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Abstract. Mesh multicomputers systems are a viable option for par-
allel computing. The process of executing a task in such systems is to
assign a set of n+1 mesh-free processors to the task at the head of the
queue consisting of n subtasks. We assume that a task has a parent pro-
cess and child processes that are called subtasks. These allocations are
based on methods that seek to maintain the execution of the task in ad-
jacent processors, and methods that avoid maintaining free sub-meshes
in the mesh caused by tasks that have completed their execution. Assign
N facilities to a number N of sites or locations where it is considered a
cost associated with each of the assignments can be seen as a quadratic
assignment problem whose solution combinations grow exponentially, an
NP-complete problem. This paper describes a method for modelling dy-
namic quadratic assignment problem of assigning tasks to processors in
2D mesh multicomputers system, using the simplest class of the Esti-
mation of Distribution Algorithm (EDA), the Univariate Marginal Dis-
tribution Algorithm (UMDA) which aims to enable calculation of a dis-
tribution joint probability from the selected tasks in the queue that are
susceptible to initiate enforcement in the mesh. Experiments are based
on a comparison the proposed method with two more methods of allo-
cation of tasks to processors: Hilbert curves and linear assignment. The
results show better time allocation, and better utilization of free proces-
sors but more times during the process of full recognition of the mesh.
The denser workload down to 256 with 256 subtasks tasks each, 16 x 16
mesh size, that correspond to 256 processors.

Keywords: Parallel computing, mesh multicomputer, estimation of dis-
tribution algorithm, univariate marginal distribution algorithm.

1 Introduction

Distributed computing has been considered as the future of high performance
computing [1]. The study of partitioning of different distributed computing sys-
tems such as multiprocessor systems shared memory multicomputers systems
with transfer messages and wide-area distributed systems have been extensively
studied in order to get more computing power, and thus permit tasks that are
inherently parallel [2], run on shorter time. Examples of these tasks that require
more computing power than a single node can provide are: access to distributed
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data in different groups of computers [3], the graphics processing tasks [2] and
in fields of science and engineering.

Parallel computing consists of a set of processors which cooperate with each
other to find a solution to a given problem [4]. The processor communication can
be based on shared memory or distributed memory model. In shared memory
architectures also known as multiprocessor systems, processors communicate via
shared memory. However, in parallel computers with distributed memory also
known as multicomputers the processors communicate is by exchanging messages
through interconnection network [5].

To solve a problem using parallel computing should break down problem
into smaller subproblems that can be solved in parallel. The results should be
efficiently combined to obtain the end result of the main problem, but is not easy
to break a problem due to data dependency that exists in it and then. Due to data
dependency that exists in a problem, it is not easy to divide it into subproblems
because the load of communication when the problem is running in parallel
is very high. The important point here is the time taken for communication
between two processors compared to the processing time. Due to this factor
communication scheme should be well planned to get a good parallel algorithm
[4].

There are several approaches to implement parallel computing: through meshes
[6], squares (grids) [3], and heterogeneous platforms [2], using certain perfor-
mance metrics, heuristics such as simulated annealing [1] or the greedy algorithm
[3], and alternative methods such as measuring the workload, where the work-
load is generated not by discovery but dynamically by user models that interact
with the system and whose behaviour in simulation is similar to the behaviour
of users in reality [8].

The vast majority of research converge on the approach that two structures
are to be developed in software for coexistence of multiple processors executing
tasks in parallel: the allocation Processor and Task Scheduler [9].

Some of the objective functions that is desirable to minimizing or maximizing
in the research work are: reduce the starvation of jobs, decrease internal frag-
mentation, reduce external fragmentation, reduce costs communication within
local networks to reduce communication costs in wide area networks, reduce the
number of jobs in the queue, maximize the number of jobs running in paral-
lel, maximizing the time response to users to maintain their satisfaction and
motivate them to bring more jobs to the system [8].

The optimization problems that model a physical system which involves one
objective function perform the task of finding an optimal solution is called
a single objective optimization, and when the problem optimization involves
more than one objective function, the task of finding one or more optimal solu-
tions is known as multi-objective optimization, also known as Multiple Criterion
Decision-Making (MCDM) [10].

In evolutionary computation have emerged parallel multi-objective evolu-
tionary algorithms their application to solve problems with long performance,
excessive memory requirements to solve complex problems, decrease the like-
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lihood of falling into local optima, find solutions domains simultaneously and
work with multi-objective [11].

