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Abstract 
 
The comparisons of newly sequenced genomes against a 
genome with known functionality of genes provide im-
portant clues to the structure and function of genes and 
identification of metabolic pathways in newly sequenced 
organisms.  New and more complex organisms are being 
added to biological databases at an increasing rate.   
Time-efficient, automated computational methods are 
needed to analyze the increasing amount of data in real-
istic time. This paper describes a distributed technique 
and a CORBA-based implementation to compare and 
align gene sequences in large complete genomes, using 
multiple heterogeneous distributed processors on a dis-
tributed network. The performance evaluation suggests 
that the distributed technique can significantly reduce 
the computational time.   
Keywords: CORBA, cluster computing, distributed  
                    computing, functional genomics, genome  
                    comparison 
 
 
1.  Introduction 
 

Genome comparison is an important technique to 
identify the functionality of  genes [3, 8, 10, 14], which 
is necessary to map metabolic pathways [11, 13] of 
newly sequenced organisms.  The identification of gene 
function and metabolic pathways and their variations 
will facilitate the identification of the cause of diseases.  

 The first microbial genome was sequenced [7] in late 
1995.  Since then, 26 genomes have been completely 
sequenced and archived at the National Center for Bio-
technology Information (ftp://ncbi.nlm.nih.gov/genbank/ 
genomes), and more are underway.  It is anticipated that 
a major portion of the human genome will be sequenced 
by the year 2002.  As genomes of complex organisms 

become available, the computational demands for their 
analysis are becoming unmanageable.  

A genome is modeled as an ordered set of genes.  
Each gene is a sequence of nucleotide base-pairs which 
translate to proteins — sequences of amino acid charac-
ters.  A single gene ranges in length from less than 100 
to more than 1000 amino-acid characters. The compari-
son of a pair of complete genomes entails a comparison 
of gene-pairs in the Cartesian product of the two sets of 
genes that represent two genomes.  BLAST [2] — an 
approximate string matching technique based on seg-
ment matching — is an efficient technique for similarity 
matching, but more accurate alignments are provided by 
the Smith-Waterman algorithm [15, 16] — a dynamic 
matrix technique.  Accurate alignment is necessary to 
identify variations in the structure and functions of  simi-
lar genes. 

 A technique to improve the efficiency of genome 
comparison while preserving accuracy provided by the 
Smith-Waterman algorithm is to first use BLAST to 
prune out dissimilar gene-pairs in genomes and then 
align the filtered gene-pairs using the Smith-Waterman 
algorithm on the filtered gene-pairs.   Since the number 
of genes similar to a given gene after the BLAST phase 
is bounded by a small constant c (usually 6) for most of 
the genes, this technique reduces the time complexity of 
a genome comparison based upon the Smith-Waterman 
algorithm by a factor of M/c where M is the number of 
genes in a genome.   

Current techniques for the automated comparison of 
genomes are sequential, and suitable for small to me-
dium sized microbial genomes [3, 4].  There are ap-
proximately 4000 gene-pairs after the BLAST filtering 
for medium size microbes with 1600 genes.   The current 
sequential method [3] takes approximately 5000 seconds 
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on current-day desktops to compare two complete mi-
crobial genomes with about two million amino-acid 
characters and around 1600 genes.  The sequential 
scheme is still quite slow, and is not suitable for higher 
order organisms, which have up to 50 times more genes 
than medium sized microbes.  It is estimated that the 
human genome has around 80,000 proteins.  

Distributed computing has recently emerged as a 
means of speeding up computation due to the fast Inter-
net connectivity and the drastic drop in the processor 
cost.  As Internet connections become faster in the next 
couple of years, a cluster of thousands of inexpensive 
processors over the Internet will work as a super fast 
virtual computer suitable for distributing coarse grain 
independent subtasks on individual processors. 

The comparison of genomes is suitable for distributed 
computing because each gene comparison in BLAST 
phase or gene alignment in the Smith-Waterman phase is 
a coarse grain independent task — the work involved 
takes on the order of a few milliseconds for small genes 
and about one second for large genes.  Communication 
overhead does not pose a concern since communication 
time between processes is much smaller compared to 
string comparison time. 

In this paper, we apply distributed cluster of machines 
as one large virtual machine, and use the Common Ob-
ject Request Broker Architecture (CORBA) [12] to map 
multiple processes to a heterogeneous set of architec-
tures and operating systems.  The distributed architecture 
exploits two kinds of concurrency as follows.  

