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      Frequent Pattern Growth 

 

The Frequent Pattern Growth (FP-Growth) algorithm is an efficient method in machine 

learning and data mining for identifying frequent itemsets (patterns of items that often occur 

together) in large transactional datasets. It improves on older methods like the Apriori algorithm 

by avoiding the costly step of generating candidate itemsets and requiring only two scans of the 

dataset. 

How the FP-Growth Algorithm Works 

The algorithm operates in two main steps using a "divide and conquer" strategy. 

1. Construct the FP-Tree: The algorithm first builds a compact data structure called a Frequent 

Pattern Tree (FP-Tree). 

● Scan the data once to count the frequency (support) of each individual item. Infrequent items 

that do not meet a predefined minimum support threshold are discarded. 

● Sort the remaining frequent items in descending order of their frequency. 

● Scan the data a second time and insert each transaction into the FP-Tree. Items within each 

transaction are added to the tree in the predefined frequency order, sharing common prefixes 

with existing branches to compress the data. Each node in the tree stores the item name and its 

frequency count. 

2. Mine the FP-Tree: Once the tree is built, the algorithm recursively extracts frequent patterns 

directly from it. 

● Starting from the least frequent item in the header table, it identifies all prefix paths in the tree 

that lead to that item, forming a conditional pattern base. 

● It then constructs a smaller conditional FP-Tree for each pattern base, filtering out items that do 

not meet the minimum support within that specific sub-tree. 

● This recursive process continues until all frequent patterns are generated. 

Scaler +4 

Advantages and Disadvantages 
 

Feature FP-Growth Apriori (for comparison) 

Candidate 

Generation 

None needed, which saves time. Generates and tests 

numerous candidate 

itemsets. 
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Database Scans Requires only two full scans of the 

database. 

Requires multiple scans of 

the database. 

Speed Generally faster and more efficient, 

especially for large datasets. 

Slower due to repeated scans 

and candidate generation. 

Memory Usage Uses higher memory for the FP-Tree 

structure, which can be large if there are 

many unique items. 

Uses less memory, but stores 

large candidate sets. 

Implementation More complex to implement. Simpler to understand and 

build. 

 

Numerical Example of the FP-Growth Algorithm 
Consider a small transaction dataset and a minimum support count of 2. 

 

Transaction ID Items Purchased 

T1 {Bread, Milk, Butter} 

T2 {Bread, Butter} 

T3 {Bread, Milk} 

T4 {Milk, Butter} 

T5 {Bread} 

Step 1: Compute Item Frequencies 

Scan the dataset once to count the occurrences of each item. 
GeeksforGeeks 

 

Item Support Count 

Bread 4 

Milk 3 

Butter 3 

All items meet the minimum support threshold (2), so none are removed. 
GeeksforGeeks 

Step 2: Order Items in Each Transaction by Frequency 

Sort the items within each transaction in descending order of their overall frequency. 
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Transaction ID Sorted Items (by frequency) 
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T1 {Bread, Milk, Butter} 

T2 {Bread, Butter} 

T3 {Bread, Milk} 

T4 {Milk, Butter} 

T5 {Bread} 

Step 3: Construct the FP-Tree 

Build the FP-tree by inserting the sorted transactions one by one, merging common 

prefixes into shared nodes to compress the data. 
GeeksforGeeks +1 

● For T1 {Bread, Milk, Butter}: Create a path (Bread:1) -> (Milk:1) -> (Butter:1). 

● For T2 {Bread, Butter}: The path shares the (Bread) node. Increment its count to 2, 

then create a new child path (Butter:1). 

● For T3 {Bread, Milk}: The path shares (Bread) (count 3) and (Milk) (count 2) nodes. 

● For T4 {Milk, Butter}: This starts a new branch from the root since it doesn't begin with 

"Bread" in the sorted list. Create a path (Milk:1) -> (Butter:1). 

● For T5 {Bread}: Shares the (Bread) node. Increment its count to 4. 

GeeksforGeeks +2 
 

The final FP-tree will have branches reflecting these shared and unique paths. A header 

table also links all occurrences of each item in the tree. 
ScienceDirect.com 

Step 4: Mine the FP-Tree for Frequent Patterns 

Recursively mine the tree from the bottom up (least frequent item first in the header 

table) by constructing conditional pattern bases and conditional FP-trees. 

