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* Why Isn’t SysML Enough?
* How Will Technology Improvements Enable Better SE?

* How Can We Use these New Technologies to Deal with Technology
and Security Issues?

* How Can We Support the New Digital Engineering Environment
Better?

* How Can We Use these New Capabilities to Enhance Systems
Engineering Education and Training?



Why Isn’t SysML Enough?

* Systems Modeling
Language was developed to
extend the software focused @ Unified Modeling Language —
Unified Modeling Language =
(UML) to systems

* Interest in UML peaked in
2004

* Software developers have
moved on to Agile, which
requires functional
requirements

* Both SysML and UML
require experts to create
and interpret - ‘ —

* Systems Engineerin
requires communications :
Wlt a” StakehOIderS From Google Trends retrieved 11/17/2017

Worldwide ~ 2004 - present ¥ All categories ¥ Web Search «

Interest over time ~»

If you have to be an expert in SysML’s lexicon and diagram specifications, who are you communicating with?




Why Isn’t SysML Enough?

* But it's worse than just not being easy to understand

* SysML is lacking many of the programmatic pieces of
information: risk, issues, decisions, schedule, cost, ... as explicit
diagrams or entities

* The lack of an ontology has been noted and is in the process of
being developed

* But what if there was already a language that provided an
ontology for SysML and filled in the missing pieces?




LML Provides the Missing Ontology

The Lifecycle Modeling Language (LML) provides a starting point for your
language

o It’s an open standard, free for use

o It's designed to be the “80%” solution

o It’s a simple language that can be extended it to meet your particular needs

LML 1.1 was extended in 2014 to provide an ontology for SysML
(www.lifecyclemodeling.org)

LML is a hybrid functional and object language

The Innoslate tool demonstrates that this ontology can generate SysML
diagrams from the data, as well as other diagram types (IDEFO, N2, Class
Diagrams, 12, Layer Diagram, ...) as a proof of principle



Comparing SysML and LML

* An analysis was performed by the author to compare using an ad
hoc technique, implemented with MS Office tools (MS Word, MS
Excel, MS PowerPoint/Visio, MS Access, MS Project) as the baseline

* The SysML-based technique included using DOORS, MagicDraw,
Python/Cameo Simulation Toolkit, Risk Register, MS Project, and
MS SharePoint

* The LML-based technique used only Innoslate

* A set of standard systems engineering tasks associated with

systems engineer was developed, based on categories identified by
Mr. Joe Elm



Systems Engineering Task Decomposition

* We estimated the ]
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taSk 1_.1_{—‘ 12 lﬁ "i.'ﬁ_i—“ "1'.'4_';* {1'.5_l_ "16_‘1'* "I.‘f_l("ﬁ
* These estimates &“ﬂ o o || o Lﬂ R

were then assigned

a n llEase Of U Se” 114 f21 [1.31 144 151 1.6.1 1714 ‘
| . | Control | . "
—> Import —» Functional —> Walkthrough — Databa — - —> Create —> Identify "Test"
Documents Modeli g d Idertify Risks Timeline Cases
el ng S Objects .

score of O to 5, with

5 being the least ) o Tr— T T

> Track

N
[
—» Develop IVV
Plans

time to execute the o St [ e | [ Ve Tk

task

T h O I d _Jﬂ".?!—” |f1.2.3 133 143 53 ) 163 173 )
¢ e U was only use o > physcal > Morte Caro > Basoline_ > Mitgats Risks = erogam. ! Traok Satus

if the toolset could

not facilitate the o a4 R 7

task

Requirements

> Store Files

| edes

165

|
—>» Create New
Test Cycles

178

L> Estimate Create Test
Costs Reports



Comparison Chart

* Detailed descriptions
we developed for
each task

* These descriptions
and scores were
reviewed and
adjusted by
personnel with
extensive experience
in DOORS,
MagicDraw, and
other SE tools

Number

1.1

Name

SE Tasks
Requirements

Import Documents

Analyze Requirements

Manage Requirements

Description

Import documents from POF
and CSV formats.

Separate requirements from
contextual statements. Assess
the quality of the requirements
(clear, complete, consistent,
eftc.).

Create a workflow for
managing the requirements
from draft to archived.

specified by Name

LML Import Documents:

SysML Import Documents

Ad Hoc Import Documents

LML Analyze Requirements

SysML Analyze Requirements
Ad Hoc Analyze Requirements

LML Manage Requirements

SysML Manage Requirements

specified by Number

EoU.3.1.1

EoU.2.1.1

EoU.1.1.1

Eol.3.1.2

EoU.2.1.2
EoU.1.1.2

EoU.3.1.3

EoU.2.1.3

Ad Hoc Manage Requirements Eol.1.1.3

specified by Description  specified by Value

Innoslate has both a Word and
CSV import capabilities. Some
manipulation may be required 05
to put it into a proper form.

Time assumes little work on
document needed.

Since DOORS is the preferred
requirements tool, some work
may have to be performed on
the document to bring it

in. Time assumes litfle work on 1
document needed. Will have to
set up hierarchy manually if
numbering scheme is in

original.

