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CamoneT Bce paBHO bbICTpee

IuckosbiM CYB[, HYXXHbI «Kpblibs», 4TOObl AorHaTh INn-Memory DB B aHanutuke
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CTaHOBATCS BaXXHbl «MaJIOTOHHAXHbIe»
creunanm3npoBaHHble MaLIMHDI

C Npuxoaom B gataueHTpbl HOBbIX apxnutekTyp: ARM, RISC-V
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Storage-ueHTpUYHaa akcenepauus
TpaAUUMOHHbIX anckosbix CYBb/]
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[InarHoctuka npobnemsl. Compress.

Samples: 58K of event 'cycles', 4800 Hz, Event count (approx.): 30291692680 lost: 8/0 drop: 8/0 |Samples: 43K of event 'cycles', 4000 Hz, Event count (approx.): 14609183226 lost: 0/0 drop:
Overhead Shared Object Symbol Overhead Shared Object Symbol
postgres [.] pglz compress postgres [.] json_lex
postgres ] json_lex postgres .] appendStringInfoChar
postgres appendStringInfoChar postgres .1 gsort_arg
postgres gsort_arg ) liblz4.50.1.9.3 .1 LZ4 compress_fast_extState
postgres pg_mbstrien with len postgres .1 pg_mbstrlen with len
libc-2.31.50 __memcpy avx_unaligned erms 3.81 postgres : pg_mblen - -
postgres pg_utf_mblen }.73% postgres .1 pg_utf mblen
postgres pg_mblen libc-2.31.s0 .1 __memcpy avx_unaligned erms
libc-2.31.s0 __memcmp_avx2 movbe ) libc-2.31.50 T strlen avx2 -
libec-2.31.50 _ strlen avx2 ) postgres .1 AllocSetAlloc
postgres iengthtompare)sorobaty postgres lengthComparelsonbPair
postgres AllocSetAlloc %
postgres pushJsonbValueScalar gg;g::22 : g:izisgg?giluiiéiéar

[kernel] ~_add to page cache locked 5
postgres .1 parse object field postgres .] convertlsonbValue.isra.0

[
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[
[
[ |
[kernel] [k] copy user enhanced fast string . postgres .] convert]sonbScalar )
postgres [ convertJsonbScalar - 1 [kernel] copy_user_enhanced fast string
postgres [.] convertlsonbValue.isra.® [kernel] __add_to page cache locked
postgres [.]1 pushlsonbValue - libc-2.31.s50 .] __memcmp_avx2 movbe
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

postgres
postgres
[kernel]
postgres
postgres
postgres
postgres
postgres
postgres
libc-2.31.50
postgres
postgres
[kernel]
postgres
postgres
postgres

_pglz_compress 20s, 43% CPU; LZ4_compress 13s,13% CPU;

' : PostgreSQL 14.2 on x86_64-pc-linux-gnu, INSERT into github_events_raw SELECT x::jsonb as val from
q PGConf.Russia 2022 compiled by gcc (Debian 10.2.1-6), 64-bit unnest(string_to_array(pg_read_file(:'FILE'),chr(10))) as x where length(x) > 0;

hash_search with_hash_value ).58% postgres .] enlargeStringInfo
AdvanceXLInsertBuffer postgres .1 AdvanceXLInsertBuffer
clear_page erms postgres .] set_var_from str
ReadBuffer_ common postgres .] hash_search_with_hash_value
enlargeStringInfo postgres .] MemoryContextStrdup
jsonb_in scalar postgres .] jsonb_in scalar
pg_strncasecmp postgres .] ReadBuffer_common
MemoryContextStrdup postgres .1 pg_comp crc32c ssed?
jsonb_ln_object_fleld_sta rt [kernel] clear pgge erms
_int malloc postgres .1 jsonb_in object field start
Eﬁfa‘éig E‘Iggmfiggk libc-2.31.50 .1 _int malloc

Y Sin lgck i — postgres .1 pg strncasecmp
LWLockWai tListLock ggz:g = . E:T%zmntexmuoc

. ggr{w%z&mtexmﬂoc . postgres .] LWLockWaitListLock

postgres pg_comp_crc32c_ssed? postgres .1 pushlsonbValue
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Xeon 5220R 24C 2.2GHz DDR4 2666, NVMe SSD




[InarHoctuka npobnemsl. Decompres.

