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Let’s meet

● I’m valyala (aka Aliaksandr Valialkin)
● I’m a software engineer
● I write code in Go
● I like writing useful open-source software, which works out of the box
● I like creating servers optimized for speed and low resource usage
● I created VictoriaMetrics - open-source database for metrics
● I created VictoriaLogs - open-source database for logs
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What is logging?

● Producing logs
○ Server logs
○ Client application logs
○ Web event logs
○ Industrial logs

● Collecting and saving logs into a centralized database
● Querying the collected logs
● Archiving old logs
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● When logs cannot fit a single computer
● This depends on the size of the computer and the database used

○ This can be a gigabyte of logs stored in PostgreSQL on a low-end Raspberry PI
○ This can be a petabyte of logs stored in a specialized database on a high-end computer
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How to store a petabyte of logs on a single computer?

● The maximum available disk size for a single computer in Google Cloud is 
64TB

● 1PB of logs needs 1PB / 64TB = sixteen 64TB disks
● ???
● Compress logs by more than 16x times!
● The typical compression ratio for logs stored in specialized databases for logs 

is in the range 8x-50x
● It is possible to store a petabyte of logs (and more) on a single computer!
● When using specialized databases for logs instead of PostgreSQL and 

MySQL
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How do specialized databases for logs achieve big 
compression ratios?
● Column-oriented storage - values for the same log field are stored and 

compressed together
● Similar values for the same log field compress very well
● Use specialized codecs depending on the type of log field values (consts, 

enums, numbers, timestamps, ip addresses, etc.)
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How to improve query performance over a petabyte of 
logs?
● The maximum read IO for modern disks is less than 4GB/s
● Reading a petabyte of logs needs 1PB / 4GB/s = 250000s  = ~70 hours
● OK, we compressed the logs to 64TB
● Reading 64TB needs 64TB / 4GB/s = 16000s = 4 hours 27 minutes
● How to reduce the query time even more?
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How to improve query performance over a petabyte of 
logs?
● Skip reading data for unneeded log fields

○ Read only 4TB of compressed log messages and skip reading the rest of log fields data
○ Query response time: 4TB / 4GB/s = ~17 minutes

● Partition logs by time and read only the data for the needed time range
○ Read only the logs for the last 3 days out of 30 days logs’ retention time
○ Data size to read: 4TB / (30 / 3) = 400GB
○ Query response time: 400GB / 4GB/s = 1 minute 40 seconds

● Partition logs by log streams and read only the data for the needed streams
○ Read only the logs for 100 log streams out of 1000 log streams
○ Data size to read: 400GB / (1000 / 100) = 40GB
○ Query response time: 40GB / 4GB/s = 10s
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How to improve query performance over a petabyte of 
logs?
● Techniques shown on the previous slides allowed reducing query time over a 

petabyte of logs from 70 hours to 10 seconds!
● But we can do even better for the “search for logs containing some unique or 

rarely seen phrase over a petabyte of logs” type of queries! For example, 
search for logs with the given trace_id, user_id or ip.
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Bloom filters
● Probabilistic data structure, which helps determining whether the given item 

presents in the given set of items
● Needs less storage space than the summary length of items in the set
● Let’s split logs into word tokens and store the words in bloom filters!
● Let’s consult bloom filters before reading the actual logs
● If bloom filters say “there is no such word in this data block”, then just skip 

reading the data block and inspecting individual logs in it
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Bloom filters
● This reduces the amounts of data, which needs to be read from disk, by 

10-100 times in practical cases
● This improves “search for a needle in a haystack” query performance by 

10-100 times
● So we can scan logs for some unique trace_id at the raw speed of:

○ disk_read_speed * compression_rate * bloom_filters_multiplier
○ 4GB/s * 16 * 100  = 6.4TB/s!
○ On a single computer!
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Why PostgreSQL and MySQL aren’t good for storing a 
petabyte of logs per a single computer?

● They store row fields close to each other (aka row-oriented storage)
○ This requires reading data from disk for all the row fields during queries, even if only a few of 

fields are really needed
● They do not store the related rows close to each other on disk

○ This increases the number of disk seeks for reading individual rows
○ This increases the amounts of data read from disk, since disks read data in 4KB blocks
○ This becomes extremely slow and inefficient when millions of individual rows must be read 

from different locations on disk
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● They use b-tree indexes for fast access to the given row on disk
○ The size of these indexes is usually  up to 30% comparing to the size of the data stored in the 

database
○ These indexes must fit the available RAM in order to be fast during data ingestion and 

querying
○ Computers with terabytes of RAM are rare and very expensive
○ These indexes are slow when millions of individual rows must be located on disk in a single 

query
● They overwrite the existing data on disk in small chunks

○ B-trees need frequent updates for their nodes during data ingestion
○ Small overwrites significantly increase both disk read and write IO, since SSD and NVMe 

disks update data in e.g. erase blocks of 512KB size. E.g. a single-byte update on disk leads 
to a 512KB read and a 512KB write
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● Elasticsearch
● Loki
● ClickHouse
● VictoriaLogs



Which open-source specialized databases for logs to use?

