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Abstract 

 

Abstract 
 
Objects with geographical attributes are often complex in their structure and difficult to 
handle in all environments. The purpose of this Master thesis is to investigate how to update 
objects with geographical attributes from Web-based clients in a Java 2 Platform, Enterprise 
Edition application server, using the new framework from ESRI called ArcGIS 9.0. Since the 
new product ArcGIS Server has capabilities of making GIS data available through a network 
and also can be used for developing distributed applications, this has been the focus of the 
investigation. The product has been installed and two sample applications written in Java have 
been implemented to test its abilities.  
 
One conclusion drawn from the testing is that ArcGIS Server needs to be combined with the 
J2EE framework in order to hide the complexity involved in updating geographical objects 
from the client. This enables the use of thin clients, which is crucial in Web applications. The 
main advantage with the J2EE framework is the use of Enterprise Java Beans, EJB. These 
components handle the communication with the server objects in ArcGIS Server and also take 
care of the complex code involved in the communication with the geodatabase.  
 
However, ArcGIS Server needs to be more stable than the pre-release version used in this 
thesis. The main problem seems to be the communication between the Java objects in the 
application and the ArcObjects in ArcGIS Server. The solution for this problem could be to 
develop a custom J2EE resource adapter to make the connection to the ArcGIS Server 
running more smoothly.  
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Chapter 1  
 

Introduction 
 
This chapter describes the background and the purpose of the thesis. It also gives a 
short introduction to Metria and an overview of the contents of this report.  
 

1.1 Background 
 
Objects with geographical attributes are often difficult to manage in different 
environments, such as clients, servers, and database systems. The reason is that these 
objects often have a complex structure and updating them can be a lengthy procedure. 
This leads to high demands on versioning and difficulties in achieving good 
performance. 
 
To manage object with graphical attributes, different frameworks are available from a 
number of vendors. The GIS-consultants at Metria in Luleå use the frameworks 
supplied by Environmental Systems Research Institute Inc. (ESRI), USA, called 
ArcGIS.  
 

1.2 Purpose 
 
The purpose of this Master thesis is to investigate how the most recent framework 
supplied by ESRI – ArcGIS 9.0 – can work in an Internet/Intranet environment, where 
objects with geographical attributes are updated from Web-based clients in a server 
based on Java 2 Platform, Enterprise Edition. The scope of the thesis is to investigate 
and document these issues and, if possible, propose a solution. 
 

1.3 About Metria 
 

Metria is one of three divisions within Lantmäteriet. The division carries out a broad 
program of repayment services in the land survey sector and also produces basic 
landscape information for the Division of Land and Geographic Information. Other 
services and products supplied by Metria include consultancy services in surveying and 
mapping and geographic information techniques. Through Kartcentrum, Metria is 
responsible for the publication of the national map series and other map products.  
Metria's clients are found in both the public sector as well as in the private sector, such 
as forestry and telecommunications companies. Metria has a total staff of approximately 
420 and some 40 local offices. [1] 
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The local office in Luleå, where this thesis was carried out, is working with GIS 
consulting. This includes development of Internet solutions for external clients as well 
as maintenance and updates of the system built. 
 

1.4 Document outline 
 

1. Introduction 
Contains a short description of the background and the goal for the thesis. 

 
2. Geographic Information System 

An overview of the different concepts concerning GIS that are relevant for this 
thesis. 

 
3. The ArcGIS System 

A brief introduction to the software used during the project, and a more detailed 
section on the main application: ArcGIS Server.  

 
4. Java 2 Platform, Enterprise Edition 

Explains the basic concepts of J2EE. 
 

5. Method 
Describes what was done during the thesis and how it was done. 

 
6. Evaluation and discussion 

Contains a description of the problems encountered in the thesis, if they could be 
solved and in that case how they were solved. This chapter also contains a 
section on future work. 

 
7. Results and conclusions 

Presents the final results and the conclusions of this thesis. 
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Chapter 2  
 

Geographic Information System 
 
This chapter gives an overview of the different concepts and terms concerning 
Geographic Information System (GIS) that are used in this thesis. 
 
 
The concept of a GIS has many interpretations, but it is generally described as computer 
software that connects the description of what things are with the information of where 
they are. A GIS can present many layers of different information. Each layer represents 
a particular theme of a map. One layer can represent all the streets in an area and 
another layer can represent all the buildings in the same area. The layers can be put on 
top of each other and can also be turned off and on, depending on which information 
you want to view. [2] This is illustrated in figure 1.  
 

 
Figure 1. GIS layers [3] 

 

2.1 GIS data 
 
Geographic datasets consist of objects that have a geographic location and also have 
other, non-spatial attributes that describe the objects. The spatial and non-spatial 
attributes are connected through key fields in a geodatabase. GIS data can be 
represented as points, lines and polygons. These representations of spatial objects are 
called features. To represent things like elevation, temperature and vegetation, rasters 
are used. [4] Raster data is spatial data expressed as a matrix of cells or pixels. [5] 
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Another important concept when it comes to GIS data, is metadata. Metadata is usually 
defined as “data about data”. It is used to describe data, for example where the 
information is located and in what format, thereby making it more useful. Spatial 
metadata is important in GIS because it makes it easier to access and manage spatial 
data, in addition to reducing the size of spatial datasets. [3] 
 

2.2 Geodatabase 
 
The geodatabase is a physical store of geographic information. The geodatabase resides 
inside a Relational Database Management System (RDBMS) that supports objects with 
attributes and behavior. [6]  
 
A geodatabase has three primary components: [7], [8] 
 

1. Feature class: a group of features that have the same geometry type (point, line, 
or polygon) and the same attributes. 

 
2. Feature dataset: a group of feature classes that all have the same coordinate 

system and that are dependent on each other. 
 

