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Abstract: Deep Belief Network is an algorithm among deep learning. It is an effective method of solving the problems from 

neural network with deep layers, such as low velocity and the overfitting phenomenon in learning. The learning of a DBN starts 

with pretraining a series of the RBMs followed by ne-tuning the whole net using backpropagation. Generally, the sequential 

implementation of both RBMs and backpropagation algorithm takes signicant amount of computational time to process massive 

data sets.  Available methods for classifications are support vector machines, quadratic classifiers, k-nearest neighbor, boosting, 

decision trees, neural network, learning vector quantization. From the above list, we use Neural Network for classification in this 

paper, Neural network is one of the most effective method for classification which are relatively rude electronic networks of 

neuron based on the neural structure of the brain. Neural network technique is either supervised or unsupervised. The supervised 

method contains algorithms like Back Propagation, Feed Forward, and so many. Deep neural network comprises more than one 

hidden layers which actually improves the accuracy in classification. The Deep belief network(DBN) is an unsupervised learning. 

It includes more than one trained RBMs. In this paper we implement DBN in large dataset (Readmission rate of Diabetic patients 

in medical data)  and observe the accuracy based on different test cases. 

 

IndexTerms - Deep Belief Network, DBN, Classification, large Dataset 

I. INTRODUCTION 

Classification is a data mining approach to prognosticate group membership for record instances. The goal of 

classification is to foretell the target class for each case in the data. Many classification methods are used based on 

applications. There are two main classification techniques supervised and unsupervised. In supervised classification set 

of possible class is known in advance. In unsupervised classification technique, the set of possible class is unknown, 

after classification we can assign name to the class. Some classification algorithms are Logistic Regression, Navie 

Bayies classifier, SVM, Decision tree, Boosted Trees, Random Forest, Neural Network, Nearest Neighbor. The 

classification block diagram showed in figure1. 

 

 

figure 1: Classification Block Diagram  

 

From the above methods we use neural network for classifying larger dataset. Neural network is composed of nodes, arranged in 

layers, which convert an input vector into some output. Each unit takes an input, applies a function to it and then passes the output 

on to the next layer. The standard neural network structure contains three layers. First one is input layer which is used to read the 

user dataset. The second layer is hidden layer, the activation function is implemented. The third layer is output layer which 
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denoted the class. Each neuron in each layer is connected and weighted. Weightings are applied to the signals passing from one 

unit to another and during the training phase; the weights are adjusted based on the output. The standard neural network 

architecture demonstrated in figure 2. 

 

figure 2: Neural Network Architecture 

 

Modification in neural network structure known as deep learning is introduced by many researcher to improve the classification 

accuracy. Deep learning referred to as “ Stacked Neural Network”, that is the network is composed of more than one hidden layer, 

the number of node layers through which data passes in a multistep process of pattern recognition. Deep learning networks 

capable of handling very large, high dimensional datasets with billions of parameters that pass through non-linear functions. The 

deep learning architecture is presented in figure 3. 

 

 

figure 3: Deep Learning Architecture 
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One of the most common deep learning architecture is Deep Belief Network (DBN). DBN is a generative graphical model, 

composed of multiple hidden units. When DBN trained on a set of training sets with output class labels, it can learn to 

probabilistically reconstruct its input.  The layers then act as feature detectors. After this learning step, a DBN can further trained 

with supervision by updating the weights to perform classification. In weight updating process the learning rate is used to 

diminish function of time, it is relevant to the error rate in each epoch, and also determines how much epoch is required to train 

the network based on the current values of the weights. 

II. METHODOLOGY 

Several Restricted Boltzmann Machines (RBM) can be stacked and trained in a greedy manner to form Deep Belief Network 

architecture. RBM is an unsupervised learning method which contains two layers: input and hidden layers. Each and every layer 

was constructed with nodes. The input nodes process the user dataset. The hidden nodes extract the multilevel features of the 

dataset. The connection between the input and hidden layers weighted parameters denoted by W [2]. DBN are graphical models 

which gain to extract a deep hierarchical representation of the training data. The graphical DBN is showed in figure. 4. The 

standard RBM is presented in figure. 5[2]. 

