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Decision Analysts
Howard Raiffa &

Ralph Keeney
advise us to make
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Think about what we value
as expressed in our objectives

Hammond, J. S., Keeney, Raiffa. 1999. Smart Choices: A Practical Guide to Making Better Decisions. Harvard Business School Press. -
Keeney, 1992. Value-Focused Thinking—A Path to Creative Decision Making. Harvard University Press, Cambridge, MA.



http://books.google.com/books?id=nBpdrLnyMvUC&printsec=frontcover&dq=smart+choices&source=gbs_summary_s&cad=0
http://books.google.com/books?id=nBpdrLnyMvUC&printsec=frontcover&dq=smart+choices&source=gbs_summary_s&cad=0

A key component

of systems analysis

IS examining the perspectives and
actions of multiple stakeholders

Constructing a hierarchy of objectives for
stakeholders provides decision insights =
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Understanding the Objectives of
Multiple Stakeholders can help...

-identify mutually agreeable alternatives

-understand the evolution of
past decisions from
multiple perspectives




Sometimes, one objectives hierarchy is
suitable for a set of stakeholders
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Differences across stakeholders in:
-tradeoffs between objectives
-evaluations of performance of

alternatives on objectives



One Objectives Hierarchy

Evaluate plans for distribution of potassium iodide (KI)
to protect against thyroid cancer,
due to radioactive iodine exposure

resulting from an incident at a U.S. nuclear power plant.

™
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Young children or fetuses at most risk. | | =
K1 distribution alternatives: / Jb
* Predistribute to households, schools, hospitals, etc.
—Via mail
—Via voluntary pickup
» Stockpile at evacuation reception centers

Do not predistribute

.. Based on book: http://www.nap.edu/catalog/10868/distribution-and-administration-of-potassium-iodide-in-the-event-of-a-nuclear-incident
T. Feng, L. R. Keller, “A Multiple-Objective Decision Analysis for Terrorism Protection: Potassium lodide Distribution in Nuclear Incidents”,

Decision Analysis, (June 2006), 3 (2): 76-93. http://pubsonline.informs.org/doi/abs/10.1287/deca.1060.0072
(supplement has Excel file) Much of this material is at http://faculty.sites.uci.edu/Irkeller/classes/



http://www.nap.edu/catalog/10868/distribution-and-administration-of-potassium-iodide-in-the-event-of-a-nuclear-incident
http://faculty.sites.uci.edu/lrkeller/files/2011/06/A-Multiple-Objective-Decision-Analysis-for-Terrorism-Protection-Potassium-Iodide-Distribution-in-Nuclear-Incidents.pdf
http://pubsonline.informs.org/doi/abs/10.1287/deca.1060.0072
http://faculty.sites.uci.edu/lrkeller/classes/

Kl Distribution Decision Objectives

Minimize Radioactive lodine Risk to Thyroid

Maximize Kl Availability
Optimize Ability To Take KI On Time
Minimize Harm From Inappropriate KI Administration

Minimize Harm from Other Aspects of Incident

Kl Procedures Don’t Impede Evacuation

Avert Mortality/Morbidity From Radiation Or Accidents
Minimize Panic/Anxiety Due To K| Procedures

KI Procedures’ Resource Use Not Excessive

Simple Kl Procedures Before/During Incident

Educate Public To Respond To Incidents

{ =
"D -
o |



Objectives Hierarc

MINIMIZE
RADIATION
HEALTH
RISKS

A. Minimize

Radioactive
' lodine Risk

to Thyroid

ny in Tree form

a.1. Maximize KI
Availability

_/%
L

a.1.1. Max. Availability for Children & Pregnant Women

a.2. Optimize
Ability to Take KI
on Time

B. Minimize
Harm from

| Other
Aspects of
Incident

a.3. Minimize Harm
from Inappropriate
KI Administration

a.1.2. Max. Availability for Other Residents

a.1.3. Max. Availability for Mobile Population

a.2.1. Max. Number of People who Know Where Pill is

a.2.2. KI Taken at Optimal time if No Evacuation

a.2.3. Kl is Taken at Optimal Time if Evacuation

a.2.4. Ensure Kl is Stored to Assure Stability

a.3.1. Correct KI Dose Given (and Taken) for Age

a.3.2. First KI Dose Not Taken Too Late

a.3.3. Adverse KI Side Effects (non-thyroid cancer) Minimized

b.1. KI Procedures Don’t Impede Evacuation

b.2. Avert Mortality and Morbidity from Radiation or Accidents

b.3. Minimize Panic/Anxiety due to KI Procedures

b.4. Kl Procedures’ Resource Use Not Excessive

b.5. Simple KI Procedures before/during Incident

b.6. Educate Public to Respond to Nuclear Incident




Different regions may

differ in AT R A
- tradeoffs among LTt
objectives, or e [w [ L

- performance “hi

evaluations on

objectives, ...
choosing different
policy actions

Excel sheet with sliders allows dynamic
sensitivity analysis on additive tradeoff weights
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One Objectives Hierarchy:
MERGER DECISION

ANALYSIS OF POTENTIAL MERGER OF
OPERATIONS RESEARCH SOCIETY OF AMERICA
(ORSA)

AND
THE INSTITUTE OF MANAGEMENT SCIENCES
(TIMS)

