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Introduction and motivations

Real time scheduling Analysis :
Provides a way to predict if temporal constraints will be met.

First results 30 years ago (Liu & Layland). Still sometimes
unapplied. Unknown method ? Sometimes unpractical ?

Aims at providing tools to teach and apply real time
scheduling analysis:
Should contain foundation that students/engineers have to know.
Aims at applying real time scheduling on practical cases :
How to investigate applications which are « outside » the theory ?

How to extend real time scheduling analysis to take distribution
and buffers into account ?
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Usual performance analysis methods : real
time scheduling (1/3)

C.

i <= Di
s —— HHFIR—lH -
K.P, (K+1).P.  (K+2).P.
The periodic task model : (Liu & Layland, 1974)
Bound on execution time (capacity) : C,
Delay between two wake-up times (period) : P,
Temporal constraint to meet (deadline) : D.

Classical real time scheduling algorithms : Rate
Monotonic, Earliest Deadline First, ...

Simulation vs analytical analysis (feasibility tests).
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Usual performance analysis methods : real
time scheduling (2/3)

Simulation : Rate Monotonic (RM, Liu & Layland 1974), run
task with the smallest period

Ik |—|—|———— e h
Pe= 29, C= 7, 0= 23, 5= 0 Pr=1; Cpu=exal
fz h —— h —t—t h —t—t h B h —t— h a3 I

Pe=5 C=1 D=5 =0, Pr=1 Cou=exnl

Pe= 10 C= 2, 0= 10, S=0; Pr=1,; Copu=exal

Analytical/Feasibility tests example : the processor
utilization factor test
— Ci

Z —<n(2"" -1) = 6%
=1 |
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Usual performance analysis methods :
gueueing systems (3/3)

Ccustomer Queue Server . |
arrivals /\ utgoing customers

N

Queueing system Kendall's notation : X/Y/n.
X : customer arrival rate (M,G,D).
Y : service time rate (M,G,D).
n : number of servers.
Examples : M/M/1, M/D/1, M/G/1, ...
Goal : From a given customer arrival/service time rate,

compute analytical criterion such as customer waiting time
and number of waiting customers.
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Cheddar : a resource requirements
analyzer (1/4)

e Euffer utilization : ELUFF_IFR
Srze Adasirpuim buffer size © 8 File Edit Wiew Tools Help
ol alzlal osEee =
=
Fet RS

1
:‘:’e= FES, C= £ D= 728, Z= 0, Fr= 3, Cou=cpu

b I
FPa= FE8 (2= & 0= FES S= 70 Br= & it =t
Wit FI I
FPe= 30, &= 3 D= 20, F= 0 Fr= 7, Cpu=ciu _]
o+
—1 =
fuffer (Processoxr cpml : =

- Bound on buffers

BUFF_IFE => 16 f{see [4]. equation 12}
BUFF_POS => 2 (see [4], eguation 12)
BUFF_ENG => <4 ({see [4]. eguation 12}
BUFF_FLT => & f{see [4]. equation 13}

2 r epu :

base period iz 7680 {see [1]. page 5)
5592, 0000 units of time are wnused in the base period
Processor utilization with deadline i 0.2 .
Processcr utilization with peried is 0. 2710 (see [1], page &)
- In the preempriwe case. tasks are schedul=zble if proceszsor urilization with period is
e qu=l or less than 0. 7094 (=ee [1]. page 16. theorem 83 J
- “T=sks response time :  ¢see [2]. page 3. equation 4).
Wt Flt =»> 29.0000
Trt Fltl => 260000

Tk FIER

Wk FEE

Cheddar : provides analytical and simulation performance
analysis methods/tools. Focuses on tasks, processors,
shared resources, buffers and task dependencies.

First release on oct. 2002.
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Cheddar : a resource requirements
analyzer (2/4)

Provides classical schedulers/task dispatching
policies : periodic/aperiodic tasks, RM/DM/POSIX
1003.1b, EDF/LLF, ...

