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Question 1

Calcular el vector xX¥) de la iteracién k-ésima cuando k=4 si se utiliza el método SOR en la resolucién del sistema:
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que tiene como solucién el vector x = [6,—1,01T. Calcular en cada iteracién k el valor de la estimacién del error absoluto ||e(k)|| =||
xK) — xk=D ||« y también del error relativo || xK) _xk-D oo /|| xK) ||o. Usar w = .79 como parametro de relajacién. Dar los
resultados con cuatro decimales exactos.

You have not attempted this yet

The teacher's answer was:

r
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| 5.97 —0.984 —0.00113 0.0832 |

L

]

Solution:

A continuacién aparece el gjercicio resuelto por los diferentes métodos, unas 20 iteraciones con cada método. Las diferencias en la
velocidad de convergencia pueden ser importantes.
En el caso de Jacobi, la componente i-ésima de la iteracién (k+1)-ésima se obtiene utilizando la formula:
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n

1
xiHD = — (bi - ax® - > ainj(k)]

aii

j=1 j=i+1
para cada componentei = 1, 2, ..., n de cada iteracion 1, x@  cuandok=0,1,2, ...
JACOBI
Iter. x® Estimacién errores
k x ® x® x3® e 11w |11 % [l /11 x% |Jos
0 1 -1 1 0 0
1 |5.500000000|.2000000000(| -1.250000000 4.500000000 .8181818182
2 (6.325000000(-1.150000000| .4750000000 1.725000000 2727272727
3 |5.800000000(-.9700000000|.6250000000e-2 .525000000 .9051724138e-1
4 15.989375000(-.9587500000(-.3500000000e-1| .189375000 .3161849108e-1
5 |6.007187500(-1.004875000|.1796875000e-1 |.5296875000e-1| .8817562295e-2
6 [5.992234375(-.9978437500(-.6406250000e-3|.1860937500e-1| .3105581964e-2
7 15.999781250(-.9985750000(-.8632812500e-3| .7546875e-2 .1257858359e-2
8 [6.000075390(-1.000128906|.6578125000e-3 | .15539060e-2 | .2589810792e-3
9 15.999703320(-.9998835156|-.4560550000e-4|.7034180000e-3| .1172421306e-3
10 |5.999993682|-.9999497852(-.1592775000e-4| .290362e-3 .4839371763e-4
11 15.999995410(-1.000001922|.2352737500e-4 .521368e-4 .8689473314e-5
12 |5.999988718(-.9999943766|-.2108500000e-5(.2563587500e-4| .4272653867e-5
13 15.999999648(-.9999981652|-.8250000000e-8 .10930e-4 .1821666774e-5
14 |5.999999545(-.9999999312|.8298750000e-6 .17660e-5 .2943333557e-6
15 |5.999999568(-.9999997430/-.7937500000e-7.9092500000e-6| .1515416776e-6
16 |5.999999975(-.9999999294|.2100000000e-7 .407e-6 .6783333362e-7
17 15.999999972-.9999999908|.2900000000e-7 .614e-7 .1023333338e-7
18 |5.999999982|-.9999999886|-.2875000000e-8(.3187500000e-7| .5312500016e-8
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5.999999998

-.9999999970

.7500000000e-9

.16e-7

.2666666668e-8

20

6.000000000

-.9999999994

.1500000000e-8

.24e-8

.4000000000e-9

Para Gauss-Seidel, la componente i-ésima de la iteracion (k+1)-ésima se calcula como:

para cada componentei = 1, 2, ..., n de cada iteracion x(l), x(z), ...,cuandok = 0, 1, 2, .... Se utilizan las ultimas componentes

1
xiHD = — {bi - D ap® - Y ainj(k)}

aii

calculadas en la obtencién de las siguientes.

