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Improvement of Grammatical Evolution by Schemata Operation

Abstract: Grammatical Evolution (GE) is one of the evolutionary computations which is designed for find-
ing function, program or program fragment satisfying the design objective. A simple improvement idea of
Grammatical Evolution is presented in this study. Instead of the simple Genetic Algorithm concept, stochas-
tic schemata exploiter concept is employed for the Grammatical Evolution. Effectiveness of the present
algorithm is discussed in the symbolic regression problem.
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Fig. 1 Flowchart of Grammatical Evolution
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2.1

2.1.1

(GE) 1

( 1 ) (BNF)
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( 3 )
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α α nα

( d ) 10 β nα γ
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( e ) α γ
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( 6 )

1 BNF

Table 1 Example of BNF Syntax

(A) <expr> ::= <expr><op><expr> (A0)

| <var> (A1)

(B) <op> ::= + (B0)

| - (B1)

| * (B2)

| / (B3)

(C) <var> ::= X (C0)

| Y (C1)

| Z (C2)

( 7 ) (3)

2.1.2

1 BNF

<expr>

1

|
<var>

<var> X Y Z

(C0) (C1) (C2) 3

( 1 ) 010001111101101110

3-bit

010 001 111 101 101 110

2 1 7 5 5 6

( 2 ) 10 2 BNF

<expr> 1 <expr>

2

0 (A0)

<expr>

<expr>

<expr><op><expr>

( 3 ) <expr> 2

1 2

1 (A1) <expr>

<expr><op><expr>

<var><op><expr>

( 4 )

Y-X ( 2)
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Table 2 Generated symbol list

<expr> 2 <expr><op><expr>

<expr> 1 <var> <op><expr>

<var> 7 Y<op><expr>

<op> 5 Y-<expr>

<expr> 5 Y-<var>

<var> 6 Y-X

2 SSE

Fig. 2 Flowchart of SSE
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SSE) [6], [7] 2

2
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2.2.1

2 SSE
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Fig. 3 Subpopulations

4 GE-SSE

Fig. 4 Flowchart of GE-SSE

s(H) | s(H) |
H H

( )

f(H) =
1

| s(H) |
∑

x∈s(H)

f(x) (1)

2.2.3

Pt M

( ) c1, c2, · · · , cM Pt

S( �= φ)

L(S) (S − ck) S

ck ∪
L(S) < M Pt

• S S ∪ c(L(S)+1)

• S (S − cL(S)) ∪ c(L(S)+1)

SSE S = {c1}
( 3)

2.3 GE-SSE

Grammatical Evolution with Stochastic Schemata

Exploiter(GE-SSE) 4

( 1 ) (BNF)
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3 BNF ( )

Table 3 BNF syntax (Symbolic regression problem)

(A) <expr> ::= <expr><op><expr> (A0)

| <var> (A1)

(B) <op> ::= + (B0)

| - (B1)

| * (B2)

| / (B3)

(C) <var> ::= x (C0)

| <num> (C1)

(D) <num> ::= 1 (D0)

| 2 (D1)

| 3 (D2)

| 4 (D3)

| 5 (D4)

| 6 (D5)

| 7 (D6)

| 8 (D7)

| 9 (D8)

( 2 ) 2

( 3 ) GE

( 4 )

( 5 )

( 6 ) SSE

( 7 ) (3)

GP

GE

MaxN

3.

