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Abstract

Recently, the amount of genome sequence is increasing rapidly due to 
advanced computational techniques and experimental tools in the biological 
area. Sequence comparisons are very useful operations to predict the 
functions of the genes or proteins. However, it takes too much time to 
compare long sequence data and there are many research results for fast 
sequence comparisons. In this paper, we propose a hybrid grid system to 
improve the performance of the sequence comparisons based on the 
LanLinux system. Compared with conventional approaches, hybrid grid is 
easy to construct, maintain, and manage because there is no need to 
install SWs for every node. As a real experiment, we constructed an 
orthologous database for 89 prokaryotes just in a week under hybrid grid; 
note that it requires 33 weeks on a single computer. 
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1. Introduction

Recently, the amount of biological data is increasing rapidly with the 

improvement of the experimental and computational techniques. GenBank, a 
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representative database for DNA sequence data, continues to grow at an 

exponential rate [30]. Historically, it has been doubling in size per 18 months, but 

the rate has accelerated to doubling every 15 months recently. That is, the growth 

speed of the data overtakes the improvement speed of the microchip (Moore's 

Law). Therefore, it takes too much time to process massive biological data such 

as genome sequences in a single server and therefore we need distributed or 

parallel computing approaches.

As a solution of the performance problem, computing grid, which is a collection 

of geographically distributed computational resources (PCs) connected through 

Internet [1,2,3,4], has been utilized in the bioinformatics area. Although 

supercomputers or cluster systems are alternatives, they are expensive and not 

scalable.

We propose a hybrid grid system with combination of existing grid middleware 

such as Globus [29] with LanLinux system [25], and PCs are only used to process 

huge amount of biological data. We have implemented well-known sequence 

alignment tool BLAST [1, 2, 3], and evaluated performance of hybrid grid for real 

data.  LanLinux System is originated from EtherBoot Project [22]. It enables PCs 

to boot Linux, DOS, and other open source OSs such as FreeBSD from server 

without using local hard disks. After booting, each PC does a role as a complete 

system and a member of the grid. Originally, it was developed to provide the 

environment for Linux education and management of the PC rooms, but we are 

adopting it as a grid system construction tool.

LanLinux is used as an auxiliary method to make up for the weak points of the 

current grid systems. The most challenging problems in constructing grid with 

PCs come from the heterogeneity and changeable environments. There are various 

operating systems such as several versions of windows, Linux, UNIX and so on. 

Furthermore, the environment of the PCs changes frequently; users usually 

reset-up the PCs at least once or more a year and install several kinds of the 

programs which can affect the operation of the grid middleware. 

However, LanLinux provides a unified grid environment for all member nodes. 

In addition, we don't need to install grid middleware for all nodes individually and 

don't worry about changing the local systems. 

As a real experiment, we constructed an orthologous database for 89 

prokaryotes just in a week by using the hybrid grid system; note that it requires 

33 weeks on a single computer.

The paper is organized as follows. In Section 2, we present related work. In 

Section 3, we describe the hybrid grid environment in detail. In Section 4, we 

show the experiments for sequence comparisons and present the experimental 

results on BioGrid. In Section 5, we conclude the paper.
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2. Related Work

In this section, we introduce grid computing and its applications to 

bioinformatics. 

2.1 Grid Computing 

Grid is the computing environment which uses the inter-connected resources 

(PCs) safely to overcome the limitations of performance and scalability. Although 

the parallel and cluster computers have been developed to enhance performance, 

they are generally expensive and un-scalable. Grid has been introduced to 

overcome these weak points. 

There are several well-known grid middlewares such as Globus, Condor, and so 

on. Globus Toolkit [9] is a famous grid construction tool, and admitted as the 

de-facto standard of the grid. Globus toolkit has been developed to mainly connect 

the super-computers since 1996. Globus Toolkit offers software for security, 

information infrastructure, resource management, data management, communication, 

fault detection, and portability. They can be used independently or together to 

develop grid applications. 

Many of the grid projects are mainly dealing with high-performance resources 

such as clusters or supercomputers that are not changeable and more stable than 

PCs; HGP (Human Genome Project), NASA IPG [31], European data grid [32], and 

Euro grid projects [35] are the representative grid projects. SETI@HOME[33] and 

KOREA@HOME [34] projects are focusing on the PCs and dealing with scientific 

problems such as the climate prediction and drug discovery. Users should 

individually install grid middlewares to participate in @HOME project. As 

environments of the user PCs are changeable, dynamic and heterogeneous, the 

construction and maintenance of grid are not persistent. Furthermore, grid 

middewares may have trouble with other softwares. To address these problems, 

we apply the EtherBoot technology [22] in the grid construction.

