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Resources

The latest version slide 1s available on elinux wiki
http://elinux.org/ELC 2013 Presentations

Related source code is able to download from GitHub
https://qgithub.com/ystk/sched-deadline/tree/dimiss-detection-dev
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Motivation

We would like to use Linux on control systems
Real-time is one of the most critical topic

Problem statement
Need to evaluate deeply to meet the deadline
CPU resource used too much by higher priority tasks

EDF scheduler
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Definition of deadline

Wakeup time: The time of an event occurred (Ex. Tim
and target task’s state changed to runnable.

Event response time: Interrupt latency
Deadline: The time for a target task must finish

Process time
Event response time
S —

er interrupt)

Wakeup time

Wakeup time
Deadline

Period
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Earliest Deadline Fisrt scheduling DF x

The earliest deadline task has the highest priority

Task’s priority I1s dynamically changed and
managed

SCHED_FIFOQ is static priority management

Theoretically the total CPU usage by all tasks Is
up to 100%

Includes the kernel overhead

If usage of CPU by all tasks is less than 100%, all
tasks meet the deadline

Reference

http://en.wikipedia.org/wiki/Earliest_deadline_first_schedu
ling
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An example of EDF Scheduling

Taskl: budget 1Ims period 8ms
Task2: budget 2ms period 5ms
Task3: budget 4ms period 10ms

Oms

—_

—CPU usage H 0.925%

[

H 100%

20ms

T1

2

T3
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Rate-Monotonic Scheduling VRMS X

One of the popular scheduling algorithm for RTOS

Assumptions for task behavior
NO resource sharing such as hardware, a queue, or any kind of semaphore
Deterministic deadlines are exactly equal to periods

Static priorities (the task with the highest static priority that is runnable
immediately preempts all other tasks)

Static priorities assigned according to the rate monotonic conventions (tasks with
shorter periods/deadlines are given higher priorities)

Context switch times and other thread operations are free and have no impact on
the model

CPU utilization
n: number %f periodic tasksHTi: Release period, Ci: Computation time

U= CI/TENR2-1)%H® In2»0.69

=0
CPU utilization depends on the combination of periodic tasks and it is possible to
meet the deadline even the CPU utilization is around 80%

Reference
http://en.wikipedia.org/wiki/Earliest_deadline_first_scheduling
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Compared with the RMS scheduling

Taskl: budget 1ms period 4ms
Task2: budget 2ms period 6ms
Task3: budget 3ms period 8ms

Oms

—_

— CPU usage H 0.958%

20ms

B
RMS 1 ;- F

T3

) A
deadline miss

Oms 20ms

g N8N BAN RN WEN
EDF 7 [ [N N N

T3
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Comparison of deadline algorithms

- Advantage Disadvantage

Evaluation for
scheduling possibllity is
required to meet the
deadline

RMS  Easier to implement

No evaluation for
scheduling possibllity is
required to meet the
deadline

EDF Difficult to implement
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What SCHED DEADLINE is?

http://www.evidence.eu.com/sched _deadline.html
Implements the EDF scheduling algorithm
Posted to LKML by Dario Faggioli and Juri Lelli
Latest version is V7 (2013/2/12)
Our work based on V2 and V4.

Key features of SCHED DEADLINE
Temporal isolation

The temporal behavior of each task (i.e., its ability to meet its
deadlines) is not affected by the behavior of any other task in the

system

Each task is characterized by the following aspects:
Budget: sched runtime
Period: sched_ period, equal to its deadline
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Build SCHED DEADLINE enabled kernel

Get the source code from the following places

git clone git://github.com/jlelli/sched-deadline.qit
(for V4 to V7)

git clone qit://gitorious.org/rt-deadline
(for V2)

Kernel configuration
CONFIG_EXPERIMENTAL =y
CONFIG_CGROUPS =y
CONFIG_CGROUP_SCHED =n
CONFIG_HIGH RES TIMERS =y
CONFIG_PREEMPT =y
CONFIG_PREEMPT RT =y
CONFIG_HZ 1000 =y
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Overview of SCHED_DEADLINE

EDF task User

¢ Set parameters for

Set deadline J
and budget SCHED_DEADLINE
/ System call procfs \
sched_pram2 sysctl_sched_dI_runtime

sysctl_sched_dl_period

- N
4 sk st /> di_sched_class N
| ]
J

4 sched_dlI entity )

