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Abstract

This thesis is a continuation of Øystein Hoftun's thesis "MObile Nagging Geek Orga-
nizer" (MONGO) from the spring of 2002.MONGO is a system made for an IT-support
department, allowing service personnel to remain mobile in their work by using such
mobile devices asPDAs and mobile phones when solving tasks in the �eld. This thesis
aims to impr ove MONGO by intr oducing location sensitivity to resources like service
personnel and tasks.

Furthermor e, the thesis discussesthe various possibilities that location sensitivity
createsand incorporates these into a new system to prove how task assignment and
execution can be made more ef�cient. It also discusseshow the newly intr oduced con-
text of locations can be managed ef�ciently , becoming a valuable new dimension to any
resourcemanagement system.

This thesis presentsa prototype of a new system, MongoLoid, which combines an
enhanced version of MONGO with a new location management system called Loid
(LOcation Information Detective). This system addressesproblem issues discovered
in MONGO and also utilizes the discussions on location sensitivity to create a more
ef�cient and well-or ganized system.

Finally, this thesis presentsthe results of a demonstration of MongoLoid to a group
of people from IT-drift at NTNU, Gløshaugen. The demonstration was followed by a
discussion where many valuable points were raised, and this thesis presentsthe most
important of these,shedding some light on the possibilities of MongoLoid and futur e
updates.
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Chapter 1

Introduction

This chapter will serve as an intr oduction to this thesis. It will outline the motivation
for working on it, give a detailed de�nition of the problem this thesisaims to solve, and
�nally guide the reader through the processand this report.

1.1 Motivation for project

The �eld of IT-support can often be a stressful one, with service personnel having to
keep track of both equipment and the usersof this equipment. It is a �eld that dealswith
computer, system and network maintenance, as well as helping and supporting these
users. Computer technology is famous for its ability to fail and the usersare famous for
their ability to causethis technology to fail - quite often becausethey can't keep up with
the plethora of new features intr oduced to software components (see�gur e 1.1). The
result is a great number of issuesthat need attention from the IT-support.

Figure 1.1:A common situation for usersof IT equipment

5



6 CHAPTER 1. INTRODUCTION

This cries out for a system that receives,stores and managesthese issues in a way
that allows IT-support to keep their work well-or ganized. Only then will they be able
to offer eachissue the attention it deservesso that everybody is happy at the end of the
day. But this has proven to be a major challenge. There are people involved at all ends
of the system - from the usersreporting problems to the servicepersonnel solving them.
And since errarehumanumest("to err is human"), one will often �nd that issuesare lost
or neglected asthe result of messyorganizing.

The current systemat NTNU is a systemcalled RUST(seesection2.1).This system is
e-mail based,and stores issuesas"tickets" that service personnel can look at and solve.
The situation with RUST, however, is that old, resolved tickets are still left in the system
and get in the way of the real issues.The causeof this issue is the fact that tickets need
to be manually resolved at the service person's computer. During a normal day, this
person may be in the �eld solving many tickets before he returns to his computer. So
when it's time for him to report his work, he may not recall all the tickets he worked on,
or even the details of how he solved them. The tickets he actually DID resolve thus end
up not being accounted for in the system.

One way of solving this is to intr oduce the aspect of mobility . If IT-support could
accessa system through using mobile devices such as a mobile phone or a PDA, they
could report their work immediately , on location. This would greatly enhancethe ef�-
ciency of handling the reported issuesand would help organize the issuesbetter.

During the spring of 2002,Øystein Hoftun worked on a thesis that aimed to intr o-
duce mobility to the area of IT-support. The result of his work was a system called
MONGO (MObile Nagging Geek Organizer) (seechapter 3) which allowed IT-support
to retrieve issues(in the form of tasks),work on them, solve them and report their work
- all while being in the �eld. They no longer depended on going back to their of�ces
and computers to �nish their work [19].

There were still problems with MONGO, though. One still relied on administrators
assigning tasks to staff members of IT-support manually, and there was no way of dis-
tinguishing whether or not one staff member was better suited to receivea task than the
others. In other words, the lack of proper resource management still posed issues for
solving tasks ef�ciently . Theseissuescould be solved by adding context information to
the resourcesinvolved (tasks and staff members). One such context is location.

While the tasks in MONGO did have a location, this location was only represented
by a simple description written by the task noti�er . And since staff members had no
known location stored, there was no way of tying them to tasks based on this infor -
mation. So to further impr ove MONGO and help resource management becomemore
ef�cient, one could add this context information to the system. If staff and tasks all had
locations adhering to the samesemantics,assigning tasks would becomean automatic
operation, and the ef�ciency of the system would becomeeven greater.

6



1.2. PROBLEM DEFINITION 7

1.2 Problem de�nition

The problem description for this thesis has been provided by representatives of the
MOWAHS project (seesection 1.3)and is as follows:

"This thesis is a continuation of an older thesis where a prototype for a sys-
tem handling tasks related to mobile IT-support was developed. The objec-
tive of this thesis is to further develop this system by intr oducing planning
and assignment of tasks basedon contextual information such as locations.
Furthermor e, the system is to be tested in a practical situation for proper
evaluation by professionals."

Basedon the above problem description, this thesis will focus on the following issues:

� Createa system for location management

� Further develop MONGO by incorporating resource management basedon loca-
tions

� Arrange a demonstration with professionalsrepresenting the target group for the
new system,and make an evaluation basedon this demonstration

The objective of this thesis will therefore be to analyze various options of managing
locations aswell as investigating dif ferent ways in which MONGO can be impr oved by
incorporating theselocations. The result will bea new systemthat offers amoreef�cient
way of planning and assigning tasks than MONGO by utilizing the newly intr oduced
context information of locations.

1.3 Project context - MOW AHS

MOWAHS (MObile Work AcrossHeterogeneousSystems)[18] is a research project con-
ducted at NTNU and funded by the Norwegian Research Council with NOK 5 Million
over 4 years. The goals of MOWAHS are threefold:

� G1) Helping to understand and to continuously assessand impr ove workpr o-
cessesin virtual organizations

� G2) Providing a �exible, common work environment to execute and share real
workpr ocessesand their artifacts, applicable on a variety of electronic devices
(from big servers to small PDAs)

� G3) Disseminating the results to colleagues, students, companies, and the com-
munity at large

7



8 CHAPTER 1. INTRODUCTION

This thesis is part of the MOWAHS project. One of the main aspectsof MOWAHS
is to support and encourage mobile work, which is also the focus of this thesis. The
problem domain, IT-support, is very important, and very much represents a mobile
work environment. Mobile support can help make this work even more ef�cient and
motivating for the people involved. Offering mobility to this �eld is the very core of the
work that MOWAHS stands for.

1.4 Reader's guide

This thesis hasbeenorganized according to a template suggestedby the Department of
Computer and Information Scienceat NTNU. The layout is meant to re�ect the project
processappropriately, and aims to give the reader a good impr essionof how the work
was performed. The following is a guide through the main parts of this thesis, and
describeswhat eachpart has to offer of information.

Part I. Introduction
The intr oduction is a way of motivating the project aswell asexplaining what problems
it aims to solve. The intr oduction also contains this reader's guide.

Part II. Prestudy
The prestudy is a study of previous work that is important in the execution of this
project.

� Chapter 2. Earlier work
This section will focus on systemsthat are related to this project and will give the
reader an idea of why this project is being performed.

� Chapter 3. MONGO
This section gives an overview description of Øystein Hoftun's initial system of
which this is a continuation.

� Chapter 4. An evaluation of MONGO
This is a re-iteration of Bernt Skjemstad'sevaluation of MONGO [16] asconducted
during the fall of 2002.

Part III. Own contribution
This part details the work performed in this project.

� Chapter 5. Introduction
This section servesas a preparation for what is to come by explainaing how the
work was done aswell asexplaining someterms and de�nitions used throughout
the part.

8



1.4. READER'S GUIDE 9

� Chapter 6. Extending MONGO
This section provides a discussion on how this project hopes to impr ove MONGO
by intr oducing new system elementsand features.

� Chapter 7. Possible solutions
This is a section in which someoptions for making theseextensionsare accounted
for.

� Chapter 8. Requirements and decisions
This section takes the discussionsof the previous chapters and makesa �nal deci-
sion regarding the requirements to the new system aswell ashow to satisfy them.

� Chapter 9. The new system - MongoLoid
This is a presentation of the new system, MongoLoid.

� Chapter 10. Technology
This section gives a short description of the technology used in developing and
using this new system.

� Chapter 11. Implementation
This section is a highly detailed account of the actual work that was performed to
createMongoLoid.

� Chapter 12. Installation guide
This section guides the user through the procedures necessaryto install the new
system.

� Chapter 13. User guide
The user guide guides users through the various usagesof MongoLoid.

� Chapter 14. Evaluation
This section is a discussion of how successful the new system is in satisfying the
requirements,and also details the conclusions of a demonstration/test performed
with members of the IT-support at NTNU in Juneof 2004.

Part IV. Conclusion
This is the conclusive part of the thesis.

� Chapter 15. Conclusion
This section makes a �nal assessmentof the project and discussessome of the
impr ovements that can be done to the system in the futur e.

Finally, the report offers a set of appendices aswell asa bibliography .

9



10 CHAPTER 1. INTRODUCTION

1.5 The MongoLoid CD

This thesis is accompanied by the MongoLoid CD containing the software components
developed throughout the courseof the project. The CD is described in detail in section
12.3.

10
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Chapter 2

Earlier work

This project relies on past efforts to be executed properly. This chapter will provide an
account of earlier work that may prove useful for the execution of this project. They will
be presentedin detail, and a �nal discussion regarding their relevanceto this thesis will
be given.

2.1 RUST

The RUSTsystem (Request,Users and Sys-admin To-do Ticket System)was developed
by Craig Ruefenacht back in 1995-1996while he was a student at University of Utah,
USA [15]. The system was meant to be a simple IT-support system aiming to allow
support personnel to better follow up on issues that have been reported. The system
was extended to a web-solution (WebRust) by Wim Bonis, and it is this web-solution
that's being used at NTNU today. NTNU's personnel has since made several smaller
adjustments to the system to make it more suitable for their needs.

2.1.1 How it works

The systemof WebRustrelieson users(students and other usersof computer equipment
at NTNU) sending e-mails to the service personnel with their issues. The e-mails are
sent to dif ferent addresses,eachcorresponding to a topic such asUNIX, Windows, etc.
When the e-mails reachthe system,they are �lter ed and treatedasseparateticketswithin
a queue. Each ticket representsone problem starting with that initial e-mail, and each
queue collects tickets related to that speci�c topic. Servicepersonnel can also add such
ticket requeststo the RUST, but they use a web form asshown in �gur e 2.1.

A ticket always has a status explaining where it is in the system. The status helps
sorting out tickets by allowing service personnel to only seeactive tickets, for example.
Somestatus settings are set by the system automatically when an event occurs, while
others are set manually when some work has been done on the ticket. The options for
this status are:

15



16 CHAPTER 2. EARLIER WORK

Figure 2.1: A request in RUST

� New
The initial status. The ticket has been registered, but not allocated to any service
personnel yet.
(Setautomaticallyuponticket-arrival.)

� Open
Someanalysis hasbegun, but no actual work has started on resolving the ticket.
(Setautomaticallywhentheuseris contactedfor further info.)

� Active
The ticket has been accepted by one of the service personnel who now becomes
the owner of this ticket.
(Setautomaticallywhenoneof theservicepersonnelhasacceptedit.)

� Pending
The ticket hasbeenput on hold, pending feedbackor further information from the
original poster of the ticket.

16



2.1. RUST 17

(Setmanuallyby theservicepersonnel.)

� Ongoing
The ticket is being worked on.
(Setmanuallyby theservicepersonnel.)

� Resolved
The ticket has beenclosed and is considered resolved, unsolvable or irr elevant.
(Setmanuallyby theservicepersonnel.)

� Archived
Ar chived for later use.
(Setmanuallyby servicepersonnel.)

For the service-personnel,there are many actions that canbe performed to the ticket.
The main actions are adding comments to, responding to, taking (becoming its owner if
none already have it) and resolving the ticket. In addition there are smaller actions such
asgiving, stealing and untaking a ticket.

During its lifetime, each ticket will have some work performed to it. For each ac-
tion, some comment or explanation will be appended to the ticket (see�gur e 2.2). This
involves all e-mail communication in relation to it as well as simple comments made
by the service personnel. This collects all the information about the ticket. Basically,
eachticket has2 ASCII-�les. The header�le contains administrative information and the
log �le contains all the correspondenceand commenting involved in solving the ticket
during its lifetime.

17



18 CHAPTER 2. EARLIER WORK

Figure 2.2:A ticket's log in RUST

18



2.2. WORKFLOW AND APPLICA TION ADAPT ATIONS 19

2.1.2 Problems with RUST

Øystein Hoftun sorted out a couple of problems with RUST that helped motivate the
MONGO system in his thesis [19], and therefore also this thesis. They will be explained
brie�y here to give an understanding of why a better system would be useful.

Completing tickets

When a ticket has been resolved, this has to be reported to the system with an expla-
nation of how it was solved. This must be done by the service personnel once they
come back to their computers and actively enter the data. This isn't always as easy to
remember. Many problems may be solved at once, and an otherwise hectic day may
get in the way of such activities. This results in a system full of incomplete (though ac-
tually resolved) tickets and a loss of information regarding how to solve similar issues
in the futur e. Used properly, a system such asRUSTcould becomea useful knowledge
databaseover time. This is not the casenow.

Performance

Since tickets are stored as ASCII-�les rather than in a relational database,system per-
formance grows weak as the amount of tickets increasesover time. Searching through
tickets is at times a tedious affair and could have been much better using the proper
technology.

2.2 Work�ow and Application Adaptations

Jing et al. in [11] describe two adaptation paradigms supporting mobile work�ow ap-
plications. Theseparadigms arework�ow-speci�cand application-speci�cadaptations. Us-
ing two scenariosas examples (mobile resource management and electronic document
processing), the paper suggeststwo strategies (a work�ow-speci�c adaptation and an
application-speci�c adaptation) for eachscenario. It moves on to suggesthow the strate-
gies have complementary and collaborative capabilities and discussesthesebrie�y .

NOTE: This sectionwill only discussthe strategiesfor the mobile resourcemanagement
scenario.

2.2.1 Mobile ResourceManagement

Mobile resourcemanagement is concernedwith ef�cient tracking of resourcestatus and
assigning work activities to these resources at the time of execution. The challenge
is obvious when work�ow resourcessuch as service personnel are frequently moving
and disconnected (or weakly connected), especially if these resourcesare required for
location-dependent activities (see�gur e 2.3).

19



20 CHAPTER 2. EARLIER WORK

Figure 2.3: Challengesof mobile resourcemanagement

2.2.2 Hybrid assignment strategy

This strategy is a work�ow-speci�c adaptation and involves choosing one of two poli-
cies when assigning activities to resources. The optimistic policy is used for resources
whose status is predictable and infr equently changed. It involves assigning a work item
to a resourceassoon asthe work item is enabled for assignment in the process.The pes-
simisticpolicy is for resourcesthat are dynamically changedor frequently disconnected.
It waits for the resource to connect and become ready to select work items before the
work item is assigned to it. Whether or not a resource is "predictable enough" for the
optimistic policy can be determined by looking at how often this resource's status has
stayed within somedeviation bound during the last "m" connections.

20



2.3. WHAM (WORKFLOW ENHANCEMENTS FOR MOBILITY) 21

2.2.3 Item prioritization strategy

This strategy is an application-speci�c adaptation. It simply orders the work items as-
signed to a resource according to knowledge about the changesof resource status or
other resource metrics such as communication cost and latency, quality level of data,
customer namesand locations, whether data has to be downloaded for a task item, etc.
Also knowledge about the futur e status of this resourcecanbe used in the prioritization
scheme.

2.2.4 Complementary and collaborative capabilities

The paper [11] suggeststhat the above two strategies demonstrate the complementary
and collaborative capabilities of work�ow-speci�c and application-speci�c adaptation.
The hybrid assignment strategy allows a global level optimization since it takes into
accountall resourcesand activities managed in the work�ow managementsystem. And
the item prioritization strategy is a local level optimization, considering only thosework
items that have been assigned to a particular resource. Combining the two makes for
an obvious optimization processin mobile resourcemanagement.

2.3 WHAM (Work�ow enHAncements for Mobility)

The work presented in [11] (seesection 2.2) by Jing et al. resulted in a prototype for a
work�ow system called WHAM (Work�ow enHAncements for Mobility). According
to the paper [12], the goal of WHAM is to "effectivelymediatethe constraintsof network
connectivityand the mobility of work�ow resourcesfor work�ow applications". The system
aims to reachthis goal by utilizing the lessonslearned in [11].

2.3.1 Design considerations

This sectionwill mention a few of the design considerations that weretaken into account
during the development of WHAM.

Network connectivity

It was decided during the development of WHAM that constant connectivity is too
strict of a requirement, and so an activity executionclient was added. This client allows
migration of work�ow relevant data, application data and activity programs to client
devices, and supports the execution of work activities without the need for connecting
to a server.

21



22 CHAPTER 2. EARLIER WORK

Location-dependent activities

Somework activites are location-dependent, meaning that they need to be performed
on-site at a speci�c location. WHAM utilizes a so-called late and dynamic binding of
resources to such location-dependent work activities to allow the work�ow server to
use current status information for the optimization of assignment. This is a useful phi-
losophy where possible location management in MONGO is concerned.

Adaptability of work�ow and applications

Since many application systems and utilities (such as databasesystems like MS SQL
server 7.0,Oracle 8I and SybaseSQL Anywher e 6.0) are starting to offer mobility sup-
port, it is desirable to integrate theseeasily into work�ow solutions to provide mobile
solutions for mobile workers.

2.3.2 System arhictecture

WHAM is implemented with a client-server architecture. The client is a JAVA Worklist
Handler that provides an interface for mobile workers to interact with in the selection
of work items from a list. This list consists only of the performable work items for
this worker . Invoking program activities associatedwith work items is also performed
from this client. The server is a production work�ow server (IBM's MQSeries Work-
�ow server) with additional functionality that tracks workers and assignswork items
to workers accordingly .

