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Abstract: Problem statement: Event-based systems have importance in many apiplicdomains
ranging from real time monitoring systems in pradihrg logistics, medical devices and networking to
complex event processing in finance and securibe ihcreasing popularity of Event-based systems
has opened new challenging issues for them. Onle isgae is to carry out requirements analysis of
event-based systems and build conceptual modelsei@ly, Object Oriented Analysis (OOA) using
Unified Modeling Language (UML) is the most populaguirement analysis approach for which
several OOA tools and techniques have been prop8sgahone of the techniques and tools to the best
of our knowledge, have focused on event-based remeints analysis, rather all are behavior-based
approachesApproach: This study described a requirement analysis apprsgecifically for event
based systems. The proposed approach started freniseoccurring in the system and derives an
importable class diagram specification in XML Medtal Interchange (XMI) format for Argo UML
tool. Requirements of the problem domain are capt@as events in restricted natural language using
the proposed Event Templates in order to reduceathbiguity. Results: Rules were designed to
extract a domain model specification (analysisdleglass diagram) from Event Templates. A
prototype tool ‘EV-ClassGEN' is also developed toyide automation support to extract events from
requirements, document the extracted events in tEVemplates and implement rules to derive
specification for an analysis-level class diagrdie proposed approach is also validated through a
controlled experiment by applying it on many cases different application domains like real time
systems, business applications, gam®onclusion: Results of the controlled experiment had shown
that after studying and applying Event-based apgroatudent’s perception about ease of use and
usefulness of OOA technique has significantly inmech Their project reported showed positive
feedback about Event-based approach. These resinferced the evidence that by analyzing events
that are likely to happen in a system, one carvdaliass diagram information from requirements.

Key words: Event meta-model, event template, object-orientedlyais, software requirements
engineering, use cases and UML

INTRODUCTION We call them as event-based systems due to fatt tha
unlike typical business applications where long
Event-based systems are rapidly gainingdescriptive and narrative text is needed to undadst
importance in many application domains ranging fromthe behavior of a system, functionality of thesstems
real time monitoring systems in production, logisti can be understood on the basis of events, thairsflo
medical devices and networking to complex eventand interdependencies.
processing in finance and security. In our day &y d The popularity of event-based system is evident
life, we often use thermostat, computerizedfrom the fact that an entire book is devoted to glex
topographical imaging scanner, microwave oven, ECGvent processing (Luckham, 2002). The increasing
monitor, cardiac pacemaker and automatic luggageopularity of these event-based systems has opened
movement system at airport; robots at workplace. Alnew challenging issues for them. The issue that thi
these automated systems have one thing in commastudy addresses is to propose a process for reggits
that they all fall in the category of event-basgstems. analysis of event-based systems and build condeptua
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models. Conceptual model aids in requirementLases (Satzinget al., 2006). (c) Events act upon many
analysis and understanding of problem domain. $¢ver classes and conversely, the same class may be acted
conceptual modeling tools and techniques have beeupon by a variety of seemingly unrelated eventsusTh
proposed like Entity-Relationship (ER) model, events help the analysts or OO design team to
Extended Entity-Relationship (EER) model, E2Rdetermine which events should be allocated to
diagram, Higher-Order Entity Relationship Model operations on data centric persistent classes.In(d)
(HERM), Conceptual Schema Language (CSL),carrying out OOA using the parallel conceptual
DATAID-1, REMORA methodology, Booch method, modeling technique i.e., Use Case modeling, a large
Object Modeling Technique (OMT), Object-Oriented number of diagrams need to be made before arrizing
Software Engineering (OOSE) and Unified Modelinga final class diagram. Scenarios are extracted from
Language (UML) out of which UML is currently the documented Use Case templates to build sequence,
most popular OO conceptual modeling techniqueactivity and collaboration diagrams from which fina
(Luckham, 2002). Rational Unified Process (RUPais class diagram is realized. On the contrary, ouraggh
unified process that proposes rules for effectiveding  derives analysis level class diagram from events
UML for analysis and design (Boockt al., 2005; without need to draw other diagrams. (e) Eventsause
Kruchten, 2003). technology-independent stimulus-response modeling
After an exhaustive survey of tools and techniquegechnique, while deferring interaction design. (f)
of requirement analysis, we have found to the bést Analysis of expected and unexpected events helps to
our knowledge that none of the existing approadres capture the essence of business policy at an statye
tools have neither focuses on requirements anabfsis of project. Thus, event modeling lets a user create
event based systems nor have used events as basis dnalysis specification that has more value to lassinn
requirement analysis and conceptual modelingthe long run. Due to these arguments in favor ehéy
Approaches are largely based either on naturallage this study proposes a novel application of Event
(Abbott, 1983; Jacobsoet al., 1999; Turk and Vanier, modeling in OOA of requirements.
1993; Coad and Yourdon, 1990; Shlaer and Mellor, = The main contribution of the work is in proposing,
1998; Ross, 1988; Songt al., 2005; llieva and validating and automating event-based approach to
Ormandjieva, 2005; Mustafa and Awofala, 2004) forbuild analysis level class diagram from the natural
which various tools have also been developedanguage requirements of event-based systems. An
(Beckeret al., 2000; Barber and Graser, 2000; HarmainEvent-Meta model is proposed which forms the
and Gaizauskas, 2003; Overmyeral., 2001; Wahono foundation for event-based OOA. Requirements are
and Far, 2002; Draket al., 1993; Perez-Gonzalezal.,  captured in restricted natural language using the
2005) or on Use cases (Anda and Sjberg, 2003gl.ian proposed Event Templates in order to reduce the
2003; Liu et al., 2003; 2004; Roussev, 2003). NLP ambiguity. Rules are also made to extract a domain
based techniques have their own limitations anthe@t model specification (i.e., analysis-level classgdian
same time Use Cases have been critically reviewed idetails) from Event Templates. The proposed approac
the recent past (Some, 2005; 2007b; Wiegers, 200% validated through a controlled experiment by
Ferg, 2003; Samarasinghe and Some, 2005). It ¢s alsapplying it on many cases from different applicatio
cited that Use Case modeling is not an effectivedomains like real time systems, business applioatio
technique for projects related to data warehousssh  gaming The objective of the controlled experiment is to

processing, embedded control software,compare the perceived ease of use and usefulnéiss of
computationally intensive applications and real etim proposed event-based approach with a more
systems (Samarasinghe and Some, 2005). conventional and industry standard Use Case based

