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ABSTRACT 
The National Geothermal Data System (NGDS) De-

sign and Testing Team is developing NGDS software 

currently referred to as the “NGDS Node-In-A-Box”. 

The software targets organizations or individuals who 

wish to host at least one of the following:  

• an online repository containing resources for the 

NGDS; 

• an online site for creating metadata to register re-

sources with the NGDS 

• NDGS-conformant Web APIs that enable access 

to NGDS data (e.g., WMS, WFS, WCS); 

• NDGS-conformant Web APIs that support dis-

covery of NGDS resources via catalog service 

(e.g. CSW) 

• a web site that supports discovery and under-

standing of NGDS resources  

A number of different frameworks for development 

of this online application were reviewed. The NGDS 

Design and Testing Team determined to use CKAN 

(http://ckan.org/), because it provides the closest 

match between out of the box functionality and 

NGDS node-in-a-box requirements. 

To achieve the NGDS vision and goals,  this software 

development project has  been inititated  to provide 

NGDS data consumers with a highly functional inter-

face to access the system, and to ease the burden on 

data providers who wish to publish data in the sys-

tem. It is important to note that this software package 

constitutes a reference implementation. The NGDS 

software is based on open standards, which means 

other server software can make resources available, 

and other client applications can utilize NGDS data.  

A number of international organizations have ex-

pressed interest in the NGDS approach to data access. 

The CKAN node implementation can provide a sim-

ple path for deploying this technology in other set-

tings. 

Introduction 
Significant growth in the geothermal energy contri-

bution to the national energy portfolio requires reduc-

ing the risk and cost of defining resources, character-

izing new classes of larger energy resources, and op-

timizing management and expansion of exploited ge-

othermal fields. Achievement of these objectives 

largely depends on access to accurate geoscience in-

formation. Today, much of the existing information is 

inaccessible or difficult to locate and access. A DOE 

report by Deloitte (2008, pg. 27) concluded that "A 

study conducted in 2000 for NREL (Entingh, D., 

2000) revealed that over a 25-year period, numerous 

geothermal research efforts were conducted with 

state and federal funding. Despite these efforts, the 

analysis and information contained in those research 

documents is difficult to access without significant 

research efforts. That same study cited that much ge-

othermal resource attribute data also exists but is dis-

tributed among numerous locations and often stored 

in boxes, without any data index or organization." 

Most of this data is unstructured and consists of doc-

uments such as publications, notes, images, or fig-

ures. There is also a rapidly growing body of struc-

tured data available that allows for new understand-

ing or industrial exploitation of geothermal systems.  

The NGDS is a distributed, interoperable network of 

data repositories and state geological service provid-

ers from across all fifty states and the nation’s lead-
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ing academic geothermal centers. This project is 

sponsored by the United States Department of Ener-

gy’s Geothermal Technologies Program under Award 

# DE-EE0001120-#004. The ultimate goal of the 

NGDS  is to support the discovery and generation of 

geothermal sources of energy. NGDS will provide 

critical geothermal-related data that can be easily ac-

cessed to:   

· Help companies be more (cost and time) effec-

tive in exploration, development and usage of 

geothermal energy  

· Support a knowledge repository and archive for 

geothermal data, lessons learned, reports. 

· Advance earth sciences by identifying gaps in 

our knowledge and informing new knowledge. 

· Increase public awareness in geothermal energy 

These goals can only be accomplished if NGDS pro-

vides a quality user experience, and is widely adopted 

by users in the geothermal community.  There are 

three targeted user communities for NGDS, and each 

user group has different goals, needs, and tasks when 

interacting with NGDS.  

· Data providers who will expose information to 

NGDS through standardized, internet-accessible 

interfaces and interface formats. 

· End users or data consumers who will utilize 

NGDS to access data to support their work in 

geothermal energy exploration and development. 

· Application developers who will build applica-

tions that utilize the data in NGDS, and make it 

easier for end-users to interact with the system." 

To facilitate utilization of existing data by the geo-

thermal research and development community, the 

National Geothermal Data System project is develop-

ing three types of functionality: (1) data presentation 

and analysis applications, (2) applications for effi-

cient searching across data repositories, (3) metadata 

repositories (catalogs) describing geothermal data re-

sources and supporting efficient search, and (4) re-

positories for geothermal data resources. This system 

is a full scale deployment of the distributed geosci-

ence information network concepts developed by the 

USGIN project (http://usgin.org). 

