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B2 #2791/ HeteroDBfLE(CDULYT

NSOS=ZPRIA>Ea1—F 0 > D0i%E

5 —4 /\‘—Z"\ﬁiﬁﬁ( CiEA U,
HEIMEOPT K, B CERRRT — S TEEZIRE T B,
SHBIE

_ <
O 55 AT OB E4T hzoron
O gl 2017%7H4H
O s ao) | X3baa)115-5-15

KIFT =4 S774F
O FEANT SERT —IN—IABFRDIRGE
GPU & DBREIB DM > FILT o >
KTEIOT 1 =)L
O B4 & (KaiGai Kohei)
O OSSEAFEE I=1 "5+ [CHUL\T. PostgreSQLI Linux kernel®d

FF(C10EL FEE, F(CFa21UFTv - FIDWEDDEF T vV
T2 MU= ANDEH.

O IPAKREEY J RBEICBWTRKFTOU SN —"5R7E (2006)
O GPU Technology Conference Japan 2017 Clnception AwardZ &
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PG-Strom& (S ?

PG-Strom: GPU c‘:NVME/PMEMd)“bjj ZEARE(CEIEH U,

FZ)\A MEDFT—5 %= EiRIR I BPostgreSQLEl FHLEEES 1 —)L

» SSD-to-GPU Direct SQL

% 5.8 > Columnar Store (Arrow_Fdw)

» GPU Memory Store (Gstore_Fdw)

» Asymmetric Partition-wise
JOIN/GROUP BY

» BRIN-Index Support

» NVME-over-Fabric Support

» Inter-process Data Frame
for Python scripts

» Procedural Language for
GPU native code (w/ cuPy)

» PostGIS Support
for ML/Analytics

O &5t /#D— 00— ROFEBHIRGPUREIRIL

O SSD-to-GPU Direct SQLIC KB PCle/ (A LN LDEEAL

O Apache ArrowXt i (C K BT —FM, 1 > k— MFRIZ(FEEOIC
O GPUXEI(CT—HZEE., OLTPD—o0O0— R EDHF 1T

O PostGISBAEID B /R— & (—8B) . [IEBHRDTZERL ENEW 3
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GPUL IZEART O HIRDH ?

F(CHPCDEF CEIGN' DD HMFEBRE CEENICER

L) =T E1—G

[
& B R Y YL SEEE R SE DD

- - =
C G (computer Graphics)

(FRRITEXE TSUBAME3.0)

HFI77DOMFHNWIRT —w I TB/sIOET BILmIHATU =
J>2F W T ICEEUEHERT )1 R
> “BUSTEZRKEDT —HICHHIET #REEEETD
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=T I~ BEMET) A ADT — IR

____________________________

fEmE®R | -
(. BE) - o8 §R
TUFEEER >~

GRUT>) -
Eéék’;”/rLJE

vVvVvVYy

TUPRICHET S %@

FENMAS )\ XD

| 5845/ (1 2
O SHEETHNE (BE. &) OFEHHIHIND.
O (F/)\ARID. FAMLRFI>T ., fIE. TDMDEMNE) EVNDST—FEENZL)
| TU 7 EEER
O LEEBVFER (SR (ZFERNRST AT, TUV7EEBR (AR H
IER(CIEMIMEEZFS. HIEDHIENELY
| B2
O BB, YIRDM. [LEEE. 75— hEX. etc...
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PostGISD T ? (1/2)

| B1=
O = (Point) . #R (LineString) . ZEH (Polygon) FEDZA A MNUEER,
B XUENSDOBDER%Z PostgreSQL CHRITI DIEHDIRES 1 —)L
OEEDH .. B35 (Contains) . 3XZ (Crosses) . ##HS (Touch) 7&&E
O GiST- > 7w DR H U CER/RR 7 17
O 20055F(C PostGIS 1.0 iU U —2R, BUfF. 158 (CHO7 > THikiBIFRFE.

| PostGISEAEY - EEFDHI
O st_distance(geometry g1, geometry g2)
v DAARNUROIEHZETEITD
O st _contains(geometry g1, geometry g2)
v TAAKD g2 gl ([CBESENTULWNIEE
O st_crosses(geometry g1, geometry g2)
v TAAK g2 Bt g1 ZHEY) D TUNIEE
LIRE

© GAIA RESOURCES
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PostGISDC ? (2/2)

Type

Point

LineString

Polygon

Type

MultiPoint

MultiLineString

MultiPolygon

&g A

Geometry primitives (2D)
L1

FOINT (30 10)

LINESTRING (30 10, 10 30, 40 40)

POLYGON ((30 10, 40 40, 20 40, 10 20, 30 10))

POLYGON ((35 10, 45 45, 15 40, 10 20, 35 10),
{20 30, 35 35, 30 20, 20 30))

Multipart geometries (2D)
.61

MULTIPOINT ({10 400, (40 307, (20 200, (30 10))
MULTIPOINT (10 40, 40 30, 20 20, 30 10)

MULTILINESTRING ({10 10, 20 20, 10 40),
(40 40, 30 30, 40 20, 30 107)

MULTIPOLYGON ({30 20, 45 40, 10 40, 30 200D,
({15 5, 40 10, 10 20, 5 10, 15 5)3)

MULTIPOLYGON (((40 40, 20 45, 45 30, 40 40)),
({20 35, 10 30, 10 10, 30 5, 45 20, 20 35),
(30 20, 20 15, 20 25, 30 20)))

