o1

(a).000000

00

O000000000000000D00000000 control variable uy O

Ooo0oooooto

Ooooolnooooooof

TA:OOO¢F

R, Wil |x ¥ P x
WEQf [w]  ThT

t1—1

min Z {X;(Rt — WiQ; T W))x + uj’QtuI} +x;, Py %y,

t=to

s.t. X1 = (At — BtQt_IWt,)Xt + Btu:,

* —1 /
u; = Q, Wyx; + uy,

(B.2.2)

(B.2.2)

(B.3.1)

(B.3.2)

(B.3.3)

O O Ostate variabled law of motion0 0 000000000 OOCOOCOOOOOOOOOOO law
of motion (B.3.2) D wyO00O0 (B.33) 00000000 O0O0O0ODO

xi11 = (Ay — BiQ; ' W/)x; + By}
= (A = B,Qy ' W)x; + Bi(Qy ' Wy + )
= Ayx; — B,Q;'W/x, + B,Q; "W/x, + B,
= Aix; + By,

0000000000000 stated law of motion (B.22) OO0 O000O0OO00O0OOCOOOOOOO
O0O00000000 lawof motion0 OO OODOO

f000000000000000000DI00000000000D0D00O0
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1B.33)00Mx0 given 000 M w, 000000 v} 0000000000000O0O0OO
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0000000000000 0000ooooooooooOD (B3)ooooo

t1—1
min Z {X;(Rt — WtQt_IWtI)Xt -+ u:f'Qtuf} + Xl/fl Ptlxtl
t=to
t1—1

= Imax — Z {X;(Rt — I/VYtQt_lwt/)Xt —+ u:,Qtu:} — X;lptlxtl.

t=to

000 (1)D0o0o0oooooooo

X, (Ry — W,Qy ' W)x, + w;'Quu;
= =X Rix; + xiWiQ; Wik, — (Q7 Wi + w) Qu(Q; ' Wix, 4+ wy)
= —x,Ryx; + x,W,Q; 'W/x, — xiW,(Q; 1) Q. Q' Wix,
- XQWt(Qt_l)/Qtut - U—QQtQt_th/Xt - u;Qtut;

(2)

Q0 symmetric000 Q,=Q,. 0000Q,Q;'=Q,Q;'=1. 0000000000000000

D0QQ;'=(;YQ,=1.00000000

/ / —1 ! / —1 !/ / / / /
(2) = =x  Ryxy + X)W, Q; Wixy — x Wi Qp Wixy — x\Weuy — wiWix, — wjQruy

= —X;RtXt — 2u;Wt/Xt - u;Qtut
/
o Xt Rt Wt Xt
u Wi Qi |w .

(1), (2),3)000O

min Z {X;(Rt — WtQt—lwtl)Xt + u:thu:} + Xélptlxtl

R, W, Xt ¥ P x
WQ| [m]

t1—1 /
Xt
= max — E
u,

t=to

O00000000000000O (B22)0 (B3.)ooooooOd
gbobobbooodgbbbuoodaobbod

(b). 000000 feedback rule O
F=F+Q;'W,,

Oo0gooogooogoooobooggno
F, = (Qi + BiP1By) (B P Ay + W),

Fi=(Q:+ B{Py1By) ' BiPii Ay,
zt - At - BtQt_Ithv

—~
IS
N2



gooo

Fi+ Q"W = (Qi + B{P1 By) ™' BiPiya (A — B:Q, ' W) + QW]
= (Q: + B{P11B)) 'B,Piy1 Ay — (Qi + BiPy1 By) ' B,P1 B.Q; W, + Q' W,
= (Qt+ B/P1B) ' BiP 1 Ay
—(Q¢+ B{Piy1B,) " { BiP.1 B,Q; "W — (Q; + B{P.i1 B)Q; ' W/}
= (Qt + BiPiy1B) ' BiPia Ay
—(Q¢+ BPr1By) {BéPthQ{th’ — QW — B,;HHBtQ;thI}
= (Q¢+ B/P11B)) ' BiP 1 A + (Qu + Bj Py By) ' W/
= (Qt + B Piy1 B) " (BiPra A + W)
= F, (9)

