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Data Analytics Engine Evolution

A traditional, monolithic engine

= Assumes full ownership of the data

= Assumes full control of compute
and memory
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Data Analytics Engine Evolution

A composite engine in the cloud: Query —+, Parser [~ Plamer | Excouton with Third |y, pecu
" Nol he d s e
—> stored on data lake (@ v contig ‘"'.ilf - ) LE"! g - g g
£ +

= Many layers of software between the [——m v . 1
engine and the hardware it runs on e e
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| Liata Processing Layer [ | Infrastructurs Leyer
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Shortcomings of Today’s Cloud Analytics Stack

The declarative nature of data processing ends at query planning/optimization.

" |[nfrastructure has limited visibility into

Q —» Parsar Planner —a Executor with Third Reaul
operators (and their inputs/outputs) = I"I I—' t

Party Libraries

* .
o _| Cloud VM t Cloud VM 1
B! M Config | e oSl - o Sl | 7| EE - @
) i 4 . )
How can the cloud runtime schedule — * —
tasks to minimize data movement [ Disaggregated Storage 1

or decide how to size VMs?

| Liata Processing Layer I_ Infrastructurs Leyer

Missing information about query’s dataflow
and parallelism of the workload!
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Shortcomings of Today’s Cloud Analytics Stack

The declarative nature of data processing ends at query planning/optimization.

" |[nfrastructure has limited visibility into
operators (and their inputs/outputs)

= VMs are generally fixed-size and slow to

start, which limits elastic scaling
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Shortcomings of

oday’s Cloud Analytics Stack

The declarative nature of data processing ends at query planning/optimization.

" |[nfrastructure has limited visibility into
operators (and their inputs/outputs)

= VMs are generally fixed-size and slow to
start, which limits elastic scaling

= Optimizers have limited visibility into the
physical execution environment

Query —* Parser I—DI Planner —PEIEF ullmuizlg‘ﬂ;?rdi—*ﬁaault
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Clowd VM Cloud VM
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[ Disaggregated Storage 1

: Liata Processing Layer | Infrastructurs Leyer

How can the planner take into account data
locality and resource contention?

Missing information available at runtime.
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Shortcomings of Today’s Cloud Analytics Stack

The declarative nature of data processing ends at query planning/optimization.

Infrastructure has limited visibility into

. y Query —* Parser I—DI Plamaro—h- ﬁmmuizlg‘ﬂxd I—'P Result
operators (and their inputs/outputs)

. . ‘ 7
VMs are generally fixed-size and slow to - " Cloud VM t Gloud VM 1
start, which limits elastic scaling B! VM Config E g . el . b ; ot

. . e _ + _
Optimizers have limited visibility into the [— —1
. . . Disaggregated Storage
physical execution environment — —
| Liata Frocess ng LEI!.-'E'T I_ Infrestnictura LEI:.I'-Er

Significant performance & efficiency gains are left on the table!
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A Cloud-Native Data Analytics Engine

Co-design the data engine and cloud infrastructure with a declarative interface.

= Expose the query DAG and dataflow to the mllw*.| Peornar _..| Slangar Ranult
infrastructure layer : . . l | |
~——, Daclarative Cloud Engine
» |nfrastructure layer adapts query execution to Datalake  Zq 7 (e
be hardware-aware and runtime-aware — g-: L/
L Ciparakar A
EEERG L
= Execute query DAG operators with an elastic, |
declarative serverless runtime
: Liata |:rl:ll3EE-5I|'IQ LEI!;'E'T [ | Infrastmucture LE:.I"E'T
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Co-Designing the Data Engine & Cloud Runtime

Data engine decides:

= Physical plan structure: predicate pushdown,
join order, algorithm choice, etc. nuw_"| T —

Result
= Reasonable range of choices for per-operator _ | l | I

. . . Declarative Cloud Engine

degree of parallelism, implementation, etc. (4]
Data Lake S e Soreruss L -
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Co-Designing the Data Engine & Cloud Runtime

Data engine decides:

= Physical plan structure: predicate pushdown,
join order, algorithm choice, etc. L:mw_’| T —

Result
= Reasonable range of choices for per-operator _ l | I

1
7
it
g
3

degree of parallelism, implementation, etc.

BT EjE
HIEEE

Cloud runtime decides per-operator:

o AVED
= Elasticity: degree of parallelism (within bounds) cesenons ————
= Data caching: inputs and intermediates to reuse

i

= Placement: where to run, based on data locality =~ - Deta Processing Layer - L] Infrastructure Layer
= Heterogeneous hardware: CPU type, GPU, etc.
= More: degree of isolation, fault recovery, ...
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Building a Prototype with Existing Systems

Data Processing Layer: Maximus

= Composite database engine [SIGMOD’25]

= Allows executing query plans using different
backends (CPU, GPU, ...)

Query —* Parser =% Planner Feagult

Declarative Cloud Engine

’

o | (et ol
Data Lake %E | Oporator Opomtr . Ls‘m"m“"“’;
Infrastructure Layer: Dandelion ano |5, [ S 1 it ®

o ) S

= Declarative, serverless cloud runtime [SOSP’25]

= Executes applications as DAGs, which contain two
types of operators: pure compute & communication
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Why use Maximus as the data engine?

