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Some companies are veterans in internationalized softdearelopment and
they have developed their own localization technologidscivthey want to
continue to use with new user interface technologies. Hewdkie new tech-
nology may not be compatible with the localization techgglof the company
and so the company needs to extend the user interface litoraypport their
existing technology. The solution has to be flexible in otdesupport different
component types as they cannot be supported with a singlegit

In this thesis a new localization support is implementedvidndows Forms
user interfaces. The implementation is done by dynamiattgnding user
interface components with new properties at design-tintee groperties are
used to set translation identifiers for the components. Tmponents are
localized in the designer without need to run the projectthiedsolution also
allows to add other new functionality such as pseudo-laatbn.

The presented solution requires that the objects are fadié either with in-
stance or with property. Most component types fulfill thigugement. How-
ever, some components cannot be fully supported as theydieeobjects
that are not identifiable. They require some additional wbtkey must be
supported and the presented solution is not sufficient pelSéd, the used
extension technique has potential as its use is not onlydahto localization.
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Kansainvalisille markkinoille pitkd&n ohjelmistoja tetet yritykset ovat usein
kehittdneet omia ratkaisujaan ohjelmistojen kotoisteks&Judet kayttoliitty-
mateknologiat eivat valttamatta ole yhteensopivia esrisatkaisujen kanssa,
joten heidan taytyy laajentaa uutta teknologiaa tukemaanineja ratkaisuja.
Laajennusratkaisun pitaa olla joustava, koska kaikkiisra kayttoliittyma-
komponentteja ei valttamaéatta kyeta tukemaan yhdella dmosenetelmalla.

Tassa diplomitydssa esitelladn menetelma Windows Forragttéliittyma-
komponenttien ominaisuuksien laajentamiseen kaytiii&n suunnitteluvai-
heessa. Lisattyjen ominaisuuksien avulla komponentadktetaan kd&dnnds-
ten tunnisteet, joiden avulla kd&nndstietokannasta métyhakemaan oikeat
kdannokset. Ratkaisu mahdollistaa my6és muunlaisen uwdamnallisuuden
lisddmisen.

Esitetty ratkaisu edellyttad, etta objektit pystytddmiatamaan joko instans-
silla tai nimellda. Suurin osa kayttoliittymakomponentaigiyttda taman vaa-
timuksen. Osalla komponenteista on kuitenkin lapsiolejektjoita ei pystyta
tunnistamaan luotettavasti, ja naille tuki pystytddnutitanaan vain osittain.
Esitetty menetelma komponenttien laajentamiseksi onrvarpaava eiké sen
kaytto rajoitu pelkastaan kotoistukseen, silla sitda oppelsoveltaa myés muu-
hun kayttoon.
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Chapter 1
Introduction

Modern global markets cause additional requirements tcsdtifevare develop-
ment as the software must be internationalized, that ipgvesl for localization.
The localization means that the software is translated alidrally adapted for a
specific region. The localization is nowadays considergéehaself-evident for all
bigger market segments, because a localized software girbes a clear advan-
tage against non-localized rival products.

Tekla Corporation has done international software devekgt a couple of
decades and Tekla has developed its own platform-indepétetshnology to de-
fine user interfaces and their translations. The softwaveldpment has been
done mainly in C/C++, but there are also small amounts of tlodeis written in
Java, Visual Basic and some scripting languages. Teklageas.MET framework
in the product development since it was released in 2008allyiit was used to
add extension support to existing native applications argliblish programming
interfaces for third-party developers. Lately Tekla'sguots have started to use
the .NET framework more extensively and the user interface¢ise .NET appli-
cations have been made with Windows Forms.

The Windows Forms user interfaces should be localized iméasi manner
than the old user interfaces and they should be able to usiasitranslation
files as the old technology useslowever, the Windows Forms localization is
completely different than the Tekla’s localization teclogy and so it was neces-
sary to investigate how the Tekla style localization coutdused with the Win-
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dows Forms. After the alternatives were compatlee most promising alternative
was to dynamically extend the existing user interface corapts of the Windows
Formsand this solution is described in this thesis.

Structure of the Thesis

The structure of the thesis aims to be logically ordered amayechapter pre-
pares the reader for the next chapters. First the reademitidazed with basic

terminology and globalization process. It is vital to kndwve tbig picture of the

globalization in order to understand that the solution @nésd in this thesis con-
cerns only a small and very specific problem area. The sukseghapters are
more topic-specific as they concern the translation idensitand their use in real
life software. There is also a chapter about other inteonatization related re-
search and it describes some ideas and improvements fortdraationalization.

Finally the problem domain and possible solutions are desdibefore presenting
the chosen method to solve the problem.



Chapter 2
Terminology

The terminology is a bit vague in the language industry, bsedhe basic terms
do not have commonly accepted definitions [10]. To avoid gsioh one should
always define the meaning of words like globalization, inéionalization and
localization. The following sections will describe thertenology as it is used in
this thesis. It also gives some examples about the issuesthaelated to the
localization and internationalization.

The terms are often abbreviated with the numeronyms: airebetween the
first and last letter are replaced with the number of the @uahilétters. Hence the
localization is abbreviated with L10n or 110n, the intefaaalization with i18n
and the globalization with g11n. These abbreviations ateised in this thesis.

2.1 Localization

The process in which the software is adapted to anotherdosalalled localiza-

tion. The translation of the texts in the user interface ancudhentation is the
main part of the localization. However, the localizationludes much more than
just the translations. There are four kind of issues thatlipation commonly ad-

dresses: linguistic issues, physical issues, businessudnaal issues as well as
technical issues [19].



CHAPTER 2. TERMINOLOGY 4

I Run | [OTron

= Type the name of a program, folder, document, or = Geben Sie den Namen eines Programms, Ordners,
1 Internet resource, and Windows will cpen it for you. ' Dokuments oder einer Internetrescurce an.

Open: |v| Offnen: v

0K ][ Cancel ][ Browse... ] i oK ][ Abbrechen J[Durchsuchen...

Figure 2.1: German labels are require more space their gingtiunterparts

2.1.1 Linguistic Issues

Linguistic issues concern all applications that are to dd swindividuals who
do not speak the language used in the application. For a aadtproject there
can be both application and business related resourcesdldtto be adapted
to the new locale. The application will require translatfonthe user interface
components, online help, documentation, installer an@rosimilar resources.
If the application has spoken audio feedbacks they may reqlubbing. The
business related resources include for example marketatgrials, web pages
and training materials.

Linguistic adaptation may also impact directly to the saftevdesign. For ex-
ample, the space requirements of the translated text migy dignificantly from
the original space requirements and, in the worst case, bidevuser interface
may have to be redesigned to allow the localization. Of aguitsis would bal-
loon the cost of the localization process and, as will beargld in Sectioh 212,
this kind of problems are tried to avoid with internatiozation.

The space requirements are visualized in Figure 2.1. Thierelifce is most
clearly seen in the buttons that have been resized and tetbcaorder to acco-
modate the longer German labels. If the dialogs are exanemed closer it is
noted that the description labels do not have equal conidré.German version
does not have the final part of the English sentence afteaiiebmma, because
the localizer has not been able to fit it into the availableespa
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Figure 2.2: Japanese keyboard allows user to change beemégrmodes

2.1.2 Physical Issues

Software projects are almost completely free of the physssaes. This is quite
natural because physical problems are related to condreigstand software is
purely virtual. However, there are a few things that one &htake into account
if the software is embedded in the hardware or if the hardwsareferred in the
software and documentation.

Probably the most obvious physical issue is the problemezhby the key-
board layouts that differ between countries. Some chasadie not exist in all
keyboard layouts and that may affect shortcut-key comlmnatpresuming that
those are not localizable. There are also keyboards that mmaNtiple different
input methods that need to be supported if those languagdargeted. For ex-
ample, in Figure 2.2 we see a Japanese keyboard contairtiragkeys that allow
the user to toggle between generating phonetic syllablésadim characters. The
phonetic syllables are treated specially so the softwars breiaware of them [24].

Less obvious issues are more hardware related. The liregeoéind frequency
varies around the world as do the electrical plugs. The geli@an be anything
from the 100 volts of Japan to the 240 volts of Australia, tlegjfiency is usually
either 50 or 60 Hz and there are 13 different electrical pingse. If there is some
wireless technology involved, it must obey the local regates and standards as
well.

Though the physical issues rarely affect the software detsglf, they do af-
fect the software localization process. Both applicatioth @ocumentation should
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refer to correct local information (e.g. line voltage) ahe graphical represen-
tations should either reflect the particular hardware insjmecific markets or be
designed to be so general that they can be used everywhere.

2.1.3 Business and Cultural Issues

Maybe the biggest source for technical issues in any prajecthe business and
cultural issues unless they are taken into account from &y stages of the
product development. This is because they affect all aspwcthe design and
most of them require low-level support if they are to be impdated properly.

For the business it is always important to be pleasant antegolvards all
clients. Alot of business issues could be described alsolégpl issues, because
often politics are the main cause for the business issues nGtrious source for
political issues are maps with controversial borders. Imstvoase the political
issues may be so severe that the product will be banned bytlezrgnent.

Still, not all business issues are political. Offensive bpis, graphics or lan-
guage are just as bad. The software may work just fine but th®mers may
seek alternatives from other companies if the content dffesr causes negative
feelings to them. The French flag to indicate French languagg seem intu-
itive but it may offend people in other french speaking coestlike in Canada or
Switzerland.

Typical culture issues are related to formatting of the datidresses, curren-
cies, dates, numerals, telephone numbers and time mustfalirbatted according
to the local conventions. An application should also digpreeasurements with
correct units and support printing to different paper sizes

Cultural issues may also affect to the colors and graphi¢keoproduct, be-
cause as much as they should meet the local cultural normslhioelld also meet
the local cultural expectations and be intuitive and easyntberstand [18]. Sym-
bols that are not internationally recognizable need to lagtadl to the local cul-
ture. For example, a rural-style mailbox in the United Staseoften interpreted
as a tunnel by the Europeans [23]. Another example is a check that means
correct or OK in many countries but in Japan and Finland itmeghat some-
thing is incorrect. Japanese localizers may need to cotiversymbol to circle,
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which is their symbol for correct, and likewise the Finniskdlizers would use
the commercial minus symbol [3, 8].

Most of the cultural issues require substantial local krealgke and its impor-
tance should not be overlooked. Usually companies havelyooretheir local
partners to deliver this information unless they have extiézed the whole local-
ization process to a third party vendor.

2.1.4 Technical Issues

Formatting issues were mentioned as cultural issues byiatieealso technical is-
sues. Usually the stored data should work in all versione®@froduct regardless
of the used localization. The software must do conversi@twéen the storage
and presentation format every time the data is shown oreshter

The conversions between uppercase and lowercase leteedsar trouble-
some. There is not always a one-to-one mapping between cggeeand low-
ercase characters. For example, in German the uppercasalequof 3 is SS.
Some languages do not even have the concept of the upperuhdevsercase
characters.

