- .

Option pricing model based on
telegraph processes

Nikita Ratanov

Universidad del Rosario, Bogota, Colombia

University of Minnesota

October 10th, 2008

o -

Onption oricina model based on telearaph processes — p. 1/4



Background

-

Option pricing models based on the geometric Brownian
motion, e.g. Black-Scholes model,

=

S(t) = Spetttvr® 0 << T,

have well known limitations. These models (Black-Scholes
and its derivatives) have infinite propagation velocities,
iIndependent log-returns increments on separated time
Intervals among others.
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Background
5 o

ption pricing models based on the geometric Brownian
motion, e.g. Black-Scholes model,

S(t) = Spetttvr® 0 << T,

have well known limitations. These models (Black-Scholes
and its derivatives) have infinite propagation velocities,
iIndependent log-returns increments on separated time
Intervals among others.

To avoid these drawbacks, the existing models become
more and more sophisticated. The main goal of this work is
to propose the basic financial model (instead of the
Black-Scholes) which is simple and at the same time, is
free from the shortcomings diffusion based models.
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-

The PDEs which describe a behaviour of probability
densities of log-returns for Black-Scholes model (and its
derivatives) are parabolic.

=
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-

The PDEs which describe a behaviour of probability
densities of log-returns for Black-Scholes model (and its
derivatives) are parabolic.

=

Hyperbolic equations, having a finite velocity of propagation
and a finite dependence range, look more attractive.
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-

The PDEs which describe a behaviour of probability
densities of log-returns for Black-Scholes model (and its
derivatives) are parabolic.

=

Hyperbolic equations, having a finite velocity of propagation
and a finite dependence range, look more attractive.

To construct the hyperbolic model we begin with a
(right-continuous) Markov process, ¢ = o(t), t > 0 taking
values +1 with alternating intensities A+ > 0,
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-

The PDEs which describe a behaviour of probability
densities of log-returns for Black-Scholes model (and its
derivatives) are parabolic.

=

Hyperbolic equations, having a finite velocity of propagation
and a finite dependence range, look more attractive.

To construct the hyperbolic model we begin with a
(right-continuous) Markov process, ¢ = o(t), t > 0 taking
values +1 with alternating intensities A+ > 0, more
precisely,

P(o(t + At) = 1|o(t) = —1) = A_At 4+ o(At),
Plo(t+ At) = —1|o(t) = 1) = AL At 4+ o(At),

as At — 0.
B o
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Telegraph processes
-

fThe time intervals 7, — 7,_1, 7 =1, 2, ..., separated by
moments 7;, j =1, 2, ..., of value changes are
independent and exponentially distributed Exp(Ag_1yi-1).
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Telegraph processes
-

fThe time intervals 7; — 7,1, 7 =1, 2, ..., separated by
moments 7;, j =1, 2, ..., of value changes are
iIndependent and exponentially distributed Exp(Ag_1)i-1).
The initial state s = ¢(0) of the process o(t),t > 0 IS
deterministic and equal to +1 or —1.
The process o (t), t > 0 can be viewed as a Markov flow of random
timesO0 =19 <711 <79 < ...
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Telegraph processes
-

fThe time intervals 7; — 7,1, 7 =1, 2, ..., separated by
moments 7;, j =1, 2, ..., of value changes are
iIndependent and exponentially distributed Exp(Ag_1)i-1).
The initial state s = ¢(0) of the process o(t),t > 0 IS
deterministic and equal to +1 or —1.

The process o (t), t > 0 can be viewed as a Markov flow of random
timesO0 =19 <711 <79 < ...

