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01 
History, definitions and objectives 

Why software engineering was born, and what it tries to achieve 



Software Engineering  ·  Chapter 1 4 

01 H I S T O R Y ,  D E F I N I T I O N S  A N D  O B J E C T I V E S  

The software crisis and the birth of SE 

1968 
NATO conference, Garmisch (Germany) 

The term “Software Engineering” is 
introduced in response to the software crisis: 
a period when the cost, deadlines and quality 
of software projects were often 
unsatisfactory. 

Very expensive 

Average cost overrun: +70% 

Deadlines missed 

Average delay: +50% 

Needs not met 

Software does not satisfy its users 

Hard to maintain 

Difficult to use and scale; 
maintenance = 40–70% of cost 
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How bad was it? The Standish Group study (1995) 

8,380 
projects studied 

16% 
Succeeded 

Delivered on time, on budget, with all the 
planned features 

53% 
Challenged 

Delivered, but late, over budget or with fewer 
features 

31% 
Failed 

Cancelled before completion 
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01 H I S T O R Y ,  D E F I N I T I O N S  A N D  O B J E C T I V E S  

Famous bugs: Mariner 1 

1962 

MISSION 

Flyby of the planet Venus 

COST 

18.5 million dollars (destroyed shortly after launch) 

CAUSE 

Error when manually transcribing a mathematical symbol of the 
specification into code 

LESSON 

A tiny error in a specification can destroy a whole mission 
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01 H I S T O R Y ,  D E F I N I T I O N S  A N D  O B J E C T I V E S  

Famous bugs: Therac-25 

1985 – 1987 

SYSTEM 

A radiotherapy machine used to treat cancer patients 

IMPACT 

Several patients received massive radiation overdoses; some of 
them died 

CAUSE 

Design flaws in both the hardware and the software (safety 
relied on software only) 

LESSON 

In critical systems, software errors can cost human lives 
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01 H I S T O R Y ,  D E F I N I T I O N S  A N D  O B J E C T I V E S  

Famous bugs: other examples 

1994 

Pentium FDIV 

Flaw in the floating-
point division 

algorithm of the 
processor 

1996 

Ariane 5 

Overflow when 
converting a 64-bit 
float into a 16-bit 

integer. ≈ $500 M lost 

2000 

Y2K bug 

Years stored with 2 
digits: failures after 

31 Dec 1999 

2011 

PlayStation 
Network 

Millions of personal 
and banking records 
stolen via network 

flaws 

2014 

Heartbleed 
(OpenSSL) 

≈ 500,000 servers: 
attackers could read 

part of a remote 
server's memory 
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01 H I S T O R Y ,  D E F I N I T I O N S  A N D  O B J E C T I V E S  

The idea and the definitions 

Idea: apply classical engineering methods to the software field. 
Engineering = the set of functions from design and studies to the construction and control of equipment in a 
technical or industrial installation. 

“ IEEE 1993 ·  POLLICE 2005  

Software engineering is the application of a 
systematic, disciplined, quantifiable approach 
to the development, operation and 
maintenance of software, and the study of 
these approaches. 

“ A PRACTICAL DEFINITION  

Software engineering is a set of methods, 
techniques and tools dedicated to the design, 
development and maintenance of computer 
systems. 
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01 H I S T O R Y ,  D E F I N I T I O N S  A N D  O B J E C T I V E S  

The objective of SE: the CQFD criteria 

Software engineering is concerned with software manufacturing processes, to ensure that four criteria are met: 

C 

Cost 

Costs remain within the 
original limits. 

Q 

Quality 

Quality matches the 
original service contract. 

F 

Features 

The system built meets 
the needs of its users. 

D 

Deadline 

Delivery stays within the 
time planned at the start. 

Goal: reliable, secure, high-quality software, delivered on time and within budget. 



02 
Principles of software engineering 

The guiding rules that help us build better software 



Software Engineering  ·  Chapter 1 12 

02 P R I N C I P L E S  O F  S O F T W A R E  E N G I N E E R I N G  

Principle 1: Rigor 

Rigor 

The main sources of software failures are 
human. At all times, you have to question 
the validity of your actions. 

Verification tools that accompany development 
help reduce errors. This family of tools is called 
CASE (Computer Aided Software Engineering). 

