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Benchmarking GCC vs. LLVM

Tests were conducted using hyperfine to build kernels (5.8.1) in a loop with
both GCC 10.2.0 and several versions of LLVM at a450654a52874 (11.0.0
prerelease).

TL;DR: GCC always beats LLVM for arm64 and x86 64, even when LLVM is
compiled with LTO and PGO. LLVM needs to be compiled with PGO to build
32-bit ARM faster than GCC.

Full results available on GitHub along with the testing scripts.



https://github.com/sharkdp/hyperfine
https://github.com/llvm/llvm-project/commit/a450654a52874b094c264e0366c31126c03fdf2d
https://gist.github.com/nathanchance/3ac507d20850a02172a083148809f63b
https://github.com/nathanchance/tc-build/tree/14611ae3d6280907f18bbb0b07eccca854aba285/benchmark
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Basic measurements

$ make CC="time <compiler>" &> log_for_ post_processing.txt
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Profiling

Linux Perf - Sampling based profiling

e Useful for finding functions that are generally slow
e Many of the top functions are known to be slow and are hard to optimize

Perfetto - Event based profiling

e Records time spent in frontend vs backend
e Useful for finding compilation outliers (weird frontend/backend ratio)
e Fixing uncommonly occurring slowdowns gives smaller speedups



Tracing whole builds with perf

$ echo 0 | sudo tee /proc/sys/kernel/kptr_restrict \
/proc/sys/kernel/perf _event paranoid
$ perf record -e cycles:pp --call-graph Ibr make LLVM=1 -j71

$ perf report --no-children --sort=dso,symbol



Samples: 1@0M of event 'cycles:ppu', Event count (approx.): 7858027097781
Overhead Shared Object Symbol

>

.51% clang-12
.47% clang-12
.47% clang-12
.46% 1libc-2.30@.so
.44% clang-12
.44% 1libc-2.30.so
.42% clang-12
clang-12
.41% clang-12
.39% clang-12
.38% clang-12
.38% 1libc-2.30.so0
.35% clang-12
.34% clang-12

IgnoreParensSingleStep

clang: :Sema: : LookupName

clang: :Parser: :ParseDeclarationSpecifiers

cfree@GLIBC_2.2.5

AnalyzeImplicitConversions

__strlen_avx2

clang: :Sema: :ActOnFunctionDeclarator

clang: :MacroArgs: :create

clang: :Parser: :ParseCastExpression

GetDeclSpecTypeForDeclarator

clang: :Preprocessor: :ReadMacroCallArgumentList
__memset_avx2_unaligned_erms

clang: :StmtVisitorBase<llvm: :make_const_ptr, (anonymous namespace)::IntExprEvaluator, bool>::Visit
(anonymous namespace) : :DataRecursiveIntBinOpEvaluator: :shouldEnqueue

+ [.] clang::SourceManager: :getFileIDLocal
15 clang-12 [.] 11lvm::StringMapImpl: :LookupBucketFor
+ clang-12 [.] clang::Lexer::LexTokenInternal
+ clang-12 [.] clang::TokenLexer: :Lex
+ clang-12 [.] GetFullTypeForDeclarator
+ clang-12 [.] clang: :Preprocessor::Lex
+ libc-2.30.s0 [.]1] _int_malloc
+ clang-12 [.] clang::Lexer::LexIdentifier
+ clang-12 [.] (anonymous namespace)::IntExprEvaluator::VisitBinaryOperator
+ clang-12 [.] CheckICE
+ clang-12 [.] clang::ASTContext::getDeclAttrs
+ libc-2.30.s0 [.]1 malloc
+ libc-2.30.s0 [.] _memcmp_avx2_movbe
+ clang-12 [.] clang::TokenLexer: :ExpandFunctionArguments
+ libc-2.30.s0 [.] _memmove_avx_unaligned_erms
+ clang-12 [.]1 (anonymous namespace)::CFGBuilder: :Visit
¢ % [unknown] [k] oxffffffff8d400ae7
+ 0.60% clang-12 [.] clang::DiagnosticIDs::getDiagnosticSeverity
+ ©.59% clang-12 [.]1 clang::APValue: :swap
@.55% 1ibc-2.30.so [.]1 _int_free
T @.53 clang-12 [.] GetDiagInfo
clang-12 [.] 1lvm::FoldingSetBase: :FindNodeOrInsertPos
+ clang-12 [.] clang: :Preprocessor::getMacroDefinition
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Low hanging fruit identified

Opportunities for improvement in LLVM found by compiling the Linux kernel:

e Redundant work inline asm statements (~13% of a build)
o Fixed in clang-11.

e EXxpensive calculations tracking macro arguments source locations.

o Particularly when GNU C statement expressions are passed to macros.
o TODO: fix

Maybe not surprising it took building the Linux kernel to find these?



