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Motivation

* Problem: Early acquired requirements are
difficult to validate.

* Solution: Prototyping 1s efficient and effective
to expose errors 1n the early stages of
requirements analysis and design.

 Method: Automatically generate a prototype
from system requirements model

(use case model and conceptual class model)
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Requirements Model
1. Use Case Model
2. Conceptual Class Model
Use-case = System operations
-> Primitive actions (in pre and post conditions)

—> Entity object methods (new, get, set ...)

<<interface>> <<control>> !

<<entity>>
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Method

Generate a system entity object database from the
semantics of the conceptual class model.

Generate a system interface which displays the
buttons for the use case names 1n use case model.

Generate a use-case handler for each use case to
handle the execution of specification of the use case.

A use case handler maps the executable parts of each
use case 1nto a sequence of primitive actions on the
system entity database.
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Architecture of Generating Prototype

______________________________________________________________________________________________

Prototype
in Java

output " Use Case Handlers Object Database

____________________________________________________________________________________________

v

tool Automated Prototyping Generator

—————————————————————————————————————————————————————————————————————————————————————————————

. . | Use Case Model Conceptual Model
nput -+
' Requirements Model in UML with OCL

_______________________________________________________________________________________________

UML&FMO08 27 October 2008 Japan




UML Requirement Model

Requirements Model = (UCM, CCM)
UCM (Use Case Model) & CCM (Conceptual Class Model)

A step of a use case (system operation) 1s specified as
a contract with a pair of pre and post conditions.

operation: p(x) " R(X, X’) =gr P(X) ) R(X, X’)
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Use Case Diagram of Library System
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Conceptual Class Diagram of Library

icati User
Publication = =
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| -copyNum : Integer
-Info : String 1 0.1 0.3 1 Py q
0.1 1
1
IsHeldFor Takgs
CopyOf
o 0.1 0.10
e 1 Borrows 0.1 Loan

-available : Boolean = false
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Conceptual Class Model of Library

CN = { User, Copy, Publication, Reservation, Loan}
Attr(User) = {<cid: String>, <copyNum: Integer>}
Attr(Copy)={<cid:String>, <available: Boolean>}
AN={CopyOf:<Copy, Publication>,

Takes: <User, Loan>,

Borrows:<Loan, Publication>,

Makes:<User, Reservation>,

Reserves:<Reservation, Publication>,

IsHeldFor: <User, Reservation>}
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Formal Specification of LendCopy

LendCopy = def pvar copy: Copy, user: User

pre: copy € Copy /\ copy.available = true /\
user € User /\ user.copyNum <10

post: 9 loan: Loan. (loan not € Loan)
/\ Loan’=Loan U { loan }
/\ Borrows '=Borrows U {<loan, copy>}
N\ Takes” = Takes U{<user, loan>}
/\ copy.available’= false

/\ user.copyNum =user.copyNum+ 1
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Pre & Post State Object Diagrams of LendCopy

user: User
user: User
user
LendCopy
>
(copy,user) copy
copy: Copy
copy. Copy
pre-state post-state
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OCL Specification of LendCopy

context Usecase::LendCopy(user: User,copy:Copy) :Loan

pre: User ->includes(user) and user.copyNum < 1()
and Copy ->includes(copy) and copy.available = true

post: user.copyNum = user.copyNum(@pre + 1
and copy.available = false and result.ocllsNew() and

result. Borrows = copy and result. Takes = user
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Generate Executable Prototype

* Prototyping of requirements analysis should
demonstrate the important functional effects
of each use case 1n terms of atomic state
changes rather than the detailed algorithms
for internal object interactions.

* Primitive actions are create an object or a
link, remove an object or a link, check and
set object attributes.
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Find Objects and Links in Pre & Post Conditions

e preobject = {user, copy, copy.available= ture,
user.copyNum < 10 } ,

* prelink=J,

e postobject = {user, copy ,loan, copy.available’=false,
user.copyNum’=user.copyNum+1, },

e postlink = {<user, loan>, <loan, copy>}

* createobject = postobject — preobject ={loan}

* checkattributes ={c.available= ture, u.copyNum < 10 }

* removeobject = preobject — postobject = J

* createolink = postlink—prelink = {<user, loan>, <loan, copy>}

* removelink = prelink — postlink = &

» setattributes = {copy.available’=false,

user.copyNum’=user.copyNum+1 }
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Algorithm of Source Code Generation

1. Check existing objects of preobject set in pre-state.

2. Check existing links of prelink set in pre-state.

3. Check conditions about attributes of objects in preobject.

4. Create objects of createobject set in post-state.

5. Create links of createlink set in post-state.

6. Set attributes to force the conditions satisfied 1n postobject
set.

7. Remove links of removelink set in post-state.

8. Remove objects of removeobject set in post-state.
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Rules for Transforming OCL
Expressions to Primitive Actions

Ten rules can be used to transform OCL expression
fragments in AST to primitive actions.

