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Summary. This article introduces the verification of the correctness for
the operations and the specification of the Johnson counter. We formalize the
concepts of 2-bit, 3-bit and 4-bit Johnson counter circuits with a reset input, and
define the specification of the state transitions without the minor loop.

MML Identifier: GATE_3.

The notation and terminology used here are introduced in the paper [1].
The following propositions are true:

(1) Let so, s1, s2, s3, no, n1, N2, N3, q1, g2, N4, N5 be sets such that NE s
iff NE AND2(NOT1 g2, NOT1g;) and NE s, iff NE AND2(NOT1 g, 1)
and NE s iff NE AND2(¢2,NOT1¢q;) and NE s3 iff NE AND2(g9,q1)
and NE ny iff NE AND2(NOT1n5,NOT1n4) and NE n; iff NE
AND2(NOT1 ns, nq) and NE ng iff NE AND2(n5, NOT1n4) and NE ng iff
NE AND2(ns,n4) and NE ny4 iff NE NOT1 g2 and NE nj iff NE ¢;. Then

(1) NE ni iff NE S0,

(11) NE ns iff NE S1,

(ili) NE ng iff NE s3, and
) NE ng iff NE so.

(2) Let s, s1, S2, S3, no, N1, N2, N3, q1, G2, N4, N5, R be sets such that NE s
iff NE AND2(NOT1 ¢y, NOT1¢q;) and NE s; iff NE AND2(NOT1 g2, ¢1)
and NE s9 iff NE AND2(g2,NOT1¢q;) and NE s3 iff NE AND2(g9, ¢1)
and NE ng iff NE AND2(NOT1n5,NOT1ns) and NE n; iff NE
AND2(NOT1ns5,n4) and NE ng iff NE AND2(n5, NOT1n4) and NE ns
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iff NE AND2(ns, n4) and NE ny iff NE AND2(NOT1 o, R) and NE nj iff
NE AND2(q1, R). Then
(i) NE ny iff NE AND2(so, R),
(i) NE ng iff NE AND2(s1, R),
) NE ng iff NE AND2(s3, R), and
) NE ng iff NE OR2(AND2(sy, R), NOT1R).

(3) Let S0, 81, 82, S3, S4, S5, S6, S7, No, N1, N2, N3, Ne, N7, N8, N9, 41, 42, 43, 14,
ns, nyo be sets such that NE s iff NE AND3(NOT1 g3, NOT1 g2, NOT1¢q;)
and NE s; iff NE AND3(NOT1¢3,NOT1¢2,q1) and NE s9 iff NE
AND3(NOT1gs,q2,NOT1¢q;) and NE s3 iff NE AND3(NOT1 g3, g2, ¢1)
and NE s4 iff NE AND3(¢g3,NOT1¢9,NOT1¢q;) and NE s;5 iff NE
AND3(¢3,NOT1 g2, ¢q1) and NE s¢ iff NE AND3(qg3, g2, NOT1¢1) and NE
s7 iff NE AND3(gs3, g2, q1) and NE ng iff NE AND3(NOT1 nip, NOT1ns,
NOT1n4) and NE n; iff NE AND3(NOT1ni9,NOT1ns,ng) and
NE ny iff NE AND3(NOT1nig,n5,NOT1ng) and NE ns iff NE
AND3(NOT1 nyg, ns,nq) and NE ng iff NE AND3(n19, NOT1n;, NOT1ny)
and NE n7; iff NE AND3(ni,NOT1ns,n4) and NE ng iff NE
AND3(n10,m5,NOT1ny) and NE ng iff NE AND3(ni0,n5,n4) and NE
ny iff NE NOT1 g3 and NE nj iff NE ¢; and NE nyq iff NE ¢o. Then

) NE ni iff NE S0,

) NE ng iff NE s,

) NE ng iff NE S3,

) NE ng iff NE s7,
(V) NE Ng iff NE S6,

)

)

)

(i
(iv

NE no iff NE S4,
NE ns iff NE s5, and
NE nr iff NE S92.

