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1. 744

Perf £ M Linux 2.6 JFHA5I ARI—1 profiling TH., (#3315 A &5 pmu 7 HIERREE L RETHEE K 4
PERE, SR, ZHAT Kernel Y EZMERERINT-BL, 1 Kernel RIS —E A, FrDGRAMN R,

2. Ui

PERERRANAN REL 7 2KITE, RBOATPAD NI ARZE: cpu/gpu/mem,storage, HH gpu H Perf 15%7%
B OXAN H A kbaar F ) T Emt R A DS5) |, storage R AEH tracepoint 2RGt1H, EIR, Perf i 2 M
B T4 cpu BTERE, HAMIHEEE A ZRIREH.

$ perf
usage: perf [--version] [--help] COMMAND [ARGS]

The most commonly used perf commands are:

annotate Read perf.data (created by perf record) and display annotated
code
archive Create archive with object files with build-ids found in

perf.data file
bench General framework for benchmark suites
buildid-cache Manage <tt>build-id</tt> cache.
buildid-1list List the buildids in a perf.data file

diff Read two perf.data files and display the differential profile

inject Filter to augment the events stream with additional information

kmem Tool to trace/measure kernel memory(slab) properties

kvm Tool to trace/measure kvm guest os

list List all symbolic event types

lock Analyze lock events

probe Define new dynamic tracepoints

record Run a command and record its profile into perf.data

report Read perf.data (created by perf record) and display the profile

sched Tool to trace/measure scheduler properties (latencies)

script Read perf.data (created by perf record) and display trace
output

stat Run a command and gather performance counter statistics

test Runs sanity tests.

timechart Tool to visualize total system behavior during a workload

top System profiling tool.

See 'perf help COMMAND' for more information on a specific command.

HA R FIRSIRER LA

o record: Y% profile (IE

e report: R#E profile #IBEAE KSR &
stat: FTEIPERETHE ST IHE

e top: cpu HAERELENGIT
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3. £ Android “F-&{di

3.1 HEF LI

1. B 5CH Google Bt ) BIHUIES, ME—EM Android 1 Kernel FYZRFEINE (AR AFL
Kernel 7] AZZIE) | IXEEHTIHERT S 3R A BEVCHET £,
2. Ymi% Perf

~$ . build/envsetup.sh

~$ lunch

~$ mmm external/linux-tools-perf
~$ adb root

~$ adb remount

~$ adb push perf /system/bin/

~$ adb shell sync

3. W RS
TSR] DA B 53 O =28
a. *F-f native 1Y, XE P UEAEHRIERISREH S BIERIT SR, AHREERNTM

b. *F-5 java X1, X7 art ERWREE (BRI dalvik BT T) B MIGRIESE R oat I,
IXRIERE elf SCPF, (ERERINZEATT debug (580 THHTHRART Android 12 T 342K java
PSR LA:

bash art/tools/symbolize.sh

c. B=77 apk, GRERBEFIRALX, WIA] DS ER makefile F1E A Android #2519 java fTER T E
KA SR, REHEIE] Android WFSRE R, ==FEEBENMEMEE L2 —K== 7]
PAIEE showmap SRIREUL & - HTERIZ,

~$ adb shell showmap apk_pid

38540 36296 36296 (¢} (0] 36216 80 (¢} 3
/data/app/com.android.webview-2/1ib/arm/libwebviewchromium.so

~$ cp libwebviewchromium.so
$ANDROID_PRODUCT_OUT/symbols/data/app/com.android.webview-
2/1lib/arm/1libwebviewchromium. so

GSRERNLE) apk, FA EELMOSREN swip, PRAFTAMBERLS, AABBAE,

4. R — AU Android 2 T Kernel BIFREHRTF, X350 Perf AY record, Ft AT I 3¢ 4]
Ry

~$ adb shell echo 0 > /proc/sys/kernel/kptr_restrict

5. AT FESHT, —REEHE record IR pull £ host Ui, 7E host Wit #r, P DARR ZAE R & th
2E—"R Perf TH, ubuntu NZEMPUT:

~$ sudo apt-get install linux-tools-common
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6. HATAHR 72 HT Android - B BRIN Perf WIREARRZATITHY, AT A—MATEEN L E Kernel, 4H1RAE
Perf HCHIRIIENE, AT LATHF Mg LM E

