Data Mining
Association Analysis: Basic Concepts
and Algorithms

Lecture Notes for Chapter 7
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Session Country Session Number of

|d Length Web Pages Gender Sl Buy
: Type
viewed
1 USA 982 8 Male IE No
2 China 811 10 Female | Netscape| No
3 USA 2125 45 Female | Mozilla | Yes
4 Germany 596 4 Male IE Yes
5 Australia 123 9 Male Mozilla No

Example of Association Rule:

{Number of Pages <[5,10) A (Browser=Mozilla)} - {Buy = No}
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o HEH £MHE Asymmetric binary H4-2 HEtst
« Binary variable has only two states: 0 or 1

« Abinary variable is symmetric if both of its states are equally valuable, that is,

there is no preference on which outcome should be coded as 1.
« Abinary variable is asymmetric if the outcome of the states are not equally
Important, such as positive or negative outcomes of a disease test.

e Introduce a new “item” for each distinct attribute-value pair

« Example: replace Browser Type attribute with

v’ Browser Type = Internet Explorer
v’ Browser Type = Mozilla
v’ Browser Type = Mozilla

o B U X5 loT A4
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Table 7.1. Internet survey data with categorical attributes.

Gender Level of State Computer | Chat Shop | Privacy
Education at Home | Online | Online | Concerns

~Female Graduate Illinois Yes Yes Yes Yes
Male College California No No No No
Male Graduate Michigan Yes Yes Yes Yes
Female College Virginia No No Yes Yes
Female | Graduate | California Yes No No | Yes
Male College Minnesota Yes Yes Yes Yes
Male College Alaska Yes Yes Yes No
Male | High School | Oregon Yes No No No
Female | Graduate Texas No Yes No No

HYRY G XIS loT H7Y
Information Security & Intelligent loT

Table 7.2. Internet survey data after binarizing categorical and symmetric binary attributes.
Male | Female | Education | Education Privacy | Privacy
= Graduate | = College = Yes = No
0 1 1 0 1 0
1 0 0 1 0 1
| 0 1 0 1 0
0 I 0 1 1 0
0 1 1 0 1 0
1 0 0 1 1 0
1 0 0 1 0 1
1 0 0 0 0 1
0 1 1 0 0 1
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¢ Example: attribute country has more than 200 possible
values

o2 M2 MR E2 support gi= HE &= U3

ol

& 2 Aggregate the low-support attribute values

tof Mgl FHEISHELZ AMotH HakE UCHH(
highly skewed)?
¢ Example: 95% of the visitors have “Buy = No.”
+ Most of the items will be associated with (Buy=No) item
— o Z2X: < Bt =2 drop e, > =5, 1R E2

Bl A== 22 828 JHAIA &ZJ] =
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o O
« Agec[21,35) A Salarye[70k,120k) — Buy
« Salarye[70k,120k) A Buy —» Age: u=28, c=4

« O] AKS} J|Yk(Discretization-based) S
- S J|YkStatistics-based) S
« Non-discretization J|H

« Min-Apriori 7|t
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Table 7.3. Internet survey data with continuous attributes.

Gender Age | Annual | No. of Hours Spent | No. of Email | Privacy

Income | Online per Week Accounts Concern
Female 26 90K 20 4 Yes
Male 51 135K 10 2 No
Male 29 80K 10 3 Yes
Female 45 120K 15 3 Yes
Female 31 95K 20 o Yes
Male 25 55K 25 5 Yes
Male 37 100K 10 1 No
Male 41 65K 8 2 No
Female 26 85K 12 1 No

] - |

HYRY G XIS loT H7Y
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Table 7.4. Internet survey data after binarizing categorical and continuous attributes.
Male | Female Age | Age Age Privacy | Privacy
<13 | €[13,21) | € [21,30) = Yes | = No
0 1 0 0 1 1 D
1 0 0 0 0 0 1
1 0 0 0 1 1 0
0 1 0 0 0 1 0
0 1 0 0 0 1 0
1 0 0 0 1 1 0
1 0 0 0 0 0 1
1 0 0 0 0 0 1
0 1 0 0 1 0 1
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M3Sl(Discretization) 7|t gt

