Carnegie Mellon

€ BReiEERRG

Rhythmic Tasks:

A New Task Model with Continually Varying
Periods for Cyber-Physical Systems

Junsung KimKarthikLakshmanamand Raj Rajkumar

Electricalind Computer Engineering
Carnegie Mellon University



Carnegie Mellon
(() Electrical & Computer
ENGINEERING
[ ]
Ovutline

A Motivation

A Rhythmic Tasks
A Case Studies

A Related Work

A Conclusion

Motivation Y Rhythmic Tasks Y Case Studies Y Related Work Y Conclusion



Carnegie Mellon
(() Electrical & Com
ENGINEERING

Engine Control Module Operations

A ¢KS O2YLMzilFdA2y NBLISIH O
A The task is triggered by the physical piston
location, which is governed by engine speed
A Engine speed isot constant

Howto modelandanalyze suckaskswith
cyberphysical constraints
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Self-driving Cars
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Self-driving Cars

A Boss
A Senses environment
A Fuses sensor data to form
a model of the real world
A Plans navigation paths
A Actuates steering wheel,
brake, and accelerator

A Boss requires
A Safetycritical operations
A Timing guarantees
A Robustness to harstnvironments
A Dealing with dynamic circumstances
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An Example Scenario:
Sensor Recovery

Lidarf ai | s

Motivation Y Rhythmic Tasks Y Case Studies Y Related Work Y Conclusion



Carnegie Mellon
({) Electrical & Computer
ENGINEERING

Video Image Used

C Radardata ranging from
Om to 40m should be
analyzed.

C Radardata handler will
consume more execution
time.

C Videodata can baised
A PointGrey FireflyfCamera

A 320x240at 112FPS

A 752x480at 60FPS
A 1328x1048&t 23FPS
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Observations
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A The period of the engine control task

can vary very dramatically

A from a few hundred RPM to several
thousand RPM

A The corresponding worstase
execution time (WCETaN alsovary

based on

A RPM

A Numberof active cylinders

A Gear ratio

- A The amount of fuel injected into active
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Tasks with Parameters dependent on CPS State
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Rhythmic Tasks: Assumptions

A Givene¢ tasks, there arad rhythmic tasks and& &
periodic tasks

A In this paper, we assume = 1(i.e.onerhythmic task,\W)

A "Y: the period of the rhythmic task

A 0°: theworst-case execution time of the rhythmic task
A7AAT DOOGEAO

A Y 0" "Y; "Y, i.e.Wis the highestpriority task
A Rhythmic task classifications

A Constant Computation Rhythmic Task
» 0° is constant

A Constant Utilization Rhythmic Task
+ Y 6°TY is constant

A General Rhythmic Task
» 07 QU
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Rhythmic Tasks: Questions

A Steadystate analysis
A Given a set of periodic tasks, what is the feasibte
A How does schedulable utilization change with?
A“Accel eration” anal ysi s
A How much can we accelerate? i.e. rate of decreas¥ in
A Does the traditional response time test work?
A“Decel eration” anal ysi s
A Can we even decelerate? i.e. rate of increas&fin

['b We provide initial answers to these questions.
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One Rhythmic Task and
One Periodic Task
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The Maximum Possible O

A Lemma 1 Givenone rhythmic task , represented by
6 K'Y , andonelower-priority periodic taskf ,
represented by 6 HY , bothtasks areschedulable by
RMSIf the following inequalitys satisfied

. Yov"

ET
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Ouvutline of the Proof

A Case 1:C, completes atT,

«—— The worst-case response time of T —f

w7 (74 w7 (14 w7

o) 0 0 0 0 0

- "Y e !IY . !'Y

A Case 2(, completes betore T

«—— The worst-case response time of t .
0 0 0

A Find the maximum value of these two cases.

Motivation Y Rhythmic Tasks Y Case Studies Y Related Work Y Conclusion



Carnegie Mellon

({) EIectncaI&Com uter
ENGIN EER

A Rhythmic Task with a Periodic Task

8
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T, T
A Gi vtewith (G =6,T,=14)
A Two interesting sets of points

A Harmonicpoints (both task periods are harmonic)
A Flexionpoints (task periods are antagonistic)
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Utilization Variations as a funchon“
ofz| and F

Hidemionipguoists

Total
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Relations among Variables

d -
A ihwhere ‘(s an integerJeads to harmonigoints
when the total utilization of the two tasks ismaximum (1)
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Relations among Variables

A Minimum “Ypoints occurwhen Y and

wr 7

O —

0.98r

0.96

0.94-

0.92)

o
©

Utilization

0.88

0.86

0.84-

0.82

Motivation Y Rhythmic Tasks Y Case Studies Y Related Work Y Conclusion



Carnegie Mellon

€ BReiEERRG
“Acceleration”

