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DESC me;

IT-Architekt bei Telekom MMS

= geit 25 Jahren im Ops Umfeld
= verschiedene OLTP-Umgebungen auf Basis von Web-Technologien

=  Shops, Firmenseiten, Info Portale, Callcenter,
Aggregatoren, Backendsysteme

= Hauptarbeitsfelder: Automatisierung,
Performance, Optimierung

= QOpen Source Arbeit
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SELECT name FROM db.software;

MariaDB mongo DB. o
. amazon
E“.E}L RDS

[ ft(( "
O SQL Server

- ORACLE

Amazon DocumentDB




CREATE DATABASE production;

https://gunshowcomic.com/648
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SELECT * FROM contents;

\ v

Tools Erfahrungen

N
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CREATE TRIGGER watch ON env ...
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Feedback |
John Boyd's OODA loop

https://en.wikipedia.org/wiki/OODA_loop



INSERT INTO environment VALUES (,,Linux Tools*)

[schurzi@fafnyr ~15 top [schurzi@fafnyr ~]$% iostat -y -h -x -t 30 1
top — 21:27:16 up 301 days, 5:34, 4 users, load average: 2.42, 2.54, 2.76 Linux §.15.3-archl-1 (fafnyr)  04/20/2028 _H#BE_B4_ (4 CPU)
Tasks: 222 total, 1 running, 221 sleep, 0 d-sleep, 0 stopped, 0 zombie D4/20/2026 09:37:44 BM
*Cpua(s): 36.4 us, 2.1 sy, 0.0 ni, 57.3 id, 1.3 wa, 2.4 hi, 0.3 =i, 0.1 st avg-cpu: %user fnice %system %iowait %steal $idle
MiB Mem : 3888.6 total, 378.8 free, 25970.3 used, T795.3 buff/cache £4.0% 0.0% 15.2% 3.9% 1.3% %
MiB Swap: 2048.0 total, 1653.0 free, 385.0 used. 913.4 avail Mem i i
rfs rkB/s rrgm/s %frrgm r await rareg-sz Device
0.00 0.0k 0.00  0.0% 0.00 0.0k dm-0
PID USER 5 %C COMMRND 0.00 0.0k 0.00  0.0% 0.00 0.0k dm-1
2198172 mysgl 20 0 1590136 823800 140%2 5 133.5 20.7 lew+ld mariadbd 2313.350 3g. 1M 0.00 0.0% 0.24 16.0 2
1553310 netdata 20 O 797368 166436 13468 5 9.3 4.2 7d+14h netdata 9.90 001; ggg ggz g.99
1553879 netdata 20 0 103228 8120 3144 5 3.3 0.2 73,31 apps.plugin 0.00 0.0k 0.00 0.0% o.00
514372 http 20 0 285304 32120 20276 5 2.3 0.8 0:01.70 php-fpm 2314.27 36.4M £.53 S 0.26
513754 http 20 0 283824 18096 8020 5 2.0 0.5 0:02.92 php-fpm
1553875 netdata 20 0 1416104 78524 14876 S 0.7 2.0 18,03 go.d.plugin wkBfs  wrogm/s Swrom w_awalt wareq-sz bDevice
471 root 20 0 16392 4892 4380 5 0.3 0.1 10,53 systemd-logind o S Lew 0 e
515116 schurzi 20 0 12396 5972 3668 R 0.3 0.1 0:00.12 top — 0.00  0.0% 1 as c fk dmes
1553881 netdata 20 0 201452 3692 3308 5 0.3 0.1 117:20.07 sd-jrnl.plugin 0.0k 0.00 0.0% 0.00 0.0k dm-3
1l root 20 4] 23172 82596 5082 5 0.0 0.2 149:28.56 systemd 1.87 £.0k 0.00 0.0% 1.70 5.6k dm-4
_ - _ _ - _ - - .- - o T - 0.00 0.0k 0.00  0.0% 0.00 0.0k dm-5
11.13 759.2k % 2.08 7.1k xvda
d/fs dkB/ = drgm/s  %drgm d await dareg-sz Device
] i R 0.00 0.0k 0.00  0.0% 0.00 0.0k dm-0
[schurzi@fafnyr ~]% wvmstat 5 0.00 0.0k 0.00 0.0%  0.00 0.0k dm-1
E:‘,:IDC,‘.S ——————————— I['_EI['_DIY —————————— ———SWEP—— ————— iD———— —SYSEEI['_—— ——————— CP'._',I. ——————— 0.00 0.0k 0.00 0.0% 0.00 0.0k dm-2
r b swpd free buff cache =i s0 bi bo in cs us sy id wa st gu 0.00 0.0k 0.00  0.0% 0.00 0.0k J"
- o 872 E53004 a 0 7216 &7 3213 411 479 € 0 0 0.00 0.0k 0.00  0.0% 0.00 0.0k dm-4
3 0 204496 410980 165572 7 fe hoae = 0.00 0.0k 0.00 0.0%  0.00 0.0k dm-5
2 0 4044%&c 408232 lee004 653912 i} i} 134 1% 8510 12%1 &5 & 28 1 0O @0 0.00 0.0k 0.00 0.0% 0.00 0.0k xvda
3 0 404496 405304 leeldle 653520 0 i} ] TS 7945 1171 66 & 27 0O 0O O ) ) )
3 0 404496 407080 166028 653928 0 0 0 26 4352 957 33 4 63 0 0O O (/e fawalt aqu-sz Rucil Device
3 0 4044%6 402648 lee048 655252 i} ] 723 18 8679 1452 56 T 34 2 0 O 0.00 0.00 0.01
3 0 404496 402040 leed52 655260 i} i} g 17 8301 1217 70 & 24 0O 0O 0 0.00 0.00 0.56 33.
3 0 404496 401788 166076 655264 0 0 0 40 8210 1077 73 € 20 0 O O Son oy 2t
0.00 0.00 0.00 0.
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INSERT INTO environment VALUES (,,metrics*)

