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1 Abstract

Making regular database backups and WAL file archives have become an essential and imperative
maintenance task and point-in-time recovery strategy for anyone who is responsible for a database.
There are many reasons why database backups should be taken regularly; reasons such as preventing
data loss during hardware failure, improving productivity by analyzing historical backup data, or simply
having a peace of mind in the event of cybercrime or system level disasters knowing that there is a
backup to restore a company’s archive.

Over time, systems will grow. This is particularly true for database activities as more users, customers,
products or transactions contribute to the increasing sizes of database systems. This imposes a
challenge for database administrators as the backup process could become more complicated and time
consuming with the database growing in size exponentially.

HighGo Postgres Server (HG-PGSQL) is packed with a much-anticipated performance upgrade by
introducing parallelism to full database backup operation. This feature is implemented in
pg_basebackup front end tool that allows a database administrator to spawn multiple parallel workers
to spread the total backup load. Each worker is responsible for backing up a portion of the whole
database to increase the backup efficiency overall.

This white paper documents the performance gain from parallel backup feature in various conditions
with respect to various numbers of parallel workers under simulated database environment to mimic a
real-world operation.

2 The Problem

One of the key problems that database administrators will face during a full database backup is latency.
Many professionals have seen this happen — for one reason or another, the efficiency and speed of
database backup could go way down and it could take hours and hours to finish the backup process. In
the world where the volume of data grows at exponential rate, the time of performing database backup
also increases.

The process of taking a full backup of a large database with the original single-worker pg_basebackup
tool can take a long time to complete. The backup process could potentially slow down regular database
operations and users may experience slower query response while the backup process is running. If the
database regularly maintains many active database connections from various clients, the backup process
could potentially slow down the network response from the server; timeouts and packet drops are
common.

Copyright © 2019 HighGo Software Inc. All rights reserved
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3 The Solution

HG-PGSQL introduces parallelism to existing pg_basebackup tool which enables superior utilization of
system disk and network 1/0 resources and therefore significantly reducing the time to complete a full
database backup. Full database backup refers to the act of backing up every single file that exists in a
database cluster directory including the table spaces and WAL files. With this feature, the user is able to
specify the number of active parallel workers to employ during the full backup process.

pg_basebackup works by first retrieving a list of all the files that exist in the target database cluster
along with the list of all the table spaces existed. From this potentially large file list, pg_basebackup
spawns multiple parallel workers to connect to database server and request to transfer a file to the
backup location from this file list.

The transfer of a file is done through the replication protocol provided by standard PostgreSQL
distribution. Each worker will open a persistent database connection to the target server for all the
subsequent file transfers.When all the files from the file list have been transferred by the workers, the
full backup operation will be considered done and the tool will give a summary of all the files and data
sizes that each worker has transferred during the backup process.

Instead of having one worker performs the whole backup and verifies file checksums by itself. The task is
split across multiple parallel workers to utilize the system resources such as disk and network 1/0Os more
efficiently, which dramatically reduces the backup time.

Copyright © 2019 HighGo Software Inc. All rights reserved
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4 Benchmark Environment

4.1 Benchmark Topology

To perform the benchmark tests, we set up several AWS instances with specific requirements for the
benchmark tests to be executed. The topology diagram below illustrates the AWS instances used in
obtaining the benchmark results. The following section uses AWS type terms such as t2.xlarge to
represent the instance specs and terms like iol to represent storage specs. Details of these terms can be
found here:

AWS Instance Types
https://aws.amazon.com/ec2/instance-types/

AWS Volume Types
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ebs-volume-types.html

perform parallel base backup test Instance 2

pg_basebackup client

Instance 1
Database Server

Instance 3
pgbench client

\_ simulate read traffic_
during backup test

4.2 Instance 1: Database Server

The main Postgres database server will be running in this instance with simulated data for
pg_basebackup client to make a backup of.

Instance Type t2.xlarge
Volume Type iol

Memory (MiB) 16384
Network Performance = Moderate
Architecture X86_64, i386
vCPU # 4

(o] 16000
Storage (GB) 120

Copyright © 2019 HighGo Software Inc. All rights reserved
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4.3 Instance 2: pg_basebackup Client

pg_basebackup client is run on this instance that will connect to Instance 1 to make a backup of the
database server. For benchmarking purposes, pg_basebackup will be run with difference numbers of
parallel workers.

Instance Type t2.xlarge
Volume Type iol

Memory (MiB) 16384
Network Performance = Moderate
Architecture X86_64,i386
vCPU # 4

(o] 16000
Storage (GB) 120

4.4 Instance 3: pgbench Client

Pgbench client is run on this instance that will simulate SELECT traffic to instance 1 with multiple worker
threads to mock real-world database operations. The extra SELECT traffic will be simulated while
pg_basebackup from instance 2 is performing the backup operation.

