%29 %9 M FRIBRFZM(ARFFIR) 2012 49 A
Vol.29 NO.9 J Chongqing Technol Business Univ. (Nat Sci Ed) Sept. 2012

XEHFS:1672 -058X(2012)09 —0022 -07

BIAMETNERERFEEHEM

(HPOR: Ber 540tk , HK 401331)

W OE AN RGEHT, SR ZMBIBIAST 2 IE L 5 i, #) Bl Martingale Pricing 7 k3 581 7
S B R AR R R T AR AR HF W T M AKX, SR AR F 6k Bh R ANk Bh & | At B 1) 2
KA L FOYaf BT T RS,

KPR FAALA]E R PR s Al & S Bl ; Girsanov £ 22

HES5ES:F831.5 ERAREAG: A

0 3

|1

FARHE RO 4 (Equity Indexed Annuities , 4T IR EIA) T 20 f1H42 90 4F A Al JFRA 2R B 81, 13
7 S LA B 2 (R U M 1996 4F 1] 2000 4% EIA (4 HHE 140 51 15 423556 30 1L %5t
A1 IZ2ETE 5212276 60 12261 o BUAGHE BUAT e 2 FF LA REE 4 1 LI A At et 2 8 2 DA 2 54
GEAF o W LA BT 5 B JAF A e P AEAE 2 I LT 25 e I 25 AR 7 /M E BRI 1 47 4 507
P 7 2 15 U B P S M T e 6 HE MO A AERE . B B, S 25 T 3 Mg ke
IR, 3K AT 4 20 A (B L UK 25 00— 52 LA o s Y40 AR TIT 0 AR B IR 2 IS
B R B AT AT R IR SE L ARG A FI AR S0, PR, ETA V2 MUK RS2 i ) R i, L7 i
ST K% B

A E 3R T LI BIA FURC 2% 35 AT 00 A H SOl a4 6 | PR Sk 355 48 7 98 50l
AT o A IO RS RO SR T AT « 200 A Bk Y i P e i

T ELA A7 S 26 (0 T LA 05 A7 AR fiE 100% 19 5 15 e 46 (0 10 I TR AT — 7 05 55 1
AN AR S 53, ZELLEE Y BIA BF50 0, 1 S48 6 AR A 10 4 T EAT 10, 33 REAEAR K
PRI LR AESE 4 HER Mo B2 A: 08 o g BIA MEAT 4 BUAE fr . LA SR AE Serena Tiong™*! UMFIE KMl I
I AEREHLA R S R BIA (5 YITE 3620 th T 4 7 30 2000 400 FAE FE T e F R 16 BT 4 19 2

A

s B HA 2012 - 02 —29; & E H#A ;2012 — 04 - 05.
w« EETE ;o I E AL FE AR L 45 2% ¥ B (CDIXS11100048 ) .
TEE B/ W e (1985- ), L, T g i BH N AT 5T A4 , RIS 2 40 5 i TS



%9H ERIE,F AL R TAE K F o N 23

1 BRI R A 2R e

L1 #EERIE
B TEA R H T EE I A T 37 SOty T R R 25 8] (2, F P, (F,) ooy<p) A PRI GE 77 . — B Ry TR 5677,
PRI BORA T A7, HH A I A
dB, = w, (t)B,dt + o, (t)B,dW, (1) (1)
B, =B(1,T)Fm T ZI B ZE QI GIREN 2] ¢ (90 s[RI, & 3L b, =b(t,7) Fon W ZI B B2

B
(RFAEm 20 ¢ A, By = b, =1,B, = 2(0<t<7) 55— P 2 IRt , oA i 2y

dS, = (uy(t) =8(1))S,dt + o, (1) S,dW; (1) (2)
S, FORIBEEAE ¢ WM MRS, I BAT S, = See”” e (0) o, (¢) 8 () Byt i) ¢ (AR BEHL R AL, FLI 2 T AL
FILR

LT,u,i(t)dl < ,LTU?(t)dl <o (i=1,2)

8(1) FIRLLFR, W, (1) , W, (0) RoRAEME PR AIbRIEAT W2 8h , HARE 0T
1.2 R ERER

S S
S To AR RIS I A AR (1) (2)

dZ, = Z,{ [pa(t) = (8) =8(t) + o (¢) 1dt + o, ()dW2(2) = o, (£)dW, (¢) |

e, = [ PO EAI g e a () = ol o0, i

dz, = Z{ Lo (1) = (1) =8(1) + o1 (1) Jde + A (1)dW, (1) |
AR AU, F btk 0 g s B0 Rl AR B BE P A S B QI HLA -
ggzaﬁ_%f&m-ﬁamuﬁ

X HL 9, TR ¢ i ARRELR R, H. .

