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Model Based System Design — Thoughts/Perspectives senens B

In theory, there is no difference between

theory and practice. In practice, there is.
- Yogi Berra

Systems Thinking

Approach to problem solving

“Problems” are part of a system
View systems in a holistic manner
Mot a science, but a “frame of mind”
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Presentation Notes
The message here is that what is in the realm of the possible it is not necessarily practical nor easy to implement. From a MBSD standpoint we have the technological ability and have implemented  elements to prove the theory and portions of a ‘Practical ‘ instantiation. A ‘ systems thinking’ approach to practical MBSD implementation would be to Frame the Problem, which is NOT to prove the use of Modeling in Systems Design theory , it is to using Modeling to reduce Development, Production & Support  Cycle time  & cost, and improve Product capabilities. So a Holistic view  and a frame of reference for what constitutes ‘ the Product Development/Production/Support’ is required to get into  the proper  ‘frame of mind’ to solve the Problem.
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Terminology LOCKHEED MW

e Model-based approach to develop products across the product life
cycle. Includes model-based systems, software, hardware, test
engineering, and supporting simulation and analysis.

Model Based Systems
Development (MBSD)

e An approach to engineering that uses models as an integral part of the

Model Based technical baseline that includes the requirements, analysis, design,
Engineering (MBE) implementation, and verification of a capability, system, and/or
product throughout the acquisition life cycle.

Model Based Systems
Engineering eThose aspects of MBSD associated with Systems Engineering. Includes

analysis, system architecture, simulation, test, and other areas.
(MBSE)
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Presentation Notes
Level set to a common understanding of terms.


Why consider MBSD? tocknsco waTn 2
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e Long development time
¢ |[ntegration issues

e Defects not found until downstream lifecycle phases. E.g. Flight Test, product
support

Problem

¢ Individual domain models — Systems Engineering, Software IPTs, Flight Controls,
Wiring, and Loads, etc.

e Framework for Product Development
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* Integrated set of models
e Digital Air Vehicle
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Current MBSD across the lifecycle cosenseo wasrn
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Vision/Needs — MBSD Requirements across lifecycle =

= |ncrease customer value through a Model Based Systems Design (MBSD) approach

= Provide engineering expertise needed throughout an aircraft's lifecycle, beginning
with the design phase, ensuring production success and sustainment of the aircraft.

Engineering Design
Requirements Development

e
: | [k s

=
S e

Manufacturing and
Development

-

Operational Analysis

Prog.

Mgmt.
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Presentation Notes
All phases of the lifecycle need to use a common source of data. Downstream needs should be considered in order to avoid rework. Modeling is needed for program management, production and sustainment. Work done in one phase can be reused by others with proper planning.


B
Cha”enge LOCKHEED MW

Increase relevancy
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through superior
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integrated model-
based environment

Institutionalize

in which the model JdEnEEE : product
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production and
deployment

set is the technical
baseline
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The challenges that we face and hope to address.
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Foundation & Pillars for MBSD Implementation toowuers wirrEZ]
MBSD
Processes/ Suideline/ Community
Best Tools
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MBE – spinning our wheels
When we start modeling, we focus on the tools and within a single team without consideration of the fundamentals of SE. Modeling doesn’t mean we don’t need the SE basics anymore.
We purchased tools and started modeling, but we didn’t have a strategy, framework, processes, or clear goals about what we expected modeling to gain us.
The 4 pillars of model based engineering include processes, guidelines, tools and support. Built on a foundation of Systems Engineering Principles and the Product Development Standard.
The SE principles guide us and the framework provides the overarching structure to organize everything we need to support development. These two are needed whether people are modeling or not. 


Systems Engineering Principles
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Copyright © 2009 by IEEE
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Presentation Notes
The Systems Engineering Vee shows the product development life cycle. It starts with requirements, goes through design, implementation and then people work their way back up the Vee with integration and validation. Planning for activities on the right happen on the left and span the Vee to the activities that implement the plan. 



