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Abstract. A minimizing method for calculating the American call option is developed.
The American option pricing is a heat type obstacle problem but it contains some diffi-
culties on the initial condition. Inspite of these difficulties the discrete Morse semiflow,
which is a minimizing scheme via the time semidiscretized variational functional, works
well. Moreover approximate solutions are monotone increasing.

1. Introduction
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COETIE, B (1.2) 12DV, 25T » 3XITOT AU AV AT a MERRIREDE
ERFERETRT. A DERT A 7713, BHEESE - UAKEETHEIL, Mu %
SERFER AT 22 L THB (e.g. [6]). TDHEDFIABEITTICHELRT T
LIcH B, BT 2 JTTOBAICIE, BUEBMAHEN 2 R C L IXBRC BNz,

COEOEFNTEBNT, plx) ZRIE (1.2) DRAATBBET 5. ETe g(0) IKHIET 3,
RIS (1.1) DA 4 7 BE0E o(S) THT.

1 EEQ = {(x1,x); -1.0 < x1, x» < 2.0} c R2. EEREMH N = 100, Ax; = Axp =
3.0/N=0.03, h=1.0x10"%, T =1.0,0 = 0.4, p;» =0.5, a; = ay = 0.125, B = 0.08875.
W(x1, X2) = e”U¥~2% max (0.4 + 0.6 — 1.0,0), ¢(S) = max(0.45; + 0.6S, — 1.0,0).

B ARETIEIC KB BERR u DT 5 7% Fig. 1 IKRT. u DT 5T DS bk EIZEE u
WRATTEB Y E—BLTWaT ez BRI u>y THARZ EREKT.

RIC, BERAEIEIC X 2 BUERE uy(t,x) DRBEHRZ 72D, BUERHEDFTAA
T 1B KB EUERR u. (1, x) LLEBEL, f(1, x) = u(1, x) — ug(t, x) DEEZ A7 (Fig. 2).
mingeq f(1, x) 1 EEEZ v > 0.0685 Tld, |mingeq f(1, %) < 0.5x 10713 Lx->THL, Thid
EIF O EAZLTEY. LEEMNo> T AT REVE BICIEA AT —IRIC K 2 BIEME u,
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Fig. 1. The graph of u in Example 1.

& BERUAIRCTRIEIC & 5 BUERR ug 11 KV/DBIR uo(r, x) > ug(t,x) BH 2 LEROTI NS,
Fig.2 DK, BRR {x) = x} TD f(1,x) DI ST TH 5.
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Fig. 2. The graph of f(r,x) on {(r,x) ; 0 < 7 < 05,x; = x} and the graph of
max,eq f(7, x) and min,cq f(,x)on {r; 0 < 7 < 1.0}.

SHIC, BRARREDBERL RS A—2 h OBBRERANLS. hy = 1.0 x 1074,
hy = ho/2, hy = ho/4, hs = hy/8 & U, h=h; DBEOBERR v, £33, DL x, B
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72>0.0172 TVTNE mingea(ui—; —u) 50 E3XD, ug 2 u 2 up > u3 EHRETENT

5. Lo T h- 0Lt & BRARREDOEERIBEF I TILELS
ns.

B2 FEE Q= {(x1,x); =1.0 < x1, x2 < 2.0} ¢ R?. EEEMH N = 60, Ax; = Axy =
3.0/N =005, h=1.0%x10"% T =1.0,0 =04, p; =0.5, a; = a, = 0.125, B = 0.08875.
Y(x1, x2) = €791 72%2 max(max(e™, e*?) — 1.0, 0), ¢(S) = max(max(S,S2) - 1.0,0).

BER A BOIEIC KA BERR u DTS5 T % Fig. 31CRT. u DTS T DS BREIZEHK u
WRAATEE Yy E—BL T3 k%, BBRu>y THETEREKT.

u(x1,x2) u(x1,x2)
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T =0.200

Fig. 3. The graph of u in Example 2.

