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Summary. We prove the correctness of the division circuit and the CRC
(cyclic redundancy checks) circuit by verifying the contents of the register after

one shift. Circuits with 12-bit register and 16-bit register are taken as examples.

All the proofs are done formally.

MML Identifier: GATE 4.

The terminology and notation used here are introduced in the article [1].

1. Correctness of Division Circuits with 12-bit Register and

16-bit Register

One can prove the following propositions:

(1) Let g0, g1, g2, g3, g4, g5, g6, g7, g8, g9, g10, g11, g12, a0, a1, a2,

a3, a4, a5, a6, a7, a8, a9, a10, a11, b0, b1, b2, b3, b4, b5, b6, b7, b8,

b9, b10, b11, p be sets such that NE g0 and NE g12 and NE b0 iff

NE XOR2(p,AND2(g0, a11)) and NE b1 iff NE XOR2(a0,AND2(g1, a11))

and NE b2 iff NE XOR2(a1,AND2(g2, a11)) and NE b3 iff NE

XOR2(a2,AND2(g3, a11)) and NE b4 iff NE XOR2(a3,AND2(g4, a11))

and NE b5 iff NE XOR2(a4,AND2(g5, a11)) and NE b6 iff NE

XOR2(a5,AND2(g6, a11)) and NE b7 iff NE XOR2(a6,AND2(g7, a11))
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and NE b8 iff NE XOR2(a7,AND2(g8, a11)) and NE b9 iff NE

XOR2(a8,AND2(g9, a11)) and NE b10 iff NE XOR2(a9,AND2(g10, a11))

and NE b11 iff NE XOR2(a10,AND2(g11, a11)). Then

(i) NE a11 iff NE AND2(g12, a11),

(ii) NE a10 iff NE XOR2(b11,AND2(g11, a11)),

(iii) NE a9 iff NE XOR2(b10,AND2(g10, a11)),

(iv) NE a8 iff NE XOR2(b9,AND2(g9, a11)),

(v) NE a7 iff NE XOR2(b8,AND2(g8, a11)),

(vi) NE a6 iff NE XOR2(b7,AND2(g7, a11)),

(vii) NE a5 iff NE XOR2(b6,AND2(g6, a11)),

(viii) NE a4 iff NE XOR2(b5,AND2(g5, a11)),

(ix) NE a3 iff NE XOR2(b4,AND2(g4, a11)),

(x) NE a2 iff NE XOR2(b3,AND2(g3, a11)),

(xi) NE a1 iff NE XOR2(b2,AND2(g2, a11)),

(xii) NE a0 iff NE XOR2(b1,AND2(g1, a11)), and

(xiii) NE p iff NE XOR2(b0,AND2(g0, a11)).

(2) Let g0, g1, g2, g3, g4, g5, g6, g7, g8, g9, g10, g11, g12, g13, g14, g15, g16,

a0, a1, a2, a3, a4, a5, a6, a7, a8, a9, a10, a11, a12, a13, a14, a15, b0, b1, b2,

b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, b13, b14, b15, p be sets such that NE

g0 and NE g16 and NE b0 iff NE XOR2(p,AND2(g0, a15)) and NE b1 iff

NE XOR2(a0,AND2(g1, a15)) and NE b2 iff NE XOR2(a1,AND2(g2, a15))

and NE b3 iff NE XOR2(a2,AND2(g3, a15)) and NE b4 iff NE

XOR2(a3,AND2(g4, a15)) and NE b5 iff NE XOR2(a4,AND2(g5, a15))

and NE b6 iff NE XOR2(a5,AND2(g6, a15)) and NE b7 iff NE

XOR2(a6,AND2(g7, a15)) and NE b8 iff NE XOR2(a7,AND2(g8, a15))

and NE b9 iff NE XOR2(a8,AND2(g9, a15)) and NE b10 iff NE

XOR2(a9,AND2(g10, a15)) and NE b11 iff NE XOR2(a10,AND2(g11, a15))

and NE b12 iff NE XOR2(a11,AND2(g12, a15)) and NE b13 iff NE

XOR2(a12,AND2(g13, a15)) and NE b14 iff NE XOR2(a13,AND2(g14, a15))

