Analysis of Deadline Miss Rates for Uniprocessor Fixed-Priority Scheduling

Kuan-Hsun Chen, Georg von der Briiggen, Jian-Jia Chen

Department of Computer Science
TU Dortmund University, Germany

31th of August 2018

This research is supported by the German Research Foundation (DFG) as part of SPP 1500 and SFB 876.

technische universitat computer
tu e ‘ G I Sience 12 Kuan-Hsun Chen (TU Dortmund) 1/18



Outline

Motivation and Problem Definition

Partition into Busy Intervals

Deadline Miss Rate

Evaluation

prettsm i Y IE gg(gﬁcuemwrz Kuan-Hsun Chen (TU Dortmund) 2/18




Frequency of Deadline Misses

® Soft real-time systems

® Rare deadline misses often acceptable
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Frequency of Deadline Misses

® Soft real-time systems
® Rare deadline misses often acceptable

® How to quantify the frequency?
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Probability of a Deadline Miss

¢ = (1?0)77-1:3
¢ = <o%5264255>=7_2:5

® Looking at task m
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Probability of a Deadline Miss
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Misses deadline!

= (1?0)7 Ti=3

T2 = <o?5 26.255>= T2=5

Looking at task

Probability of a deadline miss: 50%
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Frequency of Deadline Misses

® Soft real-time systems

® Rare deadline misses often acceptable
® How to quantify the frequency? Statistical approaches

® Probabilistic response time analysis
® Deadline misses probability analysis
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Frequency of Deadline Misses

Soft real-time systems

Rare deadline misses often acceptable

How to quantify the frequency? Statistical approaches

® Probabilistic response time analysis
® Deadline misses probability analysis

Assumption in literature: system rebooting / discarding jobs

Deadline misses probability = Deadline miss rate
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Miss Rate against Probability

¢ = (1?0)7 T1=3

¢ 2= <o?5 26.255>= T2=5

® Looking at task m

® Probability of a deadline miss: 50%
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Miss Rate against Probability
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Misses deadline!
T = (1?0>, =3

™= <o?5 26.255>= T2=5
Looking at task 7
Probability of a deadline miss: 50%

universitat (‘5 Ia computer
science 12 Kuan-Hsun Chen (TU Dortmund)

6/18



Miss Rate against Probability
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Misses deadline!
T = (f()), =3

T2 = <o?5 26.255>= Ta=5
Looking at task

Probability of a deadline miss: 50%
Miss rate > 50%
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Miss Rate against Probability
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Misses deadline!
= (1?0>’ Ti=3

¢ 2= <o?5 26.255>7 T2=5

® |ooking at task 7

® Probability of a deadline miss: 50%

® Miss rate > 50%

® Simulation: 100 runs, each 5 million jobs of 75: 93.04%!
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Frequency of Deadline Misses

Soft real-time systems

Rare deadline misses often acceptable

How to quantify the frequency? Statistical approaches
® Probabilistic response time analysis
® Deadline misses probability analysis

® Assumption in literature: system—reboeting—/—discardingjobs

Deadline misses probability ? Deadline miss rate
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Soft real-time systems
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Frequency of Deadline Misses

Soft real-time systems

Rare deadline misses often acceptable

How to quantify the frequency? Statistical approaches
® Probabilistic response time analysis
® Deadline misses probability analysis

® Assumption in literature: system—+ebooting/—discardingjobs

Deadline misses probability # Deadline miss rate
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How to obtain Miss Rate analytically?
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Task Model and Notation

TI'(CI'a Dia TI)

d v ]

® Uniprocessor, fixed priority
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Task Model and Notation

® Uniprocessor, fixed priority
® Sporadic tasks, constrained deadlines: D; < T; V7;
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Task Model and Notation

Ti((CiNv CiA)v D;, TI)

Normal Case
N
Ti
[ o ] L
Abnormal Case

i
- ;
!

® Uniprocessor, fixed priority

® Sporadic tasks, constrained deadlines: D; < T; V7;
° C,.A > C’.N
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Task Model and Notation

Ti((CiN7 CiA7 ’D,A7 P,'N)7 Di7 TI)

Normal Case
N
Ti
[ o ] L
Abnormal Case

i
- ;
!