Maximus Framework

Maximus ;;;
Query Engine ystems@ETH zirich

1 ... 1
E’ﬁnaw>>> RAPIDS | 75} \elox

Acero cubF DuckDB

1

o Designed to support a variety of
operator libraries

Interconnects

{ure; N o 1| paeso || paeso || paeso | And run on a variety of
hardware backends
iltic FPGAS [ NVLink 2.0 ] [ NVLink 3.0 ] [ NVLink 4.0 ]

Multicore GPUs
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Why use Dandelion as the cloud runtime?

= DAG interface
= High elasticity

= Strong isolation for multitenancy
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Why use Dandelion as the cloud runtime?

. Traditional Serverfess Application:
= DAG interface P— : — : —_— :
URL—s|' HTTPGet ~—» Filter % Aggregats ]—»Result
.__'_- ................ ’ P . e ——— 3
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Why use Dandelion as the cloud runtime?

= DAG interface

Communication Function Compute Function
(Dandelion library code) (user-defined code)
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Why use Dandelion as the cloud runtime?

= DAG interface
= High elasticity

= Strong isolation for multitenancy
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Dandelion Application:
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How to map Maximus query = Dandelion DAG?

SELECT Mame, Age, Country FROM basic.csv WHERE Age > 48

SQaL

Dandelion Application:

e im Hi Ry
—= HTTP Get —»  Fllter ——* Aggregate —=

> _HTTP Get —>{ Fgler =
[—lv Aggregate —
HTTP Get }—  Filter
+

|-
: : = Agoregate —=
HITH Gat — Filter — .
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How to map Maximus query = Dandelion DAG?

> 48

QL

! bBEBIC. CEV

TableSource
v Parse into an optimized abstract query plan

:‘_ Filter Y, \
= Contains only operator types
N = Deployment specification
DeviceType: Cloud /

ne Ty Lraandell

Abstract Query Plan
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How to map Maximus query = Dandelion DAG?

» » 48
S0L

cloudzdandelon: TableSourceOperato

| httpuf.Jbasic.esv |1 readeropt |

lable=ource l
L J Fa =
Filter cloudirdandellonFliterOparator
A | fiteropt | T

| TableSink | - g

lelion=TableSinkOperator -J

L

result

Abstract Query Plan
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Engine-Specific Maximus Query Plan

Instantiate Maximus operators

= For the Dandelion engine, they
are placeholders that specify
the engine options
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How to map Maximus query = Dandelion DAG?

1 > 48
S0l
TableSourceOperator CEVReaderOperator
Ittpul_Jbasic.cov | resderopt | " hitpu../basic.csv 11 readeropt | .
R ittt Wi '”“EI e Translate to Dandelion query
v o
r'm . o { FiterOperator | — = Mostly one-to-one mapping
— el = Specifies Dandelion specific
TableSink I A . .
) ! | options (e.g. how data is
=TableSinkOperator |Oad6d/5t0red)
raault
gtore -::nutp-ut to_remote: True
Abstract Query Plan Engine-Specific Maximus Query Plan Dandelion Operator Query Plan
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How to map Maximus query = Dandelion DAG?

compostion Input

| hitpyt.../basic.cav ,”, reader opt .-! fitter opt |
SQL Tremmeees I """"""""""

ae CSVReaderOperator f
Generate composition Lo e =

i ;.I ‘ . - . " I ra.ad .
~" = Adds a function per operator \\—q '
FiltarL parator |
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composition ouwbput
Abstract Query Plan Engine-Specific Maximus Query Plan Dandelion Operator Query Plan Dandelion Composition
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How to map Maximus query = Dandelion DAG?

compostion Input

SELECT Mame, Age, Country FROM basic.csv WHERE Age > 48 e, emeeememees
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specific to Dandelion
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State of our current prototype

Current focus: basic functionality

= Data-dependent parallelism (within a node, with manual file partitioning for input data)
= Basic caching support for input and intermediate data

= CPU-only execution for now

= Zero-copy between operators

Future work: performance optimization, scale-out, exploration

* Performance optimization, e.g., vectorization, zero-copy to/from network stack, etc.
= Multi-node support, scheduling policies, data placement

= Distributed cache management

= Explore co-design with storage layer, heterogeneous hardware support, ...
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Preliminary Feasibility Experiments

TPC-H (scale factor = 1)

Latency [ms]

Dandelion {Copy)

Dandelion (Zero-Copy)
Dandelion {Zera-Copy, Parallal)

Dandelion (Zero-Copy, Parallel, Cached}

C5Y parsing
data fetching

Query 1
Experiment Setup
“?TE Dandelion
Mode T
Node 0
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Query 2

SBtorage Service

Moda 2

77

Demonstrate basic support for parallelism,
zero-copy data passing, input data caching

Most of the time is spent fetching and
parsing the input CSV data

Parallelizing the csv-reader operator
improves performance significantly

Caching the parsed input data reduces the
overall latency
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End-to-End Declarative Data Analytics:

Co-designing Engines, Interfaces, and Cloud Infrastructure

= The declarative nature of SQL ends at the query planning/optimization layer in today’s engines
=  Goal: extend the declarative nature of data analytics down to the cloud infrastructure layer

= |dea: combine a composite query engine (Maximus) with an elastic, delarative cloud runtime
(Dandelion)

= Qur early prototype shows feasibility and provides a foundation to explore open questions,
e.g., policy interaction across data engine and cloud runtime layers

Students at the conference ©

Systems@ETH zirich '
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