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and dynamic requirements, the computing system’s process
migration can begin to manage the system, based on a specific
and deterministic set of rules [5]. Specific and deterministic set
of rules are used mechanisms, by the system manager, to
response the process requirements when it occurs an event [5].
The deterministic nature of scientific and engineering programs
in these types of systems is such that it is possible to construct
responsive structures based on patterns at the start time of the
executing computing program or by the process information [5,
6]. The discussed issue lets the managing components such as
load distribution element and the process migration be able to
control and manage the execution of the program based on the
deterministic and specific patterns [5].

ABSTRACT
New scientific and engineering programs, due to the complexity
of the structure and the existence of dynamic and interactive
requests in nature of the program, require distributed Exascale
computing systems. New scientific and engineering programs by
providing new parameters during the process execution are
demanded distributed Exascale computing systems. The
dynamic and interactive nature of the process makes the system
management element a dynamic model for managing computing
activity. In this paper by analyzing the reasons for the dynamic
and interactive requirements, a new model for process migration
is represented. Adding <Viability, Dependency> parameters to
the process migration definition makes the process migration be
able to be used in the distributed Exascale computing system.

In DECS, because of interactive and dynamic requirements, the
concept, effects, and influences of these requirements should be
studied. This issue will illustrate that whether available
traditional mechanisms in the system can execute the scientific
and engineering programs or not? The main effect of dynamic
and interactive nature on processes is the enhancement of the
time of interaction among processes and the system manager [7,
8]. This problem will cause two fundamental elements: the load
distribution element and the process migration, which most
effects cause on them.
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1. INTRODUCTION
Programs that are demanded to Distributed Exascale computing
systems (DECS) require different computing systems rather than
traditional scientific programs [1, 2, 3]. Due to the nature of
computing processes, which are used in the explained programs,
managing and controlling them require much complex managing
structures. The complex structure of programs requiring DECS
makes it possible to witness the emergence of dynamic and
interactive applications. The nature of the dynamic and
interactive requests is such that it can only be made to create
accountability structures after the occurrence of the related
events [4]. The system manager must be able to implement and
manage these types of scientific and engineering programs by
supporting flexible and dynamic accountability structures.

It is clear that a scientific and engineering program has a long
execution time in computing systems [9]. If the system manager
was able to extract the governing pattern of the computing
processes, based on user information or the process execution’s
trend, it could use a specific and deterministic set of rules for
managing the system. The existence of specific mechanisms for
the process migration is a clear indication of this issue. The main
challenge of the computing process during the transmission time
is the inability to respond to the process communication
mechanisms [10]. For this reason, the available process
migration mechanisms are largely base on reducing the
transmission time.
When a process is selected based on load distribution
mechanisms for any reason, during the process transmission
duration, no occurrence leads to breaking the main aim of the
load distribution element [5, 9]. The load distribution element
begins to migrate a process when one of these two reasons
happen: A) using the maximum power of the central processing
unit B) Failure to execute the process for a specified period in
the computing system. To reach this goal, the load distribution
element calls for the process migration [10]. If the process does
not have a dynamic and interactive nature, then during the
process transmission trend, the process will not have requests

In traditional scientific programs, due to non-having interactive
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process communications and interactions that were defined
before the process migration trend are answered [18]. The nature
of these mechanisms is such that if a new process is created that
did not exist before the process migration started the request for
communications and interactions between the new process and
the transmitting process would be rejected.

that conflict with the purpose of the load distribution element.
Dynamic and interactive request creation, at the time of process
migration trend, will make the process migration manager cope
with a new set of challenges, apart from traditional challenges
(such as reducing transmission time, reducing costs, reducing
dependencies). This paper is studying the challenges of
traditional process migration mechanism used in the DECS.

Another kind of live transmission is discussed in Cloud systems
[17, 18]. In such systems, each process is somehow a virtual
machine in which a separate operating system is running on it.
One of the most challenging issues of this kind of systems is the
size of the process. The size of the process is an important
parameter in determining the feasibility of each process
migration trend [18, 20]. The size of the process has a strong
correlation with the concept of the migration time.

2. RELATED WORK
To understand challenges in the DECS, process migration
requires a detailed analysis of the traditional process migration
mechanisms to support programs requiring DECS. This analysis
allows us to decide on which patterns the process migration uses
in the system, and this pattern will support which processes? [10,
11, 12, 13, 14, 15] On the other hand, gathering information
about programs that are demanded to DECS to analyze the
events that lead to the creation of a dynamic and interactive
nature is needed [16].

