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Abstract 
 

This paper describes an adaptive data management architecture capable of supporting order-of-
magnitude data volume increases without a priori knowledge of data structures. The architecture 
allows users to generate and maintain data in optimal legacy formats while managing and 
extracting information with common analysis tools. This paper shows how an object-oriented 
data management system can manage both data and the knowledge imparted to the data by users. 
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Introduction 
 
Testing today’s complex systems generates tremendous amounts of data. Driven by data 
acquisition and storage technology capacities that exceed Moore’s law, T&E facilities are faced 
with a need for data generating capacities that continue to double every 12 months. At the same 
time, the ongoing testing of complex systems requires extracting information from many sources 
and providing engineers with time/event correlated data products. Complicating this task is the 
desire to leverage common analysis tools against heterogeneous data types while deploying an 
enterprise data management system that can adapt itself seamlessly to future unknown data 
sources and a geographically diverse user community. Fortunately, the same technological forces 
that generate these demanding requirements can be used to create ideal system solutions. This 
model embraces the diversity of data by allowing users to generate and to maintain data in 
optimal legacy formats while managing and extracting information with common analysis tools. 
Such an approach creates a tool for collaboration and a core foundational element of the modern 
virtual test facility. 
 



 2

OMEGA Data Environment  
 
OMEGA Data Environment (ODE) is one of the first applications designed from the ground up 
to be Object-Oriented Data Management (OODM) compliant.  OODM is a new application class 
that combines text-based indexing and search capabilities with standardized interfaces.  OODM 
provides a solution set that enables standard search technology to find and return data objects, 
coupled with an underlying object model that allows legacy and future data formats and 
processing engines to be accessed via standardized interfaces. By leveraging proven architecture 
and technologies from the commercial sector, it offers a robust, scalable solution to the problems 
associated with managing and exploiting the exponentially growing volume of data.  ODE adopts 
contemporary storage and infrastructure technologies to store, manage, and exploit data. 
 
ODE Data Objects 
 
ODE Data Objects (ODOs) are composed of data object metadata, standardized interfaces, and 
raw data elements. 
 
ODO metadata is an XML wrapper that describes in detail the ODO elements, interfaces, and 
sub-element specifics for the elements included and referenced by a given data object. ODO 
metadata provides a searchable index of data elements and sub-elements within ODOs. 
 
Based on an Object-Oriented Programming (OOP) class model, ODO interfaces are the 
programmatic framework exposed by the ODO model for access to, and interaction with, the 
data elements contained within the data object.  The interfaces consist of a series of methods and 
properties that control input/output and the manipulation of the encapsulated elements.  
 
ODE data object elements are the specific files, loaders, executables, documents, tools, and raw 
data sets that are required for an ODO to be self-describing and self-instantiating.  These 
elements are attached to data objects by inclusion or by reference.  If an element is attached by 
inclusion, it is held local to the data object and has a static link to current object instantiation.  If 
an element is attached by reference, a logical path is held internal to the ODO as a pointer to the 
element with a dynamic link.  Both methods have implications for object size and integrity. 
 
Source elements include raw data and baseline reference data sets for processing elements. 
Processing elements include processing, visualization, output, and formatting engines. 
 
Output elements are the products created by users as a consequence of interaction with source 
elements via processing elements that are deemed worthy of retention. They typically consist of 
the documents and files accessed by postprocessing applications such as Microsoft Word and  
Excel, Adobe Acrobat, Probe, and MATLAB. 
 
ODEs are dynamic.  Specifically, the ODE Publisher creates the first instance of a data object.  
The object is subsequently accessed by one or more users via browsers or other user interfaces 
utilizing one or more of the included processing elements.  During interaction, users may create 
additional output elements, source elements, or revised variables. 
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Legacy Integration 
 
ODE provides standardized open interfaces to the underlying data elements.  These data 
elements can include legacy and future file formats, applications, and output templates.  ODE 
mitigates the challenges associated with legacy integration by providing common programmatic 
interfaces for all underlying data elements regardless of the data’s heritage.  This abstraction of 
underlying data elements specific to a common object model with open interfaces allows users to 
continue to leverage their existing investment while building scalable systems for future growth. 
 
Historical Perspective 
 
As users interact with ODE data objects, they have the opportunity to add information to those 
objects.  The information resulting from these interactions is captured in the object metadata, 
which is indexed and made available to other users.  This organic growth of data objects through 
user interaction provides a powerful vehicle for enterprise-wide collaborative knowledge growth.  
The result is a heretofore unrealized ability to leverage the collective knowledge of the enterprise 
enabling users to learn from history rather than unknowingly and unintentionally repeating it. 
 
Time to Results 
 
As the pace of commercial product development continues to accelerate, T&E customers 
demand results in less time and for less money.  ODE offers a solution to this problem by 
offering a standardized framework for information management and exploitation by using and 
reusing COTS tools.  This enables testers to focus on performing quality testing instead of 
building one-of-a kind tools and technologies.  Most importantly, ODE delivers an order of 
magnitude increase in productivity when searching and managing binary large objects (BLOBs) 
data. 
 
 

Conclusion 
The tremendous increase in data acquisition bandwidth, storage depth, and processing capability 
has the potential to produce increased fidelity in test results.  It also presents a rapidly mounting 
challenge in how data is stored, distributed, managed, and exploited.  The OMEGA Data 
Environment is one of the first in this class of emerging OODM applications available for 
commercial consumption.  By utilizing XML metadata to expose native data elements, it 
provides a rich framework for programmatic search and interaction with complex data.  It also 
provides a solution set for the incorporation of legacy data while extending a flexible coupling to 
future data types.  Because ODE can encompass all data types, from raw data to end results, 
collaboration is enhanced, and meaningful results are generated in significantly less time with 
less effort and for significantly less money. 
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