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Abstract Migrating legacy applications to todays
emerging cloud infrastructures is still challenging. In
this paper, we sketch an approach, that combines re-
verse engineering and performance analyses for appli-
cations evolving to the cloud.

1 Motivation

Long-living software systems undergo permanent evo-
lution during their lifetime. These evolutions are trig-
gered by a changing system context (system usage and
technology stacks) and/or changing system require-
ments. Examples of such context or requirements
changes include evolving functional or non-functional
requirements, e.g., the capability of the system to deal
with increasing system workload. The latter is often
a consequence of opening the access to existing sys-
tems over the Internet, e.g., for the integration of the
systems into novel service compositions.

Especially the latter scenario imposes major chal-
lenges for long-living software systems as their soft-
ware architecture is often not prepared to deal with
a high system load. Cloud computing offers a new
technology which is supposed to address this issue
by selling almost unlimited amounts of compute or
storage resources. In order to utilize this new tech-
nological environment which is able to cope with the
mentioned changing environment, usually long-living
software systems have to be migrated to new envi-
ronments. Often this implies major changes to the
system structure for which no systematic engineering
process is available today. This lack of understanding
can lead to high risks or even project failures. For
example, the migration of SAP R3 to SAP’s ByDe-
sign SOA solution almost failed as the legacy system
architecture was unable to work properly in the new
environment '. The consequence was that the per-
formance was unacceptably low and the system went
through a costly redesign process deferring product
release by approximately 3 years.

The current state of the art for this kind of prob-
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lems is twofold. On the one hand, classical architec-
tural styles and patterns document best practices for
systems built in the past. As an example, consider the
three-tier layered architecture style often used success-
fully for business information systems. On the other
hand, we can find new architectural styles that enable
the efficient use of the almost unlimited computational
resources in the cloud. Here, we find for example the
multi-tenant architectural style (or SPOSAD style)
that allows massive replication of the business logic
which is enabled by a smart physical data distribu-
tion. Their aim is to support various load situations
efficiently.

However, there is currently a lack of approaches
that systematically bridge these two types of architec-
tures, i.e., there is no systematic engineering support
for migrating from one architecture type to the other
to gain the benefits provided by the latter. A special
focus of such systematic engineering support has to be
the performance and scalability gained by migrating
to the cloud architectural styles as these are the main
drivers for the migration needs.

2 Solution Sketch

In this paper, we propose a systematic engineering
approach to migrate long-living legacy software sys-
tems (which we assume will follow one of the classi-
cal architectures) to the conceptual and technological
context provided by the emerging cloud architectures.
We focus on supporting performance and scalability
predictions.

In general, our proposed process is as follows (cf.
Figure 1). First, existing systems have to be re-
verse engineered to obtain a performance prediction
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Figure 1: Solution Process Outline




model. These models contain static aspects, e.g., com-
ponents and their connections, behavior, e.g., control
flow and resource demands, and deployment aspects.
Second, the software architect has to select a set of
potential target architecture styles or patterns which
have to be appropriately formalized. For example,
the architect plans to evaluate the impact of migrat-
ing the classical system architecture to Map-Reduce
or to the SPOSAD [Koz11] style and, thus, he semi-
automatically adapts the reverse engineered perfor-
mance prediction models by the selected architectural
styles. Third, the performance of the target architec-
tures is evaluated to get a final ranking and to come to
a recommendation for the migration. Finally, based
on the analyzed target architecture, the system’s im-
plementation has to be adapted. Note that some (most
prominently the final step) of the illustrated steps can-
not and should not be fully automated, i.e., human
intervention has to be supported for all these steps.

3 State of the Art

The major foundations for the sketched process are
already in place, i.a, software architectural patterns,
software performance engineering, architecture evolu-
tion, and model transformations. We will sketch some
selected state of the art in the following.

Software Architecture Patterns In the follow-
ing, we discuss some examples of typical architectural
styles or patterns used to implement today’s Cloud-
based applications. One example is the Map-Reduce
style used by the Google search engine. It has been
implemented for example in supporting frameworks
like Hadoop 2. Another example is a tuple oriented
abstraction where data portions to be worked on are
put into a tuple space which several nodes access and
process accordingly. The SPOSAD style [Koz11] uses
classical application tiers but ensures that the data
access layer can be scaled by an appropriate physical
distribution of the data.

Software Performance Engineering Software
Performance Engineering aims at predicting the per-
formance of software systems before their implementa-
tion to avoid costly redesigns. For Cloud systems the
data flow often is the limiting factor as the data needs
to be distributed among the manifold server available
in the cloud. While all performance engineering ap-
proaches support the specification of control flow as-
pects, the handling of data flow varies significantly in
its level of detail.

Hamlet [Ham09] proposed one of the first mod-
els where the data sent from one component to the
next had an impact on the called component’s perfor-
mance. Drawing upon that, for example the Palladio
component model [BKR09] for business information

2http://hadoop.apache.org/

systems consider data flow impact on loop iteration
counts, branch probabilities or parameters passed on
to called required services. We plan to extend these
models to reflect the cloud requirements in our re-
search.

Architecture Evolution The CloudMIG ap-
proach [FH10] is closely related to our sketched pro-
cess. Frey and Hasselbring develop an approach for
the migration of software systems to cloud systems.
The approach uses formal constraints to determine
whether the target software satisfies or violates con-
straints imposed by the cloud environment. However,
CloudMIG does not offer performance analyses.

4 Conclusion and Future Work

Many legacy applications are currently and will be
even more in the future migrated to cloud architec-
tures. To reap the benefits from cloud architectures
and to avoid costly failures, this process should be
appropriately supported. We sketched a software en-
gineering process which supports this migration by
employing formal patterns for cloud architectures and
performing performance estimations.

While the foundations for the major parts of the
proposed process are already laid by the software en-
gineering community, there exists no related work
which appropriately supports the outlined steps. Con-
sequently, we will develop an implementation of the
sketched process in the future.

References

[BKRO9] Steffen Becker, Heiko Koziolek, and Ralf
Reussner. The Palladio component model
for model-driven performance prediction.
Journal of Systems and Software, 82:3-22,
2009.

[FH10] Soren Frey and Wilhelm Hasselbring.
Model-based migration of legacy software
systems to scalable and resource-efficient
cloud-based applications: The cloudmig ap-
proach. In Cloud Computing 2010: Proceed-
ings of the 1st International Conference on
Cloud Computing, GRIDs, and Virtualiza-

tion, 2010.

[Ham09] Dick Hamlet. Tools and experiments sup-
porting a testing-based theory of compo-
nent composition. ACM Trans. Softw. Eng.
Methodol., 18:12:1-12:41, June 2009.

Heiko Koziolek. = The SPOSAD Archi-
tectural Style for Multi-tenant Software
Applications. In Proc. 9th Working
IEEE/IFIP Conf. on Software Architec-
ture (WICSA’11), Workshop on Architect-
ing Cloud Computing Applications and Sys-
tems, pages 320-327. IEEE, July 2011.

[Koz11]




<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


