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PostgreSQL write/read




Default write implementation: COPY

X one table (contains the 120 instruments)
X each row (entry) in table has 6 values: instr id, timestamp and 4 button values
X code executes:

» one COPY from in-memory file containing information from 120 instruments

> followed by one commit

X one connection to database left open

populate{conn, data, n_instr):

cur = conn.cursor()
copy allldata, i, f, n_instr):

(time.time())

f = StringIOf)

(n_instr):
copy_all(data, i, f, n_instr)

conn. commit ()

Antoine Chapelain, Cornell U. CBPM3 development
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Read/Write test

Write:

X continuously write to the database using the default implementation

Read:

X “on-line” read-out: fetch as fast as possible the last entry of each of the 120
instruments —» 5 instances running in parallel (on-line display)

x “off-line” read-out: fetch the last hour of data for all the 120 instruments —» 2
instance running in parallel (off-line display)

Question:

X will the read/write cruise steadily?

Everything (application and database) runs on cesrl04

Antoine Chapelain, Cornell U. CBPM3 development
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Limit write rate to 100 Hz

Though higher rates are achievable, this already provides a factor 10 margin over
our 10 Hz design goal
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PostgreSQL load

Here are screenshots of the ‘top’ command:

before test start

top - 11:31:53 up 342 days, 3 min, 18 users, load average: 0.69, 0.61, 1.12
Tasks: 674 total, 1 running, 672 sleeping, 0 stopped, 1 zombie

5Cpu(s): 2.9 us, 1.7 sy, 0.0 ni, 88.0 id, 7.2 wa, 0.0 hi, 0.1 si, 0.0 st
KiB Mem : 12123640 total, 4343612 free, 4328372 used, 3451656 buff/cache

KiB Swap: 8388604 total, 6974560 free, 1414044 used. 5979628 avail Mem

PID USER PR NI RT RES SHR S
16876 postgres 20 0 I 23708 23540
16881 postgres 20 193524 488 348
16883 ¢ s 20 : 1.6qg 1.0q

%CP
0
0
0
16884 ¢ g 20 : 516 1.0g 1.0q 0.
0
0
0

m

[l=N i8] =

TIME+ COMMAND
postgres
postgres
postgres
postgres
postgres
postgres
postgres

40

oo nwo ok
-

16885 : s 20 : 16 17688 16980
16886 : s 20 12939 2508 2116
16887 stgres 20 : : 1032 592

[cicNoNoNoNola)l
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20 minutes after test start

top - 11:53:26 up 342 days, 24 min, 18 users, 1load average: 7.92, 8.13, 6.41
Tasks: 673 total, 10 running, 663 sleeping, 0 stopped, 0 zombie

‘ u(s): 57.6 us, 3.4 sy, 0.0 ni, 37.6 id, 0.4 wa, 0.0 hi, 1.0 si, 0.0 st
KiB Mem : 12123640 total, 752524 free, 6744064 used, 4627052 buff/cache

KiB Swap: 8388604 total, 6980960 free, 1407644 used. 3563532 avail Mem

top - 11:33:05 up 342 days, 4 min, 18 users, 1load average: 1.75, 6.85, 1.16
Tasks: 691 total, 9 running, 682 sleeping, 0 stopped, 0 zombie

%Cpu(s): 68.9 us, 5.9 sy, 0.0 ni, 23.9 id, 0.4 wa, 0.0 hi, 0.9 si, 0.0 st
KiB Mem : 12123640 total, 4280200 free, 4601624 used, 3241816 buff/cache

KiB Swap: 8388604 total, 6974560 free, 1414044 used. 5705680 avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
7349 postgres 20 0 1294452 58780 57728 .4 .93 postgres
6897 postgres 1294452 19524 18472 .10 postgres
6739 postgres 1294448 22428 21376 .65 postgres
6497 postgres 1294448 23792 22740 .50 postgres
6742 postgres 1294452 20844 19792 .81 postgres
6265 postgres 1294436 25320 24272 .34 postgres
7788 postgres 1294452 45448 44400 .70 postgres
2476 postgres 1 86452 8:770 .77 postgres

16885 postgres 17088 3.98 postgres
16876 postgres 23708 1 postg

16881 postgres 488 9 post

16883 postgres 1.6g
16884 postgres 1.6g
16886 postgres 2508
16887 postgres 1032

%CPU SMEM COMMAND

: postgres
postgres
postgres
postgres
postgres
postgres
postqres

7349 postgres 1294452
7788 postgres 1294452
6265 postgres 1294436
6497 postgres 1294448
6739 postgres 1294448
6742 postgres 1294452
6897 3¢ :

