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Chl. Preference Representation and
Risk Aversion

e (Preface) The main focus of this book is on individual’s consumption and
investment (or portfolio) decisions under uncertainty and their implication
for the valuation of securities.

o HENE
Ch1: Utility, risk aversion; one risky asset and one riskless asset
Ch2: Stochastic dominance
Ch3: Portfolio theory, mean-variance model
Ch4: CAPM and APT
Chb: Pareto optimal and competitive equilibrium
Ch6: Pricing contingent claims
Ch7: %#iZ Pareto optimal equilibrium
Ch8: %8z APT, martingale ¥ risk neutral valuation
Ch9: Heterogeneous agents with different information

Ch10: CAPMZ &1 & 8E 5> tr Bl B 38

e Expected utility hypothesis:
Tty i iff Eu(@)] > Eu®)]

where E[-] is the individual’s subjective expectation.

e Under expected utility hypothesis.
1. Determine the probability of possible asset payoffs.
2. Assign an index to each possible consumption outcome.

3.Choose the consumption and investment policy to maximize the ex-
pected value of the index.



e Possible states of nature: 2, w € Q.

e Consumption plan is a specification of the number of units of the single
consumption good in different states of nature. (Table 1.2.1)

([&: a consumption plan z, can be viewed as a r.v. )

X
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e It is hoped to represent an individual’s preference by a utility function on
consumption plan, H.

Individual prefers z to o’ iff H(z) > H(z'),
where H(xz) = H(20, Ty, Twy,y - - - ,xwml)

if |Q 1, H {RAEHE.

o T u(xy) Zgﬁu, FH state Z AJREBAERE M weight, & expected

utility, where x,, is certain outcome
prefer ztox’ < [ u(xw)dP(w) > [ou( w) < Efu(z)] > Elu(z’)]



o 55—7H& certain outcome Zf8i% . a consumption plan is certain if =, = z,

YV w € QJREI certain consumption plan Z utility FIBEZRM weighted aver-
age.(lﬂﬁﬂ%, u compares consumption plans that are certain)

o IiFEFTE Z preference #AI A expected utility representation
F 1 BEIER (von Neumann and Morgenstern(1953))
J7i52: FEIREES (Savage(1972))

In this book, the function u defined on sure things is a von Neumann-
Morgenstern utility function (1953), EH P(w) B EHEER.

e X: collections of consumption plans.
Binary relation R on X: a collection of pairs (z,y) € R, z, y € X.
>~ is defined as a binary relation: if x is preferred to y = =z > y
(or (z,y) € R)
Complete: either x = y or y = x.
Transitive: x >~ y, y =~ 2z, then x > 2.



e A preference relation is a binary relation that is transitive and complete.

er>-ye—xrx-yandy F z 8 (2,y) €R, (y,z) € R.
r ~y+«— x> yandy = x (indifferent).

e # X A finite or countable elements, a preference relation > can always
be represented by H, ff] p.5 (&8 uncountable elements, HlIZR)

H(xy) > H(zp) iff 2, =z,

e Lexicographic preference () (uncountably infinite number of the collec-
tions of consumption plans)

r1 > Y1
xty@{if T1 = Y1,T2 > Y2

Xy
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e Utility representation theorem: (%N, #45 continuous utility function
71E)

continuity: {yly = z} and {y|x > y} are closed
strong monotonicity: If y = x (y1 > z1,y2 > 22, ..., yn > ), then y > x.



e Suppose a preference relation is continuous and strong monotonic on R,
then there is a continuons utility function h that represents the preference.

(x =y <= h(x) = h(y))

h: R? — R, and e € R (&)

KB continuity = {a|ae = x,a > 0} and {a|ae < z,a > 0} are closed.

