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® heuristic methods—--do not guarantee optimality

# iterative methods

# simulate biological evolution, which has enabled
“nature” to develop species remarkably well-
adapted to their environment.

&

EDenniz Bricker, U. of lowa, 1997

# development & theoretical foundation provided

by: John Holland, 4dapiion in Natural and

Artificial Sysiems, The University of
Michigan Press,1979.

¢ further developed & analyzed by Holland's
student;

David Goldberq, Genelrc Algoritims
in Search, Oplimization, and MNachine
Learmmg, Addison—-Wesley, 1989,

EDenniz Bricker, U. of lowa, 1997
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# operate on a population of individusz/s which
represent potential solutions to the problem

# from the population, a set of "good” individuals
are selected to mzfe & form a new
generaiion

#» the quality of subsequent generations will (it
is hoped!) gradually improve and approach
optimality

EDenniz Bricker, U. of lowa, 1997

Encoding

Fithess measure

Selection

Scaling fithess

Crossover

Mutation

Generic GA Algorithm

NI EIEE

EDenniz Bricker, U. of lowa, 1997
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Each individual in the population consists of a
string, which "resembles”™ a bioloqical
chromosame composed of genes.

These genes may take on values from a finite
set of digits or characters, called #//e/es.

(Most frequently, the alleles are binary digits.)

Example: from the set of alleles {A,B,C} we
might produce the individual |ABCABBCABBC

EDenniz Bricker, U. of lowa, 1997

For each individual i1, we define a 77i{ness
value f(i) to measure how good it is.

Individuals representing good solutions will
have a larger fitness value than those which
correspond to poor solutions.

Used to determine which individuals survive:
to produce the next generation.

Survival of the |
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From the population at each generation, a GA
randomly selects the fittest individuals to
survive and mate to produce the next generation.

The simplest method for doing this is "stochastic
sampling with replacement”, in which individual

£

i 15 selected with probability p;= yg ()
j=1

This is repeated until N individuals have been

selected. -

EDenniz Bricker, U. of lowa, 1997

In sampling with replacement, the more fit
individuals are likely to be selected, and may
be selected several times. However, there is
not guarantee that an individual whose fithess
is above the population average will be selected

“Stochastic universal sampling” i1s a scheme

which will quarantee this!
JE. Baker, "Reducing bias and inefficiency in the selection
algorithm”, in Ferefic Algaritims & Their Applrcsiions:

Froceodings of the Znd ind | Cond. o Genelic Algorilims,
JJ Grefenstette (ed) 1957

EDenniz Bricker, U. of lowa, 1997
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Cempute S, the sum of the fithess values
for the population.

Pl Map each fitness value in random order to

=== contiguous segments of the interval [0,5]
on the real line, such that each segment has
length equal to its corresponding fithess
value.

0 S

| | T |
f(1) f{2) f(3) f(4) fIN-2) f(N-1) f(N)

Stochastic]
Liaiverssl |
Sampling |

EDenniz Bricker, U. of lowa, 1997

Generate a random number sy within the
interval [O, SEN] , the "average” interval.

¢
-
0 Shy
Cempute the N equally-spaced numbers
s=sg+ix> i=012,...N-1

NF
50 51 82 Sz SN-4 SN-3 SN-2 SN-
O L b NI
f{1) f(2) f(3) fl4) f(N-2) f(N-1) f(N)

EDenniz Bricker, U. of lowa, 1997
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' set {sj} which fall within interval k.

ey 81 5o 53 5M-4 SN-3 SN2 SN-
O L b L v VIR R
ni=1 na=1 fig=2 Mg =1 My-2=2 M-1=1  ny=1

"of individual k and put into the mating
pool.

em

EDenniz Bricker, U. of lowa, 1997

The distribution of fithess values
may strongly affect premature

convergence of a genetic algorithm.

If a few individuals have much larger fitness
values than the others, they will generate many
more offspring and quickly dominate the
generations which follow, and the algorithm
will prematurely converge to a population of
identical "clones”™ which are not optimal.