JavaWorklist Handler Client

The client presents a worker 's list of activities in one of two ways. First there's the
traditional view of a table, and second there's a geographic view using a map of the
area in which the work items are to be performed. Either view allows workers to select
items, check them out and invoke programs associatedwith them. When an activity
is �nished, this is also where the worker checksthem back in. Checking in/out work
items canonly bedone while connectedto the server, but after an item hasbeenchecked
out, all the corresponding data are cachedon the client side, allowing for of�ine work.
During this time, all actions and data are performed and accessedon a proxy (seebe-
low) rather than the actual server itself. The client also holds information regarding a
worker 's preferenceson activity �ltering and prioritizing, and also tells the server the
location of its worker .

Client Work�ow Proxy

This proxy supports of�ine work in WHAM by replacing the actual server while the
worker is disconnected from the server. This proxy consists of a cacheof data associ-
ated with the work items, as well as an implementation of the relevant sections of the
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2.3. WHAM (WORKFLOW ENHANCEMENTS FOR MOBILITY) 23

MQSeries Work�ow API. To the worker , it will seem like everything is still working
against the server, and the �nished data is stored back on the server once the worker
re-connectsto mark an item ascompleted.

Mobile ResourceManagement

Location information is the most important of all the information that decides which
work items are to beassignedto a worker . In order to support this feature in the WHAM
prototype, a mobile resource management component was developed. It maintains a
resource database for location status of workers and items and a client interface for
updating this database.A setof criteria for resourcesare also stored, representing range
or bound of location for assigning work items.

2.3.3 Two-level resource management

The mobile resourcemanagement in WHAM is separatedinto two dif ferent levels: One
globalresourcemanagement(GRM) level and one local resourcemanagement(LRM) level
(see�gur e 2.4).

Global resource management (GRM)

The GRM is located at the server-side of the system and is so called becauseit takes
into account all the work activities managed at the work�ow server and the mobile
resourcesfrom all clients. This level dir ectly re�ects the results of the study presented
in section 2.2.2,which meansthat it marks resourcesassteadyor unsteadybasedon their
status on the last "m" connections to the server, and choosesan optimistic or pessimistic
assignment accordingly .

The GRM maintains a resource databasewith each resource represented as an ob-
ject. The object contains name, type, capabilities and status. The status indicates three
attributes of its own: location, state and load. The location tells where the resource is,
the statewhether it's available or not and the load tries to indicate the possible waiting
time before a task can be performed.

Becauseof the challengesof dynamic changesof status, a deviationboundis used to
decide whether or not the resource needs to update its status. If its location is within
the bound (between stored and actual value), an update is not necessary. The problem
here is when the resource is disconnected, in which caseit will be an unsteady resource
and not have work activities assignedto it until it connectsto inform of its new status.

Local resource management (LRM)

The LRM is located at the client-side of the system and maintains a local resourcepro�le
that holds information such asa work preferenceattribute (an extension to the resource
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24 CHAPTER 2. EARLIER WORK

objects maintained at the server) and an application speci�c resource type and status
(like equipment parts the worker has in his car). This pro�le is used to prioritize and
�lter the work activities assignedto this resourceby the system.

Prioritizing work activites is performed by checking a worker 's preferred driving
route to the work site, and ordering the work items accordingly . This will optimize the
workload for the worker .

Filtering allows the work activites to be �lter ed out according to requirements for
instance regarding equipment. This �lter hasbeenmade available in WHAM asa setof
templates for application developers to utilize and allows �ltering on the resourcedata
available.

Figure 2.4: WHAM - Two-level resourcemanagement
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2.4 Relevance to my work

RUSTis the original systemused by the IT service-personnelat NTNU. It's an important
system becauseit represents the current state of things. It's the system over which a
new system should be an impr ovement. Øystein Hoftun's thesis [19] already gave a
thorough account of RUST's weaknessesand needs for impr ovement, and his system
MONGO (seechapter 3) attempted to take care of these issues. Since this thesis is a
continuation of MONGO rather than a new system, its focus will be on MONGO rather
than RUST.

The main focus in sections 2.2 and 2.3 was to promote two adaptation paradigms
supporting mobile work�ow applications. An example of a mobile resource manage-
ment system was presented. The primary challenge in this regard was identi�ed as
devices and resourcesfrequently moving as well as their being disconnected from the
system for periods of time.

If one assumesthat the devices were constantly connected to the system, it would
be easier to manage them. And seeing as how the campus of NTNU, Gløshaugen is
equipped with a wir elessnetwork, it seemsto be a fair assumption that they are con-
stantly connected to the network. This is therefore an assumption for the execution of
this thesis.

Furthermor e, if the devices have some way of reporting their location at any given
time, an optimization basedon their location in relation to task-locations is an interest-
ing possibility . It provides the systemwith a way of giving the task to the serviceperson
that is closest to the site. That the locations of devices are always known is therefore
also an assumption for this thesis. Seesection 6.1 for more information regarding the
assumptions made.

Given the two assumptions mentioned above, one can easily utilize the lessons
learned in sections 2.2 and 2.3. The addition of a context such as location sensitivity
means that task management bene�ts from an ef�ciency that would not be available
without it. As we will seein chapter 3, MONGO offers no such context and relies on
administrators manually assigning tasks upon task addition, or taking/stealing tasks
for themselves.

Suchan automation of task assignment is highly useful on two levels, similar to the
two levels of section 2.3.3:

1. Tasks can be assigned directly upon task addition
Sinceone can ask the system to take locations into consideration and assign tasks
based on this information, the system will skip an entire step of administration
(manual task assignment), and allows a service person to start working on it di-
rectly. Not only does he receive the task immediately , he can also be sure that the
task is located not far from his current location. Indeed, he is the one found to be
the closestservice person to the task.

25



26 CHAPTER 2. EARLIER WORK

2. Assigned tasks can be ordered directly upon assignment
Once a service person has received a number of tasks, he can then order them to
make for a more ef�cient planning of task execution.

For amore indepth discussion on how this thesiswill extend the featuresof MONGO,
refer to chapter 6.
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Chapter 3

MONGO (MObile Nagging Geek
Organizer)

Øystein Hoftun's "MObile Nagging GeekOrganizer" [19] was developed with the prob-
lems experienced with RUSTin mind. Developed in the spirit of the MOWAHS-pr oject
(MObile Work AcrossHeterogenous Systems[18]), it aimed to take IT-support to a dif-
ferent level by adding mobile functionality (see�gur e3.1).The system was an extension
of another system called Mobile Task Reporting System(MTRS [17]). This chapter will
give an account of MONGO, focusing on the basicsof the system and the parts of it that
will be investigated for this thesis.

3.1 Motivation

RUSTis the current systemused by the IT-support department at NTNU. Its main prob-
lem (seesection 2.1.2)related to completion of tickets. Even though a ticket had been
looked into and resolved, the personnel had not updated the ticket to re�ect this fact
in the system. The challenge is to more easily allow service personnel to update such a
ticket immediately , rather than expecting them to remember it for later. SinceRUSTis a
normal web-based system, the personnel have to go back to their computers and write
their comments from there.

It's obvious that with the hectic days often seenin theseplaces,such a routine cannot
be trusted to work. The result is an ever-growing system, chaotic and unorganized. It
takes time to go through all the tasks to �nd the ones that are important and needs
looking into, and it also affects the overall performance of the system. Not only that,
but an excellentopportunity to build a comprehensiveknowledge baseis lost. This way,
similar tasks may have to be solved many times, while a knowledge basewould have
provided a solution from past experienceinstantly.

The solution is to allow for mobile accessto the system,thus letting servicepersonnel
make any comments and updates to their tasks on-site as soon as they are ready. This
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Figure 3.1: The problems of IT-support, asenvisioned in MONGO

also allows them to be more �exible in working in the �eld, away from their computers,
without having to worry about going back to somebaseto �nish their work there. They
will also have instant accessto their tasksand can plan their day accordingly . A service
person carries the system with him, and can focus on each ticket separately. He can
provide the system with all the information required to solve a task while it's still fresh
in his mind.

The resulting system is called MObile Nagging Geek Organizer (MONGO), and
it takes these issues into consideration and provides a solution for making IT-support
more ef�cient.
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3.2 Requirements

Basedon analysis, a set of requirements for MONGO were established. The require-
ments have been divided into two major groups - functional and non-functional re-
quir ements. The former type refers to requirements regarding the actual system, its us-
ageand what it's supposed to do. The latter refers to system properties and constraints
(such asportability , usability , etc.).

3.2.1 Functional requirements

A set of functional requirements were established. Thesewere once again divided into
general and speci�c functional requirements.

General functional requirements

The general requirements in many ways dir ectly re�ect the motivations for develop-
ing MONGO in the �rst place. Some of the problems and shortcomings of RUST are
required to get �xed with the development of a new system.

There are four general functional requirements. The �rst of these is that RUST's
functionality is to be brought over to MONGO. That is, MONGO shall not make users
miss a certain feature found in RUST. Furthermor e, MONGO is to offer usersadditional
functionality not found in RUST. It's also important that MONGO is accessiblefrom mo-
bile devices such asmobile phones, PDAs and portable PCs. And a fourth requirement
states that MONGO is to offer adjusted functionality depending on the capabilities of
the current device. This is so that one canutilize the added resourcesof a portable PCon
one hand, and also acknowledge the limited resourcesof a mobile phone on the other.

Speci�c general requirements

The speci�c functional requirementshave various degreesof complexity, making it nec-
essaryto decide which devices are offered which requirement. It is expected that every
requirement is valid for web-clients, whereasa smaller setare valid for PDA and only a
few for WAP-clients.

There is one requirement that works independently of client software, and that is
the ReplyEmail requirement. It allows users of the systems to reply with additional
information, and so takes place only in an e-mail client.

Among the requirements that are to be satis�ed on all client software are various ac-
tions dir ectedtowards tasks. Theseareactions suchascommenting on tasks(Comment-
Task), responding to tasks to obtain additional information (RespondTask),giving tasks
to other servicepersons(GiveTask)and untaking tasksthat have beengiven to you (Un-
takeTask). Also, certain status-settings are to be offered on all clients, such as setting a
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task to the "ongoing"-status (OngoingTask) and setting it to the "resolved"-status(Resol-
veTask). In addition, all clients are to be offered lists of all tasks (ViewRegisteredTasks)
and the details of a speci�c task (ViewTaskDetails). Sinceall of these requirements re-
quir e lessof the I/O capabilities on the device, or are too important for any device to be
left out, they are offered even to WAP clients.

Only one requirement is to be offered to both WEB and PDA clients, but not WAP
clients, and that is the AddTaskrequirement that lets both usersof the computer systems
and service personnel add new tasks to the system. WAP clients have too limited input
capabilities to meet this requirement in a satisfactory manner.

The remaining requirements are to be offered to WEB-clients only. Theserequire-
ments involve additional task-actions such astaking ownership of tasks(TakeTask) and
stealing tasks from others (StealTask). Also, certain status-settings of tasks are offered,
such assetting the status to "open" (OpenTask) and writing a �nal comment and setting
the status to "archived" (Ar chiveTask). Service personnel are also offered the feature
of editing details of a task on WEB-clients (EditTask). And �nally , new queues can
both be added (AddQueue) and removed (RemoveQueue),and new staff can be added
(AddStaff) and removed (RemoveStaff).

3.2.2 Non-functional requirements

The non-functional requirements are divided into two major groups - product factors
and technology factors.

Product factors

The product factors refer to the qualities of the software product being developed. For
eachfactor, a priority hasbeenset indicating how important this factor is in the context
of the system, and therefore how much attention will be given to this factor during the
development process.The priorities are decided according to the values in table 3.1.
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Table 3.1:Priority level scale
Priority scalevalue Meaning

1 High priority
2 Medium priority
3 Low priority

Eachfactor is describedaccording to de�nitions found in [1], and thesearethe de�ni-
tions that were used when deciding the priority levels in the development of MONGO.

NF-1 Portability
Portability refers to being able to run the system in dif ferent computing environ-
ments, which is a top priority in MONGO.
Priority level: 1

NF-2 Extensibility
High extensibility allows the system to be extended in futur e versions. This is a
high priority in MONGO.
Priority level: 1

NF-3 Usability
Re�ects factors such aslearnability , ef�ciency , error avoidance, error handling and
satisfaction. That is, factors that decide how users experience using the system.
Usability has a high priority in MONGO.
Priority level: 1

NF-4 Modi�ability
Refersto the possibility to make changesquickly and cost effective. This is a high
priority in MONGO.
Priority level: 1

NF-5 Reusability
Refers to the ability to design a system where some of the system's structure or
components can be reused in futur e applications. This is a medium priority in
MONGO.
Priority level: 2

NF-6 Maintainability
Closely related to modi�ability . It's an issue solved with making the system con-
sist of several loosely coupled components. It is a medium priority in MONGO.
Priority level: 2
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NF-7 Integrability
Relates to the ability to make separately developed components work correctly
together. This is considered in MONGO by programming all components in the
samelanguage. It is a medium priority in MONGO.
Priority level: 2

NF-8 Performance
Performance refers to the time required to respond to events or the number of
eventsproecessedin someinterval of time. This is a medium priority in MONGO.
Priority level: 2

NF-9 Persistence
Persistencerefersto the availability of data even after a systemshutdown or crash.
It is a low priority in MONGO.
Priority level: 3

NF-10 Security
Security is a measure of the system's ability to resist unauthorized attempts at
usage and denial of service while still providing its services to legitimate users.
This is a low priority in MONGO.
Priority level: 3

Technology factors

The technology factors are related to the technologies used during the development
of MONGO. Among these is the requirement that MONGO is to be run on a Tomcat
servlet engine. Furthermor e, MONGO shall be accessibleby WEB-browsers, where
Netscapeand MS Internet Explorer are the browsers used during testing. Also, it's re-
quir ed that MONGO is to be developed in the Javaprogramming language (using both
JavaServlets and ordinary classes). During development, it's useful to create models
and UML is the modelling language to be used when developing MONGO. Finally,
MONGO is required to store its data in a Micr osoft Access2000relational database.

3.3 Implementation

This section will give an overview of how MONGO was implemented. It will discuss
the architecture of the system as well as the details of its implementation. A short de-
scription of how the implementation was tested will also be accounted for.
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3.3.1 Architecture

MONGO was developed using the samethree-tier architecture as the Mobile Task Re-
porting System[17]. The threetiers are the client , web and data tiers asshown in �gur e
3.2.

Figure 3.2: The threetiers of MONGO

The client tier is responsible for interacting with and presenting data to the user.
For MONGO there are 3 dif ferent client-types, depending on the type of device the user
connectswith. There is one client for normal Web,one for PDAs (providing data for the
AvantGo browser) and one for WAP (providing data in the simpli�ed WML, rather than
HTML). The PDA's AvantGo browser works by downloading entire setsof web-pages
to the PDA, and storing them there for of�ine browsing while the PDA is of�ine.

The web tier is responsible for performing web-related processes,such as serving
HTML, WML and running servlets. Other java-classesnecessaryin the system will also
be handled by the web-tier. The web-tier also detects the type of client communicating
with it, and performs its tasks accordingly using the Tomcat servlet engine. It commu-
nicateswith the MS Accessdatabaseof the data-tier.

The data tier storesall the data in the system. It consistsof a Micr osoft Accessrela-
tional database.
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3.3.2 Implementation

There are two main parts of the implementation of MONGO. First of all, there's the
databasethat holds all the data. And second, there are the programmed Javaclasses
that perform all the operations on the data and generate the presentation passedon to
the clients.

Database

As mentioned before, the databasein MONGO is aMicr osoft Accessrelational database.
The databaseconsistsof 7 tables, task, queue, staff , priority , status, history and con�g .
For details about these tables, consult [19]. Provided in �gur e 3.3 is the ER (Entity
Relationship) diagram of the database.

Figure 3.3:ER-diagram for the MONGO system
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Javaclasses

MONGO consists of both ordinary Java classesand servlet classes(55 in total). The
servlet classesare responsible for interacting with the user by generating a presentation
for the user and receiving information from the user. The ordinary classeshave under-
lying tasks such as temporary storage of data as objects and communicating with the
database.There arealso classesfor generating e-mails sent to users. For an indepth look
at the classesaswell asa class-diagram, consult Øystein Hoftun's own thesis [19].

3.4 Further work

During his work with MONGO, Øystein Hoftun revealed several areasthat could use
some impr ovement. His thesis [19] provides a look at theseissues,and this section will
re-iterate them brie�y .

� Improve the support of e-mail clients
SinceMONGO sends out e-mails in the HTML format (to receive feedback from
usersthrough forms), many of the students at NTNU who usethe text-basedmail-
client Pineare"left out" of this feature. Support for every type of mail-client should
be considered for futur e versions.

� Validation of usage
Watching service-personnel using the new system could help acquire additional
knowledge on how to impr ove the work processesfurther in the futur e.

� Add new clients
The system has been designed in such a way that adding new clients to it is an
easytask.

� New use cases
Somenew ideas cameup during the development of the project, such asplanning
of mini-pr ojects(consisting of several subtasks),connecting taskswith equipment
databases(for warranties and supplier info), automatic error detection on some
items, building an experiencedatabasewith statistics of frequent or similar tasks,
offering estimatesfor the completion of a task.

� Improve the graphical interfaces
Sincelayout and design hasnot beena priority in MONGO, this areais somewhat
lacking. Future versions can focus more on theseissues.

35



36 CHAPTER 3. MONGO (MOBILE NAGGING GEEK ORGANIZER)

36



Chapter 4

An evaluation of MONGO

Bernt Skjemstad conducted an evaluation of MONGO during the fall of 2002[16]. For
this evaluation, service personnel were asked to try the system and make a few com-
ments in an evaluation scheme,covering a set of usagesof the system. Basedon these
evaluations, some conclusions were made regarding important issueswith the system
aswell assuggestions for changesin futur e systems. This chapter will brie�y re-iterate
the results of this evaluation.

4.1 Results of the evaluation

The evaluation revealed some obvious issueswith the system. Theseissuesgot in the
way of using the system properly, and should be looked into for futur e versions.

