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Abstract—The business of software has expanded 
considerably over the past decades. The majority of the 
application software needed to execute contemporary 
generic software was developed in C++. These software 
applications have developed over time to facilitate business 
operations depending on shifting client or organizational 
needs. During such need-based implementations, various 
changes were incorporated into the application software. 
Currently, the root documentation has not been updated 
appropriately. Also altering these programs additionally is 
the cause of a crash in the software. Altering these 
application programs to the needs of the target language is 
hard. Abstracting the useful information dispersed all over 
the application program is hard. To address these 
challenges, our study provides a novel approach for 
abstracting business rules from a given input C++ program. 
The proposed methodology first restructures the given input 
C++ program, then extracts design information from the 
restructured program, and finally expresses the abstracted 
design information in the form of control flow and data flow 
tables. The content of the Data Flow Table is used to create 
the decision tree. This decision tree was further represented 
as a table for the abstraction of business rules.  
 
Keywords—business rules, C++ program, design 
information, control flow table, data flow table, decision 
tree, decision tree table, legacy, restructuring 
 

I. INTRODUCTION 

Starting in the 1960s, computer hardware and software 
were very popular. The focus at first was on developing 
compilers and programming languages. As a result of 
this, the software companies started to automate their 
day-to-day operations. The focus shifted gradually away 
from compilers and programming languages and more 
towards application software development. A number of 
applications were developed with procedural languages 
such as COBOL, C, and C++. Even today, large 
organizations like CISCO, Etsy, Conga, Epam, 
MasterCard, and many more hire C++-proficient experts. 
Applications created with the C++ programming 

framework were subject to periodic updates based on user 
needs. Most of the time, these modifications are limited 
to the software, and the associated documentation may or 
may not be updated accordingly. Continuous updates to 
these application software’s may cause crashes and will 
not support the ongoing operation. Legacy software or 
legacy systems refer to applications that are too old yet 
nevertheless support the company operations. Further 
updating or modifying these application software’s is 
challenging because the original programmer(s) may not 
be available. Many firms are struggling with legacy 
software since they are unable to rewrite everything or 
switch to a whole new program. These legacy 
applications accumulated a large number of changing 
business needs within the organization. Translating the 
entire application to a new paradigm takes a long time 
and is difficult because the new programmer must first 
understand the entire application before translating each 
line to a new target programming language.  

There are various approaches to handle the legacy 
systems:  

• The initial step includes eliminating the entire 
present system, building a brand new system. 
This strategy of discarding has the downside of 
losing essential business rules generated 
throughout the process of creation and 
maintenance and also periodical wasting of 
human resource. Abstraction of business rules 
will not enhance the development of the new 
system. 

• The second option involves translating the current 
C++ source code into target language code. The 
translation is influenced by the taste of the 
original language and restricts further software 
maintenance to the translated target language. As 
a result, straight transformation of the old system 
into the target language may not be the ideal 
choice.  

• The third strategy involved wrapping. This 
method use emulators to encapsulate the old 
system, allowing the new system to work on the 
front end while the same old system, in slow 
mode, runs on the back end. This technique has 
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some downsides, including low adaptability and 
little performance improvement. 

• The fourth technique to dealing with legacy 
systems is a combination of the two prior 
approaches. It is founded on the concept of 
recovering reusable components. When designing 
new systems, functional pieces from legacy 
systems are located, recovered, updated, and then 
reused. The disadvantages of this strategy include 
the time-consuming and human-dependent 
character of the procedure, as well as the need for 
a thorough inspection and knowledge of the 
obsolete code. 

• The fifth approach is reengineering [1]. This 
technique results in the development of a 
methodology that automatically abstracts design 
specifications from C++ program systems in the 
form of control and data flow graphs.  

In this study, the fifth strategy is provided to abstract 
reusable components from a particular legacy C++ 
program, such as control flow information, data flow 
information, functional identification, decision tree 
design, and business rules abstraction from decision tree.  

