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Abstract 

The model is diagrammatic representation of artifacts to be  implemented in software . Data flow diagram is an 

important tool in procedure oriented software engineering. It is used to represent working of system in terms of its 

users, functions, data stores and data flows, But this is an old technique whereas object oriented software 

engineering is new emerging area. It is possible to establish the relationship be tween procedures oriented and object 

oriented software engineering. In this paper an approach is presented to extract information from data flow diagram 

that helps to find out object oriented artifacts. The approach presented in this papers helps to extract information 

required for building use case model, Class model and othe r dynamic models. It will be a great help for deve lope rs 

switching from procedure oriented to object oriented domain.   
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The need   

Data Flow Diagram (DFD) is graphical diagrams 

for specifying and visualizing the mode l of a 

system to be developed. DFD is use ful in defining 

the requirements of user in a graphical view. 

Once the requirements from user are  collected in 

analysis phase DFD is drawn to represent 

working of the system in terms of users and user 

roles, Data flows, functions and data stores [5]. 

Since only one diagram is not sufficient for 

showing working of the system in detail, DFD is 

broken down in to level, where each leve l gives 

more detailed working description for one  of the 

functions from earlier level.   In order to have 

logical linking between leve ls of DFD the 

consistency check mechanism becomes essential 

be tween a higher level and lower level DFD [1]. As 

the software development and design field is 

maturing day by day the systems are becoming 

more complex, it becomes essential to have  new 

approaches for specification and design. In 

additions to this there  is a need to raise the level 

of abstraction so that designer focuses more on 

the concepts and different views of the  system 

and less on the implementation details. The 

approach should have  necessary support for 

automation, consistency checking and 

verification; this in turn will reduce costs and 

time required for development of the new systems 

[6]. In order to tackle  these problems, one should 

use mode ls to describe  systems, starting from the 

high-level specification to the implementation. In 

last few decades object orientation has become 

more popular and gaining more and more 

support from the software  community. The 

reasons for this may be  (i) It is becoming 

standardized and (ii) provides support for 

representing system model using various 

diagrams from different development and 

implementation perspectives [13]. But still many  

 

developers use DFD as requirement analysis tool, 

in addition to this many old systems are  still in 

use and DFD is part of their documentation. Now 

it is very necessary to find out concepts 

represented in DFD and relate it to object 

oriented mode ls So that object mode l information 

can extracted from it. The primary aim of this  

paper is to study interre lation between 

structured methodologies like DFD and object 

oriented methods and design an approach for 

extracting object model information from DFD 

which is a structured method. The main 

contributions of this paper are (i) to establish 

relationship between DFD and object oriented 

approach (ii) to  identify set of rules for object 

model information extraction from DFD. 

Review of Earlier Works  

Till day many researchers and academicians 

have already studied the  relationship between of 

DFDs and object-oriented concepts. A survey of 

this re lationship is given in [8]. In this paper 

authors discuss some of the approaches that are  

relevant for the work presented in this paper. In 

[4] Object-Process Methodology (OPM) is 

proposed that uses objects and processes. An 

Object-Process Diagram (OPD) shows both the  

behavior and structure of the  system that include 

both processes and objects. Objects may be 

persistent or transient entities and processes 

perform some or the other operation on them. In 

addition, OPD has state diagram to describe  the 

objects. The OPM has timing constrains, 

conditions, exceptions, control flow structures 

and events for modeling, specifying, and 

designing reactive  and real-time systems [11]. In 

another proposal, two types of functional models 

are  suggested: Object Functional Models (OFM) 

and Service Re finement Functional Models 

(SRFM). The DFD notation is modified and the 

roles of the functional models are redefined, in 
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order to use DFDs while retaining the spirit of 

object-orientation. OFM is used to model the 

services provided by individual objects, while 

SFRMs models aggregate  objects to show the 

service composition of individual objects. Both 

models use  objects, processes and data-flows as 

modeling objects they do not consider data store 

as necessary.   The  interactions with a data store 

are modeled as communications with the 

corresponding object. 

