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macOS Instruments:
CPU time sampler




macOS Instruments: CPU time sampler @

Install

Easier than Cachegrind+QCachegrind
Bundled with Xcode, worth the download

Case: Allocations in NMX benchmark




macOS Instruments: CPU time sampler

Choose a profiling template for: & CI0021304 ) [l efu

Core Data Counters Energy Log File Activity Game
Performance

<= ~1 '
N el =] &

Leaks Metal System Network SceneKit

System Trace ‘ Zombies

Time Profiler
Performs low-overhead time-based sampling of processes running on the system's CPUs.

Open an Existing File...

fess



v

®e0e
o M Cloo213 )- NMXBenchmarkTest

Instruments
4 Run6of 6 | 00:00:01 + O O

Threads CPUs  Instrumen

Duplicate

ATTRIBUTE v target

Time Profi

Select target to run or process to attach to

©  Points of Interest

Points
0 i _
(nstrument Current
® Time Profiler ) Profile ; Root ® 0
Weightv Self Weight Symbol Name Heaviest Stack Trace E
1.567 s 100.0% Os »NMXBenchmarkTest (79215) 15716 NMXBenchmarkTest (79215)
15716 Main Thread Ox1ead23
15346 start
FY 15340 main
15340 benchmark::RunSpecifiedBencl

15330 benchmark::internal::(anon
E 15330 benchmark::Fixture::Run(benck
E 15327 NmxBenchmarkTest_Dummy_B¢
E 15327 void BenchmarkLoop<NmxBen:
E 15326 NmxBenchmarkTest_Dummy_B¢
E 8053 void BenchmarkLoopPaused<Nn
E 7775 NmxBenchmarkTest_Dummy_Ber
E 5812 Gem::HitGenerator::randomHits(
E 5402 Gem::HitGenerator::makeHitsFor
PN 4235 std:_1:vector<Hit, std:__1:all
FY 4049 void std::_1:vector<Hit, std::_*
E 2340 std:__1::__split_buffer<Hit, std::,
E 2340 std:__1::__split_buffer<Hit, std::,
FY 2296 std:_1:allocator_traits<std::__1
E 2296 std:_1::allocator<Hit>:allocate

Y 2291

Input Filter <§> Call Tree Constraints Data Mining




Choose Target:

Executables @ ESSGeometryBenchmarkTest
10021304 > = MBDataPar;erBenchmarkTest
Recen . & MBEventBuilderBenchmarkTest

2nts
B NMXBenchmarkTest
B NMXClustererBenchmarkTest

Favorites

Volumes

Launchd

Agents
Daemons
Recents NMXBenchmarkTest
821,18 KIB
Saturday, 12 September 2020 at

Saturday, 12 September 2020 at

Envircnment Variable Value

L - v gw Hidden Files Traverse Packages

--penchmark_filter=Dummy

/Users/mortenhilkerskaaning/dev/event-formation-unit/build



Instruments
n Il | m Cl0021304 ) Gl NMXBenchmarkTest 4 Run6of 6 | 00:00:01 + | OO

RIBUTE v target INSTRUMENT v * JEI*3® Threads CPUs Instruments Duplicate

0D:00.000 00:00.100 00:00.200 00:00.300 00:00.400 00:00.500 00:00.600 00

Time Pr¢

Hold - “Recording Options”

©  Points of Interest

Instrument

Points
)  Thermal State
current
instrument
@ Time Profiler  Profile = Root ® 0O
Weightv  Self Weight Symbol Name Heaviest Stack Trace E
1.57 s 100.0% Os »NMXBenchmarkTest (78215) 15716 NMXBenchmarkTest (79215)

15716 Main Thread Ox1ead23
15346 start
FY 15340 main
15340 benchmark::RunSpecifiedBencl
15330 benchmark::internal::(anonymo
E 156330 benchmark::Fixture::Run(benck
E 16327 NmxBenchmarkTest_Dummy_Bt
E 16327 void BenchmarkLoop<NmxBen
n 156326 NmxBenchmarkTest_Dummy_Bt
E 8053 void BenchmarkLoopPaused<Nn
E 7775 NmxBenchmarkTest_Dummy_Ber
E 5812 Gem::HitGenerator::randomHits(
E 5402 Gem::HitGenerator::makeHitsFor
E 4235 std:__1:vector<Hit, std::__1:all
E 4049 void std::_1::vector<Hit, std::_°
E 2340 std:__1:__split_buffer<Hit, std::
E 2340 std:__1:__split_buffer<Hit, std::
PN 2296 std:_1:allocator._traits<std::_1
E 2296 std:__1:allocator<Hit>::allocate
E 2291 std:__1::_libcpp_allocate(unsig
2280 operator new(unsigned long)
2195 malloc
2130 malloc_zone_malloc
1969 szone_malloc_should_clear
Call Tree Constraints Data Mining 1834 tiny_malloc_sh

Input Filter

ould

ar




macOS Instruments: CPU time sampler @

m CI0021304 ) @ NMXBenchmarkTest

|| Record Kernel Callstacks
[ Record Waiting Threads




@® Time Profiler  Profile  Root

Weight~ Self Weight Symbol Name
823.30 ms 100.0% Os YNMXBenchmarkTest (79255) €
823.30 ms 100.0% Os ¥Main Thread Ox1ebd9d
789.70 ms 95.9% Os wstart libdyld.dylib
789.70 ms 95.9% Os ¥main NMXBenchmarkTest
789.70ms 95.9% Os ¥benchmark::RunSpecifiedBenchmarks({benchmark::BenchmarkReporter®, benchmark::BenchmarkReporter*) NMXBenchmarkTest
788.70 ms 95.7% Os ¥benchmark::internal::{anonymous namespace)::RuninThread(benchmark::internal::Benchmark::Instance const*, unsigned long, int, benchr
788.70ms 95.7% 100.00 ps ¥benchmark::Fixture::Run{benchmark::State&) NMXBenchmarkTest
788.40ms 95.7% Os ¥NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&) NMXBenchmarkTest
788.40ms 95.7% Os wvoid BenchmarkLoop<NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0>(benchmark::State&, Nm

788.30 ms 7% 500.00 us wNmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator()() const NMXBenchmarkTest @

A QRRREERAE

41790 ms 50.7% Os pvoid BenchmarkLoopPaused<NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator{}{) ct
27990 ms 33.9% Os P _cluster_plane(std::__1::vector<Hit, std::__1::allocator<Hit> =&, std::__1::shared_ptr<AbstractClusterer>, std::__1::shared_ptr<Ab
79.80ms 9.6% 2.00 ms pCenterMatcher::match(bool) NMXBenchmarkTest
7.20ms 0.8% 1.30 ms pEventAnalyzer::analyze(Event&) const NMXBenchmarkTest
1.30ms 0.1% Os p<Unknown Address>
900.00pus 0.1% 400.00 us pEvent::both_planes() const NMXBenchmarkTest
500.00us 0.0% 500.00 us szone_free_definite_size libsystem_mallc b
300.00pus 0.0% 300.00 us DYLD-STUB$$operator delete(void®) MNMXBenchmarkTest
100.00 us  0.0% Os E pbenchmark::State::end() NMXBenchmarkTest
100.00 us  0.0% 100.00 ps szone_free_definite_size libsystem_malloc.dylib
100.00 us 0.0% Os p<Unknown Address>
400.00us 0.0% Os pbenchmark::ConscleReporter::ReportContext(benchmark::BenchmarkReporter::Context const&) NMXEenchmarkTest
400.00us 0.0% Os pbenchmark:internal::FindBenchmarksinternal(std::__1::basic_string<char, std::__1::char_traits<char>, std::__1::allocator<char> > const&,
100.00 us  0.0% Os pbenchmark::BenchmarkReporter::Context::Context() NMXBenchmarkTest
100.00 us  0.0% Os pO0x106c574e7 MNMXBenchmarkTest
33.60ms 4.0% Os p_dyld_start dyld

