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Finding All Solutions of a Class of Nonlinear Two-Point Boundary

Value Problems Using Linear Programming

gooo* Ooooo* oooog-:
Kiyotaka Yamamura, Tomohiro Takahashi and Kazuya Kobayashi

Abstract

Nonlinear boundary value problems often have several solutions. In such a case, it is important to find all solutions
of the finite difference equations that describe the nonlinear boundary value problems. Various algorithms have
been proposed for finding all solutions of nonlinear equations. However, since the computation time of most of these
algorithms grows exponentially with the number of variables, it is difficult to apply them to finite difference
equations that generally consist of many variables. Recently, an efficient algorithm has been proposed for finding all
solutions of piecewise-linear resistive circuits using linear programming. In this paper, we apply this algorithm to a
class of nonlinear two-point boundary value problems. By numerical examples, it is shown that the algorithm could
find all solutions of systems of 300 finite difference equations (where the number of linear regions is 10°°°) in

practical computation time using a 360MHz computer.
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Table 1: Comparison of comutation time (Example 1, K=10)

n L S T (O0)
10 1010 2 0.03
20 1020 2 0.27
30 1030 2 1
40 1040 2 4
50 10%° 2 10
60 1060 2 20
70 1070 2 38
80 1080 2 67
90 10% 2 107
100 10100 2 163
110 10110 2 240
120 10120 2 340
130 10130 2 481
140 10140 2 635
150 10150 2 870
160 10160 2 1,127
170 10170 2 1,496
180 10180 2 1,791
190 10190 2 2,368
200 10200 2 2,813
300 10300 2 15,716
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Table 2: Comparison of comutation time (Example 1, n=100)

K L S T (O0)
10 10100 | 2 163
20 2010 | 2 355
30 3010 | 2 536
40 40100 | 2 719
50 50100 | 2 905
60 6010 | 2 1,061
70 7010 | 2 1,275
80 8010 | 2 1,440
90 9010 | 2 1,626
100 10000 | 2 1,783
200 200100 | 2 3,620
300 300100 | 2 5,456

Table 3: Comparison of comutation time (Example 1, n=K)

n K L S T (O)
10 10 1010 | 2 0.03
20 20 2020 | 2 0.55
30 30 30%0 | 2 3
40 40 401 | 2 18
50 50 5050 | 2 56
60 60 60%0 | 2 138
70 70 7070 | 2 306
80 80 8080 | 2 603
90 90 90% | 2 1,048
100 100 100100 | 2 1,783
150 150 15010 | 2 14,197
200 200 200200 | 2 61,163
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Fig. 2 Solutions of Example 1.
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Table 4: Comparison of comutation time (Example 2, K=10)

n L S T (O0)
10 1010 2 0.02
20 1020 2 0.26
30 1030 2 1
40 1040 2 3
50 10%° 2 9
60 1060 2 19
70 1070 2 36
80 1080 2 63
90 10% 2 101
100 10100 2 155
110 10110 2 227
120 10120 2 321
130 10180 2 450
140 10140 2 593
150 10150 2 796
160 10160 2 1,006
170 10170 2 1,289
180 10180 2 1,613
190 10190 2 2,042
200 10200 2 2,682
300 10300 2 14,074
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