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Distributed, Modular HTL

® HTL = Hierarchical Timing Language msorr 200
® Modularity = compositionality

o HTL is modular (syntax and semantlcs)

Ml AT s PALP "l ,.0'« !
P N "' s ik b B i
N ‘?‘w TP, _‘\ iy e J' VA o -Ij. 4 L. y Wk T X ’ I L) { o . /

e
— A B
' ,1 .g...f 2k Lot e .-,.p.}-' X Tihedy




Time-Portable Programming

Giotto

[EMSOFT 2001, Proceedings of the |IEEE 2003]
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Actual Execution Time

Control System

- Actuator

running

Plant



Time Determinism

Control System
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Rierarchical Timing Language

® HTL has four building blocks:

p task (computation)
p mode (precedences)
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Communicators

interval for
transmission




Logical Execution Time
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mode
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Refinement

abstract mode same period

longer LET
shorter WCET

abstract task

refinement program

=8

e modes can be refined

refinement task

* refinement preserves abstract behavior




HTL Compilation

Race *Transmission




Well-formed, race-free,
time-safe, and

transmission-safe




Platform-independent

no

communicator
races

Race *Transmission
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Platform-dependent

communication
schedulability

Race *Transmission

| Freedom Safety

\ 4
Code

3 - R ol At y
g 2 - senerart
E @b W S A Y B s 1 CL G

2 P I
. e AN s
S 3 m b S
b et " P20 R
‘s
ey B P o X
& Y A W DA LI el
3 AR SR i L ¢
D e yrl b Ly

computation
schedulability




Modularity

incremental

addition or
replacement




Modularity

context
for
incremental
compilation




Modularity

Component | Dependency

S SPOEt (©) Context

Complexity

Well Formedness any C linear

top P linear

Race Freedom

refinement | C [ nocheck :
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Modularity

Component | Dependency :
mplexi
Aspect (©) o Complexity
Well Formedness any C linear
top P linear
Race Freedom
refinement C no check
top P exponential
Time Safety
refinement @ no check
Transmis
8 A concrete HTL program that refines
oLty a time-safe, race-free,abstract HTL program

is also time-safe and race-free.

P : full program



Modularity

Component | Dependency

aspect Context

Complexity

Well Formedness linear

linear

Race Freedom
no check
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Modularity

Component | Dependency :
A mplexi
Spect (©) Context | COmMPlexity
Well Formedness any C linear
top P linear
Race .
Can be inferred solely from eck
communicator periods and platform St
s worst-case transmission times. i
Transmission . :
any communicators linear
safety
Code generation any C linear

P : full program



Modularity

Component | Dependency
Aspect Complexit
P (©) Context et
Well Formedness any C linear
top P linear
Race Freedom
refinement C no check

top P exponential

Timg

Fully modular: code can be generated

Tra separately per component [APGES 2007].

Code

generation aiy C linear

P : full progra




Distribution

® transmission-safety can be asserted by
standard schedulability criteria for a variety
of network platforms
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onclusion

® HTL = Hierarchical Timing Language

® Modularity = compositionality




Conclusion

HTL = Hierarchical Timing Language

Thank you

HTL compilation is (quite) modular @ &

HTL distribution is modular



