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Abstract—A key to success of high quality software devel opment
is to define valid and feasible requirements specification. We have
proposed a method of model-driven requirements analysis using
Unified Modeling Language (UML). The main festure of our method
isto automatically generate a Web user interface mock-up from UML
requirements analysis model so that we can confirm validity of
input/output data for each page and page transition on the system by
directly operating the mock-up. This paper proposes a support method
to check the validity of adatalife cycle by usingamodel checking tool
“UPPAAL" focusing on CRUD (Create, Read, Update and Delete).
Exhaustive checking improves the quality of requirements analysis
model which are validated by the customers through automatically
generated mock-up. The effectiveness of our method is discussed by a
case study of requirements modeling of two small projects which are a
library management system and a supportive sales system for text
booksin auniversity.

Keywords—CRUD, Model  Checking, Model  Driven
Development, Requirements Analysis, Unified Modeling Language,
UPPAAL.

|. INTRODUCTION

ODEL Driven Development [1,2,3,4] is a promising

approach to develop high quality software products
efficiently. Supporting tools such as a source code generator and
several domain specific languages have been proposed [4].
However, to obtain high quality source codes, appropriate
models that meet customer's requirements should be well
defined at the requirements analysis phase which is a start point
of the system devel opment. At the requirements analysis phase,
it isdifficult to strictly define requirements analysismodels (RA
models) so that they can be trandated into the source codes.
Thisis because that the user requirements are often ambiguous,
imprecise, insufficient and incomplete. To make the RA models
precise, the developers should fully understand user
reguirements and define the problemsthat the customer istrying
to solve as precisely as possible. Moreover, the reguirements
specification is the result of analysis so that it can offer correct
and sufficient information to the following phases to generate
the final product automatically.
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We have proposed a method of model-driven requirements
analysis [5,6] using Unified Modeling Language (UML[7]).
The main feature of our method is to automatically generate a
Web user interface (Ul) mock-up from UML RA model so that
we can confirm validity of input/output data for each page and
page transition on the system by directly operating the mock-up.

Models are effective in specifying the target system by the
different aspects. However, the resultant integrated model often
has some defects that are difficult to detect on each individual
model such as omissions on entity datalife cycle.

This paper proposes a support method to exhaustively check
the validity of datalifecycle for the RA model in UML by using
a model checking tool “UPPAAL” [8]. Exhaustive checking
improves the quality of the RA model which are validated
through automatically generated mock-up.

Il.PROBLEMSIN APPLYING MODEL CHECKING TECHNIQUESTO
REQUIREMENTS ANALYSIS

Model checking techniques allow us to exhaustively and
efficiently check the model whether it satisfies the
specifications in temporal logic formulas or not. Therefore, to
introduce the model checking techniques into the interaction
model isapromising trial becausetheinteraction between auser
and asystem in an enterprise application is easy to become huge
and complex.

Furthermore, the later the discovery of defects, the higher the
cost of reworking becomes [16]. Therefore, it is important to
discover the defects at an early stage of the development.
However, there are some problems in applying model checking
techniques to the requirements process.

A. The Lack of Supports of Intuitive Understanding of a
Requirements Specification for Customers

Validation is very important for analysts to elaborate the
requirements specification so that they can decrease the change
of the specification at alate stage of the development. Therefore,
it is necessary for analysts to shape the visualization of a
requirements specification so that the analysts can make
customers validate correctly and sufficiently the requirements
specification.

However, it is not easy for the customers to understand a
model and specification for model checking techniques because
it has the formal expression which is unfamiliar to them.
Therefore, it is difficult for them to understand correctly and to
decide whether the requirements specification isvalid or not by
using model checking techniques.
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Accordingly, it becomes an important issue thatrtrethod
of combining with intuitive understanding support the
requirements specification, and utilizing model atieg
techniques is actualized.

In this paper, we try to solve above-mentioned dsby
completely generating the model and specificatanaf model
checking technique. To achieve this, we partly exbthe
notation of the RA model which employs the abiliof
automatic prototyping.

Prototyping [10] which creates a mock-up of a sysseich as
user interface at an early stage of developmaeuidisly known
as one of the effective methods to promote theda#bn.
Accordingly, we have proposed a method to generateck-up
of Web user interface [5, 6] from the RA model battthe
customer can intuitively and easily validate the Radel of
Web enterprise application through the mock-up. R&
model represents interaction between actors angst@rs in
UML.

