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Real-Time Mastodon Usage with
Apache Kafka, Apache Pinot, and
Streamlit

By: Mark Needham

June 1st, 2023 « 7 min read

| recently came across a fascinating blog post written by Simon Aubury that shows how

to analyze user activity, server popularity, and language usage on Mastodon, a
decentralized social networking platform that has become quite popular in the last six

months.

The Existing Solution: Kafka Connect, Parquet, Seaborn and
DuckDB

To start, Simon wrote a listener to collect the messages, which he then published into
Apache Kafka®. He then wrote a Kafka Connect configuration that consumes messages
from Kafka and flushes them after every 1,000 messages into Apache Parquet files

stored in an Amazon S3 bucket.

Finally, he queried those Parquet files using DuckDB and created some charts using the

Seaborn library, as reflected in the architecture diagram below:
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Fig: Data Collection Architecture

The awesome visualizations that Simon created make me wonder whether we can

change what happens downstream of Kafka to make our queries even more real-time.

Let’s find out!

Going Real-Time with Apache Pinot™

Now Apache Pinot comes into the picture. Instead of using Kafka Connect to batch

Mastodon toots into groups of 1,000 messages to generate Parquet files, we can stream

the data immediately and directly, toot-by-toot into Pinot and then build a real-time

dashboard using Streamlit:
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Setup

To follow along, first clone my fork of Simon’s GitHub repository:

git clone git@github.com:mneedham/mastodon-stream.git

cd mastodon-stream

Then launch all of the components using Docker Compose:

docker-compose up

Pinot Schema and Table

Similar to what Simon did with DuckDB, we’ll ingest the Mastodon events into a table.

Pinot tables have a schema that’s defined in a schema file.

To come up with a schema file, we need to know the structure of the ingested events.

For example:



"m_id": 110146691030544274,
"created_at": 1680705124,
"created_at_str": "2023 04 05 15:32:04",
“app": "",

"url": "https://mastodon.social/@Xingcat/110146690810165414",
"base_url": "https://techhub.social",
"language": "en",

"favourites": O,

"username": "Xingcat",

"bot": ,

"tags": 0O,

"characters": 196,

"words": 36,

"mastodon_text": "Another, “I don’t know what this is yet,” paintings. Many,
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Mapping these fields directly to columns is easiest and will result in a schema file that

looks like this:

"schemaName": "mastodon",
"dimensionFieldSpecs": [

{ "name": "m_id", "dataType": "LONG" },
"name": "created_at_str", "dataType": "STRING" },
"name": "app", "dataType": "STRING" },
"name": "url", "dataType": "STRING" },
"name": "base_url", "dataType": "STRING" },
"name": "language", "dataType'": "STRING" },
"name": "username", "dataType'": "STRING" },
"name": "bot", "dataType": "BOOLEAN" },
"name": "mastodon_text", "dataType": "STRING" }
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"metricFieldSpecs": [
{ "name": "favourites", "dataType": "INT" },
{ "name": "words", "dataType": "INT" },
{ "name": "characters", "dataType": "INT" },

{ "name": "tags", "dataType": "INT" }




1,

"dateTimeFieldSpecs":

{

"name" :

"crea

"dataType": "

"format":

[

ted_at",
LONG",

"1:MILLISECONDS:EPOCH",

"granularity": "1:MILLISECONDS"

Next up: our table config, shown below:

"tableName": "mastodon'",
"tableType": "REALTIME",

"segmentsConfig": {

"timeColumnName" :

"timeType":

"MILL

"'schemaName": "ma

"created_at",
ISECONDS",

stodon",

ureplicasperpartitionu .onqm

3

"tenants": {3},

"tableIndexConfig": {

"loadMode" :

"MMAP

"streamConfigs":

"streamType":

"stream.
"stream.
"stream.
"stream.
"stream.
"stream.
"stream.
"stream.

"stream.

