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LPPTEST

The results of Ipptest, 1 min. and 24 hour, are consistent with results of the above two tests -
max. latencies getting significantly reduced in the RT kernel as compared to non-RT kernels. See
figure 4 and 5. Histograms and scatter plots (24 hour) of Ipptest test show many latencies above
the 127.2 pusecs mark, the max. latency for the RT kernel.

4.4 Latency comparison of 2.6.26-rt1-ebx11 across all the tests

Here we compare the latencies of the RT kernel (2.6.26-rt1-ebx11) across all the tests.

2.6.26-rt1-ebx11 - All Tests - Short Duration (1 Minute)
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2.6.26-rt1-ebx11- All Tests - Extended (24 Hour) (LOADED)
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Figure 7

From the figures 6 and 7, we can see that latencies for each of the extended tests are more than
their corresponding short duration tests. Also the latencies for LPPTEST are greater than
latencies of other tests because of the external measurement method ' involved.

Do these numbers make sense?

Now having summarized the results, what can we conclude from these numbers? Are these the
right kind of numbers that we should have been expecting? Again, this is an open-ended question
and the answer really depends upon your needs, the underlying application and the system [8].
However we can use the following guideline from OSADL [9] to give us some idea whether our
numbers are in the ball park range:

"ds a rule of thumb, the maximum (worst-case) latency amounts to approximately (10° / clock
frequency of an idle system)."

Upon calculating based on the above guideline for the EBX-11’s 500 MHz LX processor, the
maximum allowed latency comes to around 200usecs '°. From figures 6 and 7, we can clearly

!5 We measure the latencies of the target board (EBX-11) from a host board (another EBX-11 board) using parallel
port cable. For all other tests (gtod and cyclictest), the latencies are recorded on the board that is being benchmarked
itself.



see that during any of the tests, the max. latency has never exceeded more than 127.2 psecs.
Therefore, based on the above guideline, the results look well under control, but then again, it
really depends upon how much max. latency your application/system can tolerate.

4.5 Impact on performance

As we know [8], real-time improvements come at the cost of possible performance
degradation'”. An RTOS may (or may not) sacrifice performance in order to become more
deterministic. Therefore we decided to benchmark performance of 2.6.26 kernels to see how
PREEMPT RT patch affects the performance (or throughput) in general.
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We arbitrarily chose few parameters to compare from various system categories such as
Communication, File and Virtual Memory and CPU from the LMbench test suite [10], as shown
in figure 8 above. From the above figure'®, we can say the RT patch does affect the system
performance negatively across most of the categories as compared to non-RT kernels, especially

' 100000/500000000=0.0002 secs = 200 psecs. The calculation was done assuming 1 GHz = 1 Billion cycles per
second.

7 Note that real-time does not mean better performance. For details refer to [8].

'8 For all parameters in the figure 8, smaller value is better except for Memread (red bar). In order to avoid creating a
separate graph just for one parameter (Memread), we decided to add it with other parameters. Note that the unit of
Memread is in MB/s and hence bigger value is better for Memread. For rest of the other parameters the unit is psecs.



with TCP Conn., where real-time kernel (2.6.26-rt1-ebx11) takes 3194 usecs (tallest blue bar)
and non real-time kernel (2.6.26-vl-custom-ebx11) takes only 998 usecs. In general, we can say
that the negative impact of RT patch is very application dependent, although for majority of the
parameters, the RT patch does not affect the system performance negatively by a “significant”
margin. Please see Appendix Il for other system parameter results.

5 Future work and considerations

Although the above results give us a good idea about the usefulness and effectiveness of
PREEMPT RT patch, there are some additional factors to be considered:

a) BIOS/Firmware impact

Real-time metrics can depend upon how well BIOS is configured and how well the BIOS code is
written. Settings related to USB device configuration, SMI interrupts, System Management
mode, etc. can make a huge difference on the latencies of a given system.

b) Kernel settings

The above results could vary depending upon how the Linux kernel is configured. We carefully
configured all relevant real-time kernel parameters to take maximum advantage of the
PREEMPT RT patch. However there is a possibility that our current kernel configuration can be
tweaked to further improve the determinism and the worst-case latencies.

