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Abstract

This report describes a research project in the �eld of Follow-the-Sun distributed
software engineering. The research has focussed on two factors, involved in routing
a Follow-the-Sun cycle: a. the optimal time zone differenceand b. the natural ease
of communication. The former depends on the required transfer time for handing
over work from one location to the other. The latter involvescommunication aspects
such as language. The objective is to construct a routing model, which calculates (sub-
)optimal deployment routes. The routing model consists of an algorithm that calculates
sequences of locations from a dataset containing demographic data about these loca-
tions. The possible sequences are prioritized based on a setof parameters. The routing
model has been implemented in a website. The website can be used to validate the
routing model, but moreover can be used as a �rst support whenconsidering potential
locations for Follow-the-Sun software development.
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Chapter 1

Introduction

This chapter introduces the context of the research, its goal and questions, and gives an
overview of the following chapters.

1.1 Context

In the �eld of Globally Distributed Software Engineering, aconcept exists which listens
to the name `Follow-the-Sun' [2]. This concept ultimately handles round-the-clock, or
24-hour, software development. By having software development sites distributed across
multiple time zones, one can hand off a status update and the project source at the end of
the day to the next site, which has just started its workday and continues working on the
project from that point. When each site acts accordingly, work will be done on the project
24 hours a day instead of just eight hours. The reduced project duration due to thisshift
work is called theovernight gaineffect [18].

When trying to set up a Follow-the-Sun project, a company faces various dif�culties.
The most obvious question is:

“Where will I locate the sites?”

An answer to this question is not very easily given and depends on numerous factors. This
research will focus on two of those factors; the optimal timezone difference and the natural
ease of communication.

Based on these factors, a model will be constructed, which should be able to support a
company in locating the sites, thus routing a Follow-the-Sun cycle.

1.2 Research Goal

The objective of this research is to develop a model that supports in identifying the (sub-
)optimal geographical location(s) for Follow-the-Sun distributed software engineering when
carried out successively in a series ofn sites (where 2� n � 5).
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1. INTRODUCTION

1.3 Research Questions

This research addresses the following questions.

1. How much time is needed for an optimal transfer of work?

2. What are common GMT of�ce hours for candidate countries?

3. How many software developers are available in candidate countries?

4. What is the optimal time zone difference between two successive sites?

5. What is the optimal language distance between two successive sites?

6. What is the distribution of the number of software engineers speaking native lan-
guages and non-native languages in candidate countries?

7. What type of model is able to calculate the (sub) optimal locations?

Of course there are other factors to focus on, like politicalstability or infrastructure, but to
provide a �rst base of the routing model, this research project only focusses on the factors
and questions mentioned.

The following items explain some terms used in the research questions.

� Candidate countriesare countries with a number of inhabitants greater than 200,000.1

� The optimal time zone differenceis dependent on the answer to question 1 and the
choice whether the overlap for transfer is within or out of normal of�ce hours for the
successive sites.

� A site's successive siteis the site it transfers its work to.

� The language distanceis the difference in skills for a certain language, i.e. whether
the language is native or non-native for the actors.

1.4 Overview

In the following chapters, the two factorsoptimal time zone differenceandnatural ease of
communicationwill be studied, after which the model and the visualizing website will be
explained. The report will conclude with a discussion of the�ndings and future work.

1Countries with less than 200,000 inhabitants will most likely have less than 1,000 `engineers', which is set
as bottomline for the algorithm. This is calculated from thedataset used in this research project, which gives a
world weighted average of 538.4 `engineers' per million inhabitants per country. These countries are therefore
disregarded in this model. More on this can be found in chapter 4.3 and appendix C

2



Chapter 2

Optimal time zone difference

This chapter studies the �rst factor in this research: the optimal time zone difference.
To �nd the optimal time zone difference in Follow-the-Sun development, one �rst has

to �nd the required overlap in work times between the sites. This overlap is used to com-
municate with the successive site to transfer the project and discuss its status. The more
detailed the transfer, the less ambiguity is left for and rework is done by the colleagues that
pick up the project. On the other hand, the overlap should be as short as possible to leave
some hours to work on the project. So, what amount of overlap is best for Follow-the-Sun
development?

2.1 Overlap in work times

In the �eld of worldwide collaboration, the views on the required transfer periods vary.
Some recommend daily 15-minute-meetings [6], while othersshow weekly meetings rang-
ing from 30 to 60 minutes are enough to keep all actors up-to-date [26, 27, 28]. On the other
hand, there are companies that try to maximize the overlap inwork times, by shifting the
workday in one time zone towards that in another time zone [3,7] or planning conference
calls outside work hours for some time zones [1]. However, shifting work hours to create
overlap should be reduced as much as possible. To stay fair, sites should `share the pain'
[1] in being �exible.

To see the effects of time separation, Espinosa and Carmel have build a coordination
costs model [12]. The �rst version of this model is set up simply with just two actors and
is constructed with cost as a dependent variable. This cost variable consists of production,
coordination and vulnerability costs. The formulas in the model have the size of overlap in
work time and its moment in a workday as basic building blocks. Time separation is mod-
elled based on an overlap index. Espinosa and Carmel concluded that costs decrease when
overlap in work times increases, which would lead to complete overlap being preferred.
However, an increase in time separation diminishes the effect of increases in coordination
costs caused by increased task duration. In 2004, they extended the model to handle larger
teams and to evaluate on the effect of time separation on coordination costs [13]. From this
extended model Espinosa and Carmel concluded that time separation did reduce coordina-
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2. OPTIMAL TIME ZONE DIFFERENCE

tion costs, but at the same time increased vulnerability costs. Increasing overlap in work
times still reduced both costs, so more overlap would still be preferred over less.

Should one then �nd more time zones to connect, so the overlapcan be as close as
possible to a complete workday on all distributed sites? Thesubject of this research is
Follow-the-Sun development, so we need to set our focus in that direction. Not all compa-
nies mentioned earlier are trying to follow the sun, nor do they all use the same development
methods, so what elements can be used in this research?

2.2 Collaboration in Follow-the-Sun

We can see from the previous section that the more frequent one communicates, the shorter
the communication can take in time. As for the principle of Follow-the-Sun development,
one is obliged to communicate with another site twice in a workday. First with the site he
will get the project from and second, at the end of his workday, with the site he will transfer
the project to. This would say that the overlap does not have to be that large, because
communication is frequent. Indeed, the overlap should not be large, because Follow-the-
Sun is about handing off the project to another site and not about working simultaneously
on the project. This idea can be visualized by the three levels of temporal relationships,
identi�ed by Kumar, Van Fenema and Von Glinow [24]. Both theclean handoff(drop-and-
go) andsticky handoff(intense interaction) can be applied to Follow-the-Sun development,
whereasconcurrent joint workcannot. Following the conclusion of Treinen and Miller-
Frost on case studies in global software development [28], the sticky handoff appears to be
most favourable.

