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Motivation

* Many real-time embedded
domains favor mixed-criticality
systems.

e Static and adaptive variant of
Vestal’s improves the processor
use efficiency.

* Pessimistic when the WCET of
successive instances vary greatly.

* Leverage the known variability in
execution time for even more
efficiency.




Main contributions

Multiframe Vestal model

Schedulability analyses for
multiframe mixed-criticality systems

Extensive experiments and

comparison with frame-agnostic
analysis
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Background: Static mixed-criticality model

 Multiple WCET estimates per task with corresponding degree
of confidence.

 The WCET of all the tasks is monitored using Watchdog
timers.

* Calculate WCRT of each task using WCETs with confidence
level commensurate of analyzed task’s criticality.
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Background: Adaptive mixed-criticality model

H-mode

. )

processing capacity

L-mode

838

processing capaclty J

. .
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Background: Multiframe task model

Super frame

Frame 1 Frame 2 Frame 3 Frame 4 . *’//\\“
I'/ /[ /O )

i e —

Multiframe task model

Independent
multiframe sporadic
tasks
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Mixed-criticality multiframe task model

H-task

Multiframe task model
Preemptive fixed-
priority scheduling

Independent Multiple WCET
multiframe sporadic estimates per
tasks frame
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Static multiframe MC

High Criticality Task: T, and 75
Low Criticality Task: T4

N o, e = o,

0 6 12 18 24 t

o =
o

v

v

v

Schedulability No L-task misses its deadline as long as all the tasks execute up to C%J-

Analysis No H-task misses its deadline as long as all the tasks execute up to C;

J
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Adaptive multiframe MC

High Criticality Task: T, and 75
Low Criticality Task: T4

Suspended

v
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Mode switch
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Interference by a multiframe task

71((2,1,3), 10, 10)

i,

10
WCRT = 16

Total Interference = 3

Total Interference = 4

. e
:
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Total Interference = 5

4

A

Maximum cumulative execution
requirement (Baruah’s approach)
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Interference by a multiframe task

For two frames = Max (a, b, ¢, d)

— _/
Y k -
v RN Compute number of interferi
) ~—_ Compu u_e0|_e_e|ng
, jobs of each higher priority task
= Z
For three frames = Max (w, x,ty, 2) Sum their maximum cumulative

<

-

v

execution requirement

Super frame Residual
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Interference by a multiframe task

n
>

L

t

|

| |

L-WCET L-WCET L-WCET =

P et r— ~= |

Y = v
| |
Super frame Residual

[ ]

H-WCET HWCET H-WCET H-WCET .

—— P A - — — ]

T;

[ ]

|

[ ]

< = >

t

/}7 CISTER - Research Centre in
*®=/ Real-Time & Embedded Computing Systems

July 9, 2020



Response time analysis (SMMC)

/

R, =c! + Z ILi(R; ) + Z IH(R;)
Tj€hpL(i) T)ERpH (i)

* C; = WCET of task under analysis

* IL; = Interference from L-tasks R, =gi(z;, 1)+ Z G (tj, R;) + z GH (T, Ry)
 [IH;= Interference from H-tasks T,€hpL(i) TR ERPH (i)
\_ * WCET of task under analysis

* |nterference from L-tasks
* |nterference from H-tasks

\_ J
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Response time analysis(AMMC-rtb)

* All higher-priority L-tasks interfere over [O, Rf) only; LWCETs used.
* For higher-priority H-tasks, their H-WCETs are used.

4 N

R;=C; + 2 IL;(R}) + 2 IH,(R})
Tj€hpL(i) T, EhpH (i)
Tj€hpL(i) T €RPH (i)

o /
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~ - Response time

analysis (AMMC-max)

- H-mode ———

20 of * Pessimism in AIM)MC-rtb is reduced by \
o 1A I superframe —f explicitly considering the mode change
instant s.

‘ | | | |  L-WCETs can then be used for jobs

‘ -
0 T 5=5T, 10T, completed in [O, s).

* Conservatively overestimating number of
jobs in H-mode.

* Eliminating another source of pessimism.

* The frame sequences before/after the
mode change should “match”.

» After frame k comes frame (k+1) mod F.

. /
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Experimental setup

>
>
>
>
>
>

Inter-arrival time: Log-uniform distribution (10ms - 1s)

Implicit deadlines (though algorithm works for constrained deadlines)
L-Utilization: UUnifast-discard algorithm

L-WCET of first frame = inter-arrival time x L-Utilization

Number of frames: Selected randomly

L-WCET of other frames
> Randomly selected with log-uniform distribution
> Between user defined value and L-WCET of first frame

> H-WCET estimates are derived by linearly scaling up L-WCET
> 1000 random task-sets per set point
> Audsley for priority assignment
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Experimental evaluation
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Weighted schedulability
o

-2

ot
[ue]

—— AMMC-max
—&— AMMC-rtb
b SMMC
e AMC-max
m— AMC-rth
SMC

CISTER - Research Centre in
Real-Time & Embedded Computing Systems

5 5.5

H-WCET scale-up factor (&)

Weighted schedulability

0.55

=
en

0.45

o
P

e AMMC-max

e AMMC-rtb

== SMMC

e AMC-max

m— AMC-rth
SMC

8 9
Upper bound on number of frames per task («)




Experimental evaluation
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Lower bound on L-WCET variation (3)
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Conclusion and Future Work

> Conclusion
> We have presented multiframe mixed criticality model.

> Schedulability analyses for Multiframe mixed criticality systems
dominates the single frame counter part.

> Multiframe analysis are less pessimistic but are always slower compared
to single frame analysis.

> Future Work

> Incorporate the effect of memory stalls under memory access
regulation into schedulability Analysis.
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