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Abstract

Data mining is proved to be one of the most important tools for identifying useful information from very large number of databases
in almost all the industries. Industries are using data mining to increase revenues and reduce costs. This article begins the concept
of data mining that has emerged as a technique of discovering patterns to make better strategies and decisions. It also discusses
standard tasks involved in data mining. This paper attempts, how data mining can be applied in retail industry to increase sales and
reduce cost.
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I. INTRODUCTION

Today retailer is facing dynamic and competitive environment, with increase in globalization and competitiveness retailers are
seeking better market campaign [1]. Retailer are collecting large amount of customer daily transaction details. This data collected
requires proper mechanisms to convert it into knowledge, using this knowledge retailer can make better business decision. Retail
industry is looking strategy so that, they can target right customers who may be profitable to them [1].

Data Mining helps in reducing information overload along with the improved decision-making by searching for relationships
and patterns from the huge dataset collected by retailers [2].

Data mining, the extraction of hidden predictive information from large databases is a powerful technology with great potential
to help managers in the departmental stores to have larger market share and cultivate loyal customers [2].

Data mining prepare databases for finding hidden patterns, finding predictive information that experts may miss because it lies
outside their expectations [3]. From the last decade data mining have got a rich focus due to its significance in decision making
and it has become an essential component in various industries [3].

This paper uses Data Mining Technique to improve the sales in the retail store by identifying customers and there buying
behaviours.

I1. DATA MINING DEFINITION

Data mining is an interdisciplinary subfield of computer science. It is the computational process of discovering patterns in large
data set involving methods at the intersection of artificial intelligence, machine learning, statistics, and database systems in
combination of one or more.

Data mining is the process of extracting useful data for large sets of homogenous or heterogeneous databases to accomplish
some important business goals.

I11. DATA MINING PROCESS

The life cycle of a data mining project consists of six phases. Moving back and forth between different phases is always required.
It depends on the outcome of each phase. The main phases are as follows [1],

A. Business Understanding

This phase focuses on understanding the goals and requirements from a business perspective, then converting this knowledge into
a data mining problem definition and a plan designed to achieve the goals.
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8. Data Understanding

It starts with an initial data collection & taking a closer look at the data. This step is critical in avoiding unexpected problems
during the next phase.

. Data Preparation

In this phase data is manipulated into a suitable form for further analysis and processing. It consists of all activities to construct
the final dataset from the initial raw data.

. Modeling
In this phase, various modeling techniques are selected and applied and their parameters are calibrated to optimal values.

E. Evaluation

In this stage the model is thoroughly evaluated and reviewed. The steps executed to construct the model to be certain it properly
achieves the business objectives. At the end of this phase, a decision on the use of the data mining results should be reached.

F. Deployment

The purpose of the model is to increase knowledge of the data, the knowledge gained will need to be organized and presented in a
way that the customer can use it. The deployment phase can be as simple as generating a report or as complex as implementing a
repeatable data mining process across the enterprise.

1VV. DATA MINING FOR RETAIL INDUSTRY

The retail industry is realizing gain a competitive advantage using data mining. Retailers have been collecting enormous amounts
of data throughout the years, just like the banking industry, and now have the tool needed to sort through this data and find useful
pieces of information. For retailers, data mining provides information on product sales trends, customer buying habits and
preferences, supplier lead times and delivery performance, seasonal variations, customer peak traffic periods, and similar predictive
data for making proactive decisions.

The following are the challenges faced by retailers:

A. Small Retailers

Limited Product Offerings Small retailers usually specialize in a niche area of product. Although this can be a strength when
consumers are looking for product expertise, small retailers are dependent on a limited range of products to make sales. The
products offered by boutique shops are usually not necessities; therefore, these stores might experience a slump in sales during a
time of economic recession.

& Small Retailers

Limited Inventory In addition to being restricted to a certain area of goods, small retailers will sell far fewer individual units of an
item than a large retail outlet. Because they will spend less money with their supplier, they often can't negotiate a price reduction
when they procure inventory. As a result, their ability to reduce retail prices is more restricted than a larger store.

