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Jed. n : nat
_ IHn : forall m : nat, (n 2=m) <> Gt <-> N <= m

emma compare_1lt_ iff nm : (n?=m) = Lt <-> n < m. m : nat
roof. H:n<=m

revert m; induction n; destruct m; simpl; rewrite ?IHn; split; try easy. (1/2)
- intros _. apply Peano.le_n_S, Peano.le_© n. Sn<sSs i
- apply Peano.le n_S. (2/2)
- apply Peano.le S n. " <= 8 '

d.

emma compare_le_iff nm : (n ?=m) <> Gt <-> n <= m.
roof.

revert m; induction n; destruct m; simpl; rewrite ?IHn.

- now split.

- split; intros. apply Peano.le_@_n. easy.
- split. now destruct 1. inversion 1.
= split; intros.| now apply Peano.le_n_S. now apply Peano.le_S_n.

ded.

emma compare_antisym nm : (m ?= n) = CompOpp (n ?= m).

roof.

revert m; induction n; destruct m; simpl; trivial.

Jed. 3

emma compare succ nm : (Sn?»<Sm =(n 2= m. Messages ~  Errors |2 Jobs



PENER TS O
SYNTACTIC REASONING

* formalisation

* soundness and completeness not an Issue

* robustness to changes

* manipulating open terms

» partial evaluation // supercompilation

» symbolic execution // abstract interpretation

» success story in PLs: operational semantics // types // logics
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CAN WE REASON
EQUATIONALLY
SYNTACTICALLY

OPERATIONALLY
ABOUT CIRCUITS!



COMBINATIONAL FEEDBACK

if c then F(G(X)) else G(F(x))
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EXAMPLE OF EQUATION
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EXAMPLE OF EQUATION

frp =
af

Ir(t-(g ® n)) = Tr((g®m) - )




ERAMPLE OF PROPOSIHICES

IR G () @ n) - h) = TP (0 ® g) - (p,m ® T}« [+ (o p @) Dl RN

Equational &= Diagrammatic
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SMALL AXIOMS

Streaming: For any levels v = v ® v’ and gate k, (6 @ v) -
Vo -k=((6°-k)®(v-k))-V;.
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DIAGRAMMATIC PROOF

fj_z_L foo

induction
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DIAGRAMMATIC PROOF
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diagrammatic reasoning



DIAGRAMMATIC PROOF

induction hypothesis



DIAGRAMMATIC PROOF

diagrammatic reasoning
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DIAGRAMMATIC PROOF

diagrammatic reasoning



FQUAITIONS = SPECS
DIAGRAMS = CALCULATIONS



FEEDBACK + PRODUCT =
"CONTROL-FLOW ITERATION

& azanescu and G. Stefanescu 1990



COMBINATIONAL FEEDBACK
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COMBINATIONAL FEEDBACK
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COMBINATIONAL FEEDBACK
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COMBINATIONAL FEEDBACK

Obs: Unmatched delays lead to different behaviour (as they should).
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TRANSISTOR-LEVEL (MOSFET)
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TRANSISTOR-LEVEL (MOSFET)
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RELATED WORK

* HLS : Sheeran, Luk, Singh

- Semantics : Mendler, Shiple, Berry

* Diagrammatics : Kissinger;, Coecke, Abramsky
» Systems : Sobocinsky, Zanasi, Bronchi

- Category theory : Baez, Stay, Cazanescu, Stefanescu
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CONCLUSION

» the interplay of equations and diagrams
» full automation of (partial) evaluation

* a new foundation for HW modelling

» compositional VHDL/Verilog
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