INCOSE

Using Architecture and MBSE to
Develop Validated Requirements

Ron Carson, PhD, ESEP, INCOSE Fellow

Seattle Pacific University, University of Washington
https://www.linkedin.com/in/ron-carson-phd-esep-573549b/

Engaging the culture, changing the world

@ Seattle Pacific

UNIVERSITY

2020 INCOSE Western States Regional Conference — Seattle, WA
Copyright © 2016-2020 by Ronald S. Carson. Permission granted to INCOSE to publish and use



https://www.linkedin.com/in/ron-carson-phd-esep-573549b/

This began as a question from INCOSE Requirements Working Group

= How can/should we represent requirements in MBSE?
— Functional requirements
— “Non-functional” requirements

» Requirements incompleteness and ambiguity continue to plague many organizations. The
Introduction of MBSE provides an opportunity to relate the structure of the architecture model to
the structure of requirements, and synchronize the data between them.

» References and sources:
— Carson, Ronald S., “Implementing Structured Requirements to Improve Requirements Quality”, Proceedings of INCOSE 2015
— Carson, Ronald S, and Robert A. Noel, “Formalizing Requirements Verification and Validation”, Proceedings of INCOSE 2018

— Carson, Ronald S., “Using System Architecture Models to Populate Structured Requirements”, MBSE Lightning Round
Presentation, INCOSE IS 2019
1S2019 MBSE Lightning Round - Ron Carson — YouTube

— Presentation to INCOSE RWG, 24 October 2019:
https://connect.incose.org/WorkingGroups/Requirements/RWGMeetings/SiteAssets/SitePages/Home/RWG+10-24-19-2019-10-
24719 59 44.000Z.mp4

— Carson, Ronald S., et al., “Structured Requirements Generation and Assessment”, US Patent #8,886,588, November 2014.
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https://www.youtube.com/watch?v=0oNTmbPgAoE
https://connect.incose.org/WorkingGroups/Requirements/RWGMeetings/SiteAssets/SitePages/Home/RWG+10-24-19-2019-10-24T19_59_44.000Z.mp4

Outline

* The bases of requirements: from where do requirements arise?

* What do we mean by “Validated™?

1. Basic requirements structure

2. Types of requirements and their structures and data elements

3. Architecture sources of data for structured requirements, by type
— Example Implementation in CORE

4. Simulation for Requirements Validation

5. Architecture level recursion and design

6. Summary
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Why do this?

Requirements Development — Analysis, Validation, Decomposition

= Because
requirements come
after analysis*

* Then analysis can
be the source of
Information for
requirements

= *Saturday tutorial, "Correcting
Misperceptions of Systems
Engineering Practices”

INCOSE‘WSRC

lllllllllllllllllllllllllll

7)) S
§ e Operational ' Operational
% (Capability & | inal Sis | Repuirements
< MOESs) y g
» | S—_——d | —— A
——TReconcile

Derive ¥

Trace M Derive
'y
2 Derive and
A Architecture . System

& Analysis - Validate > Requirements
Y < Trace 9

Deri\I/e J

Trace P
£ )
O . Derive and
i Architecture Validate > Subsystem
g & Analysis 4 alidate Requirements
iy < Trace
(Vp]

2020 WSRC - Using Architecture and MBSE to Develop Requirements © 2016-2020 Ronald S Carson




“Validated Requirements” means “Correct Set of Correct Requirements*®

Each requirement and the set of requirements are “correct”

. _ _ Correct Set of Correct
Correct (type 2): no missing information Requirements

— Verifiable: sufficiently clear and complete to be able to prove that it is needed,
sufficient, and feasible

— Sufficient: if this requirement is satisfied, then the parent requirement or need
will be satisfied (perhaps in combination with other child requirements) Correct No Unnecessary
Requirements Requirements

Correct (type 1): no erroneous information

— Necessary: parent requirement or need cannot be satisfied
without this requirement
* NoO unnecessary requirements

— Feasible: requirement can be satisfied within the sufficient Necessary = el Vel
program constraints with acceptable risk

These characteristics are disjoint, concise, and complete
(necessary and sufficient to determine “correct and complete”)

From these we realize a “Correct Set of the Correct Requirements”

*Carson and Noel, INCOSE 2018
INCOSE
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1. Structured Requirements

Basic structure: N
The who shall . how well, under what conditions.

