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Introduction

m Requirements engineering is hard

O Software engineers often focus on doing the thing right, but...
[0 Need to do the right thing!!

m Need to ensure requirements analysed for the “three Cs” -
Consistency, Completeness and Correctness
m \We are interested in all three of these
O Previous work — supporting consistency of particular interest
O Current work — analysing for completeness, correctness

O Future work — better negotiation with stakeholders

m \When and how do we do this analysis?

0 As early as possible!
O Need good tool support



Motivation

m \We conducted a study of experienced requirements
engineers (REs) extracting semi-formal requirements from
structure natural language documents

[0 11 people, most experienced industry REs
[ Basic natural language requirements -> (Essential) use cases

m They did really, really badly!!

m An initial exploratory tool with basic automation support did
a lot better!

m Supporting tracability between the natural language
requirements & semi-formal models helped REs a lot to
improve both models



B 1racing Er

Example tool

]

All the traceback will display here.

The use case begins when the Clientinsert an ATM card. The system reads and validates the inf -

=loix|

All the traceback will display here.

1 The use case begins when the Client Insert an ATM card,. The system reads and validates the inf| =
2 System prompls for pin. The client enters PIN. The system validates the PIN 2 System prompts Tor pin. The client enters PIN. The system validates the PIN
3 Systemn asks which operation the client wishes to perform. Client selects “Cash withdraw 3 Systemn asks which operation the client wishes to perform. Client selects “Cash withdrawal *
System request amounts. Client enters amount l 4 System request amounts. Cliend entérs amount
Systemn request type. Client selects account type (checking, saving, credis) = System request type. Client selects account type (checking, saving, credits)
The system communicates with the ATM network 1o validate account 1D, PIN and avallability of th 5 The system communicates with the ATM network 10 validate account ID, PIN and availability of th
7 The systermn asks the client whether he or she wants receipt This step is performed only if there | 7 The systern asks the client whether he or she wanis receipt This step is performed only if there i
System asks the client 1o withdraw the card. Client withdraws card. (This Is security measureto g+ || |8 System asks the client 1o withdraw the card. Client withdraws card, (This is security measwe 0 8 o |
Cl| i I Y| (KX i I [»]
identify self
verify identity 2
offer choice
choose
dispense cash
| [ | 1
| tace || mpot || save || Reset || et || tacesack | | wrace || wport || save || Reset || Bat || TraceBack |
Tracing Engine _-J_:l x|

1. The use case begins when the Client insert an ATM card. The systern]
the card. 2. System prompis Tor pin. The client enters PIN. The system Y
operation the client wishes to perform. Client selects “Cash withdrawal
enters amount. 5. System reguest type. Client selects account type (l:hecklno. saving, credits) 6. The system
communicates with the ATM network to validate account 1D, PIN and availability of the amount requested. 7. The
system asks the client whether he or she wants receipt. This step is performed only if there is paper left to
print the receipt. 8. System asks the client to withdraw the card. Client withdraws card. (This is security

we to

we that clients do not leave their cards in the machine.) 9. System dispenses the requested 1
amount of cash. 10. Mem prirns receipt. 11. Client recalve cash 12. The use caso ands.

= and validates the information on
es the PIN. 3. System asks which
stem request amounts. Client

=8 The svstem communlcatas with the ATMm network to valldate account 1o, PIN and avalilability of th
7 The system asks the client whether he or she wants receipt. This step is performed only itTthere |
=5 Systerm asks the client to withdraw the card. Client withdraws card. (This is security measure to
=N System dispenses the requested amount of cash.
10 Systerm prints receipt
11. Client receive cash
12, The use case ends. -
< | (1] | | >
identity selr
wverity identity
offer choice
choose
dispense cash

[ Trace ] l Import J [ Save ] [ Reset I l Exit ] I Trace Back




Evaluation - text <-> EUCs for ATM

No. Correct answers

No. Wrong answers

Answers Manual Automated Manual Automated
extraction extraction
Tracing Tracing
Identify 5 1 6 0
user
Verify 4 1 7 0
Identity
Offer cash 4 1 7
Choose ; 1 : Automated Tool Accuracy
. 1
Dispense 9 1 2 o 09
cash = 0.8 + S~
S 07
2 06 - \ / \/
Take cash 3 0 8 0.5
c .
£ 04 AV4
Correctness 47% 83% 53% g 8%
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0
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Our Aims/Research Goals
m Provide requirements engineers with an environment to support: &

I extraction of requirements from text into semi-formal models
[ consistency checking

[ traceability

[0 completeness, correctness checking

between requirements expressed in natural language and semi-
formal models of requirements expressed as essential use
cases

m To provide REs with a lightweight approach c.f. natural language
processing, formal methods

m We are using Constantine & Lockwood’s Essential Use Cases as
the semi-formal representation...



