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Abstract

In reality insurance claims may be delayed for several reasons and risk models with this
feature have been discussed for some years. In this paper we present a sample path large
deviation principle for the delayed claims risk model presented in [11]. Roughly speaking each
main claim induces another type of claim called by-claim; any by-claim occurs later than its
main claim and the time of delay is random. Successively we use Géartner Ellis Theorem to
prove a large deviation principle for a more general version of this model, in which the following
items depend on the evolution of an irreducible (continuous time) Markov chain with finite state
space: the intensity of the Poisson claim number process, the distribution of the claim sizes and
the distribution of the random times of delay. Finally we present the Lundberg’s estimate for
the ruin probabilities; in the fashion of large deviations this estimate provides the exponential
decay of the ruin probability as the initial capital goes to infinity.
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1 Introduction

In reality insurance claims may be delayed for several reasons. Risk models with delayed claims
have been discussed for some years and a wide source of references with models having this feature
can be found in [11].

In this paper we present as the "classical case” the risk model in section 2 in [11]. We also
consider a generalization of this model and we use the term ”Markov modulated case”. Roughly
speaking in both the cases we have the following situation: each main claim induces another type
of claim called by-claim; any by-claim occurs later than its main claim, with a random time of
delay.

We are interested in large deviation estimates for the risk models in this paper. We refer to [5]
as a reference on large deviations: in particular see pages 4-5 for the definition of large deviation
principle (LDP for short) and of good rate function.

Under some light tail assumptions there are some known large deviation results for a risk model
with Poisson shot noise delayed claims, which coincide with the analogous results for the associated
risk model with non-delayed claims: we have the same sample path large deviation rate function
(see [7]) and consequently the same Lundberg’s estimate for the ruin probabilities. The coincidence
of Lundberg’s estimates for the ruin probabilities has been already proved (see Theorem 2.1 in [3]).

For the classical case we prove a sample path LDP, namely a LDP on the space of cadlag
functions D[0,1]. The method used in the proof is similar to the one presented in [7] for a risk
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model with Poisson shot noise delayed claims. Thus we obtain the same kind of result, i.e. we have
the same rate function concerning the associated risk model with non-delayed claims (see eq. (3.1)
in [11]) and consequently we have the same Lundberg’s estimate for the ruin probabilities. The
coincidence of Lundberg’s estimates for the ruin probabilities has been already pointed out (see
section 4 in [11]).

For the Markov modulated case we prove a LDP on R and we use the Gértner Ellis Theorem (see
section 3 of chapter 2 in [5]). The Markov modulated case is a generalization of the classical case
(see Remark 3.3) and the associated risk model with non-delayed claims is a Markov modulated
risk model according to the terminology in [10] (chapter 12, section 3; see also chapter 12, section
2, subsection 2, example 4 at page 506 in the same reference).

Finally we present the Lundberg’s estimate for the ruin probabilities (Proposition 4.1). More
precisely we use some results in [6] to prove that, in the fashion of large deviations, the ruin
probability ¢ (u) decays exponentially as the initial capital u goes to infinity.

The results for the Markov modulated case and their proofs have some analogies with Propo-
sitions 2.1 and 3.1 in [9] which concern a risk model with Poisson shot noise delayed claims. In
[9] the stochastic intensity (A(¢)) of the claim number process is more general than the Markov
modulated intensity presented here, but we have less general hypotheses on the claims which are
i.i.d. and independent of (A(t)); moreover a Brownian perturbation is allowed in [9].

The paper is organized as follows. In section 2 we present the classical case and the correspond-
ing sample path LDP. Section 3 is devoted to the Markov modulated case and, finally, we conclude
with large deviation estimates for ruin probabilities in section 4.