A laboratory study by Espinosa, Nan and Carmel [14] enrichesthe thought of using a
small overlap. In this study, 42 pairs of students were askedto simulate a project building
up a Powerpoint map from a set of requirements. Communication was limited to either
synchronous or asynchronous media, depending on the overlap in work times. Elaborating
on performance, the study shows that development speed is higher at both full and zero
overlap, other than at different fractions of overlap in between. A visualization of overlap
in work hours is given in Figure 2.1, which shows a �ve-site Follow-the-Sun cycle with
nine-hour workdays.

Combining these �ndings with the conclusion from the coordination costs model shows
that at this point no de�nitive answer can be given to the question what amount of overlap
is best for Follow-the-Sun development.

2.3 Design decisions on optimal time zone difference

Thus, knowing that there is no concrete conclusion to be taken from general research in
global collaboration, the model developed in this researchgives the ability to choose the
overlap in work times. Given a standard workday of nine hours, the possible overlap ranges
from a complete workday to three hours off.

4



Design decisions on optimal time zone difference

The user is also given the opportunity to search on the exact overlap or with an offset of
two hours in both directions: more and less overlap. This way, countries with for example
just half an hour mismatch with the requested overlap can still be found.

Some countries around the world use Daylight Saving Time, which means that for the
period from spring to autumn the clock is advanced one hour touse more of the daylight.
To stay fair and at the same time make the model not too complicated, the time zone for
these countries in the dataset is set to the average of summerand winter times.

From the thoughts of Follow-the-Sun development, the totalnumber of locations to be
found is limited to �ve. With that amount, the minimum overlap for two successive sites is
already approximately four hours with a nine-hour workday,as shown in Figure 2.1.

Figure 2.1: Overlapping work hours in a �ve-site cycle
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Chapter 3

Natural ease of communication

This chapter studies the second factor in this research: thenatural ease of communication.

3.1 Common language

Trivially, actors should speak the same language to be able to communicate with each other
in talking and writing. In Follow-the-Sun development, theactors would typically act as
a virtual team, in which, according to research [23], not only asynchronous communica-
tion is affected by language differences, but also daily communication and technical docu-
mentation. Most worldwide operating companies therefore introduce a common language
[10, 23], which is English in most cases [9]. However, differences in native languages be-
tween the actors may still cause problems or frustrations insynchronous communication
[15, 19, 22, 28]. This holds especially for those actors for whom the agreed language of
communication is not their native language, because they have to translate their thoughts
while listening, speaking or discussing, possibly with a limited vocabulary, and thus have
a barrier to participate fully in conversations [9, 21]. Companies could of course invest in
English courses for the non-native English speakers, as Carmel and Agarwal stated [5], but
fact is that those actors cannot instantly catch up, so the barrier remains; at least for the start
of the project.

This difference is what was meant by `language distance' in the introduction; the dif-
ference in language skills for native and non-native speakers. It seems more of a socio-
linguistic topic, but companies run into questions relatedto connecting languages, which
makes it a relevant topic in Follow-the-Sun research. So what to do when you do not know
which languages or cultures connect the best?

3.2 Native versus non-native languages

A solution could be to connect locations with the same nativelanguage. Research on
`nearshoring' has pointed this out as one of its advantages [4], but it can also be used in
what is calledfarshoringor offshoring; the �eld containing Follow-the-Sun development.
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3. NATURAL EASE OF COMMUNICATION

The language distance can then be assumed to be almost identical for the various locations,
which would lead to an equal level of participation in communication for all actors.

The same could be thought for connecting locations in which the common language
is non-native to all actors. This thought, however, needs some re�nement. For example,
countries having a Latin-based language (such as English and French) may still have an ad-
vantage over countries with a non-Latin-based language when using a Latin-based common
language, because the languages are more alike.

3.3 National and professional cultures

Differences in language do not stand on themselves. Different parts of the world, though
speaking the same language, may also have different cultures. Carmel distinguishes several
culture types in his book `Global Software Teams' [2], but the most relevant in this research
are thenationaland theprofessionalcultures. The corporate culture may seem relevant too,
but its effects are found to be overruled by national culture[2], so it is disregarded.

The national culture is the type of culture referred to at thebeginning of this section.
For the professional culture, we look at the software engineering culture in particular. This
culture is created by education; all the rules and paradigmsmake a software engineer work
in a speci�c way that is equal to other software engineers. Besides that, the terminology is
more or less the same all over the world and the courses are mostly in English.

This implies that software engineers could understand their foreign colleagues more
easily, even easier than people from another profession within their own country, as stated
by Constantine [8]. Therefore, Carmel and Constantine discuss whether the professional
(software engineering) cultures overrule the national cultures and thus whether the native
languages of each location matter. Several pros and cons canbe given regarding this state-
ment, so the �nal word has not yet been said.

3.4 Design decisions on natural ease of communication

Given the discussion in section 3.3 and the uncertainty about which language connections
work best, the developed model does not focus on language distances or cultures. Rather, it
gives the ability to choose one of the four most distributed languages spoken in the world:
English, French, Spanish and Portuguese. With this settingwill then be searched, matching
only locations where that language is spoken.

8



Chapter 4

Routing Model

This chapter describes the model, developed as visualization for the research. A working
version of this model can be found at the website Follow-the-Sun Routing Model [29].

4.1 Requirements

� Given the input parametersnumber of locations, current locations, number of over-
lapping work hours, exact overlap or notandlanguage, locations should be matched
on overlap into combinations and returned in a list.

� The resulting list should be sorted on the �t with the requested overlap. Following
the concept of Follow-the-Sun, this �t should be calculatedover the full 24 hours. A
100% �t should thus only be given to a combination where all overlaps answer to the
requested overlap.

� In second place, the resulting list should be sorted on the total number of software
engineers available in that combination for the requested language.

� When not matching exact, an offset of two hours is added to therequested overlap in
both directions.

4.2 Algorithm

Because it is likely that the number of countries will remainmore or less the same, the set of
countries can be seen as a limited dataset. Therefore, the algorithm is based on calculation
instead of optimization. Given that a limited dataset is notin�nite, the results will in fact be
optimal rather than sub-optimal.

The following subsections will explain the algorithm in a broad sense. More detail can
be found in Appendix B.

9



4. ROUTING MODEL

4.2.1 Input values

Language This parameter represents the language additional locations should speak and
is given by the user. Based on this parameter, the list of locations to search in will
be �ltered from the complete list of locations (also seeList of locations �ltered on
language).

Current list of combinations Initially, the current list of combinations contains the com-
bination of current locations, as given by the user, or the complete �ltered list of
countries.

Number of current locations This parameter represents the number of locations in each
combination in the current list of combinations. Initially, this number is the number
of current locations, when the user has given current locations, or `1' when the list
contains the complete �ltered list of locations.
RANGE: 1 to 4

Number of locations requestedThis parameter represents the total number of locations to
be found per resulting combination, as requested by the user.
RANGE: 2 to 5

List of locations �ltered on language This list contains all locations from the data source,
after �ltering on the language requested by the user, and will be used to search addi-
tional locations.

Number of overlapping work hours This parameter represents the requested number of
overlapping work hours for two successive locations withinone resulting combina-
tion.
RANGE: -3 to 9

Offset in time zone difference The user can choose whether the overlap in work hours has
to be taken exact or with an offset of two hours in both directions.
RANGE: 0 or 2

4.2.2 Output

The output of the algorithm is a list of combinations of locations matching the parameters.
A score, indicating the �t with the requested overlap in workhours, and the total number of
developers in the locations per combination are used to sortthe list.

