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DAN NHAP

Xet CSDL khao sat tién nghi str dung ¢ cac ho
ogia dinh nhu sau:

—
>

Tién nghi s¢ htru
Tivi, MayVitinh
Tulanh, Maylanh
Tivi, Maygiat, Maylanh
Tivi, Tdlanh, Maylanh
Tivi, Maygiat, MayVitinh
Tivi, Tdlanh, Maygiat
Tivi, Talanh, MayVitinh
Tivi, Talanh, Maygiat, Maylanh, MayVitinh
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LUAT KET HOQOP

Luat két hop 1a biéu thirc c6 dang:
Tivi —» Mayvitinh [560%, 57%] hay
st dung:Tivi — st dung:Mayvitinh [50%, 57%]

Nghia la: “67% ho gia dinh st dung Tivi thi cling st dung
Mayvitinh. Tivi va Mayvitinh xuat hién chung trong 50%
dong dir liéu."
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KHAI THAC LUAT KET HOP

Khai thac luat két hop dugc chia lam hai giai doan:
Khai thac tap pho bién (FIs — Frequent Itemsets).

Sinh luat tir cac tip pho bién (ARs — Association
Rules).
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KHAI THAC LUAT KET HOP

- két hop duoc chia 1am hai giai doan:

1. Khal thac tap pho bién(FI ltemsets).

t tlr cac tap pho b sociation
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Khai thac tap pho bién
Sinh luat két hop



KHAI THAC TAP PHO BIEN

Pugc dé xuat boi Agrawal nam 1993.
Muc dich: tim méi lién hé giita cAc mit hang
(danh muc) dugc ban trong sieu thi.
Pén nay, c6 nhiéu phuong phap dugc phat
trién nhu:
Phuong phap Apriori (Agrawal et al., 1994)
Phuong phap IT-tree (Zaki et al., 1997)
Phuong phap FP-tree (Han et al., 2000)

V.V. e e
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MOQT SO PHUONG PHAP
KHAI THAC TAP PHO BIEN

Apriori do Agrawal et al. dé xuat.

Dva vao IT-tree: Zaki et al.

Dva vao FP-tree: Han et al.

Ngoal ra, con c¢6 mot s6 phuong phap
dugc dé xuat nhu: LCM, DCI, PrePost,

V.V...
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DINH NGHIA

1. Pj pho bién
Cho CSDL giao dich D va mot itemset Xcl,
D6 pho bién cua X trong D, ki hiéu o(X), 1a
s0 giao dich ma X xuat hién trong D.

2. Tap phé bién
Itemset X c I duoc goi la pho bién néu o(X) >
minSup ( vé1 minSup la gia tri do nguol
dung xac dinh).
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MOT SO TiINH CHAT

1. Moi tap con cta tap pho bién déu pho bién, nghia
la VXY, néu o(Y) > minSup thi o(X) > minSup

2. Moi tap cha cua tap khong pho bién déu khong pho
bién, nghia la VY o X, néu o(X) < minSup thi o(Y)
< minSup

Ca hai tinh chadt trén dé dang dwoc chirmng minh ( xem
nhw bai tap).
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THUAT TOAN APRIORI

Piau vao:CSDL giao dich D va ngudng pho bién
minSup

Pau ra: FIs chtra tat ca cac tap pho bién cua D
Ma gia:
Goi Cj: Tap cac tmg vién co kich thudc k
L,: Céc tap pho bién c6 kich thuéc k
={iel: G(I) > minSup}
for (k 2; Lk ,1=0; k++) do
{cac ung vién dugc tao tu L, ; }
for each t € D do
for each ¢ € C}, do

1f ¢ <t then c.count++

L, = {ce C,| c.count > minSup}
Fls = U, Ly;
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CACH TAO UNG VIEN CUA APRIORI

Tinh chat Apriori:

Moi tap con ctia tap pho bién ciing pho bién
Gia st ta co Ly ={abc, abd, acd, ace, bed}
Xét viéc két dé tao ra cac tmg vién C,: Ly*L,

abcd dugce tao tur abe va abd
acde dugce tao tu acd va ace
Rt gon:
acde bi loal vi ade khong cé trong L,
= C,= {abcd}
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Vi DU MINH HOA

Bang 1: Xét CSDL mau

Ma giao N§i dung giao
dich dich
1 (A)C, T, W o(A) =4
2 C,D,W o(C)=6
T ocow | O
5 (A)C,D, T, W o(T)=4
6 C,D, T o(W) =5

V&1 minSup = 3 (hay 50%), ta co
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ViDbu (TT)

Database (D)

TID

No1 dung

AC T W

C,D,W

AC T W

A C D W

ACDTW

OO IWIN|F

C,D, T
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L,

Danh ch3 ,
muc | pho bién

A 4

C 6

D 4

T 4

W 5




Vi DU (TT)

C,

Danh
muc

Do phod
bién

AC

A

AD

AT

AW

CD

CT

CW

DT

DW

T™W

Wiwiliocjioa| bbb lwM
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TID Items
1 A C T W
2 C,D,W
L,
? 3 A C T W
Danh | D¢ pho 4 A, C,D,W
muc bién 5 A, C,D,T,W
AC A 6 C,D,T
AT 3
AW 4
CD 4
CT 4
CW 5
DW 3
TW 3




Vi bu (TT) ltems
1 A,C, TW
2 C,DW
3 A,C, TW
Danh o Danh op 2 4 | ACDW
muc muc bié 5 |ACDTW
6 C,DT
ACT |3 ACT |3
ACW |4 — |ACW |4
ATW |3 ATW |3
CDW |3 CDW |3
CTW |3 CTwW |3

