HWYV axioms

HWYVO001-0.ax Connections, faults, and gates.

(connection(py, p2) and value(pi,v)) = value(pz,v) cnf(value_propagation, , axiom)

(connection(py, p2) and value(pz,v)) = value(py,v) cnf(value_propagation,, axiom)

(value(p,v1) and value(p,v2)) = equal_value(vy,vs) cnf(unique_value, axiom)

—equal_value(ng, n1) cnf(equal_value,, axiom)

—equal_value(nq,no) cnf(equal_value,, axiom)

mode(k, ok) = —mode(k,abnormal) cnf(not_ok_and_abnormal, axiom)

type(k,any) = (mode(k,ok) or mode(k, abnormal)) cnf(ok-or_abnormal, axiom)

(mode(k, ok) and type(k,and) and value(in(any, k), ng)) = value(out(nq, k), no) cnf(and_0xg, axiom)

(mode(k, ok) and type(k,and) and value(in(nq, k), n1) and value(in(nsg, k),n1)) = value(out(ny, k), n1) enf(and_111, axi
(mode(k, ok) and type(k, and) and value(out(ni, k),ng)) = (value(in(ni, k), ng) or value(in(ns, k), ng)) cnf(and _0g, axi
(mode(k, ok) and type(k,and) and value(out(ny, k),n1)) = value(in(ni, k), n1) cnf(and_1_1x, axiom)

(mode(k, ok) and type(k,and) and value(out(ny, k),n1)) = value(in(nz, k), n1) cnf(and-1_x;, axiom)

(mode(k, ok) and type(k,or) and value(in(any, k),n1)) = value(out(ni, k), nq) cnf(or_1x;, axiom)

(mode(k, ok) and type(k,or) and value(in(nq, k), ng) and value(in(ns, k), ng)) = value(out(ny, k), ng) cnf(or_00g, axiom)
(mode(k, ok) and type(k, or) and value(out(ny, k),n1)) = (value(in(ny, k),n1) or value(in(ns, k), n1)) cnf(or_111, axiom)
(mode(k, ok) and type(k,or) and value(out(ny, k),ng)) = value(in(ni, k), ng) cnf(or_0_0x, axiom)

(mode(k, ok) and type(k,or) and value(out(ny, k),ng)) = value(in(nz, k), ng) cnf(or_0p, axiom)

(mode(k, ok) and type(k,not) and value(in(ni, k),n9)) = value(out(nq, k), n1) cnf(not_0_1_fw, axiom)

(mode(k, ok) and type(k,not) and value(in(ny, k),n1)) = value(out(nq, k), no) enf(not_1_0_fw, axiom)

(mode(k, ok) and type(k,not) and value(out(ny, k),ng)) = value(in(nq, k), n1) cnf(not_0_1_bw, axiom)

(mode(k, ok) and type(k, not) and value(out(ni,k),n1)) = value(in(ny, k), ng) cnf(not_1_0_bw, axiom)

HWV001-1.ax Half-adder.

type(x, halfadder) = type(and;(x),and) cnf(halfadder_and;, axiom)

type(x, halfadder) = type(andz(x),and) cnf(halfadder_ands, axiom)

type(x, halfadder) = type(noty(z), not) cnf(halfadder_not;, axiom)

type(x, halfadder) = type(or;(x),or) cnf(halfadder_ory, axiom)

type(x, halfadder) = connection(in(ny,x),in(ny,ory(z))) cnf(halfadder_connection_inl_inlory, axiom)

type(x, halfadder) = connection(in(nsg,x),in(nsg,ory(z))) cnf(halfadder_connection_in2_in2ory , axiom)

type(x, halfadder) = connection(in(ny, z),in(ny, ands(z))) cnf(halfadder_connection_inl_inlands, axiom)

type(x, halfadder) = connection(in(ng, ), in(ng, ands(z))) cnf(halfadder_connection-in2_in2ands, axiom)

type(z, halfadder) = connection(out(s,x),out(ny, and;(z))) cnf(halfadder_connection_outs_outland;, axiom)

type(x, halfadder) = connection(out(c,x), out(ny, ands(z))) enf(halfadder_connection_outc_outlands, axiom)

type(z, halfadder) = connection(out(ny,ory(z)),in(ny, and;(x))) cnf(halfadder_connection_outlorl_inl_and;, axiom)
type(x, halfadder) = connection(out(n,ands(z)), in(ny, not;(x))) cnf(halfadder_connection_outland2_inlnot;, axiom)
type(z, halfadder) = connection(out(ni,noti(x)),in(ns, and; (z))) cnf(halfadder_connection_outlnotl_in2and;, axiom)

HWV001-2.ax Full-adder.

type(z, fulladder) = type(hi(z), halfadder) cnf(fulladder_halfadder;, axiom)

type(z, fulladder) = type(ha(x), halfadder) cnf(fulladder_halfadders, axiom)

type(x, fulladder) = type(or;(z),or) nf(fulladder_ory, axiom)

type(z, fulladder) = connection(out(s, h1( ), in(ng, ha(x))) cnf(fulladder_connection_outshl_in2hy, axiom)
type(x, fulladder) = connection(out(c, hi(x)),in(ng,ory(x))) cnf(fulladder_connection_outchl_in2ory, axiom)
type(x, fulladder) = connection(out(c, ho (x)),m(nl,orl (2))) cnf(fulladder_connection_outch2_inlor, axiom)
type(z, fulladder) = connection(in(nq, z), in(n1, he(z))) cnf(fulladder_connection_inl_inlhs, axiom)

type(x, fulladder) = connection(in(ng, x),in(ny, hi(x))) cnf(fulladder_connection_in2_inlh;, axiom)

type(x, fulladder) = connection(in(c, x),in(ng, hi(x))) cenf(fulladder_connection_inc_in2hy, axiom)

type(zx, fulladder) = connection(out(s, ), out(s, ha(z))) cnf(fulladder_connection_outs_outshs, axiom)
type(x, fulladder) = connection(out(c, x), out(ny,ory(z))) cnf(fulladder_connection_outc_outlor, axiom)
HWYV002-0.ax Connections, faults, and gates.

(connection(py, p2) and 0) = 0 cnf(value_propagation_zero, , axiom)

(connection(py,p2) and 1) = 1 cnf(value_propagation_one,, axiom)

(connection(py, p2) and 0) = 0 cnf(value_propagation_zero,, axiom)

(connection(py,p2) and 1) = 1 cnf(value_propagation_one,, axiom)

0= -1 cnf(unique_value, axiom)
(and_ok(k) and 0) = 0 cnf(and_0xg, axiom)



(and_ok(k) and 0) = 0 cnf(and x0g, axiom)

(and_ok(k) and 1 and 1) = 1 cnf(and_11;, axiom)

(and_ok(k) and 0) = (0 or 0) cnf(and_0gp, axiom)

(and-ok(k) and 1) = 1 cnf(and_1_1x, axiom)

(and_ok(k) and 1) = 1 cnf(and_1_x;, axiom)

and_ok(k) = - abnormal(k) cnf(not_and_ok_and_abnormal, axiom)
logic_and(k) = (and_ok(k) or abnormal(k)) cnf(and_ok_or_abnormal, axiom)
(orok(k) and 1) = 1 cnf(or_1x;, axiom)

(or-ok(k) and 1) = 1 cnf(orx1y, axiom)

(or_ok(k) and 0 and 0) = 0 enf(or-00p, axiom)

(or_ok(k) and 1) = (1or1) cnf(or_111, axiom)

(or_ok(k) and 0) = 0 cnf(or-0_0x, axiom)

(or_ok(k) and 0) = 0 cnf(or-0p, axiom)

or_ok(k) = —abnormal(k) cnf(not_or_ok_and_abnormal, axiom)
logic_or(k) = (or-ok(k ) or abnormal(k)) cnf(or_ok_or_abnormal, axiom)
(not_ok(k) and 0) = cnf(not_0_1_fw, axiom)

(not_ok(k) and 1) = cnf(not_1_0_fw, axiom)

(not_ok(k) and 0) = cnf(not_0_1_bw, axiom)

(not_ok(k) and 1) = 0 cnf(not_1-0_bw, axiom)

not_ok(k) = —abnormal(k) cnf(not__not_ok_and_abnormal, axiom)
logicnot(k) = (not-ok(k) or abnormal(k)) cnf(not_ok_or_abnormal, axiom)

HWV002-1.ax Half-adder.

halfadder(z ) = logic_and(and; (z)) cnf(halfadder_and;, axiom)

halfadder(z) = logic_and(andz(x)) cnf(halfadder_ands, axiom)

halfadder(z) = logicnot(not,(z)) cnf(halfadder_not;, axiom)

halfadder(z) = logic_or(or;(z)) cnf(halfadder_ory, axiom)

halfadder(z) = connection(in;(z), in; (ori(x))) enf(halfadder_connection_inl_inlory, axiom)

halfadder(z) = connection(ing(z),ing(orq(z))) cnf(halfadder_connection_in2_in2ory, axiom)

halfadder(z) = connection(in; (z), in; (anda(z))) cnf(halfadder_connection_inl_inlands, axiom)
halfadder(z) = connection(ing(z), inz(ands(z))) cnf(halfadder_connection_in2_in2ands, axiom)
halfadder(z) = connection(outs(z),outy(and;(x))) cnf(halfadder_connection_outs_outland;, axiom)
halfadder(z) = connection(outc(z), outy (anda(x))) cnf(halfadder_connection_outc_outlands, axiom)
halfadder(z) = connection(out; (ory(z)),iny(andy(z))) cnf(halfadder_connection_outlorl_inl_and;, axiom)
halfadder(z) = connection(outs (ands(z)),iny (noty(x))) cnf(halfadder_connection_outland2_inlnot;, axiom)
halfadder(z) = connection(outs(not;(x)),ing(and;(x))) cnf(halfadder_connection_outlnotl_in2and;, axiom)
HWYV002-2.ax Full-adder.

