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GPU-Direct sQL (1/5)
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GPU-Direct sQL (2/5)
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GPU-Direct sSQL (3/5)
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GPU-Direct sSQL (4/5)

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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GPU-Direct sQL (5/5)
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RET—FDUNIBZEEZSD (1/2)
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RET—FDUNIBZEEZSD (2/2)
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Apache Arrow7 —~ T (1/2)

| JEEmDEE(LT —F R

O #ESBSDHimHt T (= 1/o=DHEIK) H elEE

O T—A9NMEEL TLDEsD. SIMDE T TPGPUTDLIBMEEZS|IZH LTI ()
| £2<DEVIF—5R0SSTHIGIEA TS

O SparkY2Drill, Python(PyArrow)’& &, PG-Strom (Arrow_Fdw) HEZD—D,

D ==
E=PS P

O BFE(FFART]EE, 1BEEDF (Insert-Only) EEX =AM KLY

session_id timestamp source_ip
Row1 [NEKNWZILLIY 3/8/2012 2:44PM 99.155.155.225
Row2 [NEKEWZILN 3/8/2012 2:38PM 65.87.165.114
Row3 [NERAWZELY(V 3/8/2012 2:09PM 71.10.106.181
YR 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 - 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 2:09PM 3/8/2012 6:46PM
71.10.106.181 99.155.155.225
1331261196
3/8/2012 6:46PM
76.102.156.138

Pandas

Arrow Memory
timestamp

Parquet

65.87.165.114
71.10.106.181
76.102.156.138

Cassandra
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Apache Arrow7 —~ T (2/2)

