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Recap of Session 1:
Take-aways impacting actual practices

1. What are Systems? Consistent use of System Domain Models;

2. What are Interactions? Consistent use of Interactions to describe
behavior; no “naked” behavior;

3. States, state variables, finite state models: Consistent description of
"When”, temporal architecture; ) .
* Can a creative, talented team align its work?

4. Input-Outputs: Consistent representations of exchanged force, «  What should be standard about this, in your

energy, material, information;
_ _ customer work?
5. Stakeholder Features; Consistent representation of value across all . \what should be configurable about this, in
stakeholders; trade space; Selection as the observable phenomenon "
describing value; all risk is risk to Features; use in FMEAs; use to WOUIF CUBIIiEr Hoi:
drive PLE configuration variation;

6. Finding all the Interactions by managing consistency of Interactions
across Features, States, and External Interfaces/Actors;

7. Functional Roles versus Design Components, what do we mean by
‘allocate™? by “physical™?

8. Attributes: parameterizing Features, Roles, Design Components;

9. S*Metamodel, mapped to languages and third-party tools, as a
consistent point of reference across variable environments.




Session 1 Homework Discussion
Assignment was:

* Locate the pattern of the engineered system of interest to your
organization or its customers, or example teaching pattern:

* Since we will be studying models of the system of engineering itself as a modeled
system in later units, for now the “engineered system” will be used for modelling.

* For example, a defense platform or a commercial manufactured product family.
In a Local Pattern Package, containing the existing Pattern, augment the high-level
S*Pattern for the above, to include:
 Domain System: Add external Domain Actors |
* Add Stakeholders and Stakeholder Features 3
* Add Interactions (external Black Box interactions only) and the external Actors T
they include (as logical systems)
* Add States
Create External Interaction relationships with States, Features, and external Actors:
* Determine the completeness of your external Interactions set by their common coverage of States,
Features, and External Actors
* Are all the Features “satisfied” by their Interactions?

* Are all the Actors “satisfied” by their Interactions?
* Are all the States (think about Use Cases) “satisfied” by their Interactions? 5
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Phase | Class Sessions: Microstructure of Models
and Patterns (6 Sessions, 3 hours each)

* S*Models, S*Metamodel:

* Sessions 1-3 We are here: Session 2
* In Example Model Context

* Formal mapping of S*Metamodel into Tooling
* Session 4

* S*Patterns, Configuration: In Example Model Context
* Session 5

: d . :
* Introduction to 3 Generation Pattern Configurator Technology
* Session 6

* Homework Presentation and Feedback
* Distributed over above sessions



S*Models, S*Metamodel: Session 2 of 3

* Architectural Relationships
* Model-based Requirement Statements as transfer functions
* Interfaces, Systems of Access, Interface Context Model

 Attribute Couplings; fitness, input-output, decomposition, state,
characterization, and heuristic couplings

* Homework assignment 2
* Discussion, Q&A



Attribute Attribute

@ Title

Prime Attribute Relationship Prime Attribute

Architectural Relationships <2 L=
Student Entity @ @ Course Entity

Attribute Attribute

» Key technical formalizations of relationships are variously seen in:
 Entity-Relationship (E-R) modeling, Peter Chen, circa 1976, RDBMS data models
» Set-theoretic relationships in mathematics, as in cross product sets [ Set A X SetB ]

* Parametric relationships, including deterministic and statistical parametrics (more
on those later, under Attribute Couplings)

» Relationships in propositional logic
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Architectural Relationships

We are interested in Architectural Relationships that appear (often as
connecting lines, but not always that simply) within:

* Domain Architecture Models: How a System of Interest “relates” to its
external environmental Actors; how the Domain System is organized;

* Logical Architecture Models: How the sets of decomposed external
behavior components are related to each other as L(ZFICEH (behavioral)
Subsystems; how the logical architecture is organized,

* Physical Architecture Models: How the Design Components of a
system are related to each other (spatially, by connections, or
otherwise); how the physical architecture is organized;

Collectively, these describe the “architecture” (organization) of their
respective subject matter.

v ) Logical Architecture Model

[Cperatar | [ Weater Feradyname .
ace | | interface Interface '_| Aspiration Interface

«Logical Systert" ;

Vehicle
wLogical Systems -
Vehicle —_— —
System | —
dLogical Systems

Vehicle Passenger «Logical System»

|
=7 Environment Vehicle Exterior |
Ex Subsystom Structural Subsystem l—
il wLogical Systemn
i aLogical Systemn dLogical System» Application Subsystem

Vshicle Interior Vehicle Extenal
| Structural Subsystem Appearance Subsystem
|

«Logical System» I —_

os:

[l
[ ARachment |
Interface

Vehicle Chassis | —
Structural

Higher Level |
Control Interaface

aLogical System» aLogical Systems
Vehicle i Vehicle Energy Storage &

Subsystem ¢

=
| uemsopag |

Interface

Tnter-Vehicular

nnnnnnnn Gimenance [ eps | Toman | [ Docking Transpor
Interface Interface Interface Interface Interface

Domain Architecture Model

Logical System

bdd Vehicle Domain

«Logical System»
ostile System

efuel - Recharge
System

«Logical System»
Vehicle

aLogical System»

Nearby Pedestr
aLogical Systema

Aggregate Traffic

<Logical System»
Curb & Dock
Systom

«Logical Systems
Local Terrain

bdd Vehicle Physical Architecture

«Physical System»
Physical Vehicle

Vsz'sif"::”"; «Physical Systems wPhysical Systems «Physical Systems
Firins Vehicle Body Vehicle Chassis Powertrain

«Physical Systems | | | «Physical System» || ePhysical systems «Prysical Sysems || | «Physical Systems «Physical Systems ||
Battery Vehicle ECM Body Exterior Vehicle Frame Fuel Tank Powertrain ECM
«Physical System» Physical Systems Phyei . . . P . . .

St L1 i L oo || oo, W o | o

Distribution System Network v 9 P
. . «Prysical System» || | «Physical Systems «Physical System» ||
L|  «Physical System Vehicle Driveline Brakes Engi

Vehicle Interior

«Physical Systems
Engine Assembly

Physical Architecture Model

«Prysical System»
Lubrication System

«Physical Systen»
Cooling System

«Physical Systam» «Physical Systam»
Induction System Fuel System

Acknowledgement: Influenced by related physical architecture work of John Thomas



hddVehicIeDomainJ Domain ArChiteCture MOdeI

WEATHER

C uLogical System»
Vehicle Occupant S !
. ical
aLogical Systems agical Sysien «Logical Systems
aLo%cal Syslems Local Atmosphere as;s:::n arge Hostile System
perator «Logical Systems
Application
Systam
[ Operator [ Weather " Agrodynamic Fueling - Defection Afiackable
Linterface | |__interface I Aspkedion kiniecs H Interface ‘ Charging Interface Interface Interface «Logical Systems
Load
«Logical Systems
Passenger
g g «Logical System»
1= External
E k= Attachment
4
| &
— 0 EE:
i g 55 aLogical Systems
o 2 i 5 = Higher Level
& = & —
5 8 «Logical System» 5 £ Management System
] T
«Logical Systems Vehicle &
Nearby Pedestrian
aLogical Systems
Aggregate Traffic
m
.1
2
_ 3
3 B
El
5]
2 g
2
. Logical Systeme
«Logical Systems 2 "
External Observer Nearby Vehicle
Remole Management GPS | Terrain |—|Dockhg
Interdace Interface | Interface Interface
wLogical System»
Vehicle Transport
System
f Logical Systems
«Logical Systems ‘
aLogical Systems Local Tarrain Curb & Dock
Maintainer System
alogical Systems sLogical Systems «Logical Systems
|
Maintenance Remote Management Global Positioning ¢Logioas Siwtens
System System System 9




bdd [Package] 02 Logical System Analysis [ Vehicle ])
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Logical Architecture Model
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bdd [Logical System] Vehicle [ Vehicle Logical Architecture Diagram ])
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Sometimes Physical Architecture Diagrams “look

like the real thing”—even though the “things” in
them are still entities in the model.
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Naming Architectural Relationships

* Following conventions dating back to Peter Chen E-R models, it is common
to name an architectural relationship with a verb form phrase, so that
combining the name of the relationship with the names of the connected
entities (usually nouns) creates a sentence summarizing the relationship:

“The Vehicle is operated by the Operator.”

“The Vehicle provides safe and comfortable
environment for the Passenger.”

This can also provide a bridge later to the propositional logic
of semantic technologies, for reasoning about the model in
OWL DL or other semantic language—the instantiation of the
relationship can be viewed as the “assertion” that the
statement it makes about the entities is true.

(A vision of SysML V2.0 — OWL integrated environment.)
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Architectural Relationships
Summarize Detailed Interactions, 10s & Requirements

* Listing all the detailed external Interactions, Input-Outputs, and related
Requirements would take up much more space and attention than allowed
by one diagram—

* But formally, those Relationships should be a traceable summary of the

Interactions, 10s, and Requirements. ==




Not all Architectural Relationships are 2-way

* The Architectural Relationship examples we saw above were between two things:
* That is why they are sometimes called “binary” relationships, or 2-way relationships.

 However, some relationships are inherently 3-way, or even more (n-way), and

diagrammed with a connectable shape such as a diamond, instead of just a single
line:

Examples:
Chemical A reacts with Chemical B * The relationship between two interacting chemicals
and a catalyst that enables their reaction:
“reacts with”
* The relationship between three connected
Catalyst structural trusses “transmits structural forces
between”

18



Not all Architectural Relationships are 2-way

* |n those cases, it is a common practice to name the different “roles” of the
relationship, so that the overall relationship is fully understood. For example:
* solventrole
* solute role
* surfactant role

* Notice that this begins to suggest or imply an Interaction of the three, but is
still less detailed and explicit than the interaction model it summarizes.

- solvent o solute -
Liquid 1 emulsifies Liquid 2

surfactant

Liquid 3

19



Reified relationships (not a way to cook beans!)

* Sometimes modelers will begin to refer to such an n-way relationship as
“reified” (made real), or as a “class relationship”, in the sense that the
relationship itself has become a modeled class or entity in its own right.

 Such reification can also be helpful (even for 2-way relationships!) if we
want the relationship to have its own attributes (parameters) or to be
allocatable.

Entity A relationship Entity B Entity X relationship Entity Y

Entity C




Logical Architecture Views

* In systems engineering, the structure shown in the above architectural
diagrams can also be expressed in matrix form:

* These matrices are known as: N? matrices, Adjacency Matrices and Design or Dependency
Structure Matrices (DSMs)

* N2when their column and row headings are identical, with the matrix cells showing
“marks” indicating relationships between components.
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Logical Architecture Views

* In the case of Logical Architecture:
* The blocks in the LA diagram become rows and columns of the DSM
* The connection lines in the LA diagram become marks in the DSM

* Both views are visualizations of the same information:

 However the functionality has been partitioned into interacting
subsets — Vehicle Functional Roles and Interfaces in this case.
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Physical Architecture Views

* In the case of Physical Architecture:

* The blocks in the diagram become rows and columns of the DSM
* The connection lines in the diagram become subsystems or components in the DSM shown in rows and columns

* Both views provide visualizations of hierarchy

* How the physical system has been partitioned into physical sub-systems that are physically related (connected,
contained, adjacent, etc.)

* The DSM additionally shows the interactions of subsystems
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Simple exercise: Populating architectural relationships

* Between two Logical Systems
* Between two Desigh Components

* Architectural Relationships are created in package 01 Local Pattern::02 Logical System Analysis.
e Select and Open the Pattern Architectural Relationships Table and then Select Add New.