Regarding the stated issues, it can be concluded that the process
migration manager, based on four parameters, time, size, cost,
and type of inter-process communication, proceeds to migrate,
and these four parameters are fixed and do not change During
the process migration trend [19, 21]. The reason for this issue is
that the process does not carry out any action that the result of
that, applied any changes in the data structures of these four
basic parameters, during the process migration trend [19, 21].

The activities in the field of process migration mechanisms are
classified into two general categories.
The first class of this classification is all the mechanisms that the
process is not able to receive any messages from other processes
and rejects all messages sent to the suspended process, during
the process transmission [10, 11]. These types of mechanisms
have two different categories:

To examine the traditional mechanisms in DECS, analyzing
more precisely the programs that are faced with different events
during the run-time, is needed. The named events may create
dynamic and interactive nature in the computing processes of
the programs. One of the applications of DECS is the real-world
simulations [1, 21, 22]. Traditional systems have also
implemented part of the simulation and predictive programs in
the past, but today due to changes in the type of simulation and
the existence of multiple effective parameters and precise
analyzes, it is necessary to run this simulation in Exascale
systems [1, 22].

The first group is operating systems that use several process
migration mechanisms to transmit the process [10, 11]. In this
kind of systems, the process migration manager tries to decide
on which process migration mechanism is appropriate to the
current state based on the information of processes data
structures [11]. In this type of systems, the nature of the process
requests does not change during the process transmission. To
clarify and to understand this issue, consider a process is
requesting time allocation from the central processing unit. If the
local system does not answer the request, will be passed to the
load distribution element. The load distribution element selects
the destination machine and calls the process migration to
transmit the process. The process migration decides to use which
process migration mechanism only based on the information of
the process data structures that are related to the time [10]. The
concepts of allocated time by the central processing unit to the
processes and the nature of interprocess communications and
interactions are fixed and do not change during the process
transmission.

The human brain simulation [23, 24] is one of the new
technologies that nowadays is considered and spotlighted by
medical and engineering science. The purpose of these programs
is to simulate the entire human brain. In line to achieve this goal,
the Exascale system should be able to simulate different levels
of the brain and be able to switch between levels when it is
necessary. A change and mutation from the cell surface of the
brain to its molecular level is one of the critical parameters of
this kind of simulations, and this objective will not be possible
except with the powerful Exascale systems [24].
To achieve proper analysis and accurate understanding of other
scientific and engineering programs such as those mentioned
above require DECS. The result of this issue has a strong and
direct relation to the validity of the results of each simulation
that depends on the number of components used in the
simulation process [21, 22, 23, 25, 26]. In this kind of programs
due to the existence of processes, which have dynamic and
interactive nature, the different inter-process communication is
seen. This matter is due to the difference in the type of
communication or the formation of an unknown new
relationship during the process simulation [27]. On the other
hand, the existence of more processes to have fine and tune
results will increase the code of the program. Program codes’
complexity will affect time, inter-process communication and
the cost of managing the system [25, 27]. The process migration
as an element of the system manager should be able to analyze
the conditions to apply to the transmitting mechanisms to the
processes that are having dynamic and interactive nature.

The second group is represented mechanisms, which extracts a
mechanism by combining other available strategies or based on
the characteristics of the four basic strategies [12, 13, 14, 15]. In
this type of system, the goal is to provide a mechanism that
performs the process migration with the least cost and in the
least amount of time [13, 15]. When a process starts the process
migration trend based on the set of parameters, which contains
the interprocess communication type, time, and cost of
migration, the set of parameters is fixed and does not change the
process migration trend [12].
The second class is all mechanisms that let the process be alive
during the transmission time [17, 18, 19]. Being alive means that
the suspended process will be able to receive messages from
other processes [19, 20]. In this kind of systems, the main
purpose of the process migration is to transfer the process by
maintaining the possibility of inter-process communication [17,
19]. During the process migration, only requests for inter-
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3. PROPOSITION
In cluster computing systems, the main purpose of mechanisms
is to prepare the possibility of continuing the process execution
by changing the location of execution in the shortest time of
transmission [7, 11]. The reason for defining the process
migration in computing systems is that there is a process in the
machine that either the response time exceeds the acceptable
time or the local machine cannot execute the process [28]. In
such a situation, the load distribution element attempts to specify
the <Source, Destination, Process> and by calling the process
migration, tries to continue the execution trend by transferring
the process. It is important to consider that the process is not
defined in abstract mode and has a set of inter-process
communications and interactions. In many cases, the failure of
the inter-process communication and interaction may fail the
process execution trend [19, 28].





