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Chapter 1:  The Solid Earth Research Virtual Observatory Grid
Introduction: Earth Science and Geophysical Research Challenges

The danger posed by earthquakes has been demonstrated many time in the last several years.   Earthquakes in Bam, Iran in December 2003, Sumatra in December 2004, and Kashmir in October 2005 all resulted in tens of thousands of deaths.  The scale of these tragedies amply demonstrates the importance of understanding the immediate and long term causes and behaviors of interacting earthquake fault systems.  Death tolls for recent large earthquakes in developed countries such as the United States and Japan have not been as catastrophic, but the economic cost of events such as the 1994 Northridge, California earthquake demonstrate the need for increased understanding.
Geophysicists have developed a range of tools for investigating earthquake fault systems.  Techniques include a) data mining techniques for analyzing time series data produced by sensors such as Global Positioning Systems; b) modeling codes that theoretically simulate the effects of the stresses associated with faults; c) data assimilation codes that attempt to find best-fit models to data records, which may then be used to forecast areas of increased hazard; and d) large scale simulations that can examine the behavior of extensive interacting fault systems such as the San Andreas fault system and its neighbors.
Such codes are obviously excellent candidates for incorporating into an application Grid for geophysicists. Our project, the Solid Earth Virtual Observatory (SERVO) Grid, is developing the applications, the distributed computing infrastructure, the data management tools, and the Web portal user interfaces, for building such a Grid.  SERVOGrid is lead by the NASA Jet Propulsion Laboratory, and includes collaborators at the University of California-Davis, the University of Southern California, the University of California-Irvine, and Indiana University.  

As with many other Grid projects, we began SERVO with a focus on the computational codes, but as the project evolved, we realized the providing programming interfaces to remote data sources (both real time and archival) through Web Services was at least as important as managing the execution of remote applications.  We thus consider SERVO to be an example of a “Grid of Grids” [Fox2005] in which we must integrate “Data Grid” and “Execution Grid” services (which may themselves be independently useful) into a larger, cooperating system.  

Another important research area is the development of tools for managing these distributed services.   An important subset of Grid management systems, known as Grid Workflow [Gannon2005], shepherds the execution of a composite application across several different, distributed services.  Information management of Grids also falls in this category.  We examine in this article the SERVO Grid efforts to develop all of these pieces.
Solid Earth Research Virtual Observatory: Requirements and Architecture

To understand the SERVO architecture, we first consider some of its geophysical application components and their data requirements. These codes are typically initially developed on a UNIX workstation and then may be parallelized to run on clusters and supercomputers such as the Columbia supercomputer at the NASA Ames research center.  
· Disloc models multiple dipping dislocations (faults) in an elastic half-space.  
· Simplex is an inversion code based on Disloc.  Using observational surface stress values and an initial geometric model for one or more causative faults, Simplex can determine optimum fault model parameters.
· GeoFEST [Parker2005] is a three-dimensional viscoelastic finite element model for calculating nodal displacements and tractions.  It allows for realistic fault geometry and characteristics, material properties, and body forces.   GeoFEST relies upon fault models with geometric and material properties.  GeoFEST input files are generated through
· Virtual California (VC) [Rundle2002] is a program to simulate interactions between vertical strike-slip faults using an elastic layer over a viscoelastic half-space. VC relies upon fault and fault friction models.

· Pattern Informatics (PI) [Tiampo2002] calculates regions of enhanced probability for future seismic activity based on the seismic record of the region  PI uses seismic data archives
· Regularized Deterministic Annealing Hidden Markov Model (RDAHMM) [Granat2004] is a time series analysis program based on Hidden Markov Modeling.  Produces feature vectors and probabilities for transitioning from one class to another. RDAHMM is typically used to analyze GPS and seismic catalog archives, but can be adapted to detect state change events in real time.
Architecture

SERVOGrid is implemented as a collection of Web Services for accessing data sources, execution codes, and other tools.  User interfaces to these services are implemented as Java Server Pages, which are in turn aggregated into a central portal.  Figure 1 depicts the basic system architecture.
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Figure 1 The SERVOGrid Architecture consists of distributed Web Services accessed through the QuakeSim user portal.
As we describe in more detail in subsequent sections, we decided to build a specific set of Web Services that can be adapted to manage the various applications and their data applications.  Figure 1 indicates several sample interactions: the QuakeSim portal mediates the user’s interactions with remote servers, and remote services must also communicate with each other.  Figure 1 also implies a workflow, but we do not bind this to the portal.  As we describe below, we use Apache Ant-based Web Services for connecting various dependent local (to a specific host) and distributed tasks.   We manage distributed state (such as is required to step through several tasks on different hosts) through the Context Manager Service (described below).  This allows complicated tasks to run independently of the user’s portal session: users can receive updates of their project’s progress when they log back into the portal later.
As is discussed in greater detail in other sections, we chose the portlet approach for building our Web portal.  This had the primary advantage of allowing us to plug in other portlets into our system.  Thus it is not difficult to combine a user interface that combines portlets to our Web Service Grid components as well as portlets to various Globus Toolkit services, collaboration tools, news and information services, and so forth.
Execution Grid Services

SERVOGrid is based on the so-called “WS-I+” approach to building Web Service-based Grid systems [Atkinson2005].  We chose to implement all services using standard Web Service specifications for WSDL and SOAP.  

Our initial focus in SERVOGrid was to support and develop application management tools for the codes listed in the previous section.  These included the following:
Application Web Services:  Describing applications with a simple data model has been part of the design of many projects.  Our approach is documented in [Youn2003].  In brief summary, our focus was on capturing the static metadata descriptions of applications in our Grid so that we could make them available to portal users through standard formats.   Our primary concern was in constructing job descriptions for remotely executing the applications, not in developing a taxonomy or ontological description.  We did make initial investigations in to the latter using Semantic Web and Case-Based Reasoning techniques [Aktas2004].
Execution Management Services:  In our design of execution services, we realized the Apache Ant project offered many intriguing capabilities: it already implemented numerous task useful for interacting with the local file system (executing programs, creating, renaming, and deleting files, etc.).  Ant also offers a simple extension mechanism that allows us to incorporate our own tasks, which are typically Web Service clients for File Transfer and Context Management (described below).  This allows us to implement the basic backend-to-backend communications shown in Figure 1.  Ant tasks also allow us to define simple workflows and job sequences, and (unlike basic GRAM services) give us some control of the user’s actions on the server side (i.e., the user only gets access to specific tasks and can’t run arbitrary commands on the server.  This is enforced on the Web Service side as well as the user interface side).  In our implementation, we develop Ant build.xml file templates for specific applications (such as coupling GeoFEST with finite element mesh generating applications).
File Transfer and Management Services: We implemented file transfer Web Services for moving data between various backend machines and between the user’s desktop and the backend host machines.  Thus this service may work behind the scenes, coupled with the Ant execution service described above through modular extensions.  When coupled with the Context Management service, we create virtual file spaces for the user: the Context Manager keeps track of the file location for a specific user project.  This metadata can then be used to construct download requests, as well as visualization requests.  We prefer this approach for building file management user interfaces over providing the user with direct view of files on specific file systems.
Context Management Services:  The QuakeSim portal and its codes allow users to execute geophysical applications on a Grid, but we must go beyond this to provide a useful user experience.  In particular, we must provide a way of maintaining user information (selected codes, the input files used and output generated, and so forth), which are organized using a project/session structure.  We manage this information using structured name-value pairs, which can be constructed as arbitrarily deep trees.  We refer to this metadata as context [Pierce2002].  We have been more recently working to replace our custom Context Management service with an implementation of WS-Context, described below. 
Data and Information Grid Services
Quake Tables Fault Database
As the project evolved, we realized that designing data services to provide data access to the SERVOGrid codes was at least as important as managing applications. The QuakeTables Web Service and Web accessible database [Chen2003, Grant2005] was our initial data service.  QuakeTables acts as a data repository for earthquake fault data, including location, geometric and material characteristics, and provenance information such as the source (author, journal information, etc) for a particular fault entry. QuakeTables, as a Web Service, provides both a human usable Web interface and a WSDL-based programming interface.  Using the latter, we have integrated QuakeTables with GeoFEST, Disloc, and Simplex through the QuakeSim portal.  
Geographical Information System Services

In follow-on work, we realized that Geographical Information System (GIS) standards could be adapted to meet many our data and metadata requirements.  The Open Geospatial Consortium [OGC] defines an extensible (and extensive) XML data model, the Geographic Markup Language (GML) [Cox2003], for describing geospatial and geo-temporal features.  This common data model is then integrated with a number of services.   The OGC defines standard service definitions and interoperability guidelines.

We implemented the following “Information and Data Grid” Web Services:
· Data Services: We implemented the Web Feature Service [Vrertanos2002] to store and retrieve seismic data archives, GPS data archives, and faults.  An OGC feature is a GML description of a map object.  The description may include both information on how to render the feature as well as other useful metadata, such as the name of the feature and other observation data associated with it.
· Map Generation Services: We implemented the OGC’s Web Map Service specification [Beaujardierre2004] as a Web Service. The Web Map Service is used to generate vector and raster maps in various formats (SVG, JPEG, GIF, etc).  These maps typically include realizations of abstract feature data obtained from Web Feature Services.  Our Web Map Service can also integrate maps from other Web Map Servers as an overlay.

· Information Services:  One useful feature of the OGC service specifications is that they include a standard XML metadata description (“capabilities”) and query method.  The OGC also defines information services (catalogs) for aggregating capability information.  We decided, however, that these specifications were too GIS specific and could be substituted with more general, UDDI-based systems.  We developed an extension of UDDI along these lines to support general metadata extensions and XPath queries, with specific realizations for the OGC capabilities file.  

Real Time Data Grids
One of the most exciting challenges within the SERVOGrid project is the development of real-time streaming data grid applications.  Our current research involves providing the infrastructure for coupling real-time GPS data, available from the Southern California Integrated GPS Network, with RDAHMM for real-time event detection.  As described briefly above, RDAHMM can be used to detect underlying mode changes in archived GPS signals.  These modes, which require no fixed input parameters, can be associated with physical processes such as earthquakes and more subtle aseismic events.  
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Figure 2 Live GPS data streams are processed using message filters that publish and subscribe to messaging topics.

We are in the process of designing real-time stream support by using topic based publish/subscribe software, NaradaBrokering [Pallickara2003].  The system works as a sequence of filters that transform binary GPS data streams.  Each network source stream (which typically corresponds to 5-10 individual GPS stations) is initially published in binary RYO format.  Each network is then received by an ASCII decoder, which republishes on a new subtopic.  We add further filters, such as a de-multiplexing filter that can separate the 5-10 interleaved GPS station information into 5-10 different topics, so that applications can register for individual stations.  We are in the process of developing an RDAHMM filter for each of the GPS stations.  

User Interfaces

Portlets: QuakeSim is developed around the Jetspeed 1 portlet model, and has been integrated with CHEF 1.x for demonstration purposes.  Our initial development concerns when moving to Jetspeed were to support legacy Java Server Pages interfaces trivially within the portal and to keep the portlets reasonably independent of the Jetspeed development model. 
To meet these requirements, we developed a general purpose WebFormPortlet as an extension of the Jetspeed 1 portlet base class.  WebFormPortlet features include

· Support for portlets running independently (on other web servers) of the portlet container.

· Support for session state (through Tomcat’s JSESSIONID cookie).

· Support for HTML <form> processing: POST parameters can be passed from the aggregating portlet container to the remote portlet.

· Portlet navigation: URL links and form actions are rewritten to allow navigated pages to appear within the portlet container rather.

· Support for both HTTP and HTTPS connections.

SERVOGrid follow-on projects include redesign of the production portal using JSR 168 compliant portlets.   
Exploring AJAX Techniques:  Asynchronous JavaScript and XML (AJAX) makes use of the widely supported XMLHttpRequest object in JavaScript to decouple user requests from browser requests to remote services.  This greatly increases the interactive capabilities of Web browser user interfaces.  We have very actively pursued integration of our GIS Web Services (particularly our Web Feature Services and their GPS, seismic, and fault data) with Google Maps.  We find this particularly useful for simulating “server push” in our real-time GPS data work.
Unit Testing and Maintenance

One of the difficulties in managing portal deployments (as opposed to portal development) is to monitor the system for failures.  We found the Apache Ant and HttpUnit projects to be especially useful for this task.  HttpUnit provides “black-box” testing that simulates a user’s interactions with a portal: We use HttpUnit tests to log into the portal, navigate user pages, and launch applications.  Unit tests verify that expected HTML responses are returned from the portal server, and that know error responses are not returned. 

HttpUnit can be usefully driven by Apache Ant’s JUnit task.  We found it useful to combine this with Ant’s <socket> target to detect when Web Servers were inaccessible.  We use built-in HTML dashboard reports and email features to provide comprehensive test reports. 
Overview of the SERVOGrid Technical Document

The remainder of this report examines the various component subprojects of SERVOGrid.  We first discuss in detail our implementations of Geographical Information System services to support archival data, streaming data, and map interfaces.   These are discussed in Chapters 2-4. Ontological extensions to data services are discussed in Chapter 5.  Our information systems, based on  UDDI and WS-Context are discussed in Chapter 6.  HPSearch, which provides the integration glue that connects various remote services together into a single meta-application, is discussed in Chapter 7.
The SERVOGrid effort has explored a number of technologies, including portlet-based portals, Web Service grids, Geographical Information System services, distributed context and state management, and real-time streaming data applications.  SERVOGrid’s future work will focus increasingly on the latter, as we see real-time data analysis and change detection as an area of much importance to the next generation of Grid applications.
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Chapter 2: Implementing the Web Feature Service
Geographic Information Systems and GIS Grids
Advances in Internet and distributed systems helped academia, governments and businesses to provide access to a substantial amount of geospatial data.  The GIS community must face the following challenges: 

1. Adoption of universal standards: Over the years organizations have produced geospatial data in proprietary formats and developed services by adhering to differing methodologies;

2. Distributed nature of geospatial data: Because the data sources are owned and operated by individual groups or organizations, geospatial data is in vastly distributed repositories,

3. Service interoperability: Computational resources used to analyze geospatial data are also distributed and require the ability to be integrated when necessary.

The Open Geospatial Consortium, Inc (OGC) represents a major effort to address some of these problems. The OGC is an international industry consortium of more than 270 companies, government agencies and universities participating in a consensus process to develop publicly available interface specifications. OGC Specifications support interoperable solutions that "geo-enable" the Web, wireless and location-based services, and mainstream IT. OGC has produced many specifications for web based GIS applications such as Web Feature Service (WFS) [Vretanos2002] and the Web Map Service (WMS) [Beaujardiere]. Geography Markup Language (GML) [Cox 2003] is widely accepted as the universal encoding for geo-referenced data.   In addition to the more traditional HTTP request/response style services, the OGC is also defining the SensorML family of services [SensorML].  

The GIS community quite obviously represents a major sub-domain in the “Grid of Grids” picture.  By architecting GIS services using Web Services, and be placing these services within a SOA messaging substrate, we may integrate GIS Grid Services with other applications.  Our work on GIS services as Web Services is described in more detail in [Donnellan2004(a), Donnellan2004(b)]. 

GIS applications developed by various vendors and academic institutions have become more complex as they are required to process larger data sets, utilize more computing power and in some cases need to collect data from distributed sources. Traditionally GIS applications are data centric: they deal with archived data.  However, with sensor-based applications gaining momentum the need of integrating real-time data sources such as sensors, radars, or satellites with high end computing platforms such as simulation, visualization or data mining applications introduces several important distributed computing challenges to GIS community. 

Although commercial GIS applications provide various solutions to these problems, most of the solutions are based on more traditional distributed computing paradigms such as static server-client approaches. Traditional point to point communication approaches tend to result in more centralized, tightly coupled and synchronous applications which results in harder management practices for large scale systems. Modern large scale systems on the other hand require more flexible asynchronous communication models to cope with the high number of participants and transfer of larger data sets between them. 

Defining a Common Data Format 
The first step for building such services is to decide appropriate encodings for describing the data. The importance of the data format lies in the fact that it becomes the basic building block of the system which in turn determines the level of interoperability. Use of a universal standard like xml greatly increases the number of users from different backgrounds and platforms who can easily incorporate our data products into their systems. Furthermore, services and applications are built to parse, understand and use this format to support various operations on data. So in a sense the type and variety of the tools being used in the development and data assimilation processes depend on the format initially agreed. 

For these reasons we use GML, a commonly accepted xml based encoding for geospatial data, as our data format in GIS-related applications. One important fact about GML is that, although it offers particular complex types for various geospatial phenomena, users can employ a variety of xml Schema development techniques to describe their data using GML types. This provides a certain degree of flexibility both in the development process and in the resulting data products. For instance, depending on the capability of the environment schema developers may exclusively use certain xml Schema types and choose not to incorporate more obscure ones because of incompatibility issues. As a result a particular geospatial phenomenon can be described by different valid GML schemas. 
GML is an XML grammar written in XML Schema for the modeling, transport, and storage of geographic information including both the spatial and non-spatial properties of geographic features; it provides a variety of kinds of objects for describing geography including features, coordinate reference systems, geometry, topology, time, units of measure and generalized values. 

Just as XML helps the Web by separating content from presentation GML does the same thing in the world of Geography. GML allows the data providers to deliver geographic information as distinct features. Using latest Web technologies, users can process these features without having to purchase proprietary GIS software. 

By leveraging related XML technologies such as XML Schema, XML Data Binding Frameworks, XSLT, XPath etc. a GML dataset becomes easier to process in heterogeneous environments. 

Basically GML is an abstract model for geographic data which can be used to encode: 
· Features: abstract representations of map entities.

· Geometry: encode abstractly how to represent a feature pictorially.

· Coordinate reference systems

· Topology

· Time, units of measure

· Observations and Measurements data collected from Sensors.
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Figure 1 - OGC Geometry Model

By incorporating GML in our systems as de facto data format we gain several advantages:

1. It allows us to unify different data formats. For instance, various organizations offer different formats for position information collected from GPS stations. GML provides suitable geospatial and temporal types for this information, and by using these types a common GML schema can be produced. (See http://www.crisisgrid.org/html/servo.html for sample GML schemas for GPS and Seismic data) 

2. As more GIS vendors are releasing compatible products and more academic institutions use OGC standards in their research and implementations, OGC specifications are becoming de facto standards in GIS community and GML is rapidly emerging as the standard xml encoding for geographic information. By using GML we open the door of interoperability to this growing community. 

3. GML and related technologies allow us to build general set of tools to access and manipulate data. Since GML is an xml dialect, any xml related technology can be utilized for application development purposes. Considering the fact that in most cases the technologies for collecting data and consecutively the nature of the collected data product would stay the same for a long period of time the interfaces we create for sharing data won’t change either. This ensures having stable interfaces and libraries.
Data Binding
Establishing xml or some flavor of it as the default message/data format for the global system requires consideration of a Data Binding Framework (DBF) for generating, parsing, marshalling and un-marshalling xml messages.   Marshalling and un-marshalling operations convert between xml-encoded formats and (typically Java) binding classes that can be used to simplify data manipulation.

Being able to generate xml instances and parsing them in a tolerable amount of time is one of the criteria while choosing such a framework, because message processing time would affect overall system performance as well as the performance of the individual xml processing component. 

Another criterion to consider is the ability of the binding framework to successfully generate valid instances according to the Schema definitions. This is a major problem for DBFs since not all of the xml Schema types can be directly mapped to Object Oriented Programming constructs. Some of the xml Schema types (such as Substitution Groups which are heavily used in GML Schemas) do not correspond to types in Object Oriented world and this causes difficulties while processing the xml documents. Various Data Binding Frameworks offer different solutions, some of which are more elaborate than the other and depending of the nature of the data a suitable framework must be chosen.  
Data Services
GIS systems are supposed to provide data access tools to the users as well as manipulation tools to the administrators. In principle the process of serving data in a particular format is pretty simple when it is made accessible as files on an HTTP or FTP server. But additional features like query capabilities on data or real-time access in a streaming fashion require more complicated services. As the complexity of the services grows, the client’s chance of easily accessing data products decreases, because every proprietary application developed for some type of data require its own specialized clients. Web Services help us overcome this difficulty by providing standard interfaces to the tools or applications we develop.

No matter how complex the application itself, its WSDL interface will have standard elements and attributes, and the clients using this interface can easily generate methods for invoking the service and receiving the results. This method allows providers to make their applications available to others in a standard way.

The usefulness of Web Services is constrained by several factors. They can be used in several cases such as

· The volume of data transferred between the server and the client is not high. Actual amount of data can be transferred depends on a number of factors like the protocol being used to communicate or maximum allowed size by HTTP; 

· Time is not a determining factor. Despite the obvious advantages, current HTTP-based implementations do not provide desirable results for systems that require fast response and high performance. This is simply due to the delays caused by data transfer over network, network constraints, and HTTP request-response overhead. 

Most scientific applications that couple high performance computing, simulation or visualization codes with databases or real-time data sources require more than mere remote procedure call message patterns. These applications are sometimes composite systems where some of the components require output from others and they are asynchronous, it may take hours or days to complete. Such properties require additional layers of control and capabilities from Web Services which introduces the necessity for a messaging substrate that can provide these extra features. 

Web Feature Service

As described above, by encoding our geographic data products in GML and implementing our services in compliance with OGC service interfaces we open our doors to a larger pool of interoperable data access and processing tools.

OGC Web Feature Service implementation specification defines interfaces for data access and manipulation operations on geographic features using HTTP as the distributed computing platform. Via these interfaces, a web user or service can combine, use and manage geodata from different sources by invoking several standard operations. [WFS]
OGC specifications describe the state of a geographic feature by a set of properties where each property can be thought of as a {name, type, value} tuple. Geographic features are those that may have at least one property that is geometry-valued. This, of course, also implies that features can be defined with no geometric properties at all. [WFS]
As a minimal requirement a basic WFS should be able to provide requested geographical information as GML Feature Collections. However more advanced versions support “create, update, delete and lock operations” as well.

The operations that must be supported a basic WFS are defined as follows [WFS]:
· GetCapabilities 
A web feature service must be able to describe its capabilities. Specifically, it must indicate which feature types it can service and what operations are supported on each feature type. 
· DescribeFeatureType 
A web feature service must be able, upon request, to describe the structure of any feature type it can service. 
· GetFeature 
A web feature service must be able to service a request to retrieve feature instances. In addition, the client should be able to specify which feature properties to fetch and should be able to constrain the query spatially and non-spatially. 
Following is a typical scenario which describes the use of the above operations and the interaction of a client and a WFS:

1. GetCapabilities: The clients (WMS servers or users) starts with requesting a capabilities document from WFS. When a getCapabilities request arrives, the server may choose to dynamically create a capabilities document and returns this, or simply return a previously created xml document.


2. DescribeFeatureType: After the client receives the capabilities document he/she can request a more detailed description for any of the features listed in the WFS capabilities document.  The WFS returns an xml schema that describes the requested feature as the response. 


3. GetFeature: The client may then ask WFS to return a particular portion of any feature data. GetFeature requests contain some property names of the feature and a Filter element to describe the query. The WFS extracts the query and bounding box from the filter and queries the feature databases. The results obtained from the DB query are converted the feature’s GML format and returned to the client as a FeatureCollection object.  
WFS allows clients to access and manipulate the geographic features without having to consider the underlying data stores. Clients’ only view of the data is through the WFS interface which allows the data providers to integrate various types of data stores with one WFS instance.

Clients interact with WFS by submitting database queries encoded in OGC Filter Encoding Implementation and in compliance with the Common Query Language. 
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Figure 2 -. WFS may interact with multiple databases to serve different geographic features

OGC WFS implementation specification [WFS] states that:
At present, the only distributed computing platform (DCP) explicitly supported by OGC Web Services is the World Wide Web itself, or more specifically, Internet hosts implementing the Hypertext Transfer Protocol (HTTP).
HTTP supports two request methods: GET and POST. One or both of these methods may be defined for a particular web feature service and offered by a service instance. 
However employing HTTP protocol and GET or POST introduces significant limitations for both producers and consumers of a service. As discussed above Web Services provide us with valuable capabilities such as providing standard interfaces to access various databases or remote resources, ability to launch and manage applications remotely, or control collaborative sessions etc. Developments in the Web Services and Grid areas provide us with significant technologies for exposing our resources to the outer world using relatively simple yet powerful interfaces and message formats. Furthermore sometimes we need to access several data sources and run several services and for solving complex problems. This is extremely difficult in HTTP services but rapidly developing workflow technologies for Web and Grid Services may help us orchestrate several services. For these reasons we have based our WFS implementation on Web Services principals. 


[image: image5]
Figure 3- WFS in a Grid environment

WFS Implementation for SERVO Grid

We have initially implemented Web Service version of a basic WFS which supports the three mandatory operations through a WSDL interface: GetCapabilities, DescribeFeatureType and GetFeature. 

Following is the WSDL document generated by one of our WFS installations:

<?xml version="1.0" encoding="UTF-8"?>
<wsdl:definitions xmlns:apachesoap="http://xml.apache.org/xml-soap" xmlns:impl="http://wfs.cgl" xmlns:intf="http://wfs.cgl" xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/" xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" xmlns:wsdlsoap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:xsd="http://www.w3.org/2001/XMLSchema" targetNamespace="http://wfs.cgl">
  <wsdl:types>
    <schema targetNamespace="http://wfs.cgl" xmlns="http://www.w3.org/2001/XMLSchema">
       <import namespace="http://schemas.xmlsoap.org/soap/encoding/"/>

<complexType name="ArrayOf_soapenc_string">

  <complexContent>

      <restriction base="soapenc:Array">


<attribute ref="soapenc:arrayType" wsdl:arrayType="soapenc:string[]"/>

      </restriction>

  </complexContent>

</complexType>
    </schema>
  </wsdl:types>
  <wsdl:message name="GetCapabilitiesRequest">
    <wsdl:part name="capstr" type="soapenc:string"/>
  </wsdl:message>
  <wsdl:message name="GetCapabilitiesResponse">
    <wsdl:part name="GetCapabilitiesReturn" type="soapenc:string"/>
  </wsdl:message>
  <wsdl:message name="DescribeFeatureTypeRequest">
    <wsdl:part name="descFeatureStr" type="soapenc:string"/>
  </wsdl:message>
  <wsdl:message name="DescribeFeatureTypeResponse">
    <wsdl:part name="DescribeFeatureTypeReturn" type="soapenc:string"/>
  </wsdl:message>

<wsdl:message name="GetFeatureRequest">


<wsdl:part name="getFeatureRequest" type="soapenc:string"/>

</wsdl:message>

<wsdl:message name="GetFeatureResponse">


<wsdl:part name="GetFeatureReturn" type="soapenc:string"/>

</wsdl:message>

<wsdl:portType name="wfs">


<wsdl:operation name="GetCapabilities" parameterOrder="capstr">



<wsdl:input name="GetCapabilitiesRequest" message="impl:GetCapabilitiesRequest"/>



<wsdl:output name="GetCapabilitiesResponse" message="impl:GetCapabilitiesResponse"/>


</wsdl:operation>


<wsdl:operation name="GetFeature" parameterOrder="getFeatureRequest">



<wsdl:input name="GetFeatureRequest" message="impl:GetFeatureRequest"/>



<wsdl:output name="GetFeatureResponse" message="impl:GetFeatureResponse"/>


</wsdl:operation>


<wsdl:operation name="DescribeFeatureType" parameterOrder="descFeatureStr">



<wsdl:input name="DescribeFeatureTypeRequest" message="impl:DescribeFeatureTypeRequest"/>



<wsdl:output name="DescribeFeatureTypeResponse" message="impl:DescribeFeatureTypeResponse"/>


</wsdl:operation>

</wsdl:portType>

<wsdl:binding name="wfsSoapBinding" type="impl:wfs">


<wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>


<wsdl:operation name="GetCapabilities">



<wsdlsoap:operation/>



<wsdl:input>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



</wsdl:input>



<wsdl:output>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



</wsdl:output>


</wsdl:operation>


<wsdl:operation name="GetFeature">



<wsdlsoap:operation/>



<wsdl:input>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



</wsdl:input>



<wsdl:output>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



</wsdl:output>


</wsdl:operation>


<wsdl:operation name="DescribeFeatureType">



<wsdlsoap:operation/>



<wsdl:input>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



</wsdl:input>



<wsdl:output>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



</wsdl:output>


</wsdl:operation>

</wsdl:binding>

<wsdl:service name="wfsService">


<wsdl:port name="wfs" binding="impl:wfsSoapBinding">



<wsdlsoap:address location="http://gf8.ucs.indiana.edu:7474/axis/services/wfs"/>


</wsdl:port>

</wsdl:service>
</wsdl:definitions>
Following picture depicts the components of this WSDL document:
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Our WSDL-SOAP based WFS implementation supports three operation required for basic WFS: GetCapabilities, DescribeFeatureType and GetFeature. Each operation takes an XML document as argument and returns another XML document as response. While implementing these operations in a Web Service context we have to choose appropriate types. Since the requests and responses are well-defined XML documents one possibility is to create object representations of these in our favorite programming language, i.e. we can create a Java Object for each GetFeature request document and the returning GML document can be another Java object. So the communication between WFS and the client is based on exchanging Java objects. However this approach severely undermines the interoperability with clients who might use other programming languages such as C++ or Python to communicate with our service. 

As a simpler solution we have used strings as argument and return types in these operations. This allows clients who use other programming languages to create client stubs to our WFS-WSDL to simply send and receive XML documents without any conversions. However this method also has its shortcomings which are described in the performance measurements section.

Components of the wfs.wsdl document are explained here:

	services 
	bindings 
	porttypes 
	messages 

	wfsService 
	wfsSoapBinding 
	wfs 
	DescribeFeatureTypeRequest 

	
	
	
	DescribeFeatureTypeResponse 

	
	
	
	GetCapabilitiesRequest 

	
	
	
	GetCapabilitiesResponse 

	
	
	
	GetFeatureRequest 

	
	
	
	GetFeatureResponse 


Service Name: wfsService
	ports 
	wfs

binding 

impl:wfsSoapBinding
extensibility 

<wsdlsoap:address location="http://gf8.ucs.indiana.edu:7474/axis/services/wfs"/>



	source 
	<wsdl:service name="wfsService">
  <wsdl:port name="wfs" binding="impl:wfsSoapBinding">
    <wsdlsoap:address location="http://gf8.ucs.indiana.edu:7474/axis/services/wfs"/>
  </wsdl:port>
</wsdl:service>


Binding: wfsSoapBinding
	type 
	impl:wfs

	extensibility
	<wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>

	operations 
	GetCapabilities

extensibility 

<wsdlsoap:operation/>

input 

<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>

output 

<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>

GetFeature

extensibility 

<wsdlsoap:operation/>

input 

<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>

output 

<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>

DescribeFeatureType

extensibility 

<wsdlsoap:operation/>

input 

<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>

output 

<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>



	used by 
	Service wfsService in Port wfs


	source 
	<wsdl:binding name="wfsSoapBinding" type="impl:wfs">
  <wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>
  <wsdl:operation name="GetCapabilities">
    <wsdlsoap:operation/>
    <wsdl:input>
      <wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>
    </wsdl:input>
    <wsdl:output>
      <wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>
    </wsdl:output>
  </wsdl:operation>
  <wsdl:operation name="GetFeature">
    <wsdlsoap:operation/>
    <wsdl:input>
      <wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>
    </wsdl:input>
    <wsdl:output>
      <wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>
    </wsdl:output>
  </wsdl:operation>
  <wsdl:operation name="DescribeFeatureType">
    <wsdlsoap:operation/>
    <wsdl:input>
      <wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>
    </wsdl:input>
    <wsdl:output>
      <wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wfs.cgl"/>
    </wsdl:output>
  </wsdl:operation>
</wsdl:binding>


Port Type: wfs
	operations 
	GetCapabilities

input 

impl:GetCapabilitiesRequest
output 

impl:GetCapabilitiesResponse
GetFeature

input 

impl:GetFeatureRequest
output 

impl:GetFeatureResponse
DescribeFeatureType

input 

impl:DescribeFeatureTypeRequest
output 

impl:DescribeFeatureTypeResponse


	used by 
	binding wfsSoapBinding


	source 
	<wsdl:portType name="wfs">
  <wsdl:operation name="GetCapabilities" parameterOrder="capstr">
    <wsdl:input name="GetCapabilitiesRequest" message="impl:GetCapabilitiesRequest"/>
    <wsdl:output name="GetCapabilitiesResponse" message="impl:GetCapabilitiesResponse"/>
  </wsdl:operation>
  <wsdl:operation name="GetFeature" parameterOrder="getFeatureRequest">
    <wsdl:input name="GetFeatureRequest" message="impl:GetFeatureRequest"/>
    <wsdl:output name="GetFeatureResponse" message="impl:GetFeatureResponse"/>
  </wsdl:operation>
  <wsdl:operation name="DescribeFeatureType" parameterOrder="descFeatureStr">
    <wsdl:input name="DescribeFeatureTypeRequest" message="impl:DescribeFeatureTypeRequest"/>
    <wsdl:output name="DescribeFeatureTypeResponse" message="impl:DescribeFeatureTypeResponse"/>
  </wsdl:operation>
</wsdl:portType>


Message: GetCapabilities Request
	parts 
	capstr

type 

soapenc:string



	used by 
	PortType wfs in Operation GetCapabilities


	source 
	<wsdl:message name="GetCapabilitiesRequest">
  <wsdl:part name="capstr" type="soapenc:string"/>
</wsdl:message>


Sample GetCapabilities request:

<?xml version="1.0" encoding="ISO-8859-1"?>
<GetCapabilities version="1.0.0"/>
Message: GetCapabilities Response
	parts 
	GetCapabilitiesReturn

type 

soapenc:string



	used by 
	PortType wfs in Operation GetCapabilities


	source 
	<wsdl:message name="GetCapabilitiesResponse">
  <wsdl:part name="GetCapabilitiesReturn" type="soapenc:string"/>
</wsdl:message>


Message: DescribeFeatureType Request
	parts 
	descFeatureStr

type 

soapenc:string



	used by 
	PortType wfs in Operation DescribeFeatureType


	source 
	<wsdl:message name="DescribeFeatureTypeRequest">
  <wsdl:part name="descFeatureStr" type="soapenc:string"/>
</wsdl:message>


Message: DescribeFeatureType Response
	parts 
	DescribeFeatureTypeReturn

type 

soapenc:string



	used by 
	PortType wfs in Operation DescribeFeatureType


	source 
	<wsdl:message name="DescribeFeatureTypeResponse">
  <wsdl:part name="DescribeFeatureTypeReturn" type="soapenc:string"/>
</wsdl:message>


Message: GetFeature Request
	parts 
	getFeatureRequest

type 

soapenc:string



	used by 
	PortType wfs in Operation GetFeature


	source 
	<wsdl:message name="GetFeatureRequest">
  <wsdl:part name="getFeatureRequest" type="soapenc:string"/>
</wsdl:message>


Message: GetFeature Response
	parts 
	GetFeatureReturn

type 

soapenc:string



	used by 
	PortType wfs in Operation GetFeature


	source 
	<wsdl:message name="GetFeatureResponse">
  <wsdl:part name="GetFeatureReturn" type="soapenc:string"/>
</wsdl:message>


We chose MySQL as our data store to use with our WFS implementation. We have collected several types of geographic data from various online sources and inserted these to our database. Some of the data types relevant to SERVO project are:

· QuakeTables Fault Database
SERVO’s fault repository for California.
Compatible with GeoFEST, Disloc, and VirtualCalifornia
http://infogroup.usc.edu:8080/public.html
· GPS Data sources and formats (RDAHMM and others).
JPL: ftp://sideshow.jpl.nasa.gov/pub/mbh
SOPAC: ftp://garner.ucsd.edu/pub/timeseries
USGS: http://pasadena.wr.usgs.gov/scign/Analysis/plotdata/

· Seismic Event Data (RDAHMM and others)
SCSN: http://www.scec.org/ftp/catalogs/SCSN
SCEDC: http://www.scecd.scec.org/ftp/catalogs/SCEC_DC
Dinger-Shearer: http://www.scecdc.org/ftp/catalogs/dinger-shearer/dinger-shearer.catalog
Haukkson: http://www.scecdc.scec.org/ftp/catalogs/hauksson/Socal
Also to support producing meaningful maps by Web Map Service we have US and World map data including borders, county boundaries, cities etc. Since we heavily work on seismic and GPS data for California we have several additional features like fault lines, rivers, lakes for this state.
Architecture

Today a large volume of geographic data is available online and WFS can be thought of as a unified solution to serve this data in a common format. We have introduced a simple approach to create relational database tables for various types of geospatial data which are used by WFS for creating GML FeatureCollection objects. This approach allowed us to support various types of geographic queries generated by the WMS Client interfaces. Mostly these are SELECT queries asking for a set of one or more feature types but support intersections junctions, overlays etc.

Consider the following segment from SCEDC seismic catalog for year 2004: [http://www.data.scec.org/ftp/catalogs/SCEC_DC/2004.catalog]

#YYY/MM/DD HH:mm:SS.ss ET MAG  M    LAT     LON     DEPTH Q  EVID     NPH NGRM

2004/01/01 00:28:59.26 le 1.52 l    34.163 -116.424  13.1 A 14018180   29  407

2004/01/01 01:31:28.13 le 1.60 h    34.384 -116.922   1.0 A 14018196   30  554

2004/01/01 01:58:38.83 le 2.03 l    32.232 -115.726   7.0 C 14018200   15  205

We can easily deduce that the latitude and longitude values are the only geographic information available for this particular data type. To store the data we create a database table as following:


[image: image7]
For this feature type the queries are quite simple because each line in the original ASCII file actually corresponds to a geographic point and the metadata associated with that point and more complex queries such as intersections or junctions are not necessary. However for more complex features that contain several points, lines or polygons we need to find minimum and maximum values of the location elements to support queries.

Another example feature type is California Fault lines. Each fault consists of a number of segments. We can think of each segment as a direct line between two points. For instance following data describes several segments of the San Andreas Fault:

	Fault Name
	Segment Number
	Coordinates

	San Andreas
	62
	-115.8,33.42 -115.73,33.37

	San Andreas
	61
	-115.93,33.52 -115.86,33.47

	San Andreas
	60
	-116.6,34.01 -116.52,33.98


Following database table is created to hold the fault segments data:
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Since the geospatial entry for his data type is line we need to define two points for each segment, a starting point and an end point. Once we have the geographic data in the database the WFS can connect and execute queries. However we still have to find a way which allows easy addition of new feature types to the database. The challenge here is that geographic data is extremely diverse; it may be as simple as a point and as complex as topographic data or complex features with 3 dimensions. Our database and WFS integration scheme should be flexible enough to allow easy addition of these various kinds of features to the database and consecutively fast generation of the corresponding GML documents. We have developed a simple and easy to adopt system to solve this problem. Our approach requires creation of a set of files as described below:
Adding New Features to the Database
For each new feature type to be added we first create a definitive xml Schema. This schema inherits necessary GML schemas and describes both geographic information and non-geographic metadata about the feature. 

The second step is to create a sample xml instance from the xml Schema with all the possible element and attributes present. This is the xml skeleton of the feature type or simply an ‘empty’ feature-xml document and should not have any actual element or attribute values.

The third file to be created is a mapping file that associates the sample xml instance with the relational database table. This xml file contains several MapElement elements each of which has two attributes: XSDNodeXPath and DBColumnName. The first attribute contains the XPath [XPath] path to a particular element in the xml instance while the second one contains the relational database column name for that particular element. For instance the mapping entry for the Magnitude column from the SCEDC seismic catalog example is:

<MapElement No="6" XSDNodeXPath="//Magnitude" DBColumnName="MAGNITUDE"/>
Here the XPath value to this element in the xml-instance is //Magnitude and the actual magnitude values are stored in the MAGNITUDE column. 

The last file is the configuration file for this feature type which includes the database connection information, physical paths of the aforementioned files, names of the columns that contain maximum and minimum values for the geographic data and metadata.

To further explain our approach we give the required files created for SCEDC seismic catalog:

Following is the xml Schema document:

<?xml version="1.0" encoding="UTF-8"?>
<schema xmlns:seismicity="http://mastar.ucs.indiana.edu/seismicity" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:gml="http://www.opengis.net/gml" xmlns="http://www.w3.org/2001/XMLSchema" targetNamespace="http://mastar.ucs.indiana.edu/seismicity" elementFormDefault="qualified" version="3.0">
<!-- import GML 2.1.2 feature and geometry schemas -->
<import namespace="http://www.opengis.net/gml" schemaLocation="F:\phd\schemas\ogc_schemas\gml\2.1.2\geometry.xsd"/>
<import namespace="http://www.opengis.net/gml" schemaLocation="F:\phd\schemas\ogc_schemas\gml\2.1.2\feature.xsd"/>
<element name="SeismicEvent" type="seismicity:SeismicEventType"/>
<complexType name="SeismicEventType">

<sequence minOccurs="0">


<element name="Date">



<complexType>




<sequence minOccurs="0">





<element name="Year" minOccurs="0"/>





<element name="Month" minOccurs="0"/>





<element name="Day" minOccurs="0"/>




</sequence>




<attribute name="DateContent"/>



</complexType>


</element>


<element name="Time">



<complexType>




<sequence minOccurs="0">





<element name="Hour" minOccurs="0"/>





<element name="Minute" minOccurs="0"/>





<element name="Second" minOccurs="0"/>




</sequence>




<attribute name="TimeContent"/>



</complexType>


</element>

<element name="Location" type="gml:PointPropertyType"/>


<element name="Quality">



<annotation>




<documentation>SCSN - SCEDC

[location quality

'A'  +- 1 km horizontal distance

+- 2 km depth

'B'  +- 2 km horizontal distance

+- 5 km depth

'C'  +- 5 km horizontal distance

no depth restriction

'D'  >+- 5 km horizontal distance

'Z'  no quality listed in database]</documentation>



</annotation>



<simpleType>




<restriction base="string">





<enumeration value="A"/>





<enumeration value="B"/>





<enumeration value="C"/>





<enumeration value="D"/>





<enumeration value="Z"/>





<enumeration value="E"/>





<enumeration value="P"/>




</restriction>



</simpleType>


</element>


<element name="Magnitude" type="string"/>


<element name="MagnitudeType" minOccurs="0">



<annotation>




<documentation>SCEDC

[type of magnitude

'e' energy magnitude

'w' moment magnitude

'b' body-wave magnitude

's' surface-wave magnitude

'l' local (WOOD-ANDERSON) magnitude

'c' coda amplitude 

'h' helicorder magnitude (short-period Benioff)

'd' coda duration magnitude

'n' no magnitude]</documentation>



</annotation>



<simpleType>




<restriction base="string">





<enumeration value="e"/>





<enumeration value="w"/>





<enumeration value="b"/>





<enumeration value="s"/>





<enumeration value="l"/>





<enumeration value="c"/>





<enumeration value="h"/>





<enumeration value="d"/>





<enumeration value="n"/>




</restriction>



</simpleType>


</element>


<element name="Depth" type="string">



<annotation>




<documentation>kilometers</documentation>



</annotation>


</element>


<element name="NPH">



<complexType>




<simpleContent>





<extension base="int"/>




</simpleContent>



</complexType>


</element>


<element name="RMS" type="float" minOccurs="0">



<annotation>




<documentation>root mean square of travel times</documentation>



</annotation>


</element>


<element name="EventId" type="int"/>


<element name="EventType" minOccurs="0">



<annotation>




<documentation>SCEDC

[local (le)(re)(ts)blast (qb)boom (sn)blast (nt)event (uk)]</documentation>



</annotation>



<simpleType>




<restriction base="string">





<enumeration value="le"/>





<enumeration value="re"/>





<enumeration value="ts"/>





<enumeration value="qb"/>





<enumeration value="sn"/>





<enumeration value="nt"/>





<enumeration value="uk"/>




</restriction>



</simpleType>


</element>


<element name="NGRM" type="int" minOccurs="0">



<annotation>




<documentation>SCEDC [ Number Of Grams (i.e. # of station traces)]</documentation>



</annotation>


</element>

</sequence>
</complexType>
<element name="Catalog">

<complexType>


<sequence minOccurs="0">



<element ref="seismicity:SeismicEvent" minOccurs="0" maxOccurs="unbounded"/>


</sequence>

</complexType>
</element>
<!--This Schema is based on GML 2.1.2 and supports following formats-->
<!--SCSN (SOUTHERN CALIFORNIA SEISMOGRAPHIC NETWORK FORMAT) -->
<!--SCEDC (SOUTHERN CALIFORNIA EARTHQUAKE DATA CENTER CATALOG FORMAT)-->
</schema>
Following picture depicts a graphical representation of above schema
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Figure 5 - XML Schema for SCEDC and SCSN Seismic Catalogs.

Note from the above schema that the geographic information entry is described using a complex type “gml:PointPropertyType” inherited from the GML2 schemas:

<element name="Location" type="gml:PointPropertyType"/>
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The gml:Point type has two choices, gml:coord and gml:coordinates. 
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gml:coord type is extended from gml:CoordType which contains X, Y and Z values for three dimensional coordinate systems.
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For instance we can encode GPS measurements with this complex type since these measurements contain Latitude, Longitude and Height values.

The geographic element for the fault schema would be 

<xs:element name="SegmentCoordinates" ref="gml:lineStringProperty"/> since the fault segments are actually lines and contain multiple coordinates. For instance:

<gml:lineStringProperty>
    <gml:LineString srsName="EPSG:4230">

<gml:coordinates>-82.7335,27.8846,1.0 -82.7586,28.1352,1.0 -82.6368,28.4571,1.0 -82.7335,27.8846,1.0 -82.7218,28.1763,1.0 -82.5235,28.6658,1.0 -82.2489,27.2001,1.0 -81.5399,28.6771,1.0 -81.1583,28.4414,1.0</gml:coordinates>
  </gml:LineString>
</gml:lineStringProperty>
The second file is an xml instance generated from the schema:

<?xml version="1.0" encoding="UTF-8"?>
<SeismicEvent 

xmlns:gml=http://www.opengis.net/gml xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://sensorgrid.org/seismicity.xsd">
<Date>


<Year/>


<Month/>


<Day/>
</Date>

<Time>


<Hour/>


<Minute/>


<Second/>

</Time>

<Location>


<gml:Point srsName="EPSG:6356">



<gml:coord>




<gml:X/>




<gml:Y/>



</gml:coord>


</gml:Point>

</Location>

<EventType/>

<Magnitude/>


<MagnitudeType/>


<Depth/> 

<Quality/> 

<NPH/> 

<NGRM/> 

<EventId/> 
</SeismicEvent>
Here the element that holds geographic information which is inherited from the GML schema is 

<Location>

<gml:Point srsName="EPSG:6356">


<gml:coord>



<gml:X/>



<gml:Y/>


</gml:coord>

</gml:Point>
</Location>
Note from the xml instance that none of the elements contain actual values except an attribute which is the same value for all the features.

