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Overview

A Background
I type of project
I use of formality
A Why formality is not enough
I we need to read requirements documents
I we need to understand what we are talking about
I we need to express awide range of concepts
I we need to analyse our descriptions

A Conclusions
I implications for methodology
I implications for tools
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My background: so you know how much to believe

A Type of project
I operational systems in ATC, rail, financial
i 1007 1000 KLOC
| safety related, business critical
| dataintensive

A Role of formality
I emphasis on construction rather than verification
I across whole project rather than critical parts
I limited analysis

A Formal methods
I rich semantics i not just finite state machines
| accessible and scalable notation
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Overview

A Why formality is not enough
I we need to read requirements documents
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Who reads requirements documents?

A Customers
fdonodot wusually know mat hem
I can usually read natural language
I often have their own language and notations

A Developers
I usually familiar with semi-formal notations
I must learn the formal notation

A Testers
A Assessors (safety, security...)
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Natural language

A Every formal statement has to have a
natural language counterpart

A Natural language must stand alone
AThere is no fipriority?o
I the two descriptions have different roles
I any discrepancy is a defect
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Integrating into natural language

1.1 Issue Clearance

) Highlight references to
e Issuing a clearance updates the known clearances. gniig

formal description
Complete Inputs are
English controller?:  the controller who is issuing the clearance
description < flight?: the flight for which the clearance is being issued
for all clearanc@ the new clearance.
readers The operation is only allowed if the conditions described in IssueClearanceAvailablae

\_ Mmet. In that case, the clearance is recorded as issued by the controller.

_IssueClearance
gClearances
controller? :CONTROLLER

Notes only flight? : FLIGHT
for readers clearanc® : CLEARANCE
of formal

IssueClearanceAvailabl®

description , .
clearancelssuedByj clearancelssuedBfy {clearanc® j controller?}

i The new clearance is guaranteed to be unique so clearancelssuedBy
guaranteed to remain functional under this update.
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Domain descriptions

Fix <<ordered>>

Airway

Position

_Airspace

fixes : P FIX
arrways 1 AIRWAY —— seq FIY

U ran airways C fixes

- — Airways in United! Kingdom airspace, showing how they connect
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Domain-specific notations

Field 10: EGLL.A2..UA1.EGPH

FiledRouteElems : F (seq Elem)

Y of Coiladaiad
400 roquearA sy

7 f: FiledRouteElems ®
minFiledRouteSize < # f < maxFiledRouteSize

7T MID -
I( TI3.g5— 09y

a BIBOP
Airways  within France
arg- classifieq as (D)
FL1153000AGL 8 above
and as (E) below,
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Continuous mathematics

A The real world is
continuous.

I Sometimes it can be
approximated by
discrete quantities

I but not always...
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The transformation equations for a sphere of radius &= given by

X
y

k cos ¢ sin (A - Ag)
% [cos ¢ sing — singy cos @ cos (A - Ag)),
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Overview

A Why formality is not enough

I we need to understand what we are talking about
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Formality and meaning

A The meaning of formal terms

A Facts and desires
A What is true and what we know
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The meaning of terms

Track

We use a subset of the attributes that come in the track message.
Attribute Name Reference Definition Notes
position 1001/042 The x and y co-ordinates in system coordinates
smoothedAltitude | SPD01/210 The uncorrected altitude from the smoothed 1

SP001/060

mode C in feet.

The “Reference” column shows which field in the track message is used to derive each data

ifem

Track

Position

smoothedAltitude - optional Altitude

Altitude is a natural number that represents uncorrected height above mean sea level in

feet. It is the height that an altimeter calibrated to a pressure of 1013.2 millibars at sea level

would read. Its correspondence with physical height depends on the current pressure.

Altitude ==

© 2007 AITHONY HALL

Integrating Formality9th September 2003

BCS SPECIALIST GROUP

©BCS



The danger of invariants

A What is the role of this fragment?

Aircraft are separated if they are at the same level and 5nm apart or their levels differ by 2000ft.

_SeparationOK
AircraftPosifions

v al.a: aircraft ®
distance(position(al). position(a2)) = lateralSepMin
vV abs(level(al) — level(al)) = verticalSepMin
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What does the specification describe?

A controller is able to issue a clearance only when she is inComm with the flight.

IssueClearancedvailable
ControlState
controller? . CONTROLLER
flight? : FLIGHT

- ———
controller? = flightlnComm With(flight?)

Are you sure
someone told the
system about the
INnComm?
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Overview

A Why formality is not enough

I we need to express awide range of concepts
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Expressiveness of Formal Specifications

Abstract
state

Rules

Atomic
state
changes
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Clearances

clearanceForFlight : CLEARANCE —+ FLIGHT
clearancelssuedBy : CLEARANCE — CONTROLLER

IssueClearancedvailable

ControlState
controller? : CONTROLLER
flight? : FLIGHT

controller? = flightlmCommWith(flight?)

IssueClearance

A Clearances
IssueClearancedvailable
newClearance? : CLEARANCE

clearancelssuedBy' = clearancelssuedBy |J {newClearance?

= confroller?}
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Concurrency and Timing

A Concurrent activity

Flight.y = nComm?i — Flight;,[]
clear'x?c — Flight, .

A Time bounds

IssueClearance(f.c) = withinF(Clearande(f) = c, maxClearDelay)

A Not integrated into model-based methods

BCS SPECIALIST GROUP

© 2007 AITHONY HALL Integrating Formality9th September 2008 @& BCS



User interfaces

A Lexical
I formality irrelevant

A Syntactic
I finite state machines

A Semantic

I link to abstract
specification
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