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Abstract: Consumer buying patterns are a type of purchase made by consumers, whether by an
individual or many individuals, to get the desired thing by making a purchase transaction. Apriori
algorithm helps to find patterns among purchased items. But for larger transaction datasets,
Apriori has high time complexity, as the database is scanned multiple times with the help of
expensive resources. This, in turn, impacts the algorithm when the computer memory is inade-
quate, and there are a voluminous number of frequent transactions. This study aims to create an
optimization of Apriori that is used in determining consumer purchasing patterns. The principal
objective of this exploration is to make an advanced proposal framework utilizing hash-based
Apriori that can assist with investigating the purchasing behavior of clients and, in view of that,
suggest the most appropriate items to them as per their needs.

Keywords: Reverse Apriori, Association Rule mining,
Hash-based Apriori, Pattern Matching

*Corresponding author.
E-mail address: sharayubonde29@gmail.com (I. Mendoza-Bravo).
Peer Review under the responsibility of Universidad Nacional Auténoma de México.




Al Noor / Journal of Applied Research and Technology 610-618

1. Introduction

The technology era in which we currently live has enabled
business groups to amass vast amounts of information.
However, while database technology has been satisfac-
tory in keeping these data stacks robust, it will ultimately
be necessary to request information to increase the asso-
ciation’s value.

Businesses in the current customer-centric markets
must implement sufficient and affordable upgrading
procedures that can respond to changes in client percep-
tions and information needs. Additionally, it might help
businesses identify a completely remote market that
they might efficiently target. Altogether, for making key
decisions on the market strategy, stable, as much as pos-
sible, and secure evidence-based information is required.
Shaukat et al. (2015) introduced an elaborate review of
ARM applications and examined the various parts of the
association rules that are utilized to separate the inter-
esting patterns and connections among the set of items
in repositories.

One of the most well-known, significant, and scalable
methods for mining frequent Itemsets and mining associ-
ation rules is called Apriori. In 1993, Agrawal and Srikant
introduced apriori. The Apriori technique is used to lo-
cate all frequently occurring objects included in a specific
database. The Apriori algorithm repeatedly examines
databases. To search through entries in the database, it
employs a breadth-first approach. Numerous sectors em-
ploy the Apriori algorithm for transactional operations,
and it may also be used in real-time applications in places
like shopping malls, corner stores, and grocery stores by
compiling customer purchases over time to create fre-
quent items.

2. Literature Survey

Agarwal et al. (2013) studied the application of the Apri-
ori algorithm in a grocery shop. Additionally, researchers
have examined market basket analysis data mining
methods (Phani & Murlidher, 2013; Dhanabhakyam &
Punithavalli, 2011). Bartik (2009) showed the use of as-
sociation-based classification for relational data in an
online environment.

Sumithra and Paul (2010) presented a distributed Apri-
ori association rule mining and traditional Apriori mining
algorithms for grid-based knowledge discovery. Qiang
and others, Niu et al. (2009). In their work, they present a
classification-based strategy based on rule compactness;
however, it has the drawback of overfitting because the

classification rules with the least support and confidence
are returned to the classifier as strong association rules.
The study’s authors showed how association rule mining
may be used to leverage market basket analysis for busi-
ness intelligence Abdulsalam (2014).

3. Related Work

Apriori: There are two steps that make up the overall
algorithm:
Step 1: Apply minimum support to search a database for
all frequent sets with k items.
Step 2: With the use of frequent N-ltemsets, apply the
self-join rule to identify the frequent sets with N+1 items.
Continue in this manner from N=1 until the self-join
rule cannot be applied. The “bottom up” strategy entails
extending a frequent itemset one at a time.
The orthodox working of the Apriori Algorithm as stud-
ied is a simple rule-based model that works as follows:
I. Check the Database.
Il. Collect each row’s data in a variable.
Ill. Foreach nextrow, check if the entries in the previous
and current rows match; add such items to a new set.
IV. The Threshold is maintained by support and
confidence
V. Now such candidate sets are generated and are
formed into rules.

Limitations: Apriori’s limitations are, for instance, the as-
sumption that a frequent-1 itemset has 1074 items from
the set. More than 1077 candidates of length 2 must be
produced by the Apriori algorithm code, which will then
test and accumulate the results. The technique generates
27100 potential itemsets or candidates in order to find
a size-frequent pattern of size 100 (with v1, v2,..., v100).

