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Abstract— This paper presents an environment targeted at coputer games development industrialization in the .ET Platform. A
computer game product line definition and its archiecture are specified and implemented by means obfware factory assets, such as a
visual designer based on a domain-specific languagBSL), semantic validators and code generators. Ehproposed approach is then
illustrated and empirically validated by the creation of real world case studies. Finally, it is invegated how the proposed factory can
be used as an edutainment platform for Computer Seince 1 (CS1) and 2 (CS2) courses. The final intemti is to empower game

developers and designers to work more productivelywith a higher level of abstraction and closer toheir application domain.

Index Terms— domain-specific languages, software factories, \ial Studio, edutainment

1. INTRODUCTION

Digital games are one of the most profitable indestin the world. According to the ESA (Entertagmh Software Association)
[1], digital games (both computer and console garakesmg with the hardware required to play thene) msponsible, annually,
for more than ten billion dollars in sales. Thaspiessive numbers are a match even for the modigstry, while studies show
that more is spent in digital games than in muscéértainment [2].

The digital game industry, however, is as surrodntby success as it is continuously faced by chgdlen Software
development industrialization, an upcoming tendesrtgiled by the exponential growth of the totalbgll demand for software,
will present many new challenges to game developmen

Studies reveal that there is evidence that theentidevelopment paradigm is near its end, andatimstw paradigm is needed
to support the next leap forward in software depalent technology [3]. For example, although gangires [4], state-of-the-
art tools in game development, brought the benefitSoftware Engineering and object-orientationdots game development
automation, the abstraction level provided by tteald be made less complex to consume by mearengtihge-based tools,

the use of visual models as first-class citizemstiie same way as source code) and a better itiegnaith development



processes.

According to the Microsoft Software Factories latitve [3], a software factory can be defined asagpct line that configures
extensible development tools like Visual Studio @]Eclipse [6] with packaged content and guidameeefully designed for
building specific kinds of applications. This pap#nerefore, addresses the need for computer gamiestrialization by
proposing the implementation of a game softwaréofgg calledSharpLudus®, through the extension and customization of the
Visual Studio IDE (Integrated Development Enviromt)e The focus of the approach consists in embegufirthe IDE a new
visual designer, based on a visual domain-spetafiguage, through which game designers and dewslogn specify a
computer game with a higher level of abstractioth @oser to their application domain.

Differently from traditional modeling approacheswever, such a specification is a live developnmotess artifact. It can
be used as input to other factory assets whictomize the IDE, such as semantic validators ancda generator responsible for
outputting computer games in the C# programminguage [7] and, therefore, targeted at the .NETfdthat[8].

The remainder of this paper is organized as foll&estion 2 presents a specification for the predagmme factory. Section 3
describes how a new modeling designer is embedd¥iual Studio .NET by means of a visual DSL. &ttt details the code
generator and framework (game engine) used byattterfy. Section 5 presents a case study, nameahdiétiBerzerk. Section 6
investigates how the proposed factory can be useth &dutainment platform. Section 7 concludes tatbeypresented work and

points out some future directions.

2. FACTORY SPECIFICATION

Before any factory assets (IDE extensions and ougtdions) can be described, it is important tcatlevhat the software
factory will be able to produce as well as how ill tve done. This section covers such issues binef a product line for the

factory and a suggested low-level architecturatfoproducts.

2.1 SharplLudus Product Line Definition

The great diversity of games created so far hasetuthe digital games universe into a very broadaio. Therefore, creating
a software factory targeted at computer games dps@nt in general, ranging from 2D platform ganwe8D flight simulators,
constitutes a too broad and ineffective endeavosuich a scenario, the production process anaalts tvould not be able to
fully exploit factory benefits such as componenise and assemblage. In other words, a narroweetsobgames should be
chosen. It is worth noticing, however, that asseimmon to all digital games do exist and could tElenreusable, but such

discussion is beyond the scope of the propose@giroj

! Resources and more information can be found p/htww.cin.ufpe.br/~sharpludus.



In the SharpLudus software factory, the adventamaeygenre was chosen for the factory product lirean be described as a
genre encompassing games which are set in a “waddélly made up of multiple, connected rooms oeests, involving a goal
which is more complex than simply catching, shapticapturing, or escaping, although completiorhefabjective may involve
several or all of these. Additional information abthe chosen factory domain, contemplating typicathputer game features, is
presented in Table 1.

As it can be observed, games that can be prodogdte SharpLudus factory are somewhat simple.oditin one may
argue that such games do not present the chasticterdf successful titles, this does not invakdtite research. Even though
two-dimensional games are more and more beingaeglay 3D games, they are still appreciated byraéyeople [9]. Even
today, the game industry still invests in 2D gamMany publishers, for example, have recently reddasostalgic compilations
of many successful 2D titles, such as Pac MangSHighter, Dig Dug and so on. Examples of suchpitations are the Capcom
Classics Collection, Tecmo Arcade Classics, Taggdnds and Namco Museum 50th Anniversary [10].