Figure 1 depicts the deployment and interaction of 

the three application types. Data repositories (3) ena-

ble storage of research data with associated metadata 

to support data discovery, evaluation, and utilization. 

Presentation and analysis applications (1) are specifi-

cally designed to make use of structured data. They 

allow for statistical analysis as well as for human-

user friendly presentation of structured data. The 

Lookup service (2) acts as glue between the analysis 

applications and the repositories. It allows for search-

ing across multiple repositories. The lookup service 

includes a Portal application that provides a user in-

terface for searching for and reviewing data. It allows 

for simple data exploration, addition of annotations 

on data, and data downloading. 

The NGDS is designed based on a service-oriented 

approach using open standards to support data access 

by a wide variety of software applications, promote 

novel approaches to data analysis, and foster the de-

velopment of tools by third parties. The key protocols 

for current deployment are the Open Geospatial Con-

sortium (OGC) geographic data protocols (WFS, 

WMS, and CSW) and the underlying standard Web 

protocols (HTTP, FTP). HTTP provides functionality 

for basic file access, while the OGC protocols are 

used to search across the repositories, access data and 

to display it in appropriate form.  

In this paper we outline the design of a system that 

enables storing and annotating data with geographic 

reference, searching data across multiple data reposi-

tories and use of this data in simple data browsing 

tools. As a basis for this system we are using CKAN, 

an open source, python-based framework application 

that brings many features required for the file-

repository and search function, as well as extensions 

that implement some basic geographic data capabili-

ties. An important aspect of our system is the imple-

mentation of an intuitive, functional user interface 

that supports search across the grid of data reposito-

ries. 

The next section discusses example user scenarios. 

We then analyze the gap between NGDS require-

ments and the off-the-shelf features provided by 

CKAN, and finish with a high level view of the node-

in-a-box implementation using CKAN. 

User Scenario: Geothermal Data 
Repository 
A user has a scanned report on reservoir modeling at 

a geothermal development prospect, based on a da-

taset of temperature, lithologic and geophysical log-

ging of 200 boreholes. The report is to be registered 

as a document resource for the NGDS, the maximum 

temperatures measured for each well are to be pub-

lished as a data service and the scanned logs are to be 

registered a resources indexed to the borehole from 

which they were obtained 

Figure 2 shows the services, features, data instances 

and metadata that would be involved in describing 

the data resources from this collection. Services in-

clude the metadata catalog service, and data services 

for well headers (one record for each well), well log 
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observations (one record for each well log), and 

borehole temperature observations (one record for 

each temperature measurement, 0 to many measure-

ments per well at different times or depths). Metadata 

would include a metadata record describing the 

scanned report document, with a link to the web loca-

tion from which the report can be obtained. Ideally, 

the metadata for the report would also include links 

to related well header records for that report, and the 

well header records would include links to the related 

report that discusses results from the well. Each well 

header record also includes links to related well logs 

and temperature observations from the well. 

The fields in the feature or record types are defined 

by NGDS content models. Users access data and 

metadata through service interfaces that provide re-

sponses in standard XML interchange formats that 

implement the NGDS content models. NGDS ser-

vices are defined by OGC specifications (CSW 2.0.2, 

WMS 1.3.0 and WFS 1.1.1). 

The described dataset could be incorporated into the 

NGDS at several levels. The simplest would be to 

create a metadata record for the scanned reservoir re-

port and get the scanned report accessible online. The 

summarized temperature measurements would be in-

cluded as tables in the paper. This is referred to as 

Tier 1 data delivery. 

Tier 2 data delivery would consist of registering any 

data tables (well locations, temperature measurement 

points) that are included in the original data as data 

sets using the schema from the original data. The da-

taset could be published via a web service; this does 

not result in an interoperable data service, but still 

provides better access to the structured data. Metada-

ta for the services would have to include a data dic-

tionary.  

Figure 1.  Services, features, and content associated with a reservoir modeling report based on a collection of 

well log data.  

 

Figure 2. Geothermal Repositories, Lookup Services 

and Presentation Applications. 