SE Principles Applied to Product Development

System
Realization

System
Development

Subsystem
Realization

Subsystem
Development
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o . .
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e Realization

Development

Dual V-Model Copyright 2005 by The Center for Systems Management (CSM) Inc.,
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Copyright © 2009 by IEEE
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D .
ual V-Model As A High Level Framewqfk ,,747
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Requirements and design from top levels feed down to lower levels. While implementation activities happen in parallel. Then unit test occurs and integration of products feed up to the next level with verification happening at each level as well.
System Engineering artifacts from one level are inputs into the next and lower levels feed back up into the upper levels
There are a number of places where integration needs to be considered. How should MBE help us with these integration points?
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Product Development Hierarchy soorneso warrnZH
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It starts with the scope of work based on our product hierarchy and then for each level in the hierarchy, there is a sequence of activities that have to be performed and a set of work products that are developed.


Attributes of Framework for Product Development

This is the foundation for
identifying related

Standards and Processes

Guidelines / Best Practices

Tools
SMEs / POCs

The WBS is
modeled in the
Framework

)

Product
Development
Hierarchy (PDH)

LOCKHEED MARTIN ; ﬁ

System components are
modeled in the Product
Development Hierarchy (PDH)

Work Products
are contained in
the Framework
in an “Object
Data Library
(ODL)
synchronized
with the Work
Product
Standard (WPS)

Work Product (Outputs)
(synchronized w/WPS)
Work Work
WBS Product Product
Module = o
—» WABS : 5 or or
@)DC]EDDDDDDDCD]@ Product Product
OO O D |
> WBS 1Y Work Work
Modules are built from Product Product
the surrounding
“» WBS elements Work Work
Product Product
OBS (IPTs) m o
The OBS is Core Competencies and
modeled in the O their technical
Framework ) disciplines are modeled

in the Framework
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The Product Development standard is a model of the development lifecycle at all levels of development. It shows what needs to happen, when it happens, who does it, and the inputs and outputs for the process steps. It also captures the tools that are used to during the process. It contains templates, references and POCs. 
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Example: Workflow — Requirements to Verification soosesss wRETEZE
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The basic structure is the same for each level in the hierarchy. 


Work Products are key Handoffs soonners aaATEZE
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Technical Plan Integrates Work Product Standard

=  Work products are defined from the work product standard
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Each part of the development at all levels have documented work products that are produced. These work products are integrated with the technical planning and have a standard set of attributes associated with them.


)
Work Product Standard -- Attributes rosxnsas manm

Is [Read-Only] [Shared] —|=] x|
@] File Edit “ew Insert Format Tools Data  Window  Help Type a question for help - =

NEHRS S B 2@ 1904 @ B;m @l B

@Snaglt 121 | window

) ISEIES
WP Unlque Name = Typeaquestionforbeln  + _ 8 X
) s % - A !

BT i

-___ | o
Soft A Air Syst X D Fr-4001
et s s omain 3

T —— e Ty
I |

Contract Data Heqdiiements Air System - e degeription
List contractuallg 2

could be System

i I Gow'tproduces, |
|5 | | Candidate for

Supplier Data Requi = Air System I31- - ipki ic4 o o | WPS but 3t 3
List | daga ] program level
gemiied to be provided by a supplier fo | ratheithans; |
LM #era to manage the software LCDW.’ i
andidate for
o on, use the acqulled software WPS. This would
Supplier Statement of Work Ajr System 21-500- A contractual document with 2 50l i o o ET,ELZ"”?E&"”
[550%] [5W Acquisition] managed by Program Manage i s
i input from the software team Loverthontier
JInpu! : Candidate for
| Panagement should assure app “WPS. This would
H spec:|F|cat|0ns tobe |n-.loked requlred work pmduct werification, management Iée‘?repared by
. - . . : - ! ubcontract
Software Data Accession Air System 31-500- Alist of supplier documentation Thiz i a software-relsted coma I R
List [SW Acquisition) produced to accomplish a contractual | included in the cantra Snddaater .
tazk as outlined in the Supplier Statement b prepared by
af Waork but i not contractually required Subcontract
5 | to be delivered in accordance with the Manggement
Contract Terms and Air System 31-500 - A legal agreement between LR Sero and | This is a software-related co Canddaercr

WS, This would

o be prepared by
WP Dependencies

| Management

B& Moy TGl | Ter
5 be added or
putinto anather
plan? |
CM at SRR ter

Conditions [S¥ Acqu a supplier setting Forth the obligations inzluded in the contract.

| and responsibilities of each party.