First, coarse grain pipelining is exploited between the 
BLAST phase and the Smith-Waterman phase of ge-
nome comparisons.  Very similar gene-pairs in the 
BLAST phase are sent through a pipeline incrementally 
to the Smith-Waterman phase. This pipelining enables 
the BLAST phase and the Smith-Waterman phase to run 
concurrently.  The interleaving of the execution removes 
the effect of data-transfer overhead between the two 
phases. 

Second, the BLAST and the Smith-Waterman phases 
spawn independent processes for the concurrent com-
parison of genes.  This task is scalable, as the compari-
sons are independent of each other.  The execution time 
efficiency is linearly proportional to the number of proc-
essors, and is restricted only by the number of genes in 
the genomes. 

A prototype software has been implemented, and is 
suitable for comparing large genome sequences.  The 
software can be easily extended to compare multiple 
complete genomes in a time-efficient manner on a dis-
tributed network of heterogeneous architectures. 

The major contribution of this paper is that we have 
applied the concept of distributed computing to the 
grand challenge problem of effectively identifying the 
functionality of higher organisms in realistic time.  The 

model and the software are easily scalable due to the use 
of CORBA, which scales to any size of network.  The 
system can harness thousands of inexpensive computers 
over the Internet, improving the performance/price ratio 
to solve a grand challenge problem. 

The remainder of this paper is organized as follows: 
Section 2 briefly describes the necessary background 
needed to compare gene sequences, distributed comput-
ing, and CORBA.  Section 3 presents the overall scheme 
of a distributed technique.  Section 4 details the execu-
tion of various components of the distributed system.  
Section 5 describes a CORBA implementation of the 
distributed system.  Section 6 analyzes the performance 
of the system.  In the last section, we conclude the paper. 

2.  Background 

In this section, we describe background concepts re-
lated to genome organization, similarity analysis of 
gene-pairs, alignment of gene-pairs, distributed comput-
ing, and CORBA. 

 
2.1. Genome and similarity analysis 
 

A genome is a set of interacting genes, and encodes 
the blueprint of an organism [1].  Each gene is a se-
quence of four types of DNA (deoxyribonucleic acid) 
molecules, collectively called nucleotides.  These nu-
cleotides make up the genes of an organism, which in 
turn are translated to proteins, which are sequences of 20 
types of amino acids.   

BLAST [2] is a popular and a time-efficient method 
for identifying genes in a database (of genes) which are 
similar to a given gene.  A single BLAST comparison 
against a database of genes identifies all the genes in the 
database similar to a given gene.  The BLAST software 
looks for the matching segments in the given sequence 
and a database of sequences, evaluates the statistical 
significance of  matches, and reports the matches that 
satisfy a user-defined threshold of significance.  How-
ever, the BLAST software does not produce accurate 
alignments. 

Accurate alignments are generated by the Smith-
Waterman algorithm [15].  The algorithm dynamically 
builds a matrix, with one of the sequences forming the 
top edge and the other the left edge.  Comparisons are 
started at the top left corner of the matrix.  At each 
row/column intersection of the matrix, a score for the 
comparison of the two intersecting letters is recorded.  
The similarity score between two sequences is defined as 
the cumulative sum of all individual elementary similari-
ties: matches, mismatches, deletions and insertions.   
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2.2. Distributed systems 

Distributed systems distribute coarse grain independ-
ent tasks [9] — tasks taking at least more than few hun-
dred milliseconds on one processing unit — on a distrib-
uted set of processors.  Independent tasks have little data 
transfer overhead, and distributing the subtasks provides 
a nearly linear speed up.  Fast interconnections can har-
ness a large number of inexpensive distributed proces-
sors as a massive parallel virtual computer to give a bet-
ter performance/price ratio. 

 2.3. CORBA preliminaries 

The Common Object Request Broker Architecture 
(CORBA) [12] provides a seamless integration of dis-
tributed objects in a loose client server environment.  
CORBA is a generic client/server system that maps an 
object-oriented computation and communication be-
tween various objects on a heterogeneous set of proces-
sors in a user transparent way.  CORBA objects behave 
as both clients and servers.  The architecture is isolated 
from the actual transport protocols thereby allowing an 
open-ended standard. 