The preferred data publication approach is to load da-

ta for well locations into the NGDS well header con-

tent model, information about the well logs into 

NGDS well log observation content model, and the 

temperature measurement data into the NGDS bore-

hole temperature content model, and publish the data 

using OGC WMS (for map images showing the loca-

tions of wells), and WFS (to provide structured data 

describing the wells, logs, and temperature measure-

ments). This is Level 3 data delivery, and requires da-

ta integration (into the standard content model and in-

terchange format) by the data provider, but makes da-

ta acquisition and utilization simpler for the data con-

sumer. 

User requirements for a data provider in this scenario 

include a metadata editor to create NGDS-compliant 

metadata, a publicly accessible web location to place 

the file for Level 1 access. For level 2 or level 3, a 

WMS and WFS server software installation must also 

be available; the user must also have the necessary 

permissions to copy files or data into the publicly ac-

cessible file system or database supporting the OGC 

service server. 

Example User Scenario: Data Dis-
covery 
Metadata and data resources can be published from 

any node in the system, but an important system re-

quirement is that a data consumer can search and ac-

cess these various data resources from a single point 

of entry. This requirement will be met by providing a 

system node that aggregates metadata from the vari-

ous publishing nodes, and provides a map-based 

search interface. Searching via this portal application 

will locate registered resources anywhere in the sys-

tem; the metadata for the resources will include nec-

essary information to access the resource without the 

user having to go to a new web location. This scenar-

io implies two sets of requirements. One set encom-

passes the functions necessary to configure an aggre-

gating node to harvest metadata from other nodes, 

and the functions necessary to execute the harvest—

getting the records, avoiding duplication of metadata, 

and validating acquired records. The second set of 

requirements encompass the search application func-

tions, including: maintaining search indexes; display-

ing search results as extents on a map, in summary 

lists, and the full metadata record formatted for read-

ing on screen; simple data browsing capabilities for 

data evaluation; and data download of full or filtered 

datasets. 

The two scenarios discussed here are fundamental to 

system operation, but do not include a variety of oth-

er use cases for system administration, monitoring, 

and maintenance. These are not considered here. 

Framework Candidates 
The first major choice facing the development team 

was to select a development framework. AZGS de-

velopers had done significant work on components to 

support the AASG Geothermal Data project (AASG 

package), and Siemens developers had done signifi-

cant work developing a software package to support 

the Southern Methodist University Heat Flow Data-

base project (GTDA package). Several other software 

projects were identified that provided some of the ca-

pabilities required for the NGDS node-in-a-box con-

cept; these are summarized in Table 1. 

Architectural Drivers 
A major consideration in the evaluation is the long-

term viability of the node-in-a-box application devel-

oped for NGDS. Building on an existing, active and 

widely used open-source project is considered a ma-

jor asset to assure long term viability of the applica-

tion.  

Other significant factors that were considered of high 

value in the development framework include: 1) 

adaptability of the user interface to be compatible 

with an independently developed user experience 

concept for NGDS users; 2) ease of extensibility, 

with a plug-in architecture that allows addition of 

functionality without having to modify the core 

codebase; 3) support for geographic data and map-

based search and data browsing; 4) support for ad-

Table 1. Open source frameworks reviewed for project use. 

Project URL Description 

CKAN http://ckan.org/ Open source project, maintained by Open Knowledge Foundation 

GeoNode http://geonode.org/ platform for the management and publication of geospatial data; 

mature open source project 

DSpace http://www.dspace.org/ turnkey institutional repository application; mature open source 

project, maintained under the stewardship of DuraSpace, a not-

for-profit organization 

 



ministrative activities like user management, access 

control, and activity logging. 

Gap Analysis 
The five candidate packages (AASG, GTDA, 

DSpace, CKAN, and GeoNode) were evaluated in a 

gap analysis comparing out of the box capabilities 

against a compiled set of requirements for the NGDS 

node software. The analysis considered feature com-

pleteness, based on how many of the required fea-

tures are supported by the framework, and the diffi-

culty of implementing missing functionality.  

The result of this analysis placed CKAN as the best 

candidate framework. Decision to utilize CKAN was 

reinforced by its adoption by various government 

open data initiatives, and the responsiveness of the 

CKAN community to our requests for information 

and assistance.  

CKAN 
CKAN is a sophisticated application framework that 

provides many functions helping us to implement the 

application functions as laid out in the introduction. 

