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XUSHIC

°o T—% Xn = (xlamZa“-’mn)

o BUBMRBMETIVEBEL, BHEETILOPNST—F x, ZERULIEET
WERTEDICRHELEETILERD TV

REEFIL: My, - Mg
M; = {fi,n(l',ei)lei €0, C RP'L}

| moEFL: g, (0) | <=>

RELBETIV?

= EFLVOEE: fin(z,0in) (0in: BAEEE)

= EFN fin(z,0;,) OESEFHT cREIDE: [FHREIRHE
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FitbiEHRERE AIC

EFILOHEE a
Xp — f’i,n(wa ei,n)

o TRitHEIRERE (AIC): EF N OFHEZ FADOBRAHSIRZ S
= FEREDEFIHLSERBLET—F 2z DRSEDETIL g.(2)
% fin(z,0:,) CFALLEEDOFINLGLE (BE) &5

o Kullback-Leibler [E3RE (K-L [BHRE): 4GRS ZAIRE

o G
KL(Qna fl,’ﬂ) =Ez (log .fi,n(Z7 éi,n))

= EZ{IOg g"l(Z)} - IEZ{l()g .fi,n(Za éi,n)}
> #8: "KL(gn; fin) > 01, "KL(gn; fin) =0 < gn = fini
= Ez{log fi,n(Z, 0:.)} OBEHGETEDOEN
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~ "'"{E ~ n ~
nEz{10g fin(Z,0im)} o0 Hip(Bin) = Y log fin (s, 0in)

j=1

= BREETID Hin(0in) OLETH? .- NO
T

Him (8in) W& nEz{log fin(Z,0;,)} DHEEBE LTI\ 7 AEHD
= I\1 7 ADMHIEHDE:

Ex,, [Hz’,n(éi,n) —nEz {IOg fin(Z, éi,n)H R pi
= AIC DEH:

ATCY = —2H, ,(Bin) + 2pss i=1,...,K

» ZFIEEETILSEIC AIC Z5HEL, BINDEZ EZETIVERER
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Bayes [GERE%E BIC

o Bayes [HiREH# (BIC): EFILDOFHHEZ ETIILDEREENIS5IRZ S

o T—% x, KT BRWBETIL M; DFEHER: i =1,..., K

hi,n (Xn )pz
K

Z hi,n (Xn)pi
=1

P(M;lxn) =

oo T=H x, BESKhEEE, ZFNDHETIL M,; DSERTZIHEDTHIHER
= EEHBRKERBBIETILEEIR
> hin(xn): T—9 x, KNTBIEFIL M,; ORBLE

R (xn) = /@ exb {Hin(0:)} i (0)d0:

> mn(0:): INTA—H 0, DFFIST, pi: EFIL M, OERHESE

IO #— (BRX MMDS) YUIMA I£6133ETILREIR 2018. 12. 2. 7/ 30



EEEE i=1,...,.K

hi,n (Xn)p'i,
K

Z hi,n (Xn)pi

=1
» BREXDORAEL = HFORKIL (FBRETOETILTHE)
~U’(P1 :...:pK)
ETFIORBAE hi . DERXIE
U
MEHELLE log hi,n ZEVWPTVWETRER

P(M|xn) =

= BIC OEH:

BICS) = —ZHi,n(OAi,n) +p;logn, i=1,..., K

» HIRBETILC LI BIC ZEHEL, RINDEZ EZETIVEEIR
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ETIVETE: BEHAPFERETIL

o IRFETI My, (k< K,£ < L):

0 T—%: Xy = (Xt;) 0
—t; =jhn

- Ty, = nh, — oo, nh?% — 0

dXt = ak(Xt, ak)dt + bg(Xt, ,Bg)dwt, t e [0, Tn]

> BHERY T MR a1(Xs,0a)5- -0 ax (X ax) -+ EROWR

> RFBHLERIE: b1(X:,B1),...,b0(Xs,0BL) - -+ FROWR

> /\)5}(—9 ek,e = (ak,ﬂz) e ?EEU)*‘T%

> w: EHE Wiener B2
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ERHAAFERNETIVICE TS RMEARLE: R

dXt = a(Xt, a)dt + b(Xt, ﬁ)dwt

° L"(th |th_1) ~ N(th—1 + hna’j—l(a)’ h'nsj—l(ﬂ))