3. Tables: contain non-spatial data that can be associated with feature classes.  
 
GIS data volumes are large and have complex relationships and structures. This means 
that a single GIS update transaction can last for hours or days. [4] These long 
transactions are supported by versioning, which makes it possible for multiple users to 
simultaneously edit the same data without locking each other out. When editing is done, 
the edited data is merged into the target version of the geodatabase. When the same data 
has been edited in different versions, a conflict is detected. When the conflict has been 
manually resolved, the master version of the geodatabase is updated. [7] 
 

2.3 Geoprocessing 
 
When GIS operations are used to analyze geographic data and thereby derive new data, 
this is called geoprocessing. Geoprocessing is used to describe how data flows from one 
structure to another when performing GIS tasks. It is used in practically every part of a 
GIS and can refer to tasks such as updating the geodatabase, analyzing geographic data 
and produce maps. [4]  
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Chapter 3  
 

The ArcGIS System 
 
This chapter gives an overview of the different parts of the ArcGIS system and a more 
detailed description of the part that was investigated in this thesis: ArcGIS Server.  
 
 
ArcGIS 9.0 is a group of software products that is used to build a GIS. The key parts of 
ArcGIS 9.0 are: ArcGIS Desktop, ArcSDE, ArcIMS, ArcGIS Engine and ArcGIS 
Server – all of these are shown in figure 2. The entire system is based on a library of 
platform neutral software components, called ArcObjects. [4]  
 

 

Figure 2. ArcGIS 9.0 System Architecture [9] 

 
 

3.1 ArcObjects 
 
ArcObjects is at the core of all ArcGIS products. ArcObjects have a number of 
Application Programming Interfaces (APIs): C++, Java, COM and .NET, which can be 
used either to extend any of the ArcGIS software or to build new GIS applications. [10] 
ArcObjects is built using Microsoft’s Component Object Model (COM) technology, 
which basically is a protocol that connects one software component, or software 
module, with another. The ArcObjects can be extended with custom COM components, 
normally written in Visual Basic for Applications (VBA). [11], [12] 
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3.2 ArcGIS Desktop 
 
ArcGIS Desktop is used to perform all sorts of GIS tasks, such as creating and editing 
spatial data, geoprocessing and mapping. [4], [13] It comes in three different levels: [7], 
[14]:  
 

• ArcView: makes it possible to perform mapping, visualize and analyze data, and 
create and edit simple geographic features. 

 
• ArcEditor: has all the functions of ArcView and also adds the ability to create 

and edit features in a multi-user geodatabase. 
 

• ArcInfo: has all the functions of ArcEditor and also adds advanced functions, 
like data loading and geoprocessing. 

 
All three levels can be extended with applications that for example include three-
dimensional modeling. In ArcGIS Desktop, there are different applications to perform 
the tasks mentioned earlier. The two applications relevant for this thesis, ArcCatalog 
and ArcMap, will be described next. 
 

3.2.1 ArcCatalog 
 
ArcCatalog is an application for managing and organizing GIS data; it is like an 
Explorer for GIS data. It includes tools for building geodatabases, managing and 
viewing metadata, searching for GIS data over a network, and administrating ArcGIS 
Server. [4] 
 

3.2.2 ArcMap 
 
ArcMap is used for all map-based tasks, for example map creation, analysis and editing. 
The maps can be viewed either in a geographic data view, consisting of the geographic 
layers in the map, or a page layout view, with geographic layers in addition to other 
elements such as a scale bar. ArcMap can be used to create the map documents that 
form the basis for an ArcGIS Server object. [4], [10] 
 

3.3 ArcSDE 
 
ArcSDE is a gateway between the rest of the ArcGIS system and the RDBMS (see 
section 2.2). This gateway supports long transactions and versioning, thus enabling the 
geodatabase to be shared by many users. [4] ArcSDE does not change the existing 
database; instead it adds a spatial column to the tables in the database and provides the 
means for managing and accessing the geometry data referenced by that column. [7], 
[15] 
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3.4 ArcIMS 
 
ArcIMS enables the distribution of GIS data, maps and metadata through the Internet. It 
gives the users the possibility to combine local data sources with Internet data sources 
for use in a Web browser. [16] ArcIMS consists of a Spatial Server, which is the part of 
ArcIMS that processes requests, and an Application Server, which handles client 
requests and keeps track of the Spatial server. [17]  
 

3.5 ArcGIS Engine 
 
ArcGIS Engine is a developer product that is used for creating and deploying custom 
ArcGIS applications. With the component libraries in ArcGIS Engine, the developer can 
integrate GIS into existing non-GIS applications or create ArcGIS Server clients.  [4], 
[18], [13] ArcGIS Engine consists of a software development kit and a runtime required 
for all ArcGIS applications. [9]  
 

3.5.1 Engine developer kit 
 
ArcGIS Engine supports programming languages such as C++, .NET and Java and can 
be used in a number of operating systems. The developer uses the ArcGIS Engine in an 
integrated development environment (IDE), such as Eclipse or JBuilder. The Engine 
components is registered in the IDE and then combined with custom code to build the 
application. The ArcGIS Engine developer kit includes three important collections of 
GIS logic: [4], [9] 
 

• Controls: user interface components for ArcGIS that can be embedded and used 
in the applications. The Engine has no ArcGIS Desktop applications or any user 
interface components except for these controls. 

 
• Toolbars: tools for interaction with maps and other geographic information. 

Some examples are Pan, Zoom and Select.  
 

• Object libraries: collections of ArcObjects, which are the same objects that are 
used to program with the ArcGIS Desktop and the ArcGIS Server. Programming 
more advanced applications requires knowledge of these libraries.  