The taxonomy is as follows: 
Legacy system is an existing system that may struggle 

to meet current business needs due to outdated 
technologies. Reengineering is a process to improve and 
modernize existing software systems to enhance the life 
span without changing the functionality. Restructuring is 
the process of altering the input program without 
affecting its functionality. Control Flow Graph (CFG) is a 
visual representation of the program’s overall execution 
flow. Control Flow Table (CFT) is a four column 
representation of CFG. Data Flow Graph (DFG) is a 
visual representation of data flow of the program, along 
the control flow. Data Flow Table (DFT) is a three 
column representation of DFG. Referenced variable is 
one whose value remains unchanged while the statement 
is being executed. Defined variable is one whose value 
changes while that statement is being executed. Decision 
Tree (DT) represents various attributes which helps in 
taking the decisions. Decision Tree Table (DTT) is a 
three column representation of DT. Business rules are the 
abstractions of definitions and constants which are 
embedded across the program. 

II. LITERATURE REVIEW 

Kulkarni [1] discussed the methodology for 
restructuring the legacy C program to be amenable to the 
required reengineering format. This work gives useful 
guidelines for restructuring of C++ programming system 
and abstracting design information. Edara and  
Kulkarni [2] proposed methodology to abstract the design 
information which was a reusable component from the 
given input legacy C++ program in form of CFT and 
DFT. Aparna et al. [3] proposed a methodology for 
abstracting different reusable components from a given 
input java program and also the attributes which are 
taking part in the program. Kulkarni et al. [4] proposed a 
methodology to abstract Data Flow Diagram from a given 

input java program and representing them in a table 
format. Bemthuis et al. [5] provided a method for 
predicting asset condition of SRTIs by extracting 
business rules from data using the decision tree machine 
learning classification algorithm. They contrast the 
performance with the outcomes attained by the 
application of support vector machines (SVM) 
methodology. Kulkarni and Edara [6] presented a novel 
method for memory subsystem optimization during 
system design that works well for particular uses, such as 
re-engineering. Mashiach et al. [7] proposed CLEAN++ 
approach, an extension to powerful static code analysis 
tool. CLEAN++ is a successful approach at detecting 
code. Bass et al. [8] discussed about need of sustaining 
live systems and how teams might aid in their 
development. Wang et al. [9] describe their ongoing 
efforts to develop a runtime approximation computing 
(AC) method based on machine learning which was used 
on the DFG representation of the given software 
application. Geist et al. [10] used a variety of machine 
learning approaches on a legacy COBOL system and 
discovered that machine learning performs better than 
heuristics in terms of mistakes and effort. Kulkarni and 
Patil [11] proposed a tool to restructure legacy C 
programs that can be amenable for multi core 
architecture, which motivated us to develop a tool that 
restructures the C++ program. Halim and Asnar [12] 
compared the control flow graphs of the susceptible and 
repaired versions and identify sub graphs that result in 
security flaws. After that, the sub graphs are generalized 
using preset rules to remove variables or functions unique 
to the code. Sub graphs that are produced can 
subsequently be utilized as a pattern to identify security 
flaws in the programs. Yadav et al. [13] discussed about 
the necessity of code conversion while migrating 
procedural language into object oriented programming 
language by reusability of code. Handigund and  
Kulkarni [14, 15] discussed the approach for restructuring 
C program and further they used the restructure program 
for abstracting the design information. They also 
discussed about abstracting Functional Dependency, 
minimization of Functional Dependency, object 
structures and object methods. Crerie et al. [16] described 
a method for discovering business rules from event logs 
of information systems. They discovered two types of 
business rules, classified as condition and authorization 
action assertions. Steinke and Nickolette [17], examined 
the business rules values, compared the business rule 
experts thinking and offered instructions for determining 
and storing the business rules. Bajec and Krisper [18] 
proposed a methodology that assists developers and 
businesspeople in maintaining alignment between 
business rules with the system level rules. Their 
methodology addresses the entire IS of an organization, 
unlike other methods that focus on an application’s 
business rules. The benefits of reengineering a legacy C 
component’s idiomatic exception handling to these 
contemporary methods are examined in this study [19]. 
Initially, they redesigned a C component so that SEH 
constructs nearly entirely replaced the exception handling 
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idioms. Second, they demonstrate the potential 
advantages of using AOP for exception handling, despite 
the fact that these advantages are constrained by 
inconsistent historical implementation. Mulcahy and 
Huang [20], offer a paradigm for the methodical 
upgrading of old systems. The framework views 
infrastructure, information systems, and application code 
as separate entities that can be upgraded on their own. 
Consequently, this method can be used in parallel across 
several program modules or sequentially on a single 
program module. Using a CFG-based methodology,  
Ali et al. [21] suggested a tool named COBREX to 
extract COBOL business rules. By extracting and 
understanding the business rules, the tool primarily aims 
to assist scholars and practitioners in understanding 
COBOL source code. In order to better identify the rules 
and logic dispersed throughout the code, Surendran and 
Samuel [22] have developed an approach based on a 
specific sort of program slicing called partitioned forward 
slicing. In addition to emphasizing the necessity of using 
partitioned forward slicing in commercial applications, 
the study also addresses the applicability of other slicing 
techniques. The suggested method streamlines and 
improves the effectiveness of the maintenance stage of 
commercial software development. Monaghan et al. [23] 
proposed “Ecosystem Debt “which is a new kind of 
technological debt that results from the size and age of 
numerous large-scale legacy systems. Practitioners gain a 
more tangible knowledge of the condition of the systems 
they maintain by placing legacy inside the framework of 
technical debt. Deknop et al. [24] have integrated visual 
analytics into refactoring process. Their visualization 
reduces the trust gap by providing restructuring 
specialists and code owners with a clear and intelligible 
perspective of the changes by demonstrating code 
equivalency both before and after reworking. They used 
this visualization on an industrial use case and talk to 
refactoring specialists about how effective it is.  
Jinhui et al. [25], discussed the main challenges and 
solutions for five kinds of control flow invariant integrity 
measurement with the support of the processor debugging 
feature including Branch Trance Store, Late Branch 
Record and Performance Monitoring Counter. Mohsin 
and Kaleem [26] have proposed an approach for effective 
code comprehension by combining Software metrics and 
Program Slicing which can develop efficient measures for 
coupling, cohesion, complexity. Such analytical approach 
can insure reliable development of software system. 
Ngetich et al. [27] made a good contribution to the field 
of code restructuring. Their research highlights the value 
of proactive code restructuring in software development 
that can adapt to changing business requirements.  
Durai et al. [28] proposed an approach to generate the 
code with activity and sequence diagrams.  
Mythily et al. [29] incorporated security aspects early in 
the SDLC through model transformation to ensure 
software security. Korshunova et al. [30] used reverse 
engineering as a part of the verification and validation 
chain of software systems and represented in XML 
Metadata Interchange (XMI) format. Heil et al. [31]  