2476

16883

16876

16881

16884

16885

16886

16887 postqres
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PostgreSQL load

Here are screenshots of the ‘top’ command:

before test start

top - 11:31:53 up 342 days, 3 min, 18 users, load average: 0.69, 0.61, 1.12
Tasks: 674 total, 1 running, 672 sleeping, 0 stopped, 1 zombie

5Cpu(s): 2.9 us, 1.7 sy, 0.0 ni, 88.0 id, 7.2 wa, 0.0 hi, 0.1 si, 0.0 st
KiB Mem : 12123640 total, 4343612 free, 4328372 used, 3451656 buff/cache

KiB Swap: 8388604 total, 6974560 free, 1414044 used. 5979628 avail Mem

PID USER PR NI RT RES SHR S
16876 postgres 20 0 I 23708 23540
16881 postgres 20 193524 488 348
16883 ¢ s 20 : 1.6qg 1.0q

%CP
0
0
0
16884 ¢ g 20 : 516 1.0g 1.0q 0.
0
0
0

m

[l=N i8] =

TIME+ COMMAND
postgres
postgres
postgres
postgres
postgres
postgres
postgres

40

oo nwo ok
-

16885 : s 20 : 16 17688 16980
16886 : s 20 12939 2508 2116
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90 minutes after test start

top - 13:09:06 up 342 days, 1:40, 18 users, load average: 8.39, 8.49, 8.39
Tasks: 647 total, 8 running, 639 sleeping, 0 stopped, 0 zombie

‘ u(s): 58.5 us, 3.6 sy, 0.0 ni, 35.9 id, 0.9 wa, 0.0 hi, 1.1 si, 0.0
KiB Mem : 12123640 total, 349220 free, 8584824 used, 3189596 buff/cache
KiB Swap: 8388604 total, 6975072 free, 1413532 used. 1731152 avail Mem

top - 11:33:05 up 342 days, 4 min, 18 users, 1load average: 1.75, 6.85, 1.16
Tasks: 691 total, 9 running, 682 sleeping, 0 stopped, 0 zombie

%Cpu(s): 68.9 us, 5.9 sy, 0.0 ni, 23.9 id, 0.4 wa, 0.0 hi, 0.9 si, 0.0 st
KiB Mem : 12123640 total, 4280200 free, 4601624 used, 3241816 buff/cache

KiB Swap: 8388604 total, 6974560 free, 1414044 used. 5705680 avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
7349 postgres 20 0 1294452 58780 57728 .4 .93 postgres
6897 postgres 1294452 19524 18472 .10 postgres
6739 postgres 1294448 22428 21376 .65 postgres
6497 postgres 1294448 23792 22740 .50 postgres
6742 postgres 1294452 20844 19792 .81 postgres
6265 postgres 1294436 25320 24272 .34 postgres
7788 postgres 1294452 45448 44400 .70 postgres
2476 postgres 1 86452 8:770 .77 postgres

16885 postgres 17088 3.98 postgres
16876 postgres 23708 1 postg

16881 postgres 488 9 post

16883 postgres 1.6g
16884 postgres 1.6g
16886 postgres 2508
16887 postgres 1032

S %CPU %MEM TIME+ COMMAND
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres
postgres

7349 postgres 1294452
7788 postgres 1294452
6497 postgres 1294448
6265 postgres 1294436
6739 postgres 1294448
6742 postgres 1294452
6897 postgres 1294452
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First 90 minutes: write rate

A steady 100 Hz! The “button” data is an incrementing counter — verified that all
the expected data has been written to the database.
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First 90 minutes: read rate

The 5 “on-line” read-out of the last entry for each instrument held up the write
rate, with the exception of 10-40 trigger skips (usually 1 or 2 triggers skipped per
trigger skip).

68734 68736

127857 127859 one of the 5
Lo ala “on-line” instances
277639 277641

309145 309147

340616 340618

353215 353217
385677 385679
428727 428729

488459 488461
<rate> = 101.35633797631047 , std = 6. 55272 , min = 0.8655761143072003 , max = 111.11033404858406
counter mismatch: 12
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Adding more “on-line” read-out?

Up to 10 “on-line” read-out on cesrl04 — write rate takes a clear hit and the “on-
line” read-out skips more and more triggers
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Why the decrease in performance?

top - 15:00:14 up
: 635 total,

342 days, 3:31, 18 users,
18 running, 617 sleeping,

load average: 11.

