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Resiliency Characteristics in an ERS Context

— Trusted S— —— Repel, Resist, and/or
Absorb disruptions

In a wide range of

—— contexts (i.e., acrossa — ~ Recover from
Serves variety of missions) Through its ____ disruptions to sustain
Effectively [ capability and ] operations and
Easily adapted through capacity to performance
— reconfigurationand —— Adapt to new or |
replacement . changed operating
conditions

Graceful and
. detectable degradation — Exhibit Broad Utility
of function
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Guiding Concepts

Create open SW architecture and integrated toolset

Support exploration ‘“lL’ Promote
of _SE questions via ExPELMENTE interoperability and
higher-level DSL extensibility

ENGINEERED RESILIENT SYSTEMS

DEPARTMEMNT OF DEFENSE

TRADEBUILDEHR

LEARN M!ASUEI

Q abstractions :
A
Q ..‘g

GQQ

Evolve how SEs ProeT/ PERVE ¢ e Support
more effectively )\/ higher-level

represent and ANAL 2T decision
express their _ _ o making goals
problems Promote collaborative design and analysis in an quantifiably

executable environment
and traceably
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An Executable Systems Engineering Process

Requirements Loo
Define High d P
Level Needs
Define, Refine System Architecting Loop o
and Map Prioritized
Relax High Level Needs Requirements Metrics to Calculate Requirements

Define
System

Verify Requirements can Distinguish
between System Options of Interest

System Parameters,
Ranges

Determine feasibility of calculating

_ _ : |dentify or
metrics for requirements, revise Define Analyses to Execute,
requirements if metrics cannot be System Parameters Anal Parameters, Ranges
n
computed Required for o yses
Calculations Define and Analysis Loop
Execute
. . Tradespace
Verify/Validate Tradespace Results
Analyses
Analyze
Tradespace
Redefine Tradespace Results
Ranges and/or

Subsystems of Interest E ; _o/
cision
5 /\
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Promote Collaborative Systems Engineering for the Masses

Collaboration Interactivity

e Facilitate the integration of expertise e Help understand
e Decide together o Expedite the hypothesis-test-learn cycle

Better Systems Engineering

Iteration High Performance Computing

e Lessen the effort in repeating the process e Reduce time to obtain insight
e Encourage review of knowledge o Explore the option space more fully
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End-to-End Capability Supporting Diverse Stakeholders

Requirements Definition/ o —
T End-to-End Capabilities becision Analysis
System Definition/ Data Exploration
Stakeholders/ Specification
Users Orchestration

Systems Engineers
Coders/ SW Developers
SMEs — Physics & Engineering

Analysts / Domain, Ops
Research

Requirements Specialists
Programmatic Specialists

|
Decision Analysts |



Deployment Use Cases

Application /

- Tradespace

Use Case

Database

Execution

] A

B s el |
Fully Local

Local VM with Local Database
Server
CPU ‘ CPU ‘

T\ ; uernz B
Local CPU(s)
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B e ol |
Local + HPC

Local VM with Local Database
Server

Super Computers
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Example Deployment Use Cases

Initial
Initial Requirements Requirements
Identification _Codifying Work Breakdown

Structure, SysML Model
Definition, etc.

! |

-
UNCLASSIFIED .
_ or CLASSIFIED J | Alt Start
Pt #1
DOE, Define Attribute Relationships, &

Alt Start J ConductInitial Tradespace Exploration
Pt #2 ] S QQ

High Fidelity
Tradespace Generation,
Analysis, & Reduction

UNCLASSIFIED

CLASSIFIED —
s Dor » "P .‘.
D) &. - - .o.l -
: 2/ )',.J Web-based

UNCLASSIFIED

s aut | Reduced ks
 Pt#3 \ Tradespace Analysis _ e _ Acquisitio
. UNCL o' FIED » €0 %gg \QQCiSM.l

A

=
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Software Architecture

- Support both regular and power users | pyter = [ =
u Q Q Q
- Regular users employ the more visual interface Noreoook 'é 'é c'ZB
- Power users employ an extensible programming Regu'ar User Power User I f I
interface
g \Web — Jupyter
i . \,_,« GUI J py ERIMIDIAIO
 Relies on permissive open source Front-End
technologies 1 i
- Software used does not require release of own — d' ‘ 5 t‘|'1
code DT |l andao — ython
L\d%ewark J g Englne

Extensible and scalable

- Modular architecture intended to facilitate the L
integration of new technologies ﬁ , — d RDF

mongoengine

\/
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Execution with HPC

Web
\_; GUI
Front-End

Regular User

django

django

REST

framework

% < Jupyter
Notebook

Power User

User
Auth

Functional

In-Testing

In-
Development

B HPC Capability

11

— Jupyter

Python | | status [ staws | |  ERS Local
Core | [ o~ ==RMIDIAIO
Engine b\ (ECI® Job Worker
= { H
, ERS HPC BB
mongoengine ERIMIDIAION, B e e
goengt _ Worker Local CPUs
UIT Service
) mongo (ERDC)
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Pillars of Complex Decision Making

