
Chapter 5
The Execution of Genetic Algorithms in 

the Prototyping Board

T h is  c h a p te r  p ro v id e s  th e  p se u d o c o d e  o f  g en e tic  a lg o rith m s  (G A ) e x e c u tin g  in  the  
p ro to ty p in g  b o a rd . I t w as  n e c e ssa ry  to  d e s ig n  a c u s to m  m ic ro p ro c e sso r  p e rfo rm in g  G A  
e ff ic ie n tly  w ith  a  m in im u m  n u m b e r o f  in s tru c tio n s . T h e  G A  p re se n te d  h e re  h as  a  s tro n g  
im p a c t o n  th e  d e s ig n  o f  th e  in s tru c tio n  set. T h e  first v e rs io n  o f  G A  w as w ritte n  in  c la n 
g u a g e  w h ic h  c a n  b e  e x e c u te d  an d  d e b u g g e d  on  a co n v en tio n a l w o rk s ta tio n . T h e n  th e  c 
v e rs io n  w a s  m a n u a lly  re w ritte n  in  a sse m b ly  lan g u ag e . A n  a s se m b le r  fo r  th e  m ic ro p ro 
c e s s o r  w a s  im p le m e n te d . T h e  h ig h -lev e l la n g u a g e  c o m p ile r  w as n o t im p le m e n te d  sin ce  it 
re q u ire d  a lo t o f  tim e  an d  th e  m ic ro p ro c e sso r  w as n o t in te n d e d  fo r g e n e ra l p u rp o se . F i
n a lly , th e  a s se m b ly  v e rs io n  w as c o m p ile d  to  m a c h in e  c o d e  d o w n lo a d e d  in to  an  E E P R O M  
o n  th e  p ro to ty p in g  b o a rd .

T h e  m a in  a lg o r ith m  is  sh o w n  in  A lg o rith m  5 .1 . F irs t, th e  in itia l p o p u la tio n , c o n 
s is t in g  o f  p  in d iv id u a ls , w as  c re a ted  a t ran d o m . T h e  g en e ra tio n  b e g an  w ith  p ro d u c in g  Q  
o f fsp r in g  u s in g  c ro sso v e r. N e x t, th e  m u ta tio n  w as e m p lo y e d  to  p ro d u c e  R  o ffsp rin g . T h e  
p  in d iv id u a ls  w e re  s e le c te d  fro m  ( P  +  Q  +  R )  in d iv id u a ls  to  su rv iv e  in  th e  n e x t g e n e ra 
tio n . T h e  w h ile  lo o p  (A lg o rith m  5 .1 , lin e  3 -8 ) w as re p e a te d  u n til th e  o p tim a l so lu tio n  w as 
fo u n d  o r  th e  n u m b e r  o f  g e n e ra tio n s  re a c h e d  th e  m a x im u m  v a lu e  se t a t 5 0 ,0 0 0 . T h e  p ,  Q , 
an d  R  w e re  se t a t 128, 2 5 6 , 128 re sp ec tiv e ly . N o te  th a t th e  2 " -n u m b e rs  w e re  in te n d e d  fo r 
s im p le  ra n d o m  n u m b e r  g en e ra tio n .

T h e  in p u t/o u tp u t se q u e n c e s , u se d  in  fitness ev a lu a tio n , w e re  g e n e ra te d  u s in g  the  
A lg o r ith m  5 .2 . A  ra n d o m  in p u t se q u e n c e  w as fed  to  th e  ta rg e t c irc u it to  g e t th e  c o rre 
sp o n d in g  o u tp u t s e q u e n c e . E a c h  se q u e n c e  a lw ay s b e g an  a t th e  s ta rt s ta te  o f  th e  ta rg e t 
c irc u it. T h e n  th e  in p u t/o u tp u t seq u e n c e s  w e re  s to red  in  an  E E P R O M  p la c e d  o n  th e  p ro to 
ty p in g  b o a rd .