Input Filter (%) Call Tree Call Tree Constraints Data Mining



® Time Profiler ~ Profile = Root

Weight~ Self Weight Symbol Name

823.30 ms 100.0% Os YNMXBenchmarkTest (792558)
823.30 ms 100.0% Os ¥Main Thread Ox1ebd9d
789.70ms 95.9% Os wstart |iba .
789.70 ms 95.9% os ¥main NMXEe
789.70ms 95.9% Os Vbenchmark :RunSpecifiedBenchmarks{benchmark::BenchmarkRepeorter®, benchmark::BenchmarkReporter*) NMXBenchmarkTest
788.70ms 95.7% Os ¥benchmark::internal::{anonymous namespace)::RuninThread{benchmark::internal::Benchmark::Instance const®, unsigned long, int, benchr
788.70ms 95.7% 100.00 us vbenchmark::Fixture::Run{benchmark::State&) MNMXBenchmarkTest
788.40ms 95.7% 0s YNmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&) NMXBenchmarkTest
788.40 ms 95.7% Os wvoid BenchmarkLoop<NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0=(benchmark::State&, Nm
788.30ms 95.7% 500.00 us E ¥NmxBenchmarkTest_Dummy_Benchmark: BenchmarkCase(benchmark State&) :$_0: operator[)(] const NMXBenchmarkTest
417.90 ms pvoid BenchmarkLoopPaused<NmxBenchmarkTest_Dum e
279.90ms 33.9% Os E p_cluster_plane(std::__1:vector<Hit, std::__1:allocator<k

79.80ms 9.6% 2.00 ms E pCenterMatcher::match(bool) NMXBenchmarkTest

7.20ms 0.8% 1.30 ms E >EventAnaIyzer-'analyze(Evem&] const NMXBenchmarl i s = -
1.30ms 0.1% 0s ScLinknown Addvess> Flatten 'NMXBenchmarkTest' to boundary frames

900.00 us 0.1% 400.00 us E pEvent::both_planes() const NMXBenchmarkTest Eacsis on subires

500.00ps 0.0% §00.00 s szone_free_definite_size lz‘-":"i't':':T alnas Focus on calls made by "void BenchmarkLoopPaused<NmxBenchmarkTes:

300.00us 0.0% 300.00 ps DYLD-STUBSSoperator delete{vmd'] Focus on callers of 'void BenchmarkLoopPaused<NmxBenchmarkTest_Dui

100.00 us  0.0% Os E bbenchmark:.:S{tatef:end(] NMXBenchmarkTes Focus on calls made by 'NMXBenchmarkTest"

100.00 us 0.0% 100.00 ps szone_free_definite_size libsystem 'mll::u:-.:::g,-' b L

100.00 us  0.0% Os p<Unknown Address=

400.00 us  0.0% 0s pbenchmark::ConscleReporter::ReportContext(benchmark::Bencl Reveal in Xcode

400.00 us 0.0% 0s pbenchmark::internal::FindBenchmarksinternal(std::__1::basic_str

100.00 us  0.0% Os pbenchmark::BenchmarkReporter::Context::Context() NMXBenc  Locate dSYM...

100.00 us  0.0% Os p0x106c574e7 NMXBenchmarkTest

33.60ms 4.0% Os p_dyld_start dylc

Input Filter -::?:i' Call Tree Call Tree Constraints Data Mining



@® Time Profiler

Weight v

405.40 ms 100.0%
405.40 ms 100.0%

371.80 ms
371.80 ms
371.80 ms
370.80 ms
370.80 ms
370.50 ms
370.50 ms
370.40 ms
279.90 ms
272.70 ms
2.60 ms
3.20 ms
300.00 us
100.00 us
79.80 ms
7.20 ms
1.30 ms
900.00 us
500.00 us
300.00 us
100.00 us
100.00 s
100.00 us
400.00 us
400.00 us

Input Filter

91.7%
91.7%
91.7%
91.4%
91.4%
91.3%
91.3%

69.0%
67.2%
0.8%
0.7%
0.0%
0.0%
19.6%
1.7%
0.3%
0.2%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

=
(=)

Profile = Root

Self Weight Symbol Name
0s YNMXBenchmarkTest (79255)
0s ¥Main Thread Ox1ebd9d
Os wstart libdyld.dylib
Os E vmain NMXBenchmarkTest
os MY wbenchmark::RunSpecifiedBenchmarks{benchmark::BenchmarkReporter®, benchmark::BenchmarkReporter*) MNMXBenchmarkTest
os MY wbenchmark::internal::{anonymous namespace)::RuninThread(benchmark::internal::Benchmark::Instance const*, unsigned long, int, benchr
100.00 ps ¥benchmark::Fixture::Run{benchmark::State&) NMXBenchmarkTest
Os ¥YNmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&) NMXBenchmarkTest
Os

wvoid BenchmarkLoop<NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0>(benchmark::State&, Nm

b= [= 1= b= Jb= 1= Ji= 1= |

500.00 ps YNmxBenchmarkTest_Dummy_Beg g
Os v _cluster_plane(std::_1:vector Charge 'NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::oper:z
1.00 ms » GapClusterer::cluster(std::__ Prune 'NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operat
Os »GapClusterer::flush() NMXE Charge 'NMXBenchmarkTest' to callers
0s »sort_chronologically(std::__1 Flatten 'NMXBenchmarkTest' to boundary frames
Os p<Unknown -’:::l::'-' -:-»5 5> . m
100.00 s szone_free_definite_size R ——— e mxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::Stz
2.00 ms !! pLonterMatcher=matchiboci} Focus on callers of 'NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)
1.90 ms E PEve_ntA_nal_yzle_ri:a_na.lyzeggvents_ Focus on calls made by 'NMXBenchmarkTest'
Os p<Uinknowm Acdress: Focus on callers of 'NMXBenchmarkTest'
400.00 ps E pEvent::both_planes() const N
500.00 us szone_free_definite_size !bsy  Reveal in Xcode
300.00 ps DYLD-STUB$$operator delete
Os E pbenchmark::State::end() NMXE Locate dSYM...
100.00 ps szone_free_definite_size libsystem
Os p<Unknown Address>
os Y pbenchmark::ConsoleReporter::ReportContext(benchmark::BenchmarkReporter::Context const&) NMXEenchmarkTest ™
os M pbenchmark::internal::FindBenchmarksinternal(std::__1::basic_string<char, std::__1::char_traits<char>, std::__1::allocator<char> > const&,

Call Tree Call Tree Constraints Data Mining



® Time Profiler ; Profile ; Root [ NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator()() const

Weight~ Self Weight Symbaol Name
370.40 ms 100.0% 500.00 ps B wNmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator()() const NMXBenchmarkTest
279.90ms 75.5% O0s E ¥_cluster_plane(std::__1::vector<Hit, std::__1::allocator<Hit> >&, std::__1::shared_ptr<AbstractClusterer>, std::__1::shared_ptr<AbstractMatcher>
272.70ms 73.6% 1.00 ms B pGapClusterer::cluster(std::__1::vector<Hit, std::__1::allocator<Hit> > const&) NMXEenchmarkTest
3.60ms 0.9% os pGapClusterer::flush() NMXBenchmarkTest
3.20ms 0.8% 0s E psort_chronologically(std::__1::vector<Hit, std::__1::allocator<Hit> >&) NMXBenchmarkTest
300.00pus 0.0% Os p<Unknown Address>
100.00 us  0.0% 100.00 ps szone_free_definite_size libsystem_malloc.dylib
79.80ms 21.5% 2.00ms ] = pCenterMatcher:match(bool) NMXBenchmarkTest
7.20ms 1.9% 1.30 ms E pEventAnalyzer::analyze(Event&) const MNMXBenchmarkTest
1.30ms 0.3% Os P <Unknown Address>
900.00 pus 0.2% 400.00 us E p-Event::both_planes() const NMXBenchmarkTest
500.00pus 0.1% 500.00 us szone_free_definite_size libsystem_malloc.dylib
300.00pus 0.0% 300.00 ps DYLD-STUB$$operator delete(void®) MNMXEBenchmarkTest

Input Filter 'Z,%} Call Tree Call Tree Constraints Data Mining




@ Time Profiler ; Profile ; Root ; @ NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator(})() const

