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Abstract - Requirements engineering is the most important activity in
software engineering, and is concerned with the gathering and understanding
of user requirements written in natural language (NL). There is a gap
between the textual description of the software to be developed, and the
software UML models abstracting the static or dynamic views of the
software. Our research is aimed at Filling this gap by automatically
extracting from text a more universal (graphical) hybrid model to present
the variety of knowledge that can be found in textual requirements written
in unlimited NL. The advantages of a hybrid diagram include its ability to
illustrate, in a way which is graphical and simple to perceive, both the
static and dynamic view of the system to be developed. The hybrid diagram
serves as a source for an automatic inspection of the requirements text,
and will provide timely feedback to the user on the actual content of the
requirements he/she has written. Such feedback will enable correction and
clarification of the text before it is delivered to the software
developers, thereby helping them to avoid incorrect interpretation of the
requirements. The hybrid diagram also allows for automatic generation of
scenario-based black-box test cases for ensuring the final quality of the
software.
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1.0 Introduction

The importance of requirements engineering (RE) is crucial for the software
engineering discipline, as it deals with the gathering and structuring of the
initial knowledge on the software to be developed. The main objectives of RE
are: 1) precise documentation of the requirements to serve as an input to the
design and implementation; ii) verification of the quality of requirements;
for instance, their completeness or consistency.

Often the customer’s expectations regarding the functionality of the system
are unrealistic, incomplete or, at the very least, unclear. It is the
responsibility of the requirements engineer to elicit from the stakeholders
their expectations on the characteristics of software to be developed, and
document them for further reference. Some of the current techniques for
requirements gathering and analysis, such as interviews, brainstorming, etc.,
have proved useful, but they are informal and rely on the engineer’s ability
and expertise in communicating with the stakeholders.

Our research targets the assessment of the process of eliciting requirements
from an uncontrolled natural language (NL) description of the software to be
developed. In our experience, unrestricted NL is the most common way to
present these types of documents. To achieve an objective assessment of the
preciseness of requirements and to guarantee their ultimate quality, the
requirements engineer has to be equipped with the right requirements analysis
tool. In general, the expectations for such a requirements modeling tool are
the following:

1) 1t must be easy for all the stakeholders in the RE process to use. The



stakeholders are users, developers, managers, etc., who in general use
different languages to present their knowledge and their objectives. The
tool must use a notation that is easily understood by all the participants in
the RE process.

2) 1t must be multifunctional, so that it can describe different aspects of
the requirements.

3) It must describe, with sufficient precision, the requirements, the
processes and their changes.

The automated and interactive processing of the textual requirements,
resulting in both static and dynamic views of the software to be developed,
with a graphical interface for visualizing the static and dynamic models,
will assess the developers” and stakeholders” ability to understand the
requirements and speed up the RE process. The process is iterative, starting
with an imprecise initial model and then upgrading it in an interactive
manner to a UML model, which will serve as an input to the design phase.
Publications on the automatic analysis of NL requirements offer different
solutions in terms of their methods of analysis of NL, as well as in terms of
the models to use to present the knowledge extracted. Based on our experience
and research on the categories of textual requirements and their
corresponding models, we grouped together the various theories in the
following ways:

1) Theories which process requirements text in order to make it more
understandable, precise and suitable for further automatic processing, with
the result that a conceptual model of the requirements is obtained [3, 7,
13].

2) Theories which analyze restricted NL containing simple sentences
describing the consequences of actions, such are the steps in a scenario
specification, for which the most appropriate formal (graphic) representation
is a UML [14] sequence (or similar) diagram [2, 12].

3) Theories which analyze restricted NL containing uncomplicated, lean
sentences, describing the structure of the problem domain, the relationships
in this structure, as well as the actions performed, for which the
appropriate formal presentation is the UML class diagram [8, 10, 11, 15].

4) Theories which analyze more complicated, but lean and unambiguous text
containing knowledge about actors, action, exchange of messages, business
rules and their verification, for which the UML activity (or similar)
diagrams are appropriate [1, 6, 9].

