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CicloCiclo didi SviluppoSviluppo
●● CicliCicli didi SviluppoSviluppo
●● ConfrontoConfronto ed ed EvoluzioneEvoluzione, , proceduraleprocedurale, OO, OO
●● MetodologieMetodologie e e ciclociclo didi vitavita
●● GestioneGestione didi ProgettiProgetti
●● Assessment Assessment didi prodottoprodotto e e didi processoprocesso
●● qualitaqualita’ ’ didi processoprocesso e e didi prodottoprodotto
●● ProfiloProfilo didi prodottoprodotto
●● ProcessoProcesso con con miglioramentomiglioramento continuocontinuo
●● QualitaQualita’ ’ didi prodottoprodotto
●● OO e ISO9126OO e ISO9126
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Development Life Cycle Development Life Cycle 
● Waterfall
● Spiral
● Fountain 
● Flipper, pinball 
● Extreme programming
● No methodology !!!

Development life-cycle model has to be 
technology independent
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Waterfall LifeWaterfall Life--CycleCycle

●● Requirements CollectionRequirements Collection
●● Requirement analysisRequirement analysis
●● Analysis, abstract design (composition/decomposition)Analysis, abstract design (composition/decomposition)
●● Detailed Design (communication, HW details, behavior)Detailed Design (communication, HW details, behavior)
●● CodingCoding
●● Testing (formal verification, simulation, etc.)Testing (formal verification, simulation, etc.)
●● Delivering      MaintenanceDelivering      Maintenance

Test

ASSESSMENT
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From Traditional to From Traditional to 
Object Oriented ProjectsObject Oriented Projects

●● Uniform Model along the Project DevelopmentUniform Model along the Project Development
●● Object Oriented methodologies for Analysis and Design Object Oriented methodologies for Analysis and Design 

are supported by Evolutionary Lifeare supported by Evolutionary Life--Cycles:Cycles:
Spiral, Fountain, ..Spiral, Fountain, ..

●● Middle out model: both bottomMiddle out model: both bottom--up and topup and top--down down 
●● Prototype OrientedPrototype Oriented
●● Different roles for PM, SSM, programmersDifferent roles for PM, SSM, programmers
●● Different management methodologiesDifferent management methodologies
●● Different testing techniquesDifferent testing techniques
●● Different assessment methodologiesDifferent assessment methodologies
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Spiral LifeSpiral Life--Cycle (Boehm 1986)Cycle (Boehm 1986)
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Fountain LifeFountain Life--Cycle Cycle 
(Henderson(Henderson--Sellers 1993)Sellers 1993)

●● Flexible reaction to problemsFlexible reaction to problems
●● Lack of wellLack of well--defined process defined process 

of developmentof development
●● The deep of each iteration is The deep of each iteration is 

not previously defined not previously defined 
●● ......
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Pinball LifePinball Life--Cycle (Ambler, 1994)Cycle (Ambler, 1994)
●● Undefined cycleUndefined cycle
●● any steps is possibleany steps is possible
●● no time constrains are imposedno time constrains are imposed
●● no measurableno measurable
●● ......
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Extreme Programming (Beck, 1998)Extreme Programming (Beck, 1998)
●● Pair ProgrammingPair Programming
●● TestTest--first Design (5 minutes cycle, test cases)first Design (5 minutes cycle, test cases)
●● RefactoringRefactoring (improvements for 5 minutes)(improvements for 5 minutes)
●● Continuous Integration (CVS short time)Continuous Integration (CVS short time)
●● Collective Ownership (CVS, RCS)Collective Ownership (CVS, RCS)
●● Coding Standard (convention rules)Coding Standard (convention rules)
●● 40 hours per week no more40 hours per week no more

Lack of controllability and rigorous Lack of controllability and rigorous 
assessment modelsassessment models
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Macro and Micro Cycles (P. Nesi, 1998)Macro and Micro Cycles (P. Nesi, 1998)

