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Function HILL — CLIMBING(problem)returns a state that is a local maximum
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Inputs:a problem

Local variables:current, a node

neighbor, a node

current<-MAKE — NODE( INITIAL — STATE [ problem])

Loop do

neighbor<—a highest — valued successor of current

if VALUE [neighbor |<CVALUE[current] then return STATE [current]
current<—neighbor

End Loop

N 25 R AU W€ Lk 3k o = A48 R R0kl 1l o AR 2508 X4k L B A
RAEEFRR WAL LA 8 D25 B8 — A JE kR BUR MR 28— 2 E B ME
[] — B 55 — A J7 4% v B4 BT AT AT BERADIR S (I B IR S AT 8 X 7=56 DM a4k . J3 & =X
FFE I PRI 1 2 AT AR i 19 52 o A O L AN R LR T A A . 2% pR RO 4 SR R/
{EJE 0, [UAE R BN 58 LI A BEM BXAME . B 3. 11 Bon T —A A =17 AR, K
WA T ERA R IE, S gk e h =12, CIEFREF ERER N ES
AL S — DT YR MR R S 4k 2 T — A9 Ih .

€ L 32 A5 I i Sy A R A 4 2% L DR O B LR B AT SR S P A B — A TSRS
IBZRHT —0, RAETARREE AR B R A AR . Tk REAR P & i i 07
[ A % o RO Bl AR 5 A — IR RARZS . i an, ANIET 3. 11 () R RPIRZS , B R 25
AEREEIAE 3. 11 (b RS B A =1, XA FAREE T/ T, A, Rk & s
SXIBF T A ) A

18 (12 [14 |13 [13 |12 | 14 | 14 Q
14|16 [ 13|15 |12 |14 |12 | 16 Q
14 (121813 |15]12 |14 |14 Q
1514 |14 | Q [13 |16 |13 | 16 Q
Q|14 (17|15 Q |14 |16 |16 Q
17| Q|16 |18[15]Q |15]|Q Q
1814 | Q |15[15|14| Q |16 Q
1414|1317 |12 |14 |12 |18 Q
(a) =17 (b) =1

Bl 3. 11\ BLJS I 8 R L 48 % 3 T

1. BEHRKRE

SR AR R AEL i — A~ HO B A A 400 e DR 2 0 e 19 e T (HLJE: L 2 JRy e R(E B A1, eI
VR B B 3K Sy 0 B AL R 30 gl 2 47 o e 0T, 9K 0 W AR JR AR AR R (B AR TR AR T E . A
PR M, P 3. 11 (h) AR A 52 B — A R i R A CRIFE R 1 19 R AR /MED s AN AR
SRS 25 1 B B S 2 ROk 25



| 3% sEsk (a5)
O

2. W&
LU AR 2 — 2R 0 1) Js S A A 7 A A 2 Ak B T RIS O S AR M A
3. PR

ST DX R AR AS 23 ) IR 18] b Ak A pRBSCE P 3 — B B, & AT B — P 19 Jm 3
W RAE  AFEAE LA B 8 2 — N IR, LS A AT RE A 2F i . e Ll 48 R ]
A TC T 3 2 T e D ) T

FEAFIE LT LU B A0 25 3R B J0 16 AR F JR R A . AN — AN BlALZE B N &2
Jei 1) R AR 25 TF B L e BE B THAYC L 75 86 Y0 MM L F &9l 4 . AT 14 %6 B [ 052 9] i
KA . BT EEAR P, ) R B e A O Y D BSR4 D B R AR RO 3
X T 88 MIREMRE SR X C A RARHIET R T,

T T 8 1 B0 v, SR B R — P TRIX i i Ak R A R 25 i bR A A 4 e
Sk QSR TR X SR LR L gk R CR ) B Sl 38 R R — A A o k. R R
TEBA BB SO T SO SRVl m 82 30, 8 4 24 3 38 — A HY Jmy B AR (T AS 2
LA A B, Sk 2 b A TCBRAE PR . — B B0 ik i 32 02 1 e 1 3 8 1) A% B 1 IR
BRI . i an, 7E N B )8 Fe i d 2 7 SR 1A RS Bl 100 YK, 3K [ A SIC 48] 1) i e 3
145 B T 94 % . BB RARH R SRIEXT TR BT &R S S B A0 K 2
21 2 B R WL BT S 2B RO K2 64 2,

