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Introduction

= Model-Based Design
= EXxploit computational models
= Increasingly adopted in industry

= Modeling at an enterprise level
= Many different modeling formalisms

- Relate and combine models
= Different parts of a system
= Different design stages of a system

= Challenges
= Efficiently manage models, formalisms and levels of
abstraction
= Efficiently evaluate dynamics of different computational
semantics
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Model-Based De3|gn

Requirements and
Specifications

|

Functionality

|

Excel
Word
Scenario diagrams

Block diagrams
Statecharts
Hybrid Automata
Bond graphs

C/C++
Implementation Java
HDL
@ ASM
DEVS
Test and Automata
Verification Numerical Values

Polynomials




< ) The MathWorks

Model analysis

2.1.5 Hydraulic pressure 3 failure

If a failure is detected in the hydraulic
pressure 3 system, while there are
no other failures, isolate the fault by
switching the Right Outer actuator to
the off mode.

go_off[lin(off)] [send(E,RI); (o#

en:RO_mode=1;
ex:fails++;

[llow_press[3]&&...
IR_pos_fail[1]]
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Control flow analysis

Condition coverage
Decision coverage
Range (min/max) coverage

Modified condition/decision coverage (MC/DC)
- DO-178B

Ensure there Is a:

= Requirement for each model element

= Test for each model element
= Test for each requirement
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Yet another design triangle

« Complete [E
= Lacking ]
= Superfluous B

Requirements Tests
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Lacking test

= Never fully tested going to active

ﬂ ['LI_act)|RO_act{}] \
O =

S LI_act()]

go_off[lin{off)] E!ﬂmgagr?:i?[[:]]]&&. S

N — 7

L go_isolated/...
[fails==5] \l} %7 send(E,LI);
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Misinterpreted requirement

= Four possible left multiple fault permutations
= Hydraulic 1 && hydraulic 2
= Hydraulic 1 && position 2
= Position 1 && hydraulic 2
= Position 1 && position 2
2.1.15 Multiple failures on

Left hydraulics and actuators

If multiple failures are detected _ w[ Lo L W RI RO
in hydraulic pressure 1 or 2 Hydraulics 1 57 actuator | | actuator | ¢ | actuator | | actuator

systems and either the Left :%

Hydraulics 3

Outer actuator position sensor i
or Left Inner actuator position

sensor, isolate the fault by LDL || RDL
switching both the Left Outer PECU2
actuator and Left Inner
Actuator to the isolated mode. LIO || RIO

PFCU1

Hydraulics 2 ‘
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Model transformations

= New synthesis (model elaboration) methods
= Adapt synthesis implementation

= Domain specific modeling formalisms
= Evolve constantly
= Require modifications of transformations

= Model transformations

= Risk of making a change in software is proportional to the size
of the software, not the change...
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Computer Automated
Multiparadigm Modeling

= Computer Automated Multiparadigm Modeling
(CAMPaM)

= Annual McGill Bellairs workshop

= Three elements of CAMPaM
= Multi-formalism modeling
= Meta-modeling
= Multiple levels of abstraction

= Model Model transformation
= Graph grammars
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What is a model anyway?

= A system that represents a system

system

V¥ model

= Representation in a formalism
= Formally define a formalism (Ogden-Richards
triangle of semiotics)
= Syntactic domain
= Semantic domain

Fo
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Defining a formalism

= The syntax can be defined by
= Enumeration

= A meta model
= For example, a grammar

Fo
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How do you define the semantics?

= Model transformation

\@:M Vs
T

\'/W
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Mapping the semantic domains

= The semantic domain to be defined needs to be
subsumed by the semantic domain of the defining
formalism

iiviRs
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What is a 'formal method'?

= [EC 61508-7

B.2.2 Formal methods
Aim: To express a specification unambiguously and consistently, so that mistakes and
omissions can be detected.

Description: Formal methods provide a means of developing a description of a system at some
stage in its specification or design. The resulting description takes a mathematical form and can
be subjected to mathematical analysis to detect various classes of inconsistency or
incorrectness. Moreover, the description can in some cases be analysed by a machine with a
rigour similar to the syntax checking of a source program by a compiler, or animated to display
various aspects of the behaviour of the system described. Animation can give extra confidence
that the system meets the real requirement as well as the formally specified requirement,
because it improves human recognition of the specified behaviour.

