20 Ubi1gdootubotdd—>00d

000 (teration) 0 0000000000000 O0OOOOOUOOODOOOOOOOOOOOOOOO1
0000000000 000000000 (sparsematrix) 00 0000000000000 OOOOOO
0000000000000 00000000000O000000000 (diagonally dominant matrix) O
oooooooOooooooo

i—1 n
|m42<§:+§:>mm (i=1,2,...,n) (2.1)

j=1 j=i+1
000D00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000D0D0000000000D0000000000000000000000000000
oooooo

2.1 00000000

goooooooobobooboboobooooooobooobooboOooobbooobooboboooboooon
ooobooooboooboboobooooobobooobooo

21.1 2000000

uobooooooooo20000000000000

"

u(x)=0 (0 <z <1.0) (2.2a)
w(0) =0, wu(1.0)=1.0 (2.2b)

000000 0000000000 00D w(z)000« 000000000000000000000
0000000000000000000000000000000000000000000 (2.2a)0
000000000000000000000000000 (finite-difference method) 00 00 O w(z) O
000000 L(v) =00000000004; (i=0,1,...,n) 00000 w (0,1,...,n)00000
O (finite-dfference equations) 1 0000 000000000000 «,000000000000000
000 100000000000000000800000000000000200000000000
000000000000000000000000000 (2220000000 2000000000
000000000

(w; 1 —2u;+uiy1)/h* =0 (i=1,2,...,7) (2.3)
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o000 h=w,—2z;, 0000000000000 z1, 2, ...
(22b)000000O0O0COO 7000 100000000

,r,000000O0DOOOO0OODOOOO0O

-2 1 0 U1 0
1 -2 1 us 0
1 -2 1 us 0

1 -2 1 ua 0 (24)
1 -2 1 us 0
1 -2 1 ug 0
0 1 —2/) \w ~1.0

0000 100000000000000O0D0D0O0O (21)000000

0000000 (relaxation method) 0000000000000 0OO0 ;0000000000000
0000000 U000o0U0o00OU000O0DU000O0000o000Ow,=0G=1,2,..., 00000
00000000000 00O00DODO0000000 (point relaxation) 0 0000000000000 OO
000000000000000 »; 00000000000000 (residual)

TP = Ui—1 —2U;i +Uit1 (2.5)
DDDDDDDDDDDDDDDDDDDDDuiEII:IEIEI(correction)
(S’U,i :7‘1’/2 (26)

ooooo
00 10000000000000000000000000000000000000000000
00000000000000000000000000 (sweep)J00000000000000000
000000000000000000000000000000000000000000000000
0000000000 max|r®|=rp 00000000 e000000000000000 0 rpex <6
nooooooo«Po0Doooooooooo

00000 00 000000000000000000000000000000000000000
000000000 1000000000000000000000000 (relaxation pattern) 0 0 00
00000000000 21(x)00000000000000000 —-200000000000000
0+1000000000000000000000000000000001000000000000
00000000000000000000000000000 21(h)000000000000000

0oo
<

1

oono
Ny

10
100

OO0

Settdel

ffﬂmm
(a) (b)
021: 00000 (D0000000000 (b)



gboomobil1ooooooo booboog

goooboboboooooboobooooboobooboooooooooooooboooboooobooooo
goooooo

78 40
94 + +
0400 62 62| + 931487  TTHEE 39| 78
62 +
0300 25 125025 125(1256- 62025
0200 1256- 2501125 125[256-
566-
0100 | o0 0 o o o 9 50011600
0 0 0 0 s e e e 1000
62 218 452 726
(125) (250) (375) (500) (625) (750) (875)
() 0000
17 23 27
44 It 29 33
-40 88 89 79 26
82 22 30 40 52
16 44 23 35 50 -28
-16 ~6 30 49 i 100- 67
FF 44+ 26- 27 35 +7 137
87 6118 66[457 66209 591280 391374 62
¥ 10(236  22[315 36|42t 53|562 75|76~ 102|566
132) 6 177| © 236| ® 315 B 421| H 562] H 75011666
0 0 0 0 0 0 0 0 1000
132 248 334 417 533 676 852