Converting a document from
PDF or CSV to begin
manipulating in the database.
For the MS Office tools this is
something fairly trivial. You can
save the PDF as a Word file. If
it's a CSV, you can immediately
import it into Excel or Access.
NLP Quality Checker in
Innos|ate analyzes each
requirement against 6 of 8 01
quality factors. Time is per

requirement.
Manual analysis 05
Manual analysis 05

Using Innoslate's Workflow tool
automates this entire process. 01
Time is for setting up the g
workflow and per requirement.
Older versions of DOORS do

not have a workflow capability

and it must be done

manually. DOORS Next 05
Generation does have
aworkflow capability. Time is
per requirement.

Manual tracking. Time is per
requirement.

Innoslate’s Traceability Matrix
has NLP Assist. User just has

specified by Units

Hours

Hours

Hours

Hours
Hours

Hours

Hours

Hours

specified by Ease of Use
Score




The Results

* The SysML-based approach was
slightly better than the ad hoc
approach
o This result may explain why many

people feel that the SysML toolset is
not much better than using MS Office o

* The LML-based approach scored
significantly better than either of
the other approaches

o The primary reasons for this was the
modern software design, automatic 40
view generation, web-based
implementation, and the extensive
set of rule checkers and importers, 0
many using Natural Language Parsing Ad Hoc SysML LML
(NLP) and pre-trained Machine
Learning (ML) algorithms

Ease of Use Means Saving Time and Money, While Enhancing Quality

Ease of Use Comparison




How Will Technology Improvements Enable Better SE?

* Some emerging/available technologies of the future:
o Cloud computing (already here!)
o Artificial Intelligence (Natural Language Process is already here!)
o Graph Databases (already here!)
o Optical Computing (coming soon)

°* How can they help us?

o Cloud computing provides a means to collaborate worldwide today ... SE
tools need to take advantage of this capability

o Artificial Intelligence can help us find design problems or potential problems
early

o Graph Databases enable greater storage capacity

o Optical Computing will enable create speed of computations, thus allowing
for higher fidelity modeling and simulation



How Can We Use these New Technologies to Deal with
Technology and Security Issues?

One technology of great interest is artificial intelligence

* How can we model and predict Al behavior?
o The same way we model and predict human behavior — behavior models

Behavior modeling is a term used by popular tools, such as Ascent

Logic’s RDD-100, Vitech CORE, and Innoslate
o This modeling was originally developed by TRW in the late 1960s

Behavior modeling can also support other concerns, such as
cybersecurity

LML took the behavior model one step beyond previous versions
through the Action Diagram



Modeling Al and Decisions

°* The LML Action
Diagram uses
decision pointsas | = _ ™
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P I S - % roms
the Action class . |

Loop Input/Qutput AMA 1, v Normal Ops S
DECOMPOSE! .
ACTOR @ o 4 RM.1.2 RM.1.3 RM.1. 6 o RM.1.7
continue ops
: - Qs> § e =5 5 — r ..
e nt I ty Branch Asset Resource ¢ = Operations? contingency, Update

Action Diagram el 43 |ceaseops conti "Gﬂﬂﬁ) RMPL:Orm
RM.1 FireSAT Design Reference ' Contin gamy
Mission (DRM) (U) 5
[ ] I n n O S I ate a d d e d (U) The DRM for FireSAT is similar
to other scientific earth observation

missions. Normal operatiol

Resources
explicitly to the R
Action Diagram e

You can also model defense-in-depth and command & control more accurately

Decision Points Can Now Be Allocated to Hardware, Software, Wetware, or aiWARE



How Can We Support the New Digital Engineering
Environment Better?

* Vertically integrate
with design
engineering tools
using APIs

- Use SE Databaseasa = :
repository for all the
design engineering

information ==2l® T oo I
CAD Viewer & : "

* Create Ilvmg ) PROGRAM MANAGEMENT !Risz!i
. E

documents for
model-based —
reviews




Living Document Example: SRD

* This SRD uses the DAU SRD

Template as a basis S mam e

* The Asset Diagram provides a
generator tool

* All directly related information
to the entities in the diagram
are used to fill-in the template

* Subsequent generations will
baseline the previous version

lllll

SRD System Requirements Document

-1
Gukdance:
‘20broviaban{s), and release rumBOr() Where oW,

.1 System Identification
Gucanca: Tais paragr
etls),

ragn
abbreviaton(s), and roiease numberfs} whero kown.

1.2 System Overview
Gussance: ThIS parograph

first and then create a new
version of the document

Creating Living Documents Means We Never Have to Go of MS Office, Until We Want to Make It Shelfware




How Can We Use these New Capabilities to Enhance
Systems Engineering Education and Training?

* We currently support over 200 Colleges
and Universities Around the World

* LML provides a much easier to understand
and use as a means of teaching key
systems engineering and MBSE concepts
to students

* Innoslate is free for Academic use and
includes support for anyone using the tool

* Innoslate also provides a platform to
extend SE research

Supporting Academia Is Critical to the Future of Systems Engineering



Summary

* LML provides a path to the future of systems
engineering

* |f digital engineering is the future, then we
need to have a modern cloud-based tool that
applies NLP/ML and other technologies

* We recommend including LML in any and all
SE tools

* We cannot design future systems using old
methods and tools

* We need to embrace these new technologies,
not hamper them

Come to the Future of Systems Engineering Panel session Thursday at 3:30PM for more!