. CDT khong c6 trong C; vi DT khdng co trong L,!
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TID Items
Vi DU (TT) 1 | ACTW
2 C,D,W
3 | ACTW
Cy L, 4 | ACDW
5 | ACDTW
Danh | P§ pho Danh | P pho 6 C.D. T
muc bién muc bién
ACTW 3 ACTW 3
C, L.
Danh | P§ pho Danh | DP§ pho
muc bién muc bién
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PHUONG PHAP DUA TREN FP-TREE

11-Aug-16

Quét DB lan thi nhat dé tim tat ca cac
1tem don pho bién (single item pattern)
Ség Xép cac item theo thu tu giam caa do
pho bién = f-list

Quét DB lan 2, Xay dung FP-tree
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TID Items

ACT W

C! D!w

ACT W

AC,D,W

ACDTW

DA |W[IN|=

C,D, T

item | A C D T | W
o) 4 6

AN
AN
o1

Sap xép theo G

tem| C | W | A D T
— 6 5 4 4 4
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FP- TREE — XAY DUNG CAY

TID

Items

ACT W

C,D,wW

Item | o | Link b
C 6 ........................ > C1
5|
Alal | g
D |4 | [
4 Al
T | 4] -
R 1
FP-tree voi giao dich 1
11-Aug-16
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ACT W

A C,D,W

AC,D,T W

DAL (WIN (|-

C,DT

CCWAT




FP- TREE — XAY DUNG CAY

TID

Items

ACTW
C,D,wW

ltem

C

U

>

.0
’0
L

O

.0
L 4
L 4
.0
*

_|

Al |l OT|O|Q

0..
L4
L 4
L4
L

.
.
.
.
‘e
‘a

11-Aug-16

'..
L 4
L 4
L4

ny
[}
......
Ty
[}

.
.
.
s
.
e
e
.e
.e
............
---------

FP-tree v&i glao dich 1 va 2
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ACT W

A C,D,W

AC,D,T W

DAL (WIN (|-

C,DT

CCWAT

C,wWD




FP- TREE — XAY DUNG CAY

TID

Items

ACTW

C,D,wW

ltem

C

U

>

.0
’0
L

O

.0
L 4
L 4
.0
*

_|

Al |l OT|O|Q

0..
L4
L 4
L4
L

.
.
.
.
‘e
‘a
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'..
L 4
L 4
L4

ny
[}
......
Ty
[}

.
.
.
s
.
e
e
.e
.e
............
---------

FP-tree trén 3 giao dich dau
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ACTWwW

A C,D,W

AC,D,T W

DAL (WIN (|-

C,DT

CCWAT

C,wW,D

CWAT




FP- TREE — XAY DUNG CAY

TID

Items

ACT W
C,D,wW

ltem | ¢ | Link v
C 6 ........................ > C4
5|
A4 | T gl
D 4 .......
A A3 ., Dl
T 4 .........................
Fe, 2 ““
* T2 D:1
FP-tree trén 4 giao dich dau
11-Aug-16
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ACTWwW

A C D W

AC,D,T W

DAL (WIN (|-

C,DT

CCWAT
C,wW,D
CWAT

C,WAD




FP- TREE — XAY DUNG CAY

TID

Items

ACT W
C,D,wW

ltem | o | Link U
C 6 | iideeenl.
---------- .> C5
5| .
Alal | T > W5
D 4
A A4 . D:1
T 4 N.... ............................. “”$¢¢
OQO'... ............ “‘¢
T2 D:2
0....A
T:1
FP-tree trén 5 giao dich dau
11-Aug-16
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ACTWwW

