
29 8
2012 8 Control Theory & Applications

Vol. 29 No. 8
Aug. 2012

RNA

: 1000−8152(2012)08−1010−07

1,2, 1

(1. , 310027; 2. , 310018)

: . RNA
, RNA , ,

RNA , ,
, .

. ,
.

: RNA ; ; ;
: TP273 : A

A RNA genetic algorithm with entropy based
dynamic mutation probability

WANG Kang-tai1,2, WANG Ning1

(1. State Key Laboratory of Industrial Control Technology, Zhejiang University, Hangzhou Zhejiang 310027, China;
2. College of Electronics & Information Engineering, Hangzhou Dianzi University, Hangzhou Zhejiang 310018, China)

Abstract: The constrained optimization problem becomes a focus and difficulty in science and engineering filed. In-
spired by the expression of bio-genetic information of RNA molecular and entropy concept, a RNA genetic algorithm with
entropy based dynamic mutation probability (edmp-RGA) is proposed. The algorithm adopts nucleotide base encoding, and
RNA recoding operation and protein folding operation are designed to replace the conventional crossover operation. In the
algorithm, the values of mutation probability are decided by nucleotide base distribution of the current bits of population.
The numerical experiments on four benchmark functions show the effectiveness of the proposed algorithm. The solution to
the short-time gasoline blending scheduling problem shows that the proposed algorithm gains a higher profit.
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2.1 (Encoding)
RNA 4 ,
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edmp-RGA , RNA
, . RNA 4
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C}l, l RNA . edmp-RGA
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2.2 (Selection and crossover)
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Fig. 2 Protein mutual-folding operator
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Fig. 3 Protein self-folding operator
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2.3 (Mutation)
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S = s1, s2, · · · , sL ,
i

Hi= −(Ni(A)Pi(A) log2(Pi(A))+Ni(U)Pi(U)×
log2(Pi(U))+Ni(G)Pi(G) log2(Pi(G))+

Ni(C)Pi(C) log2(Pi(C))), 0 < i � L, (1)

: Pi(X) i

X ; Ni(X) i

X . Size,

H(i)= −(
N 2

i (A)
Size

log2(
Ni(A)
Size

)+
N 2

i (U)
Size

×

log2(
Ni(U)
Size

)+
N 2

i (G)
Size

log2(
Ni(G)
Size

)+

N 2
i (C)
Size

log2(
Ni(C)
Size

)), 0 < i � L. (2)
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Pi = Pmax − Pmax − Pmin

Hmax − Hmin

× Hi, (3)

: Pmax, Pmin

, ; Hmax,
Hmin .

[0.01, 0.2], Pmin =0.01, Pmax =0.2,
Size = 80, Hmax = 38 ,
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Fig. 4 The curve of dynamic mutation probability

2.4 edmp-RGA (The procedure of edmp-
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Fig. 5 The flowchart of edmp-RGA

edmp-RGA :

1 Npop RNA
.

2 .

3
Npop .

4 RNA ,
, RNA , 6.

5.

5 ,
.

.

6
.
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, , 2
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3 (Experiments on test
problems)

3.1 (Test functions)
, 4

.
:

min f1(x) = (x2
1 + x2 − 1)2 + (x1 + x2

2 − 7)2, (4)

s.t. g1(x)≡4.84 − (x1 − 0.05)2 − (x2 − 2.5)2�0,

g2(x)≡x2
1 + (x2 − 2.5)2 − 4.84 � 0,

0 � x1 � 6, 0 � x2 � 6.

X∗ = (2.246826, 2.381865), f1(x∗) = 13.59085.

min f2(x) = x1 + x2 + x3, (5)

s.t. g1(x)≡1 − 0.0025(x4 + x6) � 0,

g2(x)≡1 − 0.0025(x5 + x7 − x4) � 0,

g3(x)≡1 − 0.01(x8 − x5) � 0,

g4(x)≡x1x6 − 833.33252x4 − 100x1 +

83333.333 � 0,

g5(x)≡x2x7 − 1250x5 − x2x4 + 1250x4 � 0,

g6(x)≡x3x8 − x3x5 + 2500x5 − 1250000 � 0,

100 � x1 � 10000, 1000 � (x2, x3) � 10000,

10 � xi � 1000, i = 4, · · · , 8.

f2(x∗) = 7049.330923

x∗ = (579.3167, 1359.943, 5110.071, 182.0174

295.5985, 217.9799, 286.4162, 395.5979).

min f3(x) = x2
1 + x2

2 + x1x2 − 14x1 − 16x2 +

(x3−10)2+4(x4−5)2+ (x5−3)2+

2(x6 − 1)2 + 5x2
7 + 7(x8 − 11)2 +

2(x9 − 10)2 + (x10 − 7)2 + 45, (6)

s.t. g1(x)≡105 − 4x1 − 5x2 + 3x7 − 9x8 � 0,

g2(x)≡− 10x1 + 8x2 + 17x7 − 2x8 � 0,

g3(x)≡8x1 − 2x2 − 5x9 + 2x10 + 12 � 0,

g4(x)≡− 3(x1 − 2)2 − 4(x2 − 3)2 − 2x2
3 +

7x4 + 120 � 0,

g5(x)≡−5x2
1−8x2−(x3−6)2+2x4+40�0,

g6(x)≡−x2
1−2(x2−2)2+2x1x2−14x5+x6 �0,

g7(x)≡− 0.5(x1 − 8)2 − 2(x2 − 4)2 − 3x2
5 +

x6 + 30 � 0,

g8(x)≡3x1 − 6x2 − 12(x9 − 8)2 + 7x10 � 0,

−10 � xi � 10, i = 1, · · · , 10.

f3(x∗) = 24.3062

x∗ = (2.171996, 2.363683, 8.773926, 5.095984,

0.9906548, 1.430574, 1.321644, 9.828726,

8.280092, 8.375927).
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min f4(x) = −
|

n∑
i=1

cos4(xi) − 2
n∏

i=1

cos2(xi)|√
n∑

i=1

ixi

, (7)

s.t.
n∏

i=1

xi � 0.75,
n∏

i=1

xi � 7.5n,

0 � xi � 10, i = 1, · · · , n.

f4(x∗) = −1.1314,

x∗=(3.1520, 9.4137, 6.2666, 4.6805, 3.1172, 3.1085,

3.0997, 3.0910, 3.0821, 3.0733, 0.2080, 3.0554,

0.2003, 0.1965, 0.1929, 0.1894, 0.1859, 0.1826,

0.1793, 0.1762).

