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About InterCAX

Small business based in Atlanta, spin-off from Georgia
Tech

Background in standards-based modeling and simulation
technology — SysML, MBSE, CAD, CAE, PLM

First-in-market and leading provider of full-featured
SysML parametric analysis software — ParaMagic® (for
MagicDraw), Melody™ (Rhapsody), ParaSolver™ (Artisan
Studio), and Solvea™ (Enterprise Architect)
Active contributor to the development of

— OMG SysML International Standard

— |SO 10303-210 (AP210) Standard and related standards

— OMG Certified Systems Modeling Professional Certification
(OCSMP) program

— Model-based Systems Engineering technology and practice
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About InterCAX (cont.)

e Customers in aerospace, defense, energy,
electronics, automotive, biomedical, supply
chain, telecom, and other sectors

e Business Focus

— Software products

— Services
e SysML / MBSE training (2000+ participants since 2008)
e Custom SysML/MBSE applications
* Hands-on SysML/MBSE consultancy
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A week in the life of a system engineer
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Challenge

* |dentification
— System, sub-system, interfaces (SysML, CAD, Databases,...)
— Parametric relations between system variables
— Behavior models (Procedural, Discrete-event, Cont. dynamics,...)
— Traceability to requirements (CRADLE, DOORS, PLM system:s,...)

* Integration
— Vertical (sys decomposition) and Horizontal (domains/aspects)

— Different types (fidelity, abstraction, formalism) of models from
different tools collectively define the overall system

* Continuity
— Transition from conceptual to detailed design phase
— Versions and configuration of models and generated documents
— Systems engineering design and verification workflows
— Tracing design decisions to analysis results
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Challenge

Point-to-Point Ad-Hoc Information Flows
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Use of models in systems engineering IS NOT

model-based systems engineering (MBSE)
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System Llfecycle Management (SLIM)
Enabling Model-Based Systems Engineering

Primavera, MS Project, Windchill ProjectLink and PPMLink,
Teamcenter Portfolio, Program and Project Management...

‘ Project
% Management
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\ p SLIM \
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)T\Manufacturing, | " i Libraries /
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Tecnomatix. SAP modules, parts and material
' "" databases, supplier database, ...
‘ PLM & SCM Systems (Windchill, Teamcenter, Git,...)
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SLIM - Conceptual Architecture

SLIM is deployed in the SysML
environment. It provides tools to
federate (visualize, connect, execute)
domain-specific models from the SysML
environment.
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System engineers work directly in their
SysML environment - MagicDraw,
Rhapsody, Artisan Studio, Enterprise
Architect). SysML model is a conceptual
map of the system.
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SLIM allows users to wrap

1 Tecnomatix, SAP,...

PLM & SCM Systems (Windchill, Team

SLIM uses enterprise PLM and SCM
systems for configuration control

external model libraries (CAD,
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CAE, MATLAB,..) as plug-
and-play SysML objects.
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SLIM — Systems Engineering Use Cases

uc [Package] Use Cases[ SLIM Use Cases ]J

Facilitate configuration
control and version
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Measure impact of
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changes in projects
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Compare analysis
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design reviews
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execute workflows
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Product Lifecycle Management
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Product Lifecycle Management

* |dea -> Design -> Manufacturing -> Service -> Disposal
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What has PLM go to do with MBSE?

Who is responsible for different sub-systems and their functions?
What specific sub-systems were allocated to CAD engineers?

What specific version of the system model was used during this
allocation?

What specific versions of the CAD models were connected to the
system model?

What specific parameters of the sub-system X were connected to
the CAD model parameters and how?

What specific system measures-of-effectiveness was analyzed by
the system engineer? What analysis models were used?

What specific versions of the SysML parameteric model, and
related domain-specific analysis models were used?

What were the results of this analysis?

What design decisions were taken following this analysis and by

whom?
Copvrieht © 2013 InterCAX LLC. All Riehts Reserved.



NASA SBIR Project — Phase 1

SLIM for Agile Mission Lifecycle Management

Technical Objectives

Establish fine-grained, information-rich connections between the SysML-

based system model and variety of other artifacts, such as CAD, CAE, Excel,
MATLAB, Mathematica models, and Word documents to name a few, using
integration patterns that facilitate different system engineering workflows.

