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> Plan u
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§1. EAREDLY
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83. YRAYETIL

Hham

Hf . BT 74X (ERMEIE)

#IT . KIRKSHIE - 7— 2 HERERE L >4 — (MMDS:
Center for Mathematical Modeling and Data Science, Osaka
University)

[]

ERMRIEEFY: RFREIEXR 709 5 LExigH
« HEWEHETFAFRO—XR

» FTEIER - IFO—X

. AVATISURIA—R
HIBETYJEM : 3FEORITOY T LEIRME
T—AREZEM . 7TEOR 70O 5 LEIRH

4 /33



MMDS: €5t - RIRICEAT 57055 A

i~ b g AR e e e

- - Pl B
DEENER

SMES - T2

3000 AQHEAB—HE OIS LFER.

5 /33



> Plan

§0. ZLEFANY?
> HEFAM?
> MMDS

§1. EAREDLY
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83. YRAYETIL
tEEm

HREDEAE

1'%:':5%*5 ::;&E él"ﬂluaz 1%|}i (779217IJ :]:JFFH) ITEXN
LOEAENMIFRIZ +a THREMESE

0 FOFAT—AEORER?

(ZE4X 100,000 B LLE : 2016 FRIE T A —F L at KIRIZT)
0 HOBMY (%%, OB/OG) ?
0 HOBMY (BEMBS  RAN, HEE)

RIRHIBLE EMBERAFATHENTIELL

RN OFERE . FReY, E81
0 1HEx (REA) BREZET L TRIREATEET 2AMEL
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§1. EARIEHY

§1. RIREE LD (EAR) BEHY
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ASTIN {AFIR 1999 (Tokyo)

ASTIN(Actuarial Studies in Non-Life Insurance), AFIR(Actuarial Approach for
Financial Risks) DR K&

m  Jun Sekine: “Quantile hedging for defaultable securities in an incomplete
market."

max P (F > X;i’w)

0 F = F11{7>T} + F21{T§T}1
- T >0: i#l, 1 T4 bEH,
« Fi TOFHIRAEEHEVEEOFEHF Y270,
« B(SEF): TIHILEDRESEEOEBx Yy 2T70—,
t
0 X — gy / 7Sy A SH— kT YA OBE ¢ TOMEIE.
0
0 iz TOMETIT - ~Nu D,
m  (equilty-linked) life-insurance contract ~®M i (Melnikov et al., 2005, 2006).
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ASTIN {AFIR 2005 (Zuirich)

n L CYTEELTL:

0 Gerber, Shiu, Boyle, Buhlemann, Engle, Wang, Artzner, Filipovic,
Hernandez-Hernandez, ...
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ASTIN {AFIR 2005 (Zuirich)

H Y THEEEGEL TULM:

0 Gerber, Shiu, Boyle, Buhlemann, Engle, Wang, Artzner, Filipovic,
Hernandez-Hernandez, ...

SRRRTEEMERBRBEAR L F —HILICH IT=Z£EFEP. ..

BB 742 RICTHBE UL FREHEFEMR (suggested by F. Delbaen, ETH

Zlirich):

0 H. U. Gerber (Lausanne), E. S. W. Shiu (lowa), P. Boyle (Warterloo), D.
Dufresne (Melbourne), ...
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ASTIN {AFIR 2005 (Zuirich)

m HCUTHEELTLM:
0 Gerber, Shiu, Boyle, Buhlemann, Engle, Wang, Artzner, Filipovic,
Hernandez-Hernandez, ...
n LR KRTEERMARBEME L VX —FRILICA T =%#EEE. ..
BB 742 RICTHBE UL FREHEFEMR (suggested by F. Delbaen, ETH
Zlirich):

0 H. U. Gerber (Lausanne), E. S. W. Shiu (lowa), P. Boyle (Warterloo), D.
Dufresne (Melbourne), ...

{5 : Dufresne's formula

o0 1 c Zlfk_le_x
/O exp {2 (W, — kt)} dt = — . IP(G _c). /O R

(k> 0, (W;)¢>0: Brown :EE)).
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Historical View !1; borrowed from P. Boyle!