A C D W

AC,D,T W

DAL (WIN (|-

C,DT

CCWAT
C,wW,D
CWAT

C,WAD
C,WADT




TID Items

AC T W
C,D,wW

FP- TREE — XAY DUNG CAY

ACTWwW

A C D W

ltem Link U

C

ACDTW
C,D, T

DAL (WIN (|-

Ny
Ty
Ny
......
gy
Ny
Ty

C,WA,T

O

0.’ :I c w
K ’ H)
4
4
L4
L4
L 4
L 4

D:1 T:1 CWAT

>
A AM O|lo|Qq
| 4
=
o1
O
=

_|

&
.
LN [ 3
~~~~
a _gun® * *
______________________ 0 o* o* c “n, A rl
o . * ’ J ’

T2 D:2 C.WADT

.... “‘ c, ' T

FP-tree trén ca 6 giao dich voi minSup = 3
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CHIEU TREN FP-TREE — TT FP-GROWTH

_ 0 Chiéu trén niit T: ta c6 CSDL
ltem | g | Link cuc bd nhu sau:
C 6 ........................ > C6 {CWAZ’ CWADl’ CDl}
W |5
A |4
D | 4
-
11-Aug-16
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CHIEU TREN T:4

{CWA:2, CWAD:1, CD:1} =Cay
cuc bd cho CSDL chiéu trén T nhu
Sau.

U

Item | o | Link

C 4 ........................ P> C4

11-Aug-16

DPay la duong di don nén viéc tim
cac tap pho bién chi don gian l1a
tim cac tap con cua tap {C, W,
A}. Ta co cac tap con:

{J,A:3,W:3,C:4,AW:3,AC:3,WC
.3, AWC:3}

Vi vay: chiéu trén T sinh ra céc
tap pho bién la: {T:4, TA:3,
TW:3, TCi4, TAW:3, TAC:3,
TWC:3, TAWC:3}.
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CHIEU TREN D:4

{CWA:2, CW:1, C:1} =Cay cuc b0 nhu sau:

0 ‘ . o _

tem | o | Link l Puong di don = Cac tap con:
I e {9, W:3,C:4, WC:3}

W | 3 | eehl l Chiéu trén D sinh ra cac tip pho

»[wa bien la{D:4, DW:3, DC:4,

DWC:3}. e
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CHIEU TREN A:4

{CW:4} =Cay cuc b0 nhu sau:
U DPuong di don = CAc tap con:
ltem | g | Link l
D B e {2 Wia.Cia, W)
W 4] e l (;hiéu trén A sinh ra cac tap pho bién
........... B la:{A:4, AW:4, AC:4, AWC:4}.
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CHIEU TREN W,C

W:5 {C:5} =Cay cuc b0 nhu sau:
g Duong di don = Cac tap con:

Item | o | Link l {2, C:5}

C 5 T . i
Chicu trén W sinh ra cac tap pho
bién la:{W:5, WC:5}.

Cubi cung, chiéu trén C: 6 ta dugc {} = tap pho bién: {C:6}. @
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FP- TREE — NHAN XET

FP-tree duyét CSDL 2 lan, sau d6 dung phép
chiéu dé tao ra CSDL cuc bd cua timg item don,
sau do tao cay FP cuc by va khai thac trén cay
cuc bo mot cach dé qui.

St dung phuong phap chia dé tri dé khai théac
tap pho bién.

La phuong phap khong sinh trng vién.
Thuong rat hiéu qua trén cac CSDL c6 mat d6
trung lap dt liéu cao.
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PHUONG PHAP IT- TREE

Két néi Galois:
Cho quan hé hai ngo1 6 c | x T chua
CSDL can khai thac. Vo1: XclvaY cT.
Pinh nghia hai anh xa gitta P(l) (Tap tat
ca cac tap con # & cuaa l) va P(T) nhu sau:

t: Pl) ->P(T), t(X) = {yeT | VxeX,x0y}
1. P(T) ->P(1), i(Y) = {xel | VyeY, x93y}

https://vi.wikipedia.org/wiki/%C3%89variste Galois
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PHUONG PHAP IT- TREE (TT)

Cau truc IT-tree va céc 16p tuong duong:

Cho X c I, ta dinh nghia ham p(X k)=X[1:k]

odm k phan tu dau cua X va quan hé¢ tuong
duong dua vao tién td nhu sau:

M6i nuat trén IT-tree gom 2 thanh phén
Itemset-Tidset: Xxi(X) dugc go1 la IT-pair,
thuc chat la mot 1op tién to. Cac nut con cia
X thuéc vé 16p tuong duong cua X vi chung
chia sé chung tién to X (¢(X) la tap cac giao

dich c6 chua X) @
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NHAN XET VE IT- TREE

o(X) =] 1(X) |

Chi can két hop cac phan tir trén cling mot
muc cuaa lop tu’O’ng duong la du dé sinh ra cac
tap pho bién.

PGS.TS. V6 binh Bay



THUAT TOAN ECLAT

ECLAT ()
[D] = {iel| o(i)> minSup}
ENUMERATE FREQUENT ([J])
ENUMERATE FREQUENT ( [P] )
for all 1, € [P] do

[Pi] = J
for all lj e [P] with 7 > 1 do
X =1;,0U 1,

T = t(li) M t(lj)
if |T| =2 minSup then
[P;] = [P;]1 U {XxT}
ENUMERATE FREQUENT ([P;])

Trong dé t(X) = {yeT | X xuét hién trong giao dich y} dwoc goi la Tidset cia X.
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Vi DU MINH HOA

Xét CSDL mau = dinh dang dir 1iéu doc
Ma giao dich | N&i dung giao dich Ma danh muc | Cac giao dich
chtra danh muc

@) A C T, W
7 C,D, W ® 1,3,4,9
@ ACTW C 1,2,3,4,5,6
@ A C D W D 2, 4, 5, 6
@ A C.D T W T 1,3,5,6
6 C.D, T W 1,2,3,4,5

