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Utility Functions (U)
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 Multi-Attribute Decision Maki

In multi-accribute decision making, there is not a
singlc utility function ranking outcomes, but a set

of several utility functions Qoing so. The chahcngc

is that these functions may have different ranmng.
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. ° °
o1 N€ (Nallenge or Rationc NC

In the case of multi-attribute decision making, the

Chaf_lenge concerns how to use these scparatc utility
functions to derive a rational method for arriving at

a single set of judgments conccming the outcomes.

There are a Variety of rules that have been devised for

making decisions like these.
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« VWeighted Averaging

Weighted Average: An “all—things—considered” utility
function # may be constructed from a set of utility
functions U= {uy, tts, ..., 11} by assigning NoN-nNegative
Wcights Wy, W, ..., wzsumming to one <i.e., wj >0 and
-i[w;] = 1), and then using these weights to take

calculatc d WClgth dVCer agc fOl’ C&Ch outcome:

u(x) = Yl [wj < ui(x)).
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»Example

Utility Functions (U)
SAT GPA
Huey 2400 3.20
S
é Dewey 2040 4.00
a.
@,
Louie 2130 3.40
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»Example

Huey
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9]
,5 Dewey
d
Q.
O .
[ ouie
Weight

u(Huey) = (0.5 x 2400) + (0.5 x 3.20)= 1201.6.

Multi-eAttribute Decision Making—Rational Choice—David Emmanuel Gray

Utility Functions (U)
SAT GPA
2400 3.20
2040 4.00
2130 3.40
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»Example

Huey
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9]
,5 Dewey
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O .
[ ouie
Weight

u(Dewey) = (0.5 x 2040) + (0.5 x 4.00)= 1022.
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»Example

Huey
=)
9]
,5 Dewey
d
Q.
O .
[ ouie
Weight

u(Louie) = (0.5 x 2130) + (0.5 x 3.40)= 1066.7.
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Whats the Problem?
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JINormalization

In order to do comparisons across different utility
functions, normalization is often done. One approach

to normalization works as follows:
value — min possiblc

normalized value = : : :
max poss1ble — min poss1bl€

Multi-eAttribute Decision cMaking—Rational Choice—David Emmanuel Gray



»Example

In the case of Huey, Dewey, and Louie: GPA ranges

from 0.00 to 4.00 and SAT ranges from 600 to 2400.
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»Example
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Accept cicher Huey and Dewey.
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Utility Functions (U)
SAT GPA
1.00 0.80
0.80 1.00
0.85 0.85

Z(}I — OS Z(/Z — OS

0.90

0.90

0.85

18



JProblem |

The type of normalization makes a big difference for
Weighted averaging, Without normalization, only
admit Hucy. With the normalization proposed here,
then either Huey and Dewey may be admitted.

However, other forms of normalization might

remove Dcwey as an option.
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<Problem 2

[n addition, the precisc choice of Weights obviously
makes a big difference for wcighted averaging, [n the
example, putting more weight on SAT favors Huey,
whereas putting more weight on GPA favors Dewey.
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\-Admissibili

An outcome is V-Admissible if it is optimal

according O at 1€ast onc WCighth avcragc.
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»Example

SAT
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»Example

SAT

Wy =1.00
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»Example

SAT

I1.00

Wy =1.00
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»Example

SAT GRE

1.00 1.00
l\llle Oeﬂqc

0.80 0.80

Ww; =1.00 Ww; = 0.00
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»Example

SAT GRE

I.00 I1.00

0.85 0.85
0.80 0.80
Wy = 1.00 Wy = 0.00
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»Example

SAT GRE

I.00 I1.00

0.85 0.85
0.80 0.80
Wy = 1.00 Wy = 0.00
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»Example

SAT GRE

1.00 1.00
l\/lle OC«C
o. . 0.
75 [ ouie 75
0.80 0.80
W, =1.00 W, = 0.00
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»Example

SAT GRE

1.00 1.00
I\ILIG OQN‘IC

0.95 ~ 0.95

0.80 0.80

Ww; =1.00 Ww; = 0.00
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+Problem

