
1.7 TermsSoftware� organized 
olle
tions of 
omputer data and instru
tions� disembodied information ma
hines (D. Gelernter, Mirror Worlds)Program� solves isolated task� developed by a single personSoftware system� multiple 
omponents� developed by team
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Programming in the Small� development of a program or a 
omponent� algorithmi
 aspe
ts (sometimes)� pro
edure:{ \stepwise re�nement" (N. Wirth),{ \stru
tured programming" (E. Dijkstra){ \stru
tured 
ontrol 
ow"(if-then-else, for, while, . . . ; no goto){ pro
edural de
omposition, top-down{ 
at monolithi
 stru
ture
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Programming in the Large� development of a software system:{ long life span{ high probability of 
hanges(due to aging)� requirements at �rst fuzzy{ 
ommuni
ation problem user $ developer{ understanding the problem� de
omposition in 
omponents(for programming in the small)� information hiding (D.L. Parnas)� promising approa
h:obje
t-oriented analysis and design
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1.8 Pro
ess Models� pro
ess model: stru
tured network of a
tivities and artifa
ts� an a
tivity transforms artifa
ts

Methods
Guidelines
Conventions
Check Lists
Patterns

Tools

Artifacts
Given

Employee Y Role X

Changed or
new Artifacts
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Phases� Phases provide stru
ture of pro
ess model� Des
ription of a phase{ goals{ a
tivities{ roles{ required/new artifa
ts{ patterns, guidelines, and 
onventions
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Desiderata for Pro
ess Models� the fewer phases, artifa
ts, roles, the better� artifa
ts should 
over standard 
ase� tool support� quality assuran
e for ea
h artifa
t� tra
eability
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1.9 The Classi
: Waterfall Model

Requirements

Design

Specification

Coding

Testing
Integration

Operation
Maintenance

� early error 
orre
tion is 
heaper(e.g. after analysis phase 100 times
heaper than after deployment)� hen
e, after every phase:
he
k of previous phases� potentially return to previous phase� phases may overlap
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1.9.1 Requirements Analysistra
tability
ost analysisresult:de
ision on 
ontinuation of proje
tdo
uments: (artifa
ts)� requirement spe
i�
ation (Lastenheft)� 
ost estimation� proje
t plan
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1.9.2 De�nition / Spe
i�
ationstarting point:vague, in
omplete, in
onsistent requirementsresult:
omplete, 
onsistent, unequivo
al, a

omplishable requirementsdo
uments:� system spe
i�
ation (P
i
htenheft)� produ
t model (e.g. OOA)� GUI model� user manual
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� only external behavior of system� analysis of requirements� results in system spe
i�
ation{ �xes the s
ope of the produ
t{ serves as basis for 
ontra
t between 
ustomer and 
ontra
tor{ basis for �nal a

eptan
e{ 
ontains� fun
tionality� user interfa
e� interfa
es to other systems� performan
e (response time, spa
e usage)� required hard and software� guidelines for do
umentation� time s
hedulingVorl�au�ge Version 24 5. Mai 2011, Peter Thiemann



1.9.3 Designstarting point: system spe
i�
ation / produ
t model� de
omposition in 
omponents / subsystems� �xes external behavior / interfa
es of ea
h 
omponentresult: software ar
hite
ture (with spe
i�
ation of 
omponents)

1.9.4 Implementation and Testing� translation of 
omponent spe
i�
ation to programming language� 
ompilation to ma
hine language� module testingresult: programmed system and testing proto
olsVorl�au�ge Version 25 5. Mai 2011, Peter Thiemann



1.9.5 Integration, system test, and deployment� integration:{ stepwise addition of single 
omponents{ tested with data �xed in advan
e(fun
tional requirements only)� system test:{ 
he
k of entire system (in
l. hardware){ 
he
k of non-fun
tional requirements(performan
e, GUI)� deployment:{ transfer of software system in its working environmentresult: deployed produ
t, proto
ol of �nal a

eptan
eVorl�au�ge Version 26 5. Mai 2011, Peter Thiemann



1.9.6 Maintenan
e� bug �xes� 
hanges due to 
hanges in requirements (in
l. extensions)result: maintained produ
t
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1.10 Prototyping ModelLife
y
le
require−

prototype
design

ments
build

prototype
test

prototype

document
requirements codedesign test integrate
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Prototyping - OverviewAdvantages:� understanding the requirementsfor the user interfa
e� improves understanding betweendeveloper and 
lient� early testing of feasibility, useful-ness, performan
e, et
.
Problems:� users treat the prototype as thesolution� prototype is only a partial spe
i-�
ation� signi�
ant user involvement
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1.11 Phased ModelsEvolutionary Development1. model 
ore requirements2. design and implement

3. deploy4. feedba
k from 
ustomer5. revise/extend requirements6. revise/extend design7. revise/extend implementation8. iterate from 3 until all require-ments met

