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Abstract

The index-1 integral algebraic equation is solved by constructing boundary value method. Using
Lagrange interpolation formula, the nodes that not calculated are selected as interpolation nodes,
then original equation is discreted into a system of linear equations. And the solvability and con-
vergence of the method are analyzed based on the winding number and residual theory. It is
proved that this method has higher convergence order for solving index-1 type integral algebraic
equations, and numerical examples are given to verify our theoretical results.
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S(e)=u(t)+ [ (t=s)u(s)ds+ [ e v(s)ds,
g(1)= j;u (s)ds+ J.(: ez(H)v(s)ds.

tel = [O,l] » ZTFERIARRT RN u(t) =rte”, v(t) =CO0S? o

X1 1 A5 CBYM-k 4R

l)ﬁBWﬁ@ﬂﬁehz%;

2) BRI k ISR g (s) s (5)
3) BHOTRE, 133

f(t)=u,(z,)+ hz‘ij;(t ~(, +sh))§¢f (s)dsU,,, + hfj;e’"‘(”*“’)fﬁ (s)dsV,.,.

k+1

2(0) =S [T (5)asU,, 415 [T g (5)asv,

4) BEEHHEMAR: Ax=b;
5) RARLMETTFRAL, 55 u(r), v(r) HBELMR.
P HUE SLIR H R AE MATLAB HsRBiliy, HA R B ER A2 MATLAB A B 77 quadgk i

Table 1. Absolute errors and convergence rates of for example 1 of u (t) (r=10,=-1)

1B u () BITHREMBEM (- =10,8=—-1)

CBVM-1 CBVM-2 CBVM-3
R W skpy Rz W Sipy R WSk

N=16 478 x107° - 478 x 10°° - 1.88 x 107° -

N=32 7.18 x 1076 2.74 2.61x 1077 4.20 5.00 x 107 5.23
N =48 225x10°° 2.86 490 x 107" 4.13 7.09 x 1071 4.87
N =64 9.76 x 1077 2.90 1.51x10°® 4.09 1.74x 107" 4.81
N =80 5.08 x 1077 2.93 6.08 x10°° 4.07 5.84 x 107! 4.90
N =96 297 x1077 2.94 2.90 x10°° 4.06 238 x 107! 4.92
N=112 1.88 x 1077 2.95 1.55x107° 4.05 111 x 107" 4.93
N=128 1.27 x 1077 2.95 9.04 x 107" 4.05 5.75% 107" 4.94

Table 2. Absolute errors and convergence rates of for example 1 of v(¢) (r=10,8=-1)

2. 1 () RBEIHREFMELR (7 =10,5 =-1)

CBVM-1 CBVM-2 CBVM-3

REE W SiBY REE W SB RFE WS
N=16 2.10x 107 - 3.44 %107 - 239 %107 -
N=32 5.75x107* 1.87 4.04x10° 3.09 1.43x10°° 4.07
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Continued
N =48 2.61x107* 1.94 1.07 x 107 3.05 2.78 x 1077 4.03
N =64 1.49 x 1074 1.96 4.89 x 107¢ 3.09 8.73 x 107 4.02
N =80 9.58 x 1073 1.97 2.49 x 107¢ 3.03 3.56x 1078 4.02
N =96 6.68 x 107° 1.98 1.43 x 10°¢ 3.02 171 x 1078 4.01
N=112 493 %107 1.98 8.99 x 107’ 3.02 9.24 x 107° 4.01
N =128 3.78 x 107 1.98 6.01 x 1077 3.02 5.41 x107° 4.01

Table 3. Absolute errors and convergence rates of for example 1 of u(z) (r=18=-1)

3. 601 Hu() EINREMBEN (r=1,8=-1)

CBVM-1 CBVM-2 CBVM-3
Rz WSy 3] WS Rz WS

N=16 476 x 107 - 4.86x 1077 - 1.86 x 10°® -
N=32 7.17 x 1077 2.73 2,63 x107° 4.20 478 x 1071 5.23
N =48 225x1077 2.86 493 x10°° 4.13 7.04 x 107! 4.81
N =64 975 x10°® 2.90 1.52x107° 4.10 1.74 x 107" 4.87
N =80 5.07x10°% 2.93 6.10 x 1071 4.08 582x107"2 4.90
N =96 297x107¢ 2.94 291 x 107" 4.07 237 x 107" 4.92
N=112 1.88x 10°® 2.95 1.56 x 107" 4.06 1.11x 107" 4.93
N=128 127 x107® 2.96 9.07 x 107! 4.05 575 x 107" 4.93

Table 4. Absolute errors and convergence rates of for example 1 of v(¢r) (r=18=-1)

4. Bl 1) BBITRER T IS TRAEIN (- =1,8=-1)

CBVM-1 CBVM-2 CBVM-3
R W SR Wz Weskpy Rz WSk

N=16 5.10x107* - 6.20 x 107 - 1.20x10°° -

N =32 1.30x 107 1.97 7.51x107°¢ 3.04 736 x107° 4.03
N=48 5.81 x 107 1.85 220x107° 3.03 1.45x107° 4.00
N =64 328 %107 1.99 9.24 x 1077 3.02 459 x 1077 4.00
N =80 2.10x10°° 1.99 472 %1077 3.02 1.88 x10°° 4.00
N =96 1.46 x 10°° 1.99 272 %1077 3.01 9.07 x 1071 4.00
N=112 1.07 x10°° 1.99 1.71 x 1077 3.01 490 x107'° 3.99
N =128 823 x107°¢ 1.99 1.15x 1077 3.01 2.87x 107" 4.00

fEXH, BEFRRNEL EMEIE, WS
log, (error(m)m ) —log, (error;;)

log, ((i+1)-16)—log, (i-16)
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5. &t
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