Instance Type t2.xlarge
Volume Type iol

Memory (MiB) 16384
Network Performance = Moderate
Architecture X86_64, i386
vCPU # 4

(0] 16000
Storage (GB) 120
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5 Benchmark Scenario and Result

The benchmark consists of a database server running in instance 1 having size = 102 GB and
pg_basebackup will perform the backup using single thread and various number of parallel workers. At
the same time, the pgbench client will simulate SELECT loads to the server to simulate real-world
operation. We will run the benchmark in both moderate load ( 50 parallel worker loads ) and high load

( 100 parallel worker loads ) and record the backup duration. In addition, we will use nmon utility tool to
measure additional relevant performance metrics to further evaluate the effectiveness of parallel
backup. The selected metrics for this benchmark are listed below:

e Data Transfer Block Size ( DISKBSIZE)

o This is average data transfer size (block size), in Kbytes, for read/write operations on

each hard disk in the system

e Data Write Operation Rate  ( DISKWRITE )

o the data rate (Kbytes/sec) for write operations on each hard disk in the system

e |/O Operation Rate ( DISKXFER))

o |/O operations per second for each hard disk in the system. This is the same as the tps

value recorded by iostat.

e Network 1/0 Throughput (NETTOTAL)

o the data rates, in Kbytes/sec, for the network adapter used during the benchmark runs

5.1 Backup a Moderate-Sized Database with Moderate SELECT Load

Benchmark Condition:
e Database Size: 102GB

o pgbench load: 50 parallel workers simulating SELECT loads

5.1.1 Backup with Single Worker

e Benchmark Summary

Unit
Backup Duration minute
Data Transfer Block Size KB/Block
Data Write Operation Rate KB/s
1/0 Operations Rate 10 Ops/s
Network I/0 Throughput KB/s

Copyright © 2019 HighGo Software Inc. All rights reserved

Average / real value
69.25 (real)

124.758

25557.265

200.89

27017.155

Weighted Average
N/A

126.605
30648.611
240.122
27319.044
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e Duration Measurement

$ time /inst/bin/pg basebackup -h $INSTANCE ONE -p 5333 -D ~/backup -v

pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:

initiating base backup,
checkpoint completed
write—-ahead log start point: 15/C000028 on timeline 1
starting background WAL receiver

created temporary replication slot "pg basebackup 25020"
write-ahead log end point: 15/C000138

waiting for background process to finish streaming
syncing data to disk

base backup completed

waiting for checkpoint to complete

real 69ml14.864s
user 0m59.910s
Sys 5m55.211s

e Data Transfer Block Size ( DISKBSIZE )

130

120

1o

100

90

80

70

KB i Block

60

50

40

30

20

sEsgawsnba

DISKBSIZE - Total

e a N S B A N B, aSea A A EalssaSeSatann pg
w
|

18:50 18:55

19:00 19:05 19:10 19:15 19:20 19:25 19:30 1935 19:.40 19:45 19:50

e Data Write Operation Rate ( DISKWRITE )

36,000
34,000

32,000 A

30,000
28,000 Frr

260000 | |

24000 |||
22000 |1

s0000{ | | |
18000+ | Ll
160001 |
140001 |
12,000
10,000
8,000
5,000
4,000
2,000

KBis

DISKWRITE - Total

-
—a

-

-

-
—a
—

=

-

=

-

18:50

18:55

19:00 19:08 19:10 1915 19:20 19:25 19:30 19:35 19:40 19:.45 19:50
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e |/0O Operations Rate ( DISKXFER )

DISKXFER - Total
2680

2601 -t y e f |
240 1
220 “'

20014

180 | - | ‘
160 ;' ',‘ : i i a | H--1f lel
wol [ %L R R Vol
120

I00psis

100

80

60

40

20

18:50 18:55 19:00 19:05 19:10 19:15 19:20 19:25 19:30 19:35 19:.40 19:45 19:50

e Network 1/0 Throughput ( NETTOTAL)

NETTOTAL - eth0-KB/s
28,000 e i e o S 8

T ‘
26,000 / \

. o ———, =

24,000 /
- e oma
22,000
20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000

2,000

18:50 18:55 19:00 19:05 19:10 19:15 19:20 19:25 19:30 19:35 19:40 19:45 19:50
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5.1.2 Backup with 4 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 20.44 (real) N/A
Data Transfer Block Size KB/Block 125.141 127.244
Data Write Operation Rate KB/s 85464.344 88839.714
1/0 Operations Rate 10 Ops/s 670.220 694.172
Network I/0 Throughput KB/s 92201.624 92309.287

e Duration Measurement

$ time /inst/bin/pg basebackup -h $INSTANCE ONE -p 5333 -D ~/backup -v -j 4
initiating base backup, waiting for checkpoint to complete
checkpoint completed

write—ahead log start point: 15/12000028 on timeline 1

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

starting background

WAL receiver

created temporary replication slot "pg basebackup 4138"
backup worker (0) created, O
backup worker (1) created, O
backup worker (2) created, 0
backup worker (3) created, O

write-ahead log end

point: 15/12000138

waiting for background process to finish streaming
syncing data to disk
base backup completed

real 20m26.189s

user 1m6.302s

Sys 6m36.874s

e Data Transfer Block Size ( DISKBSIZE )
DISKBSIZE - Total

130

120

1o

100

El

80

70

60

KB I Block

50

40

30

20

10

= = 3 = = . = g g S S = = § E S8 = m S W g N S ., B § W m - F AR AW

a
22116 22:18

22:20 22:22 22:24

22:26 22:28 22:30 22:32 22:34
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Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total
110,000

100,000 i\ M\ I\ 7\ A A
30,000 o :_.‘ £ :_' e / :" e
80,000
70,000

60,000

KBIls

50,000

40,000

30,000

20,000

10,000

0
22:16 22:18 22:20 2222 22:24 22:26 22:28 22:30 22:32 22:34

1/0 Operations Rate ( DISKXFER)
DISKXFER - Total

850
800
750
700 — A [ e [\ JEE . ..
650 N Y A o s S T v

o Vo / W
550
500
450
400
350

I00psis

300
250 -
200
150
100

50

a
22:16 22:18 22:20 22:22 22:24 22:26 2228 22:30 22132 22:34

Network I/O Throughput ( NETTOTAL )

