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TOM TAT— Khai thic lugt ket hop, mgt trong nhing ky thudt quan trong nhdt va dwoc nghién cieu nhiéu nhdt trong khai thac dir
liu. Khai thac tdp pho bién toi dai la mot trong nhiing van dé co ban nhat trong khai théc lugt két hop. Hau hét cdc thudt toén tim
tdp pho bién toz thiéu trude, tir tdp pho bién téi thiéu suy ra tdp pho bién toi dai. Nhung phirong phap nay ton nhiéu thoi gian dé tim
1dp phé bién t6i dai. Dé khdc phuc vin d@é nay, ching t6i dé xudt mot cdch tiép cdn méi dé tim tdp phé bién t6i dai trén co sé dit liéu
giao dich Ion: ky thudt nén hiéu qua co sé dir liéu giao dich Iém, dung céu tric div lidu heu triv dang bit va tdp chi muc chira cdc item
dong xudt hién dé chiéu tinh nhanh tdp phé bién t6i dai. Sau cing, ching 16i trinh by két qua thirc nghiém, cho thdy rang thudt
toan @é xudt 16t hon so véi cdc thudt toan hién hanh.

Tir khéa— Khai thac ludt két hop, co sé diF liéu giao dich Iom, tdp phé bién t6i dai, itemset dong xudt hién.
I. GIOI THIEU

Khai thac luat két hop 12 mot k¥ thuat quan trong trong linh vyc khai thac dir liéu. Muc ti€u khai thac 1a phat
hién nhitng mdi quan hé giita cic gia tri dit lidu trong co s¢ dit liéu. Mo hinh dAu tién ciia bai toan khai thac luat két
hop 12 md hinh nhi phén hay con goi la m6 hinh co ban duoc R. Agrawal, T. Imielinski va A. Swami dé xuit vao nim
1993 [1], phan tich co s¢ dir liéu giao dich, phat hién cac moi quan h¢ gitra cac tap muc hang hod da ban duoc tai cac
siéu thi. Tir d6 c6 ké hoach b tri, sap xép, kinh doanh hop 1y, ddng thoi t6 chuc sip xép cac quay gan nhau nhu thé
nao dé c6 doanh thu trong cac phién giao dich 1a 16n nhat. Ngoai ra, c6 thé ap dung tri thirc ndy dé du doan sé luong
cac mit hang dugc ban chay nhat trong thoi gian sap toi. Tong hop cac tri thirc nay dé 1én ké hoach cho hoat dong, san
xuét, kinh doanh mot cach thuén tién hon nham giam bot thoi gian théng ké, tim hiéu thi truong,...

Céc thuat toan duoc dé xuat dé khai thac luat két hop chia thanh 2 giai doan [1, 2]:

Giai doan 1: Tim tit ca cac tap pho bién (FI) tir CSDL nghia 1a tim tat ca cc tap myc X thoa mén sup (X) > minsup.
Pay 1a giai doan ton kha nhicu thoi gian xu 1y.

Giai doan 2: Sinh cac luat tin cay két hop tir cac tap phd bién tim thdy ¢ giai doan thir nhat. Giai doan nay
twong doi don gian va ton kém it thoi gian hon so véi giai doan trén.

Trong thyc té, giai doan thir nhat chiém hau hét thoi gian cho toan qué trinh khai thac luat két hop [1, 2]. Nhim
cai tién vé mat thoi gian, d& xuét thay thé tap FI bang tap nho hon, goi 1a tap phd bién dong (CF1) [3, 4], tap CFI van
déy du thong tin cho giai doan thir hai. Ngoai ra, ciing c6 dé xut cai tién thay thé tip CFI bang tip nho hon, goi 1a tap
phé bién t6i dai (MFI) [5, 6, 7], vin dam bao day du thong tin.

Mot s6 thuat toan dién hinh khai thac tap pho bién toi dai MFI [5, 6, 7]:

Thuat toan Depth- Project [5]: Thuat toan tim kiém theo chiéu sau trén cay thur tw tir dién ciia tap muc. Duyét
theo chiéu sdu Va chiéu réng trén dan tap muc. Thuat toan tia ca tip con khong phd bién va tap cha phd bién. Co s¢ dit
liéu duoc biéu didn dang vecto bit, giam dang ké chi phi xac dinh do pho bién.