 

3.5.2 Runtime 
 
All applications built with the Engine developer kit will need the ArcGIS Engine 
runtime. The runtime provides the core functionality of all ArcGIS applications and 
comes in three levels depending on the functionality of the application. [9] The 
applications built using ArcGIS Engine can also be used on ArcGIS Desktop. [4] 
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3.6 ArcGIS Server 
 
The purpose of ArcGIS Server is to make GIS capabilities such as spatial analysis 
available across an Intranet or the Internet. ArcGIS Server is complementary to ArcSDE 
and ArcIMS. [14] It is also integrated with the rest of the ArcGIS System, which means 
that ArcGIS Desktop can be used to create the databases, maps and address locators that 
are used by ArcGIS Server. The tasks that can be performed using ArcGIS Server spans 
from panning and zooming throughout a map, to creating and updating geographic 
features and their attributes. [10] ArcGIS Server has two functions: as an object server 
and as a development tool.  
 

3.6.1 Object server 
 
ArcGIS Server is primarily an object server that hosts and manages GIS server objects. 
The server objects are used in the server applications and they are actually software 
objects that serve a GIS resource like a map or a locator. As mentioned earlier, the 
entire ArcGIS System is based on components called ArcObjects. A server object is no 
more than a coarse-grained ArcObject that hides the fine-grained ArcObjects that do the 
work. A server object also has other associated objects that a developer can get to and 
make use of, for example feature layers and feature classes. If an application changes 
the state of a server object, it usually makes calls to get the finer-grained ArcObjects 
associated with a server object and does the changes at that level. To extend the server 
and improve its performance, customary COM objects can be created. These customary 
objects can take care of the calls to the fine-grained ArcObjects, thus moving this code 
from the client into the server. [10] 
 
The object server is composed of two main parts [10]: 
 

• Server Object Manager (SOM): A Windows service that runs on a single 
machine. The SOM manages the set of server objects that are distributed across 
one or more container machines. The SOM starts and stops container processes 
and handles client requests for the server objects. 

 
• Server Object Container (SOC): Runs on one or more machines and hosts the 

server objects. Each container machine can host many container processes in 
which one or more server objects are running.  

 
Both the SOM and SOC can be installed on the same machine, but since the idea with 
ArcGIS Server is distribution of components, these parts are usually installed on 
different machines. 
 
To be able to use the server objects you must ask the server for a server context, which 
contains the object you want to use. A server context is a process, managed by the 
server, where a server object runs. The application keeps a server object alive by 
holding onto its context and when it is finished using the object, it must release the 
context.  
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A server object can, unlike other ArcObjects, be pre-configured and pre-loaded in the 
server by the server administrator. The tool used for these tasks is ArcCatalog. Two 
important object configurations are: [10] 
 

• Pooling: Non-pooled server objects are created new for each request and 
destroyed when the application returns them to the server. Due to this, the 
application can change the server object’s state. Pooled server objects have the 
opposite function and can thus support more simultaneous users. 

 
• Isolation: Server objects with high isolation do not share a process with other 

server objects. This requires more resources on the server, as the objects need 
their own processes. On the other hand, if there is an error that causes the 
object’s process to shutdown, it will not affect other server objects. For server 
objects with low isolation, up to four objects of the same type can share the 
same process. 

 

 
Figure 3. Server administration in ArcCatalog. 

 
Besides these configurations, the administrator of the server objects can also make 
settings for recycling, waiting time and maximum usage time for a server object. The 
administrator also decides which users should be authorized to connect to the ArcGIS 
Server. Since the access to the server is managed by the operating system, through user 
groups, users can have either full access or no access to the server. If there is a need to 
grant access to individual server objects, this has to be done in other ways, for example 
through a Web catalog. [10] 
 

3.6.2 Application Developer Framework (ADF) 
 
Like ArcGIS Engine, the ArcGIS Server has no desktop applications or any user 
interface components. Instead, ArcGIS Server has Application Developer frameworks 
(ADFs) for both Java and .NET. Since Java is the programming language used at 
Metria, only the Java ADF will be described here. [10] 
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The Java ADF is built on top of the Java Server Faces (JSF) framework from Sun 
Microsystems and is a collection of Web controls, API classes and templates that are 
used for building and deploying the applications that use the server objects. The ADF 
also consists of a runtime environment, which only includes the components that are 
necessary for the application to connect to the ArcGIS Server and to use the ArcObjects 
that are running there. [10] This means that developers can build applications for end-
users who do not have a desktop GIS. [13] 
 

3.6.3 Server communication 
 
As mentioned earlier, ArcObjects are COM objects that run in the server and this is a 
key issue when it comes to the communication between client and server. Web 
applications use the Distributed Component Object Model (DCOM) technology to be 
able to communicate with the server objects. This technology allows applications 
running in one process to use COM objects running in another process. It also permits 
communication between applications and COM objects running on different machines 
by using network protocols. [10] For Java applications, the communication between the 
different objects is solved by using the J-Integra software from Intrinsyc. J-Integra 
works as a bridge between Java and COM and makes it possible to access and use Java 
objects as if they are COM objects, and vice versa. [19] 
 
ArcGIS Server also includes a Simple Object Access Protocol (SOAP) toolkit. SOAP is 
an XML-based protocol that enables communication between objects of different kinds, 
for example between Java and COM objects. The objects could be running on different 
operating systems, with different technologies and programming languages. SOAP is 
used for sending messages and using RPCs. The XML API included in the ArcGIS 
Server supports SOAP requests and responses and allows applications to remotely use 
server objects over standard Internet protocols, usually HTTP. [10], [20], [21] 
 
Finally, the Java ADF has ArcObjects proxies which can be used in development of 
J2EE or .NET Web applications. A proxy object is a local representation of a remote 
object. The proxy object controls how the remote object is accessed by forcing all 
clients to communicate with the remote object via the proxy object. [10]  
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Chapter 4  
 

Java 2 Platform, Enterprise Edition 
 
This chapter contains an overview of the tiers in the Java 2 Platform, Enterprise Edition 
(J2EE) and a description of the different parts of the platform, as well as some 
important technologies for its implementation. 
 