. Small Retailers

Expensive Real Estate Small retailers often cannot afford to lease store space in areas with the greatest amount of foot traffic, such
as malls. In addition, unlike a large chain store, a small retailer does not have an employee dedicated solely to procuring the best
deal on a lease.

£, Large Retailers: Lack of Product Diversity

Small product manufacturers might find it difficult to convince large retailers to stock their item. Most large retailers, which have
the goal of creating a consistent customer experience across all of their stores, will want to stock only products with significantly
large sales.

E. Large Retailers

Too Big to Manage Although large retailers benefit from economies of scale, which means they are able to purchase and sell high
amounts of product at a smaller per unit cost than independent retailers, companies can expand too quickly. Companies can become
out of touch with the everyday consumer and fail to provide them with the products they want. A chain based on the concept of
low prices might do well during an economic recession, but suddenly find its sales decline when consumers have more money and
prefer to spend it on quality or unique goods offered by independents.

In retail sector, data mining can be used for following purposes [1],
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1) Acquiring and Retaining Customer

It is costlier to reach new customers than to get existing one. So, by knowing existing customers purchase behaviour, direct
marketer can predict customers need and interest in buying product. Using this type of prediction retailer can retain existing
customers by providing discounts or offer, attract customers and acquire customers.

7). Market Basket Analysis

Market basket analysis is a technique in understanding what items are likely to be purchased together according to association rule.
It provides valuable indications about customers, shopping patterns by showing associations among various items. This type of
item association is useful for shelf design, deciding the location and promotion of items by means of combination. So, that
customers can easily locate item and this analysis helps in product cross-selling.

) Customer Segmentation and Target Marketing

Segmentation is to divide the market into several parts by certain characters. Data mining can be used in grouping or clustering
customers based on the behaviour. This type of information is useful to define similar customers in a cluster, holding on good
customers and identify likely responders for target marketing.

41 Measure marketing campaign effectiveness

Retailers must also ensure their marketing campaigns are reaching the right audiences at the right time with the right offers that
prompt action. With data mining capabilities, they can track all their various marketing campaigns or promotions to see which
ones have the biggest return.

V. ALGORITHMS USED IN DATA MINING FOR RETAIL SECTOR

In Data mining, there are C4.5, K-means, Apriori algorithm, PageRank, AdaBoost algorithm, k-nearest neighbor classification etc.
C4.5 & Apriori algorithm are used in this paper for data mining in retail sector.

A. C4.5 Algorithm

— C4.5 s an extension of Quinlan's earlier ID3 algorithm used to generate a decision tree.
— CA4.5 s often referred to as a statistical classifier.
This algorithm has a few base cases:

1) All the samples in the list belong to the same class. When this happens, it simply creates a leaf node for the decision tree
saying to choose that class.

2) None of the features provide any information gain. In this case, C4.5 creates a decision node higher up the tree using the
expected value of the class.

3) Instance of previously-unseen class encountered. Again, C4.5 creates a decision node higher up the tree using the expected
value.

Input: an attribute-valued dataset D
I: Tree={}
2 if D is “purc” OR other stopping criteria met then
3 terminate
4 endifl
5: for all auribute @ € D do
6:  Compute information-theoretic criteria if we spliton a
7. end for
8 .. = Best attribute according 1o above computed criteria
9: Tree = Create a decision node that (ests @, in the root
10: D, = Induced sub-datasets from D based on dp,,,
11: forall D, do
122 Tree, = C4.5(D,)
13:  Attach Tree, to the corresponding branch of Tree
14: end for
15: return Tree

Fig. 1: Pseudocode for C4.5 Algorithm
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grocery Rice 2 150 2kg
soap products Dettol 1 20 100 mg
cold items Tup 1 33 600 ml
fruits Apple 12 60 1kg
biscuits Parle G 5 50 150 mg
powders Tea powder 10 100 100 mi
powders Masala 4 40 50 mg
soap products Phenyl 2 250 1L
powders Salt 3 60 3kg
Fig. 2: Sample Table
classify for price >50
1n tn
quantity ;
check for quantity > § g g
a/// "I
S if not\;/'
p then check weight .
quantity >5 Weight
then > check if weght
] greater than 1kg/L
f or not
¥
Yes
is price <50 is price >50
No Yes

Fig. 3: Decision Tree from Sample table

8. Apriori Algorithm

The Apriori Algorithm is an influential algorithm for mining frequent item-sets for Boolean association rules.

