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• “Major decisions should be made 
by choices among explicit, 
balanced, feasible alternatives”

• “The Secretary should have an 
active analytic staff to provide him 
with relevant data and unbiased 
perspectives”

• “Open and explicit analysis, 
available to all parties, must form 
the basis for major decisions”

McNamara (1961)

Presenter
Presentation Notes
Here are some quotes from a former U.S. SecDef, Robert McNamara, who was responsible for the institution of systems analysis in public policy.                  ---Read Quotes---He was a true believer of analysis permeating the highest levels of an organization, of analysis as a powerful tool in the realm of decision making.  And today, we read these and think, well they’re obvious; of course we do this!  But only 50 years ago statements like these were considered controversial!  I’m not sure if he is the best high level figure to use as an example for promoting the idea of analytical decision making since he is also the one responsible for escalating U.S. involvement in the Vietnam War….but let that be a reminder that analysis provides us information to make better informed decisions, but a decision maker is ultimately responsible for using that information properly.  At the end of the day, analysis does not make decisions, people do.   



Who are we?

• Sponsored by Secretary of Defense
– Department of Defense (DoD) Instruction 5010.35

• Established in 1965 at the 
Naval Postgraduate School (NPS)
– Dr. Charles Hitch, OSD comptroller under SecDef 

McNamara, used NPS faculty to teach analytical 
and business approaches to make the              
best use of defense resources

Defense Resources Management 
Institute (DRMI)
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Presentation Notes
(comptroller under SecDef McNamara who was appointed during the Kennedy Administration; DRMI came about under the Johnson administration) 



Course Goals 

• To develop a broad-based analytical 
framework for defense decision makers

– emphasizing the economic and efficient 
allocation of scarce defense resources to 
competing mission areas.

• To provide an environment for the 
comparative exchange of ideas related to the 
management of national security



What do we teach? 
Resident Courses:
• General
– International Defense Management 

Course (IDMC)—10 weeks; 2 per year
– Defense Resources Management 

Course (DRMC)—4 weeks; 4 per year
– Senior International Defense Management 

Course (SIDMC)—4 weeks; once per year
• Specific
– Multi-Criteria Decision Making—2 weeks 
– Introduction to Budget Concepts—8 days 
– Risk Management—2 weeks
– Performance Management & Budgeting—

1 week
– Human Capital RM—2 weeks

Non-Resident Events:
• Mobile Courses—1-2 weeks
• Workshops—3-5 days
• Seminars—3-5 days

• Tailored to country’s specific 
needs

• Conducted in appropriate 
language

• Opportunity to quickly build a 
large cohort



More information

• Target audience: Military 0-3 or above; 
Civilian GS-9 or above 

• NO tuition charged for DoD military and 
civilians

• Sending agency responsible for travel 
and per diem

• Website: http://my.nps.edu/web/drmi/
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How do you make decisions?

Presenter
Presentation Notes
How do you make decisions? Personal or professional decisions? Go with your gut?
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“In business, the single, overriding purpose is to 
make a profit. Government, on the other hand, 
deals with a vast number of legitimate and 
often potentially competing objectives — for 
example, energy production versus 
environmental protection, or safety regulations 
versus productivity. This complexity of goals 
brings a corresponding complexity of process.”

Robert Rubin (2004) 
In an Uncertain World: Tough Choices from Wall Street to Washington, p. 147

(with Jacob Weisberg)
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Agenda

Part 1: Identifying and structuring objectives
a. What (with preview of Why)
b. How
c. Why

Part 2: Building a quantitative preference model
(and using it)

a. What
b. How
c. Why
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Learning goals

• Know what an objective is – and be able to 
distinguish it from an alternative, constraint, 
task, etc.

• Be able to engage in and/or facilitate an 
objectives-identification process

• Be able to structure objectives, separating 
means from fundamental objectives, as a first 
step towards further analysis



What
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Example: Tomorrow’s Navy

• CBO in 2001 did a study requested by 
the Navy 

• How to Structure tomorrow’s Navy 
with today’s funding levels?

Presenter
Presentation Notes
This is real.  It turns out the Congressional Budget Office in 2001 did a study [Google Congressional Budget Office 2001 Navy study], the Navy asked them to do a study.  Why the CBO?  Because they are the non-partisan (no declared political party) research branch of the Congress.  Budgeting for Naval Forces:  Structuring tomorrow’s Navy with today’s funding levels.  Sound familiar? The Navy said these are the 4 general alternatives we want: [1]We want to consider a forward presence force clustered around carriers.  You can park them off somebody’s coast and remind them we have more options than the average folks.A new surface combatant structure. Carriers are really expensive due to the required supporting ships in the carrier battle group, the planes, etc.  Why not have something like an old type of battleship with some long range missiles.; some floating guns if you will.How about a sub strike Navy.  We like that because they’re harder to locate and counter, and they carry a lot of justice.Then someone extremely intelligent said why don’t we look at what we’ve been doing the last 20 years, the Navy’s been used for the most part to support forced entry [in other words, giving our men’s department a ride to the fight].  Why don’t we emphasize amphibious support?  You can probably guess what the Navy brass did with that one….they jacked it all up and didn’t just do the Marine Corps option like everybody knows they should have. So the Navy said depending on what we choose, and the battle scenario we face, we predict the possible outcomes to be: [2]Sea control:  that means we can use the water but the others guys can’t.  We have freedom of movement and we deny the enemy use.Strike Operations:  we can do anything we want…..bomb at leisure with minimal casualties.Forcible Entry: there’s the Marine Corps.  Forward Presence: is important because it’s a deterrent.  Probably one of the main contributions the Navy does for deterrence.  Flexibility:  and last but not least, how well does any one of them do all of them:  Flexibility.  Then the Navy exercised preferences over all of these outcomes. [3] In this case they’re all maximize.  And what they wanted from the CBO was the OE of each alternative using the Navy preferences so they could look at the superiority or inferiority of each alternative compared to the others. [4] This was actually done.  This methodology is used by people who have significant decision problems in defense resource allocation.



