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Part 01: What is the Apache DataFusion



What is the Apache DataFusion

● Apache DataFusion

○ Donated to Apache Arrow 2019 by @andy grove

○ Subproject of Apache Arrow before April 2024

○ Top Level Project April 2024

https://whimsy.apache.org/board/minutes/Arrow.html

https://whimsy.apache.org/board/minutes/Arrow.html


What is the Apache DataFusion

● Apache DataFusion:  Query Engine (toolkit)

○ Rust

○ Apache Arrow as in-memory format
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What is the Apache DataFusion

● Apache DataFusion 

○ High performance

○ Customization and Extension

■ easy to extend

■ easy to embed
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Why we need the Apache DataFusion

How to build a new database system from scratch？

● Personal experience
○ Storage format: file format -> Parquet -> TsFile
○ Storage engine: WAL/Mem Table -> LSM tree engine
○ Query: 

■ SQL -> SQL parser -> Logical plan -> Physical plan
■ Catalog/metadata management

○ JDBC, other tools…
…..
○ Distributed architecture: data sharding, replica consistency(raft), 

distributed query



Why we need the Apache DataFusion

Building a database or system from scratch is hard and expensive

● Catalog
● SQL parser
● Client
● DataType system
● File/Data storage
● Query optimizer
● Query engine
● ….



Why we need the Apache DataFusion

Building a database or system from scratch is hard and expensive

● Catalog
● SQL parser
● Client
● DataType system
● File/Data storage
● Query optimizer
● Query engine
● ….

The new systems are built on a 
foundation of fast, modular 
components, rather as a single 
tightly integrated system.



Why we need the Apache DataFusion

https://ottertune.com/blog/2022-databases-retrospective/

https://ottertune.com/blog/2022-databases-retrospective/


Part 03: The design of Apache DataFusion

Customization and Extension
High performance



The design of Apache DataFusion: Overview
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Logical Plan/Expr
Physical，Execution 

Plan/Expr

SQL

DataFrame

CodeBuilder

Logical Optimizer

Excute

Physical Optimizer

Proto/LPlanBuilder

CodeBuilder

Proto/EPlanBuilder



The design of Apache DataFusion: Extension
SELECT COUNT(C1), C2 
FROM TEST WHERE C10=’hello’
GROUP BY C2 
LIMIT 2;

let df = ctx.from_table(“TEST”)
.aggregate(
vec![COL(“C2”)], 
vec![COUNT(COL(“C1”))]
)
.filter(COL(“C10”).eq(LIT(“hello)))
.limit(0, 2);

LogicalPlanNode{
LimitNode{

ProjectionNode{
AggregateNode{

FilterNode{
TableScanNode{ } } } } }}

Protobuf Ser/Deser，
LogicalPlanBuilder

Logical Plan

SQL

DF

Code

DataFrame Builder

Parser + Planner



The design of Apache DataFusion: Extension

CodeBuilder

Proto/LogicalPlanBuilder

Extensibility:
● Extension Plan Node: Add customized nodes/exprs

○ UDF/UDAF…
○ Extend Logical/Physical Plan

● Rules for optimizer
○ Add customized rule
○ Use/Skip the existing rule

Logical Plan/Expr
Extension Plan

Execution Plan
Extension Plan

Your Logical 
Optimizer Rule

Excute

Your Physical 
Optimizer Rule



The design of Apache DataFusion: Extension
Extensibility:
● Table provider(Datasource)

● Catalog provider(Schema)

Logical Plan/Expr
Extension Plan

Execution Plan
Extension Plan Excute

ListFileTable
StreamTable
 ….
IcebergTable
Other customized souce



The design of Apache DataFusion: Performance

● Apache Arrow: in-memory columnar format

https://arrow.apache.org/overview/

https://arrow.apache.org/overview/


The design of Apache DataFusion: Performance

● Apache Arrow: CPU Cache-friendly/Vectorization-friendly

for ( i = 0; i < max; i++) {  result[i] = a1[i] +10 }

row-based memory layout column-based memory layout
 memory

L3 Cache

L2 Cache

L1 Cache

CPU



The design of Apache DataFusion: Performance

● Apache Arrow: CPU pipelining

SQL:  select a1 + a2 from table
How to handle NULL value?

branch-predication failures

for(i = 0; i < max; i++) {
   if (a1[i]==NULL|| a2[i]==NULL) {

result[i] = NULL;
   } else {

result[i] = a1[i] + a2[i]
}

}



The design of Apache DataFusion: Performance

● Highlights about Apache DataFusion

○ Async Scheduler: 

■ rust tokio async, avoid blocking io

○ Parallelization: 

■ process with partitions

○ Vectorization: 

■ batch at a time

■ vectorized expr evaluation/operator exec



The design of Apache DataFusion: Performance

Parallelization: Partitions

DataDataData

FilterExec

ProjectionExec

AggExec: Partial

….

DataDataData

FilterExec

ProjectionExec

AggExec: Partial

….

DataDataData

FilterExec

ProjectionExec

AggExec: Partial

….

p0 p1

…

pN

Rust Tokio task



The design of Apache DataFusion: Performance

Vectorization: Batch at a time for each operator

Scan

Filter

Project

Agg

Data

next

next

next tupe(a:1,b:2,c:3)

tupe(a:1,b:2,c:3)

tupe(a:1,b:2)

input

Scan

VecFilter

VecProject

VecAgg

Data

next

next

next record_batch(a:[1,..],b:[2..],c:[3…])

record_batch(a:[1,..],b:[2..],c:[3…])

record_batch(a:[1,..],b:[2..])

batch input



The design of Apache DataFusion: Performance

Vectorization: Expr evaluation
Arrow kernel supports some basic evaluation

a + 10 > 20

BinaryExpr:
gt

BinaryExpr:
add

LiteralExpr:
scalar_value: 20

ColumnExpr:
column: “a”

LiteralExpr:
scalar_value: 10

https://docs.rs/arrow/latest/arrow/compute/kernels/index.html


The design of Apache DataFusion: Performance
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The design of Apache DataFusion: Performance

a + 10 > 20

BinaryExpr:
gt

LiteralExpr:
scalar_value: 20
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The design of Apache DataFusion: Performance
a + 10 > 20

LiteralExpr:
scalar_value: 20

1

0

1

1

1
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0

0
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The design of Apache DataFusion: Performance

a + 10 > 20
1

0

1

1

1

false 1

0

false 1

false 1

false 1

0

0

true 1

0

true 1



Part 04: User case of the Apache DataFusion in eBay



User case of the Apache DataFusion in eBay

● Background（2021.Q4 - 2022.Q1)

○ Shutdown Hbase cluster (planning)

○ Upgrade Kylin platform: Kylin3.1 -> Kylin5

■ Kylin5 support optional query engine

■ Community: Native query engine
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■ Add kylin UDAF using DataFusion UDAF framework



User case of the Apache DataFusion in eBay

● Customization

○ Executor/DataFusion UDAF: 

■ Add kylin UDAF using DataFusion UDAF framework

So easy！！



User case of the Apache DataFusion in eBay

● Customization

○ Ballista

■ Executor Local disk cache

■ List files cache(optional) implementation

■ File statistics cache(optional) implementation



User case of the Apache DataFusion in eBay

● Result: Kylin 5 has average 20 times performance gain than Kylin 3.0 

on SSB Test Set (1TB size, 6B rows).



Thanks


