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

Vanilla Linux is not predictable or consistentVanilla Linux is not predictable or consistent
–– System calls, disk I/O, Interrupts, CPU Intensive Processes System calls, disk I/O, Interrupts, CPU Intensive Processes 

can make it difficult to determine when a task/process will get can make it difficult to determine when a task/process will get 
to run.to run.

A Real Time O/S must be able to schedule events so they A Real Time O/S must be able to schedule events so they 
happen in a deterministic amount of time.happen in a deterministic amount of time.

Real Time patches and features attempt to make the Linux Real Time patches and features attempt to make the Linux 
Kernel more deterministic.Kernel more deterministic.



What is Real Time Linux?What is Real Time Linux?
Simply put it is a series of patches, features and updates to Simply put it is a series of patches, features and updates to 
the vanilla Linux kernel to make it behave more like an the vanilla Linux kernel to make it behave more like an 
RTOSRTOS
There are numerous (well over 30) bundled solutions There are numerous (well over 30) bundled solutions 
available, both commercial and open source.available, both commercial and open source.
–– Bundled means someone has already went to the trouble of Bundled means someone has already went to the trouble of 

incorporating the things into the kernel and distributes it thatincorporating the things into the kernel and distributes it that
way.way.

–– See See http://www.realtimelinuxfoundation.org/http://www.realtimelinuxfoundation.org/ for a short for a short 
list.list.

A large majority of the real time features are also freely A large majority of the real time features are also freely 
available as patches and some are even incorporated into available as patches and some are even incorporated into 
the next version of the Linux kernel. Patches??the next version of the Linux kernel. Patches??



Real Time LinuxReal Time Linux
This isn’t (too) new.This isn’t (too) new.
Some of the most important patches have been in Some of the most important patches have been in 
development and testing since the late 90’s.development and testing since the late 90’s.
Abundant amount of information available onlineAbundant amount of information available online
–– Too much in some cases, hard to tell what is current and what Too much in some cases, hard to tell what is current and what 

has been superseded.has been superseded.

MontaVisaMontaVisa Software was one of the first companies to Software was one of the first companies to 
distribute a Real Time Linux distribute a Real Time Linux –– September 2000.September 2000.
Other companies in the RTOS and Linux markets have also Other companies in the RTOS and Linux markets have also 
developed distributions (Wind River, Novell)developed distributions (Wind River, Novell)



WindRiverWindRiver DistributionDistribution
Pros (my take)Pros (my take)
–– Over 100 patchesOver 100 patches
–– Well testedWell tested
–– Good support (if you can pay)Good support (if you can pay)
–– New IDE (Eclipse based) allows for common development New IDE (Eclipse based) allows for common development 

environment between environment between VxWorksVxWorks and RT Linux and RT Linux –– very nice very nice 
compared to Tornadocompared to Tornado

ConsCons
–– Still have to build and apply all the patches to your kernelStill have to build and apply all the patches to your kernel
–– Furthermore only works with specific versions of kernel 2.4.10 Furthermore only works with specific versions of kernel 2.4.10 

and 2.6.2 (I think)and 2.6.2 (I think)
–– Difficult licensing model Difficult licensing model 
–– As far as x86 is concerned, I only got to work on a 686, due to As far as x86 is concerned, I only got to work on a 686, due to 

fact that is all our educational version hadfact that is all our educational version had
–– Why not just use open source and configure kernel and use Why not just use open source and configure kernel and use 

patches as you need patches as you need –– this was the option I usedthis was the option I used



Patches / ConfigurationPatches / Configuration

Real Time Preempt PatchReal Time Preempt Patch
Low Latency PatchLow Latency Patch
0(1) Scheduler0(1) Scheduler



realtimerealtime--preempt Patchpreempt Patch
Vanilla Kernel is not Vanilla Kernel is not preemptiblepreemptible
–– Means code running in kernel runs to completion = latencyMeans code running in kernel runs to completion = latency
–– Kernel is well written and regulated but still have unbounded Kernel is well written and regulated but still have unbounded 

limit of how long in kernel = problemlimit of how long in kernel = problem
The The realtimerealtime--preempt patch (configuration) changes thispreempt patch (configuration) changes this
–– Makes kernel Makes kernel preemptiblepreemptible like user spacelike user space
–– If higher priority task becomes If higher priority task becomes runnablerunnable then it can run then it can run 

(maybe) (maybe) –– see next slidesee next slide
–– A version was first developed by A version was first developed by MontaMonta Vista, then maintained Vista, then maintained 

by Robert Love, and the version contained in the 2.6.18 kernel by Robert Love, and the version contained in the 2.6.18 kernel 
is from Ingo Molnar.is from Ingo Molnar.