é

users describe the needs, the analyses to assess

whether or not the needs are met, and the system
(or systems) being designed to satisfy said needs Q
» Execute

users set conditions for and manage/monitor the
execution of the integrated engineering models

* Explore r \
users assess the information generated by the

execution of the models to improve their mental ’III )
“ AN —

models of the problem and the system of interest

Interactivity
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Supporting Disciplines

users describe the needs, the analyses to assess
whether or not the needs are met, and the system
(or systems) being designed to satisfy said needs

- Execute
users set conditions for and manage/monitor the MDAO
execution of the integrated engineering models Multi-Disciplinary Analysis and Optimization
- Explore

users assess the information generated by the
execution of the models to improve their mental _— CMrgEMMakm
models of the problem and the system of interest -
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Integrate Requirements, Design, and Knowledge Generation

/ Collaborative SE \ / Scalable Framework \ ﬂynamic, Customizable, am

Visually Interactive

-

% % = - = A LGIESTE :.
DY _— - Er [T - -
jupyte = =

= [
" [=] =] R ol
::Ir E =

/ Regular User  Poswer Liser - s

.'- [ BN

r By ]
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hModel

Front-End

django|— LU

framervesrk

3 [ 1|He?Xror :
~ S
v-'nd-to-End Capability/ \Server or Stand-Alone Execution / kMethod and Stakeholder Fluy
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s ERS

ENGINEERED RESILIENT SYSTEMS

DEPARTMENT OF DEFENS

TRADEBUILDEHR

DEFINE

EXECUTE EXPLORE

iL Block

Define your system of interest by collaboratively authoring S
Definition and Parametric Diagrams. Set your system KPPs and KSAs as

TradeBuilder will automatically generate ana ,ses based on the PAR diagrams Explore the data generated by the tradespace generator using the Explore
which can be executed using the tradespace generator interface. Current interface,
functionality allows for exploring connected cor nstraint blocks us sing a Latin
Hypercube sampling method. Future capability will expand the tradespace
generation metheods to include Monte Carlo Simulations, other Design of
Experiments, and optimization techniques,

r irements, Navigate the project tr 0 view the detail ; : ;
e o P T e : Current functionality Implements a customizable dashboard with coordinated

views, 5o as the user brushes on one plot, that selection is reflected in the
others. Additionally, the tool has value transformations based on the
prioritization of requirements. Future functionality will add other visualizations,
e.g., Parallel Coordinates, and Scatterplot matrices.

r
|
|
I
|
|
|
I
|
|
|
|
|
I
|
|
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DEFINE

req [Package] Requirements )

The
L Problem

»

\

=<deriveReqt==>
===
|
I

1
areqguiremeants
Improve Performance

IFIEEE
Text: "Have hover, speed, range, payload and fuel efficiency characteristics 'beyond any current rotorcraft

_— e o e e e e e o o = — — — —— ——

wreguirements
Requirements

1D: "1®
Text: “FProvide unprecedented vertical lift capabilities for all the services”

<<deriveReqt>>
e

|

I

1
areguirements
Autonomous Operation

1D "1.2"
Text: "Must have optionally piloted or autonomous flight capat

_ _‘f-ﬂ_dej‘-l"lﬂ_ﬂ_ﬂjt?‘?‘ o <<deriveReqt>> <<deriveRegt>> <<deriveRegt>>
| I - T T T T T Tt |
I I | I
| ! | |
wrequirement» 1 L - "
Hover time «requirements wreguirements wrequirements
Combat Radius Payload Capacity Maximum Speed
. 11D: *1.1.3% Io: "1.1.4" ID: *1.1.5"

e e Text: "Combat radius of 424 km (263 mi) with and overall unrefueled range of 848 km (527 mi)"

Text: "Carry up to 12 combat-ready troops” Text: "Maximum speed of 230 kn (260

Definition and Parametric Diagrams. Set your system KPPs and KSAs as | which can be executed using the trade

requirements, Navigate the project tree to view the deta

Experiments, and optimization techniques.,

TradeBuilder

Define your system of interest by collaboratively authoring ML Block T TradeBuilder will automatically generate analyses based on the PAR diagrams
f g interface. Current nterface,
functionality allows for exploring connected constraint blocks using a Latin
Hypercube sampling method. Future capability will expand the tradespace
generation metheods to include Monte Carlo Simulations, other Design of

Explore the data generated by the tradespace generator using the Exple

Current functionality Implements a customizable dashboard with coordinated
views, 5o as the user brushes on one plot, that selection is reflected in the
others. Additionally, the tool has value transformations based on the
prioritization of requirements. Future functionality will add other visualizations,
e.g., Parallel Coordinates, and Scatterplot matrices.

