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Problem Space

e Answers the question
— What does the customer want and why?

e What is unique about this method?
— This method
e Identifies the customer (stakeholder)
e Describe the problem facing the customer(s)
e Keep the problem and the solution separate
(adding solution ideas early constrains the possible solutions)
e Starts to clarify the handoffs between teams
(organizational hierarchy)
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SysML Diagrams for the Problem Space

Use Case Diagram | £){Requirement | \ /" Block Definition P;f_ametric
| Diagram L, ‘ Diagram iagram
)

‘ Intemal Block
‘ Diagram

Package Diagram

Activity Diagram

Sequence
Diagram

State Machine
Diagram
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Abstraction Views

What the system does

-}—= Behavior Views

¢ Source Requirements 0
0. Functional (]
¥_ Business '

t-------------.

Black Box Views

How the system does it

¢ Functional Requirements ¢

Logical Architecture
- Operational Context
- Maintenance Context
- Delivery Context

- Testing Context

Data Item
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White Box Views

. ]
¥ Source Requirements '
¢ - Constraints (]
¢ - Performance :

¥ Performance &
¢ Constraint Requirements

Software Architecture

Physical Views sl

Problem Space

Data Stream

Electrical Architecture

Data Link

Mechanical Architecture

Mechanical Link
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Originating Customer Reauirements

e

e Answer the questions: Requirements )
. Create Glossary of Terms
— What is the problem?
- What are the users doing? Y A -
- What are the objects in the real ,' «iterative» For each gontext ‘u
world? | |
| CCapture Stakeholder ) ' MS Excel
: Needs :
e Work from the user . | L
requirements inward | . !
| (Crea‘te Architecture ) Email
| Cortext Diagram :
|
e Ends with requirements review | .
) | | MS Word
- Vocabulary consistent between | Gather or capture = | Document
stakeholder needs, context l requirements ) '
|
|

diagram, & requirements

--------------------- Doors Module

Baseline the
requirements, stakeholder
needs, architecture
context

Requuements Rewview
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Glossary of terms
e Any noun or acronym used in the source requirements

o Stakeholder focused and not designer or implementer focused
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Stakeholder needs
_ 3) ldentify Stakeholder Needs
1) ldentify stakeholders

Receive mission updates
:~ - \«§express»
Ny -~ < .
Commander ~ «EXPressy™ ~ —
N
~ Send command to one or more
Ny X
«is-a» N soldiers
R i «express»
Maintenance Soldier N N
/\ N
N
«is-a» N Send message without sound
~No «express»

~
~o -
Soldier ~ o
~
«exXpressy—
~ ~
RSN Receive messages without making
noise

Application Dev eloper,

Commander

«express» =>{ || Update software on unitsin service

2) Describe stakeholders

Create new applications
Roles: Describe the role the stakeholder plays. There may be Sl i;x‘p,;,;,""_>
more than one role each stakeholder operates in. - o m = - ,
Authority: Describe the authority of the stakeholder in each of Application Developer Std=relop ikt
their roles.
Knowledge: Describe the level of knowledge the stakeholder
has. 4) Add need necessity & rational
N N Tagged Values v
g Bl ax 050
% Receive mission updates % =) Receive mission updates [Requirement)
Necessity Essential
» Y, Rationale

Without mission updates important opportunities may be missed
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Capture Architectural Context

e Show actors and association with system of interest
e Purely “black box” perspectives

bdd Operational Context /

O

/Operatm\
2 2
<<block>> <<block>>
Cartographic Fixed Reference
Reference

© Copyright 2010 Rockwell Collins, Inc.
All rights reserved.



g~y

Source Requirements

e Source requirements are requirements provided by external
stakeholders, not by the designers

e This task involves gathering and organizing the requirements

e In an ideal world, the external stakeholders
— Provide requirements at the black-box level (do not over-constrain

the solution)
— Elaborate the requirements with use cases
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Operational Concepts

Start with source
requirements and
stakeholder needs

Re-use actors and external
systems from the

Geate Use Case Diagram

.2/

originating requirements

Bring in actors, system,
and external systems from
package

3"

Create use case. Fill in
notes and tags.

v
[Simple]

_/

[Complex]

stakeholders and

( LR IR G2 ) Create activity diagram

below use case

architecture context
packages

— If you discover a new actor
or system, add it to the
stakeholder/architecture
context also
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___/

