JIOJATOK A

I'padiunmii matepian atectariiitnoi poboTu
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IITYYHUA IHTEJEKT

[TorrynsipHi MAXOAM IITYYHOTO IHTENEKTY
|. HeliponHi Mepexi.

2. EBomomniiHi 00YHCIIeHHS.

3. HeuiTka norika




META POBOTH

[JIAHYTH, 1110 TaKe WTYYHHH 1HTEIEKT, HEHPOHHI MEpexi, sKi
OyBalOTh BH/IM HEHPOHHHX MEPEK.
. BuzHauntn MeToaM Ta BapiaHTH HaB4YaHHA KiacudikaiiiHux
MOICJICH.
. CTBOpeHHS NMpOorpaMu Ui HaBYaHHA MOJEII.
4. [lpoanasnisyBati OTpUMAaHI pe3ylibTaTH

HEWPOHHI MEPEXI

4

[leit HanpsaMOK cTabLIBHO TPHMAETBCA Ha nepmioMy Micui. TpHBae BIOCKOHATEHHA
AITOPHTMIB HABYAHHA | KaacH(ikamil B MacmTabl peanbHoTO Hacy, 00poOKH MpHPOAHHX
MOB, pO3Ni3HaBaHHA 300paXKeHb, MOBHW, CHTHAMIB, a TakoX 25 CTBOpeHHA Mojeeii
HTEIEKTYaAIbHOTO IHTepdelicy, nuuIamToryBaTHes mix kopuctyeada. Cepesl OCHOBHHX
MPHKIAJAHAX 3aBJaHb, 110 BUPIIYIOTECA 33 JONOMOIOI HEHPOHHHX MEpeX, - (hiHaHCOBe
MPOTrHO3YBAHHSA, PO3KOMKA JAHHX, AIATHOCTHKA CHCTEM, KOHTPOb 32 JIAILHICTIO MEPEK,
wHppysanns gaHux. B ocraHHI pokH e NOCHIEHWI MOmYyK e)eKTHBHHX METOIB
CHHXpOHI3aUIl poOOTH HEHPOHHHX MEPEX Ha NapaleIbHHX MPHCTPOAX.
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rOPTKOBI HEHPOHHI MEPEXI

PTKOBI HEHPOHHI MEPEeki — 1€ apXITeKTypa WTYMHUX HEHPOHHUX MEPEeK,
3arportonoBana . Jlexynom y 1988 poui 1 Hauinena Ha edexrisre 3 00Ky NOTYKHOCTEN
ra TOYHOCTI PO3MI3HABAHHSA 300paketb, BXOAUTS J0 CKILy TeXHo0ri mudokoro
HapyaHHA. BUKOpHCTOBYE fesKi 0COONMBOCTI 30pOBOT KOPH, B AKiiT Oy1H BIAKPHTI Tak
3BaHI MPOCTI KIITHHM, 110 PearyioTh Ha NpsAmi JIHI 1] PISHUMH KyTaMmH,

KJITHHH, peaKuis AKUX MOB’A3aHa 3 aKTHBALLICIO NEBHOIO HabOpy MPOCTHX K
Taxkum 4HHOM, 1€ 3rOPTKOBHX HEHPOHHMX MEPEK NMOJIirac B 4epryBanHi JIBox
ocHOBHMX Miapis convolution layers i subsampling layers. Crpykrypa 11ic
OIHOCTIPSIMOBAHA, MMPUHIMIOBO Oararomapopa. JL1s HABYaHHA BUKOPHCTOBYIOTHCS

OIIEPALLIA 3T'OPTKH

6

ApXITEKTYpa OTPHMaIa CBOIO HA3BY H€pe3 HasBHICTHL ONepallil 3ropTKH, CyTh AKOI B
TOMY, 10 KOJKEH (PparMenT 300paKeHHa MHOMKHTLCA Ha MATPULLIO (S1p0) 3ropTKH
MOEIEMEHTHO, 4 Pe3yIbTaT I “ThCA 1 3¢ “ThCA B AHAIOTIMHY [MO3HLII0
BHXIJIHOIO 300paikeHHs.