D0O00F =F,+Q;'w/0000

(c). DOODDOOODODO value function0 000000000 OODO Riccati equationOd

P =R, + AP Ay — (AP By + W) (Qy + BiPy 1 B) (Bl Py Ay + W) (B.2.8)
= Rt + A;_Pt_;'_lAt - (A;-Pt—‘rlBt + Wt>ﬂ7 (B28’)
P, =R+ AP A — AP B(Qy + BiPy B) ' BiP, 1 A, (B.3.9)
=R, + AP A — AP BF,, (B.3.9)

0000000000000 0O00*mOoo00a
Rt:Rt—Wthlwg, (B36>

0ooo
00 (b)) 000 F,=F-Q;/'W/0000 (B3.9)000000000

Pt = Et + Z;Pt+1zt - Z;Pt+1BtF17f + z:5Pt+1BtQ2;1VVt/
=R, + APy (A, — B,F, + B,Q;'W))
= Ry + A, Pry1 (A — B,Q7'W, — B,F; + B,Q;'W,)
=R+ A, P11 (A — BF)
=R + (Ar — BtQt_IWtI)/PtH (A; — BiFy)
= Ry + AP Ay — Aj P BoF, — Wi(Q 1) BiPrr Ay + Wi(Qr ) Bi P BiF,
= R, — W,Q;'"W/ + A,P,1 Ay — AP BiE, — Wi(Q; ") B,Piy1 Ar + Wi (Q; ") B, Pry1 B F,
= R+ APy Ay — AP BoF, — Wy (Q7' WY+ (Q 1) By P Ay — (Q7 1) By P BiFy) . (10)

(B.2.%),(B3.9)0000000000 F, F, 0000000
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D000Q,0symmetric00000000(Q;Y) =Q;'. 0000
(10) = Ry + A\P 1 Ay — A,P B F, — W,Q; (W] + BiP, 1 Ay — BIP, 1B/ F). (11)
Ft - (Qt —|— BéPt+1Bt)_1(B£Pt+1At + Wt/) |:| |:| |:| Wt, + B£Pt+1At - (Qt + BgPt+1Bt)Ft. |:| |:| D |:|

(11) = Ry + A{Prj1 Ay — APy ByF, — W,Q7H {(Qi + BiPry1 B) Fy — BiPi1 B Fy}
= R+ AP Ay — Aj P B F, — W F,
=R+ AP Ay — (AP B+ W) F. (12)

000 (B28) 00000000000
00000000 Riccati equation (B.2.8)0 (B.3.9) 0000000

(d). 00 O0DO0DODO optimal closed loof system 00 000000000000
Ay — BiFy = A, — B,F, (13)

0oo0oooooo
A, F, 0000000 A -BF,000000000

A; — B,F,
= (A = B,Qy'WY) = Bi(Qi + BiPi1 By) ™' BiPia(Ar — BiQ; ' W)
= A = B { Q"W + (Q1 + BiPi1 By) "' B Pra (A — BiQ; ' W)) }
= A, — By(Qi + BP,11B,)! {(Qt + B P11 B)Q; "W, + B P (A — BtQ;lwt/)}
= A, — Bi(Q: + BP1By) {Wt/ + BiP1 BiQ; "W, + By P Ay — BQPtHBtQ;thI}
= Ay — Bi(Qi + BiPri1B) (W, 4+ BiPi1 Ay)
= A, — B/F}. (14)

O0000A, —BF,=A,—BF, 0000

00 2
max — » (0.9 {(50 — ;) + i}, 15
max = 30(09)' {60 -+ ) (15)
s.t. ¢ + it = O.2at + Yt, (16)
1 = Qp + 1y, (17)
Y1 = 5+ 07% - 0'2yt—1~ (18)



(00O 2-1)
x = [Lanysyeq), w=[,) 0000000000000000 (17)-(18) O

1 10 0 0 1 0
1 1
A1 _ 0 0 0 (073 i it, (19>
Yt 50 07 —02| | w 0
Yt 00 1 0 Y1 0
gododoooooood
1 0 O 0 0
1 1
N LR D S L3 (20)
5 0 07 —0.2 0
0 0 1 0 0
ogoogao
X1 = AXt + But, (21)

