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console (IMTec) and outline future developments of the IMTec architecture. The project was carried out
on account of Industri-Matematik Teknik (IMT). IMT is a subsidiary to Industri-Matematik
International (IMI), located in Stockholm (Sweden), and is specialized in outsourcing, hosting and
technical services/solutions.

IMTec is an enterprise supervision software package developed in 2002. IMTec is used both in-house at
IMT and offered to customers as well. IMTec has since then been maintained and several customer
specific solutions have been added. The target groups for IMTec are customers that need an overview of
their enterprise systems status running at IMT and system administrators that need to be proactively
notified when systems and applications are running into difficulties.

The IMTec enterprise monitoring tool is a large scale enterprise system. To limit the scope of this
project the objective of the MSc thesis has been to create a fully functional prototype of IMTec Web
Console (IMTec v2.04 alpha) and implement monitoring support for the windows platform.

Extensive research has been done in the industry in order to make the product easy to use for the
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Abstract 
 
 
This thesis aims to implement a new graphical user interface for Industri-Matematik 
Teknik enterprise console (IMTec) and outline future developments of the IMTec 
architecture. The project was carried out on account of Industri-Matematik Teknik (IMT). 
IMT is a subsidiary to Industri-Matematik International (IMI), located in Stockholm 
(Sweden), and is specialized in outsourcing, hosting and technical services/solutions. 
 
IMTec is an enterprise supervision software package developed in 2002. IMTec is used 
both in-house at IMT and offered to customers as well. IMTec has since then been 
maintained and several customer specific solutions have been added. The target groups 
for IMTec are customers that need an overview of their enterprise systems status running 
at IMT and system administrators that need to be proactively notified when systems and 
applications are running into difficulties. 
 
The IMTec enterprise monitoring tool is a large scale enterprise system. To limit the 
scope of this project the objective of the MSc thesis has been to create a fully functional 
prototype of IMTec Web Console (IMTec v2.04 alpha) and implement monitoring 
support for the windows platform. 
 
Extensive research has been done in the industry in order to make the product easy to use 
for the intended users. Other software solutions in the IMI suite have been explored to 
give IMTec the look-and-feel of an IMI software package. 
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1 Introduction  

This chapter first introduces the aim and objectives of this thesis project. Then, it 
provides an introduction to Industri-Matematik International and its subsidiary Industri-
Matematik Teknik. Finally it describes the software package IMTec. 

1.1 Aim 
 
The aim of the thesis is to implement a new graphical user interface for IMTec (Industri-
Matematik Teknik enterprise console) and outline future improvements of the IMTec 
architecture. 
 
The implementation uses Java technologies and conforms to industry standards. 
 
IMTec is under constant development and expansion. New areas of surveillance are to be 
added. To cater for these needs, design templates for servlets will be developed. 
 
 

1.2 Objective 
 
The objective of this master thesis is to design and develop a user-friendly interface for 
the IMTec Web Console. 
The graphical user interface (GUI) is to be designed to display relevant information in a 
simple and user-friendly manner. The GUI will have a modern look-and-feel and 
resemble other software packages in the IMI suite. 
 
An IMTec Agent for the windows platform will be developed and integrated into the 
existing IMTec architecture. 
 

1.3 Industri-Matematik International Corp (IMI) 
 
Industri-Matematik International is a software company primarily aimed at developing 
software solutions for logistics.  
 
The IMI suite of software includes IMI Order, IMI Warehouse and IMI replenishment.  
 
Industri-Matematik customers cover the entire retail value chain. They include some of 
the world’s leading brands such as AstraZeneca, British Airways, Campbell Soup, 
Canadian Tire, Foster’s, Kellogg’s, Royal Ahold, Schenker, Starbucks, Flextronics, TNT 
Express, and Warner/Elektra/Atlantic. 
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1.4 Industri-Matematik Teknik (IMT) 
 
Industri-Matematik Teknik is a subsidiary to IMI, located in Stockholm (Sweden), and is 
specialized in outsourcing, hosting and technical services/solutions. 
 

1.5 Industri-Matematik Teknik enterprise console – IMTec 
 
IMTec is a system supervisory tool, primarily aimed at supervision of enterprise servers. 
The software is an essential monitoring, alerting, and reporting solution used to 
proactively monitor mission critical applications, systems and infrastructure equipment. 
IMTec has been developed using Java Technologies and the programming language C. 
The “console” part of IMTec is a web-based interface. 
 
IMTec was first developed at Industri-Matematik Teknik (IM Teknik) in 2002 to replace 
an older in-house supervisory tool. Upon completion in mid-2002, the IMTec tool was 
offered to customers as well. 
 