(4) Let so, Si1, S2, 83, S4, S5, S¢, St, nNng, N1, N2, N3, nNg, N7,
ng, N9, qi, g2, g3, N4, N5, nig, KR be sets such that NE
so iff NE AND3(NOT1¢3, NOT1¢g2,NOT1¢q;) and NE s; iff NE
AND3(NOT1¢3,NOT1g2,q1) and NE s9 iff NE AND3(NOT1 g3, g2,
NOT1¢q;) and NE s3 iff NE AND3(NOT1gqs3,q2,q1) and NE sy iff NE
AND3(g3,NOT1¢2,NOT1¢;) and NE s5 iff NE AND3(¢3, NOT1 g2, q1)
and NE s iff NE AND3(g3,q2,NOT1q;) and NE s7 iff NE
AND3(gs, g2, q1) and NE ng iff NE AND3(NOT1nj9, NOT1n5, NOT1ny)
and NE n; iff NE AND3(NOT1n19,NOT1ns,n4) and NE ny iff NE
AND3(NOT1 nio, N5, NOT1 n4) and NE ns iff NE AND3(NOT1 ni1o0, N5, n4)
and NE ng iff NE AND3(n19,NOT1n5,NOT1ny) and NE n; iff NE
AND3(n10, NOT1ns,n4) and NE ng iff NE AND3(n19, n5, NOT1ny) and
NE ng iff NE AND3(ni0,n5,n4) and NE ny4 iff NE AND2(NOT1 g3, R)
and NE nj iff NE AND2(¢;, R) and NE ny iff NE AND2(g2, R). Then
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NE ny iff NE AND2(so, R),
NE ng iff NE AND2(sy, R),
NE ng iff NE AND2(s3, R)
NE ng iff NE AND2(s7, R),
NE ng iff NE AND2(sg, R),
NE ng iff NE OR2(AND2(sy, R), NOT1 R),
NE ny iff NE AND2(s5, R), and
NE n7 iff NE AND2(sz, R).

Let so, s1, s2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13,
514, 815, TNo, N1, N2, N3, MNg, N7, N, N9, Ni11, N12, N13, N4,
nis, M6, N7, N1s, 1, G2, g3, g4, N4, N5, Nio, N1g be sets
such that NE sp iff NE AND4(NOT1 g4,NOT1g3,NOT1 g2, NOT1¢q)
and NE s; iff NE AND4(NOT1q4,NOT1¢3, NOT1g2,q1) and NE
so iff NE AND4(NOT1q4,NOT1q3,q2,NOT1¢q;) and NE s3 iff NE
AND4(NOT1 g4, NOT1 g3, q2,q1) and NE s4 iff NE AND4(NOT1 g4, g3,
NOT1¢2,NOT1q;) and NE s5 iff NE AND4(NOT1 g4, g3, NOT1 g2, q1)
and NE sg iff NE AND4(NOT1qq4,q3,92,NOT1¢q;) and NE s7 iff NE
AND4(NOT1 g4, g3, g2, q1) and NE sg iff NE AND4(q4, NOT1 g3, NOT1 g2,
NOT1gq;) and NE s9 iff NE AND4(qq, NOT1¢3,NOT1¢2,q1) and
NE S10 iff NE AND4(Q4,NOT1 Q3,QQ,NOT1 Q1) and NE S11 iff NE
AND4((]4, NOT1 q3,q2, Q1) and NE 512 iff NE AND4(Q4, q3, NOT1 q2, NOT1
q1) and NE s13 iff NE AND4(q4,q3,NOT1q2,q1) and NE sy iff
NE AND4(q4,q3,92,NOT1¢q;) and NE s15 iff NE AND4(qq4, g3, 92,q1)
and NE ny iff NE AND4(NOT1n19,NOT1n19,NOT1n5, NOT1ny)
and NE np; iff NE AND4(NOT1n19,NOT1nq9,NOT1ns,n4) and
NE 9 iff NE AND4(NOT1 nlg,NOTl nlo,ng,,NOTl 7”L4) and NE
ns iff NE AND4(NOT1 niog, NOT1 77,10,715,714) and NE Ne iff NE
AND4(NOT1 ni9, 110, NOT1 ns, NOT1 TL4) and NE ny iff NE AND4<NOT1
T19, 110, NOT1 ns, 77,4) and NE ne iff NE AND4(NOT1 ni19,1M10, N5, NOT1n
and NE ng iff NE AND4(NOT1njg,ni0,m5,n4) and NE nqq iff
NE AND4(7119,NOT1 7’L10,NOT1 n5,NOT1 ’I’L4) and NE nio iff NE
AND4(7”L19, NOT1 nio, NOT1 ns, n4) and NE nis iff NE AND4(7119, NOT1
nio, N5, NOT1 n4) and NE 14 iff NE AND4(H19, NOT1 nip, N5, n4) and
NE ny5 iff NE AND4(n19,n10, NOT1n5,NOT1n4) and NE nig iff NE
AND4(n19, 10, NOT1 ns, n4) and NE nit iff NE AND4(77,19, nip, N5, NOT1
and NE nyg iff NE AND4(n19, 110, 15, n4) and NE ny4 iff NE NOT1 ¢4 and
NE nj iff NE ¢1 and NE nqq iff NE ¢o and NE ni9 iff NE ¢3. Then

NE ni iff NE S0,
NE ns3 iff NE S1,
NE Nng if NE S3,
NE nig iff NE S7,
NE nit iff NE 815,
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NE nis iff NE S14,
NE nii iff NE S12,
NE no iff NE S8,
NE ny iff NE S92,
NE niq4 iff NE S5,
NE ns iff NE S11,
NE nq4 iff NE sg,
NE nis iff NE 513,
NE ng iff NE s,
NE ni2 iff NE S4, and
NE ns iff NE sg.

