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CX/ ¢ 6n104HbIM 1 dannoBbIM AOCTYMOM

KnneHTckume cepsepbil

CepBepbl MPUIOXEHWIA B ‘ e

['MnepBM3opPbI N npyrue

CeTb faHHbIX

FibreChannel / Ethernet
iSCSI NVMeoF (TCP / RoCE)
BnoyHble TOMa (/dev/mapper]/....)
®annosbi 4OCTYN (SMB / NFS) @ @ @
PNATATATA
CXI TATLIN e \/\/\/\/

YADRO. bypnyuiee B Hallmx pykax



Symmetric Active-Active data path

‘_\@@% @ TOM Ha KTMeHTCKOM cepBepe }

M multipathing / LB }@1

iISCSI / NVMe Target iISCSI / NVMe Target
Replication RDMA-based Replication
Data Cache interconnect Data Cache
Address Mapping Layer < > Address Mapping Layer
RAID RAID
Disk enclosure(s) Disk enclosure(s)

YADRO. bypnyuiee B Hallmx pykax




Symmetric Active-Active data path

|/O ports:
User block data / Replication

iISCSI / NVMe Target Kernel drivers

Replication

MoHonnTHOE userspace-ripuoxeHune,

Data Cache B KOTOPOM XMBET bonbluasa YyacTb data path CX/]

Address Mapping Layer

Disk enclosure(s)

YADRO. bypnyuiee B Hallmx pykax 7



Tectnpoanmne CX/]

e n _ . _ seq write random write random r/w
Fio erXIbIe IIO tester blocksize TM blocksize 4K blocksize 16K
OCHOBHOWU UHCTPYMEHT qdepth ! qdepth 64 qdepth 8
| N |

 MHOro HacTpoek

* Pa3nnyHble naTTepHbl

* Bepudwukauma gaHHbIX

vdbench —

|/O 6eHUMapK, MOXET reHepupoBaTh

Harpys3kKy C HECKOJIbKUX XOCTOB @ @
@ k'-’s%-v vvvvvvaJ

YADRO. bypnyuiee B Hallmx pykax



Tectnpoanmne CX/]

B npouecce 1 / nnn nocne tecta )

3anyCcKaeTcs BepudukaLms Data verify... Data verify... Data verify...

= = ) = ’

YADRO. bypnyuiee B Hallmx pykax 9



-—

TecToBbIE CLIE@HapV

= -

[TOMMMO reHepaLmn Harpy3ku, Hy>KeH ellle CLEeHapuin:

YADRO. byayliiee B Halmx pyKkax



TecToBbIE CLUEHaPUK

[TOMMMO reHepaLumm Harpysku, Hy>KeH eLle CLueHapun:

Hencrteua nonb3oBartensa NepekoHpUrypaumsa cucrtemol
< Caenanu cHamwoThbl ) ( [MTynbl )
( [o6asunu / yaanunm Toma > ( unckum ) ( XoCTbl )

< Cxoaounnu B API > <M T.,EI,.> < [MTopTbl > Cl/l T.LI,.)

CueHapum NoCoXHee:

Power loss (nepexon Ha AKB) Failover / Failback OTKa3bl AUCKOB

OTKa3 ANCKOBOW MOJKM [/ IMHKa

O6HoBneHnme MO CX/[], Split-Brain
NN aKCNaHaepa

YADRO. Byayliee B Hallnx pykax 1



HW, VM, aBToTecTbl

physical initiator physical initiator virtual initiator

..... s XD o

2 PReaas PReaas

QA engineer | / O test test 1710
J / orchestrator /O orchestrator /

---------- Q)

TATLIN TATLIN Virtual TATLIN
(2 VMs)

YADRO. bypnyuiee B Hallmx pykax 12



Storage bugs (Buna cHapy»xu)

3aBucaet /O B ognH
UIn Heckonbko TomoB CX/1
(«3acTpeBaluka»)

[Tocne onpegeneHHoOro TaMnMayTa nNyTu
no CX/[ otBanmBatoTCs, KIIMEHTCKOE
NPUIOXKEHME NOTyYaeT OLNOKMU

fio profile.fio

Jobs: 1(f=1): [ _(1) ][19.4%][eta
21h:01m:56s]

YADRO. bypnyuiee B Hallmx pykax

He npoxoaur sepudpukauus
(Data Loss / Data Corrupt)

XocT ¢ fio ycnewHo 3anuncan
B TOM JaHHble M HE CMOI Mpo4YnTaTb

nx obpaTHO Npu Bepmndmnkaumm

fio: got pattern '72', wanted 'f8'. Bad bits 3

fio: bad pattern block offset 4096 pattern:

verify failed at file
/dev/mapper/3614529012e5c05044000

800000000003 offset 126877696,
length 4126471154

Mocbinanuce |/O-owmnbkm
BO BpeMs TecTa

(Data Unavailable)

TaM, roe aTo He oXXunpaeTcs
Mo CLEeHapuio

fio: io_u error on file
/dev/mapper/361452900385401f040008
00000000003: Input/output error: write
offset=8270053376, buflen=32768

13



Bug nsHytpu?