«Aﬂ

EDenniz Bricker, U. of lowa, 1997
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A way to prevent this is to scale the fithess
values so0 as to maintain a constant "best fitness
to average fitness” ratio, the scaling factor.

Given scaling factor X and a set of fithess
values {f,,fs, ... f,}, we scale them to Fi=af;+b

where a & b are chosen so that

and

EDenniz Bricker, U. of lowa, 1997

Solution: Choose a & b so that

fe -1
I
me-zﬂ
i=
b =N - a fiun

where froae = max {f;}
1

EDenniz Bricker, U. of lowa, 1997
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Two individuals can mate to generate two
offspring, by randomly selecting a break
point and exchanging substrings:

ABCAA%BBCC ABCAA|BBCC ABCAA|lacha

— -
chacbacha chac bjlacha chac b|BBCC

break point | ‘JJ

EDenniz Bricker, U. of lowa, 1997

with relatively low probability, a gene on a
chromosome might change its value from one
allele to another.

ABCAABBCC| = [ABICAABBCC| = | A[HCAABBCC

A gene is selected New value

at random of gene is
selected at
‘é“ random

EDenniz Bricker, U. of lowa, 1997
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The GA is initiated with a random population
of N individuals

At each iteration, the GA does the fnllnwing:

Evaluates the fitness of each individual in
the population

Based on fitness, chooses individuals from
the population based on fithess, to form a
maiing pog/, and pairs these individuals

randomly .
!

page 10

EDenniz Bricker, U. of lowa, 1997

either mates them & puts the two
offspring into the new population

o copies them directly into the new
population

Carries out mutation on the new population
Checks whether to terminate.

tisualiv & genelic alfgorithm will lermingle
afler @ given number of iteralions, or when
neariy aff of he individuals in the populalion
are identical.

For each pair of individuals in the mating pool,

EDenniz Bricker, U. of lowa, 1997
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There are numerous decisions which much be made
in the desigh of a genetic algorithm:

* population size

* probability of crossover

* probability of mutation

* whether to "seed" the initial population with "good"
solutions

* scaling factor (best to average ratio) for fithess

See sample Pascal code in Chapter 3: "Computer Implemen-
tation of a Genetic Algorithm®, in book by D. Goldberg.

!

EDenniz Bricker, U. of lowa, 1997

GENETIC ALGORITHM |

LINE BALANCING

Consider the Assembly Line Balancing (ALB)
Problem 1in which the number of stations n
1s fixed, and the tasks are to be assigned to
the stations so as to minimize the cycle time.

EDenniz Bricker, U. of lowa, 1997
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13

n =3 stations
10 tasks

EDenniz Bricker, U. of lowa, 1997

For the ALB problem, a natural encoding would
be, using the station numbers as alleles, to

identify the station to which task 1 1s assigned
by the number in the ith position on the string.

EDenniz Bricker, U. of lowa, 1997
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13 Bﬁ r'ZEI

Station | | ' /{(u

Station 3 |

The assignment shown above would be
coded by the string: [ 1]1(211]1212!3|213|3

1T 2 3 4 3 & F 3 9 10

EDenniz Bricker, U. of lowa, 1997

Our objective i1s to
¢ minimize the cycle time, while
¢ salisfy the precedence restrictions

The “fitness™ measure of a solution should
be a positive value which reflects both of
these considerations,

with a larger value for those solutions which
better satisfy the objective & restrictions.

EDenniz Bricker, U. of lowa, 1997
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Station 1 |
time = 38 |

station 2 ¢
time = 42 ¢

Station 3 |
Lime = 33|

The assignment of the ten tasks to the three
stations shown above results in a cycle time

equal to T,zx = maxi{38, 42, 331 =42.

EDenniz Bricker, U. of lowa, 1997

The cycle time 15 to be minimized, and so is
an indication of "unfitness”, i.e., the larger
the cycle time, the more unfit the solution is.