L. Robin Keller and Craig W. Kirkwood, “The Founding of INFORMS: A Decision Analysis Perspective”, Operations
Research. 47(1), Jan.-Feb. 1999, 16-28. [faculty.sites.uci.edu/Irkeller/files/2011/06/The-Founding-of-Informs-
Decision-Analysis.pdf]

Powerpoint: http://faculty.sites.uci.edu/Irkeller/classes/
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http://faculty.sites.uci.edu/lrkeller/files/2011/06/The-Founding-of-Informs-Decision-Analysis.pdf
http://faculty.sites.uci.edu/lrkeller/files/2011/06/The-Founding-of-Informs-Decision-Analysis.pdf
http://faculty.sites.uci.edu/lrkeller/classes/

1 oems |
Elicited stakeholders’ objectives &
combined them into 1 hierarchy

Top-level ORSA/TIMS MERGER OBJECTIVES

IMPROVE COST EFFICIENCY

ENHANCE QUALITY OF PRODUCTS

ESTABLISH STRONG EXTERNAL IMAGE

MAINTAIN SCOPE/DIVERSITY OF FIELD

IMPROVE OPERATIONS

11



ADD BRANCHES TO
MAIN CATEGORIES

IMPROVE COST EFFICIENCY

MAINTAIN
EFFICIENT

USE OF FUNDS

ALLOCATE WELL
REVENUES AND
EXPENSES

EXPLOIT
ECONOMIES

OF SCALE

BALANCE DUES
RATE & FEE-

FOR-SERVICE

REMOVE
DOUBLED

DUES

12



1.1 Maintain efficient use of funds

1. Improve cost efficiency of
TIMS/ORSA operations

1.2 Allocate well revenues/expenses to
activities/entities

MAXIMIZE OVERALL

VALUE

1.3 Maintain efficient use of time of volunteers

2.1 Provide high quality main and specialty
conferences

2.2 Provide high quality publications

2. Enhance the quality of ORSA
and TIMS products

2.3 Provide appropriate career services

2.4 Provide support for sub-units

2.5 Provide other member services

3. Establish a strong & coherent
external image of field

3.1 Increase visibility and clout of OR and MS

3.2 Foster professional identity

4. Manage the scope and diversity
of the field

4.1 Maintain/improve membership composition

4.2 Create strong relationships with other societies

5. Maintain/improve effectiveness
of ORSA and TIMS operations

5.1 Maintain/improve quality of governance process

AWAWARZINNVAN

5.2 Maintain/improve quality of operation output

13



MEMBERS VOTED TO MERGE IN
SEAMLESS MERGER
on JAN. 1ST, 1995

Into
INSTITUTE FOR OPERATIONS RESEARCH AND
THE MANAGEMENT SCIENCES

11 oPms |




In other cases,
an objectives hierarchy will be
constructed for each stakeholder

E% E% =

g &

because their objectives are so
different that construction of separate
hierarchies better represents their
divergent perspectives.




Construct Separate Objectives Hierarchies,
then Combine Together; August 1987 article in Energy Policy

For this article a comprehensive and
politically legitimate list of criteria to
evaluate energy systems was con-
structed from interviews with leading
representatives of a broad spectrum of
West German society. In the interviews,
we probed the fundamental values of
nine political and social organizations,
including the Catholic and Lutheran
Churches, the Federation of German
Labour Unions, the Association of Ger-
man Industries and the German Nature
Society. A hierarchical representation
of wvalue criteria was logically struc-
tured for each group separately, and
then aggregated into a combined ‘value
tree’. The result facilitates communica-
tion and constructive compromise,
promotes the creation of policy options
and helps evaluate future energy sys-
tems.

Keywords: West Germany's energy objec-
tives; Value trees; Energy scenarios

Ralph L. Keeney is Professor of Systems
Science and Detlof von Winterfeldt is
Associate Professor of Systems Science
with the Systems Science Department,
Institute for Systems and Safety Manage-
ment, University of Southern California,
University Park, Los Angelaes, CA 90089—
0021, USA, and Ortwin Renn is an Asso-
ciate Professor with the Center for Tech-
nology, Environment and Development

Structuring West
Germany’s energy
Oobjectives

Ralph L. Keeney, Ortwin Renn and Detlof von
Winterfeldt

The government of West Germany faces difficult decisions about the
development of energy policy for the next 50 years. Qil and gas have
become expensive and unreliable sources of energy. Nuclear power has
encountered stiff public opposition which has recently gained strength
through the participation of the ‘Grecns’ in the West German
parliament. The cost escalation of the fast breeder and the high
temperature reactor projects casts doubt on the economic viability of
these advanced technologies. Coal, while abundant, is expensive and
requires government subsidies. Furthermore, burning coal has been
linked to acid rain and the gradual deterioration of German forests.
Conservation and solar and wind technologies have limits in technical
feasibility and in economic viability.'

Recognizing these problems and the need for coordinated develop-
ment of future energy systems, the West German parliament in 1978
created the Enqucte Kommission ‘Future nuclear energy policy’. This
commission, which consists of seven members of parliament and cight
scientific experts whose political affiliations were deliberately mixed,
originally focused on nuclear power and decisions about development of
the fast breeder reactor. The scope broadened when parliament charged
the commission with studying alternative energy futures to ‘present
the future possibilities and necessities for decision-making, considering
ecological, cconomic, societal, and safety aspects both in a national and
international context, and to develop corresponding recommen-
dations’.?

