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DECISION ANALYSIS

Development and use of logical methods
for the improvement of decision-making
in public and private enterprise.

Such methods include:

- models for decision-making under conditions of

uncertainty or multiple objectives

- techniques of risk analysis and risk assessment;

. experimental and descriptive studies of decision-making behavior
- economic analysis of competitive and strategic decisions

- techniques for facilitating decision-making by groups

- computer modeling software and expert systems

for decision support

http://decision-analysis.society.informs.org/
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Welcome to DAWeb, the web site of the Decision Analysis Society of INFOERLS. The Society
promotes the development and use of logical methods for the improvement of dectsion-maloing in
public and private enterpnise. Such methods mclude models tor decision-making under condiions
of uncertamty or multiple objectives; techrniques of risk analysis and risk assessment; expermmental
and descriptive studies of decision-making behawior; economic analysis of competitve and strategic
decisions; techniques for facilitating decision-malkang by groups; and computer modeling software
and expert systems for decision support. Our members mclude practbioners, educators, and
researchers with backgrounds in engineenng, business, econotmcs, statistics, paychology, and other
social and applied sciences.

The Decision Analysis Soctety 15 a subdmnsion of [MEOERERTS the Institute for Cperations
Eesearch and the Management Sciences. INFOEIS 15 the world's largest orgamzation of
operations researchers and management scientists, with ower 12,000 members. The Decision
Analysiz Society 15 now the second largest scotety within INFORIS, with over 940 members and
170 nternational mernbers.

INFOEMS was created in 1995 by the merger of the Operations Eesearch Society of America
(CESA, founded mn 1952) and The Institute for Management Sciences (TINGS, founded m 1953
The Decision Analysis Soctety was founded m 1980 as the OESA Spectal Interest Group on
Decision Analysis, becorung the INFOERS Section on Decision Analysis upon the merger of
DESA with TINMGS. In February 1996, the Section on Decision Analysis became the Decision
Analysis Society of INFOEMS, reflecting the mcreasing scope of our activities.

Decrsios Axaiysts

Decizion &Analysis Society Flyer MEW
Decizion &nalysis Jommal Flyer MEW
Decision Analysis Jourmal
[INFORIVIE Practice Conf. 2007
[MFORIVS International 2007
[MFORIVE Seattls 2007
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A Taxonomy of Decision Models

Problem dominated by

Uncertainti I\/Iultigle Objectives

conversation

*Event tree *Multi-criteria
oFault tree decision analysi
eInfluence diagram  °*Payoff matrix

opinion *Decision tree

: «Multi-criteria
*Bayesian nets commons dilemma
*Bayesian statistics

Into components

*Credence decomposition
*Risk analysis

eMulti-criteria
bargaining analysis

Reference: L.D.Phillips, Decision Analysis in 2005
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MULTIPLE CRITERIA DECISION ANALYSIS

Family of
e _ N
Several issues e —- | | | |

(consequences, attributes, fundamental Multiple

characteristics, objectives,

dimensions, etc.) Points of view

criteria

\_

Intracriterion judgments:
Local evaluation
models

Coherent family of Descriptors
Evaluation criteria of performance

. Multicriteria
Intercriteria . Overall

judgments: of Io?:ga?rer%?gr()er:wces evaluation
Weighting criteria P model
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MULTI-CRITERIA VALUE MEASUREMENT

« Measuring the relative value of options in each criterion:

Numerical (e.g. direct rating) and
Non-numerical approaches (e.g. MACBETH)

 Criteria weighting procedures

Numerical techniques (e.g. swing weighting)
Non-numerical techniques (e.g. MACBETH)



MULTI-CRITERIA VALUE MEASUREMENT
Evaluation framework: Additive value model

V(@)= ikj.vj(a)
=1

With:(v.(upper anchor;) = 100, V]
v;(lower anchor;) =0, V]

V(a) overall value of option a V(all upper anchors) =100
|V(all lower anchors) =0

vj(a) local value (score)

of option a ‘ ‘

against criterion |

k.=1 and k >0 (j=1,....n
ki scaling constant JZ: J J () )

(relative weight)
of criterion |
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Non-numerical approach: MACBETH

Measuring Attractiveness by a Categorical
Based Evaluation Technique

An interactive pairwise comparison approach
to guide the construction of a quantitative value model
from qualitative value judgments

When you take all non-verbal judgment out of a decision
It becomes a calculation and not a decision.  Rreqisice

Organization

Elliot Jaques ‘ zzl

Requisite Organization, 1988
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Download the Demo Version of M-MACBETH
http://www.m-macbeth.com

* MACBETH Home Screenshots Pricing Downloads  Online Tutorial  References  Contacts

M- MACBETH
easuring

MACBETH

ttractiveness by a allows vou to evaluate options
by simply making
ategorical gqualitative comparisons
of the differences in benefit
— for multiple criteria Decision