If T(i) is the cycle time of individual i, then
the fitness could be measured by

fi)=kxM-T() |
Yy h ere A A A AL 1 AR g tastnst

M = maximum { T (1) }
1
and k>1. With this definition, f(i)>0 for all i.

EDenniz Bricker, U. of lowa, 1997
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However, because individuals which violate one
or more precedence restrictions might appear
in the population, we will include a penalty P
times the number V¥ of such violations:

EDenniz Bricker, U. of lowa, 1997

Station2 § '3 Ve 2 Cycle time = 43
L . = max{43, 30, 40}
s e eesesE S A—— 4N
10 N @ 15
1 (4 (6) = 1) 10
Station | 8 .
(3— 9
| 1121111]213|3(2|3]|3
1 2 3 4 5 & T B a 10

In the assignment shown, task 6 does not
precede task 8 as required, and so we reduce
the fithess by a penalty P=10:

EDenniz Bricker, U. of lowa, 199
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Suppose that the two individuals below have

been paired for "mating” , and the "break point”

has been randomly chosen to be after the
“gene” in the string:

0

page 16

1 2 % 4 5 & 7 8 9 10 1T 2 3 4 5 & F 2 9 10

11
2

1

2112123
T 4 5 & 7

The two parents
"mate"” and pro- |

duce .

91 _;f;;;; };Ei;g 2 3

a2

=

3

2 A

=

g

3

10

4
EDenniz Bricker, U. of lowa, 1997
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11212%%%%@

page 17

)
+8)
Statmﬂ gy

two "hybrids” of

their parentsl

TRNTERERERE
1 2 & 7 B

EDenniz Bricker, U. of lowa, 1997

Mutation will be performed on each "gene”
with some probability B, ... which is
relatively small.

If a gene 1s randomly selected for mutation,

it is assigned an allele selected uniformly
from the set of alleles.

2[112|2]3|2(3|3] =» |[1[2]3]1]2
3

1T 2 2 4 5 & 7 8 9 10 1 2 Z 4

-

2
3

-1 e

EDenniz Bricker, U. of lowa, 1997
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At the 100th

iteration, the ——ess time 11on° opaLen
, 1 | 185 5o 2 [1 321 3e2ee1 3
: 2 | 1e5 se 2 |1 32132821 3
algorithm 3 | 1@5 se 2 |1 32132821 3
converged: 4 | 1@5 se 2 |1 32132821 3
s | 185 sSe 2 |1 32132821 3
& | 185 sSe 2 |1 32132821 3
_ 7 | 1es se 2 |1 32132821 3
the populalion 2 | 185 S0 = 1 321 322e1 3
: 3 | 185 sSe 2 |1 32132821 3
35':_7"?”35"{'5'3'5"'{.}" i@ | 185 sSa 2 132132221 3
Lrrrorid 11 | 1es sa 2 |1 32132821 3
12 | 185 =a 2 |1 32132821 3
13 | 1@5 =a 2 |1 32132821 3
14 | 185 =a 2 |1 32132821 3
15 | 1@5 =a 2 |1 32132821 3
16 | 1@5 =a 2 |1 32132821 3
17 | 185 =a 2 |1 32132821 3
1z | 1@5 =a 2 |1 32132821 3
13 | 185 =a 2 |1 32132821 3
za | 185 sa 2 |1 32132821 3

Incurmbent.:

an example earlier....

Genetic Algorithm Pawametewa?

A=2:21:39 pm december 2, 19935

Metations = 2
= # of stations
Fopsize = 2@
= # of individusls in population
Fcross = @.82
= Pl{crossaouvert
Frutate = 0.3005
= Pimutationt
Feralty = 35
= penalty per precedence violastion

Ekk = I.E
. 1‘-?

Consider the ALB problem used as

page 18

EDenniz Bricker, U. of lowa, 1997

>
Fit LCucle wiola

1

1

22222232 2E

Nore mnr final generatron 1s fegsibiof

LTINS T T a L I!."i'i"ﬂlll 1 --'--'Ir
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Cvole Lime
s 50

Fhe incumben! was Jis—
cavered i a8t earfier
qenargiion bl thon
FrsFppegredy?

