Sto

A Better Way To Store And Query Profiler Data

Patrick Somaru
Production Engineer N Meta



Profiler Data

What is profiler data?

demo 26015 14943.211794: 18447857 cycles:u:
11al simulateWork+0xlc (/home/pat/repos/sto/demo/demo)
/home/pat/repos/sto/demo/demo.c:5
11d4 doLogging+0x15 (/home/pat/repos/sto/demo/demo)
/home/pat/repos/sto/demo/demo.c:9
1221 applicationLogic+0x4a (/home/pat/repos/sto/demo/demo)
/home/pat/repos/sto/demo/demo.c:18

125¢ main+0x2c (/home/pat/repos/sto/demo/demo)
/home/pat/repos/sto/demo/demo.c:22

23312 __libc_start_call_main+0x82 (/1libé4/1libc.so.6)
/usr/src/debug/sys-1ibs/glibc-2.36-r5/glibc-2.36/csu/../sysdeps/nptl/libc_start_call_main.h:74

233d8 __libc_start_main@@EGLIBC_2.34+0x88 (/1ibé4/1libc.so0.6)
J/usr/src/debug/sys-1ibs/glibc-2.36-r5/glibc-2.36/csu/../csu/libc-start.c:128

1091 _start+0x21 (/home/pat/repos/sto/demo/demo)

/usr/src/debug/sys-1libs/glibc-2.36-r5/glibc-2.36/csu/../sysdeps/x86_64/start.S:117
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Profiler Data #include <stdio.h>

#include <unistd.h>
#include <stdlib.h>

voién%szmlateWork(int X) { for(int 1 = *x; 1>0; 1--); }

voUﬁQﬂﬁhwinessLogic(int x) { simulateWork(x); }

voiAE%oLogging(int x) { simulateWork(x); }

Y [
TyI ng th I ngs ba C k to COd e voicpapplicationLogic(int logPct) {
if(rand() % < logPct) {
doBusinessLogic(1);
doLogging(1l);
} else {
doBusinessLogic(1);

}
}

inf‘hain() {
printf("sld\n", (long)getpid());
while(1){ applicationLogic(50); }

Flame Graph: demo
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Profiler Data

Why use Profilers?

'S

v Instant.toString

MainKt.genData

ImportantDataSerialized.<init> HashMap java:610

¥ HashMap.put

MapsKt__MapsKt.putAll

MapsKt__MapsKt.toMap
+ Instant.toString MapsKt__MapsKt.toMap Main.|
ImportantDataSerialized.<init> MainKt.genData Main.kt:31
MainKt.main

<All threads >

MainKt.genData

HashMap.java:610

v HashMap.put

MapsKt__MapsKt.putAll

MapsKt__MapsKt.toMa

MapsKi__MapsKt.t .ap Main.kt:77

MainKt.genData Main kt:72
MainKt.main

<All threads>




Profiler Data

101 uk:

Globa’ UThread 209175 [€
::atomic>#>

bbéa8 std:: i y::hazptr_o :Load+0x74 (/home/pat/Ti r/sto/burn)

hazptr_obj_cohor :safe_list_top+0x25 (/home/pat/Tower/sto/burn)
00/ be1b883e08dclacf9dbdS16af82beTe5cabss/include/fol
ha’ptr obj_cohort<std: :atomic>: :push_obj+@xSh (/home/pat/Tower/sto/burn)
kage/bcbbelb83e08: dbdS16af82be7eScabss/include
atomic>: :push_obj+0x118 (/home/pat/Tower/
ackage/bcbbelb083 acf9dbdS16af82h
concurrenthashmap NodeT<s
:allocator<unsigned cha ::atomic, folly::detail::concurrenthashmap::HazptrDeleter<std
/home/pat/.conan/data/folly/2l 03.08/_/_/pa / 85/include/foll
b7afa folly::hazptr_obj_base_linkel tail::concurrenthashmap: :bucket: :NodeT<std
td::allocator<unsigned char>, std::atomic d oncur enthashmap' HazptrDeleter<s

/home/pat/.conan/data/folly/2622.10.03. 6| e7e5cal
b folly: :detail \11 basic_string<char, std

/.conan/ " p .1e.