Weight~ Self Weight Symbol Name
370,40 ms 100.0% 500.00 us vNmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator(){) const NMXBenchmarkTest
279.90ms 75.5% Os ¥_cluster_plane(std::__1:vector<Hit, std::__1:allocator<Hit> >&, std::__1::shared_ptr<AbstractClusterer>, std::__1::shared_ptr<AbstractMatcher>
272.70ms 73.6% 1.00 ms wGapClusterer::cluster(std::__1::vector<Hit, std::__1::allocator<Hit> > const&) MNMXEenchmarkTest
270.40ms 73.0% 6.00 ms ¥GapClusterer::insert(Hit const&) NMXBenchmarkTest
261.10ms 70.4% 500.00 us E wGapClusterer::flush() NMXBenchmarkTest
259.20 ms 69.9% 5.20 ms E ¥GapClusterer::cluster_by_coordinate{) NMXBenchmarkTest
187.80ms B0.7% 18.00ms [ mmmm) vCluster:insert(Hit const&) NMXBenchmarkTest
168.00 ms 45.3% 1.20 ms E mmmm) Vstd::_1::vector<Hit, std::__1::allocator<Hit> >::push_back(Hit const&) NMXBenchmarkTest [+
166.50 ms 44.9% 400.00 ps wvoid std::__1::vector<Hit, std::__1::allocator<Hit> >::__push_back_slow_path<Hit const&>(Hit const&) NMXBenchmarkTest
9890 ms 26.7% Os wstd::__1::__split_buffer<Hit, std::__1::allocator<Hit>&>::__split_buffer(unsigned long, unsigned long, std::__1::allocator<Hit>=&) NM
9890 ms 26.7% 1.10 ms wstd::__1::__split_buffer<Hit, std::__1::allocator<Hit>&>::__split_buffer(unsigned long, unsigned long, std::__1::allocator<Hit>&) NI
97.80ms 26.4% Os wstd::__1:allecator_traits<std::__1:allocator<Hit> >::allecate(std::__1::allocator<Hit>&, unsigned long) NMXEenchmarkTest
97.80ms 26.4% 400.00 s wstd::__1:allocator<Hit>::allocate{unsigned long, void const*) NMXBenchmarkTest
97.40ms 26.2% 300.00 us RN L TR Ty W Pt maaaaaq) MNMXBenchmarkTest
3.30 ms |[> poperator new(unsigned long) libc++abi.dylic €
200.00pus 0.0% 200.00 us R D+ Tall.uay s
59.70ms 16.1% Os pstd::_1:_ split_buffer<Hit, std::__1::allocator<Hit>&>::~__split_buffer() NMXBenchmarkTest
4.40ms 1.1% Os pstd::_1:vector<Hit, std::__1:allocator<Hit> >::__swap_out_circular_buffer(std::__1::__split_buffer<Hit, std::__1::allccator<Hit>&>&)
1.40ms 0.3% 1.00 ms pstd::__1:vector<Hit, std::__1:allocator<Hit> >::__recommend(unsigned long) const NMXEBenchmarkTest
1.20ms 0.3% Os E pvoid std::__1::allecator_traits<std::__1::allocator<Hit> >::construct<Hit, Hit const&>(std::__1::allocator<Hit>&, Hit*, Hit const&) N\
500.00us 0.1% 500.00 us std::__1::vector<Hit, std::__1::allocator<Hit> >::size{) const NMXBenchmarkTest
300.00us 0.0% Os E pvoid std::__1::allocater_traits<std::__1::allocator<Hit> >::construct<Hit, Hit const&>(std::__1::allocator<Hit>&, Hit*, Hit const&) ~NM>
700.00pus 0.1% Os E punsigned short const& std::__1::min<unsigned short>{unsigned short const&, unsigned short const&) NMXBenchmarkTest
600.00us 0.1% 600.00 ps E std::__1::vector<Hit, std::__1::allocator<Hit> >::size() const NMXEBenchmarkTest
300.00us 0.0% Os punsigned short const& std::__1::max<unsigned short>(unsigned short const&, unsigned short const&) NMXBenchmarkTest
200.00pus 0.0% 200.00 ps std::__1:vector<Hit, std::__1::allocator<Hit> >::empty() const NMXBenchmarkTest
45.30ms 12.2% 1.00ms I pAbstractClusterer::stash_cluster(Cluster&) MNMXBenchmarkTest

Input Filter = Call Tree Call Tree Constraints Data Mining



® Time Profiler  Profile ' Root 3 Cluster::insert(Hit const&)

DebugSplitOptimizer();

IT pla 1dentitie don't f ; lnvalic
if (plane_ !'= e.plane) {
plane_ = Hit::InvalidPlane;

d to not di: 1Yd eve tning 1n thlis ca

DebugSplitOptimizer();

54 W hits.push_back(e);|

DebugSplitOptimizer();

O B89.46%

TODO c e avold converting to ouble anc tay 1n uinté4g?

double weighté4 = static_cast<double>(e.weight); @ 037%

double coordinateé4 = static_cast<double>(e.coordinate); @ 0.

double timeé4 = static_cast<double>(e.time); 0 1.06%

DebugSplitOptimizer();

double We = weightés;
double We2 = weighté4 * weightés;
double WeCo = weighté4 * coordinateds;

L L T A s 2 &

Cluster.cpp, 1 Line 1680 Samples

Input Filter = | Call Tree | Call Tree Constraints | Data

162 +8x%x253 movq

mn W [
0.32%

0.05%
0.05%
0.21%
9o 0.11%
9o 0.11%

+B@x23 popq i
+Ox241 popq r
+OxX243 popq #Y
+OX245 popq Y
+OX247 popq i
+Ox248 retqg

- -

+Ox249 xorl
+Ox24cC xorl #eax, %ea
jmp std::_ _1::_
std::__1::allocator<Hit>&>::_ split _buffer(unsi
unsigned long, std::_ 1::allocator<Hit>&)+8x28754
%rbx, %rdi

tOx24e split_buffer<Hit

+@x256 callqg

o

o

'DYLD-STUB$$std::__1::__vector_base_common<true>::__throw_leng

th_error() cons

Needs cmake target RelWithDeblnfo to find source

Cluster:insert|Hit const&), 57 Lines, 0 Instructions, 1685 Samples

16



macOS Instruments: CPU time sampler @

Debugging optimizations

Try prevent optimizer from reordering sections of code

Need to understand generated code from individual sections

__attribute__((noinline)) DebugSplitOptimizer() {

("" : : : "memory");

}

Code taken from Google Benchmark: ::benchmark: :ClobberMemory ()

Article by Mike Action



https://cellperformance.beyond3d.com/articles/2006/04/a-practical-gcc-trick-to-use-during-optimization.html

@® Time Profiler ; Profile » Root ' E3 NmxBenchmarkTest_ Dummy Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator()() const

Weight~ Self Weight Symbol Name
370.40 ms 100.0% 500.00 ps E wNmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator()() const NMXBenchmarkTest
27990 ms 75.5% Os E p_cluster_plane(std::__1::vector<Hit, std::__1::allocator<Hit> >&, std::__1::shared_ptr<AbstractClusterer>, std::__1::shared_ptr<AbstractMatcher>
79.80ms 21.5% 2.00 ms E pCenterMatcher::match(bool) MNMXBenchmarkTest
7.20ms  1.9% 1.30 ms E pEventAnalyzer::analyze(Event&) const NMXBenchmarkTest
1.30ms 0.3% Os p<Unknown Address=
900.00us 0.2% 400.00 uys Y | pEvent:both_planes() const NMXBenchmarkTest
500.00pus 0.1% 500.00 ps szone_free_definite_size [ dylib
300.00 pus  0.0% 300.00 ps DYLD-STUB%$operator delete(void*) MNMXBenchmarkTest

Separate by State
M) Separate by Thread

Invert Call Tree

Hide System Llbraries
= flar Invert Call Tree

Top Functions

. >

Input Filter &) Call Tree Call Tree Constraints




@® Time Profiler  Profile  Root ' E3d NmxBenchmarkTest_Dummy_Benchmark::BenchmarkCase(benchmark::State&)::$_0::operator(}() const

Weight~ Self Weight Symbol Name

77.30ms 20.8% 77.30 ms [&| ptiny_malloc_should_clear libsystem_malloc.dylib
33.90ms 9.1% 33.90 ms pfree_tiny libsystem_malloc.dylib
23.80ms 6.4% 23.80 ms ptiny_malloc_from_free_list system_malloc.dylib
19.10ms  5.1% 19.10 ms N pCluster:insert(Hit const&) NMXBenchmarkTest
17.30ms  4.6% 17.30 ms ptiny_free_no_lock
16.50ms 4.4% 16.50 ms ptiny_free_list_add_ptr [ ylib
14.60ms 3.9% 14.60 ms ptiny_size libsystem_malloc.dylib