* INCOSE RWG Guide, ISO 29148

— The <subject clause> shall <action verb clause> <object clause> <optional qualifying clause>,
when <condition clause>." [INCOSE Guide to Writing Requirements]

» These documents do not address “non-functional” requirements, e.g., suitability,
design, environments

= |ISSUES:

— Can we define structured requirements for “non-functional” requirements and instantiate
them in MBSE?

— Can we find data elements in the architecture for these “non-functional” requirements?
INCOSE
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2. ldentify Types of Requirements — Boeing (Carson 2015)

The who shall - how well, under what conditions.

Functional/Performance: mission-oriented characteristics; includes “interface
requirements” regarding inputs/outputs.

Design: constraints on solution: parts, materials, processes, physical allocations (size,
weight, power); includes interface requirements regarding implementation constraints.

Suitability: non-mission-specific characteristics addressing fitness for use (safety,
“ilities”, transportation, storage)

Environment: condition statements applicable to different states/modes and functions.

INCOSE| 374
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2. Define Structured Requirements based on their Data Elements

The who shall
The AGENT shall

. how well, under what conditions.

In accordance with

with PERFORMANCE [and TIMING
upon EVENT TRIGGER in accordance with INTERFACE-
INPUT] while in CONDITION.

[Boeing: Carson INCOSE 2015]
The AGENT shall

[in
accordance with PERFORMANCE while in
CONDITION].

The AGENT shall during/after
exposure to ENVIRONMENT [for EXPOSURE
DURATION].

The AGENT shall with
PERFORMANCE while CONDITION [for CONDITION
DURATION].

_Note: these structures are not directly supported by SysML.

’ \ (&
INCOSE m
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REQUIREMENT

TYPE

FUNCTIONALPERFORMANCE REQUIREMENT

DESIGN ENVIRONMENTAL

REQUIREMENT REQUIREMENT REQUIREMENT
ELEMENTS
AGENT INTERFACE-INPUT
1 SHALL STATEMENT TIMING
FUNCTION
DESIGN CONSTRAINT
1 INTERFACE-QUTPUT
CHARACTERISTIC
PERFORMANCE
ENVIRONMENT
CONDITION EXPOSURE
1 EVENT TRIGGER DURATION

2020 WSRC - Using Architecture and MBSE to Develop Requirements © 2016-2020 Ronald S Carson

SUITABILITY




3. Map Structured Requirement Elements to MBSE Data Model — Tool Specific

VWSRC 2020 WSRC - Using Architecture and MBSE to Develop Requirements © 2016-2020 Ronald S Carson
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El% Architecture Development
! b3 Architecture
= Agent: the implementing element (noun) v 1 Capabiity
/ -l Category
e . . .. -1 Change Request Package
= Shall: indicating a requirement — mandatory chatacteristic (no separate eleme 3 Classification
. . 21 Component (1/1) %
= Function: observable action and outpu (3 Concern %
_ \.’" -2 DefinedTerm N
» Interface-Output: constraint on observable mani#eStatiq - Document G
] \ -0 Domainset L_)
= Performance: Measurable attributes of observable Functis: -1 Event
[an attribute of an element — more later; SysML Parametric - Exit LL
-3 ExternalFile D:
= Condition: states, environments, continuous input o ot @
-0 Interface O
= Event Trigger: Inputseqndition initiating Function o e
= Interface-Input: constraint on observable manifestatio 3 Misston 8
put: $ -3 Mode =
.. . . . 21 Meedline
= Timing: Time for Function (duration, delay).— .2 OperationalActivity (1/1) >
= Design Constraint: Design characteristje /‘,_-. OperationalTask
Diagram -2 Organization
-2 Package
» Characteristic: Required attribute (“is” “has” or “does”) for Suitabili ~- & Performer (1/1)
or MOE -1 Product
-1 ProgramActivity
= Environment Exposure: Relates Characteristic to the Environment (inpdt) exposure™a g :;”q{::r?:n”;'a”t
or “during and after” -1 Resource
— . . o : : -2 Risk
= ~Duration: Time, of Condition exposure for Suitability and Environment types — Attribute of Item or (3 ServiceSpecification
IN C O SE iﬁ\mjj‘ Operational Item ™ @ .. State (2/2)