NETTOTAL - ethO-KB/s
100,000

95,000 - = -— -—
20,000 -

85,000
80,000
75,000
70,000
65,000
60,000
56,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

ol : ) ) i i ) i ) . i ) .
22016 22017 22018 2219 22020 22:21 2222 22023 2224 22125 22026 22:27 22:28 22:29 22130 22:31 2282 22:33 22134 2235
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5.1.3 Backup with 8 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 19.86 (real) N/A
Data Transfer Block Size KB/Block 125.352 127.086
Data Write Operation Rate KB/s 87274.815 90816.853
1/0 Operations Rate 10 Ops/s 684.417 710.245
Network I/0 Throughput KB/s 95499.280 96053.728

e Duration Measurement

$ time /inst/bin/pg basebackup -h S$INSTANCE ONE -p 5333 -D ~/backup

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

initiating base backup, waiting for checkpoint to complete

checkpoint completed

write-ahead log start point:
starting background WAL receiver
created temporary replication slot "pg basebackup 7946"

backup worker (0) created,
backup worker (1) created,
backup worker (2) created,
backup worker (3) created,
backup worker (4) created,
backup worker (5) created,
backup worker (6) created,
backup worker (7) created,

write-ahead log end point:

waiting for background process to finish streaming

syncing data to disk
base backup completed

19m52.826s
2m32.129s

Sys 12m46.379s

e Data Transfer Block Size ( DISKBSIZE )

130

120

110

100

El

70

60

KB I Block

50

40

30

20

- 5 B 5 = = B = = = 5 = s ==

DISKBSIZE - Total

0

[ecNoNeoNoNoNo]

0

15/18000138

15/18000028 on timeline 1

" = = g3 s s s

2319 2320 23:21 23:22 2323 2324 2325 2326 23:27 2328 2329 23:30 23:31 23:32 23:33 2334 23:35 23:36 2337
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o Data Write Operation Rate ( DISKWRITE )
DISKWRITE - Total
110,000 —u
100,000 [ S \ Y 1
90,000 | — .. \ P N — .
8o000{ | - v NS\ d
700001 | y

60,000

KBIls

50,000

40,000

30,000

20,000

10,000

0

23:20 2322 2324 2326 23:28 23:30 2332 23:34 23:36

e |/0O Operations Rate ( DISKXFER )
DISKXFER - Total

|

I00psis

150
100
50

2319 2320 2321 23:22 2323 2324 23125 2326 23:27 2328 2329 23:30 23:31 23032 23033 2334 23135 23136 2337

o Network I/0 Throughput ( NETTOTAL)

NETTOTAL - ethO-KB/s

115,000
110,000 ———a—=—a
105,000 /.
100,000
95,000 ¢
90,000
85,000
80,000
75,000
70,000
65,000
60,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000

o

23:19 23:20 23:21 23:22 23:23 23:24 23:25 23:26 23:27 23:28 23:29 23:30 23:31 23:32 23:33 23:34 23:35 23:36 23:37
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5.1.4 Backup with 16 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 20.15 (real) N/A
Data Transfer Block Size KB/Block 125.498 127.009
Data Write Operation Rate KB/s 86372.627 89844.791
1/0 Operations Rate 10 Ops/s 677.198 703.256
Network I/0 Throughput KB/s 94233.576 74743.764

e Duration Measurement

$ time /inst/bin/pg basebackup -h $INSTANCE ONE -p 5333 -D ~/backup -v -j 16

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

initiating base backup,

checkpoint completed
write-ahead log start point:
starting background WAL receiver

created temporary

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker (0)
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker (15)

=

PFRPRPRPRPRPREPROOJOoUd wN
D WNRERP O— — — — — — — — —

syncing data to disk

base backup completed

20m9.133s
2m27.551s

Sys 13m20.221s

Copyright © 2019 HighGo Software Inc. All rights reserved

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

15/1E000138

waiting for checkpoint to complete
15/1E000028 on timeline 1

replication slot "pg basebackup 11789"
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
write-ahead log end point:
waiting for background process to finish streaming
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e Data Transfer Block Size ( DISKBSIZE )
DISKBSIZE - Total
130 e S S - —-——
120 l
110
100
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B0

70

KB i Block

60
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30

20

1]
0020 00:22 00:24 0026 0028 00:30 0032 00:34 00:36 00:38

e Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total

"
110,000 [~
| n l
100,000 | ) " A e
90,000 | . \ g \ .‘: AN .""‘-__ " A _"_. .: b | A e} P
| n | LA IR ..". \ W W o\ \ N\ \/
80,0001 | \ \ o ' f \ f .
| w LIV | W
70,0001 \ ¢
| .
w |
o 60000 |
a |
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40,0001 |
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00:20 00:22 00.24 00.26 00:28 00:30 00:32 00:34 00:36 00:38
e |/0O Operations Rate ( DISKXFER )
DISKXFER - Total
900 &
| L]
850 [ .
800 : / - ,‘"' . "
750 | Y | R R | I\
700 | . / _— r‘. n A _-.‘ - ] » | S
6501 | A W A R B A NSOW W /
\ [ \ /| Voo W ¥ W
600 ] '} \/ '. \/ ]
550 { b
2] | L]
8 500
O 450
Qe 400
350
300 ®
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200
150
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50
0
00:20 00.22 00.24 00:26 00:28 00:30 00:32 00:34 00:36 00:36
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e Network I/0 Throughput ( NETTOTAL)