(b) DOOOO

02200000000

02200000 20000000000000000000O0O0O0OOO 1o00000O0O00OOO
ubboobooooooboobooobooobooooooooooooboobooooobob z00

00000000000 (UO000000000 1000000000000000000000 (2.5)

ooooooo 0000000 10000000nmn =...=r=000000000000000wu,0O

0 (26000000 6=500000021000000000000 r =100000007=>5000
000004000000000000000000000000000 »00000'00000000
oobooobobooobooobobooboboobooobooooboobooooooooooboooooboooooo
oooooboooobooooooooooooooo1obbobooobooocoobooooobo Ob0O0O00OO
sd000oO0O00b000000bO00O00bO00O00bO0000oo00oOoOobO0oobOoobOoboOoO 20000
000 (26)00000000000000000OOOOOOOOOOOI00000000000O0O0O
oboooobooooboooooobooobOooooboooboboboobooooooo
oboooOo0oooobOoooooooooboooboobooooboboooboboooobooooobooo b
gboobooooboboboooobooooooooooooooboooobooobooobboobooboo
ubobolooooobooooooooboboobooooooboooboobobobobboooobooooo

1022000000 pAIEX2. 00 0000000000000 0000000000000000000000000000
oo0ooOooooooo
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Ogo0020000000000000 (pointover—relaxation)l:lDDDDDDDDDDDDDDDDDD
du; = ar; /2 (2.7)

00000000000 00000 «00000 (relaxation factor) 0000 00O O (acceleration pa-
rameter) 0 0000000001l <a<2000000000000000000OO0OOOOODOO
gbooboooooboboobobboobooboooobooob 100b0oboooooooboobOobO0o boo
ubbobbooooooboooooboooooobobobooobobbd e=15000000000
oobooboobooobooobooboOooboOobbooOooboboobobOOoooooobooboooOoo
obooOooooobboooobooobooooboboooooooooooooooboobobOooobooboooo
a=135000000000000000000000000000000O0O0O0O0O0O0OO0O0OOO a0
dbooboobooboboobooooboooooobooooboooobobooooobooboOoOooo
a0 100000000000000000O0OD0O0000O0O0O0O0 00000 (damping factor) 0 O
gooo

022b) 000000 2000000000000 «=15000000000000000000
gboboooobobooboboooboobooobobb 2000000000000 O0O0OOO0O000O0
000000000000 00000000000000O0U0000Do0oooUoooOoOMoooon
00000 40000000000000000(O0000DOO00O0OOO0OO (bh)OOOOODODOO
00000000000 ()O0O0O0O0O00O0O0O00O00O00000O00000 150000000 50%0
000000000oooo s0%0000000000000000000000000oooOoOo

2.1.2 Poisson 00 00 DerichletO O O0O0O

OO0 Poissond 000 Dirichlete 00O OO0O0O0OOO

Ugg +Uyy = —2 0<z<1.0,0<y<0.8) (2.8a)
u(0, y) = u(1.0, y) = u(z, 0) = u(x, 0.8) =0 (2.8b)

000000000000000 A=0100000000000 (28)0000000 2000000
uoooooooooon

(i1, +uigr H iy +ui o1 —duy) [h* = —2 (2.9)
000 wyj =ui; =u(w,y) J00000000000000000000000000O0000

Pij = Wikl g+ Ui T o1 oy — dugg+ 207 (2.10)

(S’U,ij = CW‘Z'J'/4 (211)

000000000000 24()00000000000000000<i<5,0<;<40000000
00000000000000

D00« =0000000000000 (210)00000 ) =0.0200000000 150000
D0D0000000000000000000000000000000000000000000000
020000000000000000000000000000000000000000000 2.3(a)
0000000000000 (b)004000000000000 (000 1000000000)0(a)00
0000 u;; 00 (211) 000000 éuy; =700000 24() 000000000000 ryy = —80
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-18
42 35
15|26 26 20 20 20
1
-4
36- 31
11|26 26 20 20 20
-2
13- 40
27 30
10|26 26 20 20 20
12
—2 -13
=& 27 30
7|26 10|26 26 20 20
(a)
2 23 35 13 -24
29 4 52 6p 75
(47) (79) (99) (110) (114)
12 -2 8 7 16
27 49 57 63 63
(4b) (7b) (94) (104) (107)
16 19 -5 -5 34
22 46 52 5 47
(3B) (62) (77) (85) (87)
20 15 19 15 1
11 22 26 20 31
(24) (38) (46) (51) (52)
0 0 0 0 0
(b)

