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- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271160 190
- http_requests _total{instance="hostl", job="my_ app",path="/foo/bar"} 1675271220 170
- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271280 250
- http_requests _total{instance="hostl", job="my_ app",path="/foo/bar"} 1675271340 160
- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271400 220
02:06 | 02:07 | 02:08 | 02:09 | 02:10
http_requests total{instance="hostl",
Job="my_app”, path="/Too"} 190 | 170 | 250 | 166 | 220
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- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 1675271160 190

http_requests _total{instance="hostl", job="my app",path="/foo"}

Time series name with labels
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- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 1675271160 190 name — http requests total tsid=1
instance = hostl tsid=1
job = my_app tsid=1
path = /foo tsid=1
,¢" 2023-02-28 tsid=1
{
‘\
S| 2023-02-28 _ _name__ = http_requests_total tsid=1
http_requests _total{instance="hostl", job="my app",path="/foo"} 2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1
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http_requests _total{instance="hostl", job="my app",path="/foo"}
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- http_requests total{instance="hostl",job="my app",path="/foo/bar"} 1675271160

http_requests _total{instance="hostl", job="my app",path="/foo"}
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instance = hostl tsid=1
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2023-02-28 tsid=1
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2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1
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tsid=1
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- http_requests total{instance="hostl",job="my app",path="/foo/bar"} 1675271160 190

__hame__ = http_requests_total tsid=1
instance = hostl tsid=1

tsid=1

tsid=1

tsid=1

SlowInsert tsid=1

http_requests_total{inst tsid=1

tsid=1

2023-02-28 path = /foo tsid=1

http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} tsid=1

tsid=1 http_requests_total{instance="hostl",job="my app",path="/foo/bar"}
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http_requests total{instance="hostl", job="my app'’
http_requests total{instance="hostl", job="my app'’
http_requests total{instance="hostl", job="my app'’
http_requests total{instance="hostl", job="my app'’

',path="/foo/bar"
',path="/foo/bar"
',path="/foo/bar"
',path="/foo/bar"
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1675271220
1675271280
1675271340
1675271400

http_requests _total{instance="hostl", job="my app",path="/foo"}
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__hame__ = http_requests_total tsid=1
instance = hostl tsid=1

job = my_app tsid=1

path = /foo tsid=1

2023-02-28 tsid=1

2023-02-28 _ _name___ = http_requests_total tsid=1
2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1

http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} tsid=1

tsid=1

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}
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Index DB

http_requests_total{instance="hostl",job="my app",path="/foo/bar"} 1675271220 170
http_requests_total{instance="hostl",job="my app",path="/foo/bar"} 1675271280 250
http_requests_total{instance="hostl",job="my app",path="/foo/bar"} 1675271340 160
http_requests_total{instance="hostl",job="my app",path="/foo/bar"} 1675271400 220

* Of S0 S
http_requests_total{instance="hostl", job="my_app",path="/foo"} I- I-I_I =T FaSt Insert

-_—
---
_—
———--—-—____
e
-

> http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} tsid=1
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(Write Request)
Metric Name UNIX Timestamp  Value

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 16752711660 190

Data Storage
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- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 16752711660 190
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Data Storage

Index DB
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http_requests_total{instance="hostl", job="my app",path="/foo/bar"}
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- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 16752711660 190
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1675271160 190
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- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271160
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271220
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 16752712860
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271340
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271400

1

1

I \
1
]

Index DB
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220

http_requests_total{instance="hostl", job="my app",path="/foo/bar"}
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Single Mode / Cluster Mode

> s —alFh
_ QlI:I O‘ZF_/\-I O-IO‘ |'0H_j|:" |.OI _(I)_|'|__|"-T'— [0 = /‘h X-”_T'_ total 34912
T- —l— O HA — — (@) (@) drwxr-xr-x 3 user staff  96B Feb 9 10:20 ./
dr Xr-x 4 user staff 128B Feb 9 10:20 ../
-r -X@ 1 user staff 17M Feb 2 07:03 victoria-metrics—prod*

single v { at 10:22:04
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Single Mode

ls —-alFh

)
_ 9||:| O‘}_)\ﬂ O‘|O‘ Hl—O“_—lE‘ ]:|-0| '6|-L|-|_I—'_ LI_Ii /‘h X-”_T'_ total 34912
T —lL_ O HA o = - O (- drwxr-xr-x 3 user staff 96B Feb 9 10:20 ./
drwxr-xr-x 4 user staff 128B Feb 9 10:20 ../
—rwxr-xr-x@ 1 user staff 17M Feb 2 07:03 victoria—-metrics—-prod*

- =7 AA8=E PrometheusE L 2~10H HiS i ‘ Cat 10:22:00
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- Q|F 2|&4 B0l Hi0|LE| Iz otLi= 2= VIS A& 3 user statt 568 b 9 10320 ./

3 b 91
Xr=xr-=x 4 user staff 128B Feb 9 10:20 ../
1 user staff 17M Feb 2 07:03 victoria-metrics—-prod*

- A7} %|™5t2 Prometheus 2Lt 2~10HH HEE | —

- CtH : Single Point of Failure
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f 96B Feb 9 10:20 ./
f 128B Feb 9 10:20 ../
] f 17M Feb 2 07:03 victoria-metrics—prod*
- A7} %|X3%}2 Promethe MHIA BLIEZ SRl
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total 70976
drwxr-xr-=x 5 user

— N O] xr-
- 2IF 21£S w0l HI0IRE] IFS 37 TR
hanos, Cortex, Mimir £ CI2 H|IZ 1t A{0|LH= B rer—xrx@ 1 uger

-

staff 160B Feb
staff 128B Feb
staff 11IM Feb
staff 13M Feb
staff 11IM Feb
cluster
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91
9 10:20 ../

2 07:45 vminsert-prod*

2 07:46 vmselect—prod*

2 07:46 vmstorage-prod*

v { at 10:23:09
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> ls —alFh

total 70976
drwxr-xr-x 5 user
drwxr—-xr-x 4 user
—rwxr-xr-x@ 1 user
—rwxr=xr-=x@ 1 user
—rwxr-xr-x@ 1 user