B. The Cost-Effectiveness of Model Management in Frequent
Changes of Requirements

It is realistic to refine the requirements speaeifion by
iterative validation because it is rare for analystd customers
to completely understand the requirements fronb#ginning.
Namely, we have to pay attention to manage the hesléhe
specification because the change of the requiresmand
specification may often appear. Therefore, theofailhg issues
should be dealt with when we apply model checkeniphiques
into requirements process.

(@) The cost of managing the requirements specificatiom
model and specification for the model checking réghes
in parallel because of frequent change of the requents
is high.

(b) To validly and precisely create the model and djpation

for the model checking techniques according to gomuis

and incomplete requirements needs a high degrslalbf

It is difficult to reuse the model and specificatifor the

model checking techniques from other developmetftaf

(©

model and specification are specialized to a sjecif

domain.

We try to solve above-mentioned issues along theviong
plans.

For the issue of (a), we try to improve by autonwly
generating the model and specification for modetc&ing
techniques from the RA model so that the analysteat need
to directly manage these model and specification.

For the issue of (b), we try to solve it by autoicelty
generating the model and specification for modetc&ing
techniques as same as above-mentioned. This inthi¢our
method does not require the analysts to write theahand
specification including the knowledge of the modbikcking
techniques. To actualize this, we propose templafethe
model and specification used by the generation.

For the issue of (c), we keep the generality oftdmaplates
high so that the analysts can use the templatexdiegs of
depending on domains. One of such aspects whosealignis
high is the lifecycle of data in CRUD.
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CRUD is widely known as a fundamental unit of datsb
operation. Furthermore, a CRUD table [12] is a majample
showing that the concept of CRUD is utilized atarly stage of
a software development.

The concept of CRUD is divided into two levels alfofws so
that we can enhance the generality of CRUD.

On the 1st level, it checks the validity of datfedicle
focusing on the existence of data. For example;hitcks
whether “the data always have to be created or wdazh the
data is updated.” The generality of this aspekigh because it
is not depending on a specific domain. This aspeems too
simple and natural so that it does not need torenstowever,
we assume that to ensure the validity of this asisedifficult
because the management of the RA model tends tontsec
complex and unclear by making a lot of analystsesttze work
in a large project. In this paper, we focus onatgect of the 1st
level.

On the 2nd level, it checks the validity of datkedicle
focusing on how to change the data before and &flUD.
This aspect is easy to depend on a specific dohyaatcording
to a business rule, a law, etc. Therefore, the rgdityeof this
aspect is not high enough. In this paper, we dohaodle the
aspect of the 2nd level because the aspect oftievel should
be ensured at the first.

Ill. REQUIREMENTSANALYSIS MODEL INUML AND
AUTOMATIC MOCK-UP GENERATION

At requirements analysis phase,
requirements for a system from customers and gkyera
specified them by defining semiformal documentsceRdly,
many developers have been getting to use UML, sd th
requirements specifications can be defined monmddy. We
have proposed a method of model-driven requirenaerdlysis
using UML.
We analyze functional requirements of services ab as
service analysis. Especially, because what custmessentially
want to do obviously appear within the interactlmtween a
user and a system, our method proposes to cleaxtiehthe
interaction.
To put it concretely, we specify business process service
from the following four viewpoints.
® Based on the business rules, what kinds of inpt# dad
the conditions are required in order to executeraice
correctly?

® To observe the business rule, what kinds of coorti
should be required in case of not executing theice?
Moreover, how the system should treat these e>aegti
cases?

® According to these conditions, what kinds of bebes/are
required in order to execute the service?

® \What kinds of data are outputted by these beh&iors

Based on the above mentioned four viewpoints, bostiness
flow and business entity data which are requireexecute the
target business are defined by activity diagrand arclass
diagram in UML.
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Fig. 1 Ul mock-up generation from RA model

An activity diagram specifies not only normal and®

exceptional action flows but also data flows whiok related
with these actions. An action is defined by anactiode and
data is defined by an object node being classifigch class
which is defined in a class diagram.

Accordingly, these two kinds of diagrams enableowspecify
business flow in connection with the data. Thiome of the
features of our method on how to use activity diagand class
diagram. Especially, the interaction between a asdra system
includes requisite various flows and data on us®ut,
conditions, output to execute a service correctly.

The second feature is that an activity diagranmthaese kinds
of partitions being named User, Interaction, anst&y. This is
because that these partitions enable us to easibgnize the
following activities; user input activities, intatton activities
between a user and a system which are caused bgrtld@ions
to execute a service, and the resulted output.

