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Fuzzy data mining



' Fuzzy Data Mining

» Traditional data mining
) binary data
) consider whether to buy or not

» Real application
» Should consider the purchased quantity
) Fuzzy Data Mining
» Which membership function is good?

» Membership function finding
) Genetic Algorithm
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motivation



v Motivation

) The Crossover and Fitness Function has a hefty time cost of the
previous method

) The time cost is so heavy that only the membership function of
one candidate itemsets can be mined
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Proposed method



. Proposed Method

Mining Membership Functions Mining Fuzzy Association Rules
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¥ Framework

Initial Population MMA Crossover (GPU)
Input: initial chromosomes
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g Framework

Input: initial chromosomes

MMA Crossover (GPU)

Mutation
v

Fuzzy Value Calculation (GPU) [ Mutation J

Fitness Value Calculation (GPU)

n Termination

v
/& Output Output: chromosomes after Crossover




¥ Framework

Initial Population Fuzzy Value Calculation
Input: chromosomes, transactions
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¥ Framework

Initial Population Fitness Value Calculation

Input: chromosomes, Fuzzy Value Matrix
MMA Crossover (GPU) \4

g Population P”

Mutation g Fuzzy Values Matrix
Fuzzy Value Calculation (GPU) T T 1

Fitness Value Calculation

Fitness Value Calculation (GPU)
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g Framework

Input: Fitness Values

MMA Crossover (GPU)
: Repeat
< Mutat
. Htation - Stepl

« Step2 N
Fuzzy Value Calculation (GPU) Step4 Termination
« Step4

Fitness Value Calculation (GPU) Steps Y

n Termination
\ /

Output Output: Membership Function, Large One ltemset




@ Framework

Initial Population Output

MMA Crossover (GPU)

the best chromosome:

Mutation [[1. 2. 4. 5. 3. 3.]
[1. 5. 5. 4. 3. 2.]
[1. 5. 4. 4. 2. 5.]

Fuzzy Value Calculation (GPU) [1. 5. 4. 4. 3. 3.]]
frequent itemsets is:

] . * 1 itemsets:
s Fitness Value Calculation (GPU)  gee.10u @ee.mid @00.high @01. low 082. low

882.mid @82 .high aa3. low @e3.mid 883 .high

n Termination

Output



. Proposed Method

[ Fuzzy value

1 2 3 4 5 6 Quantty

TID ltems

T1 (bread, 1).

T2 (milk, 1); (bread, 5).

T3 (Milk, 3); (candy, 3).

T4 (milk, 1); (candy, 1); (bread, 3).

T5 (milk, 2); (jam, 2); (bread, 2)

NE

4 Fuzzy value 4 Fuzzy value

e <l

1 2

3 4 5 6 Quantity

NS

1 2 3 4 5 6 Quantty

A

» Fuzzy value

D d

1 2 3 4 5 6 Quantty



W' chromosome

» Example

[ Fuzzy value 4 Fuzzy value

1 2 3 4 5 6 Qu'antity 1 2 3 4 5 6 Qu'antity
4 Fuzzy value 4 Fuzzy value
VAV o<
1 2 3 4 5 6 Qurantity 1 2 3 4 5 86 Qurantity
MF, MF, MF, MF,

| Y 3 N A |
cl=12 3,3, 43, 1,5, 3,2, 5,2, 1,1, 3,1, 5,1, 1,2, 3,2, 5,1

Middle, range Middle, range Middle, range Middle, range
Fuzzy set low  mid high low mid high low mid high low  mid high

Chromosome (C,) = a set of membership functions



v MMA Crossover
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W' MMAC Example

» Each pair of genes calculate independent

» The number of genes is enormous

» We can do MMA crossover parallelly based on genes on the GPU New chromosomes
generated by

MMA crossover

Membership Function ; Membership Function ,

1 2 4 1 2 2 6 1

2 & 5 2 2 S 4 2

Minimum 1 1 2 3 4 1 Minimum 2 1 2 1 4 1

Maximum 2 2 3 4 5 2 Maximum 2 2 3 4 6 2
Arithmeticall 1.65 1.35 2.65 3.35 4.65 1.65 Arithmeticall 2 1.65 2.65 2.95 5.3 1.65
Arithmetical2 1.35 1.65 2.35 3.65 4.35 1.35 Arithmetical2 2 1.35 2.35 2.05 4.7 1.35




