from data that satisfy the minimum
support threshold; second, generating association rules from the set
of frequent combinations found above and satisfying the minimum
confidence threshold. Most research focuses on determining
frequent combinations in the first stage. Conversely, the generation
of association rules receives less attention in research. In this study,
the author presents a solution to reduce the candidate set based on
the concept of equivalence classes - a solution named QuickGen.
In the experimental part, the author constructs two scenarios:
(1) comparing the effectiveness of the solution in the rule generation
stage; (2) evaluating the overall effectiveness of the association rule
mining process - QuickGen is used in both stages. The results show
that the proposed solution provides superior performance.
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Hai hudng tiép can chinh trong khai thac LKH:

- Khai thac day di LKH: Day 1a hudng tiép can tap
trung cai tién hiéu suat cua giai doan sinh tap phd bién,
ching han nhu cac thuat toan twa Apriori [1], Eclat [2],
FP-Growth [3], NOV-FI [4]...

- Khai thac khéng day du LKH: Day 1a hudng tiép
can tim cac tap phé bién co s6 luong nho — tap phod bién
dong [5, 8]; tap pho bién tdi dai [9]. Mit khéc, huéng tiép
can nay con dé xuét rat gon tip LKH bing cach bd sung
cac rang budc trong khai thac LKH — giam s6 luong LKH
du thura [6-7].

Ngoai ra, nhom tac gia ¢ cong trinh [10] dd@ phan
tich chi tiét khong gian sinh giai doan khai thac tap phd
bién 12 2™ — 1) v6i m 12 s luong thudc tinh trén DLGD;
twong (mg, khong gian sinh LKH la (3™ — 2™1+1),
Cong trinh di phan tich va cho thiy thuc su giai doan
khai thac LKH 1a giai doan c6 khéng gian sinh 16n hon
nhiéu so v6i giai doan sinh tap phé bién khi s6 lugng thude
tinh 16n. Tuy nhién, giai doan khai thac LKH it duoc
quan tdm nghién ctru cai tién. Chinh vi 18 do, tac gia
da nghién ctru va tim kiém giai phap téi uu qua trinh khai
thac LKH.

Trong bai viét, tac gia tap trung trinh bay d& xuét giai
thuat sinh nhanh va dﬁy du LKH dua vao khai niém 16p
tuong duong dugc gisi thidu bai Zaki va dong su [2].
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2. CAc vén dé lién quan
2.1. Khai thac #dp phé bién

Cho | ={iy, iz...., im} 12 tap chira m thudc tinh, mdi thude
tinh goi la item. V&i X < I, X ={iy, I2...., i}, Vij € 1 (1<] <K)
goi la itemset, itemset c6 k item goi la k-itemset. DLGDgom
n giao dich goi 1a tap cac giao dich T = {ty, t5,..., tn}, moi giao
dich tx :{ikl, k2.0 ikm}, ikj el (1_<k,-5m).

Pinh nghia 1 [1]: Cho X, Y e Iv6i X nY =, LKH
12 mot ménh dé kéo theo ¢ dang X — Y, thoa hai ngudng
do do cho trude (minsup — do pho bicn t0i thiéu; minconf —
d6 tin cay to6i thiu), trong d6 X goi 13 “tién d&” va Y la “keét
luan”.

Pinh nghia 2 [1]: Do pho bién (support) dung dé danh
giéﬂml’l(’: @0 xuat hién ‘cﬁa mot itemset trong tap glfr liéu. Do
pho bién dugc do bang ty 1¢ gitra so lan xuat hién cua
itemset trong tap dir liéu va tong so giao dich.

{teTIx ct))
sup(X ) =———

~ Pinh nghia 3 [1]: Cho X c I, X la itemset pho bién
neu sup(X) > minsup, minsup la ngudng pho bien toi thiu
(duge ngudi dung cho trude). Tép chira cac itemset pho
bién dugc ky hiéu 1a FI.
Pinh nghia 4 [1]: Do pho bién ciia LKH X—Y, ky hiéu
sup(X U Y) — do phd bién cua {X—Y}.
sup(X =Y )=sup(X uY)

Pinh nghia 5 [1]: D) tin cdy (confidence) cia LKH
X—=Y, ky hiéu conf(X—Y) - ty 1€ gilta s0 giao dich chira
{X UY} vaso giao dich chira X.

sup( X UY)
sup( X)

Cho DLGDT sur dung cho cac minh hoa trong khai thac
LKH nhu ¢ Bang 1, c6 8 thudoc tinh
I={A B,C,D,E,F, G, H}va10 dong giao dich.

