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Let 2° be some finite set. A map 0: R* — R¥ is a
If

LR1. Q(u) =0 for all constant u € R*

LR2. O(f+g)>0(f)+0Q(g) forall f,g e R*

LR3. Q(Af)=AQ(f)forall fe R* and A >0

LR4. Q(I,)(x) >0 for all x,y € 2" such that x # y
AmapT: R - R” isa i

L1. 7(f) > minf for all f ¢ R*

L2. T(f+g)>T(f)+T(g)forall f,g e R*

L3. T(Af) =AT(f)forall fcR* and A >0

These two notions are connected:
, as defined for all f € R* by

d

Iof=fand (V1 20) _T.f=Q(TL.f)

The conjugate T,
t >0, and Q are defined by T,(f) = —-T,(—f) and
O(f)=—0(—f) forall fe R*.

Definition A

IS a continuous-time Markov chain with state
space 2 of which the transition rate matrix Q; Is an
unspecified function of time that takes values in some
closed, convex, bounded set of transition rate matrices
2 that has separately specified rows, meaning that

Qe 2& (VxeZ) Q(x,-) € 2y
where, for all x € 27, 2, Is a set of row vectors.

Bounds on expectations Forall f € R* andx € .2,
the expected value of f at time ¢, condi-
tional on Xy = x,

, Where T, is the lower transition operator
that corresponds to the lower transition rate operator Q,
with Q(h) defined for all h € R* by

Q(h)(x) := min Z Q(x,y)h(y) forallx e 2.

Forany x e 2 and ye 2", we say that x is upper reach-
able from y and write y — x if there is some sequence
y = Xo,.-.,X, = x such that, for all k € {1,...,n}:

Xi 75 X;—1 and Q(ka) (xk_l) > 0.

For any x € & and A C %2, we say that A is lower

reachable from x and write x % A if x € A,, where A,
k € INy, is the nested sequence defined by Ay := A and

Apsr1 =AU {y c %\Aki Q(HAk) (y) > O} for all k € IN,

and where n is the first index such that A, = A,,. .

Q is Perron-Frobenius-like

There is a unique lower expectation operator £
on R# such that, for all x € 2":

lim T,f(x) =E.f forall feR?*,

f— oo

or, equivalently, such that for any initial lower ex-
pectation operator E, E, '= Ey(E,(-|X0)) = EyT,
converges to the stationary distribution E_.
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(>0 <& | ve>0

T, is Perron-Frobenius-like

There is a unique lower expectation operator £,
on R# such that, for all x € 2"

lim TXf(x) =E.f forall fe R”,

or, equivalently, such that for any initial lower
expectation operator E,, E, := E,T* converges
to the stationary distribution E ..

0

T, is regularly absorbing

F:={xcZ:(ImcN) minT, I, >0} #0

(Vxe Z\Z)(IneN) TH 4 (x) >0

0

T, Is 1-step absorbing

RX={xecZ: minTI. >0}#0

(Vxe Z\Z) T,l5h(x) >0

0

Q is regularly absorbing

R={xcX:(VWWeZ)ySx}+0

(Vx € Z\R) x 2 %



