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Abstract: One of the most common issues of old age is 

the loss of memory and when it becomes serious enough 

that it starts impairing our daily lives the condition is 

called Dementia; the most common being Alzheimer’s 

disease. Though many bioinformatics tools are used for 

the diagnosis of the disease but there is no one definite 

tool which can help in the early prognosis of the disease. 

In this study critical gene selection has been carried on 

the dataset of the affected individuals; the dataset consist 

of the genes and the total number of genes available in 

the dataset is 33,297. The columns represent the affected 

individuals and the number of samples present here is 79. 

A small subset of genes have to be generated which can 

be said as disease critical. Meta- heuristic approaches 

such as Variable Neighborhood Search (VNS) and 

Differential Evolution (DE) are used for reducing the 

search space as the dataset having 33297 genes involves 

a large search space. Along with the meta – heuristic 

approaches a classification algorithm has also been used 

that is k Nearest Neighbor (kNN) then their performance 

is compared. kNN is used for scoring the genes and the 

neighborhood structures. It is seen that DE performs 

better than VNS in terms of both highest score and 

execution time. 
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1.  Introduction 

 

In the past few decades an increase in the average human 

life span has been witnessed. This surge was possible due 

to the modern and advanced health care. But with the rise 

in life span a problem has also come into surface – 

various diseases specially seen on the later ages. One of 

such disease is dementia 
[1], [2]

. Dementia can be thought 

of as a disease which decays our mental ability serious 

enough to interfere with our daily intellectual lives. Many 

people face memory loss issues but that does not mean all 

of them are suffering from dementia. Though the 

symptoms of dementia vary greatly but at least two of the 

following abilities must be severely weakened to be 

considered dementia: (i) Memory, (ii) Communication to 

concentrate and pay attention, (iii) Reasoning and 

judgment and (iv) Visual Perception. 

 

2.  Gene Ranking By Sample Classification 
 

The dataset of this paper has been obtained from the 

public open access Gene Expression Omnibus (GEO) and 

it consists of 33,297 genes of 79 affected people. The 

dataset mimics a matrix format with the genes (G1, G2, 

G3, …., Gm) as row headers and the column headers are 

the samples (S1, S2, S3, …, Sm). The samples are the 

affected individuals. In the Figure 1 a depiction of the 

arrangement of the dataset is shown. 

Each entry e11
N
, e12

N
 of the dataset is a floating point 

number where m is the number of samples and n is the 

number of genes present in the dataset. Here the number 

is affected individuals is m = 79 and the number of genes 

is n = 33,297. The aim of this project is to select a small 

number of genes that can be considered as the most 

critical for the Alzheimer’s disease. 

The gene selection in this project can be considered to be 

an optimization problem where from the entire 

population of a 33,297 genes a smaller subset of genes 

(here 30) is said to be mostly responsible for AD. Scores 

are given to the genes with the help of a classification 

algorithm 

named kNN. The ways in which 30 genes can be selected 

from 33,297 genes is very large; in C
33297

30 dissimilar 

ways. So to obtain an optimized search space for gene 

selection, meta- 

heuristic algorithms such as VNS and DE are used 

separately. 

  

3.  Methods 

 

The selection of the genes has been accomplished using 

two separate methods: VNS with kNN and DE along 

with kNN. In either case the gene selection is achieved 

by the help of meta-heuristics (VNS or DE); the ranking 
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and scoring of the genes of the dataset has been done by 

kNN. 

  

A.  Scoring of the genes using kNN 
 
A protocol for the sample classification is obtained from 
the dataset; this is mainly used for classifying the 
unknown samples. This method is known as the 
supervised learning. Except kNN 

[17]
, some of the other 

well-known supervised learning techniques are Support 
Vector Machines 

[18]
 (SVM), Probably Approximately 

Correct Learning 
[19]

 (PAC learning). 
In this paper, kNN has helped in the training purpose In 
the dataset from each gene to every other gene the 
distance is calculated with the help of the distance metric 
Euclidean Distance. Calculation of the Euclidean distance 
D (si

k
, sj

k
) between two samples si

k
= {a1,i

K
, a2,i

K
, ….., 

In the dataset for a particular si
k
, all the other sj

k
 are sorted 

in descending order depending upon their distance with 

si
k
. Here kNN is used for scoring the genes and the 

algorithm is given: 

 

Algorithm (kNN) 
Step 1) for each sample si

k
 in the dataset, i = 1 to (2 * m) 

do 
Step 2)j = 1; 

Step 3)while (j ≤ 2 * m) do { 

Step 4)if j ≠ i then 

Step 5)Find the Euclidean Distance D (si
k
, sj

k
) between si

k
  

and sj
k
  using equation (1) 

Step 6)end if 

Step 7)j = j + 1; 

Step 8)end while 

Step 9)Sort the samples based on the distance D (si
k
, sj

k
) 

in descending order; 

Step 10) end for 

 

B.  Variable Neighborhood Search (VNS) 
 

VNS is an example of meta-heuristic search, which unlike 

other search algorithms, does not follow any trajectory, 

and instead explores the search space for a better solution. 