Uniprocessor, fixed priority

CiA 2 CiN

[ J
® Sporadic tasks, constrained deadlines: D; < T; V7;
[ J
o pAL PN =1
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Task Model and Notation

Ti((CiN7 CiA7 P,A7 P,'N)7 Di7 TI)
Normal Case

N
- i
|

Abnormal Case

. ;

Uniprocessor, fixed priority

Sporadic tasks, constrained deadlines: D; < T; V7;
CiA > CiN

A N _ % [ _ o .
P+ P =1 377 Pl =1 (v is finite)
Probabilities independent
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Busy Interval

= (1, 2)- - - - - - -
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Busy Busy Busy

® Busy interval of : [ta, tp]
® t,: Release time of a job of 7, no job of 75 in the system at t,

® t,: First time point after t, where all jobs of 7 released since t, are finished
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Partition into Busy Intervals /;

n=a 2>‘—_§—_-_J;-_§-_§—_-_L,
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Busy Busy Busy

® Partition according to number of missed deadlines
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Partition into Busy Intervals /;

m=(1, 2)- - - - - - -

(@3, 5>T /) S,
I‘l i ; 3‘ 1‘3 _l, ; 7 I‘S i ; 1D 11 12 l i 13 14 15
) 0 0

e Partition according to number of missed deadlines
® J/5: No deadline misses
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Partition into Busy Intervals /;

7 =((13)5] Y| 72752 ¥ 1 555257 §235%3 ¥
0 1 2 3 4 5 § 6 7 8 9 10 11 12 13 14 4 15
h (Idle) ’ I (Meeting) ’

® Partition according to number of missed deadlines
® J,: No deadline misses
e [;: Exactly j deadline misses (first j jobs)
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Partition into Busy Intervals /;

mn=(1,2)

n=(13),9] 727273 72722 ¥ 227273 ez &

t
0 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14

L, (Meeting)

® Partition according to number of missed deadlines
® J,: No deadline misses

e [;: Exactly j deadline misses (first j jobs)
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Partition into Busy Intervals /;

=(1,2)

n=(13),9] 727273 72722 ¥ 227273 ez &

0 1 2 3 4 5 6 7 8 9 10 11 12 13

L, (Meeting)

Partition according to number of missed deadlines

® J,: No deadline misses
e [;: Exactly j deadline misses (first j jobs)
[ ]

Probability of /;: (1))

j']:ol/)(/j) =1 (at most J consecutive misses)
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Exact Miss Rate

Given a release pattern:

Miss Rate :Number of deadline misses

Number of released jobs
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Expected Miss Rate

Given a release pattern:

_ Expected number of deadline misses

e Number of released jobs
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Expected Miss Rate

Given a release pattern with at most J consecutive misses:

S )
S b(h) - j+ () - 1

k:
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Expected Miss Rate

Given a release pattern with at most J consecutive misses:

b Tavl)
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Expected Miss Rate

Given a release pattern with at most J consecutive misses:

Sl )

k:

Sl - j + ()P
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Expected Miss Rate

Given a release pattern with at most J consecutive misses:

Sl )
S b(h) - j+ () - 1

Good news and bad news?

k:
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Upper Bound of ¢(/;)

® Calculating 9(/;) exactly is challenging
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Upper Bound of 9(/;)

® Calculating ?(/;) exactly is challenging
® Upper bound probability 1(/;)
® ¢, ;: at least j consecutive deadline misses
® bp; > (1) (exact)
® Task-level Convolution (von der Briiggen et al. ECRTS'18)
® Analytical bound approach (Chen and Chen SIES'17)
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Upper Bounded Expected Miss Rate

Given a release pattern with at most J consecutive misses:

S () ?
Z}L V(L) - j+ () - 17

k:
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Upper Bounded Expected Miss Rate

Given a release pattern with at most J consecutive misses:

Z}Ll Dyj-J v

E, <
ST ) i+ )17
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Upper Bounded Expected Miss Rate

Given a release pattern with at most J consecutive misses:

Z}Ll Prj-J v
S by j+ ()17

E,<
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Upper Bounded Expected Miss Rate

Given a release pattern with at most J consecutive misses:

Z}Ll Prj-J v
S Pug+ (1= 1)V

E,<
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Upper Bounded Expected Miss Rate

Given a release pattern with at most J consecutive misses:

Z}Ll q)k,j J
S Puy i+ (1= )

How large is the error?