> Plan Actuarial science: The early years

§0. IR EFAY?

51, EALEDY m Profession to serve a public purpose.
> ASTIN/AFIR(1) _ _

> ASTIN/AFIR(2) m Started with Equitable 1762

> History(2) m  Actuaries computed premiums

82. Fin. & Ins.

$3. YRHEFIL m Estimated reserves

=)

m  Assessment of solvency

m Concepts used

1. Basic probability
2. Compound interest

m Finance ideas used were state of the art at the time
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Historical View 52; borrowed from P. Boyle!

> Plan
§0. T EFA?

§1. EAHIREHY
> ASTIN/AFIR(1)
> ASTIN/AFIR(2)
> History(1)

> History(2)

82. Fin. & Ins.

§3. YR ETIL

How we drifted apart

Big advances in finance

1. Bachelier(1900)

2. Markowitz(1952)

3. Sharpe Linter CAPM(1960's)
4. Black Scholes Merton(1973)

In the beginning actuaries tended to ignore these developments
However new products were introduced that needed these ideas
Financial economics now generally accepted as useful by the
profession

Hans Buhlmann's Actuaries of the third kind 1987 Astin editorial
Struggle still goes on in some professional actuarial bodies

= Signs of Convergence
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82. Fin. & Ins.

§2. Finance & Insurance
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Finance & Insurance: 431

> Plan
§0. HHFAM?
§1. EAARBEDLY

82. Fin. & Ins.
> KEDEA

> RIEHE R
> FEORETE
> HERE (fHE

> JESElETIS

> VaR & CVaR
> GAO(1)

> GAO(2)

§3. YR ETIL
HEEm

<—7 v b

0 F: s FEMHEHF)—T—4 vy b (= EBEIFT)
O LA F)—<—4 vy FITEL (ER5EIXELY)

5D EfEE

0 F: etz LIFLIERE (TED) .
0 I REMIZI TR

vy JRUEEI

’\
0 F:HBER—r2xUFZHATI R ZHEE,
0 F&l: VRVIZEATER (EER) 21,

A fRIR, F&  BERIAZH
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RE D=

> Plan o %éﬂ"]')x7

§0. THEFAN?

EANED Y N Nt
§1. EAHEDL.
S = E U;,, S;:= g Ui,
i=1 i=1

82. Fin. & Ins.
> 4

> (RIBH Bt R N " - —

> FROERERE 0 (Up)s2,, MBS MEREHS : VL—LBEDETIL,

- REE 0 (Ny)i>0: Poisson 872 (FHHUBIE; U; & XML, 38E/ S
l>VaR(&)CVaR A—ZN) O L—LEEHBDODETIL

> GAO(1

> Gao(2 . KEOEE

§3. URUETI

5 S

|

% — E[N1|E[U1| = AE[U;] ast — oc.

S N]E[Ul] (as N > 1), St ~ t)\EUl] (as t > 1).
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Insurance Premium Principles D45

> Plan 1. %II_I,{%Bﬁ*SI' . P = E[Ul]

§0. 72 EEAAT? 2. HAFMERIE : p = (1 + O)E[U,], (OE[U,]: {FINERIEF),

§1. EAMEEDY = S (S . / :

82. Fin. & Ins. 3 iﬁ{ﬁ%ﬁi@ . p - E[Ul] _|_ @ V[Ul]

= 4. HEURE - p =E[U] + SV[U;]:

5. MAEEMNRE : Efu(p — U1)] = u(0), u: SNAE (e.g.,
> FEORRTEE / /!

> u' >0, u’ <0).

