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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 DI1vISION CIRCUITS WITH 12-BIT REGISTER AND
16-BIT REGISTER

One can prove the following propositions:

(1) Let go, g1, g2, 93, 94, 95, 96, 97, 98, 99, G10, 911, G12, Go, a1, a2,
as, a4, as, ag, ar, ag, ag, aig, aii, bo, bi, bz, bz, bg, bs, bs, b7, bs,
by, big, bi11, p be sets such that NE gy and NE g0 and NE by iff
NE XOR2(p, ANDQ(go, an)) and NE b1 iff NE XORQ(aO,ANDQ(gl,aH))
and NE by iff NE XOR2(ai,AND2(g2,a11)) and NE b3 iff NE
XOR2(a2,AND2(g3,a11)) and NE b4 iff NE XOR2<G3,AND2(Q4,G11))
and NE b5 iff NE XOR2(a4,AND2(g5,a11)) and NE bg iff NE
XORQ(G5,AND2(Q6,G11)) and NE b7 iff NE XOR2(CL6,AND2(Q7,CL11))
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and NE bg iff NE XOR2(a7, AND2(gs,a11)) and NE by iff NE
XORQ(CLg,AND2(gg,(111)) and NE b10 iff NE XOR2(Q9,AND2(910,CL11))
and NE b11 iff NE XOR2(&10,AND2(Q11, CLH)). Then

(i) NE all iff NE ANDQ(glg, au),
(11) NE aio iff NE XORQ(bH, ANDQ(gH, CLH)),
(111) NE ag iff NE XORQ(blo, ANDQ(gl(), a11))
(iV) NE as iff NE XORQ(bg, AND2(gg, an))
(v) NE a7 iff NE XOR2(bg, AND2(gs,a11)),
(vi) NE ag iff NE XOR2(b7, AND2(g7, a11)),
(vii) NE as iff NE XOR2(bs, AND2(g6, a11)),
(viii) NE a4 iff NE XOR2(b5, AND2(gs, a11)),
(ix) NE as iff NE XOR2(by, AND2(gy4, a11)),
(x) NE ap iff NE XOR2(b3, AND2(g3,a11)),
(xi) NE a iff NE XOR2(ba, AND2(g, a11)),
(Xii) NE ag iff NE XOR2(1)1, ANDQ(gl, an)), and
(xiii) NE p iff NE XOR2(by, AND2(go, a11))-

(2) Let go, 91, 92, 93, 945 5, 965 g7, 985 99, G105 911, G125 913, J14s G155 J16,
ap, ai, az, az, a4, as, ag, Az, as, ag, 10, a11, 412, 413, A14, d15, Do, b1, b2,
bg, b4, b5, b6, b7, bg, b9, blo, blla b12, b13, b14, b15, p be sets such that NE
go and NE gj6 and NE by iff NE XOR2(p, AND2(go, a15)) and NE by iff
NE XORQ(CL(), ANDQ(gl, CL15)) and NE b2 iff NE XORQ(al, ANDQ(gg, a15))
and NE b3 iff NE XOR2(ag, AND2(gs3,ai5)) and NE by iff NE
XORQ(CLg,ANDQ(g4,a15)) and NE b5 iff NE XORQ(G4,AND2(Q5,G15))
and NE bg iff NE XOR2(as, AND2(gg,a15)) and NE by iff NE
XORQ(GG,AND2(97,G15)) and NE bg iff NE XORQ(G7,AND2(98,CL15))
and NE bg iff NE XOR2(CL8,AND2(99,CL15)) and NE bl() iff NE
XOR2(ag, AND2(g19,a15)) and NE by; iff NE XOR2(a19, AND2(g11,a15))
and NE b12 iff NE XORQ(CLH,ANDQ(ng,CLw)) and NE b13 iff NE
XOR2(6L12, ANDQ(glg, a15)) and NE b14 iff NE XORQ(CL13, AND2(914, a15))
and NE b15 iff NE XOR?(CL14, AND2(915, a15)). Then