NETTOTAL - ethO-KB/s
120,000
115,000
110,000
105,000
100,000
85,000 -
LR O L T et e (e - S S i S SR S R R S RS SR LI S
85,000
20,000
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5.1.5 Backup with 32 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration Minute 20.23 (real) N/A
Data Transfer Block Size KB/Block 125.429 126.940
Data Write Operation Rate KB/s 85926.212 89373.247
1/0 Operations Rate 10 Ops/s 673.959 699.590
Network I/0 Throughput KB/s 94502.951 95006.378

e Duration Measurement

$ time /inst/bin/pg basebackup -h S$INSTANCE ONE -p 5333 -D ~/backup
waiting for checkpoint to complete
15/24000028 on timeline 1

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

initiating base backup,

write-ahead log start point:
starting background WAL receiver

created temporary

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker (0)
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker

i

O WO Jo U WNE OWO-JO0 Ul WN P O = = — — — — — —

WNDNMDNMNNMNDNNMDMNNNMNMNNNNRERPRPRPRPRPRPRERERERRRE OIS WDN

w
=

syncing data to disk

base backup completed

20ml4.694s
3m2.913s

sSys 14m48.932s
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15/24000138
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replication slot "pg basebackup 15660"
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
write-ahead log end point:
waiting for background process to finish streaming
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e Data Transfer Block Size ( DISKBSIZE )
DISKBSIZE - Total
130 o e T T T T S B T S SIS W S SRR T S P S ——
120
110
100
a0
80
70

60

KB/ Block

50

40

30

20

01:22 01:24 01:26 01:28 01:30 01:32 01:34 01:36 01:38 01:40

o Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total

110,000
.
—
‘ . v "
100,000 { N i " . . p [ A
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90,000 | e e L ey A w e A
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80,0001 Y | / WY \ / \/ \ R
| \ \ v TR \ “ \ u W
70,000{ |
& soomo| |
@ ‘
x |
50000 |
40,0001 |
L]
30,000
20,000
10,000
o122 0124 0126 01:28 01:30 01:32 01:34 0136 01:38 0140
e |/0 Operations per second ( DISKXFER )
DISKXFER - Total
850 T~
800 f \ - . " 1
| A Ly ' " "
750 f L AN \ \ n
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700 | Vot o n [
\ | ] \ o \ \ \ O\
650 4 ) { ' [ 2
v /
500 | J - " o \ \ Y v
550
© 500
2 450
o
o 400
350
3001 ®
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80
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e Network 1/0 Throughput ( NETTOTAL)

NETTOTAL - eth0-KB/s
120,000
115,000
110,000 ol
105,000
100,000
95,000

e0000 0 ToToTmommomommSes s s s s s s s s s s s s s s s e e E
85,000
80,000
75,000
70,000
65,000
60,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5.000
o
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5.1.6 Backup with 64 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 20.21 ( real ) N/A
Data Transfer Block Size KB/Block 124.932 127.127
Data Write Operation Rate KB/s 85935.163 89141.842
1/0 Operations Rate 10 Ops/s 675.678 697.336
Network I/0 Throughput KB/s 94481.249 94979.143

e Duration Measurement

$ time /inst/bin/pg basebackup -h S$INSTANCE ONE -p 5333 -D ~/backup
waiting for checkpoint to complete

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
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initiating base backup,

checkpoint completed
write-ahead log start point:
starting background WAL receiver

created temporary

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker (0)
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker

=
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0

0
0
0
0
0
0
0
0
0
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-v -j 64

15/2A000028 on timeline 1

replication slot "pg basebackup 19553"
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
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pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

O
backup worker (39) created,
backup worker (40) created,
backup worker (41) created,
backup worker (42) created,
backup worker (43) created,
backup worker (44) created,
backup worker (45) created,
backup worker (46) created,
backup worker (47) created,
backup worker (48) created,
backup worker (49) created,
backup worker (50) created,
backup worker (51) created,
backup worker (52) created,
backup worker (53) created,
backup worker (54) created,
backup worker (55) created,
backup worker (56) created,
backup worker (57) created,
backup worker (58) created,
backup worker (59) created,
backup worker (60) created,
backup worker (61) created,
backup worker (62) created,

backup worker (63) created,
write-ahead log end point:

syncing data to disk
base backup completed

20ml13.462s
3m19.941s

Sys 15m13.095s

e Data Transfer Block Size ( DISKBSIZE )
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KB I Block
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DISKBSIZE - Total

eNeoNoololNolNoloNololNolNolololoNoNololololNolNolNelNe)

0

15/2A000138
waiting for background process to finish streaming
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0224

Copyright © 2019 HighGo Software Inc. All rights reserved

02:26 02:28 02:30 02:32 02:34

02:36

02:38

02:40

0242

Page 21 of 44



OWIro

G H

I

Parallel Backup Performance Evaluation
White Paper

o Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total
120,000

110,000
100,000 | b
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60,000

50,000

40,000

30,000

20,000
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02:24 0226 02:28 02:30 02:32 02:34 02:36 02:38 02:40

e |/O Operations Rate ( DISKXFER )

DISKXFER - Total
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850 f
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700 t A . n . . - oA A
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400
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I0Ops!s

02:42
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e Network 1/0 Throughput ( NETTOTAL)

NETETOTAL - total-read-KB/s
120,000

115,000 -
110,000
105,000 o -
100,000
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55,000
50,000
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5.1.7 Conclusion

Consolidating all the benchmark summaries from previous sections using the weighted averages, we can
conclude the results in the following charts. In the case where moderate load is simulated at the
database server, the performance benefit provided by parallel backup is immediately noticeable at 4
workers and yields similar results as number of workers is progressively increased to 64.

