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Abstract This paper describes the optimization of a dividing genetic algorithm
(DGA). It is used for division of road traffic networks into sub-networks of a dis-
tributed road traffic simulation. The optimization is performed by finding optimal
settings of the DGA parameters using a distributed optimizing genetic algorithm
(distributed OGA). Since the distributed OGA is expected to be extremely time-
consuming, the paper is focused on a determination of the total time necessary for
the OGA computation. It is determined, performing tests, that the OGA can be
completed in range of days at least for lower numbers of OGA generations on a
distributed computer consisting of nearly 100 processor cores.

1 Introduction

The computer road traffic simulation is an important tool for analysis, control,
and design of road traffic networks. Such simulation can be very time consuming,
especially for large road traffic networks (e.g. large cities or entire states).
Therefore, many road traffic simulators have been adapted or designed for
distributed computing environment where combined computing power of multiple
interconnected computers (nodes) is used for faster execution of the simulation. In
this case, the simulated road traffic network must be divided into sub-networks,
whose simulations are then performed on particular nodes of the distributed com-
puter as processes. The quality of the division influences the resulting performance
of the entire distributed simulation. Hence, two important issues should be consid-
ered during the division—the sub-networks load-balancing and the inter-process
communication minimization (Potuzak 2011).
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During our previous research, we have developed a method for road traffic
network division, which considers both mentioned issues (Potuzak 2011). This
method utilizes a genetic algorithm for multi-objective optimization of the resulting
road traffic network division. Although the results of the proposed method are reason-
able (Potuzak 2012a) they are not optimal, especially for large road traffic networks
(Potuzak 2013a). The probable cause is the suboptimal settings of the parameters of
the genetic algorithm that are set manually based on preliminary testing result. These
settings can be tuned in order to achieve better performance of the division method.

In this paper, we discuss the time requirements of a distributed genetic
algorithm for optimization of the parameters settings of the genetic algorithm for
road traffic network division. To avoid confusion in the following text the genetic
algorithm of optimization is referred as optimizing genetic algorithm (OGA).
The genetic algorithm for road traffic network division (which is optimized using
OGA) is referred as dividing genetic algorithm (DGA).

2 Basic Notions

In order to make further reading more clear the genetic algorithms and the road
traffic network division are described first.

2.1 Genetic Algorithms Description

A genetic algorithm is an evolutionary algorithm (Poli et al. 2008), which mimics
natural genetic evolution and selection in nature in order to solve a specific problem.
Since their development in 1975, the genetic algorithms have been widely used
for solving of optimization (including multi-objective optimization) and searching
problems in many domains (Farshbaf and Feizi-Darakhshi 2009). The basic notions
of a typical genetic algorithm are described in following paragraphs.

Using the genetic algorithm for solving of a problem the representation of the
solution of the problem must be determined first. Each solution is considered an
individual and it is usually represented by a vector of binary or integer values. The
meaning of the particular values depends on the solved problem. A predetermined
number of individuals are then (most often) randomly generated in order to form
the initial population (Menouar 2010).

For each individual of the initial population, the so-called fitness value is cal-
culated using a fitness function. The fitness value is an objective assessment of the
quality of each individual from the point of view of the solved problem. The better
the solution is, the higher its fitness value should be. So, the fitness function is the
only part of the genetic algorithm requiring the knowledge of the solved problem
(Menouar 2010). Based on the fitness value, a set of individuals are selected to be
“parents” of a new generation.
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The new generation is created using the selected parents and the crossover and
mutation operators. The crossover uses (most often) two parents to produce (most
often) two descendants using mutual exchange of the values of the parents’ vec-
tors. The mutation performs random changes of the values in the descendants’ vec-
tors (Poli et al. 2008). Once the new generation is created, the fitness values are
calculated for all individuals and the process repeats until a stop condition is ful-
filled or a preset number of generations is created (Potuzak 2011).

