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Abstract

This thesis consider exceptions from a different (maybe unique) per-
spective. Not talking about how and if they should be handled, instead it
purposes ideas how to analyze exception data. Both in an analytical way,
by plotting large amount of exception information with different param-
eters, and also by seeing if the information that each exception object
carries can be made available for others than developers. These anal-
yses are made available because of a centralized database, filled with
exception data, that the software company Vitec has. The method used
to evaluate these analyses, was to develop an application, that could per-
form such analysis. A model to translate the exception information was
also developed, and the resulting translations was integrated with the
application. Tests to evaluate how useful the outcome could be for the
target users, developers and support personnel of Vitec, was conducted.
The conclusion of this work was that in fact both types of analyses can
help improve the software. The translations by allowing the support per-
sonnel to faster resolve the issues at hand, and taking some of the bur-
den of the developers. The charts plots can assist the developers to see
how a system is working, and where the most errors occurs. The work
answered the question if there would be any use of such analysis and
translation of exception, however, in answering these questions opened
the door to a new big question. How can the analyses and translations
be done in the best way? The thesis discuss this matter as well, but
this work has just started and as but the investigations, strongly suggest,
further work would be beneficial.
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1 Introduction

Anyone that have studied computing science long enough have heard about Ariane 5’s[1]
maiden voyage and it’s unfortunate outcome. For those who have not heard the story of the
voyage, it only lasted for about 37 seconds. Then it self destructed due to an unhandled
exception. This exception occurred when the flight control system software tried to convert
attitude data from a 64-bit floating point to a 16-bit signed integer value. The data could
not be represented by a 16-bit signed integer, causing an operand error which then threw an
exception that was not properly handled.

This was an example of how important correct exception handling can be. This thesis, how-
ever do not focus on how exceptions should be handled, it instead investigates another as-
pect, which is much less common. It analyzes the exception information, both on a overview
level and on individual level. The overview analyze will try to see if large amount of excep-
tion data, can be analyzed in such a way that conclusions about the software’s well being
can be drawn, and hopefully this will lead to aid in the improving of the software. The
individual level of analysis will seek a way to make the information that the exception car-
ries understandable to a person without any education within computer science, in order
for them to get a picture of what made the exception occur. If this translated information
somehow can be integrated inside the exception message by making a new convention how
to form it will also be considered.

Software as a service, SaaS[2], is a software licensing and delivery model in which the
software is centrally hosted and the licenses is subscribed for. This is growing increasingly
popular within the software industry, because it is very convenient and efficient for compa-
nies to deliver software this way. It gives them a lot of control both over the system and the
licensing. And also when the service is centrally hosted, the exceptions that occurs can be
monitored in an easy way. That is one of the main reasons why the questions of this thesis
are highly relevant and hopefully this work will lead to results that can be of interest for a
big part of the industry.
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1.1 Outline

This is the outline of the content in this thesis.

1. Introduction
Chapter 1 introduces the thesis and the problem it addresses.

2. Background
Next chapter gives a short description of Vitec and also gives a background to why
this thesis came to be. It also gives a short description of the central part of this thesis,
exceptions, as well as describes the target users for this work.

3. Problem Specification
Chapter 3 takes a closer look at the problem and forms a problem statement.

4. Method
Here, in Chapter 4, the methods used to investigate and evaluate the problem state-
ment is explained.

5. The Analyzing Tool
The next chapter describes the Analyzing Tool that was developed in order to evaluate
the problems stated. It gives a technical description of the system and it’s communi-
cation.

6. Translating Exception Information
In Chapter 6, a description of how the exception information is translated in order to
achieve the desired outcome is given. It also contains example of such translations
from the Analyzing Tool.

7. Analyzing the Exceptions
Chapter 7 describes how the analysis of the exceptions is done and also gives example
of analysis inside the tool.

8. Evaluating the Usage of the Analyzing Tool
Here, in Chapter 8, the evaluation processes of the Analyzing Tool is explained. It
consists of a description of how two usage tests and two surveys was develop and
how they were conducted, and then the results of the evaluation is presented.

9. Discussion
Here, Chapter 9, the methods and results are discussed, which then is followed by a
conclusion in the next chapter.

10. Conclusion and Future Work
Chapter 10 consists of the conclusions that is done and what future work is suggested.
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2 Background

This chapter contains a short description of Vitec and it gives the background story of the
problem that is addressed.

2.1 Vitec

Vitec is a software company that offers industry specific business applications in a couple
of different business areas. In one of the business areas, the real estate area, Vitec has a
SaaS (Software as a Service) product with a centralized database where errors and excep-
tions that occurs in the customers applications are stored automatically. Errors can occur
from bugs in the product or an incorrect configured system. For readers not familiar with
exception handling, see Section 2.4 where an introduction to the topic is presented (see also
Section 2.2.1). Today the information in the database is not used as much as they would
like. That is why Vitec wants to investigate how this information can be used in a productive
way. The three possible target users are the developers, Vitecs support personnel, and also
the customers. The customers are the users of the system where the error occurs.

2.2 Database

The database consists of one big table, with all the errors and exceptions, and a couple of
extra tables with customers information, error reports, etc. The main focus of this thesis
will be the information in the exceptions table and how it can be used. Apart from ids and
other reference values the table consists of a couple of interesting columns, which are: name
and version of the web service where the exception occurred, which method it occurred in,
exception type, message, source and target site, the stack trace, which customer using the
service, and what IP-address the calls came from. The table is illustrated in Figure 1, a
larger picture is shown in Appendix A.1, and the exception information is explained briefly
in Section 2.2.1. This database gets continuously updated as mentioned earlier and hence

Figure 1: Sample picture of the main table in the database.

it also gets full, which means that it needs to be cleared from time to time. Therefore Vitec
also has interest in knowing which information was useful and worth saving. All exceptions
inside the database are thrown in Vitec services, this are both traditional services, software
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installed on the customers hardware, and SaaS. However, since the database is centralized
and collects all the exceptions thrown while running all Vitec’s different services, this so-
lution can be compared to a full SaaS-solution. Therefore, this kind of database and by
extension also this kind of analysis can be applied to all the SaaS-solutions.

2.2.1 Exception information

This section explains the different types of information obtained from the exceptions that the
database contains. All this information applies for the C# (C-sharp) version of exceptions,
but probably apply to any modern programming languages.

Exception type

All exceptions are objects[3]. They are all part of a hierarchy where most of them derives
from the base class Exception. The further down in the hierarchy the more specified the
exception is. Apart from giving more information of what kind of exception, in partic-
ularly, it was it also can allow the programmer to act accordingly to the exception. For
instance, if a NullPointerException occurs it means there is an unassigned variable which
is being accessed, and the programmer probably needs to improve the code. But if a Inval-
idArgumentException is thrown then this would mean that the user is giving the program
incorrect information, which then would be solved by giving the user this information and
he could then act accordingly. In Java, the exception that is thrown because of an error
in the semantic of the program is an unchecked exception and an exception due to incor-
rect input is a checked exception [4]. A checked exception is forced by Java to be handled
and an unchecked doesn’t need to be handled by the code. In C# case, all exceptions are
unchecked, in the sense that they do not need to be handled.

Exception message

An exception message is a property of the exception that is set by the programmer. In this
thesis, this part is investigated further to see if there is a more effective way of using it than
today. The message is only set when creating the exception, if no message is supplied, a
default message is added [5].

Exception source

The source of an exception is the application or the object that caused the error[6].

