Case 30

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

1 —cos(9s)  —cos(¢r)  cos(@a+ds) cos(éito) b
—cos(¢2) 1 cos(¢p1 + ¢2) —cos(¢p3) cos(¢3 + ¢5) bo
—cos(¢1)  cos(d1+ ¢2) 1 —cos(¢r) —cos(4) —cos(¢g)
cos(pa + ¢3) —cos(¢3) —cos(¢7) 1 —cos(¢s) cos(og + ¢7)
cos(¢1 + ¢a) cos(¢z + ¢5)  —cos(¢a) —cos(¢5) 1 cos(¢pa + o)
by b —cos(¢pg) cos(pg + ¢7)  cos(oa + ¢g) 1
The zeros are given by the columns:
sin(¢1 + ¢2) sin(¢s) sin(¢pa) 0 0 0
sin(¢1) sin(¢2 + ¢3) 0 sin(¢s) ( 0 | ( 0 |
sin(¢g) 0 sin(¢1 + ¢4) 0 sin(¢pg + ¢ sin(pg + ¢
(ulau27u37u47u5)u63u7) = 0 > Sln(¢2) B : Sin ¢3 _’_¢5) Sln6(¢6) 7 46 ¢
0 0 sin(¢r) sin(¢s) 0 sin(epe)
0 0 0 0 sin(¢7) sin(¢q)
0
0
1. Auy = 0
- AU = sin(p2)cos(p1 + p2 + ¢3) — sin(p2)cos(¢7)
sin(py)cos(d1 + do + d4) + sin(Py)cos(ods + ¢5)
basin(¢1) + bisin(dr + ¢2) — sin(d2)cos(pg)
cos(p1 + ¢2 + ¢3) > cos(d7)
=>  cos(p1 + d2 + ¢4) > —cos(¢3 + ¢5)
basin(¢1) + bisin(pr + ¢2) — sin(¢2)cos(ps) > 0
0
0
9. Auy — sin(¢a)cos(d1 + ¢z +0¢3) — sin(pz)cos(pr)
sin(¢s)cos(dr + ¢4) + sin(¢pz)cos(¢pz + ¢3 + ¢s)
bysin(¢s) + basin(pa + ¢3) + sin(p2)cos(de + d7)
cos(p1 + ¢ + ¢3) > cos(pr)
=> 4 cos(p1 + ¢a) > —cos(pa + b3 + ¢s5)
bisin(ps) + basin(pa + ¢3) + sin(¢p2)cos(¢e + ¢7) > 0
0
sin(py)cos(d1 + do + d4) + sin(py)cos(ods + ¢5)
0
3. Aug = sin(pa)cos(p2 + ¢3) — sin(¢1)cos(d5) — sin(p1 + ¢a)cos(dr)
0

bysin(py) — sin(¢g)cos(pr — dg)
cos(p1 + ¢2 + da) > —cos(¢p3 + ¢s5)
=> {sin(¢4)cos(¢2 + ¢3) — sin(p1)cos(@s) — sin(Ppy + ¢4)cos(¢p7) >0
by > cos(¢1 — ¢s)

sin(¢z)cos(p1 + da) + sin(pz)cos(¢pa + ¢3 + ¢5)
0

L a | sin(@)cos(6s) + sin(@s)eos(d1 + b2) — sin(ér)cos(ds + é5)
. 4 = 0
0

basin(ps) + sin(pz)cos(pa + ¢e) + sin(pz + ¢5)cos(de + ¢7)
cos(p1 + 1) > —cos(p2 + ¢3 + ¢s)
=> ¢ —sin(Ps)cos(oq) + sin(ds)cos(p1 + d2) — sin(dr)cos(¢ps + ¢5) > 0
basin(os) + sin(@z)cos(ps + dg) + sin(¢s + ¢5)cos(ds + ¢7) > 0



sin(¢pe)cos(ga + ¢3) + bisin(¢r) — sin(¢e + ¢7)cos(p1)
—sin(pe)cos(¢3) + basin(pr) + sin(pe + ¢7)cos(p1 + ¢2)
0

5. Aus = 0 =>

—sin(de)cos(¢s) — sin(de)cos(da — ¢7)
0
sin(¢e)cos(p2 + ¢3) + bysin(dr) — sin(ge + d7)cos(d1) >0
—sin(¢e)cos(¢s) + basin(¢r) + sin(ps + ¢7)cos(p1 + ¢2) >0
—cos(¢ps) > cos(ps — ¢r7)

bisin(pa) — sin(¢a)cos(d1 — de)
basin(py) + sin(ds + dg)cos(p1 + ¢a) + sin(dg)cos(ds + ¢s)
0
—sin(¢e)cos(¢s) — sin(pe)cos(ds — ¢7)
0
0

6. A'LL(; =

by > cos(d1 — d)
basin(¢a) + sin(¢s + ¢g)cos(d1 + ¢2) + sin(ps)cos(ds + ¢5) > 0
—cos(¢5) > cos(ps — ¢7)

Copositivity:

Sets (1,3,4),(2,3,4),(1,2,5), (2,3,5), (1,4,5), (3,4,5), (1,2,6), (1,3,6), (2,3,6), (L, 4,6),
(2,4,6),(1,5,6),(2,5,6), ( ( (1,4,5,6) have to be considered.

