Lean-stack data engineering
with datafusion and more

- QP Hou @ Neuralink S




$> whoami

Name: QP Hou (about.hougp.me)
Background:

e Software engineering at Neuralink
e Full stack from kernel to CSS

e Open-source hacker (github.com/hougp):
delta-rs author

roapi author

Apache Arrow and Datafusion PMC

Apache Airflow committer

KOReader maintainer
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https://about.houqp.me/
https://github.com/houqp
https://github.com/delta-io/delta-rs
https://github.com/roapi/roapi
https://github.com/apache/arrow-datafusion
https://github.com/apache/airflow
https://github.com/koreader/koreader

Implant

Our brain-computer interface is fully
implantable, cosmetically invisible, and
designed to let you control a computer or
mobile device anywhere you go.




urgical Robot

The threads of our implant are so fine that
they can't be inserted by the human hand.
Our surgical robot has been designed to
reliably and efficiently insert these threads
exactly where they need to be.






https://docs.google.com/file/d/1qxKAf-XU0qX65s3zuxZljhnTTMOM-_6E/preview
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ROAPI

github.com/roapi/roapi

A bridge for:

e Pluggable query interface
e Pluggable storage

e Pluggable serialization format
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https://github.com/roapi/roapi

addr:
http: 0.0.0.0:8
postgres: 0.0.0
flight_sql: 0.0
tables:
- name: "telem"
uri: "s3://output-bucket/implant—-events—parsed"
option:
format: "parquet"
use_memory_table: false
partition_columns:
— name: "implant_idj§

084
: 5432
.0:8888

.0
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ROAPI

[2024-03-25T17:45:05Z INFO roapi::startup] s+ Listening on 0 433 for Postgres traffic...

20:.0.0:5
[2024-03-25T17:45:05Z INFO roapi::startup] ## Listening on 0.0.0.0:8888 for FlightSQL traffic...
.0.0.0:8

[2024-03-25T17:45:05Z INFO roapi::startup] s+ Listening on 0 080 for HTTP traffic...



ROAPI

curl -X POST -d "SELECT city, lat, Ing FROM uk_cities LIMIT 2"
localhost:8080/api/sql

curl -X POST -d "query { uk_cities(limit: 2) {city, lat, Ing} }"
localhost:8080/api/graphql

curl "localhost:8080/api/tables/uk_cities?columns=city,lat, Ing&limit=2"



Self-serviced dashboarding

Grafana FlightSQL datasource plugin (github.com/influxdata/grafana-flightsqgl-datasource)
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https://github.com/influxdata/grafana-flightsql-datasource

Self-serviced dashboarding

= Home > Explore o

= Outline s3—roapi

A (s3-roapi)

FROM implant_diagno... ~

SELECT

WHERE local_ts_us

GROUP BY ticks_since_boot

GRDER BY ticks_since_power_on

LIMIT
tag




Self-serviced dashboarding

Latest Battery

8 Query 1 Transform c
® > Query options MD = auto = 406 Interval = 10s Query inspector

Data source s3-roapi

C © o

(s3-roapi)

select
date_utc as time,
batt_soc_pct as "SoC"
from implant_diagnostics
where
implant_id $implant_id
nd $__timeFilter(date_utc)
order by time desc

limit 1




Latest Battery Autowake peri Policy Chargers

| 40.4% Charger ID

1.75 hours

Latest Firmwa Latest Build Info 325

Hibernation Ti

02 92+g93bacs9 e

Online Temperature (All)

Hibernation Ti

15 min

39.5

39

385

38

15:05 15:10 15:15 15:20 15:25 15:30 15:35 15:40 RER Y 15:50 15:5¢
== Temp Env == Temp West «= Temp East emp Flex amp Fuel G Internal Limit == Internal Limit - 0.25
Battery Voltage
3.74V
372V ¥
3.70V ™
3.68V
3.66 V
3.64V

15:05 15:10 15:15 15:20 15:25 15:30 15:35 15:40 15:45 15:50 15:5%

Implant Mode
Chips On (Chips) On (Chips)
BLE Connected (BLE) AdvConnected (BLE)
Charger

Neural Stream Bins (Stream) Bins (Stream)
15:05 15:10

Hibernating

15:15 15:20
Connected (BLE)

15:25 15:30 15:35 15:40 15:45 15:50 15:5!

On (Chips) Advertising (BLE) == Detected (Charger) == Connected (Charger)

e= Bins (Stream)

Temperature

39°C

38.5°C

38°C

15:05

15:10

15:15 15:20

15:25 15:30 15:35 15:40 15:45 15:50 15:5%
== Temperature == Online Temperature
Humidity
75 %H
50 %H
25 %H
15:05 15:10 15:15 15:20 15:25 15:30 15:35 15:40 15:45 15:50 15:5!




Optimize with datafusion table provider

Trait datafusion::datasource::provider::TableProvider source - [-]

pub trait TableProvider: Sync + Send {
// Required methods
fn (&self) -> &dyn Any;

fn (&self) -> SchemaRef;
fn (&self) -> TableType;

fn <'life@, 'lifel, 'life2, 'life3, 'async_trait>(
&'lifed self,
state: &'lifel SessionState,
projection: Option<&'life2 Vec<usize>>,
filters: &'life3 [Expr],
limit: Option<usize>
) —> Pin<Box<dyn Future<Output = Result<Arc<dyn ExecutionPlan>>> + Send + 'async_trait>>
where Self: 'async_trait,
'lifed: 'async_trait,
'lifel: 'async_trait,
'life2: 'async_trait,
'life3: 'async_trait;




Optimize with datafusion table provider

Query execution time reduced from
minutes to <100ms with a custom provider
that can leverage the internal index




Data @ Neuralink
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Data @ Neuralink
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Data @ Neuralink
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Future work

e Multi-media data type support

e More query interfaces
o  Starlark, LLM, better drag and drop Ul, etc.

e Storage layer query push-down
o Custom S3 API extension powered by datafusion

e (Custom table providers
e UDFsin WASM
e Data catalog platform



What makes a better datafusion DX

e Stable API
o Aligning API versions across dependencies can be time consuming
m delta-rs

B convergence
m connectorx

e Documentation
o |l almost always end up reading the source code



https://github.com/delta-io/delta-rs
https://github.com/returnString/convergence
https://github.com/sfu-db/connector-x
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