The original designer and developer of IMTec was Michael Grunditz at IM Teknik. In 
2003 he was joined by Henrik Göransson at Industri-Matematik International (IMI) to 
further develop IMTec. 
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2 Software process model 

This chapter describes the methodology employed in this project, and how it has been 
used for the problem at hand. 

2.1 Incremental Development 
 
The methodology used in this project is based on the incremental development model 
(Sommerville, 2001). The incremental development model is a combination of the 
waterfall model and the evolutionary approach.  

• The waterfall model requires customers to commit to a set of requirements 
before the development can continue. This can sometimes be impractical 
since the customer may find new requirements as the project evolves.  

• The evolutionary model allows the requirements and design decisions to 
be delayed. But this can lead to poor structure, software that is difficult to 
understand and cumbersome to maintain.  

 
Combining these two models gives the ability to delay certain design requirements whilst 
not risking poor structure of the software. These characteristics make the incremental 
development methodology suitable for this project.  
 
The incremental development model was proposed by Mills (Mills et al., 1980) as a 
means of reducing rework during the software development process while allowing 
customers to delay decisions on system requirements. 
  
In an incremental development process, customers identify, in outline, the services to be 
provided by the system. They identify which of the services are most important and 
which are least important for them. A number of deliver increments are then defined, 
with each increment providing a subset of the system functionality. The allocation of 
services to increment depends on the service priority. The highest priority services are 
delivered to the customer first. Once an increment is completed and delivered, customers 
can put it into service. This means that they take early delivery of part of the system 
functionality. They can experiment with the system which helps them clarify their 
requirements for later increments and for later versions of the current increment. As new 
increments are completed, they are integrated with existing increments so that the system 
functionality improves with each delivered increment (Sommerville, 2001). 
  

Advantages of incremental development 
 

1. Customers do not have to wait until the entire system is delivered. The first 
increment satisfies their most critical requirements so the software can be used 
immediately. 
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2. 

3. 

4. 

5. 

1. 

2. 

Customers can use the early increments as a form of prototype and gain 
experience which informs the requirements for later system increments. 

 
There is a lower risk of overall project failure. Although problems may be 
encountered in some increments, it is likely some will be successfully delivered to 
the customer. 

 
As the highest priority services are delivered first and later increments are 
integrated with them, it is inevitable that the most important system services 
receive the most testing. This means that customers are less likely to encounter 
software failures in the most important parts of the system. 

 
Users become involved with the system early, which means the system is more 
likely to meet their requirements and the users are more committed to the system. 

 
Problems of incremental development: 

 
Increments should be relatively small and each increment should deliver some 
system functionality. It may therefore be difficult to map the customer’s 
requirements onto increments of the right size. 

 
Dependencies within the system might make it complicated to discern detached 
increments. 

  

2.2 Incremental Development in practice 
 
The core of IMTec was developed in 2002. Accordingly the majority of work in the first 
three steps of the development process (see figure below) had already been completed.   
 
This thesis is concerned with what is depicted in the lower half of Figure 1 (marked with 
pink background). In the increments involving user interface design the Usability 
engineering lifecycle model (Faulkner, 1998) was used within the increment. See Chapter 
3 for further information on the lifecycle model. 
 

 
Figure 1 Incremental development flow. (Sommerville, 2001) 
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2.2.1 Overview of increments 
 
Increments were defined as below: 
 
 
Increment Content 

First Functionality for the main menu (Frame to 
the left. Functionality for the tabs of hosts 
and services. See 

).  
Second Integrating main menu with tab systems. 

Implementation specific details can be 
found in chapter 6. 

Third Functionality for service information. 
Implementation specific details can be 
found in chapter 6. 

Fourth IMTec Agent for the windows platform. 
Implementation specific details can be 
found in chapter 6. 

Figure 11: IMTec v2.03 
alpha

 
The first prototype of IMTec version 2 was delivered and deployed on a live IMTec 
server running at IMT as soon as the core functionality had been developed (about 7 
weeks after project start). The customer (IMT) was enthusiastic about the results and as 
expected this led to new ideas which changed the requirements. On an incremental basis 
the new requirements were implemented and delivered. The process was then iterated 
until the end of the project. 
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3 Usability Engineering – User Interface Design 

This chapter covers some of the scientific research used when designing the IMTec Web 
Console. The Usability Engineering lifecycle model is described and how it was 
implemented on this project. 
 

3.1 Introduction to usability engineering 
 
Usability engineering is a method of software engineering that incorporates HCI (Human 
Computer Interaction) principles and adopts user centered-design and development. 
 
Usability engineering aims to make user interfaces user-friendly. The term user-friendly 
is used in a variety of contexts. The term is very subjective because of the varying needs 
of different users. What is user-friendly according to one user might be impractical for 
another. 
 

