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@ HOOD

Experts in Requirements

Motivation

System and Software-development is not trivial!

= Representation of problem domain
and solution using models

= reduces complexity
= simplifies communication

= improves reuse

= Modelling is an established
engineering technique
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@ HOOD

Experts in Requirements

Benefit of modelling

= Modelling is a tool for

= Customer
= |Impression of product/system
= Stabilisation of requirements

= Project management
= Risk mitigation by early verification (Requirements, Architecture, Design)
= Cost reduction by automation

= Development
= Early proof-of-concept by simulation
= Re-use of models

= Quality assurance
= Quality improvement by automation
= Early testability

= QOther stakeholders
= Communication tool

= Modelling is no end in itself!
= Depending on project size and objectives
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System Development Process

&xperts in Requirements

Systems consist of sub-systems and their interfaces

Customer Requwements *

System Design

— —— —— —— —

Subsystem Design
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Customer Language and Technical Language

ukxperts in Requirements

The difference between

and System Requirements:

/ Customer Requwements Specn‘lcatlon

. 1

System Requweménts

.
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@ HOOD

xperts in Requirements

Requirements Definition Process

Input Requirements Released
Scope )
Requirements

Traced to
Source

Structure

Copyright © 2008 HOOD Ltd. http://www.HOOD-Group.com -9- Specifyng By Modelling?
Vertraulich. Alle Rechte vorbehalten. Weitergabe oder Vervielféltigung ohne vorherige schriftliche Dr. Rudolf Hauber. REConf 2008. Version 1.0 - 6. Marz 2008

Zustimmung der HOOD Group verboten.



Requirements Definition — Modelling

@ HOOD

xperts in Requirements

Modelling supports all activities

Mod

tand

Protoypes
SA/RT

UML Model
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@ HOOD

xperts in Requirements

Requirements Definition — Process activities

Understand and Consolidate
Input Requirements

Defining Requirements
The Requirements Definition
Process is far more than just
using a template

Modelling

Understanding Requirements
Before we can define the next
level of requirements we have to

understand the requirements we
seek to fulfill

Modelling

Source: HOOD poster ,Erfolg ist Erfullung der Anforderungen®, published 2007
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HOOD Modelling Process

@ HOOD

Experts in Requirements

1.

Understand top level requirements
=  Word, RM-database =
Word %
2. Define System Scope, identify and specify interfaces A
= Context diagram N2
3. Define requirements 3
= Identify and describe use cases using use case diagrams .| 2 3
= Formalize use case flows using black-box sequence diagrams e |
= Consolidate flows using activity diagrams —
4. Define architecture
= Find candidate architecure using internal block diagrams
5. Specify subsystem requirements
= Refine use case flows using white-box sequence diagramﬂsf
= Consolidate subsystem responsibilities using state charts -
= Specify data flow using block definition diagrams
6. Consolidate subsystem requirements

Animate the model

EmergencyDiive O der
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@ HOOD

Experts in Requirements

Customer Requirements

= Capturing current business situation
= Modelling techniques can be very helpful
= Business Modelling can help to understand current business:
= Applying techniques like scenarios, use cases, interviews,...
= Using notations for business processes, roles, data

products <<business entity>>

<<business entity>>
Order
% ordered by orderd BPMN as new standard

i Product .
ordering date (for BPEL as execution language)
remarks 1.*
Customer
E A Task Accept Cash or
Eﬂ\ Start Event Check or Cash Check Eﬂ\n End Event :
UML Business Modelling profile ; — ) Payment
. ¥y Method? Prapare
Payment Package for .
- Method Customer
| A Sequence Process Credit
Flow 'Credit Card Card
[A Gateway From Stephen A. White,
“Decision” “Introduction to BPMN”
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@ HOOD

Experts in Requirements

Customer Requirements

= Defining customer requirements
= Use Case Modelling can be very helpful to understand a new system
= Animation of user activities improves understanding of new processes
= Using graphical notation to improve readability of requirements
= 1 picture tells more than 1000 words*

@ x

/Order PrOduct\/memSENCe

Customer cancel Order ShlppmentSerwce
SalesClerk
reject Order
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System Requirements

Q

HOOD

Experts in Requirements

= Defining system requirements

= Modelling can be very helpful to state customer requirements more precisely:
= Formalised message flows using sequence diagrams

