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Real Time

Real Time isn’t about high throughput or low latencies.
Its about predictability and consistency.

Vanilla Linux Is not predictable or consistent

— System calls, disk I/0;, Interrupts, CRPU Intensive Processes

can make It difficult te determine when a task/precess will get
to run.

A Real Thme O/S must: be able te schedule events se they:
Nappen N a deterministic ameunit el time.

Realiime patches andieatires attempis 1o make: ther LR
Kernelimere deterministic:




What Is Real Time Linux?

o Simply put It iIs a series of patches, features and updates to
the vanilla Linux kernel to make it behave more like an
RTOS

There are numerous (well over 30) bundled solutions
avallable, both commercial and epen; seurce.

— Bundled means semeone has already went to) the trouble: of
Incorpoerating the things: intoe the kernel and distrlutes It that
Wa/.

= See pitteE//Aaaarealitimel Inuxieune e eKA/ eI a ShHeKG:
ISt

Allarge majonity, off the real time features, are alsol fireely,
avallapleras pPatChies anciseme are even Incorporatedinte
the next version e ther Linux: kernel: Patches??




Real Time Linux

This isn’t (too) new.
Some of the most important patches have been in
development and testing since the late 90’s.

Abundant amount of information available online

— Too much in some cases, hard to tell what is current and what
has, been superseded.

Monta\Visa Seltware Was) one of the first companies 1o
distribute a Real Time: Linux — September 2000.

Other companies; in the RIOS, and Linux markets have alse
developed distrbutions (Winadl River, Nevell)




WindRiver Distribution

¢ Pros (my take)
Over 100 patches
Well tested

Good support (If you cani pay)

New: IDE (Eclipse based) allews for common development
envirenment between Vx\Works and R Linux — very nice
compared to Ternado

¢ Cons
Still-have te bulld and apply’ all the pateches te your kernel
Eurthermere: enly, Werks with) Specific versions off kernell 2.4.10
and 2.6.2 (I think)
Pificult licensing medel

AS farr as x66) IS concerned, IFenly/ get te) Work onl a 6686, dUe: te
iact thats allfeur educatienal vversion had

WhRY ReL JUSE USE GRER sSeUce and conligurer kermelrand tse
pPatches as you need — this was theroption' I used




Patches / Configuration

¢ Real Time Preempt Patch
¢ Low Latency Patch
o 0(1) Scheduler




realtime-preempt Patch

Vanilla Kernel is not preemptible
— Means code running in kernel runs toe completion = latency:

— Kernel is welll written and regulated but stilll have unbounded
limit of how long in kernel = problem

The realtime-preempt patch (configuration) changes this
— Makes kernell preemptible like user space
— |F higher priorty task becomes runnable then It can run

(maylhe) — see next slide

— A Version was first develeped by Mentar Vista, then maintained
Py Rebert Love, andl the version contained inf the: 2.6. 18 kerel
IS e Inge Vielnar:

VVery helpivifin real time: applications Where youl need a task
Lo fUIR as, seen| as i Becemes; fluRnable:

Argumenitst have: veen meade that it willNiewer threughpui
due o) complexity, however testingl has shiewn little terne
efifiect

@rherissuersithair CRUNaHaklES reguirermere careful
manadling since therkermelfcan be preempted:




Not Preemptable

¢ Ihe kernel is not preemptible in these cases:
While handling interrupts
While doing “bottom half” processing

While holding a spin-lock; read-lock, write-lock (protect from

other processors (SMP) — the latest patchs has attempited to
minimize these

While execuiting scheduler




Low Latency Patch

¢ Similar goal to realtime-preempt patch —
allew scheduler to run more often

¢ Different approach

— Rather than attempting to Implement
preemption In a kernell that wasn't designed
for It, this patch adds sSpeciiic preemption
points In blecks off code that could execute for
long stretches of time.

— S wWhen the kernel iterates; ever' large data
structures, It finds a way. te; safely: call the
schieduler, Whlchr may. Invelve dreopping a leck,
schedullng and reacguirnnglthe leck:

— This 1Is much more difficult to test/determine if
anpything Ras breken




Which Is better?

The developers of each patech were very passionate about
which was better

RTOS are preemptible — so from that standpoint the
preempt patch seems to make sense, but altering the
kernel that way: can lbe difficult and perhaps: hard to

maintain
The lew lateney, patchl shewed large lateney, Improvements
Why net heth?