Xét DLGD T vé6i minsup = 0,50 — sinh tap phd bién FI
gdm 11 itemset {(G; 0,50), (E; 0,70), (A; 0,80), (C; 0,80),
(GA; 0,50), (GC; 0,50), (EA; 0,50), (EC; 0,50), (AC; 0,80),
(GAC; 0,50), (EAC; 0,50)}. Theo cong trinh [10], tap FI
c6 itemset chiéu dai 16n nhat 1a GAC va EAC - chiéu dai
bang 3, nghia 1a khong gian sinh LKH t6i thiéu twong tmg
33231+ 1 = 12 LKH théa minsup. Tuy nhién, c6 2 itemset
phd bién GAC, EAC, do ¢6 chung AC nén sb lugng LKH
14 2x12 — 2 =22 (2 LKH sinh tir AC).

Bdng 1. Dit liéu giao dich T

conf(X »Y)=

TID Items
tl A CEF
t2 ACG
t3 E, H
t4 A C,D,G
t5 A CEG
t6 E,H
t7 A B,CEF
t8 A CD
t9 A CEG
t10 A CEG

Bdng 2. LKH trén T théa minsup = 0,50 va minconf =1

k-itemset Luat két hgp (LKH; sup; conf)
5 (G—A; 0,50; 1), (G—C; 0,50; 1),
(A—C; 0,80; 1), (C—A; 0,80; 1)
3 (GC—A; 0,50; 1), (GA—C; 0,50; 1), (G—AC;
0,50; 1), (EC—A; 0,50; 1), (EA—C; 0,50; 1)

Bang 2, liét ké 9 LKH théa ngudng minconf = 1 gom
¢6 4 LKH duoc tao thanh tir 2-7iterrrlset pho bién va 5 LKH
duoc tao thanh tir 3-itemset pho bién.

2.2. Thudt todn khai thac LKH
2.2.1. Thudt todn sinh tdp phé bién

Thuét toan Apriori [1] la thudt toan quan trong va duoc
str dung rdng rai trong khai thac lué‘t két ho*p,Nduqc de Xu:Elt
boi Agrawal va cdng sy; da co nhiéu 'Erich dan va cai tién
tir d6. Ngoai ra, thudt toan cling c6 thé dugc ap dung trén
nhiéu dinh dang di li¢u khac nhau.

Mot s6 ky hiéu trong thuét toan Apriori:

e Ly : tap thanh vién k-itemset théa minsup, mdi thanh
vién c6 2 trudong thong tin 1a itemset va sup;

e Cy : tap tmg vién chtra k-itemset tiém ning, mdi tmg
vién ¢0 2 truong thong tin la itemset va sup;

M3 gia thuat toan sinh tip pho bién Apriori
Piu vao: DLGD T, minsup
Piu ra: Tap FI
L, = {1-itemset};// tap cac item
For (k=2; Ly1 = &; k++) do
Ck = AprioriGen(Lx.) //sinh cac két hop k-itemset
Forallt € T do
Ci = subset(Cx, t)
Forall c € Cido
c.sup += 1/n //n 14 tong sb giao dich
Lk ={c € Cy c.sup > minsup}
Tra vé Fl= Uy Lk

©oNok~wNRE

M@ ta thuat toan Apriori:
Dong 1, sinh tap Li chira cac item thoa minsup. Dong
3, sinh tdp ung vién Ck tiém nang tur tap pho bién Li.1. Tu
dong 4 dén 7, moi giao dich t sinh tép con C; theo tap Ck
chtra img vién tiém nang; v6i moi ung vién ¢ thude Ck co
trong C; thi dugc tinh tan suat xuat hién trén mot giao dich.
Dong 8, loc tmg vién ¢ tir Ck thoa minsup va dua vao tap
Lk chira k-itemset pho bién.
. Thu tuc AprioriGen - phat sinh Cy chira céc mg vién
tiém nang K-itemset tir Ly-1:
Ma gia tha tuc AprioriGen
Piu vao: Tap L1
Péu ra: Tap Cx
Ck={XuUX|X,X € Ly, [ XnX’|=k-2}
Forall itemset ¢ € Cx do
Forall (k-1)-subset s of ¢ do
If (s ¢ Lk1) then
Ck = Ck -C
Tra vé Ck

ook wbdE
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Thi tuc AprioriGen hoat djng dl.I37 trén tinh chét
Apriori, tirc 1a néu mot itemset khdng phé bién, thi tat ca
CaC tdp con cua no cling khdng phd bién. Dicu nay gitp
giam khong gian tim kiém bang cach loai bo cac img vién
itemset khong can thiét.