Essential Use Cases (EUCs)

‘Structured narrative, expressed in a
language of the application domain and of
users, comprising a simplified, generalized,
abstract, technology free and independent
description of one task or interaction that is
complete, meaningful, and well-defined from
the point of view of users in some role or
roles in relation to a system and that
embodies the purpose or intentions
underlying the interaction” [Constantine
ockwood 1999].

Specifies a sequence of
abstract steps and captures
the core part of a
requirement.

Shorter and simpler than conventional
use cases, and is in the form of a
dialogue between the user and system.

Documentation of the
interaction without the need
to describe the user
interface in detail.

Contains User ] m
Intentions and Responsibility: “what

System the system must do to
Responsibilities support the use case”



Capturing requirements with Essential Use Cases £&

(EUCs)

Natural language

“Essential Use

requirements Case” (EUC) \
, User intention System
The use case begins when the customer .
responsibility
goes to the Customer Log-on page. 5 ,
There, the customer ‘types in his/her 1. Identify self
name and customer ID on the form and —>2.Present help
submits it. The system then 2displays th options
Tech Support home page with a list of 3.Select help option
Problem Categories. The customer 3c|ick3'/> >4 Request
on installation help within thg list, and the description
system “supplies the Incident Repo Describ bl
Form. The customer Scompletes and /5 LESCIIDE probiem .
submits the form, and the systen —>6.0ffer  possible
6presents a suggested resolution. solutions
T~ Essential
“Essential requirement
interaction” (“Abstract
interaction”)




Example EUC abstract/essential interactions

Abstract interaction

Essential interaction

Example of Domains

Verify user

verify customer credential

Online banking, online
booking, online business, e-
commerce,online reservation

verify customer id

Online banking, online
booking, online business, e-
commerce, online reservation

verify username

Online banking, online
booking, online business, e-
commerce, online voting

system, online reservation

check the username

Online banking, online
booking, online business, e-
commerce, online voting

system, online reservation

check the password

Online banking, online
booking, online business, e-
commerce, online voting

system, online reservation

Ask help

help desk

Online banking, online
booking, online business, e-
commerce, online reservation

request for help

Online banking, online
booking, online business, e-
commerce, online voting

system, mobile system, online
reservation

ask for help

Online banking, online
booking, online business, e-
commerce, online voting

system, online reservation

clicks help

Online banking, online
booking, online business, e-
commerce, online voting

system,online reservation

complete help form

Online banking, online
booking, online business, e-
commerce, online voting

system, online reservation

Offer choice

prompt for amount

Online booking, online
banking, online business, e-
commerce

display account menu

Online banking




Our Approach(1)

1
3 Essential use
Natural. Language Extraction —
Requirements

Requirements

Library — essential
interaction

Highlight;
change



Our Approach (2)

Extraction of a set of abstract

interactions from the textual, natural

language requirements

Generates a diagrammatic
representation of EUC T )

Voter registration i
5 Select option Requestidentification
B . . List of Absract
1.Voter loads EVote system is online &
Interaction

2 Voter selects voter registration option .
3. EVote system ask for name

5 SO /l _Select option

security number, date of birth ad

4 Voter provides nme‘T‘so’m |_2.Request TR

number, date of binh.addr‘e\ 4T Jdentification

5.EVote system checks Voter status * Identify self

6.Evote System generates Voter login ide® | ¥1—3 Identify user

and password.

1.a. After 60 sec ™4 Check status

1.a. EVote system displays time out ‘%{ y I I
iy NS Provides The mapping engine
2.a.1. EVote system displays time out pa I skt i Abstract words category uses a data base Of h
3.a After 60 sec A - ‘
3:@;1v EVote system displays time out page o Display exeo : . Essentlal Use CaSG ‘

patterns to structure the
2| interactions into an EUC
model

5.a. Voter data is not in reco
5.a1 Evote System di
information error page®.