Exception target site

The exception target site means the method that threw the exception [7].



5(53)

Stack trace

The stack trace contains the immediate frames on the call stack[8]. The stack referenced
here is the runtime stack where a block of memory is allocated on the top each time a
function is called in the program[9]. The stack trace allows tracking the sequence of nested
functions called up to the point where the stack trace is generated.

2.3 Target users

This section discusses the three target users of the refined exception information and the
analysis and the possible benefit they will get from it.

2.3.1 Developers

The developers at Vitec already uses part of the exception information in the database today
when fixing bugs. Mainly they use the stack trace in these cases. The developers can benefit
from the new refined information for analysis purpose. This means for instance making it
easier for them to see if a specific problem has stopped occurring, or occurs more, after a
new version is released.

Another aspect why the developers are a target of this thesis, is if they in the future can
help to make the exceptions information easier to understand already when it is thrown, by
adding a processed message. In that way they could help the support, customer, or whom
ever would want to take part of the information.

2.3.2 Support

As mentioned earlier, Vitec has support personnel for their products. The information in
the database could potentially be very valuable for them if it was presented in the right
way such that a person with no extensive computer education can understand. This could
potentially be an aid in their day to day work. By for example allowing them to see the
latest exceptions thrown for the user and understanding what happened and why would be
a tremendous help. If this could be done by presenting and translating the information in a
satisfying way, hopefully, a general way of doing this in any similar software company of
today can be suggested.

2.3.3 Customers

In the case of the customer they could potentially use it the same way the support could,
but more often then not this would only make the customer find the products hard to use.
Since they pay Vitec for a product they want to use and the support is paid to help the users,
the previous discussed usage is more applicable to the support. Why the customers are a
plausible target group for this thesis is if the information can be presented such that it is
understandable for a person with no computer education at all. We could then instruct the
user in a proper manner how to solve the problem immediately. This would be the most
effective way and would mean resources saved for everyone involved.
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2.4 Exception handling

As mentioned above, exception handling is a very important part of a software system to-
day. It is especially important when building a reliable system, since it separates the error
handling code from normal code[10]. This is not a trivial procedure and improper handling
can cause failures in the software[11]. This can have severe outcomes which Ariane 5 is the
perfect example of. Even if this thesis does not focus on exception handling, this section
gives a short summary of what it is. The rest of the thesis assumes that the handling is done
correct in the software and focus on how we can use the information in our favor instead.

Exception handling is the process of responding to the occurrence of anomalous or excep-
tional conditions requiring special processing during computation[12], which often changes
the normal flow of execution. It is provided by specialized programming language con-
structs or computer hardware mechanism. In general an exception is handled by saving the
current state of execution in a predefined place and switching the execution to a specific
subroutine known as an exception handler. In the subroutine there are actions coping with
the exceptional behavior. If exceptions are continuable, the handler may later resume the
execution at the original location using the saved information.

In programming language mechanisms for exception handling, the term exception is typ-
ically used in a specific sense to denote a data structure storing information about an ex-
ceptional condition. The mechanism to transfer control, or raise an exception, is known as
throw. The exception is said to be thrown. Execution is transferred to catch. There is two
ways an exception can be thrown, either the author of the routine raises an exception himself
to signal that a routine could not execute normally or the exception is raised by the program
language itself. Applications today face many design challenges when it comes to excep-
tion handling strategies. It is especially challenging since today exceptions must often cross
process boundaries and machine boundaries. Part of designing a solid exception strategy is
recognizing when a process has failed to the point where it cannot be economically handled
by the software portion of the process. By making the information more comprehensible
it hopefully could result in the exceptions either being redesigned or informative enough
making the user protecting himself from making the software throw these exceptions.

An example of exception handling is illustrated below in Figure 2 [13]. In the example
you first have the method ”ProcessString” which does not do anything except throws an
exception if the string that is passed to it is null. Inside the try-block a string is initialized to
null and then passed to ”ProcessString”. The method throws an ”ArgumentNullException”,
the execution then jumps out of the try-block. As soon as a catch-statement that matches
the thrown exception is reached the execution enters it. In this case the first catch-statement
is exactly the exception that is thrown, so it executes the statements inside that block. This
is ideally what you want, but not always the case. For example, had the two catch-clauses
switched places, the execution would enter the catch(Exception e) block instead.
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class ThrowTest3
{

static void ProcessString(string s)
{

if (s == null)
{

throw new ArgumentNullException();
}

}

static void Main()
{

try
{

string s = null;
ProcessString(s);

}
// Most specific:
catch (ArgumentNullException e)
{

Console.WriteLine("{0} First exception caught.", e);
}
// Least specific:
catch (Exception e)
{

Console.WriteLine("{0} Second exception caught.", e);
}

}
}
/*
Output:
System.ArgumentNullException: Value cannot be null.
at Test.ThrowTest3.ProcessString(String s) ... First exception caught.

*/

Figure 2: Example of a class with exception handling.
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3 Problem Specification

As previously mentioned, this thesis will look upon exceptions in a slightly different manner
then most of the related work. The main discussion when it comes to exceptions is the
handling, the way it should be done and even if it should be done at all. The question about
checked versus unchecked exceptions is a big debate and has been for years. This thesis will
go back to the basics of an exception, rather then looking at how to handle exceptions it will
concentrate on the exception objects and the information held by them[14]. This chapter
takes a closer look on the problem and the problem statement that is subject of this thesis.

3.1 Assumption

The thesis makes an assumption that all exception handling is done correctly. This means
that it concentrates on evaluating the information inside the exception object and tries to
understand the anomalous conditions that lead to the exception without worrying about
what was done by the architect of the system to handle it. This assumption is made in order
to make the thesis plausible. If it also would look at how the exception handling is executed
in the investigated system, this would make the problem far to complex, for the time span
at hand. Since the aim of this thesis is to develop a model of how to analyze big data
of exceptions and also making single exceptions information understandable to someone
who wants to know what went wrong at a certain point of time, rather then making the
information more precise, the assumption is necessary.

3.2 Addressed problem and desired outcome

The problem addressed is the feeling of not knowing what happened to the software; why it
is not working the way it should? The key to this is making the software more transparent,
by analyzing the information given by exceptional behaviors. The outcome, is hopefully, a
model or guideline how to extract this information and making it available not only to the
developers, but to people without the education needed to understand the raw information.
Ultimately the goal is that the system can be transparent enough so that the user of the
system gets this information in a comprehensible way.

The second addressed problem is to see if the large data collected in the centralized database,
can be used in order to improve the system. Can an overview analysis, such as plotting the
data in different ways, help to give a greater understanding of the current state of the system.
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3.3 Problem statement

The problem statement consists of two parts. They are connected and hopefully they can be
evaluated by developing a tool that can aid in finding a solution. The two parts are:

• Can the information about the exceptional behavior stored in the exception object
be used and translated such that it is understood by a person with no education in
computer science?

• Can big data of exceptions help improving the system by understanding what, why,
and where the exceptional behaviors occurs?
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4 Method

This chapter explains the methods and procedure that was used to evaluate the problem.

4.1 Implementing an analyzing tool

The biggest part of the method is developing a software tool to analyze the huge exception
data that the database consists of, and the same tool will also make the translated infor-
mation about the exception available, in an easy accessible way. This section explains the
development processes and framework used for the implementation.

