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Abstract O A global parallel genetic algorithm
(GPGA) with elimination tournament selection without
duplicates is described in this paper. The parallel
implementation of genetic algorithm with multiple
threads without synchronization is thoroughly
investigated. The problem which occurs when several
threads select the same individual for elimination is
recognized in such implementation. The probability of
that event is analytically formulated. Considering that
probability, we determine the total number of
iterations the asynchronous GPGA should perform in
order to achieve the same optimization effect as a serial
GA or a synchronous GPGA.

I. INTRODUCTION

It has already been shown that the tournament selection is
more suitable for parallel execution than any other
selection method. Furthermore, the tournament selection
algorithm is rather straightforward and relatively simple to
implement. It requires only a very small amount of
computation time [7,8,10,16].

The selection operator in genetic algorithm is
responsible for promoting the good individuals in the
population and eliminating the bad ones. Various selection
methods differ only in the definition of 'good' and 'bad'
individuals and in the ways of their preserving or
elimination. A good selection choice may be the only
difference between poor and (at least) acceptable genetic
algorithm efficiency in many real life applications.

The tournament selection bears one parameter usually
denoted with k. The k-tournament selection randomly
chooses k individuals with equal probability from the
population. Then, depending of the selection type,
generational K-tournament selection copies the best
individual of the Kk selected ones in the mating pool. The
process is repeated until N individuals are copied in the
mating pool, where N is the size of the population. After
that, the reproduction operators are applied on the mating
pool to complete the creation of a new generation.
Elimination Kk-tournament selection, on the other hand,
eliminates the weakest one of the k selected individuals.
Each eliminated individual is replaced with a newly
generated one using the reproduction operator.

The generational selection type has two significant
drawbacks: it creates duplicates of better individuals and
places them in the mating pool. Duplicates in the mating
pool will slow down the whole optimization process.
Furthermore, they can lead the population to a local
optimum and we have to rely on the reproduction operator

alone to maintain the population diversity. The second
drawback lies in the fact that the reproduction operator has
to be applied after the selection is finished. This implies
the sequential nature of the algorithm and calls for some
sort of synchronization mechanism. Such a mechanism
may slow down the parallel algorithm and it also makes
the implementation somewhat more complicated and less
portable [4]. The elimination selection type avoids both
mentioned problems: it does not generate any duplicates; it
only eliminates a single population member. The
eliminated individual can be immediately replaced by
reproduction. Furthermore, the mechanism of preservation
of the best individual, also called elitism, is implicitly
included in the elimination selection, as it will be shown in
following sections. That is another reason to implement
this selection type in a genetic algorithm.

The parallel genetic algorithm presented in this work is
an instant of global parallel GA (GPGA). The attribute
'global' refers to an algorithm that maintains a single
population. More than one genetic operator, implemented
in a single process or a thread, can access the population in
the same time. Global also means, since we have one
unique population, that any individual can compete for
survival or mate and produce offspring with any other
individual from the population. Such a model of PGA is
also called master-slave genetic algorithm [5,6].

The GPGA described in this work is suitable for
executing on a multiprocessor system with shared memory
and operating system which supports multithreading. The
multithreading technique is recognized as an efficient tool
for transforming the genetic algorithm into parallel form.
The maximum efficiency is achieved when the number of
threads is equal to the number of processors.

II. THE SELECTION PROBABILITY

Let the population consist of N individuals and let the
individuals are indexed by their fitness value, i.e. the best
one has the index i=1 and the worst one i=N. The selection
probability for the k-tournament selection is given by:
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The i-th individual will be selected for elimination if all
the other k-1 chosen population members are better than
the i-th. In other words, all but one of k selected
individuals’ indexes are less than i and one individual has
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index i. Now, the probability that all k randomly selected

individuals have their indexes less or equal than i is (k}

N
divided by all possible combinations: [ ‘ J .

From that we have to subtract the probability that all of
the k individuals' indexes are strictly less than i:
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[ K J divided by [k] ,(i-th individual is selected, and

the rest ones' indexes are less than i), so we get the
mentioned expression ( 1).
Taking into account the following statement:
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another form of ( 1) can be derived:
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The elitism is inherently implemented, because the k-1
best individuals can not be eliminated. The expression
( 3 ), being a polynomial with k-1 zero crossings,
illustrates that fact.

