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50m

Amundsen-S
Pole Station, A

A National Science Fou
managed research facility

IceCube Laboratory } 86 strings of DOMs,
; set 125 meters apart
Data is collected here and T

sent by satellite to the data
warehouse at UW—-Madison

1450 m it
4. | / 60 DOMs
1 on each
g string
DOMs
are 17 {
meters
apart & 5
Digital Optical \ =
Module (DOM) 2450 m
5,160 DOMs
deployed in the ice N %:%
WISCONSIN Antarctic bedrock 2
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lceCube Science

Cosmic Neutrino
Accelerators Astronomy

Multimessenger
Astronomy

Flavor Rt H e HTauAppeomnce * Novel instrument in multiple fields

— -

seienernes| @ Broad science abilities across 9+ orders
of magnitude

etcion o MeV neutrinos: Core-Collapse Supernovae

e o GeV-TeV: Atmospheric neutrinos to study

Interactions

Supernova
Explosions ASTROPHYSICS NEUTRINO
PHYSICS

|

Gamma Ray
Astronomy

-:‘ A neutrinoand BSM studies
Comiehey s S—— o > TeV: Neutrinos for VHE /UHE neutrino
astronomy
Solar Physics BEYOND DARK
S Glociology * ots of data that needs to be processed

in different ways

Space-time

Symmetry Earth
Tomography
* Lots of simulation that needs to be
Indirect At heri
Strangelets iMonopolesH Axions Supersymmetry Searcae:?orDM g::ci);sc;nc generated

. 3
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lceCube Science — Why neutrinos?

MiCcrowave optical gamma-rays neutrinos  CoSMIC rays

———— .

e 20% of universe is dark
to “traditional”

terra incognita: astronomy;, i.e. using
UUACIEEEOE  clectromagnetic
neutrinos waves/light
* Need a new set of
‘messengers” —

Gravitational Waves and
Neutrinos

WISSCONSIN Co-Processor Meeting 4 \ ¢ 3
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lceCube Science - How does it work?

* Cherenkov light - Sonic boom
with light

* Cherenkov light appears when a
charged particle travels through
matter faster than light can

W]SCONS[N Co-Processor Meeting
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lceCube’s Future — Upgrade
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lceCubeé’s Future - Gen?

lceCube-Gen2

IceCube (2005-) Optimized for |
IceCube Upgrade Optimized for * Cosmic neutrino point sources

+ Diffuse high energy cosmic neutrinos

Optimized for e
« GeVneutripos™ T
+ Calibration ) R R i 3 B ISR e § |
° o - H
© L. :
. ® L o RREY, s
" IceCube’sinstrumentation
3 volume 1 Giga-ton
|
" 17m
100m 4 i
................... IceCube-Gen2’s instrumentation volume
3m
lnnerﬂducial volume 2. 2Mega-ton ; 8 Giga-ton!
.. .O .o

1450m  2100m  2150m
2450m  2450m  2425m
et B _

IceCube DeepCore Upgrade

WISCC
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lceCube Events

« Datais a three-dimensional movie or time-evolving point cloud of photon hits
« Different neutrino flavors produce different event topologies

Track — Muon Neutrino Cascade - Electron/Tau Double Bang - High Energy
Neutrino, NC Interactions Tau Neutrino*
Good Pointing, Poor Energy

Poor pointing, Good Energy* Good Pointing, Good Energy

side view

N\ Y
\ \ b, . 0
"\ top view

WISCONSIN Co-Processor Meeting 8
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tions — Particle ID and Classifcation

Applica

side view . ;éf
it €

‘00

NIy
e ﬁiég |
Track with _ T . '” X * |
energy of 26 GeV * Same particles can “look” different

* Lowerenergy=_LessInformation
* HigherEnergy
» Cataphoric/Stochastic energy losses

~ | , * Relativistic Boosting “delays” particle decays
Cascade with - |—||gh energy Tau

energy of 30 GeV _ _
* Differentice models

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON
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TeV — O(1) PeV Tau neutrinos look like Electron
neutrinos due to sparse instrumentation