2.2 Road Traffic Network Division Description

As it is mentioned in the Sect. 1 the road traffic network must be divided into
required number of sub-networks prior the execution of its simulation in a distrib-
uted environment. The resulting sub-networks are then simulated as processes on
particular nodes of the distributed computer (a sub-network per node). Since, even
with the simulated road traffic network divided the vehicles still need to pass among
the sub-networks. Thus, the simulation processes are interconnected by communi-
cation links enabling transfer of vehicles between the neighboring sub-networks in
the form of messages (Potuzak 2012a). The inter-process communication is also
necessary for synchronization of the simulation processes, which ensures that the
simulation time of all processes is the same at the same moment (Potuzak 2012a).

There are two issues, which should be considered during the road traffic net-
work division—the sub-networks load-balancing and the inter-process communi-
cation minimization. The load-balancing is necessary to achieve similar speeds of
the simulation processes and, consequently, to minimize the waiting of the faster
processes on the slower processes (Grosu et al. 2008; Potuzak 2012a). If the target
distributed computer is a homogenous cluster (i.e. with nodes of the same comput-
ing power), the sub-networks should have similar loads (i.e. similar numbers of
vehicles moving within them). If the target distributed computer is a heterogene-
ous cluster (i.e. with nodes of different computing power), the loads of the par-
ticular sub-networks should correspond to the computing powers of the nodes, on
which the sub-networks will be simulated (Potuzak 2013a).

The communication minimization is necessary, because it is very slow in com-
parison to the remainder computations of the distributed simulation computations.
The communication can be diminished by reducing the number of vehicles trans-
ferred among the sub-networks. This, in turn, can be achieved by minimization of
the number of traffic lanes interconnecting the sub-networks (Potuzak 2013b).

3 Road Traffic Network Division Using DGA

The method for road traffic network division, which we have developed, consid-
ers both mentioned issues (see Sect. 2.2). There are two versions of the method—
for homogenous and for heterogeneous clusters. The versions differ only in the
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load-balancing, where the road traffic network is divided into sub-networks with
the similar loads for the homogeneous clusters and into sub-networks with the
loads ratio corresponding to the computing power ratio of the particular nodes for
the heterogeneous clusters (Potuzak 2013a).

Regardless the version, the method utilizes a (usually) less-detailed road traffic
simulation for assigning of the weights to particular traffic lanes. These weights
correspond to the numbers of vehicles moving within the lanes during the sim-
ulation run. It is possible to use a macroscopic, a mesoscopic, or a microscopic
simulation. However, the macroscopic simulation is usually used, since all the
simulations give similar results and the macroscopic simulation is the fastest one
(Potuzak 2012a). Once the weights are assigned to the traffic lanes, the road traf-
fic network is considered as a weighted graph. The crossroads are then acting as
nodes and the sets of traffic lanes interconnecting neighboring crossroads acting
as edges with weights equal to the sum of weights of all traffic lanes of each set
(Potuzak 2013b). The road traffic network (i.e. the weighted graph) is then divided
using the dividing genetic algorithm (DGA) into required number of load-balanced
sub-networks of minimized number of edges (and, consequently, traffic lanes)
interconnecting them (i.e. divided traffic edges/lanes) (Potuzak 2012a, 2013a).

3.1 Dividing Genetic Algorithm Description

The DGA is a standard genetic algorithm (see Sect. 2.1). Each individual repre-
sents a single assignment of crossroads to particular sub-networks in the form of a
vector of integer values. The length of the vector corresponds to the total number
of crossroads in the divided road traffic network. Each value then represents the
sub-network to which the corresponding crossroad is assigned (Potuzak 2011).
The initial population of 90 individuals is randomly generated. So, the cross-
roads are randomly assigned to the particular sub-networks (Potuzak 2012a). The
fitness value of each individual is calculated using the fitness function consisting of
two parts—the equability and the compactness. The equability represents the load-
balancing of the sub-networks and it is the only part of the DGA, which is differ-
ent for homogenous and heterogeneous clusters. The compactness represents the
minimization of the number of divided edges (and, consequently, traffic lanes) and
is the same for both types of clusters. The fitness function can be then expressed as:

Fpga=rg-E+ (1 —rg)-C (h)

where a Fpga is the fitness value, E is the equability, C is the compactness, and rg
is the equability ratio determining, which part (the equability E or the compactness
C) of the fitness function is more important. Different values of the 7 can be con-
venient in different situations. Usually, the rg is set to 0.25.