In
remental Development1. model all requirements2. design and implementonly 
ore requirements3. deploy4. feedba
k from 
ustomer5. revise requirements6. design further requirements7. implement further requirements8. iterate from 3 until all require-ments met
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1.11.1 In
remental Development(ea
h iteration adds more fun
tionality)
integratedesign code test O&M

integratedesign code test O&M

integratedesign code test O&M

integratedesign code test O&M

release 4

release 3

release 2

release 1

re
qu

ire
m

en
ts
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1.11.2 Evolutionary Development(ea
h iteration in
orporates new requirements)

integratedesign code test O&Mreqts.

integratedesign code test O&Mreqts.

integratedesign code test O&Mreqts.

lessons learned

lessons learned

version 1

version 2

version 3
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1.11.3SpiralModel2
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1.11.4 Comments on Phased Models� In
remental development{ avoids 'big bang' implementation{ but assumes all requirements known up-front� Evolutionary development{ allows for lessons from ea
h version to be in
orporated into the next{ but: hard to plan for versions beyond the �rst;lessons may be learned too late� Spiral model{ in
orporates prototyping and risk analysis{ but: 
annot 
ope with unforeseen 
hangesnot 
lear how to analyze risk
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1.12 Agile Development Te
hniques1.12.1 Extreme Programming (XP)� Kent Be
k 1999� frequent releases� short development 
y
les� pair programming� unit testing w tests developed before the 
ode� features spe
i�ed by tests� implement features when needed� 
lear progress marks� don't spend mu
h time on design� stakeholder involvementVorl�au�ge Version 35 5. Mai 2011, Peter Thiemann



1.12.2 S
rum� Flexible approa
h to development; in
remental pro
ess� Adaptability to 
hanging requirements� 1986, Hirotaka Takeu
hi and Ikujiro NonakaRoles Produ
t owner, S
rum master, Team; Stakeholders, ManagersSprint 2-4 weeks of intense development; goal: working in
rement thatimplements the sprint ba
klog; sprint ba
klog frozen during a sprint;self organization; burn down 
hartSprint Ba
klog requirements 
hosen for a sprintProdu
t Ba
klog as yet unimplemented requirements
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1.13 V-Model \Entwi
klungsstandard f�ur Systeme des Bundes"

Test
and 

Integrate

requirements
system 

software
requirements

preliminary
design

detailed
design

code and
debug

unit
test

component
test

integration
software

test
acceptancele

ve
l o

f a
bs

tr
ac

tio
n

time

Analyze

and

Design

system
integration
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1.14 The Uni�ed Software Pro
essUse-Case Driven� Whi
h user-visible pro
esses are implemented by the system?� Analysis, design, implementation, and testing driven by use-
asesAr
hite
ture 
entri
� Ar
hite
ture developed in parallel to use 
ases (mutual dependen
y)Iterative and In
remental� eliminate risks �rst� 
he
kpoint after ea
h iteration� on failure of an iteration step, only 
urrent extension needs to bere
onsidered� small steps speed up proje
t� easy stepwise identi�
ation of the requirementsVorl�au�ge Version 38 5. Mai 2011, Peter Thiemann



1.14.1 Stru
ture of the Uni�ed Software Pro
ess� sequen
e of 
y
les� after ea
h 
y
le: produ
t release with 
ode, manuals, UML models,and test 
ases
...

Cycles (each completing a new version)

Start End

Zeit

� 
y
le 
onsists of 4 phases:In
eption, Elaboration, Constru
tion, Transition� ea
h phase 
onsists of iterations
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Cy
le
Time

#2
Iteration

#1
Iteration ... ... ... ...... #n−1 #n...

Iteration Iteration

new product versions

Inception Elaboration Construction Transition
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Main-Work
ows and Phases
... ... ... ... ... ...

Core
Workflows

Analysis

Design

Testing

Elaboration Transition

Phases

It. #1 It. #2 It. #n

Requirements

Implementation

Inception Construction

� ea
h phase ends with a mile stone� ea
h phase pro
esses all work
ows (with varying intensity)

Vorl�au�ge Version 41 5. Mai 2011, Peter Thiemann



1.14.2 In
eption Phase� GOAL: rough vision of the produ
t� fun
tionality of system from users' perspe
tivemost important use 
ases (stakeholder needs)� preliminary sket
h of suitable ar
hite
ture� proje
t plan and 
ost� identify most important risks (with priorities)� plan elaboration phase
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1.14.3 Elaboration Phase� spe
ify (most) use 
ases in detail� design ar
hite
ture� prototype (proof-of-
on
ept for ar
hite
ture)� implement most important use 
ases� result: initial ar
hite
ture� plan a
tivities and resour
es for remaining proje
t� use 
ases and ar
hite
ture stable?� risk management?
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1.14.4 Constru
tion Phase� implement system� high resour
e needs� small ar
hite
tural 
hanges� GOAL: system ready for 
ustomer (small errors a

eptable)
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1.14.5 Transition Phase� deliver beta-version to 
ustomer� address problems (immediately or in next release)� train 
ustomer� hotline
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1.15 Summary� Software has unique problems with far-rea
hing 
onsequen
es� Creating software systems requires stru
tured pro
ess models� Classi
 pro
ess phases: waterfall model� Further pro
ess models: prototyping, evolutionary, in
remental,spiral, agile, V-model, uni�ed
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