023000000000
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(a) (b)
0 24: Laplace 000000000

rop =12 =2700000000w,00000000000000O0w;s00000000000 714 =42
0000 20000000000 w,, 00000000000O0()000 400000000 r,;000
000000 w,;00000000000000000000000()00000000000000O
oobooooooooooono

000 (relaxation method) D000 SouthwellOOOOO 193500000000000000000O
O000000000OSouthwellDOOO0OO0O0OOOOOO0O" OCOOOOO"00000000CO
0000000000000 0000000000000O00O0O00On (block relaxation) 0 00000
oboboooooboboObOo0oo0o0ob0bo0 oobooooboobobooobooooboboooboOoboobobonl
00000000000 0000O0O0O0ODOO0O0OO0000ODD 24b)00000000O0O0O ()OOOODO
0oooO0o0oo0oOo000o0o0o0OOoooOU00 (U0 D0O0D00O00O00O0000O0O0ODOOO00OOn
oboooboooboooboooobooobOoOoobOoooobooobooboboobooOoobooooooooon
000000000000 U0o0oo000(e) 0000000000000 UOO0O0DO0OO0OOOOOO
ooobooooboboooboobooooobboooboboooooooboooooboobooboo
goboooobooobobobooooooooooboooobooooooooboboobooboooobooooo
oobooobooobooobobooooooooboooobboooooooooooooooooboooDbo
gbobooooboooobobobooboooobooooboobooooooooobOoOobobobOooboooboooooDn

(b)

0 2.5: Southwell 0O OOO0O0OO (DDOOO)

40 e =T =T
16 | 30-10 I |26 3
170/ 86 I 70| 86 748 7146
4 | 7o 0o
70 10 | i 107 -
& .
-3 1
40 -16- =
-60 16 =20 I 2]36
70| 86 70| 86 -101-66- | 10|46
4 4 70 I 70
170 70 60 L8
0 0 0 0




5
H39
1135

1065
1070

5|5
15

1100

1 ﬁm 1 mm
== SRS S
70% ~a% o
b2 G
== SR L
~D%Au o =
1 i

1630
1087

gboomobo1l1oooooono boooog

OO
—

606
620
790

789

1-—=mm- -

470

466

472

470

865

870

B4

845

380
0 2.6: Southwell 0D OO0O0O0O00O (DOOOO)

-1 =3
-10 46
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ggbooboobooobobobooooobooboobobooooboooooooboobobobobooDbn
gooooobgo

ooooDboOoDOO0o00o00 h=02000000000000000000 R=01000000000
oboooOoOooooooooooboooboooobooboooobobooooooooooooooo ug-))zo
gooooboooobboosboboooobbooo1obobbooboooooooobooooon
bobobdooboooobooooooboooboooooon 2500000000000 00000000
O0(@QO0O1000000000)I00000O00O0O0O0ODOO (a)D00000O0O0OOCOOOOOOO
oooooobbOobOOoooooboobbOoooooobooOoboonononD 9%0+14~700000000¢0
00000 160+-6~3000000000000000000000000O00O0O0O0O0OO0O0O0OO (b) O
000000000000 00000000 éupr = =100 dugr = 100 dure = dugse = 70 0uxy =2000
0000000000000000D00000002%0

O0000o000ooO0oCoO 2600000000 (00000 1000OCDODOOO)ODODDODOOOCOO
ugbooooooobobooooobobooooooobooobooboooboaoon

(W1 jpr+Ui1 a1 +ui1 1 +uir1jo1+ui;)/2h = =2 (2.12)

00 (2900000000000 0O00O00UCOOUUO0O0OOOOUOOOUOO0OOOOOOOOODOO
dooooooono 200000 290000000000 oo oooooooobooooo
O000()0O000000O0000000DO00O00O000DO0OO0OOOOO0O0OO0OOo 10,10,5,5
goooood

