P

| )
\ ¥ i\ ‘g\"e{,g& i #
‘-'jgift AN

oy

T

,{t{:i}?lﬂi F‘\?('F\l

Modeling — The Value Proposition
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Modeling: Return on Investment?

Justification of a process change is elusive™:
» There are no “hard numbers”
» There will be no hard numbers in the foreseeable future

» If there were hard numbers, there wouldn’t be a way to apply them to
our situation

» If we did use such numbers, no one would believe us anyway

Wihatiistthewvaltierpropositionioifany modelins activity?

Eivenrarprojectsituation, how doswe decideltimodeling isworthwihile?

* Sheard, Sarah A. and Miller, Christopher L.,
“The Shangri-La of ROI”, Proceedings of INCOSE, 2000

I was tasked with demonstrating the return on investment for UML modeling. Given my
experience with process change, and Sarah Sheard’s concise summary of the challenge of
process change management, I realized that computing the ROI of UML was not
particularly useful. At worst, it was a fool’s errand.

I changed the problem statement from “What value does UML have?” to “How do I decide
when modeling has value?”



Executive Summary

The value proposition in modeling is
comparing the value of the answer
to the cost to find the answer.

The primary driver for modeling is risk reduction.
The value of the answer is often the value of reducing the risk
Modeling benefits contributing to risk reduction:
complexity kept under control
improved requirements quality
rigorous design verification
increased formal review effectiveness

There is no global answer to the need for modeling;
each development situation requires a modeling choice.
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Modeling is a risk reduction activity. The value of modeling is tied to the value of reducing
the risk. The value of reducing risk is dependent on situation and an organization’s risk
tolerance level.

The rest of this presentation is a tour of risk and modeling. Modeling is a very tailor-able
activity that can be shaped to any combination of risk and time horizon.



Agenda

Risk
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The Risk Environment

Technical Risk

limited
funds

compressed

technical Schedules

problems

technical
problems

Programmatic
Risk

demand
schedules

imposed
budgets

schedule slip:
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A program is subjected to a number of types of risk.

Schedule Risk

The presence or mitigation of one
type of risk can give rise to another
type of risk.

October 15, 2009

The appearance or mitigation of one type of risk can give rise to risks in other areas. For
example, the activity of mitigating a technical risk (a requirement might not be met) can

give rise to schedule risk.



Risk Quantification

Risk Statement Form
If <event occurs>,

then <consequence to customer, business, or program>.

The Risk Priority Number (RPN)
is the product of

the probability of the event occurring
and

the impact to the customer,

business, or program.
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Risk is the combination of probability and impact.

100
Catastrophic

Negligible
1

An event without consequence does not constitute a risk.

An event whose probability is 1 is not a risk, it's an issue.

A statement of pure probability is an incomplete characterization of the risk.

0

“. High Risk
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Finding Risks -
\
Structured Risk Assessments L//-
Design Failure Modes Effects Analysis (DFMEA) S —

Fault Tree Analysis (FTA)

Performance Risk Assessment
Examine the successes, failures, problems, and solutions
of similar prior projects

Post mortem lessons learned

Field failure data

Risk database - patterns of success and failure
Ask experts and those with experience

What scares you? What keeps you awake at night?

What assumptions have you made?
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Assumptions are very important indicator of risk. If the assumption doesn’t come true,
then there is a consequence. How safe is the assumption, and how significant is the
consequence?
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The Nature of Models
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“The genius of human understanding is
to choose what to study and what to set aside.”

- Guy Consolmagno, S.J.*

A model “concentrates on describing
a selected aspect of the world,
setting aside other aspects as incidental.”

- John H. Hollandt
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Modeling is not the real thing. Modeling is the representation of a real (past, present, or
future) thing.



