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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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Classical ModelsClassical Models
Structural Division of the project in Structural Division of the project in SubSystemsSubSystems, SS, SS

Adoption of Adoption of SubSystem SubSystem Manages, Manages, SSMsSSMs..

For each SubsystemsFor each Subsystems
Waterfall lifeWaterfall life--cycle: Neat Distinction among consequent cycle: Neat Distinction among consequent 
phases: Analysis, design, code,phases: Analysis, design, code,……... ... 
a sort of noa sort of no--wired phonewired phone

Thus:Thus:
NonNon--uniform model among phases!uniform model among phases!
Different notation and model in different phasesDifferent notation and model in different phases
Who writes  and Who reads!, who states and Who does!Who writes  and Who reads!, who states and Who does!
High overhead in communicating and understandingHigh overhead in communicating and understanding
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Waterfall and PutnamWaterfall and Putnam’’ss ResRes.. AllocAlloc. Model. Model

Dynamic resource allocationDynamic resource allocation
Vertical ManagementVertical Management
Low flexibility, fixed roles, low gratification Low flexibility, fixed roles, low gratification too well defined roles, no too well defined roles, no 
space for improvement and/or role changingspace for improvement and/or role changing
Documentation per phases Documentation per phases ……..
Low cost predictability Low cost predictability 
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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 (Cycle (BoehmBoehm 1986)1986)
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Spiral LifeSpiral Life--Cycle and ProductivityCycle and Productivity

Well partitionedWell partitioned functionalitiesfunctionalities along cyclesalong cycles
Different goals for each cyclesDifferent goals for each cycles
Suitable for cost control and project planning Suitable for cost control and project planning 
Dynamic allocation/Dynamic allocation/deallocationdeallocation, discontinuity, discontinuity
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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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Fountain LifeFountain Life--Cycle and ProductivityCycle and Productivity

Unpredictable time for analysis, development, test, etc. Unpredictable time for analysis, development, test, etc. 
Unpredictable number of iterationsUnpredictable number of iterations
Overlapped phases among subtasksOverlapped phases among subtasks
Hard to control activitiesHard to control activities

TEST, DOC, ASSESSMENT

DESIGN

CODE

ANALYSIS

TIME



Dipartimento di Sistemi e Informatica, University of Florence 

Ingegneria del Software, 2000, Prof. Paolo Nesi, nesi@dsi.unifi.it

6

© Paolo Nesi 1995-2000 11

Pinball LifePinball Life--Cycle (Ambler, 1994)Cycle (Ambler, 1994)
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SOMA OO LifeSOMA OO Life--Cycle (Graham, 1995)Cycle (Graham, 1995)



Dipartimento di Sistemi e Informatica, University of Florence 

Ingegneria del Software, 2000, Prof. Paolo Nesi, nesi@dsi.unifi.it

7

© Paolo Nesi 1995-2000 13

Formal OO LifeFormal OO Life--Cycle (Bruno, Nesi, 1997)Cycle (Bruno, Nesi, 1997)
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Object Oriented ProjectsObject Oriented Projects
NonNon--well defined phase division: some parts of the well defined phase division: some parts of the 
system can be under analysis, others under design, etc.system can be under analysis, others under design, etc.
New concept of New concept of SubSystemSubSystem, Task, Task
Domain Analysis instead of Problem Analysis Domain Analysis instead of Problem Analysis 
Design for reuseDesign for reuse……
......

StartStart--upup System DevelopmentSystem Development

timetime
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Project StartProject Start--upup

Mainly forward with the main Mainly forward with the main 
products markedproducts marked

Few loops Few loops 
Two stages for the Two stages for the 
identification of main identification of main 
classesclasses
Different concept of subDifferent concept of sub--
system system 
Subsystem identification Subsystem identification 
by refinementby refinement

1)1)

2)2)

3)3)

4)4)

5)5)

6)6)

7)7)

8)8)

9)9)
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1)1) Acquisizione dei requisitiAcquisizione dei requisiti ee analisi dianalisi di altoalto livellolivello..

Valutazione: rischi e benefici economici, rischio tecnologico,Valutazione: rischi e benefici economici, rischio tecnologico, etcetc..
RequisitiRequisiti vsvs direzione strategica dell'azienda analisi dei rischidirezione strategica dell'azienda analisi dei rischi
Valutazione ed identificazione delle risorse a livello generaleValutazione ed identificazione delle risorse a livello generale
Identificazione target finale:Identificazione target finale: endend--user, ambiente tipo, piattaforma,user, ambiente tipo, piattaforma,
etcetc..
Definizione del profilo di qualitDefinizione del profilo di qualitàà del prodotto (Hp. di processo di del prodotto (Hp. di processo di 
produzione in pieno controllo)produzione in pieno controllo)
Identificazione dei tempi e deiIdentificazione dei tempi e dei milestonemilestone principaliprincipali

Alcuni punti sono discussi con il committente se vi eAlcuni punti sono discussi con il committente se vi e’’, tutti sono svolti , tutti sono svolti 
da numero ristretto di persone con il PM;da numero ristretto di persone con il PM;
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Product ProfileProduct Profile
A set of product features and the level that has to be A set of product features and the level that has to be 
reachedreached
for example: reliability, performance, usability, gain for for example: reliability, performance, usability, gain for 
piece, etc.piece, etc.
The levels to be reached are defined on the basis of The levels to be reached are defined on the basis of 
company goals company goals 
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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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2)2) Identificazione dei sottosistemiIdentificazione dei sottosistemi..

Valutazione strutturale piuValutazione strutturale piu’’ cheche OOOO del sistemadel sistema PM conPM con altri altri 
che copriranno il ruolo diche copriranno il ruolo di SSM.SSM.
Sottosistemi Sottosistemi hardware e softwarehardware e software
Assegnazione dei sottosistemi aiAssegnazione dei sottosistemi ai SSM in base SSM in base alle precedenti alle precedenti 
esperienzeesperienze
....
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3) Analisi dei sottosistemi.3) Analisi dei sottosistemi.

Ogni SSM analizza il suo SS per identificare classi nel dominioOgni SSM analizza il suo SS per identificare classi nel dominio

Le gerarchie identificate derivano da viste limitate del problemLe gerarchie identificate derivano da viste limitate del problemaa
Fusione delle varie gerarchie di classi in un'unica gerarchiaFusione delle varie gerarchie di classi in un'unica gerarchia

RiassegnazioneRiassegnazione dei SS orientati agli oggetti ai SSM (massimo 15 dei SS orientati agli oggetti ai SSM (massimo 15 
classi per ogni SS, 3+SSM per SS, attenzione alle classi classi per ogni SS, 3+SSM per SS, attenzione alle classi 
importanti del sistema: importanti del sistema: keykey, , engineengine, manager in , manager in generalgeneral))

Identificazione dei cluster,Identificazione dei cluster, suttoramisuttorami,, etcetc..



Dipartimento di Sistemi e Informatica, University of Florence 

Ingegneria del Software, 2000, Prof. Paolo Nesi, nesi@dsi.unifi.it

11

© Paolo Nesi 1995-2000 21

StructuralStructural vsvs Object Oriented SubsystemsObject Oriented Subsystems
traditionaltraditional

Object OrientedObject Oriented
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SubSystemSubSystem ProjectsProjects
New concept for New concept for SubSystemsSubSystems: : 

subsub--trees, trees, 
class clusters, class clusters, 
packages, packages, 
general libraries, general libraries, 
““transversaltransversal functionalitiesfunctionalities””, , 
template libraries, etc..template libraries, etc..
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Key Classes and SubsystemsKey Classes and Subsystems
Two phase process for extracting main classesTwo phase process for extracting main classes
Among these, there are the Among these, there are the Key classesKey classes, typically, typically
♣♣ only one instanceonly one instance
♣♣ complex templatecomplex template
♣♣ Among them there exist Among them there exist engine classesengine classes

mainly active and independent ()..mainly active and independent ()..

Each subsystem should have 15Each subsystem should have 15--30 classes to be 30 classes to be 
manageable depending on their rolemanageable depending on their role
A larger number leads the teams members to learn to muchA larger number leads the teams members to learn to much

Engine and Basic Classes have to be treated with careEngine and Basic Classes have to be treated with care
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Engine and Basic ClassesEngine and Basic Classes
Have to be treated with care ! Have to be treated with care ! 
Well implemented and testedWell implemented and tested

Engine classes: they typically produce only one instance Engine classes: they typically produce only one instance 
and this is responsible for several objects in the systems. and this is responsible for several objects in the systems. 
They enforce the most important aspect of system behavior.They enforce the most important aspect of system behavior.

Basic classes: they are very frequently instantiated. At run Basic classes: they are very frequently instantiated. At run 
time most of the objects are effectively instances of these time most of the objects are effectively instances of these 
classes. A defect in that classes can lead the system in classes. A defect in that classes can lead the system in 
trouble. trouble. 
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4)4) Analisi diAnalisi di altoalto livellolivello perper il riusoil riuso

Valutazione del costo di realizzazione della versione Valutazione del costo di realizzazione della versione 
necessarianecessaria
Identificazione delle parti da riutilizzareIdentificazione delle parti da riutilizzare:: librerielibrerie,, classiclassi ee
sottosistemi giasottosistemi gia’’ acquisitiacquisiti e/oe/o realizzatirealizzati
Valutazione del costo di adattamento del riusatoValutazione del costo di adattamento del riusato
DecisioneDecisione: fare/: fare/riusareriusare,, questo puoquesto puo’’ implicare una ridefinizione implicare una ridefinizione 
deidei SSSS
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5)5) Selezione ed identificazione degli strumentiSelezione ed identificazione degli strumenti

LinguaggiLinguaggi, CASE tool, development tool,, CASE tool, development tool, librerie di mercatolibrerie di mercato,,
lexlex//yaccyacc, etc. (se non, etc. (se non impostiimposti perper contrattocontratto oo specificaspecifica, o per, o per
competenze acquisitecompetenze acquisite))
Rivalutazione del rischio tecnologico Rivalutazione del rischio tecnologico in in funzione delle scelte funzione delle scelte 
effettuateeffettuate..

Se Se necessarionecessario percheperche’’ ilil rishiorishio ee’’ troppotroppo elevatoelevato rispettorispetto allealle
previsioniprevisioni didi venditavendita sisi puopuo’’ fare restart fare restart dal puntodal punto (1) (1) 
modificando alcune richiestemodificando alcune richieste: per : per esempio esempio diminuendo i diminuendo i 
requisiti del sistemarequisiti del sistema
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6)6) Definizione delDefinizione del project planproject plan grezzogrezzo,,
considerandoconsiderando::

l'analisi generale di sistemal'analisi generale di sistema, , 
i SS, lei SS, le dipendenze strutturalidipendenze strutturali ee funzionalifunzionali SS relative, SS relative, 
le deadlinele deadline eded i milestonei milestone prefissatiprefissati inin precedenzaprecedenza
la deadline finale (time to market)la deadline finale (time to market)
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Coarse GanttCoarse Gantt
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7)7) Analisi delle risorseAnalisi delle risorse per i per i sottosistemisottosistemi

Valutazione del costo di realizzazione di ogniValutazione del costo di realizzazione di ogni SS,SS,
metriche predittivemetriche predittive
Eventuale ribilanciamento deiEventuale ribilanciamento dei SSSS aiai SSM eSSM e quindi del quindi del 
carico deicarico dei TeamTeam
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Predicting Effort NeededPredicting Effort Needed
Early Effort PredictionEarly Effort Prediction

Effort = #KC *k* HPCEffort = #KC *k* HPC

where HPC = [15, 40] Hours Per Classwhere HPC = [15, 40] Hours Per Class
k = [2,4] (scale factor) [non GUI, GUI]k = [2,4] (scale factor) [non GUI, GUI]

Typically we gotTypically we got

Efficiency Efficiency = [2.2,4]  SC= [2.2,4]  SCLOCLOC (points per hours)(points per hours)

including:including:
Analysis, design, coding, documentation, assessment, Analysis, design, coding, documentation, assessment, 

integration, test, meetings.integration, test, meetings.

timetime

SC or % SC or % 
of work of work 
donedone
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La La Legge Legge delldell’’8080--2020
For producing the 80 % of the final system is needed only For producing the 80 % of the final system is needed only 
the 20 % of the total effort. the 20 % of the total effort. 
Thus, the final 20% for completing the system will cost Thus, the final 20% for completing the system will cost 
about 80 % of the total cost, 4 times the costs covered for about 80 % of the total cost, 4 times the costs covered for 
arriving at the 80 %. In the figure, a constant number of arriving at the 80 %. In the figure, a constant number of 
people involved in the development has been supposed.people involved in the development has been supposed.
Presently this ration 80/20 is going towards 65/35.Presently this ration 80/20 is going towards 65/35.

System %System %
100 %100 %

80 %80 %

Time %Time %
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Predicting EffortPredicting Effort
A total of 480 hours to produce from 12 to 32 classesA total of 480 hours to produce from 12 to 32 classes

12 in the case in which complex key classes are included.12 in the case in which complex key classes are included.
♣♣ Key classes have to be considered 2 times more complex of Key classes have to be considered 2 times more complex of 

typical classestypical classes
♣♣ Engine classes have to be considered 5 times more complex Engine classes have to be considered 5 times more complex 

of key classesof key classes
♣♣ This does not means that the K and E have a This does not means that the K and E have a correspondlycorrespondly

high number of LOC (the CC takes into account several high number of LOC (the CC takes into account several 
factors, as it will be show later)factors, as it will be show later)

Teams with 2Teams with 2--3 people with the SSM full time or at a given 3 people with the SSM full time or at a given 
percentage 30<X<100percentage 30<X<100
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Effort and Efficiency/ProductivityEffort and Efficiency/Productivity
Effort = [months] | [days]Effort = [months] | [days]
Productivity = ( Size | Volume | Complexity ) / EffortProductivity = ( Size | Volume | Complexity ) / Effort
Efficiency as productivityEfficiency as productivity
Quality = <feature> / (Size | Volume | Complexity)Quality = <feature> / (Size | Volume | Complexity)
Unit Cost = Euro per (Size | Volume | Complexity)Unit Cost = Euro per (Size | Volume | Complexity)
……
....
..
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8)8) Realizzazione delRealizzazione del project planproject plan

Utilizzo delUtilizzo del GanttGantt grezzogrezzo con icon i dati del puntodati del punto (7)(7)
Identificazione delleIdentificazione delle sottosotto attivita'attivita'
Identificazione dei costiIdentificazione dei costi per:per: consulenzaconsulenza, training,, training, licencenzelicencenze
(tools),(tools), viaggiviaggi,, beni di consumobeni di consumo,, strumentistrumenti//apparecchiatureapparecchiature
(con piano(con piano di ammortamentodi ammortamento), etc.), etc.
IlIl training,training, puopuo’’ daredare luogoluogo a taska task separatiseparati
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Gantt DiagramGantt Diagram
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9)9) ValutazioneValutazione ee selezione delle risorseselezione delle risorse

PerPer ogniogni SS:SS: composizione delcomposizione del team in baseteam in base alle alle 
competenze delle personecompetenze delle persone ee alla loro compatibilitaalla loro compatibilita’’
Realizzazione diRealizzazione di teamteam integratiintegrati:: analisianalisi, design, code,, design, code, valutvalut., ., 
etc.,etc., competenze trasversalicompetenze trasversali..
Allocazione delle risorzeAllocazione delle risorze in basein base allealle deadlinedeadline
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TeamTeam’’s Dimensions Dimension

TimeTime

# of resources# of resources

RealReal

IdealIdeal

OverheadOverhead

Team dimension has to be maintained lowTeam dimension has to be maintained low
Overhead costs for Overhead costs for 
♣♣ knowing the system, sharing code knowing the system, sharing code 
♣♣ exchanging information, and exchanging information, and 

are high even in Object Oriented systemsare high even in Object Oriented systems
The minimum changes depending on the analysis and on The minimum changes depending on the analysis and on 
the system on the PM, on the Management, etc.the system on the PM, on the Management, etc.
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System DevelopmentSystem Development
Uniform Object Oriented model along the LifeUniform Object Oriented model along the Life--CycleCycle
Specific OOA and OOD MethodologiesSpecific OOA and OOD Methodologies

Complexity shift towards analysisComplexity shift towards analysis

High Efficiency ifHigh Efficiency if::

Horizontal ManagementHorizontal Management
Constant allocation modelConstant allocation model
....
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From Vertical to Horizontal ManagementFrom Vertical to Horizontal Management

Different role/skill of PM andDifferent role/skill of PM and SSMsSSMs
Global view of development for all team membersGlobal view of development for all team members
Flexible roles, fast reaction to personal problems Flexible roles, fast reaction to personal problems 
Higher responsibility and frequent gratificationHigher responsibility and frequent gratification
Easier integration amongEasier integration among SubSystemsSubSystems
Easier control, predictability Easier control, predictability 
Static resource allocation, lower overheadStatic resource allocation, lower overhead
....
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Hierarchical Hierarchical vsvs Flat Structure/OrganizationFlat Structure/Organization

DelegationDelegation
More controllable More controllable 
developmentdevelopment
Higher costsHigher costs
More motivationsMore motivations
Well defined rolesWell defined roles
Less competitionLess competition
....

