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* Not a presentation focusing on requirements or
requirements management...

....but will touch on why requirements are important.

* Not a presentation focusing on architecture
methods and notation...

....but will mention some of them by way of example.
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This Is a presentation on how combining architecture
models with requirements can be effective for......

« Enhancing communication with customers, development
team, and subcontractors, thereby reducing the chances
of misinterpretation of data and concepts.

« Smoother integration of components and systems
(SOSE).....fewer surprises.

« Verify that systems being built perform to specification
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What are Requirements?
(They are the TO-DO List of the Project Team)

-List of the goals and objectives of the
business

L ist of what the users need

-List of what the system must do to satisfy user
and business needs

-List of what components must be built

-List of what each component must do, and
how components will interact
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The Role of Requirements

« Come to an agreement with the customer
and users on what the system should do

« Give system developers a better
understanding of the system

* Delimit the system
* Provide basis for planning technical iterations

* Provide basis for performing system tests
(Verification)

* Provide a basis for acceptance (Validation)
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Are textual requirements enough.....
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The Model is not the Requirement

- What are the goals of Division TMD Acquisition Flow
"y . XK XXX
/) \‘\, the System? Y Main N MAIN
‘“\\4_ ,,./) TAC Q,‘:v‘::-
| - What are the user

(g rouer| NEEAS?

= Peak Controller
A .
#rion * Textual requirements supplement and
-.-.-- % Firew )
l-l.l.l./ explain the models

non-functlone_ll requirements are typically i
not captured in a model

Load Dist — Performance
— Safety
n u — Ease-of-use
’ ’ ’ — Time lines

INCOSE — Etc...
« agraphical model is generally insufficient as
5 a contractual basis.
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Now we can see the Big picture...

Requirements Document

* We know what we are building.
* There are subsystems.
» We understand high level integration.

* Rough idea of Work Breakdown Doly &,
Structure (WBS). A pam

*Rough idea of test.
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Managing Complexity — Divide and Conquer

Relating Requirements
T0
Systems of Systems Engineering (SoSE),
Systems Engineering
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Capability Driven, Architecture Centric, Model Based
Club Sandwich
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— Models Bridge Layers of Requirements

Statement

of need \

[ e.g Goal / Usage ]

modeling

Capability
requirements

e.g. Functional
modeling

modeling

i
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Basic Process for Systems Engineering
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1
Input
/ Requirements

Analyze
&
Model

Derive
Requirements

Requirements

1
u Output /
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— Basic Process for Systems Engineering Showing
Traceability

1
Input
L Requirements

Analyze
&
Model

Requirements

|
1

4 Output
Requirements
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In traditional requirements management, documents are produced, and
relationships between elements of those documents are established, as
outlined below:

User System System Design
requirements requirements  specifications specifications  ~gge

Integration Unit tests

tests

Acceptance
tests
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Modeling has been shown to be an essential part of project development, aiding
in the visualization and clarification of requirements and assuring their robustness

and structural integrity.

User System System Design
requirements requirements specifications specifications

Code

E—

_

—
Acceptance System Integration Unit
tests tests tests tests

A natural flow is established from those setting the original requirements

INCOSE ) . :
to those developing and launching the final product,
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Integrating Requirements Management

INCOSE
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and Architectural Modeling

Examples:
Department of Defense Architectural Framework - (DoDAF)
System Modeling Language — SysML

Simulation for Requirements Verification
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What is DoDAF
(Department of Defense Architecture Framework)?

 “The DoDAF version 1.0 defines a common approach for
DoD architecture description, development, presentation
and integration for both warfighting operations and
business processes. The DoDAF is intended to ensure that
architecture descriptions can be compared and related
across organizational and mission area boundaries,
including joint multi-national boundaries and DoD
warfighting and business domains.”

— Excerpt from memo from John P. Stenbit, ClIO, Department
of Defense, February 2004.

iNncoSE DODAF supersedes C4ISR Architecture Framework
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— Interoperability Is Key To Successful Military
Operations

« Breakdown in communications leads to:
— ‘Friendly fire’ incidents
— Lack of co-ordination of units
* ‘Net-Centric Operations and Warfare’ is the solution
— Effective communications between forces
— Compatible technologies
— Interoperable systems
* Requires a standard way to describe systems and their interfaces

— So that ‘touch points’ can be checked for compatibility before the
system is developed

— Helps when new capabilities are ‘grafted’ onto existing systems
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DodAF — OV-2 Operational Node Connectivity ——