Let N(t) be the number of switches on |0, ¢] of the process
o(t). Note that Ny are Poisson processes with alternating
Intensities A\, \_5, \g,..., s = =£1. Moreover,

o(t) = s(—1)Ns(0),
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Telegraph processes (2)
-

For given numbers c_ < ¢, we define the processes

=

t
Xs(t) = /CUS(T)dT, t > 0. (1)
0
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Telegraph processes (2)
-

For given numbers c_ < ¢, we define the processes

=

Coy(rydT, T2 0. (1)

<:~‘\WF

The processes X, s = 4 are called (inhomogeneous) telegraph
processes with states (c_, A_), (c+, Ay) with the beginning at s.
In a symmetric case (for \_ = Ay and —c_ = ¢ = c¢), the processes

X4+ = *+c f N(T)Ar are usually referred to as (integrated)

telegraph process.

o -
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Mar kov-modulated dynamics

-

It Is easy to see that stock price of the form

=

dS(t) = S(t)cyrdt < S(t) = Soexp(Xs(1))

admits arbitrage opportunities.
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Mar kov-modulated dynamics

-

It Is easy to see that stock price of the form
dS(t) = S(t)cyrdt < S(t) = Soexp(Xs(1))

admits arbitrage opportunities.
To avoid arbitrage this model can be modified as
Markov-modulated dynamics

AS(t) = S(8) eyt + vy dW (£)
0
S(t) = So eXp(XS(t) + /() UJ(T)dW(T)),

where W (t) Is a standard Brownian motion (X.Guo,
LL.C.G.Rogers).
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Jump-telegraph model
=

For given numbers h4+ > —1 we define jump process

=

N (t)

Js(t) =Y hoyr—), t >0
j=1
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Jump-telegraph model
=

For given numbers h4+ > —1 we define jump process

N (1)
h(,s(Tj_) t >0
i=1

and consider the stock price dynamics of the form
dS(t) = S(t—)[cy,)dt + dJs(1)]

)
N (1)
S(t) = So&{Xs + J} = Spexp(X (1+ h,.
7=1

o
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). (2)
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Picture

X+J

Sample path of X + J
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Jump-telegraph model
-

The price of the non-risky asset has the form

=

Bty =", (1) = / rodr, o, e >0, (3)
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Jump-telegraph model
-

The price of the non-risky asset has the form

=

t
Bty =", (1) = / rodr, o, e >0, (3)

0

We assume that the parameters of model (2)-(3) satisfy the
conditions
r— — C_— ry —Cq

A= 0 A= 0 4
" T > 0, N ™ > (4)

o -
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Telegraph martingales

o .

The next theorem could be considered as a version of the
Doob-Meyer decomposition for telegraph processes with
alternating intensities.

Theorem 1. Let X be the telegraph process with states (c_, A_) and
(¢4, A+), and Jg be the jump process with jump values h > —1,
which are defined in (1), s = &£. Then X + J, is a martingale if and
only if

)\_h_ — —C_, )\_|_h_|_ — —C4.
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Telegraph martingales

o .

The next theorem could be considered as a version of the
Doob-Meyer decomposition for telegraph processes with
alternating intensities.

Theorem 1. Let X be the telegraph process with states (c_, A_) and
(¢4, A+), and Jg be the jump process with jump values h > —1,
which are defined in (1), s = &£. Then X + J, is a martingale if and
only if

)\_h_ — —C_, )\_|_h_|_ — —C4.

Remark. In particular, it means that any (nontrivial) telegraph process
without jumps (i.e. if A+ = 0) never possess a martingale measure.
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Telegraph martingales

o .

The next theorem could be considered as a version of the
Doob-Meyer decomposition for telegraph processes with
alternating intensities.

Theorem 1. Let X be the telegraph process with states (c_, A_) and
(¢4, A+), and Jg be the jump process with jump values h > —1,
which are defined in (1), s = &£. Then X + J, is a martingale if and
only if

)\_h_ — —C_, )\_|_h_|_ — —C4.

Remark. In particular, it means that any (nontrivial) telegraph process
without jumps (i.e. if A+ = 0) never possess a martingale measure.
Jump component here is supplied not only by reasons of
adequacy. Jumps serves as the instrument to avoid

Larbitrage opportunities. J

Onption pricina model based on telearaph processes — p. 10/4



Pr oof
| -

The proof follows from representations:

1 — e—A(t—T)
E(Js(t) | F7) = Js(7) + vH(E — T) + Ag(r)a0

) 1 — e—A(t—T)
E(Xs(t) | FT) — XS(T) + g(t - T) + AO’(T)dO'(T)

A 3
with H = h— + h—|—7 AN=A_+ )\—I—a Y= >\_>\+7 — C—I_)\__/I{C_)\—I_;
and CL:|:—:|:>‘+h+A)‘ h— d:t—IIIC+AC_ s — L

Here F = (Fif);>( denotes the filtration (F = {0, Q1),
generated by o(t), t >0, starting at s, s =¢(0) = +.

o -
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Change of measure

-

Let X be the telegraph process with the states (¢, A1),

=

N.(t)
and Ji=— > ¢ /)\ ) be the jump process with
jump values bl = —ci/Ai > —1. Consider a probability

measure P} with a local density Z; with respect to P, s = +:

dIP;

Zs(t) = d]Pf 1= & (XT + ), 0<t<T.