3. Mapping to Architecture Elements — Functional/Performance Requirements

= Function

» Interfaces (inpu
and outputs)

= Performance
attributes

= Component
= Condition

= The AGENT shal
accordance with
with PERFORMANC
[and TIMING upon EVENT
TRIGGER in accordance with

req Determine User )

Requirement

Beguiremen

1.2.1

Determine User
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—T

effbd Validate User J

L\

L\

User ATM

< Display Card
Requ ="
= ATM System

[1.2.1 ]
=D termine Lser o

ATM System

ransaction
Content

INTERFACE'INPUT] Whlle In Ams‘vstem
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3. Performance P

arameters — 1

» Measurable attributes of observable Function ("Parameter” in CORE)

ﬂ Project Explorer (University Edition)

File Edit View Project Data 5chema Utilities Diagram  Presentation  JTools  Help

3 & B 1 B & |[Ful Detai ~mEmEE T SR == el =i =K
Project ¥ | Flements vl Validate User asPropertySheet (University Edition)

""" @ Home All Elements j W | Add / Remove | | Permissions

1.1.2.2 Display card reguest - Alt 2 .n..

= Properties 1.2 Validate Lser Accuracy: || 99.998 Units: | %

Elﬁ atal:uase 1.2.1Deterrr_|ine Llser_ _ Reliahility: @ 00,033 Units: | %

B 2 Lt prove e ot - | el

=-§8 Fadiities 1.2.2 Request PIN
@ Architecture Development 1,2.2.1 Validate user account

ties Diagram Presentation Tools Help

BEEEBE T e %wod oo Ff B 2

7 e e The AGENT shall in accordance with
e T e e i o Nomber: [][121 .
e B with PERFORMANCE [and
1.1.1.2 Conduct self tests to query the dambase for information .
mmmm——— ~__—TIMING upon EVENT TRIGGER In accordance
1.1.22 D!spla\,r card request . I . . .
el | e— with INTERFACE-INPUT] while in CONDITION.

,k '“ Duration: |U-5 - lﬁ‘

I N\\\ig i.lh‘alidan:&user account b ain Attributes |Secc-ndaryJ Parameters] Diagno&tics]
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3. Performance Parameters — 2

par [Subsystem] AlOrMothingRegulator [ AIIGl'NﬂthingHegula‘mr ]/J

cp : ControlPanel [1]

» SysML Parametric Diagram
establishes constraints by equations

— Performance values are Outputs of
constraint blocks

chosen : TemperatureSignal

ct : Eeal

L]

~ it - Real zconstraint=
[—' zenzed | Temperature=ignal sub : Subtraction [1]

The AGENT shall in .
accordance with
with PERFORMANCE Tand TIMING upon
EVENT TRIGGER in accordance with i
INTERFACE-INPUT] while in -0 hen heating1 and coolng-0.
CONDITION if i=0 then heating=0 and mnlmg—t& |_—*

{o=ct-it}

: Real

i . Real

|_| [ cooling . ActuatorSignal |—_E|
L
heating : ActuatorSignal

coaling .ﬁ.ctuatm'Signai_

heating : ActuatorSignal i

p—

. N ° https://docs.nomagic.com/display/SYSMLP18
I NCO F m 4/SysML+Parametric+Diagram
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3. Conditions — 1

stm ATM System States )

= States — Map
Functions to
States to assign
applicability

The AGENT shall
with

Initialize

Install|Complete Power

Applied
Initialization
Complete
Operate
Power

Decofmission Removed
Begu

@

Maintenance

Maintain

Maintenance

Operate asPropertySheet (University Edition)

Mame: | Operate "

Mumber: I:I |
Descriptinrl:l A

tain Attibutes |Secondar}l] Parameters | Diagnostics

University Edition - For Academic Use Only

Date:

Qctober 1, 2019

In accordance
with

PERFORMANCE [and TIMING upon EVENT
TRIGGER in accordance with INTERFACE-
INPUT] while in CONDITION.

