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Abstract: There has been a renewed interest in exponential concentration inequalities for stochastic
processes in probability and statistics over the last three decades. De la Pefia established a nice
exponential inequality for a discrete time locally square integrable martingale. In this paper, we
obtain de la Pefia’s inequalities for a stochastic integral of multivariate point processes. The proof is
primarily based on Doléans—-Dade exponential formula and the optional stopping theorem. As an
application, we obtain an exponential inequality for block counting process in A—coalescent.
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1. Introduction

Let S = (Sn)n>0 be a locally square integrable martingale on (Q), F, (Fy),>1,P). The
predictable quadratic variation of S = (S;),>0 is given by

n
<S,8 >u= Y _E[((Si — Si—1)?|Fi-1].
i=1

Many authors studied the upper bound of
P(S, > x,<5,S >, <vy).
The celebrated Freedman inequality is as follows.

Theorem 1 (Freedman [1]). Let S = (S,)u>0 be a locally square integrable martingale on
(O, F, (Fn)u>1,P).If |Sk — Sk—1| < cforeach 1 < k < n, then

2

B(Sn 2%, < 5,5 >u<y) Sep{—5r "y

}.

This result can be regarded as an extension of Hoeffding [2]. Fan, Grama and Liu [3,4],
and Rio [5] obtained a series of remarkable extensions of Freedman inequality [1]. See also
Bercu et al. [6] for a recent review in this field.

De la Pefia [7] establishes a nice exponential inequality for discrete time locally square
integrable martingales.
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Theorem 2 (De la Pefia [7]). Let S = (Su)n>0 be a locally square integrable and conditionally
symmetric martingale on (Q, F, (Fn)n>1,P). Then,

n

2
IP’(S” > X, Z(Si - 51‘71)2 < y) < exp{—;—y}_
i=1

1=

This result is quite different from the classical Freedman’s inequality. The challenge for
obtaining Theorem 1 is to find an approach based on the use of the exponential Markov’s
inequality. De la Pefia constructed a supermartingale to get Theorem 1. Furthermore, Bercu
and Touati [8] established the following result for self-normalized martingales, which are
similar to Theorem 1.

Theorem 3 (Bercu and Touati [8]). Let S = (Sy),>0 be a locally square integrable martingale on
(O F, (Fn)u>1,P). Then, forall x,y > 0,a > 0and b > 0,

|Sn| - 2 2 bzy
(2 > ,<8,8>,> Y (Si— Si1)? +y) < 2exp{—x(ab+ —2)}.
a+b<S,85>, = LT 2

It is natural to ask what will happen when we study the continuous-time processes for
the above cases? Let (Q), F, (F)>0, P) be a stochastic basis. M = (M;);>¢ is a continuous
locally square integrable martingale. The predictable quadratic variation of M, < M, M >,
is a continuous increasing process, such that (M?— < M, M >;);>( is a local martingale.
However, we cannot define an analogy for M like Y"_; (S; — S;_1)? in Theorems 1 and 3.
Since M = (M;});>0 has jumps, we can replace Y./ (S; — S;—1)? by Lot |AM;[*. Ttis an
interesting problem to consider De la Pefia type inequalities for continuous-time local
square integrable martingale with jumps. Some authors obtained the concentration inequal-
ities for continuous-time stochastic processes. Bernstein’s inequality for local martingales
with jumps was given by van der Geer [9]. Khoshnevisan [10] found some concentra-
tion inequalities for continuous martingales. Dzhaparidze and van Zanten [11] extended
Khoshnevisan’s results to martingales with jumps.

This paper focuses on the De la Pefia type inequalities for stochastic integrals of
multivariate point processes. Stochastic integrals of multivariate point processes are an
essential example of purely discontinuous local martingales. Some useful facts and results
essential for this paper’s proofs will be collected in Section 2. Section 3 will present our
main results and give their proofs, while Section 4 will derive an exponential inequality
for block counting process in A—coalescent as applications. Usually, ¢,C, K, - - - denote
positive constants, which very often may be different at each occurrence.