Moreover, there are always opportunities and niarf@ “low-end games”, such as games for cell-gsoar old arcade
games. Low-budget, value-priced games (those geilfinthe U$6-U$15 range) seem to have a longerf-Efeethan the big
budget games [11]. The per-game profit is lowercafrse, but the development and distribution castsalso much lower. Such
a reality is already explored by some game indusitiatives, such as the Xbox Live Arcade [12]which developers are able
to create and sell simple Xbox games (traditioratl ames, nostalgia arcade games, puzzles amdtiizzes). On the other
hand, John Buchanan, Electronic Arts CTO, reveaali$ keynote “Experiences, Stories and Video Garfis that current
complex 3D games fail to provide immersion to gatagers, since the expectations around them arhigho He points out, for
example, that users still prefer the first, two-ditaional version of NHL Hockey (a successful Eleair Arts title) in
comparison with the latest 3D versions. In otherdspthe higher the graphics complexity introdubgda game, the harder its
suspension of disbelfef

Finally, it is worth noticing that real commerc@mputer games demand a development effort whkidlt of the scope of
this research. More than two years are usuallyiredudor completing such kind of games, and abdup8ople are involved,

which can equate to an investment of about U$9anill

2.2 SharplLudus Product Line Definition

The software factory product line architecture e @f the most important assets produced by proéchetdevelopment. It
describes the common high-level design featurdéiseoproducts that will be produced by the prodingt. |

For the proposed game software factory, a top-leedlvork topology is presented in Figure 1. It ¢dually very simple,



comprising only two components: the target cliehere the created game is supposed to be played aeth server that hosts a
web service [14] which is responsible for storimgl aetrieving scores of games created throughatiefy.

The low-level architecture of games produced bySharpLudus factory is split in the following thrégures, due to space
constraints. Figure 2 presents the maame class, which contains collections of sound effgetne state and event objects.
Figure 3 details the implementation of game statesr exit conditions and background music. Finalligure 4 provides an

implementation overview for entities (basic gamésusuch as non-playable characters and itemsyjairiids (animations).

3. EMBEDDING A NEW DESIGNER INVISUAL STUDIO .NET

The most important extension that the SharpLuduasegiactory brings to Visual Studio .NET is the didai of a new visual
designer to the IDE, through which the game dewel@an specify the main game configuration (regmitscreen mode, etc.),
game states (rooms and information display screand)their flow, exit conditions and properties.eTdesigner includes the
creation and manipulation of many game componesents, rooms, sprites, etc.), through enrichediali$Studio property
windows.

In order to create such a modeling extension, hewes visual domain-specific language (DSL) [15kwanceived. Such a
language, named SLGML (SharpLudus Game Modelingguage) is the foundation of the visual designericiviis actually a

visual representation of the DSL. Its creation pescis presented below.

3.1 Selecting a Language Workbench

Language workbenches contrast the early days ohoespecific modeling, where no tools were avadatol create domain-
specific languages and support modeling with thera cost effective manner [16]. They make it easiild tools that match
the best of modern IDEs and make language origmtegramming much easier to build and support, lovgethe barriers that
have made language oriented programming so awkfeah many.

The SharpLudus software factory uses Visual Sta@0i@s Team System (VSTS) [5] language workbenchniglolgies, called
DSL Tools [17], to design and implement its visD&Ls. The DSL Tools provides a framework and tadisat enable partners
to build custom visual designers and domain-spetifinguage designers using Visual Studio. In otterds, it is possible to
extend VSTS by creating and plugging into it a reegigner, based on a visual domain-specific languagrough the DSL
Tools, one can create, edit and visualize metatfetais underpinned by a code framework, which reakeasier to define

domain-specific schemas for metadata, and theartstaict a custom graphical designer hosted inaliStudio.

2 Suspension of disbelief is a willingness of a seaat viewer to suspend his or her critical fa@sitio the extent of ignoring inconsistencies anreaiity so
as to enjoy a work of fiction.



3.2 SLGML Design

A visual domain-specific language is composed Hfedint elements: a graph of concepts (or “clagse®lationships
(comprising roles, cardinality, etc.), attributeglaso on. A common approach to specify a visual B3b use a meta-modeling
language, such as the GOPRR (Graph Object ProRetgtionship and Role) language [18] or the MicfoBXSL Tools meta-
modeling language. This last one was used by thepEhdus software factory to specify its visual BSL

A meta-modeling language is used to build a metdehavhich describes a modeling language (suchH_&V&.), similarly to
the way a model describes a system. The root cemodphe SLGML meta-model are presented in Figuleeeper concepts
and relationships are not shown due to space comisy.

