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Abstract — The problem being examined arises in the gamidgstry, where the addition of new and varied conten
is of great importance to gamers. New content aaldits a cost driver and so, finding ways to allsgalable content,
while managing costs will be of interest to procigcé\ solution is presented in the paper to thebpgm of localising

a large volume of sentences of text with similawcitires. An automated text generation tool wadtemiin Ruby on
Rails, which implemented a set of grammatical rfiteseach of the project languages, and generateangnatically
correct text to appear in the user interface of tidine game. The costs of full product internadilisation and rules
based translation are compared in a simple moded. adhclude that the rules based approach to autmmakt
generation is less costly, and scalable for thidipalar case.

Keywords: String concatenation, localisation translationsta@duction, translation review, string parsingangmar
rules, online games.

1 Introduction

Automated telephone attendants, that provide irdtion, such as, “You have ” + ” 2 ” + " messagesé aery
common. They produce sentences by concatenatitg gfagentences together to form whole and grancalticorrect
sentences. The English language is relatively ¢asyork with when it comes to using rules for simentence
formation. In languages other than English, thegulor forming simple sentences are more complek amtext
dependent.

The purpose of this paper is to describe the solutie implemented to manage the translation colteofocalisation
of a massively multiplayer online text based rdieying game (MMORPG). The problem we faced wasttheslation
of large sets of sentences that were structuredsierilarly, contained similar content and thataee to be scalable. In
this context, the scalability of the translatiomtzmnt referred to the ability to add more contentiesired.

The software on which we were working was not imdtionalized, and the generation of much of thaemrvisible to

the user was through string concatenation, whesglngs are added together to form sentences. \Whidés appealing
in English, and there are very few grammatical pkoas for which to cater, when we move to othemglzages, the
localisation of such content becomes problematic.

String concatenation is to be avoided, accordingternationalisation best practice (see Brandid2@kkas 2010). In
general, there should be one string to localizehénresources for every instance of a string ajppgan the software
user interface. If we were to implement best pcactor this project, we would have had to rewritsgicant portions
of the base code, translate and review the softwark then perform functional testing. Each phaselavincur
significant costs.

The problem we faced was to generate a solutiannirdmized the costs of producing translationsddarge volume
of words, without incurring both large translatioost and large review cost. Our solution involvedlgsing the text of
the source sentences per language, and identifyiggneral structure for each language to which eacttence
adhered. The individual words were translated andes based Ruby parser was used to output thettsentences.

We put the target languages sentences in spredsstee¢hat translators could easily review the.t&kiis avoided
having to bring up each sentence exhaustively megday. Some gameplay was necessary so that tisaiars could
see a selection of the sentences in context.



2 Problem description

In this section, we describe the problem in gredé&tail and give specific examples of the textéartanslated. We also
examine the grammatical construction of the sem®iand show their structure. The example languagesonsidered
were; English, Spanish, Russian and German.

2.1 String concatenation

String concatenation is the process of adding hegestrings to make a whole message. The processed in many
applications, for example, in telephone automatéehdant software, we have: You have + one + negssage. You
have + two + new messages. You have + six + newsages. In the online game, some of the exampleidexs$
follows: Hero+defeated+a Cyclops+in+The Abandonesés of Mumbo

Lady+was defeated by a+Cyclops+in+The Abandonec&€a¥ Mumbo

You are on a quest in the+The Baneful DungeonsetitBsearching for+The Scroll of Bella

The English examples shown above demonstrate theati#gy of the English language and that addingether
components can make regular grammatically corretesices. The only irregular sentence in the telephattendant
example is the first sentence. The second and gubse sentences match the number with the plurdhefword
message, simply by adding the letter “s”. Theneoisuch simple solution in other languages.

