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Training setup

■ number of trees for training: 8000 (740 GB)

■ number of trees for testing: 2000 (191GB)

■ trained for 15 epochs
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Long training times for original workflow
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Trying to use the PyTorch Profiler to find the bottleneck
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Trying to use the PyTorch Profiler to find the bottleneck
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Trace View: Laspy with raw lidar data
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Identification of the bottleneck

■ bottleneck

▶ data loading a and
sampling process

■ solution

▶ sample points before training

■ expert knowledge about the
workflow and the profiler required

a
see "Parallel 3D Point Cloud Data analysis with Dask":

https://s.gwdg.de/VRZimY
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Effect of point sampling strategies on walltime
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Trace View: Laspy with presampled lidar data

Hauke Kirchner Göttingen 10 / 19



PyTorch Profiler: Optimized data loading strategy PyTorch Profiler: Performance Recommendation DeepSpeed - FlopsProfiler

Training setup - improved

■ number of trees for training: 8000 (740 GB 434 MB)

■ number of trees for testing: 2000 (191 GB 109MB)

■ trained for 15 epochs

→ reduced hardware usage (energy + money savings)

→ more variations of hardware and tools can be tested
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PyTorch Profiler: Views

■ Overview

■ Operator View

■ GPU Kernel View

■ Trace View

■ Memory View

■ Module View
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Overview
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Performance Recommendation
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Effect of increasing the batch size
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Outline

1 PyTorch Profiler: Optimized data loading strategy

2 PyTorch Profiler: Performance Recommendation

3 DeepSpeed - FlopsProfiler
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Summary

1 -------------------------- DeepSpeed Flops Profiler --------------------------
2 Profile Summary at step 5:
3 Notations:
4 data parallel size (dp_size), model parallel size(mp_size),
5 number of parameters (params), number of multiply-accumulate operations(MACs),
6 number of floating-point operations (flops), floating-point operations per second (FLOPS),
7 fwd latency (forward propagation latency), bwd latency (backward propagation latency),
8 step (weights update latency), iter latency (sum of fwd, bwd and step latency)
9

10 params per gpu: 3.46 M
11 params of model = params per GPU * mp_size: 3.46 M
12 fwd MACs per GPU: 14.07 GMACs
13 fwd flops per GPU: 29.04 G
14 fwd flops of model = fwd flops per GPU * mp_size: 29.04 G
15 fwd latency: 83.19 ms
16 fwd FLOPS per GPU = fwd flops per GPU / fwd latency: 349.1 GFLOPS
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Aggregated Profile per GPU

18 ----------------------------- Aggregated Profile per GPU -----------------------------
19 Top 1 modules in terms of params, MACs or fwd latency at different model depths:
20 depth 0:
21 params - {'PointNet': '3.46 M'}
22 MACs - {'PointNet': '14.07 GMACs'}
23 fwd latency - {'PointNet': '83.19 ms'}
24 depth 1:
25 params - {'Transform': '2.8 M'}
26 MACs - {'Transform': '14.05 GMACs'}
27 fwd latency - {'Transform': '82.08 ms'}
28 depth 2:
29 params - {'Tnet': '2.66 M'}
30 MACs - {'Tnet': '9.34 GMACs'}
31 fwd latency - {'Tnet': '58.43 ms'}
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Detailed Profile per GPU

33 ------------------------------ Detailed Profile per GPU ------------------------------
34 Each module profile is listed after its name in the following order:
35 params, percentage of total params, MACs, percentage of total MACs, fwd latency, percentage of total fwd latency, fwd

FLOPS↪→
36
37 Note: 1. A module can have torch.nn.module or torch.nn.functional to compute logits (e.g. CrossEntropyLoss). They are

not counted as submodules, thus not to be printed out. However they make up the difference between a parent's MACs
(or latency) and the sum of its submodules'.

↪→
↪→

38 2. Number of floating-point operations is a theoretical estimation, thus FLOPS computed using that could be larger than
the maximum system throughput.↪→

39 3. The fwd latency listed in the top module's profile is directly captured at the module forward function in PyTorch,
thus it's less than the fwd latency shown above which is captured in DeepSpeed.↪→

40
41 PointNet(
42 3.46 M, 100.00% Params, 14.07 GMACs, 100.00% MACs, 83.19 ms, 100.00% latency, 349.1 GFLOPS,
43 (transform): Transform(
44 2.8 M, 80.94% Params, 14.05 GMACs, 99.85% MACs, 82.08 ms, 98.67% latency, 353.28 GFLOPS,
45 (input_transform): Tnet(
46 803.08 k, 23.19% Params, 4.59 GMACs, 32.63% MACs, 27.06 ms, 32.53% latency, 350.87 GFLOPS,
47 (conv1): Conv1d(256, 0.01% Params, 6.29 MMACs, 0.04% MACs, 313.28 us, 0.38% latency, 46.86 GFLOPS, 3, 64,

kernel_size=(1,), stride=(1,))↪→
48 (conv2): Conv1d(8.32 k, 0.24% Params, 268.44 MMACs, 1.91% MACs, 374.32 us, 0.45% latency, 1.45 TFLOPS, 64, 128,

kernel_size=(1,), stride=(1,))↪→
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Next

■ more workshops

▶ Performance Analysis of AI and
HPC Workloads

▶ High Performance Data Analytics
▶ Deep Learning Bootcamp:

Building and Deploying AI Models

■ more projects

▶ KISSKI
▶ NHR

■ more reading

▶ report and scripts for the profiling
parta

a
https://github.com/haukekirchner/scap
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Operator View
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Operator View
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GPU Kernel View
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Memory View
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Module View
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