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Tém tit - Trong khai pha dir lidu, khai pha luat két hop hiém 1a
mot trong nhiing k§ thuat khai pha quan trong voi nhleu ung
dung tiém ning, ching han nhu phat hién céc cude tAn cong
mang, giao tac gian lan trong tai chinh, y té, tin sinh hocva nhiéu
Umg dung khdc. Khai phé dir liéu truyen théng - khong c6 trong
s0 cua timg item. Tuy nhién, nhiéu img dung trong thuc té thi
trong sb clia mdi item 13 khac nhau (cho biét mirc d6 quan trong
clia timg item) — d& khai pha luat két hop hiém déay dii va khong
du thtra trén dir liéu giao dich véi items c6 trong sb, can ¢o giai
thuét khai pha tp sinh tdi thidu cua tap hiém dong.Trong bai
viét nay, nhoém tic gia d& xuit giai thudt hiéu qua NOV-
mGCRSI khai pha tap sinh téi thiéu cia tap hiém déng trén dit
lidu giao dich véi items co trong sé tiép can theo hudng khong
thoa tinh chit Apriori. Nhom tac gid tién hanh thyc nghiém danh
gia giai thuat dé xuét dya trén bo dir lidu gia lap va bg dir li¢u
thue, cho thiy giai thudt NOV-mGCRSI hiéu qua.

Tir khéa - Tap hiém dong; tap sinh t6i thiéu cia tap hiém dong;
giai thuat NOV-mGCRSI; trong so cua items

1. Pat vin dé

Khai phé luat két hop truyén théng dugc nhiéu nhom
tac gia nhu Agrawal [1], Han [2] dé xuat chi dung mot gia
trj ngudng hd trg tdi thiéu mlnsupp voi gia dinh la cac
item trong dit liéu ¢6 cung tinh chét, trong thuc té rat hiém
dang dir liéu. Truong hop ngudng minsupp dugc chon
qua cao, két qua 1a cac itemset dwoc khai phé c6 s6 luong
it va 1gi ich st dung chua cao cho nguoi dung. Ngugc lai,
néu chon minsupp qué thép thi cac item dugc khai phé
qua 16n, diéu nay gay kho khan cho ngudi ding khi chon
lya luat két hop sir dung. Tuy nhién, trong nhiéu tng
dung thyc té lai can khai pha cac luat két hop co ngudng
hd tro tdi dai maxsupp nhé va do tin cdy minconf cao
duogc goi 1a ludt két hop hiém, chang han nhu trong phéat
hién tin cong mang, phat hién gian lan trong linh vyc tai
chinh, y té, tin sinh hoc va nhiéu ng dung khac. Nhiéu
nhém tic gia nhu Koh, Troiano va Szathmary di dé xuat
giai thuat khai pha tdp hiém thoa mét hodc hai ngudng
nhu giai thuit Apriori-Inverse [3], Rarity [4] va Walky-
G [5]. CAc giai thuat nay con ton tai han ché nhu doc dit
liéu nhiéu lan, ding nhiéu bd nhd, sir dung cac chién lugc
cit tia (Khong diing lai cho lan khai pha ké tiép).

Vao nam 2018, nhém tac gia Borah [8] co tong luan
vé thach thirc khai phd mdu hiém trong twong lai. Cing
thoi diém 6, Lu dé xuét giai thuat RaCloMiner [9] khai
phé tdp hiém dong. Tuy nhién, dé sinh nhanh cac ludt két
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hop hiém day di cn co giai thuat hiéu qua khai pha «dp
sinh t6i thiéu cia tap hiém déng.

‘Song song do, Cai [6] da dé xuat mo hinh khai phé tap
phé bién c6 trong sb cua item (mirc dé quan trong hay
mike ¥ nghia ciia cdc item la khdc nhau) chira nhiéu tri
thirc hon so véi khai pha tap phé bién truyén théng
(khong trong s6). Nhan thay dugc ¥ nghia cta van de
nhleu nhom tac gia da dé xuat cac giai thuat dé gial quyét

vén d& nay. Phan 16n cac giai thuat duoc dé xuat déu giai
quyét theo hudng tiép can thoa tinh chdt Apriori. Nam
2011, Huai d& xuat giai thuat WHIUA [7] giai quyét van
dé trén dya theo tiép can khong théa tinh chat Apriori,
didu nay lam gia ting dang ké khong gian tim kiém cac
itemset pho bién — day 1a mot thach thirc 16m.