TradeBuilder 1.4.1
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)
DEFINE
bdd [Block] Work-Breakdown Structure ) Tt P
JELLGLLLILL Systermn Test and Evaluation Air Vehicle
parts parts paris
valves valwes Birframe
Ti wieight:lbm waight:lbm Propulsion
costUSD costUSD ‘fehicle Subsystems
Aoianics
Armament
Auxillary Equipment
Aircraft Data Recorders
values
tail_rotor_arm:Attribute
empty_weightAttribute
costUSD
gross_weight:Atinbute
waight:lbm
Mmax_powar raiuilad:.ﬁ.ﬂril:-ula
/
wblocks
Airframa
pans
Airframe Integration, Assembly, Test and Checkout
Fuselage
Wing 1"| ]'-, |lII "'l
Empannags ablocks ablocks wblocks ahlocks
Macells Armamant Auxillary Equipment Propulsion Vehicle Subsystems
- values parts parts parts parts
weight:lbm values valuss Engine Wahicle Subsystemn Integration, Assembly, Test, and Checkout
costUSD waight:lbm weight:dbm valuas Flight Controd Subsystem
 drag_area:fi™z2 costUSD costUSD weight:lbm Aupdliary Power Subsystem
? o costUSD Hydraulic Subsystam
Electrical Subsystem
II.' IIII .,”,. 1". Cra'._\' Station Subsysiem
#Hiocks “Blocks wBlocks Blodks S el B
ly, Test and Checkout Fuselage Wi Empennage Nacelle Landing Gear
nans narfs narts parfs | = FA I P
Define your system of interest by collaboratively authoring SyshiL BIOCK T TradeBulider will automatically generate anatyses based on the PAR dlagrams Explore the data generated by the tradespace generator using the cxplore
Definition and Parametric Diagrams. Set your system KPPs and KSAs as I which can be executed using the trade interface. Current nterface,

functionality allows for exploring connected constraint blocks using a Latin

Hypercube sampling method. Future capability will expand the tradespace

generation metheods to include Monte Carlo Simulations, other Design of
Experiments, and optimizaticn techniques,

requirements, Navigate the project tree to view the deta ; : : ;
4 bkl e proj : Current functionality Implements a customizable dashboard with coordinated

views, 5o as the user brushes on one plot, that selection s reflected in the
others. Additionally, the tool has value transformations based on the
prioritization of requirements. Future functionality will add other visualizations,
e.g., Parallel Coordinates, and Scatterplot matrices.
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par [ConstraintiBlock] Performance )
4 «constraint» N
B Performance _
Main Rotor Design Requirements
@_I | main_rotor_cd0 : undefined max_mission_range : nm __| I Combat radius|
E‘ I | | main_rotor_ki : undefined hover_ceiling : ft _| 1 | For 1 |

[solidity |- || main_rotor_solidity : undefined ferry_range : nm __|

tip_speed H- [ | main_rotor_tip_speed : fi/s flight_ceiling : ft _|
—] DEFINE

| ] main_rotor_diameter : ft max_rate_of climb : ft/min _|

[ ] tail_rotor_ed0 : undefined mission_loiter_time :h _|

Tail Rotor

[ ] tail_rotor_solidity - undefined The
N6 -
[ | tail_rotor_tip_speed : fi/s “" Ana IYS'S

‘_\

[ ] tail_rotor_diameter : ft

L[ LL

[ ] weight_empty : Ib

[ ] weight_gross : Ib

Air Vehicle | | tail_rotor_arm : ft

| empty weight | [ | sfc : Ibihpih

[gross_weight |5 | |installed_power : hp
tail_rotor_arm .
| F | drag_area : ™2
Define your system of interest by collaboratively authoring SysML Block I TradeBuilder will automatically generate analyses based on the PAR diagrams Explore the data generated by the tradespace generator using the Explore
Definition and Parametric Diagrams. Set your system KPPs and KSAs as | which can be executed using the tradespace generator interface. Current nterface,
requirements, Navigate the project tree to view the details, functionality allows for exploring connected constraint blocks using a Latin

A 2 : Current functionality Implements a customizable dashboard with coordinated
Hypercube sampling method. Future capability will expand the tradespace

generation metheods to include Monte Carlo Simulations, other Design of
Experiments, and optimization techniques,

views, 50 as the user brushes on one plot, that selection is reflected in the
others. Additionally, the tool has value transformations based on the
prioritization of requirements. Future functionality will add other visualizations,
e.g., Parallel Coordinates, and Scatterplot matrices.
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19

