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Abstract
Techniques of measuring web-service uptime have always been a key metric to improve interaction and system integration. Availability is a usual metric in the field of
statistics where the goal is to attract customers, but perhaps more importantly the users and providers which can improve the services through this metric. Since availability differs a lot depending on type of service, company and usage, a common problem
is to define what availability really is.
The thesis will give the readers an introduction to availability, and also explain the
reasons why it may vary, which is the theory of interaction design behind a service.
Though availability is a metric that can be calculated through many different ways,
the result is very complex to understand for the public that is interested in it.
The goal of this thesis is to give the readers an understanding and guidelines of how
to define perceived availability based on the system availability, but also present a
method of defining, calculating and present the metric in a user-friendly procedure.
The result will in turn consist of a cost-effective model for perceived availability and
be tested at a multinational company.
Keywords: Availability, Interaction-design, Perceived-availability, User-centered
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Sammanfattning (Abstract in Swedish translation)
Olika tekniker för att beräkna webbtjänsters upp-tid har länge vart en viktig huvuddel
till att förbättra samverkan och systemintegration. Tillgänglighet är den mest vanliga
metoden när man presenterar dessa uträkningar där målet är främst att locka kunder,
men kanske ännu viktigare att med hjälp av resultatet se hur man som utvecklare eller
användare kan förbättra webbtjänsten. Tillgänglighet varierar mycket beroende på
vad det är för typ av tjänst, företag eller användning, och ett vanligt problem är definitionen av vad tillgänglighet egentligen är.
Det här arbetet kommer att ge dess läsare en introduktion till området tillgänglighet,
och förklara varför den varierar, vilket är grunden till teorin bakom interaktionsdesign. Tillgänglighet är ett mätvärde som kan beräknas på många olika sätt, och generar ett resultat som är komplext för användarna som tar del av det.
Målet blir främst att ge läsaren en uppfattning och riktlinjer om hur man kan definiera
den upplevda tillgängligheten baserat på ett systems tillgänglighet, men också presentera metoder till att definiera, beräkna och presentera variabeln i en användarvänlig
procedur. Resultatet kommer i sin tur att bestå av en kostnadseffektiv modell för upplevd tillgänglighet och bli testad på ett multinationellt företag.
Nyckelord: Tillgänglighet, Interaktionsdesign, Upplevd-tillgänglighet, Användarcentrerad
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1. Introduction
The metrics that are measured today on the continuous integration chain in Ericsson
development environment are not realistic from a user perspective. An example
would be the measurement of server response time, which presents data that has relevancy for a system but not for a user. A user can’t specify what an acceptable time is.
The outcome will be that the system presents a time where the user can’t determine
whether the system have a user experience which is error-free or no time-lag delay.
The measurement of the experience through a service perspective is called availability. A common mistake when measuring availability is to present the availability as
99.999% (also called the problem with “The five 9’s).
The ambition is to define a new model, which is going to give the users more specific
and relevant measurements from a service-perspective, with human-computer interaction taken in mind.

1.1 Problem formulation
A huge problem for most designers usually is the level of knowledge on measurements for web-services enough to translate availability for users in a huge company.
Do the current measurements fulfill the expectations? These questions and a lot more
questions is what this thesis hopes to answer, but also to simplify the area of availability.
A problem for most designers is the level of knowledge in the field of measurements
for web-services. The information is usually not enough to translate it for other users
in a company and these questions remain unanswered, but also lead to question if the
measurements fulfill the expectations. This will be thoroughly explained throughout
this thesis.
The problem that this project expects to solve is to present the availability in a more
user-appropriate way. This is what is called “perceived availability”. Today the measurements present a percentage of uptime with wrong values taken in credit, for example a tool that wants to present the continuous flow availability shouldn’t use for
13

example data received during the nights (since nobody works during the nights), and
still the system does this. Therefore, the solution to this problem is a re-definition of
the current model of presenting availability for users.

1.2 Objective
The purpose of the thesis is primarily to define, measure and present perceived availability. In order to complete this, the thesis has been divided into five sub goals:

Figure 1 – Goals in a 5-step procedure

A more detailed description of each step:
1. Planning – This sets the ground of what we are going to measure in theory.
Since perceived availability is a user-based metric, the first step is to under14

stand the basics of HCI, but also find a component that have the possibility to
run tests, store the results and prepare to present them in a user-friendly way.
This includes also identifying the component-environment to see the possibility
of integrating such a metric.
2. Collecting Data – The second part will be to through an interview/survey/observation formed from an end-user to collect information to see
what is going to be measured through both theory and a practical example,
when it is going to be measured and how it is measured (what metrics that already exists). The goal here will also be to implement a script that sends relevant to the equation that is going to be implemented (based on what the interview provides).
3. Defining Perceived Availability – The result of what data is received and enduser input this step will form an equation and implementation (usually done at
the back end of ex. a tool) of perceived availability. To help solve this step, past
theories in the subject will support this matter.
4. Calculating – Through a calculation (where the controller is located) implement
it with code and send the result to the view.
5. Presenting - Present the calculation-result in a user-friendly view. The main
purpose is that the availability should have transformed into perceived availability instead. The presentation form is a programming stage.

Figure 2 – Plan on how to code the model

Based on the result here, eventually a lot of data will be shown and stored. Therefor a
sixth step will be added which is crucial:
6. Analysis (Theory):


User appropriate definition of availability



The procedure for measurements and if they could be improved



The presentation form of perceived availability



If possible, other efficient solution to the result



If the model can be applied to other areas in the future
15

1.3 Delimitations
This degree project is a bachelor thesis in the field of computer engineering, which
consists of 15 university credits. The project is done during a 10-week cycle with 5
weeks of preparation and theory research, followed by four week presenting and fulfilling the expected goals and one week of analyzing the results.
The resources that the project had access to at the beginning were literature (which is
listed in the bibliography section at the end), tools that are in use by the Development
3 department at Ericsson AB and contacts available for interview and meetings at the
department.
This study does not present examples of SLA’s since that is prohibited at the target
company, and also not going into depth about examples of methods that are used for
interaction design. To read more about reason for this, please visit Ericsson policy
webpage. Theories are presented of both of these though. The thesis does however
present result of examples used for specific availability measurements and model,
which has been approved to present in this document and published online.