Tomorrow’s Navy: Alternatives

Aircraft Carrier Strike Group

New Surface Combatant Structure

Submarine Strike

Marine Corps



Tomorrow’s Navy: Battle Scenario



Tomorrow’s Navy: Ready to Win

What’s the Navy’s Goal?



Tomorrow’s Navy: Outcomes

What the Navy needs to achieve Victory

1.Sea Control
2.Strike Operations
3.Forcible Entry
4.Forward Presence
5.Flexibility



Definition: Objectives

• Outcomes/consequences/criteria that you 
want to influence – based on your values

• Directional: maximize or minimize
• Examples

• Maximize effectiveness
• Maximize speed
• Reduce risk
• Minimize cost

An objective is a noun. 
Direction of preference may be specified with verb, e.g. 
minimize/maximize, but must be known.



Tomorrow’s Navy: Preferences

What the Navy wants in order to achieve Victory.

1.Maximize Sea Control
2.Maximize Strike Effectiveness
3.Maximize Forced Entry Capability
4.Maximize Forward Presence Capability
5.Maximize Flexibility



Max Flexibility

Flexibility 

Forward presence 

More MOE

Less MOE

Battle
Scenario

Alternatives:
Aircraft Carriers
(forward presence)
New Surface Combatants
(forward presence)
Submarines Strike
(strike)
Marine Corps
(amphibious support)

Strike operations 

Goal: 
Maximize

Overall
Effectiveness

U.S. Navy Force Structure

Forcible entry 

Sea Control

Max Forced Entry cap.
Max. Strike Ops. Effect.

Max Sea Control cap.

Max Forward 
Presence cap..

Objectives:

Budget/Affordability 
and other Constraints



Roles
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Decision 
Maker

Analyst

Stakeholder Subject-Matter 
Expert (SME)



“You’ve got to be very careful if you 
don’t know where you are going, 
because you might not get there.”

The Power of Values

Presenter
Presentation Notes
Do you care where you get to?This is actually not a trivial task as frequently guidance is sparse or unclear.   Often, we are asked to conduct an analysis, but not always provided with the information as to why the analysis is being requested.  What a questions is it supposed to be answering?  What guidance is it supposed to provide? The answers are extremely important as they determine the types of analytical techniques you would use. There is a process associated with the initial set-up of an analysis plan to help us avoid these types of issues.  The steps have been codified to make sure that when you are putting in the time and effort, when you are conducting all of the work needed to do a full analysis, that you are actually producing an analysis that will be useful to the person who requested it.



Two approaches

Alternative-Focused Thinking
1. A problem occurs
2. Search for (often just 

accept) alternatives
3. Use differences among 

alternatives to 
determine criteria 
(objectives)

4. Evaluate the alternatives 
using these criteria and 
choose

Value-Focused Thinking
1. Look for decision 

opportunities
2. Identify and structure 

objectives
3. Generate alternatives
4. Evaluate alternatives 

using fundamental 
objectives and choose

Presenter
Presentation Notes
AFT is backwards, constrained thinking, and reactive.Alternatives are means to achieve your values, so begin with values



How
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Identifying Structuring

A set of fundamental objectives
Possibly organized in a hierarchy

Presenter
Presentation Notes
Expansive/Generative/Divergent vs. Evaluative/Convergent



Minicase: Renting a Home

Imagine that you have decided do a two-year 
master’s degree at NPS. You will move to 
Monterey for two years, with any family 
members that you live with now. You are in 
Monterey to choose a home to rent for two 
years.
Write down all the objectives (issues of concern) 
that you believe are important to consider in 
evaluating your alternatives. 



Part 2: Think Harder

• Imagine your dream home (in Monterey for two 
years). Think about how you would spend your 
time, and in what ways you and your family 
would enjoy living there.

• Think of the worst living situation you have 
experienced. Think about the worst aspects of 
living there.

• Write down any additional objectives that you 
can think of.



Part 3: Think Harder



How good are people 
at identifying their own objectives? 



Experimental Results
Number of objectives identified

MBA internships
Self-identified 7.4
Recognized* + 7.6
Importance of objectives: 
Students missed:
1.4 of top 5, 4 of top 10

Bond, S. D., Carlson, K. A., & Keeney, R. L. (2008). 
Generating objectives: Can decision makers 
articulate what they want?. Management 
Science, 54(1), 56-70.

• MBAs – 10% did not self-
generate most important 
objective and 71% didn’t 
generate all of top 5

• Second study, 3.8 of top 10 
were recognized, 35% 
didn’t generate top 
objective, 79% did not 
generate all top give

• Objectives While A Student
• Academic Objectives After 

Graduating
• Personal Objectives While A 

Student
• Personal Objectives After 

Graduating

Presenter
Presentation Notes
MBAs – 10% did not self-generate most important objective and 71% didn’t generate all of top 5Second study, 3.8 of top 10 were recognized, 35% didn’t generate top objective, 79% did not generate all top giveObjectives While A Student Academic Objectives After Graduating Personal Objectives While A StudentPersonal Objectives After GraduatingOther



Rank from 1 (most) to 5 (least)

Vehicle
replacement

Gas Savings 
Rank

34 MPG to 50 MPG

18 MPG to 28 MPG

42 MPG to 48 MPG

16 MPG to 20 MPG

22 MPG to 24 MPG

Presenter
Presentation Notes
Here we haveU an objective measure of the importance (which is rare in value functions) but people don’t really understand the value.Note the % differences and the absolute MPG differences vs. actual reduction differences…. Could maybe plot tehese in a more intuitive way. 



