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ABSTRACT 

Mining high utility item sets (HUIs) from databases is an important data mining task, which refers to the discovery of itemsets 

with high utilities (e.g. high profits). However, it may present too many HUIs to users, which also degrades the efficiency of the 

mining process. To achieve high efficiency for the mining task and provide a concise mining result to users, we propose a novel 

framework in this paper for mining closedþ high utility itemsets (CHUIs), which serves as a compact and lossless representation 

of HUIs. We propose three efficient algorithms named AprioriCH (Apriori-based algorithm for mining High utility Closed þ 

itemsets), AprioriHC-D (AprioriHC algorithm with Discarding unpromising and isolated items) and CHUD (Closed þ High Utility 

Itemset Discovery) to find this representation. Further, a method called DAHU (Derive All High Utility Itemsets) is proposed to 

recover all HUIs from the set of CHUIs without accessing the original database. Results on real and synthetic datasets show that 

the proposed algorithms are very efficient and that our approaches achieve a massive reduction in the number of HUIs. In 

addition, when all HUIs can be recovered by DAHU, the combination of CHUD and DAHU outperforms the state-of-the-art 

algorithms for mining HUIs. 

Index Terms: Frequent itemset, closedþ high utility itemset, lossless and concise representation, utility mining, data mining 

 

1. INTRODUCTION 

 

FREQUENT itemset mining (FIM) is a fundamental 

research topic in data mining. One of its popular applications 

is market basket analysis, which refers to the discovery of sets 

of items (itemsets) that are frequently purchased together by 

customers. However, in this application, the traditional model 

of FIM may discover a large amount of frequent but low 

revenue itemsets and lose the information on valuable itemsets 

having low selling frequencies. These problems are caused by 

the facts that (1)FIM treats all items as having the same 

importance/unit profit/weight and (2) it assumes that every 

item in a transaction appears in a binary form, i.e., an item can 

be either present or absent in a transaction, which does not 

indicate its purchase quantity in the transaction. Hence, FIM 

cannot satisfy the requirement of users who desire to discover 

itemsets with high utilities such as high profits. 

To address these issues, utility mining emerges as an 

important topic in data mining. In utility mining, each item has 

a weight (e.g. unit profit) and can appear more than once in 

each transaction (e.g. purchase quantity). The utility of an 

itemset represents its importance, which can be measured in 

terms of weight, profit, cost, quantity or other information 

depending on the user preference. An itemset is called a high 

utility itemset (HUI) if its utility is no less than a user-

specified minimum utility threshold; otherwise, it is called a 

low utility itemset. Utility mining is an important task and has 

a wide range of applications such as website click stream 

analysis, cross marketing in retail stores, mobile commerce 

environment and biomedical applications. 

However, HUI mining is not an easy task since the 

downward closure property in FIM does not hold inutility 

mining. In other words, the search space for mining HUIs 
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cannot be directly reduced as it is done in FIM because a 

superset of a low utility itemset can be a high utility itemset. 

Many studies were proposed for mining HUIs, but they often 

present a large number of high utility itemsets to users. A very 

large number of high utility itemsets makes it difficult for the 

users to comprehend the results. It may also cause the 

algorithms to become inefficient in terms of time and memory 

requirement, or even run out of memory. It is widely 

recognized that the more high utility itemsets the algorithms 

generate, the more processing they consume. The performance 

of the mining task decreases greatly for low minimum utility 

thresholds or when dealing with dense databases. In FIM, to 

reduce the computational cost of the mining task and present 

fewer but more important patterns to users, many studies 

focused on developing concise representations, such as free 

sets, non-derivable sets, odds ratio patterns, disjunctive closed 

itemsets, maximal itemsets and closed itemsets. These 

representations successfully reduce the number of itemsets 

found, but they are developed for FIM instead of HUI mining. 

Therefore, an important research question is “Is it possible to 

conceive a compact and lossless representation of high utility 

itemsets inspired by these representations to address the 

aforementioned issues in HUI mining?”The remainder of this 

paper is organized as follows. In Section 2, we introduce the 

background for compact representations and utility mining. 

