RISK-SENSITIVE ASSET MANAGEMENT WITH GENERAL
FACTOR MODELS.

M EE (R B EER)

(REEOBH)] ) A VEAMRETO—MRNAIERHER I 79 —ETIEVWEE
IRESEESED ) R V7 8EMAR— N7 + ) A RECEEOREEE & ZEE% KD B,
¥9. ROTHETNEEZ S,

o i1 ?E%Jﬁ& dSY = r(Y;)Sdt, SQ = s
o i(i=1,- )ﬁﬁ@ﬁﬁﬁﬁfxﬁﬂ%ﬁ&

n+m

dsi = S {M(Yt)dt +3 a,i(n)dwf} . Si=s
k=1

o 77U R —iaE

dY, = g(Y)dt + AM(Yy)dW,, Y(0) =y € R"

ZZT. W= W/)ict nam) En+m RITEERET F D VH#E) o, N\ 9,7 3TN

i ]Rmx(ner)7 Rnx(n+m)7 ij Rn’ R—{EE@%&T% 3,

ZDEE, ROFEMEEMNET B,

(A1) N\, g, 0, u,r IEKIBENZY T2 ke, S 97 B
(A2) z,n e R" £ e R™IZXL T,
lE]? < oot ()€ < palél?,
pln® < AN () < polnl?,

ETRB o > 0 PEETS B, 727200 () 1ERZ ML, [THIDHRE % KT,
(A3) rZIEEEME D DA 57 BEEL

% | B OREREEAN DA R (BRI, 1= (1,--- 1) £ T3 &, HEARKOK
FEMMEGATRE X7 1% 723,

AXP s s
Xtﬂ' - (1 ﬂ-t]‘) S,? + — 7Tt Sg' )
AFHETIE, ROARKEFFFED ) 2 7 BUEHRIR — 7 4 ) AR bfEZ KD,
1
(FRS)  TI'r(y) := sup —log E'{(X7)"]

TeAT

T, v € (—00,0) U (0,1) IXHERKD YV AT [EEEFKT ) A7 FUKIKIN T A —
T, Arl SR A Uk,

2&%@3 """" S (0, 1 (U Z?uﬁlﬂ’])
Nagai(2003) - - -y € (—o0,0) (U A 7 [H]#EHY)

X7 =1

(FEDFIE]

(1) BETEFEHEZ AW T, BRI (LN TERA SN T WS )HIB /18X (0.1) %
HiRd s, XKHIBARKX(0.1)D sup [ [ IZBWT, sup Z#EKT S 7 13K
ﬂ-eR’"L

SR S D I 72 B, )



(2) HIB AFRER (0.1) 12 Bl k& D sl « 2 RA L2 AR (02) (M FTHE ATV
%) DIREDEEZFEAT 5,
(3) HFERX (0.2) ZH\W T, Verification Theorem (Hxif¥kI& DA 7 H3A 1T Hi
M TH D Z &2 RIET B ER) ZFEHT 5,
FEE. BIETEFEIE D S, (FRS) ICBE 2 HIB ARRNIERD L 51245,
ov 1

5 3 AWAW) D) + 2(D0) A)AW)" Do+ g(y)* Do + r(y)

01 4 qup |- ! ; Lro(y)o(y) m + 7 {u(y) — r(y)1 +10(y)A(y) Do} | =0,

TER™
v(T,y) =0
D2FD, RDXDITL B,
ov 1

0z 5+ 3@ D) + Bl Dot 5(Do)QuDy+ Uly) =,

U(Ta y) =0
772U, Q,B,UEENZTNRTHEZ NS,
Qy) == Y\(y) {f + 1 Va(y)*(a(y)a(y)*)la(y)} Ay)*,
B(y) == g(y) + ﬁk(y)a(y)*(a(y)a(y)*)1(#(@/) —r(y)1),
Uly) = ﬁ(u(y) —r(y) 1) (o(y)o(y)) " (uly) — r(y)1) + r(y)
(FEDFIE] 2T, ROERIBFELNS,

Theorem 0.1. (Al) ~ (A3) ZIRET S, THIT, RHIET B,
(A4) |D&(y)| < Colly| +1),3C, >0 &
1 1
FTAWAW) D) + B(y)" Do + (D) Qy) Déo + U(y) — —o0, [y| — o0
Z 7 N ICE R ¢ DPFIET B,
(A5) (u(y) —r()1)*(a(y)o(y)*) " (u(y) —r(y)1) +r(y) = oo, y| = oo
ZDEE, ROFERPELNS,
1. y€D:= {y€(0,1): (A4) is satisfied} 1Zxf U T, (0.2) D0 BWFEEL T, K%
Wi729

N
v, 8_:7 DiU> Diﬂ) - LP(O’T’ LfOC(Rn))’ 1< vp < oo

2. yEDIZRULT,
i 7(U(Yt)U(Yt)*)_l {n(Yy) = r(Y)1 + 7o (Y)A(Yy)"Do(t, V) }

m(t,Y,) = 1
i% (FRS) DEGEMIE T, Dr(y) = 9(0,y) D3 D LD,
S 30k

[1] H. Hata (2015) “Risk-sensitive asset management with general factor models”,
preprint.