Due to lack of approaches exclusively for event-approach. Results have shown that Event-based OOA
based systems and limitations and critical revi@vs has improved user’s perception significantly. A
the existing approaches, we present an iterativprototype tool ‘EV-ClassGEN’ is also developed to
approach for requirements analysis of event-basedrovide automation support to extract events from
systems by taking events as the starting pointntve requirements, document the extracted events intEven
have been chosen as a starting point due to sever@emplates and implement rules to derive specificati
reasons (a) it is more realistic to use events thafor an analysis-level class diagram.
processes for requirement analysis and conceptual
modeling of event-based systems. (b) It is evenRelated work: There are various techniques that have
modeling only that introduces rigor and disciplime  been used in the past to extract components fr@n th
Use Case modeling by helping to determine list s U requirements for building class and object model.
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Techniques proposed have either used natural lgeguaGonzalez and Kalita, 2002; Perez-Gonzaktzal.,
processing approach or employed Use cases to figlenti2005).
classes. Some of these approaches have been aedomat
by building their prototype tools. Techniques based on use cases: In work carried out in
(Anda and Sjberg, 2003) authors present a Use case-
Techniques and tools based on natural language  driven development process for OOA and its valatati
processing of requirements: Abbott (1983) and However it is reported in empirical findings théifist
Booch et al. (2005) proposed a technique that usedechnique leads to problems, such as the developers
singular nouns and nouns of direct reference totiffe  missing requirements and mistaking requirements for
objects and plural and common nouns to identifydesign. A variant of the use case-driven approach i
classes. This approach became the basis for may OQused in which instead of the scenarios the goals of
approaches and tools. Turk and Vanier (1993) haveach Use case without descriptions are used to
used computerized classification systems and thiesaudentify classes (Liang, 2003). An approach witbea
for the purpose of object oriented analysis ofwthbd  of artifacts and methodologies, to automate the
Slovenian earthquake code. In 1991-1992, pionde¥s | transition from requirements to detail design is
Coad and Yourdon, (1990); Shlaer and Mellor (1988)resented in (Liuet al., 2003). Roussev (2003), a
and Ross (1988) identified certain categories likeprocess is proposed for generating formal object-
persons, role and organization, which define apfit  oriented specifications in OCL and class diagraromf
domain entities and help experienced analysts tthe Use case model of a system through a clearly
identify classes or objects. Soray al. (2005) have defined sequence of model transformations.
presented a Taxonomic Class Modeling (TCM) Liu et al. (2004), a methodology and a CASE tool
methodology that can be used for identification ofnamed Use-Case driven Development Assistant
domain classes during object-oriented analysis IHUCDA) is presented to automate natural language
business applications. llieva and Ormandjieva (2085 requirements analysis and class model generatieedba
methodology is proposed for the natural languagen the Rational Unified Process (RUP).
processing of textual descriptions of the requinetmie Although Use Case based approaches have been
of an unlimited natural language and their autoenati quite popular but several arguments against Use Cas
mapping to the object-oriented analysis modelhave been cited in the literature. Author in (letual.,
Sentences in the text are analyzed and semantR004) has cited that Use Cases do not alone shbse t
network is built from which OO model (class modsl) problem. It is scenario that specifies concretaisages
derived. In another approach (Mustafa and Awofalapf actions for the requirement. An overall advastag
2004), process mapping and clustering techniquas fr can be achieved by integration of scenario-based
cell manufacturing are used for deriving objecented  approaches with functional requirements. Even work
classes from requirements. All the approacheswade (Some, 2005) has emphasized that Use case based
above points out to basic disadvantages associtbd requirements engineering approach can be enhanced b
natural language processing of requirements likentegrating Use Case with Scenarios. Another book
completeness, accuracy, ambiguity. Therefore, tiere (Wiegers, 2005) has also cited that Use Case agiproa
always an open need to research on a novel apptoachis ill suited for projects involving data warehosse
carry out OOA. This has been the motivation for thebatch processing, hardware products with embedded
work carried out in this study. control software, computationally intensive
Several authors have used the techniques describegplications, understanding real time systems esyst
above to develop automation support for the anmalyst that involve complex business rules to make degisio
Some of the popular tools are A Methodology forand for specifying time triggered function. Work in
Automatic Object Identification from System (Ferg, 2003) has pointed out that Use Case approach
Specification (MOSYS) (Beckeret al., 2000), discourages the requirements analysts from examinin
Reference Architecture Representation Environmenthe problem domain, by focusing only on what hagpen
(RARE) (Barber and Graser, 2000), Class Modelat the system boundary. Several articles have also
Builder (CM-Builder) (Harmain and Gaizauskas, 2003) pointed out problems with Use cases related to
Linguistic assistant for Domain Analysis (LIDA) understanding, clarity, invisible scope creep; its
(Overmyeret al., 2001), OOExpert (Wahono and Far, document centric, time consuming and declarative
2002), Automated User Requirements Acquisitionnature and its inability to differentiate dynamiada
(AURA) (Drake et al., 1993), A Graphic Object static elements of the specification. Although
Oriented Analysis Laboratory (GOOAL) (Perez- improvisation of Use case based requirements analys
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approach have been done (Samarasinghe and Sonigput message, output message, includes, extends,
2005; 2006; 2007a; 2007b; Satzingral., 2006) by specializes, destination and source fields and also
either automating Use Case based model generatioproposed a five step process to build a class alagr
improving Use Case Templates or enhancing Use Cadgut our proposed work does not use event tableaalst
based analysis with scenarios but these solutiane h we have made an event template based on our event-
not proposed any other alternative, their starioimfpis  meta model to document event. Our event template
still a Use Case. store more detailed information on events in
Due to lack of approaches exclusively for event-comparison to event table. We have also defined 11
based systems and limitations and critical revievs mapping rules to extract class diagram model
the existing approaches, we present an iterativinformation from event templates. Unlike their auitp
approach for requirements analysis of event-basedur class diagram model information is generated in
systems by taking events as the starting point. Worstandardized XMI format to make it importable, batt
described in (Poo, 1999; Muhairetal., 2010) can be a class diagram can be made using a UML tool. We
considered comparable with our proposed approacthave chosen to generate importable XMl file for
Poo (1999), author has proposed the extensioneof thArgoUML tool.
Use Case Modeling approach to include business
policies modeling. Proposed event meta-model: The concept is
Events in use cases formed the basis for idengfyi introduced on events, their types and significance.
and specifying classes and business rules. A pocesSignificance of an event is explained in terms v
known as Event Scripting is used to document evenbperations are triggered on the participating eadsy
and from it, objects and their relationships arethat event. This conceptual background lays the
identified. Business rules identified with the eteeare  foundation of Event-based OOA methodology and also
attached to objects as part of their definitionglmss  helps analysts to identify events from the problem
specifications. For each event identified in theeUs domain. Then proposed Event-Meta Model is presented
Case, an Event Script is written. Components ofieve that has formed the basis for designing event tatagl
script like Source, Participants Sets, Pre-Event
Conditions and changes help the analysts to identifEvent definition and event types. The concept of
classes and objects, their attributes, operatiom$ a event itself has been widely used to model software
business rules. These identified components form &®ur approach is adopted from “Event Partitioning”
class specification. Unlike this approach, our workmethod that was used to create Data Flow Diagrams
starts directly from events identification, his epgch  (DFDs) during structured analysis of the system
starts from the core step of identifying Use Cases(Yourdon, 1988). Their idea has been used for
documenting each Use Case in Use Case Templatpartitioning the requirements during the process of
then extracting events from the scenarios of UsseCa OOA for investigating the role of Events as staytin
description and documenting each event using theoint in OOA of event-based systems.
proposed event script. Then from event scriptssscla Technically, an event is a record of system a@wi
diagram components are extracted. Table 1 gives with attributes, significance and relativity (Lu@kh,
critical comparison between Poo’s perspective amd o 2002). “We define event as a happening (occurresice)
proposed approach. Muhaieital. (2010), authors have specific time and place that can be described and
used traditional event table proposed in McMenamirrecorded in the system”. Events trigger all the
and Palmer’'s event partitioning approach (Yourdonprocessing in a system, so identifying and anatyzin
1988). They have modified the event table to inelud events is a good starting point in requirementysigl