9.00ms 2.4% 9.00 ms pfree libsystem_malloc.dylib

7.80ms 2.1% 7.80 ms pset_tiny_meta_header_in_use libsystem_malloc.dylib

7.20ms 1.9% 7.20 ms pmalloc_zone_malloc libsystem_malloc.dylib

6.70ms 1.8% 6.70 ms E pCluster::Cluster(Cluster&&) NM nchmarkTest
6.60ms 1.7% 6.60 ms pszone_malloc_should_clear libsystem_malloc.dylib
6.30ms 1.7% 6.30 ms B pGapClusterer::insert(Hit const&) NMXBenchmarkTest
580ms 1.5% 5.80 ms pdefault_zone_malloc libsystem_malloc.dylib
520ms 1.4% 5.20 ms u pGapClusterer::cluster_by_coordinate() NMXBenchmarkTest
510ms 1.3% 5.10 ms pvoid std::__1::__sort<sort_by_increasing_coordinate(std::__1::vector<Hit, std::__1::allocator<Hit> >&)::'lambda’(Hit const&, Hit const&)&, Hit*>(Hit*
490ms 1.3% 4.90 ms [ pCluster::operator=(Cluster&&) NMXBenchmarkTest
490 ms 1.3% 4.90 ms E pstd::__1:enable_if<{is_move_constructible<Hit>::value) && (is_move_assignable<Hit>::value), void>::type std::__1:swap<Hit>(Hit&, Hit&) NMXEe
4.60ms 1.2% 4.60 ms woperator new({unsigned long) libc++abi.dylib
4.30ms 1.1% 0s pstd::__1::_ libcpp_allocate(unsigned long, unsigned long) NMXBenchmarkTest
300.00 us 0.0% Os p<Unknown Address>
460ms 1.2% 4.60 ms ¥malloc libsystem_malloc.dylib
460ms 1.2% Os woperator new({unsigned long) libc++abi.dylib
460ms 1.2% Os E pstd::__1::__libcpp_allocate(unsigned long, unsigned long) NMXBenchmarkTest
450ms 1.2% 4.50 ms E pstd::__1::__list_iterator<Cluster, void*>::operator++() NMXBenchmarkTest
4.30ms 1.1% 4.30 ms E pCluster::empty() const NMXBenchmarkTest
4.30ms 1.1% 4.30 ms P pCluster:time_end() const NMXBenchmarkTest

Input Filter ® Call Tree Call Tree Constraints



macOS Instruments: CPU time sampler @

Conclusion

Simple tool to setup and use for iterations

Wrote custom allocator for std::vector and std::list - 5x perf
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macOS Instruments:
Viewing transient
allocations




macOS Instruments: Transient allocations @

A simple way to view short-lived allocations

Useful when knowing you spend time on allocations




macOS Instruments: Transient allocations

Choose a profiling template for: # C10021304 ) [l efu

0 ¢

Blank Activity Monitor App Launch Core Animation

Standard Custom Recent

.—.
]
\__J

m [
B

B8 B - 3 W
Core Data Counters Energy Log File Activity Game

Performance

B3
Z
&

M D
Allocations

Tracks a process' anonymous virtual memory and heap, providing class names and optionally retain/release histories for objects.

Open an Existing File... Cancel

&



macOS Instruments: Transient allocations

[ ] Instruments

& 10021304 ) [l efu No Runs

=) Duplicate
Choose Target:

B AdcFileStreamer
o AdcintegrationTestConfig.ini
» B AdcSimulator
& efu
Executing artefacts.md
B mbgen_hits
Launchd B mggen_readouts
B nmxgen_readouts
Daemons & udpgen_hits
Recents & udpgen_jalousie
B udpgen_jalousie2 Tuesda t 202¢
Allocations BB Statistics | Allocation Sul Bl udpgen_loki o ' ® [

Allocations Executables

VM Tracker

Agents

Tuesday, 18 August 2020 at
Graph Category Persisteni & udpgen_pcap 2

Environment Variable Value

-d AdcReadout --nohwcheck -g d

/Users/mortenhilkerskaaning/dev/event-formation-unit/build

cancel (I

Can’t attach, must start target

Created & Persistent

- e



macOS Instruments: Transient allocations
JGi fremre —

Hold - “Recording Options”

Allocations

VM Tracker

Allocations  EH Statistics  Allocation Summary

® C
Graph Category Persistent v # Persistent # Transient Total Bytes # Total Persistent/Total Bytes

Created & Persistent




macOS Instruments: Transient allocations

o Instruments
& C10021304 ) [l efu No Runs
@ Duplicate
: = Cl0021304 ) Ml efu
»
; Q Allocations
!

Options for: @ Allocations £

VM Track i
| ® VM Tracker All Allocations

[Uinstrument ]

Discard unrecorded data upon stop
Discard events for freed memory

! Only track VM allocations

Heap Allocations

@ Allocations  EB Statistics  Allocation Summary Record reference counts @ O
Graph Category Persistent v # Persistent Identify virtual C++ objects

Enable NSZombie detection

| Recorded Types

Type String Search Action
" is Contain... ¢ Record <
1 NS is Prefix < lgnore e
| -] CF is Prefix < Ignore s
+[- Rules are evaluated top-to-bottom; later rules

override earlier ones.

¥ Global Options:

Time limit: seconds B

Recording Mode:

° Deferred

Created & Persistent



macOS Instruments: Transient allocations

e0e Instruments

+ O O

=) Duplicate

. = CI0021304 ) [l efu Run 1 of 1

. Allocations

All Heap &...
Instrument

VM Tracker
\ \
Allocations  EH Statistics  Allocation Summary @ ]
Graph Category Persistentwv # Persistent & Transient Total Bytes # Total Persistent/Total Bytes
T oo TaD TS oo ooz e roUTo .
All A 2,56 MiB 5 12 - TR
ack 2,56 MiB 5 8 - R
Malloc 320 By 99,38 KiB 318 30 348 |
Malloc 52,00 KiB 52,00 KiB 1 0 |
Malloc 64 557 86 643 |
Malloc 16,00 KiB 2 0 2|
Malloc 9 32 54 375
Malloc 32 By 954 4447 5401
Malloc 9,50 KiB 2 1 3
Malloc 144 B 113 286 399
Malloc 112 B 137 30 167
Malloc 1,50 KiB 7 8
UDPClient 0
Malloc 16 By 2 0
Malloc 288 By 20 2
Malloc 4,50 KiB 1 9,00 KiB
Malloc 2,00 KiB 2 0 4,00 KiB
Malloc 48 Bytes 84 343
std::__1:__function::_fu... 105 0
Malloc ytes 4
Malloc 2,50 KiB 1
Malloc 304 Bytes 8 8
Malloc 1,00 KiB 2 0
Malloc 80 Bytes 21 817
std 1 shared_ptr_e. 1 0
asio::detail::scheduler 4 0
std::__1::__function::__fu... 34 0
Log::GraylogConnection:.. 1 0
Malloc 2 3 1
Log::Consolelnterface 1 0
Malloc 128 B 5 50
Malloc 272 2 3 “" 4
o ‘ Sl Seclect “Created & Destroyed

All Heap & Anonymous VM




macOS Instruments: Transient allocations

0 e Instruments

4 ) il efu Run 1 of 1 05 ar = O

=]
=]
=]

1

w
=]

-] m Cl

All Heap &...

Allocations BB Statistics  Allocation Summary @ |
Graph Category Persistent v # Persistent # Transient Total Bytes # Total Persistent/Total Bytes
All Heap & Anonymous VN 0 Bytes 0 28 28
0 Bytes 0 28 28
Mal 0 Bytes 0 20 20
Mallo 0 Bytes 0 8 8

= Mark Generation Created & Destroyed All Heap & Anonymous VM



macOS Instruments: Transient allocations

Start a deferred mode recording

-, "

Q Allocations
() VM Tracker
| Instry t I
@ Allocatio
Byt:
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%
1.44 KB 100.0%

wwwero04 ) [l efu

= Call Trees

Mark Generation Created & Destroyed All Heap & Anonymous VM Call Tree Call Tree Constraints Data Mining

Instruments
Run 10f 1 | 00:00:05 + §| & | 1
All Tracks Duplicate
2.00 ( ( 0 g
All Heap &...
Dirty Size
Swapped S...
Resident Si.
Select “Call Trees”
CHll Tree| ® 0O
Symbol Name Heaviest Stack Trace L
#| wstart libdyld.dylib @ 1.44 KB start
Y | vymain efu FY 1.44kB main
E wStatPublisher::publish(std::__1::shared_ptr<Detector>, Statistics&) efu E 1.44 KB StatPublisher::publish{std:: 1:shared_ptr<Detectors
n wstd::__1:basic_string<char, std::__1::char_traits<char>, std::__1::allocator<char> > fmt::v6::format<char [10], std:: n 1'44 - o i o HenpEoey i 5
n wstd::__1::basic_string<char, std::__1::char_traits<char>, std::__1::allocator<char> > fmt::v6::internal::vformat<char> i 5 as!c,str!ngm L Ralle raftsq: i
n wstd::__1:basic_string<char, std::__1::char_traits<char>, std::__1::allocator<char> > fmt::v6::to_string<char, 500ul E 1.44 KB ::basic_string<char, schar_traits<char>.
n wstd::__1::basic_string<char, std::__1:char_traits<char>, std::__1::allocator<char> >::basic_string(char const®, un Il 1.4aks ::basic_string<char, s:char_traits<char>.
n wstd::__1:basic_string<char, std::__1::char_traitsechar>, std::__1::allocator<char> >::basic_string{char const*, t n 1.44 KB ::basic_string<char, ::char_traits<char>.
wstd::__1::basic_string<char, std::__1::char_traits<char>, std::__1::allecator<char> >::__init(char const®, unsig: E 1 ::basic_string<char, __1:uchar_traits<chars>.
poperator new(unsigned long) libc++abi.dylib 1 string<char, char_traits




macOS Instruments: Transient allocations

)]

|| = C10021304 ) [l efu

()  Allocations

@ VM Tracker

@ Allocations

Bytes Used v

1.44 KB
1.44 KB

1.44 KB
1.44 KB
1.44 KB
1.44 KB
1.44 KB
1.44 KB
1.44 KB

100.0%
100.0%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%

=Call Trees  Call

Count

28

28
L

28

28

28

28

28

28

28

All Heap &...

