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B aTom TOnkKe

gettimeofday

strace, Itrace, truss

gprof

gdb / lidb

perf

pmcstat

SystemTap

DTrace

HeapTrack

BPF / bcc

YMHbIe KHUXKU U KpacuBble KapTUHKU!
BaxHo: He 3aMeHsieT AOKyMeHTauuro (via PomaH NMobopunn)

HL I—thLoad]



Lncknenmep

Disclaimer

HL I—IighLoad]



Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWNOKN (CNUCOK HE MOSIOH):

e HenoBTOPAEMOCTb




Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWNOKN (CNUCOK HE MOSIOH):

e HenoBTOPAEMOCTb
e Bbl nsamepsaerte He TO, YTO AymMaeTe




Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

e HenoBTOPAEMOCTb
e Bbl nsamepsaerte He TO, YTO AymMaeTe
e BaaTtne cpegHero

HL I—IighLoad]



Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl u3mepsieTe He To, 4UTO AyMaeTe
B3atne cpegHero

KTo byoeTt 6eHumapkaTb 6eHYMapKn?

HL I—IighLoad]



Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl u3mepsieTe He To, 4UTO AyMaeTe
B3atne cpegHero

KTo byoeTt 6eHumapkaTb 6eHYMapKn?
OTcyTcTBME aHanuaa

HL I—IighLoad]



Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl namepsiete He To, YTO AyMaeTe
B3atne cpegHero

KTo bynet 6eHumapkaTb 6eHUYMapKn?
OTcyTcTBME aHanuaa
NrHopupoBaHue owmnbok

HL I—IighLoad]



Kak He Hy>XHO aenaTtb beHuYmMapKu

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl namepsete He To, YTO AymaeTe
B3atne cpegHero

KTo bynet 6eHumapkaTb 6eHUYMapKn?
OTcyTcTBME aHanuaa
NrHopupoBaHue owmnbok
HenpaBurbHble HAaCTPOUKK
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Kak He Hy>XHO aenaTtb beHYMapKn

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl namepsete He To, YTO AymaeTe
B3atne cpegHero

KTo bynet 6eHumapkaTb 6eHUYMapKn?
OTcyTcTBME aHanuaa
NrHopupoBaHue owmnbok
HenpaBurbHble HAaCTPOUKK
HeTtunnyHasa Harpyska
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Kak He Hy>XHO aenaTtb beHYMapKn

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl namepsete He To, YTO AymaeTe
B3atne cpegHero

KTo bynet 6eHumapkaTb 6eHUYMapKn?
OTcyTcTBME aHanuaa
NrHopupoBaHue owmnbok
HenpaBurbHble HAaCTPOUKK
HeTtunnyHasa Harpyska

MapKeTuHr u nogroH

HL I—thLoad]



Kak He Hy>KHO aenaTtb 6eH4YMapKu

TunnyHble oWwKnOKKN (CNUCOK He MOJSIOH):

HenoBTOopaemMocCTb

Bbl namepsete He To, YTO AymaeTe

B3atne cpegHero

KTo bynet 6eHumapkaTb 6eHUYMapKn?

OTcyTcTBME aHanuaa

NrHopupoBaHue owmnbok

HenpaBurbHble HAaCTPOUKK

HeTtunnyHasa Harpyska

MapKeTuHr u nogroH

NrHopupoBaHue apyrmx cBomcTts (CTOMMOCTU U T.4.)

HL I—thLoad]



gettimeofday(), npumep Koga

#include <sys/time.h>
e PR

struct timeval tv;
gettimeofday(&tv, NULL);

double time begin = ((double)tv.tv sec) * 10800 +
({double)tv.tv usec) / 1000;

& e B

gettimeofday(&tv, NULL);
double time end = ((double)tv.tv sec) * 1000 +
({double)tv.tv usec) / 1000 ;

double total time ms = time end - time begin;

%f\n", total time ms); @HighLoad” ‘

printf("TOTAL TIME (ms) =



gettimeofday(), nntoCbl/MUHYCDI

e He Takom yx goporon metona, cnacnoo VDSO
e Ho co cnnHNokamMmun Bce paBHO HE CTOUT UCMNOSb30BaTh
e YOoOOHO, ecnun YTo-TO TOPMO3UT UHO20a




strace, ltrace, truss

[eax@e733 ~]$ ltrace -c pwd

/usr/home/eax
% time seconds wusecs/call calls function
34.44 0.000083 83 1 puts
34.02 0.000082 82 1 getcwd
19.50 0.000047 47 1 atexit
12.03 0.000029 29 1 getopt
100.00 0.000241 4 total
[eax@e733 ~]% truss -c pwd 2=&1 | head
fusr/home/eax
syscall seconds calls errors
__sysctl 0.000014189 2 0
issetugid 0.000010237 2 0
write 0.000009069 1 0
sysarch 0.000005182 1 0
sigprocmask 0.000063035 12 0
readlink 0.000008329 1 1
read 0.000016261 2 0
openat 0.000024322 = 0

[eax@e733 ~1%

HL I—IighLoad]



gprof, TEKCTOBbLIN popMaT

Flat profile:

Each sample counts as 0.01 seconds.
cumulative
seconds

%

time

30.
18.
18.
12
12.
3.
0.
0.