A Multiple

Criteria

valuation Support

Learm more...

ec nique System
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How does it work?
MACBETH uses a simple guestion-answer protocol
that involves only two options in each question:

Ask the evaluator to pairwise compare options
by given a qualitative judgement

of the difference in attractiveness

between each two options

| very weak
For x and y such that — weak
~XIs preferred to y, B
the difference in attractiveness b :
. v stiong
between x and y is:
| v strong

[ extreme
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MACBETH semantic categories of
difference of attractiveness:

Note: the ‘weak’, ‘strong’ and ‘extreme’ were initially called the fundamental
categories, but the M-MACBETH software that implements the MACBETH approach
does not make this distinction and even allows for group judgments that do not
distinguish between several consecutive categories, such as ‘strong or very strong’.

© 2008 Carlos A. Bana e Costa



How many judgements?

For a set X of m options, the number of pairwise
comparisons can vary from a maximum of m(m-1)/2
judgments, when all pairwise comparisons are made,
to a minimum acceptable number of m-1 judgments,
as when comparing only each two consecutive options

iNn the ra I N
iN the rank iy v ne |J NS Witn

(however, it Is recommended to ask for some

r r\ NNt winth all Af tha A
call Ul LIIT U

additional jJudgments to perform several consistency
checks).
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HLAFIFW'S ISLAND CHOICE CONCERNS
—IBENEFIT CONCERNS

Good snorkelling

Spectacular scenery

Remote beaches

B COST CONCERNS

Fair flight price

Short travel time

if an inconsistency

Assessing MACBETH
Intracriterion preference
iInformation

As each judgement is entered in the
matrix, its consistency with the judgments
already inserted is checked and possible
iInconsistencies are detected.

IS deteC‘EEd’ r* Remote beaches Lihy
suggestions to
: Big| holo Lana haui Oahu ST
overcome it are v. strong
Bigl weak-mod  moderate strang W GHHOND | A
presented. strong
. .. kAolo -Iveryweak | strong strang  |BES e
Technlcally, this is moderate
Lana - moderate ﬂmuderate
doneloyia . o
mathematical Oahu e
. no
programming Inconsistent judgements
algorithm (see Suggestion 1 of 4 1 1 modification(s)
Banae Costaetal. || Q 9]8/%) &) =] =17 ] %

2005 for details).
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Bigl hdalo Lana bAaui Oahu
Bigl weak-mod = moderate strong v, strong
talo -Iveryweak JL strang strong
Lana - moderate ]Imu:nderate
hdaui -ﬂ weak

Inconsistent judgements

MACBETH has found [4]  waw(s),

11 requiring 1

category change(s),

to obtain consistent judgements.

1 Strong <

Lse the " + " key orthis button 2
to cycle through the suggestions.
O
+ Remote beaches
Froklems Diff. Couples Couples
1 strong bMolo-Maui > Lana-Oshu | moderate
weak baui- Oahu > Molo - Lana  weryweak

| Weak <

N7

Molo =

- Lana =
\

L Maui

> \ery weak T

Moderate T
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+ Remote beaches

Bigl holo Lana baui Oahu SR extreme
v._strong

scale

Bigl weak-mod | moderate strong . strang 100

strong
bolo - vy weak strang strong el
moderate
Lana - moderate | moderate 50
= - .

Clahu 0

Consistent judgements

2 of @lals) 2 = ) 1]

. T .

For a set of consistent judgements, MACBETH suggests
a numerical scale v on X that satisfies the following

measurement rules:
Rule 1
V X,y e X:v(x)=v(y) iff xandy are equally attractive
V X,y € X:v(x)>v(y) iff x is more attractive than v;
Rule 2

vk,ke{l,2,3,456},VX,Yy,W,2ZeX,

with (x,y) € C, and (w, z) € C,. :

k>k’+1 = v(x)-v(y) >v(w)-v(2)

* Remote beaches Iﬁ

100

o] 70

50

(V] 10
o o
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W.i Remote beaches

=

159l

]

r

19.94

—r—{Maui]
ggr T 12ahy)

i )2 = =

100

70

&0

10

The s
determines the
interval within
which each score
of each option can
vary when the
other m-1 scores
are fixed and still
remain compatible
with the matrix of

judgments.

nftwwraro
vilLvval ©

This allows the
adjustment of the
scale by
comparing
differences of
scores, to arrive to
a cardinal scale.