The third file created for this feature type is the following mapping type:

<?xml version="1.0" encoding="UTF-8"?>
<MapElements xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">

<MapElement No="0" 
XSDNodeXPath="//Date/Year" 
DBColumnName="YEAR"/>

<MapElement No="1" 
XSDNodeXPath="//Date/Month" 
DBColumnName="MONTH"/>

<MapElement No="2" 
XSDNodeXPath="//Date/Day" 
DBColumnName="DAY"/>

<MapElement No="3" 
XSDNodeXPath="//Time/Hour" 
DBColumnName="HOUR"/>

<MapElement No="4" 
XSDNodeXPath="//Time/Minute" 
DBColumnName="MINUTE"/>

<MapElement No="5" 
XSDNodeXPath="//Time/Second" 
DBColumnName="SECOND"/>

<MapElement No="5" 
XSDNodeXPath="//EventType" 
DBColumnName="ET"/>

<MapElement No="6" 
XSDNodeXPath="//Magnitude" 
DBColumnName="MAGNITUDE"/>

<MapElement No="7" 
XSDNodeXPath="//MagnitudeType" DBColumnName="MAGNITUDE_TYPE"/>

<MapElement No="8"
XSDNodeXPath="//Location/gml:Point/gml:coord/gml:X" DBColumnName="LATITUDE"/>

<MapElement No="9"
XSDNodeXPath="//Location/gml:Point/gml:coord/gml:Y" DBColumnName="LONGITUDE"/>

<MapElement No="10" 
XSDNodeXPath="//Depth" 
DBColumnName="DEPTH"/>

<MapElement No="11" 
XSDNodeXPath="//Quality" 
DBColumnName="QUALITY"/>

<MapElement No="12" 
XSDNodeXPath="//EventId" 
DBColumnName="EVID"/>

<MapElement No="13" 
XSDNodeXPath="//NPH" 
DBColumnName="NPH"/>

<MapElement No="14" 
XSDNodeXPath="//NGRM" 
DBColumnName="NGRM"/>
</MapElements>
This file is used after the WFS retrieves the queried features from the database. WFS then uses this mapping file to populate the xml instance with the results.

The last file is the following config file:

<?xml version="1.0" encoding="UTF-8"?>
<feature>
 <db>
   <type>mySQL</type>
   <serveraddress>gf8.ucs.indiana.edu</serveraddress>
   <dbname>cce</dbname>
   <tablename>scedc</tablename>
   <driver>com.mysql.jdbc.Driver</driver>
   <username>uname</username>
   <password>passwd</password>
 </db>
 <xml_instance>   <localaddress>/home/galip/wfs/seismic_instance.xml</localaddress>
 </xml_instance>
 <map_file>
   <localaddress>/home/galip/wfs/scedc_mapping.xml</localaddress>
 </map_file>
 <xmlschema>
   <localaddress>/home/galip/wfs/seismicity.xsd</localaddress>
 </xmlschema>
 <maxmin_column_names>
   <minx>LONGITUDE</minx>
   <miny>LATITUDE</miny>
   <maxx>LONGITUDE</maxx>
   <maxy>LATITUDE</maxy>
 </maxmin_column_names>
 <Metadata>
   <Name>scedc</Name>
   <Title>California Earthquake Data in SCEDC Format</Title>
   <Abstract> </Abstract>
   <Keywords>Seismic,WFS</Keywords>
   <SRS>EPSG:6356</SRS>
   <Operations>
     <Operation type="Query"/>
   </Operations>
   <MetadataURL>http://www.crisisgrid.org</MetadataURL>
 </Metadata>
</feature>
WFS uses this file to locate and query the database that contains this particular feature type. After the query results are returned it uses the file locations provided in this file to generate the GML feature collection.

How it works
A typical WFS request-response cycle starts with the client request. A request may include several types of queries such as SELECT, UPDATE, DELETE etc. Since we have implemented the basic WFS currently we only support SELECT queries. 

A sample query encoded according to OGC Filter Encoding Implementation [OGC-FilterEncoding] is as follows:

<?xml version="1.0" encoding="iso-8859-1"?>
<wfs:GetFeature outputFormat="GML2"
gml=http://www.opengis.net/gml
wfs=http://www.opengis.net/wfs
ogc="http://www.opengis.net/ogc">
 <wfs:Query typeName="ca_faults">

<wfs:PropertyName>name</wfs:PropertyName>

<wfs:PropertyName>segment</wfs:PropertyName>

<wfs:PropertyName>author</wfs:PropertyName>

<wfs:PropertyName>coordinates</wfs:PropertyName>
   <ogc:Filter>
     <ogc:BBOX>
       <ogc:PropertyName>coordinates</ogc:PropertyName>
       <gml:Box>
         <gml:coordinates>-150,30 -100,50</gml:coordinates>
       </gml:Box>
     </ogc:BBOX>
   </ogc:Filter>
 </wfs:Query>
</wfs:GetFeature>
This query simply means that the user request the name, segment, author and coordinates properties of the fault features which are inside the -150,30 -100,50 bounding box. The bounding box is defined as a rectangular region with minx, minY and maxX, MaxY coordinates.

After the WFS receives this request it parses the xml and extracts the required properties, query type and decodes the Filter to create a SQL query like following:

SELECT name, segment, author, coordinates FROM ca_faults WHERE (LatStart>-150 and LonStart>30 and LatEnd<-100 and LonEnd>50);
Afterwards WFS uses the configuration file of this feature type to find the database that holds this feature and associated username and password information. Using such a configuration file allows us to integrate several databases with one WFS. Also the configuration file holds the location of the other required files such as the database mapping file. WFS uses the mapping file to create the SQL query. As soon as the results are returned the WFS uses the sample xml file and the mapping file to populate the GML features and create a GML feature collection.

Following is a segment from the feature collection generated for the above request:

<wfs:FeatureCollection 

xmlns:wfs="http://www.opengis.net/wfs" 

xmlns:gml="http://www.opengis.net/gml" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://crisisgrid.org/schemas/wfs/fault_new.xsd">

<gml:boundedBy>

 <gml:Box srsName="http://www.opengis.net/gml/srs/epsg.xml#27354">

  <gml:coordinates decimal="." cs="," ts=" ">-150,30 -100,50</gml:coordinates>

 </gml:Box>

</gml:boundedBy>
<gml:featureMember>
<fault>
 <name>Bartlett Springs</name>
 <segment>0.0</segment>
 <author>Rundle J. B.</author>
 <gml:lineStringProperty>
   <gml:LineString srsName="null">
     <gml:coordinates>-123.05,39.57 -122.98,39.49</gml:coordinates>
   </gml:LineString>
 </gml:lineStringProperty>
</fault>
</gml:featureMember>
<gml:featureMember>
<fault>
 <name>Bartlett Springs</name>
 <segment>1.0</segment>
 <author>Rundle J. B.</author>
 <gml:lineStringProperty>
   <gml:LineString srsName="null">
     <gml:coordinates>-122.98,39.49 -122.91,39.41</gml:coordinates>
   </gml:LineString>
 </gml:lineStringProperty>
</fault>
</gml:featureMember>
<gml:featureMember>
<fault>
 <name>Bartlett Springs</name>
 <segment>2.0</segment>
 <author>Rundle J. B.</author>
 <gml:lineStringProperty>
   <gml:LineString srsName="null">
     <gml:coordinates>-122.91,39.41 -122.84,39.33</gml:coordinates>
   </gml:LineString>
 </gml:lineStringProperty>
</fault>
</gml:featureMember>
<gml:featureMember>
<fault>
 <name>Bartlett Springs</name>
 <segment>3.0</segment>
 <author>Rundle J. B.</author>
 <gml:lineStringProperty>
   <gml:LineString srsName="null">
     <gml:coordinates>-122.84,39.33 -122.77,39.25</gml:coordinates>
   </gml:LineString>
 </gml:lineStringProperty>
</fault>
</gml:featureMember>
….
WFS Capabilities 

One of the most important properties of WFS is its ability to provide the supported features and capabilities. We have developed a method for WFS to dynamically generate the capabilities document on the fly instead of providing a static document. This method allows WFS to ignore feature types stored in an inaccessible database. To do this the WFS first collects the database information for all feature-types and tests if it can open a connection. Then it uses the individual configuration files for each supported feature type to generate the capabilities document as following:

<?xml version="1.0" encoding="UTF-8"?>
<WFS_Capabilities xmlns="http://www.opengis.net/wfs" version="1.0.0">
 <Service>
   <Name>SERVO-Grid Web Feature Service #4</Name>
   <Title>gf8.ucs.indiana.edu:7474</Title>
   <Abstract>This Web Feature Service provides access to Southern California seismic and GPS data</Abstract>
   <Keywords>WFS, OGC, Web Services</Keywords>
   <OnlineResource xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:type="java:java.lang.String">http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl</OnlineResource>
   <Fees>None</Fees>
   <AccessConstraints>None</AccessConstraints>
 </Service>
 <Capability>
   <Request>
     <GetCapabilities>
       <DCPType>
         <HTTP>
           <Get onlineResource="http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl"/>
           <Post onlineResource="http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl"/>
         </HTTP>
       </DCPType>
     </GetCapabilities>
     <DescribeFeatureType>
       <SchemaDescriptionLanguage>
         <XMLSCHEMA/>
       </SchemaDescriptionLanguage>
       <DCPType>
         <HTTP>
           <Get onlineResource="http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl"/>
           <Post onlineResource="http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl"/>
         </HTTP>
       </DCPType>
     </DescribeFeatureType>
     <GetFeature>
       <ResultFormat>
         <GML2/>
       </ResultFormat>
       <DCPType>
         <HTTP>
           <Get onlineResource="http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl"/>
           <Post onlineResource="http://gf8.ucs.indiana.edu:7474/axis/services/wfs?wsdl"/>
         </HTTP>
       </DCPType>
     </GetFeature>
   </Request>
   <VendorSpecificCapabilities>WSDL-SOAP</VendorSpecificCapabilities>
 </Capability>
 <FeatureTypeList>
   <FeatureType>
     <Name>rivers</Name>
     <Title>California Rivers Feature Type</Title>
     <Abstract>A Feature that has coordinate information of california rivers</Abstract>
     <Keywords>California Rivers, WFS</Keywords>
     <SRS>EPSG:4326</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-124.275833" miny="35.389717" maxx="-118.075287" maxy="41.472763"/>
   </FeatureType>
   <FeatureType>
     <Name>fault</Name>
     <Title>California Fault data</Title>
     <Abstract>California Fault data. MySQL database is provided by USC. More information about the data can be found here: http://grids.ucs.indiana.edu/~gaydin/servo/index_seismicity.htm</Abstract>
     <Keywords>California,Fault,Segment,WFS</Keywords>
     <SRS>NULL</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-124.41" miny="31.89" maxx="-114.64" maxy="40.2"/>
   </FeatureType>
   <FeatureType>
     <Name>europe</Name>
     <Title>europe borders</Title>
     <Abstract/>
     <Keywords>europe,wfs</Keywords>
     <SRS>EPSG:4326</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-31.291612" miny="-31.291612" maxx="44.834987" maxy="71.181357"/>
   </FeatureType>
   <FeatureType>
     <Name>states</Name>
     <Title>US States Boundaries</Title>
     <Abstract>Borders for states</Abstract>
     <Keywords>borders,states</Keywords>
     <SRS>null</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-178.21759836237" miny="18.921786345087" maxx="-67.007718759568" maxy="71.406235353271"/>
   </FeatureType>
   <FeatureType>
     <Name>scsn</Name>
     <Title>California Earthquake Data in SCSN Format</Title>
     <Abstract>Earthquake data</Abstract>
     <Keywords>California,Earthquake,WFS</Keywords>
     <SRS>EPSG:4326</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="32" miny="-122" maxx="37" maxy="-114"/>
   </FeatureType>
   <FeatureType>
     <Name>scedc</Name>
     <Title>California Earthquake Data in SCEDC Format</Title>
     <Abstract>Earthquake data</Abstract>
     <Keywords>California,Earthquake,WFS</Keywords>
     <SRS>EPSG:4326</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-122.000" miny="-122.000" maxx="78.600" maxy="37.000"/>
   </FeatureType>
   <FeatureType>
     <Name>boundary_lines</Name>
     <Title>California State Boundary Lines</Title>
     <Abstract/>
     <Keywords>California.Boundary</Keywords>
     <SRS>EPSG:4321</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-124.376663" miny="-124.376663" maxx="-118.074822" maxy="38.088043"/>
   </FeatureType>
   <FeatureType>
     <Name>city</Name>
     <Title>USA City Locations</Title>
     <Abstract/>
     <Keywords/>
     <SRS>NULL</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-157.82343908739" miny="21.305784962263" maxx="-71.089115" maxy="61.1919"/>
   </FeatureType>
   <FeatureType>
     <Name>tsunami_clusters</Name>
     <Title>Tsunami Hotspot Clusters</Title>
     <Abstract/>
     <Keywords/>
     <SRS>SRS</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-180" miny="-60.5" maxx="179" maxy="62"/>
   </FeatureType>
   <FeatureType>
     <Name>LANL_DEMO</Name>
     <Title>LANL</Title>
     <Abstract>Florida naturalgas and electric power grid data.</Abstract>
     <Keywords>LANL</Keywords>
     <SRS>null</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-85.758003234863" miny="25.363000869751" maxx="30.700000762939" maxy="30.700000762939"/>
   </FeatureType>
   <FeatureType>
     <Name>LANL_DEMO_NG</Name>
     <Title>LANL</Title>
     <Abstract> Florida natural gas grid data.</Abstract>
     <Keywords>LANL</Keywords>
     <SRS>null</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-83.932197570801" miny="25.363000869751" maxx="-80.165802001953" maxy="30.700000762939"/>
   </FeatureType>
   <FeatureType>
     <Name>LANL_DEMO_EP</Name>
     <Title>LANL</Title>
     <Abstract> Florida electric power grid data.</Abstract>
     <Keywords>LANL</Keywords>
     <SRS>null</SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="-85.758003234863" miny="25.479999542236" maxx="-80.207000732422" maxy="30.663000106812"/>
   </FeatureType>
   <FeatureType>
     <Name>sopac</Name>
     <Title>SOPAC GPS Stations</Title>
     <Abstract>Locations of the GPS Stations in Southern California. These stations are maintained by SOPAC.</Abstract>
     <Keywords>California, Earthquake, WFS</Keywords>
     <SRS></SRS>
     <Operations>
       <Query/>
     </Operations>
     <LatLongBoundingBox minx="32.84073385" miny="-118.33381483" maxx="33.9347574" maxy="-115.52137107"/>
   </FeatureType>
 </FeatureTypeList>
 <ogc:Filter_Capabilities xmlns:ogc="http://www.opengis.net/ogc">
   <ogc:Spatial_Capabilities>
     <ogc:Spatial_Operators>
       <ogc:BBOX/>
     </ogc:Spatial_Operators>
   </ogc:Spatial_Capabilities>
   <ogc:Scalar_Capabilities>
     <ogc:Arithmetic_Operators>
       <ogc:Simple_Arithmetic/>
     </ogc:Arithmetic_Operators>
   </ogc:Scalar_Capabilities>
 </ogc:Filter_Capabilities>
</WFS_Capabilities>
The capabilities document first describes the access methods to this WFS. Since the specification is based on HTTP Get and POST methods it has Get and Post OnlineResource elements. We provide the WSDL endpoint address instead. After the access methods the supported feature types are listed. These feature types may be located on various distributed databases which are opaque to the client. The last section contains the OGC Filter Encoding capabilities supported by this particular WFS installation. 
Performance Issues
We have tested our initial Web Service implementation of WFS in several scenarios such as producing fault maps of Southern California, displaying seismic history of particular regions on the map etc. A very interesting application domain was integrating our GIS services with Pattern Informatics code to forecast future seismic activities in a selected geographic region.   Our experience with all the tests showed us several important lessons: 

· If the size of the GML documents provided by WFS do not exceed several Megabytes the response time is acceptable. However for larger data sets the response time is relatively long; and in some cases the Web Service throws time-out exceptions.

· Web Service require us to create the whole response string on the client side and transport to the client at once. However maximum size of the XML string depends on the system configuration and can not be very large because the string is created in the memory. 

WFS Performance
To measure the performance of our WFS implementation we made several tests using seismic catalog for year 1992 from Southern California Earthquake Data Center (SCEDC). Tests were performed for the following lower bounds with seismic event magnitudes: M=5.0, 4.5, 4.0, 3.5, and 3.0.  These correspond to increasing data file size, as shown in Table 1. The entire catalog from 1932 to 2004 has 401,403 entries.

Table - SCEDC entries for test year 1992
	Event Magnitude Lower Bound
	Number of

Seismic Events
	GML Result Size (KB)

	5.0
	19
	11

	4.5
	67
	36

	4.0
	209
	106

	3.5
	587
	287

	3.0
	1790
	880


We measure WFS performance by timing the steps needed to extract seismic records with specific latitude/longitude bounding boxes, time periods, and lower bounds for the earthquake threshold magnitudes. These extracted records are returned as GML responses. This test is representative of other SERVOGrid applications that need to extract records from remote data bases through the WFS.  The tests are made over 10 runs. Data from 1/1/1992 to 12/31/1992 were requested and latitude/longitude bounding box (-117.0, 32.0)-(-114.0-37.0) was used.  

We make 4 types of measurements in addition to the total processing time between receiving the GetFeature request and returning the feature collection object: Initialization time is spent during object initializations and checking to see if the database that contains the requested feature is alive. This is a relatively small period of time (average 30ms) and can be ignored. During the initialization phase, the WFS extracts the query from the request and opens a connection to database that has the requested feature data. We measure the total query execution time since it affects the performance significantly. Other important measurements are made to find out how much time it takes to build GML feature objects from the query results and then how long it takes for merging them into a feature collection as the final result to return. 
WFS test results (Figure 2) show that the performance decreases as the lower event threshold M decreases, corresponding to the increase in data size. Higher thresholds are dominated by database query execution time which remains relatively constant for all magnitudes. However for event thresholds 3.5 and 3 time for building GML object takes considerable amount of time. Our further tests showed that for event magnitudes between 2.5 and 1 this step dominates the total processing time. 
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Figure 6 - WFS performance measurements

However constraints imposed by Axis [Axis] and Web services do not allow us to serve events with magnitude over 1, because the number of events increases significantly and the time it takes to generate GML feature collection exceeds the Web service timeout limits. 

We note that the results depicted in Figure 2 are intermediate results which show significant improvements over initial testing results. Although the performance is almost the same for lower event threshold M=5 and 4.5 it is improved by a factor of 4.4 for M=4, 4.7 for M=3.5 and 22.8 for M=3. Since our initial design was intended for smaller data loads GML FeatureCollection objects were created using string concatenation methods. But this proved to be highly costly for larger data sizes and we utilized   temporary files for immediately flushing the intermediate results and using byte arrays instead of strings for creating the final results. 

For events with magnitude 4 and bigger Database Query Execution determines the performance; whereas for events with magnitudes 3.5 and bigger building GML string consumes most of the total time.

Performance Improvements 

Initial tests for WFS show that two different functions affects the performance most:

Building the GML String Object
WFS returns a collection of geographic features as response to GetFeature requests. Each feature is described by a specific GML Schema and thus has a unique GML instance structure. To serve multiple features, WFS has to be able to create GML instances of these features. Using a data binding framework for this purpose is not feasible since this requires code generation for every feature type and more programming to integrate the generated code with the system. Instead we employ a pretty simple solution: For each new feature type we want to serve two XML files are generated. First file is a GML instance, second is a map file which shows which database column names map with which element name in the GML instance. 

While creating a feature collection WFS first retrieves the results from the database then for each row by using XPath it populates GML instances with corresponding values. This is an intensive text processing job. Initially string concatenation is used but because this is an expensive way we switched to using Java String Buffers. The initial performance results are obtained with this version. 

Although String Buffers demonstrate acceptable performance for large data sets we experienced longer processing times and memory exceptions. 

As an improvement in this particular point we are implementing a new version that employs temporary files and byte arrays. Instead of saving all features in a buffer the new version uses streams to write features to a temporary file. After all the features are in the file, depending on the size of this temporary file, we create byte arrays to transfer this file to string and return.

Initial results for this method show an obvious improvement for the larger data sets.

	First method – String Buffers

	Magnitude
	1.Run
	2.Run
	3.Run

	4
	5937
	6000
	6516

	3.5
	7187
	7328
	7265

	3
	10782
	10812
	11069

	2.5
	23688
	23594
	24567

	
	
	
	

	Second Method – Byte Arrays

	Magnitude
	1.Run
	2.Run
	3.Run

	4
	5828
	5843
	6359

	3.5
	6563
	6515
	6656

	3
	8453
	8703
	8672

	2.5
	16015
	15765
	15750


Query Execution Time
For this version the most significant portion of the total processing time is spent for database query execution. We use Java Database Connectivity driver (JDBC) to talk to the MySQL database. In most cases we receive multiple rows of data from the database for a SELECT query and we have to wait for the whole response elements are returned to use the JDBC ResultSet object. This is obviously time consuming especially for large query responses when hundreds or thousands of rows of data are returned. A possible improvement here is to use the individual results as they become available or stream the results from the database. We have improved the WFS performance by adopting such a technique which is discussed below. 

Streaming WFS
The original WFS specification is based on HTTP Get/Post methods, but this type of service has several limitations such as the amount of the data that can be transported, the rate of the data transportation, and the difficulty of orchestrating multiple services for more complex tasks. Web Services help us overcome some of these problems by providing standard interfaces to the tools or applications we develop. We have developed a Web Service version of WFS and are testing in several scenarios where scientific data analysis tools such as Pattern Informatics [Tiampo2002] require fast access to large amount of data. 

Our experience shows that although by using Web Services we can easily integrate several GIS and other services into complex tasks, providing high-rate transportation capabilities for large amounts of data remains a problem because the pure Web Services implementations rely on SOAP messages exchanged over HTTP. This conclusion has led us to an investigation of topic-based publish-subscribe messaging systems for exchanging SOAP messages and data payload between Web Services. We have used NaradaBrokering which provides several useful features besides streaming data transport such as reliable delivery, ability to choose alternate transport protocols, security and recovery from network failures. 

Our streaming WFS uses standard SOAP messages for receiving queries from the clients; however, the query results are published (streamed) to a NaradaBrokering topic as they become available. Our initial implementation uses MySQL database for keeping geographic feature data, and we employ a capability in MySQL that streams the results row by row, allowing us to receive individual results and publish them to the messaging substrate instead of waiting for whole result set to be returned. The initial performance results show that (especially for smaller data sets) streaming removes a lot of overhead introduced by object initializations. Table 1 gives a comparison of the streaming and non-streaming versions of our WFS implementations. The data requested is the Southern California seismic records for the eventful year of 1992, initially obtained from Southern California Earthquake data center [SCEDC] and converted into GML for our Web Feature Service. The first column is the minimum magnitude of the earthquake, the second column shows the data size of the query result. Timings for Streaming WFS contains two columns; the first column shows the time it takes to generate and stream out GML feature collection, the second column shows the total response time. The fourth column shows the total response time for non-streaming WFS. The difference between streaming and non-streaming WFS versions is that streaming version does not accumulate the query results and stream as soon as they become available. The timings are in milliseconds and include object initializations, query processing, database query and transport times.
	Event Magnitude Lower Bound
	Data Size
(KB)
	Streaming WFS
	Response Time

Non-Streaming WFS

	
	
	Time for streaming the result 
	Total Response Time
	

	3
	880
	2414.2
	4570
	5662.6

	3.5
	287
	826.7
	3405
	4414

	4
	106
	320.1
	2945
	4098.7

	4.5
	36
	100
	2661
	3917.1

	5
	11
	31.3
	2425
	3912.5


Table.  The performance of streaming and non-streaming versions of the Web Feature Service is compared.

We can deduce from the table that for larger data sets when using streaming our gain is about 25%. But for the smaller data sets this gain becomes about 40% which is mainly because in the traditional Web Services the SOAP message has to be created, transported and decoded the same way for all message sizes which introduces significant overhead. We are investigating new methods for reducing the overhead in the streaming WFS to further improve the performance.

For an extensive discussion on the performance of our GIS services see [Aydin2005].
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Figure 7 - Architectural diagram of our WFS implementation

Chapter 2 Appendix
Sample Geographic Features
GPS Station Metadata

Following XML Schema and sample instances are created to describe metadata about continuous GPS stations deployed in Southern California.

XML Schema

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema 
xmlns:xs=http://www.w3.org/2001/XMLSchema xmlns:gml="http://www.opengis.net/gml" elementFormDefault="qualified" attributeFormDefault="unqualified">
 <xs:import 
namespace=http://www.opengis.net/gml schemaLocation="/home/galip/ogc_schemas/gml/2.1.2/feature.xsd"/>
 <xs:import 
namespace=http://www.opengis.net/gml schemaLocation="/home/galip/ogc_schemas/gml/2.1.2/geometry.xsd"/>
 <xs:element name="GPS_Station">
    <xs:complexType>

<xs:sequence>

  <xs:element name="SiteCode" type="xs:string"/>

  <xs:element name="SiteName" type="xs:string"/>

  <xs:element name="Network" type="xs:string"/>

  <xs:element name="City" type="xs:string"/>

  <xs:element name="County" type="xs:string"/>

  <xs:element name="State" type="xs:string"/>

 <xs:element name="Location" type="gml:PointPropertyType"/>
      </xs:sequence>
    </xs:complexType>
  </xs:element>
</xs:schema>
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Figure 8 - XML Schema for GPS Station Metadata.

Sample WFS request
<?xml version="1.0" encoding="iso-8859-1"?>
<wfs:GetFeature outputFormat="GML2"
gml=http://www.opengis.net/gml
wfs=http://www.opengis.net/wfs
ogc="http://www.opengis.net/ogc">
 <wfs:Query typeName="GPS_Site">

<wfs:PropertyName>SiteCode</wfs:PropertyName>

<wfs:PropertyName>SiteName</wfs:PropertyName>

<wfs:PropertyName>Network</wfs:PropertyName>

<wfs:PropertyName>City</wfs:PropertyName>

<wfs:PropertyName>County</wfs:PropertyName>

<wfs:PropertyName>State</wfs:PropertyName>

<wfs:PropertyName>Lat</wfs:PropertyName>

<wfs:PropertyName>Lon</wfs:PropertyName>
   <ogc:Filter>
     <ogc:BBOX>
       <ogc:PropertyName>coordinates</ogc:PropertyName>
       <gml:Box>
         <gml:coordinates>30,-119 37,-114</gml:coordinates>
       </gml:Box>
     </ogc:BBOX>
   </ogc:Filter>
 </wfs:Query>
</wfs:GetFeature>
Sample GML Feature Collection document generated by WFS.

<wfs:FeatureCollection 
xmlns:wfs=http://www.opengis.net/wfs xmlns:gml="http://www.opengis.net/gml" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://crisisgrid.org/schemas/GPS_Site.xsd">

<gml:boundedBy>


<gml:Box srsName="http://www.opengis.net/gml/srs/epsg.xml#27354">



<gml:coordinates decimal="." cs="," ts=" ">30,-119 37,-114</gml:coordinates>


</gml:Box>

</gml:boundedBy>

<gml:featureMember>


<GPS_Site>



<SiteCode>azry</SiteCode>



<SiteName>Anza Gravel Excavation Site</SiteName>



<Network>OCRTN</Network>



<City>Anza</City>



<County>Riverside</County>



<State>California</State>



<Location>




<gml:Point srsName="">





<gml:coord>






<gml:X>33.54007214</gml:X>






<gml:Y>-116.62969652</gml:Y>





</gml:coord>




</gml:Point>



</Location>


</GPS_Site>

</gml:featureMember>

<gml:featureMember>


<GPS_Site>



<SiteCode>blsa</SiteCode>



<SiteName>Bolsa Chica Channel</SiteName>



<Network>RICRTN</Network>



<City>Huntington Beach</City>



<County>Orange</County>



<State>California</State>



<Location>




<gml:Point srsName="">





<gml:coord>






<gml:X>33.7995428</gml:X>






<gml:Y>-118.02867587</gml:Y>





</gml:coord>




</gml:Point>



</Location>


</GPS_Site>

</gml:featureMember>

<gml:featureMember>


<GPS_Site>



<SiteCode>cat2</SiteCode>



<SiteName>Catalina Island 2</SiteName>



<Network>RICRTN</Network>



<City>Avalon</City>



<County>Los Angeles</County>



<State>California</State>



<Location>




<gml:Point srsName="">





<gml:coord>






<gml:X>33.31161586</gml:X>






<gml:Y>-118.33381483</gml:Y>





</gml:coord>




</gml:Point>



</Location>


</GPS_Site>

</gml:featureMember>
</wfs:FeatureCollection>
California Faults

XML Schema

<?xml version="1.0" encoding="UTF-8"?>
<!-- edited with XMLSPY v2004 rel. 4 U (http://www.xmlspy.com) by Aydin Galip (cgl) -->
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:gml="http://www.opengis.net/gml" elementFormDefault="qualified" attributeFormDefault="unqualified">

<xs:import namespace="http://www.opengis.net/gml" schemaLocation="C:\SCHEMAS_OPENGIS_NET\gml\2.1.2\feature.xsd"/>

<xs:element name="fault">


<xs:annotation>



<xs:documentation>Comment describing your root element</xs:documentation>


</xs:annotation>


<xs:complexType>



<xs:sequence>




<xs:element name="name" type="xs:string"/>




<xs:element name="segment" type="xs:string"/>




<xs:element name="author" type="xs:string"/>




<xs:element ref="gml:lineStringProperty"/>



</xs:sequence>


</xs:complexType>

</xs:element>
</xs:schema>
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Figure 9 - Fault Schema

Sample WFS Request

<?xml version="1.0" encoding="iso-8859-1"?>
<wfs:GetFeature outputFormat="GML2" gml=http://www.opengis.net/gml
wfs=http://www.opengis.net/wfs
ogc="http://www.opengis.net/ogc">
 <wfs:Query typeName="fault">

<wfs:PropertyName>name</wfs:PropertyName>

<wfs:PropertyName>segment</wfs:PropertyName>

<wfs:PropertyName>author</wfs:PropertyName>

<wfs:PropertyName>coordinates</wfs:PropertyName>
   <ogc:Filter>
     <ogc:BBOX>
       <ogc:PropertyName>coordinates</ogc:PropertyName>
       <gml:Box>
         <gml:coordinates>-150,30 -100,50</gml:coordinates>
       </gml:Box>
     </ogc:BBOX>
   </ogc:Filter>
 </wfs:Query>
</wfs:GetFeature>
Sample GML Feature Collection document generated by WFS.

<wfs:FeatureCollection 
xmlns:wfs=http://www.opengis.net/wfs
xmlns:gml=http://www.opengis.net/gml
xmlns:xsi=http://www.w3.org/2001/XMLSchema-instance
xsi:schemaLocation="http://crisisgrid.org/schemas/fault_new.xsd">

<gml:boundedBy>


<gml:Box srsName="http://www.opengis.net/gml/srs/epsg.xml#27354">



<gml:coordinates decimal="." cs="," ts=" ">-150,30 -100,50</gml:coordinates>


</gml:Box>

</gml:boundedBy>

<gml:featureMember>


<fault>



<name>Bartlett Springs</name>



<segment>0.0</segment>



<author>Rundle J. B.</author>



<gml:lineStringProperty>




<gml:LineString srsName="null">





<gml:coordinates>-123.05,39.57 -122.98,39.49</gml:coordinates>




</gml:LineString>



</gml:lineStringProperty>


</fault>

</gml:featureMember>

<gml:featureMember>


<fault>



<name>Bartlett Springs</name>



<segment>1.0</segment>



<author>Rundle J. B.</author>



<gml:lineStringProperty>




<gml:LineString srsName="null">





<gml:coordinates>-122.98,39.49 -122.91,39.41</gml:coordinates>




</gml:LineString>



</gml:lineStringProperty>


</fault>

</gml:featureMember>

<gml:featureMember>


<fault>



<name>Bartlett Springs</name>



<segment>2.0</segment>



<author>Rundle J. B.</author>



<gml:lineStringProperty>




<gml:LineString srsName="null">





<gml:coordinates>-122.91,39.41 -122.84,39.33</gml:coordinates>




</gml:LineString>



</gml:lineStringProperty>


</fault>

</gml:featureMember>

<gml:featureMember>


<fault>



<name>Bartlett Springs</name>



<segment>3.0</segment>



<author>Rundle J. B.</author>



<gml:lineStringProperty>




<gml:LineString srsName="null">





<gml:coordinates>-122.84,39.33 -122.77,39.25</gml:coordinates>




</gml:LineString>



</gml:lineStringProperty>


</fault>

</gml:featureMember>
</wfs:FeatureCollection>
Available Geographic Data from the Feature Database

Our MySQL feature database holds 15 types of geographic features. Following table shows the total number of records per feature type.

	Feature Name
	Number of records

	California Faults
	646

	SCEDC Seismic Catalog
	560491

	Global Seismic Hotspots
	401069

	Global Tsunami Clusters
	220

	SOPAC GPS Stations Metadata
	28

	JPL Filtered GPS Catalogs
	1000470

	JPL Point GPS Catalogs
	2995539

	North America Border Lines
	9

	US Rivers
	68

	US States Borders
	102

	Major US Cities
	65

	Los Alamos National Lab Demo 
Florida Natural Gas Components
	93

	Los Alamos National Lab Demo 
Florida Electric Power Components
	327

	Major European Cities
	92

	European Country Borders
	45

	
	

	Total
	4.959.264 records
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Chapter 3: Streaming Services for GPS and Other Data
Purpose
Recent technological developments allowed sensors to be deployed in a large variety of application domains. Environmental monitoring, air pollution and water quality measurements, detection of the seismic events and understanding the long-term motions of the Earth crust are only a few areas where extent of the deployment of sensor networks can easily be seen. Extensive use of sensing devices and deployment of the networks of sensors that can communicate with each other to achieve a larger sensing task will fundamentally change information gathering and processing. [Estrin99]. However rapid proliferation of sensors presents unique challenges different than the traditional computer network problems.

Several studies have discussed the technological aspects of the challenges with the sensor devices, such as power consumption, wireless communication problems, autonomous operation, adaptability to the environmental conditions etc [Akyildiz2002]. Here we describe service architecture to support real-time information gathering and processing from GPS sensors by leveraging SOA principles and open GIS standards. 

Most Scientific Applications that couple high performance computing, simulation or visualization codes with databases or real-time data sources require more than mere remote procedure calls pure Web Services has to offer. These applications are sometimes composite systems where some of the components require output from others and they are asynchronous, it may take hours or days to complete. Such properties require additional layers of control and capabilities from Web Services which introduces the necessity for a messaging substrate that can provide these extra features. In the next section we discuss NaradaBrokering a topic based publish-subscribe messaging system that can provide us several useful capabilities for managing and serving real-time streaming data.
Streaming with NaradaBrokering
Community Grids Lab has been developing NaradaBrokering [NaradaBrokering]; a distributed messaging infrastructure which goes beyond the remote procedure call methodology pure Web Services approach is based on. It provides two related capabilities. First, it provides a message oriented middleware (MoM) which facilitates communications between entities (which includes clients, resources, services and proxies) through the exchange of messages. Second, it provides a notification framework by efficiently routing messages from the originators to only the registered consumers of the message in question.

NaradaBrokering facilitates the idea of loosely coupled systems by supporting asynchronous communication and it can be used to support different interactions by encapsulating them in specialized messages called events. Events can encapsulate information pertaining to transactions, data interchange, method invocations, system conditions and finally the search, discovery and subsequent sharing of resources.[ NaradaBrokering]

Some of the important features of NaradaBrokering can be summarized as follows [NaradaBrokering]:

· Ensures reliable delivery of events in the case of broker or client failures and prolonged entity disconnects.

· Provides compressing and decompressing services to deal with events with large payloads. Additionally there is also a fragmentation service which fragments large file-based payloads into smaller ones. A coalescing service then merges these fragments into the large file at the receiver side. 

· Provides support for multiple transport protocols such as TCP (blocking and non-blocking), UDP, SSL, HTTP, RTP, HHMS (optimized for PDA and cell-phone access) and GridFTP with protocol chosen independently at each link 

· Implements high-performance protocols (message transit time of 1 to 2 ms per hop)

· Order-preserving optimized message delivery 

· Quality of Service (QoS) and security profiles for sent and received messages
· Interface with reliable storage for persistent events, reliable delivery via WS-Reliable Messaging.
· Discovery Service to find nearest brokers /resources
NaradaBrokering has been used extensively in several projects that require real-time streaming data access. Because of its relevancy to our topic we summarize GlobalMMCS here;
GlobalMMCS: Using NaradaBrokering to Manage Audio/Video Streams
We think that the nature of GPS data is similar to that of audio/video and a Service Oriented Architecture which employs NaradaBrokering should exhibit high performance for GPS Services.

Global Multimedia Collaboration System [GlobalMMCS] is designed to provide scalable videoconferencing services to a diverse set of users. The system uses NaradaBrokering as the media distribution medium. Topics provided by NaradaBrokering serve as the messaging channels among participants in a session to exchange data [Uyar2005].
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Figure 1 - Main Components of GlobalMMCS architecture [Uyar2005]

NaradaBrokering has proved to be very efficient in delivering audio and video streams to a group of participants in a meeting. 

The topic based publish-subscribe system works as follows: The source user or the data provider publishes copy of a stream to a topic and the broker network delivers this stream to all the subscriber of this topic by duplicating whenever necessary. To save network bandwidth NaradaBrokering avoids sending multiple copies of the same stream on the same link. Additionally it calculates the near-optimal routes from sources to destinations by organizing the brokers in hierarchical cluster architecture. 

This architecture provides a scalable and flexible framework to distribute media processing units. Additional futures of NaradaBrokering allow the system to be dynamic; the capacity of the system can be increased by easily adding new computing resources and new processing services can be integrated to support ever changing needs of end users.

Performance of the GlobalMMCS system is investigated extensively and the results show that the system exhibits high performance for audio/video meetings. 
SensorGrid
SensorGrid is a Service Oriented Architecture to support integration of archived and real-time geospatial data with scientific applications such as simulation, visualization or data mining software. 

Scientific applications that require processing of huge data sets are increasing in number with the evolution of computing resources, network bandwidth, and storage capabilities etc. At the same time some of the applications are being designed to run on real-time data to provide near-real time results; such applications are gaining ground in systems like Crisis Management or Early Warning Systems because they allow authorities to take action on time. Earthquake data assimilation tools are good examples of this group since they use data from Seismic or GPS sensors. However most of these tools currently consume data from repositories and they do not have access to real-time data due to several reasons.

SensorGrid architecture will couple data assimilation tools with real-time data using GIS standards and Web Services methodologies. The system will use NaradaBrokering as the messaging substrate and this will allow high performance data transfer between data sources and the client applications. SensorGrid will inherit features supported by NaradaBrokering which will give the system a dynamic nature. Standard GIS interfaces and encodings like GML will allow data products to be available to the larger GIS community. 

Figure 2 shows the major components of SensorGrid.

SensorGrid Components

SensorGrid Agent

This service provides interfaces for clients to access/query available data products. It may have both visual (maps) and textual (HTML forms) elements to help users construct queries. The basic idea behind this service is to simplify clients’ communication with the SensorGrid. A scientist may use this agent to request sensor observations for a particular geographical region and time. For instance by selecting a rectangular region on an interactive map and entering time boundaries we can construct queries such as “Get GPS measurements for San Diego County for September 2005”. In addition to helping users construct queries for archived geospatial data SensorGrid Agent displays available real-time sensors as well. We are researching use of Google Maps to provide visual user interfaces.
Information Service

Web Services are stateless; they do not keep session related information. We need to use additional services to provide session support.

SensorGrid architecture consists of multiple independent Web Services which do not keep any information about each other. The Information Service is used to keep several futures of the services in the system to make easy access to these services possible. For instance all OGC conformant data services provide some sort of capabilities document that describes the types and constraints of the data they can serve. The IS can be thought of as a registry through which the users can locate available services in the system and discover their futures. 

We will use FTHPIS (Fault Tolerant High Performance Information Service) [FTHPIS] which has GIS specific extensions appropriate for our architecture.
Web Feature Service

WFS provides a repository for GIS archival data.  The specification provides the common framework for an HTTP GET/POST based implementation. We have implemented a Web Service version but because of several performance problems we have also built a streaming version. We will investigate using binary XML to provide highly efficient XML representations that should provide significant performance enhancements in current services. 
Sensor Collection Service

OGC Sensor Web Enablement is intended to be a revolutionary approach for exploiting Web-connected sensors such as flood gauges, air pollution monitors, satellite-borne earth imaging devices etc. The goal of SWE is to creation of Web-based sensor networks. That is to make all sensors and repositories of sensor data discoverable, accessible and where applicable controllable via the WWW [SWE].
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Figure 2 – Major Components of SensorGrid architecture

Sensor Collection Service [SCS] is a service to fetch observations from a sensor or constellation of sensors. Provides real time or archived observed values. Clients can also obtain information that describes the associated sensors and platforms. This is the intermediary between a client and a sensor collection management environment. We will research using publish/subscribe based systems for real-time data delivery using SCS.
Filter Chains

To process sensor streams in real-time we are researching use of publish/subscribe based messaging system. We will test deploying geoprocessing applications and format converters as successive filters.  We can leverage NaradaBrokering topics for publishing for this purpose.

GIS applications consume data in different formats. To support various types of geoprocessing tools we need to provide data in different formats, for this reason we can deploy format converters successively on the NaradaBrokering topics.
Typical Query Scenario:

The client makes a sensor observation request with some spatial and temporal constraints, i.e. “Get GPS positions for San Diego County for September 2005”. Depending on the nature of the query IS may take two actions; if the query is for archived sensor data then it requests data from the Observation Archives using WFS and returns it to the client. But if the client wants to access real-time data then it returns a data handler which contains the broker information and topic name for the sensor. Also depending on the size of the archived data SCS may choose one of two options for data transfer; if the result size is relatively small then it is returned via SOAP message, otherwise NaradaBrokering is used. SCS also keeps information about the sensors themselves. This information is encoded in SensorML [SensorML]. After receiving the broker address and the topic name, client may subscribe to the NaradaBrokering server to receive real-time data.
SOPAC GPS Services: Real time streaming support for position messages
GPS Networks

Global Positioning System has been used in geodesy to identify long-term tectonic deformation and static displacements while Continuous GPS (CGPS) has proven very effective for measurement of the interseismic, coseismic and postseismic deformation. [Bock2004]. Today networks of individual GPS Stations (monuments) are deployed along the active fault lines, and data from these are continuously being collected by several organizations. One of the first organizations to use GPS in detection of the seismic events and for scientific simulations is Southern California Integrated GPS Network (SCIGN) [SCIGN]. One of the collaborators in SCIGN is Scripps Orbit and Permanent Array Center (SOPAC) [SOPAC] which maintains several GPS networks and archives high-precision GPS data, particularly for the study of earthquake hazards, tectonic plate motion, crustal deformation, and meteorology [SOPAC]. Real time sub-networks maintained by SOPAC include Orange County, Riverside County (Metropolitan Water District), San Diego County, and Parkfield. These networks provide real-time position data (less than 1 sec latency) and operate at high rate (1 – 2 Hz).  Raw data from the GPS stations are continuously collected by a Common Link proxy (RTD server) and archived in RINEX files. 

The data collected from the GPS stations are served in 3 formats:

· RAW: For archiving and record purposes, not interesting for scientific applications, not available in real-time.

· RTCM: Published real-time and no records are kept. This is useful for RTCM capable GPS receivers as reference.

· Positions: Positions of the stations. Updated and presented every second. GPS Time Series can be produced using these positions and they can be in different epochs such as hourly, daily etc.

The most interesting of these formats to scientists is position information which can be used in scientific calculations, simulation or visualization applications. The RTD server however outputs the position messages in a binary format called RYO. This introduces another level of complexity on the client side because the messages have to be converted from binary RYO format.

To receive station positions, clients are expected to open a socket connection to the RTD server. An obvious downside of this approach is the extensive load this might introduce to the server when multiple clients are connected.

After the RTD server receives raw data from the stations it applies some filters and for each network generates a message. This message contains a collection of position information for every individual station from which the position data has been collected in that particular instant. In addition to the position information there are other measurements in a message such as quality of the measurement, variances etc. 

For each GPS network, RTD server broadcasts one position message per second through a port in RYO format. 

To make the position information available to the clients in a real-time streaming fashion we used NaradaBrokering. Additionally we developed applications to serve position messages in ASCII and GML formats.
Chain of Filters
Since the data provided by RTD server is in a binary format we developed several filters to decode and present it in different formats. Once we receive the original binary data we immediately publish this to a NaradaBrokering topic (null filter), another filter that converts the binary message to ASCII subscribes to this topic and publishes the output message to another topic. We have developed a GML schema to describe the GPS position messages. Another filter application subscribes to ASCII message topic and publishes GML representation of the position messages to a different topic. This approach allows us to keep the original data intact and different formats of the messages accessible by multiple clients in a streaming fashion.

The GML Schema we wrote is based on RichObservation type which is an extended version of GML 3 Observation model [OM]. This model supports Observation Array and Observation Collection types which are useful in describing SOPAC Position messages since they are collections of multiple individual station positions. We follow strong naming conventions for naming the elements to make the Schema more understandable to the clients. 

Decoding RYO Messages

RYO Message Type 1 starts with a 5-byte Header which is followed by a 47-byte GPS Position message. Three types of optional blocks may follow the Position Message and a 2-byte checksum is located at the end of the message.
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Figure 3 – RYO Message Parts

A non-blocking Java Socket connection is opened to RTP server to collect RYO messages. We use thread programming techniques for this purpose.

We wrote an RYO Decoder application which uses binary conversion tools to convert RYO messages into text messages.

Furthermore since we do not expect clients to know about the GPS time format we convert GPSWeek and GPSmsOfWeek values to Gregorian calendar format (i.e. 2005-19-07/04:19:44PM-EST). Additionally since we anticipate some clients to expect position information in terms of Latitude and Longitude, we calculate Latitude, Longitude and Height values from XYZT Position.
GML Schema for Position Messages and Data Binding 

We developed a GML conformant Schema to describe Position Messages. The Schema is based on RichObservation type which is an extended version of GML3 Observation model. [OM] 

This model supports Observation Array and Observation Collection types useful in describing SOPAC Position messages since they are collections of multiple individual station positions. We follow strong naming conventions for naming the elements to make the Schema more understandable to the clients. 