INCOSE
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Relations Targets & Attributes
& (all relationships) unction 1.2 Validate User
sugmented by Function 1.2, 1 Determine User
;E;t:sgi’gergiiby - Function 1.2.2 Request PIN
decomposed by Function 1.2.3 Request Biometric
Sidecomposes Function 1.2.4 Display Initial Transaction Request
documented by Function 1.3 Execute Transactions
& encompassed by Function 1.3.1 Withdraw Cash
entered by : R )
& exhibited by *-Function 1.3.2 Deposit Check
S exited by Function 1.3.3 Deposit Cash
generates Function 1.3.4 Display Account Balance
mpacted b Function 1.3.5 Select New Transaction
packaged by . Function 1.3.6 Output Transaction
reparted by #- Function 1.3.7 Display Receipt Request
specified by - Function 1.3.8 Print Receipt
utilized by Function 1.4 Light Area
Function 1.6 Eject Card
- Function 1.7 Invalidate Card - Alt 2
v - 4
Function
1.2.1

Determine Liser

The ATM uses information on the Card to query the database for
information about the User and the accounts.

Duration: 0.5
Parameters: Accuracy: 99.998 %
Reliability: 99,9957 %6

Inputs: User ATM Card

Dutputs: Transaction Content

Incorporated by State: Cperate

ATM System 13
ATM System - Alt 2




3. Conditions — 2: Environments as Inputs to Functions

EFFBD

0.3

_Perform ATM
Site Functions

ATM Site

_Perm

Environment Fu. ..

Environment

Physical
Space

The AGENT shall

_Perform User
Function

4

"".ml

T
F—

p Actount
o 1
| )

l{ﬂﬁ};‘!

_Perform ATM System
Functions

ATM Svsteii//

Weather asPropertySheet (University Edition) - O
Eile View Data Tools Help

3 & Gy @ v < o= of |5 & X,

X

"‘EXPOSURE
DURATION” can

exposure to ENVIRONMENT [for EXPOSURE DURATION].

The AGENT shall

In accordance with

TIMING upon EVENT TRIGGER in accordance with INTERFACE-INPUT] while in CONDITION.
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Mame: | weather =
Number: I:I | ?:i
Description: I:I The ATM must be protected from expected weather at its ~ & e a P aral I I ete r
location (interior or exterior): rain, snow, wind, dust, humi dity,
- opthe Input Item
- t It
Doc. PUID: | p
Title: | Weather asPropertySheet (Univegity Edftion) — O >
Type: Mixed . .
vPe | e File VYiew Data Tools Help
Range: |
Units: | 1 & B Full Detail =5 of & osp o,
Size: | 1 —
- - Add / Remove i g
i Main Mt[!b_l_!_l_@§_5| Secondary‘ Parameters Dlagnoshch 7
Relations Tl Expu:usure_Duraﬁu:ur 10.0 Units: | hours Eﬁ:
_relatinnships) - implements Operationg ;i
assig| m input to Function 0.3
?:Eerg;l:iid bB; -~ input to Function 1 _F - - - -
dassified by - iqguit to Function 1 A L ET .-’-'-.ttybﬁes ] Secondary  Parameters | Disgnostics
decomposed by
decompose Relations Targets & Attributes
do e b;‘ by ! - implements Operationalltem Loads, Clearance, Env't
= asmgneiebd:n b i-input to Function 0.3 _Perform ATM Site Functions
?.:Eerg?:ized b}; input to Function 1 _Perform ATM System Functions
d . / f dassified by - input to Function 1 _Perform ATM System Functions - Alt 2
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3. Design Constraint — 1

lities Diagrarm Presentation JTools Help
mmEEEF B o %mod - 5 of BX A
Elements 'dll Equipment Protection asPropertySheet (University Edition)

|AII Elemel | Equipment Protection

| W Name:

» Design characteristic for Design type

= Lipme ction
Feder, bedAchhe ture

Information Security

Descriptior Equipment must be protected from local environments and threats. This affects system

System Availability availability. Protectionis dependent in part on location. 8

User Safety -
constrains solution space based on R N
— Derivation from Stakeholder Conce( o =
and MQEs .
— Lessons learn hortcut for other :
attributes based on Suitabiti o =
Environments 5

— Allocation from Functional decomposition,

e.g., fuel capacity, vehicle weight

Parts, materials, processes should be
derived from Stakeholder MOEs (e.qg.,
availability in intended environments)

The AGENT shall

[In
accordance with PERFORMANCE while in CONDITION].  Availability MOE
Traceability
2020 WSRC - Using Architecture and MBSE to Develop Requirements © 2016-2020 Ronald S Carson
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impacts Performer 1.5 Location
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3. Design Constraint — 2

» Design characteristic for Design type
— Budgeted/allocated design attribute (space, weight, power, cooling, reliahility)

e

X

» Derived from Parametric Diagram (e.g. fuel capacity) (F/P requiremgnt decomposition) Reliability

» “Interface requirements” defined in F/P requirements (e.g., referenge ICD)

Allocations

ﬂ Project Explorer (University Edition)

File Edit View Project Data 5chema Utilities [iagram Presentation Jools Help

» & Gl 1) 55 & |[Ful petai - mmEE B s o E S B A
Project ¥ | Elements w4l Validate Us :r asPropertySheet (University Edition)

.i‘ Home All Elements j W | Add /s Hemﬁve Pemissions

Model Assistant 1.1,2.2 Display card request - Alt 2 A

= Properties 1, 2 Validate Liser AcCcuracy: Cd |‘5"5'-‘5"5“3 Units: |%
-4 Database 1.2.1 Determine User . Y

: 1.2.1.1 Provide User information Reliability: G| 92.983 Units: | %

: ea il === I T PO

The AGENT shal

. wijth PERFORMANCE while in CONDITION].

INCOSE|
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3. “Characteristic” — Suitabllity
.%Jﬁ_eﬂf o =of BN A

. . TE L T ” 17 ” Zzoais x
= Required attribute (“is”, “has” or “does”) iz v ey ;

B E

val

Mame: ~

0 Measures of Effectiveness
Mumber: 2
1 Transaction Management Hmber I:I |

L.1Transaction Accuracy Descriptinrl:l This is the operational availability of the system A
- 1.2 User Identification inaf otk I - d
aS e O n 1.3 Account Management accounting for network, power, maintenance an

1.4 Transaction Speed reliability (hardware. software, and transactions (see

2 System Availability other MOEs1. v

— The system shall have availability > 99.99% e ep:
while exposed to environments per section 3.2.6. omee -
Objeckye: G0 494 :
Time Frame Current ﬂ
Benefit: The ATM must be available to users or theywill go = A

Apmewhere else, possibly changing banks.

The AGENT shall .

v
== = e\ — - PR
M ain Attributes |Seco¥ar_l,l] Parameters | Diagnostics

L ]
WI t h Relations Targets & Attributes

-~ impacted by Concern  Equipment Protection

augmented by

. uome é----?mpacted by Concern System Availabiity
PERFORMANCE while CONDITION M ey
pcumented by - implemented by Requirement 2.2 Reliabil
[for CONDITION DURATION].
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3. “Characteristic’ — Environment — 1

INCOSE

* Based on Suitability

= The ATM shall operate with reliability per
the ATM Reliability requiremen
temperatures from -50 degrees F
degrees F, humidity from 0 to 100%
relative humidity (condensing),
rain/snow/sleet from 0 to 6 inches/hour,
wind from O to 60 mph, and lighting
levels between total darkness and full
sun.