E X A M P L E S  O F  C A S E  T O O L S  

Sparx Enterprise Architect 

Microsoft Visio 

Rational Software Architect 

Modelio 

ArgoUML 

Eclipse Modeling Framework (EMF) 
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Managing complexity 

Abstraction 

Extract general concepts to 
reason about, then instantiate 
solutions on particular cases. 

Example: Think “Vehicle” before 
“Car” or “Truck”. 

Decomposition 

Treat each aspect separately: 
each sub-problem is simpler 
than the overall problem. 

Example: School system → students, 
courses, grades, payments. 

Modularity 

Partition software into 
interacting modules; each has a 
function and an interface that 
hides its implementation. 

Example: Change a module's inside 
without breaking the others. 
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Building for growth and change 

Incremental construction 

Step-by-step construction with gradual 
integration of the parts. 

Genericity 

Propose solutions more general than the 
problem, so they can be reused. Reusable 
software is worth more than a dedicated 
component. 

Anticipation of changes 

Linked to genericity and modularity: plan for 
future additions and modifications of 
features. 

Documentation 

Essential for project monitoring and for 
communication within the project team. 



03 
Expected quality of software 

What makes software good, for users and for developers 
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03 E X P E C T E D  Q U A L I T Y  O F  S O F T W A R E  

What is software? 

Definition 1 

A set of entities necessary for the operation of 
an automatic information processing process. 

I T  I N C L U D E S  

Programs User documentation 

Configuration information … 

Definition 2 

A set of programs that enables a computer 
system to perform a particular task or function. 

E X A M P L E S  

A game A website 

A mobile app … 
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03 E X P E C T E D  Q U A L I T Y  O F  S O F T W A R E  

Two views of quality (B. Meyer) 

Internal criteria 

Visible to developers 

Modularity, completeness, consistency, 
generality, readability… 

External factors 

Visible to users 

Validity, robustness, extensibility, reusability, 
usability… 

make it possible to 
achieve 
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03 E X P E C T E D  Q U A L I T Y  O F  S O F T W A R E  

Main external quality factors 

Validity 

Performs exactly the tasks defined 
by its specification. 

Robustness 

Keeps working even under 
abnormal conditions. 

Extensibility 

Easy to adapt to changes in the 
specification. 

Reusability 

Can be reused, in whole or in part, 
in new applications. 

Compatibility 

Can be combined with other 
software products. 
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Other external quality factors 

Efficiency Good use of hardware resources (memory, CPU…). 

Portability Easy to adapt to other hardware or software environments. 

Verifiability Easy to prepare acceptance and certification procedures (tests…). 

Integrity Protects its components from unauthorized access and modification. 

Ease of use (usability) 
Easy to learn, to operate, to prepare data for, and to interpret results and 
errors. 
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03 E X P E C T E D  Q U A L I T Y  O F  S O F T W A R E  

Internal quality criteria 

Modularity 

Breakdown into easily 
understandable, 

relatively 
independent 
components. 

Completeness 

Degree to which 
specifications are 
implemented: all 

external 
specifications work. 

Consistency 

Ability to go back in 
the cycle, e.g. trace 

an error found in 
maintenance back to 

implementation, 
design or analysis. 

Generality 

Potential range of 
application of the 

software 
components. 

Self-

documentation 

Documentation can 
be extracted from the 
components; code is 

readable. 



04 
Software life cycle 

The activities a software product goes through, from idea to maintenance 
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04 S O F T W A R E  L I F E  C Y C L E  

The software life cycle 

The life cycle models the sequence of the activities of the technical development process. Each activity includes: tasks, 
constraints, resources, and a way of being carried out. 

1 

Requirements 
analysis 

2 

Global 
specification 

3 

Architectural & 
detailed design 

4 

Programming 

5 

Configuration & 
integration 

6 

Validation & 
verification 

7 

Delivery & 
maintenance 

Each activity takes documents as input and produces documents as output for the next one. 
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04 S O F T W A R E  L I F E  C Y C L E  

1. Requirements analysis 

Goal: avoid developing unsuitable software. Study the application field and the current and future environment to 
determine boundaries, role, available and required resources, and constraints of use and performance. 