Table 1: Comparison of perspectives

Poo (1999) approach Proposed approach

Source of event script in each event is identifiech use case description. Source of event tempatiectly events identified from
requirements, thus eliminating need to first idgritlse
Cases and write description.

It is an extension to use case modeling. It is an alternative to use case modeling.

Structural Content of event script is oriented frpenspective of Structural Content of event tengslas oriented from

defining and understanding business rules andipslic perspective of deriving static and dynamiewfleat can be
modeled in any UML complaint tool.

No temporal or causative relationship is depictedrag event scripts. Event templates can be relatédmporal, causative and
containment relationship.

Process of Object/Class identification is not folireal. Our approach is to formalize the procesddweloping rules

to automatically transform event templates to statddel.
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Fig. 1: Event Meta model

Events can affect state of objects (attribute anlver of more common in the domain of real time systems. For
instances), relationships among objects or bothe Thexample in process control system, if vat of chairie
proposed approach uses three types of events-Bkterrfull, then state event, ‘turn off the fill valve'si
events, Temporal events and State events (Satangler  generated.

2006; Yourdon, 1988). External event occurs outside

the system, usually initiated by the external agenEvent meta-model: An Event-Meta Model has been
(person or organizational unit or system user). Anproposed based on the above concept of eventssand i
external agent either supplies or receives data ftee  shown in Fig. 1. The Event-Meta Model is basedtn t
system. External events carry data to be exchangeatinciple that events are the core elements of teven
from an external agent to system, from system to abased systems and causes a system to changetéts sta
external agent or from one external agent to amathe Overall functionality of a system is a result of
the system. For example, ‘Customer places an ordersuccessful execution of chain of events.

Here, customer is an external agent and as a rekult Users interact with the system through events.
this event, a new order is generated in the systenThese events trigger the usage in the systemdildse
Temporal events are generated automatically by th€ase). Using events, analysts can (a) record ckange
system on reaching a given point of time. They db n that have occurred over a period of time; (b) ident
occur on fixed date. Time of occurrence could deo which object(s) have stimulated events, which ai§@c
relative to some other event occurrence. Thereois nhave been affected by events, what operations have
need for external agent to trigger temporal eventsmade the changes and in which state members. Thus,
Temporal events include internal or external owtput not only objects but also, changes in their attebu
needed from time to time. For example, ‘Systeminvocation of specific operations and relationships
produces biweekly payroll’. State events occur wheramong objects can also be identified by analyzheg t
something critical happens inside the system thatvents and participating objects in events. Values
triggers the need for processing. These eventstaoroni changed in events, give idea of attributes of dbjec
system in order to detect or respond to externstesy, As shown in Fig. 1, an Event forms the core of our
devices or another object. State events areneta-model. Creation and destruction of objectttca
consequences of external events. For example, Ordemethod as well as response from it are all evéiitsre
event in the above example, reduces stock in ilwvgnt are large numbers of events occurring in a system a
that results in generating a state event ‘Reor@éntp given point of time. Each event is uniquely iddsatif
reached for that product’. Time cannot be predi¢ted by giving it a unique ID, name and description. e
State events. Most of the events in a generalegtfin  are basic attributes for an Event class in our meta
domain are external and temporal. State events amodel. The Meta-Model identifies five types of etgen