4.1.1 Implementation

The development environment used was Visual Studio 2015. One of the main focuses of
this development processes was to use the newest frameworks for Web applications from
Microsoft. The framework used was ASP.NET 5, also known as ASP.NET vNext. This
framework was chosen since Vitec are solely concentrating on Microsoft products and
ASP.NET 5 is Microsoft’s new open-source and cross-platform framework for building
modern cloud-based Web applications[15]. The database consisted of a Microsoft SQL
server, which is a special-purpose programming language designed for managing data held
in a relational database[16]. The original plan was to use ASP.NET 5 with the brand new
Entity Framework 7 (EF7) to retrieve the data, since this is the recommended framework to
use for ASP.NET 5. EF uses Language-Integrated Query (LINQ) to extract the data from
the database. LINQ is a set of features that extends powerful SQL-query capabilities to the
language syntax of C#. LINQ consists of standard, easily-learned patterns for querying and
updating data[17]. After a while in the processes it became evident that EF7 was not pow-
erful enough to be used for the application we wanted to build. This was the case since EF7
is still under development and is based on a new core, the features from Entity Framework
6 (EF6) do not automatically carry over into EF7[18]. However, EF6 could still be used
with ASP.NET 5, which used the full .NET framework. Another newly released framework
with ASP.NET 5 that was used was MVC6 which implements the Model-View-Controller
design pattern[19]. As the name implies this design pattern separates the model, the view,
and the controller into three interconnected parts.

The view part of the application was developed using the Polymer library. It is a library
built on top of the web components standards, such as HTML and CSS, and to help you
build your own custom elements[20]. This was a natural choice since Vitec are currently
developing a new standard for their Web applications using Polymer. Parts of the standard
was already created, which are used in the development of the software tool. Part of Polymer
is Google charts, which is a tool that provides interactive charts for browsers and mobile
devices[21]. This was very fitting to use since the main purpose of the application is to
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analyze the thrown exceptions. The information from the database was easily serialized
and obtainable for the charts by using JSON. Which is an open standard format that uses
human-readable text to transmit data objects[22].

The main programming language is C# since ASP.NET 5 is built upon using that for the
backbone of the Web application. C# is a multi-paradigm programming language en-
compassing strong typing, imperative, declarative, functional, generic, object-oriented and
component-oriented programming disciplines and was developed by Microsoft[23]. An-
other programming languages used was JavaScript, apart from the Web standards such as
HTML and CSS. JavaScript is a high-level, dynamic, untyped and interpreted programming
language[24]. It is part of the Polymer library and make the components useful by defining
it’s functionalities.

4.1.2 The development processes

The development process can be divided into eight phases, these are the start up phase,
back-end phase, front-end phase, repeat phase, extension phase, information refining phase,
evaluating, and improving phase. All phases was defined ahead and had a clear predefined
goal. It turned out that this had to be reevaluated from time to time, making it a somewhat
agile process.

Start up phase

The first few weeks of the development was spent learning all the new tools and framework,
as described in Section 4.1.1, that the application was suppose to be built in. This was
done by going through different .Net tutorials. One tutorial for each layer needed for this
application;

• Database connection - Entity Framework

• Web API - .Net 5 MVC

• Front-end - .Net 5 Web Application and Polymer

Apart from these major tutorials, the start up phase also consisted of learning the Microsoft
development environment. The goal of this phase was to learn how to implement the three
different layers.

Back-end phase

In the next phase of the implementation, the creation of the system started for real. The
goal of this phase is a working back-end, which would contain a working connection to
the database and a minimal API which could easily be extended as needed. During this
phase the first problems occurred and the processes had to be reevaluated, more about that
in Section 9.1.
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Front-end phase

The phase that follows the back-end phase is naturally the front-end phase. This phase is
not about making the entire front-end of the application but rather making a small part of
the front-end. The problem encountered in this and the previous phases was more extensive
than expected which forced the processes to be redone and repeated in an agile manner.

Repeat phase

This phase was not planned to be apart of the development process. But problems that
occurred, see Section 9.1, forced this phase to arise. During this phase all the work done in
the previous phases was redone, using other more suitable frameworks.

Extension phase

The goal of this phase is to extended both the front-end and the back-end of the application
simultaneously. For each new part of the front-end, the API needed to be more powerful
and extended. This phase was originally supposed to follow the front-end phase.

Information refining phase

This phase is about trying to realize how the translation and refinement of the exception
information should be done in the best way. The translations in this case means taking
parts in the exception information and translating it into natural language that is easy to
understand, see Section 4.2. This is done by using the developed tool and by trial and
error, by adding and removing new information, and realizing which translation is the most
effective, in the sense that it is short and easy to understand. The evaluation in this phase
was done by the author.

Evaluating and improving phase

This is the last phase and it consists of a couple of steps. First a small evaluation that was
done by a couple of people at Vitec. The results from this was used to improve both the
application and the information. Then a bigger evaluation was conducted on a larger set of
people. How this was done is explained in detail in Section 8. After the big evaluation the
application was improved and the finishing touches was applied. And the model for how
the information was to be translated was improved.

4.2 Finding a translation model for the exception information

The translation model was developed in two steps. First by categorizing the exceptions in
type of error, then by extending the model by considering more parameters of the exception
information, and finally by refining the category and creating an error description. The
process is explained below and the outcome of it in Section 6.2.
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4.2.1 Exception type to error category

The first approach to make the exception information easier to understand was to categorize
the exception types in simple and understandable categories. The categories was produced
by first selecting some of the known types from the database and give them a simplified and
understandable name. Then the tool was used to take samples from different periods in time
and tag the ones that was not categorized yet and assign them to a category or making a new
one. This was repeated until most of the exceptions was categorized. However, some of the
types was not defined properly and therefore categorized as general exception, the goal is
to put as few as possible under this category.

4.2.2 Extending the translation

Only giving the exceptions a simplified category was not enough. The aim is to give a
greater understanding of the exceptions. Since the translation model is supposed to translate
exception information in a huge database with hundred and thousand of lines of exceptions
it needs to be robust and generalizing. That is why there were two other parts of the excep-
tion that was highly interesting: the exception source and the target site. The combination
of these two parts of the exception information, together with the exception type, was espe-
cially interesting. Investigation of how to evaluate these parameters was done by trying to
find patterns or the frequently occurring source or target site for each type.

4.2.3 Creating the model

The three parameters for creating the model are, as explained above, the exception type,
source, and target site. The idea is to look at them sequentially and for each parameter add
to the translation. For each parameter the extensiveness of the translation is evaluated. The
evaluation is done by checking if the translation so far can be understood by someone with
no computer education, this means that it does not contain any industry specific words and is
in understandable natural language. If it is satisfying there is no need to proceed, otherwise
the next parameter is evaluated and so on. The translations is added to the application
successively to check the coverage of the translations. As mentioned in the beginning of
this chapter the translation consists of both an error category and a description.
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5 The Analyzing Tool

The outcome of the thesis is a web-based tool that can be used for analyzing exception data,
both by looking at the big data, by plotting it in different ways, and also by looking at small
parts of the data. When looking at the small data the translations explained in Section 4.2
is used, in order to make the tool more useful. The tool is called the Analyzing tool in the
remaining of the thesis. This chapter consists of a system description of the application and
the communication holding all the parts together.

5.1 System description

Analyzing Tool is divided into three layers: database layer, web API or controller layer, and
view layer. Each of them are explained below.