* The newly added Architectural Relationship will show up in the table and the Containment
Browser
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B[] 01 Feature Framewiork # Owner

B[] D%Logical System Analysis 1 |F] 02 Logical System Analys
Bl .7 Relations
"™ mnteraction-Interface Table

.. Qualified
© Name

. Converts Electrical Power 01 Local Patt

Genera | Name Definition Status

" Pattern Input Output Couplings
-7 Pattern Interactions-States Fila
"™ Pattern Interface Context File ICT1
""" pattern Interface Context File ICT2
"™ Pattern Interface Context File ICT4
""" pattern Interface Context File ICTS
"™ Pattern Interfaces
- pattern Logical Systems
"™ Pattern Role Attributes File
-7 Pattern States
Airspace Convection System
-y Airspace Transport System
£ ar
EEI--- Converts Electrical Power 24
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Architectural Relationships Modeling: continued

1. Select the Logical System or Physical System that conveys the
Architectural Relationship > Create Relation > Select Outgoing or
Incoming > Select AR Item Flow.

2. Select the other Logical System or Physical System involved in the
Architectural Relationship.

3. Select the new AR Item Flow relation in the browser, open its
specification, select the Conveyed property and choose the newl
created Architectural Relationship.
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Dependency[LPO.1 -> Converts Electrical Power] w
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Owner D/ Association[IE1 - Input Power]
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Selected elements: ¥
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Model-based Requirement

Statements as transfer functions

WWWWW

Traditional requirements statement writing discipline--

* Engineers are traditionally taught that requirements
statements should be:
 Unambiguous, Understandable, Atomic, Correct, Concise,

Traceable, Desigh Independent, Verifiable, Unique, Complete,
Consistent, Comparable, Modifiable, Attainable, . ..



Requirements are then . ..

 Stored in databases, rendered in requirements documents,
and interpreted by people

System Requirements
Specification Documen t

Requirements Specified Thigng

Specification

describes

Specificatiob Interpreter

Q&
22002

W \> interpret them three different ways.)
=

(Historical challenge: Three subject matter
experts read a set of Requirements and

27



The challenge of complicated systems

* Success requires consistent team
understanding of complicated systems—
including Requirements.

* But, human biology does not
support a “Vulcan Mind Meld”.

<
A
)
(
*

> g

0 000 @O

Q
<
<
o)
@
o)
ooy

* So, how can we “integrate
thinking” over teams in systems

projects?

Different people, teams, organizations
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Models to the rescue?

 Models are data structures (often, but not always,
graphically expressed) intended to explicitly

represent facts (e.g., requirements, designs, etc.)
about systems . ..

* That might otherwise be implicit in the knowledge
of experts or others.

 Compared to traditional prose, models frequently:

* Are more explicit, more compact, enhance
visualization, understanding, communication,
improve theoretical support for understanding,
improve ability to analyze, simulate, or

synthesize, increase sharing across people and
tools, . ..

escrib

. Modeled Thing |
es

Model Inéterpreter

T 0

(Machine Interpreters)

(Human Interpreters)



Embedding the prose in the models

* Our experience is that models don’t replace prose Requirement Statements:
 They can be merged into a total model that includes both.
* The Requirement Statements become part of the model.

* Contemporary efforts to incorporate prose into models includes language support
(SysML) and information models (AP233).

* Qur interest here is something more than how to imbed prose statements
into model data structures, or languages for doing so:

 What does it “really mean” to bring these together?

e Our inspiration comes from examining the special semantics of Requirement
Statements as a special subset of all prose.

e Just treating Requirement Statements as prose “text” misses this point:
* And there is a huge payoff to what we discover . ..




Transfer functions, as a source of inspiration

* Transfer functions completely characterize the externally viewed
(black box) behavior of idealized linear systems:

Subject System

PID Controller H(s) C/
/y)/((('(’

Proportional
—
K1
o t Input I(s) “f\ | mtegrator + L. Controlled | output O(s)
peraiar o s " Plant -
- 3
A
Differentiator
_>
K, s

[ ROGER HAHN |

H(s) = (K, + (K, s)+(K,/s)) 31



[ INCOSE 2005 Symposium "Best Paper" Award in Modeling and Tools |

Requirements Statements Are Transfer Functions:
An Insight from Model-Based Systems Engineering

But, our systems aren’t linear!

ICTT, Inc., and System Sciences, LLC
100 East Campus Drive, Terre Haute, IN 47802

(And our stakeholders don’t speak math!) s e

Abstract. Traditional systems engineering pays attention to careful composition of prose
requirements statements. Even so, prose appears less than what is needed to advance the art of
systems engineering into a theoretically-based engineering discipline comparable to Electrical,
Mechanical, or Chemical Engineering. Ask three people to read a set of prose requirements
statements, and a universal experience is that there will be three different impressions of their
meaning. The rise of Model-Based Systems Engineering might suggest the demise of prose
requirements, but we argue otherwise. This paper shows how prose requirements can be
productively embedded in and a valued formal part of requirements models. This leads to the
practice-impacting insight that requirements statements can be non-linear extensions of linear
transfer functions, shows how their ambiguity can be further reduced using ordinary language,
how their completeness or overlap more easily audited, and how they can be “understood” more
completely by engineering tools.

Systems Engineering Prose

https://www.omgwiki.org/MBSE/lib/exe/fetch.
php?media=mbse:patterns:incose 2005.pdf

* Nevertheless, we can borrow a key idea from the “transfer

function perspective”:

* Characterizing a system’s behavior by stating the externally visible
relationships between its inputs and outputs

* (Think about this for systems you know—test the idea)

* Why is characterizing behavior in this way important? .


https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_2005.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:incose_2005.pdf

What are functional requirements, really?

The technical (engineer’s language) description of testable
external black box functional requirements is entirely about
its interactions (in a physics sense) with external systems:

Atmospheric Air N Shearing Force

Atmosphere Vegetation

Exhaust Lawn Grass
Gas

) Thermal Hazard Energy

Fueling Fuel _ Ejected Matter

Fusling - Bystander
y Lawnmower System
Operating Command | C t
Lawn Grass ompos
Operator ; Status Feedback i Pile
Y
Tragtion Bump
Fofce Force

Terrain Appearance

Terrain Obstacle

Obstacle Appearance |
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What about stakeholder and “non-functional” requirements?

 Two issues suggest we don’t traditionally think about requirements statements
that way:

 Stakeholder requirements are usually non-technical language, more suited
to QFD coupling, etc.

 The “-ilities” (reliability, manufacturability, maintainability, etc.), as well as
capacity, tolerance, or other requirements categories may not seem to fit
this approach.

 However:

 We traditionally derive “technical requirements” from the stakeholder
requirements, for purposes of design, test, etc.

 And all the “-ilities” (and their cousins) turn out to be externally visible
behavioral attributes of the functional (physical interactions) behavior.

 (Think aboutit...)




Requirements from interactions?

So, we can legitimately focus our attention on the externally visible interaction
behavior, described as input-output relationships over time.

This has major positive impacts:

. To become a theory-grounded discipline (like EE, ME, ChE, CE), Systems Engineering needs a
stronger theoretical base than principles of writing clear prose and business process rules: A
physics of systems engineering

. Interactions are at the theoretical heart of the 300 year success of science and most
engineering disciplines

. Our work as systems engineers can move farther from “literature writing” and closer to the
scientific-mathematical edifice built by Newton, Hamilton, Maxwell, and others

. And, it plays to the rise of modeling languages (SysML, etc.)




The return of prose to the model

 Requirements prose: for the purpose of expressing required
system input-output relationships.

* This is not really as unconventional engineering as you might
think—we already use many “equivalents” to mathematical
equations to characterize I/O behavior:

 VHDL for digital electronics

* Propositional calculus for system logical behavior
 Algebraic, differential, or integral equations
 Fuzzy relationships (Zadeh)

e Tables, graphs

* And now, “prose requirements statements”



The return of prose to the model

* The first implication of this approach is the discovery that what every
requirements statement should tell us is something about system Inputs, Outputs,
how they are Related, and possible Attributes (parameterization) of that
relationship:

Subject
System

* Not every requirements statement needs to
contain all of these.

« But, every statement should contain some of

them. Input @ Output
« And the aggregation of these statements

should form an “equation” characterizing the Attrbute

overall I/O relationship—or we are not done. e
« Note the relationships between I0s can be “The system shall . . . . . "

about relative flow quantities, time delays,
statistics, losses, variations, etc.



Example requirements statements in 1/0O form

“The Lawnmower System shall operate with [Hourly Mowing Capacity] of at least 1 level ground acre per hour, at [Max Elevation] up to
5,000 feet above sea level, and [Max Ambient Temperature] of up to 85 degrees F., at up to 50% [Max Relative Humidity], for [Foliage
Cutting Capacity] of Acme American Standard one week Lawn Grass.”

“The Lawnmower System shall operate using Fuel consisting of gasoline having a [Min Octane Rating] of not less than 92, combusted with
Atmospheric Air.”

“The Lawnmower System shall operate with [Fuel Economy] of at least 1 hour / gallon at [Min Elevation] of 0 feet ASL, at [Max Ambient
Temperature] 85 degrees F., 50% [Max Relative Humidity], for Acme American Standard one week Lawn Grass.”

“The Lawnmower System shall operate with [Elevation Derating] of 10% improvement in [Fuel] per 1,000 feet of elevation reduction, to a
[Min Elevation] of O feet ASL.

“The Lawnmower System shall operate meeting the more demanding of state and federal standards for [Max Gaseous Pollution] and [Max
Particulate Pollution] of Exhaust Gas.

“The Lawnmower System shall operate with [Operating MTBF] no less than 500 hours.”

“The Lawnmower System shall operate so as to protect the Operator from Thermal Hazard Energy by maintaining all accessible metallic
surfaces at a [Maximum Surface Temperature] of less than 180 degrees F.”

Atmospheric Air Shearing Force
Atmosphere Exhaust fawnGrass Vegetation
¥ Thermal HazardGEa:ergy
To make the above clear: Pusiing Fif Ejeoted Matter | gctander
. o Lawnmower System
* Inputs and Outputs are underlined.
* [Attributes] are in brackets. Operating Command oncress | Compost
* Relationships are italicized. OPOrator | stats Feadback Pile
Just for this example—not required. Tradton Bufnp
Fofce Fofce
Jemain.Appearanice Terrain Obstacle

Obstacle Appearance ]




More implications

* Improved requirements statements: Ability to
audit/inspect for completeness as well as clarity.

* “Does this set of statements specify the required output
values for the possible input values (and history)?”

* Implications for tools: Tools can better “understand”
micro-structure of requirements.

* Implications for models: Improved explication
compared to simply viewing requirements as
embedded text.



Requirements Statements are “organized” by
the other parts of the S*Metamodel

* Requirement Statements typically do not
carry all the information found in State

R K Csenoder | [ p— "
Models, Domain Models, etc. A NS B vl | \ '
* And if they did, it is not clear that they would be | $ oL o
very handy to understand in prose. -""-5 g ﬂ T e
* So, a better way to think about this is that | e SR o
the High-Level Requirements (HLR) portion — =
: : DIR _ Sewbad
of an S*Model “organizes” the Technical
Requirements of the Detail Level

Requirements (DLR) portion of the S*Model.

* This is a reminder that we don’t really fully
understand Requirements if we don’t have a
domain and state model!
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Notice that Interactions, Roles, and
Requirements form a three-column
table, in which each Requirement is
allocated to a Functional Role, to

occur during a Functional Interaction

Filter Lubricant

Filter Lubricant

Filter Lubricant

Oil Filter System
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m Requirement (Required or Assumed Behavior)

Lubricant in
Filtration

Lubricant
Nistribuitinn

etail Interaction Model Diagram Style 2:
Media Itself Interacting Externally with

Interaction
Diagrams

higct System

fer System

Fitered
Tubrcant

Suspended

Removed
Solid

Lubricant in Filtration

Lubricant To
Be Filtered

Contaminant

Contaminant

Rewm

Lubricated
System

Lubricant
Pump
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For a Return Lubricant stream of [Lubricant Viscosity Range] and
[Lubricant Pressure Range], the Oil Filter shall separate Filtered
Contaminant particles from the Lubricant output stream,
according to the [Filter Particle Size Distribution Profile].