EDenniz Bricker, U. of lowa, 1997

103 -

100 -

=

20

AVERAGE FITNESS |

=1 ' beeeeeee———
210 1
=
704 T T r r .
210 41 &l 20 100
iteration

EDenniz Bricker, U. of lowa, 1997
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106 4

104 -

102 -

100 -

22

FE A

94 A

22

12/2/97 page 20

MAXIMUM FITNESS

Running again,
with g gher
probabifity orf
Eres5over
(205

Again, the
Flgoritim

converged
(Bapulstion is
nal vritorm, bl

135 il orm
Fiinesst}

20 40 &0 20 100

EDenniz Bricker, U. of lowa, 1997

2
Fit LCucle wiola

= hess time tions Fopulation

1 117 45 @ 1 312 3282321 =
= 117 45 1| oin L aemna

c 117 45 1 S e

< 117 45 1

5 117 45 @ 1 312 3282321 =
& 117 45 @ 1 312 3282321 =
7 117 45 1 "

= 117 45 @

S 117 45 @

1@ 117 45 @

11 117 45 1

12 117 45 1

13 117 45 1

14 117 45 1

15 117 45 1

16 117 45 1

17 117 45 @

15 117 45 @

19 117 45 @
=) 117 45 1

EDenniz Bricker, U. of lowa, 1997
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Cvele time is 45

EDenniz Bricker, U. of lowa, 1997
120 4
113 1

110 1

MAX FITNESS |

103 1

100 1

93

20 40 60 a0 100
1iteration ¥

EDenniz Bricker, U. of lowa, 1997
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120

1110 A

100 -

AVERAGE FITNESS

20 1

20

20 40 &0 20 100
iteration ¥

EDenniz Bricker, U. of lowa, 1997

120 -

1110 1

100 4

210 1

a0 1

MINIMUM FITNESS

T

&0 A

20 T v r r r
20 40 &0 20 1an

iteration #

EDenniz Bricker, U. of lowa, 1997



Genetic Algorithm for Line Balancing

10 -

12/2/97

¥ of Feasible
Individuals in

Population

page 23

140

20

20 100

iteration ¥

EDenniz Bricker, U. of lowa, 1997

Running the GA again with Pcross=90%, 1t converged in 8&th

Fitness

generation:
generation | min max
= 91
73 ==
7 =1 =
73 ==
= =23
7T ==
= ==
73 =29
=15 99
=31 181
ac 182
83 182
849 183
83 91
856 106
a7 183
83 118

118 1a1.28a
111 181.15
111 1az.28
111 181.7V3
111 18=.78a
111 184.28
111 183.45
111 184.235
111 187 .48
111 183.73
111 18z.7a
111 182.05
111 182.48
111 182.28
111 118.28
111 118.68
111 118.25

average|*#feasible

oV R o I o o o O R Y O oY o

¥iE Converged!¥ii

EDenniz Bricker, U. of lowa, 1997
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k-3
Fit LCycle wiola

#  nass time tions Fopulation

1 111 5@ 1 12122113222
2 111 5@ 1 12122113222
c 111 5@ 1 12122113222
4 111 5@ 1 12122113222
= 111 5@ 1 12122113222
& 111 5@ 1 12122113222
7 111 5@ 1 12122113222
= 111 5@ 1 12122113222
£ 111 5@ 1 12122113222
10 111 5@ 1 12122113222
11 111 5@ 1 12122113222
12 111 5@ 1 12122113222
13 111 5@ 1 12122113222
14 111 5@ 1 12122113222
15 111 5@ 1 12122113222
16 111 5@ 1 12122113222
17 111 5@ 1 12122113222
18 111 5@ 1 12122113222
19 111 5@ 1 12122113222
= 111 5@ 1 12122113222

Converged to nonfeasible solution!