5.1.1 Database layer

The database layer is a EF6 solution, containing the connection to the database and the mod-
els, representation of the data found on the server. The models are C# classes representing
each table. The two interesting tables in the database for this thesis was the big one with all
the exceptions and the one over the customers, used to map the customers id to the customer
name. An UML representation of the two classes is shown in Figure 3. Types denoted with
a question mark are fields that can be empty (null).

5.1.2 Web API

The entire Analyzing Tool was initially supposed to be created using MVC6. However, this
did not turn out to be a good solution since Vitec wanted polymer to be use for the view part.
It turned out to be hard to integrate it with MVC so the final solution is to make the previous
MVC solution into a Web API solution, which provides the view with the information from
the database. A Web API is an application programming interface (API) for either a web
server or a web browser. A server-side web API is a programmatic interface consisting
of one or more publicly exposed endpoints to a defined request-response message system,
which is exposed via the web[25].

In this case the request-response system is HTTP-based, and the response-data is sent as
JSON objects. It consists of one controller class that extract data from the two tables in
the database layer, see Section 5.1.1, upon receiving requests from a client. The controller
class uses LINQ-queries to the database layer to get the desired data. When the data is re-
ceived it formats the data according to which type of request it was. In the application so far
there are three different types of response-data sent back, they are: table-response, chart-
response, and count-response. All are formatted into JSON, but the chart-data only contains



16(53)

Figure 3: UML representation of the model classes in the database layer. Types ending
with a question mark (?) can be empty.
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a set of pairs, where the first value is a point in time and the second is the accumulated count
of exceptions at that specific time. The table-response is all the raw-data and also the trans-
lations of the considered values. An example of a request and the corresponding response
is shown in Appendix A.2. The count-response is only a integer telling the application how
many rows of data the table-response would consists of given the same parameters. This is
used in order to prevent the application to try to display a to large set of data.

5.1.3 View layer

The view-layer is a Single-page application (SPA), which is an application where either
all necessary code is retrieved with a single page load, or the appropriate resources are
dynamically loaded and added to the page as necessary[26]. In this case, all the code is
loaded in the initial load. It is built with polymer and consists of predefined elements from
the polymer library, that is used in custom designed elements.

The Analyzing Tool consists of three different sections. The first is the home section, which
is used to give a overview of the current data inside the database, by four custom designed
graph elements, each plotting different subsets of the exception data. The next section is
the support section, it is designed for the support personnel to view the translated data in
order to diagnose what went wrong with the customers products. This data is shown in a
grid, which can be sorted and filtered by choice. To display the grid a search menu with a
required time span and other optional parameters, such as customer name, or product name
is used. This then queries the database with the given parameters for a count-response. If
the count is not to big, then a regular table-request is sent and finally it is displayed. The
last section, is the analyze part of the tool, it also has a similar search menu, but instead of
showing the resulting data in a grid it plots it over the time specified. The graph can also be
plotted for a single customer, product, etc. The chart also implements a drill down function,
which means that the time span can be narrow down by clicking on it. While in analyze
mode you can switch from the chart-view to a grid-view, to see the data of the underlying
exceptions. Examples of the view are shown in Figures 4 and 5, larger scale pictures can
be found in Appendix A.3.

5.2 System communication

As previously mentioned the system consists of three layers: a database layer, a Web API,
and a view. They are all interconnected and the communication between the layers is de-
scribed in the schema shown in Figure 6: The user starts a request through the view, that is
sent to the Web API, which then parses the request and it’s parameters into a LINQ-query.
The database layer translates the LINQ to SQL and executes the query on the database.
The data then passes through the database layer to the API. The API processes the data and
parses it into JSON. If it is table-data then the API translates all possible values and sends
both the simplified value and the raw value in the response, an example of the requests and
responses can be seen in Appendix A.2, Figures 16 and 17.
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Figure 4: Sample of the analyze view.

Figure 5: Sample of the support view.
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Figure 6: Schema over the communication.
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6 Translating Exception Information

This chapter describes how the resulting translation model was defined, how the translations
of the exceptions were made, and it also gives some examples of these translations.

6.1 Translation model

Since the exception database is huge and everyday new exceptions are added in thousands,
the translation has to be robust and general. The model that was evolved could be explained
by a decision tree as illustrated in Figure 7 below. Where the green nodes symbolize suc-
cessfully created output and the red one means that no output could be created. It is a
fairly simple model, but when considering thousands of exceptions the complexity grows.
The investigation of the data in the database, leads to the conclusion that an automated
way of translating the information would be too inaccurate, this is discussed further in Sec-
tion 9.2.3. However, even though there are a huge number of exceptions, there is a limit to
how many unique type, source, and target site combinations there can be. Hence this model
is built upon that each unique combination must be translated by a person with good knowl-
edge over the entire system. This of course can take considerable amount of time because
the number of combinations can reach up to thousands, however, for the translations to be
understandable for a person without any computer science education this is necessary.

As explained earlier in Section 4.2.1 first of all the exception types were translated into
easier simplified categories. However, this is only the first step in finding the translation.
The translation consist of both the category and an error description. After categorizing
the exception then the person doing the translation, henceforth called the translator, creates
a possible error description. If the error description is considered by the translator to be
accurate, informative, and in a natural simple language the error description is done as well.
If not, the the translator looks at the exception source and then adds to the description if
possible. The category and the error description is then evaluated again and if it meets the
requirement previously mentioned, informative and in natural simple language, the trans-
lation is done. In each step when re-evaluating the category and the error description they
both can be subject to changes, since they have not satisfied the two requirements yet, they
might need to be improved. If the translator does not think that the requirements are met
then the target site is looked upon. The error description and the category is re-evaluated
and then the translation hopefully is done, if not then no translation for this exception can
be found. The exception information that can not be translated are often the ones missing
some of this three parameters, but most of the time a translation can be found anyway.

Another way of explaining the procedure of making these translation is given by the pseu-
docode in the Algorithms 1- 3 below.
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Algorithm 1 Realization of the translation model

1: procedure TRANSLATION MODEL(exception type, exception source, exception target
site)

2: category, translation← TRANSLATE(exception type)
3: if GOODENOUGH(category, translation) then
4: return category, translation
5: else
6: category, translation← TRANSLATE(exception source, category, translation)

end
7: if GOODENOUGH(category, translation) then
8: return category, translation
9: else

10: category, translation← TRANSLATE(exception target site, category, translation)
end

11: if GOODENOUGH(category, translation) then
12: return category, translation
13: else
14: return no translation found

end

Algorithm 2 Translate

procedure TRANSLATE(exception information, category, translation)
2: return simplified natural language of exception information, category, and transla-

tion

Algorithm 3 Good enough

procedure GOODENOUGH(Translation)
if Translation meets requirements of correctness and informativeness and is in nat-

ural language then
3: return true

else
return false

end
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Figure 7: The translation model.

6.1.1 Two sample translations

Lets consider two examples from the translation of the exception type, System.NullReferenceException.
The original translations are in Swedish but they are here translated into English. A subset
of the table of all the translations for System.NullReferenceException can be seen in Table 1
in Appendix A.4. The examples are listed below by input and output from the translation
model. For each example an explanation is given below. The exception type in Figure 8
is ”System.NullReferenceException” (fifth row from the end of Table 1) which by only
looking at the type would be the category ”General program error” and since it is a null
reference we add ”Invalid value” to the error description. Is the category and error de-
scription good enough, informative, accurate, and in simple natural language? The answer
in this case is no. Therefore the exception source, ”VitecFastighetssystemDALC”, is taken
into consideration, it says which means that the exception was thrown inside the database
layer of the application and ”in the database” is added to the description. The category
still is ”General program error”, which under re-evaluation gets changed to ”Database
error”. Now the category is deemed good enough but the error description falls under the
requirement of informative enough, it is however in natural and simple language and ac-
curate: ”Invalid value in the database.”. The last parameter is then taken consideration as
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• Input

– Exception type - System.NullReferenceException

– Exception source - VitecFastighetssystemDALC

– Exception target site - UpdateDB

• Output

– Category - Database error

– Translation - Invalid value while updating the database.

