
Lecture 2 
 
Frequent patterns, associations, correlations 
 
Data mining techniques are commonly used to discover frequent patterns, associations, and correlations 
in large datasets. The process typically involves the application of algorithms to identify relationships 
between items or attributes within the data. Here are the key steps to use data mining for finding 
frequent patterns, associations, and correlations: 
 
Data Preprocessing: Start with the raw data that you want to analyze. This data should be well-
preprocessed, including cleaning, transforming, and handling missing values. Typically, data mining for 
pattern discovery is performed on transactional data or data that has a clear association between 
entities, like customer purchases, web clicks, or medical records. 
 
Data Representation: To find patterns and associations, you need to represent the data appropriately. 
This usually involves creating a transaction-based dataset, where each transaction represents a set of 
items or attributes associated with a single event or instance. The dataset should be structured in a way 
that makes it easy to identify itemsets, which are combinations of items that occur together. 
 
Frequent Itemset Mining: Frequent itemset mining is a key step in finding patterns and associations. The 
goal is to identify itemsets that occur frequently in the data. Common algorithms for this purpose 
include Apriori and FP-Growth. These algorithms help discover sets of items that tend to co-occur, which 
can be seen as the first step in finding associations and correlations. 
 
Association Rule Mining: Once frequent itemsets are identified, you can generate association rules. 
Association rules describe the relationships between items in the data. These rules consist of two parts: 
antecedent (the items on the left-hand side) and consequent (the items on the right-hand side). Popular 
algorithms for association rule mining include Apriori and Eclat. 
 
Support and Confidence: Support and confidence are two important metrics used in association rule 
mining. Support measures how often a rule occurs, while confidence measures the strength of the rule. 
A rule is considered interesting if it has high support and confidence values. 
 
Correlation Analysis: To find correlations, statistical techniques can be applied to the data. These 
techniques include Pearson correlation, Spearman correlation, and point-biserial correlation, among 
others. Correlation analysis helps identify associations and dependencies between continuous attributes 
in the data. 
 
Visualization and Interpretation: Visualization tools, such as scatter plots, heatmaps, and association 
rule diagrams, can help in understanding the discovered patterns and correlations. Interpretation is a 
crucial step to make sense of the patterns and correlations and understand their practical implications. 
 
Iterative Process: Data mining for patterns, associations, and correlations is often an iterative process. 
You might need to adjust parameters, filter rules, or conduct additional analyses to refine the results. 
 
Application and Decision-Making: Once patterns, associations, and correlations are identified, they can 
be applied to various domains. In business, for instance, these insights can inform marketing strategies, 
product recommendations, or process optimization. 



Validation and Testing: It's important to validate the discovered patterns and associations to ensure 
their reliability. Cross-validation, holdout testing, and A/B testing are commonly used techniques to 
assess the quality of the discovered insights. 
 
Data mining for frequent patterns, associations, and correlations is a valuable technique in various fields, 
including retail, finance, healthcare, and scientific research. By uncovering hidden relationships within 
the data, organizations can make more informed decisions and gain a competitive edge. 
 
Frequent itemset mining is a fundamental data mining technique used to identify sets of items or 
attributes that frequently co-occur in a dataset. This technique is a key step in discovering associations 
and patterns in data, especially in applications like market basket analysis, recommendation systems, and 
healthcare analytics. Here are more details about frequent itemset mining: 
 
Key Concepts: 
Itemset: An itemset is a collection of one or more items or attributes. For example, in a retail dataset, an 
itemset could be a combination of products that a customer purchases in a single transaction. 
Support: Support is a measure of how frequently an itemset appears in the dataset. It is defined as the 
proportion of transactions or instances in which the itemset occurs. Higher support indicates that the 
itemset is more frequent. 
 
Frequent Itemset Mining Process: The process of frequent itemset mining involves the following steps: 
Initialization: Start with a dataset containing transactions, where each transaction is a set of items or 
attributes. 
Candidate Generation: Initially, candidate itemsets are generated by considering individual items as 
candidates. Then, additional itemsets are created by joining frequent itemsets from the previous 
iteration. 
Support Counting: Count the support of each candidate itemset by scanning the dataset to determine 
how many times each candidate itemset appears. 
Support Threshold: Set a minimum support threshold. Only itemsets with support greater than or equal 
to this threshold are considered frequent. 
Pruning: Candidate itemsets that do not meet the minimum support threshold are pruned (discarded) 
from further consideration. 
Iteration: The process iterates, generating new candidates from frequent itemsets and counting their 
support until no more frequent itemsets can be found. 
Association Rule Generation: Once the frequent itemsets are identified, association rules can be 
generated from them. An association rule typically consists of an antecedent (left-hand side) and a 
consequent (right-hand side) and indicates that there is an association between these two sets of items. 
 