Very helpful in real time applications where you need a task Very helpful in real time applications where you need a task 
to run as soon as it becomes to run as soon as it becomes runnablerunnable..
Arguments have been made that it will lower throughput Arguments have been made that it will lower throughput 
due to complexity, however testing has shown little to no due to complexity, however testing has shown little to no 
effect effect 
Other issue is that CPU variables require more careful Other issue is that CPU variables require more careful 
handling since the kernel can be preempted.handling since the kernel can be preempted.



Not Not PreemptablePreemptable
The kernel is not The kernel is not preemptiblepreemptible in these cases:in these cases:
–– While handling interruptsWhile handling interrupts
–– While doing “bottom half” processingWhile doing “bottom half” processing
–– While holding a spinWhile holding a spin--lock, readlock, read--lock, writelock, write--lock (protect from lock (protect from 

other processors (SMP) other processors (SMP) –– the latest patch has attempted to the latest patch has attempted to 
minimize theseminimize these

–– While executing schedulerWhile executing scheduler



Low Latency PatchLow Latency Patch
Similar goal to Similar goal to realtimerealtime--preempt patch preempt patch ––
allow scheduler to run more oftenallow scheduler to run more often
Different approachDifferent approach
–– Rather than attempting to implement Rather than attempting to implement 

preemption in a kernel that wasn’t designed preemption in a kernel that wasn’t designed 
for it, this patch adds specific preemption for it, this patch adds specific preemption 
points in blocks of code that could execute for points in blocks of code that could execute for 
long stretches of time.long stretches of time.

–– So when the kernel iterates over large data So when the kernel iterates over large data 
structures, it finds a way to safely call the structures, it finds a way to safely call the 
scheduler, which may involve dropping a lock, scheduler, which may involve dropping a lock, 
scheduling and reacquiring the lock.scheduling and reacquiring the lock.

–– This is much more difficult to test/determine if This is much more difficult to test/determine if 
anything has brokenanything has broken



Which is better?Which is better?
The developers of each patch were very passionate about The developers of each patch were very passionate about 
which was betterwhich was better
RTOS are RTOS are preemptiblepreemptible –– so from that standpoint the so from that standpoint the 
preempt patch seems to make sense, but altering the preempt patch seems to make sense, but altering the 
kernel that way can be difficult and perhaps hard to kernel that way can be difficult and perhaps hard to 
maintainmaintain
The low latency patch showed large latency improvementsThe low latency patch showed large latency improvements
Why not both?Why not both?
–– The two patches have been combined are now in Ingo Molnar’s The two patches have been combined are now in Ingo Molnar’s 

realtimerealtime--preempt patch preempt patch 
–– And have been added to the 2.6.18 kernel as a configuration And have been added to the 2.6.18 kernel as a configuration 

option option –– see details at end of slidessee details at end of slides



Draw BacksDraw Backs
The biggest draw back is throughput.The biggest draw back is throughput.
–– Most processes (like disk I/O) have the greatest throughput if Most processes (like disk I/O) have the greatest throughput if 

run uninterrupted.run uninterrupted.
–– Constant preemption and context switching affects this Constant preemption and context switching affects this 

throughput.throughput.
–– Preemption has overhead.Preemption has overhead.
–– Scheduling has overhead.Scheduling has overhead.

Everyone agrees that throughput could be an issue, but Everyone agrees that throughput could be an issue, but 
testing continues to show that throughput isn’t affected.testing continues to show that throughput isn’t affected.
ComplexityComplexity
–– These patches add complexity that could lead to hard to These patches add complexity that could lead to hard to 

maintain and/or difficult to debug codemaintain and/or difficult to debug code
–– But isn’t the kernel already pretty complex?But isn’t the kernel already pretty complex?



0(1) Scheduler0(1) Scheduler

Also developed by Ingo MolnarAlso developed by Ingo Molnar
–– First attempt in 1998First attempt in 1998
–– Current version started in 2001Current version started in 2001
–– Incorporated into 2.5 development tree Incorporated into 2.5 development tree 

in 2002in 2002

Purpose Purpose -- a good scheduler for Linux a good scheduler for Linux 
that is O(1) in its entirety: wakeup, that is O(1) in its entirety: wakeup, 
contextcontext--switching and timer interrupt switching and timer interrupt 
overhead overhead 



0(1) Scheduler 0(1) Scheduler con’tcon’t
Areas of improvements:Areas of improvements:
–– Performs well independently of how many tasks there Performs well independently of how many tasks there 

are in the system.are in the system.
The old scheduler was inefficient in certain cases (The old scheduler was inefficient in certain cases (egeg. . 
JVMsJVMs))

–– The way interactive tasks are handled is improved.The way interactive tasks are handled is improved.
Interactive tasks are now detected via a separate, Interactive tasks are now detected via a separate, 
usageusage--statisticsstatistics--driven mechanism driven mechanism 