000 (b)ODODOOOOO0OOO r; =-400000 duy; =-1000000000000 200000
gooopooooooo s, -30b0bbobooboooooooo oboooobbbooobo
gdbooooboooobooooooa

dus1 = —4, duz; = 3, dusz = 2, duqr = 2,

Ouyz = 0uyg = 2, duyy = 0uye = —1, dugg = —1
goodoobooooooobbooboboodoooooob oo oooooooOon
00ddoOoodOo 25026000000 230000000000 Southwell0 00000000003
dodoooooooooobooooboooooa

0000000000000 O0Southwell D000 0D0000D0D00D00O0D0DO00OODODODODOOOOO
dodbddoodoooob oo oo oo oo oooooooon
0000 000000000000 000000000000000D000000O00 (multigrid method)
gbooooooboooboodooobodddoobobobDbo0D OO oo oo oOoObOobOOooOoOon
oo oo bbb oo oo o booooooao
gododboodoboooboooooboooooobOoooboub o bODooobOobobooouoa
oo o000 ooboooooboooboooooooooooooooa
gdoooooooooooboobo oo o000 LD oo boDooOooobooOoo
godddoo bboboddooooooboboobboboboboooooboboboobooboboooooa
goooo

200000000000 pIEX2. 00 000000000000 0DDO0O00O000D00D0OO
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22 0001000000000

oo 1g0d0oo
a1 a2 ... Qain T by
@21 A22 ... Q2n T2 by
=1 (2.13a)
apl QAp2 ... Qpp Tn bn
aoad
Az=b (2.13Db)
00ooOo0ooo (21)oOoooOoUOoOoOoOoO0oOoOUOOoO0O0DOOoDOoOOOOOOOOOO
1 dlz &1n I i)l
&21 1 d2n o 32
=\ . (2.14a)
dnl dnz 1 ITn i)n
aoad
Az =b (2.14b)

0000000000 aij = aij/as, b =b;/a; 000 0Gauss 000000 JacobiDODOOOOODOOO
0000029 =0000000000000

) =p—(A-1)z*-V (2.15)
000000000000000000000000000000000000 max|z\?—2z* Y| <eOe
000000000000000000000000000000000000000000000000
0000000000000a, b, x000000x0000000 k0000000 k-1000 g*-Y
000 x 00000000 k00020000000 x00000000000D0000000000
000000000000000000000000000

00 Gauss-Seidel 0000000000 (214b)000000

2® = p—U 2D L (¥ (2.16)
0000000000000000000 A=L+7+00I00000000 LO0DDDODOO0OOOOO
0000000000 (216)000 k00000 @y, a,,...,2,000000Y 0000000000
z1,...,2,., 00000 kOOOODOO0O0OO z444,...,2, 0000 k—1000000000000

O000D00000000000D ;0000000000 DO0OO0000O0O0O0O0DO0O0JacobinOd
obo0obooobobobooooboooooboonobObObOOOoOOoOobOOOooboOoboobOOoOoobobOOOonn
oooooooooooooobooo

000000000 0000oD 10000 (213p)0000000000OOO0O0OOO0OOOOOOOO
gooo

™) = D7Yb—(A-D) g1}
oW = DL b—UL* Y — L)
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000 A=L+D+U0DO0O0OOO0OUD LOODOOOOOOOD0O000000000000 A000O
0ae;0000 L,D,UODOOO

po{® U<) g g G=0 (o 6>
U V) 0 (G #9

00 D-'00000000+000000 1/e;000000000000 ADOODOODO Gauss-Seidel
goooo

Yacobi O 00O (Jacobi overrelaxation) 0 Gauss-Seidel 0 0 O O (Gauss-Seidel overrelaxation) O O O
000 YacobiOODODO Gauss-Seidel IO D000 «O0O000O00O0O00O0O0O0O0OO0O0O0DODOODODOO
ooobooobobooobooboooooooooooooon

®) = gk=1) _ oD (A —p) (2.17)
2®) = 2-=D oD H(D4U) 2*V 4 La® —p} (2.18)