2. Preliminaries

Let(Q, F, (Ft)1>0,P) be a stochastic basis. A stochastic process M = (M;);> is called
a purely discontinuous local martingale if My = 0 and M is orthogonal to all continuous
local martingales. The reader is referred to the classic book [12] due to Jacod and Shiryayev
for more information. We shall restrict ourselves to the integer-valued random measure
ponR, x Rinduced by a Ry x R-valued multivariate point process. In particular, let
(Tx, Zx),k > 1, be a multivariate point process, and define

pldt,dx) = Y 1gr, coo1€(1,, 7, (A8, dx), (1)
k>1

where g7, 7,) is the delta measure at point (T, Zx). Then u(w;[0,t] x R) < oo for all
(w,t) eOxR. Let O = QO xRy xR, P = P ® B, where B is a Borel o-field on R and P
a o-field generated by all left continuous adapted processes on (2 x R. The predictable
function is a P-measurable function on (). Let v be the unique predictable compensator
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of yu (up to a P-null set). Namely, v is a predictable random measure such that for any
predictable function W, W x y — W x v is a local martingale, where the W * y is defined by

{ fo Jg W u(ds,dx), 1ff0 Jr IW (s, x)|pu(ds, dx) <
W sy =

400, otherwise.
Note the v admits the disintegration
v(dt,dx) = dAK(w, t;dx), (2)

where K(+, -) is a transition kernel from (Q x Ry, P) into (R, B), and A = (A¢)t> is an
increasing cadlag predictable process. For u in (1), which is defined through multivariate
point process, v admits

1
V(dt,dx) = 2 ml{thn+l}Gn(dt,dx),

n>1

where G, (w, ds, dx) is a regular version of the conditional distribution of (T),11, Z,11) with
respect to 0{Ty,Zy,-- -, Ty, Zy}. In particular, if F,(dt) = G,(dt x R), the point process
N = ¥>1 11, 00) has the compensator Ay = v([0,t] x R), which satisfies

A=Y /OT,H»l/\t p([lpn(ds)'

n>1 n[S, oo])

Now, we define the stochastic integrals of multivariate point processes. For a stopping
time T, [T] = {(w,t) : T(w) = t} is the graph of T. For y in (1), define D = U;”; [T,]. With
any measurable function W on Q), we define a; = v({t} x R), and

A { Jg W v({t} xdx), if [ [W(tx)|v({t} xdx) <
Wxv =

400, otherwise.

We denote by Gy, (1) the set of all P—measurable real-valued functions W such that
[¥s<(Ws)2]1/2 is local integrable variation process, where Wy = Wip(w, t) — W;.

Definition 1. If W € Gy, (1), the stochastic integral of W with respect to p — v is defined as a
purely discontinuous local martingales, the jump process of which is indistinguishable from W.

We denote the stochastic integral of W with respect to p — v by W x (u — v). For a
given predictable function W, W x (i — v) is a purely discontinuous local martingale, which
is defined through jump process. It is easy to prove that W« (y —v) = Wxu — W x v.
Denote M = W (u —v).

Itd’s formula for a purely discontinuous local martingale is essential for our proofs.
Now, we present 1td’s formula for M.

Lemma 1 (Itd’s formula, Jacod and Shiryaev [12]). Let u be a multivariate point process, v be
the predictable compensator of i, W be a given predictable function on Q, and W € Gyo.(p). Let f
be a differentiable function, for M = W x (u —v) and t > 0,

F(My) = F(Mo) +/ F1(Ms)dM, + Y [F(Ms) — F(Mq_) — f' (M )AM;).

s<t
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Under some conditions, Wang, Lin and Su [13] obtained

2

]P’(Mt2x,<M,M>t§vzforsomet>0)§exp{—2 G 3)

(02 +cx)
where < M, M > is the predictable quadratic variation process of M = W x (u —v),

<MM>=W-W2xu+ Y (1—a)W2
1<s<t

When M is a purely discontinuous local martingale, } ;<. [AM;|*— < M, M > is a local
martingale. There will be an interesting problem when the predictable quadratic variation
< M, M > in (3) is replaced by the quadratic variation Y, |AM;|%. In this paper, we will
estimate the upper bound of two types of tail probabilities:

P(Mt > x,z |AM;|? < v? for some t > 0) 4)

s<t

and

IP’(Mt > (oc—i—ﬁz |AM;|?)x, Z |AM;|? >< M, M >; +0* for some t > O). (5)

s<t s<t

It is important to note that the continuity of A implies the quasi-left continuity of M.
However, the quasi-left continuity of M can be destroyed easily by changing the filtration
in the underlying space. For example, let N be a homogeneous Poisson process with respect
to IF. Let (T,),>0 be the sequence of the jump-times of N. The process N is not quasi-left
continuous in the filtration G obtained by enlarging I initially with the c—field R = o (Ty).
(o =(1- %)Tl is a sequence of G -stopping times announcing T7). The main purpose of
this paper consists in estimating (4) and (5) when M is not quasi-left continuous.

3. The Main Results and Their Proofs

Now, we present our first main result.

Theorem 4. Let y be a multivariate point process, v be the predictable compensator of u, a; =
v({t} x R), W be a given predictable function on Q, and W € Gjoe(p). M = W x (u — v).
Assume AM > —1. Then, for x > 0,v > 0,

2 v?
P(Mt >x ) | AM;|* < ©? for some t > 0) < (#) et
s<t v

Proof of Theorem 4. For simplicity of notation, put

t A A
Sy = /0 /R(E[A(wa)f(’\ﬂog(l*)‘))(wa)z] —1—A(W — W))v(ds, dx)

+Y.(1- ag) (el ~AWe+ (MHIog(1-M)(We)?] _ 1 1 Ay),

s<t

where A € [0,1).
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Furthermore,
AS(A); = / (PO~ (g =WNW=] _q — AW — W) ({1}, d)
R

(1 — ap) (el AW (M Hog(1=M) (W] _ 1 4 AW

_ e[—/\Wt—(/\+10g(1—/\))(l7\/t)2](/Re[)\W—(?\-l-log(l—/\))(Wz—ZWW)]v({t},dx)+1_at)

+(1—at)(—1+)tWt)—/R(1+A(W—W))v({t},dx)

_ ol A= (AHog(1-) (0)?)
e ([

F(1—a) AW, —1— A/R(W —W)({t}, dx).

e[/\Wf()\Jrlog(lf/\))(WZfZWW)}V({t}’dx) 41— at)

In addition, it is easy to see by noting a; <1,
/Re[)\Wf(/\Hog(lfA))(W272WW)]V({t}’dx) Y1—a >0,
and
(1— a) AW, = )\/R(W —Wy({t}, dx).
In combination, we have forall t > 0
AS(A)y > —1,
where A € [0,1). For any semimartingale S(A);, the Doléans-Dade exponential is

E(S(A))e = eS(M)i=8(A)o—3<S(A)°,S(A) > H(l + AS(/\)t)efAS(A)‘.

s<t
We shall first show that the process (eMMf*(AHOg(l*/\)) Eosi(AM:)?)] /E(S(A))t) o is a local
t>
martingale. Denote X; = AM; — (A +log(1 — 1)) Lo (AM;)?, Y = Yoot (AM;)2.
The Itd formula yields

eXt — 1 + eXt— . X+ Z(eXs _ eXs— _ eXS* AXS)
s<t
= 141X M— (A41log(l—A))eX- -y
+ Y (% — X — X AX)

s<t
= 1425 - M+ Z(eXS — %= — NeXs- AM).
s<t
For X, the jump part of X is
AX = [MW—W)—(A+log(l—A))(W—-W)H1p

—AW1pe + (A +log(1 — A)) W1 pe
where D is the thin set, which is exhausted by {T, },,>1. Thus,

Y (€A —1—AAM;) = S(A) = Z4 (6)

s<t

is a local martingale. Denote E(A); = Yo (2% — 1 — AAM;), we have
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Z(eXs — X — AeXs AM) — X - 5(A)

s<t

= X EA) =X S(A) =Xz
Thus,

eX —eX-.5())
T+ A M+ Y (X — X — AeX-AM) — %~ - S(A)

s<t

= 14+AX -M+4eX.Z=Nj.