Figure 8: Translation example using the created translation model.

well, the exception target site which reads ”UpdateDB”. The translator, in this case the
author, then adds ”while updating the database” to the description. The description then
reads ”Invalid value in the database while updating the database.”, however does not ful-
fill the requirement of natural and simple language. So after the final re-evaluation it says
”Invalid value while updating the database.”. In the second example, shown in Figure 9

• Input

– Exception type - System.NullReferenceException

– Exception source - VitecFastighetssystem

– Exception target site - AuthenticateUser

• Output

– Category - Security error

– Translation - Invalid value while trying to login.

Figure 9: Another translation example using the created translation model.

(eighth row from the top of Table 1), the type, ”System.NullReferenceException”, has as
in the previous example suggests category General program error and description ”Invalid
value.”. This does not meet the requirements so the source is looked upon, which says
”VitecFastighetssystem”. This does not add anything to the description or the category,
since it only says that the application where the exception was thrown is the real estate ap-
plication, which does not say anything particular except it has been thrown in the top layer
of the system. So nothing is added to the description or the category. The target site however
carries a lot more information, it reads ”AuthenticateUser”, this means that an null value is
found by the system when trying to authenticate a user. Therefore ”while trying to login.”
is added to the description and the category is re-evaluated as an ”Security error” to make
it more accurate and informative. The final translation is: Category: ”Security error” and
error description: ”Invalid value while trying to login.”
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6.2 Translated information inside the tool

The translated information is written in Swedish since all Vitec’s real estate applications
targeting the Swedish market and are in Swedish. Figure 10 shows an example of the
translation, displayed inside the tool. It consists of two subfigures, the top shows the details
about an exception that displays the translated type of exception, which in this case says
”Security error”. The bottom subfigure is the same except here the translation is displayed
as well, it says ”Invalid value while trying to login.”.

Figure 10: Sample of a translation inside the application.
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7 Analyzing the Exceptions

The main purpose of this work has been to analyze the exception data in two ways. The first
is by making it more available and easier to understand for people without any computer
science education and the second is to analyze the huge amount of data in order to improve
the investigated software. The Analyzing Tool created has three sections: the support, the
home, and the analyze section. This part concentrates on the results of the two analytical
sections, which are the home and the analyze sections, as explained in 5.1.3.

7.1 Analyzing trends in exception thrown

All the analysis concentrates on counting number of exceptions depending on a set of pa-
rameters. For instance, analyzing the number of exceptions during the last month or during
the last year would give the target group, the developers, a understanding of there is an in-
crease or a decrease on exceptions thrown in the code. The analysis however could also be
about some other parameter as well. For example, it is of interest to look at the amount of
exceptions for each product and for each version of it. This in order for the developers to see
how the customer’s systems are working, to realize if a newly released version is containing
any huge bugs, and how the versions are working compared to each other, etc.

7.2 Exception analysis inside the tool

To illustrate which analytical results this work have achieved some of the resulting charts
are displayed below. Figure 11 shows the distribution of the most common error types
during an interval of time. This can be used for the developers, for example, in order to
know which exception handling that needs extra emphasis when refactoring or producing
new code. This gives a view of which exceptions are the most common or the system
lacks protection against. Figure 12 shows a stacked column chart for each product for a
time interval and each stack denotes a version. This allows the developers to diagnose the
current product and see how the different versions are working as of now. If for example
there would be a huge stack for some version, this would allow the developers to be aware
of the existence of a potential problem with that version. Figure 13 shows a column chart
with the top ten customers with the most errors for a time interval. This can be used in
order to see which customer are experience the most errors and if it is abnormally much,
then special measures might be needed. These are some of the general analysis of interest,
however, if a developer want to diagnose how a particular system is working for a set of
parameters it can also be done. By plotting the exceptions thrown for a time interval for a
customer, a product, a version etc, or all of them. This is done inside the analyze section of
the tool, as explained in Section 5.1.3. Figure 14 shows a plot for a customer during the last
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quarter of 2015.

Figure 11: Sample of a pie chart showing the most common exception type.

Figure 12: Sample of a stacked column chart showing exceptions per product per version.
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Figure 13: Sample of a column chart showing the top 10 customers with the most errors.

Figure 14: Sample of a line chart showing the exceptions for one customer during a time
interval.
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8 Evaluating the Usage of the Analyzing Tool

This chapter consists of how the evaluation of the Analyzing Tool was executed. This
evaluation aims to evaluate the finished translations, the analyze of exception data, and if it
would be useful for Vitec.

8.1 Constructing the usage test

The usage tests were conducted by letting the target users try out the Analyzing Tool and
then answering a survey. This section gives a description of how the tests were conducted
and an extensive description of how the survey was developed.

8.1.1 Testing conditions

The tests were conducted by hosting the application on the Vitec’s internal network where
the sample persons could use the program and answer the survey questions simultaneously
by themselves. The tests were arranged this way in order to get instant, first feeling, feed-
back from the subjects. Another reason why it was distributed over Vitec’s LAN is that most
support personnel is not working in Umeå, where the work with this thesis was conducted.
For the developers, tests the were done in the same manner as well to be as time efficient as
possible, since then they could test it by themselves on their own workstation. Before each
test the sample person got a very brief description what to do by mail, in order to affect the
testers as little as possible, since the application and it’s information is suppose to be simple
and self explanatory.

8.1.2 Creating the survey

When creating a survey there are seven steps to be considered[27], these are the following:

1. Establish the goals of the survey - What you want to learn

2. Determine your sample - Whom you will interview

3. Choose interviewing methodology - How you will interview

4. Create your questionnaire - What you will ask

5. Pretest the questionnaire, if practical - Test the questions

6. Conduct interviews and enter data - Ask the questions

7. Analyze the data - Produce the reports
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First step

The first step was already considered before even starting the procedure of creating the
survey, since the goal of the survey was the reason to create it. The goal is to learn if the
target users would benefit from using the tool as intended. For the support the main focus
was on if the translation is helping them to understand what went wrong and caused the
software to throw the exception. For the developers the focus was on if the analysis could
help them in diagnosing how the system is working. A secondary goal of the survey is to
get valuable inputs for developing both the tool and the translation model further.

Second step

The sample for the survey is the target users of the tool: the support personnel and the
developers. Making a survey for the customers was not possible at the moment, since
the application is still in a early state and the resources to interview customers about the
translations could not be allocated.

Third step

The interview methodology chosen is an internet survey, the reason for it is that the inter-
viewees are distributed all over Sweden. Another reason is that using an internet site, such
as surveymonkey[28], made a lot of features available to make it a nice and good structured
survey.

Fourth step

The question was designed to evaluate what the target users thought of the results. The
support personnel got questions about the translated information, if they thought it was
useful and if they would be able to use it. In order to see how relevant this information
would be for them. The developers got question about the analysis part of this thesis, in
order to see how useful this would be to them. They all got general questions about the tool
as well, this because of getting them warmed up in the beginning, but also to know how to
develop the tool further. The resulting questions after going through step five can be found
in Appendix A.5.