CONFIG_PERF_EVENTS=y
CONFIG_HW_PERF_EVENTS=y

3.2 ARBUH i 6 A3

rk3399:/data/local # ./perf list
List of pre-defined events (to be used in -e):

cpu-cycles OR cycles [Hardware event]
instructions [Hardware event]
cache-references [Hardware event]
cache-misses [Hardware event]
branch-instructions OR branches [Hardware event]
branch-misses [Hardware event]
bus-cycles [Hardware event]
cpu-clock [Software event]
task-clock [Software event]
page-faults OR faults [Software event]
context-switches OR cs [Software event]
cpu-migrations OR migrations [Software event]
minor-faults [Software event]
major-faults [Software event]
alignment-faults [Software event]
emulation-faults [Software event]
dummy [Software event]
L1-dcache-loads [Hardware cache event]
L1-dcache-load-misses [Hardware cache event]
L1-dcache-stores [Hardware cache event]
L1-dcache-store-misses [Hardware cache event]
L1-dcache-prefetch-misses [Hardware cache event]
L1-icache-loads [Hardware cache event]
L1-icache-load-misses [Hardware cache event]
dTLB- load-misses [Hardware cache event]
dTLB-store-misses [Hardware cache event]
iTLB- load-misses [Hardware cache event]
branch-loads [Hardware cache event]
branch-load-misses [Hardware cache event]

SZRR_E Android FAHEAY Perf JEANTERE, tracepoint FEHFIEASIRE, Hl4n: block S, A LAGNSRARZN
E—LE AT RGNIMEREE B A 2. Android 7.0 FFAE A AT Perf TH, BHREMZ
Simpleperf ! T B, *} tracepoint i3 #5 Hb R SRIEFIR %,

3.3 RIMAGER SR

Perf 1 top T E AT DAFIH 24717 cpu BIFAR, IERT PABAN Kernel FIFF SRS ER] A 041, an>dl
T
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$ adb shell mkdir -p /data/local/symbols

$ adb push vmlinux /data/local/symbols/vmlinux
$ adb shell

# perf top --vmlinux=/path/to/vmlinux -d 2

SiREmian R

PerfTop: 8272 irqs/sec kernel:24.2% exact: 0.0% [4000Hz cycles], (all, 6 CPUs)

.] 0x00000000001a3944

perf strstr
[kernel] [k] _raw_spin_unlock_irg
perf [.] strlen
perf [.] memcpy
[kernel] [k] _raw_spin_unlock_irgrestore
[kernel] [k] __compat_put_timespec
perf [.] je_malloc
perf [.] ifree
perf [.] strcmp
[kernel] [k] el@_svc_naked
[kernel] [k] cpuidle_enter_state
perf [.] pthread_getspecific
perf [.] je_free

0.47% [kernel] [k] __arch_copy_to_user

perf top XA DARATEGE EHEFERY pid, X —fo2 FTEEIUE R MR 2R

i
il
&
=)
,ﬁ
i

perf top --vmlinux=/path/to/vmlinux -d 2 -p pid_of_prog

perf top JEFIZRGEH top —HERT LAFEERIFTREIFG 2, DAL A hi-d IS TR IX N IRE, SRR,

3.4 RUBGERENSEHHE R

perf stat F TARECHFZ DI H BN pmu ZEHHE R, LWl
# ./perf stat -p 1415

ctl+c JBH, BUR(ES1E Perf HFZIR AR AB BIGTIHHEER, fildn:
Performance counter stats for process id '1415':

25802.685639 task-clock CPUs utilized [100.00%]
28571 context-switches M/sec [100.00%]
3362 cpu-migrations K/sec [100.00%]
761 page-faults K/sec
42238237278 cycles GHz [64.17%]
<not supported> stalled-cycles-frontend

<not supported> stalled-cycles-backend
15935073463 instructions .38 insns per cycle [64.17%]
713605132 branches 27.656 M/sec [35.82%]
262718809 branch-misses of all branches [64.18%]

12.834800415 seconds time elapsed

—EIE R FEESPIRENLLE, a0 EERRSEERH fishtank R EITFISEHHER, AT LABE 2 S
MAGRMCRAER &, 456 Perf AR T TH AT DA — 548/ NG RBEHCEN 70 ST A SR A
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3.5 WEEHEFER) profile £E

perf record Fl TICsRIEAAMY profile #3E, W DAfEEICRE MR, 0] DAERIF A%, mWT:
# perf record -g -p pid -o /data/local/perf.data
WAl PR E RIMEBE A, S8R AT DO AT perf list 152, #i40:

