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Abstract—Gene Ontology (GO) is a systematic taxonomy that 
employs organize languages to explain the biochemical 
activities, functional activities, including tissue placements 
underlying transcription factors. Gene Ontology (GO) markers 
link proteins to GO concepts as well as show which genetic 
variants perform the physiological activity specified by the 
words. Forecasting proper GO descriptors for individuals from 
a large number of GO words specified by GO, on the other 
hand, would be a challenging task.To address these issues, 
researchers present a conceptual approach for functional 
genomics predictions involved in Gene Ontology Hierarchical 
Preserving Hashing (Phish). Phish begins by comparing the 
taxonomy homology of GO keywords. It all then optimizes a 
succession of hashed algorithms to store huge GO concepts via 
a small binary format, using a hierarchal structure scrambling 
method to maintain the hierarchical system between GO 
words. Following that, Phish uses those scrambling techniques 
to transfer the gene-term connection matrices into a cheaper 
region, where it conducts lexical resemblance gene function 
estimation. Phish outperforms existing similar methods as well 
as being resistant to the number of encryption schemes, 
according to experimental observations on 3 model organisms 
for intercultural gene function forecasting. In particular, 
researchers use Phish as a BLAST-based gene function 
forecast component. According to the findings of the 
experiments, Phish greatly enhances forecasting accuracy. 

Keywords: Gene Ontology; Hierarchy Preserving Hashing; gene 
function; Phish Technology 

I. INTRODUCTION 
 Most biological activities, including those of metabolic, 
hormone control, including cell signaling, rely on genetic 
variants, including such enzymes including RNAs [1]. 
Medication research, illness research, gene collection 
expression values, as well as other disciplines, could benefit 
from detailed information on all these genetic variants. 
Moreover, because detecting the gene functions using wet-
lab approaches was labor-intensive, costly, as well as 
limited bandwidth, operational classifications of genetic 
variants lagged substantially while behind the speed of 
acquired genetic information [2-4].Moreover, the 
operational classifications of genomes were influenced by 
biologists' research goals, including experimentation morals 

including people and animals. As a result, developing 
mathematical algorithms to effectively as well as accurately 
identify genetic activities was highly necessary.GO was 
created as a collaborative attempt to enable computerized 
gene function forecasting as well as to organize biological 
material of genes as well as their metabolites in a formalized 
as well as uniform manner among genomic information [5]. 
The Gene Ontology (GO) would be a collection of concepts 
as well as a foundation for describing the activities of 
genetic variants across all species. The GO research was 
made up of two parts: the Ontology, which uses a directed 
acyclic graph to organize GO words, hierarchical structures, 
and goes markers, which link proteins but rather gene 
products to GO concepts [6].  

 A GO word in the DAG denotes higher specific 
operational information than its progenitor words. If a GO 
word was associated with a gene, its ancestor phrases also 
were associated with that gene, but not another way around. 
On the other side, if a word must not be attributed to a gene, 
then neither would its descendent words [7]. In the field of 
gene function, structural similarity-based techniques have 
been intensively researched. Those approaches were 
predicated on the fact that semantic relatedness produced 
from gene GO classifications correlates with familiarity 
estimated from a variety of biological information, including 
such sequencing, gene expression patterns, as well as 
posttranslational modifications [8]. These primarily aim to 
fill up gaps in GO classifications imperfectly identified 
genes [9].The structures of GO descriptors could be 
designed to estimate gene function using a tree structure or 
perhaps a Bays classifier coupled to the data. However, to 
effectively estimate the likelihood function between GO 
words, such a template method requires enough annotations 
[10].  