● For Butter: 

o Paths ending with Butter (prefix paths): {Bread, Milk}:1, {Bread}:1, {Milk}:1. 

o Conditional FP-tree for Butter: Analyze the pattern base. Bread appears 2 times (1+1) 

and Milk appears 2 times (1+1). Both meet the min support. The conditional FP-tree 

has one branch: (Bread:2) -> (Milk:2). 

o Frequent patterns involving Butter: {Butter, Bread}:2, {Butter, Milk}:2, {Butter, Bread, 

Milk}:2. 

● For Milk: 

o Paths ending with Milk: {Bread}:2 (from T1, T3 paths). 
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o Conditional FP-tree for Milk: (Bread:2). 

o Frequent pattern involving Milk: {Milk, Bread}:2. 

● For Bread: 

o Bread has no prefix paths as it is a root-level node in most branches. 

GeeksforGeeks +4 
 

By combining these results with the individual item frequencies from Step 1, all frequent 

itemsets are discovered. 

 
Customer segmentation 

Customer segmentation in machine learning uses unsupervised algorithms like K-Means, 

hierarchical clustering, and PCA to group customers by shared behaviors, demographics, or 

preferences. Key applications include targeted marketing, personalized recommendations, churn 

prediction, and customized pricing strategies. These techniques enhance customer experience 

and optimize business strategies. 

Key Applications of Machine Learning in Customer Segmentation: 

● Targeted Marketing Campaigns: Companies can create highly specific, personalized 

marketing strategies for different segments rather than a one-size-fits-all approach. 

● Customer Retention and Churn Prediction: Machine learning identifies segments at risk of 

leaving, allowing businesses to take proactive measures to retain them. 

● Product Development and Customization: Insights into the preferences of specific groups 

guide the development of new products that cater to their needs. 

● Personalized Recommendations: By understanding the behavior patterns within a segment, 

businesses can offer personalized product recommendations. 

● Pricing Strategies: Companies can adjust pricing based on the price sensitivity and purchasing 

power of different customer clusters. 

● Risk Management: In finance, segmentation helps manage credit risks by grouping customers 

based on financial behavior. 

● E-commerce Behavior Analysis: Analyzing shopping habits to categorize users for tailored 

website experiences. 

Commonly Used Techniques and Algorithms: 

● K-Means Clustering: Often used to create distinct, non-overlapping groups. 

● Hierarchical Clustering: Used for creating a tree-like structure of segments. 

https://www.google.com/search?q=Customer+Retention&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIAxAC
https://www.google.com/search?q=Product+Development&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIAxAE
https://www.google.com/search?q=Personalized+Recommendations&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIAxAG
https://www.google.com/search?q=Pricing+Strategies&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIAxAI
https://www.google.com/search?q=Risk+Management&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIAxAK
https://www.google.com/search?q=E-commerce+Behavior+Analysis&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIAxAM
https://www.google.com/search?q=K-Means+Clustering&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&mstk=AUtExfA0sHllYO-6srPdLR8n0I1eVP7l8DEEaXbS_N3EpESM7mGQyZPg0L3f-VTZYri1BEgEqDdv2Y5dRNY3Rhl-BejYKInVrYhKPvyOYCoo5R1hpu5mZPVARf0Z0J1sxW3ixtZL9WY7uH3ndzLI3r3Lc8ZB_YIDsYLmwEvHeWhA052BZ63owUQVWdD9mr7XGQts_wJEvgmYjRXbGbehFKv8TlA8-n6poawr7RmTg7mO8eda7XW0yAe_HxNwkUNwf7C7RnEB5-0dyg_vZW4SRUI2Xoar&csui=3&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIBRAB
https://www.google.com/search?q=Hierarchical+Clustering&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&mstk=AUtExfA0sHllYO-6srPdLR8n0I1eVP7l8DEEaXbS_N3EpESM7mGQyZPg0L3f-VTZYri1BEgEqDdv2Y5dRNY3Rhl-BejYKInVrYhKPvyOYCoo5R1hpu5mZPVARf0Z0J1sxW3ixtZL9WY7uH3ndzLI3r3Lc8ZB_YIDsYLmwEvHeWhA052BZ63owUQVWdD9mr7XGQts_wJEvgmYjRXbGbehFKv8TlA8-n6poawr7RmTg7mO8eda7XW0yAe_HxNwkUNwf7C7RnEB5-0dyg_vZW4SRUI2Xoar&csui=3&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIBRAD
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● Principal Component Analysis (PCA): Used for reducing data dimensionality to visualize 

complex customer data. 

