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Syntax highlighting
Static semantic functionality

Program execution

> step into true
int alicelnfections » 1
int bobiInfected » @
while alicelnfections == 1 {
-> if discrete({0: 0.9, 1! 8.1}) == 1 {
bobiInfected » 1
)
Af discrete({06: 0.4, 11 8.6)) == 1 {
alicelnfections = @
)
)
» display variables
Currently focused on 16.41N of all initially started runs.
Variable values:
aliceinfections | 1
bobInfected | 9: B1.8%, 1: 19.0%

>

A




Syntax highlighting
Static semantic functionality
Program execution

Thread 1. breakpont 3.1

Debugger

OOV

alicelInfections
)
)
> step anto true
int alicelInfections = 1
int bobInfected = @
while alicelInfections == 1 (
— if discrete({(0: 9.9, 1: 9.1)) == 1 {
bebinfected = 1
)
if discretel({0: 0.4, 1: 90.46)) == 1 {
slicelnfections = @
)
)

> display variables
Currently focused on 15.89% of all initially started runs.
Varisble values:
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f discretel{0: 9.4, 1: 0.6)) »»

it alicelnfections
ant ebinfected
while aliceinfections == )
AT discretel{0: 9.9, 1: 0.1)) == 1 {
bebinfected = )

B

v 1

plicelnfections 0
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Static semantic functionality
Program execution

Debugger

Recording-based debugger
Slicing

Support for multiple languages

Implementation
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SYNTAX HIGHLIGHTING ALEX HOPPEN

SYNTAX HIGHLIGHTING

» Additional constructs only extend grammar in a trivial way
» Probabilistic choice
» Observe

» Existing techniques also work for probabilistic programming languages
» Grammar-based syntax highlighting

» Sublime Text Package for Stan already exists

OOV OOOY
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STATIC SEMANTIC FUNCTIONALITY ALEX HOPPEN

STATIC SEMANTIC FUNCTIONALITY

» Additional constructs don’t add significant static complexity
» Probabilistic choice
» Observe

» Traditional approaches can easily be copied

OEOEOEORORORON
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Syntax highlighting Q

Static semantic functionality Q

Program execution @

Debugger @

Recording-based debugger @

1 -
» | screte 1 8.9, 11 0. -
sbinfected =
> variables . o
ocused on 16.41N of all initially started runs.
Variable values: ICI ng
alicelnfections | 1
bobInfected | 9: B1.0%, 1: 19.06
>
S rt f ltiple | @

Implementation @




PROGRAM EXECUTION ALEX HOPPEN

B S 1. €< ) R
() f
(P, P2) wp( Py, wp( P, f))
(int | bool | ) var = ezxpr flvar = expr]
if expr { P } else { Pese } | [expr] - wp(Py, f) + [~ezpr| - wp(Peise, f)
while expr { Fyoay } Ifp X.([ezpr] - wp(Poody, X) + [~ezpr] - f)
observe expr lezpr| - f

P —
» int x = 1 wp(P. Ix = <)
=[[1 =¢]

OROROEORORON X<



PROGRAM EXECUTION

ALEX HOPPEN

P

()

(Pla P2)

(int | bool | ) var = ezpr
if expr { Py } else { Fuse }
while ezpr { Pyoay }
observe ezpr

wp(P,f)
* wlp(P,1)

wip(P, f)

f

wp(Pl,wp(P2, f))

flvar = ezpr]

lezpr] - wp(Piy, f) + [~expr] - wp(Peise, f)
gfp X.([ezpr] - wip(Pooay, X) + [~ezpr] - f)
lezpr] - f

OROROEORORON X<



PROGRAM EXECUTION

ALEX HOPPEN Q

while cond {

=)

Pbody

h

AP([~cond] - /)

if cond {
p [—~cond] - f+
Pooy [cond] - wp(P,f)

@
/ 9
9

if cond {

p [~cond] - f+
Pooy [cond] - wp(P,f)
/ 9
if cond {
while true {} » [~cond] - f @
/ 9
M(f) = [[cond] - wp(P.f) + [~cond] - f (/)



PROGRAM EXECUTION

ALEX HOPPEN

wp(while expr { P, ;, }. 1)
= Ifp X. ([[expr]l - WP(Ppoqy, X) + [ 7exprll )
= lfp X . p(X)
= lim ¢"(0)

b— 00

~ ¢"(0)
= A"~} ([~cond] - f)

