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A RNA genetic algorithm with entropy based
dynamic mutation probability
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(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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(RNA genetic algorithm with entropy based
dynamic mutation probability)

2.1 %l (Encoding)
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2.2 BEFEFAL X (Selection and crossover)
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Fig. 2 Protein mutual-folding operator
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Fig. 4 The curve of dynamic mutation probability
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3 Wk B8 #3052 K (Experiments on test
problems)

3.1 IR BR F(Test functions)
h T RIS BT H SRR R A R, A LAY

FAT A I o B AT S0 S 58 R B ) HAA T
KAARUF:

min fi(z) = (27 + 22 — 1)* + (21 + 23 = 7)%, @)
s.t. g1(2)=4.84 — (z; — 0.05)* — (25 — 2.5)?>0,
=z + (w2 — 2.5)* — 4.84 > 0,
0<z €£6,0< 2, <6.

X* = (2.246826,2.381865), f1(z*) = 13.59085.

min fo(z) = z1 + 22 + 23, (5
1 —0.0025(z4 + x6) = 0,
1 —0.0025(zs5 + 7 — x4) = 0,
1—0.01(zg —x5) =0,
T2 — 833.33252x4 — 10021 +
83333.333 > 0,
(x)=x9x7 — 125025 — 2224 + 125024 > 0,
6(x)=x328 — T325 + 250025 — 1250000 > 0,
100 < 21 < 10000, 1000 < (22, 2:3) < 10000,
10 < ; <1000, i = 4,--- 8.
AR fo(x*) = 7049.330923(7 T
x* = (579.3167,1359.943,5110.071, 182.0174
295.5985,217.9799, 286.4162, 395.5979).

s.t. g1(x

(
(z)
92(x)
(z)
(z)

gs3\x

X

9a

Q

5

Q

min f3(x) = 22 + 25 + 1,79 — 147, — 1625 +
(£3—10)*+4(xs—5)*+ (z5—3)*+
2(zg — 1)% 4 5a2 + T(xg — 11)* +
2(xg — 10)* + (w19 — 7)* + 45, (6)
)=105 — 4x; — bxy + 3x7 — 928 > 0,
)= — 1021 + 85 + 1727 — 225 > 0,
x)=8x1 — 2x9 — by + 210 + 12 > 0,
)

7oy +120 >0,
gs(z)= —52% —8xy— (13— 6)°+27,+40 >0,
g6(2)=—27—2(15—2)*+ 21125 — 145+ 26 >0,
gr(x)=—0.5(z; — 8)% — 2(xy — 4)* — 322 +
x6 + 30 = 0,
gs(2)=3x; — 625 — 12(29 — 8)? + T210 > 0,
~10<z; <10,i=1,---,10.
AR f3(2*) = 24.306207 T
z* = (2.171996, 2.363683, 8.773926, 5.095984,
0.9906548, 1.430574, 1.321644,9.828726,
8.280092, 8.375927).
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I3 cost(z;) — 2 [ cos®(z;)]
=1 =1

min f,(z) = — . (D)
=1

s.t. ﬁ xz; = 0.75, ﬁ x; < 7.5n,
E)ilé z; < 10, iz;ll, ce e LT
FAT S A U fa(2) = —1.1314, fii T
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 W HE 4 R 5 4> Hr(Computational results and
analysis)

edmp-RGAFVE 1) S E A Nyyop=80, Grax=
1000 , PrNA-recoding=0.8, Prutual-folding=0.1, Pcit-folding
= 0.1. N TR LM G oh PERE, X &S bR 2L
g3l ST 3B AT509R, IF K A A 4 R 5 SOk (418
SCHR 17T LR, TR R an R 13,

RUABPPEIEAES0R AL IEAT T 1 R DR £ L
5, R2M 3P EVEIT Y AR LA, FR3 M 3T
ISR R E . AR RS O
BRI AR ZZe = |(f — )/ f*], e <
1%~ 2 ), S AR B R s iz s 1T
R A R ACEL

MFR1-30] DL H, A ST 4 ) edmp-RGAS.
VEAE &7 AL 0 A T/ AR B AR BE, 4513
AR E AR TR A 1L VR (HGA).

H T HE— 2 % gtedmp-RGAJIT K (1) 5 A48 5+
NEARAE A B2 b AR 00, %) ek R f AE WD AR A
HEAZE 1P I IR e it 23 3B AT 6 LIRS, 64
BV Pl AR Sk it 2. K78 58 10004 I ke
R eSS

&1 3B R R AL

Table 1 The success number of three algorithms

Mk MEBGA!T HGAM  edmp-RGA

f1 29 50 50
fo 23 50 50
f3 41 50 50

A2 3SRk AL RAL AL
Table 2 The evolutionary number of three algorithms

Wk MEBGA!T HGA™  edmp-RGA

fi 1000 80 295
fo 4000 532 282
f3 — 650 358

&3 3P FRRARLE R
Table 3 The best solution of three algorithms
MR D EBEGA

fi 13.59085
f2 7060.221
f3 24.3725
fa —0.8011

HGAM™  edmp-RGA

13.5908
7049.248
24.3062
—1.1314

13.5908

7049.35

24.3120
—1.1039

0.090
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0

A K

AL
6 BRIEL f1 55 AN AR S 3 il 2k
Fig. 6 Mutation probability curve of the first generation on
function f1
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Fig. 7 Mutation probability curve of the 1000th generation on
function f;
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A S WA RN ZE T R, B3R R R B, K
M AE0.045 B I 1 75 55 1000 I, Fh T Fh i 2 1
A7, A RN, B AR (A 3)0.06 54,
R PO,

