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GA 4

4
2. MOGA[2]
2. NSGA-11 [3]
2. SPEA2[4,5]
2. NCGA[6]
2
3
4 2

Linux g++(version 2.95.4 20010319) mpiCC
(MPICH 1.2.2, Lam 6.5.2)
Windows version 2.95.4 g++

1 http://is.doshisha.ac.jp/
2 http://mikilab.doshisha.ac. jp/dia/research/moga/



4
GA
MOGA[2]
MOGA (
SPEA2[3]
SPEA2 (
NSGA-11 [4,5]
NSGA-11 (
NCGA[6]
NCGA2 (

C++

[makeFfile 1
makefile

[cpp 1
cross_over.cpp
func.cpp
func_numerical .cpp
gene.cpp
loadconf.cpp
main_m_s.cpp
main_ncga.cpp
main_ncga_mpi .cpp
main_nsga2.cpp
main_nsga2_mpi.cpp
main_oneisland.cpp

main_spea2.cpp

GA

GA)

GA)

GA)

GA)

STL(
MP1



main_spea2_mpi.cpp
mtrand.cpp
mutation.cpp
ncga.cpp

ncga_mpi .cpp
one_mpi .cpp
one_nhsga2.cpp
one_nsga2_mpi .cpp
one_spea2.cpp
one_spea2_mpi .cpp
oneisland.cpp

pop -cpp
select.cpp
select_nsga2.cpp
select_spea2.cpp

[h 1
base.h
cross_over.h
evaluat._hn_h
func.h
func_numerical.h
gene.h
loadconf_h
mtrand.h
mutation.h
ncga.-h
ncga_mpi.h
one_mpi.h
one_nsga2.h
one_nsga2_mpi.h
one_spea2.h
one_spea2_mpi.h
oneisland.h
pop-h

select.h



select_nsga2.h
select_spea2.h

Tar xvzf ga2k.tar.gz

2.2
MOGA SPEA2, NSGA-11 , NCGA 4
makefile
2.2.1
make Make makefile
CC = g++ CFLAGS
= -02 —funroll-loops MP1 MPICC = mpiCC
2.2.2 make
makefile make
MOGA
[ moga ]
make
make moga
MOGA
./moga
makefile MOGA

oneisland.cpp
pop.-cpp
gene.cpp
func.cpp



func_numerical .cpp
mutation.cpp
Cross_over.cpp
select.cpp
mtrand.cpp
loadconf.cpp

main_oneisland.cpp

MP1_MOGA

make mpi_moga
make mpi_moga
MOGA
mpirun —np 2 mpi_moga

makefile

oneisland.cpp
pop -cpp
gene.cpp
func.cpp
func_numerical .cpp
mutation.cpp
Cross_over .cpp
select.cpp
mtrand.cpp
loadconf.cpp
one_mpi .cpp

main_m_s.cpp

SPEA2

make spea2

make spea2
SPEA2

[ mpi_moga ]

mpi_moga

[ spea2 ]



./spea2
makefile

oneisland.cpp

pop -cpp

gene.cpp

func.cpp
func_numerical .cpp
mutation.cpp
Cross_over .cpp
select.cpp
mtrand.cpp
loadconf.cpp
main_oneisland.cpp
select_spea2.cpp
one_spea2.cpp

main_spea2.cpp

MP1_SPEA2

make mpi_spea2
make mpi_spea2
SPEA2
mpirun —np 2 mpi_spea2
makefile

oneisland.cpp

pop -cpp

gene.cpp

func.cpp
func_numerical .cpp
mutation.cpp
Cross_over .cpp
select.cpp

mtrand.cpp

SPEA2

SPEA2

[ mpi_spea2 ]



loadconf.cpp
main_oneisland.cpp
select_spea2.cpp
one_spea2.cpp
one_spea2_mpi.cpp

main_spea2_mpi.cpp

NSGA-11
[ nsga2 ]

make nsga2
make nsgaz2
NSGA-11
-/nsga2
makefile NSGA-11

oneisland.cpp

pop -cpp

gene.cpp

func.cpp
func_numerical .cpp
mutation.cpp
Cross_over .cpp
select.cpp
mtrand.cpp
loadconf.cpp
main_oneisland.cpp
select_nsga2.cpp
one_nsgaZ2.cpp

main_nsga2.cpp

MPI_NSGA-11
[ mpi_nsga2 ]

make mpi_nsga2

make mpi_nsga2

10



NSGA-11
mpirun —np 2 mpi_nsga2
makefile NSGA-11

oneisland.cpp

pop -cpp

gene.cpp

func.cpp
func_numerical .cpp
mutation.cpp
Cross_over.cpp
select.cpp
mtrand.cpp
loadconf.cpp
main_oneisland.cpp
select_nsga2.cpp
one_nsgaZ2.cpp
one_nsga2_mpi.cpp

main_nsga2_mpi.cpp

NCGA
[ ncga ]