4.1.1 Portable keyboard

Using a PDA with pen-based input usually requires some experience. Without this
experience, it's a tedious way of adding comments or information to a task. It is much
slower than using a keyboard would be. However, it is possible to bring a portable
keyboard and hook up to the PDA instead of using the pen. Though it's obvious that
this makes the PDA a lessportable device.

4.1.2 Invisible editing

Using the AvantGo browser on PDAs comeswith onemajor disadvantage. Any updates
you do to a website won't become "active" until the next synchronization. Until that
happens, the update simply waits in the PDA's buffer. This intr oduces problems with
transactions (if several people accessthe same task between synchronizations) as well
assimply checking the system for recent updates. If a service person is truly mobile, it
may take some time before he returns to his of�ce to perform the synchronization.
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4.1.3 Lack of con�rmation

When some changesare submitted to the system, it reactsby blanking out all the �elds
rather than offering somecon�rmation message.This leavesthe userswith a somewhat
unsatisfactory feeling, making them wonder if their data has been successfully stored
in the system or is simply lost.

4.1.4 Random order

When a PDA is synchronized with the system, the updates made by the personnel are
submitted to the system in a random order, rather than the order in which they were
made. Sincesome of the updates were part of some sequential process,such a random
order makes the �nal set of comments confusing to read.

4.1.5 Central UNIX

SinceUNIX problems most often can be solved from a terminal machine anywhere in
the network, it won't bene�t from the useof a mobile system such asMONGO asmuch
as Windows problems. Windows problems usually requires the personnel to go to the
actual site.

4.2 Suggestions

Bernt Skjemstad'sthesisattempts to make a few suggestionsthat both aim to solve some
of the issuesdiscussedin section 4.1,aswell asmake MONGO a more attractive system
to use. This section will brie�y give an account of thesesuggestions.

4.2.1 Layout

Since the original MONGO-pr oject made no attempt at making the layout attractive,
there is much room for impr ovement in this area. Some �aws were even discovered
on some devices (whilst others worked ok), indicating that non-standard HTML might
have been used. Skjemstad's thesis suggeststhat these issuesare �xed for further ver-
sions. Other suggestionsinvolve making a speci�c design pro�le, with a MONGO color
schemeand logo. It should be noted, though, that theseare of very minor importance.

4.2.2 E-mail support

As mentioned in Hoftun's own thesis [19] (seesection 3.4),the useof HTML mail poses
a problem for text-based e-mail clients such as Pine. This is a serious issue that should
be �xed for futur e versions.

38



4.2. SUGGESTIONS 39

4.2.3 Invisible editing

The problem of not seeingone's updates until the synchronization will be �xed if PDAs
are considered online at all times. With wir elessnetworks such as WLAN, it's a fair
assumption that PDAs DO in fact have a constant network connection. This will of
courseerasethis problem effectively.

4.2.4 Random order

Like in the above issue, this will be erasedentirely if PDAs are considered to be online.
With today's technology, it is acceptableto assumein futur e versions of MONGO that
PDAs have this network connection available.

4.2.5 Lack of con�rmation

It is only proper to let the user know that some submitted information has been suc-
cessfully received by the system. A small feature that lets the user know this should be
included in futur e versions.
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Chapter 5

Introduction

This chapter will brie�y discusshow the task of extending MONGO was prepared.

5.1 The process

The processof extending MONGO involved a few important stages. The �rst of these
was getting to know MONGO and its background. This was a two-level stage. Firstly,
it was important to try MONGO and seehow the system actually worked in practice.
Secondly, the actual program of MONGO had to be explored. This involved diving into
the various software components and seehow they were created. For more about the
personal experienceof extending MONGO, seesection 15.3.

The next stageof the processwas to investigate the problem de�nition and consider
its separatefocus points (seesection 1.2).This was important to get a good idea of what
to end up with - what would this thesis bring? The �rst focus point of the problem def-
inition is to createa location management system. The secondpoint was to incorporate
this system into MONGO to create a new system that was location sensitive. Both of
thesehelped getting an impr essionof what the outcome of this processwould be.

All in all, it is hoped that this part of the report will give a good idea of how the
work was done, what was done, and what it ended up in. For a detailed evaluation of
the �nal work, seechapter 15.

5.2 Relating to MONGO

In extending MONGO, a few considerations were made in regard to the old system and
the components it's made up of. Theseconsiderations were made both to maintain the
old system as a working program and to help put focus on what's important with an
extension. Following is a a few of the considerations that were made.
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� Maintain MONGO functionality
Just as MONGO set forth to preserve all the functionality found in RUST (see
section 3.2.1),this extension will preserveall the functionality of MONGO.

� Focuson the extension rather than MONGO
To put focus on the important elementsof this extension, this thesiswon't alter the
existing parts of MONGO other than necessary. The featuresof MONGO should
be left alone.

� PreserveMONGO components
The idea is to extend MONGO rather than changeit, and so certain elementssuch
as the layout, database, programming language and choice of technology have
beenpreserved.

5.3 De�nitions

Throughout these chapters, some roles connected the system will be referred to. This
section will presenttheseroles and explain what exactly is meant by them.

� User
A useris anypersonwhousesthesystem.Thiscaneitherbearegularuserwith nospeci�c
technicalskills or knowledgeof the system,or an administrator. It' s only reasonableto
assumethat this is a regularuser, though.While this maybean administrator, functions
designedwith regular usersin mind shouldnot expecthim to havetechnicalskills or
knowledgethat only anadministratorwouldhave.

� Administrator
An administratoris expectedto havebothknowledgeaboutandaccessto thesystem.His
functionsarerelatedto assigningandediting tasks.

� Staff member
Usually thesameasanadministrator, but fromthesystem'sperspectiveasanemployee.

� Service person
Usually the sameas an administrator and staff member, but from the perspectiveof a
regularuserwhosubmitteda task.

For location-speci�c de�nitions and concepts,refer to section 11.2.2.
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Extending MONGO

This thesis aims to take the existing MONGO system and extend it to make it a better
system. This meansextending it in a way that increasesits usability by �rst of all taking
care of some of the problem issuesrevealed in section 3.4and chapter 4, and secondof
all integrating some new features that aim to make it more advanced and ef�cient in
use.

It has beendecided aspart of the problem de�nition for this thesis that it will make
certain assumptions in order to put focus on what's important and to not restrict the
natural development of such a system. Theseassumptions will be accounted for in this
chapter. There will also be a discussion about whether the assumptions are justi�able.
It's important to decide whether the assumptions are too far fetched, or on the other
hand if not making theseassumptions limits the natural progression of the system too
much.

Furthermor e, this chapter will presentsome of the adjustments that will be made to
the system, as well as the proposed extensions. The extensions will be described and
justi�ed, and their role in the new system will be discussed.

6.1 Assumptions

The following assumptions have been made in order to allow a natural progression
of developing the system. They represent requirements that are expected to be met
within the next few years (if not already) and as such allows for a more visionary way
of extending MONGO.

6.1.1 Constantly online

All devices are assumed to be constantly online. That is, for every location, a device
is expected to have accessto and be logged on a network that allows contact with the
new system. Studying the issuespresentedin chapter 4 reveals that a majority of them
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dealt with the problems of synchronizing of�ine work with the online system. Through
always being connected to the system, these issues become nonexistent. The campus
at NTNU, Gløshaugen today is equipped with WLAN, and there's no reasonto believe
that connectivity will decreaseover the years.

MONGO supported the useof the AvantGo browser for downloading, of�ine brows-
ing and synchronization of websites. With this assumption, the use of such a feature is
no longer necessary. All communication happens online.

6.1.2 Known location

The locations of all devices and staff members are assumed to be known at any time.
This greatly helps the idea of location sensitivity by offering tasksto the personnel that's
most conveniently located to it. Seesection 6.3.2for more about adding location sensi-
tivity to the new system.

6.2 Adjustments

This sectionwill mention someof the smaller adjustments that will bemade to MONGO.

6.2.1 Addressing the lack of con�rmation

As was mentioned in chapter 4, MONGO offers a user no con�rmation that his sub-
mission has been accepted. There should be some messageletting the user know that
the submission was successful(or unsuccessful). This new extension of MONGO will
addressthis issueand add somesort of con�rmation.

6.3 Extensions

This section will present the various extensions that will be made to the MONGO sys-
tem. They are both based on problems associatedwith the old system as well as new
ideas that have showed up in the time since then. They all aim to make the extension a
better and more ef�cient system than the old one.

6.3.1 Non-HTML mail-clients

One important problem with MONGO was the fact that it did not support non-HTML
e-mail clients suchasPine in the processof asking usersfor further feedback(seesection
3.4for more info). This extension of MONGO aims to �nd a solution to this problem by
accommodating even those users.
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6.3.2 Location sensitivity

An important feature in this extension of MONGO will be the addition of location sen-
sitive tasks and resources. By giving each task and resource (such as staff members) a
location, the task assignment processcan be performed more appropriately and con-
veniently for the staff member in that they get to know which tasks are located in the
vicinity of their current location. This will also make it possible to order the tasks for
one staff member, providing him with a workplan that optimizes the order of execution.

Typical interesting locations areall rooms with computer equipment (computer labs,
of�ces, printer rooms, etc.),and all rooms where the staff members might be found (the
abovementioned locations, their own of�ces, lunchr ooms, etc.).

6.3.3 Location client software

The addition of location sensitivity requiresthat the systemmaintains asetof data (�les)
of the campus(es)covered by it. These are necessaryto help determine the distances
between locations, and must be added manually. A client software will greatly enhance
performance of this job. By creating a wizar d that aids an administrator in adding new
locations to the system, one can allow such locations to be added at any time, onceand
for all, asnew locations are needed.

6.3.4 Map interface

With the systembeing location sensitive, one canoffer usersa more visually stimulating
map-view of the areasinvolved. Thesemaps are based on the maps already available
online [13] and can help usersdetermine what a task's location is (building, �oor , room
number, etc.). They can also aid the staff members in planning their day, allowing them
to override the suggestedlocation prioritization in special cases.
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Chapter 7

Possible solutions

Each of the extensions in section 6.3 can be solved in many ways. This chapter will
discuss some of the possible solutions for each problem, trying to determine the best
one.

7.1 Adding support for non-HTML e-mail

Challenge: Allowing non-HTML e-mail clients such as Pine to present users with the
possibility of adding further feedback and information about a task.

7.1.1 Removing the option

One possibility is to remove this option altogether and instead encourageregular e-mail
correspondencebetween the user and the service person.

This is the simple, straightforwar d solution and allows everyone to make use of the
system. It also doesn't limit the correspondencein any way and becomesmore personal
than an HTML-form.

The big downside to this solution is the fact that such e-mail correspondencemust be
added manually to the task's log with history of events. The major point with the orig-
inal solution was to maintain the history log by appending all e-mail correspondence.
By separating this from the system, the service person will have to add the appropriate
e-mails to the log himself. We are thus once again faced with a situation where we de-
pend on some effort from someonewho'd rather be working on the actual problem at
hand. Not preserving the history of events is a lost opportunity to createa databaseof
past solutions to problems. Also, this dir ectly interfereswith the point made in section
5.2about maintaining MONGO functionality .
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7.1.2 Link to website

Instead of sending an HTML e-mail to users, one can send a text e-mail containing an
URL. The URL leads to a website speci�cally connected to the task and works in the
same way as the old HTML mail by presenting the user with a form. An additional
solution could be to send the HTML mail to users as before, but also provide a non-
HTML section with such an URL. This offers users a choice. If they can, they can use
the HTML form of the e-mail. Otherwise, they will go to the provided URL.

The good thing about this solution is that it copies the functionality of the original
solution, preserving the important feature of maintaining a log. And at the sametime, it
allows everyone (with a browser) to provide feedback,without having to rely on HTML
e-mail.

A potential problem with such a solution is having users not being interested in
making the effort of visiting an URL to provide further feedback. If the form showed up
in front of their eyeswhen they checkedmail, they might be more inclined to add a few
words. Though oneshould hope that people would be interestedin helping themselves.
Adding a few words of encouragement could do the trick.

7.2 Adding location sensitivity

Challenge: Extending the system with the notion of locations. The locations are in
relation to tasks and resourcessuch as staff members. The challenge is to �nd an im-
plementation that is fast and simple, and that allows for easy maintenance of location
data (altering existing locations, adding new locations, etc.). It should also be logical
and easy to understand. The background for the location data in the new system will
be the maps of NTNU campusesfound online [13].

7.2.1 Coordinates in a grid

This solution aims to maintain a grid of all possible locations and representing locations
ascoordinates in this grid.

The good thing about this solution is the mathematical simplicity of calculating dis-
tancesbetween two locations. By reducing locations to coordinates, �nding the distance
is only a matter of �nding the distance between two coordinates.

Figure 7.1shows an example of how one can manipulate a map of the �oor (�oor 1
of IT-Bygget, Gløshaugen [13]) to be part of a grid with coordinates. In this example,
the upper left corner of the map is the origo, but in an actual implementation this origo
would be a point more central to the entire campus (or city). The width of the grid
is set so that each coordinate can only be valid for one room. We see that room 107
has the coordinates (6,4), based on the center of the room. Given another room with
coordinates, the distance would be the distance between the two coordinates.
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Figure 7.1: Example of using coordinates

There are a few problems with this solution, though. The most obvious is the prob-
lem of translating the natural concept of rooms into coordinates. It may not be so easy
to seethe relation between a room and its coordinate. One would also have to have
a constant center to which all other coordinates are related. This might become prob-
lematic when one wants to add new campuses.Also, the fact that most buildings have
more than one �oor requiresa threedimensional grid.

Furthermor e, the actual travelling distance between two rooms can be much more
than just the distance between their geographical coordinates. Buildings have walls,
corridors and doors. Two rooms that are close to each other in the grid may still be a
lengthy walk apart.

7.2.2 Data representation on �oor -level

The maps in [13] can be dir ectly utilized to store data on the �oor -level. The data repre-
sentsa �oor and contains information about distancesbetween the rooms on that �oor .
The distancesdo not have to be exact,but more of an estimate basedon the number of

53



54 CHAPTER 7. POSSIBLE SOLUTIONS

doors one has to walk through to get from one room to the next.

The good thing about this solution is the dir ectnessof the distances.They areplainly
available in a table (or some other data structure) and also have a close connection to
the real life distances. The concept of moving around in buildings and on a campus
are also preserved in this solution, allowing thesedistances to be easily grasped. Also,
since �oors are not very big, the data storage will be pretty small, and thus �nding
information should happen fast.

Figure 7.2:Example of representing data on a �oor level

Figure 7.2shows a very small example of how a set of rooms on a �oor can be rep-
resentedin an Excel-worksheet asa table. The table is a symmetric matrix and gives us
the distancesfrom eachof the 6 rooms to all the others - in both dir ections.

A problem with this solution is creating/adding data. This has to be done manually
for each �oor one wants mapped. Also, since the resulting �le must re�ect a table of
NxN elements (N = number of rooms on the �oor), there will be a lot of numbers to be
added manually. The effort required to do this job may get in the way of the usefulness
of having location sensitive tasks. It may not be worth it.

Furthermor e,sinceonly �oors aremapped, one relieson standard distancesbetween
�oors and between buildings. This is of course not exact,and such distancesmay vary
greatly depending on where the locations are. One can say that this lack of exactness
of acceptableif one choosesappropriate standard numbers, but there may still be cases
where the resulting distancesare noticeably wr ong.

7.2.3 Data representation on zone-level

This solution builds on the solution described in section 7.2.2,but adds the new (ab-
stract) concept of zones. Each �oor will be divided into zones, and only within each
zone will there be a �le with distancesbetween rooms in that zone.
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The idea and representation method is the sameasthe one described in section 7.2.2,
but any resulting �le will of course be much smaller. This is a great advantage for two
reasons.First, there will be a major decreasein amount of data stored on the disk (see
below). And second, the smaller �les means that the manual work will be similarly
reduced.

In the �oor -level solution, a �oor with N rooms would result in a �le with:

N 2

distances(a table with distancesfrom eachroom to all the others on the �oor ).

By dividing the �oor into n zones,one would end up with a �le of:

(N=n)2 � n
or

N 2=n

distances(a table with distancesfrom eachroom to all the others in the zone).

This zone-level solution results in �les with only 1/nth the size of the �oor -level
solution. So even with n = 2, one would have only half the data in this solution. And
thus also only half the manual work necessaryto map out the distances. Even better, it
is likely that a typical number of zoneson a �oor is 4 or higher. The more zones,the less
data needsto be stored.

Figure 7.3shows an example of how dividing a �oor into zonesaffects the �oorlevel
representation of section 7.2.2. The 6-room �oor now consists of 2 zones with 3 rooms
each. The table-structure is the sameasbefore, but the total amount of data is now half
of what it used to be. Also, if only rooms 100,101and 102are interesting locations, there
would be no need to representthe secondzone in the samemanner.

An interesting aspect to this strategy, therefore, is the notion of "Hot Zones". Not
all areasof a �oor may be of interest to the staff members, and so only these speci�c
areas(or zones) need mapping. The remaining zones can remain unmapped, and the
system will consider them to be one big room. Of course, this thought can also be
applied to entire �oors and buildings. There's no need to consider the buildings that
will never have a location that's of interest to the system. Seesection 6.3.2for a mention
of interesting locations.

This solution is also better when a �oor is altered (reconstruction, redecoration, etc.)
in that only the speci�c zone needsto be changed. Eachzone can be altered at any time,
and doing so is a simple task. The only problem with this solution (apart from there still
being some manual work needing to be done) is as with the �oor -level solution, that
distancesbetween buildings and campusesdepend on somestandard presetdistance.
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Figure 7.3:Example of representing data on a zone level

7.3 Adding location client software

Challenge: To offer administrators aclient software (wizar d) that lets them tackle adding
new locations to the system easily and ef�ciently . Eachof the possible solutions in sec-
tion 7.2 requires manual maintenance and updating of �les. Without such a wizar d,
one risks having administrators neglecting this job, leaving locations unmapped. Such
a client software can also handle tasks such as maintaining various variables involved
in the system.

7.3.1 Standalone application

One option is to create a complete standalone application that handles the locations
of�ine. Creating a separateapplication would make it easier to present people with a
graphical user interface that allows easyaccessto the data.

