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State of the Practice for Systems Development

¥
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Document-centric, not
data-centric or - e

verification-centric .
Quality is addressed -
i with expensive and e Documents

error-prone manual il (engineering data)

Huge investment in review and update are difficult to

planning that doesn’t \processes " | manage over the

reflect actual project '[ long haul

execution p——

Not responsive
to change

Typically results in

Iong |n.tegrat|on and — "
validation cycles J——

} ? A= 'f' =
Insufficiently < 2
addresses system
dependability
concerns

Regulatory standards
compound the
problems (e.g.
DO0178, IEC 62304)
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Key Concepts for Agility

~

Aprove quality through continuous feedback

Verification
Formal analysis
Review
Testing via execution or simulation
Validation: Customer feedback (meet the need)
Correctness
Appropriateness
Usability
Dependability: Analysis of safety, reliability, & security

Primarily build executable things
Verify them continuously

Gficiency through \

Concentrate on high-value tasks

Avoid rework

Paying attention to how you’re doing against
goals

Project retrospective
Risk management

Active and continuous risk mitigation

\Monitor project success

k This means MODELS / /
[Planning )
Don’t plan beyond the fidelity of the information you have Dynamic planning
Plan enough but not more than that Responsive to Chanae
Adjust plans based on “truth on the ground” (metrics) P g
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What does “agile” mean for Systems Engineering?

\ Haat oy - "YU »Process
\ dr

¢ Adjust work |
Work iteratively tasks and Continuously

and plans to meet assess safety,
incrementally business & .  reliability, &

v industry needs | security
4
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Verify work
products
continuously

Incrementally
update
traceability as

data stabilizes




Computable models are essential for Agile MBSE
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What do we mean by “verification”?

Syntactic Semantic

Verification _ Verification

“correct” (compliance in meaning)
Performed by engineering personnel

Three basic techniques

Testing — requires executability of work products,

impossible to fully verify

Formal methods — strongest but hard to do and

subject to invariant violation

Semantic review (subject matter expert & peer) —

most common, weakest means /

— “well-formed” (compliance in form)
Performed by quality assurance personnel
« Audits — work tasks are performed as per plan
and guidelines
» Syntactic review — work products conform to
standard for organization, structure and format

\ / © 2016 IBM Cgrporation
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Scenario Driven Use Case Construction / Verification

Define Use-Case Scenarios

Derive Use-Case Functional Flow

>

Add Traceability Links

[more reqgs] [else]

Nanocycle development of
\ use case performs this cycle
in iterations lasting 20-60

minutes and verifying the use
case and ating the textual
requirement

Lo

Verify and Validate Functional Reguirements

, B

Define Ports and Interfaces

Derive Use-Case State Behavior

LR o
=
Q’

Perform Review

-

o

Making it Agile
Loop
Loop
Conceptualize requirement aspect
<1hr Incrementally augment model
Verify
Repeat until all requirements added
Repeat for all use cases

\

)
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High Fidelity Models are verifiable ] oo
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incrementally, enabling agility e T
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Verification
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Determine the degree of verification with model coverage

analysis

10

TestCase Coverage Result

TestCase: SD_TC001

Environment Information

| Test executed on machine:

Test executed by user:

Used operating system version:
Used Rhapsody version:
Used TestConductor version:
Generation Date:

PBOS0Z6-27298
Bruce Douglass

Windows 7

8.1.4, build 9641846

2.6.4, build 4386

Wednesday, April 13, 2016 15:18:58

Project:

Active Code Generation Component:
Active Code Generation Configuration:
TestPackage:

TestContext:

TestCase:

SpeedDemonTreadmill

TPkg_ucControlSpeed_Comp

DefaultConfig

TPkg_ucC P TCon_ucControlSpeed_Architecture
TCon_ueControlSpeed

SD_TC001

ucControlSpeed (highlight | goto)

B hide covered
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Functional Analysis via Executable Requirements?

A functional requirement is a specification of an input-output control or data transformation

or flow

A quality of service requirements is a specification of how well a control or data
transformation is achieved

—
=

—l e iiadiaadak |

Requirement

IO:‘Q.CD—|

The system shall be “real
good” and “very fast” and
“generally awesome”

Poor
requirements

>

Much better
requirements

Requirement
— - € T q
Raogiiico s T dl €] The system shall perform

o] Theef | d error correct and

d € cyy I detection during

a il d deté ol initialization and
ol i1 onsetandrg operation.

Control SE O fs,ecuri'ty mea

updated every 1 including incident reports.

.5 cm and a latency of no © 2016 IBM Corporation

more than 1 ms

2 ms with an accuracy of |
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Test-Driven Development for MBSE Work Products

= The principle behind TDD is to develop and apply test cases as you develop a system to

demonstrate that it is correct
— This is done in parallel with the system development and not ex post facto
— This is about defect avoidance not so much defect identification and repair

= TDD applies to the development of complex system use case, architecture and design
models
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Integrated Safety and Reliability Analysis

«Hazard»
= Fault Tree Analysis @
(FTA) conn ects Hyp&lxia «UndevelopedFaults
hazards with logical elormalEvents (| ————
Combinations Of .__"—___':::; (————Q Physici:n unal_alietn
.. manually ventilate
events, conditions, Ventiator Engaged | A esicF auk
errors, and faults | |
S _>Q< _____ S i FAULT
= Allows you to identify : = | e
| |
» Effects of st | |
combinations of : I
COﬂdItIOﬂS and «Trangfers «R?iltir?p()onditi?n,
eve nts On Safety Gas Flow Problem_T ' i. :
@ J
} Safety measu res Connection Problem_T 02 ConcentTiion Problem
» Safety requirements D
» Impacts of r————’ . e__—j!
architectural, [ | |
technological, and | = |
deSIgn ChOICeS On ‘Undga""' «UndevelgpedFaults «Bilauclh
safety U ML_ FTA O FAULT
Profile V2 Breathing Circuit O2 Sensor 5p02 Sensor Fault 02 Supply Fault
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Integrated Safety and Reliability Analysis

«Transfers

—

Gas Flw{tmblem_'r
«ResultingConditions

g0

Power Supply Problem L T —

«BasitFaults

BASIC
FAULT

Ventilator Pump Fault
«BasicFaults

|
Faults
~ %Qe — i
| |

sUndevel Faults

A
| I
|
|

Gas Flow Sensor Fault «BasjcFaults «BasicFaults
BASIC BASIC
FAULT|  [FAULT BASIC
Gas Supply Fault Breathing Circuit FAULT l :
Leak Ventilator Parameter | Ventil ‘::;::‘N':m CRC

Setting wrong
«Undweto*:ed!’aultn

Parameter L imiting
Fails

«UndevelopedFaults

Backup Power Fails
«BasicFaults

BASIC
FAULT

Power Supply Fault

T |

BASIC
FAULT

Ventilator
Computation
Incomect

cUndmIn*edFaulb

Redundant
com putational Channel
fails

© 2016 IBM Corporation
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Mapping Requirements to Fault Tree Analysis

Reguiremets
RequirementsAnalysis: REQ_B(

The system shall monitor the

braathing cirout continuousy

dusing operaion for CO2

coment mion in the expistory =

linb, Tetn

«Basicraults

BASIC
Fﬁ«IJLT

«UndefelopedFaults

/
-~ Expiratory Lim co2_-

concent @i, acarate o 2% i / \ N

The system shall monitor the I

huﬁag&uitc’zumdv \j’

during operation for CO2

corcertration in the Spratory The fdlowing mezsred vahes
N [ — shallbedisplayed =3l times:

neyewmwemadnalysis: REQ_Dis  5p02, npiraory gas flow,
inspirator y ©O2 con@ntration,
dng type and inspratory dng

The system sha | show pressure conmet ion, Al other

in bot h inspiratory and measured v aues shal be
expimpry limbs of the braathing avaisble but need nabe
circuit. corganty disdaved.

RequirementsAnalysis: REQ_Dit )

aRequirements
RequirementsAnalysis:REQ_BCM_11

The system shal raise 3 sericus alarm f the

— pressure in the inspiratory limb does not rise in

concorrdance with the inspiratory phase of
entilation.

[

L sensor fault ‘h"‘-—-‘ | nspi mtory Pressus
sResuiramet - nqa \ ““--.Sﬁrunr Fault Requirements

RequirementsAnalysis::REQ_BC i \ '7 n\ “‘\-. s RequirementsAnalysis::REQ_BCM_0T
The system sl ras 2 ol o \ \ s H‘“""A The system shall raise a citial dam
adarr:itleOZt::r::mim / / \ \ ~ if the CO2 concentration inthe
inthe expraony imbis not at aftecpArement it expmory imbis not & less twice
|aast twice ambient RegurementsAnalysis REQ_VD_ / { \ \ ambiert concent &ion (12 & e
coment mton (i 2. & least \ \ 0.08% by voume)

The shall delivi

pommene /1 A NN

RequreTEt
RequirementsAnalysis::REQ_Display_C'

The system shall display the CO2
concentration in the epiratory limb of
the braathinn cirrit

aReGuirements
ReguirementsAnalysis | REQ_Bt

The sy=en shal monitor the
bres thing circuit continuosly
dui i operaton for gas flow in
bath inspiratory and expraory

15
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Mapping Design to Fault Tree Analysis

16

«Transfers

A

ConnectiosfProblem_T

«ResultingCondition»

3

Coﬁr{;cti* problem

€O2Samsor. (| @ @20 - >
|
—
X i
«M 'rfes{s» ¢D}ad\s» |

o op{;dFauhn «BasicFaults
BASIC
FAULT

Expirajbry Lim CO2 Esophageal

! cUndmliinauh»
/sensur fault, Pal Patient discopnagct from s

BasicFault»
BASIC
_FAULT

Fault isolation

Intupation
3 ? ST piratory Prassure
xDet?:ts» ¢Exlenuat§sn (Extenu*es:a = ées, B?alhmg]lCm:u{t B
LompConoNes = b/(Detects: | i e
CO2Sensor l" \
| N\
cDeTects: uDeté:is»
N
GasFlowSensor Pressure Sensor

Fault control measure

Fault detection
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Model-Based Threat Analysis

= Security Analysis Diagram (SAD)

is like a Fault Tree Analysis
(FTA) but for security, rather
than safety
— It looks for the logical
relation between assets,
vulnerabilities, attacks,
and security violations
— Permits reasoning about
security
What kind?
How muche
Risk assessments
Cost of security
penetration

Adequacy of
countermeaqsures

Who has access to assets

17

«SecurtyViolations
-
&G «C
encryplion on wil
communications
«Vulnerpbility o «C
Modication ¢
configuration ia { INS Nawgation counteufdts 20022
message
Thi
Al d Vulnabilitys
Spoofing Attack

Weak GPS signal can be
overwhelmed

«Threats

<R

A4

Overwhelming GPS signal

Vehicle lost due to
GPS Attack

eSecurityViolations

«Countermeasures

rd
[

«Vulnergbilitys

Weak GPS signal can be
spoofed with a stronger
signal

Manitor for unreasonable position
changes reported via GPS

«Countermeasurexs

Use of military encryption on
GPS

«Threats

from enemy |
Wi
sgets
—
=3

D

Slightly stronger GPS signal
with false coordinates

Threat Analysis Table

Asset value 15 Te valoe Of the assel 1o be prolecied (1=very iow,

[ Likciood is #ve prooabity of the amack (1-very low, 10-cerain}

10=very highi.