2] H. Nagai (2003) “Optimal strategies for risk-sensitive portfolio optimization prob-
lems for general factor models”, SIAM J. Cont. Optim. 41, 1779-1800, MR1972534.



Local risk-minimization for
Barndorff-Nielsen and Shephard models
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On the Euler-Maruyama approximation for one-dimensional
SDEs with irregular coefficients

Dai Taguchi (Ritsumeikan University)
joint work with
Hoang-Long Ngo (Hanoi National University of Education)

In this talk, we consider the Euler-Maruyama approximation for one-dimensional stochastic
differential equations. We provide the strong rate of convergence when the drift coefficient is the
sum of a bounded variation function on compact sets and a Holder continuous function, and the
diffusion coefficient is a Holder continuous function.

Let X = (X¢)o<t<r be a one-dimensional stochastic differential equation (SDE)
¢ ¢
Xt =0 +/ b(X,)ds +/ o(Xs)dWs, zo € R, t €[0,T], (1)
0 0

where W := (W;)o<i<7 is a standard one-dimensional Brownian motion on a probability space
(Q, F,P). Veretennikov [6] show that if the drift coeflicient b is bounded measurable and the
diffusion coefficient ¢ is bounded, uniformly elliptic and 1/2 + a-Holder continuous for some « €
[0,1/2], then the equation (1) has a unique strong solution.

One often approximates X by using the Euler-Maruyama scheme which is defined by

t t
() _ (n) (n)
X _x0+/0 b(X%(s)) ds+/0 a(X%(s)) dW,, t € [0,T],

where n,(s) = kT /n if s € [kT/n, (k4 1)T/n). It is well-known that if the coefficients b and o are
Lipschitz continuous functions, then the Euler-Maruyama scheme has strong rate of convergence
1/2, that is for any p > 0, there exists C' > 0 such that

E[ sup |X, — X""] <
0<t<T

C
ne/2’

Recently, Yan [7] and Gyongy and Rédsonyi [1] have shown that the strong rate in one-
dimensional setting with Holder continuous diffusion coefficient. Ngo and Taguchi [4] extended
the results in [1, 7] for multi-dimensional SDEs with discontinuous drift coefficient (but it is one-
sided Lipschitz function).

Halidias and Kloeden [2] prove that if b is increasing, continuous from bellow and o is a
Lipschitz continuous, then X (" converges to X in L?-norm. Their proof is based on upper and
lower solutions of the SDE and its Euler-Maruyama approximation, so it is difficult to get any



rate of convergence by using their approach. Leobacher and Szdlgyenyi [3] introduce a clever way
to transfer equation (1) with piecewise Lipschitz drift coefficient with finite number of discontin-
uous points, and Lipschitz continuous diffusion coefficient. Using their transformation technique,
the equation (1) is equivalent to SDE with Lipschitz continuous coefficients. Therefore, the new
equation can be approximated by its Euler-Maruyama scheme with the standard strong rate of
convergence 1/2.

In this talk, we provide the rates of strong convergence of the Euler-Maruyama approximation
for SDE (1) when the coefficients b and ¢ may have a very low regularity which includes every
cases of [1, 2, 3, 4, 7]. More preciously, we suppose that the drift coefficient b = b + by € L*(R)
is bounded measurable, b4 is a function of bounded variation on compact sets and by is a Holder
continuous with 8 € (0, 1], and the diffusion coefficient ¢ is bounded, uniformly elliptic and 1/24«-
Holder continuous with o € [0,1/2]. Under these assumptions for the coefficients b and o, we obtain
that the L'-convergence rate for the Euler-Maruyama scheme is g Aaif a € (0,1/2] and logn if
a =0 (Theorem 2.3 of [5]). For the case b ¢ L*(R), we also get the L!-convergence rate, by using
localization arguments, (Theorem 2.4 of [5]). Moerover, we obtain the LP-sup convergence rate for
any p > 1 (Theorem 2.6, 2.7, 2.8 of [5]).