/\/\ /

'{‘

Bup usnytpu?
BoiBaeT oueHb Nno-pasHOMy :)

/




encC

Out-of-Memory npwu
Cco34aHuuM ABYX TbiCAM
patactop VMware ESXI

YADRO. bypnyuiee B Hallmx pykax

2025 670

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0!
2025-06-26T0!
2025-06-26T0!
2025-06-26T0!
2025-06-26T0
2025-06-26T0!

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

2025-06-26T0

2025-06-26T00:

2025-06-26T0!

2025-06-26T00:

101805+0

146.101817+00:

46.101819+0!

146.101825+00:

46.101825+0!

146.101826+00:

46.101826+0f

146.101827+00:

46.101827+0!

146.101831+00:

46.101831+0f
46.101832+0!
46.101832+0f
46.101833+0
46.101833+0f

46.101839+00:

46.101839+0f

146.101840+00:

46.101840+0!

146.101841+00:

46.101842+0!

146.101842+00:

46.101843+0!

146.101843+00:

46.101844+0f

146.101844+00:

46.101845+0!

146.101845+00:

46.101846+0!

146.101846+00:

46.101847+0!

146.101847+00:

43310.764806] [112462
[43310.764812] [T12462]
[43310.764815] [T12462]
[43310.764816] [T12462]
[43310.764818] [T12462]
[43310.764820] [T12462]
[43310.764825] [T12462]
[43310.764828] [T12462]
[43310.764829] [T12462]
[43310.764831] [T12462]
[43310.764834] [T12462]
[43310.764836] [T12462]
[43310.764839] [T12462]
[43310.764842] [T12462]
[43310.764843] [T12462]
[43310.764845] [T12462]
[43310.764847] [T12462]
[43310.764850] [T12462]
[43310.764853] [T12462]
[43310.764855] [T12462]
[43310.764856] [T12462]
[43310.764858] [T12462]
[43310.764860] [T12462]
[43310.764861] [T12462]
[43310.764861] [T12462]
[43310.764862] [T12462]
[43310.764863] [T12462]
[43310.764864] [T12462]
[43310.764866] [T12462]
[43310.764866] [T12462]
[43310.764866] [T12462]
[43310.764866] [T12462]
[43310.764866] [T12462]
[43310.764866] [T12462]
[43310.764866] [T12462]
[43310.764870] [T12462]
[43310.764873] [T12462]
[43310.764877] [T12462]
[43310.764879] [T12462]
[43310.764883] [T12462]
[43310.764885] [T12462]
[43310.764888] [T12462]
[43310.764890] [T12462]
[43310.764897] [T12462]
[43310.764905] [T12462]

CPU: 34 PID: 12462 Comm: mapped-volume Kdump: loaded Tainted: P 5.15.44-tu320.244-default
Hardware name: YADRO Storage Processor YADRO TATLIN.UNIFIED Gen2/NICOLE-X86 Motherboard, BIOS 2.2-g6e7235 05
Call Trace:
<T >
dump_stack_lv1+0x45/0x57
dump_header+0x4a/0x210
oom_kill_process+0xe8/0x130
out_of_memory+0x113/0x580
__alloc_pages_slowpath. constprop.115+0x9a4/0xc80
__alloc_pages+0x2b9/0x300
pipe_write+0x410/0x640
new_sync_write+0x19c/0x1be
vfs_write+@xleb/0x250
ksys_write+0x50/0xe@
do_syscall_64+0x58/0x80
? exc_page_fault+0x67/0x130
entry_SYSCALL_64_after_hwframe+0x44/0xae
RIP: 0033:0x4730b5
Code: 48 3d @1 fo ff ff 76 @5 b8 ff ff ff ff 89 44 24 10 ¢3 cc cc cc 48 8b 7c 24 08 48 8b 74 24 10 8b 54 24
I 002b:000000Cc00002cb60 EFLAGS: 00000246 ORIG_RAX: 0000000000000001
: fEffffffffffffda RBX: 000000c00002cbb3 . 00000000004730b5
. 0000000000000001 RSI: 000000CO00O2cbb3 . 0000000000000006
. 000000c0PPP2cb88 RO8: 0000000000000000 . 000000c000156C38
. 0000717238e719a8 R11: 0000000000000246 : 000000c000118c20
0000000000000000 R14: 000000C0000061CO A FFFFrffff