The SharpLudusGamis the root domain concept of the SLGML DSL. Itésated to six top-level elements:
AudioComponentan abstract concept representing every soundctratoe reproduced in a SharpLudus game. It is
specialized bysoundEffecandBackgroundMusiconcepts.

Entity: an abstract concept which is the base unit of arfiludus game design. It is anything that can reaitt
anything else in any way. It is specialized\dginCharacter NPC (non-playable character) aitémconcepts.
Entitylnstancerepresents an instance of an entity, containifgyimation such as position, speed, number of reimgin
hit points, etc.

Sprite: represents an animation that can be assignedtitiegr(such as “main character walking”, “main @ter
jumping”, etc.). It is composed byFaamecollection and it may loop after it ends.

Event: represents a special condition that occurs to arpgbludus game, fired by one or mofeiggers (such as
“collision between the main character and a sped#m”), and that cause one or méteactiongsuch as “add item to
main character inventory”). THeustomTriggelandCustomReactiononcepts, which inherit fromrigger andReaction
respectively, make it possible to create customemaents.

GameStateabstract concept which represents the game flows $pecialized bynfoDisplay and Roomconcepts.
InfoDisplayscontain aPurposeattribute, indicating if it is an introduction, & over or ordinary information display
screen. Finally, eacBameStateontains arkExitConditioncollection, which tells when the game should mfyeen one

state to another.

3.3 SLGML Syntax and Visual Editor

Language syntax defines how the language elemppesaa in a concrete, human-usable form. In the eisisual languages,
the syntax is not only purely textual; it combimggaphics, text and conventions by which users megyract with the graphics and

the text under the auspices of tools. The visualasyelements of SLGML are presented in Table 2.



The game designer can atidoDisplays Roomsand Transitionsto a SLGML model by drag-and-drop operations friwe
IDE toolbox, which is presented in Figure 6. Ottenguage concepts (such as events, sprites, toangkit conditions,
information display purpose or the entities beloggto a room) can be manipulated by the game desidmough the IDE
Properties window (Figure 7), which is sensitivéite model element in focus. Depending on the ef¢iselected, the Properties
window can launch custom property editors, sucthasSharpLudus software factory designers (roonigdes event designer,
sprite designer, etc.), which will be better ilhaded during the explanation of the case studyti@e6).

The game designer is also able to visualize thmeis of its current SLGML diagram in a more orgadi hierarchical way,
by using a tool window called SLGML Explorer (Figu8). It is possible to add and delete items frbim window, as well as

select one of its elements and edit its propettiesugh the Properties window.

3.4 Semantic Validators

Besides aiding the game designer with visual edifieatures, SLGML modeling experience also enstinas the DSL
semantics are respected by the game designer.iFliene through semantic validators, which are @ated to a domain
concept and can output validation issues to thealiStudio Error List, as presented in Figure uible-clicking in an Error List
error automatically makes Visual Studio to focuglmmodel element which is the error source.

In the specific case of the Microsoft DSL Toolsdaage workbench, semantic validators can be crgategtammatically.
Since each domain concept generates a C# pawisd,chll the language designer needs to do ispteiment a method in the
desired concept partial class, which checks focigp@rror conditions and logs the error, as shawfigure 10. C# method
attributes [7] can be used to specify when thedaadirs should run: after opening a SLGML model, nvkaving it or explicitly
through a context menu command, for example.

Some examples of SLGML semantic rules which caarfferced through validators are presented below:

A game state transition must have at least oneceridition;
A SharpLudus game should contain one main character
A SharpLudus game should contain one introductidoDisplay;
A SharpLudus game should contain one game ovebDIgfiday;
An entity should contain at least one sprite;
All game states should be reachable.
Figure 11 gathers all features presented so faillastrates a complete overview of the SLGML madglexperience, hosted

in Visual Studio .NET.



4. CoODE GENERATOR ANDFRAMEWORK

As pointed out by Deursen, Klinten and Visseur [1&DSL can be made much more useful if it relissadramework or
library which implements the semantic notions armb@piler that translates DSL programs to a sequefframework calls. In
the SharpLudus software factory context, such fraonk is a game engine, the compiler is a code geoe(which outputs code
that consumes the game engine) and the DSL prodgmbestranslated are actually SLGML models.

Considering the .NET Platform scenario for the $hadus software factory, this research reused #iggghme engine made
available by the DigiPen Institute of Technolog9].1The engine is developed in C# and consumeBiteetX multimedia API
[20]. Some of its features include:

Creation and dynamic manipulation of game entifiedpding the assignment of sprites and movement;
Keyboard interaction;

Sound effects support;

Text manipulation.

