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Abstract

This paper presents a new model for evaluation of the
positive and negative impacts related to the process migra-
tion on environments composed by heterogeneous capac-
ity computers. On this model, a busy computer analyzes
the occupation of each process and selects the more ade-
quate for migration. The analysis and selection are done
through a migration factor. This factor reflects how much
the busy computer will be freed and how much the destina-
tion computer will be overloaded, in view of the migration
of each process. The migrated processes are the ones that
present migration factors to enhance the environment load
balancing. The results from the carried out experiments
have showed this model contributions when compared to
related work. The main contribution is the decrease in pro-
cesses average response time, which means higher perfor-
mance.

Keywords: process migration, load balancing, high
performance computing.

1. Introduction

The availability of low cost microprocessors and the evo-
lution of the computer networks have made economically
feasible the development of distributed systems based on
distributed memory multicomputers. On such systems, the
processes execute on the computer network, communicat-
ing one each other to accomplish a same computing task.
The distribution of such processes may be done manually
or automatically, using a load balancing algorithm.

Load balancing algorithms try to distribute equally the
process load among all the system computers. Krueger and
Livny [11] show that load balancing methods reduce the av-
erage and standard deviations in the process response times.

Luciano José Senger
Universidade Estadual de Ponta Grossa
Departamento de Informaética
Av. Carlos Cavalcanti, 4748
84030-900 Ponta Grossa — PR
ljsenger@icmc.usp.br

Low response times show shorter process execution times
and, consequently, higher system performance.

Load balancing algorithms involve the following poli-
cies: transference, selection, location and information [18,
21]. The transference policy classifies a computer as a pro-
cess sender or receiver, according to its occupation. The se-
lection policy defines which process should be transferred
from the busiest computer to the idlest one. The location
policy defines which computer should receive or send a pro-
cess for transference. A server computer offers processes
when it is overloaded; a receiver computer requests pro-
cesses when it is idle. The information policy defines when
and how the information on the computers’ occupation is
updated in the system. Such information is used by the lo-
cation policy.

Work related to load balancing have been proposed for
environments composed of homogeneous capacity comput-
ers [21, 20, 10] and heterogeneous capacity ones [14, 13,
16]. Such work do not evaluate the costs and impacts re-
lated to the process migration. The migration costs are re-
lated to the transference operation of the process context
over the communication network and the re-establishment
of communication channels existing among the processes
(like open files, sockets etc). Such costs become more sig-
nificant as the processes increase the communication and
the network becomes a bottleneck, which is an usual sit-
uation on parallel applications. The migration impacts are
related to the effect on the system performance caused by
process migrations carried out without a previous analysis
of the load situation of the processing elements. This im-
pact increases when migration algorithms transfer loads to
also busy processing elements, which, on their turn, tend
to transfer the load to other processing elements of the net-
work.

The limitations of the previous related work have moti-
vated the creation of a model for evaluation of the benefits
and impacts caused by process migration on environments



composed by heterogeneous capacity computers. Halchor-
Balter and Downey [9] have carried out some studies on
the subject and proposed a migration cost model based on
the process aging. This study concludes that there are ben-
efits on the migration of process with a long lifetime. How-
ever, this study is incomplete on its evaluation, as besides
the evaluation of the process execution time, it is necessary
to evaluate the load that such processes impose over the sys-
tem. Processes with long execution time but with low occu-
pation rate, when migrated do not aggregate benefits to the
server computer. Moreover, these processes accumulate a
migration cost increase on their execution time.

Observing these limitations, this paper presents an evalu-
ation model for the positive and negative impacts related to
load transference conducted through the process migration.
This model evaluates three aspects: migration cost, imposed
load and process lifetime. The experiments using a sim-
ulator of this model showed the contributions on environ-
ment load homogenization and on higher applications per-
formance. The remain of this paper is organized as follows:
2) The new migration model based on knowledge about pro-
cess lifetime and load; 3) Decision-making using the migra-
tion factor model; 4) Simulation results; 5) Conclusions and
References.

