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1 int x = 20 

2 int y = 1 

3 while x > 0 { 

4   x -= 1 

5   y = 2 * y 

6 }
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ALEX HOPPENSYNTAX HIGHLIGHTING

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
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STATIC SEMANTIC FUNCTIONALITY

▸ Additional constructs don’t add significant static complexity 

▸ Probabilistic choice 

▸ Observe 

▸ Traditional approaches can easily be copied
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wp(P, [[x = ξ]])
= [[1 = ξ]]int x = 1
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ALEX HOPPENPROGRAM EXECUTION

while cond { 

  Pbody 

}

if cond { 

  Pbody 

} 

if cond { 

  Pbody 

} 

if cond { 

  while true {} 

}

λb([[¬cond]] ⋅ f ) λ( f ) = [[cond]] ⋅ wp(P, f ) + [[¬cond]] ⋅ f

[[¬cond]] ⋅ f

[[¬cond]] ⋅ f +
[[cond]] ⋅ wp(P, f )

[[¬cond]] ⋅ f +
[[cond]] ⋅ wp(P, f )



ALEX HOPPENPROGRAM EXECUTION

= lfp X . ([[expr]] ⋅ wp(Pbody, X) + [[¬expr]] ⋅ f)

= lim
b→∞

φb(0)

≈ φb(0)
= λb−1([[¬cond]] ⋅ f )

= lfp X . φ(X)

wp(while expr { Pbody }, f )



ALEX HOPPENPROGRAM EXECUTION

= wp(P,1) + (1 − woip(P,1))

= Pr(term. ∧ obs.) + Pr(¬term. ∧ obs.) +
=0

Pr(¬term. ∧ ¬obs.)
= Pr(term. ∧ obs.) + Pr(¬term. ∧ obs.)

wlp(P,1)

= Pr(term. ∧ obs.) + (1 − Pr(term.))



ALEX HOPPENPROGRAM EXECUTION

= wp(P,1) + (1 − woip(P,1))
wlp(P,1)

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

1 − woip(P,1) + wp(P,1)



ALEX HOPPENPROGRAM EXECUTION

HOW MANY TIMES TO UNROLL A LOOP?

▸ Execute program using sampling with  samplesn

▸ 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
1
n

▸ For 10 000 samples 99.99% of all runs terminate

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

wpβ(P, f )
1 − woipβ(P,1) + wpβ(P,1) (±

1 − woipβ(P,1)
wpβ(P,1) )
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ALEX HOPPENDEBUGGER

bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}

CONTINUE STEP INTOSTEP OVER STEP OUT
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bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}

STEP OVER

STEP OVER
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bool bob = false 

while alice { 

  if prob(0.1) { 
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bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}

STEP OVER

STEP OVER

STEP OVER STEP INTO TRUESTEP INTO FALSE

bob: 
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bool alice = true 

bool bob = false 
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ALEX HOPPENDEBUGGER

bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}

STEP OVER

STEP OVER

STEP INTO TRUE

STEP INTO TRUE

STEP OVER 

bool alice = true

bool bob = false

while alice

if prob(0.1)

bob = true



ALEX HOPPENDEBUGGER

STEP OVER

STEP OVER

STEP INTO TRUE

STEP INTO TRUE

STEP OVER 

bool alice = true

bool bob = false

while alice

if prob(0.1)

bob = true

[[bob]] 1 1

bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}

wph(hP, f ) wph(hP,1) woiph(hP,1)



ALEX HOPPENDEBUGGER

STEP OVER

STEP OVER

STEP INTO TRUE

STEP INTO TRUE

STEP OVER 

bool alice = true

bool bob = false

bob = true

[[bob]] 1 1
1 1 1

0.1 0.1 1
0.1 ⋅ [[alice]] 0.1 ⋅ [[alice]] 1
0.1 ⋅ [[alice]] 0.1 ⋅ [[alice]] 1

0.1 0.1 1

observe prob(0.1)

observe alice

bob: 

  true: 100% 

  false:  0%

10%

bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}

wph(hP, f ) wph(hP,1) woiph(hP,1)

wphβ(hP, f )
1 − woiphβ(hP,1) + wphβ(hP,1)

