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Mathematical analysis/algorithm

@ Two models:
e LVM with jumps:

ds;
? = o (t, S;) dW; 4+ (J — 1) (dN; — \¢df)

t

@ Regime-switching model:

ds
?’ — g (4, S) AW + (J — 1) (dN; — Ndt), VE< T
t
ds;
R =  oo(t,S))dWs, V> T, oo :=Jgoq
t

@ Find o so that: E(S7 — K), = C™{(T, K)
@ Leads to nonlinear McKean SDEs
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Calibration condition-McKean SDE

@ Dynamics of LVM with jumps:
— =0 (t, St) dW; + (J(St) — 1) (dNt — )\tdt)

@ If Sy ~ P& then

A(t, K)
K28KKkat(t, K) .

02(1., K) — U%upire(tv K) —2

where:

At K)=E (MK —=J(S)St) (1s>k — 1us)si>k)]
@ No existence/unicity result for this McKean SDE.
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McKean SDE: Regularizing the SDE

@ Regularize the function o — o°¢.

Proposition 1

Let us define

ass
St

— ¢ (8, S5) AW, + (J(SE) — 1) (dN; — At

Then this non-linear SDE admits a unique solution S.

@ How close is E(S% — K),. from C™( T, K)
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Main theorem?
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Forall (t,K) € [0, T] x R

lim E[(S{ — K)T] = C™ (¢, K).

e—0
4

Proof:

u(t, K) = E[(S; — K)*T] — C™(t, K). Find a PDE family (E,) s.t:
(i) u. solves (E.).

(ii) (E.) admits only one solution that tends to 0 as ¢ — 0.
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Numerical computations: particle method

N independent particles (S, ', N'),;_
Algorithm
0, T] = U;[iA, (i + 1)A].
Q Seto(t,S) = opuire(t, S), Vt € [0, A]
@ Compute A(A, K):

..... N

N
1 | |
ANAK) =4 PPN GERSNE s>k — 1siysi)>k)

=1

seto(t,K) = o(A,K) Vt € [A,2A].
©Q lterateupto T.
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Numerical implementation
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Figure: Calibrated implied volatilities compared to implied volatilities.
J=0.9, 0y, = 100%, ps, = —40%, 10000 particles for the calibration.
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Regime-switching model

SDE:
adS;
? = 0'1(t,St)th—l—(J—1)(dNt—)\tdt), Vi<t
t
%St = Jg(t,st)th, Vt > 1
t

where T is the first time to default of a Poisson process (N;):>o -



Calibration condition

Setting O‘Q(t, K) = Js(t, K)O‘1(t, K),

Proposition 3

Si ~ P for all t < T if and only if

Dupire (1, K)?
1+ (Jg(t, K)2 — 1)Ps(t, K)
(J — 1)(A(t, K) — K8k A(t, K))
Ak C™K(t, K)(1 + (Js(t, K)2 — 1)Po(t, K))
) JA(t, K — A(t, K)
Ok CK (8, K)(1 + (Is(t, K)2 — 1)Pa(t, K))

where: P>(t, K) := E[1,.-¢S; = K| and
/\(t, K) = [)\t17->t(st — K)_|_] -

o1 (t, K =

9/11



Numerical implementation
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Figure: Calibrated implied volatilities compared to implied volatilities,
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Conclusion

@ Robust numerical method

@ The approach to prove: lim o E[(Sf — K)T] = C™ (¢, K)
could be used for other calibration problems!
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