CKAN is written in Python and makes use of a varie-

ty of open source frameworks. The base framework is 

Pylons [http://www.pylonsproject.org/about/pylons], 

which itself is a combination of various open source 

frameworks integrated to form the basis for Web-

based Enterprise-level applications. 

 The primary CKAN user scenario is data storage and 

management. Its core functionality consists of three 

features:  

1. File storage,  

2. Metadata management, and  

3. Management of structured data.  

In addition it offers a plug-in mechanism enabling 

developers to rapidly extend CKAN’s core function-

ality. There are now a number of powerful extensions 

available supporting the development of productive 

data management sites. Most importantly, it provides 

an extension (ckanext-spatial) that supports geo-

graphic features as well as exposing metadata accord-

ing to the OGC standard catalog service (CSW). Al-

so, it is possible to modify or override CKAN’s ra-

ther simple default UI in various ways.  

Finally, CKAN implements typical housekeeping 

features (user management, logging, etc.) that are te-

dious to implement but crucial for the site’s usability.  

In the following we discuss these features and how 

we intend to extend CKAN with the remaining miss-

ing features we need for our data storage application.  

Figure 3 shows the most important components of 

CKAN. The most elemental functions are grouped in 

the CKAN core component. A large number of these 

components provide infrastructure for the two core 

function blocks CKAN file storage and CKAN 

Metadata management. The remaining components 

inside the core provide basic essential services such 

as information persistence on the data management 

layer or session management on the service layer. Of-

ten these services are implemented using existing 

open source frameworks. All of these components 

expose a well-defined API, accessible in two ways: 

(1) a RESTful Web-service accessible to Web UI de-

signers. (2) via an extension interface. Developers 

can use the second approach to add features to a 

component, or to “hook into” CKAN’s core features. 

Extensions can inject callback functions that are 

called when certain activities are ongoing (e.g. up-

load of a new file). The following section describes 

some of the more important components depicted in 

Figure 3. 

CKAN File Storage 

The CKAN file storage feature provides the function-

ality to store, update, and delete files of arbitrary 

type. Stored files can be grouped into datasets and 

exposed under a single URL allowing external refer-

ence to them. Similar to a resource management sys-

tem like Subversion (SVN), CKAN keeps track of the 

history of files. CKAN provides two file storage im-

plementations: The first one maps the uploaded files 

to the file system of the underlying operating system. 

The second one allows for storing files on cloud 

drives. In both cases a Postgres database is used for 

persisting the state of the file store. 

CKAN Metadata Management 

The CKAN metadata feature provides the function-

ality to associate metadata entries to datasets. Out-of-

the-box, CKAN implements a rather simple metadata 

concept that maintains  very limited  metadata con-

tent about the stored documents. However, CKAN is 

designed so that the default metadata content and UI 

can be extended with some Python programming.  

The metadata can also be used to search for datasets. 

CKAN uses SOLR for indexing the metadata and 

provides an API for searching through that index. Its 

default UI provides a very simple search bar. Any da-

taset with metadata containing the entered key words 

will be returned as a list. 



Structured Data 

CKAN’s file management feature allows for manag-

ing arbitrary files, which are handled as atomic 

blocks that cannot be searched internally or accessed 

in sub units. However for structured data, e.g. a table 

stored in a CSV file,  it is useful to be able to return 

individual fields to the UI so that they can be viewed 

in an appropriate form (e.g. tables, or charts). 

CKAN’s datastore extension takes care of this func-

tionality. It allows for uploading structured docu-

ments into a database so that they can searched and 

search results be returned to the UI. In fact the datas-

tore extension allows for returning such structured 

data as JSON objects that can be handled in an ap-

propriate way by the UI.  

Custom extensions are necessary to take full ad-

vantage of the datastore’s features; these also require 

implementation of an appropriate UI. One required 

extension that must be developed is support for OGC 

services required by NGDS architecture. 

Spatial data 

Many data storage applications have to keep track of 

data associated with geospatial information, i.e. they 

are associated with areas on a map. CKAN comes 

with an extension that allows for associating geospa-

tial information with datasets and provides a geospa-

tial search feature, i.e. datasets can be searched on a 

map. The feature also works closely with map widg-

ets that can be incorporated into the UI. However, 

there is no default UI for map-based search, and this 

will need to be developed by the project. The spatial 

extension also provides the capability of exposing 

metadata via the standard OGC catalog protocol 

(CSW) required by NGDS architecture. 