In [10], L. B. Becker and others have proposed E-

DFD (an extended version of the traditional DFD) 

where  the  functionalities are described and then 

associated with respective use  case . SysObj, is 

tool designed that uses these inputs and then 

automatically generates an object model that 

describes architecture of the system. This 

method is also re lated to an integrated 

environment for developing distributed systems 

with the object-oriented paradigm [3]. In OMT, 

DFDs are  also used to describe  the functional 

model of a system [9]. Since in OMT the system 

is also specified by two other models (the object 

and the dynamic models), DFDs specify the 

meaning of the operations in the object model 

and the  actions in the  dynamic model. Although 

there is some attempt at integration, this 

correspondence is le ft comple te ly vague and can 

not be  analyzed in any useful way. 

In reverse generated DFDs source  code is 

interpre ted and information about the  objects is 

gathered to form the system [7]. This is hybrid 

approach, because  it is semiautomatic, it 

requires the assistance of a human expert with 

domain knowledge. In [2] Alabiso proposes a 

method for transformation of DFDs into objects. 

In his work he  proposes the following activities: 

(1) Find  Data, Data Processes, Data Stores and 

External Entities and relate them to object-

oriented concepts; (2) Interpret the  DFD leveling 

to find out object  decomposition; (3) Interpre t 

Control Processes in view of the object-oriented 

model; (4) Finding object decomposition 

de finition from data decomposition. Another 

interesting proposal given by P. Shoval and J. 

Kabeli is the Functional and Object-Oriented 

Methodology (FOOM) [12], which is  specifically 

tailored for information systems. The basic idea 

behind FOOM is to use the  functional approach 

during analysis phase  that enables developer to 

de fine  user’s requirements and use object-

oriented approach during design phase so as to 

specify the structure  and behavior of the  system. 

In FOOM, OO-DFD is used for user requirement 

specifications where  data stores are replaced by 

classes and data terms are replaced by object 

oriented schema, or an ERD which can be 

transformed into an object-oriented schema. In 

the  design phase, the information from analysis 

is used for detailed object-oriented and a 

behavior schemas. These schemas are the  used 

as input to the implementation phase, which is 

ultimately transformed in to object-oriented 

programming language .  

Extracting information from DFD 

Data Flow Diagram  

Data Flow Diagram (DFD) is basically used for 

representing model of business processes. For 

modeling business processes many notations are 

used. For our solution of transformation we have 

picked out DFD for the  following reasons. Firstly 

it is easy to understand for all stakeholders. 

Secondly easy to create  and the third one  is their 

wide usage. In general, DFD can be defined as 

one of the older techniques for business process 

modeling. DFD is a modeling technique used for 

software engineering that graphically displays 

data flows from external entities into the  IS and 

vice versa. DFD displays data that pass from one 

process to another. Data flows diagrams are used 

as graphical notation for process expression of 

data processing. In the practice , software  

designer often first draws the  context level of DFD 

that represents interaction among the system 

and the surrounding elements. This level of DFD 

is decomposed into lower levels that model parts 

of the system in a greater detail.  

A data flow diagram uses very limited number of 

symbols; the DFD can be represented as a set of 

symbol sets. In the proposed framework the DFD 

is represented as a graph using atomic re lational 

grammar. The  DFD may be de fined as 

DFD = {{SS}, {PS}, {DS}, {TS}, {RS}} where , 

 DS represents se t of data flows 

 PS represents se t of processes that may 

be either atomic or aggregate 

 TS represent set of data stores 

 SS represent set of source  consumers 

 RS represents the se t of relationships 

Consider Fig.1, it is represented in framework 

using five se ts. The source consumer set is  

SS = {student, examiner, exam section} 

The process set 

PS = {register student, assign exam no print hall 

ticket, conduct examination, evaluation} 

The data store  set  

TS = {student, attendance, answer sheet, marks} 

The data flow set 

DS = {appl. Form, hall ticket, attend, student 

data, student marks, subject knowledge, written 

answer sheet, record, rules} 

RS = the  members of relation set RS are derived 

from set DS. Where dataflow set members are 
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connected at both the ends to members of SS, PS 

and TS. 