47,=

_ o (1) =i (1) + o1 (1)
0, = A ()

Epexp(%ﬁefds) < ®
meww%ﬁmﬂ:%U)=%U)ﬁ&ﬁxE%WAD%EWEQT%ﬁ@ﬁ%E@JWﬁL
dz, = Z,[ - 8(1)de + A(e)dW, (1) ]
2 WMmEHESHWEM

LA 32 R B B 1) 07 1575 FEAE AL R 264 T A R 23 BO I, BUGs 18 BAF e p @ i A e IRE
P BRI SR A |, AN B F2E 3 A B SR SEHAR In 98 1, 2 5 R o, 1 S]]
T, i fIRORUER R g



24

ERIHA%FROAARFR)
HIT I, e — A5,

%29 %

D(x) =

f e 2"ds
J2m =

KB RPREIE S I3 BREL, Py, Py 230 TEE O, R N RIMERR
2.1 FEEBEXEETNEIEE

BEHESHEM
TEMBA ST 53R L EIA EM AR T

p =B,E,[ max(e™” )] = B,E [max(—T

Forp 1CA) 7Rk R 80, RIS A A Ay 1 AN K e O
ESp)

E()I:S;" < I(S; > Soeu)] =

T S

10 - explaf A1) dW, (1) —%azj A (1) dt]
i Girsanov % H A0, MBS R I BE Q B9 55 il i, HL

W) = Wy(1) ~af ACs)ds
Hrp W, (¢) ZAEMEE R T Wbr e iz sh, 06

Z, = Zoexp[ - Lré(t)dt + (a
Bk

E,[S5-1(S; > Spe") ] =

[I(S > S egT)] = o

23 )]

1 N gl .
B LB L85 105, > 5,0 + B s, < 5,601
0

—LA (1)ds +LTA(t)dWR(t))]

=q, * Po(S, > Sye)
{j(azm -y (1) dW, (1)

N
/]
+

Jf (o, (t) —oy(t))7dt

o =7 exp[—aLT(S(t)dt +;7a<a - 1)jTA (t)dz]

InB, +g—T+(
(64
a, =

)fA (t)de +f8(t)dt

JLAZ(t)dt

oLI(S; < 8e™™) ] = Py(Zy < Sye™™) =

E {7 exp[—af&(t)dt—%aLTAZ(t)dt+aLTA(t)dWQ(t)] 165, > 8,
R,



%9H ERIE,F AL R TAE K F o N 25

T g L T )
) LA(t)dW(,(t) _ InB, + &+ ZJOA (1)de

’ /LTAZ(t)dt - /LTAz(t)dt

In B, + - + 2LA (t)dt+L5(z)dt

= (D(a3)

;H\:[:P’a,i = T
J(;Az(t)dt

EIE 1 TEFEHLAIR T, 51 FH ) B ) S e i A s 45 B E & e M A 0k
p = BO{BO'“ - exp| - aLT‘d(t)dt + %a(a - 1)LTA2(t)dt]4)( -a,) + egT¢(a3)}
B 1, (1) =0 (1) =0, ,8(1) =8,05 (1) =0y HHWHH By = ¢ 707
R1 BHEREAXSEZET EIA EN

RCIEYELEEA P

g=0.03,T=5
o, o, ) r=0.04 r=0.05 r=0.06 r=0.07
0.01 0.5279 0. 691 0.798 6 0.873 1
0.2 0 0.02 0.575 1 0.754 5 0.870 7 0.948 9
0.1 0.01 0.378 3 0.5833 0.713 3 0.804 1
0.02 0.406 9 0.6322 0.773 0 0.869 5
0 0.01 0.419 6 0.569 0 0. 6752 0.754 5
0.02 0.446 6 0. 606 9 0.719 5 0.802 5
0-3 0.01 0.3050 0.488 7 0.6123 0.703 4
01 0.02 0.3223 0.519 7 0.651 2 0.747 0