3.2 (Computational results and
analysis)

edmp-RGA Npop=80, Gmax=
1000 , PRNA-recoding=0.8, Pmutual-folding=0.1, Pself-folding

= 0.1. ,
50 , [4]

[17] , 1–3 .

1 3 50
, 2 3 , 3 3

.
ε = |(f − f∗)/f∗|, ε <

1% ,
.

1–3 , edmp-RGA
,

(HGA).

edmp-RGA
, f1

. 6
1 . 7 1000

.

1 3
Table 1 The success number of three algorithms

GA[17] HGA[4] edmp-RGA

f1 29 50 50
f2 23 50 50
f3 41 50 50

2 3
Table 2 The evolutionary number of three algorithms

GA[17] HGA[4] edmp-RGA

f1 1000 80 295
f2 4000 532 282
f3 — 650 358

3 3
Table 3 The best solution of three algorithms

GA[17] HGA[4] edmp-RGA

f1 13.59085 13.5908 13.5908
f2 7060.221 7049.248 7049.35
f3 24.3725 24.3062 24.3120
f4 − 0.8011 − 1.1314 − 1.1039

6 f1 1
Fig. 6 Mutation probability curve of the first generation on

functionf1

7 f1 1000
Fig. 7 Mutation probability curve of the 1000th generation on

function f1

6 7 , ,
, ,

, ,
0.045 . 1000 ,
, , 0.06 ,

.

4 (Short-time gaso-
line blending scheduling problem)

4.1 (Problem description)
,

, ,
.

(RON)
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(MON) (RVP) [18]:

PRON= cT
r cx+α1(cT

r diag{s}cx−(cT
r cx)(sTcx)

eTcx

) ·

α2(oT
s cx−(oTcx)2

eTcx

)+α3(aT
s −

(aTcx)2

eTcx

), (8)

PMON= cT
mcx+α4(cT

mdiag{s}cx−(cT
mcx)(sTcx)

eTcx

)+

α5(oT
s cx−(oTcx)2

eTcx

)+
α6

10000(eTcx)
·

(eT
s − (aTcx)2

eTcx

)2, (9)

PRVP= (
n∑

i=1

ui(RV Pi)1.25)0.8, (10)

: cr RON , cx , cm

MON , s = cr − cm, o

, os , e , a

, as , αi

, PRON RON , PMON

MON , PRVP RVP , n

, RV Pi i RVP , ui i

.

, [19–20]:

1)
Np∑
n=1

VPn
=

Np∑
n=1

NCn∑
m=1

VCn,m
. (11)

2)

VPn,j
= VPn,j−1 +

NCn∑
m=1

VCn,m,j
. (12)

3)

VCm,L
�

Np∑
n=1

V cn,m � V cm,U . (13)

4)

VPn
= MPn

. (14)

5) A

PRON,n � RONn,min. (15)

6) B

PMON,n � MONn,min. (16)

7)

PRVP,n � RV Pn,max. (17)

: Np , NCn

, VPn,j
n j

, VCn,m,j
j n m ,

VCm,L
m , VCm,U

m

, MPn
n , PRON,n

n RON , RONn,min n RON

, PMON,n n MON , MONn,min n

MON , PRVP,n n RVP , RV Pn,max

n RVP , VPn
n , VCn,m

n m .

4.2 (Results of gasoline blending
and analysis)

edmp-RGA 24
,

.
[21–22].

edmp-RGA
4 ,

5 . 6
, 7 .

4 7 [19] (PSO)
[23] DNA

(nmDNA-GA) ,
.

7 , edmp-RGA
$75916.9507, [19]

$74618
$1298.9507, . ,

nmDNA-GA 75112. 6
, edmp-RGA nmDNA-

GA ,
, [19] PSO .

4
Table 4 The consuming of components for higher

quality gasoline

edmp-RGA nmDNA-GA[23] PSO[19]

3761.76 3842.5 5472.7
1629.76 1546.3 1678
219.72 220.2 225.3

4288.99 4331.1 1968
109.76 59.9 656

5
Table 5 The consuming of components for lower

quality gasoline

edmp-RGA nmDNA-GA[23] PSO[19]

5148.91 5000.2 2776.1
2549.27 2488.30 2555.6
150.69 145.8 136.3
161.14 165.6 2532

0 0 0
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6
Table 6 Oil product index

RON MON RVP

edmp-RGA
88.51457 77.902265 10.79993
91.83916 80.000004 10.79803

nmDNA-GA[23] 88.5000 77.8960 10.7823
91.5390 80.0373 10.7449

PSO[19] 88.7 78.3841 10.8004
91.5002 80.0406 10.8006

7
Table 7 Profits of three algorithms

edmp-RGA nmDNA-GA[23] PSO[19]

/$ 75916.9507 75112 74618

5 (Conclusions)
RNA

, [9]
,

.

,
,

.
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