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Abstract:

A grocery list is frequently used to make sure that only essential items are
bought and nothing else is forgotten. Due to the extensive list of items, they
must buy each month, people frequently forget what they need to buy when
they get to the supermarket. Even with a list, there are still things that get left
out. Therefore, an application called MyGrocery is proposed that offers
suggestions for items users frequently buy together and aids users in creating
grocery lists. This might help them make a personalised grocery list with items
that are suggested based on their past purchases. The aim is to help them keep
track of what they have bought as well as to help them create personalised
grocery lists. Market basket analysis is used to find associations between items
in MyGrocery using past purchased history. The result shows the significant
recommendation by MyGrocery where the Market Basket Analysis, which is
carried out using the Apriori Algorithm, displayed the recommended item
following the calculation of lift value.

Keywords:

Market Basket Analysis, Personalization, Association rules, Recommendation,
Apriori Algorithm

Introduction

People always make a grocery list before heading to the supermarket to ensure that they don't
forget anything important. The reason for this is that when individuals go grocery shopping,
they normally buy a big number of goods. As a result, some people may find it challenging to
recall things without writing a list, which can increase the likelihood that they will forget
anything on the list.
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Forgetful are a common occurrence in people’'s lives (Fernandes et al., 2016), and this includes
forgetting items during grocery shopping. This circumstance is more unpleasant when people
forget a moment before entering the grocery store. This issue may waste people's time and
effort due to forgetting concerns. Even when a shopping list is created, certain products are
often forgotten. This is especially true for items that are purchased infrequently but have a long
lifespan. Creating a shopping list in a rush can also add to this problem (Nath, 2021).

The problem of forgetting and overlooking can be reduced by creating an application that can
recommend items based on a user's past purchases. This means that the next items they intend
to purchase will be suggested based on their previous purchases and the frequency with which
they make those purchases. The algorithm will suggest and recommend the next items to be
purchased based on the purchasing trends that have been logged. In addition, relevant products
with the same purchase date will be suggested to the consumer, allowing them to swiftly add
them to their shopping cart. Additionally, they can compare the prices to the current prices of
the same items in the store.

Related Work

Many grocery list applications have been developed to make it easier for users to make their
lists before grocery shopping. It has the ability to create, store and manage the list for future
reference (Firoz & Ratnayaka, 2020). However, each of the applications has different purposes
and functions. The method used to design the application may also vary from one another. The
development of the shopping list application, which focuses on creating a grocery list for the
user, is the only aspect of the comparable applications.

The Smart Shopping List application (Jayawilal & Premeratne, 2017) is one of the many
current or comparable programmes that offer the ability to create grocery lists. The
application’s feature allows users to send their shopping lists to others via SMS (Short Message
Service) (SMS). To generate item recommendations, this application can also analyse historical
user data and find association patterns. Additionally, the app can show local supermarkets with
typical iconography. The text-to-app function known as "Bring Me!" is the method that the
programme uses. Apriori algorithm and geolocation services are also used to power this
Android mobile app solution. The user-created list content, the user's prior sales data, and
overall sales data are where the data comes from. Other than that, it made use of the Mapper
"Find a store™ component, which is in charge of handling the geolocation and navigational
needs.

The Smart List application proposed by Katuk et al., 2019 can set reminders whenever items
are running out of stock. Additionally, it will be organising and producing grocery lists using
modern smartphones. This application was created using the Unified Modelling Language
software (UML). The system requirements are modelled and shown using UML. Additionally,
it is done using the Rapid Application Development (RAD) technique. RAD is an adaptive
software development methodology that uses prototyping to obtain the requirements for the
application's systems. It is a mobile application that extracted data using information
technology. This application incorporates augmented reality (AR) into the "AR-Assisted
Mobile Grocery Shopping" system.
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The Digital Grocery List (DGL) application (Heinrichs et al., 2011) provides an auto-complete

list of matching items when the users start to enter an item into the list. The items in the lists

will be displayed by their name and an icon. The items can optionally and instantly be tagged

as purchased, which is likewise indicated by a PPUI. In DGL applications, a client/server

architecture is the method employed. A graphical user interface will be provided by client apps

(GUI). While the PPUI component is based on Letras, the mobile client application was created
on the Android platform utilising the Application Programming Interface (API) version 2.1.