00000000 pay-off function O g(¢,4,) 00O D00 (16)0000

g(ce,is) = (50 — ¢)? +i7
= (50 — 0.2a; — y; +i)* + i7
= 2500 — 10a; — 50y, + 50i; — 10a, + 0.04a; + 0.2a,y, — 0.2a,i,
— 50y, + 0.2a,y, + y7 — yiiy + 506, — 0.2a44;, — yyiy + ir + 02
= 2500 — 20a; — 100y, + 1004, + 0.04a? + 0.4a,y; — 0.4, + y7 — 2usis + 242 (22)

00 pay-off function 0 00O 0ODOO0OO0OOO0O0OO0ODOOOOOOOOODOODOOO

[2500 —10 —50 0 50 | 1

—10 0.04 02 0 -02 ay

g(ce i) = [1 ar Yt Y1 Z‘t} =50 0.2 r 0 -1 Yt

0 0 0 0 0 Yi—1
0

50 —02 -1 2 | | |
2500 —10 —50 0] [ 1 50
10 004 02 0| a o —02| .
~ [ _} 2 2[1 . .
[ ay Yi Yi-1 50 0.9 10 ” + 14(2)d; + a; Yi Yi-1 1 [
0 0 0 0| |y 0
(23)
0ooo
2500 —10 —50 0 50
~10 004 02 0 0.2
R = . Q=2 W= : (24)
50 02 1 0 —1
0O 0 0 0 0



000 00O pay-off function O

goooo

(00 2-2)

X;th —+ u;Qut —+ 2X£Wut,

0000 p.1020000000000(B33) 00000

ut:

gooo

1
2

Q_lwlxt + Uy

1

Gy

z—[50 02 -1 0] +i,

Yt
Yi—1

=25 —0.1a;, — 0.5y, + iy.

u: =25— 0.16Lt — 05yt + l.t.

000000 p.10200 (B.3.6)000O0O

R=R-WQ 'W

(2500 —10 =50 O] 50
~10 0.04 02 0 1]1-02
= — = —02 -1
~50 02 1 0 2| —1 =0 0
0 0 0 0] 0
(1250 —5 —25 0]
| -5 002 01 0
S |1=25 01 05 0
0 0 0 0]
ooon
1250 -5 —25 0
"o ~5 0.02 0.1 0
—25 01 05 0
0 0 0 0

(25)

(29)



0000000 p.10200 (B3 7)0OoOOd

A=A-BQ'W

10 0 0 0
01 0 0 11

= — - —02 -1
50 07 —02| 2|0 kO 0 0
00 1 0 0

=25 1.1 05 O

= (30)
5 0 07 =02
0 0 1 0
gogd
1 0 O 0
— =25 1.1 0.
e 5 05 0 (31)
) 0 07 —-0.2
0 0 1 0
(0O 2-3)
OO0O0000000O00ProblemO00000OO0ODO0O
max — Z(O.Q)t {x{Rx; + u;'Qu; } , (32)
e t=1
st. X1 = Ax; + Bu}. (33)

value function 0 0000 —x(Px, 0000 guess 00O Bellman equation 0 000000000
—xiPx; = max — {x{Rx; + w;'Qu; + 0.9%),, Px; 1 } . (34)

u;
OO00000D000D0000 stationarity OO0 000 Oxy O law of motion OO0 OO0 O0OO0O
—x,Px; = max — {x;Rx; + u;’Qu; + 0.9(Ax, + Bu})P(Ax; + Bu;)} . (35)

O00Ofo.c.00 policy function 0 OO OOBE. O0OO0O w0 00000000000 foc. OO

2Qu; + 0.9(2B'PAx; + 2B'PBu;) = 0, (36)
<~ (Q+09B'PB)uf = —0.9B'PAx,. (37)

000000
u; = —0.9(Q + 0.9B'PB) 'B'PAx,, (38)

000000
F*=0.9(Q+0.9B'PB) 'B'PA, (39)
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ODO000D0uw =-F'x, 00000
x,0 (4x1)000000000Ovalue function x,Px, 000000 PO (4x4)00000000
O PO

: (40)

gbooobood

P11 P14
B’PB:[O 10 0] o
P41 P44

O O = O

=[P P Py Py

S O = O

- P22, (41)