Transferring the process in the shortest time is one of the main
goals of the process migration [19]. With this approach, it can be
stated that the process migration in traditional systems is in the
form of a pair of <Time, Running Ability>. In this pair, the
Time parameter contains all concepts that are related to the time.
Concepts such as transmission time, selection time, and the
process selection time intervals are the concepts that can be
defined in the space-time domain. The purpose of Running
Ability are reasons that the process is selected for the process
transmission. When the process is selected for transmission, the
aim of the transferring is to continue the process execution trend
[29]. Regardless of how the process ultimately runs, the process
migration should ultimately lead a situation in which the process
continues the execution [6, 29].

4. ARGUMENT
In DECS, due to the dynamic and interactive nature of the
computing processes, flexible management units to adopt
appropriate policies against the conditions created during the
computing program execution are needed. In this type of
systems, the process migration manager should be able to decide,
based on structures of dynamic processes, about which
mechanism to use for the process transmission. This implies that
the process migration manager should be designed flexibly and
dynamically itself. The flexibility of the process migration
means the capability of detecting the state of the DECS at the
time of the transfer operation, to prevent the failure of the
migration trend against a random event.

In the process migration, due to the inability of communication
among the suspended process and other processes, the duration
of this operation has direct effects on the performance of the
system [10,11]. In distributed computing systems, in which the
concept of global activity [29] is used, this issue is more
tangibly is debatable. If the computing processes that are being
transmitted were not able to communicate with other computing
processes of another member of the global activity, the failure of
related processes and consequently, the failure of global activity
may also occur [28, 29].
In traditional systems, the nature of the mechanisms, which are
defined, for the process migration is such that the process
migration manager does not expect to occur any uncertain event
in the computing activity [12, 13, 19]. As stated in the second
section, the uncertainties are meant any changes to each of the
four components of <Size, IPC, Cost, Time> during the process
migration trend.

From the process migration manager’s point of view, the
occurrence of each of three situations mentioned above implies
the requirement of a review of the process migration trend.
When the process migration, transmits the process, it is possible
that the transmitting process would create one of the three
situations mentioned above. By happening each case, the
process migration manager should be able to analyze the
situation newly created and decide on whether the process can
continue execution or not. Moreover, if the process migration
manager decided on stop the continuation of the process, be able
to decide another machine in the system as the destination of the
process execution trend. For this purpose, after the analyzing the
situation, if the change in status leads to stop the continuation of
the process transmission or to the change of destination of the
process migration trend, the process migration manager is
required to transfer the information of the DECS’s status to the
load distribution element.

In DECS, due to the dynamic and interactive nature of running
processes [24,29,30,31], it is possible to occur an event, which it
was not defined in the process migration trend. The dynamic and
interactive nature of the computing processes in DECS is results
of the occurrence of one (or more than one) of the following
situations:


a process for any reason. This issue happens while in
the pair component definition of the process migration
manager, there is no implication for this situation [24,
29, 30].
A process begins an inter-process communication or
interaction with another process, which was not
defined at the time of system design. This is due to the
formation of a new link or a new communication in
the scientific and engineering program that the
computing system is executing it. From the process
migration manager’s point of view, in the process
migration trend, while the process is in the transition,
the process begins to initiate an inter-process
communication or transaction with another process,
which the nature of the creation of this communication
is unknown for the process migration manager [24,
29,30].
A process begins to create a communication or
transaction with another process from outside the
computing system, which was not predicted at the
time of system design. This is due to the formation of
defining a new variable in the scientific and
engineering program, which is running in the
computing system. From the process migration’s point
of view, during the process migration trend, for any
reason or in any way the process can be expanded, and
system needs to be scalable. In the definition of the
pair, that process migration uses, no concept refers to
the mentioned situation [24, 29, 30].

A process in the system begins to create a process,
which was not predicted at the time of system design.
This is due to the formation of a new concept or
parameter in the scientific and engineering program
that the computing system is executing it. From the
process migration’s point of view, in the process
migration trend, while the process is in the transition,
the process begins to call the fork instruction to create

The process migration uses general tow methods for analyzing
the situation that occurred dynamic and interactive requirement
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process migration should somehow migrate the process to
provide the Viability feature. This concept involves the required
concepts to create and use communicational data structures. On
the other hand, if this feature is violated, the process migration,
through the load distribution element or information about
previous process migrations, should decide on the process
migration trend.