The List It application's function suggested by Adaji (2018) allows users to pick whatever
products they want from a list of options the system provides. The list then includes information
on each product's calorie count. Following that, this application can let users become friends.
This application uses the ionic method as its integrated technology. lonic is an open-source
framework for creating online applications or hybrid mobile applications. Given that it is a
hybrid approach, any platform can be used.

A feature that enables the shopping list to be rapidly updated by numerous users is offered by
Sunil et al. in their 2018 proposal for an improved smart shopping mobile application. This
feature can stop the user from purchasing any identical goods on the list. People who use this
service can view the most recent grocery list. Once the grocery list has been modified by any
user, a notification will ring. The data was extracted by the Improved Smart Shopping
programme using an information system. Then, for mobile applications, it also applied the
Agile approach. This programme was created specifically with Android users in mind.

Apriori Algorithm

Market Basket Analysis is a strategy that employs the Apriori algorithm to produce
suggestions. The theory behind the technique is that if a user buys one thing, he or she will
predictably buy other items too (Ting et al., 2010). Support, lift, and confidence are the three
main components of the Apriori algorithm (Deora et al., 2013). Support essentially indicates
how popular an item is. The number of orders or transactions with product B out of the total
number of orders is used to determine support. If item A is purchased, confidence refers to the
possibility that item B will be purchased as well. It is calculated by dividing the total number
of transactions in which A and B are purchased jointly by the total number of transactions in
which A is purchased. For lift, when A is sold, the lift refers to the increase in the sale ratio of
B. A lift value of 1 indicates that the products are unrelated. If the lift value is larger than one,
the products are more likely to be purchased together (Singh et al., 2021). When the lift value
is less than one, it indicates that the products are unlikely to be purchased together.

Market Basket Analysis has the advantages of using a large item set, being easily parallelized,
and being simple to implement (Kumar & Rukmani, 2010). Although the technique has many
benefits, it also has drawbacks, such as the necessity for numerous data repetitions. The same
minimal support threshold is used. Difficulties in obtaining rare occurrences, the technique of
mining association rules takes a long time with a huge database, therefore competency becomes
a critical aspect (Agarwal, 2013). However, this algorithm is still a popular choice for market
basket analysis and have been used for different purposes such as predicting sales pattern
(Kurnia, Isharianto, Giap, & Hermawan, 2019) and consumer purchasing pattern (Aldino,
Pratiwi, Sintaro, & Putra, 2021).
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Methodology
System Design

Flow Diagram for MyGrocery Recommendation
Figure 1 shows the flow diagram on the MuGrocery using APriori Algorithm for suggesting
grocery items. The Apriori algorithm will be used once the user has chosen or added any
products to the shopping list, and it will identify the item that is typically chosen alongside the
selected item based on past purchases. The list will not have any recommendations if no items
have been added.

1
| Read each item in a transaction

Load item's database | Support of every item is calculated I

Add item L
into the list

yes

Remove item

I Insert items to frequent item-set I

Apriari algorithm l
I Find confidence, for each non-empty sub-set I
¢ no

Provide recommendation
to the user

Confidence > =
min_conf

Remove sub-set

A
End |

Insert to strong rules ]

Figure 1: Flowchart of MyGrocery Figure 2: Apriori Algorithm

Apriori Algorithm
Figure 2 depicts the Apriori algorithm steps. When a user adds an item to their shopping list,
the system reads the information for each item and calculates its support before recommending
it to the user. The estimated support will be entered as a frequent item set if it is higher than
the minimal support or equal to it. The confidence will then be determined, and if it is larger
than the minimal confidence or equal to it, it will be placed into strong rules.

