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(LP) min ap - T
subto a, - x=0,(p=1,...,m), R" 32 >0.

(SDP) min Aye X
subto A,eX =0,(p=1,...,m), S"> X = O.

( m:2,n:2, b1:7, b2:9, X12:X217
X117 X -1 —1
X — e |
X21 X22 -1 =5
2 1.5 2 0.5
Al — ) A2 — '
\ 1.5 1 05 3

min — X117 — 2X190 — 5 X9
sub.to 2X11 + 3 X192 + Xog = 7, 2X11 + X190 + 3 X99 = 9,

Xll X12 EO
X12 X22
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%l 3 D SDP #EZAl @ f(x) = —11x + 22* — 323 + 42* — &ML
Polynomial SDP {} FIBI 7% K&t o3E i

min f(x) = —11z + 22? — 32° + 4a*
1 1 ! 1 = 2
sub.to T X — r x? 3 = 0.
72 r? v 2?2t

UL % 2 % g, CEEWAD

min  —11y; + 2y, — 3y3 + 4y
1 00 0 1 0 0 0 1
sub.to 0 0 O 1+ 0 1 0 |y
0 0 O 1 00
0 0 0 0 0 O
+1 0 0 1 Jys+| 0 0 0 |ys=O
01 0 0 0 1
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Fl: min fo(x) = S (=)
S.t. fj(in,lB4) = —] X ZE? — ZEi -+ 1 2 0 (] == 1,2,3)

w=2> [{max{deg f;(x)/2 (1 =0,1,...,3)}]|,r; =1

sparse SDP #Ef1“ — Primal approach : LU T DJgRH - $#At -
min  fo(x)
T
1 1
S.t. L L fj(xjaxél) >~ O (] — 17273)7
L4 L4
[\ [ 1)
X; X;
L4 L4 :
2 2 -0 (1=1,2,3).
L; X4 ;X4
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—Ugz + Uyy +u (1 —u) 4+ 0.2sin(2z) =0
V (z,y) € [0, 7] x [0, 2x],

u(0,y) = u(m,y) =0 Vy € [0,2n], (1)
u(x,0) = u(x, 2m) Ve [0,n],
-3 < wu(z,y) <3 V (z,y) € [0,7] x [0, 27].
0000
Fi(u) =) 05 5ui j, Fo(u) =D u, 4,
1,J 1,7

00 o;;(i=1,...,Ng, j=1,...,Ny) 0 [-0.5,0.5] 000000,

strategy | w | Ny | Nz | Ny € feas to | me

initial SPOP, obj. Fy{ | 2 5 5 6| -3e-9]| 151 4
grid-refining 3b 5133|140 | -1e-6| 427 | 415
initial SPOP, obj F5 | 2 5 5 51| -5e-10 19 3
grid-refining 3b 5|1 33| 33| -4e-9 86| 411
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Solution for nonlinear wave equation (1), objective F5



-~ N
Oo00ooooogoog M. Mimura, Asymptotic Behaviors of a

Parabolic System Related to a Planktonic Prey and Predator
Model, SIAM Journal on Applied Mathematics, 37 (1979), no.
\3, pp. 499-512.

v

% u(x) + % (35 + 16u(x) — u(ac)z) uw(zx) —u(x)v(z) =0,
4 0" (x) — (1 + %v(w)) v(z) + u(z) v(x) =0,

u(0) =u(5) =0(0) =0(5) =0, (1)
0 <u(x) <14,

0 <w(x) <14,
Vx € [0, 5].
N
Fl(’u,,’U) — ul-%‘la FQ(U,U) — Z;. Ui F3(’U,,’U) — Y2 (2)

Fa(u,v) =un_1, F5(u,v) =uo+uy_j.



