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EDMs



Space point

Within ACTS core, template on experimental (external) space points
Information needed for seeding extracted

Stored in a space point container: ACTS Space Point EDM (Carlo Varni)
o Acts::SpacePointContainer- interface with experiment
o Owns Acts: :SpacePointData object- stores variables for seeding

o Owns vector Acts: :SpacePointProxy- simple object used for seeding, contains
indices for navigating SpacePointData

o Navigate by index : nth space point in the container - nth value in the vectors

Internal navigation takes time- believed to cause CPU time increase

|dea to skip space point formation, seeding on clusters


https://www.google.com/url?q=https://indico.cern.ch/event/1280692/contributions/5474563/attachments/2680474/4649680/SPsEDM.pdf&sa=D&source=editors&ust=1732009000580870&usg=AOvVaw3J0fYu9M7tobruYvcT4t46

YATLAS

EXPERIMENT

xAOD Space point

Space point type for Athena ACTS workflow

Originally a vector per spacepoint with all information
Full details- ACTS ITk Jan 2023 (Carlo Varni)

Switched to SOA (struct of arrays) Update- ACTS ITk Mar 2023(Carlo Varni)
0 X AOD format |n Athena TIME execute for pixel-space-point-formation TIME execute for pixel-space-point-formation
A | o i ey
O Better for gpu “ SE— — changed ° “ 3,52_ — changed Ao
implementation and 3 i3 ’
memory management o m—
o Unexpected timing + e
increase - now solved T osr- H
Time [milli-sec]


https://www.google.com/url?q=https://indico.cern.ch/event/1242661/contributions/5222593/attachments/2579168/4447980/SpacePointEDM.pdf&sa=D&source=editors&ust=1732009000710196&usg=AOvVaw35fdNUX5kMXUh1aeUgeldu
https://www.google.com/url?q=https://indico.cern.ch/event/1242661/contributions/5222593/attachments/2579168/4447980/SpacePointEDM.pdf&sa=D&source=editors&ust=1732009000710475&usg=AOvVaw1kxmtb6USesEu5f9Gcjab5
https://www.google.com/url?q=https://indico.cern.ch/event/1244909/contributions/5290367/attachments/2604128/4497303/UpdateACTS.pdf&sa=D&source=editors&ust=1732009000710621&usg=AOvVaw0G_YjEfT8zTwdFNbLZZeVW

Seed

ACTS current Seed EDM:

o Seed object in ACTS core, templated on space point type:
©)

o Contain pointers to space points
Can now have > 3 spacepoints (tracklets)

Ongoing discussion to switch to ACTS specific EDM, allowing for further optimisation-
ACTS-ITk 8.11.24 (Andreas Stefl )



https://www.google.com/url?q=https://indico.cern.ch/event/1455688/contributions/6221208/attachments/2963881/5213768/2024-11-08%2520ACTS-ITk%2520update.pdf&sa=D&source=editors&ust=1732009000904199&usg=AOvVaw35Mcpk-mz16WDWUbg5Tw2I
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Algorithm Details i 57

Don't need to
look for middle

Inner SP -

Seed building: r '@ > SPs outside the

@)
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O

. central layers
Certain max

Space points in 3D grid of (¢, z, r) bins distance
Based on helical path from centre of detector between SPs /
Select middle SP- check if in ROI (level O trigger region of interest)|
Make duplets with inner and outer SPs (from neighbouring bins) and check
compatibility based on delta rand z

Make triplet from inner and outer SPs sharing same middle SP

(Luis Falda Coelho)

Seed filtering:

O

O

O

Compare seeds with similar curvature
Rank seeds using weight
Reject lower quality seeds to improve tracks

Full details- ACTS Workshop Nov 2023 (Luis Falda Coelho)



https://www.google.com/url?q=https://indico.cern.ch/event/1295479/contributions/5616098/attachments/2749058/4784682/ACTS%2520workshop%25202023.pdf&sa=D&source=editors&ust=1732009001086736&usg=AOvVaw2eFn-ONhhBWI-QRqbTV0Aa
https://www.google.com/url?q=https://indico.cern.ch/event/1295479/contributions/5616098/attachments/2749058/4784682/ACTS%2520workshop%25202023.pdf&sa=D&source=editors&ust=1732009001090856&usg=AOvVaw2aXMz31bCGG0u7MW78Na7X
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https://www.google.com/url?q=https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/&sa=D&source=editors&ust=1732009001568722&usg=AOvVaw3DvxkegpSFFGVCGCuRW1_t

Fast Tracking

Fast tracking mode pixel space points only
In ACTS standalone and Athena workflow

ACTS-ATLAS Mini Hackathon 2023 (Luis
Falda Coelho)

Updates:
o Ongoing study of parameter tuning
o Cuts updated to match new ITk
layout
o Tuning of radius cut and Z binning to
improve efficiency

