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[LML]

Why a New Language?
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Perishability Perishability
Industry Development and Adversary Development and
Endurance Timelines Counter-Measure Timelines
* Industry has embraced the benefits » Adversaries are also leveraging
of global technology. COTS technology.
 Development time has decreased. « Emerging threats demand we
« Perishability/obsolescence enhance the speed in which we
increasing deliver new capabilities.

SOURCE: Systems 2020 Study Final Report, Booz Allen Hamilton, August 2010
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DoD Systems are

sustainable, but only

against a fixed
threat

Development Time
Certainty

Lifetime of Threats

Perishability
DoD Development and Endurance U.S. is Faced with Highly
Timelines Unpredictable, but Surmountable

Threats

« Acquisition methods designed for
warfare during the Cold War are
ill-suited for the dynamic nature of
threats today.

* Long development times
« Good for fixed threats.

* However, against asymmetric
threats perishability/obsolescence
Increasing.

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved ~~ SOURCE: Systems 2020 Study Final Report, Booz Allen Hamilton, August 2010



l'L' ML' Complex Systems Implications for
| ,] Systems Engineering

« Larger, more complex systems development
Implies:
— A need for larger, distributed teams

— A need for a clear concise way to express the system
design (clear, logically consistent semantics)

— New tools to enable collaboration across the entire
lifecycle

Complexity has been identified by many as a
critical problem facing system engineers
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[LMI]

Complexity

Integratlon of systems create a major problem wrth
complexity :
— :Within in a system, |nteract|ons grow as: N squared or
‘worse -
— ‘Ability to understand and test becomes Iess certain
— ‘As more systems are added, the interfaces grow in a
non-linear fashion
— ‘Many of the existing systems are old and not built for
~ these interfaces o
— :Conflicting or missing interface standards make it hard
‘fo define interface interactions . :
- Hardware and software may be re- purposed and
herltage compromlsed :

- 'End-to-end systems engineering is needed, including
“reengineering” of old systems

— -Robust M&S, verification and validation testlng are A
must : .

© Page8

From a presentation by Dr. Michael Ryschkewitsch,
NASA Chief Engineer, at CSER Conference 15 April 2011
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1+ With the growth of the

) @.Co_mp_lexity is@.aM_ajor Issue

Internet and daily
changes in IT, systems
have become more
complex and change
more rapid than ever
before

|+ systems engineering

methods have not kept
up with these changes

|» SE has been relegated

to the beginning of the
lifecycle



“a a1 1 How Does SE Typically Respond to
l-| I—M I—,J Complexity?

* Focus on upper-left hand side of the “Vee”

« Systems Architecture and Requirements
Development
— More complex MBSE languages
— More complex processes and governance
« More layers of abstraction
— “Systems of Systems”
— “Family of Systems”
— “Portfolio Management”

* Need more time and money!
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[L | 1 More Money Is a Problem
(LIVIL]

Use and Challenges vary throughout
| _the life cycle 5

Eaﬂy Phases conduct Systems AnaIySIS and Z I

- trade studies . . . . C
— Exercise through CONOPS

- Rapidly dismiss fauity eptlons

: Develop feasible

advahced technology requiremice

-How to enable modeling that provides the needed -
“fidelity yet can be done C]LJICKW and cheaply?

_ . Current methods tend to be “wetware” |nten5e
" — " Meed rapid and effective teammg o

Deve-lopmem

" — . Enhance manufacturing
— "How to better enable integration of dlsmpllne orlenLed de5|gn tools |nto systems models
“that capture functional and performance. behaviors
— -How to capture system design rationale,” assumptions and other * backgruund data.

-tool boundaries?
. Operatlons

— "How do we make the full suite of information captured during design and development

avaﬂable to the operators W|th0ut ha\ﬂng prior knowledge of the|r neede? Page12

From a presentation by Dr. Michael Ryschkewitsch,
NASA Chief Engineer, at CSER Conference 15 April 2011

— - Refine Design, suppor‘c Valldatmn & Verr‘catmn : : : :

— " How do we develop. the Standards that allow Iossless |ntegraﬂon across Drgamzatmn and’

. = - Provide . data.for. ops team, resolve .in ﬂ|ght issues, address. parts obsolescence. | . . . .

« Calls for doing more
with less continue

* Need for lower labor
and tool costs
essential for
acceptance of SE
across the lifecycle

How can we simplify things enable “quicker/
cheaper”? Let’s start with the language we use
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[L J Overlap Among MBSE Techniques

PACKAGE DIAGRAM INTERNAL BLOCK DIAGRAM
INTERACTION OVERVIEW DIAGRAM  / TIMING DIAGRAN / USE CASE
T : - REQUIREMENT DIAGRAM
L g / -
SEQUENCE DIAGRAM . ,_,f’fTHREE LAYER
QV-6c -
Qv-10c R N SYShKIL so o | ENVIR;SE !éELNTAL SPECIALTY
OFERATOR SEQUENCE DIAGRAN SODRE Q WQ Ewgéréillsﬁému
" T, -
\\\\hs:\%:\: / - MATRIX
SCHEMATIC BLOCK DIAGRAN \k\l I .
N-SQUARE DIAGRAM T N IDEF-1X DIAGRARM
COMMUNICATION DIAGRAM ‘ L -® = QVT
SV-3 ] f” IDEF SV-11
SV-1 — QRN Q <
STATE DUGRAN AT
__; -
Ov-10a N Q TS A
\ ___‘_—h_
PRODUCT ENTITY DIAGRAM N NN AT \&‘\%‘ — DATA DICTIONARY
COMPONENT DIAGRAN! /S e (ee]/
DEPLOYMENT DIAGRAR FFBD z ra— 7 /v HP
COMPOSITE STRUCTURE DIAGRAM ~ EFFBD 7’ AV-1 OV-Bb \
BEHAVIORAL DIAGRAM AV-2 SV-2
IDEF-0 DIAGRAM V-1 Sv-6

ACTIVITY DIAGRAM
SV-6 CFD

-2
=1
V-2 5v.9 FD
Buile] Chemzs/ *
I‘\EDHGR&M

PARAMETRIC DIAG RAM

SOURCE: Grady. J.0. (2009). Universal Architecture Description
Framework, INCOSE.
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—
[LM L] State of Current “Languages”