PMPM

SSMSSM SSMSSMSSMSSM

PMPM

Too weight leaf classesToo weight leaf classes
Code repeatedCode repeated
Poor Hierarchical Poor Hierarchical 
organizationorganization
Poor DesignPoor Design
Non wellNon well--defined rolesdefined roles
More competitive societyMore competitive society
....
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Macro LifeMacro Life--CycleCycle
Model:Model:

♣♣ Spiral MacroSpiral Macro--Cycle and Spiral MicroCycle and Spiral Micro--Cycle, Cycle, 
♣♣ Spiral MacroSpiral Macro--Cycle and Fountain MicroCycle and Fountain Micro--Cycle,Cycle,
♣♣ Spiral MacroSpiral Macro--Cycle and microCycle and micro--optimizedoptimized--cycle.cycle.

Macro Cycle of 5Macro Cycle of 5--8 months8 months

Well defined goals for each Macro Cycle;Well defined goals for each Macro Cycle;

Last cycles of the MacroLast cycles of the Macro--Cycle should include more Cycle should include more 
attention to:attention to:
♣♣ Integration, Optimization, demonstration and validation;Integration, Optimization, demonstration and validation;

© Paolo Nesi 1995-2000 42

Spiral and FountainSpiral and Fountain
SpiralSpiral

Too complex and complete for the Micro levelToo complex and complete for the Micro level
Too expensive for the micro levelToo expensive for the micro level
……..
....

FountainFountain
Too few formalized and controllable for Macro levelToo few formalized and controllable for Macro level
Not enough controllable to be used in 3 people teamNot enough controllable to be used in 3 people team
……..
....
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Macro and Micro CyclesMacro and Micro Cycles

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 Well defined Functionalities Functionalities for each spiral, early definedfor 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)
bibi--Weekly meetingsWeekly meetings
Monthly general meetings or when neededMonthly general meetings or when needed
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Effort PlanningEffort Planning

Constant number of people, no allocation/Constant number of people, no allocation/deallocationdeallocation
Low training costs during the lifeLow training costs during the life--cyclecycle
Small SubSmall Sub--tasks/subtasks/sub--systems, 3systems, 3--4 members4 members
AA SubSystemSubSystem Manager (SSM)Manager (SSM)
A Project Manager (PM)A Project Manager (PM)
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Micro Optimized Cycle (Nesi 98)Micro Optimized Cycle (Nesi 98)

Modified SpiralModified Spiral--Fountain modelFountain model
Partially overlapped phasesPartially overlapped phases
Integrated competencies in teamIntegrated competencies in team
Parallel: assessment, documentation and testParallel: assessment, documentation and test
Generalization and Integration phase for redistribution of Generalization and Integration phase for redistribution of 
code along classes and sharing information with other teamscode along classes and sharing information with other teams
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Fase diFase di TestTest

Utilizzo di Test script, toolUtilizzo di Test script, tool CaptureCapture && PlayBackPlayBack,, regression regression 
testingtesting
Definizione dei test anticipata in base ai requisitiDefinizione dei test anticipata in base ai requisiti
Il test a questo livello dovrebbe essere fatto tipicamente da chIl test a questo livello dovrebbe essere fatto tipicamente da chi i 
ha fatto il software visto che eha fatto il software visto che e’’ il solo che può verificare se le il solo che può verificare se le 
funzionalitfunzionalitàà che voleva introdurre sono state effettivamente che voleva introdurre sono state effettivamente 
introdotte. Alcune funzionalitintrodotte. Alcune funzionalitàà generali se raggiunte devono generali se raggiunte devono 
essere controllate dal SSM.essere controllate dal SSM.
Questo test non deve essere confuso con la fase di test vera e Questo test non deve essere confuso con la fase di test vera e 
propria durante la quale si effettua unapropria durante la quale si effettua una validazionevalidazione del del 
prodotto. In tale caso il test deve essere eseguito da persone prodotto. In tale caso il test deve essere eseguito da persone 
esterne. Queste utilizzeranno i vettori di test messi a punto esterne. Queste utilizzeranno i vettori di test messi a punto 
durante i test alla fine di ognidurante i test alla fine di ogni micromicro--ciclo piciclo piùù quelli che quelli che 
derivano dai requisiti generali del sistema.derivano dai requisiti generali del sistema.
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Fase di DocumentazioneFase di Documentazione

Generazione incrementale, struttura definita, persone diverse, Generazione incrementale, struttura definita, persone diverse, 
controllo del SSM e del PM.controllo del SSM e del PM.
Decisioni operate, cose rimaste in sospesoDecisioni operate, cose rimaste in sospeso
Descrizione generale da parte del SSM, documento Descrizione generale da parte del SSM, documento 
contrattuale e del PMcontrattuale e del PM

Questo tipo di attivitQuesto tipo di attivitàà deve essere svolta dai vari componenti deve essere svolta dai vari componenti 
del team. La parte di architettura, di relazioni con altridel team. La parte di architettura, di relazioni con altri
tasktask/team e di analisi dal SSM. La documentazione relativa ai /team e di analisi dal SSM. La documentazione relativa ai 
dettagli realizzativi da chi ha sviluppato il software vero e dettagli realizzativi da chi ha sviluppato il software vero e 
proprio.proprio.
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GeneralizazioneGeneralizazione ee IntegrazioneIntegrazione

Integrazione e distribuzione dei risultati fraIntegrazione e distribuzione dei risultati fra SottoSistemiSottoSistemi, altri, altri
tasktask, altri team, altri team
GeneralGeneral meeting con il PM (ogni 3meeting con il PM (ogni 3--4 periodi)4 periodi)
Identificazione dei problemi e definizione delle azioniIdentificazione dei problemi e definizione delle azioni

Questa attivitQuesta attivitàà può portare anche ad effettuare meeting può portare anche ad effettuare meeting 
specifici con altri team.specifici con altri team.
L'attivitL'attivitàà di comunicazione con altri team edi comunicazione con altri team e’’ svolta dal SSM si svolta dal SSM si 
per acquisire informazioni da altri che per fornirle. Nel primo per acquisire informazioni da altri che per fornirle. Nel primo 
caso tipicamente si ha che il team che fornisce informazioni o caso tipicamente si ha che il team che fornisce informazioni o 
moduli software presenta l'attivitmoduli software presenta l'attivitàà svolta a quello che la dovrasvolta a quello che la dovra’’
utilizzareutilizzare
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Managing with Managing with 
Continuos ImprovementContinuos Improvement

Learning:Learning:
♣♣ FactsFacts
♣♣ Understanding FactsUnderstanding Facts
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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
♣♣ ..

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
♣♣ ....
♣♣ ..
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Continuous ImprovementContinuous Improvement

MetricMetric
ANALYSISANALYSIS

goalsgoals

Measurement Measurement 
obtainedobtained

Project content and profileProject content and profile

Data Understanding Data Understanding 
and Analysisand Analysis

SystemSystem
IMPROVEMENTIMPROVEMENT

MetricsMetrics

METRICATEMETRICATE
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Process EvolutionProcess Evolution

A model considering both the development phase and A model considering both the development phase and 
the context:the context:

♣♣ process assessment (questionnaires)process assessment (questionnaires)

♣♣ define goals and plan to reach themdefine goals and plan to reach them

♣♣ identify the rationales for each success and failureidentify the rationales for each success and failure

♣♣ assessing the product during the process improvementassessing the product during the process improvement

thus, to reach the process identificationthus, to reach the process identification
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Controlling Development ProcessControlling Development Process

© Paolo Nesi 1995-2000 56

Product Assessment ContextProduct Assessment Context
Product Assessment, according to the Product Assessment, according to the 
♣♣ product context: product context: 

structure (GUI, embedded, realstructure (GUI, embedded, real--time, ...) time, ...) 
application field (toy, safety critical, application field (toy, safety critical, ……))
development tools and languagesdevelopment tools and languages
development team featuresdevelopment team features
librarieslibraries
OOA, OOD, methodologiesOOA, OOD, methodologies
assessment toolassessment tool
......

♣♣ development contextdevelopment context
development phasedevelopment phase
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Valutazione di SistemiValutazione di Sistemi
Il problemaIl problema ee’’ equivalenteequivalente aa contare gli elefanticontare gli elefanti inin africaafrica..

Il matematico prende l'insieme africaIl matematico prende l'insieme africa e pere per intersezione estrae da questo unointersezione estrae da questo uno adad uno uno 
tutti gli insiemitutti gli insiemi nonnon intersecantiintersecanti:: alberialberi,, leonileoni,, serpentiserpenti,, erbaerba,, desertodeserto, ...., .... applica applica 
l'operatorel'operatore contaconta a a quello che rimanequello che rimane..
L'informatico definisce il tipo elefanteL'informatico definisce il tipo elefante ee su questo un insieme di assiomi su questo un insieme di assiomi perper
l'identificazione delle areel'identificazione delle aree inin cui possono esserci elefanticui possono esserci elefanti. Poi . Poi applica l'operatoreapplica l'operatore cercacerca a a 
tali zone etali zone e ne fa l'unionene fa l'unione..
Il fisico prende l'ecosistema africaIl fisico prende l'ecosistema africa,, dopo certe osservazionidopo certe osservazioni,, ne fa un modellone fa un modello, e, e valuta valuta 
sullasulla basebase di simulazioni del modello quanti elefanti possono vivercidi simulazioni del modello quanti elefanti possono viverci..
L'ingegnere definisce un algoritmoL'ingegnere definisce un algoritmo: : 
1)1) si vadasi vada inin africaafrica concon un elefante di riferimentoun elefante di riferimento,,
2)2) si percorra da sinistrasi percorra da sinistra aa destra dal bassodestra dal basso in alto,in alto,
3)3) ogni volta che incontro un animale lo confrontoogni volta che incontro un animale lo confronto concon quello di riferimentoquello di riferimento,,
4) se4) se identici allora incrementa diidentici allora incrementa di 1.1.
Il programmatore prende l'algoritmo dell'ingegnereIl programmatore prende l'algoritmo dell'ingegnere,, inizializza il numero degli elefantiinizializza il numero degli elefanti a a 
0,0, definisce delle sogliedefinisce delle soglie perper riconoscerericonoscere o o meno l'elefantemeno l'elefante, pone come, pone come criterio di arresto criterio di arresto 
l'arrivol'arrivo al Cairo.al Cairo.
Lo statista effettua un campionamentoLo statista effettua un campionamento in diversein diverse aree alle quali applica l'algoritmo aree alle quali applica l'algoritmo 
dell'ingegneredell'ingegnere e e quindiquindi estrapolaestrapola ......……
IlIl managermanager valutavaluta ii costicosti e ie i benifici aziendali dello sviluppobenifici aziendali dello sviluppo e e dell'uso degli algoritmi dell'uso degli algoritmi 
proposti considerando l'errore di stimaproposti considerando l'errore di stima, i tempi, i tempi di stimadi stima, ......  , ......  
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Software AssessmentSoftware Assessment

Prof. Paolo Nesi
Corso di Ingegneria del Software

Department of Systems and Informatics 
University of Florence

Via S. Marta 3, 50139, Firenze, Italy
tel: +39-055-4796523, fax: +39-055-4796363
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www: http://www.dsi.unifi.it/~nesi
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OO Products: OO Products: 
Assessment and MetricsAssessment and Metrics

CodeCode DocumentDocument

OperationalityOperationality

© Paolo Nesi 1995-2000 62

Why to Measure?Why to Measure?
SoloSolo quello che puoquello che puo’’ essere misurato puoessere misurato puo’’ essere essere 
mantenutomantenuto sottosotto controllocontrollo
PredictionPrediction
To maintain under controlTo maintain under control
To optimize the process of development avoiding wrong To optimize the process of development avoiding wrong 
and/or unuseful expenses and/or unuseful expenses 
To reduce the costsTo reduce the costs
To reduce the time to marketTo reduce the time to market
To evaluate the costs of productionTo evaluate the costs of production
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Continuous ImprovementContinuous Improvement

ANALIZEANALIZE IMPROVEIMPROVE

goalsgoals
Reference to Reference to 
assessmentassessment

Measurement Measurement 
obtainedobtained

Metrics Metrics 
specificationspecification

Reference Reference 
goalsgoals

Project content and profileProject content and profile
ASSESSASSESS

Resources, Processes, ProductsResources, Processes, Products
METRICATEMETRICATE
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MetricsMetrics
Metrics Metrics 
Metric Classification FeaturesMetric Classification Features
Direct and Indirect metricsDirect and Indirect metrics
Estimation and prediction MetricsEstimation and prediction Metrics
Quality and MetricsQuality and Metrics
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MetricMetric
A metric is a measurement method with a defined A metric is a measurement method with a defined 
measurement scalemeasurement scale
Specific conversion between a metrics to anotherSpecific conversion between a metrics to another
Specific scale for each metric focussed on a specific Specific scale for each metric focussed on a specific 
featurefeature
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What can be Measured?What can be Measured?
QualityQuality
♣♣ Reliability, Functionality, testability,Reliability, Functionality, testability,
♣♣ portability, compatibility, compliance, portability, compatibility, compliance, 
♣♣ ....

Effort of (human resources)Effort of (human resources)
♣♣ development, Maintenance, development, Maintenance, 
♣♣ Testing, assessment, Testing, assessment, 
♣♣ documenting, porting, documenting, porting, 
♣♣ ....

In several cases Quality and Effort are in some way In several cases Quality and Effort are in some way 
correlatedcorrelated
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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  number of  ‘‘;;’’ or  or  ‘‘CRCR’’ or  or  ‘‘LFLF’’ or  or  ‘‘beginbegin’’ ……....

