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in X [5, 6]. However, with such a large and diverse number 
of tweets generated every day, it is important to understand 
how the use of hashtags on future topics and user relationships 
on X can influence discussions and conversations on the X 
platform [7, 8]. In recent years, interest in the use of hashtags 
in social media has increased, especially in research related 
to sentiment analysis and social data analysis [9]. The use of 
hashtags is also an important factor in predicting topics that 
will become trends in the future. Therefore, research on the 
effectiveness of using hashtags on future topics and user rela-
tionships in X is expected to contribute to the field of research 
as well as practical applications in the real world [10, 11].

In Relational learning, there will be an analysis of re-
lationships between objects which will be analyzed in the 
process, then there will be entities such as hashtag trends, 
relationships between users and content that are related 
to each other. Basically, Relational learning can learn and 
process forming relationships between large amounts of data 
which is useful in the context of social media exploration 
as has been done by [12] which discusses relationships with 
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This research has a research object, 
namely relational learning with a mathematical 
modeling approach from graph queries for 
exploring future topics and user relationships. 
The problem in this research is the large and 
varied number of tweets that are produced 
every day, where each use of hashtags 
always increases, which has an impact on 
the accumulation of data that needs to be 
processed to obtain information because users 
on social media X can interact to influence 
trends so as to solve the problem. This requires 
the application of relational learning by 
utilizing graph query mathematical models. 
The results obtained from this research are 
in the form of a model that can produce 
predictions of future topics and see user 
relationships based on interactions on social 
media with relationships between entities at 
interconnected nodes. In applying relational 
learning with mathematical models utilizing 
graph queries there will be a process of 
examining the relationships between entities, 
content and communication interactions in 
accordance with the definitions and theorems 
that have been described to observe each 
node. In relational learning, there will be each 
node according to the entity used, then the 
mathematical model with graph queries will 
connect all the entities to form a graph that can 
be used as a model for predicting future topics 
and relationships between users. This research 
is research with a level of novelty in applying 
graphical queries to mathematical models to 
predict future topics and applying relational 
learning to user relationships so that it can add 
information related to future communication.  
Graph queries aim to model a node between 
relations in the data so that it can represent a 
relationship between variables
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1. Introduction

The current technological advancement has influenced 
many people, especially those involved in social interaction. 
Social interactions that used to be conducted traditionally 
through face-to-face communication or two-way communi-
cation are now often carried out through online platforms 
due to the development of communication technology. One 
of the rapidly growing platforms is social media platform X, 
which is one of the most popular social media platforms used 
by millions of users worldwide [1]. X allows users to share 
information, follow the latest news, as well as participate 
in discussions on various topics of interest to them [2, 3]. 
One of the important features in X is the use of hashtags (#) 
which help users organize and search for content based on 
certain topics [4]. Apart from being a social media platform, 
X is also used as a very important source of information in 
various fields, including politics, business and entertain-
ment. Therefore, a good understanding of how hashtag usage 
and user interactions can influence discussions and trends 
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cessing, making prediction challenging. One way to address 
these problems is by leveraging machine learning methods and 
mathematical graph query models to optimize laboratory oper-
ations, both in the short term-down to the hour and minute-for 
immediate needs, and in the long term, even on a monthly basis, 
enabling precise reagent planning. All of these suggest that it is 
advisable to apply graph queries to mathematical models. 

Research [19] Produced an innovative strategy that com-
bined machine learning and predictive analysis approaches. 
However, there is an unresolved problem, namely that supply 
chain risk management relies on post-event analysis and his-
torical data, which limits its ability to overcome disruptions in 
real-time. This approach includes the use of time series analy-
sis and anomaly detection, as well as the application of natural 
language processing. In addition, risk evaluation models are 
continuously updated and improved using machine learning 
algorithms, ensuring accuracy and adaptability in a changing 
environment. Through this research, it is very relevant to ap-
ply graphic query models with a mathematical basis to the re-
lationship between predictive analysis, machine learning, and 
supply chain flexibility, explained using theoretical synthesis 
and practical evidence. All this shows that it is advisable to 
apply graph queries to mathematical models.

Research [20] produces an estimation model based on 
graph neural networks, but there are still problems such as 
time complexity in graph query execution at the workload 
creation and operation stages, graph-based feature model-
ing and representation, training and estimation. One way 
to solve this problem is to group the query workload in the 
database so that there is information when the query is pro-
cessed and executed. All this shows that it is advisable to 
apply graph queries to mathematical models.