Dirty Size

Swapped S...

Resident Si...

Tree

Symbol Name

wstart |
¥main

wstd::__1::basic_string<char, std:
__1:basic_string<char, std::
1::basic_string<char, st
:__1:basic_string=<char, std::
poperator new(unsigned long) |

wstd
wst

wst

Mark Generation

Created & Destroyed

1:char_traits<char>, std::

1::char_traits<char>, st

++abi.dylib

All Heap & Anonymous VM

1:char_traits<char>, std::

Instruments

Run 1of 1 | 00:00:05

Al Tracks |

1::allocator<char> > fmt::v6::internal::vformat<char>
:allocator<char> > fmt::v6::to_string<char, 500ul
::allocator<char> >::basic_string(char const®, un
1::char_traits<char>, std::__1:allocator<char> >::basic_string(char const*, 1
har_traits<char>, std::__1::allocator<char> >::__init(char const®, unsigt

Call Tree

Call Tree Constraints

+ | O [0

Duplicate
0:03.000 0:04.00 C
-
® 0O
Heaviest Stack Trace T
1.44 KB start
1.44 KB main
1.44 KB  StatPublisher::publish(std::__1::shared_ptr<Detector>,.
1.44 KB  std::__1::basic_string<char, st har_traits<char>.
1.44 KB std: basic_string<char, std::__1::char_traits<char>.

1=
::char_traits<char>.

1.44 KB std:
1.44 KB std:
1.44KB std:
1.44KB std:

basic_string<char, std:: char_traits<char>.

HEEEEEE

::char_traits<char>.

B bR
=
__1::basic_string<char, std::__
__1::basic_string<char, std::_
1

bas char_traits<char>

rir

1 KB operator new(unsig
1.44 KB malloc
1

44 KB  malloc_zone_malloc

Data Mining



macOS Instruments: Transient allocations

@ Instruments

- & Cl0021304 > M efu Run 1 of 1

Dupli

ca

Allocations
r“jﬁ‘ffl All Heap &..
VM Tracker Dirty
Resi 5
Allocations ~ = Call Trees = Call Tree StatPublisher::publishistd::_1::shared_ptr<Detector>, Statistics&) @
= e BE 9 Annotations
tPL t ut sher(std::stri P Por
te Lis StatPublisher(std::string IP, int Port) 86.96% auto Statstring = fmt::format("{} {} {\\n", DetectorPtr->statnam
: (IP), TCPPort(Port) { g . ) S
R . 13.04% auto StatString = fmt::format{"{} {} {\n", OtherStats.name(l),
44 1lidIp(IpAddress)) {
Socket::getHostByName(IpAdd
H
tatDb.reset(new TCPTransmitter(IpAddress.c_str(), TCPPort))
1S
23 void StatPublisher::p ared_ptr<Detector> DetectorPtr
Stat ics &0therStats) {
int unixtime = (int)time(NULL);
if (StatDb->isValidSocket()) {
or (int 1 = 1; 1 <= DetectorPtr->statsize(); i++) {
auto StatString = fmt::format("{} {} {}\n", DetectorPtr->statname(i), 86.96%
DetectorPtr->statvalue(i), unixtime);
StatDb->senddata(StatString.c_str(), StatString.size());
T
f i <= OtherStats.size(); i++) {
fmt::format("{} {+ {i\n", OtherStats.name(1), 13.04%

OtherStats.value(i), unixtime);

>_str(), StatString.size());

o
pat
W
+
o
(=)
v
[5:]
(=%
Q
o
+
o
w
+
W
~t
w0
P
n«:
I
o
o

rand1etecomect(); Needs cmake target RelWithDeblinfo to find source

StatPubl

p, Line 23 : 0 Samples

Mark Generation Created & Destroyed All Heap & Anonymous VM Call Tree Call Tree Constraint Data Mining



macOS Instruments: Transient allocations @

Conclusion

StatPublisher not likely a bottleneck, try fixed-size buffer for formatting

<& Easy to map allocations to source code
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Mention Callgrind + legl Hld
QCachegrind e -




Mention Callgrind + QCachegrind o

= Mac + Linux
= Full install guide & walkthrough on Confluence

% b e QO Q. ocecstimaon

00 Top Cost Call Stack Cluster::insert(Hit const&)
CEst Ce| Calls Function Types Callers  All Callers  Callee Map
m 5035 61920 W GapClusterer:insert(Hit const&)
# CEst Ce Source
m 4835 15 300 m GapClusterer:flush() )
) 250 return ::operator new(__size);
m 4874 15 480 W GapClusterer::cluster_by_coordinate() 251 #else
B 2948 61920 1l Cluster::insert(Hit const&) 252 0.07 return __builtin_operator_new(__size):
2302 108 360 M std:_1:basic_stringbuf<char, std::_1:char_traits<char... I 1083 I 46440 call(s) to 'std::_1::basic_stringbuf<char, std::_1::char_traits<char>, std::_1::allocator<char> >::seekpos(std::_1:fpos<__mbstate...
= = = 253 #endif
Q6 Flat Profile 254 }
Search: ELF Object 298
- 269 #tifdef _LIBCPP_HAS_NO_BUILTIN_OPERATOR_NEW _DELETE
=il ECRUIECE 270 return ::operator delete(_ptr):
B 7171 M libsystem_malloc.dylib 271 itelse
1 2270 1| NMXBenchmarkTest 272 0.05 return __builtin_operator_delete(__ptr);
3.28 1 libsystem_platform.dylib 1 167 B 30960 call(s) to 'std::_1::basic_stringbuf<char, std::_1::ichar_traits<char>, std::_1::allocator<char> >::seekpos(std::_1::fpos<__mbstate...
) o 273 #endif
170 M libc++abi.dylib 274 )
0.48 M libc++.1.dylib 275
0.09 M dyld
Incl. Self | Called Function Location
B 100.00 0.00 1 m benchmark::RunSpecified... NMXBenchmarkTest std::_1:basic_stringbuf<char, std::_1:: -
B 100.00 0.00 3 @ benchmark:internal::(anon... NMXBenchmarkTest char_traits<char>, std::__1::allocator<c... == T ]
a, /‘ 1
= 100.00 0.00 1 m benchmark::RunSpecified.. NMXBenchmarkTest W123.02 % ﬁ—':ﬁ e
M 100.00 0.00 1 m main NMXBenchmarkTest: N T%:_l $
- 69.15 0.24 319 002 m std::_1:basic_stringbuf<c... NMXBenchmarkTest 5153 x 42122x RS X ) ]"l*‘
m 50.68 0.32 180 m GapClusterer::cluster(std::... NMXBenchmarkTest: G ﬁ:—ﬁ
m 50.35 1.71 61920 m GapClusterer:insert(Hit co... NMXBenchmarkTest: G ' r__'
] 48.91 017 15480 m GapClusterer:flush() NMXBenchmarkTest: G
] 48.74 141 15480 m GapClusterer::cluster_by c.. NMXBenchmarkTest: G
] 4470 044 90 m CenterMatcher:match(bool) NMXBenchmarkTest: C _— el e A L A e
n 29.48 646 61920 1 Cluster:insert(Hit const&) NMXBenchmarkTest: C
Callees Call Graph All Callees Caller Map Machine Code

callgrind.out.90577 [1] - Total Cycle Estimation Cost: 135 335 578

2020-09-13



https://confluence.esss.lu.se/display/ECDC/Profiling+using+Callgrind+and+QCachegrind

Mention Callgrind + QCachegrind

= Callgrind is Mac+Linux, try dedicated Linux tools:

= Hotspot (perf)

= Massif Visualizer (

= Heaptrack (mem)

mem)

File View Settings Help

Pl open [ Close = <> shorten Templates = = Select peak snapshot

sut.kate3 € if.out.k int @ | massif.outktorrent

stack @ <

Memory consumption of ktorrent
Peak of 4.1 GiB at snapshot #85

memory e sae

41 Sl Gl Tedl Bl et

Massif Data

filter

@l Toggle total cost graph

08: Snapshot #0

138.2 MiB:
224.4 MiB:
350.9 MiB:
416.3 MiB:
494.8 MiB:
621.4 MiB:
768.6 MiB:
900.4 MiB:
967.1 MiB:

Snapshot #1
Snapshot #2
Snapshot #3
Snapshot #4
Snapshot #5
Snapshot #6
Snapshot #7
Snapshot #8
Snapshot #9

1.0 GiB: Snapshot #10
1.1 GiB: Snapshot #11
1.2 GiB: Snapshot #12
1.4 GiB: Snapshot #13
1.5 GiB: Snapshot #14
1.6 GiB: Snapshot #15
1.7 GiB: Snapshot #16

Custom Allocators = Massif Data

File Help Settings

Summary | Bottom Up | Top Down | Flame Graph | Caller / Callee.