Trong cong trinh nay, nhém tac gia trinh bay giai thuat
dé xudt NOV-mGCRI khai pha hiéu qua tdp sinh toi
thiéu cta tap hiém déng. Diéu nay, lam giam dang ké cac
két hop trong budc sinh ludt két hop hiém.

2. Vén dé co ban vé tap hiém

Cho I = {i1, iz..., im} 1 tdp gdm m thudc tinh, mdi
thudc tinh goi 1a item. Tap SIG = {sigi, Sigi.,..., Sigim},
Vsigik € [0, 1] 1a tdp cac mirc y nghia hay mic d6 quan
trong cua timg item (trong s6 cia tirng item). Tap chua
cac item X ={iy, iz..., i}, Vij € | (1<j<K) ta goi 1a itemset,
itemset co k items goi 1a k-itemset. D 1a dit liéu giao dich,
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gém n méu tin goi 14 tap cac giao dich T={ty, t,..., tn},
giao dich t« :{ikl, ik2,..., ikm}, ikj el (l_<kj _<m).

Pinh nghia 1: D ho tro (support) cua itemset X c I,
ky hiéu supp(X) - ty 1€ gilta s6 lugng giao dich cd trong D
chira itemset X va n giao dich.

Pinh nghia 2: Mc y nghia cta itemset X < | dugc
tinh toan sig(X)=max(sigis, Sigiz,..., Sigi), Vi; eX (1sj=<k).

Pinh nghia 3: Cho X <1, X goi la itemset hiém néu
sigsupp(X) < maxsigsupp, maxsigsupp - ngudng mic y
nghla hé tro t6i dai (nguwoi ding cho trucc). Tap hop chira
céc itemset hiém co trong sb goi 13 tdp hiém c6 trong s6
cua item, ky hiéu 1a RSI (Rare Significance Itemsets).

Murc ¥ nghia hd trg cia itemset X:

sigsupp(X) = sig(X)xsupp(X) @)

Pinh nghia 4: Cho X e CRSI, X goi la itemset hiém
dong néu X 1a itemset hiém va khong ton tai tdp cha cing
dé hé tro. CRSI 1a ky hiéu tap gom cac itemset hiém
dong c6 trong s6 (Closed Rare Significance Itemsets).

Pinh nghia 5: Cho X € CRSI, tét ca cac itemset con
thuc sy ctia X ¢6 cung do hd tro véi X duoc goi 14 itemset
sinh cua itemset hiém dong X. Tap hop chira cac itemset
sinh ciia cac itemset hiém dong goi 1a tip sinh cua tap
hiém dong co trong sd cua item, ky hiéu 1a GCRSI
(Generators Rare Significance Itemsets).

Pinh nghia 6: ¥ X ¢ mGCRSI ¢ CRSI, khong ton
tai tap con c6 cung do hd tro véi X. Khi ¢6, mGCRSI la
tap chira itemsest sinh tdi thiéu cta itemsets hiém dong c6
trong s& (minimal Generators Rare Significance Itemsets).

Cho tap dir liéu D m6 ta 6 Bang 1 va Bang 2.

Bdng 1. Tap dit liéu D sir dung cho Vi du

TID Items

t1 i1 is i4
t2 i1 is is is
t3 i1 is i4 is i7
t4 is is
t5 is
t6 i1 is is i7
t7 i1 i3 i7
t8 i1 i2 is is i7
t9 i1 i3 is is i7

t10 i1 i2 is is

Dt liéu ¢ Bang 1: 8 items | ={iy; i2; is; i4; is; is; i7; ig}
va 10 giao dich T= {t1; t2; t3; t4; t5; t6; t7; t8; t9; t10}.
Bing 2. Mitc y nghia tiwong ikng ciia méi item

item | i1 i2 i3 i4 is is i7 is
sig |0,55|0,70|0,50 (0,65 |0,40|0,60 | 0,30 | 0,80
Bdng 3. CRSI vam mGCRS/ trén D véi maxsigsupp = 0,15

itemset Tap CRSI Tap mMGCRSI
(#CRSI=9) (#mGCRSI=8)
1 ig, i2, i4
2 i5i8, i5i7 i2i7, i4i6, i4i7, i6i7
3 i4i1i3 isisi7

