MAT 7003 : Mathematical Foundations
(for Software Engineering)
J Paul Gibson, A207
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http://www-publicit-sudparis.e/~gibson/Teaching/MAT 700

Introduction

http://www-public.it-sudparis.eu/~gibson/Teaching{W 003/L0-Introduction. pdf

FROMMODULE DESCRIPTION

Objectives: Engineering is a bridge between science and mathematich,tten
technological needs of mankind. Engineering discipline® dundamentally
mathematical and problem solving based. Traditional exeging disciplines, such as
chemical, civil, electrical and mechanical, rely heavilyon continuous rather than
discrete mathematical foundations. Software enginedsngn emerging discipline
that applies mathematical and computer science principldbe development and
maintenanc of software system. It relies primarily upor principles of discrett
mathematics, especially logic.

Skills: Capacity to use mathematical reasoning to derive, undefstad debug
software systems. With sufficient practice, the undedyimathematical concepts
become intrinsic to the thought processes, supportingratian hindering thinking.

Pre-requisites:None
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Some Information About Me ....
http://www-public.it-sudparis.eu/~gibson/

Now, what about you ..?

Mile ANDREESCU Oana Fabiana
Mr FERNANDEZ Rolando

Mr LASISI Saheed Abiola
Mme OZAYGEN Hande

Mr PERUMAL Ravindran

Mr TULVAN Daniel-Andrei

Web Site On My Local Pages — open access
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® z & . =
1 e S o 5|06 o desen

TO DO:
Check that you can
access this page

Please note that - to access internet from C106- you may needhe set t

proxy server for your web browser to proxy.int-evry.fr and port 81.
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Web Site On TMSP Moodle Pages
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Ajouter un nowveau sujet
(Aucune bréve n'a encore
&té publice)
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Aller au calendrier.
Nouvel événement.

Activité récente o
Activités observées
Rapport complet des actités
récenes.

Rien de nouveau depuis votre
demiere visite

TO DO:
Check that
you can
access this

page

TO DO: Complete Initial Questionnaire

AT Mot Formisins M S Eginsming i Anbies nnligmes

MAT7003 Initial Questionnaire
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Topics Understanding (0 none, 1~ low, 5 high)

Functions, Relations and Sets

Logic

Proof Techniques

Basic Counting and natural numbers

Numtser Theory and Coding Theory

Graphs and Trees

Graph theory

Formal Machines

‘Computabity

Agorithm Analysis:

Computational compiexity

Algebra and Algebraic Sructures

Linear aigebra

Probabily

Statistcs

Combinatorics

NAME: SIGNATURE:

P G Dot LOR TS, By e

DATE:
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TO DO: Complete Test

This will be provided at class
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Some Information AbouProblem Based Learning ....

THE TROUFLE IV TH EDVCATION

(S eVERYONE &NOWS HoW TO
TEACH ... SUT NoTioDdy KNoWS
How T© LEARN

Reproduction rights uhta\ \‘}lah\e from
R CannunSln{Ek_Eum |

TO DO:

Find and read some
background material ¢
the web about PBL
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RODIN — A tool for formal software development

We will use it in most of our mathematical problems
Its good that you know how to install it yourself

It runs on Eclipse ... which runs on "any" (

% RODIN L

Technologies

Rigorous Open Development Environment for
Complex Systems
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INSTALLING RODIN - http://www.event-b.org/

Session 1: Monday 4th October (9am, C106) - Introduction

Lecture Slides
Introduction: T pdf, @] ppt

Additional reading material

® Weaving a Formal Methods Education With Problem-Based Learning
¢ Software engineering as a model of understanding for learning and problem solving

Useful Links

£"e RODIN - Formal Methods Tool
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http://www.event-b.org/ _ _
http://sourceforge.net/projects/rodin-

Event-B.org . b-sharp/
Home of Event-B and the Rodin Platform
| NAVIGATION .
Event-B and the Rodin Platform
Event-8 Home
DEPLOY Home Welcome to the Event-B.org Website
Rodin Platform
mu':'::é::“ T Event-Bis a jﬁrmal method for system-level modelling and analysis. Key features of Event-B are the use of set theory as a
DEPLOY Repository modeling r,\dtan‘on, the use of refinement to represent systems at different abstraction levels and the use of
Event-B Book mathematical proof to verify consistency between refinement levels.
Community .

D,é"velopment of Rodin is supported by the European Union ICT Project DEPLOY (2008 to 2012). Originally Rodin
development was partly funded by the European Union IST Project RODIN (2004 to 2007).

Use the menu on the left to install the Rodin platform and plug-ins. The documentation wiki contains support for tool
users and developers. The DEPLOY Repository contains resources including papers, Event-B examples and training material.

