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Application of genetic algorithms in fuzzy design
TAN Jian-hao, ZHANG Jing

(Electrical and Information Engineering College Hunan University, Changsha Hunan 410082, China)

Abstract: A practical scheme of fuzzy design in CAD systems is developed, of which the environment is the currently

collected data; the learning unit is the fuzzy optimization algorithm based on the genetic algorithms; the knowledge base is

composed of design criteria; the executive part is the design unit. The fuzzy optimization learning algorithm of the regres-

sion equation is developed, and the corresponding flow chart is built. Then, the design criterion of a flash size is obtained

by using this system; and the stability of the algorithm is verified through some examples. To evaluate the performances

of the algorithm, we compare it with the least-squares method(LSM) and the immune-genetic algorithm(IGA); the result

shows that our algorithm is faster, with higher precision and stability than the other algorithms.
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1 (Introduction)
CAD ,

.
[1].

,

. ,

.

3 [2]:

.

,

, ,

( )

,

.

,

.

2 CAD (Fuzzy design in

CAD systems)
CAD

: , ,

,

.

2.1 (Regression model)
.

, .

y = xTa. (1)

: y ∈ R , x ∈ R
m+1 ,

a ∈ R
m+1 , x a

x = [1 · · · xm]T,a = [a(0) a(1) · · · a(m)]T. (2)
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y a

Y = {y|y ∈ R},A = {a|a ∈ R
m+1}. (3)

: N

(Xk, Y
∗

k ), k = 1, 2, · · · , N, ,

, k Xk m + 1
Xk = (1, x1k, x2k, · · · , xmk), k

Y ∗
k = y∗

k.

yk = XT
k a.

.

max yk = XT
k a, k = 1, 2, · · · , N. (4)

yk, k = 1, 2, · · · , N ,

y∗
k, ε, [y∗

k − ε, y∗
k + ε].

A yk Gk, k =
1, 2, · · · , N , μGk

(a) :

μGk
(a)=

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

0, yk � y∗
k − ε,

1−(y∗
k−yk)/ε, y∗

k−ε�yk �y∗
k,

1−(yk−y∗
k)/ε, y∗

k <yk <y∗
k+ε,

0, yk �y∗
k + ε.

(5)

A Gk, k = 1, 2, · · · ,

N , G =
N⋂

k=1

Gk .

, A G

μG(a) a∗, a∗ .

μG(a) [3, 4].

μG(a) =
N∧

k=1

μGk
(a) =

min(μGk
(a|k = 1, 2, · · · , N). (6)

, a∗,

μG(a∗) = max(μG(a)) =

max(min(μGk
(a|k = 1, 2, · · · , N)). (7)

2.2 (Learning algorithm)
1) .

(7) ,

. ,

.

[4, 5].

a, μmin(a) = min(μGk
(a|k = 1, 2,

· · · , N). μmin(a) � μGk
(a) < 1,

μGk
(a) . μGk

(a)
. μGk

(a) , .

:

D(a) =
N∑

k=1

wk∇μGk
(a). (8)

:

∇μGk
(a) =

1
ε
sgn(y∗

k−yk)∇yk =

1
ε
sgn(y∗

k−yk)∇XT
k a =

sgn(y∗
k−yk)

Xk

ε
, k = 1, 2, · · · , N. (9)

wk , :

wk =

{
0, μGk

= 1,

1/(μGk
− μmin + e), μmin � μGk

< 1.
(10)

: e , 1/e .

(6), a,

.

.

.

al(t), l , t ,

D(al(t)) al(t + 1)
:

al(t + 1) = al(t) + βtD(al(t)). (11)

βt Erlang .

Erlang .

,

, ,
[6∼8].

2) .

1( ) :

samples. : .

, :

1◦ , (Xk, Y
∗

k ), k = 1,

2, · · · , N.

2◦ yk = XT
k a, y∗

k =
Y ∗

k , ε.

3◦ pop size, t = 0,

al(0), l = 1, 2, · · · , pop size.

4◦ al(t), (4)

yl
k(t). (5)

μGl
k(t)(al(t)). (6)

μGl(t)(al(t)). 4© (9) (10)

∇μGl
k(t)(al(t)) wk(t), (9)

D(al(t)).

5◦ al(t + 1).

6◦ .
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7◦ (11) .

8◦ ? , t = t + 1,

4◦. , μGl(t)(al(t)) al(t)
.

3 (Application examples)
,

.

3.1
(Relationship among variables in flash size de-

sign criteria)

,
[1]:

HY =β0+β1 ∗ Q0.2
Y +β2 ∗ (DY/D0) ∗ SY+εσ.

(12)

: HY ; D0, DY

, ; QY ; SY

.

3.2 (Examples)
(12) 1 .

1 HY

Table 1 HY training samples of regression analysis

Q0.2
Y (DY/D0) ∗ SY HY

1.33828 1.73525 4.00000

1.24970 5.61601 4.00000

1.34031 4.18778 4.00000

...
...

...

1.26268 3.50018 4.00000

,

1 (12) .
[8]: NIND = 100,

10; MAXGEN = 100;

2, 2, 4, 4, ;

GGAP = 0.9; ε = 0.1; Pc

Pm :

Pc =

{
k1(fmax − f ′)/fmax − favg, f

′ � favg,

k2, f ′ < favg.

Pm =

{
k3(fmax − f)/fmax − favg, f � favg,

k4, f < favg.

: fmax ; favg

; f ′

; f ;

k1, k2, k3, k4 ∈ (0, 1). ,

HY = 1.56 + 2.20 ∗ Q0.2
Y . (13)

,

. ,

, ,

. .

, 5 , 2.

2 ,

, ,

. 142 s,

, ,

.

(LSM)[9]

(IGA)[10] ,

3.

2

Table 2 Test results of flash size based on fuzzy optimization

HY HY /% /% /s

4 6.58 6.00 9.726

1 5 4.68 4.60 1.802 4.039 145 85

6 5.02 5.00 0.589

4 6.38 6.00 6.410

2 5 4.60 4.60 0.115 2.545 140 95

6 4.94 5.00 1.110

...
...

...
...

...
...

...
...

4 5.48 6.00 8.562

5 5 4.74 4.6 3.173 5.481 146 98

6 5.23 5.00 4.708
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3 LSM IGA

Table 3 Test results of flash size based on LSM and IGA

HY /% /% /s

HY LSM IGA LSM IGA LSM IGA LSM IGA

4 6.00 6.53 6.43 8.826 7.166

1 5 4.60 5.10 4.90 10.780 6.521 7.347 5.562 132 140

6 5.00 5.12 5.15 2.435 3.000

4 6.00 6.15 6.20 7.420 3.333

2 5 4.60 4.66 4.72 1.215 2.609 3.915 4.114 129 138

6 5.00 4.84 5.32 3.11 6.400

...
...

...
...

...
...

...
...

...
...

...

4 6.00 5.50 5.78 8.262 3.667

5 5 4.60 4.75 4.81 3.174 5.217 6.051 4.628 140 136

6 5.00 5.34 5.25 6.718 5.000

3 2 , LSM

IGA ,

,

, ,

.

4 (Discussion and conclusion)
2 3, : 1)

,

, ,

, ; 2)

, , [8]

300 , 20 .

: , ,

, .

, .

,

. ,
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