1.4 The authors’ contribution to the thesis
The thesis was fully written by Benjamin Bandali. The calculations and results that the
author has produced have been reviewed thanks to feedback and suggestions from
colleagues at Ericsson. The author has also compiled all theory from a lot of research
and some sources in the theory section have been suggested by supervisor Reine
Bergström. The model that is presented as a result is a combination from both the
studies that are presented in the theory (section 2.4 and 2.1.6), the result however is
something the author came up with himself.
The Pyramidstatus project (LMR-Health-Monitoring) is a project that was done at Ericsson during a course in the second year of the bachelor in Computer Science. The
course name is “Project course in software development” and has the course code
HI1028 at the Royal Institute of Technology (more about this tool in Section 3.2 and
Appendix).
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2 Theory and background
2.1 Defining availability
This part will explain the main theories behind availability to get a general overview about
what it is, since it’s a very abstract subject and most companies have their own standard of
measuring availability.

2.1.1 What is availability
In the telecommunication sector, availability can be defined as:
“The ability of a functional unit to be in a state to perform a required function under given
conditions at a given instant of time or over a given time interval, assuming that the required
external resources are provided.” [1]
What this means in simplified form is that availability is a value in percentage over
time, which delivering services are divided by the amount of time that it’s expected to
deliver.
Availability is one of the most important aspects in the QoS category, and therefore a
lot of studies have been done in the topic. User-perceived availability is the advanced
part, since most measurements are done on the system side, which does not present
user behavior statistics. The user experience is called “Perceived availability”, and is
included in research when the usual availability doesn’t cover a presentable format
for the users of that system.
Availability of a typical system depends on its reliability (as availability goes up, so is
reliability). Measuring availability can be very cost-effective for the company that uses
it, since its focus is measuring stability for the user, according to a study by ISO/IEC
2007 [1]. When the system is not available (which can depend on a lot of different reasons), the definition is downtime.
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2.1.2 “The five 9s”
The five 9s refer to a percentage which every system manager wants to achieve in
availability. The five nines is a perception of what a user see as “99.999%” in availability, which has primarily been a generalization to market that this system has the highest availability. A calculation of this percentage is correspondent to five minutes of
downtime a year, which is a major step from four nines (99.99% is on the other hand
52 minutes of downtime). See Table 1 for a better estimation of what it means, which is
a table from Evan L. Marcus during 2003 [2].
Availability

Downtime / per year

99.999%

5min 15s

99.99%

52min 36s

99.9%

8h 46min

99%

3days 15h 40min

Table 1 – Example of “The Five 9’s”

2.1.3 High availability
Availability and uptime are not identical. The main differences between these are that
a system can be up, but still not available for the user. Unplanned downtime is usually
the measurement when defining availability, which can be for example software bugs,
equipment failures, server lags etc.
A system design that has high availability as a requirement strives for optimal redundancy of the system, and has to fulfill criteria’s in order to achieve high availability.
These three principles are the most usual approach when compared to ensure a stable
service implementation:
1. Deletion of SPoF (single points of failure) - In other words, this is supplying
the system with more redundancy so even when a system has a failure, it
doesn’t go down (having downtime)
2. Failure detection (instant) - Primarily maintenance activity logging
18

3. A reliable crossover point - Mainly for multithreaded systems
Theoretically, adding more components to a design that requires high availability can
increase the advanced architecture and therefore add more complexity, which will
eventually decrease the availability. This is because complex built systems has more
potential errors and has more steps to do in order to accomplish its task. Interaction
designers usually prefer a simple architecture before advanced, since the value of having quality and more performance fulfill the purposes more than just having advanced design with eventual failures that affects the availability.

2.1.4 Theoretical availability
When studying the theoretical part of availability, the suggestion is usually to prepare
an equation as a pre-study for measuring availability of a certain tool, server, drive
etc. For these depending components, the manufacturer usually provides a set of
availability expectations. The expectations come with statistics that are referred to as
MTBF (which stands for Mean Time Between Failure) and MTTR (Mean Time To Repair). In order to make use of MTBF and MTTR and measure availability, Equation 9
is used, created by Chris Oggerino [3]:
(1)
However, since the presentation layer of the tools that usually wants to measure
availability consists of more or less a few of these components, the equation can’t be
used as an availability calculation for users (see example 2.3).
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Figure 3 – An example of components for a web server

In this example it is possible to see how many components that the web server relies
on. Each of these has their own availability metric, but for the end-user availability
metric is needed for the web server as well. There are no defined general models for
calculating end-user availability, so the goal will be to generate the model that is
called user perceived availability.

2.1.5 Perceived availability
Generally, monitoring web services have other user factors than network factors for
availability measurement. The availability that is measured at the user side differs
with the availability on the server side. Since availability measurements are done automatically by the system, the definition of user availability needs to be sufficient and
20

defined. Although system measurements are addressed intensively (as mentioned in a
huge study by Lingshuang Shao about availability [4]), the data that is measured is
not sufficient for a user.
Based on the status-based metrics, there is a connection to addressing the different
problems in both perceived availability and system availability. The failures can be a
range from “continuous failures” to more complex failures such as “discrete failures”.
Defining continuous failures, which is a pattern of failures that mainly comes from a
specific service or network. Continuous failures are stored at the client side, which
from a user-perceived perspective is not explicitly distinguished. The reason for this is
because user-perceived metrics has a goal to estimate “user-perceived availability”
and therefor user-client data is not relevant for this, which networks and service factors play a big role instead.
If it were to go back to the interaction design part, it has now been learned that there
are two experiences that can affect the using of a web service experience. The first one
is the application scenario, which can be defined as the context when using the service, and secondly the interaction pattern between the user and service. The most
common mistake is to solve these factors independently. A designer that is going to
design needs to separate these, but also make a connection if that is needed.
An example of this is in a safety-critical environment where service failures have high
costs and the most important factor is that the system is stable and running. In a context, these users only care about the stable up time percentage. Another application
example, which is non-critical (for example a news-page, social media website etc.), is
when the service failures have a possibility to make impact on the user experience, but
not at a high cost. However, the discrete failures (such as transient failures) affect the
user experience in a more usability way.