Playing JCEPREIRID

> 4/22/26 + 15:51 GMT+2 + last 7d = v KB
= Nodes & Metrics @) Live & logs () Dashboard L) Alerts B Events @ Anomalies 4 AlInsights
. System > ﬁl Compute > PSl > CPU > Some -
N - Compute
--CPU =
Total CPU utilization = system.cpu = [percent]
@ I Group by dimension ¥ the AVG(] ¥ 1n 9o
00
w &id-@an
" 60
P W
20
0
04116 04517 0418 0419 04/20 04721 04722
1 steal softirg irq user system nice iowait
0.1 0.76 5 3115 54.9 5 3315 0 1115
* Expand - Compare Periods =
-- Pressure Stall Information (PSI)
---CPU
--— Some Pressure w
CPU some pressure = system.cpu_some_pressure » [percent] CPU some pressure stall time « system.cpu_some_pressure_stall_time « [milliseconds]
¥ oy dimension he AVG() 1= 3 dimey 2 dimension 1 node 2
30 i A
300 - T
0 i des@atn
= 20 200
g g
£ 10 100
0 0
04/16 0417 0418 04019 04/20 0421 04/16 oan7? 0418 0418 04,20 04/21 04722
Latest: Wed, Apr 2 12 E
1 some 10 some 60 some 300 1 time
2411 24.26 24.3 5 247.8 .
¥ Expand - Compare Periods * * Expand - Compare Periods =
---IRQ
---- Full Pressure ¥
IRQ full pressure » system.irg_full_pressure + [percent] RQ full pressure stall time « system.ing_full_pressure_stall_time « [milliseconds]
MG v dimension ¥ the AVG() 1 3di 728s b p bydimension ¥ the AVG( 1 node 1d 2 1al Vel
45 50
4 45
= 35 40
g 3 g
e £ z 35
25 30
2 25
(2] 15
~ fana fanT Aans nara Aaon Aam nam3 LYRTS aany YL YR nasn A namo
[ P —— - A e . Wed Apbr22 2026+ 15:55:12 ———— S P S —— —— ——
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INSERT INTO environment VALUES (,,DB Features*)

Mit System Metriken kann man erkennen, wo der Engpass ist
Frage: Was konsumiert die Ressourcen?