The Lubricant in Filtration shall have viscosity within the
[Lubricant Viscosity Range].

The Pump shall maintain oil pressure within the [Lubricant
Prazaiira Ranoal

Filter Lubricant

Filter Lubricant

>

Install Filter
Install Filter
Install Filter

Install Filter

Filter Lubricant

Interaction m Requirement (Required or Assumed Behavior)
Oil Filter System

For a Return Lubricant stream of [Lubricant Viscosity Range] and

[Lubricant Pressure Range], the Qil Filter shall separate Filtered
ticant output stream,
h . I Distribution Profile].
L Te C n I Ca viscosity within the
Fi
L Reqmrements within the [Lubricant
D|
P

Oil Filter System  The Qil Filter shall be manually installable in ten minutes or
less, using only a screwdriver.
Ol Filter System

The 0il Filter shall have installation instructions printed on its

exterior surface, in English

Service Person The Service Person shall have the visual acuity and hand
strength of an average 40 year old adult.

Service Person

The Service Person shall be capable of reading English at the
tenth grade level.

a1
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Simple exercise: Populating Requirement Statements

 For a modeled Functional Interaction, and two of its modeled Functional Roles,
populate at least one Requirement Statement for each Role.

* Include populating the connection between the Interaction, Role, and
Requirement, using the “Requirement Transfer Function” concept.

EII_FI__| Account for System

-2 | 1 VEH-1002
-2 | 2 VEH-1003
-|%2 | 3 VEH-1004

° Requirement Statements and the Requirement 'FE: Perform ‘-.Fehit?le in Account for System/(context Vehicle’
Transfer Functions they specify are created under T pceonnianily Feature
their respective Functional Interaction. O : Operator
. - @ Maintainer
* There should be at least one Requirement O : Maintenance System
Transfer Function for each Interaction-Role pair. - O : Higher Level Management System
O : Remote Management System
Aspirate

Aftack Hostile System
Avoid Obstacle
Configure Vehicle
Control Vehicle Direction
Control Vehicle Power

L A e e

e I o O O |
SIS Ry Ly L iy L

IEEEEEEE



Detail Requirements Modeling: Creating Requirement Transfer Functions

e Use ~“Create Element and choose Activity

* Add the stereotype “Requirement
Transfer Function” to the new Activity

* Create an Allocate dependency from the
new Requirement Transfer Function to the
Logical Systemthat will perform it.

I:_]

=1 Fattern Interaction Roles
S  Pattern Interaction States
= pattern Requirements

E Account for System
--|22 | 1 VEH-1002
--|22 | 2 VEH-1003

%2 | 3 VEH-1004

-8 & Perform Vehicle in Accou
- () @ Accountability Feature
- (21 Wehicle

) : Operator

-2 @ Maintainer

- (Z 1 Maintenance System
@ Higher Level Managem

) : Remote Management £
Aspirate

Attack Hostile System

Avoid Obstacle

Configure Vehicle

Control Vehicle Direction
Control Vehicle Power
Control Vehicle Speed
Deliver Vehicle

Interact with Higher Control
Interact with Nearby Vehicle
Interact with Operator

FEEEEEEEEEEE

Maintain Position
11

F—B] Marnirmantatinn

Create Element:

General

Functional Interaction
E‘ Requirement Statement
[£8] 10 Definition

o Design Constraint

>

) Parameter

) Property

i) Operation

O Signal Reception
[CE] Enumeration
Signal

Data Type

[F] Primitive Type
) UseCase

) Interface

% State Machine
'ﬂx&' Opaque Behavior
=4 Interaction

[™ Comment

L2l smart Package
{} Constraint

[ Port
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Detail Requirements:
Creating Requirement Statements

* Use ~Create Element and choose Requirement Statement
* Name the new Requirement Statement with its Requirement ID.
* Create a Satisfy dependency to the new Requirement Statement
from the Requirement Transfer Function it specifies. 8| Pattern Interaction States ———— l
Pattern Requirements
. . . . . EI Account for Syst E Functional Interaction
* At this point, the Requirement row will appear in the Pattern E oo [ [ —
Requirements Table. The Requirement Statement can be entered | =275 %m pefnition
in the Text column. €8 perform vehideinAc | o i
. . fe . . e O Vehicle ' ) Property
* Alternatively, open the Specification for the new Requirement
Statement and enter the statement details in the Text property
field (next slide).
# l Functional Interaction I IPK Value | Functional Role 1 RPK Value | RegID | RSPK Rule l Text I
Consume Electrical Power International Power Converter REQ 001 T[Mh: :‘és;taelr os:illlaci::]sz?len 33’; :15;2 r'thfra(r:m
the Local Power Distribution System.
5 E Convert Electrical Power s International Power Converter s REQ 002 - ;’2; Zz‘;tf;n]szilgjsgfiepzi :r) t[:lz)a(d-;
Electrically Powered Device.
E E Convert Electrical Power |y = Electrically Powered Device =ANY= REQ 003 Pk T[Mh: Xs;sot'::r?raal:nr]o:fcgzzt;mep?s\'r:r 'than
4 E Consume Electrical Power Local Power Distribution System REQ 004 QEMzsngs?:guT::f;%]p to [Max Drain
: E] Handle Device International Power Converter REQ 005 :;sasr:/js'::ﬂssehr:I{,:lsetnpgzseergi:ds:?ccgrding
to its instructions.
E] Convert Electrical Power International Power Converter REQ 006 I:Z Zim SET:B h?i:fajlle;iixifzjul;:\;?:sr
6 *ANY* *ANY* IPK which is compatible with the [Output
Voltage-Power Profile] and [Output
Frequency Profile].
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Detail Requirements:

Creating Requirement Statements

* Alternatively, open the Specification for the new Requirement

Statement and enter the statement details in the Text property

field.
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Interfaces, Systems of Access, Interface Context Model

Interfaces come in many types—what can describe them all?

Serial RF Module Vehicle Kill Controller Vehicle Kill Mast
(SMRFI) (VKC) (VKM)

ok

Detector

Module Detector

Modules

------------------------

Display Vehicle
iPod touch Module Interface

p—————
b R —— o~

"""" interiorto Venieie” " 77777 47




Example: Vehicle External Interfaces, visible in Domain Model

: bdd [Package] 02 Logical System Analysis [ Vehicle ]) 1
|

| "Vehicle Occupant @ ] - |
1 - — — — J|Local Atmosphere IEI o e e Refuel-Recharge System @ _ _ _ _ |Hostile System @ 1
I Operator [_E;l | | | I
i T | | | | | | |
: | | | | | | | I
v v v v v v I

| @ - Weather Interface |—— “ Aspiration Interface | ——{ - Aerodynamic Interface |——{ - Fueling-Charging Interface |— : Defection Interface | ——{ ~ Afackable Interface | ||
: — Passenger Vehicle IE’ :
| | |
‘---------------------------------------------------------------------------,|‘

~ -
So "
~ -
~ -
~ -
So "
-

-
-
-
-
-
-
-
-

\ﬂ = =nu o} o] et sraen 3]
| e R = s i i |

[F-a

e N

=] E= ==
S— ] i)
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Semantics of S*Interface

The Setting: Consider two interacting systems, exchanging at
least one Input-Output (e.g., a Force, Energy Flow, Material
Flow, or Information), during Interaction D:

Interaction D

Input-Output X

System A o System B

Figure 1: (Exact notation used not important to this discussion)



* In certain (important to identify) circumstances, we need to
represent Interfaces involved in Interaction D.

* No matter what (graphical or other) modeling language or
notation is used, the S*Metamodel tells us that an Interface is
a reified association of:

* A System, which “has” or “presents” the Interface;
* A (set of) Input-Output(s), which “pass through” the Interface;
* A (set of) Interaction(s), which describe “behavior at the Interface”;

* A System of Access (SOA), providing the interaction “medium”: Example SOAs:

e Electrical Cable

* Atmospheric Line of Sight
* Email

* Word of Mouth

* Sensors and Actuators

* Ethernet LAN
L - * The Internet
Et Input-Output X I§ * Hydraulic Plumbing
A — Dl B : )
ystem = |2 Kann * Mechanical Coupling
|8 SOA Z |~ * Animate Nervous System
| | * Airspace for Speaking
I

Figure 2: (Exact notation used not important to this discussion)



* However, there is a subtle inconsistency in the
transition between Figure 1 and Figure 2 above:

e Figure 1 and Figure 2 imply that the scope of “System A”
must have changed between the two diagrams, . ..

* Because, System A in Figure 2 can interact with an external-
looking SOA Z, but. ...

* System A in Figure 1 implies that the scope of System A is
such that it can interact directly with System B.

|
-

ST
=1
Input-Output X I;T» System B
E
SOA Z |o
|

| t-Output X
nput-Outpu >

System B System A

System A

T 90eIgU|

I
Figure 1 Figure 2



* The problem here is that even intended “neutral”
notations can be specific enough to mislead us or create
ambiguities.

* The real problem is that, independent of notation, the
System of Access by definition has larger scope than

Figure 2 implied:

L .

SOAZ

Figure 3: (Exact notation used not important to this discussion)

* Part of the scope of the System of Access for two
interacting systems must necessarily be within the two
Interacting systems . . .

System A

System B




* So, to avoid conflicting or ambiguous definitions of
the scope of System A, we have to recognize a slightly
larger system, shown in Figure 4 as System A’

* The additional scope adds the SOA role shown here as

SA SOA: Example Internal SOA Elements:

* Electrical Line Drivers

e Software Drivers

 APIs

e Hydraulic Coupling Connectors
* Mechanical Mounting Brackets

System A’ System B’ ]
* Fixtures
System A System B e Electrical Connectors
SOA 7 * Voice box

| * Animate Pain Nerve
InputfOuBBURX ™o oo FOAX o ] O BX o [T o, Inpit-Oitput X * Animate Musculature
 Keyboard

* Mouse
e Display Screen

* Alarm Buzzer
Figure 4: (Exact notation used not important to this discussion) « Speaker

* Microphone
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1 Class <Allocated To wfw S| =
System ol > |
= Tdass— Has_Attribute > v W
E o Clas| 1 *|[Role 1{class
e
g ! A _TIb> Role oA 1
Role | * Attribute| 0, * System Of LA]
Logical Design 3 Modeled Access (SOA) |
@ o
System Component 3 »9| Attribute S0
< Attribute| 0..%
Modeled Relationship Reification
Simple <
. * -
Architectural :é.:aran / . Role b 1| dlass
Relationship 7 Architectural Aok
’”_'"A;,l_;f Relationship Role
i elationshi
Reified o Hab_Role >
ArChIt_ECtur.al Has_Attribute >
Relationship [1cs

The overall Interface Context
Pattern is administered in the
form of four Interface Context
(ICT) pattern segment tables,
related to the three Interface
Context segments shown
here, to minimize Pattern size
and complexity.



Provides_Interface >

—— Interface Context Table 1 (ICT1)

e B N2 =y

T T (mostly about the Interface
Implementation Segment)

g
i

AR *
Architectural |o..147 0.*| Interface Element | Relates_i0 >
r Relationship <Relates_AR Relationship ~ [0-*/ i

alIE0.*

ol e 0.