 In the past decade, the Unified Modeling
_anguage (UML) and the Systems Modeling
_anguage (SysML) have dominated the
discussion

 Why?
— Perception that software is “the problem”
— Hence need for an “object” approach

« SysML was designed to relate systems thinking
to software development, thus improving
communication between systems engineers
(SE) and software developers

10
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wTE
[LM LJ Why Objects Are Not the Answer

» Although SysML may improve the communication
of design between SEs and the software
developers it does not communicate well to
anyone else

— No other discipline in the lifecycle uses object
oriented design and analysis extensively

— Users in particular have little interest/acceptance of
this technigue

— Software developers who have adopted Agile
programming techniques want functional
requirements (and resent SEs trying to write software)

— Many software languages are hybrid object and
functional

11
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—
?
[LML] So What Do We Do

* Recognize that our
primary job as SEs is
to communicate
between all
stakeholders in the
lifecycle

* Be prepared to
translate between all
the disciplines

* Reduce complexity in
our language to
facilitate - .
communication oot What pertons ntted

How the customer explained it How the Project Leader How the Analyst designed it How the Programmer wrote it How the Business Consultant
understood it described it

How the customer was billed How it was supported What the customer really
needed

12
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[LML]

Lifecycle Modeling
Language (LML) Overview



“aa1 1 Lifecycle Modeling Language
ILML] (LML)

LML combines the logical constructs with an
ontology to capture information
— SysML — mainly constructs — limited ontology
— DoDAF Metamodel 2.0 (DM2) ontology only

« LML simplifies both the “constructs™ and
“‘ontology” to make them more complete, yet
easier to use

Goal: A language that works across the full
lifecycle

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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[ | M |_J LML Models

Documentation Entities

Statement/
Requirements

Functional

Primary Entities
 Asset/Resource
* Connection

Primary Entities
* Action
* Input/Output

Physical Model

Model

Parametric and Program Entities

Characteristic/

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved




—
[LM LJ LML Ontology* Overview

* Taxonomy**:
— 12 primary entity classes
— Many types of each entity class
 Action (types = Function, Activity, Task, etc.)
« Relationships: almost all classes related to each
other and themselves with consistent words
— Asset performs Action/Action performed by Asset
— Hierarchies: decomposed by/decomposes
— Peer-to-Peer: related to/relates

*Ontology = Taxonomy + relationships among terms and concepts
** Taxonomy = Collection of standardized, defined terms or concepts

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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[LML]

Action
Artifact

Asset
— Resource

Characteristic
— Measure
Connection

— Logical

— Conduit
Cost

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved

LML Schema Elements

 Input/Output
Location

— Physical
— Orbital

— Virtual

Risk
Statement

— Requirement
— Decision

Time

17



[L J LML Primary Entities and Relationships

Artifact . decomposed by/

decomposes

source of/sourced by

Statement . decomposed by/

decomposed by/ (Requirement) decomposes
decomposes

traced from/traced to

generated by/

generates decomposed by/

decomposes

Input/Output

received by/
receives
transferred by/transfers

performed by/performs

Connection connected by Asset decomposed by/

(Conduit) connects (Resources) decomposes

specified by/specifies
decomposed by/

decomposes Characteristic decomposed by/
decomposes

(Measure)

18
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L]

LML Relationships Provide Linkage
Needed Between the Classes

* decomposed

by/decomposes

Asset
(Resource)

Connection
(Conduit,
Logical)

Decision

Location
(Orbital,
Physical,
Logical)

Statement

(Requirement)

(consumed by)
performs
(produced by)
(seized by)

enabled by
result of

locates

(satisfied by)
traced to
(verified by)

Connection paceticn 1 H
_ . nsset | Characteristic ; g (orbital, . * orbited by/orbits
Action Artifact (Conduit, Cost Decision Input/Output ) Risk N
(Resource) (Measure) Logical) Physical, Requirement)
¢ Virtual) * related to/relates
(i) causes (satisfies) —
Action G references i specified by - incurs enable-s gener_ztes located at mitigates traced from occurs.
related to* (produces) results in ece 5
() resolves (verifies)

decomposed by*
related to*

7 —
decomposed by* ' e::l;l:s causes (satisfies)
orbited by*

connected by RN located at mitigates traced from

related to* i
results in

resolves (verifies)

decomposed by*
related to*
specified by*

decomposed by* causes (satisfies)
defined protocol by " . enables
connects to specified by joined by* incurs N transfers located at mitigates traced from oceurs.
references " results in q
related to resolves (verifies)

decomposed by*
related to*

causes
enabled by alternative
enabled b enabled b enabled b enabled b date resolved by
i made by 4 enabled by N 4 decomposed by* enabled by ™ Y enabled by L 4
references result of incurs located at mitigated by decision due
responded by ) result of related to* result of traced from
result of specified by result of result of oceurs
result of resolves result of

decomposed by*

related to*

locates
locates decomposed by* locates (satisfies)
locates locates 3 locates locates locates locates " oceurs.
specified by related to* mitigates traced from
(verifies)

caused by*
decomposed by*
related to*
resolved by*

references

(satisified by) incurs alternative of located at

(satisified by) (satisified by) specified by (satisified by) (satisified by) enables (satisified by) (satisfied by) (EaAuses P A-)tfcurs
sourced by traced to traced to traced to mitigates (satisified by)
traced to (verified by) traced to (verified by) traced to traced to (verified by) traced to resolves traced to” (verified by)
(verified by) 7 (verified by) i (verified by) results in W (verified by) related to* U

decomposed by*
related to*

19




[LMLJ LML Translation

« Two types of mapping for tailoring:

— Map names of classes to enable other “schema”
models to be used

— Map symbols used (e.g., change from LML Logic to
Electrical Engineering symbols)

— Enable diagram translations (e.g, Action Diagram to
IDEF 0)

LML Class m SysML _ LML Electrical
Symbol Engineering

Asset Performer Actor

20
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[L ] Example: Translation to DM2

N

re a'IJIzed- ‘ achieves-desired-
¥ effect (a state of a

< wnv resource)