Apriori algorithm has higher time complexity for the

following reasons.

» generating combinations of items at each candidate
set generation step. Therefore, we have scope for
improvisation of this complexity by generating the
combinations with much more efficient complexity

+ The database is scanned repeatedly, utilizing ex-
pensive resources. When the system memory is low
and there are a lot of frequent transactions, this in
turn affects the algorithm. Because of this, the tech-
nique is slow and ineffective when dealing with huge
databases.

Reverse Apriori Algorithm: Reverse Apriori starts by
taking into account the maximum combination of all the
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values in pairs and then builds big frequent item sets. It
is effective in cases where it is obvious to identify these
combinations by quickly scanning the dataset and es-
tablishing a minimum support value. Then, under the
constraint that it should satisfy the user-defined support,
it generates a sizable frequently mined set of items. If it
does, the number of items in the item sets continuously
decreases until it obtains the greatest collection of fre-
quently occurring items. The frequently mined item sets
are then provided by the reverse Apriori algorithm in this
way (Kharat & Gupta, 2014; Chawla & Dhindsa, 2014).
The following is the reverse Apriori pseudo code:
1. n=Select the maximum number of items
i=0
For each combination of (n-i) number of items Do
Generate Candidate itemsets of n-i
Generate frequent itemsets from candidate item-
sets of n-i
Where support in generated itemsets>=minsup
If true, then go to step 9
Else increment i and goto step 3
Return set of large itemsets
10. End

s e

O X N>

Limitations of Reverse Apriori: For a large no of dataset
transactions, reverse Apriori needs large database scans.
So time complexity increases with the increase in the
number of transactions. Here we need a more optimized
approach to avoid larger database scans.

4. Proposed Work

The proposed optimization using data encoding consid-
ers the data frame in the form of 1 or 0 rather than the
string form. Each row is converted into a single binary
string rather than a group of strings. This takes less space
to store each transaction than the traditional approach of
storing all items that a user has bought. With this optimi-
zation, we can save space in representing each row. Also,
because of converting each row to decimal values, the
calculations are done with more ease, and Manipulation
is done with ease.

Data Encoding: We have a list of all the items in the
dataset. Now we will be converting them based on their
presence in the transaction. Suppose any item is present
in the transaction, then it will be encoded as 1; else it will
be encoded as 0. Suppose we have “m” attributes in the
dataset; then our binary string for each transaction will
be of length “m”. Each bit will indicate the presence of

each item in the transaction. Now we will take the whole
binary string of the single transaction and convert that to
the decimal value corresponding to the binary string. If
we have an “m” length binary string, then we will convert
it to a decimal value within the range 0 - 2™ .

After converting each transaction to the respective
decimalvalue, we have now accomplished the first step of
optimization. Now the manipulations on the transactions
will be easy to do. The conversion of each transaction will
now provide an efficient way to deal with the Algorithm
and hence serve for the optimization.

Use of Binary String for Transaction details:

E.g., suppose we have 4 items (Milk, Bread, Eggs, But-
ter) in the shop, so we know that each transaction will
either have,

For transaction I, if the customer buys Milk and Bread,
then the binary string for the transaction is (11 0 0), and
the decimal equivalent for the transaction is 12

For transaction Il, if the customer buys Bread and But-
ter, then the binary string for the transaction is (0 1 0 1),
and the decimal equivalent for the transaction is 5

Converting each transaction binary string into a decimal
equivalent value makes further computation easy. The
space needed to store the data is also utilized and effi-
ciently managed. Now, from the decimal value, we can
understand and trace back the items purchased by the
user, and so there is no need to mention the name of each
and every item that the user has purchased in the trans-
action. This way, we are formatting and converting the
string to an int value; the Data encoding is taking place.

Optimization: In the above optimization technique, we
represent the transaction as a decimal value ratherthan a
string, so the storage size required for an integer is small-
er, and the information gained by the encoding remains
the same. The size of transaction representation when
using the traditional approach for storage is the sum of
the lengths of all item name strings, whereas the new
optimized size for each transaction will be the size of an
integer, which is 2 bytes. Thus, converting transaction
strings to decimal representation makes efficient use of
the encoding and is therefore proposed for optimizing
the Algorithm.