Mem-Info:

active_anon:9686 inactive_anon:58747715 isolated_anon:@

active_file:2007 inactive_file:1253 isolated_file:@

unevictable:66303 dirty:3 writeback:@

slab_reclaimable:85924 slab_unreclaimable:1176776

mapped: 1087339 shmem: 77648 pagetables:123813 bounce:@

kernel_misc_reclaimable:@

free:888786 free_pcp:1326 free_cma:@
Node @ active_anon:38744kB inactive_anon:234990860kB active_file:8028kB inactive_file:5012kB unevictable:265.
Node @ DMA free:11276kB min:@kB low:152kB high:304kB reserved_highatomic:@KB active_an 0kB inactive_anon:@
lowmem_reserve[]: @ 1343 256100 256100 256100
Node @ DMA32 free:1018888kB min:348kB low:14328kB high:28308kB reserved_highatomic:@KB active_anon:4kB inact
lowmem_reserve[]: @ @ 254756 254756 254756
Node @ Normal free:2526276kB min:155292kB low:2763992kB high:5372692kB reserved_highatomic:2383872KB active_:
lowmem_reserve[l: 0 @ 0 @ 0
Node @ DMA: 1*4kB (U) 1%8kB (U) 0+*16kB 0%*32kB 0+*64kB 0%*128kB 0+*256kB 0+512kB 1%1024kB (U) 1*2048kB (U) 2*409
Node @ DMA32: 21%4kB (UM) 65*8kB (UM) 187*16kB (UME) 197%32kB (UME) 173*64kB (UME) 168%128kB (UME) 126%256kB
Node @ Normal: 93562*4kB (UMEH) 22803%8kB (UMEH) 24540%16kB (UMEH) 10940%32kB (UMEH) 4003%64kB (UMH) 348%128)
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@

3aueM

NPOBOANTb TECTbI He AOCTaTOYH
C peLleHnaIMmn PaHOOMUINPOE

CTOPOHHUX BEHOOPOB? Tpaduka?



3auyeM?

O1

02

03

l

TecTnpyeM nHTerpaumio,
BCE BE3[e 9KCMOPTUPYETCH
NpaBUIbHO 1 paboTaeT

YADRO. Byayliee B Hallnx pykax

l

TaM, roe ectb —
nHterpauunto ¢ API

Hanpumep, pelenuns
P®-BeHpopoB

l

NHorpa peweHuns
CTOPOHHMX BEHAOPOB
oenatoT cneymduyHble
BeLLM

18



Cneundumka VMware

TpebyeT Mpuceinaer B storage
512 blocksize VAAI-npuMutusnbl

o1 02
Hy>xHo amynuposaTh (b12e): Read-Modify-Write Unmap / WriteZeroes / WriteSame

ATS (atomic test and set)

YADRO. Byayliee B Hallnx pykax 19



CueHapun

VMware cluster

|
| ESXi Host ESXi Host ESXi Host ESXi Host
|
|

1/0

TATLIN

YADRO. bypnyuiee B Hallmx pykax 20



CueHapun

Co3paem 2000 VMFS
AaTacTop Ha pecypcax data path
TATLIN.UNIFIED — Kpawuntca no OOM

CXI kpawwnTtca ns-3a
OOM B datapath

Data Path VmRSS in GB

VMES datastores created

YADRO. bypnyuiee B Hallmx pykax 21



NweM npobnemy

¢ "'
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Annokauwnun B data path??? | 4

Kaw n KpUTUUYHbIE CTPYKTYPbI AAHHbIX Annokauuu Ha heap-e octaeTcs He TaKk MHOro
MpeanoumpoBaHbl UK * anI0KaLMM HEKOTOPbIX CTOPOHHMX BUBANOTEK
MMap-ATCa HaMPSMYHo « folly future/promise

 tcl:htrie_map hash_nodes
* boost-oBble CTEMT MaLLUMHDbI

Metadata Cache Extent Data Cache internal I
pools

mmap yepes . pre- | allocated via glibc
libnuma ‘allocated:! (malloc, new)

YADRO. bypnyuiee B Hallmx pykax 23



YTeuka vs. PparMeHTaums

Y Hac cpa3y XXe BO3HUKAIOT 2 OCHOBHbIE rMMNoTes3bl:

01 I 02
l i

YTeuka n3-3a crneumdPpumkm TecTta PparmeHTaums

YADRO. Byayliee B Hallnx pykax 24



1. BkntoyaeM jemalloc v npopunumpyem heap

Environment="MALLOC CONF=prof:true,prof active:false,prof accum:true,lg prof sample:19"

Environment="LD_ PRELOAD=/opt/jemalloc/lib/libjemalloc.so"

YADRO. bypnyuiee B Hallmx pykax 25



1. BkntovaeM jemalloc v npopunumpyem heap

Environment="MALLOC CONF=prof:true,prof active:false,prof accum:true,lg prof sample:19"

Environment="LD_ PRELOAD=/opt/jemalloc/lib/libjemalloc.so"

"jemalloc":
"active": "854.67188MB",
"allocated": "824.62813MB",
"mapped": "1.55436GB",
"metadata'": "69.83464MB",
"resident": "1.20178GB",

YADRO. bypnyuiee B Hallmx pykax 26



1. BkntovaeM jemalloc v npopunumpyem heap

Y

r
ds v

cache ds
M OX H o n OCT po M T b BIockEx(en{}s‘:l‘\‘IUnaliy\ed r::l;fﬁg‘;:;‘f E\ren?Cs)ueue
w (mpr:\%cde;;m “(F'el“"’)r ﬁrn[i,cf\zsy
inline; ‘
rpa¢ annokauum [ G 10on o

0f 83.3(59.6%)

yepes jeprof! :
Ho Ha HeM yero-nunbo 33-3
NMHTEepeCHOro He sMgHoO boost

ext
sml
vi_1.11
back
sm
process_event
(inline)
0.0 (0.0%)
[of101.3 (72.5%)
T

1
101.3

std
function
operator
(inline)
0.0 (0.0%)
£139.8 (100.0%)

3.3 36.3 39.8

boost
ext
sml
vi_1_11
back
sm_impl
process_event
(inline)
0.0 (0.0%)
[of 101.3 (72.5%)

ds
cache
fsm
BlockExtentFSMUnaligned
process
0.0 (0.0%)
0f 83.3 (59.6%)

ds
Shard —
create PPy

{lambda#1} o o)
operator P72 o

9 "
0.0 (0.0%) pf102.8 (73.5%)
£139.8 (100.0%)

ds
[ForwarderBioProcessor
process
{lambda#1} 139.8
operator
0.0 (0.0%)
0f 136.3 (97.5%)

]
w
w

e TR

e S NP A
o
=
w

M mm e e e e—e—— e ——————————

boost
ext
sml
~ std ds .
Vil visit ShardEventLoop —ap.plY"mpl
back (inline) handleEventsinternal (inline)
ron:esssyr‘\;;‘:mpﬁll event 0.0 (0.0%) 0.0 (0.0%) Df‘lO"%‘%;g.g:;:
- N f102.8 (73.5%) 0f139.8 (100.0%) — -
(inline) T T T
. 0% 1
e 0820 ! v i
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NweM yTeuky namMaTu

MHCTpYyMeHT PesynbTar

[01] [ Jemalloc + jeprof

~—

{ He BocnpownzsoanTcs X }

YADRO. bBynyuiee B Hallumx pykax 28



2. CMoTpmM mallinfo
[Tpobnema BocnponssoanTcs, ogHako, glibc 2.31 conepxmt /\
TONbKO cTapbii mallinfo ¢ useecTHbiMu 6aramm b

"arena'": -5332992, // <======== garbage?
"fordblks": -2050959328, // <======== garbage?
"fsmblks": 1735040,

"nblkhd": 504512512,

"hblks": 103,

""keepcost": 131472,

"ordblks": 155074,

"smblks": 24261,

"uordblks": 2045626336, // <======== in use
"usmblks": ©
"total": "221.57049GB", // <========== RSS§

"total bytes": 237909499904

YADRO. bypnyuiee B Hallmx pykax 29



NweM yTeuky namMaTu

MHCTpYyMeHT PesynbTar
[01] [ Jemalloc + jeprof He BocnpounssoaunTcs X }
[02} [ Mallinfo | ( HeHapexHbin pesynbTtaT X ]

YADRO. bBynyuiee B Hallumx pykax 30



3. Nnwem link-time wrapper-bi

target Llink options(core
target Llink options(core
target Llink options(core
target Llink options(core

YADRO. bypnyuiee B Hallmx pykax

meta user ptr

PUBLIC
PUBLIC
PUBLIC
PUBLIC

Prepad AnnoumpoBaHHas NaMaTb

"-WL, --wrap,malloc")

"-WL, --wrap,calloc")

