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2.3 TheMax-Min Expected
Utility

I nterpretation of capacities as convex setsof probability
distributions is problematic:

e Nnot all capacities correspond to a non-empty set;
e not al convex sets can be represented by a capacity.

| nstead:

e there is uncertainty about the probability distribution
governing the random process;

e thereisaconvex set A of possible probability distri-
butions;

e the preferences of a decision-maker can be described

by:
f = giff

Y

min/sesu(f(s))dﬂ > min/sesu(g(s))dﬂ

reA reA
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Examples

(1) Ellsperg Paradox:
S={R;B;Y}
A={reP(S)|r(R) =3}

(2) S = {s1;52; 53}
A={reP(S)|r(s1) > m(sy) <1}

(3) S =0;1]

a_dalgls)==5"5€[05-605+¢,
e €10,1;0,5]

(4) S = {s1;59; 53}
A={rn e P(S)|n(s1) =2m(s9)}
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Axiomsin the Anscombe-Aumann Setting— MEU
Al Completeness:

fzZgorgz f.

A2 Trangtivity:
fZgandg Z himply f 2 h.

A3 Certainty Independence:
For al h, b’ and ¢ € 'H such that g, = g, for al s,
s € Sandfordl o € (0;1)

h = h' <= h.,g = h.g.

A4 Archimedian Axiom:
For all h, h"and h" € H suchthat h = h' = h"itis
possible to find numbers «, 5 € (0; 1) such that:

hoh" = B = hgh'.
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A5 Non-Triviality of Preferences:

h>h
holdsfor someh and i/ € H.

A6 Monotonicity:
For al h, h' € 'H such that

h(s)z h'(s)fordlseS
b= W
holds.

A7 Uncertainty Aversion:
Foral h, W € Handdl o € (0;1)
h~h = ah+(1—a)h' 7 H.
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Theorem (Gilboa and Schmeidler 1989):
The following two statements are equival ent:

(¢) The preferencerelation ~—~ on H satisfies A1—AT.
(77) Thereexist

— aunique (up to apositive linear-affine transformation)
von Neumann Morgenstern utility function v : X —
R and

— aunigue compact and convex set A of probability dis-
tributionson S

such that
hg < _
min Z 7 (s) Z hs (x)u(x)
€S | w€supp(hs) i

> gs(@)

s€ a:Esupp s)

'V
nE.
==

g

N

G
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1 Connection between MEU and CEU

Proposition 3.1 (Schmeidler 1989) Supposethat the pref-
erence order 7~ on 'H can be represented by

V(h):/s > ko dv

a:Esupp s)
The following three statements are equivalent:

e the capacity v is convex;
e thepreferenceorder ~— on’H exhibitsuncertainty aver-
sion;
e the preference order -~ on H can be represented by
— i Sor(s) | X hl)ut)|.
SGS xEsupp s)
where C (v) isthe core of the capacity v.
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2 Generalization of the Multiple Prior
Approach

Possible interpretations of MEU:

e For each act, expect the worst possible outcometo oc-
cur with the highest possible probability;

e Extreme pessimism;
e Malevolent nature

Alternative: Max-Max-Expected Utility:

V(f)=max )y m(s) Z h

TeA

seS xEmgm

e For each act, expect the best poss bIe outcome to oC-
cur with the highest possible probability;

e Extreme optimism;

e Benevolent nature
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Hurwitz Criterium:
A linear combination of Max-Min and Max-Max:

seS resupp(t,) ]
+(1—a)£réi£l127r(s) Z hs (
seS xesupp s)

e o iIstheweight assigned to the best expected utility of
each act;

e o can be interpreted as the degree of optimism;
e (1 — a) — degree of pessimism;
e sat A measures the degree of ambiguity.
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Connection between the Hurwitz Criterium and the
CEU

Recall: aneo-additive capacity is given by:

V(E) = 1—~y=\N7(E)+y"(E)+ ' (E) =

0 if £ =10
= (1—’)/—)\)7T(E)—|—’7ifE;S
1 if =5

Let f beasimple act withvaluesz; > ... > x,
The CEU of f under the neo-additive capacity v is.

V(f):/uofdvzyu(a:n)—k)\u(xl)—k
+(1—7— )‘ZU i) (s | f(s) =)
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Define A as;

A={7eP(S)|7(E)>(1—~—\=(E) foral EC S}.

e A isconvex and compact;
em c A.

Chateauneuf, Eichberger and Grant, 2005
For f, v and A so defined, we have:

A n
Vi) = [uofdo =S uw)wls] 16

+m¥1€1£12u )7 (s | f(s)=ux;)

—2 measures the optimism of the decision-maker;
% measures the pessimism of the decision-maker;

e v + ) determines the degree of ambiguity.



