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SMARTHEP - About me:

REAL-TIME ANALYSIS FOR
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« BS: Mechanical Engineering (2019)
« MS: Robotics Engineering (2022)
« PhD: Robo.. *sike* Particle Physics
« Experience:
«  Summer student (CERN, 2018)
« Control algorithms for GEM
detectors (CMS)
« Technical student (CERN, 2021), DIANA
HEP Fellowship (2020)
« ML based anomaly detection for

new physics searches

«  Website: https://www.pratikjawahar.com/

Annual articles published in scientific and technical journals per million people,
2018

Includes physics, biology, chemistry, mathematics, clinical medicine, biomedical research, engineering and technology, and earth

and space sciences.
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Data source: World Bank (2022); United Nations (2022)
Note: Articles are counted by the country of the author's institution.
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SMARTHEP - Overview:

REAL-TIME ANALYSIS FOR

SCIENCE AND INDUSTRY / \

+ Qualification TrAcKS

* Heterogeneous computing solution for faster track

reconstruction at the HL-LHC in ATLAS

» Data Compression with ML: Baler

« Misc Activities
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REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY
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REAL-TIME ANALYSIS FOR
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\
Track Finding
Finding tracks from the hits in the detector
-
»- dx=r—1u|wsx§ +
. e
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REAL-TIME ANALYSIS FOR
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Track Reconstruction:

\

+ Reconstruct trajectories of charged particles as they pass through
different layers of the detector, subject to a magnetic field

" Track finding

L 2

T Track fitting
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Track Reconstruction:

il
REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY /

+ Step 1: Detect a charged particle when it passes through a layer
* |onization in semiconductors

(a) strip (b) pixel

SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation
programme, call H2020-MSCA-ITN-2020, under Grant Agreement n. 956086

MANCHESTER
1824

The University of Manchester



\

/
SMARTHEP -

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

Track Reconstruction:

\

+ Step 2: Clusterization
« Depends on how you treat readout, detector design etc.
« Connected Components Algo (CCA) iterated on edges

1 energy below threshold
0 _» track
eight cell : four cell |
. . 1 . . /
connectivity connectivity / ; é é é Z ]
z Y
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SMARTHEP -

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

Track Reconstruction:

\

« Step 3: Spacepoint Formation
« Move from local sub-detector frame to global detector frame

Tglob! loc = Tirans  Trot
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SMARTHEP _ Track Reconstruction:

REAL-TIME ANALYSIS FOR

SCIENCE AND INDUSTRY / \

+ Step 4: Seeding

 Find triplets of spacepoints that could potentially belong to the same
track

» Conformal maps => Hough Transform

10
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SMARTHEP -

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

Track Reconstruction:

\

+ Step 5: Track finding and fitting
« Start from a seed

+ Kalman formalism (eg. Combinatorial KF) => Smoothing (eg. global
x* fit, or walk back with Kalman fit) => Ambiguity resolution

* 11
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REAL-TIME ANALYSIS FOR
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Track Reconstruction:

As soon as one problem is solved, another rears its ugly head.”
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SMARTHEP _ Track Reconstruction:

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

ATLAS

EXPERIMENT

HL-LHC tt event in ATLAS ITK

at <pu>=200

, e
“As soon as one problem is solved, another rears its ugly head.”
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Track Reconstruction:

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY /

traccc

Demonstrator tracking chain for accelerators.

Computing term for specific purpose
architectures (eg. GPU, TPU, IPU etc.)

SPEEDIS'KEY

+ But sequential algo like CKF do much better on CPUs than GPUs!
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Track Reconstruction:

\
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SCIENCE AND INDUSTRY /

+ Heterogeneous Track Reconstruction:

 Step 1: Profiling CPU and GPU code to identify speed-up in inference
time

» |deally without drop in tracking efficiency
 Step 2: Identify bottlenecks

« Points where one architecture outperforms the other
 Step 3: Calculate data-transfer latencies at bottlenecks

« Data transfer latencies between host (CPU) and device (GPU) eat up
speed-up
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REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

CPU

CUDA

* X %

* *
* 4 K

Number of duplicated track candidates

Number of duplicated track candidates
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CUDA Profilin
SMARTHEP 9

