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A Beginners Guide to Codeless Deep Learning: MNIST Digit
classification

ADVANCED CLASSIFICATION DEEP LEARNING KNIME

If you've been told that, “yvou have to learn to code before you start with deep learning”, this blog post will
prove such beliefs to be wrong. In this article, learn to build a Deep Learning network to classify
handwritten digits (Figure 1) in the MNIST dataset using the codeless KNIME Analytics Platform.
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Figure 1: MNIST Handwritten Digits from 0 to 9

About KNIME Analytics Platform

KNIME Analytics Platform (KAP) is the open-source software for creating data science. It is intuitive - you
create visual, task-specific workflows with a drag-and-drop-style interface, without the need for coding.
These workflows are easy to understand and share with other users. (know more)

How is an image represented in digital format?

In a Grayscale digital image format, an image is represented as a numerical matrix of pixel values based on
light intensity (0-1) where 1 represents the illuminated pixel (white), 0 the dark pixel (black), and the
numbers in between all other levels of gray (Figure 2). The images in the MNIST dataset are provided in
Grayscale format.


https://www.knime.com/downloads
https://www.knime.com/knime-analytics-platform
https://www.analyticsvidhya.com/blog/2021/03/a-friendly-introduction-to-knime-analytics-platform/
https://en.wikipedia.org/wiki/Grayscale
https://www.analyticsvidhya.com/blog/category/advanced/
https://www.analyticsvidhya.com/blog/category/classification/
https://www.analyticsvidhya.com/blog/category/deep-learning/
https://www.analyticsvidhya.com/blog/category/knime/
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Figure 2: Image Representation as levels of grey between 0 and 1.

What is a Convolutional Neural Network (CNN)?

A CNN is a network with at least one Convolutional Layer (Figure 3). The task of a convolutional layer is to
extract features from an image. In a CNN, usually, multiple Convolutional Layers are stacked on top of each
other to extract a hierarchy of features. The first convolutional layers learn to extract low-level features,
like spots and edges. These features are then used by the next Convolutional Layer to extract mid-level
features, like parts of a digit in our case. These mid-level features are finally used to extract high-level
features, like the digits themselves.

Other commonly used layers in CNN, besides Convolutional layers, are Pooling layers and Dense layers.
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Figure 3: Convolutional Neural Network

How Does a Convolutional Layer Extract Features?

The goal of a convolutional layer is to learn to identify features in an image. To do so it uses a set of
Kernels, also called Filters. Each Kernel is a matrix or tensor of weights, customized for the task of
extracting a certain feature.

To apply a filter and extract the feature, the Kernel, which is much smaller than the image, is placed on top
of an image patch. Then a convolution operation is calculated, and a nonlinear activation function is
applied. This produces a high value if the feature is in the image patch and a small value if it is not in the
image patch. The kernel moves over the entire image by shifting from patch to patch according to the
stride length (Figure 4a).



Figure 4: Left :(a) Convolution operation using a 3x3 kernel and stride=1 Right :(b) Max Pooling using a
size 2,2 with stride 2

What is the Idea Behind Pooling?

A Convolutional layer is often followed by a Pooling layer. The Pooling layer is essential for extracting the
dominant features while reducing the spatial size of the image. The Pooling layer also operates on patches
of the input matrix where it applies either the Max pooling or the Average pooling operation. In the case of
Max pooling (Figure 4b), only the maximum value of the patch is passed on to the output; in the case of
Average pooling, the average of the patch is calculated and passed onto the output. The Pooling layer
needs 2 parameters — patch/pool size and stride. Size refers to the size of the patch and stride to the step
size when moving over to the next patch. Both parameters influence the reduction of the spatial size.

The Dense Layers as Classifiers

The dense layers are usually the last layers and implement the classifier, that is they learn to associate the
class (in our case the digit) to their inputs according to a selected loss function.

Introducing the KNIME Deep Learning Keras Integration

The KNIME Deep Learning_Keras Integration allows you to train Deep Learning models using the Keras
libraries in the KNIME Analytics Platform. Drag the task-specific Deep Learning nodes and connect them
into a pipeline to build workflows for your solutions.

The KNIME Deep Learning Keras integration is particularly powerful because it combines the ease of the
KNIME GUI with the extensive coverage of the Keras deep learning libraries. We will use the nodes shown
in Figure 5 to build a CNN.


https://kni.me/e/XOee1uZPrzE36EPH

Figure 5: KNIME Keras Nodes to be used for this workflow

Perform MNIST Digit Classification with KNIME Analytics Platform

Let's now start building a CNN for Digit Classification. In figure 6, you have a workflow with the
architecture of a neural network. The nodes in the lower-left corner provide the images for the training and
test set including the digit labels. The upper half of the workflow shows the architecture of the network:
one Convolutional layer, one Max Pooling layer, one Flatten layer, and two dense layers for classification.

Figure 6: CNN using one Convolutional layer

You can download this workflow, Simple CNN for Image Classification, from the KNIME Hub.