t(A) = 1345: t(AD) = t(A) N t(D) = 1345 ~ 2456 = 45

PGS.TS. V6 binh Bay
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AX1345

{}x123456

Cx123456 Dx2456 Tx1356

Mdc 1 cua IT-tree v&i minSup = 3

PGS.TS. V6 binh Bay

ltern TID
A 1 354l 59
C V2,3, 458,20
D 2,4,5, 8
T 1 3, 9,9
w 5.2, 3,4,°9
Wx12345




ltern TID)
A 1,3,4,5
C 1,2,3,4,5,9
(}x123456

D 2,4,5,9

T 143,9,®
w L 2, 3,4,

Ax1345 - Cx123456 DX2456 Tx1356 Wx12345

!

'

ACx1345

Mdc 1 cua IT-tree v&i minSup = 3
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ltern TID)
A 1,3,4,5
C I,2,3,4,95,9
{}x123456
D 2,4,5,9
r 1 3, 9,9
w ‘b2 3,45
Ax A 45 Cx123456 Dx2456 Tx1356 Wx12345
ACx1345 ATx135 AWx1345  CDx2456 CTx1356 CWx12345 DWx245  TWx135
ACTx135 ACWx1345  ATWx135 CDWx245 CTWx135

C6 19 tap phd bién thda minSup = 3

PGS.TS. V6 Binh Bay
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NHAN XET

Thuit toan dua vao phan glao gilta cac
Tidset dé tinh nhanh do pho bién nén chi
quét CSDL 1 lan.

Cé6 thé st dung Diffset dé tinh nhanh d¢
pho bién nham lam giam khéng gian luu

tru: Tidset.

Do thuat toan khong sinh tng vién nén
hiéu qua khai thac thu:(‘mg cao hon so véi
cac ho thuat toan sinh irng vién.

Khi s6 tap pho bién 16mn, thoi gian khai

thac luat 10’n — Can phu’(mg phap khai
thac hiéu qua hon
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DIFFSET DE TINH NHANH DO PHO BIEN

Diffset cia A so vé1 B, ki hiéu d(AB) duoc dinh
nghia nhu sau:
d(AB) = t(A) \ ¢(B) trong d6 A, Be I

o Go1 PA va PB la 2 nat thudc 16p tuong duong P,

ta co: d(PXY) = d(PY) \ d(PX) (1)
o o(PXY) = o(PX) — [d(PXY)| (2)
o Diffset thuong kha nho so vo1 Tidset (3)

o T (1), (2) va (3), chiing ta c6 thé st dung Diffset
dé thay thé Tidset.
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ltern TID
A 1,3,4,5
C V52,3, 45%0
Mcrc 1 dung {}x123456 o 2055, 5
Tidset 7 135 6
W .2 324 °9
!
Ax1345 Cx123456 Dx2456 Wx12345

Tx1356
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' ST " ltzrn TID
Diffset voi minSup = 3 e
{}x123456 7
D 29 ““-]"9 516)
T 1,3,5,8

!'y ‘!J 29 8) 4;) 5

Tx1356 -

Ax1345 Cx123456

ACXJ
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AX1345

ACXD ATx4

ACTx4  ACWxZ

\

\

ACTWXY

{}x123456
(123456 6 Dx2456 Tx1356
AWXD CDx13 CTx24 CWx6
ATWXD CDWx6 CTWx6
Tw murc 3:

d(PXY) = d(PY) \ d(PX)

PGS.TS. V6 Binh Bay

ltern TID)
A ‘4, 3,4, D
C 1,2, 3,4,9,9
D 2,4,5,9
T 143, 5,9
W L 2, 3,4,
Wx12345
DWx6 TWx6




NHAN XET

o Kich thudc Diffset thuong kha nhé so vl Tidset
nen tiet kiém duoc khong gian bd nhd va thoi
gian tinh phan “khac nhau”.

So sanh d¢ dai trung binh giira Tidset va Diffset trén cac CSDL chuan
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TIM TAP PHO BIEN DONG
(FREQUENT CLOSED ITEMSETS - FCI)

o Toan tu dong:
Cho X c I. ¢;.: P(1) =P(1): ¢c,(X) = i(t(X)). Anh xa c;, duoc goi 1a toan tir
dong.
Vidu: ¢ (AW) = i(t(AW)) = 1(1345) = ACW
o Tap dong:
Cho X c I. X goi 1a tap dong < ¢ (X) = X.
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TIM TAP PHO BIEN PONG
(FREQUENT CLOSED ITEMSETS - FCI)

t((AW) = t(A) N t(W) = 1345

Tap dong:

Hoi TID Ticl lterns
A 1,3,4,5 i | ACTW
C L 2.3 4 5 ) c, D, W
D 2,459, 8 3 AC T W
T 1,3,9,8 4 ACDW
w 1,2,3,4,5 5 | AACDTW
9 C,D, T

Cho X c I. X goi 14 tap dong < ¢;(X) = X.

Vidu: xét CSDL ¢ bang 1 ta co

oDo ¢, (AW) = i(t(AW)) =i(1345) = ACW

— AW khong phai 13 tap déng.
DO C,(ACW) = i(t(ACW)) = i(1345) = ACW

= ACW la tap dong.
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CAC TiINH CHAT CUA IT-PAIR

Dinh 1y 1:
Cho X;xi(X;) va Xxi(X)) la hai phan tt tuy ¥ cua 16p

tuong duong [P] Ta c6 4 tinh chat sau (c 1a Cip):
1. Néu (X)) = t(X) thi c(X)) = c(X) = c(X; LX)
2. NéutX) c t(X)) thi c(X)) # c(X)
nhung ¢(X;) = ¢(X; X))
3. Neéu (X)) o (X)) thi ¢(X;) # (X))
nhung c¢(X;) = c(X;UX))
4. Nguoc lai cua 1, 2 va 3: ¢(X)) # c(X)) # c(X; LX)
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NHAN XET VE IT-PAIR

1. Tinh chat 1 néi rang, néu phan giao cua
hai Tidset bang nhau thi
It(X)l—lt(X)l—It(XuX)I ma X;cX;UX;
va X;cX;UX; nén X;, X, kflong la tap dong

2. Theo tinh chat 2, ta co c(X)) = c(X;uX) =
X. khong la tap dong Bén canh do do