3. A distributed architecture  

In this section we describe the overall scheme of the 
distributed genome comparison.  The distributed archi-
tecture is generic, and can be easily extended for further 
processing after genome comparison.   

3.1. Generic template 

The system consists of a set of loosely connected 
computers — computers can be either on the same local 
network or somewhere on the Internet.  The environment 
can be heterogeneous — computers with different data 
formats, operating systems, and architectures can be in 
the system at the same time.  The software is composed 
of objects, which correspond to the responsibilities and 
data requirements of each phase.  The system maps ob-
jects to a heterogeneous, distributed environment by 
assigning different objects to possibly separate ma-
chines, as shown in Figure 1.   

A  coordinator object  
i. spawns and interacts with various objects in the 

corresponding phase, 
ii. manages the queues needed to hold the informa-

tion generated by the server objects.   
iii. monitors the size of the queue to regulate the 

spawning of server objects.  Regulation of server 
objects optimizes the comparison of genes in the 
BLAST phase by keeping the size of the BLAST 

queue smaller while avoiding the number of idle 
server objects — processes used to compare 
gene-pairs — in the Smith-Waterman phase. 

A queue object stores relevant information about 
processed gene-pairs for each phase, and provides the 
communication facilities between the phases.  A queue 
object and the corresponding coordinator object are on 
the same processor. 

A server object passes sequence data to BLAST soft-
ware for the BLAST phase or Smith-Waterman software 
for the Smith-Waterman phase, and collects correspond-
ing results, and passes the data to data-handling objects 
to transfer data to the next phase. 

There are three types of data handling objects as fol-
lows.  A  collection object collects data from server ob-
jects, and transfers the data to a queue object for next 
processing stages.  A data-sink object collects data from 
serve objects of Smith-Waterman phase, and writes in a 
central file in a sorted manner.  A genome object selects 
data from an indexed file of genes to pass to various 
server objects of processing phases.  In that way, a data-
base can be accessed remotely whether on a local net-
work, or over the Internet. 

 
 
 
 
 
 
 
 
 

 
 

Figure 1.  Object organization in each phase 

3.2. The overall scheme 

There are two phases in the system: the BLAST phase 
and the Smith-Waterman phase.  Each phase consists of 
a coordinator object, a queue object, server objects, and 
a genome object.  In addition there is a data-sink object 
controlled by the coordinator object of the last phase.  
The Smith-Waterman phase is the last stage in our case.  
Typically, a coordinator object and the corresponding 
queue object reside on the same machine, while the 
server objects, genome objects, and data-sink objects 
may be mapped to separate machines.  The over all 
scheme is illustrated in Figure 2.  

The BLAST coordinator object starts a genome ob-
ject, BLAST server objects, and a BLAST queue object.  
The genome object constructs a map of genes and their 
positions in the file.  The purpose of the map is to reduce 
searching time by indexing the corresponding protein 
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sequence by name.  Since sequences are requested sev-
eral times, this saves considerable time. 

The gene comparison process starts after the genome 
object has built an indexed map of genes in the genomes.  
The coordinator object requests the corresponding ge-
nome objects for a gene-pair.  The two sequences are 
sent to a server object for processing, and similarity 
score is obtained.  The names of the sequences with  
similarity scores higher than a user defined threshold are 
sent along with their scores to a queue object.  The coor-
dinator object requests the genome object to send the 
next pair of sequences.  The process continues until all 
the gene pairs are consumed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  The overall distributed scheme 

 
The BLAST queue object stores the name of filtered 

gene-pairs along with the similarity scores after the 
BLAST comparisons.  The Smith-Waterman queue ob-
ject stores the names of the filtered gene-pairs before 
they are transferred to the Smith-Waterman genome ob-
ject.  When the BLAST queue object has a predeter-
mined number of filtered gene-pairs, the BLAST coor-
dinator object moves the entries over to the Smith-
Waterman queue object.  Finally, the data is transferred 
to the data-sink object, which writes the names of the 
aligned sequences and the corresponding alignment 
scores in a centralized file.  The data-sink object sorts 
the data according to the order of genes in a genome for 
better comprehension. 