ILENNS BERICKer, . 0T iowa, 1997

Station | 13 m 8 Q
2 > 2 5 - E

= |
10 15 7 || A
1 (4] (6] | ?
Station | 18 H 12
S g

Fhe incumbonl was 15—

caveroed 1 8 esrfrer ] ]
genersiion, and then Cyolie time 15 50

GFISEPPE'EFE'G? E)0ennis Bricker, U. of lowa, 1997
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100

210 1

INCUMBENT |

B l:l - e

70

&0 1

20 40 &0 20 100

EDenniz Bricker, U. of lowa, 1997

115 - ’-\r

110 - 1 ll'ﬂ“'r

105 -

MAX FITNESS |

100 -

25 v r . T
20 40 =11 20

EDenniz Bricker, U. of lowa, 1997
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120 -

110 -

100 -

20 A

20 A

7

20 40 &0 20

EDenniz Bricker, U. of lowa, 1997

120 4

100 -

210 1

20 1

MINIMUM FITNESS |

70

&0 1

=20 T v r T
Z0 40 &0 a0

EDenniz Bricker, U. of lowa, 1997



Genetic Algorithm for Line Balancing 12/2/97 page 27

31 #* of Feasible
individuals in
the population

20 40 &0 20 100

EDenniz Bricker, U. of lowa, 1997

Fitness
generation | min max average|#feasible
. o sonas ot R
Running Lhe £ 23 121 106 .63 4
. 61 =lc: 12@ 185,60 &
E_-Af E‘gﬁfﬁ,ﬁﬁf &2 23 12 184,47 5
. 63 =14 12@ 185,63 T
Will ﬂ{?ﬂﬂfﬁ— &4 g1 1z@ 106,20 7
. . 65 TS 128 194,58 7
ff{?ﬁ Sl = G5 24 12 106,03 7
6T =lc: 12@ 1806.1@ =
g2 npol Fo0 65 S5 121 1@9.17 5
3= 97 12@ 111.1@ 11
TO 95 12@ 113.9@ =
T1 95 12@ 114 .47 =
TE 95 12@ 114,83 15
. réc) 95 12@ 116,63 17
Converges in 7a 102 120 117.17 19
TS 115 12@ 119,50 =44
S FeRer a— TE 119 128 119.50 =4

. Converged! ¥
Lion

EDennis Bricker, U. of lowa, 1997
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ileg131ea33E
lgei1z21e22323
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgei1z21e22323
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgegi1zeezz2s3
lgei1z21e22323

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

120 44

FOPULATION
1221222232732
1221222232732
1221222232732
1221222232732
1221222232732
1221222232732
1221212232732
1221222232732
1221222232732
1221222232732
1221222232732
1221222232732
1221222232732
1221212232732

SUOLE|OLA #
aLULY 2247

Soallly

]

I &
17
13
19
=%
2

1

22
23
=24
23
(=3=1
=y
22
29
=8

o
o
o
0l
—
o
-~
0l
0l
i

128 44 @

128 44 @

1

o122 44 2

21122 44 @

41128 44 2

51282 44 @

(128 44 2

T12a 44 2

2122 44 @

21128 44 @
1ajiza 44 @

11

12|1iza 44 @

I12|1za@a 44 @

l4|]1za 44 @

I5|1za@a 44 @

Elennis Bricker, U. of lowa, 1997

AVERAGE FITNESS

120 -

1110 -

100 -

210 1

20

&0 a0
iteration

40

20

EDenniz Bricker, U. of lowa, 1997
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120 -

113 -

110 A\

103 -

100 -

a5 T T r .
20 41 &l 20
iteration

EDenniz Bricker, U. of lowa, 1997

120 4

110 -

100 -

20

210 A

T

MIN FITNESS

Bl A

50 T T . .
20 41 &l 20
iteration

EDenniz Bricker, U. of lowa, 1997
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30 A
Mumber of
oe | Feasible
Individuals
20 - in the gen-
eration
.
10 4
5 -
Sty mfm"\ , , ,
20 41 &l 20
iteration
EDenniz Bricker, U. of lowa, 1997
B0 —
558 1
56 1 :
INCUMBENT |
.
52 4
50 1
45 4
45 4
44 T T III' . .
=0 40 &0 20
iteration

EDenniz Bricker, U. of lowa, 1997
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_— | 5|

- Cycle time is 44

EDenniz Bricker, U. of lowa, 1997

Finally, the GA was run with a population size
of 00, and a probability of crossover equal to
foR.