–– Interactive tasks are snappy under heavy loadInteractive tasks are snappy under heavy load



DemoDemo
2.6.18 Kernel with 2.6.18 Kernel with realtimerealtime--preemption preemption 
configuredconfigured
Using POSIX threads with SCHED_FIFO Using POSIX threads with SCHED_FIFO 
scheduling policyscheduling policy
Bt878 Video Card with Standard Linux Bt878 Video Card with Standard Linux 
drivers using Video4Linux APIdrivers using Video4Linux API
Threads:Threads:
–– One grabbing current frameOne grabbing current frame
–– One executing One executing centroidcentroid locationlocation
–– One doing kernel system callsOne doing kernel system calls



Kernel ConfigurationKernel Configuration
Steps I used to configure my kernelSteps I used to configure my kernel

–– Started with SUSE Linux 10.1 (selected all kernel development, dStarted with SUSE Linux 10.1 (selected all kernel development, developer options etc on install (eveloper options etc on install (gccgcc etc))etc))
–– Downloaded 2.6.18.3 kernel from Downloaded 2.6.18.3 kernel from www.kernel.orgwww.kernel.org (the full kernel, not patches, clicked on “F”, saved to /home/<(the full kernel, not patches, clicked on “F”, saved to /home/<user>/user>/srcsrc))
–– Go into /home/<user>/Go into /home/<user>/srcsrc/ directory/ directory
–– ExtractExtract

tar tar xfvjxfvj /home/<user>/src/linux/home/<user>/src/linux--2.6.18.3.tar.bz22.6.18.3.tar.bz2
–– Go into /home/<user>/src/linuxGo into /home/<user>/src/linux--2.6.18.3 directory2.6.18.3 directory
–– Clean up previous stuffClean up previous stuff

make make mrpropermrproper
–– ConfigurationConfiguration

make make menuconfigmenuconfig
–– Enable Enable realtimerealtime--preempt patchpreempt patch

Go into Processor type and Features menu (enter)Go into Processor type and Features menu (enter)
Go into Go into PreemptiblePreemptible Kernel (enter)Kernel (enter)
Select Select PreemptiblePreemptible Kernel (LowKernel (Low--Latency Desktop)Latency Desktop)
You will then be back at the Processor type and features menu (mYou will then be back at the Processor type and features menu (make sure the Preempt The Big Kernel ake sure the Preempt The Big Kernel 
Lock) is now selectedLock) is now selected
Then exit and save the Then exit and save the configurateionconfigurateion

–– BuildBuild
make cleanmake clean
make make bzImagebzImage
make modulesmake modules
susu (switch to root user, so need to type root username)(switch to root user, so need to type root username)
make make modules_installmodules_install



Kernel Configuration Kernel Configuration con’tcon’t
Create initial RAM diskCreate initial RAM disk

–– MkinitrdMkinitrd ––k /home/<user>/src/linuxk /home/<user>/src/linux--2.6.18.3/arch/boot/bzImage 2.6.18.3/arch/boot/bzImage ––i /boot/initrdi /boot/initrd--2.6.18.32.6.18.3--rt rt ––M /home/<user>/src/linuxM /home/<user>/src/linux--
2.6.18.3/System.map2.6.18.3/System.map

–– Note the thing after the Note the thing after the ––i in the above command is what you are creating so you can name i in the above command is what you are creating so you can name it what ever you want, I added it what ever you want, I added 
the (the (--rtrt) to signify the real time stuff is in that kernel.  The ) to signify the real time stuff is in that kernel.  The bzImagebzImage file and the file and the System.mapSystem.map file should already existfile should already exist

InstallationInstallation

–– cp arch/i386/boot/bzImage /boot/bzImagecp arch/i386/boot/bzImage /boot/bzImage--2.6.18.32.6.18.3--rtrt
–– cp cp System.mapSystem.map /boot/System.map/boot/System.map--2.6.18.32.6.18.3--rtrt
–– lnln ––s /boot/System.maps /boot/System.map--2.6.18.32.6.18.3--rt /boot/rt /boot/System.mapSystem.map

Grub configuration (add new item to boot menu)Grub configuration (add new item to boot menu)
–– Add the following at the end of the fileAdd the following at the end of the file

title Real Time Kernel (2.6.18.3)title Real Time Kernel (2.6.18.3)
root(hd0,0)root(hd0,0)
kernel /boot/bzImagekernel /boot/bzImage--2.6.18.32.6.18.3--rt root=/dev/hda1rt root=/dev/hda1
initrdinitrd /boot/initrd/boot/initrd--2.6.18.32.6.18.3--rtrt

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



Questions and DiscussionQuestions and Discussion
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