> eSS 1 U e o

- ViRt e iR 6. IEHFRE :p, = S —logE [""!] (v > 0: YRV E#E/NS A —45)
> GAO(2)

0 lim py, = E[U;], lim p,y—supUl()

§3. YRV ETI ~—0 Y — 00

ham
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Insurance Premium Principles D45

> Plan 1. %II_I,{%Bﬁ*SI' . P = E[Ul]

§0. 72 EEAAT? 2. HAFMERIE : p = (1 + O)E[U,], (OE[U,]: {FINERIEF),

§1. EAMEEDY = S (S . / :

82. Fin. & Ins. 3 iﬁ{ﬁ%ﬁi@ . p - E[Ul] _|_ @ V[Ul]

= 4. HEURE - p =E[U] + SV[U;]:

5. MAEEMNRE : Efu(p — U1)] = u(0), u: SNAE (e.g.,
> FEORRTEE / /!

> u' >0, u’ <0).

> eSS 1 U e o

- ViRt e iR 6. IEHFRE :p, = S —logE [""!] (v > 0: YRV E#E/NS A —45)
> GAO(2)

0 lim py, = E[U;], lim p,y—supUl()

§3. YRUETI ~v—0 Y—00

ham

6 (X5ICHEWVTHEINA u(x) = 1_67_790 EHRALELD.

Elu(p—-U)| = (1 — e_'ypE[ele]) =0

2| =
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L

FREORIFEEE

Wi)o

( t<T- Brown EE}J,
F

f (Woo<i<r), (E[F?] < o0).

T
F = E[F] +/ of dW;
0

> REORIEREHE

EBETESBE (6] Jo<icr (B | [ (¢F)%dt] < 00) H—HIE
£5.
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1

RN RIEEHE

> Plan u (Wt 0<t<T- Brown EEJL
§0. R EFAN? m /= f ((Wt)Ogth), (E[Fz] < OO)
§1. EAREHY

§2. Fin. & Ins.

> T P

> KEDEHEA F=E[F]+ oy AW,

> RIRK S R 0

,

s 1T MABIE (0] Jocicr (B | [} (6])%dt| < 00) H—TIRE

> VaR & CVaR ié

> GAO(1)
> GAO(2)

§3. URIEFI — — C
5

T N
/ gbdet ~ Z ¢5(Wti+1 - W) asN>1
U i=1

(ti = ZT/N)
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No Arbitrage Prices: Replication Cost!

dSy = a(t, S;)dW; + b(t, S;)dt: TEEMAHFERX GEETIL) , ThHbS

AL1IDEZ

Siya — St = a(t, Se) Wiga — W) +b(t,5:) A, Wipn — Wy~ N(0,A).

F .= f ((St)Ogth): **1@@%5*3& (%Eﬂjﬁﬁéﬁﬁlﬁ:)
Q: EMERILFUT—ILAIE (YR HRIfER) .

B .
FE:E@UW+:/ of dS;
0

EHR-TEEBE (¢ Jocr P—EIZEFES.

0 (A3)= TTFELUF]I + TEMER (0 )ow-r [Tk 2 BRBINE

0 EY[F|= MESEME]
O (o7 ocier: Ny DEER
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Incomplete Market

> Plan m P = f((SHo<i<r, Z), (Z: RMBEBNIV R LIFEGDIRY)
§0. AN NIZEEHIEITELHL (BoWICHERTESL )R VIEHSH1=5
§1. EAMEDY S M)

82. Fin. & Ins. T V%

s F2C+ [ ads. ¥(C.o).

> K& D% 0

> R R

> FEORETE _ . R - e
gy n ERMURIVEETIE, HRTELEWVWI R X(EKREE, EEREH)
£URIRE p ERNTHE, U A5 £h/—F Bl BB
> GAO(1) BERZTED.

> GAO(2) N

0. IRl 5l 1) Value at Risk. p(X) = VaRo(X) (e.g. a =0.99), 7=7=L

ham

P (X > VaR, (X)) = .