make ncga
make ncga
NCGA
./ncga
makefile NCGA

oneisland.cpp

pop -cpp

gene.cpp

func.cpp
func_numerical .cpp
mutation.cpp

Cross_over.cpp

11



select.cpp
mtrand.cpp
loadconf.cpp
select_spea2.cpp
ncga.cpp

main_ncga.cpp

MPI_NCGA

make mpi_ncga

make ncga
NCGA
mpirun —np 2 mpi_ncga
makefile NCGA

oneisland.cpp
pop -cpp
gene.cpp
func.cpp
func_numerical .cpp
mutation.cpp
Cross_over .cpp
select.cpp
mtrand.cpp
loadconf.cpp
ncga.cpp
ncga_mpi.cpp

main_ncga_mpi.cpp

[ mpi_ncga ]

gcc version 2.95.4 20010319 (Debian prerelease)

debian linux (kernel 2.2.18pre2l)

12



2. . =02 —funroll-loops

2. . -06 —mcpu=pentiumpro —ffast-math —Funroll-all-loops

2.3

GA [1]

Population size
Maximum generation
Crossover rate
Crossover method
Mutation rate
(mutation method)

[MOGA]
Selection method
(sharing need num)
[NSGA-11 ]
NSGA-11 r (0<r<1)
GA
L 1
100
(€Y
250
1.0
1/
( )
€D
(250)
C )
a )

13



(10)
@
© )
[MOGA]

(100)

[NSGA-11 ]
NSGA-11 r (0.0)

2.4

241

[ valuename( ) = value( ) ]

pop_num ¢

func_number

cross_method

mut_method

select_method

Cross_r

mut_r

sharing_need_pop

loop_num (

end_gene

limit_func_count

print_level

14




MOGA
SPEA2
NSGA-11
NCGA

plan_num
obj_num
R NSGA-11
file_in
mof_ga.txt
H————- GA parameter

mut_r = 0.01
loop_num = 2
end_gene = 250
print_level = 1
plan_num = 10
obj num = 2
cross_method = 2

;end

func_number = 10

select_method = 1

Mof_ga.txt

g
()

MP1_MOGA
MP1_SPEA2
MP1_NSGA-11
MP1_NCGA

mof_ga.txt
mof_spea2.txt

mof_nsga2.txt

mof_ga.txt

15




L 1

pop_num :
func_number

2.4.3
cross_method

= 1,’ 77 = 211 2
mut_method

Cross_r
0.0 1.0
mut_r
0.0 1.0
loop_num
end_gene

limit _func _count

print_level

plan_num

obj_num

(design_variable.ini
2.4.2

[MOGA MPI1_MOGA 1
select_method

select_method = 1: Fonseca

16



select_method 2: Fonseca

3: Fonseca

( )

4: Fonseca

select_method

select_method

2 ¢ 2)

sharing_need_pop

(p _share)
[NSGA-11 , MPI_NSGA-I11 1
r:
NSGA-11 0 1 1.0
1 r=0.9

2.4.2

design_variable.ini (
oneisland.h INITIAL_POPULATION_FILE

)
mof_ga.txt
file_in 1

(design_variable.ini)

RunCounter x1 X2 X3 X4 X5

1 -7.501370015 -8.850767853 -6.988393869 4.17963018 6.309546484
2 6.654656179 1.392214229 1.444718664 -3.603129042 3.797540378
3 3.550406736 -1.118594598 2.584324095 -3.938642765 -0.30946518
4 -0.538060596 6.945126972 -7.551823214 4.643517926 4.635494333
5 9.292352094 -6.869138526 2.147970777 7.330347315 1.373406009
6 10 10 10 10 10

design_variable._ini

17




n+1

(design_variable.ini)

2.4.3

output_base_parameter_ XX_YY.txt

output_time XX YY.txt

output_object value XX YY._txt

output_one XX _YY._.txt

output_one_plan_ XX_YY.txt

output _chromo XX _YY.txt

output_error_XX_YY.txt

“ XX" YY

“

print_level”

print_level”

print_level

1
=

1l
N

print_level print_level = 1

18




print_level = 3: print_level = 2

244
13

”func_number”

func_number = 1: 2[8]
1
fl = Z X12
f,=x,1-%,)+5
func_number = 2: 3[8]
f, = xl2 - X,
1
f, :—Exl2 —x, -1
func_number = 3: 4[8]
f, =-2% + X,
f, =X,
func_number = 4: Veldhuizen 3 [11]
f, :%(xl2 + %, ) +8n(x” + X,°)
- (3%, — 2x, + 4)? =% +1)? 115
8 27
1 11 2 2
f,=—————exp(-%,"~ —X,%)
P ox%+x2+1 10 o
func_number = 5: 1[8]
f,=2%
f,=x,1-%,)+5
func_number = 6: Deb [9]

