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+q LS- Real (rL (t) - r'f (t)) + eReal (t)

€ Real(t) N 0 o Real® 0 O Real?
t P
v - Real 1.544 0.145 10.613  0.000

Osve.rea 0457 0231 1.983  0.052
Oumres 0574 0225 2554 0.013
Os-rea 3433 1915 -1.793  0.078
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0.686 0.663

residReal

rwd Real (t)

= rReal— EX {g Real +qM— ReaIrM— EX (t) +qS|V|B— ReaIrSMB(t) +qHML—ReaIrHML (t) +qLS—ReaI (rL (t) - r'f (t))}
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SMB HML
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+q LS-Util (rL (t) - Iy (t)) + €uit (t)

€ uult) N 0 o uu? 0 O util2
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0.076 0.009
residutil
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000000 +000000000000 8= (Si...8:...5,) 000,000000
gboobooboboobooo+-10bo0¢tboobobobooboob toboboo
000+¢00000000000000,000 140000, Xy = (X1t... Xit... Xnt)
000000, Xi = Sy/Sys D0D0. 00,00 +000000000000000
zp; 0000

goodo,0oo0 ¢t+-10000,00¢t0000000DOO00O0OO0DOODOO0O0O0
0,00000000000000000000,00000 (self-financing) 0, 00 O
oo, ooooooooooooooo
goooooo,bobobobbbobbbobbbobbbbbooboobbbbbbobobDbon
DDDDDDDDDDDDDDDDDDDDDD,{bOt,bt:(blt...bit...bnt)’}DDDD
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gooooooog,
{bo: e R, by e R" |bps + b1 =1} ,
dooooooooooo,00ddogoooo v o,
Vi=Via (bOth?f,t-i‘bfeXt):Vt—lXt,

gbooooog,bobooboboboooboboooo XtébOt:L‘f7t+b;XtDDDDD
ooob,bobobobobobooboboobooooog Wbw=10,0000000
ooobobobobobgo vy Ob0ODbOD, 00000 VT:“%D,DDDDDD
goboboooboooobobooboboooooboooboobooooboooobob,bdao
goboodobooooboooobooboobboonooo

Ey [log V1] = Ey [10g GZH = féEO [log X] .

oo, oo EOHDDD o0ooooouobobooooooDoooo,oooo
ogoooooooooooooboooo, oo oooooooooon
EylogX,) 0000000 ODOOOOOOO, 000000000 ODODOOOOOOO
o000,(1)0o0000 t+-100000000000000000C0OO000O0
0000o0o0o00oo0 +0o0o0O000oo000, (2)ooooUoooooo0og PO
ooooooooooo ¢t—-10000,3)00¢t0000d00 P,O00OOOOOO
godooooooooooooooooooood

p maxgmize E;_1[log X = Ey_1[log (botx s, + by X1)]

t t

subject to bos + b1 =1.

oo,0000 Et[][lDD tdo00oooooooooon
ooo,00pP,0000000000000000, 00 Karush-Kuhn-Tucker (KKT)
od0,00000o0o00ooooobooooooooooooooooonb Py O KKT
ooo,00oo0oood:

X; Sit— S; .
Etfl |:t:| = <~ t* ! = Etfl |:V,*:| (7/ = 1, ey n) . (Al)
t—1 t

00, X; =byz5+b/X, 000.00,X; 00000000000000000000
000000000000000000,X;=V/V;*, 0000000, Xy = Sit/Si-1
0000000,0000000000000000000 (00000)000000
000000,000000000000000,00000000000000000
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000000,000000000000000000C0OOO0OO0OOOOOO0O(AL)
goo,gogooo:
v -1 .