However, the engine was considerably modified axtéreled to make it compliant with the SharpLudufiwsoe factory
product line domain. For example, the original i@rf the engine does not present any featureseelto game states or game
events, and treats all entities equally. Besidas its architecture was modified to become comphgith the one presented in
the SharpLudus software factory product line ($ec8.2).

The extensions increased the amount of the origjaate engine code by 40%. Its final version, usgdhke SharpLudus
software factory, contains 45 classes and more 28B40 lines of source code (excluding commentedesmnpty lines), while the
original version contains 20 classes and 1700 lifies®urce code.

The SLGML code generator receives a SLGML modéhpgt and generates the following C# classes gautut
AudioComponents , responsible for providing sound effect and backgd music objects via C# properties following
the Singleton [21] design pattern.

Sprites , responsible for providing sprite objects via G#perties. Differently from some other classes, 3ivggleton
design pattern is not used in this case, sinceiptailisprite instances are required to store differanimation
information for each sprite, such as the currentesframe.

One class for eadhntity concept specified by the game designer. Suchsa atherits from th&em , MainCharacter

or NPCgame engine classes.

Entitylnstances , responsible for providing entity instance objedgts C# properties following the Singleton design

pattern.



States , responsible for providing room and informatiorsplay screen objects via C# properties following th
Singleton design pattern. The change of game sistiesplemented internally by the game engine tghothe State
design pattern [21].

Program , which contains th&lain method and is responsible for instantiating amhing the game.

The main game class, whose name corresponds Matineproperty of theSharpLudusGammot concept. Such a class
inherits from the Game game engine class. The code generator also createsethod in this class named
InitializeResources , Where the game configuration is set and gametewaea registered.

The developer is not allowed to make changes togérmerated code. However, the generated code ¢l s C# partial
classes [7] and, therefore, can be complementealebgieveloper. To such kind of deeper extensioeeldpers are not required
to read nor understand the generated code, bustimyd be familiar with the game engine architextu

Besides the generated classes, the IDE projecttiaally provides two initial classes which are nat-generated:
CustomTriggers  and CustomReactions . Developers can add their own methods to thesesetain order to implement
custom triggers and custom actions specified bygdwme designer in the SLGML model. A generated cextemple for a
SharpLudus game is illustrated by the class diagoamsented in Figure 12. The relationships betwibenclasses are not
presented due to simplicity purposes, but theyats® generated.

In the Microsoft DSL Tools language workbench,fadi generators, including code generators, ardeimgnted by a text
template transformation toolkit. Such a toolkit yices a script language, whose syntax is similaC#o to manipulate model
concepts.

Figure 13 presents an excerpt of the SLGML codesigegar which is responsible for generating #peites  class. Text
between thes# and#> tags contains script commands, used to manipthaterisual DSL concepts. For examplefpaach
loop is used to iterate through all sprites defiimethe SLGML model by the game designer in ordecreate C# properties for
them. Text between the tagg= and#> are used to evaluate some script expressionsexXample, the name of the C# property
to be generated is the evaluation result of theesgionspriteName , which is a string previously declared and assignethe
script. Finally, all text outside tags is just oeghito the generated artifact.

Considering both script instructions and raw textbe copied to the generated classes, the SLGMle gmherator
implemented with the DSL Tools text template transfation toolkit contains 410 non-empty lines ofleolt is worth noticing
that the generator used other toolkit features,sehexplanation is beyond the scope of this papereNhformation about the

toolkit can be found in the MSDN DSL Tools workbarj¢7].



5. CASE STUDY: ULTIMATE BERZERK

This section presents the creation of a real waddenture game named Ultimate Berzerk, which i&ies the use of the
SharpLudus software factory. In Ultimate Berzeheg player controls a main character, using thenakeys, to move around a
maze composed by connected rooms. Once the plaljects a special item (nam&deapon, the spacebar can be used to shoot
fireballs against enemies. Enemies may have speefaviors (not originally provided by the factoryphe goal of the game is to

collect theDiamonditem and find the exit sign. A screenshot of taeng is presented in Figure 14.

5.1 Designing the Game

By modeling a SLGML diagram and launching factogsigners from the Properties window, the game desig able to
visually create the majority of the game: sprie#jties, events, audio components, etc. For exaniyure 15 presents one of
the screens of the sprite designer. This desighdaunched from th&pritesproperty of a SharpLudus game and makes it
possible for the game designer to specify framesifiormation such as if the animation will looprast.

Figure 16, on the other hand, presents the roomgmks where previously created sprites can beasdito room as tiles and
entity instances (such as enemies and items) cadded to rooms based on previously created entitie

Finally, Figure 17 presents the event designeoudin which the game designer can specify the thltsgovern the Ultimate

Berzerk world, by means of event triggers and evesttions.