1305



J. Computer <ci., 6 (11): 1301-1325, 2010

External oriented, Temporal oriented, State orignte Event list is an exhaustive list of all possibleets
Simple event and Complex event. Complex events are that have appeared in the textual requirements of
aggregation of Simple events. Complex event the system
represents higher level abstraction in the evesetha « Analyze and identify other new events with the
system. e.g., Employee administrate customer a¢coun help of either problem domain experts or from
is a complex event that includes simple events like events already identified. Categorize each event in
employee adds new customer account, employee delete different type and discard events that do notifall
an existing customer account. System is an aggoggat any of our described categories
of various Objects. * Formalize and document each event from the list in
Objects interact and collaborate through events to  an Event Template
render the functionality of a system. Every obje@s a «  Apply mapping rules on event templates to extract
state which is composed up of Attributes and  information for static model of the system
Relationships which an object has with other olsjéct comprising of the candidate classes, their methods,
or outside system. Objects play role of actors 1in a attributes and relationships
event. These objects stimulate each other and the
stimulus is an event. Object that initiates evdaypthe The class diagram specification is generatedep st
role of an Initiator; the one that is affected byeet 5 js in an importable standardized XMI format. XMI
becomes an Affecter and the one that facilitates thfjles generated by different UML tools have differe
occurrence of an event is a Facilitator. tags and are not compatible with each other. Hhe. t
Events have a Response associated with ifglass diagram XMl file generated by Rational Ras® t
Response can be a Use Case that an event triggans 0 js not identical to the one generated by Visual
Action. Response generates information that malifie paradigm. So our approach generates XMl file of<la
number of instances, attributes or relationshipanf  diagram specification for Argo UML tool so thattkat
object with other objects. These are called Changegn the same XMI file can be used for regenerativey t
caused by events. Events and Response have a cyclifodel information in Argo UML tool for the class
relationship; an event can trigger a response and giagram. A prototype tool ‘EV-ClassGEN’ is also
response in turn can generate new events. Weull s developed to provide automation support to extract
a set of events as Trigger vector. An event can &S  events from requirements, document the extracted
caused by occurrence of some other event (s) afl Suevents in Event Templates and implement rules to
events are called Causative events. The informatioferive specification for an analysis-level classgdam.
required for processing an event is called an InputNext we detail the structure of Event Template, its
Event Meta-Model is the basis of defining the dtn@  comparison with Use Case template and the proposed
contents of an event template used in our proposefljles to derive class diagram specification fronergv
event-based methodology. templates.

MATERIALSAND METHODS Event template: In our proposed methodology, events
extracted from textual requirements are documented
clementary events from the requirements Anusing Event Templates. An Event Template inhet#s i

' components from the Event Meta-Model and models

elementary event always focuses on an elementaré(very single interaction details of actors with the

business process. It is performgd by one persomnat system. The components of Event-Meta Model are
place, adds a measurable business value and leaves . .

. . mapped to different fields of an Event Templatee Th
system in a consistent state. From the pool of tsyen

. . important components of an Event Template are.
our proposed methodology generates information for
static conceptual model (analysis level class diar Event ID: It is a unique alphanumeric value given to
of the system. The steps are as follows: each event identified either directly or indirecftpm

the requirements. No two events can be assigned sam

' Gathetr requirements fromd End f u.sir/DoT.amevent id. It helps us in tagging detailed desariptof an
experts using various modes of informa 'Oneventtemplate with its id.