Our framework for extracting requirements: (1) mapping text to interactions; (2)
mapping interactions to EUCs; and (3) creating the EUC



Our Approach (3)

Abstractinteractions EUC Model EUl Prototype
: 7. Derive
3. Derive e
R Te_xtual 2. Extract abstract To— EUC model Jr— EUI ——
___eqgiinements interactions using ety et ~ (o prototype
interaction library lyiaty InteracHons it from EUC —
Srdin —ee—ne model
- — __ _—
P=—=" e
—— —— et —— a—
Essential
Interactions o i’: ;
Librar
L4 Ul Pattern
Library
6. Resolve, live-with, ignore problems
8. Derive

Concrete Ul

5. Highlight
1. Requirement inconsistency, 4. Check EUC agains VievEVLfJ';O""
Capturing incompleteness, pattern library - = . prototype

incorrectness
problems

— -

instances

EUC

aaaaaae Interactions ~
{ | Patterns .
{ Be=ae

User and Requirement Engineer

Visual Differencing

Library

Concrete Ul View-Form Based Ul

Ul Pattern
template
Library

9. Validation with user

Validating EUCs with EUC pattern library (left); and supporting dialogue with
the stakeholders via EUls and form-based rapid prototyes (right)



Tool Support

m Developed an automated tracing tool, Marama Al, and EUC diagram
editor, Marama Essential:

O Provides support to extract EUCs automatically from text
OO Increases correctness of the abstract interactions produced

O Lessens the need for manual checking of software requirements -
provides consistency checking and notification support

O Requirements that are detected as incomplete and/or inconsistent
are highlighted - provides glossary and guidelines

m Comparison of extracted EUC to “best practice” EUC patterns:
O Developed library of common EUC patterns (templates)
O Compare extracted EUC to “best fit” pattern
O Helps detect incompleteness, incorrectness in extracted EUC

O Use a novel visual differ to highlight pattern/extracted EUC
differences

m Generation of rapid user interface prototypes
O Aid dialogue between requirements engineer and stakeholders




Extract Essential Interactions from text

‘-A)‘-AJNNI—‘.-JU\U'I.-QUJNI—‘

[0y]

|~ Connectors

Megister for vote (Some, 2005) A [ Select |
Primary Aetor:Voter . ListOFAbstractInteraction EUCDiagram
L4 Marquee
Precondition: EVote System is online [* Sketching tool select option Usli:::“teﬁtion
Postcondition: Voter is registered “hapes iG]
Voter loads EVote system is online =l request identification
U ASl=clect voter registration option B AbstractInteraction ey sof Tt
) . identify se
EVote system ask for name, social security B UserIntention request identificat..,
Voter provide name and social security num B SystemResponshilty check status
EVote system checks Voter status
Evote System generates Voter login id and [ ListOf Abstractinter... provide identification 'Llser_Intention
l.a.ifter 60 sec W EUCDiagram identiy self
display error
Placehold
a. EVote system display time out page B Placeholder System Responsb
a. After 60 sec B Extrashape check status
a.1. EVote system display time out page B RequirementGroup Marama
a After 60 sec ud Essential
a.1 EVote system display time out page W Include System Responsib. ..
B Extend provide identification
a. Voter data is not in record B RequirementGroupE. .
a.1 Evote 3ystem display incorrect informati ;
B IncludeEUC System Responsib. ..
display error
M ExtendEUC




Java - Alprj/input requirement.txt - Eclipse Platform Map to the E U C d iag ram and fal IS u nder

File Edit Mavigate Search Project Run Window Help

IE5e & 450 Qe [EHG~ @@ S~ [L bl G- the “user intention” category and select
(2 \r =0 jre ) =) *diagram1.maramaia Optlon |nteract|0n

<}=='D| A 4 . Register for vote(Stephane 3.5ome 2005) ;I [kSeIect
rimary Actor:Voter
B Altool Jal: An unregistered voter want to register in orde:
B euctest recondition: EVote 3ystem is online
B MaramaEsse Jstcondition: Voter is regls?ered - (= Shapes &
i BT nz.ac.auckls Voter loads EVote system is online
A select voter registration optior [ AbstractInterac...

EVote system ask for name, social security nube: B UserIntention
Voter provide name, social security n date
EVote system checks Voter status
Evote System generates Voter login id
l.a.After 60 sec

EVote system display time out page
After 60 sec

1. EVote
After 60

PR “select voter registration option (1)" is —

System Responsib. ..

o=x traced to a  particular  abstract rovide dentficaton

.1 Evote %

input requirement, txt

. EUCDiagram
i_i Marquee

[\\3 Sketching tool User Intention

select option

identify self! System Responsib. ..
request identificat. ..