and NE b15 iff NE XOR2(a14,AND2(g15, a15)). Then

(i) NE a15 iff NE AND2(g16, a15),

(ii) NE a14 iff NE XOR2(b15,AND2(g15, a15)),

(iii) NE a13 iff NE XOR2(b14,AND2(g14, a15)),

(iv) NE a12 iff NE XOR2(b13,AND2(g13, a15)),

(v) NE a11 iff NE XOR2(b12,AND2(g12, a15)),

(vi) NE a10 iff NE XOR2(b11,AND2(g11, a15)),

(vii) NE a9 iff NE XOR2(b10,AND2(g10, a15)),

(viii) NE a8 iff NE XOR2(b9,AND2(g9, a15)),

(ix) NE a7 iff NE XOR2(b8,AND2(g8, a15)),

(x) NE a6 iff NE XOR2(b7,AND2(g7, a15)),

(xi) NE a5 iff NE XOR2(b6,AND2(g6, a15)),

(xii) NE a4 iff NE XOR2(b5,AND2(g5, a15)),
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(xiii) NE a3 iff NE XOR2(b4,AND2(g4, a15)),

(xiv) NE a2 iff NE XOR2(b3,AND2(g3, a15)),

(xv) NE a1 iff NE XOR2(b2,AND2(g2, a15)),

(xvi) NE a0 iff NE XOR2(b1,AND2(g1, a15)), and

(xvii) NE p iff NE XOR2(b0,AND2(g0, a15)).

2. Correctness of CRC Circuits with Generator Polynomial of

Degree 12 and 16

Next we state two propositions:

(3) Let g0, g1, g2, g3, g4, g5, g6, g7, g8, g9, g10, g11, g12, a0, a1, a2, a3, a4,

a5, a6, a7, a8, a9, a10, a11, b0, b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, z,

p be sets such that NE g0 and NE g12 and not NE z and NE b0 iff NE

XOR2(p, a11) and NE b1 iff NE XOR2(a0,AND2(g1, b0)) and NE b2 iff

NE XOR2(a1,AND2(g2, b0)) and NE b3 iff NE XOR2(a2,AND2(g3, b0))

and NE b4 iff NE XOR2(a3,AND2(g4, b0)) and NE b5 iff NE

XOR2(a4,AND2(g5, b0)) and NE b6 iff NE XOR2(a5,AND2(g6, b0))

and NE b7 iff NE XOR2(a6,AND2(g7, b0)) and NE b8 iff NE

XOR2(a7,AND2(g8, b0)) and NE b9 iff NE XOR2(a8,AND2(g9, b0))

and NE b10 iff NE XOR2(a9,AND2(g10, b0)) and NE b11 iff NE

XOR2(a10,AND2(g11, b0)). Then

(i) NE b11 iff NE XOR2(XOR2(a10,AND2(g11, a11)),XOR2(z,AND2(g11, p))),

(ii) NE b10 iff NE XOR2(XOR2(a9,AND2(g10, a11)),XOR2(z,AND2(g10, p))),

(iii) NE b9 iff NE XOR2(XOR2(a8,AND2(g9, a11)),XOR2(z,AND2(g9, p))),

(iv) NE b8 iff NE XOR2(XOR2(a7,AND2(g8, a11)),XOR2(z,AND2(g8, p))),

(v) NE b7 iff NE XOR2(XOR2(a6,AND2(g7, a11)),XOR2(z,AND2(g7, p))),

(vi) NE b6 iff NE XOR2(XOR2(a5,AND2(g6, a11)),XOR2(z,AND2(g6, p))),

(vii) NE b5 iff NE XOR2(XOR2(a4,AND2(g5, a11)),XOR2(z,AND2(g5, p))),

(viii) NE b4 iff NE XOR2(XOR2(a3,AND2(g4, a11)),XOR2(z,AND2(g4, p))),

(ix) NE b3 iff NE XOR2(XOR2(a2,AND2(g3, a11)),XOR2(z,AND2(g3, p))),

(x) NE b2 iff NE XOR2(XOR2(a1,AND2(g2, a11)),XOR2(z,AND2(g2, p))),

(xi) NE b1 iff NE XOR2(XOR2(a0,AND2(g1, a11)),XOR2(z,AND2(g1, p))),

and

(xii) NE b0 iff NE XOR2(XOR2(z,AND2(g0, a11)),XOR2(z,AND2(g0, p))).

