Formal Specification Generation
from Requirement Documents
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Industrial context:
CIn/UFPE-Motorola
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Software Design
in UML
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Test Execution Code Coverage
Estimation Analysis
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Strategy Overview

: WViews
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Requirements Use Cases CSF made! Mapping and
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From step and To step User View Use Case

define flow relations

CNL is used in all

Main Flow :
From Step:  START template fields
To Step: EMD
Step Id User Action System State System BResponse
1l Fead incoming message. Message content is displayed.
“Impaortant Mezsages” “Move to Important Messages”
2l Ol feature is on. option is displayed.
M =elect "Move to Important Message storage is not "Message moved to Impoartant
hMessages” option. full. Messages folder” is displayed.
, The next message is
40 Wait for at most 2 secands. highlighte d.

Exceptions Flow
Fram Step: M

To Step: END —

Step Id L~  User Action "~ System State System Hesponse
1E ( select "Move to Important Y i o ”Q "Memory required” dialog is
IMessages” option. Basaye storage s il | dizplayed. A
Cant I —
2E | information dialog Message content is displayed.

Id identifies each
step, which
contains an Actor
Action

Depending on the System
State there are possible
System Responses
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‘Centro

Component View Use Case

CNL is used to
define Messages

Main Flow and System State
Fram Step: S TART
Tootep: __ElB— =y
_STep Sender Message System State Receiver —
10 |lser Fead incoming message. Message App
2h Message App | Open incoming message. Message Wiewsr
Sl Lger Open the Menu. Message Sop—|
o "Important .
4 Message App | Display Menu. Messages" Menu Contraller
feature is an.
ahl | Menu Controller "M':.WE to ".’”Pﬂ”a’“ el User
option is displayed.
BN Usar r?ﬂelec:t the" Mu:ux_fe to Important Message App
essages option.
i Message App n;?i?:uf to Important Messages Menu Contraller
ard | Menu Contraller Eﬂave message at "Important Message storage Message Storage
essages” folder, 15 nat full, App
an Message "Message maoved to Important Usar
otorage App | Messages folder” is displayed.
100 ser Wait for at most 2 seconds. User
11 Message App Eigil?gehﬁtelg.hm message 1s List App
12 List App Available message is selected. User
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Controlled Natural Language

Select|at least three unread|messages from|inbox folder

| Verb | | modifier | | modifier | | term | | term |
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User view translation to

CSP

Main Flow

®

Read incoming

message

Open the menu

From Step: START
To Step: EMND
Step Id User Action System State System Response
1M | Read incoming message. Message content is displayed.
“Important Messages” "Mave to Impartant Messages”
e feature is on. option is displayed.
M select "Mave to Important Message storage iz not  ["Message moved ta Important
Messages” option, full, Messages folder” is displayed.
- The next message is
AM | Walt for at most 2 seconds. highlichted.
Exceptions Flow
From Step: 3M
To Step: END

Step Id L7~ UserAction N\ System State System Response

7

Select "Move to Impur’[anu

1E ( "Memary required” dialog is
Messages” option. P

Message storage is full& displayed

E Confi

infarmation dialog, Message content is displayed.
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Select “Move to
Important
Messages” option

l
T
O,

CSP viewed as
a diagram



CNL Sentences translation to CSP
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steps ->

» Go to Message Center.
\\\.__EEEE;ETGUT_HPPLIEHTIDH.(MESSHGE_EEHTEH,

Main Floww
Sltgpf/*&*cmra&.ctmn A= oy
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Select "Moo
Messages" option

expectedResults -

-- Hot Hessage folder is displayed after inbox.
AGES_FOLDER, {}).
OLDERY) ->

System State is translated

into a CSP choice e Uoice Mail.