re-formulate the reverse engineering activity of concept 
assignment as a crowd sourced classification task to 
address the challenges. Abebe and Tonella [32] presented 
two approaches that exploit structural and linguistic 
aspects of the source code to extract ontology(s) for 
program understanding. Ngetich et al. [33] contributes to 
the subject of code restructuring by offering an advanced 
framework and toolkit for improving system quality in 
accordance with object-oriented coding standards. Their 
study emphasizes the need of proactive code restructuring 
in software development, promoting scalable, enduring 
systems capable of adapting to evolving business needs. 
Ho et al. [34] addressed a program analysis problem 
involving a program and a specific property, by 
employing an empirical methodology to autonomously 
generate a series of abstractions that converge towards an 
optimal abstraction appropriate for resolving the issue. 
Tangkawarow et al. [35] presented a novel approach 
termed informal document to Semantics of Business 
Vocabulary and Rules (ID2SBVR). This method extracts 
operational rules of SBVR from informal documents. 
ID2SBVR identifies fact type candidates through the 
analysis of word patterns or by extracting triplets (actor, 
action, and object) from sentences. ID2SBVR extracts 
fact types from candidate fact types and converts them 
into a collection of SBVR operational rules.  
Majthoub et al. [36] provided concise overview of 
software re-engineering and indicate its future direction. 
It has the ability to revive and reuse items in an existing 
system. This will inevitably reduce the cost of 
maintaining the system and provide the ground for future 
software development. 

III. MATERIALS AND METHODS 

This study proposes a methodology for abstracting 
business rules from a given input legacy C++ program, as 
seen in Fig. 1. 