(i) NE ais iff NE AND2(g16,a15)
(11) NE ai4 iff NE XORQ(blg,, ANDQ(glg), CL15)),
(111) NE ais iff NE XOR2(1)14, AND2(914, a15)),
(iV) NE a2 iff NE XORQ(blg, AND2(Q13, a15)),
(V) NE ail iff NE XOR2(b12, AND2(g12, CL15)),
(Vi) NE aio iff NE XORQ(Z)H,ANDQ(QH, 15)),
(vil) NE ag iff NE XOR2(b19, AND2(g10, a15)),
(Vlll) NE as iff NE XOR2(b9, ANDQ(gg, a15))
(ix) NE ay iff NE XOR2(bg, AND2(gg, a15)),
(x) NE ag iff NE XOR2(b7, AND2(g7, a15)),
(xi) NE as iff NE XOR2(bg, AND2(gg, a15)),
(Xii) NE ay iff NE XOR2(65, AND2(95, a15)),
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(xiii) NE ag iff NE XOR2(bs, AND2(g4, a15)),
(XiV) NE an iff NE XOR2(b AND2(93, a15)),

(xv) NE a; iff NE XOR2(b2, AND2(g2, a15)),
(xvi) NE ag iff NE XOR2(b;, AND2(g1,a15)), and
(xvii) NE p iff NE XOR2(by, AND2(go, a15)).

2. CORRECTNESS OF CRC CircuIlTS WITH GENERATOR POLYNOMIAL OF
DEGREE 12 AND 16

Next we state two propositions:

(3) Let go, 91, 92, 93, 94, G55 96, 97> 98> 99, 910, 911, g12, G0, A1, A2, 43, O,
as, ag, ar, as, ag, a0, @11, bo, b1, b2, b3, ba, bs, bg, b7, bs, by, bio, b11, 2,
p be sets such that NE gy and NE ¢12 and not NE z and NE b iff NE
XOR2(p,a11) and NE b; iff NE XOR2(ag, AND2(g1,bp)) and NE by iff
NE XOR2(aj, AND2(go,b9)) and NE b3 iff NE XOR2(a2, AND2(gs, bo))
and NE by iff NE XOR2(a3, AND2(g4,b9)) and NE b5 iff NE
XOR2(aq, AND2(g5,b9)) and NE bg iff NE XOR2(as, AND2(gs, bo))
and NE b; iff NE XOR2(ag, AND2(g7,bp)) and NE bg iff NE
XOR2(a7, AND2(gs,bp)) and NE by iff NE XOR2(ag, AND2(gg, b))
and NE b10 iff NE XOR2(0,9,AND2(910,I)0)) and NE b11 if NE
XORQ(alo, ANDQ(QH, bo)) Then

(i) NE by iff NE XOR2(XOR2(a19, AND2(g11,a11)), XOR2(z, AND2(g11,p))),
(ii) NE by iff NE XOR2(XOR2(ag, AND2(g10, a11)), XOR2(z, AND2(g10, p))),
(iii) NE by iff NE XORQ(XORQ(ag, AND2(gg, a11)), XOR2(z, AND2(go, p))),
(iv) NE bg iff NE XOR2(XOR2(a7, AND2(gs, a11)), XOR2(z, AND2(gs, p))),
(v) NE by iff NE XOR2(XOR2(ag, AND2(g7, a11)), XOR2(z, AND2(g7,p))),
(vi) NE bg iff NE XOR2(XOR2(as, AND2(gg, a11)), XOR2(z, AND2(gg, p))),
(vii) NE bs iff NE XOR2(XOR2(ay, AND2(gs, a11)), XOR2(z, AND2(gs,p))),
(vili) NE by iff NE XOR2(XOR2 (a3, AND2(gy, a11)), XOR2(z, AND2(g4,p))),
(ix) NE b3 iff NE XOR2(XOR2(ag, AND2(g3, a11)), XOR2(z, AND2(g3, p))),
(x) NE by iff NE XOR2(XOR2(a1, AND2(g2, a11)), XOR2(z, AND2(g2, p))),
(xi) NE by iff NE XOR2(XOR2(ag, AND2(g1, a11)), XOR2(z, AND2(g1, p))),

and
(xii) NE b iff NE XOR2(XOR2(z, AND2(go, a11)), XOR2(z, AND2(go,p))).