OROROEORORON X<



PROGRAM EXECUTION ALEX HOPPEN
P woip( P, f)
() f
(P],PQ) wp(lewp(P2~f))
(int | bool | &) var = expr flvar = expr|
if expr { Py } else { Puse } | ezpr| -wp( Py, f) + [—ezpr| - wp( Pese, f)
while ezpr { Pyoay } Ifp X.([ezpr] - wp(Pooay; X) + [~ezpr] - f)
observe ezpr f
wlp(P,1)
= Pr(term. A obs.) + Pr(—term. A obs.) 0

= Pr(term. A obs.) + Pr(—term. A obs.) + rPr(—ltermT A ﬂobs.j
= Pr(term. A obs.) + (1 — Pr(term.))
= wp(P,1) + (1 — woip(P,1))

OROROEORORON X<



PROGRAM EXECUTION ALEX HOPPEN
P | woip(P, f)
() f
(P],Pz) WP(PlaWP(PQaf))
(int | bool | £) var = ezxpr flvar = expr]
if expr { Ps} else { Peose } | [ezpr] - wp(Py, f) + [—expr| - wp(Peise, f)
while expr { Poody } Ifp X.([ezpr] - wp(Pooay, X) + [-ezpr] - f)
observe ezpr f
wlp(P,1)

= wp(P,1) + (1 — woip(P,l))

wlp(P,1) 1 —woip(P,1) + wp(P,1)

OROROEORORON X<



PROGRAM EXECUTION ALEX HOPPEN

How MANY TIMES T0 UNROLL A Loop?

» Execute program using sampling with n samples

» Count how many times a loop is traversed

» Use maximum as loop iteration bound

, For a.s.t. programs — of all runs will not terminate within this bound
)

» For 10 000 samples 99.99% of all runs terminate

wp(P,f) wp (P, f) +1 — woip (P, 1)
-’ wlp(P,1) I —woip,(P,1) + wp,(P,1) \ " wp,(P,1)

OROROAORORON N
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Syntax highlighting Q

Static semantic functionality Q

aliceInfections = @

Program execution Q

Debugger @

i i Recording-based debugger @

while aliceInfections == 31 {

-) if discretel({0: 9.9, 1: 9.3)) == 1 {
bebinfected = 1
)

if discrete({0: 0.4, 1: 90.46)) == 1 {
slicelInfections = @
Slicin
> display variables I g @
urrentl ecused on i runs.
arisble values:!

Support for multiple languages @

Implementation @



DEBUGGER ALEX HOPPEN Q
bool alice = true oG SwOm Swo Swor (0

bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {
alice = false
}
}

OROROEORON



DEBUGGER ALEX HOPPEN

bool alice = true -

bool bob = false
while alice {
if prob(0.1) {

bob = true

}
if prob(0.6) {

alice = false

OROROXORON N K<



DEBUGGER ALEX HOPPEN

bool alice = true -
bool bob = false -

while alice {
if prob(0.1) {
bob = true

}
if prob(0.6) {

alice = false

OROROXORON N K<



DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false

while alice {

if prob(0.1) {
bob = true

}
if prob(0.6) {

alice = false

h
L
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DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false

while alice {

if prob(0.1) {
bob = true

}
if prob(0.6) {

alice = false

h
L
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DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false
while alice {

bob = true

}
if prob(0.6) {

alice = false

h
L
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DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true

h

alice = false

h
h
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DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true

h

alice = false

h
h
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DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false
while alice {

if prob(0.1) {

}
if prob(0.6) {

alice = false

h
L
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DEBUGGER ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true

h

alice = false

h
h

OROROXORON N K<



DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {
alice = false
}
¥

OROROXORON N K<



DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

- while alice
i it prob(o.1)
R vob - true

OROROXORON N K<



DEBUGGER

ALEX HOPPEN

- while alice
i it prob(o.1)
G bob = true

wph(h"', f)

[bobl|

wph(ht,1) | woiph(h®,1)

1 1

OROROXORON N K<



DEBUGGER ALEX HOPPEN Q
wph(ht,f) | wph(ht,1) | woiph(h®,1)
0.1 0.1 1 Q
0.1-[lalice] | 0.1 - [Jalice] | Q
- observe alice 0.1 - [[alice]l | 0.1 - [alice]] |
- observe prob(0.1) 0.1 0.1 | @
- bob = true | | | @
[bob] 1 1
wphﬂ(hp,f) ] — woiphﬁ(hp,l) @
L ——————_ s,
I = woiph (hP,1) + wph (hF,1) wph (hP,1) @
0.1 1 —1
— [ x——— ) = 100% (0 %
1—1+0.1( 0.1) ¢ (£0%) 9
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while aliceInfections == 31 {