2.1.6 Generic availability formulas
There are two major definitions in the web service domain, hence all definitions differ
depending on service time and what kind of availability there is a need for. Since this
project is going to be focused more on time measurement, a binary metric for a percentage of time has to be addressed.
21

These two definitions has been thoroughly researched and calculated by two big
names in the availability category. They are specifically focused availability calculations for a specific “point of time”. The result will be to either try at least one of these
as a suggestion, or combine them and come up with an own algorithm that can work
positively in our case. A comparison of these two studies is therefore granted.
1. Availability(A metric which was created by F. Rosenberg, C.Platzer and
S.Dustdar in 2006[5]):
The probability that the service (S) is running. Availability is calculated in the following way:
( )

(2)

Downtime/uptime is measured in minutes, and the result is a success rate of S. This
can be started to use at a given point of time. To express the relationship it looks like
this:
( )

(3)

When accuracy is given, the probability is gained through this equation:
∑

( )

(

(

( )))

(4)



respi(reqi(S)) = the ith response is correlated to the ith request for the service S.



n = is the total request to the service (S)

When the equation is collected, it can be shown in the utility function as:
{

(

)
(

(5)

)

The utility function is used to evaluate and finalize what was there before. If the response was correct, we can use that as a given input (this is already used in the organization for calculating if status is up or down for a specific service).

22

2. Steady State Availability(Another metric by Moslem Amiri, Václav Prenosil in
2001 [6]):
As mentioned before, when availability increase will eventually increase the reliability
as well. The important difference between these two is their actual state behavior. In
other words, when the reliability R(S) is heading towards 0 will result in availability
A(S) that it approaches fixed values (since time approaches infinity):

Figure 4 – Steady State Availability graph

The result from the graph gives us the following equation (Where S is time in seconds):
( )

( )
( )

(6)

( )

Although, here it may seem as the Uptime(S) goes towards infinity, since uptime is
usually measured in real time. Therefore, the next step is to define the relationship
between Steady State Availability and usual availability in order to get a concrete
view of how to calculate this:
∫

( )

(7)

The simplified version is:
( )

∫

(8)

The conclusion is that now these both equations generate different types of calculating availability. This project will use these in order to make its own valuation of how
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to calculate the availability, or use these. This will be presented in the method result
section.

2.2 Introduction to HCI
This section presents primarily the theories and subjects behind Human-Computer Interaction
(HCI), which will be divided in different concepts of what defines HCI. What this section will
try to accomplish is to give the reader a clue of how interaction design works and how it is related to perceived availability with help of already existing studies in the subject.
Think of how many interactive products that is in use every day. When developing an
application or a system there is a lot of design interaction involved that the human
brain usually isn’t aware of. A typical example of a product with a lot of usability design is the iPod. The iPod can be defined as a nearly perfect design in interaction since
it’s a joy (to most of its users) to use. Compare this to a standard projector, which requires time and effort to just connect the laptop. This process can be frustrating, and
means that the interaction design for that specific projector is not well designed.
To start off with, a designer first need to consider some key principles when designing
for example an application. Designing interactive requires going through who the users are, how the application is going be used and where it is going to be used. Another
approach is to see what kind of activity the user is performing while using and interacting with the application. So the question we must ask ourselves before presenting
the first model is: “What is actually interaction design?” and “What should be designed?”
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2.2.1 Definition of interaction design
To define what interaction design is:
“Designing interactive products in order to help people communicate and interact in their everyday lives is what interaction design is about.” Wiley, "Interaction Design - beyond humancomputer interaction 3rd Edition" [7]
So the next question that will eventually appear is who have involvement in interaction design? The answer is logical, since the designer focus is to create an engaging
user experience, which requires a lot of understanding two different parts, first how
emotions work and secondly the developing process from all perspectives. First, to be
more specific about emotions, what is actually meant by for example desirability, role
of narrative or aesthetics (human experience)?
Secondly, developers need to understand technical side (primarily), manufacturing
side, marketing side and last but not least the business side. This is also the main reasons why it is recommended that the teams of interaction design usually needs to
have a multidisciplinary view.

2.2.2 The goal
The goal that a designer wants to accomplish by defining the usability and availability
for a project is to understand how much interaction design is needed. When planning
the design, one need to take in consideration the issues, weigh the pros and cons, but
also be ready for trade-offs. To have a cost-effective solution can influence a lot on the
result, depending on what the main goal is. A key principle to always follow is to plan
out the events that will occur, mostly from a user perspective (for example a person
who have never seen the project and is going to use it). If the interaction design is designed properly, the project can deny the fact that for example the user will have a
mortifying and frustrating experience when pressing the wrong button.
So is it possible to design the perfect model? Or in other words, how does a designer
optimize the user interaction for a product, environment or a system? The answer is
no, it can never become a fully perfect interaction system, but there are a lot of succes-
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sors that are very close to perfect, for example the iPod(The iPod phenomenon, a publication by Alexander E. Reppel, Isabelle Szmigin, Thorsten Gruber – 2006 [8]). These
products have followed guidelines from for example user input surveys or perfection
of past products. The basics guidelines to consider are:


Taking into account how experienced the users are (what they are good/bad at)



Consideration regarding how people currently do things



Taking notes and listening what people requires and allow them to be part of
the design



Plan of the possible outcomes of having quality user design



Using already tested user-based models during the process and improve them

Of course, to fulfill all these requirements and goals a lot of input and information
gathering is needed. The keywords that are listed above are the clues of how to design
in order to prevent low availability.

