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NVidia profiling tools

Nsight Systems -- https://developer.nvidia.com/nsight-systems

Nsight Compute -- https://developer.nvidia.com/nsight-compute
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https://developer.nvidia.com/nsight-systems
https://developer.nvidia.com/nsight-compute

Nsight Systems

 System wide performance
analysis
* CUDA API calls _
* OS runtime libraries calls
* Kernel and memcpy
activities
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Description:

Right: a timeline row and sele vents see events here
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Nsight Compute

€ NVIDIA Nsight Compute - m] X
File Connection Debug Profile Ti Window Help
. . A <] Connect
d Sal I Ipllng based I I Iln 2 5 — 32 B < | seq-example-cudal.ncurep X
[]

ge:  Summary Result: 0-41068 - find_clusters * N ~ AddBaseline ~ | ApplyRules

¥ New Project Time Cycles Regs GPU SM Frequency  CC Process
Cyc es Sal I I p e Current 0 ,1,1) 1.99 msecond 2 0- NV ( 1second [43 b

k a result to see detailed metrics.

Function Namm Demangled N Process D Name s [cycle =

* Useful for detailed | o e e e
performance analysis _
including ?

* Hardware utilisation :

* Memory workload analysis : e

* Latency and timing % e tat e
* Performance tuning assistance T

popu r : 084] t . NVIDIA G

* Reasons for bottlenecks T e S eIV

3 fill_prefix.s.. t ¢ nel.. [43 b ... NVID

* Occupancy calculator
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Profiling using Nsight Compute

* CLI command for a detailed profiling session (212 metrics)

ncu /path/to/exec argl arg2 .. --export /path/to/outputfile --force-overwrite --target-processes application-
only --replay-mode kernel --kernel-name-base function --launch-skip-before-match @ --filter-mode global --
section ComputeWorkloadAnalysis --section InstructionStats --section LaunchStats --section
MemoryWorkloadAnalysis --section Occupancy --section SchedulerStats --section SourceCounters --section
SpeedOfLight --section SpeedOfLight_RooflineChart --section WarpStateStats --sampling-interval auto --sampling-
max-passes 5 --sampling-buffer-size 33554432 --profile-from-start 1 --cache-control all --clock-control base --
rule CPIStall --rule FPInstructions --rule HighPipeUtilization --rule IssueSlotUtilization --rule
LaunchConfiguration --rule Occupancy --rule PCSamplingData --rule SOLBottleneck --rule SOLFPRoofline --rule

SlowPipelLimiter --rule ThreadDivergence --rule UncoalescedGlobalAccess --rule UncoalescedSharedAccess --import-
source no --check-exit-code yes

* Metrics are grouped into sections (--section)
» SpeedOfLight — for high level compute and memory throughput
* Occupancy — for detailed analysis on warps and compute bandwidth

e --export option generates one report file per profiling session (.ncu-rep)
 Recommend viewing the report file using the GUI application



Nsight Compute report pages

€ NVIDIA Nsight Compute - tracec-tw 0 € NVIDIA Nsight Compute - tracce-lw105-hped1
Eile Connection Debug Profile Tools Window Help Eile Connection Debug Profile Tools Window Help
<) Connect Baselines <) Connect Baselines

Project Explorer = &h tracce-seg-examplecudal.ncuTep X Project Explorer = gh fracce-seg-example-cudal.ncu-rep X

Page: Session ~ | Result: 0-41068 - find_clusters v W ~ AddBaseline ~ ApplyRules @ Occupancy Calculator Copy asImage - h L Page: Summary ~ | Result: 0-41068 - find_clusters v W ~ AddBaseline ~ ApplyRules @ Occupancy Calculator Copy asImage -
i traccclw_ Result Time Cycles Regs GPU SM Frequency CC Process i traccclw_ Result Time Cycles Regs GPU SM Frequency CC Process
) tracceseq-.. Current 41068 -find_clusters (6.. 199 msecond 2770954 48  0-NVIDIA GeForce RTX 3090 140 cycle/nsecond 8.6 [431084] traccc_seq_example_cuda ) tracceseq-.. Current 41068 -find_clusters (6.. 199 msecond 2770954 48  0-NVIDIA GeForce RTX 3090 140 cycle/nsecond 8.6 [431084] traccc_seq_example_cuda

Launch Settings 3 @ Usethe column headers to sort the results in this report. Double-click a result to see detailed metrics.