Research [21] Generates complex query models for tem-
poral knowledge graphs based on hierarchical patterns. This 
study has problems with the application of machine learning 
and relational learning which only focuses on static knowl-
edge graphs and ignores semantic information which has a 
time element in query question information. To overcome 
this problem, the semantic relationship method will be ap-
plied with a graph query mathematical model that accurately 
studies constraints such as time and quantity in the problem 
so that it can form effective machine learning and relational 
learning on mathematical models.

3. The aim and the objectives of the study

The aim of this research is to implement a mathematical 
model utilizing query graphs in relational learning to form a 
predictive model for future topics and user relationships in 
social media X.

To achieve this aim, the following objectives are accom-
plished:

– to refinement of relational learning tools;
– to become a parameter in application to machine learnr-

ing applications.

4. Materials and methods

In the context of relational learning, in exploring the 
effectiveness of using hashtags on future topics and user 
relationships, X has an important role as a solution to com-
putational complexity problems in using a pattern-based ap-

different types of structures in the field of computing on social 
networks, classifying content and users. based on communica-
tion interactions and identifying fake account characters [13]. 
In Relational learning, there are approaches that are often used, 
such as the latent feature approach and the approach based on 
entity patterns. The latent fit approach can effectively solve 
various problems in relationships between entities on social 
media, then the approach based on entity patterns has problems 
and is less effective. What is highlighted in the pattern-based 
approach is the complexity in the computational process that 
arises from the exploration of relationships with relational 
queries. In relational query systems, it is widely used, which is 
based on the concept of graph isomorphism. In this context, a 
query is performed by checking whether a graph described in 
the question is the same as an existing graph in the database. 
The computational complexity becomes NP-complete, which 
means in many cases there is no time-efficient algorithm to 
solve this problem. This is a challenge in developing an efficient 
and effective database system [14].

Therefore, the studies specifically aim to explore the query 
graph against a model capable of effectively matching entity 
patterns, thus having scholarly relevance in relational learn-
ing using data from social media X to assess the effectiveness 
of hashtag usage on future topics and user relationships in X.

2. Literature review and problem statement

The research [15] indicates that this study has produced a 
predictive model capable of clustering and visualization with 
an accuracy rate reaching 93 %. However, there are unresolved 
issues related to knowledge graph extraction in specific do-
mains such as future knowledge and the relationship between 
knowledge and interactions. This research faces difficulties in 
creating a domain-based embedding framework with current 
credibility, which in its process will obtain knowledge sources 
and the relationship of knowledge with several domains. One 
way to address these challenges is through a graph query ap-
proach to mathematical modeling; all of these suggest that it is 
advisable to apply graph queries to mathematical models.

Research [16] indicates that the outcome of this study is 
a weather prediction model using data from weather stations. 
However, there are unresolved issues in clustering artificial 
neural networks in the context of meteorology, leading to errors 
in clustering due to difficulties in modeling time complexity. 
One way to address and overcome these challenges is through 
mathematical models utilizing graph queries, which can mit-
igate the shortcomings. All of these suggest that it is highly 
recommended to apply graph queries to mathematical models.

The research [17] yields a model to track discussion 
trends related to crimes committed on the platform. How-
ever, there are unresolved issues in extracting information 
from product reviews. This study encounters difficulties in 
applying crowdfunding techniques closely linked to fraud-
ulent activities. One way to address these issues is through 
a language model combined with basic mathematical graph 
queries that can identify patterns in product comment col-
umns to form a model architecture. All of these indicate that 
it is advisable to apply graph queries to mathematical models

Research [18] produces a model capable of predicting 
inventory production in the laboratory, but there are un-
resolved issues regarding the time complexity of inventory 
management in the laboratory. These issues include inaccurate 
analytical testing and inefficient laboratory equipment pro-
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hashtags and topics in the future. In Fig. 1, the Mathematical 
Models in Relational Learning (MDIRL) model is displayed, 
aiming to serve as the primary framework for analyzing future 
topics based on hashtag exploration and relationships between 
users on social media. This model includes entities, content, and 
communication interactions within social media data, forming 
a framework capable of conducting relational learning on data 
using graphical query mathematical models. Equations shall 
be used in this research, obtained from the query graph model 
approach which is a systematic step in interpreting in the con-
text of predicting future topics and user relationships on social 
media X Here is the formulation of the stated graph query.