Sy = EtK‘/tT) SZ-T]:Et[( X XD s | (a2)
(A2)00,0000000000 S;0,0000000 Sy000D0000O0ODODO
oooooooooobooooooooooooboboooooooooooo,
oooooboooooooooo, b0 ooobobooooooooon
ooooooooooooooooooobooooo, oo oooooooo
0000000000000000 (Theorem 1, Long 1990) 0000, 0000000
ooooo,J-REITOODODODOOOOOOOOOODOOOOOOOO
dodddoooooooooooooo,0oooooooobooooooooooo
oo, 0dddooooooooooooooboboboooooooooooonoooo
O00o000oo0 (Doboo0o0)0,00000b0O00O0O0LOOOoUOoOOn
0000000000000 0D,000000000000000O00DODO (CAPM)
dooooooooooDbOooDbOoooobooooobooooo, CApMOO, 0000
oooooooooooooooooooooooooobobo, 0o, 00ooooa
ooooooooooooo, 0000000000 boo,ogooooa
o000, 0000000000000 doooooooooooog
oooooooooooooo, oo ooooooooboooooooo, oa
oooooooooooooobooo, o000 ooooooooooon
goooooooobooooooo, g0 oooooooooon
00000000 oOOooDbOOoobOo0bOoobOo0obOoobOooboOoooon, TOPIX
do0o0doDo0o0ooOo0ooooO,0bdooooo0oo ToPIXOODOOO,0D00O0d
O0o0ooooooooooooooooooooooooooooobooooooon
(Roll 1973, Long 1990, Platen 2003)0

A2 O00000OOODOOOOOOD

00000,000 (2006)00000000000000000OOOOOOOOOO
oobobobooboboobooboooobobo0 J-REITOODDOODOOOODODO
gooooo

gobooooboo,obobodg,bboobboooboooboooboooooboood
J-REITO, 000000000000 00O0OO00bO00O0b00obo0oboooDbog
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000000,000,000000000000000000,0000000000,
000000000000000000000000000000000000, J-REIT
0000,000000000000000000000000000000, 000
00000000000, JRETO00000000000000000000000
0,0000000000000,JRETO0000000000000000000
0000000000000000000000,J-REITO000000000000
0,0000000000000000000000000000000000000
000,JRETO00000000000O00O0O0D,000000000000
000000000000000000000000000000000000000
000000000000000

00000000000000000,000000000000000000000
0000,00000000000000000000000000000, Hamilton
000000000000000000 (Hamilton, 1989). 0000000000, O
0,00000000000000000000000000,00000000000
0000000000 000000000, 00000000000 (AR)ODO0DO
0000000000000000,000000000000,0000000000
0,000000000000000000000000000000000000,0
000000000000000000000,00000000000000000
000000000000,00000000000000,000000000000
00000000.00,00000100 MarkovDOOOODOO0OO00,000000
000000000000,0000000000000000,0000000000
000000 20000000000000,000000000000000000
000000,00000,Kaman00000000000000000000000
0000000000000, 0000000000 (HMM, Hidden Markov Model)0l
00000000000
000000000,10000000»0000000000000000000
0oOoO00O ¢ (t=0,1,...,7)0000,0000 KOOODOOOODOOOOOO
0,000 Y2{Y,:t=0,..., 77000, F 20 (Yo,V1,...,Y,) 00000000 Y,
000000 {er,...,e0...,ex} 000. 000, e, e RE (k=1,...,K) 0,000
k00000 1000,0000000000 00000

0000 Y% 0,100 MarkovDODOOODOO,00 ¢+00000000 00,0
0t+100000000 ¢ 00000000000000000000000,

P = (Pkl)lgk,ng = (Pr(Yis1 = ex|Yr = 1) )1§k,l§K ) (A.3)
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0000000, 0000 py O,
K
p >0 (kl=1,...K), Y pu=1, (A.4)
k=1
00000000D0,0000 v, 00000000000,00000000000:

Yis1 = PYi+ My, (A.5)

00,M,, 00000000000000

00, 00 ¢+ 00000000 v 00000, 0000000000,
.m%:(RﬁnjﬁguRﬁy,DDDDDDDDDDD,DDDDDDDDDDDD
0ooo:

R, = p(Yi)+3(Ve: (A.6)

00, (V) = (u(Ye) ... ms(Ys) ... pn(Yy)) 00000000 000000,00000
00000000000000,000000000000000000000000
0000000%(Y) = (03(Y))1cijen = (@1(Y0) ... ol(Yy)...ol(¥,)) DOOD0DOD
000000000000 ~ N(O,1)0,00000000000000000000

DD,fﬁéa(Rﬁrnrm%)ffyé{fﬁff}DDDD
00000000000000000000,0000000000000,0000
0000000000000000

