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IFAD
Syntax and Type Checking

cashdispenser.prj - The IFAD ¥DM++ Toolbox
Project Tools Options Help
Syntax Check | Type Check | Generate C++ | Generate Java | Pretty Print |
e Classes
= volim++ =
Accournt E T = = mm Accountrtf
Card S T = = = Cordf
Cardhalder S T = = == CardHolder rf
CentralResource E T = m m  CerfralResource rf
ek = T o mm  mm (Clock v|
I_
Log
Type checking CentralResource ... done j
Type checking Clock ... done
Type checking Letter ... done
Type checking Letterkbox ... done
Type checking Test ... done
Type checking Till ... done
1| | »
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Validation with VDMTools® "

VDM specs Actual results
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IFAD
Test cases Expected results




- IFAD
Documentation in MS Word/RTF

One compound document:
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. IFAD
The Rose-VDM++ Link

o Supports round-trip engineering with
Rational Rose

o Offers the complementary benefits of
the graphical notation UML and the
textual formal notation VDM++

o Massive use of UML expected world-
wide!




| IFAD
The Rose-VDM++ Link

Validate requirements
and design.
Test your models!

<_ Rose-VDM++ Link J \
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. C IFAD
Integration Principle

VDM++ specification UML Model

Mapping Rules

10



L IFAD
Assoclations

o Clientship relations are represented in UML as an association:

cl ass Producer cl ass Consuner
| nst ance vari abl es | nst ance vari abl es
buf: Buffer buf: Buffer

e Associations can have multiplicity

1 staff *
Employee

cl ass Conpany
| nst ance vari abl es
staff: set of Enpl oyee;
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Inheritance

IFAD

In UML inheritance is termed as generalization.

Vehicle

1

LandVehicle WaterVehicle

1 1

Car

Amphibious

Boat

In VDM++ the “is subclass of” keyword identifies the
Inheritance relations between classes

cl ass Vehicle

end Vehicle

cl ass LandVehi cl e
I s subcl ass of Vehicle

end LandVehi cl e

cl ass Anphi bi ous
I s subcl ass of
LandVehi cl e,

Wat er Vehi cl e

end Anphi bi ous
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IFAD

A Class Diagram

Attributes The Buffer class

Class Name

Buffer

<<stereotype>> name: type

w<<value>> size = 10

<instance variable>> buf : seq of Value

®<<operation>> Getltem() : Value

<<stereotype>> opname(p:type,...): type

AN

®<<operation>> Putltem(item : Value)

®<<function>> Incritem(item : Value) : Value

Operations
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Mapping Rules

IFAD

class A
i nst ance vari abl es
toC. C
end A

class B is subclass of C
i nst ance vari abl es
b: nat;
seqof A: seq of A
oper ations
public Get: () ==> nat
Get() ==
return b;
public Set: nat ==> ()
Set(val) ==
b := val
end B

class C
i nst ance vari abl es
sel fLink: C
end C

IIIIiiIII
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. . IFAD
Architecture of Link

VDM++ Toolbox Rational Rose 2000

UML
Diagrams

Class Class
Repository Merge Tool Repository

UML model
file

VDM++ Files




IFAD
Toolbox API

Cash Dispenzer

e il
_— cashdispenser.pry - The IFAD VDK -++ Toolbox
EaTillo: Card1 [M[=]E3 Projoct  Tools  Options Help
RequeSt Symiax Chack r'."p-e-i.'hncl:|'3ene1'u:ct++ -aemru:e.uulmm |
Insert card
e i = = Clisses
Enter PIN T teat i|
"Evang E - - . s Eennl il
Return card | - - - = o —
* Bl = e = e iegacanddl
Get balance s ard = = = = fEerdcerd il
Rt ™ e rd - o Em Em ca® efeee e ;|-
Make withdrawal ) Log
i MU alle] j
Request statement e £ Tl
= TH cardlk = Makea
T cwrCand = rl,
T resouroe = objred
Tl retsines sz = | =
1 J | /j

=i Information Ed

]
Tl The balance of Card 1 is 5000 Resu |t

OK
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. . . IFAD
Dynamic Link Facility