Meaning of MPG (miles per gallon)

Source: Larrick, R. P., & Soll, J. B. (2008). The MPG illusion. Science 320(5883), 1593-

Presenter
Presentation Notes
Here we haveU an objective measure of the importance (which is rare in value functions) but people don’t really understand the value.Note the % differences and the absolute MPG differences vs. actual reduction differences…. Could maybe plot tehese in a more intuitive way. 



How good are people 
at generating alternatives? 



Thinking about objectives 
helps generate creative alternatives.

Presenter
Presentation Notes
BOA matches 100% of change saved in first three months and 5% of annual totals (up to $250) theereafter. In less than a year 2.5 m customers, and they think 700K new checking accounts and 1 M new savings account..From Cam…Hieron/Archimedes example is good for this slide.  Hieron had “army” experience, and was forced to deal with a “navy” problem.Claw of ArchimedesThe Claw of Archimedes is a weapon that he is said to have designed in order to defend the city of Syracuse. Also known as "the ship shaker," the claw consisted of a crane-like arm from which a large metal grappling hook was suspended. When the claw was dropped onto an attacking ship the arm would swing upwards, lifting the ship out of the water and possibly sinking it. There have been modern experiments to test the feasibility of the claw, and in 2005 a television documentary entitled Superweapons of the Ancient World built a version of the claw and concluded that it was a workable device.[28][29]Heat rayArchimedes may have used mirrors acting collectively as a parabolic reflector to burn ships attacking Syracuse.The 2nd century AD author Lucian wrote that during the Siege of Syracuse (c. 214–212 BC), Archimedes destroyed enemy ships with fire. Centuries later, Anthemius of Tralles mentions burning-glasses as Archimedes' weapon.[30] The device, sometimes called the "Archimedes heat ray", was used to focus sunlight onto approaching ships, causing them to catch fire.This purported weapon has been the subject of ongoing debate about its credibility since the Renaissance. René Descartes rejected it as false, while modern researchers have attempted to recreate the effect using only the means that would have been available to Archimedes.[31] It has been suggested that a large array of highly polished bronze or copper shields acting as mirrors could have been employed to focus sunlight onto a ship. This would have used the principle of the parabolic reflector in a manner similar to a solar furnace.A test of the Archimedes heat ray was carried out in 1973 by the Greek scientist Ioannis Sakkas. The experiment took place at the Skaramagas naval base outside Athens. On this occasion 70 mirrors were used, each with a copper coating and a size of around five by three feet (1.5 by 1 m). The mirrors were pointed at a plywood mock-up of a Roman warship at a distance of around 160 feet (50 m). When the mirrors were focused accurately, the ship burst into flames within a few seconds. The plywood ship had a coating of tar paint, which may have aided combustion.[32] A coating of tar would have been commonplace on ships in the classical era.[d]In October 2005 a group of students from the Massachusetts Institute of Technology carried out an experiment with 127 one-foot (30 cm) square mirror tiles, focused on a mock-up wooden ship at a range of around 100 feet (30 m). Flames broke out on a patch of the ship, but only after the sky had been cloudless and the ship had remained stationary for around ten minutes. It was concluded that the device was a feasible weapon under these conditions. The MIT group repeated the experiment for the television show MythBusters, using a wooden fishing boat in San Francisco as the target. Again some charring occurred, along with a small amount of flame. In order to catch fire, wood needs to reach its autoignition temperature, which is around 300 °C (570 °F).[33][34]When MythBusters broadcast the result of the San Francisco experiment in January 2006, the claim was placed in the category of "busted" (or failed) because of the length of time and the ideal weather conditions required for combustion to occur. It was also pointed out that since Syracuse faces the sea towards the east, the Roman fleet would have had to attack during the morning for optimal gathering of light by the mirrors. MythBusters also pointed out that conventional weaponry, such as flaming arrows or bolts from a catapult, would have been a far easier way of setting a ship on fire at short distances.[2]In December 2010, MythBusters again looked at the heat ray story in a special edition featuring Barack Obama, entitled President's Challenge. Several experiments were carried out, including a large scale test with 500 schoolchildren aiming mirrors at a mock-up of a Roman sailing ship 400 feet (120 m) away. In all of the experiments, the sail failed to reach the 210 °C (410 °F) required to catch fire, and the verdict was again "busted". The show concluded that a more likely effect of the mirrors would have been blinding, dazzling, or distracting the crew of the ship.[35]



Identifying Objectives: First Steps

1. Start with strategic objectives – for example, 
review planning and strategy documents



Identifying Objectives: First Steps

2. Identify the appropriate stakeholders and 
involve them in the process

Stakeholders include decision makers, other leaders, 
operators/customers, community, partner 
organizations, agencies or governments, maybe 
Congress… 



stakeholder – a person with a legitimate 
interest in the outcome of a decision… or they 
can affect the implementation of the decision
Stakeholders' objectives should be taken into 
account in analyzing a decision problem. This 
contrasts with other actors who may have an 
interest but whose interests are outside the 
decision maker's scope of responsibility.



Why do we care about 
stakeholders?

• Formulation 
you need them to identify the relevant objectives

• Implementation 
you may need their buy-in, either formally or 
informally, for
• implementation of selected alternative, and
• participation in and support of the process.



Values vs. Facts

Confusion between values and facts can be a 
problem on the part of both analyst and 
stakeholders.
Sometimes an analyst may feel they have the right 
answer (position) because they studied the 
problem more... 
Take-away: as an analyst, stay on facts; let 
stakeholders state values.
Emphasis: unbiased description; words like 
interpretation, evaluation, even summary may be 
more values, than facts.

Presenter
Presentation Notes
Emphasize descritption (not interpretation/evaluatin, even summary)



Positions vs. Objectives

A position is a commitment to a specific 
alternative or course of action.
Early commitment to a position can prevent
• consideration of solutions and common values 

that could lead to results preferred by 
everyone

• Implementation of consensus solutions
Objectives ≈ Interests ≈ Values



What Is Important?

Building an objectives hierarchy

40

Max. overall 
effectiveness

• Where do you start?