MK 1 HIREGE W BB S5 o Fl oy, BRI 5 RARWAL /N 25 8 Fl r SR, 52 5%
AR

WIS 1 MEONER L RRIEIE ST IE KB r (o) BB o (1), ELERER R 6 (1) , 35 It
1A BEHL R R (X B T A3, U B r(0) = 1,0 (1) =07,8(1) =8) , ] LA H IS A4 15 B3R 10
EM AN

p=e emT-uﬁT%a(u—l)va . CD[(r - % - %0'2 +aoc’ - 8)ﬁJ+ eg'l'@[(i -1+ %0'2 + 6)ﬁj]

o

2.2 FEERETN@EEHFESHEN

TEARFERBLE T, THRAITE REA W, () = W, (1) = W,(0) AGSHREUE G e 0 A 30 S 7
5 AL, R gl B EE

B2 (EREHLAIART SR AR H B0k A £ 48 BOF 2 2

T

p =B, - H{eb(i) -(D(—a(i) +am) +ee’.(p(a(i)}

M
/]
=



26 FRIHAFFRCEARFER) %29 %

£ [ =50) - 320 + 0 00y - PO Sl g

all) = =

/Laﬁ(t)dt

‘%‘ﬁ;b“>-MU-"%dU>+axoagn]m

/ﬁyﬁwm

b(i) =a£l[r(t) -8(t) —%a'g(t) +o'1(t)a'2(t)]dt +%a2Jilg'§<t)dt(i = 1,2,,7T)

~(r-oP)T

[f] s —+e,u, (1) =r 0, (1) =0,,8(1) =8,0,(1) =0, #HHE,H B, = e , AT LA
x2 FEFILETEIAMNEN
2=0.03,T=5
o, T, b r=0.04 r=0.05 r=0.06 r=0.07
0.01 0.2589 0.363 7 0.456 3 0.5316
’ 0.02 0.269 8 0.384 3 0.477 8 0.556 9
o2 0.01 0.174 8 0.284 9 0.370 8 0.443 2
o1 0.02 0.181 0 0.296 8 0.387 1 0.463 0
0.01 0.187 6 0.272 4 0.344 9 0.408 7
‘ 0.02 0.193 1 0.281 2 0.356 3 0.422 4
o3 0.01 0.1250 0.209 3 0.277 9 0.3380
o 0.02 0.128 1 0.2155 0.286 5 0.348 7

L2 AENER 2 RRIEIE M KRR r(2) =1, BB o (1) =0, ELBAMF 6(1) =
& Yo HRUNS , a] LIAS H I A AR 48 B A E A A 5K

1oy L2 L 2 g 2 £ _ L 2 !
p . ea(r-a—zaz) 2ngd{r—é— 20’ T + oo + 6D o (r—B— 20’) ]

o g
3 HBRESH
TE3% HURE 7351 3 M BENLA R D 305 o) M P sh R o, GBIEIE] T X025 AR AT
(1) WP L AT RUA B REALA ARG S R A3, 85 2 5 R e, 102 IR BEAILA 5 4 i 3 i
R RIS 2 ) I 7 32 B AU ABSOA , e AR A 25 3R i AR
(2) M2 aTLUE B B e sh AR a5 2 53R T e, X5 L mabr—e, N R 3 3h
FGER, PRISL 2N T BT AR 52 8 KU LB , BT LARH R 92 5 SR

(3) MNIET3 RT LI Y, B 12 S 0] ) A8 K, 291052 5 AR AR oK 5

R i R 2 H R3S, — 5 i 2%
Dol PRI 23 W) B DRAIE AR, 75— 7 T PR B 28 )l AR AT B 22 B BT 0% 4,

%
PRBS 2N 7 455 A5 2R 8 7™ B Wi 4 e



%9H ERIE,F AL R TAE K F o N 27

0.70 1.0

_______ . R --- TR LN A
0.65} T — R E 0.9f — FEERL
0.60} \\\\\\ 0.8 L‘__‘h
0.55} \\\ % | S
0.50} AR ost T ]

\\
0.45 AN 0.5
\\

0.40f \ 0.4}
0.35} 0.3}
0.30 0.2}
0.25 0.1}
0.20 ' ' ' ! 0 . : .