Fifth step

A pretest of the survey was conducted on my supervisor at Vitec, so he could give feedback
on the questions and how to conduct the survey. Another pretest was also conducted on
two of the support personnel, except from improving the questionnaire this also was done
in order to reach the last goal mentioned under the First step in this section. It was done by
taking that feedback to enhance the application, the translation, as well as the survey.
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Sixth step

The survey was answered while testing the application, see Section 8.1.1 for a description
of how this was conducted.

Seventh step

The evaluation and analyze of the data can be found in Section 8.2.

8.2 Outcome of usage tests

The outcome of the two different usage tests that was conducted on the support personnel
and the developers, respectively, are presented below. See also Section 9.2.1 where the
suggested improvements are discussed.

8.2.1 Support usage test

The test was conducted, as explained in Section 8.1.2, by allowing the support personnel
to try and use the application and at the same time fill in a survey which can be found in
Appendix A.5. There were five sample persons from the support that was available for the
test. This section gives a summary of the gathered opinion about the application. They
all were generally happy with the looks and the navigation of the application. About the
information that the application contained there were split opinions. Some of the sample
persons thought they could use the error categorizes sometimes in their work, and some even
thought they could use it every day. However, the most interesting information according to
the interviewees were the error descriptions. More than half thought they would be able to
use them every day in their work. The testers also had a quick look at the analyze part of the
application, the home section as explained in Section 7.2, and some of them thought there
could be some value in using this overview graphs in their day to day work by, for example,
seeing where the most error occurs.

None of the answers were negative about the information, everyone thought it was going to
be useful, some thought they could use it from time to time and some even thought it could
be useful in their every day work. The questionnaire also contained some questions about
how the information was displayed, and there were some persons that pointed out design
flaws. Such as that the error description was hard to get to since it was hidden behind an
extra button. However this design flaws is something that can be improved upon rather
fast, the important part for this thesis is if the information was useful or not. However,
there was one that thought the information in the translations could be more extensive and
detailed, which according to the person, then could lead to less need of assistance from the
developers. On the question if they thought that they would in fact use a finished version of
this application, all of the answers were yes.
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8.2.2 Developer usage test

The developer test was conducted the same way as the support test, except that test aimed
at testing different parts of the application. The developers also ran the test by themselves
and answered on a survey at the same time, for which the full questionnaire can be found in
Appendix A.5. There were five samples persons available for this test as well. All of them
liked the navigation and the looks of the application, the navigation got four out of five and
the looks got 3.75 of five on average. They all thought that the search field was easy to use,
but also had some valid feedback that could be used to develop the application further.

The response on the analyze section, containing a graph that could be plotted according to
the parameters given by the user, explained further in Section 7.2, was overall positive. Most
of the feedback was about improving the appearance and the interaction with the application
and the graph, all of them seemed satisfied with the functionality. One of the testers com-
mented that it would probably be very valuable during the release of new versions, which
was one of the later questions and one of the devised uses. Another liked that there were a
large amount of parameters to feed the chart with. On the question if they thought the graph
could be used when releasing a new version, in order to see how it is working, two out of the
five thought it could be used every time a new version is released. The other three thought
it could be used from time to time. On the question if it could be used to see how a product
is working at the moment the response was not as positive, but still positive. One thought it
could be used in some occasion, three from occasion to occasion and the last one thought it
could be valuable to use in any occasion when wanting to see how a product is working.

Four out of five thought that they could use the overview graphs presented in the home
section of the application, see Section 7.2, at some point during their work. One said it was
good to get an overview of the customers with the most error as an alarm list. The last one
was unsure if he or she could use it in any productive way, but did not say that he or she
could not use it. Everyone said that they could probably have more use of the graphs if they
were improved, if for instance a filtering was applied in the same manner as in the analyze
section, by for example with a search field or drill down function or both of them. Some
thought that there would be value in having a graph like the one in the analyze section and
to be able to group by versions, products, error source or other parameters and then plotting
more than one series against each other. One said that it was good getting an overview over
which exception types are the most common and which product has the most exceptions
thrown.

Four out of five had general improvement suggestions for the application, and the last one
said this was a good start and improvements will come afterwards. Two of them were
improvements of how to make the transition from the chart-view to the grid-view in a better
way. Another was about improving the grid-view by making it customizable. Some bugs
were found, which is natural since the application only is a prototype so far, but it is valuable
for the future development of it, which is discussed further in Section 10.2. All of the testers
agreed that they would have use for the application as a finished product. One commented
that he or she thought it was a pleasant web-application that gives a good overview over the
exceptions and he or she probably would use it in the every day work.
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9 Discussion

This chapter consists of an extensive discussion of the result, but firstly it explains what
problems occurred and how they were dealt with.

9.1 Encountered problems

During the implementation of the Analyzing Tool several problems were encountered. This
was due to various reasons, one of the most prominent was the usage of brand new tech-
niques, some of which had never been used by Vitec. This lead to a lot of time being wasted,
since it took longer to realize what the problem was and how to solve them. Below only the
most extensive and time consuming problems are discussed.

9.1.1 Database connection

The first real encountered problem was extracting the data from the database into the appli-
cation in the Back-end phase, see Section 4.1.2. As previously mentioned EF7 was to be
used for this purpose. It started out great, the LINQ-queries was easy to write and seemed
to be working at first. The data that was supposed to be extracted, was extracted. But after
a while it became evident that something was not working as it should. Executing relatively
small and supposedly fast SQL-queries took far too long time and used way to much mem-
ory, this lead to the conclusion that something was wrong, even though it did not seem like
it on the surface.

When realizing that this was the case and that it was a problem, investigation showed that
the problem was due to that ASP.NET 5 is developed to have less reliance on the .NET-
framework. For this reason Microsoft developed a new Runtime environment, called Core-
CLR, which allows the developed applications to use only parts of the .NET-framework[29].
EF7 is developed to use the CoreCLR and for that reason do not include all the functionali-
ties that are needed to make efficient SQL-queries.

The solution to this problem was to go back to use the older version, EF6, that use the full
.NET-framework and has all the powerful SQL-queries needed to extract the data efficiently.
This meant a couple of challenges to integrate it with .NET 5, but it was possible.

9.1.2 The Graphical interface

The next real problem was how to integrate Polymer with MVC6, which was part of the
Front-end phase, see Section 4.1.2. MVC6 itself already have other frameworks for deal-
ing with the view part of the application such as bootstrap, which is an HTML, CSS,
and JavaScript framework for developing responsive, mobile first projects on the web[30].
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MVC6 also has its own structure of the view with its own routing, which routes controllers
to view files. To try to integrate Polymer into MVC6 turned out to be inefficient. Especially
since Vitec uses Polymer in a totally different way, which made it hard to get guidance in
the matter, both from Vitec’s personnel and the internet, since it is such a new technology.

After trying to accomplish this for a long time, eventually it became evident that a re-
evaluation of the development processes was needed. The whole structure of the application
had to be re-done and a new phase was added to the development process, containing the
same goals as the two earlier phases. The finally structure of the application and how
Polymer was used together with MVC6 are shown in the results of Section 5.1

9.1.3 Problem discussion

The two biggest problems during the implementation were due to lack of experience with
the used systems and that the newest technologies were used. While this is the most appeal-
ing way to investigate a problem for a thesis, it is not the most efficient in most cases. In this
case, using new technology which both me and my supervisor had little to none experience
with, made a lot of time go to waste. Both of the two biggest problems could have been
avoided if technologies that my supervisor was familiar with had been used. That would
have meant a lot less trial-and-error work. He could then have been a lot more involved
in how to structure the work. As it was now, most of the time that should of have been
spent developing the tool and investigating the problem statement, was spent structuring the
project and trying to get all the new and old frameworks working together.