"-WL, --wrap, free'")
"-Wl,--wrap,posix_memalign'")

31



3. Nnwem link-time wrapper-bi

E20250729 12:16:04.467710 SP1 PID:6162 6352 malloc_stats.cpp:141] 120 sec. report: MMM: in-use stats:
UENR NI I PASTZE12, numa = 72.55408GB, align = 88.44939MB, live allocs count = 9949951, unknown dealloc

count = 0

CTtaTucTmka nonyyeHHas [Tpobnema nepecTtana
C COOBCTBEHHOW MHCTPYMEHTAaL MM BOCMPOU3BOANTHCS

NONHOCTbIO cornacyetcs ¢ jemalloc

32
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NweM yTeuky namMaTu

MHCTpYyMeHT

( N\

01| Jemalloc + jeprof

PesynbTaTr

Vs

(N J

( N\

02 Mallinfo

He BocnpounssoaunTcs

(03\ ( Link-time wrappers

HeHapeXHbin pesynbtaT

(N J

YADRO. bBynyuiee B Hallumx pykax

He BocnpounssoaunTcs

33



4. Bo BceM BMHOBAT posix_memalign?

Y jemalloc v link-time wrapper-os
CO CTaTUCTUKaMM eCcTb obllas Bellpb =

KactoMHas uMmnneMeHTauus
posix_memalign()

YADRO. bypnyuiee B Hallmx pykax

Y glibc 4OBONBHO NPOCTOM AaNrOPUTM
ong posix_memalign =
 ManuTb 60nblLlEe UEM HYXXHO

* JlIuwHee oTnpaBuTb
BO BHYTpeHHuu freelist

34



4. Bo BceM BMHOBAT posix_memalign?

Production postmortem: The memory leak that
only happened on Linux

Oren Eini

Bug 843478
"9 memory leak [/ fragmentation issue #15526

Summary: glibc: memalign allocations are often not reused after free

® Closed

Product: Red Hat Enterprise Linux 7
Component: glibc
Status: CLOSED UPSTREAM @ coel opened on sep 16, 2019

YADRO. bypnyuiee B Hallmx pykax 35



4. Bo BceM BMHOBAT posix_memalign?

Ybupaem posix_memalign
13 cueHapusa BoobLle,
MOANDULIMPYSA KO, MPUTOKEHUS

YADRO. bypnyuiee B Hallmx pykax 36



4. Bo BceM BMHOBAT posix_memalign?

Ybupaem posix_memalign ) Huuero He MeHseTCH,
13 clieHapusa BoobLLe, NaMATb TeYET C TOU XK€ CKOPOCTbIO
MOANDULMPYS KOO MPUTOXKEHNS

X

YADRO. bypnyuiee B Hallmx pykax 37



NweM yTeuky naMaTu:

MHCTpYyMeHT PesynbTar

:01: Jemalloc + jeprof He BocnpounssoaunTcs X
02 Mallinfo ) HeHapexHbin pesynbTtaT X
(03: Link-time wrappers | He BocnpounssoaunTcs P
(04\ f Posix_memalign | ( BanaHue ncknoumnm X \

G /L J . J

YADRO. bBynyuiee B Hallumx pykax 38



5. Trace + Replay?

Tpencum |/O B data path n nbitaemca sapennents ee B TATLIN,
4YTOObI N36aBUTLCA OT AOITMX TECTOB C MOJIHOLLEHHbIM K/TaCTEPOM

(ESXihosts) Traffic generator
/0O External
trace storage
1/ O
\'.'.‘g.\/\/\/\/\/\/\/\} Inbound traces
TATLIN “ﬁ.\e@@%
External

trace storage TATLIN

YADRO. bypnyuiee B Hallmx pykax 39



5. Trace + Replay?

3anyckaeM TecTbl N Mpo6nema
C TaKOW Harpy3skKou He BOCNpOU3BOAUTCS

YADRO. bypnyuiee B Hallmx pykax 40



NweM yTeuky naMaTu:

MHCTpYyMeHT PesynbTar

:01: Jemalloc + jeprof He BocnpounssoaunTcs X \
\02): Mallinfo HeHapexHbin pesynbTtaT X
\03) Link-time wrappers He BocnpounssoaunTcs P
:04: Posix_memalign BanaHue ncknoumnm X \
(05\ ( Traffic replay | ( He BocnpomnssoaunTcs X