W* Remote beaches lﬁ']

t—{BE] 100
(e
: 50
19.99
R ETI T
o o
e o 12 [ 3
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“Behind” M-MACBETH

Jodo Bana e Costa
Carlos Bana e Costa



“Behind” M-MACBETH

B C D
Extreme 6
Very Weak Moderate | Very Strong
Ver
/ 5
Strong
Moderate Strong
Strong 4
Moderate 3
Strong
Weak 2
Very Weak 1
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“Behind” M-MACBETH

B C D
Extreme 6
Very Weak Moderate | Very Strong
Very
1 5
Strong
Moderate Strong
Strong 4
3
Moderate 3
Strong
4 Weak 2
Very Weak 1
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“Behind” M-MACBETH

A B C D
Extreme 6
Very Weak Moderate | Very Strong
Very 5
1 4 Strong

Moderate Strong

Strong 4
3

Moderate 3

Strong
4 Weak 2

Very Weak 1

V(A)-v(C) =v(A)-v(B) + v(B)-v(C)
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“Behind” M-MACBETH

A B C D
Extreme 6
Very Weak Moderate | Very Strong
Very 5
1 4 Strong
Moderate Strong
Strong 4
3

Moderate 3
Strong

@ Weak 2

Very Weak 1

V(A)-v(C) < v(C)-v(D)
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“Behind” M-MACBETH

B C D
Very Weak Moderate | Very Strong
1 4
Moderate Strong
3
Strong
5

Increase v(C)-v(D) of 1

Extreme

Very
Strong

Strong
Moderate

Weak

Very Weak
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“Behind” M-MACBETH

A B C D

Extreme 10
Very Weak Moderate | Very Strong

Very 9
1 4 Strong
Moderate Strong
Strong 5-8
3 8
Moderate  3-4
Strong
S Weak 2

Very Weak 1

v(B)-v(D) = v(B)-v(C) + v(C)-v(D)
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“Behind” M-MACBETH

A B C D
no Very Weak Moderate Very Strong
1 4 9
no Moderate Strong
3 8
no Strong
5
no

V(A)-v(D) = v(A)-v(B) + v(B)-v(C)+ + v(C)-v(D)

Extreme

Very
Strong

Strong

Moderate

Weak

Very Weak
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™ . 0
Criterion

extreme

Criterion

0 no

3 moderate
4 strong
B . strong

1 very weak|

B C b
A Very ﬁlnre ak | mod ?rate W, st;n:mg
B - mudéarate stn;ng
D 5
Consistent judgements
2 O elafsd & BEEE MO A K

¥. 5trong

strong

moderate

" Criterion Pz
Current MACEBETH | MACEETH
scale anchored basic
A 9 9.00 9.00
E 8 g.00 8.00
o 5 5.00 5.00
0 0 0.00 0.00

080
1.00 81,00

3000 000

S0

$3.00
9,00 09,00

" Criterion E

A o
{51 s
T s
B o
g 1 [Z07 - [F
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MACBETH weighting procedure

o
Glob. ref. sit. shorkelling | scenery | beaches | price | time
[ scenery | ExcNear Lana Bigl 0 0
[time ] GoodNear Etgl Mglo 125 $
[ snorkelling ] ExcOut Oghu Lana 250 | 20
[ beaches | GoodQut Meplo Maui 375 | 4D
[ price ] Maui Oahu | 500 | 100

{ a" wgrst } strong strt%ng strong Wteoak \S/ﬁ-royng

27
25

= m suv=1 Qualitative swing judgements

firne beach
scenery snorkelling
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M. M-MACBETH : D:\ TOSHIB~ 1% CONFER~1MAUI20~1'LARRYS~4.MCB 2) to C O m p ar e t h e d I ffe r e n C e I n O V e r al I

File Actions ‘Weighting Windows Options Help

[155% 2] [ bold value between any two swings (such
that the first is more attractive than

M, Criteria

JLARRY'S ISLAND CHOICE CONCERNS
| BBENEFIT CONCERNS the second)

]Gond snorkelling

]Spectacular sceneans

=10x| _{oi x|
:Inemﬂ'te beaches |[Giok ref sit snorkelling | sceneny | beaches | price | time
I [scenery ] ExchMgar );ma Bigl 0 0
COST CONCERNS [tirme] Goodhow Bigl Molo 125 5 a0
]Fair ﬂlght price [ =norkelling ] Exc Oahu Lana 250 | 20
[ heaches] GoodOut \dcnh:u kaui 376 | 40
:IShgr[ travel time [ price ] R Oahu OO | 100
{allwarst}
i
17 17
[ sceneny ] [time] [snotkelling ]| [keaches] [price ] T all warst } Csir;?gt exireme
e —

~ v. stron
[scenery | weak (_moderate > moderate strong strog-wstr 30 d

strong

[time] _ moderate moderate moderate W, strong 25

moderate
snorkellin weak stron 17
g g
[beaches | DR e week strong 17

[price ] _ wreak-rnod 11

falvere e

Consistent judgements :
time beaches

& A F125%] & Bl 2 O A W ccenery  snorkellng prics

A o Wi W
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