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mongoing PostgreSQL
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MPP

- massively parallel processing

- RHRHTHE
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)\tlgl_:

WRam: FITIEIEE
Es

%H]ﬁé*u = *TE*’]/U/\ J?&*E

2]

illl
(Tl

CREATE TABLE orders (id serial,
order date timestamp)
Distributed by (id);,

Pivotal Confidential-Internal Use Only 6



£ RFFITEIRT X

SEGMENT 2 SEGMENT 1
O | - — > — — — — — — = 1
| SLICE 3 | | SLICE 3 |
| [ |
[ [
________________________________ |
Gather Gather
Motion Motion
SELECT customer,
amount T T
FROM orders
JOIN customer Hash Join Hash Join
USING (cust 1id)
WHERE date=2008; / \ / \

R istribute
Motio

T T

SLICE 1 SLICE 2

Pivotal Confidential-Internal Use Only 7

Hash

Y

|

Hash istribute % ]
Motion

{ Table Scan :| { Table Scan :|

SLICE 2 SLICE 1
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master
e

{

QD process

slice 3
A A
.
Y ¢
QE process QE process
sllce 2 slice 2
A ~.::’.=::—V A
! Teeee. $
e |
QE process QE process
slice 1 slice 1
o .
segment1 segment?2

8
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Greenplum (MPP)

Standby @
Master

Segment Host

i

Segment Host

Segment Host Segment Host

€ : €

—_—_————- - —

Oracle (SMP)

Public Network

Node 1

Oracle RAC
Instance 1

Oracle ASM
Instance 1 (Optional)

a.k.a. Cluster Interconnect

Oracle Cluster
Ready Services

Operating System

e \irtual IP AdAresses s———

Private High Speed Network

Node 2

Oracle RAC
Instance 2

Oracle ASM
Instance 2 (Optional)

Oracle Cluster
Ready Services

Operating System

Oracle Database on
Shared Disk Storage
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OLAP

- Online Analytical Processing

- BRAG AL E



Gartner 20198 AT 1T IR &

Teradata --- 3.73
Oracle (Oracle Exadata) _-- 3.54
Pivotal (Pivotal Greenplum) --- 3.49
SAP (SAP HANA) | EEE
Google (BigQuery) || BBy
Micro Focus (Vertica) --. 3.26
GBase (GBase 8a) | | EPE

IBM (Db2) | B
Snowflake --l 3.22

Amazon Web Services (Amazon Redshift) --l 3.16
Microsoft (Azure SQL Data Warehouse) --I 3.15

Alibaba Cloud (MaxCompute) _-I 3.08
Huawei (FusionInsight Big Data) --1 3.03
MarkLogic I : o

MapR Technologies (MapR Data Platform) -- 292
Hortonworks (Hortonworks Data Platform) -- 2.81
Cloudera (Cloudera Enterprise) -- 2.79
Arm Treasure Data -- 2.78
Neod; | PRE

Pivotal Greenplum scored highly this year
in all four use cases, positioning among the
top vendors in all bar the
context-independent data warehouse use
cases. This reflects one of the major trends
in the DMSA market this year: rediscovery.
End users are turning to traditional
technologies in order to meet their DMSA
requirements, and Pivotal Greenplum’s
strong capabilities here as an MPP
relational database are well-showcased




H i OLAPH

KX FhE BE R ORCA

K. [E4E BYAEG), B ORE £ i iL 2

Madlib: Hl38% > E RS P AR TE

HUR ERFTEEVIZGFNFON., 572 St ZiES TERAES. XERDE RS
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B TF 1

cust_id amount
n HEESE4E

T il 1

n ARSI LMERARRELES =X

Compressor name Ratio

zstd 1.3.4 -1 2.877
zlib 1.2.11 -1 2.743
brotli 1.0.2 -0 2.701
quicklz 1.5.0 -1 2.238
1zo1x 2.09 -1 2.108
1z4 1.8.1 2.0
snappy 1.1.4 2.091

Compression
470 MB/s
110 MB/s
410 MB/s
550 MB/s
650 MB/s
750 MB/s

530 MB/s

Decompress.
1380 MB/s
400 MB/s
430 MB/s
710 MB/s
830 MB/s
3700 MB/s

1800 MB/s

Pivotal

Pivotal Confidential-Internal Use Only
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X
SELECT COUNT (*)
FROM orders

WHERE order date >= 'Oct 1 2007’
AND order date <= 'Oct 31 2007

Segment 1A lSegment 1B i;egment 1C S]egment 1D

CCRC

Segment 2A ISegment 2B SI;egment 2C Siegment 2D

Segment 3A  [Segment3B  $egment 3C  Jegment 3D

(XX $34 orders =2017FE+ AR HIEFTEM S XC

Pivotal Confidential-Internal Use Only 14
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1% & 1]