4.1 Background 
 

The two-tier, client/server application model originally meant improved scalability and 
functionality. Although this model for the most part is easy to implement, it can be 
difficult to upgrade or enhance. [22] Also, the two-tier applications have not proven to 
be very scalable and are therefore not well suited to the Internet. [23] These limitations 
can be avoided by implementing enterprise services as multi-tier services. These issues 
have brought forward the development of Java 2 Platform, Enterprise Edition (J2EE), 
which was introduced in 1999 by Sun Microsystems. Inc. [24] 
 

4.2 Platform overview 
 
J2EE is a platform for developing multi-tier enterprise applications. It uses a 
component-based approach to the design, development, assembly, and deployment of 
Internet- and Intranet-based applications. This model extends the client/server model by 
placing a multithreaded application server between the client application and the back-
end storage. [25], [26]  
 
The application logic is divided into components according to function. The various 
components are installed on different machines depending on which tier the component 
belongs to. J2EE applications are generally considered to be three-tiered applications 
because they are distributed over three different locations: client machines, the J2EE 
server machine, and the database or legacy machines at the back end. [26] The J2EE 
architecture thus defines a client tier, a middle tier (consisting of one or more sub-tiers) 
and a back-end tier. [27] This architecture is shown in figure 4. 
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Figure 4. J2EE Architecture [22], [26] 

 
Before we go deeper into the different tiers, the concepts of components and containers 
needs an explanation. 
 

4.2.1 Components 
 
A J2EE component is a software unit that is assembled into a J2EE application with its 
related classes and files and that communicates with other components. The following 
components are defined [26]: 
 

• Web clients, application clients and applets. 
 

• Web components – Java Servlet and JavaServer Pages (JSP). 
 

• Business components – Enterprise JavaBeans (EJBs). 
 
The J2EE components are written in Java and are compiled in the same way as any 
other Java program. The components are assembled into the application, verified to be 
in compliance with the J2EE specification, and deployed to production, where they are 
run and managed by the J2EE server. [26]  
 

4.2.2 Containers 
 
A container is the interface between a component and the low-level functionality that 
supports the component. The J2EE server provides a container for every component 
type. Before an application client or enterprise bean component can be executed, it must 
be assembled into a J2EE application and deployed into its container. Containers 
provide services such as lifecycle management, security, and threading. These services 
make it possible to customize the behavior of a component when it is deployed into the 
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container, which means that components in the same J2EE application can behave 
differently based on where they are deployed. The customized settings come in the form 
of XML files, which are called deployment descriptors. [26], [27] 
 

4.3 Client tier 
 
The client tier supports a variety of client types. J2EE clients normally access the 
middle tier using the Web standards HTTP, HTML, and XML. If more advanced user 
interactions are required, this is implemented as EJB components directly in the client 
tier. The EJB components then interact with the service provided in the middle tier. This 
is done using servlets. [27] The concepts of EJBs and servlets will be described later in 
this chapter. 
 

4.3.1 Web clients 
 
A Web client consists of two parts: dynamic Web pages and a Web browser. This type 
of client is sometimes called a thin client because they usually do not do things like 
query databases or connect to legacy applications. Those kinds of demanding operations 
are executed by the EJBs running in the J2EE server in the middle tier. [26] 
 

4.3.2 Application clients 
 
A J2EE application client provides a more advanced user interface than a Web client. 
This is also why this type of client sometimes is called a thick client. Application clients 
directly access enterprise beans running in the middle tier. [26] 
 

4.3.3 Applets 
 
An applet is a small client application written in Java that usually executes in the Java 
Virtual Machine (JVM) installed in the Web browser. [26] An applet can also execute in 
a number of other applications or devices that support the applet programming model. 
J2EE applications can use applets for a more powerful user interface. [27] 
 

4.4 Middle tier 
 
The middle tier is usually divided into a Web tier and a business tier. This tier supports 
client services through Web containers in the Web tier and supports business logic 
component services through EJB containers in the EJB tier. [22] 
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4.4.1 Web tier 
 
Like the client tier, the Web tier can include an EJB component to manage input from 
the user and then send that input to EJBs running in the business tier for processing. 
[26] J2EE Web components can be either servlets or JavaServer Pages:  
 

• JavaServer Pages (JSP): A technology that is used by user interface developers 
to create dynamically generated pages that can be viewed in a Web browser. 
[22] A JSP page consists of HTML code mixed with Java code. When the JSP 
page is requested by a client, the server processes the Java code, generates an 
HTML page and returns it to the client. [23]  

 
• Servlets: Have in general the same functionality as JSP, but perform in a 

different way. A servlet is totally written in Java and produce HTML code. It is 
executed as a separate thread within the servlet engine and is therefore easier to 
scale. [23] When a servlet receives a request from a client, it generates a 
response by either calling methods in EJBs or by directly querying the database. 
It then sends the response in form of an HTML or XML document to the client. 
[27]  

 

4.4.2 Business tier 
 
Business logic, which is code that fulfills the purpose of the application, is often 
implemented in the business tier as EJB components. An EJB is written in Java and 
hides the complex code of an application by encapsulating the business logic. The client 
developer does not have to code the routines that implement business rules or access 
databases. As a result, the clients are thinner. [25], [26] 
 
An EJB cannot function without its container. The EJB container automatically takes 
care of security, transactions (which handles the concurrent access of shared objects) 
and persistence for the bean. This makes it possible for the person developing the bean 
to focus on the business rules. [26], [28]  
   
EJB components handle the data flow between an application client or applet and 
components running in the J2EE server, or between server components and a database. 
An EJB receives data from clients, processes it and sends it to the back-end tier for 
storage. An EJB also retrieves data from storage, processes it and sends it to the client. 
[26] There are three types of enterprise beans:  
 