fulladder(z) = halfadder(h;(x)) cnf(fulladder_halfadder;, axiom)

fulladder(z) = halfadder(hq(z)) cnf(fulladder_halfadders, axiom)

fulladder(z) = logic-or(ori(x)) cnf(fulladder_or;, axiom)

fulladder(z) = connection(outs(hy(z)),ina(ha(z))) cnf(fulladder_connection_outshl_in2hsy, axiom)
fulladder(z) = connection(outc(hq(x)),ing(ori(x))) cnf(fulladder_connection_outchl_in2ory, axiom)
fulladder(z) = connection(outc(ha(x)),in; (ori(x))) cuf(fulladder_connection_outch?2_inlor, axiom)
fulladder(z) = connection(in;(x),iny (he(z))) cnf(fulladder_connection_inl_inlhy, axiom)

fulladder(z) = connection(ing(x),ing (h1(x))) enf(fulladder_connection_in2_inlhy, axiom)

fulladder(z) = connection(inc(x),ina(hq(x))) cnf(fulladder_connection_inc_in2h;, axiom)

fulladder(z) = connection(outs(zx),outs(hs(x))) cnf(fulladder_connection_outs_outshs, axiom)
fulladder(z) = connection(outc(x), outy (ori(x))) cnf(fulladder_connection_outc_outlory, axiom)

HWYV problems

HWYVO001-1.p Interchange inputs to outputs
This validates one of the circuit designs that will take x and y as input and output y and x without crossing any

wires.
include(’ Axioms/HWC002-0.ax’)

and(z,y) = and(y, x) enf(and_commutativity, axiom)
or(z,y) = or(y, x) cnf(or_commutativity, axiom)
and(z, and(y, z)) = and(and(z, y), 2) cnf(and_associativity, axiom)

or(z,or(y, z)) = or(or(x,y), 2) cnf(or_associativity, axiom)



or(or(x,y), z) = or(or(zx, 2),y) cnf(or_sorting, axiom)

and(and(z,y), z) = and(and(z, 2), y) cnf(and _sorting, axiom)
not(and(z, y)) = or(not(x), not(y)) cnf(not_canonicalization;, axiom)
not(or(x,y)) = and(not(z), not(y)) cnf(not_canonicalizations, axiom)
and(or(z,y), z) = or(and(z, z), and(y, z)) cnf(and_or_canonicalization, axiom)
and(z,z) = x cnf(and_simplification; , axiom)

and(and(z,y),y) = and(z, y) cnf(and_simplification,, axiom)
and(and(z,y),z) = and(z, y) cnf(and_simplificationg, axiom)

or(z,z) = cnf(or_simplification; , axiom)

or(or(z,y),y) = or(z,y) cnf(or_simplification,, axiom)

or(or(x,y),x) = or(z,y) cnf(or_simplificationg, axiom)
and(z,not(x)) = ng cnf(and not_simplification,, axiom)
and(and(z,y),not(y)) = ng cnf(and_not_simplification,, axiom)
and(and(z,y), not(x)) = ng cnf(and_not_simplifications, axiom)
or(z,not(x)) = ny enf(or_not_simplification, , axiom)
or(or(z,y),not(y)) = nq cnf(or_not_simplification,, axiom)
or(or(x,y),not(x)) = ny cnf(or_not_simplification,, axiom)

not(not(z)) = x cnf(not_simplification, axiom)

or(and(z,y),and(z, not(y))) = = cnf(and_or_not_simplification,, axiom)
or(and(z,y), and(y, not(x))) =y enf(and_or_not_simplification,, axiom)
ay = and(by, bs) enf(constructory, negated_conjecture)

as = and(bg, b3) cnf(constructors, negated_conjecture)

b1 = not(dy) cnf(constructors, negated_conjecture)

by = not(ds) cnf(constructory, negated_conjecture)

bs = or(cq, ca) cnf(constructors, negated_conjecture)

¢y = or(dy, ds) cnf(constructorg, negated _conjecture)

¢o = or(dg, d3) cnf(constructorz, negated_conjecture)

ds = f3 cnf(constructors, negated_conjecture)

dy = not(eq) cnf(constructorg, negated_conjecture)

do = not(es) cnf(constructor; o, negated_conjecture)

e1 = or(f1, f3) cnf(constructoryy, negated _conjecture)

es = or(fa, f3) cnf(constructory s, negated _conjecture)

f1 =not(i1) cnf(constructory 3, negated_conjecture)

f2 = not(iz) cnf(constructory 4, negated_conjecture)

f3 = and(iq,1i2) cnf(constructor; 5, negated_conjecture)

circuit(input (i1, iz ), output(ay, asz)) enf(circuit_description, negated _conjecture)
= circuit(input (1, i2), output(iz, i1)) cnf(prove_interchange, negated_conjecture)

HWYV003-1.p One bit Full Adder

include(’ Axioms/HWC002-0.ax’)

not(and(z, y)) = or(not(z), not(y)) cnf(demorgan, , axiom)

not(or(z,y)) = and(not(x), not(y)) cnf(demorgan,, axiom)

not(not(z)) = x cnf(not_involution, axiom)

and(z,y) = and(y, ) cnf(and_symmetry, negated_conjecture)

or(z,y) = or(y, x) cnf(or_symmetry, negated_conjecture)

and(or(z,y), z) = or(and(z, z), and(y, z)) cnf(and_or_simplification, negated_conjecture)
and(and(z,y), z) = and(and(z, z),y) cnf(and_commutativity, negated _conjecture)
or(or(x,y), z) = or(or(zx, 2),y) cnf(or_commutativity, negated_conjecture)

and(z, not(x)) = ng cnf(and_not_evaluation; , axiom)

or(z,not(x)) = nq cnf(or_not_evaluation;, axiom)

and(z,z) = x cnf(and_idempotency, axiom)

or(z,z) =z cnf(or_idempotency, axiom)

and(and(z,y),not(y)) = ng cnf(and_not_evaluations, axiom)

and(and(z,y), not(x)) = ng cnf(and_not_evaluations, axiom)

or(or(z,y), not
or(or(z,y), not
and(and(z,y),y) = an
or(or(z,y),y) = or(x,y) cnf(or_evaluation, axiom)

and(and(and(z1, x2), z3),not(x1)) = ng cnf(and_not_evaluationy, axiom)
and(and(and(z1, z2), z3), not(xa)) = ng cnf(and_not_evaluations, axiom)

ny cnf(or_not_evaluations, axiom)
ny cnf(or_not_evaluations, axiom)
nd(z,y) cnf(and_evaluation; , axiom)

(v)) =
(x)) =

x
x



or(and(z,y),y) = cnf(and_or_subsumption, , axiom)
or(and(z,y),z) = cnf(and_or_subsumption,, axiom)
or(or (and(m Y), 2

(
(
( ), y) = or(z,y) cnf(and_or_subsumptiong, axiom)
or(or(z,and(y, 2)), z) = or(z, 2) cnf(and_or_subsumption,, axiom)
or(and(z,not(y)), y) = or(z,y) enf(karnaugh, , axiom)

or(and(not(x), not(y)),y) = or(y, not(x)) cnf(karnaugh,,, axiom)

or(and(and(z, y),not(z)), and(z, z)) = or(and(z, y), and(z, 2)) cnf(karnaughs, axiom)

xor(z,y) = or(and(z, not(y)), and(y, not(zx))) cnf(xor_definition, axiom)
carryout(z,y, z) = or(and(z, or(y, 2)), and(not(x), and(y, 2))) enf(carryout_definition, negated_conjecture)
x + y=z = xor(xor(z,y), 2) cnf(sum_definition, negated_conjecture)

a11 = not(and(a, b)) cnf(circuity, negated_conjecture)

a12 = not(and(ai1, a)) cnf(circuite, negated_conjecture)

a13 = not(and(ai1, b)) cnf(circuits, negated_conjecture)

a14 = not(and(aiz, ais)) cnf(circuity, negated_conjecture)

a15 = not(and(ay4, carryin)) enf(circuits, negated_conjecture)

a16 = not(and(ay4, as)) cenf(circuitg, negated_conjecture)

a17 = not(and(ays, carryin)) cenf(circuitz, negated_conjecture)

s1 = not(and(asg, a17)) cnf(circuits, negated_conjecture)

¢1 = not(and(ai1,a15)) cnf(circuitg, negated_conjecture)

circuit(sy, ¢1) cnf(the_output_circuit, negated_conjecture)

—circuit(a 4+ b=carryin, carryout(a, b, carryin)) cnf(prove_circuit, negated_conjecture)