“User friendly means adapting parts of the system to the operator rather then the 
operator having to adjust and probably not managing to do so efficiently; that is 
why it is such a desirable quality to build in, a quality moreover which generally 
only needs to provide patience, commonsense, and a sense of humanity” 
(Sherman, 1985) 

 
The term usability as defined by the International Organization for Standardization. 
 

“…the effectiveness, efficiency and satisfaction with which specified users can 
achieve specified goals in particular environments…” 
(ISO DIS 9241-11) 

 
In the above quotation effectiveness implies the accuracy and completeness with which 
users achieve specified goals. Efficiency implies the resources expended in relation to the 
accuracy and completeness with which users achieve goals and satisfaction implies the 
comfort and acceptability of use. 
 

3.2 Usability engineering in practice 
 
The design of a user interface is the only part of a system a user can see. Obviously it is 
very important. But a good looking exterior does not guarantee usability and it is the 
usability that in the long run gives a system a guarantee for success. 
To achieve and secure usability for the IMTec Web Console the Usability engineering 
lifecycle model (Faulkner, 1998) has been used. The lifecycle model consists of ten steps 
where each step produces information that is used to secure the usability of the user 
interface.  
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Step 1. Know the user 

Considering that IMTec is an enterprise monitoring software stipulates that the 
users will be experienced with computers. Prerequisites such as knowledge of 
supervised hostnames, services and other network information can be assumed. 
However the navigation of the Web Console will of course be simple and 
intuitive. 

 
Step 2. Know the task 

The user interface will give an overview status of monitored hosts/servers. The 
information will be separated in three layers. An administrator will be able to 
configure the IMTec Server/Central via the Web Console.  

 

 
Figure 2 Information hierarchy 

 
Step 3. User requirements capture 

This step involves collecting requirements from the customer. This was done 
through a series of meetings with current users of IMTec and project responsible 
at IMT. 
 

Step 4. Setting usability goals 
This step involves negotiating with the customer. High-performance, stability and 
simple navigation were ranked as the foremost usability goals. 

 
Step 5. Design Process 

In this step a design draft is produced. For this project a mock-up interface in html 
was produced. The design draft can also be produced with any image-processing 
tool (such as Photoshop) since in this step no emphasis is on functionality. 

 
Step 6. Apply guidelines, heuristics 

In this step usability guidelines or heuristics (more detail given in section 3.3) is 
used to ensure usability. 

 
Step 7. Prototyping 
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 This step involves producing a fully functional prototype. 
 
Step 8. Evaluation with users 

When the prototype is developed, it is tested by its intended users. A prototype of 
IMTec v2 was deployed in its live environment 7 weeks after the project started 
and the users was encouraged to test the prototype. 
 

Step 9. Redesign and evaluate with users 
 The previous step is iterated and any flaws are attended to. 
 
Step 10. Evaluate with users and report  

When the project is finished the end result is evaluated and experiences are kept 
in mind for future systems. 

 

3.3 Usability guidelines/heuristics 
 
In step 6 of the Usability engineering lifecycle model the use of guidelines and heuristics 
is mentioned, which is the application of already known good practices of usability 
engineering. The application of heuristics will save time and money.  
 

“…extensive user involvement may be costly and may lengthen the 
implementation period, build antagonism with people who are not involved or 
whose suggestions are rejected, force designers to compromise their design to 
satisfy incompetent participants, and simply build opposition to 
implementation…” 
(Schneiderman, 1998) 

 
There are several prominent researchers in this area and equally as many 
guidelines/heuristics available. One of the most well-known researchers is Ben 
Schneiderman and his Eight Golden Rules of Interface Design. 
 
Ben Schneiderman’s Eight Golden Rules of Interface Design (Schneiderman, 1998) 
 

1. Strive for consistency. It is important that a user interface is consistent on many 
levels. For example, screen layouts should be consistent from one screen to 
another. In an environment using a GUI, applications should be consistent to one 
another. 

 
2. Enable frequent users to use shortcuts. Frequent users may be turned off by 

overly tedious procedures. Allow those users a less tedious procedure for 
accomplishing a given task.  
 

3. Offer informative feedback. Users need to see the consequences of their actions. 
If a user enters a command but the computer does not show that it is either 
processing or has processed that command, this can make the user confused and 
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disoriented.  
 

4. Design dialogues to yield closure. Interacting with a computer is somewhat like 
a dialogue or conversation. Every task should have a beginning, middle and an 
end. It is important for the user to know that the task is being processed and when 
it is finished. 