-) if discretel({0: 9.9, 1: 9.3)) == 1 {
bebinfected = 1
)

if discrete({0: 0.4, 1: 90.46)) == 1 {
slicelInfections = @
Slicin
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Static semantic functionality

B> E /A Pizza ) H My Mac Pizza - Debugging GPU Frame + =2 ] = [

F = Q AN & = o B B8 < e . BB 0O Fragment Render Pipeline — fragmentShader fragmentShader =
CONSTEXPr Sampler COlOrSampler \mip_TlLlTer::.linear, colorsampler = Sampier Uxu.
v @ Pizza @ mag_filter::1linear,

Program execution

Tinnniinnnnnnnnninnnnnninnnniiom
Counters // Return the interpolated color.
float4 color = texture.sample(colorSampler, color = [0.714, 0.092, 0.04% @
in.texturePosition);

‘ X: 763,5 ¥ color = (float4) [0.714, 0.092, 0.043, 1.0]
Y: 655,5

e Debugger

| Memory

Recording-based debugger

;jfj;_} Min Value [0.0, 0.0, 0.0, 0.0]
Max Value [0.774, 0.774, 0.774, 1.0]

[ ] (]
if (color.a == @) { I
discard_fragment(); S I CI n g
}
53 return color; ret = [0.714, 0.092, 0.043, ' =

}
T [1]F | [&] ® [I> | No Selection

Support for multiple languages

Implementation

ORORONON N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

ORORONON N NN



RECORDING-BASED DEBUGGER ALEX HOPPEN

bool alice = true bool alice = true

bool bob = false
while alice {
if prob(0.1) {

bob = true

}
if prob(0.6) {

alice = false

ORORONON N NN



RECORDING-BASED DEBUGGER ALEX HOPPEN

bool alice = true bool alice = true

bool bob = false bool bob = false

while alice {
if prob(0.1) {
bob = true

}
if prob(0.6) {

alice = false

ORORONON N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false

v while alice

v Iteration 1

ORORORON < N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false
v while alice
v Iteration 1
v if prob(0.1)

ORORORON < N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false
v while alice
v Iteration 1
v if prob(0.1)

bob = true

ORORORON < N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false
v while alice
v Iteration 1
v if prob(0.1)
bob = true
v if prob(0.6)

ORORORON < N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false
v while alice
v Iteration 1
v if prob(0.1)
bob = true
v if prob(0.6)

alice = false

ORORORON < N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false
v while alice
v Iteration 1
v if prob(0.1)
bob = true
v if prob(0.6)
alice = false

» Iteration 2

ORORORON < N NN



RECORDING-BASED DEBUGGER

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

bool alice = true
bool bob = false
v while alice
v Iteration 1
v if prob(0.1)
bob = true
v if prob(0.6)
alice = false

» Iteration 2

end

ORORORON < N NN
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Syntax highlighting Q

Static semantic functionality Q

1 1nt x = 20 Program execution Q
2 1Inty =1

3 while x > 0 { Debugger @
4 x —=1 Recording-based debugger Q

6 1 Slicing @

Support for multiple languages @

Implementation @



SLICING ALEX HOPPEN

SLICING

» Find smaller program that has the same semantics w.r.t. some variable

» For probabilistic programs

» Same semantics w.r.t. postexpectation f & weakest preexpectation of f

wp(P,f)

matches: —M8M8
1 — woip(P,1) + wp(P,1)

» Basic idea: Perform WP-inference and keep track of preexpectations
produced by slices

VOOOOOOO



SLICING ALEX HOPPEN

EXPECTATION-TRIPLES

» Expectation-triple g = (g, 8, &)

) p(P9 g) — (WP(P9 gf)aWP(Pa gw)aWO'P(Pa g@))

» Initial expectation-triple F = (/,1,1)
5f
1 — 8o 1T 8w

, Fractional value of g: g =

ORORON N N NN



ALEX HOPPEN

SLICING

1 1nt x = 10
2 X —=1

3 1nt y =5

4 observe prop(0.6)
5 X +=1

ORORON N N NN



ALEX HOPPEN

SLICING

1 1nt x = 10
2 X —=1

3 1nt y =5

4 observe prop(0.6)
5 X += 1

]