The following diagram schematically represents the above statements:

NL text RS NL analyzing mined knowledge presentation
knowledge mining RS models

knowledge

Our methodology processes uncontrolled NL and extracts more knowledge from
the text, in terms of quantity and variation, than related approaches. The
models that we offer as a result of our analysis are therefore more complex
and combine both static and dynamic views of the system under development.
They resemble the Use Case Maps (UCM) developed and applied in the
telecommunications industry [4, 5]. While the transfer from text to maps
(models) is considered to be a difficult and challenging task for the UCM,
our approach naturally maps the text to the graphical presentation, and
subsequently transfers one type of graphic to another, simpler and more
natural one.

Our paper is organized as follows: Section 2 explains the linguistic aspects
of our approach, while section 3 introduces its engineering aspects, which
are illustrated on a simple case study. The conclusions and directions for
future work are outlined in section 4.

2.0 Linguistics aspects of our approach

The research on automatic analysis of NL is concerned primarily with an



initial clarification of the text and with the creation of theories for
subsets of syntax and semantic forms. In our approach, we explore unlimited
text because that is the type of text most commonly found in the everyday
practice of software engineers. The advice to write clear and precise
descriptions is not always followed by users, who tend to write them in terms
that intuitively remind them of their problem. For this reason, we have
proceeded with the analysis of unlimited NL descriptions with the expectation
that every text has its own specifics derived from the NL style of its
author. The main steps in the text analysis process for extracting the
knowledge required to build UML models are outlined in the stages below. For
more details, see [11].

1st stage: POS tagging and table presentation of the text. At this stage, we
define the grammatical categories of the words in the sentences of the text.
For this, we use the MBT tagger [16]. We process the tagged text (using
grammar rules and heuristics) to divide the complex sentences into their
building subphrases. These consist of the members of the Su, Pr, Ob triad
(Subject, Predicate, Object) that also serve as the main columns in our
internal table described in [11]. This tabular presentation is somewhat
informal, and a convenient and effective way to display knowledge for
sequential automated processing. It is flexible as well, in that it can
include different numbers of columns in which different knowledge extracted
from a text can be stored depending on the characteristics of the text and
the processing objectives (for example, adverbs).

2nd stage: Semantic network. We build the semantic network from the tabular
presentation of the text, where the Su, Pr, Ob triad is mapped as two knots
labeled Su and Ob, connected by a directed arc from Su to Ob and labeled
Pr. Different graphical elements present different semantics. For instance,
simple relationships — verbal (reject, release), prepositional (on, to) -
are those in which there exists a close relationship between words situated
close to one another. A conditional relationship connects two phrases of
the if-then Jlanguage construct type (see 5th sentence, Table 2).
Compositional relationships are structural, and are presented with key
words, such as consist of, type of, set of, kind of, etc. Attributive
relationships (adjective) are attached to the knot that they explain, and
are presented with a dashed knot (“pending order”, see 7th sentence, Table
2). The graphical set of elements is open to additions and improvements.
The semantic network cannot include presentation of the entire text,
however. For example, in the case study shown in section 3.4, we have not
presented the business rules, i.e. phrases like “if  Su is
attribute/condition then action”. We can extract this knowledge from the
tabular presentation. The rules are arranged in order of their appearance,
which keeps the knowledge for the order of the activities (follows the
natural order of the sentence).

3rd stage: use of knowledge for the semantic network for building UML
models. The advantage of the semantic network is that it presents the
objects of the text in a synthesized, short and efficient manner. Each
object iIs presented through its connections (relationships) to the other
elements of the text.

From the semantic network and the glossary containing key words, we extract
knowledge such as: 1) actors and real-world concepts; 2) the messages
between them; 3) the actions of each actor; 4) the business rules involved;
5) special control actions like “go to”, “repeat”, “retry”; 6) presentation
of the time sequence. We summarize this knowledge in what we call a called
a hybrid diagram between the UML sequence and activity diagrams introduced
in the next section.

3.0 Engineering aspects of our approach

The hybrid diagram is extracted automatically from the textual
requirements, and represents simple and clear knowledge concerning the
software to be developed, as described in the text. The diagram is easy to
perceive by the user who wrote the requirements, thus allowing for fast



“prototyping” of the text’s content; a modification required by the
graphical presentation hints at potential problems in the description of
the software. Once the user agrees on the content, the diagram can be
easily mapped to UML sequence diagrams, activity diagrams and class
diagrams (representing the domain model), where the mapping preserves the
consistency of these diagrams that represent different views on the
software to be developed.