Using properties of stochastic exponentials, we obtain

N (t)
AOETSE | BEENN
- " o
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Girsanov theorem

-

Theorem 2. Under the probability measure P,

=

® process Ny = Ng(t), 0 <t < T'is a Poisson process with
intensities A* = A_ — ¢* = A_(1+4 h*) and
L= —c =2 (14 AL).

® process Xy = X(t), 0 <t < T'is atelegraph process with
states (c—, A\*) and (c4, A% ).

o -
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Girsanov theorem

-

Theorem 2. Under the probability measure P,
® process Ng = Ng(t), 0 <t < T is a Poisson process with
intensities A* = A_ — ¢* = A_(1+4 h*) and
L= =L =2 (1+hRL).
® process Xy = X(t), 0 <t < T'is atelegraph process with
states (c—, A\*) and (c4, A% ).

Theorem 3. Measure [P} is the martingale measure for the process
B(t)~1S(¢), t > 0if and only if

" r— —C— " ry — Ct
c. = A — , CL = Ay —
h_ hy
Moreover, under the probability measure P, the process Nj is the
Poisson process with alternating intensities A\* = T‘h__c‘ and

*x _ T4 —C4
N o= T

Onption pricina model based on telearaph processes
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Fundamental equation (1)
- -

Consider a European option with maturity time 7" and payoff
function f(S(7T)). We assume f Is a continuous and
piecewise smooth function. To price these options, we need
to study the function

F(t, z, s) = B} |0 faeT Dk (T~ 1)|,  (5)

s==4, 0<t<T,

where E? denotes the expectation with respect to the
martingale measure P*.

o -
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Fundamental equation (1)

-

Consider a European option with maturity time 7" and payoffT
function f(S(7T)). We assume f Is a continuous and

piecewise smooth function. To price these options, we need

to study the function

F(t, z, s) = B} |0 faeT Dk (T~ 1)|,  (5)

s==4, 0<t<T,

where E? denotes the expectation with respect to the
martingale measure P*.

Fy = F(t, S(t), o(t)) Is the strategy value at time

t, 0 <t < T of the option with claim f(S(7T")) at the maturity
time T

o -
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Fundamental equation (2)

-

Theorem 4. Function F' is a solution of the following hyperbolic system:
forO <t <T,

=

OF (t.2.5)+ OF (t.z.5)
—(t,z,8) + css—(t, x, s
ot Ox
= (rs + A\J)F(t,x,s) = \iF(t,z(1 + hg),—s), s=+ (6)
with the terminal condition F'(T', =, s) = f(x). Here
A= (rs — cs)/hs.

o -
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Fundamental equation (2)

-

Theorem 4. Function F' is a solution of the following hyperbolic system:
forO <t <T,

=

O i a,s) + etz
o7 (6 %:8) + e (t, 7, 8

= (rs + A\J)F(t,x,s) = \iF(t,z(1 + hg),—s), s=+ (6)

with the terminal condition F'(T', =, s) = f(x). Here
N = (rs — cs)/hs.

This system plays the same role for our model as the
fundamental Black-Scholes equation:

1 o 40°F OF OF
2V T T = (7)

o -
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Fundamental equation (3)

fIn contrast with classical theory, system (6) is hyperbolic. T
In particular, it implies the finite velocity of propagation,
which corresponds better to the intuitive understanding of
financial markets and to the viewpoint of technical analysis.