[1Iap 3ropTKH — 11 OCHOBHHI OIOK 3rOpTKOBOI HelpoHHOT Mepexki. BiH BKouae B cebe
JUTS KOAKHOTO KaHamy cBilf (DUIETP, S/p0O 3rOPTKH AKOro odpobuse nonepeaHiil map 3a
(parmeHTaMH (MACYMOBYIONH PE3YIBTATH MATPHYHOTO J00YTKY Ui KOKHOTO
(hparmenTa),




MOJAEJI MAIHUHHOI'O HABYAHHAS

Bei Mojienti MaIIHHHOTO HAaBYaHHA NOAUIAIOTECA (PHCYHOK 3.1) HAa HARYAHHSA 3 yUHTENeM
(supervised) 1 6e3 Bunrens (unsupervised). B nepury Kareropiio BXOAATE perpeccHOHHas
i knacudikailiitna Moael.

Regression

Supervised

Classification

Unsupervised

HABYAHHSA 3 BHUTEJIEM

8

Hapuanms 3 BunTaieM ABisic cod0l0 BHBYEHHA QYHKIL, AKa IIePETBOPIOC BXIIHI JaHi y
Hi Ha OCHOBI TIPHKJIAIB AP BBEICHHA-BUBEICHHS.
HapuanHa 3 yIuTEAEM MAPO3AUIAETECA Ha BRI NIKATEropil: perpecis i kiacHpikaiis.

Dataset

Height

47 =
Supervised Eg. Predict height
52 Leamning Model of 8 year old?

61
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HABYAHHSA 3 BHUTEJIEM

Y perpeciiiHMX MOIISX BHCHOBOK € OesnepepBHuM. [HYIOTH HacTyIHI THIH

perpeciiiunx neii: JiHiifHA perpecis, AepeBo pillieHb, BHNAAKOBHII Jiic, HelpoHHa

MepexKa.

Y  knacupikaniifHHX Mojenell BHCHOBOK € JIHCKPETHH Haitbinem nommpeni
JIOTICTHYHAA PErpecid, METO ONIOPHHX BEKTOPIR Ta IHIIIL

. Maximom,
s /mnrgm
. N

HABYAHHS BE3 BUUTEJISA

10

Ha BuaMiny Bijl HaBYaHHS 3 yHHTeNeM, HaB4aHHA Oe3 BUMTE/IS BUKOPHCTOBYCTHCS s
Toro, 10 3poOHTH BHCHOBKH 1 3HAWTH Wa0NOHM 3 BXUTHHX JaHux Oe3 BIACHIaHb Ha
nomiveHi pesynsraru. [lBa OCHOBHI MeToaM, sKI BHKOPHCTOB LCsl B HaByaHHI Oe3
YUHTE/A, BKAIOYAIOTH KAACTEPH3ALIIO 1 3HIDKEHHS PO3MIPHOCTI.
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HABYAHHSA 3 BHUTEJIEM

1

Kitactepusanis - 1e TexHika Hapyanua 0e3 yuuress, Aka BKiodac B cebe rpynyBaHHs
abo Kractepu3aniio ToHoK ganux. Halfuacriue BoHa BUKOPHCTOBYCTHCS U cerMeHTauii
CIIO/KUBAYIB, BHABJICHHA LIaXpaiicTBa Ta KiacHpIKalil J0KyMEHTIB.

3HIKEHHA PO3MIPHOCTI - 1€ NPOHEC 3MEHIIEHHA YHCIa PO3MIAHYTHX BHIAJKOBHX
IMIHHHX UIAXOM OTpUMaHHA Habopy roaorHuX 3MiHENX. [pocTime kaxyuu, 1e npoiec
IMEHIICHHSA PO3MIpY Habopy O3HAK (3MEHIIEHHSA KUIBKOCTI 03HAK).

TEXHOJIOITI

12

Jiia toro mod peanizyBaTH Bech Nporpamy s reHepenii nmpapaonofidbHux
OpaxeHb JUId HaBYaHHA KiacH(ikauiiiHuX Mojenit Oy/I0 BHKOPHCTAHO HACTYIIHY
rexnosorito TensorFlow
TensorFlow.js — Bigkputa nporpamua OibimioTeka Ui MalIHHHOTO HaBMaHHS
uUIiH Hu30I 3aja4, pozpobnena kommnanielo Google ana 3agoBonenHs 1 norped y

cHCTEMaX, 3arHUX OyIyBatH Ta TPEHYBATH HEHPOHHI Mej JUISL BHABIICHHA Ta

posmuppoByBaHHs 00pa3is Ta KOPENAILli, aHAIOrIMHO /10 HABYAHHA i PO3YMIHHA, AKI
3aCTOCOBYIOTH JIFOIIH.