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 number of functionalitiesfunctionalities
♣♣ 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



Dipartimento di Sistemi e Informatica, University of Florence 

Ingegneria del Software, 2000, Prof. Paolo Nesi, nesi@dsi.unifi.it

37

© Paolo Nesi 1995-2000 73

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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Non Linear Composite MetricsNon Linear Composite Metrics
For example:For example:

CMxCMx = w1 Log M1 + w2 Log M2 + w3 M3= w1 Log M1 + w2 Log M2 + w3 M3M4M4

Logarithmic, exponential and polynomial relationships are Logarithmic, exponential and polynomial relationships are 
typically established on the basis of rationalestypically established on the basis of rationales

weights w1, w2, w3 have to be weights w1, w2, w3 have to be 
♣♣ estimated during validation process or suitably definedestimated during validation process or suitably defined
♣♣ dimensioned in order to produce a corrected scale for dimensioned in order to produce a corrected scale for CMx CMx 

metricmetric
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Non Linear Metric for Effort EvaluationNon Linear Metric for Effort Evaluation

Typically for the development Effort:Typically for the development Effort:

Effort = k Effort = k sizesizebb

kk and and bb areare
♣♣ estimated during validation process or suitably definedestimated during validation process or suitably defined
♣♣ dimensioned in order to produce a corrected scale for dimensioned in order to produce a corrected scale for 

estimating the Effort estimating the Effort 
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Functional, Behavioral and Structural MetricsFunctional, Behavioral and Structural Metrics
Functional (data transformation): Functional (data transformation): 
♣♣ volume metrics, volume metrics, 
♣♣ operands counting, operands counting, 
♣♣ # operators, ...# operators, ...

Behavioral (system behavior): Behavioral (system behavior): 
♣♣ reactivity, flow diagrams, reactivity, flow diagrams, 
♣♣ logic metrics, computational complexity, logic metrics, computational complexity, 
♣♣ nesting levels, etc. nesting levels, etc. 

Structural (system structure):Structural (system structure):
♣♣ data structure complexitydata structure complexity
♣♣ #number of variable, variables domains#number of variable, variables domains
♣♣ data relationships, ... data relationships, ... 
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Technical/Cognitive/Process Oriented Technical/Cognitive/Process Oriented 

Technical viewTechnical view refers to the software engineering refers to the software engineering 

aspects of system specification (size, complexity, etc.); aspects of system specification (size, complexity, etc.); 

Cognitive viewCognitive view takes into account the external takes into account the external 

understandability and verifiability of the system;understandability and verifiability of the system;

ProcessProcess--Oriented viewOriented view refers to the system aspects refers to the system aspects 

that are influenced by or can influence the process of that are influenced by or can influence the process of 

system development (productivity, reuse, cost of system development (productivity, reuse, cost of 

development, cost of maintenance, etc.).  development, cost of maintenance, etc.).  
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Metric RelationshipsMetric Relationships

Technical/direct Technical/direct 
MetricsMetrics

Indirect MetricsIndirect Metrics FeaturesFeatures
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Metrics of each view, different phases of Metrics of each view, different phases of 
system evolution  system evolution  

cognitive metricscognitive metrics during system development during system development 
and/or in system maintenance,  and/or in system maintenance,  

technical metricstechnical metrics for the evaluation/certification of for the evaluation/certification of 
some specific characteristics of the system; some specific characteristics of the system; 

processprocess--Oriented metricsOriented metrics for evaluating the impact for evaluating the impact 
of technology on the whole development process.of technology on the whole development process.
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Analysis, Design and Coding MetricsAnalysis, Design and Coding Metrics
Metrics oriented to maintain under control the specific Metrics oriented to maintain under control the specific 

phases of the development.phases of the development.
Analysis: Analysis: 
♣♣ complexity (more structure oriented than functional), complexity (more structure oriented than functional), 
♣♣ # of variables, # of # of variables, # of functionalitiesfunctionalities, # of subclasses, , # of subclasses, 
♣♣ # of attributes, # of methods, # of superclasses, # of # of attributes, # of methods, # of superclasses, # of 

classes, classes, ……..
Design: all the above metrics + functional metrics, Design: all the above metrics + functional metrics, 
♣♣ reuse metrics, ...reuse metrics, ...

Coding: all the above metrics + style metrics Coding: all the above metrics + style metrics 
♣♣ (# of (# of gotogoto, # of global variables, ...), , # of global variables, ...), ……

The same metrics can be used along the whole The same metrics can be used along the whole 
development life cycle with different references.development life cycle with different references.
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Development, Maintenance and Reuse MetricsDevelopment, Maintenance and Reuse Metrics
Development metrics: Development metrics: 
♣♣ specific metrics oriented to the specific phases of the specific metrics oriented to the specific phases of the 

developmentdevelopment
Maintenance metrics: Maintenance metrics: 
♣♣ effort for Maintenance, cognitive metrics, effort for Maintenance, cognitive metrics, 
♣♣ reuse metrics, complexity, effort for reuse, reuse metrics, complexity, effort for reuse, 

Reuse Metrics: Reuse Metrics: 
♣♣ # of comments, # of comments, 
♣♣ complexity of the class definition with respect to class complexity of the class definition with respect to class 

implementation, implementation, 
♣♣ ratio between number of comments and the complexityratio between number of comments and the complexity
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Consumptive MetricsConsumptive Metrics
For instance:For instance:

Size per function  Size per function  ----e.g.e.g.----> total size / number of function> total size / number of function
Size per module  Size per module  
Total sizeTotal size
Volume per functionVolume per function
Complexity per moduleComplexity per module
Effort per functionEffort per function

Can be estimated byCan be estimated by

summing summing ΣΣ or or 
ratio between other valuesratio between other values

Typically reflect averaged valuesTypically reflect averaged values
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Estimation and Prediction MetricsEstimation and Prediction Metrics

Estimation metricsEstimation metrics try to evaluate the value try to evaluate the value 
assumed by a system feature in the time instant and assumed by a system feature in the time instant and 
context in which they are appliedcontext in which they are applied

Prediction metricsPrediction metrics try to evaluate the value that will try to evaluate the value that will 
be assumed by the system feature in the future. For be assumed by the system feature in the future. For 
example, the prediction of number of LOC after 5 example, the prediction of number of LOC after 5 
months by knowing the absolute values and the months by knowing the absolute values and the 
variation of LOC measured in the last two weeks.variation of LOC measured in the last two weeks.
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Quality ?Quality ?
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ISO 9126 Relationships and Quality ModelsISO 9126 Relationships and Quality Models
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 FeaturesISO 9126 (1991) Internal/External Features

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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Mapping Mapping ---- Internal/External FeaturesInternal/External Features

i

internal attributes external attributes

characteristic

attribute

subcharacteristic
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Quality in UseQuality in Use
For each UsersFor each Users
For each role of the productFor each role of the product
....
..

quality in
use

effectiveness productivity safety satisfaction
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StandardsStandards
Do not provide direct solutionDo not provide direct solution
Do not provide metrics to be usedDo not provide metrics to be used
Give definition for features to be Give definition for features to be evalutatedevalutated
Define a framework for organizing metrics and their Define a framework for organizing metrics and their 
selectionselection
Suggest rating levelsSuggest rating levels

Product: ISO 9126 series, IEEE 982, ...Product: ISO 9126 series, IEEE 982, ...
Process: ISO 9000 series, DOD 2167A, Process: ISO 9000 series, DOD 2167A, ……

They are growing They are growing ………………......
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OUTLINEOUTLINE
Product Assessment and MetricsProduct Assessment and Metrics
Assessment and development processAssessment and development process
System assessment problems, process System assessment problems, process 
improvementimprovement
Object OrientedObject Oriented vsvs qualityquality
Classification of OO MetricsClassification of OO Metrics
Method Level MetricsMethod Level Metrics
Class Level MetricsClass Level Metrics
System Level MetricsSystem Level Metrics
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Assessment and development processAssessment and development process
Why?: Effort, Quality, Maintenance, Reuse, Why?: Effort, Quality, Maintenance, Reuse, ……..
When?: along the development process, after When?: along the development process, after 
developed developed 
Where?: in, out, unit, ... Where?: in, out, unit, ... 
Who?: SSM, PM, ...Who?: SSM, PM, ...

What has to be done? What has to be done? 
How?How?
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System Assessment ProblemsSystem Assessment Problems
identification and definition of identification and definition of 
““result analysis mechanismsresult analysis mechanisms””
adoption of adoption of ““result analysis mechanismsresult analysis mechanisms””
Result Analysis and understandingResult Analysis and understanding
application of corrections (actions defined)application of corrections (actions defined)

IdentificationIdentification
&&

DefinitionDefinition

AdoptionAdoption ProjectProject ResultsResults

AnalysisAnalysis
REAL DATAREAL DATA

VALIDATIONVALIDATION
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Metric AdoptionMetric Adoption

Metric Estimation by using suitable toolsMetric Estimation by using suitable tools

Understanding Results by using :Understanding Results by using :

Reference Values with respect to confidence Reference Values with respect to confidence 
valuesvalues
Significant Trends with respect to reference Significant Trends with respect to reference 
trendstrends
Significant Profiles with respect to attended Significant Profiles with respect to attended 
trendstrends
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Object OrientedObject Oriented vsvs qualityquality
In OO Part of Development Complexity is In OO Part of Development Complexity is 

shifted from design and coding towards shifted from design and coding towards 
analysis.analysis.

Thus it passes from functional and Thus it passes from functional and 
computational toward structural aspectscomputational toward structural aspects

OOP doesnOOP doesn’’t mean quality, but OOP aids to t mean quality, but OOP aids to 
reach a certain quality compliancereach a certain quality compliance
Some phases are necessary to estimate Some phases are necessary to estimate 
quality compliance quality compliance 
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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
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Metric A/D/C OOP M/C/S V/C C/Q Rel P/A F/B/S T/C/P E/M/R
Ha C N M,C,S V --- --- A F T E,M
LOC C N M,C,S V --- --- A F T E,M
Mc C N M,C,S C --- --- A F,B T E,M
MC C N M V,C Q --- A F,B T E,M,R
CC A,D,C Y C V,C C,Q P,I P.A F,B,S T E,M,R
CM C Y/N C V,C Q --- P.A F,B T E,M,R
HSCC D,C Y C V,C C,Q P,I P.A F,B,S T E,M,R
NAL A Y/N C V Q P P.A S T E,M,R
NAM A Y C V Q P,I P.A S,B T E,M,R
Size2 A Y C V Q P P.A S,B T E,M,R
TJCC D,C Y C V,C C,Q P P.A F,B,S T E,M
WMC C Y C C Q --- A F,B T E,M,R
CCGI A,D Y C C C,Q P,I P.A B P,C E,M,R
DIT D Y C --- C,Q I P.A S P,T,C M,R
NOC A,D Y C --- C I P.A S P,T,C M,R
NSUB D Y C --- C,Q I P.A S P,T,C M,R
NSUP D Y C --- C,Q I P.A S P,T,C M,R
CBO C Y C V C,Q P A B,F C,T M,R
NKC A Y S V C --- P S C,T E
SC A,D,C Y S V,C --- P,I P.A F,B,S T E,M,R
T C N S V,C --- --- A F,B T E,M

Where:
− A/D/C Analysis, Design and Coding; OOP object-oriented suitability; M/C/S Method, Class and

System level; V/C Volume and/or Complexity metric; C/Q Conformity to OOP and/or Quality;
Relationships: is-Part-of, Inheritance; P/A Predictive and/or A Posteriori; F/B/S Functional,
Behavioral, Structural aspect; T/C/P Technical, Cognitive, Process-oriented metric; E/M/R Effort,
Maintenance, Reuse.

Metric ClassificationMetric Classification

The metric The metric 
framework has to framework has to 
be defined and be defined and 

validated against validated against 
several projectsseveral projects
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Object Oriented MetricsObject Oriented Metrics

Method Level MetricsMethod Level Metrics
Method Complexity, Method Size, # local variables, # external Method Complexity, Method Size, # local variables, # external varvar, cohesion with , cohesion with 

other methods, McCabe, other methods, McCabe, HalsteadHalstead, etc., etc.

Class Level Metrics Class Level Metrics 
Class Complexity, Class Cohesion, Class Sub, Class Sup, # attribClass Complexity, Class Cohesion, Class Sub, Class Sup, # attributes, # methods, # utes, # methods, # 

constructors, WMC, Size2, etc.constructors, WMC, Size2, etc.

System Level MetricsSystem Level Metrics
# classes, # roots,# classes, # roots, system complexity, DIT, # Glob system complexity, DIT, # Glob VarVar, Mean class complexity, , Mean class complexity, 

mean NAM, etc.mean NAM, etc.
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Method Level MetricsMethod Level Metrics
Classical Functional Metrics Can be used:Classical Functional Metrics Can be used:
♣♣ Mc Cabe Ciclomatic Mc Cabe Ciclomatic ComplexityComplexity
♣♣ Halstead Halstead Volume MetricVolume Metric
♣♣ LOCLOC
♣♣ Metrics Size based on Token counting Metrics Size based on Token counting 
♣♣ etc.etc.

Functional Metrics result more precise if they are Functional Metrics result more precise if they are 
integrated with data structure and reuse metrics:integrated with data structure and reuse metrics:
♣♣ Number of variablesNumber of variables
♣♣ Number and complexity of procedure parametersNumber and complexity of procedure parameters
♣♣ ......
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Mc CabeMc Cabe, , CiclomaticCiclomatic ComplexityComplexity
The The CiclomaticCiclomatic complexity (or number) is a measure of the complexity (or number) is a measure of the 

logical complexity defined as (after Hendersonlogical complexity defined as (after Henderson--Sellers):Sellers):

V(g) = e V(g) = e -- n + p + 1n + p + 1

Where given a flow chart: Where given a flow chart: 
e = number of edges (connecting lines)e = number of edges (connecting lines)
n = number of nodes (boxes)n = number of nodes (boxes)
p = number of procedure calls (connected components)p = number of procedure calls (connected components)

© Paolo Nesi 1995-2000 10
0

Mc CabeMc Cabe, , Ciclomatic Ciclomatic ComplexityComplexity

V(g) = e  V(g) = e  -- n  + p + 1 =n  + p + 1 =
19 19 -- 18  + 3  + 1  = 5 18  + 3  + 1  = 5 

CALL A1CALL A1

CALL A2CALL A2

A1A1
A2A2
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HalsteadHalstead Volume MetricVolume Metric
The volume can be used a indirect measure of Effort:The volume can be used a indirect measure of Effort:

VolVol = N Log= N Log2 2 nn

where: N = N1 + N2,     and     n = n1 + n2where: N = N1 + N2,     and     n = n1 + n2

N1 = total number of operatorsN1 = total number of operators
N2 = total number of operandsN2 = total number of operands
n1 = number of distinct operatorsn1 = number of distinct operators
n2 = number of distinct operandsn2 = number of distinct operands

© Paolo Nesi 1995-2000 10
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Token Based Size/Volume MetricToken Based Size/Volume Metric
......
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Class Level MetricsClass Level Metrics
CC = Class Complexity CC = Class Complexity 
CCI = Inherited Class ComplexityCCI = Inherited Class Complexity
CCL = Local Class ComplexityCCL = Local Class Complexity
WMC = Weighted methods per class (WMC = Weighted methods per class (KidamberKidamber andand KemererKemerer))
NA = Number of attributes, local and inheritedNA = Number of attributes, local and inherited
NAL = number of local attributesNAL = number of local attributes
NAI = number of inherited attributesNAI = number of inherited attributes
NM = number of methods, local and inheritedNM = number of methods, local and inherited
NML = number of local methodsNML = number of local methods
NMI = number of method inheritedNMI = number of method inherited
NSUP = number of NSUP = number of superclasses superclasses until the root (similar to DIT)until the root (similar to DIT)
NSUB = number of subclassesNSUB = number of subclasses
NOC = number of children (NOC = number of children (KidamberKidamber and and KemererKemerer))
....
..
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CC      CC      MetricMetric
Class Complexity (Class Complexity (CCCC) is a weighted sum) is a weighted sum

CACLCACL ⇒⇒ Local AttributesLocal Attributes
CACICACI ⇒⇒ Inherited Attributes Inherited Attributes 
CL    CL    ⇒⇒ Local Methods (on Local Methods (on Vg, VgVg, Vg’’, LOC, Ms, Ha, LOC, Ms, Ha……))
CICI ⇒⇒ Inherited Methods (as above)Inherited Methods (as above)
CMICLCMICL ⇒⇒ Local Method InterfaceLocal Method Interface
CMICI    CMICI    ⇒⇒ Inherited Method InterfaceInherited Method Interface

CMICIwCMICLw
CIwCLw

CACIwCACLwCC

CMICICMICL

CICL

CACICACL

++
+++

++=
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Class Level MetricsClass Level Metrics
Cohesion metrics Cohesion metrics 
♣♣ CBO = Coupling between objects (CBO = Coupling between objects (KidamberKidamber andand KemererKemerer))
♣♣ MPC = message passing coupling (MPC = message passing coupling (Li Li & Henry)& Henry)
♣♣ CMI = Complexity of method interfaceCMI = Complexity of method interface

Reuse Metrics Reuse Metrics 
♣♣ ECD = external class descriptionECD = external class description
♣♣ CMIC = Class Method interface ComplexityCMIC = Class Method interface Complexity
♣♣ RI = Reuse IndexRI = Reuse Index
♣♣ VI = Verifiability IndexVI = Verifiability Index
♣♣ ....