WITH RECURSIVE included parts (sub part, part,
quantity) AS (

= SELECT sub part, part, quantity FROM parts
- > 2:|= n ' ’ 7
IR REGH WHERE part = 'our product'
UNION ALL
\‘ \ :|: .
= BPREE SELECT p.sub part, p.part, p.quantity

FROM included parts pr, parts p
WHERE p.part = pr.sub part
)
SELECT sub part, SUM(quantity) as
total quantity
FROM included parts
GROUP BY sub part

Pivotal Confidential-Internal Use Only 15



SELECT last name,
salary,
department,

= HEBHTER A ey i) OVER

[B]FRAY 2 F0 WINDOW w as (PARTITION BY department

ORDER BY salary DESC)
n DERNEFEERENER

last name

45000 Accounting
Williams 37000 Accounting
Smith | 55000 | sales
Adams 50000 Sales
Johnson 40000 Marketing

Pivotal

Pivotal Confidential-Internal Use Only 16



ORCAfILZR

BUSFRRH, M aICHITTRR

HFCascades / VolcanotEZR, Goetz Graefe

RIES X KETE RGP X AHNES

B EME X FEIA DARREXNTH

7S5 X R



Madlib: =X F 17T 2 1

R— Transition
I ’ s Y e — MR H B
BB TSI FE — | TR
model = init (..) .
WHILE model not converged
model = ' Merge
SELECT 2 El?l;;&
model .aggregation (..) Master
FROM
data table : [BRE=
ENDWHILE FinalEH2% Segment 2
3
Segment n

Pivotal.



Madlib: PageRank 4 &E

Mean edge degrees per node = 50

(1Ms) 6.0
5.0 5017 &5k
(&)
® (10K s) 4.0
£
2
£ 3.0
g
$ (100s) 2.0
1.0 0.6
(1s) 0.0 Greenplum& &
3.0 4.0 5.0 6.0 7.0 8.0 e 1 master
(1K) (10K) (100K) (1M) (10M) (100M) e 4*6 segment

Note: log-log scale log (num vertices)

I?Pivotal.
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“IEECH X HRI AT, fEPivotal TE, AfHEE
NIR, F— T AL FIEXEE Peter’ BLHEH
‘Pavan’, I HERT24/PBIM— 8 ELGFE
B8 E m 5 E2KMAIATM A _ERH T 2 F
$2009 L&

Pivotal



drop function if exists get people(text,text,integer,integer,float,float); A
CREATE FUNCTION get_people(text,text,integer,integer,float,float) RETURNS integer Greenplum*ﬁﬁﬂ%ﬁ$p—t

GPText.search() E %1 7]

& .
deciare ElSoundent WL UAERE— 1 AE
tljzgl;c]hk integer; v1 recorfd; v2 record; ‘Pavan'si Peter’ Pivotal Z{E

execute 'truncate table|results;’';

for vl in select distin¢t ajid,a.firstname,a.lastname,amount,tran_date,c.lat,c.lng,address,a.description,d.score from peo

c,

e a,transactions b,location

(SELECT w.id, g.scor

people w, (gptext.search(TABLE(SELECT 1 SCATTER BY 1), 'gpadmin.public.people’ , 'Pivotal’, null) f

WHERE (g.id::integer)Vv= w.id order by 2 desc) d

where [soundex(firstname)=soundex($1) Jand a.id=b.id and[amount > $3|<and—extractepechSrom tran—date—

