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Abstract

There are a number of studies of product disassembly sequence optimization based on different
methods (linear programming, genetic algorithms, petri nets, neural networks, case-based reasoning,
etc.). The article is focused on disassembly sequence optimization based on genetic algorithms. We
test the suitability of genetic algorithm (GA) on disassembly sequence optimization of mobile phones .
Through modification of “stop” rules and the mutation operator we analyze alternative outcomes of the
GA. We found some limitations of regular “stop” rules and some difficulties in practical application of
the GA. Better results were reached under reduced “stop” rules only to a number of generations (in
our case 40). Difficulties in practical application are related to time demanding adjustment of the
mutation operator, because of needed specification of switchable genes, and to limitations of product
structure representation. On the basis of our findings, we do not consider GA as viable mean of
optimization in conditions where there is a need to optimize disassembly of a large number of different

products in a short time period.
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1. INTRODUCTION

The research in disassembly has been intensively
developing in the last two decades. There are a number
of articles, which study the disassembly of products
from different perspectives. From the articles we
selected the following group of issues that are often
researched in context of product disassembly:
« Design for disassembly [1] [2] [3] [4] [5],
e Disassembly planning (including economic
optimization) [6] [7] [8] [9] [2] [10] [11] [12] [13]
(14] [15],
« Projecting of disassembly system [16] [2] [10]
[17] [18] [19],
e Technological aspects of disassembly [20] [21]
[22] [23] [24],
* Reverse logistic [25] [26] [27] [28] [29],
e Uncertainty [16] [2] [12].
From these articles two core statements of respected
authors deserve mentioning, as they are describing the
position of disassembly in current research and
practice. “The practice of industrial recycling and
remanufacturing is growing in importance due to
increasing environmental and economic pressures.
Industrial recycling and remanufacturing involves

product disassembly...“[10]. “The conclusions have not
been consistent in both academic and industrial circles
whether systematic product disassembly as an end-of-
life (EoL) paradigm is a viable means to achieve a
closed loop economy” [1].

There are different types of Waste Electric and
Electronic Equipment (WEEE). Mobile phones are the
equipment without a long history, and therefore
recycling/reuse strategies are only just developing. We
identify these following factors that are making mobile
phones a ,hot" issue in product reuse/recycling:

e A dramatic increase of production of mobile
devices (last years more then 1,2
billion/year),

» Low awareness of people for recycling of
mobile phones (according to one survey 74
% of people do not think about recycling
mobile phones, 50 % of people is unaware
that it is possible to recycle mobile phones,
and only 3 % of people recycle their mobile

phones)
e The short Ilifetime of mobile devices
(estimated lifetime of usage around 1-2

years, technical lifetime around 10 years),
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« Extended producer responsibility (currently
incorporated in EU legislation),

e Valuable materials inside mobile phone
(gold, silver, copper, etc.),

e« Environmental trends in manufacturing
industry (e.g. Environmentally Conscious
Manufacturing, Closed Loop Supply Chain).

If we search the mobile phone research areas, we can
find in time frame 2000-2010 following issues (prepared
on the base of [30]):

e Life-cycle assessments of mobile phones and
the entire mobile phone network (including e.qg.:
energy and cost assessments of the mobile
phone life-cycle, in particular, their end-of-use
management,),

e Basic assessments of material composition and
energy requirements,

e Product remanufacturing (with focus on:
production and operations management issues)
- industrial engineering and management view,

« Economic and/or environmental assessments
as addition to industrial engineering research,

e Environmental assessment (including e.g.:
environmental footprint analysis, leaching
assessments of mobile phones, assessment of
releases due to mobile phone incineration),

« Manufacturers’ guidelines on environmentally
sound cell phone end-of-use management.

Based on issues presented, literature, additional
information and thoughts, we will try to answer the
question: if disassembly is a viable means in
reuse/recycling of mobile phones. In this article we are
focusing on pros and cons of genetic algorithm use in
disassembly sequence optimization.

2. PRACTICAL APPLICATION OF GENETIC
ALGORITHM  (GA) ON  DISASSEMBLY
SEQUENCE OPTIMIZATION OF MOBILE PHONE

In studied literature the disassembly planning issue
usually includes the disassembly sequence
optimization. There are different algorithms presented
for optimization of disassembly sequence. A number of
articles are related to linear programing use in
disassembly optimization (e.g. [11] [12]). Some articles
are focused on other non-standard optimization
techniques as genetic algorithms (e.g. [8]), petri nets
(e.g. [7] [31]) and neural networks (e.g. [6]). There are
other approaches to disassembly planning such as e.g.
case-based reasoning, as well ([32]).