FEXTIRILNE A A V28I, i, BEHLRILE , B AE 1l #% g v B AL 1
PN — 0 R PR AR B G b LU RS 20 0% BE U 72 B T A8 Ak . 3 b B R Gl R T e BE IR
5 B WSSO 18 AN/ {H AR R SR S s R U I B RE SR B A R . A, Bk E Il
B B TR S I BEPLIC Lk A BE Al 1L R TR 7 202 B AL Hb 2 15 48 25 0, BB AE B — M
TUFLE Rk . XN EIRIEA R Z 5 AR S5 55015 LT A AR I A RCR .

FNILAE A 1k BTl R A L R Sk R R AN B & 1Y, BAE W S B E ML T N
Ry 5 SRy AR AR S A R R B H AR . — Fh etk vk 2 AL E T T 4R A IE Ll kL el
BE ML A B 0GR SR AT — R AN B 1L 48 & R B HARBHE Ih R . XATL R 5
FIRERIEE T 1, 82 B R A S E R B RESER W HRE . W E ek
HBRINERN p I ATELEF I RO ERECN 1/p. X T A V0 m £ 3
BN B 5 T BSE ], p o~ 0. 14, L KHERS 22 7 kRt ae % 2 H #x (6 R ML, 1 K
D)o s B W ERAE S — R T A R B R M RS (1 —p)/p
MR R 202 22 28, An 2R AVl 1 £ 2l P B 75 2R A2 1/0. 94~ 1. 06 K, ¥
B 1X21+0.06/0. 94 X 64~25 2, X+ /N5 )&, FEALE BT 4R 10 IR 11L& IR # A
Ry BT = ARG XA RIS 7 — 20 Bt nT DL 30 .

LR B L 5 B AR KR E R TR ZS IR B TR Ik . an R AE LR
WA Ry B A R i, Bif AL BB T 46 A TG LU ks S AR Db $R B 7 B A . SR VP 2 SCBR
[7) L P M T VU A7 76 6 R TR A SR R (B . NP Y R % A 48 B B Y R i e (. R
ik, Zead /DB AL B T 4G 1048 R 2 05 8 2 RE R B — A& BRI VR JR R RAB Y



(86 ) BHATTHRES L |
O g

3.6.2 wtfERLLNA
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initialize the population

loop until the termination criteria is satisfied
for all individuals of population
sum of fitness + = fitness of this individual
end for
forall individuals of population
probability = sum of probabilities + (fitness/sum of fitness)
sum of probabilities + = (fitness/sum of fitness)

end for

loop until new population is full
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do this twice
for all members of population
if rand(0,1)> probability but less than next probability
then you have been selected
end for
end
if rand(0, 1)< crossover probability
then crossover the two selected individuals and return the new two
end loop
for all individuals of population
if rand(0, 1)< mutate probability
then mutate the individual
end for
endloop

now we get the optimum solution
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(] 2 75 AT 28 SCHRAE IR T 38 AR

BR T 2SS L2 i A 22 i 28 U 538 S, B i A8 W] B/ AR 2 mi 28 L R, b
IR 28 R [k 3E T ki e A RSB A . BRI 2 A S B R SR R B Y I8 A a] 28
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6) A8

A S R AT R T A AR 0 53— B Ok X T ] g ok B IR B B 1
AR 0 B 048R 1, AR5 AR S A0 4 Jey A8 S 22 4, Jmy B AR S o A8 UMD R AL Ik
HC— A7 AT B 34 42 Jy 78 S D48 Al E 1) g — BB A — A U B L3R, 5 2 A
R BEALIE$E— A BT 5

7 Zak

FETEE RS TR &k, — MZE SR A - AL UE R i 5 3554 2% (0 1sf ) BR 1) 5
— AR T & R L E AR R C L3R 2] s 36 0B O 28 2 A, 4k 22 30E b A
577 A3 N BE A A O T DL AR B Z A AL .