4 i2i1i3is, isi1isi7, iel1isis

5 i2i1isisi7, iai1isisi7, isitizisiz
Bang 3, cho thiy tap CRSI va mGCRSI duoc gom
nhom theo k-itemset voi maxsigsupp = 0,15 va so luong
cac itemset hiém dong |CRSI| = 9, itemset sinh to6i thiéu
cua itemset hiém dong INGCRSI| = 8

3. Giai thuat dé xuit
3.1. Tdp chiéu va items xudt hi¢gn it nhit trén cing mpt
giao dich v6i item-hat-nhdn cé thir ty [10]
Chiéu item i 1én trén dit lidu D: = (i)={Vtje Dik € t;}
day 1a tap hop cac giao dich c6 chia ik, tdp chiéu cia iy.
supp(ix) = |r (k)| )
Phuong trinh (2): d¢ hd trg cua ik bang lyc lwong cia
tap chiéu cua ik trén dit liéu D.
Tap chiéu cua itemset X={iy, iz,...,
n(X) = {n(i) N n(iz)... m(iK)}.
supp(X) = |n(X)| @)
Dé khong gian sinh dugc rat gon, nhom tac gia dua ra
Pinh nghia 7 va 8 (Px(X) — powerset ciia X co k item):

i}, Vi e 1 (1<j<K):

Dinh nghia 7: Cho item ik € | (iy> 2 > ... >im) CO
thr tw giam dan theo muc ¥ nghia, goi ik 12 item-Agz-nhan.
Itemset Xiexicooe < | g0m cdc item xudt hién dong thoi voi
ik va m(i)=n(ix U ij),Vije Xexicooes 1k > Ij. Ky hiéu,
lexicooc(ix) = Xiexicooc-

Dinh nghia 8: Cho item ix € | (i1> i2 = ... >=im) CO
thir tw giam dan theo mirc ¥ nghia, goi ix 1a item-Agz-nhan.
Itemset Yiexioo: < | gdm CAc item xuét hién trong it nhit
mot giao dich cing véi ik, nhung khong xuit hién dong
thoi: 1<|n (Vi) |[<|m (iK)], Vij€ Yiexilooe, ik > Ij. Ky hiéu,
lexilooc(ik) = Yiexilooc:

Giai thuat sinh mang IndexCOOC. Timg phan tir ctia
mang IndexCOOC c6 4 truong thdng tin:

- IndexCOOCIK].item: luu trir item-hat-nhan i;

- IndexCOOC[K].supp: dé ho tro cia i,

- IndexCOOCI[K].cooc: items xuat hién dong thoi

cung véi ix;

- IndexCOOCI[K].looc: items xuét hién cing véi i

trong it nhat 1 mét giao dich;

Gidi thudt 1. Tao dung mdng IndexCOOC

Péu vao: Tap dit liéu D

Piu ra: IndexCOOC
1. For each IndexCOOC do
2 IndexCOOCIK].item = i;
3 IndexCOOC|[K].cooc=2™ —
4. Fortie Tdo
5. For ik e tido
6
7
8
9

IndexCOOCI[K].supp =0
IndexCOOCI[K].looc=0

IndexCOOCIK].cooc &= vectorbit(ti)
IndexCOOCIK].looc |= vectorbit(ti)
IndexCOOC[K].supp + +
. sort IndexCOOC in descending by sig
10. For each IndexCOOC do
11.  IndexCOOC[k].cooc= lexicooc(ix)
12.  IndexCOOC[k].looc= lexilooc(ix)
13. return IndexCOOC, BiM
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Minh hea giai thuat 1: thyc hién tir dong 1 dén 8
Khoi tao dau tién cho mang IndexCOOC: (cooc va
looc dwoc minh hoa theo hexa) so item tir dix liéu D da

chodBang 1lam=8

item| iy iz is is is is i7 is
supp| O 0 0 0 0 0 0 0
cooc| OxFF| OxFF| OxFF| OxFF| OxFF| OxFF| OxFF| OxFF
looc| 0x00| 0x00| 0x00[ Ox00[ 0x00| 0x00| 0x00| 0x00