5.2 Custom Developer Code

Although the SharpLudus factory provides many ggéng predefined event triggers and reactionsethdl always be some
situations where the game designer needs more egroplnon-usual behaviors. For example, supposgahee designer wants
the Knight entity to shoot a fireball at every 3 seconds. BharpLudus factory does not provide any builtrigger for that.
However, by adding a custom trigger in the evestgier and specifying a method name, the game sitglegates the task of
creating such a trigger to a developer.

As previously pointed out, the game project in tB& contains two predefined classes, caltgstomTriggers  and
CustomReactions . Supposing that the game designer specified in $&ML model a custom trigger named
KnightShotTriggerto define when thénight entity should shoot a fireball, a developer woalldy have to add the code
presented in Figure 18 to tlestomTriggers  class.

While creating custom code, developers are providétd full IDE editor support, as shown in Figur®.1The model

elements, once the code generator has run, beaaressible in code as strongly-typed C# classepeobrties.



The ability to customize the game under developméiht code is not restricted to custom triggers anstom reactions. The
behavior of any entity, state or sprite can beredee or modified by the use of partial classes.

Suppose, for example, that the game designer wartseate a special movement type Biamond GuardianNPC (non-
playable character) instances, making them bouscthey touch the tiles of the room where they daequ (Figure 14). A
developer can easily accomplish this task by adtinthe IDE project a class namBthmondGuardian and assign to it the
partial  modifier. This will make the finabiamondGuardian class to be composed by both the factory genecatée and the
developer added code.

By overriding theUpdate method of theDiamondGuardian  class, as shown in Figure 20, it is possible tiindea custom
movement type for this entity. The code shown m figure moves th®iamond Guardiarup, if it is stationary, and inverts its

vertical direction as it reaches the desired upperlower bounds of the room.

5.3 Discussion: Factory Effectiveness for Ultimate Bekz

Although Ultimate Berzerk is a relatively simplenga with a few rooms to be investigated by the neharacter, its
development explored many interesting SharpLudtisvace factories assets and features that illusthatv the factory can be
used to create real world games. Extending UltirBatizerk to a game with a better gameplay and yegdhue is just a question
of adding more model elements which reflect thativey of the game designer.

The automation and productivity provided by the $41Gmodeling experience, its code generator and wmesl game engine
is evident: in less than one hour of developmefuargfl6 classes and almost 3900 lines of sourake agere automatically
generated for the development team. What is mgsbiitant is that such lines of source code maingsent routine, boring and
error-prone tasks, such as assigning picturesatods, frames to sprites, sprites to entities,iestib rooms, rooms to the game,
events to the game and so on.

By using the SharpLudus software factory, espacidie visual designers, the authors empirically chasted that the
development team experience was made more int@itideaccurate, although more formal experimentsaldhze carried out. At
the same time, when more complex behavior was mredjusuch as specifying tHgiamond Guardianmovement or creating
custom event triggers) the factory was flexiblellow developers to add their own code to the smbytusing all of the benefits
of an object-oriented programming language anddaided by IDE features such as editor supportuglepport and so on.
This contrasts the development experience of visabl game development tools, where weak scripgdages should be used
under an environment which was not originally cavee for codification.

Considering the generated code along with the coadugame engine, it can be concluded that the Shdys software

factory is able to provide, in one hour, a develeptrexperience which would require, from scratble, implementation of 61



classes and more than 6200 lines of source code.

5.4 Other Case Studies

In order to validate the SharpLudus software facts capable of creating not only a single prodomat,a family of products,
other case studies were developed as well. Dajaslich case studies is out of the scope of thismpépit some screenshots are
provided in Figure 21 (Stellar Quest game) and l@@2 (Tank Brigade game).

In spite of belonging to the same product line méin, both games present unique variabilitiesclisas world rules,
presentation style, influence of collected itemsl atate flow), which made it possible to empirigatlonclude that the
SharpLudus software factory is successful in cngadlistinct products belonging to the same donfaimce more, however, the

next step towards measuring the factory effectigsemefers to carrying out more detailed experime#tts more formal metrics.

6. SHARPLUDUS AS ANEDUTAINMENT PLATFORM

Once understood what the SharpLudus software fagdpwhat can be generated by it and its bendfits,section highlights
an interesting field in which the authors of thésearch believe SharpLudus can be applied: théitepof concepts related to
Computer Science 1 (CS1) and Computer Science 2)(€stirses. In other words, this section investigdtow the factory can
be used to offer to educators and students aniathéat environment targeted at the creation of vaditig game challenges as
CS1/CS2 laboratory exercises.