2.2.3 The process
The main philosophy before the designer starts to design is to point out that one can’t
design a user experience, just design for a user experience. In other words, the goal is
to create the design features so that they can evoke, and not the actual experience. As
for now, there isn’t any universal design framework or model to follow for interaction
designers.
An overall step-by-step process to follow might look like this (In this thesis, the process is also done this way to show an example):
1. Establishing the requirements
2. Designing alternatives
3. Prototyping the model
4. Evaluating
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The following figure will show this in a more detailed view:

Figure 5 – The design philosophy

The main part of this part of this process it to understand the users, in other words to
be clear regarding the main objective, since as mentioned before, perfection is hard to
accomplish. In order to succeed (to reach the goal) the preferable approach is to classifying them as in the figure in categories such as user experience and usability goals.
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2.2.4 Usability goals
Definition of the usability goals is to ensure that interactive projects fulfill the criteria’s
for such as learning, enjoyable and effective from a user perspective. The goals can be
divided in different parts:


Effectiveness



Safety



Learnability



Efficiency



Memorability



High availability

The difference in usability goals with the other goals is that these are operationalized
as questions, rather than statements. The purpose of the questions is to give the developer feedback and aspects in a more interactive and concrete way. The questions can
help the designer early to see failed design issues and problems that they might have
not considered before.
Realizing that clear understanding of how you are going to design and why is probably the most important part for an interaction designer. For example before starting to
code a project, a good interaction can mean for the company a decrease cost of time
and money in the developing process. These usability goals are a step for answering
that significant part.

2.2.5 Collecting data for identifying the algorithm
The main purpose of collecting data is to gather accurate and relevant data so that requirements can be set. During the evaluation part (see Figure 5), the data gathering
part is crucial, since user reactions and performance is needed to be captured within a
prototype or system.
Before preparing an interview, there are four main issues that need to be explained in
detail, in order for the data gathering to be successful.
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1. Goal Setting – It is important to identify the specific goals. The reason for that
is simple, since when that is done, then the concentration and focus can be towards what to look for and what to do with the data once it’s gathered.
2. Identifying the participants – The goals will include what type of people you
want to gather data from. The profile, which are the people who fit in are called
population.
3. Relationship with the participants – Making sure that the relationship is professional and clear is an important benefit, since that will verify the nature of
the study. A good thing to do before is to inform the participants about what
the study wants to achieve and how they play a part (For example an agreement before start, to also secure confidential topics).
4. Triangulation – Triangulation means that the data is gathered from sources
with different conditions (for example different places, times, people) from at
least 2 sources.
The main techniques for gathering data are through interviews, observation and questionnaires’. Only interview is relevant for this project, therefor this report will only
explain that.

2.2.6 Interviewing
An Interview is another word for:
“Conversation with purpose” (Kahn and Canell – 1957)
There are different appropriate ways to approach with an interview, and it mostly
depends on the purpose of the interview (e.g. what the interviewer want to achieve
with it, see above section 2.2.6). For defining and identifying the algorithm that this
project want to use, a structured interview is the most appropriate to use.
A structured interview is standardized, which means that the question the interviewer
should ask are predetermined (similar to a questionnaire). The questions need to be
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clear and very specific regarding the data that is needed for a similar task, in other
words short. A structured interview is only useful if the goals are clearly understood.

2.2.7 Summarizing the findings
Based on what the data that the interview provides, it’s possible to form a first draft
on the model that is going to be designed. For example, availability can be presented
in different tempus forms (availability over 24 hours, over 12 months and so on) and
based on the results the designer knows what the end-user wants. Also it is important
to understand what the users want as the presentation of the data design, and in other
words the GUI (The solution here is to make use of the interaction design part, see
above section).
To summarize this chapter, the main goal here was to explain why interaction design
needs to be taken in mind before implementing perceived availability.

2.3 Definition of a service level agreement
A service level agreement is defined as:
“A contract between a service provider and a customer that specifies the natures of the service(s) to be provided and the level(s) of services that the provider agrees to provide to the customer.”(Federal Deposit Insurance Corporation – 2001 [9])
A SLA is there to ensure that the organization gets the services that it wants at the required performance standard and price. The agreement includes both financial and
operational managing factors to help minimize the risk for service failure.
The main purpose from a technical overview is to define the performance expectations
through a service need, but also establish perceived availability. A well-designed SLA
comes with reward, both cost and time wise. This is because it provides the performance structure, the metric which can be used for other related services in the same
area that wants to achieve same performance. It is also very important to define fail30

ure consequences, e.g. if a service do not perform to expectations, which is a reduced
level of compensation.
Regardless of type of the SLA, it should include five informative sections that need to
be accepted by the management that requested the service. The sections should include descriptions of service, duration, roles and responsibilities, evaluation criteria
and service standard (A journal taken from Tech Republic – 2002 [11].
Since this project only focuses on availability measurements, the only section that will
be considered and included is the service standard section. Therefore, it will not be
possible to create a complete SLA, but the goal is to create a model for that section
specifically. The service standard section is added after the service defined and provided. Hence, this section doesn’t only need to include availability; it can differ depending on service and include metrics such as response time, reliability and resolution times.

2.3.1 Service standard section
The service standard section is the part where the existence of quality service is presented. This part is of significant importance in the service level agreement, and can
be redefined over time and when new changes apply to the service.
The terms that should be included in this part are (with the terms of this project taken
in mind):


What availability percent (%) should the service strive for? In terms of tests,
how many have passed and failed over time? If time is more important rather
than passed/failed tests, then what are the times that should be taken in credit?



How many users are affected by this?



Which hours during a day should this availability present? Is it 24 hours a day
or only working hours?



If there are errors, is there a support that can assist in the matter? If so, what is
the availability for this?

If the service standard section can answer these questions, the answers will (as mentioned before) do impact in terms of better results in costs and time in the future.
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3 Methods and results
The method and results section will present a new study which was created based on past literature in the field of availability that are described in the theory section. The chapter will present a method of developing a prototype and implement it to present an example of how it can
be done by others.