±
1 − woiphβ(hP,1)

wphβ(hP,1)
0.1

1 − 1 + 0.1 (± 1 − 1
0.1 ) = 100 % (±0 % )
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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

▼ while alice

  ▼ Iteration 1

    ▼ if prob(0.1)
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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

▼ while alice

  ▼ Iteration 1

    ▼ if prob(0.1)

        bob = true
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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

▼ while alice

  ▼ Iteration 1
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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

▼ while alice

  ▼ Iteration 1

    ▼ if prob(0.1)

        bob = true

    ▼ if prob(0.6)

        alice = false

  ▶ Iteration 2



ALEX HOPPENRECORDING-BASED DEBUGGER

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

▼ while alice

  ▼ Iteration 1

    ▼ if prob(0.1)

        bob = true

    ▼ if prob(0.6)

        alice = false

  end

  ▶ Iteration 2
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1 int x = 20 

2 int y = 1 

3 while x > 0 { 

4   x -= 1 

5   y = 2 * y 

6 }



ALEX HOPPENSLICING

SLICING

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

▸ For probabilistic programs 

▸ Same semantics w.r.t. postexpectation  ⇔ weakest preexpectation of 

matches: 

f f
wp(P, f )

1 − woip(P,1) + wp(P,1)

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



ALEX HOPPENSLICING

EXPECTATION-TRIPLES

▸ Expectation-triple  

▸  

▸ Initial expectation-triple  

▸ Fractional value of : 

g = (gf, gω, gθ)

ρ(P, g) = (wp(P, gf), wp(P, gω), woip(P, gθ))
F = ( f,1,1)

g g =
gf

1 − gθ + gω
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1 int x = 10 
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ALEX HOPPENSLICING

1 int x = 10 

2 x -= 1 

3 int y = 5 

4 observe prop(0.6) 

5 x += 1

ε→ F 5→ F

1= =

[[x = ξ]] [[x + 1 = ξ]]

1 − 1 + [[x + 1 = ξ]]ρ(P5, F) [[x + 1 = ξ]]



ALEX HOPPENSLICING

1 int x = 10 

2 x -= 1 

3 int y = 5 

4 observe prop(0.6) 

5 x += 1

ε→ F 5→ F
5→ F4

0.6 ⋅ [[x + 1 = ξ]]
0.6= =

5→ F
[[x = ξ]] [[x + 1 = ξ]]

1 − 1 + [[x + 1 = ξ]]ρ(P4−5, F)



ALEX HOPPENSLICING

1 int x = 10 

2 x -= 1 

3 int y = 5 

4 observe prop(0.6) 

5 x += 1

ε→ F 5→ F
5→ F4

3 5→ F

0.6 ⋅ [[x + 1 = ξ]]
0.6= =

3 5→ F4

[[x = ξ]] [[x + 1 = ξ]]

1 − 1 + [[x + 1 = ξ]]ρ(P3−5, F)
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1 int x = 10 

2 x -= 1 

3 int y = 5 

4 observe prop(0.6) 

5 x += 1

ε→ F 5→ F
5→ F42

2
2

0.6 ⋅ [[x = ξ]]
0.6= =

3 5→ F
3 5→ F4

2

5→ F
5→ F4

3 5→ F
3 5→ F4

[[x = ξ]] [[x + 1 = ξ]]

1 − 1 + [[x = ξ]]ρ(P2−5, F)



ALEX HOPPENSLICING

1 int x = 10 

2 x -= 1 

3 int y = 5 

4 observe prop(0.6) 

5 x += 1

ε→ F 5→ F
5→ F45→ F

5→ F4
2
2

→ F1
1
1
1

0.6 ⋅ [[10 = ξ]]
0.6= = [[10 = ξ]]

3 5→ F
3 5→ F4

1
2
2

3 5→ F
3 5→ F4

2
2
2
2

5→ F
5→ F4

3 5→ F
3 5→ F4

[[10 = ξ]][[x = ξ]] [[x + 1 = ξ]]

1 − 1 +ρ(P1−5, F)
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1 int x = 10 

2 x -= 1 

3 int y = 5 

4 observe prop(0.6) 
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1
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0.6 ⋅ [[10 = ξ]]
0.6= = [[10 = ξ]]