The third feature is that we use an object diagt@mefine
concrete data for each activity, because concratiel data
make it easy for us to confirm business process.
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The fourth feature is that a mock-up which consiétgveb
pages written in HTML is automatically generateanfrthese
three kinds of diagrams. Fig. 1 shows an image otkiup
generation. The mock-up which is a kind of finadguct model
enables the customers to confirm plainly and edsdyequisite
business flows in connection with the data. Theegaied
mock-up describes the required target system exoept
interface appearance and internal business logicessing.
Moreover, the mock-up enables the developer toicordnd
understand the correspondence between his/her shadélthe
final system. The developer defines three kindsliaframs
along requirements analysis from such differentvpieints as
action flows, data flows and the structure, and ¢bacrete
values. The automatically generated mock-up endbteger
to easily understand the consistency between hisibdels and
the target system. To be able to fully understahd t
correspondence between each diagram and the sigetn, a
mock-up can be generated whenever the developer toan
confirm at the requirement analysis phase. The irepent
analysis model is defined by using the astah[11§ ofodeling
tool.

IV. PROPOSAL OFHOW TOAUTOMATE THE CHECKING OF THE
VALIDITY OF REQUIREMENTSANALYSIS MODEL

Our proposal targets to the development of theractere
Web system that deals with entities as the corthefsystem
such as enterprise application. And the phase tdyapur
proposal is requirements analysis from the viewpaih
checking the feasibility of functional requirementaliso,
checking the validity of the RA model focusing oRD is
needed to step to fundamental design phase.

We explain our method from the following three adpafter
depicting the outline of our proposal.
® Architecture of our CASE tool to support the chagkfor
the validity of the RA model focusing on CRUD.
Notation to identify CRUD actions in the RA model.
® A Template of the model in UPPAAL which is a model

checking tool, in order to support the automatibnse of
UPPAAL.

At the first, we define a glossary which identifiegsleading
terms. The RA model is the UML model we have psgab A
UPPAAL model is the model of the system in the farmeeded
by UPPAAL. A UPPAAL specification is the specificat to
check the validityof the UPPAAL model, which is represented
as formulas of CTL [9] (Computational Tree Logioymat.

A.Outline of Proposal

Unfeasible definitions of business logic in the R#vdel
cause critical reworking in the later stage of tlewvelopment
process even if the RA model allows the analystsapture
desirable interaction more precisely and validly.

Accordingly, we propose a method to automaticallgak the
validity of the lifecycle of the data which changestate by

CRUD so that such unfeasible business logic can be

automatically detected from defined interactioaratarly stage
of the development process.
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Inthis context, valid datalifecycle meansthat CRUD actions
are properly performed depending on the situation in which the
data to perform CRUD exist or not. In valid data lifecycle, for
example, certain data is always created or read before the
business logic updatesits data. Benefits by focusing on the data
lifecycle on CRUD according to the existence of data are
explained as follows.

Firstly, analysis techniques of CRUD is reusable enough
because the techniques such as a CRUD matrix [] were utilized
over wide variety of business domains in the past. In essential,
wetry to utilize techniques whose generality are high so that we
can reuse the technigques without essential change of them
depending on the kind of business domain.

Secondly, Focusing on the existence of data alows us to
decompose the complexity of functional regquirements and to
concentrate to define and understand fundamental of the data
lifecycle.

This decomposition is very important to aleviate difficulties
of the processin which we derive therigorousand correct model
from ambiguous and incompl ete requirements. It is meaningful
to define detailed contracts such as pre/post-conditions
including concrete side effects but this definition from the
beginning brings us thorny confusion and workload when we
refine or maintain these contracts. The definition focusing on
the existence of data can become the basis to detail such
contracts.

B. Architecture of a CASE Tool to Automatically Generate
the UPPAAL model and UPPAAL specification

Fig. 2 showsthe architecture of our CASE tool which enables
usto automate the use of amodel checking tool “UPPAAL". To
be precise, a user of the tool needs to understand the output of
the UPPAAL. Thetool isdeveloped with Java, C# and the astah
API which can get the information of the RA model from the
astah file.

