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ABSTRACT 
Modern scientific enterprises are inherently knowledge-intensive. 
In general, scientific studies in domains such as geosciences, 
climate, and biology require the acquisition and manipulation of 
large amounts of experimental and field data in order to create 
inputs for large-scale computational simulations. The results of 
these simulations must then be analyzed, leading to refinements of 
inputs and models and additional simulations. Further, these 
results must be managed and archived to provide justifications for 
regulatory decisions and publications that are based on these 
models. In this paper we introduce our Velo framework that is 
designed as a reusable, domain independent knowledge 
management infrastructure for modeling and simulation. Velo 
leverages, integrates, and extends open source collaborative and 
content management technologies to create a scalable and flexible 
core platform that can be tailored to specific scientific domains. 
We describe the architecture of Velo for managing and 
associating the various types of data that are used and created in 
modeling and simulation projects, as well as the framework for 
integrating domain-specific tools. To demonstrate a realization of 
Velo, we describe the Geologic Sequestration Software Suite 
(GS3) that has been developed to support geologic sequestration 
modeling. This provides a concrete example of the inherent 
extensibility and utility of our approach. 

Categories and Subject Descriptors 
H.3.5 [INFORMATION STORAGE AND RETRIEVAL]: 
Online Information Services - Data sharing, Web-based services. 

General Terms 
Design, Management, Documentation 
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1. INTRODUCTION 
Simulation, along with theoretical and empirical studies, is firmly 
entrenched in many areas of science [1]. As the scale of 
computational models and simulations grow to address ever more 
complex challenges [2], it is becoming increasingly difficult to 
create simulation inputs and manage and analyze the results [3]. 
Several distinct scientific disciplines such as climate [4] and 
geosciences [5] have made significant investments in creating 
successful comprehensive data management and analysis systems. 
These however, have limited applicability to other scientific 
domains, or do not support the full modeling and simulation 
lifecycle.  

Much effort has been targeted at creating various generic 
technologies to support modeling and simulation across many 
science domains. For example, a number of approaches to support 
data provenance [6], workflows [7] and scalable distributed data 
management exist [8]. Many of the resulting technologies are 
deployed to provide point solutions for various user communities. 
Still, we are unaware of successful efforts to build a broadly 
applicable platform that can be easily tailored and used by 
different modeling and simulation domains. 

In this paper we describe our work to design and build a flexible 
foundational technology known as Velo that can be used in 
modeling and simulation projects to: 

 Capture, organize, query, and share experimental and 
observational data along with the tacit knowledge that is used 
to develop computational models 

 Provide versioning of model inputs for specific projects and 
association of outputs with specific input data set versions 

 Enable simulations to be launched on remote computational 
platforms (including HPC) 

 Support both tight and loose integration of 3rd party tools to 
facilitate various modeling activities such as model 
development and visualization 
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 Provide a collaborative user interface that can be easily 
tailored by users to meet the needs of specific scientific 
domains 

We refer to Velo as a knowledge management platform [9] for 
modeling and simulation. A knowledge management system 
(KMS) is an information and communication technology system 
developed to support and enhance explicit and tacit organizational 
knowledge [10]. For leading-edge organizations, KMSs are 
becoming a key factor in their success [11], thus contributing to 
wider deployment over a broad range of domains [12].  

The Velo knowledge management platform is designed around a 
novel integration of a collaborative Web-based environment and a 
scalable enterprise content management system. In this paper we 
describe the Velo architecture and its realization, and show how 
the user environment can be customized for use in modeling and 
simulation studies that support geologic sequestration of 
greenhouse gases. 

2. RELATED WORK 
Contemporary Laboratory Information Management Systems 
(LIMS) such as [23][24][25] share some common aims and traits 
with Velo. LIMS must manage large data sets sourced from 
experimental facilities, and make the resulting data sets accessible 
to their user communities. However, LIMS typically provide little 
support for modeling and simulation activities that leverage the 
data sets they manage, and focus on automating well-defined 
workflows for processing experimental data. In contrast, Velo is 
defined to support the more ad hoc, incremental and iterative user-
driven activities that are common in modeling and simulation 
projects. 