Duyét giao dich ti: {i1, i3, ia} c¢6 dang bit twong tng la

1. For each IndexCOOC do

2. nLOOCTree[k].item = IndexCOOC[K].item

3. nLOOCTree[K].supp = IndexCOOCIK].supp

4. For each ik  trdo

5. For each ij € IndexCOOC[k].looc do

6. Ifij ¢ child node of NLOOCTree[K]

7 Add child node ij to nLOOCTree[K]

8. Else

9 Update supp of child node ij on nLOOCTree[K]
10.return nLOOCTree

10110000 (0xB0)

item i1 iy i3 is is is i7 is
supp 1 0 1 0 1 1 0 0
cooc| OxBO| OxFF| OxBO| 0xBO| OxFF| OxFF| OxFF| OxFF
looc | OxBO| 0x00[ 0xBO| 0xBO| OxFF| OxFF| 0x00[ 0x00

Tuong tu, duyét giao dich tio: {is, iz, i3, is} c6 dang bit

tuwong ung 14 11101000 (0XE8)

item i1 iz i3 is is is i7 is
sup 8 2 8 2 7 3 5 1
cooc| OxAO| OxE8| OxAO| O0xBO| 0x08| O0xA4| O0xA2| 0x09
looc | OxFE| OXEA| OxFE| OxB6| OXEF| OxBE| OxFE| 0x01

Dong 9, sip xép IndexCOOC giam dan theo sig ctia

ting item, ta c6 két qua:

item | ig iz is is iy is is i7
supp| 1 2 2 3 8 8 7 5
cooc | is |i,izis iy, i3] i1, i3 i3 iy y2} ip, i3
looc | @ | iz |ls, i7|ia,is,i7|i2,ia,i5,06,i7|i2,1a,15,06,17|i1,12,i3,i6,17,08| I2,1a, 15,6

Tir dong 10 dén 12 — cho két qua rat gon & Bang 4:

Chi c6 itemset dong xuét hién cua item i3 can hiéu
chinh. Ta co, cooc(is) = {i1} va i1 > i3, nén lexicooc(is) =
{@} Tuorng tu, ta co |00C(i1) ={ ip, ia, Is, ig, i7} Va i s
= Ig> 1> Is> Iz, nén lexilooc(iy) = { is, i7}. DOng 10,
11 va 12 duoc thyc hién, ta nhan dugc két qua ¢ Bang 4.
Nhom tac gia bd sung vao IndexCOOC trudng sig -
minh hoa IndexCOOC ¢4 trudng sig dugc xép giam dan.
Bing 4. IndexCOOC c6 thir tyr giam dan theo mitc y nghia sig

cua item, dong thoi cooc va looc ciing co thir tw

item ia iz i4 ie i1 i3 i5 i7

sig | 0,80 | 0,70 | 0,65 | 0,60 | 0,55 0,50 0,40 | 0,30

supp | 0,10 | 0,20 | 0,20 | 0,30 | 0,80 0,80 0,70 | 0,50

cooc Is i1,i3,i5 i1, i3 i1, i3 I3 12 “ a

looc | @ i7 g, I7 | s, I7 | s, i is, Iz i7 12

3.2. Gidi thudt sinh cdy nLOOCTree

T IndexCOOC xiy dung cac cdy luu trit cac mau
xudt hién cung voi item-hgt-nhén trong it nhat mot giao
dich. NUt gbc cua cay la item-hgt-nhan, céq ndt con la
items xudat hién voi item-hat-nhan trong it nhat trong mot
giao dich. Moi nut ¢6 2 trudng thong tin:

- nLOOCTree[Kk].item: luu trit item xuét hién cling

véi item-hat-nhan trong it nhat mot giao dich;

- nLOOCTree[k].supp: luu trir 6 ho tro cua item

xuat hién clng vdi item-hat-nhan;

Gidi thudt 2: Tao sinh nLOOCTree

Piu vao: D, IndexCOOC

PAu ra: cdc nLOOCTree

nLOOC-Tree

n,m§

1040 nfn

Hinh 1. Cac nLOOCTree theo IndexCOOC ¢ Bang 4

Pic trung cua mdi nLOOCTree:

- DO cao twong Ung cua mdi cdy khong lom hon sO

item xudt hién CUNg vdi item-hat-nhdn trong it nhat 1a

mot giao dich (items co thir tu theo supp).