# ./perf record -e cache-misses -p 1415

3.6 57H1 profile £(HE

perf report F 3 HrAMEIRY profile £E, —MSeiEIm &2 pc LT, MW

adb pull /data/local/perf.data
perf report --objdump=aarch64-1linux-android-objdump --vmlinux=/path/to/vmlinux --
symfs ANDROID_PRODUCT_OUT/symbols -i perf.data

LR

1K of event 'cycles', Event count (approx.):

Children

Self
0.00%
0.00%

Command
Chrome_InProcRe
Chrome_InProcRe

Shared Object
[unknown]
[unknown]

0000000000000000
0x0000000042400000

oxffffffff2f83abe8
0x000000000048abe8
0x0000000000000006
oxffffffff2f834afc
0x0000000000484afc
0x00000000Tfcd2edc
oxffffffff2f83ac3a
0x000000000048ac3a
oxffffffff2f81453a
0x000000000046453a

0.00% Chrome_InProcRe 1libwebviewchromium.so
Chrome_InProcRe 1libwebviewchromium.so

0.00% Chrome_InProcRe [unknown]

0.00% Chrome_InProcRe 1libwebviewchromium.so
Chrome_InProcRe libwebviewchromium.so

9.00% Chrome_InProcRe [unknown]

0.00% Chrome_InProcRe 1libwebviewchromium.so
Chrome_InProcRe libwebviewchromium.so

0.00% Chrome_InProcRe 1libwebviewchromium.so
Chrome_InProcRe libwebviewchromium.so

0.08%
0.00%
0.00%
0.00%

0.00%
0.00%
0.01%
0.03%

mali-cmar-backe
owser.barebones
Chrome_InProcGp
Thread-59

Chrome_InProcRe
Chrome_InProcRe
mali-cmar-backe
mali-cmar-backe
mali-cmar-backe

[kernel.kallsyms]
[unknown]
[unknown]
[unknown]

libwebviewchromium. so
libwebviewchromium. so

libc.so
[kernel.kallsyms]
[kernel.kallsyms]

el@_svc_naked
0000000000000000
0000000000000000
0000000000000000
0x000000000048ac44
oxffffffff2f83ac44
OxfFffffff195bc67¢c
compat_sys_ioctl
kbase_ioctl

0x000000000048abaa
oxffffffff2f83abaa
0x0000000056cd985d
kbase_jd_submit
oxffffffff2f836356
0x0000000000486356
oxffffffff2f834ae8
0x00000000004842ae8
el@_svc_naked
Oxffffffff1958b4b8

Chrome_InProcRe libwebviewchromium.so
0.00% Chrome_InProcRe 1libwebviewchromium.so
9.00% Chrome_InProcRe [unknown]
09.03% mali-cmar-backe [kernel.kallsyms]
0.00% Chrome_InProcRe 1libwebviewchromium.so

Chrome_InProcRe libwebviewchromium.so
0.00% Chrome_InProcRe 1libwebviewchromium.so

Chrome_InProcRe libwebviewchromium.so
0.03% owser.barebones [kernel.kallsyms]
0.00% Chrome_InProcRe 1libc.so

FEA Bt T DA ‘enter’ 8w 7 ELR FH C 2.

3.7 FlameGraph

MEA] DA —LL A Sk 75 W 4 2, Flame Graph g —AN Hed FH AT ARAL 2504 T H,
TE:
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git clone https://github.com/brendangregg/FlameGraph.git
AREIE:

perf script --vmlinux=<kernel_folder>/vmlinux --symfs
$ANDROID_PRODUCT_OUT/symbols -i perf.data | FlameGraph/stackcollapse-perf.pl |
FlameGraph/flamegraph.pl > flamegraph.html

4. 1 Linux *F&{HH

arm WRAH linux ZATHRIR Z#% G124t Perf VL, FTATRELH CFEN4RIF— Perf, HIT Perf KHiHY
elfutils/binutils/zlib, Fff ASERR_b 75 B2 X w1 2RPh,

YR zlib, JRALHbAE
CC=aarch64-1linux-gnu-gcc ./configure --
prefix=/home/cmc/workspace/linaro/toolchain/armlinux/aarch64/gcc-1linaro-6.3.1-

2017.02-x86_64_aarch64-1linux-gnu/aarch64-1linux-gnu/libc/usr
make && make install

==Note: prefix ZFEMIRAYAE X g1k T 2K H ==

I elfutils, FREREHRIBHTAIRRARY:
git clone git://sourceware.org/git/elfutils.git

Ao

cd /path/to/elfutils

mkdir build

./configure --enable-maintainer-mode --host=aarch64-1linux-gnu --
prefix=/home/cmc/workspace/linaro/elfutils/build

