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Abstract
With the growing academic and industrial interest in Soft-
ware Product Lines, one area demanding special attention
is tool support development, which is a pre-requisite for
widespread software product lines practices adoption. In this
demo, we present FLiP, a suite of tools consisting of 3 mod-
ules: a refactoring tool that implements code transformations
for extracting product variations from Java classes into As-
pectJ aspects, a module that integrates with a Feature Model
tool for updating a software product lines feature model ac-
cordingly to code transformations, and a building module
that creates the final products. FLiP has been designed and
tested in the context of industrial-strength mobile game soft-
ware product lines.

Categories and Subject Descriptors D.2.3 [Software En-
gineering]: Coding Tools and Techniques—Object-oriented
programming

General Terms Design, Languages

1. Introduction
The extractive and the reactive Software Product Line (SPL) (3)
adoption strategies (5) involve, respectively, bootstrapping
existing products into a SPL and extending an existing
SPL to encompass another product. In both cases, product
line refactorings (2) are useful to guide the SPL derivation
process by extracting product variations and appropriately
structuring them. They also help to assure the safety of the
whole process by preserving SPL configurability, i.e., the
resulting SPL has at least the same instances than the initial
set of independent products being bootstrapped or the initial
SPL being extended.
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In single system refactoring, ensuring safety and effec-
tiveness of a refactoring process already requires automa-
tion, in practice. In the SPL context, where complexity in-
creases due to the need to manage a high number of variants,
such support becomes even more indispensable. In this con-
text, we describe FLiP, which is a suite of tools implemented
as Eclipse plugins. FLiP has been designed and tested in the
context of mobile game SPLs.

FLiP’s refactoring tool (FLiPEx) implements code trans-
formations (2) for extracting product variability from Java
classes into AspectJ aspects (4). An aspect modularizes
variant code related to a feature and allows plugging into
the SPL core alternative variability for that feature. This
refactoring module interacts with FLiP’s feature manager
(FLiPG), which integrates with Feature Model (FM) tools (1)
for updating a SPL FM accordingly to code transformations.
This, for example, might turn mandatory into optional fea-
tures. Finally, FLiP’s building system (FLiPC) interacts with
the manager module, which is responsible for using the in-
formation stored to build the final products.

The refactoring process is presented to the user in the
form of a wizard with which the user interacts to provide all
the information required to perform the refactoring. After se-
lecting the code to be refactored, the user is presented with a
list of suggested refactorings; after selecting the refactoring,
s/he selects or creates the features to which the code to be
extracted belongs, and then chooses the destination aspects
and associates them with the selected features. The possibil-
ity of selecting several destination aspects to which the gen-
erated AspectJ construct is copied helps the user to develop
different implementations of the same variation.

2. Mobile Games
Mobile games (and mobile applications, in general) must
adhere to strong portability requirements. This stems from
business constraints: in order to target more users, owning
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different kinds of devices, service carriers typically demand
that a single application be deployed in a dozen or more
platforms. Each platform generally provides vendor-specific
Application Programming Interfaces (APIs) with mandatory
or optional advanced features, which the developer is likely
to use in order to improve game quality. In addition, de-
vices have memory and display constraints, which further
require the developer to optimize the application. In either
case, adapting the game for each platform is mandatory. We
analyzed and managed the specific kinds of variations aris-
ing from platform variation, where platform means a combi-
nation of vendor-specific API and hardware constraints (2).
These kinds of variation tend to be considerably fine-grained
such that they generally crosscut the game core and are tan-
gled with other kinds of variation, suggesting AOP as a suit-
able candidate for modularizing them.

3. Refactorings
Contrary to the proactive approach, which is more like the
waterfall model, we rely here on a combination of the ex-
tractive and the reactive approaches. There are a number of
reasons for this. First, small to medium-sized organizations,
which still want to benefit from SPLs, cannot afford the high
cost incurred in adopting the proactive approach. Second,
in domains such as mobile game development, the devel-
opment cycle is so short that proactive planning cannot be
completed. Third, there are risks associated in the proactive
approach, because the scope may become invalid due to new
requirements.

Our method first bootstraps the SPL and then evolves
it with a reactive approach. Initially, there may be one or
more independent products, which are refactored in order to
expose variations to bootstrap the SPL. Next, the SPL scope
is extended to encompass another product: the SPL reacts to
accommodate the new variant. During this step, refactorings
are performed to maintain the existing product, and a SPL
extension is used to add a new variant. The SPL may react
to further extension or refactoring.

4. Instance generation
After each refactoring, information about this process is
stored, such as new aspects generated by the extraction and
the features related with these aspects. The tool currently
used for managing this information is Pure::Variants (1),
but other tools could be used to manipulate the information,
since FLiP is not dependent to this particular tool. All this
information is compiled to generate product Line instances
that will be used by FLiP’s build system to create the final
products.

5. Architecture
An overview of the FLIP tool suite’s architecture, built upon
the Eclipse plugin platform, is presented in Figure 1. The
figure shows the relationship between FLiP’s modules, the

Figure 1. FLiP Architecture.

Eclipse framework, and a Feature Model tool. FLiP was
built with extensibility as one of its most important design
features.

All parts of FLiPEx (the refactoring module) are inde-
pendent plugins. Core is the main plugin and gives support
to the Extractors and Validators. Each refactoring has an Ex-
tractor responsible for removing code from a Java class and
creating corresponding AspectJ code that inserts the varia-
tion back at its original site. Each Extractor has correspond-
ing Validators, which are responsible to check if the selected
code meets all the preconditions of its refactoring (2).

The FLiPG (feature manager) module provides integra-
tion with the underlying feature model tool. This integration
is made using the available plugin that provides an imple-
mentation of the adapter interface that specifies which ser-
vices FLiPG needs from the feature model tool, such as re-
trieving the list of features from the feature model, the com-
ponents in the configuration knowledge, and updating both.

Finally, FLiPC (the builder tool) is the module responsi-
ble for actually generating the products’ releases. FLiPC has
a build system that uses Ant and information retrieved from
FLiPG about the SPL products.

Acknowledgments
This research was partially sponsored by CNPq and FINEP,
and supported by Meantime and CESAR.

References
[1] Pure::Variants. http://www.pure-systems.com.

[2] Vander Alves et al. Extracting and evolving mobile games
product lines. In SPLC’05, pages 70–81. Springer-Verlag,
2005.

[3] Paul Clements and Linda Northrop. Software Product Lines:
Practices and Patterns. Addison-Wesley, 2002.

[4] Gregor Kiczales et al. Getting Started with AspectJ. Commu-
nications of the ACM, 44(10):59–65, October 2001.

[5] Charles Krueger. Easing the transition to software mass cus-
tomization. In PFE’01, pages 282–293, 2001.

738



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