Ha(0) = Y log ¢(th;xtj71 + hnaj_l(a),hnsj_l(ﬁ))

> fic1(:) = F(Xey_ys+)s Sj—1(B) = bj_1b;_1(8)

» 0 = (a,3) € RP> x RPS, b, € argmax, H, (6)

CIC (Uchida(2010)) : AIC BUiEsRE %
CIC, = —2Hn () + 2(pa + )

quasi-BIC and BIC (E and Masuda(2018)) : BIC BISRER%E
QBIC, = —2H,.(d,) + log —82Hn(én)‘ + log |—82H,, (6,)

BIC,, = —2H,, (én) + po log T, + pg logn
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ERMAABRRETIVICE T ZERERE: B
RBEETIV My, (K < K, £ < L):
dX; = ap(X¢, ag)dt + be( Xy, Be)dwy
(i) o ZEEE (MR MBAEBEE H), (8,) ZRAVWTEREESZER:
QBICY = —2H(") (Be.n) + log | — 83,H{) (Be.n) |

{£} = argmin QBICY
1<e<L

(i) RYZFEZRR: dX: = an(Xe, ar)dt + bex (X¢, Bex n)dwe

* k) [ 4 .
QBICHR) = —2HE™) (Ge,n, Bex nbig)
B8 /. A
+log | — 98, Hy™ (ke ,n, Begm) |

{k%} = argmin QBIC /%)
1<k<K

¥ BIC [E2WTHEERD ZERFEEIRD AT 5E
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yuima object

REETIV : M}.&,f = {ak(7)b[(’ )}7 k=1,...,K, t=1,... L
dXt = ak(Xt7 Olk)dt + bé(Xh ﬁﬁ)dwta te [OaTn]

ER »U« ® ap(X¢,ax)
L] b[(Xg.,I?[)
en
. Tu etc.

yuima package U

qmle, simulate %2 &

o IRFETILT&IT yuima object ZHERK (ERBIERDRAZ A K)
. EFINOEE (EEE o KU NAb), F—5 8 n 5 EOREERD

e yuima object IZ/INF A —5 D¥EEPT— 5 LT DRI FIFFIEE
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20907

dXt = alXtdt + \V Bldwt, t e [0, Tn]

e n=1000: T—%, T, = n'/3

> ymodel <- setModel(drift = "alphal*x", diffusion = "sqrt(betal)")
BEXyE—Y:
yuima.warn("Solution variable (lhs) not specified. Trying to use state variables.") T:

YUIMA: Solution variable (lhs) not specified. Trying to use state variables.
> ysamp <- setSampling(Terminal = 1000A(1/3), n = 1000)

BEXyE—Y:

yuima.warn("'delta’ (re)defined.") T:

YUIMA: 'delta' (re)defined.

> yuima <- setYuima(model = ymodel, sampling = ysamp)
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BE “I1C”

IC <- function(yuima, data, start, lower, upper,
joint = FALSE, rcpp = FALSE)

o yuima: EFJLDERE (yuima object)
o data: T—HEY M (X, Xt1y- .-, Xt)

o start, lower, upper: /X\TX—F DHEEDHDEZFIFEI R+

> init <- list(alphal = -1, betal = 0.5)

> lower <- list(alphal = -3, betal = 0.001)

> upper <- list(alphal = -0.001, betal = 3)
o joint: NTXA—Y DEEZRKICITSD, TBFZEBETITS>H

o rcpp: C++ code Z{ERAT ZHEH
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R D {8

o INTA—H DIEFEE ($par)
o EERER#E QBIC, BIC, CIC DfE ($QBIC, $BIC, $CIC)