One problem with this solution is the challenges of handling the location data re-
motely. Since the location data are stored on the server, the application would either
have to run solely on the server or offer some connectivity to other clients for access
to the data. This may get in the way of the task of adding new data, causing potential
neglect from the administrators.

7.3.2 Web interface

Another option is to createa client using the samewev interface asthe system using the
location data. This will allow the location data to be handled from anywhere over the
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network. Furthermor e, the client would seemmore closely attached to the system it's
connected to, hopefully making it easierfor administrators to stop by and use it.

7.4 Adding map interface

Challenge: To offer the usersa visually stimulating view of whatever location they'r e in
(basedon the maps in [13]), making it easyfor them to determine where they are, thus
providing the system with asexacta referenceaspossible (ideally, a room number).

7.4.1 Link to the maps

The simplest solution is to link to the maps, telling users that maps can be found at a
certain place, without being speci�c. This is a solution that requiresno preparation by
the system developer, appealing to the user's own interest to locate the proper map on
his own.

It's most likely however that user's will neglect to �nd the map and instead guessa
room number or the look of a �oor on his own.

7.4.2 Show map in client

A more user-friendly approach is to analyze the maps enough to �nd out how to dy-
namically link to the proper �oormap whenever the given �oor is requestedsomehow.
The URLs for the maps follow a system and so it should be possible to know for a given
building and �oor what the URL for the map is. This can be used to show the map on
the samescreenaswhatever operation the user is performing.

A challenge in this regard is the inconsistency of naming thesemaps. There may be
maps that are named by a slightly dif ferent convention, making it impossible to predict
its URL. Also, the fact that the maps may not always be available means futur e use of
the system will not show the map aspromised.
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Chapter 8

Requirements and decisions

This chapter will outline the �nal decisions made from the discussions in chapter 7,and
presenta primary and a secondary set of requirements basedon thesediscussions.

8.1 Chosen solutions

This is a walkthr ough of the chosensolutions for eachof the extensions in section 6.3.

8.1.1 Non-HTML mail-clients - Link to URL

Given the loss of automatic logging, it is obvious that regular e-mail correspondence
is not a good choice. Therefore, this extension of MONGO will provide users with a
URL to a website. As mentioned in section 7.1.2,the one problem with this is expecting
people to make the effort of visiting the website. However, this solution is identical
to what is common for businesseson the internet in similar cases(customer feedback,
password-con�rmation, etc.),so it should be well known for users.

8.1.2 Location sensitivity - Data representation on zone-level

The dif �culties involved with setting up and maintaining a grid of coordinates ren-
ders this solution practically useless. It would be much too dif �cult to �nd a way of
extending this grid to cover multiple campuses(or even multiple towns, should this be
necessary).Also, actually adding the grid would either requirequite advanced software
that allows the system to read and interpr et existing location data (like the �oor maps),
or a lot of manual work for an administrator . Both would indicate that the addition of
locations to this system is not worth the extra effort.

Sothe solution is to represent locations basedon the maps at a zone level. First, the
data in this solution is simple and easily understandable. It also re�ects real distances
in a better way than coordinates. Furthermor e, the division into zonesallow for a more
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speci�c mapping, mapping only the zones that are interesting. This will be a great
advantage for both data storageand the administrators in charge of adding locations.

8.1.3 Location client software - Web interface

Since a standalone application would represent a separate component in the system,
using it might feel like more of an effort than it should. Using a web interface closely
attached to the system itself would be more inviting in that it's there, easily available
and accessible.It also makes developing the system more simple since the interface is
the same all over. Therefore, this extension of MONGO will provide a web-client for
handling locations in the system.

8.1.4 Map interface - Show map in client

Since an important set of �oormaps are found so easily online, the best solution here
is to �nd a way if displaying the map in the client when it might be useful to the user.
Forcing the map on the screen may not be a good idea, but it should de�nitely be a
choice. This is a solution that requries an analysis of how the �oormaps are named, and
depends on someconsistencyin this system. It's important that any �oormap that's not
found doesn't become a problem. If the system accommodates the potential lack of a
map, they will be a bonus when they are present rather than a loss when they'r e not
there.

8.2 Utilizing the location sensitivity

The purpose of adding location sensitivity to the system is to make it more ef�cient in
use when assigning tasks to staff members. This section will discuss exactly how this
location sensitivity can be utilized to accomplish this.

Most of this section is derived from common sense,but some inspiration has come
from the system WHAM [12] described in section 2.3. A simpli�ed version of the two-
level resourcemanagement of WHAM can be used.

8.2.1 Global management

The most obvious utilization of knowing the locations of tasks and staff is to assign a
new task to the mostconvenientlylocatedstaff member. The locations of all staff members
will be compared to that of the task, distancesare computed, and the system will assign
the task accordingly .

However, there are aspectseven here that may be important to consider. For exam-
ple, the most conveniently located staff member may not be available to take the task
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right now (for various reasons).This may require feedback from this person, telling the
system to assign the task to someoneelse.

8.2.2 Local management

Once a staff member has been assigned a set of tasks based on his favorable location,
these tasks can then be ordered locally on the mobile device. This createsa convenient
plan for the staff member to follow when his execution of the tasks begins.

There are a number of factors apart from the tasks' locations that must be taken into
account in the process.Sometasks may be deemed complex, and may require the staff
member to prepare before execution can begin. His freedom to alter the ordering of the
tasks is therefore important.

8.3 Requirements

This section will present two setsof requirements made to the new system - a primary
and a secondary set. Once the system is �nished, it will be tested for veri�cation that
theserequirementshave beenmet. The results of this processwill be presentedin chap-
ter 14.

8.3.1 Primary requirements

Basedon the possible solutions in chapter 7, somebasic featuresand functionalities can
be extracted asa primary set of requirements to the new system.
Primary requirements, from P1to P4:

P1. Add the notion of location sensitivity to tasks and staff members

P2. Of fer administrators a proper , easy-to-useway of managing these locations

P3. Solve the issue with non-HTML e-mail clients

P4. Integrate online �oormaps whenever possible

8.3.2 Secondary requirements

Furthermor e, we can decide on a few secondary requirements to the system. Theseare
speci�cations of the primary requirements above, saying a little more about what the
system should do and how it should treat the new featuresthat will be intr oduced.
Secondaryrequirements, from S1to S6:
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S1. Possibility of "Unknown" task location
A user or administrator should not be forced to provide a location for a task. First
of all, a regular user should not be expected to know exactly what the correct lo-
cation is (though one might expecta little more from administrators). And second
of all, not all tasks need a location.

S2. Automatic assignment of tasks
The intr oduction of resource locations allow us to automatically assign a task to
the most conveniently located staff member. This is a dir ectutilization of the global
managementdiscussedin section 8.2.1.

S3. "On/of f duty" option for staff members
A service person should be allowed to be "off duty" and so not receivenew tasks
automatically.

S4. Manual assignment of tasks
Even though the new systemallows tasksto beautomatically assignedto a service
person, it should still be possible to override this feature if desired. One of the
reasonsis given in S1.

S5. Ordering by proximity
Once a service person has received a set of location sensitive tasks, it should be
possible for him to order thesetasksby proximity . This is a dir ect utilization of the
localmanagementdiscussedin section 8.2.2.

S6. Automatic re-assignment of tasks
Should a staff member choose to untake a task he has received, the task will be
re-assignedto the secondmost conveniently located staff member.
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Chapter 9

The new system - MongoLoid

This chapter will presentthe concept of the new system and its features.

9.1 MongoLoid

The new system will be called MongoLoid. It's made up of two major components, an
impr oved version of the old MONGO and a new system called Loid.

Mongo: Since it's such a close continuation of MONGO (MObile Nagging Geek Or-
ganizer), preserving all its features, it was important to keep that part of the name to
honor the vision that lead to its creation. The new system aims to impr ove and perfect
MONGO.

Loid: The location sensitive part of the system will be handled by a newly created sys-
tem called Loid (LOcation Information Detective) (seesection 9.2). Loid is both a new
representation of locations as well as a program that allows these locations to be man-
aged in various ways.

The new system aims to satisfy the requirementsset forth in section 8.3. It is a fusion
between an impr oved version of the old MONGO systemand the new location manage-
ment system Loid. The following chapterswill presentMongoLoid in detail, discussing
its software components and added features.

9.2 Loid - LOcation Information Detective

Loid is the component of MongoLoid that handles locations (see�gur e 9.1). It offers
a way of storing locations hierarchically according to a logical schemeand also allows
for these locations to be managed in various ways. The program part of Loid has been
programmed in Javato stay consistent with the programming language of MONGO.

One of the important design considerations for Loid is the ability to easily add new
locations and manage these. It is believed that the current solution presentedin section
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11.2satis�es this consideration. In combination with the impr oved version of MONGO,
Loid helps administrators manage resourcesmore ef�ciently with the intr oduction of
locations.

Another main focus in creating Loid has been to build a system around the phi-
losophy presented in section 8.1.2,where it was decided to �nd a way of representing
location data at a zone level, where a zone was part of a �oor . This philosophy hasbeen
used successfully, and the details of how Loid stores its data is presented in section
11.2.2.

Figure 9.1: The Location Information Detective at work
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Chapter 10

Technology

This chapter will give a brief account of the technology that was used in MongoLoid.
This involves both technology used during the actual development of the system as
well as the technology used BY the system. Note that most of the system components
of MongoLoid are the sameas in MONGO (seesection 5.2)

10.1 Development

This sectiondescribesthe technology used during the development of MongoLoid. This
involves all types of program components that helped createthe �nal system.

10.1.1 TextPad

TextPad 4.7.2was used for both writing this report and programming MongoLoid. It
is an excellent text editor for Windows and includes all the features one would want
for handling pure text documents. It provides syntax highlighting (color coding) for
various programming and scripting languagesand it's alsogot a useful integration with
Javaand allows for quick compilation (and running) of Javaclasses.

10.1.2 Voodoo

The Voodoo UML Class Diagram Editor v1.99.12was used to createthe classdiagrams
of this thesis (see�gur es11.1and 11.4).

10.1.3 LaTeX

LaTeX is a structured text formatting and typesetting macro package. It allows users to
design complex documents with only very few commands. Organizing and presenting
a document becomesan easytask with LaTeX.This report hasbeencreatedusing LaTeX.
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10.1.4 Java

For programming MongoLoid, the Java2 Platform Standard Edition v1.4.2was used.
This was the latest releaseof Sun Micr osystem's Java2 Software Development Kit [8] at
the time of MongoLoid's development.

10.1.5 JavaServlet API

To program Java servlets, an implementation of Sun Micr osystem's Java Servlet API
speci�cation was necessary. Sun's own JavaServlet API 2.3[9] was used in the develop-
ment of MongoLoid. This is the of�cial implementation of the JavaServlet technology,
and is therefore the recommended implementation to use.

10.1.6 com.oreilly .servlet

The com.oreilly.servlet package [14] is an extension to the servlet technology. It offers
such featuresas �le uploads and e-mail generation. It's the latter feature that MONGO
(and therefore also MongoLoid) hasmade good useof. Whenever the system generates
an e-mail to send to users, this package is used for sending these e-mails. During the
development of MongoLoid, version cos-05Nov2002.zipwas used.

10.1.7 Web browsers

Developing MongoLoid proved challenging due to the unpr edictable behavior of web
browsers out there. Becauseof this, MongoLoid has been tested during development
on the latest versions of threemajor web browsers:

� Microsoft Internet Explorer 6

� Mozilla Firefox 0.8(Netscape-compatible)

� Opera 7.50

MongoLoid has beenfound to work well on all of thesebrowsers in the given versions.

10.2 System use

This section describes the technology necessaryto actually run MongoLoid. The ver-
sion numbers listed re�ect the releasesused during development. Using newer releases
should not pose problems. Read the installation guide in chapter 12 for more informa-
tion on installing MongoLoid.
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10.2.1 Tomcat

Tomcat is the Apache project's JavaServlet/JSP container. It also works asa standalone
web server. during development, Apache Tomcat/5.0.16was used. In order to run
MongoLoid, Tomcat must be installed and con�gur ed properly either as a standalone
web server or in connection with another web server such asApache.

10.2.2 MS Access

The databaseused in MongoLoid is a Microsoft Access2000database. MONGO used
this databaseand the samedatabasehas been preserved (though slightly modi�ed) in
MongoLoid. Refer to 11.3for information on how the databasewas modi�ed to work
with MongoLoid and its new features.
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Chapter 11

Implementation

This chapter will outline the speci�cs regarding the implementation of the new system.
For adetailed description of the implementation of MONGO, seeØystein Hoftun's orig-
inal thesis [19]. This chapter will give an account of the alterations and extensions of
MONGO that were necessaryto createMongoLoid.

NOTE: The following sectionswill only describe the Javamethods that are impor -
tant to describe usage and create an understanding of how the program works. For
a complete description of the Javaclassescreated for MongoLoid and its components,
refer to the JavaDocsection of appendix A.

11.1 The Mongo Log

In order to easily monitor runtime behavior of the new system,a new Log program was
created. This log allows classesand methods to append records to a �le whenever an
important (or especially unexpected) event occurs. The log �les are all kept in the same
dir ectory, denoted by the logPath attribute of the database(seesection 11.3.2,"con�g"
table).

The �les are named by the classesthat use the log, resulting in one �le for eachclass.
Log �les are kept on a "per day" basis and are not deleted automatically. The naming
schemeof these�les is:

CLASSNAME_log.YYYY-MM-DD.txt
(Y = Year, M = Month, D = Day)

Following here is an overview of the classcom.perterje.Log and its most important
methods. Only important methods are described below. For a complete description of
the classes,refer to appendix A.

� addSimpleRecord(String event)
Addsa simplerecordto the log. This simplerecordis a one-linerwith only a timestamp
andacomment.Usedfor lessimportantevents(suchasdebugging).
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� addRecord(String event)
Addsa moreelaboraterecordto thelog. This recordis moreprominentin thelog �le and
shouldbeusedfor importanteventsthat requireattention.

� addRecord(String event, Exception e)
Addsa moreelaboraterecordto thelog. This recordis moreprominentin thelog �le and
shouldbeusedfor important eventsthat requiresattention. Allows for a JavaException
to bepart of therecord.

� addRecord(String method, String event, Exception e)
Addsa moreelaboraterecordto thelog. This recordis moreprominentin thelog �le and
shouldbeusedfor important eventsthat requiresattention. Allows for a JavaException
to bepart of therecord.Also allowsfor thenameof theoffendingmethodto bepart of the
record.

Only selected classeshave a log. Seesection 11.5.2("Runtime logging") for a list of
these classes.Also see�gur e 11.1for a classdiagram of the com.perterje package,
containing this Log class.

11.2 Loid

This section will detail the design of Loid, the location sensitive component of Mon-
goLoid. Loid has been designed as a general component, available to all systems that
may want to handle locations according to the schemeof Loid. A classdiagram of the
package com.perterje (also containing the Log discussed in 11.1)will be presented
at the beginning of the section.

Loid consistsof two main components. First of all, Loid offers a way of storing and
handling location data on disk. It makesuseof the standard hierarchical dir ectory struc-
ture and maintains dir ectoriesand �les with information about the locations. Secondof
all, Loid is a set of Javaclassesoffering ways of manipulating the location data.

11.2.1 Class Diagram - Packagecom.perterje

Figure 11.1shows a classdiagram of the com.perterje package. This package con-
tains the Loid classesdiscussed in this section and the Log discussed in section 11.1.
The classdiagram shows on overview of the classesand relations between them. The
class diagram has been created according to the UML (Uni�ed Modelling Language)
standard [6].
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11.2.2 Loid - Location data

Locations in Loid are stored asa dir ectory treein 4 levels. The 4 levels are loosely made
according to a standard university location and are:

� Campus: A university campus,de�nedasthegroundsofa university or a namedcollec-
tion of buildingsfoundwithin thesamegeographicalarea.All buildingson a campusare
within walkingdistanceofeachother

� Building: A building found at a campus. This is any separateconstructionin which
peopleor equipmentmaybefound.A building hasat leastone�oor.

� Floor: A �oor foundin abuilding. This is any levelofabuilding representingits vertical
divisions.A �oor hasat leastoneroomandis dividedinto at leastonezone.

� Zone: A zoneis apart ofa �oor that holdsat leastoneroom.A zoneis adivisionofa�oor
to maintaina logicallyusefulrepresentationofdistanceswithin roomson that �oor.

The semantics of the location de�nitions are deliberately simple and straightfor -
ward. A task's location begins with a regular user entering its location into the system,
and this requires a natural, easy to understand system of de�ning locations. The sim-
ple hierarchy of campus, building, �oor and room number has therefore beenchosento
accommodate the regular user.

Loid maintains some ASCII text �les to keep track of information about constant
values, buildings, �oors and zones. For an overview of how the �les are stored, see
�gur e 11.2.The following �les are needed:

constants.txt

A �le holding the general distance constants. Theseconstants represent distances be-
tween two campuses,two buildings, two �oors and two zones. They can be changed
by the client.

�oornumbers.txt

In order for distances between �oors to be calculated, some of the �oor names such
as "Kjeller" and "Sokkel" need to be converted to numbers, representing their distance
from the ground �oor (�oor 1). This �le holds a set of such correspondencies.

webname.txt

Found under a building's dir ectory. If available, eachbuilding has a webname, repre-
senting the shortform name representing it under the collection of maps found at [13].
Theseshortform names are part of the URLs for the names and are important when a
client wants to accessa building's �oormaps.
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�oormap.txt

Found under a �oor 's dir ectory (if the �oor has beencon�gur ed). This �le contains in-
formation about rooms on the �oor as well as the zone-division (zones and the rooms
found in them). This �le also holds some other values. Speci�cally , this �le will look
like this:

Z
F
R
B
r1,z1
r2,z2
..,..
rR,zR

Where:
Z = numberof zones
F = �oor exit zone
R = numberof rooms
B = baseroomof this �oor
rx = roomnumberx
zx = zonefor roomnumberx

The �oor exit zone is the zone which holds the �oor exit (a stairway or elevator). The
baseroom is the room through which one must go to get to a �oor exit or building exit
(typically a corridor). The baseroom is present in all zonesand it is not included in the
'number of rooms' value.

zonemap.txt

Found under a zone's dir ectory. If the zone has not been con�gur ed, this �le merely
contains a list of the rooms found in this zone (con�gur ed at �oor level) as well as the
number of rooms it has, including the baseroom (present in all zones). If the zone has
been con�gur ed, this �le holds a matrix with distances between each room (made ac-
cording to the philosophy of section 7.2.3).Speci�cally , this �le will look like this:

N
r1,d11,d12...d1n
r2,d21,d22,.,d2n
..,...,...,.,...
rn,dn1,dn2,.,dnn

Where:
N = numberof rooms
rx = roomnumberx
dxy = distancefromroomx to roomy
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Figure 11.2:Layout of Loid's location data

74



11.2. LOID 75

11.2.3 Loid - Javaclasses

This sectionwill give adescription of the JAVA classesfor handling the locations in Loid.
The classesare collected in the same package (com.perterje.loid ) which must be
available to the web server running MongoLoid. Only important methods aredescribed
below. For a complete description of the classes,refer to appendix A.

