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1. Introduction 
Geographic Information Systems (GIS) [1, 2] is basically a collection of computer hardware and software for capturing, managing, analyzing, and displaying all forms of geographically referenced data. 

General purpose of GIS systems is extracting information/knowledge from the raw geo-data collected from sensors, satellites or any other ways and stored in databases or file systems. The raw data goes through the filtering and rendering services and, geographically referenced information in human recognizable formats are produced. Perhaps the simplest example of GIS is map viewers which process layers of geospatial data to create map images. GIS are used in a wide variety of tasks such as urban planning, resource management, emergency response planning in case of disasters, crisis management and rapid response etc. 
Evolution of GIS: Like any other information systems, over the past decades, GIS has evolved from traditional centralized systems to distributed systems [3].  In case of centralized systems, data sources, rendering and processing services are all brought to the same machine and, data and processing services are tightly coupled. They are mostly stand-alone applications and it is very hard to extend them with any other data or processing sources.  In case of distributed systems, data and processing sources are kept in their places and linked through the internet and communication protocols. 

General requirements of Modern GIS: A modern GIS requires distributed system support for (1) accessing geospatial databases to execute spatial unified queries and, (2) utilizing remote geographic analysis, simulation or visualization tools to process spatial data. In order to provide distributed system support for GIS, interoperability and performance (or responsiveness) issues need to be handled.

Interoperability requirement is summarized as having a common service interfaces and data model enabling seamless inter-service communication. Distributed GIS has requirement of linking distributed data and rendering sources to create more complex and application specific information. In order for the services to be linked or to communicate, they need to be interoperable. In other words, they must know their interfaces and, how to invoke and process each other’s responses. As a concrete example, our Web Map Server at CGL Lab might need to overlay NASA satellite maps with weather forecast information kept in a database of weather channel located in Seattle and, present it to the end-users.  
Performance and responsiveness requirements are summarized as getting the result in time.  GIS which is used in emergency early-warning systems like homeland security and natural disasters (earthquake, flood etc) requires quick responses. However, because of the characteristics of geo-data (large sized and un-evenly distributed), time-consuming rendering processes and limited network bandwidth, the responsiveness of the system is one of the most challenging parts of the current traditional distributed systems.
Summary and focus of the thesis: In this thesis, we will first research architectural design requirements of an interoperable GIS framework (in accordance with Service Oriented Architecture (SOA)) composed of Web Service components of commonly accepted GIS Open standards. Secondly, we propose a novel grid-enabled [10, 11] aggregator map services addressing the performance and responsiveness issues. 

This thesis’ focus will be on the vie-level interoperability and responsiveness of the map rendering services. By the view-level we mean rendering raw data and overlaying over general maps or, composing layers from different rendering servers and creating more complex views. 