2. A New Migration Model Based on Knowl-
edge about Process Lifetime and Load

Zhou and Ferrari have studied four sender-initiated load
balancing algorithms: Disted, Global, Central and Lowest.
Out of the studied algorithms, it was concluded that the
Lowest shows the best balancing results, as it minimizes
the number of messages on the network and provides high
choice probability of a good destination for processes of a
busy computer. In order to make this choice, the Lowest
sends out messages for a group of computers and selects
the idlest one [21].

Shivaratri et al. have evaluated the following kinds
of load balancing algorithms: receiver-initiated, sender-
initiated, symmetrically-initiated, stable symmetrically-
initiated [18]. Out of these studies, it was concluded
that the stable symmetrically-initiated shows better re-
sults than the remainder ones. Such studies have added sig-
nificant contributions to the studies made by Zhou and
Ferrari [21].

Mello et al. have observed the limitations of the previous
algorithms and proposed a new load balancing algorithm for
scalable heterogeneous environments [14, 13]. The expres-
sive results of this algorithm have been evidenced through
simulations and, later on, confirmed by a prototype running
on the Linux operating system.

These studies are oriented to the optimization of the
load balancing and do not evaluate the costs and impacts

of the process migration. Such limitations have motivated
the creation of a new model for the evaluation of bene-
fits and impacts caused by the process migration on envi-
ronments composed by heterogeneous capacity computers.
Some studies on the subject have been proposed and one
of the most relevant of them was the one by Halchor-Balter
and Downey [9].

Halchor-Balter and Downey [9] have presented a migra-
tion cost model based on the process aging. Such study con-
cludes that there are benefits on migration of processes with
a long lifetime, that is, processes that execute during long
periods of time. However, these results are incomplete on
their evaluation, as besides the evaluation of the process ex-
ecution time, it is necessary to evaluate the load that such
processes impose over the system. Processes with long exe-
cution time, but with low occupation rate, when migrated
do not aggregate benefits to the sender computer. More-
over, these processes accumulate a migration cost increase
on their execution time.

The limitations on the work by Halchor-Balter and
Downey have motivated the creation of a process trans-
ference model that evaluates three issues: the migra-
tion cost, the imposed load and the process lifetime. On this
model, each process P; imposes, during its whole execu-
tion, a total load L; over the computer that executes it. This
total load is characterized by a function f(t¢) that varies dur-
ing the process lifetime.

The Figure 1 depicts the load of a certain process during
its execution.
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Figure 1. Example of a load imposed by an
executing process

The model proposed in this paper uses this function to
define some of its parameters. The first parameter is the to-
tal load Lyotq1,; Of a process P; (eq. 1), which is obtained
through the function graph integration, from the instant ¢

tl() (fmal)



t0 tfinat- The second parameter allows to quantify the pro-
cess load P; already executed, and for this purpose it should
be integrated from the beginning of its execution, at the in-
stant t, until its current age at the instant ¢, (eq. 2). The
third parameter is the spare load, that is the load which will
be executed to complete the process (eq. 3). This parame-
ter is obtained through the integration of the current instant
tcur until the ¢ y;,q;, which represents the end of a process
execution. In order to obtain the f(¢) function, load mea-
surements are made during the process execution and the
model for predicting the process lifetime proposed by Sen-
ger et al. [17] is also used. This model allows the prediction
of the process execution time using an instance-based learn-
ing algorithm.
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Besides the parameters obtained by the f(¢) function,
the model proposed on this paper requires other parameters.
One of them is related to the characterization of the environ-
ment computers’ load, which is obtained through the eq. 4,
where is made a sum of the spare loads of each process at
the instant ¢.,,,.. Other parameter used is the process migra-
tion cost provided by the eq. 5, where: M C'f;,cq represents
the process fixed cost to save its execution state (registers);
M C'ntr represents the cost to transfer the process memory
to the target computer, presented on the eq. 6; M C.p, rep-
resents the cost to restart the access communication chan-
nels to the hard disk and network. The eq. 6 used by the
eq. 5 is composed by: Ppemory,i that represents the quan-
tity of memory used (in bytes) by the process P;; C AP,
represents the bandwidth, or the data transference capacity,
between the computers that send and receive the load.
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Using the previously presented equations, this model
proposes a migration factor (eq. 8) to evaluate the benefits
of process migration. When this factor is equal to 1, the sys-
tem reaches a perfect balance, as each computer executes a