• What do you mean 
by that?

Max. 
performance

Max. 
availability

Presenter
Presentation Notes
First what is important.We want to build an objectives hierarchy, which is basically an hierarchical ordering of objectives from most general to most specific. [click – text and box appears] We start with the obvious, that we want to maximize the effectiveness of an alternative. [click – text appears] For each level of the hierarchy, we ask the decision maker what do you mean by that? For example, what do you mean by effectiveness? [click – box appears] The decision maker might reply that for a specific problem, maximizing effectiveness means to maximize performance and maximize availability. Then we would ask the decision maker what do you mean by maximizing performance and what do you mean by maximizing availability?



Identifying objectives: first steps

3. Set up the process
• First, allow for expansive generation of objectives 

(pruning and structuring comes later)
• Solicit others’ ideas, but avoid group work 

initially
• Brainstorming – solicit potential objectives from 

stakeholders, without evaluating them (yet)
• You may or may not want stakeholders in a room 

together; 
• Try to focus on objectives not positions or alternatives
• Approaches include Delphi-like processes



Generating objectives: tricks & 
triggers

• What is your goal?
• Why is there a decision to be made?
• What is your ideal outcome of the decision, and 

what makes it so ideal?
• What is your nightmare scenario and what makes 

it so bad? 
• Consider objectives and categories of objectives 

relevant in other contexts
• Ask others – even non-stakeholders
• Build on existing objectives, asking 

• Why does this matter? 
• What does this mean?

Presenter
Presentation Notes
if you have trouble thinking of objectives, think about symptoms - what’s wrong 



Objectives relevant 
in many defense applications

• mobility
• speed
• survivability
• stealth /signature
• range
• payload
• agility / maneuverability
• reliability / availability
• communications
• resource consumption

• lethality
• autonomy
• persistence / dwell
• weight
• detection
• ease of replacement
• perishability
• sustainability
• vulnerability
• durability



Identifying Structuring

A set of fundamental objectives
Possibly organized in a hierarchy

Presenter
Presentation Notes
Expansive/Generative/Divergent vs. Evaluative/Convergent



Hierarchies vs. Networks

Ultimately, you want a hierarchy. In the process, you 
may need to build a means-ends network.

Fundamental (Ends) Objective: an objective that 
defines a basic reason for caring about a decision. 

Means Objective: an objective whose importance 
stems from its influence on achieving other objectives.  
Use fundamental whenever possible, means if necessary.

Means objectives at one organizational level may be 
fundamental at a lower level.

Presenter
Presentation Notes
Maximizing employee engagement could be a fundamental objective – if you work in HR…We should elicit preferences about fundamental objectives, rather than means objectives.Hierarchy is used in building quantitative preference model.Check means objectives Is it really an alternative, or a part of an alternative?Does it point to a fundamental objective you can articulate, if not measure?It may need to be a proxy measure (attribute).



Ways to Structure Objectives

• Top-Down (“objectives-based”)
• Best for strategic decisions
• Best when dealing with ideas / abstract 

concepts
• Bottom-Up (“alternatives-based”)

• Best for tactical/operational decisions, 
especially given a fixed, known set of 
alternatives

• Often good for acquisition, choosing 
hardware

• Combination

Presenter
Presentation Notes
Top-down makes more sense when your overall objective is obvious (such as maximize effectiveness).  Bottom-up can be easier if you’re presented with lots of information about the alternatives (can ask: “why does this matter?”  “why do we want this capability?” etc.).



Cost as an objective

Monetary cost is typically excluded from objectives 
hierarchy in managerial decisions.

If you will be comparing costs across multiple 
effectiveness analyses
In this case you want to be able to consider trade-offs 

between cost and effectiveness in each analysis, and 
therefore must know the incremental cost associated 
with each alternative within each analysis

Currently the subject of some debate. 

Presenter
Presentation Notes
Generally other resource costs are also excluded…



Top Down Approach

HOW do you proceed?
Use a “Top-Down” approach -
Proceed downward to  lower

levels of increasing detail
by asking “What do
you mean by that?”

Presenter
Presentation Notes
In order to proceed, we need to access our bosses, our decision makers, and/or our SMEs.  Just ask them, what do you mean by that.  Interaction between decision makers and analysts is essential. A value hierarchy helps to facilitate communications among the stakeholders about twhat are important evaluation considerations for making the decision.For example, Sea Control.  We obviously need to dig deeper on this one because I don’t know of a Sea Control meter that I can use to measure it.  We need to ask our boss, “What do you mean by that?” They may say, “well, I like sea control because it involves maximizing my freedom of action and maximizing the restrictions of the opposing forces actions.  Then we keep playing this game, “what do you mean by freedom of action?”  We do this until we get kicked out of the room or get down to a level where we know exactly what we mean by it because we can measure it.    We record our results, organize our objectives using a particular geometric construct called a hierarchy; specifically, an objective hierarchy.  Let’s take a look at an example.  



Constructing hierarchies: Top-down

To move down the hierarchy, start with the 
overall objective, then ask:
• What do you mean by that?
• How do you define that?
• How could you achieve that?

The overall objective is usually something 
generic, such as: 

“maximize overall effectiveness”



An Objectives Hierarchy

51

Sub Objective 1 Sub Objective nSub Objective 2

Sub Objectives 2.2 Sub Objectives 2.mSub Objectives 2.1

Sub Objective 2.1.kSub Objective 2.1.1

Sub Objective 2.1.k.rSub Objective 2.1.k.1

Measurable attribute Measurable attribute 

Overall Objective

….

….

….

….

Presenter
Presentation Notes
sometimes called the qualitative value/preference modelPORCHE EXAMPLELeads to next slide



Definitions

• Objective: A consequence of a decision whose 
maximization or minimization is associated 
with value. 

• Attribute: A measurable* quality or 
characteristic of an alternative that is 
associated with an objective.

