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ABSTRACT

The success of Software Engineering research can be measured
by its impact on software system implementation quality,
productivity, and ability to address complexity initially and in the
future. While it is recognized that it may take years for new
techniques, tools, theories, or processes to mature and transition
from the state of the art to the state of the practice, it is the thesis
of this paper that with proper preparation, packaging and
prioritization, advances in software engineering research can
more rapidly transition to industry. To this end we propose a
software engineering research classification framework to better
set expectations of potential impact on industry applications. The
paper closes with a list of “Software Engineering Challenges”
collected from industry software engineers.

Categories and Subject Descriptors
D.2. [Software Engineering], D.2.10 [Design] Subjects:
Methodologies

General Terms: Management, Measurement,
Documentation, Performance, Design, Reliability,
Experimentation, Security, Verification.

Keywords

Software Engineering Research, Software Tools and Techniques

1. INTRODUCTION

Software Engineering research has resulted in significant
advances over the decades since the term “Software Engineering”
was coined. Some research has never progressed (or will never
progress) out of university or industry laboratories into
commercial practice for a number of reasons. One possible
reason for this transition failure is the lack of real world
application, which should not be confused with lack of real world
applicability. It is the premise of this paper that the application of
the proposed software engineering research classification
framework would lead to improvements in software engineering
research packaging and prioritization that would consequently
result in better expectation setting for industry, which in turn
would expedite transitioning tools, techniques, and theories from
the state of the art to state of the practice.
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1.1 Position Paper Organization

This paper is organized into 2 sections. The first section
describes a proposed software engineering research classification
framework. The second section provides a list of representative
“Software Engineering Challenges” facing industry today. While
this list is not a list of “Software Engineering Research Topics,” it
could serve as the basis for grounding research in industry
applications and has the potential for creating industry / academic
partnerships.

2. SOFTWARE ENGINEERING
RESEARCH CLASSIFICATION
FRAMEWORK

Software development in industry is based on a series of decisions
that lead to the language, tools, methodology and team structure
that will be used for developing commercial off-the-shelf (COTS)
software or a software-intensive system. Some of these decisions
are based on engineering tradeoffs; others are based on personal
experience, and some mandated by corporate standards or
contract requirements. The thesis of this paper is that Software
Engineering research would benefit if the research focus could be
classified / characterized as it relates the following (inter-
dependent) factors facing software developers:

e  system size (i.e. implementation effort / complexity),

e team size (i.e., how many people will be involved in
developing the product),

e  market size (i.e., who will be using the product),
e  component size(i.e., integration/configuration effort), and
e schedule size.

The proposed framework has as its genesis the 1975 paper by
Frank DeRemer and Hans Kron “Programming in the Large vs
Programming in the Small.”[1] Our framework extends their
analysis to include the following comparisons:

e  Software Engineering in the Small versus Software
Engineering in the Large (System Size)

e Software Engineering by the Small versus Software
Engineering by the Large (Team Size)

e  Software Engineering with the Small versus Software
Engineering with the Large (Component
Size/Configuration and Integration effort)

e  Software Engineering for the Small versus Software
Engineering for the Large (Market Size)



e  Software Engineering during the Small versus Software
Engineering during the Large (Schedule Size) (Note
“during” is perhaps not the best choice of descriptive
words, but until a better one is found, it will suffice.)

An obvious challenge in doing such comparisons is determining /
defining: What is “Large?” and What is “Small?” Table 1
provides an initial set of intuitive yet unsubstantiated thresholds
for smallness and largeness. In addition, it speculates the need for
an additional category “Ultra-large” (which is not meant to imply
the need for a “medium” category). Another goal of this research
is to determine size / complexity thresholds that drive software
development decisions to certain outcomes.

Other related factors not currently addressed by this framework
include the number of requirements, the complexity of
requirements, and the available resources (funding being the most
important) and complexity of the environment.

Table 1: Software Engineering Development Factors

Size By the With the | Inthe| For the During the
(Team) | (Component) | (Code) | (Market) (Schedule)
Small 1-N | Function/calls| K ~1-10s Weeks
ILarge Dozens | SoS/SOAP M [~100s-1000s Months
[Ultra-large| 100s SoS 10M+ - Years

2.1 Assumptions
For reasons of simplification and to facilitate discussion, we make
the following assumptions:

1. All software engineers are same experience / expertise level
2. There is a cost associated with all tools

3. There is a cost associated with Commercial Off the Shelf
(COTS) Software

4. There is a smaller cost associated with Free and Open Source
Software (FOSS) (e.g., service / support contract) than with
COTS Software

5. The complexity of the system correlates to the size of the
system (a weak assumption, as there are complex algorithms
and platform, network or physical environment constraints)

Note: A paradigm shift, such as advances in model-based system

development, could skew this analysis and re-prioritize certain

tradeoffs or redefine size boundaries.

