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GPU-Direct SQL (1/4)
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GPU-Direct sQL (2/4)
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GPU-Direct SQL (3/4)
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GPU-Direct sSQL (4/4)
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Star Schema Benchmark (SF=999; 875GB)
CPU: AMD EPYC 7402P (24C; 2.8GHz), GPU: NVIDIA A100 [PCI-E; 40GB], SSD: Intel D7-5510 (U.2; 3.84TB) x4
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RET—HYDUNIBZEZSD (3/3)
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Apache Arrow7 —~ 23 (1/3)

| SUEEOEE(LT — SR

O ESB5DHeRHET (= 1I/O2DHIR) H eIEE

O >—FhBHEL TLBIEEH. SIMDERTTPGPUTOUUIRMEEE S| EH L2 L)
| Z<DEYIF—SR0SSTHRIGNEATIND

O Spark¥2Drill. Python(PyArrow)’® &, PG-Strom (Arrow_Fdw) HEED—D,

J:;):] =
BB

O SE(IZEARETEE, IBEEDA (Insert-Only) EEXTEHAN KLY

timestamp source_ip

Row 1 3312 3/8/2012 2:44PM 92.155.155.225
Row 2 33124635 3/8/2012 2:38PM 65.87.165.114
Row 3 3312445 3/8/2012 2:09PM 71.10.106.181

LGIE 1331261196 3/8/2012 6:46PM 76.102.156.138

Traditional Memory Buffer Arrow Memory Buffer SELECT * FROM clickstream
WHERE session_id = 1331246351

1331246660 1331246660
3/8/2012 2:44PM P 1331246351
sssssss _id
99.155.155.225 1331244570
1331246351 1331261196

3/8/2012 2:38PM 3/8/2012 2:44PM
65.87.165.114 3/8/2012 2:38PM
1331244570 3/8/2012 2:09PM
3/8/2012 6:46PM
99.155.155.225

Arrow Memory

timestamp

3/8/2012 2:09PM
71.10.106.181

Parquet
1331261196 65.87.165.114
3/8/2012 6:46PM

76.102.156.138

71.10.106.181 Cassandra

76.102.156.138
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Apache ArrowT—F T (2/3)