II. RELATED WORKS 

 As a result, it is incompatible with sparse words 
assigned to less than 30 genes. In practice, the majority of 
GO words were sparse words; with various GO words 
having varying amounts of associated genes, as well as the 
amounts are quite unbalanced. Because sparse words convey 
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a higher precise basic understanding than their parent 
phrases, which have been linked to many more genes, it's 
preferable to forecast the future relationship among sparse 
words as well as genetic mutations. To consider explicitly, 
researchers employed the GO structure to calculate the 
relationship between GO words as well as put the results 
into a gene function predictions algorithm [11]. Their 
research shows that integrating the relationship would 
increase forecasting accuracy greatly, particularly for sparse 
GO keywords. Many gene GO classifications were 
imperfect, and fresh GO classifications were added to those 
same proteins on a constant schedule. To predict empty gene 
GO annotations, a randomized walking systematic model 
has been used [12]. It must be motivated by the finding that 
the GO words refilled to a gene usually match the 
grandchildren of the words previously ascribed to the genes. 
That approach also generates additional labels for a gene 
depending on the characteristics of its conceptual 
surrounding genes as well as the predicted identifiers [13] to 
take the benefit of annotation from other genes.Just GO 
evaluations of genes from the very same genus have been 
used to evaluate those linguistic resemblance alternatives. 
Because God would be the genus and therefore can tag 
genetic variation, species with the same GO concepts, the 
semantic relationship among genes across various organisms 
may also be assessed [14].  

 These investigations reveal that GO comments from 
separate species were complementing to be together, but 
also that the forecast performance improvement was clear 
for two varieties with strong homology; however, the 
increase was insignificant for two varieties having poor 
homologous recombination.The abovementioned conceptual 
techniques can't effectively quantify the semantic 
relatedness among genes having regard to huge GO 
keywords based on partial as well as sparse GO 
classifications [15]. Large GO keywords also are a problem 
for gene function forecasting models that combine 
heterogeneous biological information.The GO hierarchy 
could be utilized to make reliable forecasts as well as 
increase forecasting accuracy dramatically. These GO words 
reduction approaches essentially use the GO hierarchy 
largely represented by the gene-term interaction matrices 
explicitly as well as convert the GO DAG into an undirected 
one to make management sets. As a result, those who do not 
follow the GO structure well enough, negatively affected 
[16]. Humans present a computer methodology based on 
GO Phish for functional genomics estimation to overcome 
the difficulties with existing GO words pressure methods. 
The fundamental goal of Phish would be to solve the 
problem of accurately guessing gene-to-massive-GO-term 
correlations. Phish could not only retain the hierarchy 
system areas And provide words in a cheap environment but 
rather the taxonomic homology between GO words, 
increasing the accuracy of gene function forecasting in that 
storage. 

III. PROPOSED METHODS 
 To evaluate taxonomic resemblance among words as 
well as preserve the GO hierarchy, Phish initially utilizes a 
meaningful biological matching score. Then it uses a ranked 
team scrambling method to optimize a set of scrambling 

algorithms that could keep GO words' similarities as well as 
their structures of power. The gene-term correlation 
matrices were subsequently compressed into a low-
dimensional one using these cryptographic 
techniques.Following that, Phish uses the compressing gene-
term interaction matrix to quantify semantic relatedness 
among genes as well as guesses activities of a gene 
depending on descriptions of its semantical neighbors. 
Those forecasts then were projected return to the initial GO 
words universe, resulting in the formation of gene-to-
massive GO term relationships.  

 The goal of scrambling would be to learn information 
as well as task-specific hashing algorithm that produce 
compressed digital signals while maintaining the original 
information's comparable associations. Phish, on the other 
hand, seeks to represent huge GO keywords using 
compressed binary digits that maintain both the taxonomic 
identity and the structures of power among those. 
Researchers employ Lin's resemblance throughout this 
research, which would be a sample taxonomic measurement 
extensively used during hierarchical Ontology. To 
accomplish a purpose, researchers utilize a well-known 
metric called Standardized Discount Cumulative Benefit to 
assess the integrity of the hierarchical ordering leaderboard:  
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 Humans could see from the approximations in 
Equations (1) & (2) That NDCG favors phrases having 
smaller ranking commands over words with big rating 
values. As a result, rather than include all my words, NDCG 
was frequently cut at a specific order of popularity. Because 
the deepest point of branch words in the GO structure was 
currently 15, q could essentially be set to 15. The bigger the 
NDCG number, the further the scrambling algorithms 
coincide with the priority order, according to the 
specification of NDCG.Whenever the Distance measure 
between GO words generated respective individual hashes 
was entirely consistent with hierarchy structure as well as 
mutual information among tea as well as other words, the 
maximum NDCG score was reached.By maximizing the 
NDCG measurement, the desired scrambling algorithms 
could guarantee that the scrambling algorithms were 
compatible with the taxonomy resemblance of GO words, as 
well as preserving the relative ranking of GO aspects. The 
NDCG across m GO periods was maximized as follows, 
depending on the above order to prepare: 
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IV. RESULTS AND DISCUSSIONS 
 To assess the effectiveness of Phish-based cross-species 
gene function forecasting, researchers performance 
management process in a medieval to current manner. The 
previous comments seem to be the GO annotations of 3 
model organisms completed on 2020-05-07, while the latest 
comments seem to be the GO evaluations completed on 
2021-09-01. Researchers use previous identifiers to educate 
Phish as well as create gene function predictions, as well as 
then we could use contemporary identifiers to confirm the 
predictions. Humans obtained the historical and current GO 
classifications from Gene Ontology simultaneously, as well 
as the current ontology documents. 2 GO adheres to the 
standard of annotating genetic instructions at every genus 
database to some of the most relevant and comprehensive 
levels in the ontologism that accurately reflects the biology 
of the gene product; straight comments were interpretations 
that have been available immediately in the reference 
documents.Humans additionally annotation all the parent 
words of direct connections of a gene to the very same gene 
using the True Path Rule. Humans exclusively utilize words 
accessible, including both preserved Ontology data during 
trials to minimize the influence of GO modification, as 
performed in CAFA. 

