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Memex

LOGICAL DATABASE DESIGN
FOR MARKET BASKET ANALYSIS

Abstract: Data is a key component of developing an Expert System for market basket ana-
lysis. Getting data safely stored, analyzed and updated in databases is a crucial factor for
discovering knowledge and its quality. This article presents a logical data model which is
going to be implemented in a physical environment. We started off by gathering the system’s
requirements from the user and presenting them with the use of UML notation. In connection
with requirements, the Entity-Relationship (ER) Model for Market Basket Database was ela-
borated. Next, the model was evaluated in scope of user satisfaction. At the end of this paper,
conclusions point out further research plans for developing the decentralized expert system
for market basket analysis.

Key words: knowledge discovery, expert system, association rules, market basket analysis.

1. Introduction and motivation

Market basket analysis (MBA) known also as the affinity analysis is a next step in
the development of the retail trade and its promotion. It shows customers’ habits and
gives information about combinations of purchased goods. Due to the analysis, it is
possible to identify the goods which were bought together, when they were bought
and in what amount. The advanced applications of the implementation operating in
a real time enable current analysis. Association rules are used in order to describe
relations between goods. Such an interactive analysis can be a decisive element in
gaining a competitive advantage.

The aforementioned association rules can be applied in a few areas. One of them
is the sale analysis. Below, two definitions are depicted which implicate a posteriori
nature of the conducted study and as a result- the process of knowledge extraction,
given in the form of association rules. A survey conducted in the USA in 2008 by
the FactPoint Group [2008] may be the source of valuable knowledge for similar
entities operating on the Polish market. It was carried out on the group of 50 largest
retailers regarding the sale revenue from 400 million USD to 24 billion USD. The
authors indicate in their report that the market basket analysis gives measurable
effects in the form of:

— effective, more profitable promotional campaigns of goods and services,
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— more precise products positioning on the market shelves,

— enhancing the quality of loyalty cards promotion,

— higher value and size of individual purchases,

— lowering the costs connected with supply chain management.

The database life cycle integrates the basic steps involved in designing
a global schema of the logical database, allocating data across a computer network
and ultimately defining local DBMS-specific schemas. Taking the above into
consideration, logical design is a second step in the entire process. Among the variety
of data modeling approaches, we use the entity-relationship (ER) and UML data
models. They are arguably the most popular ones in use today, due to their simplicity
and readability [Teorey, Lightstone, Nadeau 2006].

In the article by P. Weichbroth [2010a] the expert system framework for market
basket analysis was presented. Additionally, the overall functionality was presented.
It is worth mentioning that the main system’s components are: inference engine,
knowledge database, marketbasket database. Forthe accurate physical implementation
of database, the logical data model was designed and verified. We assume that this
project is an important matter to undertake because of the complexity of the analyzed
problem. A design approach is based on the studies of users’ requirements in order to
fulfill a suitable solution. It can be implemented in e-commerce solution in context
of customer relationship management [Kubiak, Weichbroth 2010].

2. Definitions

The degree of interdependence between certain products can be presented in
various ways. In the scope of descriptive statistics the standard measure is Pearson’s
Correlation coefficient. Taking the market basket analysis into consideration, it is
restricted by two imposed variables (a, b) which are described in the study. On the
other hand, the products that the market basket consists of have a binary distribution.
That is why its application is impossible.

The standard association rules show the relation between certain goods. This
relation consists of two items out of two sets of values: predecessor (conditioning or
premise) — A and consequent (conditional or conclusion) — B, which can be written
as A — B [Cunningham, Frank 1999]. The rule is countable in the form of two
measures, which show the uncertainty rate of the rule.