4.2.3 Steps

1. Loop combinations and list of locations to �nd match

2. Check differences in time zones

3. Check absence of location in combination

10



Limitations and Remarks

4. Check absence of new combination in result list

5. Calculate score (�t with requested overlap)

6. Add new combination to new result list

7. Increase number of locations

8. Repeat until requested number of locations reached

9. Sort result list descending by score and number of developers

4.2.4 Score

Due to the usage of an offset when not searching exactly on therequested overlap, for
reasons explained in chapter 2.3, the overlap of the locations found may differ from the
requested overlap. The �t with the requested overlap is maintained in a score. For each
overlap, the score is calculated as shown in table 4.1, with the difference in hours. The
score of a combination is the sum of the scores of all pairs of successive locations within
that combination.

Difference (h) -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Score 1 2 3 4.5 6 4.5 3 2 1

Table 4.1: Scores for differences with requested overlap

The table re�ects diminishing favourability of locations at increasing absolute difference
in overlap. The scale is not linear to emphasize the importance of a small distance to the
requested overlap and is chosen arbitrarily.

4.3 Limitations and Remarks

This section lists the limitations and remarks of the model in its current form.

4.3.1 Time zones

The time zones as contained in the dataset follow the settings for the year 2008. Because
time zone settings may differ from year to year, the dataset may not be completely correct
in successive years.

For locations with Daylight Saving Time, the time zone is measured as the mean of
summer and winter times. As this ratio is not always 1:1, the measure may not be completely
fair.

The time zones are taken from Wikipedia without cross-checking its references.

11



4. ROUTING MODEL

4.3.2 Languages

For the language Portuguese, the dataset contains the number of inhabitants of countries
with Portuguese as their native language, taken from Wikipedia. The other languages are
represented by the number of people speaking that language per country. These numbers
are the most recent �gures found.

When a country contains multiple timezones, the language numbers are divided over
the timezones by the ratio `inhabitants per time zone against total inhabitants'.

4.3.3 Software engineers

Within the time frame of this research project, no dataset could be found with a considerable
number of listed countries regarding the number of sofware engineers per location. There-
fore, the ratio of software engineers per location is represented by the ratio of technicians in
R&D (source in appendix C.2). When there was no value for a location, the weighted world
average is used. Because software engineers are part of the group of technicians in R&D,
this will probably lead to higher numbers than expected, butit will still give an indication
of the availability of software engineers per location relative to other locations.

The number of software engineers is calculated on the language numbers instead of
the number of inhabitants. A minimum of 1,000 engineers per location is used next to the
language to �lter the list of possible locations. A locationwith less then that minimum
number of engineers is regarded too small for deployment of asoftware development site.

Because the model is meant to only search additional locations, the numbers of engi-
neers of any current locations will not take part in the result list.

4.3.4 Workday

Due to a lack of publications on the standard work hours per country, the workday is im-
plemented as a static nine hour day. That means that the modeldoes not take into account
special workdays (as in Spain for example), nor special workweeks (as in Israel for exam-
ple), special holidays or special lunch hours.

12



Chapter 5

Implementation

This chapter describes the implementation of the model, as it can be found at the website
Follow-the-Sun Routing Model [29].

5.1 Programming details

The model is implemented using the following languages:

HTML as markup for the web page

CSS as style sheet for the web page

Javascript for client-side check on form inputs

PHP for server-side implementation of the algorithm

SQL for queries on the MySQL database containing the dataset

Both PHP and the MySQL database were chosen due to the immediate availability of a
server supporting those items and earlier programming experience.

The implementation in PHP is object-oriented. That means, that several entities of the
algorithm are translated into classes, which contain members and methods; variables and
functions in PHP terminology. Figure 5.1 lists the implemented classes.

The translation into classes is built on a layer model; the business logic is separated
from data access. This adds scalability to the implementation, whereas a change in data
source requires only little changes to the implementation.

The main model-class, containing global variables, and thedatabase connection-class
are implemented with thesingletonpattern. This is a design pattern that is used to restrict
instantiation of a class to only one object. As such, the global variables and database con-
nection stay unique.

13



5. IMPLEMENTATION

5.2 Algorithm details

The various lists in the model are represented by arrays of classes; the list of �ltered lo-
cations is an array of Locations, the result list is an array of Combinations and the list of
locations within a Combination is again an array of Locations.

Within the algorithm, the searching and matching is implemented by a recursive func-
tion. A recursive function keeps calling itself until a certain condition is met. In this case,
that condition is: reaching the requested number of locations per combination.

The calculation of the score for an overlap is done by a function containing a case
statement, by which the score can be calculated anywhere in the algorithm, without having
to copy that block of code.

To be able to sort the arrays of classes, two user-de�ned comparison functions are cre-
ated. These functions can be given to the PHP functionusort() . An array of Locations
is sorted ascending on time zone by the functioncompareLocationList() in the class
Location. An array of Combinations is sorted descending on score and total number of
developers by the functioncompareCombinationList() in the class Combination.

5.3 Website `Follow-the-Sun Routing Model'

The only purpose of the website is implementing and visualizing the model. The website
has a columned layout, in which on the left the user can set theparameters. On the right,
the result list is shown after calculation. On top are some links to background information
and to a message board to leave comments.

Figure 5.2 gives an overview of the layout of the website. Theusage of the website will
be explained in chapter 6.
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Website `Follow-the-Sun Routing Model'

Location
$intId
$strName
$strImageURL
$dblTimeZone
$intDevelopers
staticgetLocation()
staticcompareLocationList()

LocationList
const MINIMUM DEVELOPERS = 1000
$intLanguage
$lstLocations = array()
loadLocationList()
getLocationArray()
getSelectString()
getSelectStringWithSelected()

Combination
$intScore
$intTotalDevelopers
$dblCheck
$lstLocations = array()
assertLocationNotPresent()
staticcompareCombinationList()

DBConnector
static$instance
$con
staticgetInstance()
openConnection()
closeConnection()
getTwoDimLocationArray()
getLocationArray()

Model
static$instance
const WORKDAY = 9
const STANDARDOFFSET = 2
$intRequestedLocations
$lstCurrentLocationIds = array()
$intOverlap
$blnExact
$intOffset
$intLanguageId
$�lteredLocationList
$lstCombinations = array()
staticgetInstance()
initialize()
run()
�nalize()
printResults()
getScore()
assertCombinationNotPresent()
addCountry()
addCountryToCurrent()

Figure 5.1: Classes in the model
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5. IMPLEMENTATION

Figure 5.2: Overview of the website
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Chapter 6

Using the website

This chapter explains the usage of the website containing the developed model. The ex-
planation is divided in two �ows of action to re�ect searching with and without current
locations. To conclude the chapter, some details of the website will be highlighted.

