
Step 2: Laplacian Matrix 
There are various types of Laplacian matrices, but for this research project we defined 
our matrix as 
 
where D is the degree matrix and S is the similarity matrix. Because L always has row 
sums of zero, we determined D by putting the row sums of S on the diagonal and zeros 
in every other place. Thus, L contains only positive numbers on the diagonal while 
every other place contains the negative value of S. The Laplacian matrix is a very special 
kind of matrix because it is symmetric and positive semi-definite, which means that its 
eigenvalues are real and non-negative. This makes determining the eigenvalues and 
eigenvectors of the matrix simpler, which is important for the Fiedler’s method. 
 
 
 
 
 
 
 
 
                                                 Figure 3 shows the first three columns of the Laplacian Matrix. 

Introduction 
Network Medicine is a new and evolving field that utilizes mathematical 
concepts to create biological networks in an attempt to better prevent, diagnose 
and treat various diseases. This research project focused on applying the 
concepts of network medicine to better understand and detect the early warning 
signs of a deteriorating patient. With the help of Christiana Care Hospital, three 
randomly selected sets of data containing 50 de-identified inpatients was 
organized into a vector with the end goal being to cluster the  
patients into groups. For example, Figure 1 illustrates the  
clustering of a graph network and Figure 2 illustrates the  
separation of three different types of points into similar  
groups. 
 
 
 
 
 
 
                                                               Figure 1                                  Figure 2 

Investigations in Network Medicine 
Nicole DiPasquale, Sebastian Cioaba, Muge Capan 

University of Delaware, Department of Mathematics, Newark, DE 19717 �

Step 1: Measure of Similarity 
There is no proven best clustering method so we chose to use the Euclidean 
distance, which measures the similarity between two data points and is 
commonly used in clustering analysis. If two data points, p and q, are given in n-
dimensional space, then the distance from p to q is given by  
 
 
 
The Euclidean distance was measured between each patient, represented by the 
data points, and among their characteristics, represented by the n-dimensions of 
each point. Each dimension represented a specific static characteristic such as 
age, gender and comorbidity-related features of the individual patient. These 
values were then organized into a m x m matrix, with m representing the 
number of patients, also known as the similarity matrix.                                                        
 
 
 
 
 
 
 
     
                                       Figure 2 shows the first three columns of the similarity matrix. 

Step 3: Fiedler’s Method 
After determining the eigenvalues and eigenvectors of the Laplacian matrix, Fiedler 
showed that the eigenvector corresponding to the second smallest eigenvalue, called the 
Fiedler vector, can be used to divide the data points into clusters. By looking at the 
Fiedler vector, the clusters are formed by placing the rows with the same sign into one 
cluster and the others into a different cluster.  
 
 
 

  
  Figure 4 shows Fiedler’s Vector 
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Result 2 
 
 
 
 
 
 
 
 
 
 
 
 
             Table 2 shows the means and standard deviations between the two clusters characteristics for data 2 
                

Result 1 
 
 
 
 
 
 
 
 
 
Table 1 shows the means and standard deviations between the two clusters characteristics for data 1 with statically 

significant differences highlighted in yellow. 
 

Future Research 
We believe that this project could be furthered by including dynamic characteristics 
of the patients rather than just focusing on static data. Dynamic values, such as vital 
signs, could give the researcher a better idea of the patient’s deterioration because it 
would illustrate how the patient was changing over time.  

Result 3 
 
 
 
 
 
 
 
 
 
 
 
              Table 3 shows the means and standard deviations between the two clusters characteristics for data 3               
  

Additional Methods 
K-Means 
This method is a widely used technique of clustering, but  
some believe that it is outdated and imprecise and  
therefore we did not use this method.  
 
 
 
 
 
Spectral Clustering 
Although a more recent approach to clustering, many believe that spectral clustering 
outperforms other clustering techniques like the K- Means algorithm. This algorithm is 
more complex and would be used to further the project. 
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