We used Apache XML Beans for data binding purposes and created an application that reads ASCII position messages and generate GML instances using the code generated by XML Beans. 

SOPAC GML Schema and sample instances are available here: http://www.crisisgrid.org/schemas 

Following is the GML-OM Schema developed for GPS station messages:

<?xml version="1.0" encoding="UTF-8"?>
<!-- edited with XMLSpy v2005 rel. 3 U (http://www.altova.com) by Galip Aydin-->
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:sopac="http://www.crisisgrid.org/sensorgrid" xmlns:om="http://www.opengis.net/om" xmlns:gml="http://www.opengis.net/gml" targetNamespace="http://www.crisisgrid.org/sensorgrid" elementFormDefault="qualified" attributeFormDefault="unqualified">

<xs:import namespace="http://www.opengis.net/gml" schemaLocation="includes.xsd"/>

<xs:import namespace="http://www.opengis.net/om" schemaLocation="richObservation.xsd"/>

<xs:element name="ObservationCollection" type="sopac:ObservationCollectionType"/>

<xs:complexType name="ObservationCollectionType">


<xs:complexContent>



<xs:extension base="om:ObservationCollectionType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="PositionMessage" type="sopac:PositionMessageType" substitutionGroup="gml:Observation"/>

<xs:complexType name="PositionMessageType">


<xs:complexContent>



<xs:extension base="om:RichObservationType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="Site" substitutionGroup="om:Station">


<xs:complexType>



<xs:complexContent>




<xs:extension base="om:TargetObjectType">





<xs:sequence>






<xs:element name="SiteCount" type="xs:string" minOccurs="0"/>






<xs:element name="SiteIndex" type="xs:string" minOccurs="0"/>





</xs:sequence>




</xs:extension>



</xs:complexContent>


</xs:complexType>

</xs:element>

<xs:element name="PositionQuality" substitutionGroup="om:quality"/>

<xs:complexType name="XYZTPositionType">


<xs:complexContent>



<xs:extension base="gml:CompositeValueType"/>


</xs:complexContent>

</xs:complexType>

<!--LatLonHi Position Type-->

<xs:element name="Position" substitutionGroup="gml:CompositeValue"/>

<xs:element name="Lat" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Lon" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Height" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--XYZT Position Type-->

<xs:element name="XYZTPosition" substitutionGroup="gml:CompositeValue"/>

<xs:element name="X" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Y" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Z" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="T" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--North/East/Up Position Type-->

<xs:element name="NEUPosition" substitutionGroup="gml:CompositeValue"/>

<xs:element name="North" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="East" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Up" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--Optional XYZ Variance/Covariance Block-->

<xs:complexType name="XYZVarianceType">


<xs:complexContent>



<xs:extension base="gml:CompositeValueType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="XYZVarianceBlock" substitutionGroup="gml:CompositeValue"/>

<xs:element name="Scale" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Xvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Yvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Zvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="YXcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="YZcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="ZXcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--Optional Troposhperic Covariance Block-->

<xs:complexType name="TroposphericCovarianceType">


<xs:complexContent>



<xs:extension base="gml:CompositeValueType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="TroposphericCovarianceBlock" substitutionGroup="gml:CompositeValue"/>

<xs:element name="Tvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="TXcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="TYcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="TZcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--Satellite info -->

<xs:element name="SatelliteInfoBlock" substitutionGroup="gml:CompositeValue"/>

<xs:element name="SatelliteInfo" substitutionGroup="gml:CompositeValue"/>

<xs:element name="SatelliteCount" substitutionGroup="gml:valueComponent"/>

<xs:element name="GDOP" substitutionGroup="gml:valueComponent"/>

<xs:element name="PRN_Value" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="PRNFlags" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Elevation" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Azimuth" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>
</xs:schema>
Here we give a sample XML instance created according to the above schema from GPS station measurements:

<?xml version="1.0" encoding="UTF-8"?>
<!-- edited with XMLSpy v2005 sp2 U (http://www.altova.com) by Galip.Aydin (C.G.L) -->
<sopac:PositionMessage xmlns:sopac="http://www.crisisgrid.org/sensorgrid" xmlns:gml="http://www.opengis.net/gml" xmlns:om="http://www.opengis.net/om" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.crisisgrid.org/sensorgrid://www.crisisgrid.org/schemas/om/sopacGPS.xsd">

<gml:timeStamp>


<gml:TimeInstant>



<gml:timePosition>2005-19-07/04:19:44PM-EST</gml:timePosition>


</gml:TimeInstant>

</gml:timeStamp>

<gml:resultOf>


<gml:CompositeValue>



<gml:valueComponents>




<sopac:XYZTPosition>





<gml:valueComponents>



<sopac:X uom="">-2483933.959009682</sopac:X>



<sopac:Y uom="">-4692210.903343215</sopac:Y>



<sopac:Z uom="">3522794.2822901704</sopac:Z>



<sopac:T uom="">2.3280574187794465</sopac:T>





</gml:valueComponents>




</sopac:XYZTPosition>




<sopac:XYZVarianceBlock>





<gml:valueComponents>




<sopac:Scale uom="">0.0653659</sopac:Scale>




<sopac:Xvar uom="">0.0471768</sopac:Xvar>




<sopac:Yvar uom="">0.1301267</sopac:Yvar>




<sopac:Zvar uom="">0.085100</sopac:Zvar>



  <sopac:YXcovar uom="">0.0736906</sopac:YXcovar>



  <sopac:YZcovar uom="">-0.098750</sopac:YZcovar>



  <sopac:ZXcovar uom="">-0.056698</sopac:ZXcovar>





</gml:valueComponents>




</sopac:XYZVarianceBlock>
<sopac:SatelliteInfoBlock>

<sopac:SatelliteCount>


<gml:Count>8</gml:Count>

</sopac:SatelliteCount>

<sopac:GDOP>


<gml:Quantity uom="">3.186955808173595</gml:Quantity>

</sopac:GDOP>

<gml:valueComponents>


<sopac:SatelliteInfo>



<gml:valueComponents>




<sopac:PRN_Value uom="">3</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>




<sopac:Elevation uom="">29</sopac:Elevation>




<sopac:Azimuth uom="">-50</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>




<sopac:PRN_Value uom="">6</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>




<sopac:Elevation uom="">17</sopac:Elevation>




<sopac:Azimuth uom="">161</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">14</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



    <sopac:Elevation uom="">26</sopac:Elevation>




<sopac:Azimuth uom="">-166</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



    <sopac:PRN_Value uom="">15</sopac:PRN_Value>



    <sopac:PRNFlags uom="">7</sopac:PRNFlags>



    <sopac:Elevation uom="">59</sopac:Elevation>




<sopac:Azimuth uom="">-23</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">16</sopac:PRN_Value>



   <sopac:PRNFlags uom="">7</sopac:PRNFlags>



   <sopac:Elevation uom="">12</sopac:Elevation>



   <sopac:Azimuth uom="">-108</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



    <sopac:PRN_Value uom="">18</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



    <sopac:Elevation uom="">69</sopac:Elevation>




<sopac:Azimuth uom="">1</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">21</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



   <sopac:Elevation uom="">57</sopac:Elevation>




<sopac:Azimuth uom="">73</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">22</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



   <sopac:Elevation uom="">61</sopac:Elevation>




<sopac:Azimuth uom="">-81</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>

</gml:valueComponents>
</sopac:SatelliteInfoBlock>



</gml:valueComponents>


</gml:CompositeValue>

</gml:resultOf>

<sopac:PositionQuality method="">


<om:Description>00010010</om:Description>

</sopac:PositionQuality>

<om:relatedFeature>


<sopac:Site>



<gml:name>SACY</gml:name>



<sopac:SiteCount>15</sopac:SiteCount>



<sopac:SiteIndex>2</sopac:SiteIndex>


</sopac:Site>

</om:relatedFeature>
</sopac:PositionMessage>
Integrating NaradaBrokering
After we have position information in three different formats we used NaradaBrokering to provide real-time access to data. We wrote filters to publish RYO, ASCII and GML formatted position messages to different NaradaBrokering topics. Clients can subscribe to any of these topics to receive position messages in that particular format.

Following figure depicts use of NaradaBrokering Topics in the system.
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Figure 4 - SOPAC GPS Services

GPS Station Messages and Filters
As discussed above, station messages collected from GPS stations have several sub-sections. We have developed several filters that simplify or convert the messages since not all the parts of a position message are needed by most clients. We describe such a client that displays real-time station positions on Google Maps in the next section. Here we give sample output messages from different filters:

The first filter in our architecture is a null filter which forwards original RYO binary messages from RTD server to a NaradaBrokering topic. The output of this filter is unreadable binary messages.

The second filter is called ryo2ascii which converts RYO messages to ASCII and publishes to a NB topic. Following is a sample message generated by this filter:

2005-12-12
03:23:16PM-EST
LEMA
2
3
-2556508.624797094

-4467101.665687391
3754378.932770622
2.2950492465819603

36.29202035061081
-119.78237412236496
35.929088668037025 

L1/L2 Phase XYZ Satellite  0.06901739184684381 0.0377138796649775 0.10830764487854985 0.08631783233709235 0.06057192662251049 
-0.09281413763791896 -0.05338606394765551  1 2 7 42 179 2 4 7 61 117 3 5 7 23 -54 4 7 7 50 45 5 9 7 55 -75 6 24 7 35 54 7 26 7 5 -142 8 28 7 17 104

The message contains following parts:

Message time 

	Date
	Time

	2005-12-12
	03:23:16PM-EST


Station Metadata

	Station Name
	Station Number
	Station Count

	LEMA
	2
	3


XYZT Position 

	X
	Y
	Z
	T

	2556508.624797094
	4467101.665687391
	3754378.932770622
	2.295049246581960


Latitude-Longitude-Height Position 

	Latitude
	Longitude
	Height

	36.29202035061081
	119.78237412236496
	35.929088668037025


Position quality : L1/L2 

Flags: Phase 

Optional blocks present in this message: XYZ variance block + Satellite info block

XYZ variance block

	Scale
	Xvar
	Yvar

	0.06901739184684381
	0.0377138796649775
	0.10830764487854985

	Zvar
	YXvar
	YZvar

	0.08631783233709235
	0.06057192662251049
	-0.09281413763791896

	ZXvar

	-0.05338606394765551  


Satellite Info Block

	Satellite No
	1 
	2
	3 
	4 
	5 
	6 
	7 
	8 

	PRN
	2 
	 4 
	5 
	7 
	9 
	24 
	26 
	28 

	PRN Flags
	7 
	7 
	7 
	7 
	7 
	7 
	7 
	7 

	Elevation
	42 
	61 
	23 
	50 
	55 
	35 
	5 
	17 

	Azimuth
	179
	117 
	-54 
	45 
	-75 
	54 
	-142 
	104


Ryo2ascii filter converts the whole RYO message and do not filter out anything. However most of the information included in a position message is unnecessary for most clients. For instance we have developed a user interface to display the current positions of the stations on a map. For this particular application we only need station names and their positions in terms of latitude and longitude. For this client interface we have developed ryo2pos filter which converts RYO messages to simple position messages. Following is a sample output message from ryo2pos filter:

LEMA
2005-12-12
03:58:37PM-EST
36.29202028791537

-119.78237425030088
35.90217063464758

Here we only include Station name, date-time and latitude, longitude and height values in the message. This small application is an example of how individual filters can be chained using NaradaBrokering to achieve specific tasks. Another example application integrated using this approach is RDAHMM which only requires X, Y, Z or Lat, Lon Height values for a given station. We can easily write a filter to strip unwanted parts from the message and output only the position information.

Current System Configuration

Currently the system is being tested for 8 GPS networks with only one NaradaBrokering server installed on xsopac.ucsd.edu:3045. However we are planning to deploy multiple brokers on Scripps and IU servers for further performance tests.

Following table shows the latest information about these networks:
	Network Name
	RTD Server Address
	Stations

	LACRTN
	132.239.154.69:5014
	vtis,  hbco,  cvhs,  lors,  tabl, ucsb, azu1, csdh, dyhs, vdcy, uclp, cit1, lapc

	PARKFIELD
	n/a
	hogs, pomm, mida, crbt, carh, land, mnmc, lows, rnch, cand, masw, tblp, hunt

	OCRTN
	132.239.154.69:5010
	oeoc, cat2, whyt, trak, sacy, mjpk, scms, sbcc, fvpk, blsa

	SDCRTN
	132.239.154.69:5013
	p486, monp, raap, mvfd, p472, sio5, 

dvlw, pmob, p480, dsme, oghs

	IMPERIAL
	132.239.154.69:5012
	slms, crrs, usgc, dhlg, glrs



	DVLRTN
	132.239.152.72:8001
	dvle, dvne, dvsw, dvse, esrw, dvls,  dvnw, ese2

	CVSRN
	132.239.154.69:5015
	coma, rbru, lema



	RCRTN
	132.239.154.69:5011
	pin2, widc, kyvw, psap, cotd, pin1, 

mlfp, cnpp, bill, ewpp, azry


Following table shows the NaradaBrokering topic names for several filters:

	Network Name
	RYO Topic

(null filter Publishes to)
	ASCII topic

(ryo2ascii filter Publishes to)

	LACRTN
	/SOPAC/GPS/LACRTN/RYO
	/SOPAC/GPS/LACRTN/ASCII

	PARKFIELD
	/SOPAC/GPS/PARKFIELD/RYO
	/SOPAC/GPS/PARKFIELD/ASCII

	OCRTN
	/SOPAC/GPS/OCRTN/RYO
	/SOPAC/GPS/OCRTN/ASCII

	SDCRTN
	/SOPAC/GPS/SDCRTN/RYO
	/SOPAC/GPS/SDCRTN/ASCII

	IMPERIAL
	/SOPAC/GPS/IMPERIAL/RYO
	/SOPAC/GPS/IMPERIAL/ASCII

	DVLRTN
	/SOPAC/GPS/DVLRTN/RYO
	/SOPAC/GPS/DVLRTN/ASCII

	CVSRN
	/SOPAC/GPS/CVSRN/RYO
	/SOPAC/GPS/CVSRN/ASCII

	RCRTN
	/SOPAC/GPS/RCRTN/RYO
	/SOPAC/GPS/RCRTN/ASCII


Similarly the ryo2pos filter subscribes to the appropriate RYO topic and publishes to for instance /SOPAC/GPS/LACRTN/POS topic.

f. Real-Time display of the GPS station positions on Google Maps using AJAX methods

To demonstrate the technologies discussed earlier we have developed several JSP based client interfaces leveraging AJAX techniques. The user interfaces we discuss here demonstrate use of a topic based publish-subscribe messaging for managing and serving real-time data coupled with several real-time data filters.

AJAX or Asynchronous JavaScript and XML is a relatively new web development technique for creating highly interactive web interfaces. AJAX is not a technology by itself rather a name for using a collection of several well-known technologies together. It employs XHTML or HTML, JavaScript, DOM and XMLHttpRequest. XMLHttpRequest is originally developed by Microsoft and available since Internet Explorer 5.0. This object is used to exchange data with the server asynchronously. 
Traditionally user’s every action generates an HTTP request; in the case of AJAX these requests are JavaScript calls to the server side which allows only the related portion of the web pages to refresh instead of whole page to be submitted to the server and refreshed. This technique allows creation of powerful user interfaces and uninterrupted browsing experience for the users.

Creating AJAX compatible pages is relatively simple. Here we summarize common JavaScript techniques:

· Creating an XMLHttpRequest Object

· For any browser, except IE

· var requester = new XMLHttpRequest();

· In IE

· var requester = new ActiveXObject("Microsoft.XMLHTTP");

· Transporting Data using an XMLHttpRequest Object 

· To retrieve data from the server we use two methods: 
open() to initialize the connection, 
send() to activate the connection and make the request. 
requester.open("GET", "getFaultNames.jsp?State=CA"); 
requester.send(null);

·  To find out if the data retrieval is done we check the status of the readyState variable. Object’s status may be any of the following:

0 – Uninitialised 

1 – Loading 

2 – Loaded 

3 – Interactive 

4 – Completed 

· requester.onreadystatechange monitors the readyState variables status.
if (requester.readyState == 4){ 

   if (requester.status == 200){ 
   success(); 
 } 


else{ 
   failure(); 

    }

 } 

· After a successful request XMLHttpRequest object may hold data in one of the two properties: responseXML or responseText.

· responseXML stores a DOM-structured XML data. 

<Fault> 

               <Name>San Andreas</Name> 

</Fault> 


· We use JavaScript XML parsing methods such as getElementsByTagName(), childNodes[], parentNode… 

var faultNameNode = requester.responseXML.getElementsByTagName(“Name")[0]; 
var faultName = faultNameNode.childNodes[0].nodeValue;

· We can then use Google Map JavaScript functions to create the browser display.

· responseText stores the data as one complete string  in case  the content type of the data supplied by the server was text/plain or text/html.

Most of the AJAX compatible interfaces that invoke JAVA classes on the server side use Java Servlets. However since our user interfaces are based on JSP we have developed a novel method for making AJAX calls from Java Server Pages.

In the 1st JSP page we have a JavaScript method that creates an XMLHTTPRequest and sends it to a second JSP page:

 function checkForMessage() {

   var url = "relay.jsp";

   initRequest(url);

   req.onreadystatechange = processReqChange;

   req.open("GET", url, true);

   req.send(null);

  }

The initRequest method creates the actual request object:

function initRequest(url) {

  if (window.XMLHttpRequest) {

    req = new XMLHttpRequest();

  } else if (window.ActiveXObject) {

    isIE = true;

    req = new ActiveXObject("Microsoft.XMLHTTP");

  }

}
In the 2nd JSP page (relay.jsp) we only invoke the server side Java class with the JSP response parameter.

<%

  Bean.getNames(response);

%>

On the server side when the request arrives, the Java class checks for new messages from the NaradaBrokering server and saves these position messages in XML format in the response object as follows:

<message>

<pos>


<name>DSME</name>


<lat>33.03647257927002</lat>


<lon>-117.24952051832685</lon>

</pos>

<pos>


<name>OGHS</name>


<lat>33.13060260841207</lat>


<lon>-117.04175378543312</lon>

</pos>

<pos>


<name>PMOB</name>


<lat>33.357234902933584</lat>


<lon>-116.85953161093065</lon>

</pos>


<pos>


<name>MVFD</name>


<lat>33.21086802863064</lat>


<lon>-116.52529897245469</lon>

</pos>

<pos>


<name>P486</name>


<lat>33.260186243838994</lat>


<lon>-116.3222711652632</lon>

</pos>

<pos>


<name>P482</name>


<lat>33.24017400862219</lat>


<lon>-116.67139746579954</lon>

</pos>
</message> 

Once the response object is returned processReqChange method parses the response and extracts the elements from the XML document.

Following picture depicts the integration of Real-Time GPS messages, NaradaBrokering and AJAX based user interfaces.
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Figure 5 - Architectural diagram for Real-Time GPS messages + AJAX integration.

For this demo architecture we use an online XML document (RSS feed) provided by SOPAC to retrieve up-to-date list of available GPS stations. This document contains several properties of each station: 

<station>
 <network>
  <name>LACRTN</name>
  <ip>132.239.154.69</ip>
  <port>5014</port>
 </network>
 <id>vtis</id>
 <longitude>-118.294</longitude>
 <latitude>33.713</latitude>
 <status>up</status>
</station>
Following picture shows all of the GPS stations managed by SOPAC. Each GPS network has a distinct color. 
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Figure 6 - Continuous GPS networks in Southern California.

Our user interfaces first retrieves the XML document from SOPAC and creates a form table for the user to select a network:
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Figure 7 – Network selection page for AJAX and Google Maps Demo

Once the user selects a network and clicks the Submit button a server side Java Bean subscribes to the appropriate NaradaBrokering topic and starts receiving position messages at the same time user is forwarded to the second JSP page which contains a Google Map.

Following pictures depict the use of AJAX techniques to update station positions on the map and display the actual real-time latitude-longitude values. GPS stations which did not publish a position message in the previous epoch are represented with red markers while online stations are green.
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g. System Status 

SensorGrid architecture is being developed in collaboration with SOPAC. We have a dedicated server at Scripps for deployment and testing. Some of our filters are being used by our collaborators at Scripps to check the availability of the GPS sites in real-time. As a result of this collaboration Michael Scharber has created the online XML feed for GPS site metadata. Ruey-Juin Chang has modified the ryo2ascii filter to update this XML file every 10 seconds. 

Currently the basic SensorGrid framework is in place and under test. However we still need to create a Sensor Collection Service and integrate the Information Service. 
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INTRODUCTION

Geographical Information Systems (GIS) introduce methods and environments to visualize, manipulate, and analyze geospatial data. The nature of the geographical applications requires seamless integration and sharing of spatial data from a variety of providers. Interoperability of services across organizations and providers is a main goal for GIS and also Grid computing [Berman2003, Foster2004].

To solve the interoperability problems, the Open Geospatial Consortium (OGC) has introduced standards by publishing specifications for the GIS services. OGC is a non-profit, international standards organization that is leading the development of standards for geographic data related operations and services. OGC has variety of contributors from different areas such as private industry and academia to create open and extensible software application programming interfaces for GIS [gis]. 
GIS services, such as defined by the OGC, are part of a larger effort to build distributed systems around the principles of Service Oriented Architectures (SOA).  Such systems unify distributed services through a message-oriented architecture, allowing loose coupling, scalability, fault tolerance, and cross-organizational service collections [Kendall1994]. Web Service standards [Booth2004] are a common implementation of SOA ideals, and Grid computing has converging requirements [Berman2003, Foster2004].   By implementing Web Service versions of GIS services, we can integrate them directly with scientific application grids [Aktas2004, Pierce2003, FoxTech2003].
This Chapter gives the details about the design and architecture of our Web Service refactoring of OGC specifications for the Web Map Services.  This is part of a larger effort by our group to investigate translations of GIS services into Web Service standards [crisisgrid, webserviceurl].  Some earlier work in this area is reported in WMS [Sonnet2003].  In these documents they define standard WSDL service interfaces.
BACKGROUND

After Web Services gain momentum and wide acceptance, some entities working on GIS started to involve itself in Web Services area and tried to integrate and/or convert their GIS servers and applications into Web Services. Some of these entities are commercial GIS leading companies such as ESRI, Cubewerx, Demis and Intergraph.  ESRI produced ArcWeb service package for the GIS Web Services by using UDDI for the catalog and registry services. Cubewerx, Demis and Intergraph provide WMS transparent access to their Web Service mapping applications.

OGC as a GIS standards body published its Web Services Common Implementation Specifications recently. We have some differences with the latest OGC Web Service Specifications (See APPENDIX-A 1). In our implementation of GIS Web Services, return types defined as Strings for the WMS getCapabilities and getFeatureInfo. Returned strings are structured data encoded in XML. Strings are actually XML, plain text, HTML or GML depending on the requested format. In case of getMap request WMS returns image MIME type such as image/jpeg as DataHandler object attached to SOAP message. OGC has different return types defined for the different types of requests. Our implementation for the return types will be improved and changed in accordance with OGC Web Services Specifications. When we first started to implement GIS Web Services OGC did not have this new specification. We will be adapting our request response object to their schemas. Please see APPENDIX-A 2, 3 and 4 for the sample getCapabilities, getMap and getFeatureInfo requests correspondingly.  
Regarding catalog registry services, instead of using OGC WRS (Web Registry Services) [ogcregistry] we utilize an alternative Registry Information Model; the Universal Description, Discovery, and Integration (UDDI) [Bellwood2003]. UDDI is domain-independent standardized method for publishing/discovering information about Web Services. As it is WS-Interoperability (WS-I) compatible, UDDI has the advantage being interoperable with most existing Grid/Web Service standards. WRS is an OGC standard to discover/publish service information of geospatial services. It presents a domain-specific registry capability for geospatial information. UDDI is domain-independent standardized method for publishing/discovering information about Web Services. This work is done by one of my colleagues in Community Grids Labs (CGL), Mehmet Aktas. This work is explained in another Chapter of this document.
Our approach to catalog registry services in GIS applications takes into account the descriptive metadata, i.e. quality of service attributes, into discovery process. The geospatial data being provided by a geospatial service may be fitted with client’s request, however, this does not necessarily guarantee whether the service is sufficient for the desired quality of service requirements. The client is able to distinguish geospatial services that match to their requirements by matching Quality of Service attributes of service discovery request and service descriptions.
Regarding to our Web Service based WFS, the format of the request and response objects is String in the form of XML. Each request and response has its own schema file. They are created according to these schema files and given parameters. After creating objects as XML, in the Web Service GIS environment, XML objects are put into extensible SOAP envelope. Requests and responses are carried in the SOAP message over the HTTP. For the architecture details please see the Section 4.  This work is explained in another Chapter of this document. This work is leaded by Galip Aydin, one of my colleagues in CGL.
WEB SERVICES FOR GIS
Web Services give us a means of interoperability between different software applications running on a variety of platforms. Web Services support interoperable machine-to-machine interaction over a network. Every Web Service has an interface described in a machine-readable format. Web Service interfaces are described in a standardized way by using Web Service Description Language (WSDL) [Christiensen2001]. WSDL files define input and output properties of any service and services’ protocol bindings. WSDL files are written as XML documents. WSDL is used for describing and locating Web Services. Web Services are defined by the four major elements of WSDL, “portType”, “message”, “types” and “binding”. Element portType defines the operations provided by the Web Services and the messages involved for these operations. Element message defines the data elements of the operations.  Element types are data types used by the Web Service. Element binding defines the communication protocols.  Other systems interact with the Web Service in a manner as described in WSDL using Simple Object Access Protocol (SOAP) messages.

SOAP [Box2000] is an XML based message protocol for exchanging the information in a distributed environment. It provides standard packaging structure for transporting XML documents over a variety of network transport protocols. It is made up of three different parts. These are the envelope, the encoding rules and the Remote Procedure Call (RPC) convention. SOAP can be used in combination with some other protocols such as HTTP. OGC compatible Web Services will be using SOAP over HTTP.

Advantages of the Web Services in GIS area can be grouped into three categories: 

Distribution: It will be easier to distribute geospatial data and applications across platforms, operating systems, computer languages, etc.  They are platform and language neutral.

Integration: It will be easier for application developers to integrate geospatial functionality and data into their custom applications.  It is easy to create client stubs from WSDL files and invoke the services.

Infrastructure: We can take advantage of the huge amount of infrastructure that is being built to enable the Web Services architecture – including development tools, application servers, messaging protocols, security infrastructure, workflow definitions, etc [Sonnet2003]. Some of these features are being developed by using Web Service infrastructure in NaradaBrokering [naradabrokeringurl], message based middleware system, developed in CGL (Community Grids Lab.) at Indiana University. NaradaBrokering aims to provide a unified messaging environment that integrates grid services, Web Services, peer-to-peer interactions and traditional middleware operations. In the near future we will be utilizing these features in GIS visualization systems.

GIS services can be grouped into three different categories; these are data services, processing services and registry, or catalog services [Alameh2003]. Data services are tightly coupled with specific data sets and offer access to customized portions of the data. Processing services provide operations for processing or transforming data in a manner determined by user-specified parameters. Registry or catalog services allow users and applications to classify, maintain, register, describe, search and access information about Web Services. In our development of GIS Web Services for the geophysical applications, we use WFS as data services, IS as catalog-registry services and WMS as processing services. For the architecture details see the Section 4.
WEB MAP SERVICES (WMS)

WMS is the key service to the GIS visualization system. WMS produces maps from the geographic data. A map is not the data itself. Maps create information from raw geographic data, vector or coverage data. Maps are generally rendered in pictorial formats such as jpeg (Joint Photographic Expert Group), GIF (Graphics Interchange Format), PNG (Potable Network Graphics). WMS also produces maps from vector-based graphical elements in Scalable Vector Graphics (SVG) [Ferraiolo2003]. 

WMS provides three main services; these are getCapabilities (Section 4.3.1), getMap (Section 4.3.2) and GetFeatureInfo (Section 4.3.3). GetCapabilities and getMap are required services to produce a map but GetFeatureInfo is an optional service. These services and our implementations are explained in the following subsections.
Web Services Conversion of WMS services

This section gives the details of the integrations of Web Services technologies into OGC compatible GIS visualization Systems. 

We first implemented pure OGC compatible WMS and WFS servers. These servers were communicating over HTTP by making HTTPGET/POST requests. Later, we developed a generic conversion algorithm steps for converting HTTP based visualization systems into service based counterparts.  These steps are listed below;

1. Define a WSDL for the OGC Web Services (OWS) as a set of interface definitions for its functionalities.

2. Create appropriate XML Schema for all the requests and responses that OWS provides. These schemas are created according to the attributes and properties of HTTP POST and HTTP GET requests defined in OWS specifications.

3. Create client stubs from the WSDL file of the target OWS. 

4. After creating a stand-alone Web Services compatible OGC GIS server, you are ready to bridge this kind of server to other generic OGC servers. (See Section 4.4 for the WMS case)

As a case study, we worked on WMS to apply these conversion algorithms. For the first step you crate service interface (WSDL) by using some Web Service tools. Before doing that you need to implement the functionalities in any language as it is done in HTTP based GIS services. 

In developing Web Service versions of the WMS, we have converted existing HTTP GET/P0ST conventions [[Beaujardiere2002] into WSDL interfaces. We have encountered some minor technical problems in this conversion.  
Internal implementations of the WMS services are compatible with the current WMS specifications but service interfaces and the way to invoke services are different. Services are invoked through the SOAP over HTTP.  Requests are created as XML documents and wrapped into body part of the SOAP request message. These requests are shown in Figure 1-3.

Invoking WMS operations should be according to specifications. OGC compatible requests to WMS are well defined in the WMS specifications [Beaujardiere2002]. Requests must have some parameters whose names, numbers, and values should obey the rules defined in the specifications to be OGC compatible. In this section we define these requests in the form of XML schema files.

These schema files are created to be used during the invocation of the operations implemented as Web Services at the WMS side [Sonnet2003]. Requests are created at the WMS Client side. Clients create these requests after getting the required parameters from the user. When request is ready, client sends this request to WMS as a SOAP message. WMS has deployed Web Services for each service, getMap, getCapabilities and getFeatureInfo. Clients use client stubs created before to invoke these specific Web Services. All these services in WMS take one String parameter. This String parameter is request itself. These requests are actually XML documents in String format.

Below schema files displayed in Figure 1-3 include all the elements and attributes of corresponding OGC HTTPGET/POST requests defined in OGC WMS specifications [Beaujardiere2002]. For further information about the functionalities of the requests in the whole system see the Chapter 4.3. In that Chapter, we explain when and how the requests are used, what is returned when they are called etc.
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Figure 1 .  GetCapabilities Request Schema. See APPENDIX-A 2 for the sample getCapabilities request. See the Chapter 4.3.1for further information.
GetMap request is created for our WMS implementation. We have not implemented styling capability yet. Styling capability will be added soon. WMS supporting styling are called SLD-enabled WMS. The Open GIS Consortium (OGC) Styled Layer Descriptor (SLD) specification [Lalonde2002] defines a mechanism for user-defined symbolization of feature. An SLD-enabled WMS retrieves feature data from 
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Figure 2 .  GetFeatureInfo Request Schema. See APPENDIX-A 3 for the sample getMap request. See the Chapter 4.3.2 for further information.
Web Feature Service [Vretanos2003] and applies explicit styling information provided by the user in order to render a map.

In our project, since we have just implemented Basic WMS, we have not used elements related to styling in the WMS getMap requests. For defining styling in the getMap request we use StyledLayerDescriptor element. StyledLayerDescriptor has other sub elements and attributes.
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Figure 3 .  GetMap Request Schema. See APPENDIX-A 4 for the sample getFeatureInfo request. See the Chapter 4.3.3 for further information.
Other GIS Components Involved in Visualization System

Our Web Service-compatible WMS depends upon Web Feature Service [crisisgridwfs] and (IS) Information Services [crisisgridfthpis] to accomplish its required tasks. They are ongoing projects in CGL (Community Grids Lab.). This section briefly describes the WMS interactions with these other services. 

A general picture of interactions between these three services is displayed in Figure 4. Initial invocations are displayed as black arrows. All the services are implemented as Web Services.
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Figure 4 . Basic GIS Components Involved in Visualization System.
Web Feature Service (WFS)
WFS instances store geospatial data and serve them upon request from clients. WFS clients include Web Map Servers and other WFS instances (in case of cascading WFS). WFS provides feature vector data. Vector data are encoded in GML (Geographic Markup Language) [Cox2003], an XML encoding for the transport and storage of geographic information, including both the geometry and properties of geographic features.  

According to OpenGIS WFS specification, basic Web Feature Services are getCapabilities, describeFeatureType and getFeature. If WFS is transactional, then it provides two more services. These are “transaction” and “lockFeature” services. Our implementation of WFS is basic WFS, so it does not have transaction and lockFeature capabilities.

Since we have implemented basic WFS, WMS uses basic WFS services: getCapabilities, describeFeatureType, and getFeature. WMS sends a getCapabilities request to WFS to learn which feature types WFS can service and what operations are supported on each feature type. The getCapabilities request can also be mediated by the aggregating Information Services (IS). WMS makes its request to IS to get a specific WFS address that provides needed feature. Please see Section 4.2 for the details about the interconnection between WMS and IS. 

When any WMS Client sends a getFeatureInfo request to WMS, WMS creates a getFeature request and sends it to WFS. The URL address of the WFS is found by using IS. After choosing appropriate WFS, WMS makes a getFeature requests to get feature data.  A sample request is shown in Figure 5 . The GML file encoded in XML is returned in a SOAP envelope as a response to this request.
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Figure 5 .  Sample GetFeature Request from WMS to WFS.
IS (Information-Discovery Services)
For the Visualization Web Services we use a Registry model which is being developed in CGL as a general registry model for Web Services, Fault Tolerant High Performance Information Services (FTHPIS) [crisisgridfthpis]. FTHPIS is a general service registry and discovery model based on UDDI specifications [Bellwood2003]. FTHPIS is described in more detail in the section on UDDI and WS-Context.

Basic Mapping Server Functionalities

There are three main functionalities for the Basic WMS. These are getCapabilities, getMap and getFeatureInfo. getCapabilities and getMap are mandatory but getFeatureInfo is optional functionalities.  There are two general types of WMS. These are Basic WMS and SLD-Enabled WMS. Since we have implemented Basic WMS we will mention basic required fuctionalities. In case of using SLD-Enabled WMS, WE should provide four more additional operations. These are Describe Layer, GetLegend Graphic, GetStyles, and PutStyles.

GetCapabilities
Before a WMS Client requests a map from WMS, it should know what layers WMS provides in which bounding boxes. GetCapabilities request enables WMS Clients to obtain this type of information about the contacted WMS. GetCapabilities request allows the server to advertise its capabilities such as available layers, supported output projections, supported output formats and general service information. After getting this request, WMS returns an XML document with the metadata about the WMS Server. This capability file is kept in the local file system and sent to clients upon getCapabilities request. 

After getting the request WMS parses it to derive parameters. If WMS verifies that request, then it sends the capability file to the WMS Client as a SOAP attachment. If WMS encounters any problem during handling of the request than it sends an exception message in SOAP back to the WMS Client. Basic getCapabilities request are pictured out at Figure 6.
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Figure 6 . getCapabilities work flow. See the APPENDIX-A 5 for the sample capabilities file.
GetMap
Another service interface that WMS provides is GetMap request. The getMap service interface allows the retrieval of the map. Chained processes to produce maps are illustrated in Figure 7. This request is done by the client after finishing getCapabilities request and defining the available layers. After getting the getMap request, the WMS goes over the flow depicted in Figure 7 and if everything succeeds, then returns the result as an image in a format defined in the getMap request. All the supported image formats are defined in WMS capability document. Requests for the image formats should be made in accordance with the WMS’s capability file. The image is returned back to the WMS Client as an attachment to SOAP message.  If the WMS encounters any problem during handling of the request, it sends an exception message in SOAP back to the WMS Client.
WMS first parses the parameters and get their values from the getMap. Depending on these parameters, WMS might need to make some requests to some other WMS services. WMS first determines what layers are requested, in which bounding box, in which form, and so forth. After determining all the request parameters, it makes find_service and getAccess_point requests to IS to determine the WFS providing requested feature data. These requests are done as SOAP messages to IS service interfaces which are implemented as Web Services. GetAccess_point returns the Web Service access point address of the WFS that provides the requested feature. WMS makes getFeature request to the returned WFS and gets the requested feature data in GML format. If the parameter defining returned image format in getMap request is Scalable Vector Graphics (SVG), then WMS creates SVG from returned feature data by using its geometry elements. If the requested image is not in SVG format, WMS first creates the SVG image and then convert it into the desired image formats such as PNG, GIF, or JPEG. Apache Batik provides libraries for this conversion. Batik is a Java(tm) technology based toolkit for applications or applets that use images in the SVG format for various purposes, such as viewing, generation or manipulation.  By using these schema files WMS derives geometry elements from the GML file to visualize the feature data. These geometry elements in GML [Cox2003] are basically Point, Polygon, LineString, LinearRing, MultiPoint, MultiPolygon, MultiGeometry, etc. 
To create the images from the features returned from the WFS, WMS uses Java Graphics2D and Java AWT libraries. For each layer, a different graphics object is created. As a client, if you assign each layer to different graphics object than Java libraries allow you to overlay these graphic objects.
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Figure 7. getMap work flow.

How To Create Maps from the layers composed of Raster and Feature data

WMS first parses the parameters and their values from getMap request coming from WMS Client. Depending on these parameters it might need to make some other requests to some other GIS services. WMS first defines what layers are requested in which boundingbox in which form etc. After defining all the request parameters, it makes find_service and getAccess_point requests to IS to determine the WFS providing requested feature data (in case of using CatalogEnabled mode), if WMS works in CatalogDisabled mode then it find out the service addresses from the properties file. Since our implementation of Catalog Service is based on Web Services, to be able to call IS services we should first create service client stubs. getAccess_point returns the wsdl address of the WFS that provides the requested feature. WMS makes getFeature request to this WFS and gets the requested feature data in GML format. If the format parameter in getMap request is Scalable Vector Graphics (SVG), then WMS creates SVG from returned feature data by using its geometry elements. After creating SVG file, we can easily convert the SVG file into any other image formats such as png, giff, jpeg etc. Apache Batik provides libraries for this conversion. Batik is a Java(tm) technology based toolkit for applications or applets that want to use images in the SVG format for various purposes, such as viewing, generation or manipulation. Creating an SVG file from geometry elements of the received feature data is a little hard.  Schema files for the geometry elements are well defined. By using these schema files we created elements to visualize the feature data. These elements are basically Point, Polygon, LineString, LinearRing, MultiPoint, MultiPolygon, and MultiGeometry. 

There are basically two main ways to create an image from the simple features. First one is to create SVG file and convert it into any image format. Second is using Java Graphics2D libraries. First create graphics object then overlay another layers created as graphics object. We have been using both ways in different places but we saw that images drawn with graphics2d are with higher quality then the images drawn by SVG conversion. Below you will see a sample code for giving some idea on how to overlay different layers from different sources. In our sample code here, one is coming from HTTP Servlet based WMS server and the other data represented as features are coming from our implementation of Web Service based WFS. 
URL url = new URL(

                        Wmsaddress+”?request=GetMap&width=" +

                        width + "&height=" + heigth +

 "&layers="+layername+ ”&styles=&srs=EPSG:4326&format=”+format+”&bbox=" +

                        bbox);

BufferedImage im = ImageIO.read(url);

Graphics2D g = im.createGraphics();
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 if(istherePoint)
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   String[] points   = getPointsFromFeatureData();

if(isthereLineString)

   String [] LineStrings = getLineStringFromFeatureData();

if(isthereLineRing)

   String [] LineRings = getLineRingFromFeatureData();

if(istherePolygon)

   String [] polygons = getPolygonsFromFeatureData();

…

…
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if(polygons!=NULL){

for(int i=0; i<polygons. length; i++){

    int [][] xypoints = wm.getXYpoints(polygons[i]);

    g.setColor(Color.darkGray);

    g.drawPolygon(xypoints[0], xypoints[1], xypoints[0].length);

}

}

if(LineRings!=NULL){

for(int i=0; i< LineStrings. length; i++){

    int [][] xypoints = wm.getLinesInStr(LineStrings[i]);

    g.setColor(Color.darkGray);

    g.drawPolyline(xypoints[0], xypoints[1], xypoints[0].length);

 }

}

…

g.dispose();

…

    Sample output:

                                       [image: image37.png]



This code shows how to put two layers on each other by using cascading WMS approach defined according to OGC WMS specification. Here we are putting state boundaries layer over California Base map. 

WMS gets ‘state boundaries’ data from our implementation of WFS. WFS provides feature data in vector format. This data is encoded in GML. California base map is created from coverage data. Since we have not implemented WCS (Web Coverage Service) so far, we are using third party WMS (Landsat 7 satellite imagery map from WMS at NASA OnEarth) to get maps crated from coverage data. Cascaded WMS returns image in specified format as defined in the getMap request above. Since these two different layers from different WMSs have same boundingbox values and same width and height, they can be overlayed. 

Since we have not implemented SLD-enabled WMS we have been using hard coding whenever we needed styling for the geographic data. For example for the river data we have used blue as color of the river data and for the boundary-lines feature data we have used darkGrey. You can see a simple example in the above code about how to make styling by using graphics2D libraries. When we implemented our WMS as SLD-enabled we will use more complex styling facilities and operations of the graphics class and graphics2D objects. 

GetFeatureInfo
This is an optional WMS service. It is not necessary to create a map. It is used only when a user needs further information about any feature type on the map. However, we have found this very useful when building interactive user interfaces to geophysical applications.  The GetFeatureInfo method allows us to send additional information (such as earthquake fault dimensions and material properties) to simulation codes that use these as inputs [Aktas2004].
The GetFeatureInfo works as follows: the user supplies an (x, y) cartesian coordinates and the layers of interest and gets the information back in the form of HTML, GML or ASCII format. All these supported formats are defined again in WMS capability file. Figure 8 illustrates the successive process steps done by the WMS to respond to getFeatureInfo requests coming from the WMS Client.  To make the presentation more concrete in the figure, we assumed the feature information is requested in text/HTML format. This value is defined in parameter “info_format” in getFeatureInfo request. GetFeatureInfo service interface supports two more info_formats as well. These are plain text and GML formats. Since HTML creation requires a generic XSL [xslurl] file and XSLT transformation, we have chosen this type of requests to demonstrate getFeatureInfo request processing in Figure 8. 
All the processes explained in Section 4.3.2 for the getMap until getting requested features from WFS are same for the getFeatureInfo processing. Again all the remote invocations are done by using SOAP messages. 
After getting the feature collections data from the WFS, instead of producing a map as explained in Figure 7, WMS lists all the non-geometry elements and attributes in the returned GML file. For the getMap request WMS deals with geometry elements of the returned GML file but for the getFeatureInfo WMS deals with non-geometry elements. From the list of non-geospatial elements, WMS creates a new XML file to be able to transform non-geometry elements into HTML. This XML file is simply another form of GML which includes just non-geometry elements, properties and attributes. To display all of the processes involved in getFeatureInfo handling (Figure 8), we assumed information is requested in HTML format. After creating new XML file from the non-geo elements, WMS creates HTML file from newly created XML file by using generic XSL file and XSLT transformation machine. For the detailed documentation about the getFeatureInfo, please see our project page [crisisgrid].
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Figure 8 . getFeatureInfo work flow.

Bridging Web Service Oriented WMS to other WMS Instances
This section explains the architecture to combine Web Services based implementation of WMS systems with the third party WMS systems. Third party systems use HTTP as distributed computing platform.

Cascading WMS is the key issue to enable bridging of these two groups of visualization systems. A cascading WMS is a WMS which aggregates the contents of several individual WMS into one service that can be accessed by clients. Cascading WMS acts like a client to the other WMS and as a server to the clients [Beaujardiere2002]. The client does not need to keep track of several WMS servers; it only has to be aware of one. The client application does not need to know the ultimate source of all images.  

The cascading WMS reports the capabilities of the other WMS as its own and aggregates the contents and capabilities of several distinct WMS servers into one service. For the sample capabilities file please see the APPENDIX-A 5. In most cases, the cascading map server can work on different WMS servers that cannot serve particular projections and formats themselves [Kolodziej2003].
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Figure 9 .  Bridging of the Web Service-compatible WMS and other WMS.
Clients make their requests to cascaded WMS. Cascaded WMS services are implemented both as Web Services and HTTP Servlet based. It provides separate interface and end points for the service invocations. Clients create their requests and send them in SOAP messages over HTTP in case of using Web Service end points of WMS services or HTTP-GET/POST messages in case of using Servlet end points of WMS services. Please see the Figure 10 for further details. WMS parses coming requests by request handlers. Request handlers derive all the parameters from the request and trigger the responsible modules in the WMS. Figure 9 gives a general depiction.

After getting and parsing the requests WMS defines the requested layers’ names. WMS determines if the requested layers are cascaded or not by looking at its capability file. If layer is cascaded than WMS defines the other third party WMS providing requested layer by looking at the capability file. If the layer is not cascaded than WMS determines the addresses of the WFS services that provide these layers by making geo-query to IS.  For the cascaded layers, requests to the other (non-Web Service) WMS instances are done over HTTP as defined in OGC specifications, HTTP GET and POST.

As it is shown in Figure 9, proxy cascading WMS integrates SOAP and HTTP based GIS environments. Clients do not have to prepare different versions of requests for the different types of WMSs. Clients just send their requests to the cascading proxy WMS and get the result. In the architecture shown in Figure 9 proxy WMS can be an internal node or an external node of either HTTP based GIS networks or Web Service based GIS networks.  

The cascading proxy WMS in the middle of Figure 9 are illustrated and explained in more detail in Figure 10. Different users running on different protocols make their requests to cascading proxy WMS at the same time. WMS handles these differences and responds to clients with a map in requested layers. Interactions of proxy WMS with the WFS are SOAP over HTTP. Interactions with HTTP based WFS will be implemented later.

One raster layer is allowed at one time in one request. After figuring out the address of the WMS (cascaded) providing this layer we make a request to it to get the layer. Addresses are obtained from the Catalog or Information Services in case of WMS running in CatalogEnabled mode, or obtained from WMS’s Capabilities file in case of CatalogDisable mode.  Please see the Chapter 4.5 for further information about the CatalogDisabled and CatalogEnabled modes. 