= Business concept states & modes

= Data Modelling

=  Timing
Order
id Orderltem 1 R
paymentKind /£7* quantity id
fromVIP — pricePerUnit

reject @ rejected

art’ received

ance canceled

shipProducts

productsShippep

payed

__orderedBy 1

controll
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Receipt

paymentTime
isPayed

Customer

ID

isPayed
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SW Requirements

@ HOOD

Experts in Requirements

= Defining software requirements
= Modelling can be very helpful to derive SW from system requirements:
= Precise interfaces/protocols

= Subsystem modes and timing

= Typed data models

i

<<Capsule>>
Controller

+ / operatorDialog : OperatorDialog
+ [ fill : DeviceControl

+ / drain : DeviceControl

+/ level : MonitoredValue

#/ timer : Timing

(|
<<Protocol>>
OperatorDialog | + / operatorDialog
@
=g Start (void) =
o= done (void) Il
]
7

<<specified by>>,-~"

Initial

Fake

S

tart
#’

level

isFull

timeout
-~

\ +/ drain / drai
N
+ /il ramn

<<Protocol>>
DeviceControl

=g isOn (void)
g isOff (void)

o= turnOn (void)
o- turnOff (void)
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3

<<Capsule>>
TestSystem

W - /fill: DeviceControl~
[W +/drain: DeviceControl~
[W +/level: MonitoredValue~

] #/ timer : Timing

+/ level~

0a
<<Protocol>>
MonitoredValue

=g Vvalue (int)

/_Controller

tester/ Tester

T
1: start

2: filvalveOn

! 3: tankFull !
4: filvalv e Off -
5: startTimer |
| | Seconds oftime
_ pass during these
| | intervals.
6: timeout _| |
|

| 7: drainValveOn

! 8: tankEmpty !
e —

10:done |

9: drainValveOff

Dr.

=

Rudolf Hauber,
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RM and Modelling

@ HOOD

Experts in Requirements

= Modelling can help specifiying requirements on every level

= Questions:

= Can models enhance traditonal text-based RM&E?
= Can models replace traditional text-based RM&E?

| Formal module */Car Praject /User Regs' current 0.0 - DDORS [= B3
File Edt View Insat Lik Analysic Table Took User di Help

[E&E & ame¥ [ ==e £ u 8= ae @ 4k e

| [Standerd view Slferee: o2t — = [ EE T |Bw|
= 3Pemionerts =l o [erE—r—— o] =l
& ,k‘;?;s;:;’ = urez | 3.1.8 Equipment malfunction
311 Canping C URG3 |Users shall be able to be aware of equipment
3.1.2 Movemen malfunction within 10 second of the malfunction
313 Fuel econ occurring. Users shall be able to be aware of any
31,4 Salety equipment malfunction that affects safety within 5
315 Noise leve second of the malfunction occurring. Users shall be able
316 Ease of & to be aware of any malfunction that affects the ability of
= 3.1.7 Visihility the equipment to mest the statutory regulations within 1
B-3171Day secemd of that malfunction occurring Users shall be abls .
B-31.7.2 Nigh to hawe maximum safsty protection against any
3173 We malfunction of squipment. [SAE-J155, pgs. 8:10] Users
- 31,8 Equipmen shall be able to see where equipment malfunction has
i Users shal occurred.
B 379 Entsttsinn UR&4 | 3.1.9 Entertainment
L Users shall| -
59110 Maintenz URS5 |Users shall be able to have steren radio reception within
o Lsers shall |7 the vehicle. [E1A-15-25, pg.3] Users shell be able to have
d T e
|Usetname: Bil Young |Exclusive sdit mode /,‘

= New questions rise!
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Model

class
Use Case  lgiagrams
Diagrams
object
Sequence diagrams
diagrams
<<hlecl>
<_<Z{Iolck>l>
+/ zentrals+ / steuefrungProt~ .
e ot | Artifact

A
+ I sto+ / lastkontrollProt
_stkontrolle

Communication ———lesao diagrams
diagrams / \

Deployment
diagrams

State Activity
diagrams diagrams
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@ HOOD

Experts in Requirements

RM and Modelling: Open issues

= |s adiagram a requirement?
= Contains a diagram multiple requirements?
= Must a diagram be ,translated” into textual requirements?

=  What's about traditional requirements quality criteria?