Executable /home/minsi/Documents/iraccc/build/bin/traccee_seq_example_cuda ID =~ Issues Detected Function Narr Demangled Name  Process Device Name Grid Size Block Size
Working Directory 16 find_clust_ traccc:cuda:ke_ [431084] traccc_ NVIDIA GeForce RTX _
Command Line Arguments —detector_file=tm|_detector/trackml|-detector.csv —digitization_config_file=tml|_detector/default-geometric-config-generic.json -input_. 12 count_clust.. tracccrcudakemel.. [431084]tracce_se.. NVIDIA GeForce RTX 3090
Envonpent PV 14 connect_co.. tracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
A [z 17 create_mea... fracccicudarkernel.. [431084]tracce_se.. NVIDIA GeForce RTX 3090
Replay Mode L 15 form_space.. fracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Enable CPU Call Stack o 13 count_grid_.. ftracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 2090
Enable NVTX Support No
Disable Profiling Start/Stop No 15 populate_gr.. tracccicudarkernel.. [431084]tracce_se.. NVIDIA GeForce RTX 2090
Enable Profiling From Start Yes 13 fill_prefix_s.. ftracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 2090
Clock Control Base 15 count_doub.. tracccicudarkernel.. [431084]traccc_se.. NVIDIA GeForce RTX 2090
Kernel Name 13 fill_prefix_s.. ftracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 2090
Kemnel ID 15 find_doublets tracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Kernel Name Base Function 15 fill_prefix_s.. tracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Launch Skip Count 1] 12 count_triplets tracccicuda:kernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Launch Skip Before Match Count 0 13 fill_prefix_s.. traccccudarkernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Launch Capture Count 1] 15 find_triplets  traccccudakernel . [431084] traccc_se..  NVIDIA GeForce RTX 3090

1 13 fill_prefix_s_ traccccudarkernel . [431084] traccc_se_.  NVIDIA GeForce RTX 3090

5

5
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o kWM = oW

Sampling Automatic Interval

Sampling Interval 16 update_tripl . traccccudarkernel . [431084] traccc_se..  NVIDIA GeForce RTX 3090
Sampling Maximum Passes 17 select seeds tracccrcudarkernel . [431084] traccc_se..  NVIDIA GeForce RTX 3090
Sampling Buffer Size 33554432 16 track_para traccecudactrack_.. [431084] tracce_se..  NVIDIA GeForce RTX 3090
Apply Rules Yes 16 find_clusters traccccudarkernel . [431084] tracce_se.  NVIDIA GeForce RTX 3090

Metrics 11 count_clust_ tracccrcudarkernel . [431084] traccc_se.  NVIDIA GeForce RTX 3090
Profiler Command Line Jtmp/var/target/linux-desktop-glibc_2_11_3-x64/ncu —export /tmp/var/tracce-seq-example-cuda®i —force-overwrite -target-processe. 14 connect_co.. traccccudakemel . [431084] traccc_se..  NVIDIA GeForce RTX 3090

@ - o

Session Info 17 create_mea.. tracccrcudarkernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
15 form_space.. tracccicudaskernel .. [431084]traccc_se.. NVIDIA GeForce RTX 3090
13 count_grid_.. tracccicudarkernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Host 05 Linux - #46-Ubuntu SMP Tue Jul 12 10:30:17 UTC 2022 15 populate_gr.. tracccicudaskernel . [431084]traccc_se_.  NVIDIA GeForce RTX 3090
Host Architecture x86_64 13 fill_prefix_s.. tracccicudaskernel . [431084]traccc_se.. NVIDIA GeForce RTX 3090
Host Processor Intel(R) Core(TM) i5-10600KF CPU @ 4.10GHz 15 count_doub.. tracccicudaskernel.. [431084]traccc_se.. NVIDIA GeForce RTX 3090
Target Name Iw105-hpcO1 13 fill_prefix_s.. tracccicudaskernel . [431084]traccc_se.. NVIDIA GeForce RTX 3090
Target IP Addresses 10.204.23 94, feB0D::1ac0:4dff-fea3 f247%enp5si find_doublets traccccudackernel.. [431084] traccc_se..  NVIDIA GeForce RTX 3090
Target 05 Linux - #46-Ubuntu SMP Tue Jul 12 10:30:17 UTC 2022 15 fill_prefix_s.. ftracccicudazkernel.. [431084]traccc se.. NVIDIA GeForce RTX 3090
Target Architecture ¥B6_64 - -

Created 2022-Sep-23 11:00:02
Host Name Iw105-hpc01

Session page: hardware, GPU capability, etc Summary page: high level performance metrics
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Nsight Compute report pages

Q‘J NVIDIA Nsight pute - traccc-lw105-hpe0l 7 Q‘l NVIDIA Nsight Compute - traccc-lw103-hpc01
Eile Connection Debug Profile Tools Window Help Eile Connection Debug Profile Tools Window Help
<] Connect Baselines <] Connect Baselines

Project Explorer fh tracco-segq-examplecudal neu-rep X (@ Some metric columns are hidden by default. Right-click any column header and use the column chooser to show them

h p Page | Details = Result: 0-41068 - find_clusters * ¥ ~ | AddBaseline ~ ApplyRules [ Occupancy Calculator Copy as Image ~ Project Explorer #h tracceseqexample-cudal.ncu-ep X