There is nothing wrong with using brand new technologies, as long as the extra time needed
is accounted for. If I were to do this thesis all over again I would not use these technologies
if I had to do it in the same amount of time. Due to the time shortage the application could
not evaluate the problem statement, analyzing and translating the exception data, to the
extent that first was anticipated, if the implementation was speed up it would have shown
on the result of the evaluation. Since the evaluation is the main purpose of the thesis it
would have been very positive for the outcome.

9.2 Result

The result of this work can be divided into two main parts; the application and the translation
model, which also could be referred to as the practical work and the theory. This section
discusses how the work could have been conducted and other ways of implementing the
same ideas in some what different ways from the once done in this thesis. Firstly it will
discuss the results of the usage tests.

9.2.1 Usage tests

Support

The support personnel trying out the application generally was satisfied with it, see Sec-
tion 8.2.1. It was a small sample of persons testing the application, since there is not that
many personnel working in the support and this was the resources that could be allocated.
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However, since the interviewees works with the targeted systems every day, and are a sig-
nificant part out of the whole work force, five out of a total of twenty, the answers they
supplied carried a lot of weight in answering the problem statement.

Most of the feedback was about the layout and how to improve the application itself. How-
ever, there were some feedback about the information as well. Most of it positive, that they
thought it could be useful to know what to tell the customer and as well as what to tell
the developers about which, where, and what exception that happened when the customer
experienced the error. As mentioned in Section 8.2.2 one of the testers thought that the
information would be more useful if it were more detailed and extended. This is interesting
since the sense of this work has been to make a short and intent message, to make it as easy
as possible to understand and give an explanation of the exception itself. This approach is
further discussed in Section 9.2.3. Everyone said that they could use the application when
it becomes a finished product. Some even thought that the information could be used every
day. This leads to the conclusion that translations of the exception information is interesting
to others then the developers, and it is valuable using it in the way this thesis suggests.

Developers

The five sample persons that conducted the developer test also was a big part of the en-
tire workforce, which currently is about thirty developers, hence each answer is heavily
weighted. They all were really happy with the result. They had mostly positive feedback,
and all were very constructive, see Section 8.2.2. They all agreed that the application could
have some use in their daily work, some more and some less. However, this shows that
there is value in analyzing the exception data in the way this thesis aims to do. The de-
velopers were very enthusiastic and almost everyone had extra feedback for most of the
questions. This clearly shows the high level of commitment among them. They all had a
lot of suggestions of improvements for the application and the analysis, which also clearly
shows that the testers think that this could be a very useful analyze of the current systems.
For instance, one of the testers thought it would be a good idea to be able to extend the
graph in the analyze section by making it possible to plot multiple series against each other.
This would allow the developers to see how different versions fare against each other or any
other parameters that would be interesting to compare, such as products or customers. This
is something that probably would have been the next step in the development if the time
would have allowed, but suggestions like this shows that analyzing exception in the way
this work suggests is interesting and should be further investigated.

9.2.2 The application

The application (the Analyzing Tool) turned out good considering all the bumps on the
road. It did not become a finished product, but it served its purpose by answering the
problem statement. The goal was to tell if there would be any gain from using the exception
information in the two discussed ways: by translating and analyzing them. As discussed,
in Section 9.1.3, there was a lot of unexpected events that happened during the creation
of the application. Another reason why the application did not reach the level that was
anticipated was that the calculation of the time it would take to implement it using only new
technologies was under estimated. It took far much more time. This does not only reflect on
the ability to learn, but also on the ability to find solutions of encountered problems on the
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internet. For techniques that have been around for years it is easy to find such information,
but this is not the case for techniques that have not even reached version 1.0.

9.2.3 Theory

The main theory of this thesis has been to investigate the information that an exception
consists of. The focus has been to make the information available to someone without any
computer science education. This is something that this work, in my opinion, has come up
with an answer to. That it is in fact possible to make the information more understandable
to them. However, the methods of making it more understandable still needs work. In the
following, it is discussed how this could be achieved in other ways with other circumstances.

Forming the exception message

As mentioned in the Introduction, Section 1, one of the target outcomes of this work was to
create a convention of how to write the exception messages. However, this convention was
never formed. The idea is still valid though, and could potentially be of great value for the
improvement and the maintenance of a system.

Today most exception handling conventions suggest that the message should be formed in
order to allow the developer to find where the exception were thrown and understand the
exceptional behavior that lead to it. This is good and have been the way exception mes-
sages have been formed for a long time, which in itself is a sign it is working. Apart from
the above mentioned convention Microsoft also suggests that top-level exception handlers
may in fact show the message to the end-user[5]. However, the translations made in this
thesis suggests that the exception information in all layers could be of use for other people
than the developers. That is why it could be of great value for the maintenance and the
evolution of an application to add an extra message, with a simplified error description, to
each exception thrown. No one knows better than the developer exactly what type of excep-
tional behavior that can occur. For this reason the developer could easily add a descriptive
translated message into the exception at the same time.

The gain of this would be all the advantages that this thesis has shown, without getting the
extensive problem of having to translate each unique combination of the exception infor-
mation: the type, source, and target site, as discussed in Section 6. This could be a method
that could be applied on all the new coding. The costs of this would be extra time spent
during implementation, however this would potentially save time in two other aspects. It
would save time when the support personnel tries to figure out what went wrong and when
the developers figures out how to improve or fix the code. This could potentially also im-
prove the code, since every time the developer would write an exception handler, he or she
is enforced to write an explanation of what is happening and sometimes this may lead to the
realization of this being a bad way to code. Such cases could for example be if the exception
is in fact trying to control the flow of the program, which is often too expensive and should
be avoided [31].
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Alternative translation models

The translation model that was developed is not the most advanced model and takes a lot
of time to apply on a system, but it was the most accurate model. In this work preciseness
was valued over speed. However, other method was consider during the process, such
as using the same translation model but automate it. This would have meant to look for
certain keywords in the three parameters, which is a good idea and would have speed up the
translating process tremendously. However, after testing this on small sample of exceptions
this was deemed none suitable for this occasion, and the time span it offers. To illustrate
why this was the case for this particular work, an example will be given. The keyword
”set” in the target site was chosen to add the word ”assignment” to the translation string.
This seems like a fast and good way to parse at first glance. However, when looking at
which target site contains the string ”set”, this gets a bit more complicated. For example
the target site ”FindNodeOffset” contained the string and did not have anything to do with
an assignment. Trying to solve this by saying any target site that starts with ”set” should
add ”assignment” to the translation, was not working either since there were many target
site containing the word ”set” in the middle of the string which in fact was an assigning
method. This is a simple example and this alone could easily be worked around by some
extra checks before adding the word to the translation. When trying to work around this,
it quickly made the automated translation super complex, and more often then not trying
to combine natural language and programming language in an automated way is a complex
procedure.

This meant creating an automated model would take a lot of time to get to a acceptable
level of preciseness. Which lead to the conclusion that it would not be possible within the
span of this thesis. The goal of this work was not to create a optimal model for making
the translations, but rather investigating if this information could be useful for other than
the developers. However, an automated translation would have probably been applicable
on other systems with some editing. Which might have made the extra work worth it. This
might be target for future investigations, which is discussed in Section 10.2.