The idea of proof is to use the Yamada-Watanabe approximation technique, the removal drift
method and the Gaussian upper bounded for the density of the Euler-Maruyama approximation.
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Martingale problems for diffusions on metric graphs

TOMOYUKI ICHIBA !

We shall extend martingale problems for the Walsh Brownian motion ([1], [3], [4]) on a star
graph to those for diffusions on a metric graph (&,0) with a finite number of vertices (cf. [2]).

Here the metric graph (&,9) is a collection of finite or semi-infinite edges {e € €} with N
vertices U := {vg, k = 1,...,N} forsome N < +oo and metric 9. We assume that the
graph is imbedded in the Euclidian space R? and that any two edges can only meet at a vertex.
The metric 0 is defined in the canonical way as the length of a shortest path between two points
in & along the edges and the length along each edge is measured with the usual Euclidian metric.

The semi-infinite edges isomorphic to R, = [0, 00) are called external, while the finite edges
isomorphic to a finite open interval are called internal. We assign the initial vertex and the terminal
vertex for each edge e € € viaamap §. The map & associates each internal edge e to a pair
(61(e),d2(e)) € U x UV with its initial vertex ;(e) and its terminal vertex Ja(e). An external
edge e has only the initial vertex d1(e) € U and we define dz(e) = +oo formally. We call
di(e), i = 1,2 the end points of e € . We write v ~ e, if v € U is one of the end points of
e € €, and define the set &(v) := {e € € : v ~ e} foreach v € L. We also assume that for
each point x € & \ U there exist unique e € €, v € ¥ and r € R, such that = belongs to the
edge e(x) with the initial vertex v(z), the terminal vertex d2(e(z)), and the length between x
and the initial vertex is r(x) defined by

v(z) = d(e(x)), r(x):=020v(x),z); €. (1)

Thus we identify the point € & in terms of such triplet (e,v,r) € € x U x Ry, and define
each function g : & — R with this coordinate, i.e., g(x) = g(e,v,7), x € &.

We consider the class ® of BOREL-measurable functions g : & — R with the following
properties: (i) they are continuous in the topology induced by the metric 9 ; (ii) for every e, v, the
function r — ge () := g(e,v,r) is twice continuously differentiable on (0, c0) and has finite
first and second right-derivatives at the origin; (iii) the resulting functions (e,v,r) + g ,(r) and
(e;v,7) = g¢,(r) are BOREL measurable; and (iv) SUPoc, < cce(v)vewl e ()] + 196, ()] <
+o00 holds for all finite K . For notational simplicity we write

G'(x) == g.,(r), G"(z):=g.,(r) forz=(ev,r) withr>0 (2)
and for each vertex v € U with e € €(v) we define

G'(e,v,04+) :== lim (=1)"'G'(z), if v=2die), i = 1,2. 3)

z—v,z€E(v)

Let us consider the canonical space 2 := C([0,00); R?) of R?-valued continuous functions
on [0,00) endowed with the o -algebra F of its BOREL sets. We consider also its coordinate
mapping w(-) and the natural filtration F := {F(¢),0 < ¢ < oo} with F(t) := o(w(s),0 <
s <t), 0 <t < oo. Foreach vertex v € U we shall consider a probability measure v, (de),
e € €(v) on the set E(v) of edges. For example, if the total number of edges at v is finite, the
measure v, (-) is a discrete probability measure (cf. [2]). In the following we shall construct the
diffusion on & with drifts b := {b(z),z € &}, dispersions o := {o(z),x € &} and the
vertex measures v = {v,(-),v € U} via the martingale problem associated with (b, o, v).

! Department of Statistics and Applied Probability, South Hall, University of California, Santa Barbara, CA 93106
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Given the vertex measures v and BOREL measurable functions b : & — R, o : & —
R\ {0} we define for every g € © the process

MI(5w) = g(w(-) — g(w2(0)) —/0 Lg(w(t)) - Lppyeerdt , ©)
where with a(-) := o?(-) and the derivatives in (2) we define the infinitesimal generator

1
Lg(z) = b(z)G'(x) + §a(x)G//(J:); reB.
Local Martingale Problem: For every fixed x € & to find a probability measure P on the
canonical space (€2, F), such that w(0) = x holds P-a.e.; (ii) [y~ 1{#ewydt = 0 holds P-
a.e.; (iii) for every function g € © (respectively, D ), the process MY(-) in (4) is a continuous
local submartingale (resp., martingale) with respect to the filtration F* := {F(t+),0 <t < o0},
where

D (resp., Dp) = {g €D : / G'(e,v,04+)v,(de) > 0 (resp.,, = 0), v € ‘B} .
€(v)

Proposition. Suppose that the drifts are identically zero and the reciprocal of the dispersion coeffi-
cient 7 — o ,(r) := o(e,v,r) = o(x) is locally square integrable, i.e., [,-(1/02,(r))dr <
+oo for every compact subset K of € := eU {d1(e)} U{da(e)}, e € €(v), v € V. Then the
local martingale problem associated with the triplet (0, o, v) is well-posed.

