Case 25

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

1 —cos(¢2) —cos(¢1)  cos(pa + @d3) cos(da+ ¢dg) cos(d1 + &5)
—cos(¢2) 1 cos(¢p1 + ¢2) —cos(¢p3) —cos(¢4) by
—cos(¢1)  cos(d1+ ¢2) 1 cos(ds + ¢s) by —cos(¢s)
cos(¢p2 + ¢3)  —cos(ps)  cos(ds + de) 1 cos(dg + ¢7)  —cos(¢s)
cos(d2 + P4) —cos(¢4) by cos(de + ¢7) 1 —cos(¢r7)
cos(¢1 + ¢5) b1 —cos(¢s) —cos(¢pe) —cos(¢p7) 1
The zeros are given by the columns:
sin(¢1 + ¢2) sin(¢s) sin(¢pa) sin(¢s) 0 0
sin(¢1) sin(¢2 + ¢3) sin(p2 + P4) 0 0 0
B sin(¢2) 0 0 sin(¢1 + ¢s) sin(epe) 0
(ul,UQ,U3,U4,U5,U6,U7) - 0 szn( ) 0 0 Slﬂ(¢5) SZ’I’L(QZS7)
0 0 sin(¢2) 0 sin(epe)
0 0 0 sin(¢1) sin((b + ¢6) sin(pe + ¢7)
0
X cos ¢1 + g2+ 3) > —cos(s + d)
L Auy = sin(p2)cos(p1 + P2 + ¢3) + sin(pa)cos(Ps + ¢e) > —cos(f1+ d2 + du)
bosin(pa) + sin(da)cos(pr + pa + ¢a) > —cos(¢1 + d2 + ¢5)
bisin(¢r) + sin(¢1)cos(dr + ¢p2 + ¢s)
0
0
9. Auy = sin(pa)cos(¢r + g2 + ¢?())) + sin(¢2)cos(¢ps + ¢e)
—sin(¢p2)cos(p3 — ¢a) + sin(p2)cos(¢ps + ¢7)
bisin(pa + ¢3) + sin(psz)cos(d1 + ¢5) — sin(p2)cos(dg)
cos(p1 + ¢2 + ¢3) > —cos(¢s + ¢¢)
=> ¢ cos(pg + ¢7) > cos(ds — ¢4)
bysin(da + ¢3) + sin(dsz)cos(d1 + ¢5) — sin(d2)cos(dg) > 0
0
0
3 Aus — basin(pz) + sin(pz)cos(p1 + g2 + ¢4)
s —sin(pa)cos(ps — ¢q) + sin(pa)cos(ps + ¢7)
0
bisin(ga + ¢4) + sin(da)cos(p1 + ¢5) — sin(da)cos(¢p7)

cos(¢6 + ¢7) > cos(¢3 — P4)
b1sin(da + Pa) + sin(da)cos(d1 + ¢5) — sin(d2)cos(d7) >0

0
bisin(o1) + sin(¢1)cos(p1 + d2 + Ps5)
0
sin(ps)cos(¢p2 + ¢3) + sin(¢s)cos(d1 + ¢5 + ¢6
basin(pr + ¢5) + sin(¢s)cos(pa + ¢4) — sin(o1)cos(
0

by > —cos(P1 + P2 + da)
=>

4. A’LL4 =

cos(pa + ¢3) > —cos(P1 + ¢5 + P)

{bl > —cos(¢p1 + ¢2 + ¢5)
=>
basin(pr + ¢5) + sin(ds)cos(pa + ¢g) — sin(é1)cos(p7) > 0



sin(¢s)cos(¢2 + ¢3) + sin(¢s)cos(d1 + ¢5 + ¢6)
—sin(¢s)cos(¢s) + sin(ds)cos(Pp1 + ¢2) + bisin(ps + ¢g)
5. AU,5 = 8 =>
basin(ge) — sin(oe)cos(ps — ¢7)
0
cos(¢a + ¢3) > —cos(d1 + ¢5 + P6)
—sin(¢s)cos(@3) + sin(dg)cos(p1 + ¢2) + bisin(ps + ¢) > 0

by > cos(¢ps — ¢r7)
sin(¢pe)cos(pa + ¢a) + sin(¢r7)cos(d2 + ¢3) + sin(de + ¢7)cos(p1 + ¢s)
—sin(¢g)cos(ds) — sin(or)cos(ps) + bysin(de + ¢7)
6. Aue — basin(¢e) — sin(¢es)cos(ps — ¢7)
. 6 = 0
0
0
sin(pe)cos(p2 + ¢a) + sin(¢r)cos(d2 + ¢3) + sin(gs + ¢7)cos(p1 + ¢5) > 0