Context Usercase:: AddCopy(copy:Copy, pub:Publication)
Pre: Publication->includes(pub)
and Copy->excludes(copy)
Post: copyocllsNew() and copy.available=true
and copy.CopyOf=pub
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Precondition AST of AddCopy

.............................................................................................................................................................................

= “appliedPropertys
= “OperationCallExp> referredlperation: [ asSet ]
“ar gument s>
- “appliedProperty
= “OperationCallExp? referreddperation: [ includes ]
- Yargument s>
WariableExp> referred¥ariable: [ pub ]
= “appliedProperty>
- “OperationCallExp> referredlperation: [ and ]
= Yargument =¥
= “0clTypeliteralExp> referredClassifier: [ Copy ]
= “appliedPropertys
- ‘OperationCallExp> referredlperation: [ asSet ]
“ar gument s
= YappliedProperty
= “OperationCallExp? referreddperation: [ excludes ]
= “argument s>

WariableExp> referredVariable: [ copw ]
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Postcondition AST of AddCopy

2 Wariablefxp? referred¥oriable: [ copy ) @
2 Cappliedfroperty?
=1 ‘-Tlptrl.hurfilllrp} rtftr:rhﬂptri'll.u:n: [ oclIzHew ]
Larpamanii)
& CappliedFroperty?
B DOperalionlallBxp> referredlparation: [ amnd ]

= far pameniz?
= WariableExp? referredVariable: [ copy ) @
2 “applindPreper iy}
AttributeCallExpl referreddtiribute; [ wwailable ]
= “appliedPreperiy?
= DperatioeCallExp? referredipsration: [ = ]
= targuments?
_ ‘BoolewliteralExp? zymbol: [ trus )
= fappli edProperiy?
B DperatienCallEBap? referredlperation: [ and )

= {ar pamenis?
= WariableBxp? referredVariable: [ copy ] @
B tappliedPrepariy>
| AszociabionEndlallExp? referredhssocintionEnd: [ Copplf ]
B tappliedPreper iy
= DperationCullExp? referrediperation: [ = ]
= “argusents
{'l'iri.l.'hltI!p} referredVariable: [ puk ]
= tappli edProperiy?
B DparalionCallFep? referredliparation; [ and ]
= {-lrp.-l-nl.:}
B DelTypeli taralBxp? referredClazzifier: [ Copy ) @
= tappliedPreper iy
= dperatioslallFxp? referrediperation: [ atset ]
Lur pumanta
= CappliedProperiy?
o DperatioalallBep> referredlperation: [ imeludez ]
=) farguments?
NariablaEsp? referredVariable: [ copyw )
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Primitive Actions of AddCopy

FindObject(pub, Publication)
FindNoObject(copy, Copy),
CreateObject(copy, Copy);
SetAttr(copy, available, true),
CreateLink(CopyOYf, copy, pub)

SN b=
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Interface of Prototype Generator Tool

B AutoPA 3.1 C:\Documents and Settings\M dministrator\Deskiop\AutoPA 3examplel |:||E|E|
Eile| Edit ProtoType Run Help

Mew Project
Open Project

ﬂpen

Import XMI File{OCL)

Look In: | example

Exit

Jleg
] model
] ocl
] src

D example.pto

File Name: example. pto

Files of Type: |Project File (.pto)

Cancel

L AutoPA log L ¥MI Parse Log L Code Generate Log L Running Log L Source Code Tree
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OCL Pre and Post Conditions

AutoPA 3.1 C:\Documents and Settings\VAdministrator\DeskiopMutoPAIlexample}
File | Edit | ProtoType Run Help

c; Open Project Folder ministratonDesktoplAutoPAZexampl|package library -

0 openSource Code Files fodministratonDeskiomAutoPAZExa

8 ngswdrministratonDesktopiautoPAZ) context Llsecaselibrarian:AddUseruser: Lsen

Open Model Files o pre: User=gxcludesiuser)