In response, the Enquete Kommission developed four alternative
energy paths which represent very distinct economically and technically
feasible develonments of (Foermaanv's enereov svetem durine the comino



Bund der Deutschen Industrie (Association of German Industries)

Structuring West Germany’s energy objectives

Figure 1. Value tree for the Associa-
tion of German Industries (BDI).

Economic
impacts

Development
opportunities

for the market
economy

Energy
systems
security

Environmental
compatibility

International

— Nature

Cost

Direct costs of energy
production

Indirect costs (eg energy

intensive products)
r— Employment

—— Social security

Competitiveness
— Innovation

| Development of
export markets
—— Distributional justice
| Degrees of freedom
of market economy

—— Political security

L—— Wealth

— Flexibility
—— Openness
—— Adaptability

. Energy supply r_—— Availability of fuels
security Diversity of supply
. . Accidents during operations
— Technical security ——————{  — (0% e

— Dependence (eg fuel)
—— Susceptibility to biackmail
Avoidance of conflicts
— Peace

— Preservation of species
— Ecological balance

—— People

Environment

— (eg reclamation)
— Health

——— Nuisance (eg noise)

—— Culture

International
—— development of
technologies

cooperation

Acceptance

Reduced economic
differential for
developing countries

____ Public approval

{majorities)

Consideration of
mingorities

Improved economic
conditions

—— Improved living conditions

— Protection of minorities

Protection of majorities
—— irom disruption by
minaorities



Deutsche Katholische Kirche (German Catholic Church)

Strucruring West Germany's energy objeciives

) — Accidents
— 'é’.'*’l BETR— L— Health
[ Eiological condiions of Iife [— Maintenance of species
—— Nature T Maintenance of landscape
, Ecological balance
Relative nsks Apathy
Uniforrmily
—— Social and moral risks Aggression

Loss of fantasy
— Risks to cultural values E Restrictions of development opportunitios
—— War potential Fears and angst
—— Calastrophies
Absolute risks | Long-term threats o
humankind {eg genetic)
—— Risks to the human identity Enable coopearation
) Avoid totalitarianism
Short and medium term [ Mantain piuralism
Create a spectrum of possible ifestyles
- Self-determination of future generations
— Long ferm - Avoid irreversible changes to the identity of humans
Avoid anonmymity
_ s — Employmant
For individuals L Possibility for responsible seli-determination

Justice and welare I: Quality of life

Freedom to act and change

Promote cultural values and peopla’s destiny
L ) in developing countries
For nations Distributional justice
International cooperation
Availabilites of technologies for other countries

. Faclualness
In discourse among people —————[ Trothfulness
Modestia

" Justitia
. . Fi | wal .
Enrichment of basic values our cardinal values Prudentia

Fortitudo
F Renunciation as a creative force

Promote freedom for others by self restraint
Freadom from possesshons

Freedom from pretence

FuMilment by renunciation

Spirit of three evangelic
advices

Figure 2. Value tree for the German Catholic Church (DKK).
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Combined hierarchy

Structuring West Germany's energy objectives

[ Energy (— Invasiment
[— Transportation and distnibutron costs T Opesation
—Costs = Long-tarm costs mn“’l. m: ESon
Casl of enargy intanswve poducts
\— Indirect costs Infrasiruiure costs
Cosls dua 10 abrupl price changos
noncisl _tﬁa.l:lm
o " [ Teshical vuineratility
pcnical Technical ra¥abiity Tochnics ot
mm EMciancy of the FE"W' v of production peocess o lite
erts [ e snergy ibi P fer
- Compansilty T Resitonca 10 gatrama changes
Usor-frisncty [ Personat atily for contral
Faw maledials
Materia roquirsments —— [ DSPieton of [ wiater
- h Amount of malerisis required Iénnﬂ matarats
Medium and long-tarm — R of wrpon Ch . {mpots
I avsiatility of snargy ] 'Jependance of scarce rasources ‘olitical. negional, fuel divarsity
Securil = Technological dwersity
of snary Reduciion of polential [ Tochnical disruptions
enargy —
supplies |, denuptions — (o9
|__ Adapiabdity of he enesgy
i of
[ economic needs L Aespanss 10 market demand
Flaxibiity 1o cope with maret changes
| _ Compatitiveness of the ACVENLAQE in NRovabons
National econarmy Productivity
scanamic Developenent of export markels
impacts
cnal justice among — dusi o of amorgy costs
\rdustial sacloes L Just dstniution of econcmic
| Development opportunives Irctependance ol smal ang
ol tha marked sconomy' micdie size growin
The econcery's ability b change Fleadbility
Vibrabion Adaptability
Dirt
r— Local environment Semell Landscape
Visual impacis m
Creation and p o —
impacts ‘special nakural enviranments { Facreaons) arsas
on the natural — o pirks
|— Risgional e l_?"m":m—-———--—:hum
e "9
Climata (g via COy)
—Wm"-—[lmmmmmmm

salsly [
L_ Longsterm threals to
mankind (eg genetic)