6.1 Searching without current locations

When just arriving on the website, the form will be empty and the result panel will show
that no calculation is done yet (Fig. 6.1). We are searching anew Follow-the-Sun cycle,

Figure 6.1: New form

so we do not select any current locations (Fig. 6.2). After hitting `Calculate', the result list
will show on the right (Fig. 6.3). This list contains the following:

� a combination of locations, represented by their �ags and the number of engineers
per country for the selected language in brackets

� the score as a percentage, representing the match with the selected overlap in work
hours

� the total number of engineers, by summing the respective numbers in that combina-
tion

17



6. USING THE WEBSITE

6.2 Searching with current locations given

When searching with current locations, the starting point is just the same as with the previ-
ous search. Only now we do select one or more current locations (Fig. 6.4). After calcu-
lation, the result list will be shown again (Fig. 6.5). The only difference with the previous
search is that the number of engineers for the current locations are not shown, as discussed
in chapter 4.3.

6.3 Additional details

This section highlights some additional details.

� When the selected number of current locations is equal to or more than the number
of locations requested, the user will get a message, becausesuch a search would not
need any additional locations (Fig. 6.6).

� When no results are found, the user will get a message (Fig. 6.7).

� Hovering over the �ag of a location will display its name (Fig. 6.8).

� Only with full Follow-the-Sun cycles, the percentages in the score will reach 100 (Fig.
6.9). A full Follow-the-Sun cycle is a combination of locations around the globe, in
which each pair of successive locations meets the requirements as posed by the user.

� The website contains a anti-robots check, to help prevent server overloading by (ma-
licious) scripts. This check needs Javascript enabled, so when the check fails or
Javascript is disabled, the user gets a message (Fig. 6.10).
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Additional details

Figure 6.2: Normal search: form �lled

Figure 6.3: Normal search: results

19



6. USING THE WEBSITE

Figure 6.4: Search with current location(s): form �lled

Figure 6.5: Search with current location(s): results

Figure 6.6: Number of current locations overshoots requested number
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Additional details

Figure 6.7: No results found

Figure 6.8: Hovering to see location name

Figure 6.9: Full Follow-the-Sun cycle

Figure 6.10: Anti-robots check failed or Javascript is disabled
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Chapter 7

Discussion

This chapter gives an overview of the project's related workand contributions. After this
overview, some conclusions are drawn and the results are re�ected on. Finally, some ideas
for future work will be discussed.

7.1 Related work and Contributions

In the �eld of globally distributed software engineering, only limited research has been
done on Follow-the-Sun development speci�cally. In total,twelve publications were found
[1, 2, 7, 11, 12, 16, 17, 18, 20, 23, 28, 30]. Also, the concept seems not widely used
in industry, because the number of documented case studies following the sun is limited
[2, 16, 17, 21, 25, 27, 28, 30].

What this research project has tried to do, is grouping all research relevant to the re-
search questions, including various other non-software-engineering �elds, and visualizing
that into a model, which calculates possible deployment routes of software development
sites.

7.2 Conclusion and Re�ection

This research project has resulted in a general routing model for global collaboration sit-
uations. Because much research still needs to be carried out, the model has been set up
to support various thoughts on implementing a Follow-the-Sun cycle. The model seems
�exible enough to even be useful for nearshoring and farshoring strategies.

The research focussed on two factors, involved in routing a Follow-the-Sun cycle: a. the
optimal time zone difference and b. the natural ease of communication. The former depends
on the required transfer time for handing over the project. A�nal recommendation has not
been found yet, so the number of overlapping work hours in themodel can be chosen by the
user. The latter involves cultures and language skills. Thesuperiority of combinations of
cultures and/or (non-)native languages is still being discussed in the scienti�c community.
To put that discussion aside in the model, the user can selectone of the four most distributed
languages spoken in the world (English, French, Spanish andPortuguese) to search on.
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7. DISCUSSION

The usefulness of the website and its content is highly dependent on the quality of its
data. Maybe paid access to online databases would have resulted in a better dataset. How-
ever, chances are that the demographic research would then still have to be done manually,
which was not the goal of this research. Then again, perhaps the real ratio of software en-
gineers per country could be found in those databases, although even then the quality of the
numbers might be doubtful as well.

To keep the time zones up to date, a script could have been written to get the values
from a maintained data source automatically and calculate time zone differences with the
appropriate summer/winter ratio, which was also beyond thescope of the research.

All in all, the model has the ability to give insight in possible routes over the world fast
and easy, and thus may open up some eyes and `support in identifying the (sub-)optimal ge-
ographical location(s) for Follow-the-Sun distributed software engineering'. More research
is still needed to improve the accuracy of the calculated results, both on the level of param-
eters as well as data quality. However, the current solutionalready provides �rst support
when considering potential locations for Follow-the-Sun development.

7.3 Future work

Future work would at least consist of searching for a datasetcontaining the ratio of software
engineers per country, so the requirements of the model would be better met.

Furthermore, to improve the model towards the real-world situation, research could
be done to �nd which work hours are normal per location. The algorithm could then be
upgraded using a period of work in GMT hours before lunch and aperiod of work in GMT
hours after lunch, instead of a standard workday from 9 AM to 6PM, and calculating the
overlap likewise.

To be even more precise and �exible, it could be worthwile to make the values in the
dataset adjustable per user. Users with additional knowledge about a certain area could then
calculate a cycle using the adjusted values.

Also, for better use of the model, more research could be doneto the time needed to
transfer a project, such that the successive team can proceed without questions or ambigui-
ties. Another topic of research could be whether this transfer time should be within (i.e. the
overlap hours in the model) or outside of normal work hours. When the transfer takes place
after/before work, the teams can work on the project for the full eight hours. Perhaps, it is
not even necessary to transfer the project with all the employees present, so this task could
be passed around among employees.

To re�ect more of the dif�culties in routing a Follow-the-Sun cycle, the routing model
could be extended with factors like political stability andinfrastructure per country, thus
prioritizing the result list on more decision variables.

And, as a �nal point, the discussion on cultures, mentioned in chapter 3.3, is not �nished
yet. Perhaps, more research in this �eld would yield a �nal statement. This research on cul-
tural differences could take into account the Hofstede-index [2] with its �ve dimensions of
national culture. How to match those dimensions is still questionable: would matching sim-
ilar dimension values be best practice or, for example, exactly opposite dimension values?
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Future work

In the mean time, the socio-linguistical topic of language distance, the differences between
native and non-native speakers of a language, could be interesting, especially when dealing
with communication between employees without a strong professional culture.
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Appendix A

Glossary

This chapter gives an overview of frequently used terms and abbreviations.

asynchronous communication:communication where actors do not interact simultane-
ously; e.g. email, forum

coordination costs: costs due to delay in software development

CSS: Cascading Style Sheets, a stylesheet language used to describe the presentation of a
document written in a markup language

Daylight Saving Time: the convention of advancing clocks so that afternoons have more
daylight and mornings have less; usage may differ per country

farshoring: seeoffshoring

Follow-the-Sun: a type of global work�ow in which tasks are passed around daily between
work sites that are many time-zones apart; 24-hour development, round-the-clock
development