Ey =
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Evaluation: Setup

® Utilization: 70%
® Periods: UUniFast, 1ms-100ms
e PA=0.0001, PN =1 PA

s (S 12 Sz

Kuan-Hsun Chen

® Cardinality: {5,10} tasks
® For 5 tasks: 10 task sets
® For 10 tasks: 5 task sets
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® Periods: UUniFast, 1ms-100ms ® For 5 tasks: 10 task sets
e pA=0.0001, PN =1- PA ® For 10 tasks: 5 task sets

To calculate &y ;:

® AB: Analytical approach with Chernoff bounds (Chen and Chen)

® CON: Task-level convolution approach (von der Briiggen et al.)
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e pA=0.0001, PN =1- PA ® For 10 tasks: 5 task sets

To calculate &y ;:
® AB: Analytical approach with Chernoff bounds (Chen and Chen)
® CON: Task-level convolution approach (von der Briiggen et al.)

® SIM: Simulations on Event-Driven Simulator (this paper)
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Evaluation: Setup

® Utilization: 70% ® Cardinality: {5, 10} tasks
® Periods: UUniFast, 1ms-100ms ® For 5 tasks: 10 task sets
e pA=0.0001, PN =1- PA ® For 10 tasks: 5 task sets

To calculate &y ;:
® AB: Analytical approach with Chernoff bounds (Chen and Chen)
® CON: Task-level convolution approach (von der Briiggen et al.)
® SIM: Simulations on Event-Driven Simulator (this paper)

Focus on:
® Precision vs. Runtime for @ ;

® Expected Miss Rate among AB, CON and SIM
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Runtime for @ ;

UA\’ .

SUM*

70%, P#: 0.0001

6000

5000 1

4000 A
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1000 A

Average Analysis Runtime (seconds)

=)

Higher is longer

Step-wise comparison

e (S [2
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Runtime for @ ;

Ullw: 70%, P#: 0.0001
6000
3 --eo-- AB-taskb
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Runtime for @ ;

Ullw: 70%, P#: 0.0001
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Precision for ® ;

UN.: 70%, P/*: 0.0001

Sum*

g 6000 v
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Precision for ® ;

UXN,: 70%, P”: 0.0001

Sum*

g 6000 —~
o -®-- AB-task5 e

2 D .
£ 4000| ~® CON-tasks s
& --®-- AB-taskl0 P -
2 5000 1 —%- CON-taskl10 g —

5 .

g
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® 0
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Step j for @y ;
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Precision for ® ;

UN.: 70%, P/*: 0.0001

Sum*

§ 6000 v
o -®-- AB-task5 e

2 o .
£ 4000| ~® CON-tasks s
& --o-- AB-taskl0 /./ -
é 2000 —%- CON-taskl10 /.‘_,/ //_/-’
“© ,./'/. ,/'/A
S N v i -

go 0 P s = P T T _?--u;—‘_‘__.i:-'-—-‘:*l- ............ T R —— -
< 1 2 3 4 5 6
= 10°1 —e- Difftasks e o
Sz —& Difftaskio - .-

R e ===

om. R

< Y i e 2

[S4 R e o

I L e o-—~ — ———=

< e >~ -

109 ‘- ;
1 2 3 4 5 6

Step j for @y ;
Trade-off: precision vs. runtime
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Expected Miss Rate (E, > 107°)

Tasks: 2, Ul 75%, P 0.0001

10°
I SIM [ CON N AB
1071

10-2

103

Expected Miss Rate

1074

0 S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19

® Two tasks per task set, utilization 75%, J = 4
® SIM requires 338.84 sec in average (2 million jobs), AB and CON < 1 sec
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Expected Miss Rate (E, > 107°)

Tasks: 2, Ul 75%, P 0.0001

10°
I SIM [ CON N AB
1071

10-2

103

Expected Miss Rate

1074

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19

1077

® Two tasks per task set, utilization 75%, J = 4
® SIM requires 338.84 sec in average (2 million jobs), AB and CON < 1 sec
Simulations are not practical!
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Conclusion

Deadline miss probability and miss rate both important

Idea: Partition deadline misses into busy intervals
® Sporadic/periodic tasks with implicit/constrained deadline

Analytical and convolution approaches applicable

® Trade-off: precision vs. runtime
® Simulations are not practical

Flexible event-driven simulator is publicly released
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Conclusion

Deadline miss probability and miss rate both important

Idea: Partition deadline misses into busy intervals
® Sporadic/periodic tasks with implicit/constrained deadline

Analytical and convolution approaches applicable

® Trade-off: precision vs. runtime
® Simulations are not practical

Flexible event-driven simulator is publicly released

Thank Youl
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