Section 3 defines the representation of closedþ high utility 

itemsets and presents our methods. Experiments and 

discussion are shown in Section 4 and Section 5. Conclusion 

and future works are given in Sections 6 and7. 

1.1 Objective 

We propose a novel framework in this paper for 

mining closedþ high utility itemsets (CHUIs), which serves as 

a compact and lossless representation of HUIs. 

1.2 Existing System 

Existing techniques for high utility itemsets is 

integrating concepts of concise representations from FIM into 

HUI mining may produce a loss representation of all HUIs or 

a representation that is not meaningful to the users. The 

representation may not achieve a significant reduction in the 

number of extracted patterns to justify using the 

representation. The Unwanted representation of data leads to 

misunderstanding.  

1.2.1 Disadvantages of Existing System 

 Algorithms for extracting the representation may not 

be efficient. 

 They may be slower than the best algorithms for 

mining all HUIs. 

 It may be hard to develop an efficient method for 

recovering all HUIs from the representation. 

 Websites with so much unwanted details mislead to 

wrong information. 

 Decrease efficiency. 

 

1.3 Proposed System 

 We propose a top-down method named DAHU 

(Derive All High Utility item sets) for efficiently 

recovering all HUIs from the set of CHUIs. The 

proposed representation is lossless due to a new 

structure named utility unit array that allows 

recovering all HUIs and their utilities efficiently. 

  We propose three efficient algorithms named 

AprioriHC (Apriori-based algorithm for mining High 

utility Closedþ item set), AprioriHC-D (AprioriHC 

algorithm with Discarding unpromising and isolated 

items) and CHUD (Closedþ High Utility item set 

Discovery) to find this representation. 

 Using algorithm, HUI can be found and unwanted 

item sets are removed. Users can view needed 

information alone. 

1.3.1 Advantages of Proposed System 

 Represents clear view information to users in 

website. 

 The proposed representation is also compact. 

2. SYSTEM ARCHITECTURE 
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2.1 Data Flow Diagram 

 

3. ALGORITHM EXPLANATION 

 The AprioriHC Algorithm 

3.1 Definition of Apriori Algorithm 

• The Apriori Algorithm is an influential algorithm for 

mining frequent itemsets for Boolean association 

rules.  

• Apriori uses a "bottom up" approach, where frequent 

subsets are extended one item at a time (a step known 

as candidate generation, and groups of candidates are 

tested against the data.  

• Apriori is designed to operate on database containing 

transactions (for example, collections of items bought 

by customers, or details of a website frequentation). 

3.2 Key Concepts 

• Frequent Itemsets: All the sets which contain the item 

with the minimum support (denoted by 𝐿𝑖 for 𝑖 𝑡ℎ 

itemset).  

• Apriori Property: Any subset of frequent itemset 

must be frequent. 

• Join Operation: To find 𝐿 𝑘, a set of candidate k-

itemsets is generated by joining 𝐿 𝑘−1 with itself. 

3.3 Steps to Perform Apriori Algorithm 

1. Scan the transaction data base to get the support of S 

each 1-itemset, compare S with min_sup, and get a 

support of 1-itemsets, L1  

2. Use 𝐿 𝑘−1 join 𝐿 𝑘−1 to generate a set of candidate 

k-itemsets. And use Apriori property to prune the 

unfrequented k-itemsets from this set.  

3. Scan the transaction database to get the support S of 

each candidate k-itemset in the find set, compare S 

with min_sup, and get a set of frequent k-itemsets 𝐿 𝑘  

4. The candidate set = Null  

5. For each frequent itemset 1, generate all nonempty 

subsets of 1  

6. For every nonempty subset s of 1, output the rule 

“s=>(1-s)” if confidence C of the rule “s=>(1-s)” 

(=support s of 1/support S of s)’ min_conf NO YES 

3.4 Limitations 

• Apriori algorithm can be very slow and the 

bottleneck is candidate generation.  

• For example, if the transaction DB has 104 frequent 

1-itemsets, they will generate 107 candidate 2-

itemsets even after employing the downward closure.  

