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Simple automata models
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The coff ee vending machine — architecture
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The coff ee vending machine — dynamics
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An example run
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An example run
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The coff ee vending machine

Product automaton: Financial admin. * Brewer ctrl.

(-cin, *, -cout, *, caf)
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The coff ee vending machine

Product automaton: Financial admin. * Brewer ctrl.
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Pros and cons

e Standard notation of electrical engineering and computer science

e Automatically analyzable
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Pros and cons

Standard notation of electrical engineering and computer science
Automatically analyzable

No intrinsic distinction between in- and output; well-formedness can only be
enforced through conventions of use

Not scalable:

10 parallel components of 8 states each yield a diagram with
nodes,

4 integer variables of 32 bit each yield nodes.

No inherent notion of time:

representing time requires xing a ring rate of transitions — interferes
with the idea that design models should be architecture-independent,

representing large (relative to the ring rate) time constants requires
long transition chains, yielding unwieldy diagrams.
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State charts




|dea

Add syntactic sugar to transition diagrams such that suitable
abbreviations for unwieldy diagrams become available.
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|dea

Add syntactic sugar to transition diagrams such that suitable
abbreviations for unwieldy diagrams become available.

1. Symbolic variables, as in programming languages
2. Explicit parallelism

3. Hierarchical nesting of subcharts,

priorities between competing actions/transitions
certain forms of behaviour inheritance

4. Explicit in- and output, plus scoping rules:

A statechart will never constrain its input: any input is accepted at any
time (doesn't imply that the chart will always react to that input!)

A statechart has complete control of the values of its outputs

Shared variables are controlled by all the partners: they are updated in
an “interleave operations and overwrite previous values” fashion
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|dea

Add syntactic sugar to transition diagrams such that suitable
abbreviations for unwieldy diagrams become available.

1. Symbolic variables, as in programming languages
2. Explicit parallelism

3. Hierarchical nesting of subcharts,
priorities between competing actions/transitions
certain forms of behaviour inheritance

4. Explicit in- and output, plus scoping rules:

A statechart will never constrain its input: any input is accepted at any
time (doesn't imply that the chart will always react to that input!)

A statechart has complete control of the values of its outputs

Shared variables are controlled by all the partners: they are updated in
an “interleave operations and overwrite previous values” fashion

5. Transition guards referring to physical (a.k.a. “real”) time
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Statec harts: Distinguishing contr ol from data

A 10-Bit counter, counting on event and issuing after
1024 occurrences:

As Statechart:
\ a & [x<1023] / x := x+1

C

a / overflow

a & [x=1023] / overflow; x := 0

action: event generation and/o

trigger condition: state assignment
events and/or state

predicate
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Statec harts: Hierarchy

AAIN_COHTROLER
/s {FIRE};fs!{RLERT}

HORAAL _OPERATION

/Fs Y {LOCKED) LOCK_CHDS

LOCE_DOORS DO_CLOSE

LOCE_SENT/
tr ! {LOCKED}

HAITING URLOCE_ChD/
UNLOCK_DOORS

DO_OPEN

UHLOCE_SENT/
fs!{LOCKED)

/

0P _UHLOCE/
f=!(FIRE};¥s!{ALERT}

FEUER/

[LOCKED]/tr ! {ALERT};tr ! {FIRE) UNLOCK_DOORS

€

FRAILSAFE

[not LOCKED]/fs!{ALERT):tr!{FIRE}
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Statec harts: Concurrenc y / AND-states




Models Models
of of of
continuous components coupling components discrete components

(Continuous fct. blocks) (Hybrid fct. blocks) (Statecharts)

Hybrid modelling

Model of emb. sys. Environment model

Code generation

for Analysis & verification
embedded hardware
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Hybrid modelling

Rationale: Used to model
1. advanced control techniques (e.g., mode-switching control),
2. embedded system & environment in combination (“Virtual
prototyping”).
— Need a seamless semantic integration of e.g.
continuous signal transducers,
A/D & D/A functional blocks,
FSMs / Statecharts.
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Integration of discrete actions

Design decisions concerning the semantic model:
1. How much time shall discrete actions take?
2. Is input sampling/output delivery instantaneous or durational?

3. What happens to input sampling/output delivery upon fast
dynamics?
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Two-dimensional time

through adoption of the so-called synchrony hypothesis: Computation time is
deemed negligible compared to the pace of environment dynamics.

No. of discret
computatio

step discrete activity ceases,

progress of physical

: . e Continuous phase:
time starts again

® Phys. time advances,
no discrete steps

Discrete activity:
no progress of physical time involved,;
continuous activity frozen

& A discretely perceptible event (threshold, elapse of clock)
occurs, starting discrete activity

Physical time
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Two-dimensional time

through adoption of the so-called synchrony hypothesis: Computation time is
deemed negligible compared to the pace of environment dynamics.

No. of discret
computatio

step discrete activity ceases,

progress of physical

: . e Continuous phase:
time starts again

® Phys. time advances,
no discrete steps

Discrete activity:
no progress of physical time involved,;
continuous activity frozen

& A discretely perceptible event (threshold, elapse of clock)
occurs, starting discrete activity

Physical time

Easy on simulation, but impossible to implement.
Partially justi ed in case of slow environment dynamics.
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