Convergence occurred on the 7/7th iteration.

EDenniz Bricker, U. of lowa, 1997
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170 . MAX FITNES

165 1
110 A

155 1 1

1510 1

1475 A

140

20 40 &0 20

EDenniz Bricker, U. of lowa, 1997

100 . MIN FITNESS

150 -
140 -
120 1
100 -

20 A

=11

20 40 &0 20

EDenniz Bricker, U. of lowa, 1997
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17, - AVERAGE FITNESS

1810 -
130 -
1410 -
1320 -
120 -

1110 1

100

20 40 60 a0

EDenniz Bricker, U. of lowa, 1997

-, .# FEASIBLE

40 1

20

20 1

101

EDenniz Bricker, U. of lowa, 1997
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All solutions in the final population
are feasible, with fitness = 167
and cycle time = 43

There are four

distinct

solutions in the

population:

The best solution was found in the
35th generation, with a cycle time
equal to 40.

EDenniz Bricker, U. of lowa, 1997

ad A

. Incumbent

Cycle Time

2l A

45 1

45 1

44 1

43 1

40 1

38 1 1 1 1
20 40 =11 20

iterations

EDenniz Bricker, U. of lowa, 1997
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Cywcle time = Minimum{3g8, 39, 37} = 39

Qptimal |
- The optimal cycle time is 39

-

Solution

EDenniz Bricker, U. of lowa, 1997

APL Code

The following screens contain listings of some APL
functions written to implement GA for the Assembly
Line Balancing problem.

EDenniz Bricker, U. of lowa, 1997
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MGFRsdetail stoprintersMax_iterationssIsdetail ssho

C11 A

CZ21 n Genetic Algorithm

C=1] A tor Assembly Line Balancing Frobleam

C43 n ramely, minimize Cycle Time, =.Lt. #Hstations
C51] A

= A Glabal wvariakbles used:

C+1] A Metations = # of stations to be used

(= A F = wactor of task Time=s

= A = = adjacency matrix of precedenc
C1@d n Fopsize = population size

Ci1131 g kkEk = zcalar > 1

Ci12d n Fcross = probakility of crossowver
C1=1 n Frautate = probability of mutation

C1i4d r

EDenniz Bricker, U. of lowa, 1997

C151] show_pop+detail «ASKYMN 'Show details?!
Cl1ed t#detail.s'show_pop+ASEYH ' 'Show pools?'' !

Ci1713 Maw_iterations+Reguest_Box 'max # iterastions
L1831 toprinter+AskFrint ¢ Fr3elect

(= Frologues

C2E] A/

L2113 FOF+Initisl_PFPool(Fopsize , Mstations , Pl

CEE2dl CycleTime+rEwvaluate_Fool FOF

L2231 Fitresse(lTkkkxUB«l ~CycleTimael-CycleTim=

CE41] Incumbentes1ld ¢ MinCycleTim=e«BIG

I=t= Maxlals+MinWals=+Avgllal s«MNumFaeas+1ld ¢ iteration«d
CEe] Fecord_Status

Cevl 'Fandom Seed: ' ,¥F5et_Randowm_S=ed

EDenniz Bricker, U. of lowa, 1997
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CES1 A

2291 #i~det=ill~'0OL < UMNDERLIME ''—-Gerneration——Minimu
easible-"'""

C3B] Mextz=2+Stop aif Max_iterationsd{iteration+iteration

C311 A

CL32]1] =Conwverged oifil-Fitrness)i=LsFitness

C331 A
C341 n Select pool of indiwviduals who will surwiwve
C=251 g & b= candidates for mating (8 mutation?