I N P U T S  

• Customer needs 

• Experts in the application 
field 

• Future users of the system 

Requirements analysis 

• Interviews and questionnaires 

• Observation of the existing 
system 

• Study of similar situations 

O U T P U T S  

• Specifications document 

• Preliminary user manual 
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04 S O F T W A R E  L I F E  C Y C L E  

2. Requirements specification 

Aim: give an initial description of the future system: what the system should do, without saying how it does it. 

1 Natural language 

Plain text. Easy to read, but can be 
ambiguous. 

2 Semi-formal 

E/R model, data flow diagram, state 
transition diagram, OO diagrams 
(UML)… 

3 Formal 

Mathematical notations (Petri nets, 
grafcet…). Precise and verifiable. 

Precision increases  → 

In: specifications document, preliminary user manual     Out: functional specifications, technical and IT feasibility 
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3. Design: describing the “how” 

Goal: enrich the description of the software with implementation details, to arrive at a description very close to a 
program. 

Architectural design 

(overall design) 

Breaks the software down into simpler 
components, defined by their interfaces and 
the services they provide. 

Detailed design 

(component level) 

For each component, describes how the 
functions or services are performed: algorithms 
and data representation. 
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04 S O F T W A R E  L I F E  C Y C L E  

3. Design: inputs and outputs 

I N P U T S  

• Functional specifications 

• Technical and IT feasibility 

Design 

• Architectural design: functional 
or object-oriented design 

• Detailed design: write the 
algorithms of each component 

O U T P U T S  

• Design file (architecture 
and algorithms) 

Remember: specification answers WHAT the system does; design answers HOW it does it. 
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4. Programming 

Implementation of the designed solution. Choice of the development environment, the programming language(s), the 
development standards, etc. 

I N P U T S  

• Design file (architecture 
and algorithms) 

Programming 

• Choose environment and 
language(s) 

• Apply development standards 

• Write and document the code 

O U T P U T S  

• Source code 

• Final user manual 

• Documentation 
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04 S O F T W A R E  L I F E  C Y C L E  

5. Configuration management and integration 

Configuration management 

Controls the evolution and updating of the 
components throughout the development 
process. 

Versions, changes, history (e.g. Git) 

Integration 

Creates one or more executable systems from the 
components: the components are combined. 

Assemble, then check they work together 
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04 S O F T W A R E  L I F E  C Y C L E  

6. Validation and verification 

Validation 

“Are we building the right product?” 

Has the right system been described, the one that 
meets the users' expectations? 

With the customer: acceptance tests 

Verification 

“Are we building the product right?” 

Is development correct with respect to the 
specification? Each successive description, and the 
software itself, must satisfy it. 

By the team: reviews, unit, integration and system tests 
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7. Delivery and maintenance 

70% 
of the total cost of software goes 

to maintenance 

The most expensive phase 

Maintenance = making changes to existing software. Three types: 

Corrective 

Fixes errors or bugs detected after deployment. 

Perfective 

Improves performance, efficiency or maintainability, without 
changing core functions. 

Adaptive 

Adapts the system to a changing environment (new OS, protocols, 
hardware…). 
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Documents produced along the life cycle 

Document Phase 

Specifications document Requirements analysis 

Preliminary user manual Requirements analysis 

Functional specification Specification 

Architectural design file Design 

Detailed design file Design 

Source code Implementation 

Implementation documentation Implementation 

Final (end) user manual Implementation 

Test report Tests 

Every phase leaves a 
written trace. 

Documents make the project 
traceable and help the team 

communicate. 



05 
Software life cycle models 

Different ways to organize the activities of a project 
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05 S O F T W A R E  L I F E  C Y C L E  M O D E L S  

Two families of models 

Linear models 

Phases run one after the other, in a fixed 
order. 

Waterfall model 

V-shaped model 

… 

Nonlinear models 

Phases are repeated in cycles or iterations. 

Prototyping 

Spiral model 

Incremental model 

Unified models 

… 
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1. The waterfall model 

• Dates from the 1970s, but remains relevant 

• Linear model with sequential phases 

• Each phase is checked before moving on 

• A phase cannot start before the previous one 
ends 

• Documents are produced at the end of each 
phase 

• Changing a phase has a big impact on the next 
ones 

Requirements 

Analysis 

Design 

Coding 

Testing 

Maintenance 
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Waterfall model: benefits and disadvantages 

Benefits 

• The schedule is set in advance 

• The project manager knows exactly what will 
be delivered, and when 

Disadvantages 

• Too sequential: the project lasts too long 

• Validation comes too late: going back to 
previous phases is costly 

• Sensitive to new requirements: all steps must 
be redone 

Best suited: when the needs are clearly identified and stable. 
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2. The V-shaped model 

A test-oriented life cycle, still one of the most widely used today. 