Apache Arrow File MR (J7AILED) LAT7 Tk

Header “ARROW1¥0¥0” RecordBatch:
Schema Definition E?—‘r‘@ﬁ UBcolz AG1 UL Bl
PIC CICHERD A5l| Values-array
kTN
il ittt t—— I . 7;}% 7EIJ
recordBatch-1 ; B NULL-Bitmap WSIBIDID
ecordBatch- e : : O—RHAE%
o : i o« B%! Values-index
e | : <
Ve H i B
g i i 3 Bl Values-body
I Taa—Ta-Ta-1ll ©
RecordBatch-k b 5 C5ll NULL-Bitmap
CHll Values-array
~~~~~~~~~ DIl NULL-Bitmap
A5 B5I c5l DI
RecordBatch-N D% Values-array
Schema Definition: \_/

Footer

- L R —SE BIES

SChema DefInItIOI’I ‘¢:::::~::-----' §|J0);§ky7:_:tj-§uﬁé§éntb\5o i
Custom Metadata | ™.  TF—JILEE(CHEYT B,

SELECT SUM(D)
FROM f_arrow_tbl
WHERE B LIKE ‘%abck%’;

Terminator “ARROW1” = ~777TTTTTTTTTTTTTTTTTTTTTTmmmmmmmemmems
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Apache ArrowT—F T (3/3)

B%! Null-Bitmap

B%! Values-Index

B! Values-Body
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B[O] = ‘dog’

B[1] = ‘panda’
B[2] = NULL

B[3] = ‘capybara’
B[4] = ‘cat’
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Apache Arrow’X 57— D1 2 ik— MHIARE

INSERT INTO
COPY .. FROM

CSV Files PostgreSQL
Table

v CSVIREMWER D 7 ()L %Z. ZiAHH L. T—IHERZZEHL,
PostgreSQLDT —J )L ICHEEZEZTIAD C E(CIRD,

vV FT—ADHEENLZVGE. IERICKHBZEYT IUNIB(CRDB,

mappingby -t
IMPORT S !

>> ARROW ~ FOREIGN SCHEMA Foreign
N Table

\\\\\
————————————

/

v' PostgreSQLADFDWH#EEE (Arrow_Fdw) Z{EFHUL T,

Arrow J 77 1 JUITKRAT L F 7298285 — )L (Foreign Table) ZE&E Y Do
vV S—ADBEEMEDIRWESD., — TR T I D,

(Arrow I 7 1 )ILBHRDEENL 0s DT 7)LIE—)
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Arrow_FdwlC KBNEPF-—TILDEE (1/3)

postgres=# drop foreign table f _mytest ;
DROP FOREIGN TABLE
postgres=# CREATE FOREIGN TABLE f _mytest (

id int,

ts timestamp,

x floats,

y text,

Z numeric

) SERVER arrow_fdw

OPTIONS (file '/tmp/mytest.arrow');

CREATE FOREIGN TABLE

postgres=# SELECT * FROM f mytest;

2022-08-02 00:34:44.210589 77.4344383633856 65ac7f6 38.6218
2019-05-11 03:06:16.353798 95.33235230265761 9105319395 51.8267
2015-01-04 11:02:25.66779 93.67415248121794 b5693017834 84.9033

2022-09-24 06:26:02.058316 | 17.668632938372266 c5e35 55.9739
2016-08-08 18:16:12.248363 | 92.2211769466387 fa889dd51692 | 19.246
(25 rows)
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Arrow_FdwlC KBNERF-—TILDTEE (2/3)

IMPORT FOREIGN SCHEMATC. Arrow J 7 1 )LDAF—VEEC EEDIADDHE

postgres=# import foreign schema f_mytest

from server arrow_fdw

into public options (file '/tmp/mytest.arrow');
IMPORT FOREIGN SCHEMA

postgres=# ¥d f mytest
Foreign table "public.f mytest”
Column | Collation | Nullable | Default

integer
timestamp without time zone
double precision
text
numeric
Server: arrow_fdw
FDW options: (file '/tmp/mytest.arrow’)

19 Japan PostgreSQL Conference 2021 - PostgreSQLEArrowEGPUTE R KET —20E A HeteroDB



Arrow_FdwlC KBNEPF-—TILDTEE (3/3)

7 A IVER(IHIBIRDT. HAA. Python CHEEZE(CFREDD

$ python3 -q
>>> import pyarrow as pa
>>> X = pa.RecordBatchFileReader('/tmp/mytest.arrow")
>>> X.schema
id: int32

-- field metadata --

min_values: '1'

max_values: '25'
ts: timestamp[us]
x: double

: string

: decimal(30, 8)

schema metadata --