(4) Let g0, g1, g2, g3, g4, g5, g6, g7, g8, g9, g10, g11, g12, g13, g14, g15,

g16, a0, a1, a2, a3, a4, a5, a6, a7, a8, a9, a10, a11, a12, a13, a14, a15,

b0, b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, b13, b14, b15, z, p be

sets such that NE g0 and NE g16 and not NE z and NE b0 iff NE

XOR2(p, a15) and NE b1 iff NE XOR2(a0,AND2(g1, b0)) and NE b2 iff

NE XOR2(a1,AND2(g2, b0)) and NE b3 iff NE XOR2(a2,AND2(g3, b0))
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and NE b4 iff NE XOR2(a3,AND2(g4, b0)) and NE b5 iff NE

XOR2(a4,AND2(g5, b0)) and NE b6 iff NE XOR2(a5,AND2(g6, b0))

and NE b7 iff NE XOR2(a6,AND2(g7, b0)) and NE b8 iff NE

XOR2(a7,AND2(g8, b0)) and NE b9 iff NE XOR2(a8,AND2(g9, b0))

and NE b10 iff NE XOR2(a9,AND2(g10, b0)) and NE b11 iff NE

XOR2(a10,AND2(g11, b0)) and NE b12 iff NE XOR2(a11,AND2(g12, b0))

and NE b13 iff NE XOR2(a12,AND2(g13, b0)) and NE b14 iff NE

XOR2(a13,AND2(g14, b0)) and NE b15 iff NE XOR2(a14,AND2(g15, b0)).

Then

(i) NE b15 iff NE XOR2(XOR2(a14,AND2(g15, a15)),XOR2(z,AND2(g15, p))),

(ii) NE b14 iff NE XOR2(XOR2(a13,AND2(g14, a15)),XOR2(z,AND2(g14, p))),

(iii) NE b13 iff NE XOR2(XOR2(a12,AND2(g13, a15)),XOR2(z,AND2(g13, p))),

(iv) NE b12 iff NE XOR2(XOR2(a11,AND2(g12, a15)),XOR2(z,AND2(g12, p))),

(v) NE b11 iff NE XOR2(XOR2(a10,AND2(g11, a15)),XOR2(z,AND2(g11, p))),

(vi) NE b10 iff NE XOR2(XOR2(a9,AND2(g10, a15)),XOR2(z,AND2(g10, p))),

(vii) NE b9 iff NE XOR2(XOR2(a8,AND2(g9, a15)),XOR2(z,AND2(g9, p))),

(viii) NE b8 iff NE XOR2(XOR2(a7,AND2(g8, a15)),XOR2(z,AND2(g8, p))),

(ix) NE b7 iff NE XOR2(XOR2(a6,AND2(g7, a15)),XOR2(z,AND2(g7, p))),

(x) NE b6 iff NE XOR2(XOR2(a5,AND2(g6, a15)),XOR2(z,AND2(g6, p))),

(xi) NE b5 iff NE XOR2(XOR2(a4,AND2(g5, a15)),XOR2(z,AND2(g5, p))),

(xii) NE b4 iff NE XOR2(XOR2(a3,AND2(g4, a15)),XOR2(z,AND2(g4, p))),

(xiii) NE b3 iff NE XOR2(XOR2(a2,AND2(g3, a15)),XOR2(z,AND2(g3, p))),

(xiv) NE b2 iff NE XOR2(XOR2(a1,AND2(g2, a15)),XOR2(z,AND2(g2, p))),

(xv) NE b1 iff NE XOR2(XOR2(a0,AND2(g1, a15)),XOR2(z,AND2(g1, p))),

and

(xvi) NE b0 iff NE XOR2(XOR2(z,AND2(g0, a15)),XOR2(z,AND2(g0, p))).
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