......
Protected, private and public Protected, private and public ……....
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Cognitive MetricsCognitive Metrics

The External Class Description (ECD) measures the absolute exterThe External Class Description (ECD) measures the absolute external nal 
comprehensibility of a class, taking into account the methods incomprehensibility of a class, taking into account the methods interface terface 
and the class attributes;and the class attributes;

Class Class CoGnitiveCoGnitive Index (CCGI) measures the ratio between ECD and Index (CCGI) measures the ratio between ECD and 
CC (with all weights = 1), giving a relative value for the CC (with all weights = 1), giving a relative value for the 
understandability of the class.understandability of the class.

CMICICMICLCACICACLECD +++=

CC
ECDCCGI =
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Cognitive MetricsCognitive Metrics

Class Level Metrics:

.
m

m
m CC

ECD
CCGI =

,mmm ECDIECDLECD +=

,mmm CMICLwCACLwECDL mCMICLmCACL +=

,mmm CMICIwCACIwECDI mCMICImCACI +=

,mmm CLwCIwICI mCLmCI +=

,mmm ICIECDCC +=
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External Class Description (ECD)External Class Description (ECD)

ECD measures the complexity of ECD measures the complexity of 
the external class interface;the external class interface;
A too high ECD may show that the A too high ECD may show that the 
class is too complex to be easy class is too complex to be easy 
understandable;understandable;
ECD alone cannot measure class ECD alone cannot measure class 
understandability.understandability.
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CCGI Ratings
less than 0.3 poor
between 0.3 and 0.5 fair
between 0.5 and 0.7 good
between 0.7 and 0.9 fair
greater than 0.9 poor

Reference Values and TrendsReference Values and Trends
for  system assessmentfor  system assessment

Metrics Reference ValuesMetrics Reference Values are necessary for system assessment; BUT are necessary for system assessment; BUT 
they give only a local snapshot of the class or an evaluation ofthey give only a local snapshot of the class or an evaluation of mean mean 
values;values;
Metrics trendsMetrics trends are mandatory for a global project assessment and direct are mandatory for a global project assessment and direct 
identification.identification.

© Paolo Nesi 1995-2000 11
0

ClassClass CoGnitiveCoGnitive Index (CCGI)Index (CCGI)

CCGICCGI<<0.30.3: Internal complexity is : Internal complexity is 
very high with respect to External very high with respect to External 
Interface.Interface.
CCGICCGI≈≈0.60.6:: class can be used as a class can be used as a 
black box.black box.
CCGICCGI==11: : class defined but not yet class defined but not yet 
implemented or C structures.implemented or C structures.
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NSUB and its NSUB and its refref. Values and trend. Values and trend

© Paolo Nesi 1995-2000 11
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NSUP and itsNSUP and its refref. Values and trend. Values and trend
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System Level MetricsSystem Level Metrics

Global Behaviour of  Class Level MetricsGlobal Behaviour of  Class Level Metrics

Global Behaviour of method Level MetricsGlobal Behaviour of method Level Metrics

Mean value of Class Level MetricsMean value of Class Level Metrics
♣♣ MCC = Mean CCMCC = Mean CC

♣♣ MNAM = Mean number of attributes and methodsMNAM = Mean number of attributes and methods

Mean value of Method Level MetricsMean value of Method Level Metrics

Profiles with respect to the Attended valuesProfiles with respect to the Attended values
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System Level MetricsSystem Level Metrics
General Consumptive Total Metric:General Consumptive Total Metric:
♣♣ SC = system complexitySC = system complexity
♣♣ NC = number of classesNC = number of classes
♣♣ Highness of class trees..Highness of class trees..
♣♣ Number of Global variablesNumber of Global variables
♣♣ Number of MethodsNumber of Methods
♣♣ ..

Hierarchical MetricsHierarchical Metrics
♣♣ Max Highness of class treesMax Highness of class trees
♣♣ Number of distinct TreesNumber of distinct Trees
♣♣ ....
♣♣ ..
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Local and Inherited Number of MethodsLocal and Inherited Number of Methods

© Paolo Nesi 1995-2000 11
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Distribution of Method ComplexityDistribution of Method Complexity
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Product ProfileProduct Profile
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Consumptive Analysis of Effort ProfileConsumptive Analysis of Effort Profile
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Metric Life CycleMetric Life Cycle
Metric Identification Metric Identification 
Metric EvaluationMetric Evaluation
Metric ValidationMetric Validation
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Metric Identification and Definition Metric Identification and Definition 
of of Result Analysis MechanismsResult Analysis Mechanisms

EstimationEstimation
Metric Identification Metric Identification 
Metric EvaluationMetric Evaluation

Understanding Results with RespectUnderstanding Results with Respect
Reference Values Reference Values 
Significant Trends Significant Trends 
Significant ProfilesSignificant Profiles
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Metric Maintenance and System AssessmentMetric Maintenance and System Assessment

Direct Measures

Views

Histograms

Profiles

EVALUATION
Metric

Description

Weights
Conf. Val.

measuring context

VALIDATION

Metric
Values

Real Data

current evaluationpast measures

metric
adjust.
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Metric Definition and IdentificationMetric Definition and Identification
Goal Question MetricGoal Question Metric

The definition of indirect metrics is a quite complex taskThe definition of indirect metrics is a quite complex task
It is typically based on the generalized experience It is typically based on the generalized experience 
This experience is typically extracted by using This experience is typically extracted by using 
questionnaires.questionnaires.

Good Sense MetricGood Sense Metric
On the basis of the simple experienceOn the basis of the simple experience
....
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Metrics Metrics vsvs ValidationValidation

Most software characteristics are not directly valuable;Most software characteristics are not directly valuable;
Indirect measures must be performed;Indirect measures must be performed;
Validation by the means of statistical instruments must Validation by the means of statistical instruments must 
be performed for indirect measures;be performed for indirect measures;
Needs of well designed object oriented reference Needs of well designed object oriented reference 
projects for validation, other metrics can be used for projects for validation, other metrics can be used for 
verifying the project goodnessverifying the project goodness
Metrics are validated if quite stable results are obtained: Metrics are validated if quite stable results are obtained: 
proving or disproving their goals.proving or disproving their goals.
E.g., Statistic and logistic analysesE.g., Statistic and logistic analyses
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Product Assessment ContextProduct Assessment Context
Development Context Development Context ---- system/subsystem structure (GUI, system/subsystem structure (GUI, 
non GUI; embedded; Realnon GUI; embedded; Real--Time, etc.), application field (toy, Time, etc.), application field (toy, 
safety critical, etc.); tools and languages for system safety critical, etc.); tools and languages for system 
development (C, C++, Visual C++, GNU,development (C, C++, Visual C++, GNU, VisualAgeVisualAge, etc.); , etc.); 
development team (expert, young, mixture, small, large, to be development team (expert, young, mixture, small, large, to be 
trained, etc.); adoption of libraries; development trained, etc.); adoption of libraries; development 
methodology; assessment tools; etc.; methodology; assessment tools; etc.; 
LifeLife--Cycle Context Cycle Context ---- requirements collection, requirements requirements collection, requirements 
analysis, general structure analysis, detailed analysis, system analysis, general structure analysis, detailed analysis, system 
design, subsystem design, coding, testing, maintenance (e.g., design, subsystem design, coding, testing, maintenance (e.g., 
adaptation, porting), documentation, demonstration, testing, adaptation, porting), documentation, demonstration, testing, 
regression testing, number of cycle in the spiral liferegression testing, number of cycle in the spiral life--cycle, etc.cycle, etc.
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Why measuring complexity ?Why measuring complexity ?

Complexity as an indirect measure of high level features  for Complexity as an indirect measure of high level features  for 
estimating and predicting:estimating and predicting:
♣♣ reusability, reliability, maintainability, testability, etc.reusability, reliability, maintainability, testability, etc.
♣♣ testing process, test cases, error proneness, etc.  testing process, test cases, error proneness, etc.  
♣♣ effort for .effort for .…… development, reuse, maintain, etc. development, reuse, maintain, etc. 

Complexity is considered an internal feature, typically estimateComplexity is considered an internal feature, typically estimated on d on 
code but could be estimated on: requirements, analysis, design, code but could be estimated on: requirements, analysis, design, 
documents, etc.documents, etc.

How to trace and convert complexity measures on requirements, How to trace and convert complexity measures on requirements, 
analysis, code, design, testing, documentation, etc. ? analysis, code, design, testing, documentation, etc. ? 
Problems of scale unit Problems of scale unit ………………..? Which scale type ..? Which scale type ……......……??

© Paolo Nesi 1995-2000 12
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You canYou can’’t measure what you cant measure what you can’’t recognizet recognize
The lack of agreement about the meaning of complexityThe lack of agreement about the meaning of complexity

•• psychological (understandability, reusability): subjective psychological (understandability, reusability): subjective 
•• computational/time (nesting levels): asymptotical complexity, computational/time (nesting levels): asymptotical complexity, 

O()O()
•• structural/space (data relationships): #structural/space (data relationships): #varvar, #types, #types
•• interface (interface (composabilitycomposability, reusability, coupling): #flows, fan, reusability, coupling): #flows, fan--in, in, 

fanfan--out out 
•• flow graph (control statements): cyclomatic complexity, flow graph (control statements): cyclomatic complexity, 

execution pathsexecution paths
•• functional (requirements, data transform): functional (requirements, data transform): HalsteadHalstead

Cognitive, behavioral, functional, structural aspects.Cognitive, behavioral, functional, structural aspects.
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Complexity ViewsComplexity Views
Several different flavors of complexity exits !!Several different flavors of complexity exits !!
Most of proposed metrics address more than one aspect together wMost of proposed metrics address more than one aspect together with ith 
some subjective element some subjective element 
Initially complexity was confused with Size. Recently, complexitInitially complexity was confused with Size. Recently, complexity is y is 
considered a design aspect related to internal relationships of considered a design aspect related to internal relationships of the system. the system. 
Both these definitions are too restrictive.Both these definitions are too restrictive.

The following relationships are assumed !The following relationships are assumed !

Complexity of the problem Complexity of the solution
Complexity for building a system Complexity of the system

Are they true ?    Are they true ?    If soIf so……...      It is a linear relationship ?...      It is a linear relationship ?
Context factors have to be also considered !Context factors have to be also considered !

© Paolo Nesi 1995-2000 13
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The Holy Grail of Measuring Complexity The Holy Grail of Measuring Complexity 
formal frameworks defining properties for complexity metrics havformal frameworks defining properties for complexity metrics have been e been 
proposed. proposed. 
Which of the proposed frameworks is the most general, the most pWhich of the proposed frameworks is the most general, the most powerful, owerful, 
and the most correct for characterizing complexity metrics ?and the most correct for characterizing complexity metrics ?
Even taking only one single aspect, it has to be demonstrated thEven taking only one single aspect, it has to be demonstrated that at 

Weak Order  Weak Order  HomomorphismHomomorphism

It is a common opinion that flow graphs cannot be ordered It is a common opinion that flow graphs cannot be ordered ……..
The Homomorphism cannot be demonstrated for high level feature aThe Homomorphism cannot be demonstrated for high level feature and nd 
complexity measure,complexity measure,……......

No repeatability, no comparability, no unified concept, no unifoNo repeatability, no comparability, no unified concept, no uniform unit, rm unit, ……..

The definition of complexity metrics is impossible ?The definition of complexity metrics is impossible ?
Presently the empirical evidence is the only solution.Presently the empirical evidence is the only solution.

nCCCCC •≤•≤•≤•≤•≤ ......4321 212121, CCCCCC ≤⇔•≤∀
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Scale Type Scale Type vs vs ComplexityComplexity
Effort is meaningful for the ratio scale with positive and Effort is meaningful for the ratio scale with positive and 
negative values.negative values.

Size and complexity are only positive concepts: ratio scale, Size and complexity are only positive concepts: ratio scale, 
ordinal scale, interval scale  ordinal scale, interval scale  

for complexity should be ratio scale and non negative for complexity should be ratio scale and non negative 
valuesvalues
for effort should be ratio scale but also negative valuesfor effort should be ratio scale but also negative values
for size should be interval or ratio scale and non negative for size should be interval or ratio scale and non negative 
valuesvalues
for flow graph depends on the metrics usedfor flow graph depends on the metrics used
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Which Future for Measuring Complexity ?
Physical phenomena can be ordered based on physical observations.
In the past, the measuring of length of objects was in the same trouble as 
software measurement today: no repeatability, no comparability, no uniform 
unit, ….
Confusion about the phenomenon and its effects.Confusion about the phenomenon and its effects. In some cases, the 
measures of the effects are used for indirectly measuring the phenomenon. 
The measure of temperature by measuring the increment of length of a tread.

In 600 years the problems were solved demonstrating the dependency on 
temperature, humidity, type of material, subjective factors (parallax, practices), 
etc., the measuring model depended on measuring context.the measuring model depended on measuring context.
Today the model is known and the measures can be repeated, compared, 
converted for scale, etc., with a certain precision. 

In the next years, a strong evolution on software measurement theory and 
technique is needed
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Ordering ?Ordering ?