sql _command: 'SELECT * FROM mytest'
>>> X.get_record_batch(0).to_pandas()

id ts X y z
2022-08-02 00:34:44.210589 77.434438 65ac7f6 .62180000
2019-05-11 03:06:16.353798 95.332352 9105319395 . 82670000
2015-01-04 11:02:25.667790 93.674152 b5693017834 . 90330000
2017-02-10 21:05:26.631906 90.553723 2103 .78170000

2019-05-19 02:06:38.668702 47.295458 6e00abed37ad .02260000
2022-09-24 06:26:02.058316 17.668633 c5e35 .97390000
2016-08-08 18:16:12.248363 92.221177 +a889dd51692 . 24600000
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Arrow J 71 )LODOVED S (1/4) RDBMSH'S

pg2arrow(C KB PostgreSQL M5 MDS > T

[kaigai@magro ~]$ pg2arrow -d postgres ¥
-c "select * from lineorder ¥
where lo_orderpriority in ('1-URGENT','2-HIGH', '3-MEDIUM’) ¥
order by lo_orderdate" ¥
-0 /tmp/flineorder.arrow --progress ¥
--stat=1o_orderdate
: offset=1712 length=268437080 (meta=920, body=268436160) nitems=1303085
: offset=268438792 length=268437080 (meta=920, body=268436160) nitems=1303085
: offset=536875872 length=268437080 (meta=920, body=268436160) nitems=1303085

RecordBatch[©
RecordBatch
RecordBatch

RecordBatch
RecordBatch

: offset=1073750032 length=268437080 (meta=920, body=268436160) nitems=1303085
: offset=1342187112 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[6]: offset=1610624192 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch : offset=1879061272 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[8]: offset=2147498352 length=76206296 (meta=920, body=76205376) nitems=369928

$ 1s -1h /tmp/flineorder.arrow

-rw-r--r--. 1 kaigai users 2.1G Oct 12 20:17 /tmp/flineorder.arrow

[0]
[1]
[2]
RecordBatch[3]: offset=805312952 length=268437080 (meta=920, body=268436160) nitems=1303085
[4]
[5]
[6]
[7]

-c AT 23> TEEULEIIUDETHERZArrow I 7 1)L E UTRF
BRSO T ERIRD, BREHAZIBELIED. YV— MPJOINREET]HEE
5 JAJL 8T 256MB BB (C RecordBatch Z/ED (-s AT 3> TEEAJHE
—stat A 3 > [Imin/maxfisHIBEROEEVZ BN (C T D, (k)
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Arrow J 71 ILOAED S (2/4) NICH'S

pcap2arrowlC KDRY D —TF v TF v

# pcap2arrow -i lo,enol -o /tmp/my_packets.arrow -p 'tcp4,udp4,icmp4d’
~C

# 1s -1lh /tmp/my_packets.arrow

-rw-r--r--. 1 root root 57K 10H 12 22:19 /tmp/my_packets.arrow

$ psql postgres
postgres=# import foreign schema my_packets from server arrow_fdw
into public options (file '/tmp/my_packets.arrow");
IMPORT FOREIGN SCHEMA
postgres=# select timestamp, src_addr, dst_addr, protocol, length(payload) from my_packets;
timestamp src_addr dst_addr | protocol | length

2021-10-12 13:18:22.684989 192.168.77.72 192.168.77.106 | 6
2021-10-12 13:18:31.531827 192.168.77.72 | 192.168.77.106 | 6
2021-10-12 13:19:00.000605 192.168.77.254 | 239.255.255.250 | 17
2021-10-12 13:19:00.000929 192.168.77.254 | 239.255.255.250 | 17

vV i TEEUERY NDO—0F)\A X5\ Uy heFv TF+v L.
Arrow  71ILEUTCEEZH Y,
v XF—ViEiEld -p TIEELIETO I\:IJI/OD/\‘J/?*% (C#ET B,

v PF_RING RSA/\&EFEHLTHED. 50GbpsimiAE TCHOF v JTF v FTIEELE.
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Arrow J 71 )LODVED S (3/4)
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Arrow J 71 )LODYED S (4/4) M,

