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Abstract Chin and Lansing [4] state that the research and develop-
ment of scienti ¢ collaboratories had, thus far, a tool-ren
Various research approaches have been proposed to studypproach. The main goal to design the collaboratories may
the OSS movement. To facilitate this OSS related researchnow move beyond developing general communication mech-
we designed and implemented an online research collabo-anisms to evaluating and supporting the very nature of col-
ratory. It is not only a repository including over two years |aboration in the scienti ¢ context [4].
of monthly database dumps from SourceForge.net, but also  Although our collaboratory may be one of the pioneers
an online community supporting OSS related research. Wein supporting software-developing research, researdhlzol
describe the design and implementation of the research col-oratories supporting bioinformation and genome researche
laboratory and usage statistics for the year 2006. are the well developed due to the gigantic volume of infor-
mation involved. There are many successful research col-
laboratories for biotechnology researches. NERBI one of

1 Introduction them. Other successful collaboratories include FlyBise
VectorBase®, EMBL 4 and GenomeNet

A collaboratory is, as a commonly accepted de nition by
Cogburn [3], “more than an elaborate collection of informa- 3  Collaboratory Design
tion and communications technologies; it is a new networked
organizational form that also includes social processals; ¢ We designed our collaboratory using a three-tier hierar-
laboration techniques; formal and informal communication chy. These three tiers are:
and agreement on norms, principles, values, and rules.”

As described by Cogburn, we designed our collaboratory
as not only a repository, where the raw data set and related
analytical toolkits are stored, but also a community, where
researchers sharing the same interest can work and discuss
with each other about the related research.

1. Data tier (back-end data storage): Since the research
collaboratory is a data-centrical system, a data repos-
itory is at the back end of the system to store all the
related information. Normally, database is the imple-
mentation of the data repository at the back end. The
major tasks of this tier include an appropriate schema,
an appropriate backup strategy and an appropriate load-

2 Related Work balancing technique. The design and implementation of

this tier de ne the reliability, integrity and performance
Problems of geographic separation are especially present  of the collaboratory.

in large research projects. The time and cost for traveling,
the dif culties in keeping contact with other scientistbet
control of experimental apparatus, the distribution obinf
mation, and the large number of participants in a research ‘*http://iwww.ncbi.nim.nih.gov.
project are just a few of the issues scientists are faced with ~ 1:// ybase.bio.indiana.edu.

. . L. http://www.vectorbase.org.
Therefore, collaboratories have been put into operatioe-in Shttp:/fwww.ebi.ac.uk/embl.
sponse to these concerns and restrictions [5].

2. Presentation tier (front-end web interface): This teer i
responsible for formatting the information and deliver-

1 Shttp://www.genome.jp.



ing it to the end user. It relieves the user of concerns
in regard to data representation within the logic tier or
the data tier. A web interface is one of the commonly
used front-end tiers. The major tasks of this tier includ-
ing providing various access methods to the backend
repository and providing community support for the re-

searchers. The design and implementation of this tier
de ne the availability and usability of the collaboratory.

. Logic tier (middle-layer service provider): This tierim
plements most of the processes and functions provided
in the presentation tier and usually these processes and
functions are based on the information stored in the data
tier. Most of the programming language supporting net-
working can be used in this tier. The major functionality
of this tier is implementing every function provided in
the presentation tier. The design and implementation of
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This top tier is the user interface.
The main function of the interface is
to translate tasks and results to
something the user can understand.
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this tier de ne the functionality of the collaboratory.

Figure 1. Three-tier Hierarchy for Our Collabo-
ratory

4 Implementation and Discussion

We built the research collaboratory for the Open Source
Software Research based on the monthly database dumps we
receive from SouceForge.net [2] under a data sharing agree-SF0103” stores the database dump of January 2003. In ev-
ment. We used the three-tier hierarchy to implement our col- €Y schema, we copy the intact table de nitions from the cor-
laboratory. Details about the hierarchy used in our colabo responding database dump as the table de nitions.
ratory are shown in Figure 1. Another important task of the data tier is the backup strat-
We will explain details about these three tiers in our col- €9y- Since our repository should expand only every month,
laboratory in the rest of this section. a new database dump is restored. A periodic (monthly) full
repository backup is good enough to keep the repository full
recoverable. This backup action can be initialized by cron
job or manually. In addition to this periodic full reposiyor
i ] ] ) ] _ backup, we also keep a full backup of the database dump les
First of all, we will explain the data tier. As discussed in ;, e there is potential error during data loading.

the previous section, there are three major tasks in degjgni As to load balancing, we applied connection management
:_-,he| dat_a tier — repository schema, backup strategy and Ian)nly for our collaboratory. This is because currently our
alancing.