Sorting rules for the textual data forms another typicabpeo, because the
alphabets and their ordering varies between languagegadnish the letter com-
bination "ll” is considered as a single letter that is sor&dtdr the letter I. As a
result the word llave is sorted after the word luz, which igejthe opposite when
compared to the English sorting order.

Even bigger issue is formed by different character encadinaditionally
most of the character sets have used one byte for each arasaabne encoding
may contain at most 256 different characters. For practeEasons most of the
character encodings are compatible with the AE@M sharing the first 128 char-
acters. However, Chinese, Japanese and Korean requirecimamacters so they
have character encodings that use variable number of bygtesath character.
Usually programs designed for western markets need to sted| afterwards to
support the multibyte encodings.

LAmerican Standard Code for Information Interchange is at Hmracter encoding that is
based on the ordering of the English alphabet.
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Figure 2.3: Arabic layout is from right to left

Nowadays things are a bit better because of Unicode staf@lardihe main
goal of the Unicode is to be able to support all possible diarasets simulta-
neously and currently it covers over 45.000 characters. oiétty removes the
need for conversions between different character encedind makes it easier to
process the data.

Finally, not all languages are written from left to right.Aguages like Arabic
and Hebrew are written from right to left and furthermorewh®le user interface
must also be laid out from right to left. This is demonstrateéigure 2.3 that
shows the Wikipedia’s main page in Arabic.

2.2 Internationalization

In the previous section it is explained how much issues degae to the local-
ization. It would be waste of resources if these issues wbaldolved again and
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againin every new project. Instead it makes sense to solg¢ohthese issues be-
forehand by planning and preparing the product for the Ipaabn. This process
is called internationalization.

By LISA’SE definition, internationalization is the process of enadplknprod-
uct at a technical level for localization [19]. In practidestinternationalization
is done by abstracting all the culture, language and maekated functionalities
that the product has. By doing this the product will be easgdapt for specific
market and it does not require any redesigning when it islied With per-
fect internationalization the localization process skdut reduced to be a pure
translation task.

There is a general rule that if the internationalizationas aone properly the
localization will take twice as long and cost twice as mudmtla similar project
with good internationalization. This rule is about locatibn generally. In the
software industry the difference can be even bigger [19].

2.3 Globalization

Some companies use globalization as a synonym for the attenalization and

usually they prefer using the term globalization insteadhef internationaliza-

tion. However, we define the globalization to be a two-steess that binds the
internationalization and localization processes togetideir interrelations are
illustrated in Figure 2.4.

The globalization means all company wide actions that ane doadapt prod-
ucts according to the demands of some specific local markgicdlly there are
multiple parallel localization processes going on at theeséime, each of them
targeting their own market area. Their success is largedgdban the preceeding
internationalization.

In the 1980s, software companies used to have big in-hogséation divi-
sions. Nowadays those divisions have disappeared and éiveybleen replaced by
localization vendors, which have specialized themselndbe field of localiza-
tion [13]. To use these service providers the companies beisilly committed

The Localization Industry Standards Association
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Globalization

Internationalization

Localization Localization Localization I
French German Spanish

Figure 2.4: Globalization consists of the internatioratiian process and multiple
parallel localization processes

to the whole globalization process. If they want to extdmeathe localization
phase to subcontractors they cannot ignore the interraization phase, because
it would guarantee the failure of the project.



Chapter 3

The Globalization Process

The globalization process is present everywhere in theymtatevelopment. The
project planning and preparation is the key for the sucaégsbbalization pro-
cess. As it was stated in the previous chapter the globalizaicludes both the
internationalization and localization processes. Fi@ifeon page 12 shows the
cycle of the globalization process and the relations batvetrnationalization
and localication.

3.1 Project Planning and Preparation

The globalization process requires good planning and paéipa or else there
will most likely be expensive costs and problems with thediieas later in the
project. Potential market areas must be evaluated to getgdriaformation about
the local requirements and related development costs. fiteenationalization
and localization needs are based on both the market analydiglobalization
requirements. Another important task is the selection efiticalization partner,
which has the competencies required by the project. Theséharmain topics
that are discussed in this section.

3.1.1 Market Evaluation and Globalization Requirements

The first step in the globalization process is to decide tly@ired localization
level that simply specifies how much translation and custation is considered

11
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’ Project Planning and Preparation ‘

’ Product Design and Development ‘ P —— INTERNATIONALIZATION

Preparing for the Next Project ‘ ¢

AR

’ Product Localizability Testing ‘ £

’ Product Localization and Testing ‘ P —— LOCALIZATION

Figure 3.1: Globalization process has a cyclic nature

necessary for different language editions [16]. The levafge from translating
nothing to shipping a completely translated product witktomized features. The
selection of the suitable level for each market area is basélde market analysis.

The market analysis should include both global and localireqents for
the product functionality and content, not forgetting tbedl business processes
and regulations. An attempt to predict all the potentidiclifties in each market
should be made as well as the plans to overcome them. Thedathapects are
taken into account when considering the strategic valuesaticthated revenue of
the market. The whole evaluation process should use thetegef the local
representatives and partners in the potential market.aBzas®d on the results of
the market analysis the company decides the degree of atienalization.

When the market areas are evaluated, the company shouldger@edglobal
product specification that describes everything neededeptoduct internation-
alization and localization. The specification divides teguirements to those
needed by all market areas and to those needed by specifietnarlk defines
global content and functionality of the product as well adatcal content needs.
In addition, it contains the requirements of local regwalas, business processes
and languages. All the requirements are prioritized orr th&imated need and
their market value so that their importance can be evalufated the business
point of view.
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3.1.2 Selection of the Localization Vendor

In Section 2.3 it was noted that the localization processftsnooutsourced to
localization vendors. The vendors should be chosen vesfudr because they
differ in pricing, experience, staff and services. If theger is chosen in early
stages of the project, they can provide help for the cossassent and support for
the product internationalization. This, however, shoutl lme taken for granted
because the provided services vary greatly between ditfévealization compa-
nies and a poor choice may end in disaster. The localizatioregs of the vendor
should be reviewed and its compatibility with the productelepment process
should be estimated [26].

The localization vendor should understand the productisrdrget audience.
If the product is targeted to normal end-users, the traoslahould be informal
and for advanced users the translation should be more tathiihe vendor needs
to have translators that are able to fulfill the requireme&tame vendors employ
full-time translators while others use subcontractorghéfcompany uses subcon-
tractors they may not be able to hire suitable translatotsmie and the project
schedule may be delayed.

Another question is whether the services of translatorsaalizers are needed.
Translators do only the translation from one language tahemcand nothing
more. Localizers, on the other hand, have much wider spectifuskills. For
example, they may change graphics, set the user interfacgetaght to left lay-
out and alter the size and position of the components.

It pays off to check the references of the localization vend@ho are their
biggest clients and how they work with them? Their local@aprocess is most
likely optimized for those clients and their staff is usedwork within certain
guidelines. They may find it hard to adjust the localizationgess to be suitable
for other product development processes, which are notasita the processes
of their biggest clients.
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Figure 3.2: Localizability can be tested with pseudo-l@zdion

3.2 Product Design and Development

The global product specifications are the basis for the mtdasign as they
define global functionality, user interface requirememtd kcal particularities.
During the product development the localizability of the@kgation should be pe-
riodically tested to ensure that it is free of any design gplamentation errors.
Small issues require only bug fixes but bigger problems mayeaahel redesigning
if they have not been addressed before.

As a part of the the product development a localization karesated. It will
be given to the localizers and its main purpose is to help ttuework faster and
to improve the localization quality. The localization lgtdiscussed in more detail
in Section 3.4.

3.3 Product Localizability Testing

The localizability testing is done in order to find and cotracy possible design
flaws and bugs that would prevent the localization of the pebd The possible
issues include text expansion problems, character enggdablems, hard-coded
strings that should be localizable and sorting problemsiallgthe bugs are such
that they only appear after the localization is done. Thapsoblem because the
localization is done after the product development is fiesHHowever, there are
some methods that can be used to verify the product’s |adzliy [22].
Pseudo-localization is a simple method that helps to latatey localizability
issues without the need for real localization [12, 16]. Ih dee implemented in
many different ways, but the basic principles are usuakysame. In Figure 3.2
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there is an example of the pseudo-localization. The lettesnglish text are
replaced with similarly shaped non-English symbols likedwample a with a or

a, c with€ or ¢ and n withh or fi. This kind of substitutions are chosen to keep the
pseudo-localized version readable.

In English the words are relative short and the translatreqgiire usually
more space. This can be estimated either by adding extractkees to the En-
glish strings or by duplicating the vowels so for instance 'thilename” would
become "Fiiéénaange” or "{Fiil ééAaande}’. The latter example has simple pre-
fix and suffix characters that help to identify the cases whenstring does not
have enough space and is clipped from either or both endsh thig method
the developer can still understand the meaning of the stsoghe user interface
remains usable and it can be tested more thoroughly. It iea denefit when
compared to a method that replaces strings with stringsciiasist of random
special characters.

The character substitution method is good for detecting typgs of localiz-
ability issues. Still, it is not optimal to detect hard-cddsrings. Those are more
easily spotted when all characters in the user interfads ta® replaced with "X”
or some other easily recognizable character.

These two pseudo-localization methods provide good cgeefar the com-
mon localizability issues. They help to guarantee that tloglyct international-
ization is done correctly. The pseudo-localization is easgutomatize because
both methods modify the localizable resources accordinvgitp simple rules.

3.4 Product Localization and Testing

Some companies let the third-party contractors and loeaido the whole local-
ization by providing them a package of all necessary filesiaftimation that is

needed to create a localized version of the product. Thikgmgeis called a lo-
calization kit and it should contain localization guides) schedule information,
build environments, source files and reference materiéls [Mhe localizers may
also need tools with which they can change the user inteftads, resize and
move user interface components, change the text encodplgce graphics and
modify the keyboard shortcuts.
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Other companies prefer to keep the localization process mehmnouse. There
are many possible reasons for that. For example, they mawauai to give the
source codes and build environments to subcontractorsegrritay not like the
idea that the user interface is changed and redesigned hgdalezer. Anyway,
they should have guidelines for the good user interfacegdekiat minimizes the
propability of the user interface changes. The font namegssand styles as
well as graphics, icons and colors can be defined in the saspanee files as the
translations. If the product can be customized fully witk tbhsource files, there
is no need for the development environment and source code.

Personally | prefer the latter approach because it is abigvbetter conti-
nuity in the product development. The externalization & wWhole localization
process seems to be a fire-and-forget type solution, bedadses not give any
support for the localization of the future product versiolmsmy opinion localiz-
ers should be able to change only those things that are ékpatiowed. If the
internationalization has been only partial and there isineehange for instance
the component layout, it should be done in the main projethaicthe subsequent
product versions will not suffer from the same layout praobleThis way also
the developers get an instant feedback and they will havetarljgossibility to
improve their skills in the field of the internationalizatio

3.5 Preparing for the Next Project

A good globalization process has a cyclic nature. The sscaedailure, of fin-
ished globalization process is evaluated and the expeaseaie used to improve
the process so that the subsequent projects will benefit frem. Also all lo-
calized resources are made available for the next projectdar to prevent the
same things to be localized all over again. Usually the tegiosis are stored into
so called translation memory, which is used to do the initatslation before the
files are sent to the localizer.