Provides many analytical analysis/feasibility tests
on different resources

Tasks/processors : processor utilization factor,worst case
response time, task priorities/deadlines assignment algorithms,
tasks partitionning.

Shared resources : worst case blocking time (PIP/PCP).

Buffers : worst case/average case message waiting time and
number of messages (P/P/1, M/P/1, M/IM/1, ...).
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Cheddar : aresource requirements
analyzer (3/4)

Provides an extensible simulation engine :

When no analytical/feasibility test exist.

Compute scheduling time lines and run time line analyzers (not a
proof!):

» Processors/tasks : worst/best/average response time,
number of context switches/preemptions, missed deadlines, ...

e Buffers : maximum/average message waiting time,
maximum/average number of messages ...

« Shared resources : worst/best/average shared resource
blocking task, priority inversion, deadlock ...

Can be extended with user-defined schedulers, task dispatching
policies and time line analyzers Ada like piece of code.
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Cheddar : aresource requirements
analyzer (4/4)

Predefined and user—defined
scheduler or task
dispatch protocols

Predefined and user—defined
event analyzers

Design Compute Perform event Display

: table analysis esult
scheduling Event table ¥ ST results

specifications

e (Ca-nm be- iraported/exported results
e il from/io XIVI%I:ﬁ}&;)__%_

Scheduling Pipe Line

i Priority stage Queuneing stage Election stage i
1 |
i — - o 1111 Mino priority i
i Ready tasks —m Compute priorities| — g D:D_]_]-:ED Running task
i OIIT11] Max priority i
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Cheddar and AADL

Cheddar was not originally designed to work with

AADL. How the tool can be applied to such design
language ?

In the sequel, we consider the following points :

 AADL thread scheduling analysis.

« Buffer requirements of AADL event data
ports.
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AADL threads scheduling analysis (1/9)

AADL Iincludes most of the features used in the context of real
time scheduling analysis.

Nevertheless, the following questions have to be investigated :

Can we model any built-in Cheddar's scheduler/task dispatching
protocols ?

Are standard properties enough to perform analytical/feasibility tests on
any resources ?

How to express user-defined scheduler/task dispatching protocols ?

=> we need some new AADL properties
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AADL threads scheduling analysis (2/9)

Example 1 : a set of periodic/aperiodic threads scheduled with
POSIX1003.1b and Rate Monotonic schedulers.

thread implementation T3.i
properties
Dispatch_Protocol => Periodic;
Compute_Execution_time=> 1ms.. 2ms;

Deadline => 10;
Period => 10;

end T3.i;

thread implementation fifo2.i

properties
Dispatch_Protocol => Background;
Compute_Execution_time=>1ms.. 3ms,
Cheddar_Properties::POSIX_Scheduling_Policy =>
SCHED_FIFO;

Cheddar_Properties::Fixed Priority => 5;
Cheddar_Properties::Dispatch_Absolute Time => 4;
Deadline => 100;

end fifo2.i;

process implementation procO.i
subcomponents
T1:thread T1.i;

processor implementation rma_cpu.i
properties
Scheduling_Protocol => RATE_MONOTONIC;
Cheddar_Properties.:Preemptive_Scheduler => true;
Cheddar_Properties::Scheduler_Quantum => 0;

end rma_cpu.i;
processor implementation posix_cpu.i
properties
Scheduling_Protocol => HIGHIEST _PRIORITY _FIRST;
Cheddar_Properties::Preemptive_Scheduler => true;
Cheddar_Properties::Scheduler_Quantum => 2;
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AADL threads scheduling analysis (3/9)

ked Cheddar : a free real time scheduling simulato

Compute File Edit wiemw Tools Help
simulation el =

] = % E Z ey 2 Z o > 3 S i 5 - o y ' = 2 | ) 5 '
Task narme=siiprocd TT Feriog= 28, Capacity= 7 Deadfine= 28, Jiart time= 0, Fiiorty= 1, Cpu=s075.c000