EEloT/M2MikEE

NFS Server

input plugin

O3 045h5 [FFH]

<>

— GPU-Direct SQL

with

NFS-over-RDMA
ﬁ luentd |

Server

v loT/M2MEkza N 5521

output plugin g

\ =E€100Gb
*Y 9= E

S\ FohS DD arrow |

ArrowH2T T — 7/
TS50A> A M

Log collector DB/GPU
Server

LicO0%. 838 Arrow J7-1)LELTH S

(GRTE. fluentdmFT T ST A > &2 FHFER)
v' Arrow J 7 1 )UIE. EiER100GbRY b —2% 4T L CGPU-Direct SQLT

DB/GPUY — ) \(CEmX 9 B,

A HeteroDB
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Apache ArrowZ{ED X UJw ~

| IR DL — 5
O DATIBDRR(C, #RSBIDHZHRAHEITENETZ ChHDIEH,
RET —HFDDEF SR NLRY T ETRD 1/0 TD—00— ROBERKICEN B,
¥ B, BT —HADBET 1 =)L RENIEBICZWVWENSD,

O BEET—HADIFE. GPUSIMDER R COtwv B REZSISH LI L)
BiEx LU TL\B,

| > R— MARE
O NEBDT—F T 71 [BTDEZE] iAHBEDdIEH. HEhHE,
PostgreSQLAERD T —FH R (CEIR L CTEEZEDIE(LIR0N,

| SRREICEET S
O REMREDIRIE. zip CRIS THMIRRA ML —2(CHRDIAATHELZIFTTEKLY,
O T#EEAZT I A —< v MMIFHIAHAATE Parquet KD (F—FRIEZX B H.
BRER - DR D T — X TCORBVIBEDO ML —RAT
O J71)ILBRHRAF—YEEREZHNE I DCH. HFORXAF—IEERIRLIED
LC. u}b&DTd~<Td~5tb\j$b\rd~(/\
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Apache ArrowZz {85 _F COEER

il

| BE2DH (Insert-only) DT —FHHN THDE
O RDBMSD K DIRTEEIDEHT - HIBR(IERMNEEL L)
O Arrow_Fdw CHBIESEEXR/TIEEHIBR (Truncate) (CUMIIER UL TUVRLY,

Apache Arrow File (original) Apache Arrow File (appended)
Header “ARROW1¥@¥0” Header “ARROW1¥0¥0”
Schema Definition Schema Definition
RecordBatch-0 RecordBatch-0

RecordBatch-k RecordBatch-k iE;a (IE&E
................... i TOTvI%E LEBELT, FR
Footer The original RecordBatch[k+1]DM- > %Z$ED
. Record.Batch[O] (offset, size) Footer is RecordBatch-(k+1) j \\J 9 %471 (/j-ﬂ(j:‘d: (/ \o
+ RecordBatchlK] (offset, size) over-written

FEZFRDIVIZRIFLUTCHSE
Footer (new revision) / ﬁ@ﬁi% (:%g)ﬁ L/t j 7 /r) |/'U'
. Record:Batch[O] (offset, size) % ,]/ X;& 773 (:)E-Ej-(j: O—) |/ ) (‘\\J 0
- Recordaatehio (offest i) f' MIBHEEHEICERTE D,
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PG-Strom + ArrowdDR>F~—72 (1/3)

NVIDIA A100x1 & PCle 4.0t XODNVME-SSD 4D X NS+ E> T &R

SegRead: 6500MB/s
Intel SSD D7-5510 [3.84TB] x4

5T U

Chassis
CPU
RAM
GPU
SSD

oS

DB

6912 1 77F5 8,
NVIDIA A100 [40GB; PCI-E]

customer
3,000 1%
(4.0GB)

datel
250014
(400KB)

Supermicro AS-2014CS-TR

SELECT

AMD EPYC 7402P (24C/2.85GHz) FROM
128GB [16GB DDR4-3200; ECC] x8 WHERE
AND

NVIDIA A100 (6912C; 40GB; PCI-E) x1 AND
Intel SSD D7-5510 (U.2; 3.84TB) x4 AND
Red Hat Enterprise Linux 8.4 AND
CUDA 11.5 + driver 495.29.05 GROUP
ORDER

PostgreSQL v13.x + PG-Strom v3.3devel

T

~ part
200314
(229MB)

lineorder
601544
(875GB)

supplier
1,000 1%
(1.3GB)

~_

sum(lo_revenue), d_year, p_brandl
lineorder, datel, part, supplier

lo _orderdate = d_datekey
lo _partkey = p_partkey
lo_suppkey = s_suppkey
p_category = 'MFGR#12°
s_region = 'AMERICAS

BY d_year, p_brandl

BY d_year, p_brandil;

PostgreSQL Conference Japan 2021 - PostgreSQLEArrowEGPUTER 4 KET —4 LI
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PG-Strom + ArrowdDR>F~—72T (2/3)

Star Schema Benchmark (SF=999; 6.0 billion rows)
CPU: AMD EPYC 7402P (24C; 2.8GHz), GPU: NVIDIA A100 [PCI-E; 40GB], SSD: Intel D7-5510 (U.2; 3.84TB) x4

