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.@@ Outline

« Science Workflows e Current Work
o What o DINGO
o Why o WALLABY
o How o CHILES
* The software * |s DALIUGE right for you?
oEAGLE . Questions
o Code 'palette generator’
o DALIUGE
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Science Workflows

Science workflows
Workflow management systems
Existing systems
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in HPC for grouping together
iInterrelated computing jobs

 Jobs often have precedence
constraints

 Typically use Directed Acyclic
Graph (DAG) representation
o Compute tasks are nodes
o Data dependencies are edges

) oclence Workflows: What?
o
* Workflows are a common tool ® . 8 . _________
o

Montage workflow (Deelman et al., 2005)

eResearch Australasia 2025



Computational Practical

» Scheduling & Resource * Separate researchers from
Allocation are NP-Hard jobs optimisation and deployment

* Improve robustness

o N people on N similar codes vs.

* DAG/stricter definitions can N people on 1 shared workflow

Improve heuristic o
performance  Improve reproducibility
o Federated workflows allow for
re-computation across multiple
scientists/groups
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() Apache Taverna ¥n extFlow
(Retired 2020)

4 ASKALON B , |

= Galaxy

PROJECT reana
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) DALIUGE

N

» Data-Activated Flow (Liu) Graph Engine

o Deployment and execution of radio astronomy workflows
 Prototype workflow engine for the SKA Phase 1

« SC 2020 Gordon Bell Prize Finalist

 Demonstrated at scale:

orun on 4,560 compute nodes
oused 27,360 GPUs to generate 2.6 PB of data
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my What DALIUGE does difterently
=

Feature SFWMs DALiuGE

Separation of concerns * Requires learning a DSLs « Ul for drawing graphs

(Scientist vs. Developer) « Time spent transitioning * Re-use of existing
existing work to new tool Python/scripting code

Control flow « Fixed shell-like « Support for conditional
management of workflow execution of the graph
execution

Data management « Data is implicit (edge in « Data as first-class citizen
DAG) « Controls its own runtime

execution

Data types » Reliance on files for * In-memory support between

intermediary data storage different types of

applications (Python ->
Bash -> Docker)
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EAGLE

Logical Graph Editor
Repository and Palette Management
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Andreas Wicenec
Project Lead

James Strauss Moritz Wicenec
Software Engineer Software Engineer
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EAGLET[ https://eaqgle.icrar.org

Graph ~ Palette ~ Config » Help ~ ¥

aph Config: Default Configuration

Repositories Hierarchy Translation

Use common programmatic and :
distributed computing patterns Eii

B dingo
i dummy

~ Builtin Components ~ § @ I

~ Component Templates }

Visualise the logic
components of
your pipeline

[ examples
B jacal
@ FileCollector.palette
@ FiTssplit palette

Gather

@ ig.palette
’ A Arrayingest Demo.graph
) . " “‘ A ArrayLoop.graph
string2json GenericScaterApp E— HelloWorldApp . GenericGather ) ‘ A asto
array emen: Greeting Y 4 File A astropyArrayLoop.graph

A branchDemo.gra

fagon0 .

A earth_location.graph

gn @Jﬁeﬂtmll i @)
A EileCollector.graph

' A FileCollectorScatter.graph
' A fits_load_save.graph
" A FiTSsplit.graph
™ - X Helloworld-simple.
A Helloworld-Universe.graph
X, Helloworld-Universe_testing_OAg
A igTest.graph

Take advantage of e,
various types of

Application and Data
components

X, memory_with_data.graph

A NGASLogProcess.graph

X NGAS|ogProcess_unzip.graph
A NGASLogProcessGather.graph

Store graphs using . el e

A RarallelPigraph

Modify application VCS (GitHub/GitLab) e

HelloWorldApp A Pyfunc test.graph

A rascil_blockvis.graph

parameters in the Ul PET

A 53_upload GCS.graph
[D] du ts. [ Delete, Backspace ] ¢ [T1r .ueldstable [ALL+T, CtrlsT] dis ’ fi 2 SkuCoard.aranh

7] Search: eg. app, string

O  Default Value Type Flags Parameter Type Actions

ear 5] 2]

streaming lear (o) 5]
drop dlg.apps.simple.Hellowos ri a 5]
execution_time 5 0 loat a B
num_cpus 1 0 teger a8 5]
group. u] i 5] B
nput_error_thresl 0 0 r A 5]
a e r— |



https://eagle.icrar.org/

4’3\?\

Palette Generator

Point to existing code
Use palette in EAGLE
Run palette with DALIUGE
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m@ dlg paletteGen

