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.NET Interactive

NET Interactive FIJF .NET AUEAINEEFIEERAZISRRBEMREH, LIBIFTRE
AR ESHMNATHRERE, RERER. RENFS,

Notebook : Jupyter, nteract # Visual Studio Code
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HAIESE - ML.NET

ML.NET
FATFHEEEEN ML &EA 85 IHER

¥EeEH
C# and F#

AHMECR

Azure, Office, Windows
ENMMLSRERS |
Automated ML # Tools (Model Builder and CLI)

HaE, B
TensorFlow, ONNX and Infer.NET

e, BE¥a, R
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ML.NET fEXH

Developer friendly API for Machine Learning

ML Model Training & Consumption

Training ML Tasks Sl Consumptlon Extensions & Tools
& Evaluation
IDataView (Dataset) Classical ML Consumption ONNX Consumption
Model

Classification
File Loaders Regression Prediction Engine TensorFlow Consumption
Anomaly Detection Prediction Engine Pool
Rgcommgndation ONNX Export AutoML
Time Series S
| Load Ranking Evaluation
mage Loader Clustering Model Evaluators

Quality Metrics i ]
Data Transforms Computer Vision Model Builder in VS

Image Classification
Object Detection (*) Jupyter Notebooks

(40 trainers/algorithms)

Database Loader

CLl (Command Line Interface)

TIFEFF R



ML.NET $E<H

{sEFETI)|12589 ONNX #0 TensorFlow 1&%Y

XIFESHRFINR (HIANEIRD SFITSTN)

Extensions & Tools

ONNX Consumption /8 PyTorch
TensorFlow Consumption T
AutoML ffEFH AutoML SRR IERIO R EERN CLI
CLI (command Line Interface) o] LAfE Jupyter Notebooks #iz1T .NET/ML.NET A5

Model Builder in VS

Jupyter Notebooks




ML.NET tEEELER

ML.NET fEMEEAISEIE TG LT EMESZE (FESrERMEFISEKANIETATE)
EERTEERY 9GB #ESEHITIIIZRRT, scikit-learn 1 H20 #&5 | &t/ NFiEi=

Accuracy (AUC) Runtime: Training + Testing (minutes)

ML.NET 93% ML.NET mi

92%

{£F3%9 900 MB By 9GB I S FieEIREIHITIBRE D ITHIE R,
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it Azure
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ML.NET Modoel Builder + Azure ML &S

/ ' Azure ML Workspace

AutoML Experiment
(Run #1) A

Compute

Azure Blob

Model x
Builder — | .

ONNX model ML.NET model
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{? TensorFlow.

Install TF.NET and TensorFlow binary through NuGet.

### install tensorflow C#/F# binding
PM> Install-Package TensorFlow.NET

### install keras for tensorflow

PM> Install-Package TensorFlow.Keras

#i## For CPU vers ion

PM> Install-Package SciSharp.TensorFlow.Redist

. s )
equired

PM> Install-Package SciSharp.TensorFlow.Redist-Windows-GPU

### For GPU version (CUDA and cuDNN ar

Import TF.NET and Keras API in your project.

e

using static Te

orflow.Binding;

ng static Tensorflow.KerasApi;
using Tensorflow;

using NumSharp;
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https://github.com/SciSharp/TensorFlow.NET

TensorFlow.NET 5 ML.NET

Solution

ML .NET does not have a DNN training infrastructure so we plan to use Tensorflow in the backend through the C# bindings created by
Tensorflow .NET.
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TorchSharp

TorchSharp 2— .NET &, A[RHIIZIF PyTorch B9EERSIAE, B2 NET ESSH—3D

7. BERZER libtorch 1Z4tAY APl 55KEEXEX. RITEERR AR Pytorch (K18, [

RHBPATEE R AT FIA NET B35SBURSehIMME. fIa0: = Pytorch MSESEENZ
MEXERERT, WET AR,

using TorchSharp;
using static torch.nn;

var 1linl = Linear(leee, 1ee);
var 1lin2 = Linear(1ee, 10);

var seq = Sequential(("1lin1", 1inl1), ("relul", RelU » ("dropl", Dropout(6.1)), ("1in2", 1lin2));
q q 2 p

var x = torch.randn(64, 1000);
var y = torch.randn(64, 10);

var optimizer = torch.optim.Adam(seq.parameters());
var loss = functional.mse_loss(Reduction.Sum);

for (int i = @; i < 1@; i++) {
var eval = seq.forward(x);
var output = loss(eval, y);
optimizer.zero_grad();

output.backward();

optimizer.step();
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https://github.com/dotnet/TorchSharp

Download

TorchSharp is distributed via the NuGet gallery: https://www.nuget.org/packages/TorchSharp/

To use TorchSharp, you also need one of the LibTorch backend packages: https://www.nuget.org/packages?
g=libtorch, specifically one of

® libtorch-cpu-linux-x64 (CPU, Linux)

® libtorch-cpu-win-x64 (CPU, Windows)

o [(libtorch-cpu-osx-xe4 (CPU, OSX)

® [libtorch-cpu (CPU, references all three, larger download but simpler)
® libtorch-cuda-11.3-1inux-x64 (CPU/CUDA 11.3, Linux)

NOTE: Due to the presence of very large native binaries, using the [1ibtorch-cuda-11.3-1inux-x64 package
requires .NET 6, e.g. .NET SDK version | 6.8.188-preview.5.21302.13 or greater.

® 1libtorch-cuda-11.3-win-x64 (CPU/CUDA 11.3, Windows)

Alternatively you can access the libtorch native binaries via direct reference to existing local native binaries of
LibTorch installed through other means (for example, by installing PyTorch using a Python package manager). You will

have to add an explicit load of the relevant native library, for example:

using System.Runtime.InteropServices;
NativelLibrary.Load("/home/gunes/anaconda3/1ib/python3.8/site-packages/torch/1lib/libtorch.so™)
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TF.NET vs TorchSharp
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ONNX

OPEN NEURAL NETWORK EXCHANGE

ONNXE— P HBEIALE , EX T A
RETERRE, RAuERLIRAE
BIEERT. 2 18 LRI
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ONNX Runtime - Multi-language API (C#)

c#

SessionOptions options = new SessionOptions();
var session = new InferenceSession(“model.onnx”, options))
var inputMeta = session.InputMetadata;

var container = new List<NamedOnnxValue>();

// Prepare input data - container.
// Run the inference

var results = session.Run(container);

Example reference:
https://github.com/microsoft/onnxruntime/blob/master/csharp/sample/Microsoft.ML.OnnxRuntime.
InferenceSample/Program.cs
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https://club.51aspx.com/netscec/
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