This algorithm learns association rules and is applied to a database containing many transactions. Association rule learning is a
data mining technique for learning correlations and relations among variables in a database.
Join Step; C, is generated by joining L, ,with itself
Prune Step: Any (k-1)-itemset that is not frequent cannot be a
subset of a frequent k-itemset
Pseudo-code:

C,: Candidate itemset of size k
L, - frequent itemset of size k

L, = (frequent items},
for (k=1; L, 1=@; k++) do begin
4y = candidates generated from L,
for each transaction { in database do
increment the count of all candidates in C,.,
that are contained in ¢
L,,, = candidates in C,,, with min_support
end
return w, L,

Fig. 4: Pseudocode for Apriori Algorithm
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1) Example of Apriori Algorithm
Consider a database relation (table), R (fig 5), consisting of 9 transactions. Suppose min.support count required is 2 (i.e. min_sup
=2/9=22%)

Let minimum confidence required is 70%. We have to first find out the frequent item set using Apriori algorithm.

Then, Association rules will be generated using min. support & min. confidence.

00 stf Ims o ltemset | Sup.Count Compare candidate Itemset | Sup.Count
T101 12 : 14 * count of each {11} 6 su_pport - {1} |6
' minimum support

T102 12,13 CoNbdate {12) 7 count 12 |7
T103 11,12,14 {|3} 6 {|3} 6
1104 11,13
T105 12,13 {14} 2 {4} |2
T 106 1,13 {15} 2 {5y |2
T 107 11,12,13,15
T108 11,12,13 c1 L1
Fig. 5: Database relation R Fig. 6: Generating 1-itemset Frequent Pattern

a) Step 1: Generating 1-itemset Frequent Pattern

The set of frequent 1-itemsets, L1, consists of the candidate 1- itemsets satisfying minimum support.
In the first iteration of the algorithm, each item is a member of the set of candidate. Shown in fig 6.
b) Step 2: Generating 2-itemset Frequent Pattern
To discover the set of frequent 2-itemsets, L2, the algorithm uses L1 Join L1 to generate a candidate set of 2- itemsets, C2. Next,
the transactions in D are scanned and the support count for each candidate itemset in C2 is accumulated (as shown in the middle
table of fig 7).
The set of frequent 2-itemsets, L2, is then determined, consisting of those candidate 2-itemsets in C2 having minimum support.
Note: We haven’t used Apriori Property yet.

G Itemset Itemset Sup. Itemset Sup
enerate Compare
= (11,12} | scanDfor Count | candidat Count
candid t of support
from L, g1, ]S {1.12) | 4 | weeo (11,12 | 4
{11, 14} candidato {11, 13} 4 minimum {11,13} 4
1 {1.15) {0 ay | 1 |eoame 0.8 | 2
{12, 13} {11, 15} 2 {12, 13} 4
{12, 14} {12, 13} 4 {12, 14} 2
{12, 15} (2. 14) 2 {12, 15} 2
{3, 14} (2,15 | 2 L,
413, 15 {13, 14} 0
{i4. 1) {13, 15} 1
C, {14, 15) 0
Cz
Fig. 7: Generating 2-itemset Frequent Pattern
c) Step 3: Generating 3-itemset Frequent Pattern

The generation of the set of candidate 3-itemsets, C3, involves use of the Apriori Property. In order to find C3, we compute L2
Join L2.
C3=1L2Join L2 = {{I1, 12, 13}, {11, 12, 15}, {11, 13, I5}, {12, 13, 14}, {12, 13, I5}, {12, 14, 15}}.