1 0 0 0
=25 1.1 05 O

) 0 07 —-0.2

0 0 1 0

1 0 0 0
-25 1.1 05 O

5 0 07 —-0.2

0 0 1 0

Py ... Py
B’PK:[O 10 0} :
Py ... Py

— |Pu Pn Py Pu

Pay — 255 + 53
1.1P
0.5P + 0.7Py3 + Pyy
—0.2P»3

OO000b0ob0o0o0ob0ob0o QU Frooooog

Py — 25P5 + 5P
1.1P
0.5P5 + 0.7Py3 + Py,
—0.2P»3

0.9Py; — 22.5Ps + 4.5Py3

B 1 0.99Py,

" 240.9Ps |0.45Py + 0.63Pa3 + 0.9Py, |
—0.18Ps3

F*=0.9(2+0.9Py)"!



gooo

(00O 2-4)

value function O x;P;x, O guess 0 00000000 Bellman equation 000 00O O O O policy
function 0 0 00 0 O O Bellman equation 0000000000 OODOOD value function O guess
xP;11x, 000 P;1, 00000000 Riccati equation]

P;.1 = R+ 0.9A'P;A — 0.9°A'P,B(Q + 0.9B'P,B) 'B'P,A. (44)
O000P,=0000 guess0000000000000000 guess P,00(44)00

1250 =5 =25 0
=5 0.02 0.1 O

P,=R= (45)
—25 0.1 05 0
0 0 0 0
00000 guess PLO0000OM44) 00000 guess Po00
P, =R+ 09AP,A —0.9°A'P,B(Q + 0.9B'P,B) 'BP,A
=R+ 09ARA - 09°A'RB(Q + 0.9BRB) 'BRA
2364.9653 —9.9058 —42.8394  4.4599
~ | —9.9058  0.0416  0.1758  —0.0196 (46)
—42.8394  0.1758  0.7854  —0.0714
44599  —0.0196 —0.0714  0.0178
000000 guess P30 (44) 000
P; =R+ 0.9AP,A — 0.9°A'P,B(Q + 0.9B'P,B) 'B'P,A
3399.4013 —14.7697 —52.2115 7.6648
| -147697  0.0645  0.2226  —0.0347 47)
© | —522115 02226 0.8703  —0.1004]
7.6648  —0.0347 —0.1004  0.0278
(00O 2-5)
00000000000000000
max  — » (0.9) {(50 — ¢;)* + 7}, (48)

{eesie}
s.t. ct + l.t = 0.2(115 + Yt

t=1

(
at1 = Qg + i, (
Y1 =5+ 0.7y, — 0.2y, 1 + 0.5¢411, (51
e ~N(0,1), 1iid. (



O0000 LQOOO0ODO0OOpay-off function0 00000 O0OO0OOOO
{(50 —c)? + z?} = xRx; + u;Qu; + 2x, Wuy, (53)

0000000 0O state vector x4, control vector v, D0 D00 00000000 R, QWOOOOO
DOo0DoDo0ooooooon
O 00O state O law of motion O 0

1 1 0 0 0 1 0 0
01 0 0 1] . 0
R at + 1 + €t+1, (54)
Yi+1 5 0 0.7 =02 Yy 0 0.5
Yt 00 1 0 Y1 0 0
ggooogogono
0
0
C= : (55)

O0000D0000x41 =Ax,+Buw,+Ce,, 0000000 O0DODOO0 A, BOOODDODODODOODOO
gooooooo
O 00 pay-off function 0 000 O000O0O0O0OO0DOOODO control vector uy* O

u = Q 'W'x;, +u, ( = w=u— Q_1W'Xt) , (56)
0000000000 pay-off function O
X/ Rx; + u,Qu, + 2x,Wu, = x,Rx; + u’'Qu;, (57)

O0000000000ROOOOOOOOOOOOOOOOOOOOOOOOO stated law of
motion O O

X1 = Ax; + Bug + Cep g
= Ax; + B(u} — Q" 'W'x,) + Ceryy
= (A - BQ 'W)x; + Bu} + Ceyyy
= Ax; + Bu} + Cepyq, (58)