3|
| Has_Subject>
o
Vi beet
dloss
5 CE——

Permits_SOA

System

|
)
I

rels | awix 0.
Sy FJ o | 3 bt focess SON) The ICT1 table’s own primary
< Atribute] 0..*

0..

key (row generator element) is
the Port Name column.

Modeled Relationship Reification

\— Simple .
— Architectural Lt Rgle>

Relationship

K— Reified [<etngpl pole>
1 Architectural |

Relationship [1cass

The five classes that are the backbone of the ICT1 segment

| | ! 4 !

System Name Interface Name Interface Input- 10 PK 10 Port N\ame PortPK SOA Name SOA PK SOA

PK Rule Output Rule Direction Rule Rule Internal or
Name External
Vehicle Aspiration Intake Air In VH.1 Intake External
Interface Manifold
Vehicle Aspiration Exhaust Air Out VH.2 Exhaust Pipe External
Interface
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Provides_Interface >

< Permits_ Architectural_Relationship

Tterface

e
Inte
Interaction < Permits_Input-Oujtput | 0.2 "Toreeediee

Interface Context Table 2 ( ICT2 )

o System Topologies Interface Implementation

Functional b

mostly about the
Q ‘ Interfacp 0..12

| * \1 * AR 2leg s iof* Al Port] #
r T I l r . l I Architectural |o..148 0.+ | Interface Element |  Relates 10 > T oond o | %port
ySt e O p O O g I e S e g e t /— Relationship <Relates_AR Relationship ~ [0-*/ 1004 Mput/Output |o.gy05ends ,

< Group:

g
Receives > é
— System .lclass < Allocated _To T::“ %I
P | T0tias_Atrbute | N
® g Class| 1 *[Fole 1fclass - v
é 5 AlLu.mmd,[t> Role |
—J Roke | * . Attribute) 0,.* System of | s04 1
Logical Design LN Modeled Access (SOA) [
System Component | 8|2 Attribute S
The four classes that are the backbone of the ICT2 segment :
Modeled Relationship Reification
! ! Simple _
l l k— Architectural an_f%qle> . ole b 1| closs
Relationship 'ﬁ Architectural s
a q 21 Relationship Role
Interface Interaction System Name IO Name  Architectural \_| [, Fefed I—JZT
. . | Architectura Has_ Attribute >
Element Name Relationship Relationship [T

IE1 Aspirate Vehicle System Intake Air Provides
Oxidant to

IE2 Aspirate Vehicle System Exhaust Air | Removes
Exhaust from

The ICT2 table’s own primary key (row generator element) is the Interface Element
column, which is the unique identifier of each 4-tuple shown.
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Interface Context Table 4 (ICT4)
(mostly about the Modeled

Relationships segment, especially -

< Permits_Functio

nal_nteraction

AR IEQ*
Architectural |o..14% 0.*,| Interface Element | Relates_i0 >

Intefface Implementation
off intelfoce |htedace

Interfack 0.1°3

Relationship <Relates_AR Relationship ~ [0-*/
oF

Reified Relationships) -

The three classes that are the backbone of the ICT4 segment

| |

System Architectural ARPK ARRole ARRole AR Internal AR
Name Relationship Rule Name PK Rule orExternal Complexity

Name

The ICT4 table’s own primary key (row generator) is the Architectural Relationship-AR Role pair, for
Architectural Relationships that are Reified.

0..1/0 port
O Input/Output |g..g/05eNds>

Attribute| 0,.%
Modeled
Attribute

Attribute| 0..*

<M
1 dloss

g Role b
2. ’
ok Architectural fole

2 L
= Relationship Role |

Modeled Relationship Reification

+ SO
Systemof 2=

Access (SOA) =

e
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Provides_Interface >

< Permits_ Architectural_Relationship
nterrace Context lapble
: th' | System Topologies Intefface Implementation
unctiona ok
Interaction < Permits_Input-Oytput IJ..ZI ctocd inelace [inerce
Toad Interfac| Interface lnterface
E\ interfacp 0..1°2
Q
. . & 3
* AR 2ligr yd* 0.1 ealla 9 .
. oo Port’ [e]
Arch|t.ectur.al 0.148 0.* Interfacg Eler.nent *Relates_|0> Input/Output [g.{y0%nd | %port 5
, /— Relationship <Relates_AR Relationship ~ [0-*/€ 100.. L Part =
Receives > - £
.. &
L] L] L] Vi
3=
Si jict g g
. O+
— c
System 1Class < Allocated _To & ;
3 g T Has_Attribute > e
T Class{ 1 *Role lt!ass
§° Al _To> Role
Role | * Attribute| 0, * System of | SO0A 3
Logical Design E A Modeled Access (SOA) |+
System Component | §|® Attribute S
< Attribute| 0..*

Modeled Relationship Reification

k Simple <
. * -
— Architectural Lhﬁqe) Role s 1] dlass
2. *

*

Relationshi Role Architectural i
:PZ - Rn/* Relationship Role
k Rglfled C4EL Role>
— Architectural xr Has Attribute >

Relationship [1cas

The three classes that are the backbone of the ICT5 segment

|

Architectural AR PK Connected System, Connected System, Internal or AR

Relationship Name Rule  Subject End of AR Object End of AR External AR  Complexity
Provides Oxidant to Local Atmosphere | Vehicle System External Simple
The ICT5 table’s own primary key (row generator element) is the Architectural 58

Relationship Name, for Architectural Relationships that are Simple.



Behavioral Topologies
(Behavioral Architectures)

)L
L

\ 4

Input-Outputs Topology

Architectural Relationships Topology
(Logical Architecture)

[

—>

Interaction Topology

Interface Implementation

e

Allocation Topology,
Physical Architecture

=

IZI<>IZI

0
I

Reification of Relatiscgnships




Exercise: Populating Interface Context Model

* For a modeled “black box” Functional Interaction of system of interest with an
external Actor:

* Populate a modeled Input-Output exchanged between them during the
Interaction.

* Populate a modeled external Interface for the system of interest, through
which the Input-Output passes.

* Populate a related System of Access (SOA).
* Populate Ports for the two systems.

Detail directions ...



Exercise: Interface Context Modeling: Populating Input-Outputs

* Input-Outputs are created in package 01 |
Local Pattern::03 Interaction Framework.

e Use ~Create Element and choose f
|O Definition

- ? State Machine

Ij__| 03 Interaction Fra|

- .57 Relations

----- S | 03 Interaction
----- """ Pattern Featur
----- =" Pattern Functii
----- =" Pattern Input-1
----- " Pattern Input-i
----- % Pattern Intera
----- 7" Pattern Intera:
----- S Pattern Intera
----- =" Pattern Requir

Eﬂ---E Configuration
Eﬂ---E Contaminants
-8 Device Status
B1-[88] em
Eﬂ---; Handling Forcs
&[] Heat
Eﬂ---; Input Power
Eﬂ---; Moisture
E2-[88] output Power
Eﬂ"'? Consume Elec
Eg...ﬁ Convert Electr
EEI'"? Display Status
Eﬂ"'? Handle Device
..... [FI | Purchase Devi
..... F1| Recycle Device
EEI"'? Resist Contam
Eg...ﬁ Set Configurat
Eﬂ---E Tolerate Moist

Ij__| 04 Physical Archite

& | Pattern Couplings

- D 02 Configured Model
¢ B[] €SV Imports

B P Syster

ematica Profile [S

Readv

e pmemees

Create Element:

>

General
|=__| Package

Q Black

E Interface Block

@ Constraint Block

Value Type

L&l Requirement

E= Flow Specification
Need

E Requirement Statement
E Functional Interaction

Feature
Logical System
Q Domain
E Physical System

- Attribute Coupling
Q Decomposition Coupling
] nput Output Coupling
Q Characterization Coupling
] Fitness Coupling
Interface Definition
g Design Constraint
3 smart Package
[E| Enumeration

=1

[~] Expert

ot applie

Notificati
ion Wind




Exercise: Interface Context Modeling: Populating Interfaces

QIES H| # | Inte
s ege . - Eo
* Interface Definitions are created in package 01 Local Eiii crete ienent <
Pattern::02 Logical System Analysis under the Logical O oo ;g;;;
System that owns them. gii‘é
16 ogical System re
1. Use ~Create Element and choose Interface Definition; iiié SR
. LS| International Power Converter | .. - Attribute Coupling
g'Ve the neW Interface a name- rCnnver‘ter[ gDecumpositiun Coupling ical A
E Contaminant Source Interfa g Input Output Coupling al Po
2. Next, use ~Create Element and choose Proxy Port; I ¥ By
. . ; e itness Coupling n
give it the Proxy Port the same name as the Interface v !
Definition created in the above step. B i m © Frovety .
2 ul Reference Property © Operation ical 7
3. Select the Proxy Port in the browser, select the A — i

]:I Flow Port

Stereotype option, then add ifc port stereotype. | - :-*

------ T Full Port
T {17 Handiir | more "
 Displa Stereotype: | ﬁ Power
Q Block
: Handl E}--- Power =
: Resist () = fmu [Element] = Produc Interface Block
. Set ¢ |[_) =» hasGroupName [Property] 3 - (O 1 Displ ET constraint Block

Hanc Value Type

Resi: | 9] Flow Specification
Sett

Tole

: Tolere C] = HyperlinkOwner [Element]

: Conwe a ﬁ ifc port [Port] I
:IE1

: IE2 D > ignoreAuxFilter [Element] [ Connector Property

IEI Requirement Statement
F1 Feature
E2 Logical System

E3 Q Domain

IEI Physical System
== Attribute Coupling

: IE3 [T] == Interaction Population Rule [Eleme
+ IE4 [ [l interval [Property]

FIES () == InvisibleStereotype [Element]

— I SR - m |

(press Cirl+Space to select)

= ] ’ i
Max Pov Apply Clear All Order E7 ] pecomposition Coupling B
E Use Cycles IE8 Q Input Qutput Coupling =
out Power Output Interface : Power Qutput Interfac *IE9 | characterization Coupling
n Power Input Interface : Power Input Interface E EGX; ] Fitness Coupling
0 : | se
out Configuration and Information Interface : Cor ac_i o Interface Definition
nout Environmental Interface : Environmental Inter out Poy
nout Handling Interface : Handling Interface 5 n Pow (=) standard 62
]:I Interface Port g nout €
a International Power Converter Domain = nout Environmental Interface : Environmental Intet =




Exercise: Interface Context Modeling: Populating Interfaces, continued

I —
E14 1] " : . :
[E15 W Specification of Proxy Port Interface Port X
: IEl6
* Select the new ifc port Speciction o roe Portpropertis
IE18 Specify properties of the selected Proxy Port in the properties specification table. Choose the Expert or All options from the Properties drop-down
. ) -
I n t h e b ro WS e r O e n k| nternational Power Converter list to see more properties.
) p ----- o Product Characterization Coupling
. . f. . I }’E| Configuration and Information Interface
its specification, select i1 gt s
p ’ out C0.2 : Device Status and Information =
O inpl e | R Interface Port
t h e I y p e p ro pe rty a n d }’E| Environmental Interface ’iTE| Interface Port E :J, = [oh E"Z abc Properties: | Standard v
— z + B
----- B8 in EN.1 : Heat - Usage in Diagrams
Hp Rt B I8 oot En2 ;M Connectors Sl
choose the associated A e
----- n EN.3 : Contaminants avigation erlinks -
— X g ‘fp. Owner International Power Converter [01
o I [#8] in EN.4 : Moisture - Provided/Required Interfaces B
| nte rfa ce D efl nition -7 Handiing Tnterface Inner Elements Applied Sterctype )
{172 Power Input Interface Relations =
. h h }-- Power Output Interface Tags 4
Wlt t e Sa I I le n a l I l e . H--+== Product Characterization Coupling -- Constraints Visibility 30 matches found
: Display Status and Information - Interface Block Properties Is Service NSPECIFIED>
: Handle Device Is Behavior =] Configuration and Information Interface
+ Resist Contamination Is Conjugated [¥¥=| Configuration and Information Interface
: Set Configuration .| Direction [t¥=| Contaminant Source Interface
: Tolerate Mmst.ure To Do |t7=| Contaminant Source Interface
: iolnver‘t Electrical Power [ Device Power Interface
: 2 |!=| Device Power Interface
-3 E Device Power Interface
- IE4 |!=| Device Power Interface
: [ES
J— [ apply Fitter { Ctri+Space ) f
L IE7
: IE8
- : IE9
- [4| Max Power Drain Type
-2 Use Cycles The type of the TypedElement.
----- 4=2| out Power Output Interface : Power Output Interfac
----- 4*2| in Power Input Interface : Power Input Interface | o -
~|¥<| inout Configuration and Information Interface : Cor Q Type here to filter properties
~|¥2| inout Environmental Interface : Environmental Inter -
— Close Back Forward Help
----- 1=Z| inout Handling Interface : Handling Interface
----- al| Interface Port ‘ g‘
é International Power Converter Domain E




Exercise: Interface Context Modeling: Populating Systems of Access
(SOAs)

» Systems of Access are created in package 01 Local Pattern::02 Logical
System Analysis

» Use ~Create Element and choose Logical System (because System of Access
is a type of Logical System).