The RA model [Pre-defined)] [Pre-defined]
with CRUD notation A template of the Templates of the
(inan astah file) UPPAAL model UPPAAL Specification

Generation of the model of the system and the specification in
UPPAAL from the RA model by using our CASE tool

| Generated UPPAAL model | | Generated UPPAAL specification |

[ Model checking by using UPPAAL ]

(__J:Process [ ]:Data

Fig. 2 Architecture of proposal

TABLEI
ASSOCIATIONS BETWEEN A CRUD TYPE AND VERBS
Type Verbs
C create, generate
R read, get, search
U update, add, insert, change
D delete
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Our CASE tool requires two inputs of a user. One is each
name of System partitions. The other is the RA model whose
notation is extended for CRUD. Also, both of a template of the
UPPAAL model and templates of UPPAAL specification are
needed by our CASE tool. And, the user does not need to
explicitly input these templates. The template of the UPPAAL
model is a thing to depict data lifecycle on CRUD, which is
called by the UPPAAL model generated from the RA model
when we perform model checking by using UPPAAL. The
templates of the UPPAAL specification are things to check the
validity of data lifecycle, which are automatically arranged as
corresponding to the RA model by our CASE tool.

Then, our CASE tool outputs UPPPAAL model and
UPPAAL specification. The user does not really need to define
these artifacts but needsto operate UPPAAL in order to confirm
the results of model checking.

From next sections, we explain about the CRUD notation,
above mentioned templates and how to confirm the results of
model checking.

C.Notation of CRUD

We propose the notation of CRUD to identify the data
lifecycle on CRUD in the RA model. Accordingly, CRUD
actions and entity data are needed to be identified. To realize
such identification, we extend the notation of the RA model
which handles a part of classes as entity and a part of actions as
businesslogic. The notation is extended based on UML notation
so that original one is not violated. This extension is conducted
by two ways. One is by the stereotypes which is UML standard
extension. The other is by limitations of the terms which
represent actions, object nodes and the guard condition of
specific branched flows. This limitation is quite simple and
natural to represent the data lifecycle on CRUD.

We have ever proposed a simple format for the actions in
order to avoid misreading of them by developers. Concretely,
the format is represented as “behavior (as verb) object (as
noun).” An example of the format is “ create book.”

In this paper, we propose a new categorization of verbs, an
interpretation of the relationship between actions and object
nodes and new stereotypes in order to identify elements related
to CRUD in the RA model.

Fig. 3 shows an example of the activity diagram with CRUD
notation. This activity diagram depicts a typical login service.
The CRUD notation is applied only to the System partition
because entities are handled by business logic only.

Table | shows the category of verbs corresponding to the
CRUD type. The “search User from inputtedAuthentification”
action, for example, is categorized to the type of “R”.

Then, the interpretation of the relationship between actions
and object nodes is explained. The result of above-mentioned
“R” action is depicted as the object node immediately after this
action. The same interpretation is applied to the“C.” In the case
of actions of “U” or “D”, the object of each action has to be
defined as corresponding to the name of the abject node as the
target.
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For example, if we need to update “searchedUseFign 3,
its action will be represented as “update searcbedU

Table Il shows the stereotypes we propose. In g&nan
action of “R” often provides the null value. Theapsight of this
makes analysts create invalid data lifecycle. Tioeee we
propose the stereotypes to avoid such oversights‘fiullable”
stereotype implies the possibility to return thél malue. For
example, an action without the “nullable” stere@yimplies
that some values exclusive of the null value amvitably
returned. In this case, the data needed as thé resuto be
created by an action of “C” before such read actioicontrast,
if a read action has the “nullable” stereotype,ahalysts should
define the proper activity for the null value afserch action.

Furthermore, there is one of the kinds of condaldsranch
in order to check whether the value is null or ok necessary
to identify such condition in order to determine etfer
above-mentioned “proper activity” is valid or néccordingly,
we propose the identifier of such condition for theard
condition of branched flow. When the data represtrats an
object node has one or more values, the guard tomands
with “exist.” When the data has the null value, theard
condition ends with “not exist.” For example, tigeard
conditions such as “searchedUser not exist” andrtdeedUser
exist” in Fig. 3 imply that the flows are branchdgpending on
the existence of the “searchedUser” data.

TABLE Il
STEREOTYPESRELATED TO CRUD

Element Type Stereotype Description
Action of “R” nullable The read action which hassth
stereotype implies that the null
value may be returned.
Class constant The data of the class which has

this stereotype implies that the
data is already created by other
external systems or else.