Céc budc thyc hién cia thuat tuc AprioriGen:

Tir tap L chira (k-1)-itemset pho bién;

Dong 1, tao tap tmg vién k-itemset tiém ning Cy: trong
Lk tim céc c@p (k-1)-itemset la X va X” c6 so item giong
nhau va bang (k-2) thi dua vao Cy;

Dong 2 dén 5: loai bo cac tmg vién ¢ trong Cy khi ton
tai (k-1)-itemset con ctia ¢ khong 1a itemset pho bién.

e Uu diém: thuat toan d& hiéu va cai dat;

o Nhugc diém: do phic tap tinh toan tuong déi cao —
dong 1 ¢ @6 phuc tap O(n?) va tir dong 2 dén dong 5 c6 do
phtc tap O(n3).

2.2.2. Thudt toan sinh LKH

Pau tién, Agrawal cing dong sy [1] dé xuét thudt toan
SimplGenRules sinh LKH tir I 1a k-itemset pho bien (k>1).
Thuat toan sinh LKH bat dau bang cach chon ax.1 [am “tien
de” 1a tap con (k-1)-itemset cua k-itemset, tir 46 sinh LKH
{ac1—>(l— ak1)}. Néu LKH {ax1—>(lc — ax-1)} thoa minconf
thi goi dé quy sinh cac LKH c6 “tién d¢” 1a tap con cua
ak-1 (theo tinh chat Apriori).

Ma gia tha tuc SimpleGenRules

DPiu vao: Tap Lkt

Piu ra: Tap luat két hop AR

Forall I € FI, k > 2 do//sinh LKH tir 2-itemset
GenRules(l, Ik

Ma gia thi tuc GenRules

Piu vao: k-itemset Iy, am 1a m-itemset & vé trai

DPiu ra: Tap luat Kkét hop AR sinh tir Ik
1. A={(m-1)-itemsets am-1| am-1 < am}
2 Forall am1 € A do
3 conf = sup(lk)/sup(am-1)//tinh @ tin cay
4, If (conf > minconf) then
5
6
7
8

AR =AR + {am1 — (k- am1)}
If (m-1>1)then
GenRules(lx, am-1)
Tra vé AR
Minh hoa thuit toan SimpleGenRules:

Xét itemset (GAC; 0,50) thoéa minsup = 0,50 va sinh
LKH thoa minconf = 0,60:

{GA; GC; AC}

(GA-C; 1) (AC=G; 0,625)

AN AN

(G-AC; 1) (ASGC; 0,625) (G—AC; 1)| (C—GA; 0.625) | (ASGEC; 0,625)| (C—GA; 0,625)

Hinh 1. Minh hoa thudt todn SimpleGenRules sinh LKH

Hinh 1, minh hoa thuit todn SimpleGenRules sinh
LKH. Qua trinh d¢ quy sinh LKH tir 2-itemset tu
(GA—C;1) va (AC—G;0,625) cd trung LKH (A—GC;

(GC—A; 1)

0,625); tuong tu, sinh LKH tir (GC—A;1) va (AC—G;
0,625) cd trung LKH (C—GA, 0,625).

o Uu diém: thuat toan d& hiéu va cai dat;

e Nhuoc diém: véi mdi k-itemset phd bién thi thuat toén
can xem xét (2K— 2) LKH c6 théa minconf hay khong trong
truong hgp xau nhat. Ngoai ra, trong qua trinh dé quy sinh
cac LKH c¢6 “tién de” 1a tp con, lam phat sinh nhiéu LKH
trung nhau.

Tu nhugc diém trén, Agrawal va dong su [1] da dé xuﬁ':[
cai tién thuat toan sinh LKH - v6i timg I 1a k-itemset pho
bién (k>1), sinh k LKH c6 “két luan” 1a 1-item; twong Gmg
véi cac LKH thoa minconf, cac LKH tiém nang c6 “két
luan” dqu tao thémh tur thu tuc AprioriGen (duogc trinh bay
¢ trén) nham khac phuc sinh LKH trung lap.