Creation ↔ verification 

Each creative activity 
(specification, design, coding) 
matches a verification activity 
(validation, integration, unit 
tests). 

Prepared in advance 

Each phase prepares its 
verification phase: verification is 
considered at the very moment 
of creation. 

Example 

While writing the specifications, 
we already write the acceptance 
tests. 
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2. The V-shaped model: diagram 

Requirements gathering Acceptance testing 

System analysis System testing 

Software design Integration testing 

Module design Unit testing 

Coding Creation / design Verification / tests 
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V-shaped model: benefits and disadvantages 

Benefits 

• Test phases are prepared by the construction 
phases: no property is stated that cannot be 
verified later 

• Each deliverable must be testable 

Disadvantages 

• The software is used very late: you wait a long 
time to know if you built the right software 

• No risk analysis activities 

Best suited: when the needs are well known and the analysis and design are clear. 
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3. Prototyping 

3.a Disposable 
prototyping 

A skeleton of the software, created only for 
a particular purpose and in a particular 
phase of development, then thrown away. 

If the prototype is kept, it becomes 
evolutionary prototyping. 

3.b Evolutionary (scalable) prototyping 

1 Developers build a prototype from the customer's expectations 

2 The customer evaluates it and gives feedback 

3 Developers adapt it to feedback and new requirements 

4 Repeat over several iterations 

5 
When the customer is satisfied, the code is standardized (best 
practices) 
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3.b Evolutionary prototyping: the cycle 

Initial needs Design 

Prototype 

Evaluate with the 
customer 

Rectification 

Realization Satisfied customer 

not satisfied 

satisfied 

Iterate 
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Prototyping: benefits and disadvantages 

Benefits 

• Active customer involvement: the developer 
learns directly from the customer 

• Adapts quickly to changing needs 

Disadvantages 

• Difficult to establish a schedule 

• The process may never stop 

Best suited: when needs are unstable or need clarification; recommended for very small projects with few 
people. 
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4. The spiral model 

Each cycle of the spiral unfolds in four phases: 

1 
Objectives 

Set the cycle's objectives, alternatives and constraints (from 
previous cycles or a first needs analysis). 

2 
Risk analysis 

Evaluate the alternatives and risks; possibly build a mock-up. 

3 
Development & verification 

Build and check the chosen solution (a classic model like 
waterfall or V can be used). 

4 
Review & planning 

Review the results and prepare the next cycle. 
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Spiral model: benefits and disadvantages 

Benefits 

• Helps choose the most appropriate 
development model according to the risks 

• The other development models can be seen as 
variants of the spiral 

Disadvantages 

• Needs strong skills to assess and reduce 
project uncertainties and risks 

• Risk assessment can be very costly, sometimes 
more than building the system 

Best suited: large, complex or high-risk projects, where the risks must be controlled at every step. 
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Comparing the models 

Waterfall V model Prototyping Spiral 

Requirements Stable, clear Stable, clear Unclear, changing Evolving 

Customer involvement Start and end Start and end Every iteration Every cycle 

Risk management No No Limited Yes, central 

When is testing prepared? Late 
Early (planned with 

each phase) 
At each evaluation In each cycle 

Best for 
Simple, well-known 

projects 
Critical projects with 

clear needs 
Small projects, unclear 

needs 
Large, high-risk projects 

No model is best in general: choose the one that fits the project. 



K E Y  T A K E A W A Y S  

What to remember from Chapter 1 

SE was born in 1968 to answer the software 
crisis. 

Its objective: the CQFD criteria (Cost, 
Quality, Features, Deadline). 

Principles: rigor, abstraction, modularity, 
genericity… 

Quality = external factors (users) + internal 
criteria (developers). 

The life cycle goes from requirements to 
maintenance (≈70% of cost). 

Choose the model by the stability of the 
needs and the level of risk. 
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