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What is Machine Learning?



Machine Learning
"Programming the UnProgrammable”

Is this a face? Price of Shirt?

“It has exquisite buttons ...
with long sleeves ...works for
casual as well as business
settings”




Machine Learning
"Programming the UnProgrammable”

Machine Learning creates a 6 Face @ Face
G Not a face ﬁ Not a face
Using this data =

But it needs a lot of sample training data in order to predict properly... ;)




What problems can you solve with Machine Learning?



Many Machine Learning Tasks!

Supervised ML (Infers label)

Linear Discriminant Analysis

Regression

Naive Bayes Linear regression

.. Logistic regression
Decision Trees
Binary Classification

Multi-class Classification

k-nearest neighbor

Structured prediction

Neural Networks

(MultiLayer Perception, etc.)

Support Vector Machines

Unsupervised ML (Infers structure)

Clustering

( K-means
Mixture models
Hierarchical clustering)

Dimensionality Reduction

Anomaly detection

Latent variable models

Topic Modeling

Topic modeling
Neural Networks

(Autoencoders,
Self-organizing maps, etc.)



THE GOAL

"Democratize Machine Learning and
Al in general, for developers”

Cost function

Logistic regression:

] 1 . . }L i .
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What Al, Machine Learning and Deep Learning
technologies can you use in .NET applications?

NET




Al & ML portfolio for .NET applications

Consume pre-built/pre-trained models or build your own custom model?

Al, ML and DeeplLearning

technologies
Focus in .‘ “““““““““““““““““““ ', Focus in
today’s talk ! . ! today’s talk
Consume Build your own
(Pre-built Al: Ready to use) (Custom Al)
¢ . R <
! | Integration |
_Azure Pre-trained models Azure Machine MLNET ~<S— TensorFlow,
Cognitive Services (ONNX, CoreML, WindowsML) Learning \ CNTK,
Studio Torch,
ONNX, etc..

Easier / Less control Harder / Full control

Client apps

Bots Web apps Mobile apps and loT Edge devices
(Bot Framework) (ASP.NET) (Xamarin) (loT Edge SDKS)

Visual Studio and .NET




Pre-puilt Al
Using Azure Cognitive Services
in .NET applications NET




Microsoft Cognitive Services

Commoditized Al

Vision Speech Language Knowledge Search Labs
From faces to Hear and speak Process text and Tap into rich Access billions of An early look at
feelings, allow to your users learn how to knowledge amassed web pages, images, emerging Cognitive
your apps to by filtering noise, recognize what from the web, videos, and news Services
understand identifying users want academia, or your with the power of technologies:
images and video speakers, and own data Bing APIs discover, try and
understanding intent give feedback on

new technologies
before general
availability



Microsoft Cognitive Services

Commoditized Al

—f-—
ContenWerator

Emotion Text Analytics Knowledge Bing News Search
Custom Speech Exploration Project Johannesburg

Vigfén Speéch i[%i'g;@gcﬁét Knowledge Binogadichfareh (batyw)

Video Indexer Bing Web Search Project Nanjing

Lingugsticédalysis Ent@. ing Bing IQQusearch g!;

Project Cuzco (events)

. : Web L A Mak : : -
Custom Vision Service © Mgr&gelljage Qn aer Bing Entity Search (isochrones)
Custom Decision : :
Language Service gearch (distance matrix)

Understanding
Project Wollongong

(location)



Demo
Using Cognitive Services:

eShopOnContainersAl reference application

Client apps Services/Containers

Ide’ntity microservice (STs+users)
eShop traditional Web app —
: eShop WebApp MVC [ O [
WA 4
A& & Catalog microservice
@ | =
—— ol —&

sng juang

Language Understanding \
. Intelligence Service (LUIS) API ( EShOP Bot.»Core

B O |

Computer Vision & Custom Vision
in eShopOnContainersAl app =Wy

Bot Emulator =
Azure
Machine Learning Studio

‘( Al.ProductRecommender

Browser

|
\




EXAMPLE: When to use “Azure Custom Vision”

If using Azure ComputerVision (which is always online), it doesn’t recognize a “Frisbee” picture.
Recognizes it as “Dishware”, not a good identification = Need Custom Vision for these cases:

@ Custom Vision eShopOnContainersAl TRAINING IMAGES PERFORMANCE PREDICTIONS

RunAll | Run..~ | Pla

uq'__| eShopOnContainers-Al # Refine - StecrEn

dbject<Vis
b @ FunctionalTests (3)
> € IntegrationTests (32 ) .
> @) LoadTest (28) Iteration ?
> € UnitTest (37)
Workspace ShOId) )
ashold
Tags + )
Showing:
ng thresho

< earch for
frisbee 23

Name
4 o visionApiRespaonst eBased.AzureCo
4 @ [0] eBased.AzureCo
& confidence
/2 name L ]
4@ ] eBased.AzureCo

& confidence

K name




Custom Machine Learning:
Using ML.INET

NET




s pre-trained/pre-built Machine Learning enough for you?
.e. Azure Cognitive Services, etc.