Not shown but implied by the
IDEAS Foundation:

¢ Everything is 4-D and so has
temporal parts, i.e., states

¢ Everything has parts

¢ Everything has subfypes

anything can have Measures DODAF V2.0 PDFp 27

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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L DM2 Conceptual Model to LML

Schema Mapping

DM2 Schema Element (Conceptual) LML Equivalent

Activity

Capability

Condition
Information/Data
Desired Effect
Guidance
Measure
Measure Type
Location

Project

Resource

Skill

Vision

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved

Action

Action with “Capability” type

Characteristic with “Condition” type

Input/Output

Statement with “Desired Effect” type

Statement with “Guidance” type

Measure

Measure types

Location

Action with “Project” type

Asset with types for “Materiel,” “Organization,” etc.
Characteristic with “Skill” type

Statement with “Vision” type

22



[LML]

LML Visualizations

Key diagrams needed to better
understand the information

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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SEQUENTIAL

HM’

PARALLEL

SELECTION

Condition 1
o Action B
1

Action A

. I_
Condition 2
1 to n (iterate)
Range (e.g.) Until r < z (loop)

Action C
(Exit Criteria)

No constructs — only special types of Actions — ones that enable
the modeling of command and control/ information assurance to
capture the critical decisions in your mode/ )

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved



LML Action Diagram Captures
Functional and Data Flow

1.4 F
: : xterna

Optlonal Action 2 in End
Loop Synchromze

%)
_<
Z
Information o

Trigger \/

Action in

Parallel
Action

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved



[L M L' Execution Logic — Concurrency With
|_,J Trigger; No Coordination Action

Action Diagram Timeline

0 sec y sec y + X sec

Duration = x sec
— pcion s P

Action B

coordinated by Asset A

Duration =y sec

Trigger: Action A enabled, but must wait to execute; Asset A performs Action A Finish to Start (FS)
between B and A

26
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[L | LML Physical Block Diagram*
(LVIL]

Asset (Human) Asset (System)

Sensor Systems

Sensor Platform
Operator

I.1.3 Operator-Sensor Platform Interface
connected with/
connects used by/uses

 capacity (10 Mbits/sec)
e Latency (100 millisec)

Asset (Resource)

* maximum quantity (6 Gbytes)
Sensor System : * minimum quantity (10 Kbytes)

Memory

*Note: Work in progress

27
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l"_l LML Combined Physical Behavior
| I— I—] Diagram™ Enables Instances and Clones

Asset (System)

Asset (Resource)

Sensor Platform
E))

Asset (Human)

Asset (System)

Sensor Systems Asset (Resource)

Operator 1.1.3 Operator-Sensor Platform Interface Sensor Platform

connected with/
connects

Deploy Sensor
Asset (System)

Clones provide multiple instances of

an Asset for use in simulation

Action (System Function) Asset (Resource)

Sensor Platform
input to/ A1)
input from

input to/ Sense Targets

*Note: Work in progress input from
28

Action (System Function)

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved



l-lm Diagrams Are Needed for Every

| , Class
 Physical Block (Asset) * Class/Block Definition
Diagrams Diagram
— With option for icon — Data modeling
substltuthn e Risk Chart
* Interface Diagrams — Standard risk/opportunity
— N2 (Assets or Actions) chart
« Hierarchy Diagrams « Qrganization Charts
— Automatically color coded — Showing lines of
by class communication, as well as
+ Time Diagrams lines of authority
_ Gantt Charts » Pie/Bar/Line Charts
— Timeline Diagram — For cost and performance
e Location Diagrams ° Comb_ined PhySical and
_ Maps for Earth Functional Diagram

— Orbital charts

29
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—
[LM

« LM
too

« LM

|_] LML Summary

_ provides the fundamental foundation for a
to support SE in the cloud

| contains the basic technical and

orogrammatic classes needed for the lifecycle

« LML defines the Action Diagram to enable better
definition of logic as functional requirements

* LML uses Physical Diagram to provide for
abstraction, instances, and clones, thus simplifying
physical models

LML provides the “80% solution”

— It can be extended to meet specific needs (e.qg.
adding Question and Answer classes for a survey tool
that feeds information into the modeling)

30
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[LML]

Backup Slides



[LML]

LML Tool Needs

Scalability and collaboration across
the lifecycle are essential

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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[|_|V| |_J LML Tool Needs

» At a high level, we know that any tool must
scale to accommodate a very large data set

— We are trying to capture information about the
systems of systems being developed, their
Interactions, decisions, risks, cost, and many
other parameters throughout the lifecycle

» Also, collaboration is critical as a large data
set means many, many people involved, who

use different terminology and perhaps even
different languages — worldwide

Fortunately we have a new environment
for our LML tools — Cloud Computing

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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[LML]

NASA “Requirements”™



Ap—

[

@ Vision for MBSE

+ Current Engineering
environment

— Documentbased artifacts

— Spec, drawings and
requirements

— Domain oriented discipline
models

— Legacy Tools
+ Desired future Engineering
Environment
— Model based artifacts
— Seamless data flow
— Distributed teams

From a presentation by Dr. Michael Ryschkewitsch,
NASA Chief Engineer, at CSER Conference 15 April 2011

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved

IMTJTOOl for Vision for MBSE

« Tool must be designed as

a MBSE tool using
Lifecycle Modeling
Language (LML)

= All artifacts must be

produced from the tool
using standard reports

Tool must enable both
seamless data flow and
distributive, collaborative
teams working on the
same model

Implies need for ability to
scale “infinitely” on
demand

35



—
[LM LJ Tool for Complexity

@ _;Co_mpl_e_xity__is a Major Issue ¢ Tool must be designed for
- use throughout the lifecycle,
thus enabling end-to-end
systems engineering
— Legacy systems are a key
part of any modelin
environment — LML has
specific information classes
- ‘End-to-end systems engineering is needed, including = 5 = — for Captu rlng deSIQnS a't
_Fgggag'lcnﬁzgngv Oiffi(():lgtizfzt:wrgsvalidation tes:cing are A dlﬁerent tlmes In One
:l:jm a presentation by Dr. Michael Ryschkewitsch; : knOWIedgebase
- NASA Chief Engineer, at CSER Conference 15 April 2011 - Page 8 Tool must embed
* Tool must also reduce e oo s el
complexity by use of special as the ability to scale

input screens, which enhance “infinitely” t0 hundreds of
configuration management as server instances

well

Intefgration of systems create a major problem with .
cotnplexity

—\Within in a system, interactions grow as N squared or
‘worse -

ility to understand and test becomes less certain

— -As\more systems are added, the interfaces grow in a
‘non-linear fashion

— ‘Many of the existing systems are old and not built for
these,interfaces

- :Confligting or missing interface standards make it hard
to defing interface interactions

— ‘Hardwalge and software may be re-purposed and
“heritage\ compromised

— :Future systems will be integrated from multi-’
organizational, multi-national contributions, adding
additional: layers of complexity.

