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Abstract-- Gathering, analyzing and validating the requirements
is very important in software development. The completeness of
the requirements plays a key role in the successful and timely
delivery of the software product. Make the requirements
complete through prototyping is a well-accepted approach. In
this paper | propose a method to automate the prototype
generation process. | propose three algorithms for the same.
The algorithm 1.1 defines the service method, which implements
the main features of the system. The algorithm 1.2 populates the
class definitions with the method definitions. The algorithm 1.3
updates the method definitions with nested method calls. The
proposed approach is implemented as a tool, and evaluated its
output. It is found that the tool generates, on an average, 30%
code of actual code. The proposed method of prototype
generation will improve the productivity of the software
industries, since it reduces the requirement gathering effort and
time. Since UML is commonly used in software industry, our
method is easily adaptable by software developers in industry.

Keywords - Prototyping, UML, XML, Use Case, sequence
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I. INTRODUCTION

The use case model is used throughout the software
development. In the requirement specification phase, it is
used for specifying functional requirements. This will be
used in analysis and design phase as the base input.
Moreover, the use case model is used as input to iteration
planning, for test case generation, and as a major component
for user documentation.

The readers may wonder how a description with no
technical details can contribute to prototype generation.
There are a few research works going on, to directly convert
the software requirements to source code. Our focus is on
Model Driven Development [8, 9, 10, 11, 12, 13, 20] and
Executable UML [3] since these two terms are welcomed in
the software industry and are widely accepted these days.
Our aim is to convert the use-case model to prototype of the
system. In this view, | use use-case diagrams along with
sequence diagrams for prototype generation.

The use cases are summarized to a software package
which satisfies the required functionalities of the system. It
helps to map the system requirements with the features
provided by the system. Sequence diagram alone cannot
project the customer requirements satisfied by the
implemented system. That’s why | included use case diagram
for prototype generation.

The rest of the paper is organized as follows. Section 11
gives the details of requirements modeling with use case and
sequence diagrams. Section 111 explains prototype generation

process and the algorithms. Section IV gives the details of
related works. Section V concludes the paper.

1. REQUIREMENTS MODELING WITH USE CASE
AND SEQUENCE DIAGRAMS

A use case diagram is the graphical representation of
the functional requirements of a proposed system [2]. It gives
the scope of the proposed system. It is mainly used for
communicating with the end-users of the system. So it is
always kept non technical.

The two components in a use case diagram are the
use cases and the actors. A use case is a single unit of
meaningful work. That means, one aspect of the behavior of a
system is represented by a use case. A use case can be
described with diagrams or textual descriptions. A description
includes the requirements, constraints, scenarios and scenario
diagrams. UML sequence diagram is used as the scenario
diagram. The users of the system are marked as actors in use
case diagram. An actor in a use case diagram can be something
with a behavior or role. For example, a person, another system,
organization etc. Actors interact with the system. The use case
diagram describes how actors related to use cases. The use
case diagram helps to package the user specific methods in the
actor classes during prototype generation.

Sequence diagram represents the interaction between
different objects and actors in a system to accomplish a
functional requirement of the system [2]. The basic
components in the sequence diagram are objects, actors,
lifeline & activation, and messages. Objects and actors are the
instances of classes. The existence of an object is represented
by lifeline (the dashed vertical lines). The rectangular box on
the life line shows the activation period of the object.
Messages are represented with arrows from the life line of one
object to another. It indicates the communication between
objects.

11l. PROTOTYPE GENERATION

The static structure of a system is presented using
UML use case diagram and class diagram. The dynamic and
behavioral aspects of the system are presented using UML
sequence diagrams. Sequence diagram emphasizes the time
ordering of message between objects.

For prototype generation, | first analyze the system
requirements and prepare use case diagram with necessary
scenario descriptions. Then develop the class diagram to show
the system architecture. Further, the behavioral details of the
system are designed using sequence diagram. Finally using the
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information in all the three diagrams generates prototype out of
it [5,6].

A. CODE GENERATION FROM USE CASE

The use case diagram is used in prototype generation
to identify different services provided by the proposed system.
Each service is mentioned as a use case in the diagram. Each
use case will be associated with one or more actors in the
system. The use cases are converted to service methods in the
associated actor classes.

As the first step identify an actor in the use case
diagram. Then check whether the class diagram contains the
class of the actor. If not create the class. The actor may
associate with multiple use cases. Each use case is added to the
actor class as a service method. After adding all use cases
search for another actor in the use case diagram which is not
mapped to the class diagram. Repeat this procedure till | map
all actors to the class diagram.

B. CODE GENERATION FROM SEQUENCE DIAGRAMS
A sequence diagram can be formally defined as follows [4,
14].
SD = ( o, m )where
o ={x|x is an object / actor}
m = {msg | msg is a message}
where msg is a tuple.

msg = (ob: C, ob;: C;, action, order)

The sequence diagram is a tuple which includes set of
objects and set of messages send between the objects. A
message, msg, contains the sender object obi of the class Ci,
the receiver object obj of the class Cj, the method call action,
and finally the sequence order of the message. These details
are essential for code generation from sequence diagrams. The
same notations have been used in the code generation
algorithms proposed in this paper.