Thuit toian Mafia [6]: Thuat toan tich hop tim lfiém theo chiéu sau trén dan tap muc. Va ding 3 cach dé loai bo
cac tp khong phé bien t6i dai. Co s¢ dir liéu dugc bi€u dien dang vecto bit theo chieu doc. Thuat toan dac bi€t hiéu
qua khi céac tap pho bién trong CSDL 14 rat dai.

Thuit toan GenMax [7]: Dé tim tap phd bién t6i dai, phuong phap don gian nhét 1a phwong phap tim kiém dé
quy quay lui. Tuy nhién phuong phéap nay cé khong gian tim kiém 16m, chi phi tinh toan va chi phi duyét CSDL 1on.
Thuat toan GenMax trong tdi wu thuit toan tim kiém dé quy quay lui, st dung mét ki thuat dé loai bo nhanh khong
can thiét trong khong gian tim kiém va tinh d phd bién nhanh.

Hau hét cac thuat toan khai thac tip phd bién tbi dai da dwoc cac tac gia trén thé gidi dé xudt, déu co nhuoc
diém 16n va khong thyc té: mdi lan can khai thac tap phé bién téi dai véi minsup khac thi thuét toan thyc hién tinh toan
lai d6 phé bién cua cac tap muyc, phat sinh lai cay tim kiém hodc dan tdp muc tuong Gng va xac dinh tép phé bién tdi
dai thoa minsup méi. Trong thyc té, khi can khai thac ludt két hop thi ngudi ding c6 thé yéu cau thyc hién khai thac
ludt két hop thoa ngudng minsup va minconf trong nhiéu chudi thao tac lién tiép nhau. Vi vay, cac thuat toan da dugc
C4C tAc gia trén thé gidi chua dap tmg nhu cau thyc té. Ngoai ra, cac thudt toan trén chwa dap ung trén co so dir liéu
giao dich ¢& 16n va rat 16n trong ky nguyén bung né dit liéu nhu hién nay.
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Dé dap ung tbt trong ky nguyén bung né dit lidu, can xay dung nhirng hé théng lwu trr dir liéu thue sy hiéu qua
va thong minh hon theo hudng tich hop nhiing tinh nang nhu ao hoa luu trit, nén dit liéu, chong trung lap dir li¢u va tu
dong phan loai dit liéu nham cén doi tot nhat gitra chi phi luu trit dit liu, toc do va cac phuong thirc truy xuat dir liéu.

Nhim déng gop trong linh vic khai thac dir lidu thich timg véi co s¢ dir lidu 16n, nhom téc gia dé xuat thuat toan
khai thac hiéu qua tip pho bién toi dai LA-MFI trén co s¢ dit liéu giao dich ¢d 16n:

— Thuat toan nén co s¢ dit li¢u giao dich ¢& 16n trén nén tang kién thae dai s6 Bool;
- Thuét toan x4c dinh mang Index_COOC gdm itemset ddng xuit hién cua timg item hat nhan;
- Thuat toan khai thac hiéu qué tap pho bién tdi dai LA-MFI dya trén mang Index_COOC.

Trong phan II, bai bao trinh bay cdc khai niém co ban, tiéu chuan dir liéu va d¢ xuét thuat toan nén co s& dir licu
giao dich ¢& 16n trén nén tang dai s6 Bool. Phan 111, xay dung thudt toan xac dinh mang chira itemset dong xuét hién
clia ting item hat nhan va thuat toan hiéu qua khai thac tap pho bién tdi dai. Két qua thuc nghiém dugc trinh bay trong
phan IV va két luan & phan V.