Now, Join step is complete and Prune step will be used to reduce the size of C3. Prune step helps to avoid heavy computation
due to large Cx.

Based on the Apriori property that all subsets of a frequent itemset must also be frequent, we can determine that four latter
candidates cannot possibly be frequent. Shown in fig 8.

For example: Let’s take {11, 12, I3}. The 2-item subsets of it are {11, 12}, {11, 13} & {12, 13}. Since all 2-item subsets of {I1, 12,
13} are members of L2, we will keep {I1, 12, 13} in C3. Let’s take another example of {12, 13, 15} which shows how the pruning
is performed. The 2-item subsets are {12, 13}, {12, 15} & {13, 15}.

BUT, {13, 15} is not a member of L2 and hence it is not frequent violating Apriori Property. Thus, we will have to remove {12,
13, 15} from C3. Therefore, C3 = {{11, 12, 13}, {11, 12, 15}} after checking for all members of result of Join operation for Pruning.
Now, the transactions in D are scanned in order to determine L3, consisting of those candidates 3-itemsets in C3 having minimum
support.
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Compare
Scan D for m " Scan D for | [temset Sup. | candidate ltemset Sup
count of emse count of support
each each Count | count with Count
candidate {1, 12,13} candidate | {I1, 12, I3} 2 min support | {11, 12, 13} 2
1 {11,12, 15} cotint
- {11, 12, 15} 2 {11, 12, 15} 2
C, (o Ls

Fig. 8: Generating 3-itemset Frequent Pattern

d) Step 4: Generating 4-itemset Frequent Pattern
The algorithm uses L3 Join L3 to generate a candidate set of 4-itemsets, C4. Although the join results in{{I1, 12, I3, I5}}, this item
set is pruned since its subset {{12, 13, I5}} is not frequent.
Thus, C4 = ¢, and algorithm terminates, having found all of the frequent items.
This completes our Apriori Algorithm.
Next, these frequent itemsets will be used to generate strong association rules (where strong association rules satisfy both
minimum support & minimum confidence).
e) Step 5: Generating Association Rules from Frequent Itemsets
— Procedure:
For each frequent itemset “I”, generate all nonempty subsets of 1.
For every nonempty subset s of I, output the rule “rule_ (I-s)” if support_count(l) / support_count(s) >= min_conf
where min_conf is minimum confidence threshold.
Consider the previous example:
We had L = {{11}, {12}, {13}, {14}, {15}, {11, 12}, {11,13}, {I1,15}, {12,13}, {12,14}, {12,15}, {11,12,13}, {11,12,15}}.
Lets take | = {11,12,15}. Its all nonempty subsets are {I1, 12}, {11,15}, {12,15}, {I1}, {12}, {I5}.
Let minimum confidence threshold is, say 70%.
The resulting association rules are shown below, each listed with its confidence. (sc = support count)
R1: 11712 -> 15
Confidence = sc{11,12,15}/sc{11,12} = 2/4 = 50%
R1 is Rejected.
R2: 11715 -> 12
Confidence = sc{l1,12,15}/sc{l11,15} = 2/2 = 100%
R2 is Selected.
R3:12715->11
Confidence = sc{l1,12,15}/sc{12,15} = 2/2 = 100%
R3 is Selected.
R4:11->12715
Confidence = sc{11,12,15}/sc{I1} = 2/6 = 33%
R4 is Rejected.
R5:12->11715
Confidence = sc{l1, 12, I5}/{12} = 2/7 =29%
R5 is Rejected.
R6:15-> 11112
Confidence = sc{l1, 12, I5} {15} = 2/2 = 100%
R6 is Selected.
In this way, we have found three strong association rules.

6‘137

V1. CONCLUSION

In this paper an attempt is made to define data mining as a tool to extract useful information from large databases to achieve some
business goals. C4.5 algorithm is use to classify the customer based on some criteria and Apriori algorithm is use to find out
association and generate association rules between different types of items or products in retail shops.
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