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Abstract

In 1981, Hsia conjectured that two positive definite integral ternary quadratic forms in
the same genus must be integrally equivalent whenever they primitively represent the same
positive integers. We give a computer-assisted disproof using the pair

q1(z,y, 2) = 52 + 5y* + 82% — 4xz — 3wy,
g2 (2,y, 2) = 5x? + Ty* + 72% + 6yz + vz + 5Say.

These are the forms in the set Sg of Ju. Their equality of ordinary representation sets was
proved by Ju, while a computation of Jagy, as reported by Ju, verified equality of their
primitive representation sets through 10%. Here a finite exact certificate upgrades the latter to
all positive integers. The certificate consists of 68 integral similitudes in each direction, with
denominators in {4, 12,36}, and an exhaustive cover of the 8,491,392 residue vectors modulo
216 that are primitive at both 2 and 3. A stand-alone C program, reproduced in full, verifies
every matrix identity, determinant, and residue-class condition using only integer arithmetic.
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1 Introduction and statement of the result
For a positive definite integral ternary quadratic form ¢, write
Prim(q) = {n € Z~o : ¢(v) = n for some v € Z* with gcd(vy,v2,v3) = 1}.

Two forms are integrally equivalent if one is carried to the other by an element of GL3(Z), and
they lie in the same genus if they are equivalent over R and over Z, for every prime p.

Hsia’s Conjecture A, formulated in [1, p. 237], asserts that positive definite ternary forms in
the same genus are integrally equivalent if they primitively represent the same integers. The pair
studied here appears as Sg in Ju’s table [2, Table 1.1]. Ju proved that the two forms represent
the same integers without a primitivity condition and recorded Jagy’s verification of primitive
agreement up to 1,000,000 [2, Remark 3.1(2)].



Theorem 1.1. Let
q1(z,y, 2) = 5z + 5y? + 82% — dxz — 3y,

g (z,y, 2) = 52 + Ty* + 722 + 6yz + 2 + 5Sx.
Then:

(i) q1 and g2 are positive definite and belong to the same genus;
(ii) g1 and g2 are not integrally equivalent;

(iii) Prim(q;) = Prim(g2).

Consequently, Hsia’s 1981 conjecture is false.

The proof of Theorem 1.1 has a short conceptual part and a finite certificate. The conceptual
part is isolated in the primitive transfer lemma of Section 3. The complete certificate is the
source code in Section B; it includes all 136 matrices and checks all relevant residue classes. No
floating-point calculation, random test, external library, or unproved bound is used.

Remark 1.2 (Status and scope). This note records an explicit, independently rerunnable certificate.
The forms themselves and their previously known properties are due to the literature cited above.
No claim of priority is made here beyond those references; the mathematical assertion of the note
is the finite global certificate and the deduction from it.

2 The two forms

Set
10 -3 —4 10 5 1
F=|-3 10 0 |, G=1|5 14 6
—4 0 16 1 6 14

Thus, for column vectors v = (z,y, )T,

2q1(v) = v F, 2¢2(v) = v' Go.

2.1 Positive definiteness and the genus

Proposition 2.1. The forms q1 and g are positive definite and lie in the same genus.

Proof. The leading principal minors of F' are
10, 91, 1296,

and those of G are
10, 115, 1296.

They are all positive, so Sylvester’s criterion gives positive definiteness.

Now put
-3 -2 -2 -4 0 0
3= 0 -3 =31, =10 4 4
0o 1 =2 -2 -2 2



Direct multiplication gives
Ty FT3 = 3°G, det(T3) = —33,

and
T)FTy = 42G,  det(Ty) = —4%.

Hence T3/3 € GL3(Z3) carries F' to G. For every odd prime p, the matrix 74/4 belongs to
GL3(Z,) and carries F' to G. The same rational matrix gives an equivalence over R. Thus the
two forms are locally equivalent at every place of Q. O

2.2 Integral inequivalence

For a positive definite form g, let

re(n) = #{v € Z* : q(v) = n}.
Integral equivalence preserves every rq(n).
Proposition 2.2. The forms q1 and g are not integrally equivalent.

Proof. The four vectors
(£1,0,0), (0,+£1,0)

represent 5 under qi, so rq, (5) > 4.
Suppose g2(x,y, z) = 5. Treating this as a quadratic equation in x gives the discriminant

A =100 — (115y* + 110yz + 1392?).
The quadratic expression in parentheses can be written as
115y% + 110yz + 13922 = 55(y + 2)? + 60y° + 8422

For (y,z) # (0,0) it is at least 115, so A < 0. Therefore y = z = 0, and then z = +1. Thus
T4, (5) = 2, proving the claim. O

3 A primitive transfer lemma

For a symmetric integral matrix A, write

1
Qav) = §UTAU.
The following elementary observation is the bridge between the matrix certificate and primitive

representations.