0 OCL Fil ngswdministratonDeskopAutoPAS: post: useraclisMewd and user.eligihle=true and user.copyMum=0
pen fes ngs\dministratonDesktopAutoPAR and user Takes-=isEmptyl) and user Makes-=isEmpty()

B ChADocuments and Settings\AdministratonDeskiopautoP sz

context Usecaselibrarian:AddPublication{pub:Publication)
pre; Publication-=excludes{puln

post: pub.aclshlew

and pub.Reserves-=isEmpty and pub. Copyof=isEmpte

context Usecaselibrarian:AddCopy(pubPublication, copy Copyd
pre: Publication -=includesdpub) and Copy -= excludesicop
post copy.ocllsiMewd and copy available = frue and copy. CopyOf= pu

context Usecaselibrarian:Remove Copy{copy: Copyd
pre:; Copv-=includes{copmd and

copy. Borrows-=isEmptyd and copylsHeldFar-=isEnm
post copy. CopyOt=isEmptyd and Copy-=excludesicom)

context Llsecaselibrarian:RemovePublication{pub:Publication)

pre: Publication-=includesdpub) and pub.Resenes-=isEmptyd
and pub. CopyOt=isEmptyd

post: Fublication-=excludesipub)

q | ll | [ ] 4] M [ |
L AutoPA log L XMl Parse Log L Code Generate Log L Running Log L Source Code Tree |
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System Invariants in OCL

AutoPA 3.1 C:\Documents and Settings\Administrator\Desktop\AutoPA 3lexamplel
El:lit| ProtoType Run Help

Open Project Folder ministratonDeskiopiutoPAlpackane library
Open Source Code Files [dministratonDie skioplAuts
ngslﬂudministramr’LDesmupq
ngsiAdiministratonDes kioph,
ngsl&dministratnr’t[ﬁnesmnp:].;.;.ntext Copy
D ChaDocuments and SettingsidministratonDesktopyiny 12:self available = true or Reservation.allinstances(-=ex I

context Copy
i 11 :Publication.allinstancesd-=onefp:Publication | self.Co

Open Model Files

Open OCL Files

context Copy
i 13:not Loan.allinstancesd-=exists(1 :Loan | 11.Borrows =

context Copy
i 14:(self lsHeldFor-=notEmpty) implies self.available = 12

context Copy
i 17:(not self lsHeldFor.ocllsUndefined() implies selflsHe

context User
i 13 self Makes-=forallirResemnation | Fublication.allinstan -

Il [ v] 4] Il | D
XMl Parse Log Code Generate Log | Running Log Source Code Tree
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Code Generation of the Prototype

AutoPA 3.1 C:\Documentis and Seitings\M dministratoriDeskiopliuioPA 3kexamplet EI[‘S_TI
File Edit [ ProtoType Run Help

Code Generation

\View Generation Log
Iser java geneate..

Reservation java geneate..
ddllser java geneate..
ddPublication java geneate..
ddCopy java geneate..
FemoveCopy java geneate..
FemovePublication java geneate..
Remaovellzar java deneate.
Checklser java geneate..
LendCopy java geneate.. Success
LendCopys java geneate..
ReturnCopy java geneate..

ListUserCopys java geneate.. @ Code Generation success
MakeResemation java geneate.
GetReseration java geneate..
Fenewloan java geneate.. OK
RenewllserLoans java deneate.
SearchBooks java geneate..
SearchReservations java geneate.. »
RoutineCheckallUsers java geneate..
Main.java geneate..
IrvariantButton.java geneate..
MainFrame java geneate..

a] I [ [»]
L AutoPA log L XMl Parse Log L Code Generate Log L Running Log L Source Code Tree
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Compile and Run Prototype

AutoPA 3.1 C:\Documents and Settings\M dministrator\Desktop\utoPA 3\examplel :
File Edit ProtoType Run | Help

Fote: Main java uses un| Compile Prototype
Fote: Recompile with -3

MHote: LChLIsecase jay Run Prototype erations.
FHote: Recompile with -3 Compile & Run Prototype
MHote: Some input files USE UACAECKED of URSafe operations.

FHote: Recompile with -xlintunchecked far details.

mHote: LICMStepactionStep.java uses unchecked or unsafe operations.
FHote: Recompile with -Xlintunchecked far details.