HTML: HyperText Markup Language, the predominant markup language for web pages

JavaScript: a scripting language for client-side web development

location: a (part of a) country, potential for locating a site

MySQL: a relational database management system

native language: the �rst language (mother tongue) spoken by a person

nearshoring: sourcing service activities to a foreign, lower-wage country that is relatively
close in distance or time zone (or both)

object-oriented programming: a programming paradigm that uses “objects” and their in-
teractions to design applications and computer programs
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A. GLOSSARY

offshoring: the relocation by a company of a business process from one country to another;
typically the difference in time zones is bigger than withnearshoring

PHP: Hypertext Preprocessor, a server-side scripting languagefor producing dynamic web
pages

production costs: costs due to the actual time necessary to complete a task in software
development

singleton: a software engineering design pattern that is used to restrict instantiation of a
class to one object

site: a located software development institute; e.g. lab, factory

SQL: Structured Query Language, a database computer language designed for the retrieval
and management of data in relational database management systems

synchronous communication: communication where actors interact simultaneously; e.g.
telephone, chat, video-conferencing

vulnerability costs: costs due to unclear messages leading to `wrong' code in software
development
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Appendix B

Algorithm

This chapter gives more detail on the algorithm as developedfor the routing model. The
algorithm is divided in two parts to optimise performance: one in case no current locations
are given and one dealing with the extra complexity of current locations. The following
sections contain blocks of pseudocode that will show the actions in each part.

The �ltered country list is built by a query on the data sourcewith the chosen language
as �lter and the minimum number of developers as restriction. Figure B.1 visualizes the
differences in time zones used in the algorithm.

B.1 Algorithm without current locations

// Load filtered country list from data source
filteredCountryList = getFilteredCountryListFromDataS ource(language)

// Initialize current list of locations: load filtered coun tries
foreach (filteredCountry in filteredCountryList):

currentCombinationList.addCombination(
score = 0,
sumOfDevelopers = filteredCountry.developers,
locationList = [filteredCountry.id]

Figure B.1: Differences in time zones
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B. ALGORITHM

)

// Add matching countries to current combinations in result list until
// requested number of locations reached: in this case we onl y add to
// the east
while (numberOfCurrentLocations < numberOfRequestedLoc ations):

minimumDiff = 2 * (workday - overlap) - 2 * offset
foreach (combi in currentCombinationList):

diffBehind = (12 - combi.last.tz) + (combi.first.tz + 12)
if (diffBehind >= minimumDiff):

foreach (country in filteredCountryList):
// Check differences between last & new and new & first
diffInTimezones1 = country.timezone - combi.last.tz
diffInTimezones2 = combi.first.tz - country.timezone
if (country not in combi &&

diffInTimezones1 >= workday - overlap - offset &&
diffInTimezones1 <= workday - overlap + offset &&
diffInTimezones2 >= workday - overlap - offset

):
// Check whether result list not yet contains resulting
// combination
if (combi + [country] not in result list):

resultCombinationList.addCombination(
score += getScore(diffInTz1) + getScore(diffInTz2),
sumOfDev = combi.sumOfDev + country.sumOfDev,
locationList = combi.locationList+[country.id]

)
currentCombinationList = resultCombinationList
numberOfCurrentLocations++

// Sort combinations found by score and number of developers
sortDescByScoreAndDevelopers(currentCombinationList )

B.2 Algorithm with given current locations

// Load filtered country list from data source
filteredCountryList = getFilteredCountryListFromDataS ource(language)

// Initialize current list of locations: sort given locatio ns
sortAscByTimezone(currentCombinationList)

// Add matching countries to current combinations in result list until
// requested number of locations reached: in this case we add to both

34



Algorithm with given current locations

// east & west of each separate location when the timezone dif ference
// is big enough
while (numberOfCurrentLocations < numberOfRequestedLoc ations):

minimumDiff = 2 * (workday - overlap) - 2 * offset
foreach (combi in currentCombinationList):

foreach (combiLocation in combination):
// Check difference in timezones in front of current locatio n
diffInFront = combiLocation.tz - combiLocation.previous .tz
if (diffInFront >= minimumDiff):

foreach (country in filteredCountryList):
// Check differences between current & new and new & previous
diffInTimezones1 = combiLocation.tz - country.timezone
diffInTimezones2 = country.timezone - combiLocation.pre v.tz
if (country not in combi &&

diffInTimezones1 >= workday - overlap - offset &&
diffInTimezones1 <= workday - overlap + offset &&
diffInTimezones2 >= workday - overlap - offset

):
// Check whether result list not yet contains resulting
// combination
if (combi + [country] not in result list):

resultCombinationList.addCombination(
score += getScore(diffInTz1) + getScore(diffInTz2),
sumOfDev = combi.sumOfDev + country.sumOfDev,
locationList = combi.locationList+[country.id]

)
// Check difference in timezones behind current location
diffBehind = combiLocation.next.tz - combiLocation.tz
if (diffBehind >= minimumDiff):

foreach (country in filteredCountryList):
// Check differences between current & new and new & next
diffInTimezones1 = country.timezone - combiLocation.tz
diffInTimezones2 = combiLocation.next.tz - country.time zone
if (country not in combi &&

diffInTimezones1 >= workday - overlap - offset &&
diffInTimezones1 <= workday - overlap + offset &&
diffInTimezones2 >= workday - overlap - offset

):
// Check whether result list not yet contains resulting
// combination
if (combi + [country] not in result list):

resultCombinationList.addCombination(
score += getScore(diffInTz1) + getScore(diffInTz2),
sumOfDev = combi.sumOfDev + country.sumOfDev,
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B. ALGORITHM

locationList = combi.locationList+[country.id]
)

currentCombinationList = resultCombinationList
numberOfCurrentLocations++

// Sort combinations found by score and number of developers
sortDescByScoreAndDevelopers(currentCombinationList )
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Appendix C

Dataset

This chapter contains the dataset as used in the model. The sources of the data can be found
in section C.2.

C.1 Table of values

The following table re�ects the values in the database.