Interface Locatable

This interface allows any implementing classto be located and handled by the Location-
Handler class. It provides a set of methods used by the LocationHandler classwhen it
compares two locations, such as calculating the distance between them. It implements
java.lang.Comparable, allowing objectsimplementing this interface to be sorted.

Class AnyLocation

A simple implementation of the Locatable interface. This implementation provides the
basicneedsfor using the LocationHandler class.Locations in MongoLoid aremade into
instancesof this class.

� getBuilding()
Getsthebuilding storedin this Locatableobject.

� getCampus()
Getsthecampusstoredin this Locatableobject.

� getDistance()
Returnsthedistancefromthis objectto theobjectsetin thesetDistance()method.

� getDistanceObject()
Returnstheobjectsetin thesetDistance(Locatable,int)method.

� getFloor()
Getsthe�oor storedin this Locatableobject.

� getIdentifier()
Getsthe identifying Object stored for this Locatableinstance. This Objectallows any
implementingclassto keepauniqueidenti�er, suchastheprimary keyfromadatabaseor
someotherattribute.

� getRoom()
Getstheroomstoredin this Locatableobject.

� setDistance(Locatable o, int p)
Setsthedistanceof this Locatableobjectto anotherspeci�cLocatableobject.Thesevalues
areusedwhencomparingthis objectto another.
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Class LocationHandler

Offers a set of static methods to the client. This is the classthat clients are to use when
they need information about Location objects.

� addLocation(Locatable l)
AddstheprovidedLocatableobjectto thesystemandreturnsa Locationbasedon its data.
ThereturnedLocationcontainsany known datanecessaryto compare it to anotherLo-
cation,suchascalculatingthe distancebetweenthem. Returnsa Locationbasedon the
providedLocatable'sdata

� findClosestObject(Locatable[] multiple, Locatable single)
Findstheoneobjectin theprovided"multiple" arraythat'sclosestto theprovided"single"
object.Bothparametersmust beof thetypeLocatable,thus representingsomelocationin
thesystem.ThereturnedObjectis theidenti�er asstoredin theLocatableobjectfoundto
betheclosestone.ReturnsanObjectidentifying theobjectfoundto betheclosestone

� getDefaultValue(String attribute)
Returnsthedefaultvaluefor oneof thelocationattributes.

� getDistance(Location locationA, Location locationB)
Getsthe distancebetweentwo locationsat any campus,in any building or on any �oor
knownto thesystem.Returnsthedistanceasan integer. Thedistanceis representedby
an integer. Within thesame�oor, it indicatesthenumberof doorsthat needto bewalked
through.Acrosselementssuchas�oors, buildingsandcampusesthis distanceis thesum
of thedistancewithin �oors andpresetdistancesbetweentheelementsin question.

� orderByProximity(Locatable[] multiple, Locatable single)
Orderstheobjectsin theprovided"multiple" arrayby proximity to theprovided"single"
object.Bothparametersmust beof thetypeLocatable,thus representingsomelocationin
thesystem.ThereturnedObjectarray is theidenti�ers (asstoredin eachLocatableobject)
orderedby proximity. Returnsan Objectarray identifying objects,orderedby proximity.

Class LocationHelper

Provides the system with customizable variables stored on disk. This class reads the
�les constants.txt and �oornumbers.txt from the disk (seesection 11.2.2),and offers the
values in these�les to the other Loid classes.

� getBuildingDistance()
Getsthedistancebetweenbuildings.

� getCampusDistance()
Getsthedistancebetweencampuses.

76



11.2. LOID 77

� getDefaultValue(String attribute)
Returnsthedefaultvaluefor oneof thelocationattributes.

� getFloorDistance()
Getsthedistancebetween�oors.

� getFloorNumber(String floor)
Getsthe�oor numberfor a �oor. If this �oor is representedby charactersinsteadof num-
bers(or a combinationof both), the �oor numberis lookedup in a table(asspeci�edby
"�oornumbers.txt", seesection11.2.2). Otherwise,the �oor is returnedas an integer.
Returns-1 if a �oor consistingofcharacterswasnot foundin thetable.

� int getZoneDistance()
Getsthedistancebetweenzones.

Class Location

The Location classholds information about a speci�c location (room), such as the cam-
pus, building and �oor it belongs to as well as its room number. It createsan object
representing the �oor it is on and offers it to the classesthat have accessto this location.
The signi�cance of the Location object is that it holds information speci�c to the �oors
and zones potentially held in a location. Before a location (such asan instance of Any-
Location) can be used by the system, it will �rst be converted to a Location object (by
using the LocationHandler .addLocation() method).

� getBuildingName()
Getsthenameof this location'sbuilding.

� getCampusName()
Getsthenameof this location'scampus.

� getFloor()
Getstheobjectrepresentingthe�oor this locationis on.

� getFloorNo()
Getsthename/numberof this location's �oor

� getRoomNo()
Getsthename/numberof this location's room

Class Floor

Holds information about aparticular �oor . This information is found in the �le �oormap.txt
(seesection 11.2.2).For �oors who do not have such a �le stored, the entire �oor is con-
sidered to be one big room with one zone.
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� getDistance(String roomA, String roomB)
Getsthedistancebetweentwo roomson this �oor.

� getFloorExitZone()
Getsthe�oorExitZone of this �oor

� getFloorID()
Getsthe�oorID of this �oor

� getRoomZone(String roomA)
Getsthezoneof theprovidedroom.Returnsthezoneof this roomif it is found. If it is not
found,returns1.

Class Zone

Holds information about zones. This information is found in the �le zonemap.txt (see
section 11.2.2).For zones who do not have such a �le stored, the entire zone is consid-
ered to be one big room.

� getDistance(String roomA, String roomB)
Getsthedistancebetweentwo roomsin this zone.

� getRoomIndex(String roomA)
Getstheindexof theprovidedroomin thetablesrepresentingthis Zone.

� getZoneID()
GetsthezoneIDof this �oor. This is aString that identi�es this zonebasedon its campus,
building, �oor numberandzonenumber

11.3 The MongoLoid Database

MongoLoid usesthe samedatabaseasMONGO, a Micr osoft Accessdatabase.Very few
modi�cations to this database were necessary. This section will give a thorough de-
scription of thesefew changes.For an ER (Entity Relationship) diagram of the original
MONGO database,see�gur e 3.3or refer to Øystein Hoftun's thesison MONGO [19] for
the ER-diagram and a thorough walkthr ough of the entities. An updated ER diagram
for MongoLoid is found below, in section 11.3.3.

11.3.1 New entities

The following entities had to be added to the databaseof the new system.
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Location

The location entity is a table holding locations stored in the database. A row won't be
added to this table until either a staff member or a task is connected to a location. If this
is the �rst time this location is used, a new row representing that location is added to
this table onceand for all. The new entity is presentedin table 11.1.

Table 11.1:New entity "location"

Attribute Data type Description

locationID AutoNumber The primary key for this location
campus Text The campus for this location
building Text The building for this location
�oor Text The �oor for this location
room Text The room for this location

Pending

For tasks that need a user's response,there are some details that will need temporary
storage while awaiting this response.This entity is a table that storessuch information
while the system waits for the user to respond. When this information is needed, it's
retrieved and appended to the task data as appropriate once the response has been
�nally submitted. Then (and only then) will the corresponding row in this databasebe
deleted. Each task can therefore only have one entry in this table. The new entity is
presentedin table 11.2.

Table 11.2:New entity "pending"

Attribute Data type Description

taskID Text The ID for the task to which this data is connected
lastFrom Text The last staff member connected to an history event for the

task
statusPrevious Text The task's status before a user's responsebecomesneces-

sary (in casethe status needsto be reset)
question Text The question to which the user's responseis an answer

11.3.2 Altered entities

Alterations to threeexisting entities were necessary. Provided below are updated tables
of theseentities. The alterations are typed in bold letters. Also, the end of this section
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holds a summary of the changes.

Table 11.3:Alter ed entity "task"

Attribute Data type Description

taskID AutoNumber The primary key identifying the task uniquely
subject Text The subjectof the task
noti�erName Text The name of the task initiator
noti�erEmail Text The e-mail addressof the task initiator
queue Number The queueID of the queue the task belongs to
status Number The statusID of the status the task has
itemName Text The name of the item the task is attached to
location Text The location of the task (No longer used)
reportedDate Text The date the task was reported
updatedDate Text The date the task was updated
owner Number The ownerID of the staff who owns the task
lastFrom Text The name of the person last attached to the task
priority Number The priorityID of the priority the task has
description Memo The description of the task
lastEvent Memo The last event connectedto the task
locationID Number The id of the task's location

Table 11.4:Alter ed entity "staff"

Attribute Data type Description

staffID AutoNumber The primary key identifying this staff member uniquely
name Text The name of the staff member
userName Text The user name of the staff member
email Text The e-mail addressof the staff member
password Text The password authentication for the staff member
locationID Number The id for the staff member 's current location
onDuty Yes/No When "yes", the staff member is on duty

A summary of the changes:

� The table staff (11.4) now has a locationID attribute as a foreign key in the new
location table. This is to connect staff members to locations.

� The table staff (11.4) now has an onDuty attribute to re�ect this staff member's
availability .
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Table 11.5:Alter ed entity "con�g"

Attribute Data type Description

id AutoNumber The primary key identifying this con�guration dataset
mailhost Text The mailhost being used for sending e-mail from the sys-

tem
fromAddr ess Text The addressbeing used asthe from addresswhen generat-

ing e-mail from the system
mongoURL Text This absolute URL of the servlets is needed to create an

URL to include in the e-mail sent to userswhen a response
is requested

locationPath Text The path for the location data used by this con�guration
of MongoLoid

logPath Text The path for the log �les maintained by MongoLoid and
the Loid classes

� The table task (11.3) now has a locationID attribute as a foreign key in the new
location table. This is to connect tasks to locations.

� The old locationattribute of the task table is no longer used since it has been re-
placed by the new and more precisede�nition of locations. However, it has been
kept in order to maintain old tasksstored before the systemwas updated. It is sim-
ply no longer used for anything. Future versions of this system should attempt to
remove the locationattribute entirely.

� The con�g table (11.5)now has a locationPathattribute indicating where this con-
�guration of MongoLoid stores its location data

� The con�g table (11.5)now has a logPathattribute indicating where this con�gu-
ration of MongoLoid stores its log �les

11.3.3 ER (Entity Relationship) diagram

Presented in �gur e 11.3 is the new ER diagram of MongoLoid including the changes
described in this section.

The most obvious change is the new relationships between the location table and
the staff and task tables (in a one-to-many relationship).
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Figure 11.3:The MongoLoid ER diagram
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11.4 The MongoLoid Static HTML Pages

MONGO consistsmostly of Javaservlets, but a few static HTML pageswere necessary,
and all of these are still intact in MongoLoid, as well as a few new ones. This section
will describe the additional pagesand any alterations to the old pagesthat were made
during the development of MongoLoid.

11.4.1 General changes

One major alteration to all the HTML pagesfor web (not PDA and WAP) is the addition
of a Cascading Style Sheetto give MongoLoid a unique color schemeand look.

11.4.2 New pages

The following pagesare new to MongoLoid. Someof them are related to new servlets.
Seesection 11.5for a referenceto thesenew servlets.

� pda.html
Indexfor pdausers

� index.wml
Indexfor wapusers

� taskAdded.html
Con�rmation pagefor whena taskhasbeenaddedby a user. Containsa link to thefront
page

� taskAddedAdmin.html
Con�rmation pagefor whena taskhasbeenaddedby an administrator. Containsa link to
thetaskadministrationpage

� errorLoginPDA.html
If the login from PDA is incorrect, the useris redirectedto this pagewhich holdsa link
backto thelogin pagefor PDA users

� loidtop.html
Toppagefor theLoidAdministrationframeset

� loidbottom.html
Bottompagefor theLoidAdministrationframeset

11.4.3 Altered pages

The only alteration to existing HTML pages(apart from adding a CascadingStyle Sheet
to them all) is the re-organizing of index.html . This page now has more options and
a new design.
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11.5 The MongoLoid JavaClassesand Servlets

The most prominent component of MongoLoid is the set of Javaservlets and classes
doing the actual "work". All of the classesfrom MONGO arestill presentin MongoLoid,
and are now accompanied by a new set to cover the new featuresof the system.

This section will give a detailed description of the alterations and additions made to
this set of Javaclasses.The beginning of the section will also presenta classdiagram of
the new classesin MongoLoid.

11.5.1 Class Diagram - New MongoLoid classes

Figure 11.4shows a classdiagram for the new classesof MongoLoid. For an excellent
class diagram over the original classesof MONGO, seeØystein Hoftun's thesis [19].
The classdiagram shows on overview of the new classesand relations between them.
The listed methods representthe samesmall selectionof important methods asin 11.5.3.
Any parameters for the provided methods have beenomitted for layout purposes. The
class diagram has been created according to the UML (Uni�ed Modelling Language)
standard [6].
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85



86 CHAPTER 11. IMPLEMENT ATION

11.5.2 General changes

This section will give an account of some of the general changes made to the set of
classes.

Cascading Style Sheet (CSS)

To give MongoLoid a unique look a Cascading Style Sheet (CSS)was added to all
HTML-pr oducing servlets. This style sheetprovides the pageswith font and color set-
tings that makes them stand out somewhat from the crowd. The style sheet was also
used with the HTML pages(seesection 11.4.1).

Runtime logging

To monitor runtime behavior of some important methods of the classes,a log (seesec-
tion 11.1)has been added to them. The log �les are stored in the path indicated by the
logPathattribute of the con�g table in the database(seesection 11.3.2).

Speci�cally , a log has been added to the following classes(seesections 11.5.3and
11.5.4for more information about theseclasses):

� AddTask

� FetchData

� UpdateTask

� LoidSettings

� LoidManager

� AdminManager

Deprecated Javaclasses

Some classesand methods used in MONGO were found to be deprecated in the two
years that have passed since it was developed. All occurrencesof those classesand
methods have been replaced with the correct classesand methods as suggested in the
of�cial JavaServlet API Speci�cation [9]. Following here is an account of thesereplace-
ments.

HttpUtils.getRequestURL(HttpS ervle tReq uest)
replaced with
HttpServletRequest.getRequest URL()
(becauseclassHttpUtils is deprecated)

HttpSession.getValue(String)
replaced with
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HttpSession.getAttribute(Stri ng)
(becausemethodHttpSession.getValue(String) is deprecated)

HttpSession.putValue(String,O bject )
replaced with
HttpSession.setAttribute(Stri ng,Ob ject )
(becausemethodHttpSession.putValue(String,O bjec t) is deprecated)

The old "location" attribute

As mentioned in section 11.3.2,the old locationattribute found in the task table hasbeen
deemed useless(becauseof the new location system),but kept to preserveold entries in
the system. This is also the casein the classes.Every form that used to submit this vari-
able still doesso,but it hasbeenhidden from sight and the value is now 'Unknown'. As
with the database,futur e versions of this systemshould remove this variable altogether.

11.5.3 New classes

This section will give a detailed account of the new classesthat were created for Mon-
goLoid. Theseclassescome in addition to the already existing classes,some of which
have been changed (seesection 11.5.4for the changes,and Øystein Hoftun's thesis for
an account of the MONGO classes[19]). Only important methods are described below.
For a complete description of the classes,refer to appendix A. And for a more detailed
explanation of how to use the new features of MongoLoid, refer to the user guide in
chapter 13.

Class AddT askHelper

Provides the AddTaskWebAdm, AddTaskWebUserand AddTaskPDA servletswith HTML
and JavaScript. The AddTaskWebAdm and AddTaskWebUser servlets share identical
setsof data, while the AddTaskPDA servlet hasa slightly modi�ed set (adjusted to suit
a PDA's limitations).

Class AdminManager

Receivessubmissions from the AdminOptions servlet and performs the operation spec-
i�ed. Redirectsthe client back to the AdminOptions servlet with a messageof whether
the operation was successfulor not.

� checkLocation(String campus, String building, String floor)
Checkswhetherthis is a valid locationor not. Returnsa messagedetailingtheproblemif
thelocationis not valid, 'null' otherwise.
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Class AdminOptions

Createsthe servlet that lets administrators read/set someinformation about themselves,
such assetting their location and toggling their on/of f duty status.

� generateMessage(String message)
Takesthereceivedmessagefromtheservlethandlingthis servlet'soperationsandpresents
it accordingly. If it wasa "good" message,presentsit in greenand in redif it wasa bad
message.

Class AdminOptionsPDA

Createsthe servlet that lets administrators read/set someinformation about themselves,
such as setting their location and toggling their on/of f duty status. This servlet is de-
signed for use with a PDA.

� generateMessage(String message)
Takesthereceivedmessagefromtheservlethandlingthis servlet'soperationsandpresents
it accordingly. If it wasa "good" message,presentsit in greenand in redif it wasa bad
message.

Class LocationCon�guration

Createsthe servlet that lets administrators read/set some information about the loca-
tions (suchasthe location path), aswell asgiving them accessto the LoidAdministration
servlets.

Class LoidAdministration

Createsthe frameset that allows administrators to con�gur e the Loid system.

Class LoidManager

Receivessubmissions from the LoidSettings servlet and performs the operation speci-
�ed. Redirectsthe client back to the LoidSettings servlet with a messageof whether the
operation was successfulor not.

