ark

You are acting as a

requirements engineering
consultant to a client who

wants to automate his
existing multi-storey car
park with time-stamped
ticket-issuing machines,
payment machines,
closed-circuit television
cameras in order to deter
both theft and non-
payment, and automatic

ase Study: Multi-storey carc

Caisse automatique .
——— L —_--:-:1-“_ 1y o

uestion:

what are the elements related
- to the customer problem
- to the solution he has in mind?
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Car Park
= Management System
ME——
Barrier
Y —
/ Given
Car in front of TIM

Ticket When
Issuing Car driver pushes on entry request button
Machine Then
(TIM)

System delivers one ticket and opens barrler)
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sd Entrance gate scenario c

% TIM CPC Barrier

Driver
l I

|
! push button() |

i I pop ticket from tank()
I read ticket_id() :id

send ticket_id(id)

record_ticket(id, current_time)

: entry authorized(id) 4——|
I release ticket(id)

I
.
take ticket() open barrier() >
I
I
I
I
I
I

Verification: the specification complies with the scenario
Validation: Is this behaviour what the stakeholders want?




irst Goal Identification <

You are acting as requirements engineering
consultant to a client who wants to automate his
existing multi-storey car park with time-stamped
ticket-issuing machines, payment machines, closed-
circuit television cameras in order to deter both
theft and non-payment, and automatic barriers
operated by validated (paid-up) tickets.

 Candidate goals : the problem to solve

* Technical elements: contraints on the
solution

* Typical: lots of elts related to a solution

» RE @I@jeﬁtiTVceeME@ret:wancdﬁeeperm'wrsicghst%ipﬁ*ﬁ@%heJ
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HY
* Non payment deterred : WHY?
® NeW gOaIS / Car park owner satisfied /

Car park profitable,
Car park owner satisfied

/ Car park profitable /

why | ¢




* Non payment deterred : HOW?
* New goal: Car exit iff payment of a

fee
/ MNon payment deterred /

WHY | , b /| How

(if) (only if)
(Car exit [] Fee payment)

/ Payment of a fee === Car exit / / Mo fee payment === No car exit /

.




g actic: milestone
glecomposition

Milestone decomposition
\/ Fee paid Car exit after fee paid /

/ Fee computed / / Computed fee paid /

Not yet addressing solution techniques

Just analysing the pb based on what's
known about the needs




hEce computed

* Several fee policies could be applied:
— Fee proportional to stay duration (*)
— Fixed fee
— Fixed fee per period (*)
— Fee dependent on user classification

 Case decomposition tactics

* Applicable cases need to be discussed
with the customer.

« Customer selection: (*)




Ece computed

.

oS
o — -
AR\
A\ .Il :

i

/ Fee computed /
Tactic:

Case-driven — —

decomposition

Fee dependent on stay / Subscription fee computed /
duration computed
Tactic:

Milestone decomposition —~~—__

ay duration computed / / Fee = tanf (stay duration) /

/ Entry time recorded / / Stay duration computed at exit time /

Question: how to compute entry time and stay
duration?

S c



MR\ [ternatives

« HOW to compute the stay duration?
— System with tickets

— System with cameras reading plate
numbers

— Car equipped with id-system
* Goal analysis: allows one to...

— envision several solutions and
position them correctly

— confirm that the expressed needs are
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lternatives -

AND:Both subgoals

are needed / Stay duration computed / A N D
to satisfy the parent goal /

OR: Only one of the
OR \

Entry time recorded / subgoals is sufficient to
satisfy the parent goal
Stay duration computed at exit time /
Entry time recorded on
behalf of tickets

Entry time recorded on behalf
of plate numbers

Stay duration computed at exit time
on behalf of tickets

Stay duration computed at exit time
on behalf of plate numbers

I Not strong enough: risk of inconsistent OR-branch choices:
A1 AND B2 ; A2 AND B1 j
B We need (A1 AND B1) OR (A2 AND B2)



N\fter restructuring... -

A N D \4 Fee dependent on stay duration computed /
R / Stay duration computed / / Fee = tarif (stay duration) /

Stay duration computed Stay duration computed on
on behalf of tickets behalf of plate numbers

AND —
_ Entry time recorded (on \
Entry|t ded
niry|ume recorde behalf of plate numbers\/ A N D

(on behalf of tickets)

Stay duration
computed at exit time
(on behalf of tickets)

Stay duration computed
on behalf of plate
numbers)




/ Entry time recorded /

) {on behalf of tickets)

Tactic:

Milestone (5% Leaf level
/ Ticket requested / / Ti:ng:::{gg ?Qtdnr'fi:z:e /

Registered ticket
@ delivered to driver

/ Ticket registration requested / / Ticket registred
/ Entry button /

pushed Go for delivery
sent to TIM
/ Ticket-id read / Ticket-id sent to CPC Record (ticket id,
for registration current t|me} created
|
Ticket poped up
from tank . . / Ticket delivered /
< Driver > . .‘P/ Ticket taken /

Need to intoduce _
new agents to operate TIM: Ticket CPC: Car Park

the missing capabilities... Issuing Machine  Controller




Behavioural specification

UML sequence or activity
Dycver T CcPC

akes behaviours

¢ Easy translation more/fully deterministic wrt goals
i { from leaf goal diagrangao order on AND-refinement)
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Stay duration computed at exit time (on
behalf of tickets)

Diff (current time, entry time)
o computetd
Ticket at exit time

Ticket kept

during stay
Barrier maintained @
closed == no entry \

Batrrier introduced to achieve a goal !

Mo ticket taken
== no entry

Mo ticket taken == bamier
maintained closed




sd Entrance gate scenario c

% TIM CPC Barrier

Driver
l I

|
! push button() |

i I pop ticket from tank()
I read ticket_id() :id

send ticket_id(id)

record_ticket(id, current_time)

I entry authorized(id) 4——|

release ticket(id) |
.
take ticketou open barrier() >

|
| |
| ™~ Violates : No ticket taken [] 1

| | . . . |
. barrier maintained closed!

Keypoints:
* Important to keep rationales for behaviours
* Tracability




N hefts deterred

-| First idea: case decomposition

/ Thefts deterred /
Diamond-like structure:
Thefts of cars
detected /\‘

Need for the intermediate layer???
Thefts in cars
deterred
Attacks

L=t Robberies
/ deterred
Same HOW for all cases:

Constant watch kept over aII meaningless case-driven
sensitive areas tactic




BB hefts deterred (cont’d) <

J- Directed goal graph, not a tree
/ Non payment deterred / / Thefts deterred /

/ Car exit only after payment of a fee /

/& onstant watch kept rall /

Car exit after payment Mo car exit if no fee
of a fee pavment




NR=ke all viewpoints into account

J- Viewpoints:
— Manager
— Owner
— User
— Authorities

e Source for conflicts




N xample of user goals

/ No waste of time /
-I Case-driven \

/\No excessive waiting time / / Parking slots easy to find /
No queue at
entry gate
No queue for Parking slots with Guidance .system to free
paying occupancy detectors parking slots

No queue at Agent-driven: detector,
guidance system

exit

Other goals: cheap price, security, user-

g ~friendliness,.information.goals;....




= . -
NE_onflicts

/ Cheap price / / Parking slots easy to find /

/ Constant watch kept over all sensitive areas /

% Boundary condition :

Not for security reasons
/ / Private life respected /

Cameras images analyzed
and recorded

* between goals of a same agent
* between goals of several agents




MR onflict resolution

J- Different techniques, e.qg.,
strengthening conflicting goal to

(

Constant watch kept over all / Private life respected /
sensitive areas

Cameras images analyzed and
recorded only for security

reasons




Ul LOP-UOLOWIIL, 11O DOLLUITI-

D...

-

Car park successful NFR taxonomy.'

high potential
/%\ for reuse

/ Car park owner satisfied Car park customers satisfied

g Operatlonal goals satisfied /

Car park profitable

/ Safe infrastructure /
Thefts deterred
/ Secure infrastructure
Non payment deterred No waste of time

Laws and regulation

satisfied

User-firendly
interface Cg
/ Private life respected /

Piecing a jigsaw puzzle together )
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N bstacles

J- De-idealise the model: analyse all
what could go wrong

e Process:

1. Negate the requirement or the
expectation

. Find the obstacle origin and motivation
. Evaluate the obstacle

. Solve the obstacle

. Integrate in the goal graph

o B W N




ample

Goal-driven

X risk analysis

Ticket not dElI)CeI‘/ \

Obstacle pertinence needs
validation from domain experts

\ No more ticket Ticket jam

v v

Ticket shortage Ticket jam
addressed addressed




-I New intermediate goals

xample (step 5)

Entry time recorded
(on behalf of tickets)

e )
Entry time recorded Entry i
; ry time recorded
/ (on behalfl of fickets) / (on behalf of tickets]l
(normal cases) dysfunctlon cases)
\_
Tactic:
Case-driven
Ticket jam Ticket shortage
ket with entry ti
/ Ticket requested / / Ig”;::tf:ed tE[:] drﬁu:;]e / / addressed addressed /
resolutions

Refinements complemented with obstacle
RESIF@SE@{TU %ﬁiﬂ@—ﬁEQUIREMENTS & SPECIFICATION TECHNIQUES FOR INFORMATION TECHNOLOGY RESPECT-IT RESPECT-IT
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Xxample

/ Private life respected /

Cameras images analyzed
and recorded only for
security reasons

Image analysis and
v recording supervised
Cameras images

analyzed and recorded
not for security reasons

Camera images
deleted after 48
hours

Image export forbidden Export of recorded
except for superusers images traced

Obstacle resolution: new
requirements!