HN_E strong monotonicity = there exists a unique oy s.t aze ~
where a, = h(x)

(<)h(z) > h(y) = h(z)e = h(y)e = aze = aye = >y

(=) x>y = aze > aye = h(z)e = h(y)e = h(z) > h(y)

«e

Qg€

o U T BAtEFE expected utility

e When (2 has uncountably infinite elements, a probability is actually defined
not on Q (EULL, Bl P(w) ¥35 0), but rather on a collection of subsets
of €2 that satisfies a certain structure.

Frlz)=PlweQ:x, <z} (2 €R)
Elu(@)] = [25 u(2)dF(2)
(H RS, MIHZATH Q ES [ju(r,)dP(w))



o F.(2) HPHEL consumption plan REE, HE AR preference FL&
TEERERY prob. distribution RBHFREE, BiiFE F,(2) —i, BH state
#J consumption payoff ZSFH[E]. 1

QY=

w1 w2 wy wy ws Plw) =
zr 2 3 1 8 0
y 0 1 2 3 8

= Fp(2) = Fy(z), HEE state HY consumption payoff ¥FANH.

o #[E state space s& finite

Ty € 4, Vw e QVre X
p(z) >0 forall z€ Z and ) p(z) =1
2€Z

Fu(2') = > p(2)

z2<z

and Elu(z)] = >, u(z)p(2)

ze/

o T consumption plan K lottery, H prizes space is Z (which is a fix
and finite set).

A lottery x € X.

T = [p1,p2, . DN 21, 22, -, 2N|, BB Z = [21, ..., 2n] is fixed.
FTUREZ x, RER P=[p1,p2, ...,pn] ZAE ( P AIfAFE lottery)
(E: p1+pat+ps = 1 BIFH _EE—FL 57 one lottery.)

P




e Compound lottery
(E: p°, p', p?, p>: vector of prob. , which are lotteries)

e Binary relation on P B Axiom 0~3, ¥ G EHEFER expected utility
representation

Axiom 0: REGER, ~NEBEE

Axiom 1: > is a preference relation on P

Axiom 2: substitution axiom (independent axiom)
Vp,qgreP, it p>aq,
then ap + (1 —a)r > aqg+ (1 — a)r, a € (0,1]

Axiom 3: Archimedean axiom
Vp,qre P, it p>=q>r, then
da,be(0,1) st ap+(l—a)yr>=qg=bp+(1—"0b)r
(means p # oo, r # —oo , JNENEE p WLE, &
BrifzE)

e # > is a binary relation on P, J /& _Eift Axiom 1 ~ 3, B 6 {f properties
(p-9).



e Theorem: If lottery space X satisfies Axiom 0 ~ 3,
3 a function u: Z — R s.t. for p, p' € P,

N N
prp iff lez'U(z@-) > leMzz-)
1= i=

N
S piu(zi) — E(u(x)), HF o = [p1,p2, ..., pN; 21, 22, -y 2N]

1=1

N
> phu(z) — Eu(x)), HH o/ = [p}, ph, ... plyi 21, 22, .., 2N]

1
1=1

(JRENE = on P BEH expected utility 2R3~ iff =on P fF8& Axiom 1
~ 3.)

#FH (=), W& Axiom 0 ~ 3 Z binary relation = RJH expected utility
framework REFER (PR utility H RETR).

. !
s - {442

max 2 = Po>VpeP
min zog = P,, X VpeP
case 1: P, ~ P, , trivial, p ~ q, V p, ¢ € P, any u(z)
can be a utility for sure things

N
A Elu(z)] = ;pz-u(zi) =k

=k

N
Elu(z")] = Z giu(z) =k
HERIRAR DI p, ¢ WA —K B, HEMERS sure

prize Z utility #—7.
(Bl: w(1) =3, u(2) =3, u(3) = 3, u(4) = 3,...)

case 2: Pyo > P,,forVp e P, H aP,o + (1 —a)P,, ~ p,
define H(p) = a, JNEVE{E lottery, FIE A EF IR A%