Differentiation by shape of waveform in a given

module, i.e. two waveforms in the same module offset
by a certain quantity

Create an image (2D histogram) of the of the charge
distribution in time along a string

CNN used to find the subtle difference in waveform
shapes

WISCONSIN

ERSITY OF WISCONSIN-MADISON

Co-Processor Meeting
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Combining Maximum Likelihood and NN

| earn the PDF/likelihood

Use Gradient Descent as a minimizer —

Re-Simulation

Analytic Approx. More information than traditional
[ Hypothesis H Generator ] Tabulated MG minimizers
E eotjﬂon 3 e Still have the errors from the maximum
: T likelihood, but can encode the details
[_Gradient _Je—{__Likelihood J€{ Data | that tabulated light yield can’t

Doing this in MMA is a next step

NNNNNNNNNNNNNNNNNNNNN -MADISON

. 1 Y
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Southern Sky Neutrino Point Source

* Southern Hemisphere is astrophysically-speaking more interesting
* More individual sources
* More largersources

* ...But there are issues for lceCube
* EnergyspectrumEN whereNis-2ish, at>=TeV fluxistiny

No earthas a shield fromatmospheric backgroundforthe Southern sky —Extremely high
background thatlooks exactly like the background

Estimating track-like eventenergy is difficult,so can’tcuton energy
Flux of >=10 PeV tau-like events (good pointing andenergy) is extremely low
Cascade-like events have poor pointing resolution, but are the only realistic option

NNNNNNNNNNNNNNNNNNNNN -MADISON
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Southern Sky Neutrino Point Source

180" 120° - L= 0~ 50° -120° -180°

Pre-Trial Significance (n-o}

* Using Cascade events for “large” (e.g. Milky Way) or isolated sources a good option
for Southern Sky point source search — Clear differentiation from background

* Maximum-Likelihood method for cascade pointing insufficient to find a source -
Using BDT and CNN to find and reconstruct cascade events

 Third High Energy Neutrino Point Source! — Galactic Plane P
WISCONS[N Co-Processor Meeting e | :{1
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Kaggle Competition

* Kaggle competition finished: https://www.kaggle.com/competitions/icecube-
neutrinos-in-deep-ice
* Top 3 Resultsalluse some form of attention:

e https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-
ice/discussion/4029/6

e https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-
ice/discussion/402882

* https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-
ice/discussion/402888

e Betterresults than current state of the art!
e [Large Language Modeltechnology gets best results

* Data is public!

WISCONSIN Co-Processor Meeting
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https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice/discussion/402976
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice/discussion/402976
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice/discussion/402882
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice/discussion/402882
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice/discussion/402888
https://www.kaggle.com/competitions/icecube-neutrinos-in-deep-ice/discussion/402888
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lceCube Science — Multi-Messenger Astrophysics
* Multi-Messenger Astrophysics (MMA)

* Observingastrophysical phenomena with more
288 % a than one “messenger” (gravitational waves,

Oo0—0 QoS
IceCube Swift SAS-SN
er 28

Follow-up detections of IC170922 based on public telegrams

neutrinos, EM)
?) + One of NSF’s Big 10 Ideas

Liverpool, AGILE e |[ceCube detected an event that came from

October 7 @ October 4 September 29

o i Blazar TXS 0506+056
N~—o——© O———>p» i
—" VA Subaru » Follow up observations by several

observatories/telescopes showed signal
* Back catalog showed access for this source

b

September 22 September 26 m

gﬂg @@ Septe

* Fast response to alerts requires significant
cyberinfrastructure

* NS+NS merger would be ideal IceCube+LIGO
observation

opuiew] f R me e ip5m * Core collapse supernova would be ideal for
lceCube+DUNE observation

W]SCONS[N Co-Processor Meeting
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I\/Iult| Messenger Astrophvsms

Gravitational Waves

Madison
Raw Data / |l’ld|um\

\n\:x,

—

X

Alert Data

TDRSS & .

