I HpET — 2 1Bk

N =4 HE R
NT = 3 #3055 AL
nen = 2 # 1R 55 DR

$T7—H90/1~10/12% HiFAiAH, timeSeriesT —H {ERK
data90.10.td=timeDate (data%90.10[,1],in.format="%Y/%m/%d", format="%Y/%m/%d")
dataset=timeSeries (data90.10[,1:N+1],positions=data90.10.td)

dataset.r = getReturns (dataset,type="discrete") #I A% R

#FRTREAG 7 — & {FRL

data.r = as.matrix (seriesData(dataset.r)) #timeseriesZ&matirx{k
data90.10.r = array(NULL,dim=c ( (12*nen*NT),N, 8)) #P1E

#1HE T DA L 7=datase (AHIEE V) 1ERL
for(i in 1:8){

data90.10.r[,,1i] = data.r[ (12*(1i-1)+4) : (12* (i-1)+12*nen*NT+3), ]
}

#93/4-99/3INKT —#
data93.99 = data9%90.10.r[,,4]
#&F OYTHUERRE (99/ 4KF )

kinri99 = as.matrix(seriesData (dataset[113,1])

#FLIE T — % (99/4-00/3) 1ERL

postdata = as.matrix (seriesData (dataset[113:124,]))

temp = t (postdatal,2:N])/postdatall,2:N]

postdatal[,2:N] = t (temp)

postdata.list = list (aru=postdatal,l],rou=postdatal,2:N])

)| = R (Rl

BHEH T I 2 LT a VONRAE R R R R R R R R R R R
NPATH = 500

data = data93.99

kinri0 = kinri99

#IRE R B PEM 25 8 L 7-datalFRk
shisan = matrix (NULL,nrow=12*nen,ncol=3*N) ##JHi{k
for(i in 1:N){

for(j in 1:NT) {

shisan[, (3*(1i-1)+3)] = datal(12*nen* (j-1)+1):(12*nen*j),1i]
}
}
#IEAHEG R
sbar = apply(shisan,2,mean) #HIFRIR
svar = apply (shisan, 2, var) #47HK
ssd = apply(shisan,2,sd) #SD
sQ = cor (shisan) #FH BEAR S

#EFEEEE OO, matrixik

sbar = matrix(Rolbar,N,NT,byrow=T)
svar = matrix(Rolvar,N,NT,byrow=T)
ssd = matrix (Rolsd,N,NT,byrow=T)



#HIH
b0 =c(kinri0/100,1,1,1)
b0 = matrix (b0)

$R A,

.Random.seed = seed.saved

pass = simpass.make (b0, sbar, svar, ssd, sQ) #simpass.makeBIE TR ALK
senario = input.data (pass) #input.dataP Cl b DI ZEH#

R R R R R R R e
##parameter DX E
# FESROKMERR E

beta = ¢(0.95,0.95,0.95)
betal = ¢(0.95,0.95,0.90)

beta2 = c(0.95,0.95,0.85)
beta3 = c(0.85,0.90,0.95)
#5122 b

tc = 0.0001

#EI5 1 RA K

ex.aru = apply(pass.list$aru,l,mean)

r0 = 1/ (l+ex.arull])

rl = 1/ (l+ex.arul2])

r2 = 1/ (l+ex.arul3])

df = ¢c(r0,r0*rl,r0*rl*r2)
$EATTRRE

wf0 = ¢(0,0,1)
wf = ¢c(1/3,1/3,1/3)
wfl = ¢(1/16,5/16,10/16)

wf2 = c(1/21,5/21,15/21)

wf3 = c(1/111,10/111,100/111)

wfd = c(1/102,1/102,100/102)

wf5 = c(100/111,10/111,1/111)

We = 10050 #ER WA R S O W1 E
WO = 10000 # A H

R T O T 4T DD

nmu = 7 D I U EE
seq = 15 # 2 i

R T 0 T 0 T B
Frontier = function(beta,NT,NPATH, senario, tc,df,wf,W0,We) {
#IHML