V. COMPARATIVE EXAMINATIONS 
 Baseline as well as Baseline explicitly calculates the 
semantic relatedness among genes in the same GO words 
field using the Based feature selection as well as a Cosine 
measurement approach, and afterward, utilize a comparable 
KNN classifier as Hash GO as well as InterGFP for 
functional genomics estimation. ClusDCA seems to be a 
variation of Cloudscape that employs SVD to condense the 
Gene Ontology mapping function into a cheap environment 
before doing gene function estimation in the reduced area, 
similar to HPHash as well as Hash GO.hash seems to be a 
variation of Phish that seeks cryptographic techniques 
immediately using a clustering algorithm of GO instead of 
using Lin's resemblance. Because the correlation between a 
nongenetic as well as other genes was 0, those approaches 
cannot identify activities for genes which annotation was 
wholly unexplained. 

 As a result, researchers confirm Plash’s efficacy in 
sequencing information functional genomic forecasting, 
which may also generate predictions for genes that seem to 
be essentially annotated. Researchers use Phish to condense 
the wide gene-term correlation matrices into a cheap 
version, as well as BLAST to calculate sequence identity 
across genes, before estimating the model depending on the 
collapsed relationship matrices as well as pattern 
similarities. Humans utilize Rank Loss rather than 
RankingLoss to keep these things comparable to the rest of 
the assessment criteria. Throughout this approach, the 
greater the efficiency, the greater the value of all of the other 
evaluation criteria. Humans select the most suitable q 
conditions with the biggest probabilities as the appropriate 
words of a gene, as well as q has been equivalent to the 
expected amount of captions of a gene, as completed in an 
earlier study, as well as humans recognize the top q 

conditions with the biggest probabilities as the appropriate 
words of a gene, as completed in a past analysis. 

 Some measures appear to be related simply to the 
projected numerical connection matrices. Because all these 
measures assess gene function predictive performance from 
either a variety of perspectives, it's challenging for one 
technique to regularly beat others throughout all measures. 
To compare as well as quantify the efficacy of refilling GO 
descriptions of largely characterized genes, researchers 
perform research on GO classifications of 3 model 
organisms stored in various decades.  