HWYV003-2.p One bit Full Adder
Prove that the given implementation of a one-bit full adder using only NAND gates is correct

or(z,y) = or(y, ) cnf(or_commutative, axiom)

and(z,y) = and(y, ) cnf(and_commutative, axiom)

or(or(z,y), z) = or(x,or(y, 2)) cnf(or_associative, axiom)
and(and(z,y), z) = and(z, and(y, z)) cnf(and_associative, axiom)
or(z,llp) ==z cnf(or_identity, axiom)

and(z,1;) =« cnf(and_identity, axiom)

and(z,or(y, z)) = or(and(zx, y), and(z, 2)) cnf(or_distributive, axiom)
or(z,and(y, z)) = and(or(z, y), or(z, z)) cnf(and_distributive, axiom)
or(z,not(x)) =1 cuf(or_complement, axiom)

and(z, not(x)) = lly cnf(and_complement, axiom)

or(z,x) =x cnf(or_idempotent, axiom)

and(z,z) = x cnf(and_idempotent, axiom)

not(not(z)) = = cnf(not_involution, axiom)

not(llp) =14 cnf(110_inverse, axiom)

not(1l;) =1y cnf(ll1 inverse, axiom)

or(z,lly) =1 cnf(or_boundedness, axiom)

and(z,1lp) =1l cnf(and_boundedness, axiom)

or(z,and(z,y)) = x cnf(or_absorption, axiom)

and(z,or(z,y)) == cnf(and_absorption, axiom)

not(or(z,y)) = and(not(x), not(y)) cnf(or_demorgan, axiom)
not(and(z, y)) = or(not(x), not(y)) cnf(and_demorgan, axiom)
or(and(not(x), y), and(z, not(y))) = xor(x, y) cnf(xor_definition, axiom)
xor(z,y) = xor(y, ) cnf(xor_commutative, axiom)

xor(z, xor(y, z)) = xor(xor(z,y), 2) cnf(xor_associative, axiom)
xor(xor(a,b),cin) = sum_def  cnf(sum_def, negated_conjecture)
or(and(cin, or(a, b)), and(not(cin), and(a,b))) = carry_def  cnf(carry_def, negated_conjecture)
not(and(a, b)) = t1 cnf(t1, negated_conjecture)

not(and(a,t1)) = to cnf(t2, negated _conjecture)

not(and(b, t1)) = t3 cnf(t3, negated_conjecture)

not(and(te, t3)) = t4 cnf(ty, negated_conjecture)

not(and(ty, cin)) = t5 cnf(ts, negated_conjecture)

not(and(t4, t5)) = tg cnf(tg, negated_conjecture)

not(and(¢s, cin)) = t7 cnf(t7, negated _conjecture)

not(and(tg, t7)) = + cnf(sum, negated_conjecture)

not(and(ty, t5)) = carry cnf(carry, negated_conjecture)

+ = sum_def = carry # carry_def cnf(prove_circuit, negated _conjecture)



HWYV004-1.p Two bit Full Adder
include(’ Axioms/HWC002-0.ax’)

not(and(z, y)) = or(not(x), not(y)) cnf(demorgan, , axiom)
not(or(x,y)) = and(not(z), not(y)) cnf(demorgan,, axiom)
not(not(z)) = x cnf(not_involution, axiom)
and(z,y) = and(y, ) cnf(and_symmetry, negated_conjecture)
or(z,y) = or(y, x) cnf(or_symmetry, negated_conjecture)
and(or(z,y), z) = or(and(z, z), and(y, 2)) cnf(and-or_simplification, negated_conjecture)
and(and(w y),z) = and(and(z, 2), y) cnf(and_commutativity, negated_conjecture)
or(or(x,y), z) = or(or(x, 2), y) cnf(or_commutativity, negated_conjecture)
and(z, not(x)) = ng cnf(and_not_evaluation; , axiom)
or(z,not(x)) = ny cnf(or_not_evaluationy, axiom)
and(z,z) =z cnf(and-idempotency, axiom)
or(z,z) = cnf(or_idempotency, axiom)
and(and(z, y), not(y)) = no cnf(and_not_evaluations, axiom)
and(and(z,y), not(z)) = ng cnf(and_not_evaluations, axiom)
or(or(z,y),not(y)) = ny cnf(or_not_evaluations, axiom)
or(or(z,y),not(x)) = ny cnf(or_not_evaluations, axiom)
and(and(z,y),y) = and(z, y) cnf(and_evaluations, axiom)
or(or(z,y),y) = or(x,y) cnf(or_evaluation, axiom)
and(and(and(z1, z2), 3),not(z1)) = no cnf(and_not_evaluationy, axiom)
and(and(and(z1, x2), z3),not(xs)) = ng cnf(and_not_evaluations, axiom)
or(and(z,y),y) =y cnf(and_or_subsumption,, axiom)

or(and(z,y),z) = x cnf(and-or_subsumption,, axiom)
or(o (and(z,y),2),y) = or(z,y) cnf(and_or_subsumptiong, axiom)
or(or(z,and(y, 2)), z) = or(z, 2) cnf(and_or_subsumption,, axiom)
or(and(z,not(y)),y) = or(x,y) cnf(karnaugh, , axiom)
or(and(not(x), not(y)),y) = or(y, not(x)) cnf(karnaugh,,, axiom)

or(and(and(z, y),not(z)), and(z, z)) = or(and(z, y), and(z, 2)) cnf(karnaughs, axiom)

xor(z,y) = or(and(z, not(y)), and(y, not(zx))) cnf(xor_definition, axiom)

carryout(z,y, z) = or(and(z, or(y, 2)), and(not(x), and(y, 2))) enf(carryout_definition, negated_conjecture)

x + y=z = xor(xor(z, y), 2) cnf(sum_definition, negated_conjecture)

S0 = ag + bg=ng cnf(s0_definition, negated_conjecture)

s1 = ay + by=carryout(ag, by, no) cnf(sl_definition, negated_conjecture)

overflow = carryout(as, b1, carryout(ag, by, n9)) cnf(overflow_definition, negated_conjecture)

circuit(so, s1, overflow) enf(the_output_circuit, negated _conjecture)

= circuit(xor(ag, by ), xor(xor(ay, by ), carryout(ag, by, 1)), or(and(ay, b1 ), and(and(ag, by ), or(a, b1)))) cnf(prove_circuit, ne

HWYVO005-1.p A halfadder built from and, or and not gates
include(’ Axioms/HWV001-0.ax”)

include(’ Axioms/HWV001-1.ax")

type(h, halfadder) cnf(h_isa_halfadder, hypothesis)
value(in(nq, h),nq1) cnf(inly, hypothesis)

value(in(ng, h), ng) enf(in2g, hypothesis)

value(out(s, h),ng) cnf(outsg, hypothesis)

value(out(c, h),ng) cnf(outcp, hypothesis)

—mode(and; (h), abnormal) cnf(diagnosis_and, , negated_conjecture)
— mode(nots (h), abnormal) cnf(diagnosis_not,, negated_conjecture)
—mode(ory (h), abnormal) cnf(diagnosis_ory, negated_conjecture)

HWYV005-2.p A halfadder built from and, or and not gates
include(’ Axioms/HWV002-0.ax”)

include(’ Axioms/HWV002-1.ax”)

halfadder(h) cnf(h_isa_halfadder, hypothesis)

1 cnf(inly, hypothesis)

0 cnf(in2g, hypothesis)

0 cnf(outsg, hypothesis)

0 cnf(outcg, hypothesis)

— abnormal(and; (h)) cnf(diagnosis_and, negated_conjecture)
— abnormal(not; (h)) cnf(diagnosis_not,, negated_conjecture)
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— abnormal(ory (h)) cnf(diagnosis_or, , negated_conjecture)

HWYV006-1.p A fulladder built from two halfadders and an or gate
include(’ Axioms/HWV001-0.ax”)
include(’ Axioms/HWV001-1.ax’)
include(’ Axioms/HWV001-2.ax”)
type(f, fulladder) cnf(f_isa_fulladder, hypothesis)
value(in(ny, f),n1) enf(inly, hypothesis)
value(in(ng, f),no) enf(in2g, hypothesis)
value(in(c, f),n1) cnf(incy, hypothesis)
value(ou ( f),n1) cnf(outsy, hypothesis)
(out(c,

value(out(c, f),ng) cnf(outcg, hypothesis)

mode(ory (f ) abnormal) = —mode(not; (ha(f)), abnormal) cnf(diagnosis_orl_not1h,, negated_conjecture)
—mode(ands(hz2(f)), abnormal) cnf(diagnosis_and,, negated_conjecture)

mode(or (f), abnormal) = —mode(and; (h2(f)), abnormal) cnf(diagnosis_orl_and1h,, negated_conjecture)
—mode(ory (h1(f)), abnormal) cnf(diagnosis_orlh,, negated_conjecture)

— mode(nots (h1(f)), abnormal) cnf(diagnosis_not1h,, negated_conjecture)

—mode(andz(h1(f)), abnormal) cnf(diagnosis_and2h, , negated_conjecture)

—mode(and; (hi(f)), abnormal) enf(diagnosis_and1h, , negated _conjecture)

HWYV006-2.p A fulladder built from two halfadders and an or gate
include(’Axioms/HWV002-0.ax’)

include(’ Axioms/HWV002-1.ax")

include(’ Axioms/HWV002-2.ax”)

fulladder(f) cnf(f_isa_fulladder, hypothesis)

1 cnf(inly, hypothesis)

0 cnf(in2g, hypothesis)

1 enf(incy, hypothesis)

1 cnf(outsy, hypothesis)

0 cnf(outcg, hypothesis)

abnormal(or;(f)) = —abnormal(not, (ha(f))) cnf(diagnosis_orl not1h,, negated_conjecture)

—abnormal(ands(ha(f))) cnf(diagnosis_and,, negated_conjecture)

abnormal(or;(f)) = - abnormal(and; (ha(f))) cnf(diagnosis_orl_and1h,, negated_conjecture)
- abnormal(or; (h1(f))) cnf(diagnosis_orlh,, negated_conjecture)

—abnormal(noty (h1(f))) cnf(diagnosis_not1h,, negated_conjecture)