Nj is a local martingale. Following the similar arguments in Wang Lin and Su [13], we have
(exf/E(S()\))t) . is a local martingale. In fact, set H = ¢X, G = £(S(A)), A = S()) and
t

f(h,g) = (% The Ito formula yields

1 H_
HG) = 14— -H—=—-G

+ ; (AF(H,G)s— éis + f(hé’f)s‘ AG).

Since £(S(A)) =14 E(S(A))— - S(A), we have

1 H_
— .H-—.
G_ G2 ¢

_ A H- _ b x o xo

= ¢ H-& S(A)_G_ (eX —eX- - 5(1))
1

= — .N.
G_ 1

Noting that AG = G_AA, ANy = AH — H_AA, we have

AH;, f(H,G)s_ AN AA,
Af(H,G)s — AGy = — —— 182405
f( IG)S G57 + G57 GS G57(1 +AAS)’

where A is a predictable process, and N is a local martingale. By the property of the Stieltjes
integral, we have

AH;  f(H,G)s_ AA
Af(H — AGs = ———————— - Nj. 7
S; fHC = G-+ =g Ae =T aay ™ @
Thus,
1 AA
X _= — _——_— .
(e /S(S(A))) “lt o N e M
is a local martingale.
Let
By = {M; > x,Z |AM5|2 < v for some t > 0}
s<t
and

7 =inf{t > 0: M; > x, ) |AM[* < o*}.

s<t
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Note by (4.12) in [4], for A € [0,1) and x > —1,
exp{Ax +x*(A +1log(1—A))} <1+ Ax.

This implies
t =) t =S}
/ / exp{Ax + (A +log(1 — A2 }vM(ds, dx) < / / (14 Ax)vM(ds,dx),  (8)
0 J-1 0 J-1

because AM; > —1 for any ¢ > 0, where v is the predictable compensate jump measure
of M. Inequality (8) implies S(A) < 0. Since e* > x + 1 and e5Mt > £(S(A)),

El——] <E|

S = E(S(/\))T]:l ©)

for any stopping time T. Thus, U = (U;);>0 is a supermartingale, where

u — exp{AM; + (A +1og(1 — 7)) Lo (AM;)?}

exp{S(A):}

Thus, on B;

Uy, > exp{Ax + (A +log(1 — A))o?}.
We have

P(B;) < inf exp{—Ax—(A+log(1—A))v?}
A€[0,1)
0?4\ _
= () ™ (10)
O
Put
t N N ~
L = [ [ O OWRT g AW ) (ds, dx)

+ Z(]_ — as)(e[f/\wii"”f()\)(ws)z] — 1 + )\WS)/

s<t

where f(A) > 0 for A > 0. We have the following proposition from the proof of Theorem 4.

Proposition 1. Let u be a multivariate point process, v be the predictable compensator of u,
ar = v({t} x R), W be a given predictable function on O. M = W (u—v). Denote X; =
AM; — f(A) To<t (AM;)?, for A > 0. Then, eX /E(L(A)) is a local martingale.

In Theorem 4, the condition AM > —1 plays an important role. In the following
theorem, we will present another result, which is the analogy of Theorem 1 in continuous
time case.

Theorem 5. Let y be a multivariate point process, v be the predictable compensator of u, ay =

v({t} x R), W be a given predictable function on ), and W € Gjoe(u). M = W x (u —v), In
addition, define

~ t ~ A R
s = [ [ (W)= 5 W) _ 1\ (W — W))u(ds, dx)
0

+ (1 - a) (el T 1),

s<t
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and assume that for any t > 0and A > 0, S~()\)t < 0. Then, for x > 0,v > 0,
2 2 X
P(Mth,E|AMS| < v~ for some t>0> gexp{—ﬁ}

s<t

Proof of Theorem 5. Define

exp{AM; — & Yooy |AM; 2}
E(S(A))e ‘

t =

By Proposition 1, V is a local martingale. Note S(A); < 0 for any t > 0 and A > 0.
We have

exp{AMr — & Yoo [AM[?}

E <E[Vr]=1 11
[ S | <E[vr] (11)
for any stopping time T.
Recall that
Bi={M;>x)_ | AM;|? < v for some t > 0}
s<t
and
T =inf{t > 0: M; > x, ) |AM[* < o*}.
s<t
We have
A%,
< i — il
P(B;) < irzlgexp{ Ax + >0 }
2
x
O

Remark 1. For integrable random variable ¢ and a positive number a > 0, define

Ta(¢) = min(|g], a)sign(g).