~

=
\’ "‘
=

S

\-

staff 160B Feb
staff 128B Feb
staff 11IM Feb
staff 13M Feb
staff 11IM Feb
cluster

v
“.
At
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9 10:20 ../

2 07:45 vminsert-prod*

2 07:46 vmselect—prod*

2 07:46 vmstorage-prod*

v { at 10:23:09
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Select & Insert @Al
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Select & ;
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Recall AT
Stage | # of Time series Environment

0 HREF JH Olot | egacy systems

1 2RO JH Distributed systems

HHOF JH Poplular platforms

BHO} 7| Custom applications

2 2
3 5
A = X0F 7 Microservices
5 -

i Kubernetes



https://youtu.be/gcZYHpri2Hw

5. Takeaways
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Recall A7
Stage | # of Time series Environment Time series DB
0 HREF JH Olot | egacy systems
1 2RO JH Distributed systems
Prometheus
? 2 22t I Poplular platforms
3 H 2t I Custom applications
4 2= 3k 4 Microservices VictoriaMetrics Single or Cluster
5 = oY Kubernetes VictoriaMetrics Cluster



https://youtu.be/gcZYHpri2Hw
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5. Takeaways 2023

No silver bullet
- VictoriaMetrics7t I B2 2X|E o Zoll= = A2 A
- gL RSE 2|0 XX S4 80| @20 7|7t

—
st AILIRIQ0| CHS ot B OfFs] DRIE 82 E U1 29 LoleIt Be

2TH 1 21oH = AICtH


https://naver-career.gitbook.io/kr/service/search/reliability-platform/search-sre
mailto:tm@navercorp.com
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Appendix

LSM Tree 2t

VictoriaMetrics 2t


https://youtu.be/I6jB0nM9SKU
http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/
https://youtu.be/xfed9_Q0_qU
https://youtu.be/_zORxrgLtec
https://youtu.be/gcZYHpri2Hw
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Appendix

CIHE M2 Bl
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https://valyala.medium.com/billy-how-victoriametrics-deals-with-more-than-500-billion-rows-e82ff8f725da
https://tech.bedrockstreaming.com/2022/09/06/monitoring-at-scale-with-victoriametrics.html
https://blg.robot-house.us/posts/tsdbs-grow/
https://victoriametrics.com/blog/mimir-benchmark/
https://itnext.io/optimizing-linkerd-metrics-in-prometheus-de607ec10f6b
https://medium.com/@uburro/how-we-tried-using-victoriametrics-and-thanos-at-the-same-time-48803d2a638b
https://github.com/VictoriaMetrics/VictoriaMetrics/wiki/Articles
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VictoriaMetrics:
Time series in the Multiverse of Madness

SON JOOSIK, LEE SEONKYU

NAVER Search

NAVER DEVIEW 2023



CONTENTS

1. Background

2. A Deep-dive Into Time series DB

3. Time series Iin the Multiverse of Madness
4. Lessons Learned

S ELCEVENE



1. Background



NAVER

1.1 Monitoring NAVER Search System o "

NAVER Search: A Large-Scale Distributed System

- Billions of search requests
- Tens of thousands of search servers

- Hundreds of search services



NAVER

1.1 Monitoring NAVER Search System o "

NAVER Search: A Large-Scale Distributed System

- Billions of search requests
- Tens of thousands of search servers

- Hundreds of search services

Search SRE: Keeping NAVER Search reliable!!

- Monitoring NAVER Search's many services, systems

- Qutage prevention and response
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Search SRE !

Triggering

Metadata Visualization

Communication



https://deview.kr/2018/schedule/253
https://deview.kr/2019/schedule/319
https://deview.kr/2021/sessions/506
https://deview.kr/2020/sessions/360
https://deview.kr/2021/sessions/448
https://deview.kr/2023/sessions/561
https://deview.kr/2023/sessions/558
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1.1 Monitoring NAVER Search System o "

Search SRE

Triggering

Communication Metadata



https://deview.kr/2018/schedule/253
https://deview.kr/2019/schedule/319
https://deview.kr/2021/sessions/506
https://deview.kr/2020/sessions/360
https://deview.kr/2021/sessions/448
https://deview.kr/2023/sessions/561
https://deview.kr/2023/sessions/558
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1.2 Large-scale time series data

What is time series data?

- Numeric data in chronological order

02:06 | 02:07 | 02:08 | 02:09 | 02110 | 0211 | 0212 | 02113
190 | 170 | 250 | 160 | 220 | 200 | 240 | 200
250 | 195 | 185 | 260 | 175 | 180 | 200 | 240
201 | 203 | 205 | 208 | 210 | 222 | 224 | 226
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1.2 Large-scale time series data DEV!

What is time series data?

- Numeric data in chronological order

270
02:0¢ 0213
A | 19020 N\ T 200
B | 250 475 240
C 201 226
120
2.06 2.0/ 208 2:09 210 211 212 213
=A B +C
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What is large-scale time series data?
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(Number of

time series)

(Flow of time)




NAVER

1.2 Large-scale time series data .

What is large-scale time series data?

(Flow of time)

Total data size = (data retention) X (number of time series)

The longer you keep your data,

the higher the number of time series,
(Number of

time series)
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1.2 Large-scale time series data .

What is large-scale time series data?

(Flow of time)

Total data size = (data retention) X (number of time series)

The longer you keep your data,

the higher the number of time series,
(Number of

time series) Large Scale time series
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How many time series are created in a server monitoring environment?

- Stage O : Less than a million = Legacy systems

Ref.:


https://youtu.be/gcZYHpri2Hw
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1.2 Large-scale time series data .

How many time series are created in a server monitoring environment?
- Stage O : Less than a million = Legacy systems

- Stage 1:1million = Distributed systems

Ref.:


https://youtu.be/gcZYHpri2Hw
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How many time series are created in a server monitoring environment?
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- Stage 1:1million = Distributed systems
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- Stage 3 b million = Custom applications

Ref.:
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1.2 Large-scale time series data .