uo us3 Uy (Vo) V3 vg | Obj ubdo ubdy €feqs
4.623 6.787 0.939| 9.748 10.799 5.659 | F3 5 1.5 | -2e-6
4.607 6.930 0.259| 9.737 10.831 5.166 | F3 5 0.5 | -3e-6
0.259 6.930 4.607 | 5.166 10.831 9.737 | F> 0.5 6 | -5e-7
5.683 2.971 5.683 | 10.388 8.248 10.388 | F3 6 6| -1e-6
6.274 0.177 6.274 | 10.638 6.404 10.633 | F3 4 7| -7e-5
0.970 7.812 0.970| 5.735 10.94 5.735| F3 2 2 | -2e-7
0.297 7.932 0.966 | 5.230 10.94 5.729 | Fy 0.5 2| -1le-7
0.962 7.932 0.297| 5.729 10.94 5.230 | F3 2 0.5 | -2e-7
0.304 8.045 0.304 | 5.234 10.94 5.234 | F; 14 14 | -5e-9
0.939 6.787 4.623 | 5.659 10.80 9.748 | Fy 2 14 | -1e-3
5.000 5.000 5.000 | 10.000 10.000 10.000 | F> 14 14 | -2e-7

SparsePOP solutions for (1) with discretization N = 5 grid
points. w = 3. ubd=upper bound. 182000000 (by PHOoM).




strategy | Ny N | solution €feas | €scaled Me

init SPOP with F> | 10 7 -1e-8 -5e-9 | -2.2
mGrid 3b | 10 13 -le4+6 | -2e+40 2.7

mGrid 3b | 10 25 -6e-5 -2e-6 | -0.9

mGrid 3b | 10| 193 -Qe-2 -2e-4 0.3

mGrid 3b | 10 | 385 2teeth | -1le-1 -5e-5 0.2

init SPOP with F5 | 10 26 -3e+4-0 -le-1 | 2.09
mGrid 3b | 10 51 -8e-1 -5e-2 | -0.18

mGrid 3b | 10| 101 -6e-12 | -2e-15 | -0.07

mGrid 3b | 10| 401 | 2,3peak | -1e-10 | -6e-16 | -0.07

Results of grid-refining strategy 3b for

solutions 2teeth and
2,3peak. Ny Newton step.

0000 (2teeth) (0), 000 (2,3peak) (0)




strategy | obj | Ny N | solution €feas | €scaled Me to
init SPOP | Fg | 10| 26 -3e+1 -2e-1| 2.09 203
mGrid 3a/b | F; | 10| 51 -8e-1 -4e-2 | -0.05 | 224
mGrid 3a/b | F, | 10| 101 -3e-2 -4e-4 | -0.02 | 333
mGrid 3a/b | F; | 10 | 201 4peak | -1le-8 | -3e-11|-0.02 | 1082
init SPOP | F7 | 10| 26 -le-1 -le-3 | -0.12 270
mGrid 3a/b | F; | 10| 51 -le-1 -4e-3 | -0.08 | 348
mGrid 3a/b | F, | 10| 101 -9e-12 | -3e-16 | -0.08 | b1l
mGrid 3a/b | F; | 10 | 201 3peak | -5e-9 | -2e-11|-0.07 | 1192

Results for grid-refining strategy 3a/3b (3/a: wi; = 3,wy = 2)
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10;/\/\/_\
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000 (grid-refining strategy 3a/b)
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uza (2, y) + uyy(@,y) + Mz, y) (1-ulz,y)?) =0 V(z,y) € [0,1]?
w(z,y) =0 V(z,y) € 9[0,1]2,
0 <u(z,y) <1 V(z,y)el0,1]%
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Solution for (1) if A =22, (Ng, Ny) = (6,6) and
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w = 2(relaxation order), Ny = N, = 8 (62 0 0): SparsePOP [ [
OO,

O0: 253.88s

OO0 SparsePOP OOOOOOO0OO0OO0O0O grid refining 41 x 41-grid
0O

Wil = [pu2 +u2 — A% — “)dedy : 0000 F(u) 0000000,
NO000000000000000000.

w = 2(relaxation order), Ny = N, =9 (72 00): SparsePOP 00O
oo,

00: 67.22 s

- ™
0000 (relaxation order) D0 0000000 DOOODOOOOO, O
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