- Mot duong di don (single-path): itemset thir tu xac

dinh tr nat géc cho dén nut 14 va supp cua itemset

chinh Ia supp cua nut 14 (ix—ik+1—... —=l¢).

- Phén doan cua duong di don (sub-single-path): tur

nat goc di dén nit con tiy ¥ cia mdt duong di don 1a

itemset thir tw; supp cua itemset do la supp cua nut con
nam ¢ cudi cua phan doan. y )

- Moi nLOOCTree luu trit thém do ho tro nho nhat

(ky hiéu 1a min) trong céc nit la.

3.3. Gidi thudt khai pha tdp sinh téi thiéu ciia tip hiém
déong NOV-mGCRSI

Giai thuait NOV-mGCRSI (NOVel - minimal
Generators Closed Rare Significance Itemsets): khai pha
tuan tu tdp sinh toi thiéu dua trén cdy nLOOCTree chua
items cUng xudt hién voi item-hat-nhan trong it nhat la
mot giao dich.

Céc bo de va h¢ qua dung dé loai bo nhiing item-hat-
nhan khong the khai pha itemset sinh toi thiéu cia tdp
hiém dong:

B6 dé 1: Xjexicooc = lexicooc(ix) thi supp(ik U Xsw) =
supp(ix), V Xsup € Px1(Xiexicooc)-

Chirng minh: lexicooc(ik) = Xiexicooe, V Xsub €
le(xlexicooc). T]:l’ Dlnh nghTa 7, ta Cé TC(ik U Xsub) = TC(ik) M
(Xsup) = 7(ix); theo (2) va (3) thi supp(ix U Xsu) =
SUpp(ik), Y Xsub € le(xlexicooc).-

B0 d& 2: Yiexitooc = lexilooc(i) thi supp(ix U Yiexitooc) <
supp(i), ¥ Yiexitooc € P=1(Yiexitooc)-

Chirng minh: Supp(iks Viexilooc) < Supp(ix), tir dinh
nghia 8 thi n(ikU Yiexitooc) = (i) N (i) N ...n w(if) <
7(ik), V 1€ YiexiloocH.

Hé qua 1: (b6 dé 1, 2 va dinh nghia 6) V ssp;
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nLOOCTree(i) < P:i(lexilooc(ik)), néu sigsupp(ssp;) <
maxsigsupp va supp(sspj1) # supp(ssp;) thi sspj e
MGCRSI.

B6 dé 3: Vik € MGCRSI, Xiexicooc = lexicooc(ix) va
sigsupp(ix) < maxsigsupp thi {ix U Xsuw} ¢ MGCRSI, V
Xsub € Pz1(Xiexicooc)-

Chirng minh: lexicooc(ik) = Xiexicoos, V Xsub €
P>1(Xiexicooc). Dura vao bé aé 1, supp(ix U Xsup) = supp(ix)
va sigsupp(ik U Xsup) < maxsigsupp ma ik € mGCRSI,
nén {ik U Xsun} € MGCRSI (Pinh nghia 6)m.

HEé qua 2: sigsupp(ix) < maxsigsupp va lexicooc(ix) =
{@} thi ik € MGCRSI (theo bé dé 3).

Giai thuat khai pha tdp sinh toi thiéu ciia tdp hiém
dong MGCRSI tir nNLOOCTree (ix = IndexCOOCIK]):

Giai thuit 3: Sinh tip mMGCRSI

Piu vao: IndexCOOC, maxsigsupp

Piu ra: Tap sinh t6i thiéu mMGCRSI
1. For each IndexCOOCIk].item
If(sigsupp(ik)<maxsigsupp)v

(sig(ik)xmin(nLOOC_Tree(ix)) < maxsigsupp)
If (IndexCOOC[K].cooc #{}) //hé qua 1
MGCRSI[k] = mGCRI[K] U IndexCOOCIKk].item
If (IndexCOOC[K].looc <> {@}) //theo b dé 2
nLOOCTree(IndexCOOC[K].item)
SSP = Gen_Path(IndexCOOCIk].item)
For each sspj € SSP //hé qua 2
If (sigsupp(sspj)<maxsigsupp)A
(supp(sspj-1 )=supp(ssp;))
10. MGCRSI[K] = mGCRSI[K]Ju{sspi}
11. return mGCRSI

N

© NG~

9.