0000000 ADODOOOOODODODOOOOOOO
Doooobooog

max - > (0.9)" {x/Rx; + u;'Qu; } | (59)
t t=1

st. X1 = Ax, + Bul + Cepyq, (60)

O Linear Quadratic form OO0 00O
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00000000000 valueO OO0 OOOOO value function O —X;f)Xt—d, (000000

O0000)0 guess0 000000 O Bellman equation [
—xPx; —d =

”
uy

gbbooboodgoboobod

E [—(th + :B'Ll;/k + C€t+1)/P(AXt + :Bl,'l;fk + C€t+1) — di|

:E[ — (Ax; + Bu))P(Ax; + Bu!) — (Ax, + Bu)PCe;y; — EQHC’IND(KXt + Buj)

— €, C'PCe;yy| —d

— _ (Ax, + Bu!)P(Ax, + Bu}) — E [egﬂc’facem] —d,
0000000000 Elen]=000000000
FE _€;+1C/f)c€t+1i|

=F tr(eQHC/f’CetH)]

=F _tr(C’f’CetHe;H)]
—tr(C'PC)E €164 ]
—tr(C'PC)

=tr(PCC').
O00D0000O0OBellman equation 0 00000000 OOO0O
—X/Px; —d =
n}l%x{ —x/Rx; — u'Quf — 0.9(Ax,; + Bu;’f)’f’(th + Buj) — O.9tr(f’CC’) — O.Qd},
Bellman equation D000 uwy 000000000000 fo.c.00
2Qu; + 0.9(2B'PAx, + 2B'PBu}) = 0,
0000 (23)0000000000000000000policy function O

* T*
u, = -F Xt,

where F* =0.9(Q + 0.9B'PB)"'B'PAx,,
00000000 Bellman equation 0 D OO0 OO0 00000
—x!Px; —d =

—x [ﬁ + F*QF* + (Ax, — BF*)P(Ax, — BF")| x, — 0.9tr(PCC’) — 0.9d.

11

max {—ng_{xt —uw/Qul 4+ 0.9E |—(Ax, + Bu} + Cesy)'P(Ax; + Bu} + Cerpy) — d] } . (61)

(62)

(64)

(68)



D000O0OPOOOOODOOD Ricatti equation 00000 000000000000000O0O0O0O
0 POODOOOOPOOODOOOOOOORO

000 00value function 0 Ox;Px, —d0 00000000000 valueODOOOO 4000000
d00000D000D0O(®s)ooo

—d = —0.9tr(PCC') — 0.9d, (69)
00000000000POOOOOO0O00O0OOP,000000

d = 9tr(P;CC’)
— 1.9583. (70)

(00 2-6)
00000

c = 0.2a; + 1y — 1
1

:@(w 10] N
Y

Yt+1

:@021@m—w- (71)

00000000 control vector uy; 0000w} = -Fx, 00000w=ul —Q 'Wx, 0000
Oo000wOOOOO

U = —F*Xt — Qflwlxt
= —(F"+Q 'W'x,, (72)

000 (7)000000000000000
¢ = Dxy, (73)
0O state vector 10 0000000000000 DO
D:@(M].@+W+Q*W’ (74)
00000000000PO000 (240000 P,000000000 (2:3)00

F* ::[—%i6770 0.0310 0.0671 —0.0195] (75)

30000000 policy function O F*0000000000000 policy function 0 F* 00000 O0O00OOO
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000000 DO
D= [18.3230 0.1310 0.5671 —0.0195], (76)

Oo0ooogoo
OO00000 policyDODDOODDOODOOO stated law of motion O O

X1 = th + Bu: + C€t+1
= (K — BF*)Xt + CEt+1, (77)

O0000x, 0 Markov Process 00000000000 0OPOOODO (240000 P;0000000

1 0 0 0
— —18.32 1. 432 .01
A _BF — 8.3230 0690 0.4329 0.0195 ’ (78)
5 0 0.7 —0.2
0 0 1 0
oo0oooog
000 (r3)000ooo
Xt+1 = (K — BF*)Xt + C6t+1, (79)
¢ = Dxq, (80)
ogooo
1 0 0 0 0
N —18.3230 1.0690 0.4329 0.0195 x 0 . (81)
A 5 0 0.7 —02 | " " los| Y
0 0 1 0 0
c = [18.3230 0.1310 0.5671 —0.0195] xq, (82)