RIS



By property 1 in p.9: &E% H(p) = a, H(q) = b,
0 <a,b< 1> HAEZ utility.
pz=q<= H(p)Po+ (1-H(p)P; = H(q) P + (1 — H(q)) P
<~ H(p) = H(q),
where H(p) = a and H(q) = b
bP,o + (1 =b)P, ~¢q, aPo+ (1 —a)Po~p

EEEH Ju(-)onZs.t.H(p) = > u(z)p(z)
2€Z
(FEEERAutility B2 expected utility RJFH¥JE)
#B H is linear,

%
IRENH (ap + (1 — a)q) = aH(p) + (1 — a)H(q)
(2% p.10 (1.10.1) BAF)

define u(z) = H(P,),V z € Z (HFu(2)Z2EH, Hel0,1)),
where u(-)is the utility on sure things
R
o~ Y p(R)P
z€Z

Htp =[P, P, ..., P
cop(z) B oz HBRIRRES,

H(p) = H()_ p(z)P;)

)P
z2€Z
= > p(2)H(P,)(by the fact that H is linear)

ze/

z)
= 2. p(z)u(2)

b AYA

(BEAREFLEHEEZ von Neumann-Morgenstern utility 4, {E—7E R u strictly
positive linear transformation, 78B4 = cu + d,where ¢ > 0)(Exercise 1.4)

(<) MR -BEHEEEZ expected utility representation, 7R
Allp = qiff 3 u(z)p(z) > 3 u(2)q(2),

2€Z ze€Z
= » Axiom 0 ~ 3fK3% (Exercise 1.4)
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e % Z is an infinite set, fl: IEE#H, AIRFE axiom 0 ~ 3 Ny, BFE
Axiom 4, the sure thmg principle:

if p is concentrated on a set B € Z, HH every point in B is at least as
good as ¢, than p must be at least as good as ¢, AJ2% Fishburn (1970).

o BELHE 71 is (Zo, Zv, ..., 27), 2 € ZTH = 2 = (20,21, ..., 27)

where 2, 21, ..., 27 F% sure things

p(2) €[0,1],Vz € ZTH!,
(HH 2 B—fpath)

>, p(z)=1

ZeZT+1

| (FTH path ZBEER 1)

A probability P on ZT+!
(assume Z1H1 is finite)

9

e ~ is a preference relation satisfies axion 0 ~ 3 iff

3 a von Neumarn-Morgenstenn utility function on sure things (EBRITZ1E
expected utility presentation)

= for all p, g € P,
p E q iff Z U(ZO,Zl, ) ZT)p(Z = <0, "'7ZT) Z

zeZT+1
> u(zo, 21, .-, 27)q(2 = 20, ..., 27)
ZEZT+1
T
if time-additive = u(zp, ..., 27) = > u(2t)
t=0

l

* What an individual consumes at one time will not have any effect on his
desire to consume at any other time.

* HiREF B path-dependent:
u(90, 110,90, 95) — (120, 110,90, 95) BER up(90) — up(120) ME?

10



e von Neumann-Morgenstren utility % bounded (M2 E ¥ unbounded con-
sumption level)

(B ERFE Archimedean axiom)

e {HE% function /& unbounded (from above or from below)

#il:

zZ (b<1)

° ﬁg%Z is finite, von Neumann-Morgenstern utility N&H unbounded [
H
ek

11



o u(z) < u(b) +u'(b)(z —b) (if u is concave)
Elu(z)] < u(b) + v/ (b)(E[z] — b)
expected utility is bounded if u is concave and E|x] is bounded even while
u is unbounded

e Allais Paradox
Z:[$O7 $1m) $5m]7 P:[Pla PQ; P3]

$1m, with prob =1 (0,1,0)

1m, with prob = 0.89 (0.01,0.89,0.1)

Py
Py $

$0m, with prob = 0.01
p—{"

5m, with prob = 0.1
$0, with prob = 0.9

{
{ $5m, with prob = 0.1
{ (0.9,0,0.1)