[x = <]l

F —
ple. 1) 1-1+1

=[x =]l

ORORON N N NN



SLICING ALEX HOPPEN Q

1 1nt x = 10 Q

2 X —=1

3 1nty =5 Q

4 observe prop(0.6) Q

5 X += 1

B ©
9

p(e, F) = 1[[i T—f]]l =[x =] @
9



SLICING ALEX HOPPEN

1 1int x = 10

2 X —= 1

3 1nt y =5

4 observe prop(0.6)
5 X +=1

x+l=al
p(Ps, F) = [— 1+ 1 =[x+ 1 =]

ORORON N N NN



SLICING ALEX HOPPEN
1 1nt x = 10
2 X —=1
3 1nt y =5
4 observe prop(0.6)
5 X += 1
0.6-[[x+1=~¢]

P F) = = + 1 =

P45 ) I—1+06 _xHti=¢l

ORORON N N NN



SLICING ALEX HOPPEN

1 1nt x = 10

2 X —=1

35 F
4 observe prop(0.6) 345 F
5 X +=1

ORORON N N NN



SLICING ALEX HOPPEN

[x = &] [x+1=¢]

1 1nt x = 10 Q
25 F 45 F 9
3 1nt y =5 245 - F 35— F
4 observe prop(0.6) 235 F 345—2F Q
e 1 2345 F o
0.6 - [x = £]
P ,F — — —
pPs—s. F) [—1+06 r=el @



SLICING ALEX HOPPEN Q

[x =& [x+1=¢&] | [10=¢£]

1 1nt x = 10 Q
2 x —=1 25 F 45— F 125> F Q
3 1nt y =5 245 F 35 F 1245 F
4 observe prop(0.6) 235 F 345 F 1235 F Q
5 X += 1 2345~ F 123452 F
0.6 -[10 =¢&]
P 9F = = 10=
p(P_s, F) 1 —1+ 0.6 [ Sl @



SLICING ALEX HOPPEN Q

[x =<l [x+1=¢] [10 = £]]

1 1nt x = 10 Q
2 x —=1 25— F 45 - F 125> F Q
3 1inty =5 2455 F 35 F 1245 F

4 observe prop(0.6) 235 F 345 F 12359 F Q
5 X += 1 2345 F 12345 F

0.6 -[[10 =£&]
P 9F = — 10=
P15 ) I—1+06 _1O=dl 9



SLICING ALEX HOPPEN

1 1int x = 10

2 if prob(0.3) {
3 x —-=1

4 } else {

5 x = 20

6 x —=1

7}

8 X += 1

ORORON N N NN



SLICING ALEX HOPPEN

1 1nt x = 10

2 if prob(0.3) {
3 x —-=1

4 } else {

5 x = 20

6 x —-=1

7 }

8 x += 1

ORORON N N NN



SLICING ALEX HOPPEN
e F

2 if prob(0.3) {

3 x —-=1

4 } else {

5 X = 20

b6 x —-=1

7}

8 x += 1

ORORON N N NN



SLICING ALEX HOPPEN

1 1nt x = 10

2 if prob(0.3) {
3 x —-=1

4 } else {

5 x = 20

b6 x —-=1

7 }

ORORON N N NN



ALEX HOPPEN

SLICING

1 1nt x = 10

2 if prob(0.3) {
3 X —= 1

ORORON N N NN



SLICING ALEX HOPPEN Q
1 1nt x = 10 Q
2 if prob(0.3) {
3 X —= 1 Q
4 } else { Q
5 X = 20 6= Fyi1
o X —= 1 Q
7} )
8 X += 1
9
9



SLICING ALEX HOPPEN Q
1 1nt x = 10 Q
2 if prob(0.3) {
3 x —-=1 Q
4 } else { Q
5 X = 20 6= Fxi1 S 6 Fyyq
6 x —=1 Q
7} )
8 X += 1
9
9



SLICING ALEX HOPPEN Q
1 1nt x = 10 Q
2 if prob(0.3) {
3 x —=1 Q
4 } else { Q
5 X = 20 6 Fyi1 S6 Fxig
b6 x —=1 Q
7} )
8 X += 1
9
9



SLICING ALEX HOPPEN Q
[x =Sl [x+1=7Z]
1 1nt x = 10 Q
2 if prob(0.3) { Q
S x=¢1 | Ix+1=¢1 | [20=¢]
B, — X — —
4} else | — c~F [5-F 9
5 X = 20 6_}Fx+7 56_}Fx+1 Q
cox T =&l | m+1=el
X = X+ 1 =
7 } 8_>FX 8_’FX+1 @
8 X += 1 @