gathering techniques. These requirements can be
unstructured text or structured into domainEvent description: It is a sentence from the
description documents requirements that describes the event identified in
+ Extract elementary events from textual Subject-Verb-Object (SVO) pattern. (e.g., customer
requirements and generate a list of such eventsglaces an order).
1306
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Event name: It is a simple name as extracted from theagency provides user id and password to Custongdr’),
requirements given in the natural language. This cais causative event of e2 and e2 is trigger vectalo
indicate verb or verb phrases in Subject-Verb-QbjecEvery event triggered may initiate algorithmically
(SVO) pattern (e.g., order placed). simple or complex services in an object. Theseicesv
model the behavioral changes in the object. These
Initiator, facilitator or affecter: Initiator starts an changes are described in Event Template as Change-
event. Facilitator facilitates in the occurrence af event.
event and Affecter gets affected as a result ofeben
of an event. Initiator, Facilitator and Affecterear Change-event (state changes): An event causes
different roles that entities/objects play in diffat  operations to be triggered in participating clas3éese
events. There can be single Initiator, Facilitatoxd  operations are side effects of any event on the sth
Affecter in an event. Different initiators are mappto  participating entities (Initiator, Facilitator orffacter).
different events. Every event has at least one vate  Operations like creation, termination and update (o
entity can have overlapping roles in events e.g.calculate) change the state of participating object
‘customer’ can be initiator in one event and affedh  While operations like read, access, compute or tapni
another event. Ternary relationship involving third do not affect state. Hence these operations acrided
entity will have a facilitator otherwise Initiator/ as change-event. E.g., an event ‘Customer registers
Facilitator roles can even be merged until there is with Travel Agency’ causes a change-event ‘Creation
need to explicitly specify them separately. In epan  of Customer Profile object’. These change-evergcff
‘Travel agency stores Tour information’, Tour getsclasses at different levels like (a) Object leviehrage-
created (modified) so Tour is affecter. In example,event can be- Creation (an object is getting cckatg.,
‘Customer sends complaint through Travel AgencyOrder placed), Termination (an object is getting
software’, Travel agency software is unaffectedtse  destroyed e.g., Order cancelled), Read objectsritire
a facilitator, whereas Customer is an Initiator andobject state gets read from object memory). (b)
Complaint is an Affecter. Attribute level change event can be accessing or
Events occur as a chain of related events. An Everupdating attributes of objects for performing any
triggers other events in a system. Identificatidnap  calculation, computation and monitoring on thateahj
event in turn helps to identify other events tha e  Calculations are one that an object performs on its
triggered by it. Such related events are called asalue. Monitoring involves checking of an attribtite
Causative events and Trigger vector. an object to detect and respond to external system,
device or another object. Computation involves
Causative events. Causative events of an event arecomputing a functional value from attributes withou
those events that are reasons behind occurrenttatof modifying an object state. (c) Relationship level
event. While documenting events, focus is on thosehange-event can be-A classified B that indicates
causative events that are in context of the problenmheritance relationship (e.g., Order shipped Qrder
description. Causative events may not be there foclassified as Shipped Order) or a connected B that
events that are triggered independently after syste indicates association relationship (e.g., Person
initialization. Time for state events cannot beemployed i.e., Person is connected/associated to an
determined, so causative events play very importanDrganization via is employed relationship).
role in initiating such events. Trigger Vector: It
represents a set of events that are triggeredesut of  Timestamp: Events occur at some point of time.
occurrence of an event. An event can trigger either Multiple events may occur at the same time andcdoul
single event, set of events that can be executede unrelated, co-operating, or related with eadterot
independently or in parallel. Events relate witlhhest Timestamp records time when a particular event has
events in event expression using event operatoenite  happened or likely to happen in the system. Sidce a
or’, ‘event-and’, 'event-not’ and ‘event-xor’. Evear  events in system are related with each other,aivel
indicate that either none, one or more than oneiteve timestamp value is to be assigned to each event.
can be triggered. Event-xor indicates exactly ovene  Assigning the exact timestamps too early at théyaita
can be triggered. Event-and indicate that all evbatve level is not possible. Thus at the analysis legainmy
to be triggered in parallel. timestamp values can be assigned by the analysks wh
Event-not indicate non-occurrence (negation) of andentifying events. The dummy timestamp value can b
event. For example an event el (‘Customer registensed in future for reconstructing the sequencevehts.
with TA software’), triggers an event e2 (‘Travel Dummy Value assigned to timestamp may be fixed or
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variable in nature. Variable time stamp indicatet an  (Jacobsonet al., 1999). The previous sub-section
event occurrence depends on the interaction ofwisler  presented different components of an Event Template
the system. Variable timestamp is denoted by uniqu&able 3 gives a comparison of Use Case Template
alphanumeric value starting with ‘TA’ followed by (Jacobsonet al., 1999) with Event Template and
incremental unique id. Higher numerical part of highlights essential differences in the two tengdat
timestamp value indicates a latter occurrence at th
event in the system. For example, an event witfalblr  Proposed rules to derive class diagram specification
timestamp value TA6 will occur earlier in the systen  from event templates: An analysis-level class diagram
comparison to an event with timestamp value TA15typically shows attributes and operations; it magvs
Fixed time stamped events indicate periodical evdrat  other adornments such as multiplicity and role reas
get initiated after a fixed interval in the systdike  well. The aim of the proposed approach is to derive
weekly, monthly, quarterlyFixed timestamp values are analysis level class diagram from Event Templdtes.
indicated by Daily (FD), Weekly (FW), Fortnightlf¥E),  this, rules are proposed such that information eddd
Quarterly (FQ) or Annually (FA). generate class diagram is extracted from fieldswemnt
Events with same timestamp value indicateTemplates. E.g., potential candidate classes name c
independent events that can occur in parallel & thbe extracted from name of Initiator, Facilitator or
system. Timestamp for External and Temporal eventaffecter; flow of events among Initiator, Facilitatand
could be fixed but for State events timestampiigagbs  Affecter helps to determine the message passing
Variable, since the time cannot be determined esffit sequence; participa’[ion of Initiator, Facilitatonda
event templates can be temporally ordered on lwdsis Affecter helps to determine the association retesiop
their timestamp valu_es to map the flow of actitier among them. The type of change-events that happen
steps in a scenario. Our approach has not usegih an event helps to determine the operationsate
timestamps so far, instead we have used TriggeoNvec (4 pe gligcated to class. These rules help theyshi
and Causative events for ordering events. deriving candidate classes, their stereotypespatés,

Inputsloutputs: Whenever a change event occurs in aélationships and in placing operations in its appiate
system, it requires some inputs or generates sonfdass. These rules are applied on a case studguljal
outputs. Inputs reflect the data needed for chawgat ~ 2004). Following rules are proposed to derive class
whereas output is the data produced from the changdiagram specification from Event Templates.
event. Input/Output can contribute to describelaites
for an object. Rule 1 (Class name rule): Every Initiator, Facilitator
or Affecter from each event template is mapped to
e : . .
fpotentlal candidate classes as each of them is a
participating entity in some or the other eventEkrent
template, a name is specified for every initiatdfecter

Count: Count in a template indicates the rang
(minimum to maximum) of number of instances o
Initiator, Facilitator and Affecter that can paipiate in
an event. For a given entity count value can bieriht

in different events. Table 2, describes an evenptate and facilitator. This name is extracted to makéstadf
of event “Sensor 1 generaté detect signal at place”. all potential class names. Redundancy in namesdcoul
Default value of count is 0.1 (zero or 1). be due to synonym or repetition of name. Redundant

names of Initiator, Facilitator or Affecter thatfee to
Event template Vs use case template: A comparison same entity from real world are merged. Further,
of Event Templates is done with Use Case Templateefinement in class name can be taken at desigt lev

Table 2: Event template for event “Sensor 1 gepeatatect signal at start place

Event ID EAQ7

Event name (verb phrase) Generate detect signal the package

Description Sensor 1 generate detect signal at start plade/(siatrol event)
Initiator sensor 1 count

Facilitator ALCS/Belt 1(start place) count

Affecter Signal count

Timestamp

Causative events (Preconditions) EA05

Inputs Signal type

Trigger vector Sensor 2 generate no-detect signal at scan place

Sensor 3 generate no-detect signal at transitecepl
Sensor 4 generate no-detect signal at end place
Change-event Connection between Sensor 1 and Signal
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Template Use case Event

component template template Comparison

ID A unique ID will help in tracing, maintaining anelating
event templates of all events in our process.