II. CAC VAN DPE LIEN QUAN
A. Mpt s6 khdi ni¢gm co bin
Cho I = {ly, I,..., In} 1a tap gdm m thudc tinh riéng biét, mdi thudc tinh goi 1a item. Tap muc X < | goi &
itemset, tap muc cd k muc goi la k-itemset. D 1a co s& dir liéu, gom n ban ghi phéan biét goi 1a tap cac giao dich T = {T,
T2, oy Tn}, m61 giao dlCh Ti:{lklu |k2'..., ij}n ije | (IS kj < m).
Pinh nghia 1: P pho bién (support) ctia itemset X < 1, ky hiéu sup(X), 1a sé cac giao dich trong D ¢6 chira X.

~_Pinh nghia 2: Cho X ¢ 1, X dwoc goi |2 tap muc pho bién néu sup(X) > minsup, trong do minsup la d6 pho
bién toi thiéu. Tép cac tdp muc phd bién goi 1a tap pho bién, ky hiéu 1a FI.

Dinh nghia 3: Cho X c |, X dugc goi la tp muc pho bién t§i dai n’éu X 1 tap muc phd bién va khong co tap
cha la tdp muc pho bién. Tép cac tap muc pho bién toi dai goi la tdp pho bién toi dai, ky hi¢u la MFI.

Béng 1. Co s¢ dir liéu giao dich D

Ma giao dich Tap muc

T1 A C E F

T2 A C G
T3 E H
T4 A C D F G
T5 A C E G
T6 E

T7 A B C E

T8 A C D

T9 A B C E G
T10 A C E F G

Vi dy 1: Cho CSDL D nhu trong Bang 1, c6 8 item riéng biét | = {A, B, C, D, E, F, G, H} va 10 giao dich
T ={T1, T2, T3, T4, T5, T6, T7,T8, T9, T10} phan biét. Trong Bang 2, cho thiy tap phd bién FI va tap phé bién téi dai

MFI chira k-itemset véi minsup = 2 (2 giao dich) va minsup = 5 (5 giao dich). Truong hgp minsup = 2, |FI|: 39 va
|MFI|: 5, ty suat |MFI|/|FI|:5/39><1003/o=13%; minsup = 5, ty sut |MFI|/|FI| =2/11x100% =18%. Qua
do, chung ta thay tap pho bién toi dai MFI nho hon rat nhiéu so véi tap pho bién FI.

Bang 2. Tap Fl, MFI v&i minsup = 2 va minsup =5 trén CSDL D

. A A Lk . _ Tép pho bién t6i dai Tép pho bién FI | Tap phd bién toi dai
k-itemset Tap pho bien FI (minsup=2) MFI (minsup=2) (minsup=5) MFI (minsup=5)

1 D,B,F,GEC A G,ACE
5 AB, AD, AF, BC, BE, CD, CF, EF, AG, CG, AE, CE,

EG, AG, CG, AE, CE, AC, FG AC

ABC, ABE, ACD, ACF, AEF,
3 BCE, CEF, AEG, CEG, ACG,|ACD ACG, ACE ACG, ACE

ACE, AFG, CFG

ABCE, ACFG, ACEF,

4 ABCE, ACFG, ACEF, ACEG ACEG
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B. Tiéu chuan dir liéu

Trong linh vuc khai thac dir liéu, k¥ thuat khai thac luat két hop rat quan trong. Nham rdt trich cac thong tin can
thict hitu ich tir lugng dit liéu 16n hang Zbyte, Ybyte. Rat can thi€t khi dinh ra ti€u chuan d¢ 16n dir liéu. T4c gia
Youcef Djenouri va cong su [8] ¢6 dé cap dén tiéu chuan do 16n dir liéu nhu sau:

Co s6 dit lidu giao dich ¢ trung (Medium): s6 giao dich tir 6.000 dén 90.000, s6 item tir 500 dén 16.000, s6
item trung binh trén giao dich tir 2 dén 500.

Co s6 dir liéu giao dich c& 16n (Large): s6 giao dich tir 100.000 dén 500.000, s6 item tir 1.000 dén 1.600, s6
item trung binh trén giao dich tur 2 dén 10.

Co so dir lidu giao dich c& rat 16n (Big): s6 giao dich trén 1.600.000, sé item trén 500.000.