The objective of this paper is to describe a method for modelling dynamic
quadratic assignment problem of assigning tasks to processors in 2D mesh mul-
ticomputers system, using the simplest class of the estimation of distribution
algorithm (EDA), the univariate marginal distribution algorithm (UMDA )which
aims to enable calculation of a distribution joint probability from the selected
tasks in the queue that are susceptible to initiate enforcement in the mesh,
considering two structures that are necessary to execute tasks in parallel: the
Allocation Processor and Task Scheduler.

2 Allocation Algorithms

Efficient allocation of processors and scheduling tasks are two critical processes
if the computational power of large-scale multicomputers want to effectively use
[12]. Allocation Processor is responsible for finding, selecting and assigning all
processors on which a parallel job will run, while the Task Scheduler is respon-
sible for determining the order in which the jobs are selected for execution using
a scheduling policy [13].

If a job arrives and can not be immediately executed within the system due
to lack of free processors, or the existence of other jobs running, it is sent to
the queue. Once the processors are assigned to a task, they remain allocated
exclusively to it until the task ends. When the task ends and leaves the system,
processors are released and made available to Allocation Processor. One of the
main goals of parallel execution is to minimize the time that a job waits a set
of free processors in the mesh are assigned to it, so it is important to develop
algorithms with efficient allocation strategies processors, that minimize waiting
time of tasks within the mesh.

Is necessary to consider the following definitions:

Definition 1. An n-dimensional mesh has ko X k1 X ... X kp_o X k,_1 nodes,
where k; is the number of nodes along the ith dimension and k; > 2.Fach node is
identified by n coordinates, po(a), p1(a), ... , pn—2(6), pn-1(a), where 0 < p;(a)
< k; for 0 <i < n. Two nodes a and b are neighbours if and only if p;(a) = p;(b)
for all dimensions except for one dimension j, where p;j(b) = pj(a) £ 1. Each
node in a mesh refers to a processor and two neighbours are connected by a direct
communication link.

Definition 2. A 2D mesh, which is referenced as M (W, L) consists of W x L
processors, where W is the width of the mesh and L is the length. Each processor
is denoted by a pair of coordinates (z,y), where 0 < x < W y 0 < y < L.
A processor is connected by a bidirectional communication link to each of its
neighbours.
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Definition 3. In a 2D mesh, M(W, L), a sub-mesh S(w,l) is a sub-two-
dimensional mesh nodes belonging to M (W, L) with width w and length I, where
0<w<Wy0<l<L. Sw,l) is represented by the coordinates (x,y,z’,y'),
where (x,y) is the lower left corner of the sub-mesh and (2',y") is the upper right
corner. The node of the lower left corner is called the base node of the sub-mesh
node and the upper right corner is the end node. In this case w = x' —x+ 1 and
l=y" —y+1. The size of S(w,l) is w X | processors.

Definition 4. In a 2D mesh M(W, L), an available sub-mesh S(w,l) is a
free sub-mesh that satisfies the conditions: w > « y w > (8 assuming that the
assignment of S(a, B) requested, where the assignment refers to selecting a set
of processors for a task arrival.

2.1 Processor Allocation Strategies

Two strategies have been developed for the allocation of processors [12], and
their classification reflects the type of recognition is performed on the mesh of
processors: contiguous processor allocation strategies and non contiguous proces-
sor allocation strategies. In this section we briefly summarize processor allocation
research, paying special attention to request partitioning based strategies used
in our study.

Strategies contiguous processor allocation, appears when you have a partial
recognition of the system and can be assigned for the execution of work, only
contiguous sub-mesh of processors to jobs that request. The figure 1 shows a
contiguous allocation strategy of 4 processors in a mesh of size 4 x 4.

A task requests an . Assigned Processor
2X2 sub-mesh

O Free Processor

—

O Assigned Processor
by request

Fig. 1. Contiguous allocation of 4 processors in a mesh of size 4 x 4.