& V-

St _Distance(a,b)
A X SRR

St_Contains(a,b)
SAAXANJUDBEEHE

St_Crosses(a,b)
SAAXNUDRREHTE
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=R{FE (1/2) - Bounding Box

] Bounding Box& (&
O B RIRONRU T > = B8 T Db/ IR FEAZfALE,
O (X,Y,) - (X5,Y,) CRILTET DD TT—IENDR0)
O PostgreSQL / PostGISH' geometry B {R1F 9 DRFICEHENNI (CERKREND,

] Bounding BoxDZh R

ZERBEMRES ZTDHIC. TBASHIELTULVRW BOZHERITE D,
> BERDZZVSAANIDHIEZITOIET. 5TEY Y —RXZEiY,

HoEs D Z R DOulEeE

g : NN
"

A ST LU TULVRLY
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2IR{\EFE (2/2) -GISTAT>FT VIR

GisT1> v ORER
O PostgreSQLMGIST (Generalized Search Tree) (&, WU —#&&%&FD
A>TV IORZE—MbULIE L —LT—2,
O PostGISDGeometry® (F, GiSTLEICRARZZEIR L TUL\D,
| GisTORKRTTES &
028 (@E&F) PPERD RKQEEF) HIET. 127 v IRZAVNER

O $F(CZEDRIT > xR > hDERDHETHHEENERLAPT L)
> SBRIDR DIAH CIHEEZINZAD

# ETHIRROMAINEIRT —5%Z 1 > R— bk
$ shp2pgsql N@3-20 200101.shp | psql gistest
gistest=# ¥d+

List of relations
| owner

gistest=# ¥di+

List of relations

Schema | | Oowner Table i ]
———————— L T e E T S LT PP
public | geo japan_pkey | index | kaigai | geo_japan | 2616 kB | VAR T
public | geo_japan_geom_idx | index | kaigai | geo_japan | 14 MB |
[ R8 | Ro [R10] [R11[R12] | [R13/R14 | [rRis[ri6| | [R17[R18 R19]

PostgreSQL Conference Japan 2020 - GPUAMR < IBIEER S T D i =15 #b I @ HeteroDB



IAEFGPUTSQLZEEIL TEDDH ?

SQUUBEMDHRTE., EFRAFv>ZFE DS KDRT—2o0O— RICHEL)

| GPUDFE
O {HEEI77Z1E59 S518[ED
O 1.0TB/s(C1IBDAEU/ (K
> [AUVESZZEDT—YICHUTETID] EHlfersnizowvt

S b

(e.g 1THIER)

| salo—2o0O— R4
O FAONIBZXEDITICHUTEITIB]
(51 : WHERER) D, JOINY>GROUP BYQLIE)

GPU(CEE=NZEHTFTIT77D
ET1=w MY BxDiT%
WHN(CEHE I B,

PostgreSQL Conference Japan 2020 - GPUAMR< B ERF R 2 4T D $i 1= 7 ith HHeteroDB



GPUCPostGISEAEZE1T79 D (1/2)

postgres=# ¥d gistest
Table "public. gistest”

Column | Type | Collation | Nullable | Default

———————— T S s
id | integer | | not null | nextval(' gistest _id seq'::regclass)
a | geometry | | |

b | geometry | | |

postgres=# explain verbose select * from _gistest where st_contains(a,b);
QUERY PLAN

Custom Scan (GpuScan) on public. gistest (cost=4251.50..4251.50 rows=1 width=196)
Output: id, a, b

GPU Filter: st_contains(_gistest.a, _gistest.b)
GPU Preference: None
Kernel Source: /var/lib/pgdata/pgsql_tmp/pgsql_tmp_ strom_21028.4.gpu

Kernel Binary: /var/lib/pgdata/pgsql_tmp/pgsql tmp_ strom 21028.5.ptx
(6 rows)
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GPUCPostGISEAEI X179 D (2/2)

$ less /var/lib/pgdata/pgsql tmp/pgsql tmp strom 21028.4.gpu

#include "cuda_postgis.h"
#include "cuda_gpuscan.h"

SQLODWHERER)Z
DEVICE_FUNCTION(cl_ bool) ST BI=sD(C
gpuscan_quals_eval(kern_context *kcxt, g E)JEEEE =nr= B@EJ’;';&

kern_data_store *kds,
ItemPointerData *t_self,
HeapTupleHeaderData *htup)

void *addr _ attribute_ ((unused));
pg_geometry_t KVAR_2;

pg_geometry_t KVAR_3;

assert(htup != NULL);
EXTRACT_HEAP_TUPLE_BEGIN(addr, kds, htup);
EXTRACT_HEAP_TUPLE_NEXT(addr);
pg_datum_ref(kcxt,KVAR_2,addr); // pg_geometry t
EXTRACT_HEAP_TUPLE_NEXT(addr);
pg_datum_ref(kcxt,KVAR _3,addr); // pg_geometry t
EXTRACT_HEAP_TUPLE_END();

FIA. BIBH'S
SAX NUBD
F—&%0— R

O—RUEST—HT
return EVAL(pgfn_st_contains(kcxt, KVAR_ 2, KVAR 3)); GPUAR st_contains() B
} I U
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BREFRAIBD/)N T A - >R (1/2)