Bang 3. Mo ta tiéu chuan dit liéu

Phin loai ) Dung sé N So iEem nhé So iAtem.l(m So item trung
CSDL. Tén CSDL lwong giao dich So item| nhat/ giao | nhat/ giao | binh/ giao
’ ' dich dich dich

Pumsb 16,30 Mb 49.046 2.113 74 74 74

C&trung  |Pumsb_star 11,03 Mb 49.046 2.088 49 63 50
Retail 4,07 Mb 88.162 16.470 1 76 10
T40110D100K | 15,10 Mb 100.000 1.000 4 77 40

C& 16n T4011KD100K| 15,30 Mb 100.000 1.000 16 70 40
T4011KD200K]| 30,50 Mb 200.000 1.000 14 67 38

C. Ky thudt nén di li¢u

Dé dap ung tdt trong ky nguyén bing nd dir lidu, dac biét can xay dung nhitng hé thong luu trir dir liéu thye su
hiéu qua va thong minh hon theo huéng tich hop nhirng tinh nang nhu 4o hoa luu trir, nén dir liéu, chong trung lap dir
liéu va ty dong phén loai dir liéu nham cén doi tot nhat gitra chi phi luu trir dir liu, toc d6 va cac phuong thirc truy xuat
dit li¢u. Phan nay, nhom tac gia tap trung nghién ctru k¥ thuat nén dit li¢u thich hgp dé lvu trit CSDL giao dich ¢& 16n.

Nhoém tac gia dé xuit k¥ thuat nén dir liéu cho CSDL giao dich 16n, dya trén nén tang dai s6 Bool nhu sau:

~ M3i item twong tng véi mét bién Bool;

- Mai giao dich T; twong trmg mdt don thirc toi tiéu (minterm) - mt;;

~ Luu trit don thire toi tiéu tuong Gmg dudi dang bit.

Cho I = {Iy, I5..., I} 12 tap gom m thugc tinh riéng biét, mdi thuoc tinh goi 1a item. D 1a co s& dir ligu, gdm n
ban ghi phan biét goi la tap cac giao dich T = {Ty, T,..., Tn}, mdi giao dich Ti={lyy, l,.r It e 1 (1S k< m).

Co s6 dir liéu D duoc nén nhu sau:

- C6 m item tuong (mg v&i m bién Bool;

- CSDL D ¢6 tbi da (2™ — 1) giao dich phén biét tuong tmg (2™ — 1) don thirc t6i tiéu —mt; (1<i < 2™);

- Chu trac dir liéu luu trit don thire toi tiéu, gom: <pos: vi tri "hdm, minterm: byte luu trir don thie> — mdi bd
<pos, minterm> luu trir dwgc Nhdém 8 don thire toi tiéu.

- Pon thire t6i tiéu mt; dugce luu vao bd <pos = (i div 8)+1, minterm: bit thir (i mod 8) dugc bat>

Bing 4. Céc giao dich trén CSDL D biéu din dang thap phan

Migiaodch A B C D E F G H Gi tri thap phan
T1 1]Jo[1]of1]1]0]o0 172
T2 1ol 1]o]lo]o[1]o0 162
T3 oJoJofJo[1]olo]1 9
T4 1ol 1[1]o[1[1]o0 182
T5 1ol 1]o[1]o[1]o0 170
T6 oloJoJo]1]o]o]o 8
T7 11101000 232
T8 1]o[1]1]o]o]0o]o0 176
T9 1|1 [1]ol1]of1]o0 234
T10 1]o[1]o1[1]1]o0 174

i Bang 3, biéu dién céac giao dich trén CSDL D dudéi dang thap phéan twong tmg véi thir tu ctia cac don thirc t6i tiéu
lan 111’(?1 12‘1, {mtg, mty, Mtyg, Mty7g, Mty7o, Mty74, Mty76, Miygy, Miyso, mt234}. Ap dLlIlg kg’ thuat nén di liéu tuong ﬁ’l’lg 10 don
thure toi tiéu s€ trg thanh:
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pos 2 21 22 23 30
minterm | 00000011 | 00000100 | 01010100 | 01000001 | 00000101

Hinh 1. Nén CSDL D

Hinh 1, Két qua nén CSDL D gom 10 giao dich twong tmg thanh 10 don thirc 16i tiéu {mts, Mts, Mt;e,, Mty7p,
mt172, mt174, mt175, mtlgz, mt232, mt234} vao tI'OIlg danh sach g6m 5 b6 {<2, 3>, <21, 4>, <22, 84>, <23, 65>, <30, 5>}

III. CAC THUAT TOAN
A. Thudt todn sinh cdc item dong xudt hi¢n
Pinh nghia 4: Tap chiéu cua item I, trén CSDL D: n(I)={te D| Iy <t} 1a tap cac giao dich co chita item .