= DBMS interne Metriken
=  Ganz besonders Query-Profile
= PostgreSQL pg_stat_statements Extension
= 4 MySQL Slow Query Log
=  MongoDB Profiling
= Absolute Arbeitsgrundlage, das MUSS da sein!

employees=# SELECT SUBSTR(query, 1, 15),calls,total exec time,mean exec time, rows
FROM pg stat statements ORDER BY total exec time DESC;

substr | calls | total exec time | mean exec_ time | rows
————————————————— e s st ettt R
SELECT d.dept n | 5 | 1352.686885 | 270.537377 | 25
SELECT first na | 29 | 0.856591 | 0.029537 | 0
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INSERT INTO environment VALUES (,,metrics*)

PERCONA
MONITORING AND
MANAGEMENT

Percona Monitoring and Management (PMM) is an open
source database observability, monitoring, and
management tool for use with MySQL, PostgreSQL,
MongoDB, and the servers on which they run.

Install Now Documentation >
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INSERT INTO environment VALUES (,,metrics*)

MySQL Handlers
80.00K ops/s

60.00K ops/s
40.00K ops/s

20.00K ops/s

0.00 ops/s
03/24

03/27

03/30 04/02 04/05 04/08 04/11 04/14 04117 04/20

== jcp_attempts

0.00 ops/s 1.24Kops/s 678.85ops/s

678.73 ops/s

== icp_match 0.00 ops/s 1.24K ops/s
== commit

0.48 ops/s 653.07 ops/s 386.58 ops/s

Process States

03/27 03/30 04/02 04/05 04/08 04/11 04/14 04/17 04/20
min  max avgv
idle 0.00 84.00 20.08
== other

0.00 4100 6.49
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3.00K

2.00K

1.00K

0.00

03/24

03/27

Top Command Counters

03/30 04/02 04/05 04/08 04/11 04/14 04/17 04/20
== Com_select 0.00 588.50 342.70
== Com_stmt_execute 0.00 58459 340.36
== Com_insert 0.00 2283 11.36
£ MySQL Network Traffic
2.00 MB/s
0.00B/s ™~
-2.00 MB/s [
s y P . -
-4.00 MB/s ‘
-6.00 MB/s
03/24 03/27 03/30 04/02 04/05 04/08 04/11 04/14 04/17 04/20
min max avg v
== Outbound 569.78 kB/s 414 MB/s 2.61 MB/s
== Inbound 66.08 kB/s 205.80kB/s 124.63kB/s
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INSERT INTO environment VALUES (,,metrics*

MySQL Handlers

Handler statistics are internal statistics on how MySQL is selecting,
updating, inserting, and modifying rows, tables, and indexes.

This is in fact the layer between the Storage Engine and MyS0L.

« read_rnd_next is incremented when the server performs a full
table scan and this is a counter you don't really want to see with a 04708 04/11 04,14 0417 04,20
high value.

« read_key is incremented when a read is done with an index.

« read_next is incremented when the storage engine is asked to
‘read the next index entry'. A high value means a lot of index 3900 11400 89.01
scans are being done. - - -

min max avg -
1.02K 102K 1.02K

! MySQL Handlers ~
20.00K ops/s
L | ) § o | | LMMMI I_-.I|l|- L o ¥
60.00K ops/s W e | | I
A d |
40.00K ops/s |
¥
20.00K ops/s
0.00 ops/s =——— I
03/24 03/27 03/30 04/02 04/05 04/08 0411 04/14 0417 04/20
== jcp_atternpts 0.00 ops/s 124K opsfs 678.85 ops/s
== jcp_match 0.00 ops/s 1.24K opsfs 678.73 ops/s
commit 048 opsf/s 65307 ops/s 3B6.58 ops/s
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INSERT INTO environment VALUES (,,observability*)

® delivery :

® load-test :

@ front-end :

® order 3

®user : &

< Trace b729f08606fdb8a63f7daf0786b8dcéd

2026-04-20 21:28:20.790 4.40ms GHTTP-200
Service & Operation
~ I front-end
~ | front-end
« | catalog
catalog

front-end
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show full tr

@ cache |
ecartdb :&m
®cart
@ db-main : g
ghcr.io:443
@ kafka 3
@ order-db-mongodb §
® rabbitmg-server :
@ recommendations
® catalog

@ traffic-manager :

user-db-mysql :

ace
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Jetzt wissen wir, was wir wollen
... aber wie?