Such a strategy implies that even with the number of free processors in the
system, it is not possible to assign if the sub-meshes are not contiguous. Suppose
a task 7T'that requests a sub-mesh 2x2 as shown in figure 1, there is still a number
of free processors containing the sub-meshes that are not contiguous, so the task
should be put into the queue system where it remains until a sub-mesh size
requested is available. This causes a 4-processor external fragmentation.
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The fragmentation of processors can be of two types: internal and external
[14]. Internal fragmentation occurs when more processors are assigned to a job
that really requires, while external fragmentation occurs when there are enough
free processors to satisfy outstanding allocation requests but can not be assigned
because it is not contiguous, figure 1 exemplifies this kind of fragmentation.

Contiguous processor allocation strategies have been developed by different
research for 2D mesh connected multicomputers, examples of these are the Two
Dimensional Buddy System (2DBS) [15], Frame Sliding (F'S) [16], Adaptive Scan
[17] , First Fit (FF) and Best Fit (BF) [18]. 2DBS strategy only applies to
square mesh systems by leading to external processor fragmentation. The FS
strategy is applicable to a mesh of any size and shape but made aANaANno
acknowledgement of all sub-nets free, so it produces external fragmentation. The
F'S technique applies an operation that allows a frame to slide across the screen.
AS strategy improves system performance by applying an exchange procedure
orientation of the application when it can not be accommodated in the original
orientation, for example if a job requests a sub-grid is a x 8 not available, can be
assigned to a sub-mesh 3 x a however, the allocation time is high compared with
F'S because the search of processors in the mesh is at a distance of a processor
in a vertical direction. FF and BF strategies detected all free sub-mesh big
enough, but lack the ability to complete detection of sub-nets because they do
not exchange the orientation of the applications.

To reduce the fragmentation of contiguous processor allocation produced,
non-contiguous processor allocations strategies have been proposed [19]. In the
non-contiguous allocation techniques jobs can run on multiple disjoint sub-meshes,
avoiding a wait of one sub-mesh size and shape required. Figure 1 when a job
requests allocation of a sub-grid of size 2 x 2) contiguous allocation fails because
a sub-mesh the number of processors available is not contiguous. However, the
four free processors (drawn with white circles into the figure 1) can be assigned
to work when we adopt a non-contiguous allocation. Although non-contiguous
allocation can increase the transfer of messages on the network, improving the
contiguity to reduce external processor fragmentation and increase usefulness.

The widespread adoption of wormhole routing [19], whose main characteris-
tic is the latency of messages, less sensitive to the distance and have the ability
to moderate heavy traffic conditions in practical systems, has consider non-
contiguous allocation for multicomputers that use long distance communication.
The method used to respond to requests for partitioned allocation has a signifi-
cant impact on the performance of non-contiguous allocations, so you should go
to maintain a high degree of contiguity among processors assigned to a paral-
lel to the overhead of communication reduced without affecting overall system
performance [19].

The non-contiguous allocation strategies have been developed are: Random
[14], Paging [14], Multiple Buddy Strategy MBS [14], Adaptive Scan Multiple
Buddy and ANCA [19], Adaptive Multiple Scan Buddy and AS & MB [21], and
variants of page Recent [24]. At Random [14], internal and external fragmen-
tation is eliminated but there is a high interference of communication between
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jobs. In the Paging method [14], there is a degree of contiguity among processors
assigned to a parallel, which increases if you use more pages size. However there
may be internal fragmentation of the processor when pages are allocated to large
jobs do not require complete. MBS [14], improves the performance compared to
previous strategies but it presents problems when assigning a sub-mesh contigu-
ous free processors, so you can increase the communication overhead. ANCA [19]
divide the application in 2% equal parts in the i*" iteration and requires parti-
tioning and assignment occur in the same iteration, which causes in a previous
iteration are not allocated sub-meshes to a large part of the application, which
can increase the communication overhead. The performance of AS & MB [21],
the response time and service are identical the MBS [14], however AS & MB has
high overhead allocation for large meshes. In the variants paging unit allocation
is a single processor, which requires more time to make a decision allocation in
large mesh, while in MBS [14] and ANCA [19], allocation unit increases so it
takes a long time to make an assignment in large systems.

3 Task Assignment Problems in a Computer Environment
Distributed

The problems of assignment, have evolved along with the architecture of dis-
tributed and parallel systems, this evolution has brought some problems with
performance, on which is:

— All resources reside under a single domain.

— The resource set is invariant.

— Applications and data reside on the same site or the data collection is a
highly predictable.

