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All models are wrong

but some are useful

George E.P. Box




How to get “useful” models?

 Make sure that every Model can answer
important Questions for key Stakeholders

* And the Answers they provide are
— Accurate (enough)
— Timely
— Insightful



g
Models are Used Throughout the System Lifecycle

Architecture can build a good foundation for subsequent activities

Architecture Architecture
Engineering Engineering
Manufacturing Manufacturing
Deployment Deployment
Operations & Support

The “Problem Framing” approach can be used to help
identify the best models to use for your situation
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Architecture Behavior | Links | _Resources (Being)
(Doing) (Tying) | Performers .
Models EREEEA AP
. ARAE: g -§ % § % % :? g c
2l |3le|l&le|lQle|8|ls|ls|=|2 S|
z|518l2|2|8|al8|2|8|2|2|slelil=]t
CV-1 |Vision X | X
CV-2 [Capability Taxonomy X X
CV-3 [Capability Phasing X X X x| x X X X
High Level Operational Concept Graphic| x x x|o X X
Operational Resource Flow Description | x x|o o o/ ofo
Operational Resource Flow Matrix x|lo o o o|o o
Organizational Relationships Chart X X X X
Operational Activity Decomposition Treqd x X
Operational Activity Model X o o
PV-1 |Project Portfolio Relationships X X X
PV-2 |Project Timelines X X
PV-3 |Projectto Capability Mapping X | X
SvcV-1 |Services Context Description X X X | X X
SvcV-2 |Services Resource Flow Description X X 0 o
SV-1 [Systems Interface Description X | x X | X X
SV-2 [Systems Resource Flow Description X | x 0 o
SV-3 |Systems-Systems Matrix X X
SV-4 |Systems Functionality Description X X X
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52 Models in DODAF*

How do we
choose the
right
models?

/

*DOD Architecture Framework

Behavior Links Resources (Being) Results
(Doing) (Tying) | Performers 5 (Arriving)
d
e HEB 5
o Eﬁsﬁg 0‘53%‘5 E%g
VP D Models HHRHEEEEEEIEREEE - BRI
— o | AV-1 |Overview and Summary Information X X X X X
2= AV-2 |Integrated Dictionary X X X X x|x X X X | X X X X X
CV-1 |[Vision X | X
& CV-2 [Capability Taxonomy X X
= 5[ _CV-3 [Capability Phasing X X X x|x X X | X
O g‘ CV-4 |Capability Dependencies X X
5] -§ CV-5 |Capability to Org Development Mapping| X X X X X X X
CV-6 |[Capability to Opnl Activities Mapping X X
CV-7 |Capability to Services Mapping X X
[~ % DIV-1 [Conceptual Data Model X
‘E O | DIV-2 |lLogical Data Model X X
e = Physical Data Model X
High Level Operational Concept Graphic| x X X x|o|o X X
Operational Resource Flow Description | x X|o o o ofo o
T = Operational Resource Flow Matrix x|lo o o o|o o
§ 'g Organizational Relationships Chart X X X X
§ g‘ Operational Activity Decomposition Treqd x X X
g -§ Operational Activity Model X X o o X
S} Operational Rules Model X X X X
State Transition Description X X X X
Event-Trace Description X X X
) PV-1 |Project Portfolio Relationships X X
'% % PV-2 |Project Timelines X X
a PV-3 |Project to Capability Mapping X
8 o | StdV-1 |Standards Profile X X X X X | X
5= StdV-2 |Standards Forecast X X X X X
SvcV-1 [Services Context Description X X X | X X
SvcV-2 [Services Resource Flow Description X X o o
SvcV-3a [Systems-Services Matrix X X X
SvcV-3b [Services-Services Matrix X X
+ | SveV-4 |Services Functionality Description X X X
§ -% SvcV-5 [Opnl Activity to Services Trace Matrix X X
S g' SvcV-6 |Services Resource Flow Matrix X X o o
A -g SvcV-7 [Services Measures Matrix X X
SvcV-8 [Services Evolution Description X X X X
SvcV-9 [Services Technology & Skills Forecast X X | x
SvcV-10a[Services Rules Model X X X X
SvcV-10b|Services State Transition Description X X X X
SvcV-10c|Services Event-Trace Description X X X
SV-1 [Systems Interface Description x| x X | X X
SV-2  [Systems Resource Flow Description x | x o o
SV-3  [Systems-Systems Matrix X X
SV-4 [Systems Functionality Description X X X
w £ SV-5a_|Opnl Activity to Sys Func Trace Matrix X X
£ ‘5[ SV-5b [Opnl Activity to Systems Trace Matrix X X
% g' SV-6__|Systems Resource Flow Matrix X [ x o o
A g SV-7 |Systems Measures Matrix X X
SV-8 [Systems Evolution Description X X X X
SV-9 [Systems Technology & Skills Forecast X x| x
SV-10a [Systems Rules Model X X X X
SV-10b [Systems State Transition Description X X X X
SV-10c_[Systems Event-Trace Description X X X

x =item depicted in this model, o =flow item depicted in this model
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The Unified Architecture Framework (UAF) @
UAF organizes its Architecture Views in a “matrix’-like grid o

