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Profiling

e Computers are slow

e Premature optimization is the root of all evil



Understanding perf

e Sample-based profiling
e Non-invasive

e Low overhead



Sample-based profiling

e Hardware event counters

e Periodic interrupts

e Produces heat map of events



Sample-based profiling

e Does not provide

o (Call counts for functions

o Cycles needed for specific code sequences
e Statistical variations

o Accuracy improves with increased runtime



Exact steps

e Record samples
e Analyse
e Optimise

e Synergy



Recording samples

e perf record <command>
e Counts CPU cycles

e Automatic interrupt period



Analysing samples

e High-level per DSO, function
o perf report
e |nstruction level

o perf annotate



Example: flac encoding

e QOverview

$ perf stat ./flac -f -o /dev/null test.wav

[..

Performance counter stats for

-]

'./flac -f -o /dev/null

test.wav':

26821.345510 task-clock (msec) # 0.999 CPUs utilized
718 context-switches # 0.027 K/sec
1 cpu—migrations # 0.000 K/sec
178 page-faults # 0.007 K/sec
25,746,088,637 cycles # 0.960 GHz
19,453,581,691 instructions # 0.76 1insns per cycle
1,870,878,855 branches # 69.753 M/sec
39,992,280 branch-misses # 2.14% of all branches

26.841126339 seconds time elapsed



Example: flac encoding

e QOverview: cache misses

$ perf stat -e cache-references,cache-misses ./flac ...

[...]

Performance counter stats for './flac -f -o /dev/null test.wav':

6,344,978,310 cache-references
86,353,380 cache-misses # 1.361 % of all cache refs

26.737117149 seconds time elapsed



Example: flac encoding

e Record samples

$ taskset 2 perf record ./flac -f -o /dev/null test.wav

[...]

[ perf record: Woken up 18 times to write data ]

[ perf record: Captured and wrote 4.283 MB perf.data (~187137 samples) |



perf report

Samples: 112K of event 'cycles'
Event count (approx.): 26851110962
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Source code

void FLAC__lpc_compute_autocorrelation(float datal[], unsigned data_len,
unsigned lag, float autoc[])

{
float d;

unsigned sample, coeff;
const unsigned limit = data_len - lag;

for (coeff = 0; coeff < lag; coeff++)
autoc[coeff] = 0.0;

for (sample = 0; sample <= limit; sample++) {
d = data[sample];
for (coeff = 0; coeff < lag; coeff++)
autoc[coeff] += d x data[sample+coeff];

}

for (; sample < data_len; sample++) {
d = data[sample];
for (coeff = 0; coeff < data_len - sample; coeff++)
autoc[coeff] += d x data[sample+coeff];



perf annotate
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The main loop
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Optimise

e Invert the loop

O

Before

for (sample = 0; sample <= limit; sample++) {
d = data[sample];
for (coeff = 0; coeff < lag; coeff++)
autoc[coeff] += d x data[sample+coeff];

After

for (coeff = 0; coeff < lag; coeff++) {
d = 0.0;
for (sample = 0; sample <= limit; sample++)
d += datal[sample] * data[sample+tcoeff];
autoc[coeff] = d;



Verify speedup

e perf stat

$ perf stat ./flac -f -o /dev/null test.wav

[...]

Performance counter stats for
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perf report

Samples: 88K of event 'cycles'
Event count (approx.): 21093361393
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perf annotate
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The twist

/*
* this version tends to run faster because of better data
locality

* ('data_len' is usually much larger than 'lag')

*/

e Probably true on some system

e Depends on result latency, cache size



Pipelining effects

e Result latency
e Multiple issue

e Qut of order execution



Result latency
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Multiple issue
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Cache misses
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Other events

e (Cache misses

e Mispredicted branches
e [LB misses

e CPU-specific events

e Software events

o Page faults

o Context switches



Resources

e Perf Wiki - Tutorial

o https://perf.wiki.kernel.org/index.php/Tutorial

e ARM Information Center

o http://infocenter.arm.com/
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Questions?