/home/pat/.conan

std: :atomic:
/ /bcbbelb083eB8dclacf9dbdS1éaf:

g
oncurrenthashmap: :bucket: :BucketTable:
char_traits<char:

:allocator<unsigned char

chronization/Haz

basic_string<char,

synchronization/HazptrObjLinked
string<char,

ynchronization/HazptrObjLinked

td: :char_traits<char>, std
basic_string<char, std::char
1::basic_stri

(unsigned char)8, st
rators, unsignec lnnq

::allocator<char>
basic_string
/home/pat/.conan/data/folly/2e:

b folly: :detail
sh<std::__cxx11: :basic_string<char
urrentHashMapSegnent<std

Llocator<char> std: :equal

tring<char, s har_trait
cxx11::basic_string<char, std::char_traits<char>, std
cha llocator<unsigned char>, std

:allocator<cha
har_traits<char>, std
::basic_string<char, std::char_traits<char
>&, xx1 i

{lambda(std::__cxx11: :basic_string<char, std:
ohan/ﬂata/fally v /-] Ipac /bcbbe1bd83e08dclacf9dbdS16af82be7eScab8s/includ:
a973c folly ail::C ntHashMap$ i <
:basic_strings :char_traits<c : :allocator<char 2
etTabl ntHashMapSegme td::__cxx11::basic_s
cxx11: :basic ::char_traits<char>, std::allocator std: :equal_to
: :BucketTal i gn<std: @ ::char_traits<char>, st
:basic_string . : traits<char> & std: :__cxxlL: :basic_string<char, std:
equal_t ic_string<char, 3 c £ d: :allocator:
cxx11::basic_string< . ::char_traits<char>, std::allocato

me/pat/ o/burn)
516af82be7e5cab85/include/folly/concurrency/detail/ConcurrentiashMap-detail.h:1855

/home/pat/.conan/data/folly,
foll
std::char_traits<chai : :allocator<char> >
cxx11::basic_string<char, std::char_traits std: :al

ring<char, std:

/bcbbelb083e08dclacf9dbd516af82be7eS5cab8 ‘\/1ncluﬂ=/f0L'Lu/concul‘r‘wm_
ar_traits: , std::al

<char, std::char_traits<chal
g char_traits<char>, std::allocato
/home/uat/ conan/data(fuL qe/ncbhelb 83e08dclacf9dbdS1éaf:
93af8 burn_cyclessdx29b (/hunv/ndt Tower/sto/burn)
/home/pat/Tower/sto/testApp/main.cpp
1ebSf7 folly::p CoroutineWithNewAsyncSta
3.00/_/_/build/bchbelb683e08dclact9dbd516afs?
olly::coro:: :Task se<void

ckRoot+0x47 (J'Imwe/'})aty’TO\w\'/41 /burn)

1988 folly::r CoroutineWithNewAsyncStackRoot:
/home/pat/. cnnan/aata/+a\\v /package/bcbbelb
: : TaskiVithExecutor
/pat/Tower/sto/|

/home/pat/ 00/_/_/package/bcbbelb883 clacf9dbdS16af82

b6048 folly::detail::function::FunctionTrait
Task: :promise_type>)::{lambda()#1}>+0x24 (/home/pat/Tower/sto/burn)
/home/pat/.conan/data/fol _/_/package/bcbbelbl

14358 folly adPoolExecutor: : runTask+0x
/home/pat/.conan/data/foll 0/_/ /buil:h’lJC,heth

1247a4 folly
/usr/inc

+0x5f (/home/pat/Tow to/burn)

/usr/include/c++/12/bits/shared_ptr_base.h:1070

dc3a3 [unknown] (/usr/lib/x86_64-1inux-gnu/libstdc++.50.6.0.3
libstdc++.50.6.0.30[d

char_traits<char>, std::allocator<cha
folly/concurrency/detail

har_tr

.h:241
char_trait ha std::allocator<char>

Challenges such as?

1 Sample

har>, std 'Llocator<cha , std 11 asic_strin:

tire+0x47 (/home/pat/Tower/sto/burn)

cator<cha 11: :basic_strin
l/hanulpdt/ToNel/ to/burn)

asic_string<char,

sichar_trait
trait:

wtex, folly

thashmap: :bu e ] etTable<s

: :char_traits<cha
::char_traits<char
::char_traits<char>,
std: :alloca signed char

oncurrency/detail/ConcurrentHashMap-detail.h:

std: :char_trait: har: d

:basic_string<char, std::char_trai
_string<char, std::char_trait
std: :allocator<unsigned chal
nar_trait allocato
(unsigned char)8, std::hash<std

unsigned long, std
> const8&)#1}, std:

std::allocator
:char_traits<chal
d::all
std::char_traits
std: x11:

char_traits<char>, std::allocato:
unsigned char>, std::atomic, std:
cxx11::basic_string<char, std::char_traits<char

, std::allocator

cxx11: :basic 5tv1nq std::char_traits<char>

7e5cab85/source_subfolder/fol

>+0X43 L/h(mr/pdt/T‘ /sto/burn)
7eScab85/include/folly/tracing/As

await_suspend<folly::coro: :detail: :DetachedBarrierTa

:promise_type>

Scab85/include/folly/experimental/coro/Task.h:527
callSmall<fol oro askWithExecutor<voi

detall/tuncurrentHashHau'detall,h
xx11: :bas: ring<char,

Llocator<chal
:allocator<char> std: :allocators<

:allocator<char> >, (unsigned

ncurrenthashmap: : buc BucketTable
std: :char_traits : :allocatol
std har_tra.

ring<char, std::char_traits<char>, std::allocator<char>

rrentHashMap-

std::char_traits<char
ator<unsigned cha

basic_string

r<char>
hasic_string

:my’ C
std::allocator<

char_traits<char: std

std:
0x1.

