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In this project we develop several formal tools to deal formally with
probability and graphs. We provide a formalization of probability theory and more generally of
Lebesgue integration in the Cog proof assistant. We develop theories to reason about tree and graph
structures and apply them to the formal verification of programs. We applied the resulting theories
to the formalization of the bases of information theory and artificial intelligence. We also develop

theories to verify probabilistic programs and provide a generic and extensible framework to verify
effectful programs in the Coq proof assistant. Most of our results are available as open access
papers and open source software.
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Definition bit_flip_enc : endo 3 :=

tsapp [lens 0; 2] cnot \v tsapp [lens 0; 1] cnot.
Definition bit_flip_dec : endo 3 :=

tsapp [lens 1; 2; 0] toffoli \v bit_flip_enc.

Definition sign_flip_dec := bit_flip_dec \v hadamard3.
Definition sign_flip_enc := hadamard3 \v bit_flip_enc.

Definition shor_enc : endo 9 :=
focus [lens 0; 1; 2] bit_flip_enc \v
focus [lens 3; 4; 5] bit_flip_enc \v
focus [lens 6; 7; 8] bit_flip_enc \v
focus [lens 0; 3; 6] sign_flip_enc.
Definition shor_dec : endo 9 :=
focus [lens 0; 3; 6] sign_flip_dec \v
focus [lens 0; 1; 2] bit_flip_dec \v
focus [lens 3; 4; 5] bit_flip_dec \v
focus [lens 6; 7; 8] bit_flip_dec.

Definition shor_code (chan : endo 9) :=
shor_dec \v chan \v shor_enc.

Figure 2: Shor 9
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