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Key Topics

› Process Performance Objectives and Measures

› Goal Question Metric

› Statistical Techniques

› Problem Solving

› Process Performance Models

7.1
Introduction

A level 4 organization sets quantitative goals for the performance of key processes, and the
processes are controlled using statistical techniques to meet the needs of the stakeholders.
Software process and product quality goals are set and managed, and processes are stable
and perform within narrowly defined limits. A level 4 organization has predictable pro-
cess performance, with variation in performance identified and the causes determined and
corrected.

There are two process areas that need to be implemented for CMMI level 4. These are

– Organization process performance
– Quantitative project management

A level 5 organization builds upon the level 4 foundation and has a continuous
process improvement culture in place. Processes are improved based on a quantitative
understanding of variation, and defect prevention activities are an integral part of the devel-
opment life cycle. The causes of defects are systematically determined and corrected,
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and new technologies are evaluated to improve process performance. New technology
is introduced in a controlled manner into the organization after successful evaluations.
Processes may be improved incrementally or through innovative process and technology
improvements.

There are two process areas that need to be implemented for CMMI level 5. These are

– Organization innovation and deployment
– Causal analysis and resolution

7.2
Organization Process Performance

This process area is concerned with obtaining a quantitative understanding of the perfor-
mance of selected processes in order to quantitatively manage projects in the organization.
It involves establishing and maintaining a quantitative understanding of the organiza-
tion’s set of standard processes in order to support the organization in quality and process
improvement. This allows the organization to baseline its process performance and to com-
pare it with actual project performance. This information is then used to quantitatively
manage its projects, and each quantitatively managed project provides performance results
that become part of the baseline data for the organization process assets.

Process performance is a measure of the actual results achieved by following the process
for a particular project. It includes process measures such as effort and schedule variance,
and product measures such as quality, reliability, and defect density. The specific goals and
practices for this process area are given in Table 7.1.

This will enable the organization to

– Determine whether the processes are behaving consistently (i.e. predictable)
– Identify processes with unpredictable behaviour
– Establish criteria for identifying whether a process or process element should be

statistically managed and determine measures
– Identify processes that can be improved

Table 7.1 CMMI requirements for organization process performance

Specific goal Specific practice Description of specific practice/goal

SG 1 Establish performance baselines/models
SP 1.1 Select processes
SP 1.2 Establish process performance measures
SP 1.3 Establish quality and process performance objectives
SP 1.4 Establish process performance baselines
SP 1.5 Establish process performance models
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The first step is to determine which processes will be measured. Next the quality
and process performance objectives for those processes are determined and appropriate
measures chosen to give insight into quality and process performance.

One useful approach to selecting measures is Goal, Question, Metric (GQM) developed
by Basili and Rombach [Bas:88]. This is a rigorous approach to measurement in which
goals and measures are closely linked. The business goals are first determined. This leads
to questions that relate to the extent of achievement of the business goal. Metrics are then
chosen to give an objective answer to these questions:

– Define Goals specific to needs
– Refine the goals into Questions
– Deduce the Metrics and data to be collected to answer the questions

GQM is discussed in more detail in [ORg:02]. Process performance baselines are
established and maintained of the organization set of standard processes. This involves
collecting measurements from the organization’s projects. Process performance models for
the organization set of standard processes are established and maintained. They are used to
represent past and current process performance and to predict future process performance.
These performance models may be used to

– Estimate potential return on investment for process improvement activities
– Estimate and predict process performance for the project’s defined software processes

7.3
Quantitative Project Management

This process area is concerned with quantitatively managing the project’s defined process
to achieve the project’s quality and performance objectives. It involves

– Establishing and maintaining the project’s quality and process performance objectives
– Selecting subprocesses in the project’s defined software process to be statistically

managed
– Monitoring the project to determine whether quality and process objectives are being

achieved and taking corrective action
– Monitoring the performance of the selected subprocesses and taking corrective action
– Recording statistical data in the organization’s measurement repository

The project’s quality and process performance objectives will need to be realistic and
based on an understanding of current process performance for the organization set of
standard processes.1 Quality objectives for quality attributes such as the mean time to

1The project’s defined software process is derived from the organization set of standard processes
by tailoring, and so its capability will be closely related to the capability of the organization’s set
of standard processes.
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Table 7.2 CMMI requirements for quantitative project management

Specific
goal Specific practice Description of specific practice/goal

SG 1 Quantitatively manage the project
SP 1.1 Establish the project’s objectives
SP 1.2 Compose the defined process
SP 1.3 Select the subprocesses that will be statistically

managed
SP 1.4 Manage project performance

SG 2 Statistically manage subprocess performance
SP 2.1 Select measures and analytic techniques
SP 2.2 Apply statistical techniques to understand variation
SP 2.3 Monitor performance of selected subprocesses
SP 2.4 Record statistical management data

failure and the number and severity of defects in the released product may be set. Process
performance objectives for attributes such as percentage of defects found in software
inspections and peer review activities may be set. Process performance models2 may be
employed to predict the number of defects in the released software based on the defects
identified during the peer reviews and testing activities.

The specific goals and practices for the quantitative project management process area
are given in Table 7.2.

Subprocesses are components of a larger defined process. The subprocesses may be
further decomposed into other subprocesses and process elements. The subprocesses that
will be statistically managed are chosen based on the project’s needs for predictable
performance.

The statistical techniques employed may include trend charts, histograms, bar charts,
control charts, confidence intervals, and tests of hypotheses.

