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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CSP Process Algebra
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Strategy Overview

: WViews
System Tser View Liser Figw _
Requirements Use Cases CSF made! Mapping and
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Use Case Templates
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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
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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 /
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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

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
Al | WWait for at most 2 seconds. highlichted.
Exceptions Flow
From Step: 3M
To Step: END

Step Id 7~ UserAction N\

System State

System Response

IE ( Select "Move to Impart an)
Messages” option.

Message storage is full&

"Memory required” dialog is

| displayed. N
——

Confi
£ infarmation dialog.

"
Message content is displayed.
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CSP viewed as
a diagram

Read incoming
message

Open the menu

Select “Move to
Important
Messages” option




Translation to CSP

— Use Case Z
Fron scep: (onfowlpLe])
To Sten: o lx )
sl 00 10 Message | it codions) | Crepon ot Massage”
.

(From_fiow (| D
=T e st (el D
Center, “inbox" "Hol Message” o seen:  (mfoulx])
Gldeis deoyed e 2
Voice 7 [ Actoraction Systom State System Response
Mai Jrespoeet) stepr) ]| {vaction{Go to Message | (¢condtion] [conditon ) (wresporsel"Hot Message"
o ey Cremalan nron ot ) e dipasod aner
o |k {Messsgesae L oo K Mossage
D |1nbox e s Setone o o s Gplayod elore
o) ) N
v pho. L) |0 e
| Somnlscrolito o non | (candon Jodbon®) | responsaltessage is (wstep]|(sacton(30 10 (scandtion
Class 2 Tighlihtod. Tespoes®) L o ) s tleosone non | essages re
message. Jacienn) Ty ) o displayed Jrspore=r)
[ w=lhne o ot

i

=] e Vighighed Femons)
)| message )
)| e

1) tire prone o) | o
displayed Jrespon=>) Class 2
= A

(zstep] (racionlGo 10 (oo Jcortms) | (ctesperselvove to Hat
(@4 | csm Jaoms) Messages" option is

Use Case X ==

Main Flow
From steps (FonfonlpLe])
To seep:  (BfonlxD

Em
i

Actor Action System State System Respanse

(€l | center inbox.“Hot Message" B
Szo) folder i displayed before

v o 5

[ ematonlnbor ador | Ereel Al inboc
@ o) s tloat ons non_ | Wissages are

e B |G 2 Nenangesoes |y
L attre proe JendEery) | o

G| Foiolscrel foa o | Gaontbe ) | ersponelMessage s
|Gl 2

Highigte T=one®

(satep (tctionl o 15 (sconditon Jeonditon) | (resparshiove 1o Hot

= step. stepc
o stepg SN

Use Case Y
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Translation to CSP

Main Flow _
Fron scep: (fwlioLe])
1 e @D
5 Actor Action System State ‘System Response
[ [ (=i o= ey
Fe) foldr is diplayed ater
5801 | ente i) nbor ol Message
i) s it
M e [
[ [t Eomttenlnbox oder | (o Al nbox
G | has t jast cne non | Messages ars
Ciase 2 Mesaage stred
sl "on e | ispiayea. Feson)
atthe phons. Jondion) | 12
(Ezan] oo Soral o  non | o emnarn) | resonelfessoe s
— Highighiog Tespaees)

mescage, I —
Main Floa

Femlonto (Camdton Jendrans) | (resonelove fo Hot
Feon seep: (T (pLe]) (idls | e Jadtions) Messages" option is
@D displyed Fpone?)
To step:  (@HBAXD ==
)
S Acorac System St System R
5 ctor Acton yotem Sate ystem Response
(ol o000 Mg | Cmon i) | ol ot Msragr”
(a1 |certer “inbox" *Hot Message”
S falder s displayed batore
Ve
i ot [
(Gl ol to Cononlnoox lder | Cr=onslAl mbox
G e oo atoas ne ron | Messages are A
Class 2 Message stored
= sepsped Femes)
] tthephone eonons) 4

)
ol oot oo |Gt o) | s
foss

) righlightod Tespoeer)
message Jadien) it

)
=t e
€l | com o) Messages opion s
disployed Frespon)
Jor)

Use Case X step,

Main Flow
From seeps (R o (DLED)

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

ot ol o Massage | Gl Tt | Gl essrge”
R lier s dvsed s

o Hol Message"
Sio) lder i dispayed boore
e

A

v o 5

Jap)

G el o (ol | ol e

’ SJa) | message. [s%ans) %m@
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CNL Sentences translation to CSP
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steps ->

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

Main Flow
Sltgpf/*&*cmra&.ctmn o3y Sl
15\ 5o to Message Center.
25 GD tl:l "lnhl:l..." [T R P S PR N
1 . I
): PB' )

>? B' )
> HitH

full

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)




Component view translation to CSP
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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 Automatic translation of CNL phrases
User and Component View

Software Use Cases in CSP
Requirements CNL

PN

Requirements defined
in an abstract way — ’O\O
b, '

displaved affer "in
Exceptions Flows
2 = T Actor Action System State System Response i
Step | Id i) Y P Step
‘. Meseage storage is full "Message storage is full” is
g MEEVE oLt displayed. “Clean up X ‘

Selec
55 | 1E |jpess Feature 8571 is

R BE ages”oplion. | oviled request is displayed
e 26 | Ferform cloan up Message list s displayed v
5 Si “Message moved to Hot
i 3E |Select messages and folder”is displayed O
delete the messages. System returns to inbox
6 fol der.
‘ " Wessage storage 5l [ .
Centro 5o | 4p |Select Moveto Hot | FIRRRITEARATE Memoary required” dialag is | v ‘
de P Messages” option M displayed
Informatica [ [cfuse case objects
U:-F-P-E inf
[Objects. [Attribute |
| Message [ Type [ M3, MM, Voice] |
[ [Tock { Locked, Unlocked) |




Component view as refinement of
user view
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Different Abstraction Levels

System Is decomposed into components
)$ 74" $
CompA
CompA CompB
CompB  User
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Example of models in different
levels of abstraction




Refinement Strategy
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map = { [(<ar,<al,az,a3i>), [<h>,<bl, bZ2>), [(<ox,<cl>)}



Mapping Function
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Refinement Checking

2* 88 "3
* | 4" ** 14
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User_View_ with_mapping = User_View [| events_user view |]
MAPPING_FUNCTION( map)
User View_mapped = User_View_with_mapping \ events_user_view

" %(- +" o

< User_View_mapped [FD= Component_View
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Strategy Automation
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Strategy Automation
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Strategy Automation
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Experiments in the Motorola Context
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Strategy training
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15t Experiments (88hs) - Manual
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2"d Experiments (45hs) - Automatic
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3'd Experiment (13,5hs) - Automatic
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Conclusion
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Conclusion

, )"
56 " "
Y
[ "t EY%(-F
1% ) |
2 " E  “4F
6)/ " E)$

‘Centro i
~demformatica



Related Work

Y )

56 ")%

6 " " E%"

‘Centro i
~demformatica

l$ n 1 II/ 1

/

6

" F



Future Work
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Questions?
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Backup Slides
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Use Case Templates - User View

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

Keywords to
refer interruptions
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Translating to CSP
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Interruption Use Case

steps /®\S‘%
steg é Step,
(©)
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CSP with Interruptions