User Intention
identifi self

System Responsib. ..
check status

B SystemRespons...

nd passwo: [ ListOfAbstractl...
[ EUCDiagram

(= Connectors 5

FrUE U U

@ o

interaction — “select option (2)”

______ i |

System Responsib. ..
display error

e =
Tracing an abstract interaction from textual requirement and mapping to the

Marama Essential representation




Inconsistency Checking

input requirement. txt SZ\

. Register for wvote(3tephane 5.5ome 2005)
rimary Actor:Voter

oal:
recondition: EVote System is online
astecondition: Voter is registered

Voter loads EVote system is online

. Voter select voter registration option
EVote system ask for name, social security nwabe:
Voter provide name, social security nwaber, date
EVote system checks Voter status
Evote System generates Voter login id and passwo:

1. EVote system display time out page
After 60 sec

.1 EVote system display time out page

Do

Voter data is not in record

D

TN

An unregistered voter want to register in orde:

A

W *diagram1.maramaDiagram X

[ Select
r=1
i _4 Marquee

s Sketching tool

(% Shapes
[ AbstractInterac...
[ UserIntention

<0

M SystemRespons...
[ ListOfabstractI. ..
[ EUCDiagram

(= Connectors <0

B Visuallink

Abstract Interaction sequence is inconsistent with the inp
sequence of EUC components.

.1 Evote System display incorrect

ListOfAbstractlnteraction-

User Intention

select option
request identificat... —
identify self System Responsib. ..

i - request identificat. ..

check status- | |
provide identification User Intention

identify self

System Responsib. ..
check status

[

System Responsib. ..
rovide identification

abstract interaction - “select option”
is moved.
—>produces an inconsistency in the

requirements and the tool detects
this and provides a warning about
the inconsistency.



Inconsistency Checking (2)

input requirement, kxt 23\ W *diagram1.maramaDiagram X =8
6. Register for wvote(Stephane 5.5ome 2005) _A_l L}Select
Primary Actor:Voter o ListOFAbstractInteraction- EUCDiagram_
. . . v 1 Marquee
Goal: An unregistered voter want to register i t-+
Precondition: EVote System is online [+ Sketching tool select option- User Intention
s 3 . select option
Postcondition: Voter is registered (= Shapes S
1 Voter loads EVote system is online 2 request identificat...
; ; ; B AbstractInterac...
2 Voter select wvoter reglstrat.lor} option - identifyself- System Responsib. ..
3 EVote system ask for name, social security [ UserIntention request identificat. ..
4 Voter provide name, social security number B SystemRespons... checkstatus-
5 EVote system checks Voter status
6. Evote System generates Voter login id and [ ListOfAbstractl... provide identification User Intention
7. 1l.a.After 60 sec B EUCDiagram deniy et
1.a. EVote system display time out page displayerror-
2.a. After 60 sec (= Connectors ® -
""""""""""""""""" . . System Responsib...
Z.a.1l. EVote system display time out page B visualLink check status
3.a After 60 sec
System Responsib...

' EUC component is inconsistent with the property in textual requirement and rovide identification
abstract interaction.

keyword: select date

System Responsib...
display error

New component of EUC is added and tool detects an inconsistency
with the textual requirements and abstract interaction. An
inconsistency warning appears and informs the requirements

engineer where the inconsistency occurs.
This warning shows dependencies that occur between the textual
requirement, abstract interaction and EUC diagram.



Text/Interaction patterns

[ BTN TN NS N
D T

This use case begins vhen a customer im:B

The system prompts the customer for
The system prompts for the type of 1
The system presents all matching vel
If the customer selects a vehicle f¢
The system presents information on }
If the customer indicates "accept re
This use case ends vhen the reservat

£ Inconsistency Warning

peink

The folowing abstract interaction is inconsistent with the textual
1\ requrements.

Do you want to UPDATE the textual requirement or DELETE the new Abstract
Interaction or Conkinue with Inconsistency?

<confirm booking
= Coerertoes

Detect textual essential interactions are
inconsistent with abstract interactions

-option to change text
-option to change abstract interaction
-option to ignore and fix later (or not) ©




Interaction -> text

i3 use case begins vhen a customer incs) 23 Marguee
« The system prowmpts the customer for o
+« The system prompts for the type of
« The system presents all satching vel em P
If the customer selects a vehicle f«¢

. The aystem presents information on i - -
. If the customer indicates "accept ¢ B Userntention
«» This use case ends vhen the reservat B Srstesfonpors...