Given a set v, which is then expressed with a formulation:

0 1 1 *

0

, , , .n n n

n

v v v v v xv v v+

≥

= θ = = =


       (1)

In equation (1) there will be a set domain vn which pres-
ent nodes in graph theory that will look at the relationship 
between content entities and interactions in social media that 
will be used to improve relational learning in graph queries, 
while for symbols which will generally be expressed in v, vn+1 
as a substitute for θ v1 on every social media data that will 
process every node on every value in the graph query to form a 
relational learning model. For the V symbol, an ordered set is 
established according to the data analysis carried out so that 
repetition considerations can be made as in the formulation:

( ), , .G v E= µ      (2)

In (2) it will relate to the sets v and E, each of which will 
have an edge from G. in the set µ it will associate a set of ele-
ments such as ∪E×R which will come together with J and then 
associate it with the set R so that relational learning graph 
queries can be formed. To do association learning graph queries 
there needs to be an additional set which will be symbolized γ so 
that relationships can occur between these sets which makes it 
easier to apply relational learning to graph queries. When using 
the symbol γ, the symbol (v) will be added so that it can display 
the value of each relationship node in the relationship to social 
media data which will form the formulation in (3), (4) below:

( ) ( ) ( ),N v Se v e= ∈γ γ                (3)

{ }1 2, ,sv v v=  { }1 | .s s sE e V E= γ


  (4)

After forming (3) and (4) in perfecting middle relational 
learning. In the mathematical model in the query graph 
there will be a formulation as in (5):

.A AV Eα = ∪      (5)

Then in (5) the symbol A will be connected to form a 
relationship with the symbol G in (2) so that it is explained 
in formula form as follows:

( ), ,a v s v Sθ = ∈    (6)

( ) ( ), ,b v s z S z vθ = ∃ ∈ −     (7)

( ) ( ), , .e p s y z y z y S z sθ = ∃ − ∧ ∉ ∧ ∈   (8)

Based on the equations that have been explained, each 
equation (1)–(8) will be used to apply improvements to 

proach based on entities, content and interactions. Object of 
the study the research focuses on relational learning using a 
mathematical modeling approach for exploring future topics 
and user relationships through graph queries.

The main hypothesis in this research is the use of math-
ematical models as a framework for graph queries. Based on 
the context that in the pattern-based model approach there 
is a computational complexity problem where all processing 
time dimensions become NP-complete. The problem addressed 
in this research involves applying mathematical formulations 
to graphical queries within relational learning. The approach 
implemented uses several stages such as data analysis, model re-
finement, and the application of relational learning to machine 
learning. By applying effective relational learning with mathe-
matical formulations to graph queries, one can achieve the best 
solution in examining future topics through exploring hashtag 
usage and observing relationships between users. In this re-
search, the research objects include the application of relational 
learning to explore hashtag usage and user relationships using 
hardware, specifically a Core i7 laptop, and software such as 
Microsoft Word, Anaconda, and Jupyter. The research starts 
with a framework architecture as shown in Fig. 1.

In Fig. 1, there are stages of architecture to be used in 
this research. The list of stages includes the methods used to 
build Models in Relational Learning (MDIRL). In this re-
search, a method is employed, specifically determining enti-
ties, content, and interactions, and applying them to a graph 
query formulation. This formulation is then refined using 
several equations, which are explained in the next section. Af-
ter perfecting the mathematical model, it is then applied to the 
discipline of machine learning, which can be used to determine 

 
Entities, Content, 

Interactions Twitter Social Media

Mathematical models in relational learning (MDIRL)

Data Analysis

Refinement of mathematical models

Graph Queries formulation

Applications to machine 
learning

Computational Complexity

Hashtag Results On Future Topics  
  Fig.	1.	Proposed	architecture
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relational learning so that it can be used to see relationships 
between users on social media and see future trends based on 
hashtags in the data.