As always.. the answer is... . "It depends..." )

NET Conf 20184 &



Pre-built ML Models (Azure Cognitive Services)

S 99

Vision Speech Language
Labs Knowledge Search

Consume (CH, VB, F#)

e.g. Sentiment Analysis using Azure Cognitive Services

TextAnalyticsAPI client = new TextAnalyticsAPI();
client.AzureRegion = AzureRegions.Westus;
client.SubscriptionKey = "1bft33391DeadFish";

client.Sentiment(
new MultilLanguageBatchInput(

new List<MultilLanguagelnput>() 96% positive
{

new MultiLanguageInput("en","0",
"This is a great vacuum cleaner")

1))




Pre-built ML Models (Azure Cognitive Services)

O 99

Vision Speech Language
Labs Knowledge Search

Consume (C#, VB, F#)

e.g. Sentiment Analysis using Azure Cognitive Services

TextAnalyticsAPI client = new TextAnalyticsAPI();
client.AzureRegion = AzureRegions.Westus;
client.SubscriptionKey = "1bft33391DeadFish";

client.Sentiment(

new MultilLanguageBatchInput(

new List<MultilLanguageInput>() 9% positive
{

new MultiLanguageInput("en","0",
"This vacuum cleaner sucks so much dirt")

1)




Build your own (custom) ML Models

Prepare Your Data Build, Train Run
& Evaluate



Processes for Building your own (custom) ML Models

Historic
Data @
ML model —
. . Build & Train file
Machine Learning »
lifecycle »

(Trained) =1

Test /
Evaluate

t @ |

Prepare Data, Build and Train an ML model Run/consume the ML model in app



Introducing MLINET e

Machine Learning framework made for .NET developers

I

Build your own

(Supported on Windows, Linux, and macOS)

N R

Developer Focused Proven & Extensible Open Source
&
Cross Platform

https://github.com/dotnet/machinelearning


https://github.com/dotnet/machinelearning
https://blogs.msdn.microsoft.com/dotnet/2018/07/09/announcing-ml-net-0-3/

ML.NET is a framework for custom ML

Historic Business Application
Data (Web/Service/Desktop/Mobile)
<>
ste .NET Core
ML model NET F of ’ Live
i : ramewor '
Build &Train ZIP file o User's
Machine Learnin Yo
e 9 By » ML.NET
I ecyc € .NET Core = E
o i ML del
.NET Framework (Tramed) mé) ©
Test / Run/
Evaluate Predict

.NET Core
or
.NET Framework

f@\

Prepare Data, Build and Train an ML model Predict: Run/consume the ML model

ML Tasks, Data Transforms, Learners/Algorithms APl to run the model

ML.NET Model Builder M-NET, ML.NET API MENED ML.NET AP nuget
(Ul Desktop Tool) e (.NET Console app, etc.) - (NET app)




A few problems you can solve with MLNET

Is this A or B? How much? How many? How is this organized?

‘ O o o
A 5 ~ o0 .:.o
= 72° .’




Mapping from Problems to ML Tasks

Problems ML Tasks

'/
%




Demo

Sales forecast — eShopDashboardMIL

(Regression problem predicting sales forecast)

Jul Aug Sep

Jun u ct Nov
2017 2017 2017 2017 2017 2017

Sales Forecasting

NET




ML.NET is a framework first

® Developer-friendly ML APIs to: NET Standard
@ nuget

- Build & Train ML.NET models NET Core
= Run any model NET Framework

Transforms

ML Data framework

Text Linear

€

Schema Boosted Trees Evaluators Y r\

.bmh

Missing values vm Calibrators TensorFlow

Data loaders

Categorical K-Means

¥ Microsoft

CNTK Ac«Qrd

FFFFFFFFFFF

Normalization

Feature Selection

| rranstorms ) teamers | wisc
e M W
e Mo o
EITTTE TR BT
EETTEE T BT
omaiion

T ’ :

1 i



ML.NET: Proven at large scale in Microso

b Bing ads Ov Benefits  How i

Be there when new
customers search for you

Promote your business to millions of untapped customers
searching on Bing.