Py = { $1m, with prob = 0.11

§0, with prob — 0.89 (0-89,0.11,0)

HBERR, P~ P, s>~ Dy

P ~ 0.11($1m) 4 0.89($1m)

Py ~ 0.11(5(30) + 12($5m)) + 0.89($1m)

P =P

= 0.11($1m) + 0.89($1m) > 0.11(:($0) + 19($5m)) +0.89($1m)
$1m = 4 (30) + L($5m)

By substitution

0.11($1m) + 0.89($0m) = 0.11((30) + 2($5m)) + 0.89($0)

= Py > P

12



o if N=3

Zl<ZQ<Zg, Ph=1—P — P

Pl
PIAREE PN, Py = preference N
Elu(2)] = Piu(z1) + Pyu(z2) + P3u(z3)
=Piu(z1) + (1 — Py — P3)u(z2) + P3u(z3)
=u(22) + P1(u(z1) — u(22)) + P3(u(z3) — u(22))
Suppose E[u(z)]f constant
=92 Blu(2)] is constant= % : /\EF'U ﬁ] IC YRR

E[z] = Piz1 + Poz9 + P3z23

dp, =22
‘ E[z] 1s constant ™ z;— z2> 0

,E:EP%% ISO-expected value lines ZFI28, %22:%, HIRIZR &1

13



e Considering the case of risk aversion,then u(-)is concave

u(zo)—u(z1) _ u(zs)—u(z2)
29—21 Z3—29 u(zz)—u(z9) 23— 29

=

ISO-EV line

o ]I EiAY ik, 2KE Allais Paradox. Allais Paradox ME 7 [21, 29, 23] =
[$0, $1m, $5m)]

(Bl: = p1 = po BHES ps > p3)

14



o Tversky-Kahneman #&H} Framing Effects
GOORA ARG T3 (HBEERTE)
(1)

. N 0, with prob = % i Rl
A: 20003 - B { 00, with oot 1 (12/ 380088, k5

(2)

: — 2
C: 400 AFE < pd 000 With prob =5 zeeny mpppmon oo
0, with prob = 3

g (1)(2) FE—% (JREI A-B = C>D)
Axiom 2 (independent axiom) 1R #%:& K

e Machina Paradox

(21) (22) (23)
< <
staying home movies about Venice trip to Venice

A Zs,with prob = 0.99
"1 Zo,with prob = 0.01

B: Z3,with prob = 0.99
"1 Z1,with prob = 0.01

H independent axiom: A >~ B
HEE L A < B (Hf disappointment aversion)

15



e Non-expected Utility (may be nonlinear)

(: "J#E p1 >~ p2, p3 >~ pa)

=pP1 > D2, P3 = P4

PZ' Py

e Risk aversion ([&])

u(z,)

u(pz, +(1-p)z,)
pu(z)+(—-plu(z,)

u(z,)

[

= pz, +(1-p)z,

{ 2, with prob =p (1—p)z

29, with prob =1 —p

= pu(z1)+(1-p)u(z2) < u(pz1 + (1-p)22)
o &% fair game=- risk aversion = concave function
o risk aversion H & H &R0 A &

16



e An agent A is more risk averse than an agent B (Globally)

Arrow-Pratt Theorem Ross Thorem 1981 (2.12 ~ 2.14)
 (BRPE—H risky asset, —{F riskless asset) (A is strongly more risk averse