r— Culiural and maral quality of lin

___ Chality ol tha r—-wuucnnnmmn
POBCEl pOCEES — ol minarilies Prolection of the majrity fom
disruptions by mincrities
of democralic — Eftective democralic
Poitical " decision making process L Conmnuity of democratic
impacls
_ [— Basic law )
) urwmwl:xmrhmnm " Other (o law of fima),
L Enhancemont of justice __ I F of phuraiism
and JemOCracy — Reduce olitist tendencies
[ Incwidusls
—_— al y
Localiregional autonamy
— . Reduction of the polential lor conllicts Threat poterdial
Socuring peace _'—'Enmdpumhlhm ——«—Ehnuﬁunml
#id devaloping couniries (eg lechnology) Biackmail polential
impacts =T justica —! —Ehmdmmm.m.
B o WW‘IU‘WH‘:’”WW’W Fraservaton of resources

Figure 3. The combined value tree.



Combined hierarchy-Top half

Struciuring West Germany's energy objectives
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Combined
hierarchy-
Bottom half
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Figure 3. The combined value tree.
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Multiple-Stakeholder Decision Making
The StarKist Tuna Fishing Decision
3 Major Stakeholders

CHUNK LIGHT TUNA MH_WI
6021700

Monika I. Winn and L. Robin Keller, “A Modeling Methodolo_gv for Multl Objective Mult| Stakeholder Decisions: Implications for Research”, Journal of Management Inquiry. 10(2), June 2001, 166-181. [faculty.sites.uci.edu/Irkeller/files/2011/06/A-
Modeling-Methodology-for.-Multiobjective-Multistakeholder: mplications-for-Research.pd

ns.-|
Much of this material is at http://faculty.sites.uci. edu/lrkeller/classes[
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Problem: Boats’ nets catch dolphins
with tuna fish in Pacific ocean

Purse Seine Net

23



DECISION ALTERNATIVES g

Legal Quota
Maintain current practices and stay within legal limits

Limited Mortality
Step up efforts to reduce the number of dolphins killed

Zero-Mortality
No fishing associated with setting nets on dolphins

24



Decision Alternatives Rated for Fishing Fleet

Decision Alternatives

Keep Reduce Go
Status Dolphin Dolphin
Objectives Hierarchy Quo Mortality Safe

MAINTAIN VIABLE BUSINESS
F1. Maintain Profitability
F1.1. Maintain Lucrative Fishing Grounds
F1.2. Maintain Lucrative Fishing Methods
F1.3. Avoid Foreign Competition
F2. Maintain Livelihood
F2.1. Maintain Fishing Grounds in East. Tropical Pacific
F2.2. Protect Large Investments in Boats

F2.3. Prevent Fishing Grounds from Depletion

F3. Maintain Quality of Life in Local Community
F3.1. Protect Family-Owned Small Businesses & Heritage
F3.2. Maintain Positive Image in Community

F4. Protect Positive Image as Good Global Citizen
F4.1. Legitimate Fishing Methods involving Dolphins
F4.2. Publicize Successes in Reducing Dolphin Mortality

+ favorable 0 neutral/balanced ? insufficient info. - unfavorable
25



Decision Alternatives Rated for

Environmental Interest Groups
Decision Alternatives
Keep Reduce Go
Objectives Hierarchy Status Dolphin Dolphin

Quo Mortality Safe

PROTECT MARINE MAMMALS

El. Stop Killing of Dolphins

E1.1. Protect Intelligent Large Marine Mammals

E1.2. Protect Species from Extinction

E2. Stop Cruelty to Dolphins

E2.1. Prevent Herding by Helicopter & Detonations

E2.2. Prevent Harm from Entangling

E3. Generate Positive Public Image for Cause

E3.1. Maximize Favorable Media Coverage

E3.2. Generate Positive Public Sentiment

E4. Improve Prestige of Special Interest Group

E4.1. Increase Financial Support

E4.2. Gain Support from Celebrity Spokespersons

26



StarKist’s “Crisis Mode” Objectives Hierarchy

Keep Reduce Go
Status Dolphin Dolphin
Objectives Hierarchy Quo Mortality Safe

Decision Alternatives

ENSURE FIRM SURVIVAL

C1. Sustain Profitability

C1.1. Maintain Favorable Industry Competitive Position

C1.1.1 Maintain Viable Cost Structure

C1.1.2 Maintain Revenue Stream

C1.2. Ensure Technological and Operational Feasibility

C2. Minimize Interference from Government Regulation

C2.1. Minimize Regulation-Induced Cost Increases

C2.2. Minimize Constraints on Managerial Discretion

C3. Maintain Organizational Legitimacy

C3.1. Maintain Image as "Good Corporate Citizen”

C3.1.1. Maximize Environmental Citizenship Image

C3.1.2. Maximize Social Citizenship Image

C3.2. Minimize Negative Perception at Critical Events

C3.2.1. Minimize Negative Environmental Perception

C3.2.2. Minimize Perception of Negative Social Impact

StarKist’s (1991) Dolphin Safe Policy
"StarKist will not buy any tuna caught in association with
dolphins in the Eastern Tropical Pacific." .