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW

@ El @r&smps- ’ ; - =% I

A : = 75 SmartArt Wi
PivotTable Recommended Table Pictures Online Apps for |Recommended PivotChart

PivotTables Pictures @+ Screenshot~  office DL
Tables Tllustrations Apps Charts &

View Help Storyboarding

Power Point | 1oa

Size ~ Background

Customize

3

- - Wi n d OWS 1 O :Yourdewce is being protected.

Jefinitio 2/5/2018

+ more!



The Goal for ML.NET ?

Democratize Machine Learning custom models
for .NET developers with a framework and
tools especially tailored for developers

NET code-first
approach to build
& train custom
models

Cost function

Logistic regression:
1 [ gl P
EJ‘- - JZ]:.‘JIH]“:-LLJJ(--"”I)*[] = y'") log(1 — he(a"*")) | + ﬁg"’?

Tasks oata Suggestions Transforms Loamers
.-/d'? f Add Transforms
. Term Transtorm I

easy to get started
for .NET developers

(*) To be released




Enterprise innovation goes across all technologies, not just Al...

State-of-the-art applications

Just ML.NET Hello-World samples?
Or..

* Comprehensive list of samples

* End-to-end reference applications
* Cloud-Native applications + Al/ML

Cloud-Native:

Cloud . . Containers Cl/CD Al/ML Bots
Microservices

The enterprise



Demo: Surfacing Al with Microsoft Bot Framework + L.U.LS.

https://qithub.com/dotnet-architecture/eShopOnContainersAl/

Client apps

Bot clients

Channels

Email

Telegram

BOOEE

E Web (chat control)

| eShop WebApp MvC

eShop traditional Web app

|
| ASP.NET Core MVC
|

9 Language Understanding

Intelligence Service (LUIS) API

Azure Bot Service
- Channels connections
- Registration

Bot Emulator

Browser

(" eShopDashboard

ken

ASP NET Core Razor

\
I
|
|
|

\
|
|
|
|

/

database !

| Catalog microservice

- N 4% MongoDB/
u !—. & CosmosDB

I( Al.ProductRecommender
—
|
\ ASP NET Core Web AP

s eL EE T Rl

- ~
( Al.ProductSearchimageBased
Cognitive Service
Computer Vison

10
—>H

Models

™

—ql TensorFlowSharp [ .
|
|

Cnes e

|
ML NET
_.‘|r [lj, models files |
\

MLNET in ASP.NET Core Web AP |

SQL Server y.\

[li?' E | Export mode file

Services/Containers

! m i SQL Server P~ N —
| database | =]
N / = RabbitMQ
—————————————————————— < S
[ Ordering microservice ) z E
| =~
kel “=1Es
| Ome’g I~ i e == § .
database | o =
\\ Ordering.BackgroundTasks s T &= H
/._'__________________—_—_____________________—:..\ / ) w
| Basket microservice > E —
| I 5 Azure
m——’i. Redis cache : a Service Bus
_______________________ / =
: Marketing mlcroserwce b B4
| MongoDB/
I m<:§ @ COsmosDB
I
I
e B X
" T acat e microcervice b Azure
I Locations microservice M Machine Learning Studio

EVAL

Azure
Cognitive
Services / s
CUSTOM
VISION



https://github.com/dotnet-architecture/eShopOnContainersAI/

Demo

eShopOnContainersAl:
End-to-end Al scenario: Cloud-Native + Al/ML

+ ML.NET
+ Cognitive Services
Custom Vision
+ Bot Framework NET
+ LUIS (Language
Understanding)

https://github.com/dotnet-architecture/eShopOnContainersAl/




Azure Stream
Analytics

 Fully managed PaaS service for real-
time analytics and complex event
processing with built-in integration
with over dozen services in Azure

* Author powerful queries with simple
SQL like language

* Available in the cloud and on Azure loT
Edge runtime

Key solution scenarios:

* Remote monitoring

* Predictive maintenance

* Real-time dashboarding

*  Fleet monitoring and connected cars

* IT infrastructure and network monitoring
*  Monitor online gaming

©

Generally
Available

& &

NN —
K =2a Archiving for long
W i " term storage/
Applications — Hubs\ batch analytics
Devices & g / S
Gateways Stream

o]
-0

w t)T Hub o

A  .)) Servig
R -~ 2 TS/,
Azyr, o5 s W,
> e funcrfons_ Eveny :" ker Roja
Ubg

—_—

=’ Blobs

|

Machine Learning

Analytics

Power Bl

Real-time dashboard,

&

Automation to
kick-off workflows

-
Reference Data
Event Event Queuing Stream Storage & Presentation &
production ol F‘Str‘iam ol Analytics g Batch Analysis ol Action
ngestion