Chapter 4
Localization Bindings

In previous chapter it has been explained why the localezabhtent must be sep-
arated from the user interface. To do that there must be samdek mechanism
to bind the user interface components with the localizeduess. The basic idea
is simple. All localizable strings are usually replacedhwitethod calls that iden-
tify the substituted string somehow. The method uses tlastifier when it gets
the correct translation from the translation database.

One exception to the rule is represented in Section 4.5 wihercdamponent
instance is used as an identifier. It does not need the autistitbecause the
components are referred directly when needed.

Now the main question is what should be used as identifierh@minding.
These different binding methods are described in this @nagtd their benefits
and deficiencies are evaluated. Some of their real life implgations are repre-
sented later in Chapter 5.

4.1 Identifying by Integer

In the early ages of the software industry the computers slereand with scarce
memory. At those times the efficiency and frugality were \aglbreciated. Using
integers as identifiers for the localized texts was a pes@lcition, because the lo-
calized resources could be stored into array and, as a,résjtcould be indexed
very quickly. Even today there are situations when the sarfivihas to work with

17
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Listing 4.1: Obscurity can be a major problem with integemtifiers

/I File: Culture_de_DE.cs
/I Defines the German translations for the identifiers.
classCulture_de_DE {
public static void Initialize() {
/I Translations are specified in string array.
string[] translations =new string[] {
"Offnen”,
"OK",
"Abbrechen",
"Durchsuchen...",

LocalizationManager.SetTranslations(translations);

}
}

/I File: OpenDialog.cs
/I Defines the dialog (only relevant content is shown).
classOpenDialog {
private void Initialize() {
/l Component initialization code omitted.

/I The translations are obscure when they are referred witle pntegers.
this.openLabel.Text = LocalizationManager .GetText(0);
this.okButton.Text = LocalizationManager.GetText(1);
this.cancelButton.Text = LocalizationManager.GetText(2);
this.browseButton.Text = LocalizationManager.GetText(3);

limited resources so this reasoning is still valid. The eddsel devices are typical
examples of such cases.

However, there are some very notable problems with the eéntetentifiers.
Obscuirity is likely the first one to be noted and it is demaatsdl in Listing 4.1.
The plain integer does not give any hints about the refeedurce. A standard
way to solve this issue is to give the integers meaningfuleshy defining either
constants or an enumerated type. This way one does nevallacise the integers
directly because they are well hidden behind the defined same

The translations can be defined in one of three ways. All laéioss can be
defined at once in the array initialization, they can be ddfioee by one in a
random order after the array has been first allocated or theybe defined in a
resource file. Again they all have their own problems.

The first alternative lacks a straight connection betweendbntifier names
and the array slots. The completely unconnected identifidraaray definitions
are hard to keep synchronized and a simple mistake in eitheican cause the
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Listing 4.2: Plain integer identifiers replaced with an eeuated type

/I File: Identifier.cs
/I Defines the identifiers for the localizable resources. [Bseidentifier in the enumeration
/I will not have translation. It is used to determine the regd array size.
/I Note that the enumeration values should be automatiealigned because there are no benefits
/I for defining the values explicitly.
enum Identifier {

OpenLabel,

OkButton,

CancelButton,

BrowseButton,

Lastldentifier

}

/I File: OpenDialog.cs
/I Defines the dialog (only relevant content is shown).
classOpenDialog {
private void Initialize() {
/l Component initialization code omitted.

/l Enumerated type describes the referred translationrtjea
this.openLabel.Text = LocalizationManager .GetText(ldeetifbpenLabel);
this.okButton.Text = LocalizationManager.GetText(Identif@@kButton);
this.cancelButton.Text = LocalizationManager .GetText(kifear.CancelButton);
this.browseButton.Text = LocalizationManager .GetText(kifer. BrowseButton);

Listing 4.3: Translations defined with the enumerated type

/I File: Culture_de_DE.cs
/I Defines the German translations for the identifiers.
classCulture_de_DE {
public static void Initialize() {
/I The array’s size is determined with a special enumeratimmber. In the C# this would not really
/I be necessary because there are other means to find out thieemwf enumeration members.
string[] translations =new string[ldentifier.Lastldentifier];

/I The translations can be specified in any order.
translations[ldentifier.OpenLabel] = "Offnen";
translations[ldentifier.OkButton] = "OK";
translations[Identifier.CancelButton] = "Abbrechen”;
translations[ldentifier.BrowseButton] = "Durchsuchén..

/I For simplicity we use here a static method to activate thadlations.
LocalizationManager.SetTranslations(translations);

majority of the translations to be broken. Such a mistakenegopen by adding or
removing an item in either one of the data structures and fgoftng to repeat
the action to the other data structure.

The problem with the second alternative is related to thayasize. When
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the number of identifiers changes the allocation size of th@yamust also be
updated to prevent the code from exceeding the boundaries pfoblem can be
circumvented easily by defining a special enumeration methlgis always kept
last in the enumeration definion. Same applies for constaritsow the value of
the last constant must be updated manually. Listings 4.2&show an example
that uses an enumerated type as identifier.

The third alternative suffers from the obscurity becauseinitegers are used
as keys in the resource file and all the benefits from the detioestants are lost.
This is often compensated by providing the same informatith comments in
the resource file. This alternative is suitable when the ldgwveent environment
is responsible for the code generation and integer assigisme

4.2 ldentifying by User Interface Texts

This binding method is especially well-suited when one sgedmplement lo-
calization support for an existing application that hashlexn internationalized.
Generally the adaptation is done by surrounding all loehlie texts inside a
method call and the text is left as a parameter for the metfide. localization
method uses the supplied string as a key when the correstdtamm is searched
for. One clear benefit of this method is the self-documentiayire of the iden-
tifiers. Furthermore the identifiers can be used as sulestitben there is no real
translation available so the localization method can aévaturn a sensible value.

Sadly the identifiers are not entirely trouble-free. Thighod requires that
each unique text has unique interpretation. Identicahg$riwith different mean-
ings cannot be localized if the target language has distianslations for them.
The most simple solution for this situation is to define anitaltal context pa-
rameter for one of the colliding texts.

4.3 ldentifying by Component Name

The component name must not be mixed with the componenticetd he bind-
ing process for these two methods is completely differehe gomponent name
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Is used in a similar manner than integers or user interfage &d the component
name is simply used to query the translation database. Oothes hand, the
component instances are used to directly manipulate th@coents.

The component names must be unique in the whole applica@dten this
requirement is not fullfilled. The user interface composengay form hiearchies
that require uniqueness only from the immediate childrethefeach component.
In this case they must be differentiated somehow. One ojion identify the
components by concatenating their name with the names ofgaeent compo-
nents.

Because the components are identified by their name, theythe renamed
after the localization has been done. Normally this is notgaigsue but it may
sometimes complicate the redesign of the user interfacso All components
must be translated separately even if some of them haveagdeobntent because
the components cannot share identifiers.

4.4 ldentifying by Arbitrary Name

Identifying translations with an arbitrary name is a geheed version of all other
methods mentioned before. All dependencies to componadts@mponent con-
tents are removed. Because there are no dependencies driactarsingle trans-
lation with multiple components. Each of the standard m#fanenus, dialogs
and messages have only single translation no matter how timey the transla-
tions is used. Since the identifiers are freely composenigstyithey can also carry
some context information: the prefix in the identifier "bwncel” indicates that
it is a cancel label for a button component.

Applications may use both shared and application specifialipation files.
If the shared localization file is very comprehensive by hguranslations for all
common user interface strings, the developer can creatdynhmsalized applica-
tion by binding the components with the existing translaioThe translation is
only needed for the new strings, which do not exist in theethéscalization file.
Most of these untranslated strings are application specific

This is a big benefit when compared to the alternative whetennitial lo-
calization is done to all components automatically with titamslation memory.
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Listing 4.4: Instance binding is totally different apprbdor localization

/I File: Culture_de_DE.cs
/I Defines the German translations for the identifiers.
classCulture_de_DE {
/I The localization methods are utilizing the overloading.
public static void Localize(OpenDialog dialog) {
dialog.OpenLabel. Text = "Offnen";
dialog.OkButton.Text = "OK";
dialog.CancelButton.Text = "Abbrechen™;
dialog.BrowseButton.Text = "Durchsuchen...”;

}

public static void Localize(SomeOtherDialog dialog) {
/I Implementation omitted.
}

}

/I File: OpenDialog.cs
/I Defines the dialog (only relevant content is shown).
classOpenDialog {
private void Initialize() {
/Il Component initialization code omitted.

/I LocalizationManager forwards this call to the active
/I culture class and calls its Localize() method.
LocalizationManager.Localiz#f(s);

After the initial localization the localizer has to checleeytranslation by hand to
make sure the translation is correct. Furthermore the dpeeknows the context
of every binding and if the identifiers are clear and intw@tikie is most likely able
to do a better job than anyone else. The localizer lacks coabjminsight.

This binding method may seem almost identical to the bingkitg the user
interface texts. In fact, because the only difference isctigent of the key, their
implementations can usually support both binding methotesaat partially.

4.5 ldentifying by Component Instance

Component instances are a bit different when compared tottiex identifying
methods, because they do not require any changes to the oemtpdefinitions
of the user interface. However, since the localizationsikhbe separated from
the component definitions, the component instances mustgiesed for the lo-
calization purposes. Because the public access for thenaitdata structures is
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considered as a bad programming style, the programmingiéagggshould pro-
vide means to limit the access for the exposed components

It is easy to alter all localizable aspects of the compondigsause they are
fully exposed and the localizations are done with real paogcode instead of
being defined as plain data. Unfortunately they expose muanie than is really
necessary for the localization purposes so this method @aghoice especially
when the localization process is outsourced. An examplbaefristance binding
is shown in Listing 4.4.

Usually this binding method requires that each languagetsasvn version
of the application or alternatively a language specific dyiadibrary. Dynamic
libraries allow single application to support multiple ¢arages and the languages
can be installed and updated when necessary. It is alsobp®ssibuild a mul-
tilingual application in single executable, but its releas susceptible to delays
because it depends on all translation projects of the stggbtanguages.

4.6 Summary

In this chapter it has been shown that there are many différieding methods.
They each have slightly different properties and none afitlne universally su-
perior to others. The selection of the binding method mudbdsed on the re-
guirements of the project. Some possible requirementsuatterre performance,
simplicity of the implementation, translation databaserfat and identifier type.
Identifying with the integers or component instances ishibgt alternative if the
performance is the most critical requiremertowever, other properties are gen-
erally more important and the other identifier types areroftere suitable than
these two.