User

selectaccess
to system

| inputAuthentification : InputAuthentification |.
\b inpu
display "Wrong
input ID secretinput ID or password!"
password

inputAuthentification : |
execute login InputAuthentification

Interaction System

L] inputtedAuthentification :
Authentification
Vi

<<nullable>>
search User from
inputtedAuthentification

<<constant>>
searchedUser : User

<<normal>>

<<exceptional>>
[searchedUser not exist],

display
loginedUser

loginedUser : UserDisplay

Fig. 3 An activity diagram of login service

[searchedUser exist]
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D.The Template of the UPPAAL Model and Generation of
the UPPAAL Model

The UPPAAL model is expressed as finite state nmeche.
the state of data can be recorded based on thelifdatgcle
focusing on CRUD. The purpose of the template af th
UPPAAL model is to represent the data lifecycleunh state as
the finite state machine.

The template includes three types of finite stateimines.
Firstly, it represents the change in state by periitg CRUD
actions shown as Fig. 4. The state in this mactremesits by
messaging from the state machines corresponditing teervice
shown as Fig. 7. The state machine in Fig. 7 isimabur
pre-defined templates but can be generated fronattigity
diagram in Fig. 1 by using our CASE tool. For exémphe
message of “r_objnul[3][1]'" in Fig. 7 which corigsnds to the
read action of “search tag” in Fig. 1 is sent te $tate machine
in Fig. 4. In response to this message, the stathime in the
Fig. 4 transits from “START” to “Pre_Read.” Finallthe state
in the Fig. 7 reaches “START” with the flag whiatcords that
the data was read. The indexes of “[3][1]” are thigs to
identify each data. For example, “[3][1]” implidtfirst data of
the “Tag” class whose identifier is 3.

Secondly, it represents the existence of data d&oh elass
shown as Fig. 5. The state in this machine readbes
“EXECUTE"” when data of a certain class is creatidhilarly,
there are the state machines for the existencadtf data on
creation and on read.

Thirdly, it represents the possibility of whethéetreturn
value is null or not, depending on the “nullableééreotype
shown as Fig. 6. This machine randomly decides henetach
return value of read actions is null or not; bt taturn value for
data of the class which is never created is ineljitaull.

Object_null{1,1)

Post_Muliable Read

Fig. 4 The state machine on CRUD in the template

To avoid state explosion as much as possible, apeshhow
to generate the UPPAAL model such as Fig. 7 ae\isll
® The action nodes which have no relation with CRUB a
removed through the generation process.
® Meta type which UPPAAL does not count state ofafale
of is used as much as possible.
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® The routine to forcibly break out of the infinitedp is
added through the generation process.

® The sequent transitions over different machinestitiging
synchronous messages are actualized in order taedte
combinations of state that increase by allowingccorent
transitions. Concretely, each machine is createthabit

Class(m).EXECUTED” so that analysts can check the validity
of data lifecycle in above-mentioned situation. Pagameters
of m and n are the identifier of classes and object node
respectively explained at 1V.D, which are autonatjcdecided
by our CASE tool according to the RA model.

Invalid data lifecycle: To create or read data éeced in

always waits for the return message from anoth& ORyger to achieve updating or deleting its datahadigh it is a

immediately after sending the message to it.

Classi1)

o O t__'h;r_.[1;-..|:.,-g 2

Fig. 5 The state machine of the existence of dathe template

Nullable{1)

Nulth Returnf1]! Clgss Exits
s 1 Muliable EX Fig{lj={al==
} Mullable EX_Flg[1j=Talse

0 ? truefalse)

START_E

Muflable H

Fig. 6 The state machine in the template to detemihether the
result of a read action is the null value or not

Obj_Return[3][1]?

searchedTags

Fig. 7 The state machine which is generated frarattivity diagram
in the RA model

E. The Templates of the UPPAAL Specification and
Generation of the UPPAAL Specifications

very simple principle, it seems that it is difficub keep the
completeness of data lifecycle when the projectesaklot of
analysts share the work and when the requiremergs a
frequently changed. Accordingly, we propose tengdaif the
UPPAAL specification to ensure “the data are createread at
some services or external systems before the dotiapdating

or deleting is performed.” Exactly, the read actioas to
provide one or more data but not the null valuthisa sense. An
example of the template is “A[] Object_nuiif).Pre_Update
imply Createn).EXECUTED or Read().EXECUTED.”

We can get numerous UPPAAL specifications showRigss
8 at low cost by generating the specifications dasa
above-mentioned templates.