Let so, S1, $S2, S3, S4, S5, Se, S7, S8, S9, S10, S11, S12, S13,
S14, 815, T, N1, N2, N3, MNg, N7, N8, N9, MNi11, N12, N13, N4,
nis, N6, M7, Mis, 41, 42, 43, G4, M4, M5, N1, Mg, I be sets
such that NE s¢ iff NE AND4(NOT1¢q4, NOT1 g3, NOT1 g2, NOT1¢;)
and NE s; iff NE AND4(NOT1q4,NOT1¢g3, NOT1¢ge,q1) and NE
so iff NE AND4(NOT1 g4, NOT1q3,q2,NOT1q;) and NE s3 iff NE
AND4(NOT1 q4,NOT1 g3, q2,q1) and NE s4 iff NE AND4(NOT1 ¢4, g3,
NOT1¢2,NOT1¢q;) and NE s5 iff NE AND4(NOT1 g4, g3, NOT1 g2, q1)
and NE sg iff NE AND4(NOT1 g4, q3,¢2, NOT1¢q;) and NE s; iff NE
AND4(NOT1 g4, g3, g2, q1) and NE sg iff NE AND4(q4, NOT1 g3, NOT1 g9,
NOT1q) and NE s¢ iff NE AND4(gs, NOT1¢3,NOT1¢q2,¢q1) and
NE S10 iff NE AND4(Q4,NOT1 Q3,QQ,NOT1 ql) and NE S11 iff NE
AND4(Q4, NOT1 q3,q2, q1) and NE 512 iff NE AND4(Q4, q3, NOT1 q2, NOT1
q1) and NE s13 iff NE AND4(q4,q3,NOT1q2,q1) and NE s14 iff
NE AND4(q4,qs3,q2,NOT1¢q;) and NE s;15 iff NE AND4(q4, g3, 92, q1)
and NE no iff NE AND4(NOT1 nlg,NOTl nlo,NOTl TL5,NOT1 n4)
and NE ni iff NE AND4(NOT1 nlg,NOTl nlg,NOTl n5,n4) and
NE n9 if NE AND4(NOT1 Tllg,NOTl nlo,n5,NOT1 Tl4) and NE
ng iff NE AND4(NOT1n;9,NOT1mni9,n5,n4) and NE ng iff NE
AND4(NOT1 nig9,n10, NOT1n5, NOT1ng) and NE n7 iff NE AND4(NOT1
119,110, NOT1 ns, 7’L4) and NE ng iff NE AND4(NOT1 ni9,MN10, N5, NOT1 714)
and NE ng iff NE AND4(NOT1nyg,n19,m5,n4) and NE ng; iff
NE AND4(n19,NOT1 nlo,NOTl n5,NOT1 TZ4) and NE ni2 iff NE
AND4(7119, NOT1 nio, NOT1 ns, n4) and NE ni3 iff NE AND4(77,19, NOT1
n1o,n5, NOT1nyg) and NE ny4 iff NE AND4(n19, NOT1 nq9, ns,n4) and
NE nis iff NE AND4(TL19,’I?,10,NOT1 TL5,NOT1 n4) and NE nie iff NE
AND4(TL19, nio, NOT1 ns, 77,4) and NE niy iff NE AND4(7’L19, nio, N5, NOT1
ng) and NE ng iff NE AND4(ni9,n10,n5,n4) and NE n4 iff NE
AND2(NOT1 g4, R) and NE nj iff NE AND2(q1, R) and NE nyq iff NE
AND2(g2, R) and NE njg iff NE AND2(gs, R). Then

NE ni iff NE ANDQ(SQ, R),
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(i) NE ng iff NE AND2(s1, R),

(iii) NE ng iff NE AND2(s3, R),

(iV) NE nig iff NE AND2(S7, R),

(V) NE niy iff NE AND2(815, R),
(Vi) NE nis iff NE AND2(814, R),
(Vii) NE nii iff NE AND2(812, R),

(viii)  NE ng iff NE OR2(AND2(sg, R),NOT1 R),

(ix) NE n7 iff NE AND2(s2, R),

(x) NE ni4 iff NE AND2(s5, R),

(xi) NE ng iff NE AND2(sy1, R),
(Xii) NE nie iff NE AND2(S6, R),
(Xlll) NE nis iff NE AND2(813, R),
(XiV) NE Ne iff NE ANDQ(SH), R),
(XV) NE nio iff NE AND2(84, R), and
(XVi) NE Up) iff NE AND2(SQ, R)
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