The hash map: The hash table is created to store val-
ues in the form of key-value pairs. The hash map is used
to store transactions and the number of times each
transaction has occurred in the database. The key value
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indicates the transaction no that is used to find the to-
tal no of items that are present in the transaction, and
the names of those items can be found using the deci-
mal representation of that transaction. The key stores
the decimal representation of the transaction, and its
value represents the total number of times the specific
transaction has occurred, which will help us analyze the
frequency of each transaction.

We need to iterate over the transactions once, and
based on each transaction’s value, we will need to fill the
hash map. Whenever we iterate over all transactions, for
each transaction we need to do either of the following
steps:

I. If the transaction already has an entry in the hash
map, then we need to increase the count of that par-
ticular hash map entry by incrementing its value by
1.

[Il. If the transaction has no entry in the hash map, then
we need to create a new entry for that transaction
value and save its value as 1.

Hash map format:
{ Hash Key Value}
t t

Decimal value of
transaction

No. of times the
transaction occurs

Table 1 below shows the transaction.

Table 1. Transaction Dataset Example.

Transaction Binary representation Decimal
(Milk, Bread, Butter, Eggs) Value

Milk, Bread 1100 12
Bread, Butter 0110 6
Milk, Bread 1100 12
Milk, Bread, 1110 14
Butter
Milk, Bread, 1111 15
Eggs, Butter
Bread, Butter, 0111 7
Eggs
Milk, Bread, 1111 15

Eggs, Butter

Hash map for Table 1 is given below:
{12:2, 6:1, 14:1, 15:2, 7:1}

Searching for a particular transaction in the hash map
tells us whether it is present in O(1) time and hence opti-
mizes the traditional approach, which used to take O(n)
time, where n is the total number of transactions in the
dataset.

Now, for the calculation of support, we need to find
the no. of transactions with a particular value, and hence
it will be efficiently found using the hash map. The sup-
port calculation helps us to find the next candidate set,
and hence we are able to generate the association rules.
The support makes use of a hash map to find the total no
of transaction values present in the hash map that satisfy
the given constraint. Hence, the use of a hash map helps
us to make the traditional searching approach much
more efficient. Asymptotically, the time complexity of tra-
ditional searching is O(N) each time in each iteration, but
with the use of a hash map, it only takes O(1) complexity
in searching. Hence, hash maps are used to optimize the
Apriori algorithm and to overcome the problems in the
traditional Apriori algorithm.

Final Optimization (Support Calculation): In this final
optimization, we will be finding the support more effi-
ciently. To find the support, we need to find the total no
of transactions with the following specification. We will
find the transactions using the hashmap, and the total
transactions desired need to be calculated.

In this method, we will generate all possible trans-
actions from the given transaction, which will help us
determine whether all the generated transactions are
present or not.

ex- Suppose we have the following transaction:

Step 1: One-hot encoding

1. Milk Bread

Now converting it to the binary one-hot encoding
format

2. Milk =1 Bread=1 Eggs=0 Butter=0

Step 2: Masking Technique( used to access only bits refer-
ring to only specific items from the transaction)
3. In this step, we will set the bit 1 only where the re-

quired items are to be searched in the transaction.
E.g., to get the transaction for milk and bread from
any transaction, we will create a mask for all oth-
er items except milk and bread; hence, we get the
mask as given below.
11__ (The_indicates that the values can be filled
with possible 0/1 value)
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Step 3: AND Operation (here, to find out the support value
of the generated itemset, we make the Bitwise AND oper-
ation of the masked value from the above step and each
transaction binary stream.)

4. Generate the possible binary string by filling appro-
priate values in the _

Possible values: 1100

1101
1110
1111
5. Decimal values of the transactions:
12,13, 14,15

6. Now we will

7. the no. of transactions with the find if the above
transactions are present in the hashmap or
not.