• Session beans: Represents a single client inside the J2EE server. To access an 
application that is running in the server, the client invokes the session bean's 
methods. The session bean performs work for the client and at the same time 
hides the complexity of the application from the client. A session bean is not 
persistent, which means that when the client finishes executing, the session bean 
and its data are destroyed. A session bean is not shared and thus may have only 
one client. [26] 
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• Entity beans: Represent collections of data, which typically is a table in a 
relational database. Each entity bean normally corresponds to a row in that table.  
The entity bean performs and encapsulates operations on the data it represents. 
Entity beans are persistent, so if the client terminates or if the server shuts down, 
the entity bean data is saved. These beans allow shared access and can also 
participate in relationships with other entity beans. [25], [26] There are two 
types of entity beans: Container-Managed Persistence (CMP) and Bean-
Managed Persistence (BMP). These two types control how the bean 
communicates with the database. In CMP the container manages the entity 
bean’s persistence and no da tabase access code is written in the bean class. With 
BMP, the entity bean is responsible for saving its own state to the database. In 
this case the container reminds the bean to update and also handles locking and 
transactions. [28] 

 
• Message-driven beans: Combines the features of a session bean and a Java 

Message Service (JMS) message listener. These beans make it possible for a 
J2EE application to process messages asynchronously. The messages may be 
sent by any J2EE component, by a JMS application, or by a system that does not 
use J2EE technology. [26] Message-driven beans are activated only when they 
receive asynchronous messages from the JMS queue to which they listen. They 
do not maintain state on behalf of a client. [27] 

 
Session beans and entity beans have two types of interfaces: a home interface and a 
remote interface (also called component interface). These interfaces are used by 
applications to access the enterprise bean at runtime. The home interface defines 
methods to create, find, remove, and access metadata for the bean. The remote interface 
defines the business logic methods of the bean, that is, the methods that are specific to 
the business concept that the bean represents. For every remote interface there is an 
implementation class. This is the key element of an enterprise bean and is called a bean 
class. It is a business object that actually implements the business methods that are 
defined in the remote interface. [27], [28]  
 

4.5 Backend tier 
 
The backend tier, also called the Enterprise Information System (EIS) tier, handles 
enterprise information system software. This tier handles the storage and management 
of the enterprise data. It includes enterprise infrastructure systems such as relational 
database systems and other legacy information systems. [26] The systems in this tier are 
connected to the applications in the middle tier using the connector technologies 
described in the next section of this chapter.  
 

4.6 Important technologies 
 
The J2EE platform includes a number of APIs for accessing existing enterprise 
information systems. Below follows a short description of some of the most important 
technologies: [27], [23], [29], [30], [31]: 
 



Chapter 4 Java 2 Platform, Enterprise Edition 

 16 

• The J2EE Connector architecture (JCA): An infrastructure for connecting 
J2EE applications to already existing systems in an enterprise, such as database 
systems or other applications not written in Java. This architecture makes it 
possible for an EIS vendor to create resource adapters for their specific EIS. The 
resource adapter is the connection between the EIS, the application server and 
the enterprise application. 

 
• Java Database Connectivity (JDBC):  Used for connecting the J2EE 

application to relational databases. The application uses the JDBC API to do 
such things as connecting to the database, send SQL statements and process the 
results returned by these statements. 

 
• Java Transaction API (JTA):  Allows applications to access transactions 

independent of how they are implemented. The JTA provides interfaces between 
the transaction manager and those participating in the transaction system. The 
implementation of the transaction manager is specified by the Java Transaction 
Service (JTS)  

 
• Java Naming and Directory Interface (JNDI): An API for using the enterprise 

name and directory services. Consists of methods that applications can use to 
associate attributes with objects and also to search for objects by using their 
attributes. Using this technology, the applications can store and use objects of 
any kind. 

 
• Java APIs for XML (JAXP): Used by applications to parse and transform 

XML documents. The API supports integration with legacy systems and 
applications, and also supports implementation of Web services.  

 

4.7 Security 
 
In the J2EE platform, there are rules that control how the application can be accessed. 
The security is designed in a way that makes sure that resources are only accessed by 
those who are authorized to use them. The security rules are implemented by the 
application programmer and interpreted when the application is deployed on the 
enterprise platform. The application can then be deployed in many different security 
environments without the developer having to make changes in the source code. The 
technology used is called Java Authentication and Authorization Services (JAAS). This 
technology provides a framework for authenticating users and for assigning privileges. 
[22], [27] 
 
In J2EE, there are security groups and security roles. A J2EE security group is used for 
the whole server while a security role is used for specific applications. A security role is 
defined by the person who assembles the application and often comprises a specific user 
category, such as customers. The person who deploys the application will then map the 
different roles to suitable security identities, that is, to different levels of accessibility.  
[26] 
 



Chapter 5 Method 

 17 

Chapter 5  
 

Method 
 
First of all, I started the work by studying the concepts of GIS and J2EE since these 
technologies were new to me. Next, I tried to get a grasp of the ArcGIS System and how 
it is used at Metria. Since the new version of the system, ArcGIS 9.0, contains two new 
software products (ArcGIS Engine and ArcGIS Server) I did an overview comparison 
between the two. This was done to sort out in which area the products can be used and 
how they differ from each other. The results of this comparison are presented in 
Appendix B. The conclusion was that the ArcGIS Engine is the product to use when 
developing desktop GIS applications. The ArcGIS Server is also used for developing 
applications, but the main focus is on Web applications and Web services. Also, the key 
function is to facilitate the distribution of GIS data, and this is why I decided to focus on 
ArcGIS Server. 
 