4.1 Data Tier

) back-end database is only a single server hosting the “time-
Every month we receive a database dump from Source-jine» database and load balancing is not necessary. Instead
Forge.net. We need to design a repository schema supporteonnection management is needed to relieve the back-end
ing evolving data sets. So a multiple-layer data schema isggrver from a possible heavy load of querfes In order
used in the data repository. Timeline is the name of the (0P, mjtigate the possible overloading issue for the database
level — the database, where all the data dumps from Source'server, a connection pool mechanism is engaged. The con-
Forge.net are stored. In the database, there are multiplg,qction pool mechanism is shown in Figure 2.
schemas’. Every schema represents a single month, and The connection pool entity acts like a daemon running on

stores the database dump from SourceForge.net of the Cor&ne yatapase server, which keeps a predetermined number of
sponding month. These schemas are named from the montlﬁersistent links to the database — “timeline.” This predete

of the corresponding database dump. For example, schema

“According to our statistics, in June 2006, we received 16 @deries,
returned 13,343 les in total size of over 26G from just 24iaeusers.

A logic level between database and table.



ogy 8. The wiki engine (the collaborative software) we are
using isMediaWiki which is also the wiki engine used by

Connecti P wikipedia®. Figure 3 is a screen shot of the user interface of
P oot e the collaboratory using the wiki technology.
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Connection Pool Timeline

Figure 2. Connection Pool Design

mined number can be adjusted, according to the processing

power of the database server. From the logic tier point of

view, this connection pool entity works like a virtual back-

end database. Every request to access the database will be

submitted to the connection assigner, and the assigner will

assign an idle link to the request procedure, if availabid, a

recollect the link when the work is done. If every link is busy

the request will be queued at the connection assigner for the

next available link to access the real back-end database. By

engaging the connection pool mechanism and setting the ap-

propriate number of persistent links, it is guaranteed tmat

database server won't be swamped by connections and ev-

ery requests will be queued at the connection pool without Figure 3. Screenshot of the Wiki Interface
suffering from bad performance or dropping. Also, by ad-  for “SourceForge Research Data Archive:
justing the number of persistent links, we can tune up the A Repository of FLOSS Research Data”
performance of the back-end database. (http://zerlot.cse.nd.edu/).

4.2 Presentation Tier

S . Another major function of the presentation tier is the re-
The presentation tier is the user interface of the research J P

. . stricted repository access. The web interface module is im-
collaboratory. Community support and repository access ar . .
_ . o plemented using Perl script and ODBC. There are two sub-
two of the major functions of the presentation tier. However

. ) . interfaces provided in the web interface — database query in
normally these two functions have different requiremeats f . .
o . . - terface and the schema browser interface. Authorized users
authorizations. For the repository access, tight authticm can submit aueries directly to the backed repository thnou
is needed to avoid information abuse. On the other hand a y P y 9

community support needs relatively loose authorizatiah an the database query interface. And the schema browser pro-
y supp y . vides a dynamic interface to browse the database schema of

actually, sometimes anonymous users' contributions are vi . . . . .
Y y the repository, including available schemas and table ide n

tal to a “virtual” community (e.g., online bulletin boardrse . . . . .
. . N . . tions. Details about the implementation of these functions
vice). Thus, in our presentation tier, public community-ser . . . . L
will be discussed in the next subsection about logic tier.

vice and restricted repository access should be provided wi
layered authorization. All users, including anonymoussise
can access the community; registered users are allowed to
post on the community and only specially authorized users 8A wiki is a type of website that allows visitors to easily add, remove

can access the back-end repository through the web ingerfac otherwise edit and change some available content, sometiitrerit the
. need for registration. The ease of interaction and operatiake a wiki an
or programmable interface.

i i ] o effective tool for collaborative authoring.
For the public community service, we used wiki technol-  ®http://www.wikipedia.org.