S

1189.4 _f-----.. 681GBHI89GBDHZEwidHti Lo
1200 & W @ BTN B TS,

g 1o ASR(3Q2_11°02_3TREE TH D) XN,
g2 ATF4RATD [P5HhU] (CKD.
g3 POLEBREMUTNS.
(5]
g_ S 800 /fl
g 2 S 7027
g = 650.3 ,",",
m E ___II II
iE o 514.2
- C ; \ '
é § ': 447.3 :' 467.9

) ! 397.9

: g - N ) e 3313 3375

: 308.5 : :

200

12638 12642 12818 12274 11518 12888 10698 10747 11556 12230 10686  107.18  109.75

17.71 17.97 17.99 16.72 16.66 16.59 14.23 17.61 16.93 17.20 13.91 14.20 14.39

0 | | | | | | — | | | — -— -—
Ql 1 Q1.2 Q13 Q2.1 Q2.2 Q2_3 Q3.1 Q3.2 Q3.3 Q3.4 Q41 Q4.2 Q4.3
B PostgreSQL v13.4 PG-Strom v3.3devel [Heap] PG-Strom v3.3devel [Arrow]

O PostgresQL (CPUILiF!) K DJERIEY(CIEMN D /= GPU-Direct SQL &K D EFIEY (TR
GPU-Direct SQL on Apache Arrow
O #J681GB. 60fEfFMDArrow T 7 1 )LDIE(CE Uz D(F5~ 20112 E

O 35 —A1EE&E EGPUTOLSIALIR, PCI-E 4.0DIAFIBOMNE & LVZ B,
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&:BT\\\ N N

cH>EDIL. BRTCEIM?

[kaigai@magro ~]$ pg2arrow -d postgres ¥
-c "select * from lineorder ¥
where lo_orderpriority in ('1-URGENT','2-HIGH', '3-MEDIUM’) ¥
order by lo_orderdate" ¥
-0 /tmp/flineorder.arrow --progress ¥

>

RecordBatch[@]: offset=1712 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[1]: offset=268438792 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[2]: offset=536875872 length=268437080 (meta=920, body=268436160) nitems=1303085

v —stat AT 23 > (Emin/maxfiiETIBIROEFEEZ B3N (C T D,

EDVNDTEMN?

v & RecordBatchhMR1F I B#9130/4 & (C. lo_orderdated| DEKXIE,/ &/IMEZ
TNTNEFRL. DRI LAIFT—FEUTEBDHIAALTH <,

v BRXNE/ BIMEND UL, BBSMNIHERZRSZAF(ICEERUIRU RecordBatch %
AL T CENTED,

v O07—=9DFALRE > TTIEHENS,
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HBEREE : min/maxifiaTIEEk (1/3)

CustomMetadata_J  —)L RZFIFHU T, §sTIEEHRZ Arrow 7 7 1 )LICIBHIALD,

$ python3 -q

>>> import pyarrow as pa

>>> X = pa.RecordBatchFileReader('/tmp/flineorder.arrow’)
>>> X.num_record_batches

9

>>> X.schema

lo_orderkey: decimal(30, 8)

lo_linenumber: int32 lo_orderdate5!dDRecordBatch” & Ex KB/ &/IMEZ .
lo_custkey: decimal(3e, 8) PR LAFFT =5 E U TEHIAATND,

lo_partkey: int32 RKASDTZ TV —23>DiFE. BfCERINDS.
lo suppkey: decimal(30, 8)

lo _orderdate: int32
-- field metadata --
min_values: '19920101,19921018,19930804,19940521,19950307,19951223,1996"' + 22
max_values: '19921018,19930804,19940521,19950307,19951223,19961009,1997"' + 22
lo orderpriority: fixed _size binary[15]
lo_shippriority: fixed_size binary[1]
lo quantity: decimal(30, 8)
lo_extendedprice: decimal(30, 8)
lo ordertotalprice: decimal(30, 8)
lo discount: decimal(30, 8)
lo revenue: decimal(30, 8)
lo_supplycost: decimal(30, 8)
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IREEEE : min/maxfiia B (2/3)

BA S MIHERREZEF(CEEUTRU) RecordBatch ZinARIE LU TLNVDDHTH D

postgres=# import foreign schema flineorder
from server arrow_fdw
into public options (file '/tmp/flineorder.arrow');

IMPORT FOREIGN SCHEMA

postgres=# explain (analyze, costs off)
select count(*),sum(lo_revenue)
from flineorder
where lo_orderdate between 19930101 and 19931231;
QUERY PLAN

Aggregate (actual time=36.967..36.969 rows=1 loops=1)