—abnormal(ands(h(f))) cnf(diagnosis_and2h, , negated_conjecture)

—abnormal(and; (h1(f))) cnf(diagnosis_and1h, , negated_conjecture)

HWYVO007-1.p A fulladder built from two halfadders and an or gate
include(’ Axioms/HWV001-0.ax’)

include(’Axioms/HWV001-1.ax")

include(’Axioms/HWV001-2.ax’)

type(f, fulladder) cnf(f_isa_fulladder, hypothesis)

value(in(ny, f),no) cnf(inly, hypothesis)

value(in(ng, f),n1) cnf(in2g, hypothesis)

value(in(c, f),n1) cnf(incy, hypothesis)

value(out(s, f),n1) cnf(outsy, hypothesis)

value(out(c, f),no) cnf(outeg, hypothesis)

—mode(ands(hi(f)), abnormal) cnf(diagnosis_and2h, , negated _conjecture)

mode(ory (f), abnormal) = —mode(and; (hy(f)), abnormal) cnf(diagnosis_orl_and1h,, negated_conjecture)
mode(ory (f), abnormal) = —mode(not(h1(f)), abnormal) cnf(diagnosis_orl not1h,, negated_conjecture)
mode(ory (f), abnormal) = —mode(and; (h2(f)), abnormal) cnf(diagnosis_orl_and1h,, negated_conjecture)
mode(or; (f), abnormal) = —mode(ory(h2(f)), abnormal) cnf(diagnosis_orl_orlh,, negated_conjecture)

HWYV007-2.p A fulladder built from two halfadders and an or gate
include(’ Axioms/HWV002-0.ax’)

include(’ Axioms/HWV002-1.ax”)

include(’ Axioms/HWV002-2.ax”)

fulladder(f) cnf(f_isa_fulladder, hypothesis)

0 cnf(inly, hypothesis)

1 cnf(in2g, hypothesis)



1 cnf(incy, hypothesis)
1 cnf(outsy, hypothesis)
0 cnf(outcg, hypothesis)

—abnormal(ands(h(f))) cnf(diagnosis_and2h, , negated_conjecture)

abnormal(or;(f)) = - abnormal(and;(h1(f))) cnf(diagnosis_orl_and1h,, negated_conjecture)
abnormal(or;(f)) = —abnormal(noty(hi(f))) cnf(diagnosis_orl_not1h,, negated conjecture)
abnormal(or; (f))

= —abnormal(and; (h2(f))) cnf(diagnosis_orl_and1h,, negated_conjecture)
abnormal(or;(f)) = —abnormal(or;(h2(f))) cnf(diagnosis_orl_orlh,, negated_conjecture)

HWYV008-1.001.p 1 bit ripple carry adder

include(’ Axioms/HWV001-0.ax”)

include(’ Axioms/HWV001-1.ax’)

include(’ Axioms/HWV001-2.ax’)

type(x,nbit_adder(n;)) = type(v(ni,z), fulladder) cnf(nbit_adder_fulladder; , axiom)

type(x, nbit_adder(n;)) = connection(out(ni,x),out(s,v(ny,z))) cnf(nbit_adder_connection_out1_outlvy, axiom)
type(x, nbit_adder(n;)) = connection(out(c, x),out(c,v(ny,x))) cnf(nbit_adder_connection_outc_outcvy, axiom)
type(z, nbit_adder(ny)) = cor1nec‘ui011(1r1(<117 x),in(ny,v(ng, x))) cnf(nbit_adder_connection_inal inlvy, axiom)
type(x, nbit_adder(n;)) = connection(in(by, z),in(ng, v(ny,z))) cnf(nbit_adder_connection_inbl_in2vy, axiom)
type(x, nbit_adder(n;)) = connection(in(c, x),in(c, v(ny, z))) cnf(nbit_adder_connection_inc_incvy, axiom)
type(a, nbit_adder(ny)) cnf(a_isa_1bit_adder, hypothesis)

value(in(az, a),ng) cnf(inalg, hypothesis)

value(in(by, a), no) cnf(inblg, hypothesis)

value(in(c, a), ng) cnf(incg, hypothesis)

value(out(nl, a),no) cnf(outly, hypothesis)

value(out(c, a), nq) cnf(outeg, hypothesis)

—mode(or; (v(ny,a)), abnormal) cnf(diagnosis_orlvy, negated_conjecture)

—mode(ands(h1 (v(n1,a))), abnormal) cnf(diagnosis_and2h1v,, negated_conjecture)
—mode(ands(ha(v(n1,a))), abnormal) cnf(diagnosis_and2h2v, , negated_conjecture)

HWYV008-1.002.p 2 bit ripple carry adder
include(’Axioms/HWV001-0.ax’)
include(’ Axioms/HWV001-1.ax")
include(’ Axioms/HWV001-2.ax”)
type(x, nbit_adder(nz)) = type(f(ni,z), fulladder) cnf(nbit_adder_fulladder; , axiom)
type(x, nbit_adder(ng)) = type(f(ne,z), fulladder) cnf(nbit_adder_fulladders, axiom)
type(z, nbit_adder(nz2)) = connection(out(ni,x), out(n1, f(n1,z))) cnf(nbit_adder_connection_out1_out1f;, axiom)
type(x, nbit_adder(ng)) = connection(out(ng, x),out(ny, f(na, x))) cnf(nbit_adder_connection_out2_out1fs, axiom)
type(z, nbit_adder(ng)) = connection(out(c,z), out(c, f(ng,x))) cnf(nbit_adder_connection_outc_outcf;, axiom)
type(x, nbit_adder(ng)) = connection(in(ay,z),in(ny, f(n1,x))) cnf(nbit_adder_connection_inal_in1f;, axiom)
type(x, nbit_adder(nz)) = connection(in(by, z),in(ne, f(n1,x))) cnf(nbit_adder_connection_inb1_in2f; , axiom)
type(z, nbit_adder(nz2)) = connection(in(az, z), in(nq, f(n2,x))) cnf(nbit_adder_connection_ina2_inlfs, axiom)
type(x, nbit_adder(ng)) = connection(in(be, z),in(nz, f(ne, x))) cnf(nbit_adder_connection_inb2_in2f;, axiom)
( (n2)) =
( (n2)) =
( (n2))

type(z, nbit_adder(ns connection(out(c, f(n1,x)),in(c, f(n2,x))) cnf(nbit_adder_connection_inc_incfy , axiom)
type(z, nbit_adder(ns connection(in(c, x), in(c, f(n1, x))) cnf(nbit_adder_connection_inc_incfy, axiom)
type(a, nbit_adder(ns cnf(a_isa_2bit_adder, hypothesm)

value (1n(a1, ) 0) cnf(inaly, hypothesis)

value(in(az, a), ng) enf(ina2g, hypothesis)

value(in(by, a), ng) cnf(inblg, hypothesis)

value(in(bs, a), no) cnf(inb2g, hypothesis)

value(in(c, a), ng) cnf(incg, hypothesis)

value(out(nl, a),no) cnf(outly, hypothesis)

value(out(ng, a), ng) enf(out2g, hypothesis)

value(out(c, a),nq) cnf(outey, hypothesis)

ﬁmode(orl( (na,a)), abnormal) cnf(diagnosis_or1f2a, negated_conjecture)

—mode(ands(h (f(n2,a))), abnormal) cnf(diagnosis_and2h2f2a, negated_conjecture)

—mode(ands (ha(f(n2,a))), abnormal) cnf(diagnosis_and2h1{2a, negated_conjecture)

HWYV008-2.001.p 1 bit ripple carry adder
include(’ Axioms/HWV002-0.ax”)
include(’ Axioms/HWV002-1.ax’)
include(’ Axioms/HWV002-2.ax”)
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nbit_adder;(x) = fulladder(fi(x)) cnf(nbit_adder_fulladder;, axiom)

nbit_adder; (z) = connection(outy(z),outs(f1(x))) cnf(nbit_adder_connection_outl_outlf;, axiom)
nbit_adder; (z) = connection(outc(z), oute(f1(z))) cnf(nbit_adder_connection_outc_outcf;, axiom)
nbit_adder;(z) = connection(inas (x),iny (f1(x))) cnf(nbit_adder_connection_inal_in1f;, axiom)
nbit_adder; (z) = connection(inb;(z), ina(f1(z))) cnf(nbit_adder_connection_inb1_in2f;, axiom)
nbit_adder;(x) = connection(inc(z), inc(f1(x))) cnf(nbit_adder_connection_inc_incf , axiom)

nbit_adder; (a) cnf(a_isa_1bit_adder, hypothesis)

cnf(inalg, hypothesis)

cnf(inblg, hypothesis)

enf(incg, hypothesis)

cnf(outly, hypothesis)

1 cnf(outcg, hypothesis)

—abnormal(ory (f1(a))) cnf(diagnosis_orlf;, negated_conjecture)
—abnormal(ands(h1(f1(a)))) cnf(diagnosis_and2h1f; , negated_conjecture)
- abnormal(ands (ha(f1(a)))) cnf(diagnosis_and2h2f;, negated_conjecture)