 3.3. Load balancing 

Each coordinator object continuously monitors the 
number of entries in its queue object.  If the number of 
filtered gene-pairs is above a threshold value in the 
BLAST queue object, then a BLAST server object is 
released to the processor pool, and the capability-maps 
in both the coordinator objects are updated.  At least one 
BLAST server object is always active.  If the number of 
filtered gene-pairs in the BLAST output queue object 
falls below a certain threshold level, more BLAST 

server objects are spawned, if available.  The maps in the 
coordinator objects are updated before spawning the 
processor.  A Smith-Waterman coordinator object re-
leases a server object if the number of gene-pairs is zero.  
After the termination of the BLAST phase, the Smith-
Waterman phase captures all the available processors to 
spawn server objects.   

4.  Execution of distributed objects 

This section details the execution of the coordinator 
objects and the termination conditions for the BLAST 
phase and the Smith-Waterman phase.   
 
4.1. Execution of coordinator objects 
 

The coordinators initiate execution by starting server-
objects, queue objects, and data-handling objects.  Dur-
ing execution, the server objects carry out the gene-pair 
comparisons. The coordinator objects (see Figures 3a 
and 3b) tie the system together by monitoring the load, 
dynamically spawning or releasing the server objects to 
balance the load, spawning data-handling objects to 
store and transfer results, and checking for the termina-
tion conditions of the corresponding phase. 
 

BLAST coordinator-object 
Input: Capability map of machines in the cluster; 
Output: A list of filtered gene-pairs with similarity scores; 
Internal processing: 
{ 
start genome-object to start picking the gene-pairs; 
start server-objects according to capability map; 
repeat  
  check for termination conditions of the BLAST phase; 
  if (not terminating conditions) { 
      receive sequence name pairs and similarity scores from  
      BLAST  server objects; 
  if (similarity-score > threshold)  
      store name pairs in BLAST queue object; 
      transfer name pairs to Smith-Waterman queue object; 
  if (queue_count(BLAST) > max_threshold 
      reduce BLAST server objects; 
  else if (queue_count(BLAST) < min_threshold) and  
          (are_available(servers)) 
   spawn more BLAST server objects;} 
until (termination conditions for the BLAST phase)} 

Figure 3a. A BLAST coordinator 
 

4.2. Terminating conditions 
 

There are two conditions for the BLAST coordinator 
object to complete the BLAST phase: 
i. the genome object has collected all the gene-

pairs, and 
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ii. No more data remains be collected from the 
server objects 

The BLAST coordinator is not terminated even after 
the BLAST phase has processed all the genes.  The ra-
tionale is that since the queue object is a part of the 
BLAST coordinator object, and termination of the coor-
dinator object will terminate the transfer from BLAST 
queue object to Smith-Waterman phase prematurely ter-
minating the Smith-Waterman phase.   

In order for the BLAST phase to terminate, both the 
BLAST coordinator and Smith-Waterman coordinator 
keep corresponding counters to keep track of the proc-
essed gene-pairs. In addition to the above described two 
conditions, the counter gene_pair_count(BLAST) must 
be equal to gene_pair_count(Smith-Waterman) + queue_ 
count(Smith-Waterman) where queue_count(Smith-
Waterman) represents the number of the gene-pairs in 
the Smith-Waterman queue-object still to be processed 
by the Smith-Waterman phase.   
 
Smith-Waterman coordinator-object 
Input:  1.  Capability map of machines in the cluster; 

       2.  Filtered gene-pairs from the BLAST phase; 
Output: A list of filtered gene-pairs with alignment scores; 
Internal processing: 
{ 
start genome object to pick the gene-pairs from genomes; 
start queue object to pick up filtered gene-pairs from the pipe; 
start server objects according to capability map of servers; 
repeat 
   check sequence names in Smith-Waterman queue-object; 
   check the Smith-Waterman phase termination conditions; 

if (not terminating-conditions){ 
  if (queue_count(Smith-Waterman) == 0) 

    reduce Smith-Waterman server objects; 
 else if (queue_count(Smith-Waterman) >  

max_threshold and are_available(servers)) 
   spawn more Smith-Waterman server objects; 
  if (queue_count(Smith-Waterman) > 0) 

transfer gene-pair names to genome object for the  
sequence pickup;} 

until (the termination conditions) 
} 

Figure 3b. A Smith-Waterman coordinator 
 

The conditions for the completion and termination of 
the Smith-Waterman phase include all the conditions for 
the termination of the BLAST phase and the conditions 
that both queue_count(Smith-Waterman) and queue_ 
count(Smith- Waterman) are zero.  The final terminating 
conditions for the distributed system are that the BLAST 
phase has terminated, and there are no more data to be 
collected from the Smith-Waterman servers.  The fol-
lowing equations should hold:  
 

1. genePairCount(BLAST) = genePairCount(Smith-Waterman) 
2. queueCount(Smith-Waterman) = 0. 