Table C.1: Dataset for the model

# Location Image TZ English French Spanish Portuguese Engineers
1 Algeria dz.png 1 NULL NULL 110600 NULL 0.0005384
2 American Samoa as.png -11 16298 NULL NULL NULL 0.0005384
3 Andorra ad.png 1.5 NULL 24600 2400 2822 0.0005384
4 Angola ao.png 1 NULL NULL NULL 8952629 0.0005384
5 Anguilla ai.png -4 946 NULL NULL NULL 0.0005384
6 Antigua and Barbuda ag.png -4 68000 NULL NULL NULL 0.0005384
7 Argentina ar.png -2.5 NULL 33000000 NULL NULL 0.00031643
8 Aruba aw.png -4 3000 NULL NULL NULL 0.0005384
9 Australia Western au.png 8.5 1752780 NULL NULL NULL 0.0007919
10 Australia Central au.png 9.5 178124 NULL NULL NULL 0.0007919
11 Australia Eastern au.png 10.5 10652721 NULL NULL NULL 0.0007919
12 Australia South au.png 10 1303310 NULL NULL NULL 0.0007919
13 Australia Queensland au.png 10 3468859 NULL NULL NULL 0.0007919
14 Austria at.png 1.5 3900000 NULL NULL NULL 0.00125415
15 Bahamas bs.png -4.5 49331 NULL NULL NULL 0.0005384
16 Bangladesh bd.png 6 3500000 NULL NULL NULL 0.00003184
17 Barbados bb.png -4 13000 NULL NULL 2790 0.0005384
18 Belgium be.png 1.5 5100000 NULL 4000000 NULL 0.00147349
19 Belize bz.png -6 55998 80477 NULL NULL 0.0005384
20 Benin bj.png 1 NULL NULL 16700 NULL 0.00005305
21 Bermuda bm.png -3.5 58800 NULL NULL 2615 0.0005384
22 Bhutan bt.png 6 75000 NULL NULL NULL 0.0005384
23 Bolivia bo.png -4 NULL 3483700 NULL NULL 0.00000577
24 Botswana bw.png 2 630000 NULL NULL NULL 0.0005384
25 Brazil Acre br.png -4 NULL NULL NULL 6361445 0.0003319
26 Brazil Mato Grosso br.png -3.5 NULL NULL NULL 5499029 0.0003319
27 Brazil East br.png -3 NULL NULL NULL 64716672 0.0003319
28 Brazil South br.png -2.5 NULL NULL NULL 122658683 0.0003319

Continued on next page
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Table C.1 – continued from previous page
# Location Image TZ English French Spanish Portuguese Engineers
29 British Indian Ocean

Territory
io.png 6 3500 NULL NULL NULL 0.0005384

30 British Virgin Islands vg.png -4 2000 NULL NULL NULL 0.0005384
31 Brunei bn.png 8 8000 NULL NULL NULL 0.0005384
32 Bulgaria bg.png 2.5 1500000 NULL NULL NULL 0.00047676
33 Burkina Faso bf.png 0 NULL NULL NULL NULL 0.0000159
34 Burundi bi.png 2 NULL NULL NULL NULL 0.00003167
35 Cameroon cm.png 1 7700000 NULL NULL NULL 0.0005384
36 Canada Paci�c ca.png -7.5 3377264 NULL 896279 43884 0.00077013
37 Canada Mountain ca.png -6.5 2699943 NULL 716528 35083 0.00077013
38 Canada Central ca.png -5.5 6580049 NULL 1746255 85501 0.00077013
39 Canada Eastern ca.png -4.5 10804672 NULL 2867411 140396 0.00077013
40 Canada Atlantic ca.png -3.5 1782915 NULL 473161 23167 0.00077013
41 Cape Verde cv.png -1 NULL NULL NULL NULL 0.00003175
42 Cayman Islands ky.png -5 20000 NULL NULL NULL 0.0005384
43 Central African Re-

public
cf.png 1 NULL NULL 9000 NULL 0.00002672

44 Chad td.png 1 NULL NULL 3000 NULL 0.0005384
45 Chile cl.png -3.5 NULL 13800000 NULL NULL 0.00030308
46 China cn.png 8 10000000 NULL NULL 31444 0.0002016
47 Colombia co.png -5 NULL 34000000 NULL NULL 0.00007659
48 Comoros km.png 3 NULL NULL NULL NULL 0.0005384
49 Congo Kinshasa,

Democratic Republic
of the

cd.png 1 NULL NULL 14000 NULL 0.0005384

50 Congo Lubumbashi,
Democratic Republic
of the

cd.png 2 NULL NULL 14000 NULL 0.0005384

51 Congo, Republic of
the

cg.png 1 NULL NULL NULL NULL 0.00003229

52 Cook Islands ck.png -10 4000 NULL NULL NULL 0.0005384
53 Costa Rica cr.png -6 NULL 3300000 NULL NULL 0.0005384
54 Cote d'Ivoire ci.png 0 NULL NULL NULL NULL 0.0005384
55 Croatia hr.png 1.5 1800000 NULL NULL NULL 0.00045463
56 Cuba cu.png -4.5 NULL 10000000 NULL NULL 0.00083919
57 Cyprus cy.png 2.5 420000 NULL NULL NULL 0.00029213
58 Czech Republic cz.png 1.5 2100000 NULL NULL NULL 0.00092335
59 Denmark dk.png 1.5 3800000 NULL NULL NULL 0.00271256
60 Djibouti dj.png 3 NULL NULL 15440 NULL 0.0005384
61 Dominica dm.png -4 10000 NULL NULL NULL 0.0005384
62 Dominican Republic do.png -4 8000 6886000 NULL NULL 0.0005384
63 Ecuador ec.png -5 NULL 9500000 NULL NULL 0.00007312
64 El Salvador sv.png -6 NULL 5900000 NULL NULL 0.00030347
65 Equatorial Guinea gq.png 1 NULL 11500 NULL NULL 0.0005384
66 Estonia ee.png 2.5 590000 NULL NULL NULL 0.00042723
67 Ethiopia et.png 3 171712 NULL NULL NULL 0.0005384
68 Falkland Islands fk.png -3.5 1991 NULL NULL NULL 0.0005384
69 Fiji fj.png 12 19857 NULL NULL NULL 0.00012605
70 Finland �.png 2.5 2700000 NULL NULL NULL 0.00347186
71 France fr.png 1.5 16000000 NULL 51000000 1213124 0.0028783
72 French Polynesia pf.png -10 NULL NULL 15338 NULL 0.0005384
73 Gabon ga.png 1 NULL NULL 37500 NULL 0.0005384
74 Gambia gm.png 0 1000 NULL NULL NULL 0.0005384
75 Germany de.png 1.5 36000000 NULL NULL 1653780 0.00108928
76 Ghana gh.png 0 1400000 NULL NULL NULL 0.0005384
77 Gibraltar gi.png 1.5 3300 NULL NULL NULL 0.0005384
78 Greece gr.png 2.5 4200000 NULL NULL NULL 0.00089468
79 Grenada gd.png -4 750 NULL NULL NULL 0.0005384
80 Guadeloupe gp.png -4 200 NULL NULL NULL 0.0005384
81 Guam gu.png 10 28800 NULL NULL NULL 0.00007965