The scheduling in multicomputers Systems (Job Scheduling Task Scheduler) is
the selection and assignment of a partition of processors to a parallel task, with
the inherent objective of maximizing the performance of a running workflow
[6]. The task and its subtasks that are distributed among the processors to be
executed communicate with each other to synchronize or to exchange any partial
or final result [5].

In multicomputers system once a task or process has assigned to a multiple
nodes, can be use any scheduling local algorithm. However, precisely because it
has very little control when assigns a process to a node, it is important to the de-
cision of which process should be in which node. Therefore worth considering how
to allocate effectively processes to nodes. The algorithms and heuristics used to
make such assignment is called processor allocation algorithms [7] performed the
schedule Job [7]. There are processor allocation algorithms have been proposed
over the years, considering the local assignment in which the task is assigned
on one processor and those that allow assignment to a subset of multicomput-
ers system processor, which will be explained in detail in the following sections.
Both types of algorithms seek to maximize the clock cycles [7] to avoid and the
waste of CPU due to the lack of local labour, minimize the total bandwidth of
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communication and ensure equity for users and processes.The differences lie in
what is known and what is to be achieved. Among the properties of a process
that could be known are: the needs CPU time, memory consumption and the
amount of communication with all other processes.

4 Metaheuristics Applied to the Problem of Scheduling
Tasks

As defined above, the allocation of tasks is a scheduling problem of tasks that
should be assigned to a set of machines. Considering the variation of the job
shop (JS) applicable to this research project, then describe some metaheuristics
applied to this particular planning problem, in the knowledge that for every
aspect of the problem of planning there are different uses of heuristics.

In [25] used branch and bound techniques and present the known graph-
directed search method, with which proceeds to traverse a tree, whose nodes are
sequences of operations manufacturing in line. They do not consider lines with
penalties for delays or for the steps of the tasks from one machine to another,
hence the direct applicability of a method sweep of trees in the instrument
selection process and trajectories.

In [26] is incorporated two new concepts in the development of an algorithm
GRASP (Greedy Randomized Adaptive Search Procedures) for the JSP stan-
dard: a strategic escalation procedure (another form of probability distribution)
to create candidates for technical solution and a POP (its acronym in English
Proximate Optimality Principle) also in the construction phase. Both concepts
have already been applied to solve quadratic assignment problem. Genetic algo-
rithms are applied in [27]. In this paper, the representation of chromosomes is
based on random charges of elitism, the authors seek to mimic the behaviour of
a variable work environment in a flexible production line. On the other hand in
[28], is the division of tasks in very small chromosomes so that the populations
generated are as varied as possible. Tabu Search is used in [29], in this work are
as neighbourhoods for the implementation of the tabu list to the movement of
a candidate operation i-ésima task to program a machine to another machine,
with the Tabu list that matrix of operations and machines which run, other in-
teresting works can be found in [30] considers a flexible route, which is defined
as one where there are machines that can run more than one type of opera-
tion, extending the definition of the JSP, in [31] apply the concepts of JSP on
distributed computing techniques in programming tasks.

5 The Quadratic Assignment Problem

In Quadratic Assignment Problem (QAP), we have a set of n places and n tasks,
and assign to each place a task, so there n!/ possible assignments. To measure
the cost of each possible allocation, multiply the flow between each pair of tasks
by the distance between the assigned locations and all pairs are added. Our goal
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is to find the allocation that minimizes the costs of this process. Considering
the example of assigning the tasks of the input queue of figure 2,where you
have 3 tasks with 4 different machines, then you have 12 possible assignments
to perform 3 tasks, otherwise, if you have a list of tasks that must be assigned
glued to a mesh of processors should consider the distances between processors
which will be assigned tasks and subtasks, as well as costs of communication
between them [29].

