
 

Probabilistic programming
semantics for name generation

Hw 5Staton D Stein MWolman

A syntax for probabilistic programming actually

name generation

The following is the grammar for V calculus

terms
M x 1 Xx M l MM

M applicationof
1 the l fuse 1 if M ther M else M
I M M I un M
ground

Shtrate random name n

types
B I NI r r

boolean names

1st order types Gr l G e Ga
ai guard types

2nd order CB B N

Examples 1 Unum n _m B

2 Uh XX x n N B

3 XX false N B

operational semantics expresses iterated evaluation

of terms MY C stands fr
M evaluates to C



Examplest false n 14 false

2 Unum n m 14 false

Def observational equivalence
If M and Mz are v terms of the same

type
My Mz if fr every context

PC we Hae

PEM Hb Ff TIMI b
Member PIM are well formed expressions

For 1st outer types there is a format system

called logical relations that determines

M a Mz Iff Mi R Mz
e

defied inductively
and resembles a proofsystem

Examples 7 mum n m x false
2 Xx false k un Xx x n

this is called the privacy equation

Semantics
In semantics of programming languages

we often need function spaces

to eat type r we associate a set

e.g re B X 2 20114



r N X IR

for type r e ne want to hole

In probabilistic programming we want to hae

IR as the space associated 6 type N

we would treat it as a space with a Falgelse

measurable space
The problem appears at the conduction of function

spaces

Theorem Aumann Gg There is no 5 algebra

on 2K sik

IR x RR IR
r H t fCr

is measurable

Def Hennen Kamman Staton Yang 117

A Quasi Boel space is a set X together with
a set M of functions f IR X

satisfying

D all constant functions are in Mx
2 if f EMx x IR R is Boel

teh f a CMx
3 if IR U Bu Bu Boel

new

f n E Mx ith U fulBu C Mx
Ths forms a ctakgay

HEIN

Remarks Evey denndard Boel quits a quasi
Boel spice Mx all Boelmaps



2 the celeyey allows for function spaces
and products and Xts 54 7

If X Y QBS

YX is QBs with those

f IR y
Suk f IR xx Y is measurable

f Cr x f r x

On 2K this is the set of Bad subsets of IR

TWO t.ir a
I studve

if the exists
BE 112 113

fCx7 B
Bold at

Fett Eevey fi IR 2K measurable in QBs

vs Bond on Bowl measurable



Interpretation

we can interpret r calculus in QBS

N IR Bar 2 294

I
g

MI E YE gif

Eun MI SIMI du
IR v Gaussian

tramples

E Xx fused 8g

4 Gun xx end 8ms do

both are measures on Bord Oa Boal sets

8g A a
1 if deck
0 if ol EA

Sm susder Sm lb f j's'Itas dual

Theorem SSW if M and Mz de

ist order r terms 11th
Mr 2 Mz Iff Enid EMI



we will look at the special case of
My Xx false
Mz a Vu Xx F n

lemma If I c Boel on Bod then

0 E I iff xEIR 2 5 EF is
co countable

PI sketch
Spk 0 E F but x EIR 2 5El Ff is unable

WLOG IR
Recall Becker's Keener

WF VB cre Borel inseparable

ie the exits a Boel set B C RTR

S h WF x EIR 1131 04
UB x ER 1131 11 de Bad

inseparable

f x Bx EI is Bad b c I was

Bouton Bad
but it separates M four UB D

Ths Lenne implies that

8 CF J Sea duty
IR

for every F Boel on Bord



In general we introduce and use a normalfan
M vs SM

Sh M 2142 if 4M c Mz