T h e  firs t p o p u la tio n  w as  in itia lis e d  u s in g  A lg o rith m  5 .3 . T h e  p  in d iv id u a ls  w ere
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c re a te d  a t ra n d o m . E a c h  b it  h ad  an  id e n tic a l p ro b a b ility  to  b e  “0 ” o r  “ 1” . A n  in d iv id u a l 
w as  a s s ig n e d  its  f itn e ss  c a lc u la te d  u s in g  A lg o r ith m  5 .4 . T h e  in d iv id u a l e x e c u te d  one  
in p u t, th e n  g av e  o n e  o u tp u t (A lg o rith m  5 .4 , lin e  5) an d  ch a n g e d  to  n e x t s ta te  (A lg o rith m
5 .4 , lin e  6 ). T h e  o u tp u t, in  lin e  5, w as  c o m p a re d  to  th e  d e s ire d  o u tp u t, th en  th e  fitness 
w as  in c re a se d  b y  th e  n u m b e r  o f  s im ila r  o u tp u t b its  (A lg o rith m  5 .4 , lin e  7).

T h e  g e n e ra tio n  b e g a n  w ith  e m p lo y in g  c ro sso v e r  to  p ro d u c e  Q  o ffsp r in g  (A lg o rith m  
5 .5 ). T w o  p a re n ts  w e re  se le c te d  ra n d o m ly  fro m  p  in d iv id u a ls  su rv iv in g  fro m  th e  p rev io u s  
g e n e ra tio n . T h e  se le c te d  p a re n ts  w e re  p e rfo rm e d  s in g le -p o in t c ro s so v e r  u s in g  A lg o rith m
5 .6 , th e n  th e  n ew  o ffsp r in g  w e re  a s s ig n e d  th e ir  fitness (A lg o rith m  5 .5 , lin e  6 -7 ).

N e x t, R  in d iv id u a ls  w e re  p ro d u c e d  u s in g  m u ta tio n  (A lg o rith m  5 .7 ). T h e  R  in d iv id 
u a ls  w e re  ra n d o m ly  se le c te d  fro m  p  in d iv id u a ls  su rv iv in g  fro m  th e  p re v io u s  g en e ra tio n , 
th en  th e  se le c te d  in d iv id u a ls  w e re  m u ta te d  (A lg o rith m  5 .8 ). E a c h  b it  o f  an  in d iv id u a l 
w as  c h a n g e d  w ith  th e  p ro b a b ility  p m =  0 .0 1 . F o llo w in g  that, th e  n ew  in d iv id u a ls  w ere  
a s s ig n e d  th e ir  f itn e ss  (A lg o rith m  5 .7 , lin e  3).

A f te r  re p ro d u c tio n , th e re  w e re  ( P  +  Q  +  R )  in d iv id u a ls . N e x t, th e  p  in d iv id u a ls  
w e re  se le c te d  to  th e  n e x t g e n e ra tio n  w h ile  th e  (Q  4- R ) in d iv id u a ls  w e re  d isca rd ed . T h e  
se le c tio n  w as p re se n te d  in  A lg o r ith m  5 .9 . F irs t, th e  fitte s t in d iv id u a l w as se le c te d  (A l
g o r ith m  5 .9 , l in e  1-4). T h e  lo o p  (A lg o rith m  5 .9 , lin e  6 -4 0 ) w as  re p e a te d  p  — 1 tim es 
to  se le c t th e  in d iv id u a ls  w h ic h  w e re  fit an d  d iffe re n t fro m  th e  o th e rs  w h ic h  h a d  b een  se 
le c ted . T h e  in d iv id u a ls  w e re  so r te d  b y  fitn e ss  to  c re a te  f_rank  (A lg o r ith m  5 .9 , lin e  8 -15). 
T h e  d iv e rs ity  o f  an  in d iv id u a l w as  d e fin ed  as th e  d iffe re n t b its  b e tw e e n  th e  in d iv id u a l and  
th e  s e le c te d  in d iv id u a ls  (A lg o r ith m  5 .9 , lin e  17-20). T h e n  th e  in d iv id u a ls  w e re  so rted  
b y  d iv e rs ity  to  c re a te  d_ ran k  (A lg o rith m  5 .9 , lin e  2 2 -2 9 ). T h e  c_ rank  w as th e  su m  o f  
f_ rank  a n d  d_ ran k  (A lg o r ith m  5 .9 , lin e  3 1 -3 2 ). T h e  b e s t in d iv id u a l in  c_ rank  w as se lec ted  
(A lg o r ith m  5 .9 , lin e  3 7 -3 9 ).