(), k), w(K)Y, {31, S(k),..., S(K)) . (A7)

gboog,bog¢«bogbuobobooboobabooooooob,obsgbooo
oboob vy oooog,0o0o00o0o0oo0oooooon:

K

p(Y) = S e (k) | (A8)
k=1
K

S(Y) = 3 (Vi e S(h) - (A.9)
k=1

o0o,00 (,)0000000000,(A6O00,0000000DOODOOOOOO
ggboboobooobooobbooo,obobbooobbooobboooboon
gobooboooboboobooboboooobg

oo,0b0¢+o0bdb0b0 vsOobobo,boboboobbooboobooboooo
gopboobooooon

r8Y; = rp(Ye) . (A.10)
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gobo,0b0boobooobobooobooa,boobobooobooboboooboooo

{re),...,re(k),...,r¢(K)} . (A.11)

obooo,0ob¢tboboboboogo,bo+toboo0oobgob0 vz 0OOoooo, 0o
goboooooboooon

K

re(Ye) =Y (Y, ex)ry(k) . (A.12)
k=1

(A.12)00,000000000000000000DOOOO0OOOODOOOOODODOO
goood

000000 (Campbell-Viceira, 2002) 00, 000000000000 O0OOOO
goboooboog,booboooboboobooobboon:

rEYe = mly, (A.13)

o 1
R™ = R/Y,~A). (A.14)

000, MYy 204(Y)al (V) D000, A(Y:) = (Ys) ... M(Ys)... A (Y)) 000DD

00000000,10000000~,000000000000000000000
00+-10000000000000000000000000000,000000
00000000000 {bo, by = (brs...by...byy)} 00000000,00 ¢000
00000000000,00¢00000000000000000000,0000
0000000000

Ry|Y; = boe(re|Y2) + Bj(Re|Y7) - (A.15)
000000 (Campbell-Viceira, 2002) 00, 00000000,
REEIY, = RulYi— JUA(Db = puplbor,bis Y0+ BS(V)e, - (A1)
00,A(Y,) ==(Y,)(Y,) 000000000,
(b bis Yo by (V) + Bu(Yi) — SHA(Db+ JHAY) (A7)
oooooooo,
pp(bot, by) = (MP(bonbt; e1) ... pup(bot, be; ex) ... pp(bot, be; 6K)> )
oooo,
pp(bot, be; Yi) = pp(bot, be) Vi (A.18)

goooad
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A.21 0O000O0ODOOO 10000000

00000000,0000000000000000000,0000000000
oooog,

Fo Fr

T
= pp (bot, bi; Yz)
=1

T ~
—E:Ehﬁ

t=1
00000,00000000000000000000000,000 ¢+0000,0
00000000000000000000000000000000000000

El:lOg( )’f[)?]:T

maximize bot, be; Yy
A pp(bot, be; Yr)

P*) — by () + Bja(Yi) — LA (V)b + LAY (A19)
subject to bo: +bj1 =1

00 P(Y,) D000 KKTOOOO,O0OOODODDOOOOOOOOOOoOooooooo
gbobobobobobobobobobobobmobobobo

1 1
Covt_1<}@$g,]%°g*

]. ) 5 *
pil¥e) = 1y (V) + ZN(%) = - Vi | B
Vs | R i)

5

= @@UQWWU—WO®+;NﬂE0- (A.20)

ooo DDDprﬂ)&DDt—lDDDDDDDDDDDDDDD&udKﬂ]
A(Y:) 2oi(Yy)el(Y;) 00000, 00000000000000000000000C
000000000000000000000000000,

")
gobood.oboo,obooood %)\DDDDDDDDDD JensenO OO OOODO

0000000000
(A20)00,0000,000 (21)00000000000

log log*
COVt_l (th s R

2

Bi(Y1)

(A.21)
% 1 |:Rlog*

Bic (RalYi) — (ry[¥0) = 5:(%) (Eica (Real¥i — (119 )