The Modeling Continuum

Mental Models

Increasing
cost
effort
detail
specificity
visibility
analysis
capability

Anthropomorphic Role Playing
Prose
Pictures
Formal Symbolic Language Models
Equations (First Principles Modeling)
Statistical Characterization
Executable Formal Symbolic Language Models
Custom Modeling Code
Emulators
Prototypes

Limited Production
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“I'm the ZC, and I tell you...”

operational scenarios,
requirements

block diagrams
Message Sequence Charts

V=IR

linear regression,
DoE, RSM, Monte Carlo

Reliability Block Diagrams
Stochastic Activity Nets,
UML, SDL

Effective model-based
engineering
organizations operate in
this range
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The modeling types represented on this slide are all valid and have useful applications.

Moving on the continuum from top to bottom,

the models cost more to create

the models require more effort to create

the models contain more detail (more decomposition, e.g., more moving parts)

the models become more specific (less abstraction, e.g., types of parts)

the models become easier to comprehend for outsiders

the models have higher fidelity in their analysis - they are closer to reality
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The Yin Yang of Mental Models @

Mental Models are Mental Models are
Unreviewable how an engineer understands a
Unverifiable problem
Unique for each engineer
difficult to identify conflicts an essential first step in creating any
source of debate in many technical explicit model
meetings

Reverse engineering a mental model

When requirements are written from a
mental model, requirements reviewers
must create their own mental model to
assess the completeness and accuracy of
the requirements.

Do the mental models match?
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Mental models are absolutely necessary.

It more dangerous to rely on mental models the larger the development organization
becomes.
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Dimensions of Modeling:

Choosing the Right Approach
| deterministic_|

UML is:
behavioral
deterministic
discrete
targeted or comprehensive
dynamic

=== comprehensive

targeted }—b

l Reliability Block Diagrams are:

performance
stochastic

’ continuous
usually targeted
static

stochastic I analytical solution

Models come in many forms. Each modeling approach has a unique set of characteristics
that make it optimal to solve a particular problem.

Comprehensive models cover most or all of the problem space; targeted models cover a
judiciously-chosen segment of the problem space.

Analytic solutions are closed form (solving equations); simulations provide a result
through statistical sampling.

Behavioral models focus on functional interaction; performance models focus on
quantifying the quality of the behavior. (All performance models start with a behavior
model.)

Deterministic models do not account for any random variation; stochastic models include
random variation.

Continuous models accept continuous inputs and/or produce continuous outputs; discrete
models are typically event-driven.

Static models are generally not time-dependent or do not include transient effects; dynamic
models show the changeable nature of the system modeled.



Modeling Forces and Productive Tension

“All models are wrong, some models are useful.”
- George Box

fidelity‘ ‘
desired
knowledge

Models are never finished. A modeler finds the right balance of forces
to determine when the model is “done enough”.
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Conflicts over modeling are often rooted in a disagreement on how these forces are to be
balanced. Typically, the non-modeler under-estimates the risk, and the modeler over-
estimates the fidelity necessary.
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Agenda

Motivation
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“Models, above all, make
anticipation and prediction possible.”

- John H. Holland*

slide 15

October 15, 2009
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Why Model?

Mitigate risks before implementation and verification phases

any combination of

technical, cost. or schedule isk > Break apart one nebulous risk into many smaller specific risks

Comprehend the inherent complexity in the system
Drive out unnecessary complexity (over engineering, gold plating)
Reduce effort to review, implement, and verify

Converge to a decision
Make the right decision
Make the decision stick

Provide insight into a problem area
Get quick, approximate answers that can be used immediately

Give customers useful advice
on how to get the most from their system

Modeling increases the probability of “doing it right the first time.”
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The last 4 reasons are all contributors to the risk level.
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Modeling Enhances Engineering Capability

Requirements identification Design verification

(requirements modeling) rigorous design verification replaces
complete, non-conflicting expert blitz (of the implementation)
requirement set in system test

modeling is more effective than

Quantification
write measurable requirements

design

formal reviews at verifying the

Critical Parameter Management

Requirements verification (for

e - i uantif
Verification Method of Analysis) 1 y
S allocate
Availability .
, predict
Capacity
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An engineering organization that models is more effective at other engineering tasks.

