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Abstract 

In network theory, the problem of predicting relations between two entities in a network is linked 
prediction. Examples of communication predictions are the prediction of user relationships on a social 
network, forecast in a citation network of co-authorship connections, and prognosis of gene-protein 
interactions on a biological network. The prediction of a link may also have a temporary aspect where the 
purpose is to preview contacts at time t +1 in view of a snapshot of the links. The prediction of ties is 
commonly used. Links are typically a subtask to suggest products for users during e-commerce. It can be 
used for record duplication when curating citation databases. This study is a review of link predictions in 
social networks, especially in business networks.  
Keywords: Link prediction, Social networks, Business networks. 
 
I. Introduction: Social networks have become famous through the development of computer technology 
and the popularity of computer networks. The cost of generating and disseminating information has fallen 
significantly due to the convenience of the internet. As a result, the amount of data has exponentially 
increased, and the internet displays hundreds of millions of websites, emails, blogs, etc., every day. 
Information can be described as a collection of interrelated objects, and their collection constitutes an 
enormous network. The network node is the object, and the network edge is the link or relation between 
the object and the object (Lamari and Slaoui, 2017). Network structure can be described in several 
complex systems, such as social information and biological systems. The network structure can also 
describe social networks. The design of the network consists of nodes and borders. The nodes of the 
network represent entities (i.e., persons) of the system in complex systems such as social systems, and the 
edges of the network represent interactions among entities. Sun et al. (2017) felt that the 'link' was 
generally viewed and universal as a relationship. Many connections are actually hidden, and people don't 
know about these connections so that people will be interested in these unknown connections. The link 
prediction estimates the likelihood of two unrelated nodes with links based on information on network 
structure and other links (Sun et al., 2017). The link forecast essentially refers to a link's ranking. 
High application value is the link prediction. First, link predictions can be used as "friendly suggestions" 
as part of a social network. In other words, the friendship that is not reflected in the social network can be 
predicted according to the existing company of the web so that the social circles can automatically spread, 
thus significantly reducing the manual time used for tapping potential friends. People need systems to 
make possible friends expand social processes that also create the task of predicting links. The link was 
ubiquitous, Jie and Tao (2018) suggested. These connections typically indicate the significance, 
classification or category of the data ( Jie and Tao, 2018). Not every link is usually known. Therefore it is 
vital to predict the relation between objects. In the future, it is expected over time whether two items will 
establish a connecting relationship. 
A new entry point and research method for social network analysis are provided by the development of 
link analyses and prediction, and it supports combinations and further development of sociology and 
computers. Currently, the network structure link analysis method has gradually become a significant field 
of research for social network analysis, and connection prediction is one of the most critical technologies. 
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The Social Network is a multi-information provider, including attributes for users, network topology and 
user content. These data reflect, to a certain extent, users' characteristics or relationships. All forms of 
social networking studies generally start from analysing these data, and research into predictive links is no 
exception. The multi-network information carrier usually considers a user node to be the link prediction 
unit. Measurement of node similarity in connective prediction plays an important role. The study of node 
similarity includes, in particular, a survey of local topology and attribute resemblance. In previous studies 
on node similarity, the research on attribute similarity tends to be given more attention. But at the 
moment, the investigation of network topology similarities is increasingly taken into account. Research 
on the topology of networks in the fields of sociology and artificial intelligence has earlier been carried 
out. The original research objective is to perform functions such as information recovery and analysis of 
network structures. Later, many industries of computer science, including the link prediction, introduced 
the method of research for measurement of similarity. This study analyses the tools and techniques of link 
prediction preferable to business networks.  
 