Event-B is an evolution of B-Method developed by J ond Abrial. Wikipedi ins useful information and links
on the B-Method.

5 | Who are You ?
You are using the Rodin Platform. We would like to know who you are...

More information...
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http://sourceforge.net/projects/rodir-b-sharp/

Find Software  Develop  Create Project = Blog  Site Support  About

SourceFerge.net > Find Software » RODIN

m RODIN by dissemination, halstefa, lvoisin, thanik

Summary‘ Files | Support | Develop
e it

I Open tool platform for the cost effective rigorous development of dependable complex
‘ software systems senvices. This platform is based on the event-B formal method and
| provides natural support for refinement and
{
|

Downl
rodin-1.3
(3l View screenshots

EDIT

Show project details

http://sourceforge.net/project/showfiles.php?groupid=108850
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http://sourceforge.net/project/showfiles.php?group_id=108850&packaged+181714

1666  2010-07-06 766 8o
e
{1 rodin-1.31-sources zip 758 2010-07-06 29 B
| rodin-1.3.1-win32zip " @ 531MB 2010-06-15 444 ES
&7 rodin-1.2.1-macosxzip 4 520WB 2010-06-15 72 E
| rodin-1.3.1-linux zip {\ 531MEB  2010-06-15 166 "4
elnotes_1.3.1.0¢ 121KB  2010-06-15 48 B

The windows and linux versions will match your choice of OS

NOTE: | Browse Files for RODIN
The style of this ~ [rieroidertame  Platom Size  Date|  Downloads Notes/Subscribe
d | d | HewestFiles
OW Oa pag e | m rodin-2 ORC1-linux gtk x86 zip 582MB  2010-00-27 15
Changes regularly | K] rodin-2 ORC1-win32 win32 x86 zip 562MB  2010-08-27 18 >
SO yo u may need m rodin-2.0RC1.r3848-50urces zip 99MB 2010-08-27 10 B}
D rodin-2.0RC1-macosx.cocoa.x86_64.zip 58.0MB 2010-09-27 7 B
to search around i
f h fl | AllFiles &
Or t e I es you ¥ Core_ Rodin Platform 39GB  2010-09-27 19,768 B
need | R 1844 20100927 60 5]
.......................... mB
PEI131 166.6 2010-07-06 766 B8
MB
» 23 Plugin_UML-8 619MB 2010-06-07 85734 [SHS)
» [ Doc_UML-B_Tutorial 839KB 2010-01-08 81 N
» 5 Plugin_ B2Latex £180 20081125 0348 Se
» [ Doc_ Tutorial 20MB  2009-11-03 6,406 5]
» (5 Core_ SASEEG 2009-10-01 233 [N
You do not yet need any » (25 Plugin_ Feature Compositon 50MB 20000706 15354 ) &
z >[5 Doc_Event B LaTeX style 12MB 20090326 2311 se
of the p|ug_|n s but you ST y— we menE w80
0 » 23 Plugin_ Mobility 8298  2007-10-31 701 SN
i
will probably need the S
font specific to the tool e e as
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Rodin - Installation Overview for \Windows
(Linux and Mac installations should be similar)

* Latest Java (jre +jdk) frornttp://www.sun.com — because

RODIN is built on Eclipse Platform

* Unziprodin-1.3.1-win32.zip (to C:\Program Files, eq)

*Place the font file irC:\\Windows\fonts

eStart Rodin C:\Program Files\Rodin\Rodin.exg and install
pluginsif instructed at the first Rodin (Eclipse) screen.

[ Event-B - BirthdayBook/BirthdayBook_C0.buc - Rodin Platform
Fle Edt MNayigatz Search Project Run Refactor Event8 Window Help

2010: J Paul Gibson T&MSmRIathematical Foundations

MAT7003/Intro .15

2010: J Paul Gibson T&MSmRathematical Foundations

MAT7003/Intro .16




A Event B - Rodin Platform =]

Fle Edt Navigate Search Project Run Window Help

. Sha [ (@ proving [ 8) Ever
E EventsExplorer 11 =g el
B @E Feens
L___ES
RS o thiaysook

£ 13 Celebrity
& & Colours

[£l RodinProblems 2 =] Properties | 2] Tasks vent-5 Keyboard %Y =0
0 errers, 0 warings, Dinfos
Description Resource Path Loc...

< |

1 BirthdayBook

Software Updates
Available Software
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I Software Updates and Add-ons

Installed Software | Avalable Software |

|[type fiter text | -

W o - These
@ []000 Uncategorized =
il are

[]900 € and C++ Development __Add Site.