Harvesting 

Harvesting is an operation in which one node repli-

cates metadata records from another node. The basic 

NGDS deployment plan is to harvest metadata from 

all NGDS nodes into a single aggregating node that 

will host the search application for the NGDS data 

access portal. CKAN provides an extension that ena-

bles harvest functionality. For our geothermal appli-

cation this is a crucial feature. CKAN offers a UI for 

managing harvesting but the functionality can also be 

accessed via a command line tool. 

Extensions via the Plugin Interface 

CKAN provides an extension interface allowing de-

velopers to add functionality to the storage system. 

(see Figure 3). The extension interface provides for 

three features: (1) It allows new extensions to “hook” 

into CKAN’s core components, (2) it allows new ex-

  

Figure 3. CKAN Architectural components and interfaces. Blue components are developed by the CKAN Commu-

nity, orange components will need to be be built for NGDS requirements. 



tensions to make use of the API of the system which 

is provided as a “toolkit”, and (3) it allows new ex-

tensions to make new “hooks” available. 

Hooks are places within the component’s code at 

which extensions can register callback functions to be 

called when the relevant code segment is executed. 

This way an extension may add additional functional-

ity, for example when a file is uploaded to the sys-

tem. An extension can also provide hooks on its own 

so that other extensions can register callback func-

tions. The functionality of the CKAN core features is 

aggregated in a toolkit that provides a well-defined, 

stable interface with a standardized obsolescence 

strategy. Using these three features developers can 

modify or extend all important steps in the data stor-

age workflow. 

Extension of the UI 

CKAN provides a very basic out-of-the-box UI, 

mostly for educational purposes as an example to 

helps developers design UI’s dedicated to their spe-

cific application. CKAN incorporates the Jinja 2 

HTML templating system (http://jinja.pocoo.org/) for 

user interface construction. Web interface applica-

tions can access CKAN’s core functionality via the 

CKAN RESTful API. CKAN’s URL routing system 

also allows mapping URLs to functions within a user 

extension for additional customization options. UI 

developers can use any of these three mechanisms to 

override CKAN’s default UI by providing a path to a 

UI overriding directory in CKANs configuration file. 

CKAN will search first in this directory for resources 

and only afterwards in the default directories. 

Adaptation of CKAN for NGDS 
CKAN offers many of the features required for 

NGDS but there are several adaptations and exten-

sions that must be implemented. The simple default 

CKAN UI needs to be replaced with a UI following 

the NGDS look and feel and supports the NGDS-

specific features. This NGDS user interface design 

has been developed using wireframes and user feed-

back, independently of the decision on the implemen-

tation software framework. The interface needs to in-

corporate a very flexible map widget that will be used 

to search for resources as well as visualize search re-

sults. The UI shall also realize faceted search capabil-

ities to facilitate seamless combination of multiple 

search parameters to filter search results. The look 

and feel and functionality of the NGDS UI requires a 

ground-up UI implementation based on CKAN’s 

template system.   

Other features not provided by CKAN or any of its 

extensions, but required for NGDS include: 

1. Creation of NGDS metadata, including spa-

tial extent 

2. Uploading structured data with geospatial 

information 

3. Consistency check for well-known struc-

tured data files 

4. Providing OGC services for uploaded struc-

tured files with geo-spatial information 

5. Full-text indexing of documents 

6. Role-based right for uploading and publish-

ing data 

7. User feedback and rating of uploaded data 

The most important ones are discussed in the follow-

ing: 

Handle structured data that includes geo-spatial 

columns 

One basic extension we require is the capability to 

handle structured data that contains geospatial infor-

mation. Note that the CKAN’s spatial extension can 

search spatially but it does not support uploading 

CSV files with geospatial information. It merely as-

sumes that the data are already uploaded. In order to 

support this functionality we will have to add a new 

hook into the CKAN datastore and to implement a 

new extension. The following Figure 4 depicts how 

the components interact with each other. 

Spatial data adapterDatastoreUser Datastorer Postgres

upload(file.csv)

post(data)

createTable

insert data

trigger 

extension

calculate 

spatial data

Insert 

spatial data

Figure 4: Message Sequence Chart handling structured 

data with spatial information. ‘Spatial data adapter’ is 

a custom component to be implemented by the project. 