We have done a few tests of disassembly sequence
optimization with different optimization methods (e.qg.
linear programing, heuristic methods) in the past. There
are some optimization methods that are relatively easy
to use (e.g. [12] [33]) and gives reasonable results for
one specific mobile phone. In the following we focus on
practical application of genetic algorithm with the
maintaining precedence relationships. Methodology is
based on an article of Kongar and Gupta ([8]). This
method of genetic algorithm we apply on disassembly
sequence optimization of mobile phone Siemens C60.
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In the practical application of GA we have followed the
methodology in these steps:

1. To determine the number and type of parts we
have experimentally disassembled the mobile
phone to the components. After disassembly of
the components we created a product structure
diagram, from which we identified disassembly
order precedence, relationships and conditions.
During and after the disassembly we wrote
down disassembly directions (+/- X, Yy, 2),
identified methods of removal of the
components (D-destructive, N-non-destructive)
and also identified whether or not is demand for
the components (D-demand, N- no-demand) in
terms of the material from which they are made.

2. We created an original population of 10
“individuals”(“individual” is in our sense equal to
chromosome composed from 15 genes) so
that each "individual* had a different order of
"genes”(gene in our sense is part of
chromosome, which could take the values 1, 2,
3, ... ,15, that represent specific component of
mobile phone) i.e. that no two "individuals" in
the original population were the same, and
respect order preference conditions.

3. We calculated the fitness (Fitness function in
our case is depending on demand for
component, directional changes in disassembly
and disassembly method changes. Higher
fitness of “individual’ means better disassembly
sequence it represents) of the current
generation. (Remark. In the first round the
current population = original population.)

4. We chose the five individuals with the highest
level of fitness from the current population
which  we clone and thus receive 10
“individuals” (10 parents).

5. We applied the genetic operators (crossover
and mutation) on current population and thus
we created a new generation (10 children).

6. We test the "stop" conditions (serial number of
generation and the “ratio” indicator). When we
met one of the stop conditions we discontinue
the process of generating new generations.
(Remark. Here, we have made a change in the
original approach, we do not respect the “ratio”
indicator, i.e. we leave algorithm to run until the
40th generation is met).

7. The “individual” (i.e. specific order disassembly
sequence) of components) with the highest
achieved value of fitness across all generations
represents the optimal disassembly sequence.

Step 1:

In the beginning, we did experimental disassembly of
the mobile phone Siemens C60 and on the basis of this
we created a product structure (Figure 1) where we
marked particular components by numbers from 1 to
15. (Remark: In the product structure there is
implemented one simplification. After releasing the
screws (component number 4) we receive the 3
subassemblies and 1 component. We do not assume
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the disassembly order of these subassemblies and
components.)

During and after experimental disassembly we have
identified disassembly directions (+/- X, y, z), methods
of removal of the components (D-destructive, N-non-
destructive) and demand for the components (D-
demand, N- no-demand). The identified data are
presented in the Table 1.
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Step 4:

In this step we have chosen (from Table 2) five
individuals with the highest fitness, which we clone and
thus receive 10 “individuals” (10 parents) (Table 3).

Table 3. Adjusted initial generation composed of five
individuals with the highest fitness from the original generation
and their clones

“Gene” position 112 3 4/ 5 6 7 8 9 10 11 12 13 14 15

JIndividuals”

Individual 1 1 3| 2| 4| 8| 6| 7|/10] 9|12|11]15| 5|/13]| 14
Individual 2 1 3| 2| 4| 6| 7| 8| 5/13/14]12|11|10] 9|15
Individual 3 1] 3| 2| 4| 9/10|11]12|15| 5|/13|14| 6 7| 8
Individual 4 1] 3| 2| 4| 8| 5/13/14| 6| 7| 9|12|11| 10| 15
Individual 5 1] 2| 3| 4| 5/13|14| 6| 7| 8| 9|10|11] 12|15
Individual 6 1 3| 2| 4| 8| 6| 7|/10| 9|12 11|15 5|13|14
Individual 7 1 3| 2| 4| 6| 7| 8| 5/13|14|12] 11|10 9|15
Individual 8 1] 3| 2| 4] 9/10|11]12|15| 5/13|/14| 6 7| 8
Individual 9 1] 3| 2| 4| 8| 5/13/14| 6| 7| 9|12|11| 10| 15
Individual 10 1 2] 3| 4] 5/13|/14| 6| 7| 8| 9]/10|11] 12|15

Step 5:

In step 5 we applied crossover and mutation on the
“individuals”. First we applied crossover. We chose 5
pairs of parents randomly, and through two randomly
generated “masks” (Remark. These “masks” ensure
maintaining of precedence relationships.) we create two
children for each pair of parents (Table 4). This way we
created a new generation (Table 5) on which we can
further apply mutations.