3.6.3 wfETILA B H 5L

X S — A1) PG IR AL B S R B AL MR A . REE T 20y A 3 AN AT
00,0),P(12,0),Q(8,6),iFFH R i W=5|RO|+4|RP|+3|RQ|EFNHALE.

1 # include < iostream >

2 # include < cstdio >

3 # include < cstdlib >

4 # include < cmath >

5 # include < ctime >

6 using namespace std;

7 [ x SHOEE - BAREUT e KAE A TR AR 38 UG TP | 58 A Y HE 2
8 I I AR i S =/
9 # define POPSIZE 200

10 # define MAXGENS 1000

11 # define NVARS 2

12 # define PXOVER 0. 75

13 # define PMUTATION 0. 15
14  #define TRUE 1

15 # define FALSE 0

16 # define LBOUND 0
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

# define UBOUND 12

# define STOP 0.001

int generation;

int cur best;

double diff;

FILE * galog;

/o SR EE PRI - s S H e DR A A O i TR o HUMH B SR B R, AN RS

o7 B AT N A o5 R I N DA B AR 3 A R SR B A < /

struct genotype({
double gene[ NVARS];
double upper[ NVARS];
double lower[NVARS]

double fitness;

7

double rfitness;
double cfitness;
}i
/ » population i i fif , population[ POPSIZE] H] T 47 At A~ A foe DAL (I B BE foe (A 1A REAT
WREx/
/ x FERLLE AL S h B R E AN IR — B R TE T & x /
struct genotype population[POPSIZE + 1];
[ B — BT 2R R+ /
struct genotype newpopulation[ POPSIZE + 1];
/o ARG DAT TR FEE 75 W] 0 he Ak bR B AL R AR L A eR T SR AR B A A
R NIRRT R AW L8 (W P N E - R (T G Y P R A € TR RS
PRIEL  /
void initialize(void);
double randval(double, double);
double funtion(double x1, double x2);
void evaluate(void);
void keep the best(void);
void elitist(void);
void select(void);
void crossover(void);
void swap(double * ,double * );
void mutate(void);

double report(void);

/x IR AL R WA AR i RN B BRI E . B WA A R B Y s TR i
L {8 % /
void initialize(void){

int 1,75;

for(i=0;i<NVARS;i++){
for(j=0;j<POPSIZE + 1;j++){

if (i) {

population[j].fitness=0;

population[j].rfitness=0;
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65 population[j].cfitness=0;

66 }

67 population[j]. lower[i] = LBOUND;

68 population[ j].upper[i] = UBOUND;

69 population[j].gene[ 1] = randval (population[j]. lower[ 1], population[j]. upper[i]);
70 }

71 }

72 }

73/ x BENUIE A LA AR RN —AE </
74  double randval(double low, double high) {

75 double val;

76 val = ((double) (rand() % 10000)/10000) * (high— low) + low;

77 return val;

78 }

79 double funtion(double x,double y) {

80 double resultl = sqrt(x* x+y* y) + sqrt((x—12) * (x—12) + y*x y) + sgrt((x—8) *
81 (x—8)+(y—6)x*(y—6)); //HIrkE

82 return resultl;

83 }

84/ VA BRECEA U1 A MO I, 5 UK T B R I, R T A T AT /

85  void evaluate(void){

86 int mem;

87 int 1;

88 double x[ NVARS];

89 for(mem = 0; mem < POPSIZE; mem++ ) {

90 for(i=0;1<NVARS;it++)

91 x[ 1] = population[mem]. gene[ i];

92/ x ¥ B bR R EEAE A N AE * /

93 population[mem]. fitness = funtion(x[0],x[1]);
94 }

95 }

96/ x F AR P YA R B AL E I B S Bl R < /
97 void keep the best(){

98 int mem;

99 int i;

100 cur_best =0;