CREATE INDEX ...

Immer mein erster Schritt!

Vorgehen: Konzentration auf Top 3 Queries, Indexe erstellen, wiederholen bis Erfolgreich

Postgres Internal Pages Leaf Pages Heap Pages
(In Index) (In Main Table)
B-Tree
An welchen Stellen besonders auf Indexe achten: Index 18- (0,2) Page 0
19-=(0,2) 0: = Row Data
= Foreign Keys 20-03) 1:  Row Data
2: = Row Data
= Constraints Root Page 21-(1,4) 3: — Row Data
. . ] 22 = (2, 0)
Joins ﬂjr\\. 20 24 (2,1)
. uy = 05" = | o — =~ Page5
= Conditions (WHERE, GROUP BY, ORDER BY) = ' — e
[ | Updates 26 —J\(EE)}— N 1: — Row Data
29 = (4, 0) \'. 2: = Row Data
|
30— (3, 0) ‘\ Page 6
Ergebnis: Ein besserer Index andert die Performance um Grofienordnungen! 31-62 |\ |0~ RowDaa
32 (5,0) 17 Row Data »

https://pganalyze.com/blog/postgresql-vs-sql-server-btree-index-deduplication

Offen | Kein Datenbankschema tiberlebt den Kontakt mit der Realitét: Hier ist der Plan B! | 22.04.2026



CREATE INDEX ...

employees=# \d employees.employee
Column |

id

birth date
first name
last name

bigint

date

character varying(14)
character varying(16)

gender employees.employee gender
hire date date
Indexes:

"1dx 16988 primary"
Referenced by:

PRIMARY KEY, btree

TABLE "employees.department employee" CONSTRAINT "dept emp ibfk 1" FOREIGN KEY
ON UPDATE RESTRICT ON DELETE CASCADE
TABLE "employees.department manager" CONSTRAINT "dept manager ibfk 1" FOREIGN KEY
ON UPDATE RESTRICT ON DELETE CASCADE

TABLE "employees.salary" CONSTRAINT "salaries ibfk 1" FOREIGN KEY
ON UPDATE RESTRICT ON DELETE CASCADE
TABLE "employees.title" CONSTRAINT "titles ibfk 1" FOREIGN KEY
ON UPDATE RESTRICT ON DELETE CASCADE

REFERENCES employees.employee (id)
REFERENCES employees.employee (id)
REFERENCES employees.employee (id)

REFERENCES employees.employee (id)
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Collation

(1d)

Table "employees.employee"
Nullable

Default

(employee 1id)
(employee 1d)
(employee 1d)

(employee 1d)
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CREATE INDEX ...

employees=# EXPLAIN ANALYZE SELECT first name, last name FROM employee WHERE first name LIKE 'Martin’;

QUERY PLAN
Gather (cost=1000.00..5733.36 rows=233 width=15) (actual time=16.598..18.827 rows=0.00 loops=1)
Workers Planned: 1
Workers Launched: 1
Buffers: shared hit=2504
-> Parallel Seqg Scan on employee (cost=0.00..4710.06 rows=137 width=15) (actual
time=13.756..13.757 rows=0.00 loops=2)
Filter: ((first name) ::text ~~ 'Martin'::text)
Rows Removed by Filter: 150012
Buffers: shared hit=2504
Planning Time: 0.065 ms
Execution Time: 18.874 ms
(10 rows)
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CREATE INDEX ...

employees=# CREATE INDEX emp first name ON employees.employee USING BTREE (first name);

CREATE INDEX

employees=# EXPLAIN ANALYZE SELECT first name, last name FROM employee WHERE first name LIKE 'Martin';
QUERY PLAN

Bitmap Heap Scan on employee (cost=6.23..701.49 rows=233 width=15) (actual time=0.127..0.127

rows=0.00 loops=1)

Filter: ((first name) ::text ~~ 'Martin'::text)
Buffers: shared read=3
-> Bitmap Index Scan on emp first name (cost=0.00..6.17 rows=233 width=0) (actual
time=0.121..0.121 rows=0.00 loops=1)
Index Cond: ((first name) ::text = 'Martin'::text)

Index Searches: 1
Buffers: shared read=3
Planning:

Buffers: shared hit=16 read=l1l
Planning Time: 0.443 ms
Execution Time: 0.275 ms
(11 rows)
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Ich glaube nicht an Indexe!