Ma gia thuit toan sinh LKH (AR-Ori)
Piu vao: Tap giao dich T, ngudng minconf
Piu ra: Tap luat két hop AR
AR=¢
Forall Ik € Fl, k > 2 do//sinh LKH tir 2-itemset
Hi= {chira vé phai c6 1-item ctia LKH sinh tir I}
AR =AR U Ap-GenRules(l, Hi1)
Tra vé AR

akrwnpE

Ma gia thu tuc Ap-GenRules
Dau vao: k-itemset Iy, tap m-item & vé phai Hn
Pau ra: Tap luat két hop AR sinh tir I
If (k > m+1) then
Hms1 = AprioriGen(Hm)//tao vé phai (m+1)-item
Forall hp+1 € Hme1 do
conf = sup(l)/sup(l« — hm+1)//tinh d6 tin cay
If (conf > minconf) then
AR=AR U {lk — hm+1 —> hm+1}
Else
Hm+1 = Hme1 - hmea//X08 hines
Ap-GenRules(lx, Hm+1)
Tra vé AR

No bk owbdeE
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Minh hoa thuit toan Ap-GenRules:

Xét itemset (GAC; 0,50) thoa minsup = 0,50 va sinh
LKH thoa minconf = 0,60:

Hinh 2, minh hoa thuét toan Ap-GenRules sinh LKH. Sinh
day dii (28 -2) LKH tir itemset (GAC; 0,50) va khong tring lap.

e Uu diém: khic phuc nhuoc diém cua thuat toén
SimpleGenRules va dé dang cai dit;

o Nhugc diém: nhu da phan tich vé thuat ton
AprioriGen cho thay d6 phuc tap chung caa thuat todn thugc
dang da thic O(n3).

{(AC—HG; 0,625),(GC—A; 1), (GA—-C; 1)}
H;={G,A,C}

v

H, = {GA, GC, AC}
{(C—>GA; 0,625). (A>GC; 0.625). (G-AC; 1)}

Hinh 2. Minh hoa thudt toan Ap-GenRulessinh LKH
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3. Thuit toan dé xuit

Trong phan nay, tac gia trinh bay thuét toan QuickGen
la mot thuat toan duoc dé xuat dé cai thién hiéu suat va hiéu
qua so véi thuét toan phat sinh tap ung vién AprioriGen
duogc sir dung ¢ ca hai giai doan.

3.1. Thudt todn dé xudt

D¢ t6i wu hoa qué trinh khai thac LKH: Nam 1997, Zaki
va dong sy da dua ra khai niém vé 16p tuwong duong
(Equivalence Classes) bang cach chi xem xét cac cép
k-itemset ¢0 cting (k-1) items dau tién c6 thi ty d€ sinh ing
vién tiém nang (k+1)-itemset [2].

Y twéng dé xuit thuit toin QuickGen:

~ Tac gia nhan thiy, qua trinh khai thac LKH theo hudng
tiép can cua Agrawal st dung thu tuc AprioriGen trong ca
hai giai doan va duogc 1ap lai nhiéu lan. Bi€u nay, dan dén
thoi gian thyc hién khai thac LKH cua thuét toan kém hiéu
qud. Dudi ddy la thuat toan QuickGen dugc dé xuat thay
thé AprioriGen trong qua trinh khai thac LKH:

Thi nhét, sap xép cac item theo thir ty ting dan cua 4o
pho bién dé rut gon céac ket hop theo tinh chat Apriori;

Thir hai, bd sung 3 trudng thong tin cho timg k-itemset
trong L Ia min, max va sub. Truong min, max 1a thir tw nho
nhat va 16n nhat cua item c6 trong k-itemset; truong sub la
thir tu cua ite‘m thir (k-1) — ban dau dugc khoi tao bang min.
Khi do, ta can xac dinh cap k-itemset c¢6 cung 16p tuong
duong thi chi thyc hién so sanh truong min va sub cia cép
k-itemset trén 1a bang nhau tirg d6i mot.