3.1 Methodology for building a hybrid diagram

The steps for analyzing the text and its mapping to a hybrid diagram
are outlined below:
Step 1. We extract the participating real-world concepts (including actors)
from the semantic network (see section 2) in which these concepts are
presented by the nodes. We search the text for sentences of the order:
Subject > Verb > direct _Object - preposition (direction) >
indirect Object. Usually, this word sequence signifies the following: the
action Ve is performed by Su on dOb and directed towards iOb. We consider
Su and i10b as active concepts and present them as a lane, similar to the
way lanes are used in a UML activity diagram. Each active concept can
initiate an action; dOb is a passive concept, and, as such, forms part of
the action’s description; in a hybrid diagram, the actions are presented as
rectangles attached to the lane of the corresponding active concept. For
example, iIn the phrase order department matches the article to the order,
the candidates for lane presentations are order department and order (Su
and i0b), while matches the article is treated as an action (see Table 1).
“System” is, by default, a concept.
Step 2. We extract the actions performed by the real-world concepts
identified iIn Step 1. There are five types of actions: internal,
communication, check point, decision and implicit. These types, their
meaning and their graphical notations are presented in Table 1.

Table 1: Hybrid Diagram Notation

Type of action Sentence syntactical structure Graphical notation

1. internal Su/active_obj — Verb — Ob/passive_obj SRR

2.communication | Su/active_obj — Verb — Ob/active_obj
Su/active_obj — Verb — dOb — prep —
iOb/active obj A

Gufactive  ChladtireGujactive  i0bfactive

3. check point Su/active_obj — key word —
Ob/passive_obj
key word : verify, check, test...

4. decision If condition then type 1. action
If condition then type 2. action

5. implicit Passes the result of an action. Designated
to maintain the sequence between the
actions in different lanes without a
connection.

Step 3. In this step, we identify the order of actions in time. We have two
options: i) sequence of actions, where each action can be performed only
after the previous one has been completed; 1ii) concurrency of actions,
where actions can be performed in parallel in time. We assume that, in
general, the actions are sequential and take place according to the order
in which they appear in the text. Adverbs like simultaneously, in parallel,
at the same time, etc. are indicators of concurrency.




The advantages of a hybrid diagram include its ability to illustrate both
the static and dynamic view of the system to be developed in a form which
is graphical and simple to perceive. It allows the many details presented
in the NL textual description to be hidden, and thus make it possible to
concentrate on the correctness of the very high-level abstract description
of the system. The hybrid diagram serves as an automatic inspection of the
requirements text, and provides timely feedback to the user on the actual
content of the requirements he/she has written. This feedback will lead to
correction and clarification of the text before i1t is delivered to the
software developers, thereby helping them avoid incorrectly interpreting
the requirements.

3.2 Building Static and Dynamic Views

The UML diagrams applicable to the RE are specially designed to abstract
one of the views, but never both at the same time. For instance, at the
requirements specification stage, the static view is modeled in UML as a
class diagram used to abstract the domain model, in which the classes are
the real-world concepts (nhot software classes); the sequence diagrams,
activity diagrams, state diagrams and use-case diagrams model different
aspects of the dynamic view of the system. For instance, sequence diagrams
abstract instances of interactions between the user and the system called
scenarios. In contrast, the hybrid diagram is a composite of both the
static and the dynamic view of the software boundary. The static view of
the system is generated from the semantic network.

3.2.1 Static View: Domain Model. The knowledge from the semantic network
can easily be transferred to the domain model. What is interesting in the
semantic network are the internal knots in the net, which apply to
concepts, and the connections within them that apply to their
relationships. In our work, we adapt the various heuristics for finding the
candidate concepts and their relationships, the details of which are
explained in [11].

3.2.2 Dynamic View: Sequences of Interactions. Write down all the possible
paths of interaction between the concepts in the hybrid model, from the
“trigger” (First action) to the final action by following the sequence of
the actions identified in 3.1 - Step 2. Each path represents a sequence of
interactions between the user and the system; the corresponding sequence
diagram is generated automatically from the hybrid model to facilitate the
writing of the corresponding scenario in which the participating concepts
and the actions are described textually. We are currently working on
identifying and assigning business rules to each of these paths, and
relating them to the corresponding scenarios.