Continued on next page
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Table C.1 – continued from previous page
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82 Guatemala gt.png -5.5 NULL 4673000 NULL NULL 0.00011092
83 Guinea gn.png 0 NULL NULL NULL NULL 0.0005384
84 Guinea-Bissau gw.png 0 NULL NULL NULL 198244 0.0005384
85 Guyana gy.png -4 680000 NULL NULL NULL 0.0005384
86 Haiti ht.png -5 NULL NULL NULL NULL 0.0005384
87 Honduras hn.png -6 31500 5600000 NULL NULL 0.0005384
88 Hong Kong hk.png 8 2500000 NULL NULL NULL 0.00022518
89 Hungary hu.png 1.5 2000000 NULL NULL NULL 0.00046552
90 India in.png 5.5 90000000 NULL NULL 67395 0.00010196
91 Ireland ie.png 0.5 3850000 NULL NULL NULL 0.00062121
92 Isle of Man im.png 0.5 80000 NULL NULL NULL 0.0005384
93 Israel il.png 2.5 100000 NULL NULL NULL 0.0005384
94 Italy it.png 1.5 14000000 NULL 100000 NULL 0.00134671
95 Jamaica jm.png -5 2650000 NULL NULL NULL 0.00000642
96 Japan jp.png 9 15000000 NULL NULL NULL 0.00052756
97 Kenya ke.png 3 2700000 NULL NULL NULL 0.0005384
98 Kiribati ki.png 12 492 NULL NULL NULL 0.0005384
99 Latvia lv.png 2.5 540000 NULL NULL NULL 0.00031843
100 Lebanon lb.png 2.5 3300 NULL NULL NULL 0.0005384
101 Lesotho ls.png 2 500000 NULL NULL NULL 0.0005384
102 Liberia lr.png 0 69000 NULL NULL NULL 0.0005384
103 Lithuania lt.png 2.5 900000 NULL NULL NULL 0.00042724
104 Luxembourg lu.png 1.5 220000 NULL 13100 65600 0.00371874
105 Madagascar mg.png 3 NULL NULL 18000 NULL 0.00004508
106 Malawi mw.png 2 16000 NULL NULL NULL 0.0005384
107 Malaysia my.png 8 7400000 NULL NULL NULL 0.00005753
108 Mali ml.png 0 NULL NULL 9000 NULL 0.0005384
109 Malta mt.png 1.5 280000 NULL NULL NULL 0.00011562
110 Marshall Islands mh.png 12 60000 NULL NULL NULL 0.0005384
111 Mauritius mu.png 4.5 3000 NULL 1046011 NULL 0.00015726
112 Mayotte yt.png 3 NULL NULL 2450 NULL 0.0005384
113 Mexico Baja Califor-

nia
mx.png -7.5 133735 2374748 NULL NULL 0.00009598

114 Mexico Western mx.png -6.5 343767 6104317 NULL NULL 0.00009598
115 Mexico Sonora mx.png -7 112596 1999386 NULL NULL 0.00009598
116 Mexico Eastern mx.png -5.5 4264903 75732550 NULL NULL 0.00009598
117 Micronesia fm.png 10 5341 NULL NULL NULL 0.0005384
118 Monaco mc.png 1.5 NULL NULL 17400 NULL 0.00002255
119 Montserrat ms.png -4 100 NULL NULL NULL 0.0005384
120 Morocco ma.png 0 NULL 20000 NULL NULL 0.0005384
121 Mozambique mz.png 2 NULL NULL NULL 7762681 0.0005384
122 Namibia na.png 2 10941 NULL NULL 40614 0.0005384
123 Nauru nr.png 12 7254 NULL NULL NULL 0.0005384
124 Netherlands nl.png 1.5 12000000 NULL NULL NULL 0.00172534
125 Netherlands Antilles an.png -4 1800 NULL NULL 2200 0.0005384
126 New Caledonia nc.png 11 NULL NULL 53400 NULL 0.00046405
127 New Zealand nz.png 12.5 3673623 NULL NULL NULL 0.0008325
128 Nicaragua ni.png -6 NULL 4347000 NULL NULL 0.0000845
129 Niger ne.png 1 NULL NULL 6000 NULL 0.0005384
130 Nigeria ng.png 1 41000000 NULL NULL NULL 0.00006845
131 Niue nu.png -11 2160 NULL NULL NULL 0.0005384
132 Norfolk Island nf.png 11.5 1678 NULL NULL NULL 0.0005384
133 Northern Mariana Is-

lands
mp.png 10 70000 NULL NULL NULL 0.0005384

134 Pakistan pk.png 5 17000000 NULL NULL NULL 0.00001319
135 Palau pw.png 9 18500 NULL NULL NULL 0.0005384
136 Panama pa.png -5 NULL 2100000 NULL NULL 0.00038729
137 Papua New Guinea pg.png 10 50000 NULL NULL NULL 0.0005384
138 Paraguay py.png -3.5 NULL 110000 NULL 444352 0.00011342
139 Peru pe.png -5 NULL 20000000 NULL NULL 0.0005384
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140 Philippines ph.png 8 45900000 2658 NULL NULL 0.00000789
141 Poland pl.png 1.5 9200000 NULL NULL NULL 0.00028198
142 Portugal pt.png 0.5 2600000 NULL NULL 10566212 0.00030705
143 Puerto Rico pr.png -4 1940000 3437120 NULL NULL 0.0005384
144 Réunion re.png 4 NULL NULL 2400 NULL 0.0005384
145 Romania ro.png 2.5 5300000 NULL NULL NULL 0.00024852
146 Russian Federation

(Kaliningrad)
ru.png 2.5 45770 NULL NULL NULL 0.00055674

147 Russian Federation
(Europe)

ru.png 3.5 371592 NULL NULL NULL 0.00055674

148 Russian Federation
(Samara / Udmurt)

ru.png 4.5 230462 NULL NULL NULL 0.00055674

149 Russian Federation
(Bashkortostan /
Sverdlovsk)

ru.png 5.5 1029030 NULL NULL NULL 0.00055674

150 Russian Federation
(Altai / Omsk)

ru.png 6.5 413384 NULL NULL NULL 0.00055674

151 Russian Federation
(Khakassia / Tuva)

ru.png 7.5 321818 NULL NULL NULL 0.00055674

152 Russian Federation
(Buryat / Irkutsk)

ru.png 8.5 170710 NULL NULL NULL 0.00055674

153 Russian Federation
(Amur / Chita)

ru.png 9.5 113945 NULL NULL NULL 0.00055674

154 Russian Federa-
tion (Primorsky /
Khabarovsk)

ru.png 10.5 209592 NULL NULL NULL 0.00055674

155 Russian Federation
(Kuril / Magadan)

ru.png 11.5 24087 NULL NULL NULL 0.00055674

156 Russian Federation
(Chukotka / Kam-
chatka)

ru.png 12.5 19770 NULL NULL NULL 0.00055674

157 Rwanda rw.png 2 300 NULL NULL NULL 0.00000625
158 Saint Helena sh.png 0 5400 NULL NULL NULL 0.0005384
159 Saint Kitts and Nevis kn.png -4 200 NULL NULL NULL 0.0005384
160 Saint Lucia lc.png -4 1600 NULL NULL NULL 0.0005384
161 Saint Pierre and