Note that these equations do not depend on A4, just as the
equation (7) in the Black-Scholes model does not depend

on the drift parameter.

o -
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Conver genceto Black-Scholes (1)

-

It is known that (homogeneous) telegraph process T
X = X(t), t > 0 converges to the standard Brownian motion

w(t), t>0,ifc, X — o0, /N — 1.
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Conver genceto Black-Scholes (1)

-

It is known that (homogeneous) telegraph process T
X = X(t), t > 0 converges to the standard Brownian motion
w(t), t>0,ifc, X — o0, /N — 1.

The following theorem provides a similar connection (under
respective scaling) between stock prices driven by

geometric jump telegraph processes and

geometric Brownian motion.

Letc, —c. — 00, A, Ay — o0, h_,hy — 0and

C4+ — C— )\_|_
> O, — 7, VA+ht — ag, (8
N+ N Y +1+ +, (8)

VM s \ﬁ

R Y. Ay +

C++)\+h+) — 0. (9)J
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Conver genceto Black-Scholes (2)

=

|7Theorem 5. Under the scaling conditions (8)-(9) model (2) converges to
the Black-Scholes:

S(t) 2 Spexp{ow(t) + (§ — 52/2)t},

2 2
where v = \/ (o + (yar —a_)/(1+7))* +  and % = 1=
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Conver genceto Black-Scholes (2)

|7Theorem 5. Under the scaling conditions (8)-(9) model (2) converges toT
the Black-Scholes:

S(t) 2 Spexp{ow(t) + (§ — 52/2)t},

2 2
where v = \/ (o + (yar —a_)/(1+7))* +  and % = 1=

Remark. Under the martingale measure [P* transition intensities take a
form —cy /h4 (if r+ = 0). Thus the drift vanishes,

A=Y (et Ah )+ L= (cy + Aphy) =0

VAL +VA- VAL VA
Moreover, In this case
1 Cy—C_ R B )\_|_h_|_—)\_h_ a4y —a— - e
o = lim NowEnyswibe lim NowEny walie I The limiting

2 2
volatility v in this case coincides with 5: v = § = \/afjva‘.
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Conver genceto Black-Scholes (3)
B

fRemark. Condition (11) in this theorem means that the total drift

_ VAic —I—\/)\—_c_ VAL
A = et 4 A (Ve /A

asymptotically finite. Here Y2+<£TVA-C= g qanerated by the velocities
VAL VA

of the telegraph process, and the summand

\/)\:\Ii\/}\ VALhy + A/ A_h_ ) represents the drift component
(possibly with infinite asymptotics) that is motivated only by jumps. If

here the limits of A\t h4 are finite, then a+ = lim \/)\ihi — 0. In this
case the volatility of limitis v = 0 = lim(cy — c—)/(\/ A+ + /A

o -
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Conver genceto Black-Scholes (3)

- .

emark. Condition (11) in this theorem means that the total drift

_ \/Kc++\/)\—_c_ VAL
A= T WA A
asymptotically finite. Here @iii\%\—‘c‘ is generated by the velocities

of the telegraph process, and the summand

VA Aii\/_)\ VALhy + A/ A_h_ ) represents the drift component
_|_
(possibly with infinite asymptotics) that is motivated only by jumps. If

here the limits of A\t h4 are finite, then a+ = lim \/)\ihi — 0. In this

case the volatility of limitis v = o = lim(cy — c_) /(1 /Ay + \/

Hence in jump telegraph model value c+ — C_ \/)\_|_ + /A can

be interpreted as “telegraph” component of volatlllty, while \/)\ihi are
volatility components engendered by jumps.

o -
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Convergence to Black-Scholes (4)

- .

v = \/(0 + (yor —a_)/(1+7))° + 32 depends both on
“telegraph” and jump components.

n general, the limiting volatility
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Convergence to Black-Scholes (4)
fI

v = \/(0 + (yor —a_)/(1+7))° + 32 depends both on

“telegraph” and jump components.
So it is natural to define volatility of jump telegraph market

as
2 2
V012 _ Cy+ — C— (1 . )\_|_h_|_ — )\h)
\/)\_|_—|—\/)\_ Cy+ — C—
\/ A_Aph? + \/AM h2

Ay +

=

n general, the limiting volatility
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Pricing call options (1)

A .