Ship
Disk Reduced Data

\Raw Data__.{—Raw Data

WIS\..UI\IDU\I

UNIVERSITY OF WISCONSIN-MADISON




i - . ICEGUBE
Multi-Messenger Astrophysics — Reconstruction == ===

* Most accurate (and with well understood
errors) directional reconstruction comes
by scanning across the sky

e Splitskyintoconstantsurface area pieces

e Testeachdirectional hypothesis against
likelihood

* Createdirectional likelihood map
* Givesmost probable directionanderror

* Each hypothesis calculation is
independent —Easy to split up workload
across O(1000[000)) or cores

2073.37 271373

WISCONSIN Co-Processor Meeting 17 )
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But... ML in MMA?

* What is the issue? - Errors P
* Errors fromMLare poorly understood- Derived from simulation -

rather than statistically rigorous and “understandable” method A
30°
* Isthere a bias? Are we using the right systematics?
* We know the simulation doesn’t describe the detector 100%, .
so can ML? ‘
» Poor training datain, Poor results out . o
. o o mie-notilt i }60*
* Insome events multiple sourcesare withinin 90% bounds - -»
Run: 137668 Event 51133257: Type: GFU MJD: 59995.31887543253 Run: 137603 Event: 30799022 Type: HESE M|D: 597.26%1§767246
"
2 ¢
* scanbesf
w30 - area: 2.64 sqdeg = 50% (IC160427A syst.) - area: 4.45 sqdeg
-~~~ 90% Bounding rectangle - area: 1.34 sqdeg m— 90% (IC160427A syst.) - area: 13.15 sqdeg
362° 360° 358° == 90% Bounding rectangle - area: 17.54 sqdeg
Equatorial 45" 246° 44
Equatorial 18
]S (') > i ny & o - : 4 1adison "Virtual" Callaboration Veeting S
mem onihi e —— | Uy 10, 2023

0 50 100 150 200 250
—2AIn(L)




Bottlenecks

Most MMA sources are transient
e Fastfollow-upis essential
2 non-transientsources: Galactic Planeand NGC 1068

lceCube pipeline is ~30 seconds from data acquisition to
preliminary result for lceCube-initiated events

* Partner-initiated takeslongerdue to network limitations to
SouthPole

Limited hardware/power overhead at the pole -
Accelerators and ML/Al can save power and speed up
computation

Biggest computing sink is waveform
unfolding/deconvolution - 30-50% of CPU time (closer to
50% for MMA events)

W]SCONS[N Madison "Virtual" Collaboration Meeting

Y OF WISCONSIN-MADISON

(

Y(F1)

V()

)

f(t + Z1dt)

F(tin + z, dt)

ICECUBE

SDOUTH POLE NEUTRIND OBSERVATORY

1.2,0...,0.7,0,0,

(RN

\\\\\\\\\\\\
SO N

0...

IR

1

(LR EERERAALL

A
OO

|||||||||

\\\\\\\\\

fts + zadt) \ /%1
‘ (x.n)

s + Z,dl)




ML unfolding

Use an MLP to find pulses in PMT
voltage waveforms

* Scan over waveforms for more
compactsize

Ability to find SPEs with a
comparable performance to
standard template fitting method

Able to distinguish separate pulses
12 ns apart

* Will be able to improve

Eventually plan to implement on
GPU and FPGA

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON
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—— Pulse Confidence

nfide

Pulse

0 100 200 300 400
Time (ns)

Two Pulse Performance

Two Pulse Time Separation
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ICECUBE

GPU unfolding
* Currently use the Lawson Hanson non-
negative least squares algorithm to fit  ..] s
SPE template functions to voltage R A N I I
waveforms
1:2,0...; 0:2,0,0,0...
G ———
| mlllllml‘ ‘l‘n ‘l n‘l‘i‘l ll‘lll‘l' ||lll‘lll‘l‘ll
. i LA AL
Qur current algorithm runs on CPQ, — Z ,‘“ i ||i||lilllllll|i\l
could perhaps speed up the algorithm A
by running on GPU /N

* Plan on adapting current C++ code to

y(t1) f(t1+2zdt) - f(t + z,d0) (x1>
be compatable with CUDA Y (tm) Fltm +2d8) = f(tm +7adt)

Xn

21 ]
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Thank you!

Questions?