{5l 2) Conditional Value at Risk. p(X) = CVaR,(X), ==L

CVaR,(X) =E[X|X > VaRy(X)].

18 / 33



VaR & CVaR

> Plan
§0. HEFAH?
§1. EAARBEDLY

82. Fin. & Ins.
>

> KDL

> RIRFEHRE
> REORIRTEE
> EELE 4

> JESEimTZ

> GAO(1)

> GAO(2)

§3. YR ETIL

=)

Probability

Value at Risk and Expected Tail Loss
(or Conditional Value at Risk)

Mean
R \VaR is simply the quantile on the distribution
' M and Expected Tail Loss is simply ithe mean tc

the left/right of the quantile.

VaR(1000%)

CVaR(1000:%)

0 mMean Loss G

Figure 1: Warren Lester (NUST) ERkICZ & %
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Guaranteed Annuity Options(1)

m  SZE : P. Boyle and M. Hardy (2003): “Guaranteed Annuity Options”,
Astin Bulletin, 33 (2).

n RERRSMLTREAUICRITIN: “EBH# GERIAT T2 3 > ('70s-'80s)

F:ﬁﬁmm(%im—dﬁ) BT ICEAEISEbh AR

[]

(S )is0: BERAR— kT U A EBIE (FERBD)
0 ags(t): 65 MOADZFRBREELOEZ L TOMIE (FERBE)

= TF (BI5IZE) ORTEDEHTERINS.
» BRI\ = oags S RTEEN = ags
O g: HohlLOROoNI-ZEL—F (EFE) .
T: ;88 (20 &, 30 &) .

[]
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Guaranteed Annuity Options(2)

n  ESTlEthis T D&t 1+ RERE.
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Guaranteed Annuity Options(2)

n EEETIS TOMEN TRIE.
m J7AFTUREBRZERTSHE.

p=EQ[DrF] : “fair’ price of GAO (77)

(Q: "$3" 1) RY hILHER).
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Guaranteed Annuity Options(2)

n EEETIS TOMEN TRIE.
m J7AFTUREBRZERTSHE.

p=EQ[DrF] : “fair’ price of GAO (77)

(Q: "$3" 1) RY hILHER).

n RTEBESEFRETH-2EEHY, p~0 TRITSA TV,
(ETIWDIARARY D4 r—3 2 1)
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Guaranteed Annuity Options(2)

JESTiRTII5 T OIS 1T ERE.
I7A4 TV AEREERATHE

p=EY | DpF| : “fair” price of GAO (77)

(Q: "$3" 1) RY hILHER).

RITLUBEIEEFIRETH 2L 3HY, pr 0 THRITSIATULV:.
(ETIWDIARARY D4 r—3 2 1)

ZD% IO FKICAYKMKXTZDFRIEE (1) , EFOTE (1) |, BTED
®E ()
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Guaranteed Annuity Options(2)

JESTiRTII5 T OIS 1T ERE.
I7A4 TV AEREERATHE

p=EY | DpF| : “fair” price of GAO (77)

(Q: "$3" 1) RY hILHER).
RITLUBEIEEFIRETH 2L 3HY, pr 0 THRITSIATULV:.
(ETIWDIRARL I 45— 30 ))
ZDEIOERICAYMRKXTBOFRE (1) , EFOTH (V) , BTED
®E ()
FEAEANYDTEGLER - RIERE R 24 0 TRITL TULVE ().
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Guaranteed Annuity Options(2)

JESTiRTII5 T OIS 1T ERE.
I7A4 TV AEREERATHE

p=EY | DpF| : “fair” price of GAO (77)

(Q: "$3" 1) RY hILHER).

