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Modeling Palette for Large Scale
Systems and Enterprises

What do we need to model?

State Diagram

Message Sequence/ Modes /
Collaboration Diagram Maturity
Protocol or Interfaces Events

Use Case Diagram
Non-sequential
Process

Structure (Class)

Diagrams
Things/Info/People

Activity Diagram
Sequential Process
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?‘ Nature of Large Scale Systems and
Enterprises

« Concurrent

* Event-driven

* Non-sequential and sequential processes
- Layers of behavior within structure

* People within the context of the system as well as
outside
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Purpose of Modeling

« Communication tool for diverse stakeholders

— Shared conceptual model

— Shared semantic relationships

— Abstracts for clear understanding

— Flexible and allows domain language

— Minimal notation, diagrams, and notational idiosyncrasies
» Vehicle for implementation

— Models all necessary system concepts
« Boundaries and Interfaces
« Behavior and structure
« Stakeholder relationships to the system

— Rigorous not necessarily formal
— Complete at the system level and shows entire contexi(s)
— Allows first order behavioral analysis at the system level
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irst Order Functional Partitioning of System
from the Perspective of Stakeholders

Deploy and Manage Busness % i

Support Solution
PHM

<<extend>%
Product Support Q

Perform Affordability Analysis

Customer

Make Key Government Logigics
Business Decisions

<<extend>> \
Design and F’ropose a Business Finance Perform and Validate Expanded
Support Solut|on Mission Analysis
/AL IPT /< >\
R&M
Busmess —
<<extend>>
Develop New Business
Perform and Validate Tlmer and ﬁ.’:m_di::\I
Accurate Supportability Analys lI" ational
ccurate Supportability Analysis Laboratories
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# Current Methods (besides PowerPoint)

IDEF

* Primarily hierarchical
decomposition of sequential
processes

* Provides some mechanism
for parallel and non-
sequential process

* Provides minimal
representation of structure
(i.e. nouns)

* Provides no representation of
people (roles and
responsibilities)

* Tools allow first order
behavioral analysis
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SysML (UML 2.0)

« Sequential processes (activity
flow or MSC)

* Non-sequential processes
(Use Cases)

« Event based behavior (state
charts)

« System structure, hierarchical
and relational

» Allow attribution of structural
elements

* Provides mechanism to view
people in relation to each
other and the system as well
as roles and responsibilities
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SysML Pillars
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Domain Modeling

Enterprise
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RPRISE ARCHITECTURE - A FRAMEWORK ™

- What | FUNCTION How | NETWORK  Where | PEOPLE who | TIME When | MOTIVATION
Ol List of Things Important List of Processes the List of Locations in which List of Oraanizations 'tict*hnf gvn_n*c Rignificant List of Business Goals/Strat SCOPE
to the Business Business Performs the Business Operates Important to the Business O the Business
(CONTEXTUAL) . (CONTEXTUAL)
; ! !6, .
Planner ENTITY = Class of Function = Class of Node = Major Business o . o ) Ends/Means=Major Bus. Goal/
Business Thing Business Process Location People = Major Organizations | Time = Major Business Event | Giica) Success Factor Planner
ENTERPRISE e.g. Semantic Model e.g. Business Process Model e.g. Logistics Network e.g. Work Flow Model e.g. Master Schedule e.g. Business Plan ENTERPRISE
L= MODEL
MODEL
CONCEPTUAL
(CONCEPTUAL) =B ( )
.%
Owner Ent = Business Entity Proc. = Business Process Node = Business Location People = Organization Unit Time = Business Event End = Business Objective Owner
Reln = Business Relationship I/0 = Business Resources Link = Business Linkage Work = Work Product Cycle = Business Cycle Means = Business Strategy
e.g. Logical Data Model e.g. "Application Architecture” e.g. "Distributed System e.g. Human Interface e.g. Processing Structure e.g., Business Rule Model SYSTEM
SYSTEM Architecture" Architecture MODEL
MODEL —
LOGICAL (LOGICAL)
( ) S
i Node = I/S Function <
Desi Ent=DataEnfity Proc .= Application Function | (Pracessor. Storace. etc) People = Role Time = System Event End = Structural Assertion Desioner
esigner Reln = Data Relationship I/O = User Views Link = Line Characteristics Work = Deliverable Lyue S Tiovessiny wye Means =Action Assertion 8
TECHNOLOGY e.g. Physical Data Model e.g. "System Design" e.g. "System Architecture” e.g. Presentation Architecture e.g. Control Structure e.g. Rule Design TECHNOLOGY
MODEL o] CONSTRAINED
(PHYSICAL) ° MODEL
o (PHYSICAL)
Node = Hard /S y
= ] t N " .
Builder Ent = Segment/Table/etc. Proc.= Computer Function ode S;:)rﬂ\\ﬂ/;/::: yeiem People = User Time = Execute End = Condition Builde
Reln = Pointer/Key/etc. I/0 = Screen/Device Formats Link = Line Specifications Work = Screen Format Cycle = Component Cycle Means = Action
DETAILED e.g. Data Definition e.g. "Program" e.g. "Network Architecture” e.g. Security Architecture e.g. Timing Definition e.g. Rule Specification DETAILED
REPRESEN- REPRESEN-
TATIONS TATIONS
(OUT-OF- (OUT-OF
CONTEXT) CONTEXT)
Sub- - Sub-
Contractor Ent = Field Proc.= Language Stmt Node = Addresses DPannla = Idgntity Time = Interrupt End = Sub-condition
Reln = Address I/O = Control Block Link = Protocols Work = Job Lysie = viacnine Cycle Means = Step

