Building and Applying Geographical Information System Grids
Mehmet S. Aktas1,2, Galip Aydin1,2, Geoffrey C. Fox1,2,3, Harshawardhan Gadgil1,2, Sunghoon Ko1, Marlon E. Pierce1, and Ahmet Sayar1, 2
1Community Grids Laboratory

2Department of Computer Science

3 Department of Physics

Indiana University

{maktas, gaydin, gcf, hgadgil, mpierce, asayar}@cs.indiana.edu

shko@grids.ucs.indiana.edu

Abstract: We discuss the development and application of Web Service-based Geographical Information Grids.  
Introduction: Information Architecture for the Data Deluge
We present a common Grid infrastructure for data analysis and other applications in both distributed science and those like Homeland Security with an architecture termed SFG (Sensor Filter Grids). The Grid is built around streams supported by a powerful messaging system to achieve high interactivity and performance for distributed analysis. The approach is applicable to management and analysis of general distributed information resources including those found in both data analysis as well as the documents and presentations associated with a scientific activity. Our approach exploits the multi-tier federated and hierarchical structure of most problems of the type sketched in fig. 1. 
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Figure 1. Vision of SFG with filters (FS) shown from many fields, processing SOAP messages from sensors (SS), Grid(let)s and services controlled by meta-data (MD) and supported by other services (OS).
SFG can support the scenario of fig.1 and corresponds to a particular paradigm for building grids that corresponds to some but not all important applications. One can define a particular SFG grid paradigm to correspond to a particular workflow linking services together and produce the associated support for this workflow. Figure 4 shows what we call the macroscopic workflow in SFG federating different information sources together. The SFG system consists of the individual filter and information services, the portal as well as Grid systems support in areas like fault tolerance, security, notification and the workflow engine itself. Different instances of this paradigm correspond to different configuration parameters and to different choices of component application services in the workflow. The different instances share the overall paradigm of workflow, sensors and filters as well as general Grid system services.

SFG is built around three distinctive features – information services that present data through traditional service interfaces; filters that accept data with these interfaces, transform them and present them with the same interfaces; streaming connections between all services that provide on the fly archiving, high-performance transport, security and fault tolerance. A very common feature is that the filters are composable in a distributed federated hierarchical fashion. We suggest that scientific data analysis has this characteristic whereas for example distributed simulations would typically not be composable in this fashion.
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Figure 2: SFG is built from Information resources wrapped as Web Services and Basic Filters that either transform or aggregate Information. Information Services and Filters support identical Service Interfaces.
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Figure 3: A Filter Service is a general workflow (the microscopic workflow) of Basic Filter Services

As shown in figure 2, SFG is built from information services and filters that support identical service interfaces. The source, structure and processing of data in information services is opaque while filters transform or aggregate data from other filters or information services. Figure 3 shows how full filter services are built from basic filter services using application dependent dataflow. We term this the microscopic workflow as it is embedded in the Gridlets shown in figure 4. The filters in this Grid style compose hierarchically e.g. in Information Retrieval one can merge ranked lists to obtain a new ranked list while in statistical analysis, moments and histograms can easily be combined. This composability of the filters allows one natural scaling and federation algorithms and defines the SFG structure. Note that superimposed on the tree of filters and information sources one has a Grid of system services like security and reliability which are shared between the different applications. One supports this paradigm with an interactive administrative interface allowing system configuration, information sources and filters to be defined. The system can be elegantly virtualized so that in specifying the information sources, one can either give very specific resources or Semantic Web style specifications for a discovery service. Of course this type of support is independent of the SFG application area; one must just distinguish service specification from the location and number of services. Note that there is no implication that all filter actions are identical; one will design the messages on the datastreams between filters so they are self describing. Thus in Information Retrieval the filter services are designed so they can accept full documents (specified by a URI), title or simple metadata. This flexible construction allows filter trees to be built that don't depend on number and exact features of information resources. Note we assume the portlet model for portal interfaces allowing us to bundle user interfaces with generic services and re-use them between SFG applications. Each vertical application area for SFG would separately specify portlets for any application-specific service that required a user interface. 