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

D2H Calculations - CPU vs D2H CPU D2H Calculations - CPU vs CUDA

Running seeding algo with CUDA spacepoints moved to host Number of seeds: 28346 (host), 28346 (device)
Number of D2H seeds: 28346 (host), 28346 (device) Matching rate(s):
Matching rate(s): — 87.6208% at 0.01% uncertainty

- 88.6898% at 0.01% uncertainty - .
— 98.9275% at ©.1% uncertainty - 98.797% at @.1% uncertainty

- 99.2592% at 1% uncertainty - 99.2345% at 1% uncerta@nty
- 99.2839% at 5% uncertainty - 99.2733% at 5% uncertainty

Running track param est with CUDA spacepoints and CUDA seeds moved to host ll Number of track parameters: 28346 (host), 28346 (device)
Number of D2H track parameters: 28346 (host), 28346 (device) Matching rate(s):
i) LG : - 98.7617% at 0.01% uncertainty
i ¢ &t 9.01% uncertalnty - 99.7989% at 0.1% uncertainty
- 99.7989% at 0.1% uncer‘Falnty Shco BN s 1% uncertaint
- 99.8024% at 1% uncertainty . 0 (I inty

- 99.8024% at 5% uncertainty - 99.8024% at 5% uncertainty

18
3 SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation MANCHESTER
* * programme, call H2020-MSCA-ITN-2020, under Grant Agreement n. 956086 L

* ok

* X %

The University of Manchester



SMARTHEP _ DA Profiling - NSight Compute

SCIENCE AND INDUSTRY No. of
Data File Detector Geometry Events

tml_full/ttbar_ tml_detector/trackml-
mu300 detector 1

“ |ssues Detected  Function Name Demangled Name Process Device Narr Grid Size Block Size Cycles [cycle] Duration [msecond] Compute Throughp Memory Throughput [%] # Registers [register/thread]
ccl_kemel traccc:cuda:kemels::iccl_kemel(v.. [1138765] tracc.. TeslaT4 472435 4375 4372
form_spacepoints traccc::cuda:kernels:form_space.. [1138765] tracc.. Tesla T4 95281 595 36.43
18692 i 2231 50.49
35039 11.99 5414
23989 i 7.45 26.34
848561 71.08 16.92
1211907 33.78 35.93
1957486 68.04 23.78
19298 252 11.65
294522 29.96 27.57
18140 : 13.81 48.89
102384 26.16 26.16
78502 5.62 4497

count_grid_capacities traccc::cuda:kernels:.count_grid_.. [1138765] tracc... Tesla T4

N
o
o

populate_grid traccc::cuda:kernels::;populate_gri.. [1138765] tracc.. TeslaT4

N
o
o

fill_prefix_sum traccc:cuda:kernels:fill_prefix_su.. [1138765] tracc.. TeslaT4
count_doublets traccc:cuda:kernels::count_doubl.. [1138765] tracc.. TeslaT4
find_doublets traccc::cuda:kernels:find_doublet.. [1138765] tracc.. Tesla T4
count_triplets traccc::cuda:kernels::count_triplet.. [1138765] tracc... Tesla T4

0
1
2
3
4
5
6
7
8

reduce_triplet_counts traccc:cuda:kernels:reduce_tripl.. [1138765] tracc.. Tesla T4
find_triplets traccc:cuda:kernels:find_triplets(.. [1138765] tracc.. TeslaT4
update_triplet_weights traccc:cuda:kernels::update_tripl.. [1138765] tracc.. TeslaT4
select_seeds traccc:cuda:kernels:select_seed.. [1138765]tracc.. TeslaT4
estimate_track_params traccc:cuda:kernels::estimate_tra... [1138765] tracc.. Tesla T4

TRLLERLERER
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REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

T CUDA Profiling - NSight Compute

P Launch Statistics

Summary of the configuration used to launch the kernel. The launch configuration defines the size of the kernel grid, the division of the grid into blocks, and the GPU resources needed to execute the kernel. Choosing an efficient launch configuration maximizes device utilization.
Grid Size

