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Sublinear Expectations for Countable-State Uncertain Processes



sublinear expectation £: D ¢ R® - R
{@ € R?: @ constant} € D

constant preserving:
E(e)=aforalla e R
isotone:
E(f)<E(g)forall f<geD
sublinear:
E(uf+g8) <uE(f)+E(g)
forallu e Rsgand f,g,uf +g € D



sublinear expectation £: D ¢ R® - R

D C L(Q) is alinear space

E is a coherent upper prevision
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Q c IR0 ‘some’ set of paths w: Rsg — X




Let 2 denote the countable state space. The possibility space Q is some set of paths w: R.; — &, and the domain D are the finitary bounded variables:
L8 ELAM} withX,: Q> 2w w(t)

D= {g(X;..... X,) <t
sublinear expectation E, on £(2) ¢sublinear process E on D? Theorem
There is a unique sublinear expectation E on D
such that
()E(g(X0)) = Eo(g) forall g € £(2) and
semigroup (T,: £(X) = L(Z)),.,_, of ‘sublinear isublinear Markov process! (iforallsy <--- < s <t €Rxpandg € L(Z™),
3 2 1eR. _ _
GETBEE QRERieEt E(g(Xs- - X, X)) = E(h(X,, ... Xs,))
(i) T,[#] (x) is a sublinear expectation . .
Ty =1 with h € £(Zt-5)) defined by
e Bt ) = T (8 %0 )] )

w(h) =x1,..., w(ty) = Xy

(ii)) Ty = Ty o Ty

Is this corresponding £ downward continuous on D?

A semigroup (T,) of sublinear transition oper- Q = cdlg(X™) Q=2
ators
. . E, is downward continuous E, is downward continuous
... has uniformly bounded rate if & &
I',[¢](x) is downward continuous I';[e](x) is downward continuous

J‘TU 1(x) xe )| <+ &
(T\ hac uniformlv bounded rate



Many interesting variables are not included in D!



Many interesting variables are not included in D!

D does not include
i the average of g(X;) over [0, T] for some g € L(Z), so

1 [T 1T
T/o g(X,)dt:Q—)[R:wl—)f/O g(w(2)) dr.

the hitting time of A € X, so

Ta: Q > Rsp: w > inf{t € Rso: w(t) € A}.
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sublinear expectation £: D ¢ R® - R

downward continuous on S C D if
Tim E(f) =E(f) forall ¥ (fiden \s f € S
upward continuous on S C D if

lim E(f) =E(f) forall 8" 5 (fi)uen /" f €S
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sublinear expectation £: D ¢ R® - R

E is downward continuous on D D C L(Q) is alinear lattice

f € R bounded & o (D)-measurable

There is sublinear expectation E* on D* that
¥ extends E,
B is downward continuous on Ds N L(L2) and
£ upward continuous on D*. r
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sublinear expectation £: D ¢ R® - R

E is downward continuous on D D C L(Q) is alinear lattice

f € R® bounded below/above
& o (D)-measurable

There is 2 sublinear expectation E“ on D that
¥ extends E,
B3 is downward continuous on Ds N L(2) and
B upward continuous on {f € D7 : inf f > —oco}.
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:Markovian E downward continuous on D?

¢ D7 sufficiently large?
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Sublinear Expectations ...

funcions /D —  hat s constant
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foral .5 Danda € R witha +5 < .
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n

() =B for al S*5 (e /1 €.

rRn———

&) B < B}
is downward continuoos.

N
N L MID) = MUD) U M(D) be the
se

sure P on (D) such that

B f rare torai .

e setof
B that v

extonds 7,
a

upward continuous on Mi(D).

TR e ]

for Countable-State Uncertain Processes

D el

sublnear expectaton B, on £(7)

semiggoup (T £(2) = (), of sublinesr
wanstion perators
141053 sublinear expecttion

-1

70T,

Kymenn<

isublinear process 7 on 17

sublinear Markov process!

i =

)

<€ Rag € L) WX, 2 T 0 )

Theorem
There i  unique sublinear expectaion £ an 2
suchthat
OF ()
@forall <

Morallg  £Z) and
<a<reRy g L.
R X0 X0) = E O )
Wit € L2174 defined by

o

LSO Y

s this corresponding F downward contiuous on D7

. f siblnear ransion oper-

A semigroup (T),
. has nifrmly bounded ate I

b - ] <om,

or & equivalenty, i,

Q= clly(@*e) € X%

. s downward continuous
N &

T

s downward contiouous.
&

&
(1), s uriformly bounded rate

40 forallr e R

wheneer s s the case.

Fixsomeratentral 147 Ro ond ake
e B e & (s, = (o,
where - £() = £12) maps ¢ € £07) 10
TR a1 500): A< LTI

I3

ool on (D) there s ... st
ety continuous extension o he
dowmward continuous subinear expec

GHENT
UNIVERSITY Alexander Erreygers