112

T E T AR RN
14E-Vs = 14 TeV, HL-LHC, PPP

1.0 E-ACTS FATRAS w/ ATLAS-like layout

= (W) = 200 environment

o
© ©
1©© N
-P:Lu.ﬁ_l-lllllllllllll Illlllllllll

LI L T

R Y TR T

= Cut 1
- Cut 2
-%- Full fast tracking
— Default

h:KTﬁrr|||||m||'1|-||||||||||||t||||||||||'

-,

b
©
(o2
o AR L

Luis Falda Coelho

= il
N


https://www.google.com/url?q=https://indico.cern.ch/event/1333517/contributions/5646467/subcontributions/453158/attachments/2759185/4804964/ACTS%2520fast%2520tracking.pdf&sa=D&source=editors&ust=1732009001912802&usg=AOvVaw2v1p35gjP6tHgUwR9RJgmx
https://www.google.com/url?q=https://indico.cern.ch/event/1333517/contributions/5646467/subcontributions/453158/attachments/2759185/4804964/ACTS%2520fast%2520tracking.pdf&sa=D&source=editors&ust=1732009001913012&usg=AOvVaw1FQICikiE6Clbz9R7GHls5
https://www.google.com/url?q=https://indico.cern.ch/event/1333517/contributions/5646467/subcontributions/453158/attachments/2759185/4804964/ACTS%2520fast%2520tracking.pdf&sa=D&source=editors&ust=1732009002104967&usg=AOvVaw0wzXrJRzoLxMItbJe8NTTU

Developments

Update at ACTS ITk September 2024 (Carlo Varni)

Prototype seeding directly from clusters- pixel only

Idea to use cluster width information- filter doublets


https://www.google.com/url?q=https://indico.cern.ch/event/1455680/contributions/6133570/attachments/2927406/5139460/SeedingRange.pdf&sa=D&source=editors&ust=1732009002243232&usg=AOvVaw22iSeRZnx6vPx2IsmI5nj1




Algorithm Details

Search z-r-@ volumes using KD tree instead of 3D grid of (¢, z, r) bins

Splitting along one dimension, based on median:

o Exact median for small data sets

o Approximate median (mid point) for larger data sets as expensive
Creates 2 child nodes, recursively split each child node, alternating
dimension

o Node= a subspace of the data

internal
nodes | x<13 || x>13 ]

Full details- ACTS Workshop Nov 2023
(Luis Falda Coelho)

Finding middle space point: Range search tree using cuts orthogonal to tree dimensions

Space point combinations: Traverse tree comparing middle sp to each split-to find node in ROI

o Ifinternal node stop search
o Ifget toleaf and not true then take only SP contained in region


https://www.google.com/url?q=https://indico.cern.ch/event/1295479/contributions/5616098/attachments/2749058/4784682/ACTS%2520workshop%25202023.pdf&sa=D&source=editors&ust=1732009002345601&usg=AOvVaw0BGZlGwRTL928EtizTgHIo
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order to outperform the default seeding


https://www.google.com/url?q=https://indico.cern.ch/event/1295479/contributions/5616098/attachments/2749058/4784682/ACTS%2520workshop%25202023.pdf&sa=D&source=editors&ust=1732009002589060&usg=AOvVaw27L4VXM9HiHgNLDLaYGnaX




Algorithm Details

FastTrackFinder (Dmitry Emeliyanov): HLT algorithm that produces tracks
for the trigger

Just looking at seeding algorithm - Graph Based Track Seeding

o Takes input of relevant detector geometry information

o  Graph building: A graph of two pixel space point track segments,
known as edges, is created, based on a layer linking scheme (backup
slides)

o The number of edges reduced using a machine learning classifier. It

uses the cluster length to predict a range of probable angles of
inclination

o Triplet making: Fast track candidate discovery is done using track
following

o Triplets of space points are sampled from these to generate
3-spacepoint track seeds- long term want to pass on tracklets

the graph of 2-point track segments:

predicted cluster length ‘SPZ

Pixel module _ ’.5131

- |

-
- .
s ’\9 Z-axiIs

the fast track following and triplet sampling:

Elliot’s Upgrade Tracking talk


https://www.google.com/url?q=https://indico.cern.ch/event/1161358/contributions/4877679/attachments/2456375/4211976/EF_Tracking_Weekly_Emeliyanov.pdf&sa=D&source=editors&ust=1732009002660523&usg=AOvVaw3nK2EuXU3GUylTtfLfQvdt
https://www.google.com/url?q=https://indico.cern.ch/event/1251821/contributions/5259581/attachments/2590198/4469526/Upgrade_Tracking_Meeting_08_02_2023.pdf&sa=D&source=editors&ust=1732009002909715&usg=AOvVaw2W0mwfzO0lMnEZv-rC7Zwx