101/ % ¥R O g 38 N A AR I 4 5 8 4~ 14 & il 2 population[POSIZE] * /
102 for(mem = 0; mem < POPSIZE; mem++ ) {

103 if (population[mem]. fitness < population[cur best]. fitness) {
104 cur best = menm;

105 }

106 }

107/ B ak SR R PRGBS e AR 1

108 * / if(population[cur best].fitness < = population[POPSIZE]. f

109 itness| |population[POPSIZE]. fitness < 1) {

110 population[ POPSIZE]. fitness = population[cur best].fitness;
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111 for(i=0;i< NVARS;i++)

112 population[ POPSIZE]. gene[ i] = population[cur best].gene[1i];
113 }

114 )

115 />t dine: b — M mcdr i A AR AU T R RS — DR L Rk AR
116 38 AR E SRR T LURT A O rb i e A AN A, D0 DI AR rb 52 ) e A 1 B 5 U
117 H E— A B dr i AN 3 w0 A e 22 0N, B Lk R R B A (E IR Ak + /

118 wvoid elitist(){

119 int i;

120 double best, worst; / /& N AH

121 int best mem, worst mem; /%5

122 best_mem = worst_mem = 0;

123 best = population[best_mem]. fitness; /1 $5c 31E N AE A 4R Ak

124 worst = population[worst mem].fitness; //#&x K& W {E¥)4h 1k

125 for(i=1;1i<POPSIZE;i++) /7% M 5 v R R AV 3 B B A T
126 if(population[i]. fitness < best) {

127 best = population[i]. fitness;

128 best mem = i;

129 }

130 if(population[i]. fitness > worst) {

131 worst = population[i]. fitness;

132 worst_mem = i;

133 }

134 }

135 if(best < = population[ POPSIZE]. fitness) {

136 for(i=0;1i<NVARS;i++)

137 population[ POPSIZE]. gene[ i] = population[best mem].gene[1i];
138 population[ POPSIZE]. fitness = population[best mem].fitness;

139 }

140 else{

141 for(i=0;i<NVARS;i++)

142 population[worst mem].gene[ i] = population[ POPSIZE]. gene[i];
143 population[worst mem]. fitness = population[ POPSIZE]. fitness;

144 }

145 }

146/ x BEEETNRE - BRI HLBIEEBE, BT 45 A DO AL 1) de Ak [l A8, W O d5 A Ak 51 52
147 FF, Ok oK O A AR+ /
148 void select(void)

149 int mem, 1, j;

150 double sum = 0;

151 double p;

152 for(mem = 0; mem < POPSIZE; mem++ ) {

153 sum += population[mem]. fitness;

154 }

155 for(mem = 0; mem < POPSIZE; mem++ ) {

156 population[mem]. rfitness = population[mem]. fitness/sum;
157 }

158 population[0].cfitness = population[0].rfitness;
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160
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162
163
164
165
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167
168
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173
174
175
176
177
178
179
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183
184
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189
190
191
192
193
194
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198
199
200
201
202
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205
206
207

for(mem = 1;mem < POPSIZE; mem++ ) {

population[mem]. cfitness = population[mem — 1].cfitness + population[mem]. rfit

ness;

}
for(i=0;1<POPSIZE; i++){

p = rand() % 1000/1000.0;

if(p < population[0].cfitness) {

newpopulation[ i] = population[0];

else{
for(j = 0;9 < POPSIZE; j++)
if(p> = population[j].cfitness&&p < population[j+ 1].cfitness)
newpopulation[i] = population[j+1];
}
1
for(i=0;1i<POPSIZE; i++)// T HRAEA
population[ i] = newpopulation[i];
}
/ % Crossover: AT JIF2EAC I i) 28 X, JLH 4 pR &L = /

void Xover(int one, int two) {

int i;
int point;
if (NVARS > 1) {
if (NVARS == 2)
point=1;
else
point = (rand() % (NVARS—-1)) +1;
for(i=0;1i<point;it+) /IR —A R L F A
swap(&population[one]. gene[ 1], &population[two].gene[1]) ;188 }