Algorithm 5.1 Main.
l i n e 1 g e n e r a t i o n  = 0;
l i n e 2 i n i t i a l i s e  p i n d i v i d u a l s ;
l i n e 3 w h i l e  t e r m i n a t i o n  c o n d i t i o n s  n o t  met do
l i n e 4 p ro d u c e  Q i n d i v i d u a l s u s in g c r o s s o v e r ;
l i n e 5 p ro d u c e  R i n d i v i d u a l s u s in g m u ta t io n ;
l i n e 6 s e l e c t  p i n d i v i d u a l s f ro m (P+Q+R) i n d i v i d u a l s ;
l i n e 7 g e n e r a t i o n  = g e n e r a t io n  + 1 /
l i n e 8 e n d w h i le
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G e n e r a t in g  (m X  ท )  i n p u t / o u t p u t  sequences, where m i s  t h e  number o f  
sequences  and ท i s  sequence l e n g t h .

t a r g e t  d e n o te s  f o r  t h e  t a r g e t  c i r c u i t ,  w h ic h  i s  an FSM. 
i n p [ m ] [ท] d e n o te s  f o r  i n p u t  sequences , 
o u t [ m ] [ท] d e n o te s  f o r  o u tp u t  sequences .

Algorithm 5.2 Generating input/output sequences.

r a n d j )  r e t u r n s  an i n t e g e r  random number be tw een 0 and 2*31 -  1

f l ( f s m ,  s t a t e ,  i n p u t )  i s  a s t a t e - t r a n s i t i o n  f u n c t i o n  o f  th e  fsm . 
f 2 ( f s m ,  s t a t e ,  i n p u t )  i s  an o u tp u t - m a p p in g  f u n c t i o n  o f  t h e  fsm .

l i n e
l i n e
l i n e
l i n e
l i n e
l i n e
l i n e
l i n e

1: f o r  ( i  = 1; i  <= m; i+ + )
2 :  c u r r e n t _ s t a t e  = s t a r t _ s t a t e ;
3 : f o r  ( j  = 1; j  <= ท; j+ + )
4 ะ i n p [ i ]  [ j ]  = ra n d  0  ;
5 : o u t [ i ] [ j ]  = f 2 ( t a r g e t ,  c u r r e n t _ s t a t e ,  i n p [ i ] [ j ] ) ;
6: c u r r e n t _ s t a t e  = f l ( t a r g e t ,  c u r r e n t _ s t a t e ,  i n p [ i ] [ j ] ) ;
7 ะ e n d fo r
8 ะ e n d fo r

Algorithm 5 .3  In itia lis in g  p o p u la tio n .
i n d i v i d u a l [1 ■ P ] [ 1 . . N ]  d e n o te s  f o r  p i n d i v i d u a l s  o f  w h ic h  t h e  le n g th s

e q u a l  N.
f i t n e s s [1 . .  p d e n o te s  f o r  th e  f i t n e s s  o f  p i n d i v i d u a l s .
ra n d  ( ) r e t u r n s  an i n t e g e r  random number be tw een  

0 and 2*31 -  1.

l i n e  1 f o r ( i  = 1; i  <= P; i+ + )
l i n e  2 f o r  ( j  = 1; j  <= N; j  + +)
l i n e  3 i n d i v i d u a l [i ] [ j ]  = r a n d ( )  % 2;
l i n e  4 e n d fo r
l i n e  5 f i t n e s s  [ i ]  = E v a l u a t e F i t n e s s (i n d i v i d u a l [i ]);
l i n e  6 e n d fo r
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G ive n  (m X  ท )  i n p u t / o u t p u t  sequences , where m i s  t h e  number o f  
sequen ces  and ท i s  sequence l e n g t h .