* Right-click on the newly created Logical System, select Stereotype and
change the Stereotype to System of Access and remove the Logical System

Ste reOtype' S ver Connector 1 e
ic Create Element: Powere d Device I 12 E
' | General a " (1
i F] Package " Stereotype: E
:: = Block by (] =» RequiresFeature [Element] E
rl = interface Block (] == Role Population Rule [Element] i
gl @ Constraint Block [:] == SimulinkBlock [Class] E
u Value Type (] == Specification [Classifier] L
r: [l Requiremen t (] =« Stakeholder [Class]
i = Flow Specification System of Access [Class]
i Need (] «* TODO_Owner [Element] I
i IE‘ 10 Definition (] == Type [Class]
r E Requiremen t Statement i — —
r i i -
& Eunctlunal fnteraction (press Ctrl+Space to select)
A eaure Apply Clear All order [

Logical System = 64
EX




Exercise: Interface Context Modeling: Populating Ports

* Ports are created in package 01 Local Pattern::02 Logical System

Analysis under the Interface Definition that owns the Port:

Use ~Create Element and choose Property.

choose Stereotype, choose Input-Output [Property].

!
!
!
!
!
!
!
!
!
!
!
%

IE6
E7
IE8
IE9
IE10
Ei1
E12
E13
IE14
E15
El6
E17

T —— T ¥ -
&Y Specification of Input-Output CL.1

Specification of Input-Output properties

Specify properties of the selected Input-Output in the properties specification table. Choose the Expert or All options from the Properties drop-down
list to see more properties.

== B R CL1

[ JJin cL1 : configuration setting

el 24
=z
------ Documentation/Comments

= =5 =y o Properties: | Standard

IE18
International Power Cony

-k Product Characteriza

Configuration and Inf
B 21|in cL1 : configu

out CO.2 : Devict
D inpl
vironmental Interf:
in EN.1 : Heat
out EN.2 : EMI
in EN.3 : Contam
&8 in EN.4 : Moistur

H_andling Interface

IEI inout HL1 : Hand

Power Input Interfac
Power Output Interfa

Erodict Chararteriza

5 Navigation/Hyperlinks
n Usage in Diagrams
b Inner Elements

Bl input-output
Name

CL1

. Relations Visibility 112 matches found
______ Tags Default Value »=| Configuration Setting
...... Constraints Applied Stereotype EI Contaminant Source Interface w
...... Traceability Multiplicity E‘ Contaminant Source Interface

Is Read Only EI Contaminants I

Is Static E‘ Contaminants

Aggregation [E] Controlvalue

Is Derived E‘ Converts Electrical Power

To Do E‘ Converts Electrical Power

10 PK Rule

Interface PK Rule
Logical System
Port PK Rule

Ig CostRollUpPattern

[ Apply Filter { Ctrl+Space )

IFFK

Select and right-click the property in the containment browser,

Select the Port/IO Property in the browser, open its specification,
select the Type property and choose the associated 10 Definition.

s

1

=Py
] E10
[ F11
[ F12
] E13
] E14
] E15
] E16
[ E17
] E18
- International

------ o Product 1

e
----- in CI
----- out ¢

- (2 in pl
[-}--IE Environm
----- BI= in EM
----- R out E
----- R in EN
----- = in Er

[—]—-- Handling

...... [ i

E-{172]| Power Ir
E-{172]| Power O

Create Element: ||

@ Flow Specification
3 Connector Property

Feature

Logical System

g Domain

E‘ Physical System

w= Attribute Coupling

g Decompaosition Coupling
] nput Qutput Coupling
] characterization Coupling
] Fitness Coupling
Interface Definition

) QOperation

LEl Enumeration
Signal

[™ Comment

(& smart Package
{} Constraint

[EH-+== Product 1 )
- Displan E Attached File
1L 1 l“llﬁ‘ HHI kﬁ
—
in t Stereotype: |

[:],\.

* ignoreAuxFilter [Element]

Power
" Produc
: Displ

[ nput-Output [Property]

[] == mteraction Population Rule [Eleme
D [o] nterval [Property]

D = InvisibleStereotype [Element] I
[ == 10 Attribute [Property]

[ == 1s Configuration Of [Element]

O IE‘ Logical System Attribute [Property.

[l - —

(press Ctrl+Space to select)

Apply Clear All Order



Exercise: Interface Context Modeling: Connecting the Elements You Populated

Provides_Interface >

< Permits_ Architectural_Relationship

< Permits_Functional_Interaction
* 0 o
£ System Topologies Interface Implementation
Functlonal . /nﬂce* Intej *ace ﬁvte face
Interaction < Permits_Input-Output 0.2
Toar Interface Interface intedace
:l Interfacp 0.1 2
() =
= 2
o G
*AR CliEg * io* o Porff* v <
. e 1 o
Architectural |o..14r 0..#| Interface Element |  Relates_ 10 > B 3
> e = oo < = Input/Output |g, 4,05ends> , . Port bord y
/_ Relationship < Relates_AR Relationship ~ [0-* 100.3 L Port 2
- Receives > £
2 IE0..% *Port o
a
& 3|2 ol >
g | s
v Subject El % 2| £
Wcrpml . g ] E 3
L 1 Class <Allocated To ks N L=
© | !
3 Tdess Has Attribute > v JE
E Class| 1 *|Role 1Class
[¢]
= A _Io > RO/E* sod 1
J Role| * - Attribute 0,.* System of |soa 3
Logical Design gl Mo@eled Access (SOA) -
System Component HiE Attribute
< Attribute| 0..%
Modeled Relationship Reification
\ Simple <
. &3 -
Architectural LHarRTe; Role b 1| class

Relationship 2.4

Relationship o Architectural ot
2.4 : .
e o Relationship Role | =
\ erme 1.% _ Role >
Architectural
Relationship [1ciass

Has Attribute >
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Exercise: Interface Context Modeling: Connecting the Elements: Table
ICT1

Patte r n Ta b | e I CT 1 S h OWS re I at i O n S h i ps to PO rts a n d 55 Pattt?rn Int:arface. Contex... X OT‘I.:':‘ State Machine ==z Pattern Interactions-Sta... “l.' Fattern Events ==z Fattern St.ates—'l'ransitwo... .m: 04 Fe.atures Sﬁ P
also administers the related configuration rules. s il et Bl Dt

Element Type: | Input-Output Scope (optional): | ,out ENV.2 : Moisture,out LPO.1 : Input Power Filter: 7=

* To add a Port to the table, select Add Existing and S Selctinput- utput | | | | x
Se | eCt th e PO rt fo r its b rowse r Iocat i O n * 2 i::::::;!::m-[ STJI‘:::?h:T_?;tC:r::eo\:;:i:t;::ﬁ::Z element. To find the element, type a name in the "Search by Name" box. You P = 0 j '_:un:

4 InternationaIE E:z:lso use wildcards (*,?). Click the magnifier icon to select searching for elements by qualified names, or use camel o ._: ;-11_ ) irt

* The System, Interface, and Input-Output column ;[ \"
will have content automatically populated based on ’ i —

. . nte.rnatmna_r wSearch by Ilam; = . inout UHO.2 [01 Local Pattern::02 Lo e

the steps on the previous slide.  [Bommid| Ty [ : :

| =22 e 23 matches found —

M M = ke 9 v S stematica Project (23 matches) I

 That is, the first three are already “connected” f [Bl ol | = EE .
because your method of entry recognized 4 Boooem | | Sheneime :j
OW n e rs h i p CO n n e Ct | O n S . E Il_:tcearln::l::;% ] E ?jocgggggrﬁi;msﬁ.j.fi;i.gjal System Analysis (20 matches) %e

- =g Excel Import Profile [Excel Import Profile.mdzip] —

18 Device and Co

g
Filter is not applied. 18 ¢ Rl
I — | P
B Notification Win L
The five classes that are the backbone of the ICT1 segment Notification Windows | |
l J ! (| Il YL
System Name  Interface Name Interface  Input- 10 PK 10 PortName PortPK SOAName SOAPK  SOA d l;ggg H H E 121‘
d
PKRule  Output Rule Direction Rule Rule Internal or EA {2022 114112474 ) Apply Filter ( Cirl+Space ) Y Creation Mode Load
_ - Haine External & | [202211.14-10:03% (@ single Selection
Vehicle Aspiration Intake Air In VH.1 Intake External 21| [2022.11.14::10-05:( g —
Interface Manifold .
Vehicle Aspiration Exhaust Air Out VH.2 Exhaust Pipe External
Interface
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xercise: Interface Context Moo

able ICT1

* To add the relationship to
Systems of Access (SOAs),
double-click the cell, then the
ellipses to bring up the
selection dialog window.

 Choose the related SOA from
the containment browser.