The same individual cannot participate in a tournament
more than once, i.e. there cannot be more that one copy of
the same individual among the k selected. This we call the
tournament selection without duplicates. On the other
hand, Bick, Miller, Goldberg, Blickle and Thiele use
tournament selection where in the same iteration one
individual can be selected more then once [1,3,13]. In that
case, the probability p,’(i) of selection for elimination of
the i-th individual is given by:
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At the first sight, it would seem that tournament
selection without duplicates is more complex and time
consuming. Besides, the characteristic values such as
selection intensity, reproduction rate and loss of diversity
have already been determined for duplicate tournament
selection [1,13]. Genetic algorithm's behavior can be fairly
predicted using those values. However, if no control
mechanism is applied, elimination tournament selection
can produce additional duplicates, which only slow down
the evolution process. Such control mechanism, an
example of which can be found in [12], eliminates
duplicate individuals, but spends much more computation
time then relatively simple duplicate check in a single
tournament. Furthermore, the elitism is not inherently
implemented, unlike in no-duplicates tournament
selection, which can be perceived from ( 3 ) if i equals 1.
Although the expressions for selection probability differ
significantly, the actual distributions are very similar, as
shown in Fig. 1 [9,11].
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Fig. 1: Distribution of selection for elimination probability with 3-
tournament selection and N=50 with (_ _ _ ) and without ( )
duplicates

III. EXAMPLE OF GPGA WITH ELIMINATION
TOURNAMENT SELECTION

In the traditional master-slave model of the parallel GA,
the master processor stores the entire population and
applies genetic operators to produce the next generation
[2,3,7,8,13]. The slave processors are used only to evaluate
the fitness of a fraction of the population in parallel. This
type of task division evolves from a situation where the
calculation of the fitness value of a population member
requires a lot of computation, if the potential solution to a
problem we are trying to solve is not easy to evaluate. In
our implementation of master-slave GA, the master creates
random initial population, evaluates created individuals
and starts the slaves (Fig. 2). Each slave performs the
whole evolution process in contrast of traditional master-
slave GA where the slaves only evaluate the fitness. This
is a model of global parallel GA, because each individual
may compete and mate with any other [9,10].

Mast er thread{
initialize population;
eval uat e popul ati on;
for(i=1;i <NUMBER _COF PROCESSOCRS; i ++){
create new Sl ave thread;

wait while all
print results;

}

Sl ave t hread{
whil e not (end condition){

sel ect k different individuals;
elimnate the worst of k selected ind;
chi | d=cr ossover (survived individual s);
repl ace deleted individual with child;
performnutation with probability py
eval uate new i ndi vi dual ;

t hreads finish;

Fig. 2: Asynchronous GPGA with k-tournament bad individual
selection



In this implementation, which we call the asynchronous
GPGA, it may occur that the same individual participates
in more that one tournament, i.e. the same individual can
be selected by more that one thread. To cope with that, the
synchronous version of the algorithm is devised. However,
the code of the synchronous GPGA is more complex and
additional processor time is spent on initialization, locking
and unlocking of MUTEX mechanism. Furthermore, a
thread may have to wait for another one to complete its
task.

In an asynchronous version, the selection of the same
individual in more than one tournament is still not the
reason for alarm. The worst case scenario happens when
several threads select a single individual for elimination. In
that case the work of only one of them will take effect —
the one that replaced the individual latest — while the other
threads will work in vain. The total number of iterations
(tournament cycles) does not reflect the effective number
of iterations because some of them had no effect. That is
the reason why asynchronous algorithm does not give as
good solution as the same sequential GA in given number
of iterations. But if we know the probability of multiple
elimination of the same individual by several threads at the
same time, we can calculate the number of iterations done
in vain. If the total number of iterations is increased
according to that probability, the asynchronous GPGA will
act exactly as, but faster than, sequential GA.

IV.CALCULATING THE PROBABILITY OF
MULTIPLE SELECTION

A. The Probability of a Particular Thread Working in
Vain in a Single Iteration

Let the asynchronous GPGA consist of D threads:
jll j2| j3| JD

Let each thread in every iteration (every time it accesses
shared data) bears an index in range 1,2,3,...,D and let the
thread which writes the data last have the smallest index
value. That is the only thread whose work will take effect.
Since the algorithm is asynchronous, the threads access the
data in random order. In every iteration there is a thread
with index value 1 and in every iteration it can be a
different thread. The thread with index value greater than 1
may, but doesn't necessarily have to, perform its task in
vain.