Jobs Machine B Machine D

i a
2 NP Tl

Machine A Machine C

Fig. 2. Three tasks with four different machines

Mathematically we can formulate the problem by defining two matrices of
size n xn: a matrix flow F whose (i, j) —ith elements represents the flows between
tasks ¢ and j and an array of distances D whose (i, ) — ith elements represent
the distance between sites ¢ and j. An assignment is represented by the vector p,
which is a permutation of the numbers 1, 2, ... , n . p(j) is the place where the
task j is assigned. With this definition, the quadratic assignment problem can
be written as:

minge Y iy Yoy Jidp(i)p(j)

QAP is NP-complete. It is seen as the problem of NP-complete combinatorial
optimization more difficult. Troubleshooting larger than 30 (eg over 900 0-1
variables) is computationally impractical. Among the algorithms used to solve
the QAP the Branch and Bound has been the most successful. However, the loss
of a lower limit is one of the greatest difficulties, because it is inaccurate or the
time required to calculate it is computationally impractical.
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6 Statement of Dynamic Quadratic Assignment Problem
to model the assignment of tasks to processors in a 2D
mesh multicomputers System

Given the gaps in the mesh, the chance to swap tasks at time ¢ is given by the
minimization function:

min 6(7Tt) = (d”)(m”) =+ ...+ (dik,jk)(mihjk)

Looking for the smallest value found in the set of all possible assignments at
time ¢ whose domain is the possible permutations of tasks within a sub-grid.

6.1 Description of the Modelling Problem

The assumption that we have a priori in the Modelling Problem is the knowledge
of the degree of communication between the main task and subtasks of all tasks
that are in the queue, and the relationship between those subtasks, for example
if you have a task 77 with three subtasks S71, 512 and S13 the interaction
that can occur between them is illustrated in figure 3 through lines showing the

message transfer.

—
T: 11 512 813
Fig. 3. Message passing between tasks, a task with 3 subtasks.

There is also a symmetric matrix of distances between processors that spec-
ifies the hops that a message must be made between a processor and another.
Given this process of allocation of processors is based on carrying out a calcula-
tion of allocation of processors based on their availability in the Grid and Tasks
in the queue.

6.2 Example

Consider the following example. At a time ¢ we have a mesh processor array of
size 4 x 4 whose status is shown in Table 6.2, where 1 represents a processor busy
which was assigned to a task at time t-1, and 0 is not a free processor has been
assigned to a task or subtask, the symmetrical distance between processors are
given by a the distance matrix where every value is calculated for each pair of
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processors and the distance between them is defined as the length of the shortest
path that connects a processor with the other on the mesh. In the queue are 4
Tasks pending execution in the order presented in Table 6.2, these tasks are
waiting for the mail run and a matrix of communication costs of each task with
its subtasks and among subtasks in Table 6.2.

Table 1. State matrix of the mesh in time £.

O| S| = =
o ==

1
1
0
0

OO | =

Table 2. Input queue of tasks in a time f.

T1(S511|S12|S13
T5|S21|S22| 0
T5|S31 532|533
Ty|S411 0] 0

(=] k=] k=] =]

To generate the first assignment we take the state matrix of the mesh by a
random assignment of tasks taken from the queue and will fit in the free sub-
meshes. Each individual in the population represents an allocation of tasks and
subtasks in the gaps as shown in Table 6.2 represents the matrix of assignments
according to the state matrix at time £, in this way would generate an initial
population random size 2, consisting of tasks T} and T5.

To obtain the first value of the objective function, calculates the cost of
the allocation for each task based on the communication costs between tasks
and the distances between processors, given the passage of messages from one
processor to another and vice versa . When considering message passing between
processors must calculate the cost of their transfer, from source to destination
and vice versa, i.e. for the case of the transfer rate exemplification of T} to S17 is
different from S7; to T1, but may be that both weights are equal, but the values
a4ANaANof the distances remain the same. So to calculate the values is given in
the operations shown in Table 6.2 for the task 77, and Table 6.2 for the task
T5. The totals of the respective individuals are added to obtain the cost of the
solution shown in Table 6.2, which is 35.

This is given by:

C}; is the communication cost of 4 y j.

i is the task or subtask of the task.

7 is the task or subtask of the task.



Dynamic Quadratic Assignment to Model Task Assignment Problem to Processors in a 2D Mesh 209

Table 3. Matrix communication costs between tasks.