S
P

i
|

ltyaommhl.

Update text.

-manual update

-semi-automatic update from abstract
interaction -> essential interaction



Ilgnoring inconsistency...

is use case begins wvhen a Customer ux;j
The system prompts the customer for
The system prowmpts for the type of
The system present= all matching wvel
If Tthe customer selects a vehicle f£«c
The system presents information on §
If the customer indicates "“accept re
This use case ends vhen the resevar

2 Problems 1T G Jawadoc | [ Dedarstion ™ Model Irstarces | ® Exported Properties | ® Property Macong

3 emrors, 1 warning, 0 cthers
- | Resource | Pah | Locarion | Type 1
= & Wamings (1 tem)
& The new abstract Nteraction & Nconsstent sith textud reguirement Sagraml.m... AlS peint Probilem

Ignore (for now)

-Eclipse problem marker tracks




Renaming items (eg choose->check)

l:nia use case begins vhen a custower indicates | .".‘, Marquee patractacion | QUi
e vishes to make a reservation for a rental car. N )
2. The system prompts the customer for the pickup and ret [}i‘gﬁdﬂ

of the reservation, as well as the pickup and recurn dates |, .
3. The system prompts for the type of vehicle the custome (hapes | T

The customer indicates the vehicle type, [ Abstractin... System Responsib...
4, The system presents all matching vehicles available at W Userlntert... offer choice

|5. If the customer selects a vehicle for rental, the syst

6. The system presents information on protection products @ SystenRes...

7. If the customer indicates "accept reservation,” the sy B Listofabst,.. %w
8. This use case ends vhen the reservation confirmation b B EuCDisgram

x
The following abstract interaction is inconsistent with the textual
! requiements,

Do you want to UPDATE the textua requrement or DELETE the new Abstract
Interaction or Continue with Inconsistency?

check kem

1

§§. i1

i

[Cupdme | et | comie |
Vi dentiy sef
| 1 1 g
o e e s T X

Phaase input new textual requirement. You can use the kst of wards below o

gussary for hel;
Names used to link parts ConetandConpte s
-need to remap ke
-need to update i >
. . [ystem scanbed|
-semi-automated  support  using

abstract & essential interaction

keywords Lo ] owe |




EUC Patterns — a few examples...

Scenarios/
Use Case stories

User intention
Abstract Interaction

System responsibility
Abstract Interaction

Reserve item

choose

offer choice

view detail

request identification

identify self

confirm booking

Purchase item

choose

check status

identify self

provides detail

verify identity

request confirmation

view detail

Make a transaction

select option

choose

select amount

verify identity

print
Book item identify self
select option
select item
insert information
Print

Make a registration

select option

request identification

identify self

check status

provide identification

display error




Visual diffing - consistency

is use case begins when a customer indicates 3
he wishes to make a reservation for a rental car.
. The sy::eml"'prompts the customer for the plckup“r &

of the reservation, as well as the pickup and return dates
3. The system| ***prompts for the type**? |of vehicle the ¢
The customer indicates the vehicle type. wm
4. The system presents all matching vehicles available at choice
IS. If the customer selects a vehicle for rental, the syst l
6. The system presents information on protection products
7. If the customer indicates "accept reservation,” the sy md:dm
[8. This use case ends vhen the reservation confirmation k
& Inconsistency Warning \zl
) INCONSISTENCY occur between Textual requirement and Abstract System Responsh
Interaction. Do you want to DELETE both components or CANCEL deletion of e Bk
EUC Component?
his use case begins vhen a customer indicates - - | .':Marm [romm s — .
he wishes to make a reservation for a rental car. k”m
me system deleted  _ ] | ket | sl
of the reservation, as well as the pickup and return dates _— l deleted I
3. The system deleted of vehicle the ¢ (= Shapes I elete
he customer indicates the vehicle type. v v 2
4. The system presents all matching vehicles available a deleted
S. If the customer selects a vehicle for rental, syst
6. The system presents information on pro on products
. If the customer indicates "acc eservation,” the sy mwm
8. This use case ends when reservation confirmation k
System Responsh...
Comparing models, can D
paring )
-highlight EUC elements s
confirm booking

-show changes




Visual diffing — correctness/completeness

lndic:‘l ‘;MUW
wcal « [Qy Sketching
!
wr the tool
» and ————
3 ot . @m Loe
type W Abstractin,..
Ledes @ Userlntent...
rorent
rotect @ SystemRes...
Pt re W ListOfAbst...
lon o & EUCDisgram
Il Placeholder
W Extrashape