Co=] I+Select_Fool Fitrness
C=371 Report_0GA

EDenniz Bricker, U. of lowa, 1997

C35] n

C=229] g Mate pairs in the selected pool
L4801 FOF+Crossower FOFLCIz3

C411 A

C42]1 nm Mutate indiwviduals in the pool
L4531 POF+Mutate FOFLCIs]

C441 R

L4517 Fitness«(lIkkkxUB)-CycleTime+rEvaluate_Fool FOP
Cde] Fecord_Status

C471 g Ernd of iteratiaon
C453 sMle==t
C49] Ve Mawimum # of iterations pertormed!|  #ek!

C5@]1 =Stop
C51] Cornwvergead: '##E Conwverged ! #H!
C52] rm

C53] Stop:'##E terminated k!
2
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YPOOL+Inmitial _Fool Mimsgsirl

Ci1d ~n

CZ2d n et initial population for genetic algorith
C31 ~n

C4d n MLC1d= population size

(= A sLC2d= # ot stations

Cedl nA =L31= & of tasks

C¥1 A

(= +Fandom oif ASKEYMN 'Random initial genetic pool™!
= Enter:FO0OL«2353E0 Alpha_Reguest_Box 'nawme of initial
Ci@d =0k ai+~simCld=1tePO0LY ,cxC3]1="1TcFOOLY , ,FOOLE LM
Ci111] Message_Bowx 'sError!sFlease try again

Ciz1 “Enter

C1Z3] Random:rl+Set Random_Seed

Ci41] FOOL«7?=C1 ZJg~=LCZ3

C1537 OK=
LA
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"Report_GARi;tablei;HM;output

Ci1 A

Ced A Report results in iteration of
C=1 A Gernetic Algorithm for ALE prokblem
C41 A

LS1] t$cdetail #'"SHIFTeCTR UMDERLIME ''Generation #'',fiteration
C=1 M+1TeFOF

C+v1 Fovshow _pop? SSunmnary

C=1 tables'IZ2,< | >,I&,< | »' OFHT (L2 ,H)p{1H) Fitness?

C=1 tablestakle,'I2' OFMT FOP

Ci1&a13 oL,' # Fithess --—-mating pool----
Cii1 takble ¢ FPAUSE < -=<End

Cl121 Summary:

C1=1 odtput+iiteration,(T1tHMinlals? , i1 tHaxValsr , T 1 TAvgUlals?
Ci41] 'I7,211@,F1@.2,I11@8' OFHT 1| Sepoutput

C13]1 End:

=
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Ci11
=1
C=1
C41
C51
Ce1
C+1
(=
C21
Ci@d
Ci11
Ciz1
Ci131

Ci13
Ce3d
C33
C43
C53
Ced
CV3
Cs3d
C=3

YRecord_Statussbsi

Fecord status of the population
at the =end of =ach generation

I I I I

MinWals+MinWals ,LAsFitness
MaxWals+Maxlals [ Fitnhess

Awglals+-AwglWals ,AVERAGE Fitrness

MumFeas+MNumFaas +/B=nwveblumber_WMiolations FOF

+End oif~Yesbhelnw=81"CyclaTime! 1TMinCycleTime=
MimnCycleTime+MinCycleTime ,CyclaTimeli+lTth"1Fopsize
Irncumbent+«FOFLCiz]

acc 35 <« =03

EndiMinCycleTimesMinCyclaeTimeae ,” 1TMinCyclaeTime
2
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YzeBEwaluate_FPool FOF3iszM

Ewvaluate the indiwvidusals in the pool
tcyocle time of assigrment?

o xR 1

i@ <& Me(eFOFXC11 < z«Mel
Mextz=sErd aif M{iecidl
zLid«Ctime FOFLCiz3

shlaxt
Erndsz

=2
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YteCtime pop

C11 A

CE1 A Compute Cycle time for scolution "pop!

C=1 =] where poplil= station to which task i is
C41 A sassigned. Include penalty times rnumber
C5] =] of precedence wiolations.