(21)00000, (A200000000000000
000000000,00000000000000000000000000000
0000000000000000000000,0000000000000000
0000000000000000000000,0000000000000000
0 6(v,)000000000000000
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A.22 O000O00O0O0O 2200000

gbooobooobooboboooboboooboobooobobooooboooooboooog,
goooobooooooooobg,
T

v T
E[log(%) M E|R .’Fé%y] = Z (bot, be)&si—1 -

t=1 t=1
/
AN
Dm,gtlt_le[Yt YH} _ (Pr(Yt:eﬂYt1)...Pr(lQ:eK|Y}1)) noooo
oo, 0dogooooooooooo,ogo0 togooo,0ooooooooo
gooooooboooooooooocoooboooooood:

log

f(?vy}

maximize bot, b _
P, Coor bt pep (ot t)£t|t 1 (A.22)

subject to by + b1 =1 .

o0 P, 0000 KKTOOOO,0DO0000DOOO00O0DOO0O0OoDOoOO0OOoo0DoOn
gbobobobobobobobmoboboboboboo

log plog*
Covy_1 <th , Ry

)

ka tt— 1[#1 —re(k) + 1/\ (k)] Vi [Rlog*}
t—1| Ry

K
1
=0 Y Shtle-1 {uc(k) —rp(k) + 2Ac(k')} : (A.23)
k=1
00, B 2 Cov 1<R§‘gg, Rl“g*>/vt1 {R};’g*} 0oooO

(A23)00,0000000000000DODOO00ODOO(O0O0OOOO)O,00
ggbboooobbuooobooobbboooobbooobbbooooboboOon
go,0gbobooobooboobbooobooboobobooobooboooboboon,
gooooo %/\DDDDDDDDDD Jensen DO DO OOO

(A23)00 (A20)000000,000 ¢t0000000O0 Y, 000000000
00o0oooooOg,00b cApMODOOO,000000000DODO0OOOO0ODOO
gobooboooboooboobboob 1o0boooboobooboo

JREITOOOOOOOODOOOOOODOOOOOOO, (A20)0,(A23)00000
g,0bodbooobooobobooboboobobooboooboboobaonogd
obmobobobob,0oboobooooooooboooooboon;
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e DD ODOUODLODLDOODLOOO,0b0O0ODLODOODOO0ODObLDOObOOn
ugobooboooooboobobooo,0obooboboooooboobobboooaon
OO0 0ooOo,cApMO000O0OOOCCOOO0O000OOOODODOOCODOOO
ubbooboobbooboobobooooonon

e J0DDDDO,0000000O0OODOO SPOPOODODO (Ishijima-Shirakawa,
2000)00000000000000,0000000000000000ODOODO
0000 (S&P500,DJIADD)0DO0O0OOOO0OO0O0OOOOO (Roll 1973,
Long 1990, Platen 20030 0 0000000000000 OODO)O

e JO00UDOODOODO,00DOODOODOD,DODODOODOO,00O0
gooobobooobobooogoobobooooobo,booboobobooobon
goooobooboooooboob 200000000000000D00D0ODO D
gbo,b0b0b0bobobobobobobob

A3 OO

(2.1)D|:J|:||:||:|,DDDDDDDDDDDDDDDD
RulVi — re|Ys = cu (V) + B:(Y3) (Rctm - rtm) (Y (A.24)

00, ~ N(0,1)0000(21)00000,q(Y;) 100000000, CAPMO
OJensen000000000,0000000000000000000000000,
o;(¥;)00000000,00i000000000000000000000000
0000, (Y,)00000000,00+:00000000000000000000

00000o0oooooo, (A24)00ooooooooon:

Ry =B')Z +v(Yo)ne (A.25)

/

DD,B(Yt):(ai(Yt) ﬁi(Yt)>,Zt:<1 RGt)/DDDD.DDD,RtDDDDDD
oobdd, R U0 D0O0OOOOO0DDOObOOOODDbDOOOOO

(A2 00000000000 e 0000, 00000ODEMODODODODOOODODOO
gobboooouobobouooogoob, oo @(O)DDDDDDDDD,DE-DDDD
(Expectation Step)0 00 M-000 0 (Maximization Step)J 00000000000
(j=1,2,..)000000000000000 ;0000000000 ©6-DO,00
goooda @(j)DDDDDDDDD,E-DDDDD M-OOOODOOOOoOoOOooooo
g, jggooobobooboobooooon.
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000,00000000000000000000000000000000, V-1~
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