4 5O I 5 9 BE i) B (Short-time gaso-
line blending scheduling problem)
4.1 7] B3 IA (Problem description)
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B A B B0 7 P AR i KL P Y R g T
LR BTSRRI 90VE A B E(RON) By ik vk



5 8 W EREAR A A7 BRI AL S MRS RNAT AL 575 1015
FEAE (MON) A 75 8 28 H (RVP) U S A 2 U8 {H, Pyon.n N 77 S fIMONTE, MON,, win J 77 in
T T [FIMONIR/MH, Pryp » A7 itinJRVP{E, RV P,
P — T - Td- - (Cr Cx)(s CX) . o ’ N o B n,max
hon=¢; exctonlerdingls}ea == ) RVPRKA, Vi, b A R, Ve,
T 2 T 2 ‘\%Q‘DAA“_‘H 178 4 S /[:l.
CYQ(OSTCX— (OTCX) )_i_ag(a;F_(aTcx) )7 (8) K5 AT mn 4 mr Ak
€ . € C{j 4.2 HE 4R K5 Pr(Results of gasoline blending
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K, Pron A7 VI IIRONAE, Pyon N7 v
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1) 7= SRR A 415y 22 (R R 4

Ny Np NCn
Ve =3 > Venm- (1
n=1 n=1m=1
2) PGSR 2R
Ncn
Vp,, = Ve, + > Ve ma (12)
m=1
3) Aot LR
Np
VCva < Z Vcn,m < VCm,U' (13)
n=1
4) 7 il
Ve = Mp,. (14)
5) 77l RHESR PR A RA
PRON,n > RONn,min- (15)
6) /il SELUEIRPRZYINB
PMON,n 2 MONn,min- (16)
7) 7SRRI AR
PRVP,n < RVPn,max- (17)

Rk AKX N AE AN, N, S
LG AL S AL, Vi, 7 S5 R IR
Ve, ., NRIRS GG Mn 4 m PR,
Ve, ML rmIE EAA RN IR, Ve, , A 5rmI)
WEAAE R B, Mp, 7 i T34 75 K&, Pronon
N 77 I fRONTE, RON,, 1nin A 77 il [FIRON /)N

M5y A IC T7 an e, A Gl v i 4 5y
MO EC 7 RS TR, R6H I T 3T Ml Al 7
73 20 o pTE TR bR g R, KT e 2 SR,
Feaz R [E I H) T SCHER 19107 BE A4 (PSO)
SREAE R SR (23] 18 21 AR 7 B DNAGE 1% 5%
(nmDNA-GA)X] 1%y i i 5 ) @8 AL 45 %, LT
AT AR,

M ETA LLE ), Hedmp-RGATE 1L B 5 75 5
() 7 b Y I 5 A 4$75916.9507, EE SCHR [1911
B BE U0 A0 B R A3 B 1 45 RS$T46185 T
$1298.9507, IX AR fii A& AE W PDULIR). [FII, %A
A KT nmDNA-GATS 2 AE 75112, E6IH)
J8 it i1 5T & 48 bR AT LU HH, edmp-RGA 5 nmDNA-
GAFRHUAR T UF R8RS IifebrdeA EH7E
AT, 0T SCER 191 PSSO,

A4 RS BHBAE, b R
Table 4 The consuming of components for higher
quality gasoline

HrmMiFhE  edmp-RGA nmDNA-GA?! psot!

A 3761.76 3842.5 54727
HIE 1629.76 1546.3 1678
Tk 219.72 220.2 225.3
AL 4288.99 4331.1 1968
pSpe ] 109.76 59.9 656

A5 ASERA AL R
Table 5 The consuming of components for lower
quality gasoline

02 edmp-RGA nmDNA-GA?! psol!?

AL 5148.91 5000.2 2776.1
HIE 2549.27 2488.30 2555.6
Thi 150.69 145.8 136.3
AL 161.14 165.6 2532
pSpe Al 0 0 0
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Table 6 Oil product index
ik Y2k A RON
LI 88.51457 77.902265 10.79993

MON RVP

edmp-ROA il 91.83916 80000004 1079803
AmDNA.GA[Z BTN 885000 77.8960  10.7823
E 91.5390  80.0373  10.7449

psole  HOEVUA 887 - 78.3841  10.8004
RO 91,5002 80.0406  10.8006

&7 RS EAIHE
Table 7 Profits of three algorithms

PifkJ7iE  edmp-RGA nmDNA-GAZ! psol!!

MANES  75916.9507 75112 74618

5 %58 (Conclusions)

AR S R R B 78 S E R RNATS A4 5
V5, BLVAE SO (1A FE Rl b 7E AT S M 2 1 e
ST R0 DA, AR M AT R AN AR 1)
B 5 3 AT 17 DK A% S W AT 3h 2 T 2. T IR
BRACRIE T BT S A W SIS L R RS RS
TP e, RS A TSRy o A LA
JiE i 8, % TR W A% A B A R AR T
HoAth 5.
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