_LIST_STATEVALUE.{HOT_MESSAGES_FOLDER, {}).
(DISPLAYED VALUE, {BEFORE.UODICE_ MAIL}) ->

Inbox.
~ IT LIST.{IHBOX FOLDER, {}) >

C et 1 1 et 2) D

WSoit for ot e

= Inbox folder has at least one non Class 2
—-— stored at the phone.

have .DTHAU_LIST_SEWDABLEITEW.{IHBOX_ FOLDER, {}).
{MESSAGE, {CLASS_2,HOH,STORED_AT_PHONE

expectedResults >
-- A1l inbox Hessages are displayed.
display.DTDIS_SENDABLE_ITEM.{IMBOX_MESSAGE, {ALL}) -

steps -2
—— Scroll to a non Class 2 message.
goto .DTGOT_SENDABLE_ITEW.(MESSAGE, {CLA3S_2,HOM}) ->

expectedResults >

-- HMessage is highlighted.

isstate .DTISS_SENDABLEITEM STATEVALUE.{MESSAGE, {}
{HIGHLIGHTED_UALUE, {}} —->

(UC1_1_1 [] UC1_1_2)

System State

Alternative Flows based on

native Flow

— Inbox folder has at least one Class 2 Message
-— stored at the phone.

have _.DTHAU_LIST_SEHDABLEITEW.{INBOX_ FOLDER, {}).
{MESSAGE, {CLASS_2,STORED_AT_FPHOHE}) -3

exXpectedResults >
-- HAll inbox HMessages are displayed.
display.DTDIS SEHDABLE ITEHW.{IHBOX MESSAGE, {ALL}) ->

steps ->
—— 5croll to a Class 2 message.
goto.DTGOT_SEHDABLE_ITEM.{MESSAGE, {CLA3S_2}) ->

expectedResults -3

- Class 2 message is highlighted.

sstate DTISS SEHDABLEITEM STATEUALUE. {MESSAGE,
{CLASS_2}).(HIGHLIGHTED_UALUE, {}} ->

uc1 2 1 [] UE1_2_2)




L1 T T B T n i i —Af LI i
-— Main Flow

USER_P2 = Message exchange
-- Use Case: UC-12896.82-CV - Incoming message is opened and between components

-- moved to the Hot Hessages folder.
{

= Read incoming Class 2 message.
ead.USER .MESSAGE -DTREA_SENDABLEITEM.{MESSAGE, {CLASS_2 ,HOM}) -2

—- Open the CSH.
open.USERLMESSAGE_APP .DTOPE_MEHU.{CSH MEHU_LIST, {}) -

USER_P2[1 [] USER P2 21D

X — -— Alternative 1
——— MESSAGE_APP ——J S

UGEL USER_P2_2 =D
—— Use Case: UC-128926.82-CVU - Incoming message is opened and
—— moved to the Hot HMessages folder.

MESSAGE_APP_P2 =

-— Use Casg: UC-12896.82-C ( . . .
—- moved t§ the Hot Hessag —— "Move to Hot HMessages' option 1s not displayed.
{ isstate.MEHU_CONTROLLER.USER.DTISS MENUITEM STATEUALUE.({
~~ Read incoming Mon 55 MOUE_TO_HOT_MESSAGES_OPTIONH, {}).{DISPLAYED_UALUE, {HOT}}) ->
read USER.HESSAGE_APP _DARE
USER_P2
-— Open incoming message. 3
open.MESSAGE_APP .MESSAGE_V [1

-- Use Case: UC-12896.83-CU - User open CSH in Hot Messages folder.

-— Open the C5H.
open.USER .HESSAGE_APF .DTOP

-- Display CSH.
display.MESSAGE_APP .HEHU CONTROLLER.DTDIS MEHU.{CSM MEHU LIST, {}) ->

(HESSAGE_APP_P2_1 [] MESSAGE_APP_P2_2)
3

[1]
-- Use Case: UC-12896.83-CU - User open CSHM in Hot HMessages folder.