474  Function Cache Configuration CachePreferNone
Registers Per Thread [register/thread] 49  Static Shared Memory Per Block [byte/block] 16
Block Size 128 Dynamic Shared Memory Per Block [Kbyte/block] 6.14
Threads [thread] 60672 Driver Shared Memory Per Block [byte/block] 0
Waves Per SM 1.48 Shared Memory Configuration Size [Kbyte]

65.54
A A wave of thread blocks is defined as the maximum number of blocks that can be executed in parallel on the target GPU. The number of blocks in a wave depends on the number of
Tail Effect

p and the th:

occupancy of the kernel. This kernel launch results in 1 full waves and a partial wave of 154 thread blocks. Under the
assumption of a uniform execution duration of all thread blocks, the partial wave may account for up to 50.0% of the total kernel runtime with a lower occupancy of 24.0%. Try launching a grid with no partial wave. The overall impact of this tail effect also lessens with the number of full waves executed for a grid. See the
description for more details on launch configurations.

P Occupancy

Occupancy is the ratio of the number of active warps per
latencies, resulting in overall performance i

itip to the { number of ible active warps. Another way to view
Large di: i the ical and the achieved during

o)
s the of the hard

P g

i 's ability to process warps that is actively in use. Higher occupancy does not always result in higher performance, however, low occupancy always reduces the ability to hide
1 typically indi highly irr workloads.

Theoretical Occupancy [%] 100 Block Limit Registers [block]
Theoretical Active Warps per SM [warp] 32 Block Limit Shared Mem [block]
Achieved Occupancy [%] 76.04 Block Limit Warps [block]
Achieved Active Warps Per SM [warp] 2433  Block Limit SM [block]

£\ Occupancy Limiters

This kernel's theoretical occupancy is not impacted by any block limit. The difference between calculated theoretical (100.0%) and measured achieved occupancy (76.0%) can be the result of warp scheduling overheads or workload imbalances during the kernel
block as well as across blocks of the same kernel. See the for more details on optimizing occupancy.

can occur b: warps within a
P Source Counters

Source metrics, including branch efficiency and sampled warp stall reasons. Warp Stall Sampling metrics are periodically sampled over the kernel runtime. They indicate when warps were stalled and couldn't be
Branch Instructions [inst]

4134530 Branch Efficiency [%]
Branch Instructions Ratio [%]

led. See the

for a description of all stall reasons. Only focus on stalls if the schedulers fail to issue every cycle.

0.16  Avg. Divergent Branches

A L d Global This kernel has d global ing in a total of 5097660 excessive sectors (68% of the total 7519840 sectors). Check the L2 Theoretical Sectors Global Excessive table for the primary source locations. The
un | d device memory accesses.

Name Value Info

@ derived_memory_I2_theoretical_sectors_global_excessive 5.09766e+06 memory_I2_theoretical_sectors_global > memory_I2_theoretical_sectors_global_ideal

L2 Theoretical Sectors Global Excessive
Location

Value
582,294)
579,700]
407474)
392,500]
348121]
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REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

Source: clusterization_algorithm.cu

Navigation: Live Registers

# Source

The algorithm executes in a loop of three distinct parallel
stages. In first one, a mix of stochastic and aggressive
hooking, we examine adjacent cells and copy their grand parents
cluster ID it is lower than ours, essentially merging the two
together.
*/
(index_t tst = ©; tst < MAX_CELLS_PER_THREAD; ++tst) {
t index_t cid = tst * blckDim + tid;

(adjc[tst] <= 9);
C k= ; k < adjc[tst]; ++k) {
index_t q = gf[adjv[tst]1[k]];

(gflcid] > q) {
f[flcid]] = q;
flecid] = q;

/*
* Each stage in algorithm must be preceded by a
* synchronization barrier!
*/
Q;

#oraoma unrall

UDA Profiling - NSight Compute

Source: ccl_kernel

# Address

Instructions ~ Warp Stall 246
Executed @ 247

00007fdb
00007fdb
00007fdb
00007fdb

0 08007fdb

00007fdb
00007fdb

53 00007fdb

00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb

5 00007fdb

00007fdb
00007fdb

3 00007fdb

494,

386,493)