2.2 The Application of Grid in Bioinformatics

The amount of the genome sequences is dramatically increasing because of the 

advanced experimental tools and computers in biology. Huge amount of data 

requires high performance computing system. For example, construction of the 

orthologous database for more than hundred species requires more than 33 weeks 

by using a single computer. 

The main applications of the grid are sequence alignment [14] and protein 

secondary structure prediction [15] in which large scale sequence data is involved. 

In these applications, there are so many works to be processed, and each of them 
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takes long time to be completed. A lot of researchers are now trying to find the 

solution from grid computing. Wang, et al. (2002) and Soojin, et al. (2004) applied 

grid computing in protein secondary structure prediction and protein sequence 

alignment, respectively.

2.3 LanLinux System

LanLinux supports PCs to boot Linux system from the server without utilizing 

the local disk by attaching a special hardware card to the PCs. This is originated 

from EtherBoot, which is "a software package for creating ROM images that can 

download code over an Ethernet network to be executed on an x86 computer"[22]. 

EtherBoot is used in various applications; X-terminal, clusters of computer servers, 

and so on. Figure 1 shows the principle of the EtherBoot. 

<Figure 1> The Principle of the EtherBoot

When Diskless Computer (DC) boots, it broadcasts MAC address with Bootp. 

Then DHCP of Server (S) searches the databases, responses the IP and boot file 

(kernel) of DC. DC requests to load boot file from TFTP server on S. S sends 

boot files and DC starts to boot. After booting the system, DC maintains the 

system through the communication with S. EtherBoot technology is widely used to 

construct X-Terminal, which shares the resources and the software of the main 

frame computer. However, LanLinux enables PCs to utilize their own resources 

and share the software of the server after booting. Note that even large number 

of the PCs, overload of S is not serious as shown in Figure 2 (less than 15%).
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<Figure 2> CPU Utilization of server node as increasing the number of the DCs
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3. Grid Environment

In this Section, we introduce the hybrid grid environment in detail. LanLinux 

basically provides PCs with options about whether they boot from the LanLinux 

server by network or local disk as shown in Figure 3. 

<Figure 3> The initial step of the booting: provides the booting options to each PC

In Figure 3, if the user selects 'W', then the PCs boots from the local disk; if 

the user chooses 'L', then the PC boots from the LanLinux server by the steps of 

the Figure 1 and then the PC becomes a member of the grid. System architecture 

of the node is shown in Figure 4(a).

(a) Hybrid nodes                                (b) General node

<Figure 4> The differences of the structure between Hybrid (a) and general 
nodes (b)

As shown in Figure 4(a), hybrid nodes have the EtherBoot layer unlike the 

general nodes in Figure 4(b). EtherBoot layer enables the PC to run Linux system 

regardless of the local system, which may be heterogeneous and changeable 

continuously. Grid middleware is operated on the Linux system.  Therefore, it 

guarantees that the nodes on grid have the unified environment (Linux) and are 
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maintained safely for a long time. 

In case of the general nodes, various programs may be installed with intention 

or secrecy like adware, spyware, and other Active-X programs. These programs 

can be conflicted with grid middleware and have a bad influence.  Although grid 

middlewares such as several @HOME projects offer the comfortable environment 

to make grid, nobody can guarantee the security and the stability to the PCs.

Hybrid grid consists of the three types of the nodes as shown in Figure 5; a 

master, servers, and worker nodes.

<Figure 5> The structure of the LanLinux-base grid

The master node has all jobs to be performed and the information for the 

server nodes such as basic information of IP, resource specification, status 

whether it operate or not, and the number of the worker nodes. Master node 

delivers the jobs as the number of the worker nodes as to each server node. The 

server node is the LanLinux server and provides kernel and the system files to 

the worker nodes. The server node identifies the information of the worker nodes 

and gives the jobs according to the status of them. Each worker node performs 

the jobs given by the server node repeatedly.

The LanLinux-base grid environment has several advantages in aspects of the 

construction, management, and maintenance of the grid. 

First, each PC doesn't need to install the grid middlewares because all 

information of the worker node is contained in the server node. After attaching 

the BootROM card to PCs, we only concentrate on the server nodes. Therefore, 

the construction of the grid is easy and comfortable. Note that we should install 

grid program to the PCs individually and PCs are re-setup periodically.