The AGENT shall

during/after
exposure to ENVIRONMENT [for
EXPOSURE DURATION].

VWSRC
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+120

- O >
tilities Diagram  Presentation Tools Help
MEER T B 7 UA-FSod o 5 EFHa & »
Elements X
| |""\" Elements j? Name: | Weather ~
1.1 Initialize

1.2 Validate User

1.2.1 Determine User
1,2.2 Request PIN
1,2.3 Reguest Biometric

1.2.5 Invalidate Card - Alt 2
1.2.5 Retain Card

1. 2.6 Display Warning

1.2.7 Receipt Warning

1.3 Execute Transactions
1.3.1 Deliver Cash

1.3.2 Enable Deposit

1.3.3 Receive Check or Cash
1.3.4 Display Balance

1. 3.5 Transmit Transaction
1.3.6 Display Receipt Option
1.3.7 Print Receipt

1.3.8 Eject Card

1.4 Area Lighting
uitsbility Requirements

1.2.4 Display Transaction Request

1.3.9 Display Warning - Insuffident Cash

Number: I:I | 3

Descript'orl:l The ATM shall operate with reliabality per the ATM B eliability requirem ent in temperatures from -30 A
degreesF to +120 degrees F, humidity from 0 to 100% relative humi dity (condensing), rain'snow/sleet

from 0 to 6 inches'hour, wind from 0 to 60 mph, and lighting levels between total darkness and full

sun. ~7
Doc. PUID: |
Title: |
Type: Constraint i
Key Perfor false hd
Performan il j
Objective: Petrf Capahility param eters and duration. ~

]
Crigin: Operational -
Rationale: I:I Intended for extreme outdoor installations. Note that the "full sun" level levies requirem ents for the ~
Display to ensure adequate contrast
]
Paragraph |
Paragraph | v
M ain Attributes | Secondary J FParameters | Diagnostics
Relations Targets & Attributes
22 (all relationships) - packaged by Package Rain - Exposed ~
Eug_me?ted by - refined by Requirement 2, 1 Relizbility-Biometric Reader
c:;fggrized by - refined by Requirement 2.2 Relishility-Card Reader
- refined by Reguirement 2.3 Reliability-Cash Repository
- refined by Requirement 2.4 Religbility-Computer
- refined by Requirement 2.5 Relisbility-Depository
- refined by Requirement 2.6 Relisbility-Display
- refined by Reguirement 2.6 Reliability-Touchscreen - alt 1
- refined by Requirement 2,7 Religbility-Enclosure
implements - refined by Requirement 2.8 Reliability #eypad
g E:%“:gebd by - refined by Requirement 2.9 Reliability-Power Supply
Earefines ¥ - refined by Reguirement 2, 10 Reliability-Printer
reported by - refined by Reguirement 3. 1 Endlosure ventilation
resullt of N refined by Requirement 3.2 Endosure weather protection
= Sl;'l?aﬁdez “efines Requirement 0.3 ATM Availability
& :erlﬁieed b‘; - specifies Component 1 ATM System
- gpecifies Component 1 ATM System - Alt 2 A
Sort: |Numeric by dass ﬂ
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3. “Characteristic’ — Environment — 2

= Based on Function

* The system shall satisfy all
functional requirements per
section 1 while exposed to
operational environments per
section 3.

The AGENT shall

during/after exposure to
ENVIRONMENT [for
EXPOSURE DURATION].

Western States Regional Conference

Weather asPropertySheet (University Edition)

File View Data Tools Help
3 & Eh 75 |[Ful etai | = of |5 2 |oF .
Mame: | Weather
MNumber: I:I | 3
Description: I:I The ATM shall operate with reliabiity per the ATM Eeliability requirement in temperatures from -30 A
degreesF to +120 degrees F, humidity from 0 to 100% relative humi dity {condensing), rain/snow/sleet from
0 to § inches'hour, wind from 0 to 60 mph, and lighting levels between total darkness and full sun
W
Dac. PUID: |
Title: |
Type: |Cuns1raint ﬂ
Key Performance F |1'E|Ise ﬂ
Performance Parar |ni| -
A

Ohjective:

Perf Capability parameters and duration.