ROFNE 3 XTTDBETH O, XA A T7EEIIF 1 1YL 22D THB. 2Tk, &
RRRICBIIBAR—BES (x € Q; u>y) BT, (Fig. 4)

F3 mEE Q= {(x1,x2,x3); =1.0 < x1, X2, x3 < 1.0} c R, EBREZMEN = 32, Ax1 = Ax; =
Axz =2.0/N =0.0625, h=10x107, T=1.0,0=04, pp=p13=py3 =05, a; =a» =
as = 0.09375, B = 0.104219. y(x) = e~ M1~02%-03% max (0.4 + 0.4¢*2 + 0.4¢* — 1.0, 0),
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¢(S) = max(0.45; +0.4S, +0.455 - 1.0, 0).

7 = 0.0001 7 = 0.0005

7 = 0.001

Fig. 4. The graph of the noncoincident set {x € Q ; u > ¥} in Example 3.

BRI, TNTNOREGTERMOREREZ R 1 IRT . #iFmODEE% N, B AR
25w TIE 1000 &3 5. EERICIX Celeron 2.6 GHz, 512 MB X £V OFtE# T FreeBSD
53 FEFERALE.

Table 1. Elapsed Time for Example 1, 2.

N 20 40 60 80 100
Elements= N2 | 400 1600 | 3600 | 6400 10000
Example 1 3.15s | 10.57s | 24.15s | 43.37s | 123.40s
Example 2 4.36s | 14.97s | 32.93s | 57.49s | 130.18s
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5. #&am

BRARTREICXBERTT AV A Z Ty 3 VOBIEAF— LARREL, FOHEN
HE L BEFEHERZ R LU, MADOFEOF R, EXTN\DHENBRR L THD,
BEXRTTICBOTIE, FTOFEIZ—RNZ PC TLRITUARETH 5. BB OEREDEIE
BRI, BUEAF —LOISTA—Z h % 0 IEDI e B, BERICRAD T 5T LR
Nz THICEBARREL A A S—RICK A BEMBER LB L, ZOXNEEIBEHEIN
BT lERULE. TNE6DT LI, BERTT AV AVA TV 3 VBB EREDBERITO X
SABRBEICTITEHEETZLELILN, SEHORENMARTE 3.

6. HEF
AKAFRICEE L T, RIRKZE TITMEEEYRZZRO/MREERBFICIIB R ER W

72Tz, iz, RIRKZERRZMARETFIHRE 2 EFORBDBEICIITERERETF
BT\ We, TTICELUTRESE L2V,

BE
[1] T.P. Branson and Yang Ho Choi, “Option Pricing on Multiple Assets”, Acta Appl.
Math., 94 (2006), 137-162.

[2] K. Ishi and S. Omata, “Approximation via the discrete Morse semiflow to the American

option pricing”, preprint.

[3] N. Kikuchi, “A method of constructing Morse semiflows to variational functionals”,
Nonlinear World, 1 (1994), 131-147.

[4] S. Omata, “Numerical methods based on the discrete Morse semiflow”, Theoretical and
Applied Mechanics, 45 (1996), 189-194.

[5] S.Omata, H. Iwasaki, K. Nakane, X. Xiong, and M. Sakuma, “A numerical computation
to the American option pricing via the discrete Morse flow”, Theoretical and Applied
Mechanics, 52 (2003), 261-266.

[6] G. Strang and G.J. Fix, An analysis of the finite element method, Prentice-Hall, Engle-
wood Cliffs, New Jersey, 1973.

[7] X. Wu and X. Feng, “A Numerical Method for Determining the Optimal Exercise Price
to American Options”, J. Comput. Math., 21 (2003), No. 3, 305-310.

—172 —

NI | -El ectronic Library Service



The Japan Society for Industrial and Applied Mthenatics

BMULEICEBSRIETAVA VAT a v 754 S 7 OBERNE 679

NETHE (ERE)  T920-1192 &iRiA Ml IR RZEIEER
1998 FEMF RFERERERBEHRPHELRIREET. B EE). RIRREHEEN
FREBYRZRBE. BARBZE, HABUEEERE.

AR R GERE) T920-1192 iRMA M SIRKEHEHLE
1992 EFEIARLEREEZMFRRUE T . B1L (2. IR FEZMRBBBIERE
X BARBENIFERRE.

FHEF = ERE) T920-1192 iR A RTINS FEEES
LR TEAZE D X T LR BN, SIRKERZERE AR AR R IEERET
2. QARSI EEREE.

(20084F 3 H31H %)
(20084107 24 H & A ZAT)

—173 —

NI | -El ectronic Library Service