 

 
Fig. 1. Block diagram for abstracting the business rules. 

The following processes are utilized to implement the 
proposed methodology of abstracting the business rules:  
Restructure the input legacy C++ program. 

• Abstract the design information. 
• Design the decision tree. 
• Abstract the business rules. 

A tool was designed from the provided methodology 
that takes a C++ program as input and restructures it. 
Program design information was described in control 
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flow and data flow tables. A decision tree is built and 
presented in decision tree table format. Finally, business 
rules were obtained from the decision tree, data flow, and 
control flow tables. 

 
Step 1: Restructure the input legacy C++ program.  
Step 1 illustrates the several activities performed to 

restructure the given program.  
 

Steps to be performed for Program Restructuring 
1. Include user-defined header files in the given source 

program. 
2. Delete comments and blank lines. 
3. One statement per line. 
4.  Proper statements instead of the goto statement.  
5.  Each statement will have a physical line number. 
 
Step 1 takes the C++ program as input and appends the 

user-defined header files if any declared in the program to 
the main program. Step 2 eliminates all comment lines 
and blank lines from the output of Step 1. The rationale 
for their removal is to be left with the executable 
statements only in the program. The C++ language has 
provisions that allow for declaring numerous statements 
in a line by placing each one of them on its own separated 
by a semicolon (;), and declaring a single statement that is 
on many lines. We want to create a single declaration, so 
Step 3 is meant to create a single line in the format of a 
sentence. All the statements are executable statements. 
Step 4 then uses the output from Step 3 to eliminate the 
go to statement without adding an extra variable or 
irrelevant code. Finally, Step 5 allocates the physical line 
number to every step, and the resulting restructured code 
is output to a new file. A file of this type is then used in 
the subsequent process. 

Fig. 2(a) illustrates the legacy input C++ program as a 
case study. The objective of restructuring is to transform 
the input program without affecting its functionality. In 
the course of this, the following activities are performed 
as shown. Upon rearranging the input legacy C++ 
program provided, its space complexity and running time 
decrease [3]. Additionally, it assists in abstracting design 
information through representing one executable 
statement as a node of the control flow graph. The effort 
has already been exercised on some programs with 
different lines of code. The converted C++ program is 
illustrated in Fig. 2(b). 

The bank customer for withdrawing money from his 
account is taken as a sample legacy C++ program 
module, as indicated in Fig. 2(a). As per the above 
mechanism, it is reorganized without extra variables, and 
the resultant results are presented in Fig. 2(b). The results 
demonstrate improvements in maintainability and 
performance of code. 

Step 2: Abstracting the design information.  
The second phase shows various activities performed 

to get design information from the reconstructed C++ 
program in terms of graphs, which are represented in the 
form of Control Flow Table and Data Flow Tables. The 
Control Flow Graph of small programs can be simply 
represented graphically; however, as the size of the 

program and loops and conditional statements increase, 
the graphical representation becomes complex. To reduce 
the encoding complexity of the graph, another method is 
constructed where the entire Control Flow Graph is 
encoded in the graphical representation of CFT [2]. In the 
same way, the DFG is also represented using a Data Flow 
Table.  

 

 
(a) 

 
(b) 

Fig. 2. Sample legacy C++ program (a) before restructuring (b) after 
restructuring. 

The proposed Control Flow Table is a four column 
table and is constructed using the recommended ways to 
delineate the Control Flow Graph of the particular C++ 
program. The initial and terminal line numbers of a block 
are found in the first and second columns of the CFT. The 
numbers for the alternative control transition line number 
appear in the third and fourth columns. The proposed 
Data Flow Table is a three column table and is 
constructed using the recommended ways to delineate the 
Data Flow of the particular C++ program. The line 
numbers are found in the first column of the DFT. The 
variable of the corresponding line will be found in second 
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and third columns. The design information can be 
expressed in CFG and DFG but takes more space and is 
cumbersome. The graphs can be expressed in Table form 
for a clear understanding. An automatic tool is developed 
to abstract the design information in the CFT and DFT 
form of a C++ program. The current tools store the 
design data in graphical form as control flow graph and 
data flow graph. In big C++ programs, there are 
numerous flaws with this graphical form for memory 
issues [2].  