3 5→ F
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1
2
2

3 5→ F
3 5→ F4

2
2
2
2

5→ F
5→ F4

3 5→ F
3 5→ F4

[[10 = ξ]][[x = ξ]] [[x + 1 = ξ]]

1 − 1 +ρ(P1−5, F)
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1 int x = 10 

2 if prob(0.3) { 

3   x -= 1 

4 } else { 

5   x = 20 

6   x -= 1 
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8 x += 1

ε→ F 8→ F

→ Fx ε→ Fx+1ε
6→ Fx+1

→ Fx
6→ Fx+1

5
5

→ Fx ε→ Fx+1ε
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[[x + 1 = ξ]][[x = ξ]]



ALEX HOPPEN

[[20 = ξ]][[x = ξ]] [[x + 1 = ξ]]

SLICING
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3   x -= 1 

4 } else { 

5   x = 20 

6   x -= 1 

7 } 

8 x += 1

ε→ F 8→ F

→ Fx ε→ Fx+1ε
6→ Fx+1

→ Fx
6→ Fx+1

5
5

→ Fx ε→ Fx+1ε
3→ Fx+1

2 → F5
[[x + 1 = ξ]][[x = ξ]]

[[x = ξ]] [[x + 1 = ξ]] [[20 = ξ]]

[[x + 1 = ξ]][[x = ξ]]

0.3⋅[[x=ξ]]+0.7⋅[[20=ξ]]
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[[20 = ξ]][[x = ξ]] [[x + 1 = ξ]]

SLICING

1 int x = 10 

2 if prob(0.3) { 

3   x -= 1 

4 } else { 

5   x = 20 

6   x -= 1 

7 } 

8 x += 1

ε→ F 8→ F

→ Fx ε→ Fx+1ε
6→ Fx+1

→ Fx
6→ Fx+1

5
5

→ Fx ε→ Fx+1ε
3→ Fx+1

2 → F5
2 3 5 6 8→ F

[[x + 1 = ξ]][[x = ξ]]

[[x + 1 = ξ]][[x = ξ]]

0.3⋅[[x=ξ]]+0.7⋅[[20=ξ]]
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1 int x = 10 

2 if prob(0.3) { 

3   x -= 1 

4 } else { 

5   x = 20 

6   x -= 1 

7 } 

8 x += 1

ε→ F 8→ F 2 → F5
2 3 5 6 8→ F

[[x + 1 = ξ]][[x = ξ]] 0.3⋅[[x=ξ]]+0.7⋅[[20=ξ]]
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1 int x = discrete({1: 0.5, 2: 0.5}) 

2 if x == 1 { 

3   observe prob(0.1) 

4 }
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1 int 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 
 and  of bodies doesn’t matchwp(P,1) woip(P,1)
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1 int x = 10 

2 if prob(0.3) { 

3   x += 1 

4 } else { 

5   x += 1 

6 }
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If expectation-triples of both bodies match, the condition itself can 
be removed

1 int x = 10 

2 if prob(0.3) { 

3   x += 1 

4 } else { 

5   x += 1 

6 }
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1 while x > 0 { 

2   x = x - y 

3   y = y + 1 

4   z = z + 1 

5 }
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1 int x = 20 

2 int y = 1 

3 while x > 0 { 

4   x -= 1 

5   y = 2 * y 

6 }
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Probabilistic programming
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Probabilistic programming (PP) is a
programming paradigm in which probabilistic
models are specified and inference for these
models is performed automatically.[1] It
represents an attempt to unify probabilistic
modeling and traditional general purpose
programming in order to make the former easier
and more widely applicable.[2][3] It can be used to
create systems that help make decisions in the
face of uncertainty.

Programming languages used for probabilistic
programming are referred to as "Probabilistic
programming languages" (PPLs).

PPLs often extend from a basic language. The
choice of underlying basic language depends on
the similarity of the model to the basic language's
ontology, as well as commercial considerations
and personal preference. For instance, Dimple[10]

and Chimple[11] are based on Java, Infer.NET is
based on .NET,[12] while PRISM extends from
Prolog.[13] However, some PPLs such as
WinBUGS and Stan offer a self-contained
language, with no obvious origin in another
language.[14][15]

Several PPLs are in active development, including
some in beta test. The two most popular tools are
Stan and PyMC3.[16]

Relational

A probabilistic relational programming
language (PRPL) is a PPL specially designed to
describe and infer with probabilistic relational
models (PRMs).

