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Outline, EAST-ADL support for Timing

Timing concepts are based on TIMMO project results (Timing
Augmented Modelling Language, TADL)

® Timing concepts are reviewed here, essentially

O Events
Related to EAST-ADL and AUTOSAR structural entities

O Event Chains
Binds together events to establish sequences/relations between events

O Constraints
Puts temporal constraints on sets of events or on event chains

® Ongoing Harmonization with MARTE with the purpose

of allowing Timing analysis — see MAENAD analysis
workbench
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Metamodel Overview — Timing aspects
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Introduction: Delay Constraint

®\What is the maximum and/or minimum delay from brake pedal sensor to brake actuator?

«Delay Constraint»
“‘End-to-End Delay”
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Four Wheels

(Passenger Car)
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Delay Constraint Segments of a Chain

® One can identify a number of delay constraints that constitutes the segments of a “longer”
chain:

® Example:

O The total delay (Delay Constraint D) from Brake Pedal to Brake Actuator can be broken down into
segments A, B and C.

O D=A+B+C

«Delay Constraint» «Delay Constraint»
A C

«Delay Constraint»
B

)
\ ! v
! A i

Vehfble Function Bréi‘lging

4 | 4
Response Stimulus Response Stimulus Response 1..4
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Four Wheels

(Passenger Car)
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Delay Constraint Segments of a Chain

® One can have more than one stimulus and/or response for a delay constraint.

® Example:
O What is the total delay from the Brake pedal to any of the four wheel brakes?
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v Response 1
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Input Synchronization

® What is the difference between a set of stimuli, regardless of when the response will
happen?

® Example:
O What is the tolerated maximum difference between the wheel speed sensors for the ABS?

.-1 «Synchronization C.»

Input
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\

N
/

),/
Stimulus

\

~N o
/

Wheel

Speed Sensors
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Introduction: Output Synchronization

® What is the difference between a set of responses, regardless of when the stimuli
happened?

® Example:

O What is the tolerated maximum difference between first and last door lock when locking the
doors of a vehicle?
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Event Constraint

® One can specify how often an event occurs.
® Example:

O What is the interval between two samplings of a wheel speed sensor?

O What is the minimum interval between two occurrences of a window lift
button pressed?

«Event Constraint» «Event Constraint»
Periodic, Sporadic, ... Periodic, Sporadic, ...
Minimum inter-arrival = 200 ms Period = 200 ms
Jitter =1 ms
Wheel Speed Datas”” Window Lit 4~
Sampled

Button Pressed

-~

/,
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Timing Information

® Timing Descriptions
O Event
O Event Chain

® Timing Constraints

O Delay Constraint — Requirements/constraints imposed on event chains
® Age Timing Constraint
® Reaction Constraint
® |nput and Output Synchronization Constraint

O Event Constraint (a.k.a. Event Models, Event Repetition Constraints) —

Requirements/constraints imposed on events
® Periodic Event Constraint

® Sporadic Event Constraint

® Pattern Event Constraint

® Arbitrary Event Constraint

O Offset Constraint — Requirement/constraint imposed on two events

2011 Q3 EAST-ADL support for Timing 10
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Basic Syntax

Delay Event
Constraint Constraint
stimulug
Event Chain S| Event
response 4&
| |
EAST-ADL Event AUTOSAR Event
Timing
/
Structure - Y
EAST-ADL Structure AUTOSAR Structure
® A delay constraint is imposed on an event chain
® An event chain points to events playing the roles of stimuli and responses
® An event constraint is imposed on an event
® An event points to a system model in EAST-ADL
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® EventFunctionFlowPort
O Data received or sent on port

.
® EventClientServerPort e T
FunctionPrototy pe

+ isStateChange: Boolean = tue

O Client request or server \
response sent on port T \ s

O C | i e nt reS po n Se 0 r Se rve r EventFunctionFlowPort EventFunctionClientServerPort ey oo
re q u e St re Ce ive d O n po rt + eventKind: EventFunctionCientServerPortKind

«nstanceRef» 0.1

® EventFunction e —
! |
+port\!|/1 +port I ! «enumeration»
O F t- . t t . d ) Fu.nc).:l.'anPorr . .Fum:u'unPorf EventFunctionCientServerPortKind|
unction instance trggered | wooes SRR oe—
sentReques
O Function type triggered e s ¢ clemmerTpe: dlentseneiird e
sentResponse
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Event Chain

Relates events with each other

Establishes a causality between events: stimulus and response
Can be broken into further Event Chain Segments (decomposition)
Can be composed by existing Event Chain Segments (composition)
Subsumes a number of event chains, called event chain strands