t(X )=(X;) nén X; va X; thudc vé 2 tap dong
khac nhau

3. Tuong tu tinh chat 2.

4. Theo tinh chat 4, X, X; va X;UX; s€ thudc
vé 3 tap déng khac nhau
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THUAT TOAN TIM
TAP PHO BIEN DONG(CHARM)

CHARM (D, minSup)
[D1={1,xt(1;):1,€eI ASup(l;)=minSup}
CHARM-EXTEND ([J], C = O)

return C

CHARM-EXTEND ([P], C)
for each 1I;xt(1;) in [P] do
P, =P, U 1l and [P;] = O
for each ljxt(lj) with j > i do

Y =t(1;) Nnt(ly)

CHARM-PROPERTY (XxY, 1,,1,, [P;]1,[P])
SUBSUMPTION-CHECK (C, P,)
CHARM-EXTEND ([P;], C)
delete ([P;]

CHARM-PROPERTY (X XY, 1y, 15, [P;1,[P])
if Sup(X) =2 minSup then
if t(1;)=t(1l;) then
Remove lj from [P]
P, = P, U lj
elseif ¢t(1;) < t(l;) then
P, = P, U 1j

elseif ¢t(1;) O t(lj) then
Remove lj from [P]

Add X xY to [P]

else
Add X xY to [P]

SUBSUMPTION-CHECK (C, P)
if PzY, VY €HASHTABLE[|t(P)|] then

Str dung bang bam dé kiém tra tap P
cO phai la tap dong hay khéng?

C=C UFP
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MINH HOA CHARM
(minSup = 3)

{}x123456

SX tang theo
|t(X)]

ltern TID
A ‘A4, 3,4, 5
C ‘1,2, 3,4, 9,0
D 2,4,5,8
T ‘,3,9, ©
W Vi 3l D

]
Dx2456 Tx1356 Ax1345

Wx12345

Cx123456
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MINH HOA CHARM
(minSup = 3)

Dx2456

DWx245

{}x123456

Ax1345

ltern rip
i~ ‘1, 3,4, 5
C 1,2,3,4,9,8
D 2,4,9,08
T ‘6, 3,9, 0
2,3,4,9
Cx123456

Wx12345

XetD voi T, A, W: Chi ¢6 o(DW) thoa minSup nén
thém vao Iop twong dwong cotientéla D

PGS.TS. V6 binh Bay




MINH HQA CHARM ltern TID

(minSup = 3) A | L4

¥ ) o
() ‘! z, ‘jj 4, =

D Pl GO
{}x123456 :

T

DCx2456 Tx1356 Ax1345 Wx12345 Cx123456

DCWx245

Xét D v&i C: Do t(D) c t(C) = Thoa tinh chat 2 nén

D khong 1a tap dong = Thay D bo1 DC va DW boi
DCW

PGS.TS. V6 binh Bay



MINH HOA CHARM
(minSup = 3)

{}x123456

DCx2456 TCx1356 Ax1345

v

DCWx245

IT-tree sau khi két hop T véi A, W, C

TCAX135 TCWx135

PGS.TS. V6 binh Bay

ltarn TID
A ‘1,3, 4, 5
C ‘1,2,3,4,5, 0
1y ‘1,3,5, 8

Wx12345

Cx123456




MINH HOA CHARM 2 R
- r
- A ‘4, 3,4, 5
(minSup = 3) SRRy
D 2,4,5,8
{}x123456 T 1.3, 5,6
W ,2,3,4,5
DCx2456 TCx1356 Ax1345 Wx12345 Cx123456

Do t(TCA) = t(TCW) nén thay

DCWx245 Ve TCA bo1 TCAW va x6a TCW

Két hop TCA voi TCW

PGS.TS. V6 binh Bay




MINH HOA CHARM
(MinSup=50%)

{}x123456

DCx2456 TCx1356 AWCx1345 WCx12345 Cx123456
!
! ~*
DCWx245 TCAWx135

Co tat ca 7 tap phd bién déng thda minSup = 3
g@)m: DC, TC, AWC, WC, C, DWC, TAWC

PGS.TS. V6 binh Bay



NHAN XET

S6 lugng tap phod bién déng thuong nho
hon nhiéu so vé1 s6 tap phd bién. Nhu vay,
viéc khai thac luat tor ching sé€ hiéu qua
hon.

Muc tim kiém trén IT-tree dé khai théc
FCI thap hon so véi tim FI = khéng gian
bo nhé yéu cau cho qué trinh goi dé qui sé
nhé hon.

PGS.TS. V6 binh Bay



TAP PHO BIEN TOI DAI
(MAXIMAL FREQUENT ITEMSETS - MFI)

Dinh nghia:

Cho tap phé bién X c I, X duoc goi 1a tap pho
bién to1 dai néu khong ton tai tap pho bién Y
saocho X Y.

PGS.TS. V6 binh Bay



AC

ACT

AT

ACW

ATW

CDW

{}

CW DW T™W

CTW

C6 hai tap phd bién téi dai la:

CDW va ACTW

PGS.TS. V6 Binh Bay



1. Khai thac tap phd bién
2. Sinh luat két hop

11-Aug-16



SINH LUAT TRUYEN THONG
(TRADITIONAL ASSOCIATION RULES)

Dinh nghia:

Luat két ho*p la biéu thuc c6 dang X—>Y \ X (q,
p) (X, Y la cac tap pho bién) trong d6 X, Y=O,
XcYvap = G(Y)/ o(X) > minConf goi1 la do tin

cay cua luat con q = o(Y) > minSup duoc go1 la
d6 pho bién cua luat.

Nhu vay: luat két hop la luat sinh ra giita cac
tap pho bién X, YeFIs trong do X c Y.

PGS.TS. V6 binh Bay



LUAT TRUYEN THONG: THUAT TOAN*

EXTRACT_AR(FIs, minConf)
SORT (FIs) // Sap xép tap FI ting theo k-itemset
AR =
for each YeFIs do
for each X e FlIs with Y after X do
1f XcY then
conf = o(Y)/ o(X)

1f conf > minConf then
AR = ARU {X > Y\ X (c(Y), coni)}
return AR
*Trong thuc té: dé khai thac nhanh luat két hop, ching ta
sur dung k¥ thuat bang bam.

PGS.TS. V6 binh Bay



MINH HOA
MINSUP = 3, MINCONF = 80%

STT | Tépphd | Sup C4c tip pho bién con Cac ludt thoa minCaonf
bién
1 D | &)
2 T 4
’ ° * \/3 D —»W, conf = %<minConf
4 W 5
5 C i
6 LW ) D, W
7 CD 4 C,D AL
B AT 3 AT
4 T 3 T, W
10 CT 4 C.T T