II. Literature Review: Contributions and history 
A network is said to be two network mode if two node sets are present, and there are no two nodes 
connected in the same set (Borgatti 1997). In our case, the referral network is known to be a bipartite 
graph, since we have general practitioners (GP's) and specialists (SP's). A network that includes nodes of 
the same set is a one-mode network. A social network of students is an example of the one-mode network. 
In addition to the other benefits that are discussed in detail in the next section, our connection prediction 
approach is different from those mentioned in the literature. It can be applied to both network modes. We, 
therefore, define our contributions to address the two problems mentioned in the following paragraphs.  
Network analysis and prediction is an important problem field discussed by various disciplines such as 
informatics and computer biology (Basso et al. 2005). Often its sensitivity and volatility attribute to the 
dynamic nature of data from gene expression: ties are delicate in that a small disruption in expression 
values might be the key model or the start of any trend; and because of noise and uncertainty, it is 
volatile. The difficulty in interpreting gene-gene interactions with different periods is a crucial bottleneck 
in mining gene expression networks in current research. 
They propose a link prediction model in this article to mitigate the bottleneck above and achieve the 
objective of predicting network interactions between genes. The authors used the yeast time series 
(DeRisi et al. 1997) microarray data and divided the whole experiment into two parts, based on time 
intervals and implied regulation networks. In general, our proposed approach offers a social-network 
model that makes comparative gene-gene interaction analyses easier and efficient network pattern 
visualisation easier. Predictions are seen by attaching and not-connecting genes to networks.  
"Data mining is becoming increasingly popular in healthcare, if not more essential," as quoted in Koh and 
Tan (2005). Data mining applications to be applied to health care data are various and different. 
"Prediction models probably include the most common and important applications in data mining" (Koh 
and Tan 2005). In our article, we concentrate on developing connection prediction techniques which can 
solve one of the most important problems in a critically important medical system, called a medical 
referral system. 
The method of medical references is the reference of patients to specialist doctors. Canada's health system 
inspired the model. If a patient experiences a condition, he or she visits a GP. If the GP cannot diagnose a 
patient's problem, then the GP refers the patient to the specialist SP, known as the patient's type of disease 
specialist. As the networks of health care supplies expand, it gets harder to find the right specialist and 
exchange knowledge for patients between suppliers (Clancy et al. 1996; Lee et al. 1983). The explanation 
of why the referral process has taken a long time to locate the relevant expert is unacceptably lagging 
behind. 
Moreover, often patients are referred to specialists who are busy and cannot thus consider additional 
references for a particular period. For the availability of their SPs, GPs will not get swift answers. It is 
even worse to wait weeks and obtain a solution that no additional referrals can be accepted.  
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In the research community, the model of the social network was given considerable attention. It has 
succeeded in evaluating numerous applications, such as terrorist networks (Ressler 2006), online society 
(Crandall et al. 2008) and communities that call on the network (Kianmehr and Alhajj 2009), among other 
items. They claim that the model is sufficiently strong and can be used for the study of any domain 
described in a network context. Other research focused on topics related to prediction. The work defined 
by Liu and Lu (2010), for example, implemented a model of a link-prediction based on the node 
similarity. This is important in applications where nodes like gender, age, etc. are similar. They suggested 
two random walk-based similarity indices. In friendship applications where a person can be suggested to 
be a friend of someone else based on mutual aims, other works apply the relation prediction. The study 