How many time series are created in a server monitoring environment?
- Stage O : Less than a million = Legacy systems

- Stage 1:1million = Distributed systems

- Stage 2 2 million = Poplular platforms

- Stage 3 b million = Custom applications

- Stage 4 : Tens of millions = Microservices

Ref.:


https://youtu.be/gcZYHpri2Hw

NAVER

1.2 Large-scale time series data .

How many time series are created in a server monitoring environment?
- Stage O : Less than a million = Legacy systems

- Stage 1:1million = Distributed systems

- Stage 2 2 million = Poplular platforms

- Stage 3 b million = Custom applications

- Stage 4 : Tens of millions = Microservices

- Stage b : Billions = Kubernetes

Ref.:


https://youtu.be/gcZYHpri2Hw

NAVER

1.2 Large-scale time series data .

How many time series are created in a server monitoring environment?
- Stage O : Less than a million = Legacy systems

- Stage 1:1million = Distributed systems

- Stage 2 2 million = Poplular platforms

- Stage 3 b million = Custom applications

- Stage 4 . Tens of millions = Microservices > Large scale time series:

- Stage b : Billions = Kubernetes Specialized solution required

Ref.:


https://youtu.be/gcZYHpri2Hw
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Prometheus and Gorilla Compression Algorithms

- Prometheus appears in 2012 - De-facto monitoring system
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1.3 Time series DB History DeviEw

Prometheus and Gorilla Compression Algorithms

- Prometheus appears in 2012

- Gorilla compression algorithm in 2015

- Facebook's time series-specific compression technology
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Prometheus and Gorilla Compression Algorithms

- Prometheus appears in 2012
- Gorilla compression algorithm in 2015
- Time series data in the millions (Stage 3) can now be solved with Prometheus

- However, still difficult to handle scales beyond tens of millions (Stage 4, 5)
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1.3 Time series DB History DeviEw

Prometheus and Gorilla Compression Algorithms

- Prometheus appears in 2012
- Gorilla compression algorithm in 2015

- Time series data in the millions (Stage 3) can now be solved with Prometheus

- However, still difficult to handle scales beyond tens of millions (Stage 4, 5)

Large scale Time Series
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Scalable Solutions to Overcome the Limitations of Prometheus
- Thanos

- Cortex

- Gratana Mimir

- M3DB

- Promscale
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1.3 Time series DB History DeviEw

Scalable Solutions to Overcome the Limitations of Prometheus

- Thanos

- Cortex

- Graftana Mimir
- M3DB

- Promscale

- VictoriaMetrics <« Prometheus compatible,

You can read more about the story
IN our previous

high performance, easy to operate

Ref.:


https://deview.kr/2021/sessions/506
https://youtu.be/gcZYHpri2Hw

2. A Deep-dive into Time series DB
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2.1 Data Model DEviEw

Write Requests Example

(Request Format)

- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271160 190

Time series Name UNIX Timestamp Value



2.1 Data Model

Write Requests Example

- http_requests_total{instance="hostl",job="my app",path="/foo/bar"}
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(Reguest Format)

1675271160 190

(Format in storage)

http_requests total{instance="hostl",
job="my app",path="/foo0"}

©2:06

190




2.1 Data Model

Write Requests Example

- http_requests_total{instance="hostl",job="my app",path="/foo/bar"}
- http_requests_total{instance="hostl",job="my app",path="/foo/bar"}

1675271160
1675271220

190
170
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http_requests total{instance="hostl",
job="my app",path="/foo0"}

©2:06

02:07

190

170




2.1 Data Model

Write Requests Example

- http_requests total{instance="
- http_requests total{instance="

- http_requests total{instance="

nostl",job="my app",pat
nostl",job="my app",pat

nostl",job="my app",pat

n="/foo/bar"}
n="/foo/bar"}
n="/foo/bar"}

1675271160
1675271220
1675271280

190
170

250
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http_requests total{instance="hostl",
job="my app",path="/foo0"}

©2:06

02:07

02:08

190

170

250




2.1 Data Model

Write Requests Example
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- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271160 190
- http_requests _total{instance="hostl", job="my_ app",path="/foo/bar"} 1675271220 170
- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271280 250
- http_requests _total{instance="hostl", job="my_ app",path="/foo/bar"} 1675271340 160
- http_requests _total{instance="hostl", job="my app",path="/foo/bar"} 1675271400 220
02:06 | 02:07 | 02:08 | 02:09 | 02:10
http_requests total{instance="hostl",
Job="my_app”, path="/Too"} 190 | 170 | 250 | 166 | 220
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Index DB Data Storage

] [

[ [

[ [

[ Some sort of DB normalization ]

I I

[ [
(Time series Name) : (Time series Datapoints) :
— 1(
] I I@Z:@G 02:07 | 02:08 | 02:09 | 02:160 ]
I http _requests total{instance="hostl", I 1
] job="my app",path="/foo" [
l . y-app=. B ; : : 190 170 250 160 220 l
= Jd




2.1 Data Model
=

Index DB

Data Storage
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02:06|02:07102:08|02:09(062:10
» tsid=1
’ 190 170 250 160 220
':'I Time series ID
\ 02:06 | 02:07 | 02:08 | 02:09 | 02:10
http_requests total{instance="hostl", .
job="my_app",path="/foo" )
. y_apP=.P } 199 | 176 | 250 | 160 | 220




2.1 Data Model

Inverted Index

<
Index DB

for fast and efficient search

Data Storage
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a S
instance /! hostl «--__ tsid=1 f---___ “Na ©02:06(102:07]102:08(02:09102:10
7 o tsid=l
jOb ,,' my app \\ tsid=1 ——""———:v 190 170 250 160 220
Iy ,"' \‘\ ,,,,, . .
path / ) /foo €=-—--__ . \tsid=1 | Time series ID
N \ . 02:06 | ©02:07 | 02:08 | 02:09 | 02:10
http requests total{instance="hostl",
job="my_app",path="/foo"
: -apP.P } 190 | 170 | 250 | 160 | 220




2.1 Data Model

<
Index DB

Data Storage
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__hame___ http requests_ total tsid=1
instance hostl tsid=1
job my_app tsid=1
path /foo tsid=1
tsid=2

tsid=2

\4 tsid=2

02:06(102:07(02:08102:09|02:10
tsid=1
190 170 250 160 220
tS'id=2 >
tsid=3
tsid=4
\ /

Increases rapidly with each additional time series
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= =
Index DB Data Storage

A very large and fast Averylarge and fast

Key-Value Store Key-Value Store
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2.2 Key Requirements DEVIEW

Large-scale Write

- Tens of millions of data flows per unit of time - Fast write performance required

Large scale

Write
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2.2 Key Requirements DEVIEW
Large-scale / Read

- Query a wide range of data to detect anomalies - Requires fast read performance

i Index DB Data Storage i
Large scale ; ; Large scale

Write Read
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Write, read, both fast?
- Adding data with Append, not Edit » Write : O(1)



NAVER

2.2 Key Requirements DEVIEW

Write, read, both fast?
- Adding data with Append, not Edit » Write : O(1)
- Keeping the data always sorted - Read : O(log n) - O(n)
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2.2 Key Requirements DEVIEW

Write, read, both fast?