O000000000000000000000000000 AODOOO0O0O000 Gauss-Seidel0O000O0O
OO00Gauss-Seidel DOOODOOO00O0O0O0O 0000000 O0OO0OCDOOOOOO0OODOODOJacobi
oboooooooboobooooooobooooboooboooboonobOOOoOoOoOoOoooooboboooon
O00000000000000000000000 Gauss-Seidel000O0O00O0 JacobiDOOOODOO
cepuoOoOoOoOOoOQoOOOOOO

2.3 SORUU

SOR(successive over-relaxation) 00 00000000 10000000000 00000 OGauss-Seidel
00o0o00o0o00ooO0o0o00200000000000000000O000000OO

1 2 3 4 0 _ £
CijWi—1,j €5 Wit + 75U 1 +CUi j+1+C5ui; = fij (2.19)

gooobboobooboooobooooobobooobobooooooboboong

Tij = Czlj“i—l,j"" : '+C?juij_ ij (2.20a)
Juij = —ary;[c; (2.20b)

000 ul¥ =u{¥"Y+6u;0k00000000 000000 1<a<2000000
000000<i<i;, 0<j<j;0000000000 (i=0,is, j=0,,j;)0 Dirichlet 0 0000
00000000000 Dirichlet D00 SOROOOD FORTRAN 95/900 0000000000000

1 ok sk ok o o ok ok ok ok ok ok o ok Kok ok ok ok Kok ok ok ok ok ok ok o o ok ok o o ok ok K o ok Kok ko koK ok ok sk ok ok ok o ok ok ok ok o o ok ok

! Solution of Dirichlet problem of elliptic pde by SOR-method

1 ok sk ok o o ok ok ok ok ok ok o ok Kok ok ok ok Kok ok ok ok ok ok ok o o ok ok o o ok ok K o ok Kok ko koK ok ok sk ok ok ok o ok ok ok ok o o ok ok

SUBROUTINE SOR0O01(u,c,f,if,jf,al,k,kf,rmax,e) !pde=partial differential equation
DIMENSION u(0:if,0:jf),c(0:if,0:jf,0:4),f(0:if,0:jf)

IF(al<l.)al=1.5

kf=MAXO0 (kf,1000)

e=AMAX1(e,1.E-5)

il=if-1; ji=jf-1

k=0; 10 k=k+1



gooomol1gogooobono oogog 11

rmax=0.
ie=il; IF(MOD(k,2)==0)ie=i1-2
je=j1; IF(MOD(k,2)==0)je=j1-2

DO ii=1,ie; i=ii; IF(MOD(k,2)==0)i=i1-1i lalternate sweep direction
DO jj=1,je; j=jj; IFMOD(k,2)==0)j=j1-j 'lalternate sweep direction
r = c(i,j,1)*u(i-1,j)+c(i,j,2)*u(i+l,j) & !conpute residuals

+c(i,3,3)*ui,j-D+c(i,j, 9 *uld,j+1) &
+c(i,j,0)*u(i,j)-£(1,7)

u(i,j) = u(i,j)-al*r/c(i,j,0) !point over-relaxation
rmax = AMAX1(rmax,ABS(r)) 'max residual
ENDDO
ENDDO
IF (rmax>e.AND.k<kf) GOTO 10 !decide convergence
END

000000000000 w0 «00000 Dirichlet 000000000 ¢0 000000000 ¢0
0000 00000 al, kf, e000000000 000000 k000000 00000000
D00000w00 «{Y0k0 rmax0000000 k000000000 ryax = max|r,y|00000
000000000000000000000000000000000000000000000000
00000000000000000 Dirichlet 00 ug; = fo, D000 000000000000000
== =cl;=0,¢,=10 4 00000000000000000000000000000
rmax <6000 k=k; 0000000000000 rpexd k00000000
000000000000 0000000000000000000000Poisson000000000