than B, A REM{E risky assets)
(N Ja\bz e B 7 i o\ L BE

[ iRF % R 2K
(1) —Zd > -2 v (1) I >0,
(absolute risk aversion) s.t. Ywy , wo él,:g ) > \> B’E ;
(if wy = wo, k 'JLE_IE'EJ?U AP)
A7 B= ADB
<=
(=)EW, = Worl &3t
(<)A = —e ™
B = —ebw
»)
#a>b=AAPB
et i DARE Wy, Wh s.t.
A"(Wh) A'(Ws)
B”(ng < B
Q)Ze b—a)W, < %e(bfa)Wg
L) (W) _a
. | - WK HTT
(2)3G,G' > 0,G" <0 (2)3®, ¢’ < 0,9"” <0,
(which means G is strictly concave) HA>0,st. A=AB+®
A=G(B)
) v _
(3) Vw , €, B[] =0, E[¢?] = o2 (3) VW, & E[E[W] =0
E[A(w +¢)] = A(w —m4) E[AW +£)] = E[AW —m4)]
E[B(w+¢€)] = B(w —7mp) E[B(W +¢)] = E[B(W — 7g)]
L W2, &% utility f Taylor expansion A] %%
TA R [—i,%)]'% TA > TR
s~ [~ %
TA 2> TR

17



o Arrow-Pratt Measure of Risk Aversion
1 risky asset + 1 riskless asset
w = Wy(1l + Tf) + a(F — Tf)

max E[u(W)] = E[u(Wo(1 +ry) + a(F —ry))]
% L Bl (W)(F — re)] =0

Proposition 1: E[f —rf] > 0= a* >0

pf: REEE,

assume the optimal a* < 0 when E[F —rf] > 0 (&)

= E/(Wo(L+ 7)) (F—rp)] <0 (HF o =0 K, —FEHS <0)
= u(Wo(L+7rp)E[f —rf] <0, A/« >0= E[f —ry] <0
= TE = EFf—rf>0=a">0

AE[u]

18



Proposition 2: de( 2 < 0,V z= dW >0,V Wy

B ANZ DARA = AR, BEEE risky asset, REBLTE 7 (7 is a normal
good)

i dRp(2) do”
Proposition 3: —72= >0,V z=n= 4y <1
Wo

(R () = ~5C), Rp(z) = — 02k
BAZ IRRA = BUEE, risky asset [HHRE & Z LB A

Ross 1% it P Em % BB many risky assets

W= (W - Zaj)(l +rp) + 2o ai(1+75)
=Wo(1+7ry) + 2 (75 —ry)

a;: amount invested in jth risky asset

max E[u(WW)]

FOC: E[u/(W)(7j —rs)] =0V j, 1% a;
Proposition 1: If 3 j" s.t. E(7j —ry) > 0, then a; >0
(in the case of one risky asset, 7 = j')

(BEXHE risky assets, BOE—{H risky assets 2 HAE #BH A H g )28
Proof of proposition 1: ([&])

if Vai <0 (MRIREE, BLRKE)

for all a; =0, E[u/(Wo(1417))(7; —rf)] <0,V j

(R o, 1, BEA)

= u'(Wo(1+r)E[F; —re] <0

A >0= E[fj—rf <0

iifVaj<0$E[fj—7“f] <0Vy

Kz, REBE—HEE < E5EHRM > 0,

AIl—EFAE—1E risky asset ZIREHH a; > 0

19



E[u]

Proof of proposition 2: & one risky asset
E[u’(W)(f —rs)] = 0, where W = Wo(L+7y) + a(F —7y)
(W)
E["(W)(7 — r¢)?da+Eu" (W) (1 +7p)(F — rp)]dWy = 0

do _ B0V (F—rp))(1+r))
7AW T T R (W) ()]

sign{ e - }=sign{E[u W7 —rp)]}
(i) for # > rp = W > W()(l +ry)

YR Bz g
RA(W) < Ra(Wo(1 +rf)>

Y AT —u' (W) (F—1p) <0
(W) (7 —rp) = =Ra(Wo(L + ) (W)(F —ry)
(ii) for ¥ <7y => W < Wo(1 +1¢)
= Ra(W) > Ra(Wo(1 + 7))
= u" (W) (7 —1f) > —Ra(Wo(L + 1)/ (W)(F —ry)
() (i) = ~
EW"(W)(F = rp)] > =Ra(Wo(1 + 1) E[u (W)(F — ry)]