37
L2
22
15
15
04
00
00

0.
.16
L
.26
.81
3]
3]
e

L v I e I e e e

10

self
seconds
U
.06
.06
.04
.04
.01
.00
.00

oo O oo

10

calls
475254
1425762
475254
950508
475254

self
ns/call
210.86
42 .17
126.52
42 1]
84.34

total
ns/call

285
42.
210,
42 .
126.

0.
0

21
17
86
17
52

00

.00

name

htable del
_htable_hash
htable set
_htable resize
htable_get
main

htable free
htable new
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gprof, NOCTPOEHHadA KapTUHKa

main
100 005%

II.__I l

hiable del
43.16%

(32.26%)

/ 475254

{ 6.45% 545%“ 545%“.545%

htable get
19.33%
(12.90%)

J B42%

|.4T5254?jr 475254 % ‘475254 ﬂ?ﬁ.’?ﬁ-ﬂ,xr 473254x%

|1._":.||| n'l (19.33%)
1425762%

htable resize _htable_hash
12.90% 19.35%

@ I—thLoad]



gdb, [ldb — nony4eHune 6akTpeunca (bt)

$ gdb --batch --command=gdb.batch -p 12345
$ lidb -p 62510 --batch -s lidb.batch

[lone3HkiU npuem npu rnoucke u ycmpaHeHuu lock contention.

HL I—IighLoad]



gdb, l[db — peanbHbIM NaTy (44cad4022)

Author: Robert Haas <rhaas@postgresql.org=
Date: Wed Mar 23 10:56:23 2016 -0400

Partition the freelist for shared dynahash tables.

Without this, contention on the freelist can become a pretty serious
problem on large servers.

Aleksander Alekseev, reviewed by Anastasia Lubennikova, Dilip Kumar,
and me.

http://habr.ru/p/310372/ (INMpnmepbl pearnbHbIX NaTtyen B PostgreSQL, YacThb 2)

Do hLoad]


http://habr.ru/p/310372/
http://habr.ru/p/310372/

perf top

Samples: 3M of event 'cycles', Event count (approx.): 23°%
postgres list_nth
postgres ResourceOwnerForgetRelationRef
postgres find _all_inheritors
postgres get tabstat _entry
postgres ResourceOwnerForgetTupleDesc
postgres hash_search_with_hash_wvalue

SearchCatCache

AllocSetAlloc

clear_page c_e

lseek64

ExecInitExpr

postgres

postgres
0.43% [kernel]
0.42% 1libc-2.19.s0

p il
== e b b b bl bl sl bl bl Bl

L]

e N N R B B B B B B By
¥ ¥ L] ¥ L L ¥ ¥

0.36% postgres




perf top — peanbHbIX NaT4 (cc988fbb)

Author: Tom Lane <tgl@sss.pgh.pa.us>
Date: Tue Jan 26 15:20:22 2016 -0500

Improve ResourceOwners' behavior for large numbers of owned objects.

The original coding was quite fast so long as objects were always
released in reverse order of addition; otherwise, it degenerated into
D(N~2) behavior due to searching for the array element to delete.
Improve matters by switching to hashed storage when the number of
objects of a given type exceeds 64. (The cutover point is open to
discussion, of course, but some simple performance testing suggests
that hashing has enough overhead to be a loser below there.)

Also, refactor resowner.c so that we don't need N copies of the array
management code. Since all the resource IDs the code currently needs
to deal with are either pointers or integers, it seems sufficient to
create a one-size-fits-all infrastructure in which everything is
converted to a Datum for storage.