ccording to the theory on option pricing, we have
¢’ =E; [B(T)"1(S(T) - K)*],

where K Is the strike price and EX(-) Is the expectation with
respect to the martingale measure P;. In case of the model
(2)-(3), one can rewrite ¢* as

¢ = SoU) (y, T) — Ku®(y, T), s==+ (10)
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Pricing call options (2)

W
Wy, T) =Y ut) (y — b5, T),
n=>0
Uy, T) = > U (g =03, ),
n=0

where y = In K/ Sy, bl = >_ In(1+ h,(,,_y), and functions
j=1

W U p >0, s = + can be directly calculated.

o -
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Pricing call options (3)

ul) (y,t) = EX [B () Lix(t)>yN()=n] -
U (y,t) = EX [BOTYE(X + )L x>y N (0)=n} ] -
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Pricing call options (3)

-

Here
u$ (y, ) = BX [BO) x>y N(0)=m} ] »

U (y,t) = EX [BOTYE(X + )L x>y N (0)=n} ] -

Lemma. Uﬁ(y, ty AL, e, T1) = u,,(f)(y, t; NXL(14+ hy), ct, 0).
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Pricing call options (3)
fHere T
ul (y,t) = E B(t) "1 x(5)>y N(t)=n}] -

U (y,t) = EX [BOTYE(X + )L x>y N (0)=n} ] -

Lemma. Ués)(y, ty AL, e, T1) = u,,(f)(y, t; NXL(14+ hy), ct, 0).
Functions (uﬁf), n > 1) are continuous and piece-wise
continuously differentiable.
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Pricing call options (3)
L o

ere
ul) (y,t) = EX [B () Lix(t)>yN()=n] -
U (y,t) = EX [BOTYE(X + )L x>y N (0)=n} ] -

Lemma. Ués)(y, ty AL, e, T1) = u,,(f)(y, t; NXL(14+ hy), ct, 0).
Functions (uﬁf), n > 1) are continuous and piece-wise

continuously differentiable. Moreover, Vn, uff> =01fy > cat,

and u' (y, 1) = P (t) = et [ e~ eplS) (2, t)da if y < c_t.

— 00

o -
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Pricing call options (4)
5

Finally, these functions can be calculated as

0, y > cit,
(s) _

u =4 wPp, q), cit<y<ept, o=zl

(1), y <t

_ c4t—y y—c—t

D= 4= e where

wf,(f) — o~ (M) g— (A4 )p A,,(f)u,gs) (p, q),

o\ (1) = e~ A+ A L PIY) (1) with
AR = (D e/ s = & n > 0.

o

Onption pricina model based on telearal

ph processes
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Pricing call options (5)

. .

Functions Pf,g ) and v7(7, ) are defined as follows:
P()("‘) — e—at’ P( ) 1

P =P =2 |1+ Z mi 4 L) (Z!t)k] . where

n+1

mbt = [n/2) ,m% ) = [(n - 1)/2],
(m)g=m(m+1) ... (m+k—-1),a=X\_ =\ +ry —r_;
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Pricing call options (5)
B o

Functions Pf,g ) and v7(7, ) are defined as follows:
P()("‘) — e—at’ P( ) 1

P =P =2 |1+ Z mi 4 L) (Z!t)k] . where

n+1

mbt = [n/2) ,mé ) = [(n - 1)/2],
(m)g=m(m+1) ... (m+k—-1),a=X\_ =\ +ry —r_;

v(()_) = 0, v(()+) =e vﬁi) = Pi(p) and forn > 1

+ + no _k
o = (0, @) = Py (p) + 3 frokn(r)
1 k:

oS =0 (p, ) = P (p) + z T o1 (P),

) =) = P§:><p>+k_1 ok 10-1(0)

.
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Pricing call options (6)

. .

Here o, = Pani1,
k—1 |
o= "I P 1<k <n,
=0

where Gy ; = (’“[—j%[]j!/z]_
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Pricing call options (6)
h

ere Po,n — P2n—1—1, T
k—1 |
o= S P <k
7=0

where Gy ; = (k[_j%[]j!/z]_

In particular case A% = A\* = \, r; = r_ = r these functions
have a more simple form p(i)(t) — o~ (M)t (A"

/rL —

n! >
+ M n
w7(1 ) — e—()\—i—”r’)t% E : qkpn—k. Here

=\ K
m&H = /2], m$) = [(n—1)/2]

. B

Onption pricina model based on telearaph processes — n. 26//




Memory effects and historical volatility

. .