Standard means of expression — Aspects

Structure &

Strategic

Operational \

Services View Specifications >

Personnel
&
Resources

Security

Different Domains

Projects

Standards

Requirements

Structured as an 8 x 8 grid matrix (with Domain rows & Aspect columns)
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Stakeholders & their Concerns should
Drive the Architecture

have analyzed usin
Stakeholders > Concerns Y gl,

about Models

support
Missions < PP
generate
A
characterized by Views

. Architecture [€ :
provides depict

capabilities for
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Categories of Stakeholder Concerns
A Way to Partition the Problem into Smaller Chunks

Purpose/Objectives

Managerial

% ‘ __/

B In(K,/K,)

< SNR
Performance

SOURCE: Rechtin and Maier, “The Art of Systems Architecting”
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Many Kinds of Stakeholders & Concerns

13

°* Example Stakeholders: users, operators, maintainers, owners,

sponsors, acquirers, developers, builders, integrators, suppliers,
industrial base, labor force, third parties (eg, environmental
impacts), evaluators, policy makers, certification authorities,
auditors, etc.

Example Concerns: affordability, agility, alignment with business
goals and strategies, assurance, autonomy, availability, behaviour,
business impact, capability, complexity, compliance to regulation,
concurrency, control, cost, customer experience, data accessibility,
deadlock, disposability, evolvability, feasibility, flexibility,
functionality, information assurance, interoperability, inter-process
communication, known limitations, maintainability, mission impact,
misuse, modifiability, modularity, openness, performance, privacy,
quality of service, reliability, resilience, resource utilization,
schedule, security, shortcomings, state change, structure,
subsystem integration, system features, system properties, system
purposes, usability, usage, viability, etc.
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The Six-Step Process for Model Development
Based on common practice in the Enterprise Architecture domain

Problem Model
Framing Utl“Zatlon
Methodology Model
De§ign Deployment
Data | I Model
Collection Creation

Provides structured way of building the right models and getting maximum utility

14



Multiple Sprints Using the Agile Approach

Creating useful results early and often...

Problem Architecture Problem Architecture Problem Architecture
Framing Utilization Framing Utilization Framing Utilization
Metamodel Architecture Metamodel Architecture Metamodel Architecture
Development Deployment Development Deployment Development Deployment
Data > Model Data > Model Data > Model

Collection Development Collection Development Collection Development

Architecture Architecture Architecture
Version 1 Version 2 Version 3

s

Learning through each cycle of the process

15



Step 1: Problem Framing

Begin with the end in mind...

Conceptual

Business
: Schema
Problem Framing > Q“f.Stt'O” I ;
IS
1 | 4
Methodology Design

!

Data Collection

!

Model Creation

What are the
important Questions
you need to

! answer?
Model Deployment

!

Model Utilization

16
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Spheric Admmlstratlnn

At m

Weather

Watches, warnings,
floods, hurricanes,
Weather Radio...

Ocean
Coral reefs, tides,
currents, buoys,
marine sanctuaries,
estuaries, diving, spills

Research

Environmental labs, air
quality, atmospheric

Climate

El Nifio & La Nifa, global
warming, drought, climate
prediction, archived weather processes, climate and

data, paleoclimatology human interactions

Fisheries
Protecting marine mammals,
sea turtles, habitats,
statistics, economics,
enforcement

Satellites
Real-time imagery,
environmental,
geostationary and
polar satellites

Coasts Charting &
Coastal services & . H
products, Great Lakes, NaVIqatlon

Nautical & navigational
charts, mapping, remote
sensing, safe navigation

coastal zone
management


http://www.noaa.gov/wx.html
http://www.noaa.gov/ocean.html
http://www.noaa.gov/satellites.html
http://www.noaa.gov/fisheries.html
http://www.noaa.gov/climate.html
http://www.noaa.gov/research.html
http://www.noaa.gov/coasts.html
http://www.noaa.gov/charts.html

NOAA Observing System Architecture (NOSA)

Our “Reference Architecture” that provides a good modeling pattern

Environmental

Phenomena
Observing
System
Modeling & Report
Element > D a.ta ) » Generation . End
Assimilation System Users
Element System _
Element
Element I
Archival Dissemination [—
Element System System