Aleksander Alekseev, reviewed by S5tas Kelvich, further fixes by me




perf record U donienmmrpadsbl [1 / 2]

: ;!Ill-- -———————




perf record U donienMmrpadsbl [2 / 2]

o _redirection_internal

|do_



il /J

sl

A
{!

sty
3.5.‘:'
T ?};§

e
\

77

P bl oy 051/159 ' B & .

http://voutu.be/tDacjrSCeq4 (Shouting in the Datacenter) @ HighLoad ™ |


http://youtu.be/tDacjrSCeq4
http://youtu.be/tDacjrSCeq4

pmcstat

PMC = Performance Monitoring Counters
Toxe ymeer:

Ton cambIx “ropsauunx” npouenyp
dnenmrpadbl

['pad BLI3OBOB KakK y gprof

Tonbko FreeBSD (nog MacOS HerT)

http://eax.mel/freebsd-pmcstat/



http://eax.me/freebsd-pmcstat/
http://eax.me/freebsd-pmcstat/

SystemTap, npymMmep cKkpunta

#!/usr/bin/env stap

probe begiln

{
printf("Start\n")

}

probe kernel.function("ip rcv")

{

printf("ip rcv(%s)\n",sSparms)

}

probe timer.ms(5000)
{

exit()

}

probe end

{

. printf("End\n") @ HighLoad " '



SystemTap, NMKOCbl/MUHYCHI

MoLLHBIN 1 Npy 3TOM Be30MacHbIN CKPUNTOBbLIN A3bIK

Kog TpaHcnunpyetca B C, kKomnunupyeTca B Moaynb dapa
ABTOMAaTMYECKNN BbIBOA TUMOB (CTPOKMK, Yncra) Npyv KOMMmMiaunum
CTpeMHO 1ncnonb3oBaTh B NpoAakKLUHe

borblie BooOLLe Npo TpacCUpOBKY-OTNaAKy, YemM NPOansIvHr ...
... TeM bornee yuntbiBagd, 4Yto ecTb perf

HL I—IighLoad]



DTrace, NpUMep CKpUNTa

#l/usr/sbin/dtrace -s

syscall:freebsd:poll:entry /execname == "postgres"/

{
printf("fds = %p, nfds = %d, timeout = %d", arg®, argl, arg?);
}

syscall:freebsd:poll:return /execname == "postgres"/
{

printf({"result = %p", arqgl)
}

HL HighLoad]



DTrace, NNOCbl/MUHYCHI

e PaboTaeT He TONbKO NPU HaNU4Ynu B NPUNOXeHnn npooos
e MacOS, FreeBSD, Oracle Linux

e He Hy)XHO KOMNUNMMPOBATb U YCTaHaBNMBaTb, ECTb B CUCTEME U3
KOPOOKU

e MoXXHO ncrnonb3oBaTh Ha NpodakwHe (no KpanHen mepe, Bo FreeBSD)
e EcTb nopT anga octanbHbix aucTpnbyTmBoB Linux (dtrace4linux)

@ I—thLoad]



HeapTrack: npumep otyeTa

PEAK MEMORY CONSUMERS

4 .98MB peak memory consumed over 31111 calls from
tree_allocfunc
at /home/eax/projects/c/c-algorithms/test/struct/test rbtree.c:37
in /home/eax/projects/c/c-algorithms/build/test/struct/test rbtree
1.24MB consumed over 7777 calls from:
rb insert
in /home/eax/projects/c/c-algorithms/build/test/struct/test rbtree
left right walk test
at /home/eax/projects/c/c-algorithms/test/struct/test rbtree.c:166
in /home/eax/projects/c/c-algorithms/build/test/struct/test rbtree

Do hLoad‘



eapTrack: Massif Visualizer

File View Settings Help

-

Open Close Shorten Templates  Select peak snapshot Toggie.tbtal cost g_ra_p.h. .Toggle detailed cost g_ra_p.h._ Stacked diagrams: [10 ,

out.massif X

Memory consumption of ./test_rbtree
Peak of 1.3 MIB at snapshot #8

.Tota]. Memory Heap Consumption
. _GLOBAL _sub I eh alloc.cc | T T T
[ tree allocfunc

- - - - - - -LAME

L-12MB

L-10MB

+-800.0 kB

£-600.0 kB

|-400.0 kB

1-200.0 kB

01 ' ' ' ' 02

time in 5

Memary Chart . Allocators

memory heap size

filter

* 196.6 KiB: Snapshot #0

b 125.6 KiB: tree_allocfunc (fhome/eax/projects/c/...
» 71.0 KiB: _GLOBAL_ sub_|_eh_alloc.cc (/buildfgc...

346.3 KiB: Snapshot #1

b 500.5 KiB: Snapshot #2
666.8 KiB: Snapshot #3

b 777.4 KiB: Snapshot #4
919.3 KiB: Snapshot #5

» 1.1 MiB: Snapshot #6

1.2 MiB: Snapshot #7

1.3 MiB: Snapshot #8 (peak)

* 1.2 MiB: tree_allocfunc (fhome/eax/projects/c/c-...
~ 1.2 MiB: rb_insert (fhome/eax/projects/cfc-al...

~ 1.2 MiB: left_right_walk_test (fhome/eax/...