Historical volatility is defined as

HV (1) — \/Var{log S(t+ T)/S(T)}. o

t

For classical Black-Scholes model
log S(t +7)/S(7) £ at + vw(t) the historical volatility is
constant: HVps(t) = v.
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Memory effects and historical volatility
. o

Istorical volatility is defined as

(2)

HV (1) — \/Var{log S(t+ T)/S(T)}.

t

For classical Black-Scholes model

log S(t + 7)/S(7) 2 at + vw(t) the historical volatility is
constant: HVps(t) = v.

In a moving-average type model

t T

log S(t)/S(0) = at + vw(t) — U/dT / pe~ TP T Qo (),

0 — 00

Lwhere v, q, ¢+ p > 0 the historical volatility is J
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Memory and historical volatility (2)
- o

o)
- —_— 2
HV 2)\\/61 + p(2q + p)P (1)

o 1_e—2>\t

with 2\ = ¢ +p and ®,(t) = ~—;—. Recently this type of

models have been applied to capture memory effects of the
market.
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Memory and historical volatility (2)
- o

o)
- —_— 2
HV 2)\\/61 + p(2q + p)P (1)

with 2\ = g + p and &, (¢t) = 2 ;At Recently this type of
models have been applied to capture memory effects of the
market.

Historical volatility in the jump telegraph model

(in particular case \g = \; := \) IS

HV;(t) = /02 + K209y (1) /A + 7i®A(t) — 2Br(—1)ie—2M

with 02 = a? /X + AB?, k = a + \b, v; = —2a(k — (—1)'AB) /.

Here b = 1 ln 1121,3 1 111(1 -+ h1)(1 + h()), C = (61 — Co)/Q,

a = (c1 +co)/2

. -
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Memory and historical volatility (3)

instoricaI volatility in jump telegraph model has the
following very natural limiting behaviour:

=

t—00 2A3
(B=2In(1+hy)(1+ho), c=(cty —c_)/2).

lim HV(f) = \/ M B2 (A B+ o)

o -
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Memory and historical volatility (3)

instoricaI volatility in jump telegraph model has the
following very natural limiting behaviour:

=

i ()= A0 B -0 o

(B=2In(1+hy)(1+ho), c=(cty —c_)/2).

These limits look reasonable: the limit at O is engendered
by jumps only, the limit at oo contains both “velocity"
component and a long term influence of jJumps.

o -
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Memory and historical volatility(3)

- .

The limits of historical volatility under a standard diffusion
scaling are more complicated. Nevertheless, in the
symmetric case A, = A_ = A, we have under the scaling
conditions A\, a — oo, he — 0, a®/\ — 02, VAht — a4 that
the historical volatility HV . (¢) converges to

VT + (ay + a)?/4.

Notice, that under the martingale measure P*, we have
A= —c+/hy, 0 =(—ay + a_)/2, and the diffusion limit of

historical volatility equals to v = \/(o& + a2 ) /2, which

coincides with the volatility expression for the diffusion
scaling.

o -
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Implied volatility (1)
-

Define the Black-Scholes call price function f(u,v),
= log K by

F(R+y)—erp (-

=

MIE

), it v >0,

EI:

(1 —eM)T, if v =0,

where F'Is the standard Gaussian distribution function.
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Implied volatility (1)
-

Define the Black-Scholes call price function f(u,v),

— log K by
) —enE (T -

(1 —eM)T, if v =0,

£
¥

F( +
fu,v) =

), it v >0,

SR
EI:

where F' Is the standard Gaussian distribution function.
The processes Vi (u,t), t > 0, u € R defined by the
equation

E[(S(t+7)/S(T) — )" |Fr] = fb, Vo (n1))

Lare referred to as implied variance processes. J
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Implied volatility (2)
-

The implied volatilities IV (i, t) are

N:I:(,Uat) _ \/V:l:(;fuvt).
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Implied volatility (2)
-

The implied volatilities IV (i, t) are T

Vi (p,t) = \/Vi(fjt)-

We performed the numerical valuation of the jump
telegraph volatility and the historical volatility, which are
compared with the implied volatilities with respect to
different moneyness and to the initial market states.

o -
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Implied volatility (2)
-

The implied volatilities IV (i, t) are T

Vi (p,t) = \/Vi(fjt)-

We performed the numerical valuation of the jump
telegraph volatility and the historical volatility, which are
compared with the implied volatilities with respect to
different moneyness and to the initial market states.