The first measure is the supportratio (support), which is the quotient of the number
of transactions that include simultaneously the predecessor and the consequent to
the number of all the transactions, the formula is as follows [Weichbroth, Korczak
2006]:

. N
support ratio{4 — B} = %. (1)
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The second measure is the confidence ratio (confidence), which is the proportion
of the number of transactions including all the predecessor and consequent’s
transactions to the number of transactions including predecessor. The formula is as
follows [Weichbroth, Korczak 2006]:

NA—)B
N A— B
confidence{d — By =428 - N _ support{4 — }. Q)
N, Ny support{4}
N

For example, for a very little data base sector including 100 transactions, in 10
of which the product 4 was bought and at the same time 5 of them, include product
B, the association rule in the form R(4 — B) has the support ratio 10% (10/100) and
confidence ratio 50% (5/10). The low level of support (for example 1 transaction
out of 100 thousand) shows that the certain rule is irrelevant or that the data include
errors. The support ratio can be defined as a probability that the transaction chosen
randomly from the data base will contain the predecessor and the consequent. The
confidence ratio can be defined as a conditional probability that the transaction
chosen randomly will contain all the predetermined elements of the consequent to
the predecessor [ Weichbroth 2010a, b; Weichbroth, Korczak 2006].

Association rules are output by algorithm in the following form:

<premise>-<conclusion><supportvalue forrule>#<confidence
value for rule>

3. Requirements specification

Each solution has its particular strengths and weaknesses, which must be taken
into account. In presented schema (Figure 1), for the purpose of the market basket
analysis process, the database requires precisely defined attributes to keep track of
sales activities. The requirements analysis for this database led to entities and their
unique identifiers.

From the user’s point of view, the system’s requirements can be presented in
the simple drawing as shown in Figure 1. On the other hand, the UML notation for
use cases (Figure 2) involves stick figures representing a type of user and ovals
representing each of the tasks that the user needs to be able to carry out [Churcher
2007].

Figure 1 can be perceived in the frame of knowledge discovery process from
the sales transactions database. Each of the records in such a database commonly
represents anonymous sales transaction with the specified quantity of each product.
The simplistic view of these two records, in the user’s perspective, was presented
as two separate receipts (Step 1. Data). Each of the rows is inserted in the unique
transaction table (stored in the database) by means of the ... and the receipt printed
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by register is given to a client. In the next stage (Step 2. Information), all frequent
item sets are found. Based on them, association rules are generated (Step 3.
Discovered Knowledge), which are structured representation form of knowledge.
The implemented algorithm, widely described in [Mikulski, Weichbroth 2009],
assumes that the minimum level of cut-off for support and/or confidence is given
by the user. It has to be stressed that in case of the second measure, effective and
reasonable implication of the cut-off takes place only for association rules. In the
next stage (Step 4. Knowledge Visualization) discovered knowledge is visualized,
using the conception of rich link analysis, presented by the author in [Weichbroth
2010a]. Ultimately, a user (expert) makes a decision (Step 5. Knowledge Evaluation)
according to accept or reject the discovered knowledge, taking into account the
domain problem and most importantly the purpose of the conducted analysis.

1. Data 2. Information 3. Discovered Knowledge

Receipt Receipt Frequent 32100 is Bread,
: . itemsets 8742 is Milk,

tems €ms 36870 is Butter.
25725 32100
36981 45631 8742 Discovered knowledge will be presented as
21003 36870 36870 following association rules:
87831 12547 32100 Rule no 1: Bread — Milk, Butter 0,012#0,85
32100 89711 36870 Rule no 2: Chips — Chocolate 0,011#0,65
8742 36870 8742 Rule no 3: Ice cream — Water 0,010#0,85
21456 22416

sa |

4. Knowledge Visualization 5. Knowledge Evaluation

Rule number Support Confidence Classified

Rule no 1: 0,012 0,85 Yes
Bread Rule no 2 0,011 0,65 No
rea Rule no 3: 0,010 0,85 Yes

Interpretation (Rule no 1):
If random client bought bread then bought milk and
butter.

Figure 1. User’s perspective: From raw data to evaluated knowledge

Source: own elaboration.