[ enqueue_task_dl ] [ task_tick _dlI

[ dl deadllne rb_node

[MJ di_timer ; [ dequeue_task_dl ] % set_curr_task_dl
. :
[ sched_calss } ------------------- i \ /
\\K / Kernel /
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Overview of SCHED_DEADLINE

EDF task User

Set deadline \j, ¢ Set parameters for

and budget . === e e e e =CGHEL READLINE

SyStem Ca” i procfs
4 : ' : N

| |
sched_pram2 sysctl_sched_dI_runtime I
| sysctl_sched_dI_period |
LY - J

4 sched_dlI entity )

[ dl deadllne rb_node [ enqueue_task_d| ] [ task_tick_dl

[MJ mm} i [ dequeue_task_dl ] % set_curr_task_dl
1 A A
' M

________ AN Y,

\\K e / Kernel /
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Setting CPU utilization for EDF tasks

Parameters can be setted via procfs

CPU utilization for rt(SCHED_FIFO and SCHED RR) and
dI(SCHED_DEADLINE) should be under 100%

Parameters for EDF scheduler
/proc/sys/kernel/sched _dl _period us
/proc/sys/kernel/sched _dl _runtime_us

When a task requires more than above limit, thetas Kk
cannot submit to run

An example setting (rt: 50%, dI:50% HH

# echo 500000 > /proc/sys/kernel/sched_rt_runtime_us (500ms)
# echo 100000 > /proc/sys/kernel/sched_dl period us (100ms)
# echo 50000 > /proc/sys/kernel/sched_dl runtime _us (50ms)
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Overview of SCHED_DEADLINE

EDF task User

Set deadline \j, ¢ Set parameters for
SCHED_ DEADLINE

and runtime
System call procfs

Crosn T

sched_pram2 sysctl_sched_dl_runtime

S sysctl_sched_dl_period

4 sched_dlI entity )

[ enqueue_task_dl ] [ task_tick _dlI

[ dl deadllne rb_node

[MJ #M—]dl timer ; [ dequeue_task_dl ] % set_curr_task_dl
v
[ sched_calss } ------------------- i \ J
\\K / Kernel /
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Structure of sched_param2

VWUXFW VFKHGBSDUDP A
LQW VFKHGBSULRULW\
XQVLJQHG LQW VFKHGBIODJV
X VFKHGBUXQWLPH
X VFKHGBGHDGOLQH
X VFKHGB

X BBXQXVHG> @
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Run a EDF task

Schedtool

# schedtool -E -t 10000:100000 -a 0 -e ./yes
Options
-EHa task runs on SCHED DEADLINE

-tH<execution time> and <period> in micro seconds
-aHAffinity mask
-eHcommand

System call
sched_setscheduler2()

TOSHIBA
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Budget management for EDF tasks

EDF task User

Set deadline \j, ¢ Set parameters for
and runtime SCHED_DEADLINE

System call procfs
4 ¢ :

sched_prama2 sysctl_sched_dl_runtime

/

sysctl_sched_dl_period

/ task_struct \

4 sched_dlI entity )

e feeeio> di_sched_class

[ dl deadlme rb_node [ enqueue_task_d| J [ task_tick_dl

MJ di_timer | [ dequeue_task_dl J set_curr_task_dl
[ sched_calss } ------ j--------: \

-

.

i
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Budget management for EDF tasks

Each task on SCHED DEADLINE has budget which
allows it to use CPU

Budget management

Refill budget : dl_timer ( high resolution timer )
Use budget : task_tick dl ( tick based )

q task_tick_dl |

Task

Wakeup time Period Wakeup time

62za[dl_timer} ®[dl_timer]
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Evaluation (Period

:100ms, Budget: 50

ms

kernelst

Pointer; 151.151207 Cursor; 0.0 Marker 151.113610 Markerfl] 151.213870 AB Delta; 0.100260