described in Karahalios and Gilbert (2009) used techniques for forecasting the strength of social media 
linkages.  
Most of the earlier works concentrated to the best of our ability on forecasting future linkages (optimistic 
link prediction), and no research are mentioned in the literature to predict future links (negative link 
forecast), but it is imperative to decide how connections are lost. In the framework of the gene expression 
networks, and in the health care field considered to be two of the essential areas to humans, nobody has 
yet addressed the issue of connective prediction. Hasan et al. (2006) have done a previous analysis of link 
prediction as a supervised study activity in the author's field to our research. They also described a variety 
of main features. With these features, they were capable of proposing a model of classification to predict 
the potential collaboration of several authors. 
In the link prediction called internal links and a weighted projected to predict links in bi-party charts, 
Allali et al. (2011) introduced a new approach. In specific social networks, this method is useful for 
predicting connections that will occur in the future, but which connection will not be lost. Our approach 
to our new relationship prediction model is compared, and more details are given about how this approach 
works later. The literature describes several methods existing in the mining of gene expression data. The 
fuzzy factor for financial aspects has been introduced by Lee et al. (2006) and Gao et al. (2009).  
A survey on relation forecasting was written by Pobiedina. The forecast method was based on graph 
approximation. In order to research the issue of relation prediction in unknown social networks, belief 
function theory has been used. First of all, a new model of the graphical social network was proposed, 
containing the ambiguity in the relation structure. Then a new approach was proposed for predicting 
future relations by knowledge fusion of adjacent nodes, based on the resources of the belief feature 
theory, coupled with the facts and decision of different sources (Jalili et al., 2017). In addition to the 
weighted variable network in addition to the USAir network, Bai et al. proposed similarity measures by 
combining resource allocation and local path indexes and six unweighted networks showed that its 
accuracy is more significant than local path 1; by designing the required weighted versions and tests on a 
number of weighted networks (Kaur and Singh, 2016). A relation prediction in a binary network was 
proposed by Gao et al. Initially, the binary network is mapped to a different network called the projection 
map, and a project map determines the definition of candidate node pairs (CNP). 
Sett et al. (2018) assumed that machine learning was an artificial intelligence science. The main object of 
research was artificial intelligence, immensely how to improve the output in experiential learning for 
specific algorithms (Sett et al., 2018; Bell et al. 2018). The analysis of computer algorithms can 
automatically be improved by experience (Bell et al.), was a clarification of some concepts in data theory 
(Tang et al., 2016). 
Social networks were analysed through the mining of objects, connections or social networks. In most 
instances, the relation itself was the key. However, not every relationship was observed at some point 
(Hofman et al., 2017). The social network interaction was an essential element of data collection and a 
subset of social network analysis (Li et al., 2017). 
The RSM index of link prediction is a new kind of method to predict the relationship in uncertain 
environments. The authors, Mahapatra et al. (2020), claimed that the relationship predictions are based on 
the positive attitude of the familiar neighbours. If the common neighbours are not friendly, their 
prediction score will be meager.  
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III. Link Predictions in Business Networks: 
A corporate network is a dynamic network of businesses working together to achieve such goals. Based 
on their market position, the business networks follow these goals, which are strategic and operational. 
There are two types of business networks — alliances and aggregations of companies — that enable 
SMEs to become more competitive and creative. 