::allocator:

1locator<unsigned cha atomic, std::

(std: :__n4861: :coroutine 2 :coro: :detail: :DetachedBarrierT: promise_type

nd<folly P etai achedBarrierTask: :prol _type>(st

adPoolExecutor, ared_ptr<folly::ThreadPoolExecutor: : Thre.

LELEN

nsigned char>,
std: :hash<std::__cxx11::basic_string<char, std:
ncurrenthashmap :BucketTable

:mutex, folly::detail cnnuurrentha:hnao

::basic_string<char,

<unsigned char>, std::atomic, std:

char, Stu.....dr_traits<cha
td: :char_traits<char>, std::allocatol
std: :allocator<char: d: :allocator<unsigned char>

std::allocator<char> >, (unsigned char)8, std::ha
joInsert<folly

:basic_string<char, std
char_trait
concurrenthashmap: : : :NodeT<std
to/burn)

:allocato! 2 (unsi har)8,
std <

:insert_or_assign<std
har, std::char_trait
_cxx11: :basic_string
har,
t/Tower/sto/burn)

(unsigned char)8, std::hash<std::
::mutex, folly::detail::concurrenthashma
allocator<char> >, (unsigned char)8, std::hash<
tex, f ::d : :concurrenthashmap: :b
detail: :concurm ucketTable<
std::char_traits<char>, std::allocator<cha
:char_traits<cha allocator<char> >&
std: :char_trait : :allocator<char>

allocator<cha (unsigned char)8, std::hash:
folly::detail: :concurrenthashmap: :

/pat/Towe

ing<char, std
ucket: :BucketTable>

sto/burn)

)::{lambda()#1}: :operator()+8x58 (/home

routine_handle<foll coro::detail etachedBarri

ared_ptr<folly adPoolExecuto

| . folly::to<std:: _cxx1l::basic_st.
bu.. .burn cycles|/home/pat/Tower/sto/testApp/main.. es|/ho ’
::resumeCoroutineWithNewAsyncStackRoot|/home/pat/. conan/data/folly/2022 10. 03 00/ _/ _/bu1|d/bcbbe1b083e08dc1acfgdbd516af8..

] .. . ~he .
s

::TaskWithExecutor<void>::Awaiter: :await_suspend<folly: :coro: :detail: : DetachedBarrierTask: : promise_type>
function: :FunctionTraits<void

folly: :CPUThreadPoolExecutor: :threadRun|/usr/include/c++/12/bits/atomic_base.h:488|
FunctlonTraits<void

300k Samples
2GB
'.'::ﬁ; 10 S




void simulateWork() { ... }

What We Found

void doBusinessLogic() { simulateWork(); }

void doLogging() { simulateWork(); }

void applicationLogic() {
1?5 ... 50%) 1
doBusinessLogic();
° L i
Introducing Sto: by L

doBusinessLogic();
([ ([ } -
storing profiler data }

in a DAG’ We Can int main() { applicationLogic(); }
reduce it’s footprint
by ~10000x. Think,
2gb => 5mb for \

suboptimal cases. a

O}

b



What We Found

Sto Primitives

s stack_node
id int(pk)
parent_id int
exe_id int
data_id int
Camples int

g executable h
Id int(pk)
name text
version int
samples int y
rstack_node_data\
id int(pk)
line int
file text
symbol text

_




What We Found

Primitive 1: Stack Node Data

/path/to/demo.c
void simulateWork() { ... 1}

01:

02:
03:

void doBusinessLogic() { simulateWork(): }

~

‘\

o4:
05:

void doLogging() { simulateWork(); }

06:
07:

void applicationLogic() {

08:
09:
10:
11:
12
13:
14:
15
16:

}

if(...50%) {
doBusinessLogic();
doLogging();

} else {
doBusinessLogic();

}

int main() { applicationLogic(); }

stack_node_data
id int(pk)
line int
file text
Ksymbol text y
f - line \
id file symbol number
324 /path/to/demo.c simulateWork 01
47653 | /path/to/demo.c | doBusinessLogic 03
2345 | /path/to/demo.c | doLogging 05
5672 7path/to/demo.c applicationLogic 07
\\\?234 /path/to/demo.c | main 16 4/}