Explore Palettes

Search

v mantaray.palette :
v numpy_random.palette H G
A Builtin Components NG

ArrayGatherApp

AverageArrays

@
=
ot
=]
m
o

CRCStreamApp
DictGatherApp
Directory

File

4y ot Ay ot | o ity
A S| 3| 3F | 3] 3¢

(]

Q

=)

b

pd

=

=

_"ﬁ

nericGatharAnn

 EAGLE graphs draw components
from their palettes

* There are built-in palettes that
support generic applications

 dlg_paletteGen tool generate
palettes from arbitrary Python
modules in a fully automatic way

* The tool can extract component
information from plain Python
modules, but also C extensions and
PyBind11 generated modules
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.m?\ dlg paletteGen

Content

<7 Default value

< Description

< Attribute Name < value

scale 1 1
| size
| func_name numpy.random.exponential

random.chisquare
random.choice
random.default_rng
random.dirichlet
random.exponential
random.f
random.gamma
random.geometric

random.get_state
random.gumbel

PyFuncApp : random.exponential

cale=1.0 =None)

exponential

Draw samples from an exponential tribution.

)ility density function is
. math::

fix = \frac{i}{\beta} ‘\ex

Ux o= 87
the inverse of t

and 0 els

rameter is an al

ribution. It d
raindrops measu

2 should use the

* (New feature!) No
docstrings? Gemini will
figure it out for you!

“~numpy . random. Generat|

numpy.random.exponential

e

The scale parameter, :math:"\beta = 1/\lambda’. Must be float A

Output shape. If the given shape is, e.g., ~(m, n, k)", then intor tuple +

Complete import path of function or just a function name which is also used in func_code below. String -

 All in-line documentation
(docstrings) and parameter
descriptions are extracted

PyFuncApp : mwa_client.get_job_list

This dl

Search

has been generated by GenAl!!

L= A gy g e L= h=h=a=

mwa_client.engueue_all ready to download jobs

mwa_client.get_job_list used to communicate with the servej

mwa_client.get_job_summary urns:

list: A list of job o yr an empty list if no jobs are f

tion: If an erro irs while retrieving the job list fr

mwa cliank inik
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DALIUGE

Scheduling and Partitioning
Runtime Management of Applications
Remote Deployment and Execution
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() Team (over the years)

Rodrigo Tobar

Dave Pallot Nicholas Pritchard Callan Gray Julian Carravick
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Q) Translating, Partitioning, Scheduling

RandomArrayApp
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\j Applications

Built-in support for:
* BashApp

* DockerApp

* PyFuncApp

* DALiuGEApps, e.g.
o CopyApp
o SCPApp
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Supported types include
* Memory

* File

« ParameterSet

* NGAS

« S3

« Data manages itself at runtime and triggers
consumers

* In-memory data support across apps
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@ Constructs: Loop example

1

initial_heatmap plot.png
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&) Constructs: Scatter & Gather
Ay N L
#ocaiers=4 - = Sy U A == =
'- # Gathers = 2

B/ LB | s
\ - - —
Ay S A
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Scatter/GenericScatterApp

//’/j Constructs: Branches example
>

@)

GlobalVariables
/’\)
= .
\ PickOne -
taylor_tegms AP =
A elembnt
do_single_uvsub_d.i‘(‘)

l\’ ST uvsub_path ::

HEY

= !

o H o

outliers »° ( e
ensure_local_sky_model :

T G
\'é)o TP {@9 .....

dirname ",

S % -
de uvi;t;(\

E . 0

H e -

5} I 4. Cl
@] xin *a,
O vy

get_list_frequency_groups ;
P GenencS‘&atterApp :

P A\
= '//’ﬁ.

trigger_in

LY
N
result fetch_spi;;'m/[\m(m i
— s — 2
2 )
é name_list C\\
. o)
Temp .,
LSM 4 .
remove_temp_dir
trigger_db verify_db_integrity export_metadata_to_csv

nitialize_metadata_environment verify_db_integrity A~
¢ = C \ e 3
e ( = L= o ()
trigger_in e o (= %)
x_in e trigger_in N verified N
verify_dtJ‘Tintegrity export_metadata_to_csv