4. Minh hoa gii thuat NOV-mGCRSI

~ Luu d6 giai thuat NOV-mGCRSI khai pha p sinh
t0i thiéu cta tap hiém dong trén dir liéu giao dich co trong

sO cua item, duoc trinh bay ¢ Hinh 2.

Cldithuge] Gl thugt 2 Sinh tit ci
Phit sinh ming Phit sinh item:et sinh toi
IndexLOOC [P nLOOC_Tree | thifu ciatdp

ciia item-hat- hiém PONG
nhin théa maxsigsup
Ding lai cho lan Fhat fhac sat)

Gidi thugt 3
Hinh 2. Luu do khai pha tdp sinh t6i thiéu

Cho D nhu ¢ Bang 1 va 2 véi maxsigsupp = 0,15. Két
thic gidi thudt 1, cho IndexCOOC nhu Bang 4.

Xét dong 1-2: cac item {ls, iz, 14, s, is} tiém nang cho
khai pha itemset sinh #6i thiéu cua itemset hiém dong,

Xay dyng lan lugt cac NLOOCTree cho items tiém
néng: ig, iz, i4, is va i5;

Xét item ig, lexicooc(ig) = {is} va lexilooc(is) = {7}
sinh tip MGCRSlyig) = {(is;0,10;0,08)} (dong 3).

Xét item iy, lexicooc(iz) = {is, i1, i3} sinh tap
mGCRSliz; = {(i2,0,20;0,14)} (dong 3), cay

NLOOCTree(i,): duong di don {i; — iz} co sigsupp(iziz)
= 0,70x0,10 < maxsigsupp. Ta cd, MGCRSI [z =
{(i2i7;0,10;0,07)} (dong 4 dén 10).

Xeét item is, lexicooc(is) = {i, iz} sinh tip MGCRSljig
= {(i4;0,20;0,13)} (dong 3), cdy nLOOCTree(i4): sinh hai
phan doan duong di don {is—>is},{is—>i7} va sigsupp(isis)
= sigsupp(isizy) = 0,650x0,10 < maxsigsupp. Ta co,
MGCRSI i) = U{(isi6;0,10;0,065), (i4i7;0,10;0,065)}.

Xét item is, lexicooc(is) = {i1, i3} va cay
NLOOCTree(is): co hai duong di don
{is—i7} {is—>is—i7} va sigsupp(isiz) 0,60x0,20 <
maxsigsupp va sigsupp(isisiz) = 0,60x0,10 < maxsigsupp.
Ta cd, mMGCRSlisj={(isi7;0,20 ;0,12), (isisi7;0,10;0,06)}.

Xét item is, lexicooc(is) = {J} va nLOOCTree(is) cd
mot duong di don {is — i} va sigsupp(isiz) = 0,40x0,30 <
maxsigsupp, sinh tip MGCRSlis; = {Z}.

Tap sinh ti thiéu MGCRSI tir dit liu D & Bang 1 va
2 v6i maxsigsupp = 0,15:

Bidng 5. Tdp mGCRSI #rén D véi maxsigsupp = 0,15

item | Tap sinh t6i thitu mGCRSI (#mGCRSI = 8)

is |(is; 0,10; 0,08)

iz |(i2; 0,20; 0,14) |(ii7;0,10;0,07)

i |(i4; 0,20; 0,13) |(iais;0,10;0,065) |(ii7;0,10;0,065)

is (iei7; 0,20; 0,12) (i6i5i7;0,10;0,06)

5. Thue nghiém
Giai thuat NOV-mGCRSI dugc thuc nghiém cai dat
trén may tinh cau hinh: Core i7-3540M 3.0 GHz, bo nhé 4
GB; ngdn ngtr 1ap trinh C# (Visual Studio 2015).
Thuc nghiém su dung 2 logi dit liéu:
— D@ li¢u thu thap thuc té:
Mushroom tir kho Iuu trir UCI.
— D@ liu chay gia lap: 2 tap di liéu gia lap

2 tap Chess va

T1014D100K va T40110D100K tr trung tam
Almaden cua IBM.
Bdng 6. Dit liéu thuc nghiém

Tap ditligu | & giao dich | S8 items msjﬂétg“l‘r‘l .
Chess 3.196 75 37
Mushroom 8.142 119 23
T1014D100K 100.000 870 10
T40110D100K 100.000 942 40