●● Macro: Spiral LifeMacro: Spiral Life--CycleCycle
●● Each Cycle contains a microEach Cycle contains a micro
●● Each micro is partially Each micro is partially 

♣♣ Fountain, and Fountain, and 
♣♣ has parallel phases:has parallel phases:

AssessmentAssessment
TestTest
DocumentationDocumentation
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Spiral Macro CycleSpiral Macro Cycle
●● Well defined Functionalities for each spiral, early definedWell defined Functionalities for each spiral, early defined

F1, F2, F3F1, F2, F3

AnalysisAnalysis

DesignDesign

CodeCode

F4, F5, F6F4, F5, F6

Doc, Test, Doc, Test, 
AssessAssess

IntegrationIntegration
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Task RelationshipsTask Relationships

●● 33--4 Cycles (spiral) (micro4 Cycles (spiral) (micro--cycle relationships)cycle relationships)
●● micromicro--micromicro--cycle: 1cycle: 1--2 people, 5 minutes, etc..2 people, 5 minutes, etc..
●● bibi--Weekly meetings, CVS, etc.Weekly meetings, CVS, etc.
●● Monthly general meetings or when neededMonthly general meetings or when needed
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Development MethodologiesDevelopment Methodologies
● Evolution of development process
● strongly dependent on the development 

paradigm
♣ OO, design patterns, etc.

● No time for consolidating development 
models
♣ technology changes too fast

● High investments are needed for adopting 
methodologies in deep

● Rapid evolution of technologies make them 
obsolete in short time
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Management MethodologyManagement Methodology
● Take decision about process & products aspects:

♣ development life cycle  
♣ development methodologies and technologies 
♣ allocation and resources and costs 
♣ business model and risk analysis 
♣ Heterogeneity (lang, model, arc.) management
♣ project and phases duration (Gantt, Pert, etc.)

start up, allocation/staffing, etc. 
development, testing, documentation, 
assessment (process and product), 
deployment, etc.

● Lack of suitable quality assessment and control 
methodologies
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Controlling Development ProcessControlling Development Process
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Gantt DiagramGantt Diagram
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Process and Product AssessmentProcess and Product Assessment
●● Process Assessment:Process Assessment:

♣♣ Evaluation of the development processEvaluation of the development process
♣♣ Evaluation of the quality and the efficiency of the Evaluation of the quality and the efficiency of the 

development processdevelopment process
♣♣ definition of the compliant with the ISO 9000definition of the compliant with the ISO 9000
♣♣ CMM, etc..CMM, etc..

●● Product Assessment:Product Assessment:
♣♣ Process by which some features of the product are Process by which some features of the product are 

evaluatedevaluated
♣♣ Typical features are those derived from the product profileTypical features are those derived from the product profile
♣♣ Effort estimation and prediction …..Effort estimation and prediction …..
♣♣ Quality prediction and estimation .…Quality prediction and estimation .…
♣♣ <High Level> prediction and estimation ….<High Level> prediction and estimation ….
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Metric RelationshipsMetric Relationships

Technical/direct Technical/direct 
MetricsMetrics

Indirect MetricsIndirect Metrics FeaturesFeatures
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ISO 9126 Relationships and Quality ISO 9126 Relationships and Quality 
ModelsModels

●● The adoption of process measures may produce effects The adoption of process measures may produce effects 
on internal partson internal parts

●● The adoption of internal measures influences the The adoption of internal measures influences the 
external quality ….external quality ….