As stated in the introduction of this report, the main purpose for this thesis was to 
investigate how ArcGIS 9.0 can be used in an Internet/Intranet environment to update 
geographic objects using a J2EE application server. To find this out, ArcGIS Server was 
installed and tested using the Java examples included in the documentation. 
 

5.1 ArcGIS Server Installation 
 
The ArcGIS Server was installed on a local machine with Windows XP (Professional 
Edition) as the operating system. For simplicity, both the Server Object Manager 
(SOM) and the Server Object Container (SOC) were installed on the same machine. 
These components are normally installed on different machines, as described in section 
3.6.1 in this report. To be able to view and administer the host machine and the server 
objects, ArcGIS Desktop containing ArcCatalog was installed on the same machine as 
the ArcGIS Server. The installation procedure is described in more detail in the 
program’s installation notes. [32].  
 

5.1.1 SOM and SOC 
 
To be able to run the SOM, a Windows user account is needed on the machine where 
the service is installed. The same is true for the SOC. In addition, these user accounts 
needs to be added to specific user groups, since access privileges are controlled through 
these groups. Other settings concerning these services are read and write access to the 
directories that contains data for the server objects, and to output and log directories.  
 
In ArcCatalog, the host machine or machines where the server objects are going to run 
are specified. This is also where the output directories and virtual directories for the 
Web applications are specified. 
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5.1.2 Application Development Framework (ADF) for Java 
 
The ADF for Java is built on top of Java Server Faces (JSF), so to be able to use the 
ADF this framework has to be installed first. The next step is to configure the 
environment for building and deploying the Web applications. The environment is 
called Another Neat Tool (ANT) and is included in the ADF.  It has no graphical user 
interface but is run through the MSDOS command window. 
 

5.2 Test example 1: Conservation Web Application 
 
This example, together with sample data, is included in the ArcGIS Server and can also 
be downloaded from ESRI’s Web site. [10], [33] The Web application is built by 
extending and make changes in the code for the MapViewer template that is included in 
the Java ADF. The tools needed to build and run this example are Java 2 Software 
Developer Kit (J2SDK) version 1.4 and Tomcat 1.4.24. 
 
The Conservation Web Application uses a non-pooled MapServer object in which the 
user can pan, zoom and get information about chosen points in the map. To the left of 
the map in figure 5, there is a table of contents that shows all the different layers of the 
map. These layers can be turned on or off, depending on which view the user needs. The 
user can also edit the map by adding new features to it. There are command buttons to 
start and stop editing, save, undo or redo an edit.  The features are drawn as polygons 
and the user can choose which type of feature to draw by using the pull-down menu. 
The edits are saved to a personal geodatabase, but the application can also use a multi-
user geodatabase managed by ArcSDE. 
 

 

 
Figure 5. Conservation Web Application 
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5.3 Test example 2: EJB Sample 
 
The EJB sample is also included in the ArcGIS Server and the source code is available 
for download from ESRI’s Web site. The difference from the previous example is that 
no sample data is provided. [10], [34] The tools needed to build and run this example 
are J2SDK 1.3 and J2EE Reference Implementation, version 1.3. The Reference 
Implementation contains a J2EE application server that can be used for non-commercial 
testing of J2EE applications. It also contains a deploy tool for deploying the EJBs in the 
server.  
 
The EJB Sample uses EJBs to access the ArcGIS Server objects. The EJBs handles all 
the communication with the server including connecting to the server and creating the 
server context that will be used for getting to the server objects. This example 
application consists of two independent parts:  
 

• Map Factory – in this application the user can get to and add notes to maps that 
are stored in a geodatabase. In the geodatabase, the maps are linked to a specific 
user through a username and a password. The application uses a MapServer 
object in the ArcGIS Server. This part contains an entity bean with CMP, where 
the EJB’s container handles the contact with the geodatabase.  

 

 
Figure 6. EJB Sample: MapFactory 

 
• Address Match – this application performs geocoding tasks, which means that 

the user can type an address and a zip code to search for specific points on the 
map. The map has different zooming levels that can be chosen by clicking on the 
numbered buttons below the map. The application uses both a MapServer object 
and a GeocodeServer object in the ArcGIS Server. This part of the EJB sample 
uses stateless session beans, which disappear once the session is terminated. 
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Figure 7. EJB Sample: Address Match 

 
As both figure 6 and 7 show, the maps do not show in the applications. This problem, 
along with other results that came from testing these two example applications, will be 
described in the next chapter. 
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Chapter 6  
 

Evaluation and discussion 
 
This chapter evaluates the work done during the thesis and describes the problems that 
were encountered and how they were solved. It also contains a section on future work. 
 

6.1 ArcGIS documentation 
 
The work in this thesis has been mostly investigative and theoretical, which means that 
the base for the work has been the program documentation for ArcGIS 9.0.  The 
software was in version Beta 2 when I started the study, which resulted in the 
documentation not being complete. Many of the program functions were not fully 
described and many of the examples ended with the words: “to be added in the next 
release”. Halfway through my thesis, ESRI released the Pre-release version of ArcGIS 
9.0, which contained more information than Beta 2, but still was not complete. Some of 
the documentation did not agree with what was actually in the application. Sample data 
was missing, class libraries had been renamed or completely removed, etc. Although the 
overall functionality of the product will not change for the final release, the deficiency 
of the documentation so far may have affected my evaluation and conclusions. 
 

6.2 ArcGIS Server installation 
 
When installing the ArcGIS Server, most of the settings were supposed to be handled 
automatically by a post-installation program. However, this did not work since there 
were problems creating the user accounts and the user groups for the SOM and the 
SOC. As a result, the server installation did not complete. The solution for the problem 
was found in the discussion forum at ESRI’s Beta Web site. I had to manually do all the 
settings for the server by accessing the registry files in Windows. This was very time 
consuming since my experience of making changes in Windows is fairly limited. 
 