Ein Index verdndert das Resultat der Abfrage!

Durch zu viele Indexe wird das Schreiben langsamer!



CREATE INDEX ...

employees=# EXPLAIN ANALYZE SELECT d.dept name, AVG(s.amount) AS average salary
FROM employees.salary s

JOIN employees.department employee de ON s.employee 1d = de.employee id

JOIN employees.department d ON de.department id = d.id

WHERE s.to date > CURRENT DATE AND de.to date > CURRENT DATE

GROUP BY d.dept name

ORDER BY average salary DESC

LIMIT 5;

lgigghing Time: 0.879 ms
Execution Time: 353.408 ms
(51 rows)
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CREATE INDEX ...

Execution time: 796ms

#10

#3
#14

Planning time: 2.97ms

rows | estimation

! Finalize GroupAggreg...

L Gather Merge
L Sort

L Partial HashAggre ..

L Hash Inner Join
| Parallel Hash In.
| } Parallel Bitmap
| | L Bitmap Index
| L Parallel Hash

| LParallel Seq §..

L Hash
L Seq Scan

~ Parallel Hash Inner Join

~~ Partial HashAggregate
by d.dept_name

v Hash Inner Join
on de.department_id = d.id

50.5ms

57.6ms

on s.employee_id = de.employee_id

n:127ms

[ESRTELTn A joins two record sets by hashing one of them

(using a Hash Scan).

General 10 & Buffers Output

© Timing: 127ms | 16°
= Rows: ~240,123.99
$ Cost: 2,790.10 (Tt
‘O Loops: 3

Workers  Misc

A

~ Parallel Bitmap Heap Scan . . #

o employees.salary s s

1: 364ms

ChE G e n i oY searches through the pages returned by
the Bitmap Index Scan for relevant rows.

General 10 &Buflers  Output  Workers — Misc

| 46

>
=
3
&
b1
3
a
@
*
]
g
3
Y
=

n:19.8ms

e U h oY uses a Bitmap Index (index which uses
1 bit per page) to find all relevant pages. Results of this node are fed fo
the Bitmap Heap Scan.

General 10 & Buffers Qutput  Workers  Misc

© Timing: 19.8ms |29
= Rows: 240,124 (P 2
S Cost: 3,041.18
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- Parallel Hash @ i1
——
ation: 101ms

CEEILTNCY generales a hash table from the records in the input
recordset. Hash is used by Hash Join.

General 10 & Buffers Qutput  Workers  Misc

© Timing: 101ms | 13°

= Rows: ~240,123.99 )42

S Cost: 000 (Tt 5

‘D Loops: 3

~ Parallel Seq Scan S Y z12
on employees.department_employee =s de

—

n 53.7ms

EEELL TN finds relevant records by sequentially scanning the
input record sef. When reading from a fable, Seq Scans (uniike Index
Scans) perform a single read operation (oniy the table is read).

General 10 & Buffers Qutput  Workers  Misc
© Timing:
= Rows: ~240,123.99 (Pla - )42
¥ *Rows Removed by Filter: ~91,479| 27% @
S Cost: 5,085.91 (T
‘D Loops: 3

53.7ms |72

~ Hash

[
o

0.011ms

[ESIITTEN generates a hash table from the recoras in the input
recordset. Hash is used by Hash Join.

General 10 & Buffers Output Workers Misc

© Timing: 0011ms

Rows: ~27 27
S Cost: 0.00 )
‘D Loops: 3

il
=

~ Seq Scan
on employees.department

on: 0.042ms

B Ll =l finds relevant records by sequentiaily scanning the
input record sef. When reading from a table, Seq Scans (unlike Index
Scans) perform a single read operation (only the table is read).