If the binding identifiers are managed by the user interfadiog the iden-
tifiers can be integers, component names or component agegal he handling
of these identifier types is natural for the editor. Howevkese types usually
require specialized editors for the translation files, lbseahe integer identifiers
lack proper context and often the same applies to comporenés and instances
too. Editors can also use component texts as identifiergusecthis identifier
type requires primarily that the editor stores unique idiems to the translation
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database with optional context information.

If the identifiers are directly managed by the developemponent text and ar-
bitrary name are usually the most suitable identifier typesause they both have
a human-friendly nature. These two identifier types havelmnecommon and
the main difference is that the other uses real user intedtiings as identifiers
while the other uses abstract strings. The component textifters are always
bound to the default user interface language while theraryihame identifiers
remove all dependencies between the default and targatdgeg. This has an
important consequence: arbitrary name identifiers caragoaidditional context
information while the component text identifiers are lindite the expression of
the default language and the context information must bedteeparately.

The easiness of the implementatisrmore related to other design decisions
than to the identifier type. The component instance as ifilenis an exception
though. It requires always some kind of code generator arsgpdecause the use
of instances requires that the translation database israesble. If the generated
source file can be edited manually, the parser must be saahest to be able to
handle the content.

The properties of the different identifier types can be sunz®d in a few
sentences.ldentifying by component text, component name or arbitnaayne
are easy to implement and they do not have any limitationghi®format of the
translation database. The integer identifiers are alsoteaspre but the abstract
nature of the integers may cause some trouble. The compaorstahce is the
most inflexible identifier type, but the direct access to tbmponents makes it
very fast. All in all none of these identifying methods isisgltably superior to
others as the choice is always affected by other desigrrieste



Chapter 5

Existing Internationalization
Technologies

At this point it is time to investigate the existing interivaalization solutions.
The main focus is on the translations because the othenattenalization aspects
such as the date and number formatting are normally staizédrénd tightly
integrated in the framework. After this chapter the readtheutd have a general
understanding of some commonly used localization impleatgms.

5.1 GNU gettext Library

The GNU gettext library is a part of the GNU Translation Pebgnd it provides
a set of tools to help the programmers and translators toupsdulti-lingual
applications [1]. It consists of a runtime library, somenstalone programs and
a set of rules how programs should be written. The transiatare identified
with the user-interface strings. In Section 4.2 is an owwmnof this identification
method.

There are two kind of files in the gettext: portable object arathine object
files. Portable object files are human-readable and theyadgfentranslations for
each translatable string as can be seen in Listing 5.1. Ekchditains trans-
lations only for a single target language and the file is naammbrding to the
language. Because the files are human-readable, editingecdone even with a

25
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Listing 5.1: Snippet of the GCC compiler’s Spanish portaiflgct file

#: lto—wrapper.c:234

#, c—format

msgid “could not write to temporary file %s"

msgstr"no se puede escribir en el fichero temporal %s"

#: lto—wrapper.c:344
#, c—format

msgid "fopen: %s"
msgstr "fopen: %s"

#. What to print when a switch has no documentation.
#: opts.c:341

msgid "This switch lacks documentation”
msgstr"Esta opcién carece de documentacion™

#: opts.c:1328

#, c—format

msgid " No options with the desired characteristics were found\n"
msgstr" No se encontraron opciones con las caracteristicas dese&d

simple text editor but usually specialized editors are used

The initial portable object file is created from the sourcesfivith a tool that
extracts all strings that are marked localizable. The geterognizes that pro-
grams evolve and therefore the localizations must be easynichronize with the
new program versions. The gettext provides a tool that id tisenerge the ex-
tracted portable object file with the existing file that isdbzed. The merge tool
comments out obsolete entries that have been removed, addsintranslated
entries and updates the references to source code in othiesen

The portable object files are intended to be used only in Hrestation phase.
The finished translations must be transformed to machinecbbjes before they
can be used with the application. The machine object filebiaggy because they
are meant to be read only by programs and because the rétiid¢ira translations
should be efficient.

There is also a compendium portable object file that is usetlaaslation
memory. It contains common translations that have beendsbe®ore and the
translators may do the initial translation with the compand Of course they can
also add new and update existing entries in the compendiurma.cémpendium
files are meant to be shared between members in the transiadion.
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5.2 Localization with Java

In Java the translations are accessed through resourcéeby® Resource bun-
dles are subclasses of the abstract ResourceBundle daagradvides two differ-
ent implementations, ListResourceBundle and ProperiyiresBundle, but new
resource bundles can be implemented by extending the aseitthose two are
not suitable. This may be necessary if the translations tebd fetched from a
database or they need to be identified with something elseals#éring, which is
the only supported key type in the default implementations.

The ResourceBundle class has a static method to locate addHe bundles
by name. The method combines the given name with the identifiehe de-
fault locale of the system. If the method is called with "MyRarce" parameter
and the default locale is en_US (U.S. English) the methadamily uses "MyRe-
source_en_US" as the bundle name. If the bundle does ndt éxessmethod
gradually degrades the name until a matching resource éuadbund. The
"MyResource_en_US" degrades first to "MyResource_en" had to "MyRe-
source" and if none of them is found the method throws an diaepThe re-
source bundles can also share the data if the bundles sledvash name, because
the requested resources are searched from the bundlesdegteding order until
the requested key is found.

The ListResourceBundle is an abstract class with a singd&radi method,
which the subclass must implement. This method shouldrétanslations as an
array of key-value pairs as can be seen in Listing 5.2. Thenkast always be a

Listing 5.2: Example of the Java’s ListResourceBundle enmntation

import java.util.ListResourceBundle;

public classMyResource_de_DExtendsListResourceBundle {
protected Object[][] getContents() {
return new Object[][] {
{"OpenLabel", "Offnen"},
{ "OkButton", "OK" },
{"CancelButton", "Abbrechen" },
{"BrowseButton", "Durchsuchen..." }
h
}
}
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Listing 5.3: The property definition file has very straightfard syntax

# The PropertyResourceBundle supports only string typeegal
OpenLabel=0ffnen

OkButton=0K

CancelButton=Abbrechen

BrowseButton=Durchsuchen...

string but the value can be any object type. This can be etilizy instantiating
culture specific user interface components such as a comptmshow the ad-
dress information. However, because ListResourceBundk be defined in the
source code, it sets additional skill requirements for toalizers. Often it is bet-
ter to use some other resource bundle type that does havéea éditor support
and does not require special skills from the localizers. OisResourceBundle is
still suitable for some specific localization tasks like@fgng the culture specific
components as mentioned before.

The PropertyResourceBundle differs from the ListResdBucelle by being a
concrete class that is not subclassed but instantiatechypidinameter that specifies
a property file containing the key-value pairs. The syntathefproperty file is
extremely simple as can be seen in Listing 5.3. The file costanly key-value
definitions, comments and empty lines. The simplicity hagrtce though: only
string values are supported. That does not limit its useksgnvith translations and
even graphics can be referenced by resource name or file piatiooe advanced
usage will be cumbersome.

Inprice, Inc. has implemented a new resource bundle for figiilder prod-
uct. Their implementation that is ArrayResourceBundlesustegers as keys and
they index the translations in the array. This method wasrded in the previ-
ous chapter in Section 4.1. It demonstrates quite nicely fmoeh more efficient
the integer keys are. ListResourceBundle’s time was ovetidies and Proper-
tyResourceBundle’s time was ten times as much as the ArsytReeBundle’s
time [25]. The tests were made by the JBuilder internatioean so the results
should be taken with a grain of salt. Still, the results aedtgrclear and they are
in line with the intuition.
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Listing 5.4: The .resx files used by Windows Forms are hunthtaigle

<?2xml version="1.0" encoding="utf—8"?>
<root>
<!—— There should be a special header here that is too long to bensho—>

<data name="BrowseButton'xml:space="preserve">
<value>Durchsuchen...wAlue>
<comment>Button opens a file dialog.eémment

</data>

<data nhame="CancelButton'kml:space="preserve">
<value>Abbrechen</alue>

</data>

<data name="OkButton"xml:space="preserve">
<value>OK</value>

</data>

<data name="OpenLabel'xml:space="preserve">
<value>Offnen<value>

</data>

</root>

5.3 Windows Forms Localization

Windows Forms is an user interface asselﬁmjythe .NET Framework. Its local-
ization support is implemented with resource files and taeegtwo different re-
source file formats that are differentiated by their file naxiensions: .resources
and .resx [9].

The .resources file format is a binary format that is embedd#dn a .NET
assembly and accessed with the ResourceManager classpplirsistring re-
sources as well as other type resources. Different language supported by
packaging the localized resources as individual sat@$isemblies, which are au-
tomatically found at runtime. The satellite assemblied@acated in the main as-
sembly’s subdirectories, which are named after the setefsembly’s language
and region.

The .resx file format is more versatile design-time formatgamducing .re-
sources files. It is XML so it is also human-editable. Natyrélsupports the
same resource types as the .resources format and it has iinrealupport for
comments and file references. These properties make itisupethe .resources
format for the localization purposes. In Listing 5.4 is a giifited example of the

1An assembly is the primary building block of a .NET applioatand can take the form of a
dynamic link library or executable file.
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Listing 5.5: Strongly-typed resource reference is veriédly the compiler [27]

/I Traditional fragile resource reference.
MessageBox.Show(resourceManager.GetString("InserffiEunds"));

/I Strongly—typed resource reference that is checked by the compiler.
MessageBox.Show(Form1Resources.InsufficientFunds);

.resx file format.

Strongly-typed resources are an interesting specialdy was introduced in
the .NET Framework 2.0, although there is no technical nreasehy it could
not have been implemented in the previous .NET Frameworkioes [27]. The
strongly-typed resource is a generated class that contesosirce key names as
properties and the class is updated always when the .resis filleanged. The
strongly-typed resources have essentially the same paig®she constants or
enumerated types have. They replace the fragile name metsevith references
that are validated by the compiler as can be seen in Listig Bhe generated
class itself can be seen in Listing 5.6 on page 31. Anothed deature is the
compatibility with code completion so the references camktten quickly and
reliably. As a result, the strongly-typed resources prexachice solution for the
problem how the messages in the source code should be ketaliz

Each dialog window, a form, has a Localizable property toatiwls whether
the form should be localizable or not. Normally the propesmjues of the user
interface components are serialized as simple propertgrasents. When the
Localizable property is set to true, the values are stored iasx resource file and
the direct property assignments are replaced with codegétatthe values from
the resource file. In the resource file each value is identidid the component
name that is concatenated with the property name.