Phase 1 - Add activities
the primary actor performs

\&

Phase 2 - Add activities
the system and other
external systems perform

AP

Phase 3 - Add data items
flowing between

swimlanes
Identify exceptions
(failure) and alternate
courses for each activi

$e

T
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Use Case Diagram

Actor Use Case Dependency (extend/include)

Stereotype

«Alternate_Course
Cancel and resend
message

-
-
-
-~
e
v _«extend»

£
«Main_Course» «Exception»
oimany se"dmh::gaggsmfe < eextonds Unrecognized gesture . .
Association
Soldier
(from Stakeholder Needs)

«System»
Architectural Context::
Gesture Radio

N\

Composite Block — My system or other systems
(Use Case Diagram)
(Activity Diagram)
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Conduct Use Case Analysis

e Identify prospective Use Case: “verb-noun” convention
e Primary actor identification

uc Early Operational Concept lllustration /

<<block>> <<block=>
Architectural Architectural
Context:: Context::Fixed
Cartographic Reference
Reference

Update Degraded
Nawvigation Solution with
Fixed Reference

<<primany=>
A

Operator
from Architectural Context)
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ROC/(WG//_ _ UseCase : Update Degraded Navigation Solution with... @
Collins [——

General | Requirements | Constiaints | Links | Scenarios | Files | (<>

Name: |Update Degraded Navigation Solution with Fixed Reference |
. Stereotype: | EQ [] Abstract
Characterize Use Case Author. | wirgen T w—y
Scope: IPuinc [v Complexity: | Easy [v
Alias: ’ ‘ Language: | <none> v
e Purpose, Goal, or Objective Keywords: |
e Trigger Stimulus Phase (1.0 |Version:[1.0 | [ Advanced |

e Preconditions
e Post Conditions Purpose:

To update a navigation solution thatis no longer receiving a
reliahle source of reference updates (i.e. GPS or Nav Radio
fixes). A degraded navigation solution is prone to large drift
over time, thus it requires a periodic update to resetthe
solution to a higher prohahility of certainty.

Trigger Stimulus:

Pilot determines that own aircraft present position
estimates are significantly different than actual aircraft
present position. Narmally, the pilot will not take any
corrective action unless: 1) the aircraft present position
appears to he erroneous {greater than 2nm from
expectation), or 2) degraded navigation solution has not
heen updated within the last 60 minutes.

Preconditions:

The navigation solution has reached a degraded state with
no automatic updates from fixed reference sources. The
degraded navigation solution navigation errars are
significantly different than actual aircraft present position
{greater than 1 nm from true position).

Post Conditions:

The degraded navigation solution is now providing present
position estimates with the update correction.

© Copyright 2010 Rockwell Collins, Inc. ok || cance Apply

All rights reserved.




Rockwel//
Collins

Build Activity Diagram (Scenario)

@ $121609-prod - EA MEX

! File Edit View Project Diagram Element Tools Add-Ins Settings Window Help

AR = AR E @ [ e SyshL 1.1 - ai Getting Started @ H B0 =~ Eji

Toolbox S 63 o \ P act [Activity] Update Degraded Navigation Solution with Fived Reference [Evolving Activity Diagram];  created: 3/22/20101:18:33 PM modified: 3/22/20101:18:48F x  Project Browser X

| More tooks... ) ERE MG YERAE RO X SN

|/=/ SysML Activities | & ] Source Requirements A
Activity = ] Architectural Context

%3 Operational Context

Adel % <<stakeholder. .. > > Operator

Action {call beh <<block> Cartographic Reference

Action {accept &l «<block>> Fixed Reference

Action (accept 1 <<block>> Nav Solution Update System
) | 3| Logical Definition

Action {send sig & ] Examples

Partition

El il Operational Concepts

Control Operat: %3 Logical Hierarchy

Parameter ~/ (O Update Degraded Navigation Solution with
ﬁ Evolving Activity Diagram

28 Early Operational Concept Ilustration

/]

Parameter (opt

Parameter (pro r— 1 Initial Activity Diagram
Object Node i the :Nav Solution Update System E Response Activity Progression
Object Node {n 22 Update Degraded Navigation Solution