Pinh nghia 5: Cho I, € |, ta goi I, & item hat nhédn. Tap muc Xcoe < | g0i dong xudt hién ciing dé phé bién
Vi I Xeooe 12 itemset xuat hién cung item hat nhdn I va n (1) = 7 (Xeooe). Ky hiéu, cooc(ly) = Xeooc:

Vidy 2: Cho CSDL D nhu trong Bang 1. Xem item B la item hat nhén, ta xéc dinh dugc itemset dong xuét hién
cung d6 pho bién véi item B la cooc(B) = {A, C, E} va sup(B) = sup(ACE) = 2.

Dudi day la thuat toan sinh cdc item ddng x‘uét hién véi ting item trong CSDL giao dich va luu trlt vao mdng
Index_COOC. Moi phan tir trong Index_COOC gom 3 thanh phan sau:

- Index_COOC]j].item: lwu trix item hat nhan thit J;

- Index_COOCIj].sup: luu trit @6 phé bién cua item hat nhan thit j;

- Index_COOCIj].cooc: luu trit itemset dong xuat hién cung item hat nhdn thir j dudi dang bit;
Ngoai ra, thudt toan 1 con thyc hién nén CSDL vao mang Dataset.

Ma gia thuit todn 1. Xay dung bang Index COOC va nén dir liéu

Piu vao: CSDL D

Piu ra: Mang Index_COOC, mang Dataset

1. V&i mbi phan tir j ciia mang Index_COOC thuc hién:

2. Index_COOC [j].item = Ij

3. Index_COOC [j].sup=0

4. Index_COOC [j].cooc=2"-1

5. Véi mbi giao dich T; thyc hién:

6. Nén giao dich T; vao mang Dataset

7. Véi mdi item j cé trong giao dich T; thuc hién:

8. Index_COOQOC [j].cooc = Index_COOC [j].cooc & vectorbit(T;)
9. Index_COOQC [j].sup = Index_COOC [j].sup +1

[y
e

Sap xép mang Index_COOC ting dan theo sup

11.  Tra vé mang Index_COOC, mang Dataset

Tir dong 1 dén dong 4 1a cac bude khai tao cho mang Index_COOC. Dong 5 duyét CSDL, ting vOi timg giao
dich ta xem xét c6 chua item thu j thi thuc hién phép toan AND trén bit dé xac dinh cac phan tir cling xuat hién véi
item j. Sau ciing, dong 10 va 11 14 sip xép mang Index_COOC tang dan theo dd phd bién cua item va tra ve.

Khoi tao mang Index_COOC: (thanh phan cooc dwgc biéu dién dang bit) s item 1a m = 8

item A B C D E F G H

sup 0 0 0 0 0 0 0 0

c00C 11111111 11121213 11121213 111121213 11212111 11212111 11212111 11111111
Poc giao dich T1: {A, C, E, F} c6 biéu dién dang bit 1a 10101100

item A B C D E F G H

sup 1 0 1 0 1 1 0 0

c00C 10101100 11111111 10101100 11111111 10101100 10101100 11111111 11111111
Poc giao dich T2: {A, C, G} c6 biéu dién dang bit 1a 10100010

item A B C D E F G H

sup 2 0 2 0 1 1 1 0

c00C 10100000 11111111 10100000 111111131 10101100 10101100 10100010/ 11111111
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Poc giao dich T3: {E, H} c6 biéu dién dang bit 1a 00001001

