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AHEEUETOEBRE Decisions under Uncertainty
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Decisions under Uncertainty

Definition ((Prototype) Decision Problem with Uncertainty)
A decision problem with uncertainty is a structure (A, 2, u), where:
e A s a set of alternatives ‘#IREZDES

@ () is a state space of uncertainty ANHEEMEDIAREZER
o u:AxQ — RNis a utility function XNFARSEX

\
|

Matrix Representation {TFZRIR of Uncertainty

Label of row 1T alternatives a € A

Label of column %l uncertainty states w €

Value of each cell (a,w) u(a,w)
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AHEEUETOEBRE Decisions under Uncertainty

TTHIRIBDH |

Example (K& M)

A\ Q B4 or 29 fine M rain
AN out 1 -1
KICL\B in 0 0
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AHEEUETOEBRE Decisions under Uncertainty

TTHIRIEOAI 1

Example (U ® A(TA)

TL—V—1,2(CLB2 AU PAITAEEZ D,
5. HULC. BlFICL>TESNB3MWAEEZENEN 1,0, -1
L2 DEITFOESIF A=A, ={T—, F3F, /3—}
JL—v—1 0EBREMES.

o A= Al
e ()= A2
Al\Ag D_ 9:34: /8 —
g—[ 0o 1 :
Fa+ -1 0 1
IR — 1 -1 0

/\MAFBIE (Tokyo Tech) Decision under Uncertainty Rational Analysis 2



RE Decisions under Uncertainty

BAERBLET —LO—ABRREETILE LTHORIR

Definition (NADIL V¥ Definition (F 3>/ Chicken

EULIESH/\+ Hawk-Dove)

Prisoners’ Dilemma)

Cooperate Defect Dove Hawk
C 3 —1 Dove 3 1
D 5 1 Hawk 4 0

A EFREE norm. 1 IBER(E EALT — LIBER evolutionary
F8 trustidEEETIVIET BBRIC game theory ([CHULT. $FICE
FEONDT—LET ), BIET — Lo

e

FROT—LOERICH(TDMAIEEEHZNA ordinal utility.
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AHEEUETOEBRE Decisions under Uncertainty

% fig Dominance

BRRERRICL DT FEREDRE w (CLS5T. HIERE o
DIFSHBIDFERER o LDLFLVCEDRH D,

Definition (320 Dominance)
a € A dominates a’ € A iff Vw € Q,

u(a,w) > u(a,w)

a € Ais a dominant strategy X EREkRE iff Vo’ € A, a dominates @'
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AHEEUETOEBRE Decisions under Uncertainty

SMOES]

SANST —LICIE. ZECHBS

Example (Prisoners’ Dilemma) [EFEFELLL,
Cooperate  Defect Dove Hawk
C 3 1 Dove 3 1
D 5 1 Hawk 4 0

D dominates C
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AHEEUETOEBRE Decisions under Uncertainty

Max-Min Strategy, Max-Max Strategy

SEHBAFELLVBEOREBREFEN—DE U TUTOKRLEF
EMNEZS5NBD,

Definition (Max-Min Strategy) Definition (Max-Max Strategy)

arg lgleajcfdnelgu(a w) arg lgleajcrgggu(a w)
BRPDIT#hac A CEICRED ac A CEICREDHEEERE
tﬁ/\EIL}\’E LJ\ /L,\A-E*&g lJ\ /Q\E*Umm maXxye ’U,(G/ (.U) E
mingeo u(a,w) Z&RINCT D& BX(ICT DRTEERFLHMS