L

ﬁ Degraded MNavigation Solution with Fixi

Object Node (o Select solution to be 2, Activity with Object Flow

PeedeomMLLUBEEELHUNKNES 0@

Central Buffer I AEEECE - @ AC: Update from valid navigation refel
Decision E [+ ¢ AC: Update from overfly reference
Merge [+ (D AC: Update from WXR Source
[+ ¢ AC: Freeze Update Solution with Conti
Synch , P P bl
Initial &) | i 2
T X
Final Select update source for NOtes 2 8 :
Flow Final fixed reference I U aA‘A EE éE xz xz %
.. Region :
%3 Exception Purpose: o ‘ _ [ﬁ]
] To update a navigation solution thatis no
| Forkfaoin...

longer receiving a reliable source of
|- SysML Activity ... reference updates (i.e. GPS or Nav Radio
fixes). A degraded navigation solution is

prone to large drift over time, thus it
/' Control Flow {C Freeze the navigation . | requires a periodic update to reset the
7 CortraEims S aion(s) solution to a higher probability of certainty.|

/' Control Flow
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Define Scenario

e Add activities of
primary actor

© Copyright 2010 Rockwell Collins, Inc.
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act Initial Activity Diagram /

Update Degraded Navigation Solution with Fixed Reference o

nof
Purpose:

Jo update 3 navigation solution that is no longer meeiving 3 el
fixes). Adegraded ravigation solution is prone to lame ddft owver
to @ higher pmohahility of cerdainty.

Trgger Stimuwlus:

Filot detemines that own airmait present positi
Nomally, the pilot will not tale any comective 3

n unless: 1) the aimaf pres
than Sam fom expectation), or 2) degraded navigation solution has not heen updated within the last 60 minutes.
Preconditions:

The navigation solution has reached a degraded s
degraded navigation solution navigation emors ar
na Yo tue position).

Fost Conditions:

The degaded ravigation solution is now pmoviding present position estimates with the upda

&
iV

eq melemence SOUTes.

Pilot Nav Solution Update System

Select update for
degraded navigation
solution
Select update source for
fixed reference
Freeze the update fixed
reference source

Accept the update to the
degraded navigation

solution
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Define Scenario

e Start with functional
requirements

e Add activities/actions
to satisfy the
requirement

e Each action is traced
to one or more
requirements

e Derive new

requirements as
needed

e Maintain purely “black
box” perspective
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act Response Activity Progression /

Update Degraded Navigation Solution with Fixed Reference

notes

ent than actual! aircat pre

widing present position estimates with the update comection

Pilot

Activitylnitial

Select update for
degraded navigation

Nav Solution Update System

Display update page

solution

Select update source for
fixed reference

[Navigation Solution = Degraded)

e ar )

Provide update fix
reference

Freeze the update fixed
reference source

[Update Source = WXR]

[Update Source = Valid]

-

A )

Calculate update vector

Accept the update to the
degraded navigation

\

- J

Apply update

solution

[Update Acceptance = Accept]

ActivityFinal
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Organize Model Elements

o Activity Diagrams (Scenarios)
under Use Case elements

e Make Use Case “composite” -
double click opens scenario

uc Update from WXR Source /

(from Architectural Context)

<<block>>
Architectural
Context::Fixed
Reference

\

AC: Update from WXR

Source
oo

<<block>>
Architectural
Context::
Cartographic
Reference

location over WXR

~
EX: No WXR Image
Available

7
/
<<e/xtend>> N

/
AC: Enter manual
checkpoint

AC: Select
checkpoint from
listing (future)

~
Operator <<extend>>_

N

AN
<<extend>>
N

EX: Incomplete update fix
reference

AC: Select
checkpoint from

) cartographic image )
© Copyright X ¢uturey _£ll Collins, Inc.
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Project Browser X
BlmiEE s B )
= | 2] Logical Definition »|

@ [_] Examples
= CI Operational Concepts
@3 Logical Hierarchy
(2 Update Degraded MNavigation Solution with Fixed F
ﬁ Evolving Activity Diagram
28 Early Operational Concept Illustration
ﬁ Initial Activity Diagram
ﬁ Response Activity Progression
%g Update Degraded Mavigation Solution with Fi:
E Degraded Navigation Solution with Fixed Refe
& Activity with Object Flow
(» AC: Update from valid navigation reference
ﬁ Update from valid navigation reference
& Update from valid navigation reference -
(» AC: Update from TACAN Reference
(» AC: Update from Mav Radio Source
(@ AC: Update from overfly reference
E Update from Overfly Reference
ﬁ Update from Overfly Reference - Data F
» AC: Overfly Mav Radio Reference
(2 AC: Update from W¥R Source
22 Update from WHR Source
& Update from WXR Source
& Update from WXR Source - Data Flow
(2» AC: Enter manual checkpoint

