
Epidemiology Experiment and Simulation Management 
through Schema-Based Digital Libraries	
  

Jonathan Leidig!
Edward A. Fox!

Madhav Marathe!
Henning Mortveit!

ECDL: 2nd DL.org Workshop, Sept. 9-10, 2010!

Network Dynamics and ���
Simulation Science Laboratory	



Digital Library Research Laboratory 
(DLRL) @ Virginia Tech	





Overview 

•  Community: Computational Epidemiology!
•  Simulation Digital Library!
•  Content interoperability!
•  User interoperability!
•  System interoperability!
•  Future work!
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Domain: Computational Epidemiology 

•  Model diseases and populations!
•  Simulation of disease spread!
•  Test public policies, interventions, adaptive behavior, & economics!
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User Community Goals 

•  Expose models to diverse user groups!
–  Abstract away need for computational expertise!

•  Automate generation of data management and user interfaces!
–  Based on a schema for the model!
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Simulation Digital Library (SimDL) Goals 

•  Manage provenance of scientific content!
•  Formalize the components of a digital library!
•  Provide system interoperability:!

–  user interface, data management, resources, and software!
•  Support user interoperability:!

–  community collaboration and sharing!
–  datasets, models, annotations, message boards!
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Challenges 

•  Lack of ontologies in simulation domains!
•  Heterogeneity between model and term definitions by modelers!
•  Disincentive to freely contribute models & software implementations!
•  Computational resources!
•  SimDL intellectual property of funding institutions!
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5S: Societies, Scenarios, Spaces, Structures, Streams 

•  Formalized semi-automated generation of specialized DLs!
•  Formal descriptions of Societies (users)!
•  Formal descriptions of Scenarios, activities, tasks (functionality)!
•  Formal descriptions of Structures and Streams (content)!
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Simulation Datasets	
  

Experimentation process:!
•  XSD model schema!
•  Study input configuration!
•  Input files!
•  Result Datasets !
•  Result summaries!
•  Analysis & plots!
•  Annotations!
•  Publications!
•  Wiki and collaboration posts!
•  Contributed datasets!
•  Notes repository!
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Simulation Content Types 
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Simulation Content Definitions 

•  Schema!
–  sch = (h, sm, S) 

•  Input configuration!
–  icfg = (h, sm, ELE, ATT) 

•  Sub-configuration!
–  sub-icfg = (h, sm, icfg, ELE, ATT) 

•  Structured dataset!
–  dataset = (h, sm, S) 

•  Analysis!
–  ana = (h, SCDO = DO ∪SM, S, icfg) 

•  Experiment !
–  exp = (h, SM, sch, icfg, dataset, ana, D, A) 
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h  - h  exists in H, a set of unique 
handles (labels)!

sm - sm is a stream!
S - S  is a structure that composes a 

digital object into a specific format	


ELE - ELE is a set of XSD elements	


ATT - ATT  is a set of XSD attribute 

values for an element ELEi	



DO - DO  is a set of digital objects	


SM - SM  is a set of streams 	


D  - a set of additional documents	


A - a set of annotations	





Content Interoperability 
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Definitions describe:! Definitions support:!
Content structure! semantic mapping between collections 

structured by models!
Stage of content production!
in the simulation process!

collaboration between users with different 
roles and stages!

Provenance sequences! provenance investigations!
Input & output structure for 
processes!

automated chaining of processes!



Malaria Institutional Collaboration Map 
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SimDL User Groups 

User Roles! Services!
Tool builder! Develop simulation model!

Develop simulation infrastructure!
Define and create DL!

System & DL administrator! Manage content, users, processes!
Related systems! Support simulations, analysis, & data mining!
Study designer / Experimenter! Produce experiments and studies!
Analyst! Produce analysis of studies!
Annotator! Review and mark studies!
Explorer! Review studies and determine public policies!
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SimDL User Interoperability 

•  Collaboration and cooperation!
•  M&S studies require detailed contributions between user groups!
•  DLs manage contributions and workflow processes!
•  Experts in study areas contribute high-quality content!

–  Disease modeler – model and schema!
–  Software engineer – model implementation!
–  Local population expert provides population – regional dataset!
–  Vector expert – mosquito and virus descriptions!
–  Public health official – study design!
–  Analyst – review and analysis of study !
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SimDL User Abstractions 

•  Automated Coordination!
–  Single interface to the system for all user groups!
–  Experts work within a defined workflow to conduct studies!
–  User tasks build upon previous stages of content!
–  Users query content from multiple workflow stages!
–  Studies build upon previous work!
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System Functionality 
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System Functionality Interoperability 

•  Model & software independent!
•  SimDL provides seamless connectivity between:!

–  a generic user interface!
–  computational backend!
–  model simulation software!
–  analysis software!
–  input, result, analysis, annotation, and publication repositories!
–  external system API!

•  Model schema (XSD file) provides:!
–  UI parameters layout!
–  domain specific database schema!
–  simulation input requirements!
–  contextual search !
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User Roles! Services! Implementation!
Tool builder! Define and create DL!

Develop simulation model!
Develop infrastructure!

  One instance of SimDL!
  Manages multiple models!
    Backend infrastructure!

System & DL 
administrator!

Manage content, users, 
processes!

  Input configurations!
    Backend content!
    User management!

Related systems! Simulations, analysis, & data 
mining!

  Construct input files!
    3rd party connections!

Study designer / 
experimenter!

Design and run studies!   Construct experiments!
    Factorial study designs!

Analyst! Produce analysis of studies!     Automated analysis/model!
Annotators! Review and mark studies!     Mark streams of content!
Explorer! Review studies and determine 

public policies!
    Provenance!
    Query and access content!

Infrastructure Status 
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Summary 

•  Goal: provide a deployable DL to coordinate simulation efforts!
•  SimDL provides:!

–  generic UI, data management, and connections!
–  support for models with an XSD schema description!
–  scientific process workflow management!
–  interoperability between infrastructure components!
–  content provenance!
–  user collaboration on studies!
–  definitions of content, users, and services!
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Future Work 

•  Plugins:!
–  perform semantic queries across SimDL instances and models!
–  communication, annotation, and recommendation!
–  dataset and model visualization!
–  user personalization!
–  semantic federation of models with an ontology!

•  Planned studies:!
–  User studies per user role!
–  Multiple computational epidemiology lab reviews!
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