in moving away from local optima and diversifying the sca.rctlsl %P’W ?.}j‘P_"f‘al‘l,Va a rate op
0.02 to 0.05 is used for mutation. Higher rates are used in pro 9“”\ ?pt‘%"'!‘l SCenarios, T,
popular stopping criteria is a lack of solution improvement}alj(.i’ ?C WLTt hwdmmss of pop.
ulation not improving over a predetermined numberlof genu(;l 101:5.” pd ‘lcemon Maker
can observe the entire population of the final generation and. c o‘ok,c_ m x:,r‘t;m(.m With the
best fitness value or the one that provides the most intangibles. In contrast to SA GA
works on multiple solutions simultaneously.
Problem-specific descriptions of these step
using a product-line pricing and positioning example.

s are described in the foliowing discussiop
5

EXAMPLE 2

ct-Line Selection and Pricing with Genetic Alg: rithms

Produ

Acme Widget Company (AWC) has the possibility of offering five subsﬁtitutable products
for 10 customer segments. Each segment is assumed to be of sn‘ze.ZO. For eacl} segment,
AWC has estimated the segment preference for the products. This information is given ip
Table 5. The variable cost per unit of manufacturing the product and the fixed-cost pro-
duction are given in Table 6.

TABLE 5

Segment/Prod 1 2 3 4 5

1 (TR V)W ) EHRER, S 7
2 [CRRE SRR 2
3 15552 TP TIC Pt (T
4 T B TR
5 [Eor 0 S RN )t )
6 N G I R R
7 TR ARRER 7/ (6 0 110 S 2
g 155 R 815 Mttt S1768 b 159
9 s O 1M 179 s B 659 #4126
10 0 R N R R B o5
TABLE 6

1 ~ Fixed cost 0 R 1 s B V) 7 e v

58

- If the highest surplus

igce




the minimum Variable cos

between 50 and 200, tis 50 ang the m

aximum preference is 200, each price will be
Iepresentation of ¢

he string is as follows:

11 o g 128 93 200 51

. 00192116879695
A single point cp,

. : ossover will pick a position in a set of two strings (call it position p)
1 Spht, the strings into two, Then, assuming ther
the split str 5

¢ are k alleles in each string, we combine
ngs as follows to form two new off:

spring:
New string 1 Left p alleles fro

_ m string 1 followed by right & — p alleles from string 2.
New string 2 Lef pall

eles from string 2 followed by right & — p alleles from string .
For example, if we

: choose p = 3, applyin single point crossover to strings 1 and 2
will result in two new [ fesnEcr

offspring as follows:
Original strings
0 1 l‘l 0 121 128 93 200 5l

L1000 1 92 116 87 96 95
New strings

01 1 01 92 116 8 96 95
10 1 0 121 128 93 200 51

Another alternative is to use a two-point crossover. Suppose we choose the two
crossover positions at the second and eighth positions. Then we create two new strings })y
swapping the first two and last two alleles in each string. If we apply this two-point
crossover to strings 1 and 2, we obtain the following strings:

Result of two-point crossover on strings 1 and 2

1 1 1 1 0 121 128 93 96 95
01 0 0 1 92 116 87 200 51

A mutation can pick one of the positions in the string and then can modify the contents.
If the position is between 1 and 5, then we change the content from 0 to 1 or 1 to 0. If the
mutation position is 3 in the last string, then the string will be modified as follows:

0 1 1 0 1 92 116 87 200 51

If the mutation position is between 6 and 10, then the content can be modified by an
hat can be randomly determined to be po.s*,{tlve or negative. Fo? example, we can
e by, say, 20. Let us specify that position 8 from the previous string is cho-
a]terfthe I:r::t?ony;ndy,the sign is positive. Then the string will be modified as follows:
sen for m

o 1 1 0 1 92 116 107 200 51

. uct offerings are set, the consumer surplus for each seg-
Once the P“c'e1 anccll Lhesﬁgﬁaaing price from preference and multiplying it by whether
ment can be calc}l at;f e}:j The maximum surplus can then be calculated; if it is positive,
or not a product 18 ‘?II e}:)re anssigned to the corresponding product. Segment size multiplied
then the Sec;gm flzilawr;in less the fixed cost of offered products would provide the evalua-
by the produc
tion or fitness profit valu@i- tion of 20 for each generation, a mutation rate of 0.1, and a
Let us assumec a pop;:t1 a osition 2. We will also define a crossover rate that specifies
single-point crosS(;‘ﬁz i,o;rulljati on can be considered for crossover. We choose a crossover
what percentage 0

rate of 80%.
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ons to 50. Population = 20, mutation =

y enerati : :
step 1 Generation. Set the number of g omly chosen population of 20 strings ig

0.1, and crossover rate = 0.8. Suppose our rand
as shown in Table 7.

TABLE 7 — = e e
0 . 0 : : o 114 83
1 1 1 0 0 128 87 110 g
67 114 98 95
1 1 0 1 1 135 s e
1 1 1 0 1 76 108 77
0 1 1 0 0 94 100 105 81 62
0 1 1 0 1 115 104 97 74 106
1 1 1 0 0 110 91 88 86 73
0 1 0 0 1 103 140 80 131 111
1 1 0 0 | 97 98 99 93 103
1 1 0 0 ] 60 81 94 89 118
1 1 0 1 0 88 103 74 76 120
1 1 0 0 1 126 105 98 79 107
1 0 0 1 1 111 94 105 112 110
0 1 0 1 0 100 114 93 117 100
1 0 1 0 0 97 112 g5 104 119
1 1 0 0 0 98 100 89 85 136
1 0 ] 0 0 135 103 86 87 71
1 0 1 1 0 54 56 138 94 127
1 1 1 0 0 105 135 93 93 98
1 1 0 1 0 115 87 78 105 127/

Step2 Evaluation. To determine the fitness of each string, we determine which segments
will buy each Qroduced product (given our product prices). Note that if the maximum con-
sumer surplus is non-negative, then a segment buys the offered product yielding the max-

imum consumer surplus. If a segment’s maximum surplus is negative, then the segment
makes no purchases. Now our profit is computed by

(Size of segment)*(price of product bought —

all segments

variable cost of product bought) —

(product fixed cost).

all products offered

For example, for the string shown in Table 8, we find that

cight segments purchase
roduct 5 and two segments purchas . clg g p
?ows: gments purchase product 2; thus, we find the profit of $9,286 as fol-

20Q2)*(140 = 55} + 208)*(111 - 58) ~ 1203 — 1301 = $9,286

TABLE 8
= = Price —
P3 P4 —=
0 1 0 0 o : : : : g Pl
L 103 140 g9 131 111 9286
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Then we ¢a

N determ;
. . ine :
hown in Table o, the sorteq Strings in descending order

of-fitness values as

TABLE 9
\
Pt P2 P3 " = Price
0 1 0 ; 1 L 2 3 a 5 Profit (5)
0 1 0 L. 13 140 80 131 111 9286
I 1 I " . 100 14 93 117 100 8493
0 0 0 1 1 105 135 93 93 98 7,982
1 1 0 o . 91 108 100 116 118 7,825
0 1 , . . 98 100 89 85 136 7,747
1 0 | ) 94 100 105 81 62 7,372
1 5 ) 1 0 135 103 86 87 71 6,825
1 | . . 1 111 94 105 112 110 6,715
o 1 : 1 126 105 98 79 107 6,616
, 5 : 0 1 115 104 97 74 106 6,021
0 0 97 112 8 104 119 5865
. ! 0 0 1 97 98 99 93 103 5,696
: 1 1 0 0 110 91 88 86 73 4,862
1 1 1 0 0 128 87 110 114 83 4,262
1 1 0 1 0 115 87 78 105 127 4,243
1 1 i 0 1 76 108 77 126 135 2,011
1 1 0 1 0 88 103 74 76 120 943
1 1 0 0 1 60 81 94 89 118 —24
1 0 1 1 0 54 56 138 94 127 -539
1 1 0 1 1 135 67 114 98 95 —788

step 3 With a crossover rate at 0.8, the first 16 strings will be chosen to be eligible par-
ents. The 16 strings’ associated probabilities of selection and cumulative probabilities are
as shown in Table 10. . '