This System is the first
one in the Value Chain

18



Architecture
Conceptual Schema
Metamodel Architecture
Development Deployment fo r N OAA
Data Model
Collection Development

is controlled by Observation
Owner Larger Control System
Support System
supported owned part of provides data directly to
by by
Observing Data Handling
Operator User
operated by System provides System provides
] data to info to
contains )
is type
; f
situated on 0
Platfo_rm / < drives
Station
located _ SiaKke
nsin
at Sensing measures halder
Element
Location : )
IS a Environmental has
is Parameter
characterizes Stakeholder

- Space | Space Environmental

. ) Phenomenon
— Air — Air _ _
— Ground — Ground |—. ?{aeSIC'Seervelﬁ? .
~ Ocean ~ Ocean < drives quirem < drives




Example

Business Questions @

1. What Observing Systems are owned by a
particular Line Office?

2. Which Climate Requirements are not being met
by current Observing Systems?

3. What Observing Systems are supporting our
ability to measure the heat content of the
ocean?

4. Which Organizations operate Airplanes?

5. What Observing Systems are associated with
each Environmental Phenomenon?

20



Step 2: Methodology Design

Includes the Architecture Framework of Viewpoints and Views

: Conceptual
Busmgss Schema
Problem Framing Qulc_a_sttlon
is

v \ 4

_ Metamodel
Methodology Design Specification

Data Collection

Architecture
Framework

} N,
Model Creation

Model
1 Template

Model Deployment

!

Model Utilization

What are the Viewpoints and Views needed to
answer the important Business Questions?

21



Problem Architecture
Framing Utilization

Metamodel Architecture

Developmen Deployment

Data Model
Collection Development
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45 Metis 3.2.3 Model Designer - noaa-bus-model.kmy

File Edit View Insett Aranoe Tools Window Help
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Problem Architecture
Framing Utilization

NOAA Enterprise Architecture

Business Strategy

Business Operation

Observing Systems

Physical Applications

Architecture
Deployment

Model
Development

Metamodel
Developmen

Data
Collection

IT Infrastructure

Example Architecture
Framework

| of
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Step 3: Data Collection

Collecting the ‘right” data based on the Business Questions

Problem Framing

\ 4

Methodology Design

}

Data Collection

!

Model Creation

!

Model Deployment

!

Model Utilization

24

Business
Question
List
Detailed
Question
List
Survey
Forms
I

Conceptual
Schema

Metamodel
Specification

Architecture
Framework

Model
Template

What data do we need that answer the
important Business Questions?



Problem

Framing

Metamodel
Development

Data
Collection

Architecture
Utilization

Architecture

ycument Questionnaire Page - Netscape
municator  Help

Example

Deployment

A &4 2 B S & B

Reload

3

Home Search Netscape  Print Security Shop Stop

ocation: Iht!p: //class1.nesdis-hq.noaa.gov/survey/page. php?group_id=47&instance_id=82&p.

for NOAA

Model
Development

N

Logged In: martin

Logout -
Register New Project -

B Intemet (f Lookup ([ MewsCool (% CurrentStuff Markets NOAAFor

NgForge

Account Maintenance
-

Change My Theme
My Personal Page

Bookmark this Page

Project: NOSA
Project Summary

Project Admin

Projects
Project Map
New Releases
Code Snippet Library

NOAAForge
Site Documentation
Discussion Forums
Phone List
Dictionary
Acronyms

Contact Us

Search

IProject 'I

V| Require All Words

7 7

x Wx A e e L

=

Search |

NOSA - Surveys

Survey Form

Main | Homepage | Forums | Bugs | Support | Tasks | Docs | Surveys| Mews | Files |

Admin
Summary
READ ONLY - You are not a member of this document

Identifying Information - NWS-ASQOS

This page covers summary identifying information for the observing system. This survey should be filled out for each "type" of Observing System, not
for each "instance”. There might be hundreds of instances for a given type. The instances will be identified on the Platform/Station survey form by

either loading in a file with location data, or pointing to a database that contains the location data.

1. System Name (Clarification[0]f Comment[0}/ Footnotes[O])

Enter the name of this observing system. | Automated Surface Observing System

2. Acronym (Clarification[0]f Comment[0)/ Footnotes[0])

Enter the acronym that this system is

known by. IASOS

3. Identifier (Clarification[1]/ Comment[0)/ Footnotes[0])

Enter the system's identifier, if any. For
example, WSR-88D is the identifier for
NEXRAD.

fusa,

4. Description (Clarification[2]f Cormment[0]/ Footnotes[0])

The ASOS is a fully automated weather observing system. The system
provides meteorological information to a wide variety of users.