T1|S511|S12|S13|T2|S21|S22|T5|S531|S32|533|T4|Sa1
T/0(3]10(3|0Jl0(0]|0|lO0O]0O]0O]J0O]O
S11(2|{0|11(4|0/0]0|0|l0O]O]|]0O]|0O]O
Si2(0]110(2|0/0]0|0|l0O]0O]|]0O]|0O]O
S13(3|513(0|0|0j0|0O|l0O]|O]|0O]|0O]|O
To|0{0f(O0O|O0O(|1]3|]0]0[0O[O0O]|0]0O]O
S21|0|0]0[0[2{0|4]|0/0|J0O]O0]0]|O
So2f0] 0100 |4|3]0|0|0]j0]0O]|0]|O0
T5(0/010]0]j0]O0O]O|0O|1T|3]2]0]0O0
S31{0]010(0|0|O0O|O0O|1|O]|1]2]|0]0
S32(0]010[0|0|0|0|4|5]0]|1|0]O0
S3310]0]0[0(0[0|0]|2|b5|2]0(0]0
T410{0(0|0|0O]J]O|]O]O]O][O|0O]O] 3
S4|0|l0]0[0f0O[0O|O]|O|lO]|JO]O0][2]0

Table 4. Task allocation matrix according to state of the mesh at time ¢, which rep-
resents a first solution of the dynamic quadratic assignment problem.

1 (1)1
1 (1)1
511|512|S521
Ty |S13| To | S22

e

Table 5. Calculating the cost of transferring messages to the task T7.

Ti = Su || Su =T ||[(3+2) 1|5
T — Si2 || S12 = T (0+0)*2 0
T1 — Sz || S13 = T1 ||(B+3)* 1|6
S11 — S12|[S12 = S11 (1 -+ 1) * 1| 2
S11 — S13|[S13 — Sii||{(4+5) = 2|18
Si12 = S13|[S13 — Si2 (2 + 3) * 1| 5

Total ||35

Table 6. Calculating the cost of transferring messages to the task 7T5.

Ty — So1 || So1 — T (1+2)*1
Ty — Soz || S0 — Th (3+4)*1
S21 — S21|[S22 — Sa1|[(4+3) x 1
Total ||1

~1| ~1| o

-1
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Ci; is the distance between processors which is assigned the task and subtask
or subtasks.

The second assignment is generated by assigning tasks 73 and T} to the mesh
as shown in table 6.2.

Table 7. Task Allocation Matrix according to the State of the mesh in time ¢, which
represents a second solution of the dynamic quadratic assignment problem.

1({1]1]1
1(1]1]1
S31|S33| 0] 1
T3 |S32|T4|Sa1

It calculates the second value of the objective function in the same way as
above, the values AANaANare given in Table 6.2 for Task T3, and Table 6.2 for
task Tj.

Table 8. Calculating the cost of transferring messages for task T5.

T3 = Sz || Ss1 — T [|[(14+1) 1) 2
T3 — Ss2 || S32 — T3 ||(34+4)«1|| 7
Ts — S33 || S33 = T5||(2+2) *2|| 8
S31 = Sz2||Ss2 = Sz1||(1+5) * 2|12
S31 — Ss3|[S33 — S31{|(24+5) x1{| 7
Sz — Sa3|[S33 — Saa2f[(1+2) 1|3

Total |39

Table 9. Calculating the cost of transferring messages for task 7.

Ty — S41||S41 — T (3+2)*1 5
Total ||5

The generation of the third and fourth assignment shown in Table 6.2 oc-
curs when assigning tasks to the mesh 75 and T with values 3ANaANobtained
through the calculations in the first and second generation are applied in this,
for the third value of the objective function.

In the fourth generation are assigned tasks T3 and T3 to the mesh to obtain

a fourth value of the objective function. The assignment produced is shown in
Table 6.2.
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Table 10. Task Allocation Matrix according to the State of the mesh in time ¢, which
represents a third solution to dynamic quadratic assignment problem.

1{1]1]1
1{1]1]1
00 [1T51] 1
T4 541 TQ SQQ

Table 11. Task Allocation Matrix according to the State of the mesh in time ¢, which
represents fourth solution of dynamic quadratic assignment problem.

11111
1|1]1]1
S31[S33(T21| 1
T3 |S32| 1o | S22

7 UMDA for Dynamic Modeling Quadratic Assignment
Problem to Model the Problem of Assigning Tasks to
Processors in a 2D Mesh

The behaviour of the algorithms Evolutionary Computation most common (ge-
netic algorithms and evolutionary strategies) depend on various parameters as-
sociated with them, crossover and mutation operators, crossover and mutation
probabilities, population size, number of generations, replacement rate genera-
tion, etc. If you have no experience in the use of evolutionary algorithms in the
optimization problem to be resolved, the determination of appropriate values
aANaANfor the above parameters in itself becomes an optimization problem
[54]. For this reason, together with the fact that predicting the movements of
the population of individuals in the search space is extremely difficult, has led
to the birth of a type of algorithms known as estimation algorithm distributions
(EDAs).