G /L J (N J

YADRO. bBynyuiee B Hallumx pykax 4



6. Zero Detection

MoXeT 6bITb, cneuuduka He B TOM, Kak nuweTt ESXi
B Maccus npu ¢opmatupoBaHum VMFS, a uto MMeHHO OH nuweT?
A cyas no TpaccaM NULLET OH HY/n

iISCSI / NVMe Target

Replication

Data Cache [Tpun BbiITecHeHUM 13 Write-kawwa,

Zero Detection <—— HaxoauT 64k-610KM MOMHOCTbIO 3aMOSIHEHHbIE

HYNsAMM = KoHBepTMpyeT nx B Unma
Address Mapping Layer Y PTVPY P

RAID
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6. Zero Detection

MoXeT 6bITb, cneuuduka He B TOM, Kak nuweTt ESXi
B Maccus npu ¢opmatupoBaHum VMFS, a uto MMeHHO OH nuweT?
A cyas no TpaccaM NULLET OH HY/n

iISCSI / NVMe Target

Replication
Data Cache
_ BbikntoyaeM ero cneumnanbHbiM duya-priarom,
Zero Detection D —
HO yTeuka BCe paBHO OCTaeTCH
Address Mapping Layer

RAID
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NweM yTeuky namMaTu

MHCTpYyMeHT PesynbTar

:01: Jemalloc + jeprof He BocnpounssoaunTcs X \
\02): Mallinfo ) HeHapexHbin pesynbTtaT X
03 ( Link-time wrappers | He BocnpounssoaunTcs P
:04: Posix_memalign BanaHue ncknoumnm X \
:05: Traffic replay He BocnpomnssoaunTcs X
(06\ f Zero detection feature \ f BanaHue ncknoumnm X
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/. [MpobyeM tool-bl A9 noncka yteyek

Heaptrack - heaptrack.heaptrack_gui.11541.9z — Heaptrack GUI

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

Allocations v | [[] Bottom-Down View Cost Threshold: 0.10% <

| [0 10feuir |
Il I/ CTHER|
| [l buitd- ||

11 l

=
I
>

EE'—
==
o
c
=
=
o
¥
| —

Runtime Tynbl: 11 et

|

| | ] | | J |
| |

I
==
=

o
[
A=,
=
3
1
—

Leak Sanitizer I I 1]/ /buitdT.. |

o
=
=
=
=1
]
I

}QArrayData::allocate(unsigned long, unsigned long, unsigned long, QFlags<QArrayData::AllocationOption>)

Valgrind Heaptrack ]

=

|

=

=]

©

o

a

£

[ )

I 1
11

[ 1
U _____________________________________|}

3.2105e+6 allocations in total

2552553 (79.5%) allocations in QVector<RowData>::reallocData(int, int, QFlags<QArrayData::AllocationOption>) and below.
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/. [MpobyeM tool-bl Ana noncka yteyek

Tynbl Tpekatouwme [Tog peanbHOM [loCTOBEPHDIX

annokaumm BHOCAT Harpy3Komn Ha »kenese pPe3y/bTaToOB

oBepxen 3TO NPUBOAUT: CHATb B paHTamMe
« K3apepxkam B data path He NoTYy4YNJioCb

* TanmayTam

» Ownbkam

* Kpewam x
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NweM yTeuky namMaTu

MHCTpYyMeHT PesynbTar

:01: Jemalloc + jeprof ( He BocnpounssoaunTcs X \
02 Mallinfo ( HeHapexHbin pesynbTtaT X
(03\ ( Link-time wrappers | ( He BocnpounssoaunTcs P
:04: Posix_memalign | f BanaHue ncknoumnm X \
:05: Traffic replay ( He BocnpomnssoaunTcs X
:06: Zero detection feature f Bruaumne ncknoumnm X
(07\ ( Runtime tooling | ( HeHapexHbin pesynbTtat X \
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8. Tool, koTopbin B UTOre Hac cnac

Core Analyzer — pacwuperHue k gdb,
Nno3BofAoLEe aHanM3npoBaTb heap B gamne:

There are 228 arenas and 107 mmap-ed memory blocks Total 77.2GB
Total 9195329 blocks in-use of 1.4GB
Total 104581 blocks free of 75.9GB

Heap-6n0ku B gHaMn4yecknx apeHax
CUNbHO dparMeHTUPOBaHbI:

[0x7£294c000030 - Ox7£a94f£49000] Total 63MB in-use 14(2KB) free 11(63MB)
[0x7£29dcO00030 - Ox7£a9dff49000] Total 63MB in-use 18(3KB) free 10(63MB)
[Ox7£2a68000030 - Ox7faabbf49000] Total 63MB in-use 15(2KB) free 13(63MB)
[Ox7£2ac8000030 - Ox7faacbf49000] Total 63MB in-use 19(2KB) free 11(63MB)
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8. Tool, koTopbin B UTOre Hac cnac