� addBuilding(String locationpath, String campus, String
newBuilding)
Addsanewbuilding to thesetof locationsin theprovidedlocationpath.

� addCampus(String locationpath, String newCampus)
Addsanewcampusto thesetof locationsin theprovidedlocationpath.
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� addFloor(String locationpath, String campus, String
building, String newfloor)
Addsanew�oor to thesetof locationsin theprovidedlocationpath.

� checkRoomZones(String roomZones, String noOfRooms)
Checkswhethertheprovidedroom/zonecorrespondenciesareproperlyformatted.
- Only onecorrespondencyon eachline
- Exactlyonecorrespondencyfor everyroomspeci�ed
- Entriesof thefollowing legend:Room,Zone(Example:123,1)
- No gapsin thezonenumbering.If thehighestzoneis X, wedemandexactlyX zonesto
containroomsin this set.
Returnsthenumberof zonesfoundin thesetif all wentwell. -1 otherwise

� configureFloor(String locationpath, String campus, String
building, String floor, String noOfZones, String floorExitZone,
String noOfRooms, String baseRoom, String roomZones)
Con�guresa �oor in the set of locationsin the providedlocationpath. Writes the �le
"�oormap.txt" to theproperdirectory. Also initiates thezonesunderthis �oor by adding
"zonemap.txt"�les in theproperdirectories.

� configureZone(String locationpath, String campus, String
building, String floor, String zone, int[][] distances)
Con�guresa zonein the set of locationsin the providedlocation path. Edits the �le
"zonemap.txt"in theproperdirectory.

� setGeneralConstants(String locationpath, int[] constants)
Setsnewgeneraldistanceconstantsin theprovidedlocationpath.

Class LoidSelectionMenu

Createsthe left side frame servlet of the LoidAdministration frameset. Apart from other
standard links back to the main page and the LocatinCon�guration servlet, this frame
holds the selectors for campus, building, �oor and zone. The selection appears in the
LoidSettings frame servlet.

Class LoidSettings

Createsthe main frame servlet of the LoidAdministration frameset. This frame is con-
stantly updated related to what type of location is being viewed. The possible options
are Main, Campus, Building, Floor and Zone. A typerequestparameter from the Loid-
SelectionMenu servlet indicates which type this is. Similarly , an id parameter indicates
which exact location item has beenrequested.

� generateMessage(String message)
Takesthereceivedmessagefromtheservlethandlingthis servlet'soperationsandpresents
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it accordingly. If it wasa "good" message,presentsit in greenand in redif it wasa bad
message.

� getIDs(String id)
Parsesthe id requestparameterandextractsthedetailsof thespeci�edlocationitem this
servletis to present. Themethodreturns an array containing the details. At most this
array contains4 strings, but for higher-levelitems(campuses,buildings, �oors), thepa-
rametercontainsonly thestrings that areneeded- andthis methodreturns'[NONE]' as
theremainingelements.

Class UserResponse

Generatesthe website to which a user is dir ected (via e-mail) when a responsefrom
the user is requested. Such a responseis needed when a service person has added a
question to a task. This servlet replacesthe old feature of sending a HTML form IN an
e-mail, a feature which was found to exclude users of text-based mail-clients like Pine.
The current solution sendstext-only e-mails with a URL to this servlet online. The look
of the servlet is identical to the HTML e-mail sent by MONGO in the previous solution.

11.5.4 Altered classes

Someof the old classesof MONGO were adjusted to the new features found in Mon-
goLoid. In addition to the general changesin section 11.5.2,there were some changes
made to the speci�c classes.This section will give an account of the most important of
these. Someclassdescriptions contain a list of new methods that are important to the
use of the class. For a complete description of the classes,refer to appendix A. For a
more detailed explanation of how these changesaffect using MongoLoid, refer to the
user guide in chapter 13.

Class AddT ask

Once information has been submitted from AddTaskWebUser, AddTaskWebAdm or
AddTaskPDA it is sent to this servlet which handles the actual operation of adding a
task.

In MongoLoid, a task's location may now be submitted with this information and
used to �nd the most conveniently located staff member. This servlet has thus been
altered to handle the operations related to this added feature.

When a location has been provided with the task information, this servlet retrieves
both the submitted task location as well as the locations of all staff members from the
database.This information is passedon to the LocationHandler class(seesection 11.2.3)
and the requestedstaff member is found. He is then made into the owner of the task.
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PDA users submitting tasks use a slightly less advanced interface which doesn't
guide them through valid locations. This meansthey risk submitting a location consist-
ing of a campus and a building not found on this campus (for example). To handle this,
the AddTask servlet checksthe location provided by the PDA user to seeif it is valid.
If it's not valid, the user is redirected back to the AddTaskPDA servlet with an error
message.

There are two conditions that affect the location operations described above. Firstly,
a user is not forced to provide a location for a task. An "unknown location" option
allows him to submit a new task that has no location. If this is the case,the AddTask
servlet setsthe owner to "none" which was always the default in MONGO. The task will
then have to be assignedto a staff member at a later time.

Secondly, if a task was added by an administrator , he canchoosenot to have the task
automatically assigned to the most conveniently located staff member, but manually
assign the task dir ectly. When this is the case,the AddTask servlet preservesthe task
owner assubmitted with the task information.

� checkLocation(String campus, String building, String floor)
Checkswhetherthis is a valid locationor not. Returnsa messagedetailingtheproblemif
thelocationis not valid, 'null' otherwise.

Class AddT askWebUser

When a regular user wants to add a task to the system, this servlet provides him with
the web page on which he doesso.

The most notable alteration is the new design, offering the user a more compact
view. The view has also been split in two, separating the general information and the
new portion with the location information. The general information remains as it was
in MONGO, while the location information is a new set of options allowing the user to
specify a location down to its room.

Javascriptadded to the page allows the user to be "guided" through the locations by
choosing a campus, and being presentedwith only the buildings on this campus (and
similar with �oors in the chosen building). A user can also choose to seea �oormap
of the �oor he has selected (by checking a checkbox), if such a �oormap exists. To
maintain the compact view, this �oormap shows up below the main portion. A user can
also choosenot to provide a location for the task by checking a checkbox.

Class AddT askWebAdm

Administrators use this AddTaskWebAdm servlet to add tasks to the system. In addi-
tion to the features of the AddTaskWebUser servlet, it allows an administrator to di-
rectly set a task's priority . It also allows him to dir ectly assign the task to whichever
staff member he pleases.
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The look of this servlet is virtually identical to that of AddTaskWebUser. The location
information part is identical, and there's really only one major changein this regard. An
administrator can chooseto dir ectly assign the task to a staff member, without letting
the system use the task's location to determine this.

Class AddT askPDA

PDA users add tasks to the system via this servlet, adjusted for the PDA environment.
It provides a slender look, and contains no fancy featureswhich may affect performance
on a limited device such asthe PDA. The functionality is still basically the sameaswith
AddTaskWebUserand AddTaskWebAdm, except for one thing. A PDA user canchoose
to set the task's location to his own current location. It may be a common situation for
an administrator to be where the task is.

Whereasthe web-servlets can afford the luxury of guiding users through the vari-
ous location items, this servlet displays all possible choices in each category (campus,
building and �oor), leaving it up to the user to combine location items properly. Should
he make some error in the combination and submit an invalid location, the AddTask
servlet will redirect the user back to this servlet with an error messagedescribing the
error.

Class EditTaskWeb

The EditTaskWeb servlet allows web users to edit the information about a task. The
servlet has been updated for MongoLoid to include the new location information. The
task's location is presentedon screen,and the administrator has the option to alter this
data as he pleases. The altered location is not checked for validity , though, since this
is the administrator 's chanceto specify any location - regardless of what locations are
stored in the system.

Class FetchData

The FetchData classhandles data to and from the database. It maintains a set of Ar -
rayLists with data that are �lled upon the client's request. The actual functionality of
this classhasbeenpreservedfrom MONGO, but a substantial setof methods have been
added to accomodatethe new featuresof MongoLoid.

Refer to the list of new methods below for an overview of the new features of this
class.

� addLocationData(AnyLocation location)
Addsanewlocationto thedatabase(if it doesnot alreadyexists),andreturnsthelocation's
locationIDin thedatabase.Themethod�rst tries to retrievethelocation's locationID,and
if it succeedssimply returns the retrievedlocationID. If it doesnot succeed,the location
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must beadded,and the methodaddsit. Thenit calls itself onemore time with the same
location,this time �nding thenewlyaddedlocationandreturnsthelocationID.

� addPending(String taskID, String statusPrevious, String
lastFrom, String question)
Addsnew"pending" datafor a taskto thedatabase."Pending" datais usedto remember
certaininformationabouta taskwhileawaitingauser's response.

� getLocationPath()
Getsthelocationpathcurrently storedin thedatabase.

� getLogPath()
Getsthelog pathcurrently storedin thedatabase.

� getPending(jString taskID)
Gets"pending" datafor a taskfromthedatabase.Thismethodis usedto getthedatafrom
thedatabaseandapplyit to a task's informationonceauser's responsehasbeenreceived.

� getStaff(int staffID)
Getsa StaffobjectfromtheArrayList of staffmembers.Dependson thestaffListhaving
been�lled.

� getStaffLocation(int staffID, Object identifier)
Getsthelocationof a speci�edstaffmember. ThereturnedAnyLocationusestheprovided
valueasan identi�er for this staff.

� getStaffLocations(String exclude)
Getsthe locationsof all "on duty" staffmembers,with theexceptionof thespeci�edstaff
member.

� getTaskLocation(int taskID, Object identifier)
Getsthelocationfor aspeci�ctask.

� removePending(String taskID)
Removes"pending" data for a taskfrom the databaseoncethe user's responsehasbeen
received.Sinceeachtaskcanonly haveonesetof "pending" datain thedatabaseat any
time, it mustberemovedonceit' sno longerneeded.

� setDuty(String userName, boolean onDuty)
Setsastaffmembers"onDuty" statusin thedatabase.

� setLocationPath(String newpath)
Setsanewlocationpathin thedatabase.Thiscanbeusefulif someothersetof locationsis
to beused.

� setLogPath(String newpath)
Setsanewlog pathin thedatabase.
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Class GenerateMail

The GenerateMail servlet generates the e-mails sent to users of the system. Such e-
mails are sent when a task hasbeenupdated, commented on or a responseis requested.
In MONGO this servlet created mails in HTML, causing problems for users with text-
basedmail clients like Pine. This has now been changed so that both the "notify mail"
(simple information) and the "respond mail" (alerting the user of a requestedresponse)
e-mails are in plain text only. The "respond mail" now contains a link to the UserRe-
sponseservlet (seesection 11.5.3,UserResponse)which now holds the HTML function-
ality of the old "respond mail".

Class LinksW eb

This servlet generatesthe left side frame of the task administration servlet (FrameCon-
tainer). The only alteration to this servlet is an addition of a link, namely one back to
the main page.

Class LoginHandlerW ebPDA

This is actually a new class. It was formerly known as LoginHandlerW eb, but since
regular login for PDA users has been added to MongoLoid, this servlet handles both
clients. The functionality is identical to the old LoginHandlerW eb servlet.

Class LoginPDA

In MONGO this classpresentedthe user with a start menu for PDA users. For seman-
tic reasons,this functionality has been moved to the new servlet StartPDA, while this
servlet offers PDA userswith a simple login screen. The design of this servlet is identical
to that of LoginWeb.

Class Staff

The Staff class holds information retrieved from the database about a staff member.
The classhas received one change,which is the addition of an "onDuty" variable. This
variable indicates whether the staff member is available for automatic task assignment
or not. The constructor has beenupdated and a method for retrieving the new variable
has beenadded.

� isOnDuty()
ReturnstheonDuty variable

Class StartPDA

This is a new class,but copiesthe functionality of the old LoginPDA servlet in MONGO.
The name-changeis due to semantic reasons.
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Class Task

The Taskclassholds information retrieved from the databaseabout a task. The classhas
receivedone change,which is the addition of its location. The location is representedas
a Locatable object,and is set by the new setTaskLocation() method.

� getTaskLocation()
Getsthis task's location.

� setTaskLocation(location)
Setsthis task's location.

Class UpdateTask

The UpdateTask servlet receivessubmissions from the various servlets that edit tasks
(such as EditTaskWeb, CommentTaskWeb, etc.). It then performs the requested opera-
tion. The alterations to this servlet are related to the task's new location information.

The "untake" portion that handles requestsabout a staff member wanting to untake
a task now assigns the task to the most conveniently located staff (excluding the staff
member that is untaking the task, of course). The solution in MONGO was to set the
new owner to "none". However, for tasks without location, the new owner is still set to
"none".

The "edit" portion that handles requestsabout alterations to a task's data now han-
dles altering the location for a task. This doesnot affect the owner of it.

Another small alteration is �xing an old bug. Under the old system, the "comment
task" option did not redirect the administrator back to a proper page and he was left
with a blank page. This has now been �xed so that the administrator is redirected back
to the task details page.

Class ViewTaskDetailsW eb

This servlet presentstask information on the screen for web users. The only alteration
to this servlet is the addition of a task's new location. The location is retrieved from the
databaseand presentedproperly with the rest of the information.

Class ViewTaskDetailsPDA

This servlet presentstask information on the PDA. The only alteration to this servlet is
the addition of a task's new location. The location is retrieved from the databaseand
presentedproperly with the rest of the information.
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Class ViewTaskDetailsW AP

This servlet presents task information on a WAP phone. The only alteration to this
servlet is the addition of a task's new location. The location is retrieved from the
databaseand presentedproperly with the rest of the information.

Class ViewTasksPDA

This servlet shows a staff member a list of the tasksof which he is the owner. Clicking a
task shows the ViewTaskDetailsPDA servlet. In MongoLoid, this servlet now allows the
user to order the tasks either by taskID or by proximity to himself. Switching between
the two is a simple operation.

Class ViewTasksWAP

This servlet shows a staff member a list of the tasks of which he is the owner. Clicking
a task shows the ViewTaskDetailsWAP servlet. In MongoLoid, this servlet now orders
the tasks by proximity to the staff member. Switching between the two is, however, not
an option for WAP due to performance reasons.

96



Chapter 12

Installation guide

This installation guide will explain how one can setup MongoLoid properly on a new
server, using the MongoLoid CD (seesection 12.3). There are three main sections in
this chapter. The �rst will describe the various software components found on the CD,
and what they are for. The secondsection explains what needs to be done to con�gur e
these components to make them work together. And the �nal section deals with the
MongoLoid CD and its contents. Refer to the user guide in section 13 for instructions
on how to use MongoLoid.

12.1 Necessarysoftware components

Thesesoftware components are all necessaryto run MongoLoid. This section will ex-
plain what they are and why they are needed. All of them (except a browser) should
be found on the MongoLoid CD, but some are also available online at the provided
addresses.

12.1.1 JavaSoftware Development Kit (SDK)

Since MongoLoid has been programmed in Java, the server needs to install a Java 2
SDK. MongoLoid was developed using Java2 Platform Standard Edition v1.4.2,so this
version (or newer) should be used. v1.4.2 is provided on the MongoLoid CD, but the
newest releasecan also be downloaded by following the links from:
http://java.sun.com/j2se/ .

12.1.2 JavaServlet API

MongoLoid usesversion 2.3of the JavaServlet API. This API forms an extension to the
Java 2 platform and consists of a set of classescreated especially for web publishing
(servlets, http requests, etc.). The MongoLoid CD contains version 2.3, but the latest
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version can also be downloaded from:
http://java.sun.com/products/ servl et/r efere nce/ api/i ndex .html .

12.1.3 Tomcat

The Tomcat servlet engine and web server is necessaryfor MongoLoid to run. Tomcat
is part of an open sourceproject and is therefore freeof use. It is possible to useanother
web server (like Apache), but this requiresextra con�guration that will not beexplained
here. The easiestthing is to just useTomcat's own web server. During the development
of MongoLoid, Tomcat/5.0.16 was used. This is also the version supplied on the Mon-
goLoid CD. To download the newest version online, visit the download page at:
http://jakarta.apache.org/sit e/bin inde x.cgi .

12.1.4 Database

MongoLoid uses a Micr osoft Access2000database. This database is supplied on the
MongoLoid CD.

12.1.5 JavaPackagecom.oreilly .servlet

For e-mail generation, MongoLoid usesthe com.oreilly.servlet package.Version
05Nov2002is found on the MongoLoid CD, but can also be downloaded from:
http://www.servlets.com/cos/i ndex. html .

12.1.6 JavaPackagecom.perterje

This packagewas created especially for MongoLoid and contains:

� The Log (seesection 11.1)

� The Loid classes(seesection 11.2)

The packageis found on the MongoLoid CD.

12.1.7 MongoLoid system

This is the actual MongoLoid system. It's the entire set of Javaclasses,HTML, WML,
CSSand graphics needed to run MongoLoid. Contained in the same dir ectory on the
MongoLoid CD is also the location data used during development.
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12.1.8 Client (browser)

Finally, MongoLoid requiressomesort of browser to beviewed in. MongoLoid supports
threetypes of devices - PCs,PDAs and mobile phones. MongoLoid setsno requirement
to mobile phones apart from WAP capability. PCsand PDAs however should support
JavaScriptsince this has beenused heavily in the servlets.

For browser compatibility on PCs,refer to section 10.1.7for details on the browsers
that were used during implementation and testing.

12.2 Installing MongoLoid

Once all the software components are acquired, they need to be installed and set up
properly. This section will give a description of how to do so.

12.2.1 Setting up the database

The databaseis aMicr osoft Accessdatabaseand needsto beadded to the server's ODBC
administrator . The name of the databaseshould be setto MONGODataSource. Oncethe
databasehas been added to the server's ODBC sources,the values in its config table
will have to be set:

� "Mailhost" should be set to an available outgoing mail server. The default for this
is smtp.stud.ntnu.no .

� "fromAddr ess"should contain the from-addressthat is added to all outgoing mails.
For MONGO and this projct, the dummy test-address "mongo@drift.com" has
beenused.

� "mongoURL" should be set to contain the URL of the servlet-dir ectory of Mon-
goLoids web application. The default for this is
http://129.241.102.100/mongo/ serv let/ .

� "locationPath" must be set to an absolute path pointing to where the location data
is stored. The default for this is
d:/jakarta-tomcat-5.0.16/weba pps/ mongo/loc ation s/ .