CPU O

CPU 1

CPU 2

CPU 3

U

151.2]1690

T
151.714625

<

Page(1 ‘ Search: Column: | #

#
]

o o~ e o R

. ” contains

" [
v ” [_| graph follows

| cpu | Time stamp| Task

)
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deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
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deadline-va-tes
deadline-va-tes
deadline-va-tes
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deadline-va-tes
deadline-va-tes
deadline-va-tes
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dsadlina..tas

|PID
.B
1043
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1943
1643
1943
1943
1943
1943
1047

d..3
d.h2
d.h1
d.h3
d.hl
d.h2
d.hl
d.hl
d.h2
d.h2
d.hl
d.
d
d
d
d
d
d
d
d
d
d
d
d

h3

.h1
.hz
.h1
.h1
.hz
.hz
.h1
.h1
.hz
.h2
.h1

h3

Latency |Event

sched_switch
hrtimer_cancel
hrtimer_expire_entry
hrtimer_start
hrtimer_expire_exit
hrtimer_cancel
hrtimer_expire_entry
hrtimer_expire_exit
hrtimer_start
hrtimer_cancel
hrtimer_expire_entry
hrtimer_start
hrtimer_expire_exit
hrtimer_cancel
hrtimer_expire_entry
hrtimer_expire_exit
hrtimer_start
hrtimer_cancel
hrtimer_expire_entry
hrtimer_expire_exit
hrtimer_start
hrtimer_cancel
hrtimer_expire_entry

hrtimar start

Info

swapper/0:0 [120] R ==> deadline-v4-tes:1943 [4204967205]

hrtimer=0xfselsloc
hrtimer=0xf521819¢c
hrtimer=0xfsel819c
hrtimer=0xfselsloc
hrtimer=0xfselablo
hrtimer=0xfselablo
hrtimer=0xfselablo
hrtimer=0xfselablo
hrtimer=0xfselsloc
hrtimer=0xfselsloc
hrtimer=0xfselsloc
hrtimer=0xfselsloc
hrtimer=0xfselablo
hrtimer=0xfselablo
hrtimer=0xfSeldbla
hrtimer=0xfseldblo
hrtimer=0xf5e14b10
hrtimer=gxfsel4bio
hrtimer=0xfsel4bio
hrtimer=oxfsel4bla
hrtimer=0xfselsloc
hrtimer=0xfsel810c

hrtimar—rivfSa1a1ae

now=150401705752

function=hrtick expires=150402518703 softexpires=150402518703

nNow=150402001071

function=tick_sched_timer expires=150403000000 softexplres=150403000000

now=150402519617

function=hrtick expires=150404144005 sof texpires=150404144005

now=150403001018

function=tick_sched_timer expires=150404000000 softexplres=150404000000

now=150404001084

function=tick_sched_timer expires=158405000000 softexplres=150465000000

now=150404144956

functinn=hrtick avniras—150407280735 softevniras—150407300735
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Evaluation

Task T1l: budget 1ms period 4ms
Task T2: budget 2ms period 6ms
Task T3: budget 3ms period 8ms

File Filter Plots Capture Help

CPUO

Pointer: 194.661783 Cursor: 0.0 Markerfi 194.652579 Markerfl] 194.653598 A,B Delta: 0.001019 h
Time Line

yes-self-2006 yes-self-2008 ves-self-2008 yes-self—ZOﬂ@ld EIEBS s-zelf-2006 ves-self-2004 yes-self-2006 yes-self-2004 194 BI?BSSByes-self-Z

sched switch sched_switch sched_switch sched_switch ™ ched_switch sched_switch sched_switch sched_switch . sched_sw

CPU O

yes-self-2004

yes-self-2006

008 cPUO cPUO CPU 0 yes-self-2008 cPUO CPU 0 yes-self-2008 CPU 0'yes-self-2008

CPU O] CPU 0 yes-self-2006 CPU O cPUO cPUO CPU 0 yes-self-2006 cPUO

cPUO CPU 0 yes-se

i:

yes-self-2008 - ] S

<

-

Compare with page 6

# CPU  Time Stamp Task (4]

16 1 162.961646 gno oms 20ms j

17 1 162961665 trac

118 1 162.061668 trac T1

19 1 162961670 trac

120 1 162961672 trac

121 1 162961938 gno

122 1 162.962640 <id| 12 .:. -

125 1 162962650 gno

124 1 162.962044 <id| L
T3 o.::i

0
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Evaluation (Period: 1ms, Budget: 0.5ms)

kernelshark(:

Pointer; 228.426386 Cursor; 0.0 Marker 228.426091 Markerfl] 228.427100 AB Delta; 0.001809