TN Y P
(&L Q—P—Qwo—_,*. S
\E/ -, \'E/ verified e-xpw‘e/tadata_to_csv
e
£5
trigger_db
.i}\ = L% 1 w?)—»—Q/r'f\
5 — o, = e )
s - trigger_in =

trigger_in

trigger_in

Apply convergence criteria to workflow execution

 lterate through dynamic number of files/data .
eResearch Australasia 2025 24




Reproducibility

* DALIUGE can grade a * Implemented using BlockDAG
workflow on 7 and MerkleTrees to
Reproducibility 'tests' iImplement run hashes

o Rerun « Further reading: Pritchard, N.
o Repeat J., & Wicenec, A. (2024).

o Recompute Formal Definition and

o Reproduce Implementation of

o Scientific replication Reproducibility Tenets for

o Computational replication Computational Workflows

o Total Replication
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() Putting it all together

5 Run dig_paletteGen on local

Search code & create a palette

~ diffusion.palette

LLLd
- 2
-
o
o
o

..............
. .

* e

. .

ﬂ diffusion.plot_diffusion & diffusion.diffuse_heatgrid
ﬂ diffusion.animate_diffusion numpy.genfromext s
a diffusion.plot_diffusion
ﬂ diffusion.diffuse_heatgrid with timesteps .....’.1.. 3. . —_ .:7. saprrrrraa,
heata;}.(su rx'd E

A heatmap.palette

ﬂ generate_heatmap.random_mean_from_range
ﬂ generate_heatmap.random_covariance_from_range
ﬂ generate_heatmap.generate sources '~.__4

ﬂ generate_heatmap.generate_heatmap

ﬂ generate_heatmap.heatmap to csv

-
-
-
-------------

Qmport palette into EAGLE Build & run code from
palette through DALIUGE
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Recent & current work

DINGO
Wallaby Hires
CHILES
Yours?




Q_’) Project Scientists& Engineers

Omar Anwar Alex Williamson Gayatri Aniruddha
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75m
@ DINGOL Deep investigation of Neutral Gas Origins

S
Geneﬁcc:gtt:gﬂ/erApp

-e

split_arra

ParameterSet

Parset
Gridding

Template
Parset
(Gridding)

Deployment: Setonix

Credit: Dr. Alex Williamson

https://github.com/ICRAR/dingo

Dodson et al, 2025
eResearch Australasia 2025



https://github.com/ICRAR/dingo

) - 4
**}:}

m Wallaby HiIRes WALLABY
=) Wallaby Hi

test_ratalogue_2.cav

Deployment: Setonix

Sca tter!neri:thempp

Cenericigal

it ar
-
-
dot prigess_C5V st o fit trErary
mioad_data_ms downinad_ms_dang — " souen it fi
§ - B &
e A 4 -y .
— . i

=
liomas :_stotic_pgesdt
Fer =
\E
pi 5 b a— parset_mixing mesnicParnat
i ™ iE
p > h Q__.__-‘,@b_p_i
\t' \h // ‘_I/ . !l
mosOT_stoticAarset
fee
&

.
B

Credit: Gayatri Aniruddha https://github.com/ICRAR/wallaby-hires
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Q) _SCHILES

COSMOS Hi Large Extragalactic Survey

Scatter/GenericScatterApp

Deployment: Setonix
(In-progress!)

| v |
sou{?e_dfr

get_list_frequency_groups element
AN __."
— ) PickOne
a9 X
irétor {m)

: #
the dirdstory = .':.‘,,.'-“"""'MK
e e VI
Cener\cScltterApp frue
mij—\ split_out_fréguencies -

n LG ‘, v
a“ w/&'\? N

list] len 1l

()
e

h ¢ ,_t "ul;e ) ]
initiglized f . Ly % -
Com) {l N N’ export_| metadata _to_C
o ‘ i % : 4
e . \ e -
initialize_metadata_enviro ) =
N

(%) = \\\ \'EL_," :

yea‘r_ L

fetchMoriginal_ms

....... g,__p_-—cingg\q

copy_ d rectory

insert_metadata from ! transf.rm

M
\Q"EL J DL[Du’f
L8
a”
Lrigger_in

= |
[ ortfmrf@d‘;@g—ft%ﬂcw

=/ export_tqetadata_to_csv
db_path | P

‘\rg-/.l

Credit; Dr. Omar Anwar
https://github.com/ICRAR/chiles-daliuge

eResearch Australasia 2025


https://github.com/ICRAR/chiles-daliuge
https://github.com/ICRAR/chiles-daliuge
https://github.com/ICRAR/chiles-daliuge

The Pitch

* We would love to engage with non-Astronomy researchers
and practitioners

» Access to in-house developers
* Quick(?) turn-around on bugs and features
* Let you focus on research rather than code

it DALiuGE EAGLE ™
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Questions?
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