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Simplified design flow
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Worst/best case execution times (2)
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Average execution times
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Real-time scheduling (1)
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Real-time scheduling (2)
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Classification of scheduling algorithms

real-time scheduling

hard deadlines soft deadlines
e ——

periodic aperiodic
preemptive non—preemptive preemptive non—-preemptive
static dynamic static dynamic static dynamic static dynamic
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Hard and soft deadlines

real-time scheduling

hard deadlines soft deadlines
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Periodic and aperiodic tasks

real-time scheduling
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Preemptive and non-preemptive scheduling

real-time scheduling

— T
hard deadlines soft deadlines
periodic aperiodic
‘ preemptive (¢ non-preemptive
static dynamic static dynamic static dynamic static dynamic

nPIINB e sdiuyl) =
S g JolS LT Shalas S89 L asgib 50 hal casllbs -
bl Y ob b 315550 e SS9 Sl Fwl vle) -
A5 S gubs 50 o3laiwl (53 900 VS 5 PHINS s sILYL) ®
L aiibl ($3Ysb shal slagle) shls lbs (A oo

bl obsS il 3l Glaslss) sl gwl ule) -

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006



b )3/ bgy s3wule)
Dynamic/online scheduling
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Static/offline scheduling
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Time-triggered systems (1)

Gthins & olbs 54ad ilo) JpiiS sl lo) & Golus Lol jaiisis G 13
03 ile ) S i low oyl 3548 o Ly ey I 230500 sty sl ol
Sl sAbple) sols A Seub 0 5 (TDL) by M dogi i a9
s 93 2 Y g glsl s dible ppl ol 045 T (Slonllzs (sdad sy

G olby z o SLdlad sisle iy yu flito slaxil bols) 9 3 5 o
w,a).\//)_;/uuj/.\ Jolc/a.,:w,yu s 9

oaus TDL o3 (yol .3 948 0 J=$ 0uiyolfad ol G5 G (sdluw s 4y 0iiS o icl
AT o Ll L el 034 (5 jgsdoli po iz pil (Slpo &5 o uuw 9 3 gub o

[Kopetz]
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Time-triggered systems (2)
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Centralized and distributed scheduling
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Schedulability
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Cost functions
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Maximum lateness =
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Is <0 if all tasks complete before deadline.
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Simple tasks
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Simple tasks

The APl of a TT-OS supporting S-tasks is .. simple [Kopetz]:

It consists of 3 data structures & 2 OS calls. ... The calls are
TERMINATE TASK & ERROR.

— The TERMINATE TASK system call is executed whenever
the lask has reached its termination point.

— In case of an error that cannot be handled within the
application task, the task terminates its operation with the
ERROR system call.

running
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Aperiodic scheduling - Scheduling with no precedence constraints -

Let {7} be a set of tasks. Let:
» c;be the execution time of 7,

» d; be the deadline interval, that is,
the time between 7; becoming available
and the time until which 7; has to finish execution.

* (, be the laxity or slack, definedas ¢, = d; - ¢
* fbe the finishing time.

Availability of Task i - - - = of
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Uniprocessor with equal arrival times
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Earliest Due Date (EDD):
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More
in-depth.

Optimality of EDD

EDD is optimal, since it follows Jackson's rule:
Given a set of nindependent tasks, any algorithm that
executes the tasks in order of non-decreasing (absolute)
deadlines is optimal with respect to minimizing the
maximum lateness.

Proof (See Buttazzo, 2002):
Let ¢ be a schedule produced by any algorithm A

ftA+EDD—>3 7, 7, d,< d, T,immediately precedes
7,in o.

Let ¢' be the schedule obtained by exchanging 7_and 7,
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Exchanging 7_,and 7,cannot increase lateness

Max. lateness for 7,and 7,incis L, _/(a,b)=7-d,
Max. lateness for 7,and 7,inc'is L' _[(ab)=max(L’,L")

Two possible cases
1. L 2Ly —> L _(ab)=F,—-d <f-d=L,.J[(ab)
since 7, starts earlier in schedule ¢'.
2. LislYy,—> L _J(ab)=Ff-d=f-d=sFf—-d =
L. . a0b)since f=f,and d, < d,
= L1l @b) S Lpla,b)

7, 7,

7, 7,
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EDD is optimal

< Any schedule ¢ with lateness L can be transformed into
an EDD schedule ¢” with lateness L7 < L, which is the
minimum lateness.

< EDD is optimal (g.e.d.)
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Earliest Deadline First (EDF) - Horn’s Theorem -
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Earliest Deadline First (EDF)

- Example -
arrival | duration | deadline
T1] O 10 33
Task arrivals |T2 | 4 3 28
I ~ N
NN T3| 5 10 29
T1 .
T2 “ |
\\ —

Earlier deadllne
& preemption

Later deadline
% no preemption
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Least laxity (LL), Least Slack Time First (LST)

{(SYL ool sl  pieS i) (Sl Jl (935 b = L o)l

arrival duration | deadline
T1 0 10 33
T2 4 3 28 [ (T1)=33-15-6=12
[ (T3)=29-15-2=12
13| 5 10 29 (13)
T1 | ST |
T2 1] .I .I .
T3 ’ i ] ]
-|-|-‘|-|-|-|!;|-|-|-|-|-:=-
0 2 :4 Y 6 8 10 12/ 14 '16 18 20 22 t

-
—
-

- b

I ™ -

[(T1)=33-13-6=14 [ (T1)=33-16-6=11
[(T2)=28-13-2=13 [ (T3)=29-16-1=12
/(T3)=29-13-2=14

[(T1)=33-4-6=23 [ (T1)=33-5-6=22
[ (T2)=28-4-3=21 [ (T2)=28-5-2=21
[ (T3)=29-5-10=14
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Properties
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Scheduling without preemption
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Scheduling without preemption (2)

T1: periodic, ¢, =2,p,=4,d, =4

T2: occasionally available at times 4*n+1, c,= 1, d,= 1

T1 has to start at t=0

% deadline missed, but schedule is possible (start T2 first)
% scheduler is not optimal = contradiction! g.e.d.

Ayailable Missed deadline Idle
\;/ . .

T1 | Y
T2
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Scheduling without preemption
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Scheduling with precedence constraints
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duoda

Worst case execution times (WCET)
Definition of scheduling terms
Hard vs. soft deadlines
Static vs. dynamic = TT-0OS
Schedulability
Scheduling approaches
— Aperiodic tasks
* No precedences
— Simultaneous (=EDD)
& Asynchronous Arrival Times (¢"EDF, LL)
* Precedences

— Simultaneous (= LDF) & Asynchronous Arrival
Times (¢ mEDF)
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