What has been achieved so far

Using: CNL and Use Case templates

Software
Requirements

PN

Requirements defined
in an abstract way

N

Automatic translation of CNL phrases
User and Component View
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1.1 UC-12896.01 - Moving a Message from inbox to

the Hot Messages folder

CSP

7

Re Latad i s
Main Flow
Req el
132 S“ Blternative Flow
I
Ded Fom[Sep]  actoracton | Gystemcrate | SystemResponse |10
Exceptions Flows
21
From | Step - To
Step | Id Actor Action . Systern S(atef - . System Hsspon:e” Ste
— ‘. esgage storage is ful "Message storage is full” is
I a5 1E EAEE‘ESE; ';ASE!.VE t‘?n':m Feature 8571 is displayed. “Clean up X
L] ges op compiled request is displayed
A r— Message list is displayed
K 2E |Perform clean up e
51— "lessage moved to Hol
3E Select messages and folder”is displayed
- delete the messages. System returns to inbox
E [ folder.
Seloct "Move to Hor | Essage storage s [ g
—L ]| 55 | 4 |5eect Move o Hot | Feature 8571 is not emary required” dialog e |
Messages" option Ao dl5ela ed
— col Use Case Objects
aE |-
inf
[Objects. [Attribute |
| Message [ Type [ M3, MM, Voice]

[Tock { Locked, Unlocked)




Component view as refinement of
user view

7% #
% &
Different Abstraction Levels
System Is decomposed into components
& 1 7% #
CompA
CompA CompB
CompB  User
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Example of models in different
levels of abstraction

channel a, b, channel al, a2, a3, bl, bz, cl

events view 1 = { a, b, c} View 2 = al -> a2 -> aj -

View 1 = a -»> [ b -» View 1 B ( bl -» b2 -» View 2
[] o -» View 1) [] ol -> View Z)
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Refinement Strategy
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View 1 event sequence ¥X,—View 2 event sequence ¥,

L

-

A

View 1 event sequence X;—Vliew Z event sequence Y,

Efiew_l event sequence XIHfiew_E event sequence YHJ
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map = { [(<ar,<al,az,a3i>), [<h>,<bl, bZ2>), [(<ox,<cl>)}



Mapping Function

Ht! I & 17
| & - - 17
A MAPPING_FUNCTION( map) Sl
events View events
@r View — > Componen@
353 -1 7 &&#H#!
MAPPING FUNCTION( map) = MAPPING PROCEIS (map): MAPPING FUNCTICN( map)
MAPPING PREOCESS (map) = [] p @ map d makeProcess| first(p)*second(p))
makeProcess (<> = SEKIFP
makeProcessi(seq) = [] 1 ¢ {| head(seq) |} B (i -> makeProcess|( talil (sedq)))
first(p) = let (m,n) = p within m

second(p) = let (m,n) = p within n



Refinement Checking

+-  HH ! H#
- | 7 - - 17

17

User_View_ with_mapping = User_View [| events_user view |]
MAPPING_FUNCTION( map)
User View_mapped = User_View_with_mapping \ events_user_view

' '=, 6! 113 -

< User_View_mapped [FD= Component_View
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Strategy Automation
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3 CML - Microsoft Internet Explorer

File Edit ‘Wiew Faworites Tools  Help

=101 x|

d=Back ~ = - &) ot | ‘@i Search [GFavorites

=
Gpveds 3| BN G v - >

C

Below there is the list os verbs that be
grouped by meaning. The list of modifi

Verbs

o 5t check (setf)
s Uncheck

« change

« adit fill

« Select choose
e Unselect

« highlight

o delste

o [EMOVE

o verify, check

o Start rin execite nerform
|;Eanne
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Address @ F:'I,Mestrau:l|:|'l,Tcn:uIs'l,useMndelGeneratn:ur'l,dn:n:s'l,userManuaI'l,n:nl-grammar'l,j E‘J}'GD | Lirks ”|

ontrolled Natural Language |

e

a ¥Yerb Usage - Microsoft Internet Explorer
Edit

File

Yiew Favorites Tools Help

FBack + = - ) ial | ‘Chsearch [EFavorites iMedia o4 | SR I

address

@ ModelGeneratoridocsiuserManualicnl-grammarverbs| DeleteItem, hkm j @GD

Lirks **

Verb Usage

delefe

This page explains how to use the controlled english. Each item
corresponds a possible usage os the verb.