General 10 & Buffers Output Workers Misc

© Timing: 0.042ms

Rows: ~27 27]
S Cost: 109 9]
‘D Loops: 3
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CREATE INDEX ...

Zu beachten:

Redundante Indexe entfernen
Schlechter Index vs. guter Index
Kardinalitat

Statistiken konnen kippen
Degeneration durch Inserts

/eichensatze und Collations

Offen | Kein Datenbankschema tiberlebt den Kontakt mit der Realitét: Hier ist der Plan B! | 22.04.2026

Features:

Es gibt mehrals BTREE
Multicolumn Indexe
Covering Indexe
Function Indexe

Queries ohne Index verweigern

24



ALTER DATABASE production ADD INDEX;

v Database

Postgres QPS MariaDB QPS

CPU Load Databases > 0.1
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ALTER DATABASE production ADD INDEX;

~ Database

Postgres QPS MariaDB QPS

CPU Load Databases > 0.1
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INSERT INTO database VALUES (,,memory*)

Typischerweise der zweite Schritt

Indikatoren: Hohe 10 wait oder viel Disk read 10

Rahmenparameter:

= Genligend Arbeitsspeicher allokieren, dass wenige/keine physical Reads stattfinden
= Gilt auch bei aktuellen SSD/NVME Storages!

= Caches, Buffer, Pools, Logs korrekt sizen

Ziel:

= (knappe) |0 Ressourcen sind aus dem kritischen Pfad entfernt

Offen | Kein Datenbankschema tiberlebt den Kontakt mit der Realitét: Hier ist der Plan B! | 22.04.2026
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Was ist besser als viel Hubraum? -
Mehr Hubraum!



INSERT INTO database VALUES (,,growth*)

Datenbanken und Anwendungen sind langer im Betrieb als erwartet und Wachsen starker als antizipiert

=  Man sieht sich wieder, manchmal nach einem Jahr, manchmal nach einer Woche

Plane fiir die Zukunft:

= Skalierung der Datenmenge O(n) mit Nutzern
= Historisierte Daten und Logs von OLTP separieren
= Datentypen, 32 Bit konnen schnell voll sein ;)
= Bereinigungen
= Fachlich: Wann werden Daten ,archiviert”

= QOperativ: DB Maintenance (Vacuum, Index Reorganisation, Partitionierung, Transaktionslogs)
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B, wie

Besser
machen




CREATE VIEW ideas AS SELECT * FROM experience;

Genereller Umgang mit Datenbanken im Projekt Maintenance
= Mehrere verschiedene DBMS, aber nicht ALLE = Komplexe HA Losungen vermeiden
=  Optimierung und Budget muss verhaltnismallig sein = Recovery planen!
= Bilder/Graphen machen Sachverhalte begreifbar = Das Recovery auch testen!!!
= Buy-In Uber fachliche Zusammenhange erzeugen = Performance Baselines sichern

»  Feedback fur Performancereviews aufbauen

Entwicklungsprozess = Alle haben ein Testsystem, manche gonnen sich auch

ion in separates Produktionssystem®
= Schemaversionierung ein separates Produktionssyste

= ORM
= Abstraktion vs. Optimierung
= Llazy Loading
= Pagination

= Frustquelle!
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COMMIT;

Was wollte ich vermitteln:

Empirisches Vorgehen ist bei
Optimierungen wichtig

Fokus vs. Rauschen

Indexe sind das oft vergessene
Mittel zum Ziel

An Business Kontext orientieren
Einfachheit siegt! (Occams Razor)
Monitoring dauerhaft betrachten

Toolempfehlung

PMM
coroot
Netdata
Dalibo PEV?2

pg stat statements

Liquibase
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Wissen

https://www.percona.com/blog/

Performéﬁ“ice
MySQL

. . ‘eter Zaitser «.‘
O'REILLY Vadim Tkachenko
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https://www.percona.com/monitoring/
https://coroot.com/
https://www.netdata.cloud/
https://github.com/dalibo/pev2
https://www.postgresql.org/docs/current/pgstatstatements.html
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