Algorithms for Frequent Itemset Mining: Several algorithms have been developed for frequent itemset 
mining. Two of the most well-known algorithms are: 
Apriori Algorithm: The Apriori algorithm is one of the earliest and most widely used algorithms for 
frequent itemset mining. It uses a level-wise approach to generate candidates and is known for its ability 
to prune infrequent itemsets efficiently. Apriori has been widely implemented in various data mining 
tools and libraries. 
FP-Growth (Frequent Pattern Growth) Algorithm: The FP-Growth algorithm is another popular algorithm 
for frequent itemset mining. It uses a tree-based data structure called the FP-tree, which can significantly 
reduce the amount of candidate itemset generation and support counting, making it efficient for large 
datasets. 



We’ll talk about both of these techniques in greater detail a bit later. 
 
Applications of Frequent Itemset Mining: Frequent itemset mining has various practical applications, 
including: 
Market Basket Analysis: Identifying item associations in retail transactions to optimize product 
placement and create product recommendations. 
Recommender Systems: Finding associations in user-item interactions to make personalized 
recommendations. 
Healthcare Analytics: Discovering patterns and associations in patient records for clinical decision 
support. 
Network Traffic Analysis: Identifying frequently co-occurring network events for anomaly detection and 
security monitoring. 
 
Frequent itemset mining is a foundational technique for discovering interesting patterns and associations 
in data. By understanding the relationships between items or attributes, organizations can make more 
informed decisions and provide valuable insights to their customers or stakeholders. 
 
Association rule mining is a data mining technique that focuses on discovering interesting relationships 
or associations between items or attributes in a dataset. It aims to identify rules that describe how items 
tend to co-occur in transactions or instances. These rules are often used to make recommendations, 
understand customer behavior, and optimize business processes. Here's more information about 
association rule mining: 
 
Key Concepts: 
Itemset: An itemset is a collection of one or more items or attributes that are considered together. For 
example, in a retail dataset, an itemset could be a combination of products purchased in a single 
transaction. 
Association Rule: An association rule is a statement of the form "If X, then Y," where X and Y are itemsets. 
It suggests that there is an association or relationship between the items in X and the items in Y. 
Support: Support is a measure of how frequently a specific itemset or association rule occurs in the 
dataset. It is calculated as the proportion of transactions or instances that contain the itemset or satisfy 
the rule. 
Confidence: Confidence measures the strength of an association rule. It is defined as the conditional 
probability of finding Y in a transaction given that X is present. Higher confidence indicates a stronger 
association. 
 
Association Rule Mining Process: The process of association rule mining typically involves the following 
steps: 
Initialization: Start with a dataset containing transactions, where each transaction is a set of items or 
attributes. 
Itemset Generation: Identify frequent itemsets, which are itemsets with a support greater than or equal 
to a predefined minimum support threshold. 
Rule Generation: Generate association rules from the frequent itemsets by considering all possible 
combinations of X and Y such that X ∪ Y is a frequent itemset. 
Support and Confidence Calculation: Calculate the support and confidence of each association rule. 
Rule Pruning: Prune rules that do not meet minimum support and confidence thresholds. This helps filter 
out less meaningful rules. 



Sorting and Presentation: Sort and present the remaining association rules based on support, 
confidence, or other criteria to highlight the most interesting and actionable rules. 
 
Algorithms for Association Rule Mining: Several algorithms are commonly used for association rule 
mining. These include the Apriori Algorithm and the FP-Growth Algorithm. 
 
Applications of Association Rule Mining: Association rule mining has various practical applications, 
including: 
Market Basket Analysis: Retailers use association rules to understand product associations in customer 
transactions, helping optimize product placement, create product recommendations, and design 
effective marketing strategies. 
Recommender Systems: Online platforms, such as e-commerce websites and streaming services, use 
association rules to provide personalized product recommendations based on user behavior. 
Healthcare Analytics: Association rule mining is used to discover patterns in patient records, identifying 
co-occurring medical conditions, risk factors, and treatment patterns. 
Network Security: It is applied in network traffic analysis to identify patterns of malicious activity, 
intrusion detection, and anomaly detection. 
Cross-Selling and Up-Selling: Businesses use association rules to identify opportunities to cross-sell 
related products or upsell customers to higher-value products or services. 
 