Fle Edit View Insert Link Analysis Table Tools User Help
_ B HE =1 =, = =F il B
S & v - - = [l t Combat Assessment active <<operationalModel>>class OpModel {1/3}
|Standard view j |AII \evelsﬂ e R T 2w B
D | Missile Fire Control System o |
req-1 | 1 System Interface definitions <opastcnaiodes-
nmiic:NMJIC
reg-2 ystem-shatreceive-radar-messagescontaining ge GHATOTD !
‘i‘ =0 ‘-_ =t e e w. Bw
radar system. _—
reg-3 The system shall assign a track ID to each track. a change <;“;‘C’:“gg‘c"z> 2
req-24 | 1.1 Signal Definitions 1 .
req-25 | 1.1.1 Subsystem Interfaces BDARpt
req-26 e Driving, safety and road tests will be conducted by a test driver at least 6 ft.
5 in. in height.
req-27 e Road test will be conducted utilizing four average size adults satisfying the ecnedf Ry copamtonamtoess
level of comfort provided by the top 40% of cars produced in 2000. b Pl f2c2:F2G2
req-28 e Driving, safety and road tests will be conducted utilizing a 240 Ib.
weight in the luggage compartment.
req-29 | 1.1.2 Signal Field Defintion
reg-30 1.1.2.1 Speed & Acceleration
reg-31 | 1.1.2.1.1 Signal Timing specs
reg-32 A radar gun will be utilized to determine the vehicle can 2 _
mph on a flat, straight road with minimal wind conditions. T S

<<operationaiNodes

ffaccJFACC

<<ppesationalNode->

maw : MAW

OIEs — show interfaces between operational nodes
Can be linked to

1
<<operationalNode>>
Jfsocc:JFSOCC

Interface Description Reqgs -

INCOSE

<<operationalNode>>
woc : WOC

“opentibrmiNade>
Jmce  FMGCC
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DodAF — OV-5 Operational Activity

OV-5 decomposition of activity per
Op_Node

OV-5 A6.2.1 Conduct MEA activity 'A6.2 Conduct MEA' {1/1}

| | n ks to MAW JFACC

Functional Requirements

CommandGuidance

E Formal module '/LifeCycle Demo/System Requirements’ current 0.0 - DOORS BDARpt(bda)
Fle Edit WView Insert Link Analysis Table Tools User Help PublishedATO
ESeE + B v = = EEE B
|Basic view ﬂ |AII Ievelsﬂ s Tt E YW 2l | | B MISREP  —— CombatReport
0bject|denh"ﬁer| 2. System requirements for passenger car ! |
SR-146 1 MAWW Functions VISRptmisre Z
SR-145 These are the functional system requirements for the development of a new
passenger motor vehicle as derived from the user requirements. 'A6.2.1a Conduct MEA'
SR-147 The car will have a world wide market.
SR-1 2 Functional Requirements L CombatRpt(cr
SR-2 2.1 Monitor trajectory
SR-3 2.1.1 Move Radar R
SR-4 2.1.1.1 Move forwards A6.2.1b Conduct MEA'
SR-5 The car shall be able to move forwards at all speeds from 0 to 200 kilometers™
per hour on standard flat roads with winds of 0 kilometers per hour, with 180
BHP. MEARpt(mea)
pt(mea)
SR-6 2.1.1.2 Move backwards
SR-7 The car shall be able to move backwards to a maximum speed of 20 Kilometers™
per hour on standard flat roads with winds of 0 kilometers per hour, with 180
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What Is SysML
(System Modeling Language)?

Systems Modeling Language (SysML) - an extension of the
UML for systems engineering applications. SysML supports the
specification, analysis, design, verification and validation of a
broad range of systems and systems-of-systems. These
systems may include hardware, software, information,
processes, personnel, and facilities.

— SysML is an open source project that is organized and
supported by representatives from the SysML Partners, an
Informal association of industry leaders, tool vendors,
government agencies and professional organizations.
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SysML Diagram Taxonomy

SysML Diagram

B

'3 v
Structure ' Parametric ! Requirement Behavior
Diagram M Diagram M Diagram Diagram
] »
\ % |
Block Definition Internal Block Activity Use Case
Diagram Diagram Diagram Diagram
Derived from UML 2 Derived from UML 2 Sequence State Machine
Diagram Diagram

Composite Structure Diagram |

Class Diagram

New diagram type

Supported by TAU G2

INCOSE
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- Shows control and data flow
- Useful for analyzing key system scenarios and response

threads.

SysML —

Sequence Diagram

50 infEerection "Accelerate Allocated J

REeal speed; B

AcceleraiE Allocated

Can be linked to
Test specifications to verify sequence

B Formal module '/Passenger Car/Test Requirements’ current 0.0 - DOORS

File Edit View Insert Link Analysis Table Tools User

Beal des_rpm;
Real cur rpm;