 
5. Offer simple error handling. User errors should be handled by the system. No 

user action should be considered an error that is beyond the ability of the system 
to manage. If the user makes a mistake, the user should receive useful, concise 
and clear information about the nature of the mistake. It should be easy for the 
user to undo his or her mistake.  
 

6. Permit easy reversal of actions. Users should be allowed to undo what they have 
done, whether it is in the nature of an error or not.  
 

7. Support internal locus of control. User satisfaction is high when the user feels 
that he or she is in control. In contrast, the user satisfaction decreases when the 
user feels that the computer is in control. Design interfaces to reinforce the feeling 
that the user is the focus of control in the human-computer interaction.  
 

8. Reduce short-term memory load. Human short-term memory is remarkably 
limited. Psychologists often quote Miller's law to the effect that short-term 
memory is limited to seven discrete pieces of information. Do everything possible 
to free the user's memory burden. For example, instead of asking the user to type 
in the name of a file, present the user with a list of files currently available. 
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4 Industri-Matematik Teknik enterprise console (IMTec) 

In this chapter an overview of the IMTec software package is provided. 
 

4.1 Architectural overview 
 
The IMTec setup can be used to supervise any number of objects (e.g., computers, 
usually servers, and their systems/applications), and consists of four different types of 
components. 
 

Component Description 

IMTec Server/Central The core of the IMTec setup. The server 
collects data from the IMTec Agents of the 
supervised objects. The server keeps the 
IMTec Database updated and sends alerts 
(email/sms) to configured recipient(s) when 
a supervised object shows signs of trouble 
(according to its configuration). 

IMTec Web Console A web GUI that displays the current status 
of the supervised objects. Also used for 
easy configuration of the IMTec 
Server/Central. 

IMTec Agent A small network process running on each 
supervised object, collecting status data for 
the IMTec Server/Central. 

IMTec Database The central place for all IMTec data, used 
by both the IMTec Server/Central and Web 
Console. 

 
Each component type is described in detail in sections 4.3, 4.4, 4.5 and 4.6 respectively. 
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Figure 3 IMTec Architecture 
 
In Figure 3, the IMTec Server, Database and Web Console are all running on the same 
computer. This is a typical setup, but not a requirement – these IMTec components can 
be de-coupled and run on separate computers/servers. 
 
NB: The IMTec Server and Web Console component do not communicate directly with 
each other; the IMTec database is used to relay the information.  

  

4.2 Typical sequence of events 
 
The following example show how the different IMTec components interact. The example 
aims to illustrate the dynamic behavior of IMTec. This structure is the key to make 
IMTec easily extendable. 
 
This example is a broad overview. For clarity minor details of interaction are not 
described.  
 

1. The IMTec Server checks a particular application on a specific host. The 
information of when this particular service is to be checked together with the 
service name and host name is retrieved from the IMTec database. The IMTec 
Server makes a connection to the specified host and specifies which service it 
wants information from. 
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2. The IMTec Agent receives the call from the IMTec Server and extracts which 
type of service the Server wants information about. 

 
3. The IMTec Agent executes a sub-program to collect data about the service and 

returns the data in XML format.  
 

4. The IMTec Server receives the information from the Agent and interprets the 
XML. The IMTec Server evaluates the information given by the Agent and 
updates the database. If the agent has reported that the supervised object is in 
trouble the server will (depending on the given configuration) send a sms and/or 
email to the specified administrators. 

 
5. The IMTec Web Console at a given interval checks for updates in the IMTec 

database, and displays any object whose status has been changed. The Web 
Console uses colors to define four different status levels. (See section 6.1 for the 
meaning of the colors). 

 

4.3 IMTec Server/Central 
 
The IMTec Server/Central is the core of an IMTec setup. The server collects data from 
the IMTec Agents and keeps the IMTec database updated. It also triggers alerts 
(email/sms) when the status of a supervised object/resource reaches a specified warning 
level. 
The IMTec Server is a pure Java application, and therefore platform independent. The 
server can be run on a server or a PC; running UNIX, Linux, Windows or Mac/OS. 
The IMTec Server does not provide a GUI in itself – the IMTec Web Console provides 
the GUI to be used to view the status of the supervised objects, and to configure the 
IMTec server. 
The IMTec server cannot exist without an IMTec Database, although they do not need to 
run on the same computer/server. 
 

4.4 IMTec Web Console 
 
The IMTec Web Console is the GUI for IMTec. The Web Console displays the status of 
the supervised hosts. The IMTec Web Console is a web application and is viewed from a 
web browser. At the time of writing the IMTec Web Console is certified for Microsoft 
Internet Explorer version 6 and later. The Web Console is user-friendly and allows one to 
configure the IMTec Server/Central. 
The IMTec Web Console checks the database for updates in intervals of time. This can be 
specified by the user/administrator; otherwise it is set to 120 seconds. Figure 4 and Figure 
5 shows the IMTec Web Console 
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Figure 4 Erroneous EDI messages. 
 