 
The last two conditions ensure that all the data have 

been collected by the data-sink object into a sorted file 
before the distributed system terminates. 

5.  A CORBA based implementation 

The system obtains the initial machine configuration 
from a table, which maps machines to capabilities.  The 
coordinator objects are started on the appropriate sys-
tems by Unix scripts that log into the appropriate ma-
chine and start the appropriate processes.  The version of 
CORBA used for this project does not include, as an 
integral CORBA service, the capability of starting and 
stopping processes on other machines.  The software 
produced for this project implemented this capability 
through a server object, which starts and stops processes 
through system calls. CORBA provides a framework for 
interfacing with system calls on foreign machines. 

After the coordinator objects have been started, the 
process is automatic.  The appropriate server objects are 
contacted via the CORBA name service, a basic service 
provided by CORBA.  Objects on separate machines are 
referred to by a unique name, which renders their func-
tionality transparent to objects on other machines.   

Figure 4 shows an example of code in the BLAST 
coordinator object to obtain foreign references to the 
queue objects.   
 
Queue_var blastQueue, smithQueue; 
CosNaming_Name, bCoordName, blastQueueName,  
smithQueueName; 
try {// construct name of BLAST queue-object 
blastQueueName.length(1); 
blastQueueName[0].id = CORBA_string_dup("blastqueue"); 
blastQueueName[0].kind = CORBA_string_dup(""); 
// obtain reference for BLAST queue object  
CORBA_Object_var object = context->resolve(blastQueue 
Name); 
assert(!CORBA_is_nil(object)); 
//make the generic queue object of a specific user-defined type 
blastQueue = Queue::_narrow(object); 
assert(!CORBA_is_nil( blastQueue )); 
// construct name of Smith-Waterman queue object 
smithQueueName.length(1); 
smithQueueName[0].id=CORBA_string_dup("smithqueue"); 
smithQueueName[0].kind = CORBA_string_dup(""); 
//obtain reference for Smith-Waterman queue object 
object = context->resolve(smithQueueName); 
assert(!CORBA_is_nil(object)); 
// Make the queue object from generic user-defined type 
smithQueue = Queue::_narrow(object); 
assert(!CORBA_is_nil( smithQueue )); 
catch {…..} 

Figure 4. Code for foreign object interface 
The code shows the construction of the BLAST 

queue object and Smith-Waterman queue object.  First 
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the name for the BLAST queue object is created using a 
CORBA naming variable.  Then the function context-
resolve obtains the reference for the BLAST queue-
object.  The process is repeated for the queue object in 
the Smith-Waterman phase. 

Figure 5 shows a sample of code from the BLAST co-
ordinator object, showing the startup of the BLAST 
server objects and primary processing loop.  First, the 
coordinator object obtains a reference for each server 
object in the map of BLAST-capable machines, using 
the context-resolve mechanism as explained above.  
Then, a BLAST server object is started on each machine 
via the startProcess method of the process server.  Next, 
the main processing loop begins to transfer sequence 
pairs to the Smith-Waterman phase. 

Transfer continues until the termination conditions 
are met: the BLAST server objects have finished, and 
the number of gene-pairs processed by the Smith-
Waterman phase equals the number processed by the 
BLAST phase.  The BLAST coordinator object moni-
tors the size of the BLAST queue object.  The coordina-
tor object attempts to start a process if the queue-count is 
below the minimum threshold, or attempts to stop a 
process if the queue-count is above the maximum thresh-
old. 
 

// start the BLAST servers as indicated by process map 
for (curMachine = map.begin( ); curMachine != map.end( ); 
curMachine++) { 
CORBA_Object_var object = context-> resolve(curMachine.  
first ( ) ); 
Machine_var machine = Machine::_narrow(object); 
machine->startProcess( );} 
// start the processing loop 
while (! blastQueue->areBlastsDone( ) && 
smithQueue->getSmithCount( ) != blastQueue-> getBlast-
Count( ) ) 
{//blast pairs pushed into queue by BLAST servers 
int size = blastQueue->size( ); 
if (size >= SIZE || count % 10 == 0) 

blastQueue->transferEntries(smithQueue, SIZE ); 
// balance the number of processors based upon number of 
filtered gene-pairs 
if ( size > max_threshold)  

success = blastProcessServer->reduce( ); 
else if (size < min_threshold) 

success = blastProcessServer->add( ); 
if (!success) 

diagFile << "Unable to load balance: code " << success <<  
endl; 

