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Future of Order Taking
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Start Recognition |




Microsoft n Al

" Achieving human parity for Speech Recognition
= https://arxiv.org/abs/1610.05256

" \Winners in ImageNet 2015 Challenge

" http://image-net.org/challenges/LSVRC/2015/results
" Proposal of deep residual networks => human parity in image recognition

" Project Brainwave

" Running Al on FPGA chips in the cloud

» https://www.microsoft.com/en-us/research/blog/microsoft-unveils-project-
brainwave/
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https://notebooks.azure.com/sosh/libraries/fsharpdojo

- Ju pyter KNNClassifier_Solution Last Checkpoint: 10 minutes ago (unsaved changes) iri#1Azure Notebooks My Libraries F# Coding Dojo
File Edit View Insert Cell Kernel Data Widgets Help Not Trusted | F# O

B + x @ B 4+ ¥ M B C cCode v E | Ll

In [19]: | let convert (input:string) =
let a = input.Split(',")
(a.[@] |> int, a.[1..] |> Array.map (int))

let train_data = train_sample |> Array.map convert

AZ u re In [20]: | let test_data = test_sample |> Array.map convert
N Ote b O O ks . The method we will use to predict the correct number is called K Nearest Neighbour Classifier (KNN).
L]

The simplest version is when K = 1. Suppose we have training data train_data = {(d;, Ii)}il, where d; € [0..9] is the digit, correspondig to image /;. Given
F# the input image X we look for the image I;, which is closest to X according to some metric Il - I, i.e.
d;, I;) = argmindIX — Il

In this case, we return d; as the resuilt.

Metric Il - Il can be defined in a few different ways, the simplest being euclidian distance
768
A - Bl = ' (4; — B))?
j=1

When K > 1, we look for K images in the training set that are closest to X, and select the digit which most frequently occurs among digits that correspond to
those images.

In our case, we need to define the function distance that computes the distance between two images (represented by int arrays).

In [22]: |let distance A B = Seq.map2 (fun a b -> (a-b)*(a-b)) A B |> Seq.sum ”

Having defined distance function, let's finally define the classifier classify, which will return the digit, given the image (array of pixels)



ScriptKNN.csx ® X NuGet: Accord Learn-KNN-Accord.cs Learn-KNN.cs Program.cs* ArrayUtils.cs

[#] Npoume daiinbi ~1 %%, Digit ~1®@ Label -
1 #r "..\..\TrainCNTK\SciSharp\bin\Debug\SciSharp.d11l" Lfa
2 —lusing SciSharp; -
3 Lusing static System.Console;
- CCbIJIKM
4 lclass Digit
5 {
6 public int[] Image;
7 public int Label;
8 }
9 -
10 var fn = @"c:\DEMO\Data\train.csv";
11 var ¥ = File.ReadlLines(fn);
(:#i 12 var data = from z in f.Skip(1)
. 13 let zz = z.Split(',").Select(int.Parse)
Inte ra Ct'Ve 14 select new Digit { Label = zz.First(),
15 Image = zz.Skip(1).ToArray() }; -
127% + 4 >
C# Interactive v I X
O Eqr v
Microsoft (R) Roslyn C# Compiler version 1.3.4.60902 -
Loading context from 'CSharpInteractive.rsp'.
Type "#help" for more information.
> class Digit
- q
public int[] Image;
public int Label; -
127% < 4 3

Azure Data L... Python 64-bit.. Onepauuu n... KEANCEWMOYR Web Publish... Fi# Interactive KoHconb anc... Cnvcok owm... BbiBoa PesysbTatbi ...




B ' Select file:///c:/users/dmitryso/documents/visual studio 2015/Projects/Accord/Accord/bin/Debug/Accord.exe
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Done, 943 of 1000 correct (94,3%)




[loaBOANM UTOTU

Func<int[], int[], int> dist = (a, b) =>
a.zZip(b, (x, y) => { return (x - y) * (x - y); }).Sum();

Func<int[], int> classify = (im) =>
train.MinBy(d => dist(d.Image, im)).Label;

ANroputm TOYHOCTb

KNN 94%




anusoAa 2:

Accord.NET



Accord.NET

MaTemaTHHECIUE ByHKUAY http://accord-framework.net
¢ dTpuULbl
* CTaTUCTUKa

MawmnHHOe obyyeHune

* Knaccunyeckme anroputmel
* HeWpoHHble ceTu

* [nybokoe obyyeHune

Ob6paboTKa 3BYKa A C C

O6paboTKa n3obparkeHum
* BblaeneHve 06bEKTOB U Framework
nuua (Haar Cascade)

D/1eMeHTbl BU3yanunsaummu

ra

NET



[loaBOANM UTOTU

var svm = new MulticlassSupportVectorLearning<Linear>();

var classifier = svm.Learn(
(from x in train select x.Image.Select(z => (double)z).ToArray()).ToArray(),
(from x in train select x.Label).ToArray());

Anroputm To4yHOCTb e B3anmosameHsAemMble pasinyHble aAropUTMbl

KNN (Accord) 94% obyyeHus
SVM (Accord) 972% * He o4yeHb bbicTpble N 3 PeKTUBHbIE
> peann3aumm HEMPOHHbIX CeTeU
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anu3sopn 3:

HenpoHHbie cetn n CNTK



Camoe Ba*KHOe npo HEUPOHHbIE CeTn

* B nocneaHue roabl HEMPOCETU CYUTAOT CUHOHKMMOM U

* Bcé, 4To Bbl BUAENN B KOTHUTUBHbIX CEPBUCAX —
HEMPOHHbIE CeTU

* HenpoceTb — 370 He Marua, a BCero nLb cnocob
onNTUMM3aLUUn GYHKLNI

e YacTto paboTa HEMpPOCETU BbITNAANT KaK Marus

 J1nA cepbe3HbIX SKCNEPUMEHTOB HYKHbl bobLune
NAHHbIE N BblYUCAUTENDbHbIE pecypcbl => 06n1aKo



HenpoHHbIe ceTu N
Hidden Ve =f (Z Wi X; + bk)

Y = f(WX + B)
7 = f(UY + C)




Peannsaumna HeMpPoOHHOU ceTH

Hapo ABHO nporpammupoBaTthb a/I0OPUTM 06paTHOro pacnpoCcTpaHEeHMUS
[Ina cnosKHbIX ceTer xopoLlo bbl noaaep>K1BaTb BbluMcneHna Ha GPU/knactepax

Mcnonb3oBaHMe ppenMBOPKOB

3a4aéT1ca ToNbKOo «npsaman» dopmy/sa AN BbIUMC/IEHUA CETU
ObpaTHOEe pacnpocTpaHeHne n obyvyeHne NPomn3BOAUTCA aBTOMATUUYECKU
MoaaepxnBatoTcA pasinyHble cpeabl BbIMUCAEHUIA

Hanbonee nonynapHbie ppenmBOpPKHU

TensorFlow (Google), Cognitive Toolkit / CNTK (Microsoft), Caffe, Torch, Theano



Microsoft Cognitive Toolkit / CNTK

NHCTpymMmeHTapum ana oby4yeHmna n Mcnosib3oBaHmA
HEWUPOHHbIX CETEN, B T.4. NyOOKOro obyyeHms

MoxeT ncnonb3sosaTb

CPU, GPU

Heckonbko CPU

Heckonbko GPU Ha ogHOM KOomMnbloTepe
Heckonbko GPU Ha HECKONbKUX KOMMblOTEpax

http://cntk.ai, http://github.com/microsoft/cntk



Microsoft Cognitive Toolkit CNTK

BB (D:AWINAPP\cntk\ Tutorials\HelloWorld-LogisticRegression] - Far 3.0.4700 x86 o X

5; epochTim

T el " YTUAWTA ANA TpeHupoBKK ceTen cntk.exe

: [Trainin .6430 1000;
1000; er . totalsamp learning|

1000; err = 0. * 1000; p n o; learning]

L L S " bubnmorteka gna ncnonbsosaHua (CH, C++)

: [Training] 1r . 1000; 1000; 9000
9999999 epochTime=0.038482:
: [Training] 1r = @. 0 mples 0000; learning
Trai 1 1000 ! 40008; 1
5; epochTim

. ot i < < J . .
h[41 [Training] 1r .04 1008; 1000; totalSamplesSeen 41000; learning]
“Sampic = 6.639939935; epochti ‘ |
ed Epoch[42 ing] 2 6 * 1000; 0. 1000; totalSampl: 42000; learning]
8. i

ch - . 1000; eri . totalSampl learning]