SLICING ALEX HOPPEN Q

[x =¢] [x+1=Z]
1 1nt x = 10 Q
2 if prob(0.3) { Q
S X = e=e] | [x+1=¢1 | [20=¢]

), — X — —
4}@15@{ 8_’FX 8_’Fx+1 5_’Fx Q
5 X = 20 6_’Fx+7 56_}Fx+1 Q
v k=&l | [x+1=2¢]

X = X+ 1=
7 } 8_’FX 8_>FX+1 @
8 X += 1 3 Fyy1 @




SLICING ALEX HOPPEN Q
[x =Sl [x+1=7Z]
1 1nt x = 10 Q
2 if prob(0.3) { Q
S x=¢1 | Ix+1=¢1 | [20=¢]
B, — X — —
4 } e-LSE{ 8_’FX 8_’Fx+1 5_’Fx Q
5 X = 20 6_}Fx+7 56_}Fx+1 Q
cox T e=¢l | v+ 1=e1
X = X+ 1 =
7 } 8_’FX 8_}FX+1 @
8 X += 1 3_'Fx+1 @




SLICING ALEX HOPPEN Q

[x = &]l [x+ 1 =C&] [03Ix=¢£1+07-120=¢]]
1 1nt x = 10 Q
2 if prob(0.3) { Q
Sox T x=¢1 | Ix+1=¢] | [20=¢]

B, — X — —
4}@15@{ 8_’FX 8_’Fx+1 5_’Fx Q
5 X = 20 6_}Fx+7 56_}Fx+1 Q
Cox T e=el | [r+1=¢]

X = X+ 1 =
7 } 8_’FX 8_}FX+1 @
8 X += 1 3 Fiq @




SLICING ALEX HOPPEN

| [x = &]l [x+ 1 =C&] [03Ix=¢£1+07-120=¢]]
1 1nt x = 10 c— F 8 F 259 F
2 if prob(0.3) {
3 X —= 1

[x =Y lx+1=2C1 ™N20 =]
4}@15@{ e — Fy e Fyi1 S = Fy
5 X = 20 6_'Fx+1 56_'Fx+1
0 X —= 1
- [x =Sl [x+1=_]
e — FX e — FX+1

8 X += 1 3= Fxa1

ORORON N N NN



SLICING ALEX HOPPEN

1 1int x = 10

3 x —-=1

4 } else {

5 X = 20 6 Fys1 S 6 Fx+1
6 x —=1

7 }

8 X += 1 3= Fxs1

ORORON N N NN



SLICING ALEX HOPPEN Q
[x =&l [x+ 1 =¢&] |03-Ix=¢1+0.7-[20=¢]
L int x = 10 e~ F 8 — F 25 F 9
3 x —-=1 Q
4 } else A Q
5 X = 20
6 x —=1 Q
7} )
8 x += 1
9
9



SLICING ALEX HOPPEN Q
1 1nt x = 10 Q
2 if prob(0.3) { Q
>ox = e=c1 | meh1=c]

), X p—
4 } e-l-se { 8_'Fx E Fx+1 Q
5 X — 2@ 6_’FX+7 Q
oox e=e1/| [+ 1=¢]

X = X+ 1=
7 } 8_’FX 8_}FX+1 @
8 X += 1 3 Fyiq @



SLICING ALEX HOPPEN Q
1 1nt x = 10 Q
23568~ F
! x —= 1 Q
4 } else { Q
5 X = 20
0 x —= 1 Q
7} @
8 X += 1
&
&



SLICING

ALEX HOPPEN

1 int x = discrete({1: 0.5, 2: 0.5})
2 if x == 1 {

3 observe prob(0.1)

4}

ORORON N N NN



SLICING

ALEX HOPPEN

1 1nt

X = discrete({1: 0.5, 2: 0.5})

2 if x == 1 {
3 observe prob(0.1)

4 }

=)

Slice w.r.t. expectation-triple instead of the fractional value if
wp(P,1) and woip(P,1) of bodies doesn’t match

ORORON N N NN



SLICING ALEX HOPPEN

int x = 10
if prob(0.3) {

S U1 B W N -
-
(D
f_l
wn
g
~
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SLICING ALEX HOPPEN