Here is the sample of proxy cascading WMS’s request to HTTP based WMS to get map (or raster layer requested from WMS client)

URL url = new URL(

                        Wmsaddress+”?request=GetMap&width=" +

                        width + "&height=" + heigth +

 "&layers="+layername+ ”&styles=&srs=EPSG:4326&format=”+format+”&bbox=" +

                        bbox);

BufferedImage im = ImageIO.read(url);   //returned image or map.

Im.addFeatureData();   //If there is any other layer in future requested.

Here is the sample of proxy cascading WMS’s request to Web Service based WMS to get map (or raster layer requested from WMS client). WMS uses Web Service client stubs as you see below.  These client stubs are created according to WMS service interfaces described their WSDL files. These interface files should be publicly available for the service to be searched and invoked.

String request = createRequestInXML();  //  this request will be wrapped in SOAP.

String service_address = getServiceAdr();  // Web Service address of the remote WMS

WMSServicesSoapBindingStub binding = (WMSServicesSoapBindingStub)

                      new WMSServicesServiceLocator().

                      getWMSServices(new URL(service_address));

byte[] map = null;

// Actual Map returned in bytes.

Object[] attachments = binding.getAttachments();

for (int i = 0; i < attachments.length; i++) {

            AttachmentPart att = (AttachmentPart) attachments[i];

            DataHandler dh = att.getActivationDataHandler();

            BufferedInputStream bis = new BufferedInputStream(dh.getInputStream());

            map = new byte[bis.available()];

            bis.read(map, 0, bs.length);

            bis.close();

}

addFeatureDataOtherLayers(map);
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Figure 10.  Proxy cascaded WMS for bridging. It is represented as a box in Figure 10.

As it is mentioned proxy cascading WMS provides two interface, one is for serving HPPT-GET/POST requests and other is for serving Web Service based requests. Below, we give sample, actual running service end points for both of these service end poits.

HTTP-GET/POST :

http://gf8.ucs.indiana.edu:8092/wmsstream/WMSServlet

Sample Request :

Parameters are added at the end of service address as (name, value)

http://gf8.ucs.indiana.edu:8092/wmsstream/WMSServlet?request=GetMap&width=400&height=400&layers=Google:Map,California:Faults&styles=&srs=EPSG:4326&format=image/jpeg&bbox=-120,32,-110,40
Web Service :


http://gf8.ucs.indiana.edu:8092/wmsstream/services/WMSServices
Raw result can not be displayed on the browser just by putting the address above in the addrees bar of the browser. Service running above Web Service address can be called by using service ‘s client stubs.


Sample request :

String service_address;


request = getRequest();  // Please see the APPENDIX-A 2,3 and 4. sample req

 
service_address = “http://gf8.ucs.indiana.edu:8092/wmsstream/services/WMSServices”;


WMSServicesSoapBindingStub binding;     // Client Binding sub


binding = (WMSServicesSoapBindingStub)

                      new cgl.axis.services.wms.WMSServicesServiceLocator(). 





getWMSServices(new URL(service_address));

            value = binding.getCapability(request);
Figure 11 illustrates the proxy cascading WMS mentioned above in Figure 9 and Figure 10. We have combined earthquake seismic data as feature from a WFS server with Landsat 7 satellite imagery map from WMS at NASA OnEarth [NasaOnearth]. WMS from OnEarth provides access to the World map via OGC compatible HTTP GET and POST requests.  We are using these clients to set up geophysical simulation runs, as initially described in [Aktas2003].

Innovations and Lessons Learned

The spatial data between different districts and different departments need to be shared and to be made interoperable. ISO/TC211 and OGC have defined interface specifications and standards to ensure sharing and interoperable capability of the spatial data.  By adapting these to Web Service standards, we simplify the interoperation of GIS services with other service domains.

In this Chapter we have described our efforts to build an OGC compatible GIS Services by using Web Service technologies and OGC specifications.

The Web Services model of the GIS systems provides users with just the services and data they need, without having to install, learn, or pay for any unused functionalities. Geophysical applications such as SERVOGrid project involve various kinds of data processors and data providers distributed geographically. By using service oriented GIS architecture, we can integrate new servers into our geophysics applications seamlessly. Web services are platform neutral, operating system neutral, language neutral and easily extendable. 
Regarding the system performance, 

We first defined system bottlenecks. Because of the characteristics of the geographical applications, system should store, transfer and parse huge XML based data. Transferring data and extracting information (parsing) were two performance shortcomings of the system. All the geographical applications face these types of performance problems. In order to overcome these problems we have used NaradaBrokering messaging middleware for transferring data and pull parsing technique for extracting information from the geographic data.  

NaradaBrokering is a distributed messaging infrastructure implemented on a network of cooperating brokers. Communication within NaradaBrokering is asynchronous and the system can be used to support different interactions by encapsulating them in specialized events. It supports publish-subscribe messaging models with a dynamic collection of brokers. It is capable to support transport protocols such as TCP, UDP, Multicast, SSL and RTP. It also provides the capability of the communication through firewalls and proxies. It can operate either in a client-server mode like JMS or in a completely distributed JXTA-like peer-to-peer mode. By combining these two disparate models, NaradaBrokering can allow optimized performance-functionality trade-offs for different scenarios. In our GIS visualization system, we use NaradaBrokering in a peer-to-peer mode.
Geographic data are with huge sizes and takes lots of time to transfer in the distributed GIS grid environments. By using streaming WMS and WFS through the NaradaBrokering, we overcome these kinds of common GIS problems.  NaradaBrokering places no constrain on either on the size, or rate or scope of the interactions encapsulated within these messages.

XML Pull Parser is a recent development that demonstrates a different approach to XML parsing. It does not provide any support for validation. This is the main reason that it is faster than other alternatives.  If you are sure that data is completely valid and validation is done at the server side (as in our case), then using XML Pull Parsing gives the highest performance results. This parsing approach is called pull parsing because the parser only parses what is asked for by the application rather than passing all events up to the client application (as it is done in SAX). The pull approach of this parsing model results in a very small memory footprint, and very fast processing. The pull-parser postpones parsing until a component of the document is accessed, then parses as much of the document as necessary to construct that component.
Regarding the quality of service; 

WMS users can select different combination of system properties according to their needs. These properties provided are related to streaming and Catalog-Registry services. Depending on your settings of the variables in the properties file you will end up with four different modes of WMS server. These are listed as below;

   
    [WMS TYPES]                                      
                                              /     
                    \                                       
                            Sreaming   


       non-Streaming                             
                           /               \                                   /                        \
            CatalogEnabled    CatalogDisabled     CatalogEnabled      CatalogDisabled         
· Streaming & CatalogEnabled

· Streaming & CatalogDisabled

· Non-Streaming & CatalogEnabled

· Non-Streaming & CatalogDisabled

In case of using one of CatalogDisabled mode, System gets the WFS addresses from the WMS Capabilities file. When WMS CatalogEnabled mode is used, system gets the WFS address of the requested layer from the Catalog-Registry service. The address of the Catalog-registry service is defined in the properties file of the WMS Capabilities file.

WEB MAP CLIENT

We have developed a portlet-based browser client to our Web Service based standard visualization system for testing and the demonstration purposes. A sample WMS Client is shown in Figure 11. Several capabilities are implemented for the user to access and display geospatial data. Our WMS Client enables the user to zoom in, zoom out, measure distance between two points on the map for different coordinate reference systems, to get further information by making getFeatureInfo requests for the attributes of the features on the map, and drag and drop the map to display different bounding boxes. Users can also request maps for the area of interest by selecting predefined options clicking the drop-down list. The user interface also allows the user to change the map sizes from the drop-down lists or enable them to give specific dimensions. Zoom-in and zoom-out features let the user change the bounding box values to display the map in more or less details. Each time user change the bounding box values, user interface shows the updated bounding box values at the each side of the map. 
We created generic and application independent WMS Client. It can support more than one geophysics application at the same time. Each geophysics application is bound to a set of layers. These bindings are defined in structured XML properties file. Users navigate over the applications by selecting set of layers from the dropdown list. A set of layers in the dropdown list is created according to communicated WMS. Binding properties are updated based on the set of supported layers of the communicated WMS.

Our implementation of the client is modular. In order to interact with a specific geophysics application we integrate a plug-in with a modular client. In order to interact with corresponding geophysics application, each component adds various application specific features to WMS Client. Each plug-in can be defined by user it creates a sort of abstraction layer where users can define how to interact with geophysics application. 

We created our visualization client to interact with Web Services based visualization systems (architecture is explained in Section 4) but it can also be used for the HTTP based OGC WMSs.

Client interface gives the end users lots of functionality required by the geophysics applications by using Java Server Pages (JSP), Cascading Style Sheets (CSS) and Java Script technologies. We have also developed a portlet version of the WMS Client to be able to deploy in a JSR 168-compatible portlet container. This simplifies distribution of our client application.

WMS services are stateless services. Each time a user makes a request, the WMS Client creates a new request object and invokes remote WMS. All the requests are created according to schema files defined in Section 4.1 and wrapped into the SOAP envelope. After creating SOAP message it is sent over HTTP to the remote WMS.  


[image: image41]
Figure 11 .  Project Demo page with the geophysics application. It uses Turkey’s Earthquake Seismic data.

We started to upgrade the client and visualization architecture to provide scientific visualizations, real time streaming, and collaborative mappings.  

Sample Geophysical Application scenario (PI): 
We use proposed visualization architecture for the Pattern Informatics (PI) geophysics applications [Tiampo2002] in the SERVOGrid project [Pierce2003]. SERVOGrid project integrates historical, measured, and calculated earthquake data with simulation codes. SERVOGrid resources are located at various institutions across the country. The SERVOGrid Complexity and Computational Environment (CCE) [FoxTech2003] is an environment to build and integrate different domains of Grid and Web Services into a single cooperating system. As a part of SERVOGrid CCE environment, we chose the PI application which is used to produce the well-publicized “hot spot” grid-values published by SERVO team member Prof. John Rundle and his group at the University of California-Davis. Hot spot values are returned from a remote server running PI algorithms. 

In this geophysics application scenario, WMS Client gets the output of the PI server as grid-values, interprets it and overlays it as another layer over the current map. The overlay layer for the hot spots is created by assigning different colors for each grid cell according to their values (Figure 12). These colors represent the different ranges of probabilities of the earthquake for the seismic point in the future.  These jobs are done by the PI module deployed in WMS Client. As we mentioned before, each geophysics application has its own module to fulfill the application specific tasks.

[image: image42.png]



Figure 12.  Overlaid layer created by PI module in WMS Client after running PI geophysics application over the map displayed in Figure 11.

Clients - Using Google Maps as Servlet-based WMS

To be able to integrate Google maps into our OGC compatible WMS, We should be able to get Google maps as an image. But Google API does not allow this. They use XMLHttpRequest and JavaScript (remote scripting). Return type is an object that you can not touch and convert it to an image. This is also prohibited by "Terms of Use" they published in their official Google map page. 

As it is mentioned before, WMS returns maps in the form of images such as JPEG, GIF and PNG. WMS Clients get the maps in image formats and overlays them. Usual WMS Clients can not use maps coming from Google Map Servers. To solve this problem and use high performance Google maps in our WMS applications and overlay different map layers coming from the usual WMS with the Google Maps, we created an intermediary Google Mapping Server. It takes WMS compatible requests from the WMS Clients, converts these requests into a new form that real Google Map Server can understand. For the sample OGC compatible getMap request see the Figure 3 and APPENDIX-A 3. In contrast to OGC compatible getMap requests, Google Map server uses requests with different parameters such as zoom level, tile numbers and tile width.   
Server side Google is implemented by Sunghoon Ko. He is one of my colleagues in CGL. 

Please see the APPENDIX-B 1 for the sample output of overlaying Google Map as a layer in the WMS applications. 

Clients - Integrating AJAX approach into Mapping Services

AJAX [Garret] is an important web development model for the browser based web applications. It uses several technologies which come together and incorporate to create a powerful new model. Technologies forming AJAX model such as XML, JavaScript, HTTP and XHTML are widely-used and well-known. Google Mapping is an example of a high performance AJAX based application. 

Web Services are self-contained, self-describing, and modular. Unlike earlier, more tightly coupled distributed object approaches such as Common Objects Request Brokers (CORBA), Web Service systems support an XML message-centric approach, allowing us to build loosely coupled, highly distributed systems that span organizations.   Web Services also generalize many of the desirable characteristics of GIS systems, such as standards for providing general purpose specifications for publishing, locating, and invoking services across the Web. Web Services also use widely-used and well-known technologies such as XML and HTTP as AJAX does. Since AJAX and Web Services are XML based structures they are able to leverage each others strength.

AJAX uses HTTP based XMLHttpRequest protocol for the message transfers. Web Services use Simple Object Access Protocol (SOAP) as a communications protocol. In order to be able to integrate these two different computing environments using different message protocols, we should have found a common protocol or we should have converted the message format from one protocol to another. Since there is no ready to use common protocol to handle messages communications between AJAX and Web Services, we created a new framework converting message formats from one computing environment to another which integrates these two powerful technologies and obtains the best performance results. 

This framework is designed for browser based web applications using Web Services. It enables users to utilize AJAX and Web Services advantages.
Generic Integration

In this Section, we describe and illustrate the generic integration framework for integrating AJAX into browser based Web Service applications. There are two main actors in the integration architecture – the visualization client and GIS Web Services. Web Services are invoked by using SOAP - XML based messaging protocol for the message exchange.

How to invoke Web Services in the AJAX model?
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Figure 13: Invoking Web Services from the AJAX applications.

The client browser makes a request to the server broker (via a JSP page), which in turn makes a request to the Web Service by using previously prepared Web Service client stubs. The response from the Web Service is then transformed by the service broker, and presented to the client browser. Below we will go in more detail to explain all these steps.

First create an XMLHttpRequest object to make a remote scripting call. 

  -  var http = new XMLHttpRequest();

Then, define the end point as an URL to make a call. The URL address should be local. This an intermediary proxy service to make appropriate requests for the GIS Web Service.
  -  var url = “proxy.jsp”;  

Then, make a call to the local proxy service end point defined above by the user given parameters.
  - http.open (“GET”, url + ”?bbox = “ + bbox +…[other   parameter-value pairs]……)  

proxy.jsp is an intermediary server page to capture request (HttpServletRequest) and response (HttpServletResponse) objects. Proxy JSP includes just one line of codes to forward the HttpServletRequest and HttpServletResponse parameters coming from the first page via XMLHttpRequest protocol. 
-  jb.doTask(request,response)
“request” and “response” parameters come from the user interface page. This first page includes some JavaScript, XHTML, CSS and JSP to capture the user given parameters and to display the returned result on the screen.

“jb” is a Java class object which handles creating appropriate requests by using its request-response handlers and Web Service client stubs. Request-response handler also handles receiving and parsing response object coming from GIS Web Services interacted with.

After having received response from the GIS Web Service, “jb” object sends the returned result to XMLHttpRequest object in the first page. 

  -  PrintWriter pw = response.getWriter();

  -  pw.write(response);

XMLHttpRequest object at the user interface page captures this value by making a call as below
  - http.onreadystatechange = handleHttpResponse 

This generic integration architecture can be applied to any kind of Web services. Since return types of each Web services are different and they provide different service API, you need to handle application specific implementations and requirements in browser based client side.

In Section 5.2.2, we prove the applicability and efficiency of the proposed integration framework by giving two important usage scenarios in GIS domain.

Usage Scenarios

Integration is basically coupling AJAX actions with the Web Services invocations, and synchronizing the actions and returned objects from the point of end users. The usage scenarios in Section 5.2.1 and 5.2.2 use the generic integration architecture illustrated in Figure 13. In the usage scenarios there will be minor difference in the form of extensions. Differences come from the service specific requests created according to the service provider’s service API (published as WSDL), or handling returned data to display on the screen. But these are all implementation differences.
Google WFS integration with AJAX Approach

WFS provides feature data in vector format and vector data are encoded in GML according to OGC WFS specifications and depending on the parameters given in the “getFeature” request. GML is an XML encoding for the transport and storage of geographic information, including both the geometry and properties of geographic features. 
In response to the “getFeature” request, the GML file encoded in XML is returned in a SOAP envelope as a response to this request. After getting a response, the client extracts geometry elements. The most important and commonly used geometry elements are Points, LineStrings, LinearRings, and Polygons. GML is an OGC standard for feature data representation. 
Even though Google Mapping API supports just two of them, Points and LineStrings, the other geometry elements can also be converted to these two types with minor updates. Having extracted and obtained geometry elements, these elements are plotted over the Google Map by using “GPoints” and “GPolylines” objects and the “mapOverlay” function of the Google Map API.  
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Figure 14: Integration of Google Maps with OGC WFS by using architecture defined in Figure 13. See the APPENDIX-B 2 for the sample output and user interface.
By setting returned GML’s non-geometry elements and using ‘GMarker” object of the Google API, this architecture also provides the “getFeatureInfo” functionalities of the OGC WMS services. All these tasks are achieved by using XMLHttpRequest API and JavaScript functionalities. 

XMLHttpRequest uses DOM for parsing returned structured responses in XML. If returned data is oversized for the server then the DOM parser throws “Out of Memory” exception. In order to overcome this drawback of the DOM and Google Map, we have used Pull Parsing [Little2004]. After parsing and handling GML documents returned from WFS, the result is written into the web browsers response object. Through the responseXML call of the XMLHttpRequest in JavaScript, the browser gets the result and makes appropriate modifications to the data and display on the screen.
XML Pull Parser is a recent development that demonstrates a different approach to XML parsing. It does not provide any support for validation. This is the main reason that it is much faster than its competitors.  If you are sure that data is completely valid and validation is done at the server side (as in our case) or in a database, then using XML Pull Parsing gives the highest performance results. In our usage scenario explained above, data comes from the OGC compatible data server (WFS).

This parsing approach is called pull parsing because the parser only parses what is asked for by the application rather than passing all events up to the client application. The pull approach of this parsing model results in a very small memory footprint, and very fast processing. The pull-parser postpones parsing until a component of the document is accessed, then parses as much of the document as necessary to construct that component.

Google WMS Integration with AJAX Approach

There are two different path working in parallel by the given user parameters created by the client actions. Actions are interpreted by the browser through the Google Mapping tools. JavaScript captures these actions by ActionListeners and Google Binding APIs and gives to Layer-2 object. Please see the Figure 15.
On the browser user interface class is a JSP page. It includes two JavaScript class-references. One is for the Google Map object and the other is for the WMS map image and bindings to the Google Map object. 

Interconnection for creating Layer-2 is done in accordance with the proposed architecture defined above in Figure 13. For Layer-1, a classic Google mapping application is used through the AJAX web application module and XMLHttpRequest protocol. Google handles creating the map by using XMLHttpRequest and given remote JavaScript file in the browser [Beaujardiere2002]. 

When we use this type of interaction interface to WMS, we can utilize all the OGC compatible functionalities of the WMS such as “getMap”, “getCapabilities” and “getFeatureInfo”. The client is going to be a thin client; it just takes the map and overlays it over the Google map. Overlay is done by using some advanced JavaScript techniques. The client does not need to make rendering or mapping jobs to create the map image. The map is already returned by the WMS and in a ready to use format such as JPEG or PNG or TIFF. Return type is defined as a parameter in the “getMap” request given to WMS. These images in different formats are converted to a JavaScript object before overlaying.
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Figure 15: Integration of Google Maps with OGC WMS by using architecture defined in Figure 13. See the APPENDIX-B 3 for the sample output and user interface.
Innovations and Lessons Learned

WMS clients can be categorized into three groups. These are thin clients, thick clients and application specific customized clients. Application specific customized clients are in the middle of thin and thick groups of clients. For the scientific applications in the geophysics area we have been using application specific customized WMS Clients. Scientific applications require some additional functionalities and additional server interactions. All of this quality of services is granted by the application specific customized WMS Clients. All the servers and services involved scientific application are orchestrated by the WMS Client depending on the characteristics of the application and end users need.  

In contrast to thin clients that can just take the map in image format and display on the screen, thick clients are capable of doing image resolution, data format translations and coordinate system conversions. Neither thin nor thick clients are capable of handling scientific application specific tasks. 

After having implemented WMS Client we tried to increase the performance of the visualization system. For that reason, we integrated AJAX approach into Web Service based visualization systems.  

If the GIS visualization client uses Web Services from the desktop browser application and Web Services are capable of responding fast enough, then using the AJAX model for calling Web Services gives high performance increases. Since both AJAX and Web Services use XML based protocols for the request and responses, they leverage their advantages. This enables application developers to easily integrate AJAX based browser applications into Web Services.

AJAX and Web Services are XML based structures and this property allow developers to utilize their advantages together. The proposed system enables AJAX based high performance web application approaches to utilize web services. If Web Service based applications have web based user interface for end users, then, using this framework makes displaying much faster. Users do not need to wait whole data to be received to render and display the results. Partial displaying is possible without refreshing the whole page. Instead of making request for whole page, only the interested part will be requested. This reduces the workload of the network traffic. 

In addition to its advantages, the proposed system has a couple of disadvantages. The proposed integration framework introduces some extra work for the browser based web application developers. Extra work mostly comes from the conversion of parameters to be able to make compatible requests to remote Web Services. In order to make valid requests, the proxy server should be deployed locally and client stubs for Web Service invocations should be created before running the application. Compared to pure AJAX based web application, the performance of the application is reduced by the intermediary proxy server during its conversion and message handling jobs.

MAP ANIMATIONS

The geographical information has at the same time, a spatial, thematic and temporary nature. When you have the same layer in different moments in time, it could be interesting to show every static map as a part of an animation, making possible the creation of a little movie composed by a certain number of frames.
Browser-based Map Animation Techniques

HTML is ideal for creating static websites where text and images are placed at fixed positions. But it doesn't really support dynamic sites, where text, images, and animations are moving around on the screen. Traditionally, these effects were achieved with animated GIF images or Java Applets. Some other techniques recently used in map animations are Quick Time and Macromedia Flash. 

An Animated GIF is simply a GIF file that is composed of 2 or more individual GIF images or frames. Each frame is displayed for a set time and a set number of cycles (the times and number of cycles are completely controllable by the creator). The changes in the frames are what gives the graphic the sense of motion. There are no additional plug-in or enhancements to a web browser necessary to see an animated gif.
An Animated GIF is actually many images saved in one. While Animated GIFs can be used for animations, they do not support interactivity. They simply loop images in a predefined order and that's it. 

Aside from Animated GIFs, another approach has been used to add dynamic effects to web pages: Java Applets. Applets have often been criticized for "killing" browsers. Sometimes, Java programmers are not as skillful as one might have wished. Some applets are programmed so they eventually take up all resources on the computer, and these results in "freezing" the browser.

There is an API for QuickTime functionalities which is fully accessible through Java. With Java, you can write your own QuickTime-compatible applications, or run Java Applets from QuickTime over the web inside a browser. QuickTime sprites let you add interactivity to your media. QuickTime Sprites are animations that can be made of an image, a short image sequence or a video clip. These images can be moved around the movie frame on a vector path — creating the animation. As the sprite creator you need to create the image (such as a logo), specify the movement path (a spin motion, for example) and add other behaviors (like play a sound). QuickTime does the rest.
One way to escape 'DHTML hell' and provide more interactivity on the client is to work with a Browser "Plug-in" like Java Applets or the increasingly popular Macromedia Flash plug-in. Macromedia Flash is most commonly used for the design and scripting of animations and other dynamic content for web sites. Over the years Flash evolved to a more powerful development tool and it includes a JavaScript like programming language called action-script. 
After giving some background information, we give architecture of our proposed map animation and movie framework in Section 6.2. We have a lot of advantages over the techniques mentioned above.  
Streaming Map movies

We produce map animations in the form of streaming map videos similar to ones you see in the weather cast web sites or weather news. Maps are produced from geographic data provided by WFSs, WCSs and WMSs in the form of vector or raster data.  All the GIS services in our system are OGC compatible and Web Services based [Cox2004]. 

The Open Geospatial Consortium (OGC) defines several related standards for the representation, storage, and retrieval of geographic data and information. Regarding to visualization services it basically defines and publishes standardization and implementation specifications for Web Map Service (WMS), Web Feature Service (WFS), Web Coverage Service (WCS) and Web Registry Service (WRS).  The Web Map Service (WMS) [Beaujardiere2002] produce maps from the geographic data. Geographic data are kept in Web Coverage Server (WCS) and/or Web Feature Service (WFS) or other WMSs. WCS stores raster data in image tiles and WFS stores feature vector data in GML formats. WMS produces maps from these raw geographic data upon requests from the WMS clients. These maps are the static representations of geospatial data. Representations are in pictorial formats such as PNG, SVG, JPEG, GIF, etc.

Standard map servers produce static images, but many type of geographic data are time dependent. In order to understand geographic phenomena and characteristics of temporal data it is necessary to examine how these patterns change over time for these types of data.  We are therefore investigating the problems of creating streaming video map servers based upon appropriate standard collaboration technologies [Wu2004].
In our approach, visualizing changes over time is achieved by integrating temporal information on a map. Usually the result is a series of static maps showing certain themes at different moments. In addition to creating static maps, WMS also has the ability to combine the static maps correspond to a specific time interval data and combine them in an animated movie. Movies created by WMS are composed of a certain number of frames. Each frame represents a static map that corresponds to a time frame defined in request.

In GIS area there is a huge demand of using multimedia technology over internet scale to support groups collaborative work in which members are distributed at different geological locations, such as distance learning, virtual classroom, video conferencing etc. Because of the characteristics of the geospatial data, one organization or entity can not have all the geo-data and geo-services available locally. So they need some other data and services from other entities. They require sharing of data. Some times organizations need to make a decision about the geographic data by looking at the map or animated movies. They can achieve this by getting together physically or using collaborative GIS services. This growing need and demand for large scale interactive and collaborative GIS systems present several interesting research challenges in computer science such as: design of good collaboration framework with advantages of high scalability, extensibility, reliability and security, design of synchronization and composition mechanisms to synchronize multiple video/audio streams. In order to achieve these aims, partially or fully, we have been using our Lab’s GlobalMMCS collaboration services for the GIS collaborative visualization applications. GlobalMMCS [Lalonde2002, Vretanos2003, Sayar2005] is an integrated video conferencing solution which enables heterogeneous clients to join the same real-time multimedia sessions. It provides a flexible architecture to support even more standards and applications. We also inherit many additional features such as replay and collaborative annotation and whiteboard systems.
All the services participating in the proposed architecture are Web Services. System utilizes all the advantages of the Web Services such as easy integration, using widely acceptable technologies, cross-platform, cross-language etc. However, because of the characteristics of the geographic data and Web Services message exchange protocol, SOAP, there are performance limitations if we use the current SOAP approaches to integrate Geographic Information Systems (GIS) applications with Web Service based collaboration systems, especially for the multimedia GIS applications such as displaying streaming map movies. To overcome this type of performance issues we created streaming version of Open Geospatial Consortiums (OGC)’s Web Map Service (WMS) for creating both static maps and map movie streams composed of more than one static map. Streaming data transfer is enabled by using Community Grids Lab’s NaradaBrokering messaging middleware. The NaradaBrokering messaging substrate enables scalable, fault-tolerant, distributed interactions between entities, and is based on the publish/subscribe paradigm. The NaradaBrokering substrate provides support for transport protocols such as TCP, Parallel TCP, UDP, Multicast, HTTP and SSL; it also facilitates communications across NAT and firewall/proxy boundaries.

Animating static maps are done by the help of Hasan Bulut. He is one of my colleagues in CGL. 

Innovations and Lessons Learned – Future Work

There is no much work done on this area. This is also an ongoing work in our Lab. We have implemented a couple of good sample applications of streaming map movies and used Java Media Framework (JMF) libraries and JMF Studio to display the movie streams published to a multicast IP address and port number. Broadcast and Unicast addresses are also supported by the JMF Studio. Server creating movie streams sends streams to a multicast address, clients who wants to see the map movie streams should subscribe to this address. In our basic proof of concept application, clients use JMF studio to subscribe to the Real Time Protocol (RTP) session that they are interested in.  

We will continue to integrate the streaming map server with Global-MMC’s archiving capabilities.  This will enable useful functionality, such as allowing users to select a movie from the archive. To make the WMS available for the collaborative conferences or online education, admin user will be able to update map streams on the fly while it is playing. This is called annotation feature for the collaboration. For this purpose, we plan to integrate e-Sports [Gang2005] whiteboard drawing tools.
We will be creating movies at the client side even in case of collaborative movie creating environment. There will be significant performance gain when we use this approach. Clients can archive both previously created frames and movies. If a client needs same type of frames for the same matching time intervals then it does not need to go back to WMS and spend time for getting the movie frames

Communication and request/response message passing between WMS and clients will be done through the NaradaBrokering (message based middleware system). 

Right now for publishing collaborative map videos streams, we are using multicast addresses but in the future we will be using publish/subscribe properties of NB. Approaches to collaboration have tended to use IP Multicast to deal with the content distribution problem. Multicast provides a powerful, elegant and flexible framework for implementing collaborative systems. In this scenario, participants agree upon a multicast group and collaborate by exchanging data over this group; the system relies on MBONE to manage this interchange. Far more powerful framework for collaboration is the publish/subscribe paradigm. In publish/subscribe system the routing of messages from the publisher to subscriber is within the purview of the message oriented middleware (MOM), which is responsible for routing the right content from the producer to right consumers [5].
In the future we will be using Access Grid for the collaborative video conferencing for the streaming map videos. Access Grid uses IP-Multicast for video conferencing. The advantage of this solution is its simplicity and ease of use for the end user but it requires much more network bandwidth then many users can accommodate.

APPENDICES – A

1. WMS Web Services Interface Definition (as WSDL file) 

  <?xml version="1.0" encoding="UTF-8" ?> 

- <wsdl:definitions targetNamespace="http://services.wms.ogc.cgl" xmlns="http://schemas.xmlsoap.org/wsdl/" xmlns:apachesoap="http://xml.apache.org/xml-soap" xmlns:impl="http://services.wms.ogc.cgl" xmlns:intf="http://services.wms.ogc.cgl" xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/" xmlns:tns1="http://www.w3.org/1999/XMLSchema" xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" xmlns:wsdlsoap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:xsd="http://www.w3.org/2001/XMLSchema">
- <!-- 
WSDL created by Apache Axis version: 1.2beta3

Built on Aug 01, 2004 (05:59:22 PDT)  --> [image: image45.png]



- <wsdl:message name="getFeatureInfoResponse">
  <wsdl:part name="getFeatureInfoReturn" type="soapenc:string" /> 

  </wsdl:message>
- <wsdl:message name="getMapResponse">
  <wsdl:part name="getMapReturn" type="tns1:anyType" /> 

  </wsdl:message>
- <wsdl:message name="getCapabilityResponse">
  <wsdl:part name="getCapabilityReturn" type="soapenc:string" /> 

  </wsdl:message>
- <wsdl:message name="getMapRequest">
  <wsdl:part name="request" type="soapenc:string" /> 

  </wsdl:message>
- <wsdl:message name="getFeatureInfoRequest">
  <wsdl:part name="request" type="soapenc:string" /> 

  </wsdl:message>
- <wsdl:message name="getCapabilityRequest">
  <wsdl:part name="request" type="soapenc:string" /> 

  </wsdl:message>
- <wsdl:portType name="WMSServices">
- <wsdl:operation name="getMap" parameterOrder="request">
  <wsdl:input message="impl:getMapRequest" name="getMapRequest" /> 

  <wsdl:output message="impl:getMapResponse" name="getMapResponse" /> 

  </wsdl:operation>
- <wsdl:operation name="getCapability" parameterOrder="request">
  <wsdl:input message="impl:getCapabilityRequest" name="getCapabilityRequest" /> 

  <wsdl:output message="impl:getCapabilityResponse" name="getCapabilityResponse" /> 

  </wsdl:operation>
- <wsdl:operation name="getFeatureInfo" parameterOrder="request">
  <wsdl:input message="impl:getFeatureInfoRequest" name="getFeatureInfoRequest" /> 

  <wsdl:output message="impl:getFeatureInfoResponse" name="getFeatureInfoResponse" /> 

  </wsdl:operation>
  </wsdl:portType>
- <wsdl:binding name="WMSServicesSoapBinding" type="impl:WMSServices">
  <wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http" /> 

- <wsdl:operation name="getMap">
  <wsdlsoap:operation soapAction="" /> 

- <wsdl:input name="getMapRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://services.wms.ogc.cgl" use="encoded" /> 

  </wsdl:input>
- <wsdl:output name="getMapResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://services.wms.ogc.cgl" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
- <wsdl:operation name="getCapability">
  <wsdlsoap:operation soapAction="" /> 

- <wsdl:input name="getCapabilityRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://services.wms.ogc.cgl" use="encoded" /> 

  </wsdl:input>
- <wsdl:output name="getCapabilityResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://services.wms.ogc.cgl" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
- <wsdl:operation name="getFeatureInfo">
  <wsdlsoap:operation soapAction="" /> 

- <wsdl:input name="getFeatureInfoRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://services.wms.ogc.cgl" use="encoded" /> 

  </wsdl:input>
- <wsdl:output name="getFeatureInfoResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://services.wms.ogc.cgl" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
  </wsdl:binding>
- <wsdl:service name="WMSServicesService">
- <wsdl:port binding="impl:WMSServicesSoapBinding" name="WMSServices">
  <wsdlsoap:address location="http://gf8.ucs.indiana.edu:8092//wmsstream/services/WMSServices" /> 

  </wsdl:port>
  </wsdl:service>
  </wsdl:definitions>
2. Sample getCapabilities request encoded in XML to be put inside the SOAP envelope

<?xml version="1.0" encoding="UTF-8"?>

<GetCapabilities xmlns="http://www.opengis.net/ows">


<version>1.1.1</version>


<service>wms</service>


<exceptions>application_vnd_ogc_se_xml</exceptions>


<style>full</style>

</GetCapabilities>

3. Sample getMap request encoded in XML to be put inside the SOAP envelope

<?xml version="1.0" encoding="UTF-8"?>

<GetMap xmlns="http://www.opengis.net/ows">


<version>1.1.1</version>


<service>wms</service>


<exceptions>application_vnd_ogc_se_xml</exceptions>


<Map>



<BoundingBox decimal="." cs="," ts=" ">-124.85,32.26,-113.56,42.75</BoundingBox>


</Map>


<Image>



<Height>400</Height>



<Width>400</Width>



<Format>image/jpg</Format>



<Transparent>true</Transparent>



<BGColor>0xFFFFFF</BGColor>


</Image>


<ns1:StyledLayerDescriptor version="1.0.20" xmlns:ns1="http://www.opengis.net/sld">



<ns1:NamedLayer>




<ns1:Name>Nasa:Satellite</ns1:Name>




<ns1:Description>





<ns1:Title>Nasa:Satellite</ns1:Title>





<ns1:Abstract>Nasa:Satellite</ns1:Abstract>




</ns1:Description>



</ns1:NamedLayer>



<ns1:NamedLayer>




<ns1:Name>California:Faults</ns1:Name>




<ns1:Description>





<ns1:Title>California:Faults</ns1:Title>





<ns1:Abstract>California:Faults</ns1:Abstract>




</ns1:Description>



</ns1:NamedLayer>



<ns1:NamedLayer>




<ns1:Name>California:States</ns1:Name>




<ns1:Description>





<ns1:Title>California:States</ns1:Title>





<ns1:Abstract>California:States</ns1:Abstract>




</ns1:Description>



</ns1:NamedLayer>


</ns1:StyledLayerDescriptor>

</GetMap>

4. Sample getFeatureInfo request encoded in XML to be put inside the SOAP envelope

<?xml version="1.0" encoding="UTF-8"?>

<GetFeatureInfo xmlns="http://www.opengis.net/ows">


<version>1.1.1</version>


<service>wms</service>


<exceptions>application_vnd_ogc_se_xml</exceptions>


<Map>



<BoundingBox decimal="." cs="," ts=" ">-124.85,32.26,-113.56,42.75</BoundingBox>


</Map>


<Image>



<Height>300</Height>



<Width>400</Width>



<Format>image/jpg</Format>



<Transparent>true</Transparent>



<BGColor>0xFFFFFF</BGColor>


</Image>


<QueryLayer>Nasa:Satellite,California:Faults,California:States</QueryLayer>


<InfoFormat>text/html</InfoFormat>


<FeatureCount>999</FeatureCount>


<x>117</x>


<y>218</y>

</GetFeatureInfo>

5. WMS Capabilities File

<?xml version="1.0" encoding="UTF-8"?>

<!--Sample XML file generated by XMLSPY v2004 rel. 4 U (http://www.xmlspy.com)-->

<WMS_Capabilities xmlns="http://www.opengis.net/wms" xmlns:xlink="http://www.w3.org/1999/xlink"

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.opengis.net/wms

C:\capabilities_1_3_0.xsd" version="1.3.0" updateSequence="String">


<Service>



<Name>WMS</Name>



<Title>Pervasive WMS</Title>



<Abstract>wms reference implementation</Abstract>



<KeywordList>




<Keyword >pervasive</Keyword>




<Keyword >wms</Keyword>



</KeywordList>



<OnlineResource xmlns:xlink="http://www.w3.org/1999/xlink" xlink:type="simple" 


xlink:href="http://toro.ucs.indiana.edu:8086/WMSServices.wsdl"/>



<!-- the following service information is optional -->



<ContactInformation>




<ContactPersonPrimary>





<ContactPerson>Ahmet Sayar</ContactPerson>





<ContactOrganization>Pervasive Tech Lab</ContactOrganization>




</ContactPersonPrimary>




<ContactPosition>Research Assistant</ContactPosition>




<ContactAddress>





<AddressType>XXXX</AddressType>





<Address>501 N. Morton St. Rm 222</Address>





<City>Bloomington</City>





<StateOrProvince>IN</StateOrProvince>





<PostCode>47404</PostCode>





<Country>USA</Country>




</ContactAddress>




<ContactVoiceTelephone>1(812)8560752</ContactVoiceTelephone>




<ContactFacsimileTelephone>1(812)8567972</ContactFacsimileTelephone>




<ContactElectronicMailAddress>asayar@cs.indiana.edu</ContactElectronicMailAddress>



</ContactInformation>


</Service>


<Capability>



<Request>




<GetCapabilities>





<Format>application/vnd.ogc.wms_xml</Format>





<DCPType>






<!-- Currently there is just one DCPT environment supported HTTP.








In the near future there will be web services 







support by the Open-GIS.








Whenever they update their standard schemas, I 







will update my capabilities document.







Since I am going to use web mep services I do not need 






these informations -->






<HTTP><Get><OnlineResource /></Get>



<Post>
<OnlineResource /></Post>
</HTTP>





</DCPType>




</GetCapabilities>




<GetMap>





<Format>image/gif</Format>





<Format>image/png</Format>





<Format>image/jpg</Format>





<Format>image/tif</Format>





<Format>image/bmp</Format>





<Format>image/svg+xml</Format>





<DCPType>






<!-- Currently there is just one DCPT environment supported HTTP.








In the near future there will be web services 







support by the Open-GIS.








Whenever they update their standard schemas, I 







will update my capabilities document.







Since I am going to use web mep services I do not need 






these informations -->






<HTTP><Get><OnlineResource /></Get>

<Post>
<OnlineResource /></Post>
</HTTP>





</DCPType>




</GetMap>



</Request>



<Exception>




<Format>application/vnd.ogc.se_xml</Format>




<Format>application/vnd.ogc.se_inimage</Format>




<Format>application/vnd.ogc.se_blank</Format>



</Exception>



<Layer queryable="0" cascaded="1" opaque="0" noSubsets="0" fixedWidth="1" 










fixedHeight="1">




<Name>pervasive WMS-demo Layers</Name>




<Title>pervasive WMS-demo Layers</Title>




<Abstract>pervasive WMS-demo Layers</Abstract>




<KeywordList>





<Keyword>pervasive</Keyword>





<Keyword>WMS</Keyword>





<Keyword>layer</Keyword>




</KeywordList>




<CRS>EPSG:4326</CRS>




<EX_GeographicBoundingBox>





<westBoundLongitude>-150</westBoundLongitude>





<eastBoundLongitude>100</eastBoundLongitude>





<southBoundLatitude>30</southBoundLatitude>





<northBoundLatitude>50</northBoundLatitude>




</EX_GeographicBoundingBox>




<MinScaleDenominator>0</MinScaleDenominator>




<MaxScaleDenominator>100000000</MaxScaleDenominator>




<!-- WORLD SEISMIC -->





<Layer queryable="0" cascaded="1" noSubsets="0">





<Title>World_Seismic</Title>





<Abstract>Seismic data for the world</Abstract>





<CRS>EPSG:4326</CRS>





<Layer queryable="1" cascaded="1" noSubsets="0" fixedWidth="0" 










fixedHeight="0">






<Name>Nasa:Satellite</Name>






<Title>Nasa:Satellite</Title>






<EX_GeographicBoundingBox>







<westBoundLongitude>-150</westBoundLongitude>







<eastBoundLongitude>-100</eastBoundLongitude>







<southBoundLatitude>30</southBoundLatitude>







<northBoundLatitude>50</northBoundLatitude>






</EX_GeographicBoundingBox>






<BoundingBox CRS="EPSG:26986" minx="189000" 




miny="834000" maxx="285000" maxy="962000" resx="1" resy="1" /> 






<MinScaleDenominator>0</MinScaleDenominator>






<MaxScaleDenominator>100000000</MaxScaleDenominator>





</Layer>





<Layer queryable="1" cascaded="1" noSubsets="0" fixedWidth="0"
 fixedHeight="0">






<Name>Google:Map</Name>






<Title>Google:Map</Title>






<EX_GeographicBoundingBox>







<westBoundLongitude>-150</westBoundLongitude>







<eastBoundLongitude>-100</eastBoundLongitude>







<southBoundLatitude>30</southBoundLatitude>







<northBoundLatitude>50</northBoundLatitude>






</EX_GeographicBoundingBox>






<BoundingBox CRS="EPSG:26986" minx="189000" 




miny="834000" maxx="285000" maxy="962000" resx="1" resy="1" /> 






<MinScaleDenominator>0</MinScaleDenominator>






<MaxScaleDenominator>100000000</MaxScaleDenominator>





</Layer>





<Layer queryable="1" cascaded="1" noSubsets="0" fixedWidth="0" 










fixedHeight="0">






<Name>Google:Satellite</Name>






<Title>Google:Satellite</Title>






<EX_GeographicBoundingBox>







<westBoundLongitude>-150</westBoundLongitude>







<eastBoundLongitude>-100</eastBoundLongitude>







<southBoundLatitude>30</southBoundLatitude>







<northBoundLatitude>50</northBoundLatitude>






</EX_GeographicBoundingBox>






<BoundingBox CRS="EPSG:26986" minx="189000" 




miny="834000" maxx="285000" maxy="962000" resx="1" resy="1" /> 






<MinScaleDenominator>0</MinScaleDenominator>






<MaxScaleDenominator>100000000</MaxScaleDenominator>





</Layer>




</Layer>



</Layer>


</Capability>

</WMS_Capabilities>

APPENDIX – B

1. WMS Client User Interface - Using Google Maps as Servlet-based WMS
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2. WMS Client User Interface - Google WFS integration with AJAX Approach
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3. WMS Client User Interface - Google WMS Integration with AJAX Approach
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4. WMS Client User Interface - Portal Version 
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Chapter5: Ontology-Driven Semantic Matches for Federation of Information Sources
Purpose

With the steady advancement of semantically rich data representations in database systems, similar domains have been illustrated in different manners and in diverse terminologies by domain experts who typically have their own interpretations and analysis of the domain. Especially, seismology data is distributed and organized in different manners and diverse terminologies from various earthquake information providers [1]. This lack of standardization causes problems for seismology research. Integrating data from heterogeneous databases thus yields many new information management challenges. In particular, schema matching is inherently difficult to automate and has been regarded as a tedious and error-prone task since schemas typically contain limited information without semantics of attributes.

In most previous studies, schema matching has been in general performed by gathering information for mapping from various phases of an attribute including its name, type, patterns and statistics of data instances [2-7]. For example, by comparing names, types, and sample instances between attributes “Start Latitude” and “Minute of Latitude” in compatible tables, these two attributes can be matched. However, schema and data instances thus cannot fully capture the meanings. If we only consider patterns of instances, domain, and substrings of attributes “Minute of Latitude” and “Minute of Dip”, these two names can then be matched. Therefore, excluding semantic information of the attributes is limited to discovering appropriate matches between database schemas. By illuminating the difficulties posed by lack of semantics, we have shown that there is a need for an alternative method to obtain semantics of data from external data sources. Toward this end, our approach is to incorporate ontologies to gain semantic information of data [1].

The goal of this paper is to introduce, define, and quantify mapping frameworks that support mechanisms for inter- connecting similar domain schemas. We divide the mapping algorithms into two categories: the semantics-driven mapping framework utilizes the semantics of data, which is captured by ontologies, while the data-driven mapping framework also depends on efficient matching algorithms, which have been introduced in the previous research.

In order to achieve this goal, we hypothesize that ontology-driven schema matching can improve matching accuracy, since it can support the capture of sufficient semantic information of data while the traditional methods cannot. To evaluate this hypothesis, we 1) define a semantics-driven mapping framework and a data- driven mapping framework, 2) quantify the degree of similarity using ontologies and schema information, and 3) combine the similarities which are produced by both mapping frameworks.
Schema Matching
To discover the correspondences in the schema S and T, we compute similarity matrix 
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To find the most similar attribute in the other schema, we propose an ontology-driven mapping algorithm with an ensemble of multiple matching methods. The mapping algorithms are mainly divided into a semantics-driven mapping framework and a data-driven mapping framework. The former generates the matches based on information content [8], while the latter performs the matches based on the premise that the data instances of similar attributes are typically congruent. Both frameworks thus increase the accuracy of similarity by mutual complementation. Each framework produces a mapping matrix; respectively 
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Leveraging a mapping based on the meaning of the attributes achieves a level of matching performance that is significantly better than a conventional schema matcher. Two techniques contribute to the matching accuracy:

· Matching ambiguity resolution: it can identify actual mappings although they are ambiguous.
· Providing candidates that refer to a similar or same object: it also provides matching candidates even if the data-driven framework fails to select the candidates. 