Samples: 47K of event 'cycles', 4000 Hz, Event count (approx.): 36381965007 lost: 0/0 drop: 0/0 Samples: 15K of event 'cycles', 4000 Hz, Event count (approx.): 11014498335 lost: 6/0 drop: 6/0
Overhead Shared Object Symbol Overhead Shared Object Symbol

postgres [.1 pglz_decompress liblz4.s50.1.9.3 [.] LZ4 decompress_safe

libc-2.31.s0 ~memcpy avx unaligned erms pgijt(g::tee: " tmtgitﬁgggg;mﬁ

postgres LWLockAttemptLock postg )

; postgres .] _bt_compare
postgres hash_search with_hash_value postgres .] hash_search with_hash value
postgres

LWLockRelease libc-2.31.s0 .1 _ memcpy avx_unaligned erms
postgres _bt_compare postgres .1 PinBuffer
postgres PinBuffer )% postgres .1 hash_bytes
postgres AllocSetAlloc 1 postgres .1 LWLockAcquire
postgres hash_bytes ) postgres .] AllocSetAlloc
postgres LWLockAcquire 6% postgres : heapﬁhotfsearchfbuffer
postgres heap_hot_search buffer postgres g Unplnl?uffer.constpmp.ﬂ
postgres GetPrivateRefCountEntry postgres .] GetPrivateRefCountEntry
postgres

[.]

[.1

[.]

[.]

[.]

[.]

[.1

[.]

[.]

]

ostgres .] ExecInterpExpr

% [-] E{cecInterpExpr ?)ostgres . Functien(gllgcml
libc-2.31.s0 [.] _int _malloc 5% postgres .1 LockAcquireExtended
postgres [.] AllocSetFree postgres .1 AllocSetFree
postgres [.] LockAcquireExtended ) libc-2.31.s0 .1 _int_malloc
postgres [.] UnpinBuffer.constprop.® postgres .1 ReadBuffer_common
postgres [.] FunctionCall2Coll postgres .] ExecNestLoop
1libec-2.31.50 [.]1 _int free postgres ) heapam_index_fetch_tgple
postgres [.] 0xPREEAREEOAACTAZO postgres .] FastPathUnGrantRelationLock
postgres [.]1 getKeylsonValueFromContainer postgres -] _bt binsrch
postgres [.1 bt binsrch postgres 3 Res?urceArrayRem0¥e
postagres [.] heapam index fetch tuple postares ] ZtUp.estore. gettuple
postgres [«
postgres [.1
postgres [
postgres |
postgres [.1
postgres [«]
postgres [.1
postgres [l
postgres |
[.1
[.]

postgres
postgres

postgres .] LockBuffer

libc-2.31.s0 .1 _ memset_avx2 unaligned_erms
[kernel] kallsyms_expand_symbol.constprop.@
postgres .] _bt readpage

postgres .1 MemoryContextReset

postgres .] heap_fetch_toast_slice
postgres .1 getKeyJlsonValueFromContainer
postgres .] _bt_checkkeys

postgres .1 LockRelease

postgres .] tts buffer heap getsomeattrs
postgres .1 heap page prune opt

postgres .1 ReadBufferExtended

_ bt checkkeys
ReadBuffer_common
ExecNestLoop
ResourceArrayRemove
MemoryContextReset
bt search
LockBuffer
FunctionNext
FastPathUnGrantRelationLock
heap fetch toast slice
bt readpage
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pglz_decompress /.3s, 64% CPU; LZ4 decompress 2.3s, CPU;

PostgreSQL 14.2 on x86_64-pc-linux-gnu, SELECT count(x->>'ref') FROM github_events_raw x, generate_series(1,10) y;

i compiled by gcc
PGConf.Russia 2022 (Debian 102.1.6) 10.2.1 20210110, 64-bit  Xeon 5220R 24C 2.2GHz DDR4 2666, Samsung 970 NVMe SSD