- () Bottom-Down View (] Collapse Recursion | Cost Threshold: 0.10% ¢

T T = T
| | (anonynous n- |

(anonymous - || 1]
i

(anonymous na— 1| |

|
(anonymous na..

| - | ||
[ | 5] ||| (anonyous na- [77] |

(anonynous na—

AccumulatedTracebatas.. AccuulatedTraceData read (std: £ 1streant|(anonys - (anon.. [ |
(anonymous namespace).. [ (anonymous na-
Parser: :parse(QString Parser::parse(QString consts, QString const&)::{lambda()#1}: :oper: Parser: :parse(Q
‘ThreadWeaver: :Lambda.. ThreadwWeaver ::parse(QString const&, QString consté ThreadWeaver:- ||
ThreadWeaver: :Executor: : run(QSharedPointer<ThreadWeaver: : JobInterface> consts, ThreadWeaver::Thread*)

134982 samples in total |
13107 (9.71%) samples in bool __gnu_cxx::operator!=<Allocation*, std::vector<Allocation, std::allocator<Allocation> > >(__gnu_cx

Summary _ Bottom-Up _ Caller / Callee  Top-Down  Flame Graph | Consumed _ Alocations = Temporary Allocations _ Allocated  Sizes

Allocations | () Bottom-Down View Cost Threshold: 0.10% E

il |y
Il Mibita |

|||||nune. 1
I

Jibute. |
UL

Iﬂ\
L]
I
|
I
I

ESESEEEE

e
=
=

[ PEE]

I
11 [ibustar-. |
10
i 1]
I
:’llll

3.2105e46 allocations in total

2552553 (79.5%) allocations in QVector<Rowbata>: :reallocData(int, int, QFlags<QArrayData: :AllocationOption>) and below.


https://github.com/KDAB/hotspot
https://kde.org/applications/en/development/org.kde.massif-visualizer
https://github.com/KDE/heaptrack

A

Understanding
machine code
using Ghidra




Understanding machine code using Ghidra @

Open-source binary reverse engineering tool by NSA

Tries to generate source code from machine code

Can be installed using brew, instructions here (also needs to install Java)

Create a project and import binary.

Names are mangled, but you can search using “*” instead of “::”, etc.

Case: generate() loop in AdcSimulator



https://formulae.brew.sh/cask/ghidra

[ NN ) Instruments3
c B Cl0021304 ) B AdcSimulator (30245) 4 Run3ofd4 | 00:00:05 »

S LINICEEY Instruments CPUs  Threads

Time Profier 0| kS b .0 sl it ot

(instrument
@® Details ; Profile  Root

Weight~ Self Weight Library Name Symbol Name
4.88s 100.0% Os vAdcSimulator (88024)
1.21s 24.8% 1.21 s libsystem_kernel.dylib pwrite
460.40ms 9.4% 460.40 ms libsystem_m.dylib pliround
379.10 ms : 379.10 ms AdcSimulator pSampleRunGenerator::generate(double, TimeStamp) €
354.70ms 7.2% 354.70 ms lipsystem_kernel.dylib pkevent
329.50ms 6.7% 329.50 ms libsystem_kernel.dylib p__sendmsg
284.80ms 5.8% 284.80 ms libsystem_kernel.dylib pread
161.60ms 3.3% 161.60 ms AdcSimulator E pasio:executor:impl<asio:io_context::executor_type, std::__1::allocator<void> >::clone() const
160.40ms 3.2% 160.40 ms libsystem_pthread.dylib ppthread_mutex_lock
160.20ms 3.2% 160.20 ms libsystem_pthread.dylib ppthread_mutex_unlock
152.20ms  3.1% 152.20 ms libsystem_kernel.dylib pmach_absoclute_time
133.40ms 2.7% 133.40 ms AdcSimulator E pasio:executor:impl<asio:io_context::executor_type, std::__1::allocator<void> >::destroy()
B4.50ms 1.7% 84.50 ms libsystem_platform.dylib p_platform_memmove$ VARIANT$Haswell
64.40ms 1.3% 64.40 ms AdcSimulator PN »PoissonDelay:start()
55.30ms 1.1% 55.30 ms AdcSimulator n vasio::detail::scheduler::do_run_one(asio::detail::conditionally_enabled_mutex::scoped_lock&, asio::detail::schedul



. Il | ma Ci0021304 ) [ AdcSimulator (90245)

Instruments3

4 Run3of4 | 00:00:05 »

CPUs  Threads

E LUNIEEEN  Instruments

00:00.500

0001000

Time Profiler

00:01.500 00:02.000 00:0Z2.500 00:03.000

@ Details = Profile ' Root = [ SampleRunGenerator::generate{double, TimeStamp)
" W H &
2L, . TUL _T4dLImt TOAIO movyg IO I I=7 T LTI o TIOOT
BeginIterator, EndIterator, +@x61 xorl %ebx, %ebx o 0.03%
[&SampleCounter, BitPatternMultiplier, BitPattern](auto &Sample) { +8x63  movsd %xmm2, -64(%rbp) o 0.08%
std::uintlé_t BitTester = +8x68  nopl (%rax,%rax)

0x8888 >> (SampleCounter / BitPatternMultiplier); +0x78 movss (%rl5,%rbx,4), %xmm@ 0 187%
if (BitTester & BitPattern) { +8x76 Xorps Zxmml, Z%xmml ® 050%
Sample = 8.99; +@x79 cvtss2sd #xmme, Zexmml 0 1047%
¥ +8x7d movl %ebx, *eax 0 353%
++SampleCounter; i +@X7T xorps %xmme, *Exmma 9 013%
) +@x82 cvtsi2sdqg %rax, xmm@ 0 1047%
+ +@x87 mulsd %xmm2, %xmml 0 356%
+@x8b mulsd -56(%rbp), %xmm@ 0 1.00%
std::pair<void %, std::size_t> +0x98 addsd sxmml, %xmm@ o 10.71%
SampleRunGenerator::generate(double Amplitude, TimeStamp const Time) { o 082% +@x94 addsd -48(%rbp), %xmm@ 0 641%
HeaderPtr->TimeStamp = {Time.getSeconds(), Time.getSecondsFrac()}; 0 0.95% +0x99 callq "DYLD-STUBS$1round" 0 13.80%
- ; : : — +@x%e movsd -64(%rbp), %xmm2 o 032%
for (auto i = @u; i < NrOFSamples; ++i) { 9 19.31% +@xa3 rolw $8, %ax ® 11.55%
SamplePtr[i] = htons( 0 64.10% +@xa7 movw %ax, (%rl3,%rbx,2) 0 1.64%
std::1lround(PeakBuffer[i] * Amplitude + BkgSlope * i + BkgOffset)); . +@xad leal 1(%rbx), %ebx 0 19.05%
+0xb8@ cmpq %rbx, %ril2 o 0.05%

return std::make_pair(Buffer.get(), NrOFSamples * sizeof(std::uintlé_t) + © 090% +8xb3 ja "SampleRunGenerator::generate(double,

sizeof (DataHeader) + 4); TimeStamp)+8x7@"

B +8xh5 leaq 20(%r12,%r12), %rdx o 0.13%
98 | +@xba jmp "SampleRunGenerator: :generate(double, o



fass]