0 004 008 012 016 020 0.15 0.20 0.25 0.30 035

BEALA I B 3 % I D e IES

B BENAENESHENSSEEZI B2 BHNEHENSSEGEN

§=0.01,r=0.06,2=0.03,T=5,0,=0.3

SE 3k

6=0.01,r=0.06,g=0.03,T=5,0,=0.1

1.0
0.91
0.8
0.7
0.6
0.5
0.41
0.3[

0.2
0.1

0
3

——— TR AR
— A E R
s s 6 71 8 9 10
BB IERE T
B3 BIEHEXS SR

§=0.01,r=0.06,g=0.03,0,=0.3,0, =0. 1
R, AR FE Sk T S 5 38 L AN st S0 193 1] (g 38 i A8 Ak, 3% S R R AF B J 0 T 32 4 R R AR AR
TR, B L3 S 39 R] A 0 2 5 B2 i AN K

MBI A AT LIRS Sy 45t FE T SR it 0 T I 2 55808 TIRAE B BOE T AR TR BUE 22 5
MRV, SR H (87 B O s E TSR AR PR BAE G, FEAE LU R AR BE J I i W45 58 5 A A

[1] HARRISON J M. Brownian Motion and Stochastic Flow Systems [ M]. New York; Wiley, 1985

[2] FANG M CH. Commercial Annuity Insurance [ M]. Taiwan fengjia University Insurance Department,2003



28 FRIHAFFRCEARFER) %29 %

[3] BR#ASS. @Rl TAE2[M]. B 5 B ik, 2002

[4] TIONG S. Valuing Equity Indexed Annuities [ J]. North American Actuarial Journal ,2000,4(4) :149-163

[5] s&3C - EFEHR. SRBEDLTHT(2 45) [M]. 1 I 205 ) it , 2008

[6] BINGHAM N H, KIESEL R. Risk-Neutral Valuation: Pricing and Hedging of Financial Derivatives [ M ]. New York: Springer-

Verlag,1998

Pricing of Equity Indexed Annuities under Stochastic Interest Rate

CAO Bing-bing , GUO Feng-tao

(College of Mathematics and Statistics , Chongqing University , Chongqing 401331, China)

Abstract: Under the condition of stochastic interest rate, when stock prices follow logarithm normal
distribution , Martingale Pricing method is used to derive the equity indexed annuities pricing formula under the law
of simple point-to-point method and annual re-try method. Also,sensitivity analysis is carried out for the impact of
stochastic interest rate volatility ,stock price volatility and deferred period on balanced participation rate.

Key words: stochastic interest rate; risk-neutral pricing; participation rate ; equivalent martingale measure;

Girsanov Theorem

RIEHIE:

$i
i
o

(E#E7IT)

On Pell Equation px° — (pn £2)y" = =1
(p= -1, £3(mod8) ,p is a prime factor)

DU Xian-cun' ,HUANG Mei’ ,ZHAO Jin-¢’
(1. School of Teacher Education,Honghe University,, Yunnan Mengzi 661100, China;
2. Department of Mathematics, Yuxi Normal University, Yunnan Yuxi 631100, China;
3. Department of Mathematics, Honghe University, Yunnan Mengzi 661100, China)

Abstract: The solubility of Pell equation ax” —by’ = +1(a,be Z" ,ab is a non-square positive integer)is a
very meaningful question. In this paper,by applying related knowledge of Legendre sign and nature of congruence, it
works out six conclusions to judge that the sets of Pell equations such as px* = (pn +2)y* = +1(p= -1, +3(mod
8) ,and p is a prime number) have not positive integer solutions. These conclusions play an important role in the
research on restricted Pell equation x* — Dy* = =1 (D is a non-square positive integer) .

Key words: Pell Equation ; positive integer solution ; prime number ; congruence
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