 EUC template List

Choose EUC pattern to compare to
extracted pattern
Detect “pest fit” EUC pattern to

compare



Compare to template EUC pattern

hen a customer '"1nd1c¢;| u”’m
servation for a rental ( )

pts the customer for thi [:9 am
well as the pickup and
pts for the typet*r of v || Shapes
tes*™* the vehicle type I Abstractin,..
s all matching vehicles @ Userlntent...
lects a vehicle for rent

s information on protect @ SystemRes..
tindicatesttt Maccept r B UstOfAbst..
vhen the reservation c( & £
2
0 Pl
s o~
& Inconsistency warning

Your EUC diagram ks INCONSISTENT with the EUC Template, There is an
‘ Incomplete o incorrect component, Do you want to KEEP your new diagram or
CHANGE to the EUC Template,

Compare extracted EUC to pattern (template) EUC
-highlight items added — incorrect

-highlight items missing - incomplete

-highlight items in diff order — incorrect/inconsistent
Allow semi-automated update of extracted to pattern




Update based on template

e

This use case begins when a customer ***indic~| 7”1 Marquee
he wishes to make a reservarion for a rental < LIJ N
2. The system ***prompts the customer for the \\stools”c 9 v —
Oof the resecrvation, as vell as the pickup and b
3. The system ***prompts for the Type*** of (= Shapes <«
The customer ***indicates*** the vehicle type B Abstractin,.. System Responsib, ..
4. The system presents all matching vehicles B Userintent offer choice
S. If the customer selects a vehicle for rent
6. The sys=tem presents information on protect @ SystemRes...
7. If the customer ***indicates®** "accept I B LstOfAbst, .. mﬁjlllmlllllnnlulh...
8. This use case ends wvhen the reservation ¢« B EUCDisoram
@ ExtraShape identificat...
B Requireme. ..
Wl Include
B Extend :
B Requireme, .. |
a confirm booking

Modify EUC to template

Update abstract interactions [ connoctors >

W Visuallink

Update text . Sequencetink

@ Includelink
B ExtendLink
W IncludeEU...

. -’_’;l B ExtendEU...
! Problems &3 (@ Javadoc| (i, Declaration | ® Model Instances | ® Exported Properties | ® Property Mapping

errors, 2 warnings, 0 others

description =~ | Resource | Path | Location | Type |
= & Warnings (2 items)

& The EUC diagram is changed to EUC Template diagrami.m... Al6 EUC di... Problem
@ The Hglighted textual requirementis iInconsistent with the sequence of A diagraml.m... Alé choose Problem




EUl rapid prototypes

User Intention System Responsibility

Student identifies himself Verifies eligibility to enroll via BR129 Det:
Elgibiity to Envoll

Indicate available seminars

Va_liQa’_e choice via ‘8‘?130 D«omm St
Choose seminar Eligibity to Envoll in a Serminar.
Validate schedule fit va BR143 Valdate
Seminar Schedule

Calculates fees va BR 180 Cakulate St
and BR4S Calkculate Taxes for Seminar,

Summanze fees

Request confirmation

Enroll student in seminar

Confirm enroliment ,
Add fees to student bill

Provide confirmation of enroliment




EUl Generation

Essential Use Cases (EUC Model)

User Intention System responsibilit:

1. identify self |

2.verify i

3.offer choice

[, 1

4.choose o
transaction

L4
5.di:‘§ash-/‘z[:

6.take cash -«

Mapping
engine

Ul pattern
library

EUI Prototype

1. Other
personal
detail

N 3. List of
option

N

AN

b List of
Payment

N

\

AY
S (&
Display
Cash

ul
Mapping
engine

Ul pattern
template
library

Concrete Ul:Form based Ul
D [12345

Name I

Adress |

Phone Number |

Your ID is: 12345

[choice 1 [choice 2 [choice 3
}valuel ‘\’a]ue?. ‘\'a}ueS
[T_Vpe 1 [\'a}ue 2 ‘TypeS

[cheque [saving [credit

100 50 10

Your balance is: $1000




porsonal ..
)
- W Abstractinterac... o . oy W Container
W Inchadetink Bl Userintention B RoquiromentGr ..,
W Extendink W SystemRespons... - trcude
- b W UstOfAbstractl... W Extend
W ExtendEUCLRk | @8 EUCOIsgrem [ T
W Pacohokdes (- Connmctors ©
B @ [ - Model - ®pPrope| @ ExtraShape Wl Navigationtnk | T |
B Reur = ’” T
N The use case begins when the Client insert an ATM carc Wl trchude W Extendlink

. System prompts for pin. The client enters PIN. The aya - Extend

. System asks which operation the client wishes to perfc

. System|[***request amounts***L Client enters spount. BB RoquirementGr...
. System [FT‘WJc;xent selects account type| @ IncudeEUC

6. The syscem communicates with the ATH network to wvalide W oo

. The system asks the client whether he or she wants rec
» System asks the client to withdraw the card. Client wi
- System dispenses the reguested amount of cash.