What We Found

Primitive 2: Executable

/path/to/demo

> |

hash(name,version)

.

cli argument

cli argument

a )
executable
Id int(pk)
name text
version Int
samples int
J
(/f id “ name . version samples ‘\\

calculated by

¢la

J




What We Developed

Primitive 3: Stack Node

Position in Stack
(via parent id)

]

[;Executable ID:J

(iSample Count;]

-

1)

stack_node
Id int(pk)
parent_id int
exe_lid int
data_.id int ]
samples int




What We Developed

Conversion Process

[ Symbol Filename Line Executa@
Number ID
_start ../sysdeps/x86_64/start.S 117 36413
__libc_start_main@GLIBC_2.25| ../csu/libc-start.c 368 36413
__libc_start_call_main ../sysdeps/nptl/libc_start_call_main.h| 58 36413
main /path/to/demo.c 20 36413
L

applicationLogic /path/to/demo.c 18 36413
doLogging /path/to/demo.c 9 36413

QmulateWork /path/to/demo.c S 36413 /




What We Developed /

-

Low Cardinality Indices

e -

filename, symbol, line_no

How we made this

symbol, filename, line_no

data queryable.
\_

fulltext(filename, symbol, line_no)

select subtree( rootid: stack_node.id)
from stack_node

inner join executable on stack_node.executable_id = executable.id
where executable.basename = 'demo'
and executable.build_id = 'one'

and stack_node.parent_id is null;

a N

High Cardinality Indices

Jf

T

parent_id, data_lid

data_id

exe_id
- Y,

|




What We Shared

Recursive
Queries

id: 6062613659316403000
name: "doBusinesslLogic”
value: 13707

filename: "demo.c"

line_number: 7

children ¥3)

id: 4142466920085565480
name: "applicationlLogic”

id: 72014952192270836000
name: “rand"

value: 55

filename: "“rand.c"
line_number: 28

children (2)

id: 8065232684829099000
name: "applicationLogic”

id: 7534888747403613000
name: “"doLogging"
value: 13848

filename: "demo.c"
line_number: 9

id: 8672324512431855000
name: "doBusinesslLogic"
value: 13889

filename: "demo.c"
line_number: 7

children &))

id: 861604429150826710080
name: "applicationLogic”

Without

value: 13713 value: 78 value: 27745
filename: "demo.c" filename: "demo.c" filename: "demo.c"
line_number: 18

line_number: 14 line_number: 12

Recursive
Difficulty

children (4)

id: 5509592991492620000
name: "main”

value: 41587

filename: "demo.c"
line_number: 22




What We Shared

#include <stdio.h>
#include <unistd.h>
#include <stdlib.h>

void simulateWork(int x) { for(int i1 = *x; 1>0; i1--); }

void doBusinessLogic(int x) { simulateWork(x); }

void doLogging(int x) { simulateWork(x); }

9 o
Let S Flnd a void applicationLogic(int logPct) {

if(rand() % < logPct) {
doBusinessLogic(1);

Regression 10,

doBusinessLogic(
}

}

int main() {
printf("Ssld\n", (long)getpid());
while(1){ applicationLogic(50); }

desktop /home/pat/repos/sto # target/release/cli --pid 15040 --binary demo --version two



What We Shared

Found it, Generically

select * from findRegressions( start_time: CURRENT_DATE-1);

= basename ¢+ |IE a.build_id ¢+ I H b.build_id + [E file ¢ % symbol $ H pet diff =
1) demo one two demo.c doLogging 153.485987696514012168
2 demo one two demo.c applicationlLogic 40.69001970111960060207

3 demo one two demo.c simulateWork 0.0072469019494166614999



What We Shared

What did that regression look like?

id Name Version Samples Raw Data Size Sto Data Size Storage Size Reduction

2619496695096638500 demo one 1228800 34.64 MB 95.21 KB @

=Y G ] TSR e e e
aoLoaama:aemo.c:v

id Name Version Samples Raw Data Size Sto Data Size Storage Size Reduction

5600443421022226000 demo two 1894400 53.37 MB 129.30 KB




i void simulateWork() { ... }
Conclusion e
void doBusinessLogic() { simulateWork(); }

void doLogging() { simulateWork(); }

void applicationLogic() {
i?E...SO%S i
doBusinessLogic();
aoLogglngzs;
Ca I I gra p h S a re } eljiBusinessLogic();

}
graphSo Sto ma kes int main() { applicationLogic(); }
them more easily
storable and

queryable.

N

‘

O}



Patrick Somaru
Production Engineer

Thank Youl

All code in this talk is available to
play with via one-click deploy at

https://github.com/likewhatevs/sto
Please take a look!!!

N Meta


https://github.com/likewhatevs/sto