Name J y Unlike Use Case template that gives a goal-orientede;
event name is interaction oriented. Our professses on
interactions leading to goals rather than gweisolation.

Description J y Unlike Use Case description that is a sequencelated
events; event description represents a sintgeaction in system.

Actors (primary \/ Initiator facilitator Unlike Use Case template thi#ferentiate actors in two category-

and secondary) affecter Primary and SecondaryrAdtoevent template, three different
roles are defined as an Initiator, a Facilitatoan Affecter of
event. This gives us three new stereotypeslésses. Facilitator is optional.

Timestamp J y Unlike time information that is specified as a rfanetional
requirement in Use Case modeling; a timestaegan event
occurrence with time in the system. It idensiftemporal
relationships among events; helps to draw amBview diagram
and eliminates need for sequence diagram dexiegt-based OOA.

Trigger \/ Causative events Unlike Use Case where triggetifiEnthe event that initiates the
Use Case; Event Template have causative evérith e a set of
events that are immediate causes for occurreinae event.

Pre-conditions \ Causative events Unlike pre-conditions in cases# OJase Modeling, Event
templates have Causative events that must leiekin system
before that event occurs.

Post-conditions \/ Change-event Unlike post-conditions in case of Case Modeling, Event

Trigger-vector templates have Trigger vector @hdnge-events to describe side
effects in the system due to execution of ameve

Trigger-vector X N Trigger vector represents event ID’s of events #nattriggered /
caused due to the occurrence of an event.

Inputs/ Outputs X \ It represents data that provides input or carrigpud. Details
include entity name and the name of the statalmees (attributes)
and value (content) involved in execution of évent.

Change-event X \ Changes in a system are categorized in terms diffe8ent
Change events as described in Event TemplatryEhange in
our event template records the method namgypes (event
category) and which class realizes it.

Normal Flow/ \ Event flow diagram Unlike normal and alternativevlin Use Case template, Event

Alternative flow is determined through causatemporal ordering of the t

Flows event templates based on timestamp valeaaif event or using

causative and trigger vector of each event tatapl

Rule 2 (Role namerule): Each entity plays a different control of other objects. They also encapsulaterobn
role in an event such as a role of Initiator, Retibr or  related to a specific event. Entity classes aral uee
Affecter. These roles define three new stereotypas model information that is long-lived and often
are identified in this approach i.e., Initiator dead by  persistent. Initiator and Affecter can be contnokatity

I, Facilitator denoted by F or Affecter denoted Ay  class. Decision to make a class either one of tleem
Role of an entity changes with each event. For gg@am taken at design level. Facilitator rightly acts as
customer plays the role of an initiator in one éveamd ~ boundary class. For example, in a typical e-manketi

of an affecter in another event. For each entiiythe  system, marketing campaign form, budget system are
roles played by it are complied from all event téatgs  boundary classes, create marketing campaign isatont
and all respective stereotypes are placed in clasdass and purchased item and customer are entity
specification. classes.

Rule 3 (Class type, i.e, Boundary, Entity and Rule 4 (Cardinality rule): Count specified in the
Controal rule): This rule attaches three class stereotypegvent template is the number of instances of itaitia
with classes identified by Rule 1 and Rule 2. Theseffecter and facilitator participating in an evehtgives
stereotypes are: Boundary, Control and Entity.cardinality constraint of the respective entity.f&dt
Boundary classes are used to model interaction;y@mo value of count is 0.1 (zero or 1). Cardinality ist @n
the system and its entities. Control classes agd ts  attribute of a class rather it is a property ofoaggion
represent coordination, sequencing, transactiorss arrelationship between two or more classes. For el@mp

1309



J. Computer <ci., 6 (11): 1301-1325, 2010

in an event, customer orders a copy of a catalogue,
cardinality of customer in association with cataiegs
one. In another event, customer places many orders,
cardinality of customer in association with ordemany.

Rule 5 (M essage passing rule): Messages are passed *®
among Initiator, Facilitator and/or Affecter of exse to

If the change-event type is calculation, objects
already exist, so inputs are attributes to be used
perform some calculations and modify the object
state. Output of change event produces important
result in the system

If the change-event type is monitoring, objects
already exist, so inputs are attributes to be obgck

to detect conditions for triggering state or cohtro

oriented event. Input is important in this change
event to indicate attribute to be monitored. Output
of change event produces important result in the
system

If the change-event type is computation, objects
already exist, so inputs are attributes used to
perform query or compute a functional value
without modifying the object state. Output of

change event produces important result in the
system

invoke algorithmically simple or complex methods/
services. Simple services are either to createestray

an object, read or write object, connect, classify
object with other objects and/or get or set attgbu
values of an object. Complex services are either
calculation that an object performs on its attrésuyt :
monitoring that object is responsible for; or vathat

an object computes from its attributes without
modifying them (query). An Initiator of an event
initiate messages, facilitator may respond to ngssa
or may facilitate to transfer message to Affectn.