IcTopna annapaTtHOro YCKOpeHwus
PostgreSQL

Netezza - yckoputenn Ha FPGA, kynneHa IBM 3a $1.7B B 2010, 500 knneHTOB

Swarm64 - FPGA+Pmem, kynneHa ServiceNow B 2021
- BbicTynasin Ha PGConf.Moscow 2020: https://pgcont.ru/2020/273250 )

Memhive — Pmem, nepenuncana IO yacTb nog PMem
- BbicTynasin Ha PGConf.Moscow 2021: https://pgconf.ru/2021/290403 )

PG-Strom — GPU, po6asunnn nogaepxky NVIDIA GPUDirect Storage
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Ob6bIuHbIM cepBep PostgreSOL

o] NVMe (PCle x4
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CPU-ueHTpuyHag akcennepaums

Akcenepartop: }

KomMnpeccus,
SQL 3anpocsl
y

PCle gen 4 x16

, 30 GB/s
NVMe (PCle x4
Storage .« (Pelexd) CPU DDR4
SSD 2~3 GBIs 200 GBIs

A
PCle x8
16 GB/s

CeTtb

OcBoboxpaaet pecypcbl CPU, HO He ycTpaHAET U30bITOYHOro Tpaddomka
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[lpyMmepbl annapaTtypbl

* FPGA AIC, GPU

e Xilinx SQL Accelerator!

1. https://github.com/Xilinx/data-analytics

* Microsoft Project Corsica’

Corsica: A project zipline ASIC

Compression without compromise:

High compression ratio

Low latency

Inline encryption, authentication
High total throughput

Disk write latency with Corsica

9""'"‘*“‘ Corsica does ssD
[ read/write
uuuuu the work

15-25 times faster than the CPU

5 d
il CPU does the work -
overhead Compression | Encryption | Authentication | Data integrity read/write

Disk write latency today

2. https://azure.microsoft.com/fr-fr/blog/improved-cloud-service-performance-through-asic-acceleration/
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Storage-ueHTpuyHas akcennepauyus

,/// \\
( akceneparop:
compression,
@ NAND BUS,| __encryption, CPU DDR4
\\ NAND tSELECT“NSERT 200 GB/s
HASH JOIN
\ index

\ computational storage drive (CSD) /

OcBo6oxpaaet pecypcbl CPU 1 ymeHbLUAeT BHYTPUCUCTEMHbIN Tpaddomk
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Storage-LUeHTpuyHas akcennepaynsa c
PMem

akceneparop:
7N\ compression,
‘ g_ DDR4 .| encryption,

| PMem | > SELECT/INSERT
\ / 20GBis HASH JOIN

DDR4
P
| CPU 100 GB/s

\ computational storage drive (CSD)

index

_

OcBoboxaaetT pecypcbl CPU 1 yckopseT xpaHuauiie
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[lpyMmepbl annapaTtypbl

* Samsung SmartSSD®* Kestral™ PCle Optane AIC?

1. https://www.xilinx.com/applications/data-center/computational-storage/smartssd.html
2. https://www.smartm.com/product/advanced-memory/AIC
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https://www.xilinx.com/applications/data-center/computational-storage/smartssd.html

Pmem+FPGA = SuperCSD

\‘\‘PCIe gen4x16 CPU | DDR4
“ 30 GB/s nomMeHbLLe 200 GB/s

I

computational storage drive CeTb
N S

https://www.smartm.com/product/advanced-memory/AlC
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HanpaBneHns pa3BuTus

e Nekomno3numa dyHkumn CYB/ n nepeHoc perynsapHom Harpy3km ¢ CPU

* lcnonb3oBaHMe CBOMCTB SIOKa/IbHOCTU flaHHbIX, 06paboTKa B YCTPOMCTBAX XpaHEeHUs

* HoBasa dom3nka xpaHeHus ¢ NnobanTHOM agpecaumein n bbICTPbIM A0CTYyNIOM — Pmem

* AKTMBHOE npoasmxeHne apxutektypbl RISC-V B ycTponctBax xpaHeHus (WD, Seagate)

* Co3gaHne Domain Specific Accelerators (DSA) SoC — TpeHA B 60/bLLINX 0bnakax
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