¢) Trace large latencies

To further improve deterministic behavior we can trace which kernel functions/threads/programs
are responsible for causing large system latencies (in 100s of psecs). This can be done by
enabling some of the debugging options in kernel [13, 15]. We did not enable these debugging
options during our tests because doing so increases the system overhead and causes additional
latencies to be introduced by the kernel itself, which would skew our results.

d) Different RT approach

Lastly, as mentioned in the beginning of the paper, the PREEMPT RT is just one of the several
approaches to make Linux kernel real-time. It would be interesting to see if we can improve our
current results by using some of the other real-time approaches like Xenomai, RTLinux, etc.

6 Conclusion

PREEMPT RT patch significantly improves the premptiveness of the Linux kernel. However we
should keep in mind that these results are statistical in nature rather than being conclusive.
Developers should consider the latency requirement of their application rather than relying on
these latency numbers. For example, an embedded application developer who defines a worst-
case latency requirement to be 200 psecs can probably use the above combination of EBX-11
and the RT kernel (2.6.26-rtl-ebx11).



There is still some debate in the community concerning the readiness of the PREEMPT RT
patch for “hard” real-time systems [16, 17]. Therefore, we cannot yet draw broad conclusions
about the suitability of the PREEMPT RT patch for mission critical and life sustaining systems,
where missing even a single deadline can lead to catastrophic failures and loss of life.



Appendix I — System Load Script Code
#!/bin/bash

defaultseconds=60
seconds="$1"

if test -z "$seconds" || test "$seconds" -It 1
then

seconds=$defaultseconds
fi

cd /usr/src/linux

make clean

make -j8 &

cd;

echo "Started make -j8"

(while true; do dd if=/dev/zero of=/dev/null bs=1024000 count=1000; done) &
echo "Started DD"

ping -1 100 -q -s 10 -f localhost &
echo "Started ping flood"

(while true; do nice ./hackbench 30 >/dev/null; done) &
echo "Started hackbench..."

(while true; do du/ 1>/dev/null 2>&1; done) &
echo "Started DU..."

while test $seconds -gt 0

do
echo -n -e \\rStill $seconds seconds to wait ...
sleep 1
seconds="expr $seconds - 1

done

echo

echo "Script Terminated..."



a) GetTimeOfDay - gtod_latency (usecs) — 1000000 Iterations

Appendix I

I

2.6.18-4-486

Kernels 2.6.26-rtl1-ebx11 2.6.26-vl-custom 2.6.26-1-486
Load? W/O W/ W/O W/ W/0 W/ W/O W/
Min. 1 1 | 1 | 1 N/A N/A
Max. 34 32 68 52075 418 52331 406 407
Avg. 1.1268 1.1422 1.1101 1.1621 1.1311 1.1817 | 0.9869 | 0.9951
Std Dev | 0.5845 0.5720 | 0.4786 | 52.0764 | 0.7188 | 52.3333 | 0.4590 | 0.4509

b) CyclicTest (Interrupt and scheduling latency) (usecs) — 50000 cycles (1 Minute)

Kernels 2.6.26-rtl-ebx11 2.6.26-vl-custom 2.6.26-1-486 2.6.18-4-486
Load? W/O W/ W/O W/ W/O W/ W/0 W/
Min. 26 19 18 21 3843 2504 4829 2192
Max. 73 75 149 3464 | 44705273 | 25026385 | 44600991 | 52908651
Avg. 44 31 37.47 36.33 | 39921532 | 12511411 | 22301397 | 26453870

¢) CyclicTest (Interrupt and scheduling latency) (usecs) — 18000000 cycles (24 hour)

d) LPP Test (End to End response latency) (usecs) — 300000 responses (1 Minute)

Kernels | 2.6.26-rtl-ebx11 | 2.6.26-vl-custom
Load? Yes Yes
Min. 23 2
Max. 100 4394
Avg. 43.29363198 36.5
Samples 65512035 65543590