Torgue to
fuel

Elow

Fuel
Beal

=chiock alipcajedg>> =

HESE| s B2@&|(¥ (X v | = =B 7 U iz & |¢FFE O
|Standard view ﬂ |AII Ievelsﬂ e AT T 2l B2
D | Testing specifications for passenger car [Right algn coumn} ! |
4 1 Test specifications /
5 These are the initial test specificications for the development of a nan/
passenger motor vehicle.
6 This module contains the test specifications for a new car to be
commercially available by 1 October 2004.
8 2 Testing Specs
9 2.1 Capability Tests 1
10 2.1.1 Carrying Capacity
11 Driving, safety and road tests will be conducted by a test driver at least 6 ¥
ft. 5 in. in height.
13 Road test will be conducted utilizing four average size adults satisfying the ¥
level of comfort provided by the top 40% of cars produced in 2000.
17 Driving, safety and road tests will be conducted utilizing a 240 Ib. weight in”
the luggage compartment.
18  2.1.2 Movement
19 2.1.2.1 Speed & Acceleration
20 2.1.2.1.1 Forwards
21 A radar aun will be utilized to determine the vehicle can maintain a speed
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Tormeforme)
Tormeforme)
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Requirements Verification and Validation
using

MatLab for Algorithmic Simulation
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MatLab — Algorithmic Simulation

* MATLAB is well suited for complex algorithm development. The elements
derived from the MathWorks suite of tools are linked back to the requirements
as well.

L Tt £ =y = L= e p_ gy L e

| Formal module '/Doors project /sf_car' current 0.0 - DOOR

= Ey

[ — R ipt =
| [poors MaTLAB Interfa | |[all levels <] Sac £ of | = = sl E 7 &l |
=) sf_car I | Block Name
User Inputs E-1sfcar 12 | 1.4 Userfinputs: Passing
Brake 1.1 Engine Manguver
al E 1.2 MU .
Throttle =- 1.2 Threshold Calculation M |15 Use Inpu_ts. Gradual
Double-click t - 1.4 User Inputs: Passing Maneuwver Acgeleration
D” =l 0 - 1.5 User Inputs: Gradual Acceleration i1 116 U%I‘ Inputs: Hard braking
} Signal Builder (sf_ca ® 1| & ser Inputs: Hard braking
Fil= Edit Group Signal Axes Help el 2 117 fcerinnuts: Coasting |
= Ny R o ET R TR S ST N -
j( Passing Maneuver }( Gradual Acceleration }( Hard hraking ‘(\Cuasting \ | |
00—, o e
S T e
171 . A A S « . »
o A G HR AU N FRS I . MATLAB menu “Select item
O e highlights and opens the
INCOSE S .+ i Simulink/Stateflow object
I:I | | | | | | | | | -
o 5 10 15 20 25 30 35 A0 45 50 Correspondlng to the

selected row.
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— Integrate Thoughout the Lifecycle —

———— < Reuse

g.l. m;xw o - — | (| ‘..k,x & B
- = Business Process

- A bright idea!

grade of gas

Driver leaves

Gas Pump

=== | Requirements Development

' E

e 1 |[Bancad view Cl|fareves ]| e o E\ \ Vol &

D [ \ \ =
\

DTTR1 1 What is FastPass and how can | it?
DTTE2 1.1 How Does FastPass Work?

tio-fikce device (a

Requirements Analysis

DTTP-3  FestPass uses an electronic system located in the pump to "talk!
teensponderin the form of s ca
access to gasoline by automat:
This is simular to the technolog

DTTP4 4.2 Can other people

DTTP-5 Mo, The FastPass system oper
information remains cutside th

=101 x|

=l

ca O LIRS )

information you Er]

SHowao change | T S ' Systems Architecture

|
] ]
7 Your FastPass payment inform . |

simply callto the central contr
.4 |s there a PIN nun

T Load file
TR essse: S
[T T

IN=TE|
=loix|

DTTP-10

DTTE-11 2.1 What are |

DITP-12  There are thee grades of gas,
the amount of gas, measured it

DITP-13 Regnuler: $1.50/gellon.

DITTP-14 Special: $1 647gallon

DITTP-15 Super 31 70/gallon.

Systems Modeling

=10 x|
aldlx)

Financial "

Usemame: ggo Exclusive

S £ e Briwct Qb Tahs Lok Josk lindes DeDAF KTHL Bepat L

164 D |

=

e Software Design

ting

Traceability/ PN E =13 ication

Verification
INCOSE
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)
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—| Tool Support for Integration of Requirements and

Architecture Models

Telelogic — DOORS, System Architect, Tau, Rhapsody
(fully integrated)

IBM/Rational — Requisite Pro, Rose, RSA

UGS - SLATE, Teamcenter for Requirements

Others — Visio, Excel, Word..."roll your own” etc.
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Summary:

- Text requirements can leave a lot of unanswered questions, especially
in the area of systems integration and test.

- The Model is not the Requirement

Benefits of an integrated approach:

» Aids communication with customers, development team,
and subcontractors, thereby reducing the chances of
misinterpretation of data and concepts.

« Smoother integration of components and systems
(SoSE).....fewer surprises.

INCOSE * Requirements validation and verification can be
achieved through links to simulation in the modeling

§ environment.
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Questions

INCOSE
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