@ traccciw_ Result Time Cycles Regs GPU SM Frequency CC Process @00 e ject Page: Source ¥ Result: 0-41068-find_clusters v N/ ~ AddBaseline ~ ApplyRules [ Occupancy Calculator Copy as Image ~
traccc-seq- "

ih L Current 4106.. 199 msecond 2770954 48 0 - NVIDIA GeForce RTX 3090 1.40 cycle/nsecond 8.6 [431084] tracoe_seq_example_cuda & traccc-lw_ Result Time Cycles Regs GPU SM Frequency CC Process

fh tracceseq-.. Current 41068 - find_clusters (61, 1.99 msecond 2770954 48  0-NVIDIA GeForce RTX 3090 1.40 cycle/nsecond 8.6 [431084] fracco_seq_example_cuda

0.0 25.0 50.0 75.0

Utilization [%]
View. SASS

+ Memory Workload Analysis All

Detailed analysis of the memory resources of the GPU. Memory can become a limiting factor for the overall kernel performance when fully utilizing the involved Source: find_clusters =] Navigation: Instructions Executed v v ~llS 19182

hardware units (Mem Busy), exhausting the available communication bandwidth between those units (Max Bandwidth), or by reaching the maximum throughput of

issuing memory instructions (Mem Pipes Busy). Detailed chart of the memory units. Detailed tables with data for each memory unit. Live Stall Sampling irp Stall Sampling  Instructions =

(Al Cycles) dot-issued Cycles) Executed
12 0 11389
23 19 11,369
N 11389

30
13
15
10
123
24
135
89|
85|
23
11129

=)
[y
o
v

- # Address Source
Memory Throughput [Mbyte/second] 51.59  Mem Busy [%] 078 230 08087FdS 24fredsd
L1/TEX Hit Rate [%] 94.82 Max Bandwidth [%] 1.03 -
L2 Hit Rate [%] 86.36 Mem Pipes Busy [%] 026 - e
L2 Compression Success Rate [%] 0 L2 Compression Ratio 0 B0067rdS 24foedTd

5 B8@87fd5 24fcedsn
The memory access pattern for global stores in L1TEX might not be optimal. On average, this kernel 08887FdS 24fced9n IMAD .MOV.U32
accesses 4.0 bytes per thread per memory request; but the address pattern, possibly caused by the stride @ ce : :
between threads, results in 11.0 sectors per request, or 11.0*32 = 350 8 bytes of cache data transfers per 235 B0007fdS 24fcedal IMAD.MOV.U32
request. The optimal thread address pattern for 4.0 byte accesses would result in 4032 = 128 3 bytes of 34 BO807FdS 24Fcedbd LEA.HI.X
cache data transfers per request, to maximize L1TEX cache performance. Check the
section for uncoalesced global stores.

L1TEX Global Store Access Pattern

7 80887fd5 24fcedcd TMAD.WIDE.U32
0880087Fd5 24fceddd .E RS,

[
The memory access pattern for global loads in L1TEX might not be optimal. On average, this kernel 39 BAEATFdS 24fceded .E o
accesses 4.0 bytes per thread per memory request; but the address pattern, possibly caused by the stride 0 B8AATFES 24fcedfa £ [
between threads, results in 10.0 sectors per request, or 10.0*32 = 321.2 bytes of cache data transfers per Ee - ’
request. The optimal thread address pattern for 4.0 byte accesses would result in 4.0*32 = 128.3 bytes of 1 08887fd5 24fceend .E |
cache data transfers per request, to maximize L1TEX cache performance. Check the i

section for uncoalesced global loads. 80007fdS 24feeeld BSSY B9,

L1TEX Global Load Access Pattern

3 00087fd5 24fcee20 IMAD.IADD

The memory access pattern for stores from L1TEX to L2 is not optimal. The granularity of an LITEX requestto L2 is a 244 00007fd5 24fcee3n IMAD RO, 1 02|

128 byte cache line. That is 4 consecutive 32-byte sectors per L2 request. However, this kernel only accesses an 45 00BATFAS 24fcesdd THAD.TADD 62ﬂ

average of 1.1 sectors out of the possible 4 sectors per cache line. Check the section for N

uncoalesced stores and try to minimize how many cache lines need to be accessed per memory request. 246 D0B87FdS 24fcee5 IMAD RS, R4, R4, 1 05|
000087Fd5 24fceedd LOP3.LUT RE, g 115|

The memory access pattern for loads from L1TEX to L2 is not optimal. The granularity of an L1TEX requestto L2 is a 2 80087FdS 24fcee7d ISETP.GT.U32.AND 94|
128 byte cache line. That is 4 consecutive 32-byte sectors per L2 request. However, this kernel only accesses an .

average of 1.1 sectors out of the possible 4 sectors per cache line. Check the section for ) 80887fd5 24fceedd 3“4
uncoalesced loads and try to minimize how many cache lines need to be accessed per memory request. 00087fdS 24fceedd ISETP.NE.AND 155|
15

88887Fd5 24fceead BSSY BE,

Memory Chart Show As: | Transfer Size ~ 52 80887Fd5 24fceebd MOV R3, 22
55 BBBB7FAS 24fceech 163|

. . it

sl el o

-
=

L2 Store Access Pattern

- |
@||m

L2 Load Access Patiern

“dllalelllsld

Details page: workload analysis along with Source page: disassembled instructions
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Nsight Compute — limitations