 
Thus, relationship predictions between two business workers are not common compared to link prediction 
in social networks. The familiar neighbours /familiar customers are not effective in business networks. It 
can be said that friendly neighbours within self-company employees are enough to link predictions. When 
the links are predicted between two persons from two separate companies, the degree/weight of the 
person matters.  The following picture demonstrates the concept.  In Figure 1, the area of circles indicates 
the weightage of the company and/ or weightage of the persons. There are three circles. Two circles are 
big in size. That means that these companies/persons have high degrees. Thus, their relationship 
predictions will have a high score (see Figure 4). 
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Figure 3: An inter-company network (The area of circles indicates the weightage of the company and/ or 

weightage of the persons) 

 
IV. Experimental information 

This section describes the experiment in the year 2009 version provided by Carnegie Mellon University contains a 
selected Enron email server containing 280 folders with 20,581 files total. The email and received addresses, the CC 
and Bcc carbon copy, the date, the time, subject and the body and other email details are included in each file. The 
information was processed, and 161 active Yonghua were selected, and five relations selected following. 
Adjacency: if two objects are related to send-receive, they will be connected. The sending relationship: when two 
objects send mails to the same object, the link is there. The relationship between co-recipients: when two objects 
receive emails from the same object, they have the connection. Relationships co-copying, two things together have 
the relation when copying the email to the same thing. Job relationship: when two objects are in the same place, they 
have a connection. 
For the Enroll-extracted application, the email list procedure is as follows: for every email, the following fields have 
been extracted, for example, information, a user sent, recipient and CC user, and the user name extracted from the 
middle name have been removed. A piece of information was registered in the sending connection list from the 
sending user to the receiving user (when there were multiple receiving users, a plurality of pieces of information 
would be generated in the sending relationship list). In the CC list, a message was registered from the user sent to 
the user. 
The resulting data have been saved in each part of the tensor for each relation. The 20, 40 and 60% proportions have 
been chosen. The value of the observed relation mode is 0. The tensor size was N to N to N to K. N was the number 
of objects, and K the number of connections. Patterns of N to 1⁄4M were obtained. 20% M, 40% M and 60% M have 
been discarded as test results, respectively. The process chosen was a random procedure, and the relation mode was 
selected as 0 in the weight matrix, with the other marked 1. 
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The consequence of the estimated value was obtained following the tensor: factorisation. Every result was compared 
with the real values. By measuring the AUC value for the ROC curve, the ROC curve of the prediction model was 
obtained and evaluated. Compared to SVD this experiment. In order to get an approximation result, every piece of 
the tensor (i.e. the adjacency matrix) was calculated by the SVD process. The real value was also compared to the 
ROC curve and its AUC value. 
 

 
Secondly, a certain proportion of values as test results, set to zero, have been selected. 
Thirdly, the ranking size and number of iterations have been selected for the decomposition of tensor factorisation or 
operation of SVD. 
Fourthly, the results measured were used to determine finally whether the two items were connected to each other. 
A total of 30 factorisation iterations were chosen as the maximum number. Three estimates of ten, twenty and thirty 
were selected for Tensor rank. In order to test the model's efficiency, the AUC value of the ROC curve was used. 
The ROC curve was the function curve of the recipient, also known as the sensitivity curve. This name reflects the 
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same susceptibility of the points on the curve. They were all answers to the same signal stimulus, but they achieved 
only the results under varying criteria. A graph with the incorrect positive probability of being the horizontal axis 
and the likelihood of hitting the vertical axis is the receiver operating characteristic curve. The curve was drawn by 
different results produced under specific stimulating conditions by different evaluation parameters. The abscissa 
showed the incorrect positive rate and the order showed the true positive rate. The estimated value of the 
relationship could be derived when the unobserved data is estimated. This study could obtain a truly positive and 
false-positive result rate by setting different closed values and then drawing a ROC curve. The wider the area under 
the curve, the more discrimination and the greater the model's accuracy. The AUC value of the ROC curve was the 
area between the curve and the horizontal axis. 
 