19



f,=X%
f,=gxh

N
g=1+10(N-1)+ > x?* —10cos(27)
i=2

f 0.5
e 1—[—1J it f,<g,

0 , otherwise
func_number = 7: Deb [9]

f, =1- exp(-4x,) sin®(52x,)
f,=gxh

N 0.25

2%

i=2

N-1

g=1+1

func_number = 8: Deb [9]
fl - Xl
f,=gxh
N
X
g=1+ 10—2':2
N —
f a(a=2)
he 1—(?} Jif  f <g,
0 , otherwise
func_number = 9: Deb [9]
fi=x%
f,=gxh
N
X
g=1+ 10—2":2
N-1
f 0.25 f
h=1- (—1J - —15in(107zf1)
g g

func_number = 10:ZDT4[10]

20



f,=x
f,=gxh

N
g=1+10(N 1) + > x* —10cos(4rx, )
i=2

0.5
0
g

func_number = 11:ZDT6[10]

f, =1— exp(—4x,) sin®(52x,)
f,=gxh
N 0.25
D%
=1+9 =2 —
g N-1

12:SPH-m[3]

fo=>0 (%) (x —D)?

1<i<n,i# ]|

func_number

13:KUR[3,12]

f, = ziN: (-10exp(=0.2y %, + x,°

f,=0 (1% [°° +sin®(x))

func_number

20bit
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NCGA

3.1 MOGA

MOGA (
)

GA

£ (X)

Pareto-optimal solutions

fi(x)

1 The conceptual diagram of the MOPs genetic algorithm search

MOGA
[ ]
[ ]

MOGA [2]

3.2 SPEA2
SPEA2 99  Zitler SPEA

[ ]
SPEA2 2001

SPEA2

22



SPEA2

SPEA2

SPEA2

SPEA2
SPEA2

£2(x) |

| I |
| rank 1| |
I @ | |
1 | !
@---immm - mmm -
Rank0 ' @
I  rank2
I I |
) I rank2+3=3
Q- - - d_ - _
Rank0 |
| rank3
13 o 2 rank3
------
Rank0
~— f1(x)
2 SPEA2
0

23



SPEA2
method)

£(x) .

(truncation

3 SPEA2
1.
¢
2.
2
SPEA2 3]

24

f1(x)

(truncation method)



3.3 NSGA-II
NSGA-11 94 Deb

°
°
) (crowding distance)
NSGA-11 2001
SPEA2

3.4 NCGA
NCGA

SPEA2

NCGA

NCGA
NCGA

stepl. t=

step2. (AT)

step3. (PIT)
step4d. 2

step5. (P tr1)
( A t+1)
SPEA2

step6. SPEA2

25

NSGA
1
GA
t)
(PT) Pt 1
2
2
Step3 Step4
(P_t+1)
(At)

SPEA2

NS



step7.

t=t+1

NCGA
o
°

100

(Az)

(Environmental selection)
(At)

(Mating Selection)

(A)
NCGA

NCGA Step4

NCGA

NCGA

Step2
1
10
SPEA2
SPEA2 NSGA-11
(Pt)
NCGA

26
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Master

4 NCGA

GA operators : {.‘r-:lmﬂ Cwver

Mutation
Evaluation
Selection

27




MOGA[2] SPEA2[3] NSGA-11

[4,5] NCGA[6]
13

ZDT4(Func_number = 10) KUR(Ffunc_number = 13)
4.1
pop_num 100
cross_method 1@
mut_method 1¢(
Cross _r 1.0
mut_r
loop_num 10
end_gene 250
MOGA
select_method 1(
sharing_need_pop 100
NSGA-11
R 0.0
3
ZDT4(10 )
KUR (10 )
KUR (100 )

28




3.2

10

| ==
L=
[ =
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=
K
(=]
L] = q....... __.|.,.- [—]
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* frapry 20§ EE
= ¥, .”i m #
» e
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P L] "=
¥ iﬂ.-.r .
g B
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Pea **°
"
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' " L # =
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- o ® a -~
: L
! EE, =
. ol f P |
F R
L4
B -mr_-n_ln.q T
Ll - L=

fif x)

SPEA2

.6
fifx)

NCGA

0.4

0.8

.6
i)

N5G

4
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)
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MWeGA2 WOGA
7 KUR (100 )
MOGA
MOGA
MOGA 3
100 NCGA SPEA2 NSGA-11
MOGA,SPEA2 NSGA-I11 NCGA 4 NCGA
MOGA
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MOGA SPEA2
NSGA-I1 NCGA 4