� "logPath" must be set to an absolute path pointing to where the logs are to be
stored. The default for this is
d:/jakarta-tomcat-5.0.16/weba pps/ mongo/log s/ .

12.2.2 Con�guring Tomcat

Tomcat needssomecon�guration for it to �nd the necessaryJavaclasses.There are two
main points that need to be taken care of:
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� Tomcat's Invoker servlet must be activated.

� Tomcat's classpathmust be set to include the packagescom.perterje ,
com.perterje.loid and com.oreilly.servlet . This is done by placing
thesepackagesin a dir ectory accessibleto Tomcat and setting its classpath in the
bin/setclasspath.bat �le (the line starting with "set CLASSPATH") to point
to the location of thesepackages.

12.2.3 Deploying the web application

Finally, the actual web application needsto be deployed. The web application is found
in the folder called mongo, and this folder will have to be copied to the webapps folder
under Tomcat's root. The mongo folder contains all the classes,HTML, WML, CSSand
graphics used in the MongoLoid system.

12.3 Contents of MongoLoid CD

The provided MongoLoid CD contains the following �les:

� readme.txt
A text �le giving this walkthr ough of CD contents.

� MongoLoid_PerTerjeAune.pdf
A pdf-document of this report.

� j2sdk-1_4_2_04-windows-i586-p .exe
The Java2 Software Development Kit for Windows v. 1.4.2.

� jakarta-tomcat-5.0.16.zip
JakartaTomcat/5.0.16, web server and JavaServlet/JSP container

� servlet-2_3-fcs-classfiles.zi p
The JavaServlet API 2.3. The archive contains the class�les for the API.

It also contains the following dir ectories:

� mongo
The MongoLoid web application. This dir ectory contains all Javaclasses,HTML,
WML, CSSand graphics needed to run MongoLoid.

� database
This dir ectory contains the MongoLoid database,MONGO.mdb.
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� com
The top level of the packagehierarchy containing the packages
com.oreilly.servlet (uncompressedclass�les), com.perterje and
com.perterje.loid . By placing the entire com dir ectory under Tomcat's class-
path, thesepackageswill be available to the system (seesection 12.2.2).

� javadoc
This dir ectory contains the JavaDocdocumentation for the MongoLoid classesand
the packagescom.perterje and com.perterje.loid asHTML.

� source
This dir ectory contains the source �les for the MongoLoid classesand the pack-
agescom.perterje and com.perterje.loid .
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Chapter 13

User guide

This user guide will guide users of MongoLoid through its new features. The vari-
ous options will be presentedin an orderly fashion with explanations. Screenshotsare
presentedto offer a visually stimulating view of the system. Pleasenote that this chap-
ter will only focus on the new features of MongoLoid. For a detailed user guide of
MONGO, refer to Øystein Hoftun's thesis [19].

13.1 Online Access

MongoLoid hasbeeninstalled on a server at IDI, NTNU. It canbe tested by visiting this
server. If there'saproblem with the server, contactAlf Inge Wang at alfw@idi.ntnu.no .
Here are the separateURLs for eachclient - WEB, PDA and WAP:

� WEB: http://mongo.mowahs.com/

� PDA: http://pdamongo.mowahs.com/

� WAP: http://wapmongo.mowahs.com/

13.2 Web

This section will explain the new featuresof the Web-portion of MongoLoid and give a
detailed walkthr ough on how to use them.

We accessthe web solution by browsing to http://mongo.mowahs.com/ . The
�rst thing we seeis the main index (�gur e 13.1). It lists the options available to users
and administrators of the system. Regular usersonly have the option to add a new task
to the system, while administrators can chooseamong three dif ferent options: Admin
Options, Task Administration and Location Administration. This section will carefully
guide users through eachof theseoptions in an orderly fashion.

Pleasenote that all options for administrators require a login.
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Figure 13.1:Screenshot - Main index

13.2.1 Add Task (for users)

Regular users can chooseto add a new task to MongoLoid by visiting this page. The
page loads the AddTaskWebUser servlet and presentsthe user with a form for him to
�ll out (see�gur e 13.2).

General information

This section contains the following �elds:

� Your name (required)
The name of the user notifying this task.

� Your e-mail (required)
The e-mail addressof the user notifying the task.
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Figure 13.2:Screenshot - Add Task (for users)

� Task's type
The type of the task. The user has to chooseamong the options, deciding what
type of a task this is.

� Task's item
An identi�er telling which item (e.g. computer name) the task is related to.

� Subject (required)
A subject for the task.

� Description
A description of the task with asmany details aspossible.

If one (or more) of the required �elds (name, e-mail and subject) is left empty, the
user will be redirected to an error page upon submission. These�elds are important for
the task to be handled properly in the system.
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Task's location

This section contains information regarding the task's location. Each location is made
up of 4 parameters:

� Campus
The campus of the location.

� Building
The building of the location.

� Floor
The �oor in the building.

� Room
The number of the room.

The user is encouraged to �ll out an exact location using the above options. The
menus have been designed to guide the user through the various location parameters,
and it's not possible to specify an invalid location (a building on the wr ong campus for
example).

In some cases,however, specifying such a location may not be possible. First of
all, the user may not be sure which location the task is in. And second of all, not all
tasks have speci�c locations, but are issuesconnected to networks and such. In these
cases,the user should check the "Unknown" checkbox. This sets the task's location to
"Unknown", and bypassesthe location context information.

A bonus feature that is optional once a �oor has beenselectedis the chanceto seea
�oormap of the �oor . This is only available for a few preset�oors that have �oormaps
on NTNU's server [13]. The �oormap can be toggled on and off by checking the "Show
�oormap" checkbox and will show up at the bottom of the page. This is useful when
the user wants to �nd the number of the room he is in.

Figure 13.2shows a complete form, �lled out with both general information and the
task's location. The task location is exactand set to campus "Gløshaugen",building "IT-
bygget, syd�øy", �oor "1" and room "119". The user has also opted to seea �oormap of
the �oor so he can seethe number of the room. The task is now ready for submission.

Task submission

Once the general information �elds and a location have been selected,the task can be
submitted by clicking the "Add" button. Task submission is only allowed once a valid
location has been speci�ed (either an exact or an "Unknown" location). If the task was
successfully submitted to the system, the user is greeted with a page to let him know
that all went well.
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13.2.2 Admin Options

Administrators can chooseto set some information about themselves by selecting this
option. This page loads the AdminOptions servlet if the administrator is logged in.
Otherwise, he will be re-directed to the LoginWeb servlet so he can log in. Figure 13.3
shows the Admin Options page for user "Per Terje Aune".

Figure 13.3:Screenshot - Admin Options

Setting new location

At the top of this page under the heading "Curr ent Location", the administrator can see
his current location (asfar asthe system is concerned). This location canbechangedun-
der the "SetNew Location" heading. The location consistsof the 4 location parameters
"Campus", "Building", "Floor" and "Room". Each parameter must be set in sequence,
and the administrator is guided through the options. Finally, the new location is set by
clicking the "Set"button.
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Upon submission, a messagewill appear to let the administrator know how the op-
eration went. If the messageis in green,all went well. If it is in red, however, something
went wr ong. The messageshould detail the problem so the administrator can look it
up.

Setting duty-status

Under the "On/of f Duty" heading, the administrator can set his availability to receive
new tasks. If he is "off duty", the system won't automatically assign new tasks to him.
The current availability is indicated by the currently selectedradio button. To change
this status, the administrator simply selectsthe other radio button and submits by click-
ing the "Set"button.

Figure 13.4:Screenshot - Successfuloperation (zoomed)

Upon submission, a messagewill appear to let the administrator know how the op-
eration went. If the messageis in green,all went well. If it is in red, however, something
went wr ong. The messageshould detail the problem so the administrator can look it
up. Figure 13.4shows how this messagemay look if the operation was successful.

13.2.3 Task Administration

Administrators can chooseto seeinformation about the tasks that are stored in the sys-
tem. To do this, they select the "Task Administration" option which loads the Frame-
Container servlet, a frameset of several frames.

Sincethis user guide focuseson the new featuresof MongoLoid, only the "Add Task"
and "Edit Task" options will be explained in this section.
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Add Task

The "Add Task for administrators" option can be reachedby clicking "add task" in the
left side frame. This page (�gur e 13.5) is very similar to the one for regular users (de-
scribed in section 13.2.1). There are a few changes,however. Administrators are ex-
pected to provide a little more information than regular users.

� Priority
Administrators are expected to set an initial priority to a new task. The options
for this priority are "normal", "high" and "low".

� Owner
Administrators can chooseto dir ectly assign a task to a staff member (seebelow).
If they do, they have to choosea staff member to assign the task to.

Figure 13.5:Screenshot - Add Task (for administrators)
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As mentioned above, administrators can assigna task dir ectly to a staff member. To
do this, they have to uncheck the "Auto assign?"checkbox(which is checkedby default)
and selecta staff member's username from the dropdown menu. They will still have to
seta location for the task (either a speci�c location or "Unknown"), but this location will
not be used to automatically assign the task to a staff member basedon his location.

Task submission is done by clicking the "Add" button and the conditions for doing
so are the sameaspresentedin section 13.2.1(Add Task for users).

Figure13.5shows the "Add Taskfor administrators" form �lled out with information
about the task. As we can see, the task does not have an exact location, and so the
location has been set to "Unknown". Furthermor e, the administrator doesn't want to
auto assign this task (the "Auto Assign?" checkbox is unchecked), but give it dir ectly to
staff member "oysthof" by selecting his name in the "Owner" menu.

Edit Task

From the Task Administration frameset,an administrator canchooseto view a task. For
eachtask there's a set of options. Most of theseare unchanged from MONGO, but the
"Edit Task" option has received some alterations. Figure 13.6shows the task we added
in section 13.2.1which is now ready to be edited.

The alteration comesin the form of the location. A task's location can be changed on
this page by �lling in the (from left to right) "Campus", "Building", "Floor" and "Room"
�elds. If the task already had such a location, these�elds will contain this information
and can be left unchanged. However, there may sometimes be an error in the location
information (maybe it was edited before), or a task whose previous location was un-
known may now actually be known. If this is the case,the administrator can �ll out
these�elds accordingly .

Note that the luxury of being guided through the location parameters(asin the "Add
Task" servlets) is gone here. This is to allow administrators to set a location that may
not comply with the stored location data of the system. Maybe a task hasa location that
has not been con�gur ed in the system yet. If this is the caseit was most likely set to
"Unknown" upon submission, but can now be set to something more speci�c. It is rec-
ommended to add the location to the system by going to the "Location Administration"
option �rst, though (seesection 13.2.4).

Once the administrator is done editing the task, he can submit the new information
by clicking the "Edit" button. He can also choose to let the noti�er of the task be in-
formed of the changeby selecting the appropriate radio button before submission. This
option is set to "No" by default.
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Figure 13.6:Screenshot - Edit Task

13.2.4 Location Administration

Administrators also have the option of con�guring the locations added to the system.
To do so, they will �rst have to selectthe "Location Administration" option on the main
index page. This leads to a page that displays the current location path. This path tells
where the system is currently storing its location data. The bottom option on this page
is called "Loid Administration" and leads the administrator to a frameset where he can
alter the locations stored under the current location path. Figure 13.7shows the "Main
settings" screen,which is the opening screenof this frameset.

The "Loid Administration" frameset is divided into 4 frames, of which 2 are im-
portant for the administrator . The left side menu is where the administrator makes his
selectionswhich will appear in the main frame in the middle. From top to bottom, these
selectionsare:

� Main settings
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Figure 13.7:Screenshot - Loid Administration

Leads to the main settings page, which is the default selection in the main frame
when entering the "Loid Administration" frameset

� Campus settings
Lets the administrator selectone of the campusescurrently stored in the system.

� Building settings
Lets the administrator select one of the available buildings under the currently
selectedcampus.

� Floor settings
Lets the administrator select one of the available �oors under the currently se-
lected building.

� Zone settings
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Lets the administrator select one of the available zones under the currently se-
lected �oor .

� Back to location con�guration
Leads back to the previous "Location Con�guration" page.

� Back to main menu
Leads back to the main MongoLoid index page.

For each of the selections above, the action will make a page appear in the main
frame in the middle of the frameset. These pages have several options that will be
described below. For eachof the options a messagewill appear upon submission to let
the administrator know how the operation went. If the messageis in green, all went
well. If it is in red, however, something went wr ong. The messageshould detail the
problem so the administrator can look it up.

NOTE: Someof the sectionsbelow refer to conceptsexplained in section 11.2.

Main settings - Add Campus

The "Main settings" page (�gur e 13.7)gives a list of the currently stored campuses in
the system, and this option allows administrators to add a new campus to this set of
locations. The name of the new campus is written in the text�eld, and the campus is
added by clicking the "Add" button. Note that the default value "[NEW CAMPUS]"
will have to be changed. This is pretty much the only name that will be rejectedby the
system asa new campus.

Main settings - Set General Distance Constants

The general distance constants tell the system how to measure distances between two
campuses, two buildings, two �oors and two zones respectively. The default values
have been carefully selected,and there's probably no need to change them. But if one
wishes to change them, this is where to do it. The amdinistrator simply enters the new
number for eachconstant (integers only) and clicks the "Go" button. The default values
can easily be recovered by clicking "Resetto Default Values".

Campus settings - Add Building

The "Campus settings" page (�gur e 13.8)gives a list of the currently stored buildings
under the given campus. Administrators can add a new building by entering its name
and clicking "Add". The default value "[NEW BUILDING]" will have to be changed,or
the system will reject it.
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Figure 13.8:Screenshot - Campus Settings

Building settings - Add Floor

The "Building settings" page (�gur e 13.9)gives a list of the currently stored �oors under
the given building. Administrators can add new �oors by entering the name and click-
ing "Add". The default value "[NEW FLOOR]" will have to be changed, or the system
will reject it.

Due to design considerations, the names for �oors (that are not simple numbers)
should be selected from a closed set of �oornames. The reason for this closed set of
�oornames is the fact that Loid will try to guessa �oor 's relation to the ground �oor .
The following sethasbeenstored in the system with correspondenciesin relation to the
ground �oor .

� K
Basically the sameas"Kjeller".

� Kjeller
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Figure 13.9:Screenshot - Building Settings

The sameas"K".

� Underkjeller
The �oor under a "Kjeller" or "K".

� Sokkel
A type of ground level �oor found under �oor 1, so treated as"Kjeller".

� U1
"Underetasje1", treated as"Kjeller"

� U2
"Underetasje2", 1 below "U1"

� U3
"Underetasje3", 2 below "U1"
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� U4
"Underetasje4", 3 below "U1"

Floor settings - Con�gure Floor

The "Floor settings" page(�gur e 13.10)allows the administrator to con�gur e the current
�oor . This con�guration consistsof 4 variables and onesetof room/zone corresponden-
cies.

The 4 variables are:

� Number of zones
The number of zonesthis �oor should be divided into.

� Floor exit zone
This is the preferred zone from which one exits the �oor , going to another �oor
(by stairs or elevator).

� Number of rooms
This re�ects the number of rooms added to the system (not including the base
room), and NOT the total number of rooms found on the �oor .

� Baseroom
The base room is the room through which one must go to get to a �oor exit or
building exit (typically a corridor). The baseroom is present in all zonesand it is
not included in the 'number of rooms' value

The room/zone correspondenciesis how the system knows what rooms are found
in which zone. Note that if a �oormap is available for this �oor , it should appear in the
bottom frame of the frameset. This �oormap can be used to plan this con�guration.

It's important to remember that thesecorrespondencieswill only be acceptedby the
system upon submission if they adhere to the following ground rules:

� Only one correspondency on eachline.

� Exactly one correspondency for every room speci�ed.

� Entries should be of the following legend: Room, Zone (Example: 123,1 ).

� No gaps in the zone numbering. If the highest zone is X, we demand exactly X
zonesto contain rooms in this set.

Upon proper submission (by clicking the "Submit �oor con�guration" button), a set
of �les are stored on disk re�ecting the newly con�gur ed �oor .

Figure 13.10shows the con�guration for the �oor "Gløshaugen", "IT-bygget", "1".
Also note the �oormap in the bottom frame.
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Figure 13.10:Screenshot - Floor Settings

Zone settings - Con�gure Zone

The "Zone settings" page (�gur e 13.11)allows the administrator to con�gur e the current
zone. This con�guration is basically just a set of distances between the rooms of this
zone. This set is presentedin a table.

The �oor 's baseroom (present in all zones of the �oor) is in the upper left corner,
in green. The diagonal line from the upper left to lower right corners represents the
distancesfrom a room to itself... Theseare therefore set to '0' and can't be changed. The
upper right half of the table has also been disabled since it mirr ors the lower left. In
other words, the distance from room A to room B is the same as from room B back to
room A. Every changemade to the lower left half is copied to the upper right.

The distances are really just an approximated measure. The initial philosophy is
to count doors, but any measurement paradigm can be applied. However, it's recom-
mended that all distancesin the system adhere to the sameparadigm.
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Figure 13.11:Screenshot - Zone Settings

Upon submission (by clicking the "Submit zone con�guration" button), the table is
checked(it should contain only integers) and the information is stored in a �le re�ecting
the newly con�gur ed zone.

Figure 13.11shows the con�guration of zone "Gløshaugen","IT-bygget", "1", "1". The
distanceshave beenentered into the matrix and the baseroom is "100"asit was speci�ed
in the con�guration for the �oor this zone is in (see�gur e 13.10).

13.3 PDA

This section will explain the new featuresof the PDA-portion of MongoLoid and give a
detailed walkthr ough on how to use them.

The PDA index page is reachedby browsing to http://pdamongo.mowahs.com/
(see�gur e 13.12).Do note that all the PDA pagesunder this index pagerequirea system
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login, so only administrators can accessthesepages.The index page leads the adminis-
trator to the "StartPDA" servlet which presentshim with a start menu containing a list
of options. The sectionsbelow will describe theseoptions in detail.