36
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——
[LM L] Tool for Multi-Decadal/Generation

@ Supporting multi-decadal, multi —
_generation activities is a major challenge
« The International Space Station will have a :

... lifespan of at least 20 years with.evolving. ...
uses and constant changes ; :

* Tool must enable tracking of
ing performance over time as
* B s o gwg g | | Characteristics of the
e sy ol v the Assets
e e T « Environments and
conditions can also be
captured as evolved over

S O R T o s time and location (including
? &P Teg e | orbital locations)

— Likely to want to use systems well beyond initial
life objectives :

.+ Tool must evolve of the
lifecycle of systems, but the
data must be captured and
reused throughout the
lifecycle

From a presentation by Dr. Michael Ryschkewitsch,
NASA Chief Engineer, at CSER Conference 15 April 2011

37
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—
I-ILM L] Tool for Uses and Challenges

‘Use and Challenges vary throughout ¢ TQO| needs to create a
" ihelitecyce  CONOPS report based on
> gcenario modeling
~» Capture Issues and
- Decisions, as well as Cost
for cost, schedule and
performance tradeoffs

~« TRL levels must be easily
captured in the tool

Software as a service

provides inexpensive tool,

while scalability enables

fidelity level required; LML

* Tool should automate whatcan  method enables rapid SE
be automated to reduce design and analysis

“wetware” requirements and
enhance teaming

+ Early Phases; conduct Systems Analysis and |
.. . trade studies - - . - . . .. oL
— | Exercise through CONOPS
— Rapidly dismiss fauity options
— . Develop feasible, cost effective options :
© = ldentify ‘advanced technology requirementsy T e
— - How to emable modeling that provides the geethed -
fidelity yet can be done quickly and cheaply? ) t
— - Current methods tend to be “wetware” intense. : T
"7 7= Need rapid and effective téeaming’\" © 0 © 7 T

«  Development _ _ _ _ _ : _
— - Refine Design, support Validgtion & \Verification - ) : :
" Enhance manfacturing |\ LN N
— How to better enable integration of digcipline oriented design tools W{o systems mods
“that capture functional and pgqrformandg. behaviors, : . :
— - How to capture system desigr| rationale,- assumptions and other “backgrowgd” data.
"2 How do we develop. the standards that §llow lossless integration” across organization and
-tool boundaries? - : : : : : ‘
* Operations : : : :
. . . = Provide.data.for.ops team, resdlve .in flight| issues, address. parts obsolescence. . . . . \_ .
— How do vie make the full suite of information captured during design and development

- available to the operators withodt having prior knowledge of their needs?

From a pre'sentation y Dr. Michael RyschkeWitsch,

NASA Chief Engineer, at CSER Conference 15 April 2011

38
© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved



—
[LM L] Tool for Uses and Challenges
-

(continued)

Use and Challenges vary throughout

- thelifecycle =  Tool should enable design down to
. Early Phases conduct Systems Analysls and j ‘ : : - ‘ . detaI|6d Ievel (lf dGSII’Gd), aS We” aS
..tradggtumeg..... : V&Vsupport

- Exer;:sedthrougth?yNOPS : .
— Rapidly dismiss fauity options g
L s ooy remomarts ~* Manufacturing enhanced by linking
o nable modeing at proses et | - design to CAD/CAM systems (export
T e hecni g design information as required)
Use of XML files to import/export
- pay et vl it o s s e ~ data from other design tools
2l i e e th Sandaramdig S edess Z“ é’iiig;%?;‘;’n.f;ﬁin ..+ Design rationale, assumption and
ool boundares? other programmatic information
captured as part of Issues, Risk and
other program-related elements of

. Operatlons
"From a presentatjon by Dr. Michael Ryschkewitsch, ' ' LM L

. Developmenl : : : : i : :
— - Refine Design, support Validation & Verification— : : : :

"systems models

. . — . Provide . data.for.ops team, resolve .in flight issueS~address. parts obsolescence . . . .

— How do vie make the full sune of information capture
~available to the operators without having prior knowledge

Standards should be captured and
developed using the tool;
enforcement by tailoring “personal
trainer” version

of LML elements (Assets, Characteristi
and Time)

* Use of a scenario-based approach
enables better information capture from

operators

39
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—
I-ILM L_] Tool for Managing Complexity

« Tool in conjunction with a

& Managing Complexity process should capture a
. Curreht apbroaches tend to reflect human reason'abl? numt()jerl'Of d
thitnkingI t?_at cor?p_lex Isysterrlts are siznplek S_CenlartI_OS or mO etlngt an
ex rapoauonsg simpler systems yet we know S|mu-a Ion, us|ng a tes
Complately, et | e 0 e " matrix approach (move
e o oneey, atemeting o it away from “peeling the

— What are the optimal strategies for limiting the undesirable or
unrecognized effects

onion”)
— Are there better test strategies (probabilistic~aethods?7?7?