Demonstrate execution of patterns that are fundamental to realizing
system engineering design and verification workflows, such as
synchronizing values between SysML models and connected artifacts in
PLM systems, and wrapping executable models (MATLAB/Simulink,
Mathematica,...) managed in PLM systems as SysML constructs and
executing them in the context of SysML model execution

Manage different versions and configurations of (a) the SysML-based
system model, (b) the connected artifacts (e.g. CAD/CAE models and
Word/Excel docs), and (c) the fine-grained relationships between the
system model and artifacts, in an enterprise-class PLM environment such
as Windchill or Teamcenter.
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NASA SBIR Project — Phase 1
SLIM for Agile Mission Lifecycle Management

NASA SBIR Phase 1
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Total System Model
Created and managed using SLIM

TOTAL SYSTEM MODEL (TSM)
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Total System Model History

T1 T2 T3 T4
(Baseline B1) (Baseline B2)

>

Timeline

18
Copvriecht © 2013 InterCAX LLC. All Rights Reserved.



SLIM’s Connection Patterns

Reference Connection
Data Map Connection

~unction Wrap Connection
Model Transform Connection
Composite Connection
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SLIM’s Connection Patterns

Transfer Data between Independent Models (Data Map)

— SysML-Excel, SysML-Databases

Wrap external functions/code (Function Wrap)
— External function calls (SysML-MATLAB/Simulink/Java)

Transform Model from Tool A to Tool B (T
B !
(Model Transform) . ]
— SysML parametric solvers export equations to Mathematica, MATLAB,
and OpenModelica
— Seed FEA models from CAD models

— Reverse engineering: Generate design models (SysML-based system

models) from analytical models (Simulink models)

Mirror Model from Tool B in Tool A (Model Transform)
#s € 5
— SysML - CAD, STK (bi-directional data flow)

More Complex Patterns (Composite)

— Intermediate models and repositories
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SLIM capabilities
(developed in SBIR Phase 1)

SLIM Plugin for MagicDraw

Repository Manager

Connection Creator

Connection Viewer D E M 0
History Viewer

Requirement Impact Check

Copvrieht © 2013 InterCAX LLC. All Riehts Reserved.
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SLIM Plugin for MagicDraw
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Repository Manager

it e v
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Connection Creator

Switch repositories
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Connection Creator (Teamcenter Repo)
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Connection Creator - specs
SysML Instance-Excel Data Map

Specifications for Instance-Excel Data Map Connection

E-E sateliteSystem Workbook /Warksheet
B2 Conl
E}-E1 Condi Default Workbook — |LE Trade.xlsx Browse
g 'l."'n Default Worksheet | sheet1 Refrech
=3 Insl
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B~ Pro01 Excel Preview {}
- {8 Ppro
L 2 Wpro Current Value { 1500 }
B & Psyl
E-E= Psy01
-@ Power
- (@) Wpsy
- () Weight
- (2 Weight_MOS
ok ||
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27 5UM Connections NS

SysML Model

Connection Viewer

Conn ID

=] Data

Conn Type

Repo Mame

Repo Type

Artifact

E-E7 Satelite

-3 Instance_01
= Con01
-=1 Ins01
=] Pro01
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INSTANCE _SPECIFICATION_EXCEL_DATA_MAP

INSTANCE _SPECIFICATION_EXCEL_DATA_MAP
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Windchill repo - Manas
Windchill repo - Manas
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Windchill repo - Manas
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windchill_repository
windchill_repository
windchill_repository

windchill_repository
windchill_repository

windchil_repository

windchill_repository

windchill_repository

mission. xlsx (4. 1)
mission. xsx (4. 1)
mission. xlsx (4. 1)

mission. xlsx (4. 1) (Sheet1)
Satelite (8. 1)

mission. xlsx (4. 1)

mission. xlsx (4. 1)

mission. xlsx (A, 1)
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History Viewer

“ S5UIM Connections History -
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Check for newer versions and
baselines of connection models

SysML Model Conn ID Conn Type  RepoMame RepoType  Artifact

E Data
Bl Satellite

m
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E Condl I Create Connection
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- Conl
@ Insl
El- & Power_MO:
- ﬁ f connection2  INSTAMCE_... Windchill re... windchill_re... mission.xlsx {(A. 1)
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Conn Type: REF atellite [T NG B.1

Conn Func: REF
Conn Elem: sateliteSystem [ Satellite: :Irl
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Generating PLM part structure from
SysML block structure and vice versa

™ System X ™

xblocks

Auto-generation and sync

4 530000000117, System X, A4
4 {08 0000000118, Sub-System X1, A3

h {0# 00000001189, C1, A1

xblocks

™ Sub-System X1

ablocks
Sub-Sy=stem X2

ablocks

Sub-Sy=stem X3

{ﬁ} 0000000120, C2, Al

|

ablocks
C1

xblocks
C2

SysML model
block structure
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{0k 0000000121, Sub-System X2, Al
{0k 0000000122, Sub-System X3, Al

Part structure (BOM) in PLM systems

(e.g. Windchill)
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Connection Creator — specs
SysML Block/Instance-Creo Data Map

