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Earth System Curator 
•  Premise: "The descriptors used for comprehensively 

specifying a model configuration are also needed for a 
scientifically useful description of the model output data." 

•  Deliverables 
•  Archive and query Earth system models, experiments, 

model components, and model output data 
•  Ability to perform technical compatibility checking 
•  Ability to auto-assemble components including 

automatic code generation of simple couplers 



Curator Portal 



Partners 
•  Earth System Modeling Framework: NCAR, NESII/

CIRES/NOAA   
•  Earth System Grid: NCAR 
•  Geophysical Fluid Dynamics Laboratory, NOAA  
•  Department of Earth, Atmospheric and Planetary 

Science, MIT 
•  Department of Earth and Atmospheric Sciences, Georgia 

Tech 
•  European Metafor project 
•  Sponsored by the 

National Science Foundation 



Coupled Climate Models 
•  Multiple models (e.g. atmosphere and ocean) 

give more accurate predications than do single 
ones 

•  The software components that link together and 
mediate interactions between models are called 
couplers 

•  Existing coupling technologies: libraries, 
frameworks 

•  Our goal is to add a third: automatic coupler 
generation 



Example Coupled Model 



Key Design Tradeoff When 
Introducing a New Technology 

•  Reduce adoption barriers 
•  Componentizing: Cost of adapting models to 

interact with coupling technology 
•  Risk of changes to legacy code 

•  Avoiding the costs of a general solution 
•  Compromised efficiency, an essential requirement 

of earth system models 
•  Conformance with the software architectures of 

the models being coupled 



Solution: 
Configurable Coupler Generation 

•  We have made use of a software engineering technique 
called generative programming, which generates 
couplers based on a declarative requirements 
specification 

•  Couplers can be seen as members of a family of 
modules with similar requirements 
•  Data communication among models 
•  Data transformation and interpolation 
•  Management of parallel computing resources 



Generative Programming Process  

<comp1> 
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</comp1> 
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</comp1> 
<comp2> 
… 
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components based 
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Code Generator 
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Feature Analysis 
•  A key step in generative programming is feature analysis, 

which understands a set of related technologies by 
organizing their features along orthogonal dimensions  

•  The output of feature analysis is a feature model that 
identifies common and variable properties of the 
technologies 

•  Once a feature model has been produced, elements can 
be selected from it to produce a configuration, describing 
a desired family member 

•  An automated generator can then be used to produce the 
actual code for that member 



Feature Diagrams 
•  A feature model is expressed as a feature 

diagram—an annotated tree in which nodes 
represent features in the domain, where a 
feature is an element of user-visible functionality 

•  Nodes are connected with directed edges and 
edges have decorations that define the 
relationship between parent and child nodes 



Example 



Notation 
•  The root node the diagram is called the concept node 
•  All nodes below the concept node represent features 

and subfeatures 
•  Mandatory features are denoted by a simple edge 

ending with a filled circle 
•  Optional features are denoted by a simple edge ending 

with an open circle 
•  Subsets of features may be alternatives denoted by 

connecting the edges pointing to alternatives with an arc 
•  If an arc connecting edge is filled in, it indicates that any 

subset of the alternatives may be chosen; otherwise the 
alternatives are mutually exclusive 



Constraints 
•  Feature diagrams may also contain textual 

constraints that enforce dependencies among 
features 
•  Mutual-exclusion constraints are used to describe 

illegal combinations of features 
•  Requires constraints indicate that the presence of one 

feature requires the presence of another 



Major Technologies Reviewed 



Approach 
•  The feature analysis we conducted is based on 

information found in technical documentation that 
accompanies the coupling technologies (e.g., 
programming guides, user manuals) as well as 
published scientific literature 

•  The initial feature analysis was conducted bottom-up by 
collecting a list of over 100 features used by at least one 
of the technologies 

•  We dealt with complexity by abstracting related sub-
features into common higher-level features, producing a 
hierarchy six levels deep 



Difficulties 
•  We are not domain experts 
•  We sometimes had to synthesize a term from 

instances describing roles played by existing 
couplers 

•  We sometimes had to chose between terms 
describing the same concept 

•  When features from different base technologies 
overlapped, we had to distill out what the 
essential capability was 



Orthogonality 
•  One of the key goals of feature analysis is 

orthogonality 
•  Features are orthogonal to the extent they 

express independently selectable capabilities 
•  Orthogonality promotes the idea of separation of 

concerns and the ability to reason about a single 
feature without importing non-related aspects 
from other features  



High Level Breakdown 



Target Environment 



Data 



Capabilities 



Software Architecture 



Coupler 



Connector 



Driving 



Control 



Setup 



Grids* 

*  The material in this section is an impoverished version of the feature 
analysis performed to produce the GFDL grid spec 



Code Generation Status 
•  Cupid coupler generation environment 
•  A high-level, framework-specific language for 

describing and writing ESMF-based applications 
•  A static validation engine for checking for 

consistent and correct usage of ESMF 
•  A code generator for automatically writing the 

FORTRAN for ESMF couplers and drivers 
•  Technologies used 

•  Eclipse/EMF, ANTLR, StringTemplates 



Validation 

• Tie features back to the technology from 
which they came 
• Vetting via technology purveyors 

• Take an existing coupled model (CESM) 
and see how it uses coupling technology 

• Discussions with modelers/scientists 



Other Uses of Feature Analysis 

• Configuration on the cloud 
• Metadata validation 
• Stimulate community discussion 
• Ultimately, interoperability 
• Application to other fields 



Want to Know More? 
•  Rocky Dunlap, Spencer Rugaber, Leo Mark. 

"A Feature Model of Coupling Technologies for 
Earth System Models." Technical Report GT-CS-10-18, 
October 5, 2010, http://www.cc.gatech.edu/~rocky/papers/
coupler_features_v1.pdf 

•  R. Dunlap, et al., "Earth System Curator: Metadata 
Infrastructure for Climate Modeling," Earth Science 
Informatics, 1(131-149), 2008. 

•  Workshop: “Coupling Technologies for Earth System 
Modelling : Today and Tomorrow” CERFACS, Toulouse 
France - December 15th to 17th 2010. 
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