USING A GENETIC ALGORITHM TO TUNE OPENMOSIX LoAD BALANCING

Abstract

Our goal is to make improvements to the openMosix load balancing algorithm by param-
eterizing various constants, then searching this space for a configuration which maximizes
performance. A Genetic Algorithm (GA) has been implemented using a fitness function
which measures throughput. As this work is ongoing, we intend to add more parameters to
the search space, and incorporate more information (e.g. network traffic and response time)
into the performance measure.

openMosix Background

e openMosix is an open source version of the MOSIX|1| distributed perating system.
e [t is distributed as patch to the Linux kernel, and a set of user-level utilites.

e Provides transparent process migration. Processes are automatically migrated to a node
where resources (such as CPU time and memory) are available.

e A process’ system calls are routed back to it’s home node over the network as necissary
via Remote Procedure Calls.

Parameters

So far 4 hard-coded constants in the openMosix kernel’s load-balancing algorithm have been made
dynamically adjustable to user-level processes. This is done through the Linux /proc filesystem:

Amount of Hearsay Information Each node sends it’s current load information along with the
load information for other nodes it knows about. We vary how much extra information is sent.

Load Vector Size The ammount of load information maintained by each node. If this parameter
is too small not enough information is available to make good migration decisions. If it is too large,

then stale information is used.

Load Reporting Frequency Each node sends load information every %5 If load information is

sent too frequently it will be unreliable.

Number of nodes reported to How many nodes are load information sent to at a time?

Fitness Function

To evaluate the fitness of each hypothesis, we set its parameters on every node in the cluster, then
fork off a large number of processes on a single node. The better the load balancing algorithm
performs, the sonner the processes will complete their computation. The hypothesis’ fitness is thus
the reciprocal of the sum of the the time for each of the n processes to complete:
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The openMosix Load Balancing Algorithm

The load balancing algorithm in MOSIX is:

Transparent Processes are migrated without the user being aware. Parallelism can be
achieved by simply forking off multiple processes. Existing programs can benefit from
parallelization in openMosix without any modification.

Probabilistic Every second each node sends its current load to two randomly selected
Processors.

Decentralized There is no central point of control. All process migration decisions are
made between a pair of computers. Ths increases scalability, and fault tolerance.

INFORMATION DAEMON:

Collect and disseminate load information

mosix_info_daemaon()

while(1) { Received load update window()}
Check for received load message
message. » Add new load
information
if (SIGALRM) to load vector
send load messages.
} '
Send load
messages load balancel) choosel)

h 4 If a node in the load vector
informi) has lower load than our node,
choose a process to migrate.
Send local load Then set a flag in the process’

information to *¥ Don't select the target task structure to indicate it
2 random nodes node yet. ** has been chosen.

Choose a process to migrate
by evaluating several factors.

local_load vs. time: node(s)-1-2-3-4
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FIGURE 1: A series of load spikes with ramdom parameter settings

Preliminary Results

Preliminary tests were done on an openMosix cluster of 11 nodes connected via 10MBit ethernet.
The fitness function was evaluated using a synthetic load of 50 processes doing 1,500,000,000 mul-
tiplications each. This took on average about one minute to complete on the 11 node cluster. The
computation needs to be done for each hypothesis, so the population sizes were rather limited. If the
test is too short, the system never has a chance to recover from the load spike, and there is too much
variance in the fitness function.

The results are displayed in figure 2.
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Genetic Algorithms

Genetic Algorithms(GAs) are usefull for finding approximations to optimizeation problems.
They maintain a population of current hypotheses (set of parameter values), which are eval-
uated using a fitness function. The innital population is randomly generated, and succesive
generations are produced by applying the following operations:

Selection Only the most fit members of a population are maintained. This corresponds to
the idea of “Natural Selection”.

Crossover Hypotheses (members of the population) are combined to produce a new hy-
pothesis which has characteristics of both parents.

Mutation A small number of hypotheses are randomly modified.

THE GENETIC ALGORITHM

Generate a random population, P
while |P| > f do
Evaluate the fitness of each m € P
Write each m € P to the log file
Crossover(P)
Mutate(P)

Remove the r|P| least fit members from P
end while

Tests 1, 2 and 3
2250 T T T T T T T T

2200 § Testl (Innitial pop. 120) ——
2150 k Test2 (Innitial pop. 200) ---x---
2100 Test3 (Innitial pop. 300) ---*---

2050
2000
1950
1900
1850
1800
1750

"(IIIIIIII

Average time (sec.)

1 1 1 1 1 5%
i

-
N
w
N
ol
o
~
6]
©
S

Generation

FIGURE 2: Average total time for each task to complete on an 11 node cluster

As you can see, the time needed to complete the load generally decreases at each successive generation.
This is because the less fit hypotheses are gradually replaced in favor of those which are more fit, as
we would expect.

For tests 1 and 3, the average fitness begins to increase during the last two generations. This is most
likely because the population size is decreased too quickly, or the mutation and crossover rates are too
high at this stage. In addition, because the load balancing algorithm is probabilistic, there is a large
ammount of variance involved in evaluating the fitness function. A larger population size offsets this
effect, wheras for smaller populations the results are less reliable.
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