[image: image67.emf]-65.76

23.15

45

15

Start Latitude Minute of Dip

Schema S

Segment

18

23

Minute of Latitude

Schema T

SCSN

SIM

sem

(

Latitude, Latitude

)

= 

1.0

SIM

dat

(

Latitude

, 

Latitude

)

= 0.2

SIM

sem

(

Latitude, Dip

)

= 

0.24

SIM

dat

(

Latitude, Dip

)

= 0.88

D

D

latitude

latitude

A

A

B

B

E

E

longitude

longitude

dip

dip

…

…

1.0

0.24

Ontology

Information

Content

SIM

sem

is an estimated similarity using the semantics-driven mapping

SIM

dat

is an estimated similarity using the data-driven mapping


Fig. 1. Matching ambiguity can be resolved with semantics-driven mapping framework
In our example, the values of the instances of the attributes “Minute of Dip” and “Start Latitude” in the table “Segment” of schema S and the attribute “Minute of Latitude” in the table “SCSN” of schema T share common patterns. As shown in Fig. 1, the estimated similarities resulting from the data-driven mapping framework are too close to determine which correspondence is more suitable for this mapping. However, the semantics-driven mapping framework provides increased evidence for the mapping between the attributes “Start Latitude” and “Minute of Latitude” since both words are semantically more related than the attribute pair of “Minute of Dip” and “Minute of Latitude”. Therefore, it is necessary to prune candidate mappings.
Data-Driven Mapping Framework

The attribute names in the schemas can be very difficult to understand or interpret. In this section, we propose a framework that functions correctly even in the presence of opaque attribute names using the data values. Previous research has shown that an effective matching technique utilizes an ensemble of searching overlap in the selection of the data types and representation of the data values, comparing patterns of the data instances between the schema attributes, linguistic matching of names of schema attribute, and using learning techniques [2, 4, 5, 7]. In the data-driven mapping framework, we mainly make use of the fact that the schemas, which we are matching, are associated with the data instances we have. In order to compute a similarity between the attributes, this framework employs mutual information with the effective mapping techniques, which analyze the values of the instances. 

By comparing the attribute instances, the mapping can be found since the similar attributes share similar patterns or representations of the data values of their instances. Thus, there are three types of base matchers such as the pattern-based matcher and the attribute-based matcher. 
Pattern-based Matcher

The pattern-based matcher tries to find a common pattern of the instance values, such as fax/phone numbers, or monetary units. It determines a sequence of alphabets, symbols and numbers that are most characteristic in the instances of an attribute. Given any value of the instances, we transform each alphabet to “A”, symbol to “S”, and number to “N”. To compute the similarity, it compares the patterns by calculating the values of the edit distance [9] of a pair of patterns. An edit distance between two strings is given by the minimum number of the operations needed to transform one string into the other, where an operation can be either an insertion, deletion, or substitution. For example, “02/17/1977” is transformed into “NNSNNSNNNN” and “2-17-1977” is transformed into “NSNNSNNNN”. In this case, the edit distance between two numbers is 1. By detecting the most k frequent pattern, we can use the pattern to find a match with the pattern of the corresponding attributes.

Attribute-based Matcher

The attribute-based matcher tries to find common properties of the attributes. Comparing various phases of the attributes such as name and domain information also provides the correspondence between the attributes [2, 4-7]. Thus, the attribute-based matcher maps attributes by comparing the attribute’s names and types.
Comparison of the names among the attributes is performed only when the domain information of two attributes is similar. Due to a number of diverse ways to represent the names of the attributes like compound words, we compute a prediction based on the frequency of the co-occurred N-gram of the attributes’ name. Tri-gram was the best performer in our empirical evaluation. 

Unfortunately, this mapping framework is not always successful. When the instance-based mapping fails, it is often because of its inability to distinguish between different attributes in the same data domain and similarly, its inability to find matching columns over different encodings of the logically similar domains.
Semantics-Driven Mapping Framework

The semantics-driven mapping framework tries to identify the most similar semantics of attribute in the other schema when the attribute names are not opaque. The name of an attribute typically consists of a word or compound words that contains the semantics of the attribute. Thus, the semantic similarity between 
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 can be measured by finding how many words in two attributes are semantically alike. We describe how we measure a semantic similarity.

Semantic Similarity

Previous research has measured semantic similarity, which is based on statistical/topological information of the words and their interrelationships [10]. An alternative approach has recently been proposed to evaluate the semantic similarity in a taxonomy based on information content [8, 11]. Information content is a corpus-based measure of the specificity of a concept. This approach relies on the incorporation of the empirical probability, which estimates into a taxonomic structure. Previous research has shown that this type of approach may be significantly less sensitive to link density variability [10, 11]
Measures of the semantic similarity in this approach quantify the relatedness of two words, based on the information contained in an ontological hierarchy. Ontology is a collection of the concepts and inter-relationships [12]. There are two types of inter-relationships: a child concept may be an instance of its parent concept (is-a relationship), or a component of its parent concept (part-of relationship). In addition, the child concept can have multiple parents, thus there may exist multiple paths between the child concept and the parent concept. WordNet, which is a lexical database, is particularly well suited for similarity measures, since it organizes nouns and verbs into hierarchies of is-a or part-of relations. Thus, we have employed WordNet::Similarity [13], which has implemented the semantic relatedness measures that compute information content using WordNet ontology from untagged corpora such as the Brown Corpus, the Penn Treebank, and the British National Corpus [13].
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Fig. 2. An example of the semantic similarity computation
Fig. 3 depicts an instance to compute a similarity between the nodes “E” and “H”. The node “B” has the maximum information content of the common parents of the nodes “E” and “H”, since the node “B” is the most specific common parent of the nodes “E” and “H”. Concept frequency of the node “B” is 12 since it is the sum of its word frequency (6) in the corpus and the sum of the word frequencies (6) of its descendants “C” and “D”. Therefore, the similarity between the nodes “E” and “H” is 0.03.

Compound Word Processing

The name of the attributes sometimes consists of a compound word such as “Segment Name”. In English, the meaning of the compound word is generally a specialization of the meaning of its head word. In English, the head word is typically placed on the rightmost position of the word [14, 15]. The modifier limits the meaning of the head word and it is located at the left of the head word [14, 15]. This is most obvious in descriptive compounds, in which the modifier makes it more specific by restricting its scope. A blackboard is a particular kind of board which is black, for instance. 

Based on this computational linguistic knowledge, our approach is to give consequence to the mapping with the head word. We discompose the compound word into atomic words and try to compute predicted similarities between each word to the attributes in the other schema. There are two issues of decomposition of the name of the attribute.

· Tokenization: “Segment Name” appears in various formats such as “segment_name” or “SegmentName”. In order to correctly identify these variants, tokenization is applied to names of attributes. Tokenization is a process that identifies the boundaries of words. As a result, non-content bearing tokens (e.g., parentheses, slash, comma, blank, dash, upper case, etc) can be skipped in the matching phase.
· Stopwords removal: Stopwords are the words that occur frequently in the attribute but do not carry useful information (e.g., of). Such stopwords are eliminated from the vocabulary list considered in the Smart project [16]. Removing the stopwords provides us with flexible matching.
We then integrate each similarity with more weight on the right words. Together with the data-driven mapping frameworks, this framework is optimally combined as described in the next section.
Similarities Regression
Using the machine learning technique, we combine the predicted similarities: 
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. Since each similarity can have different significance with contribution to the combined prediction, a weight is assigned to each similarity. To improve the predictions of the different single mapping framework, parameter optimization [17] is performed where possible by cross-validating on the training data with logistic regression. 

Architecture

In order to apply our mapping framework in applications that utilize domain-specific knowledge, we extend Ontronic to support this matching technique. Ontronic provides general functionality for the engineering, discovery, management, and presentation of ontology-based metadata incorporated with CIOM. In addition, Ontronic establishes a platform that is necessary to support the Semantic Web technologies for geoscience and seismology applications such as deformation fault information, GPS movement data, and simulation code results.
Key functionality that must be provided by Ontronic can be identified as follows:
1. We present an interface to communicate graphical representation between users (ontology developers) and Ontronic.

2. Ontronic contains functions to facilitate ontology creation with the semantic primitives in CIOM.

3. Ontronic provides a metadata generation mechanism from the ontologies created with CIOM. The produced metadata can be exported to permanent storages and also can be imported from them.
4. Ontronic supports our matching framework by incorporating ontology mapper
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Fig. 4. Overall architecture of Ontronic

As illustrated in Fig. 4, the architecture of Ontronic is clearly separated into a user-interface, a model, and a storage component to meet the above key requirements. Ontronic provides the visual ontology manager for a graphical representation. The primary role of the visual ontology manager is to provide a graphical user interface (GUI) to view, analyze, and compose ontologies. It contains an ontology DAG, ontology tree, ontology visualization API, query processor, and metadata viewer. Ontology DAG illustrates ontologies with DAGs based on the denotations of the semantic primitives in CIOM. The ontology tree also presents a hierarchical structure of concepts. The query processor parses and executes a query. In addition, generated metadata written in the ontology languages such as DAML+OIL and OWL is displayed in metadata viewer. 
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Fig. 5. Mapping Framework Screenshot of Ontronic

Fig. 5 presents a snapshot of the visual ontology manager in Ontronic applied to the QuakeTables fault databases [19]. Ontronic provides APIs to retrieve and manipulate ontologies. Ontology visualization API facilitates creating, updating, and deleting graphical units for an ontology presentation, interacting with CIOM API. CIOM API can construct meta-models for ontologies consisting of the semantic primitives in CIOM. CIOM API also translates queries for CIOM model to RDQL. Additionally, CIOM API provides a comprehensive transformation from CIOM meta-model into RDF by utilizing Jena5 API which provides RDF-based metadata management infrastructure designed for semantics-driven applications. 

Finally, Ontronic supports the storage of ontologies into both a database and a file system. This framework supports the definition, storage, access, and control of collections of structured data. The relational database management sys- tem (DBMS) physically stores the metadata in the Ontronic server. Furthermore, Ontronic provides a web-based cooperative workspace in which multiple authors can build and share same ontologies simultaneously. In order to endure heavy requests to the DBMS, Ontronic deploys connection pool. Additionally, the clients can export and import the RDF, OWL, and DAML+OIL files.
Plans for Extension of our Research

In order to complete this research, our plans are divided into query generation for the integrated earthquake ontology and information filtering.

Query Generation for the Integrated Earthquake Ontology

We first plan to develop a technique for query expansion and SQL query generation. We have achieved to provide the integrated earthquake-domain ontology of the diverse earthquake information sources by employing our mapping framework. In response to a user request for the generation of an SQL query from this integrated earthquake ontology, we will follow a Boolean retrieval model [18]. In addition, we will consider how each concept in the earthquake ontology is mapped into the "where" clause of an SQL query. 
Information Filtering
Information filtering provides a means of eliminating redundant information in the various information sources. As illustrated in Fig. 6, information filtering begins with the earthquake scientists (users) who have relatively stable, long-term, or periodic goals or desires (e.g., accomplishing a work task, or being entertained). Groups, as well as individuals, can be characterized by such goals. These then lead to regular information interests (e.g., keeping up to date on a topic) that may change slowly over time as conditions, goals, and knowledge change. Such information interests lead the scientists to engage in relatively passive forms of information-seeking behavior, such as having texts brought to their attention. This is accomplished by representation of the information interests as profiles or queries that can be put to the filtering system. Such profiles have generally been construed as good specifications of the information interests. 
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Fig. 6. Proposing Information Filtering Model

In this part we will focus how producers of earthquake data can be brought to scientists’ attention. To accomplish this, the earthquake data are represented and compared to the profiles. The comparison results in some of the earthquake data being brought to the users' attention (being retrieved). These earthquake data are used (or not) and are evaluated in terms of how well they respond to the information interests and their motivating goals. The evaluation may lead to modification of the profiles and information interests. The modified entities are used in subsequent comparison processes.
Conclusion
We considered the computation of semantic similarity techniques from ontologies to identify the correspondence between database schemas. An experimental prototype system has been developed, implemented the proposed model. Finally, our future work includes integrating earthquake databases with incorporation of the proposing mapping framework, generating SQL queries, and performing information filtering. We anticipate that our framework will successfully resolve the lack of standardization in seismology.

References
[1]
L. B. Grant, A. Donnellan, D. McLeod, M. Pierce, A. Y. Chen, M. Gould, G. Noriega-Carlos, R. Paul, S. Sung, and M. V. Ta, "QuakeTables: The Fault Database for QuakeSim," in AGU Fall Meeting. San Francisco, CA, 2004 

[2]
R. Dhamankar, Y. Lee, A. Doan, A. Y. Halevy, and P. Domingos, "iMAP: Discovering Complex Mappings between Database Schemas," presented at SIGMOD, 2004.

[3]
A. Doan, P. Domingos, and A. Y. Halevy, "Reconciling Schemas of Disparate Data Sources: A Machine-Learning Approach," presented at SIGMOD Conference, 2001.

[4]
A. Doan, J. Madhavan, R. Dhamankar, P. Domingos, and Y. Halevy, "Learning to match ontologies on the Semantic Web," VLDB, vol. 12, pp. 303-319 2003.

[5]
J. Kang and J. Naughton, "On Schema Matching With Opaque Column Names and Data Values," presented at SIGMOD, 2003.

[6]
W.-S. Li and C. Clifton, "SEMINT: A tool for identifying attribute correspondence in heterogeneous databases using neural networks," Data and Knowledge Engineering, vol. 33, pp. 49-84, 2000.

[7]
J. Madhavan, P. Bernstein, A. Doan, and A. Halevy, "Corpus-based Schema Matching," presented at The 21st International Conference on Data Engineering 2005.

[8]
P. Resnik, "Semantic similarity in a taxonomy: an information-based measure and its application to problems of ambiguity in natural language," Journal of Artificial Intelligence Research, 1999.

[9]
V. I. Levenshtein, "On the Minimal Redundancy of Binary Error-Correcting Codes " Information and Control vol. 28, pp. 268-291, 1975.

[10]
J. J. Jiang and D. W. Conrath, "Semantic similarity based on corpus statistics and lexical taxonomy," presented at the International Conference on Research in Computational Linguistics, 1998.

[11]
D. Lin, "An Information-Theoretic Definition of Similarity," presented at the 15th International Conference on Machine Learning, 1998.

[12]
B. Chandrasekaran, J. Josephson, and V. Benjamins, "What are Ontologies, and Why Do We Need Them?," IEEE Intelligent Systems, vol. 14, 1999.

[13]
Pedersen, Patwardhan, and Michelizzi, "WordNet::Similarity - Measuring the Relatedness of Concepts " presented at the Nineteenth National Conference on Artificial Intelligence (AAAI-04), 2004.

[14]
M. Collins, "Three Generative, Lexicalised Models for Statistical Parsing," presented at the 35th Annual Meeting of the ACL (jointly with the 8th Conference of the EACL), 1997.

[15]
M. Collins, "A New Statistical Parser Based on Bigram Lexical Dependencies," presented at the 34th Annual Meeting of the ACL, 1996.

[16]
G. Salton and M. J. McGill, Introduction to modern information retrieval: McGraw-Hill, 1983.

[17]
T. Bäck and H.-P. Schwefel, An overview of evolutionary algorithms for parameter optimization, vol. 1: MIT Press, 1993.

[18]
G. Salton, E. A. Fox, and H. Wu, "Extended Boolean Information Retrieval," Communication ACM, 1983.



                              INFORMATION SERVICES 





     Technical Report






Mehmet S. Aktas

                                                                   12/9/05
A - Extended UDDI XML Metadata Services

A.1. Purpose

Geographical Information Systems (GIS) presents data-intensive environment for acquiring, processing and sharing geospatial-data among interested parties. In order to serve geographical information to users in such environment, Service Oriented Architecture (SOA) principles have gained great importance. To serve online geo-data and geo-processing capabilities, the OpenGIS Consortium (OGC) has introduced specifications for geospatial web services, such as Web Feature Service. As the number of geospatial services increased rapidly, an immerging need has also appeared for methodologies to locate desired services that provide access and data mining capabilities to geospatial data.  In SOA-based systems, Information Services support the discovery and handling of these geospatial services.

Briefly, in order to reach the motivations indicated above, we provide Extended UDDI Metadata services [Aktas-2005a] with following features.

First, in order to be compatible with existing web/grid service standards, our solution to Information Services is WS-Interoperability (WS-I) compatible. 

Second, our approach supports the ability to publish and search prescriptive metadata of services. Here, prescriptive metadata is the descriptive and domain-specific information about the functionality of a service. For instance, prescriptive metadata of a geospatial service could be the capabilities file describing the geospatial data presented by that service.

Third, our approach takes into account the descriptive metadata, i.e. quality of service attributes, into discovery process. The geospatial data being provided by a geospatial service may be fitted with client’s request, however, this does not necessarily guarantee whether the service is sufficient for the desired quality of service requirements. By matching Quality of Service attributes of service discovery request and service descriptions, client is able to distinguish geospatial services that match to their requirements.

Fourth, in most service registry systems, service descriptions of a registry may be stale because of the volatile behavior of services.  Services may come and go and service metadata can change frequently. To avoid out-of-date information in the registries, our approach provides monitoring schemes to keep the service-metadata up-to-date. We implement leasing concept, which is introduced by Jini Specifications [Jini], where service providers makes an agreement about how long will the service be alive. 

In order to provide these features, our contribution can be summarized as follows. In our approach we provide metadata-oriented service discovery. We utilize existing UDDI Specifications [UDDI] and design an extension to UDDI Data Structure and UDDI XML API to be able to associate both prescriptive and descriptive metadata with service entries.  We also cover session metadata requirements of services, by integrating such metadata into service registries. We also implement extended version of WS-Context Specifications [WS-Context] to provide interface for publishing and accessing session metadata. Please refer to section B for detailed discussion.  
A.2. Architecture

In SOA-based systems, Information Services support the discovery and handling of these services. Our design for Information Services provides a solution to the very general problem of managing information about Web Services, yet it can also support domain-specific metadata requirements of geospatial domain. Here, an information service supports not only quasi-static, stateless metadata, but also more extensive metadata requirements of rich interacting systems. An information service combines a) WS-Context and b) extended UDDI Specifications in one service as illustrated Figure 1 below. We extend existing UDDI Specifications to annotate service descriptions with metadata describing characteristics of services. We also extend WS-Context Specifications to manage session metadata between multiple participants in Web Service interactions.
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Figure 1: Architectural Design of an Information Service

We use jUDDI (version 0.9r3) as an open source Java-based implementation of a UDDI registry and a toolkit for developers to build access to UDDI registries. jUDDI has been architected to act as the UDDI front-end on top of existing directories and databases. (More at http://www.juddi.org) 

In our design, we only use a portion of the jUDDI library as UDDI-front end. We extend the jUDDI library to implement extended version of UDDI Data Structure and UDDI XML API. We discard jUDDI Servlet architecture and implement the access to UDDI registries via Web Services by implementing UDDI (v.3.0) Service Descriptions. 

A.3. Extended UDDI WSDL API:
The UDDI-Context functions defined by WSDL can be classified as following:
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The extended UDDI Specifications provides a transparent interface where one can also utilize functions compatible with existing UDDI Inquiry and Publication Specifications.:

Here are the publication functions compatible with existing UDDI Specifications.

	SOAP function
	Function

	find_business
	Inquiry capabilities based on existing UDDI Specs.

	find_service
	

	get_businessDetail 
	

	get_serviceDetail
	


Here are the inquiry functions compatible with existing UDDI Specifications.

	SOAP function
	Function

	save_business
	Publication capabilities based on existing UDDI Specs.

	save_service 
	

	delete_business
	

	delete_service
	


Here are the extended inquiry functions supported by Extended UDDI Implementation. 

	SOAP function
	Function

	find_service
	Inquiry capabilities on static metadata

	find_serviceAttribute 
	

	get_serviceDetail 
	

	get_serviceAttributeDetail
	


Here are the extended publication functions supported by Extended UDDI Implementation.

	SOAP function
	Function

	save_service
	Publication capabilities on static metadata

	save_serviceAttribute 
	

	delete_serviceAttribute 
	

	delete_service
	


A.4. PortTypes, Bindings, WSDL Functions, SOAP Messages and Function Descriptions for static service metadata discovery:

A.4.1. Schema/WSDL:
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A.4.2. Services/Bindings/Porttypes/Messages:
	services 
	bindings 
	porttypes 
	messages 

	UDDI_Extended 
	UDDI_Extended_SoapBinding 
	UDDI_Extended 
	add_publisherAssertionsMessage 

	
	
	
	assertionStatusReportMessage 

	
	
	
	authTokenMessage 

	
	
	
	bindingDetailMessage 

	
	
	
	businessDetailMessage 

	
	
	
	businessListMessage 

	
	
	
	delete_bindingMessage 

	
	
	
	delete_businessMessage 

	
	
	
	delete_publisherAssertionsMessage 

	
	
	
	delete_serviceAttributeMessage 

	
	
	
	delete_serviceMessage 

	
	
	
	delete_tModelMessage 

	
	
	
	discard_authTokenMessage 

	
	
	
	dispositionReportFaultMessage 

	
	
	
	dispositionReportMessage 

	
	
	
	find_bindingMessage 

	
	
	
	find_businessMessage 

	
	
	
	find_relatedBusinessesMessage 

	
	
	
	find_serviceAttributeMessage 

	
	
	
	find_serviceMessage 

	
	
	
	find_serviceWMMessage 

	
	
	
	find_tModelMessage 

	
	
	
	get_assertionStatusReportMessage 

	
	
	
	get_authTokenMessage 

	
	
	
	get_bindingDetailMessage 

	
	
	
	get_businessDetailMessage 

	
	
	
	get_operationalInfoMessage 

	
	
	
	get_publisherAssertionsMessage 

	
	
	
	get_registeredInfoMessage 

	
	
	
	get_serviceAttributeDetailMessage 

	
	
	
	get_serviceDetailMessage 

	
	
	
	get_tModelDetailMessage 

	
	
	
	operationalInfosMessage 

	
	
	
	publisherAssertionsMessage 

	
	
	
	registeredInfoMessage 

	
	
	
	relatedBusinessesListMessage 

	
	
	
	save_bindingMessage 

	
	
	
	save_businessMessage 

	
	
	
	save_serviceAttributeMessage 

	
	
	
	save_serviceMessage 

	
	
	
	save_serviceWMMessage 

	
	
	
	save_tModelMessage 

	
	
	
	serviceAttributeDetailMessage 

	
	
	
	serviceAttributeListMessage 

	
	
	
	serviceDetailMessage 

	
	
	
	serviceDetailWMMessage 

	
	
	
	serviceListMessage 

	
	
	
	set_publisherAssertionsMessage 

	
	
	
	specify_UDDIRequestMessage 

	
	
	
	specify_UDDIResponseMessage 

	
	
	
	tModelDetailMessage 

	
	
	
	tModelListMessage 


A.4.3. Binding UDDI_Extended_SoapBinding:
	type 
	tns:UDDI_Extended

	operations 
	get_serviceAttributeDetail

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_serviceAttribute

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_serviceAttribute

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_serviceAttribute

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_service

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_service

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_serviceDetail

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_authToken

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_business

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_service

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_business

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_business

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>




A.4.4. PortType UDDI_Extended:
	operations 
	get_serviceAttributeDetail

input 

tns:get_serviceAttributeDetailMessage
output 

tns:serviceAttributeDetailMessage
fault 

tns:dispositionReportFaultMessage
save_serviceAttribute

input 

tns:save_serviceAttributeMessage
output 

tns:serviceAttributeDetailMessage
fault 

tns:dispositionReportFaultMessage
find_serviceAttribute

input 

tns:find_serviceAttributeMessage
output 

tns:serviceAttributeListMessage
fault 

tns:dispositionReportFaultMessage
delete_serviceAttribute

input 

tns:delete_serviceAttributeMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
save_service

input 

tns:save_serviceWMMessage
output 

tns:serviceDetailWMMessage
fault 

tns:dispositionReportFaultMessage
find_service

input 

tns:find_serviceWMMessage
output 

tns:serviceListMessage
fault 

tns:dispositionReportFaultMessage
get_serviceDetail

input 

tns:get_serviceDetailMessage
output 

tns:serviceDetailWMMessage
fault 

tns:dispositionReportFaultMessage
get_authToken

input 

tns:get_authTokenMessage
output 

tns:authTokenMessage
fault 

tns:dispositionReportFaultMessage
save_business

input 

tns:save_businessMessage
output 

tns:businessDetailMessage
fault 

tns:dispositionReportFaultMessage
delete_service

input 

tns:delete_serviceMessage
output 

tns:dispositionReportMessage
delete_business

input 

tns:delete_businessMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
find_business

input 

tns:find_businessMessage
output 

tns:businessListMessage
fault 

tns:dispositionReportFaultMessage



A.4.5. Extended UDDI Inquiry Port Types with Explanations:

find_service: The find_service API is used to find Extended-UDDI businessService elements. The find_service API returns a serviceList structure that matches the conditions specified in the arguments.
Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:find_service xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:find_service" maxRows="" listHead="">




<businessKey xsi:type="xsd:anyURI">http://www.altova.com</businessKey>




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m1:findQualifiers xsi:type="m1:findQualifiers">





<m1:findQualifier xsi:type="xsd:string">String</m1:findQualifier>




</m1:findQualifiers>




<m1:name xsi:type="m1:name">





<value xsi:type="xsd:string">String</value>




</m1:name>




<m1:categoryBag xsi:type="m1:categoryBag">





<m1:keyedReference xsi:type="m1:keyedReference">






<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>






<m1:keyName xsi:type="xsd:string">String</m1:keyName>






<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>





</m1:keyedReference>





<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">






<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>





</m1:keyedReferenceGroup>




</m1:categoryBag>




<m0:metadataBag xsi:type="m0:metadataBag">





<m0:serviceAttribute xsi:type="m0:serviceAttribute">






<attributeKey xsi:type="xsd:anyURI">http://www.altova.com</attributeKey>






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






<findQualifier xsi:type="xsd:string">String</findQualifier>






<name xsi:type="xsd:string">String</name>






<value xsi:type="xsd:string">String</value>






<valueType xsi:type="xsd:string">String</valueType>






<m1:categoryBag xsi:type="m1:categoryBag">







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>







<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>







</m1:keyedReferenceGroup>






</m1:categoryBag>






<m0:lease xsi:type="m0:lease">







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<leaseStartDate xsi:type="xsd:string">String</leaseStartDate>







<leaseExpirationDate xsi:type="xsd:string">String</leaseExpirationDate>







<isInfinite xsi:type="xsd:boolean">true</isInfinite>






</m0:lease>






<version xsi:type="xsd:long">2147483647</version>






<m0:abstractAttributeData xsi:type="m0:abstractAttributeData">







<value xsi:type="xsd:string">String</value>






</m0:abstractAttributeData>






<m0:boundingBox xsi:type="m0:boundingBox">







<temporal xsi:type="m0:temporal">








<startingTime xsi:type="xsd:string">String</startingTime>








<endingTime xsi:type="xsd:string">String</endingTime>







</temporal>







<spatial xsi:type="m0:spatial">








<minLat xsi:type="xsd:string">String</minLat>








<maxLat xsi:type="xsd:string">String</maxLat>








<minLon xsi:type="xsd:string">String</minLon>








<maxLon xsi:type="xsd:string">String</maxLon>







</spatial>






</m0:boundingBox>





</m0:serviceAttribute>





<m1:bindingTemplate xsi:type="m1:bindingTemplate">






<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<m1:description xsi:type="m1:description">







<value xsi:type="xsd:string">String</value>






</m1:description>






<m1:accessPoint xsi:type="m1:accessPoint">







<value xsi:type="xsd:string">String</value>







<useType xsi:type="xsd:string">String</useType>






</m1:accessPoint>






<m1:hostingRedirector xsi:type="m1:hostingRedirector">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






</m1:hostingRedirector>






<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">







<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:description xsi:type="m1:description">









<value xsi:type="xsd:string">String</value>








</m1:description>








<m1:instanceDetails xsi:type="m1:instanceDetails">









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:overviewDoc xsi:type="m1:overviewDoc">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewURL xsi:type="m1:overviewURL">











<useType xsi:type="xsd:string">String</useType>










</m1:overviewURL>









</m1:overviewDoc>









<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>








</m1:instanceDetails>







</m1:tModelInstanceInfo>






</m1:tModelInstanceDetails>






<m1:categoryBag xsi:type="m1:categoryBag">







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>







<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>







</m1:keyedReferenceGroup>






</m1:categoryBag>





</m1:bindingTemplate>




</m0:metadataBag>




<m0:lease xsi:type="m0:lease">





<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>





<leaseStartDate xsi:type="xsd:string">String</leaseStartDate>





<leaseExpirationDate xsi:type="xsd:string">String</leaseExpirationDate>





<isInfinite xsi:type="xsd:boolean">true</isInfinite>




</m0:lease>




<m1:tModelBag xsi:type="m1:tModelBag">





<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>




</m1:tModelBag>




<m1:find_tModel xsi:type="m1:find_tModel" maxRows="" listHead="">





<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>





<m1:findQualifiers xsi:type="m1:findQualifiers">






<m1:findQualifier xsi:type="xsd:string">String</m1:findQualifier>





</m1:findQualifiers>





<m1:name xsi:type="m1:name">






<value xsi:type="xsd:string">String</value>





</m1:name>





<m1:identifierBag xsi:type="m1:identifierBag">






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>





</m1:identifierBag>





<m1:categoryBag xsi:type="m1:categoryBag">






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>






<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">







<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>






</m1:keyedReferenceGroup>





</m1:categoryBag>




</m1:find_tModel>



</body>


</m:find_service>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
find_serviceAttribute: The find_serviceAttribute API is used to find static metadata elements (ServiceAttributes). The find_serviceAttribute API calls returns a ServiceAttributeList structure that matches the conditions specified in the arguments.

Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:find_serviceAttribute xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:find_serviceAttribute" maxRows="" listHead="">




<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m1:findQualifiers xsi:type="m1:findQualifiers">





<m1:findQualifier xsi:type="xsd:string">String</m1:findQualifier>




</m1:findQualifiers>




<m1:categoryBag xsi:type="m1:categoryBag">





<m1:keyedReference xsi:type="m1:keyedReference">






<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>






<m1:keyName xsi:type="xsd:string">String</m1:keyName>






<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>





</m1:keyedReference>





<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">






<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>





</m1:keyedReferenceGroup>




</m1:categoryBag>




<m0:lease xsi:type="m0:lease">





<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>





<leaseStartDate xsi:type="xsd:string">String</leaseStartDate>





<leaseExpirationDate xsi:type="xsd:string">String</leaseExpirationDate>





<isInfinite xsi:type="xsd:boolean">true</isInfinite>




</m0:lease>



</body>


</m:find_serviceAttribute>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
get_serviceDetail: The get_serviceDetail API call returns the businessService structure corresponding to each of the serviceKey values specified.
Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:get_serviceDetail xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:get_serviceDetail">




<m0:authInfo xsi:type="xsd:string">String</m0:authInfo>




<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>



</body>


</m:get_serviceDetail>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
get_serviceAttributeDetail: The get_serviceAttribute API call returns the serviceAttribute structure corresponding to each of the attribute_key values specified.
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:get_serviceAttributeDetail xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:get_serviceAttributeDetail">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:attributeKey xsi:type="xsd:anyURI">http://www.altova.com</m0:attributeKey>



</body>


</m:get_serviceAttributeDetail>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
A.4.6. Extended UDDI Publication Port Types with Explanations:
save_service: The save service API call adds or updates one or more businessService elements. 
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:save_service xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:save_service">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:businessService xsi:type="m0:businessService">





<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>





<businessKey xsi:type="xsd:anyURI">http://www.altova.com</businessKey>





<serviceType xsi:type="xsd:NMTOKEN">NMTOKEN</serviceType>





<m1:name xsi:type="m1:name">






<value xsi:type="xsd:string">String</value>





</m1:name>





<m1:description xsi:type="m1:description">






<value xsi:type="xsd:string">String</value>





</m1:description>





<m1:bindingTemplates xsi:type="m1:bindingTemplates">






<m1:bindingTemplate xsi:type="m1:bindingTemplate">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<m1:description xsi:type="m1:description">








<value xsi:type="xsd:string">String</value>







</m1:description>







<m1:accessPoint xsi:type="m1:accessPoint">








<value xsi:type="xsd:string">String</value>








<useType xsi:type="xsd:string">String</useType>







</m1:accessPoint>







<m1:hostingRedirector xsi:type="m1:hostingRedirector">








<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







</m1:hostingRedirector>







<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">








<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:instanceDetails xsi:type="m1:instanceDetails">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewDoc xsi:type="m1:overviewDoc">











<m1:description xsi:type="m1:description">












<value xsi:type="xsd:string">String</value>











</m1:description>











<m1:overviewURL xsi:type="m1:overviewURL">












<useType xsi:type="xsd:string">String</useType>











</m1:overviewURL>










</m1:overviewDoc>










<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>









</m1:instanceDetails>








</m1:tModelInstanceInfo>







</m1:tModelInstanceDetails>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>






</m1:bindingTemplate>





</m1:bindingTemplates>





<m1:categoryBag xsi:type="m1:categoryBag">






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>






<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">







<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>






</m1:keyedReferenceGroup>





</m1:categoryBag>





<m0:metadataBag xsi:type="m0:metadataBag">






<m0:serviceAttribute xsi:type="m0:serviceAttribute">







<attributeKey xsi:type="xsd:anyURI">http://www.altova.com</attributeKey>







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







<findQualifier xsi:type="xsd:string">String</findQualifier>







<name xsi:type="xsd:string">String</name>







<value xsi:type="xsd:string">String</value>







<valueType xsi:type="xsd:string">String</valueType>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>







<m0:lease xsi:type="m0:lease">








<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>








<leaseStartDate xsi:type="xsd:string">String</leaseStartDate>








<leaseExpirationDate xsi:type="xsd:string">String</leaseExpirationDate>








<isInfinite xsi:type="xsd:boolean">true</isInfinite>







</m0:lease>







<version xsi:type="xsd:long">2147483647</version>







<m0:abstractAttributeData xsi:type="m0:abstractAttributeData">








<value xsi:type="xsd:string">String</value>







</m0:abstractAttributeData>







<m0:boundingBox xsi:type="m0:boundingBox">








<temporal xsi:type="m0:temporal">









<startingTime xsi:type="xsd:string">String</startingTime>









<endingTime xsi:type="xsd:string">String</endingTime>








</temporal>








<spatial xsi:type="m0:spatial">









<minLat xsi:type="xsd:string">String</minLat>









<maxLat xsi:type="xsd:string">String</maxLat>









<minLon xsi:type="xsd:string">String</minLon>









<maxLon xsi:type="xsd:string">String</maxLon>








</spatial>







</m0:boundingBox>






</m0:serviceAttribute>






<m1:bindingTemplate xsi:type="m1:bindingTemplate">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<m1:description xsi:type="m1:description">








<value xsi:type="xsd:string">String</value>







</m1:description>







<m1:accessPoint xsi:type="m1:accessPoint">








<value xsi:type="xsd:string">String</value>








<useType xsi:type="xsd:string">String</useType>







</m1:accessPoint>







<m1:hostingRedirector xsi:type="m1:hostingRedirector">








<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







</m1:hostingRedirector>







<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">








<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:instanceDetails xsi:type="m1:instanceDetails">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewDoc xsi:type="m1:overviewDoc">











<m1:description xsi:type="m1:description">












<value xsi:type="xsd:string">String</value>











</m1:description>











<m1:overviewURL xsi:type="m1:overviewURL">












<useType xsi:type="xsd:string">String</useType>











</m1:overviewURL>










</m1:overviewDoc>










<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>









</m1:instanceDetails>








</m1:tModelInstanceInfo>







</m1:tModelInstanceDetails>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>






</m1:bindingTemplate>





</m0:metadataBag>





<m0:lease xsi:type="m0:lease">






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<leaseStartDate xsi:type="xsd:string">String</leaseStartDate>






<leaseExpirationDate xsi:type="xsd:string">String</leaseExpirationDate>






<isInfinite xsi:type="xsd:boolean">true</isInfinite>





</m0:lease>




</m0:businessService>



</body>


</m:save_service>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
save_serviceAttribute: The save_serviceAttribute call adds or updates one or more serviceAttribute associated with businessServices in the Registry.
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:save_serviceAttribute xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:save_serviceAttribute">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:metadataBag xsi:type="m0:metadataBag">





<m0:serviceAttribute xsi:type="m0:serviceAttribute">






<attributeKey xsi:type="xsd:anyURI">http://www.altova.com</attributeKey>






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






<findQualifier xsi:type="xsd:string">String</findQualifier>






<name xsi:type="xsd:string">String</name>






<value xsi:type="xsd:string">String</value>






<valueType xsi:type="xsd:string">String</valueType>






<m1:categoryBag xsi:type="m1:categoryBag">







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>







<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>







</m1:keyedReferenceGroup>






</m1:categoryBag>






<m0:lease xsi:type="m0:lease">







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<leaseStartDate xsi:type="xsd:string">String</leaseStartDate>







<leaseExpirationDate xsi:type="xsd:string">String</leaseExpirationDate>







<isInfinite xsi:type="xsd:boolean">true</isInfinite>






</m0:lease>






<version xsi:type="xsd:long">2147483647</version>






<m0:abstractAttributeData xsi:type="m0:abstractAttributeData">







<value xsi:type="xsd:string">String</value>






</m0:abstractAttributeData>






<m0:boundingBox xsi:type="m0:boundingBox">







<temporal xsi:type="m0:temporal">








<startingTime xsi:type="xsd:string">String</startingTime>








<endingTime xsi:type="xsd:string">String</endingTime>







</temporal>







<spatial xsi:type="m0:spatial">








<minLat xsi:type="xsd:string">String</minLat>








<maxLat xsi:type="xsd:string">String</maxLat>








<minLon xsi:type="xsd:string">String</minLon>








<maxLon xsi:type="xsd:string">String</maxLon>







</spatial>






</m0:boundingBox>





</m0:serviceAttribute>





<m1:bindingTemplate xsi:type="m1:bindingTemplate">






<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<m1:description xsi:type="m1:description">







<value xsi:type="xsd:string">String</value>






</m1:description>






<m1:accessPoint xsi:type="m1:accessPoint">







<value xsi:type="xsd:string">String</value>







<useType xsi:type="xsd:string">String</useType>






</m1:accessPoint>






<m1:hostingRedirector xsi:type="m1:hostingRedirector">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






</m1:hostingRedirector>






<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">







<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:description xsi:type="m1:description">









<value xsi:type="xsd:string">String</value>








</m1:description>








<m1:instanceDetails xsi:type="m1:instanceDetails">









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:overviewDoc xsi:type="m1:overviewDoc">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewURL xsi:type="m1:overviewURL">











<useType xsi:type="xsd:string">String</useType>










</m1:overviewURL>









</m1:overviewDoc>









<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>








</m1:instanceDetails>







</m1:tModelInstanceInfo>






</m1:tModelInstanceDetails>






<m1:categoryBag xsi:type="m1:categoryBag">







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>







<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>







</m1:keyedReferenceGroup>






</m1:categoryBag>





</m1:bindingTemplate>




</m0:metadataBag>



</body>


</m:save_serviceAttribute>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
delete_service: The delete_service API call is used to remove one or more businessService elements from the UDDI Registry and from the corresponding businessEntity parent.
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:delete_service xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<m:delete_service xsi:type="m0:delete_service">




<m0:authInfo xsi:type="xsd:string">String</m0:authInfo>




<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>



</m:delete_service>


</m:delete_service>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
delete_serviceAttribute: The delete_serviceAttribute API call is used to remove one or more serviceAttribute elements from the Registry and from the corresponding businessService entity.
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:delete_serviceAttribute xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:delete_serviceAttribute">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:attributeKey xsi:type="xsd:anyURI">http://www.altova.com</m0:attributeKey>



</body>


</m:delete_serviceAttribute>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
A.5. Implementation Discussions
Services such as the Open Geographic Information System (OCG) compatible services (e.g. Web Web Feature service), because they are generic, must provide additional, descriptive metadata in order to be useful. A client may interact with two different Web Feature Services in exactly the same way (the WSDL is the same), however the Web Feature Services may hold different data.  One, for example, may contain GPS data for the Western United States while the other has GPS data for Northern Japan.  Clients must be able to query information services that encode (in standard formats) all the necessary information, or metadata, that enables the client to connect to the desired service.  This is an example of the very general problem of managing information about Web Services. An approach to solve the problem of locating services of interests is the Universal Description, Discovery, and Integration (UDDI) specifications. The UDDI is WS-I compatible and offers users a unified and systematic way to find service providers through a centralized registry of services.

Here we design Information Services that extends existing UDDI Specifications in order to implement geospatial-domain-specific, dynamic and metadata-oriented service registries. 

A.5.1. Supporting/integrating quasi-static, stateless metadata 

First, we classify service metadata as session metadata and quasi-static, interaction-independent metadata. Session metadata is the dynamically generated metadata as result of interactions of Web Services. Static and interaction-independent metadata is the metadata describing Web Service characteristics such as its usage cost, availability, bandwidth, computing power, storage capability, etc.  These characteristics can be broadly classified as a) prescriptive (functional) and b) descriptive (non-functional). a) The prescriptive characteristics are directly related with functionality of the service. Some services maybe considered as data services where the coverage of the data is defined by an auxiliary file. As an example, The Open Geographical Information Systems (GIS) Consortium (OGC) (http://www.opengis.org) defines standard for auxiliary capability file defining the data coverage of geospatial services. The prescriptive metadata may be defining the operations, inputs, outputs, data being provided, pre-conditions and post-conditions of a service.  b) The descriptive characteristics consist of the service attributes that affect the quality of a service, such as performance or capacity. Both prescriptive and descriptive attributes form the static, interaction-independent metadata which characterizes a web service.
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Figure 2: XML Schema for service metadata

Second, we extend UDDI Data Structure Schema. We design a data model for metadata describing services as illustrated in Figure above. Based on this model, each service entry is associated with a “metadataBag”, which consists of one or more “serviceAttribute” elements where each “serviceAttribute” corresponds to a piece of metadata.  Here, a metadata can be associated with a lifetime and can have a version number and can be categorized based on custom classification schemes. Each metadata describes either prescriptive or descriptive (QoS) characteristics of a service. Say, if the metadata is describing QoS characteristics, then we use (name, value) pairs (as illustrated in Figure 3) that are sub-elements of a “serviceAttribute” element for representation. This approach was first used in UDDIe project originated in Cardiff University. Service metadata could be directly related with functionality of the service as well. Some services may provide auxiliary files providing catalog information about the data or properties of a service. For instance; Open GIS Services provide capabilities.xml file providing the data coverage of geospatial services. We design our model to dynamically retrieve, store and maintain auxiliary files (such as capabilities/properties files) of those services that present their metadata. We use an “abstractAttributeData” element to represent such metadata where we store and maintain these auxiliary files as-is. This model has simplicity in its nature and it is expandable since it can address both prescriptive and descriptive requirements of services. 
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Figure 3: Metadata integrated service entries

Third, we extend UDDI XML API Schema to introduce metadata-oriented service publishing/discovery capabilities. We extend existing UDDI API such as “save_service”, “find_service” and “get_serviceDetail”. Our implementation is compatible with existing out-of-box UDDI Registry clients as well. One can publish/query service entries on the UDDI Registry w/o metadata-oriented capabilities introduced here. We also introduce additional API to provide publishing/query capabilities on the service metadata catalog. We implement “get_serviceAttributeDetail”, “save_serviceAttribute”, “find_- serviceAttribute” and “delete_serviceAttribute” functionalities. Here, one can publish additional metadata to an already stored service entry as well as search for metadata associated with that entry.

Our approach for populating registry with metadata is as following. Say, a user publishes a new service into UDDI Registry. In this case, the user constructs a “metadataBag” filled with “serviceAttributes” where each “serviceAttribute” has (name, value) pairs. Each pair describes one generic descriptive characteristics of the service. The user also specifies the category of the service based on a classification, when the service is published. Here, the UDDI Registry detects whether the published service is an OGC Web Service by checking the classification of the service. If the published service is an OGC service, UDDI Registry dynamically invokes “getCapabilities” function of that OGC service to retrieve prescriptive metadata, i.e. “capabilities.xml” file. Each domain-specific metadata file is stored associated with service registries as-is. 

Our approach for service discovery can be summarized as following. Simply, querying user constructs a query “metadataBag” consisting of a list of “serviceAttribute”s. Each “serviceAttribute” forms a search criterion. The constructed “metadataBag” is passed to UDDI Registry as an argument of the “find_service” function. The user has option to choose logical operations such as “and/or” between the lists of “serviceAttribute” criteria’s. We extend “find_service” functionality in a way to provide XPATH/RDQL query capabilities on the UDDI Registry. Say, in given a “serviceAttribute” element, one could indicate a) XPATH/RDQL query statement b) name of the auxiliary file and c) an indication whether there is an XPATH query statement. In this case, if the search criterion is a XPATH/RDQL query, then the query is applied on the corresponding auxiliary files stored in the metadata catalog. The result will be a list of services that have the indicated auxiliary file and that satisfy the XPATH/RDQL query.  This feature allows us to do spatial queries on the UDDI Service Registry.  We use (name, value) pairs to indicate the name of an auxiliary files and the XPATH query statement in a search criterion. 

A.5.2. Supporting/integrating session metadata 

Existing information services focus on the problems of management of quasi-static, stateless metadata related services and do not hold information to facilitate discovery based on dynamically generated session metadata. Here, session metadata is the generated metadata by the participants of an activity as result of their interactions. Such metadata describes the context of the session and has a lifetime. 

There are different approaches specifying session metadata. For instance, WS-Context provides an abstract context defining such metadata. WS_Context specification defines a context service that maintains a repository of context information. 

Each session is started by the coordinator of an activity. The coordinator service publishes the session metadata to Information Service and gets a unique identifier in return. The uniqueness of the session-id is ensured by the Information Service. Sessions can obviously be composed from other “sub” sessions hierarchically. Each session is associated with the participant services of that session. This enables various rich query capabilities of interacting systems such as discovery of other entities within a session, discovery of any state that might need to be associated with a failed entity. As the session data is shared by the participants of an activity, we use space-based asynchronous communication model to ensure mutual-exclusive access to session data.

We find context information very valuable for discovering and managing services. Here, the context metadata is not only used for discovering services, but also used by services after they have been discovered. However, such context metadata is either not available to consumer of services or it does not capture dynamic behavior. We design Information Services that would support dynamically generated session metadata. We extend existing WS_Context Specifications and implement as part of our Information Services to support dynamically generated session metadata. The WS-Context part of an information service keeps track of context information shared between multiple participants in Web Service interactions.  The context here has information such as unique ID and shared data. It allows a collection of action to take place for a common outcome. We utilize WS_Context Specification to maintain user profiles and preferences, application specific metadata, information regarding sessions and state of entities in these sessions.