S M (Log Structured Merge) T re e !
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2.3 LSM(Log Structured Merge) Tree OEVIE

Write process

Ref.
Ref.



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

2.3 LSM(Log Structured Merge) Tree

Write process

- Data sorted in memory into small pieces

Ref.]

Ref.]
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http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

NAVER

2.3 LSM(Log Structured Merge) Tree 5

Write process

- Data sorted in memory into small pieces

- Sorted data is periodically saved to a file (Flush)

Ref.
Ref.



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

NAVER

2.3 LSM(Log Structured Merge) Tree 5

Merge process

- Smaller fragmented files are periodically merged

\-.,_/ \-/_'\,/_
N / N /

Ref.
Ref.



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

NAVER

2.3 LSM(Log Structured Merge) Tree 5

Merge process

- Smaller fragmented files are periodically merged

- Already sorted data, so processed fast while keeping it immutable

\'_/ \'/_'\/_
N Y\ J/

Ref.
Ref.



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

NAVER

2.3 LSM(Log Structured Merge) Tree DEVEW

Merge process
- Smallerfraamented files are nerindically merqaec
- Alread

Small Sorted Data + Background Merge
= High-Performance Write

Ref.]
Ref.]



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

NAVER

2.3 LSM(Log Structured Merge) Tree 5

Read process

- Quickly look up data with binary search

e

Ref.
Ref.



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

NAVER

2.3 LSM(Log Structured Merge) Tree 5

Read process

- Quickly look up data with binary search

- The disadvantage of looking up in multiple files is mitigated by the Bloom Filter

110l0| 1]0 Bloom Filter

It. -

Sorted
>

Ref.
Ref.



http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

2.3 LSM(Log Structured Merge) Tree

Read process

- Quickly look
- The disadva

Ref.]
Ref.]

up data with binary search

High-performance reads by sorted data
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om Filter


http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/

2.3 LSM(Log Structured Merge) Tree

Index DB

A very large and fast
LSM Tree like

Key-Value Store

=
Data Storage

NAVER
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A very large and fast
LSM Tree like

Key-Value Store
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Index DB

Index DB Operation Process
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Index DB

Write Request

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 1675271160 190
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2.4 Index DB 2025

Index DB

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 1675271160 190

http_requests _total{instance="hostl", job="my app",path="/foo"}

Time series name with labels
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2.4 Index DB —

Index DB

- http_requests total{instance="hostl",job="my app",path="/foo/bar"} 16752711—6—0—_}_52_0____> __name__ = http_requests_total tsid=1
,,—"" L o instance = hostl tsid=1
a”” ,—”"
- ° °
”’¢¢’ ””¢¢’ ""__' ]Ob — my_app tS'|d=1
- -
”¢ ”f ’¢ .
-~ - el -» path = /foo tsid=1
’l ’¢ & PR
- - PR g
g g 7 PR
,1 ,¢ ,/ /,
,’ /’ ,/ P 4 °
- e r (Label to tsid) Inverted Index
Y
,’, ad e /’
’ s /’ /
// /, U4 /4

http_requests _total{instance="hostl", job="my app",path="/foo"}
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Index DB

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 1675271160 190 name — http requests total tsid=1
instance = hostl tsid=1
job = my_app tsid=1
path = /foo tsid=1
,¢" 2023-02-28 tsid=1
{
‘\
S| 2023-02-28 _ _name__ = http_requests_total tsid=1
http_requests _total{instance="hostl", job="my app",path="/foo"} 2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1

Per-day Index



2.4 Index DB

- http_requests _total{instance="hostl", job="my_ app'

',path="/foo/bar"} 1675271160 1960

http_requests _total{instance="hostl", job="my app",path="/foo"}

--
--
-
---
L]
_----—----_
e e
---
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Index DB

__hame__ = http_requests_total tsid=1
instance = hostl tsid=1

job = my_app tsid=1

path = /foo tsid=1

2023-02-28 tsid=1

2023-02-28 _ _name___ = http_requests_total tsid=1
2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}

tsid=1

Metric Name Index for fast look up




2.4 Index DB

- http_requests total{instance="hostl",job="my app",path="/foo/bar"} 1675271160

http_requests _total{instance="hostl", job="my app",path="/foo"}

Inverted Index

190

i

NAVER

DEVIEW
- T
Index DB
__hame__ = http_requests_total tsid=1
instance = hostl tsid=1
job = my_app tsid=1
path = /foo tsid=1
2023-02-28 tsid=1
2023-02-28 _ _name___ = http_requests_total tsid=1
2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}

tsid=1

tsid=1

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}
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Index DB
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- http_requests total{instance="hostl",job="my app",path="/foo/bar"} 1675271160 190 __name__ = http_requests_total

tsid=1

instance = hostl

tsid=1

tsid=1

tsid=1

Pretty procedural

tsid=1

Slow Insert, only performed on first write

tsid=1

http_requests_total{inst

tsid=1

tsid=1

2023-02-28 path = /foo

tsid=1

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}

tsid=1

tsid=1 http_requests_total{instance="hostl",job="my app",path="/foo/bar"}




-

-

2.4 Index DB

http_requests total{instance="hostl", job="my app'’
http_requests total{instance="hostl", job="my app'’
http_requests total{instance="hostl", job="my app'’
http_requests total{instance="hostl", job="my app'’