A formal method will generally offer a notation (generally some form of discrete mathematics
being used), a technique for deriving a description in that notation, and various forms of
analysis for checking a description for different correctness properties. Starting from a
mathematically formal specification, the design can be transformed by a series of step-wise
refinements to a logic circuit design.
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In terms of formalism elements

= Informal: One can create a sentence that is not
provable part of the language

= Semi-formal: One can create a sentence with an
unknown logical value

- Formal: All sentences have known logical values

syntax semantics

informal

semi-formal

formal
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Model-Based Design application

Analysis of power window system
Model plant with a Petri net

Model controller with a statechart
= Automatic transformation into a Petri net

Compose plant and controller Petri net
Generate reachability graph

Perform model checking

= The state with high current while in between top and
bottom of the frame cannot be reached?
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Composed controller/plant model
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Reachability graph
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Model checking results

BODE 1AEELZ

romd’, Tinsertobiect’, 'object.Absent’, 'removelbiect’, 'control.Bewtral’, 'True' ]
toontrol. Bk ral ' macvelbiect!, ‘obdect.Present’, "omd”, "Troe' )
‘oontrol.Beutral’, 'emd', "obdect.ARsent’, 'True'|
toontoel.Meutral f tomdlpt, " Tome |
roontrol. mowingl "Tru" |
fobdect . Absant! "Trus" |
roontcol.mowinglp’, " objeot.Absent’, 'True' ]
tobjeot Asant', 'control.mewinglp, 'True' ]
. Toontrol.mowlngle’, 'obdect.Absent’, T )
L_Top®, ! rol.Beutral’, fobdect. Abse T |
"Mad_Top’, "oontrol.BGutral', tobdect.Absent’, 'TIue']

o Toontrol.Beutral', fobieot.Absc o "Trme', "deadlock’ ]
roontrol.Beutral’, *oebdjeot. Abss o Tomddtep’, '"Tom', 'desdlock’ ]
roontrol.Seutral’, *omdbown', 'cobdsct.Abssnt’, 'Tom' ]
ropdect. Abesnt', foontrol.mewingDoen', 'Tre’|
rordect.Anesnt', foontrol.mewingDoen', 'True’|
ropdect.Absant’, 'control.movingbosn’, 'TIue' ]

Kemtral®, 'obdect. Absent', "HL Bot', "Trom']

Y, Toontrol.Beutral’, ' obdect. Abss "Tru' |
foontrol.Sutral’, fobdect.Absent', 'True', 'deadlock’ )
roontrol.Seutral’, fobdect.Present’, "omdUpt, remows (D
ropdect. Fresent’, " oontrol.povinglp', remewelbdect’,
rondect. Present’, ' control.movinglp’, 'remewelbect’, 1

I3[ "obdeot Present’, "Med Mid', 'oontrol.Emscgmnoy’, 'mEovelbiect', 'Troe']

Z4["control. Epergenoy’, TMed Mid', 'objsct.Absent’, 'True']

2&["control.Wemtral’, 'obdect.Abscnt', "Hed Mid', 'Trus']

Za[eontrol. Beatral ', 'Low Eid', "obdect.ibsent', 'Truee', 'desdlock']

IP[Teontrol.Bemtral’, 'obdect.Present’, TEed Mid', 'remoesliiect’, 'True'|

Za['eontrol.Keatral', ‘Low Mid', 'obdect.Present', 'remceelibiect', 'Truet|
roontrel.Beutral’, *obdect. Present”, 'omdStep’, 'remcvelbiect’, 'True' ]
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rordect. Present’, ' mmowelbient’, 'oontrol.mowlngbown', ' Troe' |
‘ordect.Pesent', ' mmovelbiect', 'oontrol.mowingbown', *Troe' |