(4) Let go, g1, 92, 93, 94, G5, 96, 97, 98, 99, 910, 911, G12, 913, 914, 915,
d16, @0, a1, a2, agz, a4, as, ae, a7, ag, ag, aip, aA1l, @12, Aa13, A14, ais,
bo, b1, b2, b3, by, b5, bs, b7, bs, by, b1o, b11, b12, b13, b14, b15, 2, p be
sets such that NE gg and NE g1 and not NE 2z and NE by iff NE
XOR2(p, a15) and NE b; iff NE XOR2(ag, AND2(g1,bp)) and NE by iff
NE XORQ(CLl,ANDQ(QQ,bQ)) and NE bg iff NE XORQ(GQ,AND2(93,[)0))
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and NE by iff NE XOR2(a3,AND2(g4,bp)) and NE b5 iff NE
XOR2(aq, AND2(g5,b9)) and NE bg iff NE XOR2(as, AND2(gs, bo))
and NE b; iff NE XOR2(ag, AND2(g7,b9)) and NE bg iff NE
XOR2(a7, AND2(gs,bp)) and NE by iff NE XOR2(ag, AND2(gg, b))
and NE blg iff NE XORQ(GQ,ANDQ(glo,bQ)) and NE bn iff NE
XOR2(a10,AND2(gH,bO)) and NE b12 iff NE XOR2(CL11,AND2(912,I)0))
and NE b13 iff NE XORQ(alg,ANDQ(ng,bQ)) and NE b14 iff NE
XOR2(a13, AND2(g14,b9)) and NE by5 iff NE XOR2(a14, AND2(g15,bp)).
Then
(1) NE b15 iff NE XOR2(XOR2(CL14,AND2(915, a15)),XOR2(2 AND2(915, ))
(ii) NE b4 iff NE XOR2(XOR2(a13, AND2(g14, a15)), XOR2(z, AND2(g14, p))
(iii) NE by3 iff NE XOR2(XOR2(a12, AND2(g13, a15)), XOR2(z, AND2(g13,p))
(iV) NE 1)12 iff NE XORQ(XORQ(CLH,ANDQ(QH,a15)) XORQ(Z AND2(g12, ))
(V) NE bn iff NE XOR2(XOR2(a10,ANDQ(gH,alg))) XORQ(Z’ AND2(g11, ))
(Vi) NE b10 iff NE XORQ(XOR (ag,ANDQ(glo,CL15)) XOR2(Z AND2(g10, ))),
(vii) NE by iff NE XOR2(XOR2(ag, AND2(go, a15)), XOR2(z, AND2(gg,p))),
(viii) NE bg iff NE XOR2(XOR2(a7, AND2(gs, a15)), XOR2(z, AND2(gs, p))),
(ix) NE b7 iff NE XOR2(XOR2(ag, AND2(g7,a15)), XOR2(z, AND2(g7,p))),
(x) NE bg iff NE XOR2(XOR2(as, AND2(gg, a15)), XOR2(z, AND2(gs, p))),
(xi) NE bs iff NE XOR2(XOR2(a4, AND2(gs, a15)), XOR2(z, AND2(gs, p))),
(xii) NE by iff NE XOR2(XOR2(a3, AND2(g4, a15)), XOR2(z, AND2(g4, p))),
(xiii) NE bg iff NE XOR2(XOR2(az, AND2(g3, a15)), XOR2(z, AND2(g3, p))),
(xiv) NE by iff NE XOR2(XOR2(a1, AND2(g, a15)), XOR2(z, AND2(g2,p))),
(XV) NE b1 iff NE XORQ(XORQ(GQ, AND2(g1, a15)), XORQ(Z, ANDZ(gl, ))),
and
(xvi) NE bg iff NE XOR2(XOR2(z, AND2(go, a15)), XOR2(z, AND2(go,p))).
REFERENCES
[1] Yatsuka Nakamura. Logic gates and logical equivalence of adders. Formalized Mathematics,
8(1):35-45, 1999.

Received April 16, 1999