Feng, T., L. R. Keller, X. Zheng. 2008. Modeling Multi-Objective Multi-Stakeholder
Decisions: A Case-Exercise Approach. INFORMS Transactions on Education 8(3) 103-114,

(http://ite.pubs.informs.org/, http://pubsonline.informs.org/doi/abs/10.1287/ited.1080.0012
supplemental files: HomeDepotTeachingNote.pdf (for instructors), Excel file. Files also at 28
http://faculty.sites.uci.edu/Irkeller/classes/



http://ite.pubs.informs.org/
http://pubsonline.informs.org/doi/abs/10.1287/ited.1080.0012
http://faculty.sites.uci.edu/lrkeller/classes/
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You can do it. We can help.

Background

Building products company Home Depot
proposed to open a

retail building supply store
In San Juan Capistrano, California USA

The new store would be on 15 acres in a strip of industrial land.

Home Depot owned two acres of this land.

The rest of the land was owned by the city, and would need to be
bought.
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You can do it. We can help. oy

Background

‘&, )
ol

* The city would get $9 Million if it sells Home
Depot the 13 acres.

 Many were concerned that a “big box store”
would destroy its historical small town feeling.

* Nearby residents also worry that a Home
Depot would cause traffic jams, pollute the air,
produce noise and block ocean breezes.
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Home Depot Case

Alternatives

Build Home Depot

Don’t develop the land

Build a recreational vehicle park
Build specialty retail facilities

Stakeholders

City of San Juan Capistrano
Competing Local Small Businesses

Complementary Local Small Businesses
Home Depot

Nearby Residents
Other Area Residents

31



Spreadsheet Structure for Each Stakeholder

Decision Alternatives Rated for the City of San Juan Capistrano

Rating on Each Objective

0 - 10 = best
\flaellicﬂz?gr Caculated Fill in Raw Swing |, O.Téion . O”ptionl 2 "Opa\gn 3 OP“O_:LA
S TOT) Normalized | Slider | weights (o | BuldHome] “Dont | "BuldRv | "Bui
Major Weights 100) Depot" | develop the Park" specialty
Objectives land" refail’ |

OVERALL OBJECTIVES

Al.1 Promote job creation

A1.2 Keep the city's retail base competitive

Al. Support the city and | AL.3

The City of San Juan Capistrano

10
9
8
7
6
5
4
3
2
1
0
Option 1 "Build Home | Option 2 "Don't develop |Option 3 "Build RV Park"| Option 4 "Build specialty
Depot" the land" retail"
overall values
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ldentify group’s objectives

Rating on Each Objective

0 - 10 = best
V(\:Izliciltit?gr Caculated Fill in Raw Swing |, O.ption 1 O"ptionl 2 "Op.tion 3 Oj)tigh 4
g ; Normalized Slider Weights ©- Build Home Don't Build RV Bu.lld
Major Weights 100) Depot" develop the Park" specialty
Objectives land" retajl" |

OVERALL OBJECTIVES

Al.1 Promote job creation

Al.2 Keep the city's retail base competitive

Al. Support the city and

A1.3FPromote convenience of shopping

its residents

Al.4

Al.5

Al.6

s A A A | A A

vy v|lv v|v v |

— | Al.1 Promote job creation

| AL.2 Keep the city's retail base competitive

Improve the
City of San
Juan
Capistrano

Al. Support the city and its residents

| AL.3 Promote convenience of shopping

[AL2

[ALS

[AL6




° L
Complementary Local Small Businesses-
Representative Hierarchy of Objectives
Ratings on Each Objective
0 - 10 =best
s | [ ot LT O e | o
Major _ Weights (0 Depot develop"the Park spemglllty
Objectives Weights 100) land retail

OVERALL OBJECTIVES

o B1.1 Maintain prices competitive 1 »
B1. Maintain market - — — .
share B1.2 Remain competitive by providing nearby convenience 1 »
B1.3 1 F
B2.1 Minimize labor costs 035 |4 _J 3 35 3 10 8 6
B2, Minimize costs B2.2 an?mfze Rent 0.65 025 |4 I 3 25 4 10 8 6
B2.3 Minimize Inventory Costs 005 [« | » 5 10 5 8 8
B2.4 000 [« »
OVERALL VALUE (SUMPRODUCT OF NORMALIZED WEIGHTS
( 1.00 1.00 100 5.55 8.00 7.70 6.30

TIMES RATINGS)
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Moving Sliders on Weights
Dynamically Changes Graph