A.6. System Status 

We have developed XML Metadata Services for describing Grid/Web Services.  This is based on the WS-I standard Uniform Description, Discovery, and Integration (UDDI) service specification.  We base our implementation on JUDDI (version 0.9r3), a free, open source, and Java implementation of the specification. jUDDI has been architected to act as the UDDI front-end on top of existing directories and databases. (More at http://www.juddi.org) In our design, we only use a portion of the jUDDI library as UDDI-front end. We have enhanced JUDDI in the following ways:

A.6.1. UDDI Grid/Web Metadata Services: We extended the jUDDI library to implement extended version of UDDI Data Structure and UDDI XML API. We discard jUDDI Servlet architecture and implement the access to UDDI registries via Web Services by implementing UDDI (v.3.0) Specifications. We have designed and implemented several Web Service interfaces.  UDDI, despite being a Web Service standard, did not provide several Web Service-compatible interfaces for its capabilities.  We implemented these by converting JUDDI implementations into services.  These services are UDDI-Publication Service, UDDI-Inquiry Service, UDDI-Security Service and UDDI-Extended Service.

A.6.2. Leasing: We implemented a leasing capability in UDDI.  This solves a problem with UDDI repositories: information can become outdated, so we automatically clean up entries by assigning them an expiration date.  Leases on metadata may be extended.

A.6.3. OGC based GIS domain compatibility: We implemented GIS-specific taxonomies to describe Web Feature Services, Web Map Services, and their capabilities files.  The “capabilities.xml” file is (in effect) the standard metadata description of OGC services.

A.6.4. Domain-specific query capabilities: We also implemented a more general purpose extension to the UDDI data model that allows us to insert arbitrary XML metadata into the repository.  This may be searched using XPATH queries, a standard way for searching XML documents (http://www.w3.org/TR/xpath). This allows us to support other XML-based metadata descriptions developed for other classes of services besides GIS.  The Web Services Resource Framework (WSRF), a Globus/IBM-led effort, is an important example.
A.7. Building, Packaging and Installing

In this section, we give instructions about how to install Extended UDDI implementation in great details. 
A.7.1. Required Software for EXTENDED UDDI v0.1
· Get and install MySQL from http://www.mysql.com/downloads/index.html. 

· Install Apache Tomcat from http://jakarta.apache.org/tomcat/index.html 

· Make sure you have: Apache Tomcat and MySQL installed and
     CATALINA_HOME and JAVA_HOME environment variables properly set. 

A.7.2. Deploy CGL_UDDI Database into MySQL
· Download uddi_ext.tar from http://www.opengrids.org/extendeduddi/download/extendeduddi_v01/tar/uddi_ext.tar
· Extract the archive in your home directory e.g. /home/<user name>/tar -xvf uddi_ext.tar  (It will create a directory called "uddi_context" in your home directory) 

· Go to ${HOME}/uddi_context/mysql_scripts/ 

· Update your MySQL username and password both in cgl_uddi_database_first_script.sql and insert_publishers.sql scripts. 

· Connect to the installed mysql as follows: 
mysql -u <some_username> -h <some_host> -p <some_password> 

· Run the following: mysql> SOURCE cgl_uddi_database_first_script.sql; 

· Then run the following: mysql> SOURCE insert_publishers.sql; 

· To exit MySQL type: mysql> quit; 

A.7.3. Installing Stand Alone CGL UDDI Extended Service

· Note: If you have done the second step above, you already obtained & extracted the tar file. Please continue with the bulletin that starts with "Update..." below. 

· Download uddi_ext.tar  from http://www.opengrids.org/extendeduddi/download/extendeduddi_v01/tar/uddi_ext.tar
· Extract the archive in your home directory e.g. /home/<user name>/tar -xvf uddi_ext.tar  (It will create a directory called "uddi_context" in your home directory) 

· Update ${HOME}/uddi_context/properties.prop with the MySQL host name, your username and password. 

· Copy ~/uddi_context/war/uddi_ext.war  into $CATALINA_HOME/wepapps 

· Restart your Jakarta Tomcat installation. 

· This will deploy the UDDI_Extended service into your Jakarta Tomcat installation under $CATALINA_HOME/webapps/uddi_ext directory. (<jakarta-tomcat-home>/webapps/uddi_ext) 

· To see a list of deployed web services go to
http://<your-server-name>:<portnum>/uddi_ext/servlet/AxisServlet 

A.7.4. Required Files for Installation and Testing

· WSDL File for CGL UDDI Extended Service
· Download uddi_wsdl.tar from http://www.opengrids.org/extendeduddi/download/extendeduddi_v01/tar/uddi_wsdl.tar
· JUnit Test Clients for CGL UDDI Extended Service

· Download uddi_ext.zip from http://www.opengrids.org/extendeduddi/download/extendeduddi_v01/zip/uddi_ext.zip
· Required libraries to run these test clients are UDDI_Extended.jar (from http://www.opengrids.org/extendeduddi/download/extendeduddi_v01/jar/UDDI_Extended.jar), JUnit, and Axis 1.2 library jar files. 
·  Example Clients for CGL UDDI Extended Service
· Download uddi_ext_client.zip from http://www.opengrids.org/extendeduddi/download/extendeduddi_v01/zip/uddi_ext_client.zip
· Required libraries to run these test clients are UDDI_Extended.jar, JUnit, and Axis 1.2 library jar files. 

· You will need to have bootstrap.prop property file in your path visible to Client example. 

A.8. Innovations and lessons learned
In order to provide methodologies for discovering services based on both general and domain-specific search criteria, UDDI Specifications seems promising, yet limited. An extended version of UDDI Information Model can be used to provide domain-specific discovery capabilities such as spatial queries. Such information model could also provide metadata augmented service registries, where one can support/integrate quasi-static, stateless metadata with service entries.

In this study, we extend UDDI Information Model, by providing an extension where we associate metadata with service descriptions similar to existing solutions. We use name-value pairs to describe characteristics of services. However, apart from the existing methodologies, we provide both general and domain-specific query capabilities. An example for domain-specific query capability could be XPATH/RDQL queries on the auxiliary and domain-specific metadata files stored in the UDDI Registry.

B - UDDI-WSContext XML Metadata Services

B.1. Purpose

We identify following problems in Information Services supporting both Classical and Semantic Grids.  
· First, Grid Information Services need to be able to support dynamically assembled services. Classic Grid Information Services however are not built along this model. 
· Second, Information Services should scale in numbers and geographical area. Most existing solutions however have centralized components and do not address scalability and high performance issues. 
· Third, Information Services need to be able to take into account user demand changes when making decisions on metadata access and storage. Existing data-hosting systems focus on storing information on pre-defined locations and ignore changing user demands. 
· Fourth, Information Services need to be able to provide uniform interface for publishing and discovery of both dynamically generated and static information. Existing Grid Information Services however do not provide such capabilities. We therefore see this as an important area of investigation. 
· Here, we describe a novel architecture for fault tolerant and high performance Information Services in order to manage distributed, dynamic session related metadata while providing consistent, uniform interface to both static and dynamic metadata.

B.2. Architecture

We designed a novel architecture to Information Services [Aktas2005b] presenting a uniform interface to support handling and discovery of not only quasi-static, stateless metadata, but also session related metadata. In order to be compatible with existing Grid/Web Service standards, we based the interface of our system on the WS-Context and Universal Description, Discovery and Integration (UDDI) Specifications from OASIS (http://www.oasis-open.org). We extend both specifications to provide advanced capabilities to manage both dynamic and static metadata as illustrated in the figure below. Our approach is to utilize the existing state-of-art systems for handling and discovering static metadata and address the problems of distributed management of dynamic metadata. To do this, on receiving querying/publishing metadata requests, the system applies following steps to process service metadata. First, the system separates dynamic and static portions of the metadata. For instance, static metadata could be throughput or location of a service whereas dynamic metadata could be session identifier pointing to a workflow session in which the service is participating. Second, the system delegates the task of handling and discovery of static portion of the metadata to one of the existing state-of-art technologies handling with static metadata such as UDDI, a widely accepted and WS-I compatible standard. Third, the system itself provides handling and discovery using dynamic portions of the metadata in the metadata replica hosting environment. 
The intended use of our approach is to support information in dynamically assembled Semantic Grids where “real-time” decisions are being made on which services to tie together in a dynamic workflow to solve a particular problem. One may think of WS-Context complaint Information Services as the metadata catalog for semantic metadata as in an RDF triple store. The semantic metadata expresses the relation-ships between resources. The applications access the metadata catalog for the semantically rich metadata and process it to deduct further (inferred) information. The distinctive semantic richness of our approach comes from the highly dynamic architecture with metadata from more than two services (in contrast WS-RF, WS-Transfer, WS-Metadata Exchange only easily get semantic enhancement from the two services that exchange metadata). 

The intended scale for our design is in the order of thousand entities that are partici-pating in a session in e-Science Grid. We discuss various issues in building a dynamic metadata hosting environment in the following section.

B.3. UDDI-WSContext WSDL API:
The UDDI-WSContext functions defined by WSDL can be classified as following:
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    The extended WSDL Inquiry functions supported by UDDI-WSContext

	SOAP function
	Function

	find_service
	Inquiry capabilities on static metadata

	find_serviceAttribute 
	

	get_serviceDetail 
	

	get_serviceAttributeDetail
	

	find_session
	Inquiry capabilities on dynamic metadata

	find_context
	

	get_sessionDetail 
	

	get_contextDetail
	

	
	


    The extended WSDL Publication functions supported by UDDI-WSContext

	SOAP function
	Function

	save_service
	Publication capabilities on static metadata

	save_serviceAttribute 
	

	delete_serviceAttribute 
	

	delete_service
	

	save_session
	Publication capabilities on dynamic metadata

	save_context
	

	delete_context
	

	delete_session
	

	
	


   The extended WSDL Security functions supported by UDDI-WSContext

	SOAP function
	Function

	get_authToken 
	UDDI-Context Security functionalities

	get_authToken
	

	
	


B.4. PortTypes, Bindings, WSDL Functions, SOAP Messages and Function Descriptions for dynamic service metadata discovery:

B.4.1. Schema/WSDL:
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B.4.2. Services/Bindings/Porttypes/Messages:

	services 
	bindings 
	porttypes 
	messages 

	UDDI_WSContext 
	UDDI_WSContext_SoapBinding 
	UDDI_WSContext 
	add_publisherAssertionsMessage 

	
	
	
	assertionStatusReportMessage 

	
	
	
	authTokenMessage 

	
	
	
	bindingDetailMessage 

	
	
	
	businessDetailMessage 

	
	
	
	businessListMessage 

	
	
	
	contextDetailMessage 

	
	
	
	contextListMessage 

	
	
	
	delete_bindingMessage 

	
	
	
	delete_businessMessage 

	
	
	
	delete_contextMessage 

	
	
	
	delete_publisherAssertionsMessage 

	
	
	
	delete_serviceAttributeMessage 

	
	
	
	delete_serviceMessage 

	
	
	
	delete_sessionMessage 

	
	
	
	delete_tModelMessage 

	
	
	
	discard_authTokenMessage 

	
	
	
	dispositionReportFaultMessage 

	
	
	
	dispositionReportMessage 

	
	
	
	find_bindingMessage 

	
	
	
	find_businessMessage 

	
	
	
	find_contextMessage 

	
	
	
	find_relatedBusinessesMessage 

	
	
	
	find_serviceAttributeMessage 

	
	
	
	find_serviceMessage 

	
	
	
	find_serviceWMMessage 

	
	
	
	find_sessionMessage 

	
	
	
	find_tModelMessage 

	
	
	
	get_assertionStatusReportMessage 

	
	
	
	get_authTokenMessage 

	
	
	
	get_bindingDetailMessage 

	
	
	
	get_businessDetailMessage 

	
	
	
	get_contextDetailMessage 

	
	
	
	get_operationalInfoMessage 

	
	
	
	get_publisherAssertionsMessage 

	
	
	
	get_registeredInfoMessage 

	
	
	
	get_serviceAttributeDetailMessage 

	
	
	
	get_serviceDetailMessage 

	
	
	
	get_sessionDetailMessage 

	
	
	
	get_tModelDetailMessage 

	
	
	
	operationalInfosMessage 

	
	
	
	publisherAssertionsMessage 

	
	
	
	registeredInfoMessage 

	
	
	
	relatedBusinessesListMessage 

	
	
	
	save_bindingMessage 

	
	
	
	save_businessMessage 

	
	
	
	save_contextMessage 

	
	
	
	save_serviceAttributeMessage 

	
	
	
	save_serviceMessage 

	
	
	
	save_serviceWMMessage 

	
	
	
	save_sessionMessage 

	
	
	
	save_tModelMessage 

	
	
	
	serviceAttributeDetailMessage 

	
	
	
	serviceAttributeListMessage 

	
	
	
	serviceDetailMessage 

	
	
	
	serviceDetailWMMessage 

	
	
	
	serviceListMessage 

	
	
	
	sessionDetailMessage 

	
	
	
	sessionListMessage 

	
	
	
	set_publisherAssertionsMessage 

	
	
	
	specify_UDDIRequestMessage 

	
	
	
	specify_UDDIResponseMessage 

	
	
	
	tModelDetailMessage 

	
	
	
	tModelListMessage 


B.4.3. Binding UDDI_WSContext_SoapBinding:
binding UDDI_WSContext_SoapBinding
	type 
	tns:UDDI_WSContext

	operations 
	save_business

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_business

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_service

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_business

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_authToken

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

discard_authToken

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_sessionDetail

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_session

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_session

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_session

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_contextDetail

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_context

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_context

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_context

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_serviceAttributeDetail

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_serviceAttribute

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_serviceAttribute

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

delete_serviceAttribute

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

save_service

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

find_service

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

get_serviceDetail

input 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>

output 

<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>




B.4.4. PortType UDDI_WSContext:
porttype UDDI_WSContext
	operations 
	save_business

input 

tns:save_businessMessage
output 

tns:businessDetailMessage
fault 

tns:dispositionReportFaultMessage
delete_business

input 

tns:delete_businessMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
delete_service

input 

tns:delete_serviceMessage
output 

tns:dispositionReportMessage
find_business

input 

tns:find_businessMessage
output 

tns:businessListMessage
fault 

tns:dispositionReportFaultMessage
get_authToken

input 

tns:get_authTokenMessage
output 

tns:authTokenMessage
fault 

tns:dispositionReportFaultMessage
discard_authToken

input 

tns:discard_authTokenMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
get_sessionDetail

input 

tns:get_sessionDetailMessage
output 

tns:sessionDetailMessage
fault 

tns:dispositionReportFaultMessage
save_session

input 

tns:save_sessionMessage
output 

tns:sessionDetailMessage
fault 

tns:dispositionReportFaultMessage
find_session

input 

tns:find_sessionMessage
output 

tns:sessionListMessage
fault 

tns:dispositionReportFaultMessage
delete_session

input 

tns:delete_sessionMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
get_contextDetail

input 

tns:get_contextDetailMessage
output 

tns:contextDetailMessage
fault 

tns:dispositionReportFaultMessage
save_context

input 

tns:save_contextMessage
output 

tns:contextDetailMessage
fault 

tns:dispositionReportFaultMessage
find_context

input 

tns:find_contextMessage
output 

tns:contextListMessage
fault 

tns:dispositionReportFaultMessage
delete_context

input 

tns:delete_contextMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
get_serviceAttributeDetail

input 

tns:get_serviceAttributeDetailMessage
output 

tns:serviceAttributeDetailMessage
fault 

tns:dispositionReportFaultMessage
save_serviceAttribute

input 

tns:save_serviceAttributeMessage
output 

tns:serviceAttributeDetailMessage
fault 

tns:dispositionReportFaultMessage
find_serviceAttribute

input 

tns:find_serviceAttributeMessage
output 

tns:serviceAttributeListMessage
fault 

tns:dispositionReportFaultMessage
delete_serviceAttribute

input 

tns:delete_serviceAttributeMessage
output 

tns:dispositionReportMessage
fault 

tns:dispositionReportFaultMessage
save_service

input 

tns:save_serviceWMMessage
output 

tns:serviceDetailWMMessage
fault 

tns:dispositionReportFaultMessage
find_service

input 

tns:find_serviceWMMessage
output 

tns:serviceListMessage
fault 

tns:dispositionReportFaultMessage
get_serviceDetail

input 

tns:get_serviceDetailMessage
output 

tns:serviceDetailWMMessage
fault 

tns:dispositionReportFaultMessage



B.4.5. UDDI-WSContext Inquiry Port Types with Explanations:
find_service: The find_service API is used to find UDDI-WSContext businessService elements. The find_service API returns a serviceList structure that matches the conditions (dynamic and static metadata conditions) specified in the arguments.
Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema" xmlns:m2="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m3="http://WSCTX.services.axis.cgl/wsrm_schema">
<SOAP-ENV:Body>


<m:find_service xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:find_service" maxRows="" listHead="">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<businessKey xsi:type="xsd:anyURI">http://www.altova.com</businessKey>




<m2:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m2:sessionKey>




<m1:findQualifiers xsi:type="m1:findQualifiers">





<m1:findQualifier xsi:type="xsd:string">String</m1:findQualifier>




</m1:findQualifiers>




<m1:name xsi:type="m1:name">





<value xsi:type="xsd:string">String</value>




</m1:name>




<m1:categoryBag xsi:type="m1:categoryBag">





<m1:keyedReference xsi:type="m1:keyedReference">






<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>






<m1:keyName xsi:type="xsd:string">String</m1:keyName>






<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>





</m1:keyedReference>





<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">






<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>





</m1:keyedReferenceGroup>




</m1:categoryBag>




<m0:metadataBag xsi:type="m0:metadataBag">





<m0:serviceAttribute xsi:type="m0:serviceAttribute">






<attributeKey xsi:type="xsd:anyURI">http://www.altova.com</attributeKey>






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






<findQualifier xsi:type="xsd:string">String</findQualifier>






<name xsi:type="xsd:string">String</name>






<value xsi:type="xsd:string">String</value>






<valueType xsi:type="xsd:string">String</valueType>






<m1:categoryBag xsi:type="m1:categoryBag">







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>







<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>







</m1:keyedReferenceGroup>






</m1:categoryBag>






<m0:lease xsi:type="m0:lease">







<timeout xsi:type="xsd:string">String</timeout>







<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>







<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>







<isInfinite xsi:type="xsd:boolean">true</isInfinite>






</m0:lease>






<version xsi:type="xsd:long">2147483647</version>






<m0:abstractAttributeData xsi:type="m0:abstractAttributeData">







<value xsi:type="xsd:string">String</value>






</m0:abstractAttributeData>






<m0:boundingBox xsi:type="m0:boundingBox">







<temporal xsi:type="m0:temporal">








<startingTime xsi:type="xsd:string">String</startingTime>








<endingTime xsi:type="xsd:string">String</endingTime>







</temporal>







<spatial xsi:type="m0:spatial">








<minLat xsi:type="xsd:string">String</minLat>








<maxLat xsi:type="xsd:string">String</maxLat>








<minLon xsi:type="xsd:string">String</minLon>








<maxLon xsi:type="xsd:string">String</maxLon>







</spatial>






</m0:boundingBox>





</m0:serviceAttribute>





<m1:bindingTemplate xsi:type="m1:bindingTemplate">






<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>






<m1:description xsi:type="m1:description">







<value xsi:type="xsd:string">String</value>






</m1:description>






<m1:accessPoint xsi:type="m1:accessPoint">







<value xsi:type="xsd:string">String</value>







<useType xsi:type="xsd:string">String</useType>






</m1:accessPoint>






<m1:hostingRedirector xsi:type="m1:hostingRedirector">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>






</m1:hostingRedirector>






<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">







<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:description xsi:type="m1:description">









<value xsi:type="xsd:string">String</value>








</m1:description>








<m1:instanceDetails xsi:type="m1:instanceDetails">









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:overviewDoc xsi:type="m1:overviewDoc">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewURL xsi:type="m1:overviewURL">











<useType xsi:type="xsd:string">String</useType>










</m1:overviewURL>









</m1:overviewDoc>









<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>








</m1:instanceDetails>







</m1:tModelInstanceInfo>






</m1:tModelInstanceDetails>






<m1:categoryBag xsi:type="m1:categoryBag">







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>







<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">








<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>







</m1:keyedReferenceGroup>






</m1:categoryBag>





</m1:bindingTemplate>




</m0:metadataBag>




<m2:contextBag xsi:type="m2:contextBag">





<m2:context xsi:type="m2:context">






<m2:contextKey xsi:type="xsd:anyURI">http://www.altova.com</m2:contextKey>






<m2:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m2:serviceKey>






<m2:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m2:sessionKey>






<m2:context-service xsi:type="m3:ServiceRefType">







<m3:name xsi:type="xsd:string">String</m3:name>






</m2:context-service>






<m2:context-manager xsi:type="m3:ServiceRefType">







<m3:name xsi:type="xsd:string">String</m3:name>






</m2:context-manager>






<m2:findQualifier xsi:type="xsd:string">String</m2:findQualifier>






<m2:name xsi:type="xsd:string">String</m2:name>






<m2:value xsi:type="xsd:string">String</m2:value>






<m2:valueType xsi:type="xsd:string">String</m2:valueType>






<m2:contextAssertion xsi:type="m2:contextAssertion">







<m2:completionStatus xsi:type="xsd:string">String</m2:completionStatus>







<m1:fromKey xsi:type="xsd:anyURI">http://www.altova.com</m1:fromKey>







<m2:property_uri xsi:type="xsd:anyURI">http://www.altova.com</m2:property_uri>







<m1:toKey xsi:type="xsd:anyURI">http://www.altova.com</m1:toKey>






</m2:contextAssertion>






<m2:accessRightInfo xsi:type="m2:accessRightInfo">







<m2:owner xsi:type="m2:owner">








<m2:readAccess xsi:type="xsd:boolean">true</m2:readAccess>








<m2:writeAccess xsi:type="xsd:boolean">true</m2:writeAccess>







</m2:owner>







<m2:group xsi:type="m2:group">








<m2:publisherID xsi:type="xsd:string">String</m2:publisherID>








<m2:readAccess xsi:type="xsd:boolean">true</m2:readAccess>








<m2:writeAccess xsi:type="xsd:boolean">true</m2:writeAccess>







</m2:group>







<m2:others xsi:type="m2:others">








<m2:readAccess xsi:type="xsd:boolean">true</m2:readAccess>








<m2:writeAccess xsi:type="xsd:boolean">true</m2:writeAccess>







</m2:others>






</m2:accessRightInfo>






<m0:lease xsi:type="m0:lease">







<timeout xsi:type="xsd:string">String</timeout>







<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>







<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>







<isInfinite xsi:type="xsd:boolean">true</isInfinite>






</m0:lease>






<m2:version xsi:type="xsd:long">2147483647</m2:version>





</m2:context>




</m2:contextBag>




<m0:lease xsi:type="m0:lease">





<timeout xsi:type="xsd:string">String</timeout>





<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>





<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>





<isInfinite xsi:type="xsd:boolean">true</isInfinite>




</m0:lease>




<m1:tModelBag xsi:type="m1:tModelBag">





<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>




</m1:tModelBag>



</body>


</m:find_service>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
find_session: The find_session API is used to find dynamic metadata elements (sessionEntities). The find_session API calls returns a sessionList structure that matches the conditions specified in the arguments.

Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema" xmlns:m2="http://WSCTX.services.axis.cgl/wsrm_schema" xmlns:m3="http://uddi.services.axis.cgl/uddi_ext_schema">

<SOAP-ENV:Body>


<m:find_session xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:find_session" maxRows="" listHead="">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m1:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m1:serviceKey>




<m1:findQualifiers xsi:type="m1:findQualifiers">





<m1:findQualifier xsi:type="xsd:string">String</m1:findQualifier>




</m1:findQualifiers>




<m1:name xsi:type="m1:name">





<value xsi:type="xsd:string">String</value>




</m1:name>




<m0:contextBag xsi:type="m0:contextBag">





<m0:context xsi:type="m0:context">






<m0:contextKey xsi:type="xsd:anyURI">http://www.altova.com</m0:contextKey>






<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>






<m0:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m0:sessionKey>






<m0:context-service xsi:type="m2:ServiceRefType">







<m2:name xsi:type="xsd:string">String</m2:name>






</m0:context-service>






<m0:context-manager xsi:type="m2:ServiceRefType">







<m2:name xsi:type="xsd:string">String</m2:name>






</m0:context-manager>






<m0:findQualifier xsi:type="xsd:string">String</m0:findQualifier>






<m0:name xsi:type="xsd:string">String</m0:name>






<m0:value xsi:type="xsd:string">String</m0:value>






<m0:valueType xsi:type="xsd:string">String</m0:valueType>






<m0:contextAssertion xsi:type="m0:contextAssertion">







<m0:completionStatus xsi:type="xsd:string">String</m0:completionStatus>







<m1:fromKey xsi:type="xsd:anyURI">http://www.altova.com</m1:fromKey>







<m0:property_uri xsi:type="xsd:anyURI">http://www.altova.com</m0:property_uri>







<m1:toKey xsi:type="xsd:anyURI">http://www.altova.com</m1:toKey>






</m0:contextAssertion>






<m0:accessRightInfo xsi:type="m0:accessRightInfo">







<m0:owner xsi:type="m0:owner">








<m0:readAccess xsi:type="xsd:boolean">true</m0:readAccess>








<m0:writeAccess xsi:type="xsd:boolean">true</m0:writeAccess>







</m0:owner>







<m0:group xsi:type="m0:group">








<m0:publisherID xsi:type="xsd:string">String</m0:publisherID>








<m0:readAccess xsi:type="xsd:boolean">true</m0:readAccess>








<m0:writeAccess xsi:type="xsd:boolean">true</m0:writeAccess>







</m0:group>







<m0:others xsi:type="m0:others">








<m0:readAccess xsi:type="xsd:boolean">true</m0:readAccess>








<m0:writeAccess xsi:type="xsd:boolean">true</m0:writeAccess>







</m0:others>






</m0:accessRightInfo>






<m3:lease xsi:type="m3:lease">







<timeout xsi:type="xsd:string">String</timeout>







<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>







<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>







<isInfinite xsi:type="xsd:boolean">true</isInfinite>






</m3:lease>






<m0:version xsi:type="xsd:long">2147483647</m0:version>





</m0:context>




</m0:contextBag>




<m3:lease xsi:type="m3:lease">





<timeout xsi:type="xsd:string">String</timeout>





<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>





<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>





<isInfinite xsi:type="xsd:boolean">true</isInfinite>




</m3:lease>



</body>


</m:find_session>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
find_context: The find_context API is used to find dynamic metadata elements (contexts). The find_context API calls returns a contextList structure that matches the conditions specified in the arguments.

Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema" xmlns:m2="http://uddi.services.axis.cgl/uddi_ext_schema">

<SOAP-ENV:Body>


<m:find_context xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:find_context" maxRows="" listHead="">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>




<m0:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m0:sessionKey>




<m1:findQualifiers xsi:type="m1:findQualifiers">





<m1:findQualifier xsi:type="xsd:string">String</m1:findQualifier>




</m1:findQualifiers>




<m2:lease xsi:type="m2:lease">





<timeout xsi:type="xsd:string">String</timeout>





<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>





<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>





<isInfinite xsi:type="xsd:boolean">true</isInfinite>




</m2:lease>



</body>


</m:find_context>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
get_serviceDetail: The get_serviceDetail API call returns the businessService structure corresponding to each of the serviceKey values specified.
Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:get_serviceDetail xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:get_serviceDetail">




<m0:authInfo xsi:type="xsd:string">String</m0:authInfo>




<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>



</body>


</m:get_serviceDetail>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
get_sessionDetail: The get_sessionDetail API call returns the sessionEntity structure corresponding to each of the sessionKey values specified.
Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:get_sessionDetail xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:get_sessionDetail">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m0:sessionKey>



</body>


</m:get_sessionDetail>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
get_contextDetail: The get_contextDetail API call returns the context structure corresponding to each of the contextKey values specified.
Example request SOAP message:

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:get_contextDetail xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:get_contextDetail">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:contextKey xsi:type="xsd:anyURI">http://www.altova.com</m0:contextKey>



</body>


</m:get_contextDetail>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
B.4.6. UDDI-WSContext Publication Port Types with Explanations:
save_service: The save service API call adds or updates one or more businessService elements. 
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema" xmlns:m2="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m3="http://WSCTX.services.axis.cgl/wsrm_schema">

<SOAP-ENV:Body>


<m:save_service xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:save_service">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:businessService xsi:type="m0:businessService">





<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>





<businessKey xsi:type="xsd:anyURI">http://www.altova.com</businessKey>





<m2:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m2:sessionKey>





<serviceType xsi:type="xsd:NMTOKEN">NMTOKEN</serviceType>





<m1:name xsi:type="m1:name">






<value xsi:type="xsd:string">String</value>





</m1:name>





<m1:description xsi:type="m1:description">






<value xsi:type="xsd:string">String</value>





</m1:description>





<m1:bindingTemplates xsi:type="m1:bindingTemplates">






<m1:bindingTemplate xsi:type="m1:bindingTemplate">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<m1:description xsi:type="m1:description">








<value xsi:type="xsd:string">String</value>







</m1:description>







<m1:accessPoint xsi:type="m1:accessPoint">








<value xsi:type="xsd:string">String</value>








<useType xsi:type="xsd:string">String</useType>







</m1:accessPoint>







<m1:hostingRedirector xsi:type="m1:hostingRedirector">








<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







</m1:hostingRedirector>







<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">








<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:instanceDetails xsi:type="m1:instanceDetails">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewDoc xsi:type="m1:overviewDoc">











<m1:description xsi:type="m1:description">












<value xsi:type="xsd:string">String</value>











</m1:description>











<m1:overviewURL xsi:type="m1:overviewURL">












<useType xsi:type="xsd:string">String</useType>











</m1:overviewURL>










</m1:overviewDoc>










<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>









</m1:instanceDetails>








</m1:tModelInstanceInfo>







</m1:tModelInstanceDetails>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>






</m1:bindingTemplate>





</m1:bindingTemplates>





<m1:categoryBag xsi:type="m1:categoryBag">






<m1:keyedReference xsi:type="m1:keyedReference">







<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>







<m1:keyName xsi:type="xsd:string">String</m1:keyName>







<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>






</m1:keyedReference>






<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">







<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>







<m1:keyedReference xsi:type="m1:keyedReference">








<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>








<m1:keyName xsi:type="xsd:string">String</m1:keyName>








<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>







</m1:keyedReference>






</m1:keyedReferenceGroup>





</m1:categoryBag>





<m2:contextBag xsi:type="m2:contextBag">






<m2:context xsi:type="m2:context">







<m2:contextKey xsi:type="xsd:anyURI">http://www.altova.com</m2:contextKey>







<m2:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m2:serviceKey>







<m2:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m2:sessionKey>







<m2:context-service xsi:type="m3:ServiceRefType">








<m3:name xsi:type="xsd:string">String</m3:name>







</m2:context-service>







<m2:context-manager xsi:type="m3:ServiceRefType">








<m3:name xsi:type="xsd:string">String</m3:name>







</m2:context-manager>







<m2:findQualifier xsi:type="xsd:string">String</m2:findQualifier>







<m2:name xsi:type="xsd:string">String</m2:name>







<m2:value xsi:type="xsd:string">String</m2:value>







<m2:valueType xsi:type="xsd:string">String</m2:valueType>







<m2:contextAssertion xsi:type="m2:contextAssertion">








<m2:completionStatus xsi:type="xsd:string">String</m2:completionStatus>








<m1:fromKey xsi:type="xsd:anyURI">http://www.altova.com</m1:fromKey>








<m2:property_uri xsi:type="xsd:anyURI">http://www.altova.com</m2:property_uri>








<m1:toKey xsi:type="xsd:anyURI">http://www.altova.com</m1:toKey>







</m2:contextAssertion>







<m2:accessRightInfo xsi:type="m2:accessRightInfo">








<m2:owner xsi:type="m2:owner">









<m2:readAccess xsi:type="xsd:boolean">true</m2:readAccess>









<m2:writeAccess xsi:type="xsd:boolean">true</m2:writeAccess>








</m2:owner>








<m2:group xsi:type="m2:group">









<m2:publisherID xsi:type="xsd:string">String</m2:publisherID>









<m2:readAccess xsi:type="xsd:boolean">true</m2:readAccess>









<m2:writeAccess xsi:type="xsd:boolean">true</m2:writeAccess>








</m2:group>








<m2:others xsi:type="m2:others">









<m2:readAccess xsi:type="xsd:boolean">true</m2:readAccess>









<m2:writeAccess xsi:type="xsd:boolean">true</m2:writeAccess>








</m2:others>







</m2:accessRightInfo>







<m0:lease xsi:type="m0:lease">








<timeout xsi:type="xsd:string">String</timeout>








<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>








<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>








<isInfinite xsi:type="xsd:boolean">true</isInfinite>







</m0:lease>







<m2:version xsi:type="xsd:long">2147483647</m2:version>






</m2:context>





</m2:contextBag>





<m0:metadataBag xsi:type="m0:metadataBag">






<m0:serviceAttribute xsi:type="m0:serviceAttribute">







<attributeKey xsi:type="xsd:anyURI">http://www.altova.com</attributeKey>







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







<findQualifier xsi:type="xsd:string">String</findQualifier>







<name xsi:type="xsd:string">String</name>







<value xsi:type="xsd:string">String</value>







<valueType xsi:type="xsd:string">String</valueType>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>







<m0:lease xsi:type="m0:lease">








<timeout xsi:type="xsd:string">String</timeout>








<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>








<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>








<isInfinite xsi:type="xsd:boolean">true</isInfinite>







</m0:lease>







<version xsi:type="xsd:long">2147483647</version>







<m0:abstractAttributeData xsi:type="m0:abstractAttributeData">








<value xsi:type="xsd:string">String</value>







</m0:abstractAttributeData>







<m0:boundingBox xsi:type="m0:boundingBox">








<temporal xsi:type="m0:temporal">









<startingTime xsi:type="xsd:string">String</startingTime>









<endingTime xsi:type="xsd:string">String</endingTime>








</temporal>








<spatial xsi:type="m0:spatial">









<minLat xsi:type="xsd:string">String</minLat>









<maxLat xsi:type="xsd:string">String</maxLat>









<minLon xsi:type="xsd:string">String</minLon>









<maxLon xsi:type="xsd:string">String</maxLon>








</spatial>







</m0:boundingBox>






</m0:serviceAttribute>






<m1:bindingTemplate xsi:type="m1:bindingTemplate">







<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<m1:description xsi:type="m1:description">








<value xsi:type="xsd:string">String</value>







</m1:description>







<m1:accessPoint xsi:type="m1:accessPoint">








<value xsi:type="xsd:string">String</value>








<useType xsi:type="xsd:string">String</useType>







</m1:accessPoint>







<m1:hostingRedirector xsi:type="m1:hostingRedirector">








<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>







</m1:hostingRedirector>







<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">








<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:instanceDetails xsi:type="m1:instanceDetails">










<m1:description xsi:type="m1:description">











<value xsi:type="xsd:string">String</value>










</m1:description>










<m1:overviewDoc xsi:type="m1:overviewDoc">











<m1:description xsi:type="m1:description">












<value xsi:type="xsd:string">String</value>











</m1:description>











<m1:overviewURL xsi:type="m1:overviewURL">












<useType xsi:type="xsd:string">String</useType>











</m1:overviewURL>










</m1:overviewDoc>










<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>









</m1:instanceDetails>








</m1:tModelInstanceInfo>







</m1:tModelInstanceDetails>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>






</m1:bindingTemplate>





</m0:metadataBag>





<m0:lease xsi:type="m0:lease">






<timeout xsi:type="xsd:string">String</timeout>






<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>






<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>






<isInfinite xsi:type="xsd:boolean">true</isInfinite>





</m0:lease>




</m0:businessService>



</body>


</m:save_service>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
delete_service: The delete_service API call is used to remove one or more businessService elements from the UDDI-WSContext Registry and from the corresponding businessEntity and sessionEntities parents.
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:delete_service xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<m:delete_service xsi:type="m0:delete_service">




<m0:authInfo xsi:type="xsd:string">String</m0:authInfo>




<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>



</m:delete_service>


</m:delete_service>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
save_context: The save service API call adds or updates one or more context dynamic metadata entities into UDDI-WSContext Information Service. 
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema" xmlns:m2="http://WSCTX.services.axis.cgl/wsrm_schema" xmlns:m3="http://uddi.services.axis.cgl/uddi_ext_schema">

<SOAP-ENV:Body>


<m:save_context xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:save_context">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:contextBag xsi:type="m0:contextBag">





<m0:context xsi:type="m0:context">






<m0:contextKey xsi:type="xsd:anyURI">http://www.altova.com</m0:contextKey>






<m0:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m0:serviceKey>






<m0:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m0:sessionKey>






<m0:context-service xsi:type="m2:ServiceRefType">







<m2:name xsi:type="xsd:string">String</m2:name>






</m0:context-service>






<m0:context-manager xsi:type="m2:ServiceRefType">







<m2:name xsi:type="xsd:string">String</m2:name>






</m0:context-manager>






<m0:findQualifier xsi:type="xsd:string">String</m0:findQualifier>






<m0:name xsi:type="xsd:string">String</m0:name>






<m0:value xsi:type="xsd:string">String</m0:value>






<m0:valueType xsi:type="xsd:string">String</m0:valueType>






<m0:contextAssertion xsi:type="m0:contextAssertion">







<m0:completionStatus xsi:type="xsd:string">String</m0:completionStatus>







<m1:fromKey xsi:type="xsd:anyURI">http://www.altova.com</m1:fromKey>







<m0:property_uri xsi:type="xsd:anyURI">http://www.altova.com</m0:property_uri>







<m1:toKey xsi:type="xsd:anyURI">http://www.altova.com</m1:toKey>






</m0:contextAssertion>






<m0:accessRightInfo xsi:type="m0:accessRightInfo">







<m0:owner xsi:type="m0:owner">








<m0:readAccess xsi:type="xsd:boolean">true</m0:readAccess>








<m0:writeAccess xsi:type="xsd:boolean">true</m0:writeAccess>







</m0:owner>







<m0:group xsi:type="m0:group">








<m0:publisherID xsi:type="xsd:string">String</m0:publisherID>








<m0:readAccess xsi:type="xsd:boolean">true</m0:readAccess>








<m0:writeAccess xsi:type="xsd:boolean">true</m0:writeAccess>







</m0:group>







<m0:others xsi:type="m0:others">








<m0:readAccess xsi:type="xsd:boolean">true</m0:readAccess>








<m0:writeAccess xsi:type="xsd:boolean">true</m0:writeAccess>







</m0:others>






</m0:accessRightInfo>






<m3:lease xsi:type="m3:lease">







<timeout xsi:type="xsd:string">String</timeout>







<leaseStartTimeStamp xsi:type="xsd:string">String</leaseStartTimeStamp>







<leaseExpirationTimeStamp xsi:type="xsd:string">String</leaseExpirationTimeStamp>







<isInfinite xsi:type="xsd:boolean">true</isInfinite>






</m3:lease>






<m0:version xsi:type="xsd:long">2147483647</m0:version>





</m0:context>




</m0:contextBag>



</body>


</m:save_context>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
save_session: The save service API call adds or updates one or more session entities into UDDI-WSContext Information Service. 
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:save_session xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:save_session">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m0:sessionEntity xsi:type="m0:sessionEntity">





<m0:sessionKey xsi:type="xsd:anyURI">http://www.altova.com</m0:sessionKey>





<m1:name xsi:type="m1:name">






<value xsi:type="xsd:string">String</value>





</m1:name>





<m1:description xsi:type="m1:description">






<value xsi:type="xsd:string">String</value>





</m1:description>





<m1:businessServices xsi:type="m1:businessServices">






<m1:businessService xsi:type="m1:businessService">







<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>







<businessKey xsi:type="xsd:anyURI">http://www.altova.com</businessKey>







<m1:name xsi:type="m1:name">








<value xsi:type="xsd:string">String</value>







</m1:name>







<m1:description xsi:type="m1:description">








<value xsi:type="xsd:string">String</value>







</m1:description>







<m1:bindingTemplates xsi:type="m1:bindingTemplates">








<m1:bindingTemplate xsi:type="m1:bindingTemplate">









<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>









<serviceKey xsi:type="xsd:anyURI">http://www.altova.com</serviceKey>









<m1:description xsi:type="m1:description">










<value xsi:type="xsd:string">String</value>









</m1:description>









<m1:accessPoint xsi:type="m1:accessPoint">










<value xsi:type="xsd:string">String</value>










<useType xsi:type="xsd:string">String</useType>









</m1:accessPoint>









<m1:hostingRedirector xsi:type="m1:hostingRedirector">










<bindingKey xsi:type="xsd:anyURI">http://www.altova.com</bindingKey>









</m1:hostingRedirector>









<m1:tModelInstanceDetails xsi:type="m1:tModelInstanceDetails">










<m1:tModelInstanceInfo xsi:type="m1:tModelInstanceInfo">











<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>











<m1:description xsi:type="m1:description">












<value xsi:type="xsd:string">String</value>











</m1:description>











<m1:instanceDetails xsi:type="m1:instanceDetails">












<m1:description xsi:type="m1:description">













<value xsi:type="xsd:string">String</value>












</m1:description>












<m1:overviewDoc xsi:type="m1:overviewDoc">













<m1:description xsi:type="m1:description">














<value xsi:type="xsd:string">String</value>













</m1:description>













<m1:overviewURL xsi:type="m1:overviewURL">














<useType xsi:type="xsd:string">String</useType>













</m1:overviewURL>












</m1:overviewDoc>












<m1:instanceParms xsi:type="xsd:string">String</m1:instanceParms>











</m1:instanceDetails>










</m1:tModelInstanceInfo>









</m1:tModelInstanceDetails>









<m1:categoryBag xsi:type="m1:categoryBag">










<m1:keyedReference xsi:type="m1:keyedReference">











<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>











<m1:keyName xsi:type="xsd:string">String</m1:keyName>











<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>










</m1:keyedReference>










<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">











<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>











<m1:keyedReference xsi:type="m1:keyedReference">












<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>












<m1:keyName xsi:type="xsd:string">String</m1:keyName>












<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>











</m1:keyedReference>










</m1:keyedReferenceGroup>









</m1:categoryBag>








</m1:bindingTemplate>







</m1:bindingTemplates>







<m1:categoryBag xsi:type="m1:categoryBag">








<m1:keyedReference xsi:type="m1:keyedReference">









<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>









<m1:keyName xsi:type="xsd:string">String</m1:keyName>









<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>








</m1:keyedReference>








<m1:keyedReferenceGroup xsi:type="m1:keyedReferenceGroup">









<tModelKey xsi:type="xsd:anyURI">http://www.altova.com</tModelKey>









<m1:keyedReference xsi:type="m1:keyedReference">










<m1:tModelKey xsi:type="xsd:anyURI">http://www.altova.com</m1:tModelKey>










<m1:keyName xsi:type="xsd:string">String</m1:keyName>










<m1:keyValue xsi:type="xsd:string">String</m1:keyValue>









</m1:keyedReference>








</m1:keyedReferenceGroup>







</m1:categoryBag>






</m1:businessService>





</m1:businessServices>




</m0:sessionEntity>



</body>


</m:save_session>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
delete_session: The delete_session API call is used to remove one or more session elements from the UDDI-WSContext InformationService.
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://WSCTX.services.axis.cgl/wsctx_schema" xmlns:m1="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:delete_session xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<body xsi:type="m0:delete_session">




<m1:authInfo xsi:type="xsd:string">String</m1:authInfo>




<m1:serviceKey xsi:type="xsd:anyURI">http://www.altova.com</m1:serviceKey>



</body>


</m:delete_session>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
B.4.7. UDDI-WSContext Security Port Types with Explanations:
get_authoken: The get_authToken API call is used to obtain an authentication token. An authentication token is required when using the API calls related with dynamic metadata. 
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:get_authToken xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<m:get_authToken xsi:type="m0:get_authToken">




<userID xsi:type="xsd:string">String</userID>




<cred xsi:type="xsd:string">String</cred>



</m:get_authToken>


</m:get_authToken>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
discard_authToken: The discard_authToken API call is used to inform a node that the passed authentication token is discarded, effectively ending the session. 
Example request SOAP message:
<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:m0="http://uddi.services.axis.cgl/uddi_schema">

<SOAP-ENV:Body>


<m:discard_authToken xmlns:m="http://uddi.services.axis.cgl/UDDI/binding" SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">



<m:discard_authToken xsi:type="m0:discard_authToken">




<m0:authInfo xsi:type="xsd:string">String</m0:authInfo>



</m:discard_authToken>


</m:discard_authToken>

</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
B.5. Implementation Discussions

Our architecture consists of various modules such as Query and Publishing, Expeditor, Access, Storage and Sequencer Modules. 

Context Query and Publishing Modules: These modules receive client requests through a uniform web service interface for publishing/discovering dynamic and static metadata. The client query/publishing requests are processed and dynamic metadata parts of the queries are extracted. Then, the request is forwarded to Expeditor Module to find the results. Likewise, static metadata portion of the requests is relayed to external UDDI Service to publish/discover services through static metadata.

Expediter Module: This is a generalized caching mechanism. Each node has a particular expediter. One consults the expediter to find how to get (or set) information about a dataset in an optimal fashion. The expediter is roughly equivalent to replica catalog in classic Grids. Expeditor forms a built-in memory and it maintains Context metadata objects in Context Spaces. A Context Space is an implementation of TupleSpaces concept.  Context Spaces allow us to apply space based programming to provide mutual exclusive access, associative lookup and persistence.

Access Module: This module runs Access algorithm mentioned above. It support request distribution by publishing messages to topics in NaradaBrokering [NB] network. It also receives messages (in respond to client request) coming from other peers and forward these query messages to Expediter Module. The Access Module locates the nodes that are closest in terms of network distance with lowest load balance from the node requesting access to the communal node in question. It also takes into account the load balance of each responding data-system when choosing the right data-system.

Storage Module: This module runs storage algorithm. It interacts with Expediter Module and applies the storage algorithm to all local Context metadata. If the metadata is decided to be replicated, then Storage module advertise this replication by multicasting it to available peers through NB publish/subscribe mechanism. Storage module also interacts with Sequencer module in order to label each incoming metadata with a time stamp.
Sequencer Module: This module ensures that an order is imposed on actions/events that take place in a session. The Sequencer Module interacts with Storage Module and labels each metadata which will be replicated in this replicated metadata hosting environment. Sequencer Module interacts with Network Time Protocol (NTP) clients to achieve synchronized timestamps among the distributed nodes.
B.6. System Status and Evaluation

We implemented Information/UDDI Services handling and discovery of static metadata based on the WS-I standard Uniform Description, Discovery, and Integration (UDDI) service specification.  Our implementation is a general purpose extension to the UDDI information model. We base our implementation on jUDDI (version 0.9r3), a free, open source, and Java implementation of the specification. jUDDI has been architected to act as the UDDI front-end on top of existing directories and databases. (More at http://www.juddi.org) In our design, we only use a portion of the jUDDI library as UDDI-front end. 