A PRM is usually developed with a set of
algorithms for reducing, inference about and
discovery of concerned distributions, which are
embedded into the corresponding PRPL.

List of probabilistic programming
languages

Name Extends from
Host

language

Analytica[17] C++

bayesloop[18][19] Python Python

CuPPL[20] NOVA[21]

Venture[22] Scheme C++

Probabilistic-
C[23] C C

Anglican[24] Clojure Clojure

IBAL[25] OCaml

BayesDB[26] SQLite, Python

PRISM[13] B-Prolog

Infer.NET[12] .NET Framework
.NET
Framework

dimple[10] MATLAB, Java

chimple[11] MATLAB, Java

BLOG[27] Java

delSAT[28]
Answer set
programming, SAT
(DIMACS CNF)

PSQL[29] SQL

BUGS[14]

FACTORIE[30] Scala

PMTK[31] MATLAB MATLAB

Alchemy[32] C++

Dyna[33] Prolog

Figaro[34] Scala

Church[35] Scheme
Various:
JavaScript,
Scheme

ProbLog[36] Prolog
Python,
Jython

ProBT[37] C++, Python

Stan[15] C++

Hakaru[38] Haskell Haskell

BAli-Phy
(software)[39] Haskell C++

ProbCog[40] Java,
Python

Gamble[41] Racket

PWhile[42] While Python

Tuffy[43] Java

PyMC3[44] Python, Theano Python

PyMC4[45]
Python,
TensorFlow
Probability

Python

greta[46] TensorFlow R

pomegranate[47] Python Python

Lea[48] Python Python

WebPPL[49] JavaScript JavaScript

Picture[4] Julia Julia

Turing.jl[50] Julia Julia

Gen[51] Julia Julia

Low-level First-
order PPL[52]

Python, Clojure,
Pytorch

Various:
Python,
Clojure

Troll[53] Moscow
ML

Edward[54] TensorFlow Python

TensorFlow
Probability[55] TensorFlow Python

Edward2[56] TensorFlow
Probability

Python

Pyro[57] PyTorch Python

Saul[58] Scala Scala

RankPL[59] Java

Birch[60] C++

PSI[61] D

This article relies too much on references to primary
sources. Learn more

Applications

Probabilistic programming
languages …

…

…

This article may contain an excessive amount of
intricate detail that may interest only a particular
audience.

Learn more

Difficulty

See also

Notes

External links

probabilistic programming language for Ba…
Stan (software)

Python package for Bayesian inference an…
PyMC3

Microsoft open source library
Infer.NET

22.07.20, 09:25
Page 1 of 1

SUPPORT FOR MULTIPLE LANGUAGES ALEX HOPPEN

C Rust SwiftC++

LLVM IR

x86 x86-64 ARM PowerPC

Source: Wikipedia
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entry

whileCond

ifCondBob

ifBodyBob

ifCondAlice

ifBodyAlice

whileEnd

exit

bool alice = true 

bool bob = false 

while alice { 

  if prob(0.1) { 

    bob = true 

  } 

  if prob(0.6) { 

    alice = false 

  } 

}
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▸ Weakest preexpectation 

▸ Loop iteration bounds 

▸ Determined using sampling-
based execution 

▸ Approximation error (±
1 − woipβ(P,1)

wpβ(P,1) )
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▸ Debugger commands 

▸ Step Over 

▸ Step Into True 

▸ Step Into False 

▸ Weakest preexpectations of 
execution history
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▸ Description of execution states 
using execution history 

▸ Generation of execution outline 
from source code structure



Syntax highlighting

Static semantic functionality

Program execution

Debugger

Recording-based debugger

Slicing

Support for multiple languages

Implementation

▸ Semantic slicing using weakest 
preexpectations 

▸ Slicing correct w.r.t. loop iteration 
bounds
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▸ Not possible using in SSA form 

▸ Structured intermediate 
representation might still offer 
advantages
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▸ Available as Mac-App and Unix 
Command Line tool



IT IS POSSIBLE
PROBABILISTIC PROGRAMS ARE INHERENTLY DIFFERENT