-> Custom Scan (GpuPreAgg) on flineorder (actual time=36.945..36.950 rows=1 loops=1)

Reduction: NoGroup
Outer Scan: flineorder (actual time=10.693..20.367 rows=2606170 loops=1)
Outer Scan Filter: ((lo_orderdate >= 19930101) AND (lo_orderdate <= 19931231))
Rows Removed by Outer Scan Filter: 966184
referenced: lo_orderdate, lo_revenue
Stats-Hint: (lo_orderdate >= 19930101), (lo_orderdate <= 19931231) ( [loaded: 2, skipped: 7]
files@: /tmp/flineorder.arrow (read: 206.00MB, size: 2120.69MB)

Planning Time: 0.175 ms

Execution Time: 42.146 ms

(11 rows)
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JHBEEE : min/maxifiaTIEEk (3/3)

etiEmRZEdHIT B LD, sseMOUITUQl 1= MIELE

select sum(lo_extendedprice*lo _discount) select sum(lo_extendedprice*lo_discount)

from lineorder,datel from lineorder
where lo orderdate = d_datekey where lo orderdate between 19930101

and d_year = 1993
and lo_discount between 1 and 3
and lo _quantity < 25;

and 19931231
and lo_discount between 1 and 3
and lo_quantity < 25;

356.29
400
- GPU-Direct SQLODZN R
6 fEDEER(L

300
2 250 Apache ArrowdDZh R
= 10f5DEEL - N
& 200 min/max§RsTIBERD%H R
2 3 fEDERIL
) 150
H .
Q 100

» 5.19 .
B P e P
0
PostgreSQL v13.4 PG-Strom v3.3devel [Heap] PG-Strom v3.3devel [Arrow] PG-Strom v3.3devel

[Arrow+min/maxiRsTHE]
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EE/HUT 9
(SREREEER)
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S—

ERXE I\DABAM 3(E2EEE &Rl —4
(EHIRAHE : EIREH) (E&kERAEDATT—4)

| &Rl — 508 B4 IRTREE T
0 SRKEDOEKT —4(ClE. —B/RID%E e
7 CBLOBE LTI 7 ML AT LIT&RTF.

O BiREZ CICEDIMBOKRAEDIFHERT
A5 —4 IPostgreSQLICIRTF L. THITE (L.
BRI KAANBERICIHHDWEERA IREIEC
HEOWTHRRZITOENTED,

O KAEAST —H (FETF N x BUB~ BT DRI,
O BfRA ST =TT TEMNED DT A X,
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*E — RRFEHNBDT T <MD
—EIORR(CHTIT~EEGEZEL. HFREEICZEZEDD

EMZRXXEH BT/ V)IGERRE (PostgresQLvll; 1-node)

g. 14,310
=
iz
o
.L:!
=0
H
P
& 1,556 1,859
I %
a1 Q2 a3 Q4 Qs

| ERO F—H1IHEKX
O WD DFT—TI)LICHEI SN TUVD EIELR., 1.0TB~3.0TBIEEDT—TILIC
FUT, EMIMRREME (=1>2FT v IRDZHRL) TRULWEDE S,

> —JILDRAFv U ([CETDI/0 BRINMARETE D,

|=R0 SISHSTES
O X7 —HFCEFNDINEN2000Z#Z D,
O PostgreSQLDHeapT— 7 )LDHIPRIE(IL MaxHeapAttributeNumber (=1600)
> BHEDOT—TIVITKFERDEIL. EITEF(C JOIN BEEDZEFRRN,
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MREES A (1/3)

BRI —SZArrow b U, T =AY A XE X TFHIEFHIRICED D

fEREZ fH UJC £ C. GPUIC X DMLFILIE %2 & A

| SRRED D
O 2000 FOOFNERZBEITIDIEDD., HBA. MBRITYUTRHEFICSIETS

LI DN TRUN,
QHERT—ITHNL, 1~ 2% 2EZFHAR I EIT T TE?
O —J)LZEKEDE|ITDDIE. PostgreSQL HeapT— T JLDFIELFHIFR (C
EXITDIIT—IO7SIR
> TlE. EDZLDINEEERTED T —HYER=ZFERAINIS?
O 8Bl —5DEH /HIBR(EHDH ?
> 720\, BADFUWEBRIT—5ZENT DFEEdH D,
| frs
O IR7E. PostgreSQLCEIZL CUL\BERIT—45 % pgarrow ZFHUL\T
Arrow J 7 A )UICEHL. TN U CR—DRRI T ZEITIT D,
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MREES A (2/3)

NVME-SSDx4 (514.0TB) (CX LT, GPUx1%ZPCI-SWIiRH CEfE =18

>> ARROW PostgresQL
F—TI
Intel DC P4510
(1.0TB; U.2) 8 Intel DC P4500 Intel DC P4500 1EEFRIRSSD
(1.0TB; U.2) x4 (1.0TB; U.2) x4 (4.0TB; U.2) x4
