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Probability Distribution

Approximate Inference Exact Inference
• expected latency


• fault tolerance
• absence of routing loops


• fault tolerance


• (re-)routing correctness
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x:S.E  E E 
thunk(E) force(V) 
produce(V) unit 
E to x.E

λ

Inspired
 by Call

-by-Pus
h-Value

 (CBPV)

Paul Blain Levy. 2001. Call-by-push-value. Ph.D. Dissertation. Queen Mary University of 
London, UK.
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Measure theory does not support Higher Order Functions
 

QBS (Measures + HO Functions)
QBS (Measures + HO Functions + Iteration)ω

Conservative semantics

Chris Heunen, Ohad Kammar, Sam Staton, and Hangseok Yang. 2017. A convenient 
category for higher-order probability theory. In LICS. IEE Computer Society, 1-12

Mathijs Vákár, Ohad Kammar, and Sam Staton. 2019. A domain theory for statistical 
probabilistic programming PACMPL 3, POPL (2019), 36:1-36:29
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⇓
skip to x.p & skip to x.p

reduce?
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≅
![|skip to x.p!|]

![|p'!|]

≅

idempotent

neutral

p' & p’

p' & p’

![|p' & p'!|]
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PNK

skip & skip to x.p

⇓
skip & skip; [x !-> unit]p

skip & skip; p’

skip & skip; p’

reduce

erase

⇓*

Solution: Use a type system to restrict parallelism to unit computations

G !|- E1 & E2 : P(1)
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Summary
PL NKλω
★ Functional network modelling 

+packet state 
+parallelism 
+probabilities 

★ Higher-Order Semantics: QBS  
★ Compilation to Probabilistic NetKAT

ω
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> In the paper: 

> background, 

> denotational semantics 
> compilation procedure 

(partially mechanised in 
Abella)

22
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> On bitbucket

> prototype 

implementation, 

> examples 
> Abella proof scripts



Future Work

★ Investigate alternatives to CBPV: 
FG-CBV 

★ Links with Logic Programming 
★ Other Semantics

24
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λquestion. 
  dst !<- answer question  panic 
panic = drop*

⊕0.1