&% >
w()))736ee<-%4  $200

and st_distance_sphere(st_makepoint($5, $6),st_makepoint(c.lng, c.lat))/1000.0 <= 2.9 and b.locid=c.locid and a.id=d.id
loop
for v2 in select distinct a.id,a.firstname,a.lastname,amount,tran_date,c.lat,c.1lng,address,a.description,d.score from people a,transactions b,location
C,
(SELECT w.id, q.score FROM people w, gptext.search(TABLE(SELECT 1 SCATTER BY 1), 'gpadmi blic.people' , 'Pivotal', null) g
WHERE (q.id::integer) = w.id order by 2 desc) d
where soundex(firstname)=soundex($2) and a.id=b.id and amount > $3 and[(extract(epoch from tran_date) - extract(epoch from now()))/36R0 < §4
and st_distance_sphere(st_makepoint($5, $6),st_makepoint(c.lng, c.lat))/1000.0 <= 2.0 and b.locid=c.locid and a.id=d.id
loop
execute 'DROP TABLE IF EXISTS out, out summary;';
execute 'SELECT madlib.graph bfs(''people'',''id'',"''links"'',NULL,'||vi.id||',"'out'");"'];
select 1 into linkchk from out where dist=1 and id=vZ}id;
if linkchk is not null then
insert into results values (v1.id,vl.firstname,yl.lastname,vl.amount,vl.tran_date,vl.lat,vl.1lng,vl.address,vl.description,vl.score)j
insert into results values (v2.id,v2.firstname, .lastname,vz.amount,vz.tran_date,vz.1at,v2.lqg,vz.address,vz.description,vz.score);
end if;
end loop; - o S e
end loop; Greenplum MADIib BFS & ;XA LA Greenplum Time Bt 24 Greenplum POSTGIS Ex %4
return ©; MERNTZEEEEEIEIKSR JINBF P B B R et ] st_distance_sphere() and
end ’ : : N Yo ¥
st_makepoint() ITTEHRTELZ
$$ LANGUAGE plpgsql; - P () -l_% HERE %

-- personl , person 2, amount, duration in hours, longtitude, latitude (in question)
select get_people('Pavan', 'Peter',200,24,103.912680, 1.309432) ;

Pivotal
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GreenplumfE BE4R 175 H|
ig Instance counts by Version PROD Environment Counts
25 16
W4.3.22+ 144
20 W56+ 12-
15 10
25 m Count
oun
10 6 -
5 - 24 TR Lo
2 —
o - 2R 2015 |EL 40T R o 4
test prod
600+ ARZ52%, 13k+ #%, 81PBTFfik (18K
#)
. 2.5PB g} 25PB [RIA 17 R 10xEHEHE
i} ) PROD PROD Space usage (compressed)
Cumulative Usable PB Storagtc
45 1200
40 1000 1000 M size (TB)
35
30 800
25 600
20
20 400
15
10 2 200
5 4 o]
o 4 minm NN , ,

2014 2015 2016 2017 2018



https://www.slideshare.net/Pivotal/greenplum-a-pivotal-moment-on-wall-street-greenplum-summit-2018
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- Online transaction processing
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H & BOLTPEH ¢

KEBAPE Greenplum 6 838
o ITHTFiE o JFAEL. MR
o X5 o ZRGMEMIMILEZFIHI
e EENXK

o STEMIEHIEK

Pivotal



T\ FE

u BROLTPHE;

m = RSCE SO B

. EAEFEEIIEZHIIFES
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<10msB93i7 9]
B8], B{E =2
FZ&I1EF

<~ 100 F~[EM&

1h 38 2 |5
X 1

Gre

enplumXX FLL T &SI

Btree

Bitmap

Gist

GIN

BRIN (F%4H)



EE7D A

SELECT *
FROM orders

WHERE id = 1;

Pivotal Confidential-Internal Use Only

UPDATE orders
SET cust_id = 2
WHERE id = 2;

Segment 1A

ISegment 1B

egment 1C

gment 1D

E = E =
E = =
= 3
E 3 E 3
e = e 3
E S E 3

Segment 2A

CCRCET

[Segment 2B

$egment 2C

Jegment 2D

Segment 3A

'ﬁegment 3B

W

$egment 3C

Jegment 3D

Pivotal
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Greenplum 6 : 3+ % Uil F0 73 % =X 5 $oi 460

)
A B
e e,
: A =
update t1 set ... where id=1 - LAN \ ) /"g
Cme—— (‘ _—
Client = . 2’ g
" B =
begin =
B
update t1 set ... where id=2 g
.
update t1 set ... where id=1 é.E;E_ _g_
<
FiAs £
xid lock on seg O 1 8
<t [
— NE |
update t1 set ... where id=2
Master Host
xid lock on seg 1
* \_ Segment Host
A B gpconfig -c ‘gp_enable_global_deadlock_detector’ -v on

Pivotal
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Greenplum 6: $iif015 S RILAE

m  KIEBAESSIF IR FOLE RATAI$0 A 2
m HBRFEICRIEERE (BB SELECT) B9 428
n HHEERXRIFESL (BEGIN-SELECT-END) FIFM EXIZR (FF& )

m fastpath$ii (PostgreSQLE F)

Pivotal Confidential-Internal Use Only 31



TPC-BEEMNIL : I 157

EFAI;EFA (Google Cloud Platform, B#GCP), 54T EEIEHMER, ad—
“masterEHLFIE 1 segmentEH, masterfllsegment BV ENNWEBEFBRINT

master segment
ik R R i n1-standard-16 n1-standard-8
CPU## 16 8
AEFEX/IN(GB) 60 30
CPU¥&E Intel Haswell
FHEsR SSD persistent disk
FHEK/N(GB) 512
Linux%& 1ThiR Ubuntu Linux 18.04
Linux 4%kl A 4.15.0
GCChAK 7.3.0