ARSI

Rational Analysis 2 9 /27

/\MAFBIE (Tokyo Tech) Decision under Uncertainty



Decisions under Uncertainty

Max-Min Strategy D3E{F| — Hawk-Dove

Example (5 1/\ )
Step 1 -a G A <_&:(<_E|‘ L] Step 2 — minu(a,w) ZRKXICT

Dove Hawk Dove Hawk
Dove 3 1 Dove 3 1
Hawk 4 0 Hawk 4 0

Hawk-Dove 7" — LA TlE. max-min BBEDES (S {dove} ETED,

Q. NADIL VT —LOXKIDEBIT max-min EilgZ KH., D
MEZAEXL THL D,

/\MAFBIE (Tokyo Tech) Decision under Uncertainty Rational Analysis 2 10 / 27



RO (BEEDEAHEEM) Decisions under Risk

Outline

Q VXU (BEEDETAHEZEM) Decisions under Risk

/\MAFBIE (Tokyo Tech) Decision under Uncertainty Rational Analysis 2 11 /27



RO (BEEDEAHEEM) Decisions under Risk

U RO TOERBRERE

AERMEDREOLERBEERNRE X SNTUVBIKRE U XD risk &L
CENRH B,

Definition ((Prototype) Decision Problem under Risk)

A decision problem under risk is a structure (A, Q, p, u), where:
@ Ais a set of alternatives
@ () is a state space of uncertainty
e p € A(Q) is a probability distribution FEZE53%h on Q
o u:AxQ— Ris a utility function
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RO (BEEDEAHEEM) Decisions under Risk

ESL

Example (R&u&AHH)

) fine rain

p07]03]

A\ Q _ fine rain
out 1 -1
in 0 0
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RO (BEEDEAHERM) Decisions un der Risk

5 — LIEHFTBMD T — 7 —DITEID#EE

T —LEBETE. DT —v—D1TBNCRIT SR conjecture &
BEAMTRIRIDCEADD [2) COREBEBNERNICBRALCL
AN RS

Example (Z AT —LICHFBTL—r—1 O 2 OITENCEIT SHEA)

' € A(A)

T—LhEX SNk, ERNICHEIZERS CEM T —LIEROR
EEXBLEEIND—D,
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RO (BEEDEAHEEM) Decisions under Risk

HATSFN A Expected Utility

Definition (Expected Utility)
Expected utility of alternative a € A is

=Y pwula,w)

weN
) XD T TOEAFMWARAIL expected utility maximization

max Fu(a)
acA

(&, BEFNEROREEANLETIVED—D,
4:%(;_\ ) ZD_Fd)glu\/%ﬁEjlx/Rt(Et max-min G)CJ: ')Uﬁﬂ@ﬁ'uﬁm
HECHARATRESULEZESICRERUSNBCEERICERT Do
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RO (BEEDEAHERM) Decisions un der Risk

Example (K& M)
p(fine) =p e [0,1] £EH <6

Eu(out) = p(fine) - u(out, fine) + p(rain) - u(out, rain)
= pl4(1-p)-(-1)=2—1
Eu(in) = p-0+(1—p)-0=0

{Eu(m) > Eu(out) (p€[0,1/2])
Eu(out) > Eu(in) (p € [1/2,1])

max Eu(a) =
acA

{Eu(in) =0 (p €[0,1/2])
Eu(out)=2p—1 (pe€[1/2,1])

{in} (p€[0,1/2))

arg max Eu(a) = {{m, out} (p=1/2)
{out}  (pe(1/2,1])
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RO (BEEDEAHEEM) Decisions under Risk

EERDOMIE Value of Information

AEEUERETINKBIRET W LT BINESHOEBRE(CES
BIROFHMEENE > & EEANLETIVILE U TREBIRDMMEDER
FH(E EVPI " Do

Definition (Expected Value of Perfect Information (EVPI) )

The expected value of obtaining perfect information regarding w is

EVPI = Zp( max u(a,w) mapr

A A
wes e ac weN

Theorem (Knowledge is Power K1l 7175 D)
(Vp,u) EVPI >0

AT 1T 7) IBREBLETIE. w CECERIC o ERETES
NDT. BS5NB3MAOEFEIKETLLSB,
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RO (BEEDEAHEEM) Decisions under Risk

MRETTED 1 DEH

Example (K& M)
EVPI MDE—IETI(IE. KREICLSTRBELEIRZE T DD T,

(88—I8) = p(fine) - u(out, fine) + p(rain) - u(in, rain)
= pl+(1-p)-0=p
Ja— {p ~Bu(in)=p  (p€[0,1/2)
p— Eu(out)=1—p (p€[l/2,1])

&oT. BN Vpe0,1], EVPI >0
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RO (BEEDEAHEEM) Decisions under Risk