Specifyng By Modelling?
Dr. Rudolf Hauber, REConf 2008, Version 1.0 - 6. Marz 2008
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RM and Modelling: Modelling Limitations

a Experts in Requirements

= Text-based requirements quality criteria.:
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(
HOOD 3 Complete & Traceable m
Capability 2.3 Consistent % E
Model ‘ 2.2 Unambiguous & Feasible o
‘ 2.1 Comprehensible & Testable ¥
‘ 1.4 Structured @
1.3 Atomic & Identified B
1.2 Existing Requirements %
1.1 Stakeholder & Reviews §
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@ HOOD

Experts in Requirements

RM and Modelling: Modelling Limitations

= Text-based requirements quality criteria.:
. I d e ntlfl ab | e | Formal module */Car Project /User Reqs' current 0.0 - DDORS M= R

File Edit “iew |nzet Link Analygis Table Toolz User di Help

m atomic == L 2R A S A i =T N e

| [standard view Elfantevers =] e 2 [ = E{c T A B
EE 3 Requirements ;I [} Uszer Reqgs exported from 'Word a :I
= understandable | . . d
elststoi Ur&Z | 3.1.8 Equipment malfunction
. [#-3.1.1 Canying C URG3 |Users shall be able to be aware of equipment
| | f bl [ 31.2 Movemen malfunction within 10 second of the malfunction
Ve rl a e [#-3.1.3 Fuel econ occurring. Users shall be able to be aware of any
[+ 3.1.4 Safety equipment malfunction that affects safety within 5
- [ 3.1.5 Moise leve second of the malfunction ocourring. Users shall be able
u n 0 n - al I l b I g u O u S [+ 3.1.6 Eaze of & to be aware of any malfunction that affect= the ability of
[ 31,7 Visibility the equipment to meet the statutory regulations within 1
second of that malfunction occurring Users shall be able i
to have maximurn safety protection against any
u fe asabl e malfunction of equipment. [SAE-T155, pgs. 9.10] Users
shall be able to see where equipment malfunction has
ocourred.

= t{raceable

UR&4 | 3.1.9 Entertainment
URES |Users shall be able to hawe stereo radio reception within

the wehicle. [EIA-13.25, pg.3] Users shall be able to hawe

= consistent Kl
|Usemame' Bil Young |Exclusive edit mode
= complete
|
Order
(from Use Case View) 1 Orderdtem N m
> {Ehnid : long . tit) !
@EycreditCardAccounting : boolean +ie ms @’g::;;grumt +product | Eid
I nternal mOdel @)fromVIP : boolean %7
| tID T
Receipt
{SpaymentTime
@)payed : boolean
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RM and Modelling: Modelling Limitations

@ HOOD

Experts in Requirements

= Text-based requirements quality criteria.:

Copyright © 2008 HOOD Ltd. http://www.HOOD-Group.com

identifiable
atomic
understandable
verifable
non-ambiguous
feasable
traceable
consistent
complete

Orer

(from Use Case View)

{Zsid < long

@fromVlP : boolean

@)c reditCardAccounting : boolean

1

Receipt

{EspaymentTime
@ppayed : boolean

+order

A diagram
contains many
requirements

=
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changed

changeEvent[ ! alre

acceptChange

Ordertem
1..
. tity
+items @:)qu_an .
@:,prlcePerUnlt

accepted

1 Product

+product &}id

ance -canceled

onfirm
confirme

shipProducts

productsShippep

payed

controll
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@ HOOD

Experts in Requirements

Atomicity of Diagrams

= State chart/activity diagram [ e

Different flows

= Sequence diagram = =

SNMP

Maintainer Agent
- - \
Multiple service

requests

2.1.1: evDisplaylBITResult

= Class/Block diagram J

[ bdd Aufzugsystem

\ <<block> 200 <<block>>
. > Stockwerksteueru
M U Itl p I e \ fahren(rich ng

specifications 752;%?