Pivotal Confidential-Internal Use Only 32



TPC-BE&EM : SELECT

7|

ES

| 351%E"]TPS¢'E'I=}I' @ Greenplum6 @ Greenplum 5
. _ . 80,000.00
m master CPUE AR KIEIRS
. . 60,000.00
m  TPSB#EmMaster CPUREIE MNE]
512
& 40,000.00
a
m 227 TPS (192#% B & E
20,000.00
, master+18 segments)
0.00
0 50 100 150 200

F R R

Pivotal Confidential-Internal Use Only 33



TPC-BEEM : UPDATE

T
u ?%H%#ﬁ%&#%'li @ Greenplum6 @ Greenplum5
8,000.00

m  7O0fERITPSIEFH

6,000.00

4,000.00

TPS

2,000.00

0.00 [ e D DD D N R DD DB DD DD
0 50 100 150 200

FR R
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TPC-BEAEMI : INSERT

BREAN
[ | Hl%{ETPS?EﬁZ%M% @® Greenplum6 @ Greenplum5
20,000.00

15,000.00

10,000.00

TPS

5,000.00

0.00

0 50 100 150 200

FHRER
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TPC-BE:AEM)5

R
H
0

= IE{ETPSIEF60ME TPCB
@ Greenplum6 @ Greenplum5

BEGIN;

5,000.00
UPDATE pgbench accounts SET abalance =
abalance + :delta WHERE aid = :aid; 4,000.00
SELECT abalance FROM pgbench accounts WHERE 3,000.00
aid = :aid; %)

=
2,000.00

UPDATE pgbench tellers SET tbalance =

tbalance + :delta WHERE tid = :tid;
1,000.00
UPDATE pgbench branches SET bbalance =
bbalance + :delta WHERE bid = :bid; 0.00
0 50 100 150 200

INSERT INTO pgbench history (tid, bid, aid,
delta, mtime) VALUES (:tid, :bid, :aid,
:delta, CURRENT_TIMESTAMP) ;

FR R

END;

Pivotal
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Gartner /N Rl 7R B 2%

Data as a Service
File Analysis D@, ~ SOL Interfaces to Cloud Object Stores

Data Classification . :
@ Event Stream Processing

Machine Leaming-Enabled A g m.wc:::TAP

Data Management B Multimodel DEMSs Database Platform as a Service
B —— Data Preparation In-Memory Data Grids
~ Distributed Ledgers Data vmuallzat_lon
Data Lakes Point-of-Decision HTAP A |
: Graph DBMSs Content Migration
Private Cloud dbPaaS C Spark
A Information Stewardship Applications >
Metadata Management Solutions ~ > Analytical In-Memory DBMS

& .
Cross-Platform Structured %‘;lte'?nf;se lntfmm:tno.: Archiving
Q  Data Archiving ~ & integration Too:
® - SaaS Archiving of Messaging Data
DataOps Appiication Data 0s‘ Document Store DBMSs
Management v 0.0, Logical Data Warehouse

Key-Value DBMSs In-DBMS Analytics

iPaasS for Data Integration
Master Data Management o

W s Hadoop SQL Interfaces
e-Column DBMSs Operational In-Memory DBMS

20 Oan®

expectations

As of July 2018

Peak of
Inflated
Expectations

Innovation
Irigger

Trough of Slope of Plateau of
Disillusionment Enlightenment Productivity

time

Plateau will be reached:

O lessthan 2 years @ 2to 5 years @ 5to 10 years A more than 10 years @ obsolete before plateau



OLTP-OLAPH 3L 5f3E

= SCATE
= HIERT EZH
m NEAEZH

OLTPEL#E B OLAPEUE B



HTAP

BEFORE HTAP

ANALYTICS

OPERATIONS

ANALYTICS &
OPERATIONS

Ry R

T
A
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HTAP = ?

m  EEBMOLAPHE
. HEROLTPHE
m BTFIE

" AMWIFLMEZREREE
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AL B X BB A =t

s N\ N N N O N (O N (O N\ (O o) (00
118 10A 9AH 8 A 7H 6 A 5H — S ] Z &R
[ ] [ ] ]