APl TensorFlow.js MOXHA BHKOPHCTOBYBaTH /Ui NOOYIOBH Mojelieil  3a
Jonomoroio Gibniorexn niniitHol anredbpu JavaScript JavaScript abo mapie API 6inbin
Bicokoro pisus. [Tepersopiosaul moaeni TensorFlow.js MoxyTh 3amyckarn ICHyioul

1eni B Opay3epi ado mig Node.js. JIOM1 MOJIENIl MOXKHA TiepeKkBaniiKyBaTH 3a

JIOTIOMOTOIO JIAHUX JIaTUUKIB, MIKIIOMEHHX /10 O a3epa.
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API TensorFlow.js

TFCPU TF GPU

APXITEKTYPA MOJEJII

Layer Name

conv2d_Conv2D1
max_pooling2d_MaxPooling2D1
conv2d_Conv2D2
max_pooling2d_MaxPooling2D2
flatten_Flatten1

dense_Dense1

Model Architecture

Output Shape

[batch,24,24 8]
[batch,12,12,8]
[batch 8,8.16]
[batch.4.4,16)
[batch,256)
[batch,10]

# Of Params

TFTPU

Trainable

true
true
true
true
true

true

79
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BUCHOBKH

X0l NpPOBEJEHHA arecTaiiinoi poborH OyIH J0CHUDKeHI METOjJH Ta BapiaHTH

HaBYaHHA KIaCH(IKAITHUX MOJEIeH, PO3JIAHEHO, 110 TAKe ITYYHHH IHTEIEKT.
pesynbTari pozpobaeHoi nporpamu OyiH orpaMani 100pi  pesynsrarn  3a
JIONOMOI010 po3podineHoi Mozesni 1 Beboro 3a 20 enox. € MOKIMBICTE NMOKPALIMTH i
pe3yJbTaTH, JIO/IaBLIN 3rOPTKOBI Iapy abo 30UIbIIMBIIHN KUTBKICTh eMoX.
Takok, MOKHA 3pOOHTH BUCHOBOK, IO € JIBA OCHOBHHX NEPCIEKTHBHI HAIPAMKH B
jpocnipkenni HIL IMepme nonsrae B nabmwkenni cucrem LI 10 npuxiummis micskoro
mucnenns. [pyre nonarae B creopensi LI, mo npejcrasise inTerpaiiio

cuctem LI B e;uay cuctemy, 31arHy BUPILTYBaTH npodiemMH IMIOACTBA.

81



82

JIOJIATOK B

Konx mporpamu

B.1 ®aiin index.html

<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<meta http-equiv="X-UA-Compatible" content="IE=edge">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>TensorFlow.js Convolutional Neural Networks</title>

<!-- Import TensorFlow.js -->

<script
src="https://cdn.jsdelivr.net/npm/@tensorflow/tfjs@1.0.0/dist/tf.min.js"></sc
ript>

<!-- Import tfjs-vis -->

<script src="https://cdn.jsdelivr.net/npm/@tensorflow/tfjs—
vis@1.0.2/dist/tfjs-vis.umd.min.js"></script>

<!-- Import the data file -->
<script src="./data.js" type="module"></script>

<!-- Import the main script file -->
<script src="./script.]js" type="module"></script>
</head>

<body>
</body>
</html>

b.2 daiin data.js

const IMAGE SIZE = 784;
const NUM _CLASSES = 10;
const NUM DATASET ELEMENTS = 65000;

const TRAIN TEST RATIO = 5 / 6;

const NUM TRAIN ELEMENTS = Math.floor (TRAIN TEST RATIO *
NUM DATASET ELEMENTS) ;
const NUM TEST ELEMENTS = NUM DATASET ELEMENTS - NUM TRAIN ELEMENTS;

const MNIST IMAGES SPRITE PATH =
'https://storage.googleapis.com/learnjs-data/model-
builder/mnist images.png';
const MNIST LABELS PATH =
'https://storage.googleapis.com/learnjs—-data/model-
builder/mnist labels uint8';

/**
* A class that fetches the sprited MNIST dataset and returns shuffled
batches.
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*

* NOTE: This will get much easier. For now, we do data fetching and
* manipulation manually.