The five classes that are the backbone of the ICT1 segment

! )

eling: Connecting the Elem

ents:

System Name  Interface Name Interface Input- 10 PK 10 Port Name PortPK SOA Name SOAPK SOA
PK Rule Output Rule Direction Rule Rule Internal or
Name External
Vehicle Aspiration Intake Air In VH.1 Intake External
Interface Manifold
Vehicle Aspiration Exhaust Air Out VH.2 Exhaust Pipe External
Interface

Pattern Decomposition Couplings
Fattern Events

Pattern Input Output Couplings
Pattern Interactions-States File
Pattern Interface Context File ICT1

"™ pattern Interface Contex... X UTC?H State Machine | - Pattern Interactions-Sta... | - Pattern Events | - Pattern States-Transitio... 04 Features 3@ Product Cl
[EE @ == Add New == Add Existing... T Delete [5 Remove From Table 1t . columns Export B - ] - ia ([~
T | Criteria
Element Type:  Input-Output Scope (optional): | ,out ENV.2 : Moisture,out LPO.1 : Input Power Filter: | 7™
# ‘ System Name | Interface Name | Interface PK Rule | Name ‘ Port PK Rule | SOA Name
1 International Power Converter Configuration and Information Interface . CL1 IFPK HMI Buttons
2 Electrically Powered Device . Device Power Interface | . DPL1 IFPK Device Power Connector
¥ Select Elements x| Airspace Convection System
Airspace Transport System
Select, search for, or create elements . e Airspace Transport System
Use the List or Tree view to search for an element. To find the element, type a name in the "Search by Name" box. You — i EMI Radiation
can also use wildcards (*,?). Click the magnifier icon to select searching for elements by qualified names, or use camel ®f 117. -
case. | Airspace Convection System
\ Local Power Connector
HMI Display
Handle
Q'| Selected elements: I |=
=— Airspace Convection System [01 Local Pattern::02 Logical System i.nal-.-sis]|
DEE Tree | = List : — HMI Display
. Airspace Convection System|
B =¥ 9.655 matches found | EMI Radiation

Airspace Transport System
Airspace Transport System
Local Power Connector
Device Power Connector

HMI Buttons

Pattern Interface Context File ICT2
Pattern Interface Context File ICT4 B
Pattern Interface Context File ICTS

Pattern Interfaces
Pattern Logical Systems +
Pattern Role Attributes File '

Fattern States

Airspace Convection System —

Airspace Transport System
Converts Electrical Power (

Device and Converter User (16 matches)

Device Power Connector

Electrically Powered Device (7 matches)
EMI Radiation

Handle

HMI Buttons

[ Apply Filter { Ctri+Space ) 7/  Creation Mode Load

(%] single Selection

Ok Cancel Help
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Exercise: Interface Context Modeling: Connecting the Elements:

Table ICT1

(Functional Role)

(Interface)

(Input-Output)

(Port)

(SOA)

# | System Name | Interface Name | Type | Name SOA Name

1 International Power Converter Configuration and Information Interface E‘ Configuration Setting E CL1 HMI Buttons

2 Electrically Powered Device Device Power Interface E‘ Output Power E DFL1 Device Power Connector

3 International Power Converter Environmental Interface E‘ Heat E EN.1 Airspace Convection System
4 International Power Converter Environmental Interface E‘ Contaminants E EN.3 Airspace Transport System
3 International Power Converter Environmental Interface E‘ Moisture E EN.4 Airspace Transport System
6 Local Envirenment EMI Receiver Interface El EMI E ENV.3 EMI Radiation

7 Local Envirenment Environment Thermal Sink Interface E‘ Heat E ENV.4 Airspace Convection System
8 International Power Converter Power Input Interface E‘ Input Power E PL1 Local Power Connector

] Device and Converter User Vision Interface E‘ Device Status and L.. E Uci.1 HMI Display

10 International Power Converter Handling Interface E‘ Handling Force E HL1 Handle

11 Device and Converter User Hand Interface E‘ Handling Force E UHOD.1 Handle

12 International Power Converter Configuration and Information Interface E‘ Device Status and L.. E Co.2 HMI Display

13 International Power Converter Environmental Interface E‘ EMI E EN.2 EMI Radiation

14 Local Envirenment Contaminant Source Interface El Contaminants E ENV.1 Airspace Transport System
15 Local Envirenment Moisture Source Interface E‘ Moisture E ENV.2 Airspace Transport System
16 Local Power Distribution System Power Mains Interface E‘ Input Power E LPO.1 Local Power Connector

17 International Power Converter Power Output Interface E‘ Output Power E FO.1 Device Power Connector

18 Device and Converter User Finger Interface E‘ Configuration Setting E uco.1 HMI Buttons

19 Device and Converter User Hand Interface E‘ Handling Force E UHO.2 Handle

Example Pattern Interface Context File ICT1
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Exercise: Interface Context Modeling: Connecting the Elements:

Table ICT2

of Power Mains Compatibilit... | S Pattern Interaction Stat... Pattern Interface Contex... - Pattern Interface Contex... X | | Pattern Interface Contex.

oh Reliability and Dyrabili... ==
A .E k O\ = Add New == Add Bxisting... T Delete [55 Remove From Table 1

* Pattern Table ICT2 shows relationships among " - pem S EmE e A
tt ws relationship g
. Element Type: | Interface Element Scope (optional): | 02 Logical System Analysis Filter: | "\
Interactions, Roles, Input-Outputs, and (later) - I | Sy
) ) ) # ystem MName ame
. . . 1 ] E190 Convert Electrical Power Electrically Powered Device IE‘ Configuration Setting
A rC h Itect u ra I Re | at I O n S h I ps . 2 HE Consume Electrical Power International Power Converter IE‘ Input Power
3 HE Convert Electrical Power International Power Converter IE‘ Output Powver
. o J) 4 EHEs Consume Electrical Power International Power Converter |E| Heat
* Each row is one Interface Element “tuple”. To s EE (A conme decria rover o
. [ ;l IES Resist Contamination International Power Converter |E| Contaminants
a d d a rOW’ Se I ect Ad d N eW, d 0 u b I e-CI I C k t h e n eW 7 Q E6 Tolerate Moisture International Power Converter |E| Moisture
. 8 ;I E7 Set Configuration International Power Converter |E| Configuration Setting
rOW a n d g Ive t h e I nte rfa Ce E I e m e nt a n a m e . 9 ;I IE8 Display Status and Information International Power Converter |E| Device Status and Information
10 [ = Handle Device International Power Converter |E| Handling Force
. . 11 = 10 Consume Electrical Power Local Power Distribution System |E| Input Power
T te th lat hips to oth | t
0 C rea e e re a I o n S I ps O o e r e e m e n S, 12 o\ Convert Electrical Power Electrically Powered Device |E| Output Power
. . . 13 E \2 Handle Device Device and Converter User |E| Handling Force
dou bIe-Cl ICk the Cel I’ then the eI I I pses to brl ng 14 g Sk Set Configuration Device and Converter User @Conﬂguratiun Setting
. . . 15 £l Fi4 Display Status and Information Device and Converter User |E| Device Status and Information
u p t h e Se | e Ctl 0 n d I a I Og WI n d OW' 16 Q IELS Resist Contamination Local Environment |E| Contaminants
17 Q El6 FI | Tolerate Moisture L5| Local Environment Moisture
E Selected el ts: 7
Q-| SEds e i - 18 Q E17 Consume Electrical Power Local Environment |E| EMI
E g Tree | = List [E] convert lecrical Power (01 Loc 19 g St & Flectrical Poe Local Environment [E8] Heat
E & =Y 1,146 matches found 20 £ e
E B[] Systematica Project (1,146
E EID 01 Local Pattern (80 nn
E D 01 Feature Framework |
E D 02 Logical System Analysis
E E}Ej 03 Interaction Framework (18
E Configuration Setting
E ~|E8] Contaminants
E |E8| Device Status and Information
e |E8| EMI .
12| Handling Force +
E Heat
- [E8] Input Power
- [88] Moisture ]
B = 1 * Choose the related element from the
--|FL| Consume Electrical Power .
B [convert ecrica power] t tb
| ~-|FL| Display Status and Information CO n a I n m e n rowse r'
~| | Handle Device
~|FL | Purchase Device
-|FL| Recycle Device
--|F1| Resist Contamination 70




Exercise: Interface Context Modeling: Connecting the Elements: Table

ICT2

=T Reliability and Durabili... | & Power Mains Compatibilit... | S | Pattern Interaction Stat... ™ Pattern Interface Contex.. " pattern Interface Contex... X | "~ Pattern Interface Contex...
%E @ == Add New == Add Existing... Delete Remove From Table n!,-, Columns Export n - a O - ia IE‘ - Q [> -

Criteria

Element Type: | Interface Element Scope (optional): | 02 Logical System Analysis Filter: | /™

# | Name | Interaction Name ‘ System Name | I0 Name
1 E E10 Convert Electrical Power Electrically Powered Device E‘ Configuration Setting

2 EE Consume Electrical Power nternational Power Converter E‘ Input Power

3 [ =) Convert Electrical Power nternational Power Converter E‘ Output Power

4 = Consume Electrical Power nternational Power Converter E‘ Heat

5 [ Consume Electrical Power nternational Power Converter E‘ EMI

G Q IES Resist Contamination nternational Power Converter E‘ Contaminants

7 Q E6 Tolerate Moisture nternational Power Converter E‘ Moisture

8 Q E7 Set Configuration International Power Converter E‘ Configuration Setting

] ] Es Display Status and Information nternational Power Converter E‘ Device Status and Information
10 Q E9 Handle Device nternational Power Converter E‘ Handling Force

11 Q E10 Consume Electrical Power ocal Power Distribution System E‘ Input Power

12 Q E11l Convert Electrical Power lectrically Powered Device E‘ Output Power

13 Q E12 Handle Device evice and Converter User E‘ Handling Force

14 Q E13 Set Configuration Device and Converter User E‘ Configuration Setting

15 ] E14 Display Status and Information Device and Converter User E‘ Device Status and Information
16 Q 15 Resist Contamination ocal Environment E‘ Contaminants

17 Q El6 Tolerate Moisture ocal Environment E‘ Maoisture

13 Q EL7 Consume Electrical Power ocal Environment E‘ EMI

19 Q El8 Consume Electrical Power ocal Environment E‘ Heat

Example Pattern Interface Context File ICT2
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More about Attributes: Capturing quantitative science, fitness,
and knowledge gaps using parametric attribute couplings

Examples of Each Attribute Type:

e Stakeholder Feature Attributes:
Fitness of system; e.g., Aircraft
Operational Ceiling; Maximum Speed
at Altitude; Range

e Functional Role Attributes:
Parameters of technical behavior,
static or dynamic; e.g., Aircraft Fuel
Consumption at Altitude Maximum
Thrust, Aircraft Drag at Max Speed
and Altitude.

* Input/Output Attributes: Value of an
Input/Output parameter; e.g., Aircraft
Instantaneous Trust.

* Design Component Attributes:

|dentity, as in material of composition,

part number, chemical identity.

S

Requirements

Requirements

Stakeholder
World
Language

A

High Level

Technical
World
Language

|
A

Detail Level

1

Stakeholder
Requirement
Statement

(=5

Every S*Metaclass shown is
embedded in both a
containment hierarchy and an
abstraction (class) hierarchy.

Technical
Requirement
Statement

----------------------------------------------------------------------------------

Stakeholder — Feature

attribute )\

Functional

|
Interaction 1
(Interaction) J

(logical system) !

Design
Constraint
Statement

Y

L/

S*Metamodel informal summa

Functional .

State System
|
[
Interface System of
Access

g

Input/ |

Output
P attribute -

| /

Input-Output)- ~
D) Coupling

Decomposition

_ _ (C) Coupling

\

attribute - — —

—

pedagogical diagram

(formal S*Metamodel includes additional details.)




Examples of Each Attribute Coupling Type:
* Fitness Couplings: How is technical
behavior valued by stakeholders? e.g.,
Ceiling-Thrust Coupling KN A Cakenoder | pesem
 Decomposition Couplings: (AKA e | o ) e ]

Langaae Statement .
Emergence Couplings) How does

i A Functional ‘L
' W ﬂ Interaction [f State — System
component or subsystem performance 3 T |
impact system performance? e.g., § ey St sonn & A Interface — SJoiem °f
Velocity-Thrust-Drag Coupling. D[ e SRR .
° ° . : Language Output
 Characterization Couplings: How does ~=Cemeion
the identity of material, chemical { sonlion: cacaremant |5 oL B coupin
composition, or part number predict § Seme (o
behavior of same item? e.g., Engine Thrust : rtes Design et ten.
. ) :. Design Constraint Cor::(;%:nt (B) Coupling
as function of Engine Type. Yy Statement | [Comon e
° |nput_0utput Coupling5: HOW does a role S*Metamodel informal summary pedagogical diagram

(formal S*Metamodel includes additional details.)

input impact a role output? e.g., Fuel
Consumption Rate as a function of
Velocity and Altitude.



A simple example

Operator fatigue, sense of control, coupled
to technical steering gain, mower speed:

“Enjoyable Mowing Feature” attributes
are coupled to attributes of . . .