8. The above values help us to understand the to-
tal no of transactions that have Milk, Bread in
it.

9. This helps us to calculate a particular specification.

Hence, we can efficiently calculate the Support.
5. Testing Set-I

For the implementation of the proposed algorithm, we
have used the Python platform. Using the above-men-
tioned various Apriori Algorithms, we try to find some
associations between products in orders of a bakery in
Edinburgh, Scotland. The dataset has 20507 entries, over
8000+ transactions, downloaded from Kaggle. Here, the
top 10 best-selling items are considered for rule Mining.
After applying preprocessing techniques, the database is
arranged in a suitable format for mining. We compare the
performance of traditional Apriori, reverse Apriori, and
the proposed hash-based reverse Apriori algorithm for
the preprocessed dataset.

The first parameter selected for comparison is the
number of database scans. Algorithms are applied on 10
different items over an 8000+ transactions dataset.

Table 2 shows the result of database scan comparison
on the above breadbasket dataset

Parameters:
A: No. of database scans for Candidate set Generation
B: No. of database scans for Frequent Item Calculation
C: No. of database scans for Rule pruning
D: Overall required database scans

Table 2. Database Scan for Breadbasket Dataset.

Parameter/ A B C D
Algorithm
Apriori 8339 16327762 79973223 96309324
Reverse Apriori 1050714 1467664 16110948 18629326
Hash R
ASNREVEISE  »57024 4096 3864 264984

Apriori

The following chart in Figure 1 shows the comparison of
database scan required for Traditional Apriori, Reverse
Apriori, and the proposed Hash-Based Reverse Apriori
algorithm.

No.of Database scan for Bread Basket
Dataset
(Total Tansaction: 8339)
120000000

(96309324

100000000
80000000
60000000 = Apriori

= Reverse Aprior

= Hash Reverse Apriori

40000000
(18629326

I o

1
Apriori comparisons

20000000

0

Figure 1. Database Scan chart for Bread Basket dataset.

The second parameter used for comparison is the time
required to produce the results. The following.

Table 3 shows the result of the time requirement com-
parison on the above Bread Basket dataset.

Parameters:
A: Preprocessing time
B: Candidate Set Generation time
C: Frequent Itemset Calculation Time
D: Rule generation time
E: Rule Pruning Time
F: Total Required Timings

Table 3. Timing Requirement for Breadbasket Dataset.

Parameter/ A B C
Algorithm
Apriori 1.08562 1.02168  10.223
Reverse Apriori 1.09181 1.61438  1.8467
Hash Reverse Apriori 1.10103  2.65584 1.0119
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Parameter/ D E F
Algorithm
Apriori 1.099 87.371 100.8
Reverse Apriori 1.011 20.3643 25.99
Hash Reverse Apriori 1.095 1.04145 6.901

The time required to calculate each step of the algorithm
isshown in following Figure 2 for BreadBasket, comparing
time complexity across algorithms.

Comparison (No. Of transaction 8339)

—— Apriori
80 1 —— Rewverse Apriori

= Hash Reverse Apricri

35 &0

=

=]

=)

i

)

£ 40 4

o

=

=

20 A

Preprocessing time |
Candidateset Genration time
Rule genearation time |

Rule Pruning Time

Freguentitemset Calculation Time

Figure 2. Timing Requirement chart for Bread Basket dataset.

6. Testing Set-Il

The dataset contains 11 clinical features for predicting
heart disease events. This project helps to predict wheth-
er the patient has Heart Disease or not. This prediction
is made using patients’ clinical data. The dataset was
downloaded from Kaggle. This dataset is used to find as-
sociation rules that cause heart disease. To find out the
associations, we have used traditional Apriori, reverse
Apriori, and the proposed Hash-Based reverse Apriori
algorithm.

To compare the performance of the above algorithms,
the first parameter chosen is the number of database
scans. The algorithms are applied to 11 different items
over a 918-transaction dataset.

Table 4 shows the result of database scan comparison
on the heart dataset.

Parameters:
A: No. of database scans for Candidate set Generation
B: No. of database scans for Frequent Item Calculation
C: No. of database scans for Rule pruning
D: Overall required database scans

Table 4. Database Scan for Heart Dataset.

Parameter/ A B C D
Algorithm
Apriori 918 324054 1270438 1595410
Reverse Apriori 27540 1364148 165240 1556928
Hash Reverse 579584 6144 186600 772328

Apriori

The above chart in Figure 3 shows the comparison of data-
base scan required for Traditional Apriori, Reverse Apriori,
and the proposed Hash-Based Reverse Apriori algorithm.