Duration vs Number of Workers

80
70
60
50
40
30
20 < O O
10
0

Backup Duration ( Minute )

1 4 8 16 32 64
==¢==Moderate Load | 69.25 22.44 19.86 20.15 20.23 20.21

Number of Workers

We can observe that with
parallel backup feature
enabled, the backup
duration under moderate
load is reduced from
69.25 minutes to roughly
20 minutes. This is about
67.60% improvement to
the backup performance

Data Block Size vs Number of Workers

127.4
127.2

127
126.8
126.6
126.4
126.2

Data Block Size (KB)

1 4 8 16 32 64
==¢==Moderate Load 126.605 | 127.244 127.086 @ 127.009 @ 126.94 @ 127.127

Number of Workers

The data block sizes in all
cases show roughly the
same weighted averages.

Disk Write Rate vs Number of Workers

= 100000
o 80000
©
& 60000
2
S 40000
-
% 20000
[a)

0

1 4 8 16 32 64
==¢==Moderate Load 30648.61188839.714 90816.853 89844.791 89373.247 89141.842

Number of Workers

We can observe that with
parallel backup feature
enabled, the Disk Write
Rate increases
dramatically from
30648.611 to roughly
89603.289. This is about
192.36% increase in disk
write /O utilization

Copyright © 2019 HighGo Software Inc. All rights reserved
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We can observe that with
I/O Ops vs Number of Workers parallel backup feature
I 800 enabled, the Disk I/O
§ 700 & === o= — Operation Rate increases
o 600 dramatically from
r 500 240.122 to roughly
e 400 700.92. This is about
8 300 191.90% increase in 1/0
5 200 Operation rate
2 100 )
0
1 4 8 16 32 64
== Moderate Load 240.122 = 694.172 710.245 703.256  699.59 = 697.336
Number of Workers
. We can observe that with
2 Network I/O Rate vs Number of Workers parallel backup feature
= 120000 enabled, the Network 1/0
= throughput is increased
& 100000 .
o dramatically from
= 80000 27319.044 to roughly
‘g 60000 90618.46. This is about
g 40000 231.70% increase in
network /O throughput.
20000
0
1 4 8 16 32 64

=4¢=— \oderate Load 27319.044 92309.287 96053.728 74743.764/95006.378 94979.143

Number of Workers
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5.2 Backup a Moderate-Sized Database with Large SELECT Load
Benchmark Condition:

o Database Size: 102GB

e pgbench load: 100 parallel workers simulating SELECT loads
5.2.1 Backup with Single Worker
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration Minute 154.75 (real) N/A
Data Transfer Block Size KB/Block 123.345 126.496
Data Write Operation Rate KB/s 11680.254 13506.460
1/0 Operations Rate 10 Ops/s 92.070 106.326
Network I/0 Throughput KB/s 12427.548 12941.920
e Duration Measurement
$ time /inst/bin/pg basebackup -h S$INSTANCE ONE -p 5333 -D ~/backup -v

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

initiating base backup, waiting for checkpoint to complete

checkpoint completed

write-ahead log start point:

starting background WAL receiver
created temporary replication slot "pg basebackup 10169"

write-ahead log end point:

15/3D000138

15/3D000028 on timeline 1

waiting for background process to finish streaming ...

syncing data to disk ...

base backup completed

154m45.261s
Om53.779s

Sys 5m37.377s

e Data Transfer Block Size ( DISKBSIZE )

130
120
v1o) |
100+ |
a0
80

T01m

KB I Block

60

a0

40

30

20

DISKBSIZE - Total

09:00 0910 0920 0930 0940 09:50 10:00 10:10
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o Data Write Operation Rate ( DISKWRITE )
DISKWRITE - Total

16,000 T
15,000 |
14,000 : |
1300017 | i K .

(I . I (]l w om |\ n [
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80001 &

KBIls
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5,000
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3,000
2,000
1,000

09:00 0910 0920 0930

e |/0O Operations Rate ( DISKXFER )
DISKXFER - Total
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09:00 0910 09:20  09:30 0940 0950 10:00

o Network I/0 Throughput ( NETTOTAL)

NETTOTAL - eth0-KB/s

10010 1020 10:30 10:40

26,000 |
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23,000
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21,000 1
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19,000
18,000
17,000 |
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4,000 |
3,000
2,000
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o
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Copyright © 2019 HighGo Software Inc. All rights reserved

10:50

11:00 11:10

10'20 1040 10'50 11:00 11:10

Page 26 of 44



Parallel Backup Performance Evaluation

HIGEH GO White Paper
5.2.2 Backup with 4 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 49.28 (real) N/A
Data Transfer Block Size KB/Block 125.493 127.043
Data Write Operation Rate KB/s 40135.180 56772.808
1/0 Operations Rate 10 Ops/s 365.667 433.335
Network I/0 Throughput KB/s 44234.759 57744.621

e Duration Measurement

$ time /inst/bin/pg basebackup -h $INSTANCE ONE -p 5333 -D ~/backup
waiting for checkpoint to complete