Figure 13.12:Screenshot - PDA index

13.3.1 Add Task

Apart from the modi�ed layout (and one added option, seebelow), the "Add Task for
PDA" page (see�gur e 13.13)is almost identical to the one for Web (seesection 13.2.3,
"Add Task"), but with one important alteration. Due to the limitations of the PDA, one
feature has had to be dropped. Unlike with the Web-solution, the PDA page does not
guide the administrator through the various location parameters. Every campus, build-
ing and �oor found in the system has been listed, and this makes it possible to createa
combination of parameters that is invalid. Becauseof this, the submitted location will
be checkedupon submission and the administrator will be redirected back to this page
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with a messagedetailing the error if the location is invalid.

Figure 13.13:Screenshot - Add Task for PDA

There are two possible errors:

1. The submitted building doesnot belong on the submitted campus

2. The submitted �oor doesnot belong on the submitted building

It is expected,however, that administrators apply somecommon sense(and knowl-
edge of actual locations) when they submit locations. It's therefore hoped that this will
not posea major problem.

The "Add Task for PDA" page has one option not found in the Web-solution. This is
the option to set the task's location to the samelocation the administrator currently has.
It might be possible that he's on location when he discovers the task, and so the task
will share his own location. This option is selectedwith the "Yours" checkboxunder the
location portion of the screen.
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13.3.2 View Tasks

The PDA start menu alsoallows the logged in administrator to view his registered tasks.
By selecting this option, the administrator is presentedwith a list of his tasks, ordered
by proximity (see�gur e 13.14). The system has compared the administrator 's current
location to the location of every task and now lists the task that is closestto the adminis-
trator on the top. This allows him to plan his execution of tasks for the day. Should he
not wish to view tasksordered by proximity , he can click the "Order by task ID instead"
link. This orders the tasks by taskID which is how it was done in MONGO.

Figure 13.14:Screenshot - View Tasksfor PDA

13.3.3 Admin Options

The �nal option on the PDA start menu is the "Admin Options" (see�gur e 13.15).Apart
from the modi�ed layout, this page is identical in functionality to the corresponding
page for Web administrators. There is one alteration, though, and that is the same as
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for the "Add Task PDA" page. The feature of being automatically guided through the
location parameters hasbeendropped. Pleaserefer to section 13.2.2for a guide on how
to use this page.

Figure 13.15:Screenshot - Admin Options for PDA

13.4 WAP

This section will explain the new features of the WAP-portion of MongoLoid and give
a detailed walkthr ough on how to use them.

The WAP index page (see�gur e 13.16)is reachedby browsing (using a WAP phone)
to http://wapmongo.mowahs.com/ . The WAP featuresare only available to admin-
istrators and require a login. The �rst screen gives the administrator a link to the login
screen.
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Figure 13.16:Screenshot - WAP index

13.4.1 View Tasks

Once an administrator has logged in using his WAP phone, he can choose to seehis
registered tasks (see�gur e 13.17).Like with the PDA solution, these tasks are ordered
by proximity . The WAP solution doesnot allow the administrator to alter this ordering,
though.
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Figure 13.17:Screenshot - View Tasksfor WAP
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13.5 Checking logs

Should the unthinkable happen and the system starts to behaveoddly or produce error
messages,there is a chancethat the program encountered a situation it wasn't prepared
for. This is why MongoLoid maintains a set of log �les for critical classes. These log
�les can be accessedat the current log path (seesection 11.3.2for information about
the log path). By default, this log path will be the logs subdirectory under the Mon-
goLoid root, so they can be accesseddir ectly from web. The log �les are text �les and
maintained on a "per day" basis.

The log �les contain records, each with a timestamp and an explanation of why
it was added (see �gur e 13.18). Severe errors also provide a Java Exception report.
Hopefully , these log �les will explain what went wr ong and how it can be �xed. So
while MongoLoid has been thoroughly tested, there may still be casesin which errors
becomea reality.

Figure 13.18:The Log is useful for debugging
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Chapter 14

Evaluation

This chapter will evaluate the new system basedon the requirements made to it aswell
as a demonstration held with members of the IT-support (IT-drift) at NTNU, Gløshau-
gen.

14.1 Testing the requirements

Section 8.3 presented two setsof requirements that MongoLoid set out to satisfy. This
section will consider the �nished system and decide whether it managesto meet these
requirements. Eachrequirement will be given a brief discussion and evaluation.

14.1.1 Primary requirements

This section will discuss the primary requirements and how MongoLoid goes about
satisfying them.

P1. Adding the notion of location sensitivity

The development of LOcation Information Detective (Loid) made it possible for Mon-
goLoid to handle locations on resourcesand tasks. Theselocations are comparable in
that a distance between them can be calculated. Loid stores these locations and com-
pares them in a way that has proven to be both fast and ef�cient in use. It is therefore
believed that Loid provides MongoLoid with the location sensitivity necessaryto pro-
vide the expected impr ovements.

P2. Of fering administrators a way of managing locations

MongoLoid comesfully equipped with a web-basedclient that allows administrators to
add and con�gur e locations relevant to the system (the Loid Administration frameset).
The client has proven to be intuitive and easy to use, and also �ows in nicely with
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the look of the surrounding system (the task administration). Administrators should
therefore have an accessibleand complete way of managing the locations in Loid.

P3. Solving the issue with non-HTML e-mail clients

Instead of sending out HTML mails as MONGO did, MongoLoid sends out pure text
mail. The one "Respond" mail that in MONGO contained a form for the user to respond
with, has in MongoLoid been replaced by a whole new servlet that the e-mail contains
a link to. The servlet is identical to the old HTML e-mail and so there is no loss of func-
tionality . The only added problem is expecting users to visit a website instead of just
�lling out the form that's right in front of them. It is believed however that conscious
users will want to make this effort to �x a problem they noti�ed. Also, this allows
everyone to use this feature - not just the usersof HTML mail like in MONGO.

P4. Integrating online �oormaps

Both Add Task servlets for web and the Loid Administration framesets bring up the
�oormap of achosen�oor if this �oor is among the currently stored locations on NTNU's
server (see[13]). The �oormaps are loaded in the background and placed so as to not
get in the way of other tasks. The "Add Task" servlets even let the user decide whether
to seethe �oormap or not. It is believed that the �oormaps are not intr usive, but a ma-
jor bonus when room information is needed for adding tasks or con�guring �oors and
zones.

14.1.2 Secondary requirements

This section will discuss the secondary requirements and brie�y how MongoLoid goes
about satisfying them.

S1. Possibility of "Unknown" task location

All Add Task servlets (for WEB and PDA) allow users to set an "Unknown" location.
The taskswith this location are not handled like taskswith locations. They are assigned
to "none" upon submission and merely function as tasks did in the old system. It's also
possible for an administrator to seta location at a later time - either to a location offered
by Loid or any other non-standard location if necessary. In general, a task with an "Un-
known" location is treated as in MONGO. It's therefore believed that it's very possible
to add tasks that for somereasondon't need to be connected to a speci�c location.

S2. Automatic assignment of tasks

Upon task submission, tasks with locations are assigned to the most conveniently lo-
cated staff member automatically. The location of the task and of every "on duty" staff
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member is compared, and the staff member closestto the task gets it. This feature dra-
matically increasesthe administration of tasks by skipping the entire level of manually
assigning them.

S3. "On/of f duty" option for staff members

It is possible for administrators to set their duty to "on" or "off" as they please,and they
can do so on both WEB and PDA clients. This allows administrators to not be consid-
ered when new tasks are assigned. They will simply be ignored upon task assignment,
and this option thus provides them with some sort of freedom from automatic task
assignment. They are, however, not free from administrators assigning tasks to them
manually (seebelow).

S4. Manual assignment of tasks

The Add Taskservlet for administrators allows them to manually assigna task to whichever
staff member they want, and the task will be assignedto this staff member whether the
task has a location or not. This feature is an exact copy of how MONGO solved the
issue of adding tasks where administrators chosewhom to assign the task to. It is also
possible to assign the task to "none".

S5. Ordering by proximity

PDA and WAP usershave their tasksordered by proximity when they log in to seetheir
tasks. This is so that when they are out in the �eld, they seewhich task is the closestto
them. In MONGO thesetasks were always ordered by task ID, an option which is still
open for PDA users if they chooseto use it.

S6. Automatic re-assignment of tasks

In MongoLoid, a staff member can "untake" a task assigned to him if he wishes not to
have it, and it will then be re-assigned to the second most conveniently located staff
member. This feature simply attempts the sameassignment routine as is run upon task
submission, but leavesthe current owner of the task out of it.

14.2 Demonstration and discussion

On June 8th 2004,MongoLoid was presented to an audience consisting of IT-support
personnel (IT-drift) at Gløshaugen, NTNU. The group consisted of about 10-12people
and the head of IT-drift, Anders Christensen, was present. This is a group of people
who use RUST (section 2.1) regularly, so their input was much appreciated and very
valuable.
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The demonstration was a quick walkthr ough of the featuresof MongoLoid with an
explanation of how the location system of Loid works. All in all, the group was very
excited and interested in the new system. They saw a lot of potential in the ways it
approaches their daily work and attempts to make it easier and more ef�cient. It's
de�nitely a system which will be watched closely by IT-drift as it continues to progress
in possible futur e incarnations.

Following the demonstration was a discussion about how new context information
such as locations can help IT support systemsbecomemore ef�cient. This section will
give an account of the points brought up in this discussion.

14.2.1 Device locations

One thing that has not been the focus in this thesis is how to detect a service person's
location. It was assumed for this thesis that this was known at any time (seesection
6.1.2). It is, however, obvious that this would have to be done by keeping track of
their devices through the use of technology connected to their positions in the WLAN
network, or through some other signalling system. The group was very interested in
the possibility of adding this to MongoLoid, and it's de�nitely a desirable addition to a
futur e version of the system.

14.2.2 Equipment location

The group expressedastrong desire for asystemthat alsomanagesthe location of actual
computer equipment, in addition to tasksand staff members. This could help automate
deciding the task location if an item (complete with a location) is speci�ed instead, The
task will then have the samelocation asthe item it's connected to.

IT-drift currently maintains a databaseof equipment locations based on their net-
work connections (wall outlets) and this databasecan be connected to a system using
the samesemanticsasLoid (campus,building, �oor , room). Thereshould beno problem
extending MongoLoid to include equipment location using Loid in a futur e version.

14.2.3 Competence information

A hot topic of discussion among the group was the fact that some tasks require compe-
tence that not all staff members possess. If the system somehow maintained a pro�le
for eachstaff member, this pro�le could contain information about the skills and knowl-
edge of this staff member. Taskscan thus be assignedbasedon this information. Com-
petence is a separatecontext which would work completely in parallel with locations.
A possibility is a two-stage global management (seesections 2.3.3and 8.2) where the
�rst stage�lters out staff members basedon competence,and the secondstageassigns
the task basedon their locations.
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Adding a new context such as competence is a very interesting extension for a fu-
ture version of MongoLoid, and was even considered for this version. It was decided,
however, that the focus for this thesis should remain the context of locations only.

14.2.4 Tasks for a given location

Since a lot of the tasks involved in a system like MongoLoid would be found on the
samelocation (such as a computer lab), a strong desire to seeall tasks for that location
was expressedby the group. With this feature, a staff member could ask the system
for a list of tasks on the given location, and solve thesewhile he's there. Sincetasks in
MongoLoid are owned by various staff members, such a system would force this staff
member to steal or take them on the spot. But this would of coursebe no problem if the
tasks were presented to him in a proper way with easyaccessto the "take" and "steal"
options.

This is actually an option that was considered for MongoLoid, but ultimately omit-
ted since there was a chanceit could confuse users too much given the current design
of the system. However a futur e version of MongoLoid could very well intr oduce this
feature and re-design the layout of task administration so that this becomesa welcome
addition to the system.

14.2.5 Task batching

Another topic that cameup in the discussion was a feature of being able to batch tasks
that areconnectedto the sameitem, and therefore probably representthe sameproblem.
A given problem canbe discovered and reported by many users,of coursenot knowing
that someone else has already reported it. This results in many tasks of the system
being identical. A system that recognizesredundant tasks and batchesthem together
(possibly by making a "supertask") is therefore desirable.

For such a feature to be possible, one would have to have a system that uniquely
identi�es task items. At the current time, MongoLoid storesitems asa description (com-
puter name,printer name,etc.),but this "item name" canbeset to any string. Usersmay
use dif ferent descriptions for the same item, and this is therefore not a good identi�er
for the items. Possiblesolutions to this is making a list of item namesand forcing users
to chooseone of them, or maybe even append the user's current IP addressto the task
data, assuming that he's sitting at the problem computer.
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Chapter 15

Conclusion and further work

This chapter is the �nal and conclusive part of this thesis. It will make some general
conclusions about the thesis, look ahead at possible further work that can be done, and
�nally describe the student's own personal experienceon working with this thesis.

15.1 Conclusion

In the intr oduction of chapter 1, section 1.2 presented the main goals for this thesis in
the guise of threemain focus areas.To re-iterate, they were:

� to createa location management system

� to extend MONGO by incorporating resourcemanagement basedon locations

� to arrange a demonstration of the �nal system for IT-drift at NTNU

Each focus areawas considered in turn, and the �rst result was the development of
Loid (LOcation Information Detective). Loid is a location system that has proved to be
both simple in useand development, and also highly ef�cient. It offers a way of storing
and handling locations that appeals to common senseby using familiar semantics.Fur-
thermore, the development of a web client that managestheselocations meansthat the
stored locations are highly accessibleand editable.

The intr oduction of locations to MONGO hasbeensuccessful.The resulting system,
MongoLoid, has connected locations to tasks and staff members. This has proved to
be an important additional context to the system that is made use of during task as-
signment and ordering. MongoLoid also manages to preserve all the functionality of
MONGO, making it a more complete system.

Finally, the demonstration for members of IT-drift at NTNU, Gløshaugenmade for a
nice way of communicating with the target group of a system such asMongoLoid. The
feedback was positive and showed that there's a high interest for IT-support systems
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that take complex context information such aslocations in use to make the system more
ef�cient, well organized and manageable. Many valuable points regarding possible
futur e updates of the system were also brought up and documented in this thesis.

All in all, the thesis hassuccessfully met the challengesof its problem de�nition and
has resulted in a new system for IT-support - MongoLoid. This system builds on the
past experienceof MONGO and adds to this by intr oducing the import new context of
locations. It's believed that MongoLoid forms an important step on the road to a perfect
IT-support system.

15.2 Further Work

The demonstration for IT-drift brought up a number of important points that can serve
asimpr ovements in a futur e version of MongoLoid. This section will brie�y detail some
of thesepoints and suggesthow they can be solved.

15.2.1 Staff locations

One important extension is the ability to detect and manage the locations of staff mem-
bers. The most obvious solution in this regard is to detect the position of their devices
(PDA or mobile phone). There are several ways of doing this.

� One option is GSM positioning [2]. GSM devices (typically mobile phones) have
their positions de�ned by their current cell . The smaller the cells, the more ac-
curate the positioning is. Urban areas typically have smaller cells, and so this
technique is most useful there.

� Another option is WLAN positioning [7]. The position of a device connected to
a WLAN (WirelessLocal Ar eaNetwork) is determined by its current basestation.
Currently two interesting systemsare being developed that utilizes this technique
- Cordis RadioEye [4] and Ekahau [5]. A current and ongoing project by Asbjørn
Thomassen and Pinar Öztürk at IDI, NTNU uses Radio Eyes to locate WLAN-
equipment.

� IrDA positioning [10] is a thir d alternative. This technique usesinfrar ed sensors
to detect that devices are in a certain location.

� Bluetooth positioning [2] usesbluetooth technology to detect a device's position.
The position is determined by identifying the closestbasestation.

� Finally Ultrasound positioning [3] is a technique that usessound waves to locate
devices. One system that utilizes this technique is Sonitor.

Regardless of which technique is being used to detect a device's location, if Loid is
to be used, the resulting location must be translated to the location semanticsof Loid.
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15.2.2 Equipment location

Connecting locations to the equipment at a campus is a very interesting and possible ex-
tension to MongoLoid. Sincean equipment databasealready exists (seesection 14.2.2),
extracting the equipment from this databaseand connecting them to a location in Loid
could be done easily. This would allow for an exact speci�cation of a task item. Once a
location has beenspeci�ed, the system can list all the equipment in that location.

15.2.3 Additional context information

The additional context of a staff member's competence makes for a very interesting
extension to MongoLoid. It allows task assignment to be even more ef�cient in that
only the people capable of solving a dif �cult task gets that task. Solving this means
to set up a detailed pro�le for each staff member where a number of skills have been
connected to them.

15.3 Personal experience

Working on this project has been a very interesting and ful�lling experience. Most im-
portantly , this was my �rst chanceto develop a system on my own in connection with a
major project. It's beeninteresting to seehow one dealswith planning and organization
in a new situation like this.

There have beensomechallengesinvolved with working on this project. The aspect
of taking someoneelse's program and developing it further , rather than starting from
scratch, has been a dif �cult process. Having to place oneself in someone else's mind-
frame reveals how dif ferent people have dif ferent ways of approaching a problem. I
found this aspectto be highly valuable, as it is a common situation in the world of sys-
tem development. Being able to relate to a past work is extremely useful for projects
that are continuations of older work.

I have acquired many new skills throughout the processof this project. Having
developed a relatively advanced web application meansthat I had to work with HTML
frames, forms and javascript for the �rst time. The additional experience of working
with a databaseand Javaservlets has also beenvery valuable for me.

Finally, I found it very exciting to be working on a project where I could come so
closely to the problem domain - IT support. Not only have I personally experienced
computer problems and beenin the need of help from IT support, I also got a chanceto
meet with thesepeople and show them my work. The feedback was most appreciated
and provided me with a great experiencewhere user communication is concerned.
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Appendix A

JavaDoc

This appendix contains the JavaDocdocumentation for this thesis.

The appendix is divided into two sections:

1. MongoLoid
Contains documentation for the MongoLoid classes. This is a complete record
for these classes,also including the original (unchanged) classesfrom MONGO.
Note, however, that only the new classescontain textual JavaDocdescriptions. For
a discussion on the changesto theseclasses,seesection 11.5.4.For a walkthr ough
of the new classes,seesection 11.5.3.

2. Packagecom.perterje
Contains a complete documentation for the com.perterje.Log classaswell as
the set of Loid classesunder com.perterje.loid .

143



144