VgVg’’=1=1 VgVg’’=2=2 VgVg’’=2=2 VgVg’’=1=1
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Other ComplexitiesOther Complexities

AlgorithmicAlgorithmic
ComputationalComputational
InformationalInformational
DataData
StructuralStructural
LogicalLogical
CombinatorialCombinatorial
CyclomaticCyclomatic
EssentialEssential
TopologicalTopological
HarmonicHarmonic

SyntacticSyntactic
SemanticSemantic
MnemonicMnemonic
PerceptionalPerceptional
FlowFlow
EntropicEntropic
FunctionalFunctional
OrganizationalOrganizational
DiagnosticDiagnostic
RiskRisk
TechnologicalTechnological
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No agreement baseNo agreement base
WhitmireWhitmire
Henderson SellersHenderson Sellers
FentonFenton
ShepperdShepperd
ZuseZuse
PressmanPressman
JonesJones
BasiliBasili
BriandBriand
TianTian
WeyukerWeyuker
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System Assessment ProblemsSystem Assessment Problems

How to assess Object Oriented systems?How to assess Object Oriented systems?
How to select metrics? How to select metrics? 
How to understand results? How to understand results? 
How to adjust metrics parameters for each project?How to adjust metrics parameters for each project?
How to get measures with low effort?How to get measures with low effort?
How to collect metricsHow to collect metrics
How to take advantage from the results?How to take advantage from the results?
When to use them?When to use them?
Who have to use them?Who have to use them?
Who have to adjust them?Who have to adjust them?
……......
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OutlineOutline
Experience foundationExperience foundation
Development Effort Estimation Development Effort Estimation 
Development Effort PredictionDevelopment Effort Prediction
Maintenance Effort Estimation and PredictionMaintenance Effort Estimation and Prediction
Weight Evolution for System Analysis and controlWeight Evolution for System Analysis and control
Metric Life CycleMetric Life Cycle
Fault Prediction ModelFault Prediction Model
Discussion and ConclusionsDiscussion and Conclusions

Focus on Effort estimation and prediction by using Focus on Effort estimation and prediction by using 
complexity/size metrics. This implies also to take complexity/size metrics. This implies also to take 
under control the project evolution according to under control the project evolution according to 
management, analysis and design guidelines/thumb management, analysis and design guidelines/thumb 
rules drawn by metricsrules drawn by metrics
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Some Reference Projects: Some Reference Projects: 19941994--1999.1999.

•NC: Number of system Classes;
•SC_LOC: object-oriented System Complexity based on LOC (number of lines of code);
•effort in person-months; 
•the number of people involved (without including task and project managers); 
•number of different teams.
•Some ESPRIT Projects: MUPAAC, ICCOC, MOODS
•Some Technology Transfer projects: TecnoTEXT, ICOOMM, SAMOPROS
•Some Reengineering Projects: MUPAAC, MOODS, MOOVI

project OS language tools \ libs R/D Prt NC SC_LOC MM people teams
TOOMS UNIX, Linux C++ Lex/Yacc, CommonView R&D 1 204 16568  41.5  16  6
ICOOMM Windows NT C++ MFC D 2 193 10870  20  6  3
QV/MOOVI UNIX, Linux C++ XLIB, Motif D 1 65 3900  7  4  2
LIOO LINUX C++ Lex/Yacc, XVGAlib R&D 1 165 16020  30  11  5
MOODS LINUX C++ Lex/Yacc, XVGAlib, Moovi D&R 5 225 24356 44 14 8
TAC++ UNIX, Linux C;C++ Lex/Yacc, QV, XLIB R 2 62 2300;4340  13.5  5  2

LOC
MUPAAC WinNT, CE C;C++ MFC R&D 3 40 19460 46 5 2
ICCOC WinNT Java JDK R 3 15 1200 9 3 1
Running P. LOC
SAMOPROS Windows NT Java, C++ JDK, Db-Symantec D&R 3 157 23500 15 3 1
TOTS Unix/WinNT C++ XW, X R 1 35 15400 9 2 1
OMR Unix, Linux C;C++ Slib, X R 2 40 23240 31 5 2
TecnoTEXT Windows C++ MFC, VideoForWindows D 2 20 14300 9 2 1
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Typical problemsTypical problems
Heavy leaf classes: poor design degenerationHeavy leaf classes: poor design degeneration
poor hierarchy: poor designpoor hierarchy: poor design
Abstract classes with only a super and a subAbstract classes with only a super and a sub
many classes few attributesmany classes few attributes
Too cohesion among classes via method callsToo cohesion among classes via method calls
too much friends too much friends 
massive use of partial inheritancemassive use of partial inheritance
few huge classes managing many small classes few huge classes managing many small classes 
confusion between inheritance and decomposition  confusion between inheritance and decomposition  
specialization with specification specialization with specification 
poor reusability ...poor reusability ...
Public attributes...Public attributes...

© Paolo Nesi 1995-2000 14
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Some Reference ValuesSome Reference Values

Several OO Several OO 
conformance projects. conformance projects. 
Several estimations Several estimations 
along their lifealong their life--cycle, cycle, 
etc..etc..
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Reference Values Reference Values vsvs Class AssessmentClass Assessment

Class per Class ?Class per Class ?

The The Kiviat Kiviat diagram for the CC diagram for the CC 
components is evaluated and the components is evaluated and the 
major problem is discovered to be major problem is discovered to be 
in CACI (Complexity of inherited in CACI (Complexity of inherited 
attributes)attributes)
DepDep. of the Life. of the Life--CycleCycle

CMICICMICI

CACICACI

CICI

CLCL

CACLCACL

CMICLCMICL
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Management Thumb RulesManagement Thumb Rules………………
A well defined management model A well defined management model 
A light Methodology for Management, Analysis and DesignA light Methodology for Management, Analysis and Design
A startA start--up from huge experience/expert peopleup from huge experience/expert people
A good prediction process: key classes, engine classes, metrics A good prediction process: key classes, engine classes, metrics 
Stable Development toolsStable Development tools
Flexible assessment tools, with tunable metrics on contextFlexible assessment tools, with tunable metrics on context
Defined MacroDefined Macro--cycle:  4 monthscycle:  4 months
Moderately Flexible MicroModerately Flexible Micro--cycle (be careful with overhead), 2cycle (be careful with overhead), 2--3 3 
weeks weeks 
Small team, 1Small team, 1--3 + SSM3 + SSM
Constant resource allocationConstant resource allocation
Horizontal management and rolesHorizontal management and roles
Continue metric reContinue metric re--validation and tuning validation and tuning 
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Controlling Project EvolutionControlling Project Evolution
Early Analysis metrics have to be used for planning the Early Analysis metrics have to be used for planning the 
project and evaluating resources: NA, NK.project and evaluating resources: NA, NK.
Design Metrics have to be used: DIT, NOC, NSUB, Design Metrics have to be used: DIT, NOC, NSUB, 
NSUP, SI, AID, etc. NSUP, SI, AID, etc. 
for limiting/detecting project degenerative conditions for limiting/detecting project degenerative conditions 
Complexity/size metrics have to be used during the Complexity/size metrics have to be used during the 
whole lifewhole life--cycle for controlling project evolution and cycle for controlling project evolution and 
detecting degenerative conditions. detecting degenerative conditions. 
Metrics with weights Metrics with weights 

We reviewed 224 ObjectWe reviewed 224 Object--Oriented metrics extracting Oriented metrics extracting 
principal componentsprincipal components

© Paolo Nesi 1995-2000 14
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PCA on 224 Object Oriented Metrics PCA on 224 Object Oriented Metrics 
PC1: (general lines) LOC, GLOC, CL, NGCL, NAIV, NROV, ..PC1: (general lines) LOC, GLOC, CL, NGCL, NAIV, NROV, ..
PC2: (local data) CACL, CC1, CC1PC2: (local data) CACL, CC1, CC1’’, ECD, ECDL, CS, .., ECD, ECDL, CS, ..
PC3: (inherited data) NAIPROO, NAIPRO, NAI, ECDI, CACI, .PC3: (inherited data) NAIPROO, NAIPRO, NAI, ECDI, CACI, .
PC4: (local methods) LCOM1PC4: (local methods) LCOM1--4, NMA(B), NMIMP,4, NMA(B), NMIMP,

NUMPARA, NML, NMLPUB, ...NUMPARA, NML, NMLPUB, ...
PC5: (inherited methods) NMIPUB, NMI, NAMI, CI, CIMICI, ..PC5: (inherited methods) NMIPUB, NMI, NAMI, CI, CIMICI, ..
PC6: (ancestors) IHPC6: (ancestors) IH--ICP_L, AMMIC_L, NOA, ..ICP_L, AMMIC_L, NOA, ..
PC7: (number of local attributes) NAL, NA, ..PC7: (number of local attributes) NAL, NA, ..
PC8: (data coupling) DAC'_L, DAC'_L, ..PC8: (data coupling) DAC'_L, DAC'_L, ..
PC9:PC9:……..
PC10:PC10:……......
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OutlineOutline
Experience foundationExperience foundation
Development Effort Estimation Development Effort Estimation 
Development Effort PredictionDevelopment Effort Prediction
Maintenance Effort Estimation and PredictionMaintenance Effort Estimation and Prediction
Weight Evolution for System Analysis and controlWeight Evolution for System Analysis and control
Metric Life CycleMetric Life Cycle
Fault Prediction ModelFault Prediction Model
Discussion and ConclusionsDiscussion and Conclusions

Analysis of Components, no weighted metrics with Analysis of Components, no weighted metrics with 
scale factor, weighted metrics, complexity/size scale factor, weighted metrics, complexity/size 
metrics.metrics.
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Consumptive Estimation MetricsConsumptive Estimation Metrics

try to evaluate the value assumed by a system feature try to evaluate the value assumed by a system feature 
in the time instant and context in which they are in the time instant and context in which they are 
applied.applied.

for for 

♣♣ verifying the consistency of results with predicted verifying the consistency of results with predicted 
project evolutionproject evolution

♣♣ controlling the project evolution against planned valuescontrolling the project evolution against planned values

♣♣ estimating general weights that can be useful for  estimating general weights that can be useful for  
monitoring other projectsmonitoring other projects
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Metrics for effort estimation and prediction Metrics for effort estimation and prediction 
for Object Oriented projectsfor Object Oriented projects

Traditional functional metrics (Traditional functional metrics (Vg, VgVg, Vg’’, Ha, LOC,, Ha, LOC, tokentoken--
based,...) are not satisfactory for effort estimation and based,...) are not satisfactory for effort estimation and 
prediction of OO systems; as demonstrated several times in prediction of OO systems; as demonstrated several times in 
the literature and by our experience ..the literature and by our experience ..……

Compromises are:  Compromises are:  WMC, Size2, NML, NAL, NOML, NOAL, WMC, Size2, NML, NAL, NOML, NOAL, 
etc.etc.

More complete but more complex metrics have been More complete but more complex metrics have been 
proposed by us in the past (1996/97):   proposed by us in the past (1996/97):   CC, CCCC, CC’’, NAM, NAM

These metrics have been validated for effort estimation and These metrics have been validated for effort estimation and 
prediction, for development and maintenance.prediction, for development and maintenance.
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Principal ComponentsPrincipal Components
Algorithmic, Computational, Structural, Logical,  Algorithmic, Computational, Structural, Logical,  
Psychological, Cyclomatic, Syntactic, Semantic, Flow, Psychological, Cyclomatic, Syntactic, Semantic, Flow, 
EntropicEntropic, Functional, Technological, etc., Functional, Technological, etc.
Only some components are relevant and can estimatedOnly some components are relevant and can estimated

In order of relevance:In order of relevance:
♣♣ Inherited Functionality Inherited Functionality 
♣♣ Local FunctionalityLocal Functionality
♣♣ Local Data StructureLocal Data Structure
♣♣ Inherited Data StructureInherited Data Structure

in the 5 PCs of the above in the 5 PCs of the above 
analysisanalysis

1 2 3 4
CACI 0.1412 0.0521 0.0463 0.9823
CACI' 0.4127 0.0457 0.0292 0.8984
CACL -0.045 0.2773 0.9376 0.0029
CACL' -0.0438 0.234 0.9385 0.0723
CI 0.9272 0.0808 -0.0396 0.1434
CL 0.1748 0.8284 0.3335 -0.0115
CMICI 0.8815 0.0261 -0.0108 0.2999
CMICI' 0.8815 0.0261 -0.0108 0.2999
CMICL 0.0778 0.9404 0.0645 0.0692
CMICL' 0.0778 0.9404 0.0645 0.0692
NAI 0.9583 0.0462 -0.0503 -0.0219
NAL -0.1868 0.6388 0.4455 -0.0003
NMI 0.9737 0.0548 -0.0512 0.0615
NML 0.0312 0.9081 0.1774 0.0045
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CC      CC      MetricMetric
Class Complexity (Class Complexity (CCCC) is a weighted sum) is a weighted sum

CACLCACL ⇒⇒ Local AttributesLocal Attributes
CACICACI ⇒⇒ Inherited Attributes Inherited Attributes 
CL    CL    ⇒⇒ Local Methods (on Local Methods (on Vg, VgVg, Vg’’, LOC, Ms, Ha, LOC, Ms, Ha……))
CICI ⇒⇒ Inherited Methods (as above)Inherited Methods (as above)
CMICLCMICL ⇒⇒ Local Method InterfaceLocal Method Interface
CMICI    CMICI    ⇒⇒ Inherited Method InterfaceInherited Method Interface

CMICIwCMICLw
CIwCLw

CACIwCACLwCC

CMICICMICL

CICL

CACICACL

++
+++

++=
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Estimation  of  CC TermsEstimation  of  CC Terms

FM(FM(mimi)) can be:  can be:  Vg, VgVg, Vg’’, Ms, LOC, |N|, |E|, NL, etc.., Ms, LOC, |N|, |E|, NL, etc..
CC1   CC1   is   is   CC   CC   with all weights equal 1with all weights equal 1
Basic Types are constant value or Basic Types are constant value or 00 depending on  depending on  FM  FM  usedused
aiai class of a class attribute class of a class attribute 
pi     pi     class of a method parameterclass of a method parameter

∑
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=
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1

)(1)(
cNAL

i

aiCCcCACL ∑
=

=
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)(1)(
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Class Complexity (CC)Class Complexity (CC)

The optimal profile is quite The optimal profile is quite 
independent by the used OO independent by the used OO 
language;language;
Optimal profile respected by 98% Optimal profile respected by 98% 
percent of classes;percent of classes;
Some classes present too high Some classes present too high 
complexity.complexity.
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CC :CC : a generalisation of  a generalisation of  
HS, T&J,  C&K  ideas ?HS, T&J,  C&K  ideas ?

HSCC HSCC and and TJCC structurally TJCC structurally proposed by Hendersonproposed by Henderson--
Sellers (Sellers (’’91) and Thomas and Jacobson (1989):91) and Thomas and Jacobson (1989):

no method interface, method inheritedno method interface, method inherited
WMCWMC proposed by proposed by Chidamber Chidamber and and Kemerer Kemerer (1994):(1994):

'''''' CIwCLwCACLwHSCC CICLCACL ++=

'''''''' CLwCACLwTJCC CLCACL +=

VgCLWMC = )( NMLWMC =
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Statistic AnalysisStatistic Analysis
One example of statistical analysis is given by the study about One example of statistical analysis is given by the study about 
CC and Effort relationships. Our assumption is that Effort and CC and Effort relationships. Our assumption is that Effort and 
CC are proportional for each of the CC are proportional for each of the nn developed classes;developed classes;

,
iii

iiii
CMICIwCMICLwCIw

CLwCACIwCACLwEffort

CMICICMICLCI

CLCACICACL

++

+++≈

Estimation of Weights in the metric tuning on Estimation of Weights in the metric tuning on 
the basis of the measuring/develop. contextthe basis of the measuring/develop. context
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Class ComplexityClass Complexity

Total development effort Total development effort 
including documentation, test, including documentation, test, 
integration, assessment.integration, assessment.