1. I=(1,3,4): ¢1+ @7 > o + 3

2. I=(1,3,4): ¢3+ 7 > ¢1 + P2

3. 1=(1,2,5):m > 1+ ¢a+ 3+ ¢5 — P2
4. 1=1(2,3,5):m > ¢ — s+ 3+ d5 + 2
5. 1= (1,4,5):m > ¢1 + ¢s+ 3 — ¢5 + b2
6. 1 =(3,4,5): 7 < 7 + g + 5

7. I=(4,5,6):7 > 2¢s + 7 + dpa — @5

Consider above inequalities:
1. from sets (1,4,5) and (2,3,5) => 7 > ¢1 + ¢3 + ¢ and it follows from inequality 1.1 ¢1 + @3 + ¢ < @7

2. from set (4,5,6) and @1 + @3 + P2 < d7=>> T > 1 + ¢3 + b2 + 26 + ds — ¢5 and it follows from inequality
1L1¢1+ds+datda+¢s<m

3. from inequality 6.1 follows m < |pg — d7|+ @5: if Py > 7 => g+ 5 — 7 > 7, but d1 4+ b3+ do+ Ps+ @5 <
m=>> this case doesn’t hold and ¢4 < o7 => —ds+ 5+ 7 > 7

P+ P33+ P+ st s <

Finally, get system of inequalities on ¢;:
—Qa+ g5+ g7 >7

Consider sets, that relates to b :

1. I =1(2,4,6) : by = cos(p) => by > —cos(pg + 7 — P3)

If by = _Si"(%+¢5)COS(¢ijr?(25_)sm(¢3)Cos(qbﬁ%) > —cos(¢e + ¢7 — ¢3) from inequality 4.3

— cos(¢s + P6) > cos(ps + 6 + P7), 05 + 6+ 7 > T => —pa+ 5+ P7 <7
- doesn’t hold




If by — —sin(detor)cos(é1tda)+sin(de)cos(ds) > —cos(¢g + d7 — ¢3) from inequality 5.2

sin(¢r7)

cos(¢p3 — ¢7) > cos(¢pr + ¢2) => —h3 + 7 < ¢1 + 2
- doesn’t hold

If by = —sin(pg)cos(p3+¢s)—sin(ps+¢e)cos(d1+d2) >

sin(dq)

cos(d1 + g2 + da) > —cos(¢3 + ¢5) =>
sin(pe)cos(pr + 2 + ¢da) — sin(¢4 + ¢6)cos(Pp1 + ¢2) + cos(Ps + ¢r — ¢3)sin(¢s) > 0
cos(¢p1 + ¢p2 — ¢6) < cos(de + o7 — p3) =>
@1+ P2 + 93 > 2¢6 + P7, 91 + P2 — P > 0- doesn’t hold
— Q1 — P2+ P3 > ¢7, 91 + P2 — Pg < 0- doesn’t hold
If by = —sin(p1+¢2)bi+sin(p2)cos(ge) > —cos(¢g+dr—ps) from inequality 1.3 and 6.1 => by < sin(¢1)cos(pe+¢7—¢3)+sin(¢d2)cos(de)

—cos(¢e + ¢7 — ¢3) from inequality 6.2

sin(¢1) sin(p1+¢2) ’
b1 = cos(¢1 — ¢6) => cos(pe + p7 — $3) > cos(d1 + g2 — d6) => ¢ + 7 — 3 < [P1 + P2 — @]
; but @1 + @3 + 2 < 7 => doesn’t hold
If by :751”(%)1’;;13(22(_?;)508(%+¢7) > —cos(pg + ¢7 — ¢3) from inequality 2.3 and 6.1
=> b SSi”(¢2+¢3)008(%+<i;;;(4;as))—sin(¢2)cos(¢6+¢7) b1 = cos(p1—ps) => cos(Ppa+ps—ds—o7) > cos(p1—pg) =>

b6 + d7 — 3 — P2 < |d1 — P
, but ¢1 + ¢3 + ¢ < 7 => doesn’t hold
As result, we get, that there is no coposititvity.

Result

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

References

[1] Peter J.C. Dickinson. A new certificate for copositivity. Optimization Online.

[2] Peter J.C. Dickinson and Roland Hildebrand. Considering copositivity locally. J.Math. Anal.Appl.,
437(2):1184-1195, 2016