* Only support three generations of Nvidia chips, i.e. Volta, Turing and
Ampere, to show supported chips

ncu --list-chips

* Require administrator privilege, solutions
e 1. For sudo/wheel group users, sudo is ok

e 2. For normal users, system admins can add a conf file containing the
following to /etc/modprobe.d

option nvidia “Nvreg RestrictProfilingToAdminUsers=0"

* Profiling does impact program execution time
* |dentical profiling options should be used for code optimisation



Profiling traccc

Thanks to Yusuf Manjra for collecting the profiling data
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Building and profiling traccc

Build tools

e OS: Ubuntu 22.04
« CUDA 11.7 and g++11

Build options

* vecmem — built from source with
CUDA on

* detray — built from source with CUDA
on

* traccc — build examples on

Standa |0ne executa b|e profiled Main traccc repository https://github.com/acts-project/traccc
* traccc_seq_example_cuda

Data used
* TrackML — ttbar_mu200, 10 events
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Wall time - CPU vs GPU

traccc_seq_example_cuda on 10 ttbar_mu200 event files
CPU: Intel i5-10600 @ 4.10Ghz, GPU: Nvidia RTX 3090 24GBs, CUDA 11.7, Nvidia driver: 515.43.04, CC. 8.6

GPU CPU
Blocksize cl+sp (s) seeding (s) |[trk param est (s)/cl+sp (s) seeding (s) [trk param est (s)
32 0.103683| 0.0426339 0.0750294 0.198575 1.37156 0.0323424
64 0.105967| 0.0424915 0.0750092 0.1967582 1.37409 0.0324095
128 0.105238| 0.0424042 0.074376 0.1961375 1.37117 0.0320192
256 0.11083 0.042504 0.0746592 0.1970764 1.37425 0.0324181
512 0.112619| 0.0424735 0.0741184 0.1968369 1.36962 0.031985

* GPU is faster on clusterisation, space point formation and seeding

* Wall time may not give precise GPU kernel execution time




Performance summary

CPU: Intel i5-10600 @ 4.10Ghz, GPU: Nvidia RTX 3090 24GBs, CUDA 11.7, Nvidia driver: 515.43.04, CC.
64 THD/BLK 512 THD/BLK
# #

Compute Memory Registers Compute [Memory (Registers
Cycles Duration [Throughput [Throughput |[register/|Cycles Duration |[Throughp |Throughp|[register/

Function Name [cycle] [ms] [%] [%] thread] |[cycle] [ms] ut [%] ut [%] thread]
find_clusters 3,895,811 2.79 0.31 2.35 485,127,261 3.72 0.24 1.72 48
count_cluster_cells 26,657 0.02 8.29 41.49 16 23,836 0.02 9.27 46.46 16
connect_components 690,531 0.5 0.78 8.54 32| 669,326 0.48 0.81 20.62 32
create_measurements 752,744 0.54 2.76 19.11 70| 675,834 0.51 3.08 15.95 70
form_spacepoints 35,335 0.03 8.39 39.41 38 40,254 0.03 7.36 37.96 38
count_grid_capacities 19,986 0.02 11.52 40.69 32 20,221 0.02 11.38 40.33 32
populate_grid 30,586 0.02 8.48 39.53 34 30,812 0.02 8.42 39.25 34
count_doublets 353,799 0.26 25 12.07 40 359,410 0.26 24.63 11.85 40
find_doublets 1,488,936 1.07 11.82 27.7 104( 1,491,983 1.07 11.8 27.66 104
count_triplets 223,972 0.16 42.39 20.53 45( 221,584 0.16 42.7 20.69 45
find_triplets 124,189 0.09 6.29 6.84 82 126,959 0.09 6.13 6.72 82
update_triplet_weights 10,552 0.01 5.34 25.08 32 10,431 0.01 5.39 25.32 32
select_seeds 142,334 0.1 14.14 14.14 74| 142,188 0.1 14.24 14.24 74
estimate_track_params 35,710 0.03 3.89 49.83 47 35,298 0.03 3.94 50.33 47

Execution time 5.64 6.52

* The track reconstruction chain excluding track fitting is executed in 14 CUDA kernels.
e Array prefix sum kernel calls were removed from the summary.

8.6



Block size adjustment — find_clusters

Increase thread-per-block may increase the # of active warps.

find_clusters

find_clusters

0633?85 3 2.950
.38 - 2.900 —|—
0.375 1 2.850
0.370 1 2.8 4
s 2.750
0.355 | i —_
0.350 1 :
~ 0.345 1 —~ ., 26 I
X 034 T = s 2550
sopl L i
5 0.330 - 5 2
2 0325 1 o 24
S 0.32 4 -g‘ 2.350 —1
X H 3 2350
£ 93101 L 1 g 22 L
~ 030 — 2.150
@ 0.295 | > 2.100
5 0.290 { S 2.050 B
2 0.285 | € 20 1
E 0.28 L 1950
S 02751 = 1900
g.%ég: 1.850
oze 1750 ] ‘ I
255 1 : 1.700
0351 - 1650 .
28 — -
0.230 L———— ———— 1500 =——7— —T— —— — ——
32 64 128 256 512 32 64 LaSH 256 512
Block Size Block Size
* 64thd/blk: 3,895,811 cycles (2.79ms)
* 512 thd/blk: 5,127,261 cycles (3.72ms)
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Memory workload— find clusters