Perfetto RFC

Perfetto-instrumented Clang https://reviews.llvm.org/D82994

e Records time spent in frontend vs time spent in backend
Built-in Query Engine - Useful for finding outliers

e Million character macro expansions
e Repeated inlining of large functions

Kernel builds:

X86_64: https://ui.perfetto.dev/#!/?s=bbbcbde1daa19cfe7c5746671c7cb6986eb605aa811bebf5cc24d9b853a8c

Arm64: https://ui.perfetto.dev/#!/?s=aba8804ce98f5467fd46a471b7581e6515b9d24c6aed0852f7f99cda7e2cb6e2



https://reviews.llvm.org/D82994
https://ui.perfetto.dev/#!/?s=bbbcbde1daa19cfe7c5746671c7cb6986eb605aa811be6f5cc24d9b853a8c
https://ui.perfetto.dev/#!/?s=aba8804ce98f5467fd46a471b7581e6515b9d24c6aed0852f7f99cda7e2c6e2
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empty-d6f99f pftrace 3165047
main-ffb2ad pftrace 3165219

do_mounts_initrd-8f905a pftrace
3165226

do_mounts-Oc6e9f pftrace 3165224

do_mounts_md-6a0dda pftrace
3165235

initramfs-4417ea.pftrace 3165241
calibrate-8420df pftrace 3165247
init_task-3977da.pftrace 3165253
null9198b2.pftrace 3165343
null-1ab409.pftrace 3165360
null-1593ba.pftrace 3165373
init-26102c.pftrace 3165399
core-25600a.pftrace 3165412
audit-a34ba.pftrace 3165453
core-221adapftrace 3165489
probe-94190e pftrace 3165444
ia32_signal-1c25ce pftrace 3165437
nulHf56d6.pftrace 3165462
quirks-53464f pftrace 3165536
bts-f05478 pftrace 3165507
iommu-b7c3ee.pftrace 3165541
core-508733 pftrace 3165499
vsyscall_64-d2f891.pftrace 3165490
version-18d7b2 pftrace 3165531

uncore-7aad51 pftrace 3165493
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.dur Frontend r (ms)",backend A 32 d du proce name FROM

SELEC K SuM(d / 0/ AS "dur S WHERE name "Fro d 0UP BY d ontend
INNER

SEL "dur” FROM slice WHERE name ckend” G S backend
INNER J thread
frontend.track_i ad_track.id
thread.utid ] ack.utid
INNER JOIN prc threa:
ORDER BY frontend.dur/backe
Query  SELECT frontend.dur/backend.dur, frontend.dur AS "Frontend dur (ms)",backend.dur AS "Backend dur (ms)",process.name FROM (SELECT track_id, SUM(dur)/108.8/160@ AS "dur” FROM slice WHERE name == "Frontend” GROUP BY track_id) AS frontend INNER JOIN (SELECT track_id, SUM(dur)/1068.6/1608
fesult-  AS "dur” FROM slice WHERE name == "Backend” GROUP BY track_id) AS backend ON Frontend.track_id=Backend.track_id INNER JOIN thread_track ON frontend.track_id=thread_track.id INNER JOIN thread ON thread.utid=thread_track.utid INNER JOIN process ON thread.upid=process.upid ORDER BY
65ms  frontend.dur/backend.dur desc