5. Results of graph query mathematical models in 
relational learning on future topics and user relations

5. 1. Refinement of relational learning sets
To carry out classification so that the relationship be-

tween users on social media can be seen in relational learn-
ing, it is necessary to characterize it according to the data in 
the graph effectively so that mathematical computing meth-
ods can carry out the process well in making queries with 
predetermined formulations. So this research will match en-
tities, content and communication interactions in relational 
learning. The refinement of mathematical formulations in 
relational learning includes definitions and theorems:

Definition 1: giving A1, A2€A that which states.
A1 will make improvements to A2 in symbol G:

( ) ( )1 2 1 2if : .GA A S G S A S A∀ ⊆ ≠ − ≠

In one query it expressed by the same graph so that 
from the definition above the following theorem formulation 
produced:

⪯G partial of A will thus be expressed for each entity as 
A1, A2, A3∈S so it:

1 1,GA A

1 2 2 1 2,G G GA A A A A∧ ≡ 

1 2 2 1 2.G G GA A A A A∧ ≡ 

Then, in the next process, an examination of the re-
lationship between entities, content, and communication 
interactions with queries and their functions in the graph is 
conducted with the following definitions and theorems.

Let’s express A1, A2∈A then give A1 as an extension of 
the vector field with A2 ( )2 1A A−⊆  which becomes a theo-
rem ( )2 1 .A A⊆

Then there is a process of examining the relationship be-
tween entities, content, and communication interactions in 
accordance with the described definitions and theorems to 
observe each node. The following is a graph of the refinement 
of relational learning in Fig. 2.

In Fig. 2, a relational learning refinement query is displayed, 
with each set explained using data such as entity data, content, 
hashtags, and communication interactions that describe the re-
lationships between users on social media in relational learning.

5. 2. Parameter in Application to Machine Learning 
Applications

The data used is obtained from crawling social media X 
from the period of 2018 to 2022. In the application of machine 
learning, data is processed using a mathematical model utiliz-
ing query graphs, allowing machine learning to explore future 
hashtags based on node data from existing hashtags. With the 
Graph query model, it is possible to observe the use of hashtags 
related to future topics, which can be systematically analyzed 
to generate trends commonly used in the future. In this social 
network phase, user interactions and posts will be structured 
into a graph representing each entity at each node to depict 
relationships between entities. By utilizing the graph query 
model, it is possible to view each node in the graph to aid in 
understanding their interconnected relationships. The entities 
related to each other in hashtags are depicted in Fig. 3 below.

Fig. 3 represents a portion of interconnected node data that 
will undergo a process to determine forthcoming topics using 
a mathematical model for relational learning with basic graph 
queries using Equation 6 to identify topics with the highest 
word (term) count. In Equation 6, all nodes with the highest 
word frequencies will be aggregated to form relationships with 
users, enabling the identification of each user’s content and 
interactions to develop frequency in hashtag content that will 
be processed into machine learning for Models in Relational 
Learning (MDIRL). This approach can assess the effectiveness 
of hashtag usage on future topics and user relationships on 
social media. Below are the predicted outcomes of future topics 
using the mathematical model applied to machine learning, as 
illustrated in Fig. 4.

In Fig. 4 there will be future topics that have been success-
fully predicted and made connections between nodes using 
graph queries. In Fig. 4, each topic has a relationship between 
other topics so that it can be used as trend information in the 
future. In this prediction there are words with the highest 
frequency which are processed using relational learning 
based on mathematical models. After knowing the future 
topic, user relationships on social media will be explored using 
relational learning with mathematical models that produce 
interconnected nodes. In the relationship between users, out 
of 100 users there will be words that are related to each other 
as in Fig. 5 below.

 
A =Entitas

G= Content

S= Hastag

€ = Communication

A =Entitas A =Entitas A =Entitas

G= Content S= Hastag € = Communication

Comment

Comment

Publish Publish

 
  

Fig.	2.	Relational	learning	refinement	query	graph
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The relationships between users in Fig. 5 will connect 
related words based on user posts which form entity nodes 
which are united by the mathematical model in (3)–(5). 
In the relational learning mathematical model there will 
be words that are related to each other in the 3 clusters 
listed in the following Table 1.

Table	1

User	relationships	based	on	words

Depression Brand Business Friend

Facebook Customer content future

Fear Relationship context news

Fomo effect empiricial person

interaction firm study social

number impact interest Media

organization opportunity relation –

paper social public –

relationship social media platform –

research Media – –

Social Media Marketing – –

Twitter Influencer – –

In Table 1, there will be related words grouped into 
three categories, which are words related to the interac-
tions among users on social media. Users on social media 
engage in communication interactions, and then all com-
munication data is extracted using a mathematical model 
to obtain the most relevant words regarding the relation-
ships among users.