TABLE 1. PREDICTION ON ARCHIVED GO ANNOTATION 

Empty Cell Empty Cell (Ham) (Cos) (BMA) (G) Empty Cell (G) Empty  
Cell 

MicroAvgF1 BP 1.326 5.8278 1.3267 1.322 1.3306 1.3178 1.3571 

MF 1.326 1.3782 5.869 1.3642 1.3683 1.3615 1.4065  
CC 1.3696 1.3496 5.8251 1.3399 1.3487 1.3209 1.3651  

MacroAvgF1 BP 1.3252 5.8479 1.3341 1.3174 1.3486 1.3275 1.3653 

MF 1.332 1.362 5.8455 1.3433 1.3593 1.3389 1.3891  
CC 1.2798 1.3324 5.8063 1.3155 1.303 1.2909 1.3501  

AvgAUC BP 1.4324 5.9209 1.4267 1.4319 1.433 1.4276 1.4384 

MF 1.4326 1.4181 5.9277 1.4325 1.4299 1.426 1.4516  
CC 1.4243 1.4078 5.9156 1.4234 1.4253 1.4236 1.4345  

Fmax BP 1.33 5.8558 1.3569 1.3607 1.372 1.3634 1.4049 

MF 1.4082 1.4288 5.8679 1.4208 1.4223 1.4223 1.4463  
CC 1.3831 1.4018 5.8639 1.3808 1.389 1.3891 1.4194  

1 − RankLoss BP 1.3451 5.8851 1.3537 1.3824 1.3906 1.3534 1.4558 

MF 1.3892 1.4308 5.8906 1.4136 1.4173 1.4059 1.4754  
CC 1.3499 1.4054 5.842 1.3967 1.4001 1.3827 1.4555  

AvgPrecision BP 1.2902 5.7972 1.2912 1.283 1.2941 1.2791 1.3542 

MF 1.3677 1.3945 5.8562 1.3624 1.3662 1.3607 1.4256  
CC 1.3208 1.3608 5.8147 1.3295 1.3417 1.3092 1.3788  

MCC BP 1.3365 5.8592 1.3446 1.3308 1.3596 1.3405 1.375 

MF 1.3426 1.3726 5.8557 1.3546 1.3699 1.3515 1.3977  
CC 1.2903 1.3422 5.8158 1.3149 1.3262 1.3044 1.36  

Smin ↓ BP 20.79 24.3039 14.0866 8.1719 7.7425 12.9943 5.8751 

MF 2.3713 2.4523 7.2884 2.2527 2.2134 2.2134 1.8398  
CC 3.0564 3.0403 7.6051 3.0542 3.1048 3.0254 2.693  

 

 The revised GO classifications of every species stored 
in 2021 have been used to verify the predictions, and go 
classifications of these creatures stored in 2020 were utilized 
to build gene function, forecasting models. 

 The neighborhood size k is set to 300; the password bits 
duration d was adjusted to 60, the parameters were set to 
0.1, as well as the variable was adjusted to 0.01. Those 
settings have been set as indicated by the researchers in the 
primary documents. The neighborhood, as well as 
dimension parameters for the methods based, are much like 
before. Table 1 of the Support and contribution contains the 
documented experimental data among those contrasting 
approaches.The boldface information within every column 
among those figures seems to be the best possible result 
from multiple methodologies of comparative. Across all 3 
species, including across practically all assessment methods, 
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Phish beats alternative comparative approaches in 
identifying gene function, as shown in the following figure. 
Hash GO, similar to Phish, utilizes network cryptographic 
algorithms to compress the gene-term connection matrices 
into a low-dimensional another before doing semantically 
resemblance gene function forecasting; however, it often 
falls short of Phish. 

 These findings demonstrate that the selected GO 
hierarchal structure scrambling method outperforms Hash 
GO as well as cloudscape in respect of research including 
using hierarchical structural linkages among huge GO 
words. Another intriguing discovery would be that Phish 
usually fails to Phish, even though they might equally 
preserve the GO words' hierarchical structures.The reason 
seems to be that Phish employs the GO dense mapping 
function, which really only stores the family link areas and 
provides words and does not properly store additional 
genetic heritage connections. S, on the other hand, has been 
used by Phish to store not just too genetic heritage links 
areas and providing words, as well as other types of 
associations. Although those who utilize a comparable KNN 
classifier like Phish to forecast genes involved, two control 
techniques yield similar outcomes with everyone, plus those 
who frequently maintain similar findings using InterGFP. 
This seems to be because those same three techniques 
employ the high dimension dense GO words universe to 
quantify the semantic relatedness of genes as well as 
forecast genes involved. This finding implies that the 
strength of semantic interaction calculated using huge GO 
words suffers from superficial as well as inadequate 
annotating, but the semantic relatedness generated from 
condensed Y suffers less. The findings for Fax, Smin, and 
MCC on Early humans were seen in Fig.1 (a), (b), (c) of the 
Resulted. Phish was extremely resistant to hashing bits 
sized, or perhaps the complexity of a compacted gene-term 
correlation matrix. Such consists of results, on the other 
hand, were susceptible to do and then have oscillations 
inside the examined d ranges. Furthermore, researchers find 
that Phish facilitates movement, steady sometimes at d = 5 
as well as d = 10, and that this is untouched by password 
mismatch. These findings show that high numbers of GO 
words could be represented using simple binary frequent 
patterns, and that certain GO word seems semantically 
related enough to be combined. In reality, researchers 
investigated the responsiveness of d in two additional 
organisms; the experimental findings reveal identical 
interpretations of the results, and they've been deleted from 
this paper to conserve content. Humans could deduce from 
either of these results that specifying an important 
performance value of d using HPHash was simple. 