The best defense, ... c

Playing the bad guy

Define the anti-goals and refine them
into anti-requirements

e |dentify the vulnerabilities

* Solve the anti-requirements and the
villnerahilities

\ X Defeat CPC \ ]
X :anti-goal

\ X Avoid to pay \ \ X Pay less than the due fare \




-

(O Vulinerability

X Cheat on the exit time
X Cheat on the full time interval

X Cheat on the entry time
XTicket declared lost, O No way to prove O Anticipate X Use obsolete
stolen destroyed and short duration without ticket payment ticket to exit

duration claimed

Systematic analysis of delinquent
behaviours




Adopt counter-measures &

X Use obsolete ticket
to exit v / No exit for obsolete tickets /

-4

No exit allowed if MAX
payment and exit "

Al

Exit time compared with
payment time

r
Car park
owner Last payment time

recorded

Multi-session payment [ ¢ . CPC

supported




B ehavioural Specification

T/ Sequence diagrams: € PC

e Aetectz=a ~N flat, unmotivated |
7 poes: gy Goals capture the
0¢ i rationales behind the
e P\afe 4ol prescribed behaviour
.
Avoid [gheating w h ud
on the éntry time]
Important to inform h
developers about rationales “‘e“""d (-ﬁ"w’ neaf i)
initially & for releases ul"‘o"h—
neblegse [ichat




AR\dvanced feature: template

J- Generic goal graph providing a
standardized structure
* To be selected at project start

* Covers

— NFR topics (security, reliability, ...)

— Possibly functional goals related to the
project domain (reused from past
projects)

* NFR graph can be used as a
m checklist

-



Nl emMbplate: extract

[ Index de concepts
¢ % Requirements Model

¢ BNFR T

¢ Cf Operational goals

\
¢ @ Performance goals Template structure
Bl (Goal) Performance goals satisfied (diagram)
T W Secunty Goas \

[El (Goal) Auditable product (diagram)
[El (Goal) Data and code integrity ensured (diagram)
[l (Goal) Privacy goals maintained (diagram)
@(Goal} Security goals satisfied (diagram)

[BL (Goal) Maintainability goals satisfied (diagram)

[l (Goal) Operational conditions satisfied (diagram)

[l (Goal) Operational goals satisfied (diagram)

[l (Goal) Safety goals satisfied (diagram)

@ @ Usability goals

[BL (Goal) Adaptable product (diagram)

[El (Goal) Product easy to learn (diagram)

[l (Goal) Product easy to use (diagram)

@_(Goal} Product usable by all targetted user:

[E] (Goal) Performance goals satisfied (diagram) Alt-F i

@_(Goal} Usability goals sgtisﬂed (Qiagram) T
[ (Goal) Cultural goals considered (diagram) 7

[El (Goal) Legal aspects in force (diagram)
[l (Goal) Look and feel goals taken into account

_ . S
[El (Goal) NFR goals satisfied (diagram) remments ®

@_(Goal) Requirements on the development project satisfied
Robust product
Ranges of allowable fault tolerance
values satisfied

[E (Goal) Top goals
Available product

Reliable product
MTBF;

System sized according
to expected volume
information (capacity)

RESPECT-IT RESPECT-IT RESPECT-IT RE!
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N dvanced feature : Patterns<

Generic piece of goal graph

J Instantiation to concrete domains
- Selection of OR-branches
) OR |:| AN D con VerSi on / Service fee computed /

/o/

Time-dependent Time-independent
fee computed fee computed

J V\C\ Subscription, ... )C; V\)\
Fee dependent on Fee dependent on time Fee depending on Fee depending on
duration of service use frames computed service type classes of users
computed

Duration of service L : .
/ use computed / / Fee = tanf (duration of service use) / R I l ' 5 ; I




S c

N p bject Modelling

You are acting as requirements engineering
consultant to a client who wants to automate his
existing multi-storey car park with time-stamped
ticket-issuing machines, payment machines, closed-
circuit television cameras to deter both theft and
non-payment, and automatic barriers operated by
validated (paid-up) tickets.