.
2% Crec Connection Iﬁ

Creo Result
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..... =] [ PTC_COMMON_NAME
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----- ] [y vF3_INT_LIST

----- 1™ vri BOOL -
1 1 | 3

m

| Ok ] [ Cancel ] IJ
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Connection Creator — specs
SysML Block/Instance-Creo Data Map

w Ba Y - = Step 2: A surrogate SysML block

E-E] Data element is generated with the Creo
B Relations parameters. This block represents the
B

. Creo model for the system engineer.
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o _PITCH:SYS‘;L::BIDCB::R engineer can sync parameter values. e O -WEILGHT ¢ SFSMLIIIBIE;E”RT'HI
{ L[ -PROL_REVISION : SyshiL::Elocks:: Strin -0 -PITCH @ SyskL:Elocks::Rea
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----- £ Code engineering sets Slim 4 (24 PROI_REVISION ="
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S £ code« Values read from Creo
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Check Requirement Impact
(Total System Model)

Be “o.. | B Sh. | &g M | g Dl | <= Mo | B S8 |Es| Automobile System Requir... | || Packl | [S] ExampleRequirementsDiagr... | |ES] ExampleRequirementsDiagr... |5 Requirement Relations
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= E oL i B e YIS S RER S i@y £ A
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T8 2.1 RZ A : ‘TE;'_?'__ : , '// :h\;;k» : . .
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Advanced Requirements
Management with SLIM (Ford)

* SysML Requirements — connect requirements
to system architecture, analyses, and test
cases in details (qualitative and quantitative)

 Teamcenter Requirements — manage and
version control a large set of requirements
across the entire mission

* With SLIM, system engineers can
— view TC requirements in SysML,

— connect SysML and TC requirements,
— push new SysML requirements to TC

Copvrieht © 2013 InterCAX LLC. All Riehts Reserved.



Drag-and-Drop Requirements from a
Requirements Management Tool to SysML
(Teamcenter and MagicDraw example)

B B |& |8 < || Eeoo [[Eeop2 x
o ?x IRFLAT

P* MagicDraw UML 17.0.2 - FixSlim.mdzip [Ch\Users\AndyDeskiopi] . l = | (=] |_ih]
File Edit View Layout Diagrams Options Tools A X
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Response-Based Requirements (Ford)

Response-based
Requirements - Defining
requirements using desired

bdd [Package] Datasets| All Response Curves lJ

system response

Connecting requirement
definitions to rich media —
images, video, live network
feeds, cloud content.
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Domain-specific Apps based on SLIM

Manufacturing Capability Modeling Environment
(DARPA AVM / iFAB Program)

Query
| | . |producedfeatunes, = |/ = Through Hols s  _______________
B o] = ik - ;
e P P o ] 1[= ~ - Package [HBSS Use Tree Deprecated Index Help
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M-Library Web Dashboard M-Library Java API
Search and query M-Library o Programmatically access M-SysML
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ASSOCIATIONS +
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Domain-specific Apps based on SLIM

Maestro — MBSE of complex electronics systems

(Sandia National Laboratories)
INCOSE IS 2012 Paper: http://omgsysml.org/Maestro SysML DSL Bajaj INCOSE-IS-2012.pdf

sign extend) Data Flow & Control Signals

®
Data In o= s ALU OUT LO

Document-based
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Data Flow & Control Signals:
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Generating Simulation Models
SysML, XML, and Java

SysML-based Analytical Model +
design-analysis relatlonshlps

-.—_._rL T

System Design P M‘ B
Representatlon (SVSML) / silElivavEl i

7_ ﬁi = XML-based analytical model structure

\ased simulation model
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Maestro — A visual modeling environment for
designers and analysts (SysML DSL Plugin for MagicDraw)

e Conta.. B Struct.. | & Inheri.. | £ Diag.. |<» Model.. fm| New Module A 4B

Containment 2 & x T 11m=s F-
g : 190% b4
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Questions?

Manas Bajaj, PhD
Chief Systems Officer
InterCAX LLC

email: manas.bajaj@intercax.com
web: www.intercax.com ; www.intercax.com/mbse
twitter: @InterCAX

75 5th Street NW, Suite 312
Atlanta, GA 30308

USA

+1-404-592-6897, x101
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SLIM deployed as SysML plugins

ParaMagic® 17.0.1 a%

Project
(MagicDraw 17.0.1) e eragemens o
L/\ CAD J Requirements/J\
NX, Pro/E, CATIA, ... DOORS, RequisitePro,...

DE

VAR
Simulation/CAE J

ParaSolver™ 2 =
(Artisan Studio 7.4) optimiaton

ModelCenter, Isight,...

