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LET Programming
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Control Software
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Non-Determinism
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Non-Determinism
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Logical Execution Time
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Concurrency

LET Task 2
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Distribution

LET Task 2
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A LET Program
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Definition

A LET program’s |/O behavior is input-determined fif,
- forall sequences [ of input values and times,
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Time Safety
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Result

A LET program’s I/O behavior

is input-determined on any platform
- thatruns the program time-safely.
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Giotto on ETHZ
Helicopter, 2001



From Control Models
to Real-Time Code
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HTL:
A Hierarchical

Coordination Language
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Design: Adding Tasks
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Design: Adding Tasks

LET Task 2

Control System



Observation
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Analysis: Refining Tasks

Abstract Task
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Analysis: Refining Tasks

Concrete Task
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Result

A concrete LET program is time-safe
if it refines a time-safe, abstract LET program.
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Distributed, Modular




Complexity
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Well-formedness any M| NT Mo

top P

Race freedom Ny N + MM Ne

ref.
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Code generation any n’ | (BT e + M)

number of communicator accesses per task number of communicators ny  number of modules per program
number of modes per module number of ports per task nr  number of tasks per mode

number of communicator writes per task total number of modes in C' nt . total number of modes in P
number of top-level tasks in C' number of top-level tasks in P Anax  maximal value of mode periods
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Result |

Checking time-safety (and transmission-safety) of
HTL programs is modular
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Result ||

Generating distributed code

NSilSimoEiMlak s aiatsuas s s

i E a2 3 ‘ "‘l!\ S TA &‘ X i o .\l‘ (S B o { il oo A P

e -~ g P A b " L S E g ,._' ’ .. = el Sy (4l _ N ‘_&
el 4 - v : ¥

; . .
: 1L DIOYI ¢
mnSdAD » - L - \ o "o | P 3 s 4
e S5 8 = VN Y BT S L TR P --,-.'." " @ I
S e - e 8 Wi Ny

Control System



The JAviator

javiator.cs.uni-salzburg.at



Quad-Rotor Helicopter

¢ all carbon, titanium,
aluminum design
® custom motors

* |.3m diameter
e ~2.2kg weight
e +2kg payload
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Open Source Blueprints













Outdoor Flight

Salzburg Controller

|

- =

e

-
a‘ -
" - )‘9‘0\\

N




-