EH
=

o O|AHS} 7|4t HFH Ol = Unsupervised 21} supervised B =X
o H|ZFE (unsupervised) W
« Equal-width binning
« Equal-depth binning
» Clustering
o ZE(supervised) Ut
Attribute values, v
Class Vi |[Vz2 |Va |Va |Vs |Ve |Vz |Vs |Vo
Anomalous | 0 0 20 |10 20 |O 0 0 0
Normal 150 (100 |0 |0 |0 |100 [ 100 | 150 | 100
" v A ~ P ~— A
bini bin2 bin3

HYRY Y XISY 0T ppy
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0| A3} (Discretization) 7|t it

e Size of the discretized intervals affect support &
confidence

{Refund = No, (Income = $51,250)} — {Cheat = No}
{Refund = No, (60K < Income < 80K)} —» {Cheat = No}
{Refund = No, (OK < Income < 1B)} —» {Cheat = No}

— If intervals too small
+ may not have enough support

— If intervals too large

¢ may not have enough confidence

e Potential solution: use all possible intervals



0| £t3}(Discretization) 7
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e Execution time

-

Otof BP0tk PO R LiHFICHE k(k-1)/29] 0/
sl2S0| RS rgé 222 LHEHK D] S 5
MAGCIO[0F B > S HE AHIE

e Too many rules

{Refund = No, (Income = $51,250)} — {Cheat = No}
{Refund = No, (51K < Income < 52K)} —» {Cheat = No}
{Refund = No, (50K < Income < 60K)} —» {Cheat = No}
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o Ard{:
Browser=Mozilla A Buy=Yes — Age: n=23

o QTR Z2EE SHH £42 THE

— mean, median, standard deviation, etc.
o 13| Mg 2E:
+ M, target variableg ¢t £, 015 LIHX] QIOIE{Q B =
AH 2} S}
o1a
- =cl& "LHHXI HIOIE 0l THOH M frequent itemsetE &S
« “LIMX] HIOIEI"2 5 E &2 frequent itemset2 AF20L0, “target
variable”0fl LHT SHIE £4E &3
* {Annual Income > $100K, Shop Online = Yes} > Age: Mean = 38
« Ol A2 OIHY AIEXI0] H+20] 100t EHEC &1 MI|MCZE 21901
AT E Ol= AlEC] B2 U0l= 3sMid= AE &8
- OIS St A|0] I A S =0I0H| ol SH HIAE F=HOIA

H=E =
oo oS
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— Compare the statistics for segment of population covered by the rule vs
segment of population not covered by the rule:

A-B:p vs. A-B:y

SAN 74 H B (Statistical hypothesis testing):

o | F7HE(Null hypothesis): HO: ' =p+ A

o CHEIZIE (Alternative hypothesis): HL: ' > p + A

¢ Z has zero mean and variance 1 under null hypothesis
o A= frequent itemset, B&= A& target &4

e n12 AE X[ X|5I= EEH"HEI T, n2= AE X[X[SHX| b= ETUMM ==
¢ s12 AE X|X|St= EZHEM FO0f| A BO| EHOF HZFEHX s2= AE

K| X[SHR| B= E?_H"—”.*._" O A BOIl CHSE AL
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° Ej:”I—I 7|.)k-| H= (7:”_-_)
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A-B:u vs. vl
Aldt A 2L O 27128 dA=

o SAH 7t UM AHF7r2a tE 7He, =7H2] B Rl = A7t
SRS
—(AWH O ARG 7 2ska AL A s Sisia Aok ol

ZLE.Q ]j_t %
o HOIHZERH =8HE SH0 2430 72 252 ?f F712] 71250l A
O = 0] == &[0 OFSt=X|
¢ 0| 8%, u<p= 7P35HH,
o HE7HE HO: W=p+ AO|HH, CHEZ7HE H1: p'> p+ A &,
o 07| M O{= 7hE 0| ==tE|0{OF St=X| & 285t7| &[5l of2fel z
%7:” E|=o 7:”A|-o|-

« Z= B odt 2412 A= BE E 22X
' A « AlAbEl ZO| E2 7|2t }E\( critical value) Za2}

oln} Al SLiCin AR L2

11— TIr o

CHzs/Hlweh 7|22 dele =20 mef 28 =
o OIOF 7 5 70| 2271 7| 2t=l 5> 2|9] x—iao&-!
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A2+ 24l Browser=Mozilla A Buy=Yes — Age: n=23
Rule is interesting if difference between p and p’ is greater
than 5 years (i.e., A=5)

Forr, suppose nl1=50,s1=3.5
For r' (complement): n2 = 250, s2 = 6.5

Z:,u'—,u—A: 30-23-5 _311

s \/3.52 6.5

nn V50 " 250

For 1-sided test at 95% confidence level, critical Z-value for
rejecting null hypothesis is 1.64.