MATLAB, Simulink, NPSS,
ABAQUS, ANSYS, SINDA/FLUINT,

Melody“‘" 3 V\

D
Libraries /
PLM System Databases

R h 7 Teamcenter, Windchill... DE b - CAD models, cost models, an.alysis
5 Manufacturing, J modules, parts and material

DE: Domain expert Supply e databases, supplier database, ...
SE: System engineer -
Tecnomatix, SAP, ...

™
Solvea™ 1 www.intercax.com/products

(Enterprise Architect 9.3)
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Standard Products

www.intercax.com/products
* SysML Parametric Analysis and Integration

Products
— ParaMagic® for MagicDraw (since Jul 2008)

 www.magicd raw.com/para magic

* www.intercax.com/paramagic

— Melody™ for Rhapsody (since Jan 2010)

o www.intercax.com/melody

— Solvea™ for Enterprise Architect (since Mar 2011)

 www.intercax.com/solvea

— ParaSolver™ for Artisan Studio (since Jan 2011)

 www.atego.com/products/artisan-studio-parasolver/

* www.intercax.com/pa rasolver
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SysML Parametric Analysis and
Integration Technology

* Represent fine-grained relationships between models
(similar to parametric modeling in CAD)

e Execute math relationships inside SysML Models
(next-generation spreadsheets for SE)

* Connect external models to SysML — MS Excel,
MATLAB/Simulink, Databases, CAD/CAE,...

e Simulations, Analysis, Trade Studies, Optimization,
Requirements Checking, Risk Assessment, ... & more
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Paral\/lagic® for I\/IagicDraw

T S

Mame
LittleEyeSystem

-] MilesScannedPerHour
-] Mumber AvailableCrews

| -] MumberAvailableFuelLoads
-] Mumber AvailablePlanes
-] Mumber AvailableSystems

E-{F] LittleAircraft

-] DutyCycle_CameraRefit
-] DutyCycde_Maintenance
-1 DutyCyde_Plane

-] DutyCyde_Turnaround
-[0] Number AvailableFlanes

-] MumberDayCameras
-] MumberMightCameras
-] MumberPlanes

E-CF] LitteCrew

-0 CrewTimeOn

-] MumberAvailableCrews
0] NumberCrews

E-F] LitteFuel

-] DailyFuelLoadPerPlane
-] FuelSupplyPerDay
-] MumberAvailableFuelLoads

-] MumberMilesScannedPer 24Hours

-] MumberAvailablePlanesByDay
-] MumberAvailablePlanesByMight

Qualified Mame Causality
LitteEye::LitteEyelnstanced1::5ystemdl thﬂeEyESystern
Real given
Real undefined
Real undefined
Resl undefined
Real undefined
Resl target
LitteEye::LitteEyelnstanced1:; Aircraft0l LitteEyeAircraft
Real given
Real given
Real undefined
Real given
Real undefined
Resl undefined
Real undefined
Resl given
Real given
Real given
LitteEye::LitteEyelnstance01::Crew01 LitHeEyeCrew
Real given
Resl undefined
Real given
LiteEye::LitteEyelnstance01::Fueldl  LitHeEyeFuel
Real given
Real given
Real undefined

Values

"Expand i Collapse All |

Reset Update to SysML

root { LitdeEyeSystem )

Mame Local Oneway Relation Active
SAE Y I MumberAvailableSystems =min{Mumber AvailablePlanes, Mumber AvailableCrews, Mum. .. i
SE Y ] MumberMilesScannedPer 24Hours=MNumber AvailableSystems *MilesScannedPerHour 24 F
=10 ¥ ] LitHeFuel.Mumber AvailableFuelLoads = MumberAvailableFuelloads F
ed Y ] LittleAircraft. MumberAvailablePlanes = NumberAvailablePlanes F
29 i ] LitteCrew, Mumber AvailableCrews = Number AvailableCrews 7]
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SLIM’s Capabilities (as of Aug 2012)

 SysML-based Parametric Solvers (since 2008)

Acausal solving of parametric models (not diagrams)

Complex math relations & patterns for parametric relations (e.g. topology-independent
relations, define for structure — execute for block instances)

Support for complex SysML parametric patterns such as recursion and redefinition
Automated requirements verification , response-based requirements

Ability to wrap external models (e.g. MATLAB, Mathematica, Excel)

Concept trade studies

* SysML Integrators

Excel interface (data r/w + SysML model generation & update)

Database interface*

MATLAB/Simulink interface

Mathematica interface

OpenModelica interface

CAD interface (NX, AP203/210)*

CAE interface (ABAQUS, ANSYS)*

STK interface*

PLM interface (Windchill, Teamcenter)*

...plus tailored interfaces * alpha/beta-level maturity
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Space Systems