frontend.dur/backend.dur Frontend dur (ms) Backend dur (ms) name

356.5384799624544 2014.688423 5.65069 /tmp/trace-78820e.pftrace
283.0332050711659 1937.7568370000001 6.846394 /tmp/nfs4trace-3341e7.pftrace
243.14600493584243 1510.548446 6.212516 /tmp/trace-348117.pftrace
224.01471063512844 1574.811767 7.029948 /tmp/nfstrace-81dde2.pftrace
210.9636585883103 1470.273667 6.969322 /tmp/shipped-certs-3541ff.pftrace
184.05446834636786 1305.8430779999999 7.094873 /tmp/trace-48219f .pftrace
167.91226940831882 1130.499578 6.73268 /tmp/agp-e94718.pftrace
164.90163879278444 955.87626 5.796645000000001 /tmp/ipa_data-sdm845-5fd@73.pftrace
163.774083241153576 1161.280229 7.090747 /tmp/vca_trace_points-85d542.pftrace
160.98960844510762 1038.235347 6.4490883 /tmp/trace-c51bdb.pftrace
154.57254095011834 1013.947642 6.559688 /tmp/highmem-2b39f4.pftrace
151.75443293265988 977.132984060600001 6.438909 /tmp/int32-865962.pftrace
144.48311529971993 1720.971202 11.917826 /tmp/sysctl-cdc758.pftrace
143.0119915429036 1024.425643 7.163215 /tmp/int16-8e5462.pftrace
141.42046886759474 1256.162365 8.882465 /tmp/ipa_data-sc7188-901c@87.pftrace
130.3526701719974 852.1025 6.536900999999999 /tmp/drm_trace_points-3ef945.pftrace
129.86741011310622 1063.132021 8.186288 /tmp/sysctl-0@blda.pftrace
129.1461812288446 967.394654 7.4908695 /tmp/xhci-trace-8ffd7c.pftrace
124.34486049837634 744.282203 5.985629 /tmp/lima_trace-17d7a3.pftrace
122.88249869529437 849.775856 6.915353 /tmp/syscall-fa1425.pftrace
121.86986708337571 1647.502217 13.518625 /tmp/netlink-174ec7.pftrace
121.48996163247182 884.334178 7.279872 /tmp/trace-6ecde6.pftrace
118.64660201035662 829.39919 6.990501 /tmp/msm_gpu_tracepoints-5f6689.pftrace
118.40101825840478 1123.896328 9.492286 /tmp/drm_kms_helper_common-c@c5be.pftrace
118.35776311296632 1857.5731329999999 15.694561 /tmp/nfs4sysctl-9e108f.pftrace
117.91147255136289 879.500023 7.4589859999999994 /tmp/trace-d3cadb.pftrace
116.54686319447354 1121.269283 9.620759 /tmp/tables-2¢5d70.pftrace
115.9611446993357 905.874879 7.804984 /tmp/fallback_table-35272c.pftrace
108.42810974198787 710.830508 6.555777 /tmp/nmi_backtrace-796e21.pftrace
108.159532081888416 594.3559889999999 5.495179 /tmp/utdebug-cbfe70.pftrace
107.939594455953 648.301827 6.086154 /tmp/sysct1-54d508.pftrace
104.16662648070603 544.7761439999999 5.229853 /tmp/evxfevnt-9c1b32.pftrace
104.13642792585917 586.590189 5.6329009999999995 /tmp/rsirq-2c8c23.pftrace
101.56392448656463 446.645741 4.3976809999999995 /tmp/evgpeinit-eb4441.pftrace
100.98225022765743 591.945631 5.861878 /tmp/hwsleep-d9d899.pftrace
100.9710704144336 827.479025 8.195209 /tmp/deflate_syms-654f48.pftrace
98.879993614087934 798.358255 8.074812 /tmp/font_8x16-6a85d1.pftrace
98.3339696962436 767.422588 7.804247 /tmp/rsdumpinfo-86f679.pftrace
97.67702398644553 579.4991269999999 5.932809 /tmp/evsci-b8@e2d.pftrace




Time spent in Clang Frontend vs Backend for Linux kernel x86_64 defconfig
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10000

7500

:

:

(sw) uoneing

“**€60-0siw/dwy
wihaxyap/duwy
***0g-9T210/dwy
+-goenxa/dwy/
“**q-20|reIn/duwy
“*-108lgon/duny
“**gg-yoopn/dwy
+1dwosap/dwy
*“bayndoydwy
**-japaidin/dwy
's” pealyyduny/
*** Jaureyuodydwy
***-100lqosd/dwy
-sadA)s)/dwyy
ooefejap/dwy
edsaweu/dwy
16-qysAs/dwy
“uiodpuayduay
- gej-eisyduwy
"**09Gg-1so/dwy/
“j-yaseas/dwy
*ssaooew/dwy/
*Tonauabydwy
e B nwwydwy
***609-Buy/duny
2105~ ondwy
“row” wupyduy
"rg-alqexa/duny
' pog-2109/dwyy
“*awn” bas/dwy
*g-deway/dun/
“rsey” wap/dwy
“rgeaT-ua/dwy
qeg-days/dwyy
“rore awd/dwy
“uanalauyduway
“yedwo/dwy
“u”oidAsoyduay
"*G6L-Bswydwy
“ep-oewy/duwy/
“aidwoos/duwyy
*dooy-wpydwyy
“**0g-nduydwy
“pag-sjqudwy
Ul pupxyduny
“*~j@eyaiw/duny
“rawn jauyduwy
“BuuTj@uydwy
“rgpT-awn/duwy
“gzey-pid/duwy
***gpgp-o1q/duy
ab_grel/dwy
“dn"aoesydwy
“dp”jeuldwy
*-uonejosyduwy
“uu09 juyduwy
" qy-urew/dwy
“r9-weans/dwy
e gadydwy
“-apxgsjuydwy
“r-9Q7 x/dwy
o wuyx/dwy
***9GZ-a100/dwy
+ab~gT6l/dwy
“**0-uejgyaydwy
“**ge-qejpis/dun/
“**6z0-s1eis/dwny
“roqubiau/duwy
*gaad-Aay/dwy
“-apxpsju/dwy
“*=TT208Iu/dwy




Future work?

e Keeping track of major regressions in compile time (something like
llvm-compile-time-tracker but specifically for the kernel)
e Analyze traces in depth



http://llvm-compile-time-tracker.com/