_ Are there modeling and simulation strategies thatal Use “test matrix” approach
to provide breadth of
roblem space, including
allure modes, to capture
the full functionality required

Test must become even
more dependent on
simulation

quickly and efficiently so that they be
— move away ‘‘peeling the onion”

e design tools

From a presentation by Dr. Michael Ryschkewitsch,
NASA Chief Engineer, at CSER Conference 15 April 2011

40
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_ . .
[LM L] Tool for Managing Complexity

@ Collaborative Systems Engineering

* Tool should enable
sharing of models, thus
creating a “library” of
component models

« Contributions should be
B V\{I”Jt:sltslilgng%k;isttr;fng?azizI|bra |esofdeta||edparts canwe o made from academla

| E:naggfv?;g:hodo:gil:s;hftgalIZ\:\:ntteir;\a:llo:czf:::mr:lzx:Isutb / (tOOI Should be free

i el pramers modsl and eile o design access to academia) to

. giﬂr%?o%?égrbz?ﬁglri'gapld and diverse teaming unimpeded by th IS I I b rary
From a presentation by Dr. Michael Ryschkewitsch, \\ G Ove r n m e nt S po n SO red
NASA Chief Engineer, at CSER Conference 15 April 2011
research can also be

made available to the
NASA family via website

« Current systems processes inherently reflect
the need to limit complexity and detail in
models, simulation and analyses

— Driven bytlme to assembly compute power lack of '
interface standards and techniques

— Forced to extract behaviors by parameterlzatlon r
simplifying models

41
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[L |_ Response to Chief Engineer
(VL]

From a presentation by Mr.
Joe Smith, NASA HQ
Program Executive for
Systems Engineering, at
INCOSE WMA Meeting, 17
September 2014
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NIMA GoaIS

Worklng within:the constrains of our budget and
charter we will generate products that move the
agency towards achieving the following goals
(presented to EMB 10/13/11):

Increase : through

use of a model-centric -
architecture - g ; guidance

for model-centrlc data

exchange & manage;ment,
. oy d ..... d '

Form of Products:
. Re’fined sta'ndards

Achleve

centers and external partners

© 2014 Lifecycle Modeling Steering Eomm| ee. A'Yﬁ\c’}ﬂ? eﬁn&r&gd

through use of a model-centric
architecture ‘

Inform/traln |nV|gorate
on-model- centrlc
archltecture :

Improve product
success through use of a

,,,,,,,,,,, E......‘model centrlc archltecture,,. BT

methodologies _

Requirements for enabling
(training, IT

mfrastructure)

“App Store” to faC|I|tate

"exchange of model-centric

practices and technlcal
solutlons

From a presentation by Mr. Joe Smith, NASA HQ Program Executive for Systems Engineering,

September 2014




[ | LJ NASA “App Store”

Concepts for NIMA - Facnlltate the exchange and adoptlon
-of model based practlces and techmcal solutions

in the followmg examples: ; LA ; : AnOther
{ Automated compllatlon of MOEs, MOPs, TF’MS TRk An EXchange er
. Model-based cost, schedule, and risk estlmatlon : sharlng' M’&d DODAF

. Tailoredreports instead of documents 3 A :
: : : : ‘ } g, = : solutions between MEtaMOdEI

- Model assisted generation of workflow* < | . ;

Conflguratlon control ofdata mstead of documents - Programs/PrOJects 2.0 (DMZ)
- “Automated and machlne a55|sted test pIannmg,desrgn e b N MTe‘ELS'és ' v

; executlon ; : : : ' ; PhyS’CaI

~ Automated production ofrewew (mllestone) and approval : : :

.‘é,‘artlfactsfrom models : S " EXChange

- Automated engineering error detectlon (orphans wndows

gaps, overlaps, conflicts, mismatches) : : R Project SpECIfICGtIOn

! A B
- Computer-aided manufacturmgand codlngfrom models f 1 (PES) p)

. | 'Changesto data W|th|n adiscipline or user-are automatlcally
- communicated to other affected domains..

: Integrated reports from electronlc Acceptance Data -

From a presentation by Ms Linda Bromley, Manager,
Technical Integration Office at NASA Johnson Space Center
to AIAA

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved



Use Case -- Determining an Effect of a Requirement Ch‘zhgeN

* Premise: Late in a development cycle akey . '* L' :
requirement is changed. Y e :‘
* A fully model-centric program \Aull be able to :
trace the effect of that change tﬁrough marry

viewpoints

Vi

Mission
Segment
Affected

Functions
Affected

From a presentation by Ms Linda Bromley, Manager, Technical Integration Office at
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— . .
Organized Functional Tool
lI-LMTJ Requirements

(derived from analysis of Mike R’s presentation)

Models (MBSE)
— Functional
— Physical
— Object
Simulation
— Discrete event
— Monte Carlo

Data Sharing

Collaboration

— Worldwide access to single
database

— User interaction (e.g., Chat)
Scalable to large datasets
Decision/design traceability

Cost and Schedule analysis
support

Risk analysis support
Explicit time evolution analysis

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved

Full lifecycle support
— Requirements
— Design
— Acquisition
— Verification
— Operation & Support
— Disposal
Reports from Models
— CONOPS
— DoD or other documents
— Project-specific
“User Friendly” & Standards
Modern (web-like) Ul
— Desktop Support (PC, Mac, Linux)
— Tablet Support (iPad, Android)

— Enforces standards via rules and
checkers

— Embedded training
“Reasonable” tool cost

46



Innoslate® is the first tool to implement LML completely

IMPLEMENTATION OF LML

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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p———
[LMLJ Implementation of LML

* Prior to development of LML, a schema was
developed called KBAD and implemented in
Vitech’'s CORE tool

* We used this for a number of years to get
many of the rough edges out of the schema

* As such, LML's ontology can easily be
Implemented in a number of tools

* The diagrams, particularly the Action
Diagram, must be implemented by tool
vendors

Innoslate® Is the first of these LML tools

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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p———
[LML] What is Innoslate?

 Atool to capture requirements, design, operations,
and support information using systems
engineering principles

* Enables requirements analysis and management
with direct linkages to design models

* Applies cloud computing technology to model-
based systems engineering techniques and
discrete event simulation

* Avallable on the public cloud, private clouds, and
client-server platforms

* Implements the lifecycle modeling language (LML)
and enables translation to UML, SysML, DoDAF
(DM2), and other languages

Innoslate® provides software as a service (SaaS)

49
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—vTE What are the system
[| I—M L|J requirements?