item A B C D E F G H

sup 2 0 2 0 2 1 1 1

cooc 10100000 11111111 10100000, 11111111 00001000 10101100, 10100010 00001001
DPoc giao dich T4: {A, C, D, F, G} c6 biéu dién dang bit 1a 10110110

item A B C D E F G H

sup 3 0 3 1 2 2 2 1

coocC 10100000 11111111 10100000 10110110, 00001000 10100100 10100010/ 00001001
Poc giao dich T5: {A, C, E, G} c6 biéu dién dang bit la 10101010

item A B C D E F G H

sup 4 0 4 1 3 2 3 1

(o{o]0] 10100000 11111111 10100000 10110110, 000010000 10100100 10100010/ 00001001
Doc giao dich T6: {E} c6 bicu dién dang bit la 00001000

item A B C D E F G H

sup 4 0 4 1 4 2 3 1

cooC 10100000 11111111 101000000 10110110, 000010000 10100100 10100010 00001001
Poc giao dich T7: {A, B, C, E} c6 biéu dién dang bit 1a 11101000

item A B C D E F G H

sup 5 1 5 1 5 2 3 1

(o{o]0]o 10100000 11101000, 10100000 10110110, 00001000 10100100 10100010/ 00001001
Poc giao dich T8: {A, C, D} c6 biéu dién dang bit 1a 10110000

item A B C D E F G H

sup 6 1 6 2 5 2 3 1

(o{o]0]o 101000000 11101000, 101000000 10110000, 00001000 10100100, 10100010f 00001001
Poc giao dich T9: {A, B, C, E, G} ¢6 bicu dién dang bit 1a 11101010

item A B C D E F G H

sup 7 2 7 2 6 2 4 1

co0C 10100000 11101000, 10100000 10110000, 00001000 10100100 10100010/ 00001001
Poc giao dich T10: {A, C, E, F, G} ¢6 biéu dién dang bit 1a 10101110

item A B C D E F G H

sup 8 2 8 2 7 3 5 1

co0C 10100000 11101000 10100000 10110000, 00001000 10100100 10100010/ 00001001

Thuat toan 1, tra vé mang Index COOC tuong ung la cooc(A) = {C}, cooc(B) = {A, C, E}, cooc(C) = {A},
cooc(D) = {A, C}, cooc(E) = {}, cooc(F) = {A, C}, cooc(G) = {A, C} va cooc(H) = {E}.

Bang 5. Tra vé mang Index_COOC sép ting theo dd phd bién cua item

item H B D F G E A C
sup 1 2 2 3 5 7 8 8
cooc E A CE A C A C A C %) C A

Bang 5, mang Index_COOC dugc sap theo d pho bién cua tung item (minh hoa thanh phan cooc theo item).

B. Thuit todn khai thdc tip phé bién téi dai LA-MFI

tat ca cac itemset dong xuat hién cua tat ca item trong CSDL c6 thé thyc hién chudi khai thac nhanh tap MFI.

Theo khao sat, hdu hét cac thuat toan khai thac tap phd bién tdi dai da duoc cac tac gia trén thé gidi dé xuét [5,
6, 7] ddu co nhugc diém 16n va khong thuc té: mdi 1an can khai thac tap phd bién téi dai véi minsup khéc thi thuat toan
thuc hién tinh toan lai do phé bién cta cac tdp muc, phat sinh lai cay tim kiém hodc dan tap muc tuong ung va xac dinh
tap phd bién t6i dai thoa minsup méi. Trong thuc té, khi can khai thac luat két hop thi ngudi ding ¢ thé yéu cau thuc
hién khai thac luat két hop thoa ngudng minsup va minconf trong nhiéu chudi thao tac lién tiép nhau. Cac thuat toan da
dugc cac tac gia trén thé gidi chua dap tng nhu cau thuc té.

Nhom tac gia da xay dung thuat toan LA-MFI khai thac tap phd bién t6i dai dua trén mang Index_COOC chira

M3 gia thuat toan 2. LA-MFI khai thac tap pho bién toi dai

Piu vao: mang Index_COOC, minsup, maxsup (46 phé bién I6n nhat ciia cdc item)

DPAu ra: Tap phd bién téi dai MFI

1.

