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Preface

In the last decade software architecture (SA) has emerged as a central notion
in the software development of large complex systems. SA main feature resides
in being a manageable but meaningful abstraction of the system under develop-
ment. In the software life cycle, SA is the first system representation that en-
compasses a description of both the system structure and the system behavior.
The static, structural view describes how the system is made up of intercon-
nected subsystems called components. The dynamic, behavioral view specifies
how these components interact at execution time to achieve the system’s goals.
SA abstractions allow for the early validation of basic design choices with re-
spect to both functional and nonfunctional requirements, Moreover SA plays
a significant role throughout the software development life cycle, from require-
ments analysis and validation, to design, and down to code and execution level,
Due to the importance of the SA level of abstraction, in the past years there has
been much research activity in the use of formal methods in SA for analysis and
validation purposes.

This volume collects the set of papers accompanying the lectures given at
the third International School on Formal Methods for the Design of Computer,
Communication and Software Systems (SFM). The school addresses the use of
formal methods in computer science as a prominent approach to the rigorous
design of computer, communication and software systems. The main aim of the
SE'M series is to offer a good spectrum of current research in foundations as well
as applications of formal methods, which can be of help for graduate students
and young researchers intending to approach the field.

SEM 2003:SA is devoted to software architectures and covers architectural
description languages and tools as well as architecture-level analysis and syn-
thesis techniques for an architecture-centric software development process that
encompasses system requirements, design, testing, and evolution. The school also
includes lectures concerned with mobility, performance, and dependability at the
architectural level of design. The ordering of the papers in this volume follows
the order of the lectures and reflects the software life cycle.

The opening paper by David Garlan introduces the problem of formally de-
scribing SA, which is preliminary to any SA investigation-based activity. Axel
van Lamsweerde addresses the problem of bridging requirements and SA and
proposes a goal-oriented approach to architectural design based on a frame-
work for modeling, specifying, and analyzing requirements. Jeff Kramer, Jeff
Magee, and Sebastian Uchitel’s paper outlines their tool-supported approach
to the design and analysis of complex systems at the architectural level, which
can also be used as an initial basis for validating requirements. The analysis
of SAs in themselves, as independent software artifacts, is the theme of Alex
Wolf, Judy Stafford, and Mauro Caporuscio’s paper, which illustrates the appli-
cation of dependence analysis to architectural descriptions of software systems.



VI Preface

At the design level, component-based design techniques are gaining popularity,
and in this context SA plays a key role since it represents the reference skeleton
component-based applications are based on. The two papers by Nima Kaveh and
Wolfgang Emmerich and by Paola Inverardi and Massimo Tivoli describe how
analysis and verification of such systems can be carried out by taking advantage
of the architectural/middleware supporting infrastructure. The role of SA for
the validation of the implemented systems is addressed in Antonia Bertolino,
Henry Muccini, and Paola Inverardi’s paper. There an approach for SA-based
conformance testing is described: architectural tests are selected from a labelled
transition system representing the SA behavior and are then refined into con-
crete tests to be executed on the implemented system. José Liuiz Fiadeiro and
Luis Filipe Andrade devise in their paper the use of SA for evolutionary pur-
poses, that is as a means to cope with system changes throughout the system’s
life time. The architectural support for mobile applications is addressed in Amy
Murphy, Gian Pietro Picco, and Gruia-Catalin Roman’s paper, where the role
of formal middleware modeling is exploited to develop mobile applications. The
last two papers deal with SA and nonfunctional system attributes. The paper by
Simonetta Balsamo, Marco Bernardo, and Marta Simeoni proposes a method-
ology based on the combined use of stochastic process algebras and queueing
networks for predicting, improving, and comparing the performance of alterna-
tive architectural designs. The paper by Valérie Issarny and Apostolos Zarras
focuses on dependability issues and presents an approach, supported by suitable
tools, to depict what needs to be specified at the architectural level to enable
the automated generation of models for dependability analysis.

We believe that this book offers a comprehensive view of what has been done
and what is going on at present in terms of SA description languages and analysis
and testing support in the international community. We wish to thank all the
lecturers and all the participants for a lively and fruitful school.

September 2003 Marco Bernardo and Paola Inverardi
SFM 2003:SA Directors



Table of Contents

Formal Modeling and Analysis of Software Architecture: Components,
Connectors, and Events. .. ....ovv ittt 1
David Garlan

From System Goals to Software Architecture ................. ... ..., 25
Azel van Lamsweerde

Software Architecture Modeling & Analysis: A Rigorous Approach ...... 44
Jeff Kramer, Jeff Magee, Sebastian Uchitel

The Application of Dependence Analysis to Software Architecture

DeSCIIPEIONS .+ 4o v e e 52
Judith A. Stafford, Alezander L. Wolf, Mauro Caporuscio

Validating Distributed Object and Component Designs ................ 63
Nima Kaveh, Wolfgang Emmerich

Software Architecture for Correct Components Assembly............... 92
Paola Inverardi, Massimo Tivoli

Formal Methods in Testing Software Architectures .................... 122
Antonia Bertolino, Paola Inverardi, Henry Muccini

Architecture Based Evolution of Software Systems .................... 148
Luis Filipe Andrade, José Luiz Fiadeiro

Software Architecture for Mobile Computing ...........covvi i 182
Amy L. Murphy, Gian Pietro Picco, Gruia-Catalin Roman

Performance Evaluation at the Software Architecture Level............. 207
Simonetta Balsamo, Marco Bernardo, Marta Simeoni

Software Architecture and Dependability . ........... ... 259
Valérie Issarny, Apostolos Zarras

Author IndeX ...t e e 287




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