—— NVME-SSD1 ' | NVME-SsD5 —— ———  SSD-A
E —— NVME-SSD2 | | || NVME-SSD6 —— 1 ssD-B
@~ NVME-SSD3 | | || NVME-SSD7 —— ———  ssDC | |
'?:l’ —— NVME-SSD4 || NVME-SSD8 — ———  SSD-D
‘ / “6 _____________________ L Tl eeeemeeeemeee e ———— !
": q A : ! ; < I
1 , : NVME A100 A100 NVME NVME
@) 42 ; e el HCA GPUO GPU1 HCA HCA
: NVIDIA A100 5 6 Y
(PCI-E; 40GB) x s L)
8 PCI-SW PCI-SW PCI-SW PCI-SW
CPU1 CPU2
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MEESFUA (3/3)

o ArrowfZT( (CHIEHIR (EIRUVNEsD, ETCTOMNEREEZFH TS v ML

- SSDE=EDHEET. T—A=(FFED(CTID TS,

[Query-03; Original] [Query-03; PG-Strom]
SELECT object_id, SELECT object_id,
fl.ra, fl.ra,
f2.r_psfflux_mag - f2.i_psfflux_mag AS r_i f2.r_psfflux_mag - f2.i_psfflux_mag AS r_i
FROM FROM
pdr2_wide.forced AS f1 pdr2_arrow_wide
LEFT JOIN WHERE f2.i psfflux_mag < 16.2
pdr2_wide.forced2 AS f2 USING (object_id) :
LEFT JOIN AND f1.isprimary;

pdr2_wide.meas2 AS m2 USING (object_id)
WHERE f2.i_psfflux _mag < 16.2

AND f1l.isprimary;

pdr2_wide.forced £ 1 —

pdr2_wide.
meas2 E1—

pdrz_wi‘de.
forced2 E1—

public.
pdr2_arrow_wide £ 1 —

pdr2_wide i - i /opt/nvmel/
_meas:part2 |1 i | pdr2_wide.full.arrow

pg2arrow

pdr2_wide pdr2_wide pdr2_wide

_forced:part2
(1228GB)

forced:positio _forced:partl

(94GB) (554GB) (1213GB) (1464GB)

.
F—~twv ~ : B§513.1TB
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BREQ@ : PostgreSQLA1600FFHIRICDLNT (1/2)

struct HeapTupleHeaderData
{

union

{
HeapTupleFields t_heap;

DatumTupleFields t_datum;
} t_choice;

ItemPointerData t _ctid; /* current TID of this or newer tuple (or a
* speculative insertion token) */

/* Fields below here must match MinimalTupleData! */

uintie6 t_infomask2; /* number of attributes + various flags */
uintle t_infomask; /* various flag bits, see below */

uint8 t_hoff; /* sizeof header incl. bitmap, padding */

/* ~ - 23 bytes - ~ */
bits8 t_bits[FLEXIBLE_ARRAY_MEMBER]; /* bitmap of NULLs */

/* MORE DATA FOLLOWS AT END OF STRUCT */

¥

O PostgreSQLDITT —4/ (L. HeapTupleHeaderData & ZHUICHE < NULL-bitmap + R-O— RD
HAPENEEUTERE TN TLD,

O ~RO— REF9(E (char *)((char *)htup + htup->t_hoff) TERICESBTEIN.
t_hoff(I8bitZEIN D64bit )7 51 2 I1RMT. \RATH +248 TRAO— RMNEE D,

O ~NwAH(E&EE23/\1 k. 0iDHY4/\1 hZERD BRI DD /28D, NULL-bitmapDERAER(E
248 - 23 - 4 = 221byte = 1768bit £7XD,
FIRDILRAIGEH IR EDV DN —2 2 ZEEEB L. T EBEN1600EER SN TULD,
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REQ : PostgreSQLA1600FFHIRICDLNT (2/2)

| pg2arrow T16005 & X DArrow I 7 1 ILZZERKT D
O SELECT ... FROM t1 NATURAL JOIN t2 ...; CHEENFIREEHEZDIETS—,
> DBAITERITTETIRAWIRS, 514772 MAITIOINZEEITI HUIKLN,
$ pgarrow -d postgres -o /tmp/testl.arrow ¥
-c ‘SELECT * FROM t_a’ ¥
--inner-join 'SELECT bl,b2,b3,b4 FROM t_b WHERE $(id) = id'
O XA>DsQLON> R (-cAT23>) OFREMNSIFIZERDH L. TDIEZ$(id) &
B EHAX T --inner-join INX > RZEFEIT, TD/REZS LT Arrow T 7 1MILZERKRT Do

O UK (E BAHDOEXATE : pg2Arrow(C [<B<BsaL] E— RZEDIFTHIZ,
https://kaigai.hatenablog.com/entry/2021/02/09/011940

| 16005 B BIMET— TILEER TS
O A3K(J HeapTuple D FIE/RD T, MEBT—T)LICH U TIFEEBLRAHIPR TEH DN ...

O JEE @ CREATE FOREIGN TABLE T1600%Z X N —TJILEZEHZLLDETDE.