Association rule mining is a valuable technique for uncovering insights and patterns in transactional data. 
By understanding item associations and the relationships between attributes, organizations can make 
data-driven decisions, improve customer experiences, and enhance their operations. 
 
The Apriori algorithm is one of the earliest and most well-known algorithms for association rule mining 
in data mining and machine learning. It is used to discover frequent itemsets in transactional databases 
and generate association rules based on those itemsets. Association rule mining with the Apriori 
algorithm is particularly useful for identifying patterns of co-occurring items or attributes in large 
datasets, with applications in market basket analysis, recommendation systems, and more. Here's how 
the Apriori algorithm works: 
 
Key Concepts: 
Itemset: An itemset is a collection of one or more items or attributes. For example, in a retail dataset, an 
itemset could be a combination of products that a customer purchased in a single transaction. 
Support: Support is a measure of how frequently a specific itemset occurs in the dataset. It is calculated 
as the proportion of transactions or instances that contain the itemset. 
 
Algorithm Steps: 

1. Initialization: 
a. Start with a transactional dataset, where each transaction is a set of items or attributes. 
b. Define a minimum support threshold that determines the minimum frequency required for 

an itemset to be considered "frequent." 
2. Candidate Generation (Level 1): 

a. Scan the dataset to count the support of individual items (singletons). Items with support 
equal to or greater than the minimum support threshold are considered "frequent" 
itemsets. 

3. Frequent Itemset Generation (Level 1): 
a. Create a list of frequent itemsets at level 1 based on the frequent singletons. 



4. Candidate Generation (Subsequent Levels): 
a. Generate candidate itemsets at the next level by joining pairs of frequent itemsets from the 

previous level. This step is based on the "Apriori property," which states that if an itemset is 
infrequent, all of its supersets must also be infrequent. 

5. Support Counting (Subsequent Levels): 
a. Scan the dataset to count the support of candidate itemsets at the current level. If an 

itemset's support exceeds the minimum support threshold, it is deemed "frequent." 
6. Frequent Itemset Generation (Subsequent Levels): 

a. Create a list of frequent itemsets at the current level based on the candidate itemsets with 
sufficient support. 

7. Iteration: 
a. Continue generating candidate itemsets, counting support, and determining frequent 

itemsets for each subsequent level until no more frequent itemsets can be found. 
8. Association Rule Generation: 

a. After identifying the frequent itemsets, association rules are generated. Each frequent 
itemset can lead to multiple association rules, representing different combinations of 
antecedents (X) and consequents (Y). 

9. Support and Confidence Calculation: 
a. Calculate the support and confidence for each association rule. 
b. Support measures how frequently the rule's antecedent and consequent appear together, 

while confidence measures the strength of the association. 
10. Rule Pruning: 

a. Prune association rules that do not meet minimum support and confidence thresholds. 
11. Presentation and Interpretation: 

a. Present the remaining association rules in descending order of support or confidence for 
interpretation and decision-making. 

 
The Apriori algorithm efficiently finds frequent itemsets by using a level-wise approach and by pruning 
infrequent itemsets based on the Apriori property. It is a powerful tool for discovering item associations 
and generating actionable insights from transactional data. However, for very large datasets, Apriori may 
suffer from computational inefficiency due to the need to generate and scan numerous candidate 
itemsets, which has led to the development of more efficient algorithms like the FP-Growth algorithm. 
 
The FP-Growth (Frequent Pattern Growth) algorithm is an efficient and scalable algorithm for frequent 
itemset mining and association rule generation. It is used to discover patterns of co-occurring items or 
attributes in large datasets. FP-Growth is particularly valuable for solving the challenges of the Apriori 
algorithm, such as the need to generate and scan an extensive number of candidate itemsets, making it 
well-suited for applications like market basket analysis, recommendation systems, and more. Here's how 
the FP-Growth algorithm works: 
 
Key Concepts: 
Itemset: An itemset is a collection of one or more items or attributes that are considered together. For 
example, in a retail dataset, an itemset could be a combination of products that a customer purchased in 
a single transaction. 
Support: Support is a measure of how frequently a specific itemset occurs in the dataset. It is calculated 
as the proportion of transactions or instances that contain the itemset. 
 
