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Scheduling... In ES
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Tasks:

Computation times Resources

Deadlines | Execution platform

Dependencies Scheduling Principles (OS) PE, Memory

Arrival patterns EDF, FPS. RMS, DVS, .. Networks

uncertainties Drivers
uncertainties
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Issues
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Tasks >

SP

= Schedulability Analysis

= Verify that given SP
ensures deadlines.
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= Performance Evaluation

= Estimate resources (e.g.
energy) required by given
SP.

= Scheduling & Synthesis

= Synthesize (optimal) SP
ensuring given objective.

= Scheduling: SP controls
everything (including
ex.time).

= Synthesis: scheduling under
uncertainties (e.g. execution
time, availability of
resources).
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Approach — TA

TALK:

What can we do?
What can we do efficiently?
What can not be done?
What would we like to do?

OmOn®
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Timed Automata

Resource

Reset \

Invariant

use?

ldle

—O—

InUse

\_>©_/

done

X>=4

[Alur & Dill'89]

Synchronization

/ Guard

X<=7 Semantics:

( Idle , x=0)
- (Idle , x=2.5) d(2.5)
- (InUse , x=0) use?
- ( InUse , x=5) d(5)
- (Idle , x=5)
- (Idle , x=8) d(3)

-2 (InUse , x=0)
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Composition

Resource

ldle

—O=—

use?

X:=0 InUse

\_>©_/

X<=B

Semantics:

Task
Synchronization
/ . .
done! it gel H‘L;,S_'Q‘g done? Done
© B:=6 _.,-‘\,/. )O

X>=B //

Shared variable

( Idle , Init , B=0, x=0)

- (Idle, Init, B=0, x=3.1415) d(3.1415)
- ( InUse , Using , B=6, x=0) use

- ( InUse , Using , B=6, Xx=6) d(6)

- ( Idle , Done , B=6 , x=6)
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Task Graph Scheduling
Optimal Static Task Scheduling

= Task P={P,,.., P}

= Machines M={M,,..,M_}

= Duration A: (PxM) — N_,
= <:p.o.onP (pred.)

= A task can be executed only if
all predecessors have
completed

= Each machine can process at
most one task at a time

= Task cannot be preempted.

= Compute schedule with

minimum completion-time!
J U U
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Task Graph Scheduling
Optimal Static Task Scheduling

- Task P={P,,..,P.} )
= Machines M={M,,..,M, } 16,10 ’
Task1 Task2 Task3 Task4
o o [ ] o
6 e || 6 e || € e || € e
Taskb Taskb Task’ M1 M2
® [ ] ® | |
(I o L
— E<> (Taskl End and . and Task7.End)
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Experimental Results

name | #tasks | #chains | # machines | optimal TA

001 437 125 4 [178 1182 ’,:,
000 452 43 20 537 537 TI =
018 730 173 10 ?00 ?04 advanced methods for timed systems
074 1007 66 12 891 894

021 1145 88 20 605 612

228 1187 293 8 1570 1574 _

071 | 1193 | 124 20 629 | 634 Symbolic A*
271 1348 127 12 1163 1164 Brand-&-Bound
237 1566 152 12 1340 1342

231 | 1664 | 101 16 to. | 1137 60 sec

235 1782 218 16 t.o. 1150

233 1980 207 19 [118 1121

294 2014 141 17 1257 1261

295 2168 965 18 1318 1322

292 2333 318 3 8009 8009

298 2399 303 10 2471 2473

Abdeddaim, Kerbaa, Maler
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Optimal Task Graph Scheduling

Power-Optimality

Py
= Energy-rates: 16,10

C:M—=N

= Compute schedule with
minimum completion-cost!

M1

Taskh Idle

use1? done1!

x1:=0 InUse x1==B1

Q-

x1<=B1 &&fcost'== ".
B1=8 B2=2 \2:) TS\ -
| . "t&é,“
2 =’_<:)< =
done1? f5=1 f5=1 done2" .,w*‘“ AW W

Om®n®
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Priced Timed Automata

Timed Automata + COST variable

Il
0<y <4 //—\\
c'=4 o| c'=2
x:=0
cost rate c+=1 N\
x:=0 y < 4 cost update
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Priced Timed Automata

Timed Automata + COST variable

Il
O<y <4 //—\\
c’'=4 | Cc'=2
X:=0
cost rate C+:1 N\
x:=0 y < 4 cost update

TRACES B

L x=y=0) "2 (I, x=y=3) —» (I,.x=0,y=3) —» (I

(I1,x=y=0) 7> (., x=y=3) —> (I5,x=0,y=3) > (l5,_,_)
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Priced Timed Automata =

Timed Automata + COST variable

-
) —

Q
— OF A
QL
— )’.'