27

Cross_over.cpp

func.cpp

func_numerical .cpp ( )

gene.cpp

loadconf.cpp

main_m_s.cpp MOGA main()
main_ncga.cpp NCGA main()

main_ncga_mpi.cpp NCGA main()
main_nsga2.cpp NSGA-11 main()

main_nsga2_mpi.cpp | NSGA-11 main()
main_oneisland.cpp | MOGA main()

main_spea2.cpp SPEA2 main()

main_spea2_mpi.cpp | SPEA2 main()
mtrand.cpp

mutation.cpp

ncga.cpp NCGA
ncga_mpi.cpp NCGA
one_mpi .cpp MOGA
one_nsgaZ2.cpp NSGA-11
one_nsga2_mpi.cpp NSGA-11
one_spea2.cpp SPEA2
one_spea2_mpi.cpp SPEA2
oneisland.cpp GA

pop -cpp

32



select.cpp

select_nsga2.cpp NSGA-11

select_spea2.cpp SPEA2

Cross_over .cpp
func.cpp
func_numerical .cpp
gene.cpp
loadconf.cpp
mtrand.cpp
mutation.cpp
oneisland.cpp

pop -cpp

select.cpp

10 13
5.1
5.1.1 MOGA

, MOGA

[main_oneisland.cpp
® MOGA main

[oneisland.cpp 1
o

F_out

One GA

[pop-cpp]

13
MOGA NCGA
)
)

10




Pop
[gene.cpp]
)
Chromo
Gene
Obj
[func.cpp]
°
Func

[func_numerical .cpp]

Numerical func (Func

[crossover.cpp]

Cross

[mutation.cpp]
°

Mutation

[select._cpp]
°

Select

[mtrand.cpp]
)
MTRand

)

(One

(Gene
(Pop

(One

(One

(One

(One

(Cross

34

(Gene

Mutation



MOGA

mainQ)

Numerical_func ( D)
Cross ( D)

Mutation ( D)
Setect ( )

F_out ( ]

L Gene ( D

—— Chromo (
Obj (

5.1.2 NCGA
» NCGA

2 NCGA  MOGA
MOGA

oneisland.cpp
pop.-cpp

gene.cpp

func.cpp
func_numerical .cpp
mutation.cpp
Cross_over.cpp
select.cpp
mtrand.cpp
loadconf.cpp

NCGA  MOGA

[main_ncga.cpp 1
® NCGA main

[ncga.cpp]
([ ]

NCGA

35

3

“ main_oneisland.cpp”

MOGA

NCGA



Ncga NCGA (One )

[select_spea2.cppl

°
Select_spea2 SPEA2 (One_spea2, Ncga
Select )

NCGA

mainQ)

Ncga {OneQ }

—— Numerical_func ( D)
—— Cross ( D)
Mutation ( D)
—— Select ( D)
—— Select_spea2 (Spea2 D
—— F_out ( D)
Pop ( )
L Gene ( D
—— Chromo ( D)
— Obj ( )

5.2

GA One

One GA

Pop Func

Cross Mutation Select

GA

mutable MTRand mtrand

36



double avg_generation

int func_count

double s_time 1

double e_time 1

double all_s_time

double all_e_time

double func_time 1

Numerical_func func Numerical_func
Cross cross Cross

F out T _out F_out

Mutation mut Mutation
Select select Select

variable_str variable

Pop pop Pop

int generation

FILE *fpl

FILE *fp2

FILE *fp3

FILE *fp4

FILE *fp5

FILE *fp6

FILE *fp7

37




u8 life_flag

one()

virtual ~One()

void init_popQ

Pop

virtual void cross_over()

virtual void

all_open_w_Ffile()

virtual void mutation()

virtual void InitGAQ

virtual void init _base()

virtual void

set_parameter()

virtual void initialize()

void initialize(Pop &)

void file_init_pop(Pop
&dum_pop, ifstream& Fin);

virtual void selection()

virtual void function()

virtual void

terminal_check()

virtual void cycle()

virtual void next 1 gene()

virtual void o_file()

virtual void
set_parameter_default()

virtual void

all_open_file _close()

virtual void f output()

38




void
T _output(Pop&)

virtual void
f _set _output()

void
finish_write()

inline void set_s_time()

s_time

inline void set_e time()

e _time

inline void

set_all_s time()

all_s_time

inline void

set_all_e_time()

all_e _time

inline int generation
get_generation()
inline double e s_time

get_e s time()

inline double

get_all _e s time()

all e s time

inline int

get_select_pop_num()

select_pop_num

inline int

get_first_pop_numQ

first_pop_num

void
non_dominated_space

(Pop &dum_pop)

oneisland.h

Func

Func

Func

Func

NULL

Numerical func

39
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int pop_num;

static int obj num;

static int func_number;

static int plan_num;

static int

chromosome_length;

static int func_count;

static double sleep_ time;
Func(QO

Func(const Func&)

virtual ~FuncQ

virtual void init _Func

(const int&);

inline int get plan_num() | Plan_num

inline void set_plan_num Plan_num
(const int &x)

inline double Sleep_time
get_sleep_time()

inline void set_sleep_time | Sleep_time
(const double &x)

inline int get pop_num() Pop_num

inline void set_pop_num Pop_num
(const int &x)

inline int get_obj_num() Obj_num

inline void set_obj num Obj_num
(int &x)
inline int Func_number

get_func_number(Q

virtual void Func_number

set_func_number(int &x)