Usage:

Delete ain) <Field Yalue= of aln) <Field=
Delete ain) <Field Yalus=
Delete ain) =List term= of aln)
Delete ain) <Field Yalue= of aln)
(n)
(n)

Delete aln) <ltem=
Delete aln) =Application=

|E:| Done

F

I_ I_ I_ |@ My Computer

N K




@ Documentod -Microsoft word =

grouivo  Editar  Exibir  Imserit  FEormatar  Ferramentas Tabela  Janela Ajuda Digite uma pergunka - X
HEHRS G Q VD XGRS 90| @& 5 e=6EE ||| -
Eﬂ-wﬁ-|-2-1-3-1-4-n-%-1-5-n-:-'-n-a-|-§|-1u-|-11-|-12-|-13- =
“l| To-Step:: -+ \BOERIFND N
T [+
A S Actor-Acti 3 S = R 2
I ctor-Action: ystem- otates ystem- Hesponses _|

% [astepl '[“'E":t'ﬂ""{GD-tD-Message- RS T he phaneis "HDt-Message"- 3
f il | conter Joctonr)e | B Tcondronn). | Tideris displayed afier

inbox."Hot-Message™

[Ty}
- 5;: folderis-displayed-before-
: “olce: ll
: Mail". Jresponsen | stepn :
B
r (arstep(| (4 action| Go-to- (4 condition {|n box-fol der- (“respansa{ Al inbox- . i
g ¥
iy — hac. at-loaact.1.nan. T lace. Moccamac.ara.
= @)= 4] | i3
Q| & Acdes do Documento = x
-Errars
Step Id | Senktence | Use Case ]
4 15 The phone is nat an. 128%96_01 sz
15 Hok Message Folder is displayed after inbo, 12896_01
ic Li—F BA ONTA T [ PR MY oy PN [ L B =il 19o0s M4 _'
Yalidate

<%
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iy x

File Assert Process Options Interruptl Help

Fefinement | Deadlock | Livelack [ Determinism | Evaluate |

Deterministic:
Implementation Model

£||System ﬂ Failures —

Check | Add Clear |

v System deadlock free [F]
v’ System livelock free
¥ Systemn deterministic [F]

~L_ A

P~ |

CHAOS(-)

L4

System
S 011k
S 01 2
UC 01 CF 1A i
- =~ -
Centro sion: fexportthomefwgcOd3fmotorolafElaine/CaseStudy2imodelo_man_con
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Conclusion
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Related and Future Work
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Questions?
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Backup Slides
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Use Case Templates
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Controlled Natural Language
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Controlled Natural Language

Select|at least three unread messages| from|inbox folder

/Delete the message from outbox folder \
Send the message to an invalid destination

Press menu key

There is an unlocked EMS message In inbox folder
Scroll to 1 MMS message

Qhone IS In Hot Messages folder screen /

. 4
Ay "formatica
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Translation to CSP

&t |

- Use Case Z

To stens  (WiBlXD)

(“amon]Go to Message | (csodibon Jcndton-) (arespons "ot Message”

Main Flow
From step: (Fam fon(LED)

actrs) folder i isplayed afer
Center e e s et

g To seen:  (BmlxD)
Gloeis deloyed e
e

4 Actor Action System State System Response.
Fstep] (Catan(o to Mossago | (vcandton]Jcondtine)

[EE—

i, rsgeeees eteps)

inbox foder | (rssone Al inbox
o T hes ateastonenon | Messages re

Camonloo o Reanatenly

o e oor s dsgiayod ator
2 | aner ) o ik essage
Clss 2 Message stored |y rey s foldor s displaye
at the phone, Jcondtion®) Mair
(| Eosorlto  non | Ccntbn ndbony) | eremomsleasage s ]| ool 10
Clss2 ighightd [EEpwes) s e o) | s atlsast onenon | isssagesare
) i [y =)
message Js) =