00000000 linear state-space system 0 0 OO0 0O 0OOOOOOOO Markov Process 0 O O O
Oooooo
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00 0 : Equilibrium with Complete Markets (8.6. Examples)

TA:OOOf

o170 110 280

1 Notations

Jo000ooooobodnotationd 000000 0O0OOOOOOOOO

e iec{l,2,--- I} : 000 indexO

e /. 0OODODOOO

e s, : t00O stated

e s':t000D0 stateD historyD DO 0000 s" = (sg,81, - ,8) 0000

e m(s,):t0000D0 state s, 00D ODDOOODODOOOOO

e (s :t0000DO00ODODODO stated history s 0000000000000

e ¢2(s") : Arrow-Debreu security 0 price system0 0000000 000000000¢t000
0000000¢t0000000000000s 00000 ¢t00 history 0000000
Arrow-Debreu security 0 0000000000000 OOOOOOOOO

e Ci(s): tO0D00OD0history s 000000000 ;000000000000000O0O0O0
history OO ODOOOOOOOOODOODOOOO

e ¢: 000000000 sequenced 00000 ¢ ={ci(s")},-, 0000

e yi(s'):t00DO0DO history s 000000000 :0000000000O endowment [
000 stated history s 0000000000 Oendowment 0000000000000 O0O
Ooboboboooo

fe-mail: ege00lar@mail2.econ.osaka-u.ac.jp



8.6.1. Example 1: risk sharing
0ooon
u(e) = (1 =)™, v >0, (1)

OOCRRAODODOOOODOOOOOO:O0O0DDOOODOOODOOODOOO

max 3737 {(1 =) () T (), )
st 30D (s < D03 i), 3)

00 ¢ 0 Lagrangian 00 L;0 Lagrange multiplier 0 wu; 0 0 O O

=3 > 8= T mlsh) + ZZ{% H- @Y. @)
fo.c. O
oL, , . t
8Ct< >_O & fe ( ) 7Tt( ) /MQt( ) Vi, s (5>

0000000 fec.000D00D:00000D00000D00O0O0O0DOOOOOOO foe. OO
gbobooboogoboboooobbyjoooboo

Blei(s') mi(s') = pyaf (s"), Vit 8" (6)

0000000000 G)0 (000000 0boooo0oooooo

il oty , ' =

{@} =Lt e d(st) = @)(“Z) . (7)
ci(s') 1 1

Joddd:000dddddyjooooobbbbooooo

0000000000000 000oooooooo0o0O0o00ooooooooooooO(Mmoo

0000i=1,2,-.-,/]00000000000

S = S (%)

&

pa — n
- a()Z (;‘—) ®

0000000 +00000000 history st 000000000000000000O0O0O0DODODODOOODOOOO
0000 foe.0D0D0O0DO0D0OOODOt0D0O00D00DOOOO0 history 0000000 foc. 0000000000
uaod



OOO0D0O0D0 0000000000000 summation0O00O0O00 indexOOOOOOODOOO
OO00O0¢:t000ouobOdbDtd00endowment 00O OO00OO0OOOOODOODO

1 1

S oedls) = D uils) Q

i=1

00000000000 8)ooooooo

i(s') = {Z (“—%)i}lmst). (10)

000Y(s") =Y, y(sH0000

(10) 0000000000000 0O0DO00O0O0D jOOO0OO0O000O00O0 aggregate endowment
O000000000 endowment 0000000000000 0OOOArrow-Debreu security 0 O O
OO000000000000000000DOcompletemarket 00000000000 0OOOOOOO
(10)00000CC00O0000O0DOhstoryDODODODODODODDODODOOOOO CRRAODOOOOOO
0000000000000 030

0000 (6) 000 price system O

£) = 5 (s (1)
— i {Z(Z—)} Y| ms) (12)

= f {Z“’} Yi(s") Im(s"). (13)