i d v  d e n o te s  f o r  an i n d i v i d u a l  w h ic h  i s  b e in g  e v a lu a t e .
i n p [ M ] [ N ]  d e n o te s  f o r  i n p u t  sequences .
o u t [ M ] [N] d e n o te s  f o r  o u t p u t  sequences .
f i t n e s s  d e n o te s  f o r  th e  f i t n e s s  o f  th e  i n d i v i d u a l .

fl(fsm, state, input) is a state-transition function of the fsm. 
f2(fsm, state, input) is an output-mapping function of the fsm. 
diff(strl, Str2) returns the number of similar bits between 

strl and Str2.

Algorithm 5.4 Fitness evaluation.

l i n e 1 ะ f i t n e s s  = 0;
l i n e 2 ะ f o r  ( i  = 1; i  <= M; i  + +)
l i n e 3 ะ c u r r e n t _ s t a t e  = s t a r t _ s t a t e ;
l i n e 4 ะ f o r  ( j  = 1; j  <= N; j+ + )
l i n e 5 ะ o u tp u t  = f 2 ( i d v ,  c u r r e n t _ s t a t e , i n p [ i ] [ j ] ) ;
l i n e 6 ะ c u r r e n t _ s t a t e  = f l ( i d v ,  c u r r e n t . _ s t a t e ,  x n p [ i ] [ j ] ) ;
l i n e 7 ะ f i t n e s s  = f i t n e s s  + d i f f ( o u t [ i ] [ j ] ,  o u t p u t ) ;
l i n e 8 ะ e n d fo r
l i n e 9 ะ e n d f o r

Algorithm 5 .5  R e p ro d u c tio n  ( c ro s s o v e r ) .______________________________________________
i n d i v i d u a l [ 1 . .  p ] d e n o te s  f o r  p i n d i v i d u a l s  s u r v i v i n g  f ro m  th e

p r e v io u s  g e n e r a t io n .
i n d i v i d u a l [ P + 1 . . P+Q] d e n o te s  f o r  Q i n d i v i d u a l s  p ro d u c e d  by  c r o s s o v e r ,  
f i t n e s s [ P  + 1 . .P+Q] d e n o te s  f o r  th e  f i t n e s s  o f  Q i n d i v i d u a l s .  
r a n d O  r e t u r n s  an i n t e g e r  random number be tw een

0 and 2 * 31 -  1.

l i n e 1
l i n e 2
l i n e 3
l i n e 4
l i n e 5
l i n e 6
l i n e 7
l i n e 8

f o r  ( i  = P+1; i  <= P+Q; i  = i  + 2)
C r o s s o v e r  ( i n d i v i d u a l  [ 1 + ( ra n d O  % P ) ] ,  

i n d i v i d u a l  [1 + ( ra n d O  % P ) ] ,  
i n d i v i d u a l [ i ] , 
i n d i v i d u a l [ i + 1 ] ) ;

f i t n e s s  [ i ]  = E v a l u a t e F i t n e s s ( i n d i v i d u a l [ i ] ) ;  
f i t n e s s [ i  + 1] = E v a l u a t e F i t n e s s ( i n d i v i d u a l [ i  + 1 ] )  

e n d fo r

1  /j C| 5
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G iv e n  tw o  p a r e n t  s e le c t e d  ra n d o m ly  f ro m  p i n d i v i d u a l s  s u r v i v i n g  f rom  
th e  p r e v io u s  g e n e r a t i o n ,  th e  c r o s s o v e r  p ro d u c e s  tw o  c h i l d r e n .