We assume Sy = 100,7T" = 1.

First, consider the symmetric case: A\+ = 10,c+ = £1 and
h+ = F0.1. Notice that these frowned smiles of implied
volatilities IV_ and IV, intersect at K/Sy = 1.17.

o -
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Volatility smile (1)

HV 4+ = 0.3162, jJump telegraph volatility=0.3162

0.34

0.33- 7

0.32- 7

0.31

0.3 _

0.29- 7

implied volatility

0.28 - 7

0.27

0.26 - _

0.25 | | | |
- -0.5 0 0.5 1 15

log—-moneyness: Iog(K/SO)

\_Aj: = 10,cq4 = +1,he = F0.1
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Volatility smile (2)

HV_ = 0.4198, HV+ = 0.4402; tel. volatility=0.4301

0.49

0.485 -

0.48

0.475

0.47F

0.465 b

implied volatility

0.46

0.455 - b

0.45 _

0.445 | | | | | | | |
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

log—moneyness: Iog(K/SO)

T =1, So =100, r =0, c- =0.3, c; = 1.9,

A+ = 10,h_ = —0.03,h4 = —0.19
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Volatility smile (3)

Dow-Jones industrial average July 1971-Aug 1974
01538 —oie —014 —o.‘z (; o‘.z 0‘4 oie 018 i 1.2

log-moneyness: Iog(K/S&

Ao = 48.53, A1 = 34.61, hg = —0.0126, h; = —0.0358,
co = 0.61,c1 = 1.24; HVy = 0.1630, HV; = 0.1642;

jump telegraph volatility=0.1661

A. De Gregorio and S. lacus, Parametric estimation for the standard and geometric telegraph
process observed at discrete times. Preprint, Milan, 2006
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Volatility smile (4)

implied volatility

120

t=1,50 =100, A+ = 10,h_ = —0.03, hy = —0.19,c_ = 0.3,c4 = 1.9
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Problems and per spectives

-

# (a) Velocities move through a binary tree (as in
CRR-model);
(b) Calibration of the parameters of jJump telegraph
model according to real market data;
(c) iInhomogeneous case:
C; — ci(:z:,t), )\7; — )\i(x,t), hi — hi(x,t)
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Problems and per spectives

- .

# (a) Velocities move through a binary tree (as in
CRR-model);
(b) Calibration of the parameters of jJump telegraph
model according to real market data;
(c) iInhomogeneous case:
C; — ci(:z:,t), )\7; — )\i(x,t), hi — hi(x,t)

# Jumps h;, and/or velocity values ¢;, and/or intensities \;
are random. In this case the model is incomplete

o -
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Problems and per spectives

- .

# (a) Velocities move through a binary tree (as in
CRR-model);
(b) Calibration of the parameters of jJump telegraph
model according to real market data;
(c) iInhomogeneous case:
C; — cz'(a:,t), )\7; — )\i(x,t), hi — hi(x,t)

# Jumps h;, and/or velocity values ¢;, and/or intensities \;
are random. In this case the model is incomplete

# Occupation time distributions for jump telegraph
processes and path dependent options

o -
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Problems and per spectives

=

(a) Velocities move through a binary tree (as In
CRR-model);

(b) Calibration of the parameters of jJump telegraph
model according to real market data;

(c) iInhomogeneous case:

C; — cz'(a:,t), )\7; — )\i(x,t), hi — hi(x,t)

Jumps h;, and/or velocity values ¢;, and/or intensities );
are random. In this case the model is incomplete

Occupation time distributions for jump telegraph
processes and path dependent options

Application of reaction-advection random motions to
market models

-
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