--- GpuScan (GPUhRPostGIS) + Gstore Fdw

=# SELECT count(*) FROM ft
WHERE st_contains('polygon ((10 10,90 10,90 12,12 12,12 88,90 88,90 90,¥
10 90,10 10))’, st_makepoint(x,y));

200 5Bl DPointh 5,
FEEMBIADEZ DT> ~
Time: 75.466 ms

--- BEHhRPostGIS + PostgresQLT—JJL
=# SET pg _strom.enabled = off;
SET
=# SELECT count(*) FROM tt
WHERE st_contains('polygon ((10 10,90 10,90 12,12 12,12 88,90 88,90 90,¥
10 90,10 10))', st makepoint(x,y));

Time: 332.300 ms
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MRZLRAVIBD)N T A —~< >R (2/2)

(100,100)
(10,90) (90,90)
LU L N L L L L
(12,88) (90,88)
| COmEEARICEFEND |
& (Point) ZHIELIZ | |
(12,12) (90,12)
(10,10) ~__ (9010
(0,0 ~ .
S—JILft BVt (C(F
(0,0)~(100,100)DEEFH I (C
= >4 T 20021 D s 2 #&
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GISTT > w2 X (RK) DILiHA

R1 R4 R11 |
_______________ !
R3 . R9 |
i . R5 Ri13. *ﬁi:\: (%R'-I:l— 5|’;"='"-|:|-)
| | | E / 1~ - ] [t =, "E SZ
R10 b !
i/:/’/l
”””” Ri2 L ;
R2 v 'R7  R18
R17
R6 R16 Rio
'R15 1 ! : o ae ] JHAE .
: ! ' ! | ‘ ! (xmin,ymin) i 9 o
--------------------- @ A-mmm=mfmm=dm-fmofolocos L
T J
L ! m 8 o
o ¥ £
ml A Q ¥ !
Ty
~ ‘"Q"| 9 B |
Trthe] | i i/
S0 rE ao @
o‘ : 7 @ » th . d i
R3 | R4 | RS R6 | R7 FA it y SRR
o ) (xmax,ymax)
oo, TATAIELQ
KEER

' Re | R9 |R10| [R11[R12] | |[R13|R14| | [Ri5[R16| | [R17|R18[R19|

jGisT71>5wOX (RK) DA
R1(&(R3,R4,R5)EETCEZ I DIERMEHD(X_ Y )= (X__.Y )& T — RADNRA 5
R4(E(R11,R12)ZE2TCEE I DIEAZHEIHD (X1, Y min) = Koo Ymad v LS — RADIRA >4
RIIEMRZAA NI ZBE T DREEMEBD(X Y. )= (X Y. )& [temPointer Z=E,
%/ —F (BLcksz) ADI> bUZNEICEF . YwFUIZEDZERDIEENT ITHD,
[EEC (DB USHENFEE T DD T, B-treeillid+ R (FTE/R0N,

AN N N RN
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GISTT > w2 X (RK) DILiHA

:R1 R4 R11 !
[

| R3 R9 |

‘ RS Ri3| *ﬁi (%R'-I:l— 5|’;"=" "I:I-)
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GisTT>FTv IR (RK) DitiEH
R1(&(R3,R4,R5)EETCEZ I DIERMEHD(X_ Y )= (X__.Y )& T — RADNRA 5
R4(E(R11,R12)ZE2TCEE I DIEAZHEIHD (X1, Y min) = Koo Ymad v LS — RADIRA >4
RIIEMRZAA NI ZBE T DREEMEBD(X Y. )= (X Y. )& [temPointer Z=E,
%/ —F (BLcksz) ADI> bUZNEICEF . YwFUIZEDZERDIEENT ITHD,
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GISTT > w2 X (RK) DILiHA
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jGisT7>5TwOX (RK) DA
R1(&(R3,R4,R5)ZETEE T DIEALARIED(X i Yomin) = KnawYmax) S LS — RADIRA 25
R4(L(R11,R12)ZE2TCEE I DFEREMBIBHDNX Y ) = (X Y. )E T — RADRA A
RI2IFFIRIEA R MU ZBE T DIERZTEIHD (X1, Y i) = Kinaxe Ymax) & ItemPointer Z =2
%/ — K (BLcksz) ADI> MUZIEICFHE, W FUIZEDZRDIEBENT IHD.
BEEC EITHEDIRUFHENFEET DD T, B-treellidH R (FTEIRUN,
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GPUIRGISTAT >F WX

ZAR x mOBRDHTEREZ. GpuloindD—Ex=E U TESRE

G|ST(R7K)‘f SFVIR B> —A~%280
RUI>ES ‘ | | =)
¥ BFALY RN
\ﬂS \\L N ﬂﬁ 5‘] (:
AN ATV IR%E
e . R
SR

| i85
O ZAH (TUV7ERIBIR) 2REIDI7—JILE. (IEEHR GRBERE) =
RF 9357 —TILED JOIN (CGISTA > T VIR EFHTED,

O JOINALIBRE, S—DILEA > TV ORDOMNBG%RGPUICO— K,
559°GISTA > 7w X _EDBounding-Box ((EFZRELE) Z{F > Tt <K DIAH.
RICT—TILEDOZAER GRUT>Y) & THEDHE] 2175,

