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Semantics of Functional Languages 1

@ Program = list of function definitions

e Simplest setting: first-order function definitions of the form
f(l’l,...,l‘n) =1t

e function name f
o formal parameters z1,...,2,
o term t over (base and defined) function calls and 1, ..., 2,

e Operational semantics (only function calls)

e call-by-value case:

t1 — 21 ooty — 2y txr o 21, Xy o 2] — 2
f(t17...,tn)—>2

e call-by-name case:

tleg =ty o =ty — 2

fltr, .o tn) — 2
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Semantics of Functional Languages 11

@ Denotational semantics

program = equation system (for functions)

induces call-by-value and call-by-name functional
monotonic and continuous w.r.t. graph inclusion
semantics := least fixpoint (Tarski/Knaster Theorem)
coincides with operational semantics

o Extensions: higher-order types, data types, ...

e see [Winskel 1996, Sct. 9] and Functional Programming course
[Giesl]
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Semantics of Concurrent Languages

@ Problem: “classical” view of sequential systems
Program : Input — Output

not adequate for concurrent settings
e Missing: aspect of interaction
e Typical approach:
e concurrency modelled by interleaving
o interaction modelled by (explicit) communication
e Example: Milner’s Calculus of Communicating Systems (CCS)
o Syntax: P:=0|a.P| P+ P | P | Py ..
o (Operational) Semantics: labelled transition systems defined by
transition rules of the form

Pop pap PSP QS5Q
aP5P P+Q3P PIQSP|Q PIQSP|Q

@ see course on Modelling Concurrent and Probabilistic Systems in
Summer 2009 [Katoen, Noll] and [Winskel 1996, Sct. 14]
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The COMPASS Project

COMPASS

Correctness, Modelling and Performability of Aerospace Systems

Current Situation
Yes, formal methods are applied for aerospace systems, but not in a
coherent manner at the systems engineering level

Systems Engineering

“Identification and quantification of system goals, creation of
alternative system design concepts, performance of design trades,
selection and implementation of the best design, verification that the
design s properly built and integrated, and post-implementation

assessment of how well the system meets (or met) the goals.”
- NASA’s Systems Engineering Handbook, 1995
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Evaluating Critical Embedded Systems is

Software Hardware Software

Coherency issues

e Co-engineering
@ Analysis of degraded modes of operation

o Assessment of Fault Detection, Isolation and Recovery analysis

m Semantics and Verification of Software Winter semester 2008/09



ESA’s Wish

\

s esa “Provide a unified modelling language that is

Z—

%f/

s

\ g amenable for validation and verification”

=

=

Three Components

o Modelling language
e Verification and validation activities

e Toolset
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ystem- evel ntegrated

Component-oriented
Sub/supercomponents
Event /data ports

(Probabilistic) error behaviour

]
°
]
o (Functional) nominal behaviour
]
e Hybrid behaviour

odelling Language
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SLIM Example: Battery

[System] Power.Imp

Nominal

primary

[Device] Battery.imp: battl [Device] Battery.imp: battl

Nominal Nominal

charged charged

) energy >= 15 ) energy >= 15
energy' =0.01 | o) yoitage := f(energy) energy' =001 |/ yoltage := f(energy)
energy’ >= 20 energy’ >= 20

empty =>
energy < 20

depleted ™ ojtage := f(energy)

empty =>
energy < 20

depleted ™ ojtage := f(energy)

m“ antics and Verification of Software nter semester 2008/0



SLIM Example: Battery

device type Battery
features
empty: out event port;
voltage: out data port real;
end Battery;

device implementation Battery.Imp

subcomponents
energy: data continuous initially 100;
modes

charged: initial mode
while energy’=-0.01 and energy>=20;
depleted: mode
while energy’=-0.015;
transitions
charged -[when energy>=15
then voltage:=f (energy)]->

charged;

charged -[empty when energy<20]->
depleted;

depleted -[then voltage:=f (energy)]->
depleted;

end Battery.Imp;
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SLIM Example: Redundant Battery System

system Power
features
voltage: out data port real;
end Power;

system implementation Power.Imp
subcomponents
battl: device Battery.Imp in modes (primary);
batt2: device Battery.Imp in modes (backup);
connections
data port battl.voltage —-> voltage
in modes (primary);
data port batt2.voltage -> voltage
in modes (backup);
modes
primary: initial mode;
backup: mode;
transitions
primary -[battl.empty]-> backup;
backup -[batt2.empty]-> primary;
end Power.Imp;
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SLIM Example: Specifying Fault Behaviour

error model BatteryFailure
features
normal: initial state;
dead: error state;
end BatteryFailure;

error model implementation BatteryFailure.Imp

events
fault: error event occurrence poisson 5;
transitions

normal -[fault]-> dead;
end BatteryFailure.Imp;

Fault injection: in error state dead, voltage:=0

m Semantics and Verification of Software Winter semester 2008/09



Topics for Theses

@ Visualization of SLIM Specifications
e tool: SLIM specification — graphical representation
e visualization of hierarchical system structure and component
interconnections
e challenge: support dynamic reconfiguration
@ Translation of SLIM into PRO[B]MELA
o PROMELA: input language of SPIN model checker
o re-use for validating SLIM specifications
e probabilistic extension called PROBMELA
@ Translation of SLIM into UPPAAL
e UPPAAL: tool for modeling, validation and verification of real-time
systems
e modeled: networks of timed automata, extended with data types
o re-use for validating SLIM specifications
@ TERMA Case Study
e case study from Quasimodo project
o goal: model (abstraction of) HW and SW of Attitude and Orbit
Control System (AOCS) of Herschel and Planck satellites
@ Formal Semdntlcb of SLIM Language
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Courses and Seminars in Summer 2009

Course Advanced Model Checking [Katoen]

Course Modeling Concurrent and Probabilistic Systems
[Katoen/Noll] (“Hiwi” jobs available!)

Course Testing of Reactive Systems [Bohnenkamp]

Seminar Applying Formal Verification Methods to Embedded
Systems [Noll/Schlich]
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e Evaluation of the Course
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