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Motivation

• The time between specifications capturing and the product delivery is critical for the 
software development process and its stakeholders.

• The source code generation could significantly increase the software development 
process by shortening the time between requirements gathering and delivery using 
automatic programming and low-code solutions.

• The main idea of automatic programming is to “tell the computer what to do rather 
than how to do the task”.

• Hence, automatic programming should be supported by some definitive high-level 
language that is closer to a natural language than a programming language.

• This paper aims at automatic source code generation from natural language 
statements given as business rules to facilitate the software development process by 
bridging a gap between business analysis and engineering.
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Problem Statement

• We attempt to use the SBVR (Semantic of Business Vocabulary and Rules) OMG (Object 

Management Group) standard to provide a unified solution that can be integrated with 

other software development utilities.

• We want to improve the previously proposed approach (based on the translation of fact 

business rules into SQL DDL (Data Definition Language) scripts) by using the Model-Driven 

Development (MDD) paradigm when business rules are given as subject domain 

descriptions to build an abstract model with multiple possible implementations.

Abstract models serving as sources to generate the source code or other artifacts
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Translation of SBVR Business Rules into the Triplestore Model

Having the business rules, we can obtain a set of 
triples:

where:

We can store triples, obtained using the input 
business rules, and retrieve triples to build object-
oriented, entity-relationship, and other models.

𝑇 = 𝑡𝑖 = 𝑠𝑖 , 𝑝𝑖 , 𝑜𝑖 𝑖 = 1, 𝑛 ,
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Translation of the Triplestore Model into the Data Model

To restrict the syntax of fact business rules, we propose 
to consider only several verbs according to their purpose:

• “has” means unnecessary attributes that can hold 
null or missing values;

• “owns” means mandatory attributes that cannot 
hold null or missing values;

• “includes” verb should be used to detect 
relationships between entities.

Having the data model elements discovered we can build 
different software implementations of these models (SQL 
DDL scripts, programming language classes, etc.)
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Suggestion of Attribute Data Types based on Association Rules

We propose to use the “Spider” dataset maintained by Yale 

students. This dataset includes 200 databases with multiple 

tables covering 138 different domains.

conf𝑘
𝑣 𝐿𝐻𝑆𝑘 ⇒ 𝑅𝐻𝑆𝑘

𝑣 =
supp 𝐿𝐻𝑆𝑘 ∪ 𝑅𝐻𝑆𝑘

𝑣

supp 𝐿𝐻𝑆𝑘
, 𝑘 = 1, 𝑝, 𝑣 = 1,𝑤,
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Adjustment of Suggested Attribute Data Types

Using the algorithm and the mapping between languages 
and generic data types, various software development 
components can be generated based on the data model: 
classes or structures, database scripts, smart contracts, or 
other source code that declare data structures.

Corresponding data types used in the most popular 
enterprise programming languages and SQL-based database 

management systems

Generic type
Technology

Integer Floating-point Boolean String

Java int double boolean String

C# int double bool string

SQL int real smallint(1) varchar(255)

Solidity int int bool string
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Implementation of Software Components based on the Data Model

The proposed approach assumes building the 
abstract data model from the business rules to 
define entities (or concepts), their attributes, and 
relationships among them.

Therefore, the data model based on the business 
rules and data type association rules can be used 
to automatically generate almost any software 
component for which are only necessary:

• rules on entity representation according to a 
given syntax;

• rules on attribute representation, including 
mandatory ones, according to a given syntax;

• rules on relationship representation according 
to a given syntax;

• rules on attribute data type representation 
according to a given syntax.



Department of Software Engineering and Management Intelligent Technology

Educational and Scientific Institute of 

Computer Science and Information Technology

9

Software Implementation of the Proposed Approach

We have implemented the software 
solution using the Python 
programming language because of its 
relative simplicity, flexibility, and rich 
collection of packages, including the 
packages for natural language 
processing and database operations:

• json – the JSON (JavaScript 
Object Notation) format encoder 
and decoder;

• sqlite3 – the API (Application 
Programming Interface) for 
SQLite databases;

• pandas – the open-source data 
analysis and manipulation tool;

• nltk – computational linguistics 
library known as the Natural 
Language Toolkit (NLTK).
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Source Code Generation from Business Rules (1)

product owns title

product includes brand

product has description

product has image

product owns price

product owns amount

product includes category

product has votes

product has rating

category owns title

category has description

category has image

brand owns title

brand has image

brand has description

brand owns origin country

The triplestore model 

based on business rules

The data model based 

on triplestore model



Department of Software Engineering and Management Intelligent Technology

Educational and Scientific Institute of 

Computer Science and Information Technology

11

Source Code Generation from Business Rules (2)

Attribute Data type Confidence

title String 0.60

description String 0.25

image String –

price String 0.29

amount Float 0.33

votes Integer 0.50

price String 0.29

amount Float 0.33

votes Integer 0.50

The suggested data types based on association rules

The source code of Java and SQL 

software components generated from 

business rules
Java BeansSQL
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Verification and Validation of the Generated Source Code

The static analysis of Java Beans code 
using the SonarLint for Eclipse IDE shows 
four types of identified issues. These 
issues include invalid class names, field 
names, and method names, as well as 
usage of generic exceptions instead of 
dedicated ones. Execution of generated 
Java Beans demonstrates successfully 
compiled classes.

Execution of generated SQL database 
creation scripts demonstrates successfully 
created tables on the MySQL server. Data 
manipulation SQL statements 
demonstrate the integrity and consistency 
of created database tables.
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Contribution to Intelligent Source Code Generation Systems

• Despite the detected limitations (missing dedicated exceptions and naming violations in Java 
code) of the proposed approach and the software tools, the generated SQL database creation 
scripts and the Java Bean classes are valid and correspond to the given business rules.

• Generated artifacts can be used in an information system software development project after 
minor tuning – to customize data types and meet coding conventions.

• Therefore, this study encourages projects to move toward Intelligent Software Engineering 
practices that assume the usage of intelligent techniques in Software Engineering.

• The proposed approach and the software tool based on Natural Language Processing techniques 
assume the implementation of an intelligent source code generation system that is supposed to 
bridge the gap between software requirements (given as business rules) and the design of the 
information system’s data layer.

• Furthermore, the elaborated intelligent system will result in an automatic source code generation 
environment that can augment traditional IDEs.
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