A Period decreases after every instance

A | : acceleration ratio
» | =0.5A period halves after each instance

A € :the maximum acceleration duration
A Acceleration example
t d ¢lp T is a normaperiodictask
A t’dclv atOwithh Tm@®andé  pas aConstant
Computation Rhythmic Task (CCRT )

1 T T 1 T

>

1* Q@ewperiod starts T meets its deadline.
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Acceleration Analysis

A The number of preemptions based on the period
changes should be taken into account
A One of the following two inequalities should be met:

. B QYY) 6 vy

2B {o(¥YY) 8 B ¥
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Deceleration Analysis

A A similar approach to acceleration analysis can be

applied with care
A Since the task period mistainable CCRT will always work
while decelerating if the CCRT is originally schedulable

A One of the following two inequalities should be met:

LB [O(Y)) 6 Y

2B [O(YY) 8 BV
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One Rhythmic Task and
Many Periodic Tasks
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A Theorem 1Let'Q Y denote the function which

returnsthe maximum possible value of WCET fer
which makes schedulable. Then,

5 oV | E{I AéY B" [YO - B J\;IO >}
S

A Theorem 2The slope off. . 4| is either 1 or O
A Theorem 3The absolute minimum flexion poirlies in

the range— — Y Y
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A Rhythmic Task with 3 Periodic Tasks

Maximum possible value of C,*

l l L L L l

0

Slope 1
fc (Tﬂ*)

0.98

Total  0.96
Utilization goa

0.92

0.9
0 1 2 3 4 5 6 7
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General Acceleration Analysis

A Algorithm 2 Rhythmic-Acc-a(T, o, ny )
A EXtendedfrom the tWO Input: I': a taskset including a rhythmic task, «: the ac-

|nequal|t|es used for one celeratiop rat.io and Na’ the duration Of rhythmic task

acceleration in terms of the number of job releases

rhythmic task and one Output: Schedulability of T

I: for i =2 ton do

perlOdlc taSk 22 > Calculate the initial condition for each task ;
“ W=Cy+3 " _,C;and W =0
A Thenumber of E=0 .

while W1 £ Wk do
preempt|0nscaused b y > Pick the maximum number of preemptions for

each iteration
acceleration should% 12 (WF) = Num-Preemptions(T3 o, ng. WF)

Ei” = Execution-Time (n? ,(WF), Ct. a, nq)

taken into account i |

9. Wi =Ci+ Ef + Y55 | =4 | Cn

A The corresponding / Update necessary pm[ ik
execution time should be 1 i1/ <Dithen

CaICUIated based on the 13: if all tasks schedulable then
14:  return TRUE

task classification 15 else
16: return FALSE

AN A
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Back to Boss

Name Cycle (Hz) Period Average Average
(ms) Utilization (%) Demand (ms)
LocalPlannerTask 10 100 64 64
roadBlockageDetector 10 100 6 6
BehaviorTask 100 10 4 0.4
ControllerTask 100 10 1 0.1
MissionPlannerTask 1 1000 1 10
Planner3DTask 10 100 1 1
dataLoggerTask 500 2 1 0.02
dataLoggerTask 500 2 1 0.02
é é é é é

NOTE The utilization varies depending on the processor clock frequency.

<From thariving simulatiorscenario oRobotCityCharli&SystemTesNavigation>
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Utilization of a Rhythmic Task on Boss
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Back to Engine Control

A RPM varies from 500 to 9000
A The period varies from 7.5ms to 120ms

A 9 periodic tasks for running control algorithms,
reporting the current status to a diagnosis module
and managing sensors

At quip ¢ Tt d¢ #p ¢ Tt dufpyrt, T dolt m,
Tduy w,Tdpmw,Tdow m,Tdploa,
T dixht m)
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Engine Control Analysis: A BREREEARG
WCET and Utilization
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—— The ideal value from the analysis

— .- The proposed mode changes for the rhythmic task to

maintain schedulability
A Task changes algorithm (to compute less) as engine speed
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Engine Control Analysis: Acceleration
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A Mode-change requirements can be accurately determined.
A For longer acceleration duration, the acceleration rago
must (naturally) be controlled.
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Related Work

A Dynamic Parameter Adjustment
A Elastic task modefeor dynamic priority scheduling
A Gravitational task modelf®r nonpreemptive job scheduling
A Q-RAM formaximizing system utility
A Acyclic Task Model
A A task model where a task makes successive invocations
without constraints
A Mode Change Protocol
A Schedulabilityest for discretemode changes
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Conclusions and Future Work

A Cyberphysical systems can trigger new task execution

patterns
A Task parameters depend on CPS state
A Rhythmictasks periods depend on physicahvironment
A Mode changes may need to be introduced to reduce
utilization and maintairschedulability
A We studied three different configurations
A Steadystate operation, Acceleration and Deceleration

A Future work
A Utilizationbound analysis
A Multiprocessor analysis
A OS support
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