Eczmten] eondeon) Move fo Hat

Clacs 2 Meseage sored
s

el

A ) Neveage apon

displayed, esporr)
)

ol at the phone. Jesndeon
(eatep 10anon | (Wcondtion( Jcondtion ) s
A = :

displayed Jreseonse=)

. hied
) L
e Vestags oy
b o)
Use Case X -

Main Flow
From seep: (oadoalpLE])
7o seep:  (BxD)
G
W

(Catep (vacion{ o 10 Message | (reondtion] Jcondtins) | (
€501 | Center. Jaton

o Hoj Message'
s lder s displayed pefore
e

rosponelHot Message”
der is displayed aer

stepg ~_

s D
o e T

st prone. JordEens) | o)

Actor Action System State System Respanse [

Bl CoioTsent o2 on | Comonl i) | Copmalioseage s
Ciass

(3 J— highlighte o Jrspone?)
)| ressage ) )

] ool to (et Jcratin) | (s hove o Hot
s | cm Tozone) Wessages”opion s

’ step . step
= stepg 7 N
Use Case Y step, @

Centro i
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Translation to CSP

Main Flow _
Feon seept (EERIDLED)
7o sten: (oD
5 Actor Action System State ‘System Response
[ ]

o Commlors Wesap | Comtinl i) | s v s
) lde 1 deplayed sy
@y | coner o ek essage”
sk folder i displeyed betore
ok
S
o] Comloo o et lder | ezonelal nbox
O g B |1 st ononon | Measages e
B |2 asaage swrot
B L [P )
v phons. L) |0
0] CoonlSorl oo non | et Tons) | resonmlossage s
= — nighlhtod Jresparesr)
Matn P

message. adien) o

o Ttonn e
el e 2 b depoye. Fogia)
5 Actor Action System State ‘System Response
ol oo g )| o
il | conte o) “iboxt ot Vessage”
i) foldstis displaged bafore
S
ar. E
Tl | astone e s are A
S| Gl 2 Vs st | 1 g
e hone i) |2

[ ey =)
oos

(eresenzlessage is
ighighto. Tesores?)
— fighightos

message. Jadien)

)
Cmlonn e
com Jaci) Messages opton =
disployed Frespon)
Jon)

Use Case X step,

Main Flow

From seeps (P o (DLED)

To step:  (Bofwlx])
S t e Q S| Actor Acton SystemSiate SERED

Gt (ot 1 Miessage | (Ccontion Jcomtims) | Crssponel ot Message”

ol g s dispayed aner
Tt | Center lden s dopiyed ot
/ Szo) folder is displayed before
o

v o 5

= [ Eamainbon oter | GEtal box
= 5 |msststonsnon  [vessages aro
D o B |Gl e e | o
SH st prone Jantions) | 2
(ea] (Cmmz Serol 10 2 non | (wcondton] condtons) | (esporsifesange s
@l Closs Highigte Fegor=?)
I e A i
(ustapl| (waction{ G to (scondiion] conditon ) {sresporsm[*Move to Hot

(AN =) Wessages" opion s

Bm) doayed [5555)
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Use Case Templates - User View

Certain Use Case may
behave differently from
the interruption’s
default specification

Intaﬁqktions /

From Step: 5S-SR
To Step: 5S-SR

S;tgp Lozt Actor Action | System State System Response
11 | INCOMING_MSG aizggée R Incoming
Ke)./WOde FO From Step: 2E-AA
refer Interruptions To Step: X
‘Centro Step Interruption
delnforma"tiga N Id Actor Action | System State System Response
2| ANY | NOT_ALLOWED




Translating to CSP

P
e
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% ‘
O
C

SP

L
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Interruption Use Case

steps /®\S‘%
steg é Step,
(©)
‘ \ step
\, Stehhe

@

CSP with Interruptions