Véi mdi item thda minsup, xem xét:
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2. Néu sup(item) = minsup thi
3. MFI = MFI U {item U cooc (item)}
4, Ngwgrc lai
5. Néu (cooc(item) = @ va sup (item) = maxsup) thi
6. MFI= MFI U{item}
7. Nguoe lai
8. Tim tap item Jy thoa:
9. sup(J, )=sup(item)
{Jk el\{itemu cooqitem)}
10. Tap F* = {sinh cac tap phd bién t5i dai tir I, ¢6 sup (k_item) > minsup}
11 mfi ={item U cooc(item)}{V f € F*}
12. MFI = MFI U mfi

13.  Tra vé tap phd bién t6i dai MFI
Vi du 3: Cho CSDL D nhu trong Bdng 1 va minsup = 2

Item B, D ¢6 sup(B) = sup(D) = minsup = 2 (diéu kién dong 2):

Xét item B, c6 cooc (B) = {A, C, E}, sinh tap muc pho bién t0i dai 1a (BACE, 2). Llc nay, MFI ={(BACE, 2)}.
Xét item D — c6 cooc (D) = {A, C}, sinh tap muc phé bién tdi dai 12 (DAC,2), MFI ={(BACE, 2), (DAC, 2)}.

Xeét item F (nguoc lai - dong 7), lic nay item F — cooc(F) = {A C} con item G, E, A va C cd sup > minsup = 2.
Tap J« ={G, E}, sinh tdp phd bién F*={G, E, GE}. Tap muc phd bién tbi dai sinh ra trong budc nay la mfi = {(FACE,
2), (FACG, 2)}. Két thiic budc nay, ta c6 MFI={(BACE, 2), (DAC, 2), (FACE, 2), (FACG, 2)}.

Xét item G (nguoc lgi - dong 7), lac nay item G — cooc(G) = {A, C} chi con item E ¢6 sup(E) = 7 > minsup = 2.
Tap Jx ={E}, sinh tap phd bién F*={E}. Tap muc phd bién tdi dai sinh ra trong budc nay 1a mfi = {(GACE, 3)}. Két
thuc bude nay, c6 MFI={(BACE, 2), (DAC, 2), (FACE, 2), (FACG, 2), (GACE, 3)}.

Xét item E, c6 cooc(E) = {@} con item A va C c6 sup(A) = sup(C) = 8 > minsup. Tap J, ={A, C}, sinh tap phd
bién F*={A, C, AC}. Tap muc phd bién tdi dai sinh ra trong budc nay la mfi = {(ACE, 5)} ma ACE c BACE trong
MFI, nén khong dua mfi ={(ACE, 5)} vao MFI.

Sau cung, chi con item A va C: sinh tap muc phd bién tdi dai (AC, 8), ma AC — BACE, nén khéng thém vao
MFI.

V6i CSDL D & Bang 1 va minsup = 2, ta ¢6: MFI={(BACE, 2), (DAC, 2), (FACE, 2), (FACG, 2)
(GACE, 4)}.

IV. KET QUA THU'C NGHIEM

Thuc nghiém trén may tinh Panasonic CF-74, Core Duo 2.0 GHz, 2GB RAM, thuit toan cai dit trén CH#,
Microsoft Visual Studio 2010.
Nghién ctru thuc nghiém trén hai nhom dir liu:

Nhom CSDL thuc ¢d trung: st dung CSDL thyc tr kho dir li¢u vé hoc méy cta Truong Pai hoc California
(Lichman, M. (2013). UCI Machine Learning Repository [http://archive.ics.uci.edu/ml]. Irvine, CA: University of
California, School of Information and Computer Science) gom 2 tdp Pumsb va Retail.

Nhom CSDL gia lap ¢& 16n: st dung phan mém phat sinh dir liéu gia lap cia trung tim nghién ctru IBM
Almaden (IBM Almaden Research Center, San Joe, California 95120, U.S.A [http://www.almaden.ibm.com]) gom 2
tap T40110D100K va T40110D200K.