After the generation of the UPPAAL model and UPPAAL
specifications, the analysts can confirm the resiuitheck and
the counterexamples by using UPPAAL without definamy
model and specification.

Overview

4[] Object _nul 1(1,1).P

re_Read imply (Class(1).EXECUTED) -
4[] Object _nul1(2,1).Pre_Read imply (Class(2].EXECUTED) o E
4[] Object _nul1{3,1).Pre_Read imply (Class(3}.EXECUTED} o
41 Object _nul1(4,1).Pre_Read inply (Class(4).EXECUTED} [&]
A1 Object _nul1(5,1).Pre_Read inply (Class(8).EXECUTED} (%]
Query

Al] Object_null(1,1).Pre_Read imply (Class(1)EXECUTED)

Fig. 8 The UPPAAL specifications in the UPPAAL i

V.PRELIMINARY EVALUATION

To evaluate the effectiveness of our method, walaored
preliminary evaluation through small case studiBlsen we
have evaluated the effectiveness of our methodoogparing
each data obtained by two kinds of methods.

Firstly, we have compared the difference of thesttaken by
manual review and by using our method because wectxo
decrease the time by using our method.

Secondly, we have measured the rate of recall egxigion
on detected defects to pre-defined defects beaaeisxpect to
improve the correctness of detecting defects thamual

We propose UPPAAL specifications which check whethgeview. Finally, we discuss the effectiveness amectness of

the data lifecycle of each entity is valid or noorh the
viewpoint of the existence of data. Concrete pnoislavhich
can be detected by using generated UPPAAL spetidfitaare
explained as follows.

Oversight of the possibility of “null”: The analyshould pay
attention to correctly suppose the “null” value not to
introduce invalid data lifecycle. For example, tia¢a to be read
must exist when the read action without the “nuéab
stereotype is performed. We propose templatessof/fhPAAL
specification such as “A[] Object_nui(n).Pre_Read imply
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our method.

A. Case Study

We apply our method into two small projects which the
development of library management system (LMS) aha
supportive sales system for text books (STB) inigarsity. At
the first, the RA model of each project was manuetkated.
The RA model of LMS was defined by one analyst.

The RA model of STB was defined as an exercishetlass
of software engineering by three graduate studefitgese
systems are assumed as Web enterprise application.
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TABLE Ill
SCALE OFLMS
Use cases Number of actions
User Interaction ~ System Total
Borrow books 3 6 6 15
Return books 8 7 4 19
Confirm history of 3 5 1 9
borrowing book
Search bool 7 5 2 14
Register books 25 17 17 59
Total 46 40 30 116
TABLE IV
SCALE OFSTB
Use cases Number of actions
Usel  Interactior  Systen  Total
Brows_e res_ults of 3 3 3 9
questionnair
Make and _ed|t a text book 25 12 08 65
purchase list
Reserve receipts 11 10 8 29
Make_ and edit a purchase 32 20 15 67
plan lis!
Brovs_/se reservation 5 4 14
receipt:
Process purcha 6 9 9 24
Total 82 59 67 208
TABLE V
THE NUMBER OF DEFECTS PUTTING IN THRA MODEL
Defect type LMS STB
Oversight of the possibility of “null” 5 4
Invalid data lifecycle 2 6
Total 7 10

These analysts did not have the experience of WHRTBAAL
enough. At least, one analyst was not able to ctiyrerite the
UPPAAL model and UPPAAL specification.

The other was able to manage to correctly writd tRe AAL
model and UPPAAL specification according to itotidal but
did not have the experience of using UPPAAL in aaftware
development.

After the manual review, each analyst automaticddijects
the defects by our method. Also, they recordedithe in the
same way of the manual review.

In this evaluation, we let the analysts find thdedts by
focusing on only the existence of data of whichdbaerality is
high so that the point of view of checking can keptkfair
between the manual review and our method. Eaclystnahs
not able to sufficiently understand the model heiesged
because he did not relate to the project whichtedkeisgs model.
However, such situation often appears in the lasgale
development in which it makes a lot of analystsshie work.
Therefore, it is natural for them to review the rablaly focusing
on the viewpoint which has high generality. On diieer hand,
we did not make them refine the RA model becausg tere
not able to exactly understand the requirementsthes
background of the RA model.

C.Result and Consideration

The analysts were able to detail the RA model withibe
modification of a part of the RA model which isrsfiormed to
the Ul mock-up. Therefore, our checking method alale to be
completely combined with the analysis method wisichports
the validation by generating the Ul mock-up.