—sin(de)cos(ds) — sin(¢pr)cos(¢s) + bisin(de + ¢7) > 0
by > cos(¢s — ¢7)

Consider inequalities on ¢; :
from inequalities 1.1 and 1.2 follows ¢1 4+ ¢o + ¢3 + 5 + g < 7
from inequalities 2.2 follows ¢¢ + ¢7 < |p3 — P4

Copositivity:

Sets (1,3,4),(2,3,4),(1,3,5),(2,3,5),(1,4,5),(2,4,5), (3,4,5), (1,3,4,5), (2,3,4,5), (1, 2,6),
(2,3,6),(1,4,6),(2,4,6), ( ( ( (

1. I =(1,3,4): =1 + ¢2 + ¢3 + ¢5 + ¢ < 7 holds strictly
2. I =1(2,3,4) : 1 + 2 — p3 + ¢5 + ¢ < 7 holds strictly
3. I =(1,4,5) : ¢4 + 22 + ¢3 + ¢ + ¢7 < 27 holds strictly
4. I =(2,4,5): ¢6 + ¢7 < ¢3 + ¢4 holds strictly

5. I =(1,4,6) : ¢1 + ¢2 + ¢p3 + ¢5 — ¢ < 7 holds strictly
6. I =(1,5,6):m > —¢7+ ¢1+ g2+ ds + &5

Consider sets, that relates to by :

1. I =1(2,5,6): by = cos(¢p) => by > cos(ds + ¢7), b4 + ¢7 < 7 In opposite case it holds true.
2. I=1(2,4,6) : ba = cos(¢p) => ba > cos(¢3 + ¢g)

1. If by :Si"(¢2)COS(‘Z‘;;;;’_L‘_(;Z’;))COS(%+¢5) > cos(¢ps + ¢g) from inequality 2.3

— cos(¢a + @3 + @6) > cos(P1 + ¢5) => P1 + P5 + P2 + P35 + ¢ > 7 - holds only if it’s an equation

2. If by :Sin(¢5)608(221?;;1(5:))608(¢1+¢2) > cos(¢ps + ¢g) from inequality 5.2

— cos(¢3 + @5 + P6) > cos(p1 + ¢2) => 1 + ¢5 + P2 + ¢35 + P > 7 - holds only if it’s an equation

3. 1E 61 > 6+ i + 07+ by = HINGEHIIEIONI > cos (g5 + ) from inequality 6.2

cos(@4) > cos(ps + ¢g + ¢7) => ¢4 < ¢3 + ¢g + ¢7 - holds only if it’s an equation

If 65 > 1 + g + b7 => cos(ds + ¢) < cos(pa + dr) => by =(Gelcosalleinlbnicos(Ba) > co5(¢y + gor)

sin(¢e+¢7)
cos(@3) > cos(pg + ¢ + ¢7) => P3 < Pg + P + ¢7 - holds only if it’s an equation



4. Tf ¢y > datdo+dr => cos(ds+dg) < cos(datdr) => b :—sm(¢4)cos(i;‘é‘(f;l-;j;'n(%)cos(¢7)Z cos(ps+o7)
from inequality 3.3
=>¢1 + @2 + ¢4+ ¢5 + ¢7 > 7 - doesn’t hold

If ¢4 > b3 + b6 + b7 - b :—sm(¢4)cos(j;—z'fzsl-;j;n(d)ﬁcos(diﬂ2 cos(¢s + ¢g)

From copositivity of set (1, 5, 6) we need: m—(¢1+¢5) > p2+da—d7 => —cos(dp1+¢5) < cos(p2+¢s—¢7)

sin(¢pa)cos(pa + ¢4 — ¢7) + sin(¢2)cos(¢r) — sin(dz + ¢a)cos(¢3 + d6) > 0 => cos(¢s — ¢7) > cos(d3 + de)
¢4 — ¢7 < @3 + ¢ - holds only if it’s an equation

There is no coposititvity.

Result

There aren’t any copositive matrices with such minimal zeros set.
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