O GPUDETF 7% J)LIFEI U TGISTA > T VIR =ZIRERT B,
B (CHFEANSUD. BREEEBRSRB(ET,

> M ESEERHEISEAMN D, . o
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ZT AN S AR ESt _Contains (9ARC B)

SELECT n@3_001,n03_004, count (*)
FROM geo japan j, geopoint p
WHERE st_contains(j.geom, st_makepoint(x,y))
AND j.n@3 001 like 'ERIRED’
E T HIBEHSDLU = GROUP BY n@3_001,n03_004;
SEMEANART -5

~
n03_001 | n03 004 | count

(123.0, 20.0)

hEHHE™

B ERE | | 105
=25 I mRE | =Ef | 76
= =17 A Oy el Y RRE# | =& | 17
100021 . RE# | HEARX | 67
REE | X | 18
BIER | J\CHT | 105
RRE | EER I 14
REE | BiIRX | 55
RE#E | v M | 7
RRAN | HiE™h | 117

(63 rows)

CPUMR : 24.892s
GPUS : 33.841s GEUL\!)

(154.2, 46.2)
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BIIE) GPURL YW RDRTZ1—U>T(CDULT

Thread Group
(1~1024 Threads)

N

GPU Block Diagram Streaming Multiprocessors N Warp (32 threads)
(Tesla V100; 80SMs) (64CURE cores/SM)

O GPU(JStreaming Multiprocessor(SM) EIE(INBEAMI TCOTTHNTIL—T{ESNTLSB,
v LTRAVvLUFryS g (EEXEY) (ESMEMIDOUY—X

O BUSMLETEITESND AL WY RO#B%Z Thread Group EIFU, UV —IHFFEIL
AT 1024 ALY RETHITCTEITIDENTESD,
v LW ROYIDBEZ (FH/WHIZEIREN. HIXEDRAMIZ IR IFEDSA > THIDE D> =D,

O XL w R(IWarp (32threads) B CRI 21— >0 ENB. RI—WarpRdD R
Lw RiE. BERFICEECSBUNEIT TSRV,
v ITHEEDOLS(IC. EO7OEEIMIE(CIRB Y1 TR THNIZGPUDFERZIZEIIEAL.
v AL RE(CIBEEN/NSI\SIEE. —BDI7MEATUEL., YUEBDRDEK T ZE <,
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BIIR) GpuloinDil:F|LIBSH >

Table-B

SELECT * FROM A, B

WHERE A.id = B.id;

5122w B
- 51272 —EI(C
EDH U
Table-A B
[ GpuHashlJoin / GpuNestLoop YL ]
/ O x O x O X
GpuHashJoin¥LEE l l l
« HashfEDFTE (
. HashEDIEZ \ N = __syncthreads_count(...)
* JOINSEAFODFHMM RDT L— /%
GpuNestLoopXLEE ( Ry AR ) BOH LT,
* JOINSAF DT atomicEEZ UV C. thread_id=07 S 038 L
U #ER)\w I 7 (CNBES OfigZ R i

2> ALY REITARER /

IBRFRDZEN ! !

DECLLY, "

sl JOINERDB=H U -
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GPUTODA T IRIERDIEE
AL v REIONIBEEEIDEMNAET K. FEEFSEZIEL

RARDRoot /) — K%
S0z R, Bl
Index-A | <m— NYFITIRRLL
X X X X =
RARDLeaf / — K M
ETERLEN X ZLw RIOL—F BT S
Ewv hE7 ; DALY RDFTETHFET
GPUOIF7HEATULED,
sz RRZREFET
=R BRU. HhD. v
Table-A | {mmm— JOINDAREE A7 ST O
[ N = __syncthreads_count(...) ]
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F+1—TJIRXGPUIRGIST > T WO RXZEE (9 AX)
GPUDFIARIZEN EHS5T ., UIFUIFCPUL DIERIZD T2

BALY RN 17907 —4F%=20— R
RDRL GiST-IndexiZFRRADF—(EZHME T D,
A |

F—EZAULTGIST-IndexTERIT D

ALbvw RIIL—T (512X L v R) AIC,
1 B CHEGIST-IndexPDLeafEX THET LT

N ]
GisT-IndexICE vy N UTE 2 ° ZEZRLTED . JOINEA D TUNE T
ITO ALY RHPWVWB &, D511 ALY
- RIEZZDFTETZHFEESNTULE DS,
+ AN\AZ. =
JOINFSESRAT SIS S @B LT, GPUTFDERRNE<
[ E UV ENDEICIRD.
JOINFESRMH(TE ? No
found=true
nitems = __syncthreads_count(found); < found=false

nitemsfB3DIOINFERZEEZH U
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GPUDRAL YW RROZa3—U> 0B UIEESZ (11858)
TE3ROOT7MEIRVNEDS. BN > bEEIVE

BWarp 32XL v R) BIC11T790D57—~F%0—R

T > GiST-ndeRRADF—fE&IE TS, |
|
F— B CGIST-Index TERFS S R/ \w O 7 DERE(CREN B BRO
o - BIEAARAT > MTEITBRICEAEA
GiST-Index(CEwY FUTZ ? Read/N-1 > ZHESD T GiST-Index D
BERZEDHD,
AtomicEE % FALTHR \wv T 7 DfEIS % HF > —HidDwarp (RLwW R) TEXRIC
GiST-Index(CE W NUTEATDRA > 5% 526% BElZELUTCH. MMdDWarpldic(C
N “ ROTEIMBTE BT,
° v J7 DfEFE GPUO P DFEAXRZZ S TED,