2.2 Case

Part of the reason for the complexity of the tratish from one language to another is the fact tloains may change
depending on how they are used in the sentenceg Sdahe grammatical name for this process. (Blake 2001),

states that, “Case is a system of marking depenamnts for the type of relationship they bear wirtlheads”. The
author goes on to say that case “marks the rekttipnof the noun to a verb at the clause level foa @moun to a

preposition...” For our example, this means that sathange their form (decline) depending on how Hygyear in the
text. Case is not the only grammatical processatgse a noun to change its form. In addition, a nmmchange its
form to agree with the verb to match; case, nundregender. In English, case is not a significamttdee of the

language, compared to Latin, Greek or other Indmfean languages. Although the purpose of thislaris not to

discuss grammar in-depth, enough will be describethe main concepts order to implement our sertoraated

solution for MMORPG localisation.

The context of our problem is the localisation ehassively multiplayer online, text based fantadyemture game, into
German and Spanish. An example of the text thadewéo be translated is as follows:

You have found+an+ancient+Kovalli+copper+braclet
You have found+an+ancient+Kovalli+gold+braclet
You have found+an+ancient+Kovalli+gold+chalice
You have found+a+new+Mithican+bone+chalice
You have found+a+new+Mithican+bone+cup

There are other types of text in the game, progidiimilar issues, but for the purposes of this pawe will examine
only the above in detail. For ease, we will retethte sentence as the “loot sentence”.

Examples of case categories in language are aswllnominative, accusative, genitive, dative, tvea and
instrumental cases. The following list shows exasmf how these cases are used in sentences, (BBCo2line);

Case Example

Nominative indicates the subject "Johnbuys the newspaper."
Accusative indicates the direct object: "John buys th@ewspapel
Genitive indicates possession: "John'snewspaper is cheap."
Dative indicates the indirect object "John writego the newspaper

Locative indicates location or topic of conversatand is governed by the"John talksabout the newspapér
prepositions 'in', ‘on’, 'about’, and 'in the pneseof:
Instrumental has the sense of 'with' or 'by medins o "John swats a flyith the newspaper

| Case | English | Russian |




Nominative Case Ivan sees the table. ViBaH BHIMT CTOJ.

Accusative Case Ivan closes the book. VIBaH 3aKpbIBacT KHUTY.

Genitive Case Ivan wrote a letter to a friend ofiB0 Mean nanucan miucemo apyry bopuca
with a pen. PYUKOIA.

Dative Case Ivan gave the table to Valery. HVBan pan cron Baneputo.

Prepositional Case The book is on the table Knura—Hna croise

Instrumental Case Ivan wrote a letter to (his)nftievith | lBan  Hammcanm  mHCBMO — APYTY
a pen. PYUKOH.

Table 1 showing examples of case in English angiBagLexiteria 1996 online).

As mentioned above, case, number and gender causs to change their form. Each of the languagesaomsider in
this paper is listed in Table 2along with the numiffecases and number of genders of nouns.

Table 2 showing the list of languages, the numib@oan genders and the number of cases in the égegu

Language Number of genders (Masc/Fem/Neut)| Numbelf gases
Spanish 3 0
German 3 4
Russian 3 6

Just to note, Spanish has 3 genders of noun, éutatiter gender is not commonly used.

2.3 Software

When logged into the online software, the userads with characters in the game, picking up oilaot and other
items, while visiting a number of places, or “ldoas”, in the fantasy world. In the next sectiows, will describe the
“loot” and examine the treatment of the “loot” semte in each language in turn. We identify a gdrstnacture for the
loot sentence in each language and show how thersms are generated. We implemented similar snegtfor the
location names and the creatures inhabiting theeghuot for simplicity and to avoid repetition welvwdescribe only the
loot. Later in the paper, we describe the implerugon of the “rules engine” for generating sentance

2.4 General sentence structure

An adventurer may win or find some loot and thi®imation is presented in the game user interfagamples of the
types of sentence include; “you found an anciemebAccardian bracelet” or “ you found a new broKowalli cup”.
There are structural variations within sentences] aome sentences have common words. Examples gifsitn
sentence templates are as follows:

Example structure:

{age} {material-jewellery} {source} {loot_name}
Example sentence:

ancient + bone + Accardian + bracelet

Example structure:
{sizeH{type} of {kind}
Example sentence:
huge + chest + of + cash

Example structure:

{material-quality} {source} {loot_name}
Example sentence:

magical + Gurthian + cup

The template structure can be reordered, as thé amer may vary from one language to another.dagh sentence
template element, we must maintain a table of @sculine/feminine/neuter, singular/plural and dasms. The "rules



engine" uses the given sentence structure for keaguage and generates the appropriate senterias. the sentence
elements are stored in categorised tables, whieboaked up as required.

In the following sections we will examine examptefssentence construction in the different languayfés will also

demonstrate via a short calculation that even withodest number of variables, the number of seatetictranslate
can quickly grow.

2.5 Spanish

The Spanish language has two genders for noungipanasculine and feminine, and no cases. The est&ructure
in English for the sentence to describe treasweytbu found is, for example; “ ancient bronze Adan brooch”:

{age} {material-jewellery} {source} {loot_name}
In Spanish the order of the sentence has to beareged, to the following;

{age} {loot_name} {material-jewellery} {source}
The {age} variable declines with the gender and bemof the variable {loot name}. This means that thords
signifying age, such as “ancient” or “new” will watheir form depending on the type of “loot” pickeg by the

adventurer. The {material-jewellery} variable doest vary. The {source} variable varies dependinglom gender and
the number of the {loot name}.

Table 3 shows examples of the “age” attribute efltdot.

Attribute age | M Singular F Singular M Plural F Plural
en_US

Ancient antiguo antigua antiguos antiguas
Antique histérico historica histéricos historicas
New nuevo nueva nuevos nuevas

Table 4 shows examples of the “material-jewellatttibute of the loot.

Attribute material-jewellery en US Attribute materi al-jewellery es ES
Bone de hueso

Bronze de bronce

Iron de hierro

Silver de plata

Tooth de marfil

Table 5 shows examples of the “name” attributénefloot and grammatical gender (fem/masc) and nufsbey/pl).

Loot name en_US Lootname es ES| Fem/Masg  SingulaliPal
Necklace collar M S

Bracelet brazalete M S

Earring pendiente M S

Earrings pendientes M P

Brooch broche M S

Bangle pulsera F S

Table 6 shows examples of the loot “source” nantkinvariations to match gender and number.

Attribute  source | M Singular F Singular M Plural F Plural
en_US

Accardian Acardiano Acardiana Acardianos Acardianas
Gurthian Gurtiano Gurtiana Gurtianos Gurtianas
Kovalli Kovaliano Kovaliana Kovalianos Kovalianas




Table 7 shows examples of the loot “type” name itgsdariations to match gender and number.

Loot type en US Loot type es ES Gender Number Sijlr
Hoard pila F Singular

Chest cofre M Singular

Pots calderos M Plural

Table 8 shows examples of the loot “size” and @sations to match gender and number.

Loot_size M Singular F Singular M Plural F Plural

en_US

Colossal colosal colosal colosales colosales
Huge enorme enorme enormes enormes
Interesting interesante interesante interesantes teregantes
Impressive impresionante impresionante impresi@sant impresionantes
Small pequefio/ pequefia pequefios pequefas

Table 9 shows examples of the loot “kind”.

Loot kind en US Loot kind es ES
Cash monedas

Loot botin

Treasure tesoro
Valuables riqguezas

The game provides for a random element, which gdtie type of treasure found by the adventurer.‘Tilles engine”
takes the random element to identify the type of flmund, and associates it with an item in thet liadle. Other
random variables identify the source, age and nadtenaracteristics of the loot. The rules engireayates a sentence
consistent with the grammatical rules of the lamguapecifying gender and number of the loot végjass stored in
the loot table. The age and material variables malt content that is grammatically consistent wiftd loot variable
content.