Time Line
] ST e 228 e e e

crus |l H_ == S [ = e — |
CPU B
CPU 7

L N = L . 2
Pegel—‘ Search: Column: | # v ” contains ~ ” [ graph follows
# CPU | Time Stamp| Task [PID|Lstency |Event Infa I,i
] 5 226.067085 <idle> ] d..2 sched_switch swapper/5:0 [120] R ==> deadline-v4-tes:2016 [4294967295] |
1 5 226.067141 deadline-va-tes 2016 d.h2 hrtimer_cancel hrtimer=0xf5e5419¢
2 5 226.067141 deadline-va4-tes 2816 d.hl hrtimer_expire_entry hrtimer=0xf5e5419¢c now=226471767040
3 5 226.067145 deadline-va-tes 2016 d.h3 hrtimer_start hrtimer=0xd7676794 function=dl_task_timer expires=226472715568 softexplres=226472715568
4 5 226.067143 deadline-va-tes 2016 dnhl hrtimer_expire_exit ~ hrtimer=0xfSe5419¢c
5 5 226.067145 deadline-va-tes 2016 d..3 sched_switch deadline-v4- tes: 2016 [4294967295] R === swapper/5:0 [120]
6 5 226.068092 <idle> ] d..3 sched_switch swapper/5:0 [120] R === deadline-v4-tes:2016 [4294957295]
7 5 226.068371 deadline-vd-tes 2016 d.hz hrtimer_cancel hrtimer=0xfSe5chl0
8 5 226.068371 deadline-vd-tes 2016 d.hl hrtimer_expire_entry hrtimer=0xfSe5ch10 now=226473000785

5 226.068375 deadline-vd-tes 2016 d.h3 hrtimer_start hrtimer=0xd7676794 function=dl_task_timer expires=226473719635 sof texplres=226473719635
18 5 226.068377 deadline-vd-tes 2816 dNhl hrtimer_expire_exit ~ hrtimer=0xf5e50b10
1 5 226.068378 deadline-vd-tes 2816 dNh2 hrtimer_start hrtimer=0xf5e50b10 functicn=tick_sched_ timer explres=226474000000 softexpires=225474000000
12 5 226.068380 deadline-vd-tes 2816 dN.3 hrtimer_cancel hrtimer=0xf5e5419¢
13 5 226.068382 deadline-vd-tes 2816 d..3 sched_switch deadline-v4-tes:2016 [4204967295] R === ksoftirqgd/5:28 [08]
14 5 226.060003 <idle> ] d..2 sched_switch swapper/5:0 [120] R ==> deadline-v4-tes:2016 [4294967295]
15 5 226.069367 deadline-va-tes 2016 d.h2 hrtimer_cancel hrtimer=0xf5e5419¢
16 5 226.069368 deadline-vd-tes 2816 d.hl hrtimer_expire_entry hrtimer=0xfSe5419c now=226473999422
17 5 226.069369 deadline-vd-tes 2016 d.h3 hrtimer_start hrtimer=0xd7676794 function=dl_task_timer explres=226475721708 softexplres=226475721708
18 5 226.069370 deadline-vd-tes 2016 dnhl hrtimer_expire_exit ~ hrtimer=0xf5e5419¢c
19 5 226.869372 deadline-vd-tes 2016 dnhz hrtimer_cancel hrtimer=0xfSe5ch10
28 5 226.069373  deadline-vd-tes 2816 dNhl hrtimer_expire_entry hrtimer=0xf5e50b10 now=226474004760
21 5 226.069375 deadline-vd-tes 2816 dNhl hrtimer_expire_exit  hrtimer=0xf5e50b10
22 5 226.060375 deadline-va-tes 2016 dnh2 hrtimer_start hrtimer=0xf5e56b10 function=tick_sched timer explres=226475000000 softexplres=226475000000
2% 5 226 060378 _deadlinewd.tes 2016 d = eched cwitch daadline.ua. tes-2mA [4704087905] B ——= keaftiradi/s-22 [orl &
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Budget management for EDF tasks

Each task on SCHED DEADLINE has budget which allows It to
use CPU

Budget management
Refill budget : dl_timer ( high resolution timer )
Use budget : task_tick dI ( tick based )

An Issue
Difficult to keep task’s budget if the budget has micro seconds granularity