Trong cong trinh ndy, nhém tac gia dé xuat giai thuat
hiéu qua khai phé tdp sinh toi thléu cua tdp hiém dong
trén dir liéu giao dich ¢6 trong $6 ciia items. bay la dé
xut dau tién, nén chua c6 giai thut ciing hudng tiép can
dé so sanh hi¢u nang giai thuat. Vi vay, nhom tac gia dé
Xuét so sanh higu nang giai thuat theo 2 thurc nghiém:

5.1. Thuc nghiém 1

Khai pha dp sinh téi thzeu clia tdp hiém dong trén dix
lidu giao dich ¢é trong s6 items, mirc y nghia (trong s0)
clia cac item dugc phat sinh ngau nhién trong [0, 1].

Trong thuc nghiém 1, nhom tac gia dya vao giai thuat
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RaCloMiner [9] khai pha tdp hiém déng trén dit liéu giao
dich nhi phan do Lu va déng su d& xuit nam 2018 va cai
tién thanh giai thuat khai pha tdp sinh t6i toi thiéu, goi la
MGCRSI-RaCloMiner. Trén co s¢ nay, nhom tac gia So
sanh hiéu nang giai thuat mMGCRSI-RaCloMiner véi giai

thuat dé xuat NOV-mGCRSI theo timg ngudng
maxsigsupp va ca 2 giai thuat déu cho cung két qua.
Chess
100000.0 =

% //./.

= 10000.0

£ ~m—mGCRSI-RaCloMiner

Z‘? 1000.0 ==NOV-mGCRSI

£

100.0

0.19 0.2 0.21 0.22 0.23
maxsigsup

Hinh 3. Biéu do khai phd mGCRSI trén Chess
Hinh 3 - thuc nghiém so sanh hiéu qua vé mat thoi
gia}n tur tap di liéu Chess mat do day dic (49,3%), cho
thay giai thuat NOV-mGCRSI nhanh hon giai thuat
MGCRSI-RaCloMiner.

Mushroom
1000000.0
E 100000.0
=
E S /(
-E . * == mGCRSI-RaCloMiner
on
5 1000.0 i NOV-mGCRSI
E
100.0

0.16 017 0.18

maxsigsup

0.14 015

Hinh 4. Biéu @6 khai pha mGCRSI trén Mushroom

Hinh 4 - thyc nghiém so sanh hiéu qua vé mat thoi
gian tir tdp dir liéu Mushroom mat d¢ day dac (19,3%),

giai thudt NOV-mGCRSI nhanh hon mGCRSI-
RaCloMiner.
T1014D100K

100000.0

=~ 100000 g R

& —B—mGCRSI-RaCloMiner

5 —=—NOV-mGCRS|

E

1000.0

0.014 0.015 0.016 0.017 0.018
maxsigsup

Hinh 5. Biéu dé khai pha mGCRSI trén T1014D100K

Hinh 5 - thuc nghiém so sanh hiéu qua vé mit thoi gian
tr tap dir liéu T1014D100K mat d¢ rat thua (1,1%), giai
thudt NOV-mGCRSI nhanh hon mGCRSI-RaCloMiner.

T40110D100K

100000.0
z
o
£ Joowo M/x
H ' ol —B—mGCRSI-RaCloMiner
oD
5 ——NOV-mGCRSI
£

1000.0

0.0021 0.0022 0.0023 0.0024 0.0025
maxsigsup

Hinh 6. Biéu dé khai pha mGCRSI trén T40110D100K
Hinh 6 - thuc nghiém so sanh hiéu qua vé mat thoi
gian tur tip dir liéu T40110D100K mét d6 rat thua (4,2%),
giai thudt NOV-mGCRSI nhanh hon mGCRSI-
RaCloMiner.
5.2. Thuc nghi¢m 2
Khai pha tdp sinh 161 thiéu cla tdp hiém déng, mirc y
nghia ctia items bang 1 (maxsigsupp tré thanh maxsupp).
sig;, =sig;,=...=sig; =1 (@)
_ Trong thuc nghi¢ém 2, nhém tac gia so sanh gidi thudt
dé xuat NOV-mGCRSI-1 (trong so cua cdc item bang 1)
véi giai thuat’ mG:RaCIoMiner, day la giai thuat khai
pha tap sinh t6i thiéu cua tip hiém dong dugc hiéu chinh
tur giai thuat RaCloMiner [9].Trén co s& nay, nhom tac
gia so sanh hiéu nang giai thuat mG-RaCloMiner vaéi
giai thuat dé xuat NOV-mGCRSI-1.