More generally, under appropriate conditions, by the method of time-change and the scale
functions we may construct the diffusion on the graph & associated with the triplet (b, o, v).

For a fixed initial vertex v, € U and its neighborhood B (as a subset of &(v,)), the local be-
havior of the resulting coordinate process X (-,w) := w(-) in B is characterized by the distance
R(-) := r(X(-)) (defined as in (1)) from the vertex v, which satisfies

dR(t) = b(X(t))dt + o (X (t))dB(t) + dLE(t); t>0 (5)
locally for some Brownian motion (3(-) and the local time growths
AL (t) = v, (A)-dLE(t); t>0, (6)

where L%(-) is the semimartingale local time at the origin for the generic semimartingale &(-)
and RA(-) := R(-)1{¢(x(.))eay for every BOREL subset A of &(v,).

This is an extension of the results in [2] from the graph with a finite number of edges to that with
possibly uncountable number of edges but still with a finite number N of vertices. We shall also

discuss some examples (including the WALSH diffusions with N = 1) and further extensions.
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On fluctuations of eigenvalues of Gaussian beta ensembles at
high temperature

Trinh Khanh Duy
Institute of Mathematics for Industry, Kyushu University

1 Introduction

Gaussian beta ensembles, as generalizations of Gaussian orthogonal ensembles, Gaussian
unitary ensembles and Gaussian symplectic ensembles, were initially defined as eigenvalues
ensembles with the joint density,

(AL An) o JA(N)Pe PEEm VA g) = exp 6<Zln =Xl =>v (m) dA,
1

1<j =

where V(\) = A\2/4 and A()\) = [Tic;(A; — Ai) denotes the Vandermonde determinant.
They can be also viewed as the equilibrium measure of a one dimensional Coulomb log-gas
at the inverse temperature [.

Let

1 n
Lng=— 0\/ym
j=1

be the empirical distributions of the scaled Gaussian beta ensembles. Then for fixed
B, it is well known that the empirical measures L, g converge weakly to the semicircle
distribution, where the semicircle distribution, denoted by sc, is a probability measure
supported on [—2,2] with the density v/4 — 22/(27). This means that for any bounded
continuous function f,

n 2
(Lng, f) = % E F\j/V/n) = (sc, f) = /2f(a:)217r\/mm: a.s. as m — 00.
Jj=1 -

The fluctuations around the semicircle distribution were also investigated. More precisely,
it was shown in [7] that for a sufficiently nice function f with (sc, f) =0,

Zf()\j/\/ﬁ)ﬂ/\/’((],a]%) as n — 0o.

Jj=1

Here —% denotes the convergence in distribution. Note that beta ensembles with general
potential V' were considered in [7].

Matrix models for Gaussian beta ensembles were introduced by Dumitriu and Edel-
man [4]. They are symmetric tridiagonal matrices, also called Jacobi matrices, whose
components are independent and are distributed as

N(0,1) X(n-1)8

T V2 [ Xm-ng N(01) Xn-2)s
=3 -

Xs  N(0,1)



Here Yy, for k > 0, denotes the (1/4/2)-chi distribution with k degrees of freedom or the
square root of the gamma distribution I'(k,1). By those matrix models, Dumitriu and
Edelman [5] established the above central limit theorem for polynomials f by different
methods.

The limiting behaviour of Gaussian beta ensembles in the regime where n — co with
B =2a/n — 0 («a being a positive constant) has been considered recently. It was shown
first in [1, 6] that the mean empirical distribution (also the mean spectral measure) con-
verges weakly to a deterministic distribution i, and then in [3] that the empirical distri-
butions L, g themselves converge weakly to the same limit. Namely, for any polynomial
p, as n — oo with ng8 = 2a;,

(Ln,,p) = {(Ha,p) in probability.

The probability measure p,, here is the (scaled) measure of associated Hermite polynomial
[2]. Note that the support u, is the whole real line and the measure p, is determined by
its moments.

It is the purpose of this talk to investigate the fluctuations of the empirical distributions
around p,. The main result is as follows.

Theorem 1.1. For a polynomial p of positive degree, as n — oo with nf = 2a,

(Ln,p) \/I;KLn,pﬂiw

The main tool used here is the martingale difference central limit theorem. It is
expected that the central limit theorem should hold for a larger class of ‘nice’ function f.

(0,67).
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