2011 Q3 EAST-ADL support for Timing 13
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Delay Constraint: Reaction

+strand * TimingDescaption

2 Timing:EwventChain Zl

+segment ®
{ordered}

+scope
0.1

ReadtionConstraint DelayConstraint

’UJ ’0..1 {7

EAziement
Timing:: TimingConstraint
® Perspective is from the Tm TM
stimulus event forward +nominal |01 jitter]0.1 +lower|0.. +:p:;; ,.0,;:,,
® Example: When brake pedal Tiring: TimeDuration
is pressed (stimulus), how 2.53;0?2.;&”’5"“
long will it take before brake

is active on wheel
(response)?
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Delay Constraint: Age

AgeTimingConstraint

MAEN/\D

+dtrand * TimingDescaption

[j Timing::Ev entChain Z‘

+segment *
{ordered }

+aope
0.1

De fay Constrant

® Perspective is from the response
event backward

® Example: When brake force on
wheel is updated (response), how
old is the corresponding value of
the brake pedal (stimulus)?

2011 Q3 EAST-ADL support for Timing

’0..1 ’04

+nominal (0.1 +jitter |0..1

EAElement
Timing: TimeD uration
+ caCode: Cs=CodeType =Time
+ csCodeFador Integer =1
+ value: Float=00
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Delay Constraint: Reaction versus Age

® Both:

O Delay between stimulus and response

® Reaction:
O Perspective is from the stimulus event

O Example: When brake pedal is pressed (stimulus), how long will it
take before brake is active on wheel (response)?

® Age:
O Perspective is from the response event

O Example: When brake force on wheel is updated (response), how
old is the corresponding value of the brake pedal (stimulus)?

2011 Q3 EAST-ADL support for Timing 16
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Delay Constraint: Reaction versus Age ...
continued

® Both:

ODelay between stimulus and response

® But:

OlIn sampled systems the difference is important
to be able to

® Compose segments to a longer chain

 Constraint of longer chain is the sum of Segment
Constraints (even in multi rate systems)
® Uniquely identify the corresponding events and the path between them

2011 Q3 EAST-ADL support for Timing 17
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Delay Constraint: Reaction versus Age ...
Conclusion

® Age is defined for each response

O Several Age event chains can originate from a certain
stimulus, but only one can end in a certain response-

® Reaction is defined for each stimulus

® One can compose and decompose constraints of
the same type
OAge = Age + Age + ...
OReaction = Reaction + Reaction + ...

OReaction event chains can end in a certain response,
but only one can originate from a certain response.

2011 Q3 EAST-ADL support for Timing 18
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Delay Constraint: Synchronization

® [nput Synchronization specializes Age
O Inherits: lower and upper attributes
O Adds: width attribute

® Output Synchronization specializes
Reaction e

+tand *
. . Tming:Eventchaln
O Inherits: lower and upper attributes = <
O Adds: width attribute sempe prea
ReactionConsvaint Delaycanszaine AgeTimingCons fraint
> ]

0.1 X €7

Timing:: Tim mgConsoaint

0.1 0.1
+omhal (0.1 Hiter|o. +ower|o. +Hipper|o..1

EAZiement Inputs ync hronlzaionCons ¥aint

EAElemen ?|

Qutputsynchronl 2tenCons raint Tim Ing:Mms Curaton

-+ lcith
HNIAY | e code: CCodeType =The

|+ c@Code Facthr Wteger= 1 1 0.1
+ vale: Float=00
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Strands and Segments: Example

O Distributed ABS
O Different possibilities for break-down / sum-up

® Segments first
® Strands first

® General for sum-up and break-down
® Max Age/Reaction
+ X Segments < Whole
* Max(Strands) < Whole
® Min Age/Reaction
« X Segments =2 Whole
* Min(Strands) = Whole

2011 Q3 EAST-ADL support for Timing 20
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Example: Distributed ABS

® 4 wheel control uritg""
O Brake actuator
O  Wheel speed sensor
O Local control of wheel

® 2 algorithm control units ,«**
O Distributed control algdrithm

® Front
® Rear

‘|ll.l..
L4

Timing Modelling Challenge
Express maximum age constraints

Aﬁe C;f wheel speed data when updating brake force data to each
whee

Break down overall end-to-end age constraint into several
age constraints

Build up end-to-end age constraint from age constraints of
smaller EventChains

2011 Q3 EAST-ADL support for Timing 21
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Events for End-to-End Age Constraint

® 4 Response Events
O Update of brake force value for one wheel

O Denote these Ea, Eb, Ec and Ed
(front: Ea and Eb, rear: Ec and Ed)

® 4 Stimuli Events
O Sampling of wheel speed for one wheel

O Denote these events Ee, Ef, Eg and Eh
(front: Ee and Ef, rear: Eg and Eh)

® 1 EventChain

O Having these above events as stimuli and responses respectively
O Denote this EventChain ECabcd2efgh

