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Summary. We prove the correctness of the division circuit and the CRC (cyclic re-
dundancy 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.

WWW: http://mizar.orq/JFM/Volll/gate_4.html

The article[1] provides the notation and terminology for this paper.

1. CORRECTNESS OMDIVISION CIRCUITS WITH 12-BIT REGISTER AND16-BIT REGISTER
The following two propositions are true:

(1) Letgo, 91, 92, 93, 94, G5, Us, 97 U8, 99, 910, 911, U12, 0, &1, 2, a3, &4, as, 8, a7, g, A9, A10,
aq1, bo, b1, by, bs, by, bs, bg, by, bg, bg, b1g, b11, p be sets such that N§ and NEg;» and
NE by iff NE XOR2(p, AND2(go,a11)) and NEDy iff NE XOR2(ap, AND2(g1,a11)) and NE
bz iff NE XORZ(al,ANDZ(gz,all)) and NEb3 iff NE XORZ(ag,ANDZ(gg,aM)) and NE
by iff NE XOR2(a3,AND2(g4,a11)) and NEbs iff NE XOR2(as,AND2(gs,a11)) and NEbg
iff NE XOR2(as,AND2(gs,a11)) and NEby iff NE XOR2(as, AND2(g7,a11)) and NEbsg iff
NE XOR2(a7,AND2(g8,a11)) and NEbg iff NE XORZ(ag,ANDZ(gg,all)) and NEblo iff
NE XORZ(ag,ANDZ(g;Lo, all)) and NEblj_ iff NE XORZ(alo, ANDZ(gj_;L, all)). Then

() NE ay iff NE AND2(g12,a11),
(i) NE apoiff NE XOR2(by1,AND2(g11,811)),
(i) NE ag iff NE XOR2(byo, AND2(g10,211)),
(iv) NE ag iff NE XOR2(bg, AND2(go, a11)),
(v) NE a7 iff NE XOR2(bg, AND2(gs,a11)),
(vi) NE ag iff NE XOR2 (b7, AND2(g7,811)),
(vii) NE ag iff NE XOR2(bs, AND2(gg, a11)),
(viii)  NE ay iff NE XOR2(bs, AND2(gs,a11)),
(ix) NE ag iff NE XOR2(bs, AND2(g4,811)),
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NE ap iff NE XORZ(bg,ANDZ(gg,all))

NE a; iff NE XOR2(bz, AND2(g2,a11)),

NE & iff NE XOR2(b;,AND2(g1,a11)), and

NE P iff NE XORZ(bo,ANDZ(go,all)).

Letgo, 91, U2, U3, 94, U5, s, 97, U8, 99, 910, 911, 912, 913, 914, 915, O16, A0, 31, A2, 83, a4, as,
ae, a7, ag, ag, a10, 11, A12, A13, 14, a15, Do, by, by, b3, by, bs, bs, b7, bg, bg, b1, b11, b12, b13,
b14, b1s, pbe sets such that N and NEg;s and NEby iff NE XOR2(p,AND2(go, a35)) and
NE by iff NE XOR2(ap, AND2(g1,a15)) and NEb, iff NE XOR2(a;, AND2(g2,a;5)) and NE
bz iff NE XOR2(a2, AND2(gs,a;15)) and NEb, iff NE XOR2(ag, AND2(gs,a35)) and NEbs
iff NE XOR2(as,AND2(gs,a15)) and NEbg iff NE XOR2(as, AND2(gs,a15)) and NEby
iff NE XOR2(ag, AND2(g7,a15)) and NEbg iff NE XOR2 (a7, AND2(gs,a15)) and NEby iff
NE XORZ(ag,ANDZ(gg, 315)) and NEblo iff NE XORZ(ag,ANDZ(glo, 315)) and NEby iff
NE XORZ(alo,ANDZ(gll, 8.15)) and NEby, iff NE XOR2(a11,AND2(glz,a15)) and NEb;3

iff NE XOR2(a12,AND2(g13,a15)) and NEb14 iff NE XOR2(a13,AND2(gl4, 8.15)) and NE
b15 iff NE XORZ(a14, AND2(915, 8.15>). Then

NE ays iff NE AND2 (g16,a15),
NE ayy iff NE XOR2(b1s, AND2(gs5,a15)),
NE ay3iff NE XOR2(b14, AND2(g14,a15)),
NE ay, iff NE XOR2(b13, AND2(g;3,a15)),
NE a1 iff NE XOR2(b12,AND2(g12,a15)),
NE ay iff NE XOR2(by1, AND2(g11,a15)),
NE ag iff NE XOR2(b19,AND2(g10,a15)),
NE ag iff NE XOR2(bg, AND2(gg, ass)),
NE ay iff NE XOR2(bg, AND2(gs, a35)
NE ag iff NE XOR2 (b7, AND2(g7
NE as iff NE XOR2(bg, AND2(gs, a
NE a4 iff NE XOR2(bs, AND2(gs,
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NE a; iff NE XOR2(b3, AND2(gs, a5
NE a; iff NE XOR2(b, 2(g2,a15
NE ag iff NE XOR2(by, AND2(gs,as5)), and
NE piff NE XOR2(bo, AND2(go, as5)).