Asse VutneTaniuty Thneat vector | Asset vatue| of aftack Dy Expioitanimy Breaan iy |rnreat Priomy| countermeasure
wout
Fasent Demo- alidation
raphic Data | Access wia Eme rrves | wemak sar2 | imernal encryp an
Auso-execution
Access wia USE ey L an
Acoess wa pameen | Messages se Meszage
noopk pémin text ooso | encryption




To: Class, SafetyMeasure Scope: DesignModel

Failure Mode and Effects Analysis

i i l - B alarmManager | Bl GasFlowSensor | Bk Pump | B Pressuresensor | Bk spo2seng
el =
3 | <= Gas Supply Fault
2| <= ventiiator Pump Fault *y) Pump Pre-actian Post-action
21 <> Ventilator Parameter Settinn wronn
I ] ENEEov Sabl e S B . - ] ‘ | | ‘ ‘ i
= | == ventilator Cl' - = e L [ =3 =
=——— s i
= | == Power 5upp| 8 | == sas supply
R D t ted automatically f o
ocuments are generated automatica rom i
i - 3
=
- - - ! g 4 'E
engineering work in modadeilis : =B E
‘Added
e e = Miske pede: senled
INTERFACE CONTRO il i
ATS. vl nane lubricating Joe ubricanon 1 3 10
Subsystem: Braking Management Subsystem e r— e
Interface: ifrakingForce H H = start up peda mare
i ical auto-generated documentation includes |== = | _|=
Data: brakingforce with sensor sensors Susan with voting 2 ) 144
Type: Scaled 32-4it integer
Media: CAN Bus message agm u Cominuous
Ry ': D_ ‘.lﬂ.UN . manhoring of
Aecyrecy: £ 005 W CAN bus Mone nfa
Return value: none
Rate:Sms T
Worst Case Respamse time: 1 ms H d A I H H‘:T:ﬂ'! ™
Interface: iBrakingCommands = aza r n a ys IS Cominuous send ifeticis Updated
Sarvice: EnableBrakingAugmantation —_ -
Data: enable 1m
- FMEA/FMECA : =
Miadin: CAN Bus message
Range: D [FALSE) .. TRUE (1)
Accuracy: Nf& - n
Auturn value: ACK_Type ——
P = Cyberphysical threat analysis table
Worst Case Response Time: 2 ms - s34k
au
Swrvice: PowerOnSelTest tolerance | Probabi | Sever integrit
i = Interface Control Documen i e o
Aeturn value: POST_Retun_Type
Rate: Mo faster than 1/10 minutes
Worst Cast Response Time: 1000 ms . . .
- = Design Description
Threat Analysis Table
-
| m 1.00E- 8.00E-
Anset value is the valae of the asset ' be proteciad (1=very low, 10=very b minutes oz B oz 3
Likeinood i e probatdity of the aRack ( 1=very Iow. 10=cenar)
Fieproducibiity nefens i haw casy & % 1o FEpRdUCE he aRack. (1o ax doas 1 depend on Tming of caner <) = haringia et T Overpressure can gamage the lungs millisecond 1.00E+D 3.00E+D
|- I . This is an especilly severe trauma, 200 | s 4 4 4 3
ExploRabity resers 1o how easy & 5 I [Unch e atiack {1=very asy, 10=very hard) B S} poeteestn possily fatal, o neonates
| et B tartntted | g T
[ Breactn 15 the a moaswe of the exterd of the afack How widesamad 15 | or Fow many Sysinem & alected? | [S——1 ) e efond Hypernria problems are usually imited 1.00E+0 4 00E+0
. el i rined o ey to neonates, where & can cause 10 | minutes 5 4 5 4
ey sasy. 10=very o B} — 3 blindness.
Trimat Frioes; i e prodict of Fw S6CW Vakies nd 1t Uned 1o CRoriEze e Traait i CoUNBmeaILTaE b =
| g Inadequate anesthesi leads o patient
These are In T smiglun Gy SR I discomiort and memory retention of the
e [ L - Ll - ] surgical procedures. This is normally 1.00E+0 2 00E+D
Lieiinood | Reproduch not life threatening but can be severely 5 | minutes 4 2 4 2
Asset Viirerabiity | Threat Vector | Asset value| of attack | mamy Exploita discomiorting
" sentw
| 1.00E+0 4 00E+0
- 3 | minutes 3 4 3 4
Patient Demo- validatian | Over anesthesia can kead 1o death
oraphic Dufa | Access via Eermet | weak 4 7 3 " | et mes sorb Pt s ety
Ao = Anesthesia leak can kead o short or, in 1.00E+D 4 00E+0
Accemswmuss | ATRSRERen] ¥ s 3 smaller doses, o long-term poiscning 10 | minutes 5 5 5 5
of medical staff
Access iapacket | Mesasges sent
ANoopng I plan bext 4 T L] 8
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Harmony Agile MBSE Delivery Process

Method Composer -

P @ Search this Site:

B, (=]

+ Team (IBM)
Welcome lo the Rational Harmony Agile Model-Based Syslems Engineering

["JWelcome to the Rational Harmony] . . . : o o mEl @
Welcome to the Rational Harmony Agile Model-Based Systems Engineering ro BB &

% § Getting Started e
3] ii:‘&)eli\n'er},r Processes
[ “Cr Practices

[+ &> Roles Sets

The Raticnal Harmony Agile Model-Based Systems Engineering (aMBSE) process is a delivery process for the development of systems engineering data and work product
using both model-based systems techniques with UML and SysML but is at the same time agile and incorporates agile practices for improved quality and engineering
efficiency.

5163 Tasks = Main Description
[+ |22 Work Products
= @ Guidance Hﬂrmony CIMBSE

& %‘ Tools Agile Model-Based Systems Engineering Daily
[#] %" Release Info . Meeting

@, Gesarate
Fegqureents

(Hour)

Iteration

(Month)
Stakeholder
Requests
=
R |
LA lteration Iteration

Backlog Retrospective

With the initial release of the UML in 1995, systems engineers had a standard language in which they could express requirements, architectures, designs, and other kinds of engineering
data. However, there was widespread belief that the Unified Modeling Language (UML) itself was too “software oriented” for general use in systems engineering which led to the
development and release of the Systems Modeling Language (SysML). UML and SysML provide a number of key advantages for the development of system engineering data:

* Precision of engineering data

« Data consistency across work products and engineering activities
* A common source for engineering truth

» Improved visualization and comprehension of engineering data

* Ease of integration of disparate engineering data

* Improved management and maintenance of engineering data

19 © 2016 IBM Corporation



Overall Product Development Workflows: the standard V

System Validation Test

|

Systam Verification Tesis

System

System

Requirements

Integration Tests

Syslam

Architecture

« Easyto plan
*  More thorough up-front
analysis makes it

Softiware Development
Electronics Development
Mechanical Development

applicable for systems
with high-risk elements
of long lead times

Verification

Subsystem
Integration

Deploiyment!
Release o manufacunng

Syslem
Validation

* Plan assumes small
number of minor defects

* Plan assumes little or no
change

* Assumes “infinite
knowledge”

Dependability Analysis

(typically HW) |

| Queality Assurance

| Project Managemeant

20
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Overall Product Development Workflows: the fully incremental

21

Project Initiation

System

System
Architecture

Relatively easy to plan
Has opportunities to adjust
plans

Supports incremental
verification and release

Stakeholder
Requirements

FReguirements

Deploiyment/
Release to manufacuring

System
Walidation

Software Development
Electronics Development
Mechanical Development

Systam
Verification

Dependability Analysis

CQuality Assurance

Project Managemeant

Has “dead time” because
different people are
working on different
activities

May be inappropriate for
high-risk items of long lead
time (typically hardware)

© 2016 IBM Corporation
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Overall Product Development Workflows: the hybrid agile V

Project
Initiation
Deploiyment/
Release to manufacuring

Stakeholder
Requirements

Requirements System
Specification
Cycle

Subsystem
Integration

Systam
Architecture

* Has opportunities to adjust
plans

»  Supports incremental
verification and release

* Has no “dead time”

Software Electronics
Development Development

System
Verification
Cycle

Mechanical
Development

System
Werification

Validation

Subsystem
Discipline
Integration

| Dependability Analysis

| Quality Assurance

Project Management

22

Complex to plan
Requires work to keep
work activities coordinated

© 2016 IBM Corporation



Initiate project

Harmony aMBSE Delivery Process

=3
o \ LS [more reqs] [done]
LW TN R
. > - Define Stakehoider
Initiate Propect Reguirements
(L=n=]
Handof! to Downstream
Engineering
T ?
System Requrements
Defintion and Anslysis
Le
Perform Reration Retrospective
)
Architectural Analysis Archiectural Design
s
Control Project -
o)
Perform QA Audi
.l L3
Manage Change

Y

ldentify
Stateholder Use

Cases
!

o

Create Team Structure

=Y

Prioritize Use Cases

y

L

o

Create Schedule

b
Co

Plan for Risk Reduction

2
)

Write SE Plan
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Harmony Process for Agile MBSE

Harmnnv aMRSF Nelivary Prarace

I —%

identify System Use Cases

a l =
- L
- o g2
[activity flow approach] tate flow approach] [:_~>]
Generate/Update - _
System Requirements nalyze Dependability e
[scenario flow approach] =
W

o -
| ‘ ) 1= J = i ? "
A__ljj E_l y [ -J_iﬁ Create/Update - =
o . N Logical Data Create/Update
Flow-Based Use Case Scenario-Based Use Case State-based Use Schema Verification Plan

Analysis Workflow Analysis Workflow Case Analysis

[else] [more use cases in this teration]

o —

Manage Change
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Harmony Process for Agile MBSE

S @

identify System Use Cases

- ,‘—{:S. 2
[activity flow approach] tate flow approach / j
. Generate/Update Er)
System Requirements | Analyze Dependabilty
[scenario flow approach]
'
L 4
o | 2
l‘jl -""n‘:)l—:—r t o 3," j Create/Update 2
. i Logical Data Create/Update
Scenario-Based Use Case State-based Use Schema erification Plan
Case Analysis

Flow-Based Use Case
Analysis Workflow

Analysis Workflow

[more use cases in this teration]

®

© 2016 IBM Corporation
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Logical Data Schema Modeling

