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Personal Background

 Theoretical Work
 VDM-SL Semantics (ISO standard)
* VDM-SL Proof Rules (PhD work)
 More Practical Work
VDM and Structured Analysis in combination
 VDMTools architect
e Transfer VDM to Industry
* Intensive use Industrially
 Employed by
* For 13 years: IFAD A/S
e For 3,5 years: Systematic Software Engineering A/S

* For 2 years: i B

« Engineering College of Aarhus *._cq.j;Jt;
« PGL Consult
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The Software Crisis

July 2007

First digital computer, Manchester 1948

First commercial computer, LEO 1951

We are still in the very early stages of software
engineering ...

... like studying civil engineering when Archimedes was
still alive!

NATO Software Engineering conferences in 1968 and
1969 to address the growing crisis in software
dependability.
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1972 Turing Award Lecture
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The vision is that, well before the 1970s
have run to completion, we shall be able to
design and implement the kind of systems
that are now straining our programming
ability at the expense of only a few percent
In man-years of what they cost us now, and
that besides that, these systems will be
virtually free of bugs

E W Dijkstra
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Software in the 21st Century
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Fifty years on, yet still at the beginning.

We are planning drive-by-wire cars, guiding
themselves on intelligent roads

We are dreaming if we believe we can build such real-

world systems safely, with today’s attitudes to
software engineering.

We have still not achieved Dijkstra’s vision of thirty
years ago!
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Thirty years later... ...
Most computing system projects fail

* Project cancellation

 Major cost or time overrun

* Much less functionality than planned

e Security inadequate

e Major usability problems

e EXcessive maintenance / upgrade costs
e Serious in-service failure
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Most software projects fail

Software project characteristics 1995 (2004
Cancelled before delivery 31% | 18%
reduced functonalty | 53 | 53
On time and budget 16% | 29%
Mean time overrun 190% | 84%
Mean cost overrun 222% | 56%
Mean functionality delivered 60% | 64%

(1995) The Chaos Report http://www.standishgroup.com

(2004) Jim Johnson's book "My Life is Failure" ISBN 1-4243-0841-0
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Most computing projects fail

o Of 1027 projects, 130 (12.7%) succeeded
o Of those 130:

» 2.3% were development projects

« 18.2% maintenance projects

* 79.5% data-conversion projects

o of the 500+ development projects in the sample, 3
(0.6%) succeeded.

Source: BCS Review 2001 page 62.
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Quality of Software

 Annual cost to US economy of poor quality software: $60B
source: US NIST Report 7007.011, May 2002.

« Typical industrial / commercial software development:
» 6-30 faults delivered / 1000 lines of software

e 1M lines: 6000-30,000 faults on delivery

source: Pfleeger& Hatton, IEEE Computer, pp33-42, February 1997.
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variable
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$4 billion development effort
> 50% system integration & validation cost
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400 horses
100 microprocessors
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Why does it happen?

Because :
» scale matters. Small processes don’t scale up
e process matters. Most developers lack discipline

e rigour matters. Most developers are afraid of
mathematics

e engineering is conservative, whereas the software
Industry is ruled by fashion

Who can make things better? You!
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Software Engineering

Computer based applications are increasingly complex
We choose to put that complexity into the software
More and more software is business critical

Quite often, software Is safety critical

Constructing complex and important systems Is engineering
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Engineering is ...

* Developing complex systems or objects ...

e using scientific principles ...

e and experience of successful systems and
subsystems ..

 embedded in a mature process ...

« with effective quality and risk management

Many of our current concerns would be familiar to the
builders of the Great Pyramids
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Engineering Characteristics

* Engineering Is the application of science, within mature
processes, to build practical systems, cost-effectively.

* For software engineers, this means applying computer
science, within mature processes for planning, risk and
guality management, formal reviews, configuration
management, and the rest of ISO 9001/CMM level 3+ ...

« All engineers use mathematics to model and analyse
their systems

e In order to engineer a system its requirements must be
known
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What Is a requirement?

« It may range from a high-level abstract statement of a
service or of a system constraint to a detailed
mathematical functional specification.

e This is inevitable as requirements may serve a dual
function

* May be the basis for a bid for a contract - therefore must
be open to interpretation;

* May be the basis for the contract itself - therefore must be
defined in detall.
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Why use VDM?

State of Commercial Software Development
Modeling using Abstraction and Rigour
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Modelling Computing Systems
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Modelling Computing Systems

* In other engineering disciplines (Mechanical,
Electrical, Aeronautical etc.) system models are built
to help gain confidence in requirements and designs.

* For example: wind tunnels, stress models

e There are two characteristics of these models which
are crucial to their successful use: abstraction and
rigour.
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Abstraction

e The two most important characteristics of a specification
notation are (1) that it should permit problem-oriented
abstractions to be expressed ...

e ... and (2) that it should have rigorous semantics so that
specifications can be analysed for anomalies and to
explore system properties.

“In this connection it might be worthwhile to point out
that the purpose of abstracting is not to be vague, but to
create a new semantic level in which one can be

absolutely precise”. Dijkstra 1972
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Abstraction

Engineering models omit details that are not relevant to
the purpose of the model. For example:

Wind tunnel — assess aerodynamics
Cockpit mockup — assess human factors, train pilots

The omission of detall not relevant to a model’s purpose
IS called abstraction. The choice of which details to omit is
a matter of engineering skill.
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Example of Abstraction
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Rigour
The most important property of a model of a computing
system is its suitability for analysis: must be

* objective (not down to the opinion of individual
engineers)

e repeatable
e susceptible to machine support.