WISCONSIN Madison "Virtual" Collaboration Meeting

UNIVERSITY OF WISCONSIN-MADISON
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ML in MMA?

e Current pipeline takes ~30 seconds from
data taken to alert |
* Biggesthurdleis extraction charge information 102

103 1

from electronic readout T
@
* Work on a single shot ML pipeline €
. . L 10!
* From trigger to final selectionin one step ]
e Canwe use this with even less information? _
« Can we accelerate the waveform unfolding? 10° ;
r O.IO 0:2 0:4 0:6 0:8 1:0
T S Sparse_Submanifold CNN] Signalness Cut
= : 101 1
& pemmmmeeeeemeeeeeceeeeee po---—--—esil .
= E 100 4
& 10° 3 &
S Maz, Likelihood. 107
1 [ |
TeeCuhe Bailal-CGVD BAENeT
0.I90 0.I92 0.I94 0.:0)6 0.I98 1.60 o
WISCONSIN Madison "Virtual" Collaboration Meeting Signalness Cut Monday, July 10, ZOgg
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Input Graph

GNNs 5=

State Graph 1

Global

8 [1,1029]

[1,1024]

ﬁ—'v [, 2561 rl o7 MU e &

I e D

* Neutrino Telescopes =Y
Collection of individual %% = u% oo _ﬂ‘

State Graph 4

detectors-Time-evolving 3D [} £/

point cloud o
GNNsanaturalfit— Nodes Resolution Performance

(Individual detectors) witha .=/ = L
connection(geometry of = = ot .
telescope)
* GraphNet
GitHub, IceCube Paper
Effortamong neutrino 5 .
telescopesto createa GNN :.
frameworkand pre-trained ']
modelsforreconstruction, <. ]
particle |D, etc. £, :

05 1.0 15 2.0 25 30 DO 0.5 1o 1.5 20 25
Energy (log10 GeV) Energy (log10 GeV)
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MLP —» Prediction
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https://github.com/graphnet-team/graphnet
https://arxiv.org/abs/2209.03042
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Maximum Likelihood — Short Comings
g = (x,y,2,0,0, E,t) —

E(f|67) = Hp(xz|§) Re-Simulation

Analytic Approx.
[ Hypothe5|s ]——)[ PDF ] Tabulated MC

[ Expeotatlon ]

* Largest issue for reconstructions is the
( leehhood | Data 7| estimated light yield

* Athighenergies-Ice and catastrophic
energy losses

* Atlow energies-Ice and non-poissian noise

1000

oI HitSpeol data
800} Entries 57696

Simulated poissonian
LZA (300 Hz) noise

8 600F Entries 35000 - * |ce
® oo} F * Low energies—Area close to individual
i detectors
200 _
,Jr'“f , * Highenergies—-Bulk properties

6 -5 -4 -3 -2 -1
logl0 At [s]

| D
WISCONSIN Co-Processor Meeting Monday, July 10,2023 3 2
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Applications — Splitting

F—@ 354 =T 2010

e Coincident events — Two or more
events in the same trigger window

* Semantic Segmentation Nets -
Question how to differentiate objects
of the same class

Run 116511 Fvent 2402171 Ons, 40000ns

WISCONSIN
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Applications — Splitting

Estimated number of clusters: 3

Splitter computing speeds

— lIceHive

10°

1071 4

1072 4

Fraction of events above given time

—— HiveSplitter
—— TriggerSplitter
— QPTICS

1073

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

10~°

T T Ty T T T T MR RALL
1074 1073 102 10-1 10° 10! 102 103
Time per event (s)

Unsupervised clustering algorithms have proven either
too slow or not as performant as existing algorithms

There are advantage in noise identification with
unsupervised learning — Needs to be revisited in new
detector designs

Looking at GNN-based clustering

Co-Processor Meeting
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10° |

Applications — Simulation

CORSIKA Livetime (oversampling+oversize) _

103 oot

10°°

Wall Time/Livetime

107}

1079}

10—11

—
—
—

Hoerandel (CPU)
Hoerandel (GPU)
H3a (CPU)
H3a (GPU)

10

10°

@wxomm

ERSITY OF WISCONSIN-MADISON

10°

107 10°
Primary Energy [GeV]