2 The classical case and the sample path LDP
Let us present the model (see section 2 in [11]). Let (S¢) be the process defined by
Sy =u+ct — Dy, (1)

where u is the initial capital, ¢ is the (constant) premium rate and (D;) is the aggregate claims
process. The process (D;) is the sum between the aggregate main claims process and the aggregate

by-claims process: the first one is a compound Poisson process (Zgil Xk>, where (IVy) is the

corresponding Poisson claims number process with intensity A, and Ny = >, 17, <¢; the second
one is (Z >1 Yk 1Tk+Wk§t>v so that the corresponding claims number process (Nt) can be written

as Nt = Zkzl 1Tk+Wk§t' Thus

Ny
Dy =Y Xp+ Y Vilnywy<i- (2)
k=1 k>1

Roughly speaking a main claim X}, occurs at time T}, and generates a by-claim Y}, at time Ty, + W,
where Wy, is a random time of delay. We point out that the sequences of random variables (X,,),
(Yn), (T,) and (W),,) are independent; moreover each one of the sequences (X,), (Y,) and (W) is
a sequence of i.i.d. positive random variables.

It is useful to consider the associated risk model with non-delayed claims; thus let us consider
the modification (S}) of (S;) defined by

N
Sf =u+ ct — Df, where D} = (Xi + ). (3)
k=1

We point out that the aggregate claims process (Dj) is a compound Poisson process.



In this section we consider sample path LDPs, i.e. LDPs on the space of cadlag functions
DJ0,1]. Given a process with cadlag paths (Z;), we say that (%) satisfies the LDP with rate

function I if I : DI]0,1] — [0, 00] is a lower semicontinuous function and

1 Zia. 1 Zo
— inf I(f)gliminf—logP< ( )EB) §limsup—logP( (o) €B> < —inf I(f)

feB° a—o0 (X (6 a—oo « « feB

for all Borel set B in D0, 1] (we use the standard notation B° for the interior of B and B for the
closure of B); thus we refer to the topology of uniform convergence. Furthermore [ is a good rate
function if the level sets of I

{f € DI[0,1] : I(f) <n} (for all n > 0)

are compact sets.
The aim of this section is to show that (%) satisfies the LDP with rate function I defined

by

[YA*(f(t))dt if f e AC[0,1] and f(0) =0

o0 otherwise

10 ={ , (4)

where AC0, 1] is the family of all absolutely continuous defined on [0, 1],

A*(z) = 22]12[9”” — A(0)] and A(F) = A(E[" )] — 1) = A(E[" R[] — 1). (5)

This LDP will be proved assuming that the next light tail condition (superexponential condition)
holds:
(S1): E[e" 1E[e’1] < oo for all § € R.
The idea is to prove the sample path LDP by adapting the procedure in [7] for the Poisson
D*
shot noise delayed claims process. Thus we shall show that (%) and (%) are exponentially

equivalent as o — oo (see Definition 4.2.10 in [5]), so that the sample path LDP we want to prove
will follow from Theorem 4.2.13 in [5] and the next known result (see [2]; see also [4] and the
references cited therein).

D*
Proposition 2.1 Assume (S1) holds. Then (%) satisfies the LDP with rate function I as in
(4). Moreover the rate function I is good.

We shall use the symbol [-] to denote the integer part of a real number. Let (A,) be the sequence
defined by

n
k=1
In view of the proof of the sample path LDP the following lemma is needed.

Lemma 2.2 Assume (S1) holds. Then lim,_.o * logE[e?4n] =0 for all 6 > 0.

Proof. Let 6 > 0 be arbitrarily fixed. We have E[eeA"] > 1 for all n > 1 since 8 > 0 and the
random variable A,, is nonnegative; thus we can immediately say that liminf, % log E[ef47] > 0.
Thus we complete the proof showing that limsup,,_, . % log E[ef47] < 0.