Cap k-itemset X; va X cung 16p twong duong sé sinh
ung vién (k+1)-itemset 1a X, c6 truong min duge gitt
nguyén, trudng sub va max duge cép nhét:

Xa.sub = MIN(X;.max, Xj.max);

Xy.max = MAX(X;.max, Xj.max);

Ma gia thuit todn QuickGen

Piu vao: Tap Ly

Piu ra: Tap Cx

1. C=0

2. i=1

3. While (i < |Lx-1]) do

4. j=i+1l

5. Do //Xi, Xj e Lk1

6. If ((Xi.min == Xj.min) A (Xi.sub == X;.sub)) then
7. Ck = Cu{Xi U XHIXi, X cung 16p twong duong
8. j++

9. Else

10. i=j

11, While (i #j)
12. Tra vé Cx
Phan tich thuit toan:

Thuat toan QuickGen dugc trinh bay don gian va dé cai
dat. Ngoai ra, do phirc tap cua thuat toan QuickGen dang
da thirc bac hai O(n?) — lam ting higu suét dang ké trong
qua trinh khai thac LKH.

3.2. Minh hga thudt todn QuickGen

Theo DLGD T ¢ Bang 1, céc item thoa minsup = 0,50
1a {G, E, A, C} va tht tu ctia cac item dugc biéu dién tir 1
dén 4. Hinh 3, minh hoa budc sinh tap timg vién Cs tir tip
phd bién L va cac truong sub va max duoc cap nhat.

(GA; 0,50) (GC; 0,50) (EA; 0,50) (EC; 0,50) (AC; 0,80)

Ly I— - i - -

? [ min [ sub | max min [ sub [ max | (min [ sub [ max min | sub [ max | |min [ sub [ max
111 ]3 L[4 [2]2]3 22143314
g ——— ____l.__j___,__.-"-____

c (GAC; ?) (EAC; 7)

* ['min [ sub [ max min [ sub| max

1 [3]4 2134

Hinh 3. Minh hoa thudt todn QuickGen sinh vmg vién

4. Két qua thuc nghi¢m

Dé danh gia hiéu suat ctia thuat toan dé xuét va thuat
toan khéc — cac thuat toan duoc cai dit bang ngon ngir C#;
so sanh thoi gian thuc hién trén may trinh cu hinh Core
i7-3540M 3.0 GHz va RAM 4Gb.
4.1. Mo td dik liéu thwc nghiém

Trong ca 2 thuc nghiém, tac gia st dung 3 tap dir licu
Accidents, Connect va USCensus tr UCI Machine
Learning Repository - kho dit liéu phd bién trong linh vuc
hoc may va khai thac dir li¢u.

Bdng 3. M6 ta dir liéu thuc nghiém

Dir li¢u S6 ) Mat d
giao dich items giao dich (%)
Accidents 368 340.183 7,22
Connect 129 67.557 33,33
USCensus 392 13.369 17,34

Bang 3, mo ta 3 tap dir liu sir dung trong ca 2 thyc
nghiém, gdm céc thong sé nhu s lwong cac item, s luong
giao dich, mat d¢ cua tung tap dir licu.

4.2. Thuwce nghi¢gm 1

Trong phan thyc nghiém nay, tic gia so sanh hiéu suat
cua 2 thuat toan ¢ giai doan sinh LKH: thudt toan st dung
thu tuc AprioriGen nguyén ban (goi 1a Phase2-Ori) va thuat
toan QuickGen (goi 1a Phase2-Pro). Hai thuit toan trén déu
cho cling s6 Iugng LKH ¢ cac ngudng minconf khac nhau
(c6 dinh minsup va thay d6i minconf).

£ | Thudt toin Ap-GenRules = Thudt todn Ap-GenRules
k= k=
*E *E
:é_ AprioriGen ;é_ QuickGen
= =L
Phase2-Ori Phase2-Pro

Hinh 4. Minh hoa so sanh hiéu sudt theo thuc nghiém 1

Accidents - minsup = 0,60

S00
= 800 k
i
E 500 )
£ 100 s Phase?-0ri
8 3m0 === Phase2 Pro
ﬁ 200

100

0

5% 80% B5% 90% 95%

minconf

Hinh 5. So sanh thoi gian trén Accidents theo TN1
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Connect - minsup = 0,95
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Hinh 7. So sanh thoi gian trén USCensus theo TN1

Hinh 5, 6 va 7 so sanh thoi gian thuc hién ctia 2 thuét
toan Phase2-Ori va Phase2-Pro lan luot trén 3 tap dir liéu
Accidents, Connect vd USCensus. Thuit toan dé xuét
Phase2-Pro trung binh nhanh hon Phase2-Ori trén céc tap
dir liéu {35,83%; 30,37%; 42,32%}.