* Operating system
— Any (Windows XP/7, MAC OS X, Linux)

* Devices
— Any (PC, Mac, iPad, Android Tablet)

¢ Software

— Any modern web browser (Google Chrome,
Firefox 5+, Safari, limited support for IE 9+ or
IE 7+ with Google Chrome Frames)

* No downloads required

50
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—
[LM |_J What Can Innoslate® Produce?

» Tool Capabillities
— Early Simulation/Design Validation
— End-to-End Design Management and Collaboration
— Repository of Analyses from Any Tool

— Traceability from Requirements to Functions to Components to Test to
Operations to Support to Disposal

» Version 2.4 Reports
— Entity Reports for each class
— Requirements Report
— Concepts of Operations (CONOPS)*
— JCIDS Documents (ICD, CDD, CPD, DCR)*
— DoDAF and MODAF products
— Test and Evaluation Plan/Report

* Reports slated for later versions

— Specifications for detailed design (in the languages of the design
engineers)

— Processes and Procedures for Operations and Training

*These complex reports have special input wizards and user guides 51
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| : Innoslate Supports LML'’s
lI-LMTJ Simplified Schema

Simplified
Conduct logical schemareduces
@ gﬁ;%r;[;osmon e ’ IHDUt/OUtpUt start-up/training
. Artifact « Location time
Conduct physical ) .
C Agspry Cecomosiion and — Physical (Orbital} Virtual
anaysis . R k Design_edV\_/ith
_ Resource |S space in mind
» Characteristic * Statement
SR ~Requirement
. qua |ty measures
« Connector * Time
 Cost Integrated data analysis of cost, schedule,

Capture key and performance for the lifecycle
"} stakeholder
decisions

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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Requirements

©History  €Duplicate B More ~

. Attributes Relationships
Req u I re 'ﬂ e nt Name Spatial Resolution] Popular = Program Management ~ All
Mumber SRD.3.21 decomposed by Children
3 P— s decomposes Parents 1
Class Description <« B I ¥F 1 =& oo A F
Statement/ Requirement
Modified The space vehicle shall have a spatial resolution of less than or equal to 2.14 x 104 radians (0.0123 degrees).
715/2013 by John Schatz = This requirement comes from the FireSAT wildfire definition trade study and corresponds to a 150m resolution at ~
3 references Artifact
Created T00km_

10/21/2012 by Steven Dam

sourced by Arifact

I —

Labels New Label

Statement

Quality Score 1% ([
ﬁear

Complete

| CONOPS Frmwrks

e

traced fo Many
« Contains a conjunction; consider separating into two statements.

| COMOPS: FireSAT

| Classification: Unclassified Mo -
e Contains more than one sentence.

* You may need to reformat the 2.14 acronym.

* You may need to reformat the 0.0123 acronym.

Complete

Classificat
| Classifications Complete represents if this

| Designators Requirement expresses a whole idea.

| Environmental

Requirement Pops e

| FireSAT - Requirements Correct

| FireSAT Needs
Statements Artifact

Design
* Your requirement may not be directed to a given system or senice:

Requirements quality
checks with definitions

| FireSAT SRD Artifact

No

| Functional Requirement Feasible

| 1S0C: Impact

Modular No =
| 1S0C: Justification
N M
| ldentified Risk peceaic 0
| Impacted Process or Verifiable Yes M

Procedure

| Impacted Skill or
Competency

Comments

| Interface Requirement
| Key Component

| Key Paolicy

https://inneslate appspet.com/ project/p3NGL database/ entity/ c6V12

Trace to higher level
requirements

Overall quality score
based on the summation
of individual quality
checks

Crr— |

True requirements analysis capability,

not just management

53
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Add other columns
as needed

Requirements View ____ somae

- Quality Check

Metadata More Attributes  Comments

- Quality Score Labels Clear r

NGO.1.1.2 Coverage No

The FireSAT system shall cover the entire United States, including Alaska and Hawaii. Rationale: For a US Government funded program. coverage of all 50 states is a political necessity.

12/5/2012 by Steven Dam

CETILeTy  ¢ Contans s

41
Document based b e
- requirements
1.1 0¢ meraay Capabll ty to WA T A
etect a potentially dangerous wildfire in less than 1 day (threshold), 12 hours (objective) cnllemen child lict

Class R CUTNTUNOC CTniTu 110t N
Statement/ Requirement NGO.1.1.1  Detection 100% Yes -
Modified The FireSAT system shall detect potentially dangerous wildfires (defined to be greater than 160 m in any linear dimension) with a confidence interval of 95%. Rationale: The USFS has determined that a 95%
9/18/2013 by Steven Dam confidence interval is sufficient for the scope of EireSAT
Created

Functional Requi. conjuncion;
Labels New Label . consider
separating into E

two statements.

WA
FireSAT - Requir.

0 Classification: Unclas...

[ Classifications

NGO.1.2 Provide notification within 1 hour

) CONOPS Frmwrks Provide notification to USFS within 1 hour of detection (threshold), 30 minutes (objective)

I CONOPS: FireSAT m MN/A

NiA
FireSAT - Requir.

G0O.2.0 Provide continuous monitoring

continuous monitoring of dangerous and potentially dangerous wildfires

Provide 24/7 monitoring Quality Score

toring of high priority dangerous and potentially dangerous wildfires
Column

0 Designators

B Environmental Requir.

Functional Requirement

NG

Provide 24/7

Fir=SAT - Requir...
i
i

ireSAT - Requir.
ires. R
ire S R

WA A

0 Identified Risk Yes
0 Impacted Process or
Re.
B Impacted Skill or Co....
A
0 Interface Requirement = : I
one plane separeated 180 degrees in true anomaly
11S0C: Impact
§1S0C: Justifcation NGO.3.0 Reduce the economic i [T
Reduce the economic impact of wildfires
0 Key Component
I Key Policy NGO.3.1 Reduce cost [
’ ’ Reduce the average annual cost of fighting wildfires by 20% from 2006 ave baseline (=T )
0 Master Organization
NiA
) Performance Requie... NGO.3.2 Reduce property loss ——
. [Fir=SAT - Requir_ |
Reduce the annual property losses due to wildfires by 25% over 2006 baseline
I Reliability Requirement ) LabEIS Column
I Risk Labels NGO.4.0 Reduce the risk
. Reduce the risk to firefighting personnel
I Rpt Frmwrks
i /A T A
[TI—— NGO.4.1 Redqce fire size at first contact Q,Q!Qr bars to show — =
Reduce the average size of fire at first contact by firefighters by 20% from 2006 average e =)