NET extensibility in
ASA on loT Eadge

Extend existing query language with C#
UDF (User defined functions) to enable
new possibilities:

*  Complex math functions
* Machine learning on Edge w/ ML.NET
 String/Date manipulations

- Data imputation

Custom De-serializers can support any data
formats including:

*  Protobuf
* Parquet
« XML etc,

©

loT devices

Request access to Preview
https://aka.ms/ASApreview1

Private Preview

loT Edge Devices Azure cloud

o~ OB

iAzure loT Edge runtime

Azure Stream
Analytics - W Other Azure
on loT Edge '_?‘ « = « Services
Deployment L . »[ML, Time Series
Configuration loT Hub Azure Stream Insight, etc.)
:" Analytics
1 5 (s |
Other lo” Edge | - el
— C# function with

i ML.NET model

for scoring |ML.NET



https://aka.ms/ASApreview1

Resources

Get Started ML.NET Samples Get Involved in OSS
dot.net/ml (eShopDashboard etc)) http://github.com/dotnet/machinelearning/
http://github.com/dotnet/machinelearning-samples http://aka.ms/newapifeedback/

[ dotnet / machinelearning-samples @Unwatch 40 | K Unstar 129 Fork | 28 & dotnet/ machineleaming O Waich | 426 | | Kestar | 2607 | | ¥Fodc | 303

. X . <> Code Issues 122 Pull requests 9 Projects 1 Insights
<> Code Issues 1 Pull requests 2 Projects 0 Insights Settings
MLNET is an open source and cross-platform machine learning framewark for NET. http://dot.net/ml
Samples for ML.NET, an open source and cross-platform machine learning framework for .NET. http://dot.net/ml Edit
machine-leaming  algorithms  dotnet  m
machine-learning  algorithms ~ dotnet  csharp  ml  Manage topics
105 commits ¥ 3 branches © 2 releases 22 35 contributors s MIT

ML.NET is an open source and cross-platform machine learning
framework D 27 commits ¥ 1branch © 0 releases 22 6 contributors s MIT

Branch: master | | New pull re

Requesta Demo
S Branch: master v New pull request Create new file | Upload files | Find file = | NSLRECICEILIEEERS PPl vaniczodka and TomFinley Disable ordinary lesst squares by removing the entry point (#286) w Latest commit 28co7e9 2 days ago
il (#,
f 0liaG Moved Titanic README one folder level up Latest commit 5¢3¢353 4 days ago  buid Bump master to V0.5 (#269) 11 days ago
m docs Add release notes for MLINET 0.2 (#301) 6 days ago
- [ datasets Removed a passenger form test data to make a better experiment 10 days ago
i ) i pkg Update release notes link to use aka.ms. (#294) 6 days ago
||| Machine Learning made L] I Moved Titanic README one folder level 4d
N for .NET samples oved Htanic one folderlevel up ays ago s Disable ordinary least squares by removing the entry point (#286) 2 days ago
B .gitignore Initial commit 28 days ago . test Disable ordinary least squares by removing the entry point (#286) 2 days ago
Client apps Services/Containers

eshop taditionsiWeb spp.

Botdlients

End-to-end Native App eShopOnContainersAl: - =

https://github.com/dotnet-architecture/eShopOnContainersAl

i 2 st

=



http://github.com/dotnet/machinelearning
https://visualstudio.uservoice.com/
http://aka.ms/newapifeedback/
https://github.com/dotnet/machinelearning
http://github.com/dotnet/machinelearning-samples
https://github.com/dotnet-architecture/eShopOnContainersAI

Related sessions in .NET Conf 2018

» Machine Learning in NET (ML.NET) - Ankit Asthana Gal Oshri
» Cognitive Services in Xamarin Applications - Veronika Kolesnikove

* Artificial Intelligence and Machine Learning for Every .NET
Developer - Cesar De |a Torre [lorente



https://www.dotnetconf.net/speakers/#ankit-asthana
https://www.dotnetconf.net/speakers/#gal-oshri
https://www.dotnetconf.net/speakers/#veronika-kolesnikova
https://www.dotnetconf.net/speakers/#veronika-kolesnikova
https://www.dotnetconf.net/speakers/#cesar-de-la-torre-llorente
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Cesar de la Torre

Principal Program manager
NET & ML.NET Product Group

Twitter: CESARDELATORRE
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ONNX

OPEN NEURAL NETWORK EXCHANGE FORMAT
The new open ecosystem for interchangeable Al models

https://onnx.ai/

ook . B8 Microsoft

AMDZ1 arm <ANVIDIA. :E=

— . b
4\ MathWorks Hewtettpacard  (intel) ||

W vuawer D Risferred  Qualcoamwn
00
A SOPHON skymizer Bai®=E

"Open, interoperable and standard format to represent
deep learning and machine learning models”.