6. Discussion of the results of applying the graph query 
mathematical model in relational learning  

to social media

This research holds significant importance within the 
realm of social media analysis and modernization. The 
utilization of a mathematical approach leveraging graph 
queries facilitates the extraction of behavioral informa-
tion within the context of digital advancements, as well 
as understanding how hashtag usage can influence future 
topics and user relations on the social media platform X. 
The study aims to produce models capable of discerning 
social media user relationships and predicting future 
hashtags. In this regard, the application of graph queries 
grounded in mathematics and relational learning is high-
ly relevant. Relational learning is employed to observe 
user relationships, resulting in models utilizing functions 
(1) and (2), alongside mathematical models employing 
graph queries. The process of testing entity relation-
ships, content, and communication interactions adheres 
to predefined definitions and theorems, analyzing each 
interconnected node. Subsequently, in the implementa-
tion of mathematical graph query models using functions 
(3), (4), equations are applied to create models capable of 
predicting future topics using hashtag interaction entities 
from social media user data, as depicted in Fig. 2, which 
illustrates query refinement. The relational learning of 
each dataset will be elucidated with data such as entity 
data, content, hashtags, and communication interactions, 
showcasing the relationships among social media users 
concerning relational learning.

 

 
  Fig.	3.	Hashtag	entity	graph 

 
  

Fig.	4.	Future	topic	entity	graph 

 
  Fig.	5.	Relationship	between	users
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The results of the mathematical model will be depict-
ed in Fig. 4, showcasing predictions of upcoming topics 
using (6). Each topic is interconnected with others, thus 
serving as future trend indicators. In this prediction, 
words with the highest frequencies are processed using re-
lational learning based on mathematical models. Follow-
ing the identification of future topics, user relationships 
on social media will be explored using relational learning 
with mathematical models, generating interconnected 
nodes. Regarding user interactions, among 100 users, 
there will be closely associated words, as illustrated in 
Fig. 5, where this model resolves data density issues on 
social media and extracts information from user interac-
tions, posts, and hashtags. The obtained results provide 
insights into future topics and user relationships on 
social media. Unlike [19], which exhibits shortcomings 
in its mathematical model due to data noise, leading to 
model complexity, this issue can potentially be addressed 
through graph queries and relational learning applied 
to mathematical models. The novelty of this research is 
Models in Relational Learning (MDIRL) which can see 
the effectiveness of using hashtags on future topics and 
user relationships on social media. In this model there are 
indicators used for model requirements so that the effec-
tiveness of using hashtags on future topics can be identi-
fied. These indicators are entities on social media X, the 
content discussed and posted as well as communication 
interaction indicators involving verb sentences.

Limitations of this study include the need for annotated 
input data processing, as there is currently no comprehen-
sive and detailed Indonesian literature library available. 
Therefore, entities must be processed individually based on 
the theorems provided in (1), (6). Another drawback lies in 
the limited data obtained from the social media platform 
X, and the implementation of relational learning requires 
a substantial number of user interaction nodes to enhance 
user relationships. This research could be extended by 
integrating relational learning with social media entity 
variables such as communication interactions, posts, and 
user profiles aligned with graph queries, thereby enhancing 
the model’s effectiveness. Practical use of the results ob-
tained will be applied and will need to be extended to the 
e-commerce industry to predict customer trends based on 
purchasing variables.

7. Conclusions

1. This research yields Models in Relational Learning 
(MDIRL) to explore hashtag usage on future topics and 
user relationships on social media platform X. Subsequently, 
Models in Relational Learning (MDIRL) are applied to ma-
chine learning, producing predictions on future topics and 
user relationships on social media X. The results obtained 
exhibit characteristics such as the number of users using 
hashtags, frequency of hashtag usage, and user interactions.

2. In Models in Relational Learning (MDIRL) applied 
to machine learning, it involves using data obtained from 
crawling social media X. The characteristics of the results 
indicate that data quality is crucial for building Models in 
Relational Learning (MDIRL) to effectively predict future 
topics and user relationships. Comparatively, the imple-
mentation of Models in Relational Learning (MDIRL) and 
machine learning depends on the complexity of time in text 
data processing, making time complexity an issue to be ad-
dressed in the future.
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