Once the fitness values are calculated for all individuals, ten individuals are
selected to be parents of the new generation using truncation selection (see
Fig. la), which means than the individuals with the highest values from entire
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Fig. 2 Comparison of the implemented crossover methods

population are selected (Bick 1996). Using all possible pairs formed from the
selected individuals and the deterministic uniform crossover (see Fig. 2a), the new
generation of 90 individuals is created. Using this crossover, every second value
is exchanged between the two parents’ vectors to form two descendants. Each
descendant is then mutated using a preset number of random changes of its vec-
tor. This way, a new generation is created. The entire process repeats for the preset
number of generations (up to 100,000) (Potuzak 2013b).

3.2 Implemented Improvements of DGA

In order to achieve a higher speed of the DGA, its implementation is recently
refined. A new data structure is created to enable faster calculation of the fitness
values and the utilization of integer instead of real numbers is employed where
possible. This leads to a substantial increase of the DGA speed due to reducing its
computation time to roughly 30 % of its original implementation.

Moreover, three other selection methods and three other crossover methods are
implemented in order to include them to the OGA optimization of the DGA. A
specific selection and crossover methods can be set prior to the DGA execution.
The selection methods include truncation selection, fitness proportionate selec-
tion (Biack 1996), stochastic universal sampling (Baker 1987), and tournament
selection (Xie and Zhang 2013). The difference between the selection methods is
depicted in Fig. 1.
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The crossover methods include deterministic uniform crossover (see Sect. 3.1),
uniform crossover, one-point crossover, and two-point crossover (Ahmed 2010).
The difference in the crossover methods is depicted in Fig. 2.

4 DGA Optimization Using OGA

In order to find optimal settings of the parameters of the DGA, the optimizing
genetic algorithm (OGA) is used. There are several parameters of the DGA to
optimize—the number of generations, the number of individuals in the generation,
the number of selected individuals, and the number of mutations per individual.
Moreover, the optimal combination of the selection and crossover methods (four
and four options, respectively—see Sect. 3.2) should be determined. All the men-
tioned parameters can significantly influence the quality of road traffic network
division and the speed of the division method (Potuzak 2013b).

A parameter, which will not be optimized using the OGA is the equability ratio
(rg), which determines whether the load-balancing of the sub-networks or the min-
imization of the number of divided traffic lanes should be more important during
the division (see Sect. 3.1). Since the requirements can vary in different situations,
it would be difficult to find a single optimal value (Potuzak 2013b).

4.1 Optimizing Genetic Algorithm Description

The utilization of the OGA for optimization of the DGA seems to be a viable
approach, since the genetic algorithms are generally convenient for optimization
problems (Farshbaf and Feizi-Darakhshi 2009). The OGA individual representation
must incorporate all the parameters, which shall be optimized (see Sect. 4). These
parameters can be expressed as nonnegative integer numbers of different sizes.
So, the OGA individual is represented by a binary vector with several multi-bit
parts. Each part represents a single DGA parameter to optimize encoded using the
unsigned magnitude representation. More specifically, each individual consists of 46
bits—17 bits for the number of generations (G), 10 bits for the number of individu-
als in a generation (/;), 10 bits for the number of selected individuals (Is), 5 bits for
the number of mutations per individual (M), 2 bits for the type of selection (S), and 2
bits for the type of crossover (C) (Potuzak 2013b). The example is depicted in Fig. 3.