Uga +Uyy = —2, <<l 0<y<l (2.21a)
u(z,0) =0, u(z, 1) =1, u(0,y) =u(l,y) =y (2.21b)

gooooooooooooob0l1ogob0 ph=0.100000000DOOOOOODDOOODOOOO
SORO01I I O0ODOD0OUOOD u(er,y) D000 00 Laplace0000O0O00000 u(e,y) =y00000
gbobooboooobobooobooboboboobooobbbo0ooooooboooboOoDboon

program MAIN
DIMENSION u(0:10,0:10),c(0:10,0:10,0:4),£(0:10,0:10)
DATA u/121%0./,c/121%-4.,121%1.,121%1.,121%1.,121%1./,£/121%-.02/
DATA if,jf/10,10/,al,kf,e/0.,1,0./
OPEN (20,FILE=’0UTPUT.dat’)
FORALL(i=0:if)u(i,jf)=1.
FORALL (j=0:j£-1)u(0,j)=.1%j
FORALL (j=0:jf-1)u(if,j)=.1%j
CALL SOROO1(u,c,f,if,jf,al,k,kf,rmax,e)
WRITE(20,’ (I3,F12.6) ’)k,rmax
DO j=jf,0,-1
WRITE(20,’ (11F8.3)’) (u(i,j),i=0,10)
ENDDO
CLOSE(20)
STOP
END

01 MOD0SOROOOODOOD0 SOR0010 00000 (i=0)0 Dirichlet 0000000 (i =if) 0
Neumann 0000000 (j=0,4) 0000000 wj, = wig+, (9u/dy)sj, = (u/dy)p D000 O
0000000000000000000 ¢0000000
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00000 (if,j) 0000 Neumann 00 Ou/0z =90 0000

(Uip41,5—ui;—1,7)/2h = gi; ;

000 AD00D00D000000D0000000000 (21990000000 wu;,41,; 000 Neumann 0
goboobOoOo0oooobooooobOoooooooooooon

1 . 43 o ST O i = fi -
Cifjulf_17] +Cifjuzf7]_1 +Cifjulf7j+1 +Cif]—ulf] — flf] (2.22)

ooooooobood c}ijEIDDDEI c?fj=0DDDDDDDDDDDDDDDDDDDDDDDDDD
ooooobooooooooo

1 2 3 4 0 _
CioWi—1,0 T CioUi+1,0 +CipUi,j; —1 T CigUi1 +CipUio = fio, (2.23a)
1 . . 2 . . 3 .. 4 . 0 o= f..
CijpWi—1,5p TCij, Wit jp TCj, Wijp—1FCi 5 Un+C 5 Wij, = fsz (2.23b)

oooooooooo xw, 00000 v, 1—¢000000000000000O0O 0000000

0000000000 uw;,w 00000 up+¢e00000000000000O0OO0 —c?jf¢|:||:|DDEIEI

00obOobooobooOoobbooo socroO010 O OO0OoOoOOOOOODOOOODOOODODOOOOOOOO

Dotk ok ko ok sk sk sk sk sk sk ok sk sk s sk sk sk ksl sk sk ks ok sk ok ks ko ok sk ko ok sk ko sk ko ok ok
! Solution of mixed bound value problem of elliptic pde by SOR-method

1 sk ks ok ok ko ook o ok o ok ok ok sk o ok o ok ook ook o ok ook ok ok ok ok ok o ok ook o ok ok o ko ook o ko ok sk o ok o sk ok Kok o ok ok
SUBROUTINE SOR002(u,c,f,if,jf,phi,al,k,kf,rmax,e)

DIMENSION u(0:if,0:jf),c(0:if,0:jf,0:4),f(0:if,0:jf)

IF(al<l.)al=1.5

kf=MAXO0 (kf,1000)

e=AMAX1(e,1.E-5)

k=0; 10 k=k+1

rmax=0.
ie=if; IF(MOD(k,2)==0)ie=if-2
DO ii=1,ie; i=ii; IF(MOD(k,2)==0)i=if-i lalternate sweep direction
ip1=MINO(i+1,if) !Neumann cond
D0 j=1,jf
jpl=j+1; IF(j==jf)jpl=1 !periodic cond
r = c(i,j,D*uli-1,j)+c(i,j,2)*xulipl,j) & !conpute residuals

+c(i,3,3)*u(i,j-1+c(i,j, ) *uld,jpl) &
+c(i,j,0)*u(i,j)-£(1,7)

u(i,j) = u(di,j)-al*r/c(i,j,0) !point over-relaxation
rmax = AMAX1(rmax,ABS(r)) 'max residual
ENDDO
u(i,0)=u(i, jf)-phi
ENDDO
IF (rmax>e.AND.k<kf) GOTO 10 !decide convergence
END