10°

101

1| 1011
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Physics is the issue here
* Lots of background
* Lots of possible physics

* Enormous energy range and flux - 3 kHz of
muons across 9+ orders of magnitude in
energy with running at 90+% uptime for
10+ years

* Desire is 100+ years of simulation

* Up to 500x the compute time compared
to livetime

e 2 seconds ofdetectorruntime:

CORSIKA Showers: 1M events
CORSIKA Output: 92K events
Photon Prop/Ray-tracing: 18K events
Detector Sim output: 10K events
Final output: 589/ events

Anywhere from 34-98% of CPU/GPU time is
spend on first principal particle simulatign,

= NS

11 September 2019
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Applications — Simulation

b= proton * First order simulations are good for
. =muon deep dives

= pion _ .
V = neutrino * Not goodif you needto generatelotsof it
" electron « Edge casesimportant

e = positron
¥ = photon

* Existing parametrizations are lacking —
Missing “muon bundles” (groups of
related particles)

* Potential CPU saving solutions use
\ flawed assumptions — Local network
\ connectivity needed

ERSITY OF WISCONSIN-MADISON
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lceCube Fvents a'
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ICECUBE
lce Mode]

Natural medium —Hard to
calibrate properly

Dropped a detector into a grey
box

 Theiceis veryclear, but...

e |situniform?

* How has construction changed
the ice?

* Ray-Tracing with GPUs

eff. scattering coefficient m™]

1.6 5 .
o el dEl i & | g * Toocomplexfora parametrized
giz ;:i; d- A : t' k4 g ) 30 approach
$ 10 3“ 1' . i ‘ !‘ s  Needs brute force approach
2 g ‘“ “v \!“ ‘ 1 * Drastic changes in
G 0.6 3 o ! ) i ey .

E | reconstructed position with

-~ _2 = e ? > Cascade Events - Results with cascades and ML different ice model
coming soon, stuckin journal
W]SCONS[N Co-Processor Meeting
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lce Mode|

X

Cartoon considering \.
flow ofice \

X ' X

* New calibration data is available every year - More data being data,
new ice cores being taken, etc.

* Want to have most up-to-date information in detector
* “Fitting” the model is compute intensive — Up to 400 GPU years

9
o
<l o
Q
'
O
L0
Q
R

* Newer analyses want the most up-to-date simulation

* Ice model is the largest systematic effect in detector — Adding new ICe cores
systematic effects I ot

* The deeper we dig the more complicated it gets WL RISt ol :
* Birefringence -Ice Crystal Size 9|0C|0| bed

* Layeringofice over milleniaand movingacrossa changing bedrock

WISCONSIN Co-Processor Meeting roc k cores b ed roc k

UNIVERSITY OF WISCONSIN-MADISON




ICECUBE

SDOUTH POLE NEUTRIND OBSERVATORY

Classification

* CNN being added to "standard” processing to
identify:
e Through-going Tracks-Passthroughentire
detector
* Stopping Track—-Entersthe detector andstops
init
e Starting Track —Startsin the detector

e Starting Cascade-Startsin detectorand
doesn’texit

e Skimming-Entersandexits at the corners of the
detector

e Graph Neural Nets

lceCubeis a collection of pointsin space witha
relationship

* Graphsarea“natural”fit

* Firstsignsofimpact - Differentiationin events
performs betterthan CNN

* https://arxiv.org/abs/1809.06166

_ 33 1R
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Convolutional Neural Networks

4004 145
< Iijgi * Convolutional Neural Networks — Square Peg
£ g Round Hole Problem
s a
S - * lceCube is not a CCD - Irregular geometry
g Img*_e * Time evolution of events - Contains
—600 A e  Main Arra e DeepCore 104 . .
M, information about detector, events, etc.
Detector Coordinate x / m
® Main Array
© DeepCore Upper : Gaussian KDE —— st =529.00s =1
® Zero Padding DeepCore - —— Pulses —— tenn —~13295ns |
ld g, ol =5082.00s
\\\ s taa=0669.4ns |
Lower gl 14 ; : :
DeepCore

- tg[)% = 844.0 ns
Cumulative Charge —-— tsoy = 1126.0 ns

Main Array

T_ __________________________________________ e = 9427 PE
- —— C500ns = 3950 PE
500 A ~~—- cioons = 13.1 PE
- _’ 500n !
= C100n 5

2000 3000 4000 5000
Relative time ¢, [ns]
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CNN Performance
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Today

Pixel Data

Pixel Data

Worker 2

- OMQ
HTCOoNAYr .