= A logical data schema identifies the logical properties of important data elements and types and

the relations among such data elements and their metadata

= Although the name is “data schema” it includes physical, materiel, and energy flows specification

as Wel I E ey V-7, Logical Data Medd of Flight Tata
B e E A B roeges dogkis
EngitaDiala
] H maxSgeed: doubls \ e
B maxTogue doutie Wieamuramant
- PP TR R AT absolateS e int
EI MegsyedGossd H refstivaEron double
’/5 onligemeinineiiesinell
Type: SpeedType in ucAreaSearchPkg L)) Pl o e e it
oy AR G T TN, RN Ly e e e
£ [:. X RolDats FitchDaza YawData Latitude Lotgitude Altilude
) B mitangls H pitehangie H yaaange M istituda:gridPoint | | B longitude:grid®on: B aibtude:iong
[ B relreatiniudelang
= ucAleaSeardll’kg il s TAl oo Yaw inn-;amrﬁ in
= ! degeees fom paralls r;“-iml-‘-' [ | cagrees ur-|11.ht :
=| 10Type S = e R
surbos i th o -y srmoo
AllowableSubrange 0 .. 2000 e iy e
I T ] T T ] T
MaximumFidelty 1 mph
MinimumFidelty 0.1 mph i ' [ & i ! :
{ AN S AATASTOARE P
PhysicalRepresentation | 32 bit signed integer o fae
: Alftode data e the picad Fesifon Data Br e sread
SpaceComplexity 32 bits
Units h
mp ([1 .
tl
! 1 -'.'-‘\ﬂ"\lﬂﬁl!ﬂ_--
Quick Add | FightFropertySat L e e
Name: Value: , IS
Locate OK

L
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Harmony aMBSE: System Requirements Def & Analysis

Lo

o—

identify System Use Cases

-

[activity flow approach] tate flow approach)

enerate/Update
tem Requirements

[scenario flow approach]

‘,f—‘, I

Analysis Workflow

27

Analysis Workflow

Case Analysis

[more use cases in this teration]

=1 02
E_'l>1 [‘bj Create/Update
—— g Logical Data Create/Update
Flow-Based Use Case Scenario-Based Use Case State-based Use Schema Verification Plan
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Alternative approaches to Build Executable Model of UC

Create model
context

Block Diagram

|dentify functional
flow large-scale
view

Activity diagram

Create Model
Context

Block Diagram

|dentify sequences
of messages
between system
use case and

Sequence Diagram

Derive sequences
from functional flow

Sequence diagram

Create executable
state machine

State Diagram

actors

(optional) cluster Activity Diagram Create model Block Diagram Identify interfaces Block Diagram
sequences together context

as flows

Identify interfaces Block Diagram Identify interfaces Block Diagram Derive sequences Sequence diagram

from functional flow

Create executable
state machine

State Diagram

Create executable
state machine

State Diagram

Execute State
machine

Model execution
views

Execute State
machine

Model execution
views

Execute State
machine

Model execution
views

Repeat until all
requirements and
sequence variants
covered

Repeat until all
requirements and
sequence variants
covered

Repeat until all
requirements and
sequence variants
covered

28
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Today’s Example: High Perfformance Treadmill: SpeedDemon™

= Biometrics Speed Demo Treadmill Industrial Design

— Heart rate A
— Speed

— Power / VO, max

— Elapsed time/interval time
— Ground contact time

— Vertical oscillation

— Cadence

Large curved LCD
display from 0.5
meters from Base up
to 2 meter height

Control panel on
treadmill arm

1.5 meters

= Programmable protocols (workouts)

siajel Z

Performance storage and analytics

Slightly curved LCD

Music and video playlists

Virtual racing (simulated or over-the-

Ci d ing deck
we b) urve runnl‘:gh teralt
‘Specd Demon Treadmill Propesed Control Paned Arms.
_mu.. — o - %
iolre — ————— Fod sobionnectn b e
=l ol =
- | e vt
e i i sl wal ! ol
I || j = i
-l
L B I 70cm 1
— AGILE SYSTEMS
. Program: Vo2 Max Intervals ENGINEERING
J“ J Total Time: 16:02 Interval Time:  01:02 I S ki g o
Total Distance: 2:58 km  Interval Distance: 2:58 km )
3 e Cadence: 156s/m Pace (minkm):  3.10
3 3 ﬁn 3 Ave Heart rate: 138 bpm Max Heart rate: 175 bpm
_J’--'- _J _J"-» _) Ground Contact 283 ms  \ertical Oscillation: 9.1 cm
ﬁiub E{” L Sample Control Display
LIRS s &
S & LY
= =)

o
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SpeedDemon Use Cases
' Speed Demon™ Treadmill Use Cases

Service Tech e
5 —

s Define Protocol

Online Store

Configure Treadmill

Manage Music

e

Manage Athlete Data

—~
S / < e
Y N
. l’""
| |
Trainer
..I i e
‘ ‘ . Race

.emote Treadmill

30

/ "~ Execute Pre—piannea‘ "
Protocol

" Manual Operation i

ol e
Control Speed

; Manage Videos ol
— S = N
- = - x-\"*-._ .\\.
Play Vid T ~
ay Video = \H‘.“‘
R =
Manage Protocols S S T
{ ®
L o " Adjust Video speed
to treadmill speed
y Monitor Athlete T B
" —_— — -
" Execute Protocol
_ sinclude= et
AT * Control Elevation R e
= - /.f’
- «includes -

I

Athlete Data Card

“Athlete

Trainer
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Allocation of requirements to Control Speed Use Case

uc [Package] Treadmill [ Control Speed Use Case Requirements Allocation]

31

«Requirement»

requirement_36

ID = IDCD_009

Speed shall be display in

numbers at least 3 an high that
are readable in both bright and
dark conditions from a distance

of 5 meters.

«Requirements
requirement_33

ID = IDCD_006

«Requirement» aRe'qurement»
requirement_34 requirement_35
«Requirement» ID = IDCD_007 ID = IDCD_008
[ofirement 2% Current speed shall be
ID = IDCS_001 Speed changes shall be smooth displayed with less
with an acceleration of no than 0.5s lag.
A
The athlete shall be able {;‘S’fﬂ:ﬁgmﬁf Aad b
to control the speed of —
the treadmill during \ «allocate» -
execution of a protocol. [~ _ e
«allocate» .-~
. «allocate» et
«allocate» - o
«Requirement» /—\\\
requirement_29 Control Speed \
{ }
ID = IDCD_002 L : ‘\\v_//'
«allocate» y ‘
The speed of the treadmill ; |
shall be settable in the _
range of 0.0 ot 24.0 km/hr. o Athlete
«allocate»
: «allocate» «allocate»
sRequirements e «allocate» !
requirement_30 a8 «allocate» !
ID =IDCD_003
The fidelity of setting treadmill
speed shall be 0.1 km/hr «Requiremente
\ requirement_32
aRequirement»
«Requirement» requirement_31 ID =IDCD_005
requirement_37
ID = IDCD_004

ID =1IDCD_010

If the system is unable to achieve the set
speed within 10 seconds, or, once attained,

The acauracy of the true
speed control shall be
+/- 0.05 km/hr

is unanble to maintain within 0.2 km/hr, the
system shall shut down and stop treadmill

movement within 3 seconds.

It shall take no longer than
5.0 seconds to change from
stopped to maximum speed
with other speed changes
being proportional to their
difference.

It shall take no longer
than 5.0 seconds to
change from maximum
speed to stopped, with
other speed changes
being proportional to
their difference.

© 2016 IBM Corporation



*Requirement»
requirement_72

=Requirement®
requirement_57

The Athlete shall be
able to execute the

selected protocol.

=Requirement»
requirement_59

A protocol shall consist of a
set of internals, each interval
having a set speed, incline,
and time duration.

+“Requirement» ) =
requirement_60 peZ”

The Athelete shall be able to
select among the set of
defined protocols stored in
the system.

During the execution of a protocol, the
Athlete shal be able to increment or
decrement the workout (or interval)
time with a single user action within
the imits of 1) they may not
decrement before the current time
and 2) the total workout or interval
time may not exceed 3 hours.

«Requirements
requirement_64

The Athlete shal be able to set
any configurable variable of the
currently executing protocol at
any time while the protocol is
being executed.

7~

=Requirements
requirement_68

The Athlete shall be able to stop the
protocol at any point while i is executing;
when initiated, this action shall bring the
treadmil to a full stop within 5.0 seconds
but no faster than 2.0 seconds.

Allocate Requirements to Execute Protocol Use Case

#Requirement»
requirement_73

The treadmill time
accuracy shall be +/-
0.1 seconds.

=Requirements

~" Execute Protocol "+ .--- T

Protocol

“~Execute Pre-planned .
( Protocol

- Iiun Fat:torrl}emed ~

requirement_71

During the execution of a

~| profocol, the Athlete shall
~"" /| beable toincrement or
decrement the speed within
the imits of 0-15.0 mph or
0-25 kph with a single user
action.

«Requirement=
requirement_31

i «Requirement®

requirement_63

The accuracy of the true speed
control shall be +/- 0.05 km/hr

The Athlete shall be able to
configure any variable
defined as CONFIGURABLE
within a protocol prior to
executing the protocol.

Athlete

© 2016 IBM Corporation



Showing allocations within a matrix (generated)

33

© Cortrol Bevation | Cortrol Speed | Monitor Athlete | Execute Protocal | Define Protocal [ Manage Protocols | Play Music [ Manage Music [ Play Video | © Manage Videos |© Fun Factory-Defined Frotocol | Race | Adust Video speed to treadmil speed | Corfigure Treadmil [ Manage Athiete Data

., requirement_48
", requirement_49

", requinement 51

il

., requirement_56
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Create context for use case execution model

34

bdd [Package] ucControlSpeedPkg [Control Speed Use Case Context]

2 «proxy»
aCS_Athelete | c. _ihcontrolSpeed
vabes [ ]
Operatons

1

itsACS_Athelete:aCS_Athelete

Attrbutes

Operations

itsUcControlSpeed:ucControlSpeed

«interfaceBlock»
ibControlSpeed
Valies =
«proxy» ucControlSpeed
2 ntrolSpeed
Operatons Vakies
| []
Cperations

1
«Proxy»
pCS:~ibControlSpeed
E r]

«proxy» -

pAthlete:ibControlSpeed

e &

Operatons

™~
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Creating an activity diagram to show behavioral flows

| (_‘—
/& N - F speed J» [Speefk]_) cmdSpeed }
A . i

|.{
b augOk =
|_>% - 7 ewiugmenSpesd. | —>[ verifyOkForAugmentation(speed)
J |

~ | «continuouss
beltMation = Run

35
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Create scenarios from activity diagram

36

5
Use Case: Control Speed
Scenario: Pause Pause

Description:

The treadmill is activated.
The Athlete then presses
the Pause button. After a
brief period, the Athlete
presses the Pause button
again to reactivate the
treadmill.

Preconditions:
Treadmill is on and ready to
operate.