6.3 ArcGIS Server testing 
 
The purpose of this thesis has been to investigate how ArcGIS 9.0 can be used to update 
objects with geographical attributes from Web-based clients. That is why I have only 
focused on these types of applications, where the client can use the server objects 
through an ordinary browser, in this case Internet Explorer 6.0. The reason for using the 
examples in the program documentation for ArcGIS Server rather than to construct my 
own test applications from scratch was simply to save valuable time.  
 
As mentioned previously, during the time of this thesis there have been two releases of 
ArcGIS 9.0. Since the expectation was to get the Pre-release version at the end of 
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December 2003, I did not test any of the code samples that were included in the Beta 2 
version. The Pre-release, however, did not arrive until the beginning of February 2004, 
which delayed my practical work considerably. When the testing started, I discovered 
that some of the samples for ArcGIS Server worked fine with Java 1.3 and some did 
not. When I switched to Java 1.4 the other samples worked, while the ones previously 
working did not. This installing and un-installing of Java versions was also time 
consuming. 
 

6.4 Test example 1: Conservation Web Application 
 
In the program documentation for ArcGIS Server, there is a step-by-step description of 
how to build and deploy the Conservation Web Application. Despite this, it was 
difficult and time consuming to get the application running, mostly due to the struggle 
with different Java versions. 
 
The application was first tested on a local machine, then over the network. Most of the 
processing, especially when drawing polygons in the map, was slow and demanding on 
the network’s resources. This can be explained by the non -pooled server object that was 
used, since these kinds of objects are not created until requested by a client. It can also 
be explained by the fact that the computer running the application was used as an 
ArcGIS Server, a J2EE Server and a Web server at the same time. Also, it was used as a 
client to all of these servers. In an ideal world, these processes should be distributed on 
different machines. 
 
Another problem was that the application was not stable: it worked on average two 
times out of five attempts. This could be due to the application itself or it could be the 
machine on which I was testing. Sometimes it helped just to reboot the computer. It is 
difficult to pin down the errors since the exceptions that are thrown from the Java 
classes involved are difficult to understand.  
 

6.5 Test example 2: EJB Sample 
 
The building and deployment of the EJB sample is not described as detailed in the 
documentation as the previous example and there is no sample data included. After 
many days of testing and debugging I had to surrender to the fact that the application 
was not working properly. One of the reasons for this could be that the sample data I 
created was not correct, leading to some error in the server objects.  However, it seems 
as if the major problem with the application has to do with the connection to the ArcGIS 
Server. The communication between a Java application and the ArcGIS Server is 
handled through the JCA and more specifically through the resource adapter J-Integra 
(see section 3.6.3). There is no problem starting the application, but when the EJBs are 
trying to connect to the ArcGIS Server the connection is denied. This could be due to 
some malfunction in the resource adapter itself or with the user access to the ArcGIS 
Server. I have consulted the ArcGIS Server 9.0 Pre-release forums at ESRI.com and 
still pending for an answer. 
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Due to these problems, the performance and stability of the EJB sample could not be 
evaluated.  
 

6.6 ArcGIS Server and J2EE 
 
The reason for investigating J2EE and not any other framework such as .NET is that 
Metria during a number of years has developed software in Java. To re-educate all of its 
consultants using .NET would be expensive and time consuming. In addition, Metria 
has refined the ArcGIS framework so that it can be used for software development for 
Swedish authority processing. This refined framework is programmed in Java and is 
called Draupner. The goal is to re-use Draupner, or at least parts of it, if possible.  
 
The testing regarding J2EE and ArcGIS Server has been more of a theoretical one since 
the EJB sample did not work properly. Since there was no time to implement another 
application from scratch, I have read the source code for the example to understand how 
these two frameworks are supposed to collaborate. ArcGIS Server can be seen as a 
specialized application server whose field of expertise is GIS. It has no abilities to do 
what a J2EE application server can do, such as running EJBs. ArcGIS Server developers 
can use the server’s API to build EJBs, but cannot deploy them within the ArcGIS 
Server itself. In fact, ArcGIS Server can be seen as a part of the EIS tier in the J2EE 
architecture. 
 

6.7 Future work 
 
When this thesis was conducted, J2EE version 1.3 was studied. In the meantime, Sun 
Microsystems released J2EE version 1.4. There was no time to take a closer look at the 
new features in this version. For future reference, it should be investigated how the 
built-in application server in 1.4 can be used in the GIS context. Another issue that 
could be of interest for Metria is to do a study of the different J2EE application servers 
available on the market and thus form the basis of a decision of which one to use. 
 
The ArcGIS Server samples tested in this thesis are all written in Java. The reason for 
choosing these samples is that Java is the programming language I have used the most 
and it is also the language used at Metria. Also, there was no time to try out the samples 
in some of the other supported languages or frameworks, such as VBA, C++ or .NET. 
However, it is possible that these work better in combination with ArcGIS Server than 
Java does. The base for this theory is that the core components in ArcGIS Server, the 
ArcObjects, are themselves COM objects. COM is a technology from Microsoft, as are 
.NET and VBA. Chances are that the ArcObjects can communicate more easily with 
other COM objects than with Java objects. If the aim is to use ArcGIS server in the 
future, this theory should be tested.  
 
When using Java, it should also be investigated how to make the connection between 
J2EE and ArcGIS running more smoothly than it is in the current release. One approach 
could be to construct a more specialized resource adapter, using the J-Integra adapter as 
a model and improving its functionality. 
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Chapter 7  
 

Results and conclusions 
 
 
The purpose of this thesis was to find out how the latest framework from ESRI, ArcGIS 
9.0, can be used in an Internet/intranet environment to update geographical objects from 
web based clients. The aim was also to find out how these updates could function in a 
J2EE server.  
 