Cost and coverage trades and req. verification

bdd [Package] FireSat_Domain | @FireSat_Dcmain_BDD ]J

«tomains
FireSat_ Domain

=
par [System] Space_Element [ SpacefE\ement ]J
econstraintz
orbit_FS : Orbit .anifﬁ T
= {life = min(life1, life2)}
earth_Sat NOAA fireSat_| Slas S ieame ;g T
eblocks zsystems
Earth Ground_Station
altitude : km
aconstraints
cpd1 : CoveragePerDay
{cov = wid * scnht *24 / per / 1000000}
sun_sat USFS_Comm et Jper  hour 4 M_sq_kln_day[—‘ coveragePerDay : M_sq_km_day
ablacks ) | senregion :_G;og_raahi_cAr_eaj e yr
sun Communications_Netwol| —— | _ _
Width : km ;:‘ wicl : km «constraints
I | asC1 : AnnualsatCost
___________ sentt km [ {totcst = (spcest + Inchest)/life}
econstraints launchCost : M$ " |inchcst: ms
sH1 : ScanHeight
logical_FS : Spacecraft_Logical {scn = 2 *alt * tan(ad*0.01745/2)}
craftLife : yr — alt : km |—|spccsl. M3 |
| l scn: km _{ scanHeight : km | |
PRSP PR [amnlRien - Nan Aan b { A
Trade Study with 2 FireSats spacecraftCost : M$
Satellite 1 Satelite 2 Total Cost Total Coverage Satellite 1 Satellite 1
Altitude Ang. Aperture | Altitude | Ang. Aperture, Annual Cost CostReq. | Daily Coverage Coverage Req. Resolution Res.Req. | Resolution | Res.Req. T
L_| km deg km deg M$/yr (1pass, 0fail) Msqkm/day |(1pass,Ofail) meters |(1pass,Ofail) meters |(1pass, 0fail) rR1 : ResolutionReqt
300 3 300 3 77.23 0 2.50 0 15.71 1 15.71 1 {ver = if(act<= 30,1,0)}
325 3 325 3 51.61 0 2.70 0 17.02 1 17.02 1 -
350 3 350 3 36.28 0 2.89 0 1833 1 18.33 1 BRIy - Real
375 3 375 3 26.65 0 3.08 1 19.64 1 19.64. 1iolution Meter
400 3 400 3 20.36 0 3.26 1 20.94 1 20.94 1
425 3 425 3 19.67 1 3.45 1 22.25 1 22.25 1
450 3 450 3 19.67 1 3.63 1 23.56 1 23.56 1
475 3 475 3 19.67 1 3.81 1 24.87 1 24.87 1
500 3 500 3 19.67 1 3.99 1 26.18 1 26.18 1
525 B 525 3 19.67 1 4.17 1 27.49 1 27.49 1
550 3 550 3 19.67 1 4.34 1 28.80 1 28.80 1
575 3 575 3 19.67 1 4.52 1 30.11 0 30.11 0
600 3 600 3 19.67 1 4.69 1 31.42 0 31.42 0
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Military and Intelligence

Probability of mission success, mean response time

-

= ’

Response Time
2,34
245
2,37
2.36
2,50
2,22
2,53
2,28
214
275
1.83
2,57
272
2.03
2.23
2,54
2,15

par [block] Mission [Mission_PAR] ] Mean (hrs) Variance (hrs)
Min Firing Time 1.5 0.25 Mean Prob Missile Fired 0.36
itsGlobal Hawk itsJCC 1 itSSpmax Fiting'liime 2.5 0.25 Mean Prob TST Destroyed 1.00
Detection Time 4 1
EffectiveDetectionTime:Real StdAssignmentTime:Real Effective]dround Travel Time 2 0.5
Min Firing Time MaxFiring Time  UAV Detection Time SF Travel Time MissileFired? = T5TDestroyed?
1 itsAnalysisCell 1 itsF18 1667 2.381 4.145 2072 0 1
1.448 2.465 4.780 1.643 0 1
| StdAna|ysisTime:Rea| EffeCtl\BFllght-nmeReal 1.458 2.544 3.804 2.518 0 1
1.780 2.590 4.450 1.510 0 1
1.496 2.400 4.258 2.562 1 1
1.661 2.813 3.328 2.387 0 1
t1:Real t2:Real t3:Real t4:Real 1.359 2.387 4,095 2.812 1 1
(1 Mission RebgL:Response 1337 2.961 3.797 2.155 0 1
1.144 2.206 3.559 1.358 0 1
Constraints 1
1
. 25 4 - 120.00%
M t:Real 1
1
1 itsTST - 100.00% J'
ResponseTime 20 l
MinFiringTime:Real MaxF L
- 80.00%
15
f g
rt:Real timin:Real tfm c
1 «ConstraintProperty» :5,' r 60,00
Mission.PMF1:ProbMF i i |
Constraints - 30.00%
pmf = if(rt > tfmax,1,0)
pmf:Real
,—I 5 |
T - 20.00%
TargetDestroyed MissileFired
I 0 ; T T T T T — T - 0.00%
1 D «ConsrainfPropety» 18 21 23 26 29 32 35 37 40 43 More
( 1t:Real ptd:Real  Mission.PTD1:ProbTD timin:Rea  tfimax:Real Bin
Constraints s Frequency  —— Cumulative %
ptd = if(rt > (tfmin + tfmax),0,1)

