Formal methods
with out the maths!

David Streader

dstr @s. wal kat 0. ac. nz

Department of Computer Science
University of Waikato

Hamilton, New Zealand

|

Formal methods — p.1/13



Overview of Formal methods

o N

® Why bother?

oooooooooooooooooooo



Overview of Formal methods

o N

® Why bother?
#® What s it?

oooooooooooooooooooo



Overview of Formal methods

o N

® Why bother?
#® What s it?
# What are we doing that is so clever?

oooooooooooooooooooo



Overview of Formal methods

o N

® Why bother?
#® What s it?
# What are we doing that is so clever?

® Conclusion

oooooooooooooooooooo



Why bother?
-

# Some FM industry success!

oooooooooooooooooooo



Why bother?

o N

# Some FM industry success!
# NASSA, AirBus, Military, Transport, Electronic Money

Formal methods — p.3/13



Why bother?

o N

# Some FM industry success!
# NASSA, AirBus, Military, Transport, Electronic Money
# UK Military - For reliable systems FM Is cost effective!

o |

Formal methods — p.3/13



-

Why bother?
-

# Some FM industry success!

# NASSA, AirBus, Military, Transport, Electronic Money
# UK Military - For reliable systems FM Is cost effective!
# People want reliable systems

|

Formal methods — p.3/13



© o o o 0

Why bother?
-

Some FM industry success!

NASSA, AirBus, Military, Transport, Electronic Money
UK Military - For reliable systems FM is cost effective!
People want reliable systems

Lawers want laws

|

Formal methods — p.3/13



© o o o o ©

Why bother?
-

Some FM industry success!

NASSA, AirBus, Military, Transport, Electronic Money
UK Military - For reliable systems FM is cost effective!
People want reliable systems

Lawers want laws

But When!
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What Is It?

Engineering «— FM — Maths T
Conceptual pressure is applied to a FM from both sides
|deally the maths should give way to the engineering

FM gives a rigorous definition of what you and
what you have

AND the abillity to either:
1. verify that what you have is what you want
2. to construct what you get from what you wanted

FM: — Implementation
Key is Modularity and Abstraction (information hiding)! e
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Two Worlds two semantics
|7 Objects T

ADT Process
State — based Event — based
Relational < Operational LTS
Semantics Semantics

Each World has its own

# Things to talks (overlapping)
#® Set of assumptions

# Methodology

These may be implicit. o
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® State based view of ADT

dle—20 e dle
Busy Busy Busy
J_ ........................... >J_ J_ .......
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Example
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® State based view of ADT

dle——9% . idle de  © idle
Busy Busy Busy Busy
oo - | IR NI
/ do \
do Idle< di,do Busy
. T
® Event based view e
: . L
# Sequential composition?
#» Are implicit methodological solutions OK? o
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Our Bridge
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# Problem is that semantic models are ambiguous!
Have conceptual holes in them?
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can be specialised to give known refinements o
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What have we found - State based

o N

# Using this bridge we can compare
formalisms+methodologies+ semantics that have
developed in relative isolation for some decades.
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o N

# Using this bridge we can compare
formalisms+methodologies+ semantics that have
developed in relative isolation for some decades.

# Both Z and B use ambiguous relational semantics with
a notion of sequential composition that is “not what you
would expect”.

# Both have methodological solutions B has explicit
methodology Z either has implicit methodology or Is just
mathematics so users beware!
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Specification
-

Using handshake actions.

S C >0 bl >0 dl ——€
VM1
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Specification
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Using handshake actions.

S C >0 bl >0 dl ——€
VM1
S C >0 b2 >0 a2 e
VM2
b2 — " d2——¢
S C >O=—"

b1
VM o0

Actions synchronise via b1 and b1.
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Specification
0 -

sing handshake actions.

S C >0 bl >0 dl ——€
VM1
S C >0 b2 >0 a2 e
VM2
b2 — " d2——¢
S C >O=—"

\
bl —

Robot USe cases:
a - drink d1 from vm1
b - drink d2 from vM?2

L ¢ - drink d1 from vMm. J
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Stepwise development

1. Use case a - drink d1 from vM1 :

def _
R1 = ¢pbldlrl

2. But R1 falls to satisfy use case b - drink d2 from vm2.
3. Rob satisfies use cases a and b.

d2 >0 r2 —e

Rob bl — d1l >0 1 —e

4. R1 Cx Rob can be established using LOTOS'’s ext, conf or
Crs “Weak sub-typing”

5. At this point actions are viewed as being defined at an
adequate level of abstraction.

|

Formal methods — p.11/13



-

Problem

1. We are unable to satisfy the third use case c.

-



Problem

o N

1. We are unable to satisfy the third use case c.

2. From this we conclude that the actions we have chosen
are not at an adequate level of abstraction.

o |

Formal methods — p.12/13



Problem

. We are unable to satisfy the third use case c. T

2. From this we conclude that the actions we have chosen

are not at an adequate level of abstraction.

. Using event based FM we would rewrite specification
using different actions.

|

Formal methods — p.12/13



Problem

. We are unable to satisfy the third use case c. T

2. From this we conclude that the actions we have chosen

are not at an adequate level of abstraction.

. Using event based FM we would rewrite specification
using different actions.

. For large processes, changing the formal specification
could entail a huge amount of work.
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