Post-conditions:
Treadmill is driving the belt
at the default speed.

:aCS_Athelete " :ucControlSpeed
I
evActivate() sl

7|
|

< driving the belt >

I
I

continuous ) [until deactivated or paused] i

|

{_._____________________________be_lt!*ﬂqt_ipn__|
I
|
Pause() o
evrause i S
>
|
i
evPause() N

)
|

< driving the belt >

continuous/ [until deactivated or paused] |
|

TR - .. . .. |

|

|

.-\....\, _....._. N [;]
" Response to the

activate and
pause button
requires a gentle
speeding up or
slowing down of

~ the running belt

(details not
shown).
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Create Behavioral Model Realizing Requirements for Use Case

= Notes

ControlSpeed

— This is after several
Model-Verify-
Elaborate
iferations

— Start with 2-4
states, and add
more each
nanocycle
iteration

= Questions still remain

— Can the system
be commanded
into OFF directly?

— How are fiming
requirements
verified?

— Reqgs for
degraded

operation are now

discovered to be
inadequate — add
new reqs!

37

LN

I\

evSetSpeed[ verifySpeedValue(params->speed) ]/

andSpeed = params->speed;
GEN(evUpdateRate);

\I.// cmdSpeed = DEFAULT_SPEED; R
s Inactive ) evActivateBelt = | @
Reactons g P
@ driveRumningBelt(0); |¢_CYDeactivateBelt .
riveRunningBelt(0); éedriveRunningBelt(cnﬂSpeed);
/] ) /
Paused (é}
: evPause/
Reactons
cmdSpeed = lastSpeed;
tm(PAUSE_TIME) | =& 4iveRunningBelt(0);
evPause/
. lastSpeed = andSpeed;
WaitingForSetCmd
P evAugmentSpeed| verifyOkForAugmentation() ]/
® > amdSpeed += INCREMENT;
GEN(evUpdateRate);
P
evReduceSpeed|verifyOkForReduction()]/
cmdSpeed -= INCREMENT;
GEN(evUpdateRate);

v
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Verify Requirements Adequacy Through Execution

:aCS_Athelete

:ucControlSpeed |

: iﬁRun.nianelt(speed =0)
|
|

38

evAugmentSpeed() } |
| |
| verifyOkForAugmentation()

ateRate()

MMMO%|

| verifyOkForAugmentation()

<

evActivateBelt() N |

|
L_i;rglRunnianelt(SDeed = 40)

_beltMotion = 40 |

|

|

|

|

| ..

[ P |

i&‘tl‘dotlon{) |
|
|
|

|
|
: evUUpdateRate()
[
|

| run(beltSpeed = 40)

:ucControlS peed

| rin(beltSpeed = 30)

| chBeltMotion()

~

| run(beltSpeed = 0)
|

| evPause() o

| chBeltMotion()

| run(beltSpeed = 30)
|

driveRunningBelt(speed = 0)

]

:aCS_Athelete
|
| evActivateBelt() .
| |
|
|
o] beltMotion = 30
| BeltMotion()
[

driveRunningBelt(speed = 30)

dr!veRunmaneH.(speed =0)

dmeRunnlaneft[speed 30)
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Identify gaps — add missing reqgs — elaborate model - reexecute

«interfaceBlock»
ibControlSpeed
godo 2| Yohes : =
proxy» ucControlSpee(
acs_Athelete e fowPr beltMotion(Out):int cooec) MR —
i fcs ibControiSpeed - operty» n(Out) pAthiete:ibControlSpeed | o
Valies =l Operations fl
[P evactivateBelt() 1
Operations P evDeactivateBdt() el
EevSe‘lSpead(speed:int)
PP evaugmentspeed() G
ﬁ:’evReduceSpeedo
£ evPause()
1 itsACS_Athelete:aCS_Athelete 3 il ot ol i -
PP Valves -..:.
= beitMotion:int = cmdspectin
B beltMction:int
" " E lastSpeed:int
:~ibControlS
g chBetMotion() 7 ]TCS i [rg] Operations R
evACivateBeR() ] «proxy» - = : RSl —a
driveRunningBelt({ speed: int):void
tivateBe = :
g:mgmen tO) pathiete:ibControlSpeed | L verfyokForAugmentation():bool
1 EwRed!.mstSc!eetKo [ evaugmentSpeed()
B peed £ evReducespeed()
E‘f.:safgo k¥ evsetSpeed(speed:int) e
o0 £ evActivateBelt()
@ e ﬁ_"evDElctivateBdtO
- ev o) | EPevupdaterate()
Athletesiate ¥ Cortrend | .
|. : .mwwﬂm}c | amdSpeed = DEFALT_SPEED: . . mo‘m
k '|‘ swamsae | pedint):bod
| n..g;. &l mctunteliet [E— — @
- Fe—— . ot e |
e 2 | . eDescthaneset - ——
. — Rk | @ A
(= -\
Fi x.— ST PORT{ECS] AU TINE) _:sm;“:;-tm Srbemed = iyt
< ——
[E OUT_PORT(pCS)- ; s
[E [ Yamatcnd.. eugmartSoeed vertyOF schugrertation))
;: | evPausey OUT_PORT(ECS)->GENevPosel; = :mr '
'< | evset100/ oUT_pORTISCS) > GENevsetSped(100)); I3 sttt
| esa1s ouT_PORT(CS)> GENevSetSpeed 150); T x B s o
BEe— ummllmmwl‘
Lo evseanw oUT_PORTISCS) > GEMevsetspeed200]) i

39

[avesumngsetispeed = 0)
L

|ewacivateen]) |
| areRrrgBetimesd = 3)

H -~

[FET— . TE )

oeulww

| rnbespeed = 3)

D

lemme) 0000000000000 -

| | arveRurnrgBeitispesd = 0)
!

e beioton =0 |

=

[rnfperspeod =)

e

| Pl

: 8C5_Athelete ‘mucmmﬁoeed

le 8 | ’ ; =

|"':—| 4

rrm@]ﬂ
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Add traceability

=stakehoiders
StkPkg::requirement_8

=stakehokders
StkPkg::requirement_7

=stakehoiders
StkPkg: :requirement_5

StkPkg: :requirement_4

=stak ehciders

The display of actual belt
speed shall be timely.

The Athlete shall have fine
control over the setting of
treadmil bek speed.

=Requirements
requirement_35

D =IDCD_008

The treadmil bek speed wil The Athlete shal be able :he dbphy_;'fespe:ld shal
change smoothly from &s 10 select from a set of e easly visible by the
current vakie to s set value diferent exercise athlete.
without jerk. . protocols, incliding
manual speed setting.
. —
. “Requiremant
“Requiremants !
requirement_34 o —
D = IDCD_007 D =IDCS_001 requirement_36

Current speed shall be
displayed with less than

0.5s lag.
=Reguirement>
requirement_31
ID =IDCD_004

The accuracy of the true
speed control shall be +/-
0.05 km/hr

=Requirement=
requirement_30

Speed changes shall be smoath

D =IDCD_003

with an acceleration of no more
than 5 km~2/s and no less than

The fidelty of setting treadmill
speed shall be 0.5 km/hr

3 km~2/s.

“stakehoiders
StkPkg::requirement_3

The Athlete shall be able

| to setthe treadmil speed (=

«stakeholders
StkPkg: :requirement_6

The athlete shal be able
o control the speed of
the treadmil during
execution of a protocol

D =IDCD_009

Speed shall be display in
are readable in both brig

of 5 meters.

numbers at least 3 cm high that

dark conditions from a distance

ht and

requirement_32

ID =IDCD_005

SEnce ek from slow waking to fast It shall take no longer than 5.0
requirement_29 running pace. seconds to change from
= stopped to maximum speed

D =1DCD_002 with other speed changes

- | being proportional to ther
The speed of the treadmil = difference.
shal be settable in the range 2
of 0.0 ot 24.0 km/hr.

=Requirements =Requirements
requirement_37 requirement_33

ID =DCD_010

ID = DCD_006

It shall ke no longer than 5.0

If the system is unable to achieve the set
speed within 10 seconds, or, once attained, is

oAb i

seconds to change from maximum

Stakeholder requirements

System requirements

unanble to maintain within
system shall shut down an

I3 ’ nt_7

% )| requirement_8

maovement within 3 second|

¢ i|requirement_24

[[jimauement 25
[ i requirement_26

[ j|requirement_28

¢ | requirement_29
[{ j|requirement_30

Generated trace matrix

40

[ J|requirement_31

E :ﬂmq.iemed_u ., requirement_3
[ Jrequrement 33|

[ §|requirement_34

[ j|requirement_35

|L‘;'|Jreq|.iemeri_36

iﬁ :1|reml'atm_3? ", requiremert_3
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Generate Logical Interfaces

«Block»
aEP_Athlete

Values

k= <flowProperty, Web Manageds beltMotion(In):int
I <flowProperty, Web Manageds indine(In):int

Operations
£ prov evBeep()
[ display(s:RhpString):void
E?evDisiayIriﬁalScreﬁ'l(s:thSh'hg}
£ evGetProtocolList()
&} evDisplayProtocolList(s:RhpString,selected:unsigned int)
&= displayProtocolList(s:RhpString,selected:unsigned int):void
EP evAugProtocol()
EP evRedprotocol()
EP evabort(
EP evlustDolt()
Epevselects)
&P chindine()
E displayMsg(msg:RhpString, value:int):void
&P chBeltMotion()
&P evProtocolComplete()
E displaySegmentinfo(name:RhpString, number :unsigned int):void
EPevNewSment(nme:Rrpsm.w;‘nenMer:umd int)

(3]

L
“proxy»
PEP: ~ibExecuteProtocol

winterfaceBlocks
ibExecuteProtocol

Valves

= «fiowProperty» beltMotion(Out):int
i <flowProperty» indine(Out):int

Operations
£ evEngageProtocol)
P evChooseNextProtocol
EP evChoosePrevProtocol()
£ evDismissProtocolList()
EP reqd evDisplayInitialScreen(s:RhpString)
EPereqd evDisplayProtocolList(s:RhpString,selected:unsigned int)
EP prov evRegProtocollist()
£ evselectProtocol (p:unsigned int)
ﬁ\i'prov evAbort()
£ reqd evProtocolComplete()

EPreqd evNewSegment(name:RhpString,segmentiNumber:unsig. ..

1 itsAEP_Athlete:aEP_Athlete 7%,

Tproxy»
|PEP: ~ibExecuteProtocol
El 5

L

{
i

pAHete:iﬁm.nsztncd!