for three reasons. The first method, which named as Reduction
method, is based on analyzing the migrated process and the
event, which had occurred the dynamic and interactive
requirement, by the process migration. As the analysis finished,
the process migration tries to represent a solution for the
occurred situation. Although this method is highly accurate and
after the analyzing the situation by the process migration,
accurate information is obtained about the cause of the dynamic
and interactive requirement’s status, but it has two important
disadvantages:



When a process interacts or communicates with processes
outside of the computing system, this leads the manager of the
high performance computing system, being expanded to join the
computing system outside, to the origin system. This is because
the migrated process has requested during the process migration
trend, that the local computing system was not able to respond it.
Scalability is a concept that is not considered in the definition of
the process migration, in traditional computing systems. Now, if
this scalability is in a way that results in the definition of a new
dependency between the machines that just been a member in
the system and one of the membered machines of the system,
then a specific dependency called “definition dependency” is
created. “Definition dependency” is not considered in the
traditional computing systems.

It requires high execution time. So that the time of
analyzing the situation may be longer than the time of
the process migration trend.
The process migration should have an independent
mechanism for analyzing the situation for each
process.

The second method, which named as the Systematic analysis, is
based on the developing the definition of the process migration.
The definition must be developed in a way that includes general
parameters describing the status of process migration trend after
the occurrence of dynamic and interactive requests. For this
reason, by analyzing the parameters governing process
migration trend, after the occurrence of three-situation mention
above, should be examined.

As mentioned above, parameters such as Dependency, Viability,
Scalability, Define Dependency and instruction of request, are
new parameters that should be considered in the definition of
process migration manager. The traditional definition of process
migration management is like a pair of <Time, Running-ability>.
In this situation, if the consideration of effective parameters in
case of the happening of the three mentioned situations, the
definition of process migration manager should be in the form of
(Process Request Type, <Time, Running-ability, Dependency,
Viability, Scalability or Define Dependency>). In this form,
Process Request Type defines the process migration manager,
and it should contain some operators in it to implement
operations related to Time, Running-ability, Viability,
Scalability and Define Dependency.

When a process calls the systematic fork operation, during the
computing execution, the new process creates new dependencies
in the DECS. In the traditional definition of the process
migration, nothing has been mentioned about the concept of
establishing dependencies at the time of the process transmission.
This is because in traditional systems when the load distribution
element invokes the process migration, it chooses a process that
has the least dependencies to the origin machine. It can be used
to relocate or transfer its dependencies or to manage any in a
way that no failure occurs. Without going into details, it can be
explained that the process migration should set a solution for the
concept of dependencies before embarking on the process
migration trend. In these systems, the concept of creating
dependencies, during the process migration trend, is not defined.

5. CONCLUSION
Computing processes that require DECS create dynamic and
interactive applications, in three situations. If the occurrence of
each of these three situations happened, before the start of
process migration trend, for the process migration the occurred
changes should be discussed by the load distribution element.
However, if the time of occurrence of each of the three
situations during the process migration trend, then the process
migration should specify a mechanism for dealing with the
situation so that it can continue the process migration trend.
From the process migration’s point of view, the occurrence of
each three situations mentioned in this paper means the
formation of a new set of effective parameters in the process
migration trend. This issue makes the requirement of developing
the definition of the process migration. In traditional systems, a
process migration is a tool for the load distribution element,
which only decides on the process migration trend based on the
two parameters. However, if the generated parameters affecting
process migration in the situations listed, it requires a process
migration that can analyze parameters during the process
migration trend, and also, it is necessary to communicate with
the load distribution element to change the process migration
trend. On the other hand, the nature of processes that create
dynamic and interactive requests is one of the main concepts
that should be considered by this element. The integration of
these factors leads to redefining the definition of this element
based on the new computing environment.

In DECS, the execution of the fork operation makes it possible
to establish a dependency that has not been solved before the
process migration trend has been started. When the transmitting
process calls the fork operation, the result of this operation can
be a new process creation in the source or destination or any
machines in the system. Creating a process means defining a
dependency that did not exist before the start of the process
migration trend, so the process migration did not anticipate any
decision to control this situation. Therefore, in the first step to
support the DECS, the consideration of the concept of
dependencies, at the time of execution is needed.
When a process during the execution of computing process
attempts to define a new IPC with other processes that have not
been seen in the previous IPC patterns, defines the dependency
that has not been solved before the process migration trend has
been started. The definition of a new IPC can take place between
two processes or a process and the source owner process. In the
first case, when an IPC created between two processes that do
not own the resources, this communication and interaction will
require constructing new data structures for this communication.
The process migration should be managed in such a way that if
the process transmission is done in any way, then this
connection be accessible to both processes. This implies that the
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