40



inline int Func_count

get_func_count()

inline void Func_count

re_set func_count()

virtual void func(Pop&)

virtual void func
(Gene **,const int& )

virtual void func(Gene &)

virtual void

set_func_count

(const int &x) func_count
void sleep() sleep_time
void sleep(double x) X
func.h
Func Numerical_func

Func
One GA

Numerical_func

mutable MTRand mtrand

void funcl(Gene&)

funcl~funcl3
func(Q

double real_funcl(Gene&)
real_funcl,5,10~12

real_func

bool checkl(Gene&)
checkl check13
check()

41



virtual double

real_func(Pop &)

inline double rand()

inline Int rand_int(int n)

virtual ~Numerical_func()

virtual void Tunc(Pop&)

virtual void func

(Gene **,const iInt& )

virtual void func(Gene &)

virtual bool check(Gene &)

virtual void

mv_safe(Gene&)

virtual void
set_func_number
(const int &x)

func_number

virtual void
set_func_number

(const int &x,const Int &y)

func_number

virtual void
set_func_number
(const int &x,const int

&y,const int &z)

func_number

virtual void pop_create

(Gene **,const iInt& )

virtual void

pop_create(Pop &)

func_numerical.h

Cross
Cross GA

One

”’cross_method”

Cross_method = 1: 1

42




Cross_method = 2: 2

Cross

Gene Child[2]
Gene Parent[2]

Static double cross r

Static int cross_method

Static int plan_num

Static int child_num

Static int need_num

Static int chromo_len

int pop_num

mutable MTRand mtrand

virtual ~Cross()

Inline double genrand()

Inline int genrand_int
(int n)

Inline double Cross_r

get_cross_r(Q)

Inline void Cross_r

set_cross_r(double x)

Inline int get _need _num() | Need_num

Inline int Cross_method

get_cross_method()

inline void Cross_method

set_cross_method(int x)

Inline int get_pop_num() Pop_num

Inline void Pop_num

set_pop_num(int Xx)

inline void Plan_num

set_plan_num(const int &x)

43



inline void Chromo_len
set_chromo_len
(const int &x)

virtual void

cross_over(Pop& a)

virtual void cross over .
(Gene **,int &;)

virtual void
cross_method_exe

(Gene **,const int &)

virtual void
CMX_cross_overl
(Gene **ap_gene,int
&tmp_number,const
int& what_times)

virtual void One_point

(const int &cross_point)

virtual void Two_point()

virtual void
random_shuffle
(Gene **ap_gene,const

int &tmp_number)

Cross_over.h

Mutation
Mutation GA One

static int length;

static double mut_r;

static int mut_method;

44



static int pop_num;

static int plan_num;

mutable MTRand mtrand;

inline double genrand()

inline int genrand_int
(const int& n)

inline void set _plan_num plan_num
(const int &x)

inline void set_mut_method | mut_method
(const int& x)

inline int | mut_method
get_mut_method()

inline void set_length length
(const int& x)

inline int get length(Q) length

inline void set_mut_r mut_r
(const double& x)

inline double get mut_r() |mut_r

inline int get_pop_num() pop_hnum

inline void set_pop_num pop_num
(const int& x)

virtual void mut(Pop &)

virtual void mut

(Gene **,const int &)

virtual void mutation_exe

(Gene &gene)

virtual void bit_reverse
(Gene &a)

mutation.h

select
Select MOGA
MOGA select
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select

static Int select _method

int pop_num

static int obj num

static int select_pop_num

static int sharing_need_pop

mutable MTRand mtrand

inline double genrand() ~

inline int normal_genrand_int
(int n)

inline int | Select_method
get_select_method()

inline void set_select_method | Select_method
(int x)

inline int get _pop_num() pop_num

inline void set_pop_num(int | pop_num

X)

inline void set_obj_num(int | obj num

X)

inline int get _obj num() obj _num
inline void | select_pop_num

set_select_pop_num
(int x)

inline int | select_pop_num
get_select_pop_num()

inline void | sharing_need_pop
set_sharing_need_pop
(int x)
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inline int

get_sharing_need _pop()

sharing_need_ pop

inline void
set_last_sharing_pop
(int x)

last_sharing_pop

inline int

get_last_sharing_pop()

last_sharing_pop

void selection(Pop &)

void selection

(Gene **ap_gene, int &num)

void ranking_squre

(Gene **ap_gene, int &num)

void roulet_select(Pop &)

void roulet_select_normal

(Gene **,const int&)

void roulet select

(Gene **,inté&,const int&)

void tournament_select(Pop &)

void tournament_select
(Gene **ap_gene, int&
dum_pop_num,const int&
dum_dum)

void tournament_select_alpha
(Gene **,int &)

void tournament_select alpha

(Gene **,int &,const iInt&)

void obj sharing(Pop &)

void obj_sharing

(Gene **,inté&,const Int&)

void ranking_con(Pop &)