+ 1.2 MiB: run_tests (fhome/eax/project...

1.2 MiB: main (fhome/eax/projects...

w 71.0 KiB: _GLOBAL_ sub_|_eh_alloc.cc (/build/gc...

~ 71.0 KiB: call_init.part.0 (/lib64/ld-linux-xB6-...

* 71.0 KiB: _dl_init UIib64ﬂd-|inux—><86-6:l_s,_.
71.0 KiB: 777 (/lib64/ld-linux-x86-64 5...

304.0 KiB: Snapshot #9
» 504.8 KiB: Snapshot #10
712.1 KiB: Snapshot #11
b 924.9 KiB: Snapshot #12
1.1 MiB: Snapshot #13
» 1.3 MiB: Snapshot #14
320.1 KiB: Snapshot #15
» 577.6 KiB: Snapshot #16
839.4 KiB: Snapshot #17
» 1.1 MiB: Snapshot #18
1.3 MiB: Snapshot -
» 365.1 KiB: Snapshot #20
662.7 KiB: Snapshot #21
» 967. 4§|B Snapshot #22

.3 MiB:
» 71.0 KiB: Snapshot #25

Custom Allocators | Massif Data

Massif Data [E5]

HL I—thLoad]



HeapTrack: nntocbl/MUHYCD

bbicTpbin!

MoxeT uennaTbca K 3anyLleHHbIM npoueccam
KpacuBble U HarngaaHble oT4eThl (eCTb dorienmrpadbl)
YMeeT HaxoanTb MEMOPU NUKK (--print-leaks)
CTaTuctuka rno pasmepam BblaenaemMmon namsaTu
(--print-histogram)

He 3HaeT npo BblaeneHne namaTu Ha CTeke

Tonbko Linux (nonpobyunTte Valgrind Massif)

Do hLoad]



Linux 4.9: BPF / bcc

filetop
filelife fileslower
vEfscount vfsstat

cachestat cachetop
dcstat dcsnoop
mountsnoop

trace
argdist
funccount
funclatency
stackcount
stacksnoop
profile

V

btrfsdist
btrfsslower
extddist extdslower
xfsdist xfsslower
zfsdist zfsslower

mdflush

cpanaInoop mysqgld slower
= thostlat -
statsnoop bashreadline ge losk a THCYff Other:
syncsnoop merLLeax Bs.snl capable
killsnoop
/ execsnoop
Applications /
\J .
pidpersec
N System Libraries / zunglak
cpudist
\ 5 x System Call Interface 4
ffcputime
VF ockets OF:CP
= Sl Scheduler /_________ wakeuptime
# File Systems TCP/UDP , = offwaketime
Volume Manager IP Virtual \ softirgs
Block Device Interface Ethernet Memory ""\
oomkill memleak

/

4 Device Drivers

hardirgs ttysnoop

biotop biosnoop

/

tcptop tcplife
tcpconnect tcpaccept

tcpconnlat tcpretrans

biolatency bitesize

slabratetop

DRAM

llcstat —————0t—p

profile ——p CPU

Do hLoad‘



YTO 1 Koraa ncnonb3oBaTb

gettimeofday

strace, Itrace, truss

gprof

gdb / lldb — B crniyyae lock contention

perf — ecnun ynepnuce B CPU, Linux

pmcstat — ecnu ynepnuce B8 CPU, FreeBSD

SystemTap

DTrace — npodpannuir Ha MacOS / FreeBSD + ceTtb, guck n T.4.
HeapTrack — npodunmpoBaHme NCronb3oBaHUA namMaTy Ha Linux
Valgrind Massif — npodunmpoBaHue ncnonb3oBaHUs NnamMaT HA BCEM OCTaSTbHOM
BPF / bcc — npodannuHr Ha Linux + ceTb, AUCK U T.4,.

HL I—IighLoad]



KHUrm

e Systems Performance: Enterprise and the Cloud
by Brendan Gregg (2013)

e DTrace: Dynamic Tracing in Oracle Solaris, Mac OS X and FreeBSD
by Brendan Gregg, Jim Mauro (2011)

$3 PRENTICE _

LLLLLL

Systems

Performance DTrace

Mac OS X, anp FreeBSD

ENTERPRIS




OHnanH-pecypchl

http://www.brendangregg.com/blog/index.html

http://dtrace.org/blogs/

https://sourceware.org/systemtap/
https://www.freebsd.org/doc/handbook/dtrace.html
https://wiki.freebsd.org/DTrace
http://www.intel.com/content/www/us/en/processors/architectures-softwar
e-developer-manuals.html

@ I—IighLoad]
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http://www.intel.com/content/www/us/en/processors/architectures-software-developer-manuals.html
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Bonpochl?