 
Figure 5 Configuring services of IMTec Web Console. 
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4.5 IMTec Agent 
 
The IMTec Agent is a lightweight background process. Each supervised object (server) 
has one IMTec Agent that is listening for incoming calls from the IMTec Server. The 
IMTec server calls the agent and specifies the resource for which the agent should return 
a report in XML format. After receiving the call the agent executes the applicable 
subprograms and/or scripts of the requested service. 
 
The available services for supervision are listed in 4.7 
 
An IMTec Agent can be used by several IMTec Servers, i.e. a supervised object can be 
monitored by several IMTec Servers. This feature can be used when a customer has its 
own server farm and runs the IMTec package in-house. IMT uses its own IMTec setup to 
monitor the servers, assuming various permissions are granted, and can collect important 
statistics about the behaviors of applications, process queues, etc.  
There is also the possibility to let the IMTec Agent report to other (non-IMTec) 
supervisory systems. 
The IMTec Agent uses TCP/IP for network communication. Its default port is 3490. The 
supervised object (host) must be reachable in the network by the calling IMTec Server 
(this may require some firewall configuration). 
The IMTec Agent is built in the programming language C. The status data returned by the 
IMTec Agent is in easy-to-read XML format. 
 

4.6 IMTec Database 
 
The IMTec database is currently running on MySQL. With over six million installations 
the MySQL database server is the world's most popular open source database. 
Preparations have been made to be able to run the IMTec database on any relational 
database. 
 

4.7 IMTec Services 
 
IMTec offers a number of services (types of supervision) for both the OS (operating 
system) resources, databases and applications. 
 
Services for Unix/Linux OS 
 
Service Description 
disk Checks disk usage for each file system on the host 

machine. 
Checks free kilobytes (1024-bytes blocks) per file system. 

load System average load (all CPU’s). 
io input/output operation flow. 
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users Number of different users logged on to the host. 
fax checks the status of 3rd party telefax software. 

 
Services for IMI Order (Order management software in the IMI suite) 
 
Service Description 
aom Checks status (up/down) of system background queues. 

If a queue is a GUI/VTX daemon, its number of GUI 
processes is also counted and checked. 

aomrep Checks the report queue jobs.  
aomedi Checks the edi queue jobs.  
aomnight Checks the Night Batch queue jobs. 

 
Services for IMI Warehouse (Warehouse management system in the IMI suite) 
 
Service Description 
vfc Checks status (up/down) of system background queues. 
rmu Checks the status of Route Mgmt Unit (a.k.a. “PLink“). 
maia Checks the status of the Maia component (Messaging  

component). 
 
Services for Oracle RDBMS 
 
Service Description 
oracle Checks table space usage as free bytes/segments. 
oraclemax Maximum extents. 
oraclenet Checks status of Oracle Net. 

 
Services for Routers/Network cards (not yet fully implemented) 
 
Service Description 
icmp Checks router status using ICMP. 

 
Services for Windows OS (2000, 2003 Server, XP) 
 
Service Description 
disk Checks disk usage of each mounted disk. 
load Processor load (all processors). 
io input/output operation flow. 
users Number of different users logged on to the host. 
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General Services: 
The IMTec Agent for the windows platform can be configured to supervise almost any 
application and service. The IMTec Agent uses the software package Samurize1 to access 
the Windows Management Instrumentation (WMI). 
 
Statistical Services  
 
Service Description 
Servicelevel Provides an overview of statistics.  

• uptime of OS 
• uptime of Oracle 
• uptime of WAN 
• IMTec check percent 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 System surveillance package for the windows platform. 
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5 Remodeling and refactoring the software 

Since 2002 the IMTec code has been extended with new types of services. Although the 
fundamental design of IMTec is still modern the code has decayed over the years, known 
as “code rot”. This chapter discusses remodeling and refactoring of software which in 
essence is to keep the code structured and modern.  
 

5.1 A brief introduction to remodeling and refactoring 
 
Deprecating API’s and new ways of utilizing object-oriented programming (OOP) are 
examples of code decay.  
 

5.1.1 Remodeling 
 
Remodeling is the process of changing the software design of a program. This might be 
necessary when new features are implemented. Another reason for remodeling is for 
software optimization. 
 