 
Fig.1(a). Sensitivity analysis of hash codes length 

 
Fig.1(b). Sensitivity analysis of hash codes length 

 
Fig.1(c). Sensitivity analysis of hash codes length 

 The outcomes on Homo sapiens for various k input 
parameters were seen in Fig.2 of the Supplemental Material. 
Humans could see that the initial value of k seems to have 
little effect on Phish. Many comparative approaches, from 
the other side, were susceptible to k. Moreover, selecting an 
efficient k for most of these comparison techniques was 
difficult since there is no definite trend for selecting an 
appropriate k that produces superior Fax, Sin, and MCC. 
Phish, on the other hand, was essentially unaffected by 
k.The excellence of Phish could be credited to the GO 
power structure conserving hash functions, which could also 
effectively start exploring as well as implement the 
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relationship existing between GO aspects, allowing for a 
more precise measurement of similarity measures among 
genes, including the replenishment of GO captions as well 
as the reduction of the influence of imperfect captions. 
Humans could deduce from all these findings that choosing 
an efficient k for Phish was simple. 

 
Fig.2(a) . Sensitivity analysis of neighbor size k. 

 
Fig.2(b) . Sensitivity analysis of neighbor size k. 

 
Fig.2(c). Sensitivity analysis of neighbor size k. 

 Fig.2 (a), (b), (c) displays that BLAST + Phish 
outperforms BLAST regularly. Since the previous gene-
term affiliation structure would be a sparse matrix as well as 
the compact somebody may not be as sparse, the BLAST 
predicted gene-term affiliation structure seems to be sparse 
as well, while the affiliation framework of BLAST + Phish 
has been retained by cryptographic hash features H and 
therefore also contains the most nonzero records.Because all 
these nonzero values affect Aargau, BLAST + Phish 
occasionally do have a smaller Aargau than BLAST. 
BLAST + Phish, on the other hand, consistently 
outperforms BLAST in terms of Fax as well as Sin. The 
variance among BLAST as well as BLAST + Phish across 
one of these 3 species as well as assessment criteria also was 
assessed using signed-rank testing, with a p-value of less 
below 0.001. Based on this approach, researchers could 

infer that Phish may be utilized as a component for 
sequencing information gene function forecast, and it can 
increase forecasting accuracy greatly. 

VI. CONCLUSIONS 
 Among the most important responsibilities in the 
specific biological age was predicting genetic mutations. 
Lexical similarity-based techniques were also used to deal 
with the challenge that has shown considerable success, 
however, the majority of methods struggle from scant as 
well as inadequate genes GO classifications. To enhance the 
assessment of semantic relatedness among genes as well as 
for functional genomics forecasting, various GO keyword 
condensing methodologies have been developed. Even 
during the process of compression, though, individuals 
might not always obey the Gene Ontology structure, which 
may impact forecasting accuracy.Researchers offer a Phish 
based on Gene Ontology Hierarchy Preserving Pattern 
matching to resolve this challenge as well as quickly predict 
the relationships among genes as well as huge GO 
keywords. During the optimization of hashes, Phish may 
preserve the taxonomic resemblance of GO words as well as 
the structures of power among those. The hashes reduce 
strong gene-term connection matrices to a cheap version, 
making it easier to accurately measure semantic relatedness 
among families as well as predict gene function. 

REFERENCES 
[1] R.C. Jobson, “The case for letting anthropology burn: Sociocultural 

anthropology in 2019,” American Anthropologist, vol. 122, no. 2, pp. 
259-71, JunE2020. 

[2]  X. Zong, Q. Yan, F. Wu, Q. Ma, and J. Zhang, “Genome-wide 
analysis of the role of NAC family in flower development and abiotic 
stress responses in Cleistogenessongorica,” Genes, vol . 11, no. 8, p. 
927, Aug2020. 

[3]  H. Alberro, “Valuing Life Itself': On Radical Environmental 
Activists,” Post-Anthropocentric Worldviews. Environmental Values, 
vol. 29, no. 6, pp. 669-89, Dec 12020. 