i-1

=1

n

j=i+1

GAUSS-SEIDEL

Iter. x® Estimacién errores

k 31 0 x® x3® e 11 |1l e []oo /]| x) ||
0 1 -1 1 0 0

1 [5.500000000|-.7000000000|.2500000000e-1 |4.500000000| .8181818182
2 [5.912500000/-.9775000000|-.1062500000e-1| .412500000 | .6976744186e-1
3 |5.999687500/-1.002062500|-.1109375000e-2|.87187500e-1| .1453200688e-1
4 16.001070312(-1.000435937|.4960900000e-4 | .1626563e-2 | .2710454828e-3
5 |6.000084180|-1.000006914|.1758800000e-4 | .986132e-3 | .1643530275e-3
6 |5.999992935-.9999950694.6990000000e-6 | .91245e-4 | .1520751791e-4
7 |5.999998418/-.9999995438|-.1668750000e-6| .5483e-5 .9138335743e-6
8 [5.999999970|-1.000000027|-.2100000000e-7| .1552e-5 .25866666806e-6
9 [6.000000018/-1.000000008|.1000000000e-8 A48e-7 .7999999976e-8
10 {6.000000002(-1.000000000 0. 16e-7 .26666666666-8
11 {6.000000000|-1.000000000 0. 2e-8 .3333333333e-9
12 {6.000000000|-1.000000000 0. 0. 0.

13 {6.000000000(-1.000000000 0. 0. 0.

14 {6.000000000|-1.000000000 0. 0. 0.

15 {6.000000000(-1.000000000 0. 0. 0.

16 {6.000000000|-1.000000000 0. 0. 0.

17 {6.000000000(-1.000000000 0. 0. 0.

18 {6.000000000|-1.000000000 0. 0. 0.

19 {6.000000000|-1.000000000 0. 0. 0.

20 |6.000000000|-1.000000000 0. 0. 0.

El método SOR (Successive Overrelaxation) pretende ser una aceleracion del método de Gauss-Seidel. Introduce un pardmetro w
de aceleracién o relajacion para realizar una media ponderada de la iteracion anterior y la actual con Gauss-Seidel. Si w = 1 es el
método de Gauss-Seidel. En SOR, la componente i-ésima de la iteracion (k+1)-ésima es por tanto:

%D = 0z &+D 4 (1 - ) xi®

para cada componentei = 1, 2, ..., n de cada iteracion 1, x@)  cuandok =0, 1, 2, .... El valor zi¥*1) es la i-ésima
componente del vector de la (k+1)-ésima iteracion calculada por Gauss-Seidel a partir del vector actual xk+1),
SOR, w=.79
Iter. x(K) Estimacién errores

k x® x® x3® 11 e 1l 11 e fle /11 x5 ||

0 1 -1 1 0 0

1 [4.555000000(-.6136900000| .772049500e-1 [3.555000000 .7804610318

2 [5.589757820(-.8418582534| -.234380119e-2 (1.034757820 .1851167534

3 |5.883541950(-.9487601818|-.3252934916e-2 | .293784130 | .4993320903e-1

4 |5.966708855(-.9844936010|-.1133089865e-2 |.83166905e-1| .1393848888e-1

5 |5.990393918(-.9954049234|-.3200944541e-3 |.23685063e-1| .3953840653e-2
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6 |5.997201633|-.9986434667|-.8406628911e-4| .6807715e-2 | .1135148594e-2
7 15.999177633|-.9995984764|-.2146922571e-4| .1976000e-2 | .3293784783e-3
8 |5.999756481(-.9998805960|-.5439157399e-5| .578848e-3 .9647858239e-4
9 [5.999927426|-.9999643178|-.1381296804e-5| .170945e-3 .2849117795e-4
10 [5.999978257|-.9999892895| -.3540623288e-6| .50831e-4 .8471864034e-5
11 15.999993459(-.9999967732| -.9143683905e-7| .15202e-4 .2533669429e-5
12 15.999998026(-.9999990248| -.2404048620e-7 .4567e-5 .7611669171e-6
13 15.999999403(-.9999997046| -.5838502102e-8 .1377e-5 .2295000228e-6
14 15.999999820(-.9999999106| -.1423585441e-8 417e-6 .6950000208e-7
15 15.999999944-.9999999726| -.2989529426e-9 .124e-6 .2066666686e-7
16 [5.999999983|-.9999999916| .3322198820e-9 .39e-7 .6500000018e-8
17 15.999999994|-.9999999972| .1685161752e-9 11e-7 .1833333335e-8
18 [5.999999999|-.9999999992| .3316383968e-9 .5e-8 .8333333335e-9
19 16.000000000(-.9999999998| .1683940633e-9 .1le-8 .1666666667e-9
20 (6.000000000(-1.000000000/.3536275329e-10 .2e-9 .3333333333e-10