“Operator Steering Planner” role
“Operator Motor System” role

“Mower Steering Subsystem” role
which are coupled to attributes of . . .

Coupling

l[e)
e

System properties whose

static values determine the

dynamical characteristics of

“Mower Steering Push Rod” component

Attribute Dependency
(Coupling, at system
development time)

Physical input-output
exchanged physically
between interacting
systems

the system

Has
Feature

Supports Feature (Enjoyable
Mowing Feature)
A Matrix s -

'o"'Coupling ------------------------------------------ < Attribute )

1]

.

H Functional

. Has Role—{  Interaction Has Role—

. (e.g., Steer)

1]

.

H Human (e.g., Mower Operator) Subject System (e.g., Mower)

.

E Stoer Physical

H e::: Design

N Component

i |Role (Steering |10 KO (Sispiing (Push Rod)

: Planner) |(‘Steerlng' Resistance Force) ( Attribute ) .‘.

.

: ( Attribute ) y :

L) .

S eeaes S E H Role (e.g., 110 _ | Role (Steering | Performs '

' ' Motor System) [(Steering Force) ~| Subsystem) Role 0
0 ' ’
E Sseacs < Attribute ) ( Attribute paeeaea ga':.:ﬂ.’-; el
N ceeccecoaae O e e e e e e o e o o o e o e e P o ;
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A simple example

« Expressing these couplings as tables,
charts, graphs, or otherwise captures our
best currently available knowledge of
human behavior as well as mechanics.

 Creates integrated view contributed to &
shared across a team of specialists in
humans versus machine design.

°
c
o]
&)
kS
: 3
Expressing Sl
: 1%
Couplings .~ Features
,/"-"' / >
i Stegring Sensitivity
D Enjoyable 4 N Market
o ; e Segment
Mowing Feature ; Feature
& S Fit Feature ;
& 5 . - Attributes
oQ \s‘ Coﬁd‘;a 'g % %% %’o‘e ’0%
~ ()} B! - z- A
b5 o/ - ® > - /9 % ©
c ional 2 Attribute
unctiona Application Environment]  Terrain Roughn&ss X X C l
Steering Tactile>s, X ouplings
Roles N
Steering Subsystem Steering Sensitivity]  “¢ X N X X
i Costf === X =
= Shock Absorbence X X X
/Seating System Seat Cushioning X X X
Role Cost X
Attributes Max Acceleration X X X “A” Matrix: Expresses Feature-Role
Propulsion System Max MOWIngB?:zﬁg § X § Attribute Couplings
Cos_qI X 76




'l‘— ‘ ~~\‘
Stakeholder

: 2 eature ]

: La\,r:,o:: i Requirement Stakeholder :

: gv g Statement tiowe ]

: A ]

. \\ 1]

Technical

.

! Req ok Requirement
‘ | Statement |
H

H

H

4 High Level Design

v Desion Constraint
kY Statement
S A \ /

S*Metamodel informal summary pedagogical diagram
(formal S*Metamodel includes additional details.)

Hints for modeling Attribute Couplings

Try to identify all the parameters (attributes) first, and after that, their couplings.
Fitness (stakeholder value, risk, optimization, product line variation) couplings
Characterization couplings (for materials science, aerodynamic, electronics, humans)
Decomposition couplings (for emergent behaviors)

Input-Output couplings (for transformations, conversions)

You don’t need to know the quantitative basis for coupling to get value from its identification.
Some couplings are part of Requirements Models, and some part of Design Models.
For a product line family, consider a standard pattern of (configurable) attribute couplings.



DSM View of Attribute Couplings
(Parametric Couplings)

* In the case of Coupled Parameters (attributes):
» Attributes become row and column headings in the DSM

* This includes adding rows and columns to the Logical Architecture DSM, showing attributes
of the Logical Subsystems

* Connection lines in the drawing become marked cells in the DSM

* Both views convey the same information:
* Which attributes are coupled (impact each others’ values)

parVehicIeRangeParametricDiagram) froot |>~|m‘m|4>|U|‘ch|\l|oo‘u:|5|:|£|E|§|G‘5|G|E|E‘§|B|B‘
[;]--;Feature (32 () 7] 1 |[15%
[=]-Vehicle Features (1 G2 () ) 2
[=] ehicle Performance Feature (8 (1) 4 3 2%
ceRange (i 4 a%] 1| 1
[=]-: 4 Matrix Couplings 5
Wehicle Range & 1
~Yehicle Performance 7 7
[=]:Functional Role ) ¢4 (10 (12) (21 (12) =] e
[=]--Wehicle Functional Roles @ (1) (12) @ (2) =] e
wehicle Weight (1) (1) o0 11111 1 %
-~ Acceleration Profle (0 i) daff 11|11 1 &%
- MPG Efficiency (1 ¢ (1 (1) 2011 1) .
[} wehicle Rxterior Structural Subsyst... @ ) 13
e \g Resistance (1 () 411 [1f1]1 1 8%
- Wfing \(1) )] 511|111 1 &

q Nbsystem 9 @ @) 16 M
Parametric DSM NGl 600 ol | [ |7 =
Diagram L., w9 18

* /{[Sture Fuell o menrm 290 11 a1 1] B
. Fuel /(1) 1) 200 1|11 1]1 1 %
[=]Local T /( () 21 8% 78
- Terrian Profle (0 221 11|11 1 B




Domain Structure Matrix (DSM) View of Same

* |Instead of just showing which attributes are coupled, the DSM (like the
Parametric Diagram) can also symbolize the named Coupling that connects
them:

* This provides a reference to a (separately documented) quantitative coupling description.

* The names of the couplings can be introduced as row and column headings,
separate from the rows and columns that list the attribute names:
* This becomes a|Multi-Domain Matrix (MDM):

froot Hmemm\JmuEEmaxﬁﬁt}&GSBE
E---;Feature [32) (11 (7 1 |[15%
[=]- \ehicle Features 1 @2 ) () 2 £
E-g\lehlc\e Performance Feature (&) (1) (4 3 %
“~Range o (0 (1) 4 AR
i Corlin:
wiehicle Range IR EERERE
Wehicle Performance | 11 |Es| 7 (711
[=):Functional Role ) (9 (10 (12) 2 (8 =] hdad
[=]- Wehicle Functional Roles 0 @ @1 (2) @ (12) =] o
~Yehicle Weight (1 (0 Wl 11111 1 e
-~ Acceleration Profle o) 11111 1 B
---MPG Efficiency (1 o (0 12if1 || .
[=]-wehicle Exterior Structural Subsyst... @i 13
- hgrodyamic Resistance o) (1) 411|111 1 %
~wind Profle (1 (0 1511|111 1 8%
[=]-vehicle Propulsion Subsystem (4 @ (2 16 %
Roling Resistance [Slow or Sto... o 17| 1 [ 1] 1|11 1 &%
[-1-vehicle Energy Storadsand L. (0 () @ 14 18
Fuel Tark Capacity \FUE\] W 19| 1|11 1|11 8%
- 8%
Parametric DSM 2 B
3 220111 [1]1 1 e
Diagram -

) 79



‘ Feature
(_attribute )
N
N\
\

Simple exercise: =
Populating Attributes and Attribute Couplings Tl e

. — Interface -

: Input/ |
: | Output

r'_@
I

e Add a modeled Feature Attribute to a Feature.

e Add a modeled Role Attribute to a Functional Role

* Add a modeled Design Component Attribute to a Design Component

* Populate a (Fitness) Attribute Coupling between your modeled
Feature and Role attributes above.

* Populate a (Characterization) Attribute Coupling between your
modeled Design Component Attribute and Role Attribute.



Feature Framework Modeling: Creating Feature Attributes

* Features may have Feature Attributes. A
special type of Feature Attribute is called a
Feature Primary Key, which is the Feature
Attribute that is used to store the Feature’s
unique identifier.

e Select a Feature and use ~Create Element
and choose either Feature Attribute or
Feature Primary Key

* If adding a Feature Primary Key, enter the
name of the Feature Primary Key into its
Feature’s Primary Key Name tag.

Containment

- . [ |
B B =

vr Q

e

FAUETTT FEdlUTe ALrToute:
| Pattern Features and Fea
- Pattern Features File
/| Pattern Fitness Couplings
E-Agl Automatic Braking Systerr
=R FT |Commercial Vehicle Appli

i |Fee| Commercial Applicati

Duty Cycle

te O 1 Perform Applicatior
‘Il Consumables Compatibilit
‘Il Cost of Operation Feature
Il Environmental Compatibil
L@l Military Vehicle Applicatio
-Lalll Passenger Comfort Featu
Il Fersonal Vehicle Applicati
Il Reliability & Availability Fe
W@l Safety Feature Group
-l Traction Control Feature
Il Vehicle Aesthetics Featur
1@l Vehicle Delivery Feature
Il Vehicle Management Feal
-l Vehicle Performance Feat

O e e O e O e OO O e O e OO O O e OO0 OO |
LS gy 6 6 g o

-] 05 Project Contacts

--| 5 Pattern Feature Needs

- £ Pattern Feature Overview Dia
- G | Pattern Feature Stakeholders |-
--| & Pattern Stakeholder Advocate

IR I T

I

Create Element:

General

Q Block

@ Interface Block

@ Constraint Block
Value Type

[Pl Part Property
Value Property

[R] Reference Property
Constraint Property
Flow Property

]:I Flowr Port

1 Proxy Port

11 Full Port

@ Flow Specification
3 Connector Praperty

Feature

Logical System

Q Domain

E‘ Physical System
Interface Definition

- Attribute Coupling

] becomposition Coupling
=] mput Output Coupling
] characterization Coupling

bl

m

T =t B, .
= ZOOI Docurnentation —

[~] standard

Documentation
Documentation of Feature Commercial Vehicle Ap



Feature Framework: Feature Attribute Allowed Values

* An alternative method for creating Feature Attributes and
connecting them to Features for configuration includes the
use of allowed values.

* Enter the complete list of Feature Attribute Values in the

Allowed Values Table.

ntainment | £ Diagrams | g Structure :rn Interactions-Sta... | [ Pattern States-Transitio... | [T Pattern Features-Interac...
L et P i[@ = AddNew =t AddExistng.. ' Delete = Remove From Tabl
5w Q - | Ciera
matica Project Element Type: | Alowed Value Scope (optional): | D
elations
1local Pattern = MName |
01 Peature Framewark 1 & altematives, Trades, Selection
2 B Basic Integration
3 & sasic stakeholder validation
£ 04 Features 4 & slack Box Regs Consistent
-] Feature Attribute Values 5 & component Capabilities, Margins
[ 52 Features 6 & components and Alternatives
-0 7 & Design Feedbadk to Reqs
Containment Population Rules 8 I Development Unit Test
4/ Feature Groups Diagram 9 & Enterprise Unit Assignment
| Pattern Feature Attribute Values File 10 & Experience Pattern Informed, Configurable
Pattern Feature Attributes File 1 & Experience Pattern Informed, Personal
Pattemn Peafures and Festure Attributes 12 & Experience Pattern Informed, Standard
o Fottem Fsawes F'IE_ 13 & Experience Pttrn, Config-Mission
Pattern Fitness Couplings ’
[ 05 Project Contacts 14 & Experience Pttrn, Personal-Mission
- (& Pattern Feature Needs 15 B Experience Pttrn, Standard-Mission
- &3] Pattern Feature Overview Diagram 16 & Fadilties Construction
| 8] Pattemn Feature Stakeholders 17 | [ Feasbilty, Fault, Risk Analysis
~| & Pattern Stakeholder Advocates
02 Logical System Analysis 18 & Flow Down Requirements Informed
03 Interaction Framework 18 B Hardware Fabrication
04 Physical Architecture 20 & Hardware Prototyping
05 Risk Framework 21 H 1dentification and Autharization
Pattern Attribute Couplings 22 E Implementation Repart
23 & information Navigation and Access
24 & Integration Plan and Tocling
I 25 & integration Report
ystematica Project % & Logical Architecture & Alternatives
xport Tables 7 & Materials Management
28 & MBsE Black Box Capability

82



Feature

=3

=

J—
alder -Mission

Framework: Feature Attribute Allowed Values

Create a Dependency relationship between the Feature Primary Key and

Feature Attribute Value.