For D threads and k-tournament selection we have the
following:

e The thread with index 1 never works in vain:

Pk',l:O. (5)

*  For each additional thread the probability of working
in vain equals 1 minus the probability of performing
useless iteration (p=1-0). It will be shown later in this
section that the probability of working in vain for
thread with index j equals:

N
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where j<D and p+g=1.

The probability of elimination of i-th individual in k-
tournament selection is calculated using ( 1 ) or ( 3 ). The
thread with index j, which selected some individual for
elimination, will be effective only if all the threads with
indexes smaller than j select some other individuals for
elimination. The probability of selection of i-th individual
by thread j equals pi(i)@(i)"", because j-1 threads (whose
indexes are less than j) have to select some other
individual instead of i-th one. There exist N combinations
where a thread can work effectively: it can select any of
the N individuals whereas the other threads must not select
the same one. Having that in mind, we can formulate the
probability of thread j not working in vain for one iteration
as a sum of probabilities of single selection of each
individual by that thread:

Qk,=Z P (), (). (7)

The probability that the thread's activity will not take
effect is the opposite of the stated one (P’ j=1-Q’;), so we
get the expression ( 6 ).

B. The Probability of Any Thread Working in Vain in a
Single Iteration

Considering the fact that every thread in asynchronous
algorithm can have any index value with equal probability,
the probability of a thread working in vain in k-tournament
GPGA with D threads equals:
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Using ( 6 ) and ( 8 ) we can obtain the expression for
probability of working in vain in a single iteration:
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i=1

and the probability of performing a useful iteration equals:
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The values of expected probability of performing a
useless iteration for 3-tournament selection are shown in
Table I. Fig. 3 shows the same values as a function of the
number of threads with a constant population size.

Suppose, for example, that we want to achieve
efficiency of asynchronous GPGA to 95% (restrict the
probability of performing a useless iteration is less than
5%). The minimum population size is the function of
number of threads (grayed area in Table I). For a greater
number of threads the population size should be increased
as shown in ( 9 ) and in Fig. 3.



TABLE 1
PROBABILITY OF PERFORMING A USELESS ITERATION
DEPENDING ON THE POPULATION SIZE N, THE NUMBER OF
THREADS D AND k=3

Number of threads D

N |1 2 3 4 5 6 8 10 20
10 [ 0 [ 0.100 | 0.185 | 0.257 [ 0.318 | 0.371 | 0.456 | 0.522 | 0.704
20 [ 0 [0.047 [ 0.091 | 0.132 { 0.170 | 0.205 | 0.267 | 0.322 | 0.512
50 0 [0.018 |0.036 | 0.054 | 0.070 | 0.087 | 0.118 | 0.148 | 0.273
70 [ 0 [0.013 | 0.026 | 0.038 | 0.051 | 0.063 | 0.086 | 0.108 | 0.208
100 0 | 0.009 | 0.018 | 0.027 | 0.036 | 0.044 | 0.061 | 0.077 | 0.152
150 0 | 0.006 | 0.012 | 0.018 | 0.024 | 0.030 | 0.041 | 0.052 | 0.106
200 O | 0.005 | 0.009 | 0.014 [ 0.018 | 0.022 | 0.031 | 0.040 | 0.081
500 0 | 0.002 | 0.004 | 0.005 | 0.007 | 0.009 | 0.013 | 0.016 | 0.033
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Fig. 3: Probability of performing useless iterations

C. The Total Number of Iterations

Knowing the probability of a thread working effectively in
a single iteration ( 10 ), we can calculate the needed
number of iterations that asynchronous GPGA with k-
tournament selections must perform in order to have the
same characteristics as a synchronous GPGA or serial GA
[10]:
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V. CONCLUDING REMARKS

We presented in this paper a variant of a global parallel
GA  without  synchronization = mechanism.  The
asynchronous GPGA is faster and simpler to implement
than the synchronous version. However, for a given
number of iterations the synchronous GPGA gives slightly
better results. This is due to the occurrence of multiple

selection of the same individual by several threads in
asynchronous version, in which case some iterations of the
algorithm will be lost. It is shown in this work that we can
explicitly calculate that overhead for a given number of
threads and population size.

The probability of multiple selection increases with the
number of processors and decreases with the population
size (Fig. 3). The real world problems usually require
relatively large population sizes. For example, if the
population size is greater than 100 and we have a
multiprocessor system with four processors and shared
memory (in which the whole population is placed), the
percentage of useless iterations is less than three percent
(Table I). We can conclude that for GPGA
implementations with large population sizes, running on
multiprocessor systems with several processors, the
asynchronous version is better choice.
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