Incremental View Maintenance (IVM)
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Context

Incremental View Maintenance is a super clever incremental data processing technique that applies
the same differential calculus principles we learnt in school towards processing SQL queries
efficiently:

dy/dt = small approximate change

The idea is, (almost) any SQL query plan can be rewritten to be expressed as a full + diff - the trick is
to knowing what the diff is since last run:
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Once you figure out how to rewrite the query - e.g. for Spark SQL, you can use coral-incremental
(see below). Others, like DBSP, parse the AST and implement the processing logic using a novel



Circuit (like electrical circuits) abstraction - crates/dbsp/src/circuit/:

Table 1: Implementation of SQL relational set operators as circuits computing on Z-sets.

Operation  SQL example DBSP circuit Details
SELECT FROM s o : .
. 1 circuit for inner query,
Composition (SELECT FROM I) I 0 Co circuit for outer query.
(SELECT * FROM I1) 11—+
Union UNION @ 0 distinct eliminates duplicates. An implementation of
(SELECT * FROM I2) 1 UNION ALL does not need the distinct.
SELECT DISTINCT I.c Proi R :
L — ject each row with its weight unchanged. Add up
Projection ~ FROM I 1 g weights of identical rows.
SELECT * FROM I P is a predicate applied to each row. Select each row
Filtering WHERE P(...) I —» 0 separately. If the row is selected, preserve the weight,
else make the weight 0.
I1
Cartesian SELECT I1.%, I2.# B The weight of the pair (a,b) is the product of the the
product RROE: T1s 12 weights of a and b.
12
SELECT I1.%, I2.%* I1
Multiply the weights of the rows that appear in the
B SROLTLOTLE fmaaleo M el &
' ' 12 —4
(SELECT = FROM Ii) I1
. INTERSECT Special case of equi-join when both relations have the
Intersection 0
(SELECT * FROM I2) same schema.
12—
SELECT * FROM It 11
; EXCEPT T distinct removes rows with negative weights from the
0
Difference  gprper « FrOM 12 12 40 9 result.

With Delta Lake or Iceberg, you basically time-travel and load the (n-1)th and nth version of the

table into a temporary view, which becomes the dy/dt you inject into the incrementalized query.

Or, you can use the Delta Lake Change Data Feed (CDF), which contains the same incremental

commit information.

Sometimes it's cheaper to just do a full recomputation, so you need a Cost-based optimizer that

makes a decision. If your pipeline runs as a Microbatch Stream continuously, it's probably always

cheaper to run incrementally though.

You can implement this pretty easily as a plugin in dbt Labs (see example below with coral) or
Tobiko's SQL Mesh (doesn't exist yet) to hook into the Spark engine that does the heavy lifting of
time-travel loads and state persistence into stream checkpoints.

Reference code

Currently we try to test the Fabric native IVM engine. In Fabric Ul, the Directed Acyclic Graph looks

like this:



https://github.com/feldera/feldera/tree/main/crates/dbsp/src/circuit
https://docs.delta.io/latest/delta-change-data-feed.html
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A good mermaid visualization website
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e To run an end-to-end demo of ivm capabilities locally:
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com.microsoft.azurearcdata.sparkmsit.etl.drivers.demos.DemoIncrementalViewMaintenance

e Graphviz based DAG creation:

com.microsoft.azurearcdata.sparkmsit.etl.FabricMaterializedViewIntegrationTest
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https://www.mermaidflow.app/editor
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https://cloud.google.com/bigquery/docs/materialized-views-create#supported-mvs
https://clickhouse.com/docs/materialized-view/incremental-materialized-view
https://www.databricks.com/blog/2022/06/29/delta-live-tables-announces-new-capabilities-and-performance-optimizations.html
https://docs.databricks.com/aws/en/dlt/materialized-views
https://learn.microsoft.com/en-us/fabric/real-time-intelligence/materialized-view
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https://github.com/linkedin/coral?tab=readme-ov-file#coral-as-a-service
https://github.com/apache/spark/pulls?q=%5BSDP%5D
https://sigmodrecord.org/publications/sigmodRecord/2403/pdfs/20_dbsp-budiu.pdf
https://mihaibudiu.github.io/work/budiu-vldb25.pdf
https://www.feldera.com/blog/gpu-stream-dbsp
https://github.com/brurucy/pydbsp
https://github.com/brurucy/dbsp-from-scratch
https://materializedview.io/p/everything-to-know-incremental-view-maintenance
https://www.youtube.com/watch?v=WHTTmwiJ4-s&ab_channel=Databricks
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