High Throughput Computing

HTCondor pe
oMQ
Master

Worker N

WISC\JI NJIILIN

Y OF WISCONSIN-MADISON

Manager-worker setup

Data communication via ZeroMQ
* Easytouseandsetup
Scalinganissue

* |ssuewithcommunicatingover external
network—Firewallissues

* Managercan'tkeep up > 2000 cores

ICECUBE

SDOUTH POLE NEUTRIND OBSERVATORY

Worker resource requirements are the same

Manager makes decision about next scan

* Using HTCondor for scheduling workers

Co-Processor Meeting
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CSSI-Event Workflow Management Service

* Introduce Manager-Worker paradigm to dHTC
workloads — Map-Reduce for the Hadoop Afficinados

Automated Data

 Plain HTCondor not good for Manager-Worker e Ditrbution S
* Scheduleoverhead dominatesin execution time with ~—
small tasks Te— > \ '
* Usetherighttoolfortherightjob-HTCondorto et
aggregateresources andschedule workers Monioring Da‘ﬂ
* Message Queues (MQ) have all the tooling neededto h_> oo T o tenerna_ .
extend HTCondor N Researcher Workilow Rcezrggruct:s
« Handle manysmalldatapackages(messages)efficiently Megsaement g Task
* Multi-user, multi-workflow separation m /
. . asks, F Pa 1
» Persistence(ifneeded) s 0
» Offloadtostorage (only Apache Pulsar) s M'_'Task
anagement
¢ MOﬂItOFIﬂg Service

e Off-shelf-Nofirstprincipal derivation

WISCONS[N Co-Processor Meeting Monday, July 10, 2023 :
Py
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Tomorrow — Grid

Local Server

Job Submission

-

Ss——3

0SG

Pixel Data

Pixel Data

Job Instance 2
RabbitMQ

Job Instance N

ICEGUBE

DUTH POLE NEUTRI

* Replacing OMQ with RabbitMQ - Why?
* Buildforscaling
* Nonetworkissues

* Why use the Grid?

* More resources available-Fastercompletion
e Free!

* Need an RabbitMQ instance running
continuously — PATh facility to the rescue!

Co-Processor Meeting o8

ND OBSERVATORY

\ N>S‘F‘

Monday, July 10, 2023 " N
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Tomorrow — Cloud

Pixel Data

Substituting Grid resources with Cloud
resources

Pixel Data

Much larger pool of resources

Spot Instance 2

O
]
=3
nl)
[ ]

#|Message Bus
Master

Readily available resources

More control over resources

Local Server

o s | Autoscaling cluster size (Kubernetes as a

o _ Service) makes things easier
\ X Sp.ntmem * $%$9% - Question about cost (~$100-1500 per
Kubernetes a | e rt)

il Y0 ) Ui 4
DI q
il Jil Spot Instance N

{
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SkyDriver— Reconstruction-a-a-S

e Researchers

submit an event to
a service be
reconstructed
through a scan

e Researcher does
not need to worry

about the details of

the scan

WISCONSIN

ERSITY OF WISCONSIN-MADISON

Automated
Data
Processing

( D.‘-]‘.1 N
Distribuion
Scanne Message
Serve Broke
P \
JLE"-J'.'L?:'

Client Starte

Task

Data Locatigh

-
N

v

Management

ICECUBE
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(Managed by Condor

Compute
Resources
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Applications — Reconstruction

* Determine
e Direction
* Energy
* Position in detector
e Type

e State of the Art:

 Maximum likelihood technique - Cannot
support newest detector knowledge

« CNN (>TeV)and GNN (O(10) GeV)reco

* Different type of events require different
methods

* Energyafactor-Atlow energies events “stops”
in detector

e Lots of physics is “known”