It shifts from its’ present solution to the next if and only if 

any advancement is made. VNS basically works on three 

main perceptions 
[22]

: (a) the local minimum of a 

neighborhood structure may not be the local minimum of 

any other neighborhood structure; (b) the global 

minimum is the best local minimum of all the perspective 

neighborhood structures and (c) the local minimum of 

one neighborhood structure may be equal or very near to 

local minimum of another neighborhood structure. 
The VNS starts with the dataset where each gene (gi) is 

already scored and ranked with the help of the kNN 
algorithm. A neighborhood structure N (gi) containing V 

neighbors is formed for each gi. A neighbor gi
’
 is 

randomly selected from the neighborhood structure. A 
neighborhood structure of gi

’
 is formed. Each member in 

the neighborhood structure is assessed with the help of an 
objective function. The top neighbor is termed as gi

’’
 

which can be considered as the best local minimum; gi
’’
 is 

compared to gi in terms of the scoring. If gi
’’
 is better 

compared to gi, then gi will be replaced. The process 
continues to create the best neighborhood structure in 
terms of score. 
In this paper, the genes are scored according to the 
numerical present in the dataset. The highest number of a 
gene among all the individuals is considered as the score 
of that particular gene. 
Each neighbor of gi, gi

’’
 is created in the following way: 

copy gi into gi
’’
and replace a single gene from gi

’
 from the 

dataset which is not present in gi
’
. Here the objective 

function that is used is the classification algorithm kNN. 
The algorithm is given below: 

 

Algorithm (VNS) 
 
Step 1) D = {G1, G2, ……., G33297}; 

Step 2) Calculate the score of each gene gi € G with the 

help of kNN. 

Step 3) Form a neighborhood structure N (gi) for each gi 

containing V neighbors; 

Step 4) for i = 1 to 33297 do 

Step 5)for j = 1 to V do 

Step 6)Determine the score of each neighbor gj € N (gi) 

by using kNN; 

Step 7)end for 

Step 8)Sort every neighbors of gi in N (gi); 

Step 9)tj
*
 = topmost neighbor in N (gi); 

Step 10)if score (tj
*
) > score (gi) then 

Step 11)gi = tj
*
 

Step 12)Sort all gi in descending order; 

Step 13) end for 

 

C.  Differential Evolution (DE) 
 

Differential Evolution 
[23], [24], [25]

 can be considered as an 

Evolutionary Algorithm. Several problems have objective 

functions that are non-differentiable, non-linear and not 

continuous which make them very difficult to solve. DE 

can be used to solve these problems; it is used as an 

approximation algorithm. Differential Evolution 

algorithm does not guarantee the best or the optimal 

solution, instead it keeps on exploring the candidate 

solution for a better solution. DE is recognized as one of 

the best genetic type algorithms that work with real 

numbers and it is most well-known due to its simplicity, 

speed of calculation and the robustness. 

[20], 
[21] 
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The working of the DE is very simple where initially it 
maintains two arrays- both are of real valued. The 
primary array consists of the original dataset – the 
present population and the secondary array is the array 
that contains the vectors obtained for the next iterations. 
Every pair of vectors (Va, Vb) basically represents a 
vector differential (Va - Vb) where Va, Vb are chosen 
randomly and their difference actually generates a third 
variable Vc. All three of these variables are unique to 
each other. The calculation can be thought as the formula 
(2). 