0 stopped,

17.04, 15.55,
0 zombie

no surprise: because

the load is simply too
much for the machine
to handle...

this needs to be taken
into account when
designing/deploying
applications

Antoine Chapelain, Cornell U.
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Read-out code not running on cesrl04

What if we run 10 “on-line’”” and 2 “off-line’”’ from Inx6248 (and not cesrl104)?
Load on cesrl04 is reduced (no Python code) and performance improved.

Even via the network the read-out rate keeps up with 100 Hz (tested from
Inx6248, cesrl09, ilc327) though with more trigger skips.

top - 09:54:06 up 342 days, 22:25, 6 users, 1load average: 8.95, 9.31, 8.47
: 570 total, 11 running, 559 sleeping, 0 stopped, 0 zombie
.5 us, 4.8 sy, 0.0 ni, 35.3 id, 1.1 wa, 0.0 hi, 0.4 si, 0.0
.9 us, 4.5 sy, 0.0 ni, 27.2 id, 0.4 wa, 0.0 hi, 3.0 si, 0.0
.0 us, 6.0 sy, 0.0 ni, 35.8 id, 1.1 wa, 0.0 hi, 0.0 si, 0.0
.4 us, 5.2 sy, 0.0 ni, 37.1 id, 1.1 wa, 0.0 hi, 1.1 si, 0.0
.5 us, 1.1 sy, 0.0 ni, 0.0 id, 0.0 wa, 0.0 hi, 0.4 si, 0.0
.7 us, 3.8 sy, 0.0 ni, 24.4 id, 0.8 wa, 0.0 hi, 3.4 si, 0.0
.9 us, 3.4 sy, 0.0 ni, 25.0 id, 0.0 wa, 0.0 hi, 2.7 si, 0.0
.2 us, 3.4 sy, 0.0 ni, 29.5 id, 0.0 wa, 0.0 hi, 6.0 si, 0.0
.6 us, 1.5 sy, 0.0 ni, 5.2 id, 0.8 wa, 0.0 hi, 3.7 si, 0.0 100F -
.2 us, 3.4 sy, 0.0 ni, 32.5 id, 0.0 wa, 0.0 hi, 6.0 si, 0.0
.9 us, 3.0 sy, 0.0 ni, 27.5 id, 0.0 wa, 0.0 hi, 1.5 si, 0.0
I .8 us, 2.6 sy, 0.0 ni, 20.2 id, 0.0 wa, 6.0 hi, 3.4 si, 0.0 80} _
KiB Mem : 12123640 total, 367808 free, 4249272 used, 7506560 buffflalhe
KiB Swap: 8388604 total, 6959712 free, 1428892 used. 6061932 avail Mem ~
I
%CPU %MEM TIME+ COMMAND — 60 -
postgres 1294452 R .0 postgres jB
postgres 1294452 R .0 postgres ©
postgres 1294452 R .2 postgres o« 40 .
postgres 1294452 R .2 postgres
16996 postgres ¢ D 1294452 S .8 postgres
19844 postgres R .8 postgres L |
17860 postgres S 4.3 30 postgres 20
7764 postgres ; g S 3.9 6 postgres
postgres 1294452 R .9 postgres
postgres 1294452 R .6 postgres Or | X . . | X | -
postgres 1294452 R .0 .8 postgres 9 9 9 ()Q ()Q
5630 postgres 0 S 50.6 8.8 postgres Q \) Q
5 postgres S .0 9.0 5 gres A0 e 720 02 20
b postgres S .0 0.2 . .
postgres S .0 0.0 mshues Epochtnne[second] +1.58877e3
3 postgres S .0 .9 postgres
postgres S .0 .8 postgres
postgres S .0 .1 >
b postgres 2 S .0 .0 g
postgres ; D 1€ S .0 .0 postqres
3 postgres ; D 1294732 S .0 .1 postgres
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Importance of indexing

From https://www.postgresql.org/docs/9.1/indexes.html: “Indexes are a common
way to enhance database performance. An index allows the database server to
find and retrieve specific rows much faster than it could do without an index. But
indexes also add overhead to the database system as a whole, so they should be
used sensibly.”