Within this project several remodeling tasks were undertaken.  
One of the features IMT wanted was database independence. In the original software 
design the database connection handling was handled locally from within each 
instance/object. To be able to achieve database independence the foremost task was to 
separate the database logic from each individual instance. Instead a database connection 
pool was created. This structure lets the instances/objects communicate with the database 
through one of those connections from the database pool. 
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Before remodeling After remodeling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Conceptual schema model of database 
connection handling before remodeling 
 

Figure 7 Conceptual schema model of database 
connection handling after remodeling 

 
A packaging structure of IMTec was also modeled.  
 
Packages2: 

se.im.resource – Servlets for drawing service information graphics. 
se.im.listserv – Java Bean for accessing host information. 

 

5.1.2 Refactoring 
 
Refactoring is a disciplined technique for restructuring an existing body of code, altering 
its internal structure without changing its external behavior (Fowler, 2005). 
 
In essence refactoring is fine-tuning and optimizing the code without changing the 
behavior.  
 
The benefits of refactoring are more maintainable code which leads to an overall better 
structure of the software. 
 
Key benefits of refactoring: 
  

1. 
2. 
3. 

                                                

Improve clarity of code 
Prevent “code rot” 
Improve extendibility and maintainability 

 

 
2 Packages are used in Java to bundle classes. 
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Refactoring and remodeling has been applied on the code as the development within the 
thesis has been carried out. A complete review and refactoring of the code is out of scope 
of this project. 
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6 Implementation 

This chapter describes how the GUI was implemented and illustrates how the theory 
presented in previous chapters has been applied.  

6.1 Designing and implementing a new user interface for IMTec 
 
During the implementation phase the requirements defined by the customer is 
implemented in a way that conforms to previous mentioned theory about software-
engineering, user-interface design and other general industry standards. 
  
The figure below shows the GUI of IMTec version 1. 
 
IMTec version 1 

Figure 8 IMTec version 1 
 
As mentioned previously the new version of IMTec should resemble the other products in 
IMI’s suite of software’s. 
 
To get an introduction and some insight into the software’s developed at IMI I set up a 
meeting with the developer Kent Reiss at IMI. Kent Reiss works at the Product 
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Development department based at the Swedish headquarters in Stockholm. After I had 
got acquainted with some of the softwares, in particular the IMI Order Web Interface I 
started to design a first prototype.   
 
IMI Order Web Interface: 

Figure 9 IMI Order Web Portal (Development example) 

 
  The design outline for the IMTec Web Console was planned as shown in the figure 
below. 
 

 
Figure 10 IMTec Web Console Design outline 
 
The reserved areas in the above outline will be used for future functionality. 
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The development process as described in previous chapters was then begun. As 
mentioned previously close contact was kept with the customer and delivering the 
application in the form of increments. 
 
The implementation for the IMTec Web Console uses Java Servlets, Java Beans, JSP’s 
(Java Server Pages), Java-Scripts, CSS and html etc.  
 
The IMTec Web Console consists of several frames or areas. The implementation uses 
IFrames which gives flexibility of design and control over the different parts of the 
application. The IFrames are marked in pink in the screenshot below.   
 
 
 

 

 

Host Tabs Service InformationService Tabs Menu 

 

 
Figure 11: IMTec v2.03 alpha 
 

• Menu: The menu panel contains update/exit buttons, an option to minimize the 
menu bar and also a list of all supervised hosts with their status displayed by the 
icon to the right.  

• Host Tabs: Each host is represented by a tab. 
• Service/resource Tabs: Each service monitored is represented by a tab. 
• Service Information:  The information about the service is displayed in the 

Service Information panel. 
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Service/resource status colors: 
 

• Green: Status level “OK” – indicates that the supervised resource is OK 
(according to its configuration). 

• Yellow: Status level “warning” – indicates that the supervised resource is 
showing signs of strain/trouble, but it’s not a critical state (it’s between the OK 
and alert warning levels according to its configuration). 

• Red: Status level “alert” – indicates that the supervised resource is showing signs 
of strain/trouble. 

 
Host status colors: 
 

• Green: Status level “OK” – indicates that the supervised host is OK (all 
supervised resources on the host are green/OK). 

• Yellow: Status level “warning” – indicates that the supervised host is showing 
signs of strain/trouble, but it’s not a critical state (at least one of its supervised 
resources is yellow/warning). 

• Red: Status level “alert” – at least one supervised resource on the host is red 
(alert). 

• Black /     : No contact with host (the IMTec Server/Central is unable to fetch 
status data from the supervised object). 
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The final result: IMTec Web Console version 2 
 

Figure 12 IMTec reports that an IMIOrder system has a problem. 
 
 

6.1.1 Flexible design 
 
The information displayed in the IMTec Web Console varies from host to host. For 
example one host might have one hundred different file systems whereas another host 
might have ten. The need for flexibility of design eliminates for example the employment 
of fixed size background images. Almost all the graphics in IMTec is dynamically built. 
The “repeat” syntax in CSS (Cascading Style Sheets) is one of the techniques used, this 
command allows for repetition in all directions or limit to repeat in x- or y- direction.  
 