[4]  S. Jain, “Understanding Semantics-Based Decision Support,” CRC 
Press, Jan 182021. 

[5]  T.P. Latchoumi, K. Balamurugan, K. Dinesh, and T.P. Ezhilarasi, 
“Particle swarm optimization approach for waterjet cavitation 
peening,” Measurement, vol. 141, pp. 184-189, 2019. 

[6]  M. Xiao, Z. Qiao, Y. Fu, Y. Du, and P. Wang, “Expert Knowledge-
Guided Length-Variant Hierarchical Label Generation for Proposal 
Classification,” arXiv preprint arXiv:2109.06661, Sep 142021. 

[7]  Pazhani. A, A. J., Gunasekaran, P., Shanmuganathan, V., Lim, S., 
Madasamy, K., Manoharan, R., &Verma, A. (2022).Peer–Peer 
Communication Using Novel Slice Handover Algorithm for 5G 
Wireless Networks.Journal of Sensor and Actuator Networks, 11(4), 
82. 

[8]  T.P. Latchoumi, K. Balamurugan, K. Dinesh, and T.P. Ezhilarasi, 
“Particle swarm optimization approach for waterjet cavitation 
peening,” Measurement, vol. 141, pp. 184-189, 2019. 

[9]  T.P. Latchoumi, A.V. Vasanth, B. Bhavya, A. Viswanadapalli, and A. 
Jayanthiladevi, “QoS parameters for Comparison and Performance 
Evaluation of Reactive protocols,” In 2020 International Conference 
on Computational Intelligence for Smart Power System and 
Sustainable Energy (CISPSSE), IEEE, pp. 1-4, July2020. 

[10]  Dhanabalan, S. S., Sitharthan, R., Madurakavi, K., Thirumurugan, A., 
Rajesh, M., Avaninathan, S. R., & Carrasco, M. F. (2022). Flexible 
compact system for wearable health monitoring 
applications.Computers and Electrical Engineering, 102, 108130. 

[11]  P. Garikapati, K. Balamurugan, T.P. Latchoumi, and R. Malkapuram, 
“A Cluster-Profile Comparative Study on Machining AlSi 7/63% of 
SiC Hybrid Composite Using Agglomerative Hierarchical Clustering 
and K-Means,” Silicon, vol. 13, pp. 961-972, 2021. 

0.7

0.75

0.8

0.85

0.9

0.95

0 50 100 200

Baseline 

InterGFP

HashGO

HPHash

ClusDCA

0.75

0.8

0.85

0.9

0.95

1

0 50 100 200

Baseline 

InterGFP

HashGO

HPHash

ClusDCA

0.7

0.75

0.8

0.85

0.9

0.95

0 50 100 200

Baseline 

InterGFP

HashGO

HPHash

ClusDCA



International Conference on Recent Trends in Data Science and its Applications  
DOI: rp-9788770040723.072 

365 

[12]  T.P. Latchoumi, M.S. Reddy, and K. Balamurugan, “Applied 
Machine Learning Predictive Analytics to SQL Injection Attack 
Detection and Prevention,” European Journal of Molecular & Clinical 
Medicine, vol. 7, no. 02, 2020 

[13]  K. Sridharan, and P. Sivakumar, “A systematic review on techniques 
of feature selection and classification for text mining,” International 
Journal of Business Information Systems, vol. 28, no. 4, pp. 504-518, 
2018. 

[14]  S. Ranjeeth, and T.P. Latchoumi, “Predicting Kids Malnutrition 
Using Multilayer Perceptron with Stochastic Gradient Descent 
Predicting Kids Malnutrition Using Multilayer Perceptron with 
Stochastic Gradient Descent”. 

[15]  I. Manoja, N.S. Sk, and D.R. Rani, “Prevention of DDoS attacks in 
cloud environment,” In 2017 International Conference on Big Data 
Analytics and Computational Intelligence (ICBDAC), IEEE, pp. 235-
239, 2017, March. 

[16] K. Sridharan, and P. Sivakumar, “ESNN-Hybrid Approach Analysis 
for Text Categorization Using Intuitive Classifiers,” Journal of 
Computational and Theoretical Nanoscience, vol. 15, no. 3, pp. 811-
822, 2018. 