More data into the same time series

',path="/foo/bar"
',path="/foo/bar"
',path="/foo/bar"
',path="/foo/bar"

e e Cmpd

1675271220
1675271280
1675271340
1675271400

http_requests _total{instance="hostl", job="my app",path="/foo"}

170
250
160
220

NAVER
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o
Index DB

__hame__ = http_requests_total tsid=1
instance = hostl tsid=1

job = my_app tsid=1

path = /foo tsid=1

2023-02-28 tsid=1

2023-02-28 _ _name___ = http_requests_total tsid=1
2023-02-28 instance = hostl tsid=1
2023-02-28 job = my_app tsid=1
2023-02-28 path = /foo tsid=1

http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} tsid=1

tsid=1

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}




2.4 Index DB

1675271220 170
1675271280 250
1675271340 160
1675271400 220

http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"
http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"
http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"

D e

http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"

http_requests _total{instance="hostl", job="my app",path="/foo"}

b
b
h---~-
---
S
—-—--—--——-
el T
LN ]

NAVER
DEVIEW

Index DB

No need of duplicate procedure

2023

Fast Insert after checking TSID only

http _requests _total{instance="hostl", job="my app",path="/foo/bar"}

tsid=1
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Data Storage Operation Process

Data Storage
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2.5 Data Storage DEVIEW

(Write Request)
Metric Name UNIX Timestamp  Value

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 16752711660 190

Data Storage
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2.5 Data Storage e

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 16752711660 190

Check the tsi¢ll assigned to that time series in the Index DB
/ (issue if not present)

Data Storage

Index DB

/
/
!
[
I
I
I
1
I
|
1
\

\
\

http_requests_total{instance="hostl", job="my app",path="/foo/bar"}

tsid=1




NAVER
DEVIEW
2023

2.5 Data Storage

- http_requests_total{instance="hostl",job="my_ app",path="/foo/bar"} 16752711660 190

," \\ Write time and value to that TSID
Index DB Data Storage

\
\\* 02:06
tsid=1 tsid=1
190

http_requests_total{instance="hostl", job="my app",path="/foo/bar"}
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2.5 Data Storage e

1675271160 190

- http_requests_total{instance="hostl", job="my_ app",path="/foo/bar"}
16752712260 170

- http_requests_total{instance="hostl", job="my_ app",path="/foo/bar"}

1
| \
] \
I' \\
] \
[ \
{ \
4 \
4 \
/ \\
! \
4 N
/! AN
! \
I, \\
II \\
] \
i Index DB Data Storage
l’ \\
] AN
I AN
| \
1 \
‘ h
NN 02:06 | 02:07
http_requests_total{instance="hostl", job="my app",path="/foo/bar"} tsid=1 tsid=1
190 170

Time series data is stored in Data Storage



2.5 Data Storage

- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271160
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271220
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 16752712860
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271340
- http_requests_total{instance="hostl",job="my_app",path="/foo/bar"} 1675271400

1

1

I \
1
]

Index DB

190
170
250
160
220

http_requests_total{instance="hostl", job="my app",path="/foo/bar"}

tsid=1

tsid=1

Data Storage

02:06

02:07

02:08

©2:09

NAVER
DEVIEW
2023

02:10

190

170

250

160

220

Time series data is stored in Data Storage



2.5 Data Storage

tsid=1

Data Storage
02:06 02:07 02:08 02:09 02:10 -
190 170 250 160 220

tsid=2

tsid=3

Tens of millions to billions of time series

NAVER
DEVIEW
2023



2.5 Data Storage

NAVER
DEVIEW
2023

Data Storage

©2:06 02:07 02:08 ©2:09 02:10
tsid=1
190 170 250 160 220
tsid=2
tsid=3

Tens of millions to billions of time series

Increases proportionally over time



2.5 Data Storage

tsid=1

©2:06

02:07 ©2:08

Data Storage

©2:09

02:10

tsid=2

tsid=3

Data volumes are growing at an incredibly rapid rate

NAVER
DEVIEW
2023



2.5 Data Storage

Data Storage

tsid=1

02:06

196

tsid=2

tsid=3

LSM Tree alone is not enough

Data volumes are growing at an incredibly rapid rate

NAVER
DEVIEW
2023



NAVER

2.5 Data Storage DEVIEW

| ‘ Data Storage |

B

—

o . s —

—

Data volumes are growing at an incredibly rapid rate
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2.6 Gorilla Compression DEVIEW

(Write Requests)
UNIX Timestamp  Value

1675271160 190
1675271220 170
1675271280 250
1675271340 160
1675271400 220



2.6 Gorilla Compression

1675271160
1675271220
1675271280
1675271340
1675271400

170
250
160
220

-y,
-~y
§~~~
=
-

Single Data Point

2023-02-28 02:06:00

190.00

Timestamp
8 bytes (64 bits)

Value
8 bytes (64 bits)

NAVER
DEVIEW
2023


https://dl.acm.org/doi/10.14778/2824032.2824078

2.6 Gorilla Compression

1675271160
1675271220
1675271280
1675271340
1675271400

170
250
160
220

NAVER

DEVIEW
2023
Single Data Point
~~~~~~~~ Timestam
~~~~~ »|2023-02-28 02:06:00| gpyies (64 bite)
190.00 Value
8 bytes (64 bits)
Same 1-minute interval
'l,/ \\* ll,l \\* 'l,/ \\* ll,l \\* 'l,/ \\*

2023-02-28 02:06:00 | 2023-02-28 02:07:00 | 2023-02-28 02:08:00

2023-02-28 02:09:00 | 2023-02-28 02:10:00

2023-02-28 02:11:00

64 bits 64 bits 64 bits

64 bits 64 bits

64 bits



https://dl.acm.org/doi/10.14778/2824032.2824078

NAVER

. . DEVIEW
2.6 Gorilla Compression DEV!
Single Data Point

11675271160 190 --—--- Timestamp

l e S _ _ . . :

675271020 176 >12023-02-28 02:06:00| gpytes (64 bits)

i I

11675271280 250 190 . 00 Value

I : o .

116752711340 160 8 bytes (64 bits) .