3.1 Choosing the right component
The department at Ericsson where this project is implemented provides a full CIsystem (machinery) for various teams to deliver their components and software, and
also using them to integrate the components into higher-level packages for internal
and external deliveries. More specifically the department provides key CI-services,
which include the tools, infrastructure and support. The CI-machinery is very complex with advanced build/integration procedures, and therefore a lot of tools are in
use where also support is provided. This means that this project is going to be implemented on one of the tools that are in use as a test.
CI stands for continuous integration and is in practice a flow which can be seen as a
shared mainline where all developers/testers merge all the working copies continuously.
The first step that is needed to be completed in order to start measuring availability is
to choose a sufficient component that have the interaction design attributes, but also
can store data in order to use them as measurement variables. The tool that is going to
be used for this project is going to need some attributes in order to fit in in the interaction design model. The criteria’s that are preferred is the following:


A customer need, in other words an end user which can provide feedback and
input on whether the availability measurement can improve the already existing chain of measurements



The tools need to be designed from an interaction design perspective, since
perceived availability is for the users and not the system



Can store and fetch data, preferably in a database since we need to re-use the
data in the availability model for new calculations
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Has already a purpose to present relevant information for users (since there is
no usage in a tool that has another purpose and present the availability without
reason)

The first intuition that completes all the criteria’s can be summarized to a GUI that
presents live-monitoring features of the infrastructure and test packages that are mentioned in the above section. The positive thing with monitoring tools is that the metrics of calculating statuses can almost always be improved (See chapter 2.2 about the
iPod phenomenon), and therefore a need has been created to implement the perceived
availability metric.

Ultimately, the tool that got chosen is called LMR – Health monitor, former name Pyramidstatus. This tool successfully meets up with all the criteria’s. As a side note, the
availability metrics can be applied to other monitoring tools as well, but since the
Health Monitoring tool had a pretty simple design and big space for presentable features it got chosen for this example.
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3.2 LMR – Health monitor (Pyramidstatus)
LMR Health Monitor is a tool that shows the user status update on the critical components in PDU LTE and Multistandard RBS builds and development environment. The
tool is connected to a database where it fetches the data from. It also has an API that
connects with the database that allows the user to gather and insert different data. The
project is a Web MVC framework in Spring Source and is written in Java for the
backend and uses JSP/JavaScript for the frontend (Internal Ericsson 2013 [10]).

Figure 6 – The Pyramid tool
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3.4 In detail why the Pyramid got chosen
The Pyramid is a summary of all the data gathered from a list of subcategories that are
created manually. The pyramid is built of blocks, and each block has an ID, POSITION, LEVEL, CATEGORY, WIDTH and COLOR. A block in the Pyramid represents
a main category that holds the subcategories. Each block can show RED, YELLOW,
GREEN and GREY, which indicates what the current status is for the object.
Why this information has a relevancy for this project is because a designer needs to
understand the tool before implementing new functions to it from an interaction design perspective. What that means and how that will affect, will come to later when
it’s time for designing the presentation of the availability.
In the pyramid all components are listed, but the problem remains to show the availability on all of these models (especially perceived availability). For that reason, the
first step is to implement functionality to present availability in a user-friendly way
(with the use of HCI) and then create a model for calculating the perceived availability.
The test figure that we are going to make use of and apply availability measurements
is the BDC part of the pyramid. This requirement was first established after first interaction and discussion (through interview) with the end-user (the OPO, Operative
product owner).

3.5 BDC
BDC is another name for “Binary delivery check”. Basically the BDC is complementing tests on group packages that include binaries, through a test scope. The BDC is a
summary of the load module containers (See figure 6, Load Module Build_g in the
Pyramid). BDC’s are correlated to tests, so think of tests when BDC is used in context
during this project.
So how does availability fit in here? These tests and builds have certain time frames,
for example a BDC test on a category should run for 20 minutes. Sometimes, the tests
36

run for more than 20 minutes, let’s say 30 minutes. This means for the end-user that
the tests have taken 10 more minutes than it should, and therefore the perceived
availability is lower. The times can vary based on many factors, for example environmental faults or programming faults and so on.
Currently, BDC in the pyramid only monitors the status (whether it’s up or down).
First step is therefore to add in the build times for each subcategory in BDC (See appendix 8.2 on how to add a new subcategory in the pyramid). The result looked like
this:

Figure 7 - Result of creating categories in the Pyramid tool

These categories fetch data from the database. In order to collect data, the next step is
to create a job that sends the build times to the tool API and then puts it in the data37

base. The job must also be located where the build times can be calculated, which is in
each of these packages (See Figure 7, BDC-XXXXX_main_BuildTime). For our case,
most of the jobs (scripts) will be located in a Jenkins environment (which is in short an
open source continuous integration tool that is used on different servers). This is how
the Python script looked like (This script is added to a queue which runs continuously
when a BDC test is completed):

Red part: This is where the Curl-post request is done from the job to the pyramid API.
The format must be in JSON (Post) and is sent to the subcategory which was created
before (see categoryName).
Green part: The calculation of the build time is stored here. What is important is how
the calculation is done since that is how it is applied to the availability metric for this
in a later stage (or to use that variable in order to complete the measurement).
More specifically, in an illustrative way this is how the measurement in the script
works:
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Figure 8 – Illustration of how a measurement are done through the script

An example of the result that the tool presented from the script that got implemented
looks like this:

Figure 9 – Result of implemented script

In simple form, this result means that we have both build time and status at a specific
time for the BDC. This is data for the availability algorithm (that’s still going to get
implemented), which is stored in the database.

So the first approach here to establish availability presentation on this project is to define who the end users are. Through referring and help we found out that the end users are the ones responsible for delivering the BDC from unit that this project applies
at. Therefore, a meeting was booked and a questionnaire was prepared. Take in action
that interaction design was taken in credit before this meeting was completed. This
project used triangulation interview-methodology (section 2.2.6, see Interviewing).
To summarize the findings from the input from an interview/meeting (which was
done) the usage of interaction design pattern is implemented for identifying each step
of the process, which looks like this:
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1. Goal Setting – The pre-conditions were discussed. The result was to apply the
availability metric to BDC, since it’s the most relevant part for the end users.
The goal was to figure out a way to present usual availability (before perceived
availability) in a user friendly way.
2. Identifying the participants – OPO’s of the BDC in charge of supplying the requirements for availability metrics for BDC (they are the end-users in other
words).
3. Relationship with the participants – The OPO’s were end-part of the whole
build and integration chain (Their part covers the BDC which is our relationship, see the pyramid structure on Figure 6).
4. Triangulation – Positive response from this approach, since there was more
than one OPO involved in this process.
From the triangulation, the next part would be to present the most useful information
taken out from the meeting. What needed to be done next looked like this (A short
version of what’s relevant):


The users want BDC to have color-limitations that is specified through thresholds (That is green, yellow or red). The thresholds (preliminary) should be 1.5
hours for GREEN, 2 hours for YELLOW and 3 hours for RED.