RE 5347 Sensitivity Analysis

o YRTLDINSA—PZEZEZRT. BNORDBUVZERARDI_EE
/p\Fﬁ*ﬁtb\jo

o INSA—DEZSTET. RETYFUZ (BRR1LE) OE{bZE
B3EVWSEKRTCLLEERE comparative statics & ULVSRIBAAL)
S5NECEEH Do

BT u, p FEZEH L THEBROMEDNEERNMEEZE B TH L Do
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RO (BEEDEAHEEM) Decisions under Risk

BIRDMENEVZE | - BER] (FRHIL)) Indifference

ETORETHMENED SEVEE. BRREZAREAERIEDIK
REICDVCHERAD (MANEER) TH3 EWL D,

Definition (Indifference)

The decision maker is indifferent among the states of uncertainty € iff
Va € A,Vw,w' € Qu(a,w) = u(a,w’)]
of) 1P DA BT

Proposition

If the decision maker is indifferent among the states of uncertainty, then
EVPI is zero.

Example (K& M)
NERICEICERICLSIEE,
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RO (BEEDEAHEEM) Decisions under Risk

BIRDMENEUMSZE || - 282 Dominance

Proposition

If there exists a dominant strategy a € A, then EVPI is zero.

Q. RRILAEDEHIT. ESVSBEICKERNILTEINEXTHK
Do

Proposition

If the decision maker is indifferent among the states of the world, then
there exists a dominant strategy.

#|EALE. ZEHMND U DBIHIIHZETH Do
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RO (BEEDEAHERM) Decisions un der Risk

BROMEH/ NS VIBE

- ENHDIRENRIBI SMNIEDHN D> TULBIHE -

Example (R &FHE)

p (p€[0,1/2])
1-p (pell/2,1])

EVPI = {

Mo 8ED. (FF fine (p~1) ELLIFIZE(Z rain (p~0) &EHDH\D
TULBEE(F.

EVPI =0
(Al - WETRE>RK[IFBOBHEOMEFFEAELO,)

Q. IBERDOMIE EVPI EIBIHRIBRICH(IFTDI I Y ~OE—DOBRICDVT
Dﬁﬂﬂ:ﬂ-@d:o
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RO (BEEDEAHEEM) Decisions under Risk

EVPI (CRET BT B =

o FEEIBEIR perfect information & (F. 100 % DHER. TELRBED
BRDODCETH B,
1) 100 % HZBIRK[FI]

° FY)PI (FIBEFRDMEDSZRIEHIICAULD,
5
o WBTIIBKEXENILEAELCOTHDEH. KRFTHRERDC
&M EVPI (FZEAEEORLA.
o WBETMARD EVSBBMESSNLBE. TOBREMALT
BIREEBIETETDCEICKBMEN LR (CNEIBHROEEIMM
BETELFDS) FTULINELDKE,
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AHERM & HFRDIRAE States of the World

AHERIE & IKREZE

CNETHEBN LI AERIEDZER(TE TUUAT OIS (RO VFIR (AL
EECE

Each of the states “resolves all uncertainty”[8].

o THERMIRAE O (IAHERMZTTE(CEEHT B fully describeo
cf) MECE (mutually exclusive and collectively exhaustive), 8T
53E| partition

o TNENDIRECOHFHMIMENTEZEICEZXSNTUL B,

FIBREZOT — LB, BRREDNLE DEIERLEIR/IASS 1 L
DIFEAEDREN I LEDREZBREOAIRE U CIERmEREAT
Do
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AHEERMEHERD tes of the World

RIS AERMEDE T IVEDEHH

o ANFERM uncertainty &' XD risk Z53$8 L 1z Frank Knight[6] (C
51EA T, JEMENLEERTETIVESNEIRTEREDC &
Knightian uncertainty & K/ EMH Do [3]

o FRENTEICIIEE L TOLVIKIRZEBEIRIE ambiguity &[S
CENR®BD. [1, 7]

o MEBNERVPTEEUEZMIRT 5 C ENEBH CREEINRDET IV
ELVLTRANICRLE D7 FO—-FH5ETIMELIZEDICEH
N—XBBIRTE case-based decision M Do [5, 4] (FFRH D)
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