: l Same 1-minute interval

116752714060 220

Il * ll V Il * Il V ll *
Almost duplicate values 2023-02-28 02:06:00 | 2023-02-28 02:07:00 | 2023-02-28 02:08:00 | 2023-02-28 02:09:00 | 2023-02-28 02:10:00 | 2023-02-28 02:11:00
NO ﬂeed .to StOre a” Of them 64 bits 64 bits 64 bits 64 bits . 64 bits _ 64 bits
» a PUS ; e
2023-02-28 02:06:00 + 1 min Same Same Same Same Delta Of Delta EnCOdlng Caﬂ
64 bits 14 bits 1 bit 1 bit 1 bit 1 bit

dramatically compress timestamps


https://dl.acm.org/doi/10.14778/2824032.2824078

2.6 Gorilla Compression

1675271160
1675271220
1675271280
1675271340
1675271400

170
250

160
220

-y,
L
N~~~
=
—_—

NAVER

DEVIEW
2023
Single Data Point
Timestam
> (2023-02-28 02:06:00| gy ies (6461t
190 . Vdue
). 00 8 bytes (64 bits)
Previous Value 190.00 Ox4067c00000000000
Current Value 170.00 Ox4065400000000000



https://dl.acm.org/doi/10.14778/2824032.2824078

NAVER

. . DEVIEW
2.6 Gorilla Compression eV
Single Data Point

1675271160 190 ----_ R Timestamp
Le75971990 176 > (2023-02-28 02:06:00 | gpytes (64 bits)
1675271280 250 190 .00 Va.Iue
1675271340 160 8 bytes (64 bits)

1675271400 220 e — i

Previous Value 190.00 @Xi4@6§7ci@@@@®®@@@@@ E

Current Value 170.00 @x?@é54@@@@@@@@@@@§

[ I : :



https://dl.acm.org/doi/10.14778/2824032.2824078

2.6 Gorilla Compression

1675271160
1675271220
1675271280
1675271340
1675271400

170
250

160
220

-y,
-~y
N~~~
=
—_—

NAVER

DEVIEW
2023
Single Data Point
Timestam
> (2023-02-28 ©2:06:00| gptes (B4 bite)
190.00 Value
8 bytes (64 bits)
Previous Value 190.00 @xp@é74@@@@@@@@@@@i
Current Value 170.00 @xh@é54@@@@@@@@@@@§
[ I : :
XOR - 0x0002800000000006

Value Is also mostly redundant

XORresults © - Delta of Delta Encoding


https://dl.acm.org/doi/10.14778/2824032.2824078

NAVER
DEVIEW

2.6 Gorilla Compression Do

Data Storage
Thislarge data

tsid=1

tsid=2

tsid=3

tsid=4



https://dl.acm.org/doi/10.14778/2824032.2824078

NAVER
DEVIEW

2.6 Gorilla Compression Do

Data Storage
Massive Comression!!

Gorilla Compression
t S 'i d=3 ool ] ] e o o o



https://dl.acm.org/doi/10.14778/2824032.2824078

NAVER
DEVIEW

2.6 Gorilla Compression Do

(4
Clug/ dasp bog
Data Storage i - OScreqy,
o Bytes per point Shot)
| Gorilla Compression | |
tsid=3 | || | | | | | ¢ Compressing 16 Bytes into 0.4/ Bytes!
tsid=4 ||| [ ||| Much more data in memory
Faster processing of large volumes



https://dl.acm.org/doi/10.14778/2824032.2824078
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High Churn Rate

- Time series is constantly being created and doesn't accumulate over time.

- Existence of a Label whose value changes unnecessarily frequently

http_requests total{instance="hostl", job="my_ app",path="/foo0”,tag="173w3e2h4asdf8qg23jha"}
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2.7 Importance of Churn Rate DEV!

High Churn Rate

- Time series is constantly being created and doesn't accumulate over time.

- Existence of a Label whose value changes unnecessarily frequently

http_requests_total{instance="hostl", job="my_ app",path="/foo”,tag="1/3w3e2h4asdf8qg23jha"}

Common time series data distributions
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2.7 Importance of Churn Rate DEV!

High Churn Rate

- Time series is constantly being created and doesn't accumulate over time.

- Existence of a Label whose value changes unnecessarily frequently

http_requests_total{instance="hostl", job="my_ app",path="/foo”,tag="1/3w3e2h4asdf8qg23jha"}

Common time series data distributions Time series with high churn rate
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2.7 Importance of Churn Rate DEV!

High Churn Rate

- Time series is constantly being created and doesn't accumulate over time.

- Existence of ¢

http_request Not suitable for Time Series DB q23jha"}
Need to tune labels or other solution

o

Common time series data distributions Time series with high churn rate
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NAVER

2. A Deep-dive into Time series DB ot "

Summary
- Time series DB = Index DB + Data Storage
- LSM Tree speeds up both reads and writes

- Gorilla Compression for better compression & increased memory efficiency

- |t's important to avoid high churn rate situations



3. Time series In the
Multiverse of Madness
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3.1 Happy one universe 2023

Single Mode / Cluster Mode

=
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3.1 Happy one universe o

ls —alFh
t

Single Mode / Cluster Mode

- One binary file with no external dependencies =, .

staff 96B Fe 0:20 ./

3 b 91
r-xr-x 4 user staff 128B Feb 9 10:20 ../
rwxr-xr-x@ 1 user b 20

staff 17M Fe 7:03 victoria—-metrics—prod*

single v { at 10:22:04
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3.1 Happy one universe o

Single Mode / Cluster Mode

. o . . > ls —alFh
- One binary file with no external dependencies 55227, e cor oo 5100
drwxr-xr-x 4 user staff 128B Feb 9 10:20 ../
—-rwxr-xr-x@ 1 user staff 17M Feb 2 07:03 victoria-metrics—-prod*

- 2'1 OX faSter than Prometheus ; ~ single v { at 10:22:04
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3.1 Happy one universe 2023

Single Mode / Cluster Mode

- One binary file with no external dependencies D232 L o swre o100

3 b 91
Xr=xr-=x 4 user staff 128B Feb 9 10:20 ../
1 user staff 17M Feb 2 07:03 victoria-metrics—prod*

- 2_1 OX faSter thaﬂ Prometheus ~ single v { at 10:22:04

- Disadvantages: Single Point of Failure
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3.1 Happy one universe DEVIEW

Single Mode / Clustesbldads

- One binary file with no

Monitoring for Coami o,
- 2-10x faster than Pro hundreds services stopped = otz
- Disadvantages: Single
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3.1 Happy one universe DEVIEW

Single Mode / Cluster Mode

=
) =



3.1 Happy one universe

Single Mode / Cluster Mode

- 3 binary files with no external dependencies

(Different from Thanos, Cortex, Mimir, etc.)

