Senior Design

Decision AnalysisFor System Design

* Thepurposeof adesignis:
— To solve a problem
— To overcome a shortcoming
— Toimproveasituation

» Design involves decison making

* The same proceduresthat provide a framework for
other decision processes work for design decisions as
well

» Wewill discuss some simple proceduresto help make
these decisions
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M easur ement

* Most important step in analysis- What should be
measured?

» Goes by many names.
— Measure of Effectiveness (MOE)
— Measure of Performance
— Measureof Merit
— Objective
— Measure of Benefit (vice Cost)
— Métric

* Must reflect outcome of decision
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Senior Design

Decision Analysis

What makes a decision hard to make?
» Competing objectives
* Uncertainty
* Palitics
 Lack of information
* Differing per spectives of Decison makers
« Disagreement over what isto be accomplished
» Complexity

Note: Some of these overlap
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Decison Analysis

What is decision analysis?

A Method to:
* Organizeor structure complex problemsfor analysis
* Deal with tradeoffs between multiple objectives

* |dentify and quantify sour ces of uncertainty

* Incor por ate subjective judgments
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Decision Analysis Process
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Value Focused Thinking

* Values are fundamental to all we do
* Valuesghould drive decisions
* Alternative-Focused Thinking

— Standard Approach

—Problem arises

—Problem solving begins

— Alternative solutions listed
—Best alternative chosen

— Limited way to think

— Reactive not proactive
—Incomplete analysis
—Backward thinking
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| dentifying Values

* Interact with decison makers
* Elicit feedback throughout analysis
* Valuesarestated through gbjectives
* 3 Features of objectives
(1) Decision Context
(2) Object
(3) Direction of Preference
* ex. Forest products company wantsto “minimize

environmental impact”

(1) Decision Context - Harvesting Trees

(2) Object - Environmental | mpact

(3) Direction of Preference- Minimum is best
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Wher e does thinking about valueslead?

Creating
alternatives

Identify
Decision
»\Opportun-

Evaluating
alter natives

Guiding
Strategic
Jhinking

Involving

Multiple

DM’s »

Guiding :
Information connecting
Collection
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| dentifying Values

* Interact with decison makers
* Elicit feedback throughout DSS development
* Valuesarestated through gbjectives
* 3 Features of objectives

(1) Decision Context

(2) Object

(3) Direction of Preference

* ex. Forest products company wantsto “minimize
environmental impact”

(1) Decision Context - Harvesting Trees
(2) Object - Environmental | mpact
(3) Direction of Preference- Minimum is best
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Techniques or Eliciting Values

(1) Makea“Wish List”

(2) Evaluation of alternatives

(3) Problems and Shortcomings
(4) Consequences or Outcomes
(5) Goals, Constraints, Guidelines
(6) Different perspectives

(7) Strategic Objectives

(8) Generic Objectives

(9) Structure of Objectives

(10) Quantifying Objectives
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Structuring Objectives

e Initial list has “nonobj ectives
— Alternatives
— Congtraints
—Criteriafor evaluation
» Convert “non-objectives’ into objectives
—Means objectives
— Fundamental objectives
* Why is each important?
— It leads to something else == M eans Objective
— It isessential == Fundamental Objective
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Creating Alternatives

* No recipe—but “ValuesFirst!”
e First alternative thought of:

— Readily available

—Used before

—Constrained

—Includesthe Status Quo
* Find alternatives that meet objectives
» Consider objectivesin groups (2 or 3 at atime)
 Focus on strategic objectives

—Most important

—Most broad

—Will do most good

SYST 490

12
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Evaluating Alternatives - Value Modds

» Objectivesrelated to alter natives by Attributes

* Attributes are measur es of achievement of objectives
— Quantitative
— Reflect consequences

» Can be one or many (both objectives and attributes)
—Oneissimple and unusual
— Multipleattributes are more common
— Multiple attributes mor e difficult to handle
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Value Modds

* Notation:
A, j=1,...J istheset of alternatives
O,i=1,..., n istheset of objectives
X,i=1,...,n istheset of measuresor attributes
—Note: attribute X;isassociated with
objective O,

X, isthe outcome of attribute X;

— Example: O, isthe objective “ Maximize Profit”

X,is“the profit in $ millions” with x, being $168 million

— X =(Xy, X,, - . ., X,) ISthe expected consequences of
alternative
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Value M odel
» ak.a. “Objective Function”

» Denoted v(x)