L AN 7 77
Apache Arrow F||e Ef% EE’J N (jj ’l/)l/J:@) L1770 b

Header “ARROW1¥0¥0” RecordBatch: /_\
Schema Definition ReE A AZI NULL-itmap
?_H%Ot)(“%ﬁ%&) A5l Values-array
. ]
RecordBatch1 AT 5 B51 NULL-Bitmap %&411“5!{0337 2
ecordBatch- e ; : O— RHES
o i : ~ Bl Values-index
A | :
- ! = B%! Values-body
ela—la-laill -
RecordBatch-k i ’ S C5l NULL-Bitmap
! i 2
! i CHll Values-array
~~~~~~~~~ D51 NULL-Bitmap
A% B3| c5l DI
RecordBatch-N D% Values-array
Footer Schema“Definition: “ \/
Schema Definition ~del_| Vo 07 — &, ML
Custom Metadata [ DOBIZHHIEENTUND, |
ustom Hetadata ~ FTJIVERICHET B,
Terminator “ARROW1” SELECT SUM(D)

FROM f_arrow_tbl
WHERE B LIKE €‘%abc%’;
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Apache Arrow’X 57— D1 2 ik— bHIARE

INSERT INTO
COPY .. FROM

CSV Files PostgreSQL
Table

vV CSVRENEBD 7AI)L %=, L. TR TR,
PostgreSQLDT — T )VICERZEZTIAD C EICR B,

v TIDHFEMNZWNGE. IEE(CKEZE T DU (CRD.

mapping by RN .

IMPORT e i

>> ARROW ) FOREIGN SCHEMA . Foreign |
: Table |

/

\\\\\
———————————

v’ PostgreSQLOFDWHEEE (Arrow Fdw) Z{HFR UL T,

Arrow J 7 1 )UICHRAT I F 12988285 — )L (Foreign Table) ZFE&H 9 Do
vV FT—HORENEZ4EDRRVZS, — TR T I3,

(Arrow 7 7 1 )LEARDBEH T 0s DT 7)LIE—)
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Arrow_Fdw(C KD9EB-—TILDTESE (1/3)

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

id int,
ts timestamp,
x float8,
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
2019-05-11 03:06:16.353798 95.33235230265761
2015-01-04 11:02:25.66779 93.67415248121794

2022-09-24 06:26:02.058316 | 17.668632938372266
2016-08-08 18:16:12.248363 | 92.2211769466387

(25 rows)

16
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65ac7f6
9105319395
b56930f7834

c5e35
fa889dd51692

38.6218
51.8267
84.9033

55.9739
19.246
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Arrow_Fdw(C KD9EBF-—TILDTERE (2/3)

IMPORT FOREIGN SCHEMATC. ArrowJ 7 1 )LDAF—VTEEC 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’)
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Arrow_Fdw(C KD9EB-—TILDTESE (3/3)

7 1)L (IHEIRD T, HA. Python CHEIE(CFRDD

$ 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]

: double

: string

: decimal(30, 8)

schema metadata --

sql_command: 'SELECT * FROM mytest'
>>> X.get_record_batch(@).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 b569301f7834 . 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 71 I)LOAVED 5D RDBMSORBIEEHEEREZZ A

pg2arrowlC & PostgreSQL MSDS > T

[kaigai@magro ~]$ pgarrow -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
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
RecordBatch[3]: offset=805312952 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[4]: offset=1073750032 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[5]: offset=1342187112 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[6]: offset=1610624192 length=268437080 (meta=920, body=268436160) nitems=1303085
RecordBatch[7]: 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

- c AT TEEULEOITYUDERTEEZArow I 7 1)L E UTRF
BEHIRS > T EERD, BREFMZIEELIED. V— MPJOIN/REEH]EE
T JA)L NT 256MB £ (C RecordBatch Z#{ED (-s AT > 3> CTEEOJHE)
—stat A2 3 > (Emin/maxiffiz T IBIROIENZBMNICT D,  (#&ik)
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Arrow 2 71 )LDOYED 52  Fluentd CArrow J 7 1)L 7%= 4

5] ///
record

_______
________
- -~
-~ Ss
~

I Fluentd
O Treasure DataftOEBEZK(ICK D THE SN, OJNEY—ILDOFTT770 K,
O S00FEFEZ MR DT ST A > " AHFENTEDIET. BIEICHRIYAXIDENTIEE,

I arrow-file 75721 >

O Fluentd@lFOutput 7 >0+ > T, ZlFTEL> /=02 % Apache Arrow FERXD T 71L& LT
ESFHICENTES,

O EHUET 71L&, PG-StromDArrow_FdwikgEZ AL\ TEDEFFHi+H UBIEE,
O A1 ALARS>TEDmin/maxifetBHRICHETIGL TULB,