Algorithm 5.6 Single-point crossover.

p a r i [ 1 . .ท ] 
p a r 2 [ 1 . .ท ] 
c h d l [ 1 . .ท ] 
c h d 2 [ 1 . .ท ] 
r a n d ()

d e n o te s  f o r  p a r e n t l ,  w h ic h  i s  a n - b i t  s t r i n g .
d e n o te s  f o r  p a r e n t2 ,  w h ic h  i s  a n - b i t  s t r i n g .
d e n o te s  f o r  c h i l d l ,  w h ic h  i s  a n - b i t  s t r i n g .
d e n o te s  f o r  c h i l d 2 ,  w h ic h  i s  a n - b i t  s t r i n g .
r e t u r n s  an i n t e g e r  random number be tw een 0 and 2~31 -  1.

l i n e 1
l i n e 2
l i n e 3
l i n e 4
l i n e 5

c u t _ p o i n t  = 1 + ( r a n d ( )  % ท ) ;
c h d l [ 1 . . c u t _ p o i n t ] = p a r i [ 1 . . c u t _ p o i n t ] ;
c h d l [ ( c u t _ p o i n t  + 1 ) . . ท] = p a r 2 [ ( c u t _ p o i n t  + 1 ) . . ท ] ;
c h d 2 [ 1 . . c u t _ p o i n t ] = p a r 2 [ 1 . . c u t _ p o i n t ] ;
c h d 2 [ ( c u t _ p o i n t  + 1 ) . . ท] = p a r i [ ( c u t _ p o i n t  + 1 ) . . ท ] ;

Algorithm 5 .7  R e p ro d u c tio n  (m u ta tio n ).
i n d i v i d u a l [ 1 . .  p ] d e n o te s  f o r  p i n d i v i d u a l s  s u r v i v i n g  f ro m

th e  p r e v io u s  g e n e r a t io n .
i n d i v i d u a l [ (P +Q + l) . . (P+Q+R)] d e n o te s  f o r  R i n d i v i d u a l s  p ro d u c e d  by

m u t a t i o n .
f i t n e s s [ (P + Q + l) . .  (P+Q+R)] d e n o te s  f o r  th e  f i t n e s s  o f  R i n d i v i d u a l s ,  
r a n d o  r e t u r n s  an i n t e g e r  random number be tw een

0 and 2 ~ 31 -  1.

l i n e 1 ะ
l i n e 2 ะ
l i n e 3 ะ
l i n e 4 ะ

f o r  ( i  = (P + Q + l) ;  i  <= (P+Q+R); i+ + )
M u t a t i o n ( i n d i v i d u a l [1 + ( r a n d o  % P ) ] ,  i n d i v i d u a l [ i ] ) ;  
f i t n e s s [ i ]  = E v a l u a t e F i t n e s s ( i n d i v i d u a l [ i ] ) ;  

e n d fo r

Algorithm 5.8 M u ta tio n .__________________ ___________________________________
G iv e n  a p a r e n t  s e le c t e d  ra n d o m ly  f ro m  p i n d i v i d u a l s  s u r v i v i n g  
f r o m  th e  p r e v io u s  g e n e r a t io n ,  th e  m u ta t io n  p ro d u c e s  a c h i l d .

p a r [ 1 . . ท] d e n o te s  f o r  p a r e n t ,  w h ic h  i s  a n - b i t  s t r i n g ,  
c h d [ 1 . .ท ]  d e n o te s  f o r  c h i l d ,  w h ic h  i s  a n - b i t  s t r i n g ,  
d r a n d o  r e t u r n s  f l o a t i n g - p o i n t  v a lu e s  u n i f o r m l y  

d i s t r i b u t e d  be tw een [ 0 . 0 ,  1 . 0 ) .
Pm d e n o te s  f o r  m u ta t io n  p r o b a b i l i t y ,  s e t  a t  0 .0 1 .