> ls —alFh

total 70976
drwxr-xr-x 5 user
drwxr-xr-x 4 user
—rwxr=xr-=x@ 1 user
—rwxr—-xr-=x@ 1 user
—rwxr=xr-=x@ 1 user

~

=

vmstorage

staff 160B Feb
staff 128B Feb
staff 11IM Feb
staff 13M Feb
staff 11IM Feb

cluster

NAVER
DEVIEW
2023

91
9 10:20 ../

2 07:45 vminsert-prod*
2 07:46 vmselect—prod*
2 07:46 vmstorage-prod*

v { at 10:23:09

=
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3.1 Happy one universe o

Cluster Mode

total 70976
drwxr-xr-x 5 user staff 160B Feb

3 binary files with no external dependencies e 4 wer sart e rew 91020

—-rwxr-xr-x@ 1 user staff 13M Feb 7:46 vmselect—-prod*
. . . —rwxr-xr-x@ 1 user staff 11M Feb 7:46 vmstorage-prod*
Fach component is easily horizontally scalable P —
)

(Overcoming Prometheus' biggest limitations)

lensel’t N Vmstorage VmseIeCt

E l\ ' 0
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3.1 Happy one universe 2623

Single Mode / Cluster Mode

- 3 binary files with no external dependencies - Stateful / Stateless Servers
(Physical Machine & Kubernetes)

vmselect
N——

vmselect ‘l Read
N—

vmselect
A —

- Each component is easily horizontally scalable

= /‘.
* » <
[ i

‘ 4
N/
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3.1 Happy one universe 2623
Single Mode / Cluster Mode

- 3 binary files with no external dependencies - Stateful / Stateless Servers
- Each component is easily horizontally scalable - ReplicationFactor

(Prevent dataloss)

vmselect

vmselect | Read
N —

vmselect
\______

= /‘.
vminsert A vmstorage A'\
=3 K 'V,
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3.1 Happy one universe 2023

Happy Moments...
'

Useful in dashboards
\,
S =t

™

vmstorage
] |

vmstorage
L [

¥
N\
V
A
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard

Happy Moments...

vmstorage
- .

N~—
/

N—
N——

<AL
p

=
s /

[ [ ‘ —

™

vmstorage
L [

¥
N\
V
A

-
Service-level Alert System

Useful for alert systems
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3.2 The Rise of The Multiverse oz "

Happy Moments...

vmstorage
| [ |

vmstorage
B e

N

Other types of dashboards and alert systems
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3.2 The Rise of The Multiverse oz "

Moments...

Service-level Monitoring Dashboard '
Host-level Monitoring Dashboard '

vmstorage
- .

LJ
/ \/
*

vminsert J

Y
N\
N
\

)
—~

vmstorage
L [

A

N—

vmstorage

N .
— e’

Service-level Alert System '
Host-level Alert System '

Dev & Staging environments
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3.2 The Rise of The Multiverse oz "

M
M
/
_
Service-level Alert System
@@""’7
Start to experience overloading iIssues
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3.2 The Rise of The Multiverse 2025

/ P
cad Service-level Alert System
@@":"’
Different data access patterns cause overload
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard '

Read Host-level Monitoring Dashboard l

Reaq | '
Service-level Alert System
Rose *
Host-level Alert System

specific metrics over a wide range
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard l

Host-level Monitoring Dashboard '

Service-level Alert System l

Rose *
Host-level Alert System

all metrics in short range
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard l
Read Host-level Monltorlng Dashboard l
T
Read
Service-level Alert System
/‘P@%
Host-level Alert System

specific metrics in latest range
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard l
Host-level Monitoring Dashboard l

Service-level Alert System l
Host-level Alert System '

all metrics in latest range
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3.2 The Rise of The Multiverse oz "

Cache Miss & Overload
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7= * Accessing the dashboard to respond to an alert

/\4
- |
>

l

- Dashboard crashes?
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3.2 The Rise of The Multiverse oz "

- * Accessing the dashboard to respondto an alert

o \{
/
/

N l
T |
N v

- Dashboard crashes?

* Accidental heavy query on a dashboard

- Dropping an alert bomb on 50 people?
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3.2 The Rise of The Multiverse oz "

* Accessing the dashboard to respondto an alert

- Dashboard crashes?

* Accidental heavy query on a dashboard

- Dropping an alert bomb on 50 people?

* Bulk access of historical data to back test metrics

- Suddenly an OOM-Killer??
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard '
Host-level Monitoring Dashboard '
Service-level Alert System '

Host-level Alert System '

Bad influence for each other
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard

Host-level Monitoring Dashboard

Service-level Alert System

Host-level Alert System
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3.2 The Rise of The Multiverse oz "

Service-level Monitoring Dashboard

\

‘ \
Pipeline /

/

Host-level Monitoring Dashboard

Service-level Alert System

Host-level Alert System
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3.2 The Rise of The Multiverse oz "

N large scale clusters
Stage 3 (millions) X4 + «
Stage 4 (tens of millions) X4 + «
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3. Time series in the Multiverse of Madness  &4W

Summary

- Using Cluster mode to resolve Single Point of Failure issues

- Different access patterns of various applications cause overload

- Separate clusters into multiverses to prevent them from affecting each other



4. Lessons Learned
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- Monitoring and alerting systems act as emergency lights.
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- Monitoring and alerting systems act as emergency lights.
- The monitoring system should function normally even if

the service fails
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- Monitoring and alerting systems act as emergency lights.
- The monitoring system should function normally even if
the service fails

- Shouldn't raise an alert if the service doesn't fail
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sl

| - W/
 BEAGEEAZSARSaaa®s TN

Why data loss and downtime should never happen in a time series DB

O|O|K] &4 :


https://www.pexels.com/photo/lighted-running-signage-845265

NAVER

4.1 Write path for no data loss 2083

Collect data from tens ot Writing data through the pipeline

thousands of servers

\

, Data Pipeline

/
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4.1 Write path for no data loss 2625