Table 4. Crossover application scheme (Example of
crossover of parents “Individual 2" and “Individual 7")

Parent “individual 2 | 1] 3] 2[ 4] 6] 7] 8] 5[13[14]12] 11][ 10] 9] 15

Parent “individual 7 | 1] 3] 2| 4] 6| 7| 8] 5[13[ 14| 12| 11][ 10][ 9] 15

Crossover “masks”

Mask for child 9 [ 2 2] 2] 2] 2] 1] 1] 2] af 1] 1] 1] 1] 1]

Maskforchiid10 | 2 2| 1| a[ 1| 1] a[ 2] 1| 2] 2] 2 1] 2]

Children from

crossover

Child 9 [ 1] 3] 2[ 4[ 6] 7] 8] s[13[14[12][11]10] 9

Child 10 | 1] 3] 2] 4] 6] 7] 8] 5] 13[14]12]11]10] 9]1

Figure 1. Product structure of Siemens C60 Table5. New generation received after crossover
“Gene” position 1] 2] 3] 4] 5] 6] 7] 8 9 10 11 12 13 4 15

Table 1. Identified demand, disassembly directions and Individuals”
disassembly methods of Siemens C60 components Child 1 1) 3] 2| 4) 8] 5| 9/13) 14/ 10| 6| 11|12 15| 7
Component Child 2 1| 3] 2| 4| 9| 8| 10| 11| 12| 15| 5| 13| 14| 6| 7
num. 1.1 2. | 3.| 4| 5| 6. 7 8 9. 1011.|12.|13.|14.| 15. Child 3 1] 3| 2| 4| 9| 8| 10| 5| 13| 14| 6| 7| 12| 11| 15
Demand for the Child 4 1| 3] 2| 4| 9| 10| 11| 8|12/ 15| 5| 13| 14| 6| 7
component DID|D|NIN| NN D N N N N N N D Child 5 1| 3| 2| 4| 6| 7| 8| 5| 13| 14| 12| 9] 11| 10| 15
Disassembly Child 6 1| 3| 2] 4| 6| 7| 8| 5[13[14|12] 11| 9] 10[ 15
direction ofthe | x | +y | -y | +y | +y| -y | -y | -y| +y| +y| +y| +x| -y| +y + Child 7 1] 2| 3| 4| 5/13|14| 6| 7| 8| 9|10/11]12]15
component Child 8 1| 2| 3| 4| 5|13 14| 6| 7| 8| 9| 10|11 12| 15
Methods of Child 9 1| 3| 2| 4| 6| 7| 8| 5| 13| 14| 12| 11| 10| 9| 15
removalofthe | N [ N[ N| N| N| N| N| N| N| N| D| N| N| N| N Child 10 1] 3| 2| a| 6| 7| 8| 5|13/ 14| 12| 11/ 10| 9| 15
component

Step 2 and 3:
In these steps we have created an original population of
10 individuals and calculate the fitness (Table 2).

Table 2. Original population and its fitness values

“Gene”positiory 1 | 2| 3|4 |5|6|7|8|9|1C|11|12|13|14|15
Fitness
JIndividuals"
Individual 1 1|/2| 3| 4| 5| 1314|6| 7| 8| 9] 1011|12|15| 915
Individual 2 1,2 3| 4] 5| 6] 7/ 1314|11|10]12| 9| 8| 15| 675
Individual 3 1|2| 4| 5| 13148 | 6| 7] 12/11]10| 9| 3| 15/ 535
Individual 4 1/3| 2| 4| 9| 1011|12|15|5|13|14| 6| 7| 8| 1175
Individual 5 1,3/ 2| 4| 8/ 6] 7/ 109 |12|11|15| 5| 13|14| 1495
Individual 6 1|/2| 4| 8| 5| 6] 7/ 1314|12|11|10| 9| 3| 15| 615
Individual 7 1,2 4)11/10(12| 9| 8| 6] 7| 5| 3| 1314|15| 695
Individual 8 1,3/ 2| 4] 6/ 7| 8 5 1814|12|11|10| 9 | 15| 1195
Individual 9 12| 3| 4]/12/11|10/ 9| 513|148 | 6| 7| 15 795
Individual 10 1|/3| 2| 4| 8/ 5/ 13146 | 7| 9| 12/11|10|15| 1115