=]

optimal.mat = matrix (NULL,nrow=nmu+l,ncol=2) #E R O %2 HAN T Dmatrix

colnames (optimal.mat) = c ("ZERMAEFFILE", "Risk"™)

cvar.mat = matrix (NULL,nrow=nmu+l,ncol=4) #CVaRDE Z AT Dmatrix

colnames (cvar.mat) = c ("ZEREFFFIZE", "CvaR[1]", "CVaR[2]","CVaR[3]")
var.mat = matrix (NULL, nrow=nmu+l,ncol=4) #VaRDIE Z AT Dmatrix
colnames (var.mat) = c ("ZERBAFFIZE", "varR[1]", "VaR[2]", "VaR[3]")



wealth.mat = matrix (NULL, nrow=nmu+l,ncol=4) $ERFHOE Z AT Smatrix
colnames (wealth.mat) = c ("ZERMIFFRIZE", "Wl1]", "W[2]", "W[3]")

ratio.array = array(NULL,dim=c (N,NT, nmu+1)) B LR OME RN T Smatrix
dimnames (ratio.array) = list(c("iﬁé%","ﬁ%","fﬁ?%","CIB'W ,0: (NT-1),NULL)
elaTime = matrix (NULL, nrow=nmu+1l,ncol=2) # BB 2489 Amatrix

colnames (elaTime) = c ("ERHFFFIZE", "Time")

RV IEL
for(i in 1: (nmu+l)) {
module (nuopt,unload=T)
module (nuopt)
sys.CVaRdev.tc =
System (model=Multilon.CVaRdev.tc,beta,NT,NPATH, senario, tc,df,wf, W0, We)
sol.CVaRdev.tc = solve(sys.CVaRdev.tc)

$EBEED L

z = as.array (current (sys.CVaRdev.tc, z))

v = as.array(current (sys.CVaRdev.tc,v))
v0 = as.array(current (sys.CVaRdev.tc,v0))
u = as.array (current (sys.CVaRdev.tc,u))

Risk = as.array(current (sys.CVaRdev.tc,Risk))
W.rou = as.array (current (sys.CVaRdev.tc,W.rou))
VaR = as.array(current (sys.CVaRdev.tc,VaR))

CVaR = as.array(current (sys.CVaRdev.tc,CVaR))
ex.rou = as.array(current(sys.CVaRdev.tc,ex.rou))

#REAL,  BESRIAFAIZRIC K DD KRB
(

optimal.mat[i, ] c (We,Risk)

cvar.mat[i,] = c(We,CVaR)

var.mat[i,] = c(We,VaR)

wealth.mat[i,] = c(We,W.rou)

# B LU 2 KA

ratio.arrayl(,,i] = ratio(v,v0,ex.rou,senairo.list,z,W0,W.rou)
R 2 B A

elaTime[i,] = c(We,sol.CVaRdev.tcSelapsed.time)

We = We + seq
}
Result =
list (z=z,v=v,v0=v0,u=u,optimal .mat=optimal.mat,cvar.mat=cvar.mat,var.mat=var.m
at,wealth.mat:wealth.mat,ratio.array:ratio.array,elaTime:elaTime)#ﬁﬁﬁ%u,X ME

}

$EAHEIC I DRIV Z L

kekka = Frontier (beta,NT,NPATH, senario,tc,df,wf,10000,10050,7,15)
kekkalllO00 = Frontier (beta,NT,NPATH, senario, tc,df,wf4,10000,10050,7,15)
kekka00l = Frontier (beta,NT,NPATH, senario, tc,df,wf0,10000,10050,7,15)
kekkal510 = Frontier (beta,NT,NPATH, senario,tc,df,wfl,10000,10050,7,15)

# BEAEIZ L DFRERTD 721
kekka959590 = Frontier (betal,NT,NPATH, senario, tc,df,wf,10000,10050,7,15)
kekka959585 = Frontier (beta2,NT,NPATH, senario, tc,df,wf,10000,10050,7,15)



kekkaB859095 = Frontier (beta3,NT,NPATH, senario, tc,df,wf,10000,10050,7,15)

O #7%AF fif

## OB E

it = 11 #EM 127 A
We = 10050 #HIRER R

W0 = 10000

$o-)) R

rolQ = Rolling(it,nen,NT,N,dataset.r)$rolQ
rolbar = Rolling(it,nen,NT,N,dataset.r)Srolbar
rolvar = Rolling(it,nen,NT,N,dataset.r)Srolvar
rolsd = Rolling(it,nen,NT,N,dataset.r)$rolsd

