
p(s, x; t, I) = P(Xt ∈ I | Xs = x)

P(Xt ∈ I,Xs ∈ J)

P(Xt ∈ I,Xs ∈ J) =

∫
J

P(Xt ∈ I | Xs = x)P(Xs ∈ dx)

P(Xt ∈ I,Xs ∈ J) = P(Xt ∈ I,Xr ∈ R, Xs ∈ J)

P(Xt ∈ I,Xs ∈ J) =

∫
R×J

P(Xt ∈ I | Xr = z,Xs = x)P(Xr ∈ dz,Xs ∈ dx)

P(Xt ∈ I,Xs ∈ J) =

∫
R×J

P(Xt ∈ I | Xr = z)P(Xr ∈ dz,Xs ∈ dx)

P(Xt ∈ I,Xs ∈ J) =

∫
R×J

P(Xt ∈ I | Xr = z)P(Xr ∈ dz | Xs = x)P(Xs ∈ dx)

P(Xt ∈ I,Xs ∈ J) =

∫
J

[ ∫
R
P(Xt ∈ I | Xr = z)P(Xr ∈ dz | Xs = x)

]
P(Xs ∈ dx)︸ ︷︷ ︸

µs(dx)

P(Xt ∈ I | Xs = x) =

∫
R
P(Xt ∈ I | Xr = z)P(Xr ∈ dz | Xs = x) x a.s µs

p(s, x; t, I) =

∫
R
p(r, z; t, I) p(s, x; r, dz) x a.s µs

1