——— ——f—— - —
Task narme=sdiprocid T2 Fariod= 5 Capacity= T, Deadiine= 35, Start tima= 0 Friorty= T, Cpo=s0.0 oo

i PR TR | P P S | P P SRR | P
L] Emd & atemle o8 ol e e — b et ol =
Task narme =s./ proctd T3 Farfog= 10, Capacity= 2y Deadfine= 7O, Jlart time= 0 Fiiorty= 1, Cpu=s075.o000

I—l—l—l—l—— + t t t t t t t + t + t t t t t t t t
Task narme=sTiproct fifo? Capacity= & Degdfine= TOO0, Start e = 5, Proritv= 80 Cou=sT/cpud

nal ys S Task n&'ﬁ?e=.; Tl TR S Capecity= 3 Deadiine= TOO, Stait time= & Frieritv= 5, Gou=sT./opR 7
deadl I neS [ + + + + + + + + + + + + + + + + + + t + + + + + + + + + + + + £
. )

. A
reiKWBEt”nGQ Scheduling simulation, Processor sl.i.cpul

- Mumber of preemptions : &
- Number of context switches : 9
- Task response time computed from simulation -
sl.i. procl. fifol =r 4/worst 4 /best 4. 00000 average
s1.i. procl. fifol = 17/ /worst 17/best 17.00000/awsrage
sl.i.procl.othecl => 23 /worst 23/ best 2300000 average , missed its deadline (deadline = 0
completion time = 23
sl.i. procl.rrl =» 13 worst 13/best 132 00000/ awverage
sl.i. procl.rr2 = 14 worst 14/best 14 00000/ awverage

i

Scheduling simulation, Processor s0.1i.cpul

— MNumber of preemptions 20
— Mumber of context switches 103
- Task response time computed from simulation :
s0.1.proc0d. T1 = 14 /worst 1l /best 11, TO000awerage
s0.1i. proc0. T2 => lf/worst 1 best 100000/ average
s0.1i. proc0. T3 =» 3/worst 3/best 3. 00000 average
- Ho deadline missed in the computed scheduling : the task set seems to be schedulable

L Za
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AADL threads scheduling analysis (4/9)

No scheduling

required

Analytical

analysis
periodic only)
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* Cheddar : a free real time scheduling simulator - M ¥
File Edit “iew  Tools Help
olelo|lalal &=
A
£
I~ L

Scheduling feasibility, Processor sl.i.cpul :

1) Feasibility test based on the processor utilization factor

— The base period is 0 (see [1l]. page 6).

— Tasks must be periodic : can not compute base period with this task set.

— Tasks must be periodic : can not compubte bound on processor utilization factor with period on this task set.
— Tasks must be periodic : can not compute hound on processor utilization factor with period on this task set
— Inwalid scheduler : can not apply the feasibility test on processor vutilization factor.

2) Feasibility test based on worst case task response time

— Tasks must be periodic : can not compute bhound on response time with this task set.

Scheduling feasibility, Processor s0.i.cpul0 :

1) Feasibility test based on the processor utilization factor

— The base period is 290 (see [1]. page B}

— 104 vnits of time are uwnused in the base period.

— Processor ubtilization factor with deadline is 0.64138 (see [1]. page 6).

— Processor ubtilization factor with period is 0. 64138 (see [1l]. page 6).

- In the preemptiwe case., with REM. the task set is schedulable because the processor utilization factor 0 64138 is
equal or less than 0. 77976 (see [1]. page 16, theorem 8).

23 Feasibility test based on worst case task response time

- Bound on task response time {see [Z2]. page 3. egquation 4).
s0.i.procd. Tl => 1
sO0.i. proc0. T3 => 3
sO0. i . proc0. T2 => 1

- All task deadlines will be met : the task set is schedulable.
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AADL threads schedullng analysis (5/9)

- a— e - - o

RS ™ 2 e

[] Example 2 a set of perlodlc threads sharlng a PCP data
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AADL threads scheduling analysis (6/9)

Data access

Bound on data/.

waiting time
(analytical & simulation)
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hdCheddar : a free real time scheduling simulator