3.1

n

{(x1, y1), (x2, y2), · · · , (xn, yn)}
f f̄

yi = f(xi)

f

f(x) = x4 + x3 + x2 + x (2)

(2) x -10.0 10.0 0.1

201

3 BNF <expr>

GE

GP

(3)

4

Table 4 Parameters for symbolic regression problem

Max. generation 1000

Number of trials 100

Population size 300

Chromosome length 800

Number of elite 3

Bit length for radix conversion 8bit

Max length of sentences 24

E =

√√√√ 1

201

201∑
i=1

(f(xi) − f̄(xi))
2 (3)

0

xi

f(xi) N x

Px (4)

Px = 1− f(x)∑N
i=1 f(xi)

(4)

GE 0.9 0.8 0.7 0.6

0.5 0.5 0.4 0.3 0.2 0.1 0.075 0.05

0.025 0.01 GE-SSE

0.5 0.4 0.3 0.2 0.1 0.075 0.05

0.025 0.01

4

GE

5

5

6

0.01

0.6

0.075

GE-SSE

7

0.3

GE 0.6 0.075

GE-SSE

0.3
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Fig. 5 Effect of crossover rate to average fitness of best indi-

viduals
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6

Fig. 6 Effect of mutation rate for average fitness of best indi-

viduals
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Fig. 7 Effect of crossover rate for average fitness of best indi-

viduals
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Fig. 8 Convergence of average fitness of best individuals

5 BNF

Table 5 BNF syntax for NIKKEI average forecast problem

(A) <expr> ::= <expr><expr><op> (A0)

| <var> (A1)

(B) <var> ::= <stock> (B0)

| <num> (B1)

(C) <op> ::= + (C0)

| - (C1)

| * (C2)

| / (C3)

(D) <stock> ::= yt−1 (D0)

| yt−2 (D1)

| yt−3 (D2)

| yt−4 (D3)

| yt−5 (D4)

(E) <num> ::= 1 (E0)

| 2 (E1)

| 3 (E2)

| 4 (E3)

| 5 (E4)

| 6 (E5)

| 7 (E6)

| 8 (E7)

| 9 (E8)

225

2010 10 1 2011 9 30

2011 10 3 2011 11 30

GE-SSE 5

<expr>

GE-SSE

(5)
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6

Table 6 Parameters for NIKKEI average forecast problem

Max. generation 1000

Number of trials 100

Population size 300

Chromosome length 800

Number of elite 3

Bit size for radix conversion 8bit

Maximum length of sentences 24
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Fig. 9 Effect of mutation rate for average fitness of best indi-

viduals

E =

√√√√ 1

N

N∑
t=1

(yt − ȳt)2 (5)

N yt t

ȳt GE

0

6 0.5

0.4 0.3 0.2 0.1 0.075 0.05 0.025 0.01

9

0.1

10

100 134.95

ȳt = (yt−1 − 5) +
(yt−3 − yt−5) + 10

yt−2
+

yt−5 − yt−4

5

(6)

112.284

4.
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Fig. 10 Convergence of average fitness of best individuals

GE SSE GE-SSE

GE GE-SSE

GE-SSE GE

SSE

GE

GE

GE-SSE

[1] Holland, J. H.: Adaptation in Natural and Artificial Sys-
tems, The University of Michigan Press, 1 edition (1975).

[2] Goldberg, D. E.: Genetic Algorithms in Search, Opti-
mization and Machine Learning, Addison Wesley, 1 edi-
tion (1989).

[3] Koza, J. R.(ed.): Genetic Programming II, The MIT
Press (1994).

[4] Ryan, C., Collins, J. J. and O’Neill, M.: Grammatical
Evolution: Evolving Programs for an Arbitrary Language,
Proceedings of 1st European Workshop on Genetic Pro-
gramming, Springer-Verlag, pp. 83–95 (1998).

[5] C.Ryan and M.O’Neill: Grammatical Evolution: Evolu-
tionary Automatic Programming in an Arbitrary Lan-
guage, Springer-Verlag (2003).

[6] Aizawa, N. A.: Evolving SSE: A Stochastic Schemata Ex-
plointer, Proc. 1st IEE Conf. Evol. Comp., IEEE, pp.
525–529 (1994).

[7]
2 chapter 1, pp.

3–32 (1995).

6ⓒ 2014 Information Processing Society of Japan

Vol.2014-MPS-98 No.23
Vol.2014-BIO-38 No.23

2014/6/27