Interface Design
The application's interface was created using the Android Studio software and comprises six
modules: Login, Register, Add Items, List, Shopping List, and Recommendation List.
e Login Module: Users need to enter their email and password to login into the system.
e Registration Module: Users need to enter their full name, email, password and phone
number to register into the system. Once registration is complete, the information will
be added to the database, and the user can then log in.
e Add Item Module: To add new data to the database, the user must input the date, the
item's name, and the phone number.
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e List Module: The user can search for any item using the item's name in the search field,
and related items with the same keyword will display. This will list all the data in the
database that has been entered by the user. After that, if the user wants to add the item
to their shopping list, they may do so by simply selecting it.

e Shopping List Module: The user will refer to their grocery list from the Shopping List
interface when doing their grocery shopping. Any chosen items will be retrieved and
placed on this shopping list. The objects that have been listed in this shopping list are
viewable, editable, and deletable by the user.

e Recommendation Module: The recommendation modules recommended things
displayed based on the most popular user's purchase of the item with the item that has
been chosen for the shopping list. The recommended items can be added to the user's
shopping list. Apriori Algorithm is implemented in this module.

Implementation of Market Basket Analysis using Apriori Algorithm

Market Basket Analysis is written in Python and implemented in Jupyter Notebook (anaconda
3). The Apriori algorithm and the association rule were used to determine the frequent item set
to implement the Market Basket Analysis. The first step is to import the related function into
the system to ensure that the calculation works properly.

Dataset
The CSV file containing the 6-month grocery list dataset is utilised for market basket analysis.
The items are organised by month. As seen in Figure 3, each column reflects products
purchased for a month.

ata
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Figure 3: Grocery Dataset for 6 Months

EDA
To carry out the Market Basket Analysis, the frequency of the most popular items must be
acquired to determine the most frequently listed items by the user.

Getting the List of Transactions
After reading the dataset, the system must obtain the list of items in each transaction. As a
result, there will be two loops, one for the total number of transactions and the other for the
total number of columns in each transaction. As indicated in Figure 4, this list will be utilised
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as a training set to generate a list of association rules. The next stage is to extract the unique
items, after which the items with a 'nan’ value will be removed.

In [9): |# Getting the list of transactions from the dataset
transactions = []
for i in range (0, len(data)):

transactions.append([str (data.values[i,j]) forxr j in range (0, len(data.columns))])

In [10]: |transactions[:1]

out[10]: [['ADAB BAWANG GORENG KECIL 500G',
'"AJAX FABULOSO 2L LAVENDER',
"BETIK KG',
"CAP BUNGA MERAH ASAM JAWA 1KG',
"CILI BOLA HIJAU KG',
'"CILI MERAH KG',
"CILI PADI THAI KG',
"CLOROX BLEACH 2L LAVENDER',
"GARDENIA MEE KUNING NUMEE 450G"',
"JALEN KICAP PEKAT 500G (PURFPFLE) "',
"KOBIS PANJANG CINA KG',
'"LIMAU KASTURI KG',
'SAJI EVAPORATED CREAMER 390G',
"SALAD HIJAU CAMERON KG',
"TAUGE KG',
"AYAM SEGAR '
"JAMBU BATU',
"CENDAWAN TIRAM SUNGAT LEKOK (PACK)"',
"CENDAWAN TIRAM 1000 (AMSOON)',
"ASAM KEPING A',

Figure 4: List of Transaction Code

One-Hot Encoding Transaction Data
The next step is to use a lambda function to break each transaction string into a list,
transforming the column into a list of lists. The transactions are then turned into a one-hot
encoded DataFrame, with "TRUE' and 'FALSE' values in each column indicating whether or
not an item was included in a transaction.

Support Metric
Following that, it will go through the metrics and pruning processes, as shown in Figure 5,
where metrics are used to monitor the performance of the rules and pruning is used to eliminate
the rules. The support statistic calculates the percentage of transactions that contain an itemset
by dividing the number of transactions with items by the total number of transactions.