*predictable

Presenter
Presentation Notes
note: Barron & Edwards call objectives hierarchy a value tree and they call higher-level objectives "attributes" as well. Someone (Belton & Stewart?) call the attributes “leaves”



Choosing a New Home

Max. Overall Attractiveness

Max. Size of 
House

Min. 
Maintenance/Repair/Upgrade

Max. Desirability of 
Location

Effectiveness

Presenter
Presentation Notes
Choosing a new home.  Overall Attractiveness is what we want.[1]  Why don’t we just change it to Effectiveness.[2]  They both denote “goodness.”  What do we mean by that?  I believe these results represent a reasonable response we may get, [3] so we’ll continue using these for our example.  Do you have to go any further about the size of the house?  What do we mean by size?  I think I know how to measure that.  How many bedrooms and how many bathrooms?  Square footage, lot size.  Minimize mx, repair, and upgrades.  This probably has something to do with the age of the house and we can measure that.  What about the desirability of the location.  What do we mean by that?  Nothing measurable comes to mind…..I’ll know it when I see it!  Well, this probably means we need to go down a little further…….   



Choosing a New Home
Max. Overall Effectiveness

Max. Size of House Min. Maintenance/Repair/Upgrade Max. Desirability of 
Location

Max. safetyMax. env. qualityMin. transportation needs Max. quality of
Public schools



Max. Overall Effectiveness

Max. Size of House Min. Maintenance/Repair/Upgrade Max. Desirability of Location

Choosing a New Home

Max. safetyMax. environmental
quality

Min. trafficMin. noise

Max. dist.
from industry

Max. beauty

Min. transportation needs Max. quality of
public schools

Max. green
space

Min. distance to
parks/recreation

Min. house
density

Stop when you know how 
to measure the bottom-
level objectives.
These become your 
measurable attributes.

Presenter
Presentation Notes
What do we have here now under Max desirability of location?  Min transportation needs, max quality of public schools, max environmental quality, and maximize safety:  Min/Max/Max/Max.  Minimize transportation needs, I’m going to let that one go because I think that is one of the easy ones.  Quality of schools, I think that is one of the hard ones, so I don’t want to get involved with that.  What about this one, maximize environmental quality.  What do you mean by that boss?  Force them to think about it.  Maybe we come up with some answers like this: [1]  I don’t want any noise, I want to minimize distance to parks and recreation [2], want to maximize beauty (nice surroundings), [3] I want to minimize traffic [4].  Now I went from 3 boxes [2nd row] to four boxes [3rd row], and when this tough little nut needed to be cracked, [environ qlty] I had to get into more and more detail.  And I think the one I like after this is what do you mean about beauty because I think I can do the others.  How many of you can read a map?  How many know what the little bar/scale at the bottom means?  So, given a map of the area we think we could get a numerical measure for distance to parks?  Sure.  Noise, how about that?  There are decibel meters that you can rent and record the decibels outside the house.  Only an engineer would consider this.  Minimize traffic:  traffic data is easy to get our hands on, we could even use Google these days.  Beauty, what do we mean by that though?  Maybe, just to be a little more specific and get a little more quantitative, you might want to maximize green space and maximize the distance from industry.[5]  How many of you would buy a house with a smelt factory in the back yard?  Can we quantify this?  Got a map and know how to read a scale?  Then yes.  Maximize green space, what do we mean by that?  How about minimizing housing density.[6]  Maybe, maybe not.  Some folks these days pave everything for more parking, but in general, on average, the larger the distance between houses, the larger the yard.  Or, if you’re looking in Arizona, change green space to brown space.  So you already use this methodology in real life.  I’m not trying to sell you this methodology, you’ve already bought it.  I’m just presenting it in a more structured manner.  Note:  If someone asks if noise and traffic are correlated, explain that not all noise comes from traffic.  May have a trigger happy Marine next door even though no roads nearby.       



Choosing a New Home
Max. Overall Effectiveness

Max. Size of House Min. Maintenance/Repair/Upgrade Max. Desirability of Location

Min. distance to
shopping

Min. distance to
job

Min. distance to
schools

Max. safetyMax. environmental
quality

Min. transportation needs Max. quality of
public schools

Min. crime
frequency

Min. FD 
response timeMin. trafficMin. noise

Max. dist.
from industry

Max. beauty

Max. green
space

Min. distance to
parks/recreation

Min. house
density

Presenter
Presentation Notes
We didn’t have to go any further than when our sub-objectives are quantifiable.  We may use a scale on a map,  a well calibrated decibel meter, traffic data, response time data,  or crime data to quantify exactly what we mean wrt our various objectives.  Everything shown in orange is quantifiable through a little hard work and data collection.  This is a framework that we can use to evaluate different homes available for purchase…..at least once we finish constructing it…..the next few lectures will help us do just that.   



Desirable properties: Each objective

• Controllable: affected by alternative selected
• Measurable: well defined and quantifiable
• Unambiguous
• Direct
• Comprehensive
• Operational 
• Understandable