IfE[E] = 0, and for all a > 0, E[T,(¢)] < 0. Then, ¢ is called heavy on left. Bercu and
Touati [14] extended Theorem 1 to general case. Let S = (Sy),>0 be a locally square integrable on
(O, F, (Fa)usr, ). If

E[Ta(sn - Sn71)|fn71] <0 (13)

foralla > 0and n > 0, Bercu and Touati [14] obtained
n ) xz
P(Sn > x, Z(Si —Si1)"<y) < exp{—@}_
i=1

In fact, our condition, S(A); < 0, is analogy of (13) in continuous time case. Let N = (Nj) =0
be a homogeneous Poisson point process with parameter x, and let (1 )x>1 be a sequence of i.i.d.
r.v.s with a common distribution function F(x). Assume N is independent of (1 )x>1. Define

Yi=)Y m t>0. (14)

This is a so-called compound Poisson process. The jump measure of Y is given by

u (dt,dx) = k>21 LT <oo}€(Ty ) (A1, ), (15)
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and the predictable compensator v¥ is
vY (dt,dx) = kdtF(dx). (16)
Thus, (Y; — x x v} ) >0 is a purely discontinuous local martingale. For (Y; — x * v ) >0,
~ t 2
S(A)e = K/ / (e[“*%xz} —1— Ax)F(dx)ds.
0 JR
IfE[i] = 0 for any x > 1, S(A); < 0 implies that
2
/ M PIE(dx) < 1. (17)
R

Bercu and Touati [14] found that if vy is heavy on the left, then (17) holds. Thus, our condition is an
analogy of (13) in continuous time case.

In [7,15], there were obtained a series of exponential inequalities for events involving
ratios in the context of continuous martingales, which in turn extended the results in [10].
Su and Wang [16] extended a similar problem for purely discontinuous local martingales
in quasi-left continuous case. In this subsection, we obtained the similar inequality for
stochastic integrals of a multivariate point process.

Theorem 6. Let y be a multivariate point process, v be the predictable compensator of u, ay =
v({t} x R), W be a given predictable function on Q, and W € Gy,.(pt). Denote M = W x (u —v).
Then, forallx >0, >0,v>0a € R,

P(Mt > (a+BY IAM*)x, Y |AM[> >< M, M >; +0° for some t > O)
s<t s<t
2 2.2

X v
< - )
< exp{—5(ap+ )}

Proof of Theorem 6. Recall that V = (V;);>0 is a local martingale, where

exp{AM; — & Yooy |AM[2}

V= Z
E(S(A))e

For any stopping time T,

exp{AMr — ¥ Tocr | AM; [}
exp{S(A)r}
By Markov’s inequality, we obtain that for all A > 0,

E[ | <E[vq] =1. (18)
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P(Mt > (a+BY |AMs)xand Y |AM|* >< M, M >; +0* for some t > 0)

s<t s<t

A aAx Ax
E[eXP{ZMrz - (T + 'BT Z |AMs|2)}1Bz]
s<1)

AZ
8

IN

aAx A
= exp{—T}H-z[exp{Zz\/lT2 — (Y [AMP+ < M,M >3,)

s<T)
A2 BAx

AZ
(g = ") L IAMP + T < MM >5,)} )]
s<m

aAxX A
exp{—4}\/]E[exp{2MT2 -

12
Z( Z |AM;s >4 < M, M >,) }1,]

s<Ty
A2 Ax A2
x\/E[eXp{(4 - 'BT) Y IAM|? + T < M,M >, }1p,],

IN

s<T
where

By ={M; > (a+BY_ |AM|*)x, Y |AM|* >< M, M >; +v” for some t > 0},

s<t s<t

T =inf{t >0: M; > (a + B Y [AM|*)x, Y |AM > >< M, M >; +v*}.