On this new generation (Table 5) we applied the
mutation operator. This was a most complicated part of
application of GA. In this case, we could only use
mutation, which is switching two genes (components)
position, because of the character of our
chromosome/’individual” (sequence of components). We
cannot just exchange one gene (component) by another
gene (component), because we have to include all genes
(components) in each chromosome/”individual’. Before
we can run a mutation we have to know if genes
(components) could be mutated and if yes, which
components they could be interchanged with. We did
found that some of components could not be mutated,
because if we mutate them we will not maintain
precedence relationships. Considering this idea, we can
switch genes without breaking the rules of precedence
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relationships if the genes are at the same level of product
structure. We created 2 groups of switchable genes
(Table 6). In addition, we randomly set a number of
mutated genes (or pairs of genes) for each generation.
Based on the fact that we have 10 switchable genes
(means 5 possible pairs of genes) we set in random
number generator minimum of mutated genes equal to 1
and maximum of mutated genes equal to 5. This way we
have created new generations after mutation (Table 7)

Table 6. Groups of switchable genes (components)
| Group of components Jl \5 6 \ 7 \ 8 \ 9 \ 10\ 11\ 12|
| Group of components t 11314 \ |

Table 7. The new generation received after crossover and
mutation (random number of mutated genes = 3 in this
example)

“Gene” position 12| 3| 4 5| 6/ 7/ 8 9 10 11 12 13

Individuals"

Child 1 1| 3| 2| 4| 6| 7| 9|14|13|10| 8|11]12 15| 5
Child 2 1) 3| 2| 4| 9[/12|10/ 11| 8|15 5|14|13 7| 6
Child 3 1) 3| 2| 4| 9| 8| 7| 5/14|13| 6[10[11] 12| 15
Child 4 1) 3| 2| 4| 9|10| 8|11|12|15 5|14|13] 7| 6
Child 5 1) 3| 2| 4| 6| 7| 8| 5[13|14|12| 9|11]| 10| 15
Child 6 1| 3| 2| 4| 6| 7| 8| 5[13]|14|12| 11| 9] 10|15
Child 7 1| 2| 3| 4| 5/13|14| 6| 7| 8| 9/10)11] 12|15
Child 8 1) 2| 3| 4| 5[13|14| 6| 7| 8| 9]/10|11] 12|15
Child 9 1) 3| 2| 4| 6| 7| 8| 5[13|14|12|11|10] 9|15
Child 10 1] 3| 2| 4| 6| 7| 8| 5/13] 14|12/ 1110/ 9|15

Step 6:

After mutation we have continued with (resp. have gone
back to) the calculation of the fitness (Step 3), until the
number of generation is equal to 40. We use this
modification of “stop” conditions of genetic algorithm
methodology presented by Kongar and Gupta ([8]),
because we would like to trace behavior of the
“individual’s” fithess and the “ratio” indicator. (The “ratio”
indicator is together with number of generation
considered as “stop” condition for GA. The “ratio”
indicator is the ratio of the average fitness value of the
new generation to the average fitness value of the old
generation. If the “ratio” indicator is smaller or equal to
1,0005, GA should stop.)

Step 7:

The “individual” with the highest achieved value of fitness
across all generations is individual 9 in 20th generation
(Table 8). The optimal disassembly sequence is
presented in Table 9.