*/
export class MnistData {
constructor () {

this.shuffledTrainIndex = 0;
this.shuffledTestIndex = 0;

async load() {

// Make a request for the MNIST sprited image.

const img = new Image();

const canvas = document.createElement ('canvas');

const ctx = canvas.getContext ('2d');

const imgRequest = new Promise((resolve, reject) => {
img.crossOrigin = '';
img.onload = () => {

img.width = img.naturalWidth;
img.height = img.naturalHeight;

const datasetBytesBuffer =
new ArrayBuffer (NUM DATASET ELEMENTS * IMAGE SIZE * 4);

const chunkSize = 5000;
canvas.width = img.width;
canvas.height = chunkSize;

for (let i = 0; i < NUM DATASET ELEMENTS / chunkSize; i++) {
const datasetBytesView = new Float32Array (
datasetBytesBuffer, i * IMAGE SIZE * chunkSize * 4,
IMAGE SIZE * chunkSize);
ctx.drawImage (
img, 0, i * chunkSize, img.width, chunkSize, 0, 0,
img.width,
chunkSize) ;

const imageData = ctx.getImageData (0, 0, canvas.width,
canvas.height) ;

for (let j = 0; J < imageData.data.length / 4; j++) {
// All channels hold an equal value since the image 1is
grayscale, so
// just read the red channel.
datasetBytesView[]] = imageData.data[j * 4] / 255;
}

}
this.datasetImages = new Float32Array(datasetBytesBuffer);

resolve () ;
}i
img.src = MNIST IMAGES SPRITE PATH;
)

const labelsRequest = fetch(MNIST LABELS PATH);
const [imgResponse, labelsResponse] =
await Promise.all ([imgRequest, labelsRequest]);

this.datasetLabels = new Uint8Array(await
labelsResponse.arrayBuffer());

// Create shuffled indices into the train/test set for when we
select a
// random dataset element for training / validation.
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this.trainIndices =
tf.util.createshuffledIndices (NUM TRAIN ELEMENTS) ;
this.testIndices = tf.util.createShuffledIndices (NUM TEST ELEMENTS) ;

// Slice the the images and labels into train and test sets.
this.trainImages =

this.datasetImages.slice (0, IMAGE SIZE * NUM TRAIN ELEMENTS) ;
this.testImages = this.datasetImages.slice (IMAGE SIZE *

NUM_TRAIN ELEMENTS) ;

this.trainLabels =

this.datasetLabels.slice (0, NUM CLASSES * NUM TRAIN ELEMENTS) ;
this.testLabels =

this.datasetLabels.slice (NUM CLASSES * NUM TRAIN ELEMENTS) ;

nextDataBatch (batchSize, test = false) {

if (test)
return this.nextBatch (
batchSize, [this.trainImages, this.trainLabels], () => {
this.shuffledTrainIndex =
(this.shuffledTrainIndex + 1) %

this.trainIndices.length;
return this.trainIndices([this.shuffledTrainIndex];
)
else
return this.nextBatch (batchSize, [this.testImages,
this.testLabels], () => {
this.shuffledTestIndex =
(this.shuffledTestIndex + 1) % this.testIndices.length;
return this.testIndices[this.shuffledTestIndex];
)i
}

nextBatch (batchSize, data, index) {
const batchImagesArray = new Float32Array(batchSize * IMAGE SIZE);
const batchLabelsArray = new Uint8Array(batchSize * NUM CLASSES) ;

for (let i = 0; 1 < batchSize; i++) {
const idx = index () ;

const image =
data[0].slice (idx * IMAGE STZE, idx * IMAGE SIZE +
IMAGE_SIZE);
batchImagesArray.set (image, i * IMAGE SIZE);

const label =
data[l].slice(idx * NUM CLASSES, idx * NUM CLASSES +
NUM CLASSES) ;
batchLabelsArray.set (label, i * NUM CLASSES);
}

const xs = tf.tensor2d(batchImagesArray, [batchSize, IMAGE SIZE]);
const labels = tf.tensor2d (batchlLabelsArray, [batchSize,
NUM CLASSES]) ;

return {xs, labels};
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b.3 daiin script.js

import {MnistData} from './data.js';

const getData = getDataFunction;

const createModel = createModelFunction;

const trainModel = trainModelFunction;

const displayData = displayDataFunction;

const evaluateModel = evaluateModelFunction;

const classNames = ['Zero', 'One', 'Two', 'Three', 'Four', 'Five',

'Six', 'Seven', 'Eight', 'Nine'];

async function run() {
const data = await getDatal();

awalt displayDataFunction (data, 30);

const model = createModel ()
tfvis.show.modelSummary ({name: 'Model Architecture'}, model);

await trainModel (model, data, 20);

await evaluateModel (model, data);