Enter a high-level description of this
Observing System. (Details will be provided
on subsequent survey pages.)

|Document: Done

Y5 AP (3

-

2 | 4




Step 4: Architecture Model Creation

Building the “right” models based on the Business Questions

BUSi Conceptual
. usmgss Schema
Problem Framing Question
List
\4
. Detailed Metamodel
Methodology Design a Seilt% ' Specification
1 List
Data Collection Architecture
Framework
1 Survey
Forms
Model Creation
Model
1 Survey Template
Database
Model Deployment
1 Filled
Model Utilization Model

26
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Observing Systems by Strategic Goal

Strategic Goals

¢, Weather and

o~ \\ater

X% Commerce &

%<5 Transportation

=Y,

s, o Climate

? Ecosystems

Lt

Problem

Framing

Metamodel
Development

Data
Collection

Architecture
Utilization
@ Architecture ¥
B Deployment &
Model
Development

stems

Special View that shows Mapping
from “Goals” to “Systems”




Step 6: The Enterprise Architecture Model

Models based on important Business Questions are more useful

B Conceptual
: Schema
Problem Framing Question
List
4
: Metamodel
Methodology Design gjézltl;i Specification

1 List

Data Collection

Architecture

Framework
1 Survey
Forms
Model Creation
Model
1 Survey Template

Database
Model Deployment

}

Filled
Model Utilization TiETeee Model

Model
29
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Business strategy - what?

Goals

Business strategy- how?
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Example Analysis Results
During Final Step of the

6-Step Process

Observing Systems

Diserving Systems

Higher Systems

Problem
Framing
Metamodel
Development
Data
Collection

Architecture
W, Utilization 45
Architecture
Deployment
Model
Development

What Observing Systems and Strategic
Goals are addressing this Key Question:
“What is the Heat Content of the Ocean?”
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Enterprise Model Development Artifacts
This simple approach can be very effective...

31

Business Conceptual
. Schema
Problem Framing S Qulc_a_sttmn e ’
IS
7
v \ 4
. D t"'l d Metamodel
Methodology Design a Sezlti% ’ Specification
1 List
7
Data Collection / :ég:::\clz\;tg:s
1 Survey
Forms
Model Creation 7
Model
1 Survey Template
Database
Model Deployment N
} \ —
Model Utilization \ Enterprise Model
Model




Problem Framing (Steps 1-2)

Laying the foundation...

* Step 1 —Intended Users & Uses of the Models

Decisions to be supported by the models (eg, milestone, KDP, activity)
Uses and Users of the models and related views

32

a)
b)

c) Purpose of the models and views

v’ Issues to be explored with the models

v' Questions to be answered using the models

v" Types of analysis to be performed using the models

v' Interests and perspectives of intended audience and users

Step 2 — Scope & Context of the Models

a)
b)
c)
d)
e)
f)
)]

Scope (ie, Activities, functions, organizations, timeframes, boundaries, layers, etc)
Context (ie, What is the bigger picture? Who are the mission partners?)

Points of view (eg, EA, SE, PM, program office, end user, operator, maintainer, etc)
Environment (eg, Technology, budget, programmatic)

Operational scenarios, situation(s), geographical areas

Major constraints (eg, mandated products/formats, frameworks/tools)

Other key assumptions



Problem Framing (Steps 3-4)

Building upon the foundation...

* Step 3 — Information & Data Needs

33

a) Information to be collected for use in generating the products

b) Precision and granularity of needed information

c) Expected presentation form or method

d) Previous or related architectures that can be “mined” for information or data
e) Potential sources of this information or related data

Step 4 —Views & Models
a) Types of views and models needed (that serve the intended uses from Step 1)
b) Identify specific views and models that address the needs

* Existing views and models (if applicable)

* New views and models Captured in a
c) Contents, structure and form of each item Conceptual Schema
* Questions addressed by each and Storyboards

* Activities support by each
d) Tools, templates and other resources needed to develop these views and models
e) Frameworks and modeling approaches to be used



Stakeholders & their Concerns Captured in
Business Questions about the Enterprise

L

have analyzed usin
Stakeholders Concerns Y gl,

about Models

support

Missions |« PP
generate
A
characterized by Views
. Architecture [€ :
provides depict

capabilities for

Question-based approach helped us to remain focused on the most

important issues relevant to key decision makers

34



Architecture Models Set the Stage
for All that Follows

Architecture Architecture

Engineering Engineering

Manufacturing Manufacturing

Deployment Deployment

Operations & Support

The “Problem Framing” approach is a good way to help
identify the best models to use for your situation

35



All models are wrong

but some are useful

George E.P. Box