Kernels 2.6.26-rtl-ebx11 2.6.26-vl-custom 2.6.26-1-486 2.6.18-4-486
Load? W/O W/ W/O0 W/ W/0 W/ W/0 W/
Min. 8.27 8.33 8.36 8.33 8.33 8.33 N/A N/A
Max. 41.36 104.06 5291 562392 | 51.26 | 4656.44 | N/A N/A
Avg. 10.59 12.98 10.90 11.58 10.33 10.94 N/A N/A

e) LPP Test (End to End response latency) (usecs) — 214600000 responses (24 hours)

Kernels 2.6.26-rtl-ebx11 2.6.26-vl-custom 2.6.26-1-486
Min. 8.03 7.95 6.45
Max. 127.16 5989.77 4944.08
Avg. 12.79 11.59 10.63

Responses 214620000 214669636 214619724




Appendix ITI

LMEENCH 3 .0 SUMMARY

(Alpha =oftware. do not distribute)

Bazic =y=tem parameters

Ho=t 0S5 Description Mhz tlb cache mnemn =cal
pages line par load
byte=
ebxll Linux 2.6.26-1-486 495 3z 1
eb=ll Linuxg 2.6.26—w]l—-custom 494 3z 1
ebxll Linux 2.6.26-rtl-=sb=xll 493 32 1
Processor., Processes — times in microzeconds — smaller is better
Ho=t 05 HMhz null null open =lct =ig =ig fork exec =h

call I-0 stat clos TCP  inst hndl proc proc proc

ebxll Linux 2.6.26— 495 0.55 1.42 Y. 34 10.7 32.3 2.17 5.63 34 . K 49 K 31 .K
ebxll Linux 2.6.26— 494 0.74 1 .27 7. 67 11.0 32.0 2.13 5.82 383. 4156 18 K
ebxll Linux 2.6.26- 493 0.8% 1.38 9.51 15.8 32.3 2.23 6.63 687. 2816 15 .K

Context =witching tines in microzeconds — smaller i= better

Ho=t 0S5  Z2ps0E Z2p-slek Z2psedE 8pslel Bpoedl lepsleK lep-odE
ctxszw ctEsw cCctEsw ctEsw cCt=Esw ct=zsw ctzsw

ebxll Linux 2.6.726— 5.9 221.5 ?23.0 G.3800

ebxll Linux 2.6.26—- 230.6 233.5 797.8

*[ocal* Comnmunlcation latencies in microseconds — =maller iz better

Ho=t 05 2p-0E Pips AF UDF FRPC~ TCZCF  RPC- TCP

ctEsw THIX TDF TCP conn
eb=zll Linux 2.6.726— 36.4 35.1 110.8 3787 2545
ebxll Linux 2.6.26— &5.9 49.2 107. 133.3 345.8 367.1 9943 .
ebxll Linux 2.6.26— 230.6 117.1 173. 1e7.4 925.8 347.0 3194

File & VM =yv=tem latencies in microzecond=s — =maller i= better

Ho=t 05 0K File 10K File Mmap Frot Fage 100fd
Create Delete Create Delete Latency Fault Fault =elct
ebxll Linux 2.6.26— 71 3K 0.985 25.5 1?.§
ebxll Linux 2.6. 26— 20 7K 0.765 4 27620 17.9
ebxll Linux 2.6. 26— 332K 7.13720 18.5
#*[ocal*® Communication bandwidth=s in HBs= — bigger 1= better
Ho=t 05 FPipe AF TCE File Mmap Bocopy Bocopy HMem Memn
ONIXE reread reread (libc) (hand) read write
ebxll Linux 2.6.26—- 17.6 19 .5 15.3 12.1 24 .5 20.7 200 255 &2.8
ebxll Linux 2.6.26— 15.9 16.8 11.9 12.4 24 .4 19.8 19.1 24 .2 83.9
ebxll Linux 2.6 26— 15.1 16.2 1.46 9 2500 23.7 19.5 18.6 24.0 81.7
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