}
/ox B8 AZ et BRR B T AC R 2 ARG+ /
void swap(double * x,double * y){
double temp;
temp = * x;
*¥ X = ¥ '
* y = temp;
}
/* ZX e EBES H XM, LI 528 X, J2 28 BREL % /
void crossover(void) {
int mem, one;
int first=0;
double x;
for(mem = 0; mem < POPSIZE; ++mem) {
x = rand() % 1000/1000.0;
if (x < PXOVER){
++first;
[ BRI WYX, F A R e, S AR IR R s, XILRA
e T 5 2 RS B I R B /
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208
209
210
211
212
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214
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216
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218
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220
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224
225
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249
250
251
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253
254
255

if(first%$2==0)
Xover(one, mem) ;
else

one = mem,

}
[ RAZINRE : BEPLY )AL . R T R AL By S B AR R A T BRORIT B R 22 1) A4 B
MU, 78 5 SR S 9B TR N A8 S AR 1 B S R Bk = /
void mutate(void) {
int i, 3;
double lbound, hbound;
double x;
for(i=0;1<POPSIZE; i++)
for(j=0;7j<NVARS; j++)
x = rand() % 1000/1000.0;
if (x < PMUTATION) {

1bound = population[i]. lower|

il
hbound = population[i].upper[j];
population[i].gene[j] = randval(lbound, hbound);

1
[ MG INRE : e B A IERE . XUE A (TaRk) + /
double report(void) {

int i;

double best_val; /RN B 3 A
double avg; /XA R IE R AH
//double stddev;

double sum_square; /R0 N AT N AE F 7 R
//double square_sum;

double sum; / /T BT A

sum=0.0;

sum square =0.0;
for(i=0;i<POPSIZE; i++){
sum += population[i]. fitness;
sum_square += population[i]. fitness * population[i]. fitness;
1
avg = sum/ (double)POPSIZE;
//square_sum = avg” avg" (double)POPSIZE;
//stddev = sqrt( (sum_square — square_sum)/(POPSIZE—-1));
best_val = population[ POPSIZE]. fitness;
fprintf(galog," $6d %$6.3f %$6.3f %$6.3f %$6.3f %6.3f\n",generation, best_
val, population[ POPSIZE]. gene[ 0], population[ POPSIZE]. gene[ 1], avg, sum) ;
return avg;
}
[ FEIRE : B W SOk B AR R, AT 3 FIAE 5, SRS PEAT 45 2R Sk,
BRI R KA+ /
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256 void main(void){
257 int i;
258 double temp;
259 double templ;
260 if((galog = fopen("data. txt","w")) == NULL) {
261 exit(1);
262 }
263 generation=1;
264 srand(time(NULL) ) ;
265 fprintf(galog, "number value x1 x2 avg sum_value\n");
266 printf("generation best average standard\n");
267 initialize();
268 evaluate();
269 keep the best();
270 temp = report(); /e, B L — AR 258 B (E
271 dof
272 select(); / /¥ ik
273 crossover(); VI N
274 mutate(); /7%
2175 evaluate(); [/ EHY
276 keep the best();
277 elitist();
278 templ = report();
279 diff = fabs(temp — templ);
280 temp = templ;
281 generation+t+;
282 }
283 while(generation < MAXGENS&&diff > = STOP);
284 //fprintf(galog, "\n\n Simulation completed\n");
285 //fprintf(galog, "\n Best member:\n");
286 printf("\nBest member:\ngeneration: % d\n", generation);
287 for(i=0;1<NVARS;i++)
288 //fprintf(galog, "\n var( $d) = % 3.3f", i, population [POPSIZE]. gene[i]);
289 printf("X % d= %3.3f\n", i, population[ POPSIZE].gene[i]);
290 }
291 //fprintf(galog, "\n\n bestfitness = % 3.3f", population [POPSIZE]. fitness);
292 fclose(galog);
293 printf("\nBest fitness = % 3.3f\n", population[ POPSIZE]. fitness);
294 )

SCHAE AL W 3,12 Fran SRS A — 2 R AR L EAT T 677 IR B R AR
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