 Candidate objects: domain specific
concepts

» Object attributes: object qualification
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Irst object inventory
Statement ___|Model

Ticket-issuing machine Ticket Issuing Machine

(TIM)
Ticket Ticket
Payment machine Payment machine
Closed-circuit television Surveillance system
camera
Automatic barrier Exit station, Automatic
operated by validated barrier
tickets
Car park Car Park System

Ticket | Auribute

Stamped entry time
Validated (payed up) payed



N biect definition -
I I A

ncb,f'

D) :%‘“"/ }Emj; Shefion)

|Zutonealic

(F et Poeian

 Agent Stereotype: if direct operational behaviour
(not by means of an aggregation relationship)

e Attribute type: not needed at this stage

* Fill the model in [] operationalise the j
RESPT‘éTqﬂiTréEméTﬁtg IIIIIIIIIIIIIIIIIIIIIIIII QUES FOR INFORMATION TECHNOLOGY RESPECT -IT RESPECT -IT




Ob-ject model

(« final »)

[] architecture
Payment
Machine

Exit Station

Minimalist approach: Introduce concepts to cover the requirements

Car Park Management System

Access Control System

//i

Surveillance System

\

Entrance Station

Msg Screen

Access Control Software

g e

Request Button

Automatic Barrier

Ticket

ticket_id
entry Time
payedFee




s perationalisation |

Stay duration
computed at exit
time

Diff (current time, entry time)
computetd

/ Ticket at exit time

No entry if no Ticket kept
ticket taken during stay

Barrier maintained
closed ==> no enfry

Ticket inserted into
payment machine

No ticket taken ==>
barrier maintained clode

 Concerned agents: CPC and TIM




A, to Open Entrance barrier [Operationaliza...

| Properties | Neighborhood || Documents |
ReqPre TicketTaken
ReqTrig

FormalReqTrig
ReqPost

FormalRegPre
FormalReqgPost

F

: © Open Entrance barrier [Operation]
Cpen Entrance barrier

: | Properties | Neighborhood | Documents |
Mame Open Entrance barrier
Def
DomPre barrier is closed
DomPost barrier is opened
Automatic FormalDomPre

Barrier FormalDomPosi
Issue
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Dperationalisation: CPC

Difffentry, currentitime
computed

Clock

currentTime

Compute fee
FareTable

Ticket_DB

Ticket
ticket_id
payed
entry Time

<‘ dusFee
No multi-session yet!
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= . L -
NMDperationalisation Il

X Use obsolete ticket
to exit v / No exit for obsolete tickets /

-4

No exit allowed if MAX
payment and exit "

Al

Exit time compared with
payment time

r
Car park
owner Last payment time

recorded

Multi-session payment [ ¢ . CPC

supported




ulti-session payment

ticket_id
MewTcketinfo amount
tickatld FareTable paymentTime

Register ticket w

ticket_id
payedFee
entryTime
duefFee

lastPaymentTime

payed[] payedFee
({)

VoW
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Shtate-transition of a ticket <

f—_ ud';}khf
[ananf tef <olee ]
gefease hehel [amf wl >, ol
Al /u(urfr‘c‘-t" /“] 4
el
hweout (157 ——
Rolly ot |
NB: incomplete r— f,
Lol 1egvce
No exit allowed if max duration exceeded Swalow b >
e Y bawuia

Deduced from the operation model



<°ersion <

GORE = keystone

e GORE:

— Favors creativity
e alternatives on AND/O

— Favors completeness:
* Goals not refined, No responsible agents

* Refinement tactics and patterns (missing
goals)

* Challenging goals (obstacles, threats)
— Favors communication with the

QBA}
| customers
il EEEEEEE -IT RESPECT -IT RESPECT -IT REQUIREVMENTS 8 SPECIFICATION TECHMNI QUES FOR INFORMATION TECHNOLOGY RESPECT -IT RESPECT -IT —/




	Case Study: Multi-storey car park
	Without goal orientation…
	Diapo 3
	First Goal Identification
	WHY
	HOW
	Tactic: milestone decomposition
	Fee computed
	Fee computed
	Alternatives
	Alternatives
	After restructuring…
	Leaf level
	Behavioural specification
	Leaf level
	Diapo 16
	Thefts deterred
	Thefts deterred (cont’d)
	Take all viewpoints into account
	Example of user goals
	Conflicts
	Conflict resolution
	Nor top-down, nor bottom-up…
	Obstacles
	Example
	Example (step 5)
	Example
	The best defense, …
	Think negatively…
	Adopt counter-measures
	Behavioural Specification
	Advanced feature: template
	Template: extract
	Advanced feature : Patterns
	Object Modelling
	First object inventory
	Object definition
	Object model (« final »)
	Operationalisation I
	Operationalisation : TIM
	Operationalisation: CPC
	Operationalisation II
	Multi-session payment
	State-transition of a ticket
	Conclusion