1000; . * totalSamplesSeen @; learning]

e et " Hapgo yctaHasaueatb CNTK Ha MK (c GPU unun 6e3s)

d Epoch[46 : [Training] 1r = @ 1000; s 1000; totalSamplesSeen = 46000;
. 99; epochTime=8.e:

ed Epoch[47 : [Training] 1r = e. 1000; 1000; mplesSeen = 4700@; learning]
. chTim

S5 ef .
: [Training] 1r 4225 1000; 1000; totalSamplesSeen = 48000; learning]

syl S e = Cneuy. BxogHoU dopmat AnA AaHHbIX

RatePersample = ©. .
Epoch[5@ of . 1600; . 1 o p 56006; learning]
o

/i9QyVE6ACFO/noteb O ~ @ & & Mi. © Str.. & no.. ¥ no.. ¥ no.. ¥ C.

Hoks.azure.com/n,

o ¥ https:/
) Ju pyte r My Libraries ModerAl

" M H Te pd)e l\;l C C Pyt h O n pln ﬂ O 6yLI e H M ﬂ M | CNTK_SimpleLogisticRegression_NoComments (autosaved) A
MCNONIb30BaHUA ceTen L

+ x @& B |4 ¥ M B C cCode v &  CellToolbar | Lul

File Edit View nsert Cell Kernel V

In [5]: import matplotlib.pyplot as plt
%matplotlib inline

- KOHd)I/II'ypaLI,MFl CeTUN ONMUNCbLIBAETCA I'IpOI'paMMOﬁ S e

plt.scatter (features(:,0], features[:,1], c=colors)
plt.xlabel ("Age")

plt.ylabel ("Size")
Ha y On plt.show()

10 T T T T

" Mo»Ho ncnonbsosatb Azure Notebook nau :

6 °

Jupyter Notebook Ha mawmnHe c GPU e




Kak oby4yaTb HENpoOCEeTU

VM c GPU B Azure
* N-Series VM

NC — cneumanbHO ANA BbIMUC/IEHUM
(aedununt!)
NV — ana snsyanmsaumm

* [OoTOBbIE KOHPUTYPALUU

Data Science Virtual Machine
* Windows 2016, Linux
Deep Learning Virtual Machine

* J1OCTYNHOCTb B AaTa-UeHTpax

https://azure.microsoft.com/en-
us/pricing/details/virtual-machines/

BblaeneHHbin MK
* Nvidia GPU

GTX 1070

GTX 1080 (Ti)
e Titan X

* http://bit.ly/deeplearnbox



Mcnonb3osaHme CNTK B .NET-npoekTax

BrainScript

HenpoceTtesas
Python API Mmogenb

(pann)

.NET Eval API
CH/F#

.NET Train API
CH/FH#

CNTK Core (C++ Library)




CNTK vs. TensorFlow vs. Keras

Python / .NET AP High-Level Layers API

Data Readers

High-Level Layers API

Python API Y-

Optimizers

Optimizers

Data Readers Python Library

Low-Level Tensors

Low-Level Tensors

C++ High Perf Library C++ High Perf Library

CNTK TensorFlow



HenpoHHbIe ceTu N
Hidden Ve =f (Z Wi X; + bk)

Y = f(WX + B)
7 = f(UY + C)




ObyyeHMe HEMPOHHOMU CeTn

OnuncaHne apxXUTEKTypbl CeTH OnuncaHne apxXUTEKTypbl CeTH
&5?iggigu¥gé£aFg;N;NVQFEEEIg:fﬁgﬂ%VéFigEiEZ§ég:zssum"m"mué O Py T T TS Tt ST 7 F vt Ry
Variable label = Variable.InputVariable(1e,..); : label = input_variable(output_dim, np.float32)

&ar W = new Parameter({ 10, 768 }, ..); : @ = parameter(shape=(input_dim, output_dim))
var b = new Parameter({ 10 }, ..); . b = parameter(shape=(output_dim))
&ar z = CNTKLib.Times(W,features)+b; .z = times(features,W)+b
DYHKLUMM NOTEPb M ONTUMM3ATOP DYHKLUM NOTEPb M ONTUMM3ATOP

var loss = CNTKLib.CrossEntropyWithSoftmax(z, label); Eéloss = cntk.cross_entropy with softmax(z, label)
&ar evalErr = CNTKLib.ClassificationError(z, label); i eval_error = cntk.classification_error(z, label)
var 1 = new Learner[]{Learner.SGDLearner(z.Parameters)} : ilearner = sgd(z.parameters,..)

var trainer = Trainer.CreateTrainer(z,loss, evalErr,l); : itrainer = Trainer(z, (loss, eval_error), [learner])

_____________________________________________________________________________________________________ Liukn obyuerua Lnkn 0byuens

&oreach (epoch) { : }or (epoch in ..)