& [[]900 Charting and Reporting i
e userul Iin
& []000 Commurications

& []000 Database Development I t
&[]0 Enating Featres ater
@ []000 Graphical Editors and Framewarks d I

@ []000 Java Development

[C]900 Models and Mode! Development

[C]900 Other Tools

& [[]000 Programming Languages

&[]0 Remote Access and Device Development
& []600 SOA Development

&l [[]5010 Testing and Performance

& []000 Uncategorized

[]000 Uncategorized
'[9 hitrsadin rsharpesourcafocge. netiupd
[]000 Event-8 to LaTeX exporter
=+ =« (I Shared Eveot Corpostion.
< [T ] o . 2
e 00 i e
= [ 9 The Elipse Project Updates " e
e

. Atelier B

B2Latex

[ show only the latest versions of available software
[Flincude items that have already been instaled

-+ProB
Animator

Open the Automatic Updates' preference page to set up an automatic update schedule
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Typical Use of Rodin default Eclipse win

[E Event-B - BirthdayBook/BirthdayBook_0.bum - Rodin Platform

dow layout

File Edt Navigate Search Project Run Refactor Event8 label Window Help
e AU s o T @ provng | B Ever *
£ events Explorer 5 = || @ orthdayBook 0 | @ BirthdayBook 0 53 . BrthdayBook 0 = |2 outine 52 =im)
Bl ™~ A @ pirthdayBook
T T e MACHINE © birthday
Tt BirthdayBook 8 F oo
B2 B Bafdma - 5 % INITIALTSATIO
irthdayBaok %
&4 Carrier Sats SEES AddBirthday
O oot BirthdayBook CO
% Axioms -
et VARIABLES
@ Proof Obligations :
= @ BirthdayBook_0 birthday
@ sirthdayBook o
% Varisbles INVARIANTS
W vy invl :  birthday € PERSON -+ DATE
o Theorems
&% Events
=€ Proof Gbigations EVENTS
G INITIALISATION v
@ addBirthdayjiny 1IN INITIALISATION =
& 1= Celebrity STATUS
%2 Colours :
ordinary
BEGIN
actl # birthday = @
END >
| pretty Print | Edit| Synthesis | Dependencies | Compositon |l 3
2. Rodin Problems | (1 Properties | %) Tasks | B2 Event-8 Keyboard £ =8
|birthday e PERSON |-
Formula;
|
& ¥ L 20
s
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We will start to work with RODIN in the next session (on
Wednesday)

For the remainder of today | want you to work together on a
mathematical problem.

This problem can be solved in a number of different ways, and using
a number of techniques/ski

My goal is to observe how you choose to work on the problem and
what mathematics you choose to employ.

The problem is based on a robot walking around a rectangular grid.
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Robot Walker: stepl
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5,0 5,9

0,5

You are to specify a function, f, that:
Takes as input the:
*size of a square grid

Calculates the x,y co-ordinates of the
robot after it has walkeblalf way
around the grid following a spiral
walk, starting at 0,0 and moving
clockwise.

In the example the function
Calculates
f(6) = (3,0)
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Robot Walker: step2

0,0
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You are to specify a function, f, that:

Takes as input the

size of a square grid and
the starting corner: TopLeft,
TopRight, BottomLeft

Calculates the x,y co-ordinates of the
robot after it has walked half way
around the grid following a spiral
walk, starting al the specifiec starting
corner and moving clockwise.

In the example the function
Calculates
(6, TOPLEFT) = (3,0)
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Robot Walker: step3
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You are to specify a function, f, that:

Takes as input the

*size of a square grid, and
othe starting corner: TopLeft,
TopRight, BottomLeft, and
*The direction: clockwise or
anticlockwise

Calculates the x,y co-ordinates of the
robotaftel it haswalkec half way
around the grid following a spiral
walk, at the specified starting corner
and moving in the specified direction

In the example the function
Calculates
(6, TOPLEFT, clockwise) = (3,0)
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Robot Walker: step4

0,0
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You are to specify a function, f, that:

Takes as input the

esize of a rectangular grid, and
the starting corner: TopLeft,
TopRight, BottomLeft, and
*The directuion: clockwise or
anticlockwise

Calculates the x,y co-ordinates of the
robotaftel it haswalkec half way
around the grid following a spiral
walk, starting at 0,0 and moving
clockwise.

In the example the function
Calculates
(6,6,TOPLEFT,clockwise) = (3,0)

2010: J Paul Gibson

T&MSRathematical Foundations

MAT7003/Introduction .24




Robot Walker: step5 — testing each of the previous steps

How sure are you that your function is correct?

Is it easier to do the maths if the function allows a degree of
error?

What is the error bound of your functic
What mathematics did you (re)use in each step?

Would it be easier to program a solution?
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