RITLUBEIEEFIRETH 2L 3HY, pr 0 THRITSIATULV:.
(ETIWDIARARY D4 r—3 2 1)

ZD% IO FKICAYKMKXTZDFRIEE (1) , EFOTE (1) |, BTED
®E ()
FEAEANYDTEGLER - RIERE R 24 0 TRITL TULVE ().
() REAFE (: %hXhiz, €5, FETE etc.) FREHLL (1)

0 BET—FORMMLFRITEEL!

0 “ANR N GTFRFE.

0 BREAZGIEOME : REEFFLETH ..
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§3. URUETI

§3. UROVETILE (ERET

HETD) BEER
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Cramer-Lundberg 5L

> Plan Ny

§0. BEFAH? Xy i =x+ct— Z U, t>0,

§1. EAMBDY P

§2. Fin. & Ins.

83, YRS EFI n 2(>0): EEE, c(>0): RIEH,

m  (N;)>o: Poisson 8% (BT#0E%, V L—LDEEZRY) , &
> )RV iBEE 0 —

> HAEHHRER BN A—52 \(>0),

> @ n (U2 MIARSAERELRS], U L—LEOKRESERT.
 ERAOBHEF U; >0, U; ~v, ElU;] = p(< 00).

Eéz 7 :=inf {t > 0; X' <0} : ruin time

> #&R (1)

@ n P, t) =P (1, <t), ¥(z) =P (1, < 00) : BRERER,

B (1) = 1—(n,1), ¢(z) = 1 —p(z) : EFFHE.
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MO

) X7 8%

X(1)
A
> 1) 2% B X /t/'I i
i 5> X(z-)
2 p |
0 (A
X ()
)

Figure 2: Wikipedia & Y
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MRS IR

A

b€ C(Ry), %, 3¢ . Iz
cﬁxwzamw—xl;ax—wmmm >0,

wuwzwwww[fﬁw—ww@,x>&

> MRS TR
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Cramer-Lundberg Appproximation

> Plan ﬂifﬁ : (a) c > AM
0t (b) A {M(R) - 1} = cR, M(r) := E[e"Yi] ##1=F R > 0 HTFE.

§1. EAREHY
82. Fin. & Ins.

§3. URZETIL . A [ 7 . . e
P / e (1= u(y)) dy & LTTARIL
SOFOS: ¢ Jo

e 1) If 1 < oo, then,

> CL Approx.
> W5 AT AETE

> RIR&H ORBER . c— \
Bkl lim 1 (z)e!™ = — -
> RE LT—r00 CR/AL
> fE=E

> #ER (1)

> R (2) and hence,

za _ )\ N
o Y(x) ~ CT AR 50 s o,

AN

cRji

Y

i) If i = oo, then, lim o (z)eR* = 0.

T—> 00
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¢ D5 Al RE1E

> Plan

§0. THEFAN?

§1. EABIESH Y

82. Fin. & Ins.

§3. URUETI

> CL model
> )R iBEE
> MAESAEX
> CL Approx.
> 5 "I RETE
FRiE=OREER
%8
> ERTE
> [z
> #ER (1)
> #ER (2)

A

v
“\
N
\;l pu]
Jnp
o
il
1

t Nt
Xf:a:+/(7°X§—|—c)ds—ZUi.
0 i=1
Ui ~v, v: 2[B145 AT EE, s.t. |[v|: bdd and integrable on R .
ZDEEpe CH(RY) T

O p(t,x) — (re 4 ¢)0,¢(t, x) + Ao (t, x) / d(x —y,t)dv(y) =0,
¢(x,0) =1, lim ¢(x,t) = 1.

T—> 00

s v HAEEEBREEL-LGTWVESEICIE o IO AIEE & (LR 5730
(RHLERWBHY) .

m  SZEHER : “Ruin Probabilities”. Y. Mishura and O. Ragulina
(2016), Elsevier.
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RIE= D=

> Plan

§0. THEFAN?