● Elasticsearch - needs a ton of RAM
● Loki - hard to configure and operate
● ClickHouse - needs careful tuning of table schema for high performance
● VictoriaLogs!
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Why VictoriaLogs?

● Open-source database optimized for logs
● Includes all the optimizations mentioned on the previous slides
● Can handle hundreds of terabytes of logs per computer
● Can scale horizontally to hundreds of computers for handling tens of 

petabytes of logs
● Supports popular data ingestion protocols for logs
● Very easy to configure and operate - zero-config and schemaless
● Runs efficiently on both Raspberry PI and computers with hundreds of CPU 

cores and terabytes of RAM
● Try it in your homelab and in your large-scale production environment!
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Join VictoriaLogs (and VictoriaMetrics) community!

● Slack: inviter (https://slack.victoriametrics.com/) and channel 
(https://victoriametrics.slack.com/)

● GitHub: https://github.com/VictoriaMetrics/VictoriaLogs/ 
● Mastodon: https://mastodon.social/@victoriametrics/ 
● Reddit: https://www.reddit.com/r/VictoriaMetrics/ 
● Telegram: https://t.me/VictoriaMetrics_en 

https://slack.victoriametrics.com/
https://victoriametrics.slack.com/
https://github.com/VictoriaMetrics/VictoriaLogs/
https://mastodon.social/@victoriametrics/
https://www.reddit.com/r/VictoriaMetrics/
https://t.me/VictoriaMetrics_en


Join VictoriaLogs (and VictoriaMetrics) community!

● Slack: inviter (https://slack.victoriametrics.com/) and channel 
(https://victoriametrics.slack.com/)

● GitHub: https://github.com/VictoriaMetrics/VictoriaLogs/ 
● Mastodon: https://mastodon.social/@victoriametrics/ 
● Reddit: https://www.reddit.com/r/VictoriaMetrics/ 
● Telegram: https://t.me/VictoriaMetrics_en 
● Twitter: https://x.com/VictoriaMetrics/ 

https://slack.victoriametrics.com/
https://victoriametrics.slack.com/
https://github.com/VictoriaMetrics/VictoriaLogs/
https://mastodon.social/@victoriametrics/
https://www.reddit.com/r/VictoriaMetrics/
https://t.me/VictoriaMetrics_en
https://x.com/VictoriaMetrics/


Useful links



Useful links

● VictoriaLogs sources: https://github.com/VictoriaMetrics/VictoriaLogs/ 

https://github.com/VictoriaMetrics/VictoriaLogs/


Useful links

● VictoriaLogs sources: https://github.com/VictoriaMetrics/VictoriaLogs/ 
● VictoriaLogs docs: https://docs.victoriametrics.com/victorialogs/ 

https://github.com/VictoriaMetrics/VictoriaLogs/
https://docs.victoriametrics.com/victorialogs/


Useful links

● VictoriaLogs sources: https://github.com/VictoriaMetrics/VictoriaLogs/ 
● VictoriaLogs docs: https://docs.victoriametrics.com/victorialogs/ 
● Follow me: http://github.com/valyala/, https://x.com/valyala and  

https://www.linkedin.com/in/valyala/

https://github.com/VictoriaMetrics/VictoriaLogs/
https://docs.victoriametrics.com/victorialogs/
http://github.com/valyala/
https://x.com/valyala
https://www.linkedin.com/in/valyala/


Questions?

● VictoriaLogs sources: https://github.com/VictoriaMetrics/VictoriaLogs/ 
● VictoriaLogs docs: https://docs.victoriametrics.com/victorialogs/ 
● Follow me: http://github.com/valyala/, https://x.com/valyala and  

https://www.linkedin.com/in/valyala/

https://github.com/VictoriaMetrics/VictoriaLogs/
https://docs.victoriametrics.com/victorialogs/
http://github.com/valyala/
https://x.com/valyala
https://www.linkedin.com/in/valyala/