]\/[Cm,tr,i =

load equivalent to its execution capacity. If this is not pos-
sible, an approximation to this value may be done through
the load sum of n processes whilst the factor < 1. If none
process of the busy computer result in a migration factor
M actor €qual or lower than 1, then a process that has a
factor < (CAP,cc, + C APsenq) may be selected. On this
case, the factor is compared to the performance difference,
in percentage, between the source (sender) and destination
(receiver) computers.

Nspare,i = Lspare,i X CAPeend (7)
Ns are,t
Mfactor,i = P 7Ng —
CLsend - (CLrecv + m + MC,)
(®)

The following section presents examples of how the
migration factor may help on the processes transference
decision-making.

3. Decision-Making Using the Migration Fac-
tor

This section presents the decisions that may be taken
from the process migration factor values (eq. 8). In order
to characterize these decisions, consider two heterogeneous
capacity computers C; and Cs. The computer C; has ca-
pacity of 1000 MIPS and the computer C'y has capacity of
500 MIPS. The computer C; has 3 processes in execution
with respective spare loads of P; = 5, P, =2and P; = 1,
being the total computer load given by the equation eq. 4,
the C; load is equal to 8. The computer C'y has a process
P, with spare load equal to 4, being the load C2 = 4. Con-
sider that the computer C'1 requires a load transference, as it
observes its high load status compared to the other comput-
ers in the environment. On this moment, the C; processes
are sorted by the load and their migration factors are ob-
tained according to table 1.

Process Migration factor
5 —
P 8 (41 ((5x1000)2500)) —0.83
2 . .
P, S AT (@ 1000500)) — WMe—o 7 = 00
s i — 05

8—(4+((1x1000)=500))

Table 1. Process migration factors of C;

Observing the table 1, we may conclude that the migra-
tion factor of process P; is equal to —0.83. On this case,



note that computer C; will have a load equal to 3 after
the migration and computer C?2 is equal to 14. This unbal-
ancing is not desired, since any negative value on the mi-
gration factor represents a performance degradation on the
process receiver computer. For process Pa, Mfqcior = 00,
which means that the receiving computer load will be the
same current load of the process sender computer. On this
case, the migration does not bring any benefit to the envi-
ronment, only a load transference will be done. For process
P3, Myqctor = 0.5, which means there are benefits with
its migration as there will be a better load balancing and
each computer should execute loads based on their process-
ing capacity.

There will be benefits whenever 0 < Myactors <
(CAP; ey + CAPsenq), that is, whenever the migration
factor does not damage the balancing or overloads the re-
ceiver computer (when Mqc10r < 0) or when there is only
one load transference with no benefits for the environment
(When Mfactor,i > (CAPTeC'U - CAPsend))-

The migration factor (eq. 8) may be extended to enhance
the load balancing through the k process migration (eq. 9).
For instance, consider a situation where a computer presents
several P; processes where ¢ = 1,2, 3,...,n. On this case,
the migration factors of & processes may be summed whilst
< (CAP,eey +CAPsepq) and migrated to a set of idle com-
puters.

k
CAPTEC’U
M actor,i S ~AD
Z Jactor, CAPsend (9)

p=0

4. Simulation Results

In order to evaluate the proposed model a simulator was
implemented. This simulator ! is parameterized to the CPU
and memory occupations that each process causes on the
system and to the capacity of each environment computer.
The CPU occupation by the processes is defined as the total
required number of MIPS (million of instructions per sec-
ond) to process them. The memory occupation is defined in
bytes. Each computer capacity is defined in MIPS.