  

 

figure  4: DBN Graphical Model  figure 5: RBM Structure 

 

Let  𝑣𝑖(0≤i≤N) be a binary variable of input neurons, N is the number of input neurons, ℎ𝑖(0≤j≤M) be a binary variable of 

hidden neuron, where  M is the number of hidden neurons. The energy function  𝐸(𝑖, 𝑗) for input vector 𝑖 ∈ {0,1}𝑁 and hidden 

vector 𝑗 ∈ {0,1}𝑀 [2] is represented as  

𝑬(𝒗, 𝒉) = ∑ 𝒃𝒊𝒊 𝒗𝒊-∑ 𝒄𝒋𝒊 𝒉𝒋-∑ ∑𝒋𝒊 𝒗𝒊𝑾𝒊𝒋𝒉𝒋  (1) 

The joint probability distribution of 𝑣 and ℎ is represented as  

𝒑(𝒗, 𝒉) =
𝟏

𝒁
exp(-E(v,h)), Z=∑ ∑𝒉𝒗 exp(-E(v,h))          (2) 

Where 

 𝑏𝑖   𝑎𝑛𝑑  𝑐𝑖 are the coefficients for 𝑣𝑖 and ℎ𝑗 respectively, 

Weight 𝑤𝑖𝑗  is the parameter between 𝑣𝑖 and ℎ𝑗, 

Z is the partition function, 

http://www.jetir.org/


© 2018 JETIR  October 2018, Volume 5, Issue 10                                  www.jetir.org  (ISSN-2349-5162) 

 

JETIR1810713 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 92 

 

P(v,h) is a probability function, calculates sum over all possible pairs of visible and hidden vectors. 

       DBN copy the joint distribution between input vector v and the h hidden layers ℎ𝑘as follows  

𝑷(𝒂, 𝒉𝟏,….,𝒉𝒉)= (𝝅𝒌=𝟎
𝒉−𝟐 p(𝒉𝒌(𝒉𝒌+𝟏))  𝑷(𝟏𝒉−𝟏,…,𝒉𝒉)             (3) 

Where  𝑎 = ℎ0, 

                        𝑷(𝒉𝒌−𝟏| 𝒉𝒌)                                                          (4) 

 is a conditional distribution for the visible units conditioned on the hidden units of the RBM at level 𝑘, and 𝑷(𝒉𝒉−𝟏,𝒉𝒃)   is the 

visible hidden joint distribution in the RBM[2]. 

 

 

Algorithm for Training DBN 

Input: Dataset  

Output: Trained network 

Step 1: Train the first layer as RBM that models the input 𝑎 = ℎ(0) as its visible layer. 

Step 2: By using the first layer obtain representation of the input that will be used as input for the next layer 

 𝑝(ℎ(1)=1|ℎ(0) )        or        𝑝(ℎ(1)|ℎ(0)) 

Step 3: Train the second layer as an RBM 

Step 4: Repeat step 2 and step 3 for all the number of layers  

figure 6: Algorithm for Training Deep Belief Network 
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figure 7: Block diagram of DBN algorithm 

The figure 7 presents the block diagram of DBN in which the input samples are trained based on the DBN in which the weights 

are updated and the results are compared to the misclassification errors and finally display the classification accuracy.  Training 

and Testing: Basically individual DBN is pre-trained using contrastive divergence. The pre-training process used to get faster 

convergence at the fine tuning stage. Testing process is used to determine how the network is trained based on the testing 

samples.  

III. EXPERIMENTAL RESULTS 

The proposed method has been implemented by R tool .This section will demonstrate the performance of DBN on medical dataset 

(Readmission rate of diabetic patients) for different test cases. 

Readmission rate of diabetic patients in medical dataset: This dataset used to classify the diabetic patients readmission rate in the 

hospital. It classifies the patients readmission as NO,>30 and <30. It includes 100000 instance and 51 attributes. The datasets are 

trained and tested in various aspects of depth with the three test cases. In the first case, the training process includes 

approximately 60000 instance (60%) and testing process includes 40000 instance (40%). In the second case, the training process 

includes approximately 70000 instance (70%) and testing process includes 30000 instance (30%). In the third case, the training 

process includes approximately 80000 instance (80%) and testing process includes 20000 instance (20%). The accuracy for three 

test case  are discussed on the Table 1. figure 8 demonstrates the accuracy chart for medical dataset with three test cases.  The test 

cases with 4 or more hidden layers indicate that too deep architecture brings opposite effect. The error rate for the training 

datasets are visualized in figure.9 with learning rate of 0.04 and depth =3. 
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Table 1: Accuracy for medical dataset 

 

 

 

 

figure 8: Accuracy based on different test cases with learning rate=0.04 

 

 

Fig. 9: Error rate based on learning rate=0.04 depth=3 
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TEST CASE 1 TEST CASE 2 TEST CASE 3 

Accuracy 

in DBN 
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in DBN 

 Training Time Accuracy 

in DBN 

 Training Time 

1 59.12 1007.8 62.09 1019.7 63.7 1027.5 

2 61.72 1021.61 64.57 1024.1 65.98 1031.7 

3 63.87 1029.4 66.71 1028.4 68.36 1039.5 

4 62.75 1038.4 64.8 1032.48 66.8 1041.8 

5 61.69 1045.91 63.7 1038.7 65.14 1057.9 
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IV. CONCLUSION 

In the above experimental results the Deep Belief Network algorithm is implemented on medical dataset and obtain the accuracy 

based on different test cases. In future we add the learning rate decay to the weight updating process to obtain high accuracy and 

less training time. 
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