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

initiating base backup,
checkpoint completed

write-ahead log start point:

starting background WAL receiver
created temporary replication slot "pg basebackup 18588"

backup worker (0) created,
backup worker (1) created,
backup worker (2) created,
backup worker (3) created,

write-ahead log end point:

syncing data to disk
base backup completed

49ml6.774s
1m27.311s

Sys 7m10.029s

e Data Transfer Block Size ( DISKBSIZE )

KB I Block

DISKBSIZE - Total

et L I L T L TPy
L w

15/3F000138
waiting for background process to finish streaming

a
11:30 11:35
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15/3F000028 on timeline 1
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o Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total
95,000
90,000
85,000
50,000
75,000
70,000
65,000
50,000
55,000
2 50,000
X 45,000
40,000
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20,000 . Fol | R Vo 'y
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0
11:30 11:35 1140 11:45 11:50 11:55 12:00 12:05 12:10

e |/0 Operations Rate ( DISKXFER )

DISKXFER - Total
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11:30 11:35 11:40 11:45 11:50 11:55 12:00 12:08 12:10

e Network I/0 Throughput ( NETTOTAL)

NETTOTAL - eth0O-KB/s
80,000

75,000 - -
70,000 - -
65,000
60,000 | | -1
56,000 { | £ | o | \ [ .
50,000 | & | | | | | I

45,000 | |
40,000 | 1 | | | |

35,000 | | | | | | | | - | i
30,000 | \ [ | | : | 1 \ |

25,000 | | |

20,000 \ | | | [ &
15,000 il =
10,000

5,000

o : i i . . . > . . . . . . . . . . . . . .
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5.2.3 Backup with 8 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 45.27 (real) N/A
Data Transfer Block Size KB/Block 126.018 127.068
Data Write Operation Rate KB/s 39165.810 57182.058
1/0 Operations Rate 10 Ops/s 307.486 447.335
Network I/0 Throughput KB/s 41521.597 55653.689

e Duration Measurement

$ time /inst/bin/pg basebackup -h S$INSTANCE ONE -p 5333 -D ~/backup
waiting for checkpoint to complete

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

initiating base backup,
checkpoint completed

write-ahead log start point:
starting background WAL receiver
created temporary

backup worker (0) created, O
backup worker (1) created, O
backup worker (2) created, 0
backup worker (3) created, O
backup worker (4) created, O
backup worker (5) created, O
backup worker (6) created, O
backup worker (7) created, O
write—-ahead log end point: 15/3F000138

15/3F000028 on timeline 1

replication slot "pg basebackup 18588"

waiting for background process to finish streaming

syncing data to disk
base backup completed

real 45ml16.774s
user 1ml14.360s
Sys 6m48.029s

e Data Transfer Block Size ( DISKBSIZE )

130
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KB I Block
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DISKBSIZE - Total

11:30
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11:40 11:45 11:50 11:85 12:00 12:05
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o Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total

95 000
0,000 r
85,000 T, fA
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750001 5 (|
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550001 |
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30,000 | |
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KBIls

1130

e |/0O Operations Rate ( DISKXFER )
DISKXFER - Total
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o Network I/0 Throughput ( NETTOTAL)
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35,000 | | | |
30,000 { | !
25,000
20,000
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5.2.4 Backup with 16 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration Minute 20.35 (real) N/A
Data Transfer Block Size KB/Block 124.854 127.405
Data Write Operation Rate KB/s 85648.527 90255.051
1/0 Operations Rate 10 Ops/s 671.395 705.838
Network I/0 Throughput KB/s 92785.856 93613.272

e Duration Measurement

$ time /inst/bin/pg basebackup -h $INSTANCE ONE -p 5333 -D ~/backup -v -j 16

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user
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initiating base backup,

checkpoint completed
write-ahead log start point:
starting background WAL receiver

created temporary

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker (0)
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker (15)

=

PFRPRPRPRPRPREPROOJOog d wN
D WNRERP O— — — — — — — — —

syncing data to disk

base backup completed

20m21.359s
1m37.172s
Sys 9m3.026s

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

15/41000138

waiting for checkpoint to complete
15/41000028 on timeline 1

replication slot "pg basebackup 25844"
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
write-ahead log end point:
waiting for background process to finish streaming
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KB I Block

KBIs

I0Opsis

Data Transfer Block Size ( DISKBSIZE )
DISKBSIZE - Total
130 L B e T R R I T B B S S
120 ‘
110
100
90
80
70
60
50
40

30

20

1342 1344 1346 13.48 13:50 13.82 13:54 13.56 1358 14:.00

Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total
110,000

100,000 "
90,000
50,000 ; E I J Hf V W
70,000
60,000
50,000
40,000
30,000
20,000

10,000

o

13.42 1344 13.46 13:48 13.50 13:52 1354 13.56 13.58 14:00

1/0 Operations Rate ( DISKXFER)
DISKXFER - Total

850 &
800 ‘ [
750 d \ [ R - a,
700 N A-H-A - N Ty -
650 ‘ : '
600
950
500

350
300
250
200
150
100

50

13:42 153:44 13:46 13:48 13:50 1352 13:54 13:56 13:58 14:00
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e Network I/0 Throughput ( NETTOTAL)

NETTOTAL - ethO-KB/s

100,000
95,000 e —————
290,000
85,000
80,000
75,000
70,000
65,000
60,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000

13:41  13:42 1343 13144  13:45 13146 13:47 13:48 123:49 1350 1351 1352 1353 13:54 1355 1356 1357 1358 1359 14:00
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5.2.5 Backup with 32 Parallel Workers
e Benchmark Summary