ACTS Standalone

Currently in ACTS Standalone - examples implementation on ITk geometry
Full results of Performance Study December 2023

Comparing ACTS default seeding and GBTS seeding:
o Running in ACTS standalone Single threaded

o Seeding Tracking efficiency = nMatchedParticles / nAllParticles

Ongoing work:

o Efficiency and timing optimisation

O

Use of cluster width: not yet available in ACTS stand-alone for ITk as only have smeared
digitization


https://www.google.com/url?q=https://docs.google.com/presentation/d/1PKarrQvHtA40FWr3Pd2uUxk6Y5_xNCL81JNyR_iGHOg/edit%23slide%3Did.g29822709369_0_397&sa=D&source=editors&ust=1732009003192281&usg=AOvVaw3B83V-eI5-gpWciOupeR8M

ACTS

Standalone Performance

Seeding Tracking efficiency
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EXPERIMENT

Rosie Hasan

Duplication rate

Ratio (GBTS/Default)

Total Seeds/event: 0.94
Total Time/event: 1.02
2.86

Track Finding Algorithm: 0.97
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YATLAS

EXPERIMENT

Athena Implementation

Implementation in Athena workflow will allow for direct comparison to FTF in Athena

First Implementation now in athena- first merge
o  Current results show still lots of work to do

o Clear issue with efficiency
o CPU timing not competitive

Ongoing work:

o Implementing cluster width
o Investigating efficiency issue
o |Improvements to ACTS core implementation


https://www.google.com/url?q=https://gitlab.cern.ch/atlas/athena/-/merge_requests/70915?diff_id%3D3913364%26start_sha%3D3d45803cba08421b3c5adf9967aa8c911fbb0ab2&sa=D&source=editors&ust=1732009003486679&usg=AOvVaw0tMSe1rtHAzThM-BwGJ_ME

Developments

Many updates to FTF code in athena- GBTS v2.0

Dmitry has also developed a track finding code- Track Finding (Tim Adye)
ACTS preference to keep two tools separate

FTF in athena seeding tool in a wrapper for short term benchmark performance- Dmitry
and Benjamin Kerridge ongoing work


https://www.google.com/url?q=https://indi.to/Ngqqv&sa=D&source=editors&ust=1732009003498323&usg=AOvVaw2-Ji2piwPo97pPeqUMeGcN
https://www.google.com/url?q=https://indi.to/Ngqqv&sa=D&source=editors&ust=1732009003498448&usg=AOvVaw25ZbDV-FbGCRP7PtTnthAz




CPU Timing FALAR

Top 10 CPU-time/Event (All Domains)
Job: phase2_recoonly_actsfasttracking
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Release: main
Platform: x86_64-el9-gcc13-opt Work in progress

Rosie Hasan 23


https://www.google.com/url?q=https://atlaspmb.web.cern.ch/atlaspmb/spot-mon-phase2_recoonly_actsfasttracking/?test%3Dcpu/main__x86_64-el9-gcc13-opt&sa=D&source=editors&ust=1732009003537627&usg=AOvVaw1r0Ulj0v8nTMh2dOiGxncM

Tvmang Improvements

Only ACTS seeding (default vs Fast-tracking)

Bump to ACTS
v37.0.0
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Work in progress
CPU Measurement (Carlo Varni)
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https://www.google.com/url?q=https://indico.cern.ch/event/1455685/contributions/6186231/attachments/2950287/5185878/Updates.pdf&sa=D&source=editors&ust=1732009003720404&usg=AOvVaw15zD0LeRiIUUDi_u4723vF
https://www.google.com/url?q=https://indico.cern.ch/event/1242661/contributions/5222593/attachments/2579168/4447980/SpacePointEDM.pdf&sa=D&source=editors&ust=1732009003720671&usg=AOvVaw1p_MLU0dfP36Qlaidcl2pb

YATLAS

EXPERIMENT

All vs Legacy Athena

B risispacePointSeedMaker

............. B AcsimisispacePointSeedMaker

: - ActsOrthogonallTkSiSpacePointSeedMaker
- ActsGbts|TkSiSpacePointSeedMaker

ACTS in Athena workflow

Midpoint/Default: 4

o Pixel ~25% slower
o Strip ~10% slower

Orthogonal and Gbts need 2
optimization

pixelSeedProductionTime stripSeedProductionTime

Work in progress
CPU Measurement (Carlo Varni)

25


https://www.google.com/url?q=https://indico.cern.ch/event/1455685/contributions/6186231/attachments/2950287/5185878/Updates.pdf&sa=D&source=editors&ust=1732009004082159&usg=AOvVaw3q_eyHKB6JvwAmn4LiXL2d
https://www.google.com/url?q=https://indico.cern.ch/event/1242661/contributions/5222593/attachments/2579168/4447980/SpacePointEDM.pdf&sa=D&source=editors&ust=1732009004082393&usg=AOvVaw34TWLMfg4Zo_ILfMeO-FSz
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Other Seeding Updates