I E
Vec = c (WO, rep(NA,it))
a.ratio = matrix (NA, nrow=it,ncol=N)

colnames (a.ratio) = c ("H&", "k, "EEk","CB")

for(i in 1:1it){

bl = postdatali,] #RIMER E
bl[1] = bl1[1]1/100
bl = as.matrix (b0)
Q.p = rolQl[,,1] #IAH R &

rbar.p = rolbar[,,1i]
rvar.p = rolvar[,,1i]
rsd.p = rolsdl[,,1i]

# AERK

.Random.seed = seed.saved

pass2 = simpass.make (bl,rbar.p,rvar.p,rsd.p,Q.p)
senario?2 = input.data(pass2)

LEelikle

module (nuopt,unload=T)

module (nuopt)

sys.CVaRdev.tc =

System (model=Multilon.CVaRdev.tc,beta,NT,NPATH, senario2,tc,df,wf, W0, We)
sol.CVaRdev.tc = solve(sys.CVaRdev.tc)

D L

a.z = as.array(current (sys.CVaRdev.tc,z))

a.v0 = as.array(current (sys.CVaRdev.tc,vO0))

a.rou0 = bl[2:N]

a.ratiof[i,] = c(a.v0,a.roul*%a.z[,1])/Vec[i] FE LR
M R

Vec[i+1l] = sum(postdata.listS$Srouli+l,]*a.z[,1]1*(1l-tc)) +

(l+postdata.list$aruli]) *a.v0



IV BRIEREK
KT T T BN LDV 2 b= 3 SRR B #
simpass.make = function (d0, rbar, rvar,rsd, Q) {
epsilon = rmvnorm (NPATH, cov=Q)
epsilon.array = array (NA,dim=c (N,NT,NPATH) )
for(i in 1:NPATH) {
epsilon.arrayl[,,i]=matrix(epsilon([i,],N,NT,byrow=T)

}

pass.array = array(NA,dim=c(N,NT+1,NPATH))
for(i in 1:NT) {
for(j in 1:N){
pass.array(j,1,] = d0[]]
pass.array[j,i+l,] =
pass.array(]j,i,]*exp((rbar[j,i]-0.5*rvar[j,1i])+rsd[]j,i]*epsilon.array([]j,i,])
}
}

aru = pass.arrayl[l,,]

rou = pass.array[2:N,,]
pass.list = list (aru=aru,rou=rou)
pass.list

# 4 b IS A HT B 4
input.data = function(pass.list) {
aru0 = pass.listS$Sarull,1]
rou0 = pass.listS$roul,1,1]
aru = pass.list$arul[-1,]
rou = pass.listS$roul,-1,]
list (aruO=arul, rou0=roul, aru=aru, rou=rou)

##2 BAECVaRImA=ROE AL BEEH #
MultiLon.CVaRdev.t = function (beta,NT,NPATH, senario.list, tc,df,wf, W0, We)
{

HESLIRATOES

Asset = Set ()

j = Element (set=Asset)

Path = Set ()

i = Element (set=Path)

Time = Set ()
t = Element (set=Time)

$87 A—H —DFTE
beta = Parameter (index=t,as.array(beta))

T = Parameter (NT)

I = Parameter (NPATH)

rou0 = Parameter (index=j,as.array(senario.list$roul))
rou = Parameter (index=dprod(j,t,1),senario.list$rou)
aru0 = Parameter (senario.list$aru0)

aru = Parameter (index=dprod(t,i),senario.listS$Saru)
tc = Parameter (tc)

df=Parameter (index=t,as.array(df))

wf=Parameter (index=t,as.array (wf))



FEOBE
WO = Parameter (w0)
WE Parameter (we)

HRELEH DR E

z = Variable (index=dprod(j,t))
z0 = Variable (index=dprod(7j))
v = Variable (index=dprod(t,i))

v0 = Variable()
yB = Variable (index=dprod(j,t))
yS = Variable (index=dprod(j,t))

VaR = Variable (index=t)
u = Variable (index=dprod (t,i))

#EIF AL RREE D

W = Expression (index=dprod(t,i))