●● ….….

process 
quality

external 
measures

external 
quality 

attributes

process 
measures

quality in 
use  

attributes contexts 
of use

quality in use 
measures

internal 
measures

internal 
quality 

attributes

influences influences

depends on

influences

depends ondepends on

process software product effect of software 
product
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ISO 9126 (1991) Internal/External ISO 9126 (1991) Internal/External 
FeaturesFeatures

AdaptabilityAdaptability
InstallabilityInstallability
ConformanceConformance
ReplaceabilityReplaceability

ISO 9126ISO 9126ISO 9126

FunctionalityFunctionality

ReliabilityReliability

UsabilityUsability

EfficiencyEfficiency

MaintainabilityMaintainability

PortabilityPortability

SuitabilitySuitability
AccuracyAccuracy
InteroperabilityInteroperability
ComplianceCompliance
SecuritySecurity
MaturityMaturity
Fault ToleranceFault Tolerance
RecoverabilityRecoverability
UnderstandabilityUnderstandability
LearnabilityLearnability
OperabilityOperability
Time BehaviorTime Behavior
Resource BehaviorResource Behavior
AnalyzabilityAnalyzability
ChangeabilityChangeability
StabilityStability
TestabilityTestability
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Direct/Indirect MetricsDirect/Indirect Metrics
●● direct metrics should produce a direct measure of direct metrics should produce a direct measure of 

parameters under consideration; for example, the parameters under consideration; for example, the 
number of the Lines of Code (LOC) for estimating the number of the Lines of Code (LOC) for estimating the 
program lengthprogram length

●● Indirect metrics are usually related to highIndirect metrics are usually related to high--level level 
characteristics; for example, the number of LOC is characteristics; for example, the number of LOC is 
typically related to development efforttypically related to development effort

●● the same measure can be considered as a direct and/or the same measure can be considered as a direct and/or 
an indirect metric depending on its adoption. an indirect metric depending on its adoption. 
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Direct MetricsDirect Metrics
●● Size Metrics:Size Metrics:

♣♣ LOC: number of Lines of CodeLOC: number of Lines of Code
♣♣ number of language tokensnumber of language tokens
♣♣ number of functions, operators, statements, modules, number of functions, operators, statements, modules, 
♣♣ number of comments, ...number of comments, ...
♣♣ number of  ‘;’  or  ‘CR’  or  ‘LF’  or  ‘begin’ …..number of  ‘;’  or  ‘CR’  or  ‘LF’  or  ‘begin’ …..

●● Complexity Complexity 
♣♣ Data Structure: number of variables, types Data Structure: number of variables, types 
♣♣ Logic: number of cycles, etc.Logic: number of cycles, etc.
♣♣ Computational: asymptotic, ..Computational: asymptotic, ..
♣♣ Number of Nesting levelsNumber of Nesting levels
♣♣ InterfaceInterface
♣♣ Cognitive, psychological Cognitive, psychological 
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Direct MetricsDirect Metrics
●● FunctionalsFunctionals

♣♣ number of functionalitiesnumber of functionalities
♣♣ number of level of procedure callnumber of level of procedure call
♣♣ number of use casesnumber of use cases
♣♣ number of sections in the manualnumber of sections in the manual
♣♣ number of paragraph in the textual requirementsnumber of paragraph in the textual requirements
♣♣ number of defectsnumber of defects
♣♣ ....

●● In/OutIn/Out
♣♣ number of inputs, outputsnumber of inputs, outputs
♣♣ number of external variablesnumber of external variables
♣♣ number of filesnumber of files
♣♣ number of communication channelsnumber of communication channels
♣♣ number of buttonsnumber of buttons
♣♣ ....
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Direct MetricsDirect Metrics
●● Cohesion/CouplingCohesion/Coupling

♣♣ number of calls for procedurenumber of calls for procedure
♣♣ number of external variable of modulenumber of external variable of module
♣♣ number of external variable of a functionnumber of external variable of a function
♣♣ number of calls out of the modulenumber of calls out of the module
♣♣ ....