§1. EABIESH Y

82. Fin. & Ins.

83. YRAOUETIL

> CL model
> )R iE%E
> MAESAEX
> CL Approx.
> o RIREE

> fRIRE+ D &EE R
fERE

> EXE
> [E]RE
> #ER (1)
> &R (2)

=

& F i e

ME XK@ BEIFII—ETILZHVERIERSHOREE R
BlRE", (KR KREXRFRERIEZHAREME LG, 2017.3)
Bﬂ uHHjC .

[0 B. Fernandez, D. Hernandez-Hernandez, A. Meda, and P.
Saavedra (2008): “An optimal investment strategy with
maximal risk aversion and its ruin probability.” Mathematical
Methods of Operations Research, 68(1),

0 H. Hata and K. Yasuda (2017): Expected exponential utility
maximization of insurers with a linear gaussian stochastic
factor model.” To appear in Scandinavian Actuarial Journal.

28 / 33



=L =

X AE

RES#D ) XU BIE

Ny n n
Xt:erct—ZUiJr/ {Z Si <XUZ7T2>Tdt},
1 1=1

i=1 u

— T
dS! =S! {;(Y)dt + o;dWy},  Sp > 0,
dY; =b(Y;)dt + adW;, Yo =y € R™.
o RKEH, rm REEREF,
m N: Poisson #@8%&, (U;)2;: iidrvs, W: Brown :Z&,
m SH ST nTBEE (8RHA) ODEIRE E@EETE,
n Y D705 — (BREER) @,
m u(y) = po+ 1y, b(y) i=by +bry: WMEADR T 7O E2—ETI,
m = (pi',... ") n IELABIRE E OERHE,
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[5] e

> Plan (1)

§0. IR EFAY?
§1. EAREHY
82. Fin. & Ins.

83. YRAOUETIL

> CL model

> 1 R4 B (2)
> WaESARER

> CL Approx.

> W ETRETE

> RIREHOHKREER

fElRE

> ERTE

> FEE (1) (3)
> #&R (2)

A

EE AR uw(r) =1(1—e ) ITxLT

V(T,2,y;c) = supE [u(X77)]

< EHFIRECREERBE T 2KD 5.
SAEZNORMMN o RIRMBRED

V(T,z,y:¢) = E [u(X;i’C’O)} .

REEBERETS U R8T X [ZTDUVT, ruin probability 0 EE (i
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a ok (1

(1) Hamilton-Jacobi-Bellman A=K :

1 1
TeR™

et (uly) = r1) +re b Vi + b)Y,

+)\/O {(V(t,e — z,y) = V(t,z,y)} V(d:c)] =0,
V(T,x,y) =u(x)

ZHATRHICENT (BHMAYABXDORICELLAL I ENTED) , AKX
FREDFEDATHGERENGOND.

fry = e "I E(aoﬂ‘l {u(Vz) =11} — (o0 ") Hoa") {P(t)Y; +p<t>}]

oS ERENEL:
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a ok (2

(2) HRAEERMTLIT L

r 1

c=c-gr W )= 5y POy +p(0) 'y + p(0)(= 0)

n BREEANORBEERZITO &L T, REEMBEENAIREIZES.

(3) ruin probability: #lZ £ oca' =0, U; ~ Exp(8), ¢ > A3 = AE[U],
1/26<a<1/pD&E

(T, x) =P(r, <T) < min {eéx, exp ( inf ) (k(y)T — fyaj)> }

ve|R,1/8

Ri= 3 (1-22), k() = A(M(3) ~ 1) — 7, M(y) = B[]

n BEREE~NOREERZITOICET, (HAHAKRRTTIX) ruin probability Mk
OINERTES.
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+ =4O

ihA
> Plan n RIRZFBTHERHFIETE HiFE] Z2ROBZENEET
§0. AN H5.
§1. BAHEDY
§2. Fin. & Ins. n RIRZFIEBLEREIEL TXKA] OFBREHETHS.
§3. JRIETIL
i m RHEIFAIGEEL .

s RERZELEMBIELETEL.
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