CorrCorr varvar..

CLvg     CLvg     0.900.90 245245

CLloc CLloc 0.910.91 186186
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CC
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Comparison ResultsComparison Results
VgVg’’ BasedBased

LOC BasedLOC Based

Effort-Mvg
Vg’-Based k*CC1 CC CC

(without CI)
TJCC HSCC k’*CL

Correlation 0.617 0.724 0.725 0.661 0.660 0.623
Std. Dev. 14.97 18.57 18.51 17.26 17.09 16.41
K 0.162 -- -- -- -- 0.575

Effort-Mloc
LOC-Based k*CC1 CC TJCC HSCC k’*CL
Correlation 0.569 0.776 0.670 0.670 0.648
Std. Dev. 13.63 18.24 19.97 16.89 21.47
K 0.008 -- -- -- 0.092

Effort-M
k’*NSUB k’’*NSUP

Correlation 0.005 0,110
Std Dev 1.89 3.44
K 0.211 2.952

Design MetricsDesign Metrics

O
n l

y 
co

d e
 d

ev
e l

op
m

e n
t e

ffo
rt

O
n l

y 
co

d e
 d

ev
e l

op
m

e n
t e

ffo
rt



Dipartimento di Sistemi e Informatica, University of Florence 

Ingegneria del Software, 2000, Prof. Paolo Nesi, nesi@dsi.unifi.it

79

© Paolo Nesi 1995-2000 15
7

Metric Relationships Metric Relationships ---- CC CC ---- LOCLOC--basedbased
LOC CACI CACI' CACL CACL' CC1 CC1' CI CL CMICI CMICI' CMICL CMICL' Effort prod NA1 NAI NAL NAM1 NAMI1 NAML1 LOC NM1 NMI NML NSUB NSUP

CACI 1.00
CACI' 0.95 1.00
CACL 0.05 0.02 1.00
CACL' 0.11 0.07 0.94 1.00
CC1 0.17 0.19 0.96 0.90 1.00
CC1' 0.19 0.18 0.93 0.99 0.93 1.00
CI 0.29 0.53 -0.07 -0.06 0.18 0.05 1.00
CL 0.09 0.11 0.52 0.46 0.66 0.50 0.22 1.00
CMICI 0.38 0.58 -0.05 -0.03 0.15 0.11 0.77 0.11 1.00
CMICI' 0.38 0.58 -0.05 -0.03 0.15 0.11 0.77 0.11 1.00 1.00
CMICL 0.10 0.11 0.35 0.33 0.45 0.38 0.11 0.74 0.11 0.11 1.00
CMICL' 0.10 0.11 0.35 0.33 0.45 0.38 0.11 0.74 0.11 0.11 1.00 1.00
Effort 0.33 0.30 0.48 0.50 0.57 0.55 0.07 0.65 0.14 0.14 0.65 0.65 1.00
prod 0.08 0.07 -0.03 -0.01 -0.03 0.00 -0.04 -0.08 0.11 0.11 -0.05 -0.05 0.20 1.00
NA1 0.13 0.37 0.16 0.14 0.39 0.23 0.83 0.48 0.66 0.66 0.30 0.30 0.22 -0.07 1.00
NAI 0.12 0.39 -0.09 -0.10 0.13 0.01 0.92 0.18 0.75 0.75 0.07 0.07 -0.02 -0.05 0.89 1.00
NAL 0.04 -0.01 0.55 0.51 0.57 0.50 -0.11 0.66 -0.12 -0.12 0.53 0.53 0.53 -0.06 0.33 -0.13 1.00
NAM1 0.19 0.43 0.09 0.07 0.33 0.18 0.87 0.48 0.74 0.74 0.35 0.35 0.23 -0.07 0.95 0.91 0.20 1.00
NAMI1 0.18 0.45 -0.09 -0.10 0.14 0.02 0.93 0.19 0.81 0.81 0.07 0.07 0.00 -0.04 0.87 0.98 -0.14 0.93 1.00
NAML1 0.06 0.03 0.46 0.41 0.54 0.43 0.02 0.82 -0.04 -0.04 0.75 0.75 0.61 -0.10 0.38 -0.01 0.85 0.37 -0.01 1.00
LOC 0.09 0.11 0.52 0.46 0.66 0.50 0.22 1.00 0.11 0.11 0.74 0.74 0.65 -0.08 0.48 0.18 0.66 0.48 0.19 0.82 1.00
NM1 0.20 0.44 0.07 0.05 0.32 0.16 0.87 0.48 0.75 0.75 0.36 0.36 0.23 -0.07 0.93 0.90 0.16 1.00 0.93 0.36 0.48 1.00
NMI 0.20 0.46 -0.09 -0.09 0.14 0.02 0.93 0.19 0.82 0.82 0.07 0.07 0.01 -0.03 0.86 0.97 -0.14 0.92 1.00 -0.01 0.19 0.93 1.00
NML 0.06 0.04 0.40 0.36 0.50 0.38 0.06 0.82 -0.01 -0.01 0.78 0.78 0.60 -0.11 0.37 0.03 0.76 0.40 0.03 0.99 0.82 0.41 0.03 1.00
NSUB -0.04 -0.06 -0.04 -0.04 -0.05 -0.04 -0.10 0.03 -0.10 -0.10 0.14 0.14 0.00 0.00 -0.05 -0.10 0.09 -0.06 -0.13 0.15 0.03 -0.06 -0.14 0.16 1.00
NSUP 0.14 0.30 -0.17 -0.18 -0.05 -0.12 0.51 -0.03 0.51 0.51 -0.13 -0.13 -0.16 -0.07 0.43 0.59 -0.29 0.55 0.67 -0.20 -0.03 0.57 0.69 -0.16 -0.23 1.00

The development effort is not strongly correlated with metric teThe development effort is not strongly correlated with metric termsrms
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OutlineOutline
Experience foundationExperience foundation
Development Effort Estimation Development Effort Estimation 
Development Effort PredictionDevelopment Effort Prediction
Maintenance Effort Estimation and PredictionMaintenance Effort Estimation and Prediction
Weight Evolution for System Analysis and controlWeight Evolution for System Analysis and control
Metric Life CycleMetric Life Cycle
Fault Prediction ModelFault Prediction Model
Discussion and ConclusionsDiscussion and Conclusions
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Predictive MetricsPredictive Metrics
Prediction metricsPrediction metrics try to evaluate the value that will try to evaluate the value that will 
be assumed by the system feature in the future. For be assumed by the system feature in the future. For 
example, the prediction of LOC after 5 months by example, the prediction of LOC after 5 months by 
knowing the absolute values and the variation of LOC knowing the absolute values and the variation of LOC 
measured in the last two check points, CP. measured in the last two check points, CP. 

Predictive metricsPredictive metrics for for 
♣♣ predicting project evolutionpredicting project evolution
♣♣ controlling in advance the project evolution against controlling in advance the project evolution against 

planned valuesplanned values
♣♣ when used in consumptive manner are used for when used in consumptive manner are used for 

estimating general weights that can be useful for other estimating general weights that can be useful for other 
projectsprojects

Considering: CCConsidering: CC’’, NAM, Size2, NML, NAL, etc., NAM, Size2, NML, NAL, etc.

© Paolo Nesi 1995-2000 16
0

Low Level Metrics UsedLow Level Metrics Used

CACICACI

CACLCACL

CMICLCMICL

CLCL

CICI

CMICICMICI

NAINAI

NALNAL

NMLNML

NMINMI

Attribute Metrics

Method Metrics

Local

Metrics
Inherited

Functional 
Metrics

CC/CCCC/CC’’ NAMNAM
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CCCC’’ a prediction a prediction MetricMetric

Class Complexity (Class Complexity (CCCC’’) is a weighted sum) is a weighted sum

Weights and terms are different with respect to those of Weights and terms are different with respect to those of 
CCCC since are estimated without considering the since are estimated without considering the 
implementation part (functional) implementation part (functional) CLCL and and CICI
Results since the availability of class definitionResults since the availability of class definition
Lighter to be estimated than Lighter to be estimated than CCCC, but less complete and , but less complete and 
preciseprecise

''
'''

''

''

CMICIwCMICLw
CACIwCACLwCC

CMICICMICL

CACICACL

+
++=
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NAM NAM Metric Metric 
Number of Attributes and Methods of a Class:Number of Attributes and Methods of a Class:

where:where:

♣♣ NMI   NMI   number of inherited methodsnumber of inherited methods
♣♣ NML  NML  number of local methods (i.e., number of local methods (i.e., WMCWMC))
♣♣ NALNAL number of local attributesnumber of local attributes
♣♣ NAINAI number of inherited attributesnumber of inherited attributes

NMIwNMLw
NAIwNALwNAM

NMINML

NAINAL

+
++=
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NAM: NAM: a generalisation of  Size2a generalisation of  Size2
Size2 proposed by Size2 proposed by LiLi and Henry (1993)and Henry (1993)

or of other metrics such as: or of other metrics such as: 
♣♣ NMINMI number of inherited methodsnumber of inherited methods
♣♣ NML NML number of local methods (i.e., number of local methods (i.e., WMCWMC))
♣♣ NAL NAL number of local attributesnumber of local attributes
♣♣ NAI NAI number of inherited attributesnumber of inherited attributes
♣♣ NAMI NAMI number of inherited members number of inherited members 

((wwNAINAI++wNMIwNMI) even without weights: NAMI1) even without weights: NAMI1

NMLNALSize +=2

© Paolo Nesi 1995-2000 16
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Metric Validation: CCMetric Validation: CC’’ and NAMand NAM

CC’CC’

NAMNAM

w t-value p-value w t-value p-value
CACL 0,00420 7,34462 0,00000 0,00415 9,06716 0,00000
CACI 0,00140 1,28266 0,20119 0,00100 1,26245 0,20841
CMICL 0,26821 11,88954 0,00000 0,28858 16,24648 0,00000
CMICI 0,06433 8,52261 0,00000 0,05879 10,63053 0,00000
Effort corr.
Effort var.

LSR RLSR

0,72782
1188

0,84017
1077

w t-value p-value w t-value p-value
NML 1.89164 11.03266 0.00000 1.72640 13.81481 0.00000
NMI 1.10285 5.89666 0.00000 0.79956 6.47982 0.00000
NAL 1.07325 2.06166 0.04062 1.49450 4.61429 0.00000
NAI -3.66425 -4.69642 0.00000 -2.33691 -4.60500 0.00000
Effort corr
Effort var.

LSR RLSR

0.71929
1004

0.83255
697
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Real Effort and its Prediction Real Effort and its Prediction 

CC
CC’

NAM

Real Effort
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CC’

NAM
Ord. 1 ; Mem. N-1
Ord. 2 ; Mem. N-1

Real Effort

Prediction di
Ord. 0 at Mem. 1
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Comparison ResultsComparison Results

Counting Class MembersCounting Class Members
NAM k*NAM1 k’*Size2 k’’*NML k’’’*NAL

Correlation 0.619 0.248 0.616 0.605 0.507
Std Dev 13.57 6.73 13.26 12.88 13.26
K -- 0.173 0.929 1.123 3.629

LOC-Based k*CC1' CC'
Correlation 0.547 0.751
Std Dev 14.57 17.41
K 0.026 --

LOC BasedLOC Based

Only code development effortOnly code development effort

Scale Factors allow to estimate coherent precise valuesScale Factors allow to estimate coherent precise values

© Paolo Nesi 1995-2000 16
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Predicting System EffortPredicting System Effort
Early estimation on the basis of Class DefinitionEarly estimation on the basis of Class Definition

Prediction of Total Effort with NAMPrediction of Total Effort with NAM
Metrics with weightsMetrics with weights
Prediction considering only NAL and guessing NMLPrediction considering only NAL and guessing NML

Low errors in predicting system effortLow errors in predicting system effort

Actual NAM NAML NAML (NMLprev)
Hours 406,3 465,564 483,693 462,343
Error Percentage N.A. 12,7% 16,1% 12,1%
Mean value of class effort 3,94 4,520 4,696 4,489
Mean Error of class effort N.A. -0,575 -0,751 -0,544
Standard Deviation N.A. 5,931 5,918 6,681
Confidence Interval N.A. 4,520 ± 17,793 4,696 ± 17,754 4,489 ± 20,043
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DiscussionDiscussion
Guidelines on System analysis and design allow to build Guidelines on System analysis and design allow to build 
a more repeatable and stable development processa more repeatable and stable development process
Class and system effort can be estimated and predicted Class and system effort can be estimated and predicted 
since the early phases of the development lifesince the early phases of the development life--cycle:cycle:
♣♣ Key, engine classes, scale factorsKey, engine classes, scale factors
♣♣ NAL, NAML, CCNAL, NAML, CC’’, CC in this order, CC in this order

Cohesion metrics are not so relevant for system effortCohesion metrics are not so relevant for system effort
Design metrics are not so relevant for system effortDesign metrics are not so relevant for system effort

The context plays a relevant role in the assessment and The context plays a relevant role in the assessment and 
a suitable methodology for identifying eventual problems a suitable methodology for identifying eventual problems 
has to be usedhas to be used
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OutlineOutline
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Fault Prediction ModelFault Prediction Model
ConclusionsConclusions
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MaintenanceMaintenance
It is typically evaluated to be close to 50 % of the It is typically evaluated to be close to 50 % of the 
applicationapplication

Considering 100% of the Maintenance costs:Considering 100% of the Maintenance costs:
CorrectiveCorrective: 25%, to correct problems remained in the code: 25%, to correct problems remained in the code
AdaptiveAdaptive: 25 %, to modify the application in order to : 25 %, to modify the application in order to 
maintain it operative in the upmaintain it operative in the up--dated environmentdated environment
PerfectivePerfective: 50 %, to improve the : 50 %, to improve the functionalities functionalities of he of he 
application, the GUI, the manuals, etc.application, the GUI, the manuals, etc.