Figure 5.  Execution of the BLAST coordinator 

5.1. CORBA considerations 

CORBA imposes a set of conventions on the pro-
grammer, and each version of CORBA interprets the 

standard (set by the Object Management Group, or 
OMG) slightly differently. Selection of a version of 
CORBA involves consideration of platform availability 
and language support. For this project, the stability of the 
naming service was crucial.  C++ was the primary lan-
guage utilized for the project due to its speed compared 
to other object based Internet languages.  

String handling was a priority in this software.  To 
handle memory management in CORBA is incumbent on 
the programmer — if a function returns a string value 
via an out or inout parameter, or as a return value, the 
function must duplicate, and the calling process must 
release, this value.  To duplicate the value, CORBA pro-
vides the function, CORBA_stringdup ( ).  CORBA pro-
vides two means for the programmer to release the 
memory:  One explicitly calls the function 
CORBA_stringfree(), and the other is to assign the value 
to a variable of type CORBAstringvar, which  releases 
the memory automatically. 

6.  Performance evaluation 

We executed the prototype system on a cluster of 
three computers – a four processor SGI machine and two 
HP machines.  The execution was done in a configura-
tion when there was heavy load to simulate realistic con-
ditions.  We tested the configurations manually with the 
load balancing module off to get a performance evalua-
tion chart.  The performance of the four different con-
figurations was tested as follows: 

Configuration 1: One server-object in the BLAST 
phase and one server-object in the Smith-Waterman 
phase were mapped on the same computer SGI to re-
move any effect of the data-transfer overhead.  Only 
pipelining was exploited between the BLAST phase and 
the Smith-Waterman phase. 

Configuration 2: One server-object in the BLAST 
phase was mapped on an SGI machine, and one server-
object in the Smith-Waterman phase was mapped on an 
HP machine.  Only pipelining was exploited between the 
BLAST phase and the Smith-Waterman phase.  Configu-
ration 2 has overhead of transferring data between two 
different machines. 

Configuration 3: Two server-objects in the BLAST 
phase were mapped on an SGI machine, and one server-
object of Smith-Waterman was mapped on an HP ma-
chine.  This configuration exploited concurrency in the 
BLAST phase, and pipelining between the BLAST 
phase and the Smith-Waterman phase. 

Configuration 4: Two server-objects in the BLAST 
phase were mapped on the SGI machine, and two server-
objects in the Smith-Waterman phase were mapped on 
two different HP computers.  Concurrency was exploited 
in both phases, and pipelining was exploited between the 
BLAST phase and the Smith-Waterman phase. 
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Table I summarizes the results. The results show that 
the maximum execution time is controlled by the execu-
tion time of the BLAST phase.  The data transfer over-
head between the Smith-Waterman server object and the 
BLAST server object does not show up because of pipe-
lining between the two phases. The comparison between 
Configurations I and III shows that the speed up is linear 
with the increase in BLAST server-objects.  Spawning of 
more BLAST server objects feeds the gene-pairs in the 
pipeline faster  resulting into the linear reduction in time. 

 
Table 1:  Performance evaluation 

 
7. Conclusion 
 

A pair-wise, cross-species computational comparison 
of a newly sequenced genome is a cost-effective way to 
help identify gene functions.  Such a comparison is an 
important step in the process of identifying disease 
genes. 

We have presented a distributed scheme for the cross-
species comparison of complete genomes.  The scheme 
has three major advantages: 
i. The scheme uses the efficiency of BLAST to 

prune out dissimilar genes before using accurate 
alignment algorithms. 

ii. The linear speed up facilitated by this architecture 
allows the comparison of organisms previously 
considered too large  in a realistic time. 

iii. The system can harness thousands of inexpensive 
processors on the Internet and local area networks 
in a scalable manner.   

Future work includes further automating machine se-
lection, data partitioning, and developing a distributed 
algorithm for the identification of orthologous gene 
groups [3, 4, 6] needed to identify operons [14] — a 
group of genes having a well defined functionality 
within a metabolic pathway [11, 13]. 
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