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A Sample Global Fixed Priority (GFP) Schedule

Priorities assumption: Task with a smaller index has a higher priority
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Priorities assumption: Task with a smaller index has a higher priority
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A Sample Global Fixed Priority (GFP) Schedule

Priorities assumption: Task with a smaller index has a higher priority
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Question: Is there such a scenario, that the task 73 misses a deadline?

Possible solutions:
- Exact (NP-hard);
- Suboptimal (pessimistic)
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Exact vs. Sufficient Schedulability Tests
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State Transition Graph

Consider the following GFP schedule:

A
1 - Next earliest possible release of a job
I
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State Transition Graph for a Schedule
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State Transition Graph
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State Transition Graph
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State Transition Graph
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State Transition Graph
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Note: The release scenario above is just one out of many legal release scenarios
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State Transition Graph

1 - Next earliest possible release of g job m="2
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Note: The release scenario above is just one out of many legal release scenarios
State transition graph presented on the next slides aims at modeling all possible schedules
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State Transition Graph Example
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State Transition Graph Example
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State Transition Graph Example

Breadth-First Traversal (BFT)
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State Transition Graph Example

Breadth-First Traversal (BFT)
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Another Example for GFP with a Deadline Miss
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Another Example for GEDF with NO Deadline Miss
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Pruning:
Critical Release Instant of Davis and Burns (2011):
Sufficient to consider only such releases erel for Ty, that satisfy the following constraints
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State Transition Graph:
Pruning by Davis and Burns 2011
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Pruning Constraint 2:
Job Interference

m=72
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T, (A | o |
T3 | L X X | |
7, X X s
6 2 4 ela é 1lo 112 )t

X - Job is pending, but no resource allocated
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Pruning Constraint 2:
Job Interference

[\

N N\ N
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All jobs, not interfering with lower-priority ones, can be removed
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Pruning Constraint 2:
Job Interference
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Pruning Constraint 2:
Job Interference
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Pruning Constraint 2:
Job Interference
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Graph Pruned by a Job Interference Requirement
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Pruning Based on the Worst-Case States Notion

[~ A
T, |C, \ A
, W W V| 1 A
G RN
Py P, Px A
[~ A
T1 _fll ___________ 5
Tg tc’ A
N | !
T T§T """ A
k k l : >
P P, Pk t
[~ A
T |
NN\
Tf Cf | I—————¢
o A
P P p; A



Pruning Based on the Worst-Case States Notion
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<- This is the worst-case among these three scenarios
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Graph Pruned by the Worst-Case States Condition
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Problem: How to implement efficiently this pruning condition based on worst-case states
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An Exact Schedulability Test for GFP (Pseudo-Code)

Algorithm 1 Our pruning-based exact schedulability test

1: function EXACTSCHEDULABILITYTEST

15:
16:

ZR %) > initialize V
L+ {0} > initialize £
while £ # & do > loop until states need to be visited
x <+ FETCH(L)
L'+ {z'eX: 2 =d(=z,r),reR(x)} > R(z) from (8), @ from (9)
L' < PRUNENEXTSTATES(L', V) > see Section 4
for each 2’ € £’ do
if 2’ ¢ F then > deadline miss
return Unschedulable
end if
V+Vu{z'}
L < INSERT(L, z")
end for

end while
return Schedulable

17: end function
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Some Evaluation Results for
Runtime and Memory Consumption

=d—GDCMPO, Proposed Test, m=2
=& -GDCMPO, Bonifaci 2012, m=2
—@—GDCMPO, Proposed Test, m=4

= GDCMPO, Burmyakov 2015, m=2
===GDM, Proposed Test, m=2

10000.00 o

\

100.00

1.00

Runtime, sec

0.01

Tasks number, n

(a) Runtime

= GDCMPO, Proposed Test, m=2
- - GDCMPO, Bonifaci 2012, m=2

Table 1: Key parameters: default values

Settings

Number of cores, m 2 4
Number of heavy tasks, Theavy arbitrary q3
Task set utilization, U 1.5 3.3
Number of tasks, n 5 8
Range for task periods, P; [5, 25] |[5, 20]
Ratio of task periods, Fmax/p,., 5 4
Ratio of task periods to deadlines 1 1

= GDCMPO, Burmyakov 2015, m=2
=f==GDM, Proposed Test, m=2

=@=GDCMPO, Proposed Test, m=4

100000000

States

1000000

10000

100

5 6 7 8
Tasks number, n
(b) States
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Some Evaluation Results for
Achievable Schedulability Ratios

Schedulability ratio, %

3
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= =+GDM Spor. Sufficient
--.GPCM PO. Spor. ISufficie:nt