In contrast to the genetic algorithms, EDA do not require operators crossover
or mutation. The new population of individuals are obtained by simulating a
probability distribution, which is estimated from a database containing selected
individuals in generation above. For further reference the reader can consult [54].

In this type of algorithms used to estimate the model in each generation, the
joint probability distribution from the selected individuals, p;(z) is as simple as
possible. In fact, the joint probability distribution is factored as a product of
independent univariate distributions. That is:

pi(x) = p($|DlS—e1 = H?:l pi(x:)

Each univariate probability distribution estimated from the frequencies marginal:

N 8j(Xi=z;|D—19)

j=1

pi(wi) = N
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where:
, 1if in the j — th event of D¢, X; = 2y
. .= . Se — I—1 (2 3
0; (Xi = @il Di%y) = {0 in another case.
The pseudo code for the UMDA, see Table 12.

Table 12. Pseudo code for the UMDA.

UMDA
Dy + Generate M individuals (initial population) randomly

Repeat for [ = 1,2, ... until the stopping criterion check

D7¢, < Select N < M individuals
of D;_; according to a selection method

pi(x) = p@| D3 =TI, () =

H?zl E?Zl ; (X/L';(lfi | Dy ,15) -
To estimate the joint probability distribution

D; + Sample M Sample m individuals, the new population from p;(x))

Reading Parameters: Once you have completed the first assignment of tasks
to the grid of processors, tasks start their execution so that at time t begin to
vacate the sub-meshes. producing sets of processors that wait for tasks to be
performed, as shown in Table 6.2. Based on the queue of tasks (see section), the
planner performs a search of the tasks that can fit in such sub-meshes unoccu-
pied. Once this selection is necessary to generate the initial population.

Initial population generation. Generating the initial population to generate
each individual (allocation). The pseudo code for the generation of initial pop-
ulation is shown in Table 13.

Evaluate Population. As explained in Section 6.2, we obtain the total gen-
erated in Tables 6.2, 6.2, 6.2 y 6.2. The totals obtained are added to the
assessment of an individual by the value obtained by the same objective func-
tion. The pseudo code for the evaluation of the population shown in Table 14.

Estimating the Probabilistic Model. In this part we will use the simplest
probabilistic model, in which all the variables describing the problem are inde-
pendent, so we calculate the frequency of apparition of a task in each empty
cell of the mesh at time t of a part of the population who are the best individ-
uals through a selection by truncation and the percentage of truncation. In this
case the frequency of occurrence can be shown in Table 7, the pseudo code for
estimating the probabilistic model shown in Table 16.

Generate the population from the Probabilistic Model. Pseudo code for gen-
eration the population from the probabilistic model is shown in Table 17, where
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Table 13. Pseudo code for the generation of initial population.

Initial Population
Repeat for T'asks = 1,2, ... until the end of the queue of tasks

if TasksNumber in the position Tasks =
Number of free processors in the submeshes

Storage Allocation
if not

Consider the following sub-mesh empty
end if

Report the number of tasks and identification

Table 14. pseudo code for the evaluation of the population.

Evaluate Population

Repeat for Tasks = 1,2, ... until the end of the queue of tasks
that can be admitted to free submeshes.

Make the sum of the amounts obtained in each
calculation of the cost of transferring messages for tasks

Report the total value of the objective function

if you generate a random number between 0 and 4 and if it is between 0 and 1
the task Tj is assigned.

Save the best individual. This process is accomplished by taking each popula-
tion generated the best individual at the time of ordering the current population.
The process of ordering from low to high is because the search is performed is
minimized.

8 Experimental Design and Results

Experiments are based on a comparison the proposed method with two more
methods of allocation of tasks to processors: linear assignment and Hilbert curves.
Linear assignment is the most used method in the allocation of processors, the
ease of implementation allows tasks to be quickly placed into the free mesh but
presents difficulties when they begin to release sub-meshes and these are not con-
tiguous. The nature of the method allows assignments of the bottom left of the
mesh to the right. The recognition that the algorithm makes is based on a linear
path of the mesh. The problems with this method are that we can not assign
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Table 15. Frequencies of occurrence of each task in each cell.