Memory Chart Show As:  Transfer Size « Memory Chart

MB 0 e MB

000B - 0.00B
0.00 Inst 0 0

= 1KB
0.00 Inst _ 0.00 Inst

000B : 0.00B

000B 0.00B

0.00 Inst 0.00 Inst
0.00 B 5 00Re 0008

000B D] 000B
0.00 Inst 0.00 Inst Load Global .
: élo;: g,',n::é 0.00B 000B 0O0B iy — 0.00B
L2
>0mpression
0.00 Inst

0.00 Inst
0.00 Inst tio:

64 thd/blk 512 thd/blk

* L1 hit rate has been reduced
* 50% more data accessed in 512 thd/blk
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Warp scheduler statistics — find_clusters

w Scheduler Statistics (@]
Summary of the activity of the schedulers issuing instructions. Each scheduler maintains a pool of warps that it can issue instructions for. The upper bound of warps

in the pool (Theoretical Warps) is limited by the launch configuration. On every cycle each scheduler checks the state of the allocated warps in the pool (Active Warps).
Active warps that are not stalled (Eligible Warps) are ready to issue their next instruction. From the set of eligible warps the scheduler selects a single warp from which

to issue one or more instructions (Issued Warp). On cycles with no eligible warps, the issue slot is skipped and no instruction is issued. Having many skipped issue
slots indicates poor latency hiding.

Active Warps Per Scheduler [warp]
Eligible Warps Per Scheduler [warp]
Issued Warp Per Scheduler

1.15 Mo Eligible [%]
0.02 One or More Eligible [%]
0.03

97.24
276

Every scheduler is capable of issuing one instruction per cycle, but for this kernel each scheduler only issues an instruction every
36.2 cycles. This might leave hardware resources underutilized and may lead to less optimal performance. Out of the maximum
of 12 warps per scheduler, this kernel allocates an average of 1.15 active warps per scheduler, but only an average of 0.03 warps
A\ Issue Slot Utilization were eligible per cycle. Eligible warps are the subset of active warps that are ready to issue their next instruction. Every cycle with
no eligible warp results in no instruction being issued and the issue slot remains unused. To increase the number of eligible
warps, reduce the time the active warps are stalled by inspecting the top stall reasons on the and
sections.

- . The 8.00 theoretical warps per scheduler this kernel can issue according to its occupancy are below the hardware
e maximum of 12. Use the section to identify what limits this kernel's theoretical occupancy.

Warps Per Scheduler

GPU Maximum Warps Per Scheduler

Theoretical Warps Per Scheduler

Active Warps Per Scheduler

Eligible Warps Per Scheduler

Issued Warp Per Scheduler

0.0

64 thd/blk

» Scheduler Statistics (&)
Summary of the activity of the schedulers issuing instructions. Each scheduler maintains a pool of warps that it can issue instructions for. The upper bound of warps
in the pool (Theoretical Warps) is limited by the launch configuration. On every cycle each scheduler checks the state of the allocated warps in the pool (Active Warps).
Active warps that are not stalled (Eligible Warps) are ready to issue their next instruction. From the set of eligible warps the scheduler selects a single warp from which
to issue one or more instructions (Issued Warp). On cycles with no eligible warps, the issue slot is skipped and no instruction is issued. Having many skipped issue
slots indicates poor latency hiding.

Active Warps Per Scheduler [warp]
Eligible Warps Per Scheduler [warp]
Issued Warp Per Scheduler

3.10 No Eligible [%]
0.07 One or More Eligible [%]
0.06

93.57
6.43

Every scheduler is capable of issuing one instruction per cycle, but for this kernel each scheduler only issues an instruction every

15.6 cycles. This might leave hardware resources underutilized and may lead to less optimal performance. Out of the maximum

of 12 warps per scheduler, this kernel allocates an average of 3.10 active warps per scheduler, but only an average of 0.07 warps

were eligible per cycle. Eligible warps are the subset of active warps that are ready to issue their next instruction. Every cycle with

no eligible warp results in no instruction being issued and the issue slot remains unused. To increase the number of eligible

warps, reduce the time the active warps are stalled by inspecting the top stall reasons on the and
sections.

A\ Issue Slot Utilization

T The 8.00 theoretical warps per scheduler this kernel can issue according to its occupancy are below the hardware
o [ e maximum of 12. Use the section to identify what limits this kernel's theoretical occupancy.

Warps Per Scheduler

GPU Maximum Warps Per Scheduler

Theoretical Warps Per Scheduler

Active Warps Per Scheduler

Eligible Warps Per Scheduler

Issued Warp Per Scheduler

0.0

512 thd/blk

e Active Warps = Stalled + Eligible

02/11/2022

Stalled warps: waiting for all threads to be on the same instruction.
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Warp state statistics — find _clusters

Warp State (All Cycles) Warp State (All Cycles)

200
r T 1 1]
Stall Long Scoreboard _

Stall Branch Resolving .