)
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Disaster Response

Search & rescue area coverage and response time

width ; Miles

L

mztl : MeanSearchTime
constrants
ft=areal 2 speed Hwvicdth}
| speed : MilesPerHour

Qarea ; Sguarebiles /
garea ;. Sguarehliles \

| seastate : Real
mit1 - MeanRescueTime
. 111
it =04 *poveiarea0.5] * yacht lifebloat
pow seastate 051 speed Y\ lifeboa
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Energy Systems
Profitability, Environment, and Economy

bdd [Package] EnsrgySystem [ [ RegionaEnergyBdd U : : : : : : : : : : : : : : Im pact of Su pp |Y Reduction

....... o . . oo
RegionalEnergyiModel :

....... \alies R 140.0

. Supply b .
Coooo .. |Demand : M
: Erelitgsict : Real : 13040
. Econimpact : Resl . /
....... Profit: Shiyr o
: Coat: 5&W-hr : 1200
: Price: $ik-hr :
------- : | L. 1100
: Eme(E0e s AR : / —#— Econ Impact - Coal Cutback
) ) 1000  =——EconImpact -Muclear Cutback

R T e s e N
: X X X I X X X : : : : :—En\u'IM‘I. : : : : : : : : : M Envir Impact - Coal Cutback
: S : =<hiocks= : : =<hlocks= : [ 900
il I I o —— Envir Impact - NuclearCutback
: Proﬁtahllrtylk:’lpac"tl\llodel . EnvironmentallmpactModel | - : EconomiclimpactModel : 800 .
....... Prafit: Shdir ol vaes values L. ... :
. ProfﬂFac‘tor' Real . ErvCaost © $kAEhr . C | Supply i .
: Demand : WY : Supply MW © | |pemand: wer : 700
Cost- FMA-hr co- oo |Erlmp : Real ~o. | - |Environimpact : Resl A
. Price: FHMACHE : constraints : © |Econimpect | Resl :
Sy * MY : Eribt1 : Envirimpect : : constraints . : - - - - ' 800
"""" ional : R R . P - . F - T 760.0 7400 7200 700.0 680.0 660.0 640.0 -
: ieiEnelEEsta LI RN : par [Block] ResionalEnergyhioc! | REM2 ]) : .
. PI1 : Profitlmpact . . Supply (MW)
~ o |pet : PriceCaie .
J S A N Rt EnviM1 : EnvironmentalimpactModel gl
o <<blocks> || Supply: MW Envimp : Real S
s PO oy S ‘EnuCust.$.ﬂtW—hrm‘
......... = S | : . : : :
: PowverPlant [1.%] . : . . . . .
......... values . Y . i . i . : . .
=00 L ) X R _
- |Codt_Ops : EMAthr : EcIM1 : EconomiclmpactModel |

_________ Cost_Erwir : $MAChE

* TP TotalPower " : Supply: MW ‘ Environimpact : Real | Demand : MW ‘ Econlmpact : Real
- Wiibans | Weighteddverage R

"""" Tzeny : WeightedAverage
. ced . . - elB | : . : : . T N : : :
L RIM1 : ProfitabilityimpactModel P
‘Supply:l‘.‘lw - ‘ |Cost:$.fItW-hrm‘ |Price:$mw-hr m‘ ‘Demand:l‘.‘lw m‘ ‘Proﬁl:$MM m‘ "
..... el -
......... :'5.1.5.:....:....:....:.'.5:.5.;....: 353138889
aaifalueTypes= ==alueTypes= | | aaifalueType== |- axalueType== — | | | ==ValueType== . . . .
.. ... | Supply: MW | Cost : $/W-hr 4. | Price : $/W-hr ... Demand : MW .|| Profit: $MiT P
Envimpact : Real o . EnvCost : §kW-hr Econlmpact : Real