GPU seeding
o traccc, implements middle point and orthogonal seeding algorithms for GPU
devices

o Updates Wednesday

Hough Vertex
o Hough transform used to estimate the Z coordinate of the interaction vertex

o l|dea to use before ACTS seeding to reduce complexity

o Paper: The application of Hough transform for fast interaction vertex position
estimation in heavy-ion collisions

o Luthien’s presentation



https://www.google.com/url?q=https://indi.to/2W6Rb&sa=D&source=editors&ust=1732009004213798&usg=AOvVaw22C-PvKA1cMo7xG1qPR0fm
https://www.google.com/url?q=https://arxiv.org/abs/2410.14494&sa=D&source=editors&ust=1732009004214102&usg=AOvVaw3ib6bN6QOrlDXGU6KYj463
https://www.google.com/url?q=https://arxiv.org/abs/2410.14494&sa=D&source=editors&ust=1732009004214167&usg=AOvVaw0lvrMyOdW--lUiD8JuNLmk
https://www.google.com/url?q=https://indi.to/4hhcS&sa=D&source=editors&ust=1732009004214213&usg=AOvVaw1PA5xEScZuo-YeB3tIcTRP

EDMs
S/M,mma/]’y |dea to skip space point formation

Switch to xAOD space points in Athena workflow
New larger seeds
Discussion of new defined ACTS seed EDM

Seeding algorithms

Mid Point: identical efficiency, timing
optimisations, seeding on clusters

Orthogonal: GPU adaptability, timing
optimisations

GBTS: ACTS and Athena implementation,
efficiency and timing optimisation,
implementation of v2.0 28
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GBTS: Layer linking

Probabilistic layer linking

* Track movement from layer to layer is modelled as a Markov
process and state transition probabilities are estimated using
simulated reference tracks

* Layer linking graph is obtained after applying a cut of 107> on
transition probabilities

| Layer linking graph for Fastrack algorithm trained on tt MC data, p;y >1GeV |

07/06/2022 EF Tracking Weekly Meeting

2 A B C

25 81000 80000 1
26| 82000 81000 0.941664
27 82000 80000 0.020266
28 82000 101000 0.01487
29 82000 111000 0.014688
30 82000 111001 0.004276
31 82000 101001 0.004237
52| 83000 82000 0.977832
33 | 83000 81000 0.022168
34 | 84000 83000 0.976277
35 | 84000 82000 0.023723

. Dmitry slides
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https://www.google.com/url?q=https://indico.cern.ch/event/1161358/contributions/4877679/attachments/2456375/4211976/EF_Tracking_Weekly_Emeliyanov.pdf&sa=D&source=editors&ust=1732009004385730&usg=AOvVaw1r8h0aj3h8ffwtnh7kNTfr

GBTS ACTS Standalone

Seeding Tracking efficiency
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First results with ACTS standalone tracking chain, need to run in Athena for proper comparison

ttbar results in backup



GBTS Algorithm details

Geometry information:
e Input file of layer linking information to create a map of connections
e Function to loop over modules in ACTS and collects relevant information
Seeding:
e Graph building:
o  Node per space points
o  Graph edges made from two nodes, based on the layer they are in
e The number of track segments is reduced using a machine learning classifier. It uses the
cluster length to predict a range of probable angles of inclination

e Triplet making:
o Track following:
> Recursive branching and propagation
>  Loops through edges, adding to vector
>  Checks if accepted, based on triplet cuts and ROl information
>  Only adds if better than previous edge
o Sample triplets from produced tracklets (long term want to pass on tracklets)

33



More seeding details

Full details- ACTS Workshop Nov 2023 (Luis Falda Coelho)

Three specific parameters from orthogonal seeding:

Default seeding weight:

max exact median - determines
the maximum number of
elements where we still calculate
the exact median

LeafSize - The maximum number
of elements stored in a leaf node

deltaPhiMax - Shrink the ¢ range
of middle SP, analogous to ¢ bin

Not configurable and do not seem
to affect much the performance
for high pile-up

size in grid from default seeding w = (e ;Vt =& d0<\+ detector specific cuts
More measurements Smaller IP » higher probability of track

Can significantly affect the
performance and should be
optimized

leads to higher quality arriving from the interaction point

34


https://www.google.com/url?q=https://indico.cern.ch/event/1295479/contributions/5616098/attachments/2749058/4784682/ACTS%2520workshop%25202023.pdf&sa=D&source=editors&ust=1732009004854301&usg=AOvVaw1C0rieiSGwrPDNXTZrzebR