The CFT and DFT representation enhances 
comprehension as well as minimizing storage space in 
computer memory. The Control Flow and Data Flow 
information in CFT and DFT form for the redesigned 
C++ program in Fig. 2 is presented in Tables I and II. 

TABLE I. CONTROL FLOW INFORMATION IN TABLE FORMAT 

Start End Trans1 Trans2 
1 3 4 25 
4 8 9 12 
9 11 28  

12 14 15 19 
15 17 23  
19 22 23  
23 24 25  
25 25 26  
26 27 9  
28 28 12 29 
29 29 12 30 
30 31E   

TABLE II. DATA FLOW INFORMATION IN TABLE FORMAT 

Line No. Def Var Ref Var 
1–5   

6 accName  
7 accbal  

8–9 accName 
accbal 

name 
initBal 

10–12  amt 

13–14  amt 
accbal 

15–19 accbal accbal 
amt 

20–21  accbal 
22–27 account  

28 account  
29 account  

30–31 - - 
 

Steps to represent the control flow information in form 
of control flow table 
1. Begin reading the C++ program rewritten with function 

main(). 
2. Consecutively read user-defined function calls from the 

body of the main. 
3. Control is passed one after the other to the called 

functions. 
4. Illustrate each statement as a node with an edge leading 

to the succeeding statement based on the sequence of 
control. 

5. Put all the statements of sequential order in a single 
node. 

6. Columns 3 and 4 of the CFT contain statements that 
make the control branch, i.e., loops and conditional 
statements. 

7. Join each logically sequenced node to another through 
an edge. 

Steps to represent the data flow information in form of 
data flow table 
1. The DFG is designed using the CFG that was previously 

created. 
2. Each node in control flow graph forms a DFT entry and 

these entries are arranged in the control flow order.  
3. If the node corresponds to a block of sequential 

statements, then for each sequential statement there 
corresponds to consecutive entry in the DFT.  

4. The attributes are stored into the DFT entries according 
to either as referenced attributes or defined attribute.  

 
Step 3: Design the decision tree. 
Decision tree, in computer science, is a visual 

representation of potential outcomes resulting from a 
collection of decisions. It is a model for decision 
hierarchy and its potential influences and outcomes. It is 
an algorithm specifying technique using conditional 
control statements and is used frequently in decision 
analysis during software development. 

Decision Trees reflect a variety of features that aid in 
decision making. This study presents a mechanism for 
abstracting the decision tree from the data flow table. A 
decision tree is made up of a root node and child nodes in 
a hierarchy.  
 
The following steps are utilized to identify the root 
node and child nodes, which will assist us in 
determining the business rules: 
1. Identify the root node at level 0 of the decision tree 

using the input Data Flow Table. 
a. Scan the DFT from top to bottom, identifying entries in 

the referenced and defined columns in each row. 
b. Select only rows that are not null.  
c. Count each defined attribute for its number of 

occurrence. 
d. Select the defined attribute whose count value is less as 

the root node of the decision tree and the attributes 
which are referred in that row as the child nodes. 

2. For each child node, verify its entry in DFT on defined 
side and add the corresponding referenced attributes as 
root node in level 1 and the referenced attributes of that 
row become child nodes for this root node. 

3. Repeat above for all the child nodes until all the entries 
of the DFT are completed. 

 
The decision tree of the above DFT is presented in 

Fig. 3. Three columns titled previous node, current node 
and next nodes are provided for the suggested DTT. Each 
abstracted node of Decision Tree is described in the DTT 
as indicated in Table III. Moreover, these entries will 
facilitate for abstracting business rules. 

 

 
Fig. 3. Decision tree structure. 
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The Decision Tree Table presented here is a three 
column table and is drawn on the basis of the suggested 
means of representing the Decision Tree of the given 
C++ program. The current node of the tree is placed in 
the second column. The parent node and child nodes of 
the current node are placed in the first and second 
columns of the DTT. The information can be represented 
in form of tree is lengthy and cumbersome. The tree may 
be represented in Table form to understand it more 
clearly. Automatic tool is synthesized to abstract the 
information in the DTT representation of a C++ program. 