The last two are actions for improving the applicationThe last two are actions for improving the application

© Paolo Nesi 1995-2000 17
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Maintenance Effort Estimation and Maintenance Effort Estimation and 
PredictionPrediction

Project: Project: 
MOODS ESPRIT IVMOODS ESPRIT IV
44 Man Months, 9 for the 44 Man Months, 9 for the 
adaptive maintenanceadaptive maintenance
Porting from DOS to UNIX, Porting from DOS to UNIX, 
updating the standupdating the stand--alone to alone to 
distributeddistributed
The same team of the early The same team of the early 
developmentdevelopment
15% of increment15% of increment
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Metric model for Adaptive MaintenanceMetric model for Adaptive Maintenance

General Measure of the activity of Adaptive Maintenance General Measure of the activity of Adaptive Maintenance 
at code level:at code level:

where where 
♣♣ M M can be: can be: CC, CCCC, CC’’, Size2, WMC, NAM, etc., Size2, WMC, NAM, etc.
♣♣ Ma  Ma  Measure after the adaptive maintenanceMeasure after the adaptive maintenance
♣♣ Mb  Mb  Measure before the adaptive maintenanceMeasure before the adaptive maintenance
♣♣ md md Measure of deleted code for the adaptive maintenanceMeasure of deleted code for the adaptive maintenance

mdmd can be hard to be measured for complexity metric. can be hard to be measured for complexity metric. 
For For LOCLOC, it could be the number of deleted lines of code., it could be the number of deleted lines of code.
Changes are seen as deletions and writing of new codeChanges are seen as deletions and writing of new code

)( mdMbMaMam −−=
a b

d

db −
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Metric model for Adaptive MaintenanceMetric model for Adaptive Maintenance
Hp. of changes uniformly distributed on classesHp. of changes uniformly distributed on classes

Generally  Generally  md md can be approximated with a small can be approximated with a small 
percentage of class Measure:percentage of class Measure:

where where 

typically:typically:
♣♣ code deletion is limited to parts of methodscode deletion is limited to parts of methods
♣♣ deletion of attributes or method is rare, members are left ins deletion of attributes or method is rare, members are left ins 

the class (deprecated class members).the class (deprecated class members).
♣♣ This a well know problem of Object Oriented systemsThis a well know problem of Object Oriented systems

MbwMaMam Mb−=
wwMb += 1

wMbmd =
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Metric model for Estimation of the Metric model for Estimation of the 
Adaptive Maintenance EffortAdaptive Maintenance Effort

General Measure of the activity of Adaptive Maintenance General Measure of the activity of Adaptive Maintenance 
at level of code:at level of code:

where where UU is the effort for code understanding during the is the effort for code understanding during the 
adaptive maintenance (for adding and deleting code)adaptive maintenance (for adding and deleting code)
U=0U=0 when the team performing the Adaptive when the team performing the Adaptive MaintenMainten. . 
Is the same that have performed the early developmentIs the same that have performed the early development
In first approximation: In first approximation: 

UmdMbMaUMamEffam +−−=+≈ )(

MbwU '≈ wMbmd ≈

MbwMaUMamEffam Mb−=+≈

© Paolo Nesi 1995-2000 17
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Adaptive Maintenance Adaptive Maintenance vs vs OO, some issuesOO, some issues
Adding classesAdding classes for addressing the new functionality. for addressing the new functionality. 
These are totally new classes, These are totally new classes, Mb=0.Mb=0.
Deleting Classes Deleting Classes (deleted code,              )(deleted code,              )
Deleting, adding code in classesDeleting, adding code in classes ……..

More complex and rare cases:More complex and rare cases:
Moving methodsMoving methods, generalisation process., generalisation process.
Fusing classesFusing classes into one (quite rare).into one (quite rare).
Dividing classesDividing classes distributing, delegating functionality distributing, delegating functionality 
(quite frequent operation when a class is too large)(quite frequent operation when a class is too large)

Non Uniform changes Non Uniform changes on the systemon the system
Grouping of classesGrouping of classes with similar history is a solution with similar history is a solution 
(different weights can be defined for different evolutions)(different weights can be defined for different evolutions)

0≠md
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Model Application to CC, CCModel Application to CC, CC’’, NAM, NAM
For example:For example:

……..for the other metrics..for the other metrics……....
The sign of the The sign of the BeforeBefore part is only a  part is only a  HypHyp. . since since 
W   W   is included into the weights that have to be estimated is included into the weights that have to be estimated 
according  to a validation phase. according  to a validation phase. 
For example by using a regression analysis. For example by using a regression analysis. 

CCbwccCCaCCamEffam b−=≈

bCCwccaCCamCCEffam b '''' −=≈

NAMbwNAMaNAMamEffam bNAM−=≈

12 Weights12 Weights

8 Weights8 Weights

8 Weights8 Weights
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Coefficients Analysis for Coefficients Analysis for EffamEffam----CCamCCam
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ss

Terms Analysis for Terms Analysis for CCCC’’am am ---- EffamEffam PredictionPrediction

© Paolo Nesi 1995-2000 18
0

Terms Analysis for Terms Analysis for NAMam NAMam ---- EffamEffam PredictionPrediction

No No 
improvement improvement 
with less with less 
termsterms
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Metric Comparison and ResultsMetric Comparison and Results
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Simple ModelSimple Model vsvs Proposed ModelProposed Model
Simple Model:Simple Model:

Weights of Weights of MaMa equal to weights of equal to weights of MbMb, if any., if any.

MaEffam ≈

6,1wMabEffam ∆≈
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Experience foundationExperience foundation
Development Effort Estimation Development Effort Estimation 
Development Effort PredictionDevelopment Effort Prediction
Maintenance Effort Estimation and PredictionMaintenance Effort Estimation and Prediction
Weight Evolution for System Analysis and controlWeight Evolution for System Analysis and control
Metric Life CycleMetric Life Cycle
Fault Prediction ModelFault Prediction Model
Discussion and ConclusionsDiscussion and Conclusions

OutlineOutline
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Weight Evolution for Weight Evolution for 
System Analysis and controlSystem Analysis and control

The weight estimation allows:The weight estimation allows:
Tuning metrics for getting more precise estimations Tuning metrics for getting more precise estimations 
Modeling/encoding/learning the measuring contextModeling/encoding/learning the measuring context
tracking the project evolution, tracking the project evolution, 
studying/detecting eventual degenerative conditionsstudying/detecting eventual degenerative conditions
using weights in future projects getting more precise using weights in future projects getting more precise 
estimating of evaluation and predictionestimating of evaluation and prediction
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Trend of CC weights Trend of CC weights 
during the project lifeduring the project life--cyclecycle

WCACL

WCMICIWCMICL

WCI

WCL

Time/phaseTime/phase

valuevalue

WCACI
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Trend of Metric ParametersTrend of Metric Parameters
WWCMICLCMICL increases with the project phase. The metric is increases with the project phase. The metric is 
decreasing with respect to the other terms;decreasing with respect to the other terms;
WWCLCL, W, WCACLCACL are quite constant. The relevance of local are quite constant. The relevance of local 
functional and structural aspects is constant along the process functional and structural aspects is constant along the process 
even during the porting and adaptation;even during the porting and adaptation;
WWCI CI is negative and decreases (more after the adaptation), the is negative and decreases (more after the adaptation), the 
term is a gain. The inheritance is a saving in for development term is a gain. The inheritance is a saving in for development 
costs. costs. 
WWCMICICMICI has a decreasing trend from 1 to 3. During the has a decreasing trend from 1 to 3. During the 
adaptation, the metric relevance is comparable to metrics adaptation, the metric relevance is comparable to metrics 
related to local factors. During the adaptation the interfaces frelated to local factors. During the adaptation the interfaces for or 
inherited methods were an advantage.inherited methods were an advantage.
WWCACICACI presents a positive trend from 1 to 5. During the presents a positive trend from 1 to 5. During the 
adaptation the metric has been less relevant than local terms. adaptation the metric has been less relevant than local terms. 
Adaptation has been implemented by restructuring functional Adaptation has been implemented by restructuring functional 
parts, the inspection of the attributes of the superparts, the inspection of the attributes of the super--classes has classes has 
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Weights Trend for CCWeights Trend for CC’’

WCMICL

WCMICI

WCACL

WCACI

Time/phaseTime/phase

valuevalue
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Weights Trend for Weights Trend for NAMNAM

WNAL

WNML

WNMI

WNAI

Time/phaseTime/phase

valuevalue
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OutlineOutline
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Continuous System and Metric ImprovementContinuous System and Metric Improvement

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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Histograms, Views and BoundsHistograms, Views and Bounds
CCGICCGI<<0.30.3: Internal complexity is very high with respect to : Internal complexity is very high with respect to 
External Interface.External Interface.
CCGICCGI≈≈0.60.6:: class can be used as a black box.class can be used as a black box.
CCGICCGI==11: : class defined but not yet implemented or C structures.class defined but not yet implemented or C structures.
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MetricsClassMetricsClass Complexity (CC)Complexity (CC)
The optimal profile is quite The optimal profile is quite 
independent by the used OO independent by the used OO 
language;language;
Optimal profile respected by 98% Optimal profile respected by 98% 
percent of classes;percent of classes;
Some classes present too high Some classes present too high 
complexity.complexity.
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OutlineOutline
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Fault PredictionFault Prediction
Model tuned on UMD projects.Model tuned on UMD projects.
Analysis of 224 Object Oriented metrics.Analysis of 224 Object Oriented metrics.
A General Model with detection close to 97 %A General Model with detection close to 97 %
A reduced model with 9 metrics close to 87 %A reduced model with 9 metrics close to 87 %
Principal Component Analysis Principal Component Analysis ……..
Logistic Regression Logistic Regression ……..

PredictedOverall 85.84 %
No fault With fault

No fault 53 7 88.33% of correct no faultsObserved
With fault 9 44 83.02% of correct faults
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Fault Prediction Model Fault Prediction Model 
TCC:TCC: Tight Class Cohesion (Tight Class Cohesion (Bieman Bieman and and kangkang, 1995), 1995)
NMLPRO:NMLPRO: NML protected (Nesi)NML protected (Nesi)
NLOCM:NLOCM: method size metric local (Nesi)method size metric local (Nesi)
CMSL:CMSL: method size metric local (Nesi)method size metric local (Nesi)
CMS:CMS: method size (local plus inherited) (Nesi)method size (local plus inherited) (Nesi)
ICC:ICC: CL + CI (Nesi)CL + CI (Nesi)
NDR:NDR: # of data references # of data references 
((SneedSneed))
NDSTT:NDSTT: # of # of diffdiff. Statements . Statements 
((SneedSneed))
RFC_RFC_infinf:: response of a classresponse of a class
((Chidamber Chidamber and and Kemerer Kemerer 1991)1991)

PC1 PC2 PC3
TCC 0.133 0.387 0.896
NMLPRO -0.163 0.877 -0.392
NLOCM 0.956 -0.174 0.055
CMSL 0.965 -0.110 0.003
CMS 0.966 -0.119 -0.002
ICC 0.949 -0.189 0.044
NDR 0.775 0.431 0.008
NDSTT 0.809 0.445 -0.005
RFC_OO 0.850 -0.042 -0.331
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Metric Model RelationshipsMetric Model Relationships

This model is a compromiseThis model is a compromise
Low estimation cost, low metric numberLow estimation cost, low metric number
Any change leads to decrease the model predictabilityAny change leads to decrease the model predictability
non critical cutnon critical cut--off  level  of  0.5 off  level  of  0.5 

TCC NMLPRO NLOCM CMSL CMS ICC NDR NDSTT RFC_OO
TCC 1.000 -0.018 0.103 0.089 0.082 0.088 0.242 0.256 -0.140
NMLPRO -0.018 1.000 -0.306 -0.237 -0.242 -0.312 0.184 0.240 -0.057
NLOCM 0.103 -0.306 1.000 0.919 0.918 0.990 0.602 0.741 0.768
CMSL 0.089 -0.237 0.919 1.000 0.998 0.905 0.728 0.673 0.798
CMS 0.082 -0.242 0.918 0.998 1.000 0.912 0.725 0.667 0.801
ICC 0.088 -0.312 0.990 0.905 0.912 1.000 0.590 0.726 0.770
NDR 0.242 0.184 0.602 0.728 0.725 0.590 1.000 0.728 0.605
NDSTT 0.256 0.240 0.741 0.673 0.667 0.726 0.728 1.000 0.649
RFC_OO -0.140 -0.057 0.768 0.798 0.801 0.770 0.605 0.649 1.000
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Experience foundationExperience foundation
Development Effort Estimation Development Effort Estimation 
Development Effort PredictionDevelopment Effort Prediction
Maintenance Effort Estimation and PredictionMaintenance Effort Estimation and Prediction
Weight Evolution for System Analysis and controlWeight Evolution for System Analysis and control
Metric Life CycleMetric Life Cycle
Fault Prediction ModelFault Prediction Model
Discussion and ConclusionsDiscussion and Conclusions

OutlineOutline
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Discussion and ConclusionsDiscussion and Conclusions
Lessons learned for managing projects have been shortly Lessons learned for managing projects have been shortly 
reportedreported
Guidelines on System analysis and design allow to build Guidelines on System analysis and design allow to build 
a more repeatable and stable development processa more repeatable and stable development process
Class and system effort can be estimated and predicted Class and system effort can be estimated and predicted 
since the early phases of the development lifesince the early phases of the development life--cycle:cycle:
♣♣ Key, engine classes, scale factorsKey, engine classes, scale factors
♣♣ NAL, NAML, CCNAL, NAML, CC’’, CC in this order, CC in this order

The same metrics can be used during maintenanceThe same metrics can be used during maintenance
Cohesion metrics are not so relevant for system effortCohesion metrics are not so relevant for system effort
Design metrics are not so relevant for system effortDesign metrics are not so relevant for system effort
The assessment methodology plays a relevant roleThe assessment methodology plays a relevant role
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ConclusionsConclusions

A general model for estimation and prediction of the A general model for estimation and prediction of the 
Adaptive Maintenance has been presented with a Adaptive Maintenance has been presented with a 
corresponding validation based on corresponding validation based on multilinearmultilinear regression.regression.

The model works quite well with: The model works quite well with: CC, CCCC, CC’’, NAM , NAM 

Less satisfactory results have been obtained with Less satisfactory results have been obtained with 
WMC, HSCC, TJCC   WMC, HSCC, TJCC   and  and  Size2Size2

The model is general enough to be used with other The model is general enough to be used with other 
metricsmetrics
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Lesson Learned in PillsLesson Learned in Pills
Simple metrics can be used: NAM, Size2, NML, NALSimple metrics can be used: NAM, Size2, NML, NAL
they have also to be tuned: scale factorthey have also to be tuned: scale factor
Complex metrics are better, and Complex metrics are better, and 
Tuned metrics are strongly better and more expensiveTuned metrics are strongly better and more expensive
System design has to be controlled System design has to be controlled 
Consumptive metrics based on mean value are not Consumptive metrics based on mean value are not 
significant: max, min bounds can be not enough and too significant: max, min bounds can be not enough and too 
expensive; Combined with Histograms and profiles expensive; Combined with Histograms and profiles 
become good toolsbecome good tools
Good tools for System Assessment are hard to find outGood tools for System Assessment are hard to find out
Metric tuning and revalidation is neededMetric tuning and revalidation is needed
The measuring context has to be absolutely considered:The measuring context has to be absolutely considered:
changes in the bonds, absolute values and weightschanges in the bonds, absolute values and weights
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Maintenance Effort Maintenance Effort 

A general model for estimation and prediction of the A general model for estimation and prediction of the 
Adaptive Maintenance has been identified with a Adaptive Maintenance has been identified with a 
corresponding validation based on corresponding validation based on multilinearmultilinear regression.regression.

The model works quite well with: The model works quite well with: CC, CCCC, CC’’, NAM , NAM 

Less satisfactory results have been obtained with Less satisfactory results have been obtained with 
WMC, HSCC, TJCC,WMC, HSCC, TJCC, Size2, etc.Size2, etc.