Since Zis greater than 1.64, r is an interesting rule

HYRY G XIS loT H7Y
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Min-Apriori (Han et al)

e Data setO] ¥&H = /d(continuous attribute)= 7HX|= 220 M &
s
o SO LY HHS0| AEbdE HOX o= R ALE
o Ad
— HAE BANOA T A2Y S = 2R
— =A|-CHo] W Z (Document-term matrix) Al 2t A EE2|= FO T
Z MO A '—fEH—f CHojol et Bl 7R E i QOld
TIDW1 W2 W3 W4 W5
D1 2 2 0 0 1
D2 o 0 1 2 2
D3 2 3 0 0 O
D4 O 0 1 0 1
D5 1 1 1 0 2

W1 and W2 tends to appear together in the same document

HYRY G XIS loT H7Y
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Min-Apriori

o CHOIZH IZH B 4 IS

— If we simply sum up its frequency, support count will
be greater than total number of documents!
+ Normalize the word vectors — e.g., using L, norm
¢ Each word has a support equals to 1.0

/\
TID W1\ W2 W3 W4 W5 TIDIW1 W2 W3 W4 W5
D1/ 2\ 2 0 0 1 D1 [0.40 0.33 0.00 0.00 0.17
D2 ol o 1 2 2/ ™™™ D2 0.00 0.00 0.33 1.00 0.33
D3| 2/ 3 0 0 O/~ ~ |D31/0.40 0.50 0.00 0.00 0.00
D4\ 0/ 0 1 0 1 D4 [0.00 0.00 0.33 0.00 0.17
D5 \/]/ 1 1 0 2 D5 [0.20 0.17 0.33 0.00 0.33

Ztword ZHE=2 normalize €



Min-Apriori

e New definition of support:

supC) =>minD(l, )

ieT  jeC

TIDIW1 W2 W3 W4 W5

D1 (0.40 0.33 0.00 0.00 0.17
D2 (0.00 0.00 0.33 1.00 0.33
D3 [0.40 0.50 0.00 0.00 0.00| Example:

D4 |0.00 0.00 0.33 0.00 0.17| supw1.w2,wa3)
D5 [0.20 0.17 0.33 0.00 0.33 >

D2

= min (0.40, 0.33, 0.00) + min(0.00, 0.00
0.33) + ...+min(0.20, 0.17, 0.33)

D5
=0+0+0+0+0.17
=0.17



Min-Apriori

o Min-Apriori0i| A 2| HO| &l XX = = FA0|A B
Aotd= 2 =0 Hgtst ofefel 54 7t
— ot B o] Ft3t XX =7t S7te o el XX e BEYE S7t
_ O EHo|E Zaete 24 Jj47t S71810) mat K|S B
St

- XX EE HEEY S 7t

¢ 0| & =9 itemset {A,B}2} {A,B,C}7} RXCIH, min({A,B}) >=
min({A,B,C}) 0|22 s({A,B}) >= s({A,B,C}) ¥(itemsetOf &3t £t 57+ S 7t H

Hagts Z7IWEN XX e HaT 5 HOof| Bl3)

HYRY G XIS loT H7Y
Information Security & Intelligent loT



Anti-monotone property of Support

TIDW1 W2 W3 W4 W5
D1 10.40 0.33 0.00 0.00 0.17
D2 10.00 0.00 0.33 1.00 0.33
D3 [0.40 0.50 0.00 0.00 0.00
D4 10.00 0.00 0.33 0.00 0.17
D5 10.20 0.17 0.33 0.00 0.33