Recall in LMS

14% 10%

Recall in STB

W discovered W discovered

Dundiscovered Dundiscovered

86% 90%

Precision in STB

31% Q
86% 69%
%

Fig. 9 The rate of recall and precision in manealaw

Precision in LMS
14%
B correct M correct

@incorrect @incorrect

There is each customer for these systems. Thery, the rig 9 shows the rate of recall and precision stdvered
validated the RA model through the mock-up whichswagefects in manual review. On the other hand, talrend

generated form its model.

Table 1l and IV show the scale of these proje€tse kinds
of actors in LMS are one. In STB, these are thf&e. kinds of
entities in LMS are 6. In STB, these are 8.

B. Steps of Evaluation

We have conducted the evaluation along the follgwvgiteps.
Two analysts as participants were decided in bgctielg one
analyst from each project.

Each analyst put some defects shown as table \Vhiatown
RA model. Concretely, they put defects by removimglable”
or “constant” stereotypes or CRUD actions from draRA
model. Then, they exchanged the RA model each .other

Each analyst manually discovered the defects acorded
the time at each time when he discovered a defechow to
record the defects they suspected, they give a twotach
suspect action in astah.
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precision in our method is 100%.

This reason is that the defects put were adjusiettiat our
method can discover all defects. We consider thiatdetting
does not affect the result about whether the atmlgan
correctly and exhaustively discover all defectsot. On the
other hand, this setting is inadequate if the gtiif our method
for detecting the definition which will become tlkefects
potentially is evaluated.

As a preliminary evaluation, we focused on whettier
analysts can correctly and exhaustively discovedetbects that
our method focuses on than manual review becauseanwed
to evaluate the potential of our method for efficig, easiness
and effectiveness.

As the result, the rate of recall and precisionthia manual
review was decreased because it was perhaps tifiicuthe
modelers to correctly imagine the situation whidblates the
validity of data lifecycle even if the projects wesmall scale.
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The activity diagrams can explicitly represent abjeodes
but the data lifecycle of concrete data level calweovisualized
on the diagram. What is worse, the activity diagganere a
little complex so that the analysts can not conabetand
correctly trace flow in manual because the servicas be
variously used by users. For example, the userM§ lcan
arbitrarily perform the service of “borrow book®gardless of
that the “register books” is called or not. Any keavhich the
user wants to borrow may not exist if the “regidteoks” is not
called. The modelers were required to manually imaguch
situations and had to specify the defects.

The time for discovering defects in LMS

- —

O R N WA UL N

1 3 5 7 9 11131517 192123252729 3133353739414345
Elapsed time [minute]

Cumulative number of actions pointed out

= Manual review Our method

Fig. 10 The time for discovering defects in LMS

The time for discovering defects in STB
14

12 ,f/
10 -

——

7

—

1 3 5 7 911131517 192123252729 31333537394143145

Elapsed time [minute]

o N b O X

Cumulative number of actions pointed out

Manual review Our method

Fig. 11 The time for discovering defects in STB.

Fig. 10 and 11 show the time spent by discoverifgats by
each way. Cumulative number of actions pointedropties the
cumulative number of points by the analyst or ahfgby using
UPPAAL. The elapsed time implies the time elapsédra
starting of checking. The time of detecting a degcusing our
method implies the time from generating the UPPARA&Qdel
and UPPAAL specifications to pointing out the inemt action.
Such time in the manual review is the time from oadly
searching the defect to pointing out the suspeairac

The time of the manual review was earlier thanmethod in
LMS. On the other hand, the time of our method eatier than
the manual review in STB.

According to this result, our method can efficigndetect
defects as increasing the scales of the RA modakeder, for
too small project, the overhead of generating tHRPRAL
model and UPPAAL specifications and of utilizinguPPAAL
using the generated model and specifications wgtsthian the
manual review.
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The analyst of STB said that “In manual reviewad tio point
out the defects after | grasped the data lifecyél@ certain
entity through the entire services by focusing ba eéntity.
Therefore, | spent a lot of time in some casepéinting out a
defect.” In our method, the analysts did not needrasp the
entire services because the model checking tochuestively
checks the RA model. Furthermore, the analysts etkdelss
time for detecting defects because the UPPAAL mauel
UPPAAL specifications were able to be automaticallyd
completely generated.