W(l,i] ~ Sum((l-tc)*roul]j,1,11*z0([j],])+ (1+arul)*v0

Wit,1i,t>=2] ~ Sum((l-tc)*roulj,t,il*z[j,t-1]1,7)+(l+arult-1,i])*v[t-1,1]
# R S D rou DMLY E

ex.rou = Expression (index=dprod(j,t))

ex.roulj,t] ~ Sum(roul],t,i],1)/I

#EIF RO E D)

W.rou = Expression (index=t)

W.rou[l] ~ Sum((l-tc)*ex.roul[j,1]1*z0[j]1,7)+(l+arul)*v0
W.roul[t,t>=2] ~

Sum( (l1-tc) *ex.roulj,t]l*z[j,t-1]1,7)+Sum((l+arult-1,1i])*v[t-1,1i],1)/I
# B AT

z[j,1] == z[3,0] + yB[]3,1] - yS[],1]

z[3,t,t>=2] == z[j,t-1]1 + yB[J,t] - ySI[J,t]

#HFOE

WO == Sum( (l+tc)*roul0[j]*z0[j],])+v0
Sum((l-tc)*roulj,1,il1*yS[j,1],3)+(1l+arul) *v0 ==

Sum( (l+tc)*roulj,1,il1*yB[]j,1],3)+v[1l,1]

Sum( (l-tc) *roulj,t,i]1*yS[i,t],J)+(l+arult-1,1i])*v[t-1,1i] ==

Sum( (l+tc) *roulj,t,i]1*yB[]j,t],J)+vit,i,t>=2,t<=(NT-1) ]

Sum((l-tc)*ex.rou[j,NT]*z[],NT-1],3)+Sum((l+aru[NT-1,i])*v[NT-1,1i],

ult,i] + VvaR[t] + (W[t,1]/W0 -1) - (W.roult]/WO -1) >= 0
ult,i] >= 0

z[j,t] >= 0
z0[3] >= 0
vit,i] >= 0
v0 >= 0
yB[j,t] >=
yS[j,t]

# HAYBE%KL

CVaR = Expression (index=t)
CVaR[t] ~ VaR[t] + Sum(u[t,i],1i)/(I*(l-betalt]))

i)/I >= WE



Risk = Objective (type=minimize)
Risk ~ Sum(wf[t]*df[t]*CVaR[t],t)

#H PO LE R B #

ratio = function(v,v0,ex.rou,senairo.list, z,w0,W.rou) {
vbar = apply (v[-NT,],1,mean) # 4
vv = c(v0, vbar)
roubar = ex.roul[,-NT] # LIRS
rou.pri = cbind(senario.list$roul, roubar)
inv.amo = rou.pri * z R BB

amout = rbind(vv,inv.amo) # B FEDEHA

Wbar = c (w0, W.rou[-NT]) #0~ 2[R LD FE DY
inv.rat = amout/Wbar
inv.rat

##v— U o TE R B #
Rolling = function(it,nen,NT,N,dataset.r) {
rolQ = array (NULL,dim=c (NT*N,NT*N, it)) #eat B OT7 —Z yIHL
rolbar = array (NULL,dim=c(N,NT,it))
rolvar = array (NULL,dim=c(N,NT,it))
rolsd = array(NULL,dim=c (N,NT, it))

for(z in 1:it) {
data = dataset.r[z: (12*nen*NT+(z-1)), ] #1r 9095 LB

shisan = matrix (NULL,nrow=12*nen,ncol=3*N) ##H{k
for(i in 1:N){
for(j in 1:NT) {
shisan[, (3*(i-1)+3j)] = datal[ (12*nen*(j-1)+1): (12*nen*7j),1i]
}

} #RERH & EPEM 2 BT D 700~ 2

Rolbar = apply(shisan, 2,mean)
Rolvar = apply(shisan, 2,var)
Rolsd = apply(shisan,2,sd)

Rolbar = matrix(Rolbar,N,NT,byrow=T)
Rolvar = matrix(Rolvar,N,NT,byrow=T)
Rolsd = matrix (Rolsd,N,NT, byrow=T)

rolQ[,,z] = cor(shisan)
rolbar([,,z] = Rolbar
rolvar([,,z] = Rolvar
rolsd[,,z] = Rolsd

}

return (rolQ, rolbar, rolvar, rolsd)