Stall Long Scoreboard

Stall Wait

Stall Branch Resolving

Selected

Stall No Instruction

_ ) ~ Stall Dispatch Stall
Stall Dispatch Stall

Stall IMC Miss
Stall IMC Miss

Stall Mot Selected
Stall Misc
Stall Misc
Stall Drain
Stall Math Pipe Throttle
Stall Short Scoreboard
Stall LG Throttle

Stall Mot Selected

Stall Drain

64 thd/blk 512 thd/blk

* Long scoreboard is related to L1 cache resolution for global memory access
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Occupancy analysis — find_clusters

» Occupancy O » Occupancy (@]
Occupancy is the ratio of the number of active warps per multiprocessor to the maximum number of possible active warps. Another way to view occupancy is the Occupancy is the ratio of the number of active warps per multiprocessor to the maximum number of possible active warps. Another way to view occupancy is the
percentage of the hardware's ability to process warps that is actively in use. Higher occupancy does not always result in higher performance, however, low occupancy percentage of the hardware’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 latencies, resulting in overall performance degradation. Large discrepancies between the theoretical and the achieved occupancy always reduces the ability to hide |atencies, resulting in overall performance degradation. Large discrepancies between the theoretical and the achieved occupancy
during execution typically indicates highly imbalanced workloads. during execution typically indicates highly imbalanced workloads.

Theoretical Occupancy [%] 66.67 Block Limit Registers [block] Theoretical Occupancy [%] 66.67 Block Limit Registers [block]
Theoretical Active Warps per SM [warp] 32 Block Limit Shared Mem [block] Theoretical Active Warps per SM [warp] 32 Block Limit Shared Mem [block]
Achieved Occupancy [%] 769  Block Limit Warps [block] Achieved Occupancy [%] 2370 Block Limit Warps [block]
Achieved Active Warps Per SM [warp] 3.69 Block Limit SM [block] Achieved Active Warps Per SM [warp] 11.38  Block Limit SM [block]

This kernel's theoretical occupancy (66.7%) is limited by the number of blocks that can fit on the SM This kernel's theoretical This kernel's theoretical occupancy (66.7%) is limited by the number of required registers The difference between calculated
occupancy (66.7%) is limited by the required amount of shared memory The difference between calculated theorefical (66.7%) theoretical (66.7%) and measured achieved occupancy (23.7%) can be the result of warp scheduling overheads or workload
Occupancy Limiters and measured achieved occupancy (7.7%) can be the result of warp scheduling overheads or workload imbalances during the imbalances during the kernel execution. Load imbalances can occur between warps within a block as well as across blocks of the
kernel execution. Load imbalances can occur between warps within a block as well as across blocks of the same kernel. See the same kernel. See the for more details on optimizing occupancy.
for more details on optimizing occupancy.

A Occupancy Limiters

Impact of Varying Register Count Per Thread
Impact of Varying Register Count Per Thread mpact of Varying Register Gount Fer Threa
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Existing parallelisation — clusterisation

* One thread per module

Cell | Cell |Modulez Eoirsyiarils)

Cell |Cell |cell |“°® Rl

 All data reside in global
memory

* Jagged arrays are
widely used
e Some overhead

e Reasonably optimised
in vecmem
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Clusterisation thread workload

Cells per module
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Parallelisation strategy discussion

* Reorganise modules to
balance out block workload

* Partition large modules

* Merge smaller modules

Cell CUDA THD

* Store cells in shared memory

* Max. 163 KBs shared
memory per block on A100,
based on the current EDM

* ~10000 cells (16B/cell)

* *6700 measurements
(24B/meas)

« ~ 4500 spacepoints (36B/sp)

Cell | Cell |Modules U 1y
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summary

 GPU works on a Single Instruction Multiple Threads(SIMT) principle
* Prioritise on waiting for more eligible threads
e Latency is necessary but should be minimised

* Current profiling results commonly point to deficiencies in memory access
* Data layout should follow access pattern
* Use shared memory where practical

* Possible to tune GPU performance without coding
* by adjusting block size, register per thread, shared memory size

 Parallelisation strategy matters

 What should each thread do? (e.g. partition based on input data, or detector
geometries)

* Consider compute and memory activity



Ongoing work

* Instrumentation based profiling
* Use NVTX to look at isolated code region (https://github.com/NVIDIA/NVTX)

* Profile against high data workload
* Use ATLAS specific geometries and data

* Analyse detector geometries and event data layout and access
pattern on device memory

* Integrate and evaluate a CUDA implementation of FastSV CCA from
traccc into the track reconstruction chain


https://github.com/NVIDIA/NVTX

Questions?

Thank you for listening

02/11/2022
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Backup

02/11/2022

SWITF-HEP Workshop November 2022

25



Static code analysis — Acts on sonarcloud

* We maintain a static S
code analysis portal SRR ‘.l
for Acts using
sonarcloud.