/ VDM [ \
Specification '
Dynamic Link
— Module
N\ o 4
/ External A 4 . \
Type m
Conversion
<:> Module

O
o
o
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Japanese Support

IFAD

£3 The IFAD ¥DM++ Toolbox

Project File wWindows Actions Interpreter Help

=10] x|

ﬂ mo - Eﬂ[*i* -

lzle= | =]

Project ICIaSS |

B Manazer B[=1E3 | §E Source Window

Hor | dCus-8J18. vep |

HﬁTQJEﬁ\ mpf]

R T ]

Kl

-

— [ T

Files | F—2E -KTS V)L [ <o —> ’
[Froject - | {Italy> | <Chjle> | <dustria> | <Cameroon> |
& [VOM Files] Francer | <Tw=—75> | <Southbfrica> | <Saudibrabia> |
- Default Migaria> | <Parasuayy | <Seaind | <Bulgzaria> |
E-Uerau Holland> | <Mexicor | <Belgiumy | <Scuthkorea> |
“MorldCup-5J15. vep Germary> | Yugoslaviar | <Irand | <UnitedStatesr |
Rumania> | <England> | <Colombia> | <Tunisia> |

<hrgentinay | <Croatia> | <Jamaica> | <Japan>;

L= = < | B | <0 | <D | <Er | <Fr | <G | <H

Moroccor | <Scotlands | -

B oz Window _EEIE

BError List Bi= B

(1): D:lzersd/peterMor ldCup-3J15. vep Line 1, Column 31 i’
2 D zersdeeterdMor| dCup-SJ1S. vep Line 11, Column 6
(3): D:AUsers/peterMor | dCup-SJIS. vep Line 11, Column 34
11,

EJ (4): D:/Users/peter/or |dCup-5J1S. vpp Line
JJ

Expected:
hesumed:

OI’
T mv

before
|nstead of

0: /Usersfpeter/WorldCup N ERTST

L ¥

¥ul0

Column 79
A
_Ilu‘.

1, c. 7:
g%? W20ACYU0152 © =
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. . . IFAD
Free Academic Site Licenses

o For teaching purposes
o For research purposes
e So far more than 30 around the world

o Fitzgerald&Larsen book translated to
Japanese

o A VDM++ book to be published 2002
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. IFAD
Future VDMTools Extensions

o Reverse engineering from Java
o Real-time features

e Proof support

o Test case generation (ISPRAS)

o Database reverse engineering
(Sidereus)

o No more EU projects

o Directions will depend on customers
20



. IFAD
New Proof-support extensions
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. IFAD
PROSPER Component View




. . IFAD
Proof obligation generator

al PO inlod eyt fon

Ganarabad Al b g | Ciia o SEE PO S
Bchedule L1211 Irpeariands Pt
F il 13¢c.33 map applcaion e, ¥ Preved
Piand Be Eeh U St e bon p._ e ¥ Failed
HumksriEmpans i3 Fulie I | map applcadion Pt _
Exepearils Oy 4033 (BT Er T = ¥ ADeg il
Expeers OnCaty 4 ¢ 48 map applcaian e
Expeerilz OnCuty 473 mehausiva funchion p, Mew ¥1 Regected
ExgeeriTo age o i ifpear ks [EE (¥ Hew
ExpeeriToPage b i map applcaian e & B
ExpsriToPaga 45 3 salsnahiiy =

Lirsplay For Selected Brool Obligations Chech | Accepl | RBejed |

Hromsing Source: & ymosper guratar mostm s

Proof Obligatiore  Echeduls, 1. 18 0. 1ln iesrsrisscs w5 i

forall & im s=k alacwE & -
forall per in et dom achedule
ualiticasiondK | schaduleipec) &, qualt] ;

ime_Eupart|sx

Schedulis = map Feriod bo ast of Expett
iny a0l wm
focsill =EE in =eit zng =ch c
e EE r 43 danid
Eormll exl, =3I in m=ft mmEr &

2yl o mW2 ek exloewpeecid o enEenpeEcids

Fexind = CTONER!