41

«Block=
ucExecuteProtocol
Values oy
E «flowProperty» beltMotion(Out):int itsEpProtocotSet.‘ 1
i <flowProperty» incline(Out):int P
i selectedProtocol:unsigned int epProtocolSet
I protoList:RhpString="Select Protocol 1-...
segment:int

E segmentTime:unsigned int
i protoPtr:epProtocol * %s | :

Operations
ﬁprov evRegProtocollist()
EP prov evEngageProtocol)

P evChooseNextProtocol itsEop
gevchoos@rmﬁommlg : o / DEEE MRt
EVe evDismissProtocolList() S
PP evselectProtocol(p:unsigned int) Sebosincel
Epevabort() Values

| I3} = name:Rhpstring
Mmﬂkh - B nSegments:unsigned int
Operalions
D epProtocol()
ﬂsEpProtocdSegru‘stl SEGMENT_MAX+1
«Blocks
epProtocolSegment
Values
B beltSpeed:unsigned int=0 |
B indinesint=0
E duration:Second=0 |
Operations |
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Al

Systems Architectural Analysis
Harmony aMBSE Delivery Process

E”r[ﬂ L _‘B [more regs] [done]
=, > Define Stakeholder
Initiate Project Requirements
F.
Handoff to Downstream
Engineering
Ej}j [ready for hand off]
System Requirements [else]
Definition and Analysis
C&
Perform lteration Retrospective
W
E I_g " k=) l_j
Architectural Analysis Architectural Design
bdcd)
Control Project E—)lj
,QualyAssuranceAud(
. B3
Manage Change
© 2016 IBM Corporation
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(il
"

]
1
=||||||

Systems Architectural Analysis
O

03 C
Define Assessment Criteria

Identify Key System Functions
W

Co o
X ) Assign Weights to Criteria
Define Candidate Solutions
—>
= La
Define Utility Curve for each Criterion

55

Architectural Trade Study

&

Assign MoEs to Candidate Solutions

)

Merge Solutions into System Architecture

&

Determine Solution

LS

Perform Review

© 2016 IBM Corporation
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SysML Parametric Diagram for Trades for SpeedDemon Motor

par [Package] runMoveTradePkg [Run Belt Drive Trades] An a I yze trad es Of
[1 «ConsraintProperty . .
SpeedDemonRHObjectiveFunction different solutions

{3} {{ObjectiveConstraint} totalWeightedScore = costMOE*0.4 + durabilityMOE=0.2 + torqueMOE™0.4}
totalWeightedScore:Real |

costMOE:Real | | durabiiityMOE:Real | torquemMoE:Real
costMOE:Real | _ _dl.rabiityMOE:Real AL torqueMOE:Real
«Block» 1 o nsvaintProperty» L
SpeedDemonRMBlock RunDriveCP
I Constraints
"‘”‘“‘"l . cost:USDollar | {1} {{costMOEConstraint} costMOE = -cost/35 + 14.28}
~|2H{durabilityMOEConstraint} durabilityMOE = durability/400 - 5}
{0} {{torqueMOEConstraint} torqueMOE = 5.7698*torque - 20.30}
«Aftrimten | durability:Real
dursbityResl | Compute MOEs
torque:Foot_Pound 1 y
torque:Foot_Pound
At ' 1 «Cond _lintProperty»
hp:Horsepower hp:Horsepower | itsTorqueFromHP_RPM
B Constraints
{1} {{torqueConstraint} torque = hp/rpm=5252}
{D} {{romConstraint} rpm>0}
«Altritutes
rpm:RevPerMin

rpm:RevPerMin
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SysML Parametric Diagram for Trades for Ul system

par [Package] UITradePkg [ Speed Demon UI MOE PD]

45

totalWeightedScore:Real

«Block»
1 «ConstraintProperty»
fnsademsontfilock SpeedDemonUIMOEs
e Constrants
-« ute»
cost:USDollar cost:USDollar | {[1} {{costMOEConstraint} costMOE = -0.08*cost + 17.6}
:[I_‘i} {{durabilityMOEConstraint} durabilityMOE = 2.02*10/(-7) * durability + (- 0.101)}
{1} {{usabilityMOE Constraint} usabilityMOE = 1.429 * usability - 2.1429}
«Attributes e
durability:Real durability:Real
|
«Attribute»
usability:Real usability:Real
[] _ []
costMOE:Real durabilityMOE:Real usabilityMOE:Real
costMOE:Real durabilityMOE:Real usabilityMOE:Real
1 [ | «ConstraintProperty» || L]
SpeedDemonUIObjectiveFunction

{1} {{ObjectiveConstraint} totalWeightedScore = costMOE*0.3 + durabilityMOE*0.2 + usabilityMOE*0.5}

Constrants

© 2016 IBM Corporation



Outputs of the frade analysis

volumehOE 3 4666666666
COST_UPPER_LiAIT 25000
MONTHS_UPPER_LIM Real 120
VOLUME_UPPER LIMT Real 150
o costonstraint Constraint cotMOEs 1. costMOE=1..
1Bl ifeContraint Constraint EfetimebOE . [fetimeMOE

rRF FET i

1 &l GIE LGN
L L

| Hame
n

Tyt

=] mum':_mr.um Real 15
B COSTUPPERUMIT Resl 3000
B MONTHS UPPER_LIMIT  Real F.
8 Prcemakes Pacemaker

B con UsDellar m

i devicelifetime Month W

B volume 4 5
[H Pacemakentaces PacemakeMOEs

B cont usDellee

[ax] Wetime Month

] wolume [

x| costoe Real

Fx] EfetimeMOE Rt

o] wetumeOE Feat

o] COST_UPPER_LIMIT  Reeat

MONTHS_ UPPER, LIM Reeal
o] VOLUME_UPPER_LIME Real
P contComrnnt Congtraint
e iteConstraint Constraint

coftMOE=1...
feteneMOE ...

B velumeConstraint___ Constraint
T =

46
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Architectural Design

Harmony aMBSE Delivery Process

Eﬂr[ﬂ - _‘ﬁ [more regs) [done]
i % R
._) L5 = Define Stakeholder
Initiate Project Requirements
.3
Handoff to Downstream
Engineering
B f;'] T [ready for hand off]
System Requirements [else]
Definition and Analysis
C&

Perform tteration Retrospective
A

L

Architectural Analysis Architectural Design

- 68

Control Project E—)lj

.

,Qualy Assurance Audit

. 3

Manage Change
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Activity: Allocate Use Cases to Subsystems

&

identify [bottom up (action allocation) workflow] [top down (use case decomposition) workflow]
L3
Allocate Sys l——é
to St Decompose Use Cases to Subsystem Level

Derive White Box Scenarios

3 3
\L Define Subsystem Ports and Interfaces Define Subsystem Level Scenarios

=5 Lo
Allocate Use Cases to Create/Update Logical Creal N )

Subsystems Data Schema L_{.}' I‘b
Group Services into Use Cases Define Subsystem Ports and Interfaces

AL

L 3
B -

Derive Use-Case State Behavior

Perf — —>©
& — > B 2

Verify and Validate Functional Reguirements Add Traceability Links Perform Review
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Architecture View for Control Flow (UML & SysML 1.2)

1 rearRightWheelActuator &

1  rearLeftWheelActuator & 1 itsBrakeManagementSubsystem
brakingForce rearLeftBrakingForce
pECU pRearLeftactuator

rearLeftSpeed [

spaad| 1 rearLeftSpeedSensor

1 rearRightSpeedSensor

rearRightSpeed =] %-l

] | 1 frontLeftSpeedSensor

frontLeftSpeed E']—%I

speed| 1 frontRightSpeedSensor

pnwei1 itsAPowerSystem

pBrakECU

keyPos

brakingForce rearRightBrakingForce
PECU pRearRight Actuator
1 frontLyAQheelActuator & froriRightSpeed )
frontLeftBrakingForce
pFrontLeftActuator
power  [m]
pPower
frontRightBrakingForce
keyP -]
pFrontRightActuator eyPos (el
o
pPedal
pBrakeECU

1 itsPedalSensorAs

ly:PedalSensorAssembly

ot itsAKeySystem
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Architecture View for Control Flow (SysML 1.3)

bdd [Package] ArchDesignPkg [ACES Context]

«interfaceBlock»

DisplayIB

Values

Operations
& displayAlarm(alarmCode:long): void
Ll displayHydrauicrress(pressure:fioat):void

«proxy»

1 i

Interface Block

N

‘ 1 itsPilotDisplay:PilotDisplay

«interfaceBlock»
ACESControllB

Interface Block
|

‘Di & b
L displayACES State(state:Opstate):void PARES:DisplayIB Sl
pDisplay:~DisplaylB «proxy»
1 itsAttitudeControl:AttitudeManagemen 1 itsACES:ACES
«proxy»
PACES:~ACESControl1B |_————1_| pAttitude:ACESControlIB

Valves

Operations
= SetACESControlPos(controlSet:ACESControlSet):void
=l getACESContralPos():ACESControlSet
= getACESStatus():OpState
o getAcESAlrmCode():long
o performBIT():BITTYPE
a enable(): void
= disable():void
o reenable():void

Kproxy»

" pronerpowens  INterface Blocks

«inte:
PowerlB

Values
i={ «flowProperty» alternator:PowerSet
&= «flowProperty» APU:PowerSet
a «flowProperty» battery:PowerSet

Operations
a setPowerSource(PS:POWER SOURCE TYPE):void

50

«Block»
PowerSet

Valses
i isActive:bool
i «flowProperty» current: Ampere
E «flowProperty» voltage:Volt

Operations

Proxy ports are typed by

1 itsHydraulicSystem:HydraulicSystem

«proxy»

~{ ] pACES:HydrauliclB

«interfaceBlock»
HydraulicIB

Valves
E «flowProperty» pressure:Pascal

Operations

© 2016 IBM Corporation



Architectural View - Subsystem Diagram

51

bdd [Package] ArchDesignFkg [Speed Demon Subsystem Diagram]

. pDisplay O
pDrive| 1 itsPowerUnit I_TI Mission: The pumpose of this
] pMedia diagram is to show the subsystem
architecture.

| pComm pPowerI.

[ Note: Dynamic connections are
shown with proxy ports. Static
mechanical connections are shown
with associations.