Second, each node may be used either Linux system or local system depending 

on the user's selection. User can change the role of his PC from a member of the 

grid to the local system anytime by rebooting his PC.  

Third, hybrid grid provides a unified platform with limited changes. This is very 

beneficial to develop grid-enabled applications. Note that the most challenging 
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problems in @HOME are heterogeneous platform with changes of the member 

PCs. 

4. Performance 

In this Section, we perform the high-throughput sequence comparisons on the 

hybrid grid and evaluate its performance.  

4.1 Sequence Comparisons for Orthologous Database Construction

We first define notations to be used in the sequence comparisons. Table 1 

shows notation in the performance analysis. 

<Table 1> Notification used sequence comparisons

Definition Description

G A set of genomes to be used in the orthologous clustering

G The genome of the species i (Gi ∈ G).

N The number of species in the orthologous clustering.

NGi The number of genes in the genome Gi.

SeqAlign(Gi,Gi) Genome comparison operation between two genomes Gi and Gj
T(Gi,Gj) Comparison time between Gi and Gj (20minutes ~ 4 hours)

We performed the sequence comparisons to construct the orthologous database 

[16, 11] for 89 prokaryotes, which contains the functionally similar gene groups 

based on the sequence similarity. Constructing an orthologous database basically 

requires a lot of sequence comparisons. If we process N organisms, we have to 

perform NC2 genome-genome comparisons (3916 comparisons for 89 organisms) as 

in (4.1). 

∑
N-1

i=1
∑
N

j=i+1
SeqAlign(G i,G j)                            (4.1)  

Furthermore, each genome comparison needs as many operations as the formula 

(4.2),  each of which takes at least from 20 minuets to 4 hours in a server. 

SeqAlign(G i,G j)=NG i×NG j
                            (4.2) 

The total time to process all comparisons for 89 organisms becomes (4.3).

∑
88

i=1
∑
89

j= i+1
T(G i,G j)≅2months∼21months                       (4.3) 
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4.2 Experimental Results

In the experiment, we compared 89C2 genome-genome sequence comparisons. In 

the sequence comparison, each comparison can be processed independently. 

Therefore, we solve the problem by using hybrid grid. 

Each server node makes worker nodes to process their jobs, assembles the 

results from the worker nodes, and gives them to master repeatedly. Table 2 

shows grid environments: 27 PCs with a server. Each PC has Pentium 4 3GHz 

CPU.

<Table 2> Experimental Environment

Location
The Number of 

the Server

The Number of the 

PCs

Class A
1

13

Class B 14

Theoretically, each PC has the power of 6G Flops and overall performance is 

near 162G Flops as hybrid grid can utilize the full power of PCs. Note that most 

of the general grid uses just a small portion of the resources. Now, Korea@Home 

provides 465G Flops computing power for 937 PCs because it uses only small 

portion of the PCs.  

Figure 6 shows reduction of the computing time as the number of PCs 

increases. 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

1 5 10 27 40

The number of nodes

El
ap

se
d 

Ti
m
e(
W
ee

ks
)

0

5

10

15

20

25

30

35

40

45

1 5 10 27 40

The Number Of Nodes

Sp
ee

du
p

LanLinux-based Grid Speedup Linear Speedup

(a) The elapsed time for the number     (b) The speedup of the Hybrid grid.
      of the PCs 

<Figure 6> The performance evaluation of the Hybrid grid



PC-Based Hybrid Grid Computing for 

Huge Biological Data Processing
577

Note that the performance of the hybrid grid is proportional to the number of 

the PCs as shown in Figure 6. This guarantees the efficiency of the 90%.

5. Conclusion

We proposed a hybrid grid and applied it in the analysis of huge biological 

sequences. Hybrid grid uses the EtherBoot technology to overcome the 

heterogeneity and change of the member PCs which are the main challenges of 

the existing grid. This approach is very efficient to construct, maintain and 

manage the grid because LanLinux provides a unified platform regardless of the 

local system. Member PCs may be used either local system or a member of grid 

depending on the user's selection at the booting time. Furthermore, hybrid grid 

supports high-performance with cheap expenses. In the experiment, we completed 

the orthologous database construction for 89 prokaryotes just in a week. Note that 

it requires 33 weeks when we use a single computer. In future, we will apply 

various applications to the grid system. 
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