File Edit ¥“iew Tools Help
olelolalal «=e=
TECR TR Te o ot = rEoO T CERIERCIF o, CERaniie T L OE O, Ty = 7, GO =T o =
Task name=pepd proct A3 Ferfod= 58 Capaciiy= &2 Deadiine= 50 Siart fme= 4 Priority= 3, Gou=pcplopud
T T B S —t
Task name=popd proct g FPerfod= 58 Capaciiy= &' Deadiine= 50 Start fme= 2 Priority= &) Cou=pcpdopuld
L
Task name=popd precd S Ferlod= 50, Capacity= & Deadiine= 50, Start tine= 0 Pricritv= T, Gou=pcplopuld
o L
Resource naime=pcp.d proci.shaded Frotocol = POF, Cpu=popd opud
L 'l L
Razource nama=popd procdbizok d Frotocol = ﬁCP,' G =pop fopid
i
| I I
A
Scheduling simulation, Processor pcp.i.cpul
- Number of preemptions : 7T
- HNumber of context switches : 11
- Blocking time from simulation {(may include processor walting time)
pop.i.procl. J1 =: Of/worst Oybest 0.00000/average
pep.i.procl. J2 =» Efworst GSrsbest 500000/ /average
pep.i.procl. I3 =» O/worst Osbest 0.00000/average
pop.i.procl. J4 =» 1lls/worst 1l/best 11, 00000/ average
pop.i.proc0. J5 =: Ofworst 0Osbest 000000/ average
scheduling feasibility, Processor pcp.i.cpul
- Bound on blocking time
pop.ioproc0. J1 =»> 4 (see [3]).
pocp.i.procl. J2 => 4 {see [3]}).
pecp.i.procl. J3 => 0 i{see [3]}.
pop.i.procl. J4 = 4 (see [3]). =
pop.i.procd. J& = 2 {see [3]). /
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AADL threads scheduling analysis (7/9)

- -——»--rrﬂr—ﬁ!-——-‘ = = e — e = e - - - o
. — — P s s - e T TR S— = == = —

~ Example 3: user-deflned schedulrs task dlspatchlng
protocols and analyzers.
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AADL threads scheduling analysis (8/9)

R p— - C—C _—— 2 e ——=* =
- = —— = g s el H
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AADL threads

Mixed user-defined
real time/time —_,
sharing scheduler

User-defined _—

sporadic task

User-defined
analyzer

Don't expect any

scheduling analysis (9/9)

[l Cheddar : a free real time scheduling simulato

Edit “iew Tools

azl

File

ol e ol

Help

== el=

| S —t—t t 1 —
Task name=sdipt. 1T

[ | — [ | — | — | —
—

Period= 5, Cﬁpﬁg.w&né = TO0; Start e = & Friontv= 1, Cpu=si.icpu, Acvation rile=sporadic_ackvalicon

| ] v L]
Task name=sidipi. 72 Ferfod=

Feriod= 5, Capacity= 1, Deadiine= 100, Siait e = 0, Friontiv= 3 Cpu=s0.{cpn

| poee) | o)
pacity= 1, Deadiine= 100, 3tait thme = &0 Friciitv= 2 Gpu=si.lcpu Activation rive=sporadic_activation

= I

Scheduling simulation, Processor s0.i.cpu :

— Number of preemptions : 0O

— Numher of context switches T3

- Task response time computed from simulation
s0.i.pl. Tl =» Ssworst 3r/best 309091 ‘average
s0.1i.pl. T2 =» 3sworst lr/best 1. 22228/ average
s0.1 pl. T3 =» Ssworst 1s/best 1. BB000 average

- Mo deadline missed in the computed scheduling : the task set seems to be scheduolable.

Scheduling simulation, Event analyvzers :

— Event znalyzer name : number_ of _sporadic_actiwations. sc

1s,
19, number_of _activation= 23

tasks.name=s0.i.pl.T1 s0.1.pl1.T2 s0.1.pl.T3
18 &1

- Line
- Line

Scheduling feasibility, Processor s0.i.cpu :

1} Feasihility test based on the processor utilization factor

analytical .
result !