» Assignsanumber to the consequences, x, of an
alternative

» Used to determine preference among alter natives

» Typesof valuefunctions
— Ordinal valuefunction - ranking only
—Measurable value function - strength of preference
— Utility function - indicates uncertainty

» Form depends on relationships between attributes

« Convention: v(xA) >v(x8) iff weprefer alt Atoalt B
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Relations Between Attributes

Attributes will be added together to get value of
alternative

Attributes must not overlap

Must avoid double counting

Attributes must beindependent of each other in some
sense

Thereismorethan onetype of independence
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Structures of Value Functions

Additive Value Function

n
]
V(X Xphee s X)) = a kivi (%)
wherek;isa positive'éﬂ:a]ing constant
v and v, arevalue functions scaled from 0to 1

All combinations of attributesare
Preferentially Independent!
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Structures of Value Functions

Multiplicative Value Functions

1+ Kv(Xy, Xp,eeay X)) = 6 [1"' Kk;v, (Xi)]

All pairs of attributes are Weak-Difference Independent

— Example:

V(X1’ Xz) =k, (Xl) +K,V, (Xz) + I(3V1(X1)V2 (Xz)
—Looks like regression equation with interactions
—Moredifficult to use

»Bottom Line: Use Additive Independent attributes!
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Senior Design

Example - Decision Problem
Which location should be chosen for the new factory?

Procedure:

(0) Choose Fundamental Objective
— Profitable enterprisein unpenetrated market

(1) Deter mine important Means Obj ectives
—Markets
— Availability of raw materials and supplies
—Taxes
—Availability of labor
—Cost of labor

19
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Example - Decision Problem (continued)

(2) Find ways of measuring the objectives
—Markets - Median family income
— Availability of raw materials and supplies
- Sufficient or not
— Taxes - Corporatetax rate
— Availability of labor - Population
— Cost of labor - Median hourly wage

20
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Example - Decision Problem (continued)

(3) Scaling obj ective measures
—Want each objective measured on scaleof 0to 1
- 0 means wor st
- 1 means best
- others measured proportionally

X israw score \( X - WOTSI
other )

best - worst

—Limitation: proportional score means“Risk
Neutrality”
- Ignoresriskiness of alternatives
- Important when considering uncertainty
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Example - Decision Problem (continued)

(4) Weighting the obj ectives (criteria)
Answer the guestion: How do we tradeoff increased
value in one objective for lower value on the others?

—Methods:
- Pricing out
- Swing weights *
- Lottery weights
— Often totally subjective
—Avoid “Importance Weights’
— Should be based on range of variation of attributes
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Swing Weights

» Based on comparing ranges of variation of attributes
» Can be used for non-quantitative attributes
* Method:
(1) Find “Worst Conceivable Alter native’
- Lowest scorein each attribute
- May be imaginary
(2) Pick attributethat gives greatest improvement
when “swings’ to highest level - remember increase
(3) Pick attributethat gives next highest increase when
swung
- by percentage - how does it compare with the first?
- never greater than 1 sincefirst isbest
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Swing Weights (continued)

(4) Repeat for rest of attributes
(5) Assess weights by noting that:

K, = Pk,
Ks =Pk,
: —Solvefor the k’s
kn = pnlkl
ak =1

i=1
where k; = weight of attributei,

and p, = percentage of improvement compared
with attribute 1
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Decision Trees
Interpretation 1— Extension of the Value Function
* Wehave:
Vo =kyuy (X)) +Kou, (%) + ...+ Kpu, (X)
—an additive value function

* Supposex; for someiin{1,2, ... ,n} isthevaluefrom avalue
function itself

» Givestreestructureor hierarchy

* Example:
I [ |
| Income | | Taxes | |Popu|ation|

I_I_|I_I_I—|

| Salary” Invest ||Property|| Corp ||Co||ege|| HS || <HS |
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Decision Trees (continued)

» Each level hasits own weights
—Weightssumto 1
—Weights correspond to relative importance of the
criteria
—Weights assessed asin other additive value function
- Swing weights
- Lotteries
- Pricing out
- Analytical Hierarchy Process (AHP) in book
 Each additive value function isindependent of the others
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Hierarchy

|Income | | Taxes | |Popu|ation|

6 |—|—\ 4 2 ;e = 2
| salary|| Invest |[Property|[ corp ||College|[HS |[<HS |

.30 .20 .09 21 .10 .06 .04

*Bottom row sums to one
*The “real weights”
*Should be shown to DM
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