Behrmann, Fehnker, et all (HSCC'01)
Alur, Torre, Pappas (HSCC'01)

c’'=4
cost rate
(1., x=y=0)
—v=0)" fficient Implementation:
(11, x=y=0) = cAV’Ol and T
(I1,x=y=0) — (I2,x=0,y= Competitive with MILP

and commercial tool (Axxon)

VU U
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Optimal Infinite Scheduling

Task7

M1
o -'\.;-\
7| use1? done1!
e | x1=0
= = —
done1? f£=C, — f/=0; - done2~ x1==B1
" Rwd+=1 Rwd+=1 3 ’ x1<=B1
| CNET[1 R | | o ([ 6 |

Maximize throughput:
l.e. maximize Reward / Time in the long run!
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Optimal Infinite Scheduling

Task7

f6>0 and f3>0 f6>0 and f3>0 —

1 use1?

o x1:=0 InUse x1==B1

1 O _

o/ x1<=B1 && cost'==4 )

[ S ———

End

J-\{
done1? f7=0 ¥ 7=0 done2"

L

Minimize Energy Consumption:
l.e. minimize Cost / Time in the long run

Kim Larsen [15] c s s
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Optimal Infinite Scheduling

Task7y

f6>0 and f3=0 f6>0 and f3>0

M1
Idle
- e
6--,
f3--, 1 use1? done1!
f0=1
End 4 x1:=0| InUse | x1==B1
— o
done1? _ :9?\-—)—(-&—-07-dggez. — -@— ____
{:’ Rwd+=1 Rwd+=1 5 o x1<=B1 && cost'==4 h
. i

L

Maximize throughput:
l.e. maximize Reward / Cost in the long run

Kim Larsen [16] c s s
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Cost Optimal Scheduling =
Optimal Infinite Path

o
—(Task0.Err or Task1.Err or ...)

Value of path ¢: val(c) =Ilim___ c./r,

Optimal Schedule ¢™: val(c™) = Inf_ val(c)

OmOn®
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Cost Optimal Scheduling = o
Optimal Infinite Path 20 2




Approximate Optimal Schedule

ll Optimal infinite schedule
modulo cost-horizon

E[] (not (TaskO.Error or Taskl1.Error or Task2.Error)
and
(cost==M imply time =>= N))

Cost>=M
@ =
.. EQ] ¢C ' .N)

Time:=0 o =[] O(M,N) imply val(c)< M/N
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Multiple Objective Scheduling

M1

|dle

r—.'é‘w

use1? done1!

Xx1:=0| InUse | x1==B1

k;-OJ

x1<=B1 && cost,'==4

M2

use2? clone?2!

X2:

InUse

k%}(:>_,f

x2<=B2 &8& cost,'==3

- -
5 o %
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Multiple Objective Scheduling

M1

|dle

~@~

use1? done1!

Xx1:=0| InUse | x1==B1

-Q-

x1<=B1 && cost,'==4

M2 />
2
dle :

@~

use2? clone?2!

x2:=0

InUse

-0

x2<=B2 &8& cost,'==3

-
5 o

%
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’ The
| Reachability In Multi Priced Ti

med Automata

is computable
[lllum, Larsen FoSSaCSO05]
. S
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Synthesis =
Scheduling under uncertainty

Task7y

TIMED GAMESl

Uncontrollable

f f6==1 and f3==

I
M1 - M2 I
-7 I
- | o
donel1? _ﬁ’;?O(_tf =1 d I I
use1? . donel! || use2? | done2!
| [ I
Controllable — | y1=0 ! ¥2=0 !
6 .| 6
X1>=B1 X2>=B2
X1<=B1+3 X2<=B2+2
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UPPAAL Tiga
Synthesis of winning strategies for TIMED GAMES

B c:\Documents and Settings\kgl\DesktopA\DESKTOP FEB 200 IAUPPAALMWIPPAAL examplesiSche duling\taskgraph-uncertainty. xml - UPPAAL

Ral aaa KA CONCUROS5,
Editor | Simulatar | Verifier C AVO7,

i Drag out |:[ Drag out

A
FORMATSO07
Enabled Transitions f2 =0 p p /‘
0.0 20 4.0 6.0 BLA| |f3=0 = N\ =\ =N

donel: M1 --= Taskl f4=0 4 ™ 4 p / ™
/s 4 /

f5=0 /’ \\\ /’ \\\ // \\\
f6=0 J/' \\ ,/' \\ f/ \\
F?=D B1=4 E BE=Z _( B1=1E = Bi=E _( B1=7 E B =E
it i@ || G @ || €@
Bl=4
Bz =3 Taskd Task5 Task6

b =0
1 = 5,430000 /. /. /’

%2 = 5,430000 / \ / \ / R
time = 5.430000 S/ \ / \\ / \\

A AN @'. ’ “-:

’// \\ l l i

~ i ' %120 42=0

3 2 ’/.=.‘|; ES ,:\‘ E T

Current time: 435 0 A = L 1

Delay: 54350 Task1 Task? Task3 Taskd Task5 Task6 Task? M1 M2

y é“ Efficient on-the-fly generation
(renen J_per ] of winning strategies for
©_0_60 safety & liveness objectives
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Optimal Synthesis =
Priced Timed Games

Task7y

f6==1 and f3==

Uncontrollable

I
I
M1 -7 ||m2 l'
I

done1? _ﬁ’;?O(_tf = I |
use1? . donel! || use2? | done2!
| [ |
Controllable — | y1=0 ! ¥2=0 !
. P
Optimal X1>=B1 x2>=B2
winning strategies ?? Xx1<=B1+3 , cost’'=4 X2<=B2+2, cost’'=3

J U U
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Priced Timed Games

= Price Optimal Contro
= Acyclic PTA
= Bounded length

(reachability):
LTMMO2]
ABMO04]

= Strong non-zeno cost-behaviour [BCFLO4]
= Undecidable with 3 clocks or more

[BBRO5, BBMOS6]

= Decidable for PTGs with 1 clock [BLMROG6]

= Priced Timed Safety Games
= Conjectured to be undecidable in general.