Decision Alternatives Rated for the City of San Juan Capistrano

Rating on Each Objective

0 - 10 = best
vc\:/zliciltzt(fesr Caculated Fill in Raw Swing |, OIption 1 O”ptionl 2 ”OpFion 3 C)I!:)tiqn 4
gni Normalized Slider Weights  (0- Build Home Don't Build RV Bu.|Id
Major ; Depot" develop the Park" specialty
e Weights 100) _
Obijectives land" refail”
OVERALL OBJECTIVES
Al.1 Promote job creation 0. 4 » 100 10 0 2 5
AL.2 Keep the city's retail base competitive 0 4 » 100 10 0 0 5
Al. Support the city and | A1.3 Promote conveniance of shopping 0.30 0 [l 3 100 10 0 0 5
its residents Al.4 : 00 4 »
AL5 00 [«
AL.6 .00 4 » ) -
A2.1 Provide community service 10 4 | 100 The Ci ty of San Juan CapIS'[I’an 0
N A2.2 Maintain small town feel 2 4 _J 3 20
A2. Enhance viability of
) A2.3 Increase tax revenue 0.27 [0) q l » 100
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A2.4 Min. impact on local businesses 0. 4 J 3 50 9
A2.5 0.00 | >
A3.1 Minimize disruption to daily life 0.06 8
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impact on the city A3.4 : 0.00 Pl »
A35 000 4| o> 5
A3.6 0.00 |« » 4
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Ad.4 0.00 Ll 3 1
A4.5 0.00 4 » 0
AS1 M!mmlze_'mpa_d from possible earthquake 0.01 qf D 15 Option 1 "Build Home | Option 2 "Don't develop | Option 3 "Build RV Park"| Option 4 "Build specialty
o AS5.2 Min. traffic accidents 0.01 4 > 15 N "
AS5. Minimize health and —— —— i Depot the land retai
) A5.3 Min. impact on existing infrastructure 0.04 0.01 4 » 15
safety impact
A5.4 0.00 4 » overall values
A5.5 0.00 4 »
OVERALL VALUE (SUMPRODUCT OF
NORMALIZED WEIGHTS TIMES RATINGS) 1.00 1.00 1011 4.35 5.05 4.59 5.59
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Moving Sliders on Weights
Dynamically Changes Graph

Decision Alternatives Rated for the City of San Juan Capistrano Rating on Each Objective
0 - 10 = best
T o
. Normalized Slider Weights  (0- .
Mall?f Weights 100) Depot" develop the Park" speuglty
Objectives land" retail" |

OVERALL OBJECTIVES

AL.1 Promote job creation 0.11 1 91 10 0 2 5

A1.2 Keep the city's retail base competitive 0.12 4 » 100 10 0 0 5
AL Support the city and | A1.3 Promote conveniance of shopping 026 0.0 4 —l » 25 10 0 0 5
its residents Al.4 ! 0. ] »

Al5 0. 4 ] 3 -

AL6 0. 4 » : ;

A2.1 Provide community service 0.0! | » 20 The Ci ty Of San Juan CaplStran 0
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A4.5 0.00 |4 »

A5.1 Minimize impact from possible earthquake 0.02 4 » 15 0 o o o N :
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What do you think: Yes or No?

(City voters voted on this issue in November 2002.)
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Example Home Depot Case Perspectives

Overall Values

Option 1 | Option 2 | Option 3 | Option 4
Build Don't Build Build
Home develop RV specialty
Depot the land Park retail
City of San Juan Capistrano 4.5 4.2 4.2 56
Competing Local Small
Businesses 0.6 3.0 5.0 80
Complementary Local Small
Businesses 100 5.0 5.7 3.9
Home Depot 04 1.0 1.0 1.0
Nearby Residents 1.0 52 1.4 4.2
Other Area Residents 0.2 3.8 0.8 3.6

Data from Executive Education session, February 2009. UC Irvine Merage
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Each Stakeholder’s View of
Different Alternatives

[EEN
(@)

O L N W b 01 OO N O O

Overall Values for Each Stakeholder

City of San Juan §ompeting Localyy Complementary =~ Home Depot

Capistrano

Nearby Other Area

Small Local Small Residentg Residents
inesse Businesses

O Option 1 "Build Home Depot" B Option 2 "Don't develop the land"

O Option 3 "Build a RV Park” O Option 4 "Build specialty retail”
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Can examine how fair an
alternative is from the perspective
of each stakeholder, based on their

overall value for the alternative



Each Alternative from Different Stakeholders’

Viewpoints

[EEN
o

O R N W » 01 O N 00 ©

Overall Values for Each Option

\

I

Ll | / B |
Op¥on 1 "Build Hpme tion 2 "Dop/ Option 3 "Build a RV Option 4 "Build
Depot" dewvelop the land" Park" specialty retail"
I City o San Juan Capistrano B Competing Local Small Businesses
O Complementary Local Small Businesses O Home Depot

B Nearby Residents

O Other Area Residents
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Voters voted NO
There is no Home Depot in the city



So far, we have modeled decisions under certainty, with
no probabilistic states of nature.

Different stakeholders often disagree about the
riskiness of new ventures and technologies.

Decision trees with decision nodes and chance nodes
can be constructed for each stakeholder.

Stakeholders may agree or disagree on different
components (probabilities of outcomes, alternative
actions, utility of outcomes, etc.)

Such models may help clarify where there is agreement
or not.



SUMMARY

A key component of systems analysis is
examining the perspectives and actions of
multiple stakeholders

Constructing hierarchies of objectives for
stakeholders provides decision insights

=
o DEE 'E E

— —
[ ] ' | —
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Questions?

University of California .
" SIrvine T




Appendix

with added details



MULTI-OBJECTIVE MULTI-STAKEHOLDER DECISION ANALYSIS

A key component of systems analysis is examining the perspectives and actions of multiple
stakeholders. Constructing a hierarchy of each stakeholder’s objectives with respect to a decision
situation can provide insights on areas of agreement and disagreement.

Sometimes, one objectives hierarchy is suitable for a set of stakeholders, and differences
in opinions across stakeholders can be characterized by differences in the multiple objectives’
weights. Examples include planning for protection against radioactive iodine releases in nuclear
incidents and analysis for the merger of the Operations Research Society of America and The
Institute of Management Sciences to become INFORMS.