Unit Average / Real Weighted Average

Backup Duration minute 19.96 (real) N/A
Data Transfer Block Size KB/Block 124.927 127.275
Data Write Operation Rate KB/s 87221.420 91058.094
1/0 Operations Rate 10 Ops/s 683.672 712.887
Network I/0 Throughput KB/s 94872.457 94872.457

e Duration Measurement

$ time /inst/bin/pg basebackup -h S$INSTANCE ONE -p 5333 -D ~/backup
waiting for checkpoint to complete
15/43000028 on timeline 1

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

initiating base backup,

write-ahead log start point:
starting background WAL receiver

created temporary

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker (0)
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker

i

O WO Jo Ul WNE OWO-JO0 Ul WN P O = = — — — — — —

WNDNDNMNNMNDNNMDMNNMNMNMNNNNRERPRERRPRPRPRERERERRRE OO DS WDN

w
=

syncing data to disk

base backup completed

19m58.523s
2m39.363s

sSys 13m0.991s
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15/43000138

-v -3 32

replication slot "pg basebackup 27395"
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
write-ahead log end point:
waiting for background process to finish streaming
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e Data Transfer Block Size ( DISKBSIZE )
DISKBSIZE - Total
130 o T S S
110
70

60

KB I Block

50

40

30

20

14:05 14:06 14:07 14:08 14:09 14:10 1411 14:12 1413 1414 1415 1416 14117 14:18 1419 14:20 1421 14:22 14:23

e Data Write Operation Rate ( DISKWRITE )

DISKWRITE - Total
120,000

110,000
100,000 [ \ . "

0,000} .. / 'S L\ | A N R~
80,000 | .; [\ \/ 4V oV VARY

70,000

KBis

60,000
50,000
40,000
30,000 .
20,000

10,000

1]

14:06 14:08 14:10 14:12 14:14 14:16 14:18 14:20 14:22

e |/0 Operations Rate ( DISKXFER )
DISKXFER - Total
950
a00 " A
850 [ /o .
800 A d . A\
Ta0{ | SRTAR . R A A S A AN L A
650 | -y \/ .. / oo .-. f NSNS \ / .l. ]
00| | V¥ v . H
550 ‘
500
450
400
350
s00{ |
250{ =
200
150
100
50

100psis

14:05 14:06 14:07 14:08 14:09 1410 1411 14012 1413 14014 1415 14016 1417 1418 1419 14:20 14:21 1422 1423
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e Network I/0 Throughput ( NETTOTAL)

NETTOTAL - ethO-KB/s
115,000

110,000
105,000 \,
100,000 /
95,000
90,000 - - e
85,000
80,000
75.000
70.000
65,000
60,000
55,000
50,000
45,000
40,000
365,000
30,000
25,000
20,000
15,000
10,000
5,000

o

14:05 14:06 14:07 14:08 14:09 14:10 14:11 14:12 14:13 14:14 1415
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5.2.6 Backup with 64 Parallel Workers
e Benchmark Summary
Unit Average / Real Weighted Average

Backup Duration minute 20.13 (real ) N/A

Data Transfer Block Size KB/Block 124.885 127.259

Data Write Operation Rate KB/s 86411.954 89303.302

1/0 Operations Rate 10 Ops/s 677.654 699.279

Network I/0 Throughput KB/s 93875.123 94789.613
o Duration Measurement

/inst/bin/pg basebackup -h $INSTANCE ONE -p 5333 -D ~/backup -v -J 64

pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
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initiating base backup,

checkpoint completed
write-ahead log start point:
starting background WAL receiver

created temporary

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker (0)
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
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0
0
0
0
0
0
0
0
0
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waiting for checkpoint to complete
15/45000028 on timeline 1

replication slot "pg basebackup 28751"
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
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pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pPg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:
pg_basebackup:

real
user

backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup
backup

worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker
worker

Oy OY O U1 U1 U1 U1 U1 U1 U1 U1 U1 U1 b D D D D DD DD W
NHFE OWOoWw-Jo Ul WNEFE O WOW-Jo Ul WDNEFE O W

(63)

created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,
created,

write-ahead log end point:

syncing data to disk
base backup completed

20m8.748s
3m4.557s

Sys 13m45.440s

e Data Transfer Block Size ( DISKBSIZE )

DISKBESIZE - Total

130
120
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100
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80

70{ *

KB I Block

60

50

40
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20

eNeoNolololNoNoloNolololNololololNolNololololololelNe)

0

15/45000138
waiting for background process to finish streaming

[P -———_-—— S--—_——— S

14:26

14:28 14:30

14:32

14:34

14:36

14:38
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o Data Write Operation Rate ( DISKWRITE )
DISKWRITE - Total

110,000 s

100,000 { »

50,000 \ » i e oy NN a
sopoo| | V4 ¥ '_.
70,000
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e 1/0 Operations Rate ( DISKXFER )
DISKXFER - Total
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e Network 1/0 Throughput ( NETTOTAL)
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5.2.7 Conclusion

Consolidating all the benchmark summaries from previous sections using the weighted averages, we can
conclude the results in the following charts. In the case where high load is simulated at the database
server, the performance benefits provided by parallel backup becomes noticeable at 16 workers and

yields similar results as number of workers is progressively increased to 64.