512{E =X 1=

__syncthreads() @ remmmmmemmmmmmemmmmmsemeoeeeeooeeeon
[

)\ J 7 &I, IOINEESRAZEHMET D

JOINVEERMHIFE ? found=false
found=true

nitems = __syncthreads_count(found)

nitemsfE 9 DIOINFERZEZE=H U <
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3T AN S LAIRREESt _Contains (RFTAR)

SELECT n@3_001,n03_004, count (*)
FROM geo japan j, geopoint p
WHERE st_contains(j.geom, st_makepoint(x,y))
AND j.n@3 001 like 'ERIRED’
E T HIBEHSDLU = GROUP BY n@3_001,n03_004;
SEMEANART -5

~
n03_001 | n03 004 | count

(123.0, 20.0)

hEHHE™

B ERE | | 105
=25 I mRE | =Ef | 76
e =33 A Oyl LY RRE# | =& | 17
100021 . RE# | HEARX | 67
REE | X | 18
BIER | J\CHT | 105
RRE | EER I 14
REE | BiIRX | 55
RE#E | v M | 7
RRAN | HiE™h | 117
(63 rows)
CPUAR : 24.892s 6 22D

GPURR : 3.733s m_/ =EIL

(154.2, 46.2)
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%> A hDE1T5TE (CPUAR)

postgres=# EXPLAIN (analyze, costs off)
SELECT n@3_001,n03 004, count(*)
FROM geo_japan j, geopoint p
WHERE st_contains(j.geom, st_makepoint(x,y))
AND j.n@3 001 like 'ERIREP’
GROUP BY n@3 001,n03 004;
QUERY PLAN
Finalize GroupAggregate (actual time=248860.443..24880.682 rows=63 loops=1)
Group Key: j.n@3_001, j.n@3_004
-> Gather Merge (actual time=24880.430..24892.342 rows=299 loops=1)
Workers Planned: 4
Workers Launched: 4
-> Partial GroupAggregate (actual time=24855.860..24855.949 rows=60 loops=5)
Group Key: j.n@3_001, j.no@3_o004
-> Sort (actual time=24855.846..24855.865 rows=529 loops=5)
Sort Key: j.n@3_001, j.n03_004
Sort Method: quicksort Memory: 64kB
-> Nested Loop (actual time=50.124..24854.788 rows=529 loops=5)
-> Parallel Seq Scan on geopoint p (actual time=0.120..258.900
rows=2000000 loops=5)
-> Index Scan using geo_japan_geom_idx on geo_japan j
(actual time=0.012..0.012 rows=0 loops=10000000)
Index Cond: (geom ~ st _makepoint(p.x, p.y))
Filter: (((n@3_001)::text ~~ 'BRERED'::text) AND
st_contains(geom, st _makepoint(p.x, p.y)))
Rows Removed by Filter: ©
Planning Time: 0.160 ms
Execution Time: 24892.586 ms
(22 rows)
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%7 A bDE1T5TE (GPUMR)

postgres=# EXPLAIN (analyze, costs off)
SELECT n@3_001,n03 004, count(*)
FROM geo_japan j, fgeopoint p
WHERE st_contains(j.geom, st _makepoint(x,y))
AND j.n@3 001 like 'ERIREP’
GROUP BY n@3 001,n03 004;
QUERY PLAN
HashAggregate (actual time=3725.900..3725.938 rows=63 loops=1)
Group Key: j.n@3 001, j.n@3_004
-> Custom Scan (GpuJoin) on fgeopoint p (actual time=3725.169..3725.415 rows=2646 loops=1)
Outer Scan: fgeopoint p (never executed)
Depth 1: GpuGiSTJoin
HeapSize: 7841.91KB (estimated: 3113.70KB), IndexSize: 13.28MB
IndexFilter: (j.geom ~ st_makepoint(p.x, p.y)) on geo_japan_geom_idx
Rows Fetched by Index: 5065
JoinQuals: st_contains(j.geom, st_makepoint(p.x, p.y))
GPU Preference: GPUO (Tesla V100-PCIE-16GB)
-> Seq Scan on geo_japan j (actual time=0.154..17.959 rows=6173 loops=1)
Filter: ((n@3_001)::text ~~ 'BRHP'::text)
Rows Removed by Filter: 112726
Planning Time: 0.297 ms
Execution Time: 3733.403 ms
(15 rows)
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GPUIRIC[EB DO st

GiST RootJ O W EXPLAIN
SELECT n@3_001,n03_004,count(*)
gle|ele|lelels FROM geo_japan j, geopoint p
31213|3|28|38|8 g WHERE st_contains(j.geom, st_makepoint(x,y))
clelelelele| e iE AND j.n@3_@01 like 'BHIR#HP’
HEIEIEIEIEIRD - GROUP BY n@3_001,n03_004;

/ \ QUERY PLAN
GroupAggregate
Group Key: j.n@3 001, j.n@3_004
-> Sort

Sort Key: j.n@3_001, j.n03_004
-> Nested Loop
-> Seq Scan on geopoint p
-> Index Scan using geo_japan_geom_idx on geo_japan j
Index Cond: (geom ~ st_makepoint(p.x, p.y))
Filter: (((n@3_001)::text ~~ 'EIREF') AND
st_contains(geom, st_makepoint(p.x, p.y)))

/

HSNUs. BASHICERFICHY LRI N (9 rows)
(COBET BREY ML) =Et

| PostgresQLDIZE. Index(CAFBET DRI DML, IndexZ AW TIRIE SR TZERDE L
ERICUNMTRIRAV. DED. ERNCERERDITITVFIFEET B,

| GPUIRGISTA > 7w O RTI(E. Fsb BASHCRMICEEURVWIY MU ] DleafBRZ D
{E9 Bz, AESMESBERQRFFIOFTEZITOEIIRL,

> [1BEMPOFT—FIMNSEII0TDARY MEFTZERDET] SV T8N BBEI(C.