> ic <- ICCyuima = yuima, data = Xt, start = init, lower = lower,
u

* upper = upper, rcpp = TRUE)
> ic ‘
$par > lcﬁpar o
etal alphal

1.92?22; -1.352223 1.965465 -1.583359
>

$BIC > ic$BIC

[1] -1083.488 [1] -1083.488
>

$QBIC > ic$QBIC

[2] -1086.631 [1] -1@86.631
>

$CIC > 1ic$CIC

[1] -1088.698 [1] -1088.698
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o ZH start, lower, upper ICDWT:
ETFLICEENTVWBNGA—FYL2TICHIT ZRENDA

> ymodel <- setModel(drift = "alphal*x", diffusion = "sqrt(betal)")

X ¢ > init <- list(alphal = -1)
> init <- list(gammal = -1, betal = 0.5)
>
O ¢ > init <- list(alphal = -1, alpha2 = -1, betal = 0.5, beta2 = 0.5)

o QBIC DFHEICDWT:

det (—agﬂn(én)) <0 Ffzhd det (—aan(én)) <o

= QBIC I& BIC £FUfE% &3 (QBIC, = BIC,,)
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ET6: —RITT—%
o HOEFIL:

1
dX; = — X, dt + exp {5(—2 sin X; + 1)} dwyy, Xo=1

» n = 1000, T, = n'/3
o {RIETETIL:

1
Model 1 : dX; = a1 X:dt + exp {2(,81 sin X + ﬁg)} dw;
1
Model 2 : dX; = o1 X dt + exp {5(,31 sin Xt)} dw;
o HDINFA=%: (a1,0,B1,0,82,0) = (—1,—-2,1)
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> set.seed(123)
> model <- setModel(drift = "alphal*x", diffusion = "exp((betal*sin(x)+beta2)/2)")
BEEXvE—Y

yuima.warn("Solution variable (lhs) not specified. Trying to use state variables.") T:

YUIMA: Solution variable (lhs) not specified. Trying to use state variables.

> sample <- setSampling(Terminal = 1000A(1/3), n = 1000)
BEXyEe—Y

yuima.warn("'delta’ (re)defined.") <:
YUIMA: ‘'delta’ (re)defined.

> yuima <- setYuima(model = model, sampling = sample)

> simu <- simulateCyuima, xinit = 1,

+ true.parameter = list(betal = -2, beta2 = 1, alphal = -1))
> Xt <- simu@data@original.data

Xt
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e yuima object 4RK:
Model 1:

> modell <- setModel(drift = "alphal*x", diffusion = "exp((betal*sin(x)+beta2)/2)")
BEXytE—:

yuima.warn("Solution variable (lhs) not specified. Trying to use state variables.") T:
YUIMA: Solution variable (lhs) not specified. Trying to use state variables.
> samplel <- setSampling(Terminal = 1000A(1/3), n = 1000)

BEXytE—:

yuima.warn("'delta' (re)defined.") T:
YUIMA: 'delta' (re)defined.

> yuimal <- setYuima(model = modell, sampling = samplel)

Model 2:

> model2 <- setModel(drift = "alphal*x", diffusion = "exp(betal*sin(x)/2)")
BEXytE—Y:

yuima.warn("Solution variable (lhs) not specified. Trying to use state variables.") T:
YUIMA: Solution variable (lhs) not specified. Trying to use state variables.

> sample2 <- setSampling(Terminal = 1000A(1/3), n = 1000)

BEXytE—Y:

yuima.warn("'delta’ (re)defined.") T:
YUIMA: 'delta' (re)defined.

> yuima2 <- setYuima(model = model2, sampling = sample2)
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> Xt <- yuima.simu@data@original.data

o INTA—=HRE (a1, B1,B2):

> init <- list(alphal = -0.5, betal = 0.5, beta2 = 0.5)
> low <- list(alphal
> upp <- list(alphal

e “IC” D{EM:
Model 1:

> icl <- ICCyuima

Model 2:

> ic2 <- ICCyuima

sIO #— (BRA MMDS)

yuimal, data

yuima2, data

= Xt, start = init, lower

= Xt, start = init, lower

YUIMA I£6133ETILREIR

-5, betal = -5, beta2 = -5)
-0.001, betal = 5, beta2 = 5)

low, upper

low, upper
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STRERILE

Model 1:

> icl
$par

betal beta2 alphal
-2.082683 1.022628 -1.085644

$BIC
[1] -1684.132

$QBIC
[1] -1687.361

$CIC
[1] -1694.25

Model 2:

> ic2
$par

betal alphal
-1.132763 -1.158624

$BIC
[1] -1292.77

$QBIC
[1] -1293.673

$CIC
[1] -1297.981

(Model 1 @ BIC)

< (Model 2 @ BIC)

(Model 1 M QBIC) < (Model 2 ® QBIC)

(Model 1 @ CIC)

< (Model 2 @ CIC)
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RiTh: BRTT—F

Xt —2X1,¢ —X1,:+2 -1 w1,
d ’ — ’ dt k] d ’
( Xt ) ( —Xo¢ > + ( 1 —X1,t +2 wa,t
(] Xo = (1, 1),
e n = 2000, T,, = n'/3

@ EDINFA—%: (a0, @2,0, 31,0, 82,0,0s,0) = (—2,—1,—1,0,2)
o {RBETI:

X1 \ _ [ a1Xip b(Xt, 3) -1 w1,
a( e )= (o o (P97 wig )

Model 1 :b(X¢, 8) = B1X¢,1 + B2Xt,2 + Bs;

Model 2 :b(Xy, 8) = B1X¢,1 + B2X4t,23

Model 3 :b(X¢, 8) = B1X+,1 + Bs; Model 4 :b(Xy, 3) = B2X¢,2 + Bs;
Model 5 :b(X¢, B) = B1X¢,1; Model 6 :b(X¢, 3) = B2X1,2;

Model 7 :b(X¢, 8) = Bs;
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o LEIE (7751) ( etz L ):

> diff.coef.matrix <- matrix(c("betal*xl+beta3", "1", "-1", "betal*xl+beta3"), 2, 2)

o KUTZNE (KT ML) ( 2 ):

El

> drif.coef.vec <- c("alphal*x1l", "alpha2*x2")

@ yuima object:

> model <- setModel(drift = drif.coef.vec, diffusion = diff.coef.matrix,

+ state.variable = c("x1", "x2"), solve.variable

> sample <- setSampling(Terminal = 2000A(1/3), n = 2000)
BEXytE—Y:

yuima.warn("'delta’ (reddefined.") T:

YUIMA: 'delta' (re)defined.

> yuima <- setYuima(model = model, sampling = sample)

IO 8— (BRA MMDS) YUIMA (£33 EFILER

= c("x1", "x2"))
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o T—HEM:

> set.seed(200)

> simu <- simulate(yuima, xinit = c(1,1),

+ true.parameter = list(betal = -1, beta3 = 2, alphal = -2, alpha2 = -1))
> Xt <- simu@data@original.data

— X1
— X2
<
< | | Mn
X A’ i \
ot
I |
T T T T T T T
0 2 4 6 8 10 12
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o T T IL®D yuima object:

cand.diff <- list(matrix(c("betal*xl+beta2*x2+beta3", "1", "-1", "betal*xl+beta2*x2+beta3"), 2, 2),
matrix(c("betal*x1l+beta2*x2", "1", "-1", "betal*xl+beta2*x2"), 2, 2),
matrix(c("betal*x1l+beta3", "1", "-1", "betal*xl+beta3"), 2, 2),
matrix(c("beta2*x2+beta3", "1", "-1", "beta2*x2+beta3"), 2, 2),
matrix(c("betal*x1", "1", "-1", "betal*x1"), 2, 2),
matrix(c("beta2*x2", "1", "-1", "beta2*x2"), 2, 2),
matrix(c("beta3", "1", "-1", "beta3"), 2, 2)) ﬂiﬁﬂﬁﬁﬁllﬁ

[ cand.drif <- c("alphal*x1", "alpha2*x2") KD 7 ME l

cand.model <- NULL
for(i in 1:length(cand.diff)){
cand <- setModel(drift = cand.drif, diffusion = cand.diff[[i]],
state.variable = c("x1", "x2"), solve.variable = c("x1", "x2"))
cand.samp <- setSampling(Terminal = 2000A(1/3), n = 2000)
cand.yuima <- setYuima(model = cand, sampling = cand.samp)