(D AC: Selert rhecknnint From rartnnranhic

[i] mm | |l|

11}

()




act Degraded Navigation Solution with Fixed Reference /

Update Degraded Navigation Solution with Fixed Reference O

ok Eolins

Add Exceptions
and Alternate
Courses

oosit A

e Examine each
“ha ppy day” Step Pilot Nav Solution Update System
(activity) ®

° What Can go Activitylnitial

7 Navigation
W ro n H Select update for i i
g degraded navigation gar!ey update page Solution = EX: Select Valid

— —Malid | — — =={Navigation Solution
(Not Degraded)

'AC: Update from walid solution

e What else might i
the actor do?

e Does the step
itself require
further
elaboration §= |~
(extension)? pdsh Sotm= Oty

‘(:\\
Update Source = Selected Nav [Navigation Solution = -
- :

~ Degraded] Navigation Solution = Valid

~ Z p

AC: Update from Naw
Radio Source

<

Update Source =iav Radio
1
Update Source = WXR_

Select update source for
fixed reference

4 EX: Select Invalid

_ Z__ Update Source = Invali
4~ Update Source

<=7 -

-

Prowvide update fix
reference

-

Navigation Solution = Invalid

[Update Source = Valid] ~<
N

~

AC: Update from )
Freeze the update fixed

reference source

overfly reference

EX: Select Navigation
Solution that is Invalid

e Simple
dependency [ cr—
relationship from
activity to use
case

Accept the update to the
degraded navigation

EX: Reject the Update Update Acceptance =
-0 solution

Solution Reject — |~~~

—
[Update Acceptance = Accept] Apply update

© Copyright 2010 Rockwell Collins
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Use Case
Extensions

e Add:

— Alternate
Courses

— EXxceptions
Cases

- Extensions

e Maintain singular
focus
— One use case is
primary focus of
Use Case
Diagram

© Copyright 2010 Rockwell Collins, Inc.
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uc Update Degraded Navigation Solution with Fixed Reference

<<block>>
Architectural
Context::
Cartographic
Reference

<<primary=>=

Operator
¥om Architectura! Context)

AC: Update from walid

e <<extend>>
navigation reference i .

/ /
/ /

I
I
I
I
i

/ 1
/  <<extend®

AC: Update from Naw
Radio Source

AC: Update from WXR/

Source I

AC: Update from
overfly reference

AC: Update from
celestrial fix
reference (future)

AC: Update from AC: Update from IR -
Targeting Laser

Reference (future)

relative fix (future)

Update Degraded
Navigation Solution
with Fixed Referencg

<<blocks>
Architectural
Context::Fixed
Reference

EX: Select Valid
Navigation Solution

<<extend>> (Not Degraded)
“v\ <<exteT1d>> -
N ~ -
\ ~
N SO EX: Select Inwvalid
~
\\<<e dendss Update Source
\\ o
\
N
<<extend>>
N
N
\ EX: Select Navigation

Solution that is Inwvalid

EX: Reject the Update

Solution
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Elaborate Each

Extension

Activity diagram

(scenario) for
each AC or EX

May be variant
of original use
case scenario

© Copyright 2010 Rockwell Collins|
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act Update from Overfly Reference

AC: Update from overfly reference

notes
Purpose:
To update a navigation solution with a reference point that the aircraft overflies.
Trigger Stimulus:

Pilot desires to update nav solution with a fix reference visual overflight.
Preconditions:
The navigation solution has reached a degraded state with no automatic updates fromfixed reference
sources. Update page is already being displayed.
Post Conditions:
The degraded navigation solution is now providing present position estimates with the update comection.

an :Operator

EX: Enter Invalid
Position

Pilot manually steers aircraft
toward reference fix. Select
Freeze only when aircraft
overflies the reference fix.

L//

AC: Freeze Update
Solution with Control
Wheel Selectipm>

Inc.