Mutation

» Single point mutation with random number

MF, MF, MF, MF,
| | | | | | | |

c1=12 3,3, 43, 1,5, 3,2, 5,2, 11, 3,1, 51, 1,2, 3,2, 5,1

c1=12 3,3, 43, 1,5, 3,2, 5,7 1,1, 3,1, 5,1, 1,2, 3,2, 5,1




w Fuzzy Value Calculation

s — -]
T1 (bread, 1).
T2 (milk, 1); (bread, 5). » Each item — three fuzzy value
T3 (Milk, 3); (candy, 3).
T4 | (milk, 1); (candy, 1); (bread, 3). » Sum all the fuzzy value as support
T5 (milk, 2); (jam, 2); (bread, 2)
Input transactions » Compare with minimum support
Item Item index The number of purchase in all transactions
Milk I » With highly repetitive work
NET)
Candy
Bread
Input chromosome
index Low middle Lowrange Mid middle Midrange High middle High range A > >
1 2 1 3 3 5 2
0.5; 05
2 2 2 3 4 5 2 S
3 1.65 1.35 2.65 3.35 4.65 1.65 N AN N N




Fuzzy Value Calculation

1 0.75 0

0 0.75 0

1 0.75 0

0.5 1 0
25/5=0.5 3.25/5=0.65 0/5=0

0 0 0

1 0.67 0
1/5=0.2 0.67/5=0.134 0/5=0

0 0 0

0.5 1 0

1 0.5 0
15/5=0.3 15/5=0.3 0/5=0

0 0 0

1 0.51 0

0 0.3 1

0 0.9 0

0.74 0.81 0

1.75/5=0.348 | 2.51/5=0.501 1/5=0.2

» Milk, Jam, Candy, Bread are
calculated in different threads

» Compare with minimum support

» Get the large one



W' Fitness Function

) Definition

> £(C) =

|L,|
suitability(Cq)

,where |L,| is the number of large itemset T better

» suitability(C,) = overlap(C,) + coverage(Cq)

» The two bad kinds of membership function

(a) Redundant membership functions (b) Separate membership functions

Coverage

a a
Fuzzy value Fuzzy value

A A/

1 3 4 5 Quaniity 5 Quant|ty




W suitability

) Definition
) suitability(C,)

m

Z[overlap(qu) + coverage(Cqj)]
j=1

» Overlap
& lap(R., R,)

overlap(R,, R,

z[max<< _ ? ]k”ﬂ >,1>—1]
o min(w;;,, wji)

» Coverage

1
range(R,; Rji)

max('l J)



W Overlap | better

- overlap(R), Rji)> &5
3 Z[max<< e , |

j=i

[ Fuzzy value

1 2 3 4 5 6 Quantty

|
l \

glue% e ]Fu}mue%

»

1 2 3 4 5 6 Quantty N\ 6 Qurantity ) =N NN Qu'antity
<overlap(Rjk le-)> 5 D E 1 7z 2 _
min(wj,, wj;) min(5,3) 3 min(4, 1) min(3, 1)
overlap(R;, R;;) 5 5
max o1 = - — — —
(( min(wj, wj;) ) ) % <3 Y, 1> 3 maX(l, 1) I maX(Z' 1) 2
< overlap(R;, R;) 5 2
max i N R S =N N\ V= PN
;[ << min(w;,, wji) ) ) | 3 1 3 1 1 0 2 1 1



W Coverage | better

1
) range(R;y, ..., R;)
max(l;)
[ Fuzzy value 4 Fuzzy value 4 Fuzzy value
NN Qu:antity A =N\ Qu:antity DN =N Qu:antity
range(R;;  Rji) g S 341 4 2+2+1 5
max(/,) 6 N = & 6 6
1
range(R;; R;) 1 E E
1 6

max(f ) '