Today, the goal for many applications seems to be distribution, that is, to make the 
applications available to users over the Internet through a web browser or applications 
in mobile terminals, like PDAs. To accomplish this goal the clients need to be thin and 
the complexity of the application needs to be divided into layers. In ArcGIS 9.0, ESRI 
have joined the world of multi-layered architectures by introducing ArcGIS Server. This 
product makes it possible to build shared applications with GIS capabilities. 
 
To be able to investigate how ArcGIS Server works, the product was installed and is 
now up and running. In addition, two sample applications have been implemented. The 
first application has editing capabilities, while the other uses EJBs to communicate with 
the server. The conclusion that comes from testing these applications is that the ArcGIS 
Server is not stable in the current release. The processing when editing the geodatabase 
is slow, which makes the ArcGIS Server suitable only for thin-client applications over 
high-speed networks. To use thick clients or to enhance the performance, the server has 
to be extended with customary COM objects that can take care of heavy weight 
operations such as looping through a feature. Extending the server demands knowledge 
of how to program ArcObjects, that is, using COM. In addition, the server administrator 
needs to control the performance by carefully monitor the server statistics and log files. 
 
When it comes to ArcGIS Server in combination with J2EE, this could not be tested in 
practice since the sample applications did not work properly. As a result, the 
conclusions are based on a study of the application’s source code.  
 
The goal with dividing the architecture into layers is to hide as much of the complexity 
as possible from the client, making it easier to use the application. In combining ArcGIS 
Server with J2EE, the code for connecting to and communicating with ArcGIS Server 
and the server objects will be handled by EJBs instead of the client. This also applies to 
the complex code that handles the communication with the geodatabase. Another 
advantage in using J2EE is that it has a more extensive security model than ArcGIS 
Server, who solely relies on the security in the operating system and in the application 
itself. A simple model on how to integrate ArcGIS Server with J2EE is shown in figure 
8. Here, each tier hides complex operations from the tiers higher up in the hierarchy. 
The arrows illustrate the communication between the different tiers. 
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Figure 8. Model for integration of ArcGIS Server with J2EE 

 
In conclusion, to implement the EIS tier in the J2EE architecture, ArcGIS Server seems 
like a good option. It enables the distribution of GIS resources and hides many of the 
complex operations on ArcObjects from the client. The main advantage is that the 
server objects can be pre-configured in the server and their performance can be 
monitored by the administrator. However, the ArcGIS server needs to be more stable 
and reliable than the version tested in this thesis. Above all, the connection between the 
Java objects in the application and the COM objects in ArcGIS Server needs to be more 
consistent.  
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Appendix A 
 

Glossary 
 
 
ADF Application Developer Framework 
ANT Another Neat Tool 
API Application Programming Interface 
BMP Bean Managed Persistence 
CMP Container Managed Persistence 
COM Component Object Model 
DCOM Distributed Component Object Model 
EIS Enterprise Information System 
EJB Enterprise JavaBean 
ESRI Environmental Systems Research Institute 
GIS Geographic Information System 
HTML HyperText Markup Language 
HTTP HyperText Transfer Protocol 
IDE Integrated Development Environment 
IMS Internet Map Server 
JAAS Java Authentication and Authorization Services 
JAXP Java APIs for XML 
JCA Java Connector Architecture 
JDBC Java Database Connectivity 
JMS Java Message Service 
JNDI Java Naming and Directory Interface 
JSF Java Server Faces 
JSP Java Server Pages 
JTA Java Transaction Architecture 
JTS Java Transaction Service 
JVM Java Virtual Machine 
J2EE Java 2 Platform, Enterprise Edition 
J2SDK Java 2 Software Developer Kit 
MSDOS Microsoft Disk Operating System 
RDBMS Relational Database Management System 
RPC Remote Procedure Call 
SDE Spatial Database Engine 
SOAP Simple Access Protocol 
SOC Server Object Container 
SOM Server Object Manager 
SQL Standard Query Language 
TCP/IP Transfer Control Protocol / Internet Protocol 
VBA Visual Basic for Applications 
XML Extensible Markup Language 
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Appendix B 
 

ArcGIS Engine vs. ArcGIS Server  
 
 ArcGIS Engine ArcGIS Server 

What 

 
Developer product built from ArcObjects. 
 
Two parts: the Engine Developer Kit 
(toolkit for developers, a library with 
embeddable GIS components) and 
Engine Runtime.  
 
Does not include user interfaces: 
programmers interact with components 
with API. 
 

 
An object server that manages a set of 
GIS server objects (ArcObjects on a 
server).  
 
Complementary to ArcSDE and ArcIMS. 
 
Extends the Engine with GIS Web service 
framework and facilities for the 
management and administration of server 
components. 

Why 

 
Build custom desktop applications that 
can operate as stand-alone applications or 
as ArcGIS Server clients.  
 
Suitable for building basic mapping up 
through comprehensive, dynamic GIS 
applications for Windows, UNIX or Linux 
users. 

 
For enterprise information systems 
developers to build serverside GIS 
applications in both a Web services and 
client/server environment.  
 
Developers can build applications for end-
users who do not have a desktop GIS. 

How 

 
Developer builds a standalone solution 
using a few ArcObjects and gives the 
application to a client.  
 
Client has ArcEngine runtime on their 
computer. 
 

 
Using the Server Application Developer 
Framework (ADF) or programming directly 
with the server objects in Java. 

Where 

 
Runs on the desktop.  
 
Cross platform (Windows, UNIX…).  
 
Major development environments (Java, 
C++…) 

 
Configuration and management of server 
objects through ArcCatalog. 
 
Programming through APIs (Server API, 
Java Web Controls). 
 
Open and cross platform (Windows, 
UNIX…) 
 

 
Ref. 

 
[4], [9], [10], [13], [17], [35], [36], [37] 

 