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Arrow 2 71 )LDVED T2  Fluentd CArrow J 77 1 ) L= A Bk

SSEM) HttpdDOT = URE L T ArrowfzN THE A

/etc/td-agent/td-agent.conf FHFEHI

<source>
@type tail
path /var/log/httpd/access_log
pos_file /var/log/td-agent/httpd_access.pos
tag httpd #APACHE
format apache2
<parse>
@type apache2
expression /~(?<host>[~ 1*) [~ 1* (?<user>[™ ]*) ...
time_format %d/%b/%Y:%H:%M:%S %z
</parse>
</source>

<match httpd> |I- nluentd

@type arrow_file

path /tmp/mytest%Y%m¥kd.%p.arrow

schema_defs "ts=Timestamp[sec],host=Utf8,method=UtfS,...
ts_column "ts"

</match> >> ARROW

/var/log/
access.log

$ arrow2csv /tmp/mytest20220124.3206341.arrow --head
"ts","host", "method", "path","code","size", "referer"”, "agent"

"2022-01-24 06:13:42","192.168.77.95","GET","/docs/ja/js/theme_extra.js",200,195,"http://b...
"2022-01-24 06:13:42","192.168.77.95","GET","/docs/ja/js/theme.js",200,4401, " "http://buri/d...
"2022-01-24 06:13:42","192.168.77.95","GET","/docs/ja/img/fluentd_overview.png",200,121459...
"2022-01-24 06:13:42","192.168.77.95","GET","/docs/ja/search/main.js",200,3027,"http://bur...

"2022-01-24 06:13:42","192.168.77.95","GET","/docs/ja/fonts/Lato/lato-regular.woff2",200,1...
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— %47 : Apache Arrow@min/maxifiiaTIEH (1/3)

EF'%%.:»@?‘C B&<., B bb\(c_*ﬁ?éx'ﬁ:(c_vu F L/Tclsb\j Ow D% 5¢ 3:_6}'&(3:3_0

Apache Arrow File SELECT ymd, count(*)
Header “ARROW1¥0¥0” %e;ordl?, a“tch. FROM arrow_table
DE Uich 7z -
o BIC & (CETEESD WHERE ymd <= 202103;
Schema Definition VREST,
T RecordBatch-1
P ' ymdER// Ml <= 202103
RecordBatch-1 o ] => true

—— o RecordBatch-k

| X ymd&/J & <= 202103
RecordBatch-k = false

3
~~o
S~
S~
~
~~
S~
-~

ZL - RI\wFEI(C RecordBatch-N

S0VE - BAfEE X Jmdi/ME < 202103
RecordBatch-N PRI LATF—5 & = false
| LommaeEsTEs. /_/\

Footer Custom Metadata M BEae )
Schema Definition min_values=“202009,202107, ...” min/max%ﬁ%‘l"l‘%ﬁ&([%i)“b\_C\
Custom Metadata | - max_values=“202107,202111 2 A2 JH (— PN

_ . > e BRRBRFMFICYYTFITRITZED
Terminator “ARROW1” J0Ow7Z7 (RecordBatch) TZ|1%
\ st I KO FE(EH E]EE.

J

GPU-Direct SQLT2<3I0T/M2MOY 43474 R 7 L HeteroDB



— 3417 : Apache Arrow@min/maxiizT B (2/3)

BA S MIHERREZF(CEEUTRL) RecordBatch Z i RIE L TLVDDHNTHD

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) BRFREFHICIY FURWEDASHIRS,
THEEEHAHTBEERR
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— 3417 : Apache Arrow@min/maxiiztE#H (3/3)

etiBmREBEHIT B LD, SSBMOUIT QL 1%ZMIELE

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 SQLD*HER
6 fEDERIL

350

300

Apache ArrowDZHR
10f8DEER(L

250

200 \

150

min/maxiRsHIEERD IR
3 BDEIRIL

58.59

v ‘ 5.19 .
! »

PostgreSQL v13.4 PG-Strom v3.3devel [Heap] PG-Strom v3.3devel [Arrow] PG-Strom v3.3devel
[Arrow+min/max#ft5HiE]

DT YRRERR 7]
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Smart-SSD / Smart-NICAN\DX i@ (7T

IR1THAiT : GPU-Direct SQL HrEefT : Smart-SSD / Smart-NICH it

T —HENRE 1 M -
GPU=CPU T o
o
Iy Q
X K AN b
D g o o T
& Smart-NICOPIE 1 R4 S Smart-SSDOOPY)
a Q\ £ e 4
I | & 1
v N & SPU 'P
DP
SSD=>GPU v
T—HERXRE 1 K
‘ r } | '
) }zl_\—;li_:iE‘:fiEEN/W ‘ ‘:: I ‘ ﬁ"“‘ | NAND F|aSh
S \b\\ / (100Gb~) A dl . : (BC1BERT)
\ s e g Smart-NIC Smart-SSD

NVME-SSD

| IRATHAT @ SSD D GPUNT —HZERIX T DEET [T=7—4 ] HPC-E/\X%ZES
S B=EEBRNZE. TGPUDT —FNIBEEN PCI-E/ \ADFIFICIHESNTLD]

| Smart-NIC / Smart-SSDXHIE: : NIC_EDZT Ot wH(DPU)I®. SSDEDT O W H(SPU)T
SQLEIR L, RERT—IHPC-E/\RICTRE T BRICHIZTET,

> 5 —SYIBEEHNPCI-E/ A DI (TSN < IX BB ZHATF.
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GPU-Direct SQL
(B H&EPSH)

Rt

v IREAFORECRbEEERTOEYY
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