' >0,u" <0

20



where E[u/(W)(7 — ;)] £ FOC = 0
= E"(W)(F—7p)] >0
= = >0

(Hald < 0= >0, p.23, (1.21.5))

Proof of proposition 3:
the elasticity of the demand for the risky asset

da _da_
_ o _— da Wy _ dwp 0
n_‘lwm_dWOa_l—i_ a
0

_ 1y Wl B (V)G 0B () 1y
n=l ~aBw) )] Gty 122

E[u"(W)(F—rs)W]
—aB[u"(W)(7~r;)?]

sign{n — 1}=sign{ E[u"(W)(F — r;)W]}

=n=1+

(under increasing relative risk aversion)

) > Rp(Wo(1+1y))if 7 > 7
Rr(Wo(L+rg) +a(F —ry)) { < Rp(Wy(1 + r;)),if P < 7’?

VRIS ! (V)7 7))

o < —R (W(1+r))u’(W)(7"—7“) if 7 >r
wIWer =) { < Rp(Wol1 4 ry) ()5 — )it 7 < 1)

EW"(W)(F = rp)W] < E[RR(Wo(1 +r¢))u' (W)(F = ry)]
AR B/ (W)(F—rp)]=0=71-1<0

21



o p.25 1.2381, A quadratic utility, negative exponential, narrow power, ex-

tended power ﬁ?ﬁl@ﬂ?%wfsz)’ dez(Z)

e p.20 1.208f, BFTEMEWREE 7, FT% L equity premium
Bl (Wo(1+7)(F —7rp)] > 0 (ZEIREES, HETHHR)
Taylor series expansion
= E[u/(Wo(1+ ™) (7 —rp)] = ' (Wo(1 + 7)) E[F — 1]

+u (Wo(1 + T’f))E[(f — T’f)Q]W() >0
= 0 (Wo(L+rp)E[f —rf] > —u"(Wo(L+ 1) E[(F — rp) W
= E[F —rf] > Ra(Wo(1+rs))E[(F —rs)* W
(R T, BERY risk premium, FEE IR ELET)

Hu
A

wo

o ZRIFITEBLERS risk is small, HH local risk aversion (around Wy(1+ry))
KT, BRAEE B global risk aversion

# R (z) > R%(2) V 2 = individual i is more risk averse than k globally,
B M{EAZ initial wealth W, HHFEE, 2 i B TEM EREZ risky asset
Fi7EZ risk premium, @ &P k HATE M EREZ] risky asset FTZHZ risk

premium

22



o Assume ¥f k£ M5, investing all wealth on the risky asset lets his utility be
maximized

= Eu,(Wo(1+7))(F —rf)] =0

WBE, Bl —rRETH kT E, MATE wealth & risky asset FHEZ
w/NZ risk premium

HUEEHH, B — A% risk averse Z i M8

Elu,(Wo(1+7))(7F—7r¢)] <0

(BEET E[r —rf] T, BRERELRE 7, FERERR)

(B: o* < Wy FRBHRE)

(HAERESEREAZ ARBHREBETR, o thAE; SRR, o8N

Elu,]

A

23



AT

ui = G(ug), G' >0, G” < 0 (convave transformation)

where G’ > 0,G" < 0 iff R)j(z) > RK(2),V 2

(ExNZEHZ2% p.29 1.2580)

Elui(Wo(1 +7)(7 —rp)] = E[G"(ug(Wo(1 + 7)))up,(Wo(1 + 7)) (7 — 75)]
(let G'(u(Wo(1+7)) up, (Wo(147)) (F—rf) = A)

= E[A] = E[A|f — 71 > 0]P(f — 1y > 0) + E[A[f — 7 < 0]P(7F — 1) < 0

éi]) E[A[F—ry 2 0] < G (up(Wo(L+7)) Elug,(Wo(1+7))(F—rf)|(F—rf) =

(B G (up(Wo(1+ 7)) < G (up(Wo(1 + 1)), > 0,G" < 0,7 — 1y > 0)
(i) E[A[F—ry < 0] < G/ (up(Wo 1+ ) Bl (Wo(1+7) (F—rp)|(F—ry) <