BEDGISTA > 7 v IRERKIDEEH (@<,
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INGR) B&o EREIUTES

postgres=# EXPLAIN SELECT n@3_001,n03_004,count(*)
FROM geo_japan j, geopoint p
WHERE st_dwithin(j.geom, st_makepoint(x,y), ©.004)
AND j.n@3 001 like 'ERIREP’
GROUP BY n@3_001,n03_004;
QUERY PLAN
HashAggregate (cost=1936845.15..1936893.73 rows=4858 width=29)
Group Key: j.n@3_001, j.n@3_004
-> Custom Scan (GpuJoin) on geopoint p (cost=159401.97..1480539.90 rows=60840700 width=21)
Outer Scan: geopoint p (cost=0.00..163696.15 rows=10000115 width=16)
Depth 1: GpuGiSTJoin(nrows 10000115...60840700)
HeapSize: 3113.70KB

IndexFilter: (j.geom &&! st_expand(st_makepoint(p.x, p.y), i

i '0.004': :double prec151on)) on geo_japan_geom_idx

JoinQuals: st _dwithin(j.geom, st_makepoint(p.x, p.y), '©.004' ..double precision)
GPU Preference: GPUO® (Tesla V100-PCIE-16GB)
-> Seq Scan on geo_japan j (cost=0.00..8928.24 rows=6084 width=1868)
Filter: ((n@3_001)::text ~~ 'BRHP'::text)
(11 rows)

st_expand()

v 5181 (m) % T ARICEIER(ER IZ LR
U T ER Rl ZIR T,
> TN EGISTA > 5 W 27 X DBounding-Box/Ht 0.004
HIBMRIZF TIE, st_dwithin)H"EERD
AlEEEN D B,

0.004
| —— st_makepoint(p.x, p.y)
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U7 )IVFA LT —F DDz D
GPUXEU X ~J7 (Gstore Fdw)
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0T/ M2MT — D=1 T+ 2)L & PG-StromDELEE

L )
AT
Q. o= T4
| werozo—T
——‘;"

- RE: -
REET —YDRF - HH U PG-StromihERE

BFR5T—4 ~ Apache Arrow ity
(Fa1B~) (Arrow_Fdw)
SSD-to-GPU
Direct SQL
BRIN-Index

PostGIS / JSON data support
Runtime GPU Code Generation

HIEEH T —4
) GPU Memory Store
T ILS A AT —4 .- (Gstore_Fdw)
FRRH

SRR E T & R AR LI DM 3L

=28\
_u
-
-
——

%
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B= iR

| GPULIRR B XAEYUF =LY
O @8%. GPUIIPCI-E/\RZITUTIRA R AT AEERT Do
O PCI-E Gen 3.0x16L—> 12 &, AAMI16GB/s [ LHMVRLY]
TO>TRO>TOLAT 2 EF B+~ OOESN]L,
O DRAMODERIXIRE (F140GB/s TL1F > > (F100nsT2E
B ULY/L2(CE D TUOWNUTEInsEE{iL T )70t X B]8E

HE : https://gist.github.com/eshelman/343alc46cb3fbald2clafdcdeecl7646

| SV\EFEE
O L1005 /)17 X108 (C—E. .
IREMNEZEFH I DIR5? GPU 500GB/s II?'(X;\CIT

> Bl UPDATE Z&E#10/5[E1ZE T,
= 1.0sec / 103 = 10us

| U7IILEA LIS T DEEE
O FIAEMRE. ST LZL\DIE. 4 )
[ Z DR TODERITDIREE | CPU = RAM

S BTEEDHT/\WF, TITBEALER,

PCI-E

16GB/s Gen3.0

140GB/s
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Gstore Fdw )’ —F7 T F v

REDOOTZFIA U TGPUXEUAIZIERIERICERT D,

BT T OFERITHICEHRZEAR I NITREESD |

FHRUIBT(
—tIGPUIC A W F L7

Device
Memory
Store ( )

GPU
PostgreSQL Backend
INSERT O — (oLTPR)
UPDATE I O04Bsg - J
DELETE O N
PostgreSQL Backend
Host Memory REDO Log (OLTPXR)
Store Buffer \ J
4 )
PostgreSQL Backend
(OLTPXR)

Storage R 3-" ~ o
/ Base File Redo File
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Gstore Fdw )’ —F7 T F v

REDOOTZFIA U TGPUXEUAIZIERIERICERT D,

BT T OFERITHICEHRZEAR I NITREESD |

BF 2L RTEE GtPU KerI"e'
FE—RCHEATES | roamply

1 REDO Log l

Device -
@GPUSII—=R)LDFCEN
Memory
Store
PostgreSQL
. R BG-Worker
I ORBRDOOVIE | (Gpy)ty 77 &1m)