Co



Smart Grid (supply/demand, ops cost)

bdd [Package] MIST_Smart_Grid_Conceptual_Model [ Smart_Grid_Domain lJ

zblock=

Smart_Grid

markets
shlocks distribution operations customers
Markets Domain zhlockz zhlockz zhlocks
= Distribution_Domain Operations_Domain Customer_Domain
bulkGeneration serviceProvider transmission
zhlock= zhlock= zhlock=z
Bulk_Generation_Domain Service_Provider_Domain Transmission_Domain

=[=|

=N Operations_Domain
p _

Markets_Domain Supply-Demand Balance
— Service_Providel 100
90
2 w /™
z / ~
— -g 60 / \
g / AN
Markets Service Provider € s \
\ 8 & /// AN
I ... | E 30 d / \\M
. e—— § 20 // \
o e I AT N
o iﬂm‘ -\-H“""--..._‘___ ':r'FT_' ‘1’ d w 10
Bulk Generation | <1y 1= — = Customer 0
[\-‘k-‘\/ - e e - 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
o Transmissions Distribution ) .
== Time Period (24 hour day)
Bulk_Generation_Domain Cust = Total Supply (MW) = Effective Demand Base Demand
Transmissions_Domain Distribution_Domain Daily Expense: SmartGrid $60,228 DumbGrid 566,477

e

Far mare info, visit hitpismartarid.ieee ora/nist-smartarid-framewark
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Infrastructure Systems

ibd [Block] System|[ Systau\ 1

S S A1l :Source A2 : Channel A3 : Channel
12 23
R12 : Regulator qin | Water R23 : Regulator
in - Water
= = =
A1 ::i I::> A2 A3 gt wate Water  qout: Whier Qout - Wl
Qout2 : Water
{1}
QS14 lm : Water
i
QS45 QS56 R14 : Regulator
A4 A5 AG A
IOUUI Water
Qin - Water 1}
QS QS Ad : Channel A5 : Channel AB : Channel
R45 : Regulator R56 : Regulator
&4 o8 E @in Waterg 5 aoutt WEH g QS Water
QS T Qaut * wate r = d
89 Qout! - Water G an:fvater ol
Qout2 : Water|
A7 A8 A9 m )
Qout2 : Water
Qin : Water
;
R47 : Regulator R58 : Regulator
par [Block] Channel [ Channel ]J
{1}
Qout : Water
aconstraints Qin - Water
CF1 : ChannelFlow {11 e el
= Ag : Channel y
{qin = (st-sij*area + usage + qout! + qout} R8S : Regulator
o » o » o . ® * in - Water
si: Real[1.."] qin : Real [1..%] area: Real usage : Real [1.."] goutl : Real [1.."] qout2 : Real [1.4] st Real[1.4] [_ -
,_‘ ,_l ,_l ,_l ,_l Qoutl ater
«constraints
CS1 : ChanneglStage
{sf = if{(si+(pinlimit - usage-qgoyt1-gout2)/area)=0 si+(qinlimit - Yysage-qopt1-qout2)/area,d)} »Ad
si: Real [1..*] ginlimit : Real [1..*] area: Real usage: Real[1]'] qoutl: Real[1.*]| gout2: Rgal[1."] =sf: Real [1.." @>
V

Demand { Real [1..*]

| Stagelnitial : Real [1..7] |

| Area: Real [1] |

lJ__|a' Real [1.*]

‘ OutFlow1 : Real [1..4] |

| StageFinal : Real [1..*] |

o OutFlow2 : Real [1..7]
SRl InFlow : Real [1.."] Usage : Real [1] |
EQ1: Eq1l
{al = a[op | StageTarget : Real [1] ‘
) StageTime0 : Real [1] |
al: Real
iint : Real [1 ‘ area : Real I—usaz e : Real sf: Real[1.4] I_I
o xcn::tr[ai];—yt,l,fI g2 el I_I econstraintz
FPI1 : FlowPotentiallnit Vel Volume?alc
{ofinit[0] = siinit * area / max(nout, 1)} {volout = (sf* area - usage) / max(nout,1)}
ofint : Real [1.] [ | nout : Real[ | [ ] nout: Real [ ] volout: Real [1.%]

Supply : Real [1..4] ‘

| NoOutlets : Real |

Volume : Real [1..*]

WaterBody

WaterTébIe
h(m)
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Manufacturing and Supply Chain