Several data management systems for scientific data exist, for 
example, the Storage Request Broker (SRB) [26]. The SRB 
supports controlled sharing, publication, replication, transfer, 
attribute based organization, discovery, and preservation of 
distributed data. These technologies are complementary in that 
they can be used to provide the large-scale distributed data 
management capabilities that Velo requires. The files that are 
stored can then be transparently linked to and accessed through 
the Velo user environment.  

At PNNL we have considerable experience in building first-of-a-
kind scientific user environments for computational chemistry 
[13] and bioinformatics [15]. These widely used technologies are 
targeted specifically at the respective domain scientists, and 
exploit a variety of off-the-shelf (e.g. Postgres, J2EE, WebDAV) 
and custom built components. We also have experience with 
leveraging semantic technologies for knowledge management in 
science with the Scientific Annotation Middleware technology 
[14]. Our efforts in Velo differ from these in that we are 
attempting to build a more generic scientific knowledge 
management architecture that can be easily tailored to specific 
scientific domains.  

Standard semantic wiki-based environments are useful for 
describing or documenting models and experiments [18] [19] but 
do not integrate with tools that assist with model execution or 
comparison. Model execution and comparison tools typically 
operate at a low level and do not facilitate collaboration and 
knowledge sharing.  Velo aims to couple the advantages of 
semantic wiki-based environment and modeling tools by 
integrating them into a collaborative framework. 

Other efforts are using wiki technologies as the core architecture 
for building new knowledge management services. For example, 
[16] describes three prototypes for enhancing a wiki’s textual 
content with a complementary visual representation of the 
knowledge, and [17] uses wikis as the basis for passive 
visualization of social networks graphs.  

Several knowledge base architectures have been proposed, for 
example [20][21], and a classification of these is given in [22]. 
Our approach shares some concepts and technologies with 
existing systems, but is differentiated by its attempt to leverage 
off-the-shelf software whenever possible. This provides a more 
timely, agile and robust solution. 

3. Velo ARCHITECTURE 
A large range of functional requirements have driven the design of 
Velo. These were derived from working with scientists in 
different modeling and simulation domains, for example carbon 
sequestration [29], and generalizing the findings to capture the 
common needs. From these discussions, some of the key drivers 
for the Velo architecture that emerged were as follows: 

 Support distributed, collaborative teams of modelers working 
on common problems 

 Support integration of external, off-the-shelf tools 

 Capture field and experimental data associated with a 
modeling project 

 Manage the evolution of models and their associated results 
over time 

 Exploit mature open source technologies to ensure a robust, 
scalable platform 

An overview of the resulting Velo architecture is depictured in 
Figure 1.  The design provides a clean separation of concerns 
between managing the user environment and its associated data, 
and storing and managing the content associated with models and 
simulations. This loose coupling ensures that the user 
environment and content management systems can evolve 
independently to exploit advances in their underlying 
technologies. It also allows customization of the user environment 
for specific modeling and simulation disciplines without 
impacting the underlying management of the associated modeling 
data. 

This core architecture provides other generic capabilities for 
incorporating third party tools into the user environment, and 
ingesting external data into Velo. These mechanisms are 
extensible so that discipline-specific tools and data can be 
seamlessly integrated and packaged for scientists to use. 

The following sections explain in detail the design and 
implementation of Velo. 

3.1 Velo Core 
The Velo collaborative user environment is built upon 
MediaWiki1. MediaWiki is a widely deployed Web-based 
technology, with a stable open source codebase, extensible 
architecture, and a wealth of available extensions that, for 
example, provide enhanced role-based security. It provides a PHP 

                                                                 
1 http://www.mediawiki.org/wiki/MediaWiki 
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