—
pTControl | pControl T
- - pPower | .. pComm R S
l 1 ' rocontroumr— 1 itsDisplayUnit
ntrol Drive Attrbutes
"’f" i pDisplay pcontrol |
Lt o __| (.
| Operations
m | .
I : [ 1
pTControl pMedia
pPower _|
pControl | 1 w
} itsTreadmillControlUnit
itsDeck ll | pControl
pPower _ ?
T A1 \1 1 Prg |
1 1 1
2
o 1 » :
itsRightArmAssembly
1 itsLeftUpright 1 itsLeftArmAssembly | |
1 1 1 itsRightupright !
1 1 1 1
. L T
N 1 1 'Ii
¢ i
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Architectural View - Subsystem Detail Structure

ibd [Package] ArchDesignPkg [Speed Demon Subsystem Diagram I6D]
1
1 itsCenterUpright
1 itsLeftArmAssembly 1
1 itsLeftUpright
itsMediaControlUnit
pPower i 1 itsRightUpright 1
1 itsTreadmillControlUnit pPower
[T
trol 1
1 itsDeck piootl
1, itsBelt
e o
pDedk ‘B pPower
1 itsDriveUnit 1
pControl
© 2016 IBM Corporation
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Architecture with (logical) subsystem interfaces

bdd [Package] ArchDesignPkg [Speed Demon Subsystem Interface Diagram]

53

m:mi 1 itsF it [; pspay (]
) | pMedia:bPower Mission: Show the subsystems
o dynamically linked and their
[_mm -',,]*‘7“ C ree interface blocks.
; ? Note: All ports are <<proxy=>
| pControl:ibPower ports. Stereotype is elided for
- -.IJ— readability.
£, pControl: ~bAthleteSensor
pPower:~bPower | PTControl:bPower | pPower:~ibPower
pConirol:~0riveConirol | 2 g
Ti Ia I
1 © itsControlUnit -
- n :
pDeck:ibDriveBelt L pDisplay:bDisplayData T pControl: ~bDisplayData
“T pOrive:ibDriveControl [=1
pMedia:ibMContral
1 T
pTControl:bTCon!
m'e:.“m I'sF1
Z e b I pControl:~bTCantrol 1 itsMediaControlUnit |
1 itsTreadmillControlUnit
=| pControl:~bMControl
pPower : nibPower T |
<mtefaceBiocks rtedfaceBiocks < mtefaceBiock-
ibDriveBelt ibPower ibDriveControl
Values Values Values
B <flowProperty o erSecond B ~flowProperty» current(Out):Ampere B <fowProperty» ds 1):MeterPerSecond
E «flowProperty=» torque(Out):Horsepower E «flowProperty= voltage(Out):Volt E «flowProperty» measuredElevation(In):Cm
Cperations COperations
P footStrikeStart() Cperations P setSpeed(s:MeterPerSecond)
&P footStrikeEnd() | Efp setElevation(elevation:Cm) |
ibTControl ibMControl ibAthleteSensor ibDisplayData
Vales Vales Valves Valwes
= flowProperty» AVSignal(In):NTSCSignal 1= «fiowPropertys hr(In):BeatsPerMinute = «fiowProperty» totalTime(Out):Second
- - E «flowProperty» cadence(In):int E «flowProperty» intervalTime (Out):Second
Operations Chrakiony = «flowProperty totalDistance (Out):Xm
£ augspesd0 EP augvolume() Operations = <flowProperty» intervalDistance(Out):m
kP decspeed)) EP decvolume() | AowProperty pace(Out):Real
£ augElevation( Epolay) B «fiowProperty» he (Out):BeatsPertinute
kP decElevation() %Pm{) B <flonPropertys aveHR(Out):BeatsPerMinute
Ephighiightprev() E:m"‘“‘@ = «fionProperty» maxHR (Out):BeatsPerMinute
Ep highiightivext( ¥ fastForward( = flowProperty» groundContact{Out):Second
EPenter() E!Pwﬁ’fﬂﬂ B <flowProperty verticalOscilation{Out):Cm
Epesc) EP highightiext( = «fiowProperty AVSignal (Out):NTSCSignal
Eprenter)
EPesch)
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Architectural Verification via Simulation/Execution

2P _Athiete #isCesplayUnit itsTreadméControlunt itsControlUnit
© I \ I
Use Case: Execule | - I startipl)
Prokocol - delayinitatSoeenl) i
{White Bax) IS 4
Scenario 1 | = I} |
| = user highlights the 2nd option

Description | ; ‘ highightiext() | {run a protocol)
Athlete selects a '
ckccol. ogaces i, r@ﬂM [ |
changes the speed, and entes() : \ user selacts that option
it ends normally % | enter() |

. | 1
Precondttions: = I enter) |
System is on at the = | :

intial screen. English
units are set as default.

|
|
|
|
|
Post-conditions: system |
|
|
|
|

‘ | mm.nﬂ
has completed the | .-] Display asks the control unit for
protocol successhully = ! the list of protocals; it buildts it
= | | up from the generally available
buldProtocalstscreen() | | pratocals and the protocals an the
data card.
- \ |
| desplayProtoentist () | | |
| enterg) )
| |entery =N
| = ' enterd |
Lo protocoiseiect(py) | \ |
| | |
=) i 16 tmes] 1 [=]
| J I Duration is augmented by
| |aughuraton) -] - minutes at a time,
: i 2 - starting at the default of 30
| o T minutes
| paugment{duration} |
|espoyoratenarston) ™ \
i~ \ |
lentergy o) I
I .\ﬂ“—) user selects the cument speed
| \ I
[t
| user runs the protocol
RunThePratocolForScenano |
54

o
Referenced SD
Run the Protocol
White Box

Precondition:

The ControlUnit has
received a user
command to start
executing the protocol

For overall description
see

ucExecuteProtocol
Scenario 1 Details
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Subsystem Specification (Control Unit)

uc [Package] ControlUnitPkg [Control Unit Subsystem Use Cases] ' qinternal»
«intemal» o

o

‘ ‘ «internal» ; " Monitor Treadmill :
i A Metrics ) «inlgm_al»

il o [ S = aCommunit B ()
J;. _.M\ / [ I )
L1 «internal» LY A /
aPowerUnit [/ .. S / P =
AR T N / " Manage Media

N "7 ManageData Card .\ aDriveUnit  / o
N { y . / N\ aCommuUnit

! ) .
N «nternal» = \ «internal»

‘  — e . /

B e S
. \\'v\_ \\\__;_.r'f,/"- e

aTreadmillControlUnit e ~ 7 PlayVideo b '

«internal»  ControlProtocol _—_ { ""“————l | '

-y { Execution 77 e | U
‘ ‘ | — /.—'/ X 5% /|
e ~~  Manage Generic  ~ ! et P L —
.. L e P?otculs ' aDisplayUnit', \ - . aMediaControlUnit
' " PlayAudio

" Monitor Biometrics : 1

aCommunit | (includes Bluetooth and | \ e
=l _ " ANT+ protocols) A o

‘ ‘ [ e = i Hanage Biometrics

Biomé&idf}evioe
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=!:
i
i:t||||

Al
[N

Display Control
Screens

Subsystem Specification (Display Unit)

uc [Package] DisplayUnitPkg [Display Unit Subsystem Use Cases]

@"ﬁtri)

Display Athlete
Personal
Information

Display Treadmill
Data

Visualize Biomedic

Device pairing

Visualize Video Play

56

Visualize Audio Play

Athlete

Manage Playlists

aControlUnit
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Update / Elaborate Data/Flow Schema

bdd [Package] DataTypesPkg [Protocol Type Schema]

57

«Blocics
Protocol

Valves
E name:RhpString

Tags

E value:AngularDegree

(2 Accuracy:Real
(= HighRange:Real
(= LowRange:

«Block, RangedNumerics “Sersctypee
*Block QualifiedValueType RangedNumeric
1 Valves Tags
Valies i alueType S Acaracy:Real
Tags il HighRange:Real
Operations (B acauracy:Real icILowRange:Real
(EHighRange:Real
0O (2 LowRange:Real
L J
«Block, RangedNumerics =Block, RangedNumencs =Block, RangedNumerics =Block, RangedNumerics
Speedgvt Distanceqvt HeartRateqvt Powerqvt
Valves Values Values Values
= value:MeterPerSecond = value:Meter = value:BeatsPerMin = valuewatt
Togs Tags Tags Tags
anmlac\r:knd @mﬂ:m ignmtacy:ﬁnd is.ﬂm.lacy:ﬂﬂi
(Stighrange Real (S righRange:Real (SrighRange:Real (SrighRange:Real
(= LowRange: (SLowRange:Real (= LowRange:Real (= LowRange:Real
=Block, QualifiedBoundany=
TerminationCondition
1 LS —
itsTerminationCondition Kalues QualifiedBoundary
Tags bl\m.lacy:Rad
(2 Acaracy:Real
I - | 1
I —
DurationBound DistanceBound HeartRateBound CalorieBound
Vales vk Viakves Valses
= value:Second = value:Meter B hr:BeatsPerMin = value:Calorie
Tags Tags Pos Tags
8 arrwaru-Real (B acaracyReal (SAcaracyRea (BAcaracyReal
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Capturing ICDs in the Model

= |CDs are not just a list of services but include:

— For each Service
* Functional Description
* Preconditions
* Postconditions
e Invariants
* Performance
* Error handling
* Synchronization type
e For each parameter

Description
Type

Units

Valid subrange
Default value

= This metadata can be easily added as tags
defined in stereotypes

ein -
| General | Description | Relations | Tags | P
- [ A ]
EHEX
=/ Local
Interface Type
Invariants
MaximumResponseTime
MinimumResponse Time
Postconditions
Preconditions
SynchronizationType
Quick Add
Name: Value: Add
Locate oK Apply J
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Capturing ICDs in the Model

1 itsAPAS RemotePilot 9]
Miccinn Qhnw avariitinn
einterface, ICDinterfaces
iPASPilot
pPAS
|
) . EP «ICDSenvice» remotePilotingSystemTests(status:StatusType)
IPASPilot iPASFIi £ «ICDSenvicen preflightTests(status: StatusType)
&P «ICDSenvice» evControlSurfaces(rudderPos:int, elevatorPos:int,rAileronPos:int,|AileronPos:int,rWingFlapPos:int,IWingFlapPos:int)
iPASPilot iIPASFliC | 3 dCDSenice» evAttitude(rollint, pitchint,yaw:int)
£ «ICDSenvice» evPosition(longitude:int, latitude:int, altitude:int)
)\' pPilot £ «ICDSenvice» evEngineSpeed(speed:SpeedType)
1 LT itsL EP «ICDSenvice» evGroundSpeed(speed:SpeedType)

EP «ICDSenvicen» evAirSpeed(speed:SpeedType)

pPayloadOperator

1
iPASPayloadSewEes/—l\ iPASPayloa

Use flow ports for co
Use standard ports fi

Type : SpeedType in ucAreaSearchPkg ¥ (B Reception : remotePilotingSystemTests in iPASPilot ¥ (8
| General | Description | Declaration | Relations | T2gs | Properties | | General | Description | Relations | Tags | Properties |
Ef=p S}
= ucAreaSearchPkg = ucAreaSearchPkg
= ICDType [=I|  ICDService :
AllowableSubrange 0..2000 InterfaceType ;Asynchronous event
MaximumFidelity 1 mph Invariants _
MinimumFidelity 0.1 mph MaximumResponseTime | 10s
PhysicalRepresentation |32 bit signed integer MinimumResponse Time
SpaceComplexity 32 bits Postconditions | results of system tests returned
Units mph Preconditions system is operational
‘ Synchronization Type _; asynchronous
Quick Add Quick Add
Name: Value: Nesas: Value:
Locate OK Apply Locate oK Apply
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Hand off Workflow

Inputs:
SRS, System Architecture
Logical ICD, Data Types, Scenaries
Subsystem UCs (optional)
Ca