* |dentifies a range of
software
sustainability metrics
on architectural
hotspots and code
smells including

* Complexity
e Cognitive complexity
* Duplication etc

No tags

A acts

. Quality Gate 2 Findings Coverage Duplications
Failed

4 failed conditions

Acts on sonarcloud: https://sonarcloud.io/project/overview?id=Yusuf-Manjra acts
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http://sonarcloud.io/project/overview?id=Yusuf-Manjra_acts

Static code analysis — traccc on sonarcloud

) @ sonarcloud.io L X M+ ©
sonarcloud & Explore  Q @  Login
traccc Yusuf Manjra > traccc > Overview

traccc e
O i . "
biadecid T Last analysis Nov 02, 2022 1.4M Lines of Code
B mmEp
i h
S Sene eC eC++ CSS ®JavaScript ®Python XML @HTML e Objective-C ®PL/SQL
Pull Requests
Main Branch Status Main Branch Evolution since 21 hours ago
Branches
Quality Gate @ 29k Findings Findings Coverage Duplications
¥ Bugs & Code Smells
\ \J
p—
S
491 28k
OJ
The next scan will o i
generate a Quality 6 Vulnerabilities @ Security Hotspots
Gate.
0 88
Information
Learn More about Quality Gates [ Number of findings New Code See full history
Collapse

traccc on sonarcloud: https://sonarcloud.io/project/overview?id=Yusuf-Manjra traccc
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https://sonarcloud.io/project/overview?id=Yusuf-Manjra_traccc

Parallelisation strategy matters

Ai, X., Mania, G., Gray, H.M. et al 2021. Comput Softw Big Sci 5, 20

Ai et. al. reported their Kalman Filter
implantation on GPU

Two parallelisation strategies were discussed

* inter-tracks — one thread per track

* intra-tracks — matrix operations on one

track over multiple threads

Performance gained by using two levels of

parallelisation

02/11/2022

10° 1 —— Without intra-track parallelization »
-¥%- With intra-track parallelization o

102 4

Time[ms]

10! - - e g T

10! 10?2 103 10% 10°
The number of tracks

v

Fig. 11 The fitting time as a function of the number of tracks
with linear grid of size 100,000x 1 with (dashed red) or without
(solid blue) intra-track parallelization on Cori-V100
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Block size adjustment — form_spacepoints

form_spacepoints form_spacepoints
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Block Size

* 64thd/blk: 35,335 cycles (29.63us), 512 thd/blk: 40,254 cycles (31.97us)
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Memory workload— form_spacepoints

0.00 Inst

0.00 Inst

Load Global
Store Shared

0.00 Inst

02/11/2022

Memory Chart Show As:

0.00B

0.00B

0.00B

0.00B

0.00B 0.00B 0o0B

L2
Compression

64 thd/blk

e Low L1 hit rate

* Little difference in memory workload

SWITF-HEP Workshop November 2022

0.00 Inst

0.00 Inst

0.00 Inst

0.00 Inst

6071 K Req

24 K Req

. Reg

0.00 Reg

Load Global
Store Shared

Memory Chart Show As:

000B

0o0E

9.13 MB

000B

000B

000B

000B 000B gooe

mpression

512 thd/blk
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Warp scheduler statistics — form_ spacepoints

w Scheduler Statistics (@]
Summary of the activity of the schedulers issuing instructions. Each scheduler maintains a pool of warps that it can issue instructions for. The upper bound of warps
in the pool (Theoretical Warps) is limited by the launch configuration. On every cycle each scheduler checks the state of the allocated warps in the pool (Active
Warps). Active warps that are not stalled (Eligible Warps) are ready to issue their next instruction. From the set of eligible warps the scheduler selects a single warp

from which to issue one or more instructions (Issued Warp). On cycles with no eligible warps, the issue slot is skipped and no instruction is issued. Having many
skipped issue slots indicates poor latency hiding.

Active Warps Per Scheduler [warp]

Eligible Warps Per Scheduler [warp]
Issued Warp Per Scheduler

6.02 No Eligible [%]
0.06 One or More Eligible [%]
0.04

96.04
3.96

Every scheduler is capable of issuing one instruction per cycle, but for this kernel each scheduler only issues an instruction
every 25.2 cycles. This might leave hardware resources underutilized and may lead to less optimal performance. Out of the
maximum of 12 warps per scheduler, this kernel allocates an average of 6.02 active warps per scheduler, but only an average
of 0.06 warps were eligible per cycle. Eligible warps are the subset of active warps that are ready to issue their next instruction.
Every cycle with no eligible warp results in no instruction being issued and the issue slot remains unused. To increase the
number of eligible warps, reduce the time the active warps are stalled by inspecting the top stall reasons on the

and sections.

A\ Issue Slot Utilization

A Issue Slot Utilization The 8.00 theoretical warps per scheduler this kernel can issue according to its occupancy are below the hardware

maximum of 12. Use the section to identify what limits this kernel's theoretical occupancy.