HWYV008-2.002.p 2 bit ripple carry adder
include(’ Axioms/HWV002-0.ax’
include(’Axioms/HWV002-1.ax’
include(’Axioms/HWV002-2.ax’
nbit_adders () fulladder( f1
nbit_adders(x fulladder( fo

o O o o

—_

x)) cnf(nbit_adder_fulladder;, axiom)
x)) cnf(nbit_adder_fulladders, axiom)

t1
2

—

=

) =
nbit_adders(z) = connection(outy(z),outs(f1(z))) cnf(nbit_adder_connection_outl_outlf;, axiom)
nbit_adders(z) = connection(outs(z), outy(f2(z))) cnf(nbit_adder_connection_out2_outlf,, axiom)
nbit_adders(z) = connection(oute(z), oute(f2(z))) enf(nbit_adder_connection_outc_outcf; , axiom)
nbit_adders(z) = connection(inay (), iny (f1(x))) cnf(nbit_adder_connection_inal_in1f;, axiom)
nbit_adders(z) = connection(inby (), ina(f1(z))) cnf(nbit_adder_connection_inb1_in2f; , axiom)
nbit_adders(z) = connection(inas(z), ini (f2(x))) cnf(nbit_adder_connection_ina2_in1f,, axiom)
nbit_adders(z) = connection(inbg(z),ina(f2(z))) cnf(nbit_adder_connection_inb2_in2f,, axiom)
nbit_adders(z) = connection(oute(f1(z)),inc(f2(x))) enf(nbit_adder_connection_inc_incfy, axiom)
nbit_adders(z) = connection(inc(z), inc(f1(x))) cnf(nbit_adder_connection_inc_incfy, axiom)

nbit_adders(a) cnf(a_isa_2bit_adder, hypothesis)

cnf(inaly, hypothesis)

cnf(ina2y, hypothesis)

cnf(inblg, hypothesis)

enf(inb2g, hypothesis)

enf(incg, hypothesis)

cnf(outly, hypothesis)

cnf(out2g, hypothesis)

1 cnf(outeq, hypothesis)

- abnormal(or; (f2(a))) cnf(diagnosis_or1{2a, negated_conjecture)
—abnormal(anda(h(f2(a)))) cnf(diagnosis_and2h1{2a, negated _conjecture)
—abnormal(anda(ha(f2(a)))) cnf(diagnosis_and2h2f2a, negated _conjecture)

HWYVO009-1.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV003-0.ax”)

p-Reset(t139) cnf(quest,, negated_conjecture)

level(t1zg +n1) =ng = (p-Wr_error(t139 + n1) or p_Rd_error(t;39 + n1)) cnf(quest,, negated_conjecture)

HWYV009-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
fwork_DOTfifo_ DOTrtl_DOTlevel_(f2ADD_(t206,11)) # no cnf(quest,, negated_conjecture)

HWYV009-3.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p--pred_(fwork_ DOTfifo_ DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTwr__error_(fZADD_(t206, 71))) cnf(quest,, negated_conjecture)

HWYV009-4.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV004-0.ax”)
p--pred_(fwork_DOTfifo_ DOTrt]_DOTreset_(t206)) cnf(quest,, negated_conjecture)

OO OO O oo



p-_pred_(fwork DOTfifo DOTrtl DOTrd__error_(f ADD (206, 11))) cnf(quest,, negated_conjecture)

HWYV010-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

p-Empty(t139) = level(t19) # no cnf(quest,, negated_conjecture)
p-Empty(t139) or level(ti3g9) = ng cnf(quest,, negated_conjecture)

HWYV010-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

fwork_DOTfifo DOTrtl.DOTlevel (ta06) # 1o cnf(quest,, negated_conjecture)
p-_pred_(fwork DOTfifo DOTrtl_ DOTempty_(t206)) cnf(quest,, negated_conjecture)

HWYV010-3.p Safelogic VHDL design verification obligation
include(’Axioms/HWV004-0.ax’)

fwork_DOTfifo DOTrtl.DOTlevel_(ta06) = no enf(quest,, negated _conjecture)

= p__pred_(fwork_DOTfifo DOTrtl_ DOTempty_(t206)) cnf(quest,, negated_conjecture)

HWVO011-1.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV003-0.ax”)

p-Full(t139) = level(ti39) # fifo_length enf(quest,, negated_conjecture)
p-Full(t139) or level(t139) = fifo_length cnf(quest,, negated_conjecture)

HWYVO011-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

fwork_DOTfifo DOTrtl.DOTlevel_(t906) # fwork DOTfifo_ DOTrtl_ DOTfifo_length_ cnf(quest,, negated_conjecture)
p--pred_(fwork_ DOTfifo_ DOTrt]l_ DOTfull (t206)) cnf(quest,, negated_conjecture)

HWYV011-3.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

fwork_DOTfifo DOTrtl.DOTlevel_(t206) = fwork_DOTfifo DOTrtl_ DOTfifo__length_ cnf(quest,, negated_conjecture)
= p_pred_(fwork_DOTfifo_ DOTrt]_DOTfull_(¢206)) enf(quest,, negated_conjecture)

HWYV012-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

gt(fifo_length, level(t139)) cnf(questy, negated_conjecture)
p-Wr(t139) cnf(quest,, negated_conjecture)
p-Wr_error(t139 + n1) cnf(quest, negated_conjecture)

HWYV012-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo_length_, fwork_DOTfifo_ DOTrtl_ DOTlevel (t206)) enf(quest,, negated_cc
p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

p-_pred_(fwork DOTfifo DOTrtl DOTwr__error_(f_ ADD_(t206,71))) cnf(quest, negated_conjecture)

HWYV013-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

- p-Reset(x139) cnf(questy, negated_conjecture)

gt(fifo_length, level (z139)) cnf(quest,, negated_conjecture)

- p-Rd(x139) cnf(quests, negated_conjecture)

p-Wr(z139) cnf(quest,, negated_conjecture)

level(z139 + n1) # level(z139) + 11 cnf(quest;, negated_conjecture)

HWYVO013-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

- p_pred_(fwork_DOTfifo_ DOTrt]_ DOTreset_(t206)) cnf(quest, , negated_conjecture)

= p__pred_(fwork_DOTfifo_ DOTrt]_DOTrd_(t206)) cnf(quest,, negated_conjecture)

p--pred_(fwork DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

- p_LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo_length_, fwork_ DOTfifo_ DOTrtl_ DOTlevel (t206)) cnf(quest ., negated_cc
fwork_DOTfifo DOTrtl.DOTlevel (f- ADD_(t206,71)) # {ADD_(fwork_DOTfifo DOTrtl_DOTlevel (t206), 71) cnf(quests, 1

HWYV014-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

gt(level(x139), no) enf(quest,, negated_conjecture)
p-Rd(z139) cnf(quest,, negated_conjecture)
- p-Wr(z139) cnf(quests, negated_conjecture)

- p-Reset(x139) cnf(quest,, negated_conjecture)
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level(z139 + n1) # —level(z139) cnf(quest;, negated _conjecture)

HWYV014-2.p Safelogic VHDL design verification obligation

include(’Axioms/HWV004-0.ax’)

- p-LES_EQU_(fwork_DOTfifo_ DOTrtl_DOTlevel_(t206), no) enf(quest,, negated_conjecture)
- p_pred_(fwork DOTfifo_ DOTrt]_ DOTwr_(t20s)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quests, negated_conjecture)
p--pred_(fwork_DOTfifo DOTrt]_ DOTrd_(t206)) cnf(quest,, negated_conjecture)

fwork_DOTfifo_ DOTrtl_.DOTlevel (- ADD_(t206,71)) # f-SUB_(fwork_DOTfifo_ DOTrtl_ DOTlevel (t206), 71) cnf(quests, n

HWYV015-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

gt(level(x139),m0) cnf(quest,, negated_conjecture)

p-Rd(z139) cnf(quest,, negated_conjecture)

p-Wr(x139) cnf(quest s, negated_conjecture)

- p-Reset(x139) cnf(quest,, negated_conjecture)

level(z139 + n1) # level(z139) cnf(questy, negated_conjecture)

HWYVO015-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax")

- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTlevel_(t206), 10) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t205)) cnf(quest,, negated_conjecture)

= p_pred_(fwork_DOTfifo_ DOTrtl_DOTreset_(t206)) cnf(quest s, negated_conjecture)
p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTrd_(t206)) cnf(quest,, negated_conjecture)
fwork_DOTfifo DOTrtl.DOTlevel (f ADD_(t206,11)) # fwork_ DOTfifo_ DOTrtl_ DOTlevel (t206)

HWYV016-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

- gt(nog, level(t1sg)) cnf(quest,, negated_conjecture)
p-Wr(t139) cnf(quest,, negated_conjecture)

- p-Reset(t139) cnf(quest, negated_conjecture)
p-Empty(t139 + n1) cnf(quest 4, negated_conjecture)
gt(fifo_length, ng) cnf(quest;, negated_conjecture)

HWYV016-2.p Safelogic VHDL design verification obligation
include(’Axioms/HWV004-0.ax’)

p-LES_EQU_(ng, fwork DOTfifo_ DOTrtl_DOTlevel (t206)) cnf(quest,, negated_conjecture)
= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

p--pred_(fwork_DOTfifo_ DOTrt]_ DOTempty_(f ADD_(t206, 11))) cnf(quest,, negated_conjecture)

- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo__length_, ng) cnf(quest;, negated_conjecture)

HWYVO017-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

- gt(level(t139), fifo_length) cnf(quest,, negated_conjecture)
p-Rd(t139) cnf(quest,, negated_conjecture)

- p-Wr(t139) cnf(quest s, negated_conjecture)

- p-Reset(t139) enf(quest 4, negated_conjecture)

p-Full(t139 + n1) cnf(quest;, negated_conjecture)
gt(fifo_length, ng) cnf(questg, negated_conjecture)