As before the CKAN datastorer and datastore will be 

used to upload structured data files and to create a ta-

ble with the data in the Postgres database. The datas-

tore will then trigger the new extension to create the 

column in the table containing the spatial information 

required by PostGIS (the FOSS geospatial extension 

for Postgres) for spatial operations. 

http://jinja.pocoo.org/


Checking consistency of uploaded structured data 

files 

When structured data that use a registered template 

format are uploaded, CKAN will validate the upload-

ed data for consistency with the template require-

ments. This operation can provide automatically cal-

culated metadata such as minimum values, maximum 

values or averages in a dataset. A new extension is 

required to realize the validation function. Exactly 

where this extension will hook into the CKAN work-

flow remains to be determined. 

Providing OGC services 

A major gap in CKAN functionality is missing sup-

port for the OGC services WFS and WMS. Imple-

menting these services as extension to CKAN would 

require significant effort, and is unnecessary because 

the services are implemented by GeoServer 

[http://geoserver.org/], another FOSS component we 

will use.  An extension is required to connect the 

CKAN datastore with GeoServer. This extension will 

use the GeoServer API to dynamically configure and 

deploy new OGC services on the node GeoServer 

whenever a structured file is uploaded that contains 

geospatial data. In its simplest form this extension 

will provide GeoServer with an SQL view to the 

newly inserted data. More complex functionality in 

the future could create more complex OGC services 

that combine data from various tables or execute 

complex calculations before deploying a service. 

Fulltext Indexing 

Although we are putting significant effort into han-

dling structured data the majority of uploaded data 

will consist of unstructured information such as pub-

lications. For such data it is important that we are 

able to have a full-text index available for searching. 

We will make use of SOLR in order to realize the full 

text indexing feature. SOLR will be triggered to in-

dex uploaded documents via an extension hooked in-

to the upload process. 

Role-based Uploading 

In NGDS upload and publishing rights shall be re-

stricted to authorized users. Moreover, it must be 

possible to separate the right to upload data from the 

right to publish data. We envision a process with se-

lected users with upload permission (so-called data 

submitters) and selected users with publishing rights 

(so-called data stewards). Data stewards may review 

uploaded resources and decide if they are of suffi-

cient quality for publishing. 

It will not be possible to provide this functionality 

without modifying CKAN core features. First of all 

we need to introduce the new role “data steward” 

which does not yet exist. In a second step we have to 

provide a way for the system to control access to re-

sources. We will do this on a per resource granulari-

ty. Hence, we introduce an attribute called “pub-

lished” which can only be modified by users in the 

data steward role. We then have to integrate this new 

attribute into the dataset objects behavior so that they 

do not list resources that are not yet made public. 

User feedback 

We intend to enable the user to provide feedback to 

published datasets. This will be realized via an exten-

sion that keeps track of user ratings and annotations. 

Exactly where this extension will hook into the 

CKAN workflow remains to be determined. 

NGDS Implementation 

Figure 5 depicts how we will realize these features on 

top of CKAN and GeoServer. 
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Figure 5: NGDS Component Architecture. 

As can be seen GeoServer and CKAN access a single 

Postgres database, and an NGDS extension manages 

the GeoServer instance according to the data that is 

uploaded to CKAN. Other NGDS extensions de-

scribed above are represented in a single box labeled 

“Various other NGDS extensions”. The full-text in-

dexing extension is represented separately because it 

will use SOLR as an additional external component. 

Conclusions and Next Steps 
Implementation and testing of the NGDS node-in-a-

box will facilitate participation of new data providers 

in the system. Deployment of an aggregating node 

and NGDS portal will promote use of the information 

accessible through the system. An active community 

of providers and data consumers is essential to the 

long term viability of the NGDS. We have outlined 

an ambitious development program. Use of existing 

components and participation in active FOSS devel-

oper communities will facilitate progress and pro-

vides a path for long term utility of the software.  



International Deployment 
The node software package is being implemented us-

ing open source software, so there will be no licens-

ing barriers to deployment of the system at any loca-

tion in the world. Because of the interest in geother-

mal energy development in Africa and South Ameri-

ca, a number of organizations have expressed interest 

in using this technology on other continents. To facil-

itate usage by non-English speakers, one of the de-

sign objectives for the user interface is to enable lan-

guage localization using standard software engineer-

ing approaches. Actual translation of interface text 

and documentation to other languages is not part of 

the current work plan. 
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