11 AN 4 AW A4 g o 49 4

PGS.TS. V6 binh Bay




MINH HOA LUAT TRUYEN THONG
MINSUP = 50%, MINCONF = 80%

STT | Tépphd | Sup C4c tip pho bién con Cac ludt thoa minCaonf
bién
1 D 4
2 T 4
3 A 4
4 W & :W —D, conf = 3/5<minConf
5 C i
5 | Dwi | 3 | D, W
7 D 4 C.D XN
B AT 3 AT
4 T 3 T, W
10 CT 4 C.T e
11 AT 4 AW PEEXITEN I XNy

PGS.TS. V6 binh Bay



MINH HOA LUAT TRUYEN THONG
MINSUP = 50%, MINCONF = 80%

STT | Tépphd | Sup C4c tip pho bién con Cac ludt thoa minCaonf
bién
1 DI | @
2 T 4
3 A 4
4 W 5
5 C é —| Conf = 4/4> minConf
§ DW 3| Dwm— y
7 oD @ C. D D’ 4404
B AT 3 AT
4 T 3 T, W
10 CT 4 C.T T4
11 AN 4 AW A4 g o 49 4

PGS.TS. V6 binh Bay



MINH HOA (TT7)

12 Al 4 A A4 L~
13 CH 3 C, W G ILERN g U 1 MR

14 CDW 3 C, D, W, CD, CW, DW D 3303~
15 ATW 2 AT W, AT, AW, TW AT 32 g Ty B33 . 4

16 ACT 3 A C T, AT AT, CT AT 5

17 CTW 3 C T, W, OT, OW, TW T 222 Lo
18 AW 4 AL CUWLAC, AW, CW A3 o A4 L a0
Ao MY g A b o

o . g
19 | ACTW 2 | A C T, W, AC,AT, AW, CT, | AT—2385 50  TW —238 5 A
COWL T, ACT, ACW, AT, | qor 3308 g w3308 .o

CTW CTW —220 5 4

C6 tat ca 60 luat trong do c6 22 luat thda minConf = 80%

PGS.TS. V6 Binh Bay




CAC CHU PE NANG CAO

PGS.TS. V6 Binh Bay
Khoa CNTT, Trwdng dai hoc Céng nghé TP.HCM
bayvodinh@gmail.com
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MINING FREQUENT PATTERNS

o Apriori-based algorithms
» Apriori (Agrawal & Srikant, 1994)
» A-Close (Pasquier et al., 1999)
» BitTableFI (Dong & Han, 2007)

Agrawal, R. and Srikant, R. (1994). Fast algorithms for mining association rules. VLDB'94, 487-499.

Pasquier, N., Bastide, Y., Taouil, R., Lakhal, L. (1999). Discovering frequent closed itemsets for association
ICDT"99, 398 — 416.

Dong, J., Han, M. (2007). BitTableFI: An efficient mining frequent itemsets algorithm. Knowledge Based Systems 20
(4), 329-335.




MINING FREQUENT PATTERNS

o IT(Itemset Tidset)-tree-based algorithms
» Eclat (Zaki et al., 1997) & dEclat (Zaki & Hsiao, 2005)
- CHARM & dCHARM (Zaki & Hsiao, 2005)
» Index-BitTableFI (Song et al., 2008)
» DBV-Miner (Mo et al., 2012)

Zaki, M. J., Parthasarathy, S., Ogihara, M., Li, W. (1997). New algorithms for fast discovery of association rules.
KDD, 283-286.

Zaki, M. J., Hsiao, C.J. (2005). Efficient algorithms for mining closed itemsets and their lattice structure. IEEE
Transactions on Knowledge and Data Engineering 17 (4), 462-478 ‘

Song, W., Yang, B., Xu, Z. (2008). Index-BitTableFI: An improved algorithm for mining frequent itemsets
Knowledge Based Systems 21, 507-513.

Vo, B., Hong, T.P,, Le, B. (2012). DBV-Miner: A Dynamic Bit-Vector approach for fast mining frequent closed
itemsets. Expert Systems with Applications 39 (8), 7196-7206.




MINING FREQUENT PATTERNS

o FP(Frequent Pattern)-tree-based algorithms
» FP-Growth (Han et al., 2000)
» Closet (Pei et al., 2000)
» FP-Growth* (Grahne & Zhu, 2005)

Han, J., Pei, J., Yin, Y. (2000). Mining frequent patterns without candidate generation. SIGMODKDD’00, 1 — 12.

Pei, J., Han, J., Mao, R. (2000). CLOSET: An efficient algorithm for mining frequent closed itemsets. Proc. of the
5th ACM-SIGMOD Workshop on Research Issues in KDD, 11 — 20 (2000)

Grahne, G., Zhu, J. (2005). Fast algorithms for frequent itemset mining using FP-trees. IEEE Transaction
Knowledge and Data Engineering 17 (10), 1347-1362.




MINING FREQUENT PATTERNS

Data Formats

Horizon Data Format \ertical Data Format

TID Items Item TIDs
1 AC T W A 1,3,4,5
2 C,D,W C 1,2,3,4,5,6
3 AC T W D 2,4,5,6
4 A C D W
T 1,3,5,6
5 |AC,DTW
- CDT W 1,2,3,4,5




MINING FREQUENT PATTERNS

Horizon Data Format (at least two database scans)[ 1o ltems
Apriori (Agrawal & Srikant, 1994). 1 A, C, T,W
FP-Growth (Han et al., 2000). 2 C,D,W
Closet (Pei et al., 2000). 3 A & Uy WY
FP-Growth* (Ghahne & Zhu, 2005). 4 7 G By 1Y

5 A,C,D, T, W
6 C,D, T

Agrawal, R. and Srikant, R. (1994). Fast algorithms for mining association rules. VLDB'94, 487-499,

Han, J., Pei, J., Yin, Y. (2000). Mining frequent patterns without candidate generation. SIGMODKDD’00, 1 — 12.

Pei, J., Han, J., Mao, R. (2000). CLOSET: An efficient algorithm for mining frequent closed itemsets. Proc. of the