Regarding the content of CS1 courses, the researgidered the following topics: basic programmamguage concepts and
fundamentals, variables, operators, qualifierspsctifetime, primitive types, type conversion, egsions, flow control, arrays,
basic oriented programming concepts, classes, whjéelds, methods, inheritance, dynamic bindipglymorphism, abstract
classes and interfaces. Typical topics of CS2 asurare more advanced, contemplating reuse, layarelitectures,

files/streams, collections, concurrency, I/O, gieaphuser interfaces (GUI's), networking and ewdniten programming.

6.1 CS Education through Games

The creation of a CS1/CS2 education environmenedan digital games has some unique requiremeirs. &f all, the
environment should be expressive enough to allodestts to explore and learn the fundamentals andfite of object-oriented
programming languages and programming conceptsedier, it should provide a rich user experienceictvtenables the
intuitive usage of digital game concepts. Finalthge environment should be reusable, similar to allssoftware factory which
exploits the concept of “economies of scope” [3hene multiple similar but distinct designs and pretd are produced
collectively, rather than individually. We belietleat current approaches available to CS1/CS2 eotgckatck to satisfy all of the

above demands.



On one hand, although popular tools intended tp befinner and amateur game designers/programnasrsffer visual aids
for programming language syntax and constructsiglobe declaration, variable assignment, instructidocks, if-then-else
branches, loops, etc.), as shown in Figure 23, theeyot scale and more elaborated programming @ésicsuch as class
inheritance and polymorphism, are overlooked.

In addition, languages embedded in visual gametioretols (Figure 24), such as the Game Maker Lagg (GML) [22] or
the Ruby Game Scripting System (RGSS), used in RRl&r [23], are actually script languages hosteanirenvironment which
was not originally conceived for complex codificati In short, they do not provide to end-usersanch to learn true object-
oriented programming concepts and languages, Witstipport of robust integrated development enwigarts with full editor
and debugging support.

On the other hand, although approaches such allittesoft XNA Game Studio Express [24] are builtompmore robust
development environments, the game modeling expegi@rovided by such tools would be made richer rande intuitive if
users were provided with distinct visual aids fiffedent game concepts and relationships, whichldvdne added to models
through the Toolbox or enhanced property windowpethding on their nature. Moreover, since suckstam# generic by design,
capable of generating games belonging to diffegamhe genres (adventure, shooters, RPGs, etc.)dtheyt provide built-in
domain-specific assets which would enhance devetapexperience focused on a specific game genre.

Game engines, which are the state-of-the art soldtir creating computer games, also present s@gative issues to teach
CS1/CS2 concepts. The learning curve for mastesiiody tools is somewhat high. The demands for utateigg a game engine
architecture, interaction paradigm and programngieguliarities can turn their use into an experienbese efforts are beyond
the desired and available by CS1/CS2 educatorstadeénts. In fact, many of today’s game engindlspsésent complexity and
lack of usability as one of their most cited dedfitiies. Subsequently, using a game engine mayiawansiderable costs, such
as acquisition costs, training costs, customizatimsts and integration costs [25].

Finally, some successful approaches towards motiy&omputer Science education through computeregasievelopment,
such as ImagineCup’s Project Hoshimi Programmingl&§26], are based on SDKs which require a nossaightforward
learning curve. Moreover, they are targeted at wsets (programmers), not at game product line dpee$, therefore not
exploring the opportunity to use such approaches iarge scale to create ready-to-consume “gamiéenbas” as Computer
Science exercises.

In summary, visual game creation tools are more-uugndly, while unprovided of more interesting O8S2 learning
capabilities. Game engines and more sophisticasaeglevelopment tools, on the other hand, are cwrlex to consume,

while representing a more solid foundation wher€3i/CS2 edutainment platform can be built. Our psajp therefore, is



aimed at bridging the gap between such approaphegiding through SharpLudus an intuitive yet réatvironment to allow CS
educators to create their own laboratory exercisgsgrating programming language concepts and otenmames. Students

will also be able to use the tool to learn basi@adtorientation concepts while creating their ayames.

6.2 A New Edutainment Platform

We intend to use the SharpLudus game factory astdabienical and conceptual basis for creating a eewtainment
environment. The purpose is to move the factortagesbeyond, encompassing the requirements anésailay the drawbacks
presented in the previous subsection. Three qumsstiat immediately arise from such purpose are:

How CS1/CS2 teaching dynamics will look like wittetnew environment?
How to evaluate the results?
Which extensions should be done to the currenbfget

Regarding the teaching dynamics, we argue that thgthnew proposed edutainment environment, edwatitlr be able to
visually create game challenges (motivating lalmgaexercises), while students will solve such lgmges by complementing
factory-generated partial classes with their owtlec@s well as adding new game behavior (suchrae gatities, rooms, etc.) by
visually extending the models created by the edusatStudents are also allowed to create their gaumes in order to
consolidate the learning of CS1/CS2 concepts.

