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definition two dice :: "nat gbs measure" where
"two dice = do {
let diel = die;
let die2 = die;
let twodice = diel Qqmes die2;
(X,y) <« condition twodice
(A(X,y). Xx =4V Yy=4),
return gbs INg (X + V)
po
corollary
"P(x in two dice. x =5) =2/ 11"
"P(x 1n two dice. x =6) =2 / 11"
"P(x 1n two dice. x =7) =2 / 11"
"P(x in two dice. x =8) =1/ 11"
"P(x in two dice. x =9) =2 / 11"
"P(x in two dice. x = 10) =2 / 11"
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"X :: 'a quasl borel”

"qbs space X ::

'a set”

"gbs Mx X :: (real = 'a) set"

"X Qo Y :: ('a X
"X =0Y :: ('a =

"list gbs X :: 'a

'b) quasli borel”

'b) quasli borel”

list quasi borel"

X ListIX] 2 [ [Len] JoskenX ZAVWTERZ NS

"monadM qgbs X ::

'x € abs_space X" DFEABEENLE ML TEE

XN T70O7 5 LDEE

Isabelle/HOL DIEZEXWN O T A
BT — ZRLIIZEE @ BHE -t
Bl:"(+) € Rq =q¢ Rq =¢ Rg" "return gbs X € X = monadM gbs X"

lemma "(As. do { X «— s;

'a gbs measure quasi borel”

=X U

& UTEER
T — "t € gbs space T"

return gbs Rq (x + 1) })

€ monadM _gbs Rqo = monadM _gbs Rq"

by simp
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definition whattime :: "(real = real) = real gbs measure" where
"whattime = (Af. do {
let T = Uniform 0 24 1n
query T (At. let r=f t 1n
exponential density r (1 / 60))

}) 1]
FRC K 1T D BEEEIEET D EMREIFIEEDITREX(f0)ICHED
Posterior « Likelihood x Prior.

Llemma whattime gbs[gbs]: "whattime € (Rq =q Rq) = monadM gbs Rg"
by(simp add: whattime def)

X

b |

lemma
assumes [qgbs]: "f € Rq =¢ Rq" and [measurable]:"U € sets borel"
and "Ar. f r > o"
defines "N = ([te{0<..<24}. (f t * exp (- 1/ 60 * f t)) Olborel)"
defines "N' = ([*te{0<..<24}. (f t * exp (- 1/ 60 * f t)) Olborel)"
assumes "N' # 0" and "N' # oo"
shows "P(t in whattime f. t € U) =
([te{0<..<24}NU. (f t * exp (- 1/ 60 * f t)) Olborel) / N"

XIBH DT DBERE: exponential_density(x|1) = le™ (x > 0)
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primrec GausslLearn' :: "[real, real gqbs measure, real list]
= real gbs measure" where

"GaussLearn' D [
| "GaussLearn' o p (

] — pll
y#ls) = query (GaussLearn' o p Lls)
(normal density y o)"

lemma "GausslLearn' ¢
Rq = monadM gbs Rq =q list gbs Rq =9 monadM gbs Rg"
by(simp add: GaussLearn' def)
abbreviation "GaussLearn = GaussLearn' o"

Llemma GaussLearn Total:
assumes [arith]: "¢ > 0" "n = length L"
shows "GausslLearn (Gauss o &) L =
Gauss ((Total L*&2+0*0?)/(n*%+02)) (sqrt ((&%*0?)/(n*E2402)))"

lemma GausslLearn KL divergence:
fixes a b c d e K :: real
assumes [arith]:"e > 0" "b > 0" "d > 0"
shows "dIN. VL. length L > N — |Total L / length L| < K
—— KL divergence (exp 1)
(GaussLearn (Gauss a b) L) (GaussLearn (Gauss c d) L) < e"
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