15,864

00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb
00007fdb

277 00007fdb

SMARTHEP is funded by the European Union’s Horizon 2020 research and inn
programme, call H2020-MSCA-ITN-2020, under Grant Agreement n. 956086

v

B

alfb1550
alifb1560
alfb1570
alfb1580
alfb1590
adfbl5a@
alfbl5be
alfbl5co
alfb15de
alfbl5e0
aufbls5fe
alfbl1600
alfbl610
aufbl1620
alfbl630
atfbleue
aufbl650
alifbl1660
alfbl670
aufbl1680
alfbl690
aufbl6a®
alfbl6be
aufbléce
alfbl16de
aufbléed
aufbl6fe
aufbl7ee
aufbl71e
aufbl720
aufbl730
aufbl7ue

LOP3.LUT
.u16 [
IMAD.SHL.U32
.u16 [
LOP3.LUT
.u16 [
IMAD.IADD
LEA :
IMNMX.U32
PRMT R31,
LOP3.LUT
IADD3
IMAD. MOV
LOP3. LUT
PRMT
BAR.
ISETP.GE.U32.AND
IMAD.IADD R27,
LOP3.LUT #2,
BMOV  .CLEAR
BSSY B,
PRMT

BMOV .CLEAR
BSSY B1,
ISETP.NE.AND
PRMT R32,

PRMT R31,
LOP3.LUT

.U.U16
IMAD

Navigation:

Live Registers

—
E—
B
—
—
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—
—
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CUDA Profiling

REAL-TIME ANALYSIS FOR No. of
SCIENCE AND INDUSTRY \ Data File Detector Geometry |[Events
Old Version tml_full/ttbar_ tml_detector/trackml- New Version - with FastSV
mu300 detector 1
CPU GPU CPU GPU
Duration Duration Duration Duration
Parent process [mu-sec] Parent process [mu-sec] Parent process [mu-sec] Parent process |[mu-sec]
Container Container Container Container
Instantiation 8 Instantiation 6 Instantiation 8 Instantiation 6
File reading 1,720,207 File reading NA File reading 1,288,893 File reading NA
Clusterization 40,197 Clusterization  |NA Clusterization 36,070 Clusterization  [NA
Spacepoint Spacepoint
Spacepoint Formation 6,078 Formation NA Spacepoint Formation 3,131 Formation NA
Clusterization + Clusterization + Clusterization + Clusterization +
Spacepoints 46,275 Spacepoints 40,197 Spacepoints 39,201 Spacepoints 2,433
Seeding 1,075,583 Seeding 80,072 Seeding 792,729 Seeding 11,686
Track param est 27,909 Track param est 2,651 Track param est 9,316 Track param est 411

SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation
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SMARTHEP _ CUDA Profiling

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY y,

Old Version New Version - with FastSV
e Seeding - Synchronous kernel launches e Seeding - Asynchronous kernel
o fill_prefix_sum used for launches

R o Increases paralellization
synchroniszation

“ Issues Detected Function Name Demangled Name
find_clusters traccc::cuda:kemels:find_...

fill_prefix_sum traccc::cuda::kernels:fill_p...

R :
count_cluster_c.. traccc:cuda:kernels:coun... Issues Detected  Function Name Demangled Name

connect_compo... traccc:cuda:kemels::conn... ccl_kemnel traccc:cuda:kemels::ccl_kernel(v...

create_measure... traccc:cuda:kernels::creat... form_spacepoints traccc::cuda::kernels::form_space...

fill_prefix_sum traccc::cuda:kernels:fill_p... count_grid_capacities traccc::cuda::kernels::count_grid_...

form_spacepoints traccc::cuda::kernels::form... populate_grid traccc::cuda:kernels:;populate_gri...

fil_prefix sum  traccc:cuda:kemels:fill_p.. fill_prefix_sum traccc::cuda:kernels:fill_prefix_su...

id S| it cuda::k Is::
£ R chpe s il count_doublets traccc::cuda:kernels::count_doubl...

O 00 N o0 W N = O

populate_grid traccc::cuda::kernels::popu...
find_doublets traccc::cuda:kernels::find_doublet...