Lemma 3.1 (Primitive transfer). Let A, B € Syms(Z) be nonsingular, let d > 1, and let
T € M3(Z) satisfy
TTAT = d°B, det T| = d°.

Let v € Z3 be primitive. Assume that Tv € dZ> and put w = Tv/d. If w ¢ pZ3 for every prime
p | d, then w is primitive and

Qa(w) = Qp(v).



Proof. The quadratic identity is immediate:
1
2Q a(w) = @’UTTTATU = v Bv =2Q5(v).

Suppose a prime p divides all coordinates of w. By hypothesis this cannot happen when p | d. If
p1d, then
Tv=dw=0 (mod p).

But detT = #d? is nonzero modulo p, so T is invertible modulo p and hence v = 0 (mod p),
contradicting the primitivity of v. Thus no prime divides all coordinates of w. O

4 The finite certificate

Let
D = {4,12,36}, L = 216.

For each d € D, the certificate contains two finite families

TG—>F(d)7 TF—>G(d)

of integral 3 x 3 matrices. Their cardinalities are as follows.

Direction d=4 d=12 d=36 Total

G—F 4 16 48 68
F—-G 4 16 48 68

The matrices are listed exactly in the C arrays GF4, GF12, GF36, FG4, FG12, and FG36 in
Section B. The checker verifies

TTFT = d°G, |detT| = d® for T € Tar(d),

and
T'GT = d*F, |detT| =d® for T € Tr_q(d).

Define
Rp={v€(Z/LZ)* 5 #0 (mod2), 5#0 (mod3)},

where v = 0 (mod p) means that all three coordinates vanish modulo p. Its size is

RL| =216 — 108 — 723 + 36°
= 8,491,392.

Proposition 4.1 (Finite cover). For every v € Ry, in each of the two directions there exist
d € D and a matriz T in the corresponding family such that, for any lift v € Z3 of v,

Tv € dZ3, (1)
T
71) ¢ pZ>  for every prime p | d. (2)



Certificate verification. Condition (1) depends only on v modulo d. Once it holds, condition (2)
for a prime p | d depends only on v modulo dp. The only moduli that occur are

8, 24, 36, 72, 108,

and their least common multiple is 216. Therefore it is enough to check every element of Rr.
The function test_union in Section B performs exactly this exhaustive check in both directions.
It reports no uncovered residue class. The complete output is reproduced in Section A. ]

Remark 4.2. The modulus 216 is a logical completeness modulus, not a numerical cutoff for
represented integers. Once Proposition 4.1 is verified, it applies to every primitive vector in Z3.

5 Proof of the main theorem

Proof of Theorem 1.1. Part (i) is Proposition 2.1, and part (ii) is Proposition 2.2. It remains to
prove part (iii).

Let n € Prim(qz). Choose a primitive vector v € Z3 with ¢2(v) = n. Since v is primitive, its
residue class modulo 216 lies in Ry. Apply Proposition 4.1 in the G — F' direction. We obtain
d e {4,12,36} and T € Tg_p(d) such that

Tov
=—cZ’
Y=

is primitive at every prime dividing d. By Lemma 3.1, w is globally primitive and

Thus Prim(gz) C Prim(q).
The same argument with the F' — G families gives the reverse inclusion. Hence

Prim(q1) = Prim(g2).

Together with the genus equality and integral inequivalence, this gives a counterexample to Hsia’s
conjecture. ]

6 Reproducibility and arithmetic safety

The certificate can be compiled and run with any conforming C11 compiler:

cc -03 -std=cll -Wall -Wextra -pedantic \
hsia_primitive_certificate.c -o hsia_primitive_certificate
./hsia_primitive_certificate

A failed identity or uncovered residue class increments the variable fail; the program exits with
nonzero status unless the final line is RESULT PASS.

All arithmetic is far inside the range of a signed 64-bit integer. The largest absolute matrix
entry in the certificate is 48, the largest absolute Gram-matrix entry is 16, and residue coordinates
lie between 0 and 215. Consequently:

e a coordinate of T'v has absolute value at most 3 - 48 - 215 = 30,960;




e an accumulator for an entry of T TAT has absolute value at most 9 - 48 - 16 - 48 = 331,776;
o determinant computations are also below 106 in absolute value.