The sequence diagram is converted to the hierarchical
structure tree [21, 22] before code generation. Structure tree is
nothing but a tree structure of the messages passed between the
objects. The nodes in the tree are the objects which are
participated in the communication, and the edges are actually
the messages passed between the objects. The root of the tree
will be one of the actors in the use case diagram. A sample
sequence diagram and its hierarchical structure tree are shown
in Figures 1 and 2.

A B C

1:mi{}

1.1: m2(}

FIGURE 1. Sample sequence diagram.
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C

FIGURE 2. Hierarchical structure tree.

The code generation from sequence diagram has two
passes. In the first pass, identify the messages and populate the
classes by adding the corresponding method in the receiver
class. In the second pass, the service methods will be defined.

Algorithm 1.1 Generate Services

The algorithm generate_services () takes HST and
the prototype P as input and returns the updated P. Each HST
represents a scenario of the use case. This scenario name will
be taken as the service name. Service is the method which
implements a scenario of a use case. The service methods will
be added to the context class. Each service method is defined
as a series of method calls from the actor object. The sequence
of the method calls are decided by the order of the message,
msg.order. The method calls are added as objName.fnName().
Here objName | get from msg.obj and fnName from
msg.action. Repeat this for all messages going from the root.
Then return the updated prototype P.

Algorithm 1.2 Populate classes

The algorithm populate_classes( ) is used to add the
method declaration to the classes based on the messages
passed between objects of each class. The algorithm takes
hierarchical structure tree (HST) of the sequence diagram and
the class diagram CD as input. The output of the algorithm is
the modified class diagram.

First of all, the HST is parsed to retrieve the data in
the tree. Go to the root node which is normally an actor in the
use case diagram. Take it as the current node, cur_node. From
this point | start a breadth first traversal in the HST. Take each
message edge of the cur_node and find the msg.action. This
represents a method call. Check whether this method is already
declared or defined in the receiver class, msg.Cj. If not, add a
method declaration for msg.action in that class. Similarly take
each node and find all message edges starting from it and
checks whether those have corresponding method declarations
in the respective receiver classes. Qpc is the queue used for
executing the tree traversal. After checking each message, the
receiver object obj is enqueued in Qpc. Each time, an object is
dequeued from Qpc and find out the messages associated with
it. Enqueue all receiver objects of those messages to Qpc.
Continue this till the queue is empty. Then return the updated
CD.

Algorithm 1.3 populate methods
This algorithm takes HST and CD as input. It returns
the class diagram with updated method definitions. The parsed
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hierarchical structure tree is used for updating method
definitions. First the toot node is taken as the current node,
cur_node. There can be many messages initiating from
cur_node. These messages will be taken one by one. Already
considered messages are labeled as ‘read’. If there exists an
unread message, then open the receiver class (msg.Cj) of the
message and the method definition that is being called
(msg.action). then push the cur_node to stack for future
reference. Set new cur_node as receiver node (msg.Cj). Find
all messages initiated from the cur_node and append the
corresponding method call statements to the method definition.
Repeat the whole process until there are no more messages to
read. Then, backtrack to the parent node by popping it out
from the stack and set as cur_node. Finally return the updated
class diagram.

IV. RELATED WORKS

Sengupta et al. [26] depicts how the behavioral
models can be converted to XML and to other behavioral
diagrams. They give a method to convert sequence diagram to
state machine. Their focus is on the model transformation.

Q Long [27] illustrates an algorithm to convert
sequence diagram and class diagram to a target language,
rCOS (Relational Calculus of Object Systems). It will first
check the consistency of the class diagram and sequence
diagram. It generates an error report if the diagrams are not
consistent, otherwise the diagrams will be given for code
generation.

Harrison [28] depicts a mapping method that converts
the abstract system models to a high-level skeletal
implementation code. UML is used as the design language and
Java as the implementation (target) language. Harrison [28]
considers class diagram for code generation. Classes marked
with the stereotype <<entity>> will be mapped into an
interface and a pair of implementing classes. One class will be
abstract class and the other one will be instantiable. They also
present the problems of generating object-oriented language
implementation code from high-level designs. They
summarize the issues for Java implementation, like how to
handle multiple inheritance etc.

Bajwa [29] presents a rule-based production system
for code generation in java. They take the requirement scenario
in English language and will automatically generate UML
diagrams for these scenarios. It has mainly five steps. In step 1
they accept the text input, i.e., the scenario description in
English. In step 2 they do the text understanding using natural
language processing. The knowledge extraction will be done in
step 3. In this step, classes and objects, and their attributes will
be identified. In step 4, UML class diagrams will be drawn
based on the knowledge extracted in step 3. Finally, the
skeleton code is generated, based on classes, in step 5.

V. CONCLUSION

In this paper | propose a method to generate
prototype of a software system from the UML use-case
diagram and sequence diagram. Use-case diagram is used to
frame the context class and the sequence diagram is used to
add details to the class. The code generation from use case
diagram is done in five steps and from sequence diagram is
done in three steps. Algorithm for each one is given in the

paper. The algorithms give a formal way to do the prototype
generation and this method is easy to implement. The analysis
of the proposed method shows that it can generate even more
than 30% of code for frequently interacted classes. This is a
promising result.
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