4.3 Logic Tier With the schema browser, a typical user query can be di-
vided into two steps. The rst step is to retrieve the related
Logic tier includes all the processes implementing ev- table names and attribute names. The next step is to generate
ery function in the presentation tier. In our implementatio the query using the information retrieved in the rst steglan
access to the data repository is one of the major functionssubmit the query. This two-step approach provides a com-
needed to be implemented in the logic tier. There are two plete solution for users for submitting queries to access th
kinds of access methods to the back-end repository provideddynamic evolving back-end repository.
in our collaboratory — web access and programmable access. Although most of the query for the data repository can
Web access is the simple method to access the back-entte completed through the simple web access, there are some
repository and it is used to implement the database query in-situations where simple web access is not enough. For ex-
terface discussed before. In case the query can be describeaimple, if the user has a sophisticated request than cannot be
as a single query and submitted through a web page, weldescribed using single query or the user needs use prosedure
access is the preferred access method. In our implementafqueries with control structure like loop and conditionjtie
tion, authorized users can submit queries through a prdvide query, programmable access is needed. Currently only web
web page; the result will be saved in the user directory and beaccess is open to our users, but web service functionality is
made available for download by the user. We use les insteadin testing phase, which will allow programmable access to
of returning the result directly to the user to avoid unexedc  the back-end repository.
network delays and other problems. Also, by saving the re-  This collaboratory is implemented for the Open Source
sultin a le, we can avoid duplicate requests to mitigate the Software Research community. We provided access to the
burden on the back-end repository. Figure 4 is a screenshotlata repository of the SourceForge.net database dump and
for the query page. published our research about SourceForge.net in the eollab
oratory. Although it is a fairly new community, the statisti
show that the usage of the collaboratory is promising. We
expect this collaboratory could contribute to the reseaifch
Open Source Software.

5 Usage Statistics

The size of the database recently exceeded 450GB. There
are over 80 registered users worldwide. In a typical month,
15 to 20 users will query the database. There are 27 schemas
that make up the database. Since late June of 2006, the server
has received approximately 488 queries per day on average.
Figure 5 has query and download statistics by month for the

year 2006. On the left y-axis is queries per month. On the
Figure 4. Screenshot of the Restricted Query right y-axis is data downloaded in gigabytes per month.
Form for Our Collaboratory.

Queries and Downloads by Month
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In our previous discuss, we mentioned that the schema of

the data repository is evolving. It is dif cult for us to keep 1o000 10
publishing up-to-date schema on the wiki site and it is im- e o s
possible for the user to query the data repository withogit th
current knowledge about the schemas. To solve this problem,
we provided a dynamic schema browser, which is simply an-
other web query system about the data schemas only. By us-
ing the schema browser, users can pull the current schema di-
rectly from the back-end repository and then query the back-
end repository according to the current schema.
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Figure 5. Usage statistics for the year 2006



6 Conclusion

We designed and implemented the research collaboratory
for OSS related research. The collaboratory includes asrepo
itory for the research-related information and a community
for the researchers to cooperate with each other in the re-
search. The collaboratory provides a method to share in-
formation, publish the research results, discuss it witkr pe
researchers and promote future research in the domain.

We implemented our research collaboratory using three-
tier hierarchy. For the data tier, we designed a self-englvi
data schema, periodic backup strategy and a connection
control mechanism to ensure the reliability, integrity and
performance of the collaboratory. For the presentatian tie
we built a community service for the collaboratory using
wiki technology and a web access module (restricted query
and dynamic schema browser). We are also testing three web
service protocols to implement the programmable access
module. For the logic tier, we implemented the functions in
the web access module, including restricted query and the
dynamic schema browser, using Perl and ODBC. The design
of the collaboratory should permit additional data set to be
added, including those collected from other open source
project sites and researcher's own contributed data sets.
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