(gdb) heap /c 9Ox7fb0f£8000030

Dynamic arena (Ox7£ce48000020): [0Ox7fb0f8000020 - Ox7fb0fbf49000]
[Ox7fbO£8000030 - Ox7fbOf8VVVO78] 72 bytes inuse

[Ox7fb0£800V008O - Ox7fb0f87e90887] 8294408 bytes free
[Ox7fb0f87e9090 - Ox7fb0f87e90f87] 104 bytes inuse

[Ox7fb0£87e9100 - Ox7fb0f8£d21087] 8294408 bytes free
[Ox7fb0£8£d2110 - Ox7fbO£f8£d2178] 104 bytes inuse

[Ox7fb0£8£d2180 - Ox7fbOf97bb1887] 8294408 bytes free
[Ox7fbOf97bb19@ - Ox7fbOf97bblf8] 104 bytes inuse

[Ox7fb0f97bb200 - Ox7fb0f9fa42087] 8294408 bytes free
[Ox7fb0f9fa4210 - Ox7fb0f9fa4278] 104 bytes inuse
[Ox7fb0f9fa4280 - Ox7fb0fa78d2887] 8294408 bytes free 104 bytes

Total inuse 13 blocks 3064 bytes 64 MiB heap
Total free 10 blocks 66356008 bytes
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NweM yTeuky namMaTu

MHCTpYyMeHT PesynbTar

:01\ Jemalloc + jeprof He BocnpounssoaunTcs X \
(02\: Mallinfo ( HeHapexHbin pesynbTtaT X
03\ ( Link-time wrappers ( He BocnpounssoaunTcs P
(04\ Posix_memalign | ( BanaHue ncknoumnm X \
(05\ Traffic replay | ( He BocnpomnssoaunTcs X
(06\ Zero detection feature \ ( Bruaumne ncknoumnm X
(07\ Runtime tooling | ( HeHapexHbin pesynbTtat X \
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B aTo TpyaHO NoBepuTh,
HO Ha4o MPU3HaTbCS

N7

Ha caMoM gene, KaXkabll SKCMEPUMEHT MNOKa3bIBaET,

YTO NOTPebNeHne NaMATU He BbI3BAaHO YTEUYKOWM al/lIoKaLmMin B CaMOM
NPUIOXEHUN

Mbl UMeeM geno MMeHHO C pparmMeHTaumemn heap-al
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B ueM 6b1n10 oeno?

iISCSI / NVMe Target Control plane
____________________________ . microservices:

____________

<—GET luns status?

Replication

: i

' :

|

| ' !

| i . volume || Resource |

| i , . mgr !| monitors !

| Data Cache | json e

| ' | |

| | | |I |

i Mapper i | hw mgr i: health i

e | b — = e
T-RAID
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B ueM 6b1n10 oeno?

| / O Shards

|/O Shard #1
CPU #1

|/O Service

|/O Service

|/O Service

YADRO. byayliee B Halmx pykax

| /O Shard #2
CPU #3

|/O Service
|/O Service

|/O Service

|/O Shard #X
CPU #N

|/O Service
|/O Service

|/O Service

Supervisor Shard

Supervisor
Shard
Control Plane
Request
Volume 9
supervisor
nlohmann:json
object
Response

(32...64 MiB
allocations)
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B ueM 6b1n10 oeno?

131072
131072

MALLOC_MMAP_THRESHOLD
MALLOC_TRIM_THRESHOLD

Mmap Threshold

PazmMep annokauum B 6amnTax, Bbile KoToporo malloc
He MbiTaeTCsa NCKaTb MECTO B heap-e, a cpa3sy nget
NpocuTb oTaenbHyto NnaMaTtb y OC yepez mmap

Trim Threshold

Pasmep top chunk-a, npeBbICMB KOTOPbIN
annokatopoM 6yaet BbizBaH heap_trim():

- Cpenaet madvise (nnu brk gna rmaBHom apeHbl)
- BepHeTt namats 8 OC

YADRO. bypnyuiee B Hallmx pykax

Size > Mmap Threshold

Mmaped
allocation

dynamic
arena

free
in-use
free

in-use

free top chunk

64 MiB heap

free top chunk

Size > Trim
Threshold

64 MiB heap
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B ueM 6b1n10 oeno?

void _ libc free (void *mem)

{
/]

p = mem2chunk (mem);
if (chunk_is_mmapped (p)) // npu annokaumm 4aHk 6bin Bofbwe nopora v annokauusa penanace 4Yepes mmap