: ft = NextBatchFeatures(); 1lb = NextBatchLabels(); : ¢ ft = NextBatchFeatures(); 1b = NextBatchLabels()
trainer.TrainMinibatch( E; trainer.train_minibatch({features: ft},{label:1b})

new Dictionary<Variable, Value>() {
{ features, ft }, { label, 1b } }); }



[lemoHCTpaumA

Creating network Anroputm TOYHOCTb
Epoch=0, loss=2,594153881073, eval=0,953125 0
Epoch=50, loss=2,30613112449646, eval=0,875 KNN 94%
Epoch=100, loss=2,28647422790527, eval=0,921875 o
Epoch=150, loss=2,30462002754211, eval=0,84375 SVM 92%
Epoch=200, loss=2,30903220176697, eval=0,90625 o
Epoch=250, loss=2,29002237319946, eval=@,859375 Neural Net (1L) 90%
Epoch=300, loss=2,3040030002594, eval=0,9375 o
Epoch=350, loss=2,30656504631042, eval=0,921875 Neural Net (2L) 95,7%
Epoch=400, loss=2,30595445632935, eval=0,9375

Epoch=450, loss=2,30992889404297, eval=0,9375

Epoch=500, loss=2,28662514686584, eval=0,921875

Epoch=550, loss=2,24828433990479, eval=0,734375

Epoch=600, loss=1,21208095550537, eval=0,3125

Epoch=650, loss=0,525042057037354, eval=0,1875

Epoch=700, loss=0,339907109737396, eval=0,140625

Epoch=750, loss=0,356711745262146, eval=0,109375

Epoch=800, loss=0,259305834770203, eval=0,03125




OCHOBHbl€ 33341 U APXUTEKTYPbI CeTEN

3anava Knacc cete

O6bluHan KnaccndbuKaums / perpeccus
Pacno3HaBaHMe n3obparkeHnn
BoigeneHne o6beKToB Ha M306parkeHnu

AHann3 nocnenoBaTeNbHOCTEN (peyb,
TEKCT)

MaLLUMHHbIN NepeBo,
OnucaHune n3obpaxeHums

Ctnnmnsauma n3obparkeHus

Feed-forward / Fully Connected (DNN)
Convolutional / CBépTouHas (CNN)
Fast R-CNN (Region CNN)
PekyppeHTHaa (RNN)

Sequence-to-Sequence, RNN+RNN
CNN + RNN
Style Transfer



CeépTo4yHasa cetb (CNN)

ANroputm TOYHOCTb

9 KNN 94%
5 SVM 92%
E Neural Net (1L) 90%
=§ Neural Net (2L) 95,7%
= CNN 98%

28x28x1 14x14x4 10



Hepa3pewmnmana 3agaya




KowkKun npotmns cobak

[ ©.3418062 ©.65819377] [ .63091594 ©.36908403]

[ ©.19271372 ©.80728626]



YTo cmoTpeTb Aanblie

[10 HEMPOHHbIM CETAM

* http://aka.ms/neuroworkshop

* http://github.com/shwars/neuroworkshop
F# APl nna CNTK:
* https://github.com/mathias-brandewinder/CNTK.FSharp



1

Ha .NET eCcTb MHCTPYMEHTbI, N03BONAIOLLIME
MCNO/Ib30BaTb MallMHHOE oby4yeHne u
HenpoHHble ceTn: Accord.NET, CNTK .NET API

[1na paboTbl ¢ AAHHbIMU NONE3HO
ncrnonb3osatb F#, Azure Notebooks (F#), CH#
Interactive, Xamarin Workbook

[na obyyeHns Henpoceten B obnake Microsoft

Azure cyLLecTBYIOT HAaCTPOEHHbIe BUPTYaAJIKU C
GPU



& Q&A

Heunpocetn n U Ha
nnatpopme .NET

Omuntpnin COWHUKOB
http://fb.com/shwars