B4 Makefile: fHBR elfutils 2 H 5% T Makefile B [ libcpu
&4 backends/Makefile: il backends/Makefile H[17 libebl_i386 F/1 libebl_x86_64 & X[ H 7R PY

Y1
make && make install

%1% binutils, JXNEHEM gee IRARMIFRE, AR 2.28.1 BURRA, PRk

cd /path/to/binutils

mkdir build

../configure --target=aarch64-1linux-gnu --host=aarch64-1inux-gnu --
prefix=/home/cmc/workspace/linaro/binutils-2.28.1/build

make && make install


af://n143
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Ym 1%k Perf, Perf /& Kernel —#C& N, FrPAEE FE— Kernel #LA T, HERXHFEMNIE, FHENK—
LEZRPY:

&4 Makefile.perf, FERGHEINIA:
EXTRA_CFLAGS=-I/path/to/elfutils/build/inclue -L/path/to/elfutils/build/lib -
I/path/to/binutils/build/include -L/path/to/binutils/build/1lib
WERROR=0

NO_LIBPERL=1
NO_LIBPYTHON=1

Gk

cd /path/to/kernel/tools/perf

make -f Makefile.perf perf ARCH=armé4
CROSS_COMPILE=/home/cmc/workspace/linaro/toolchain/armlinux/aarch6é4/gcc-linaro-
6.3.1-2017.02-x86_64_aarch64-1inux-gnu/bin/aarch64-1linux-gnu- -j8

e FAE arm B9 linux & AThR BB RGRE Perf NiZ 2 A DAY, (HERKAIRE, FIERIEMN Android 2
—HERY, XEBARL 1,

5. Simpleperf 14

Android 7.0 FEEHR A T — PN EESEELHY Perf HiRAS Simpleperf:

source build/envsetup.sh
lunch
mmma system/extras/simpleperf

Simpleperf FHXt 2 fij google B A1) Perf & DA R ekidt

o ZFFHINT apk FHFRAIIEZE, M .gnu_debugdata BIZEVT S RAEIAE R
o RALEETTESHTRIIA
o AERZS, FTDAFN Android RRASTEE, HEHESHEIAHHE

ndk r13 FHARLER AL T Simpleperf TH, A AHWAT LB MESRIFLFAI T A :
git clone https://aosp.tuna.tsinghua.edu.cn/platform/prebuilts/simpleperf

FHE BN Perf BRMLIN, aREABEH, rILAEHESH LH Perf 2,
Simpleperf HZA5E, TR java BBFWFTL, EHSHE il

6. perf eventf >\ i HH

H "iperffevent < 40 N J LS :

o symbolic event: XJEEE WAL, BIZAH perf list S EIINREELT, FHE—MITF:


af://n164
https://android.googlesource.com/platform/system/extras/+/master/simpleperf/doc/README.md
af://n179

rk3399_Androidi1:/data/local/tmp # ./perf_aarch64 list pmu

CCI_500/cci_rg_stall_addr_hazard/ [Kernel PMU event]
CCI_500/cci_snoop_access_filter_bank 0_1/ [Kernel PMU event]
CCI_500/cci_snoop_access_filter_bank_2 3/ [Kernel PMU event]
CCI_500/cci_snoop_access_filter_bank_4_5/ [Kernel PMU event]
CCI_500/cci_snoop_access_filter_bank_6_7/ [Kernel PMU event]
CCI_500/cci_snoop_access_miss_filter_bank 0_1/ [Kernel PMU event]
CCI_500/cci_snoop_access_miss_filter_bank_2_3/ [Kernel PMU event]
CCI_500/cci_snoop_access_miss_filter_bank_4_5/ [Kernel PMU event]
CCI_500/cci_snoop_access_miss_filter_bank_6_7/ [Kernel PMU event]
CCI_500/cci_snoop_back_invalidation/ [Kernel PMU event]
CCI_500/cci_snoop_cd_hs/ [Kernel PMU event]
CCI_500/cci_snoop_rq_stall_tt_full/ [Kernel PMU event]
CCI_500/cci_snoop_rq_tzmpl prot/ [Kernel PMU event]
CCI_500/cci_snoop_stall_alloc_busy/ [Kernel PMU event]
CCI_500/cci_snoop_stall_tt_full/ [Kernel PMU event] # #l
WFAEHTIXNevent
CCI_500/cci_wrq/ [Kernel PMU event]
CCI_500/mi_r_data_beat_any, source=?/ [Kernel PMU event]
CCI_500/mi_r_data_stall, source=?/ [Kernel PMU event]
CCI_500/mi_rrq_stall, source=?/ [Kernel PMU event]
CCI_500/mi_w_data_beat_any, source=?/ [Kernel PMU event]
CCI_500/mi_w_data_stall, source=?/ [Kernel PMU event]
CCI_500/mi_w_resp_stall, source=?/ [Kernel PMU event]
CCI_500/mi_wrq_stall, source=?/ [Kernel PMU event]
CCI_500/si_r_data_stall, source=?/ [Kernel PMU event]
CCI_500/si_r_stall_arbit, source=?/ [Kernel PMU event]
CCI_500/si_rq_stall_ot_1limit, source=?/ [Kernel PMU event]

