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® Fully symmetric quadrature rules for the d-simplex
® Solving system of nonlinear equations with convex constraints

® Conclusions
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Nap
1
/ V(a:)d:c = azwjv(le"“7mjd)7 (1)
Ay : j=1

= (z1,...,2q4), dx=dz:1-- dzqg,

A, — the standard unit d-simplex;
Nap — is the number of nodes

w; — are the weights
(zj1,...,2;a) — are the nodes.
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nodes:

Following “, the orbit Sp;; = Sm;---m o

m1 times my ;. times

o N— —_——
W1 yar) = Aty A Ao Ay ) (2)
Tdi Tdi
ij =d+1, ij)\j =1 miz=--2my,,
J=1 j=1

d—+1)!
Py = ('L) — the number of nodes of the orbit.
b 'deL' )
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em of nonlinear algebraic equations:

Kai
/ S X - X sffjlld:c = Zsz ZW,JSZ o X o X sidjd;l, (3)
Ag
2o + - - - (d + 1)ld+1 <p,
d+1
sk—le, acdﬂ—l—Zm“ (4)
Tdi
sigh =Y MM, k=2,...,d+1.
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d-simplex
[e]e]e] ]

Fully symmetric quadrature rules for the d-simpl

1+ 5], d=1, p>0
Edp = Ed—lpa d > 27 0 < p < d7 (5)
Ed*lp'i'Edpfdfl: d227 p2d+1a

Table 1: The numbers Eg, of independent equations for fully symmetric p-order
quadrature rules.

Eap
p|d=2|d=3|d=4|d=5|d=6
4 4 5 5 5 5
6 7 9 10 11 11
8 10 15 18 20 21
10 14 23 30 35 38
12 19 34 47 58 65
14 24 47 70 90 105
16 30 64 101 136 164
18 37 84 141 199 248
20 44 108 192 282 364
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System of nonlinear equations
0

Solving system of nonlinear equations with convex constraints

System of nonlinear equations with convex constraints

fil)=0, i=1,...,m, x=(z1,...,2,) € X,

where X C R"™ is a nonempty, closed and convex set.

The Levenberg-Marquardt-type algorithm

1 1
min Gi(h), Gi(h) = 5 |F(z*) + Juh|® + 5 puk(h, Dih),
hex 2 2

where J, € R™*" is a Jacobian of F(z) at = zF Dy € R™" is a
positive diagonal matrix, and uy is a positive parameter.
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System of nonlinear equations
oce

Solving system of nonlinear equations with convex constraints

Table 2: The minimal numbers Ny, of nodes for PI-type fully symmetric p-order
quadrature rules and comparison with the known numbers Ng,.

Nap

p | d=2 d=3 d=4 d=5 d=6
cur., cur. cur. cur. cur. 6

1 6 4| 14 20 20 27 | 27 3| 43
6 12 24 | 24 56 56 || 102 | 102 || 175 | 175
8 16 46 | 46 || 105 | 105 || 228 | 257 || 448 | 553
9 19 59 | 59 || 151 | 151 || 338 700

10 25 79 | 81| 210 | 210 || 479 1078

12 33 || 123 | 168 || 370 | 445

16 55 || 248 | 304 || 956 | 1055

20 79 || 441 | 552
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Conclutions

Presented Pl-type fully symmetric quadrature rules up to 20-th order on
the tetrahedron, 16-th order on 4-simplex, 10-th order on 5- and
6-simplexes with almost minimal numbers of nodes.
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The End

Thank you for attention!
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