The base period is 0 (s
Tasks must be periodic
Tasks must be periodic
Tasks must be periodic
Invalid scheduler

2) Feasibility test base

- Inwalid scheduler

SAE AADL wg, oct.'05

ee [1], page B).
can not compute base period with this task set
can not compute bound on processor vtilization factor with period on this task set
can not compute hound on processor vtilization factor with period on this task set

can not compute bound on processor utilization factor.

d on worst case task response time

can not compute bound on response time with this schedulec.
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Event data ports memory
requirement analysis (1/5)

Event data port are used for message transmission
between threads. Events are queued ... Queueing

system may be able to predict memory requirement ....

But we have to answer two questions :

How to take into account thread dispatching (eg. periodic) ?

How to take into account thread scheduling (eg. RM) ?

Cheddar provides :

Buffer simulation services.

Feasibility tests (Legrand & Singhoff & Nana & Marce 2003).

SAE AADL wg, oct.'05
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Event data ports memory
requirement analysis (2/5)

Consumers or producers may be periodic RM scheduled tasks :
Define a new consumption/arrival rate : the P rate.
Define new queueing systems based on the P rate.

Worst case analytical analysis based on P/P/1 :

Periodic arrivals assumption : minimum time between 2
message arrivals is known. Worst case number of
messages/message waiting time.

P/P/1 Resolution : based on ATM/AALL.
Average case analytical analysis based on M/P/1 :

Random arrivals assumption : mean time between 2 message
arrivals

M/P/1 approximation : M/G/1 with P average service time.
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Event data ports memory
requirement analysis (3/5)

Example of buffer feasibility test (P/P/1 queueing system
analysis) :

The maximum number of messages in a buffer shared by N
periodic producers and 1 periodic consumer (with deadline <=
period) is :

2.N (harmonic thread set)

2.N+1 (other cases)

SAE AADL wg, oct.'05
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Event data ports memory
requwement anaIyS|s (4/5)

et T e e
[] Example 4 event data port
communications

] —y
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Event data ports memory
requirement analysis (5/5

Buffer simulation

Analysis from
simulation

\

Worst case
gueueing system
analysis (based

on P/P/1) o
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e Cheddar : a free real time scheduling simulat

File Edit %iew Tools Help

= o=

Task ama =50 pIConsumerT 3 Feriod= T, Capacity=T, Deadine= 10, Start tme= 0, P.-”.f'O}'.f'E'y= 7 Cpu=siii cou_im

[ 1+ ———
Task name=sipd.FProditcer? Feriod= 20, Capacitv= 3, Deadiing= 20, Start ime= 0; Friority= 2, Cpu=siicou_rim

Buffer name=s0i piConsumear? _buffer Size = T, Cpu = sficpu nn

Task nrame=50F pa.Frodivcers Ferfod= 240, Capacity= 3 Deadiing= 24, Jtart Wme= ) Friorty= £, Gpu=sd4.cpu_nm

| ] | =

Buffer analysis from scheduling simulation,
Processor s0.i.cpu_rm :

Buffer s0.1i.p0. Consumerl buffer =3
- Maximum rwmber of messages in the buffer : 2
- Maximum message waiting time
- Average number of messages in the buffer : 1.00000000
- Average message walting time : 10, 00000000

Buffer analysis with feasibility tests,
Processor s0.i.cpu rm :

EBuffer s0.1i.p0. Consumerl _buffer = (B/Ps1)
- Mazimum number of messages in the buffer : 400000000
{see [4,10], theorem 1 or 8).
— Mazimum message walting time : 40, 00000000
({see [10]., theorem 8).
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Conclusion and ongoing works

Cheddar's current status :

Provides feasibility tests and simulation features on different AADL
resources (see the SIGADA'05 paper for detalls).

This AADL analyzer will be distributed by the end of october ... but it
has to be tested !!!

Implementation based on Ocarina (AADL parser). Stood plug-in.

Ongoing works :
Related to task precedency relationships (AADL connections)

Scheduling according to task precedency and end to end task
response time (analytical Holistic computation).
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