—
o

fill_prefix_sum traccc::cuda:kernels:fill_p...

count_doublets  traccc::cuda:kernels::coun... count_triplets traccc::cuda:kernels::count_triplet..

0
1
2
3
4
i
6
7
8

reduce_triplet_counts traccc::cuda::kernels::rreduce_tripl...

-t
N

fill_prefix_sum traccc::cuda:kernels:fill_p...

s
w

find_doublets traccc::cuda:kernels:find_... find_triplets traccc::cuda:kernels:find_triplets(...

-t
»

fill_prefix_sum traccc::cuda:kernels:fill_p... update_triplet_weights traccc::cuda:kernels::update_tripl...

-t
W

count_triplets traccc:icuda::kernels::coun... select_seeds traccc::cuda:kernels::select_seed...

N W W W N NNMNNWDNDNWW

h
o

fll-prefix sum | jtraccc:cudackemels: il p.. estimate_track_params traccc::cuda:kernels::estimate_tra...

—
~N

find_triplets traccc::cuda:kernels:find_...

—
-]

fill_prefix_sum traccc::cuda:kemnels:fill_p...

-t
(=]

update_triplet_w... traccc:cuda:kernels::upda...

N
o

select_seeds traccc::.cuda:kernels::sele...

2
2
2
2
3
2
2
2
2
2
3
11 2
3
2
3
2
3
3
3
3
2
2

N
e

estimate_track_.. traccc:cuda:kernels::esti...
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@ @

REAL-TIME ANALYSIS FOR No. of
SCIENCE AND INDUSTRY Data File Detector Geometry  |Events

Old Version tml_full/ttbar_ tml_detector/trackml- New Version - with FastSV
mu300 detector 1

count_doublets() count_doublets()

Register Predicate Uniform Register Uniform Predicate
# Address Dependencies Dependencies Dependencies Dependencies

Register Predicate Uniform Register Uniform Predicate
# Address Source ndencies s Dependencies
cUfbesco HAD.MOV.U32
cufbesdo
clifbesed
cUfbesfo
cufbeson
cUfbes10
cufbe620
cfbes30 FSETP.GEU.AND
cufbesue FMUL R36, R4O, <[
cufbesse
cufbesso

[ —
copu762 I6kcsono
sove762 Ikcso9n
s ov07ee2 s6tcsomd
ppessctinputionm
oooa762 36csoco
so5csade
Jofesoeo FSETP.GEU.AI0
S
FSETP.LEU.AND V 36fc5110 FSETP.LEU.AND
cufbeso s s R,
o whesie ssC 54
cofbesse ssfcsie TMO.TADD
cofess BOv.32.00 srcsise  TWOX
cifsbs FA00 R27, 3, ssresise
cifbescs B 85, seresime £
cirvede  FA0 B35, W3, e v e
G e ; R
c4fbe6fo FADD » -R3, 36fc51a8 TIMAD.MOV.U32
SE Emewe Shm R
PV ; sofesice
wieme FSER.GTOR ; sofcsue
e FSETR.GELAGD y . Pt
cofoemie FSETP.GEU.AMD . e
wreTso PSP GEV.AND e
ey LTy : st iy
T FSEP.GT.OR [ —) i srsze | FETR.CT.OU
cfberse FsETo.GT.0R . oo i gl
cuFbe90 FSETP.GT.0R : e
Sy oy s Hremm
AT 36fc5260
Cotieti) 365270
CLzeh U 3 36¢c5280
il 365290 FFMA I 5
ey 36fc52a8 FSETP.GEU.AND
) fe0es. % S 8008762 36fc52b0 FMUL . "
cofvemte FSETP.GEU.AND
onee7een Iofesaco  FSETP.LEU.AND
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# Address

u3

6600760
6000760
6000760

6 0000760
7 60087F60

6000760
6600760
6000760
0000760
6000760

3 e00e7f60

6600760

5 00007660

6000760

7 00007460

6660760
66060768

6 00007460

6000760

2 eeee7F60
3 e00e7f60

6600760
6000760
0600760
6000760

3 eeee7f60

60007460
66007460
60007460
00007460
60007460
60007460

5 60007F60

6000760

77 0000760
8 00007460

6600760

o aeeeTFse

SMARTHEP _ CUDA Profiling - NSight Compute

SCIENCE AND INDUSTRY No. of

Data File Detector Geometry Events

Old Version tml_full/ttbar_ tml_detector/trackml- New Version - with FastSV

mu300 detector 1

Register Predicate Uniform Register Uniform Predicate
Dependencies Dependencies Dependencies Dependencies