33['cbdect Present’, 'HI Bot', "meooweObdeot’, 'eomtrol.mowinglown’, 'Troe'|

M["control.Bemtral', 'obdeot. Pressnt', il_Bot', 'remowelbiect’, "True' |

35["Med_Bot', 'oontrol.Beutral’, febdeot.Present’, fremovelbiect’, 'True’|

Y, Toontrol.Beutral’, *obdect.Pressnt’, remorelbdect', True’|

] FirsertObdect', 'oentrol.Bembral', 'obdect Absent', 'remevelbdect',
3["Low_Bot', 'imsertObiect’, centrol.mevinglpt, "obdect.Abssnt', ' IemceeCbdeot’

30" insertibdect’ , ‘Low MLd', 'cbiect Absent’, 'control.movinglp', 'remowelbdect'
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g', 'imsectobject', 'oontrol mewingUpt, 'object.Absant', 'remevelbieot', ' Troe']
43["HL_Tog', 'object.Pressnt', ‘oontrol.mewinglp', 'remcvelmiect’, 'True']
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48[ "Med_Top', 'imsectObdect', ‘control.Beutral’, 'object.Absent', 'removelbiect', 'Troe|

400" Low_Top', 'imsertObdect’, 'control.Beutral’, 'object.Absent’, Temewelbdect', 'Troe'|
‘odect.resent’, ' control.movinglpt, 'mEewelbiect', 'True']
rondect. Present’, ' control.movinglpt, 'emcwelbect’, "True'|
YirsertObdect’, foontrol.®emtral’, fobdect.Abssnt', 'eEovelbdect', 'amditop’, 'True'|
UirsgrtObdect’, 'oontrol.Beutral', 'object.Abssnt’, 'remewelbiect', "omdboen', "True'|
rirsertObdect’, 'obdect Absent', 'removalbiect', 'oontrol.moringloen’, "Troe’

o Uimssrtdbdect’, 'obieot Abes ' remwabdeot', rol.mwingban', 'Trm’ ]

C['lnsertobdent’, 'Hi_Bot', 'cbdect.ibesnt’, remowibiect’, 'oontrol.mowingDown', ' Tooe |

S7["Insertbdect’, ‘control.Beotral', 'obdect.Absent', 'HL Bo "oemowelbdect', ' Troe' |

BR["Med_Bot", 'imsertObdect’, 'oomtrol.Beutral', fobdect.Abscn emewelbiect’, " Troe'|

S0['Los_Bot', 'imsertObject', ‘control.Beutral’, 'object.Absent', 'remewelbdect', 'Troe'|

——>» FORMIOLA = HL_Mid
-—» LIST OF WODES WHICH SATISFY THE FORMILA =
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Formalisms with different
computational semantics

= Two possible approaches
= Transformation
= Combination

= Often discrete event and continuous time
behavior
= Hybrid dynamic systems
= Hybrid dynamic systems

= Discrete state perspective
= For example, hybrid automata

= Equation based perspective
= For example, hybrid bond graphs




<) The MathWorks MATLAB*& SIMULINK®

Generic execution structure

= DSblock

= Modelica execution specification
= Simulink S-Function interface

= |nitialize

- Update

= Derivatives

= Zero-crossing

= Output

= Discrete event, continuous time
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Generic execution structure

= DSblock

= Modelica execution specification
= Simulink S-Function interface

= |nitialize

= Update (Qg)

= Derivatives

= Zero-crossing

= Output (f)

= Discrete event, continuous time
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Block composition

- Compose functions across types

General block Gain/Delay Output/Output Output/Update
combination aggregation aggregation
u, U u u
i pN | e
U—»&—rx’ f V< < i x
AN
\4 v v M
e Y Z— gy IHX
; 1—? Y

e
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Hybrid dynamic system behavior

= Jumps between generalized state spaces

= State space constraints
= Admissible state space
= Jump within a state space
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Sequences of mode changes

= Mythical mode
= Pinnacle
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Pathological behaviors

= Divergence of time
= Chattering
= ... Zeno ...
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Conclusions

= Model-Based Design
= Enterprise-wide usage

= Model analysis ties together
= Requirements
= Design
= Functional
= Implementation

= Tests
= Important research

= Computer Automated Multiparadigm Modeling
= Hybrid Dynamic Systems
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