Gather Subsystem
Specification Data

/ \ ﬁ, . Ha.n.d off
.ﬁ.‘ Create Subsystem Model S peCIfI CatIOn
Hand off elements Cs J elements to
common to Create Shared Model D, |nd|V|dua|
m u Itl ple Define Inte:;sciplinary Su bSyStemS
subsystems to the e
shared model L Allocate
Phsial meraces Co requirements to
 Engineoring Decipines. engineering
\ disciplines
For all subsystems

Outputs:
Shared and Subsystem Models
Phyzical ICC

Subsystem SRS
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Convert Logical to Physical Interfaces

B «flowProperty» movement(Out):MeterPerSecond
H «flowProperty» torque(Out):Horsepower

H «flowProperty» current{Out):Ampere
E «flowProperty» voltage(Out):Volt

«interfaceBlock» «interfaceBlock» «interfaceBlock»
ibDriveBelt ibPower ibDriveControl
Valies Vabes Vabes

H «flowProperty» measuredSpeed(In):MeterPerSecond
H «flowProperty» measuredElevation(In):Cm

Operations Operatons
EP footstrikeStart() Qperatons EF setSpeed(s:MeterPerSecond)
ki footstrikeEnd( ) E setElevation(elevation:Cm)
«interfaceBlocks «interfaceBlock» «interfaceBlock» «interfaceBlock»
ibTControl ibMControl ibAthleteSensor ibDisplayData
Vates Vakes Vabes Vabes
E «flowProperty» AVSignal(In):NTSCSignal H «flowProperty» hr(In):BeatsPerMinute H «flowProperty» totalTime(Out):Second
i «fowProperty» cadence(In):int B «flowProperty» intervalTime(Out):Second
Cperatons L i B «flowProperty» totalDistance(Out):Km
EfF augspeed() &P augVolume() Operations B «flowProperty» intervalDistance(Out):Km
Ef decspeed() &P decvolume() = «flowProperty» pace(Out):Real
Eﬂ' augElevation() W play() E «flowProperty» hr(Out):BeatsPerMinute
EP decElevation() &P pause() B «flowProperty» aveHR(Out):BeatsPerMinute
EP highlightPrev() & rewind() = «flowProperty» maxtR(Out):BeatsPerMinute
P highlightiext() &P fastForward() B «flowProperty» groundContact(Out):Second
enter() &P highlightPre() I «flowProperty» vertical Oscillation(Out) :Cm
B esc) - highlightNext() I «flowProperty» AVSignal (Out):NTSCSignal
&P enter()
E esd)

61

Logical Interfaces
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SpeedDemon Physical Interfaces (using CAN™ Bus)

bdd [Package ] PhyshterfacesPkg [Physical hterface Types]

“tlocks o
Chinien.. StartOfFrame

values _ Descnption
5 «btmaps StartofFrame:unsigned char Denotes the start of frame transmission
d «bitmap= id:unsigned int m""“"
I «btmaps RTR:unsigned char Biwigh 1 e

«=bitmap= IDE:unsigned char
o (=]
| «btmap= ro:unsigned char o bRwidth:RhpSting
i «btmaps DLC: unsigned char | o |id
i «btmap= Datad:unsigned char E Description )
i «bimap= Datal unsgned char A (unique) k:len_tligr which also represents
= «btmaps Data2 unsgned char ~ the message priority
H «hitmap= Data3 wnsigned char b5
i «btmap= Data4 :unsigned char Bitwidth 11
| «btmaps DataSunsigned char
H«blmup) Dataé unsigned char % =]
H «bkmap= Data7 unsigned char 1oL
= «btmap» CRC:unsigned int Description
i «bimap» CRCDelmter:unsigned char Number of bytes of data (0-8 bytes)
H «=bitmap= ACKSlot:unsigned char 3
B «btmaps ACKDelmiter:unsigned char =
- sig Bitwictl: 4
| «bitmap EOF:unsigned char
= —
PowerBusInterface | HDTV1080pInterface
Vakies Follow 1080p standard as defined by
| M ac:bool EBU-TECH3299 specification
H amps:unsigned nt

| ﬂmlage unsigned int

62

InstanceSlots

= AC:bool = TRUE
H amps:unsigned int =45
E voltage:unsigned int = 120

hstancesiots

o AC:bool = FALSE
damps zunsigned int =4

d volage:unsgned int = 5

Interface structure specification

bdd [Package] Physinter facsPlg DrsplayData Physical Inter faces]
Data Messages for ibDisplayData interface block using instance specfications. All values are 2 byes, unsigned integer, Big Endian format.

Except for Pace which is 4 byte IEEE real.

totalTimeMsq:CANMHsq
Instancasicts
= <bitmags StartOfFr ame:ursigned char = 1
5 “bitmap=id:unsgned int = 100
I <hitmaps RTR:unsigned char =0
= <bitmap= IDE:unsigred dhar = 0
= <bitmap = r0:uneigned char = 0
= abitmap=DLC ansigned cher = 2
= bitmap» EOF :unsigned char = 127
= wbitmap = ACKDelimiter sunsigned char = 1
= <hitmap = ACKSot:ursigned char = 1
= <bitmaps CRCDelim fer;unsgned char = 1

InstanceSicts
= <bitmap StartOfFr ame:unsigned char = 1
| <bitmap= diunsgnedint = 103
= <bitmap=RTR:unsgred char =0
b <hitmap= [DE:unsigred char =0
= <bitmaps ro:unsigned char = 0
= «bitmap» DLC wnsigned char = 2
= sbitmap» EOF wunsigned dhar = 127
= «bitmap= ACKDekmiter .unsgned char = 1
= <bitmap» ACKSot:ursigned char = 1
= sbitmaps CRCDelmiter:unsgned char = 1

= <hitmap s Star tOfFr ame:ursigned char = 1
i shitmapid:unsgnedint = 106

= <bitmep» RTR:unsigned char = 0

= <bitmap IDE:unsigred char =0

= <bitmap» rl:ursgned char = 0

= «hitmap» DLC ansigned dhar = 2

1= <hitmeps EOF:unsigned char = 127

= <bitmags ACKDelmiter sunsigned char = 1
B <hitmaps ACKSot:unsigned char = 1

= <itmep s CRCDelim fer unsgned char = 1

InstanceSicy
= <bitmap StartOfFr ane ursigned char = 1
= <bitmap»id:unsgnedint = 109
= <bitmap» RTR:unsigned char = 0
= <bitmap» IDE:unsigred char = 0
= <bitmaps r0:ursigned char = 0
= <bitmap» DLC wnsigned char = 2
= <bitmap» EOF unsigned char = 127
= <bitmap = ACKDelmiter junsgned char = 1
= <bitmap» ACKSlot:unsigred char = 1
= <bitmap» CRCDelmier sunggned char = 1

IntervallimeMsq:CANMsg

InstancaSicts
= <bitmaps Star tOfFr ame:unsigned char = 1
= <bitmap»id:unsgnedint = 101
= <bitmap=RTR:unsigned cher = 0
= sbitmap= IDE:nsigred char = 0
I <bitmapsr0:unsigned char = 0
= <bitmap=DLC ansigned dher = 2
= <bitmap=EOF:unsigned char = 127
= <bitmap= ACKDebmiter sunsigned char = 1
= <bitmap= ACKSot-ursigred char = 1
= <bitmap= CRCDelim e :unsigned char = 1

PaceMsq:CANMsq
InstanceSicts
= <bitmap» StartOfFr ame:unsigned char = 1
= <bitmap id:unsgnedint = 104
= <hitmap= A TR:unsigned char = 0
= shitmap IDE:unsigred char = 0
=i hitmap» ri:unsigned char = 0
= <bitmap=DLC ansigned char = 4
<bitmap» EOF unsigred char = 127
= <bitmap= ACKDelmiter unsigned char = 1
= <bitmap» ACKSotunsigred char = 1
= <bitmap» CRCDelmier unggned char = 1

MaxHRMsq:CANIMsq
Instancesity
H shytrmaps StartOffr ane:unsigned char = 1
I <bitmaps diunagnedint = 107
= <bitmap=RTR:Lnsigned cher =0
= <bitmap= IDEnsigred char = 0
= <bitmap=rO:ursigned char = 0
= <bitmap= DLC unsigred char = 2
= <bitmap» EOF :unsigned char = 127
| «bitmap» ACKDelmiter unsigned char = 1
1= sbitmap ACKSot:ursigned char = 1
E| <bitmap = CRCDebm ter :unagned char = 1

Instancesity
Em-smﬂﬁmmﬂd\x-l
Edsmup-dumdm- 102
= itmap»RTR:unsigred cher = 0
= <bitmap= IDE:unsigred char =0
= <bitmapsr0:ursigned char = 0
= <bitmap=DLC ansigned char = 2
= <bitmap > EOF:unsigned char = 127
= <bitmap» ACKDelmiter unsigned char = 1
H-bmm-mmu'wedd\x- 1
[ <bitmaps CRCDelmiter sunsigned char = 1

InstarceSicts

= <bitmaps StartOfFr ane ursigned char = 1
= sbitmapid:unsgnedint = 105

= <bitmap»RTR:nsiged cher = 0

= sbitmap=IDE:unsigred char = 0

= <bitmaps rO:ursigned char = 0

= cbutmaps DLC ansigned char = 2

= <bitmap= EOF :unsigred char = 127

= «bitmap= ACKDelmiter .unsigned char = 1
= <bitmap= ACKSiot:ursigred char = 1

= «bitmaps CRCDelimier :unsigned char = 1

GroundContact TimeMsqECANMsg
InstarceSicts
i bitman = StartOfFr ame:ursigned char = 1
= hitmapeid:undgnedint = 108
= <bitmap» RTR:Lnsigned char = 0
= «bitmaps IDE:nsigred char =0
= «bitmaps r0:unsigned char = 0
tmep=DLC 1nsigred cher = 2
itmeg» EOF:unsigred char = 127
i «bitmap» ACKDekmiter :unsigned char = 1
= hitmap = ACKSot:ursigned char = 1
= «bitmap» CRCDelimier :unsgned char = 1

Follow 1080p standard as
defined by EBU-TECH3299

specification

Instance specifications for messages
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Subsystem Deployment Architecture (SW-EE-ME)

bdd [Package] DeploymentPkg [Control Unit Deployment Architecture]

2
Usage: Deployment Architecture Diagram

Mission: show the deployment architecture
for the Control Unit Subsystem

winterfaceBlocks
ibCU_SW_EE_Media

Values

= <flowProperty,memorymapped> track:unsigned long
E «flowProperty,memorymapped:= volume:unsigned int

E «flowProperty,memorymapped= cadence(In):unsigned int
E «flowProperty, memorymapped impactForce:int

