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floability

The Floabllity Project aims to enable the rapid and reproducible deployment of
notebooks expressing complex scientific workflows across a wide range of cyberinfrastructure.

Notebook workflows generate

millions of tasks accessing large
datasets on HPC facilities.
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But you cannot share or reproduce
a notebook workflow without all the

supporting environment.

Notebook

Workflow Runs

"Just run this notebook!">
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Deploying a Backpack

Workflow Fails
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Reproducibility in Floability

Floability uses the Sciunit! technology to instrument a running notebook to
observe the code and Python dependencies of the manager/worker.

1 https://qgithub.com/radiant-systems-lab/sciunit/

End-to-End Process for Capturing Notebook Dependencies in Floability

worker function ;,;,;n;-,i(';\.'r_;:ocwo, "ipython/ D Wo;ker _ channels: data_dependencies:
def multiply_pair(A, B): profile_default”) ependencies |- conda-forge —name: A.csv
import numpy as np > execve(["/usr/bin/readlink", "system-site- dependencies: size: 2KB
C=A@8B packages.bash"] - python==3.13.3 - name: B.csv
return C.to_list() stat("site-packages/numpy__init__.py") - pip: size: 3KB
........ - numpy==2.2.4
import ndcctools.taskvineasvine | | .. ...... —
A =file.read('A.csv’) openat(“home/A.csv")
B = file.read('B.csv)) openat(*home/B.csv") Manager  channels: data_dependencies:
—pp | stat("site-packages/ndcctools/ Dependencies | conda-forge — name: A.csv
__init__.py") dependencies: size: 2KB
workers = vine.Factory(manager) execve(["/usr/bin/readlink", "system-site- - ndcctools==7.15.1 - name: B.csv
t = vine.PythonTask(multiply _pair, A, B) packages.bash"] - python==3.13.3 size: 3KB
stat("site-packages/ndcctools/taskvine®)

Notebook Execution Logs Software Dependencies Data Dependencies
Static Properties of Application Workflows Used in Cross-Site Evaluation

Workflow | Backpack Size (MB) | #Tasks | Manager Env (MB) | Worker Env (MB) | #Workers

DConv 2.1 1024 564 82 5-10

CTrend 30 335 631 150 5-10

DV5 2.1 16 610 566 2-95
Execution time in seconds taken for plain notebook NB Int. Backpack # Mgr. # WKr.
execution compared with notebook executed using interactive Ap P- Only AV Gen. Deps. Deps.
application virtualization (AV) method and executed with the DV5 19.59 772 45 23 31 77 61
backpack generation code. The last two columns show the : i :
number of dependencies for the manager and worker that are DConv 183.58 183.13 212.61 93 4
captured for each application. CTrend 29.00 38.72 43.32 88 54
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A Backpack contains everything
needed to deploy a notebook
workflow at la
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Floability deploys a Backpack
into a computing facility.
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Computing Facility
(HTCondor, SLURM, UGE,...)

Example Backpacks
https://qithub.com/floability/floability-examples

ata Analysis

Kevin Lannon, Connor Moore @ND

Submits 17K tasks, consumes 1.5TB data, uses 2400 cores.

In [31:

‘ef analysis(events

)

s.filterwarnings("ignore", mo

" 3 “pt“]

= events.PFCands.pt *

dule="coffea.x")

events.metadata["dataset"]

fix_softdrop = ak.num(events.FatJet.constituents.pf, ax
events[ak.all(cut_to_fix_softdrop, ax

is=1)]

s_like(ak.firsts(events.FatJet.pt), dtype="bool"
in triggers["2017"]:
in events.HLT.fields:

trigger = trigger | events.HLT[t]
trigger = ak.fill_none(trigger, False)

File display warning
dataset
events ["PFCands
cut_to_
events =
trigger = ak.zero
for t
FEt
events ["FatJet
goodmuon = (
(
&
&
&
)
uons = ak.su
In [5]: m = DaskVine(
[9123, 9128]
name=f"{o0s.e
)
In [6]: omputed = dask.
tasks,
heduler=m,
progress_dis
sour {'
sou mo