Set the Stereotype of the relationship to Can Have Value.

View the result in the Pattern Feature Attribute Values Table.

B stakeholder SysReqs

B stkhidr-Design

B stkhidr-StkhirRegs

H stkhidrRegs-Arch

H stkhidrRegs-Design

B stkhidrRegs-SysReqs

H sysRegs-Arch

B sysRegs-Desian

B sysReqs-WERegs

B system Reqs-Verification Test Plan

B system Reqs-Verification Test Rept

B verification by Analysis

B verification by Empirical Design Comparison
B verification by Simulation

B verification by Test-Development

B verification by Test—Production

B verification Test Plan

B verification Test Plan-Verification Test Rept
B verification Test Report

B white Box Requirements, Logical Allocs

£1-[ S2Features

/2 Relations
ﬁ Agreement Process Features (IS0 15288)
G Acquisition
Jad Supoly Feature
Decision Management-Engineering
&
Effectiveness
&t Analyze Consistency
& : Consider Feedback
& : Gen Informing PattrnCnfy InfoSeg

‘Outgoing:

General A
5 AR Item Flow
.7, Abstraction
. Advocated By (N-ADV)
7 Allocate
-, Coupling Flow
7 Dependency «Has AR Roles
Dependency =Permits FI (IFC-FI)»
7 Deployment
&, 10 Flow
*, Ttem Flow

-7 Mount
perceived By (N-5TK)
7 Refine

. Represents (ADYV-STK)
" Satisfies (FT-N)

L2 satisfy

7 Trace

Ly Verify

Expert

Filter is not]

=
Notificatior

s

biect

& Feature

| Feature Primary Key

Allowed Value

1 Architectural Definition
2 Architectural Definition
3 Architectural Definition
4 Architectural Definition
5 Architectural Definition
6 Architectural Definition
7 Architectural Definition

i.. 5 White Box Requirements, Logical Allocs

[ 52 Features
&4/ Relations
7 Dependency[Architectural Definition Capability - Alternatives, Trades, Selection]
Dependency[Architectural Definition Capability ->» Black Box Reqs Consistent]

7 Dependency[Architectural Definition Capability -3 Experience Pattsrn Informed, Configurable]
Dependency[Architectural Definition Capability -3 Experience Pattern Informed, Personal]
Dependency[Architectural Definition Capability - Experience Pattern Informed, Standard]
Dependency[Architectural Definition Capability - Logical Architecture & Alternatives]

7 Dependency[Architectural Definition Capability - Observation Informed)
Dependency[Architers == P-8xitic= comebi

7 Dependency[Architec
Dependency[Design |
7 Dependency[Design |
Dependency[Design |
7 Dependency[Design |
Dependency[Design |
7 Dependency[Design |
Dependency[Design |
7 Dependency[Design |
Dependency[Design |
Dependency]
Dependency[DME Ca
Dependency[DME Ca
Dependency[DME Ca
Dependency[DME Ca
7 Dependency[DME Ca
Dependency[DME Ca
7 Dependency[DME Ca
Dependency[DME Ca
7 Dependency[DME Ca

Stereotype:

ax

@

aw

E3

ww

ax

(] «»

Can Have Value [Dependency]

«» Abnormal State Of [Dependency]
«=» Advocated By (N-ADV) [Dependency]

Allocated [NamedElement]
Analysis [Elemen]
assembly [Dependency]

autoGeneratedName [NamedElement]

auxiliaryResource [Element]

Benefits (FTR-5TK) [Dependency]

Causes Behavior [Dependency]

P P

gical Allocs]

(press Ctrl+5pace to select)

Apply Clear Al

Dependency[DME Capability -> Experience Pttrn, Personal-Mission]
7 Dependency[DME Capability -> Experience Pttrn, Personal-StkhldrReqs]

Dependency[DME Capability -> Experience Pttrn, Personal-SysReqs]
-

[ Architectural Definition Capability
[ Architectural Definition Capability
[ Architectural Definition Capability
Architectural Definition Capability
[ Architectural Definition Capability
[ Architectural Definition Capability
Architectural Definition Capabllity
Architectural Definition Capability
[ Architectural Definition Capability
[ Mission Analysis Capability

Mission Analysis Capability

Mission Analysis Capability
[ Mission Analysis Capability
[ Mission Analysis Capability
Mission Analysis Capability
DME Capability
[ DME Capability
[ D capability
DME Capability
DME Capability
[ DME Capability
[ D capability
DME Capability
DME Capability
[ DME Capability
[ D capability
DME Capability
DME Capability

H Alternatives, Trades, Selection

& Black Box Regs Consistent

& Experience Pattern Informed, Configurable
E Experience Pattern Informed, Personal
E Experience Pattern Informed, Standard
& Logical Architecture & Alternatives

& observation Informed

& stakeholder Constrained

& White Box Requirements, Logical Allocs
& Experience Pattern Informed, Configurable
& Experience Pattern Informed, Personal
E Experience Pattern Informed, Standard
& observation Informed

& simulation Informed

& stakeholder informed

E Experience Pttrn, Config-Mission

& Experience Ptirn, Personal-Mission

& Experience Ptirn, Standard-Mission

& observation-Mission

& simulation-Mission

& stakeholder-Mission

& comparDesian-Design

H constraints-Arch

E Desanalysis-SysRegs

& Experience Ptirn, Config-Arch

& Experience Ptirn, Config-Desian

& Experience Pttrn, Config-5tkhldrkeqs
E Experience Pttrn, Config-SysRegs

—
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Functional Role (Logical System) Modeling: Creating Logical System Attributes

* Select a Logical System under the 01 Local Pattern::02 Logical System Analysis
package

* Use ~Create Element and choose Value Property

* Right click and refactor the new Value Property as a Logical System Attribute

B e e
-- E Higher Level Management System £2] Flow sSpedific...
" |LS| Hostile System Ed] constraint Bl...
|L5| Load Create Element Ctrl+Shift+E 2 pomain o
L5| Local A B
__ ISl Local T Create Relation » Value Type ~
B[ 5| Maintal  Specification Enter L& Enumeration Crmmm e
- LS | Nearby| ]
m Nearby Element Group » &3] Internal Block Dia...
|LS| Operat B3 | Select in Structure Tree 5 Requirements Dia...
Ef-|[ 15| Passen . . Requi i |
; =] Refuel Open in New Containment Tree R T
T il - [El extended ... =
-[R] vek gtg Open in New Structure Tree
O B GoT » 3 Satisfy
) oTo
: Ca LB Derive
»
Remot Related Elements 2 | A rer— |
" ——— Refactor » Convert To » | T Port
) [ TR
o o~ Tools 4 Replace With.. O | Property
Documentation Stereotype “n Refine More Elements... Maintainer 5] Remote Me
Documentation of Value Pri Feature Direction * £d Test Case... v - More Specific » @ Feature Attribute
Clwmm & Rename F2 %, Use Case Diagram Other b Feature Primary Key 1
E Copy Ctrl+C Profiling Mechani... ‘ » 10 Attribute
Copy URL a « Logical System Attribute
— Copy Element Hyperlink [=] Physical System Attribute
o ] Paste Ctrl+V
Notification Window
KX & & 53 0 K Cut Ctrl+X
[2021.10.14::07-00:38 W Delete Delete
: |[2021.10.14::07:18:47 .
2 |[2021 10 14-07-18:47 Find..
wi (| [2021.10.14::07:18:47 Generate Report... 4
Ready Simulation »
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High Level Design Modeling: Creating Designh Component Attributes

= | Techno
=| T5/5CI
= LSE 2.

[F Doal

ay

ition Wind

[

n A

=11

* Use ~Create Element and choose Value Property

* Right click and refactor the new Value Property as a
Physical System Attribute

Go To

Cipen in Mew Tree
Relsted Elements
Refactor

Tools

Stereotype

Feature Direction

Renams FZ
Copy Crl+C
Copy URL

Copy Elernent Hyperfink

M i e L d

134 E

135 |[FT

Convert To

Replzce With_

]:l Port

o

Property

More Elements_

hore Specific
Crther

136 |[FI

[z [E] # [F][E]

Festure Attribute
Feature Prirnary Key

10 Attribute

Logical Systemn Attribute

Phiysical Systern Attribute
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Attribute Coupling Modeling: Attribute Couplings

* Attribute Couplings are created under the element
that owns them in various packages including
Features, Roles, Design Components, and Input-
Outputs:

* A given Attribute Coupling involves multiple
Attributes, so which one belongs to the
Coupling’s owner?

e Each Coupling drives (in a causality sense) only
one Attribute—look there for the Coupling’s
ownership.

 Use ~Create Element and choose Attribute
Coupling.

e Right-click on the new Attribute Coupling, use
~Create Element and choose Constraint Parameter.

feiies!
T

R

e }

[ T
e T
=8 T

[ s

Pattern Feature Attributes File
Pattern Features and Feature A
Pattern Features File

Pattern Fitness Couplings

[l Ease of Use
-1l Portability
B8 T |Power Mains Compatibility

- } Relations

~ o Powrer Mains Compatibility

=== Max Power Coupling

----- E Max Drain on Mains

----- E Max Power Drain
@ Power Mains Type
-~ (3 : Consume Electrical Powe
@ Max Drain on Mains
~[E : Max Power Coupling
~[B] : International Power Com

Containment Population Rules  create Element:

[ T
B
T

Power Mains Type

Local Pattern

01 Feature Framework
-[] 01 Stakeholders
-[7] 02 Advocates

- [ 03 Needs

Ej 04 Features

Relations
04 Features
Containment Population Rules

" Pattern Feature Attributes File

Pattern Features and Feature At
Pattern Features File

Pattern Fitness Couplings
Ease of Use

Portability

Power Mains Compatibility

} Relations

o4 Power Mains Compatibility
Lo ower couping]

E Max Drain on Mains
E Max Power Drain
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Give it the same name as the attribute it will be
E}- Powered Devices Compatibility

e Add the two or more constraint parameters for the
coupling(s).




Attribute Coupling Modeling: Attri

* Right-click on the element that owns the
new Attribute Coupling, use ~Create
Diagram and choose SysML Parametric
Diagram.

* Choose the associated display parameter
details as shown in the box to the right.

* View the resulting populated diagram as
shown below.

* Create binding connectors from the
constraint parameters to the associated
attributes as shown in the lower right.
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Homework assign ment 2 **Save results for use in the next class HW**

Start with last week’s homework system model results (System of Interest, External Actors, External
Interactions, Stakeholder Features), and make the following additions:

Add one or more external Interfaces, with Input-Outputs to the External Actors.
Add some black box Requirements for the System of Interest, for the modeled Interactions.
Add some actor Requirements (assumptions) for some external Actors, for the modeled Interactions.

Decompose the system of interest to logical subsystems and add architectural relationships between
them, creating a Logical Architecture model.

Add at least one Design Component and allocate at least one logical subsystem to it.

Add at least one attribute to:
A modeled Feature;
e The System of Interest (black box);
* A Subsystem;
* A Design Component.

Add at least one Attribute Coupling of each of the following
* A Fitness Coupling
* A Decomposition Coupling
* A Characterization Coupling



Discussion, Q&A.
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