By the dominated convergence theorem we have limy_, o, E[e?Y11W1>¢] = 1; therefore for all & > 0
there exists ¢(e, ) > 0 such that

E[60Y11W1>t] < e forallt > t(s, 9) (7)



For all n > 1 and for all n > 0 we have
P(Nye ) > [ne]) < e MeE[eMVue0)] = emnind #AUSO (1)

and therefore limsup,,_, ., + log P(Ny(e,9) = [n€]) < —ne; thus, since n > 0 is arbitrary,

n

1
lim —log P(Ny. g > [ne]) = —oc.

n—oo n

In conclusion, since we have P(T},. < t(g,0)) = P(Nycg) > [ne]) for all n > 1, we obtain

lim ~log P(Thy < t(c,6)) = —oo. (8)

n—oo n

Now let us write
E[e?4"] = E[e®*" 11, cye0)] + Bl 17, _51c0)]

and we shall derive bounds on each addendum. Note that A, < Y} _; Y} and we have
E[eoA" 1T[n€]<t(a79)] < E[692Z:1 Vi 1T[n€]<t(£,9)] = (E[eeyl])nP(T[na] < t(e,0))

since 6 > 0, (Y1,..., Y, Tj,e)) are independent and (Y1, ...,Y;) are i.i.d.; thus we obtain

.1
lim — log B[/ L7y, <t(z0)] = =00 9)

n—oo N

holds by (8) and (S1). Moreover set

[ne]—1 n
Brn= ) Yit D Vilwsueo)
k=1 k=[ne]

and, if {7T},,) > t(g,0)}, we have A, < By; thus
E[e%4n 7 >t(e0)] < E[e?5r Ly, >t(e0)] < (E[eM1])lneltestnnel+1) (10)

where the first inequality holds by A, < B, (under the hypothesis {7}, > t(¢,0)}) and the second
inequality holds by the definition of B,, and (7).

Thus, by (9) and (10), we have limsup,, ., + log E[ef4n] < elogE[e?Y1]4+¢(1—¢). In conclusion,
since (S1) holds and € > 0 can be chosen arbitrarily small, we have limsup,,_, ., % log E[ef47] < 0.
O

Now we are able to complete the proof of the sample path LDP.

Proposition 2.3 Assume (S1) holds. Then (%) satisfies the LDP with rate function I as in
(4)-

D*
Proof. Proposition 2.1 provides the LDP of (ﬁ> and the goodness of the rate function I in (4).

(e}
*

D
Thus, by Theorem 4.2.13 in [5], we only need to show that (Dij)) and ( (Of‘)) are exponentially

equivalent as @ — 00, i.e.

1 1
lim —log P(My > 6) = —oo (for all § > 0), where M, = — sup |Dj, — Da|. (11)
a—oo o & telo,1]



Let 0 > 0 be arbitrarily fixed. We point out that D} > D; for all t > 0 and the supremum M,
is attained at some epoch T), € [0, @] concerning the underlying Poisson process (N¢); thus

M, — Y. — Y.l
o an%faféa] § ! E KT 1w <t
whence .
1
M, =— Y.1 12
0= o kg 1 e LT Wy ST, - (12)

Since T}, is the sum of n exponential random variables with mean %, for all n > 0 and for all integers
K > X\ we have

A\ Kla]
P(Txio < ) < eTE[e K] = 1 ——— ,
(Tk(a) < @) < ™ Ele I=e (A+n)
and therefore \
lim — log P(Tgjo) < @) <n+ Klog P (for all n > 0). (13)

Furthermore we have the following inequalities:

P(M, > 6. Txiy > <P( Yyl 5)
( > Kla] Z a) = 1<£zn31}<'<[a]z el +we>T, > @

< K[Ck] 1<I7{1<al)(([a P(Z Y 1Tk+Wk >T, > a5>

they follow from (12) and the union bound respectively.
Now let us remark that (= means ”equally distributed”)

n n n
I
> Yilgawest, = Y Yilwesno-n, =) Yilwsz,_, =
k=1 k=1 k=1

n n
! by (6
= § Yo—rlw, ,>1, = § Vilw, s, =% 6 A,;
k=1 k=1

thus we can rewrite the above inequality as

P(My > 0, Tgjq) > ) < Ka] 1<£Ln<al>(<[a] P(A, > ad),

and we obtain
P(Ma > (5, TK[a] Z a) S K[O[]P(AK[Q} > (X(S)