Analyze

Vulnerabl

', "num_fatjets"]

Downstream
Impacts of
Dam Failures
to Critical
Infrastructure,

Populations &
Ecosystems

events.Muon.pt > 10)
(abs(events.Muon.eta) < 2.4)
(events.Muon.pfRelIso04_all < 0.25)
events.Muon. looseId

m(goodmuon, axis=1)

’

nviron

e

.get ("VINE_|

= ak.num(events.FatJet)

MANAGER_NAME") }",

es": File display
ne,

events.PFCands.puppiW

is=2)
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Aging Dams Simulation Workflow
Furquan Baig and Shaowen Want)

Intermediate Data O(TB)

Input Data O(TB)
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Bivariate Moran's | (+1 ~ -1):
a global index of spatial relationship

Bivariate Local Moran’s |:
spatial cluster between inundated areas
and census data

Social Vulnerability

blocks

Social Vulnerability related census :
(~ 17 variables)

Inundation

Education level

Poverty

Ethnicity

Car ownership
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CESMZ2 Ocean Heat Model
(Harsha Hampapura @ NCAR)

Has the surface ocean heat content increased with time for January ?

hist_ocean_avgheat_ano = hist_oc

%%time

hist_ocean_avgheat_ano.plot()
CPU times:
Wall time:

user 4.77 s,
53.6 s

sys: 932 ms,

ean_avgheat.isel(time=1) - hist_ocea

n_avgheat.i

total: 5.7 s

<matplotlib.collections.QuadMesh at @x7f78f3f69f70>

1le9

350 :

300 A

250 A

® 200 4

150 4
100

1

50 -

' 15
1.0

- 0.5
+ 0.0

I —0.5

0 T T T
0 50 100 150

C

200

)

-1.0
L
-1.5

250 300

CESM2 LENS 1850-2100
Tasks: 2800+ parallel jobs
Tools: Xarray + Dask/TaskVine
Notebook Size: 1.3 MB
Backpack Size: 1.5 MB

I-GUIDE

Institute for

Geospatial Understanding
through an Integrative
Discovery Environment

Rank dams per risk
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K-means clustering :

group dams with their Moran'’s Index.
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Composition of application runtimes (in seconds) across HPC
systems, including environment setup and notebook execution
phases. The “First Run” includes the one-time overhead of
creating manager and worker environments and fetching input
data. Once these components are cached at a site, repeat runs
avoid this overhead. All metrics are averaged over three full
runs from scratch and three repeat executions at each site.
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Workflow | Metric ND CRC | Purdue Anvil | UT Stampede3 | AWS Cluster
First | Repeat | First | Repeat | First | Repeat | First | Repeat

Total Runtime 292 136 | 744 255 | 684 330 | 216 88

DConv Env Creation (M + W) | 132 0/ 516 0| 307 0| 107 0
Env Extraction 26 29 36 39| 116 116 | 26 26

Notebook Execution 116 98 | 174 198 | 229 171 | 66 51

Total Runtime 265 107 | 1052 304 | 405 201 | 302 216

CTrend Env Creation M + W) | 159 0| 763 0| 217 0] 133 0
Env Extraction 30 29 44 4 | 97 90 30 32

Notebook Execution 57 64 | 225 240 | 75 101 | 127 172

Total Runtime 370 70 | 1212 281 | 827 218 | 500 89

DV5 Env Creation (M + W) | 303 0| 973 0] 598 0| 242 0
Env Extraction 28 29 43 44 | 105 83| 29 37

Notebook Execution 25 28 | 172 217 | 103 115 | 215 40
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http://dx.doi.org/10.1109/SC41406.2024.00068
http://dx.doi.org/10.1109/SC41406.2024.00068
https://github.com/floability/floability-examples/tree/main/cesm_oceanheat
https://github.com/radiant-systems-lab/sciunit/