0
(A G (upy(Wo(1+7))) > G'(up(Wo(1+1¢)),u). > 0,G" < 0,7 —rp <0)
= E[A] < G'(ug(Wo(1 +1y))) Elug, (Wo(1 + 7)) (F —rp)] =0,

(where Eu),(Wo(1 + 7))(F —r4)] = 0 is FOC of k.)
= 5FE

%1 assets FF, proposmon 2 F proposition 3, KL%, A proposition 2 &7,
alz) <0 = fa >0 for vV Wy, fE%flf/_X‘H—f RBLFE 7> 0

Bl 5 0> 4 < 1, BHEEER W, 2EEE

Wo

[5]3#, proposition 3 &4,

daJ

&R portfolio Z i, (HIEFTE dl;éo <1

EEREY 7 R —EEE B2 portiolio 7, BLRE 7, 8 r, %
HEs HZHIRY proposition 2 E proposition 3 & E L, EKHT{IAZ
optlmal portfolio 7& riskless asset A a risky asset mutual fund HJ linear
combination, & HIRREE “two fund monetary separation”

Cass and Stiglitz (1970) FERAFELE utility function AJfEE two fund mone-
tary separation 37
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two fund monetary separations u'(z) = (A+ B2)¢ or /() = AeP* (GEEX
HWE 2 ABC 5 ' > 0,4 <0)
o 12860, A, 35 /() = (A+ BZ)C or W/ (2) = AePZ HIRE o B, b; ©
;ff‘i‘ﬁ
max £ = Elu(W)] + A1 — 3 b;]
{a7bj} j
HAf, W= Wo(1 + ary + (1 - a) X bjy)
J

2 = B[/ (W)Wo(ry — S bjr)] =0
)

= E[u/(W)Wors] = E[u'(W)Wy 3 birj] (1)
& = E[/(W)Wy(1 - a)ij] = A (2)
2.b; N
= Bl/(W)Wo(1 —a) > bjrj] = > bid = A (3)
M (2)=(3)
= Bl (W)Wo 3 bjrj] = Elu/ (W) Wor] (4)
J
(1-()

= B[/ (W)Wo(rF; —rp)] = 0 (BRA (1.28.4) BREBEWZRI,)

&% u'(2) = (A+ Bz)“fRA

= E[(A+ BWo(1+rs + (1) S b;(75 — ) (7 — rp)] = 0 (1.285)
J

Rl —EREN, BEHERuw), BERELER, U,

= E[(A+ Buj(1+rp+ (1= o) Y075 —rp) (75 —rp)] = 0 (1.28.6)
J

Rt (1 — o)) = Trmme e Wo(l — a)b 3z (B (1.28.7) &)
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A (1.28.6)
E[(A+Buwy(1 + 1) +Bup(1—a’) Y by —Bug(l — o) Y Virp)C (F—rp)] =
0 . N - )

AN /
Buw{(1+ Ty —Tf+ o/rf)

E[(A+Bw0(1+arf)+Bw0 Zbrj ;=) =0
l
A+ Buw)(1+a/ -
BRI (1 - ) X by

%%ménjﬁ(fl—i_BWO 1+047‘f))0

A4+Bw{(1+a'ry)
= E[(A+ BWo(1 + ary) + BWo(1 — a) X bi)C (7 —r4)] = 0
(BB (1.28.5))

. <A—|—BWO(1—|—arf))C W (Wo(14ary))
A+Buwi(1+a'rp)’  — w(wy(1+a'ry))

= WIHEARIERO0, AT LAY sEfRIZR LA

CHu' > 0,4 <0

o 12087 Z2FIWE (1.27.1) H (1.27.2) Z utility
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