Georgia | Research

Tech || Institute

DEFINE

Define your system of interest by collaboratively authoring SysML Block

Definition and Parametric Diagrams. Set your system KPPs and KSAs as
requirements, Navigate the project tree to view the detail

TradeBuilder

s ERS

ENGINEERED RESILIENT SYSTEMS

DEPARTMENT OF DEFENS

T RADEZBUI

EXECUTE

TradeBuilder will automatically generate ana ,ses based on the PAR diagrams
which can be executed using the tradespace generator interface. Current
functionality allows for exploring connected cor nstraint blocks us sing a Latin

Hypercube sampling method. Future capability will expand the tradespace
generation metheods to include Monte Carlo Simulations, other Design of
Experiments, and optimization techniques,

r
|
|
|
|
I
|
I
|
|
|
|
|
I
|
|

L DER

EXPLORE

Explore the data generated by the tradespace generator using the Explore
interface,

Current functionality Implements a customizable dashboard with coordinated
views, 5o as the user brushes on one plot, that selection is reflected in the
others. Additionally, the teol has value transformations based on the
prioritization of requirements. Future functionality will add other visualizations,
e.g., Parallel Coordinates, and Scatterplot matrices.

TradeBuilder 1.4.1




Georgia | Research

Tech || Institute

h 72 £ K ==ERS R 1
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[ — ENGINEERED HES_I_I.I_EH_T SYSTEMS —

TRADEBUILDER R
EERED HEFEILIENT SYSTEMS

RTMENT OF DEFEMSE

DEBUILDEHR

Emply Waight Redo Hover Time
Welght Crow . .
N
: : . Vv » = 'sn O
"' N = ENGINEERED stu. ENT SYS @ :
P ’ TRADEBUILDER
B High | )
l-"u ' C Notler X femo - r an “‘
Weight Payload ,
o | r{
. L
[ 4]
vew
TraceBuilder 1 %
npc :

Login

with DoD HPC OpenliD's Kerberos using Yubikey

Principal Kkl @ + HRCMP.HPC.MIL

Kerberos CMF.NRL.NAVY MIL '
Password

Token Code

leBuilder TradeBuilder 1.5.1
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s ERS

ENGINEERED RESILIENT SYSTEMS

DEPARTMENT OF DEFENS

TRADEBUILDEHR

DEFINE EXECUTE EXPLORE

Define your system of interest by collaboratively authoring SysML Block TradeBuilder will automatically generate ana ,ses based on the PAR diagrams Explore the data generated by the tradespace generator using the Explore
Definition and Parametric Diagrams. Set your system KPPs and KSAs as which can be executed using the tradespace generator interface. Current interface,
requirements, Navigate the project tree 10 view the details, functionality allows for exploring connected cor ynstraint blocks us sing a Latin

Current functionality Implements a customizable dashboard with coordinated
views, 5o as the user brushes on one plot, that selection is reflected in the
others. Additionally, the teol has value transformations based on the
prioritization of requirements. Future functionality will add other visualizations,
e.g., Parallel Coordinates, and Scatterplot matrices.

Hypercube sampling method. Future capability will expand the tradespace
generation metheods to include Monte Carlo Simulations, other Design of
Experiments, and optimization techniques,

r
|
|
|
|
I
|
I
|
|
|
|
|
I
|
|
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Histogram

Requirements
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Applications: Chem Bio Defense

« Application of ERS TradeBuilder to
the Chem Bio defense problem

» Leveraging the OneSAF simulation
framework to quantify operational
effectiveness of technologies

 In coordination with the US Army
Edgewood Chemical Biological Center

23
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Applications: USAF Development Planning

\/ US. AR FORCE

HOME NEWS

New AF devel t planning effort . , :
ow P deysiopment panning eftort | o Integration with AFSIM
simulation framework

ABOUT US AF SITES CONTRCT USs

« Immediate application to
USAF experimentation
campaighn in Defeating Agile
Intelligent Targets

- p

Informs USAF planning and
technology investment
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Applications: Next Generation Air Dominance

'sP
Navys F eyond)
Sky1 - e

—--‘ / - -
>
- e <>,..~J._4_ = o

. . .

» "More than just the des,lgn_o
aM6th generation fighter” — impact
on the full Family of Systems

» Stated need to appreciate the entire
life cycle up front

of altematives (AoA) for 4 future

-18E/F Super Hornet strike fighter and jts EA-18G Growler
Dave Majumdar electronic attack derivatjye.
Topics: June 6, 2010
SECURITY The Next
Regions:

qorvy: D EZ the g/
Mote sto

Dave Majumdar

XX—wil

The United S eVermore oh;

ati
Joxt Geners
The NexX

411 study a rang
- A XX —will study
he } A X2
be called t
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