Making the translated information more extensive

An answer from the survey, presented in Section 8.2.1, said that if the translated information
were more extensive and detailed the support personnel would be needing less assistance
from the developers, and hence the developers would not have to troubleshoot the system
as much. This is a different approach than the one this work had, which was just to trans-
late the exception information at hand to understandable natural language. The suggested
approach is a most interesting one, because of the advantages it would lead to. However, it
would mean that someone with a lot more knowledge about the system have to do almost
a complete troubleshooting for each error that occurs, and then put the result of this in the
error description. This would mean a lot of work, and is not possible for each error thrown
of course. Maybe the idea could be used to some extent though. The analyzing tool could
be used to see which errors are the most common and most actual, then these exceptions
could be further investigated and get a more extensive description.
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10 Conclusions and Future Work

This chapter will conclude what is learned from this thesis and what future work that could
be done.

10.1 Conclusion

As touched upon in some sections of this thesis the conclusion is in fact that the two problem
statements have been answered.

• Can the information about the exceptional behavior stored in the exception object
be used and translated such that it is understood by a person with no education in
computer science?

• Can big data of exceptions help improving the system by understanding what, why,
and where the exceptional behaviors occurs?

The first question is answered by the usage tests of the analyzing tool, containing the trans-
lated information, in the tests the majority of the testers found the information useful and
hence understandable. This conclusion in itself does not bring end results that can be useful,
in order to promote more companies to translate the exception information in this manner.
However, it leads to new questions about how and when this should be done and used. All
the positive feedback that this work got is a big incentive to further evaluate this question.

The second question as well got similar positive response, and the conclusion of this is that
such analysis can help improving the system. The work with the statement has offered more
real results that can be applied straight into a similar database of exception information. It
suggests different charts and different improvements to them which can be useful if such
analysis is conducted. Concluding that this statement is true also sets the ground for new
opportunities in the usage of exceptions analysis.

The final conclusion of this work is that with future work and more extensive evaluation of
the new questions that arose, exception information can be used both to improve software
and make it a lot more transparent to all its users, from the end-user to the developers.

10.2 Future work

This thesis offers a first evaluation of conducting analyze of exception information. As
stated in the previous Section 10.1, the two problem statements have been answered with a
yes, this however means that there is a lot of possible future work. Some of the future work
lays within finding the best way to translate the exception information to more understand-
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able natural language, alternatives for this is discussed in Section 9.2.3. Not only how to
best do the translations is subject for future investigation, but also how extensive, how much
information about the exception could be relevant for someone else than the developer, such
as support personnel or even the customers. Another aspect of the translations is if an auto-
mated model of translating the three parameters; exception type, source, and target site, can
be found. This work did not have the time frame to answer that question, which is discussed
in Section 9.2.3. But the conclusion in the previous section, makes this question even more
interesting to investigate. If the answer to this question is yes, then hopefully and general
automated model could be formed, which then would be applicable to a lot of systems on
the market today.

The biggest question that arose, that this thesis not even started to answer, is: How can an
overview analysis of large exceptions data best be done? It was answered to some extent
with the current state of the Analyzing Tool’s analytical parts as shown in Section 7.2. But
also when discussing the improvement that was suggested in the usage test in Section 9.2.1.
However, this analysis methods still needs to be evaluated, and there is probably a lot more
ways to analyze this data than what have been thought of during this evaluation.
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A Appendix

A.1 Illustration of the main table in the database.

Figure 15: Sample picture of the main table in the database.
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A.2 Request and response of the Web API

Request
HTTP GET /TableResult
Params:

• startDate: string

• startHour: int

• endDate: string

• endHour: int

• custName: string

• serviceName: string

• productName: string[]

• version: string[]

• type: string[]

Figure 16: Example of a request.

Response STATUS 200 OK

data: {
id : int,
serviceName: string,
serviceMethodName: {

raw: string,
simple: string

},
serviceVersion: {

raw: string,
simple: string

},
type: {

raw: string,
simple: string

},
source: string,
targetSite: string,
message: string,
stackTrace: string,
custId: int,
custName: string,
time: {

raw: DateTime,
year: string,
month: string,
day: string,
hour: string,
minute: string,
second: string,
millisecond: string

}
guid: string,
dbVersion: string,
callingFrom: string,
additionalInfo: string

},
error: {
}

STATUS 404 NOT FOUND

data: {
},
error: {

message: string
}

Figure 17: Example of the correspond-
ing response.
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A.3 Illustrations of the view

Figure 18: Sample picture of the analyze view.
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Figure 19: Sample picture of the support view.

A.4 Sample of resulting translations when using the translation model
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A.5 Survey

The surveys were originally in Swedish but is here translated into English.

A.5.1 Support survey

1. How do you like the appearance of the application?

2. How did you find the searching and the gathering of information in the application?

3. How did you like the information in the application?

4. Do you think that the error categories could help you in your work? Why, why not?

5. Do you think that the error description could help you in your work, during commu-
nication with the customer?

6. Do you have any suggestions for improvement of the error category and description?

7. Is there any feature or functionality you are missing? In that case, which?

8. Did you find any bugs or something that did not work as intended?

9. This is a prototype, would you use the application as a finished product?

10. Do you think you could use the graph under the home section in your work (the
overview graphs)? Do you think there could be some value in filtering them? In that
case, do you have any suggestion how to?

Table 2 Summary of the support survey answers.

Question Grade scale Span (Low-High) Average grade
1 1-5 3-4 3.8
2 1-5 3-4 3.2
3 1-5 2-4 3
4 1-5 2-3 2.25
5 1-5 3-4 3.25
6 Yes/No No No
7 Yes/No No No
8 Yes/No Yes Yes
9 Yes/No Yes Yes
10 Yes/No/Don’t know Don’t know-Yes 50%Yes/50% Don’t know
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A.5.2 Developer survey

1. How do you find the navigation of the application?

2. How do you like the appearance of the application?

3. How do you like the search function of the application?

4. Do you think the graph in the analyze section (the customizable graph) could help
you to diagnose how a system is working for a particular customer?

5. Do you think you could use the graph in the analyze section to see how a new version
is working?

6. Do you think you could use the graph in the analyze section in order to see how a
product is working?

7. How could the graph under the analyze section be improved?

8. Do you have any suggestion how to improve the analyze section (search field and
graph)?

9. Do you think you could use the graphs in the home section (the overview graphs)?

10. Do you think there could be any value in being able to filter the graphs in the home
section, by a search field or drill down or such?

11. Is there any feature or functionality you are missing in the application? In that case,
which? Do you have any analytical features you have thought?

12. Did you find any bugs or something that did not work as intended?

13. This is a prototype, would you use the application as a finished product?

Table 3 Summary of the developer survey answers.

Question Grade scale Span (Low-High) Average grade
1 1-5 3-5 4
2 1-5 3-4 3.8
3 1-5 4 4
4 1-5 2-4 3.4
5 1-5 3-4 3.4
6 1-5 2-4 3
7 Yes/No/Don’t know No-Yes 40%No/60%Yes
8 Yes/No Yes Yes
9 Yes/No/Don’t know Don’t know-Yes 20%Don’t know/80%Yes
10 Yes/No/Don’t know Yes Yes
11 Yes/No No-Yes 20%No/80%Yes
12 Yes/No No-Yes 60%No/40%/Yes
13 Yes/No Yes Yes
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