0000000000000 0000000D00ODIrichlet00000000O0O00O0OO0CODDOOO
Uoobooboodobbb0b0d0Neumann 00O OO0 O0D000000000000 wip41,; 0
oobo0obooooo0ooooOobo0oboooooD NeemannOOOOOOOOOOOOOOOOOOOOO

0000 (221)000000 Poisson 0000 Dirichlet 00O O0O0O0O0OOOO

u(0,y) =y, u.(1,y) =0, u(z,1) = u(z,0)+1, uy(z,1) = uy(x,0) (2.24)
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000000000000000000000000000 11x1100000000 e=10"00000
00000 (0000000)e000000 k0000000000 Dirichlet00000000 a=15
00000000000000000000000000000 «00000000000000000
0000000000000 u(z, y) = —22+2z+y0000

@ Dirichlet 00 0000000
1.00 119 810
1.25 75 504
1.50 50 296
1.75 74 138
1.80 98 112
2.00 diverge diverge

2.4 ADIO

oboooobooobooboooobO«0o0booob0o0o0o yobO00oOOo0obOOooOoOobOoobObOOobOOooonog
0000000 (line relaxation) 0 0 0000000000 O0ODO (2190000000000000

(0oooooooooo

chjug -1+ Beliuij+cipu i = cuiyj— (1= B)cuig —cuit i+ fij (2.25a)
(=12 ..)
;00000000000
Cjti1,5 = Beijuig+cGuiry = i1 — (1 = B)cfui; —cjui g1+ fij (2.25b)
(i=1,2,...)

o000 g00O0O00O0OOOO0OOOOOCOOOOO0O0O0OOOO0OOOOO0O0OODOOOOOOOOO
OO0o0o0ooooOoOOOOO0ob0O0o0ooboboooODbbOOGawssOOO0DOOODOODOOOODROOO
0 O ADI(alternating direction implicit, iterative) 1?0 0 00000000000 000000500
gooobooob jo0o0oooooooobooboooboboooooo 1booboooooboOoooo
ooADIOODO0OO0OODOO0O0OOOO0ODOO0O0O00O0DOOO0OOOOOOODO20000000D0O0OO
oooooooosorRObCOO0OoOoOOoOoOoOoOoOoOon

0002000000000000000 (21900000 DirichleeD 00O ADITOO OO FORTRAN
95/9000 00000000

sk ks ok ok ook ook ok ok sk ok sk ok o ok ok o ok o ok ok sk ok o ok sk ok o ok ok o ok ok ok ok o Kok ok o Kok ok
! Solution of Dirichlet problem of elliptic pde by ADI-method
Dsksok stk ko ko ks sk sk sk sk ks ksl ok sk sk sk sk sk sk ko ok stk ko stk sk kol sk sk sk ok sk ok ok
SUBROUTINE ADIOO1(u,c,f,il,if,j1,jf,a,b,n,bt,k,kf,rmax,e)
DIMENSION u(0:if,0:jf),c(0:if,0:jf,0:4),f(0:if,0:jf),a(n,3),b(n)

3Peaceman, D.W. and Rachford, H.H., Jr., The numerical solution of parabolic and elliptic difference equations, J. Soc.
Indust. Appl. Mathematics, 3(1955), 28—41.
000000 Poisson 0000000 DO0OO0ODOODOOODOOOO

wim1,i =2+ P)uij +uivr; = =0 (uij—1 = (2= p)uij +uij+1) = Az’fi; (=12,...)
1 . .
wi 1= (24 p)uij + i1 = = 5 (wim1,5 = (2= p)uij +uiv ) —Ay°fi; (G=1,2...)