Further when a process from leve l-1 DFD is 

expanded in to level-2 DFD we can obtain a new 

set of symbol sets, from which we can again 

obtain 5 diffe rent se ts {{SS}, {PS}, {DS}, {TS}, {RS} 

}. This recursive  definition can be  applied to N 

number of leve l of DFD.  

Extracting Use Case Diagram information 

from DFD : 

UML use case diagram capture functionality that 

will be covered by the future IS that means they 

describe the exact functions that will be 

performed by IS. The  implemented IS will not 

contain anything else but what is described in the 

use cases. Each use case describes one of the 

ways of usage of the system from the user’s point 

of view thus it describes its needed functionality.  

If we  compare  use case diagram with DFD both 

of them represent functionality and users for 

proposed system. We can extract this information 

from DFD by using mapping set given in Table 1. 

From this information it is possible to build se ts 

of actors and use cases that are  used for 

constructing use case mode l for object oriented 

system. The data flows between users and 

processes give us connection between use cases 

and actors in use  case mode l. As data stores are 

not part of use case diagram it is to be excluded 

from the design information extracted. In 

addition to this if a process from DFD is 

expanded in to next level, we can use this 

information to find out extends and uses 

relationship between use  cases. The  process 

expanded and processes shown in expanded DFD 

are  to be represented as use  cases with either 

uses or extend relationship. 

Table 1: Set of Mapping symbols from DFD to use case  diagram 

DFD Use Case Diagram 

Symbol Meaning Symbol Meaning 

 

Source and consumer of 

data 

 

User of the  system 

 

Processes in the system 

 

Use  case  in the 

system 

 

Data flow and its direction 
 Link between user & 

use  case 

 

 

Storage of the  data 

No corresponding symbol available in use 

case mode l. The data store  becomes class in 

class model. 

By using mapping symbol table the information from DFD is mapped to Use  case  model of UML. This 

information is then used for generating use case diagram. From this information we can build following 

se ts 

UCD = {{AS}, {US}, {LS}} 

Where UCD is se t of sets  

AS = set of actors generated from set of source and consumers from DFD  

US = se t of use  cases generated from set of processes from DFD 

LS = set of links generated from set of data flows from DFD 

The above sets are  used for translation of DFD to use  case diagram.  
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Extracting other information from DFD : 

 The functionality in object oriented 

system is represented with the help of use  cases. 

In order to implement this functionality in the 

object oriented system we need to design classes. 

The Class Diagram shows classes and 

relationship between them. It is extremely 

difficult or highly impossible  to implement use 

case  with the help of only one class, we may 

require collaboration between various classes. 

These  classes you use  in the application may be 

classified in to one of the following category -i) 

Entity ii) Control iii) Interface/Boundary classes.  

The DFD shown in fig. 1 has data stores and roles 

played by users. These  are  probable classes in 

object oriented systems. The data stores are 

entity classes where  information is to be stored 

permanently in the databases. Roles played by 

the users are  also probable  classes in the 

proposed system and are  to be represented as 

entity classes.  In addition to this each process 

shown in data flow diagram requires interface 

this has to be  implemented using existing classes 

in the  programming language or designing new 

classes. The control classes can be identified by 

looking at processes that are  related to each 

other. From this we  may find out base for 

designing control classes. 

The collaboration diagram shows interaction 

between classes when methods are executed. The 

collaboration is message  passing between objects 

this can be  identified by looking at the dataflow 

shown between the processes. 

Concluding Remarks  

The method presented in this paper is useful for 

IT professionals who are  shifting from procedure 

oriented design to object oriented design. This 

method of course will not give all possible  models 

for object oriented paradigm, but still a major 

part that comprises of use  case mode l and class 

model can be built from it. As information from 

DFD used to extract use case and class model 

information. User need not have to put extra 

e fforts for building object oriented model. This 

will result in saving of time and e ffort as well as 

the  user will be  able to understand relationship 

between procedure oriented and object oriented 

paradigms. 
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