MHote: Some input files use unchecked or unsafe operations.

FHote: Recompile with -Xlintunchecked far details.

MHote: Some input files use unchecked or unsafe operations.

FHote: Recompile with -Xlintunchecked far details.

MHote: Some input files use unchecked or unsafe operations.

FHote: Recompile with -xlintunchecked for details.

MHote: Some input files use unchecked or unsafe operations.

FHote: Recompile with -xlintunchecked for details.

LNdetailpanenTexdWidgetjava 11 warhing: sun.awtVariahleGridlayout is Sun proprietary AP and may be removed in

«| I

| b

L AwtoPA log XMl Parse Loqg Code Generate Log Running Log Source Code Tree
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Generated Prototype Interface of Library

Prototyp of example
File Check Help

Select Actor:
ibrarian
User
Timer

AddUser AddPublication

Prototyp of example
File Check Help

Select Actor:
Librarian

ser
Timer

LendCopy LendCopys ReturnCopy

ListUserCopys MakeResensation GetReservation

Renewloan RenewlserLoans SearchBooks

SearchReservations

Actor |_ ‘|
|_invariant | ]\ Use Cases | System State |
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Prototyping Use Case LendCopy

Prototyp of example
File Check Help

Select Actor:
Librarian
User
Timer

LendCopy LendCop

LendCopy E|

Invariant Result B .
UserahV. 6 e g; Usecase : LendCopy
G [ Deees—m——
Copy=INV_13 true :
CopyzINV_I2 firue :
LoanzINV 15 ftrue
Loan:INV_notNull true

| 2. 1f getResult = true then go on . LendCo Py
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preCond:

Lger-=includesiuser) and user.copyMum = 10 and user.eligi

postCond:
user.copytum = user copyNumigpre + 1 and copy.available

User : user (U1

Copy : copy |umlZ- cnpﬁ;1|

OK Cancel




System State

Prototyp of example
File |Check | Help

Seleq System state

Libra Check All Invariants
Usell check Multiplicity

Info of Classes: 6 o
Class: Publication

“|Class: Reservation

“|Class: Date

§§ Info of Association: size: B

‘Az sociation: CopyOf

§§ 1102147483647

§§ CopyOf =LIMLZ: Publication , uml2-copyt: Copy=
§§ CopyOf =LIMLZ: Publication , uml2-copy: Copy=
Hassociation: Reserves

szaciation: Makes

sfassociation: Takes

§§ 11010

HTakes: =ul:User, loant:Loan=

sfassociation: Borrows

§§ 1111

§§ Borrowes: =uml2-copyl Copy | [oant Loan=
Hassociation: sHeldFar

4|

Actor L Invariant | |\ Use Cases LS}rs’tem State |
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Check Invariants on System State

Prototyp of example

Check | Help

Seleq

System state

Libra
User

Check All Invariants | -odComy LendCopys

Check Multiplicity

Timet

ReturnCopy

ListUserCopys

MakeReservation

Complete

OK

GetReservation

@ The system is consistent with all invariant constraints!

X]

K

UML&FMO08

Use Cases
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Check Multiplicity on System State

FEX
Check | Help
System state

Check All ivariamts
Check Multiplicity

LendCopy LendCopys ReturnCopy

ListUserCopys MakeReservation GetReservation

@ The system is consistent with multiplicity constraint!

OK

Searj

4

Use Cases
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Executable Problem of Post Conditions

* A complex equation satisfaction in post conditions may
not be executable 1n the implicit style such as

F(x,y, x",y’)=0 A G(x,y,x’,y’)=0

* They will be left for further refinement into the explicit
style such as

X'=1(x,y) N\ y’=g(X,y)
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Conclusion

1. The key 1dea 1s to map a use case defined on the
CCM 1n pre and post conditions to a set of
executable primitive actions.

2. We developed the prototype generation and
analysis: AutoPA3.0, which can accept the
requirements model produced from UML CASE
tool with OCL formal specification.

3. Requirements can be validated by the generated
prototype.

4. System invariants and multiplicities can be checked

dynamically on system state.
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Future Work

We hope

e to apply the tool to more case studies and practical
applications.

* to extend the functionality of tool to support test case
generation and automated testing like the USE tool.

* to generate Java code from design sequence diagrams
for non-executable parts in requirements.

* to put online for the public.
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