HWVO017-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p-LES_EQU_(fwork_DOTfifo_ DOTrtl_DOTlevel (296 ), fwork_DOTfifo DOTrt]_ DOTfifo__length_)
- p_pred_(fwork_ DOTfifo_ DOTrtl_ DOTwr_(t20s)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quests, negated_conjecture)
p--pred_(fwork_ DOTfifo DOTrt]_ DOTrd_(t206)) cnf(quest ., negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTfull_(f_ ADD_(t206, 11))) cnf(questy, negated_conjecture)
- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo__length_, ng) cnf(questg, negated_conjecture)

HWYVO018-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

- p-Rd(t139) cnf(quest, , negated_conjecture)

p-Wr(t139) cnf(quest,, negated_conjecture)

cnf(questy, negated_conje

cnf(questy, negated_con
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p-Full(t139) cnf(quests, negated _conjecture)
- p-Reset(t139) cnf(quest 4, negated_conjecture)
p-Full(t139 +n1) = —p-Wr_error(t139 + n1) cnf(questy, negated_conjecture)

HWYV018-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

= p_pred_(fwork_DOTfifo DOTrt]_DOTrd_(¢206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTfull _(t206)) cnf(quest,, negated_conjecture)

- p__pred_(fwork_DOTfifo_ DOTrt]_DOTreset_(t206)) cnf(quests, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

- p_pred_(fwork_ DOTfifo_ DOTrt]_DOTfull_(f ADD_(t206,71))) cnf(quest;, negated_conjecture)

HWYVO018-3.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

= p__pred_(fwork_DOTfifo_ DOTrt]_DOTrd_(t206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]l_DOTfull_(t206)) cnf(quest,, negated_conjecture)

= p_pred_(fwork_ DOTfifo_ DOTrtl_ DOTreset_(t206)) cnf(quests, negated_conjecture)

p--pred_(fwork DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_ DOTfifo DOTrt] DOTwr__error_(f_ ADD _(t206,711))) cnf(quest;, negated_conjecture)

HWV019-1.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV003-0.ax”)

p-Wr_error(ty39 + n1) cnf(quest,, negated_conjecture)

p-Wr(t139) cnf(quest,, negated_conjecture)

— p_Reset(t139) cnf(quest, negated_conjecture)

gt(fifo_length, level(t139)) or p-Rd(t139) cnf(quest,, negated_conjecture)

HWYV019-2.p Safelogic VHDL design verification obligation

include(’Axioms/HWV004-0.ax’)

p--pred_(fwork DOTfifo_ DOTrt]_ DOTwr__error_(f_ ADD_(t20g, 71))) enf(quest,, negated_conjecture)

- p_pred_(fwork_DOTfifo_ DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)

p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

- p-LES_EQU_(fwork_DOTfifo_DOTrt]_DOTfifo__length_, fwork_DOTfifo_ DOTrtl_DOTlevel_(¢205)) cnf(quest,, negated_cc

HWYV019-3.p Safelogic VHDL design verification obligation

include(’Axioms/HWV004-0.ax’)

p--pred_(fwork DOTfifo_ DOTrt]_ DOTwr__error_(f ADD_(t20g, 71))) cnf(quest,, negated_conjecture)
= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_DOTrd_(t206)) cnf(quest,, negated_conjecture)

HWYV020-1.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV003-0.ax”)

p-Rd(t139) cnf(quest,, negated_conjecture)

p-Empty(t139) cnf(quest,, negated_conjecture)

- p-Wr(t139) cnf(quest s, negated_conjecture)

- p-Reset(t139) cnf(quest,, negated_conjecture)

p-Empty(t139 + n1) = —p-Rd_error(ti39 + n1) enf(questy, negated _conjecture)

HWYV020-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax")

p--pred_(fwork_ DOTfifo DOTrt]_ DOTrd_(t206)) cnf(quest, , negated_conjecture)

- p__pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

= p_pred_(fwork_ DOTfifo_ DOTrtl_ DOTreset_(t206)) cnf(quests, negated_conjecture)
p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTempty_(t206)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_ DOTfifo_ DOTrtl_ DOTempty_(f_ ADD_(t206,71))) cnf(quest;, negated_conjecture)

HWYV020-3.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p--pred_(fwork DOTfifo_ DOTrt]_ DOTrd_(t206)) cnf(quest,, negated_conjecture)

= p_pred_(fwork_ DOTfifo_ DOTrt]_ DOTwr_(t20s)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quests, negated_conjecture)

p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTempty_(¢206)) cnf(quest 4, negated _conjecture)

= p__pred_(fwork_DOTfifo_ DOTrt]_DOTrd__error_(f_ADD_(¢206,11))) cnf(quest;, negated_conjecture)
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HWYV021-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

p-Rd_error(t139 + n1) cnf(quest,, negated_conjecture)
p-Rd(t139) cnf(quest,, negated_conjecture)

- p-Reset(t139) enf(quest, negated_conjecture)

— p_Empty(t139) cnf(quest,, negated_conjecture)

HWYV021-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p--pred_(fwork_DOTfifo_ DOTrtl DOTrd-_error_(f-ADD_(t206,11))) cnf(quest, , negated_conjecture)
- p_pred_(fwork_ DOTfifo_ DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
p-_pred_(fwork DOTfifo DOTrtl_ DOTrd_(¢206)) cnf(quest s, negated_conjecture)

= p_pred_(fwork_DOTfifo_ DOTrt]_DOTempty_(t206)) cnf(quest,, negated_conjecture)

HWV022-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

level(t13g) + ny = fifo_length cnf(quest,, negated_conjecture)
= p-Rd(t139) cnf(quest,, negated_conjecture)

p-Wr(t139) cnf(quest, negated_conjecture)

- p-Reset(t139) cnf(quest 4, negated_conjecture)

level(t139 + n1) # fifo_length cnf(quest;, negated_conjecture)

HWYV022-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

f_ADD_(fwork_DOTfifo_ DOTrtl DOTlevel_(t206), n1) = fwork_ DOTfifo_ DOTrtl_ DOTfifo_length_ cnf(quest, , negated_con
p--pred_(fwork DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

- p__pred_(fwork_DOTfifo_ DOTrt]_DOTreset_(t206)) cnf(quests, negated_conjecture)

= p__pred_(fwork_DOTfifo_ DOTrt]_DOTrd_(t206)) cnf(quest,, negated_conjecture)

fwork_DOTfifo DOTrtl.DOTlevel (f_ ADD_(t206,71)) # fwork_ DOTfifo_ DOTrtl_ DOTfifo_length_ cnf(quest;, negated_con

HWYV023-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

level(t139) = n1 cnf(quest,, negated_conjecture)

- p-Wr(t139) cnf(quest,, negated_conjecture)

p-Rd(t139) cnf(quest,, negated_conjecture)

- p-Reset(t139) cnf(quest,, negated_conjecture)

— p-Empty(t139 + n1) cnf(quest;, negated _conjecture)

HWYV023-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax’)

fwork_DOTfifo DOTrtl.DOTlevel_(ta06) = n1 cnf(questy, negated_conjecture)

p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTrd_(t206)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quest s, negated_conjecture)

= p_pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest ., negated_conjecture)

= p--pred_(fwork_DOTfifo_ DOTrt]_DOTempty_(f-~ADD_(t206,11))) cnf(quest;, negated_conjecture)

HWYV024-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

- p-Rd(x140) cnf(quest,, negated_conjecture)

— p_Reset(x140) cnf(quest,, negated_conjecture)

p-Data_out(z139, z140) = —p-Data_out(z13g, 140 + n1) cnf(quests, negated_conjecture)
p-Data_out(z139, z140) or p-Data_out(z139, 140 + 11) cnf(quest 4, negated_conjecture)

HWYV024-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

= p__pred_(fwork_ DOTfifo DOTrtl DOTrd_(t206)) cnf(quest,, negated_conjecture)

- p_pred_(fwork_DOTfifo_ DOTrt]_ DOTreset_(t206)) cnf(quest,, negated_conjecture)

p-LES_EQU_(ng, z207) cnf(quests, negated_conjecture)

p-LES_EQU_(x207, {-SUB_(fwork_DOTfifo_ DOTrt]_DOTfifo__width_, nq)) cnf(quest,, negated_conjecture)
f__index_(fwork_DOTfifo_ DOTrtl_ DOTdata_out_(f- ADD_(t206, 71)), {-SUB_(f.SUB_(fwork_DOTfifo_DOTrt]_DOTfifo__width._,
f__index_(fwork_DOTfifo_ DOTrtl_ DOTdata__out_(t206), -SUB_(f_SUB_(fwork_DOTfifo DOTrtl DOTfifo__width_, ny), 2207))

HWYV025-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)
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- p-Rd(t139) cnf(quest,, negated_conjecture)

- p-Reset(t139) cnf(quest,, negated_conjecture)

p-Rd_error(t139) = - p-Rd_error(ti39 + n1) cnf(quest s, negated_conjecture)
p-Rd_error(t139) or p-Rd_error(t139 + n1) cnf(quest,, negated_conjecture)

HWYV025-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

= p__pred_(fwork_DOTfifo_ DOTrt]_DOTrd_(t206)) cnf(quest,, negated_conjecture)

- p_pred_(fwork_ DOTfifo_ DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)

= p_pred_(fwork_ DOTfifo DOTrt]_DOTrd__error_(f ADD_(t206,71))) cnf(quest, negated_conjecture)
p--pred_(fwork_ DOTfifo_ DOTrt]_ DOTrd__error_(t206)) cnf(quest 4, negated_conjecture)

HWYV025-3.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

= p__pred_(fwork_ DOTfifo DOTrtl_ DOTrd_(t206)) cnf(quest,, negated_conjecture)