Duration vs Number of Workers

We can observe that
with parallel backup

o
2 200 feature enabled, the
2 backup duration under
< 150 high load is reduced
% 100 from 154.75 minutes to
a . roughly 20 minutes at 16
_f;} _ _ workers and above. This
o 0 is about 87.08% time
@ 1 4 8 16 32 64 )
_ reduction to the backup
=¢=High Load  154.75 49.28 45.27 20.35 19.96 19.85 .
operation
Number of Workers
) The data block sizes in all
Data Block Size vs Number of Workers cases show roughly the
g 127.6 same weighted average
v 1274 with slight increases
z 127.2 when more parallel
3 127 workers are utilized.
o 1268
8 1266
©
QO 1264
126.2
126
1 4 8 16 32 64
=—¢=—High Load 126.496 @ 127.043 127.068 127.405 127.275  127.435
Number of Workers
) ) We can observe that
Disk Write Rate vs Number of Workers with parallel backup
< 100000 feature enabled, the Disk
[aa] /N : : . .
2 80000 Write R.ate increases
2 dramatically from
& 60000
" 3506.46 to roughly
£ 40000 90782.973 at 16 workers
E 20000 and above. This is about
a8 0 2489.02% increase in
1 4 8 16 32 64

=== High Load 3506.46 56772.808 57182.058 90255.051 91058.094 91033.076

Number of Workers

disk write 1/0 utilization
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We can observe that
. I/O Ops vs Number of Workers with parallel backup
é 800 feature enabled, the Disk
S c00 . ¢ ¢ I/O Operations Rate
= increases dramatically
5 400 from 106.326 to roughly
w200 710.163 at 16 workers
8 0 and above. This is about
~

1 4 8 16 32 64 567.91% increase in 1/0
—e=—High load 106326 433.335 447.335 705.838 712.887  711.765 Operation rate.

Number of Workers

We can observe that

Network I/O Rate vs Number of Workers with parallel backup
g 100000 . - . feature enabled, the
% 20000 !\le.twork I/0 throughput
= is increased dramatically
= 00000 from 12941.92 to
= 40000 roughly 93999.409 at 16
g 20000 workers and above. This
2 0 is about 626.31%
= 1 4 8 16 32 64 increase in network 1/0

—¢=—High Load 12941.92 57744.621 55653.689 93613.272 94872.457 93512.5 throughput.

Number of Workers
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6 Conclusion

Based on the benchmark test results for the moderate and high SELECT load cases in previous sections,
parallel backup feature can indeed provide a significant performance increase to full database backup
operation and therefore reduce the time required to complete. This feature allows pg_basebackup to
fully utilize the disk and network 1/0 to gain significant performance improvement. This improvement is
particularly noticeable when the database server is undergoing large loads. It, however, will saturate at
a certain number of worker threads and further increasing the workers will not yield better results.
Based on this benchmark results, the performance gain is saturated at 4 workers under moderate load
whereas the gain is saturated at 16 workers under high load.

Summary of Benchmark Results:

. e 67.60% Increase
Duration vs Number of Workers in backup time
180 under moderate
160 load at 4 workers
120 o 87.08% Increase
in backup time

60 under high load at
40 16 workers
20 —0— ® ®

Backup Duration ( Minute )
=
o
o

0
1 4 8 16 32 64
=@—High Load 154.75 49.28 45.27 20.35 19.96 19.85
=@ Moderate Load  69.25 22.44 19.86 20.15 20.23 20.21

Number of Workers

) Both moderate and
Data Block Size vs Number of Workers high load cases show

127.6 similar data block

127.4 sizes written.
127.2

127
126.8
126.6
126.4
126.2

126

Data Block Size ( KB)

1 4 8 16 32 64
=@ Moderate Load 126.605 @ 127.244 @ 127.086 | 127.009 126.94 127.127
=@—High Load 126.496 @ 127.043  127.068 = 127.405 @ 127.275 @ 127.435

Number of Workers
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Disk Write Rate vs Number of Workers

100000
80000
60000
40000
20000

0

— [ ——]

Disk Write Rate ( KB/s )

1 4 8 16 32 64
==¢=\oderate Load 30648.611 88839.714 90816.853 89844.791 89373.247 89141.842

192.36 % Increase
in disk write rate
under moderate
load at 4 workers
2489.02%
Increase in disk
write rate under
high load at 16
workers

== High Load 3506.46 56772.808 57182.058 90255.051 91058.094 91033.076
Number of Workers
e 191.90 % Increase
I/O Ops vs Number of Workers in /0 Operations
800 under moderate
_ 700 == ] load at 4 workers
w)
& 600 e 567.91% Increase
s 500 Y )
S 400 in I/O Operations
- 300 under high load at
wv
<3 200 16 workers
o
100
o
= 0
1 4 8 16 32 64
=== Moderate Load 240.122 = 694.172 @ 710.245 703.256 = 699.59 = 697.336
== High Load 106.326 = 433.335  447.335 705.838 @ 712.887 = 711.765

Number of Workers

Network 1/O Rate vs Number of Workers

0 120000
S~
< 100000
I —8
T 80000
o
g 60000
4
g 40000
2 20000
=2
0
1 4 8 16 32 64

=4 \oderate Load 27319.044 92309.287 96053.728 74743.764 95006.378 94979.143
== High Load 12941.92 57744.621 55653.689 93613.272 94872.457 93512.5

Number of Workers

231.70 % Increase
in Network 1/0
Rate under
moderate load at
4 workers
626.31% Increase
in Network 1/0
Rate under high
load at 16
workers
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