Computing value at risk, supply-demand balance

zhlocks
SupplyChain
Custrs [1.* Campany Transpa|1.* vendor [1.*
zhlocks zhlocks ablocks «hlocks
Customers Company Channel Suppliers
Site |1..* Factary 1.
zhlocks zhlocks
InstallSite AssblySite
Bom [1..* Rel |1.*
«blocks «hlock=
ProjParts 1.* wodel |1 * Asshlies |1.* BillOfMaterials Supplier_Properties
zhlocks zhlocks zblocks
Inventory | |Product X_I_Site| |Assbly_X_Type_A_Site tem |1+ Parts Fac |1+
AsshlyRel ahlocks ahlocks
1." SKU Part_Supplier
«blocks
A_Site_Properties
; ——a {av?ll; | )
\ | Jorder : Real[1.4] 140,000 Project Value ‘5000)
| ‘ Long : Dec_Degrees ‘ | Part_Price : USD(000) | : . 120,000 vI
i B . 100,000
[ ] [ Tiongt ) {unitcost = unitcosti *n} 80,000

<constrairts . urfitcostt : USD(000)  unitgost : USD(000)
LLC1 : LatLongConv UnitPartCost : USD(000) '—’ E“ PartcOGSCost : USD(000) | 60,000

{d=acos(sin(lat1/57 3)*sin(lat2/57

n:Real [ 40,000
3)+ cos(lat1/57 .3)"cos(lat2/57 .3) ———————————
*cos((long2-lang1)/57.3))*637 1} 20,000
Ol Lat: Dec_Degrees ( constraints )
lat2 : Dec_Degrees US1 : UnitSum
Long : Dec_Degrees {high = sum(low)} 1 6 11 16 21 26 31
long2 : Dee_Degrees || g _Degl ign: Feal [ ‘,M‘
| PartsOrdered : Real [1.] ’— low : Real [1.7] I
§ 20,000
d: Mile|_| Mileage : Mile «constraints . s
w. mie TC1 : TransportCost Project costs 000
" J{Unitcost = (varcost'dist/1000 + 15,000
i Agent : Channel : W EeE) 10,000 M Parts Cost
| n: Real [ X
AgentFixedCost : USD(000) ’-1—‘ FixedTransCost : USD(000) | R =
! | | |:4| PartTransportCosts : USD(Q 1 I I I I Tranport Cost
: | AgentRate : USD/mile '—:—‘ VariableTransCost : USD/mile

| varcost - USDmile unitcost : USD(00O) 5,000 I I I I I I I I I I I I Delay Cost

1 6 11 16 21 26 31
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Banking and Financial Systems
Computing risk and checking compliance

bdd [Package] RiskManagement [ @Bank ]J

ablocks

Bank

equity : Real

debt | Real
operational_risk : Real
market_risk : Real
counterparty_risk : Real
leverage : Real
credit_rating : String

gearing : divide

values

constrainis

501 sigma
markets |1 * portfolios |1.* counterparties [0 * ops
zhlocks ehblocks zhblock= zhlocks
Market Portfolio Counterparty Bank_Operations
values values values
commaon_value : Real default_prob : Real geographic_risk : Real
common_WAR : Real total_debt . Real operational_risk . Real
. exposure : Real total_equity : Real poltical_risk : Real
assets1.. rates fe |1 constraints vol_eq : Real a0
ablocks sblbcks AT common_curr_val : Partfolio_al Creldit_ra?ngé Stlriﬂg ComplianceRules()
55 sigma vol_assets - Rea
Asset Rate Currency S6 - Sigma dummy_itm : Real
references values values d1_mert: Real
curr : Currency interest_rate : Real s raciar - Real d2_mert : Real
str: Stress = i assets | Real
values T:Real=5§
price : Real * 1.* cost_of _capital . Real
recovery_percentage : Real = 1 Stressebls 2 ehlocks <hlocks constrainis
VAR | Real el sas merton2 : bsd2
newpricevar : Real Stress Position pEsaEsCCalnt in_the_money : bscalidelta Internal
Farex: Real e references references r1: reverse_prob
constraints a0 cquitics - Real asset: Asset curr : Currency al: asset_val -Bank policies
s1:sub tiEeE e Fat?eS' Reél counterparty : Counterparty values mertont : bsd1 .
= = i values cash_balance : Real a2: add - Locations
units : Real com_val . Real
market_value : Real constraints
YAR : Real

External Market Data
- Stocks,. Bonds, Options

m) [ nt

exposure | Real
com_var . Real
cam_val : Real

m3 : multiply

consirainis

ernal Bank Holdings

e

e

External Trading Partner Data
- Assets, Debts, Exposure
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Questions?

Manas Bajaj, PhD
Chief Systems Officer
InterCAX LLC

email: manas.bajaj@intercax.com
web: www.intercax.com ; www.intercax.com/mbse
twitter: @InterCAX

75 5th Street NW, Suite 312
Atlanta, GA 30308

USA

+1-404-592-6897, x101
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