UML notation with use cases can be exploited to distinguish the principle
functions of the required system (Figure 2). On the other hand, the notation itself is
self-explanatory — it consists of simple drawings and plain text. It comprises an easy-
to-do note of the interview between end-user and business analyst. The description
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below gives a piece of information about what required functionality will be used to
build a data model. Furthermore, based on that, input data can be specified for the
system and on the other hand output data for the user.

1. Find all frequent itemsets) ~ USe case 1: Enter (or edit) minimum support
or/ and confidence.

2. Discover association rules Use case 2: Generate association rules (based
on frequent item sets).

; ; \ 3. Group assodiation rules U_se c?se 3: Group association rules to the
clients’ profiles.
User
Use case 4: Visualize and evaluate association
4. Visualize association rule rules.

Figure 2. UML notation for use cases

Source: Own presentation'

4. Data model

A practical way to start to get the idea for what the data involves is to draft an initial
data model which is a representation of how the different types of data interact.

In general, there are two types of data models: a logical and a physical [Teorey,
Lightstone, Nadeau 2006]. Presented in this work logical data model (LDM) is
a complete representation of data requirements and the structural business rules
that govern data quality in support of a project’s requirements. The LDM shows the
specific entities, attributes and relationships involved in a business function and is the
basis for the creation of the physical data model. It is designed to hold information
relating to a market basket analysis.

A practical way to start to get a feel for what the data involves is to divide the
analysis into particular steps (Figure 3). We used a UML diagram which gives a clear
view of sequences and conditions which must be fulfilled at each step. In parallel,
every step has got a detailed explanation. Based on that, the unique functions stand
out with respect of order against each other.

For this scenario we need to define the following facts (Fig. 4): transaction,
transaction item, vendor, shop, product, prices, warehouse, product group, frequent
itemset, antecedent, consequent, association rules and pattern. These facts define
the requirements which the Database must meet and should be agreed between the
Expert and the Database Designer prior to physical creation.

! The diagram in this article was prepared using UMLet 10.4 [http://www.umlet.com].
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In the first step, data is cleaned from needless attributes, not
concerned with market basket analysis. On the other hand,
data might also be required to be supplemented by additional
attributes from external source.

A4

In the second step, data is verified in the matter of
quantitative properties such as arithmetic average, minimum
and maximum values, aiming to discover possible outliers.

A4

In the third step, data is imported to database.

A4

In this step, inference engine is responsible for mining
association rules from data which describe dependencies
between variables.

A4

For discovered association rules, common parts are found
based on antecedent or consequent for the purpose of
creating patterns.

A4

In the next step, on user's demand, knowledge can be
visualized which can be helpful in better understanding and
interpreting discovered patterns.

A4

In this step, discovered knowledge is evaluated and
interpreted. It results in accepting or rejecting discovering
patterns.

A4

In the last step, knowledge is processed and saved into the
knowledge database. It is also validated by ontology library.
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Data cl@e

Data verification

No

Data import
Inference process K
Joining process

E(nowledge visualizaliora

Q(nowledge VeriﬁcatiorJ

No
>
]

Figure 3. UML Diagram: Particular Steps in Market Basket Analysis

Source: own elaboration.
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id transaction

PK,FK2 |id u PK,FK2 |id_product
PK id_antecedent PK id_consequent
FK1 id_rule FK1 id_rule
PK |id_rule
rule_support
rule_confidence

PK |id_pattern

FK1 |id_rule

pattern_source

Figure 4. Entity-Relationship (ER) Model for Market Basket Database

Source: own elaboration.