S \

1.1

1:2

1.3

14 15 16 1.7
Task set utilization, U

Table 1: Key parameters: default values

Settings
Number of cores, m 2 4
Number of heavy tasks, 7heavy arbitrary q3
Task set utilization, U 1.5 3.3
Number of tasks, n 5 8
Range for task periods, P; [5, 25] |[5, 20]
Ratio of task periods, Fmax/p,., 5 4
Ratio of task periods to deadlines 1 1
-——=GDCMPO Exact ==-GDCMPO-Guan
~—-GDM Exact -~ =-GDM Guan
100 -
90 - —— /‘
X 0 \/ —t
2 70 - "]
E 60 - e
% 50 _____/—_\
S w0 | —
B 304
4 O -
S 20 e e e
(%] e " | T ORm e
10 +-
0 ; l ; . , , .
2 4 6 8 10 12 14 16

Pmax/Pmin ratio

63



Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:
global, partitioned, and semi-partitioned scheduling;



Uniprocessor Scheduling

Processor D :
Uniprocessor scheduler

0 (EDF, FP)

n tasks @



Multiprocessor Scheduling

2

n tasks @

“Partitioned” multiprocessor scheduling: Open Problem:

Each task is statically assigned to some processor How to partition tasks
between processors? 66

Uniprocessor

scheduler used
(e.g. EDF, FP)




Multiprocessor Scheduling

Processors . . . ‘Global

_________________________________ scheduler
i\ § ’E \ (GEDF, GFP)

n tasks @

Global scheduling:
Tasks migrate between all processors
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Global FP (GFP) schedule

m=2 7,=(3.5) | i T !
processors ‘2= (4,7) l« T l

S -
3

Partitioned FP (PFP) schedule

Proc. 1
17670 7,=(@3,5) J T l,
A . ;
T,=(4,7) éob penclimg) | | ¢ | | l .
0 2 4 6 3 10 12 t

Proc. 2 processor
{1'3} 7, =(5,8) unused l
)

0 2 4 6 8 10 12 €




Uniprocessor

Well studied:
- efficient sched. tests;
- optimal schedulers.

[Liu and Layland 1973]
[Joseph and Pandya 1986]

Scheduling

Multiprocessor

Partitioned Global

@...gg 0 ¢

O0®

Problem converges to Poorly understood:

uniprocessor scheduling - no efficient optimal schedulers;
- no exact schedulability test;

No optimal strategy known - no optimal priority assignment

to partition tasks for GFP

[Davis and Burns 2010]



Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:
global, partitioned, and semi-partitioned scheduling;



Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:
global, partitioned, and semi-partitioned scheduling;

Table 2: Key parameters: default values

Settings

Number of processors, m 2 4
Number of tasks, n 7 14
Number of heavy tasks, npeavy 2 4
Task set utilization, Ug- (excl. exps. for 1.75 3

varying Pi/D; ratio)

Task set density, Dg (for exps. with 2 4
varying Pi/D; ratio)

Ratio between the maximum and mini- 20 5
mum task deadlines, Dmax/Dpin

Range for task deadlines, D; [5; 120] | [7; 35]
Ratio between task periods and dead- 1 1
lines, Pi/D;
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Schedulability ratio, %

Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:
global, partitioned, and semi-partitioned scheduling;

Table 2: Key parameters: default values

100 Settings
90 - — Number of processors, m 2 4
80 - /,,) = Number of tasks, n 7 14
70 —— - —_ - /," Number of heavy tasks, npeavy 2 4
60 4 ~~o ke ‘ e .
Sea--"" Al " ! Task set utilization, Ug- (excl. exps. for 1.75 3
50 1 varying Pi/D; ratio)
40 -
30 4 —e—GFP-OPT Task set density, Dg (for exps. with 2 4
20 -4- PFP-OPT varymg Pi/Di ratio)
10 - —& -Semi-PFP Ratio between the maximum and mini- 20 5
0 | | . . . mum task deadlines, Dmax/Dpin
3 4 > 6 Y 8 Range for task deadlines, D; [5; 120] | [7; 35]
Tasks number, n
Ratio between task periods and dead- 1 1
lines, Pi/D;
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Schedulability ratio, %

Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:

100
90
80

70 4

60
50
40
30
20
10

global, partitioned, and semi-partitioned scheduling;

_ A==
7

..: —_— i — —.\ /I,

T \‘\~ ‘__"~~s ‘ l’

i \‘_o ~~‘I

1 —e—GFP-OPT

1 -4- PFP-OPT

- —a -Semi-PFP

3 4 5 6 7

Tasks number, n

[
o
1

F=y
o
!