2073.37 271373

A

41
WISCONSIN Change Me Monday, July 10, 2023
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GPU Cloudburst Experiments

e Original Goal: Create an ExaFLOP compute pool in the cloud (80,000 NVIDIA V100) and address review
panel recommendations

* Cloud provider(s) do not have those resources available — We were promised they do
* Pre-allocatedresources

* Single cloud provider does not have those resources
U
* First Experiment —On Nov 16 2019 we bought all GPU capacity that was for sale in Amazon Web Services,
Microsoft Azure, and Google Cloud Platform worldwide - Creating The Largest GPU Cloud Pool in History /

e 51k NVIDIAGPUsin the Cloud
» 380 Petaflopsfor2hours(90% of DOE’s Summit,No.1in Top 500)
* Distributedacross,US, EU, and Asia-Pacific v

« Cost: $5O‘15Ok (U nder NDA) Number of GPUs by GPU Type Number of GPUs by Geo. Region

. — 15k - Bl TeslaT4 15k USWest
« Second Experiment —More realistic test > . —
« Mostcost-efficient GPUs for 8 hours 10k e ° 10| ™= EU

| AsiaPacific
[ On Prem

B On Prem Misc

Number ot GFPUs
P34 PFLUFS

» Achieve 1ExaFLOP-hour of compute

. . . e 5k- 5k_
 Distributedacross,US,EU, and Asia-Pacific s
e
WISCOI\.ISFI\C])SJ[ ~$60k Co Proce%’s%‘r%elejffﬁé 13:45 15:45 17:45 %045 1145 1375 1545 17:45 N’SOTF
. e (Feh 4th 2020 PST) Time (Feh 4th 2020 PST) , L Y I\
UNIVERSITY OF WISCONSIN-MADISON T\/londay’ JUIy/IU’ ZUZJ “ ‘.
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GPU Cloudburst — 15t Experiment

Number of GPUs by Cloud Region Provisioned PFLOP32s over time (mins)
Fachcolorisa 400 4 USWest
0K different Clou 350 | WM USEast
= - EU

reglon 300 { HEM AsiaPacific

40k -

dWS

\—/‘7

AAzu re

30k A

PFLOP32s
N
o
o

20k -

10k A

20 40 60 80 100 120

0 25 50 75 100 125

) Google Cloud
Peaked at 51,500 GPUs

Total of 28 Regions in use.
WISCONSIN Co-Processor Meeting
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GPU Cloudburst Technology

* Multi-collector HTCondor setup — Already
well-established

* Collector in each cloud region to reduce
load on start-up — No idea where resources
would be

* Workload is computing heavy compared to
typical lceCube load — Reduce potential
networking cost

* 15tDemo: In and output data stored in cloud

¢ 2"9 Demo: Input came from UW, output
stored in cloud, dedicated network links —
Saturated UW SciDMZ network (100G)

3 Demo: Weeklong cloud usage, output
and input at UW

https://arxiv.org/abs/2002.06667
https://arxiv.org/abs/2004.09492
https://arxiv.org/abs/2104.06913
https://arxiv.org/abs/2107.03963

WISCONSIN
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30 schedds

One Global
Resource
Pool

vector
VM
Collector
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https://arxiv.org/abs/2002.06667
https://arxiv.org/abs/2004.09492
https://arxiv.org/abs/2104.06913
https://arxiv.org/abs/2107.03963
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lceCube Computing - 30,000 Foot View

» (Classical Particle Physics Computing
* Ingeniously parallelizable — Grid Computing!
e "Bvents"- Time period of interest
* Number of channels varies between events
* |deally would compute on a per event-basis
e Several caveats

* No direct and continuous network link to experiment

Extreme conditions at experiment (40 C is warm, desert)

Simulations require "specialized" hardware (GPUSs)

In-house developed and specialized software required

Large energy range cause scheduling difficulties — Predict resource needs, run time, etc.