=1

000 00 Arrow-Debreu Equilibrium (ADE) O

a(s') = {z: <z—;)i}15€(st% vt s (14)

q?(St)Iﬁt{Zm} Yi(sh) Im(s"), vt st (15)

gbobuoodgoboood

0000000000000 D0DO000D0000000000000000000D0O0O00D00000000000
goooobooobooogoboooooobooogoogoo

. -
S000000CRRADDOODDOOODOO MRS= (021) 0000000000000 0000000 (homothetic)O
ooooboooo




8.6.2. Example 2: no aggregate uncertainty

00000 :=1,20000000000000000 stated process J U endowment U O O 0
Oo0oooo

St € [O’ 1]7 (16)
i (s") =50, yi(s") =1—sy, (17)
Yi(s") =y (") + 57 () = se+ (1 —s0) = 1. (18)

00000 u(d(sh)),i=1,2000000000000:0000000000000000O

max Z Z Bhu (¢(s")) m(s"), (19)
st 30 ) < 303 i) (20)

O ¢ 000 Lagrangian O L;0 Lagrange multiplier 0 p; 0 0O 0O O

Li= Z Z Bhu (¢(s") me(s") + p {Z Z () (s")yi(s") — q?(st)ci(st))} . (21)
fo.c.O
OL; t 1 (Gt £ 0/t t
dci(sh) =0 & fu (Ct(s )) mi(s") = g, (s"), Vi, s (22)

OO000O00obooooobo jy=1,20000000000O0O00DOO0ODOO 000 foc.OD0 40O
O0 focODOOODOO

% - Z_j & o (g(sh)) = (CZ(St)) Z—;, Vt, st (23)

00000000 u(-) 0O strictly concave 00000000000 W/(-) 000000« 1()000O0O
000 (23) 0000000000000

ci(sh) = u'! (u (d(s") z—) , Wi, st (24)

gooobobboboooddooooooobbbooboobbbooddooooooooobooo
= 1,200000000000

ci (s + (s =o't (u’ (cl(s") %) , W, s (25)

4



0000000000 jO fixedODOODODODOOOODOODODODO

(s +ci(s") = p(sh) + (s,

= St+(1_5t>
= 1, Vt, s (26)
goodooboooboobybboogao
1=u" (u’ (cl(s") M), Vt, st (27)
Hj

0000000000m0u0 constant D000 (27) 0000 j000000000¢t0s0000
gbooboooobobooogoon

di(s'y=¢, vt s, i=1,2. (28)

000000000¢0 constant 0000
O0000O0Ostate 00 0000000000000 0O0O00O(22)0 pricesystemO0000000
u'(e')

M‘,Wﬁﬁ (29)

¢; (s') = B'm(s")

0000000000 00000000000000000000O00

S i) e = S s

t=0 st tOst

& éZﬁth(st) = ZﬁtZﬂ't(st)yZ(st). (30)

st

i(St)

0000, m(sH=1(00000000 hittory 0000000000 1)0000

23 m Zﬁﬂ——? (31)

st

gooo

Z ok Z?Tt (32)

00000004 0000state100000000000000000000000000000
00000 endowment O yl(st) +42(s) =100 0000000000000000000000

‘00000 pO0O0 state s, O stochastic process 1000 000000000000 0OOO

5



000 (no aggregate uncertainty) 0 0 O Arrow-Debreu security 0 O O 0 0 0 O complete market [

OO00O0DbO0b0ob0oboobooboOshared0O000OO0OODODOOOO

gooboooobbbooooobobboooooboboooobbboooon

et = (1= B> msh) | u(s) + (s

=1

= (1=p)>_ 8> m(s)

Joddooooooobbboooooooooooo
O00O0Opricesystem 00 000000¢)(s")=100000005°
u'(e) u'(e)

=1 &
i Hi

Go(s") = B°mo(s") =L

gooo

gogogd
00000 Arrow-Debreu Equilibrium (ADE) O

dsh)=c =1-8)>_ B m(shy(s"), s i
t=0 t
q; (s") = B'my(s"), Wi, s"

gboobooogooboood

=1,2

(33)

(34)

(35)

(36)

(37)

000 00000000000000 Arrow-Debreusequrity 00000000000 1000000000000

gbodgbilobbobooboobuoobobbobooboooobooaon



8.6.3. Example 3: periodic endowment processes

00000 :=1,20000000000000000 stated process J U endowment U O O 0
Oo0oooo

St =

{ 0, if: tis odd.