FUNCTIONING
ENTERPRISE
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The Operational View
describes and interrelates
the operational elements,
tasks and activities, and

/ describes and interrelates
/ the existing or postulated
technologles systems, and

The

"/ Technical View

/ describes the profile of rules,
standards, and conventions

governing systems implementation

and forecasts their future direction. ';I,' Sandia
National

Laboratories

Technical
View
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Relationship of the ‘What’

Requirement Agreement
Record (RAR)

0..n
Business changes Business
Activity Deliverable traces to
1..n 1..n
1
is autmated by 0..n
On Project
Capability Usage Deliverable
0..n
automates
1
BIE Capability changes | IT Deliverable
1..n 1..n
0..n 0..n
depends on
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Representation of the “How” and
Responsibilities

Submitter CccB Program Manager Assigned Worker Tester
ASS|gn &
New CR Schedule Work Pssigned]
[Tabled] m %pened]
Submit Change Re\/lew CR: Asses priority, schedule Assigns Work
Request (CR resources, LOE, risk, severity [Assigned] [I'est Failed]
Make Changes \erify Changes
in Test Build
[DwplicaeRejed] \/
[Submitted]
[Submited : [Resohed]
. . Confirm Duplicate or
Update CR [Duplicate/Reject] Reject the Change

Confim Dupl| cate
[|Vbl’e |nf0] or Reject

[Closed] [verified]

Verify Changes in
Release Build

[Closed]

Sandia
ll" National

Laboratories

A Department of Energy
CSER 2007, Regina M Griego, Ph.D. National Laboratory



tructure of the “Where” — Layered Behavior

Shops

Shops

H Capacity:int

& Start():void
& Closeout():void

ToolQualAssure %a Metrology b ToolingReviewTeam T
/ SQA 5
\ Acceptance /
SpecialToollnspec ~ Ia
Eectnik -
AreaMechanics %o
\A Craft
PlasticShop %=
\D Q\ SheetMetals %
PaintShop /v V\ MachineShop %
CarpenterShop FitterShop
ElectricalShop BoilerShop T InstrumentShop ToolingTryout o
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Relationship of the “Who”

+h0 t enforcer advise
+provider advise +guardi
+coordinator uest

Range Control Range Safety Office
Design & Production Agency Test Conductor + gate

+developer

_ lemente
+clien

Mission Element

b

represe%@ +rhanager Support Element %
% Enwronmental Testlng Flight Instrumentation Support
Project Engineer %

Securlty NIMA/Cal-Lab m Sandia

Program Customer

National
Installation Syste MS  |nformation Systems Laboratories
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}‘ Relative Timing (“When”) of Event

:Supervisor - 56

Transaction
:Tooling WH Clerk - :MaterialHandler :Queue
34 -24
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System Context with Stakeholders
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Enterprise Breakdown Structure

Pantex Plant

«block»
BWXT Pantex Enterprise

1

1

«block»

Production Enterprise

«block»

Production Support Enterprise

«block»
Containers Enterprise

«block»
Tooling Enterprise

«block»
Procedures Enterprise

«block»

Test Equipment Enterprise

1

1

«block»
Plant Management Enterprise

«block»
Information Systems Enterprise

CSER 2007, Regina M Griego, Ph.D.

Sandia
rl1 National

Laboratories

A Department of Energy
National Laboratory



';,V
: Enterprise Relationship Structure

«block»
BWXT Pantex Enterprise
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* Apply modeling rigorously and with the necessary level of
completeness

— Shared conceptual model

— Assists in developing complete and consistent
requirements

— Provides a way of framing, partitioning, and 1st order
assessment the technical effort

* IDEF is early ’80s technology when we were not modeling
the scale of complexity in behavior and structure

« SysML (UML 2.0) provide mechanisms for the necessary
modeling of Large Scale Systems and Enterprises, but a
minimalist approach in necessary

* In all cases the modeling effort should be planned and
engineered

Conclusions
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