void ranking_con
(Gene **,const inté&,double

** _const int&)
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void select pop(Pop &)

void select _pop(Gene **,int&)

void sort_pop(Pop &) 17
void f_sort(Pop &)
void new_sort(Pop &a,int b) b

void reduce_same_pop(Pop &)

void reduce_same_pop
(Gene **,int&)

void only_pareto_select(Pop

&)

void only_pareto_check
(Gene **,const Int& )

void obj setting
(Pop é&perfect)

void bi_select(Pop &pop)

void bi_select_alpha
(Gene **ap_gene, int&

dum_pop_num)

void bi_select_alpha
(Gene **ap_gene, int&
dum_pop_num,const inté&
dum_dum)

void choice
(Gene **,Int & X, const int&y)

select.h
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F _out

static iInt obj_num

double *avg_obj value

double e_s_time 1

double func_time

double avg_func_time

double avg_e_s_time

double all_e_s_time

int all_func_count

int func_count

double avg_func_count

int all_generation

int generation

double avg_generation
F out(Q)
F out(const int&)

F out(const F_out&)
~F_out()
void avg_obj(Pop& ,FILE *)

void avg_obj(Pop&)

void all_obj(Pop& ,FILE *)

void all_obj_s
(Pop& ,FILE *)
void f_end(Popé& ,FILE *)

void gather(FILE *)
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void gather_s(FILE *) 1

inline void set e s time e_s_time
(const double& x)

inline void set_obj_num obj_num
(const int& x)

void init(const int& x) F_out

void all_chromo
Pop& a,FILE *fp)

void all_plan
Popé& a,FILE *fp

oneisland.h

Pop

double *max_obj_value

double *min_obj value

int pop_num

static int obj_num

static iInt max_pop

static int plan_num

Gene **ap_gene Gene

Pop(O
Pop(const Pop&)

Pop(const int&)

Pop Pop
(const int&x ,const
int&z)

double *avg obj

double& set_max_obj i

(const int 1)
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double& set _min_obj

(const int i)

inline int

get_pop_num(Q)

Pop_num

inline void set_pop_num
(const int& x)

Pop_num

inline void set_obj num
(const int& x)

Obj_num

inline void
set_plan_num
(const int& x)

Plan_num

inline int

get_obj numQ)

Obj_num

virtual Pop operator
=(const Pop&)

virtual Pop operator

=(vector<Gene>& T)

virtual Pop operator
+=(const Pop&)

virtual void copy
(const Popé&)

Pop

virtual void plus_copy
(const Pop&,const int&)

virtual void
init_ap_gene

(const int& ,const
int&)

ap_gene

void

flag_change_safe()

flag_chang

safe

void flag_change _out()

flag_chang

out

pop-h

Gene
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int Rna_size

Vectot<double> variable_min

Vectot<double> variable_max

Vector<Chromo> locus

int real_chrom

int plan_num

int obj _num

U8 safe_flag

U8 chang_flag

Obj obj Obj

Gene()

Gene(const intg&)

Gene(const int& ,const int&)

Gene(const Gene&)

virtual ~Gene()

Gene init

(const int&, const iInt&)

Void copy(const Gene&)

inline Chromoé& get_locus

(const int &x)

double get_locus_value

(const int &x)

int get_plan_num(Q Plan_num

double& get_c(int i) i

double& get_e(int i)

Doubleé& get Q)

Inline void set_size(set_t n)

Inline int size()
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Inline static int

get_chromo_len()

Vector<Chromo>::iterator erase

(vector<Chromo>::iterator n)

Vector<Chromo>::iterator

begin()

vector ,begin

Inline static void

set_obj num(const int& x)

Obj_num

Static void set_parameter

(const int& x,const int& vy,

const int& z)

Static void set_func_num

(const int& func_num)

Func_num

Inline int get_obj numQ

Obj_num

Inline int GetRnaLength()

Rna_size

Inline int get_size()

int GetRnalLength_set()

Rna_size

Gene operator=(const Gene&)

Chromoé& operator()

(const int& n)

Chromo& operator[]

(const int& n)

01

Virtual bool operator

==(const Gene&)

Virtual const u8*

transcription(u8 *buffer)

Gene

Virtual void
reverse_transcription

(const u8 *data)

transcription

Gene
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Virtual void transcription
reverse_transcription2

(const u8 *data) Gene

gene.h

Chromo

u8 locus_r

Chromo operator

=(const Chromo &fF)

Chromo operator=(const u8 &f)

Chromo operator=(const int &fF)

operator u8()

operator int()

bool operator

==(const Chromo &fF)

bool operator==(const u8 &f)

U8 operator”~(const Chromo&f)

U8 operator”~(u8 &fF)

void f_out(FILE *fp)

oneisland.h

Obj

static int obj num
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double fitness value

double *eval_value

double *const_eval

0bj O

Obj (int)

Obj(const Obj&)

~0bj )

void copy(const Obj&)