5th ACM-SIGMOD Workshop on Research Issues in KDD, 11 — 20.

Grahne, G., Zhu, J. (2005). Fast algorithms for frequent itemset mining using FP-trees. IEEE Transactions\@n
Knowledge and Data Engineering 17 (10), 1347-1362.



MINING FREQUENT PATTERNS

Vertical Data Format (One scan database)
» Tidset-based & Diffset-based (Zaki & Hsiao, 2005).

» BitTable-based (Dong & Han, 2007; Song et al., 2008; Sahoo et al.,
2015)

» Dynamic Bit Vectors (Mo et al., 2012).

Zaki, M. J., Hsiao, C.J. ( 2005). Efficient algorithms for mining closed itemsets and their lattice structure. IEEE
Transactions on Knowledge and Data Engineering 17 (4), 462-478.

Dong, J., Han, M. (2007). BitTableFI: An efficient mining frequent itemsets algorithm. Knowledge Based Systems 20
(4), 329-335.

Song, W., Yang, B., Xu, Z. (2008). Index-BitTableFI: An improved algorithm for mining frequent itemsets. Knowledg
Based Systems 21, 507-513.

Sahoo ,J., Das, A.K., Goswami, A. (2015). An effective association rule mining scheme using a new generic basis.
Knowledge and Information Systems 43 (1), 127-156.

Song, W., Yang, B., Xu, Z. (2008). Index-BitTableFI: An improved algorithm for mining frequent itemsets. ‘dg
Based Systems 21, 507-513.

Vo, B., Hong, T.P,, Le, B. (2012). DBV-Miner: A Dynamic Bit-Vector approach for fast mining frequent closed

)€

itemsets. Expert Systems with Applications 39 (8), 7196-7206.



DYNAMIC BIT VECTORS

BitTable: Number of bits in a bit vector Is a constant and it Is the
number of transactions in the database.

Remark: bit string may contain 0-bit at the begin and the end, how to
remove them to reduce memory usage?

= DBV concept.

Vo, B., Hong, T.P,, Le, B. (2012). DBV-Miner: A Dynamic Bit-Vector approach for fast mining frequent cloged
itemsets. Expert Systems with Applications 39 (8), 7196-7206



DYNAMIC BIT VECTORS

Each DBV includes 2 elements
pos: store the first none zero byte in bit string.

Bitlist: byte-array of an itemset after removing 0 bytes at the begin
and the end.

Vo, B., Hong, T.P,, Le, B. (2012). DBV-Miner: A Dynamic Bit-Vector approach for fast mining frequent cloged
itemsets. Expert Systems with Applications 39 (8), 7196-7206.



DYNAMIC BIT VECTORS

Intersection between 2 DBVs

pos=10
5/3/8/0(0|7(6/3/2|76|5
&
4/3|0/1|0|4/6|0|0{b|1|3
A
pos=13 6
i\
pos=19

Vo, B., Hong, T.P,, Le, B. (2012). DBV-Miner: A Dynamic Bit-Vector approach for fast mining frequent cloged
itemsets. Expert Systems with Applications 39 (8), 7196-7206.



DYNAMIC BIT VECTORS

+ DBV-Miner (Mo et al., 2012) — FCI mining

+ CloFS-DBV (Tran et al., 2015) — Closed
sequence pattern mining

+ ClosedISP (Le et al., 2015) — Closed Inter-
seguence pattern mining

Vo, B., Hong, T.P., Le, B. (2012). DBV-Miner: A Dynamic Bit-Vector approach for fast mining frequent closed
itemsets. Expert Systems with Applications 39 (8), 7196-7206.

Tran, M.T., Le, B., Vo, B. (2015). Combination of dynamic bit vectors and transaction information for miniag
frequent closed sequences efficiently. Engineering Applications of Artificial Intelligence 38, 183-189.

Le, B., Tran, M.T., Vo, B. (2015). Mining frequent closed inter-sequence patterns efficiently using dynamic bit
vectors. Applied Intelligence 43 (1), 74-84.



QUANTITATIVE DATABASES

item | A| B | C |[D|E
TID ltem | Benefit
T, oo l16]0]1 A 3
T, 0112 0 |2 |1 B 5
T, 2ol 1]o0]1 C 1
T, 1[o]o]2]1 D 3
Tc 010 4 ]0]2 E 5
T, 120 0]0
T, 020l 0 ]2]1
T, 3]0|25]6]1
T, 120 0]0
T, |0 |12] 2 |0]2

How to mine patterns that their utility Is greater than or equal to a
threshold?



Mining High Utility Itemsets
(HUISs)



DEFINITIONS

Definition 1. The utility of an itemset
The utility of an itemset, denoted u(’X), is the sum of the local
profits of each item in X in all transactions containing X.

u(X)=2. 2 (X ¥p)

I,eX t,et(X)

Definition 2. High utility itemset
Itemset X is called a high utility itemset if u(X) > minutil (minutil
IS the utility threshold).
Definition 3. High utility itemset mining
Mining high utility itemset is discovered the collection H that
contains all itemsets satisfying the given minutil threshold:

H = {X | u(X) = minutil}



EXAMPLE