The system process arrival is defined by a probability
distribution function. After the arrival of such processes to
the system, they are submitted to the computers through a
normal distribution function. The process arrival distribu-
tion function to the system and its parameters may be de-
fined by the user. The available functions are the ones sup-
ported by the PSOL library (The Probability/Statistics Ob-
ject Library)  adopted by the simulator. The simulator gen-

1 Simulator available on http://www.icmc.usp.br/"mello/outr.html
2 PSOL [2] is a statistic library licensed under GNU/GPL [1] and devel-
oped by the University of Alabama.

erates results on the process average response time, in sec-
onds.

The Feitelson’s workload model [5, 7, 6, 12, 8, 19, 3, 15,
4] is used. This model is based on the analysis of six execu-
tion traces of the following production environments:

e 128-node iPSC/860 at NASA Ames;
128-node IBM SP1 at Argonne;

e 400-node Paragon at SDSC;
126-node Butterfly at LLNL,;
512-node IBM SP2 at CTC;

e 96-node Paragon at ETH, Zurich.

The Figure 2 illustrates the histogram of the accumulated
execution time generated for this model.
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Figure 2. Feitelson’s model accumulated exe-
cution time histogram

Besides synthesizing the loads imposed by the applica-
tions, this load model defines the process arrival times to the
environment, based on the Poisson probability distribution
with average 1,500 seconds [5], which was also adopted in
the experiments. The simulated environment is composed
by 10 computers with CPU capacity (in MIPS) and mem-
ory capacity (in MBytes) presented on table 2.

The simulation results are presented on figure 3, which
evidence the benefits of the migration factor model over the
migration model by process aging and over the environment
with no migration at all.

For a better understanding, linear regressions were made
with a confidence interval of 0.99, which are presented on
table 3, where x represents the quantity of processes that ar-
rive to system according to the Feitelson’s load model [5]



Computer CPU (MIPS) Memory (MBytes)
(o5 500 64
Cy 600 64
Cs 700 64
Cy 800 64
Cs 900 128
Cs 1000 128
Cy 1100 256
Cy 1200 256
Cy 1300 512
C1o 1400 512

Table 2. Capacity of the Simulated Environ-
ment Computers
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Figure 3. Results for Feitelson’s workload
model

and y represents the average process response time. Such
regressions allow the precise quantification of the contribu-
tions provided by the migration factor model. This model
presents better results than the process aging model [9],
as observed on figure 3. However, analyzing the regres-
sions we may conclude that, in cases where more than
205, 666.73 arrive to the system, the process aging migra-
tion model starts to behave better. This high process arrival
rate to the system does not represent usual loads for this
kind of system, as it may be noted by Feitelson’s execution
traces.

5. Conclusions

This paper has presented a new model for evaluation of
the process migration on environments composed by het-
erogeneous capacity computers. This model analyzes pro-

I
0 5000 10000 15000 20000 25000 30000 35000
Number of Processes

Migration Model Linear Regression R?

No migration

y = 0.0950z + 5902.82  0.4341

Mig. by Aging y = 0.0518z + 4807.20 0.4606

Mig. Factor y = 0.0541x + 4334.17  0.3948

Table 3. Capacity of the simulated environ-
ment computers

cesses occupation and selects the more adequate for migra-
tion. Such analysis and selection are done through a migra-
tion factor. This factor reflects how much the busy computer
will be freed and how much the destination computer will
be loaded in view of each process migration.

Experiments have been carried out by using a simulator.
Such experiments evidenced that this model shows excel-
lent results, as it significantly decreases the process average
response times when compared to the process aging migra-
tion model [9] and to an environment with no migration at
all. Linear regressions were carried out, which evidenced
that migration factor model can only be surpassed by the
process aging model on environments where the process ar-
rival rate is higher than 205, 666.73 for a Poisson distribu-
tion of process arrival with average 1,500 seconds. How-
ever, as it may be observed through the Feitelson’s execu-
tion traces [5], this does not reflect the load behavior on
such environments. Therefore, for the remainder cases, it is
recommended the adoption of the process migration factor,
which accomplish better results.
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