Register Predicate Uniform Register Uniform Predicate
Dependencies Dependencies Dependencies Dependencies

# Address
9 00007662 36faa380
10 60007662 36f22390
0000762 36aa3a0
2 00007F62 36faa3be
00007F62 36faa3co
80007F62 36faa3d0
5 80007662 36faazed
0000762 36faa3fe
00007F62 36Faalion
& 6000762 36faal1e
80007662 36Faali2e
0000762 36faau3e
00007€62 36faatiue
80007¢62 36F2aliS0
80007662 36Faali6e
0000762 36faau7e
80007¢62 36Faalise
80007662 36F2al90
00007662 36Faatiad
0000762 36faaibe
0000762 36Faaco
80007F62 36Faalidd
0006762 36faated
0000762 36faaufe
00007F62 36faas00
00007¢62 36Faas10
8000762 36faas20
8000762 36faas30
0000762 36faasue
00007662 36F2a550 IMAD.WIDE.U32
80007662 36Faa560 FADD. h
8000762 36f2a5T0 FADD
0000762 36faasse FADD
80007662 36F22590
3 8006762 36aasa0
0000762 36faasbe
00007F62 36FaaSco
80087F62 36f2aSd0

cufas3an LoP3.LUT
cufas3bo LoP3.LUT
cufas3ce (E.SYS
cufa3do E.SYS
cufas3e E
cufas3fe -E
cufasuge -E
cufasu1e E
cufasu20 THAD.WIDE . U32
cufasu3e TADD3 R7,
cufasuue

cufasuse

cufasuse

cufasue

cufasuge

cufasue

cufasua

cufasube

cufasuco

cufasude

cufasted

cufasufe

cufassee

cufass1e

cufa6s60
cufassTe

cufassse

cufass90 FADD R35, RS,
cufassas INAD.WIDE.U32
cufassbe ISETP.NE.U32. AND.
cufassco ISETP. NE.AND. EX
cufassde

cufasse LE60.SYS [
cufagsa LEGULSYS T

LI -
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CUDA Profiling - NSight Systems

REAL-TIME ANALYSIS FOR
SCIENCE AND_INDUSTRY

¥ GPU (0000:07:00.0 - Tesla T4)
» GPU Contexts

¥ GPU Metrics [10 kHz]

GPC Clock Frequency
SYS Clock Frequency
GR Active

Compute in Flight
Draw/Dispatch Start
SM Active

SM Instructions

SM Warp Occupancy

DRAM Bandwidth

PCle Bandwidth
PCle Read Requests to BAR1
PCle Write Requests to BAR1
» CUDA HW (0000:07:00.0 - Tesla T4)
v Threads (6)
» [1057341)
v [1057364]

0S runtime libraries

GPU Contexts (0000:07:00.0 - Tesla T4)

SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation MANCHESTER
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REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

- POC feasibility example:

 Clusterization, Spacepoint
formation, Seeding are
significantly faster on
GPU

« Considering Host-Device
and Device-Host wall-time
overheads,

« thereisstill a
speedup of ~O(800
msec)

« *Note* This is only an
example for one event

CUDA Profiling

No. of
Data File Detector Geometry |Events
tml_full/ttbar_  tml_detector/trackml-
mu300 detector 1
CPU GPU
Duration Duration
Parent process [mu-sec] Parent process |[mu-sec]
Container Container
Instantiation 15 Instantiation 5
File reading 1,341,172 File reading NA
Clusterization 36,070 Clusterization  |NA
Spacepoint
Spacepoint Formation 3,131 Formation NA
Clusterization + Clusterization +
Spacepoints 39,201 Spacepoints 2,433
Seeding 814,789 Seeding 11,686
Track param est 9,316 Track param est 411