- p_pred_(fwork_ DOTfifo_ DOTrt]_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTrd__error_(f_ ADD_(t206,71))) cnf(quest s, negated_conjecture)
- p__pred_(fwork_DOTfifo_ DOTrt]_ DOTrd__error_(t206)) cnf(quest,, negated_conjecture)

HWYV026-1.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV003-0.ax”)

- p-Wr(t139) cnf(quest, , negated_conjecture)

- p-Reset(t139) cnf(quest,, negated_conjecture)

p-Wr_error(t;39) = —p-Wr_error(t139 + n1) cnf(quests, negated_conjecture)
p-Wr_error(ty39) or p_-Wr_error(ty3g9 + n1) cnf(quest,, negated_conjecture)

HWYV026-2.p Safelogic VHDL design verification obligation

include(’Axioms/HWV004-0.ax’)

- p_pred_(fwork DOTfifo_ DOTrt]_ DOTwr_(t20s)) cnf(quest,, negated_conjecture)

= p__pred_(fwork_DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)

= p_pred_(fwork DOTfifo DOTrt]_ DOTwr__error_(f_ ADD _(t206,71))) cnf(quest s, negated_conjecture)
p--pred_(fwork_DOTfifo_ DOTrt]_ DOTwr__error_(t206)) cnf(quest,, negated_conjecture)

HWYV026-3.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

- p__pred_(fwork_DOTfifo_ DOTrt]_ DOTwr_(t206)) cnf(quest, , negated_conjecture)

- p__pred_(fwork_DOTfifo_ DOTrt]_ DOTreset_(t206)) cnf(quest,, negated_conjecture)

p--pred_(fwork DOTfifo_ DOTrt]_ DOTwr__error_(f_ ADD_(t20g, 71))) enf(quest, negated_conjecture)
= p_pred_(fwork_ DOTfifo_ DOTrt]_ DOTwr__error_(t206)) cnf(quest 4, negated_conjecture)

HWYV027-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

- p-Wr(t139) cnf(quest,, negated_conjecture)

- p-Rd(t139) cnf(quest,, negated_conjecture)

- p-Reset(t139) cnf(quests, negated_conjecture)

level(t139) # level(t139 + n1) cnf(quest,, negated_conjecture)

HWYV027-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

= p_pred_(fwork_DOTfifo DOTrt]_ DOTwr_(t206)) cnf(quest,, negated_conjecture)

- p__pred_(fwork_DOTfifo_ DOTrt]_DOTreset_(t206)) cnf(quest,, negated_conjecture)

= p_pred_(fwork_DOTfifo DOTrt]_DOTrd_(t206)) cnf(quests, negated_conjecture)

fwork_DOTfifo DOTrtl.DOTlevel (t906) # fwork DOTfifo_ DOTrtl_ DOTlevel (f-ADD_(¢206, 1)) cnf(quest 4, negated_conje

HWYV028-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

p-Reset(t139) cnf(questy, negated_conjecture)

gt(level(tizg + n1), fifo_length) cnf(quest,, negated_conjecture)
gt(fifo_length, ng) cnf(quest, negated_conjecture)

HWYV028-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p-_pred_(fwork DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)

- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_ DOTlevel (f- ADD _(¢206,71)), fwork_ DOTfifo_ DOTrtl_ DOTfifo_ length_) cnf(quest
- p-LES_EQU_(fwork_DOTfifo_ DOTrtl_ DOTfifo_ length_, ng) cnf(quest s, negated_conjecture)
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HWYV029-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

- gt(level(x139), fifo_length) cnf(questy, negated_conjecture)
gt(level(x139 + ny), fifo_length) enf(quest,, negated_conjecture)
gt(fifo_length, ng) cnf(quest, negated_conjecture)

HWYV029-2.p Safelogic VHDL design verification obligation

include(’Axioms/HWV004-0.ax’)

p-LES_EQU _(fwork_ DOTfifo_ DOTrtl_ DOTlevel (t206), fwork_ DOTfifo DOTrtl DOTfifo_length_) cnf(questy, negated_con
- p-LES_EQU_(fwork_DOTfifo_DOTrt]_DOTlevel_(f ADD_(¢206, n1)), fwork_ DOTfifo_ DOTrtl_DOTfifo_ length_) cnf(quest
- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo_length_, ng) cnf(quests, negated_conjecture)

HWYV030-1.p Safelogic VHDL design verification obligation
include(’ Axioms/HWV003-0.ax”)

p-Reset(t139) cnf(quest,, negated_conjecture)

- gt(fifo_length, wr_level(t139 + n1)) cnf(quest,y, negated _conjecture)
gt(fifo_length, ng) cnf(quests, negated_conjecture)

HWYV030-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p--pred_(fwork_ DOTfifo_ DOTrtl_DOTreset_(t206)) cnf(quest,, negated_conjecture)
p-LES_EQU_(fwork_DOTfifo_ DOTrtl_ DOTfifo_length_, fwork DOTfifo DOTrtl DOTwr_level (f ADD _(t206,721))) enf(qu
- p_-LES_EQU_(fwork DOTfifo_ DOTrtl DOTfifo_length_, ng) cnf(quest s, negated_conjecture)

HWYV031-1.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV003-0.ax”)

- gt(wr_level(z139) + n1, fifo_length) cnf(quest,, negated_conjecture)
gt(wr_level(z139 + n1) + ny, fifo_length) cnf(quest,, negated_conjecture)
gt(fifo_length, ng) cnf(quest, negated_conjecture)

HWYV031-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p-LES_EQU_(f_ ADD_(fwork_-DOTfifo_ DOTrt]l_ DOTwr__level_(t206), n1), fwork_DOTfifo_ DOTrt]l_ DOTfifo_length_) cnf(qu
- p-LES_EQU_(f ADD_(fwork_DOTfifo_DOTrt]_ DOTwr__level (f-ADD_(t206,71)), n1), fwork_DOTfifo_DOTrtl.DOTfifo_ leng
- p_LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo__length_, ng) cnf(quests, negated_conjecture)

HWYV032-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

p-Reset(t139) cnf(quest, , negated_conjecture)

- gt(fifo_length, rd level(¢139 + n1)) cnf(quest,, negated_conjecture)
gt(fifo_length, ng) cnf(quests, negated_conjecture)

HWYV032-2.p Safelogic VHDL design verification obligation

include(’Axioms/HWV004-0.ax’)

p-_pred_(fwork DOTfifo DOTrtl_ DOTreset_(t206)) cnf(quest,, negated_conjecture)
p-LES_EQU_(fwork_DOTfifo_ DOTrtl_ DOTfifo_length_, fwork_ DOTfifo_ DOTrtl_ DOTrd_level (- ADD_(t206,71))) cnf(que
- p_-LES_EQU_(fwork_ DOTfifo_ DOTrtl DOTfifo_length_, ng) cnf(quest s, negated_conjecture)

HWYV033-1.p Safelogic VHDL design verification obligation
include(’Axioms/HWV003-0.ax’)

- gt(rd level(t;39), —fifo_length) cnf(questy, negated_conjecture)
gt(rdlevel(ti3g9 + nq), —fifo_length) cnf(quest,, negated_conjecture)
gt(fifo_length, ng) cnf(quest, negated_conjecture)

HWYV033-2.p Safelogic VHDL design verification obligation

include(’ Axioms/HWV004-0.ax”)

p-LES_EQU_(fwork_DOTfifo_DOTrt]_ DOTrd__level_(¢206), f-SUB_(fwork_DOTfifo_ DOTrtl_DOTfifo_length_, n4)) cnf(que
- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTrd__level (f_ ADD_(t20g, n1)), f-SUB_(fwork_DOTfifo_ DOTrtl_ DOTfifo_length_, n.
- p-LES_EQU_(fwork_DOTfifo_ DOTrt]_DOTfifo__length_, ng) cnf(quests, negated_conjecture)

HWYV034-1.p Connections, faults, and gates.
include(’Axioms/HWV001-0.ax’)

HWYV034-2.p Connections, faults, and gates.
include(’ Axioms/HWV002-0.ax’)

HWYV035-1.p Half-adder.
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include(’Axioms/HWV001-0.ax’)
include(’ Axioms/HWV001-1.ax’)

HWYV035-2.p Half-adder.
include(’Axioms/HWV002-0.ax’)
include(’ Axioms/HWV002-1.ax”)

HWYV036-1.p Full-adder.

include(’ Axioms/HWV001-0.ax”)
include(’Axioms/HWV001-1.ax’)
include(’ Axioms/HWV001-2.ax”)

HWYV036-2.p Full-adder.

include(’ Axioms/HWV002-0.ax”)
include(’Axioms/HWV002-1.ax")
include(’ Axioms/HWV002-2.ax”)

HWYV037-1.p Axioms from a VHDL design description
include(’Axioms/HWV003-0.ax’)

HWYV038-1.p Axioms from a VHDL design description
include(’Axioms/HWV004-0.ax’)

HWV052-1.001.001.p Faulty channel 1 1

The problem of sending N bits over a faulty channel that can mutilate any one bit. We can use K extra bits to help
us do this. Satisfiable means that it is possible, unsatisfiable means that it is not possible.

r=oorx =i cnf(bit_domain, axiom)

rl £ cnf(bit_inverse, axiom)

unpack, (21, pack (21)) = 21 enf(unpack,, axiom)

unpack;, (27 ', pack; (1)) = 1 enf(unpackl;, axiom)

unpack; (w1, pack, (z1)7!) = 21 cnf(unpackly,, axiom)