since (A,,) is an increasing sequence. Thus, for all > 0,
P(My > 6,Tkjq) = a) < K[a]P(AK[a] > ad) < K[a]eiea(sE[eeAK[a]]

and, by Lemma 2.2, lim sup,,_, ., % log P(My > 6, Tg(o) = a) < —00. In conclusion

lim —10g P(My > 6, Tkjq) 2 a) = —00 (14)

a—00 (¥

holds since € > 0 is arbitrarily chosen.
Now, by the union bound, we get

P(My > 6) < P(My > 6, Tk(o) > @) + P(Tk[o) < @);
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hence, by (13) and (14), we have

1
lim sup — log P(M, > 6) < n+ K log )\j\_

a—oo &

(for all n > 0).
n

Then

1 A
li Zlog P(M,, > 6) < inf K1
imsup -~ log (My > )_go{wr 083

K
n}:K—A—KlogX

and we obtain (11) by taking K — oo in the latter right hand side. O

3 The Markov modulated case

In this section we still consider the process (S:) as in (1) and the process (S;) as in (3); on the
contrary we consider different (and more general) hypotheses on the process (D;) in (2) and on the
process (Dj) in (3).

Let J = (J¢) be an irreducible continuous time Markov chain with finite state space E and let
(pij)ijer be the intensity matrix of J. Moreover let [A;];cg be a vector of positive number and let
(Gi)iep be a family of product measures on (0,00) x (0,00) x (0,00); more precisely we use the
notation

Gi=GXaaY oGV

where GZ-X ) GZY, GZW are the marginal distributions of GG;. Then let us consider the following situa-
tion: ((X,,Y,, W,,)) and (Ny) are conditionally independent given J; (Ny) is a Markov modulated
Poisson process, i.e. a doubly stochastic Poisson process with intensity (Ay,); ((Xn,Yn, W),)) are
independent given J and, for all n > 1, the conditional distribution of (X,,Y,, W,) given J is
Gy, -

In general we shall use the notation E;[f(X,Y, W)] to denote the expected value of a random
variable f(X,Y, W), where (X,Y, W) is a random variable with distribution G;.

In view of what follows it is useful to consider the following function L : R — R (for details
see section 2 in [1]). Let v = [v;];ep be arbitrarily fixed and let us consider the matrix P(v) =
(pij + 9ijvi)i jer, where
pijtuvi ifi=j
Dij if i #j
Then Perron Frobenius Theorem guarantees the existence of a simple and positive eigenvalue de-
noted by eL® of the exponential matrix e’ @, which is equal to the spectral radius of ef’@. It is
important to point out that

pij + 0ijvi = {

1
L(v) = tllglo n log E[ef(;5 v1sds] (for all v € RY) (15)

whatever is the initial distribution of J. The function L(v) is convex, nondecreasing with respect
to each component v; of v and VL(0) = 7, where 0 is the null vector in R” and m = (m;);cp is the
stationary distribution of J.

The aim of this section is to show that (%) satisfies the LDP with rate function A* defined by

A*(x) = sup[fz — A(6)] and A(6) = L([Ni(Bs[" ] = Diep) = LN (B[N Ei[e”] = Dlier)-

0eR
(16)
This LDP will be proved by the application of Gartner Ellis Theorem and we assume that the next
light tail condition (S2) holds (it is a generalization of (S1) presented for the classical case).
(S2): for all i € E we have E;[e?XY)] = E;[e?X|E;[e?Y] < oo for all § € R.
We can say that (%) satisfies the LDP with the same rate function. Thus we have an analogy

with the sample path LDP proved in the previous section.



Proposition 3.1 Assume (S2) holds. Then <%> satisfies the LDP with rate function A* as in
(16), i.e.