• To compute those with sup more than min sup, the 

database need to be scanned at every level. It needs 

(n +1 ) scans, where n is the length of the longest 

pattern. 

3.5 Methods to Improve Apriori’s Efficiency 

• Hash-based itemset counting: A k-itemset whose 

corresponding hashing bucket count is below the 

threshold cannot be frequent • Transaction reduction: 
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A transaction that does not contain any frequent k-

itemset is useless in subsequent scans  

• Partitioning: Any itemset that is potentially frequent 

in DB must be frequent in at least one of the 

partitions of DB. 

• Sampling: mining on a subset of given data, lower 

support threshold + a method to determine the 

completeness  

• Dynamic itemset counting: add new candidate 

itemsets only when all of their subsets are estimated 

to be frequent 

3.5.1 Advantages 

• Uses large itemset property  

• Easily parallelized 

• Easy to implement 

3.5.2 Disadvantages 

• Assumes transaction database is memory resident.  

• Requires many database scans 

4. LITERATURE SURVEY 

4. 1. Fast Algorithms for Mining Association Rules 

Author: R. Agrawal, R. Srikant. 

Progress in bar-code technology has made it possible 

for retail organizations to collect and store massive mounts of 

sales data, referred to as the basket data. A record in such data 

typically consists of the transaction date and the items bought 

in the transaction. Successful organizations view such 

databases as important pieces of the marketing infrastructure. 

They are interested in instituting information-driven marketing 

processes, managed by database technology, that enable 

marketers to develop and implement customized marketing 

programs and strategies. 

 

4.2. Efficient Tree Structures for High Utility Pattern 

Mining in Incremental Databases 

Author: C. F. Ahmed, S. K. Tanbeer, B.-S. Jeong, and Y.-

K. Lee. 

Recently, high utility pattern (HUP) mining is one of 

the most important research issues in data mining due to its 

ability to consider the non-binary frequency values of items in 

transactions and different profit values for every item. On the 

other hand, incremental and interactive data mining provide 

the ability to use previous data structures and mining results in 

order to reduce unnecessary calculations when a database is 

updated, or when the minimum threshold is changed. In this 

paper, we propose three novel tree structures to efficiently 

perform incremental and interactive HUP mining. The first 

tree structure, Incremental HUP Lexicographic Tree (IHUPL-

Tree), is arranged according to an item's lexicographic order. 

It can capture the incremental data without any restructuring 

operation. The second tree structure is the IHUP transaction 

frequency tree (IHUPTF-Tree), which obtains a compact size 

by arranging items according to their transaction frequency 

(descending order). To reduce the mining time, the third tree, 

IHUP-transaction-weighted utilization tree (IHUPTWU-Tree) is 

designed based on the TWU value of items in descending 

order. Extensive performance analyses show that our tree 

structures are very efficient and scalable for incremental and 

interactive HUP mining. 

 

4.3. Free-Sets: A Condensed Representation of Boolean 

Data for the Approximation of Frequency Queries 

Author: J.-F. Boulicaut, A. Bykowski, and C. Rigotti. 

Given a large collection of transactions containing 

items, a basic common data mining problem is to extract the 

so-called frequent itemsets (i.e., sets of items appearing in at 

least a given number of transactions). In this paper, we 

propose a structure called free-sets, from which we can 

approximate any itemset support (i.e., the number of 

transactions containing the itemset) and we formalize this 

notion in the framework of !-adequate representations (H. 

Mannila and H. Toivonen, 1996. In Proc. of the Second 

International Conference on Knowledge Discovery and Data 

Mining (KDD’96), pp. 189–194). We show that frequent free-

sets can be efficiently extracted using pruning strategies 

developed for frequent itemset discovery, and that they can be 

used to approximate the support of any frequent itemset. 