The collection and analysis of process and product measures allows special causes of
variation to be identified and addressed. A special cause of process variation is character-
ized by an unexpected change in process performance. These causes can be investigated,
analysed, and addressed to prevent future occurrence. Statistical techniques are applied to
identify and understand variation in process performance.

The project will be monitored to determine whether its objectives for quality and pro-
cess performance will be satisfied. Statistical techniques help the project predict whether
it will be able to achieve its quality and process performance objectives, and corrective
action is taken where appropriate.

2It is essential that these models be validated to ensure that they are sound. The models should be
based on good empirical data and rigorously tested to ensure their validity. There is a well-known
saying “All models are wrong: some are useful”.
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Statistical and quality management data are recorded in the organization’s measurement
repository.

7.4
Organization Innovation and Deployment

The purpose of this process area is to select and deploy incremental and innovative
improvements that measurably improve the organization’s processes and technologies. The
improvements support the organization’s quality and process performance objectives as
derived from the organization’s business objectives.

It enables the organization to select and deploy improvements to enhance its ability to
meet its quality and process performance objectives. The successful implementation of this
process area leads to an innovative organization that actively encourages its staff to propose
potential improvements to its processes.

Improvement proposals will be collected and analysed. The improvement proposals
may come from various sources including process appraisals; benchmarking; analysis
of data on causes of defects; quality and process performance objectives; and improve-
ment suggestions from staff. The analysis of the improvement proposals will consider the
return on investment (ROI) from the implementation of the improvement versus the cost
involved.

This process area is also concerned with identifying and searching for innovative pro-
posals to improve processes and technology. The organization’s set of standard processes
are analysed to determine areas where innovative improvements would be most helpful.
These are identified in various ways such as proposals from projects and the organiza-
tion; examining innovations in other organizations; considering innovations documented
in research literature; and maintaining awareness of technology trends.

The selected improvements are piloted prior to their deployment. This will ensure their
fitness for purpose in the organization as well as any barriers and risks to their deployment.

Table 7.3 CMMI requirements for organization innovation and deployment

Specific goal Specific practice Description of specific practice/goal

SG 1 Select improvements
SP 1.1 Collect and analyse improvement proposals
SP 1.2 Identify and analyse innovations
SP 1.3 Pilot improvements
SP 1.4 Select improvements for deployment

SG 2 Deploy improvements
SP 2.1 Plan the deployment
SP 2.2 Manage the deployment
SP 2.3 Measure the improvement effects
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The actual improvements to be deployed are then selected and the improvements incor-
porated into the organization set of standard processes. The deployment is planned and
appropriate changes made to process definitions, procedures, and standards. All affected
staff are trained on the new processes and standards.

Finally, the actual return on investment is determined. This involves determining the
cost of deploying the new or enhanced processes versus the monetary business benefit
gained from the deployment. The specific goals and practices for organization innovation
and deployment are given in Table 7.3.

7.5
Causal Analysis and Resolution

The purpose of the causal analysis and resolution process area is to identify causes of
defects and to take corrective action to prevent future re-occurrence. It may include the
examination of defects identified during peer reviews and testing activities as well as
defects identified by the customer.

The successful implementation of causal analysis and resolution helps to improve qual-
ity and productivity, and it helps to prevent the introduction of defects into a product. It
is much more cost effective to prevent defects from being introduced than to detect and
correct defects later in the software development life cycle.

Several methods such as Pareto analysis, histograms, and process capability analysis
are used to select defects to be analysed. Causal analysis of the selected defects is then
performed with people who have an understanding of the defects. The types of defects
found are analysed to identify any trends, and the root causes of the defects determined. The
actions required to address the root causes are identified. There are various tools to assist
in finding root causes such as cause and effect (fishbone) diagrams. Actions to address the
root causes are identified and implemented.

The impact of the changes made to prevent defects is reviewed to ensure its effective-
ness. The specific goals and practices for the causal analysis and resolution process area
are given in Table 7.4.

Table 7.4 CMMI requirements for causal analysis and resolution

Specific goal Specific practice Description of specific practice/goal

SG 1 Determine causes of defect
SP 1.1 Select defect data for analysis
SP 1.2 Analyse causes

SG 2 Address causes of defects
SP 2.1 Implement the action proposals
SP 2.2 Evaluate the effect of change
SP 2.3 Record data
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7.6
Review Questions

1. Describe the Goal, Question, Metric approach developed by Basili.
2. Discuss process performance models and how they may be used for prediction.

Describe how they may be validated.
3. Describe various problem tools such as Pareto analysis, trend graphs, bar charts,

and histograms and describe how they may be used in problem solving
4. Describe the level 4 process areas.
5. Describe the level 5 process areas.

7.7
Summary

A level 4 organization sets quantitative goals for the performance of key processes, and
the processes are controlled using quantitative techniques to meet the needs of the various
stakeholders. A level 4 organization has predictable process performance with variation
in process performance identified and the causes of variation determined and corrected.
Software process and product quality goals are set and managed, and the processes are
stable and performing within narrowly defined limits.

A level 5 organization has a continuous process improvement culture in place, and pro-
cesses are improved based on a quantitative understanding of variation. Defect prevention
activities are an integral part of the development life cycle. New technologies are eval-
uated and if successful are introduced into the organization. Processes may be improved
incrementally or through innovative process and technology improvements.


	7 CMMI Level 4 and 5 Implementation
	Key Topics
	7.1 Introduction
	7.2 Organization Process Performance
	7.3 Quantitative Project Management
	7.4 Organization Innovation and Deployment
	7.5 Causal Analysis and Resolution
	7.6 Review Questions
	7.7 Summary



<<
  /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
  /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

  /CreateJDFFile 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