The model is general enough to be used with other OO The model is general enough to be used with other OO 
metricsmetrics
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Ma in Ma in praticapratica…………………………
Un modello di gestione ben definitoUn modello di gestione ben definito
Una metodologia leggera Una metodologia leggera ma ma ripetibileripetibile
Uno Uno startstart--up up eseguito da persone di grande esperienzaeseguito da persone di grande esperienza
Un buon processo di predizioneUn buon processo di predizione
Strumenti di sviluppo stabili nelStrumenti di sviluppo stabili nel tempotempo
Strumenti di valutazione flessibili Strumenti di valutazione flessibili e con e con metriche semplici metriche semplici e e 
validate validate sul profilo utilizzatosul profilo utilizzato
Un Un macromacro--ciclo ciclo stabile e stabile e definitodefinito, 4 , 4 mesimesi//ciclociclo
Un Un micromicro--ciclo flessibile ciclo flessibile ma no ma no troppo altrimenti costatroppo altrimenti costa troppotroppo in in 
overhead, 2overhead, 2--33 settimanesettimane//ciclociclo
piccoli gruppi di sviluppatoripiccoli gruppi di sviluppatori, 1, 1--3 + SSM3 + SSM
continua continua rivalidazione rivalidazione e e correzione del processo di stimacorrezione del processo di stima
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TAC++TAC++
Tool for Analysis of C++ CodeTool for Analysis of C++ Code

An integrated environment for analyzing C++ An integrated environment for analyzing C++ 
Code;Code;
A tool to evaluate Low Level Metrics;A tool to evaluate Low Level Metrics;
A tool to define and evaluate High Level Metrics;A tool to define and evaluate High Level Metrics;
A tool for collecting real data: effort, fault, changes, A tool for collecting real data: effort, fault, changes, 
effort for maintenance, etc.effort for maintenance, etc.
A tool for graphical representation of results;A tool for graphical representation of results;
A statistical analyzer for metrics validation.A statistical analyzer for metrics validation.

© Paolo Nesi 1995-2000 20
6

TAC++ ArchitectureTAC++ Architecture

HLM Editor

Class Browser / Editor Lex/Gram Analyzer

C++ Code

HLM Values LLM Values

Weight Values

Preprocessor

LLM Evaluator

HLM Evaluator

Profiler Histogrammer

Collector

Statistical Analyzer
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TAC++ Class BrowserTAC++ Class Browser

Class tree Class tree 
structure structure 
visualization;visualization;
Class tree Class tree 
navigator;navigator;
Source code Source code 
editor.editor.

© Paolo Nesi 1995-2000 20
8
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MwMwNewMetric
M

M
M

High Level Metric High Level Metric 
Definition;Definition;
High Level Metric Editing;High Level Metric Editing;
System, Class, Method System, Class, Method 
Level Metric Utilization;Level Metric Utilization;
Complex Metric Complex Metric 
Definition.Definition.

TAC++ High Level Metric EditorTAC++ High Level Metric Editor
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Low Level Metrics Low Level Metrics 
Histograms;Histograms;
High Level Metric High Level Metric 
Histograms;Histograms;
Method Level Method Level 
Histograms.Histograms.

TAC++ TAC++ HistogrammerHistogrammer
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Class Profiling;Class Profiling;
System Level System Level 
Profiling;Profiling;
KiviatKiviat;;
Tables.Tables.

TAC++ ProfilerTAC++ Profiler
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Distributed Database Distributed Database 
(JAVA):(JAVA):
♣♣ Collects Real Effort;Collects Real Effort;
♣♣ Collects Number of Collects Number of 

Fault;Fault;
♣♣ etc.etc.

TAC++ Data CollectorTAC++ Data Collector
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Correlation analysis among Correlation analysis among 
real data and user defined real data and user defined 
metrics;metrics;
Multi linear regression analysis Multi linear regression analysis 
with LRS optimization;with LRS optimization;
Evaluation of weights during Evaluation of weights during 
the various phases of system the various phases of system 
development.development.

TAC++ Statistical AnalyzerTAC++ Statistical Analyzer
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Metric CalibrationMetric Calibration

Source Code

TAC++ Observed Effort

Low Level Metrics

PROGRESS

Code Analyzer

Statistic 
Analyzer

Weights

Valuation Model
Description

Calculated 
Effort
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Metric Maintenance and System AssessmentMetric Maintenance and System Assessment

Direct Measures

Views

Histograms

Profiles

EVALUATION
Metric

Description

Weights
Conf. Val.

measuring context

VALIDATION

Metric
Values

Real Data

current evaluationpast measures

metric
adjust.
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Statistical Analysis (2)Statistical Analysis (2)

The general multiregression problem can 
be summarized by the following formulas:
Given the Real Effort yi 

we want to estimate the weights,

in order to:
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Statistical Analysis (3)Statistical Analysis (3)

A more compact expression is:
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At this point we can estimate expected 
value and variance of the weights:

Where σ2 is the variance of y; correlation analysis is 
now easy.
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Statistical Analysis (4)Statistical Analysis (4)
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The variable t is a student t,

A confidence interval can be defined for the weights
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SarSaràà pipiùù economico sviluppareeconomico sviluppare adad oggettioggetti??
Quanto costerQuanto costeràà il processo di inserimentoil processo di inserimento??
Potremmo realizzare sistemi ibridiPotremmo realizzare sistemi ibridi??
Potremmo convertirePotremmo convertire ilil vecchiovecchio a a costi ragionevolicosti ragionevoli??
........
......
DiDi chichi possiamopossiamo fare afare a menomeno perper mandarlomandarlo adad un corso un corso 
sullsull’’OOPOOP??
SuSu quale progetto possiamo  provare lquale progetto possiamo  provare l’’ObjectObject Oriented?Oriented?
Quale linguaggioQuale linguaggio?  Java, C++? ?  Java, C++? 
CORBA, COM, JAVA ?CORBA, COM, JAVA ?

© Paolo Nesi 1995-2000 22
0

Dovremmo  adottare una metodologiaDovremmo  adottare una metodologia OO?OO?
♣♣ QualeQuale?, ?, percheperche’’? ? ……. . 

Dovremmo acquisire nuovi strumentiDovremmo acquisire nuovi strumenti CASE?CASE?
♣♣ QualiQuali?, ?, percheperche’’? ? ……..

La La QualitQualitàà??
♣♣ Si misuraSi misura?, ?, si si ha gratis?, ha gratis?, 
♣♣ come la come la sisi misuramisura?, ?, strumenti strumenti ?, ?, ……..  ..  

EE’’ vero chevero che vi vi èè un risparmioun risparmio aa causa del riusocausa del riuso??
♣♣ lo pagolo pago in in qualche modoqualche modo??

DovremmoDovremmo modificaremodificare ancheanche la la fasefase didi testing?testing?
♣♣ Come?Come?

......

Ma Ma …………....
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Si potranno utilizzareSi potranno utilizzare ii vecchi strumentivecchi strumenti
LL’’OO OO èè solosolo unun’’etichettaetichetta,, bastabasta diredire che lo stiamo che lo stiamo 
utilizzandoutilizzando..
Dal mio punto diDal mio punto di vista non cambiavista non cambia nienteniente èè solosolo un un 
problema di programmazioneproblema di programmazione..........
FiguratiFigurati se perse per utilizzare lutilizzare l’’OOOO sarasara’’ necessarionecessario
cambiarecambiare ilil modomodo didi pianificarepianificare lolo svilupposviluppo……..
FraFra qualchequalche mesemese sisi sgonfierasgonfiera’’ ............

CC’è’è ancheanche chi chi pensa chepensa che::
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Ma inMa in realtrealtàà::
Ins.Ins. dal Bassodal Basso ......…… programmatoriprogrammatori ((corsocorso OO), OO), vecchie notazionivecchie notazioni
((metodologiemetodologie), ), senza gestionesenza gestione ((gestionegestione tradizionaletradizionale), ), ““lo abbiamo lo abbiamo 
adottatoadottato ma non hama non ha dato risultatidato risultati””, , dicedice il capoil capo..
dalldall’’altoalto....manager, ....manager, corsocorso OO, OO, adattamento strumentiadattamento strumenti e e gestionegestione
orizzontaleorizzontale tradizionaletradizionale, , ““ll’’OOOO èè troppo costosotroppo costoso ee complicatocomplicato nonnon
conviene inserirloconviene inserirlo””, , dicedice il capoil capo..
dalldall’’altoalto....manager, ......manager, ..imponeimpone ll’’OOOO, , uso di compilatoriuso di compilatori,, senza senza 
metodologiametodologia, , disaccordodisaccordo frafra management e management e programmatoriprogrammatori, , 
““ll’’importanteimportante èè che noi utilizziamo ilche noi utilizziamo il ...++...++””,, dicedice il capoil capo..
ii piccoli si difendonopiccoli si difendono aa spese della metodologiaspese della metodologia,, della della 
documentazionedocumentazione, , deldel testing, testing, deldel controllocontrollo didi processoprocesso didi produzioneproduzione, , 
““sono cose inutilisono cose inutili ee hanno costi inaccettabilihanno costi inaccettabili””, , dicedice il capoil capo..
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DiceDice il saggioil saggio::
Ogni caso deve essere valutato

Riformazione di Riformazione di manager, manager, medmed--manager e manager e programmatoriprogrammatori
Ridefinizione del modello manageriale Ridefinizione del modello manageriale per i per i progettiprogetti
uso di una metodologiauso di una metodologia didi svilupposviluppo
realizzazione del manuale di svilupporealizzazione del manuale di sviluppo//qualitaqualita’’
inserimento controllatoinserimento controllato concon metriche oggettivemetriche oggettive per:per: costicosti,,
concetti dellconcetti dell’’OOPOOP,, rendimentirendimenti, etc., etc.
realizzazione di un grupporealizzazione di un gruppo perper il riusoil riuso
controllo della qualita controllo della qualita ee del processo di sviluppo del processo di sviluppo 

controllo di un controllo di un ““espertoesperto”” su un progetto pilotasu un progetto pilota
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LL’’espertoesperto??
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2)2) Identificazione dei sottosistemiIdentificazione dei sottosistemi..

Valutazione strutturale piuValutazione strutturale piu’’ cheche OOOO del sistemadel sistema PM conPM con altri altri 
che copriranno il ruolo diche copriranno il ruolo di SSM.SSM.
Sottosistemi Sottosistemi hardware e softwarehardware e software
Assegnazione dei sottosistemi aiAssegnazione dei sottosistemi ai SSM in base SSM in base alle precedenti alle precedenti 
esperienzeesperienze

3) Analisi dei sottosistemi.3) Analisi dei sottosistemi.
Ogni SSM analizza il suo SS per identificare classi nel dominioOgni SSM analizza il suo SS per identificare classi nel dominio
Le gerarchie identificate derivano da viste limitate del problemLe gerarchie identificate derivano da viste limitate del problemaa
Fusione delle varie gerarchie di classi in un'unica gerarchiaFusione delle varie gerarchie di classi in un'unica gerarchia
RiassegnazioneRiassegnazione dei SS orientati agli oggetti ai SSM (massimo 15 dei SS orientati agli oggetti ai SSM (massimo 15 
classi per ogni SS, 3+SSM per SS, attenzione alle classi classi per ogni SS, 3+SSM per SS, attenzione alle classi 
importanti del sistema: importanti del sistema: keykey, , engineengine, manager in , manager in generalgeneral))
Identificazione dei cluster,Identificazione dei cluster, suttoramisuttorami,, etcetc..
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4)4) Analisi diAnalisi di altoalto livellolivello perper il riusoil riuso
Valutazione del costo di realizzazione della versione necessariaValutazione del costo di realizzazione della versione necessaria
Identificazione delle parti da riutilizzareIdentificazione delle parti da riutilizzare:: librerielibrerie,, classiclassi ee
sottosistemi giasottosistemi gia’’ acquisitiacquisiti e/oe/o realizzatirealizzati
Valutazione del costo di adattamento del riusatoValutazione del costo di adattamento del riusato
DecisioneDecisione: fare/: fare/riusareriusare,, questo puoquesto puo’’ implicare una ridefinizione deiimplicare una ridefinizione dei
SSSS

5)5) Selezione ed identificazione degli strumentiSelezione ed identificazione degli strumenti
LinguaggiLinguaggi, CASE tool, development tool,, CASE tool, development tool, librerie di mercatolibrerie di mercato,,
lexlex//yaccyacc, etc. (se non, etc. (se non impostiimposti perper contrattocontratto oo specificaspecifica, o per, o per
competenze acquisitecompetenze acquisite))
Rivalutazione del rischio tecnologico Rivalutazione del rischio tecnologico in in funzione delle scelte funzione delle scelte 
effettuateeffettuate..
Se Se necessarionecessario percheperche’’ ilil rishiorishio ee’’ troppotroppo elevatoelevato rispettorispetto allealle
previsioniprevisioni didi venditavendita sisi puopuo’’ fare restart fare restart dal puntodal punto (1) (1) modificando modificando 
alcune richiestealcune richieste: per : per esempio esempio diminuendo i diminuendo i requisiti del sistemarequisiti del sistema
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6) 6) Definizione delDefinizione del project planproject plan grezzogrezzo,, considerandoconsiderando::
l'analisi generale di sistemal'analisi generale di sistema, , 
i SS, lei SS, le dipendenze strutturalidipendenze strutturali ee funzionalifunzionali SS relative, SS relative, 
le deadlinele deadline eded i milestonei milestone prefissatiprefissati inin precedenzaprecedenza
la deadline finale (time to market)la deadline finale (time to market)

7)7) Analisi delle risorseAnalisi delle risorse per iper i sottosistemisottosistemi
Valutazione del costo di realizzazione di ogniValutazione del costo di realizzazione di ogni SS,SS, metriche metriche 
predittivepredittive
Eventuale ribilanciamento deiEventuale ribilanciamento dei SSSS aiai SSM eSSM e quindi del quindi del 
carico deicarico dei TeamTeam
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8)8) Realizzazione delRealizzazione del project planproject plan
Utilizzo delUtilizzo del GanttGantt grezzogrezzo con icon i dati del puntodati del punto (7)(7)
Identificazione delleIdentificazione delle sottosotto attivita'attivita'
Identificazione dei costiIdentificazione dei costi per:per: consulenzaconsulenza, training,, training, licencenzelicencenze
(tools),(tools), viaggiviaggi,, beni di consumobeni di consumo,, strumentistrumenti//apparecchiatureapparecchiature (con (con 
pianopiano di ammortamentodi ammortamento), etc.), etc.
IlIl training,training, puopuo’’ daredare luogoluogo a task a task separatiseparati

9)9) ValutazioneValutazione ee selezione delle risorseselezione delle risorse
Per Per ogniogni SS:SS: composizione delcomposizione del team in baseteam in base alle competenze alle competenze 
delle personedelle persone ee alla loro compatibilitaalla loro compatibilita’’
Realizzazione diRealizzazione di teamteam integratiintegrati:: analisianalisi, design, code,, design, code, valutvalut., ., 
etc.,etc., competenze trasversalicompetenze trasversali (team (team piccolipiccoli).).
Allocazione delle risorzeAllocazione delle risorze in basein base allealle deadlinedeadline
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Macro LifeMacro Life--CycleCycle
Model:Model:

♣♣ Spiral MacroSpiral Macro--Cycle and Spiral MicroCycle and Spiral Micro--Cycle, Cycle, 
♣♣ Spiral MacroSpiral Macro--Cycle and Fountain MicroCycle and Fountain Micro--Cycle,Cycle,
♣♣ Spiral MacroSpiral Macro--Cycle and microCycle and micro--optimizedoptimized--cycle.cycle.

Macro Cycle of 5Macro Cycle of 5--8 months8 months
Well defined goals for each Macro Cycle;Well defined goals for each Macro Cycle;

SpiralSpiral
Too complex and complete for the Micro levelToo complex and complete for the Micro level
Too expensive for the micro levelToo expensive for the micro level

FountainFountain
Too few formalized and controllable for Macro levelToo few formalized and controllable for Macro level
Not enough controllable to be used in 3 people teamNot enough controllable to be used in 3 people team
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