[

Al Ty &
*AdcSimulator X
1Y %0 owu
10004c53d f2 of 11 MOVSD gqword ptr [REP + local_40],param_1
45 c8
10004c542 f2 41 of MOVSD param_1,qword ptr [R14 + 0x38]
10 46 38
10004c548 f2 af 11 MOVSD qword ptr [REP + local_38],param_1
45 do
10004c54d 4d 8b 6e 10 MOV R13,qword ptr [R14 + 0x10]
10004c551 31 db XOR EBX, EBX
10004c553 f2 of 11 MOVSD gqword ptr [REP + local_4s],:mM2
55 c@
10004c558 of 1f 84 NOP dword ptr [RAX + RAXHDx1]
00 00 00
00 00
LAB_10004c560 XREF[1]:
T 10004c560 f3 41 of MOVSS param_1,dword ptr [R15 + RBX*Bx4]
10 04 9f
10004c566 Af 57 c9 XORPS 1, XMM1
10004c569 f3 0f 5a c8 CVTSS25D 1,param_1
10004c56d 89 d8 MOV EAX, EBX
10004c56T 8f 57 c@ XORPS param_1,param_1
10004c572 f2 48 of CVTSI2SD param_1,RAX
2a c@ -
10004c577 f2 8f 59 ca MULSD XMM1, XMM2
10004c57b f2 0f 59 MULSD param_1,qword ptr [REP + local_40]
45 ¢8
10004c580 f2 of 58 cl ADDSD param_1,XMM1
10004c584 f2 of 58 ADDSD param_1,qword ptr [REP + local_38]
45 do
10004c589 e8 6c 11 CALL __stubs::_lround
03 00
10004c58e T2 0f 10 MOVSD MM2,qword ptr [REP + local_48]
55 c@
10004¢593 66 cl c@ 08 ROL AX,Bx8
10004c597 66 41 89 MOV word ptr [R13 + RBX*@x2],Ax
44 5d 00
10004c59d 8d 5b 01 LEA EBX, [RBX + 0x1]
10004c5a@ 49 39 dc CMP R12,RBX
10004c5a3 77 bb JA LAB_10004c560
10004c5a5 4b 8d 54 LEA RDX, [R12 + R12%0x1 + 0x14]
24 14
10004c5aa eb 05 JMP LAB_100084c5b1

LAB 1@004c5ac

XREF [1]

|C; Decompile: generate - (AdcSimulator)

/+ SampleRunGenerator::generate{double, TimeStamp) */

undefined

{

double dvari;
double dvarz;
uint uvVar3;
uint uVard;
ulong uVars
long LVark;
ushort uva
long LVar
ulong uVar9;

undefined?7 in_register_00000031;

'

lVard = *(long *)(this + 8);

*(undefinedd *)(LVard + 8) = (int)CONCAT71(in_register
*(undefinedd4 *)(1Vard + @xc) = (int) ({uint7)in_register_00000031 >> 0x18);

*(long *)(this + 8);
*({uint *)(Lvard + 8);
*(uint *)(lvard + 0xc);
*(uint *)(lvard + 8) =

Var3

Var3 >> 0x18 | (uvar3 & 0xffeeen) >> 8 | (uvar3 & 0xffo0) << 8 |

*({uint *)(Lvarg + 0xc) =

Vard >> 0x18 | (uvard & 0xffeeea) >> 8 | (uvard & 0xffE0) << 8 |

Vars = *{ulong *)(this + 0x18);
if (uvars = 0) {
Varg = 08x14;
}
else {
Vard = *(long *)(this + 0x48);
*(double x)(this + 0x30);
*({double *)(this + 0x38);
lVarG = *({long *)(this + 0x10);
Var9 = 0;
do {

dvarl

dvarz2

dvar2);

*(ushort *)(1Var6 + uvVar9 % 2) = uvar7

uvar9 = (ulong)((int)uvar9 + 1);
} while (uvar9 < uvars);
5% 2 + 0x14;

Varg = uVar

b

return CONCAT88( ! Varsd,*(undefinedd *)this);

<< 8§ | uVa

Method call with ‘this’ parameter

00000031, param_2);

r7 > 8;

3 << 0x18;

1 << 0x18;

[16] _ thiscall generate(SampleRunGenerator *this,double param_1,TimeStamp param_2)

War7 = _Llround((double)uvar9 * dvarl + (double)x(float *)(LVard + uvar9 * 4) % param_1 +



B Listing: AdcSimulator - (69 addresses sele

*AdcSimulator X

bk BFr @

10004c53d
10004c542
10004c548
10004c54d
10004c551
10004¢553

10004c558

10004c560

10004c566
10004569
10004c56d
1000456
10004c572

10004c577
10004c57b

10004c580
10004c584

10004c589

10004c58e

10004c593
10004c597

10004c59d
10004c5a0
10004c5a3
10004c5a5

10004c5aa

iy
f2
45
f2
10
f2
45
4d
31
f2
55
af
00
00

f3
10
af
f3
89
af
f2
2a
f2
f2
45
f2
f2
45
ed
08
f2
55
66
66
44
8d
49
77
4b
24
eb

ET3)
af
c8
41
46
af
de
8b
db
af
c@
1f
00
00

41
04
57
af
da
57
438
c@
af
af
c8
af
af
do
6c
(u]5]
af
c@
cl
41
5d
5b

bb
ad
14
85

=1

11

of
38
11

be

11

84
00

of
9f
c9
5a

c@
af

L)
55

58
58

11
10
cd
89
0o
01
dc

54

10

c8

ca

cl

a8

MOVSD
MOVSD
MOVSD
MOV
XOR
MOVSD

NOP

LAB_10004c560
MOVSS

CVTSS25D
CVTSI25D

MULSD
MULSD

ADDSD
ADDSD

CALL
MOVSD

ROL
MOV

LEA
MP
JA

LEA
JMP

LAB 10004c5ac

qword ptr [REP + local_40],param_1
param_1,qword ptr [R14 + 0x38]

gqword ptr [REP + local_38],param_1

R13,qword ptr [R14 + 0x10]
EBX, EBX
gqword ptr [REP + local_48],xm2

dword ptr [RAX + RAX#Ox1]

XREF[1]2

param_1,dword ptr [R15 + RBEXxD

XMML, XMBS

M1, param_1
EAX, EBX
parafeerraram_1
Param_1,RAX

XMM1, XMM2
param_1,qword ptr [REP + local_40]

param_1,XMM1
param_1,qword ptr [RE

__stubs::_lround

M2, qword ptr [REP + [0t

AX,0x8
word ptr [R13 + RBX*@x2],AX

EBX, [RBX + @x1]

R12,RBX

LAB_10004c560

RDX, [R12 + R12%0x1 + 0x14]

LAB_10004c5bl

XREF [1]

Can’tinline ®

=

[

I

noun

B

mpﬂe: generate - (AdcSimulator)

% D &

o~

undefined

{

/+ SampleRunGenerator::generate(double, TimeStamp) */

[16] __thiscall generate(SampleRunGenerator *this,double param_1,TimeStamp param_2)

double dvarl
double d
uint ul

Synopsis

ushort v
long L\
ulong uVards

Description

Ward = *(long *)(
*{undefinedd *)(LV
*(undefinedd *)(LV

uvars = *(ulong *)(this +[ox18);
if (uvars = 0) {
Varg = 0x14;

‘8 = *(long *)(this f 0x48);

1 = *(double *)(thys + 0x30);
2 = *(double *)(thfs + 0x38);
*(long *)(this|+ 0x10);
9 =0;

(ulong) ((int)uVvar9 + 1);
} while (uvar9 < uvars);
WWar8 = uVar5 % 2 + 0x14;

}

uvar9 =

1\ = x(long *)(
uvar3 = *(uint *)(1Varg8 + q);
uvard = *{uint *)(LvVard + §xc);
*(uint *)(Lvard + 8) =
uvar3 >> 0x18 | (uvarp & oxffeeee) >> 8 | (
*{uint *)(Lvarg + 0xc) =
uvard >> 0x18 | (uvarft & exffeeen) >> 8 | (

return CONCAT88( ! Varsd,*(undefinedd *)this);

2 _.m128d _mm_cvtsi32_sd (__m128d a, int b)

_.m128d _mm_cvtsi32_sd (__m128d a, int b)
#include <emmintrin.h>

Instruction: cvtsi2sd xmm, r32

CPUID Flags: SSE2

Convert the signed 32-bit integer b to a double-precision (64-bit) floating-
point element, store the result in the lower element of dst, and copy the upper
element from a to the upper element of dst

Var3 & 0xffe0) << 8 | uVar3 << 0x18;

Vard & Bxff@0) << 8 | uvard << Bx18;

v
_Lround((double)uvar9 % dvarl + (double)*(float *)(LVars + uvar9 * 4) * param_1 +
dvar2);
*(ushort *x)(Lvaré + uVar9 % 2) = uVar7 << 8 | uVar7 >> 8;



Understanding machine code using Ghidra @

Conclusion

Let’s disallow implicit numeric conversion
Can’t predict what functions can be inlined
Implies we can’t predict whether C++ compiler will vectorize code

Rewrote in ISPC to target 8 floats with AVX2 (fast enough)
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Fast code with ISPC language + compiler @

