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Knuth-Yao algorithm

How to simulate using ?

while true do
if flip(0.5) then

if flip(0.5) then
return 1 // heads-heads

else
return 2 // heads-tails

else
if flip(0.5) then

return 3 // tails-heads

else
skip // tails-tails
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Knuth-Yao algorithm

Correctness?

while true do
if flip(0.5) then

if flip(0.5) then
return 1 // heads-heads

else
return 2 // heads-tails

else
if flip(0.5) then

return 3 // tails-heads

else
skip // tails-tails

≡
?

if flip(1/3) then
return 1

else
if flip(0.5) then

return 2
else

return 3



Correctness of Knuth-Yao in ProbGKAT

while true do
if flip(0.5) then

if flip(0.5) then
return 1 // heads-heads

else
return 2 // heads-tails

else
if flip(0.5) then

return 3 // tails-heads

else
skip // tails-tails

≡
?

if flip(1/3) then
return 1

else
if flip(0.5) then

return 2
else

return 3
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Operational model

Automata with the transition function of the type
Q × At → Dω({✓,✗}+ V + Act× Q)
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▶ Notion of equivalence:
bisimulation associated
with the type functor

▶ Can be decided in
O(n2 log(n)) using a
generic minimization
algorithm (Wißmann et
al, 2020)



Operational semantics
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Axiomatisation of bisimulation equivalence



Knuth-Yao example revisited: axiomatic reasoning
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Summary

▶ GKAT + probabilistic choice and loops.

▶ Operational semantics in terms of automata.

▶ Decidable in O(n2 log(n)) time.

▶ A sound axiomatization.
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