I RskLviAftr: Low

i

- NGO 4 2 90% user satisfaction baselining status A

Enhanced requirements management
capability, too
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Database Vi

Share database worldwide with colleagues (Read/Write)
and reviewers (Read Only with Free version)

Iew

Classes

All

Action 80
Artifact 101
Characteristic 74
Connector 32
Cost 11
Decision 2
Input/Output 19
* Location
Measure
Requirement 15
Resource 1
Risk 8
Statement 168

Time 26

Labels

Organization

Labels, not folders, for organizing
information, search and providing
ready access

5: FireSAT [l Master Organization

FireSAT Organizations’ consists of the organizations that are inv

0.1 Congress

B n
ved in the procurement of FireSAT.

The US Congress may provide the bulk of the funding for the project. Even if they do not pay for the actual development costs, a commercial service will want to get their approval that the USFS can procure this semvice

B 0.2 Forest Service S: FirsSAT

United States Forest Semce (USFS), part of the US Deparlmem of Agriculture
0.3 NOAA

National Oceanic and Atmospheric Agency

- 04 NASA

National Aeronautics and Space Administration

0.5 Prime

Contractor thagill lead the team in the R&D of the FireSAT development

0.6 Taxpayer
US taxpayer who ultimately pays for the system and reaps the benefits

0.7 People living near forests

The people who's safety and property can be ruined by forest fires

B 0.8 State Governments [l

US State Governments who have significant problems with Forest Fires and provide

aving a better and more cost effective way to fight forest fires

ignificant amount of the local resources to fight them

0.9 Wildlife Organizations
Groups that want to ensure wildlife safsty

0.10 Foreign Governments
Potential customers of the FireSAT system, which may reduce costs to US Taxpayers

OpOrg Fire SAT Operational Organizations
The FireSAT Operational Organizations operate FireSAT.

OpOrg.1 Satellite Mission Operators

The Satellite Mission Operators conduct operational monitoring and commanding of the FireSAT platforms, pRyoads, and C2 ground stations

OpOrg.2 C2 Ground Station Operators

The C2 Ground Station Operators conduct operational maintenance and operational command execution at the Fir

0pOrg.3 Fire SAT Operators [EfEreg
The FireSAT Operators monitor and analyze FireSAT data

B T C2 ground stations

Allows multiple labels for

the same element!

Sort -

Apr4

Apr4

Aprd

Aprd

Aprd

Aprd

Aprd

Aprd

Aprd

Aprd

Aprd

Online U

Michael Campbell

Designed to scale to large

data sets

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved

Em{ble user interaction
through built-in Chat
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Tabs for logical

. . Detailed history of grouping C?f
E n t I t V I e W changes available relationships
y for each element reduces information

overload

EE] ] "

— — @ Duplicate =1 More =
Aftributes Relationships
MName FireSAT System Popular ~ Program Management  Locations Al
Number FS connected by Connector Add -
Description o B I T 1 == [Doo A = decomposed by Children 3 Add -

Class
Asset
Modified
9/16/2013 by Stevely Dam

The FireSAT system detects wildfires before they become a majge
problem and notifies firefighting personnel as to the locatioh,
direction and speed of the fire to enable more rapid response fig
putting out the fire. This system will also enable the public to haxg

Created better, mo to reduce risk and cost of
10/21/2012 by Stevel Dam

Description

Description captures the text needed
to describe this element.

evacuations. arents 1 Add -

decomposes

Label New Label i

e ’ Arch_1 FireSAT Architecture Att,:lbUte .
| Actor SITIEE definitions built in

| Architecture erforms Action to the user Add -

sNecified by Characteristic interface pr ovide Add -
immediate help
for new users

| CONOPS Frmwrks
| CONOPS: FireSAT

| Classification: Unclassife

Steven Dam posted on 3/18/2013

| Classifications _ ) _ _
Derived from the Applied Space Systems Engineering book.

Context | §
| Designators
: Comments can be added
by any user sharing the
database, including free

Every element can have

it’s own picture, which users enabling model-

can be used in the based reviews

reports 56
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Action Modeling (Functional View)

Logic design entities (special cases of actions)
can be dragged and dropped on the diagram to
model processes or scenarios (new and existing)

InputiQutput

-+

Parallel

- LDOF“]

FireSAT
Satellite
. .
id ~
D

Input/output entities can be added easily by
dragging them to the diagram or between
actions on the diagram

Expended
Booster
K

"

<€

Type

RM.1.9

Perform
Normal Ops

Side bar provides access

Cease Ops

‘\
RM.L1.5 RM.14 RM.13 RM.1.2 RM.1.1
et (AL Berform e Maneuverto «————— rerform. o Deploy into €——————— Launch into
The DRM for FireSAT is similar to other Initialization Mission Orbit Initialization Parking Orbit Spac
scientific earth observation missions. " v,
MNormal operations are preceded by a
series of spacecraft and payload lrggwg;g
commissioning steps and followed by
disposal at the end of the mission, years B c RM.1.8
3 ontingenc Perform
the futi L=FY
© e 2% > Contingency
o RM.16 RM.L.7 (8] RM.1.10
. Continue Ops Determine
© (Continue o —» Transmit
S Operations? o Operanon

Update

RM.1.11
Perform
Deorbit

Manuever

to entity attributes for
modification within the
view

Entities can be moved around
the diagram as needed

Platform Payload
Telemetry Telem etry
Pa \uid
anen r

—©

Erra— |

Action Diagrams for functional modeling designed

to work on tablets, such as the iPad

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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[L J Asset Modeling (Physical View)

New Existting Attributes

Launch Element

Name

Launch Element

Number

FSA

Description

The launch element delivers the
spacecraft to the proper orbit.