● DBSCAN: A density-based algorithm used for finding clusters of arbitrary shapes. 
 

 

Image compression 

Image compression is an essential aspect of digital image processing that aims to reduce the size 

of image files without compromising their visual quality or making them unusable for specific 

applications. With the growing demand for high-resolution images in fields like photography, 

video streaming, and medical imaging, efficient image compression techniques are crucial for 

minimizing storage space and transmission time. 

Key Compression Types 

● Lossless Compression: Reversible, allowing for the exact reconstruction of the original image. 

Preferred for medical or legal images where data loss is unacceptable. Examples: Run-length 

encoding (RLE), Huffman coding, Lempel-Ziv-Welch (LZW). 

● Lossy Compression: Irreversible, providing high compression ratios by removing redundant 

data, resulting in smaller file sizes but lower quality. Suitable for general-purpose images. 

Examples: Discrete Cosine Transform (DCT) (JPEG), Wavelet transform. 
 

https://www.google.com/search?q=Principal+Component+Analysis+%28PCA%29&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&mstk=AUtExfA0sHllYO-6srPdLR8n0I1eVP7l8DEEaXbS_N3EpESM7mGQyZPg0L3f-VTZYri1BEgEqDdv2Y5dRNY3Rhl-BejYKInVrYhKPvyOYCoo5R1hpu5mZPVARf0Z0J1sxW3ixtZL9WY7uH3ndzLI3r3Lc8ZB_YIDsYLmwEvHeWhA052BZ63owUQVWdD9mr7XGQts_wJEvgmYjRXbGbehFKv8TlA8-n6poawr7RmTg7mO8eda7XW0yAe_HxNwkUNwf7C7RnEB5-0dyg_vZW4SRUI2Xoar&csui=3&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIBRAF
https://www.google.com/search?q=DBSCAN&sca_esv=fdce72ec2cff0cb3&rlz=1C1YTUH_enIN1008IN1179&biw=1366&bih=667&sxsrf=ANbL-n58gbcz6D6XwgkYN4HOjPHLYMz4OA%3A1773379994690&ei=mqGzadzoKbqbseMPyOSM4AE&oq=Applications+in+customer+segmentation&gs_lp=Egxnd3Mtd2l6LXNlcnAiJUFwcGxpY2F0aW9ucyBpbiBjdXN0b21lciBzZWdtZW50YXRpb24qAggAMgUQIRigAUijDlAAWABwAHgBkAEAmAG6AaABugGqAQMwLjG4AQHIAQD4AQL4AQGYAgGgAs0BmAMAkgcDMi0xoAeQArIHAzItMbgHzQHCBwMzLTHIBwqACAA&sclient=gws-wiz-serp&mstk=AUtExfA0sHllYO-6srPdLR8n0I1eVP7l8DEEaXbS_N3EpESM7mGQyZPg0L3f-VTZYri1BEgEqDdv2Y5dRNY3Rhl-BejYKInVrYhKPvyOYCoo5R1hpu5mZPVARf0Z0J1sxW3ixtZL9WY7uH3ndzLI3r3Lc8ZB_YIDsYLmwEvHeWhA052BZ63owUQVWdD9mr7XGQts_wJEvgmYjRXbGbehFKv8TlA8-n6poawr7RmTg7mO8eda7XW0yAe_HxNwkUNwf7C7RnEB5-0dyg_vZW4SRUI2Xoar&csui=3&ved=2ahUKEwjp8d-glJyTAxWhR2wGHfg3IWQQgK4QegQIBRAH
https://www.slideshare.net/slideshow/digital-image-processing-image-compression/44297104