affecter is an end receiver in the message cham. ARyle 7 (Creation rule): Creation of an object is an vent
affecter invokes an appropriate method from itsla and so is its destruction. Whenever such eventarpcc
Define one function in Initiator and a correspordin the state of object either gets initialized or omstd.
response in facilitator or affecter. In responseSuch an event occurs with the help of a facilitatban
appropriate method of affecter or facilitator isoked.  event. Whenever an event causes a change, such that
Rules for specific method invocation are described change-event type is creation or termination, then
Rule 7-10. association relationship can be mapped between an
Initiator/a Facilitator and an Affecter. A messafge
Rule 6 (State rule): Events in the system cause changecreate/destroy is passed from an initiator/a featdir to
in number of instances (objects), attributes ofeotsj ~an affecter. For every object, created or destroged
and relationship among objects. Change event figld constructor/destructor is added to affecter clast a
the Event template describe the type of changecdrat ~Corresponding create or destroy method is addeshto
occur due to an event, corresponding input anduputp initiator and/or a  facilitator  that triggers  the

fields describe the attributes getting affectedegnts ~ construction/ destruction of objects. Such methaus
for carrying out such a change: given name create/destroy followed by an affecter

name. For example event, Customer places an order

. If the change-event type is creation (e.g tc)ur(creates an order instance) and event, customeelsan

created), inputs from input field define new an order (destroy an order instance).
attributes (state members) of an Affecter class
» If the change-event type is termination (e.g., tour

terminated), objects already exist, so inputs areand an affecter gets affected by an event, so ectdir

. o . felationship is mapped between them. If an evesteha
attrlb_utes of specific affecter (object) to be facilitator, Initiator carries out an event withethelp of
terminated from the system

. . _a facilitator, so a relationship also exists betwt#em.

© lithe chan_ge-eve_nt type is read or access, ijec\ﬁ/henever an event causes a change, such that ehange
already exist, so inputs search a specific objtez_ct tevent type is connection, then an association
be read or accessed. Such a change-event will ng§|ationship is mapped between an Initiator and an
have an affecter instead will have a facilitator Affecter or an Initiator and a Facilitator of theemt, if

 If the change-event type is modification/updatingnot already mapped by earlier rule. This mappirg ru
(e.g., tour modified), objects already exist, soaffects the class diagram.
inputs are attributes to be modified/updated or In case, the change-event is disconnection, it
some new attributes to be added to affecter (objectaffects the object diagram. The verb phrase from an

» Calculate, Compute or Monitor are special cases oévent name is mapped to define an association name
modify, read or access property of an association. Count attribute spesifi
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cardinality of an association. Association is
automatically mapped by rules of creation, accoesx],

modify and classify rules.

Rule 9 (Access rule): Events that read the state of
objects, read through selectors defined in thesclas
Whenever an event causes a change, such that ehan

(Jalloul, 2004) is used to apply our methodology.
Following is the description of the user requiretsen
“Software for a travel agency provides reservation
facilities for the people who wish to travel on teuly
accessing a built-in network at the agency buréae.
application software keeps information on tourserds
gan access the system to make a reservation oura to

event type is read or access, then an associatiand to view the information about the tours avadab
relationship is mapped between an Initiator and awithout having to go through the trouble of askthg

Facilitator of the event, if not already mappedelaylier
rule. This mapping rule does not change the statieeo
object. The read event is to read the entire svéte
object whereas access event only reads a part
object’s state. This rule adds a selector (oveddaget
method) to the facilitator (if it is an entity cisand
correspondingly, adds a read or an access methad to
initiator or a facilitator (if it is a boundary @ control

class) of the event. Read method is given the name ; . ;
Jpurposes, each employee is provided a login ID and

(Password by the manager to be able to access the

read followed by name of the facilitator and acces
method is given the name- access followed by naime
attribute of facilitator.

Rule 10 (Modifier rule): Events modify (update) the
state of objects through modifiers defined in thess.
Whenever an event causes a change, such that ehan
event type is ‘update’, then an association retetiip

is mapped between an Initiator and an Affecter ror a
Initiator and a Facilitator of the event. The ugdavent
only updates a part of an object’s state. This aulds a
modifier (i.e., an overloaded set method) to alifator

(if it is entity class) or an affecter and corresgimgly,
adds an update method to an initiator or a fatolitéif

employees at the agency. The third option is tceba
reservation that he/she has made. Any complaints or
suggestions that a client may have could be sent by
@mail to the agency or stored in the complaint lokza.
Finally, the employees of the corresponding ageracy

use the application to administrate the system’s
operations. Employees can add, delete or update the
information on the customers and the tours. Fourstyc

database of the travel agency”.

Modeling using proposed Methodology: Proposed
steps are applied on the above case study. After
plying steps 1, 2 and 3, following events alonthw
eir types are identified from the case. Thesen&ve
are listed in the Table 4a and 4b. Events specified
Table 4a are explicitly specified in the requiremtsen
statements whereas events in Table 4b are idehtifie

and added by domain expert.

Table 4a: List of events from “reservation online”

it is a boundary or a control class) of the evéhich
methods are given name update followed by nama of
affecter.

Rule 11 (Classify rule): If the change-event type is
denoted by word ‘classified’ such as A classified B
class A is classified to be of type class B. Sinhla
words like ‘type of, ‘can be’, ‘is @', ‘kind of mong
Initiators, Facilitators or Affecters of the everdse
mapped to inheritance.

Case study: The proposed Event-based methodology
has been applied on several case studies. We escri
requirements specification of a single case and its
modeling using proposed methodology. .

Reservations online case study: A Case study named .
‘Reservations Online’ on object-oriented analysiss

List of events automatically identified from recgrinents:

a

Customer view tour information. (External Event)

Customer makes a reservation on tour. (Externah€ve
Customer cancels a reservation on tour. (Extermahg
Customer sends a complaint. (External Event)

Customer sends a suggestion. (External Event)

Travel agency keeps tour information through TAtwafe.
(External Event)

. TA Software provides user_id and password to custom
(External Event)

TA Software sends complaint to Travel agency. (Terab
Event)

TA Software sends suggestion to Travel agency. (beai
Event)

Manager provides login_id and password to employee.
(External Event)

Employee adds customer information. (External Event
Employees add tour information. (External Event)

Employees update customer information. (ExternanEv
Employees delete customer information. (Externariy
Employees update tour information. (External Event)
Employees delete tour information. (External Event)
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Table 4b: List of events added by analysts fronséreation online” Applying rule 5/message passing rule: In an event,

List of events added by analysts: “Customer makes a reservation on tour”, Initiator
customer sends a message ‘“create_reservation” to

. Customer registers with TA software. (External Byen L .
9 ( Ly facilitator ‘TA software’ which sends the same naegs

. TA software sends a complaint form to the Customer.