Examples of some of the Spanish sentences coredrfraim the template and data tables are as fallows
histérico brazalete de oro kovaliano
antigua pulsera de plata acardiana
nuevos pendientes de marfil gurtianos

In addition to the structure given above, thereadse other “loot” sentence templates used in #reegation of this type
of text. This provides a rich environment in thengafor the user.

The next type of loot sentence to be examinedtm&nglish template structure:
{size}H{type} of {kind}
In Spanish the word order of the text remains &siit the English. The variable {size} varies degimg on the gender

and the number of {type}. The variable {kind} domet change. Examples of additional loot sentenowlates, with
sample text are as follows in

Table 10 shows examples additional loot templatéesiees in English.

English template Sample

{size{type} of {kind} Huge pots of gold

{loot_sentence} of {where found} Ancient silver Aadian bangle of Lars

{material-quality} {source} {loot hame} Magical Acardian cup

The corresponding Spanish templates are orderfdl@ass:



Table 11 shows examples additional loot templatéesiees in Spanish.

Spanish template Sample

{size{type} de {kind} enormes calderos de oro
{loot_sentence} de {where_found} antigua pulsergpthga acardiana de Lars
{loot_name} {material-quality} {source} copa magiaardiana

In addition to the loot an adventurer might commss, the software also has a number of magicatunes, locations
and other features, as mentioned earlier in thiepal he sentences for these features are genenaadogously to the
above.

Given a data set containing X number of variabteésafje, Y number of variables for item, Z numbemaiterial types
and W variables for provenance, the sum total ehlioations is XYZW. Consider the increase in theoant of
content if one of the variables, for example Xiniwemented by one. The increase in volume of seeteis:

X+1)YZW-XYZW=YZW (1)

When the number of variables of type age, that, is Xcreased by one, then the increase in theoruof sentences is:
Y Z W. For even modest data sets, the final numlbsentences that can be generated grows largklgutor gamers,
variety of content and continuous additions is @npium importance. New content when viewed in ey is a cost
driver for the game. Finding ways of allowing stééacontent, while managing to contain costs igitafl importance.

2.6 Russian

The Russian language declines nouns for genderbeuend case. There are 6 cases in Russian, namehnative,

accusative, genitive, dative, locative, and insental cases, see (SEELRC 2007). In addition, taere3 genders for
nouns; masculine, feminine and neuter. As for Sgfarwe begin with the loot sentence structure faglish, which is

as follows;

English:
{age} {material-jewellery} {source} {loot_name}
The corresponding sentence template structuredssiBn is as follows:
{age} {material-jewellery} {source} {loot_name}
In this example sentence, the structure and elemwel@r of the sentence template does not change Eoglish to
Russian, as it did for Spanish.

The loot appearing in this sentence is in the natiia case. All attributes for the noun describihg loot have the

nominative form, where the ending of the attribdépends on the noun describing the loot name.Heoptirposes of
illustration, we will display a limited amount ofuRsian data in the following tables.

Table 12 shows examples of the “age” attributéneflbot in the nominative case.

Attribute age | Attribute age | Fem Masc Neuter Plural
en_US ru_RU
ancient JIPEBHUN JIPEBHSAS JIPEBHUN JIpEBHEE JIPEBHHE

Table 13 shows examples of the “age” attributehefloot in the genitive case.

Attribute age | Attribute age | Fem Masc Neuter Plural
en_US ru_RU
ancient JIPEBHUN JIpEBHEN JIPEBHETO JIPEBHETO JIPEBHUX

Table 14 shows examples of the “material-jewellextibute of the loot.

Attribute material-jewellery en_US Attribute materi al-jewellery ru_RU
bone KOCTSIHOM

bronze OpOH30BBIH

iron JKCIIC3HBIN

silver cepeOpsHbIi




| tooth | u3 3y6a (no adjective in Russian) |

Table 15 shows examples of the “name” attributthefloot and grammatical gender (fem/masc) and eurfging/pl).