The generated code depends on the version of the Visuald&sasdhe Visual
Studio 2003 uses property assignment model and the Visuaid&2005 uses
property reflection model. In the property assignment maoldelvalue part of
the property assignment is replaced with a method call tetst the correct value
from the resource file. In the property reflection model ordyragle method call is
generated. Firstthe method loads the resource file conhpéatd then it traverses
the object hierarchy of the form and sets all the values at.onc



CHAPTER 5. EXISTING TECHNOLOGIES 31

Listing 5.6: Generated strongly-typed resource class [27]

[global::System.Diagnostics.DebuggerNonUserCodéaite ()]
[global::System.Runtime.CompilerServices.Compiler&atedAttribute ()]
internal class Form1Resources {
private static global::System.Resources.ResourceManager resour¢geMan
private static global::System.Globalization.Culturelnfo resourceGug;

[global::System.Diagnostics.CodeAnalysis.SuppressidgeAttribute (
"Microsoft.Performance”, "CA1811:AvoidUncalledPrie&ode")]
internal Form1Resources() {}

[global::System.ComponentModel.EditorBrowsableAttte (
global::System.ComponentModel.EditorBrowsable Stateanced)]
internal static global::System.Resources.ResourceManager Resouregiaf
get{
if (object.ReferenceEquals(resourceMaull)) {
global::System.Resources.ResourceManager temp =
new global::System.Resources.ResourceManager (
"WindowsApplicationl.Form1Resources",
typeof(Form1Resources).Assembly);
resourceMan = temp;

}

return resourceMan;

}

[global::System.ComponentModel.EditorBrowsableAittte (
global::System.ComponentModel.EditorBrowsableSfateanced)]
internal static global::System.Globalization.Culturelnfo Culture {

get{
return resourceCulture;
}
set {
resourceCulture = value;
}
}
internal static string InsufficientFunds {
get {
System.Resources.ResourceManager rm = ResourceManager;
return rm.GetString("InsufficientFunds"”, resourceCulture);
}
}
internal static System.Drawing.Bitmap NationalFlag {
get {
System.Resources.ResourceManager rm = ResourceManager;
return ((System.Drawing.Bitmap)(rm.GetObject("NationalFlagesourceCulture)));
}
}
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The property assignment model tries to get localized valuevery localiz-
able property while the property reflection model assighsasonly to localized
properties. Usually the number of localizable properteesansiderably larger
than the number of properties that are localized. The ptppeflection model is
more efficient in this situation.

The localization is done with the ID@yser interface designer or with a ded-
icated tool like Windows Resource Localization Editor, Wes. The WinRes is
essentially a cut-down version of the Visual Studio Formsi§eer, which is used
by the Visual Studio IDE. With the WinRes the localizer doesmave to install a
full .NET development environment and the localizer onlgaethe resource files
of the application and the compiled application itself. Bloerces are not needed
and it is an advantage when the localization is done by anredtéocalization
vendor.

The actual localization process is pretty much identicath® normal user
interface editing in the IDE’s designer. The localizableperties are exposed
in the editor and the localizer can change their values adeteeThe developer
cannot control which values are exposed to the translaterguse this choice is
already made by the developers of the user interface compandhis can be
a problem if the developer does not want that the localizeraaossibility to
change the user interface layout or some other particutgrepties.

Some sources [27] list also .txt and .restext files as passdsource file for-
mats. The both formats are actually the same as the onlyreliite is the file
name extension. They are plain text files with simple keywgairs for string
resources but they do not have support for comments likeavesIPropertyRe-
sourceBundle does. Neither do they have a direct suppdreirNET framework
and it is the main reason why | do not consider them to be reairgltives for the
localization purposes.

%Integrated Development Environment is a software apptinahat provides comprehensive
facilities to computer programmers for software developtne
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5.4 Tekla Technology

Tekla Corporation uses a set of libraries that provide epbgdorm support to
all Tekla's applications. The most important domains sufgabby the libraries
are database management, user interfaces and graphio4/ifs]these libraries
Tekla’s products have been able to adapt themselves to refenhs when nec-
essary.

The user interface library is A-kit [6] and it has supportell $/OpenVMS,
Microsoft Windows and about 15 different unix variants. f@mt A-kit version
supports Windows XP, Windows Server 2003, Windows Vista @fiddows 7.
The first A-kit version was released 1990 and the followinganeeleases were
made 1991, 1995 and 1999. All major releases have incogmbitay internal
changes in the A-kit implementation.

The A-kit supports typical user interface components sulwtons, text
boxes, check boxes, labels, graphics workareas, pull-dovehpop-up menus,
tool bars and status bars. More advanced features inclygmdufor state ma-
chines and connection of the dialogs to the applicationtfans and variables.
The A-kit dialogs use table layout and the content is reileea

The user interfaces are designed with AilEd editor [7] arey iwre stored into
AIL@ files. The AIL is one sublanguage of MBlwhich is a resource file descrip-
tion language designed in Tekla. In addition to the userfiates the MDL is used
by other Tekla libraries to define for example databases atabdse conversions.
The MDL based resource files are handled with R-kit functibraty [4].

The AIL files, like all MDL based languages, are human-reéslakerarchi-
cal object-attribute based languages. The language defimsta list of available
objects and their attributes and child objects. The atteilvalues can be strings,
integers, floating-point numbers, keyword values or tuplgsch are composi-
tions of multiple types. The attributes and child objects lsa defined to be either
obligatory or optional as well as repeatable or non-rengtriThe language def-
inition file is read by the MDL compiler and it generates C artlc@de that is
compiled and linked to the application. The generated coddbles the use of

3Application Interface Language
4Multi-purpose Definition Language
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Listing 5.7: Example of the translation definitions in thd Aile

string Ibl_open

{
entry = ("enu"”, "Open");
entry = ("deu", "Offnen");
entry = ("esp", "Abrir");

h

string but_ok

{
entry = ("enu", "OK");
entry = ("deu”, "OK");
entry = ("esp", "Aceptar");

h

string but_cancel

{
entry = ("enu”, "Cancel");
entry = ("deu"”, "Abbrechen");
entry = ("esp", "Cancelar");

h

string but_browse

{
entry = ("enu"”, "Browse...");
entry = ("deu"”, "Durchsuchen...");
entry = ("esp", "Explorar...");

5

R-kit functions with the defined language.

The translations are defined in the AIL resource file. An eXarapthe defini-
tions is shown in Listing 5/7. Each translation is definedamed "string" object
and the name of the object is used as identifier for the traoslaThe object
contains one or more "entry" attributes and the attributeesaare compounds of
two strings: language name and translation. The transktan be defined in
multiple files but the storage format dictates that all ttaimsns for single identi-
fier must be defined in same file, because the object definicamsot be splitted.
The localizers cannot share one translation file so in pratkiey each have their
own language specific copy of the file and the files are comhimedsingle file
afterwards. The translation files are edited either witleAdieditor or with StrEd,
which is a specialized editor for the translations.

The AIL file is read by the AIL compiler and translated into atDAbinary
file that contains descriptions of the user interface elémiacluding the transla-
tions for all supported languages. The compiler also predacsource file named
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dakbind.c, which contains bindings for callback functiammters and member
offsets of the dialog structures. The dialog structuresiasesl to connect the user
interface data with the application variables.

From the localization point of view the use of arbitrary nanas identifiers
reduces the localization costs of the new dialogs, becduseossible to reuse
the common identifiers over and over again. If the identifieese based on the
component instance they would not be reusable and the wtaber of the trans-
lations would be considerably larger. This would mean hidbealization costs,
because the costs correlate with the number of the traoistati

All common internationalization solutions use languagecd translation
files as it makes the management of the translations easyewoythe A-kit con-
siders the translations to be a part of the user interfacerigéions and therefore
all translations are stored into the compiled AID file. As &lé format requires
that all translations of single identifier must be definecetbgr, the management
of the translations is unnecessary awkward. The file forneatgh is made on
terms of the A-kit implementation instead of general usgbil

Another inconvenience with the AIL format is the lack of Undle support.
The AIL files containing translations are not really purettibes, because the
translations are defined in language dependent charactediegs. The Western
European languages are stored with ISO-8859-1 or 1SO-8858ncodings but
more exotic languages require their own character enceditfghe file format
would be designed today, it would surely use UTF-8 or somerdtmicode en-
coding. However, this encoding issue is mainly a problenoihsone wants to
edit the AIL files manually with a text editor instead of thd2d or StrEd editors.

5.5 Summary

In this chapter it has been shown that the software industieg many divergent
approaches in the product internationalization. All présd technologies are
succesfully used in large-scale applications, so noneahtban be considered
irrelevant. They are all potential candidates for the safeninternationalization
and the choice between them is usually more dependent oretiedogpment plat-
form than on anything else, because the development plaificctates how well
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these technologies are supported.

Most of the localization techniques have to rely stronglynmachine transla-
tion, because the strings in the user interface are notthjingtked with existing
translation. The tools must identify identical or simil&irsgs in order to ease the
workload of the localizer. The string maintenance and ttwedance of unneces-
sary and costly translations are considered to be the mgsirtamt problem in
the field of the localization [15].

The arbitrary names, which the Tekla technology uses agiiees, reduce
the need for assisted translations, because the userlrgaittveloper can reuse
the existing identifiers that have already been translaide identifiers contain
hints of the context, so itis more likely that the develogearapable to choose the
correct identifier. The reuse of the identifiers appliesipdda the GNU gettext
too. However, its identifiers do not normally specify the & so the developer
has to find out where the existing strings are used before bekif they have
the same context. Because the work is tedious, it is likedy the identifiers are
not checked beforehand and their correctness is verifieg airthe localization
testing.

The GNU gettext and Windows Forms try not to stress the deeelof the
application any more than necessary. Actually this is onth@fdesign goals of
the GNU gettext, because the maintainers of the prograreadrhave enough
concerns to worry [1]. On the other hand, the Tekla technolugs increased
the workload of the developers by requiring them to add tleamtifiers for the
components. As a result it is essential that the user irderéglitors used by the
Tekla technology provide efficient means to find the corréentifiers.



Chapter 6

Improving Localization of the
Applications

There is a lot of room for improvement in the field of the apation internation-

alization and localization. In this chapter there is an vy of some ideas and
improvements, which have been proposed by other people.e Sdrthe ideas

have been applied in practice but the majority does not lrapéeimentations that
would be publicly available. The purpose of this chapteoibé informational as
the content is generally not related to the area of the thesis

6.1 Culture Repositories

The software developers have often difficulties to find infation about the prop-
erties of different cultures. Either the information does exist or it is scattered,
inconsistent and difficult to find. The developers are unablese this informa-
tion, because strict deadlines do not allow them to conaentm cultural require-
ments. To support their internationalization work, it hagih suggested that all
culture-specific information should be stored into a cémépository [20, 21].
The repository contains culture information that is staredn uniform man-
ner for all cultures. The same cultural properties and tingnlication to the soft-
ware development are described for every culture in thesiepy as that makes
it easier to compare the cultures with each other. The camdig presented in-

37
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formation is easy to use by the developers.

In order to improve the accessibility of the information eveore, the cul-
tural properties need to be easily browsable. The devedapest be able to view
the properties of single culture as well as they should be &bichoose some
properties and compare their cultural variations. Thiddde accomplished by
implementing the culture repository as a web service. Intehdto pure infor-
mation, the culture repository can also contain culturecsjr resources such as
pictures, symbols and other visual data [14].