rk3399_Androidi11:/data/local/tmp # ./perf_aarch64 stat -e
cci_snoop_stall tt_full # EHEHHeventM5eH4s wHIn]
nC
Performance counter stats for 'system wide':
29 cci_snoop_stall_tt_full
4.512917370 seconds time elapsed

o rawevent: Al LENANFSHAEDNIIE, L2 —LI-200E8 HNevendF A HEITE per f
list B, BIPMUIRSNFHASHE ] £ event 21T S, IXIEE T E A Flraw event, HA%
IE rNNN, A NNN Revent 163 HIFE X, event163EHE ] IAECPUTHPMUZE T $k3], R
[ & — Mol

rk3399_Androidi1l:/data/local/tmp # ./perf_aarch64 stat -e cpu_cycles ./mhz
1798 MHz, 0.5562 nanosec clock

Performance counter stats for './mhz':

1688410875 cpu_cycles
(50.00%)

0.944476845 seconds time elapsed

0.941888000 seconds user
0.000000000 seconds sys

rk3399_Android11:/data/local/tmp # ./perf_aarch64 stat -e ri1l ./mhz #
cpu_cyclesXM16itHl{EZ0x11
1798 MHz, 0.5562 nanosec clock



Performance counter stats for './mhz':
1686673192 ril
0.941898803 seconds time elapsed

0.939286000 seconds user
0.000000000 seconds sys

o H{EHraw event8symbolic event: #&FFLZTE L MfeventH /G E :x, HAPXAYE XN
T

- user-space counting

- kernel counting

- hypervisor counting

- non idle counting

- guest counting (in KVM guests)

host counting (not in KVM guests)

- precise level

- use maximum detected precise level

- read sample value (PERF_SAMPLE_READ)
- pin the event to the PMU

- group is weak and will fallback to non-group if not schedulable

=S UOW UVUT I O HIS X C
1

rk3399_Androidi1l:/data/local/tmp # perf record -a -e cpu-cycles:p ... #
use ibs op counting cycles

rk3399_Android11:/data/local/tmp # perf record -a -e rill:p ... #
same as -e cpu-cycles:p

o WAEISEWevent: HATHLEHE WHIPMUA =Af: CPU, BUS, HEX, HEACPURLENNMIRATH
DL Cortex-A5x/Cortex-A7xiX%E, BUSHI*T M CCIAIDSU(EHE CMNZBUS, FEISOCHS I HZI),
H 7€ X Evendor H I —PMU event, H—PPMUIREHA B OIS ER, X4A] DUE
WML ER:

rk3399_Androidil:/data/local/tmp # 1s
/sys/bus/event_source/devices/CCI_500/format/
event source

# LEHMeventflsourceiiZcci 500X N devicelIZHE T

BERSA LR, WAl OB AN~ an <K& B event:

./perf_aarch64 stat -e CCI_500/event=0xa, source=0xf/ #
cci_snoop_stall _tt_full
./perf_aarch64 stat -e cci_snoop_stall_tt_full # FHET LAEGS

XAfAE A a2 77 (85 2 Rl —Fflevent AR L5,  PACCIS00 0], ‘BB 7P slavef16- M mastertz |
#A [ —Eevent list, HIXFAMIRAEZIEEAFNZE D, T2 —MF:

./perf_aarché4 stat -e CCI_500/event=0xla,source=0x0/ # slave OffJ
si w_data_stall
./perf_aarch64 stat -e CCI_500/event=0xla, source=0x1/ # slave 119
si_w_data_stall

ARSI E X, TEESRRNPMURSIFIFMESR, XERARERIAT,
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