HWYV052-1.001.002.p Faulty channel 1 2

The problem of sending N bits over a faulty channel that can mutilate any one bit. We can use K extra bits to help
us do this. Satisfiable means that it is possible, unsatisfiable means that it is not possible.

x=oorz=1i¢  cof(bit_domain, axiom)

x££ cnf(bit_inverse, axiom)
unpack (xl,pack (1), packy(21)) = x4 cnf(unpack,, axiom)
unpack, (7!, pack, (1), packy (1)) = 21 cnf(unpackl; , axiom)
unpack, (71, pack; (r1) !, packy(71)) = 71 cnf(unpackly,, axiom)
unpack;, (21, pack; (z1), packy(z1) 1) = 21 cnf(unpackls, axiom)

HWV052-1.002.001.p Faulty channel 2 1
The problem of sending N bits over a faulty channel that can mutilate any one bit. We can use K extra bits to help
us do this. Satisfiable means that it is possible, unsatisfiable means that it is not possible.

xr=oorx=i cnf(bit_domain, axiom)

rl £ cnf(bit_inverse, axiom)

unpack; (ml,xg,packl (x1,22)) = 21 enf(unpack,, axiom)
unpack; (27 ,mg,packl(xl,xg)) =1 enf(unpackl;, axiom)
unpack, (z1, x5 ', pack, (z1, 2)) = 3 cnf(unpackly,, axiom)
unpack; (71, ro, pack; (r1,12) " !) = x4 cnf(unpackl s, axiom)
unpackQ(xl,xQ,pack (z1,22)) = 29 cnf(unpack,, axiom)
unpack, (z7 ! ,xg,pack (z1,22)) = x9 cnf(unpack?,,, axiom)
unpack, (1, 75 ', pack, (1, 2)) = 22 enf(unpack2,;, axiom)
unpack, (w1, T2, pack, (z1,72) 1) = 22 cnf(unpack24, axiom)

HWYV052-1.002.002.p Faulty channel 2 2
The problem of sending N bits over a faulty channel that can mutilate any one bit. We can use K extra bits to help
us do this. Satisfiable means that it is possible, unsatisfiable means that it is not possible.

x=oorz=1i  cof(bit_domain, axiom)

x££ cnf(bit_inverse, axiom)

unpack, (1, xa, pack, (1, x2), packy (z1, 22)) = 1 cnf(unpack, , axiom)
unpack, (7!, 2o, pack, (1, z2), packy (21, 22)) = 21 cnf(unpackl;, axiom)

unpack, (z1, x5 ', pack, (z1, z2), packy (21, 22)) = 21 cnf(unpackly,, axiom)
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unpack, (1, x2, pack, (x1, x2)~ ,packg(xl,@)) cnf(unpackl;, axiom)

unpack, (71, ro, pack; (1, x2), packy (21, x2) 1) = cnf(unpackl,, axiom)

unpackQ(xl,xQ,pack (z1,22), packy(x1,x2)) = T2 cnf(unpack,, axiom)

unpack, (z; ! xg,pack (1, x2), packy (z1,x2)) = cnf(unpack?2;, axiom)

unpack, (21, 75 ', pack, (1, x2), pack2 (z1,22)) = enf(unpack24, axiom)

unpacky (71, T2, pack; (1, x2) "1, packy(z1, 22)) = enf(unpack2,;, axiom)
1

unpacky (21, 72, pack, (1, r2), packy (21, 72)~

HWYV052-1.002.003.p Faulty channel 2 3
The problem of sending N bits over a faulty channel that can mutilate any one bit. We can use K extra bits to help
us do this. Satisfiable means that it is possible, unsatisfiable means that it is not possible.

) =2 cnf(unpack2g, axiom)

unpacks (27 mg,packl(xl,xg) packsy (21, x2), packs(z1, 22 enf(unpack2,,4, axiom)

cnf(unpack2,,;, axiom)

~— —

) =
unpack, (z1, 5 ', pack, (z1, 2), packQ(:z:hzg) packs(z1,x2)) =
unpacky (21, 72, packy (z1,22)” ,PaCkz(Jﬂh%) packs(z1,22))

)
1

r=oorx =i cnf(bit_domain, axiom)
rl £ cnf(bit_inverse, axiom)

unpack, (xl,xg,packl (21, 22), packy (1, x2), packs (z1, 22)) = 21 enf(unpack,, axiom)
unpack, (z7! ajg,packl(xl,xg) packsy (21, x2), packs(z1, 22)) = 21 enf(unpackl; , axiom)
unpack, (z1, x5 ', pack, (z1, 2), packQ(m,zg) packs(z1,x2)) = 21 cnf(unpackly,, axiom)
unpack, (1, x2, pack, (x1, z2)~ ,packQ(xl,xZ) packs (21, x2)) = 21 cnf(unpacklys, axiom)
unpack; (21, 2, pack, (1, 2), packy (w1, 12) "1, packs (21, 12)) = 21 cnf(unpackl,,, axiom)
unpack; (21, 2, pack, (r1, ¥2), packy (w1, T2), packs (11, 2) 1) = 21 cnf(unpackl;, axiom)
unpackz(xl,xg,packl(xl,xg) packsy (21, ), packs(z1,22)) = 2 enf(unpack,, axiom)

(

(

( = 9 cnf(unpack2g, axiom)
unpack, (21, 2, pack, (21, ¥2), packy (21, 12) 1, packs (21, 2)) = 29 cnf(unpack?24, axiom)
unpacky (21, T2, pack, (z1, 22), packy (21, x2), packs(z1, x2) 1) = x9 cnf(unpack?2,,, axiom)

HWV052-1.003.003.p Faulty channel 3 3
The problem of sending N bits over a faulty channel that can mutilate any one bit. We can use K extra bits to help
us do this. Satisfiable means that it is possible, unsatisfiable means that it is not possible.

x=oo0rx=i cnf(bit_domain, axiom)
!t # 2  cnf(bit_inverse, axiom)

unpack; (xl,xg,xg,pack (1'1,1'2,253) packy (21, 2, x3), packs(x1, z2, x3)) = 21 cnf(unpack,, axiom)
unpack, (z7! xg,xg,pack (1,2, x3), packy (21, T2, x3), packs(x1, T2, 23)) = 1 cnf(unpackl; , axiom)
unpack;, (1, 5" ,scg,packl(xl,xg,mg,) packsy (21, o, 23), packs (21, T2, 23)) = 21 enf(unpackly,, axiom)
unpack, (371,1)2,333 ,packy (21, o, x3), packy (21, T2, T3), packs (21, T2, 23)) = 1 enf(unpackl;, axiom)
unpack, (w1, 2, z3, packy (v1, T2, 23) "L, packy (21, 22, 73), packs (21, ¥2, 73)) = 21 cnf(unpackl,, axiom)
unpack, (21, T2, x3, pack, (1, T2, ¥3), packy (1, T2, 23) 1, packs (21, ¥2, 23)) = 71 cnf(unpackl s, axiom)
unpack, (21, T2, 3, packy (1, T2, 23), packy (z1, T2, ¥3), packs (x1, 19, 13) 1) = 21 cnf(unpackl g, axiom)
unpackz(ml,xg,mg,pack (21,2, x3), packy (21, T2, x3), packs (21, T2, 23)) = 2 enf(unpack,, axiom)
unpack, (27 :Eg,scg,pack (21,2, x3), packy (21, T2, x3), packs (21, 22, 23)) = 2 enf(unpack2,,;, axiom)
unpacky (z1, x5 ' ,mg,pack (21,2, x3), packy(x1, T2, x3), packs (w1, 22, 23)) = T2 enf(unpack2g, axiom)
unpackQ(xl,zg,xg ,pack, (x1, 2, x3), packQ(xl,xQ,xg) packs(x1, 2, 23)) = T2 cnf(unpack2y, axiom)
unpack, (21, 2, 23, pack (v1, T2, 23) "L, packy (71, T2, 23), packs (21, T2, 13)) = T2 cnf(unpack?2,, axiom)
unpack, (21, 2, 23, pack; (1, T2, 23), packy (71, T2, 23) 7, packs (21, T2, 13)) = T2 cnf(unpack2,, axiom)
unpacky (1, T2, 23, packy (v1, T2, 73), packsy (71, T2, 73), packs (21, T2, 13) 1) = 29 cnf(unpack2, 4, axiom)
unpackg(xl,acg,xg,pack (21,2, x3), packy (21, T2, x3), packs (21, T2, 23)) = T3 enf(unpacks, axiom)
unpacky (z7 ! xg,xg,pack (21,2, x3), packy(x1, T2, x3), packs (21, 2, 23)) = T3 enf(unpack3, 5, axiom)
unpack, (z1, 75 " ,xg,pack (21,2, x3), packy (21, T2, x3), packs (21, T2, 23)) = T3 cnf(unpack3, 4, axiom)
unpack, (1, 2, v3 ', pack, (z1, T2, 73), packQ(gcl,x27m3) packs (21, 2, 23)) = o3 cnf(unpack3, 5, axiom)
unpacks (21, T2, 23, packy (v1, T2, 23) "L, packy (71, T2, 23), packs (21, T2, ¥3)) = 23 cnf(unpack3, g, axiom)
unpacks (w1, T2, 23, packy (v1, T2, 23), packsy (71, 22, x3) 71, packs (21, T2, 73)) = 23 cnf(unpack3,;, axiom)
unpacks (@1, 2, 3, packy (x1, T2, 23), packsy (21, T2, ¥3), packs (z1, x9, ¥3) 1) = 23 cnf(unpack3, g, axiom)