{
if (!mp_.no_dyn threshold // BkawdeH adjustment nummTos (default)
&& chunksize nomask (p) > mp_.mmap_threshold // annokauusa 6blna Bbonble Tekywero nopora
&& chunksize nomask (p) <= DEFAULT MMAP_THRESHOLD MAX // HO MeHblwe wmnm paBHo 32 MiB
&& !DUMPED_MAIN_ ARENA_CHUNK (p))
{
mp_.mmap_threshold = chunksize (p); // <==== mmap nopor = pas3Mepy ocBoObO¥XAaeMOW annokaLnm
mp_.trim_threshold = 2 * mp_.mmap_threshold; // <==== trim nopor B ABa pa3a bonbule
3
munmap_chunk (p);
return;
b
/] ..
(gdb) p mp_
$7 = {trim_threshold = [PEPF¥EPl, .... , mmap_threshold = ENEXSIEFLY, ... , no_dyn_threshold = [§,
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B ueM 6b1n10 oeno?

C TakuMM HacTpoMnKaMm 1erko
MONYYUTb KJIaCCUUYECKYIO
npobnemy pparmeHtaumm heap-a

[TaTTepH Harpysku oT Vmware
nposounpyeT Data Cache uepepgoBatb
KOPOTKOXMBYLLME BOosblUME annoKaumm
N ManeHbKMe, HO AONTOXUBYLLME
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64 MiB heap

HeT MecTa )19 HOBOU

Mexpay in-use 6bnokamm
KPYMNHOW annokauum

104 bytes

64 MiB heap
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Fix

Auto-adjustment MOXXHO BbIK/1IIOUMUTDb, MPOCTO
3ap4aB CBOU KaCTOMHbIe 3HaUYeHUsa NnapaMeTpam

MALLOC_MMAP_THRESHOLD = 131072
MALLOC_TRIM_THRESHOLD = 262144
NMposenu ) Environment="MALLOC_MMAP_THRESHOLD_=4194304"

perf-3amepb|: Environment="MALLOC TRIM THRESHOLD =8388608"
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BbiBOAbI

01 | 02 | |03
l l l

Ba)xHo TecTupoBaTh Ba)xHO cTapaTbCs «He UckaTb Ba)xHO B TakoWn cuTyaumu
COBMECTMMOCTb C MPOAYKTaMU non GoHapeM» — Mpu OTNaAKe npo6oBaTb pasHble TyJbl
CTOPOHHUX BEHAOPOB, HY>XHO nonaraTtbCs Ha GaKThbl M B C/lyYae ycnexa —
OHW MOryT AenaTb N BKCMEPUMEHTDI, @ He ONUCbIBaTb X UCMOJSIb30BaHUE
HEeOXXMAAaHHble BeLm Ha cneumduKy 1 BEPOATHOCTU BO BHYTPEHHEN AOKYMEHTaLMKU
OTO MOMOrno Kosneram I'IOCI)I/IKCMTb HECKOJ1IbKO
OpYyrux 6aro., v yNyyYllnTb KAY4eCTBO NPOoayKTa
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Ewe npo 6arn B TATLIN

<+ 3 Sunl:44PM = Q =

a Commandame 21 map 2024 B 12:57

VpaBHeHme cTpemMmsa Hen3BeCTHbIMU: KaK OT/1aB/INBATb 6aru B
cncremax XxpaHeHusd AaHHbIX
p WHTepecHas ucropwus :

I—I po d ata CO rru pt bnor komnanuu YADRO, TectupoBaHue IT-cuctem*, IT-uHppacTpyktypa*, XpaHeHne gaHHbIx*
PeTpocnekTuBa \ TexHoTtekcT 2023
B Postgres

MpueeT! MeHs 30BYT HUKUTA, 8 MHXeHep B koMnaHuu YADRO 1 3aHuMatoch pa3spaboTtkon MO gns
cucTteMbl XxpaHeHus aaHHbix TATLIN.UNIFIED. C cuctemamm xpaHeHus gaHHbix (CX[) a paboTato yxe
MHOro Nnet 1 ntobnio aty TeMy. OHa NOCTOAHHO 6pocaeT HOBblE Bbl30Bbl, 3aCTaBNAs PeLlaTb 4OBOJIbHO
CNOXHble N HeCTaHAAPTHbIe NPO6IeMbl, YTO OYeHb YB/IeKaTe/IbHO caMo Mo cebe, a yaayHble peLueHus
NPUHOCST OrPOMHOE YAOB/IETBOPEHME.
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https://habr.com/ru/companies/yadro/articles/800237/

Cnacubo!

bynem Ha ceasu!

BYAYILIEE
B HALLMNX PYKAX