In other cases, an objectives hierarchy will be constructed for each stakeholder because
their objectives are so different that construction of separate hierarchies better represents their
divergent perspectives. Examples include a tuna fish supplier source selection decision (from the
perspectives of the StarKist company, environmentalists, and the San Diego tuna fishing fleet), a
prostate cancer treatment decision (of former Intel CEO Andy Grove, his family, his company, and his
doctors), and the potential siting of a new Home Depot building supply store.

Having modeled stakeholders’ objectives, dynamic sensitivity analysis can be conducted
using sliders in Excel on the objectives’ weights, to rapidly see how the preferred action may change
with weight changes. It would also be possible to examine the perceived fairness across stakeholders
of anticipated environmental changes or proposed societal policies. Just as groups may differ in
objectives, they may also differ in their perception of risks. In particular, scientists and laypeople
often judge the magnitude of risks very differently.



MULTIPLE OBJECTIVE DECISIONS UNDER CERTAINTY
Model

Objectives hierarchies of stakeholder(s)
Additive “weight & rate” multiple objective measurable value function

Software
Use Excel with sliders to input swing weights
Show sensitivity analysis in real time as bar graphs change

Much of this material is at http://faculty.sites.uci.edu/Irkeller/classes/. LR Keller, JSimon, Y Wang. "Multiple objective decision analysis
involving multiple stakeholders," Ch. 7 in M. R. Oskoorouchi (ed.) Tutorials in Operations Research- Decision Technologies and Applications.
INFORMS. (2009). [faculty.sites.uci.edu/Irkeller/files/2011/06/multiple-objective-decision-analysis-involving-multiple-stakeholders.pdf]
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http://faculty.sites.uci.edu/lrkeller/classes/
http://faculty.sites.uci.edu/lrkeller/files/2011/06/multiple-objective-decision-analysis-involving-ultiple-stakeholders.pdf

(1 lorms |
VALUE RATING SCALE

2: SEEN BY AVERAGE MEMBER AS IMPROVED

1: SEEN BY OFFICERS AS IMPROVED
BUT NOT BY AVERAGE MEMBER

0: NO CHANGE
-1: SEEN BY OFFICERS AS WORSE
-2: SEEN BY AVERAGE MEMBER AS WORSE
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(1 lorms |
INTERPRETATION OF

“MEASURABLE” VALUE RATINGS

STRENGTH OF PREFERENCES IS REFLECTED IN
DIFFERENCES OF VALUES

DEGREE OF IMPROVEMENT

FROMOTO 1
IS THE SAME AS
FROM 1T0O 2
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JUDGED VALUE RATING SCORES

(1 lorms |

JUDGED VALUE RATING
ON ALTERNATIVES
OBJECTIVES SEP| SQ | SM | M2 | M3
1. IMPROVE COST EFFICIENCY
1.1 MAINTAIN EFFICIENT USE OF FUNDS
1.1.1 EXPLOIT ECONOMIES OF SCALE -2 0 1 -1 1
1.1.2 BALANCE DUES RATE AND _2 O 1 _1 1
FEE-FOR-SERVICE
1.1.3 REMOVE DOUBLED DUES _1 O 2 1 2
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Evaluation

Considerations

Judged
Weight

Coopera

ion Alternati

SEP

SQ

SM

M2

M3

1. Improve cost efficiency of TIMS/ORSA operations

1.1 Maintain efficient use of funds

1.2 Allocate well revenues/expenses to activities/entities

1.3 Maintain efficient use of time of volunteers

2. Enhance the quality of ORSA and TIMS product

%)

2.1 Provide high quality main and specialty conferences

2.2 Provide high quality publications

2.3 Provide appropriate career services

2.4 Provide support for sub-units

2.5 Provide other member services

3. Establish a strong & coherent external image of field

3.1 Increase visibility and clout of OR and MS

3.2 Foster professional identity

4. Manage the scope and diversity of the field

4.1 Maintain/improve membership composition

4.2 Create strong relationships with other societies

5. Maintain/improve effectiveness of ORSA and TI

MS operations

5.1 Maintain/improve quality of governance process

5.2 Maintain/improve quality of operation output




COMPUTE WEIGHTED AVERAGE OF
VALUE RATINGS

MULTIPLY OBJECTIVE’S WEIGHT TIMES
VALUE RATING ON EACH OBJECTIVE

SUM UP OVER ALL OBJECTIVES

(Use SUMPRODUCT function in Excel)

RECOMMENDED OPTION IS ONE WITH
HIGHEST OVERALL VALUE

53



AN VAN

WEIGHTS FOR OBJECTIVES

SUM OF WEIGHTS IS 100% FoR ALL LOWEST LEVEL OBJECTIVES

OBJECTIVE'S WEIGHT DEPENDS ON RANGE
ATTAINABLE ON OBIJECTIVE

Use a SWING WEIGHT Interpretation
Assume a weighted Additive Model
DECISION MAKER JUDGES WEIGHTS ON OBJECTIVES
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RESULTS <