Technical Iflevelopment Plan | Air E‘;gétém 2.1- 500 - Detailz the wal the Technical Plan willbe |
| evouted. [includes the TP Schedule)

Systems Engineering Mgmt

= 5iF Entry Criteria - SEMP available fol
Plan [SEMP)

ew & approval including..., SRR Exit
eria - SEMP approved and placed

= - - er Cf control . . | Llj
System Safety Program Plan ir Sy | i . - A
e Version # [ [Ee SOOESS s
H 4 » M| YRl 5 & i LI—‘ @ @5‘\)@@
Filter Mode Tool

iﬁtart” |:|Inb0x Microsaft Qutlook |.M|crnsnftE ¥P5 ..

Hﬂaﬁa@@ﬁenﬁégﬂﬁﬁﬁﬁ

Manuals/Examples/etc.

) CM at SRR Tor

149 AM

19



Presenter
Presentation Notes
All of the data elements in the Product Development Standard are linked to the work product standard. Which defines meta data associated with the artifact. This data includes the maturity level required at each milestone or before it can be used by another team. It also includes guidelines and templates as well as references to our command media.
Anyone should be able to look at their part of the PDS to see what needs to be done and the artifacts created. Then they can go to the WPS to find all of the information they need for their job.
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Product Development Standard soorneso warrnZH
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Presentation Notes
The development lifecycle is modeled in ARIS. It shows the steps in the process as green hexagons, pink shapes represent events and milestones. Light red boxes are inputs and outputs. Organizations responsible for the process are linked in as well as the WBS item.
Shows products throughout the lifecycle. Includes maturity level and templates for defining the products. 
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When starting to adopt MBE, how can you decide what should be modeled. Which models should be integrated? Just because we can doesn’t mean we should.
Most of us have models already, but they are scattered around different teams and cover different domains. Modeling at Aero is fragmented.
The models are not integrated. Downstream needs and handoffs are not considered. This can cause rework downstream if people have to recreate the data in a format they can use. 
Our first step is to consider the SE lifecycle. Each tier follows the lifecycle and has its own set of artifacts that should feed into the tier above. 
Principles of the Systems Engineering VEE are embedded in the workflow.
Each data element has a WP description with maturity criteria for each milestone. The PDS shows us which artifacts are created at all levels of development for whole lifecycle. It can be used to see who is consuming the data downstream. This leads us to the discovery of where models need to be integrated. 

Data elements with analysis in the name are potential artifacts that should have models associated with them.
Events that happen in parallel or used similar data as inputs leads us to identify the need for common data sources and the potential for parallel computing. Flight control example here?


.

Candidate products for Modeling sosnneso mamT S
@ction Guidelines \ Mates (Subset) \
= Analysis required = Maintenance Task Analysis
= Trade space investigation = Sortie Generation Rate Analysis
= Highly integrated work products| = Availability Analysis
= Traceability is needed = Life-Cycle Management Analysis
= High complexity = Logistics Footprint Analysis
= Electromagnetic Environmental Effects
Analysis
\ / = Reliability Centered Maintenance Analysis
= Failure Mode, Effects and Criticality Analysis
(FMECA)

= Spares Analysis

= |ntegrated Systems Health Management
Analysis
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How does WP make the MBE candidate cut



Benefits of MBSD cocxnees warTH

e|ncludes industry accepted standards
e|Includes tools

e|ncludes command media

eProvides single source of truth

e|ncludes multiple domains

eSupports handoffs in the
product hierarchy from SoS to
component

eDefines data needs

e|ncreases rigor and precision of
definition

eCommunicates to stakeholders

eManages complexity

e Automates labor intensive activities
(document generation)
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Presentation Notes
Modeling is done with a purpose in mind requiring an overall strategy that supports the whole lifecycle
Modeling covers more than the development artifacts
Our development process is also modeled
The Product Development Standard is used to determine our modeling needs
The Work Product Standard is used to document the:
Work product description
Applicable processes and standards
Guidelines and best practices
Tools that support the development of the work product
SMEs and POCs that can support the development activities
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