3.3 Automatic black-box scenario-based test case generation

Each path of interaction identified in 3.2.2 can serve as a basis for the
creation of a scenario-based black-box test case. Scenario-based testing is
a typical black-box testing methodology at the system level, where
scenarios depict the sequence of executions of the system. Testing implies
a trade-off between Qlimited resources and schedules, and inherently
unlimited test requirements. As a result, we need a finite test set and
enough testing to obtain reasonable assurance of quality. The generated
sequences of the interactions in 3.2.2 represent all the possible scenarios
outlined 1iIn the user requirements, and can be used to automatically
generate black-box scenario-based test cases for the system to be applied
later in the conformance testing activity.

3.4 Illlustration

We illustrate our approach on a simple example extracted from [9]. Although
this example falls into the “controlled natural language” category, we have



chosen it because of its simplicity,
which allows us illustrate our
methodology in a quick and simple way.
Figure 1 presents the semantic network.
Table 2 presents the original text and
the hybrid diagram generated following
our methodology. The domain model
generated from the semantic network is
depicted in Figure 2. A sample sequence
of iInteractions is shown in Figure 3.

Figure 1:
Table 2: Illustration

Sematttic Network

Text Requirement Specification

Hybrid diagram

1. The order comes in.
2. The order department checks each | o=
article in the order.
3. If the articles are availablein | = F------
stock, then the order department
matches the articles to the order.

4. If the stock quantity of an article is
less than the minimal stock quantity,
then the stock clerk must reorder this
article.

5. When the order comes in, the
bookkeeping department checks the
payment.

6. If the payment is authorized and all - i::ﬁ
the articles are in stock, then the

order department releases the order. . :
7. If payment is authorized, but not all pending
the articles are in stock, then the Tajact

order department must put the order +
into the pending orders file.

8. If the payment is not authorized,
then the order department must reject

Stock cl=k:  Bookkssping dap.

Pty - ----—--------—f--—-—-- -

the order.

Order Order Department
- - 3
|
|
|
|
|
|
|

Bookkeeping Department| | Stock Clerk

|

Figure 2: Static View (Domain Model)

| Comes | Check [art.available] / relates article
Order Order Department Order Department Order

Figure 3: Sequence of Interactions

3.5 Simplified hybrid diagram

Our hybrid diagram clearly illustrates the views of the system,
takes up a great deal of space, which may result in some confusion.

however it
1f we

have many diagrams of this type which must be processed and stored, we need




a shorter description. A simplified hybrid diagram would contain a brief
description of the scenario with the actions distributed sequentially or in
parallel over time, from the first to the final action. Time is plotted on
the vertical axis and starts with the first action, as shown in Figure 4.
This simplified diagram clearly illustrates the possible interaction paths,
which are exactly the same as the paths extracted from the hybrid diagram
(see, for instance, Figure 3); thus, the two diagrams are congruent in
terms of the knowledge presented, and either can be used.

LYe

= O
cmlT.ea

*
Oyder department

Stock clerk
ogder srticla

Figure 4: Simplified Hybrid Diagram
4.0 Conclusions and Directions for Future Work

Requirements engineering 1is the most iImportant activity of software
engineering, and is concerned with the gathering and understanding of the
user requirements written in NL. Our research targets the extraction and
abstraction of knowledge on the characteristics of software to be developed
from the user requirement written in NL. An experienced requirements
engineer extracts fragmented pieces of knowledge from the text and analyzes
them following patterns formed from his/her experience. However, the
inexperienced requirements engineer looks for a match between the knowledge
in the text and the respective models for their presentation, and is often
discouraged by the Ilack of such models. In exchange, he/she receives
diagrams that present just part of the knowledge in the text. Cognizant of
this gap between knowledge in the text and the models that present it, we
try to fill it by creating more universal (graphical) hybrid model for
presenting the more varied knowledge that can be Tfound in textual
requirements written in unlimited NL.

We propose an automated building of a hybrid (both static and dynamic)
model from text to graphically represent the knowledge mined from that
text. In the hybrid diagram, we abstract real-world concepts, actions,
decisions and interchanges between the concept messages. The lane for
every concept is visible, as are all the activities that it performs. The
activities are distributed on a time line. The simplified hybrid diagram
maps the way to complete a functionality distributed in time and space
(between concepts). We have shown the way in which one hybrid graphical
presentation is transformed into a UML class model (static view), and how
the dynamic view can be mapped to a scenario and its corresponding sequence
diagrams.

Our future work includes an analysis of different case studies and the
development of a tool to interactively verify requirements through their
animation at the requirements specification stage.
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