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Abstract

* fairness-based dynamic scheduling algorithm FDS MIMF
respond * to minimize the individual makespans (i.e., schedule
autonomously to lengths) of functions from a high performance
perspective

eterogeneity,

dyna m iCS, uémomously to g ﬁ@iﬂ?&l}ﬁﬁﬁYi
parallelism

e adaptive dynamic scheduling algorithmADS MIMF

* to achieve low deadline miss ratios (DMRs) of
safetycritical functions from a timing constraint
perspective

* while maintaining the acceptable overall makespan of
ACPS from ahigh performance perspective

criticality

However, ACPS should deal with joint challenges of heterogeneity, dynamics, parallelism, safety, and criticality, and these
challenges are the key issues that will be solved in the next generation AUTOSAR adaptive platform



Motivation

« HRCAE: work for FarFIFECU. 1K 3| & 4R

o HrPkAR
o 1. Functions EEEEZ—J% )%/ﬁﬂ‘@ﬁﬁﬁl%—ijj?&ﬁﬁ& (interact with environment) =>%%#§U§§%§§E?’ﬂﬁ]?§l}“ﬁ]§

« 2. AIAREHI functionFFA RAERIE Fdriver assistance, K[ 24 MIOCah&dEm. Ealw 4
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e 3. AUTOSAR adaptive platform fEEAHECA 208 I H AT I 2022t s Bt | heterogeneity, dynamics,

parallelism, safety, and criticality

Adaptive scheduling approach should be realized by adapting the architecture of ACPS
at runtime to respond autonomously to changes in environments or within themselves.




Contributions
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e A. Architecture
o SR IUCANEERE: CAN[E Hevent-triggeredi 1, K ARE A dynamic

» B. Criticality Level
* 1SO26262FR{EE X : ABCD UMLK, jPE Pt nlFEM. M
o R E i, 24y iR NS = {50, 51, S2, S3)

» O Mixed-criticality Function Mode/

* Fm=(N, W, M, C); remaining attributes (arrivaltime, criticality, lowerbound,
deadline, and makespan)

» D. Mixed -criticality System Mode/
* MS={F1, F2,...FIMS|}. fRBedRsE A 20
* DynamictiiEAR?

» £. Motivating Example
. Problem Description
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» D. Mixed -criticality System Mode/
* MS={F1, F2,..FIMS|}. {30
* Dynamicti X /BAR?

* To implement the requirement of assigning tasks to different ECUs in a

dynamic fashion, we emphasize the following conditions:

* 1) source code for each task needs to be presented on each ECU

» 2) the data for the task needs to be available on the ECU which requires
dynamic sending of data via messages ¥ & H

 3) all ECUs have to be certified to the highest criticality level,

* 4) a TIER 1 supplier of one ECU has to allow the execution of a task possible
designed by another TIER 1 supplier which raises questions regarding

liability. (& 7H R B 3 2)
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» £. Motivating Exampléecy. £k, 544

SA:
e EAMS = {F1, F2,..,F|MS|}
4 TR RIIECU S5 P = {p1, p2, ..,

p|P [3
KEFELS = {SO, S1, S2, S3}

9

11
T EIR R SR makespan B R B R FULR AL k%

13
F\.arrivaltime=0 Fa.arrivaltime=10 Fy.arrivaltime=20
F\.criticality=§, Fy.criticality=8, Fy.criticality=S,

Fig. 2: Motivating example of ACPS containing three distributed functions with
different criticality levels (F'.criticality = Si, Fa.criticality = Sa, and
F5.criticality = S3).
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FAIRNESS-BASED DYNAMIC SCHEDULING

e A. Lower Bound and Deadline

o IR¥ECHELTEN T Y. lowerbound. dealine (AHXHME HHINIENLF R

fit)
* B. Dynamic Scheduling Framework
* C. Fairness-based Dynamic Scheduling Algorithm
* D. Example of the FDS MIMF Algorithm



FAIRNESS-BASED DYNAMIC SCHEDULING

* Dynamic Scheduling Framework
o BTINHBEEE S e 1. BEENM 2. ECUZE A

. S4BT

II

)

* 1) The task priority queue CSfEE—PITJRE>

e ordered according to descending ranku(Fm.ni).