10. System prints receipt.

11. Client receives cash

12. The use case ends.

« | I | 1 |

(@ Javadoc (112, (= Model IC [® Property Mepping | ] EUC Trace Result &2

Take EUC and generate U 100010 2 B~ == <=-- -oine vien the Ciionc inserc an ATH card. The system resds and vaiidates the information on che card.

ystem prompts for pin. The client enters PIN, The system validates the PIN.
ystem asks which operation the client wishes to perform. Client selects “Cash withdrawal.”

-set of EUl element patterns e D R R R TR

he system communicates wicth the ATH necwork to validate account ID, PIN and availabilicty of the amount regquesced.

he system asks the client whether he or she wants receipt. This step is performed only 1f there is paper left to pri

. .
III EU Ite I l to EUl Ite I l yotem asks the client to withdraw the cgard, Client withdraws card, (This i» security mweasure to ensure that clients .
Bystem I"'d:-pen-cl the requesced mnm’."} of cash.

fystem prints receipt.

-generate EUI layout i Gt e

-allow editing of both (plus text)



Generating an HTML Form from an EUI

[ Select
{_4+ Marquee
[+ Sketching tool

— Shapes <0
Bl Container
Bl RequirementGr...
B Include
Bl Extend
Bl EUIDiagram

= Connectors re
Bl ravigationLink
Bl IncludeLink
Bl ExtendLink

Q§° IC:'l,maramaAIZ'l,runtime-workspace'l,AIﬁ\,diagr.

D |1119361

Name |Massila

Adress |4g/2 whitaker place

Phone Number |02102446787

Your ID is: 12345

|choice 1 |choice 2 |choice 3

valuel |Vale2 |value3

Type 1 |[Vale 2 |[Type3

|c.heque |saving |credit
l1oo0  [s0 |10

Your balance is: S1000

Generate HTML form from EUI
-library of HTML items
-library of EUI->HTML items

-layout & sizing heuristics
-can interact with form to “try” Ul
[-can edit & keep consistent]




Consistency management, checking

- - [Ciimar

Wale\dar | B>

ID [1119381

Name 'MISSI'O

Adress [49/2 whitaker place

Phone Number [02102446787

Your ID is: 12345

deposa ‘withrawal .ru'msfer check balance| 2

ELADS a0

DD | FM“

]

e

EEmm— 1

=N

aralor CLEDAgy o
balance '.,, )

B | o deleted
r——

e =

mm
Ut of punveert
_J
=

Modifying EUI item -> modify HTML form
Add/delete EUI item -> modify form




Architecture

Marama M MaramaAl visual editor :
T
Meta_tOOI . TOOl — T— ListOFAbstractlnteraction eXt edltor
designers Instance =0 - i
Meta- : i i mmnan : 3
mOdel fiorr iy provide identification o
designer > / N o r\ I N
Shape Z 7 - 3 -
designer MaramaAl 6| Add/update/ Update
~ ’ diagrams & delete text
iew 5
model
designer // Annotate Annotate
: Marama / diagram text
Behaviour meta-tool
designer Core APIs Visual diff Change Extract
EUC model Diagram/text Interactions
7 <
1
- EUC Patterns ; i
. nteractions
MaramaAl MaramaAl saved Library Library
tool model/ diagram/
specifications text data




Architecture & Implementation cont..

Types of MaramaEUC Event handlers:
Q Extractinteractions: extracts abstract interactions from text

Q Trace: Trace the textual requirement to the abstract interaction: extract key
phrases which are analyzed and matched by the interaction pattern library.

0 Trace back: Traces back from abstract interaction or EUC component to its
source.

0 MaptoEUC: Maps an abstract interaction to an EUC component - helps to
auto-generate the EUCs.

a Index Checker:_Checker for the consistency of the sequence of abstract
interaction and EUC Component.