(Temporal Event) to affecter ‘Reservation’. Affecter ‘Reservationi
+ TA software sends a suggestion form to the Customerresponse, invokes its constructor method in order t
(Temporal Event) create a reservation object.

. TA software generates a monthly report of all pté&n
customers. (Temporal Event) . ! y
. TA software monthly sends list of all tours to ammers. APPlying rule 6(a)/state rule: In an event, “TA

(Temporal Event) Software registers a Customer” change-event type is
*  TA software weekly generates a report of all bookedrs.  creation of customer, so inputs like customer nahe,
. %Tnggf?\:\?;riv\?vltzzkly generates a report of all cateburs email, phone numbgr and paSS\.Nord’ gxtract(_ad from
(Temporal Event) " event template of this event, define attribute @ifta
«  TA software displays the tour details. (Temporabiy Customer (affecter class).
. TA software generates monthly reports on the regenu
(Temporal Event) Applying rule 6(b)/state rule: In an event, “TA

Software update availability status of the tour ety
change event type is modification of tour, so isfike
?our_id and status, extracted from the event terapé
this event searches a tour object and updatessstatu
attribute of a tour (affecter class).

As per step 4 in the process, all events are dootede
in the proposed Event template. Event Template
corresponding to some of the events listed aboee a
shown in Table 5-7.

Application of rules to case study: The rules were , _ .
applied to all event templates of events identified APPIlying rule 6(c)/state rule: In an event, “Customer

Table 4a and 4b and information to generate clas§aNCelS a@ reservation on tour” change-event type is
diagram is extracted from event templates. Thesclast€mination of reservation, so input like resemtiid
diagram specification generated is stored in arlPNR) extracted from_ the eyent template of thisnéve
importable standardized XMI format for Argo UML searphes a reservation object (affecter class) €o b
tool so that latter on the same XMI file can bedufer ~ {€rminated.

regenerating the class diagram information. This _

information is stored in form of XMI specificatidite =~ APPIYing rule 6(d)/state rule: In an event, “TA

which is fed to Argo UML tool to draw class diagram Software displays tour details” change-event type i
shown in Fig. 2. read tour, so input like tour_id extracted from gwent

template of this event searches a tour objectiliitor
Applying rule 1: In the case study chosen, we haveobject) to be accessed. It places method display (tb
identified Initiator, Facilitator and Affecter fronall in TA software (Initiator) and correspondingly psc
event templates and found the following potentiass  method read_tour (in Tour (Facilitator).
names (Table 8).

) _ Applying rule 6(e)/state rule: In an event, “Employee
Applying rule 2: In the case study chosen, we havejncrease credit limit of customer”, change-everpietys
identified the role of Initiator, Facilitator andffacter calculate, so new credit limited is calculated basa

from all event templates and found the following some criteria and updated for a given customer
Initiators, facilitators and affecters (Table 9). instance.

Applying rule 3: After applying rule 3 we have classified

the entities of our case as shown below (Table 10). Applying rule 6(f)/state rule: An event, “Customer

cancels reservation on tour”, checks reservatiatust
Applying rule 4/cardinality rule. In an event, of tour booked and triggers an event “TA Software
“Customer makes at most four reservations for tour”updates booked tour details in database”.

cardinality of customer (initiator) is not specdiso it

is assumed to be default ‘0.1’ and for reservatiorApplying rule 6(g)/state rule: In an event, “TA
(affecter) the cardinality count is at most fourheT software weekly generates a report of all canceled
cardinality constraint is specified with the classtours.” change-event type is compute, so all tour-
association relationship with other class and is mo oObjects that are cancelled are retrieved without
property of a class alone. modifying their state.
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_ Customer TA software
-tustomemanme Suggestion “createtour()
Rl -customerid ~createcustomer()
-email _data ~creatresarvation()
T hape_ -description ~createcomplaint()
R S L ~sends sugzestion() —store ~createsuggestion()
“age l-cetsugzestion(] ~destroyreservation()
cesnder -setsuggestion ~destroycustome()
—Customer() — ~destroytour()
—create_reservation() *readfoux() T
—Create_compiaint| +Register servedtour
:-czea:e}u‘gﬁgiﬁop% o ﬂmdwmpélsﬂgnﬁ
—destroy_reservation() = 33‘15&11%3 on)
~read,_tour() Comiplaint :uuﬁ ()
+setid o tepass()

0 _ -customerid - —updatetour()
—setpassword() -data store s i
~setemail() L intion ~updateemaii()
—cetphone() 3 ~updatephone()
Sy ~sends complamt() —writecomplaini()

[rEsteomplaimt() ~writerustomer( )
reetcomplaimt() +writesuggestion()
+writetour()
~travels on —Adds
—makes e
Reservation PrOYICE
-tourid
= —heeps courdate _Fmployee
T -passengercount Togm
ey -tourtime -password
-tournames _empno
-source ~reservation() L
-destination =setreservation() pnamt
-cost ~settour() —employee()
-days ~cregtecustomer()
-statis —--c:raa_n_atou:(_)_
—destroveustomer|)
~tour ndds ~destroytour()
~gettour o ~updatesmail()
“+settourname() ~updatephona()
+setsource() ~updatepassword()
~setdest() ~updatetour()
~setcost() s
=serdavs()
Settour()
Manager

~create_smploves()

Fig. 2: Class diagram using event-based approach

Table 5: Event template for event “travel agenogdsetour information through TA software”

Event ID EA03

Event Name keeps tour information

Description Travel agency keeps tour information through TAwafe
Initiator NULL Count
Facilitator Travel agency Software Count
Affecter Tour Count
Timestamp TA2

Causative events (preconditions) EA01

Inputs Tour id, Tour name, Source, destination, cost, dayailability status.
Trigger Vector NULL

Change-event Connection event between Travel agency and tour
Creation event of Tour (