No.of Database scan for Heart Dataset
(Total Tansaction: 918)

1800000

1600000

1400000

1200000

1000000

1595410 (1556928 |

772 mAprion
800000 | 172328 P -
600000 mReverse Apriori
uHashReverse Apriori
400000
200000
; [

1
Apriori comparisons

Figure 3. Database Scan chart for Heart dataset.

The second parameter used for comparison is the time
required to produce the results. The time required to cal-
culate each step of the algorithm for the heart dataset is
presented to compare time complexity in each algorithm.

Table 5 shows the result of the time requirement com-
parison on the above heart dataset.

Parameters:

A: Preprocessing time

B: Candidate Set Generation time

C: Frequent Itemset Calculation Time

D: Rule generation time

E: Rule Pruning Time

F: Total Required Timings

Table 5. Timing Requirement for Heart Dataset.

Parameter/Algorithm A B C
Apriori 1.02201 1.00317 1.29419
Reverse Apriori 1.02151 1.05049 1.96168

Parameter/Algorithm D E F
Apriori 1.01304 2.27879  6.61120
Reverse Apriori 1.00307 1.32410 6.36077
Hash Reverse Apriori 1.04197 1.01701  9.03900
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The graph as shown in Figure 4 reflects the time require-
ment for heart dataset.

Comparison{MNo of Transaction: 918}

— Apriori
a5 — Reverse Apriori
= Hash Reverse Apriori

5.0 1

4.0 A

35 4

3.0 4

25+

Time in Seconds

2.0 1

15 A

N

10 A

Preprocessing time J
Candidateset Genration time 4
Rule genearation time

Rule Pruning Time

Freguentltemset Calculation Time J

Figure 4. Timing Requirement chart for Heart dataset.

6. Results and Discussion

In this approach, we calculate support using hashmap
searching and generate all possible transactions. This
saves a lot of time because we search only those trans-
actions that are possible.

Suppose we have mitems in the dataset; then the total
no. of unique possible transactions is 2™.

In the traditional approach for finding whether the giv-
en transaction is present or not, we need to find all the
transactions present in the dataset, but this is not very
efficient, as it will take O(N). This is the time complexity
for checking whether the transaction is present.

Butin an optimized approach, we only need to find the
total no of possible binary strings from the given trans-
action, which will be 2(m-p) where p is the total no of
transactions presentin the giveniteration of transactions.

In large datasets, O(N) will be larger than all possible
generated transactions, which means that this approach
gives us a more systematic way of finding the support by
searching through a hashmap, and finding candidate sets
will be easy.

The above approach for finding can also be optimized
with masking for searching. The mask will be created for
each of the transactions, and hence, rather than finding,
we will be performing the AND operation, which is less
complex and more productive than other operations. The
logical operation has less complexity and hence, in turn,
gives us better results for searching and finding the sup-
port till the last candidate set generation. This way, the

Apriori algorithm can be optimized by using methods like
hash map, masking, and one-hot encoding.

Efficiency of Hash-Based Algorithm:

Comparing the results of two different datasets, when
there is a larger number of transactions, the hash-based
Apriori algorithm provides better efficiency for calculat-
ing frequent itemsets, rule generation, and rule pruning.
In traditional Apriori and reverse Apriori methods, we
need more database scans for a larger number of trans-
actions in the dataset. But in Hash-Based Apriori, we are
creating an array of hash values of each transaction, and
the count of repeated transactions is calculated in the
form of support(key) of those decimal values. Hence,
instead of scanning the whole document for support
calculation, we are scanning only the hash map table,
resulting in high speed of rule generation. So, the overall
time requirement is reduced by the proposed hash-based
reverse Apriori algorithm by a reduction in the number of
database scans.

Conclusions

The Apriori algorithm is useful in cases where we are re-
quired to find associative rules; the main issue with the
traditional Apriori was recursive access to the database,
and it does not use calculation of support and confidence
in some cases. To tackle the problem, the use of one-hot
encoding of data and the use of hashing and masking
proved significant.

The current optimizations that follow reverse Apriori
using hashes and masking are things that are useful only
when the amount of data is populated in the database; for
less populated databases, this method may prove slower.
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