Role of Streams

A critical feature of the architecture is the use of a powerful messaging infrastructure NaradaBrokering [16,17] for linking between the services in figures 3 through 5. This allows all services to be linked by managed reliable streams. NaradaBrokering can be deployed as a distributed set of brokers and/or in the latest release in June 2005 as Axis handlers [18]. This release will support WS-ReliableMessaging [19], WS-Eventing and WS-Notification [20, 21]. These capabilities allow fault tolerance and asynchronous messaging with publish-subscribe semantics [22]. We are developing a sophisticated management environment that controls and monitors all streams in a Grid [23] and extends fault tolerance across streams, services and message brokers. The latter allows one to control the flow of data into filters so that there is no overflow. NaradaBrokering supports the subscription of redundant services to aid in fault tolerance. The Web Service messages flowing in NaradaBrokering can be archived at any link. This provides for dynamic caching to support system performance and is also used in message throttling. This NaradaBrokering archiving service replaces the replica management familiar from current particle physics Grids [24]. The archive service is of course supported by a metadata catalog to manage it. NaradaBrokering supports software multicast and so it is straightforward to build collaborative sessions by multicasting the links from the Presentation Service. NaradaBrokering has been successfully used for audio-video conferencing and other collaborative tools in the commercial Anabas product [25] and the open source GlobalMMCS project [13, 23, 26]. A current major successful use of this technology is for real-time GPS sensors used by NASA for Earthquake monitoring and prediction [23, 26]. We deploy simple versions of the architectures proposed here with sensors, filters and data mining codes linked by real-time streams. These time sensitive applications spurred the development of several interesting technologies including a metadata catalog that supported (with different implementations but the same interface) both scalable large scale access and low (a few tens of millisecond) latency access needed for interactive use by the relatively small number of services involved in an individual workflow [26, 27].
We need to ensure that our architecture streams information as fast as possible between services while retaining the advantage of Grids and Web services. This can be achieved as all service messages are handled by the “system” through NaradaBrokering which formally one “binds” to SOAP as the transport. There are two important aspects that need to be optimized – the transport protocol and the representation of the information in the message. For the protocol we exploit NaradaBrokering’s ability to support general protocols which can be chosen independently of the application with in a service model the last handler in a container choosing the protocol. UDP, TCP, parallel TCP, HTTP, HTTPS are currently supported. One should also investigat investigate the FAST kernel (developed at Caltech), and the bbcp utility (developed at SLAC) which is capable of moving data over 10Gbps links at near line speed, disk to disk.  NaradaBrokering can also link to network monitoring tools and here we should study links to Caltech's MonALISA agent-based global monitoring and control system. This is widely deployed in the physics community and now part of the Virtual Data Toolkit.

Now we turn to the wire-representation used in the messaging. Several studies [28] have shown that transport of XML and SOAP messages encoded in conventional “angle-bracket” representation is too slow for applications that demand high performance. At the same time several groups are developing ways of representing XML in binary formats for fast message exchange [28, 29, 30]. We are developing [31,32] a Web Service negotiation language for higher performance Web Services to negotiate both the protocol described above as well as the representation scheme such as choice between Fast and Binary XML. Initial negotiation will be done using standard SOAP angle-bracketed messages to determine the supported representation and transport protocol capabilities. We will employ handlers to take care of the conversion and transport issues, which will make the negotiation and transport process transparent to the services. Once the services agree on the conditions of the data exchange, handlers convert XML data into an appropriate binary format and stream it over a high performance transport protocol using NaradaBrokering.
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Figure 4: A Gridlet is defined by combining information services and filters. The Multiple IS in a Gridlet can be explicitly defined or generated by IS virtualization using SFG directory and Metadata services

Information Architecture

As stressed by Birman [33], Web services provide key low level capability but deliberately do not define an information or data architecture but rather leave this to domain specific specification activities such as CellML/SBML for biology, and WMS/WFS/GML for Geographical Information Systems GIS. The Semantic Grid uses web extending basic meta-data and service discovery capabilities with data-mining and reasoning. Here we generalize the architecture of Geographical Information Systems GIS have been hugely successful in all fields that study the earth and related worlds. GIS services have been defined by the industry consortium OGC [34] and implemented by CGL [23,26]. OGC defines a geography language syntax (GML) and ways to store, access, query, manipulate and display geographical features. In a service oriented architecture, GIS corresponds to a domain specific XML language and a suite of services for the needed functions. In [35] we suggest that one can define a GIS-style information model in many application areas. This leads to concepts like BIS or Biological Information Systems; MIS Military Information System [36]; SIIS or Service Infrastructure Information System for the overall system; and one should also add concepts like PAIS or the Physics Analysis Information Systems. 
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Figure 5: ASIS Information Architecture for an Application Specific (AS) SFG
We consider the vision of the previous discussion with especially fig. 1 where we generalize our experience with GIS in a fashion shown in fig. 5, defining an ASIS for Application Specific Information System. In each application, there are some services like discovery and notification that do not need to be made application specific. However we will need the equivalent of the WFS (Web Feature Service) in a GIS which is a domain specific service for metadata and data including search/store/access interface functions. We call this generalization ASFS for Application Specific Feature Service) and all interfaces in fig. 5 must use ASFS for domain specific data. We 

also need to define the analogy of the Geography Mark Up language GML which is a language expressing the domain specific features. We call this ASL for Application Specific language. One will need a set of basic tools, termed ASTT Application specific Tools and Transformations, to manipulate information expressed in language and key data of application which correspond to coordinate transformations for GIS. For a PAIS, conversions between event types would be in the PATT. We note that the ASL must support data sources such as sensors (in analogy to OGC metadata and data sensor standards) and repositories. Further sensors need support of streams of data which can be common across applications. Queries in the ASIS, need to support archived (find all relevant data in past) and streaming (find all data in future with given properties) styles. Note that all AS Services behave like sensors and all sensors are wrapped as services as shown in fig. 1 and 2. We finally introduce ASVS (Application Specific Visualization Services) generalizing the WMS (Web Map Service) to both visualize information and provide a way of navigating ASFS compatible databases (cf. GetFeatureInfo for GIS). The ASVS can itself be federated and presents an ASFS output interface. As in fig. 5, all user and system services will input and output data in ASL using filters to process raw data into ASL. The high performance web service techniques described earlier allow one to combine high performance with the expressivity of ASL.

For our purposes this analysis shows that our architecture is general and can be customized for application domains by designing a few key services as well the core language ASL expressing the primitives of the domain. For particle physics, the primitives are the properties of the events and the statistics operations used in their analysis. 
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