The build times should affect the whole pyramid (in terms of color changes).



Investigate if queue times can be included in the metrics (Currently, there is no
way of calculating queue times).



Present statistics in form of frequency over time (timespan of 7 days) in a user
friendly way (Make use of interaction design patterns again).

3.6 Set goals for implementing new changes to BDC
A transform of the information that was gathered from the meeting in the section
above can be translated into availability goals in this matter:
1. To view the system availability we make use of the pyramid-tool to set thresholds for the BDC. The important part will be to calculate the thresholds so that
the right color can be set.
40

2. To view the user availability (perceived availability) in form of frequency over
time. This part will include programming of a new metric to the tool (for example a bar chart, a line chart or a column chart). Interaction design pattern
will be followed here also.
After comparing these actions the first draft of the availability model was created
(Thanks to the algorithm means, see section 2.1.6).

3.6.1 Setting thresholds for all BDC tests
Thresholds can be defined as different ranges of values, where thresholds are set to
determine an outcome. In the pyramid thresholds are set to present different colors (as
discussed earlier).
This step will be short, since the tool already have the functionality to set thresholds.
The important part is to see the results and evaluate them in the conclusion, and then
hopefully generate more precise thresholds for future work.
The reason why this is correlated to availability is discussed through a pros and cons
list:
The pros:


Thresholds are user-friendly, especially when it is in colors. A green color indicates that a service is fully functioning; a red color may indicate that the service
is not fully working etc.



Thresholds are very easy to understand when presenting availability



Thresholds functions as a good metric advantage when presenting a status in
real-time (which is the purpose of Pyramidstatus)
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The cons:


Thresholds needs to be updated to match new availability requirements, for
example if a company wants to improve test times, the thresholds need to be
updated continuously based on the new availability requirement



Calculating thresholds requires a very complex algorithm if the developer has
no past data or requirement from end-user

The reason why this “threshold” strategy is used to present system availability is because it was a limitation to only use the pyramid to calculate availability. The good
thing is that it saved a lot of time (at least 1 week of hard work) and was very cost effective (No need to program visualization and create an algorithm to do this).

Figure 10 – Calculating availability with thresholds

See appendix 7.3, step 3 on how to create a threshold for a specific category.
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In Figure 11 the first result looked like this (The color-values are in minutes):

Figure 11 – Result of implementing thresholds

3.6.2 Implementing frequency measurements into the Pyramid
Since the requirement to present the availability is over time, first task is to decide
what chart that is going to present the information a user friendly as possible. Alternatively, there is a possibility to use the availability algorithm on BDC specifically and
present it individually (Which will result in much more data), but since the task is to
form a general model, a chart is more appropriate to fulfill the user experience goals
and also use this in future categories that needs availability measurements.
The pyramid is divided into a MVC structure using the Spring framework
(http://projects.spring.io/spring-framework/).
Because of the MVC structure, the first part is to write a SQL-query
(http://www.w3schools.com/sql/) to gather the sufficient data from the database and
store it in the project:
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Code added into the JDBC_DAO_STATUS file

This returns a list which contains each BDC-category-test time over a week (This is an
example result of the date 2014/10/01 – 2014/10/08) where superId equals a supercategory (such as BDC in Table 2):
*Count = How many times this test has run for that
specific day
*Day = Day during that week (that is used in the
metric, 1=Monday, 2=Tuesday etc.)

Table 2 – Result of count BDC during a week
graph

3.6.3

Presenting the system availability

Based on the result from the operation that returns a weekly list containing the data
with sufficient information to present the availability, the next step is to present the
list. Since the Pyramid follows a MVC-structure, we have to send the data do the View
in order to present it. In this example the implementation of the utility function in section 2.1.6 is used.
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The list contains data that must be presented over time, for a user and system to understand it. A chart should therefore be implemented with horizontal view. Since the
tests for the example before only includes data for specific days, a column chart that
expands accordingly to the size is the best choice.
Advantages of using a column chart:


Easy to understand



Updateable



Tooltips for more information



Horizontal view, which is appropriate for presentation of time



Availability-patterns for all categories are defined properly

Disadvantages of using a column chart:


Do not show relationships (This can be seen in the Pyramid, therefore not required)



Limited functionality

In this project the decision led to a column chart from Google Developers
(https://google-developers.appspot.com/chart/interactive/docs/gallery/columnchart).
Continuing, the deployment of the chart requires the list to be formatted in a fitting
way for the view to understand how to paint out the chart correctly. The controller
needs therefore to convert the current list to a format that is called arrayToDataTable
(see the previous footnote). The format is a list that contains lists, with an index that
presents each array block. To present a column chart, the list must be in the following
format:
(
{

}]

]

]])

The model below is the controller has purpose to collect the list from the JDBC and the
superId and send it further to view to present the chart. To view the example that we
used in this project (in code), see Appendix 7.5 StatusController.java.
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Process

Create arraylist from chosen superId and
store categories

Iterate through list get

Decision

days

Alternate

Use specific days to get values

Return data in correct

Data

format

Figure 12 - Code added into the StatusController.java file which represents the controller

The list here returns in the correct format to the view (see above).Another thing that is
worth mentioning is that the view (which is in JavaScript) needs to understand the
Java list in order to function. In this project JSON data format have been used to
communicate between these. The other way of communication is through AJAX responses, where the superId needs to be collected from the view (in order to capture the
supercategory to present what graph we want to show).
To view the example that we used in this project (in code), see Appendix 7.6 Javascript.js.
Process

Get data from server

Process
Draw data (create the chart)