Extended UDDI XML Metadata Services: We extended the jUDDI library to implement extended version of UDDI XML API. We discarded jUDDI servlet-based architecture and implemented the access to UDDI registries via Grid/Web Services interfaces
. Our approach allows users to insert both user-defined and arbitrary XML metadata into the repository. Our work on UDDI is for a specific type of metadata: semi-static and context-free.  UDDI is appropriate for data that is long-lived (i.e. should be true for months or years) and that is independent of the client interaction (i.e. all clients issuing the same requests get the same responses).  We discuss the parts of our architecture that supports dynamic information in the short-lived service collections in the following section. 

WS-Context complaint XML Metadata Services: We implemented a centralized version of Information/WS-Context Services handling and discovery of dynamic, session related metadata
. Here, session related metadata is short-lived and dependent on the client. The WS-Context metadata service keeps track of context information shared between multiple participants in Web Service interactions.  The context here has information such as unique ID and shared data. It allows a collection of action to take place for a common outcome. We utilize WS_Context Specification to maintain user profiles and preferences, application specific metadata, information regarding sessions and state of entities in these sessions. One can populate WS-Context XML metadata service as following. Each session is started by the coordinator of an activity. The coordinator service publishes the session metadata to Information Service and gets a unique identifier in return. The uniqueness of the session-id is ensured by the Information Service. Sessions can obviously be composed from other “sub” sessions hierarchically. Here, each session is associated with the participant services of that session. Dynamic session information, i.e. context, travels within the SOAP header blocks among the participant entities within the same activity. In order to correlate (collective) work participants may propagate more contexts using the same session-id created by the coordinator.

Evaluation: We have done preliminary testing on the centralized version of the Information/Context Service’s primary operations which are GetContext and SetContext. Three measurement sets were made using a 50 byte string for GetContext.  Each of the three sets consisted of 100 individual measurements. We also performed 3 sets of 100 measurements on the SetContext method. In average, we measure ~116 ms for GetContext and ~125 ms for SetContext functions to be performed. Both of these measurements are internal timings to process requests.  We note that these were subject to very large variations.  We conclude from this that the actual internal processing time for small metadata pieces is typically smaller than the network invocation time and does not create an actual overhead. 

B.7. Building, Packaging, Installing

In this section, we give instructions about how to install Extended WS-Context implementation in great details. 

B.7.1. Installing Stand Alone WSContext Service (supported with Notification Feature)

· Requirements
· To install 'Context Manager' make sure you have: Apache Tomcat , NaradaBrokering and Maven 1.0.2 installed CATALINA_HOME and JAVA_HOME environment variables properly set

· Installing Context Manager 
· Download ws_context.zip from http://www.opengrids.org/wscontext/download/ws_context_v03/maven/ws_context.zip
· Extract the archive.  (e.g. /home/<user name>/unzip ws_context.zip) This will create a directory called "ws_context" 

· Update "tomcat.home" variable to point your tomcat installation (e.g. tomcat.home=${user.home}/tomcat/jakarta-tomcat-5.0.28) in the "project.properties" located under "ws_context" directory. 

· Update Narada Brokering (NB) parameters to point to your NB broker in the "wsctx_bootstrap.properties" file located under "ws_context/conf/" directory. 

· Run "maven set-properties" in the "ws_context" directory. 

· Run "maven war:war -Dmaven.test.skip=true" in the "ws_context" directory. 

· Run "maven deploy-context-service". (This will also create a context space ".context" which will then be used by Context Service) 

· Restart your Jakarta Tomcat installation. 

· This will deploy the ContextManagerPortType service into your Jakarta Tomcat installation as a web application (<jakarta-tomcat-home>/webapps/ws_context) 

· To see a list of deployed web services go to
http://<your-server-name>:<portnum>/ws_context/servlet/AxisServlet 

· In order to test whether Context Service is running OK, please run "maven test" under "ws_context" directory 
B.7.2. Installing Stand Alone Context Response Handler Service

· Requirements

· To install 'Context Respond Handler' make sure you have: Apache Tomcat, NaradaBrokering and Maven 1.0.2 installed  CATALINA_HOME and JAVA_HOME environment variables properly set

· Installing Context Response Handler Service  

· Download ws_context_respondent.zip 
· Extract the archive.  (e.g. /home/<user name>/unzip ws_context_respondent.zip) This will create a directory called "ws_context_respondent" 

· Update "tomcat.home" variable to point your tomcat installation (e.g. tomcat.home=${user.home}/tomcat/jakarta-tomcat-5.0.28) in the "project.properties" located under "ws_context_respondent" directory. 

· Update <host_name> and <port_number> in both "wsctxWSDL" and "wsctxRespondWSDL" variables, and NB parameters in the "wsctx_bootstrap.properties" file located at "ws_context_respondent/conf/". (Please use I.P. address of your machine instead of localhost.) 

· Run "maven set-properties" in the "ws_context_respondent" directory. 

· Run "maven war:war -Dmaven.test.skip=true" in the "ws_context_respondent" directory. 

· Run "maven deploy-context-respondent-service" in the "ws_context_respondent" directory. 

· Restart your Jakarta Tomcat installation. 

· This will deploy the ContextResponseHandlerPortType service into your Jakarta Tomcat installation as a web application (<jakarta-tomcat-home>/webapps/ws_context_respondent) 

· To see a list of deployed web services go to
http://<your-server-name>:<portnum>/ws_context_respondent/servlet/AxisServlet 

· In order to test whether Context Response Handler Service is running OK, please run "maven test" under "ws_context_respondent" directory 
B.7.3. Required files, client applications, test stubs:
· JUnit Test Clients for both Context and Context Response Handler Services
· Please find the JUnit Test Clients under "../src/tests/" directory for both installation packages 
· In order to test whether Context Service is running OK, please run "maven test" under "ws_context" directory 
· In order to test whether Context Response Handler Service is running OK, please run "maven test" under "ws_context_respondent" directory 
· Example Clients for Context Service
· Please find the example Clients to Context Service under "ws_context_respondent/src/java" directory structure 

· There are two example Clients a) TestSetContext.java b) TestGetContext.java 

· In order to test both Context and Context Response Handler Services are running OK, please run "maven TestSetContext" under "ws_context_respondent" directory (By doing this, you will be setting a context (metadata) into Context Service) 

· Then you can run "maven TestGetContext" under "ws_context_respondent" directory. (By doing this, you will be retrieving the context that you set earlier from Context Service. See the output.) 

· In order to test Notification feature, you MUST run a NaradaBroker node and set the properties as indicated above. If you have already done so, please run "maven EventListener" "ws_context_respondent" directory in a console/terminal. (By doing this, you will be starting a NB Subscriber thread which will wait on updates on the context that you are interested in.) 

· Then you can run "maven TestSetContext" under "ws_context_respondent" directory in a separate console for the same context. You can see the notification output from EventListener console. 

· You can find these clients at "project.zip". In this archive, you will also find required library that you might want to include your project. 

· If you are a JBuilder IDE user, you could simply open this project as JBuilder project. 

· If you are Eclipse IDE user, you could open clients at "cclient.zip" as Eclipse project. 

· Please note: Context Response Handler Service MUST run on the same machine where your application (that interacts with Context Service) resides. 
B.8. Client programming: Examples
In this section, we cover the important sections of the example client code which interacts with UDDI-Extended Service to find services. 

The first portion of code is the bare bones needed to consume the Web service, which is simly encapsulated in the given code below. 
Encapsulating the Web Service Call 

//This is the binding object which will be used for web service call

UDDI_ExtendedSoapBindingStub binding = null;

// load config and data files

try {

    bootstrap = BootStrap.loadProperties("properties.properties");

} catch (Exception ex) {}

try {

    UDDI_ExtendedServiceLocator locator = new UDDI_ExtendedServiceLocator();

    locator.setEndpointAddress(bootstrap.getProperty("UDDI_Extended_WSDL"));

    binding = (UDDI_ExtendedSoapBindingStub)locator.getUDDI_Extended();

} catch (javax.xml.rpc.ServiceException jre) {

    if (jre.getLinkedCause() != null) {

        jre.getLinkedCause().printStackTrace();

    }

    throw new junit.framework.AssertionFailedError("Exception caught:"+jre);

}

Now that we can execute a single end point, we will need to be able to query UDDI in order to get that list of end points. Querying Extended UDDI requires various objects such as names, categorybag, lease, metadatabag, and findqualifiers generated earlier
Find Service Call requires various object to be generated in advance

// Find service under the business category

System.out.println("\nFinding Service");

//set names

String service_name = "WFS";

Name[] s_namearray = new Name[1];

Name s_name = new Name(service_name);

s_namearray[0] = s_name;

//set service category

CategoryBag s_categorybag = new CategoryBag();

KeyedReference[] s_keyreference_array = new KeyedReference[1];

KeyedReference s_keyref1 = new KeyedReference();

s_keyref1.setKeyName(this.SERVICE_CATEGORY_OPERATOR_NAME);

s_keyref1.setKeyValue(this.WFS_SERVICE_CATEGORY_VALUE);

s_keyreference_array[0] = s_keyref1;

s_categorybag.setKeyedReference(s_keyreference_array);

//set service lease criteria

Lease service_lease = new Lease();

service_lease.setLeaseExpirationTimeStamp("0");
//create search criteria with property_array

ServiceAttribute[] metadata_array = new ServiceAttribute[1];

ServiceAttribute metadata = new ServiceAttribute();

metadata = new ServiceAttribute();

metadata.setName(this.FEATURE_TYPE_PROPERTY_NAME);

metadata.setValue("boundary_lines");

metadata.setValueType(this.TEXT_VALUE_TYPE);

metadata.setFindQualifier(this.EQUAL_TO);

BoundingBox bounding_box = new BoundingBox();

Spatial spatial = new Spatial();

spatial.setMinLat("-120"); //x-axis

spatial.setMaxLat("-118"); //x-axis

spatial.setMinLon("-124"); //y-axis

spatial.setMaxLon("38"); //y-axis

bounding_box.setSpatial(spatial);

metadata.setBoundingBox(bounding_box);

metadata_array[0] = metadata;

MetadataBag metadatabag = new MetadataBag();

metadatabag.setServiceAttribute(metadata_array);

//set findqualifiers

FindQualifiers findqualifiers = new FindQualifiers();

String findqualifier = this.OR_ALL_KEYS;

String[] findqualifier_array = new String[1];

findqualifier_array[0] = findqualifier;

findqualifiers.setFindQualifier(findqualifier_array);

//construct a find service object to locate a service
Find_service findservice = new Find_service();

findservice.setBusinessKey(businesskey);

findservice.setMaxRows(RESULTS_MAX_ROWS_LIMIT);

findservice.setFindQualifiers(findqualifiers);

findservice.setLease(service_lease);
findservice.setMetadataBag(metadatabag);

findservice.setCategoryBag(s_categorybag);

findservice.setName(s_namearray);
All of these are defined at class scope so they are available to the entire class.  The code below shows how we can query UDDI using these pieces of information for available services.

Querying UDDI 

// Find service

ServiceList serviceList = binding.find_service(findservice);
On receiving the query, the Extended UDDI returns a list of serviceKey’ s matching the conditions specified in the query.
B.9. Application Use Domains

iSERVO GIS Grid Research Project: iSERVOGrid project [iSERVO] integrates historical, measured, and calculated earthquake data with simulation codes. SERVOGrid resources are located at various institutions across the country. The SERVOGrid Complexity and Computational Environment (CCE) [CCE] is an environment to build and integrate different domains of Grid and Web Services into a single cooperating system. As a part of SERVOGrid CCE environment, we chose the Pattern Informatics (PI) application [PI] which is used to produce the well-publicized “hot spot” maps published by SERVO team member Prof. John Rundle and his group at the University of California-Davis. 

We illustrate the PI motivating scenario where Information Services interacts with Web Map Services and Web Feature Services [OGC-WFS] as service registry in Figure 4. In this scenario, Information Services are also used for storing transitory metadata needed to describe distributed session state information. In the current test system, it is used to store information needed by a workflow engine (HPSearch) to orchestrate system interactions.  We can describe the components of this integrated application as following.  

Web Feature Service: The Web Feature Service (WFS) [OGC-WFS] is an Open Geospatial Consortium (OGC) based data service that manages “feature” data: abstract representations of map features and associated metadata.  WFS servers are capable of storing map entities such as political boundaries, geographic features such as rivers, roads, etc.  

Web Map Service: The Web Map Service (WMS) is an OGC specification for generating interactive, online maps.  WMS can generate maps in several formats (JPEG, SVG) by acting as client to both WFS and other WMS instances.  

HPSearch: The HPSearch system provides a scripting environment for managing distributed Web Services.  We use HPSearch as an engine for managing distributed workflows on SERVOGrid.
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Figure 4: Application Case Scenario for GIS Compatible Information Services

In this scenario, Web Feature Services are published into the UDDI-Registry. Each Web Feature Service provides data layers corresponding to geographic entities. An important challenge is that UDDI does not natively support registry of services with a bounding box corresponding to a data layer and representing a location of interest. To overcome this problem, we provide XPATH query capabilities on the auxiliary metadata files such as capabilities.xml file. This methodology allows us to make coordinate based spatial queries on the UDDI-Registry. 

We can summarize the steps of the scenario illustrated in Figure 4 as follows. 

1: All WFS services are expected to register with an Information Service. The Information Service dynamically interacts with WFSs to retrieve and store auxiliary capabilities files associated to services. Each service makes a lease with the Information Service provided that the service will be up and running during that time period. 

2:  Web Map Services interact with the Information Service to find out available WFS (data services) satisfying the data requirements of a map. As the Information Service responds a query of WMS with metadata of services satisfying the query, WMS can then start interacting with corresponding WFS to acquire the data layers needed to create maps. 

3:  WMS can query WFS for a given bounding box and time interval. 

4:  WFS dumps the results into a web accessible .txt file 

5, 6:  WMS starts a session, invokes HPSearch to run workflow script for PI Code with a session id

7, 8, 9: HPSearch runs the workflow script and generates output file in GML format as result

10: HPSearch writes the URI of the of the output file into Context

11: WMS polls the information from Context Service

12: WMS retrieves the generated output file’s location from the Context Service, downloads the data, and generates a map.

IEISS GIS Grid Research Project:  The Interdependent Energy Infrastructure Simulation System (IEISS), embodied as analysis software tools developed at Los Alamos National Laboratory with the collaboration of Argonne National Laboratory (ANL), aims at developing a comprehensive simulation study of the nation’s interdependent energy infrastructures to address wide variety of intra-and inter-infrastructure dependency questions. The IEISS analysis tool has physical, logical, or functional entities that have variety of attributes and behaviors that mimic its real-world counterpart. 

IEISS is another example of a larger trend to build globally scalable scientific computing infrastructures using the Service Oriented Architecture approach.  We use Extended UDDI XML Metadata services to solve the problem of locating resources of interests in IEISS SOA based architecture. To this end, our usage of Extended UDDI is similar to iSERVO project as explained above. In addition to Extended UDDI, we have also used WS-Context XML Metadata Services to provide thirdparty information repository for rapidly updated dynamic metadata which in turn enables communication various services involved in the architecture.

Global MMCS Project: The Global Multi Media and Collaboration System Research Project [GlobalMMCS] tries to build a collaboration system consisting of various services including videoconference, instant messaging and streaming, support multiple videoconferencing technologies and heterogeneous collaboration environments. In order to dicuss the usage of our XML metadata services we illustrate following scnerio. 

In this application case scenario, a user has a laptop running a Videoconferencing application which is also a web service. The service consists of different collaboration systems such as conferencing (H.323, SIP, and AccessGrid), streaming, and instant messaging services. The user wants to start a real-time interaction environment which will allow him/her to make a distant seminar about his/her research. If such real-time interaction can take place, then the user can start a scientific collaboration through multiple collaboration tools such as audio, video, chat, whiteboard and PowerPoint as well. With peer to peer services moving around and their volatile behavior, providing such real-time interaction forms a challenging problem. To this end, we use Extended UDDI and WS-Context XML Metadata Services to make the information about temporarily exist services available. 
B.10. Innovations and lessons learned

We present a novel architecture for a WS-Context complaint metadata catalog service supporting distributed or central paradigms. We use an extended version of UDDI for slowly varying metadata and present a uniform and consistent interface to both short-lived dynamic and slowly varying quasi-static metadata. Our architecture addresses various problems of both classical and semantic grids. 

· First, we address lack of support in Grid Information Services for context (session-related dynamic metadata) management to correlate activities in workflow-style applications, by providing a novel approach for management of widely distributed, shared session-related dynamic metadata. 

· Second, we address lack of support in Grid Information Services to provide distributed session management, by providing distributed event management system enabling session failure recovery or replay/playback capabilities. 

· Third, we address lack of search capabilities in Grid Information Services, by providing uniform search interface to both interaction independent and conversation-based metadata enabling service discovery through events.

We present a dynamic replication methodology to support dynamic metadata by utilizing multi-publisher multicast communication middleware. We utilize a topic-based publish/subscribe messaging system as a communication middleware to exchange messages between peers.
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Appendix:

A: Extended UDDI WSDL

<?xml version="1.0" encoding="UTF-8"?>
<definitions xmlns="http://schemas.xmlsoap.org/wsdl/" xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:tns="http://uddi.services.axis.cgl/uddi_extended" xmlns:uddi="http://uddi.services.axis.cgl/uddi_schema" xmlns:uddi_ext="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:uddi_wsctx="http://WSCTX.services.axis.cgl/uddi_wsctx_schema" xmlns:wsctx="http://WSCTX.services.axis.cgl/wsctx_schema" targetNamespace="http://uddi.services.axis.cgl/uddi_extended" name="UDDI_Extended">

<import namespace="http://uddi.services.axis.cgl/uddi_schema" location="uddi.xsd"/>

<import namespace="http://uddi.services.axis.cgl/uddi_ext_schema" location="uddi_ext.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/uddi_wsctx_schema" location="uddi_wsctx.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/wsctx_schema" location="wsctx.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/wsrm_schema" location="wsrm.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/wss_schema" location="wss.xsd"/>

<message name="delete_publisherAssertionsMessage">


<part name="body" element="uddi:delete_publisherAssertions"/>

</message>

<message name="get_serviceDetailMessage">


<part name="body" type="uddi:get_serviceDetail"/>

</message>

<message name="save_tModelMessage">


<part name="body" element="uddi:save_tModel"/>

</message>

<message name="assertionStatusReportMessage">


<part name="body" element="uddi:assertionStatusReport"/>

</message>

<message name="serviceListMessage">


<part name="body" element="uddi:serviceList"/>

</message>

<message name="dispositionReportMessage">


<part name="body" element="uddi:dispositionReport"/>

</message>

<message name="save_serviceWMMessage">


<part name="body" type="uddi_ext:save_service"/>

</message>

<message name="save_businessMessage">


<part name="body" element="uddi:save_business"/>

</message>

<message name="serviceDetailWMMessage">


<part name="body" type="uddi_ext:serviceDetail"/>

</message>

<message name="add_publisherAssertionsMessage">


<part name="body" element="uddi:add_publisherAssertions"/>

</message>

<message name="get_operationalInfoMessage">


<part name="body" element="uddi:get_operationalInfo"/>

</message>

<message name="relatedBusinessesListMessage">


<part name="body" element="uddi:relatedBusinessesList"/>

</message>

<message name="bindingDetailMessage">


<part name="body" element="uddi:bindingDetail"/>

</message>

<message name="specify_UDDIResponseMessage">


<part name="status" type="xsd:string"/>

</message>

<message name="get_authTokenMessage">


<part name="body" element="uddi:get_authToken"/>

</message>

<message name="registeredInfoMessage">


<part name="body" element="uddi:registeredInfo"/>

</message>

<message name="businessListMessage">


<part name="body" element="uddi:businessList"/>

</message>

<message name="set_publisherAssertionsMessage">


<part name="body" element="uddi:set_publisherAssertions"/>

</message>

<message name="save_bindingMessage">


<part name="body" element="uddi:save_binding"/>

</message>

<message name="authTokenMessage">


<part name="body" element="uddi:authToken"/>

</message>

<message name="find_serviceMessage">


<part name="body" element="uddi:find_service"/>

</message>

<message name="delete_bindingMessage">


<part name="body" element="uddi:delete_binding"/>

</message>

<message name="delete_serviceMessage">


<part name="body" element="uddi:delete_service"/>

</message>

<message name="discard_authTokenMessage">


<part name="body" element="uddi:discard_authToken"/>

</message>

<message name="get_businessDetailMessage">


<part name="body" element="uddi:get_businessDetail"/>

</message>

<message name="specify_UDDIRequestMessage">


<part name="publish_url" type="xsd:string"/>


<part name="inquiry_url" type="xsd:string"/>

</message>

<message name="find_businessMessage">


<part name="body" element="uddi:find_business"/>

</message>

<message name="delete_tModelMessage">


<part name="body" element="uddi:delete_tModel"/>

</message>

<message name="get_registeredInfoMessage">


<part name="body" element="uddi:get_registeredInfo"/>

</message>

<message name="find_serviceWMMessage">


<part name="body" type="uddi_ext:find_service"/>

</message>

<message name="operationalInfosMessage">


<part name="body" element="uddi:operationalInfos"/>

</message>

<message name="tModelListMessage">


<part name="body" element="uddi:tModelList"/>

</message>

<message name="find_bindingMessage">


<part name="body" element="uddi:find_binding"/>

</message>

<message name="find_relatedBusinessesMessage">


<part name="body" element="uddi:find_relatedBusinesses"/>

</message>

<message name="get_publisherAssertionsMessage">


<part name="body" element="uddi:get_publisherAssertions"/>

</message>

<message name="find_tModelMessage">


<part name="body" element="uddi:find_tModel"/>

</message>

<message name="dispositionReportFaultMessage">


<part name="body" element="uddi:dispositionReport"/>

</message>

<message name="get_assertionStatusReportMessage">


<part name="body" element="uddi:get_assertionStatusReport"/>

</message>

<message name="delete_businessMessage">


<part name="body" element="uddi:delete_business"/>

</message>

<message name="tModelDetailMessage">


<part name="body" element="uddi:tModelDetail"/>

</message>

<message name="publisherAssertionsMessage">


<part name="body" element="uddi:publisherAssertions"/>

</message>

<message name="get_tModelDetailMessage">


<part name="body" element="uddi:get_tModelDetail"/>

</message>

<message name="serviceDetailMessage">


<part name="body" type="uddi:serviceDetail"/>

</message>

<message name="businessDetailMessage">


<part name="body" element="uddi:businessDetail"/>

</message>

<message name="get_bindingDetailMessage">


<part name="body" element="uddi:get_bindingDetail"/>

</message>

<message name="save_serviceMessage">


<part name="body" type="uddi:save_service"/>

</message>

<message name="delete_serviceAttributeMessage">


<part name="body" type="uddi_ext:delete_serviceAttribute"/>

</message>

<message name="find_serviceAttributeMessage">


<part name="body" type="uddi_ext:find_serviceAttribute"/>

</message>

<message name="save_serviceAttributeMessage">


<part name="body" type="uddi_ext:save_serviceAttribute"/>

</message>

<message name="get_serviceAttributeDetailMessage">


<part name="body" type="uddi_ext:get_serviceAttributeDetail"/>

</message>

<message name="serviceAttributeListMessage">


<part name="body" type="uddi_ext:serviceAttributeList"/>

</message>

<message name="serviceAttributeDetailMessage">


<part name="body" type="uddi_ext:serviceAttributeDetail"/>

</message>

<portType name="UDDI_Extended">


<operation name="get_serviceAttributeDetail">



<input message="tns:get_serviceAttributeDetailMessage"/>



<output message="tns:serviceAttributeDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_serviceAttribute">



<input message="tns:save_serviceAttributeMessage"/>



<output message="tns:serviceAttributeDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_serviceAttribute">



<input message="tns:find_serviceAttributeMessage"/>



<output message="tns:serviceAttributeListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_serviceAttribute">



<input message="tns:delete_serviceAttributeMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_service">



<input message="tns:save_serviceWMMessage"/>



<output message="tns:serviceDetailWMMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_service">



<input message="tns:find_serviceWMMessage"/>



<output message="tns:serviceListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_serviceDetail">



<input message="tns:get_serviceDetailMessage"/>



<output message="tns:serviceDetailWMMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_authToken">



<input message="tns:get_authTokenMessage"/>



<output message="tns:authTokenMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_business">



<input message="tns:save_businessMessage"/>



<output message="tns:businessDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_service">



<input message="tns:delete_serviceMessage"/>



<output message="tns:dispositionReportMessage"/>


</operation>


<operation name="delete_business">



<input message="tns:delete_businessMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_business">



<input message="tns:find_businessMessage"/>



<output message="tns:businessListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>

</portType>

<binding name="UDDI_Extended_SoapBinding" type="tns:UDDI_Extended">


<soap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>


<operation name="get_serviceAttributeDetail">



<soap:operation soapAction="get_serviceAttributeDetail"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_serviceAttribute">



<soap:operation soapAction="save_serviceAttribute"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_serviceAttribute">



<soap:operation soapAction="find_serviceAttribute"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_serviceAttribute">



<soap:operation soapAction="delete_serviceAttribute"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_service">



<soap:operation soapAction="save_service"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_service">



<soap:operation soapAction="find_service"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_serviceDetail">



<soap:operation soapAction="get_serviceDetail"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_authToken">



<soap:operation soapAction="get_authToken"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_business">



<soap:operation soapAction="save_business"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_service">



<soap:operation soapAction="delete_service"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>


</operation>


<operation name="delete_business">



<soap:operation soapAction="delete_business"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_business">



<soap:operation soapAction="find_business"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>

</binding>

<service name="UDDI_Extended">


<port name="UDDI_Extended" binding="tns:UDDI_Extended_SoapBinding">



<soap:address location="http://localhost:8080/axis/services/UDDI_Extended"/>


</port>

</service>

<documentation>This WSDL document defines the portTypes for the following         UDDI V3 API Sets: Inquiry; Publication and Security.</documentation>
</definitions>
B: UDDI-WSContext WSDL
<?xml version="1.0" encoding="UTF-8"?>
<!-- edited with XMLSpy v2006 sp1 U (http://www.altova.com) by Aktas Mehmet (PTL) -->
<definitions xmlns="http://schemas.xmlsoap.org/wsdl/" xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:tns="http://uddi.services.axis.cgl/uddi_wscontext" xmlns:uddi="http://uddi.services.axis.cgl/uddi_schema" xmlns:uddi_ext="http://uddi.services.axis.cgl/uddi_ext_schema" xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:uddi_wsctx="http://WSCTX.services.axis.cgl/uddi_wsctx_schema" xmlns:wsctx="http://WSCTX.services.axis.cgl/wsctx_schema" targetNamespace="http://uddi.services.axis.cgl/uddi_wscontext" name="UDDI_WSContext">

<import namespace="http://uddi.services.axis.cgl/uddi_schema" location="uddi.xsd"/>

<import namespace="http://uddi.services.axis.cgl/uddi_ext_schema" location="uddi_ext.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/uddi_wsctx_schema" location="uddi_wsctx.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/wsctx_schema" location="wsctx.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/wsrm_schema" location="wsrm.xsd"/>

<import namespace="http://WSCTX.services.axis.cgl/wss_schema" location="wss.xsd"/>

<message name="delete_publisherAssertionsMessage">


<part name="body" element="uddi:delete_publisherAssertions"/>

</message>

<message name="get_serviceDetailMessage">


<part name="body" type="uddi:get_serviceDetail"/>

</message>

<message name="save_tModelMessage">


<part name="body" element="uddi:save_tModel"/>

</message>

<message name="assertionStatusReportMessage">


<part name="body" element="uddi:assertionStatusReport"/>

</message>

<message name="serviceListMessage">


<part name="body" type="uddi:serviceList"/>

</message>

<message name="dispositionReportMessage">


<part name="body" element="uddi:dispositionReport"/>

</message>

<message name="save_serviceWMMessage">


<part name="body" type="uddi_ext:save_service"/>

</message>

<message name="save_businessMessage">


<part name="body" element="uddi:save_business"/>

</message>

<message name="serviceDetailWMMessage">


<part name="body" type="uddi_ext:serviceDetail"/>

</message>

<message name="add_publisherAssertionsMessage">


<part name="body" element="uddi:add_publisherAssertions"/>

</message>

<message name="get_operationalInfoMessage">


<part name="body" element="uddi:get_operationalInfo"/>

</message>

<message name="relatedBusinessesListMessage">


<part name="body" element="uddi:relatedBusinessesList"/>

</message>

<message name="bindingDetailMessage">


<part name="body" element="uddi:bindingDetail"/>

</message>

<message name="specify_UDDIResponseMessage">


<part name="status" type="xsd:string"/>

</message>

<message name="get_authTokenMessage">


<part name="body" element="uddi:get_authToken"/>

</message>

<message name="registeredInfoMessage">


<part name="body" element="uddi:registeredInfo"/>

</message>

<message name="businessListMessage">


<part name="body" element="uddi:businessList"/>

</message>

<message name="set_publisherAssertionsMessage">


<part name="body" element="uddi:set_publisherAssertions"/>

</message>

<message name="save_bindingMessage">


<part name="body" element="uddi:save_binding"/>

</message>

<message name="authTokenMessage">


<part name="body" element="uddi:authToken"/>

</message>

<message name="find_serviceMessage">


<part name="body" element="uddi:find_service"/>

</message>

<message name="delete_bindingMessage">


<part name="body" element="uddi:delete_binding"/>

</message>

<message name="delete_serviceMessage">


<part name="body" element="uddi:delete_service"/>

</message>

<message name="discard_authTokenMessage">


<part name="body" element="uddi:discard_authToken"/>

</message>

<message name="get_businessDetailMessage">


<part name="body" element="uddi:get_businessDetail"/>

</message>

<message name="specify_UDDIRequestMessage">


<part name="publish_url" type="xsd:string"/>


<part name="inquiry_url" type="xsd:string"/>

</message>

<message name="find_businessMessage">


<part name="body" element="uddi:find_business"/>

</message>

<message name="delete_tModelMessage">


<part name="body" element="uddi:delete_tModel"/>

</message>

<message name="get_registeredInfoMessage">


<part name="body" element="uddi:get_registeredInfo"/>

</message>

<message name="find_serviceWMMessage">


<part name="body" type="uddi_ext:find_service"/>

</message>

<message name="operationalInfosMessage">


<part name="body" element="uddi:operationalInfos"/>

</message>

<message name="tModelListMessage">


<part name="body" element="uddi:tModelList"/>

</message>

<message name="find_bindingMessage">


<part name="body" element="uddi:find_binding"/>

</message>

<message name="find_relatedBusinessesMessage">


<part name="body" element="uddi:find_relatedBusinesses"/>

</message>

<message name="get_publisherAssertionsMessage">


<part name="body" element="uddi:get_publisherAssertions"/>

</message>

<message name="find_tModelMessage">


<part name="body" element="uddi:find_tModel"/>

</message>

<message name="dispositionReportFaultMessage">


<part name="body" element="uddi:dispositionReport"/>

</message>

<message name="get_assertionStatusReportMessage">


<part name="body" element="uddi:get_assertionStatusReport"/>

</message>

<message name="delete_businessMessage">


<part name="body" element="uddi:delete_business"/>

</message>

<message name="tModelDetailMessage">


<part name="body" element="uddi:tModelDetail"/>

</message>

<message name="publisherAssertionsMessage">


<part name="body" element="uddi:publisherAssertions"/>

</message>

<message name="get_tModelDetailMessage">


<part name="body" element="uddi:get_tModelDetail"/>

</message>

<message name="serviceDetailMessage">


<part name="body" type="uddi:serviceDetail"/>

</message>

<message name="businessDetailMessage">


<part name="body" element="uddi:businessDetail"/>

</message>

<message name="get_bindingDetailMessage">


<part name="body" element="uddi:get_bindingDetail"/>

</message>

<message name="save_serviceMessage">


<part name="body" type="uddi:save_service"/>

</message>

<message name="delete_serviceAttributeMessage">


<part name="body" type="uddi_ext:delete_serviceAttribute"/>

</message>

<message name="find_serviceAttributeMessage">


<part name="body" type="uddi_ext:find_serviceAttribute"/>

</message>

<message name="save_serviceAttributeMessage">


<part name="body" type="uddi_ext:save_serviceAttribute"/>

</message>

<message name="get_serviceAttributeDetailMessage">


<part name="body" type="uddi_ext:get_serviceAttributeDetail"/>

</message>

<message name="serviceAttributeListMessage">


<part name="body" type="uddi_ext:serviceAttributeList"/>

</message>

<message name="serviceAttributeDetailMessage">


<part name="body" type="uddi_ext:serviceAttributeDetail"/>

</message>

<message name="delete_contextMessage">


<part name="body" type="uddi_wsctx:delete_context"/>

</message>

<message name="find_contextMessage">


<part name="body" type="uddi_wsctx:find_context"/>

</message>

<message name="save_contextMessage">


<part name="body" type="uddi_wsctx:save_context"/>

</message>

<message name="get_contextDetailMessage">


<part name="body" type="uddi_wsctx:get_contextDetail"/>

</message>

<message name="contextListMessage">


<part name="body" type="uddi_wsctx:contextList"/>

</message>

<message name="contextDetailMessage">


<part name="body" type="uddi_wsctx:contextDetail"/>

</message>

<message name="delete_sessionMessage">


<part name="body" type="uddi_wsctx:delete_session"/>

</message>

<message name="find_sessionMessage">


<part name="body" type="uddi_wsctx:find_session"/>

</message>

<message name="save_sessionMessage">


<part name="body" type="uddi_wsctx:save_session"/>

</message>

<message name="get_sessionDetailMessage">


<part name="body" type="uddi_wsctx:get_sessionDetail"/>

</message>

<message name="sessionListMessage">


<part name="body" type="uddi_wsctx:sessionList"/>

</message>

<message name="sessionDetailMessage">


<part name="body" type="uddi_wsctx:sessionDetail"/>

</message>

<portType name="UDDI_WSContext">


<operation name="save_business">



<input message="tns:save_businessMessage"/>



<output message="tns:businessDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_business">



<input message="tns:delete_businessMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_service">



<input message="tns:delete_serviceMessage"/>



<output message="tns:dispositionReportMessage"/>


</operation>


<operation name="find_business">



<input message="tns:find_businessMessage"/>



<output message="tns:businessListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_authToken">



<input message="tns:get_authTokenMessage"/>



<output message="tns:authTokenMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="discard_authToken">



<input message="tns:discard_authTokenMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_sessionDetail">



<input message="tns:get_sessionDetailMessage"/>



<output message="tns:sessionDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_session">



<input message="tns:save_sessionMessage"/>



<output message="tns:sessionDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_session">



<input message="tns:find_sessionMessage"/>



<output message="tns:sessionListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_session">



<input message="tns:delete_sessionMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_contextDetail">



<input message="tns:get_contextDetailMessage"/>



<output message="tns:contextDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_context">



<input message="tns:save_contextMessage"/>



<output message="tns:contextDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_context">



<input message="tns:find_contextMessage"/>



<output message="tns:contextListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_context">



<input message="tns:delete_contextMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_serviceAttributeDetail">



<input message="tns:get_serviceAttributeDetailMessage"/>



<output message="tns:serviceAttributeDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_serviceAttribute">



<input message="tns:save_serviceAttributeMessage"/>



<output message="tns:serviceAttributeDetailMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_serviceAttribute">



<input message="tns:find_serviceAttributeMessage"/>



<output message="tns:serviceAttributeListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="delete_serviceAttribute">



<input message="tns:delete_serviceAttributeMessage"/>



<output message="tns:dispositionReportMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="save_service">



<input message="tns:save_serviceWMMessage"/>



<output message="tns:serviceDetailWMMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="find_service">



<input message="tns:find_serviceWMMessage"/>



<output message="tns:serviceListMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>


<operation name="get_serviceDetail">



<input message="tns:get_serviceDetailMessage"/>



<output message="tns:serviceDetailWMMessage"/>



<fault name="FaultName" message="tns:dispositionReportFaultMessage"/>


</operation>

</portType>

<binding name="UDDI_WSContext_SoapBinding" type="tns:UDDI_WSContext">


<soap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>


<operation name="save_business">



<soap:operation soapAction="save_business"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_business">



<soap:operation soapAction="delete_business"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_service">



<soap:operation soapAction="delete_service"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>


</operation>


<operation name="find_business">



<soap:operation soapAction="find_business"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_authToken">



<soap:operation soapAction="get_authToken"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="discard_authToken">



<soap:operation soapAction="discard_authToken"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_sessionDetail">



<soap:operation soapAction="urn:get_sessionDetail"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_session">



<soap:operation soapAction="urn:save_session"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_session">



<soap:operation soapAction="urn:find_session"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_session">



<soap:operation soapAction="urn:delete_session"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_contextDetail">



<soap:operation soapAction="urn:get_contextDetail"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_context">



<soap:operation soapAction="urn:save_context"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_context">



<soap:operation soapAction="urn:find_context"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_context">



<soap:operation soapAction="urn:delete_context"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_serviceAttributeDetail">



<soap:operation soapAction="urn:get_serviceAttributeDetail"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_serviceAttribute">



<soap:operation soapAction="urn:save_serviceAttribute"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_serviceAttribute">



<soap:operation soapAction="urn:find_serviceAttribute"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="delete_serviceAttribute">



<soap:operation soapAction="urn:delete_serviceAttribute"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="save_service">



<soap:operation soapAction="save_service"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="find_service">



<soap:operation soapAction="find_service"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>


<operation name="get_serviceDetail">



<soap:operation soapAction="get_serviceDetail"/>



<input>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</input>



<output>




<soap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</output>



<fault name="FaultName">




<soap:fault name="FaultName" use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://uddi.services.axis.cgl/UDDI/binding"/>



</fault>


</operation>

</binding>

<service name="UDDI_WSContext">


<port name="UDDI_WSContext" binding="tns:UDDI_WSContext_SoapBinding">



<soap:address location="http://localhost:8080/axis/services/UDDI_WSContext"/>


</port>

</service>

<documentation>

WSDL document defines the portTypes for the following UDDI


API Sets: Inquiry; Publication and Security.


</documentation>
</definitions>
Workflow and Distributed Process Management: HPSearch

Purpose
Distributed applications have gained much importance in recent times. Distributed systems enabled using middleware such as CORBA and DCOM became very popular due to their support for moving costly computations to powerful computers while still having less powerful computers control the execution of these distributed components. These systems were however based on proprietary communication protocols and hence to address interoperability the distributed systems community has recently moved to using XML based communication and modeling distributed services as Web Services. 

Web Services are described using an XML based description language called the Web Services Description Language (WSDL). Web Services have addressed the issue of interoperability between services and discovery and invocation of these services in a standard manner. Recently, the Web Service community has developed different languages to also address the question of invoking multiple related Web Services, collectively termed as workflow. Various systems have demonstrated success in connecting disparate services together such as BPEL [BPEL] and other tools such as Triana [TRIANA], Kepler [KEPLER2004], Taverna [TAVERNA]. A major disadvantage of these systems is that they do not address data communication between services. In other systems such as GridAnt [GRIDANT], this issue is partially addressed by using files to transfer data between services.

HPSearch [Gadgil2004, Gadgil2005] primarily addresses this problem by using a scalable middleware system to route data between services. HPSearch has been used to demonstrate the use of such a system for processing real-time data for critical infrastructure applications. HPSearch also enables connecting disparate services for data analysis in real-time by processing data in streams. HPSearch uses a scalable, fault-tolerant middleware, NaradaBrokering, to route data in streams between services.

Another important issue is management of these distributed processes. We view management as a combination of management of the components making up the distributed process as well as management of the system components at runtime. As mentioned earlier, HPSearch uses NaradaBrokering [NaradaBrokering] to route data in streams. However, to setup the distributed application, one needs to setup and deploy a broker network topology. Typical characteristics of this network topology is providing alternate connection points, multiple interconnect routes and failure detection. To help manage these characteristics, HPSearch provides management tools for deploying and managing the broker network at runtime. Further to access various services in the routing substrate such as replay of events, special configuration might be necessary. HPSearch uses a scripting based architecture to provide management console functionality.

Thus, HPSearch provides dual functionality:  1) it provides a high-level language suitable for application developers to program workflows in a Grid that utilizes the messaging middleware, and 2) it provides tools to manage the messaging middleware

Architecture
The basic HPSearch architecture is shown in Figure 1.
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Figure 1 HPSearch Architecture

The HPSearch shell consists of a Javascript based console application along with a FlowHandler and Work Flow Engine (WFE) component and other system objects. The overall system may contain one or more Work Flow Engines (WFE). Different WFEs typically run on different machines. These different WFEs communicate with each other by a set of predefined messages through the brokering network. This communication is represented by black double-headed arrows. The Work Flow Engine runs a RequestHandler for every component it handles. The RequestHandler contains components to read and write to various types of resources and control web-service executions. A WSProxyClient component of the RequestHandler allows us to control the functioning of WSProxy (Web Service Proxy wrapper for components processing streaming data). The WSProxy exports a Web Service interface and handles all data communication (shown by green double headed arrows) on behalf of the wrapped service. The WSProxyClient controls the instantiation of a service and its operation (shown by the thick dashed line) via normal web-service calls (simple SOAP requests). 

WSProxy [Refer Figure 2] encapsulates a service using two interfaces (Runnable and Wrapped). Runnable is suited to quickly creating data filtering applications and provide more control on the life-cycle operations of the service. Wrapped provide less control on the lifecycle of the service but allows us to wrap an existing code for creating a pluggable component and exposing it as a Web Service. Wrapped service provides best results if the service being wrapped reads data from STDIN and writes data to STDOUT.

When a user submits a script and creates a Flow object, the shell invokes the FlowHandler which in conjunction with the WFE decides the best engine to handle a particular component of the flow. These task descriptions are then distributed to the individual WFEs who in turn invoke a RequestHandler to process the request.
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Figure 2 WSProxy Architecture

We can compose a distributed data-flow by joining multiple WSProxy wrapped services and setting the correct input and output streams. The brokering network is used to handle the data communication between the services.

Scripting Interface

HPSearch uses Mozilla Rhino [Ref: Rhino] engine. Rhino allows us to define custom host-objects that can do specific tasks. This allows us to extend the capability of scripting medium by binding various tasks as first-class objects. One of the most important HPSearch object is the WSDL object that allows us to invoke a remote Web Service using scripting. An example of such an invocation is as follows

w = new WSDL(


http://156.56.104.155:8080/axis/axisapps/Calculator.jws
);

result = w.invoke("add", 5, 6);

In the above script, we create a new Javascript object w that is an instance of the WSDL class. We invoke the add function defined in the Web Service. 

Similarly we can add objects to manipulate different types of remote objects such as services, topics, and resources. In general we can bind any URI (Uniform Resource Identifier) to the scripting language to manipulate the resource identified by the URI using scripting.

Another example would be to use HPSearch to copy a remote resource (a file on remote web-server) to local resource (a local file). The script to achieve the same would look as follows

x = "http://trex.ucs.indiana.edu/data.txt";

y = "file:///u/hgadgil/data.txt";

Resource r = new Resource("Copier");

r.port[0].subscribeFrom(x);   /* read from */ 

r.port[0].publishTo(y);       /* write to */

f = new Flow();

f.addStartActivities(r);

f.start("1");
Here the Resource object automatically copies the remote file using the HTTP protocol. The Flow object is used to co-ordinate the data transfer. 

We list and describe the major objects added by HPSearch to Rhino, below.

Scripting Interface Objects
This section describes the various bindings and implementation notes on binding external URLs to HPSearch. Consider for example the WSDL object. This object allows us to script Web Service invocations. We describe the process below.

Creating Custom Objects for Specific Tasks
Essentially the host-objects are Java wrapper classes that extend ScriptableObject class from the Rhino classes while wrapping the action to be done. The WSDL object provides a bridge between the scripting front-end and Web Service invocation using Apache Axis. We start out by defining the actions to be done and implementing custom classes for the same. All input is then modeled as properties of the host-object. Further the various operations are wrapped as functions in the host-object. Input parameters are passed as an array of Objects which must be properly type-casted to the appropriate inputs. For example, the invoke method of WSDL object looks as follows

public static Object jsFunction_invoke(Context _cx,


Scriptable thisObj, Object[] args, Function funObj) {


WSDL w = (WSDL) thisObj;

        String function = (String) args[0];

        String[] params = new String[args.length - 1];

        for (int i = 1; i < args.length; i++) {

            params[i - 1] = args[i].toString();

        }

        try {

            Object[] result = w.sc.invoke(function, params);

            if (result.length == 0)

                return null;

            else if (result.length == 1)

                return result[0];

            else

                return _cx.newArray(thisObj, result);

        } catch (Exception e) {

            log.error("", e);

            return null;

        }

}

Here sc is a SOAPClient object that uses Axis libraries to do remote method invocation on Web Services. 

To implement properties of javascript objects we use the jsSet and jsGet function prefixes. For example to set the wsdl location of the remote Web Service using a property wsdl, the code looks as follows

public void jsSet_wsdl(String url) {

        wsdlURL = url;

        boolean status = sc.setWSDL(wsdlURL);

        if (status)

            log.debug("Parsing successful");

        else

            log.warn("Parsing un-successful");

}

This allows us to do 

w = new WSDL();

w.wsdl = "…";

Finally we can initialize the WSDL object using the constructor itself as follows

public static Scriptable jsConstructor(Context cx, 


Object[] args, Function ctorObj, boolean inNewExpr) {

        WSDL w = new WSDL();

        if (args.length == 0 || args[0] == Context.getUndefinedValue()) 


{

            w.wsdlURL = "";

        } else {

            w.jsSet_wsdl(Context.toString(args[0]));

        }

        return w;

    }

Similarly other actions can be modeled using host-objects. Figure 3 shows this process diagrammatically.
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Figure 3 Creating Rhino Host - Objects

Host Objects in HPSearch
We divide the various host-objects in HPSearch in 3 categories as follows

	General
	WSDL

	
	DBConnection

	
	Sys

	
	WSContext

	NaradaBrokering Interface
	NaradaBroker

	
	PerfMetrics

	
	BrokerDiscovery

	Workflow Scripting
	Flow

	
	WSProxyResource

	
	WSDLResource

	
	DBResource

	
	URLResource

	
	ResourcePort


We describe each of these objects below
WSDL:

Synopsis
Used to invoke an operation from a Web Service using Axis. 