1, if: tis even.
i (s') = s, yi(s') =1 - s (39)
v () T (s = s+ (1—s) = 1. (40)
v = (a(s”), 3 (") wa(s”), ) = (80,81, 82,7+ ) = (1,0,1,++). (41)
y' = (ua(s”), wi ('), wa(s”), ) = (1 — 50,1 — 51,1 — s2,-+) = (0,1,0,--+). (42)

Example 2000000000 endowment 0000 O0O0O0OO0ODO state d process O deterministic

(0000 state00000000)00000000O0O0O0OOOO
U:000000000b0bo0000oo

max Z Z Bhu (¢(s")) m(s"), (43)
st 3 e < 3 S s i) (44)

0 000 Lagrangian O L;0 Lagrange multiplier 0 p; 0 0O 0O O

Li =" plu(ci(sh) m(s") + {Z ST (@i — (")l (sY) } . (45)
fo.c.O0
aLi t o1 it ty 0/t t
35 =0 & B ((s") m(s") = g (s"), Vt, s (46)

OOobooooboogoooby=120000000000000DO0D0DOO 000 foc.OD 40O
00 foc.O0DODOOODO

DU ) = () st -

00000000 u(-) O strictly concave 00000000000 ()000000 W 1()000O0O
000 4r000oooooooooo

s = (1 (@) &) s s)

Hj
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goooobbooodoooooooobbooboobobboboodddoooooooooboboobo
=1,200000000000

cf (s + 2 (s') = u' ™t (u’ (cl(s") %]M) , Vi, s (49)

O0O00000D000 jOfixed000000ODOOCOODOOODOO

c(s') +ci(s") = p(sh) + (s,

= St+(1—8t)
= 1, Vt, s (50)
gooooooooooodyoooogd
1=u""! (u’ (cl(s") M), Vt, st (51)
My

0000000000m0u0 constant D000 (1) 0000 j000000000¢t0s0000
gobobooooboboooooon

d(s'y=¢, vt s, i=1,2. (52)

OO00oOoOggdpboOeén constant 0 OO O
DDDDDDstateDDDDDDDDDDDDDDDDDDD(22)D price system U 0 0 0O 000

u'(e')

Hi

q;(s') = B'mi(s") , Vit s". (53)

0000000000 &000nooooon

0000 state 0 process O deterministic 0 0 O O price system OO0 000000000 O0OOO
0ooo00ooooos =(1,0,1,0,---) 000000000000 process0 000000000000
oooogod

m(8) =1, (54)
m(s') =0, s #3 (55)
00000000 (53)00
)= 0 —o0, s 23, (56)
0(sty _ () 1= u'(C) 57
q(5) =0 L 3 o (57)



0000000000¢(8%)=10000000

N (¢ (e
Q) =) g o Oy (59)
2% M
godoooo:tooood
R o' (e
26 = _ gy g (59)
JO00ddooOdpricesystem0 000000000000
t : t ot
0/ ¢ £, if: st =35,
= vt 60
a(s') { 0, otherwise. (60)

00000000000 @0000OpricesystemO000000000000

[e.e]

S Y sme e = 33 ot i)
eI ACHED NP ACHACH) (61)

———
=1

00008000 process 00 0000000000000

d1-p)" =) B'mE)y(E), v (62)
t=0
0000y =(1,0,1,0,--- )0y = (0,1,0,1,---) 000
AU-B)T = TP PP = (63)
) o 5 _ B
CA=P7 = fHBEAF AP+ > E = (64)

DDD%—}-%:lDDDDDDDDDDDDDDDD

Example 20 0000000000000 0O0O0ODOODOODOArrow-Debreu security O 0 O O
000 complete market DO 0000000000000 shareDJ 00000000000 tOs'0
OO0O000b00o0bOo0boooob1000b0o0b0b0o0ob00o0obD 1000 1000 endowment
000000000 b0o00gdbendowment D 00000000 D0O0O0O0OODOOOOOODODOO

000 00 Arrow-Debreu Equilibrium (ADE) O

_ 1 _ s
tose ot ot
0/ ¢t g, if: st =8,
= Vit 66
a() { 0, otherwise. (66)

gboobooogooood