Alternate
Set options for chart

Figure 13 Javascript.js file which represents the view
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In response is where the list with data is included. In order to draw the graph to present the availability, it is made sure that the Pyramid makes use of all the options that
the Google visualization can provide (such as tooltips, to present the successful tests
as understandable as possible). This is important to fulfill the interaction design conditions, since the end users are owners of the tests, and the relevancy of information is
important.
The result from the process above generated a chart that is presented in Figure 14
(This data is used from 2014/10/01 – 2014/10/08 in a more simplified version):

*X-Axis = Weekdays
*Y-Axis = Count, how many passed tests
that ran that specific day for that category

Figure 14 – Result of first Perceived Availability data, where data equals passed tests

3.6.4 Result of availability
To present the availability, for in this case the BDC the first step is to translate the
chart above in terms of integers. Based on Figure 14, there is a pattern of system availability that can be drawn in a linear graph (The graph is just a replicate of Figure 14,
but more understandable from an availability view). Comparing this to an availability
which provides 100% uptime (Which is more than 8 BDC’s per day thanks to thresholds) we would have a graph that looks like Figure 15:
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100%
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70%
60%
50%
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Max value

30%

BDC runs

20%
10%
0%

Figure 15 – Visualization of BDC count list, percentages is for perceived availability

So to get the availability, we check what the end users wants as 100% then subtracts
that from how many tests that actually ran that specific day. More on how this is calculated see section 2.1.6 on formula Availability.

3.7 Result of perceived availability
To calculate the perceived availability other terms need to be taken in action. Since the
most significant thing for the users are test/build times on these categories, rather than
succeed/failed builds/tests the equation that will be created will be based on that.
Since the Pyramid also measures buildTimes (see section 3.4 and section 3.5) a good
solution is to easily use these metrics and put them in. The first step is to evaluate the
equations and recreate the ones that are presented in the theory section about availability. A perceived availability is an availability which the user understands in terms
of percent; therefor the result must be in %. Another thing is that we want to avoid the
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common availability problem with “The five nines” which is mentioned in the theory
section.
The goal with this project was to generate a model that can be used in future metrics
on other components. Hence, since the limitation is on buildTimes, it can only be applied on perceived availability using time in minutes (m).
Equation 9 is both a combination of the equations listed 2.1.4 about Theoretical Availability (See equation 3 and 4), but also tuned to match the requirement for this project:
(9)
*Total Time equals the total run time for a test/build to complete (Queue times + execution
times + run times)
*Down Time equals the total failure time when a build-status has reported status RED, in a
general case a test that has failed
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Let’s show this in Table 3 (This data is from tests that ran during 24 hours during
2014-10-27):
BDC-LRAT

Test Status

Time(in minutes)

1

Passed

280

1

Passed

278

1

Passed

300

0

Failed

400

1

Passed

220

Table 3 – Perceived availability example data

Using the Equation 9 provided the following outcome:
(

)
(

)

This gives an approximate of 73% perceived availability for that specific day. This
equation can of course be evaluated and more specific, but since queue times was not
needed, or didn’t need to measure perceived availability over a month, or a year.
This “Perceived model” is a better approach than just following the normal availability metric, since its more user focused and setting goals for a more user centric availability, which is reachable in terms of percent. For example, setting a goal of doing
more tests each day, instead of setting goals for getting better test times, may result in
more failed tests, rather than improving the already existing ones. This is pretty obvious, but uncommonly noticed.
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4 Analysis and discussion
4.1 Analyzing the results
The results from section 3.6.4 presented a very interesting pattern that can be studied
from many different angles and get different conclusions. Depending on factors and
reasons that exist, all of these can affect the availability. In this case the possible events
that can occur for each test, is environmental faults (for example development environments IDE, Eclipse, Jenkins etc., see the Pyramid infrastructure in section 3.2) or
coding faults (such as invalid/error coded classes). As mentioned before, these causes
are very difficult to detect which type of fault it has been caused by.
UP-Builds use approximately the same test environment as BDC tests and are the next
area in the chain of testing throughout the infrastructure (Which can be seen in Figure
6).
In order to see if our hypothesis of a standardized pattern still follows through, a good
analyze is to apply the model to a different category. In this test, we applied the availability model to the UP-Builds (the next step in the Pyramid, see section 3.2).
The results are taken from the same dates as when the successful BDC tests ran
(2014/10/01 – 2014/10/08):

*X-Axis = Weekdays
*Y-Axis

=

Count,

how

many

passed tests that ran that specific
day for that category

Figure 16 – Result of second Perceived Availability data
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Since both the BDC tests and UP tests are used by the same users and same environmental principles, there should not be a significant difference in availability during
this week.
100%
90%
80%
70%
60%
50%

Max value

40%

UP runs

30%

BDC runs

20%
10%
0%

Figure 17 – Visualization of BDC and UP count graph

Analyzing this chart, the pattern follows the same results during the week. Between
Wednesday and Friday there are no huge differences and from Saturday to Sunday it
is a significant decrease in result, which is logical since it is less activity of error fixing
and error reporting during weekends (since the department is not populated during
weekends).
From this the conclusion is that the model created in this project is applicable in more
areas than just the BDC. However, UP-Builds got chosen since they also run tests and
builds during specific times, therefore it was a positive approach to analyze its results.
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4.2 Concrete connection with society
4.2.1 Economical perspective
Stable networks and reliable tools are crucial for today’s companies in short, and
therefore even a short interruption can have a negative economic effect on the company.
Continuously calculating availability and presenting it can help the company prevent
these short interruptions and delays. Using this project’s model is one of the examples
that should be used in order to find the spots where economic profit is standing still.
An example of a typical case is a usual company strategy, just suggesting features and
not pursuing better availability. Why should we implement new features to the project when there are bigger failures that should be taken care of?
The correlation to Ericsson regarding this cause was not that the problem was taken
care of; it was a matter of defining the level of required availability from the end users.
The conclusion here it that calculating the availability will have a positive effect longterm on the financial situation for the company, even if it uses resources to do it(The
economic benefits of calculating availability is also presented in the theory section in a
more detailed view).