Cel A

CY¥1 =] Global wariasble: Fenalty

(= A F = wectaor of task times
(= A

C18d1 telsCi1Mstationsl)e.=popl+.=F A Cycle time
C1117 tet++ -/ FPenaltyx ,Arpops. fpop A Violation penalty

w2
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MzeMlumber_Miolations popsi

Ci113 A
CZSd n Compute number of wiolations of
C=1 A precedence restrictions
C43 A
C51 A Globzl wariabla: H = precedence matrisx

(= +Single aif l=sgEppop
C¥1 ze L1l Tgpopleld ¢ i<l
C3] hMext:+End cifigpopiClI<i+i+l
= zLilde+s ,Aspoplisde. fpoplis]
Ci1&13 +Me=t
C11] Single:z++s ,AXpope. fpop
Ci12]1 Ends:
=2
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MI+Select_Fool F3jSiMssldsssfinsashk

C11 A

CSd n Select indiwiduals from pool according
C=1 A to their Fitrness walues F

C43 A Fitrhess walues are s=caled =o as

CS5] A to sum to 1.0 and

Cel A Ma~ Fitrness = scalefactor+HM
C+¥1 A Global wvariable: GA_Scale_Factor

(= s+ (GA_Scale_Factor—-1)+((Fopsizexl ~F1—+-F
C=23] bel—axL F2)I (GA_Scale_Factor+Fopsizel—-axl AF
Ci@dd F+b+axF

C11d gm

Ci12]1 S+«+-F < ++«+~F

C1=2] =@+« (S+MNepFix0.00171000

C14] s+s@+05+MIxBE,1MN-1

C150 mnem—@, Ldne+s(Fa, 2512

Cleldl =@ oif Fopsizesgl«ilinr@rsna~(nx@21h
w7
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MlleSample FitnesssihiSssdss;sF

C11 A

CZ2d n Select indiwviduals from the population,

C=1 A Who will surwive to the next generation.

C4d n Argument:s Fitness = wector of fitrness walues
C5] A of the indiwviduals in the population,

Ced n Fesult: O = wector of rnumber of copies of
CY] A imdiwvidusals fto be included in the next ge
(= A

= A Method wused is "stochastic uniwversal samplin
Ci181 rm due to J.E. Baker

C11d gm

Ciz] Se+-Fitrness ¢ MepFitness < Fe+~Fitrness
Ci=1 sE«(71IEEE ) «N-18EE=5
Ci41] ses@+ 05N @ ,1M-1

C15] Q&«l+sFo,:=s)—0+-0@0, 1LF1a. =2
o2
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C13
Cz3d
C33
C43
C53
Ced
C+3d
Cs3d
C=3
Ci1@d
C111
Ci21
C133
C141
C1517
Clsd
C171
C1513
=

C11
Lz
C=1
C<41
C51]
Cel
CY1

Ml+Crossowver FopsMiMsFAIR;I
For each pair of indiwviduals
im the mating pool , 2ither mats
them & put the & offspring into

the pool, or else copy them into

I D I I D

the new pool directly
Me(pFop?ll1l] ¢ Me(pFopl[Z2]
Detld,  1TgFopled
A Fandomly shutfle the pool
Fop+FoplChMM¥Ms 1
Mexte+End ait Z:(gFPoparll]
A Femowve pair from the pool
FRIR+«I(EZ2 ,MITFop ¢ Fop+Z2 WBFop
H
+Copy aif Fcocross{ (710680 +1AEA
A Choose crossower point
Q«0Q ,C1J¢c2, I FAIRY ,$C130(E ,I«14+7M-E)LFARIR
+Me=xt
Copy:«0 ,L1IFPAIR < -=hNaxt

End:)+0 ,C1IFop
wA

page 42
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MleMutate Fopsl
A

A Fertorm mutation of the indiwviduals in pool

A

Ue ,Fop

I+« (Prutatez (7 (gl elBBBE0 ) -10088E ) 71 20)
DQCIde7PillpgMestations

LQeltgFPop el
w2
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