Obj

double& operator[](int i)

01

double& get_c_eval(int i)

double& get_fTit(Q)

u8 operator
<(const Obj &dum)

u8 operator
>(const Obj &dum)

u8 operator
<=(const Obj &dum)

u8 operator
>=(const Obj &dum)

void Obj printf(Q

void Obj printf_curent()

Obj operator=(const 0bj&)

inline static void

set_obj_num(int Xx)

obj_num

inline static int

get_obj _numQ)

obj _num

gene.h

5.3

GA
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GA One Cross,Mut,Select

Numerical_func 5

( One)
One 2
initGAQ
cycleQ
2

void One::initGAQ
L void One::init_base()
void One::o_fileQ
|——-void One::set_parameter_default(Q

void One::set_parameter()

One::initGAQ

M

GA Init_base(),

pop.set_pop_num(), pop-init_ap_gene()

oeisland.cpp

One::Init_base()

o_Ffile(),pop-set_obj num(Q)

oeisland.cpp

One::o_fileQ

a1
()]



set_parameter_default()

”mof_ga.txt”

oneisland.cpp

One: :set_parameter_default()

Default

oneisland.cpp

One: :set_parameter() ‘

oeisland.cpp
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void One::cycleQ
— void One::all_open_w_fileQ
| void One::initializeQ
': init_pop(Pop &):
file_init_pop(Pop &dum_pop, ifstream& fin);
— void One::fuction(
| void One::f outputQ
|-—-void One: :f_output(Pop& dum_pop)
| — void One::next_1_gene()
— void One::cross_over()
I— void One::mutation()
— void One::function()
— void One::selection()
— void One::f_output()

|—void One: :f_output(Pop& dum_pop)

— void One::terminal_check(Q

— void One::finish_writeQ

L void One::all_open_file_close()

One::cycleQ

GA

oeisland.cpp

One::all_open w_file(Q

oeisland.cpp

init_popQ
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oeisland.cpp

One::init_popQ

Func.pop_create()

oeisland.cpp

One::file_init_popQ

Pop &dum_pop ifstream& fin

oeisland.cpp

One::functionQ

func.sunc()

oeisland.cpp

One::next_1_gene()

GA 1 GA

oneisland.cpp

One::cross_over()

cross.cross_over()

oneisland.cpp

One: :mutation()

mut_mut(Q




oneisland.cpp

One::functionQ

func.sunc()

oneisland.cpp

One::selection()

select.selection()

oneisland.cpp

One: :f _output(Q

oneisland.cpp

One::f _output

sum_pop

Pop& sum_pop

oneisland.cpp

One::terminal_check(Q

oneisland.cpp
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One::finish_writeQ

oneisland.cpp

One::all_open_file_close()

oneisland.cpp

CrossOver
Cross cross_over()

cross_over()

void Cross::cross_over(Q)
L void Cross::cross_over(Gene **,int &)
t:void Cross::random_shuffle(Q

void Cross::cross_method_exe()
t::oid Cross::0One_point()
oid Cross::Two_point()

Cross: :cross_over() ‘

Cross::cross_over()

Pop& a

Cross_over.cpp

Cross_cross_over() ‘

Gene **ap_gene 2

int &num
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Cross_over.cpp

Cross: :ramdom_shuffle

Gene **ap_gene 2

const int &tmp_number

Cross_over.cpp

Cross: :cross_method_exe()

cross_method 1

Gene **ap_gene 2

const int &num

Cross_over.cpp

Cross: :0One_point()

Cross_over.cpp

Cross: :Two_point()

2

Cross_over.cpp

Mutation

Mutation
GA

Mutation



mut() mut()

void Mutation::mutQ
L void Mutation::mut(Gene **ap_gene,const int &num)
|-—-void Mutation::mut_exe()

L—void Mutation::bit_reverse()

Mutation: :mut(Q

Pop é&a

mutation.cpp

Mutation: :mut(Gene **ap_gene,const int &num)

Mutation: :mutation_exe()

Gene **ap_gene 2

const int &num

mutation.cpp

Mutation: :mutation_exe()

Gene &gene

mutation.cpp

Mutation: :bit_reverse()

Gene &a
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mutation.cpp

Select
Select selection() Selection()
GA
select_method selection()

void Select::selection(Pop& a)
L— void Selection::selection(Gene **ap_gene, int &num)
— void Select::ranking_con(Pop& a)
L—void Select::ranking_con(Gene **ap_gene,const int &num)
— void Select::roulet_select(Gene **ap_gene, const int &num)
— void Select::ranking_square(Gene **ap_gene, int &num)
— void Select::obj_sharingQ

L—void Select::obj_sharing

(Gene **ap_gene, int &dum_pop_num,const int &dum)
|-—-void Select::bi_select_alphaQ

L—void Select::bi_select_alpha

(Gene **ap_gene, int &dum_pop_num,const int &dum_dum)