<<block <<block <<block>>
>> >> Zentralsteuerun
Last Expres: g
Aufzug Aufzug
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RM and Modelling: Modelling Limitations

@ HOOD

Experts in Requirements

= Text-based requirements quality criteria.:

Copyright © 2008 HOOD Ltd. http://www.HOOD-Group.com

identifiable
atomic
understandable
verifable
non-ambiguous
feasable
traceable
consistent
complete

Order
(from Use Case View)

{Zsid < long

@fromVlP : boolean

@)c reditCardAccounting : boolean

1 +order

Receipt

{EspaymentTime
@ppayed : boolean

graphical
notation
Improves

readability

/4
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acceptChange

changeEvent[ ! alre

Ordertem
1..
. tity
+items @:)qu_an .
@:,prlcePerUnlt

accepted

1 Product

+product &}id

ance -canceled

onfirm
confirme

shipProducts

productsShippep

payed

controll
payed ®finished
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RM and Modelling: Modelling Limitations

@ HOOD

Experts in Requirements

= Text-based requirements quality criteria.:
= identifiable
= atomic
= understandable
= verifable

= All test cases for state charts and
activity diagrams can be derived automatically

= see Binder Testing OO Systems
= Class diagrams
= CRUD test cases can be derived

= For instance diagrams
constraints are needed

= non-ambiguous
= feasable

= traceable

= consistent

= complete
|
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changeEvent] ! sl acyCﬂangeiﬁH““E

/_g—\ gorept ‘\\\_

[ E‘hanged] [ accaptgd
\ \\ ’Fr ckcnfim

:nrrfirmeﬂ
ar-eptChan "

st fipPrudocls

procductzShipps
ayed

conroleg |
e inizhed

Oder
(from Use Case View)

(Emid : long .
creditCardAccounting : boolean Hiems
@fromVlP : boolean

+product %id

1 W +order

Receipt

{EspaymentTime
@Qpayed : boolean
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Verification

Experts in Requirements

@ HOOD
Modelling can be used to define test models as well

<<requirement>> activity HighReliabilityTest ServiceX )
High Reliability ServiceX
H start server >
text=" Service X shall provide a S(E application
reliability of 99.5%"
Id=" UREQ4711"

interval = 1sec
users =1
oN

interval = interval /10,

\

|'. <request server service)
1

\ <<verify>>

\

users = users*10
\l/ Timeout
verify service result ‘ wait _for interval ‘
timeout
result
J/correct? lelrther Ioag 4\
ncrease?
<<testCase>> [yes] kill server process
. R . es
HighReliabilityTest ServiceX [no [no] es]
verdict=pass
test failed

test passed
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RM and Modelling: Modelling Limitations

@ HOOD

Experts in Requirements

= Text-based requirements quality criteria.:
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identifiable
atomic
understandable
verifable
non-ambiguous
feasable
traceable
consistent
complete

Order
(from Use Case View)

{Zsid < long

@fromVlP : boolean

@)c reditCardAccounting : boolean

1 +order

Receipt

{EspaymentTime
@ppayed : boolean

Precision is the
2heart” of
formal
languages
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acceptChange

changeEvent[ ! alre

Ordertem
1..
. tity
+items @:)qu_an .
@:,prlcePerUnlt

accepted

sh

1

+product &}id

onfirm
confirme

Product

canceled

ipProducts

payed

productsShippep

controll
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RM and Modelling: Modelling Limitations

@ HOOD

Experts in Requirements

= Text-based requirements quality criteria.:

identifiable
atomic
understandable
verifable
non-ambiguous
feasable
traceable
consistent
complete
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controller /_Controller

tester/ Tester

Lstant |

pass during these

— 2: filvalveOn !
I i
! 3: tankFull !
4: filvaiveoft
5: startTimer
I
i I
I
6: timeout _|
— 7: drainvalveon
8 tankEmpty
9: drainValveOff
10: done

|
|
|
|
|
—
|
1
|
|
|
|
|
|
|
|
|
|

Seconds oftime

intervals.

Model
animation can
be used as
,proof-of-
concept”
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i

<<Capsule>>
Controller

[m +/operatorDialog : OperatorDialog
[W +/fill: DeviceControl

[m +/drain: DeviceControl

[W +/level: MonitoredValue

] # [ timer : Timing

/ <<specified by>>

Initial

start

Fake level
N isFull
[e]
BEmpty
True

~

timeout
-
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RM and Modelling: Modelling Limitations

@ HOOD

Experts in Requirements

= Text-based requirements quality criteria.:

identifiable
atomic
understandable
verifable
non-ambiguous
feasable
traceable
consistent
complete
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| Formal module */Car Project /Car user reqts’ current 0.2 - DDORS M= B3

Fle Edt Yiew lnssit Link | Analysic Toble Iook

HEE |y e I

Trace

|[Standard view T wizad

User di Help
A S MR
= [F: € B 7 A BEw|

Cat user requirements parsed in [T I

3 Requirements

nl;l
I

3.1 Capability Requirements
3.1.1 Carrying Capacity

3.1.1.1 Number of people

Four average size adults shall be able to travel
is defined as being equivalent to the standard

1893, The top level of cars are those in the pri]
awerage size adults shall be able to trawvel in col
and 3 average size children shall be able to traj
accomplished with a three seat arrangement.