A 27
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SMARTHEP -

REAL-TIME ANALYSIS FOR

SCIENCE AND INDUSTRY / \

- POC feasibility example:

« Clusterization, Spacepoint
formation, Seeding are
significantly faster on GPU

« Considering Host-Device and
Device-Host wall-time
overheads,

« thereis still a speedup of
~0O(800 msecq)

« If CKF on GPU is considerably
slower, it may still be feasible to run
the first part of the chain on Device
and move data to Host for CKF

« Potential solution for net
speedup in the tracking chain

«  *Note* This is only an example for
one event

* X %

CUDA Profiling

No. of
Data File Detector Geometry |Events
tml_full/ttbar_  tml_detector/trackml-
mu300 detector 1
CPU GPU
Duration Duration
Parent process [mu-sec] Parent process [mu-sec]
Device to Host
Host to Device [Cells] 3035 [Cells] NA
Host to Device Device to Host
[Spacepoints] 2,703 [Spacepoints] 1087
Device to Host
Host to Device [Seeds] 781 [Seeds] 349
Host to Device [Track Device to Host
params] 1,655 [Track params] 1,161

bl SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation
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/

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

« Extend studies to larger
number of events with more
realistic data (eg. mu=60, 140,
200 etc)

« Use seeds generated by
traccc in ACTS CKF function to
understand Device-Host costs

« Repeat overhead studies wrt
other parameters such as
Memory, GPU Occupancy etc.

Next Steps

No. of
Data File Detector Geometry |Events
tml_full/ttbar_  tml_detector/trackml-
mu300 detector 1
CPU GPU
Duration Duration
Parent process [mu-sec] Parent process [mu-sec]
Device to Host
Host to Device [Cells] 3035 [Cells] NA
Host to Device Device to Host
[Spacepoints] 2,703 [Spacepoints] 1087
Device to Host
Host to Device [Seeds] 781 [Seeds] 349
Host to Device [Track Device to Host
params] 1,655 [Track params] 1,161

* %
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y [m]

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

Original

04 08 1.2

x [m]

1.6

/

Original

y [m]

2.0

/

SMARTHEP -

0.4

Baler: ML based Data

Compression

Reconstructed

0.8 1.2
x [m]

1.6

Decompressed (online)

750

Difference

y [m]

2.0

0.4

0.8 12
x [m]

1.6

2.0

Paper: https://arxiv.org/abs/2305.02283

Code: https://qithub.com/baler-collaboration/baler

Variable Distributions

le5

108
==, Original |  __| Mean:
105 2.0 1.8095e-03
1 Reconstructed
104 4
8 8137
c 3 C
g 10° 4 8
O 102 g 1
10! § 0.5
w i Ll 1 0.0 . ; ; . . g
£ pr [GeV] —20 -15 -1.0 -05 00 05 1.0 15 2.0
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c 000 Mean:
o 2.0 o 104 8.7367e-03
(]
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https://arxiv.org/abs/2305.02283
https://github.com/baler-collaboration/baler

/

SMARTHEP - Misc Activities

/

REAL-TIME ANALYSIS FOR

SCIENCE AND INDUSTRY /
\

Workshops/Conferences: Side Quests:
+ |OP APP&HEPP UK National - Talk + Helped lift new wire bonder into
+ FastML - Talk the Lund Uni clean room
+ Hammers and Nails - Poster « Working on DDMTD corrections for

mu-CTP trigger chip for
temperature variance with Kalman
+ tCSC Split Filters

« HASCO particle physics

« STFC UK theory summer school

Schools:

Hackathons:

* DLin HEP - MIT

Teaching/Outreach:
« Baler (Lund)

 Jupyter Notebooks Intro - Lund
- Advanced C++ - Manchester
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SMAMWHEP - Future Work

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY y,

» Work on novel anomaly detection solutions?
» Contribute to the HLS4ML project?

» Analysis: Semi-visible jet signatures for dark sector
searches - ML based signal-background
discrimination?

+ TBD!

* 32
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SMARTHEP - Thank you!

REAL-TIME ANALYSIS FOR
SCIENCE AND INDUSTRY

Questions?

People are hungry, just putting it out there :)

Feel free to chat later as well! ?)

* X %
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