As a problem of our method, the analysts needed to
iteratively use our CASE tool in order to complgtetmove
defects because the model checking tool can depigt one
counterexample for each UPPAAL specification evietinére
are the one or more defects which can be detegtdldebsame
UPPAAL specification at one time. Therefore, we ty
improve the architecture of the CASE tool which camnd trip
support so that the analyst can efficiently utiiee method.

Another problem is the scale of this case studysfi@w the
significant effectiveness of our approach is neewedpply it
into larger projects. However, we showed an effectess of
our method from the aspects of the time for discogedefects,
the rate of recall and precision and the analygiigions.

VI. RELATED WORK

A. Variation of Checking Aspects

CRUD is widely known as the useful viewpoint in erdo
effectively clarify and check the specification. GB table [12]
often is used for analysis. CRUD table can simyalize the
relation between the behavior and data so thaystsadhre easy
to understand its relation. For example, the belrameans
services, functions or actions. Also, the data meeasses
which includes entities, or attributes.

However, CRUD table cannot capture the relationvben
the behavior and data on the flow. Therefore, weotuse the
CRUD table to check the validity of the relatioarfr the aspect
of action sequence. Also, CRUD table shows the CRUD
operation if its operation appeared in the behaatdeast one
time. However, its operation may not be perforntadugh a
certain path as a result of user's operation. Wanct
understand whether such situation exists or noprily using
CRUD table.

In our method, the CRUD operation is representethé
interaction flow which is depicted in the RA mod€herefore,
the RA model can resolve above-mentioned problems.
Furthermore, by using model checking techniques, car
exhaustively and efficiently find more problemsrthahat we
can find by grasping at CRUD table only.

B. The degree of abstraction of the Specifications

In the method proposed by Li et al. [13], the sfieations
are created as specialized to a specific domaithisrway, the
specifications is useful for its domain but canbetreused for
other domains. The specifications generated imwethod can
be reused to various domains because we focustte@spect
whose generality is high.
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Such aspect is the data lifecycle focusing on istence of
data on CRUD. In the method proposed by Sciascjpfhé¢ 1]
specifications used in a model checking tool caextmustively
created as combination which can be consideredrdiocpto
existing specification. Such specifications arefulsitom the
aspect of the support of regression testing. Howetvseems
that it is difficult to apply it to an early stagéthe development [3]
in which requirements frequently change becausedfitevare
may not exist and the specification may not alwayvalid and
correct. In our method, the proposed UPPAAL speaifons  [4]
ensure absolute correctness by deriving based ratafnental
principle of the data lifecycle from the aspectha existence of
data. Furthermore, we can combine our method wikh t
analysis method which can supports validation byegating
the Ul mock-up.

(2

(5]

(6]

C.Controlling State Explosion 7]

There are a lot of challenges to control the stglosion. (8]
One of how to control is the abstraction of the sloaf the ]
system and the specifications. In this context,nioelel of the [10]
system implies requirements specification, despgt#ication,
program, etc.

Corbett et al. [15] control the state explosion diiging
technigues and the engine for performing abstractio
Concretely, they perform abstraction as followsrsthy,
unrelated components for the specification are xato
Secondly, data abstraction is performed. Finalgytconduct
to limit the components which are used in checki@g. the
other hand, the analysts are required the task asigelecting
the model of the system and so on.

In our method, the UPPAAL model is degenerate@agihg
only the sequence of CRUD actions in 8ystem partition when
the UPPAAL model is generated from the RA model.
Furthermore, the analyst does not need the knowleafg [16]
abstraction of the model because he does not nigragjlist
the UPPAAL model.

[11]
[12]

(13]

[14]

[15]

VII. CONCLUSION

In this paper, we proposed a support method tolchee
validity of the data lifecycle focusing on CRUD bgmbining
UML and UPPAAL. One of main features of our metli®that
we can receive support not only of verification lago of
validation by using the RA model. The other is that CASE
tool can completely generate the UPPAAL model aR&®BAL
specifications from the RA model. As the resulpoéliminary
evaluation, the effectiveness of our method in wpplit to
larger project was confirmed. Concretely, the tirfar
discovering defects was reduced. Also, the analgsidd
exactly detect the defects at low cost.

As the future work, we plan to evaluate our methnd
applying it to larger projects of the developmehenterprise
application. Also, we improve the CASE tool forrétve
usage. Furthermore, we consider how to actualize steps in
“stepwise” support e.g. we focus on the attribaties class, so
that we can more rigorously and particularly chtéekmodel.
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