The repositories can be organized hierarchically as thhtheip to identify
the common aspects and differencies in global context. atdip level the cul-
tures can be grouped by continent [21] or according to calltustory. Each level
of the hierarchical model will contain only the informatitat is common to all
underlying cultures. The hierarchy eases the manageméme ailture informa-
tion and the developers can utilize the hierarchy when thgylement a support
for the targeted cultures in their program code.

6.2 Integration of the Cultural Aspects

Generally the user interface components and developmembaments have lim-
ited support for cultural aspects and the user interfacee liary static nature.
Individual components may have some cultural propertiasdan be altered, but
there are no means to control properly bigger schemes. BEwbe user inter-
face is resizeable and it can be flipped horizontally, theuays still fixed in the
sense of the component positioning in relation to each oBmmetimes it would
be necessary to completely rearrange the layout of someaoengs in order to
make the layout better suitable for the target culture.

One proposed possibility is to implement the cultural feadlas customizable
options [21]. A profile of default settings is provided forceaarget culture and
the users are free to adjust the settings further to suittieeids. These settings do
not only cover the typical internationalization featurastsas formatting and text
direction. The settings may substitute user interface @amapts or even whole
dialogs with others.

Another similar alternative is to make the components cetaware and let
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them change their appearance and behaviour according totfent culture [15].
The main difference when compared to the previous apprasitieiplacement of
the culture sensitive logic. Here the logic is embodied amxdbmponent while the
previous approach has the logic implemented outside of dhgonent and the
components are interchangeable.

The culture-aware components are easier to use with therduiser inter-
face design tools, because they can be used like any otheintes¢éace compo-
nent. The interchangeable components do not have equabswgm they may
be harder to use with visual user interface editors. Stid,interchangeable com-
ponents are more simple to implement and they are more féekihlse, because
they are specialized to one task only.

6.3 Referring Resources from the Source Code

Normally applications need to output various strings frdra source code and
these strings must be queried from the localization dataldsually the resources
are got from the localization database by using a stringtifiendirectly in the
source code even though it is well known that it makes the dgle. If the
resource database supports different value types, théogerenust also cast the
resources to correct type. The compiler cannot know if themiifier string is
misspelled or if the returned resource is casted to incotyge so these errors
will be detected only at runtime.

The string literals should be defined as constants and tbeness should be
referenced with the constant value. This limits the numidgrassible runtime
errors to single constant definition no matter how many tithegesource is ref-
erenced. However, the writing of constant definitions i etror-prone and there
will still be undetected errors if the resource identifiers eenamed without re-
naming the corresponding constant values. Neither doeséhlolve the casting
issue.

In order to solve the casting of the resource values, thetanhdefinitions
can be replaced with properties that query the databasestunth ia casted value.
Now both identifier string and resource type are defined imglsiplace and the
possible misspellings and casting errors elsewhere in ¢ke are detected by
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the compiler. Regrettably the maintenance of the propersiestill tedious and
susceptible to mistakes.

The .NET framework has solved this problem with stronglyetgt resources
as explained in Section 5.3. In short, the strongly-typsdueces are a generated
class that contains the resource identifiers as propenigshe string identifiers
are hidden in the property implementation. Because thetiftlgs are used as
property names, they must conform the naming rules of thegsti@s. This must
be taken into account when the naming policy for the resauscdefined.

As the resource class is generated, it is immune to humarseara so the
chain from the resource file to resource references in thes@oade is completely
verifiable by the compiler. The only remaining possibilitr undetected errors
is to build the application with one resource file and thenl@ep with another.
Other possibilities for mistakes have been eliminated.

6.4 Automatically Identifying Localizable Content

It has been suggested that the development platform shewddle to distinguish
automatically the functionality and the localizable res@s [14]. This would
ensure that all localizable content would be included inrdsource file and the
developer could not accidentally forget any localizabsoreces. This would also
make the internationalization process less laborious.

In the Windows Forms the development environment usedatés to iden-
tify the localizable properties of the user interface comgrds. The development
environment knows that those properties must be treatéatelitly when the user
interface localization support is enabled. As the lochlt#y is specified with
attributes, the localizable properties of the componemtdacided by the compo-
nent developer and there is no way to customize the behaaftemvards. This
inflexibility may be a problem if the preselected properaes not suitable for the
localization needs of the company.

Pattern based source code analysis can be used to find thedbtaresources
in order to make them localizable. The localizable resaiare detected with
patterns and then the resources are moved into localizdttabase and the old
resources in the source code are replaced with a code tisahgetalues from the
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database. With this method it is possible to make an exisystem localizable
quickly and inexpensively [11]. It does not address thedgpinternationalization
issues though, so the result is mediocre at best if the méshaygplied to software
that has not been designed with internationalization indmin

There are additional benefits when the development envieohns able to
identify the localizable content as it opens possibilitesiew helpful features.
For instance, the content can be automatically annotatddaniadditional metain-
formation such as the type of the component and the compdoeation in the
user interface hierarchy. This metainformation helps tprowe the quality of the
localizations and, when there are several target languageeduces cost saves
by reducing the need for recurring test and correction sy[dé].



Chapter 7
Problem Domain

Tekla has developed user interfaces mainly with A-kit, vhig their in-house
developed cross-platform user interface Iibﬁanylowadays the applications are
primarily made for the Microsoft Windows and, when Tekla pigal the .NET
technology, there were no cross-platform requirementsabald have prevented
the use of Windows Forms technology. Soon both old and nelantdogy were
used in parallel.

Tekla’s products are sold in the global markets, so the djirdt#on is a vital
part of the development. The Windows Forms is not compatilitle the old lo-
calization technology, so it is necessary to investigate the support for the old
technology could be appended to the existing system. Inctiapter the prob-
lem domain is outlined by defining initial requirements ams$atibing different
component types that need to be supported to fulfill the requents. Then three
alternative solutions are introduced and finally one of tiieohosen to be imple-
mented. The implementation is described in the next chapter

7.1 Requirements

The requirements can be divided into two main categoriethdfirst category are
the requirements dictated by the existing Tekla technolddne second category

More information about the A-kit and other related Teklashnologies can be found in
Section 5.4.
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contains features that will make the system more userdlyeand reduce the
possibilities for errors.

7.1.1 Compatibility with Tekla Technology

The existing Tekla technology defines localization resesikgith AlL files, which
were covered in more detall in Section 5.4. The AlL files idfgrdulture-specific
values with arbitrary names and the only supported value ityp string. The im-
plementation of the Windows Forms localization is needdokteompatible with
this technology. Because the default Windows Forms loattin uses component
names as identifiers, it is incompatible with the requiretsien

The .NET implementation of the A-kit resource files does mpiport the old
AIL and AID files with multiple character encodings. Insteaé only supported
encoding is UTF-8. The UTF-8 is reasonable choice, becaisseampatible with
old null-terminated strings and it can encode all Unicoderabter. Thereupon the
multi-language AIL files are easier to handle as the strirsgsanly single encod-
ing. The upcoming A-kit release will also have support fa thTF-8 encoding
in the resource files.

The old technology sets two constraints for the implemértatall localized
resources must be strings and the values must be identiftachvinitrary names.
The changes in the A-kit resource file format do not affectidcalization imple-
mentation, because the resource files are accessed throagbuace library. At
first the .NET implementation of the resource library supgonly the AL files,
but the support for the AID files is possible to add later.

7.1.2 Usability Requirements

The development environment should help the developettteadid identifiers to
the components in order to prevent accidental misspellifilge .NET framework
has value editors that can be either dialogs or drop-dowtr@snwhich are in-
stantiated when the property value is edited in the visusilgsher. The identifier
properties should have associated value editors thatagigppickable list of the
existing identifiers.
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Support for strongly-typed resources is another requirgnees it allows the
resources to be referred from the source code with comipile-thecked names.
The system should be able to generate the resource clasesotitains all the
defined identifiers. The benefits of the strongly-typed resssiwere discussed in
Section 6.3.

7.2 Localizable Component Types

The requirements are only the first half of the problem dom&iowadays the
user interfaces have many conceptually different compotyges and it is im-

portant to understand the differencies of these types iardalbe able to support
them all properly. In the Windows Forms there are four baases that must be
investigated and their properties are discussed in thisosecThis information

is used in the following section where the possible soliare introduced and
evaluated.

7.2.1 Independent Components

In Windows Forms terminology there are both components amdrals. The
components are elements that do not directly appear on aéagdi but they pro-
vide some useful functionality to the application. For exéantimer component
provides a mechanism to call a method at specified interveth& controls are
visual user interface elements such as check boxes, tegsblabels and buttons.
The controls are also components, because they extendrtipooent base class.
All components receive a unique name when they are addeth@atoroject. The
user interface designer uses the component name as a fieédwvtzan it generates
the code and the component instance is stored into the deddigd.

The controls form a hierarchy and each control has a Conprolgerty that
returns a collection of the child controls. With this pragat is possible to tra-
verse control hierarchy at runtime. The components, howeve not normally
exposed for public access. Albeit the runtime access isldessith some nasty
reflection tricks, there is a better alternative at the desime. The services of the
integrated development environment give access to all comt instances.
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The independent components and controls are easy to exiédndew prop-
erties. The .NET framework defines an interface IExtendwssiBer that allows
components to provide properties for other components. nidtly the devel-
opment environment shows the properties of the componemscantrols in a
property grid, which allows to view and edit the propertyues of the selected
object. The extended properties are automatically showviinarproperty grid. In
Section 7.2.4 the extenders are discussed more as they mmexial case for
component localization.

7.2.2 Components with Child Components

Not all components are independent from others. Some coemp®imave child
components, which partially define appearance and furaitgnof the parent
component. For example, a ListView control has a collecatb@olumnHeader
components that specify the column properties such as cohame and content
alignment. Because the columns are components, theincesaare stored into
the fields of the class and they can be accessed directly fremger code.

The child components are not as easy to extend as the normgloc@nts.
The child component collection is usually edited with a eclion-specific editor
that may ignore the extended properties. As a result thandgteproperties are
shown in the property grid if the component instance is $etedirectly, but the
extended properties are ignored if the component is ededigh the collection
editor of the parent component. Even though this behaviouldcbe described
as a bug, it must be circumvented, because it exists in theafframework
components.

7.2.3 Components with Child Objects

When the component has child objects, which are not compsnirere will be

some additional issues when compared to component chiltie. components
have always an unique name and they are stored into class, fizitlthe same
does not apply to the the non-component objects. They makhawat any useful
property for the identification and they are likely to be deéiras local variables in
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the generated code. The object instances must either beredph the generated
code or they must be accessed through the parent component.

The TreeView is typical control in this category. The treel@adierarchy is
made of TreeNode objects, which are not components. Thentvdes are an
example of the worst case, because the TreeNode class doleaveoany good
property to be used as identifier. There are Name and Texepiep but neither
is guaranteed to be unique.