The upper row of tabs displays the hostnames within the tab. The graphics of the tab and 
the hostname are drawn separately. The graphics of the tab is in fact the combination of 
three different background images (see figure below). The image in the middle of the tab 
is a 1px wide slice that is iterated for as long as needed. This allows for varying length of 
text within the tab. The hostname is then retrieved from a java bean and printed in the 
foreground.  
 

 
 
Figure 13 A Tab consists of three different background images 
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6.1.2 Using colors 
 
The use of colors in GUI design is extremely effective. Colors are for example used to 
group areas of information and getting the users attention to a specific part of the GUI.  
 
The user interface design in IMTec uses colors to represent the status of hosts and 
services (see also 6.1). The colors used have been chosen so that the meaning of the 
representation is intuitive.  
 
 “Colors can have different meanings in different situations to different people” 
 (Galitz, 2002) 
 
The GUI uses the color red for danger, green for status OK and yellow for warning. 
These color associations are widely used in Europe and the United States.  
 
In the main menu an icon with a plug is used to indicate that the host cannot be reached 
on the network (See Figure 14. Icon to the right of imipc1120). 
In the host tab menu black color is used to indicate that there is no network connection to 
the host. This color association is not generally applicable but with the combination of 
the icon in the main menu it was accepted by the users. 
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Main menu Tabbed menu 

 
Figure 14 Example of 
colors used in main 
menu 

 
 

 
 
Figure 15 Example of colors used in tabbed menu 

disconnected

Disconnected 
plug icon 

Status OK. 
Tab active 

Status OK. 
Tab inactive 

 
Highest alert Proactive 

alert  

6.1.3 Navigation graphics 
 
The navigation graphics of the Web Console is achieved using Java-script and CSS. 
When the user clicks on a host in the main menu the corresponding tab is highlighted on 
the tabs of hosts. 
 
As mentioned before the application reloads regularly. Web applications are in essence 
stateless which means that it does not save its state between reloads. To save state 
information such as a tab being highlighted non-persistent cookies were implemented. 
 
Consistently in the application, the cursor is displayed as a hand any time it is located 
above a link or a tab. 
This is achieved using CSS and setting the cursor property to pointer. 
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6.2 IMTec Agent for Windows 
 
The IMTec Agent for windows was implemented in Java. 
 

 
Figure 16 Software design overview of the IMTec agent for windows 
 
The main part of the IMTec Agent software handles the connections to and from the 
IMTec Server/Central. The main part of the program requests information from a sub-
level which retrieves the information from an external software package (Samurize) and 
returns the information in XML format. The main part of the program then sends the 
XML to the requesting IMTec Server. 
 
For the IMTec Server/Central a class for interpreting the XML format delivered by the 
Windows IMTec Agent was written. 
 
 

6.3 Known problems/bugs in IMTec Web Console 
 
At the time of writing no major problems/bugs are known of in the IMTec Web Console.  
 

6.4 Development tools and environment 
 
The IDE (Integration Development Environment) used in this thesis was JCreator LE. 
ANT was used to build the application and GIMP was used for image-processing.  
Code Visual for C/C++ was used for editing in C. 
 
The J2SE 1.4 and J2EE 1.4 Software Development Toolkits (SDK) were used. Apache 
Tomcat version 4.1.31 web server was used throughout development. The application has 
also been run successfully on Apache Tomcat version 4.1.10 and 4.1.18. The IMTec Web 
Console is certified for Tomcat web servers based on version 4. 
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7 Future work 

This chapter outlines future work and ideas that have been proposed and discussed with 
IMT. 

7.1 Authentication and roles 
 
The current version of IMTec does not implement any authentication process. Anyone 
who knows the address of the IMTec Web Console can use its functionality. In its current 
implementation the IMTec Web Console is run on a web server available within the 
company’s intranet (LAN) or via VPN (Virtual Private Network). The default user 
privileges in the current implementation are administrator rights. For some users it would 
suffice to have read privileges, since they only need to see the status of supervised 
objects. With the implementation of authentication and roles the IMTec Web Console 
could be run on a web server accessible on the Internet.  
 

7.2 Create installer for windows 
 
An installation wizard for windows can be developed. Although installing the software in 
its current format is quite straight forward, some users prefer using a wizard where 
applicable options and parameters are chosen and the software installed. 
 

7.3 Supervision support for Routers and Switches 
 
Defective routers and switches disturb network traffic, and even worse a router that is out 
of order might halt the traffic entirely. Supervision of the status of routers and switches 
and statistics of data passing through has been proposed.  
 

