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Abstract: The most interesting research and the challenging technique is the development of load balancing strategy especially
in the distributed operating system and in distributed systems. The load balancing can be done in many ways one of the most
popular variant is the process migration. The load in distributed operating system and in distributed system can be balanced by
process migration technique. This survey paper helps in understanding the most important implementations categories of process

migration mechanisms. Also, describes the different process migration algorithms.
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I. INTRODUCTION
Process migration[1] is an abstraction of moving a process

from one node to another node in the network of nodes. It is a
very powerful and useful mechanism for balancing the load
on distributed system. There are two types of process
migration. (1) Preemptive process migration, which suspends
the running process in the sender machine, transfer the
process state to the destination machine, where it executes
further is called preemptive migration. (2) Non-Preemptive
process migration, it involves transferring of process that
have not begun its execution. The migration can be done in
both homogeneous and heterogeneous environment.

Il. DIFFERENT IMPLEMENTATION CATEGORIES
OF PROCESS MIGRATION
e Unix- like system early work.

e Unix- like system supporting transparent migration
e  System with message passing interface

e  Microkernel

e  User- space migration

e Application- specific migration

A. Unix-Like System Early Work

Provides operating system level migration, as it is optimized
for underlying hardware architecture. It is hardware
dependent, migration complexity is low due to lack of
infrastructure and transparency of migration is limited. Eg:
XO0S, Worm, Demos/MP and Butler.

XOS[2] | XOS is a Xerox operating system, to facilitate migration it represents the
process and its state. The process work object (PWO) encapsulates
process state, stack pointers and registers. The process migration is
achieved by the movement of PWO objects between XOS nodes.

Wom[3] | Womm is self-replicating computer program residing on one or more
machines. Migration is achieved by the movement of wom from one
machine to another by occupying needed resources and replicating itself.
Worn is aware of netwark topology.

Butler{d] | It supports both remote execution and process migration. Process

migration is only through remote mvocation. Migration occurs when the
guest process appears at the machine where the resource exceeds, leads to
the transfer of complete state of guest process to new node, it also
provides security, protection and autonomy.

Demos/MP[3] | Process migration is fully transparent. A process can be moved during its
execution and continue its execution on another processor with the
support of message passing, location-independent communication. Kemel

participate in process migration therefore it is hardware dependent

B. Unix-Like System Supporting Transparent Migration

Requires major changes to the underlying kernel, migration
complexity is high as it is operating system dependent,
migration is fully transparent. There are approaches for
addressing distribution and migration. (1) Distribution at
lower level of a system. Eg: Mosix/Spirit. (2) Distribution at
higher level. Eg: Locus.
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Locus|[6] Supports  process migration and  initial
placement. Migration is fully transparent and it
requires kemel modifications

Mosix[7] Distributed operating system supports process
migration on top of a single system and in a
network of workstations environment. Process
migration is fully transparent. It supports
automatic load balancing between Mosix nodes
by process migration, also supports dvnamic
load balancing and dynamic  process
migration Eg. Eager(dirty) and COR migration
Spirit[8] Spirit is a network operating provides
transparent process migration both to users and
to application. It supports migration in the form
of remote invocation in which entire executing
process is migrated. Eg. Flushing

C. Systems with Message-Passing Interfaces
The process migration for messages passing OS can be

easily designed and implemented. It is operating system
dependent, migration complexity is low as message can be
easily redirected between the sender. Message passing is
based on interposing forwarding and encapsulating state. Eg:
Charlotte, Accent &kernel.

Charlotte[9] | Charlotte is a message passing OS designed for the
multicomputer. Migration completely relies on the
undetlying OS 7 IT communication mechanism.
Transparency is obtained after modification to the
communication network. Provides fault resilience
migration, where no residual dependency on the source
machine.

Accent[10] | Accent is a distributed OS, it migrates scheme was the
first. Scheme to use the COR (copy on ref) technique.

The program would not access all of it address space, the
destination node creates a link to the source node to copy
its address space based on references.

Vkemel[ll] | Based on microkemel 0S. Benefited from a
communication protocol that dynamically rebind to
altemate destination host during its implementation.

V Kemel relies on multicast to find the destination
process location. Instead of maintaining the end-point
details. It introduced precopy migration technique, where
the transfer of address space &executing the process on
the source machine is done in parallel resulting in copy of
dirty pages.

D. Microkernels

Builds process migration facilities mechanism on top of
the operating system as a separate module. Process migration
is implemented easily as it supports message passing
communication and transparencies. Eg: RHODOS, Arcade,
Chorus, Amoeba, Birlix and Mach.

Mach[12]

Support task & process migration, it require minimal
changes to the microkemel. Provides transparent task

migration at user-lever with new interfaces provided.
Process migration relies on task massage mechanism.
The process migration techniques like eagles copv,

flushing, COR, oprecopy supported in this

implementation.

RHODOS[13] The migration mechanism similar to that in sprite with

some modification to the RHODOS kemel with the

support of TPC and process migration managers, the

RHODOS operating system obtains the process
migration.

ARCADE[14] This is the microkemel based implementation when the

groups of tasks are migration. It includes framework to
support task grouping necessary for migration. Also

uses group management software to ensure the grouping

of tasks.

CHORUS[1] The migration mechanism is similar to task migration

on top of mach, however migration is at process level. It
does not support port migration.

AMOEBA[15] | Fully transparent, which relies on the location
independence of the FLIP protocol memory transfer for
process migration is achieved by physical coping

BIRLIX[16]

Supports  object migration. The meta object
encapsulates the data needed for migration and

information collection.

E. User-Space Migration
It is less transparency, does not require any modification

to the kernel. Mi

gration complexity is low as it uses system

calls for communication. It is application dependent. Eg:

Condor, Alonso

& Kyrimis, Mandelberg & Sunderam,

MPVM and Load Sharing Facility.

Condorf1]

Support user space cheek pointing &process migration in
locally distributed systems. Check peinting is meant for long
munming process &expensive for short processes. Here
migration is that it generates a core fix of a process, combine
with executable &transfer to the receiver to system calls.

Alonso and kyrimis[1]

Requires minor modification to the Unix kemel in order to
support process migration af user-space.

The implementation is limited to the process that is not
location or process dependent and the process that do not
communicate.

Mandelbergsunderam([1]

Important present a process migration scheme for Unix that
performs input/output on non -NES files. A new terminal
interface is needed to detach a process from it terminal and to
monitor the request for input/output on the process migration
port.

\PVM]

Migratory Parallel Virtual Machine, supports the process
migration among the homogeneous machine, it provide
transparent process migration at user-level

Load sharing facility[1]

Supports process scheduling, transparent remote execution on
top of kemel without any modification. Supports user-level
process migration and also support check pointing (initial load
placement for load balancing)
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F. Application Specific Migration

Here, migration is implemented as a part of an application.
Independent of operating system, where modification is at
application level. Requires more application knowledge,
minimal transparency migration complexity is lowest
(application migration). Migration has to be adjusted for each
new application. Implementation is simplified &optimized.
Eg: Freedman, Skordos and Bharat &Cardelli.

Freedman[l] | Process migration achieved bv
establishing the cooperation between the
migration process J&the migration
module.

This involves the migration among the
work stations. The migration is initiated
when the workstation become
overloaded .The process is restarted
upon migration after svnchronization
with processes participating in the
migration.

This tvpe of migration suitable for
mobile application, where the wuser
travels from one environment to another.

Skordos[1]

Bharat
& Cardelli[1]

Describes

migratory application, user
INTEEFACE &the application text.

I11. THE DIFFERENT PROCESS MIGRATION

mechasn
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