Legacy Format Prometheus Format

Compatibility between
legacy monitoring systems

VY
Sa

and new monitoring systems

need for pipelines
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4.1 Write path for no data loss 2023

Legacy Format

\ Transformer
=i |-
_—7 QO

Reconcile disparate data formats

Supplement additional metadata




NAVER

4.1 Write path for no data loss 2025

Legacy Format Prometheus Format =

% Kafka Transformer i %/ z \ I

=30 £ —_—
Introducing Message Queues because / 7

of the high risk of data getting lost = See
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4.1 Write path for no data loss 2023

Legacy Format Prometheus Format

\ Kafka Transformer Vmagen
I TS (o) .%-

/ @ Adding buffering

to prevent possible data loss

Z
V
«m\nsert vmstorage 1’
- -
( <
YA -y
vminsert ‘\‘4 vmstorage \
-
- -

after data transformation
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4.1 Write path for no data loss DEVIEW

Legacy Format Prometheus Format

Kafka Transformer Vmagent
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4.2 Read path for no downtime 2025

Time series DB

Heavy Query
‘ Service-level Monitoring Dashboard

T
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4.2 Read path for no downtime 2623

Time series DB

Heavy Query

‘ Service-level Monitoring Dashboard

Dashboards use heavy queries to

T

look up a wide range of data to

Improve readability and show

summarized information.
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Time series DB

Heavy Query

‘ Service-level Monitoring Dashboard

A constant influx of heavy queries

P v

can cause memory overload
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4.2 Read path for no downtime 2023

Time series DB

Heavy Query

‘ Service-level Monitoring Dashboard

; A constant influx of heavy queries
can cause memory overload

- May cause OOM-Kill!

&
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4.2 Read path for no downtime DEVIEW

P v

Time series DB

Summarized information
as a separate time series
(a kind of cache)

Heavy Query
Only Once

‘ Service-level Monitoring Dashboard

Light Query Dashboards only request
summarized information,

So use much lighter queries
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4.2 Read path for no downtime 2023

Time series DB

P v

Stream

Aggregation HEEEEEEE
‘ Read Service-level Monitoring Dashboard

Light Query Dashboards only request
Summarized information from the beginning summarized information,

So use much lighter queries
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4.2 Read path for no downtime 2023

Time series DB

P e

Stream
Aggregation

| atlole Service-level Monitoring Dashboard

Light Query Dashboards only request
Summarized information from the beginning summarized information,

Minimize heavy queries
to avold downtime

So use much lighter queries
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4.3 Multiverse Management 2023

The pain never ends
With momentary overloads

Various issues at the Write / Read Delay

infrastructure level

due to internal operations
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4.3 Multiverse Management 2623

High Availability

Twin clusters
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4.3 Multiverse Management 2623

High Availability

Applying a High Availability configuration
using the Multi-level Cluster feature

)

Even if one cluster goes wrong,

eeeeeeee

the whole data processing is finel

eeeeeeee
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4.3 Multiverse Management 2023

Data Migration

- Data stored in one universe needs to be moved to another universe
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4.3 Multiverse Management 3

Backup & Restore

- Dumped and pasted compressed data(storage to storage)

- Pros: Fast speed (can transfer as much as network bandwidth allows)

- Cons : Downtime when restoring / Low compatibility

eeeeeee

Restore
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4.3 Multiverse Management 2623

Select & Insert

- Datais first selected from the source cluster and then inserted back into the destination cluster.

- Pros: Great compatibility, Zero downtime

- Cons: Slow (decompressed data + computational cost)




NAVER

- DEVIEW
4.3 Multiverse Management v,
Select &
- Dataisfir
- Pros: Grec
- Cons: Slo There are clear pros and cons, so In practice

use a combination of the two methods as appropriate

Ex) Backup & Restore to replicate historical data
Backfill missing data by Select & Insert method
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4.l essons Learned D VEW

Summary

- Minimize metric loss and downtime to serve as a good emergency light
- Introduce Message Queue and Data Buffering to prevent metrics loss

- Mitigate heavy queries with a pre-calculator to minimize downtime

- Introduced Multi-level Cluster feature tor high availability

- Utilize Data Migration feature for effective Multiverse operation
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5. Takeaways 2023

Recall Ref.
Stage | # of Time series Environment

O Less than a million Legacy systems

T T million Distributed systems

2 million Poplular platforms

5 million Custom applications

2
3
4 Tens of millions Microservices
5

Billions Kubernetes
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5. Takeaways 2023

Recall Ref.

Stage | # of Time series Environment Time series DB
O Less than a million Legacy systems
T T million Distributed systems

Prometheus

2 million Poplular platforms

5 million Custom applications

2
3
4 Tens of millions Microservices VictoriaMetrics Single or Cluster
5

Billions Kubernetes VictoriaMetrics Cluster



https://youtu.be/gcZYHpri2Hw
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0. Takeaways D63

No silver bullet

- VictoriaMetrics actually solves quite a few problems

- However, there is still a lot to think about and operational know-how
to keep it running for a long time without downtime and metrics loss,
and to handle various scenarios.

Let's think about this together


https://naver-career.gitbook.io/kr/service/search/reliability-platform/search-sre
mailto:tm@navercorp.com




Thank You
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Appendix

LSM Tree

VictoriaMetrics


https://youtu.be/I6jB0nM9SKU
http://www.benstopford.com/2015/02/14/log-structured-merge-trees/
https://www.microsoft.com/en-us/research/video/scaling-write-intensive-key-value-stores/
https://youtu.be/xfed9_Q0_qU
https://youtu.be/gcZYHpri2Hw
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Appendix

Compare with other products

Etc.


https://valyala.medium.com/billy-how-victoriametrics-deals-with-more-than-500-billion-rows-e82ff8f725da
https://tech.bedrockstreaming.com/2022/09/06/monitoring-at-scale-with-victoriametrics.html
https://blg.robot-house.us/posts/tsdbs-grow/
https://victoriametrics.com/blog/mimir-benchmark/
https://itnext.io/optimizing-linkerd-metrics-in-prometheus-de607ec10f6b
https://medium.com/@uburro/how-we-tried-using-victoriametrics-and-thanos-at-the-same-time-48803d2a638b
https://github.com/VictoriaMetrics/VictoriaMetrics/wiki/Articles