l i n e
l i n e
l i n e
l i n e
l i n e
l i n e

1 ะ
2 : 
3:
4 ะ
5 ะ
6 ะ

f o r ( i  = 1; i  <= ท; i+ + )  
i f  ( d r a n d o  < Pm)

c h d [ i ]  = n o t  p a r [ i ] ;
e l s e

c h d [ i ]  = p a r [ i ] ;
e n d fo r
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Algorithm 5.9 Selection.
i n d i v i d u a l [ 1 . . (P+Q+R) 
f i t n e s s [ 1 . . (P+Q+R)] 
d i v e r s i t y [ 1 . .P+Q+R] 
f _ r a n k [ 1 . . (P+Q+R)] 
d _ r a n k [ 1 . . (P+Q+R)] 
c _ r a n k [ 1 . . (P+Q+R)5

] d e n o te s  f o r  (P+Q+R) i n d i v i d u a l s  
d e n o te s  f o r  f i t n e s s ,  
d e n o te s  f o r  d i v e r s i t y ,  
d e n o te s  f o r  f i t n e s s  r a n k ,  
d e n o te s  f o r  d i v e r s i t y  ra n k ,  
d e n o te s  f o r  com b ined  ra n k .

i n i t i a l i s e  d i v e r s i t y [ 1 . . (P+Q+R)] t o  z e r o .

l i n e 1
l i n e 2
l i n e 3
l i n e 4
l i n e 5
l i n e 6
l i n e 7
l i n e 8
l i n e 9
l i n e 10
l i n e 11
l i n e 12
l i n e 13
l i n e 14
l i n e 15
l i n e 16
l i n e 17
l i n e 18
l i n e 19
l i n e 20
l i n e 21
l i n e 22
l i n e 23
l i n e 24
l i n e 25
l i n e 26
l i n e 27
l i n e 28
l i n e 29
l i n e 30
l i n e 31
l i n e 32
l i n e 33
l i n e 34
l i n e 35
l i n e 36
l i n e 37
l i n e 38
l i n e 39
l i n e 40

f i n d  ท, where ท i s  an i n t e g e r  number be tw een  1 and (P+Q+R) 
and f i t n e s s [ท] i s  maximum; 

sw ap ( i n d i v i d u a l [ ท ] ,  i n d i v i d u a l [ 1 ] ) ;  
s w a p ( f i t n e s s [ ท ] ,  f i t n e s s  [ 1 ] ) ;

f o r  ( i  = 2; i  <= P; i+ + )

s o r t  i n d i v i d u a l ,  f i t n e s s ,  d i v e r s i t y ,  f _ r a n k ,  d _ r a n k ,  c _ ra n k  
f ro m  i  t o  (P+Q+R) by  f i t n e s s ;

ท = 1;
f o r  ( j  = i ;  j  <= (P+Q+R); j+ + )

f _ r a n k [ j ]  = ท;
ท = ท + 1 ; 

e n d fo r

f o r  ( j  = i ;  j  <= (P+Q+R); j+ + )
d i v e r s i t y [ j ]  += number o f  d i f f e r e n t  b i t s  be tw een

i n d i v i d u a l [ i  -  1] and i n d i v i d u a l [ j ] ;
e n d fo r

s o r t  i n d i v i d u a l ,  f i t n e s s ,  d i v e r s i t y ,  f _ r a n k ,  d _ r a n k ,  c _ ra n k  
- f ro m  i  t o  (P+Q+R) by  d i v e r s i t y ;

ท = 1;
f o r  ( j  = i ;  j  <= (P+Q+R); j+ + )  

d _ r a n k [ j ]  = ท;
ท = ท + 1 ; 

e n d fo r

f o r  ( j  = i ;  j  <= (P+Q+R); 
c _ r a n k [ j ]  = f _ r a n k [ j ]

j+ + )
+ d _ r a n k [ j ] ;

f i n d  ท, w here  ท i s  an i n t e g e r  number be tw een  i  and (P+Q+R) 
and c _ r a n k [ท] i s  m in imum;

swap ( i n d i v i d u a l [ ท ] ,  i n d i v i d u a l [ i ] ) ;  
swap ( f i t n e s s [ ท ] ,  f i t n e s s  [ i ] ) ;  
swap ( d i v e r s i t y [ ท ] ,  d i v e r s i t y [ i ] ) ;  

e n d fo r
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