2. CORRECTNESS OFCRC QRcuUITS WITH GENERATORPOLYNOMIAL OF DEGREE12 AND

16

One can prove the following propositions:

®)

(i)
(ii)

Letgo, 01, U2, 93, 94, Us, U6, 97, U8, o, G10, O11, Q12, Ao, &1, a2, a3, a4, as, A, a7, ag, g,
a10, a11, bo, by, b2, b3, by, bs, bg, b7, bs, by, big, b11, Z, p be sets such that Ny and NEg;»
and not NEz and NEby iff NE XOR2(p,a;1) and NEb; iff NE XOR2(ap, AND2(g1,bp))
and NEb; iff NE XOR2(a;, AND2(gy,bp)) and NEbg iff NE XOR2(a, AND2(gs,bp)) and
NE by iff NE XOR2 (a3, AND2(gs,bp)) and NEbs iff NE XOR2(as4, AND2(gs,bp)) and NE
be iff NE XOR2(as, AND2(gs,bp)) and NEby iff NE XOR2(as, AND2(g7,bp)) and NEbg
iff NE XOR2 (a7, AND2(gg, bo)) and NEby iff NE XOR2(ag, AND2(go, bo)) and NEbyy iff
NE XORZ(ag,ANDZ(glo, bo)) and NEb11 iff NE XORZ(alo,ANDZ(gll, bo)) Then

NE bll iff NE XORZ(XORZ(&]_O7 ANDZ(QM7 all)),XOR2(27AND2(gll, p))),
NE by iff NE XOR2(XOR2(ag, AND2(g10,a11)), XOR2(z, AND2(g10, ),
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NE by iff NE XOR2(XOR2(ag, AND2(gg,a11) ), XOR2(z, AND2(go,
NE bg iff NE XOR2(XOR2(a7, AND2(gg, a11)), XOR2(z, AND2(gs,
NE by iff NE XOR2(XOR2(ag, AND2(g7,a11)), XOR2(z, AND2(g7,
NE bs iff NE XOR2(XOR2(as, AND2(gg, a11) ), XOR2(z, AND2(gs,
NE bs iff NE XOR2(XOR2(as, AND2(gs, a11)), XOR2(z, AND2(gs,
NE by iff NE XOR2(XOR2(as, AND2(gs,a11)), XOR2(z, AND2(ga,
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NE bz iff NE XOR2(XOR2(az,AND2(gs,a11)), XOR2(z, AND2(g3, p
NE by iff NE XOR2(XOR2(a;,AND2(gy,a11)), XOR2(z, AND2(gz, p
NE b iff NE XOR2(XOR2(ag,AND2(gs1,a11)), XOR2(z, AND2(g1, p
NE by iff NE XOR2(XOR2(z, AND2(go,a11)), XOR2(z, AND2(go, p))
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Letdo, 01, 92, 93, 94, Us, s, 97, Uss Go, 010, U11, 912, 913, 914, 915, U165 Q0, 31, 2, 83, &4, s,
ap, ay, ag, ag, a10, A11, A12, A13, &14, A15, bo, b1, by, bz, ba, bs, bs, b7, bg, bg, b1g, 11, b12, D13,
b14, b1s, Z, p be sets such that Ngp and NEg; s and not NEzand NEby iff NE XOR2(p,as5)

and NEb; iff NE XOR2(ap,AND2(g1,bp)) and NEb, iff NE XOR2(a;, AND2(gz,bp)) and
NE b3 iff NE XOR2(az, AND2(gs, bp)) and NEb; iff NE XOR2(as, AND2(gs,bp)) and NE
bs iff NE XOR2(as,AND2(gs, bp)) and NEbg iff NE XOR2(as,AND2(gs, bp)) and NEb;
iff NE XOR2(as, AND2(g7,bo)) and NEbg iff NE XOR2(a7, AND2(gs,bo)) and NEbyg iff

NE XORZ2(ag, AND2(gg,bp)) and NEb; iff NE XOR2(ag, AND2(g10,bo)) and NEb; iff

NE XORZ(a]_o,ANDZ(gll, bo)) and NEb12 iff NE XORZ(all,ANDZ(glz, bo)) and NEb13
iff NE XOR2(a12,AND2(glg, bo)) and NEbj_4 iff NE XOR2(a13,AND2(g14, bo)) and NE
b15 iff NE XOR2(814, AND2(915, bo)) Then

NE bys iff NE XOR2(XOR2(a14, AND2(gss, a15)), XOR2(z, AND2(g15, p
NE by iff NE XOR2(XOR2(a13, AND2(g14,a15)), XOR2(z, AND2(g14, P
NE by iff NE XOR2(XOR2(a;2, AND2(g13, 5)), XOR2(z, AND2(gs3, p
NE by iff NE XOR2(XOR2(a1, AND2(g12,a15)), XOR2(z, AND2(g12, p
NE by iff NE XOR2(XOR2(a10, AND2(g11,a15)), XOR2(z, AND2(g11, p
NE by iff NE XOR2(XOR2(ag, AND2(g10,a15)), XOR2(z, AND2(g10, p))),
NE by iff NE XOR2(XOR2(ag, AND2(g, a35)), XOR2(z, AND2(gg, p))),
NE bg iff NE XOR2(XOR2(a7,AND2(gs,a;5)), XOR2(z, AND2(gs,
NE by iff NE XOR2(XOR2(as, AND2(g7,a15)), XOR2(z, AND2(gy,
NE bg iff NE XOR2(XOR2(as, AND2(gs, ass)), XOR2(z, AND2(gs,
NE bs iff NE XOR2(XOR2(as, AND2(gs, a15) ), XOR2(z, AND2(gs,
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NE bs iff NE XOR2(XOR2(ap, AND2(gs, a15)), XOR2(z, AND2 (g3,
NE b, iff NE XOR2(XOR2(a1, AND2(gs, a15)), XOR2(z, AND2 (g, p
NE by iff NE XOR2(XOR2(ag, AND2(g1,a35)), XOR2(z, AND2(g;,
NE by iff NE XOR2(XOR2(z, AND2(go, a15) ), XOR2(z, AND2(go, p)
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