Thus the checker does not rely on implementation-dependent overflow.
The SHA-256 digests of the source file and the verification transcript distributed with this
note are, respectively,

6£668e2fd9722ce3b6e91761b626667c0£5£3976582e8c6352a99db2d7070ach
54d123643d6476843465£996e54¢c3293927be15c7661£6d025e80c2fcc443440

A Verification transcript

The following is the complete output of the checker.

VERIFY T3 matrices=1 fail=0

VERIFY T4 matrices=1 fail=0

VERIFY GF4 matrices=4 fail=0

VERIFY GF12 matrices=16 fail=0

VERIFY GF36 matrices=48 fail=0

VERIFY FG4 matrices=4 fail=0

VERIFY FG12 matrices=16 fail=0

VERIFY FG36 matrices=48 fail=0

COVER direction=G_to_F residues=8491392 fail=0
COVER direction=F_to_G residues=8491392 fail=0
RESULT PASS

B Complete stand-alone C certificate

The source below is part of the proof: it contains all explicit matrices and the exhaustive
finite-cover verification.

Listing 1: Exact certificate for the primitive representation equivalence.
/*

Ezact certificate for a counterexzample to Hsia’s 1981 Conjecture A.

Quadratic forms:
q1(z,y,2z) = bz 2+5y 2+8z 2-4xz-3zy,
q2(z,y,2) = bz 2+Ty 2+7z 2+6yz+zz+bry.

The integral matrices F and G below satisfy
2qi(w) =vTFwv, 292w =vTGw.

© 0 N O U W N

= =
= o

For each listed T in the G-to-F families,
TTFT=d2G and |det T/=d"3.

For each listed T in the F-to-G families,
TT GT=4d2Fand [det T/=d"3.

[Er S —
W

15

16 The program checks every residue vector modulo 216 that is primitive at 2

17 and 3. In both directions it finds d in {4,12,36} and a listed T such that
18 w=T v/d is integral and primitive at every prime dividing d. Primitivity at
19 all other primes follows from det(T)=+-d"3. Thus gl and g2 have identical
20 primitive representation sets.

21

22 Compile and run, for example:




51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
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67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
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cc -03 -std=c11 -Wall -Wexztra -pedantic \
hsia_1981_counterezample_certificate.c -o hsia_cert
./hsia_cert

No ezternal library is used.
*/

#include <stdio.h>

#include <stdint.h>

static const int G[3][3]={{10,5,1},{5,14,6},{1,6,14}};
static const int F[3][3]={{10,-3,-4},{-3,10,0},{-4,0,16}};

/% T3°t F T3 = 9G and T4t F T4 = 16G.

T3/3 gives the 2-adic equivalence; T4/4 gives every odd-adic equivalence.

static const int T3[3][3]={{-3,-2,-2},{0,-3,-3},{0,1,-2}};
static const int T4[3][3]={{-4,0,0},{0,4,4},{-2,-2,2}};

static const int GF4[4] [3][3]={
{{-4,0,03},{0,4,4},{-2,-2,2}},
{{-4,0,0},{0,4,4},{0,2,-2}},
{{4,0,03},{0,-4,-4},{0,-2,2}},
{{4,0,0},{0,-4,-4},{2,2,-2}},
g

static const int GF12[16] [3] [3]={
{{-12,-8,-8},{0,-12,-12},{-6,-8,4}},
{{-12,0,03},{0,12,12},{-6,-6,6}},
{{-12,-8,-8},{0,-12,-12},{0,4,-8}},
{{-12,0,0},{0,12,12},{0,6,-6}},
{{-4,-12,4%},{0,-12,-12},{-10,-6,-2}},
{{-4,-4,12},{0,12,12},{-10,-4,0}},
{{-4,-12,4},{0,-12,-12},{8,0,4}},
{{-4,-4,12},{0,12,12},{8,2,6}},
{{4,4,-12},{0,-12,-12},{-8,-2,-6}},
{{4,12,-4},{0,12,12},{-8,0,-4}},
{{4,4,-12},{0,-12,-12},{10,4,0}},
{{4,12,-4},{0,12,12},{10,6,2}},
{{12,0,0%},{0,-12,-12},{0,-6,6}},
{{12,8,8},{0,12,12},{0,-4,8}},
{{12,0,0%},{0,-12,-12},{6,6,-6}},
{{12,8,8},{0,12,12},{6,8,-4}2},