3.1.1.2 Amount of luggage
]

nﬂnrt for 2 period of 3 hours. This level of comfort
L bt provided by the top 30% of cars produced in
o range £13,000 to £30,000 at 1993 prices. Five

fort for a period of 3 hour. Tuwe awerags sizs adults
Il in comifort for = period of 3 howrs. This cauld be
sers shall have easy entry and exit.

o
Vi

|Displays an explarer-style race and impact view.

Tracebility features
are the ,heart” of RM
tools

<
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Scope of analysis

Type of aralysis

Atributes

<ther inform ation

Recursion

| Analysis Wizard Step 1 - DDORS

Use this wizard to add traceability columns to your curent view

o | Mews | i | Cancel | Hen
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UML/SysML traceability

@ HOOD

Experts in Requirements

UML/SysML offers inherent traceability of many aspe

Q I
S Mission planen

Missionsplaner @
X -

cts

Traceability analysis
can be done using
tool script

=

kakakakakaka P [T Y + lock (m
i —T \_J 7J (=] Autzug Stockwerksteuerung
. S +1 ZentralsteuerungsPort +/ zentralSteuerungPort~
y
+/aufzugPort +/ stockwerkPort
e
e v? e dolt()
<< >>)
process D <<pr0cess>>D <<process>>D
External F-> ot : <--- .
S MissionPlanning VehicelControl
Communication
Funk
MissionControl UnmanedAirVehicel
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@ HOOD

Experts in Requirements

RM and Modelling: Modelling Limitations

= Text-based requirements quality criteria.:
= identifiable
= atomic
= understandable
= verifable
= non-ambiguous

= feasable

= traceable

= consistent

= complete K/Q/
: O O

UML/SysML offers inherent =8
consistency of many
aspects

<=dzla type==
CriveOrder |~

~_> L g
el e legpoints | <<dala type>
Pestion

Malntenenzellar

<cdaa types=
CrnergenzyDriveOrdzr

7
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eExper s in Requirements

it Req ment

RM and Modelling: Modelling Limitations

= Modelling is all about functionality

=  Flows
= Timing

= Non-functional aspects (Quality of Service) is hard to incorporate
= Usability
= Safety
= Security
= Reliability
= Efficiency
= |nteroperability
= Maintainability
= Flexibility
= Portability
= Expandability

= Additional textual specification is still neccessary
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@ HOOD

Experts in Requirements

1 Motivation

2 | System Development Process

3 | Modelling for Requirements Definition

4 | RM and Modelling: Open issues

5 Conclusion
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@ HOOD

xperts in Requirements

RM and Modelling: Summary

= Combine RM and Modelling:
= 1. Scenario: Modelling to derive requirements

RM-Tool Modelling Tool
Level N .,

Ly Requirements <~--_§§§atisfies>>

. << >>
<<Refires>> Sync

\/

T <<Derived*»>

]
|
Level N+1 _{ -|  <<Satisfies>>

L., Requirements S
(Per Ly, System) N+ T

<<Sync>>

<<Refines>>

T <<Derived*p>
|

1 M = 4 |

<block>>
+ [ steuerungP(atey,

Ly.» Requirements
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RM and Modelling: Summary

@ HOOD

xperts in Requirements

= Combine RM and Modelling:
= 2. Scenario: Modelling enhances RM

RM-Tool

Level N -

Level N+1
(Per Ly, System)

Modelling Tool
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Ly Requirements <._,~_\_\<~<Satisfies>>
[ <<Sync>>
<<Refings>>
|
Ly.1 Requirements |-
<<Satisfies>>
<<Sync>>
<<Refine$>>
Ly+» Requirements
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Summary

@ HOOD

Experts in Requirements

» Modelling is useful for specifying functionality!
» Consider customer expectations!
= Engineers must be trained in modelling

There are many options

Just use modelling to
gather requirements
(Specification is still

text-based)

Add diagrams to your
Specification where
useful

Develop a full
requirements model
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