1 D 1 D
— inf A%(x) < liminfflogP<—t € B) < limsupflogP<—t € B) < — inf A*(z)
zEB° t—oo t t—oo ¢ t z€B

for all Borel set B in R (as usual we use the standard notation B° for the interior of B and B for
the closure of B).

Before proving Proposition 3.1 the following Lemma is needed.

Lemma 3.2 Let us consider a random variable Z = 3, <1 ¢(Ty, (Xn, Yn, Wy)) according to the
presentation above. Then E[ef?] = E[exp <fooo Mg, (B, [ef2(s (Y W0)] l)ds)}.

Proof of Lemma 3.2. This formula can be proved following the lines of the proof of Lemma 2.3
in [9]; more precisely we have to consider the extension considered in Lemma A.1 in [8]. [

Proof of Proposition 3.1. We want to apply Géartner Ellis Theorem and, for all § € R, we need
to check the limit

.1 9Bty
lim ; log E[e” 7] = A(6), (17)

t—00
with A(0) as in (16).
One can immediately say that (17) holds when 6 = 0 since A(0) = L(0) = 0. For § # 0 we
consider Lemma 3.2 with

@(s, (r,y,w)) = vl 4(s) + Yyl (s +w)

for each fixed t > 0; indeed in such a case Dy = >, p(Tn, (Xp, Y5, Wy)) and we have

E[eeDt] - K [exp(/oo )\JS (]EJQ [ee[Xl(O,t](S)+Y1(O,t](5+wﬂ] — 1)d5>:| =
0

el [ A 1)
0

whence we obtain
t
E[e’P] = E [exp / M (B [P Lo W] — 1)) (18)
0
by the change of variable u =t — s. Now let us consider the cases § > 0 and 6 < 0 separately.

Case 6 > 0. By (18) we have

E[eeDt] < E[exp (/Ot )\Jt_u(EJt_u[ee(XJrY)] - 1)du)} = ]E[exp (/Ot Ag, (B, [69(X+Y)] - 1)“)}3

thus
1 1 !
lim sup n log E[?P*] < lim sup n logE{eXp(/ Ag. (B [?XHY)] - 1)ds)] = A(6)
0

t—o0 t—o0

by (15) and (16). Furthermore, by the dominated convergence theorem, for all & > 0 there exists
t(e,6) > 0 such that

Ei[e?Y 1 0.a0W)] > B, [e?Y] — ¢ (for all i € E and for all £ > (e, 6))



whence we obtain (starting from (18))

t
Bl = B[exp( [ gy N [P0 — 1)) | =
t(e,

t

— E|exp( / M (B [P Xy, [ 0] — 1)) | 2
t(e,0)

> E[exp </t;0) A (B [Py, [®Y]—¢) — l)duﬂ _s=t—u

t—t(e,0)
— E[exp ( /0 A (B [PX](Es [7Y] — €) — 1)ds)] (for all £ > #(c, §));

—

thus
lim inf % log E[e”P¢] > L([Xi(Bile" (i ] — &) — 1))ick)
by (15) and
timinf 1o B[e"] > L(\ (BN E(™] ~ 1icr) = A0

holds by the continuity of L and by (16).

Case 6§ < 0. By (18) we have

E[e’P?] > E[exp (/Ot Aspo (B, [PEH] — 1)du)} = E[GXP (/Ot Ay (B, [PXH] — 1)d5)}3

thus .
1 1
liminf - log E[e’™] > lim nf logE[exp( / A, (B, [?Z+)] - 1)d5)] — A(6)
—00 — 00 0

by (15) and (16). Furthermore, by the dominated convergence theorem, for all € > 0 there exists
t(e,0) > 0 such that

Ei[e?Y10.0W)] < B[] 4 ¢ (for all i € E and for all t > (e, 6))

whence we obtain (starting from (18))

t
E[eeDt] < E[exp (/( ) )\thu (EJtiu[ee[X-i-Yl(o,u](W)]] _ 1)du>] —
t(e,

t

=Blow( [ Ao VB 0] 1) <
t(e,0)