In CS1 courses, educators will be able to createguide students on the creation of game challetaggsted at: variables,
primitive types, operators, type conversion, exgiass, flow control (if-then-else branches, forpep etc.), classes, objects,
fields, methods, arrays. More advanced concepts asiénheritance, abstract classes, dynamic biraticigpolymorphism might
be used as well.

In CS2 courses, some of the target subjects idehtéefs capable of being assisted by the environarentexception handling,
collections, reuse, concurrency, networking and(8@h as file/streams).

For instance, an educator intending to teach theeyat of “if-then-else” expressions can visuallgida, in less than one hour,
a turn-based version of the Blobbit Dash game (E€idb). In such a 2D game, the main character nieedsllect all “Blobbit
babies” in the game map and then find the exipieehfie runs out of time and avoiding monsters emiaiy.

Educators, however, might leave the implementatibthe movement logic of monsters to half of thedsints, and the main
character movement logic to the other half. Stuglently have access to functions/methods to determiva is on their
surroundings (a baby, an enemy, the exit, etc.erdfore, by using the results of such functiondhmds in if-then-else
statements, students can properly decide whergu® tthe entity under their responsibility (monster main character).

Finally, educators have many possibilities to metévthe learning: they can divide the studentsainrspwhere each pair will



be composed by a student responsible for the mmsnatel another for the main character. Next, comtipeds among students
can be created and the code of some students eany(aously) be presented to the whole class. Finatucators could ask
students to create similar or simpler versionsashgs with the same purpose as homework.
Regarding the evaluation of the project resultsiaof some human-computer interaction approachese used. First of all,
a control group study can be carried out, where/CS2 students are divided in control and experiaiegitoups. While the
“game challenge learning approach” is offered ® élperimental group, the control group uses fratit approaches. Results
by means of satisfaction and “learnability” variablcan then be measured from both educators addnssy through task
analysis approaches [27] and qualitative/quantidtiterviews.
Finally, in order to make the SharpLudus factorynpbant to CS1/CS2 (more specifically object-oraign) educational
purposes, the following extensions were identified:
Review and eventually update the concepts andigrfitips of the visual domain-specific languageduse model
games, considering now educative purposes. For grartthooks” between the modeling and the programgmi
experiences should be made clearer and easieradiice in game challenges.
Enrich the user experience, considering now thatglime factory will be used by educators and stsdeith little or
no game development experience. One possibility iavestigate how Microsoft's Guidance Automatiboolkit [28]
(GAT) could be used to provide wizards and autoomatd help such users to accomplish their goals.
Enhance factory documentation to assist educatwsdents on the creation of game challengesnapassing three
different levels: formal documentation, tutoriatedasamples. The idea is to have such documenti@i@is integrated
with the environment, as it happens with the Miofo¥isual Studio Team System [5] documentation.
Integrate a more powerful game engine to the fgctor order to enable the productive creation ofrenmteresting
games, which will subsequently improve studentg8stction. The Torque X Game Engine [29] is bedogsidered.
Change the code generators of the factory to bepltamh with the factory modifications (DSLs, targgame engine,
etc.).
Provide out-of-the-box libraries of images and sbeffects that could be used to the creation ofegariihis issue is

very important since the appeal of the game ictlireelated to its graphics and sound.

7. CONCLUSION

This paper presented a study, illustrated with ezaimples, of how digital games development catebekploit an upcoming
tendency: software industrialization. By implemagtithe factory with extensions and customizatidrthe Visual Studio .NET

integrated development environment, different aspeere encompassed by such a study, being théicaaddf a new visual



designer to the IDE the most appealing subject.

Works related to SharpLudus correspond to currargfd game development technologies: multimedia Agtich as DirectX
[20] and OpenGL [30]), visual game creation toaisch as RPG Maker [23]) and game engines (suclG&E]}31] and Crystal
Space [32]). The SharpLudus game software factwwever, does not discard the use of such techigsl@nd tools. On the
contrary, it is built on their strengths to proviaidigher abstraction level to game designers andldpers.

One interesting future work is the creation, foliogvthe proposed approach, of other factories tathat other game genres,
such as racing games or first-person shooters.nBixtg the SharpLudus software factory architectumd code generator to
support the creation of games targeted at mobiéceds, such as cell phones, seems to be quite lppesince a recognized
issue is that porting the same game to differernilmgphone platforms is a burdensome and errorgtask. In such a case,
once a code generator is implemented for eachoptaifall platforms would be able to share a simglme model (specified with
the SLGML visual domain-specific language) and remiance would be made much simpler. Another fupassibility is to
investigate how the use of Aspect-Oriented Progrengrwan be used in the product line for crossagttioncerns.