2011 Q3 EAST-ADL support for Timing 22



4 MAEN/\D

EEEEEEEEEEEEEEEE
RRRRRRRRR

One Age Constraint

ao O e
b O of
c O (O
d O O h
ECabcd2efgh
A

® Constraint: Max Age = 35

® For all 4 responses the maximum age from any
of the 4 stimuli should be 35 (independent of the path
between stimulus and response)

2011 Q3 EAST-ADL support for Timing 23
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Alternative 1: Strand Break-down First

QooTw
0000

ECabcd2efgh

0000
oQ —+~0

/‘

<Strands

=

a O
b O

ECab2ef

ECab2gh

ECcd2ef

c O
d O

ECcd2gh

® Max Age Constraint for these 4 Event Chains: 35 each

2011 Q3

EAST-ADL support for Timing

24



MAEN/\D

o [ —
SEVENTH FRAMEWORK
PROGRAMME

Alternative 1: ... then Segments

® 4 Events related to Brake Control Units
O Ei: Front control unit ready to send sensor data from front wheels to rear control unit
O Ej: Rear control unit ready to send sensor data from rear wheels to front control unit
O Ek: Front control unit ready to send actuator values to front wheel units
O El: Rear control unit ready to send actuator values to rear wheel units

i k
b © of b © O f

ECab2ef ECab2i ECi2k ECk2ef

35 2 11 + 10 + 14

Max age constraint broken down among the segments
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Alternative 1: ... Segments for all Strands

i K
I IR &
b O Of b O

O
ECab2ef ECﬁbZi ECi2k

35 >
| | 09
- &b A -

O e
O f

ECk2ef

ECab2gh N ECab2| EC|2I ECI29h
> +
c O
d O
ECcd2ef ECcd2] Cj2 ECk2ef
35 2
c O o9
d O O h
ECcd2gh ECCdZ] EC]2| ECI29h

35
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Alternative 2: Segment Break-down First

a o O e
b O of
c O OdJg
d O O h
ECabcd2efgh
35

oW oNe
0000
0000
>SQ —+~0

— 00 =~

ECabcd2ij

ECij2kl

ECkl2efgh
12 + 9 + 14
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Alternative 2: ... then

CooTw
0000

i

(@)

O
J

ECabcd2ij

12 +

[
o 0

b O

ECab2i

Qo
(0]e)

2011 Q3

Strands

ECingI

i Kk
-

ECi2k

oi‘ol

ECi2l

] k
. o

. ECj2k

| I
(o) (@
EAST-ADL r Timing

ECj2l
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0000

ECkl2efgh
14
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o
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Break-down of Requirements

® Strands first or Segments first?
® The order makes a difference!

® |n any step:
O Max Age/Reaction

@3 Segments < Whole
®Max(Strands) < Whole

O Min Age/Reaction
@3 Segments = Whole

®Min(Strands) = Whole

2011 Q3 EAST-ADL support for Timing 29
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Composition of Constraints

Summing up for a “data sheet”

Given constraints of smaller EventChains

What are the derived constraints for larger (composed) EventChains
Composition by either

Segments after each other

Strands besides each other

2011 Q3 EAST-ADL support for Timing
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Example Revisited

Start with 8 smaller EventChains and associated max age constraints:

O Kk

Oi kO ?

o
o

o
b O

ECab2i
11

ECk2ef
14

Q0

ECj2l
3
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T COmpOse SegmentS First

i k
O e
(o) (o) o f
ECab2i ECi2k ECk2ef ECab2ef
+ 30
| | 0g
a
ECab2i ECi2l ECI2gh ECab2gh
+ 7 35
c o oj ok O ¢ c O
o f d O
ECcd2] ECjZk ECk2ef ECcd2ef
+ 35
c O Odg
d o o h
ECcd2] ECJZI ECI29h ECcd2gh

+ 35
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Compose: ... then Strands

a o O e

ECab2ef

30
a O o9
o O h

ECabzgh

ECchef

0000

0000

OCOTO
oQ —+~0

ECabcd2efgh
35

ECCngh
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Oi KO

o
b O

ECab2i
11

a o Kk O e
b © S 0 0 f
g (@) o (@) Og
(@) - | O h
- ECij2kli I
ECa%:lej 9 ECkl2efgh
17
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Compose: ... then Segments

cooTw
0000

0000
>SQ —+~0O

i
o
O

J

ECabcd2ij ECingI ECkl2efgh
12 + + 17
a o O e
b O O f
c O o9
d O O h
ECabcd2efgh
38
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Conclusion

The order of Composition/Decomposition makes a difference
Strands First then Segments
may differ from
Segments First then Strands

What order of Composition/Decomposition to choose depends on what
Constraints that are relevant to express in a certain context

Rules for Composition/Decomposition are the same

Max Age/Reaction
X Segments < Whole
Max(Strands) < Whole

Min Age/Reaction
2 Segments 2 Whole
Min(Strands) 2 Whole

This holds as long as Age/Reaction not are mixed with one another
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