Al developers can more easily move models between
platforms.

Two variants of the standard:
- ONNX = Deep Learning / DNN
- ONNX-ML - Classical Machine Learning

ONNX for Deep Learning / DNN models

.

L |
TensorFlow Windows ML
Keras € ONNX (UWP)
PyTorch o,
Caﬁce Trained'mode\ file Caffe2
Torch TensorFlow
NVIDIA TensorRT

R
ONNX Backends CNTK

Apple Core ML (Convert)

ONNX-ML support since ML.NET vO0.3

@ € ONNX .
¢ Export N Use ..

A Windows ML
ML.NET model Trained model file (UWP apps on Windows 10

with hardware acceleration)

(Trained)

Apple CoreML and other ONNX backends
will be coming for ML.NET export.



Sample ML Problem:

GitHub Issue Tagger (Classification Problem)

s this A or B? Which label should this issue be assigned?

area-Microsoft.CSharp

area-Microsoft.VisualBasic

area-Microsoft.Win32
A B area-Serialization
“—— area-System.AppContext
R
area-System.Buffers

area-System.CodeDom




GitHub Issue Example

dotnet / corefx ® Watch~ 1,567 % Star 13,864  YFork 3,983

Code @® Issues 2,209 Pull requests 58 Projects 0 Wiki Insights

IsolatedStorage fails on Mac if ~/.local/share directory does | Newissue |
not exist #9354

jasongin opened this issue 5 days ago - 13 comments

i jasongin commented 5 days ago Assignees
‘ maryamariyan
Repro steps:
Labels

1. Start with a clean Mac OS machine, or at least a clean user account on Mac that does not have any
~/.local/share directory created yet. area-System.lO

2. From a .NET Core app, call IsolatedStorageFile.GetUserStoreForAssembly() _

0s-mac-0s-xX

Result



Features (Input)

Title |solatedStorage fails on Mac if ~/.local/share directory does
not exist #9354

Repro steps:

1. Start with a clean Mac OS machine, or at least a clean user account on Mac that does not have any
~/.local/share directory created yet.

2. From a .NET Core app, call IsolatedStorageFile.GetUserStoreForAssembly()

Result




Label (Output)




Reviewing code using the new upcoming API (V0.6 and later)

Build/train the model (Console app) Run the model to predict (Scoring/Inferencing)
var env = new TlcEnvironment(new SysRandom(@), verbose: true); Web app DGSktO,D app etc.
string dataPath = "corefx-issues-train.tsv";

var model = await PredictionModel.ReadAsync(“github-Model.zip");
var predictor = model.MakePredictionFunction<IssueInput,
IssuePrediction>();

// Create reader with specific schema.
// string :ID, string: Area, string:Title, string:Description
var reader = TextLoader.CreateReader(env, ctx =>
(area: ctx.LoadText(1),
title: ctx.LoadText(2),
description: ctx.LoadText(3),
dataPath,
useHeader: true));

var prediction = predictor.PredictSdcaMultiClass(new IssueInput
{

ID = "29338\t",

Title = "Include fragment in Uri.LocalPath on Unix\t",

Description = "While testing XmlUriResolver, @pjanotti
discovered that any segments of a file path following a '#'
symbol will be cut out of Uri.LocalPath on Unix. Based on
additional tests, this also occurs for the '?' symbol. This is
happening because the Unix specific case for local path only uses
the path component of the URI});

}

var estimator = reader.MakeEstimator()

.Append(row => (
// Convert string label to key.
label: row.area.Dictionarize(),
// Featurizes 'description’
description: row.description.FeaturizeText(),
// Featurizes 'title'
title: row.title.FeaturizeText()))

.Append(row => (
// Concatenate the two features into a vector.
features: row.description.ConcatWith(r.title),
// Preserve the label
label: row.label))

.Append(row => r.label.PredictSdcaMultiClass(row.features));

// Read the data
var data = reader.Read(dataPath);

// Fit the data (Train the model)
var model = estimator.Fit(data);

// Save the model to a file
await model.WriteAsync(“github-Model.zip");

NET Conf 2018 %
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