Loot name | Loot name ru RU nominative case| gender mober
necklace OIKEPEITBE Neuter Singular
bracelet Opacier Masculine| Singular
earring cephra Feminine | Singular
earrings ceperu Feminine | Plural
brooch Oporiib Feminine | Singular

Table 16 shows examples of the loot “source” nantki variations to match gender and number, nativia case.

Attribute source | Attribute source | fem masc neut plural
en_US ru_RU — nominative
Accardian AKKapIaHCKUI AkkapnuaHckas | AKKapJIuaHCKUH | AKKapauaHCKoe | AKKapJIuaHCKHE

Table 17 shows examples of the loot “source” nantkits variations to match gender and number, yeniase.

Attribute Attribute source | fem masc neut plural
source en US | ru RU — gentive
Accardian AKKapInaHCKUN AkkapanaHckod | AkkapamaHckoro | AKKapJIMaHCKoro | AKKapJIuaHCKHX

In a fashion similar to Spanish, the rules engimeRussian generates loot, and other, sentences deta tables of
translated words, ensuring that the sentencesranengatically correct. Grammatical correctness ®ueed by matching
the case, gender and number of constituent wortleifoot sentences.

2.7 German

In general, the process for generation of the &mattences in German follows the same structurbea®utissian and
Spanish languages. We will not repeat the detaitestriptions of text generation given for Spanidth erman data,
but due to German grammatical rules, we had to radkliitional changes to the template structure atesd engine.

Modern German has four declensions (nominativeitigendative, accusative) and three genders ohapmasculine,
feminine and neuter. Rather than discuss the etkposif the generation of loot sentences for Germanfeel that at
this stage, it is more valuable to discuss the gimes arising in this language.

2.7.1 German Compound nouns

Given the English loot sentence template:
{age} {material-jewellery} {source} {loot_name}

The loot sentence template structure for Germas ®llows:
{age} {source} {material-jewellery} {loot_name}
Examples of loot sentences generated from thislsitemplate are as follows:
Singular: neue akkardische Bronze-Halskette
Singular: altes kovallisches Gold-Armband
Plural: antike Frosthamer Silber-Ohrringe
Note, that the sentences chosen in this modektatvely simple, and do not contain grammaticalcures containing
pronouns, interrogative or negative clauses, asetheere not required for the online content. Inn&ar, the template

element order has to be changed to the following;

{adjective} + {source-material} + {noun}
new Frostham brass pen.



This means the material and the object will havbdarouped together for all such sentences. Im@eythese words
form a compound noun. The formation of a compouodnnhas to follow certain rules. In most cases,wbeds for
source and material become one word, such as figassHowever in the exception cases, the sourcenaaterial
words require an additional “s” to be placed whaeetwo words join, which for our data set was majuired. If this is
required, the rules engine can be adapted for #$@seal cases.

The loot sentences in German have to be genenatifférent cases depending on the context. IniEmgle have the
following sentence:

You have stumbled upon a battle between two grofipslventurers over {size}{type}of {kind}
You have stumbled upon a battle between two grofipsiventurers over a Huge Hoard of Cash

The German translation requires an accusative hbgec that the variables {loot_type} and {loot_kjndhatch.
Examples of the variables; {loot_type} and {lootn&} are as follows:

{loot_type}:

Cache, Chest, Hoard, Mound, Mountain, Pile, Stasbckpile,
{loot_kind}:

Cash, Loot, Treasure, Valuables, Zorkmids

When words such as, “Kiste” (case) or “Truhe” (¢hewe paired with “Geld” (cash), “Beute” (loot) ¢Bchatz”
(treasure), a compound noun is formed: {loot_kild¥t_type}. For example: Geldkiste, Beutekiste Sohatztruhe.