Example:
Sup(Wl)=04+0+04+0+0.2=1
Sup(W1,wW2)=0.33+0+0.4+0+0.17=0.9
Sup(W1, W2, W3)=0+0+0+0+0.17 =0.17

ltemsetOl| &3t THO| S7HA| support
It E0EE= EM =90l



Contents

e

i
8l

=

1

24

29y 158 loT ¢
i y ig

ol X|= Al
e X XI5 loT HH
Information Security & Intelligent loT



7'8 A= (Concept Hierarchy)

o NE AS: EMe AN M HoEl 2] 7HMIE E= 78 2| CtE A=
xx|ol
Concept hlerarchyl_ specificet H| O B 7} & 2| 21| & O] A
Tt B2 ERUAM OV UAZ = US
F 2 “is-a” HAE 5= taxonomy A= 7+
Milk= foodol St=2 DVD+= electronics@| 3._F S5 S
e HZL directed acvclic araphZ E 3 =
Food
Electronics

Computers Home

Desktop Laptop Ac DVD

MRS 9 X153 oT A4
o I:formation Secur;,y &olntelligent loT ForemOSt Kemps

Printer Scanner



. Nd A5 S OF Z40] AI8otE 290 58 EQ(BTE)
A =1}

152 O H2 2o A= 2 O{H frequent itemsetS LIEILY 7| 2[3H
ULE > IEABSS AFESHK| e ™

o= =9,
o
-

Food .
Electronics

Computers Home

2%

Wheat  White  Skim

Desktop Laptop Ac DVD

Foremost Kemps
Printer Scanner

o MEUE U KISy loT A4
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ChebA] A2 7% 010]H(2/4)

o 7|2 8Z: M8 A0l 2lsh X[ X| =/ 2| == o EA HOIL?

o If c(X1 U Y1) 2 minsup,
and X is parent of X1, Y is parent of Y1

then o(X U Y1) 2 minsup, o(X1 U Y) 2= minsup, o(X U Y) 2 minsup

o If conf(X1 = Y1) 2 minconf

then conf(X1 = Y) = minconf

_o(X1uY1)
conf(X1=Y1)= o(X1)
_o(X1UwY)
conf(X1=Y)= o(X1)

o B U X5 loT A4
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CheHA] A2 7% 010]H(3/4)

O| F=SS 4 EHHMU =101, JIE Z1UddSE AE010 AT
Ci

- Ol Xl

— Original Transaction: {skim milk, wheat bread}

— Augmented Transaction:

{skim milk, wheat bread, milk, bread, food}

o Ol
- &8 HIE =2 UE =SS0l HIohM =2 XIXIT IIRESE A
~ > W FZ XIXIT threshopld(F, min supp)Jt UM HF B2 XS0 MME
A0l
- &, EWHIMO| XIA0| =0tXI= EMIL UAS

o B U X5 loT A4
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Al #H A 00| (Sequence Data)

RowOl| 0171 A|ZH0| S Kot HITE A7 LS 7|23

[ok

Timeline  HHHHHHHHHHHHHHHHHHHHHHH

10 1 0 3 3
Sequence Database: 5 2 25 D E
Object | Timestamp | Events Object A: E E E : I ; |
A 10 2,3,9 2 E B 5 :
A 20 |6, 1 : ! i
A 23 1 ; g g
B 11___[4,5.6 g ;
B 17 2 Object B: { | E | E | } | ; ;
B 21 7,812 L 4 P2 17 P
B 28 1,6 | 5 | | 8 L6
C 14 1,8,7 i 6 i i1 §
| i 2 E
Object C:  |——H | | | |
1
7
8



A3 A H|O]E] Of %

Sequence Sequence Element Event
Database (Transaction) (Item)
Customer Purchase history of a given | A set of items bought by Books, diary products,
customer a customer attime t CDs, etc
Web Data Browsing activity of a A collection of files Home page, index
particular Web visitor viewed by a Web visitor page, contact info, etc
after a single mouse click
Event data History of events generated | Events triggered by a Types of alarms
by a given sensor sensor at time t generated by sensors
Genome DNA sequence of a An element of the DNA Bases A, T,.G,C
sequences particular species sequence
Element

(Transaction) @ @ @ I(EIER‘E)
Sequence

o B U X5 loT A4
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o MELT AL(F2 EMMM)F2| =M E|2EO|C}

(A sequence is an ordered list of elements (transactions))

7t dal NS $2)50 BYS B
e = {iy, Ip, ..., I}
2t Al SH AT 52 HAS £402 JPE 4 Qi

(Is| = the number of elements of the sequence s)
o k-A|RHA(k-sequence)Tt k7] AHH(E=)S Zeol= A|HAO0|LCEH