78

static const int GF36[48][3][3]={
{{-40,-20,-4},{-12,-24,24},{-10,-32,-28}},
{{-40,-20,-4},{-12,-24,24},{-10,22,26}},
{{-36,-24,-24},{0,-36,-36},{-18,-24,12}},
{{-36,0,0},{0,36,36},{-18,-18,18}},
{{-36,-24,-24},{0,-36,-36},{0,12,-24}},
{{-36,0,0},{0,36,36},{0,18,-18}},
{{-32,-4,-20},{12,24,-24},{-8,-28,-32}},
{{-32,-4,-20},{12,24,-24},{-8,26,22}},
{{-24,-28,20%},{-36,-12,-12},{-6,-34,-22}},
{{-24,-28,20},{-36,-12,-12},{-6,20,32}},
{{-12,-40,-40},{-36,-12,-12},{-12,-28,8}},
{{-12,32,32},{-36,-12,-12},{-12,-10,261}},
{{-12,-40,-40},{-36,-12,-12},{6,8,-28}},
{{-12,32,32},{-36,-12,-12},{6,26,-10}},
{{-12,-36,12},{0,-36,-36},{-30,-18,-6}},
{{-12,-12,36%},{0,36,36},{-30,-12,0}},
{{-12,-36,12},{0,-36,-36},{24,0,12}},
{{-12,-12,36},{0,36,36},{24,6,18}},
{{-4,-44,-28},{-12,-24,24},{-28,-20,-161}},
{{-4,28,44},{-12,-24,24},{-28,-2,2}},
{{-4,-44,-28},{-12,-24,24},{26,-2,2}},
{{-4,28,44},{-12,-24,24},{26,16,20}},
{{0,20,-28},{-36,-12,-12},{0,-22,-34}},

*/
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{{0,20,-28},{-36,-12,-12},{0,32,20}},
{{0,-20,28%},{36,12,12},{0,-32,-20}},
{{0,-20,28},{36,12,12},{0,22,34}},
{{4,-28,-44},{12,24,-24},{-26,-16,-20}},
{{4,44,28},{12,24,-24},{-26,2,-2}},
{{4,-28,-44},{12,24,-24},{28,2,-2}2},
{{4,44,28},{12,24,-24},{28,20,16}},
{{12,12,-36},{0,-36,-36},{-24,-6,-18}},
{{12,36,-12},{0,36,36},{-24,0,-12}},
{{12,12,-36},{0,-36,-36},{30,12,0}},
{{12,36,-12},{0,36,36},{30,18,6}},
{{12,-32,-32},{36,12,12},{-6,-26,10}},
{{12,40,40%},{36,12,12},{-6,-8,28}},
{{12,-32,-32},{36,12,12},{12,10,-261}},
{{12,40,40},{36,12,12},{12,28,-8}},
{{24,28,-20},{36,12,12},{6,-20,-32}},
{{24,28,-20},{36,12,12},{6,34,22}},
{{32,4,20},{-12,-24,24},{8,-26,-22}},
{{32,4,20},{-12,-24,24},{8,28,32}},
{{s6,0,0%},{0,-36,-36},{0,-18,18}},
{{36,24,24},{0,36,36},{0,-12,24}},
{{36,0,0},{0,-36,-36},{18,18,-18}},
{{36,24,24},{0,36,36},{18,24,-12}},
{{40,20,4},{12,24,-24},{10,-22,-261}},
{{40,20,4},{12,24,-24},{10,32,28}},

78

static const int FG4[4] [3][3]={
{{-4,0,0},{2,2,-4},{-2,2,4}},
{{-4,0,0},{0,2,4},{0,2,-4}},
{{4,0,0},{0,-2,-4},{0,-2,4}},
{{4,0,0},{-2,-2,4},{2,-2,-4}},
Dg

static const int FG12[16] [3][3]={
{{-12,8,0},{6,-8,-12},{-6,-4,12}},
{{-12,0,0},{6,6,-12},{-6,6,12}},
{{-12,8,0},{0,-8,12},{0,-4,-12}},
{{-12,0,0},{0,6,12},{0,6,-12}},
{{4,4,-16},{-10,-4,4},{10,-8,-4}},
{{4,-4,-16},{-10,10,4},{10,2,-4}},
{{-4,4,16},{-8,-4,-4},{8,-8,4}},
{{-4,-4,16},{-8,10,-4},{8,2,4}},
{{4,4,-16},{8,-10,4},{-8,-2,-4}},
{{4,-4,-16},{8,4,4},{-8,8,-4}},
{{-4,4,16},{10,-10,-4},{-10,-2,4}3},
{{-4,-4,16},{10,4,-4},{-10,8,4}},
{{12,0,0%},{0,-6,-12},{0,-6,12}},
{{12,-8,0},{0,8,-12},{0,4,12}},
{{12,0,0},{-6,-6,12},{6,-6,-12}},
{{12,-8,0},{-6,8,12},{6,4,-12}},
78