Bang 6. Kich thudc va ty 1€ nén trén cac tdp CSDL thuc nghiém

Tén CSDL Dung 50 15§ item| Kich thude dir Ty I¢ nén
lwgng giao dich liéu sau nen | dir liéu
Pumsb 16,30Mb 49.046 2.113 28,08Kb 99,8%
Retail 4,07Mb 88.162 16.470 66,61Kb 98,4%

T4011KD100K| 15,30Mb 100.000 1.000 83,33Kb 99,5%
T4011KD200K| 30,50Mb 200.000 1.000 197,27Kb 99,4%
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Hinh 2. Thoi gian thyc hién LA-MFI va GenMax trén CSDL ¢& trung Pumsb, Retail v&i cac minsup khéac nhau

Nhém téc gia s dung 2 tdp Pumsb va Retail dé so sanh hiéu suit cia thuét toan LA-MFI véi thudt toan
GenMax. Hinh 2, cho thay thuat toan LA-MFI thoi gian thuc hién khai thac tdp pho bién toi dai theo cac ngudng
minsup khac nhau trén 2 tap dit liéu Pumsb va Retail nhanh hon thuat toAn GenMax.

(a) T4011KD100K (b) TA011KD200K
200.00 300.00 \

250.00
= 150.00 =

& 100.00 & 150.00
oo oo

5 \\-\ ~B— LA-MFI 5 100.00 \-\l\. ~B8— LA-MFI

£ 50.00 S5

T — 50.00

0.00 0.00

0.10% 0.20% 030% 0.40%  0.50% 0.10% 0.20% 030% 0.40%  0.50%
Minsup(%) Minsup(%)

Hinh 3. Thoi gian thyc hién LA-MFI trén CSDL ¢& 16n T40110D100K va T40110D200K véi cac minsup khac nhau

,Thuét toan GenMax khong thyc hién dugc trén 2 tap dit liéu 7T4O’I10’D100K va T40110D200K ¢& 16n. Hinh 3,
cho thay thoi gian thye hién cia thuat toan LA-MFI khai thac tap phd bién tbi dai theo cac ngudng minsup khéc nhau.

V.KET LUAN

Bai bdo da dé xuét thuat todn nén co s¢ dit liéu giao dich ¢& 16n, thut toan tinh nhanh mang Index_COOC
chira cac itemset dong xuat hién va thuat toan LA-MFI khai thac hiéu qua tdp phd bién t6i dai dwa trén mang
Index_COOC. Tuy nhién, thuét toan LA-MFI khai thac tap ph bién tdi dai can dugc nghién ciru va cai tién dé dat toc
d6 thyc hién hiéu qua hon.

Vi két qua dat dugc tur thudt toan LA-MFI. Trong twong lai, nhoém tac gia sé& cai tién thuat toan trén dé co thé
khai thac tap pho bién t6i dai trén co s dit liéu co trong so, day 1a huéng nghién ciru dang dugc quan tim vi kha ning
ung dung vao nhiéu linh vue, dic biét 1a trong kinh doanh.

VI. LOI CAM ON
Nhom tac gid cdm on sy hd tro tir Truong Pai hoc Khoa hoc Xa hdi va Nhan van, Pai hoc Quéc gia Tp. HCM.
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AN EFFICIENT MINING ALGORITHM FOR MAXIMAL FREQUENT
ITEMSETS IN A LARGE TRANSACTIONAL DATABASES

Le Hoai Bac, Phan Thanh Huan

ABSTRACT— Association rule mining, one of the most important and well-researched techniques of Data Mining. Mining maximal
frequent itemsets is one of the most fundamental problems in association rule mining. According to the survey, most of the
algorithms in literature used to find minimal frequent item first, then with the help of minimal frequent itemsets derive the maximal
frequent itemsets. These methods consume more time to find maximal frequent itemsets. To overcome this problem, we propose a
new approach to fast dectect maximal frequent itemsets using: efficient compression algorithm a large transactional databases and
array co-occurrence items of kernel item. Finally, we present result, which shows the proposed algorithm has better than the
existing algorithms.

Keywords— Association rule mining, co-occurrence items, large transactional databases, maximal frequent itemsets.