0 Pattern comparison: Check match of EUC against a pattern (or patterns)

a ViStE[Ja| difference: visually compare extracted EUC against a chosen or best-fit
pattern

0 Map EUC to EULI: generate a EUI rapid prototype by mapping EUC essential
interaction groups to EUI items

0 EUl to HTML form: generate prototype HTML form from EUI




Evaluations

m Conducted preliminary evaluations with 8 Software Engineefing
postgraduate students

m Several work(ed) as developers/requirements engineers in industry

m Participants were given a tutorial on how to use the tool and examples
of how an EUC model is derived from textual natural language
requirement and how to manage requirement consistency using
Marama Al

m Participants rated the usefulness and the usability of the tool together
with its inconsistency detection

m The evaluation is conducted using a standard method - Likert scale
with a five part answers (1 — not useful to 5 — always useful)



Evaluation #1 — Trace/consistency =&

Category Abstract Interaction | Marama Essential (%) Consistency ;
(%) Management (%)
Very Useful 68.8 59.4 56.3
Always 25.0 34.4 37.5
useful
Sometime 6.2 6.2 6.2
Useful
Little useful 0 0 0
Not Useful 0 0 0
Save Time 100 100 100

Feedback :
LAbstract interaction: The tool might be/is constrained by the domains available in the

interaction pattern.

LMaramaEssential (EUCs): Users more familiar with UML diagrams.
L Consistency Management: Users would like to have more complex consistency checking by

the tool.




Evaluation #1 cont.. S
Automated Tracing Tool ;
(%)
Very Easy 59.4 62.5
Always Easy 37.5 37.5
Sometimes 3.1 0
Easy
Little Easy 0 0
Not Easy 0 0
User Friendly 100 100

Feedback :
UAutomated Tracing Tool: Users had difficulty understanding layout used by Marama
Al

Ulnconsistency Management: Tool currently provides good warnings but limited ways
of resolving the inconsistency (sometimes wrong)
O Multiple models: useful for dialogue with stakeholders but want other formats




Evaluation #2 - EUC Patterns

User Study Result- usefulness, ease of use, ease of learning
and satisfaction

Cognitive dimensions evaluation:

I . ‘J does MaramaEUC support ...7?
Il = = Cognitive | Strongly Strongly

percentage
=N LS UNOHYJOOLODOD

Strongly , , Strongly dimension | Disagree Disagree | Neither | Agree Agree
agree | Peree | Neither | Disagree | oo | | [ Visibility 00 | 00 | 00 | %09 ] 91
Viscosi 0.0 9.1 9.1 72.7 18.2
o Uselulness > | 03 ] e 0 T ST B BT T
B Ease of Use 24.2 66.7 9.1 0 0 Hard-mental
Ease of Learning | 30.3 63.6 6.1 0 0 effort 9.1 273 45.5 182 0.0
L Error-
W satisfaction 273 54.5 121 6.1 0 Proneress 0.0 545 455 0 0.0
Closeness  of
Mapping 0.0 9.1 9.1 727 9.1
Consistency 0.0 0.0 18.2 72.7 9.1
Hidden
Dependencies 0.0 0.0 18.2 54.5 273
Progressive
Evaluation 0.0 0.0 18.2 54.5 213
Premature
Commitment 0.0 0.0 18.2 454 364




Extracting semi-formal models of requirements from natural language text is hard

Summary & Future Research

Keeping semi-formal models consistent with NL text is challenging
Checking completeness, correctness of extracted semi-formal models very hard

Negotiating with stakeholders using natural language text or semi-formal models limited
effectiveness c.f. rapid prototypes of interfaces

Developed MaramaEUC:

(|
(|

I I R N R

Supports extraction of semi-formal EUC requirements models from natural language text

Supports consistency management between different notations (text, essential interaitons, EUCs, EUls, rapid
prototypes)

Supports analysis of extracted EUCs against “best practice” EUC patterns

Supports visual diffing of EUC vs best practice pattern

Supports generation of EUl and HTML form rapid prototypes from EUCs to aid negotiation with stakeholders
Evaluation of tool prototypes undertaken with experienced REs

Want to further extend libraries of interactions, patterns, Uls - support wider domains
Larger evaluation of the tool including in industrial domain to be undertaken

Want to assess not only impact of our tool - both in terms of improving the adoption and use of
the Essential Use Case method - but also its impact on improving the efficacy of the method
itself. This may include integration with other requirements and design modeling views.
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