7.2.4 Component Extenders

One important property in the .NET is the possibility to extehe existing user
interface components with new properties at design-tintee dxtenders are im-
plemented as components and they provide functionalityist@mmon to many
different components. A good example is a tooltip comportleat extends all
controls with a tooltip text property. At runtime the toplcomponent is respon-
sible for showing the set tooltip values when the mouse tweer the control
for certain time.

Error provider componentis another good example of thesshi@nctionality.
It provides a simple mechanism for indicating to the end tisgrthere is an error
associated with a control in the dialog. In case of an er@ctmponent shows an
optionally flashing icon next to the control. The reason far érror is shown in a
tooltip when the mouse hovers over the icon. The error penhids a method that
sets the error description string and shows the error icothospecified control.
Normally this method is called when the value of the contsalalidated.

The main idea behind the component extenders is to sep&m@teotnmon
functionality of the user interface elements into reusaloleponents. The sep-
aration allows the extenders to have common setting priegdtiat specify how
the extender should work with all extended components. dbkip extender has
properties to control visual style and appearance delay értor provider has
properties to set the error icon and its blink rate.

The values of the extended properties are stored by thedateomponent.
Usually the extender puts the values into a hash table thadexed with the
instances of the extended components. The designer gesawwbmatically the
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necessary code to preserve the values. In order to prowdé4ation support for
the extended properties, one must be able to identify bathedtender and the
extended component. There is no direct support in the frareto extend the
component extenders.

7.3 Possible Solutions

In order to be compatible with the Tekla technology, the Viéind Forms local-
ization support in the visual designer must be extended.|dt¢adization engine
needs to be able to use localization data from the AlL filesthadesources must
be identified with arbitrary names. The goal is to enable thmpert of the Tekla
technology in all component types that are described in@e¢t2. In this section
alternative extension mechanisms are evaluated.

7.3.1 Custom Resource Manager

The Windows Forms uses normally .resx resources when diaog localized.
The development environment generates necessary codethegesource values
by using concatenated component and property names as arkeyresource
values are got by using a resource manager, which loads tessery resource
files and returns the set values.

By implementing a custom resource manager, it would be plessy inter-
vene the localization process. Instead of defining traiosiator each culture, the
developer would specify the AIL identifiers as the valuestfa default culture.
The custom resource manager would use the original resawanager to get the
identifiers from the resource file and then it would find andmethe correspond-
ing translations from the AIL file. So the official localizati system would be
utilized as storage for the identifiers, which are resolvedetl translations at
runtime.

With this approach all components would be supported in a&esaay as they
are normally supported by the development environments dlbes pose a prob-
lem though. If a component has a collection of child objettis whole collection
may be serialized and stored into resource file as a singlevalckily this spe-
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cial case is possible to detect. After the object collecisoget from the default
resource manager, it can be traversed and the localizatpeies of each object
can be translated.

With the custom resource manager there is no way to provifgetbe¢he de-
veloper when he sets the identifiers. This makes it hardeeuser the existing
translations, because their identifiers must be found bgrotiteans. However, it
should be possible to report the identifiers that are miskomg the AL file so
they can be corrected if they are misspelled. It might alsodssible to implement
editing support for the translations in the AlL file.

Presumably the biggest problem with the custom resourceg®ans the in-
tegration with the development environment. The visuaigies of the Windows
Forms does not support custom resource managers. The tgeheoale has al-
ways the same hard coded resource manager and there is n@aagyreplace
it with the custom resource manager. The simplest altermatito overwrite the
default resource manager by using a component with custoalization code.
This is not a robust solution though, because it does onlkwdhe component
is first to be serialized.

7.3.2 Extensions with Component Extenders

The component extenders would seem to be a natural way toceitte existing
components with new properties. With extenders it is pdssintroduce addi-
tional properties for the components so the Tekla techryobogild be supported
by adding new identifier properties, which would coexisthwhie real properties
that are supposed to be localized. For example, the Texepsopf the Button
control would have additional Textldentifier property. Antime the localization
engine would set the value of the Text property accordingéatrrent locale and
the value of the Textldentifier property. The propertiesvmted by other exten-
ders can be supported by adding a corresponding localizatitender for each
existing extender.

Though the idea of the extenders is useful and well reasdmedVindows
Forms framework does not support it as well as it could. Asaswxplained in
Section 7.2.4 only components can be extended. Howevéig ii@émponent has
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child objects that do not extend the component class, trendgts will not work
with them. The .NET Framework 2.0 introduced several coreptsthat were
not compatible with the exteders anymore. The new compsreet improved
replacements for some existing components.

Another problem with the extenders is their static naturee @xtender can
only provide one set of properties. The extender decidekdgamponent type if
the component is supported or not and all properties of tteneber are applied if
the extender chooses to extend the component. In ordergocitte components
for the localization purposes one would need to implemeatextender for each
different component type, because different componens tiferent properties
that need to be localized.

Third problem is being caused by the editors of the compooeltctions.
If the property value of the component is a collection of comgnts, it is edited
with a value editor of the collection. The value editor may have support for
the component extenders and, as a result, the componehtsaoltection do not
have the extended properties when they are shown in the edit@. This is a
big flaw, because the editing of the child components is aosys done in the
value editor.

All'in all, the component extenders cannot support non-comept types and
the design-time support of the child components is onlyiglaBecause of these
deficiencies the component extenders do not provide a psagation for this
problem. The component extenders could be a real alteenidtitiey were able
to support all component types and the value editors wereeagidhe extenders.
In addition, it would be beneficial if the component extersdeould have more
dynamic nature so that they could provide a selection of gnogs based on the
extended type.

7.3.3 Extensions with Metadata Substitution

As the component extenders seem to be insufficient to extemestisting user
interface components, the logical next step is to use a kevet extension mech-
anism that applies to all object types. In the .NET framewsigiic class infor-
mation can be viewed with reflection. However, there is aino@iayer on top of
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the reflection and the layer enhances the capabilities afetihection. This layer

is accessed through TypeDescriptor class and the runtint@date substitution
can be accomplished with it. The only condition is that thetes gets the class
information with the TypeDescriptor instead of the reflenti Fortunately the

TypeDescriptor class is heavily used in the .NET framewaidk e development
environments rely on it when the class information is needed

The TypeDescriptor can extend both types and distinct msts The type
information is extended by registering a type descriptimver, which is used
by the framework to get the extended type information. Thmetgescription
providers are chained so several providers can contribfdennation simultane-
ously. The TypeDescriptor supports both events and pregdout methods are
not supported.

The metadata substitution offers interesting possiesitibecause it makes
possible to extend the existing types with completely nespprties. The new
properties can also replace the existing properties aneitemded properties are
fully customizable. The design-time support for identifetection can be im-
plemented by defining an editor attribute for the extendeg@rties. The editor
attribute specifies the editor component that the visualgdes uses when the
developer chooses to change the property value.

7.4 Summary

The alternatives to implement Tekla compatible local@asupport for the Win-

dows Forms are evaluated and summarized in Table 7.1 andégdesymbols are
explained in Table 7.2. If all requirements are to be impleted, only one of the
presented solutions may be able to accomplish them. The @woamp extenders
lack support for pure object types and some value editorsasupport them

properly. The custom resource manager does not suppodnsustlue editors

and its integration with the code generator is questiondbidy metadata substi-
tution is able to provide the extended properties with austalue editors. Still,

it is unclear how well the existing Windows Forms compone&ats be extended
to enable their localization with arbitrary named identgieT his will be the main

evaluation criteria of the design.
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Value editors for extended properties

+| Supports components with child objects

D
1| Supports independent components
I T 1| Supports components with child components

I+ | Supports component extenders

Custom Resource Manag no
Component Extenders +++ yes
Metadata Substitution +++ + + + | yes

Table 7.1: Evaluation of the alternative solutions to supfiee Tekla’s localiza-
tion technology in the Windows Forms user interfaces

Symbol | Description

+++ | Full support. The object type is supported completely and no
additional code is required.
++ Partial support. Some features are missing or the developme
environment support is imperfect.
+ Minimal support. Only basic functionality is supported bet
development environment support is missing. Improvemests
quire substantial amount of additional code.

- No support. The method is incompatible with the object type.
yes | The feature is available for the supported object types.
no The feature is not supported by any object type.

Table 7.2: Symbol descriptions for the evaluations of tHatgms
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The value editors themselves are not very interesting stjlgs they can be
implemented by following the normal value editor designdglines. The value
editors do not depend on the other design choices. They @dg access to the
translation database in order to display available loatibn identifiers. Likewise
the class generator of the strongly-typed resources depmatig on the translation
database. The implementation of the component extensmahiha related design
choices do not affect these two features in any way.
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Figure 8.1: Overview of the Localizer implementation

The original localization support of the Visual Studio is sompatible with
Tekla technology and so the support for Tekla technologgnglémented with a
Localizer component that dynamically extends existing ugerface objects with
new properties. An overview of the implementation is showiigure 8.1. The
implementation is not Visual Studio specific so it works aisth other integrated
development environments.

The implementation contains three main parts in additioth® Localizer
component: a TypeManager class to extend types with newepiep and col-
lections of component extender and component localizesse Each compo-
nent extender class knows how certain component types pdszl éxtended for

53
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Listing 8.1: Serialized values of the Localizer component

/I Visual Studio does not use using statements when the sgeeérated,
/I but here we use one to improve the readability of the Iistin
using ComponentLocalizers = Tekla.Technology.Localizer.CongntLocalizers;

/I Following snippet is generated into InitializeCompot@method of the form.
this.localizerl.Addfew ComponentLocalizers.PropertyLocalizii$.okButton, "Text"), "but_ok");
this.localizerl.Add(
new ComponentLocalizers.ListControlLocaliz#ris.textStyleComboBox, "ltems"),
new string(] {
"style_regular",
"style_bold",
"style_italic",
"style_underline"
i
this.localizerl.Addfiew ComponentlLocalizers.ToolTipLocalizén{s.toolTip, this.textStyleComboBox), "tip_text_style");
this.localizerl.Addfew ComponentLocalizers.PropertyLocalizi$.fileMenultem, "Text"), "menu_file");
this.localizerl.Addfew ComponentLocalizers.PropertyLocalizi$.quitMenultem, "Text"), "menu_quit");

localization. The TypeManager class is a helper class ®ictmponent exten-
der classes to extend existing types with new properties.ektended properties
enable developer to edit the translation identifiers of hragonents. The identi-
fiers are persisted by the Localizer component when it iskeed. The Localizer

component is also responsible for localizing the user fater at runtime. The

component localizer classes are used to perform the |lat@liz of the compo-

nents.

8.1 Component Localization

Different components have different properties that nedaktlocalized. Simple
components need localization typically for one string @rby but some com-
ponents have much more complex requirements like striraysyrenumeration
values or image objects. These varying needs of the componesan that the
localization system must be flexible and able to adapt itsetfifferent require-
ments. This is especially true when the translation datablags support only
string data, but the localizable content includes imagek @her binary data.
Sometimes the data can simply be encoded as string valuaschn as well be
referenced with file path or resource name.
Another requirement is to be able to persist the translatdentifiers of the
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properties. For simple components the identifiers must becested with the
property name and the component instance, but for examplenbperties of
component extenders require that the identifiers are agsdcalso with the com-
ponent extender instance. In short, different propergggsire different means in
order to be identified uniquely, because the propertiesaeenally different.