Vc
’
 = Vc + F(Va - Vb) (2) 

 
The scaling factor F is usually a user defined floating 
point between 0.5 and 1.0. The algorithm is described 
below: 
 

Algorithm (DE) 
 
Step 1) S = [G1, G2, …….., G33297]; 

Step 2) Form a population P containing A solutions, each 

of which Ai € P, which are said as agents by choosing G 

gene labels randomly from S; 

Step 3) Evaluate score of each Ai using kNN algorithm; 

Step 4) while concluding criteria not met do 

Step 5)for i = 1 to A 

Step 6)Choose three genes g1, g2, g3 randomly such that i 

≠ g1 ≠ g2 ≠ g3; 

Step 7)Compute the variable Vc with the help of formula 

2; 

Step 8)Produce an empty List Ei consisting of the D 

elements; 

Step 9)for j = 1 to D do 

Step 10)Generate random value v within 0 and 1; 

Step 11)if (v < C ) then eij = mij     //C is user defined cut 

off 

Step 12)else eij = aij 

Step 13)end for 

Step 14)Evaluate the score of each agent using kNN; 

Step 15)If score (Ei) > score (Ai) then Ai = Ei; 

Step 16)end for 

Step 17)end while 

Step 18) Rank the agents Ai; 
 

4.  Results and Discussion 
 
In this paper the dataset that has been used is obtained 

from the NCBI’s public open access site  
Gene Expression Omnibus 

[26]
 (GEO). It is a dataset 

containing human genes who were diagnosed with 
Alzheimer’s Dementia; the dataset consists of 33,297 
genes of 79 affected individuals. 

Two meta-heuristic approaches have been used to 

reduce the search space and find the critical genes 

which are the most responsible for causing AD. The 

meta– heuristics that have been used here are Variable 

Neighborhood Search (VNS) and Differential Evolution 

(DE) along with the pattern recognition technique kNN 

algorithm for scoring the genes. A comparative study 

has been accomplished to see which of the meta-

heuristic approach is faster. 

 
A.  Experiment of VNS with kNN 

 

Algorithm VNS is executed on the dataset containing 

33,297 affected genes. The algorithm is executed with 

different values of neighborhood size. The number of 

genes that are selected and shown are 30. Table 1 

depicts the performance of VNS along with kNN and of 

different neighborhood sizes although as seen in the 

table there is not much difference in the execution time 

or the highest score. Thus it can be concluded that not 

much depends on the neighborhood size. 

 

Table1. Performance of VNS along with kNN of 
different neighborhood size 

 

 
 

B.  Experiment of DE along with kNN 

 

Like VNS, DE is also executed on the dataset with total 

initial population of 33,297 genes. It is executed 3 times 
separately with 3 disparate size of the population. Here 

also 30 genes are selected and shown. Table 2 depicts the 

performance of the DE approach along with kNN that has 

been done on different population size. Here also the 

number of genes that are selected and shown finally are 

30.  

 

Table 2: Performance of Differential Evolution along 

with kNN of different population size 

 

 

 

 

 

 

 

Size of 

neighborhood 

Execution Time 

(in seconds) 

Highest 

Score 

5 79 12.33262 

10 77 12.30094 

15 78 12.296 

Size of the 

Population 

Elapsed 

Time (in 

seconds) Best Score 

30 29 15.5868 

40 28 15.1263 

50 32 19.6875 
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C.  Comparative Study and Discussion 

 

In this paper, two experiments have been seen separately; 

two meta – heuristic algorithms are run independently 

along with kNN, with different neighborhood sizes and 

population size and the best performance of the 

algorithms are recorded. 

Both the VNS and DE algorithms have been run on the 
dataset containing 33,297 genes of 79 affected 
individuals and the number of genes selected and finally 
shown are 30. As shown in Table 3, DE is faster than 
VNS and DE outperformed here 
 
Table 3: Comparison between the performance of VNS 

and DE 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Graphical representation of VNS and DE 

performance 

 

5.  Conclusion 
 

Alzheimer’s disease is a serious chronic disease which 

becomes worse over time. During the pre-clinical stage it 

was discovered that though at this time no symptoms 

arise but the brain starts developing toxic changes 
[27]

. 

Though one of the most important symptoms of 

Alzheimer’s is memory loss, many people show a 

condition Mild Cognitive Impairment (MCI) along with 

decline of memory capacity. In MCI the individuals show 

memory loss more than they should at a particular age. 

From the original dataset of individuals affected with 

Alzheimer’s containing 33,297 genes, we have 

distinguished a smaller subset of genes as the critical 

genes for causing the disease. The columns are 

considered as the samples as the columns represent the 

individuals. Gene selection is performed here using two 

different meta – heuristic approaches, namely, Variable 

Neighborhood Search (VNS) and Differential Evolution 

(DE) along with the classification algorithm k Nearest 

Neighbor. The genes are given scores using kNN. In the 

experiment it has been that DE has outperformed VNS 

both in terms of best score and execution time. 
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