[n [16]: |# Compute the support
support = onehot.mean ()
support = pd.DataFrame (support, columns=['support']).sort_values('support',6ascending=False)

# Print the support
support.head ()

put[l6]:
support

Item 1.000000

AYAM SEGAR 0.581818
SAWIPUTIH KG 0.381818

QL TELUR GRED B 30PCS 0.381818
TIMUN A KG 0.345455

Figure 5: Support Metric Implementation

Confidence and Lift Metric
It then moves on to the confidence and lifts metric after computing the support. The confidence
measure will compute the likelihood that the user will purchase the goods along with the second
product, whilst the lift metric will evaluate the relationship between the items. To determine
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the likelihood of a user purchasing the second product, compute the support, confidence, and

lift of the two most frequent items, as illustrated in Figure 6.

In [53]: | # Import the association rules function

# Compute frequent itemsets using the Apriori algorithm
frequent_itemsets = apriori(onehot, min_support = 0.03,

# Compute all association rules using confidence

rules = association_rules(frequent_ itemsets,
metric = "confidence”,
min_threshold = ©.4)

# Print association rules
rules.info()

from mlxtend.frequent_patterns import apriori, association_rules

max_len = 2, use_colnames = True)

Figure 6: Confidence Metric Code

Results

The association analysis is conducted on the grocery dataset. It is done by calculating support,
confidence, and lift of the two most frequent items as discussed in the previous section. The 6
months' past grocery bills are collected and extracted into a CSV file. Table 1 shows the

association result produce from this analysis.

Table 1: Lift VValue for Calculation Product Association

No Items 1 Items 2 Lift Value
1. Bawang Goreng Kecil 500G Ayam Segar 1.145833
2. Bawang Goreng Kecil 500G Cili Merah KG 2.820513
3. Bawang Goreng Kecil 500G Mee Hoon 3KG 2.619048
4. Bawang Goreng Kecil 500G Telur Gred B 30PCS 1.746032
5. Ayam Brand Coconut Milk 1L Telur Gred B 30PCS 2.070000
6. Suria Fish Stick 250G Cili Merah KG 2.644231
7. Suria Fish Stick 250G Mega Mix Vegetables 1KG 6.875000
8. Suria Fish Stick 250G Tepung Gandum Cap Sauh 1IKG  3.437500
9. Suria Fish Stick 250G Kapal Api Kopi Campuran 500G 1.250000
10. Suria Fish Stick 250G Mega Mix Vegetables 1KG 6.875000
11.  Asam Jiu Zhi Chen Pi 100G Apple Royal Gala (M) 8PCS 55.000000
12. Ubi Kentang Cina Meatball 11.000000
13. Mushroom Fish Ball 160G Tepung Gandum Cap Sauh 1KG  18.333333
14, Kismis Ayam Hp 11.000000
15. Brocolli Daun Kunyit 55.000000

The products are unrelated when the lift value is 1. If the lift value is larger than one, the
products are more likely to be purchased together (Singh et al., 2021). When the lift value is
less than one, the products are unlikely to be purchased together. The validation test results
demonstrate that the lift value for the tested item set is greater than one, which is the expected

result.
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Conclusion

The primary issue with this work is that most people forget what they want to get when they
go grocery shopping. As a result, introducing a 'Grocery List Application’ will assist consumers
in managing their grocery lists, ensuring that forgetting difficulties are reduced. The results of
utilising the Apriori algorithm for Market Basket Analysis reveal that it is successfully
recommending the item sets based on the past grocery purchased dataset. To recommend the
items, the data's support, lift, and confidence have been calculated to indicate the relationship
between the items that are suitable for showing as recommended items. This work has
contributed towards the market basket analysis approach for grocery items recommendation
based on past grocery purchases using Apriori Algorithm. Although MyGrocery fulfils its
primary objective, further features can be added in the future to make it more user-friendly and
to improve its performance.
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