Table 8. The “individual” with the highest achieved fitness value

JIndividuals"
Individual 9 1 3 2 4 9| 8/12 10,1115 5|14| 6| 7|13 1755

Table 9. The optimal disassembly sequence of mobile phone
Siemens C60

Component 1

(back cover)

Component 3 (battery)
Component 2 (front cover)
Component 4 (screws)
(antenna)
Component 8 (motherboard)

Component 12
Component 10
Component 11

(SIM card holder)
(microphone)
(vibration engine)

1
2
3
4.
5. Component 9
6
7
8
9

10. Component 15 (inner plastic part]
11. Component 5 (metal frame)
12. Component 14| (plastic frame)
13. Component 6 (LCD frame)

14. Component 7 (LCD)

15. Component 13 (speaker)

14 15

“Gene"positon| 1 2| 3| 4 5 6| 7 8 9 10 11 12 13 14 15 Fitness
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3. ANALYSIS OF MODIFICATION OF “STOP”
RULES AND MUTATION OPERATOR IN THE
PRACTICAL APPLICATION OF GA

The next graphs (Figure 2 and 3) present the
development of maximum and average fithess and the
development of the “ratio” indicator. On the graphs we
can see trends, which are in case of average fitness
upward and in the case of maximum fitness very little
downward oriented and its values oscillate between
values (1400 and 1600) except 20th generation (1755).
Also we can see that with the development of new
generations the trend line of the “ratio” indicator is little
downward oriented and the indicator oscillate between
values (0,8 and 1,2) except 2nd generation (1,275).
Based on the presented graphs, we can analyze the
outcomes of GA under different “stop” rules. If we stop
GA (resp. creation of new generations) according to the
general “stop” rule (stop when first “stop” condition is
met) we would in our case stop the algorithm in the 6th
generation (the “ratio” indicator is equal to 1 it means
smaller than 1,0005) and receive the maximum fitness
value of all generations equal to 1595. If we do not stop
the algorithm according to the general “stop” rule and
leave it to run further (in our case to the 40th
generation) we will receive the maximum fithess value
of all generations equal to 1755 (reached in the 20th
generation).

From this practical application of GA we can conclude,
that in our optimization case it is better to leave
algorithm run further, even if the “ratio” indicator is
smaller or equal to 1,0005.

Fitness

o Development of maximum and average fitness

1800

1500 A
o TN N r—

1200 +——
[ Average value
1000 — \imximum value

e Trendline (Average value)
80 ———————————  ==e=e Trandline (Maximum value)

600

1234567889 101112131‘1151617181910112123141525”2329303131333435353;22%%%%

Figure 2. Development of the fitness values (Base scenario:
crossover and mutation)

The "ratio”
indicator

Development of the "ratio"” indicator
14
12 LY

14

08

06

The "ratio” indicatior

04
_____ Trendline (The "ratio" indicator)

02

o
1234567 8 910111213144516171819202122232425262728293031323334353637383840

Generation

Figure 3. Development of the “ratio” indicator (Base scenario:
crossover and mutation)

On the way to find out how the mutation operator
affects the GA outcomes, we have changed the method
of incorporating this operator in the algorithm. Based on
this, we have set and traced three additional
modifications (scenario) of GA:
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e First scenario: crossover and mutation in every
second generation

e Second scenario: crossover and mutation in
first five generations

e Third scenario: crossover (no mutation)

The results of the base scenario in comparison to
alternative scenarios (with modified mutation operator)
are presented on the following graphs (Figure 4, 5 and
6). As we can see from graph (Figure 4) the highest
average fitness value is reached in the first scenario,
although with quite regular oscillations of values
between 1400 and 1700.

The average fitness value of the second and third
scenario has rather large increases in the beginning
and no further oscillation, but a stabilization at certain
values (1635 for 2nd and 1555 for 3rd scenario). The
basic scenario has most of the average values below
alternative scenarios values, and similarly to the 1st
scenario it has quite regular oscillation mostly between
1200 and 1450.

ftness  Development of average fitness in the base and alternative scenarios
00

1600 -

‘= Base scermri0: crossover and mutation

= First sc enario: crossovar and mutation in every second generation

== == == Second scenario; crossover and mutation in first five

------ Third scenario: crossover {no mutation)

1234567 8 9101112131415161718192021222324252627282930313235343536037383940
Generation

Figure 4. Development of average fitness in the base and
alternative scenarios

In the next graph (Figure 5) we can see, that the
highest maximum fitness value (1755) is reached by
base scenario, while most of the base scenario values
oscillate between 1400 and 1600. The maximum fithness
value of first, second and third scenario has different
values in the first generations and from 5th (resp. 6th)
generation they have stable values (1695 for 1st, 1635
for 2nd and 1555 for 3rd scenario).