(A k-sequence is a sequence that contains k events (items))

o B U X5 loT A4
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Al HA2| of X

o H AHA (Web Sequence)

< {Homepage} {Electronics} {Digital Cameras} {Canon Digital Camera}

{Shopping Cart} {Order Confirmation} {Return to Shopping} >
o A0 M CHOEl XS O] =AM

<{Fellowship of the Ring} {The Two Towers}
{Return of the King}>

o MEUE U KISy loT A4
R Information Security & Intelligent loT Pag e 35



MEA AL B2t =X} f E

[ -

o AJHA LjOf EEHEI A|HAS MEHA|RHAR} BECL},

» Definition: A sequence <a1 a2 ... an> is contained in another sequence <b1 b2 ... bm> (m

= n) if there exist integers i1 <i2 < ... <insuch that al c bil, a2 c bil, ..., an < bin

Data sequence Subsequence Contain?
<{2,4}{3,5,6}{8} > <{2}{3,5} > Yes

<{1,2}{3,4} > <{1}{2}> No
<{2,4}{2,4}{2,5} > < {2} {4} > Yes

o MEARAA WO XX e wi Z5te A|EL0| Hl&S LIEHE
(The support of a subsequence w is defined as the fraction of data sequences that contain w)
o =X} I El(sequential pattern)= BI'E MEBA|ZA(X|X[ 27t minsup O| & @ MEAIEME

o|0|gt (A sequential pattern is a frequent subsequence (i.e., a subsequence whose support is
= minsup)

o MEUE U KISy loT A4
T Information Security & Intelligent loT Pag e 36



=Xt o ofo|'d 82

o CISO0| FO{F/= M
MELSE FJ & HO[HH0] &
AFEXEZE MAIBH Z| 2~ X[ X[ = minsup

o Ct5 HYUS +Holct.

X X|Z=7F minsup O| & Ql BE ANEA|EAE &Otat

e Given:
— a database of sequences
— a user-specified minimum support threshold, minsup

e Task:

— Find all subsequences with support =2 minsup

o B U X5 loT A4
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=Xt o & O10]'s ol A

Object | Timestamp Events
A 1 1,2,4
A 2 2,3
A 3 3
B 1 1,2
B 2 2,3,4
C 1 1,2
C 2 2,3,4
C 3 2,4,
D 1 2
D 2 3, 4
D 3 4,5
E 1 1,3
E 2 2,45

Minsup = 50%

<{1,2}>
<{2,3} >

< {2,4}>

<{3} {3F>
<{1}3{2}>
<{2}{2}>
<{1}{2,3} >
<{2} {2,3} >
<{1,2}{2,3} >

Examples of Frequent Subsequences:

s=60%
s=60%
s=80%
s=80%
s=80%
s=60%
s=60%
s=60%
s=60%

o

HEEE 9 XIS lof ALY

Information

Security & Intelligent loT
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£ Xt T E Ojo|'d

o Apriori ¥Z|E HE

Step 1:

— Make the first pass over the sequence database D to yield all the 1-
element frequent sequences

Step 2:

Repeat until no new frequent sequences are found

— Candidate Generation:
+ Merge pairs of frequent subsequences found in the (k-1)th pass to generate
candidate sequences that contain k items

— Candidate Pruning:
+ Prune candidate k-sequences that contain infrequent (k-7)-subsequences

— Support Counting:

+ Make a new pass over the sequence database D to find the support for these
candidate sequences

— Candidate Elimination:
+ Eliminate candidate k-sequences whose actual support is less than minsup

HEUY 9 XISY loT A7
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{A B} {C} {D E} Xq: Max-gap * ms: Maximum span

>n# ng: min-gap « The maximum allowed time difference between
| the earliest event and the latest event in the
entire sequence.

<= xg

mg: maximum span

<=m;

* ng: Min-gap
« The minimum allowed time difference between
two consecutive elements in a sequence

(A B {C} {D E e
= | ew o Mn9ap « xg: Maxgap

: wind i . . .
e HineetEize The maximum allowed time difference between
two consecutive elements in a sequence

<=m,

mg: maximum span

 ws: Window Size

« The maximum allowed time difference of the
latest and earliest occurrences of events in any
element of a sequential pattern.
If, ws=0 all events in the same element of a
pattern must occur simultaneously
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