3

"metadata": {

kafka.
kafka.
kafka.
kafka.
kafka.
kafka.
kafka.
kafka.
kafka.

n
l4

{
"kafka",

consumer.type": "lowLevel",

topic.name": "mastodon-topic",

decoder.class.name": "org.apache.pinot.plugin.inputform
consumer .factory.class.name": "org.apache.pinot.plugin.
decoder.prop.format": "AVRO",
decoder.prop.schema.registry.rest.url": "http://schema-
decoder.prop.schema.registry.schema.name": "mastodon-to
broker.list": "broker:9093",

consumer.prop.auto.offset.reset": "smallest"




"customConfigs": {}

}
"routing": {

"instanceSelectorType": "strictReplicaGroup"

The following configs represent the most important ones for ingesting Apache Avro™

messages into Pinot:

"stream.kafka.decoder.class.name": "org.apache.pinot.plugin.inputformat.avro.conf
"stream.kafka.decoder.prop.format": "AVRO",
"stream.kafka.decoder.prop.schema.registry.rest.url": "http://schema-registry:808

"stream.kafka.decoder.prop.schema.registry.schema.name": "mastodon-topic-value",
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The KafkaConfluentSchemaRegistryAvroMessageDecoder decoder calls the Schema
Registry with the schema name to get back the schema that it will use to decode

messages.

We can create the Pinot table by running the following command:

docker run \
--network mastodon \
-v $PWD/pinot:/config \
apachepinot.docker.scarf.sh/apachepinot/pinot:0.12.0-armé4 AddTable \
-schemaFile /config/schema.json \

-tableConfigFile /config/table.json \

-controllerHost "pinot-controller" \

-exec
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We can then navigate to the table page of the Pinot Ul:

http://localhost:9000/#/tenants/table/mastodon_REALTIME

Here, we’ll see the following:


http://localhost:9000/#/tenants/table/mastodon_REALTIME

CLUSTER NAME
PinotCluster

‘ = Home > Tables > mastodon REALTIME

& Cluster Manager OPERATIONS ~
&R Query Console EditTable [l Delete Table [l EditSchema [l Delete Schema Reload All Segments [ll Reload Status [l Rebalance Servers [ll Rebalance Brokers [ N EINEY
= Zookeeper Browser
SUMMARY
() Swagger REST API
Table Name: mastodon_REALTIME Reported Size: 0 Bytes Estimated Size: 0 Bytes
TABLE CONFIG ~ TABLE SCHEMA M JSONFormat A
{

"REALTIME": {

"tableName": "mastodon REALTIME', Column Type Field Type
tableType”: "REALTIME", m_id LONG Dimension
"segmentsConfig”: {
"timeType": "MILLISECONDS", created_at_str STRING Dimension
"schemaName": "mastodon”,
"replicasPerPartition": "1", app STRING Dimension
"timeColumnName": "created_ at",
"minimizeDataMovement': false url STRING Dimension
|
"tenants": { base_url STRING Dimension
"broker": "DefaultTenant",
"server": "DefaultTenant" language STRING Dimension
3
“tableIndexConfig": { username STRING Dimension
"rangeIndexVersion": 2,
"autoGeneratedInvertedIndex": false, Rt ECORESH Blmersicn
“"createInvertedIndexDuringSegmentGeneration": false,
"loadMode": "MMAP", mastodan_text STRING Dimension
"streamConfigs" i
"streamType"t favourites INT Metric
Rows per page: 10+ 1-100f 14 > >
SEGMENTS - 1 ~
INSTANCE COUNT - 1 ~
Segment Name Status
— Instance Name # of segments
mastodon 0 0 20230406T0951Z GOOD )
Server_192.168.176.5_8098 1

Ingest Data into Kafka

Now, we need to start ingesting data into Kafka. Simon created a script that

accomplishes this for us, so we just need to indicate which Mastodon servers to query.

python mastodonlisten.py --baseURL https://data-folks.masto.host \
--public --enableKafka --quiet

python mastodonlisten.py --baseURL https://fosstodon.org/ \
--public --enableKafka --quiet

python mastodonlisten.py --baseURL https://mstdn.social/ \
--public --enableKafka --quiet

We can then check the ingestion of messages with the kcat command line tool:

kcat -C -b localhost:9092 -t mastodon-topic \

-s value=avro -r http://localhost:8081 -e



https://docs.confluent.io/platform/current/clients/kafkacat-usage.html

Query Pinot

Now, let’s go to the Pinot Ul to see what data we’ve got to play with:

http://localhost:9000

We’ll see the following preview of the data in the mastodon table:

SQL EDITOR

1 select * from mastodon
2 order by created_at desd]
3

4 limit 10

D Tracing

QUERY RESPONSE STATS

D Use V2 Engine

Timeout (in Milliseconds)

RUN QUERY

O\ Search
timeUsedMs numDocsScanned totalDocs numServersQueried numServersResponded numSegmentsQueried numSegmentsProcessed numSegmentsMatched numConsumingSt
16 26446 26446 1 1 1 1 1
1% Show JSON format
QUERY RESULT ~
W
Q_ search
app base_url bot characters created_at created_at_str favourites language m_id mastodon_text
https://universeodon.com ‘CMEED‘ 6 1680778032 2023 04 06 11:47:12 0 unknown 110151469145919671 PRI AT
https://mstdn.social/ \CiaEa) 30 1680778032  2023040611:47:12 0 en 110151468974741901  #Wordle 656 3/6 B [~ ] B
https://mastodon.cloud/ \Ch\Ee)\ 8 1680778032  2023040611:47:12 0 ja 110151469141267309  AVEUR2 L w
https://masto.ai/ \CiaEz) 444 1680778032 2023 04 06 11:47:12 0 en 110151469087055350 India Targeting One Million CBDC Users in Three b
https://mas.to/ \Ctrze) 175 1680778032 2023 04 06 11:47:12 0 en 110151469129982940 Macron tells Xi world is counting on China ‘to brir
https://mastodon.world (“E) 175 1680778032 2023 04 06 11:47:12 0 en 110151469125408354 Macron tells Xi world is counting on China ‘to brir
https://mastodon.world (hTE) 8 1680778032 20230406 11:47:12 0 ja 110151469142136379  AVEVR- Lu

We can then write a query to find the number of messages posted in the last five

minutes:


http://localhost:9000/

select count(*) as "Num toots"

, count(distinct(username)) as "Num users"
, count(distinct(url)) as "Num urls"

from mastodon

where created_at*1000 > ago('PT1M')

order by 1 DESC;

QUERY RESULT ~
Num toots Num users Num urls
629 190 217

We can also query Pinot via the Python client, which we can install by running the

following:

pip install pinotdb

Once we’ve done that, let’s open the Python REPL and run the following code:

from pinotdb import connect

import pandas as pd
connect (host="'1localhost', port=8099, path='/query/sql', scheme='http')
conn.cursor ()

st.header("Daily Mastodon Usage")

query = """

select count(*) as "Num toots"

, count(distinct(username)) as "Num users"
, count(distinct(url)) as "Num urls"

from mastodon

where created_at*1000 > ago('PT1M')




order by 1 DESC;

mmnn

curs.execute(query)

df = pd.DataFrame(curs, columns=[item[@] for item in curs.description])

This produces the resulting DataFrame:

Num toots Num users Num urls

552 173 192

Streamlit

Next, we’ll create a Streamlit dashboard to package up these queries. We’ll visualize the

results using Plotly, which you can install using:

pip install streamlit plotly

repository. Let’s have a look at the kinds of visualizations that we can generate.

First, we’ll create metrics to show the number of toots, users, and URLs in the last n

minutes. n will be configurable from the app as shown in the screenshot below:


https://github.com/mneedham/mastodon-stream/blob/main/app.py
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From the screenshot, we can identify mastodon.cloud as the most active server, though
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it produces only 1,800 messages in 10 minutes or three messages per second. The values

in green indicate the change in values compared to the previous 10 minutes.

We can also create a chart showing the number of messages per minute for the last 10

minutes:
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Based on this chart, we can see that we’re creating anywhere from 200-900 messages
per second. Part of the reason lies in the fact that the Mastodon servers sometimes

disconnect our listener, and at the moment, | have to manually reconnect.

Finally, we can look at the toot length by language:

Toot Length by Language Usage
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We see much bigger ranges here than Simon saw in his analysis. He saw a maximum

length of 200 characters, whereas we see some messages of up to 4,200 characters.

Summary

We hope you enjoyed following along as we explored this fun use case for real-time
analytics. As you can see, even though we’re pulling the data from many of the popular

Mastodon servers, it’s still not all that much data!

Give the code a try and let us know how it goes. If you have any questions, feel free to

join us on Slack, where we’ll gladly do our best to help you out.
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