The language in which a model is expressed should be
rigorously defined:

« little room for disagreement about what a model
actually says

« analysis tools reach the same conclusion about model’s
properties
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Why use VDM?

State of Commercial Software Development
Modeling using Abstraction and Rigour

Introduction to the VDM Technology
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Vienna Development Method

 |nvented at IBM’s labs in Vienna in the 70’s

« VDM-SL and VDM++
e |SO Standardisation of VDM-SL
 VDM++ is an object-oriented extension

* Model-oriented specification:

« Simple, abstract data types

 Invariants to restrict membership

* Functional specification:
« Referentially transparent functions
« Operations with side effects on state variables
 Implicit specification (pre/post)
« Explicit specification (functional or imperative)
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VDM
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-SL Module Outline

module <module - name>

parameters
imports
instantiations
exports

definitions

state
types
values
functions
operations

> Interface

> Definitions

end <module - name>
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VDM++ Class Outline
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class <class - name>

instance variables

types
values

functions
operations

thread

sync

end <class - name>

Internal object state

Definitions

Dynamic behaviour

Synchronization control
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VDMTools References

More than 150 clients world-wide in 2001

France

ltaly

Aerospatiale Espace et Defense ENEA

Dassault Aviation
Dasssault Electronique
CISI CEA et Defense
CEA Leti

Cap Gemini

LAAS

Matra Bae Dynamics

U.K.

British Aerospace Systems &
Equipment

British Aerospace Defense
Adelard

ICL Enterprise Engineering
Rolls Royce

Transitive Technologies

July 2007

Ansaldo

The Netherlands

Dutch Dept. of Defence
Origin

Chess

Portugal
Sidereus

Denmark

Baan Nordic

Odense Steel Shipyard
DDC International
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North America

Boeing

Rockwell Collins
Lockheed Martin
DDC-I, Inc.

Rational Software Corp.
Formal Systems Inc.
Concordia University

Japan
RTRI (Japan Railways)

JFITS

Germany
GAO mbH
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Industrial VDM Courses by PGL
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IFAD, Denmark (internal) (1990),
VTT, Finland (1991),

British Aerospace, England (1993+1994),
Cisi, France (1994),

ICL, England (1994+1995 (twice)),
Aerospatiale, France (1995),

IFAD, Denmark (1995),

Formal Systems, Canada (1996),
Baan, Denmark (1997),

Bruhn Newtech, Denmark (1999),
Matra Bae Dynamics, France (1999),
GAO, Germany (1999),
Lockheed-Martin, USA (1999),
Chess, The Netherlands (2000)
Sidereus, Portugal (2000+2001)
JFITS, Japan (2001)

Boeing, USA (2001)
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Typically one week course
IS sufficient to get started
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VDMTools ®  Qverview

Syntax & Type Checker
Java to VDM++ Integrity Checker

The Rose-VDM++ Link Interpreter (Debugger)

Document Generator API (Corba), DL Facility

Code Generators
- C++, Java
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Why use VDM?

State of Commercial Software Development
Modeling using Abstraction and Rigour
Introduction to the VDM Technology

Potential Future VDMTools Extensions
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The Active VDM Community

VDM Portal (http://www.vdmportal.org/)

« The CSK VDM Group
o Supported by PGL Consult under sub-contracts

 The Overture Open-Source Initiative
* On top of Eclipse platform (http://www.overturetool.org)
* Regular net meetings
« Academic collaboration

 MSc theses: (DK) type checker (DK), interpreter (Por),
proof support (NL), test automation (Por), JML
combination (Por)

 Pacemaker grand challenge
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The Pacemaker Challenge

« A Safety-Critical Application
* Report over project made by Hugo Macedo

e 4 different models made in VDM
* High-level VDM-SL model
e Sequential VDM++ model
e Concurrent VDM++ model
e Real-time distributed VDM++ model

 Follow VICE Guidelines + new validation conjectures
over timed traces

o http://www.cas.mcmaster.ca/sarl/pacemaker.htm
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Potential Future VDMTools Extensions

Support for distributed embedded real-time systems
? Coupling with simulators for continuous time
? Proof support
? Test automation

Directions will depend on customers and funding
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Development Guidelines for
Distributed Embedded Real-Time

Use
Case

Analysis

VDM-SL
System
Spec

B

Sequential
Design
Model

2l

N

—

Concurrent

Design
Model

B

Real-Time
Distr Design 1

S ——

System
Acceptance
Tests
Target ﬁ
Validation
Tests
Target ﬁ
Integration
Tests
Host ﬁ
Integration
tests

Model

Implemen-
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tation
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VDM++ for distributed real-time
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VICE: VDM++ In a Constrained Environment

Today embedded real-time systems are increasingly
distributed

Hard to master complexity within tight time schedules

Recent research work extend VDM++ with better
support for describing and analyzing this

Possibility to use CPUs and BUSes inside system
Deployment of objects to CPUs

Setting priorities of operations

Introduction of asynchronous operations

Cycles statement in addition to duration statement
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VDMTools Proof Support
Overview

PROSPER pr@ :
VDM-SL Theories
VDM-SL Proof suppor
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Potential Test Automation

VDMTools modeling and
testing process

e executable model

designed

* test cases for the model

developed

*the model verified

Interfaces designed and verified

J

VDM model
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Why use VDM?

State of Commercial Software Development
Modeling using Abstraction and Rigour
Introduction to the VDM Technology
Potential Future VDMTools Extensions
Why use VDM?
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Two reasons for using
Formal Methods

 Formal methods reduce development risks and
save development budget

 FMs are cheaper
 Formal methods lead to far fewer delivered bugs
 delivered software is much higher quality
 the extra quality is free
e support costs are much reduced
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