Presenter
Presentation Notes
UNAMBIGUOUSNEITHER VAGUE NOR IMPRECISEIf you know the consequence, then you know the exact value of the attribute.ANDIf you know the value of the attribute, then you know exactly what is the consequence. DIRECTConstructed scales are, by definition, direct.Proxy scales are, by definition, indirect.Example: “worker safety”% compliance with safety guidelines (indirect) vs number of worker deaths plus number of worker injuries (direct)Example: “growth in Federal Government”% change of government employees (indirect) vs % change in funding required for contractors hired to replace government workers (direct) COMPREHENSIVEExample: “consequences due to CO”	Number of fatalities vs	Number of fatal heart attacks and number of nonfatal 			heart attacksExample: “exposure to toxic chemicals”	Mortality and Morbidity vs	mortality, morbidity, voluntary/involuntary exposure, 	degree to which experts understand/agree the problemExample: “need for special school funding”	Average family income of students vs	% children living below official poverty “line”Example: “fatalities”	Death of 90 yr-old vs death of 45 yr-old; 	death of 10 yr-old vs death of 90 yr-old OPERATIONALExample: UN World Commission on Environment and Development	67 “indicators” for measuring the effect of management 		policies of temperate and boreal forestsExample: value trade-offs between economic development and loss of life	Decision makers may find it difficult or impossible to make 	value trade-offs between attributes even when they are 	unambiguous, comprehensive and direct (moral and ethical 	reasons)!  How do you value human life? Example: air quality standards for CO	Current technical understanding and resource limitations may 	make it impossible to develop measures/attributes. UNDERSTANDABLEExample: fuel economy measure	miles per gallon vs	liters per 100 kmExample: radiation exposure	number of cancer cases induced vs 	number of person-rems of radiation exposureExample: minimize summer river flow reduction due to 	dam placement	20%, 30%, 40% 	-- what’s the base from which these decreases were measured?-- what about annual fluctuations due to rainfall and snowmelt? 



Desirable Properties of Measures

Unambiguous

Comprehensive

Direct

There is a clear relationship between the 
consequences of choosing an alternative and 
the value (numerical) of the attribute; not 
vague or imprecise 

The values must be understood by anyone 
interested in the analysis

The values cover the full range of possible 
consequences and implicit value judgments 
are appropriate

Operational

Understandable

Attribute values describe the consequences 
with respect to the fundamental objective

The values must be easy to measure, practical 
to implement or observe



What’s the right level?

Minimize Injury 
Maximize Survivability

Maximize Stopping Capability 
Maximize Armor Thickness 



Three Types of Attribute Scales

• Natural: in general use; have common 
interpretation; can be counted or otherwise 
directly measured

• Constructed: developed to quantify value 
when no natural attribute measure exists

• Proxy: scale in general use; can be counted 
or directly measured, does not directly 
correspond to the objective, but is highly 
correlated to the objective



Natural Scales

• Height/Range/etc.
Feet, Meters

• Weight
Pounds,Kilos

• Temperature
Fahrenheit, Celsius

• Speed
Miles per hour, kilometers per hour



Proxy Scales

• Valid
• directly related to consequence of interest
• highly correlated with objective

• Operational
• possible to measure or assess, has natural scale

Presenter
Presentation Notes
GDP is a proxy for well-being



Defining a Constructed Scale

• Choose number of levels
• Define each verbally such 

that the definitions are 
unambiguous, i.e.
• Analyst will be able to tell 

which level a given 
alternative fits

• Decision makers 
understand what the level 
means, and will be able to 
answer questions about 
their desirability

Level Definition

Low Few display elements, users 
report task is easy 

Medium More than three display 
elements. Users report effort 
to concentrate and be aware 
of all information.

High Many tasks to be performed 
near simultaneously. Display 
becomes crowded or
confusing. Users become 
tired quickly, report difficulty 
performing task



Example: Constructed Scale
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Reflex Irritability Reaction to pinch
Level 1 Red no reaction
Level 2 Yellow grimacing
Level 3 Green grimacing and a cough, 

sneeze, or vigorous cry

Reflex Irritability
Level 1 Red
Level 2 Yellow
Level 3 Green

Reflex irritability in newborn

Presenter
Presentation Notes
Arguably performance measurement – provides feedback. 



Beaufort Scale

Presenter
Presentation Notes
http://www.metoffice.gov.uk/media/pdf/4/4/Fact_Sheet_No._6_-_Beaufort_Scale.pdf



Example: Army 2005 BRAC analysis

Heavy maneuver area
• Determines the installation’s ability to support 

training and maneuver of mechanized forces.
• Constructed Measure

• Installation’s total acreage 
• Largest contiguous acreage 



Heavy Maneuver Area
Constructed Measure

TOTAL HVY MVR AREA (1000s ACRES)

Largest 
Contiguous Area <10 >10-50 >50-100 >100 - 500 > 500

< = 10 Label 1 Label 2 Label 3 Label 4 Label 5
>10 and < = 50 X Label 6 Label 7 Label 8 Label 9

>50 and < = 100 X X Label 10 Label 11 Label 12
>100 and < = 500 X X X Label 13 Label 14

>500 X X X X Label 15



Joint Airspace
Constructed Measure

Airspace (FT AGL)

Ground Footprint 
(SQ MI) < 5000 < 20000 >=20000
< = 25 Label 1 Label 2 Label 3

25< and< = 100 Label 4 Label 5 Label 6
100< and < = 350 Label 7 Label 8 Label 9

SQ MI = square miles
AGL = Above Ground Level



General Instructional Facilities

• Measures the existing capability of the 
installation to conduct general instruction. 
• Includes both existing facilities and facilities that 

can be converted for instruction

• Constructed Measure
• Square feet of instructional space
• Quality of instructional space

• Green, Amber, Red 



General Instructional Facilities
(GIF)

• Measure is the weighted sum (by quality 
condition) of the square footage of general 
instructional facilities

• Quality factor = [Cost of New (1sqft) – Cost of 
upgrade (1sqft)] / Cost of New (1sqft)

• GIF Score = G*(1.0) +A*(0.71) + R*(0.36)
where G, A, & R = SQ feet of Green, Amber, and 
Red space respectively. 

Presenter
Presentation Notes
Quality factor is a ratio, Value of Amber/Value of NewNew = GreenValue of New = Cost of New (replacement cost is measure of value…you shouldn’t sacrifice to keep it more than you could pay to replace it) Value of Amber + Cost to Upgrade = Value of NewValue of Amber = Value of New – Cost to upgradeDivide all by Cost to upgrade to getValue of Amber/Value of New = (Value of New – Cost to Upgrade)/Value of New



Desirable properties: Set of objectives

• Complete:  collectively exhaustive 
nothing forgotten

• Nonredundant: mutually exclusive 
no double counting

• Frugal: use as few as possible (but no fewer)
• Value independent

stakeholders can express values of levels of each 
objective without knowing level of other objectives



Desirable properties: Each objective

• Controllable: affected by alternative selected
• Measurable: well defined and quantifiable*

*more on this shortly



Bottom Up Approach

HOW do you proceed?
Using a “Bottom-Up” approach -

Proceed upward to higher
levels of decreasing detail by asking 

“Why is that there?”