While the results obtained so far empirically shaWwat the SharpLudus factory is indeed an intergstipproach, it is
important to notice that deploying a complete safewfactory is also associated with some costarReff investment may arise
only after a certain amount of games are produBedides that, despite being easy to use, softvearterfes are complex to
develop. They will certainly require a mindset exmn of the game development industry.

A final remark is that the presented proposal aleiienot ensure the success of a game developriefdact, no technology is
substitute for creativity and a good game desiggm& industrialization, languages, frameworks amdstare means, not goals,
targeted at the final purpose of making peopleaeehentertainment, fun and enjoyment. Playersth@game or its constituent

technologies, should be the final focus of eveny game development endeavor.



TABLES
TABLE 1: ADDITIONAL PRODUCT LINE INFORMATION

Game Feature SharpLudus Product Line Interpretation
Dimensionality =~ Two-dimensional (2D). World room atiewed
from above.
User Interface Information display screens comtajtextual and/or

graphical elements are supported. HUDs (heads-up
display) can also be configured and displayed.

Game Flow Each game should have, at least, a rhaiacter, an
introduction screen, one room and a game over
screen (this last one is reached when the number of
lives of the main character becomes zero).

Sound/Music Games will be able to reproduce sound effects (wav
files) as event reactions. Background music (mp3
files) can be associated to game rooms or infoonati
display screens.

Input handling Keyboard only.

Multiplayer Online multiplayer is not supported the factory.
Event triggers and reactions can be combined,
however, to allow two-player mode in a single

computer.
Networking High scores can be uploaded to andenetd from a
web server.
Artificial Enemies can be set to chase the player withinra.roo
Intelligence More elaborated behaviors can be created visuglly b

combining pre-defined event triggers and event
reactions, or programmatically by developers.
End-user editors  Not supported by the factory. Gmeated, a game
cannot be customized by its players.
Target Platform  PCs running Microsoft Windows 2@igher.




TABLE 2: SLGML SYNTAX ELEMENTS

Feature Graphical Representation

[InfoDisplay name]

InfoDisplay: An information display ©F STARY MEW CANE
screen is represented by a picture - HIGH SCORE BOARD
(shown in the right), and contains a -
textual decorator on its outer top,
describing its name.

&AMy LANE

Intro purpose decoratorThis image

decorator is applied to an info display, @
on its inner top, if the info display’s

purpose igntro.

Game Over purpose decoratoFhis

image decorator is applied to an info 3
display, on its inner top, if the info 9
display’s purpose i&ameOver

[Room name]

Room: A game room is represented
by a picture (shown in the right) and
contains a textual decorator on its
outer top, describing its name.

Transition: State transitions are
visually represented as black arrows.
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Fig. 1. SharpLudus top-level network topology
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if (this

[ValidationMethod (ValidationCategory. Menu |
private voild ValidateExitConditions (ValidationContext context) |

ExitConditions.Count == 0)

context.LogError |

"L game state transition wust have at least one exit condition specificed™,
"oExitcCondition™,

thi=) ;

ValidationCategory. Save) ]

Fig. 10. Implementing a semantic validator in Thansitionconcept class
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Fig. 12. Class diagram of a generated code example
public static class S3prites |
<#
foreach(3prite sprite in this.3harpludusGame. Gamelprites) |
string spritelNamne = sprite.WNawe.Triw() .Replace (™ ™, ") ;
#
public static 3prite <f=spritelamef> |
get |
Sprite result = new Spritel):
result.Name = "<f=spritelamef>";
result.Loop = <f=sprite.loop.To3tring|() .Tolower [) #=:
<f
foreach (Frame frawe in sprite.Frames) |
fi> Ficture <#=frame.Picture.Namwef> = new Picture|
@reff=frame.Picture.FilePath#>",
Color.<ff=frame.Picture.TransparentEey#>)
Game . Add [<#=frame.Picture.Nawme#>) !
Frame <#=frame.Neame#> = new Freame |
<H#=freame.Picture.Name#>,
<H=freame.DelayH>):
result. idd (<#=frame.Name#>) ;
<# 1
F s result.Play():
return result;
¥
i
<# 1
#o
'

Fig. 13. Code generator script excerpt: generatfdheSprites  class




Fig. 14. Ultimate Berzerk screenshot
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Fig. 17. Event Designer

Fig. 18. Implementing a custom trigger

Fig. 19. IDE support (IntelliSense) and stronglpesi code




Fig. 20. Custom entity behavior with partial classe

Fig. 21. Stellar Quest

Fig. 22. Tank Brigade




Fig. 23. Specifying flow control visually in Gamealer [19]

Fig. 24. Script language embedded in visual gareation tool.

Fig. 25. Blobbit Dash game screenshot
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