W]SCONS[N E-CAS Workshop
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lceCube Computing —10,000 Foot View

Glidein Locations

* Global heterogeneous resources pool - < C
L SR~ ) N
* Mostly shared and opportunistic resources SR T ;
* Atypical resources requirements and software \ - W e
Kk %
stac N4
* Accelerators (GPUs) J o \
* Broad physics reach with high uptime-Lots to
simulate 5 .
e “Analysis”softwareis producedin-house RN pyglidein

* “Standard”packages,e.2. GEANT4,don’t
supporteverything or don’t exist

* Niche dependencies,e.g. CORSIKA (air
showers) .

e Significant changes of requirements over the
course of experiment - Accelerators, Multi-
messenger Astrophysics, alerting, etc.

100 J

[ initial request
[ final request
[ actual usage

lUﬂ 4

102 .

tasks > m_mi

10°

W]SSCONS[N E-CAS Workshop

ERSITY OF WISCONSIN-MADISON
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lceCube Grid - Simulation Workflow

Generate

Neutrinos (home-grown) = Dat
Background (CORSIKA)
Ic c b Dat

!T!T! * Fairly straightforward particle physics-like
Photon Propagation D it ‘: WorkﬂOW
OpenCL-based | Dat
S a\q_ «wo  * Big constraint is lack of dedicated resources
!T!T!@UW « Nodataaware scheduling
* | ots of data movement-Lots of time wasted to move
data

* Different steps can have drastically different
requirements

T -
WISCONSIN ggg. WLGG Grid Deployment Board

uuuuuuuuuuuuuuuuuuuuuuuuuu 11 September 2019
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lceCube Grid - PyGlidein - |

Central HTCondor
Submit Machine

HTCondor
Shared Port
HTCondor

Collector &
CCB Server

HTCondor
Schedd

condor_q

Remote Submit
Machine

Separate job submission from

workflow management

Lightweight design as possible

Job Scheduler

HTCondor, PBS,
SLURM, ...

http / jsonrpc

e

Potential site firewall

WISCONSIN

ERSITY OF WISCONSIN-MADISON

Only difference between sites is a
config file

Why separate system?
* Performanceissues—-Maximum~3500
jobs
* Expertsneededfordeployment,
operation,andmonitoring

* |ndividualuserscouldnotuse
distributed resources

WLCG Grid Deployment Board
11 September 2019




lceCube Grid - PyGlidein -l

Central HTCondor
Submit Machine

HTCondor
Shared Port
HTCondor

Collector &
CCB Server

HTCondor
Schedd

condor_q

Remote Submit
Machine

ICECUBE

SDOUTH POLE NEUTRIND OBSERVATORY

Exposed the job resource

requirements - CPU, Memory, Disk,
GPU-viaHTTP

Remote client queries for job

Job Slot |

requirements and submit HTCondor

Job Slot |

startd jobs accordingly within local

A

Job Scheduler

HTCondor, PBS,
SLURM, ...

http / jsonrpc

pea!

Potential site firewall

WISCONSIN

ERSITY OF WISCONSIN-MADISON

resource constraints

When HTCondor startd executes
connects back to central pool

Multiple jobs are submitted per single
job in pool — Assuming other jobs will
be able to use slots, otherwise dies
within set amount of time

WLCG Grid Deployment Board
11 September 2019
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lceCube Grid — PyGlidein - |

Analyzer/
Operator
|

Analyzer ﬂ
i

Submits
Analysis Workload

L]
Submits
Simulation
Dataset

IceProd

HTCondor

Submits Pilot
Jobs
—

Job Resource Requirements

pyglidein

UW-Madison Server

/

Querying

Central

Service

User Workload | Remote Site

/

[

pyglidein ‘

Client ‘

| Scheduler

Local

Head/Submit Node l

-

J

F

IceProd
Starter

.

HTCondor
Starter

IceProd
Job

User

Worker Node

Job

W]i)\.-\.ll N1 N

UNIVERSITY OF WISCONSIN-MADISON

* User perspective
 HTCondor + DataManagement
e “‘Justan HTCondor pool”

* Operator perspective
e Little overheadto add clusterto pool
» Fairlyeasytomonitor,e.g.condor_status

e NoneedforaCE-UseSSHorcronfor
submission

* Local containersupport

* Future improvements

e Code needsclean-up-0rganic growth to
support multiple schedulers

* Usercontainersupport

WLCG Grid Deployment Board
11 September 2019
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