 



Algorithm Steps: 
1. Initialization: 

a. Start with a transactional dataset, where each transaction is a set of items or attributes. 
b. Define a minimum support threshold that determines the minimum frequency required for 

an itemset to be considered "frequent." 
2. Single Scan (First Pass): 

a. Scan the dataset to count the support of individual items (singletons) and identify frequent 
singletons (items with support greater than or equal to the minimum support threshold). 

b. Sort the frequent singletons in descending order of support. 
3. Tree Structure (FP-Tree): 

a. Create an FP-Tree (Frequent Pattern Tree) structure to efficiently represent the dataset and 
its itemsets. The FP-Tree allows for compact storage and faster traversal. 

b. Each node in the tree represents an item, and the tree is built by adding items to the tree in 
a specific order based on their support. Each branch from the root node corresponds to a 
frequent singleton. 

4. Construct Conditional FP-Trees: 
a. For each frequent singleton, construct a conditional FP-Tree by considering only the 

transactions that contain that singleton. 
b. These conditional FP-Trees are used to mine frequent itemsets that contain the frequent 

singleton. 
5. Recursive Mining (Second Pass and Beyond): 

a. For each frequent singleton, mine frequent itemsets associated with it using the 
corresponding conditional FP-Tree. This is done recursively. 

b. The process of constructing conditional FP-Trees and mining frequent itemsets is performed 
iteratively until no more frequent itemsets can be found. 

6. Association Rule Generation: 
a. After identifying the frequent itemsets, association rules are generated. Each frequent 

itemset can lead to multiple association rules, representing different combinations of 
antecedents (X) and consequents (Y). 

7. Support and Confidence Calculation: 
a. Calculate the support and confidence for each association rule. 
b. Support measures how frequently the rule's antecedent and consequent appear together, 

while confidence measures the strength of the association. 
8. Rule Pruning: 

a. Prune association rules that do not meet minimum support and confidence thresholds. 
9. Presentation and Interpretation: 

a. Present the remaining association rules in descending order of support or confidence for 
interpretation and decision-making. 

 
The FP-Growth algorithm provides several advantages over the Apriori algorithm. It efficiently 
compresses the dataset into a tree structure, eliminating the need for candidate itemset generation, 
resulting in a reduced number of scans of the dataset. This makes FP-Growth particularly well-suited for 
large datasets, as it often outperforms Apriori in terms of speed and efficiency. 
 
The Eclat (Equivalence Class Clustering and bottom-up Lattice Traversal) algorithm is another widely 
used algorithm for association rule mining, similar to the Apriori and FP-Growth algorithms. Eclat is 
designed to efficiently discover frequent itemsets and generate association rules, especially in large 
transactional databases. The primary advantage of Eclat is its compact data structure and the avoidance 



of candidate generation, making it efficient for high-dimensional datasets. Here's how the Eclat 
algorithm works: 
 
Key Concepts: 
Itemset: An itemset is a collection of one or more items or attributes considered together. In retail, an 
itemset could represent a combination of products in a customer's basket. 
Support: Support is a measure of how frequently a specific itemset occurs in the dataset. It is calculated 
as the proportion of transactions or instances that contain the itemset. 
 
Algorithm Steps: 

1. Initialization: 
a. Start with a transactional dataset, where each transaction is a set of items or attributes. 
b. Define a minimum support threshold that determines the minimum frequency required for 

an itemset to be considered "frequent." 
2. Single Scan (First Pass): 

a. Scan the dataset to count the support of individual items (singletons) and identify frequent 
singletons (items with support greater than or equal to the minimum support threshold). 

3. Equivalence Class Clustering: 
a. Perform an equivalence class clustering based on the frequent singletons. In other words, 

group transactions into clusters based on the items they contain from the frequent 
singletons. 

b. Each cluster represents a set of transactions that share the same frequent items. 
4. Bottom-Up Lattice Traversal: 

a. Build a tree-like lattice structure to represent the frequent itemsets. The lattice structure is 
constructed in a bottom-up fashion. 

b. The lattice consists of nodes representing itemsets and has child-parent relationships, where 
child nodes are supersets of parent nodes. The root node represents the empty set, and leaf 
nodes represent frequent singletons. 