7.4 Optimizing the display of statistics 
 
IMTec stores and displays statistics of services. Displaying these statistics in the Web 
Console involves heavy calculations and it may slow down the loading of the web page. 
In the current implementation the statistics is recomputed each time the statistics page is 
displayed. Instead the statistics can be computed once and then stored in the database, 
saving both time and table space. 
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7.5 IMTec Server notifying the Web Console of update 
 
In its current implementation the Web Console checks for updates in the database every 
specified time interval. A future solution is to have the IMTec Server notify the Web 
Console when it has made an entry in the database. Using this kind of technology will 
prevent the Web Console to check over and over for updates in the database.  
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8 Conclusions 

The project successfully produced a new and improved user-interface for the IMTec Web 
Console. Recapitulating from Chapter 3.2 the usability goals high-performance, stability 
and simple navigation was achieved. The core for an IMTec Agent for Windows was 
developed and can straightforwardly be extended to monitor any service or application on 
Windows servers. 
 
The incremental software model proved to be successful in several ways. The most 
significant being the user involvement that was achieved. The customer’s/user’s interest 
in the development gave a lot of useful feedback which improved the projects usability 
and design. 
 
I also took the opportunity during the meeting with marketing personnel, product 
developers and managers of the company to introduce the new IMTec Web Console. This 
resulted in a lot of valuable informal feedback. 
 
It proved to be a formidable task to design the navigation system. Constantly reloading 
pages with equal amount of database connection calls was quite the task to control. 
Thanks to the early deployment of the application and thus the rigorous testing I feel 
confident that most bugs/defects of the software have been fixed.  
 
Breaking down the task into increments also proved to be comforting for me, the 
developer. The tasks to be done and the results were easily overviewed giving me 
assurance that the project could be completed within its time-frame. 
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9 Abbreviations  

In this chapter abbreviations, acronyms and terms used throughout the report are 
explained. 
 
Term Description 
IMI 
 

Industri-Matematik International corp. 

IMT Industri-Matematik Teknik. A subsidiary to IMI. 
IMTec IM Teknik enterprise console. 
IMTec Agent An agent program installed on each object (host) that is to 

be supervised by IMTec. 
IMTec Database The RDBMS (relational database management system) 

instance where the IMTec data is stored. 
The database is read and updated by the IMTec 
Server/Central and Web Console. 

IMTec Server/Central The IMTec program responsible for collecting data from 
the IMTec Agents (on the supervised objects), updating the 
IMTec Database and send out alerts (email/sms) when 
status on a supervised object reaches a critical warning 
level. 

IMTec setup One complete typical setup of IMTec consists of: 
one IMTec Server/Central 
one IMTec Database 
IMTec Agent(s) (One per supervised object) 
one IMTec Web Console 

IMTec Web Console The IMTec Web GUI (graphical user interface). 
Displays the current status of the supervised objects and 
offers easy configuration of IMTec. 
IMTec version 1: refers to the old version of IMTec 
IMTec version 2: The prototype that has been developed 
from this thesis. (IMTec v2.01 alpha) 

OS Operating System. i.e. Unix, Linux ,Windows etc. 
Resource A computer resource configured to be supervised by 

IMTec. 
Service A type of computer resource supervision offered by IMTec.
IP address Internet protocol address. 
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Hostname The name of a host. 
Port “Ports are used in the TCP [RFC793] to name the ends of 

logical connections which carry long term conversations.”3 
The Well Known Ports are those from 0 through 1023. 
The Registered Ports are those from 1024 through 49151 
The Dynamic and/or Private Ports are those from 49152 through 
65535 
IMTec uses port 3490 by default. 

Socket The IP-address and the Port together forms a socket, i.e. 
127.0.0.1:8080 

XML Extensible Markup Language. 
Vendor independent data format developed by W3C 
(World Wide Web Consortium). 

CSS Cascading Style Sheet 
Java A platform independent programming language and 

development platform. Created by Sun Microsystems. 
J2SE Java platform 2 Standard Edition4 
J2EE Java platform 2 Enterprise Edition5 
Java Beans Java Beans 
JSP Java Server Pages 
Servlets Java Servlets 
Supervised object/object In IMTec, “objects” is synonymous with “hosts”. 
Host In IMTec, “host” is used interchangeably with “supervised 

object“. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
3 IANA (Internet Assigned Numbers Authority), http://www.iana.org/assignments/port-numbers, Accessed 
2005-03-10. 

4 Java is property of Sun Microsystems, Inc. . http://java.sun.com , Accessed 2005-01-20. 

5 Java is property of Sun Microsystems, Inc. . http://java.sun.com , Accessed 2005-01-20. 
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