— hertwe patches have veen combined are-newi in lnge VielRars
realtime-preempt pateh

— Andhave heen addedi terthe 2.6. 18 kermell as a  configuraten
option;— see details at end off slides




Draw Backs

¢ The biggest draw back is throughput.

Most processes (like disk 1/0) have the greatest throughput If
run uninterrupted.

Constant preemption and context switching affects this
thrroughput.

Preemption hass everhead.
Schedulingl hasi everhead.
9 EVveryene agrees that throughput could 9e an ISsue, bul
testing continues; te shew! that threughpul Isn‘t affected.
9 Coemplexiity.

— [hese patches add complexity/ that could lead terhard te
maiitaimrand/er dificulit terdenug cose

— Buit 1snrt the kernel already, pretty, comiplex?




0(1) Scheduler

» Also developed by Ingo Molnar
— First attempt 1in 1998
— Current version started in 2001

— [ncorporated inte 2.5 development tree
| 20)0)2

¢ PUrpoese - a goeod scheduler fior LLinupx
that 1sF O(L) IR Its  entirety: Wakeuo,
CoRtext=sSwWitching and timer Interrlpi
eVerhead




0(1) Scheduler con't

¢ Areas of improvements:

— Performs well independently of how many tasks there
are In the system.

¢ The old scheduler was Inefficient In certain cases (eg.
N\VAVIS))

— Jihe way. Interactive tasks are handled IS Improved.

¢ Interactive tasks are now detected via a separate,
usage-statistics-driven; mechanism

— [nteractive: tasks) are spappy, under heavy/ load




Demo

¢ 2.6.18 Kernel with realtime-preemption
configured

¢ Using POSIX threads with SCHED EFIEFO
scheduling policy

& Bt87 8! Video Card with Standard! Lintx
drivers usingl Videe4dLinux API
¢ lhreads:
— OnRe grapkingl clrreni firame
— One execuing centrord lecation
— One domng kermmel systen calls




Kernel Configuration

Steps | used to configure my kernel
— Started with SUSE Linux 10.1 (selected all kernel development, developer options etc on install (gec etc))
— Downloaded 2.6.18.3 kernel from www. kernel.org (the full kernel, not patches, clicked on “F”, saved to /home/<user=/src)
— Go into /heme/<user=/src/ directory.
EXxtract
¢ tar xfvj /Zhome/<user>=/src/linux-2.6.18.3.tar.bz2
Go into /heme/<user=/src/linux-2.6.18.3 directory
Clean up previous; stuifi
s make mrproper
Configuration
+ make menuconfig
—  Enable realtime-preempt patch

Go) into Processor type andl Features menu (enter)
Go inte) Preemptible Kerngell (enter)
Select Preemptible Kermgell (Low-Latency, Deskiop)

You will'thenrbe back at the Processor type and features menul (make sure the Rreempt The Big Kernel
Lock)) Istnew! selected

Then exit andl save: the configurateion

make clean

make bzlmage

meake modules

SU (SWitchl to) et USEN, SO need tor ty/pe reot Usermame)
make modules install




Kernel Configuration con't

Create initial RAM disk
Mkinitrd —k /heme/<user=/src/linux-2.6.18.3/arch/boot/bzlmage —i /boot/initrd-2.6.18.3-rt —M /home/<user=/src/linux-

2.6.18.3/System.map
Note the thing after the —i in the above command is what you are creating so you can name it what ever you want, | added
the (-rt) to signify the real time stuff is in that kernel. The bzlmage file and the System.map; file should already exist

Installation
—  cp arch/i386/beot/bzlmage /boot/bzlmage-2.6.18.3-rt
—  cp System.map /boot/System.map-2.6.18.3-rt
—  In—s /boeet/System.map-2.6.18.3-rt /boot/System.map

Grub configurration (add new item) te boet menu)
— Add the following at the end ofi the file

title Real Time Kernel (2.6.18.3)

root(hdo,0)
kernel /boot/bzlmage-2.6.18.3-rt root=/dev/hdai

initrd /lhooet/initrd-2.6.1.8. 3-rt

Then you should be able to reboot and select the new kernel to boot with




¢ Questions and Discussion
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