The initial population of the OGA consists of 90 randomly generated individuals
(similarly to DGA). For all individuals, the fitness value is calculated. For an OGA
individual, it is necessary to perform the complete DGA on a road traffic network
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with parameters set according to the OGA individual. Since it is necessary for the
OGA optimization to be universal and not solely for one road traffic network, three
road traffic networks of different sizes divided into three different numbers of sub-
networks will be used. These networks are regular square grids of 64, 256, and
1,024 crossroads (86, 326, and 1,267 km of total traffic lanes length, respectively).
They are divided into 2, 4, and 8 sub-networks. Originally, the division into 16 sub-
networks was considered as well (Potuzak 2013b). However, for the road traffic
networks of the given sizes, the division into 16 sub-networks is quite improbable
to be convenient, because the resulting sub-networks will be too small.

The OGA fitness value is then calculated using the maximal achieved DGA fit-
ness values of all combinations of the divided road traffic networks and the num-
ber of sub-networks. So, the fitness function can be expresses as:

3 3
Doimt 2= Filjnax

, 2
9

Foga =

where Foga is the OGA fitness function and F ;naxis the maximal achieved DGA
fitness value for ith road traffic network and jth number of sub-networks.

Once the fitness values are calculated for all OGA individuals, ten individuals
are selected to be parents of the new generation. The truncation selection is used
(see Fig. 1a), which means that the individuals with the highest fitness values are
selected. For the creation of the descendants, the deterministic uniform crossover
(see Fig. 2a) of all possible pairs of two parents is used. Each descendant can be
mutated using random but limited number of random changes of its bits. Once the
new generation is created, the fitness values are calculated for all OGA individuals
and the process repeats until the preset number of generations is created. So, the
OGA is very similar to the original DGA.

4.2 Distributed OGA Description

Because the OGA is expected to be extremely computation intensive (Potuzak
2012b, 2013b), only its distributed implementation seems to be feasible. Still
a distributed computer with large number of nodes will be required to keep the
OGA computation time in acceptable limits. For the OGA, we can utilize two
classrooms, which are at our disposal at Department of Computer Sciences and
Engineering of University of West Bohemia (DSCE UWB). Each classroom con-
tains twelve desktop PCs. Each PC incorporates Intel i5-2400S Quad-Core pro-
cessor at 3.1 GHz, 8 GB RAM, and 250 GB HDD. The PCs are used for the
education purposes during the working days, but are usually idle or deactivated
during the late afternoons, nights, and weekends. As these times, they can be read-
ily used for the OGA computations (Potuzak 2013b).

For the distributed OGA, the well-known farmer—worker paradigm is used.
So, there is one control process (farmer) and a number of working processes
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Fig. 4 The OGA communication scheme for one control and eight working processes

(workers). The OGA is implemented in the DUTS Editor system (developed at
DSCE UWB). This system with all three road traffic networks (see Sect. 4.1) must
be installed on each computer, which will participate on the OGA computation. It
is possible to run either the control process or the working process. It is conveni-
ent, on a multi-core node (computer), to run number of working processes corre-
sponding to the number of processor cores. Each working process is connected by
a bidirectional communication link to the control process for the message passing.

Assume now that the distributed OGA is performed on three quad-core nodes,
one of them hosting the control process while two other hosting four working pro-
cesses each (see Fig. 4). The OGA computation is then performed as follows. Each
working process loads all three road traffic networks. The control process loads
them as well and performs the macroscopic simulation on each of them in order
to obtain weights of the traffic lanes (i.e. input for the DGA—see Sect. 3). These
weights are sent to all working processes, which assign them to the correspond-
ing traffic lanes of the loaded road traffic networks. The control process then cre-
ates the initial OGA population and distributes the individuals uniformly among
the working process. Each working process then calculates the OGA fitness values
of the received individuals by performing nine DGA runs per OGA individual (i.e.
using three road traffic networks divided into three different numbers of sub-net-
works—see Sect. 4.1). The OGA fitness values are then sent to the control process.
Once the control process receives the fitness values of all OGA individuals, it per-
forms the selection, crossover, and mutation and creates a new OGA generation.