October 15, 2009
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When to Model?

How much risk is present, and how much are you willing to spend
to mitigate that risk?

What is the consequence if the wrong decision is made?

Is this a $20 decision, or a $20,000,000 decision?
What is your exposure to engineering rework?

Can you scale the modeling effort to match the risk or the financial stake?
How much modeling is enough?
How much modeling is too much?
Can you get the fidelity needed given the time and effort available?

A complex system is one where no single person can comprehend
and manage the entire system.

Can you analyze the problem in your head?
Can you effectively communicate the reasoning behind your decisions?
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Factors to consider when deciding whether modeling might have value.

The last 3 factors are all components of risk.
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Complexity™

Detail Complexity

Many combinations,

many components,

many variables,

many steps

Examples:
assembling a bicycle
call processing flows
system upgrade procedure

Begets brittleness

A rigorous specification of the design
is essential; it prevents important
detail from being “pushed to the
margins”

Dynamic Complexity
Doing the obvious thing does not
produce the obvious, desired
outcome
the same action has dramatically

different effects in the short term
and the long term

an action has one set of
consequences locally and a very
different set of consequences
elsewhere in the system

obvious interventions produce
non-obvious consequences
Begets surprises

Understanding dynamic
complexity helps to reveal patterns
and major interrelationships
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Complexity comes in two flavors: detail complexity and dynamic complexity.

Modeling has a role in handling both types
be different for the two types of complexity

of complexity, but the modeling approach may

A common mechanism for dynamic complexity is a component that correlates a number of
inputs from a number of different sources to determine behavior. Changing one stimulus

can produce unexpected behavior in the tar
unanticipated states.

get component if the other inputs are in
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Dynamic Complexity

Indicators of dynamic complexity
Circular relationships
positive or negative feedback
balancing interactions

Delays in response
External influences
Adaptive agents

current water

Exam P les temperature
An interface with state machines at %,
. . /2
both terminations
desired water
Stock Market: existence of a model to n_u temperature
predict market behavior influences showe YD temperaturg
market behavior setting 9ap

Setting the shower for ideal
temperature*

October 15, 2009

Dynamic complexity is particularly difficult to comprehend and represent. The discipline
known as “systems thinking” helps to understand and characterize dynamic complexity.
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A Dynamic Complexity Example

Number of —
Engineering lobs + %S%I:BE;:_E Wark

Availability
of lobs

Pay of Non-STEM
workers

How the Science, Technology, _

Average
Engineer pay

Engineering, and Mathematics Atcactiveness o B-Labor -
(STEM) teaching system Engineering * demand
affects the engineering labor supply*
Pay of Jobs
STEM Historically Available
Co=———=p| Babies s Track S| Engineers e to Women
Stud i | | Retirement
Gender Related
Mobility:
1975-1985

/Le‘ave STEM |

+ T4

R- Wages available

Student Teaching outside teaching

Performance ] quality T
+ Average
STEM
- + Ie'a)cher
SIEE"ULEI;;“E’ + Attractiveness of ‘_/ o
STEM Teaching
+ New STEM

Teacher Quality
+

Correlation between individual
teacher pay and student achievement

www.clexchange.org/ftp/documents/Research /RS2008-09 AmericaDisrupted.pdf

http:

October 15, 2009
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This example is included for interested readers to study after the presentation.
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Emergence: much coming from little

Dynamic complexity can produce emergent behavior

Emergent behavior arises when building blocks interact, often following
simple rules based on local context. The system behavior is not evident
until the building blocks interact.

Emergence enables a system to become greater than the sum of its parts.

Emergent behavior can be desired or undesirable
Teamwork
Music
Games: chess, checkers B
] > < »
Flock of birds, ant colony

-
Gaper’s block on a highway %}' 7
An economic system 4

Radio roaming and mobility ‘
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Emergence is a topic that can be a 1-hour presentation on its own.

