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G(z) =~ Flnz, H(z) =~ &(Inz — 1)r
(6 |
g(t,s,z) == MV g,
F(s0)+ h(0) == InBe ( 6)
9]

ef(-‘)+h(‘)1nz[h’(z)+ L (v Uy ”(s)]+ ef“)”“”[ P by (s

S >

W)+ Ths 0 "s) = o,

’ 9
f (S) = k s Y+1.
3 3% 3
= - - InB
f(s)+ h(t) 1w 7+ M v+ 1)t+ PR In
g(t,s,2) == & W4k Ys i (W(A( Y+ 1))+ W( 4%k Ysoy)flnf’lm.
(33) (7 (D
I L S (L S
- ks’ -
= WSOy b Mgl sz ) (W ks ™)
ks’
U [v_ — W4k Ys (WA v+ 1))+ W4k Ysoy)lnﬂ
ks’ - ’
3.2
3.1,
H(t s v)= mjng{U( Wer) | si= s, Vi = v} N <t SN+ T
Hamilton Jacobi Bellman
Hi+ LYhs (“VH + WH,— BeH,+
Sgp{Lﬂk S Y]{ur+ T[(lHU‘l" k S Hles)}: O'
T
W, + ks " 'H,
T = — ™ .
ks Hy,
(36)
I’H v S w lH s
Hov Lo gy ugr - pep,- (At Es )
ks Hy,
() (38)
l (¥+1) B
H,+ ks Hg+ UsH,— R+ Tzﬂzz— UgH, =
S

(19 g H, z ,

= 0O

0

(8)

(9)

(30)

(31)

(3)

(33)

(34)

(35)

(36)

(37)

(3)

(3)



1317

o+ Lk .9(Y+1)gsx+ ki R+ kus % &=— Mzge+ B= 0
(7
- Yo + ks YHgs_
ks’
__ 1 s
U(v) =- ge
B> 0 (40)
g(t,s,z)=— " nzy @y,
f(sv)+ h(N)=- InB, ®N) =0, , (40)
g(t,s,2) =— o WO Vs e (WA 1)) W4k s By B(i- N)e
(41) (D
= I S N T )
B ks’ B
— w/ MYy s g (rsz) e Blr= NJJ(W( ks ™))
ks’
; tly[v_+ Q(t_ N)- ¢ Wdk s p (WA v 1)) i+ W4k way)flnﬁ] ,
o B’
4
(8)
dV[ = JT[ l“ldt+ Pdt"l‘ TEkS[det.
, (11) , - P B
N+ T N ., -P B
mo_ ; ?Y[L_ B(t— N)- e_u/(éuf Ys (/A0 v+ 1))+ W4k YSNY)—IHB] .
5
HJB R
Legendre ) )
( ) (06010A),
[ ]

(40)

(41)

(4)

(8)

(44)

(4)

(46)

CEV ,

[1] Boulier J F, Huang S J, Taillard G. Optimal management under stochastic interest rates: the case of a



1318

(CEV)

protected defined contribution pension fund[ J] . Insurance: Mathematics and Economics, 001, 28
():173—189.

Devolder P, Princep P M, Fabian D 1. Stochastic optimal control of annuity contracts| J]. Insurance:
Mathematics and Economics, 003,33( ): 7— 38.

[3] Cox J C. The Constant elasticity of variance option pridng model[ J]. The Jounrnal of Portfolio
Managem ent, 1996,22(1): 16—17.

[4] Cox J C, Ross S A. The valuation of options for alternative stochastic processes[ J]. Journal of Fi-

nancial Economics , 1976, 4(1/ ): 145—166.

[5] Beckers S. The Constant elasticity of variance model and its implications for option pricing[ J] . The
Journal of Finan ce, 1980, 5(3): 661 —673.

[6] Emanuel D, Macbeth J. Further results on the constant elasticity of variance call option pridng model
[J]. Journal of Financdal and Quantitative Analysis, 198 ,17(4):53—54.

[7] Davydov D, Linetsky V. The valuation and hedging of barrier and lookback option under the CEV pro-
cess[ J] . Management Science, 001,47(7): 949—965.

[8] Basu P, Samanta P. Volatility and stock prices: implications from a production model of asset pridng
[J]. Economics Letters, 001,70( ): 9— 35.

[9] Kramkov D, Schachermayer W. The asymptotic elasticity of utility function and optimal investment in
incomplete markets[ J] . Ann Appl Probab, 1999, 9(3): 904 —950.

[10] Choulli T, Hurd T R. The role of Hellinger processes in mathematical finance[J]. Entropy, 001, 3
(3): 150—161.

[11]  Jonsson M, Sircar R Optimal investment problems and volatility homogenization approximations
[A].In: Modern Methods in Scientific Com puting and Applications [ C]. NATO Science Series II .
Germany: Springer, 00 ,75: 55— 81.

[1] , . Legendre — [J].

, 005,25(9):49—53.
[13] Cox J C, Huang C F. A variational problem arising in financial economics[J]. Math Econ , 1991, 20

(5): 465—487.

Constant Elasticity of Variance ( CEV) Model and
Analytical Strategies for Annuity Contracts

XIAO Jian wu', YIN Shao hua', QIN Cheng lin
(1. Business School, Central South University of Forestry and Techn ology ,
Changsha 410004, P .R .China;
. School of Science, Shan ghai University ,Shanghai 00444, P.R . China)

Abstract: The constant elasticity of variance( CEV) model was constructed to study a defined contri-
bution pension plan where benefits were paid by annuity. It also presents the process that the Legen
dre transform and dual theory can be applied to find an optimal investment policy during a participant’
s whole life in the pension plan. Finaly, two explicit solutions to exponential utility function in the
two different periods ( before and after retirement) were revealed. Hence, the optimal investment
strategies in the two periods are obtained.

Key words: define contribution pension plan; stochastic optimal control; CEV model; Legendre trans-
form; analytical strategy