s<t s<t
In fact,

)\2
O IAMP S < MM >4)15,]}

s<Ty

A
Elexp{ EMTZ -

132]\/E[exp{§()t)72 - %2 <M, M >}

S \IE[eXp{/\MTZ - )\72 ZSSTZ |AM5|2}

eXp{g(A)Tz}
By (18)
AM,, _ ¥ AM;[?
E[exp{ Mz, zNZsérz‘ sl }132] <1.
exp{S(A)s }
Furthermore,

~ A2
Elexp{S(A)r, — 5 < MM >4} <1

1, 1,
|exp{x—§x J-1—x| < 5% x eR.
Taking A = Bx, we get
2 2,2
< - sl .
IP’(B;_) < exp{ 1 (ap+ > )} % IP’(BZ)
Thus

IP’(Mt > (a+BY |AM)x, Y |AM[> >< M, M >; +v? for some t > O)
s<t s<t
2 2.2

< exp{—T-(ap+ o))
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O

From the proof of Theorem 6, we can obtain the following results.

Theorem 7. Let y be a multivariate point process, v be the predictable compensator of u, ay =
v({t} x R), W be a given predictable function on Q, and W € Gj,.(p). Denote M = W * (i — v).
In addition, define

and assume that for any t > 0and A > 0, §(A)t <O0. Then forallx >0, >0,v > 0,0 € R,

]P’(Mt (a+BY [AM*)x, Y |AM;|* > ©* for some t>0)

s<t s<t

‘BZ 2
< eXP{**(fXﬁW )}
4. Application

In this section, we will derive exponential inequalities for block counting process
in A—coalescent. The A—coalescent was introduced independently by Pitman [17] and
Sagitov [18]. In this paper, the notation and details of A—coalescent are from Limic and
Talarczyk [19].

Let A be an probability measure on [0, 1], IT = (I1;);>¢ is a Markov jump process. I1
takes values in the set of partition of {1,2,- - - }. For any n > 1, the restriction I'T" of IT to
{1,2,-- - ,n} is a continuous time Markov chain with the following transitions: when IT"
has b blocks, any given k—tuples of blocks coalesces at rate

1
M= [ P20 =n)"FA )
0

where 2 < b < n. Let N; be the number of blocks of IT; at t. In fact, N = (N¢);>0 is a point
process. Limic and Talarczyk [19] presented integral equation for N. Define

re(dt,dy,dx) =Y S{Tk,Yk,Xk}(dt' dy, dx)
k>1

where {X¥} is an independent array of i.i.d. random variables (X]k) jken, where X}‘ have
uniform distribution on [0, 1]. The multivariate point processes 7 have the compensator
dt20)
v
Limic and Talarczyk [19] found that

topl
N; =N, —/r /0 [0,1]Nf(Ns_'y' x)7t(ds, dy, dx)
forall 0 < r < t, where
k ¥, X Z 1{x <y} — 1+ 1ﬂf:1{xj>y}‘

Define

_ [ A(dy)
k>_/0 o (o= 7
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and

_ [ f(Ns—,y,%) L A(dy)
M_AAAW oL e dy, ) — s 5 ).

S

M = (M;)>0 plays important role in the study of A—coalescent. Limic and Talar-
czyk [19] obtained that M is a square integrable martingale. It is not difficult to see that

AM >0,
2
A e
s<t
and
<MM»_/// P%%)%(@w.
oy o y

We have the following result.

Theorem 8. Let M be defined as above, we have

2 2
T+ XN\
) e

P(Mt > x, Z\AMS‘Z < 0% for some t > 0) < ( 2

s<t

and

P( +ﬁZ\AMs Z|AM5|2 >< M, M >; +v” for some t>0)
s<t s<t
2 2.2

< exp{—T(p+ o))

where x > 0,6 >0,v>0,a € R
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