V. Review of test results 
First, if the data is not observed, the 20% value is chosen as the ROC result. Second, the value of 40 per cent is 
chosen as the result ROC for unnoticed data. Third, if the data are not observed, the value of 60% is chosen as the 
ROC curve result. From the above information it can be seen that the link prediction method based on connection 
mode is stronger than SVD, regardless of the 20, 40, and 60 percent ratio (when the rank is 10). Therefore the link 
method based on link mode is diversified information mining in consideration of the influence between multiple 
relations. The conditions for connection prediction have been further limited and the accuracy of connection 
predictions improved. 
80 percent are also chosen for the selected data ratio in the Enron email dataset. However without taking into 
account the influence of various relationships, the liaison prediction method based on the liaison mode and the SVD 
method did not achieve good results. The test results are not stable, showing that previous social network expertise 
is inadequate to obtain additional prediction information if the data is very scarce. The sense of the relation forecast 
is not great in this situation. 
The following assumptions are drawn for various values of R. The AUC value of R 1⁄4 20 for the CP-ALS algorithm 
will be the highest when a ratio of 20 per cent is chosen as test results. For the CP-ALS algorithm, the AUC value is 
the highest when R 1/2 10 was selected for a 40 and 60 percent ratio. The explanation is if the 20% ratio is chosen as 
the trial data, as the information on links found in the data is very rich, the properties and relationships of the objects 
are relatively high. R is selected in a larger ranking, plus features. This increases the precision of the relation 
prediction. For 40 and 60% of the data, however more link values are hidden by the ratio of 
Stanley Milgram [Was94] was the individual building the current social network theory. One entity is the network 
node, while the edges which link nodes and are also called "connections" "links" correspond to the relationships of 
persons as shown in Fig. 1. Many examples of social network services are available, like: 
- MySpace; - MySpace; 
- Facebook; - Facebook; 
- Twitter, etc. 
- Youtube, etc. 
Why do we want Facebook more? Due to its scale, 100,000 users a day are doubling once every six months. More 
than 60% of users are out of school age. The social graph, the network of connections and ties between the service 
people, was attributed to Zuckerberg by the Facebook force. "This is why Facebook works," he said. 
Social networks are highly competitive, sparse and collective, so their result is hard to predict. In addition, 
popularity can be calculated later on due to early-stage popularity. 
The role of predicting the existence of links or links in a domain is, on the other hand, an exciting challenge. Can we 
expect more about social networking, then? 
As the network's ties, its maintenance and its quality reflect individuals' social behaviour, research can help 
quantitatively and qualitatively evaluate human relations in the age of information society. In addition, relation 
prediction is applicable to a number of fields, including bibliographic fields and molecular biology. In inductive 
logic programming (ILP) [Lav94], the most frequently discussed methods for inducing relationship patterns. ILP 
concerns the induction from the first-order logic of data induction of horn-clause rules (i.e. logic programs). 
There are several simple approaches in social networks for dealing with relation prediction: supervised vs 
unmonitored. Directed graphical models versus undirected graphical models (for example, Markov Networks) as 
Bayesian networks and PRMs (Get02) can easily capture the dependence of the presence of links on attributes. 
The problem of prediction is equal to the question of prediction of network structures, especially where social 
networks are concerned. There are many well-known methods for predicting connections based on: 
·  Towards node information; 
·  Taking into account structural details. 
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VI. Findings 

The role was discussed with the project for predicting previously overlooked connections in social networks. Both 
social graphic representation and social network definition have been established. 
The corresponding work has been examined in the research field. There have been similarities between the current 
approaches: supervised versus the unmonitored representation of single-table data as a vector vs. relational mining 
etc. The use of a range of inducements, like J48, OneR, IB1, Logistic, NaiveBayes as well as other approaches 
available for resolving the given task was digested in the case of the interpretation relation prediction task as a 
classification task. PRMs, SVM, GP, BN. 
Network-structured data mining tasks have been analysed. There were a deep classification and explanation of 
measures for relation prediction approaches in mathematical representation in the Social Networks. 
The experiment was designed using the free, open-source SQL full-text search engine Sphinx technique for 
crawling. The proposed corpus of training is the social network platform of Facebook. SQL format was displayed 
for the database of the selected data. Diagrams have been identified on visualisation software for social networks. 
Research in a variety of scientific fields has shown that social networks function on several levels from families to 
nations, playing a key role in deciding how conflicts are resolved, organisations are managed and how people are 
efficient. 
 

VII. Conclusions and vision for the future 

This work is regarded as the first model to consider the prediction of negative relations in the field of interaction 
prediction. We demonstrated how our model could predict the links from which the network can be removed. This 
can be seen as the first step in developing a forecasting model for the potential associations between doctors in the 
field of healthcare and the network of gene expression; reducing reference traffic can be very beneficial. Moreover, 
the co-expression values of genes have been predicted successfully by our proposed connection prediction model 
within the network. In comparison with the internal relation approach, it is compared our PLP approach and 
concluded that our policy yielded better interpretations of reference data. It is applying the same model to other 
areas, including terrorist networks, financial data and workers networks to demonstrate the relevance and 
applicability of the proposed model to different domains. In order to see if this will impact the decision on the 
relation prediction, future directions will rely upon the inclusion of patient data. It is assumed it leads to more 
reliable forecasts that show enhanced decision-making processes like patient data. In future, the technique will be 
applied for large business network data. This will capture the real scenario of relationship predictions in social 
networks.  
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