Host Memory REDO Log
Store Buffer

Storage < » <P <
Yy Base File Redo File
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Gstore Fdw )’ —F7 T F v

REDOOTZFIA U TGPUXEUAIZIERIERICERT D,

BT T OFERITHICEHRZEAR I NITREESD |

SQUUUEEMDHEI(C REDO O % GPU Kernel GPU Kernel
BRAINIE, dE(EFHS | to apply | to execute <«
(—EHEHNMREND) l REDO Log I\SQL
Device N
GPU Memory @GPUI—R)LDICEN
Store
PostgreSQL
I DFBAS OO (ﬁ?@;?f{?gu
Host Host Memory REDO Log
Memory Store Buffer

Storage 4 W "-\/' <
/ Base File Redo File

PostgreSQL Conference Japan 2020 - GPUAMR < IBIEER S T D i =15 #b I @ HeteroDB



Gstore_FdwANEBT—TJILODTE S

CREATE FOREIGN TABLE ft (
id int,
x float,
y float,
z text
) server gstore_ fdw
options (gpu_device id '1',
base file '/opt/pgdata-dev/ft.base’,
redo log file '/opt/pmem-dev/ft.redo’,
max_num_rows '4000000",
primary key "id');

(ffE)
O base_file[ANVMER b —= F(CEEE T DDNEFE UL,
v mmap(2) U TI\A RERIDS A LT IOTCANLSHET B8,
PMEMDILIR 77 D ADEBEEMREEE U TCRATUE D,
O redo_log_file[ZPMEM_E(CECE T DDMNEFE UL,

v NS> HY023>o=w MNEFICREDOOD kit T DMHENH DI,
BiEZTH UOHEN, HIHDWEATCPUF v 12TovI 193,
GE(CTOY OF7) A DK Diafsyncl IHETRLAY)
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BENIBD)N T A - >R (1/2)

--- 20017 A
INSERT INTO ft (SELECT x, 1@0*random(),
100*random(),
md5(x: :text)
FROM generate_series(1,2000000) x);

--- PRRICRII Clex,yZ2 S5 >4 AIMETESH
--- (pgbench TOSA 77> bEY : 207 1ETE)
UPDATE ft SET x = 1@0*random(),
y = 100*random()
WHERE id = (SELECT 20*(100000.0*random())::int + :client_id);

-~ FYTEE
EXPLAIN ....;
QUERY PLAN

Update on ft (cost=0.02..100.03 rows=10000 width=58)
InitPlan 1 (returns $90)
-> Result (cost=0.00..0.02 rows=1 width=4)
-> Foreign Scan on ft (cost=0.00..100.01 rows=10000 width=58)
Filter: (id = $0)
Index Cond: id = %0
(6 rows)
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BETNIBD/N T A —< >R (2/2)

$ pgbench -p 6543 postgres -n -f test.sql -c 20 -j 10 -T 10
transaction type: test.sql

scaling factor: 1

query mode: simple

number of clients: 20

number of threads: 10

duration: 10 s

number of transactions actually processed: 1236401
latency average = 0.162 ms

tps = 123631.393482 (including connections establishing)
tps = 123674.819689 (excluding connections establishing)

(1#E)
O £ZHMEOY O TEEU CWVWBEMMMNSD. 951472 bMIH20Z2 X 15100 T
HFDIGH D,
> AtomicEE(CKDEFIRZ . YILFGrPUILICKBHHMEOY BB DR E

O PostgreSQLODIBET—JJL (on NVME-SSD) :
20754 77> 65k TPS. 802751 77> 160k TPSIEE

O @8E—JILESERT—TILOREOS W IDEW TR T D 2R (FARAREE
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RFRWIBD/)\N T A -T2 X (FB5)

--- GpuScan (GPUhRPostGIS) + Gstore_ Fdw

=# SELECT count(*) FROM ft
WHERE st_contains('polygon ((10 10,90 10,90 12,12 12,12 88,90 88,90 90,¥
10 90,10 10))’, st_makepoint(x,y));

200 5Bl DPointh 5,
FEEMBIADEZ DT> ~
Time: 75.466 ms

--- BEHhRPostGIS + PostgresQLT—JJL
=# SET pg _strom.enabled = off;
SET
=# SELECT count(*) FROM tt
WHERE st_contains('polygon ((10 10,90 10,90 12,12 12,12 88,90 88,90 90,¥
10 90,10 10))', st makepoint(x,y));

Time: 332.300 ms

43 PostgreSQL Conference Japan 2020 - GPUDSHR< i IBIEER 5 T D Fi -7 i T @ HeteroDB



Gstore_FdwHEBEDS1E WP

| szt
O YJLFGPU (RILF)Nw T 7) ANDXFIG
v GPU/\w T 7BE=DILKE. DITEFICEREDGPUNEEZE|DIRB3IR.
v BRRFOEMO Y U %Z& DRl S B D3R,
O #kEcHY/RY J D 1 )7 MmEE