Its OGA individuals are again distributed to the working processes and the
entire process repeats for the preset number of generations. The inter-process com-
munication scheme of the OGA is depicted in Fig. 4.

Because the fitness values calculation is by far the most computation-intensive
part of the OGA and only relatively short vectors of integer or real values are
transferred two times per generation between the control and each working pro-
cess, the time necessary for inter-process communication is negligible, which is
a very convenient feature for a distributed computation. Nevertheless, the OGA
computation time is in range of days and weeks (see Sect. 5) and the classrooms
intended for the OGA are regularly used for education purposes. Hence, a single
continuous computation of the OGA is out of question. Instead, it is possible for
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the control process to store the weights of the traffic lanes and the current gen-
eration in a XML file during the computation. So, the computation can be ended
whenever necessary and then resumed using the data in the XML file.

5 Tests and Results

Currently, an implementation of the distributed OGA is nearly finished. In order to
determine the time necessary for its execution a set of tests have been performed
using one processor core of one node (computer) of the distributed computer, on
which the distributed OGA is performed (see Sect. 4.2).

The set of tests has been focused on the time necessary for the homogenous
and heterogeneous DGA runs in dependence on the settings of its three optimized
parameters. The settings of these parameters—the number of DGA generations,
the DGA selection type, and the DGA crossover type (see Sect. 4) can signifi-
cantly influence the time necessary for the DGA run, and consequently, the dis-
tributed OGA execution, which utilize nine DGA runs for the computation of
the fitness value of a single OGA individual (see Sect. 4.1). The tests have been
performed for all three road traffic networks (see Sect. 4.1), 1,000, 10,000, and
100,000 DGA generations, and all combinations of the DGA selection and DGA
crossover types. All road traffic networks have been divided only into four sub-
networks, since the number of sub-networks has negligible effect on the DGA
computation time (Potuzak 2013b). The results for the DGA for homogeneous
cluster are summarized in Table 1. Each value is averaged from ten attempts. The
results for the DGA for heterogeneous clusters are very similar and differ in range
of several percents. Therefore, from now on, we will not distinguish between these
two versions of the DGA.

The results depicted in Table 1 can be used for the determination of the mean
computation time of the fitness value of a single OGA individual using one pro-
cessor core depending on the number of DGA generations. Following the calcula-
tion of the OGA fitness function (see Eq. 2) and using the last row of Table 1, this
mean time can be calculated as:

OGA DGA , TDGA DGA
Ig7" =3 (T64,G + s+ T ,024,0)’ ©)

where 7904 is the mean computation time necessary for the calculation of the
OGA individual for G DGA generations, and TQgA are the mean times necessary
for the DGA for G generations and X crossroads of the divided road traffic net-
work (i.e. values in last row of Table 1). It should be noted that the distributed
OGA is intended to utilize all four processor cores of each node of the distrib-
uted computer. It has been determined in (Potuzak 2012b) that it is possible for
the price of 7 % slowdown in comparison to the utilization of only one core. The
mean computation time of the fitness value of a single OGA individual for differ-
ent numbers of DGA generations is summarized in Table 2.
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Table 1 Time necessary for the DGA for homogeneous clusters

Crossroads 64 256 1,024
Generations 100 10* 10 103 10t 10° 10 10t 10°
S C DGA computation time (s)