}
/‘k‘k

* (@ddesc retrieves data from defined location
* @Qreturn wine data as json
*/
async function getDataFunction() {
var data = new MnistData();
await data.load();
return data;

async function singleImagePlot (image)

{

const canvas = document.createElement ('canvas');
canvas.width = 28;

canvas.height = 28;

canvas.style = 'margin: 4px;';

await tf.browser.toPixels (image, canvas);
return canvas;

async function displayDataFunction (data, numOfImages = 10) {

const inputDataSurface =
tfvis.visor () .surface({ name: 'Input Data Examples', tab: 'Input
Data'});

const examples = data.nextDataBatch (numOfImages, true);

for (let 1 = 0; i < numOfImages; i++) {
const image = tf.tidy(() => {
return examples.xs
.slice([i, 0], [1, examples.xs.shape[l]])
.reshape ([28, 28, 11);
)7

const canvas = await singleImagePlot (image)
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inputDataSurface.drawArea.appendChild (canvas) ;
image.dispose() ;
}

function createModelFunction() {
const cnn = tf.sequential();

cnn.add(tf.layers.conv2d ({
inputShape: [28, 28, 1],
kernelSize: 5,
filters: 8,
strides: 1,
activation: 'relu',
kernelInitializer: 'varianceScaling'
1)
cnn.add(tf.layers.maxPooling2d({poolSize: [2, 2], strides: [2, 2]1}));

cnn.add(tf.layers.conv2d ({
kernelSize: 5,
filters: 16,
strides: 1,
activation: 'relu',
kernelInitializer: 'varianceScaling'
1)
cnn.add(tf.layers.maxPooling2d({poolSize: [2, 2], strides: [2, 2]1}));

cnn.add(tf.layers.flatten());

cnn.add(tf.layers.dense ({
units: 10,
kernelInitializer: 'varianceScaling',
activation: 'softmax'

1)

cnn.compile ({
optimizer: tf.train.adam(),
loss: 'categoricalCrossentropy',
metrics: ['accuracy'],

)i

return cnn;

}

function getBatch(data, size, test = false)
{
return tf.tidy(() => {
const d = data.nextDataBatch(size, test);
return [
d.xs.reshape([size, 28, 28, 11),

d.labels
17
});
}

async function trainModelFunction (model, data, epochs) {
const metrics = ['loss', 'val loss', 'acc', 'val acc'];
const container = {
name: 'Model Training', styles: { height: '1000px' }
}i

const fitCallbacks = tfvis.show.fitCallbacks (container, metrics);

const batchSize = 512;
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const [trainX, train¥Y] = getBatch(data, 5500);
const [testX, testY] = getBatch(data, 1000, true);

return model.fit (trainX, trainyY, {
batchSize: batchSize,
validationData: [testX, testY],
epochs: epochs,
shuffle: true,

callbacks: fitCallbacks

)i

function predict (model, data, testDataSize = 500) {

const testData = data.nextDataBatch (testDataSize, true);

const testxs = testData.xs.reshape([testDataSize, 28, 28, 11);
const labels = testData.labels.argMax ([-1]);
const preds = model.predict (testxs).argMax([-1]);

testxs.dispose();
return [preds, labels];

async function displayAccuracyPerClass (model, data) {

preds);

const [preds, labels] = predict (model, data);
const classAccuracy = await tfvis.metrics.perClassAccuracy(labels,
const container = {name: 'Accuracy', tab: 'Evaluation'};

tfvis.show.perClassAccuracy (container, classAccuracy, classNames);

labels.dispose();

async function displayConfusionMatrix (model, data) {

preds);

const [preds, labels] = predict (model, data);
const confusionMatrix = await tfvis.metrics.confusionMatrix (labels,
const container = {name: 'Confusion Matrix', tab: 'Evaluation'};

tfvis.render.confusionMatrix(
container, {values: confusionMatrix}, classNames) ;

labels.dispose();

async function evaluateModelFunction (model, data)

{

}

await displayAccuracyPerClass (model, data);
await displayConfusionMatrix (model, data);

document.addEventListener ('DOMContentLoaded’, run) ;
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