[ ] [ ] [ ]
== == [ I I
N\ J J ) ) —
(& L VRN J
L Y J L ' )\ Y )
fTHfE B SNz
WEIEZLREEIEL S - HEFMEEESEYS . EE%T&?E%DZ"‘%‘%HIEE‘J%&
Z SR EHAIMIR . BT ERTEE ﬁﬁgg;ws REHAh
AO EEAHF{EAMMAL - FRIIFALMERFEESEAX: zstd, gzip .
(1-9), quicklz, delta, RLE - RETEMA R
Text, CSV, Binary, Avro,
Parquet #& =X

Pivotal
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HEREE

m pgbouncer
m &iR4H (resource group)

create resource group rgl (cpu_rate_limit=20, memory_limit=10, concurrency=5)



RBEER CPUEAZIEFMER

Resource Group rg_big CPU Usage

20%““‘}" | H \SmARIRtIE
HI HIH"H“”Hg"“'f”w!‘w';!'l"l.‘| |7|!v1'{‘.’|""lfll'|?|1|'|rii[‘

14:31:30 14:32:00 14:32:30 14:33:00 14:33:30 14:34:00 14:34:30

CPU Percentage

14:35:00 14:35:30 14:36:00

== rg_Ccpu_usage.mean

Resource Group rg small CPU Usage

CPU Percentage

w
i LT

0%
14:31:30 14:32:00 14:32:30 14:33:00 14:33:30 14:34:00 14:34:30 14:35:00 14:35:30 14:36:00

== rg_cpu_usage.mean




CPU, E&E18EIR

System CPU Usage

CPU Percentage

12:45:00 12:45:30 12:46:00 12:46:30 12:47:00

0%
12:42:30 12:43:00 12:43:30

—_— Sys.mean Min: 0% Max: 81% Avg: 58% Current: 80%

Resource Group rg_big CPU Usage

(<2}
B0
<
-—
[ =
D
=
=
DL
o
=
[~
o

12:45:00 12:45:30 12:46:30 12:47:00

0%
12:42:30 12:43:00

- rg cpu_usage.mean

short query response time

ms
ms
ms
ms

ms ——
O pus
12:42:30 = e Hele) 12:45:00 12:47:00

- short_query duration.mean

STE JEIR, CPUSETH4ETE : create resource group rgl (cpu_set="4,5’, memory_limit=10, concurrency=5)
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segmentZk

SET S
pe
IS,

H
T

JRZH

Eif

£ BsegmentZ}

SET S
pe
IS,

JRZEA

%

Vs
Greenplum Segment Host Memory »
Vs

Segment 1 Segment 4 ¢

B I
v > g
gp_resource_group_memory_limit % L

CREATE RESOURCE GROUP rg_sample
WITH ( CONCURRENCY = 8,
CPU_LIMIT = 30,
MEMORY_LIMIT = 60,
MEMORY_SHARED_QUOTA =50)

rg_sample
Shared

Segment N

Transaction Slot #1

Transaction Slot #2

Transaction Slot #8




SELCT
diskquota.set_schema quota
('s1','1 MB');

SELECT
diskquota.set role quota
(‘u1’,'1 MB’);

: ﬁE
m 23]
IT1 Y
Master
Qo Disk Quota Worker

cancel —

query »| Quota Sefting Store

ba”d o. ' - - '-.\‘ '4

detect active
table by smgr
hooks

SPI Function l

O

detect active
table by smgr

periodically refresh Checker
quota model to
generate blacklist periodically
fetch active
table size
pd AN
SPIPULL SPI PULL
Segment /7 Segment

hooks

SPI Function




300A/s

1100ms

170ms

500ms

16

12

18

BiER | AEH | BTE | R5ITH | FERE | BAER | THRNE | BIKHE | BARE

9.812

B (500ms™1s)

fnZ;:100A/s

VT SE

8]

A

18 1 kafkal

B HE 10003 % : 1sAR [E]

FHLI] (ms)

.

*

- - AR

s

1400

SR XEXE : sP R [E]

1200

1000

800
600
400 -
200

15:28:48 15:29:31 15:30:14 15:30:58

15:28:05

15:27:22

15:25:12 15:25:55 15:26:38

15:24:29

15:23:46
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mongoing
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Greenplum 6.x/7

m PostgreSQLA F :BRINZE 5| F0F 17314
n HIFAEZHMI
n HMEBIOMEFEEIE

H Eglﬁﬂﬁ"



3t X : http://greenplum.cn

SCHY - https://apdb.docs.pivotal.io/6-0Beta/main/index.html

{85 : https://qithub.com/greenplum-db/gpdb

HFMIERERERS], FEERMX AR
BFENAMIE, SHEAR

QQE#

GreenplumDB
(o ki


http://greenplum.cn
https://gpdb.docs.pivotal.io/6-0Beta/main/index.html
https://github.com/greenplum-db/gpdb