5. Lattice Expansion: 
a. Expand the lattice structure by iteratively merging parent nodes based on their common 

items. This forms new nodes representing larger itemsets. 
b. At each level of the lattice, the algorithm combines itemsets by adding one item from the 

parent node to another itemset from a different parent node. If the merged itemset is 
frequent, it becomes a node in the lattice. 

6. Recursive Frequent Itemset Generation: 
a. For each node in the lattice, generate frequent itemsets by recursively traversing the lattice 

and combining itemsets until no more frequent itemsets can be found. 
7. Association Rule Generation: 

a. After identifying the frequent itemsets, association rules are generated. Each frequent 
itemset can lead to multiple association rules, representing different combinations of 
antecedents (X) and consequents (Y). 

8. Support and Confidence Calculation: 
a. Calculate the support and confidence for each association rule. 
b. Support measures how frequently the rule's antecedent and consequent appear together, 

while confidence measures the strength of the association. 
9. Rule Pruning: 

a. Prune association rules that do not meet minimum support and confidence thresholds. 
10. Presentation and Interpretation: 



a. Present the remaining association rules in descending order of support or confidence for 
interpretation and decision-making. 

 
Eclat is efficient because it builds a compact data structure, the lattice, to represent itemsets and their 
relationships. This eliminates the need for candidate itemset generation and multiple passes over the 
dataset, making it well-suited for large and high-dimensional transactional databases. 
 
Correlation analysis is a statistical technique used to evaluate and quantify the relationship between two 
or more variables in a dataset. It measures the degree and direction of association between variables, 
helping to identify patterns and dependencies in the data. Correlation analysis is particularly valuable in 
various fields, including statistics, finance, healthcare, and social sciences. We discusses several types of 
correlation in 325, but we’ll review some important elements here. 
 
Key Concepts: 
Correlation Coefficient: The correlation coefficient is a numerical measure that quantifies the strength 
and direction of the relationship between two variables. It typically ranges between -1 and 1, with: 

• A positive correlation (closer to +1) indicates a direct relationship, where an increase in one 
variable is associated with an increase in the other. 

• A negative correlation (closer to -1) indicates an inverse relationship, where an increase in 
one variable is associated with a decrease in the other. 

• A correlation near 0 suggests little to no linear relationship between the variables. 
 
Scatterplot: A scatterplot is a graphical representation of data points in a two-dimensional space, with 
one variable on the x-axis and the other on the y-axis. It is a useful tool for visualizing the relationship 
between two variables. 
 
Causation vs. Correlation: It's important to note that correlation does not imply causation. Just because 
two variables are correlated does not mean that one causes the other. Other factors or hidden variables 
may be at play. 
 
Types of Correlation: 
Pearson Correlation Coefficient (r): The Pearson correlation coefficient, often denoted as "r," measures 
the linear relationship between two continuous variables. It's the most commonly used correlation 
measure. 
Spearman Rank Correlation: Spearman's rank correlation (rho or ρ) assesses the strength and direction 
of a monotonic relationship between two variables, which means it can capture non-linear associations. 
Kendall's Tau: Kendall's Tau (τ) is another non-parametric measure used to evaluate the strength of 
association between two variables. It's also suitable for detecting monotonic relationships and is often 
used for ordinal data. 
 
Steps in Correlation Analysis: 
Data Preparation: Ensure that the data is clean, well-structured, and suitable for correlation analysis. The 
data should consist of pairs of observations for the two variables being studied. 
Calculation of the Correlation Coefficient: Calculate the appropriate correlation coefficient (e.g., Pearson, 
Spearman, or Kendall) to measure the association between the variables. This calculation is done using 
statistical software or programming languages like R or Python. 
Interpretation: Interpret the correlation coefficient: 

• If the correlation coefficient is close to 1 or -1, it indicates a strong relationship. 



• If it's close to 0, there is little to no linear relationship. 

• A positive coefficient suggests a direct relationship, while a negative coefficient suggests an 
inverse relationship. 

• Different correlation coefficients imply slightly different things. 
 
Visualization: Create a scatterplot to visualize the data and observe the relationship between the 
variables. This helps in understanding the nature of the association. 
Applications of Correlation Analysis: Correlation analysis is widely used in various fields, including: 

• Finance: Analyzing the relationships between financial variables like stock prices, interest 
rates, and economic indicators. 

• Healthcare: Investigating correlations between patient variables and health outcomes. 

• Social Sciences: Studying correlations in social surveys, education, and psychology. 

