1 Case 32

The minimal zero supports are given by (1,2,3),(1,2,4),(1,3,5),(2,4,5),(1,5,6),(4,5,6).

1 —cos(¢p2) —cos(¢1)  cos(pa+ ¢3)  —cos(gs)  cos(ps + ¢e)
—cos(p2) 1 cos(¢1 +¢2)  —cos(¢z)  cos(dz + ¢s) b1
—cos(¢1) cos(¢p1 + ¢2) 1 ba cos(¢1 + ¢4) b3
cos(¢a + ¢3) —cos(¢3) ba 1 —cos(¢s) cos(¢s + ¢g)
—cos(a) 005(</>3 + ¢s5) 003(¢1 + ¢4) —COS(¢5) 1 —cos(¢s)
cos(o4 + ¢g) cos(¢s + ¢s)  —cos(¢e) 1
The zeros are given by the columns:
sin(¢1 + ¢2) sin(¢s) sin(¢1 + d4) 0 sin(¢pe) 0
sin ¢1 sin d)g + ¢3) 0 sin(¢s) 0 0
sin(gg sin(gq) 0 0 0
(ulau27u37u47u5;u6 0 S’LTL( 0 sin ¢3 +¢5) 0 sm(gbg)
0 0 sin(¢r) sin(¢s) sin(¢g + dg) sin(¢s + dg)
0 0 0 0 sin(¢q) sin(¢s)
0
8 {b2 > —cos(p1 + ¢2 + ¢3)
1. Auy = =>4 cos(p3 + ¢5) > cos(Pp2 — ¢pa)
b + $1+ d2+ ¢
R RS ARG busin(gu) + bysin(ds) + sin(61 + 2)cos(1 + ds) 2 0
bisin(¢p1) + bgsin(da) + sin(od1 + ¢d2)cos(ds + dg)
0
. ) 0 by > —cos(¢p1 + ¢ + ¢3)
9. AUQ _ b28’&n(¢2) + S’L'I’L(¢20)COS(¢1 + ¢2 + d)S) —= {COS(¢2 + ¢3 + ¢5) > COS(¢4)
—sin(¢s)cos(¢s) + sin(ps)cos(p2 + ¢3 + ¢5) bysin(pz + ¢3) + sin(ps)cos(ds + ¢6) + sin(ps
bisin(¢z + ¢3) + sin(dz)cos(da + d6) + sin(d2)cos(ds + do)
0
—sin(¢1)608(¢2 - ¢4)0—|- Sin(d)l)COS(d)S =+ ¢5) cos(d)g + ¢5) > COS((bz - ¢4)
3. Aug = basin(¢s) + sin(pr + ¢4)608(¢2 + ¢3) — sin(¢1)cos(ds) | Zzsin(_d;‘lo)sz;‘fli(z: Iz:))cos(% + ¢3) — sin(¢1)cos(;
bzsin(ps) + sin(ps)cos(p1 + ¢a + ¢¢)
—sin(¢3)cos(da) + sin(ds)cos(d2 + 3 + ¢5)
. . 0 . cos(p2 + ¢3 + ¢5) > cos(da)
4. Auy = sin(@s)cos(é1 + ¢a) + Szn(¢5)()cos(¢1 +02) + basin(¢s + ¢s) => {sin(¢3)005(¢1 + ¢4) + sin(¢s)cos(py + ¢2) + b
0 by =2 —cos(ds + &5 + ¢6)
bisin(ps) + sin(¢s)cos(ps + o5 + ¢¢)
0
) o9 Lo s st s
5. Aus = . o B =>{ by > —cos(¢1 + ¢a + ¢6)
sin(¢e)cos(p2 + ¢3) . sin(¢e)cos(¢a — ¢s5) cos(ds + b) > cos(da— &)
0
sin(gg)cos(d2 + ¢3) — sin(gg)cos(ds 7)¢5)
. b13m(¢5)‘+ 5in(¢5)§03(¢3 + ¢5 + P cos(ds + ¢3) > cos(da — )
6. Aug — bssin(¢s) + basin(gpg) —l—gzn((bg, + ¢g)cos(d1 + ¢4) . {bl > —cos(ds + 65 + o)
0 bysin(ps) + basin(de) + sin(ps + dg)cos(d1 + ¢4) > 0
0




¢3 + ¢5 < |2 — ¢4
b2 + ¢3 < [pa — b5
Consider inequality 2.2: if ¢ + @3 + ¢d5 > 7 => 21 — (P + ¢3 + ¢5) < Pg => 27 < Po + P35 + &5 + ¢4 doesn’t
hold, because of above inequalities.
As result, we get ¢o + @3 + ¢5 < Py

Considering inequalities on ¢; we get: {

Copositivity:

It’s necessery to consider next sets for I:
(15 37 4)7 (2a 37 4)7 (17 2) 5)7 (27 3) 5)7 <1a 47 5)7 (33 47 5)7 (17 2a 6)) (17 37 6)) (27 37 6)7 (2, 47 6)a (35 47 6)7 (1a 37 47 6)a (27 37 47 6)7 (2, 57 6)a
(3,5,6),(2,3,5,6)

1. Do + ¢4 > P3 + @5 Performs strictly

( )
2. 1=1(2,3,5):21 > 2¢1 + Ppg + P2 + ¢3 + ¢5, but do + ¢3 + ¢5 < ¢pg => Performs strictly
( )

1
I

3. I =(1,4,5) : ¢5 + ¢4 > ¢3 + ¢ Performs strictly
I

4. I =(1,4,6) : 2w > 2¢g + P4 + d2 + P3 + ¢35, but ¢ + ¢3 + ¢5 < ¢pg => Performs strictly
Now consider set (1, 2, 6): by = cos(p) => ¢po + 7 — Pg — g > ¢ => cos(P) > —cos(ps + P — P2)
If by = —cos(¢3 + ¢5 + ¢g) => then substitute it in copositive inequality and get ¢3 + ¢5 + p2 > ¢4 - doesn’t

hold

If by :—sin(¢2)cos((bs;'z‘rnd?(c:b)zf;z)(¢3)cos(¢4+¢5) > COS(¢4 + ¢ — ¢2)

cos(d4 + g6 — B2)sin(p2 + ¢3) — sin(pa)cos(¢ps + P6) — sin(¢s)cos(¢s + ¢pe) > 0

cos(p2 + ¢3 — s — ¢6) > cos(¢ps + ) => —P2 — ¢3 + P4+ 6 < P5 + 6 => P4 < ¢5 + P2 + ¢3 - doesn’t hold
If b szn(¢6)cos(¢2) szn(¢4+¢6)005(¢3+¢5) COS(¢4 + ¢6 _ ¢2)

sin(¢pa)

cos(pa + P — B2)sin(pa) + sin(¢e)cos(d2) — sin(ps + de)cos(ps + ¢5) > 0
cos(pa — P4) > cos(¢g + ¢5) => g — o < 3 + 5 => ¢4 < 5 + P2 + P3 - doesn’t hold

If by, = —bssin(¢pa)— sz;ﬁ(;é;?)¢2)cos(¢4+¢6)> COS(¢4 + ¢6 — ¢2)

cos(pa + ¢ — P2)sin(p1) — bzsin(¢z) — sin(d1 + ¢2)cos(pa + d6) > 0
by < —cos(p1 + ¢4 + dg), but from above inequality 5.2 by > —cos(d1 + ¢4 + ¢g) =>
holds only if by = —cos(é1 + ¢4 + ¢6) and,as result, there is additional minimal zero (1, 2, 6)

Result:

There isn’t any copositive matrix with such minimal zeros set.
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