tem |A| B | C |D|E ltem Benefit
TID A (3)

T, 0l 0]16[0]1 B 5

T, 12/ 0 (2]1

T, (2)J o[ 1 o(1) > :

T, 20101] 0 |2 @> 2 3

T, 0| 4 |0]2 E S

T, N[ 2]0]0]0

T, |[o0\l20] 021

T. (3) 0 ]25]6(1

T, |112]0]040

T, 0 |12] 2 0|2

UA)=2*3D+1*3+1*3+3*3+1*3=24

U(AE) = (2*3+1*5) + (1*3 + 1*5) + (3*3 + 1*5) = 33
= utility does not satisfy the downward closure property.
= Huge search space!!!



MINING HUIS

Search space

T <

How to reduce the search space?



ALGORITHMS FOR MINING HUIs

Mining HUIs

Iltem Benefit TIDitem A B CHDIE v
A 3 T 00 16|01 21
B 3 T 0 |12] 0 [2]1 71
C 1 T 2 o] 1 ]o]1 12
D 3 Ty 1 oo f2]1 14
E 5 T: 0] 0] 4]0]2 14
Te 1 [ 2] o0ofo]o 13
T 0 |20] 0 [2]1] 111
twu(A) =12 + 14 + 13 + 57 Ts 3102561 57
_ To 1 [ 2] o0fo]o 13
+13=109 Tio 0 |12] 2 ]0]2 72
twu(AE) = 83.
= twu of itemset satisfies the downward closure property(DCP).
= We can use FP mining algorithms to mine HUIs.
0 TWU (Liu et al.) twu: Transaction weight utility
-
2 First UBDM (USA) Upper bound: does naot
=L Satisfy the DCP
= Problem statement (Hamilton et al.)
N



ALGORITHMS FOR MINING HUIs

Closed HUIs (Tseng et al.) - IEEE-TKDE

w0

ased on FP-tree (Tseng et al.) - IEEE-TKDE

w0

ased on FP-tree (Honget al.) - ESWA
ased on IT-tree (Lcetal)- IJIIDS

w0

Based on FP-tree (Tseng et al.) - KDD

Based on FP-tree (Erwin et al.) - PAKDD'08

Based on FP-tree (Erwin et al.) - AusDM'07

twu-based for mining HUIs
2005 2007 2008 2010 2011 2013 2015

Apriori-based  (Liuetal)- PAKDDO5



MINING ASSOCIATION RULES (ARS)

Traditional approaches

Mining frequent
(closed) itemsets

Vv

O(n?)

Generate ARs
from mined
FI/FCI

Agrawal, R., Srikant, R. (1994). Fast algorithms for mining association rules in large databases. VLDB'94, 48

Bastide, Y. et al. (2000). Mining minimal non-redundant association rules using closed frequent itemsets. 1t
International Conference on Computational Logic, 972-986

Zaki, M.J. (2004). Mining non-redundant association rules. Data Mining and Knowledge Discovery 9 (3), 223-248.




LATTICE-BASED FOR MINING ARS

Mining frequent
> (closed) itemsets

O(nlogn)
Building
lattice

Generate ARSs O(nl ogn)
from lattice

N

\o, B., Hong, T.P, Le, B.(2013). A lattice-based approach for mining most generalization association rules. Knowledge-
Based Systems 45, 20-30.

\o, B., Le, T., Hong, T.P, Le, B. (2014). An effective approach for maintenance of pre-large-based frequent-itemset lattice
in incremental mining. Applied Intelligence 41 (3), 759-775.

\o, B., Le, B. (2011). Interestingness measures for association rules: Combination between lattice and hash tables. Expert
Systems with Applications 38 (9), 11630-11640.

\o, B., Le, B. (2011). Mining minimal non-redundant association rules using frequent itemsets lattice. Internati’rne
n e

of Intelligent Systems Technology and Applications 10 (1), 92 - 106.
\o, B., Le, B. (2009). Mining traditional association rules using frequent itemsets lattice. 39th International Co
CIE, Troyes, France, 1401-1406 (IEEE).

on

l




CLASS ASSOCIATION RULES

A class association rule (CARS) is an association rule form X
— Yy, Where X iIs an itemset, y Is a class label.

Two approaches

1. Mine all association rules and after that select the class
association rules.

2. Only mine class association rules (put the class constraint into
the mining process).



Class association rule mining

1998 2001 2004 2008 2012 2

CLASS ASSOCIATION RULES

Mining CARs with constraints (Nguyen et al.) - INS
L0
§1 Update CARs (Nguyen & Nguyen) - Applied Intelligence
Diffset-based (Nguyen & Nguyen) - ESWA

an
—

= CAR-Miner (Nguyen et al.) - ESWA

Lattice-based for pruning rules (Nguyen et al.) - Eswa

ECR-CARM (Vo & Le) - PKAW'OS
MMAC (Thabtah et al.) - ICDM'04

CMAR (Liet al) - IcDMO!L

CBA(Apriori-based)  (Liuetal)- kKDD'98



FUTURE RESEARCH DIRECTIONS

Continue working on current research directions with:
Incremental and sequence databases
Quantitative & hierarchical databases
Graph databases
Parallel computing

Apply to social networks and bioinformatics
Research on text mining, subspace clustering, etc.
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