Often, the rules based on a local context are incentive-based. An economy is an excellent
example of an incentive-based system with emergent behavior.
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Radio Roaming

emergent behavior is highly reliable
wide area communications

= If radio registers, forward registration to HLR/VLR.
= If not in wide area mode, send indication to radio.

= Iflow signal from RF site, look for wide area RF site.
= If RF site not wide area, look for wide area RF site.
= If find new wide area RF site, register with RF site.

HLR/VLR

slide 23 October 15, 2009

This is an example where agents act upon their local knowledge of the environment. There
is no central control for radio roaming. High reliability wide area communications is the

emergent behavior.

This design has desirable and undesirable emergent behavior.
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So What?

Dynamic complexity is an indicator of risk
scenario sensitivity
undesirable emergent behavior
race conditions and timing interdependencies

Modeling is often the only way to gain the
deep understanding of the system
necessary to mitigate this type of risk.

slide 24

Without awareness of dynamic complexity and emergent behavior, engineers can
underestimate the amount of risk in a particular design.

October 15, 2009
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Modeling in Practice
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Modeling as a Skill

What are the characteristics of a good modeler?*

figures out what’s important, what’s not important, and what’s
missing
makes good assumptions, validates them, knows where they apply,

and remembers them

chooses an appropriate level of detail

collects information from, and provides information to, many
individuals and groups with varying levels of expertise

documents the model and assumptions for future reuse

represents the problem space in means other than words; can
translate a mental model to paper

questions everything to discern the real problem to be solved, the
real requirements, the implicit assumptions, the validity of the data,
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How do we teach engineers to think like a modeler?
Many important elements of model building are intuitive rather than formal.

“Model building is all about the information you throw away.” In real life... “you have far
too much data and the real problem is in throwing it away, knowing what is and is not
important.”
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Modeling as a Skill

Building modeling skills is a
mentoring/apprenticeship opportunity...

...but a process can serve as a starting framework.

slide 27 October 15, 2009
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The Modeling Process, Part 1

Risk Analysis State the Problem 4—‘

Elicit the Question
to be answered

State the

Objectives
the Question
- fidelity needed
- time available
Y

. . - formal risk statements
Risk Analysis
risk priority numbers

risks w/RPNs
value of decision
time vs. fidelity

Is there
value in mitigating
risk?

28



The Modeling Process, Parts 1 & 2

Risk Analysis

»{ State the Problem 4—‘

Elicit the Question
to be answered

Objectives

4

risks w/RPNs
value of decision
time vs. fidelity

Is there
value in mitigating
risk?

State the

the Question
- fidelity needed
- time available

. . formal risk statements
Risk Analysis
risk priority numbers

Describe the
System of Interest

context
- domain of interest
- assumptions

Do any
models exist for
this design?

Y

v

Select Modeling
N— Approach
(language, tool)

)

Create Model

Update existing
model(s)

——

Y

Execute Model

}

Analyze Results

}

- Model Description

Create Document

- Model Results
»|- Analysis of Results

}

Verify/Validate
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Model

October 15, 2009

The distinction between model verification and model validation is purposely blurred in
this flow chart to keep it simple (it was a modeling decision :-) ).

Model verification is the act of making sure the model represents the system that was

intended to be represented. (Did I model the thing right?)

Model validation is the act of making sure the model is reasonably representative of the

realized system. (Did I model the right thing?) How safe is it to act on the results of the

model?
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Risk Analysis

State the Problem

]

Elicit the Question
to be answered

State the

Objectives

risks w/RPNs
value of decision
time vs. fidelity

Risk Analysis

- formal risk statements
risk priority numbers

7

the Question
- fidelity needed Y
- time available

Is there
value in mitigating
risk?