< E[exp </t(;0) A (B [Py, [ ] +e) — 1)du>} _s=t—u

_E [exp ( /0 e A (B [PX](Ey [7Y] + €) — 1)ds)] (for all t > t(c,8));

thus
lim sup % log E[e?P*] < L([\i(Es[e?*](Ei[e”] + ¢) — 1))ick)

t—o0

by (15) and
lim sup % log E[e”P] < L([Ni(Bi[e"¥|Ei[e”] — 1)]icp) = A(6)

t—o0

holds by the continuity of L and by (16). O



Remark 3.3 The Markov modulated case is a generalization of the classical case. This can be
trivially explained by considering the set E reduced to a single point. A more interesting way
consists to consider the following condition (C) and some consequences:

(C): the distributions (G;)icg are all the same G and the values (\;)icg are all the same X.

A first consequence is that (Dy) satisfies the same hypotheses presented for the classical case, G is
the common distribution the random variables ((Xp, Yy, Wh)), and (Dy) and (J;) are independent.
Furthermore (82) coincides with (S1). Finally A in (16) coincides with A in (5); indeed, if for
some v € R we have v; = v for all i € E, then L([vi]icg) = v.

4 Large deviation estimates for ruin probabilities

The aim of this section is to present some large deviation estimates for the ruin probabilities
((4))uo defined by

Y(u) = P(1, < o0), where 7, = inf{t > 0:u—ct — D; < 0}.

More precisely we obtain the Lundberg’s estimate (19) and the value w is called adjustment co-
efficient or Lundberg’s exponent or Lundberg’s parameter. Roughly speaking we show that ¢(u)
decays exponentially as u — oo in the fashion of large deviations (Proposition 4.1).

By taking into account Remark 3.3 it is not restrictive to consider the Markov modulated case;
indeed the classical case can be seen as a particular case.

In order to avoid the trivial case ¥(u) = 1 for all u > 0, the so called net profit condition is
required, i.e. ¢ > A’(0) where A is defined as in (16). We point out that A"(0) = D", 5 miAs (B[ X] +
Ei[Y]).

Proposition 4.1 Assume (S2) and the net profit ¢ > A'(0) condition hold, where A is defined as
in (16). Then there exists w > 0 such that A(w) — cw =0 and

lim ~ log ¥(u) = —w. (19)

uU—00 1,

Proof. First of all let A, and A} be the functions defined by

Ac(0) = A(0) — cf and Al(x) = sup[fx — A.(0)] = A*(z + ¢)
PeR
(the equality Af(x) = A*(z + ¢) can be checked by the definition of A.(6)). Then the first claim in
the statement of the Proposition is the existence of w > 0 such that A.(w) = 0.
We point out that AL(0) < 0 by the net profit condition ¢ > A’(0). Moreover

Ae(0) 2> midi(Bi[e? X — 1) — cf
i€l

by (16), the convexity of L and VL(0) = m; thus limg_,o Ac(6) = oo since the right hand side
diverges as # — oo. In conclusion the existence of w is guaranteed by the convexity of A., A.(0) = 0,
AL(0) < 0, limg_,o0 Ac(f) = 00 and A.(f) < oo for all § € R (the latter statement holds by (S2)
and the definition of A.).

In order to prove (19) we refer to Corollary 2.3 and Lemma 2.1 in [6] (taking linear scaling
functions). Then we have to check that A is continuous at every point of (0, 00) and the inequality

lim sup 1 log E[e?swPor<1(Pnsr=cntr)=(Dn=cn)l) < ( (for all # > 0). (20)
n—oo N

First of all the function A is convex and finite on the set {AL(A) : § € R} = (—¢, o0); thus A¥
is continuous on this open set and in particular on (0, 00) C (—¢, 00).