When words such as, “Kiste” (case) or “Truhe” (¢hese paired with, “Wertgegenstéande” (valuablas)Zorkmids”,
the following rule applies:

{loot_type} mit {loot_kind}
where {loot_kind} has to be in the dative case.sTiile generates loot sentences such as;

Kiste mit Wertgegenstanden

Truhe mit Zorkmids

If a noun denoting an unspecified amount is paivid “Geld” (cash), “Beute” (loot) or “Zorkmids” hie following rule
applies:

{loot_type} {loot_kind}
This rule generates loot sentences such as;

Menge Geld

Haufen Beute

Berg Zorkminds

If a noun denoting an unspecified amount is paisth “Wertgegenstande” (valuables) or “Schatz” &seare), the
following rule applies:

{loot_type} von {loot_kind}
where {loot_kind} has to be in the dative case.sTile generates loot sentences such as;

Masse von Wertgegegenstanden

Berg von Wertgegegenstanden

Unmenge von Schatzstiicken

Haufen von Schatzstiicken

German was not the only language requiring speualak to process certain types of sentence, lregitired most of
the special cases. The difficulties encountereglilomated sentence generation shows explicitlyrthtatral languages
do not easily map to one-another in a mechaniasbibn, and that for every “general’” grammaticaé rihere exist
exceptions.

2.8 Rules engine

We have discussed the sentence template strucutdd languages (Spanish, Russian and Germanjargléo our
project, and the process for generating grammaticarrect sentences from components. For the dihnitloot
sentence” examples, we have also specified whicesee element drives the agreement with the athatence
elements for each sentence template type. We @il look at describing the rules engine algorithraveing example
from the Russian language.



The content to be localised for the online game avedyzed by linguists, who identified the gramicetrules for each
sentence type in the content. From our localisaéigperience, we know that languages do not mamadther in a
uniqgue and one-to-one fashion, and for every attémgefine a mapping process there exists exaggtio

The sequence of events one would use to genemtedhtext for the template: {age} {material-jewaly} {source}
{loot_name}, is as follows:

1. From the game software random element, genénatéoot name. This provides the gender and nurtder
which other sentence elements have to agree. Erampipense (necklace)

Generate adjective of type: age. Examppesuuii (ancient)

Select appropriate nominative adjective fornmfradjectives list. Examplepesnee

Generate adjective of type: source. Examfalaapauanckuii (Accardian)

Select appropriate nominative adjective fornmfradjectives list. Exampleéikkapananckoe

Generate adjective of type: material-jewell&yample:cepedpsusiii (Silver)

Select appropriate nominative adjective fornmfradjectives list -eepedpsHoe

Place the words generated in the sentence templa

ONOORWDN

Example output might be the following:
{age} {material-jewellery} {source} {loot_name} — Acient silver Accardian necklace
{age} {material-jewellery} {source} {loot_name} -apeBHee cepebpsiHoe AKKapIHAHCKOE 0Kepebe

The Rules Engine is a piece of software that usesgtammatical rules for the target language and fmgether an
appropriate string based on the grammatical raeghft string. It follows the above steps. Theieadnas an exception
list of special cases, which are different for elnfguage and sentence template type. Naturaltheifiist of special

cases was a similar number to the total numbeetiesices, then we would not consider the rulesnengi be useful.

The Rules Engine generates value because the nwhispecial cases is significantly lower than tbft number of

cases that can be implemented with the genericrgedital rules.

2.9 Costs

To evaluate the costs of the project, we have tider what alternative methods are available.unamalysis, there
are two methods;
- Internationalisation — where every sentence ¢oinigr a variation is stored as a single stringiofwing the rule
that there be no string concatenation.
- Rules engine approach — where single words anslated and concatenated into full strings.