For example, the probability of choosing string 1 equals

9,286/(total fitness of all strings) = 9,286/101,821 = 9.12%.
The cumulative fitness percentage for the second string is 9.12 + 8.34 = 17.46%.

Steps 4 and 5 We now use crossovers and ml'xtations to produce a new generation. Because
the “fitter” strings have more chance of ben'.ag .used for crossover, we would expect the
next generation t0 have imf;i)roved fitness. This is the way GAs implement the biological
i ttest.

concept of S.lllfvsl;zlt:flgf to create the strings for the next generation. We begin by gen-

We now ! udom pumbers that will be used to choose the two strings used in the first
crating WO BN O - 1 number 1 = 0.070826 and random number 2 = 0.245279,
S ber less than or equal to .0912 yields string 1; any random number

Any r&ntg:;ln 0"9“:; d less than .1746 yields string 2; and so on. This ensures that the prob-
greater :
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TABLE 10

L ——
Price ——
- . Cumulative
M P P P4 PS5 1 2 3 1 5 Proit () Filness CF) Fitness ()
1 0 0 1 103 140 80 131 111 9,286 9.12 9.12
0 1 0 1 0 100 114 93 107 100 8,493 8.34 17.46
1 1 0 0 105 135 93 93 98 7,982 7.84 2530
0 0 0 1 1 91 108 100 116 118 7,825 7.69 32.99
1 1 0 0 0 98 100 89 85 136 7,747 7.61 40.59
0 1 1 0 0 94 100 105 81 62 7,372 7.24 4783
1 0 1 0 0 135 103 86 87 71 6,825 630 54.54
1 0 0 1 11 94 105 112 110 6,715 6.59 61.13
1 1 0 0 1 126 105 98 79 107 6,616 6.50 67.63
0 1 1 0 1 115 104 97 74 106 6,021 591 73.54
1 0 1 0 0 97 112 85 104 119 5,865 5.76 79.30
1 1 0 0 1 97 98 99 93 103 5,696 5,59 84.90
1 1 1 0 0 110 91 88 86 73 4,862 4.78 89.67
1 1 1 0 0 128 87 110 114 83 4,262 4.19 93.86
1 1 0 1 0 115 87 78 105 127 4,243 4.17 98.02
1 1 1 0 1 76 108 77 126 135 2,011 1.98 100.00
ability of choosing a string is proportional to the string’s fitness. Based on our two ran-
dom numbers, the original selected strings are 1 and 3. The strings and crossover are:
0 110 0 1 103 140 80 131 111
0 0/0 1 1 91 108 100 116 118
With the crossover operation (after position 2), the new strings are:
01 0 1 1 91 108 100 116 118
0 0 0 0 1 103 140 80 131 111
Suppose a mutation for string 2 occurs only in position 3. The strings after mutation
ate:
0 1L 01 1T 91 108 100 116
0 01 0 1 103 140 80 131
In a similar fashion, we would perform nine more reproductive operations to generate
18 more strings to create a new population of 20 strings for the next generation.
Step 8 Perform steps 2 through 5 for 50 generations and declare the best solution found
so far as the heuristic solution.
After 50 generations we found the following solution:
1 1 1 1 0 135 67 114 98 95
Profit for this solution is $21,118. Note that the randomness involved in selecting string®
for crossover and for implementing mutation implies that two different people perform-
ing the same number of GA iterations may obtain different solutions!
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