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IMEX-BDF2 Method for Solving Merton
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Abstract: Black-Scholes option pricing equation is one of the biggest achievements in modern financial theory. In this paper, we
studied the partial integro-differential equation with jump-diffusion process proposed Merton. The discretization of spatial differential
operators is by finite difference method. In view of the non-local property of the spatial integral operator, we use explicit time
discretization for reducing the compute cost. We further derived the variable step-size IMEX-BDF2 method for solving Merton
jump-diffusion model. Numerical example illustrates the effectiveness of the proposed method.
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N M S Compute Value Error Order Time (s)
25 128 90 0.528889604 0.00125158 0.37803
50 258 90 0.527815979 0.000177954 7.033165701 0.120286
100 512 90 0.527673151 3.51267E-05 5.066.58259 0.595874
200 1024 90 0.527646084 8.05937E-06 4.3584952 6.463674
400 2048 90 0.527639977 1.95199E-06 4.128796299 53.43201
800 4096 90 0.527638507 4.81829E-07 4.051208162 455.707518
25 128 100 4.352323614 0.038922075 0.037803
50 258 100 4.381683941 0.009561748 4.070602406 0.120286
100 512 100 4.388866217 0.002379472 4.018432147 0.595874
200 1024 100 4.390651622 0.000594067 4.005391716 6.463674
400 2048 100 4.391097238 0.000148451 4.001760488 53.43201
300 4096 100 4.391208582 3.71069E-05 4.000644041 455.707518
25 128 110 12.63468047 0.008725367 0.037803
50 258 110 12.64116189 0.002243942 3.888410295 0.120286
100 512 110 12.64284187 0.000563962 3.978885706 0.595874
200 1024 110 12.64326475 0.00014108 3.997460193 6.463674
400 2048 110 12.64337057 3.52641E-05 4.00067267 53.43201
300 4096 110 12.64339702 8.81468E-06 4.000611378 455.707518

® 2 ZMrES K BDF FiEMEIE—BIMAEEE BER

N M S Compute Value Error Order Time (s)
25 128 90 9.28671311 0.001295 0.035163
50 258 90 9.285604041 0.000186 6.963808 0.098961
100 512 90 9.28545486 3.68E-05 5.055369 0.551959
200 1024 90 9.285426506 8.43E-06 4.362689 6.087729
400 2048 90 9.285420114 2.04E-06 4.133507 52.77531
800 4096 90 9.285418577 5.03E-07 4.054234 458.0948
25 128 100 3.110131076 0.038895 0.035163
50 258 100 3.139467991 0.009558 4.069438 0.098961
100 512 100 3.146646922 0.002379 4.017859 0.551959
200 1024 100 3.148431793 0.000594 4.005108 6.087729
400 2048 100 3.148877312 0.000148 4.00162 52.77531
800 4096 100 3.148988637 3.71E-05 4.000574 458.0948
25 128 110 1.392476578 0.008709 0.035163
50 258 110 1.398943103 0.002243 3.883264 0.098961
100 512 110 1.400621867 0.000564 3.976448 0.551959
200 1024 110 1.401044747 0.000141 3.996264 6.087729
400 2048 110 1.4011506 3.53E-05 4.000079 52.77531
800 4096 110 1.401177063 8.82E-06 4.000317 458.0948

H Merton #k—4" BB B (%) 72 4 28 AT TF 550 H S i ] t =0 B, BRCE Bk A 0 0 78 $0A T M A

S=90, 100, 110 I (RIAGHA R K
V(0,90) = 0.52763802476, V(0,100) = 4391245689202, V(0,110) =12.64340583395.

[F3, fH Merton Bk—4 HUBIALAY & M A AT 1 Y1 ] t = 0 B, BH B M TEPA T %
S=90,100, 110, MG N:

V(0,90) = 9.285418074148, V(0,100) = 3.149025738590, V(0,110) =1.401185882783.

1, 2 ARG T AEE — S b R kAT B AL SR I E S=90, 100, 110 Ab BAFL A0 {E
(Compute Value), 1=Z(Error), FH% (R), H245H Tz kAR gLt fR 4L o B AL A9 st B (Time),
T —41 N FR R RORE 5 AL, 55 41 M 3RO 28 0] A% 15 AU 4%.
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