Warps Per Scheduler
I

GPU Maximum Warps Per Scheduler

Theoretical Warps Per Scheduler

Active Warps Per Scheduler

Eligible Warps Per Scheduler

Issued Warp Per Scheduler

0.0

64 thd/blk

SWITF-HEP Workshop Novembe

+ Scheduler Statistics [®]
Summary of the activity of the schedulers issuing instructions. Each scheduler maintains a pool of warps that it can issue instructions for. The upper bound of warps
in the pool (Theoretical Warps) is limited by the launch configuration. On every cycle each scheduler checks the state of the allocated warps in the pool (Active
Warps). Active warps that are not stalled (Eligible Warps) are ready to issue their next instruction. From the set of eligible warps the scheduler selects a single warp

from which to issue one or more instructions (Issued Warp). On cycles with no eligible warps, the issue slot is skipped and no instruction is issued. Having many
skipped issue slots indicates poor |latency hiding.

Active Warps Per Scheduler [warp]
Eligible Warps Per Scheduler [warp]
Issued Warp Per Scheduler

7.21 Mo Eligible [%]
0.09 One or More Eligible [%]
0.04

95.78
422

Every scheduler is capable of issuing one instruction per cycle, but for this kernel each scheduler only issues an instruction
every 23.7 cycles. This might leave hardware resources underutilized and may lead to less optimal performance. Out of the
maximum of 12 warps per scheduler, this kernel allocates an average of 7.21 active warps per scheduler, but only an average
of 0.09 warps were eligible per cycle. Eligible warps are the subset of active warps that are ready to issue their next instruction.
Every cycle with no eligible warp results in no instruction being issued and the issue slot remains unused. To increase the
number of eligible warps, reduce the time the active warps are stalled by inspecting the top stall reasons on the

and sections.

A\ Issue Slot Utilization

Warps Per Scheduler
[

GPU Maximum Warps Per Scheduler

Theoretical Warps Per Scheduler

Active Warps Per Scheduler

Eligible Warps Per Scheduler

Issued Warp Per Scheduler

0.0

512 thd/blk

Theoretical warps/scheduler hits hardware limit @ 512 THD/BLK, but eligible warp count is still low.
02/11/2022
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Warp state statistics — form_ spacepoints

Warp State (All Cycles) Warp State (All Cycles)

50.0 100.0

Stall Drain

Stall Membar

Stall MIO Throttle

Stall Wait

Stall IMC Miss

Selected

Stall Branch Resolving
Stall Mo Instruction Stall No Instruction
Stall Not Selected

Stall Branch Resolving

Stall Dispatch Stall

Stall Math Pipe Throttle

Stall Math Pipe Throttle

64 thd/blk o 512 thd/blk

* LG Throttle caused by frequent local-global memory access
* More frequent LG activities as thread # increases
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Occupancy analysis — form spacepoints

w Occupancy o + Occupancy o

Occupancy is the ratio of the number of active warps per multiprocessor to the maximum number of possible active warps. Another way to view occupancy is the
percentage of the hardware'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 latencies, resulting in overall performance degradation. Large discrepancies between the theoretical and the achieved occupancy
during execution typically indicates highly imbalanced workloads

Occupancy is the ratio of the number of active warps per multiprocessor to the maximum number of possible active warps. Another way to view occupancy is the
percentage of the hardware'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 latencies, resulting in overall performance degradation. Large discrepancies between the theoretical and the achieved occupancy
during execution typically indicates highly imbalanced workloads

Theoretical Occupancy [%] 66.67 Block Limit Registers [block]
Theoretical Active Warps per SM [warp] 32 Block Limit Shared Mem [block]
Achieved Decupancy [3] 5295 Block Limit Warps [block]
Achieved Active Warps Per SM [warp] 2542 Block Limit SM [block]

Theoretical Occupancy [%] 100 Block Limit Registers [block]
Theoretical Active Warps per SM [warp] 48  Block Limit Shared Mem [block]
Achieved Occupancy [%] 59.24 Block Limit Warps [block]
Achieved Active Warps Per SM [warp] 28.44 Block Limit SM [block]

This kernel's theoretical occupancy (66.7%) is limited by the number of blocks that can fit on the SM This kernel's theoretical
occupancy (66.7%) is limited by the required amount of shared memory The difference between calculated theoretical (66.7%)
Occupancy Limiters and measured achieved occupancy (53.0%) can be the result of warp scheduling overheads or workload imbalances during the A Occupancy Limiters
kernel execution. Load imbalances can occur between warps within a block as well as across blocks of the same kernel. See the
for more details on optimizing occupancy.

This kernel's theoretical occupancy is not impacted by any block limit. The difference between calculated theoretical (100.0%)

and measured achieved occupancy (59.2%) can be the result of warp scheduling overheads or workload imbalances during the

kernel execution. Load imbalances can occur between warps within a block as well a5 across blocks of the same kernel. See the
for more details on optimizing occupancy.

Impact of Varying Register Count Per Thread Impact of Varying Register Count Per Thread

Warp Occupancy
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