OFFICERS PREFERRED MERGER3 ALTERNATIVE

VOCAL OPPONENTS COMPROMISED ON SEAMLESS
MERGER, AS LONG AS NEW NAME included
“OPERATIONS RESEARCH”
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Decision Alternatives Rated with
StarKist's “Business-As-Usual” Objectives Hierarchy g

Decision Alternatives

Keep Reduce Go

Status Dolphin Dolphin

Quo Mortality Safe
MAXIMIZE PROFIT ? ? ?
B1. Minimize Cost

B1.1. Minimize Cost of Tuna

B1.2. Minimize Cost of Canning Operations

B1.3. Minimize Cost of Transportation Logistics

B1.4. Maximize Quality of Tuna and Operations
B2. Maximize Revenue

B2.1. Maintain and Expand Brand Loyalty

B2.2. Increase Customers w/ Differentiated Product Line ? ? ?
B3. Optimize Industry Competitive Position

B3.1. Capture "First Mover" Advantages _I_

B3.2. Hold Market Share Leadership ? ? ?
B4. Minimize Legal and Regulatory Interference
B4.1. Minimize Legal Liabilities ? 0 0

B4.2. Minimize Regulatory Intervention
B5. Maintain Favorable Stakeholder Relations
B5.1. Maintain Good Supplier Relations 0
B5.2. Maintain Good Shareholder and Banking Relations ? ? ?

B5.3. Maintain Good Relations to Corporate Headquarters ? ? ?
B6. Maintain Reputation as ""Good Corporate Citizen"
"0": neutral or balanced
"?". insufficient information

Key for Rating Alternative’s Performance on Objective
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StarKist’s “Strategic Planning” Objectives Hierarchy

Decision Alternatives
Keep Reduce Go
Status Dolphin Dolphin Safe
Objectives Hierarchy Quo Mortality
MAXIMIZE PROFIT ?

S1. Minimize Operational Changes and Restrictions

S1.1. Manage Profit-Related Changes

S1.1.1 Minimize Restrictions on Fishing Territory

S1.1.2 Maintain Yield

S1.2. Maintain Good Supplier Relations

S1.2.1 Maintain Control over Distant Fleet

S1.2.2 Minimize Strain on Relations with Local Fleet

S2. Maintain Firm Profitability
S2.1. Minimize Cost (closely related to S1.1.)
S2.2. Maintain Revenue Stream
S2.2.1. Hold Tuna Price Down
S2.2.2. Avoid Boycotts of Canned Tuna
S3. Maintain Favorable Industry Competitive Position
S3.1. Remain Market Share Leader
S3.1.1. Hold Leadership Position
S3.1.2. Lead Industry on Pricing and Policy
S3.1.3. Hold Leadership-Related Brand Loyalty
S3.2. Capture “First-Mover” Advantages
S3.2.1. Set Industry Standard on Dolphin Policy
S3.2.2. Maximize Positive Media Coverage
S3.2.3. Maintain Profit Margin with Higher Price
S4. Minimize Government Regulation
S4.1. Minimize Regulation-Induced Cost Increases
S4.2. Minimize Constraints on Managerial Discretion
S4.2.1. Avoid Compliance or Forced Reactive Mode
S4.2.2. Avoid Regulation-Related Bureaucracy
S5. Improve Firm Reputation & Public Perception
S5.1. Enhance Image of “Good Corporate Citizen”
S5.1.1. Maximize Goodwill
S5.2.2. Ensure Perceived Legitimacy (Firm & Industry)
S5.2. Avoid Negative Press
S5.3. Minimize Uncertainty from Regulation
S6. Minimize Impact on Marine Life
S6.1. Minimize Short Term Impact
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Methodology

o A Multi-objective Multi-stakeholder Decision
Analysis Methodology

Identify . Develop
Stakeholders . the
Weights
: : mpute Overall
Identify Rate Alternatives Is There a Comp
Alternati over Objectives pominant Values of
ernatives ) Alternative? Alternatives
Develop the Make Conduct Dynamic
Objectives the “ Sensitivity Analysis
Hierarchy Recommendations Using Sliders in Excel
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Stakeholders

The city of San Juan Capistrano: interested in the potential revenue,
but concerned with interests of multiple stakeholders

Competing local small businesses: will be influenced by the arrival of
Home Depot in terms of profit, etc.

Complementary local small businesses: will definitely be affected in
terms of profit, etc.

Home Depot

Nearby residents: concerned with the possible adverse impacts on
their quality of life

Other area residents: will enjoy the convenience, but may suffer from
the possible increased traffic flow
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You can do it. We can help.

Home Depot in San Juan Capistrano

A Sample Spreadsheet
to Evaluate the Home Depot Case

Excel file (HomeDepotCase.xls)
http://faculty.sites.uci.edu/Irkeller/classes/

Make sure to choose "enable the macros” when you open the spreadsheet. If
you still have the problem of adjusting the sliders due to the security level
after that, please go to the menu of "tools->macro->security", switch the
security level from high to medium, save the file, then close the file and
finally reopen the file and it should work.


http://faculty.sites.uci.edu/lrkeller/classes/
http://www.homedepot.com/webapp/wcs/stores/servlet/HomePageView?langId=-1&storeId=10051&catalogId=10053
http://www.homedepot.com/webapp/wcs/stores/servlet/HomePageView?langId=-1&storeId=10051&catalogId=10053
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