Popé& a

select.cpp

Select::selection(Gene **ap_gene, int &num)

Gene **ap_gene

int &num

select.cpp
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Popé& a

select.cpp

Select: :ranking_con(Gene **ap_gene,const int &num)

Gene **ap_gene

const int &num

select.cpp

Select::roulet_select_normal(Gene **ap_gene, const

int &num)

Gene **ap_gene

const int &num

select._cpp

Select:: obj_sharing(Pop& a)

Pop& a

select.cpp

Select:: obj_sharing(Gene **ap_gene,

int &dum_pop_num,const int &dum)

Gene **ap_gene
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int &dum_pop_num

const int &dum

select.cpp

Select: :ranking_square(Gene **ap_gene, int &num)

Gene **ap_gene

int &num

select.cpp

Select:: bi_select_alpha(Pop &pop)

Pop &pop

select._cpp

Select:: bi_select_alpha(Gene **ap_gene,

int &um_pop_num,const int &dum_dum)

Gene **ap_gene
int &dum_pop_num

const int &dum_dum

select.cpp

Numerical_func
Numerical_func Func
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GA
funcQ

void Numerical_func::func(Popé& a)

L void N umerical_func::func(Gene **ap_gene, const int &dum_pop)

funcQ

|——void Numerical _func::func(Gene &ap_gene)

void
void
void
void
void
void
void
void
void
void
void
void

void

Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::
Numerical::

Numerical::

funcl(Gene
func2(Gene
func3(Gene
func4(Gene
func5(Gene
func6(Gene
func7(Gene
func8(Gene
func9(Gene
funcl0(Gene
funcll(Gene
funcl2(Gene
funcl3(Gene

&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)
&ap_gene)

void Numerical_func: :func(Pop& a)

Pop& a

func_numerial .cpp

void

const int &dum_pop)

Numerical_func: :func(Gene

Gene **ap_gene

const int &dum_pop

func_numerial.cpp
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void Numerical_func::func(Gene &ap_gene)

Gene &ap_gene

func_numerial .cpp

void Numerical::funcl(Gene &ap_gene)

Gene &ap_gene

func_numerial.cpp

void Numerical::func2(Gene &ap_gene)

Gene &ap_gene

func_numerial .cpp

void Numerical::func3(Gene &ap_gene)

Gene &ap_gene

func_numerial.cpp

void Numerical::func4(Gene &ap_gene)

veldhuizen

Gene &ap_gene

func_numerial .cpp
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void Numerical::func5(Gene &ap_gene)

Gene &ap_gene

func_numerial .cpp

void Numerical::func6(Gene &ap_gene)

Deb

Gene &ap_gene

func_numerial.cpp

void Numerical::func7(Gene &ap_gene)

Deb

Gene &ap_gene

func_numerial .cpp

void Numerical::func8(Gene &ap_gene)

Gene &ap_gene

func_numerial.cpp

void Numerical::func9(Gene &ap_gene)

Deb
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Gene &ap_gene

func_numerial .cpp

void Numerical::funcl0(Gene &ap_gene)

ZDT4

Gene &ap_gene

func_numerial.cpp

void Numerical::funcll(Gene &ap_gene)

ZDT6

Gene &ap_gene

func_numerial .cpp

void Numerical::funcl2(Gene &ap_gene)

SPH-

Gene &ap_gene

func_numerial.cpp

void Numerical::funcl3(Gene &ap_gene)

KUR

Gene &ap_gene

func_numerial .cpp

70




4.4 NCGA
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(Case)

[Case 1 : 1
Func
Numerical_func Func

Numerical_func

Func Oneisland.h

Numerical_func

(include)
makefile
[Case2: 1
¢ )] Gene Chromo
Func (
)
Func
Gene Chromo gene.{cpp h}
1. Chromo
u8 (unsigned char)
double
operator int() {return (int)locus_r;}
operator u8() {return locus_r;}
u8 operator”~(const Chromo&);
f_out(FILE *fp) {fprintf(fp,"%d ",locus_r); fprintf(fp, " %f

*,locus_r); 3}
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operator double() {return locus_r;}
2. Gene

Gene

double Gene::get_locus_value(const int& point) const
double Gene: :get_variable_value(const int& start,const int& end) const
int Gene::GetRnaLength_set()
const u8* Gene::transcription(u8 *buffer)
void Gene::reverse_transcription(const u8 *data)
void Gene::reverse_transcription2(const u8 *data)
T_chromosome(FILE *fp)
f_show_plan_value(FILE *fp)
3. Func (Numerical_func)
Func Numerical_func

Numerical_func
void Numerical_func: :pop_create(Gene **ap_gene,const int& num)

[Case : 1
2

A) Cross Mutation

B) Cross Mutation

Cross Mutation
( )
virtual void cross_over(Pop& a);
virtual void mut(Pop &);
B)
Cross Mutation

virtual void cross_method_exe(Gene **,const int &);
virtual void mutation_exe(Gene &gene);
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