• Environmental Science: Evaluating relationships between environmental factors like 
temperature, pollution levels, and health outcomes. 

 
Correlation analysis provides valuable insights into the dependencies between variables, aiding in 
decision-making, research, and predictive modeling. It helps identify patterns and can serve as a basis for 
further analysis or experimentation in different domains. 

 
Rule induction, also known as rule learning or rule discovery, is a data mining and machine learning 
technique that aims to identify and extract logical rules or patterns from data. These rules help explain 
the relationships between variables and can be used for prediction, classification, and decision-making. 
Rule induction is commonly used in supervised learning, where the objective is to discover rules that 
map input features to target outcomes. Here's an overview of rule induction in data mining: 
 
Supervised Learning Context: Rule induction is primarily applied in supervised learning scenarios, where 
the dataset includes both input features (independent variables) and target outcomes (dependent 
variables). The goal is to learn a set of rules that can predict or classify the target variable based on the 
input features. 
 
Decision Rules: Decision rules are if-then statements that describe the relationships between the input 
features and the target variable. Each rule consists of a condition (if) and an action (then). The condition 
specifies a combination of feature values, and the action defines the predicted or classified outcome. 
 
Classification and Prediction: Rule induction can be used for both classification and prediction tasks. In 
classification, the rules assign data points to specific categories or classes. In prediction, the rules make 
continuous or discrete predictions. 
 
Popular Algorithms: There are various algorithms and techniques for rule induction, including: C4.5 (or 
C5.0): A decision tree algorithm that generates rules in the form of a decision tree. It's widely used for 
classification. RIPPER (Repeated Incremental Pruning to Produce Error Reduction): A rule-based 
classification algorithm known for its ability to create compact and accurate rule sets. Random Forest: 
Although it's known for ensemble learning, Random Forest can also extract rules from decision trees. 
Association Rule Mining (e.g., Apriori): Commonly used for market basket analysis but can also be used 
for rule induction in other domains. 
 



Generating Rules: The process of rule induction involves growing a set of rules from the data. This can be 
done through: Decision tree construction, where each path from the root to a leaf represents a rule. 
Sequential covering, where rules are generated sequentially, each refining the dataset for the next rule. 
Association rule mining, which identifies associations between itemsets, potentially leading to rules. 
 
Rule Pruning: Once a set of rules is generated, it may be pruned to remove redundant or less informative 
rules. Pruning helps reduce the complexity of the rule set and improves the model's interpretability and 
performance. 
 
Model Interpretability: Rule-based models are often preferred when interpretability is important. They 
provide human-readable insights into the decision-making process. 
 
Real-World Applications: Rule induction is applied in various domains, including healthcare (medical 
diagnosis), finance (credit scoring), marketing (customer segmentation), and manufacturing (quality 
control). 
 
Rule induction is a valuable tool in data mining and machine learning for making predictions and 
classifications while maintaining transparency and interpretability in the decision-making process. The 
choice of the specific algorithm and approach depends on the characteristics of the data and the 
objectives of the analysis. 
 
Resources: 

1. https://cosmos.ualr.edu/wp-content/uploads/2019/02/Chapter-4-%E2%80%93-Association-
Pattern-Mining.pdf 

2. https://www.geeksforgeeks.org/association-rule-mining-in-r-programming/ 
3. https://www.kirenz.com/post/2020-05-14-r-association-rule-mining/ 
4. https://www.tutorialspoint.com/what-is-association-rule-mining-in-r-programming 
5. https://cran.r-project.org/web/packages/arules/readme/README.html 
6. https://r-statistics.co/Association-Mining-With-R.html 
7. https://www.projectpro.io/recipes/implement-association-rule-mining-r 
8. https://www.webpages.uidaho.edu/~stevel/517/RDM-slides-association-rule-mining-with-r.pdf 
9. https://www.rdatamining.com/examples/association-rules 
10. https://medium.com/swlh/association-rule-mining-in-r-acbd15e0de89 
11. https://knowledge.dataiku.com/latest/code/r/tutorial-association-rules.html 
12. https://statsandr.com/blog/correlation-coefficient-and-correlation-test-in-r/ 
13. https://www.analyticsvidhya.com/blog/2021/01/correlation-analysis-using-r/ 
14. https://rpubs.com/SameerMathur/CorrelationAnalysis_mtcars 
15. http://www.sthda.com/english/wiki/correlation-analyses-in-r 
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