The Modeling Process

Describe the

System of Interest

context
- domain of interest
- assumptions

Do any
models exist for
this design?

Y

v

N— Approach

Select Modeling

(language, tool)

)

Create Model

Update existing
model(s)

——

Y

Execute Model

}

Analyze Results

}

Create Document

- Model Description
- Model Results

}

»|- Analysis of Results

- Decisions/Actions

Verify/Validate

Make Decision or

Identify new
Model Recommend Questions that
Action may need Answers
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Living in the Modeling Mindset

Is it worth it to model?
How big and scary are your risks?

Do you have a well-defined project plan?
Are you confident it will work?

What is the financial stake in your decision?

Can you arrive at an answer of acceptable fidelity in the time available?

What expertise is available?
What skill sets are available?

Risk Identification and Quantification is key
to employing modeling wisely
RPNs show what should be addressed first, or addressed at all

slide 31
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Living in the Modeling Mindset

Questions for program reviews:
Where is your list of technical risks?
There are never no technical risks!

Make sure the risks are actually risks
Can they be stated in formal “IF event, THEN consequence” format?

What specific question(s) are you trying to answer with modeling?
What might you change as a result of the modeling?

What modeling are you using to mitigate your highest risks?
At a minimum, engineers always use mental models

How will your chosen modeling approach mitigate the risks?
How will the RPN change, and when will it change?

slide 32 October 15, 2009
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Questions?

slide 33

October 15, 2009
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Supplemental Information

October 15, 2009
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Modeling and Deliverables

Modeling enhances the creation of mainline deliverables
Provides concrete data for feasibility studies
to enable early decisions
Provides numerous requirements improvements
facilitates requirements identification (requirements modeling)
(probably) reduces number of requirements
no need to repeat description of design if it’s in the model
facilitates creation of measurable, verifiable requirements
enables verification of requirements with method of Analysis
enables new requirements previously useless to specify
Identifies test scenarios

can create test scripts from the model

slide 35 October 15, 2009
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Modeling and Deliverables

A Behavioral Model can serve as design documentation
A comprehensive model acts as a blueprint for feature implementation

Fewer artifacts are needed when the model is the design; the design
documentation can’t get out of sync with the model

Modeling increases the effectiveness of formal reviews
Rigorous design verification with executable models
Enables evaluation of completeness and correctness

Reduces the need to reconstruct the design with a mental model when
reviewing requirements

Abstraction helps more people understand how it works

October 15, 2009
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Modeling and Deliverables

Abstraction increases reusability
identifies patterns that facilitate reuse

Modeling facilitates remote site development
it breaks down language barriers and experience barriers
Modeling moves Expert Blitz from Test Phase
to Design Phase
A comprehensive behavioral model can be stressed
before implementation
Modeling increases the reliability of project estimation data

Reduces the variability of number of operational scenarios,
requirements, message sequence charts

October 15, 2009
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Modeling Strategy

Consider two possible approaches to implementing an
organizational Model-Based Engineering strategy
Unified System Model
one large behavioral model
new functionality integrated into existing model
performance models started from functional model
Coordinated, Targeted Models
multiple models created for specific purposes

models created and stored according to rules set by
system’s functional architecture

no single model of system, but individual models can be integrated
(sometimes with significant effort) to address a larger scope

October 15, 2009
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Modeling Strategy Considerations

Unified System Model

needs dedicated staff to maintain

Coordinated, Targeted Models

need oversight to maintain model database
schema

fewer, expert modelers work on the Model
(used as department resources, or set up as
domain experts, e.g., call processing)

all engineers need some modeling
proficiency; all engineers need skill in
knowing when and how to apply modeling

can reveal non-obvious system interactions

will not identify interactions outside the
model’s scope

potentially rapid cycle time once Model is
largely in place (step function)

moderate improvement in cycle time
(doing it right the first time)

single modeling language (e.g., UML), or
model integration environment (e.g., ML
Designer)

potentially varied modeling approaches
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