Presenter
Presentation Notes
So we said that we use a Bottom Up approach when the alternatives are known.  In the Sloat radar example we have known alternatives so we’re going to try a BU approach to organize this. What does that mean?  We’ll start at the bottom by listing our thoughts on the requirements for a ground based Early Warning radar and continuously ask: “Why is that there?”  “Why is that important?”  So, what matters for a ground based EW radar like we’ve been talking about?  Range……idea that performance is on our minds.  Availability…..doesn’t this have reliability and maintainability in it’s definition……availability flavor….  What else?  Height…..have to do with slant range maybe?.....again a performance flavor   Speed of target…..pulse rate, or refresh rate maybe?....performance flavorBeam characteristics……performance flavorUser friendliness…..can’t forget about the guys that will have to run it…..complexity flavor And we can go on and on, but we don’t have enough time.  It’s good that we didn’t use costs, because we’re measuring benefits right now, not costs!  I’m not saying that costs aren’t important, just that we will bring them into the fight at a later time.    Now we start to sort through our ideas and try to group them according to similarities.  Then we may begin to be able to start breaking out what we mean by effectiveness. Note:  Availability, Performance, and Complexity.



Constructing hierarchies: Bottom-up

To move up the hierarchy start with important 
objectives (or attributes), then ask:

• Why is this important?
• Does it relate to other attributes (and how)?
• How does it support an objective?

Look for hidden objectives

Presenter
Presentation Notes
This approach works well when alternatives have detailed “specs”Example: why do we care about renewable resources??? 



Roles

76

Decision 
Maker

Analyst

Stakeholder Subject-Matter 
Expert (SME)



Example: Comparing sustainment ships

Attributes:
• Capacity (square footage)
• Transit speed
• Ramp strength
• Draft
• Apron width

77

Presenter
Presentation Notes
RO/RO. These vessels are designed primarily as vehicle carriers. Cargo includes helicopters and wheeled, tracked, self-propelled, and towed vehicles. Large cargo capacities and rapid cargoloading and discharge rates characterize RO/RO vessels. Rapid movement of cargo is accomplished by a series of external and internal ramps. Cargo holds are typically large, open bays, where equipment may be driven, parked, and lashed down. Most RO/RO ships have external ramps that rest on the apron of the berth, allowing access to cargo holds. Most RO/RO vessels are usually considered self-sustaining from http://www.ustranscom.mil/dtr/part-iii/dtr_part_iii_app_c.pdf



Example: Comparing sustainment ships

78

Max. overall 
effectiveness

Max. 30-day 
delivery 
capacity

Max. number of 
ports in AOR 

accessible
=f(square footage, 

transit speed)
=f(draft, apron width, 

ramp strength…
ports in AOR)

Prediction vs. preference:
SMEs predict, but values come from stakeholders.

Presenter
Presentation Notes
RO/RO. These vessels are designed primarily as vehicle carriers. Cargo includes helicopters and wheeled, tracked, self-propelled, and towed vehicles. Large cargo capacities and rapid cargoloading and discharge rates characterize RO/RO vessels. Rapid movement of cargo is accomplished by a series of external and internal ramps. Cargo holds are typically large, open bays, where equipment may be driven, parked, and lashed down. Most RO/RO ships have external ramps that rest on the apron of the berth, allowing access to cargo holds. Most RO/RO vessels are usually considered self-sustaining from http://www.ustranscom.mil/dtr/part-iii/dtr_part_iii_app_c.pdf



Availability Performance Complexity

Cognitive
Load

Ease-of-Use

Maximize Effectiveness

Example: Radar Station

Inter-
Operability

Effective
Range

ECCM

Presenter
Presentation Notes
This is a possible objective hierarchy for capturing overall effectiveness.  To me it looks like we have performance, availability, and complexity on our minds.   It’s gotta be working but fixable when it’s not, gotta be able to perform when it’s working, and we shouldn’t have to have a PhD to operate it.  Availability by definition is a quantitative measure.  And as long as you define it smartly, it can encompass several different flavors.  Uptime/(Uptime+Downtime) is one way.  How often is it up includes reliability and how long its down includes maintainability. But with Performance we had to dig deeper to get to a measurable level.  What does it mean to perform for an EW radar?  Well, it has to be interoperable, have ECCM caps, and a useful range.	1)  Interoperability: it better be able to transfer information to those who can use it. The Navy has frigates on the water and the AF has planes in the air.  It does us no good to have an awesome EW radar if those who have the guns can’t access its information. 	2)  If the mighty EA-6B Prowler comes rolling into town, then we better have some way of protecting ourselves with ECCM…..frequency hopping, wartime modes, jitter modes, etc.  Or it’s going to be a long day.  	3)  This thing better provide us information in a timely manner, in time so we can re-position our assets for interception or else it does us no good.  Lastly, but not necessarily least, we’ll determine if it is least in the next lecture, it’s complexity must enable it to be operated without ridiculous requirements of training time for either operators or maintainers.  IOW, it must be Marine proof.   So, why do we do this stuff? Why do we go through the pain of constructing these objective hierarchies?  Because when we get to the end, we can…..



Availability Performance Complexity

Cognitive
Load

Ease-
of-Use

Overall Desirability

Inter-
Operability

Effective
Range

ECCM

Example: Radar Station

Natural Scale: Yes/No
Electronic Counter 
Countermeasures

Constructed Scale:
Low, Medium, High

With existing 
equipment

Proxy: number of 
data links

Natural scale: 
% of time 
available

Presenter
Presentation Notes
So using this example we can see how we are using Natural, Constructed and Proxy Scales.