. Large One

» If minimum supportis 0.3, Then |L1| =6

) Large itemset:
» milk.low, milk.mid, candy.low, candy.mid,

0.5

1

1

25/5=0.5

3.25/5=0.65

0.67

bread.low, bread.mid

Support
Candy

0.67/5=0.134

1

0.5

15/5=0.3

0.51

0 0.3 1

0 0.9 0

0.74 0.81 0
1.75/5=0.348 | 2.51/5=0.501 1/5=0.2




Input chromosome
index Low middle Lowrange  Mid middle Mid range  High middle High range

w» Overlap

Example Overlap
: 1.5+25+ 2+ 2.65 =8.65
Index Low, Mid Low, High Mid, High
3 1 3 1 6 1 1 1 1
0 rle)((min(éL,Z)'l)_1 2 max(min(2,4)’1>_1 -2 maX(min(él,LL)'1>_1 2 §+E+§= Ls
3 _ 0 _ 3 _ 1
1 max(min(l,S)'1>_1_2 max(min(l,Z)'1>_1_0 max(min(S,Z)'1>_1_1/2 2+O+§=2.5
4 1 4
2 max(min(z‘@,l)—l:l max(min(z,z),l)—lzo max(min(2’4),1)—1=1 1+0+1=2

3.7 0 3
1)-1=174 1)-1= 1) —1=1082 . 82=2.
3 max <min(1.35, 3.35) ) max <min(1.35, 1.65) ) 0 max <min(3.35, 1.65) ) 08 174+ 0+082=256



. Coverage

Example

Coverage

v

v

Aok

ook

Input chromosome

Low middle Lowrange  Mid middle

Mid range  High middle High range

1+1+1+1=4

~ |\1|H

0\|0\|H

I
=

[
|_\



W' ritness Value

|L1]

suitability(Cq)

|L1]

Z}"zl overlap(Cqj) + coverage(Cqj)

8.65 + 4

= 0.4743

0.5

1

25/5=0.5

3.25/5=0.65

0.67

0.67/5=0.134

1

0.5

1.5/5=0.3

0.51

0 0.3 1
0 0.9 0
0.74 0.81 0
1.75/5=0.348 | 2.51/5=0.501 1/5=0.2
» If minimum support is 0.3, Then |L1| =6
» Large itemset:
» milk.low, milk.mid, candy.low, candy.mid,
bread.low, bread.mid
Index Overla

Low, Mid
3 1
0 mu(m,l)—IZE
3 5
1 max(rnus)ﬂ)flf 2
4
2 max(mj)—lzl

3 A )o1=1m
P\ min(135, 335’ ) T

Low, High

3 1 171

M\ ez n )T T2
70 1 1=0
R T B A

ax(——=—1)-1=0
M\ Min(2,2)" =

0
e (min(l.}& 165)’ 1)’ 1=0

Mid, High
6 1 71 11 1
h Frrews ity i) ztztz=1®
3 ; , 1,
maX(mA)—l—l/z z+u+i-z.5
: t_)-1=1 1+0+1=2
max(m. )— = +0+1=

i

min(3.35,165)"

3
1)71:0_32 17440 + 0.82 = 256

1+1+1+1=4




CONCEPT

v Fitness on GPU

Control . .
o

» Each chromosome has to calculate its

fitness value

» Each of the calculation, which includes
overlap, coverage and fitness function,

is independent

» With the massive parallelism of the

GPU, we can execute the same

function with different parameters,

B e which are called by the pointer
B
_......... » The fitness value calculation in our

method is parallel executed based on




| =& Proposed Method
2000 —&— Previous Method
_ 4000
» Time cost comparison between our [Tl = 000
method and the previous method X £ oo
© g
» Our method is almost 900~1200 ~ 1000 A
times faster —.
3 0 » L L =
» With the growth of the data, our 0 1 I
time cost does not change much -]
(o
1200 +
1000
(=]
& BOO -
[~
5
o 600 -
i
2
' 400 -
200 ~
ﬂ' T T T T T
10 30 50 70 80

Data Size (K)



W Conclusion

» Significantly peed up
» Time has not grown exponentially with the amount of data

) There are some limitation in our method because of the GPU architecture
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