Explicit parallelism in an shader-like manner

Data-parallel, run N instances of the same function, on N sets of input arguments, using N SIMD

lanes.
Paper (13 pages) Example using 4 program instances
int f(int a, int b) {
if (a < 0)
a = 3;
else
a += b;

return a;



https://github.s3.amazonaws.com/downloads/ispc/ispc/ispc_inpar_2012.pdf?X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAISTNZFOVBIJMK3TQ%2F20200909%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20200909T103827Z&X-Amz-Expires=300&X-Amz-SignedHeaders=host&X-Amz-Signature=96914811341fc9d09ca581e353028343e4162f2620d2dba129998638aec50b6c

Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

if (@ < 0)

a=3;

else

a+=Db;

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3;

else

a+=Db;

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3; a:[-2,-1,1, 2] & m:[F FO0,Q0] = [3,3,3,3] & m:[FFO0,0]

else

a+=Db;

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3: a:[-2,1,1,2] % m:[F,F,0,00 = [333,3 & mI[FFO,Q0]
Y
a:[3,3,1,2] < a:[2,-1, , ] = 3,3,0,0]

else

a+=Db;

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3: a:[-2,1,1,2] % m:[F,F,0,00 = [333,3 & mI[FFO,Q0]
Y
a:[3,3,1,2] < a:[2,-1, , ] = 3,3,0,0]

else m: [0, O, F, F] <~ m:[F F 0, O]

a+=Db;

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3; a.[-2,-1,1, 2] éi( m: [F, F, 0, O] = 3,3, 3, 3] & m:[F, F, 0, 0]
Y
a:[3, 3,1, 2] - a:[-2,-1, , ] = [3, 3, 0, 0]
else m: [0, O, F, F] <~ m:[F F 0, O]
a+=b; a:[3, 3,1, 2] & m: [0, 0, F F] += b:[1, 2, 3, 4] & m: [0, 0, F F]

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3; a: [-2,-1, 1, 2] % m: [F, F, 0, O] = [3,3,3,3] & m:[FFO0,Q0]
\
a:[3, 3,1, 2] - a:[-2,-1, , ] = [3, 3, 0, 0]
else m: [0, O, F, F] <~ m:[F F 0, O]
a+=b; a: [3, 3, 1, 2] & m: [0, 0, F, F] += b:[1,2, 3, 4] & m: [0, 0, F F]
Y Y
a: [3, 3, 3, 4] - al, ,1,2] += [0, 0, 3, 4]

retum a;



Fast code with ISPC language + compiler

(Format) variable: [instancel, instance2, instance3, instance4]

int f(int a, int b) { int a: [-2, -1, 0, 1] int b: [1, 2, 3, 4] intmask m: [, , , |

fa<0) m[FF00 =<a[2-1,12 < [0,000]

a=3; a: [-2,-1, 1, 2] % m: [F, F, 0, O] = [3,3,3,3] & m:[FFO0,Q0]
\
a:[3, 3,1, 2] - a:[-2,-1, , ] = [3, 3, 0, 0]
else m: [0, O, F, F] <~ m:[F F 0, O]
a+=b; a: [3, 3, 1, 2] & m: [0, 0, F, F] += b:[1,2, 3, 4] & m: [0, 0, F F]
Y Y
a: [3, 3, 3, 4] - al, ,1,2] += [0, 0, 3, 4]

retum a; retum a:[3, 3, 3, 4]



Fast code with ISPC language + compiler

Conclusion

Example had 4 simultaneous instances, scalesto 8, 16 .. N, GPU in future

Useful for processing independent data “cells”

Used for converting data when writing network packets (high speed)

Hope to use to parse NMX packets, possibly process independent clusters?
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Viewing C++ projects with SourceTrail s

Open-source C++/Python code visualization tool link

Many ways of exploring symbols, implementations and references in a project

GdGemBase.h x ‘+

$ > C @ GdGemBase.h AV 4 references

[y AbstractBuilder.h
[ AbstractClusterer.h
[ AbstractMatcher.h

[ petector.h

D
GdGemBase.h
[y Ev42Serdializer.h

[N GdGem.cpp [N Histogram.h

[ GdGemBase.cpp [ NMxconfig.h

NMXSettings & 26
[ GdGemBaseTest.cpp [ NMXStats.h 27 NMXSettings {
::string ConfigFile;
ring CalibrationFile;
string FilePrefix;

GdGemBase 26
[N RingBuffer.h

@

wWN e

[ SPSCFifo.h PMin{MinNMXChannel};
PMax{MaxNMXChannel};

PWidth{ZeroNMXOverlapSize};

[z

SPSCFifo.h

]

memory_sequential_consistent;

WWWwWwWwWwWwwwwNN
R T ERUR)

P memory_sequential_consistent

Detector {

D TreE el amr GdGemBase (BaseSettings & settings, NMXSettings & Loc
inputThread();

processingThread();

Activate "../dev/event-formation-unit/src/gdgem/GdGemBase.h": 1 result with 3 references in 4 files No IDE connected | # 10 errors



https://www.sourcetrail.com/

/ THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

. MY CODE'S COMPILING.
Viewing C++
HEY! GET BACK

compilation time T0 WORK.!

zl
[ orun>
o \

OH. CARRY ON. Y

Source: XKCD: https://xkcd.com/303/



Viewing C++ compilation time profiles @

Speed up Jenkins turnaround time

Guide to enable compile flags and run analysis

Resulting data files can be visualized by https://www.speedscope.app

Results aggregated by Clang Build Analyzer

Case: EFUArgs.cpp, 255 lines, 22 sec to compile



https://confluence.esss.lu.se/display/~mortenhilkerskaaning/Analyzing+the+compile+time+of+the+EFU
https://www.speedscope.app/
https://aras-p.info/blog/2019/09/28/Clang-Build-Analyzer/

Viewing C++ compilation time profiles s

Speed up Jenkins turnaround time
EFUArgs.cpp.json in https://www.speedscope.app

@' Timeorders 8 Left Heavy W% Sandwich

@ Export M Import Help

2.88s 4.088s 6.88s 8.88s 16.88s 12.88s 14.88s 16.88s 18.88s 28.88s 22.88s

2.808s 4.088s 6.88s 8.0808s 16.88s 12.88s 14.88s 16.088s 18.0808s 28.88s 22.88s

ExecuteCompiler {"detail™:""}

Frontend {"deta'i":" } Backepd f"detail":""}

Source .ter.h" Per formPendingInstantfiations {"detail":""} OptMpdule {"detail":"/sers/mortenhilkerskagning/dev/efu2/src/common/EFUArgs.cpp™}
OptMpdule {"detail":"/Users/mortenhilkerskagning/dev/eful/src/common/EFUArgs.cpp"}
I Hun@lass {"detail":"Domfinator Tree Constructjon"}
O.p

OptModule {"detaill":"/Users/mortenhilkérskaaning/dev/efu/src/common/EFUArgs.cpp"

#i n Cl u d e So.m" RunPass {"detail'|:"Dominator Tree Construction"}

So.m" () OptModule {"detail'|:..common/EFUArgs.cpp"
C LI h p p ot OptFunction {"deflai_baseIPvEEEEVT_S5_"
.
g

RunLoopPass {"detfai_riant Code Motion"
1.5 Sec o OptModulle {"de../EFUArgs.cpp"
OptModulle {"de../EFUArgs.cpp"
OptFundtion {"..ocatorIcEEEE"
OptFunction_datorD1Ev"

OptModule {_UArgs.cpp"

Instanciate templates for CLI and fmt Optimize code for fmt
7.0 sec 9.7 sec




Viewing C++ compilation time profiles
Clang Builder Analyzer, highest scoring entries

Files parse (compiler frontend):

10466 ms: MultigridBase.cpp.o
Files codegen (compiler backend):

18433 ms: udpgen_jalousie/generator.cpp.o
Templates instantiate:

15338 ms: fmt::v6::internal::vformat<char>
Templates sets instantiate:

171281 ms: std:: 1::function<$>::function<$>
Functions compile:

821 ms: CLI::App:: parse_arg(std:: 1::vector<...
Function sets compile / optimize:

115961 ms: void fmt::v6::internal::basic_writer<$>...

Expensive headers:

56290 ms: include/CLI/CLI.hpp (included 40 times, avg 1407 ms), included via ...




Conclusion

Viewing C++ compilation time profiles @

Improve turnaround time by optimizing build time, it takes 15 min now, what in 3 years? 10?
Look into pre-defining “extern template” to recycle non-inlined code.

Look into Piml-like ways of hiding private members

Measure possible speed gain by creating mock macro definitions




Finish presentation