[B] &= %# ([

]
M ain Attributes | Secundaly‘ FParameters | Diagnostics
Relations Targets & Attributes
23 (all relationships) -- packaged by Package Rain - Exposed ”
aug_mented by -~ refined by Requirement 2.1 Reliability Biometric Reader
E.:Elasggrized by - refined by Requirement 2.2 Reliability-Card Reader
- refined by Requirement 2.3 Reliability-Cash Repositary
- refined by Reguirement 2.4 Reliability-Computer
- refined by Reguirement 2.5 Reliability-Depositary
- refined by Reguirement 2.6 Reliability-Display
- refined by Reguirement 2.6 Reliability-Touchscreen - Alt 1
- refined by Reguirement 2.7 Reliability-Endosure
- refined by Requirement 2.8 Reliability -Keypad
Earefined by - refined by Requirement 2.9 Reliability-Power Supply
Earefines - refined by Requirement 2. 10 Reliability-Printer
reported by - refined by Reguirement 3.1 Endosure ventilation
result of - refined by Reguirement 3.2 Endosure weather protection -
& spedifies - refines Requirement 0.3 ATM Availability
& ﬂzy%eeddbbyy - specifies Component 1 ATM System
\ specifies Component 1 ATM System - Alt 2
- gpedfies Function 0.4 _Perform Environment Functions
- specfies Function 1 _Perform ATM System Functions W
Sort: |Numeric by dass j
RwDia, Last Modified: May 8, 2018 at 07:29:50 AM
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4. Using Architecture to Validate Requirements — Simulation

=ffbd _Perform ATM System F.'co'ﬁ

Carson and Noel, INCOSE 2018

Correct Set of Correct
Requirements

Correct
Requirements

kil

501
Tnstsll ATM
O DOWer
S B 0.0001

University Edition - For Academic Use Onlby

Sufficient Necessary Feasible Verifiable
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5. Process First

Requirements Development — Analysis, Validation, Decomposition

= Analysis =
requirements

= Next-lower-level
architecture (design)
constrains further
analysis
— Interfaces

— Derivation and
allocations of functions

— Derivation of
requirements

= Recursion to lowest
levels

» Traceability is inherent
In this process

INCOSE | AT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

©“w |
§ e Operational ' Operational
% (Capability & | inal Sis | Repuirements
< MOESs) y g
ol 4@440°0°°°°°——mmmmmm | eee— . 7y
——TReconcile

Derive ¥ Trace

Trace M Derive
'y
2 Derive and
A Architecture . System

& Analysis - Validate > Requirements
Y < Trace 9

Deri\l/e J TA

Tracve N ra|1ce
£ )
O . Derive and
i Architecture . Subsystem
@ & Analysis 4 Validate > Requirements
= & Trace
(Vp]
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6. Summary

REQUIREMENT

» Process first: define structured

requirements (types and structure by type)
for your organization

= Select and adapt tool

— Define representation of requirements elements
In the tool data model

— Define process for establishing relationships
among model data elements

* Develop requirements from Concerns,
MOEs, ConOps, Missions, Functions,
Inputs/Outputs, Performance

— Relate (trace) requirement elements to source
data — MBSE architecture elements

INCOSE

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

TYPE

FUNCTIONALPERFORMANCE REQUIREMENT

DESIGN ENVIRONMENTAL

REQUIREMENT REQUIREMENT REQUIREMENT
ELEMENTS

AGENT

INTERFACE-INPUT

1 SHALL STATEMENT

FUNCTION

TIMING

1 INTERFACE-QUTPUT

DESIGN CONSTRAINT

PERFORMANCE

CHARACTERISTIC

CONDITION

ENVIRONMENT
EXPOSURE

EVENT TRIGGER

JURATION
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