static const int FG36[48] [3] [3]={
{{-40,12,16},{16,-30,-28},{-4,30,-20}},
{{-32,12,-16},{2,-30,28},{-14,30,20}},
{{-36,24,0},{18,-24,-36},{-18,-12,36}},
{{-36,0,0},{18,18,-36},{-18,18,361}},
{{-36,24,0},{0,-24,36},{0,-12,-36}1},
{{-36,0,0},{0,18,36},{0,18,-36}},
{{-40,12,16},{16,24,-28},{-4,-24,-20}},
{{-32,12,-16},{2,24,28},{-14,-24,20}},
{{-4,-36,16},{-20,18,-28},{32,-18,-20}},
{{4,-36,-16},{-34,18,28},{22,-18,20}},
{{12,-40,0},{-12,16,-36},{-24,-4,36}},
{{-12,-32,0},{30,2,-36},{6,-14,36}},
{{12,-40,0},{-30,16,36},{-6,-4,-36}},
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{{-12,-32,0},{12,2,36},{24,-14,-361}},
{{12,12,-48},{-30,-12,12},{30,-24,-12}},
{{12,-12,-48},{-30,30,12},{30,6,-12}},
{{-12,12,48},{-24,-12,-12},{24,-24,12}},
{{-12,-12,48},{-24,30,-12},{24,6,12}},
{{24,-4,-48},{-24,-20,12},{-12,32,-12}},
{{0,4,-48},{18,-34,12},{18,22,-12}},
{{0,-4,48},{-18,-20,-12},{-18,32,12}},
{{-24,4,48},{24,-34,-12},{12,22,12}},
{{-4,-36,16},{34,0,-28},{-22,0,-20}},
{{4,-36,-16},{20,0,28},{-32,0,20}},
{{-4,36,16},{-20,0,-28},{32,0,-20}},
{{4,36,-16},{-34,0,28},{22,0,20}},
{{24,-4,-48},{-24,34,12},{-12,-22,-12}},
{{0,4,-48},{18,20,12},{18,-32,-12}},
{{0,-4,48},{-18,34,-12},{-18,-22,12}},
{{-24,4,48},{24,20,-12},{12,-32,12}},
{{12,12,-48},{24,-30,12},{-24,-6,-12}},
{{12,-12,-48},{24,12,12},{-24,24,-12}},
{{-12,12,48},{30,-30,-12},{-30,-6,12}},
{{-12,-12,48%},{30,12,-12},{-30,24,12}},
{{12,32,0},{-12,-2,-36},{-24,14,36}},
{{-12,40,0%},{30,-16,-36},{6,4,36}},
{{12,32,0},{-30,-2,36},{-6,14,-36}1},
{{-12,40,0},{12,-16,36},{24,4,-36}1},
{{-4,36,16},{34,-18,-28},{-22,18,-20}},
{{4,36,-16},{20,-18,28},{-32,18,20}},
{{32,-12,16},{-2,-24,-28},{14,24,-20}},
{{40,-12,-16},{-16,-24,28},{4,24,20}},
{{36,0,0},{0,-18,-36},{0,-18,36}},
{{36,-24,0},{0,24,-36},{0,12,36}},
{{36,0,0},{-18,-18,36},{18,-18,-361}},
{{36,-24,0},{-18,24,36},{18,12,-36}},
{{32,-12,16},{-2,30,-28},{14,-30,-20}},
{{40,-12,-16},{-16,30,28},{4,-30,20}},
78

static int modp(long long x, int m) {
int r=(int) (x%m);
return r<0 ? r+m : r;

}

static long long det3(const int T[3][3]) {
return (long long)T[0] [01*(T[1] [11*T[2][2]1-T[1][2]1*T[2][11)
-(long long)T[0] [1]1*(T[1] [0]*T[2] [2]-T[1] [2]*T[2][0])
+(long long)T[0] [2]1*(T[1] [0]*T[2] [1]1-T[1] [1]1=*T[2]1[0]);
}