●● Object Oriented StructureObject Oriented Structure
♣♣ Inheritance hierarchy: balance, ramification, etc.Inheritance hierarchy: balance, ramification, etc.
♣♣ Distribution of metrics on the hierarchyDistribution of metrics on the hierarchy
♣♣ ....
♣♣ ..
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Indirect metrics Indirect metrics 
●● have to be validated for demonstrating their relationships have to be validated for demonstrating their relationships 

with the corresponding highwith the corresponding high--level features. level features. 
(i) evaluating parameters of the metrics (e.g. weights and (i) evaluating parameters of the metrics (e.g. weights and 

coefficients), coefficients), 
(ii) verifying the robustness of the identified model against (ii) verifying the robustness of the identified model against 

several real cases. several real cases. 
●● The model can be linear or not, and it must be identified The model can be linear or not, and it must be identified 

by using both mathematical and statistical techniquesby using both mathematical and statistical techniques
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Indirect MetricsIndirect Metrics
●● Indirect metrics have to consider the different scale:Indirect metrics have to consider the different scale:

M = w <direct metric>M = w <direct metric>

w    has to correct the metric dimension.w    has to correct the metric dimension.

●● Metric should be normalized:Metric should be normalized:

0 0 ≤≤ Mi Mi ≤≤ 11

●● Thus they can be compared with the values produced for Thus they can be compared with the values produced for 
other systemsother systems
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Composite MetricsComposite Metrics
●● Most Indirect metrics are composite metrics.Most Indirect metrics are composite metrics.
●● These are derived as the composition of other direct, These are derived as the composition of other direct, 

indirect metrics with different scales:indirect metrics with different scales:

CM = w1 M1 + w2 M2 CM = w1 M1 + w2 M2 

w1, w2    are used to correct the metric dimension and w1, w2    are used to correct the metric dimension and 
should be defined or estimated during validation.should be defined or estimated during validation.

●● In this case a linear dependency has been supposed !In this case a linear dependency has been supposed !

●● Composite Metric should be normalized: Composite Metric should be normalized: 0 0 ≤≤ CM CM ≤≤ 11
or referenced to the features under estimation scale.or referenced to the features under estimation scale.
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Continuous System and Metric Continuous System and Metric 
ImprovementImprovement

MetricMetric
ANALYSISANALYSIS

goalsgoals

Measurement Measurement 
obtainedobtained

Project content and profileProject content and profile

Data Understanding Data Understanding 
and Analysisand Analysis

SystemSystem

IMPROVEMENTIMPROVEMENT

MetricsMetrics

METRICATEMETRICATE

WsWs
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Quality versus Object OrientedQuality versus Object Oriented

AdaptabilityAdaptability
InstallabilityInstallability
ConformanceConformance
ReplaceabilityReplaceability

ISO 9126ISO 9126ISO 9126 Object Object Object 
OrientedOrientedOriented

FunctionalityFunctionality

ReliabilityReliability

UsabilityUsability

EfficiencyEfficiency

MaintainabilityMaintainability

PortabilityPortability

SuitabilitySuitability
AccuracyAccuracy
InteroperabilityInteroperability
ComplianceCompliance
SecuritySecurity
MaturityMaturity
Fault ToleranceFault Tolerance
RecoverabilityRecoverability
UnderstandabilityUnderstandability
LearnabilityLearnability
OperabilityOperability
Time BehaviorTime Behavior
Resource BehaviorResource Behavior
AnalyzabilityAnalyzability
ChangeabilityChangeability
StabilityStability
TestabilityTestability

ObjectsObjects

ReuseReuse



Dipartimento di Sistemi e Informatica, University of Florence 

Sistemi Distribuiti, Paolo Nesi

16

Sistemi Distribuiti, Univ. Firenze, Paolo Nesi 2003-2004 31

Product ProfileProduct Profile
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FunctionalityFunctionality

●● Depending on the development phase, on the product, …Depending on the development phase, on the product, …
●● Features related to quality, factory goals and clientFeatures related to quality, factory goals and client
●● Features related to the market sectorFeatures related to the market sector
●● Features related to the client satisfactoryFeatures related to the client satisfactory
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Product ProfileProduct Profile
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