As far as (20) is concerned let # > 0 and n > 1 be arbitrarily fixed. Then we have

sup (Dpyr —c(n+71)) — (Dyp —cn) = sup (Dpyy — Dy —cr) < sup (Dpyyr — D) =

0<r<1 0<r<1 0<r<1
Nn+1
= Dpy1— Dp = Z Xy + ZYlek+Wk§n+1 - (Z X + ZYlek+Wk<n> =
k=1 k>1 E>1
Nn+1
Z Xk + Z Yiln<awi<nt1,
k=N,+1 k>1

whence we obtain

E[efBuPo<r<i (Dntr—c(nn) —(Dn—en)l] < E[exp ( / ) 5 (B [P on s () +Y T (s+ W) 1)d5)]
0

by the above inequality and by Lemma 3.2 with ¢(s, (z,y,w)) = 21 n41)(8) + yl(nny1)(s + w).
The expected value in the right hand side of the latter inequality can be rewritten as

ST
0

n

n+1
Mg, (B, [P HY oo i1 (W] 1)ds)}

and, by considering the change of variable © = n — s in both the integrals, the latter is equal to

= E[exp (/ My (B, [P et (M) — 1) dy +/
0

-1

0
A (B [P Taurn (W] 1)d“)]'

Now set M (0) = max;ep A\i(E;[e?XTY)] — 1)) and M (#) < oo by (S2); then we have
E[e?[FuPo<r<1(Dntr—cntm))=(Dn=en)l] < oxp / max{)\ (B;[e?Y Mt ] — 1) du + M(@))

whence we obtain
lim sup — logE[ Olsupg<,<1(Dntr—c(n+tr))— (ancn)]] <

n—oo N

< limsup — / max{\; (B[ teuwtnW)] — 1)} du + M(G)) =

n—oo N i€EE

= limsup — / max{\; (E;[e”Y e tnW)] — 1)} du.

n—oo N i€l

In conclusion (20) holds since lim, o0 2 [ maxie p{ A (Eile N 1wut1W)] — 1)Ydu = 0 by Hopital
rule. O

Acknowledgements

This work has been partially supported by Murst Project ”Metodi Stocastici in Finanza Matem-
atica”.

10



References

1]

2]

[10]

[11]

Baldi P. and Piccioni M., 1999, A representation formula for the large deviation rate function
for the empirical law of a continuous time Markov chain. Statist. Probab. Lett., 41, 107-115.

Borovkov A.A., 1967, Boundary values problems for random walks and large deviations for
function spaces. Theory Probab. Appl., 12, 575-595.

Brémaud P., 2000, An insensitivity property of Lundberg’s estimate for delayed claims. J.
Appl. Prob., 37, 914-917.

de Acosta A., 1995, Large deviations for vector valued Lévy processes. Stochastic Process.
Appl., 51, 75-115.

Dembo A. and Zeitouni O., 1993, Large Deviations Techniques and Applications (Boston:
Jones and Bartlett).

Duffield N.G. and O’Connell N., 1995, Large deviations and overflow probabilities for a single
server queue, with applications. Math. Proc. Camb. Phil. Soc., 118, 363-374.

Ganesh A., Macci C. and Torrisi G.L., 2005, Sample path large deviations principles for
Poisson shot noise processes, and applications. Electron. J. Probab., 10, 1026—1043.

Macci C., Stabile G. and Torrisi G.L., 2005, Lundberg parameters for non standard risk
processes. Scand. Actuar. J., 2005, 417-432.

Macci C. and Torrisi G.L., 2004, Asymptotic results for perturbed risk processes with delayed
claims. Insurance Math. Econom., 34, 307-320.

Rolski T., Schmidli H., Schmidt V. and Teugels J.L., 1999, Stochastic Processes for Insurance
and Finance (Chichester, Wiley).

Yuen K.C., Guo J. and Ng K.W., 2005, On ultimate ruin in a delayed-claims model. J. Appl.
Prob., 42, 163-174.

11