Ewperc 11 eapsrcid | EapesrcId - 23




PROSPER Case studies

IFAD

o Alarm

o Tracker

o Safer

o Line database (RTRI)
e Interlocking (RTRI)
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o IFAD
Development Guidelines for RT

Use VDM-SL System
Case System Acceptanc
Analysis Spec e Tests
Sequential Target
Design Validation
Model Tests
b Concurrent Target
Design Integration
Model Tests
b Real-Time Host
Design Integration
Model tests

Implemen- '
tation

25



IFAD and RedVerst processes

_ _ IFAD
integration

VDMTool/IFAD modeling
and testing process

e executable model

designed

* test cases for the model

developed

sthe model verified /

Interfaces designed and verified

VDM model design iterations

The target software
IS evolving

VDM++TesK process
e constraints specified
* test suite designed

* Regression testing infrastructure built

26



IFAD
VDMTools® Tutorial

[]
]
]
[]
>

Demonstration overview
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IFAD
The Cash Dispenser Model

o Model of a system of tills and a central
resource.

o Customers interact with tills by
Inserting a card and entering a PIN

e Central resources contains detailed
records of customers’ bank accounts

 “lllegal” cards are kept by the till.

28



| IFAD
A Cash Dispenser Example

\ /

Tills

Central
Reposﬂory

Y{
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. . . IFAD
Requirement Specification

There are many tills which can access a central resource containing the
detailed records of customers’ bank accounts. A till is used by inserting

a card and typing in a PIN (Personal Identification Number) which is encoded
by the till and compared with a code stored on the card.

After successfully identifying themselves to the system, customers may

try to:

1. view the balance of their accounts

2. make a withdrawal of cash

3. ask for a statement of their account to be sent by post.

Information on accounts is held in a central database and may be unavailable.
In that case 1) above may not be possible. If the database is available,

any amount up to the total in the account may be withdrawn, subject to a
fixed daily limit on withdrawals. This means that the amount withdrawn

within the day must be stored on the card.

“lllegal” cards are kept by the till.
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IFAD
Development Process

e Analysis (using VDM-SL with API animation)
o alternative to use cases
o abstraction from multiple tills

e Design (using Rose VDM++ Link with
systematic testing and APl animation)

o abstraction from possible failures of tills
o Implementation (with concurrent VDM++ model

and automatic Java code generation combined
with user interface)
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. IFAD
UML Class Diagram

CentralResource :
cardOKk : bool = false date : Date
illegalCards : set of Card Cardld = {} -clock
Create() numberOfTries : map Card'Cardld to nat = {|-> GetDate()
validate() maxNumberOfTries : nat = 3 SetDate()
CardInside()
GetBalance() Create() Letterbox
InsertCard() “fesourcel AddAccount() -letterbox
ReturnCard() CElETEEE) PostStatement()
IsLegalCard() Ui U GetLastStatement()
CardValidated() IsLegalCard()
MakeWithdrawal() PostStatement()
RequestStatement() AddlllegalCard()
Encode() IncrNumberOfTries() {ordered}
ResetNumberOfTries()
: -statements [ q »
Account’Accountld Letter
-accounts date : Clock Date
A . name : Cardholder’Name
ccoun } "
_curCard _retainedCards address : Cardholder’Address
0.1 0.* balance : nat balance : nat
= transactions : seq of Transaction = [] transactions : seq of Account Transaction
Card dailyLimit : nat = 2000
code : Code Create()
cardld : Cardld Create()
accountld : Account Accountld AddCard() Cardhold
GetBalance() el ey
GetCode() GetCardlds() name : Name
GetCardld() Withdrawal() R address : Address
GetAccoun“d() MakeStatement() Card Cardld
Create() ValidTransaction() _cards Create()
Sum() GetName()
Transactionslnvariant() GetAddress()
DateTotal()
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. IFAD
Further Information

e VDMTooIs brochures

e Download all VDMTools documentation and executables
from http://www.ifad.dk/Products/VDMTools/executables.htm

o Toolbox Newsletters available at
http://www.ifad.dk/Newsletter/index.htm

o Features described at:
http://www.ifad.dk/Products/VDMTools/features.htm
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