Here are a few more technical details about the network layers.


https://kni.me/w/36WcdmNbMvTeFHNC
https://kni.me/w/36WcdmNbMvTeFHNC

Layer Specifications

Convolutional layer : 32 kernel/filters , 3x3 kernel size, stride=1, ReLU activation function

Pooling Layer : Max Pooling, Patch size = 2,2, stride = 2
Dense Layer Intermediate : 100 Units, ReLU activation function
Dense Layer Final: 10 Units, Softmax activation function

The Dense Layer Final has 10 units: one unit for each 0-9 digit. The Softmax function of each unit then
represents the probability of the digit class. Indeed, the Softmax function outputs values in the range [0, 1]
and all these values add up to 1. Hence, they can be used to form a probability distribution.

Configurations of the Keras Convolution 2D Layer node and of the Keras Max Pooling 2D Layer node are
shown in Figures 7 and 8 respectively.

Figure 7: Configuring the Keras Convolution 2D Layer node

Figure 8: Configuring the Keras Max Pooling 2D Layer node



Training and Evaluation

The lower half of the workflow in Figure 6 shows the training and the evaluation of the network defined
above. The Keras Network Learner node (Figure 9) trains the CNN on the training input images as per the
batch size and epochs defined by the user. In this case, we have specified epochs as 10 and batch size as
200, which means each batch has 200 images.

The most important setting in this node is the loss function. In this case, we have chosen the categorical
cross-entropy as the loss function and set the optimizer as Adadelta. This node also generates a view to
monitoring the training accuracy (Figure 10).

Figure 9: Configuring the Keras Network Learner node


https://peltarion.com/knowledge-center/documentation/modeling-view/build-an-ai-model/loss-functions/categorical-crossentropy
https://keras.io/api/optimizers/adadelta/

Learning Monitor - 3:96 - Keras Network Learner

File

Y Loss Keras Log Output
R
A R L At M e e A
é_U.?S- )WWL

= 0,50 |l,’
0.25 1]

|

0 25 S0 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

Batches

— Training data
Relative Zoom = Absolute Zoom

Reset
[ . ] +

[] Smoothing 0.95 = [[]Log Scale

Epoch
e )

Batch
.,
Start time: Fri, 23 Apr 2021 13:41:59

Elapsed: 00:00:36 (hh:mm:ss)

Learning stopped

Training data
.4835
. 965
.96
.975
.93
. 955
. 965
.95
.96
975
.99

Lo IO o O o N e Y o Y o o T s s I I = )

Current Value:

0.99

Avg. duration [ epo
00:00:03.6 (hhzmm:s

Avag. duration /[ batc
00:00:00.0 (hh:mm:s

Figure 10: Monitoring the Training accuracy in the View of the Keras Network Learner node

Further, the trained network is fed as input into the Keras Network Executor node. The Keras Network
Executor node receives the trained network and the test images and each image predicts the digit class.

The Scorer node in the lower right corner of the workflow evaluates the network performances
network attains 94.26% accuracy on the test set images.

Is it worth it to add one more Convolutional Layer?

. The

Let’s add one more convolutional layer to the existing network. This means simply dragging and dropping
another Keras Convolution 2D Layer node after the existing one. The network (Figure 11) is now trained for
just 3 epochs and upon evaluating its performance on the test set, it attains an accuracy of 96.26% which

is an improvement of 2% over the earlier network.

We could obtain even better performances by tuning different and more hyperparameters. With this
example, we just wanted to show how easy it is to experiment and prototype with new architectures and

new hyperparameters using a visual GUI and simply dragging and dropping the nodes into the wor
editor and establishing the connections amongst them.

kflow

Additionally, we also demonstrate the ease of assembling the pipeline of nodes to build the neural
architecture, to prepare the data, and to train and evaluate the models for two different network

structures.
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Figure 11: CNN using_2 Convolutional layers

Explore more case studies about Deep Learning

There are plenty of case studies that can be solved using KNIME Deep Learning. This blog post is just the

tip of the iceberg. Please refer to KNIME Hub and explore more such case studies and workflows.

Resources and References :

 KNIME Deep Learning

o KNIME Deep Learning Keras Integration

o Friendly Introduction to Codeless Deep Learning_— Webinar

« Workflow 1 — Simple CNN for Image Classification (1 Convolutional layer)

o Workflow 2 — Building CNN from scratch with Keras Layer nodes (2 Convolutional layer )

» Grayscale Image

o Image source: blogpost-1, blogpost-2



https://kni.me/w/0wR0TKBqHTcmn3y-
https://hub.knime.com/
https://www.knime.com/deeplearning
https://kni.me/e/XOee1uZPrzE36EPH
https://www.youtube.com/watch?v=onfU-YWDpgk
https://kni.me/w/36WcdmNbMvTeFHNC
https://kni.me/w/0wR0TKBqHTcmn3y-
https://en.wikipedia.org/wiki/Grayscale
https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53
https://brightonnkomo.medium.com/convolutional-neural-networks-part-4-the-pooling-and-fully-connected-layer-394ec01fb00d
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