
ClickHouse may be used in very different use cases: it may work several hours processing simple
selects or inserts requiring just 2 threads per query, then it may process more complex analytical
queries requiring 16 or more threads.
The problem is that number of threads allowed to process a query is controlled by one
max_threads parameter which is set in users.xml file.
It’s hard to find out such a value for max_threads that will be a best match for all possible cases:
simple queries/complex queries, ClickHouse’s 100%/ 80% load of CPU, few/many incoming client
connections.

The main idea is to make max_threads dynamically changing depending on ClickHouse queries
complexity, number of incoming client connections and other factors.

There are several ways to make max_threads parameter dynamic.

Our tests show that it max_threads could be easily controlled by introduction of new
total_max_threads parameter which will limit total number running threads for all queries.

In future one could implement other features related to the topic. For example, it could be possible
to dynamically change amount of time a query waits in the process lists. But now our new
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total_max_threads parameter it a good approximation of what could be done to improve
ClickHouse's performance on different loads.

For example, in config.xml we setup total_max_threads=200 and in users.xml we setup
max_threads=16.

When a new query comes in ClickHouse should estimate how many threads are allowed to process
the query. It’s done in getNumThreads() of QueryPipelineBuilder.

For example, at first it recommends 32 threads to process the query. Since there is
max_threads=16 then the recommended number of queries will be changed to 16.

Then, for example, there are currently 190 running queries in the process list. Hence we have total
_max_threads=200 our algorithm calculates that there are just 200-190 = 10 threads are
recommended to process the query. And this 16 threads number will be finally limited to 10
threads.

Our several studies show to example:

https://altinity.com/blog/clickhouse-in-the-storm-part-1

When there are many incoming connections the ideal value max_threads=1. The described
algorithm will set number of recommended threads to 1 for high ClickHouse load.

But then imagine the number of incoming connections was dropped. In this case it’s wise to set
number of recommended queries to 16 (the same as max_threads in config.xml). Our algorithm will
handle it too.

We implemented total_max_threads parameter according to the algorithm. The parameter is
specified in config.xml file as for example:

<total_max_threads>24</total_max_threads>

It may have the values:
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When value is specified then this value is used.
If the parameter is not included in config.xml file or if the value is set to zero than this
parameter is not used at all.
If value is -1 in config.xml file then the parameter is initialized by number of logical cores
multiplies by two. Which we consider as a good heuristic according to our tests below.

We implemented an integration test test_total_max_threads to test basic features of the
parameter.

We will try to use clickhouse-benchmark utility to the same query but in multiple client threads. At
first we will try to find our the best max_threads for the cases when 1 or 20 clients threads are
using in clickhouse-benchmark. Then we will try to repeat the tests for new parameter
total_max_threads to show that it will easily and predictably produce better results for all two
cases: 1 or 20 clients threads.

ClickHouse 22.04 server is installed Ubuntu 21.10 server having 16 CPU (Intel Ice Lake) with 16GB
of RAM with implemented total_max_threads parameter. Note: 16 CPU means 8 physical cores
consisting in total of 16 logical cores.

Requests to ClickHouse server are sent by clickhouse-benchmark installed on another server: 4
CPU, 8 GB RAM.

On the server hits_v1 table is installed from Anonymized Web Analytics Data according to the
instructions:

https://clickhouse.com/docs/en/getting-started/example-datasets/metrica

clickhouse-benchmark is used with the following command:

Number of client threads used by clickhouse-benchmark is controlled by -c parameter. For
example, in the command above 20 client threads are use. Each time clickhouse-benchmark sends
1000 queries (-i 1000 parameter). Execution time is controlled by time command. And the average
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time echo "select count(ClientIP) as total, ResolutionWidth from datasets.hits_v1 \ 

group by ResolutionWidth order by total desc limit 100" | clickhouse-benchmark \ 

--host=$CH_SERVER_IP -c 20 -i 1000 -d 0

https://clickhouse.com/docs/en/getting-started/example-datasets/metrica


CPU load is controlled visually by watching htop data.

20 client threads sent by clickhouse-benchmark

max_threads QPS time CPU load

1 153.8 6.7 100.0%

2 138.3 7.4 100.0%

4 124.9 8.2 100.0%

8 109.7 9.3 100.0%

16 93.8 10.8 100.0%

24 79.5 12.8 100.0%

32 72.8 13.9 100.0%

64 61.9 16.3 100.0%

96 62.9 16.1 100.0%

1 client thread

max_threads QPS time CPU load

1 15.7 63.8 6.5%

2 27.5 36.5 12.0%

4 46.3 21.7 21.6%

8 64.9 15.5 37.8%
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16 68.8 14.7 57.8%

24 56.3 17.9 56.5%

32 50.4 20.0 53.5%

64 47.8 21.1 53.5%

96 47.5 21.2 53.6%

Total time for all two cases: 1 and 20 client threads.

max_threads time

1 70.5

2 43.9

4 29.9

8 24.8

16 25.5

24 30.7

32 33.9

64 37.4

96 37.3
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Using total_max_threads parameter with max_threads=16

total_max_threads client threads QPS time CPU load

8 1 57.9 17.4 34.6%

8 20 150.7 6.8 100.0%

total time: 24.2

12 1 66.7 15.1 46.8%

12 20 151.5 6.8 100.0%

total time: 21.9

16 1 67.7 14.9 55.8%

16 20 150.4 6.8 100.0%

total time: 21.7

24 1 68.9 14.6 57.8%
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24 20 151.0 6.8 100.0%

total time: 21.5

32 1 68.9 14.6 57.3%

32 20 149.5 6.9 100.0%

total time: 21.5

64 1 63.6 15.8 57.3%

64 20 118.5 8.6 100.0%

total time: 24.5

The the results show that without total_max_threads the best execution time 24.8 secs is achieved
by max_threads=8. While with total_max_threads = 16 or 32 we may get better execution time
21.5. It makes 100*(24.8-21.5)/24.8 = 13.3% improvement of ClickHouse's load.

We also repeated the tests on other datasets and we got similar results.

New total_max_threads parameter allows to easily manage different ClickHouse load depending on
many load cases. It’s easy to find our the right value for this parameter because it’s usually the
same as number of CPU logical cores or twice of that number.

Outcomes
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