TR DU 0.2 22 223 0.7 6.2 58.4 2.8 242 211.8
8] 0.3 2.8 28.8 0.9 8.5 81.4 3.7 33.4 3254

1P 0.2 2.2 224 0.7 6.1 58.3 2.7 23.7 207.2
2P 0.2 2.2 22.7 0.7 6.2 59.6 2.8 24.1 215.4
FP DU 0.2 2.6 26.9 0.8 7.6 75.8 2.8 27.8 764.0
U 0.3 32 333 1.0 10.1 100.9 3.8 37.8 394.3
1P 0.2 2.6 26.4 0.7 7.5 74.5 2.8 272 271.0
2P 0.3 2.6 26.8 0.8 7.5 75.3 2.8 27.6 273.9
SUS DU 0.2 2.6 26.4 0.8 7.5 75.1 2.8 27.7 275.2
U 0.3 32 32.8 1.0 10 100.3 3.8 37.8 393.7
1P 0.2 2.5 26.1 0.7 74 73.9 2.8 272 270.2
2P 0.2 2.5 26.3 0.7 7.5 74.7 2.8 274 273.1
TO DU 0.2 2.2 22.6 0.7 6.2 58.9 2.8 244 213.6
U 0.3 2.8 28.8 0.9 8.6 82.2 3.7 34.0 326.2
1P 0.2 2.1 22.3 0.7 6.0 57.8 2.8 23.8 209.1
2P 0.2 22 22.6 0.7 6.1 58.5 2.8 239 211.8
Average 0.2 2.5 26.1 0.8 7.4 72.8 3.0 28.2 302.2

Selection (S) types: TR truncation selection, FP fitness proportionate selection, SUS stochastic
universal sampling, 70 tournament selection. Crossover types: DU deterministic uniform crosso-
ver, U uniform crossover, /P one-point crossover, 2P two-point crossover

Table 2 The mean computation time of the fitness value of a single DGA individual

Without 7 % slowdown With 7 % slowdown
DGA generations count Computation time (s)
103 12.0 12.8
104 114.3 1223
10° 1,203.3 1,287.5
Average 443.2 474.2

The mean computation time of the fitness value of a single OGA individual for
mean number of generations increased by 7 % (see most right cell in last row of
the Table 2) can be designated the OGA individual computation time. Comparing
the new results depicted in Table 2 with the results described in Potuzak (2013b),
the new OGA individual computation time is only roughly 17 % of the OGA
individual computation time described in Potuzak (2013b). The reasons of this
speedup are the optimization of the DGA (see Sect. 3.2) and the change of the
calculation of the OGA fitness function (the division into 16 sub-networks is no
longer considered—see Sect. 4.1).

Using the OGA individual computation time and knowing there are 90 individ-
uals per OGA generation, it is possible to determine the total computation time of
the OGA. Considering that the distributed computer for the OGA would consist of
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Table 3 Total computation time of the OGA depending on the number of OGA generations

OGA generations Computation time (h) Computation time (days)
103 123.496 5.146
104 1,234.958 51.457
103 12,349.583 514.566

24 nodes (i.e. computers from both considered classrooms—see Sect. 4.2), there
are 24 x 4 = 96 processors’ cores available for the OGA working processes. The
OGA control process can reside in another computer at our disposal. The OGA
computation time in dependence on the number of OGA generations is summa-
rized in the Table 3.

As can be seen in the Table 3, the OGA computation time ranges from 5 to
515 days, depending on the number of OGA generations. So, at least the lower
numbers of OGA generations seem to be feasible. The time necessary for the mac-
roscopic simulation used for the obtaining of the weights of traffic lanes is not
included in the OGA computation time. The reason is that the macroscopic simu-
lation is performed only once and is very fast (several seconds for the largest road
traffic network). Similarly, the time necessary for inter-process communication
is not included, because the communication is performed rarely during the OGA
computations (two messages per OGA generation per working process).

6 Conclusions

In this paper, we described the optimization of the genetic algorithm for road traf-
fic network division (DGA) using a distributed optimizing genetic algorithm (dis-
tributed OGA). We focus on the determination of the total time necessary for the
distributed OGA computation. Depending on the number of OGA generations, this
computation time ranges from 5 to 515 days on 24 quad-core computers. So, the
OGA seems to be feasible at least for lower numbers of OGA generations.

Currently, the OGA implementation is nearly complete. The debugging and
preliminary testing, which are crucial for such a long computation, are now ongo-
ing. The further step in our research is to perform the OGA in order to find opti-
mal settings of the DGA parameters.
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