3de4

SOR, w=.9
Iter. x®) Estimacion errores
k x ® x® x3® e 1l {11 e |l /11 x% ||
0 1 -1 1 0 0
1 [5.050000000(-.6490000000( .4420000000e-1 4.050000000 .8019801980
2 |5.806135000(-.9220483000(-.4121360000e-2 .756135000 .1302303512
3 |5.964928980(-.9866338912|-.2288366562e-2 .158793980 .2662126918e-1
4 [5.994515288|-.9980880471|-.6025175562e-3 | .29586308e-1 .4935563024e-2
5 15.999292471(-.9997899027|-.1249022431e-3 .4777183e-2 .7962910665e-3
6 [5.999938182(-.9999903455|-.2205519931e-4 .645711e-3 .1076196088e-3
7 16.000001570(-1.000003287|-.3331419931e-5 .63388e-4 .1056466390e-4
8 (6.000002397(-1.000001360|-.4062669931e-6 | .2925152938e-5 | .4875252949e-6
9 16.000000728|-1.000000340/-.2937669931e-7 .1669e-5 .2781666329e-6
10 |6.000000163(-1.000000069| .3137330069e-8 .565e-6 .9416666411e-7
11 [6.000000028|-1.000000011|.2113733007e-8 .135e-6 .2249999990e-7
12 |6.000000005(-1.000000002| .4363733007e-9 .23e-7 .3833333330e-8
13 {6.000000000(-1.000000000{.4363733007e-10 .5e-8 .8333333333e-9
14 |16.000000000(-1.000000000|.4363733007e-11|.3927359706e-10| .6545599510e-11
15 [6.000000000(-1.000000000(.4363733007e-12(.3927359706e-11| .6545599510e-12
16 |6.000000000(-1.000000000|.4363733007e-13|.3927359706e-12| .6545599510e-13
17 {6.000000000(-1.000000000(.4363733007e-14(.3927359706e-13| .6545599510e-14
18 |16.000000000(-1.000000000|.4363733007e-15|.3927359706e-14| .6545599510e-15
19 (6.000000000(-1.000000000(.4363733007e-16(.3927359706e-15| .6545599510e-16
20 (6.000000000{-1.000000000|.4363733007e-17(.3927359706e-16| .6545599510e-17

SOR, w=1.1
Iter. x®) Estimacién errores
k| x® x x5 e lle |l e Jle /11 x|
0 1 -1 1 0 0
1 (5.950000000(-.7690000000| .133000000e-1 4.950000000 .8319327731
2 |5.934160000(-1.005689200/| -.2256506000e-1 .2366892000 .3988588107e-1
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3 |6.020559312|-1.008918442| .3005173150e-2 .86399312e-1 .1435071187e-1
4 [5.998743797|-.9981706528| .3601672975e-3 .21815515e-1 .3636680568e-2
5 |5.999424458|-.9999770787| -.1816835422e-3 | .18064259e-2 .3010998659e-3
6 |6.000151179|-1.000075522| .1820575422e-4 .726721e-3 .1211171149e-3
7 |5.999995637|-.9999874828| .3863537078e-5 .155542e-3 .2592368552e-4
8 |5.999994871(-.9999992737| -.1397666208e-5 .117909e-4 .1965151680e-5
9 |6.000001083|-1.000000619| .9769162080e-7 .6212e-5 .1035333146e-5
10 {6.000000007|-.9999999181| .3670583792e-7 .1076e-5 .1793333331e-6
11 {5.999999954(-.9999999902| -.1068308379e-7 .721e-7 .1201666676e-7
12 {6.000000007|-1.000000005| -.306691621e-9 .53e-7 .8833333323e-8
13 [6.000000001/-.9999999995| .3056691621e-9 .6e-8 .9999999998e-9
14 {6.000000000(-1.000000000|-.3056691621e-10 .le-8 .1666666667e-9
15 ({6.000000000/-1.000000000| .3056691621e-11{.3362360783e-10| .5603934638e-11
16 {6.000000000(-1.000000000(-.3056691621e-12{.3362360783e-11| .5603934638e-12
17 {6.000000000(-1.000000000| .3056691621e-13|.3362360783e-12| .5603934638e-13
18 {6.000000000(-1.000000000(-.3056691621e-14|.3362360783e-13| .5603934638e-14
19 [{6.000000000(-1.000000000| .3056691621e-15|.3362360783e-14| .5603934638e-15
20 (6.000000000{-1.000000000(-.3056691621e-16|.3362360783e-15| .5603934638e-16
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