Fitness  Development of maximum fitness in the base and alternative scenarios
2000

1800
1600
1400
1200
1000
800
600
400 «+=ss+ Third scenanio: crossover [ne mutation)
200
o

e B35 302713 1i CrOssOVEC ENd MUtaTiGN

s it sC N3 02 CrOSS0VEr 2N Mutation in every second generation

= = = Second scansrio: crossover and mutation in firs five generstions

1234567 8 910111213141516171819202122232425262728293031323334353637383940
Generation

Figure 5. Development of maximum fitness in the base and
alternative scenarios

In the last graph (Figure 6), describing development of
the “ratio” indicator in different scenarios, we can see,
that there is, in first few generation in each scenario a
dramatic decrease of the indicator, but then in second
and third scenario it is stabilized on the value of 1
(because of equal average fitness values in the
subsequent generations) and in base and first scenario
it is quite regularly oscillating between 0,8 — 1,2.
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The “ratio”
Léﬂdimlur
1,4
12

1
08
06
04
02

[

Development of the "ratio” indicator in the base and alternative scenarios

e Base scenario: crossover and mutation

e First scn ari0: CrOSsOwer and mutation in every s2cond

= = = Second scenario: crossaver and mutation in first fivegenertions

------ Third scenaria: crozsover [no mutation]

1234567 8 910111213141516171819202122232425262728293031323334353637383940
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Figure 6. Development of the “ratio” indicator in the base and
alternative scenarios

4. CONCLUSION

We discovered that maximum fitness value (1755) was
reached in base scenario (crossover and mutation),
second highest (1695) in first scenario (crossover and
mutation in every second generation), third highest
(1635) in second scenario (crossover and mutation in
first five generations and the smallest value (1555) in
third scenario (crossover (with no mutation)). These
findings support the idea of the suitability of regular
incorporation of mutation operator in the GA.

We further discovered, that the base scenario has
reached the highest fithess value (so the best
disassembly sequence) without regular “stop”
conditions settings (based on Kongar and Gupta
methodology) but with modification of “stop” conditions
in a way, that we do not discontinue when first “stop”
condition is met. We continue until “stop” condition
based on number of generation is met (in our case 40).
During the application of the above described
methodology of GA we face some difficulties. Firstly,
the application of GA includes time demanding
adjustment of the mutation operator, because of
needed specification of switchable genes (in our case
two groups of switchable genes). Secondly, there are
some problems with this product's structure
representation, which has its limitations (e.g. there are
more options where the battery could be placed in the
product structure, which will have impact on GA).

Based on presented graphs and findings from
application of GA with maintaining of precedence
relationships on the mobile phone disassembly
sequence optimization we can conclude, that the
genetic algorithm (based on Kongar and Gupta
methodology) gives reasonable outcomes, but could be
improved (e.g. by modification of “stop” conditions).
Since the algorithm needs quite demanding adjustment
to the specific product, we doubt its viability in
conditions where there is a need to optimize
disassembly of high number of different products in
short time period (e.g. in a recycling/disassembly
center). Further research opportunity in this issue we
see in tracing influence of pre-set values in fithess
function on GA outcomes.
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Rezime

Postoje studije o optimizaciji redosleda demontaze koje se temelje na razli¢itim metodama (linearno
programiranje, generi¢ki algoritmi, petri mreze, neuronske mreze, studije sluc¢aja, itd.). Ovaj rad se
fokusira na optimizaciju redosleda demontaze zasnovanu na generickim algoritmima. Testirali smo
pogodnost generickog algoritma (GA) na optimizaciju redosleda demontaze mobilnih telefona. Putem
modifikacije ,stop“ pravila i operatera mutacije, analizirali smo alternativne rezultate GA. Pronasli smo
neka ograni¢enja redovnih ,stop” pravila i neke poteSkoce u prakti¢noj primeni GA. Bolji rezultati su
postignuti sa redukovanim ,stop“ pravilima samo u odredenom broju generacija (u naSem slucaju 40).
TesSkoce u prakticnoj primeni vezane su za vreme, zahtevajuci regulaciju operatera mutacije zbog
potrebnih specifikacija promenljivih gena, kao i za ograni¢enja prezentovanja strukture proizvoda. Na
osnovu naSih pronalazaka, ne smatramo da je GA odrZivo sredstvo optimizacije u uslovima u kojima
postoji potreba da se optimizira demontaza velikog broja razli¢itin proizvoda u kratkom vremenskom
periodu.

Klju éne re €i: demontaZa, optimizacija, genericki algoritam, mobilni telefon
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