Miquelon
pm.png -2.5 188 NULL 5114 NULL 0.0005384

162 Saint Vincent and the
Grenadines

vc.png -4 400 NULL NULL NULL 0.0005384

163 Samoa ws.png -11 200 NULL NULL NULL 0.0005384
164 São Tomé and

Pr�́ncipe
st.png 0 NULL NULL NULL 178040 0.0005384

165 Senegal sn.png 0 NULL NULL NULL NULL 0.0005384
166 Seychelles sc.png 4 1601 NULL 977 NULL 0.00003093
167 Sierra Leone sl.png 0 4900000 NULL NULL NULL 0.0005384
168 Singapore sg.png 8 1793245 NULL NULL NULL 0.00038097
169 Slovakia sk.png 1 1400000 NULL NULL NULL 0.00044469
170 Slovenia si.png 1 950000 NULL NULL NULL 0.00160023
171 Solomon Islands sb.png 11 175000 NULL NULL NULL 0.0005384
172 South Africa za.png 2 13700000 NULL NULL 886883 0.00007315
173 Spain es.png 1.5 10000000 28173600 NULL 1767485 0.00086081
174 Sri Lanka lk.png 5.5 1900000 NULL NULL NULL 0.00004367
175 Suriname sr.png -3 410000 NULL NULL NULL 0.0005384
176 Swaziland sz.png 2 50000 NULL NULL NULL 0.0005384
177 Sweden se.png 1.5 6600000 NULL NULL NULL 0.00316427
178 Switzerland ch.png 1.5 73400 NULL 1272000 149787 0.0023188
179 Tanzania tz.png 3 4000000 NULL NULL NULL 0.0005384
180 Thailand th.png 7 6549329 NULL NULL NULL 0.00020808
181 Timor-Leste tl.png 9 NULL NULL NULL 208176 0.0005384
182 Togo tg.png 0 NULL NULL 3000 NULL 0.00006541
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183 Tokelau tk.png -10 40 NULL NULL NULL 0.0005384
184 Tonga to.png 13 30000 NULL NULL NULL 0.0005384
185 Trinidad and Tobago tt.png -4 2600 NULL NULL NULL 0.0005384
186 Tunisia tn.png 1.5 NULL NULL 11000 NULL 0.00003364
187 Turkey tr.png 2.5 8100000 NULL NULL NULL 0.00003653
188 Turks and Caicos Is-

lands
tc.png -4.5 920 NULL NULL NULL 0.0005384

189 U.S. Virgin Islands vi.png -4 8414 NULL NULL NULL 0.0005384
190 Uganda ug.png 3 2500000 NULL NULL NULL 0.0005384
191 United Kingdom gb.png 0.5 59600000 NULL 14000 NULL 0.0010139
192 USA Hawaii us.png -10 1054389 93952 NULL NULL 0.0005384
193 USA Alaska us.png -8.5 561523 50035 NULL NULL 0.0005384
194 USA Paci�c us.png -7.5 41147754 3666478 NULL NULL 0.0005384
195 USA Mountain us.png -6.5 15787401 1406739 NULL NULL 0.0005384
196 USA Central us.png -5.5 78008048 6950921 NULL NULL 0.0005384
197 USA Eastern us.png -4.5 111276054 9915273 NULL NULL 0.0005384
198 Uruguay uy.png -2.5 NULL 3000000 NULL 32410 0.00005013
199 Vanuatu vu.png 11 1900 NULL 6300 NULL 0.0005384
200 Venezuela ve.png -4.5 NULL 21480000 NULL 253753 0.0000318
201 Wallis and Futuna wf.png 12 NULL NULL 120 NULL 0.0005384
202 Zambia zm.png 2 1900000 NULL NULL NULL 0.00001554
203 Zimbabwe zw.png 2 5550000 NULL NULL 12237 0.0005384

C.2 Sources for dataset

The following list shows the sources used to build the dataset.

List of time zones
http://en.wikipedia.org/
wiki/List_of_time_zones
December 2008

3101.0 - Australian Demographic Statistics, Mar 2008
http://www.abs.gov.au/
AUSSTATS/abs@.nsf/Lookup/3101.0Main+Features1Mar\%2 02008?OpenDocument
November 2008

List of Brazilian states by population
http://en.wikipedia.org/
wiki/List_of_Brazilian_states_by_population
December 2008

Statistics Canada - Population by year, by province and territory
http://www40.statcan.gc.ca/
l01/cst01/demo02a-eng.htm
November 2008

Democratic Republic of Congo Time Zones
http://www.statoids.com/tcd.html
November 2008
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Mexico - City Population - Cities, Towns & Provinces - Statistics & Map
http://www.citypopulation.de/
Mexico-Agglo.html
November 2008

Russia - Administrative units
http://www.geohive.com/
cntry/russia.aspx
December 2008

List of U.S. states by population
http://en.wikipedia.org/
wiki/List_of_U.S._states_by_population
November 2008

English-speaking population> Total (most recent) by country
http://www.nationmaster.com/
graph/lan_eng_pop_tot-language-english-speaking-pop ulation-total
December 2008

List of countries by English-speaking population
http://en.wikipedia.org/
wiki/List_of_countries_by_English-speaking_populati on
December 2008

French speakers (most recent) by country
http://www.nationmaster.com/
graph/lan_fre_spe-language-french-speakers
December 2008

Spanish speakers (most recent) by country
http://www.nationmaster.com/
graph/lan_spa_spe-language-spanish-speakers
December 2008

Geographic distribution of Portuguese
http://en.wikipedia.org/
wiki/Geographic_distribution_of_Portuguese
December 2008

Technicians in R&D> per million people (most recent) by country
http://www.nationmaster.com/
graph/lab_tec_in_ram_per_mil_peo-amp-d-per-million- people
October 2008
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Appendix D

Version overview

This chapter shows which changes are done after version 1.

D.1 Version 2

� Added chapter `Version overview' (App. D)

� Added text to chapter `Introduction' (Ch. 1)

� Added text to chapter `Optimal time zone difference' (Ch. 2)

� Added text to chapter `Natural ease of communication' (Ch. 3)

� Added text to chapter `Model' (Ch. 4)

� Added chapter `Implementation' (Ch. 5)

� Moved `Related work' into chapter `Discussion' (Ch. 7)

� Combined `Conclusions' and `Re�ection' in chapter `Discussion' (Ch. 7)

� Added text to chapter `Discussion' (Ch. 7)

� Added references to Bibliography

� Added items to Glossary (App. A)

D.2 Version 3

� Added `Abstract' and `Preface'

� Revised chapter `Research Questions' (Ch. 1.3)

� Added picture to chapter `Optimal time zone difference' (Ch. 2)

� Added section `Native versus non-native languages' (Ch. 3.2)
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� Revised chapter `Routing Model' (Ch. 4)

� Added section `Website Follow-the-Sun Routing Model' (Ch.5.3)

� Added chapter `Using the website' (Ch. 6)

� Added references to `Bibliography'

� Revised chapter `Discussion' (Ch. 7)

� Revised chapter `Algorithm' (App. B)

� Added chapter `Dataset' (App. C)

D.3 Version 4

� Minor changes in chapter `Introduction' (Ch. 1.1 and 1.3)

� Minor changes in chapter `Natural ease of communication' (Ch. 3)

� Minor changes in chapter `Routing model' (Ch. 4)

� Revised chapter `Score' (Ch. 4.2.4)

� Revised chapter `Limitations and Remarks' (Ch. 4.3)

� Minor changes in chapter `Discussion' (Ch. 7)

D.4 Version 5

� Capital change in title

� Adapted abstract to version in publication

� Minor changes in chapter `Introduction' (Ch. 1)

� Title change in chapter `Design decisions on optimal time zone difference' (Ch. 2.3)

� Title change and minor changes in chapter `Design decisionson natural ease of com-
munication' (Ch. 3.4)

� Minor additions in chapter `Future work' (Ch. 7.3)

� Changed table headers in chapter `Dataset' (App. C)
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