/* Verify Tt A T=d"2 B and [det T[=d73. */
static int verify_family(const char *label, const int (*Ts)[3][3], int nt,
int d, comst int A[3][3], comst int B[3][3]) {
const long long d2=(long long)d*d;
int fail=0;
for (int k=0;k<nt;k++) {
long long det=det3(Ts[kl);
if (det<0) det=-det;
if (det!=(long long)d*d*d) {
printf("bad determinant %s[%d]\n",label,k);
fail++;
}
for (int i=0;i<3;i++) for (int j=0;j<3;j++) {
long long s=0;
for (int a=0;a<3;a++) for (int b=0;b<3;b++)
s+=(long long)Ts[k] [a] [i]*A[a] [b]*Ts[k] [b] [j1;
if (s!=d2*B[i][j]) {
printf("bad identity %s[/%d] entry (%d,%d)\n",label,k,i,j);
fail++;
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}
}
}
printf ("VERIFY %-4s matrices=%d fail=d\n",label,nt,fail);
return fail;
}
/* Check whether one map in a family sends v to an integral vector primitive

at every prime dividing d. */

static int covered(const int (*Ts)[3][3], int nt, int d,

int x, int y, int z) {
int primes[2], np=0;
if (d%2==0) primes[np++]=2;
if (d%3==0) primes[np++]=3;

for (int k=0;k<nt;k++) {
const long long v[3]={x,y,z};
long long num([3]1={0,0,0};
for (int i=0;i<3;i++) for (int j=0;j<3;j++)
num[i]+=(long long)Ts[k] [i] [jI*v[j];

if (modp(num[0],d) || modp(num[1],d) || modp(num[2],d))

continue;

int good=1;
for (int ip=0;ip<np;ip++) {
const int p=primes[ip];

if (modp(num[0]/d,p)==0 && modp(num[1]/d,p)==0
&& modp(num[2]/d,p)==0) {

good=0;
break;
}
3
if (good) return 1;
}
return O;

}

static int covered_union(int direction, int x, int
if (direction==0) {
if (covered(GF4, (int)(sizeof GF4 /sizeof
if (covered(GF12, (int) (sizeof GF12/sizeof
if (covered(GF36, (int) (sizeof GF36/sizeof
} else {
if (covered(FG4, (int) (sizeof FG4 /sizeof
if (covered(FG12, (int) (sizeof FG12/sizeof
if (covered(FG36, (int) (sizeof FG36/sizeof

return O;

}

static long long test_union(int direction) {
const int L=216;
long long tested=0, fail=0;

for (int x=0;x<L;x++) for (int y=0;y<L;y++) for (int z=0;z<L;z++) {

/* A globally primitive vector is primitive
if (x%2==0 && y%2==0 && zJ2==0) continue;
if (x%3==0 && y%3==0 && zJ,3==0) continue;
tested++;
if (!covered_union(direction,x,y,z)) {

if (fail<20)

y, int z) {

GF4[0]), 4,x,y,z))
GF12[01),12,x,y,2))
GF36[0]),36,x,y,2))

FG4[0]), 4,x,y,z))

FG12[0]),12,x,y,2))
FG36[0]),36,x,y,2))

at 2 and at 3. */

printf ("UNCOVERED direction=Yd residue=(%d,%d,%d)\n",

direction,x,y,z);
fail++;

}

printf ("COVER direction=Ys residues=%1ld fail=%11ld\n",

10

return
return
return

return
return
return



291
292
293 }
294

direction==0 ? "G_to_F" : "F_to_G",tested,fail);

return fail;

295 int main(void) {

296 int fail=0;

297

298 /% Local equivalence certificate for the genus assertion.
299 fail+=verify_family("T3",&T3,1,3,F,G);

300 fail+=verify_family("T4",&T4,1,4,F,G);

301

302 fail+=verify_family("GF4", GF4, (int) (sizeof GF4 /sizeof
303 fail+=verify_family("GF12",GF12, (int) (sizeof GF12/sizeof
304 fail+=verify_family("GF36",GF36, (int) (sizeof GF36/sizeof
305 fail+=verify_family("FG4", FG4, (int)(sizeof FG4 /sizeof
306 fail+=verify_family("FG12",FG12,(int)(sizeof FG12/sizeof
307 fail+=verify_family("FG36" ,FG36, (int) (sizeof FG36/sizeof
308

309 fail+=(int)test_union(0);

310 fail+=(int)test_union(1);

311

312 printf ("RESULT %s\n",fail ? "FAIL" : "PASS");

313 return fail ? 1 : O;

314 X
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