: cand.model <- c(cand.model, list(cand.yuima)) gﬂ;ﬁ{j—\_}bo)yu"na object
o INTA—H DERE:
RENFA—IHSWMERETIVICEDLETRET S

+ 4+ ++++VV[VM+E v

> init <- list(alphal = -1, alpha2 = -1, betal = 0.5, beta2 = 0.5, beta3 = 0.5)
> low <- list(alphal = -3, alpha2 = -3, betal = -5, beta2 = -5, beta3 = -5)
> upp <- list(alphal = -0.001, alpha2 = -0.001, betal = 5, beta2 = 5, beta3 = 5)
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e “IC"” ODfEF:

> for(i in 1:7){
+ ic <- IC(yuima = cand.model[[i]], data = Xt, start = init, lower = low, upper = upp)

+ 1

o “IC"” DfEM & WREFEHB (B):

> paranum <- list(1:5, <(1,2,4,5), <(1,3,4,5), c(2,3,4,5), c(1,4,5), c(2,4,5), c(3,4,5))
> results <- matrix(@, 7, 8)

> for(i in 1:7){

+ ic <- ICCyuima = cand.model[[i]], data = Xt, start = init, lower = low, upper = upp)
+ results[i,paranum[[i]]] <- ic$par

+  results[i,6:8] <- c(ic$BIC, ic$QBIC, ic$CIC)

+}
> results

betal beta2 beta3 alphal alpha2 BIC QBIC CIC
Model 1 -1.0583542 0.001811267 2.018310 -1.770173 -0.8747962 -4182.2607 -4184.882 -4200.1307
Model 2 -0.8069696 1.362905768 0.000000 -1.974062 -0.5502677 -2153.1532 -2158.122 -2165.4223
Model 3 -1.0586496 0.000000000 2.019548 -1.769961 -0.8739008 -4189.8550 -4192.581 -4202.1241
Model 4 0.0000000 0.059506439 1.732918 -2.336065 -1.0604995 -3230.4508 -3232.794 -3242.7199
Model 5 -2.1998290 0.000000000 0.000000 -1.851133 -1.4337826 -892.1917 -896.013 -898.8598
Model 6 0.0000000 -1.458342919 0.000000 -1.555513 -0.3980473 -2134.7236 -2137.536 -2141.3918
Model 7 ©.0000000 0.000000000 -1.771589 -2.362494 -1.0457829 -3228.2303 -3230.866 -3234.8985
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o BIC
o QBIC
e

ic
-1500  -1000
I I I I I

-4000 -3500 -3000 -2500 -2000

3

@ minBIC
= min QBIC
4 min CIC

HDINFA—%5: (a1,0, a2,0,B1,

3 4 5

Model number

0> /62,07 ,63,0) == (_2’ -1,-1,0, 2)

ﬁl ﬂg ﬂg (e %1 Qo BIC QB'C CIC
Model 1 -1.058 0.002 2.018 -1.770 -0.875 -4182.261 -4184.882 -4200.131
Model 2 -0.807 1.363 - -1.974 -0.550 -2153.153 -2158.122 -2165.422
Model 3 -1.059 - 2020 -1.770 -0.874 -4189.855 -4192.581 -4202.124
Model 4 - 0.060 1.733 -2.336 -1.060 -3230.451 -3232.794 -3242.720
Model 5 -2.200 - - -1.851 -1.434 -892.192 -896.013 -898.860
Model 6 - -1.458 - -1.556 -0.398 -2134.724 -2137.536 -2141.392
Model 7 - - -1.772 -2.362 -1.046 -3228.230 -3230.866 -3234.898
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SE R

(1]

2]

Specification of the function IC in YUIMA package
(https:/ /sites.google.com/site/shoichieguchi821 /shi-yang-shu)

Eguchi, S. and Masuda, H. (2018). Schwarz type model comparison for LAQ
models. Bernoulli, 24(3), 2278-2327.

Uchida, M. (2010). Contrast-based information criterion for ergodic diffusion
processes from discrete observations. Ann. Inst. Statist. Math., 62, 161-187.
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