TITS—MREREUTESNHIRET D,

> BiE. AT ALAHAO0FFBHFUCULEZERLIU DAL,

=# pgstrom.arrow_fdw_import file(‘f_mytable’, -- relation name
“/tmp/mytable.arrow’); -- file name
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[GEE®@ : contrib/{cube, earthdistance} €= 1 —)JL

| PG-StromTORMIET —FEL TEET
O —EPDORRZRZEN {cube, earthdistance} E= 1 —)LICHR T B8 - [HEF %=
RAULTULS,

SELECT object_id, ...
FROM t_observation

WHERE coord <@ €(123.456, ...., 456.789)°::cube
AND ...;

O coord¥! ... earthdistanceBiD7F!]
O <@E&EF ... {cube, earthdistance} B2 RITOBSEFZRZHIEIT B,

| Apache Arrow T cube 7 —S BIDI LN
O Apache ArrowdDEART—SFRIT(I/RLN,
O CustomMetadataZxFIFA L. ’pg_type=cube’ Z{THIUTZ Binary B2&E L TH > T L TLVD,
O MB(CEEBDIIE : inetBY, macaddrBY

| GPUTHIFTE EETF DR
OB EDJ—o0— Rz, BEREEFOU/R—MZEINT3E(CRDE.
PG-StromD 11— RAR—=X([CPIEMN DR IR TUED,
O [PG-Strom(CXI I DIGREZ1—J)L] T. GPUIERT « BEZEINTETDLDIC,
> fHVAPIZRAZED . va.0 CIILEREBEILDFE.

Japan PostgreSQL Conference 2021 - PostgreSQLEArrowdGPUTHR 4 KET—4LH @HeterODB



FMREE : N> FY— IR

Benchmark results on the observation data at the National Astronomical Observatory of Japan

5,000
o 4,000
0,
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£
|_
@ 3,000
c
o
o
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()
o
& 2,000
(]
5
g
1,000
0 I o I —
Ql Q2 Q3 Q4 Q6 Q7
W PostgreSQL v12.5 651.66 2769.61 4968.67 712.17 46.70 3444.27
Arrow_Fdw (only CPU) 462.61 467.41 467.22 471.26 302.47 512.03

W PG-Strom (GPUDirect 6.28 12.65 14.28 8.52 1.13 13.62
oo oo g ol o lE P

v XJPostgreSQLC 100~ 350181 2E DEITIHBEZ SCEX
v JTVUDEMAICKST ., (XFETE=EI/0=(CHHI U TeibE Rz sSE ik
> [#FRE] A T+E8F0] LANILICERE L TULD,
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O 5t R DEE
v 7= A XDEKXILICHED. RZREFD
/0 BfaDIEXR
v PostgreSQLDFIZNHIFR (CFFD JOIN DFESE
> CN5I(E. Apache Arrow DIERIC KD
NIE/REETERK(C o
( TE985FRE] = [#397] L)L)
O GPUDER &M FIEDZNR(C LD,
=B(C [T+E8F] LNIVICET
IL\AH%FEﬁ%%_\.U%Eg_é%%%DIEO

EZEIVIASTSIIN 157

O COMBRZHBFEADE. ROKXDE
S AT MBI EZLUWEEX D,

v BUAIT—AINEBEEITDICUIC. BE
PostgreSQLT— LS, Arrow T 7 1 J)LIC
X9 D,

v RFERFE (R ERMEN) mAEDT—T
I Z[EICRRT B,

&

pg2arrowZ LB IRE LT,

TEHARY(C PostgresalL =— )L
DARBZ. Arrow I 71 )LIC

l_nag_é

H@4

BFDORIET —557—T)LEF
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= ale)

| loT/M2MO2J 5" — % [CApache ArrowZfED &..o
O 55 —5RDOT. MEBH/IBDOT—S =5 T IET TR - 5AHh elEE,
O 45(C. GPUYSSIMDER DR M REZ R AL T DKL DIRT—FEE.
O NS [F—FZEBDIAT ] HBETE. J7M)LIE—DHTET .
O —5AC. BF/HIBRIETERAVDT NHBERDFH (Insert-only) | 17357 —5 T
HBDENWHE, (hS2HTTI> 3> mETIERWN)

| PG-Strom (Arrow_Fdw) ZfES &... ?
O GPU-Direct SQLTC [(Z(Z(ZFH/WIEFHME | IRUIBREZEIRTE D,
O {EVEBNESQLTI#ETE. DT —SF EHHAEDBIEDTEE S,

O JRBEHEEED min/maxifia B (. FIZIF TR, 1TARDOKDIAHZ
AJEEICT DA TV IR EUTHRET B,
O pg2arrow, pcap2arrow’k &, fluentd@llFArrowti T 504 > ERAFEHR,

| EB DD —o0— RTOIREE
O (0T« — L REDZWELBF—5TH 0. ArrowlbDMBENIRD TK.

O GPUDIMLSAIENERE EHE. tOUIEERENSIEE U CTREA350{8DEIRIE.
> > HF—SIDIRER « DATICPG-Strom + Arrow WNBXI THDC EEFEEFUT=,
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