Given the same Python code for the “on-line” read-out, let’s:

Not using indexing
X write rate: steady ~450 Hz

X read rate: starts at ~10 Hz and decreases with table size increasing

Using indexing

X write rate: steady ~370 Hz Indexing is
mandatory

X read rate: steady ~370 Hz

Antoine Chapelain, Cornell U. CBPM3 development
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https://www.postgresql.org/docs/9.1/indexes.html

The trick is to index only the columns that will be scanned, i.e., in our case:
X instrument id

X timestamp

Here | defined a PRIMARY KEY containing the two mentioned columns (this is one
way of doing indexing):

Antoine Chapelain, Cornell U. CBPM3 development
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PostgreSQOL.:

X performance seems more than enough if we design/deploy our applications
keeping in mind all we learned

X going with that solution would make us (as of today) the only user of the CESR
PostgreSQL database — optimal performance

MongoDB:

X want to give it a “'quick’’ try to see if there something more to gain with respect
to PostgreSQL

MariaDB:

x for now: assuming performance similar to PostgreSQL since both SQL databases

X can play with it if we want to use it as our database

Antoine Chapelain, Cornell U. CBPM3 development May 8, 2020 17




MongoDB write/read




Default write implementation: insertMany

X one collection (contains the 120 instruments)
X each document in collection has 6 values: instr id, timestamp and 4 button
X code executes:
> one insertMany of 120 instruments (appended to a list)
X one connection to database left open
X timestamp is store as ‘_id":
> id” must be unique

> providing ‘_id’ avoids overhead of database creating ‘ id’ behind the scenes

ol, data, n instr):

(n_instr):
post.append({ : time.time()
(i)
: datall]
: datal2]
: datal3]
: datal4]1})

col.insert many({post)

Antoine Chapelain, Cornell U. CBPM3 development
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Read/Write test

Write:

X continuously write to the database using the default implementation

Read:

X “"on-line"” read-out: same code running 5 times in parallel to fetch as fast as

possible the last entry of each of the 120 instruments (5 instances for the on-line
display?)

x ‘'off-line’”’ read-out: same code running 2 times in parallel to fetch the last hour
of data for all the 120 instruments (2 instance for the off-line display?)

Question:

X will the read/write cruise steadily?

Everything (application and database) runs on cesrl04

Antoine Chapelain, Cornell U. CBPM3 development May 8, 2020 21




Limit write rate to 100 Hz

Though higher rates are achievable, this already provides a factor 10 margin over
our 10 Hz design goal
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MongoDB load

Here are screenshots of the ‘top’ command:

before test start

top - 09:01:25 up 343 days, 21:32, 18 users, load average: 0.80, 1.00, 1.09
Tasks: 660 total, 2 running, 658 sleeping, 0 stopped, @ zombie

pu(s): 4.6 us, 1.3 sy, 6.0 ni, 94.1 id, 0.0 wa, 0.0 hi, 0.0 si, 0.0 st
KiB Mem : 12123640 total, 1746228 free, 6450236 used, 3927176 buff/cache
KiB Swap: 8388604 total, 7486736 free, 901868 used. 3890052 avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
3931 mongodb 20 0 6305620 3.2g 6952 S 0.0 27.3 110:00.24 mongod

right after test start 20 minutes after test start
top - 09:02:31 up 343 days, 21:33, 18 users, load average: 1.88, 1.17, 1.14 top - 09:21:58 up 343 days, 21:53, 18 users, load average: 9.08, 8.37, 6.33
Tasks: 668 total, 7 running, 661 sleeping, O stopped, 0 zombie Tasks: 624 total, 7 running, 617 sleeping, @ stopped, © zombie
pu(s): 49.2 us, 6.3 sy, 0.0 ni, 43.6 id, 0.1 wa, 0.0 hi, 0.7 si, 0.0 st/@%Cpu(s): 58.7 us, 5.5 sy, 0.0 ni, 35.2 id, 0.1 wa, 0.0 hi, 0.6 si, 0.0 st
KiB Mem : 12123640 total, 2080484 free, 6103784 used, 3939372 buff/cache KiB Mem : 12123640 total, 430528 free, 7999360 used, 3693752 buff/cache
KiB Swap: 8388604 total, 7486992 free, 901612 used. 4236468 avail Mem KiB Swap: 8388604 total, 7488784 free, 899820 used. 2343476 avail Mem

PID USER PR NI VIRT RES SHR TIME+ COMMAND PID USER PR NI VIRT
3931 mongodb 20 0 6305620 2.3g 6952 1. .1 116:19.99 mongod 3931 mongodb 20 0 6313812

top - 09:46:05 up 343 days, 22:17, 18 users, 1load average: 8.03, 8.16, 7.84
asks: 619 total, 9 running, 618 sleeping, 0 stopped, 0 zombie

%Cpu(s): 58.6 us, 4.6 sy, 0.0 ni, 35.9 id, 0.3 wa, 0.0 hi, 0.6 si, 0.0 st

KiB Mem : 12123640 total, 532680 free, 9177356 used, 2413604 buff/cache

KiB Swap: 8388604 total, 7489180 free, 899424 used. 1172912 avail Mem

PID USER PR NI VIRT RES TIME+ COMMAND
3931 mongodb 20 0 6322 4.0g 08. .9 226:11.41 mongod

Antoine Chapelain, Cornell U. CBPM3 development
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First 45 minutes: read rate

The 5 ““on-line’’ read-out of the last entry for each instrument held up the write
rate, with the exception of 10-35 trigger skips (usually 1 or 2 triggers skipped).