TABLE III. REPRESENTATION OF DECISION TREE AS DECISION TREE 
TABLE 

PNode CNode NNode 

- amt amt  > accbal 
amt ≤ accbal 

amt amt > accbal Insufficient funds 
amt > accbal Insufficient funds - 

Insufficient funds - - 
amt amt ≤ accbal accbal = accbal – amt 

amt ≤ accbal accbal = accbal – amt - 
accbal = accbal – 

amt - - 

 
Step 4: Abstract the business rules. 
Business rules and constraints are statements that 

define the expected or desired behavior, functionality, or 
quality of the system. Functional rules and constraints 
define the acceptable system behavior, while data rules 
and constraints define the data attributes, relationships, 
and verifications used. Alternatively, non-functional 
constraints and rules describe the quality attributes, level 
of performance, or security requirement of the system.  

Business rule and constraint logic can be expressed 
using various techniques like decision tables, decision 
trees, flowcharts, or use cases. Finally, the business rules 
and constraints should be expressed in simple, concise, 
and consistent terms. Business rules and constraints can 
be expressed in various forms such as natural language, 
formal language, or pseudocode. 

 

A methodology is established to abstract the business 
rules from the DTT, as indicated in the following steps: 

1. Traverse the decision tree from top-to-bottom (root-to-
leaf). 

2. Each non-leaf node property depends on its child node. 
3. Examine the non-leaf node attributes in DFT and CFT. 
4. Scanning the appropriate statements can help in 

framing the business rule. 
5. The business rules can be encoded in Z notation for 

future work. 
 

 
Fig. 4. Abstracted business rules from the given C++ program. 

Fig. 4 depicts the abstracted business rules for the 
input C++ program in Fig. 2. 

IV. RESULT AND DISCUSSION 

Restructuring is the procedure of reshaping existing 
source code—its structure is being changed—without 
changing its external behavior. It has benefits like the 
code being easier to read and less complex, and 
producing a cleaner, simpler, or architecture so that it 
becomes more extensible. Restructuring the given C++ 
program reduces the execution time and space needed. 
Further it is amenable for abstracting the design 
information in which we represent one executable 
statement as one node in the control flow graph. This 
work is already tested for different programs with varying 
line of codes [2].  

The execution time for the given C++ program before 
and after restructuring is as shown in Fig. 5. 

The Control Flow Graph for small programs can be 
represented graphically without any difficulties as shown 
in Fig. 6; but when the size of the program and loops, 
conditional expressions increases, representation in form 
of graph is intricate. To reduce the complexity in 
representing the graph the alternative methodology is 
designed in which the entire Control Flow Graph is 
represented in form of CFT [2]. In a similar manner, the 
DFG is represented by Data Flow Table. The 
representation of CFT and DFT improves the 
comprehension and reduces the memory required to store 
in computer memory. 

 

 
Fig. 5. C++ program before and after restructuring execution time. 

 
Fig. 6. Design information of C++ program in graphical form. 
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To abstract the business rules from the given C++ 
program, the following steps are proposed: 
Step 1: Restructuring the input legacy C++ program. 
Step 2: Abstracting the design information in tabular form.  
Step 3: Representing data in form of decision tree table. 
Step 4: Abstracting the business rules. 

 
Reengineering the legacy software is an activity of 

redesigning and re-writing existing computer programs, 
to abstract the design specifications and business rules. 
The business rules are crucial to a new software 
development as they allow the organizations to define 

and enforce specific criteria and can serve as a guide for 
building the new code.  

The case study here is an employee salary calculation 
program taken as input shown in Fig. 7; and was first 
restructured as shown in Fig. 8, second the design 
information is abstracted in tabular forms depicted in 
Tables IV and V, third by representing the data flow in 
decision tree table form is as shown in Table VI and 
finally the business rules are abstracted as depicted in 
Fig. 9 and can be further represented by Z notation. The 
tool is designed and developed for abstracting the 
business rules is as shown in Figs. 10–13. 

 

   
Fig. 7. Legacy C++ program taken as input for Step 1. 

   
Fig. 8. Restructured legacy C++ program which was an output from Step 1. 

After restructuring the given C++ program, it was 
passed as input for Step 2, where the design information 
is abstracted in form of control flow and data flow tables.  