ActivityInitial

Select update source for
fixed reference

the :Nav Solution Update System

[Update Source

Select = OVERFLY
Display Ov erfly Update

[Update Fix Reference =

Invalid]

Enter reference fix
coordinates

Freeze the navigation
solution(s)

Accept the update to the
degraded navigation
solution

|
[Update Accept

-
-

Provide update fix
reference

Update Fix Refere
Invalid =

[Update Fix Reference = Valid]
Determine Estimated
Position

| “Navigation Sol
Invalid

Calculate update vector

ance = Accept Apply update

Re:

-7
Navigation Solution = Valid
-

= /EX: Select Valid
Navigation Solution
(Not Degraded)

nce =

EX: Select Update
Source that is Invalid

EX: Select Navigation
Solution to Upgrade that is

ution =
Invalid

eiB_iaf EX: Clear Update

Bias
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UseCase : EX: Incomplete update fix reference

X]

' General | Requitements | Constraints | Links | Scenarios | Files | {2 ]

- - ame: - Incomplete update fix referencel
Scena rlo Dlag ra ms :tereotype: ;uég [[] sbstract

Author: rwiorgen w | Status: Proposed v
Scope: Public v | Complexity: | Easy v
e Generally, use Activity o= \;angua:er\mm» x
) . eywords:
Diagrams to express unique Phase  [10|Verson 10|
scenarios Noles
* However’ If a Iternate course or The selected fix reference as selected on the display is
exce ptl on | S “ S| m p I e 7 ’ cons | d er dependent on that display having a valid bearing/ range

from the aircraft to the selected point on the display.

“ ” .
N Otes n a rratlve Ifthe display does not have a valid bearing/ range to the
selected fix, the selected fix will remain invalid.

~

-
UseCase : AC: Select checkpoint from cartographic i... w

e Use Case Analysis generates
future opportunities — capture

' General l Requirements | Constraints | Links | Scenarios | Files | [<[> ]

Name: AG Select checkpoint from cartographic image [future) ‘

them! Stereatype: | v|@ [] Abstract
Author: | rwiorgen \v| Status: | Proposed El
Scope: IPuinc |v Complexity: | Easy v
Alias: Language: | <none> v
Keywords: ' ‘ [
Phase: T‘Velsieﬂ: 10 | [W]
Notes: : |

B [ U*A iZ:= x* %§

Future opportunity: provide ability to selectthe checkpoint
reference from a a digital map

© Copyright 2010 Rockwell Collins, Inc.
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Co 7ms uc Update from WXR Source

Repeat Use
Case Process

e Use Case

<<block>>
identification e octura
. Cartographic
o Sce n a rl O Reference

definition -
primary actor
e Scenario

O

definition - AN
system Of (from Architectural Context)
interest,

secondary actors

e Consider
alternate
courses/
exceptions/
extensions

<<block>>
Architectural
Context::Fixed
Reference

/

AC: Enter manual
checkpoint

AC: Select
checkpoint from
listing (future)

AC: Select
checkpoint from
cartographic image
(future)

AC: Update from WXR

X: Unable to select
location over WXR
image

EX: No WXR Image
Available

EX: Incomplete update fix

reference

© Copyright 2010 Rockwell Collins, Inc.
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act Activity with Object Flow /
Rockwe//
Co Ins Update Degraded Navigation Solution with Fixed Reference O
i3t ¢ LN iah q (£, or Vav Radio

Add Object Flows

e Add object flow for each
interaction
e Two activity diagrams: n Operstor e T Sordion Upadte Systam
- Sequence flow of scenario
- Object flow of scenario
e However:

Consider transaction “visibility’
between actors (swimlanes)
an :Update Page

- Consider activity hierarchy
(functional decomposition)
e Refine the object flow
definition
— Classify to a block

— Stereotypes
* User Interface B e oo tron] nstafoss)

e Data Item
- Tagged values

e Engineering Units gom fsandes

e Max/Min Values e TR—— n Update Vector

© Copyright 2010 Rockwell Collins, Inc. R igtion
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Activitylnitial

Select update for Display update page
degraded navigation
solution :Operator

he :Update Page
Select

H

Yrom tvsfan}:es)

e

trodr dpst )

Select update source for
fixed reference

an :Update Source
Select Provide update fix
reference

(from] irstafoes)

a :Freeze Select

Calculate update wvector

=m 'lndate Accent
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Conclusion

e Answers the question
— What does the customer want and why?

e Look at from a black box perspective
— Operational Concepts
— Stakeholders & stakeholder needs
— Source Requirements
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