Availability
(probability)

Performance Complexity

Cognitive
Load

(Low/Med/High)

Ease-
of-Use

(L/M/H)

Effectiveness

Inter-
Operability
(number of 
data links)

Effective
Range
(km)

ECCM
(Yes/No)

Example: Radar Station

Presenter
Presentation Notes
Data links – proxyCognitive Load and Ease of Use – Constructed 



Objectives vs. Alternatives

ESG 4. Assured Access to Sufficient Energy Supply

Strategic Energy Security Goals (ESGs) 

Improve and maintain the Army’s access to 
sufficient power and fuel supplies when and 
where needed. Energy is a critical resource in 
conducting Army missions. Vulnerabilities to 
external disruption of power and fuel sources 
should be minimized and the potential for 
industry partnerships to enhance energy 
security and generate net revenues for the 
Army should be considered.

Presenter
Presentation Notes
Strategic Energy Security Goals (ESGs) 



Alternatives Are NOT Objectives

• Objectives
• Related to the goals, and tell you how to accomplish 

the goals
• Provide a way to measure progress toward reaching 

the goals
• Alternatives

• Courses of action (COA) available to you
• e.g.  “Buy an iPad” is NOT an objective

• Make sure that your hierarchy does not mix 
objectives and alternatives



Trade-offs vs. constraints

• Trade-offs between attributes in hierarchy
• Constraints (absolute requirements) are for 

criteria that cannot be compensated by other 
objectives, e.g.
• Specific compatibility
• Minimum range

• Make the requirement is really absolute
If you’re willing to compromise on it, it’s not 

absolutely required

Presenter
Presentation Notes
Using (additive) multi-attribute value functions implies that you can at least somewhat “make up for” low performance on one attribute by having high performance on other attributes.  If this is not the case, then a constraint is in play.  For example, I cannot use a 50-kg laptop.  I don’t care how much memory, speed, and battery life it has.  My constraint is that I have to be able to carry it.



Why

85



Uses of objectives and hierarchy

• As basis for scalar Measure of Effectiveness 
(MOE) which may be used in optimization –
including goal programming

• To inform data collection / predictive modeling 
effort

• To generate alternatives
• To communicate and to build consensus
• As framework for ongoing/repeated decision 

process
• Others’ objectives - anticipate adversaries’ 

behavior and negotiate effectively



Measure of Effectiveness
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V(A1)A1
MOE(A1)

MOE = Measure of Effectiveness

Under certain conditions, there exists a value 
function  that represents the decision maker’s 
preferences using a single number

Presenter
Presentation Notes
Value model / Preference ModelPlus process of developing the model is itself very important



Availability Performance Complexity

Cognitive
Load

Ease-of-Use

Maximize Effectiveness

Example: Radar Station

Inter-
Operability

Effective
Range

ECCM

Presenter
Presentation Notes
This is a possible objective hierarchy for capturing overall effectiveness.  To me it looks like we have performance, availability, and complexity on our minds.   It’s gotta be working but fixable when it’s not, gotta be able to perform when it’s working, and we shouldn’t have to have a PhD to operate it.  Availability by definition is a quantitative measure.  And as long as you define it smartly, it can encompass several different flavors.  Uptime/(Uptime+Downtime) is one way.  How often is it up includes reliability and how long its down includes maintainability. But with Performance we had to dig deeper to get to a measurable level.  What does it mean to perform for an EW radar?  Well, it has to be interoperable, have ECCM caps, and a useful range.	1)  Interoperability: it better be able to transfer information to those who can use it. The Navy has frigates on the water and the AF has planes in the air.  It does us no good to have an awesome EW radar if those who have the guns can’t access its information. 	2)  If the mighty EA-6B Prowler comes rolling into town, then we better have some way of protecting ourselves with ECCM…..frequency hopping, wartime modes, jitter modes, etc.  Or it’s going to be a long day.  	3)  This thing better provide us information in a timely manner, in time so we can re-position our assets for interception or else it does us no good.  Lastly, but not necessarily least, we’ll determine if it is least in the next lecture, it’s complexity must enable it to be operated without ridiculous requirements of training time for either operators or maintainers.  IOW, it must be Marine proof.   So, why do we do this stuff? Why do we go through the pain of constructing these objective hierarchies?  Because when we get to the end, we can…..



Example: Radar Station

Future Conditions

Alternatives

Presenter
Presentation Notes
Lay it on it’s side and it’s a perfect piece of or mental model puzzle.  [7 clicks]



Example: Radar Station

Future Conditions

Alternatives

A

IO

ECCM
R

CL
EoU

Preferences

Presenter
Presentation Notes
[8] The hierarchy tells us what we need to measure, what is important and why.  It also tells us how to combine our various outcomes into the one single MOE that takes all of these outcomes into account appropriately. [1]  The only thing we left for us to do is feed in the thing that allows us to do the arithmetic, and that’s preferences.[2] That’s the next lecture, where we’ll start talking about relative importance.   



Key Takeaway

Identifying and structuring objectives is 
powerful – take time to do it 
• at work and at home,
• with groups and on your own, 
• when facing an imposed decision and when 

looking for decision opportunities.



A good set of measurable attributes

• Reflects stakeholder values
• Tells analysts how to measure (predict*) the 

important consequences of choosing an 
alternative

• Is the skeleton of a quantitative preference 
model

• Provides ~80% of the value of a full quantitative 
analysis

* Depending…



Select an Objective

Can you
develop a constructed

attribute ?

decompose 
objective
further

identify 
possible proxy

attribute

Can you
decompose
objective?

Can you 
identify natural

attribute ?

No

No

No

Yes

Yes

Yes
Select the best

Select the best

Select the best
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