P(0,0)]P(0,1)|P(

0

o
p—

P(0,3)|P(1,0)|P(

0

D[P(,2)
0

n

[

[
alolmlo|lo|lojvolo|lo|o|o|o|~|o
almlolo|volo|o|o|o|l=|o|o
alol—loloololoo|lw o|lo|oolo
amolo|o|olo|w o|lo|o|o|o|o|e
wlo|lo|o|lolv|o|o|o|o|o|o|~
wlo|lo|vo|lo|c|o|o|o|o| oo~
wlo|lo|olojo|c|o|wlo|o|o|lo

Table 16. Pseudo code to Estimate the probabilistic model.

Estimating probabilistic model

Repeat for AssignedTasks = 1,2, ... until the end of the tables that
contain the tasks that can be allocated to submeshes Free.

Verify that the net position of each task is assigned, 1 posted on each
assignment and stored in the matrix of the estimated
probabilistic model

Report the values obtained in the frequency allocation

free sub-meshes in a different order, and presents difficulties when attempting
to take free sub-meshes assignment by the linearity of procedure, this produces
a high segmentation in the tasks and increasing the transfer of messages on the
mesh.

Hilbert curves method is a very interesting method for assign tasks into the
mesh. The Hilbert curve is a space filling curve that visits every point in a
square grid with a size of 2 x 2, 4 x 4, 8 X 8, 16 x 16, or any other power of
2. Tt was first described by David Hilbert in 1892. Applications of the Hilbert
curve are in image processing: especially image compression and dithering. Tt
has advantages in those operations where the coherence between neighbouring
pixels is important. The Hilbert curve is also a special version of a quad tree;
any image processing function that benefits from the use of quad trees may also
use a Hilbert curve.

The results obtained in tests arise in three important ways:

The waiting time processes in the input row. Both methods of assignment
Gilbert curves and linear allocation establish a philosophy based on FIFO, both
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Table 17. Pseudo code to generate the population from the probabilistic model.

Generation the population from the probabilistic model

if (random < Dif[0]) then P(0,0)=Sym]|0]
else

if (random < Di f[1]) then P(0,0)=Sym][1]
else

if (random < Dif[2]) then P(0,0)=Sym][2]

do not compete for the assignment early into the mesh of processors so that a
null starvation guaranteed, but the waiting times in the row are proportional
to the times of the processes. Both methods ensure the allocation of tasks with
subtasks in free submeshes close but as shown in the chart when the number of
tasks, subtasks and their sizes increase, the waiting times are increased by the
same proportionality.Gilbert curves during the process of free submeshes shows
contiguous allocation, but due to allocation method used does not allow use
them, but shows a tendency to use cluster of processors, which ensures that as
the tasks increase also increases the processor usage across the grid, avoiding
leaving idle processors.

The proposed method allows for competition on the waiting list. Every time a
part of the mesh is indicated as free processor allocator is responsible to perform
a search for tasks that can fit in the sub-grid. There is a greater tendency to-
wards starvation of processes, when small submeshes are unoccupied small tasks
are arranged, when small submeshes are unoccupied small tasks are arranged,
when large tasks release large number of processors there are occupation by a
small tasks too, tasks that require lots of processes waiting indefinitely until the
requirements of small tasks are handled so that the waiting time for certain tasks
tends to be higher.

The number of occupied meshes. In the two methods that use a FIFO allo-
cation free submeshes processors can remain idle, even if there are jobs in the
queue that require equal or lesser number of processors, these tasks wait until
the shift assignment will be valid. In the proposed method dispatcher will search
tasks that required number of processors is equal to or less than the number
of processors in the sub-grid free. As shown in Figure 2, the proposed method
allows greater utilization of processors in the allocation of tasks, reducing the
idleness of processors.

9 Future Works

The works are planned to develop in the future are: Hardware implementation
multicomputers system. Hardware implementation multicomputers system con-
sisting of a number n of dedicated computers interconnected through a medium
that allows message passing. Operate within the hardware structure with evo-
lutionary algorithms to enable an evaluation of allocation of processors time,
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processes starvations and percentage of idle processors vs percentage of proces-
sors used. Allow a real evaluation of evolutionary algorithms in a real scenario.
Perform the evaluation with other evolutionary algorithms that include the three
aspects that are being evaluated.
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