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S
The role of optimization in machine learning

Optimizers are the engines of machine learning models.
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S
The role of optimization in machine learning

Train learnable weights towards a minimum of a loss function.
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The role of optimization in machine learning

Most inputs e.g. images or text are represented as matrices...
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The role of hardware in machine learning

Thus, we often deal with matrix or tensor operations during
optimizations...
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The role of hardware in machine learning

Thus, we often deal with matrix or tensor operations during
optimizations...
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The role of hardware in machine learning

Matrix and Tensor operations are computationally
expensive...
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The role of hardware in machine learning
..exploiting hardware for parallelization
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[2] Figure 2 - Review of GPU-based Monte Carlo simulation platforms for transmission and emission tomography in medicine.
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. )

The role of hardware in machine learning

..exploiting hardware for parallelization

Specification Intel Core i9 14900KF [3] Nvidia GeForce RTX 5080 [4]
Cores 24 16384+

Max. Boost Clock (Ghz) 6 2.62

Architecture x86 Blackwell

Core Paradigma MIMD SPMD
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]

The role of hardware in machine learning

..how to exploit GPUs?
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Results of ,,From CUDA to OpenCL“ [5]

OpenCL enables code portability, but not performance
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[5] ,From CUDA to OpenCL: Towards a Performance-portable Solution for Multi-platform GPU Programming” Peng D.

Figure 3: Runtime break down
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Results of ,,A comprehensive Performance

comparison of CUDA and OpenCL“ [6]

CUDA is at most -30% faster than OpenCL for most applications
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Literature review
Most of the comparison results are more than 10 years old...
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So, what to expect from the comparison?

..CUDA might perform better, due to the
longer compile/build time of OpenCL, but
it's worth revisiting...
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Conceptual comparison of
CUDA and OpenCL
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Architecture differences

Unlike CUDA, OpenCL requires OpenCE
| Get c1_device id an environmental setup...

2. Create cl_context CPU GPU

3. Create cl_command_queue
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Architecture differences

NVCC enables easy integration of
kernel functions...

1. Allocate device memory
cudamalloc(...)

2. Copy to device cudamemcpy(. . .)

3. Launch kernel
kernel«blocks, threads»(...)

4. Copy from device cudamemcpy(. . .)

5. Free cudaFree(...)

CPU
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mykernel(.) {
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Kernels in different languages
E.g.: the update step of the Adam optimizer

7 A
__kernel void adam_update(
__global float* param,

__global const float* grad, _global__ void adam_update_kernel_imp1(
__global float* m, float *__restrict__ param,
__global float* Vv, const float *__restrict__ grad,
const float T1r, float *__restrict__ m,
const float betal, float *__restrict__ v,
const float beta2, size_t n,
const float eps, float 1r, float betal,
const float bcl, float beta2,
const float bc2, float bcl, float bc2, float eps)
y const int n {
}
}
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Summary
Important differences summarized...

7 A
OpenCL

» Abstraction does not expose > Abstraction exposes hierarchical
hardware concepts. execution structure.

» Architecture that’s build for > Architecture simplifies
explicit control. interaction with runtime API.

» OpenCL C is separated from host » CUDA C is integrated within host
code code
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Benchmark layer

Definition and initialization of workloads...

Benchmark Module
Define the workload and run with optimizer

\
Workload Modules

<<Interface>>
workload
forward(..) and compute_loss(..)

GEMM
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Optimization layer
Optimizer implementations on different platforms

Optimizer Module

<<Interface>>
Ooptimizer
step(..)

Adam AdamCUDA AdamOpenCL

step(..) step(..) step(..)
” Taunch_kernel configure(..)

C.)
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util layer

Implementation of cross-Cutting concerns
Util Module

Device Abstractions Data View
DevicePlatformwrappercl HostParamview
DevicePlatformwrappercCu DeviceParamVview

Logging

DeviceParamView
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Results
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Benchmark environment

Setup GEMM and Adam

_global__ void adam_update_kernel_imp1( .
float *__restrict__ param, °

const float *__restrict__ grad, Yes

float *__restrict__ m,

float *__restrict__ v, forward pass

size_t n,

float 1r, float betal,

-F-I oat betaz y compute loss
¢ float bcl, float bc2, float eps)

compute gradient

}

GPU update weights

batch_index++

AURNHEA!
UGS U
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Measured aspects in consideration

Metric

Measurement

Computation-Time

Data-Transfer-time

Quality-of-solution

Build-time

Isolate computer efficiency of the programming model.

Workloads can be memory-bound instead of compute-
bound.

Provide numerical stability and correctness

Insights into compilation latency.
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Benchmark environment

Running on...

A NVIDIA GeForce GTX 970
with an Intel i3-9100F and 16 GB RAM
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Visuals of currently obtained measurements

Averaged computation time and
data transfer time on batch-index....
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|
Conclusion so far

OpenCL and CUDA perform on average pretty similar...

..but some Remarks:

- Currently only tested on GTX 970 — old platform
- The number of results are sparse

- Some metrics are missing, e.g. build-time
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Outlook

Some TODOs until end of march...

X Platform independence
XAdamW
XMore measurements
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