One concern with V—Admissibility is that is violates

Sens property beta ().
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»Example

SAT GRE

1.00 Hucy 1.00
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0.80 0.80

Wy = 1.00 W, = 0.00
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»Example

SAT GRE

1.00 1.00
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0.80 0.80

1wy = 1.00 Iy = 0.00
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»Example
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»Example

SAT GRE

1.00 Hucy 1.00
D

0.80 0.80

Wy = 1.00 W, = 0.00
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»oecurity (Maximin)

Maximin: A “worse-case scenario utility function #
may be constructed from a set of utility functions U =

Ytdr, th, .. 1)) by ranking cach outcome according to

the lowest value it receives:

u(x) = Min', [#j(x)].
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»Example

Utility Functions (U)
SAT GPA
Huey 1.00 0.80
S
é Dewey 0.80 1.00
o
@
Louie 0.85 0.85

Accept only Louie.
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Optimism [Maximax

Maximax: A “best-case scenario’ utility function #
may be constructed from a set of utility functions U =

Ytdr, th, .. 1)) ’ay ranking cach outcome according to

the highcst value it receives:

u(x) = Max'i_, [(x) ]
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»Example

Huey
)
é Dewey
o
O
[ ouie

Utility Functions (U)

SAT GPA 7
1.00 0.80 1.00
0.80 1.00 1.00
0.85 0.85 0.85

Accept cicher Huey and Dewey.
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«Lexicography

According to a lexicographic rule, one utility
function from U (the first-tier) is used to decide the
issuc. In the event of a tie, then use a second utihty
function from U (the second-tier) to break that tie.

Repeat until either there is a sing)f: outcome lcft, or

all utility functions from {/ have been exhausted.
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»Example

Utility Functions (U)
SAT GPA
Huey 0.85 1.00
S
é Dewey 0.80 1.00
a.
QO
Louie 0.95 0.95

Ledcal - Second Tier  First-Tier

Priority

Accept only Huey.
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.l nresholds

According to a threshold, ¢

here a value chata utility

function must exceed in ord

CI' CO bC acceptable.

Conjunctive thresholds: An outcome is

acceptable if it passcs al/ the thresholds.

Disjunctive thresholds:

An outcome is

acceptablc if it passcs at least one threshold.
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»Example

Utility Functions (U)
SAT GPA
Huey 1.00 0.80
)
é Dewey 0.80 1.00
o
O
Louie 0.85 0.85
Threshold 0.8 S 0.8 5

It thresholds are conjmc[z’ve, then only accept Louie.
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»Example

Huey

Dewey

Options (O)

[ ouie

Threshold

Utility Functions (U)
SAT GPA
1.00 0.80
0.80 1.00
0.85 0.85
0.90 0.90

It thresholds are &z’z’sjmc[z’ve, then only accept Huczy or Dewey.
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+Problem

A concern with thresholds is that thcy sometimes

may juci_ge that ﬂofbmg 1S acccptablc. le, nothing

passcs the requisitc thresholds.
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. °
o1 NE Froplem or Attribute Sele

One concern wicth multi-attribute decision making 1S
that these rules tend to be cxtrcmcly sensitive to the

actributes chosen.
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»Example

Huey
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9]
,5 Dewey
d
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®, |
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Weight

Accept cicher Huey and Dewey.
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»Example

Utility Functions (U)
SAT-R  SAT-M  SATW  GPA

Huey|  1.00 1.00 1.00 0.80
S
.é Dewey|  1.00 1.00 0.40 1.00
a.
@,

Louie| 0.8j5 0.85 0.85 0.85

Weight 2y =025 w,=025 wW;=025 w,=0.25

Accept only Huey.
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The Problem of Plurality

A major concern with multi-attribute decision
making is that there is lictle consensus on which

rule is the correct one for rational choice. Each

rule has its own benefits and burdens. How would

you choose between them?
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Next Class. ..

We bcgin to discuss choice under ignorance. It shares

some similarities to multi-accribute decision maKing,

and so it may givc us insights into which rule is the

proper rule of rational choice in both contexts.
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