transaction_time PK,FK1 |id_t i
id_product — PK,FK2
payment_form K, id_product
total_amount
- uct_price
o | [
PK |id_vendor
[ swor | wame
PK |id_shop location
delivery_time
shop_name FK1 |id_product
city
id_vend < PK |id_product —
1d_product FK2 |id_shop
providence product_name
product_price < PK,FK1 |id product
| FK1 |id_group PK,FK2 |id vendor
—Pp| FK3 | id_warehouse
product_price
A
e | | [
id_product PK |id_grou
id_vendor PK,FK1 |id_product
name id_group group_name
¢
pl.w" - itemset_support
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The data-modelling diagram (Figures 3, 4) provides very precise and easy to
interpret documentation. Even more importantly, the presented model is still easy
to modify before physical implementation. This diagram allows the user to take in
a large amount of information at a glance, giving him/her the ability to quickly get
the idea of a database design without having to read a lot of text. We can conveniently
satisfy the requirements of all the use cases (Fig. 2). Moreover, not all requirements
were given by a user which are required by a developed expert system.

The first step in the model of market basket analysis is data preparation and
its verification. If the data is correct then it can be processed and imported to the
database. In the next step, the inference engine, having opened connection with
database, analyzes the collected data. Direct objectives are finding frequent itemsets,
association rules and linking them together to patterns. All actions taken by inference
engine interact with the user for the purpose of a comprehensible dialogue between
system and user (or expert). The analysis’ results (time of work, number of frequent
itemsets, the number of association rules divided according to the number of sets,
support and confidence, the number of processed records from database) are saved
into the knowledge base.

5. Model evaluation

In the next step, after the logical design of the model, we need to check whether the
presented model is able to satisfy the requirements of the three use cases shown in
Figure 2. Evaluation of the presented model will be conducted based on the physical
implementation and obtained results. Another essential matter is data integrity which
concerning relational databases means accuracy, correctness and validity.

6. Conclusions and future work

Dr Edgar F. Codd’s landmark paper [Codd 1970], gave the computer science
community a definition of a good database structure and a process for normalizing
data by sequentially applying rules to the tables and entities. The presented model was
verified due to the first three normalization rules. Obviously, there is no guarantee
that later some attributes might be added to any table or even more — new tables to
database.

Further research work will focus on the implementation of the agent system
using Java Agent Development Framework (JADE).? The developing platform will
support an enterprise in such areas like marketing, sales, logistics and price policy.
So far, the author presented the algorithm for discovering association rules from
database [Weichbroth 2009] and its modification [Mikulski, Weichbroth 2009].
The last work focused on the two methods which are being successfully used in

2 More information is available on the website: http://jade.tilab.com/.



114 Pawet Weichbroth

e.g. E-commerce activities [Kubiak, Weichbroth 2010]. Still, there is one issue to
validate — the developing platform will work in an experimental environment which
means that the system will be tested using random data. The real challenge is to
deploy the platform in a real-time environment which can only objectively evaluate
the described model and platform as well.
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PROJEKT LOGICZNEJ BAZY DANYCH
DO ANALIZY KOSZYKA ZAKUPOW

Streszczenie: Dane sa kluczowym komponentem systeméw ekspertowych do analizy ko-
szyka zakupow. Otrzymanie danych bezpiecznie zachowanych, analizowanych oraz aktuali-
zowanych w bazach danych jest zasadniczym czynnikiem odkrywania bazy wiedzy i jakosci
tej bazy. W niniejszym artykule zaprezentowano logiczny model danych, ktéry ma by¢ za-
implementowany w $rodowisku fizycznym. Rozpoczynamy od zgromadzenia wymagan
uzytkownika i zaprezentowania ich w postaci diagramu UML. Wypracowany zostal model
Entity-Relationship (ER) dla bazy danych o koszyku zakupdéw. Nastgpnie model byt oceniony
pod wzgledem zadowolenia uzytkownika. W czesci koncowej artykutu przedstawiono wnio-
ski i dalsze plany badawcze dotyczace rozwoju zdecentralizowanego systemu ekspertowego
dla analizy koszyka zakupow.

Stowa kluczowe: odkrywanie wiedzy, systemy ekspertowe, reguly asocjacyjne, analiza ko-
szyka zakupow.