Use 
w = new WSDL("http://156.56.104.155:8080/axis/axisapps/Calculator.jws");
result = w.invoke("add", 5, 6); 
API: 

· WSDL(String wsdlURI)
Constructs a new WSDL object for the specified wsdl URI. 

· result = invoke(String operation, param_1, param2, ..., param_N)
Invokes the operation using the parameters specified. 

TODO: Error Checking
NOTE: Only simple types are supported. 

DBConnection:

Synopsis
Used to invoke DB queries using SQL statements. The result of the query is converted to XML as follows

	Name
	id

	Tom
	12345001

	Mary
	12345002

	Richard
	12345006


is converted to 

          <result>

             <record>


         <Name>Tom</Name>

                 <id>12345001</id>

             </record>

             <record>


         <Name>Mary</Name>

                 <id>12345002</id>

             </record>

             <record>


         <Name>Richard</Name>

                 <id>12345006</id>

             </record>

          </result>

Use 

         dbconn = new DBConnection("jdbc:mysql://d-104-198.dhcp-156-56.indiana.edu/test?user=****&password=****");

         xml = dbconn.runSQLQuery("SELECT * FROM empl");

Another way is to write the output to a specific stream as in the following example 

         dbconn = new DBConnection("jdbc:mysql://d-104-198.dhcp-156-56.indiana.edu/test?user=****&password=****");

         dbconn.SQLQuery="SELECT id, name FROM empl";

         r = new Resource();

         r.port[0].publishTo("file:///u/hgadgil/test.xml");

         r.port[0].subscribeFrom(dbconn.publish);

         f = new Flow();

         f.addComponents(r);

         f.addStartActivities(dbconn);

         f.start();

Sys:

Synopsis
Used to provide quick shortcuts to a variety of operations
API 

· InitCommLink (String host, String port, String protocol)
Tries to initialize the TaskScheduler Engine's communication link by connecting to the specified broker:port using the specified protocol
E.g.
Sys.InitCommLink("localhost", "25000", "niotcp"); 
· run (String pathToFile)
Runs a script in the file
E.g.
Sys.run("/home/scripts/script1.js"); 
· print (String[] stuff) / println (Stirng[] stuff)
Prints the given strings to STDOUT. println explicitly print a newline after printing all elements. 
For E.g.
Sys.println("Hello" + name); 
· GenerateUUID()
Generates a new Time-based UUID. Useful for tagging objects with UUIDs.
For E.g.
uuid = Sys.GenerateUUID(); 
· getHostAddress()
Returns the current hosts' IP address.
For E.g.
addr = Sys.getHostAddress(); 
· date
Returns the current date and time
For E.g.
currentDate = Sys.date; 
WSContext:

Synopsis
Scripting front-end to the WS-Context [Aktas2005] service. The object exports 2 functions put and get

Use 

// Store a value in the Context service

WSContext.put("context:///GIS/PI", "Executing...");

// Get a value from the Context service

status = WSContext.get("context:///GIS/PI");

NaradaBroker

Synopsis
Provides an interface to the HPSearch's NaradaBroker BrokerInstantiator Service. 

Setup Instructions
· Use HPSEARCH_HOME/bin/runBrokerInstantiatorService.(bat/sh) to start the service frontend on the machines where the service needs to run.

· This service instance can be used to create multiple brokers on the same host but running on different configurations.

API
· create(String configFile, String serviceConfig) 
Creates a new BrokerNode. Optionally you can specify a different Config file. If blank specified, the default NB_HOME/configBrokerConfiguration.txt file is used. Secvice Confguration file is required for some newer features in NB. If not specified the default NB_HOME/config/ServiceConfiguration.txt is used
E.g.
x = new NaradaBroker("http://156.56.104.139:17070/");
brokId = x.create("C:\\Home\\NaradaBrokering-0.99-rc4\\config\\Broker-II-Configuration.txt", "C:\\Home\\NaradaBrokering-0.99-rc4\\config\\ServiceConfiguration.txt"); 
· connectTo(String brokerId, String host, int port, String protocol, String alternate_ConfigFile) 
Connects to an existing Broker. The various parameters are as follows. 

· brokerId - Identifies the source broker from where the connection is to be initiated

· host - Host on which the destination broker to connnect to is running

· port - Port on which the destination broker to connnect to is listening

· protocol - Protocol to use. NB supports t (TCP), U(udp), ptcp(Parallel TCP), niotcp(Non Blocking IO TCP) etc... Complete list may be found on NB web-site. 

· alternateConfig - Use an alternate configuration file. Ususally pass an empty string

On successful completion of the call, a linkID of the created link is returned which can be used for subsequent calls such as while removing the link 
E.g. 
link = x.connectTo(brokId, "156.56.104.139", "5045", "t", ""); 

· requestNodeAddress(String brokerID, String linkID, int linkLevel) 
Requests a node address for the currently created node if this node has no previously defined node address.

· brokerId - Identifies the source broker

· linkID - specifies the link (E.g. one obtained from connectTo)

· linkLevel - specifies if this broker is a cluster, super-cluster etc.


Returns true if the operation was successful, false otherwise 
E.g.
if(x.requestNodeAddress(brokId, link, "0")) {
  Sys.print("OK");
} else {
  Sys.print("OOPS...");
} 

· requestGatewayAddress(String brokerID, String linkID, int linkLevel) 
Requests a gateway address for the currently created node.

· brokerId - Identifies the source broker

· linkID - specifies the link (E.g. one obtained from connectTo)

· linkLevel - specifies if this broker is a cluster, super-cluster etc.


Returns true if the operation was successful, false otherwise 
E.g.
if(x.requestGatewayAddress(brokId, link, "0")) {
  Sys.print("OK");
} else {
  Sys.print("OOPS...");
} 

· String[] getLinks(String brokerID) 
Returns an array of string representing the links on the specified broker

· brokerId - Identifies a broker


E.g.
links = x.getLinks(brokId); 
Thus the links will be in links[0], links[1], ... and so on ! 

· void removeLink(String brokerID, String linkID) 
Removes the specified link from the specified broker

· brokerId - Identifies a broker

· linkID - specifies the link (E.g. one obtained from connectTo)


E.g.
x.removeLink(brokId, links[0]); 

· String[] getBrokers() 
Returns an array of string representing the brokers managed by the BrokerInstantiator Service

E.g.
brokers = x.getBrokers(); 
Thus the brokerIDs will be in brokers[0], brokers[1], ... and so on ! 

· killBroker(String brokerID) 
Shuts down the broker specified by the brokerID

E.g.
x.killBroker("uuid:12345678-1234-1234-1234-123456789012"); 
This gracefully shutsdown the broker with the specified ID! 

PerfMetrics

Synopsis
Provides an interface to the Narada Borkering Performance Monitoring Service. It provides the following functions. 

· getNodes() 
Returns the various aggregation nodes in the system 

· getLinks(String node) 
Returns the various links present in the brokering system as viewed by the aggregation node specified by the node parameter 

· startMonitoring() 
Starts the monitoring by starting listening to published events 

· stopMonitoring() 
Stops monitoring by un-subscribing to the topic. 

· query(String xpathQuery) 
Queries the collected data sing XPath queries. XPath makes easier to express complex queries and base decisions on the collected statistics. 

Examples: 


x = PerfMetrics.getNodes();


y = PerfMetrics.getLinks(x[0]);


badLink = PerfMetrics.query("//link[avgLatency > 5.0]/@id");

        jitter = PerfMetrics.query("//link[@id='" + badLink[0] + "']/jitter");

XML Structure:Subject to change

 <performanceData>


 
<node id='...nodeid...'>


 

<link id='...linkId...'>




      <userGroup>A</userGroup>

     


      <avgLatency>3.5</avgLatency>



              <jitter>0.4339609146118164</jitter>




      <lossRate>0.0</lossRate>




      <stdDev>1.9148542155126762</stdDev>




</link>

   


<link ...

   


</link>

   


...

   

</node>

   

<node ...

   

</node>

   

...


 </performanceData>

BrokerDiscovery

Synopsis
Provides an interface to the Narada Borkering Broker Discovery Service. It provides the following functions. For details on terminology, refer [Pallickara2005]. 

· discover(int timeout, int maxResponses, int maxSetSize, String[] protocols, Stirng belongingToNetwork) 
Here,
timeout - Timeout waiting for response (milliSeconds)
maxResponses - Maximum Responses to collect
maxSetSize - BrokerTargetSet Size
protocols - Broker MUST have these link factories up
belongingToNetwork - Broker MUST belong to this Virtual Private Network 

Returns a BrokerDiscoveryResponse corresponding to the best broker. 
If no such broker can be located, null is returned. 
E.g.
x = BrokerDiscovery.discover(5000, 5, 2, ["niotcp", "tcp"], "*"); 
Flow:

Synopsis
Used to group various components of the flow as a common flow. This flow is then submitted to the Flow Engine (Task Scheduler) to execute the flow. 
We specify the start activities (components that pump data into the overall data flow) and the non-start activities (downstream components that simply read data, manipulate/process it and send it to the next component in the flow chain). 
E.g.
f = new Flow();
f.addComponents(dataFilterService);
f.addStartActivities(dataSource);
f.start("1");

f.waitUntilFlowCompletes(); 
API 

· Flow ()
Creates a new Flow object. Does not take any parameters. 
E.g.
f = new Flow(); 
· addComponents (component_1, component_2, ..., component_N)
Adds non-start activities to the flow
Possible components could be DBResource, WSProxyResource, URLResource OR WSDLResource.
Non-start activities are always completely initialized to be in the READY state and waiting for data from upstream components. 
E.g.
f.addComponents(dataFilterService); 
· addStartActivities (component_1, component_2, ..., component_N)
Adds start activities to the flow
Possible components could be DBResource, WSProxyResource, URLResource OR WSDLResource.
These activities are simply initialized. When all the non-start activities are READY to run, only then are these activities started. These activities are upstream components that generate data to be processed by downstream components. 
E.g.
f.addStartActivities(dataSource); 
· start ("1")
Starts the flow. Step 1 is to initialize and run the non-start activities. After all activities have been initialized, then Step 2 is to run the start activities. The parameter "1" runs the flow, "0" is used for debugging purposes (only print information, do not start flow). 
E.g.
f.start("1"); 
· waitUntilFlowCompletes ()
Causes the current shell context to wait until the flow completes, i.e. all activities return a COMPLETED value. 
E.g.
f.waitUntilFlowCompletes(); 
WSProxyResource:

Synopsis
Used to control a WSProxy service. Allows user to specify the processing element, input and output stream and service specific parameters. 
E.g.
filterService = "cgl.GIS.services.DataFilter";
filterServiceLoc = "http://gf7.ucs.indiana.edu:4700/axis/services/WSSConnector?wsdl";

filterServiceHandler = new WSProxyResource(filterService, filterServiceLoc);
filterServiceHandler.setInput("http://gf8.ucs.indiana.edu:7474/wfs/results.txt"); 
filterServiceHandler.setOutput("niotcp://localhost:3045/filteredData");
filterServiceHandler.setParameter("Magnitude", MinimumMagnitude);
API 

· WSProxyResource (String service, String serviceLocation)
Creates a new WSProxyResource for the specified service whose service description (WSDL) may be accessed at the location serviceLocation 
E.g.
filterServiceHandler = new WSProxyResource(filterService, filterServiceLoc); 
· setInput (String inputStreamURI)
Specifies the input to the service. The URI is accessed using internal API.
Possible values are topics, files, sockets, web addresses.
Multiple inputstreams can be specified using one call of setInput for each input. 
E.g.
filterServiceHandler.setInput("http://gf8.ucs.indiana.edu:7474/wfs/results.txt"); 
· setOutput (String outputStreamURI)
Specifies where the output from the service is to sent. The URI is accessed using internal API.
Possible values are topics, files, sockets, web addresses
Multiple outputstreams can be specified using one call of setOutput for each output. 
E.g.
filterServiceHandler.setOutput("niotcp://localhost:3045/filteredData"); 
· setParameter (String param, String value)
Specifies the parameters as name-value pairs. Multiple parameters can be specified using one call of setParameter for each parameter. 
E.g.
filterServiceHandler.setParameter("Magnitude", MinimumMagnitude); 
WSDLResource:

Synopsis
Used to specify the location of a Web Service as a resource. The URI points to the WSDL for the Web Service to be invoked. Once this is specified, we use additional parameters to specify the operation to invoke and the parameters to this operation. 

E.g.
x = new WSDLResource();
x.wsdl = "location of WSDL";
x.operation = "operationToInvoke";
x.param[0] = "param0";
x.param[1] = "param1";
x.param[2] = "param2";
...
x.param[N] = "paramN";

DBResource:

Synopsis
Used to run a SQL query on a specified database and publish the results to a stream (file, topic, socket). This binds database access using JDBC to HPSearch. 

Properties 

· SQLQuery - The SQL select query to execute

· publish - Specifies where the ouput of the query is sent.

E.g.
dbconn = new DBConnection("jdbc:mysql://trex.ucs.indiana.edu/test?user=root&password=mysql");
dbconn.SQLQuery="SELECT id, name FROM empl";

r = new URLResource();
r.port[0].publishTo("file:///u/hgadgil/test.xml");
r.port[0].subscribeFrom(dbconn.publish);

f = new Flow();
f.addComponents(r);
f.addStartActivities(dbconn);
f.start("1");
URLResource:

Synopsis
Used to specify a URL as a resource. This object specifies URLs as input output pairs, thus we can read (subscribe) from a URL and write (publish) to another URL. The ResourcePort is used in tandem with this object to specify the input and output streams. This object is structured as shown in Figure 4
E.g.
x = new URLResource();


x.port[0].subscribeFrom = "file:///tmp/data.txt";

x.port[0].publishTo = "topic://niotcp:///rawData";

// topic on which errors / notifications are published
x.notify.subscribeFrom="...";
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Figure 4 URL Resource Components

ResourcePort:

Synopsis
Used to specify publish / subscribe stream URIs. 
E.g.
x = new ResourcePort();

// To specify Write / publish, use as 
x.publishTo("file:///tmp/out.txt"); 

// OR can simply say x.publish = "file:///tmp/out.txt" 


// To specify read / subscribe, use as 
x.subscribeFrom("file:///tmp/in.txt"); 

// OR can simply say x.subscribe = "file:///tmp/out.txt"
Scripting Distributed Workflows

In this section we illustrate more complex features of HPSearch, specifically devoted to management of the NaradaBrokering middleware and deploying distributed services and managing workflow.

Integrating disparate codes using HPSearch

Various data analysis codes exist that work on real-time as well as archived data. These data analysis tools usually need to be integrated with visualization tools (such as graph generators using Matlab). Further, using Web Services we can easily integrate several GIS and other services into complex tasks. However, providing high-rate transportation capabilities for large amounts of data remains a problem because the pure Web Services implementations rely on SOAP messages exchanged over HTTP. To assuage this problem we have been using HPSearch to model these data analysis codes as Web Services while also using these specialized Web Services to automatically transport data using topic-based publish-subscribe messaging systems. 

We have been using NaradaBrokering which provides several useful features besides streaming data transport such as reliable delivery, ability to choose alternate transport protocols, security and recovery from network failures. HPSearch based scripting is then used to weave these applications and the transport together to form a complete data analysis tool.

To illustrate, we have modeled two applications. We discuss the architecture and example script below.

RDAHMM

RDAHMM [Granat2004] is a time series analysis program that uses a fit of a hidden Markov model (HMM) to the data to determine, on a statistical basis, the different modes of the system and their probabilistic descriptions.  It employs a regularized deterministic annealing expectation-maximization algorithm to optimize the model fit; this method greatly reduces the risk of producing a sub-optimal solution for complex, unconstrained time series data sets.

Our application consists of a GPS database that contains surface displacement time series collection by the Southern California Integrated Geodetic Network (SCIGN). The GPS database gives out the readings which contain the estimate and error values along with the date and time of observation and the name of the observation station. This data needs to be filtered to obtain only the estimate and error values. The filtered data is then analyzed by the RDAHMM application and the results of the analysis along with the filtered data are fed to a Matlab script to generate a graphical output that allows a user to easily identify the modes in the time series and determine which points or segments of interest lie in each mode.

The test application setup is shown in Figure 5. Using the WSProxy interfaces, we wrapped the GPS data filter, the RDAHMM application and the Matlab script. The WSProxy wrapper manages the data streams on behalf of the wrapped services. In order to quickly compose the above application we also make use of the HPSearch’s administrative functions. An important functionality is deploying brokers and the links between them for rapid application deployment. 
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The NaradaBrokering [Palliackara2003] messaging middleware provides us with a host of features such as reliable delivery, multicasting, message level security and a variety of transport protocols such as RTP, UDP and TCP. Depending on the requirements of a particular application, we can use different protocol for every data stream link using flexible negotiation as discussed in [Gadgil2005]. The stream negotiation is important since it would allow us to use the most optimal transport suited to a particular application to achieve processing in real-time or near real-time.

For our test data, we simulated a sensor data source that outputs the date, time and the observed values. Since the RDAHMM application requires only the observed values, we install a filter (which is again a WSProxy based Runnable filter that reads each observation, extracts the relevant information and send the output to the RDAHMM application). The RDAHMM process is executed on these observations and the results sent to the visualization service which creates a graph by combining the results and observations.


The HPSearch Javascript for running the flow is shown below

gpsDataTopic = "topic:///GPSData";

gpsFilteredData = "topic:///GPSFilter/filteredData";

gpsComputedData = "topic:///GPSFilter/computedData"

gpsfilter = "filter.GPSFilter";

gpsfilterLoc = 
   "http://156.56.104.170:4500/axis/services/WSSConnector?wsdl";

filter = new WSProxyResource(gpsfilter, gpsfilterLoc);

filter.setParameter("INPUT", gpsDataTopic);

filter.setParameter("OUTPUT", gpsFilteredData);

filter.setParameter("OUTPUTCOLUMNS", "1,2");

rdahmmfilter = "processes.RDAHMM";

rdahmmfilterLoc = 

   "http://trex.ucs.indiana.edu:6500/axis/services/WSSConnector?wsdl";

rdahmm = new WSProxyResource(rdahmmfilter, rdahmmfilterLoc);

rdahmm.setInput(gpsFilteredData);

rdahmm.setOutput(gpsComputedData);

rdahmm.setParameter("OPTIONS", "-D 3 -N 2 -output_type gauss -regularize -omega 0 0 1 1.0e-6 -anneal -annealstep 0.01 -seed 1");

rdahmm.setParameter("VERBOSE", "NO");

vizService = "vizClient.vizGen";

vizServiceLoc = 
   "http://school.cs.indiana.edu:6600/axis/services/WSSConnector?wsdl";

viz = new WSProxyResource(vizService, vizServiceLoc);

viz.setInput(gpsFilteredData);

viz.setInput(gpsComputedData);

f = new Flow();

f.addComponents(filter, rdahmm, viz);

f.start("1");

Pattern Informatics

Patter Informatics [Tiampo2002] tries to discover patterns given past data to predict probability of future events. The process of analysis involves data mining which is made using a Web Feature Service (WFS). An independent browser based GUI, the Web Map Service (WMS) is responsible for collecting parameters for invoking the PI code. These parameters are then sent to an HPSearch engine which invokes the various services to start the flow. The process is diagrammatically illustrated in Figure 6.

As shown in the figure, the WMS submits a flow for execution by invoking the HPSearch Web Service. This request also includes all parameters required for execution of the script. The HPSearch system works in tandem with a context service [Ref: WSContext] for communicating with the WMS. The context service is a distributed, high performance registry service useful for storing session and other context related data. Once submitted, the HPSearch engine invokes and initializes the various services, namely the Data Filter service, that filters incoming data and reformats it to the proper input format as required by the PI executable, and the PICode Runner service that actually runs the PI analysis program on the mined data. Once initialized, the HPSearch engine then proceeds to execute the WFS Web Service with the appropriate GML (Geographical Markup Language) query as input. The WFS then outputs the result of the query onto a topic specified by HPSearch. This stream of data is filtered as it passes through the Data Filter service and the result is accumulated by the PI service.The PI Service then executes the PI code on the data and the resulting file is sent to a publicly accessible Web server. The URL of the generated file is then written to the context service by HPSearch.

The WMS, constantly polls the context service to see if the execution has finished. Once it is signaled that the execution is finished, the WMS downloads the result file from the web server and displays the output by plotting on the graph.
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Figure 6 PI Setup

As compared to the RDAHMM flow described above, the PI flow is more complex and needs to orchestrate between more number of services especially the context service and WFS. The HPSearch Javascript is as follows

generateWFSRequest = function(params, sYr, sMo, sD, eYr, eMo, eD, mag) {

        var x = "";

        x = x + "<?xml version=\"1.0\" encoding=\"iso-8859-1\"?>\n";

        x = x + "<wfs:GetFeature outputFormat=\"GML2\"\n";

        x = x + "  xmlns:gml=\"http://www.opengis.net/gml\"\n";

        x = x + "  xmlns:wfs=\"http://www.opengis.net/wfs\"\n";

        x = x + "  xmlns:ogc=\"http://www.opengis.net/ogc\">\n";

        x = x + "  <wfs:Query typeName=\"global_hotspots\">\n";

        x = x + "<wfs:PropertyName>YEAR</wfs:PropertyName>\n";

        x = x + "<wfs:PropertyName>MONTH</wfs:PropertyName>\n";

        x = x + "<wfs:PropertyName>DAY</wfs:PropertyName>\n";

        x = x + "<wfs:PropertyName>LATITUDE</wfs:PropertyName>\n";

        x = x + "<wfs:PropertyName>LONGITUDE</wfs:PropertyName>\n";

        x = x + "<wfs:PropertyName>MAGNITUDE</wfs:PropertyName>\n";

        x = x + "<ogc:Filter>\n";

        x = x + "<ogc:BBOX>\n";

        x = x + "<ogc:PropertyName>coordinates</ogc:PropertyName>\n";

        x = x + "<gml:Box>\n";

        x = x + "<gml:coordinates>" + params + "</gml:coordinates>\n";

        x = x + "</gml:Box>\n";

        x = x + "</ogc:BBOX>\n";

        x = x + "</ogc:Filter>\n";

        x = x + "</wfs:Query>\n";

        x = x + "<wfs:Query typeName=\"global_hotspots\">\n";

        x = x + "<ogc:Filter>\n";

        x = x + "<ogc:PropertyIsBetween>\n";

        x = x + "<ogc:Literal>YEAR</ogc:Literal>\n";

        x = x + "<ogc:LowerBoundary>\n";

        x = x + "<ogc:Literal>" + sYr + "</ogc:Literal>\n";

        x = x + "</ogc:LowerBoundary>\n";

        x = x + "<ogc:UpperBoundary>\n";

        x = x + "<ogc:Literal>" + eYr + "</ogc:Literal>\n";

        x = x + "</ogc:UpperBoundary>\n";

        x = x + "</ogc:PropertyIsBetween>\n";

        x = x + "</ogc:Filter>\n";

        x = x + "</wfs:Query>\n";

        x = x + "<wfs:Query typeName=\"global_hotspots\">\n";

        x = x + "<ogc:Filter>\n";

        x = x + "<ogc:PropertyIsBetween>\n";

        x = x + "<ogc:Literal>MONTH</ogc:Literal>\n";

        x = x + "<ogc:LowerBoundary>\n";

        x = x + "<ogc:Literal>" + sMo + "</ogc:Literal>\n";

        x = x + "</ogc:LowerBoundary>\n";

        x = x + "<ogc:UpperBoundary>\n";

        x = x + "<ogc:Literal>" + eMo + "</ogc:Literal>\n";

        x = x + "</ogc:UpperBoundary>\n";

        x = x + "</ogc:PropertyIsBetween>\n";

        x = x + "</ogc:Filter>\n";

        x = x + "</wfs:Query>\n";

        x = x + "<wfs:Query typeName=\"global_hotspots\">\n";

        x = x + "<ogc:Filter>\n";

        x = x + "<ogc:PropertyIsBetween>\n";

        x = x + "<ogc:Literal>DAY</ogc:Literal>\n";

        x = x + "<ogc:LowerBoundary>\n";

        x = x + "<ogc:Literal>" + sD + "</ogc:Literal>\n";

        x = x + "</ogc:LowerBoundary>\n";

        x = x + "<ogc:UpperBoundary>\n";

        x = x + "<ogc:Literal>" + eD + "</ogc:Literal>\n";

        x = x + "</ogc:UpperBoundary>\n";

        x = x + "</ogc:PropertyIsBetween>\n";

        x = x + "</ogc:Filter>\n";

        x = x + "</wfs:Query>\n";

        x = x + "<wfs:Query typeName=\"global_hotspots\">\n";

        x = x + "<ogc:Filter>\n";

        x = x + "<ogc:PropertyIsBetween>\n";

        x = x + "<ogc:Literal>MAGNITUDE</ogc:Literal>\n";

        x = x + "<ogc:LowerBoundary>\n";

        x = x + "<ogc:Literal>" + mag + "</ogc:Literal>\n";

        x = x + "</ogc:LowerBoundary>\n";

        x = x + "<ogc:UpperBoundary>\n";

        x = x + "<ogc:Literal>100</ogc:Literal>\n";

        x = x + "</ogc:UpperBoundary>\n";

        x = x + "</ogc:PropertyIsBetween>\n";

        x = x + "</ogc:Filter>\n";

        x = x + "</wfs:Query>\n";

        x = x + "</wfs:GetFeature>";

        return x;

}

/* Service List Configuration: Change here if these services change */

piServiceLoc     = "http://trex.ucs.indiana.edu:4700/axis/services/WSSConnector?wsdl";

wfsServiceLoc    = "http://gf8.ucs.indiana.edu:7070/wfs-streaming-service/services/wfs?wsdl";

httpServerLoc    = "http://trex.ucs.indiana.edu:4522/";

/* Get the script-id. */

/* We base our temporary files on this session UUID */

/* Constants */

rawDataStream   = "/" + SCRIPT_SESSION_ID + "/GIS/rawData/" ;

contextKey      = "context://GIS/PI/" + SCRIPT_SESSION_ID;

outputFileName  = "deltaP-" + SCRIPT_SESSION_ID + ".xyz";

/* Experiment Parameters */

/* Example values could look like this: */

/* LongitudeMin = "-122"; */

/* LongitudeMax = "-115"; */

/* LatitudeMin = "32"; */

/* LatitudeMax = "37"; */

/* BoxWidth = "0.1"; */

/* T0Year = "1932"; */

/* T0Month = "1"; */

/* T0Day = "1"; */

/* T1Year = "1990"; */

/* T1Month = "1"; */

/* T1Day = "1"; */

/* T2Year = "2000"; */

/* T2Month = "1"; */

/* T2Day = "1"; */

/* TimeStep = "30"; */

/* MinimumMagnitude = "3.0"; */

LongitudeMin     = ARGS[0];

LongitudeMax     = ARGS[1];

LatitudeMin      = ARGS[2];

LatitudeMax      = ARGS[3];

BoxWidth         = ARGS[4];

T0Year           = ARGS[5];

T0Month          = ARGS[6];

T0Day            = ARGS[7];

T1Year           = ARGS[8];

T1Month          = ARGS[9];

T1Day            = ARGS[10];

T2Year           = ARGS[11];

T2Month          = ARGS[12];

T2Day            = ARGS[13];

TimeStep         = ARGS[14];

MinimumMagnitude = ARGS[15];

WSContext.put(contextKey, "Executing");

/* Pattern Informatics Service Description */

piService    = "cgl.GIS.services.PIFilterRunner";

piServiceHandler = new WSProxyResource(piService, piServiceLoc);

piServiceHandler.setInput("topic://" + rawDataStream);

piServiceHandler.setParameter("LongitudeMin", LongitudeMin);

piServiceHandler.setParameter("LongitudeMax", LongitudeMax);

piServiceHandler.setParameter("LatitudeMin", LatitudeMin);

piServiceHandler.setParameter("LatitudeMax", LatitudeMax);

piServiceHandler.setParameter("BoxWidth", BoxWidth);

piServiceHandler.setParameter("T0Year", T0Year);

piServiceHandler.setParameter("T0Month", T0Month);

piServiceHandler.setParameter("T0Day", T0Day);

piServiceHandler.setParameter("T1Year", T1Year);

piServiceHandler.setParameter("T1Month", T1Month);

piServiceHandler.setParameter("T1Day", T1Day);

piServiceHandler.setParameter("T2Year", T2Year);

piServiceHandler.setParameter("T2Month", T2Month);

piServiceHandler.setParameter("T2Day", T2Day);

piServiceHandler.setParameter("TimeStep", TimeStep);

piServiceHandler.setParameter("MinimumMagnitude", MinimumMagnitude);

piServiceHandler.setParameter("uuid", "" + SCRIPT_SESSION_ID + "");

f = new Flow();

f.addComponents(piServiceHandler);

f.start("1");

wfsParams = LongitudeMin +"," + LatitudeMin + " " + LongitudeMax +"," + LatitudeMax;

request = generateWFSRequest(wfsParams, T0Year, T0Month, T0Day, T2Year, T2Month, T2Day, MinimumMagnitude);

Sys.println("GML Query: ");

Sys.println(request);

Sys.println("...........");

w = new WSDL(wfsServiceLoc); 

w.invoke("GetFeatureOnStream", request, "trex.ucs.indiana.edu", "3045", rawDataStream);

f.waitUntilFlowCompletes();

Sys.println(" ***** FLOW [PI-CodeRunner]:" + SCRIPT_SESSION_ID + "COMPLETE *****");

WSContext.put(contextKey, httpServerLoc + outputFileName);

Innovations and lessons learned
Recently we have been making some major architectural changes to the HPSearch core system. The most major change has been supporting multiple clients and multiple simultaneous execution flows.

Everytime a flow is submitted, the HPSearch engines generates a unique identifier for the flow. This identifier is based on a 128-bit unique identifier generation algorithm that guarantees uniqueness until the year 3040
. All flows can be tracked using this identifier. Further, all temporary files are now managed using the HPSearch system and these files are tagged with the flow’s identifier for easy correlation and identification. Rhino (the Javascript interpreter) allows us to create a context of script execution that allows us to inherit common variables while having the liberty if defining flow specific variables. Thus multiple script executions run in different contexts allowing multiple threads of execution to co-exist. This allows multiple clients to invoke multiple flows without disrupting other parallel execution threads.

We have also been adding a more comprehensive set of management features to make the underlying middleware more configurable. These management features are based on service-oriented architecture and employ WS-Management for communication.
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Appendix – A

HPSearch engine allows remote script submission via a Web Service interface. This allows us to run any script with different parameters as different sessions. 

Operations:
executeScript

String executeScript(String scriptURI, String arguments)

Executes a script identified by its URI. This method reads in the script from the URI and then executes the script. For example 

w = new WSDL("http://localhost:28080/ShellWS?wsdl");

y = w.invoke("execute", "file://b\test.js", "1 2");

HPSearch shell Web Service defines a special variable called RETURN_VALUE. This variable’s value is returned after the script executes. This value must be set in the script to notify the caller of the result of the script.

execute

String execute(String script, String arguments)

Executes the script passed as a parameter of the function. This is exactly similar to the executeScript function except that here we pass the actual script as the parameter rather than pointing to the script to execute.

submit

String submit(String scriptURI, String arguments)

This operation is similar to executeScript. However this function submits a script for execution and returns immediately. The script is executed by a different thread in a separate javascript context. As a return value, a UUID for the script is returned. We plan to add more function to track the execution of a script submitted using the submit operation.

WSDL

Below is the WSDL for this Axis based Web Service

<?xml version="1.0" encoding="UTF-8"?>
<wsdl:definitions xmlns:apachesoap="http://xml.apache.org/xml-soap" xmlns:impl="http://156.56.104.78:29090/ShellWS" xmlns:intf="http://156.56.104.78:29090/ShellWS" xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/" xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" xmlns:wsdlsoap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:xsd="http://www.w3.org/2001/XMLSchema" targetNamespace="http://156.56.104.78:29090/ShellWS">

<wsdl:message name="executeScriptResponse">


<wsdl:part name="executeScriptReturn" type="soapenc:string"/>

</wsdl:message>

<wsdl:message name="executeScriptRequest">


<wsdl:part name="scriptURI" type="soapenc:string"/>


<wsdl:part name="arguments" type="soapenc:string"/>

</wsdl:message>

<wsdl:message name="submitResponse">


<wsdl:part name="submitReturn" type="soapenc:string"/>

</wsdl:message>

<wsdl:message name="submitRequest">


<wsdl:part name="scriptURI" type="soapenc:string"/>


<wsdl:part name="arguments" type="soapenc:string"/>

</wsdl:message>

<wsdl:message name="executeRequest">


<wsdl:part name="script" type="soapenc:string"/>


<wsdl:part name="arguments" type="soapenc:string"/>

</wsdl:message>

<wsdl:message name="executeResponse">


<wsdl:part name="executeReturn" type="soapenc:string"/>

</wsdl:message>

<wsdl:portType name="ShellWS">


<wsdl:operation name="execute" parameterOrder="script arguments">



<wsdl:input name="executeRequest" message="impl:executeRequest"/>



<wsdl:output name="executeResponse" message="impl:executeResponse"/>


</wsdl:operation>


<wsdl:operation name="executeScript" parameterOrder="scriptURI arguments">



<wsdl:input name="executeScriptRequest" message="impl:executeScriptRequest"/>



<wsdl:output name="executeScriptResponse" message="impl:executeScriptResponse"/>


</wsdl:operation>


<wsdl:operation name="submit" parameterOrder="scriptURI arguments">



<wsdl:input name="submitRequest" message="impl:submitRequest"/>



<wsdl:output name="submitResponse" message="impl:submitResponse"/>


</wsdl:operation>

</wsdl:portType>

<wsdl:binding name="ShellWSSoapBinding" type="impl:ShellWS">


<wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>


<wsdl:operation name="execute">



<wsdlsoap:operation/>



<wsdl:input>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://shell.hpsearch.cgl"/>



</wsdl:input>



<wsdl:output>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://156.56.104.78:29090/ShellWS"/>



</wsdl:output>


</wsdl:operation>


<wsdl:operation name="executeScript">



<wsdlsoap:operation/>



<wsdl:input>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://shell.hpsearch.cgl"/>



</wsdl:input>



<wsdl:output>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://156.56.104.78:29090/ShellWS"/>



</wsdl:output>


</wsdl:operation>


<wsdl:operation name="submit">



<wsdlsoap:operation/>



<wsdl:input>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://shell.hpsearch.cgl"/>



</wsdl:input>



<wsdl:output>




<wsdlsoap:body use="encoded" encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://156.56.104.78:29090/ShellWS"/>



</wsdl:output>


</wsdl:operation>

</wsdl:binding>

<wsdl:service name="ShellWSService">


<wsdl:port name="ShellWS" binding="impl:ShellWSSoapBinding">



<wsdlsoap:address location="http://156.56.104.78:29090/ShellWS"/>


</wsdl:port>

</wsdl:service>

<!--WSDL created by Apache Axis version: 1.2RC3on Feb 28, 2005 (10:15:14 EST)-->
</wsdl:definitions>
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Appendix – B

The WSProxy component is an Axis based Web Service and can be deployed in any Web Service container. We use the SimpleAxisServer implementation of Web Server that comes with Apache Axis distribution.

Operations:
Note: In all operations except init(), the parameter ic_ID identifies the invocation container which in turn is a unique wrapper for every instance of the service.
init

String init(String serviceSpec)

Initializes the service. The serviceSpec is an XML formatted specification that specifies the parameters for service initialization. ServiceSpecification specifies the details required to initialize a service. This includes the following 

· ServiceName - Name of service to invoke

· Service Parameters - name/value pair

· Input, output and error streams

On initialization, the init function returns a UUID which identifies this instance of the service. For all future interactions, this UUID must be included as a parameter. This is the ic_ID parameter in all functions.

If, an error occurs, appropriate error condition is returned.

The input parameter is essentially serialized XML based on the following schema
<element name="ServiceSpecification">

<complexType>
            <sequence>
                <element name="serviceID" type="string" />
                <element name="input" type="string" 

minOccurs="0" maxOccurs="unbounded" />
                <element name="output" type="string" 

minOccurs="0" maxOccurs="unbounded" />
                <element name="parameter" type="NameValue"

minOccurs="0" maxOccurs="unbounded" />
                <element name="errorStream" type="string" />
            </sequence>

</complexType>
</element>

<xs:complexType name=”NameValue>
<xs:sequence>
<xs:element name="name" type="xs:string"/>
<xs:element name="value" type="xs:string" />
</xs:sequence>
</xs:complexType>

TODO: Merge the Service specification schema with the WSDL

setProperty

void setProperty(String ic_ID, String name, String value)

Sets the service property 

Parameters:
ic_ID - - The ID of service

name - - Name of the property to be set

value - - the value of the property

getProperty

String getProperty(String ic_ID, String query)

Queries the service to get run-time properties. 

Parameters:
query - String representing the query, Just a property name for now. 

Returns:
The value of the property (null, if the specified query does not have a value associated with it.

start

int start(String ic_ID)

Starts the service execution 

Parameters:
ic_ID - The ID of service 

Returns:
Service status

terminate

int terminate(String ic_ID)

Terminates the service 

Parameters:
ic_ID - The ID of service 

Returns:
Service status

suspend

int suspend(String ic_ID)

Suspends the service 

Parameters:
ic_ID - The ID of service 

Returns:
Service status

resume

int resume(String ic_ID)

Resumes the service 

Parameters:
ic_ID - The ID of service 

Returns:
Service status

listExceptions

String[] listExceptions(String ic_ID)

Returns a list of Exceptions that can be caught by the service implementation 

close

int close(String ic_ID)

Removes the Invocation Container from the instances table. This function is typically called after SERVICE_DONE message is received. This is a cleanup process that closes all files and streams. Returns 1.

WSDL

Below is the WSDL for the WSSConnector Service

<wsdl:definitions targetNamespace="http://trex:4700/axis/services/WSSConnector" xmlns:apachesoap="http://xml.apache.org/xmlsoap" xmlns:impl="http://trex:4700/axis/services/WSSConnector" xmlns:intf="http://trex:4700/axis/services/WSSConnector" xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/" xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" xmlns:wsdlsoap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:xsd="http://www.w3.org/2001/XMLSchema">
<!--
WSDL created by Apache Axis version: 1.2RC3

Built on Feb 28, 2005 (10:15:14 EST)
  -->
<wsdl:types>
<schema targetNamespace="http://trex:4700/axis/services/WSSConnector" xmlns="http://www.w3.org/2001/XMLSchema">
  <import namespace="http://schemas.xmlsoap.org/soap/encoding/" /> 

<complexType name="ArrayOf_soapenc_string">
<complexContent>
<restriction base="soapenc:Array">
  <attribute ref="soapenc:arrayType" wsdl:arrayType="soapenc:string[]" /> 

  </restriction>
  </complexContent>
  </complexType>
  </schema>
  </wsdl:types>
<wsdl:message name="getPropertyResponse">
  <wsdl:part name="getPropertyReturn" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="startResponse">
  <wsdl:part name="startReturn" type="xsd:int" /> 

  </wsdl:message>
<wsdl:message name="startRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="initResponse">
  <wsdl:part name="initReturn" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="suspendResponse">
  <wsdl:part name="suspendReturn" type="xsd:int" /> 

  </wsdl:message>
<wsdl:message name="terminateRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="terminateResponse">
  <wsdl:part name="terminateReturn" type="xsd:int" /> 

  </wsdl:message>
<wsdl:message name="closeResponse">
  <wsdl:part name="closeReturn" type="xsd:int" /> 

  </wsdl:message>
<wsdl:message name="listExceptionsResponse">
  <wsdl:part name="listExceptionsReturn" type="impl:ArrayOf_soapenc_string" /> 

  </wsdl:message>
<wsdl:message name="listExceptionsRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="suspendRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="setPropertyRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  <wsdl:part name="name" type="soapenc:string" /> 

  <wsdl:part name="value" type="soapenc:string" /> 

  </wsdl:message>
<wsdl:message name="getPropertyRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  <wsdl:part name="query" type="soapenc:string" /> 

  </wsdl:message>
  <wsdl:message name="setPropertyResponse" /> 

 <wsdl:message name="initRequest">
  <wsdl:part name="serviceSpec" type="soapenc:string" /> 

  </wsdl:message>
 <wsdl:message name="resumeRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  </wsdl:message>
 <wsdl:message name="resumeResponse">
  <wsdl:part name="resumeReturn" type="xsd:int" /> 

  </wsdl:message>
 <wsdl:message name="closeRequest">
  <wsdl:part name="ic_ID" type="soapenc:string" /> 

  </wsdl:message>
 <wsdl:portType name="WSSConnector">
 <wsdl:operation name="setProperty" parameterOrder="ic_ID name value">
  <wsdl:input message="impl:setPropertyRequest" name="setPropertyRequest" /> 

  <wsdl:output message="impl:setPropertyResponse" name="setPropertyResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="getProperty" parameterOrder="ic_ID query">
  <wsdl:input message="impl:getPropertyRequest" name="getPropertyRequest" /> 

  <wsdl:output message="impl:getPropertyResponse" name="getPropertyResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="init" parameterOrder="serviceSpec">
  <wsdl:input message="impl:initRequest" name="initRequest" /> 

  <wsdl:output message="impl:initResponse" name="initResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="start" parameterOrder="ic_ID">
  <wsdl:input message="impl:startRequest" name="startRequest" /> 

  <wsdl:output message="impl:startResponse" name="startResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="resume" parameterOrder="ic_ID">
  <wsdl:input message="impl:resumeRequest" name="resumeRequest" /> 

  <wsdl:output message="impl:resumeResponse" name="resumeResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="suspend" parameterOrder="ic_ID">
  <wsdl:input message="impl:suspendRequest" name="suspendRequest" /> 

  <wsdl:output message="impl:suspendResponse" name="suspendResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="close" parameterOrder="ic_ID">
  <wsdl:input message="impl:closeRequest" name="closeRequest" /> 

  <wsdl:output message="impl:closeResponse" name="closeResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="terminate" parameterOrder="ic_ID">
  <wsdl:input message="impl:terminateRequest" name="terminateRequest" /> 

  <wsdl:output message="impl:terminateResponse" name="terminateResponse" /> 

  </wsdl:operation>
 <wsdl:operation name="listExceptions" parameterOrder="ic_ID">
  <wsdl:input message="impl:listExceptionsRequest" name="listExceptionsRequest" /> 

  <wsdl:output message="impl:listExceptionsResponse" name="listExceptionsResponse" /> 

  </wsdl:operation>
  </wsdl:portType>
 <wsdl:binding name="WSSConnectorSoapBinding" type="impl:WSSConnector">
  <wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http" /> 

 <wsdl:operation name="setProperty">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="setPropertyRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="setPropertyResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="getProperty">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="getPropertyRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="getPropertyResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="init">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="initRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="initResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="start">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="startRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="startResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="resume">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="resumeRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="resumeResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="suspend">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="suspendRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="suspendResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="close">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="closeRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="closeResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="terminate">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="terminateRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="terminateResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
 <wsdl:operation name="listExceptions">
  <wsdlsoap:operation soapAction="" /> 

 <wsdl:input name="listExceptionsRequest">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://wsproxy.hpsearch.cgl" use="encoded" /> 

  </wsdl:input>
 <wsdl:output name="listExceptionsResponse">
  <wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/" namespace="http://trex:4700/axis/services/WSSConnector" use="encoded" /> 

  </wsdl:output>
  </wsdl:operation>
  </wsdl:binding>
 <wsdl:service name="WSSConnectorService">
 <wsdl:port binding="impl:WSSConnectorSoapBinding" name="WSSConnector">
  <wsdlsoap:address location="http://trex:4700/axis/services/WSSConnector" /> 

  </wsdl:port>
  </wsdl:service>
  </wsdl:definitions>
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mysql> describe scedc;


+----------------+--------------+------+-----+---------+-------+


| Field          | Type         | Null | Key | Default | Extra |


+----------------+--------------+------+-----+---------+-------+


| YEAR           | year(4)      | NO   |     |         |       |


| MONTH          | tinyint(2)   | NO   |     |         |       |


| DAY            | tinyint(2)   | NO   |     |         |       |


| DATE           | double       | NO   |     |         |       |


| HOUR           | tinyint(2)   | NO   |     |         |       |


| MINUTE         | tinyint(2)   | NO   |     |         |       |


| SECOND         | decimal(9,2) | NO   |     |         |       |


| ET             | char(2)      | NO   |     |         |       |


| MAGNITUDE      | decimal(9,2) | NO   |     |         |       |


| MAGNITUDE_TYPE | char(1)      | NO   |     |         |       |


| LATITUDE       | decimal(9,3) | NO   |     |         |       |


| LONGITUDE      | decimal(9,3) | NO   |     |         |       |


| DEPTH          | decimal(9,1) | NO   |     |         |       |


| QUALITY        | char(1)      | NO   |     |         |       |


| EVID           | int(11)      | NO   |     |         |       |


| NPH            | tinyint(3)   | NO   |     |         |       |


| NGRM           | tinyint(4)   | NO   |     |         |       |


+----------------+--------------+------+-----+---------+-------+


17 rows in set (0.01 sec)








mysql> describe ca_faults;


+-------------+--------------+------+-----+---------+-------+


| Field       | Type         | Null | Key | Default | Extra |


+-------------+--------------+------+-----+---------+-------+


| Name        | varchar(100) | YES  |     |         |       |


| Segment     | varchar(100) | YES  |     |         |       |


| Author      | varchar(100) | YES  |     |         |       |


| coordinates | varchar(100) | YES  |     |         |       |


| LatStart    | double       | YES  |     | 0       |       |


| LatEnd      | double       | YES  |     | 0       |       |


| LonStart    | double       | YES  |     | 0       |       |


| LonEnd      | double       | YES  |     | 0       |       |


+-------------+--------------+------+-----+---------+-------+


8 rows in set (0.00 sec)








Check all the geometry data of the feature, Point, LineString Polygon etc.





If you find any geometry data above such as Points, LineStrings, convert the numbers in the GML file for the feature data into appropriate format to draw shapes for representing these geometry elements and display them by using graphics2D object. If you use the same grpahics2D data the layers will be overlaid.
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Service discovery and unified (dynamic & static) service metadata discovery WSDL functions





Service publication and static service metadata publication WSDL functions








Service discovery and static service metadata discovery WSDL functions
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� Extended UDDI Service work available at � HYPERLINK "http://www.opengrids.org/extendeduddi/index.html" ��http://www.opengrids.org/extendeduddi/index.html�


� WS-Context Service work available at � HYPERLINK "http://www.opengrids.org/wscontext/index.html" ��http://www.opengrids.org/wscontext/index.html�
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