Stepl: Refill budget @ dl_timer @ dl_timer

ask tick_dl
1ms 2ms Ims

Step2: Use budget

Task execution

Time

Period Period
Wakeup Wakeup
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Support for micro seconds granularity

Overview
When a task’s budget is less than 1ms, set HRTICK for the rest of
budget
3.2ms
Stepl: Refill budget <€ >

1ms 2ms 3 s¢
Step2: Use budget %

Task execution
A
Period /
) 1/ 7 Wakeup
{ Set HRTICK here Q
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Evaluation (Cycle: 1ms, Budget: 0.5ms)

Pointer; 471.989918 Cursor; 8.0 Markerf§ 471.980894 Markerfl] 471.908808 A,B Delta; 0.801004

CPU B

CPU 7

Time Line
T T
adline-v4-tes-1996 deadline-vd-tes-1996 deadline+i-tes-1996 "{Tﬁ"ﬁ‘ gi‘esqgss deadlinev4-tes-1996 deadline-vd-tes-1996 deadline-v4-tes-1996 deadlinevd-tes-1396 g dg@ mtesaasﬁ deadlinev4-tes-1996 d
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— |

<

Page|1 | Search: Column: | #

#
)

B w e ;s R

~ H contains

~ || [l graph follows

| cPU | Time Stamp| Task
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deadline-vd-tes
deadline-vd-tes
deadline-vd-tes
deadline-va-tes
<idle>

deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
<idle>

deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes
deadline-va-tes

idla=

PID | Latency

1696
1996
1996
1996
1996
[}

1996
1996
1996
1996
1996
[

1996
1996
1996
1996
1996
[

1996
1996
1996
1996
1996
0

d.hz2
d.h1
d.h3
dNh1
d..2
d..2
d.h2
d.h1l
d.h3
dnh1
d..3
d..3
d.h2
d.hl
d.h3
dnhl
d..3
d..3
d.h2
d.h1
d.h3
dnhl
- |
d_3

Event

hrtimer_cancel
hrtimer_expire_entry
hrtimer_start
hrtimer_expire_exit
sched_switch
sched_switch
hrtimer_cancel
hrtimer_expire_entry
hrtimer_start
hrtimer_expire_exit
sched_switch
sched_switch
hrtimer_cancel
hrtimer_expire_entry
hrtimer_start
hrtimer_expire_exit
sched_switch
sched_switch
hrtimer_cancel
hrtimer_expire_entry
hrtimer_start
hrtimer_expire_exit
sched_switch

erhad ewitch

| Info

hrtimer=0xf5e6019¢c

hrtimer=0xf5e6019c now=471271748548

hrtimer=0xd7cc9474 function=dl_task_timer expires=471272243810 softexplres=471272243810
hrtimer=0xf5e6019¢c

deadline-v4-tes:1996 [4294967295] R ==> swapper/6:0 [120]

swapper/6:0 [120] R ==> deadline-v4-tes:1996 [4294967295]

hrtimer=0xfses6019¢c

hrtimer=0xf5e6019c now=471272751760

hrtimer=0xd7cc9474 function=dl_task_timer expires=471273246645 softexplres=471273246645
hrtimer=0xf5e6019c

deadline-va-tes:1996 [4294967295] R === swapper/6:0 [120]

swapper/6:0 [120] R === deadline-v4-tes:1996 [4204957205]

hrtimer=0xfSes019c

hrtimer=0xfSe8019c now=471273754355

hrtimer=0xd7cc9474 function=dl_task_timer explres=471274249823 softexplres=471274249823
hrtimer=0xfSes019c

deadline- v4- tes:1996 [4294967295] R === swapper/6:0 [120]

swapper/6:0 [120] R === deadline-v4-tes:1996 [4294957295]

hrtimer=0xfSes019c

hrtimer=0xfSe6019c now=471274757579

hrtimer=0xd7cc9474 function=dl_task_timer explres=471275252277 softexplres=471275252277
hrtimer=0xfSes019c

deadline-v4-tes:1996 [4294967295] R === swapper/6:0 [120]

swannar/Fa0 11201 B —— deadline.ud.tes: 1008 42010572051
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Advantage and Disadvantage

Advantage
Easy to support high resolution budget

Disadvantage
Increase overhead

TOSHIBA Embedded Linux Conference 2013
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Summary of scheduling granularity improvement