E «flowProperty, memorymappeds RPM(In):unsigned int

E «flowProperty, memorymapped= torque(In):unsigned int

Operations
& wnterruptmanpeds ariticaFault(:void
E smemor ymappeds emergencyStop():void
NTEMOF f» gt tForce():unsigned int
E smemorymagped» setindine(indine:int): void
E smemorymapped» setSpeed(s:unsigned int):void

63

E “memor f» doselisenfie(\ igned int):void

ﬁ smemorymagped» getProgram{p:unsigned int):void

E smemorymapped:= getProgramlist():void

E smemorymappeds openliserfie(Name: OMString, lum:unsigned int): void

E “memor = writeLiserRecord( igned int, dataRec:DataRecord): void

Operations
E smemorymapped» openMedaDriveDoor(): void
& smemorymappeds pause():void
E smemorymappeds play():void
gm.w f» readMediaListFromDevice(): void
«memorymapped» selectTrack{track igned int):void
1 itsControlUnit_SW:ControlUnit_SW | 1 itsControlUnit_EE:ControlUnit_EE
| :bCU_SW_EE_Media
[.PEB' - [] “proxy»
o PSWM:~bCU_SW_EE_Media
aproxy» [ pEETr:ibCU_SW_EE_Treadmill D-proxp
PSWTr:~bCU_SW_EE_Treadmil
pEEDr:ibCU_SW_EE_Drive
proxy» .1 =] *Proxy»
a PSWDr:~4bCU_SW_EE_Drive ]
winterfaceBlocks
ibCU_SW_EE_Drive Values
Values [ow]
COiperations

There are no moving
mechanical parts in this
subsystem. The mechanical
parts are limited to
enclosure and cable
management.
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Instance Specs for SW-EE Interfaces in Control Unit

bdd [Package] DeploymentPkg [Details of bCU_SW_EE_Drive interface block]

64

& setSpeed(s:unsigned int):void ‘ =
gk : : i : : - AD0D:0003 Write 4 byt
Mission: show the interface details for the SW-EE : ; Eltrzziai?eoo 0000 - 7000 0003 Vrie 3 pte
interface for drive control in the Control Unit This command to the electronics sets the speed of the SLmnils
Subsystem drive unit controlling the belt. v 1
Tags [ . Write th value in the 4 lock
i Bitmap:RhpString=AD00:0000 - A000:0003 Write 4 byte speed... i value r
Ptk i Numer_Of_Bytes:RhpString=4 treadmill (note: this is not necessaril value
LSW_EE {iRange_High:RhpReal=0 ust written
Valkes —1 ¥IRange_low:RhpReal =800 Speed is in units (0.01 m/sec) so a value of 671
= «fowproperty,memor d= cadence(In):unsi ' | icastart_Address:RhpString=A000:0000 is 6.71 m/sec
= «flowProperty,memorymappeds impactForcesint 2 Timing_Constraints:RhpString
= <fowProper d= RPM(In):unsigned int ¥l Usage:RhpStrng =Write the speed value in the 4byte block. ...
- J
Operations
E . ts criticalFault():void ameTorpTaspede II
amemor 22 yStop():void L i emergencyStop()void
v geth 0, g, The command to the electronics sets the degree of i
memor o it oot . g Writing a nonzero value causes an emergency
. % . )-vaid incline of the deck. Value is 10* the angle in degrees i A
B o i» sotSpoed(sunsi v_,hu:w (e.g. value of -35 means an angle of -3.5 degrees) stop. Writing #0000 re-enables movement.
. Tags ol
& Bitmap:RhpString =A000:0006-A000:0007 2-byte integer ... (2 Bitmap:RhpString=A000:0008-A000:0009 2byte u...
MowProperty memorymagpeds | =iNumer_Of_Bytes:RhpString=2 {inumer_OF Bytes:RhpString=2
impactForcesint IRange_High:RhpReal=0

Returns impact force in Kg

Tags
iBitmap:RhpString =A000:00 14-A000:0017 4 byte unsi...
(22 drection:FlowDirection=Unspecified
iinumer_OF_Bytes:RhpString=4
iIRange_High:RhpReal =500
{IRange _low:RhpReal=0
iCustart_Address:RhpString=AD00:0014
(22 Timing_Constraints:RhpString
i usage:RhpString=Read only access

=Miowfroperty memorymappeds
RPM(In):unsigned int
Retumns the current measured drive RPM

Togs
&Bitmap:RhpString A 13 4byte unsi...
3 drection:FlowDirection=In
iINumer_OF_Bytes:RhpString =4
izIRange_High:RhpReal=10,000
{CIRange _low:RhpReal=0
¥ start_Address:RhpString=A000:0010
(22 Timing_Constraints:RhpString
¥ Usage:RhpString=Read only access

{cIRange _High:RhpReal =200

iCIRange _low:RhpReal=-100
icastart_Address:RhpSiring=A000_0006
(3= Timing_Constraints:RhpString

IRange_low:RhpReal=2FFFF
i Start_Address:RhpString =A000:0008
3 Timing_Constraints:RhpString =Emergency stop en..,

U= o g=\Write sets the ¢ ded value; read ... hm:w«mm‘mmmm.,.
=NowPrapmty meraryT s |
cadence(In):unsigned int

Retums the currently measured cadence value in 2 nl st s et

bytes with units of steps/min (of both legs) mewes(ie kemsigmerd int

me | |Retumsthe curent measured drive torque in 4

o RhpString=A000:000A 10008 2 byte uisignedii.. :?'lme:). Units of 0.01 Foot-Pounds (e.g. 400 is 4.0

i drection:FlowDirection=In

numer_OF_Bytes:RhpString=2

gw_w:m'm =] hoStri o -A000:000F 4 byte uns
Range_low:RhpReal=0 o .

2 ¥ direction:FlowDirection=In

35tart_Address:RhpString=A000:000C

{32 Timing_Constraints:RhpString i Numer_OF Bytes:RhpString=4

, g =IRange_High:RhpReal=1500
¥=usage:RhpString=Read only access e ok 5
witergtmapede ii5tart_Address:RhpString=A000:000C
ariticalFault{)-void (3 Timing_Constraints:RhpString
This electronic senice g tes an i pt when a & Usage:RhpString=Read only access

critical fault occurs. The data at the specified data
address is the 2-byte error code.

Tags
iByte_Width:RhpString=2
#Data_Address:RhpString=A100:0000
&IData_Field_Type:RhpString =unsigned integer
4 Interrupt_number:RhpString=0x0018
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Allocation on Subsystem requirements to engineering

disciplines

o

Mission: Showthe allocation of

to the

ofthe Control Unit Subsystem for the

[ "bdd [Package] Ce pby mentPhg [Corwol Unt Depleryme rt Requrements Alocaton] |

B
remant_22
requrement_10 D= Quom
10« QUOW
e iy v | | TRESRI T

the maximum rae of speed

Control P otocol U 8
- o chan ge shal be Imted 10 2.5 proadiantss:
kph's or 1.6 mphfs. =
requiremant_27 | sty
1D= CJSW10L & sty N ;
The mftware shall be abe 1o ---"'--. : ; W‘ -
onadl vrive fis 0 3 US e Lx itsControlUnit_SW:ControlUnit_SW .
mremory stk wing sandad J
formas, =
PEEM:bCU_SW_EE Media ‘ “proxy>
'dl"“" PEETrbCU_SW_EE_Treadmill | «prosy»
s |
requirement_21 PEEDrbCL_SW_EE Drivé=] <prosny=
0= Quoat
[ «satisfy=
requirement_25
The QU shall be = ; %
abk to emcutean 1D= QUDE : i
emrcee potacol vswo‘y-r wsatishy=
read fiom a bad Incine shall be settablein unts of | derives A1V Aesrenee
i, degress dinchaton from -3 | e o]
. degrees 1 2 Ddegrees, settable in | regurement_18
7 - f ‘ ID = QUSWIOS
i ince mants of 0.1 degrees D = Quswoie
> = The soft hall sec speed
A The software shall be able 1o unis of mebvcs koh h Ha
* “deriver set Incine in unts of degrees ranga of 0.0 to 15.0 (mph) or
b . of incination from -3 degrees 24,1 kph, semtable n unis of
\ to 20 degrees, settable in 0.1 mph or 0.1 kph.
! requrement_15 increments of 0.1 degress.
efesives | 1D= CUEEOD2 T
.' The dectronics shal schieve [0 25
the specified incine at e ate 1D = CUEEDD4
of 2 dagrees/second +£ 0.5 .
deglsec, Y The electronics shal cont ol the
speed of the treadmil within +/- 0.1
] “satisfy= lksh of set soeed
hessremeree i =
requirement_26 . axatichys
ID= CJEEDG i |1 insControlunit_EE:ControlUnit_EE |

Storaoe.

The dactronics shal provide
mefam to USE media
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ID= QUOGE

The seurscy o the deiversd
incin e shal be withn 02 degrees.

1D = QU007

The acowracy of deliverd speed
shall be at e ast 0.2 mph or
0.32 kph.

«acramarts.

requirement_26
ID = QUODE s

requiremant_23
Segment duration shallbe
settable in units of seconds ID = QU0
from 010 15,000, ol
unis of 1 second. A protocd segment & a mativara e
- vakse consisting of speed, duration, and
7
wsatishy
ID= QUSWOOL

“77/] The mftware shallbe detect a hardware
oitcal emor or user action and ritate
emergen oy shut down witn 0. 1s.

ID = QUSWOO2

The mftware shall enact
emengen oy shut down mode

bry slowing the treadmill
zerc speed at B mph/s

dece bravon - 0.5 mph.

1D= QUO2

requirement_14

Emergency swop shal sow the
wreadmil to & speed of zero at
2 mteof 8 mph/sec, taking 3
tonl time of no more tan 2

seconds

D= QUOM

Speed shall be semable n
unks of mph o kphin the
rarge of 0.0 to 15.0 (mph) or
24.1 kph, mushle n unts of
0.1 mph or 0.1 kph

N

=

requrement_ 24

ID= QUEEDDL

The sectronics shal achieve
the software commanded
spee d withn 0,55 maxmum,
whsrements
A requirement_29
ID= QUDOE®

The accuracy of the duaton
exerution shall be withn 0.5
segonds.
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You're Agile, but are you Meta-Agile?
Using Agile to Adopt Agile MBSE

Determine goal-as-is gap
|dentify future needs
Define to-be process,

practices, and tools

Architect

Plan

Pilot

Define steps to

Enact in a small controlled incrementally adopt

project

Measure success
Adapt approach based on
evidence

Specific metrics to
dynamically measure on-
going success

IBM Corporation
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Summary -

g

MBSE provides

verifiability to the SE

precision and

Process

J

(Continuous verification
allows you to avoid
costly defects

Adopt Agile in an
incremental, measured

~

fashion for best results)

-

g

Agile methods add
quality, responsiveness
and adaptability to the

process

~N

J

-

~N

67

f IBM’s Rational tooling

supports MBSE and agile
methods

G

IBM’s Harmony Process
defines an agile MBSE
process with industry best
practices

J
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