Két qua thuc nghiém trén nhéom dir li¢u thuc cho théy
rﬁng thuét toan Phase2-Pro c6 thoi gian thyc hién nhanh
hon so véi thudt toan Phase2-Ori trén cac ngudng minconf
khac nhau. Piéu ndy c6 nghia 14 khi giam ngudng minsup,
thudt toan Phase2-Pro thuong c6 hiéu suét cao hon trong
viée tim kiém cac tép phd bién va LKH. Tuy nhién, két qua
¢6 thé thay ddi tuy thudc vao cdu trac va kich thude cia dit
liéu, cling nhu cai dat cu thé cua thuat toan.

4.3. Thuc nghi¢m 2

Phén thyc nghiém nay, tac gia so sanh hiéu suét ciia 2
thuat toan gom cé hai giai doan sinh tap pho bién va LKH:
thuat toan sir dung 2 lan thu tuc AprioriGen (goi 1a All-
Ori) va thuat toan QuickGen (goi la All-Pro). Hai thuat
toan trén déu cho ciung sd lugng LKH & cic ngudng
minconf khac nhau.

,g Thuat toan Apriori _5 Thudt toan Apriori
) 2
=] =]
-] =
B AprioriGen = QuickGen
= =
s w3
= =
£ | Thuat toan Ap-GenRules £ | Thudt todn Ap-GenRules
£ &
- -
= =
4 AprioriGen = QuickGen
2 -
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Hinh 8. Minh hoa so sanh hiéu sudt theo thuc nghiém 2

Hinh 9, 10 va 11 so sanh thc‘wi gian thuc hi¢n cua 2
thudt toan All-Ori va All-Pro 1an lugt trén 3 tap dir liéu

Accidents, Connect va USCensus. Thuét toan dé xudt All-
Pro trung binh nhanh hon All-Ori trén cac tap di ligu
{13,64%; 21,93%; 6,55%}. Ngoai ra, dua vao thuc
nghiém 1 va thyc nghiém 2, cho thdy: thoi gian cua giai
doan sinh tap pho bién chiém nhiéu thoi gian hon so véi
giai doan sinh LKH khi thuc hién trén 3 tap dir li€u trén.
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Hinh 11. So sdnh thoi gian trén USCensus theo TN2

Qua hai kich ban thyc nghiém trén, thuat toan dé xuét
QuickGen dugc str dung trong Phase2-Pro va All-Pro da
mang lai hi¢u suit 6n dinh cho qua trinh khai thac LKH.
Tuy nhién, trén day chi 1a thyc nghiém minh hoa trén 3 tép
dir liéu tir kho dit liéu UCI — dé danh gi4 mang tinh khach
quan hon, nghién ctiiu can thuc nghiém trén nhiéu dix liéu
c6 dac trung khac nhau: c6 mat o cao hoac thua.

5. Két luan va huwéng phat trién

Trong nghién ctru nay, tac gia dé xuét giai phap phat
sinh tdp tng vién QuickGen dgya vao khai niém cap
k-itemset cung 16p twong duong vdi d6 phic tap bac hai;
danh gia hi¢u suat cla QuickGen dua trén hai kich ban:
thuc nghiém tht nhét, so sanh hiéu suat ap dung QuickGen
o giai doan sinh LKH; thyc nghiém th{ hai, so sanh hi¢u
suat trong ca qua trinh khai thac LKH bao gdm giai doan
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sinh tap phd bién va sinh LKH tir tip phd bién. Két qua
thuc nghiém cho thay, st dung thuat toan QuickGen mang
lai hi¢u qua cao voi ca hai kich ban.

Qua nghién ciru dé xuat thuat toan QuickGen trong khai
thac LKH, tac gia nhan thidy AprioriGen ciing nhu
QuickGen duoc st dung & ca hai giai doan trong khai thac
LKH; d6 phtec tap thuat toan AprioriGen va QuickGen lan
luot 12 O(n®), O(n?) — ca hai thuat toan kho c6 thé dap ung
trén dit li¢u 16n. Tuy nhién, thuat toan QuickGen dugc xay
dung dya trén dir li¢u cd th ty va xac dinh nhanh cdp
k-itemset cung 16p tuwong duong, ddy 13 co s¢ mo rong
QuickGen trén dit lidu 16n theo hudng tiép can chia-dé tri
trong nghién ctru tuong lai.
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