NISAC SOA DEMONSTRATION

1. Introduction 


This document describes the System Framework for the NISAC Service Oriented Architecture (SOA) Demonstration. The system which will couple data sources to the applications such as IESS is being built around the SOA principles by employing several Web Services; IESS will be coupled with various Open Geospatial Consortium (OGC) compatible geo-spatial, visualization and GIS domain specific information services within a novel SOA. 


GIS Services provide standard interfaces for data access and user interaction. The geospatial data produced and consumed by these services are encoded in GML which provides interoperability with external services and applications that conform to OGC standards. For instance several open source GML viewers can be used to display the GML models. Following pictures are generated by Gaia GML Viewer (http://www.thecarbonportal.net) using two GML documents which contain Florida electric power and natural gas components. The GML documents are generated by the WFS.
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Figure 1 – Florida State Electric Power and Natural Gas Components

Second picture shows the EP and natural gas components as overlays on the satellite picture provided by NASA OnEarth WMS server. Electric power components are connected with green, natural gas components are connected with red lines. 
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Figure 2 – Florida State Electric Power and Natural Gas Components as overlays on a Satellite Picture provided by NASA OnEarth WMS Server.

2. System Components


We discuss the components of this architecture as following;
Feature Database: This is a MySQL database which holds various geospatial features such as California faults and earthquake data, US state borders, global seismic hotspots etc. For the demo we have acquired a sample XML file which contains natural gas and electric power components for the State of Florida. This sample data is inserted into feature database as two distinct feature types. This allows us to make geospatial queries on the feature data and obtain the desired components as GML documents.

Web Feature Service: Provides interfaces to access and query the Feature Database and receive the geospatial features. The features are provided as GML Feature Collections which then can be used as map overlays or for geo-processing etc. We have a lightweight WFS in this project (WFS-L) which receives the new model XML created by IESS, converts to GML and publishes to NB.
UDDI Registry: 
This service provides an API for publishing and discovery of geo-spatial and visualization services. It extends existing Universal Description, Discovery and Integration (UDDI) Information Model to provide GIS domain specific Information Services.

Web Map Client: This is a thin client to the Web Map Server. It provides a user interface that displays the map overlays and allows client interaction with the maps. 
Web Map Server: Relays the client requests to the WFS, and receives the response as GML documents. WMS then converts GML to map images (JPG, TIFF, SVG etc.) and forwards these to the Web Map Client.
NaradaBrokering: This is a standalone publish/subscribe service. Allows providers to publish their data products to topics and forwards this data to the subscribers of a particular topic. We use NaradaBrokering as the messaging substrate of the system. All GML and XML data transport is done through this service.
Context Service: 
The Context Service provides a dynamic, fault tolerant metadata hosting environment to enable services to share information within a workflow session to correlate their activities.

Context Respondent Handler: 
The Context Response Handler is used to communicate with the Context Service.  It allows Context Service to inform its consumers about results of the operations.
gml2model Tool: Geospatial data exchange format for the system is GML. According to the user’s selection WFS encodes requested geospatial feature data in GML and publishes to a certain NaradaBrokering topic. A NaradaBrokering Subscriber tool is used to save GML FeatureCollection published by WFS into a file. 
IESS requires input data to be in a certain format called XML Model. We wrote a tool called gml2model to convert GML FeatureCollection documents to IESS XML Model format.
shp2gml Tool: One type of the IESS outputs is ESRI Shape files which show calculated outage areas etc. We use an open source tool called shp2gml by deegree (http://deegree.sourceforge.net/) to convert these shape files to GML, which are sent to WMS Client by lightweight WFS.
3. Data Flow

0.   WFS and WMS publish their WSDL URL to the UDDI Registry. 


1. User starts the WMS Client on a web browser; the WMS Client displays the available features. User submits a request to the WMS Server by selecting desired features and an area on the map.


2. WMS Server dynamically discovers available WFSs that provide requested features through UDDI Registry and obtains their physical locations (WSDL address).


3. WMS Server forwards user’s request to the WFS.

4. WFS decodes the request, queries the database for the features and receives the response.


5. WFS creates a GML FeatureCollection document from the database response and publishes this document to NaradaBrokering topic ‘/NISAC/WFS’; WMS Server and IESS receive this GML document. 
WMS Server creates a map overlay from the received GML document and sends it to WMS Client which in turn displays it to the user.
After receiving the GML document IESS NB Subscriber invokes gml2model tool; this tool converts GML to XML Model format to be processed by IESS [Fig. 3].


6. User invokes IESS through WMS Client interface for the obtained geospatial features, and WMS Client starts a workflow session in the Context Service.  On receiving invocation message, IESS updates the shared state data for the workflow session to be “IESS_IS_IN_PROGRES” on the Context Service. Both IESS and WMS Client communicate with Context Service via asynchronous function calls by utilizing Context Respond Handler Service.  IESS runs and produces an ESRI Shape file that has the outage areas for the given region.

7. IESS invokes shp2gml tool to convert produced Shape file to GML format [Fig.3]. 
After the conversion IESS updates shared session state to be “IESS_COMPLETED”. As the state changes, the Context Service notifies all interested workflow entities such as WMS Client. To notify WMS-Client, the Context Service publishes the updates to a NB topic (/NISAC/Context://IESS/SessionStatus) from which the WMS-Client receives notifications. 

8. WMS makes a request to the WFS-L for the IESS output.


9. WFS-L publishes the IESS output as a GML FeatureCollection document to NB topic ‘NISAC/WFS-L’.
WMS Server is subscribed to this topic and receives the GML file then converts it to map overlay,


10. WMS Client displays the new model on the map. 
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Figure 3 – Data flow in IESS Block
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Figure 4- System Architecture and Data Flow
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