108517 168520
121542 121544
128075 128077
147716 147718
147824 147827
147863 147865
167464 167466
186444 180446
193411 193414
206496 206498
213249 213251
213252 213254
213524 213526
213531 213533
239400 239402
247213 247215
103.81293180291907

2.845167267569372 22.755925931954188 107.75901138144542
counter mismatch: 31
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Additional materials




PostgreSQL vs MongoDB




Highest write rate

Maximum write rate without read-out (both running simultaneously on cesr104)

Rate [HZ]

~ Antoine Chapelain, Comnell U. CBPM3 development

400

300

200

100

w

10°F

10

16

10°

Epoch time [second]

e x
o Xk ¥ xx)(; X X &:xxxxx * X X e T
x X X x % xx x = z X .
5{" ?ﬂm XKW&;)% %ﬁ’f%wx& %‘w:g(-oa %: mﬁ -
L 1 L L L 1 L 1]
&60 D«‘E’Q ‘JQG ‘J'LQ 6&0 660 ‘3%0 QJQQ
+1.58886e9

MongoDB

<rate> = 426 Hz

Rate [HZz]

300

400

Rate [Hz]

500

400

300

200

100

103

102

10!

100

Epoch time [second] +1.58886e9

PostgreSQL

<rate> = 387 Hz

100 200 300

Rate [HZz]

400 500

May 8, 2020 27



Write rate with read-out

Limited to 100 Hz write rate with 5 ““on-line’’ and 2 “'off-line’”’ read-out — both
keep up
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MongoDB

top - 10:35:48 up 343 days, 23:06, 13 users, load average: 1.46, 1.67, 2.33
: 614 total, 1 running, 613 sleeping, 0 stopped, 0@ zombie
1.4 us, 1.9 sy, 0.0 ni, 96.7 id, 0.0 wa, 0.0 hi, 0.0 si, 0.0 st
: 12123640 total, 4964424 free, 3509528 used, 3649688 buftf/cache
8388604 total, 7492252 free, 896352 used. 6832476 avail Mem

PID USER PR NI VIRT RES SHR 5 %CPU %MEM TIME+ COMMAND
3931 mongodb 20 0 6322004 457764 7044 S 0.0 3.8 267:03.94 mongod

top - 10:36:24 up 343 days, 23:07, 13 users, 1load average: 1.24, 1.58, 2.28
Tasks: 613 total, 6 running, 607 sleeping, 0 stopped, 0 zombie

%“Cpu(s): 53.6 us, 5.2 sy, 0.0 ni, 39.7 id, 0.8 wa, 0.0 hi, 0.7 si, 0.0 st
KiB Mem : 12123640 total, 4794844 free, 3676272 used, 3652524 buff/cache

KiB Swap: 8388604 total, 7492508 free, 896096 used. 6665720 avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
3931 mongodb 20 O 6322004 148876 7044 S 221.5 1.2 267:12.41 mongod

top - 10:45:37 up 343 days, 23:16, 13 users, load average: 8.27, 7.07, 4.86
Tasks: 597 total, 6 running, 591 sleeping, @ stopped, @ zombie

%“Cpu(s): 64.8 us, 4.7 sy, 0.0 ni, 29.8 id, 0.1 wa, 0.0 hi, 0.6 si, 0.0 st
KiB Mem : 12123640 total, 2468716 free, 5775884 used, 3879040 buff/cache

KiB Swap: 8388604 total, 7492508 free, 896096 used. 4565196 avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
3931 mongodb 20 0 6322004 1.7g 7048 S 262.3 14.7 291:25.81 mongod

top - 11:30:10 up 344 days, 1 min, 13 users, load average: 7.39, 7.95, 8.04
Tasks: 622 total, 8 running, 614 sleeping, @ stopped, 0 zombie

“Cpu(s): 58.4 us, 4.7 sy, 0.0 ni, 36.1 id, 0.0 wa, 0.0 hi, 0.7 si, 0.0 st
KiB Mem : 12123640 total, 437996 free, 8886600 used, 2799044 buff/cache

KiB Swap: 8388604 total, 7490064 free, 898540 used. 1456668 avail Mem

PID USER PR NI VIRT RES SHR S SCPU %SMEM TIME+ COMMAND
3931 mongodb 20 0 6322004 3.7g 6944 S 269.5 32.0 411:01.13 mongod
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