Experiments on real dense data sets show a significant 
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reduction of the size of the output when compared with 

standard frequent itemset extraction. Furthermore, the 

experiments show that the extraction of frequent free-sets is 

still possible when the extraction of frequent itemsets becomes 

intractable, and that the supports of the frequent free-sets can 

be used to approximate very closely the supports of the 

frequent itemsets. Finally, we consider the effect of this 

approximation on association rules (a popular kind of patterns 

that can be derived from frequent itemsets) and show that the 

corresponding errors remain very low in practice 

4.4. Mining All Non-Derivable Frequent Itemsets 

Author: T. Calders and B. Goethals. 

Recent studies on frequent itemset mining algorithms 

resulted in significant performance improvements. However, 

if the minimal support threshold is set too low, or the data is 

highly correlated, the number of frequent itemsets itself can be 

prohibitively large. To overcome this problem, recently 

several proposals have been made to construct a concise 

representation of the frequent itemsets, instead of mining all 

frequent itemsets. The main goal of this paper is to identify 

redundancies in the set of all frequent itemsets and to exploit 

these redundancies in order to reduce the result of a mining 

operation. We present deduction rules to derive tight bounds 

on the support of candidate itemsets. We show how the 

deduction rules allow for constructing a minimal 

representation for all frequent itemsets. We also present 

connections between our proposal and recent proposals for 

concise representations and we give the results of experiments 

on real-life datasets that show the effectiveness of the 

deduction rules. In fact, the experiments. even show that in 

many cases, first mining the concise representation, and then 

creating the frequent itemsets from this representation 

outperforms existing frequent set mining algorithms. 

4.5 Mining Top-k Frequent Patterns in the Presence of the 

Memory Constraint 

Author: K. Chuang, J. Huang, and M. Chen. 

We explore in this paper a practicably interesting 

mining task to retrieve top-k (closed) itemsets in the presence 

of the memory constraint. Specifically, as opposed to most 

previous works that concentrate on improving the mining 

efficiency or on reducing the memory size by best effort, we 

first attempt to specify the available upper memory size that 

can be utilized by mining. 

5. CONCLUSION 

In this paper, we addressed the problem of 

redundancy in high utility item set mining by proposing a 

lossless and compact representation named closed þ high 

utility item sets, which has not been explored so far. To mine 

this representation, we proposed three efficient algorithms 

named Apriori HC(Apriori-based approach for mining High 

utility Closed item set), AprioriHC-D (Apriori HC algorithm 

with Discarding unpromising and isolated items) and CHUID 

(Closed þ High Utility item set Discovery). AprioriHC-D is an 

improved version of Apriori HC, which incorporates strategies 

DGU and IIDS for pruning candidates. Apriori HC and 

Apriori HCD perform a breadth-first search for mining closed 

þ high utility item sets from horizontal database, while CHUD 

performs a depth-first search for mining closed þ high utility 

item sets from vertical database.  

The strategies incorporated in CHUD are efficient 

and novel. They have never been used for vertical mining of 

high utility item sets and closed high utility item sets. To 

efficiently recover all high utility item sets from closed þ high 

utility item sets, we proposed an efficient method named 

DAHU (Derive All High Utility item sets). Results on both 

real and synthetic datasets show that the proposed 

representation achieves a massive reduction in the number of 

high utility item sets on all real datasets(e.g. a reduction of up 

to 800 times for Mushroom and 32 times for Food mart). 

Besides, CHUD outperforms UP-Growth, one of the currently 

best algorithms by several orders of magnitude (e.g. CHUD 

terminates in 80 seconds on BMSWebView1 for min utility 

1⁄4 2%, while UP-Growth cannot terminate within 24 hours). 

The combination of CHUD and DAHU is also faster than UP-

Growth when DAHU could be applied. 

6. FUTURE ENHANCEMENT 

In this Future work, we only study the integration of 

closed item set mining and high utility item set mining. 

However, there are many other compact representations that 

have not yet been combined with high utility item set mining. 

Is it possible to develop other compact representations of high 
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utility item sets inspired by our work to reduce the number of 

redundant high utility patterns? This is an interesting research 

question. Although closed þ high utility item set mining is 

essential to many research topics and industrial applications, it 

is still a novel and challenging problem. Other related research 

issues are worthwhile to be explored in the future. 
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