* 2) The common ready queue (X} E4K)

 storing ready tasks
 also ordered according to descending ranku(Fm.n

)

* 3) The task allocation queue (%] —“]>ECU>
 ofeach ECU is
 for storing allocated tasks.
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FAIRNESS-BASED DYNAMIC SCHEDULING

. Fa/rness based Dynamic Scheduling Algorithm

F .absideadline—69 F 2.absﬁdeadline=72

AN T AR D EETT LR A SN
WA, AR E— R A R R

J<H#:. Each task is first allocated to the task
allocation queue of the ECU regardless of

MS.criticality=S, . )
i e : | whether the ECU is idle when using our strategy
| .
b1 Fins Fi.ns o (Step (4)), whereas FWDS needs to determine
| - .
- whether is idle and the task should wait for
p> |Fumi | Fm RO 2 scheduling when the ECU is not idle
l
1
p3 Fi.ng L TABLE IV: Properties of functions in Fig. 2.
... Ky F Fj
| | I I ‘ ¢| * | b Fl.nl,Fl.ng, Fz.ﬂl,Fz.ﬂ.;;, Fg.ﬂl,pg.nz,
0 10 20 30 40 50 60 70 80 Task priority ~ Fy.ng, Fi1.ng4, Fz.n4, F2.n3, F3.n3, F3.n5,
Fl.'ﬂs, Fl.na Fz.'ﬂ.s F3.n4,F3.n6
arrivaltime 0 10 20
criticality Sq So S
Fig. 5: Example of dynamic arrival, and the current time instant is 10 when F5 arrives.  lowerbound o s G
deadline 69 62 64

abs_deadline 69 72 84




FAIRNESS-BASED DYNAMIC SCHEI

* Fairness-based Dynamic Scheduling Algorithm

A N T AEET D RE AT DARD IS b 2~ i R AR, i A
c A AF BRI EE A R 58k

J8i. Each task is first allocated to the task allocation queue of the
ECU regardless of whether the ECU is idle when using our strategy
(Step (4)), whereas FWDS needs to determine whether is idle and the
task should wait for scheduling when the ECU is not idle

Step(5)
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FAIRNESS-BASED DYNAMIC SCHEDULING

* Example of the FDS MIMF Algorithm
o L ERIE TR

@ PRIEA, (HERHERER
TABLE V: Task allocation steps of the motivating example using the FDS_MIMF %DMR
algorithm.

Current System’s Operated tasks

step: Figure instant criticality Sipeabion and orders
1 Fig.3 0 So  Allocation }1::1'”1’ £1-02, Fing, Mo, Fins,
1-Ne
2 Fig. 5 10 So Cancel Fl.ng,Fl.n4,F1.n5,F1.n6
Fg.'n.l, Fl.ﬂg, F2.?’l3, Fl.?'?,4,
3 Fig6 10 So Allocation Fs.ng4, F1.ns, Fo.ns, F1.ng,
Fs.ng

F1.n3, F1.n4, F1.n5, F1.ng,

4 Fig. 7 20 So Cancel B s, oty Fachis
Fs.ni, Fi.n3, Fo.n4, F3.1no,
5 Fig.8 20 So  Allocation +1-™¢»~2-n2, F3.ng, I1.n5,

Fg.ﬂ.f,, Fg.ﬂ5, F]_.?’LG, Fg.ﬂq,
Fg.ﬂ..s
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ADAPTIVE DYNAMIC SCHEDULING

* A. Deadline-slack : /12K i] Zabs deadline
o 0] DAERAE N SEPrfinish time ) IR BUE (AR B34 =5 8]
 Fm.deadlineslack = Fm.deadline — Fm.lowerbound.
* B. The ADS MIMF Algorithm
© WTTIER T AT, REHIHKERZEE NS0, IR : (HEAKERT 7
DMR# T T
o HEMNEREL: Hinediirdmr, TRUEERBEIAUESS AT Ae/NHIEE R
* C. Example of the ADS MIMF Algorithm




ADAPTIVE DYNAMIC SCHEDULING

* B. The ADS MIMF Algorithm
o LSFHIEN T A RAHIKER L E 950, mK: 1HEKERITZDMR
T
o HIEMNAYERGE: RUE S RBE AT S5 W] e/ BIEE R F

o L FRIEAREORIE B R MATSFm HIE R, RIFETH RS S B FmF] 2
o MRTETFMIITIRE, HEAT AT
o A LU R Fm AR, [BlVE R S0, AT RS



Experiment

o [t #overall makespan F/IDMR

o AR ﬁ:@ﬁ?—ﬁ /5’57&
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* such similar automotive E/E architecture can also be found in some
ACPS design [2], [12] and is basically similar to the hardware
requirement (i.e., sensor and actuators are redundant or accessible

via network) of 1002D (1 out of 2 Diagnosis) solution using dynamic
reconfiguration by Elektrobit [53].

* The above requirement is basically similar to the software
requirement (i.e., functions can be dynamically relocated) of 1002D
salutation using dynamic reconfiguration by Elektrobit [53].
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