Schedulability gain, %
s 3

=
o
1

—4&—GFP-OPT, but not Semi-PFP or PFP-OPT
- -Semi-PFP, but not GFP-OPT or PFP-OPT
—e—GFP-OPT, but not PFP-OPT

7 \'.'__.\

“ K
/
k

T T T .! = 1
4 5 6 7 8
Tasks number, n

Table 2: Key parameters: default values

Settings

Number of processors, m

Number of tasks, n

Number of heavy tasks, npeavy

Task set utilization, Ug- (excl. exps. for
varying Pi/D; ratio)

Task set density, Dg (for exps. with
varying Pi/D; ratio)

Ratio between the maximum and mini-
mum task deadlines, Dmax/Dpin

Range for task deadlines, D;

Ratio between task periods and dead-
lines, Pi/D;

20

[5; 120]

14

[7; 35]
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Schedulability ratio, %

Schedulability ratio, %

Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:

100
90
80

70 4

60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

global, partitioned, and semi-partitioned scheduling;

_ )
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i \‘_— ~~~‘I
i —o—GFP-OPT
_ -4- PFP-OPT
- —a -Semi-PFP
3 4 5 6 7
Tasks number, n

—e—GFP-OPT
- PFP-OPT
. —a& -Semi-PFP

T T

0 1 2
Heavy tasks number, n_heavy

Schedulability gain, %

Schedulability gain, %
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o
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w
o

N
o

=
o

o

80

70 +

60
50

—4&—GFP-OPT, but not Semi-PFP or PFP-OPT
-1 —# -Semi-PFP, but not GFP-OPT or PFP-OPT
—e—GFP-OPT, but not PFP-OPT

o ~ e ——=a

{ T T T
3 4 5 6 7 8
Tasks number, n

~

—4—GFP-OPT, but not Semi-PFP or PFP-OPT
—& -Semi-PFP, but not GFP-OPT or PFP-OP
-e- PFP-OPT, but not GFP-OPT or Semi-
—e—GFP-OPT, but not PFP-OPT

Table 2: Key parameters: default values

Heavy tasks number, n_heavy

Settings
Number of processors, m 2 4
Number of tasks, n 7 14
Number of heavy tasks, npeayy 2 4
Task set utilization, Ug- (excl. exps. for 1.75 3
varying Pi/D; ratio)
Task set density, Dg (for exps. with 2 4
varying Pi/D; ratio)
Ratio between the maximum and mini- 20 5
mum task deadlines, Dmax/Dpin
Range for task deadlines, D; [5; 120] | [7; 35]
Ratio between task periods and dead- 1 1
lines, Pi/D;

[Burmyakov & Nikolic 2021] .



Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:
global, partitioned, and semi-partitioned scheduling;

- Efficiency analysis of different priority assignments:
RM, DM, DCMPO, DkC, DC;

(1) DCMPO assigns a higher priority to task 7; with a lower
value of (D; — Cj);

(2) DkC assigns a higher to task 7; with a lower value of (D; —
k x C;), where k is computed by

m—1+V5m2 —6m+1

2m
(3) DC assigns a higher priority to a task with a higher value of
Ci/Di

k =




Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:

global, partitioned, and semi-partitioned scheduling;

- Efficiency analysis of different priority assignments:

Schedulability ratio, %

RM, DM, DCMPO, DkC, DC;

100
90

——GFP-OPT

80
N\
70 35‘\._:-:DCM_P_O_LDKQ\
60 — -DM i |
N
50 Ty -¢-DC
Y
40 _.__*\‘~-
30 s
56 S ’-‘.\‘_\__‘ _____ &
A
10 =
0 1 . .
3 4 5 6 7 8

Tasks number, n

Schedulability ratio, %

1 —=—DCMPO, DkC
1 —a-DM
-+-DC

—e—GFP-OPT

Table 2: Key parameters: default values

Settings

Heavy tasks number, n_heavy

Number of processors, m

Number of tasks, n

Number of heavy tasks, npeavy

Task set utilization, Ug- (excl. exps. for
varying Pi/D; ratio)

Task set density, Dy (for exps. with
varying Pi/D; ratio)

Ratio between the maximum and mini-
mum task deadlines, Dmax/Dpin

Range for task deadlines, D;

Ratio between task periods and dead-
lines, Pi/D;

20

[5; 120]

[7; 35]
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Application of Exact Schedulability Test

- Performance evaluation of different scheduling strategies:

global, partitioned, and semi-partitioned scheduling;

- Efficiency analysis of different priority assignments:
RM, DM, DCMPO, DkC, DC;
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Deadlines ratio, Dmax/Dmin

Table 2: Key parameters: default values

Settings

Number of processors, m

Number of tasks, n

Number of heavy tasks, npeavy

Task set utilization, Ug- (excl. exps. for
varying Pi/D; ratio)

Task set density, Dy (for exps. with
varying Pi/D; ratio)

Ratio between the maximum and mini-
mum task deadlines, Dmax/Dpin

Range for task deadlines, D;

Ratio between task periods and dead-
lines, Pi/D;

20

[5; 120]

[7; 35]

[Burmyakov & Nikolic 2021] -,