Chess

1000000.0

A

10000.0 -/./ /./ |
1000.0 x—;?'é/

100.0

100000.0

——mG-RaCloMiner
=== NOV-mGCRSI-1

Thoi gian (mili gidy)

maxsup (%)

Hinh 7. Biéu d6 khai ph4& mGCRSI trén Chess
Hinh 7 - thuc nghiém so sanh hiéu qua vé mat thoi
gian tr tdp dir liéu Chess mat d6 day dac (49,3%), cho
thay giai thuat NOV-mGCRSI-1 ciling nhanh hon giai
thuat mG-RaCloMiner.

Mushroom

1000000.0
% 1000000 A |
B
E
= 10000.0
E ~——mG-RaCloMiner
& Yo ye——H——X
3 1000.0 =—=—=NOV-mGCRSI-1
£

100.0

5 6 7 8 9
maxsup (%)

Hinh 8. Biéu dé khai phd mGCRSI trén Mushroom
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Hinh 8 - thuc nghiém so sanh hiéu qua vé mat thoi
gian tur tdp dr liéu Mushroom méat d¢ day dac (19,3%),
giai thuat NOV-mGCRSI-1 cling nhanh hon giai thuat
mG-RaCloMiner.

T1014D100K

10000000.0

1000000.0

100000.0

10000.0 — =—mG-RaCloMiner

==NOV-mGCRSI-1

Thoi gian (mili giay)

/

X/(

0.1 0.2 0.3 0.4 0.5
maxsup (%)

1000.0

100.0

Hinh 9. Biéu dé khai pha mGCRSI trén T1014D100K
Hinh 9 - thuc nghiém so sanh hiéu ql’lé vé mat thoi
gian tur tp dir liéu T1014D100K mat do rat thua (1,1%),
cho thay giai thuat NOV-mGCRSI-1 ciing nhanh hon
giai thuat mG-RaCloMiner.

T40110D100K

1000000.0

100000.0 pe

s g
il |

0.1 0.2 03 0.4 0.5
maxsup (%)

10000.0
——mG-RaCloMiner

===NOV-mGCRSI-1

Thot gian (mili gidy)

1000.0

100.0

Hinh 10. Biéu dé khai phd mGCRSI trén T40110D100K

Hinh 10 - thyc nghiém so sanh hiéu qua vé mat thoi
gian tir tap dir liéu T40110D100K mat do rat thua (4,2%),
cho thiy giai thuast NOV-mGCRSI-1 ciing nhanh hon
giai thuat mG-RaCloMiner.

Qua hai thyc nghiém trén, cho thdy giai thuat khai pha
tap sinh toi thieu NOV-mGCRSI hiéu qua hon rat nhiéu
so voi giai thudt mGCRSI-RaCloMiner. Giai thuét
NOV-mGCRSI can duoc thuc nghiém mé rong trén cac
dir 1iéu giao dich cd kich ¢& 16n.

6. Két luan

Bai viét da trinh bay giai thuat NOV-mGCRSI khai
pha hiéu qué dp sinh t6i thiéu cia tdp hiém déng gdbm ba
budc: dau tién 1a phat sinh nhanh ciu tric mang
IndexCOOC c¢6 chira items xut hién dong thoi voi item-
hat-nhan va items xuét hién it nhat véi item-hgs-nhan
trong mot giao dich; buoc thir hai: xay dung
NLOOCTree dua vao mang IndexCOOC,; giai doan thir
ba: khai pha hiéu qua tdp sinh toi thiéu cia tdp hiém dong
dua trén cdy nLOOCTree. Két qua thuc nghiém cho thay
giai thuat dé xuat hiéu qua hon.

Trong cac nghién ctru tiép theo, nhém tac gia hudng
dén viéc nang cao hiu ning giai thudt tuan ty NOV-
MGCRSI dé khai pha hiéu qua tdp sinh t6i thiéu ciia tdp
hiém dong cé trong sé trén bo xir Iy da 16i, hé thdng phan
tan pho bién hién nay nhu Hadoop, Spark.
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