From these tables the decision tree table is abstracted 
in Step 3. Finally, the business rules are abstracted. 
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TABLE IV. CONTROL FLOW TABLE 

Start End Trans1 Trans2 
1 3 4 41 
4 10 11 13 

11 12 10  
13 13 14 28 
14 15 16 19 
16 18 19  
19 19 20 23 
20 22 23  
23 23 24 27 
24 26 27  
27 27 13  
28 28 29 32 
29 31 28  
32 32 33 40 
33 39 32  
40 40 3  
41 41 42  
42 43 10 44 
44 44 10 45 
45 45 10 46 
46 46 13 47 
47 47 13 48 
48 48 13 49 
49 49 28 50 
50 50 28 51 
51 51 28 52 
52 52 32 53 
53 54 32 55 
55 56 32 57 
57 57 41 58 
58 58E   

TABLE V. DATA FLOW TABLE 

Line No. Def Var Ref Var 
1–5 - - 
6 name  
7 grade  

8 baseSalary 
bonus  

9 totalSal  

10 

name 
grade 

baseSalary 
bonus 

totalSal 

n 
g 

salary 

15  Grade 
17 bonus baseSalary 
19  grade 
21 bonus baseSalary 
25 bonus baseSalary 

30 totalSal baseSalary 
bonus 

34  Name 
35  Grade 
36  baseSalary 
37  bonus 
38  totalSal 
43 emp1  
44 emp2  
45 emp3  
46  emp1 
47  emp2 
48  emp3 
49  emp1 
50  emp2 
51  emp3 
52  emp1 
54  emp2 
56  emp3 

57–58 - - 

TABLE VI. DECISION TREE TABLE 
PNode CNode NNode 

- totalSal 
baseSalary 

bonus 
name 

totalSal baseSalary - 

totalSal bonus 
gradeA 
gradeB 
gradeC 

totalSal name - 
bonus gradeA - 
bonus gradeB - 
bonus gradeC - 

 

 
Fig. 9. Abstracted business rules from the given DTT. 

 
Fig. 10. Tool to abstract the business rules from legacy C++ program. 

 
Fig. 11. Uploading the C++ program as input to the tool. 

 
Fig. 12. The restructured C++ Program assigned with line numbers. 
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Fig. 13. Output of the tool. 

The effectiveness of the proposed methodology can be 
evaluated by quantitative metrics such as accuracy of the 
abstracted business rules, comparing execution time and 
space requirements before and after restructuring and user 
satisfaction surveys. The execution time before and after 
restructuring can be compared by the formulae given in 
Eq. (1). 

 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(%) = �1 −  𝑁𝑁𝑁𝑁𝑁𝑁 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑂𝑂𝑂𝑂𝑂𝑂 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

� × 100% (1) 

The time reduction for the given case study is 16% as 
the new time is 10 and old time is 12. 

The proposed methodology can be applied across 
different programming languages like C, Java and others, 
especially when dealing with legacy systems. The 
language characteristics, syntax, tools, libraries, adoption 
strategies and performance metrics should be consider for 
applying the methodology by modifying the parsing 
techniques and algorithms suitable to other programming 
languages. By being aware of potential hurdles—such as 
complexity in legacy systems, scalability issues, 
integration concerns, evaluation challenges, and 
maintenance requirements—practitioners can better 
prepare for implementation. This will enhance the 
likelihood of successful adoption and ultimately lead to 
more effective software engineering practices.  

V. CONCLUSION 

The extraction of business rules is a crucial process 
that strengthens an organization's capacity to adapt to 
evolving market conditions and technological 
innovations. In this study an attempt is made and 
developed a tool for abstracting the business rules from 
the given input legacy C++ program. Prior to abstracting 
the design information from the restructured program and 
presenting it as control flow and data flow tables, the 
suggested tool first restructures the provided input legacy 
C++ program. The contents of the Data Flow Table are 
used to design the decision tree. The decision tree is 
further represented in the form of a table for the 
abstraction of business rules. The abstracted business 
rules can be further represented in Z notation for further 
work. All the steps proposed in this paper are tested by 
taking different programs of varying length for its 
correctness and completeness. 
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