2.2 Examples of Software Engineering

Decisions
The list below provides an initial, high-level set of decisions faced
by software practitioners at the start of a software development
project. It is a partial list, presented here for discussion purposes,
and would vary according to project-specific aspects such as
domain, available expertise, existing resources, and funding. A
software engineering decision tree, such as this, is insightful in
not only providing guidance to software developers, but also in
allowing software engineering researchers to set expectations
about the “domain of applicability” of their software engineering
research and to help place the research in a practitioner’s context
so as to better facilitate collaboration and transition.
1) Language

a.  Scripting

b. Procedural

c.  Object-Oriented

d. Dynamic
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2) Process

a. Waterfall
b. Incremental
c. Agile
d. Adhoc
3) Tools
Requirements Management
Architecture Specification and Analysis
Design Specification and Analysis
Configuration Management
Release Management

Defect Management

@ me a0 o

Integration and Verification

Note: Again, the author acknowledges that this set of decisions,
as presented here, is speculative and incomplete. Feedback from
this paper and the availability of empirical data will be used to
guide future efforts to extend and validate this framework.

3. Industry Software Engineering Challenges
The following is a loosely edited list of challenges facing industry
today:

1. How can we migrate existing software to new
processors when facing such challenges as:

e  Big/Little-endian incompatibility?

e  Single core to multi-core scheduling?

e Homogeneous vs. heterogeneous multi-core
architectures?
2. What tools/techniques are available to design software

to better utilize multi-core hardware configurations?

3. What tools/techniques are available to address
distributed embedded real-time systems development
challenges such as performing non-intrusive real-time
debug of embedded systems?

4. How can we apply the theoretical foundation for
probabilistic real-time analysis (i.e., schedulability for
probabilistic arrival intervals)?

5. What techniques may be applied to partitioning a
software architecture in a manner that improves its
scalability, maintainability and reliability?

6. What system/software architectures reduce complexity?

How can we determine system reliability of a software
intensive system?

8. How will system integration strategy impact the
partitioning of the system/software architecture?

9.  How does architecture selection impact the lifecycle
cost of the software?

10. What is the implication of the “convergence” of
technologies: computer  architecture, = network
architecture, database architecture and application
software architecture?

11. How reliable are architecture-based cost estimation
techniques?

12. How do we close the gap between system design and

software implementation?



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

What is the most reliable metric to determine the cost
estimate for software development?

What is the “missing links” between systems
architecture, SysML, UML, data modeling, code
generation and integration and test?

Are there precise operational semantics for modeling
languages? If so, how do we leverage them?

How do we fully integrate and test, Service-Oriented
Architecture (SOA) services with Model-Based Systems
Engineering constructs?

Are there firm metrics for Model Based methods for
system engineering and software (requirements
traceability, systems analysis, code generation, software
design, system life cycle)?

What issues will need to be resolved in moving from
Model Based Systems Engineering to automatic code
generation for software intensive systems?

What are the “new” questions that technical leadership
needs to ask the development teams based on the
changes in system/software methodologies and design
techniques?

How will software productivity be justified when
building a system by invoking services from existing
frameworks, such as .Net?

What concept of operations (CONOPS) needs to be put
in place to insure that system / software reuse is an
effective way to minimize development and support
costs?

What techniques/tools will be required to allow the
integration of pre-defined software services used to
construct system capabilities?

Is it time to revisit formal methods to improve the
development of software systems?

What role does “system software” have in mitigating
the cyber-security type threats?
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25. Are there better ways of addressing dependency

analysis for complex systems?
e  Atstartup

e Atrestart (partial system and full system)

26. How do development environments need to evolve to
support new methodologies associated with systems and

software development?

27.  What tools and techniques can help software integration
— sometimes called integration testing? (Note: Testing is
a misnomer. What we are really doing is “discovering”

all of the interfaces that were not properly designed.)

In summary, these questions reflect how software practitioners are
looking for advances in software engineering theory, tools and
techniques to help them deal with ever increasingly more complex
requirements. While some software engineering decisions will
always be made for non-technical reasons, many software
intensive systems engineering organizations recognize the need to
collaborate with software engineering researchers. Once fully
defined and validated, the proposed framework presented in this
paper will support the establishment of those relationships by
facilitating the setting of expectations and defining of software
engineering research domains of applicability that software
practitioners can better understand.

4. ACKNOWLEDGMENTS

I would like to thank the members of the Advanced Software
Technology Focus Group at Lockheed Martin for providing inputs
on Software Engineering challenges, especially Bob Epps and
Ben Watson.

5. REFERENCES

[1] DeRemer, Frank, Kron, Hans 1975. Programming-in-the large
versus Programming-in-the-Small Proceedings of the
International Conference on Reliable Software (Los Angeles,
California) 114 — 121.




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