For simplicity, and to facilitate comparison betweke two models, we assume;
- The software internationalisation costs are gdmdpe similar to the costs for the developmenthef Rules
engine.
- The review costs of the translations generateldtly the rules method and the full internatiorsicn method
are similar.
This means that in this simple model, all we haved is compare word counts from the two methodgetoan overal
indication of which is the lower cost. In the fititernationalisation case, every variation in aialsle generates a
sentence.
Number of sentences = X Y Z W sentences (2)
Let there be N words per sentence on average asthtl total number of words is:
Number of words = XY Z W . N words 3)
For simplicity we have discounted the effect ofaon in translation memory models. The effecttianslation
memory is to reduce the amount of new words. |a taise then the average number of words per senvendd be
reduced. This effect does not remove the multifilieanature of the word count.

In the case of the rules engine, let the numbegeatiers be g. In sentence templates where thestnardar and plural
instances, such as Table 6, a factor of 2 is pickedince the number of words to be translatelbidled. The number
of words for each variable in the sentence is;

# age = 2 g X words. (4)

# material = Z words. (5)
# loot name = 2 Y words. (6)
# source = 2 g W words. (7

Total=2gX+Z+2Y +2gW words. (8)



To allow for multiple words in the variables, wellveipply a factor of N, which is the average woadiot per sentence,
to the total word count. The word count also pigksan additional factor when we add in the numiierases, but the
total word count remains linear in the variablesYXZ and W for the Rules Engine model.

Figure 1 showing the comparison of word countglierdifferent models.

60000

50000 »

40000 -

—&—Fulliign
—— RulesEngine

30000 A

20000 1
10000
o AB.__uﬁléé.-dj_—H:_Hf

As can be seen from Figure 1 the internationatisathodel word count increases significantly fastem the Rules
Engine approach which is linear in the variablebe Tnternationalisation model, as described abésws the
Microsoft model (Microsoft 2010 online) where “Codeesn't concatenate strings to form sentence®"iffiplication
of this is that every string that is required foegentation in the user interface is stored as @eniThe calculations
above compare the word count of increasing numtfeitsll sentences, versus the word count of indregaumbers of
single words.

It is instructive to ask how valid are our assumpsd? The first assumption compares software intemelisation costs
and software development costs. In the case ofaodtinternationalisation and software developniemtsame team of
resources could be used. Since cost is the ratépiimd by the time taken for the task, this medmst the real

comparison is between the amount of time requicedetrform the task of internationalisation for re@duct and the
task of development of the Rules Engine. Both tagisld require a similar amount of development effd/here this

assumption fails, however, is in the implicatioriseach task. Internationalising the product requiteat the game is
extensively functionally tested in all aspects. Tésing for the addition of the Rules Engine amlguires that a small
part of the product be functionally tested.

The second assumption of the model is more rolouahalysis. It states that the translation reviests are similar in
both the software internationalisation and Rulegi cases. In both cases the translators wilerewheir translations
both in text format, which occurs during translatiand in-context format, which occurs during ggtay. In the first

case, the translators review their translationsdmething like MS Excel. For the in-context revighe translator
reviews their translations in the context of ganteypHowsoever the translations are generated agskpted on the
screen; the translator should not be able to @il their strings are generated (if it is done octiy.

3 Conclusions

In this paper we have described the localisatiablem we faced, and described the cost constrpiecribed by the
client. We presented the approach taken to builditgxt generation application as part of an ordiame. The role of
grammatical rules of case and gender matching afisyoand the examples of special cases were dedcriin
overview of the Rules Engine algorithm was preskniie the final section, we analysed the costdefttvo available
alternative approaches to the problem. Simplify@sgumptions were made to facilitate comparisom@fnethods. In
reality, a full internationalisation of the prodwzide would require complete functional testinghef product from end
to end, which was not required for the Rules Engipproach, as explained in the section above. Dhatien
implemented above will, most likely, not work foll &anguages, but it does work for a sufficientbrde set of
languages and sentence templates for the purpésag project. In summary, we were able to offezost effective
method for allowing the addition of content in alable fashion in an online game, while managinge®ep control of
the key cost driver.
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