The Localizer component uses component localizers to pertoe localiza-
tion in a component specific manner. They are also used asdeys the trans-
lation identifiers are stored into identifier collection. eTtype of the component
localizer is dictated by component extenders, as the coerg@xtenders specify
a component localizer factory for each property that thed\aidh the TypeMan-
ager class. The TypeManager uses the factory to produce pormnt localizer
instance, which is used as a key when the property valuehsragiet or set. The
component localizer instance is based on a component gesthat is given as a
parameter to the factory method. In Listing|8.1 the compbloelizers and their
associated translation identifiers are presented in thaalged form.

8.2 Localizer Component

The main part of the implementation is the Localizer compoyees it is the center
piece that binds everything together. Components are alaldd functionality to
other components as well as to the user interface desigasinficture. In addi-
tion, the development environment stores the state infoomaf the component
automatically by serializing it into the generated sourcge:

8.2.1 Identifier Storage

The Localizer component has a collection of key-value pthias map the prop-
erties of the object instances to arbitrary names used aslatgon identifiers.
The key must be serializable or else it would not be posskdre the identi-
fier collection. Initially the key was defined as a simple strwith fields for the
component and property names. There was also a contextdgettle two fields
are not enough for all identification needs. For exampleptioperties provided
by component extenders cannot be identified with only twal$iebecause the
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extender component itself must also be identified in additidhe extended com-
ponent. Fourth field defined a handler that is able to locaheecomponent by
interpreting the defined fields correctly.

However, the struct keys were abandoned after it was fouhthatithe seri-
alizer of the .NET framework is able to serialize all typeattban be converted
to InstanceDescriptor objects. The instance descriptviges the information
needed to recreate an instance of the object: a construndatsaparameters. In
order to convert an instance to instance descriptor objeetfype must have a
type converter specified with a class attribute.

There are several component localizers and they all ar@inhated differently.
The associated type converter must know how the componealizer should be
instantiated for being able to create a correspondingniestaescriptor. Instead
of defining a new type converter for each component localiakrcomponent
localizers share a single type converter and implementtarface with which the
instance descriptor of the type can be created. When thedyoe converter
needs to convert a component localizer instance to an iost@scriptor, it uses
this interface to get the right instance descriptor.

8.2.2 Localization at Runtime

Both runtime and design-time localization of the user ifi@igg components is
done by the Localizer component. The localization proces®iy simple as the
localization of the components is abstracted by the compdoealizers. The Lo-

calizer component traverses the key-value pairs in thecidn of the translation
identifiers: the keys are component localizer instancedlamdalues are transla-
tion identifiers. For each key-value pair the translatiamnitfier is used to get the
translation from the translation database and the compdoealizer instance is

used to set the the translated value into corresponding coemp.

8.3 Type Extensions

The .NET framework has ability to extend the types at runtivite TypeDescrip-
tor class, which is especially utilized by the design-timiadstructure. The type
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extension framework of the TypeDescriptor is unnecessamypdex for the needs
of the component extenders, so the original framework igédmndwith a TypeM-
anager class. The TypeManager provides a simple interéaaed and remove
properties for existing types.

The new properties are described with property info objeeisch contain all
necessary information to create a new property. The infoamancludes property
name, property type and attributes such as type editobatitri The type editor
attribute defines the type editor that is used when the ptppatue is edited in
the visual user interface designer.

The property information contains also a factory instangeroduce the com-
ponent localizer instances, which are used as identifierhévalues of the ex-
tended properties. The factory method takes a componelhices as parameter
and creates a new component localizer instance, which abtapo set the local-
ized value for the component instance.

8.4 System Operation Examined Step by Step

The operation of the Localizer component is most easy tonstaled by examin-
ing how the system really works.

e Localizer component initializes component extenders hEEaenponent ex-
tender describes new properties for specific componenstyfige property
description includes name, value type, value editor andd&tpry. The key
factory is used to produce a key that uniquely identifies thragonent in-
stance and property. All keys are component localizer ebjiat are able
to apply the localized value for the component.

e When a component is edited in the user interface desigreMytpheMan-
ager administers that the extended properties of the coemp@re shown
in the property grid. The values for the properties are gehfthe Localizer
component.

e When user edits a value of the extended property, TypeMausagees it to
the Localizer component as a key-value pair. The key is prediby the
key factory of the property.
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e To localize the user interface, the Localizer componentgsses all stored
key-value pairs and for each pair it gets the translatiohewalue and uses
the key, which is a component localizer instance, to setrdrestation.

8.5 Strongly-Typed Resources

In the .NET framework there are two straightforward methiodgenerate source
code for the strongly-typed resource. Both methods use DOk types to de-
scribe the source code model. The CodeDOM is a collectioypdd that rep-
resent many common types of source code elements and théOddi@bject
graph can be rendered as source code with a CodeDOM codeagman¥yith the
code generators it is possible to generate source coddffienatit languages from
single CodeDOM object graph.

The first method is to simply write a code that generates tldeOO®M object
graph from the used resource file. However, the .NET framkwas already a
class that does this for the .resx resource files and the denethod is to reuse
this class to generate the object graph. This latter methasditable when IRe-
sourceReader interface has been implemented for the usedrce file format.
Even if the interface has been implemented, the generatedtajraph requires
some modifications before it can be used with other resouectfimats.

There is not much difference in the workload of these two oe@sh The first
alternative requires more code to be written, but it is alewareasy to adapt for
the custom needs. The second alternative is more limitedthleue is available
a ready-made example of its implementation [27]. When imigleted both ap-
proaches can be used in a similar manner to generate theesocagle. In the
Localizer component the generation of the strongly-typesburce is done with
the second approach.

8.6 Remaining Problems

The Localizer implementation is not entirely trouble-fr8éhere are some prob-
lems that could not be solved and in the future there may asadiditional com-
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patibility issues. In this chapter these problems are dssdy their severity is
estimated and possible solutions are proposed.

8.6.1 Unsupported Component Types

Components with child objects caused some problems. Fangbea the child
nodes of the TreeView control cannot be localized, becawsérée node objects
do not have any property that could be used as unique identifiee lack of
identifiers would not be a problem if the tree node instanoedcbe tracked, but
that is not possible because the value editor of the tree caltztion may replace
instances without warning.

There are some alternatives to solve this problem. Onenaliige is to extend
the original TreeView and TreeNode classes by inheritiregrtim order to append
the localization support. Presumably the simplest way t the localization
support is to replace the value editor of the TreeView’'s nodkection. This
solution would only require implementation of the new cadlien editor and a
small change in the extended TreeView class.

Another alternative is to implement only runtime support tiee TreeView
class. In practice the TreeView class is extended with ad@ooproperty that
specifies whether the TreeView instance should be localizéae property value
is set true, the child nodes of the TreeView are traversedpaoplerty values of
the nodes are assumed as translation identifiers and theylasétuted with re-
spective translations. The tree node objects are not extendh new properties,
but the value editor of the localizable properties shouldenged to the value
editor of the translation identifiers.

The first solution is more laborious as the new value editguires quite a bit
coding. Still, it provides more complete support than theosd alternative, which
does not provide support for design-time localization. §heond alternative is
basically a kludge that avoids the need to track the insgatthe tree nodes by
storing the translation identifiers into values of the |azhle properties.
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8.6.2 Compatibility in the Future

The implementation of the Localizer component is now stipdgpendent on the
type extension support of the TypeDescriptor class. ThesDgscriptor works
only if the integrated development environment supportshiere are no guaran-
tees that this mechanism is supported in the future versibtise development
environments. It is important to evaluate the possible equnences that will fol-
low if the current implementation does not work in the future

The old translation identifiers are stored through normalponent serializa-
tion so they are not affected by the extension mechanismn Evbe extensions
would not work, the old data in the project continues to belémhand saved cor-
rectly. However, the old translation identifiers cannot théeel and new identifiers
cannot be added through the visual designer. They must lessed through the
generated source code if they have to be changed.

The extension mechanism does neither affect to the usefaogslocalization
at runtime. The component localizers use only the normdlmeninformation of
the components, which is provided by the reflection featdirdh® .NET frame-
work. As a result no data is lost and the existing localizagiwill work even if
the extension mechanism stops working with some developemstironments.

8.7 Summary

The implemented dynamic component extension mechaniseaapfo be a work-
ing concept. It is possible to implement completely new liaeéion framework
by appending new properties to existing components at ddsite. The im-
plementation supports arbitrary named identifiers, whiehused in the existing
Tekla technology, and the extended properties are editddonstom value edi-
tors, which help user interface developer to assign pragsewith existing iden-
tifiers. Other new functionality such as pseudo-local@atidescribed in Sec-
tion[3.3, can also be implemented and it does help the dexetonsure that the
user interface layout is compatible with long strings.

Still, this solution is not perfect as the components witiidchbjects could
not be supported properly. This problem case was descnib®ddtion 7.2.3. The
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main problem with these child objects is the lack of meangaokt the object
instances. The objects do not have any property that coulgsbd as unique
identifier and the value editors do not preserve the instamwten the object col-
lections are edited. Consequently these objects cannotbézed.

Even though the components with child objects are an unreddbksue, it
does not completely prevent the use of this localizationl@mgntation. There
are only a few components that are completely or partly unsupd because of
this limitation and the majority of the Windows Forms compaots are fully sup-
ported. Most notable unsupported component is the Tree®@a@wrol and some
features of the ListView control are also unsupported. éf filmctionality of the
unsupported components is needed, the components haverémriggemented.
At least the collection editors for the localizable objectsst be replaced with
new editors that enable the tracking of the object instances



Chapter 9
Conclusions

Windows Forms localization support was incompatible widkl@'s localization
technology and so a new localization support was implentgebyedynamically
extending objects at design-time. The used technique negjthat either the ob-
ject instances are trackable or the objects have some pypmich can be used
as unique identifier. In practice, the technique worked fostof the user inter-
face elements, but some objects could not be supportedniy@sethey did not
fulfill the requirements. There are some alternatives withctv the unsupported
objects can have at least partial localization supportiege methods must be
considered separately for each unsupported object type.

The presented object extension method is not Windows Fopexsfse and it
can be applied to other user interface component librasesedl. Neither is the
usage of the method limited to the localization, becaussdh®e approach can be
used to implement also other kind of functionality. Desfite problems that were
encountered, the dynamic design-time object extensioresrnach potentiality as
they fulfilled almost all requirements.

In a perfect world there would not have been any need for teegnted solu-
tion in the first place. The user interface libraries shoutt/gle means to extend
and override the default localization system, including tiesign-time support.
The pattern for flexible and extendable localization systenid be a subject for
further research.
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