An Enhancement for budget management

Support fine grained budget such as 100 micro seconds
HRTICK is needed to support fine grained budget

TOSHIBA Embedded Linux Conference 2013 28
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DEMO

“Big Buck Bunny”
http://www.bigbuckbunny.org/
(c) copyright 2008, Blender Foundation
License: Creative Commons Attribution 3.0

Play the movie about 3 times faster than normal spe  ed
Requirement for a frame decoding
Period: 10ms
CPU budget: 3.6ms

When a frame decode is not finished in a period, the player shows
“DEADLINE MISS” on screen and add 3ms penalty

TOSHIBA Embedded Linux Conference 2013 29
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Let’s play the movie
Original Modified

-------------
......

,”muHme M”

Note: Both movies are running on same spec x86 based PC
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Requirement for deadline miss detection

Current behavior

Have a counter to count the number of deadline misses
Not able to control tasks that missed the deadline

Task
Wakeup time Period HDeadline) Perio0Deadline )
Detect Detect
Here Here

Requirement
Detect the deadline miss at the begging of period

Task
Wakeup time Period HDeadline) veriod HDeadline )
Need to detect
Here
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Current limitation of SCHED_ DEADLINE

SCHED DEADLINE is able to count the number of
deadline misses

SCHED DEADLINE is not able to control tasks that
missed the deadline

TOSHIBA Embedded Linux Conference 2013
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Possible approaches to detect deadline misses

Userland

Monitor process or thread
Run at the end or begging of each period
A pair of periodic timer and signal handler
Have to cancel if the process meet the deadline
or
Have to catch the signal to check the deadline miss status

Kernel
This presentation takes this approach
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Overview of SCHED_DEADLINE

EDF task User

Set deadline \j, ¢ Set parameters for
and runtime SCHED_DEADLINE

System call procfs
______ I N
/I/ 2 l
|

: sched_pram2 | sysctl_sched_dl_runtime
.
| I sysctl_sched_dl_period
|
|
| / task struct
I |/> dl_sched_class N
| 4 sched_dI_entity N il
I [ dl_deadline ] [ tb_node ] i: [ enqueue_task_dl ] [ task_tick _dlI ]
I [m} g JLtimer il [ dequeue_task_dl ] set_curr_task_dl ]
I | flags | v
N Y, 1 v
| !
l I\

[ sched_calss } -------------------- J
__________/___' Kernel /
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Overview of deadline miss detection

Set parameters to sched param?2.sched_flags

Parameters for sched flags

Enable or disable the deadline miss detection
SCHED DL _DMISS DETECT DISABLE
SCHED DL _DMISS DETECT ENABLE

Behaviors
next slide..
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Behaviors ( sched param2.sched flags)

Nothing to do
SCHED_DL_DMISS_ACT_NONE

When the SCHED DL DMISS DETECT_ENABLE flag is set, the kernel will count the
number of deadline misses on /proc/sys/kernel/sched_dI dmlss count

Send a signal
To the process itself
SCHED_DL_DMISS ACT_SEND_SIG_OWN
Send a SIGXCPU signal
SCHED_DL_DMISS ACT_PROCESS _END
Send a SIGKILL signal
SCHED_ DL _DMISS ACT_PROCESS_STOP
Send a SIGSTOP signal
To the other task
Set the PID to /proc/sys/kernel/sched_dl_dmiss_sig_pid
SCHED DL _DMISS ACT_SEND_SIG_OTHER_WITH_RUN
Send a signal to the specified process
Deadline missed process continues to run
SCHED_DL_DMISS ACT_SEND_SIG_OTHER_WITH_STOP
Send a signal to the specified process
Deadline missed process is stoped
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Evaluation

Behavior of process
Period: 10ms
Budget: 5ms

Most of case the process is able to call sched_yield() between
4.5ms to 4.8ms

The process missed the deadline at the last period in the log

| v N

OK DL miss here
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Conclusion

SCHED DEADLINE is useful for real time systems

This presentation enhanced SCHED DEADLINE

For budget management
Support fine grained budget such as 100 micro seconds
HRTICK is needed to support fine grained budget

For deadline miss detection
Add a function to control deadline missed tasks

All source code are available at the following URL
https://qgithub.com/ystk/sched-deadline/tree/dimiss-detection-dev
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