4.2.2 Environmental perspective
The environmental causes of calculating availability are very hard to correlate to, since
the effects and benefits only occur in an IT-based service.
However, interaction design provides grounding for human factors and ergonomics,
which is the lead factor when calculating availability. Designs that are taken in mind
are those who affect our human perception, aesthetics and desire to create a behavior
that is going to match the human needs.
All these behaviors conclude the basic principles that interaction design are from the
start basic ground rules that are built in the environmental needs from the beginning.
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More about this theory can be read about in Donald Norman’s book “The Design of
Everyday Things”. As a matter of availability, there is no connection exception for this
from an environmental perspective.

4.2.3 Ethical perspective
Ethical decision making processes are a very common problem nowadays, which have
occurred lately on behalf of many company mistakes today. The reason for this is
usually a managers desire to decrease unappreciated behavior and increase in performance.
Availability can’t affect the behavioral matters; however it can help to simplify the
result of a performance result. So in other words, availability can help in ethical matters and still be kept in an unethical category (in a more technological subject).

4.3 Problems that occurred
4.3.1 Overview
The discussion regarding this section is to cover the problems that occurred during
the method and results chapter. Even though I didn’t face many problems, the ones
that occurred added unexpected time during this period and therefor I wanted to explain the main causes of these problems in detail so they don’t occur if this applies in
future work.
To my help, my supervisors connected me to the right people and always provided
guidance to help solve the problems (which I’m very thankful for).

4.3.2 Sources
It was extremely hard to find past works and reliable sources that could help to add
significant value to this project, since every company have their own definition of
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availability. The companies also keep this information internally, so to get access to
other sources was a time-consuming process.
Availability also differs a lot depending on who the users are, what the product is and
where the metrics is going to be applied (since variables in the calculation can be positioned on many different places). Since the purpose was to find a definition of this in
matter of perceived availability, there weren’t many sources to apply for specific problems during this phase.

4.3.3 EiffelJobFinishedEvent
When calculating the build times it relies on three different events that occur for each
category to get a time in minutes for how long the build processed. This script listens
to these events and set the time as soon as it receives all three of them, with EiffelJobFinishedEvent at last.
The problem that occurred here was that EiffelJobFinishedEvent didn’t send, which
was an error that affected the whole department where this was done. The positive
was that thanks to this, we found that this error even existed. The negative was that it
took some time to fix it, with an estimation of 1.5 weeks.

4.3.4 Finding time with end users for interviews and setting requirements
To add in, this was done during a period when the department was very busy doing
prioritized things. The reason of this cause was since after summer, a lot of people get
home from their vacations and most of the employees have a lot work to cover up
what they missed during summer. This didn’t affect the actual work results, but it was
time consuming since the queue time for finding a meeting with the OPO’s (which set
the requirements) could take a week and when there was time the interviews had to
be very effective and result giving.
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5 Conclusions
This chapter will take up the model and usage of perceived availability, with the multinational
company as an example to present a conclusion. The goal will be to analyze if the goals were
achieved and if any new problems occurred.

The final result of this project can be divided into three different categories:
1. Definition of perceived availability – This project achieved to create a new definition which does not exist currently, with the help of past theory in the availability area.
2. The metric for perceived availability – A new algorithm for measuring user
perceived availability has been developed and automatized in a framework,
which based on an comparison presents that it is possible to apply this new
metric in different areas. The new metric is positive of decreasing costs for the
company if followed thoroughly over a period of time is
3. The model for perceived availability – The presentation layer in this project
successfully created a way of presenting this new metric in the field of availability, which is user-centric and understandable from a customer view.
So to summarize it, this thesis presents new ways of presenting and calculating perceived availability, and since there is no current way of defining what it really is, this
thesis provided guidance and new theory in the abstract field of availability.
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6 Recommendation for future work
Recommendations in any future work regarding this subject, an extension of the data
would be at huge advantage if possible. In this thesis, two sets are primarily concerned, which is also positive but could have been evaluated at a more precise result if
there was more data available. The problems that occurred (which are listed in section
4.2) depended on a lot of reasons, but mainly because time was short, and also a
cloudy judgment of what tools that were available. A recommendation overall would
therefore mean that structuring the project with concrete goals would have a huge
benefit to the service-provider (In other words, define early what availability actually
is going to be measured on!).
Ericsson is a sincerely recommended company to apply this kind of project at. A typical company that handles network, performance and sustainability usually has huge
expectations on availability; therefore this project can help improving results of those
metrics.
In any future work, it would be beneficial to create a survey that collects information
regarding whether this new calculation can be improved and applicable. Perceived
availability and availability stands for improvement, and can never be shown in a perfect form. Setting up a detailed Service-level Agreement is also a positive solution in
matter of avoiding low availability.
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8 Appendix
8.1 List of acronyms
HCI

Human-Computer Interaction

GUI

Graphical User Interface

QoS

Quality of Service

SPoF

Single Points of Failure

MTBF

Mean Time Between Failure

MTTR

Mean Time To Repair

WAN

Wide Area Network

CI

Continuous Integration

BDC

Binary Delivery Check

MVC

Model View Controller

LMR

Land Mobile Radio

JSON

JavaScript Object Notation

OPO

Operative Product Owner

SLA

Service Level Agreement
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8.2 How to add a new subcategory into LMR – Health monitor
Step 1:

Step 2:
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1. Choosing the maincategory that will contain the new subcategory
2. Name the new subcategory, this will also be the name that the API uses to fetch
data from
3. Set the priority (more about priorities, read the FAQ for the tool)
4. Add an description of what the subcategory does and where the job for it is located

Step 3:

The thresholds are connected to a subcategory. These thresholds must be set also since
these determines what color the subcategory will show based on the data that it receives (For example, 1 minute = show green, 2 minutes = show red etc.).
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8.3 Flow schedule – LMR Health Monitor

Source: Pyramidstatus-Project, Group 6 project from KTH, HI1028 – 2013-05
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8.4 ER-diagram – LMR Health Monitor

Source: Pyramidstatus-Project, Group 6 project from KTH, HI1028 – 2013-05

67

8.5 StatusController.java example
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8.6 Javascript.js example

This example uses features that are used from Google Charts.
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