Asset Diagrams describe
" physical components
and interfaces

onne s

58
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[L |_ Discrete Event Simulation
tLIVIL]

O Time Mode View by Dates or Duration 0 days 0 hours 0 minutes 0 seconds

Simulation of RM.1 FireSAT Design Reference Mission (DRM) Action Diagram

Simulation Complete! Your simulation is now complete and the results are displayed

@ Table @K View details and charts for cost analysis

T Duration Thu, Sep 19th
| 1 | 1
RK.1.1 Launch into Space 20.0 minutes
I0.RN .2 FireSAT Satellite 0.0 =econds
Ri.1.2 Deploy into Parking Orbit 1.0 hours

RW.1.3 Perform Spacecraft Initialization Oper... | 2.0 hours Gan tt format
RM.1.4 Maneuver to Mission Orbit 3.0 hours fOI‘ time

RK.1.5 Perform Pavload Initialization Operatiens | 20.0 minutes

output
Ri.1.6 Continue Operations? 3.5 =zeconds T h v v hd T
RK.1.7 Determine Operation Type 10.0 seconds - . v A .
RI.1.9 Perform NIJFITIE|DD5 1.5 hours -- “
RM.1.8 Perform Contingency Ops 2.0 hours -
RI.1.10 Transmit Update 1.0 minutes -
RK.1.11 Perform Deorbit Manuever 10.0 hours ._
l 1 | 3
Q U

Results saved automatically as an Artifact;
Monte Carlo available in Professional Edition

© 2014 Lifecycle Modeling Steering Committee. All Rights Reserved
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[|_ |_J Location

Use Select Point
button to provide
the longitude and
latitude using
Google Maps on a
Physical Location

Selection a Latitude and Longitude

Latitude: ' 38.78346300409672 Longitude: -77.52488925587386

Burke  spnngfie

Newingtc

Lorton
Lake Ridge o=

= Save and Close il REV) « Back

Cancel

Attributes Populas ogram Managegiint
TInnoslate database Phy
. posed by childreg n I
‘ Physical primary O
Many CJ
1 B I ¥ == Boo A === m

Labe
Location of the primary downlink site in the US.
here are currently no labalsfor  Description
this entity.

Add Labels

Address
Coordinates 38.78346300408672.-77 52488Q2558738¢ LRSI
Aliitude

Capture
parameters that
describe the orbit
of space-based
assets

60
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I—

Generate Report

Class Based Reports

DoDAF Reports

JCIDS Reports

Report Generation Wizards

MODAF Reports

Verification and Test

All Reports

Generate Report

Class Based Reports

General Reports

CONOPS

Comment Report

User Comment Report

Entity Table Entity Table Report

History Report Entity History Report

Requirements
. Categorized Requirements Document
Document

Requirements . )
— Basic Requirements Document
Document (Basic)

Risk Characterization General Risk Characterization Report
Schema Report Schema Classes, Properties and Relations Report

Traceability Report Entity Traceability Report

Option

CONOPS Report

Select CONOPS Task

Concept of Operations (CONOPS) DDL‘LD

Cancel

Uses Applied Space Systems
Engineering (ASSE) outline;
tailorable by using “Add
CONOPS Document Section”

Value

Run CONOPS Data Entry Wizard

Generate CONOPS Report
Run CONOPS Data Entry Wizard
Exit

CONOPS Data Entry Wizard

Option Value

Initialize CONOPS DocumWAt

Select COMOPS Task

Initialize CONOPS Document
Add stakeholder

Add Key Policy
Add Impacted Skill or Competency

Add Impacted Process or Procedure

Add Risk and Mitigation

Add Organization to Hierarchy

Add TRL and Mitigation to Key Component

Add Top Level Scenario Characteristic

Add Lower Level Scenario Characteristic

Add Scenario Characteristic Value

Assign Scenario Characteristic Value to Scenario
Exit

Wizards walk users through documents guiding

their inputs, also reducing need for training
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1
[LM Schema Extension

Innoslate schema CESIETO & FisSAT - © Help

& Save and Close JiERET € Back

Editing the Action Class

An Action entity specifies the mechanism by which inputs are transformed into outputs,

# Attributes & Relations W Labels

Name
[ Action Duration pwuration
. Dration represents the period of time this Action occurs.
Hidden
[ No [=] ] Start Daterime
Start represents the time when this Action begins.
Abstract
No l
[ Percent Complete percent
Percent Complete represents the percentage this Action is complete,
Parent
Description

An Action entity specifies the mechanism by which inputs are transformed into

outputs.

Add new classes, relationships and

attributes as you need them
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—
[LM LJ Visual Representations

« Version 2.4 Diagrams

— Hierarchy charts
— Action Diagram
— Asset Diagram (Interfaces)
— N2 Chart (|/O + Actions) — For Risk Analysis Support

= Risk charts >«
— Radar Diagram
— Sequence (Experimental) [Object Modeling]

<—Spider Diagram (All, Custom, Traceabilitg—=<——— recepity "
<—_Timelines (Experimental)

— Location (maps) For additional time evolution

— IDEEO/ICOM analysis and presentation

* Planned for future releases
— Other location views, including orbital
— Class, and other UML/SysML diagrams [Object Modeling]
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ey
[LM LJ Innoslate Features and Benefits

L

Chat/Real-time Notification Enables collaboration worldwide

Lifecycle Modeling Language (LML) schema and Provides simplicity and ease of use with little or

Web User Interface no training

Open feature requests with voting on priority Supports transparency between users and

by users (Feature Tracker) developers

Google App Engine’s cloud computing Can scale design to deal with very large

capability projects that include millions of objects

Innoslate® security layer with Google App Provides secure environment for data at rest or

Engine security layer and SSL use Client-Server version

Share models and parsed documents via Reduces rework of commonly used documents

Sharespace and models

Automatic upgrades; no installation; runs on Reduces IT support costs and trouble

any computer or device (e.g., iPad) significantly

Responsive to user requests Provides new features for users when they
need them

Monthly payment plan Buy what you need, when you need it
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—
[LM LJ For a Complete Comparison

* Tools that Innoslate can replace
— Requirements Management (e.g., DOORS)
— Modeling (e.g., CRADLE, CORE)
— Simulation (CORESIM, ARENA)
— File Sharing (e.g., Sharepoint, Windchill)
— Risk Analysis and Management
— Project Planning (e.g., MS Project)

* Be sure to compare combined cost, as
well as features
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