| 757 Rigis
O {ESRDNVME-GPUBIE T A —H X EEIRD,
GPUDH T AT LZIEK TEBI=H/\— RO T 7EHELEEUN,

EFIIEA NC12s v3 NC24s v3

vCPU 8 core 32 core 64 core 6 core 12 core 24 core
RAM 61GB 244GB 488GB 112 GB 224 GB 448 GB
GPU 1xTeslaV100 4xTeslaViO0 8xTeslaV100 1xTeslaV100 2xTeslaV100 4 x Tesla V100
(16GB; 5120C) (16GB; 5120C) (16GB; 5120C) (16GB; 5120C) (16GB; 5120C) (16GB; 5120C)
7D;§§> ® 4.194USD/h 16.776USD/h 32.552USD/h ¥469.73/h ¥939.46/h ¥2066.85/h
X AT RBEE. SHERY -3 > ORGKOHEAM (2020/11/113R7F) TEE#K.
Microsoft
amazon AL
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oI K
(I—H, SRERFIE) C&(C. SHRIUIEBRDEZ &=t

allfl

TRUNCATE train_visit_summary;
INSERT INTO train_visit_summary (
-- EFSHRERZES T —JILICRBFLUTHEE. WebBEHEDRREFIC
-- RIGRIOENEFEEEZHTLHIT D,
WITH cte station visit AS (
SELECT DISTINCT s.pref_cd, s.station_cd, u.uid
-- AR UTZBRO— R, Z20#EM[EI— R, 1—Y10%
-- BEERUTED®HT
FROM train_station_list s, train_user_station u
-- BROfIEE, I—YDFT v I IEREESET D
WHERE st_dwithin(st_makepoint(s.lon, s.lat),
st _makepoint(u.lon, u.lat), ©0.004)
-- BROMIE LI Y DOF v U1 VIBROAEN —ELEAN CFEI N,
-- TOBRZFHEUIZBED EHLT,
AND s.station_cd = s.station_g cd
)
SELECT v.pref_cd, v.uid, count(*)
INTO train_visit summary
FROM cte_station_visit v
GROUP BY 1, 2

)5
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X1THER (CPU)

QUERY PLAN
Insert on train_visit summary (actual time=564337.937..564337.937 rows=0 loops=1)
-> Subquery Scan on "*SELECT*" (actual time=561347.255..564263.657 rows=222985 loops=1)
-> GroupAggregate (actual time=561347.253..564245.853 rows=222985 loops=1)
Group Key: v.pref _cd, v.uid
-> Sort (actual time=561347.227..562318.377 rows=18041063 loops=1)
Sort Key: v.pref_cd, v.uid
Sort Method: quicksort Memory: 1632107kB
-> Subquery Scan on v (actual time=534684.752..543837.130 rows=18041063 loops=1)
-> Group (actual time=534684.748..542789.954 rows=18041063 loops=1)
Group Key: s.pref _cd, s.station cd, u.uid
-> Sort (actual time=534684.737..538315.419 rows=31188357 loops=1)
Sort Key: s.pref_cd, s.station_cd, u.uid
Sort Method: quicksort Memory: 2248387kB
-> Nested Loop (actual time=0.072..485222.366 rows=31188357 loops=1)
-> Seq Scan on train_user_station u
(actual time=0.010..2436.186 rows=23969240 loops=1)
-> Index Scan using train_station_list_st_makepoint_idx on train_station_list s
(actual time=0.018..0.019 rows=1 loops=23969240)
Index Cond: (st _makepoint(lon, lat) &&
st_expand(st_makepoint(u.lon, u.lat), 0.004))
Filter: ((station_cd = station_g cd) AND
st_dwithin(st_makepoint(lon, 1lat),
st_makepoint(u.lon, u.lat), 0.004))
Rows Removed by Filter: 1
Planning Time: 0.241 ms
Execution Time: 564369.525 ms
(21 rows)
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X1THER (GPU)

QUERY PLAN
Insert on train_visit summary (actual time=29994.448..29994.448 rows=0 loops=1)
-> Subquery Scan on "*SELECT*" (actual time=29873.410..29925.354 rows=222985 loops=1)
-> HashAggregate (actual time=29873.407..29911.557 rows=222985 loops=1)
Group Key: s.pref_cd, u.uid
-> HashAggregate (actual time=22546.625..26156.456 rows=18041063 loops=1)
Group Key: s.pref_cd, s.station_cd, u.uid
-> Custom Scan (GpuJoin) on train_user_station u
(actual time=614.179..14651.453 rows=31188357 loops=1)
Outer Scan: train_user_station u
(actual time=49.108..2245.314 rows=23969240 loops=1)
Depth 1: GpuGiSTJoin
HeapSize: 992.73KB (estimated: 13.12KB), IndexSize: 928.62KB
IndexFilter: (st_makepoint(s.lon, s.lat) &&
st_expand(st_makepoint(u.lon, u.lat), 0.004))
on train_station_list_ st _makepoint_idx
Rows Fetched by Index: 33137684
JoinQuals: st _dwithin(st_makepoint(s.lon, s.lat),
st_makepoint(u.lon, u.lat), 0.004)
GPU Preference: GPUO (Tesla V100-PCIE-16GB)
-> Seq Scan on train_station_list s
(actual time=0.020..2.591 rows=12542 loops=1)
Filter: (station_cd = station_g cd)
Rows Removed by Filter: 2534
Planning Time: ©0.513 ms
Execution Time: 30087.473 ms
(19 rows)
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O GitHub: https://github.com/heterodb/pg-strom

O Document: http://heterodb.github.io/pg-strom/ja/
O Contact: Tw: @kkaigai / X kaigai@heterodb.com
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