1 1int x = 10
2 if prob(0.3) {
3 X +=1

{

1

4 } else

5 X +=

6

If expectation-triples of both bodies match, the condition itself can
be removed

ORORON N N NN



SLICING ALEX HOPPEN

1 while x > 0 {
2 X =X-Y
3 y=y+1
4 z =z + 1

5 }

ORORON N N NN



Syntax highlighting Q

Static semantic functionality Q

1 1nt x = 20 Program execution Q
2 1Inty =1

3 while x > 0 { Debugger @
4 x —=1 Recording-based debugger Q

6 1 Slicing Q

Support for multiple languages @

Implementation @



Syntax highlighting Q

Static semantic functionality Q

Program execution Q

WebPPL Stan Debugger Q

\II}E‘/ Recording-based debugger Q
Slicing Q

Support for multiple languages @

Implementation @



SUPPORT FOR MULTIPLE LANGUAGES

gretal*®!
pomegranate!
Leal*®!
WebPPL 49!
Picture!*!
Turing.jIt>°

Gen!®™]

Low-level First-
order PPL>?!

Trol|l°3]

Edward[®%!

TensorFlow
Probability[°®!

Edward2!°6!

Pyrol®’]
Saul!°8!
RankPLP?!
Birch!60!

pS|LoT

471 python

Probability

TensorFlow

Python

JavaScript

Julia

Julia

Julia

Python, Clojure,
Pytorch

TensorFlow

TensorFlow

TensorFlow

Probability
PyTorch

Scala

Source: Wikipedia

ALEX HOPPEN

R

Python

.Python
.JavaScript
-Julia

-Julia

Julia

Various:
Python,

Clojure

Moscow
ML

Python

Python

Python

Python
Scala

Java

C++

D

C++

Rust

Swift

N\

LLVM IR

NN

x86

x86-64 ARM

PowerPC

VOOOOO0OO



SUPPORT FOR MULTIPLE LANGUAGES

ALEX HOPPEN

bool alice = true
bool bob = false
while alice {
if prob(0.1) {
bob = true
}
if prob(0.6) {

alice = false

///"

1fBodyBob

\‘ifCondAlice

{//”

1fBodyAlice

N~

entry

¢ —

whileCond

'

1fCondBob

|
|

whileEnd

ex1t

VOO0
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Static semantic functionality Q

Program execution Q

WebPPL Stan Debugger Q

\II}E‘/ Recording-based debugger Q
Slicing Q

Support for multiple languages @

Implementation @
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Int aliceinfections © 3 Program execution Q

oe 1 {

Debugger Q

Recording-based debugger Q

Slicing Q

Support for multiple languages @

Implementation @







Syntax highlighting Q

Static semantic functionality Q

Int aliceinfections © 3 Program execution Q

oe 1 {

Debugger Q

Recording-based debugger Q

Slicing Q

Support for multiple languages @
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» Possible using existing techniques



Syntax highlighting Q

Static semantic functionality Q

Program execution Q

Debugger Q

Recording-based debugger Q

Slicing Q

Support for multiple languages @

Implementation Q

» Possible using existing techniques



Syntax highlighting Q

Static semantic functionality Q

» Weakest preexpectation Program execution Q
» Loop iteration bounds
Debugger Q
» Determined using sampling-
based execution Recording-based debugger Q
A S 1—woipﬁ(P,1)
roximation error | + iCi
» APP wo (P.D Slicing Q

Support for multiple languages @

Implementation Q



Syntax highlighting Q

Static semantic functionality Q

» Debugger commands
Program execution Q

» Step Over

» Step Into True Debugger Q

» Step Into False Recording-based debugger Q
» Weakest preexpectations of Slicing Q

execution history

Support for multiple languages @

Implementation Q



Syntax highlighting Q

Static semantic functionality Q

Program execution Q
» Description of execution states

using execution history Debugger Q

» Generation of execution outline Recording-based debugger Q
from source code structure
Slicing Q

Support for multiple languages @

Implementation Q



Syntax highlighting Q

Static semantic functionality Q

Program execution Q
» Semantic slicing using weakest

preexpectations Debugger Q
» Slicing correct w.r.t. loop iteration Recording-based debugger Q
bounds

Slicing Q

Support for multiple languages @

Implementation Q



Syntax highlighting Q

Static semantic functionality Q

Program execution Q

Debugger Q
» Structured intermediate

representation might still offer Recording-based debugger Q

advantages
Slicing Q

Support for multiple languages @

Implementation Q

» Not possible using in SSA form



Syntax highlighting Q

Static semantic functionality Q

Program execution Q

» Available as Mac-App and Unix Debugger Q
Command Line tool Recording-based debugger Q

Slicing Q

Support for multiple languages @

Implementation Q



PROBABILISTIC PROGRAMS ARE INHERENTLY DIFFERENT

IT1S POSSIBLE