ESWeek Foundations of Component-based Design, Sep 30,
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Timed Games w Partial Observability =\

Eject? ATVAO7

w Franck Cassez,
Alexandre David,
Emmanuel Fleury,
Jean-Francois Raskin

Controller (M)

- observes only H, L, E or B
E;ﬁ\;y * has own clock y

- can test (y < M) or (y > M)
- can always reset y

All - 8 | + MEMORY MIC: &
ESWeek Foundations of Component-based Design, Sep 30, 2007 9]
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Memory-full Strategy

@@@@6@6@

Partition: Actions:
YOHE e
‘Gme ejectt ——

OmOm®
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Formalizing the ARTS
MPSoC Model in UPPAAL

Aske Brekling, Jens Ellebaek,
Kristian S. Knudsen, Jan Madsen,
Michael R. Hansen, Jacob lllum Rasmussen

Embedded Systems Engineering Group

—
-
.A-

il
)

= Informatics and Mathematical Modeling
DaNES Technical University of Denmark



Motivation

D2

\_ Application model /

System-level

/- \ design tasks
os
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Model of system
K implementation J
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ARTS objectives

= System-level modeling framework

= Bridging, ( \

= Application
= RTOS
= Execution platform

= NoC

= System-level an \)?
= Early design spad Dloration

Model of system
Kimplementation j
J) U U
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Timed Automata for a task

ReadyDyn

/ITime unit completion
x==1
updateDynamicScheduling() //Ensure update of dynamic scheduling
x<1 && x>0 &&
time 88 cp<=dead-cr
cp==ptime . - .
IfiFr)wisr?SignalsPending() setWaitForUpdateDynamicScheduling()
i Si : : : :
STl l/Detection of missed deadline

ItaskHasOffset() ready!
~- x>0 && cp>dead-cr
Sta”O initNoOffset() ldle  initNextPeriod() eady &
C = = : : =
O T perit}d x<}" missedDeadline() O
cp<=ptime MissedDeadline
taskHadOffset( x==0 && shouldThisTaskRun() &&
2 a.‘" ~ set() o //Enable missed deadline detection
setStaticScheduling() cp>ptime}-1 cp<=dead-cr
setPe¢nd() /Mask receives run signal taskHasMoreRuntime()
;Elznc;?fgg?_}ma|1lng for offset /ITask preempted
; ) reempt?
Offsé_) setPeriodClock() p B &
IdleWai
lIWait for offset . . .
- ~ [fWaiting for next period//Task finis
Sl oG cp<ptime finish!
finishAtPeriod
/IFinished before end of period
taskHasFinished(
&& cp<ptime
/[Task finished .
finishl Running

finishBeforePeriodEnd()

//Complete one time step
x==1
runOneTimeStep()

readyForNextTimeStep()
WitOneTimeStep()

x<1
//IContinue time step
x>0

L) ensureTimeStepCompletion()

x<=1
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Handling realistic applications?

GSM Decoder

JPEG Encoder

Smart p

hone:

e

MP3 Decoder

A

()
JPEG Decoder Q a
:
() () ()
5 0
& ORCY
) ()
© ® ® © |
Y
(=) () A N
= [Application from Marcus Schmitz, TU Linkoping]
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Smart phone

GSM Decoder

JPEG Encoder

‘ Tasks: 114
PO @ P @ Deadlines: [0.02: 0.5] sec
| ®

e 53,@<ecution: [52 : 266.687]
weycles

A

> >
& = Platform.

JpEGode,
@ GQG
&) ()
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Optimal Combinations

3 clocks

2 clocks

P Obs 1clock 2players

mult cost
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Optimal Combinations

mult cost
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Optimal Combinations

2players

mult cost
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Optimal Combinations

mult cost

ESWeek Foundations of Component-based Design, Sep 30, 2007 Kim G Larsen [42]




Conclusion

= |dentification of all Pareto
optimal combinations!
= Safety for PTG?
= Reachability for 2PTG?

2 clocks
/ws = Safety for MPTA?
Lplayer = Safety for 1IPTG?

ime = Efficient realizations

mult cost . TG w Por)

Safety u Safety for PTA?

= Reachability for 1IPTG?

= Dealing with undecidability.

3 clocks
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Thanks for your
attention!

Please do not
hesitate to contact
me:

kgl@cs.aau.dk