000 b=Az/Ay0000O
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IF (bt<.75)bt=1.
kf=MAXO0 (kf,1000)
e=AMAX1(e,1.E-5)
k=0; 10 k=k+1

cycle_1: DO i=0,if li-sweep
IF(i==0.0R.i==if)CYCLE cycle_1 !Dirichlet cond
im1=MAX0(i-1,0); ip1=MINO(i+1,if) !Neumann conds

FORALL (j=0: jf)
a(j+1,1) = c(i,j,3)
a(j+1,2) = c(i,j,0)*bt !setup coefs
a(j+1,3) = c(i,j,4)
b(j+1) = £(i,j)-c(i,j,1)*u(iml,j)-c(i,],2)*u(ipl,j) & !setup rhs
-(1.-bt)*c(i,j,0)*u(i,j)
ENDFORALL
CALL GAUSS3(a,b,n,jf+1) !solve linear egs
FORALL (j=0:jf)u(i,j) = b(j+1)
ENDDO cycle_1

k=k+1

cycle_2: DO j=0,jf; ! j-sweep

IF(j==0.0R.j==jf)CYCLE cycle_2 'Dirichlet cond
jm1=MAX0(j-1,0); jpl=MINO(j+1,jf) !Neumann cond

FORALL (i=0:if)
a(it1,1) = c(i,j,1)
a(i+1,2) = c(i,j,0)*bt !setup coefs
a(i+1,3) = c(i,j,2)
b(i+1) = £(i,j)-c(i,j,3)*u(i,jml)-c(i,j,4)*u(i,jpl) & !setup rhs
-(1.-bt)*c(i,j,0)*u(i,j)
ENDFORALL
CALL GAUSS3(a,b,n,if+1) !solve linear eqgs
FORALL(i=0:if)u(i,j) = b(i+1)
ENDDO cycle_2
rmax=0.
DO i=0,if; im1=MAXO(i-1,0); ip1=MINO(i+1,if)
DO j=0,jf; jm1=MAX0(j-1,0); jp1=MINO(j+1,jf)
r = c(i,j,*uliml, j)+c(i,j,2)*xu(ipl,j) & !compute residuals
+c(i,j,3)*u(i,jml)+c(i,j,4)*u(i,jpl) &
+c(i,j,0)*u(i,j)-£(i,j)

rmax = AMAX1(rmax,ABS(r)) 'max residual
ENDDO
ENDDO
IF (rmax>e.AND.k<kf) GOTO 10 !decide convergence

END

Ixxx%% Subroutine GAUSS3 *kxxx*
! Solution of system of linear eqs with tri-diagonal matrix
SUBROUTINE GAUSS3(a,b,nl,n)
DIMENSION a(n1,3),b(n1)
DO k=1,n-1
b(k)=b(k)/a(k,2); a(k,3)=a(k,3)/a(k,2)
b(k+1)=b(k+1)-a(k+1,1) *b(k)
a(k+1,2)=a(k+1,2)-a(k+1,1)*a(k,3)
ENDDO; b(n)=b(n)/a(n,2)
DO k=n-1,1,-1
b(k)=b(k)-a(k,3)*b(k+1)
ENDDO
END
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0000000000;000000000000 r;00000000000000000000000
00000000 w0000 o)) 0 Dirichlet 000000000 c0£0000000000000¢,...
000 f,;00000bt, kf, e0000000 000000 k000000000000 000000
0020 b00000000000000000000000000000000n0 max(ip+1, j+1)0
0000000000 Dirichlet 00 ug; = fo, 00000000000 ¢f; =3, =c; =ch; =0, ¢}, = 10
up; 000 fo; =uy; 00000000000000000000000000i000000 wo, .., uij
00000¢=1004-100000000000000000000000 1.40000000000
0 GAUSS30 000000000000 00 ADIo010D0 jO 0000000000 GAUSS300 kO 10
D000000000000000000;00000000000000000000000uw00 &0
x, maxJ0000000000 k00000000000 e, =max|r)|000000000000
00 kD rm 10000000

0000 SOROOOODOO @0 ADIDOOD 0000000000000 00000000000
Laplace 00 0000000000000 00000000000000000000000ADIOOD
D000 (225)00000 7 VO

k—
ri 7Y = w1 = Bui b gy b1 — (1= B)dus+ i fij

ooooopoo11ooo0000o0o0oooooooO0oO0O0O0000o0OOoOOo0000 kbOOOO
gboobooboooobooog

0= (ui’j,1 +6u)—ﬁ4(uij+6u)+(ui7j+1 +6u)+ui,1,j—(1—6)4uij+ui+17j—fij
= r(;71)+(2—4ﬂ)5u

K3

O00+000000000000000000000 éu0O

blockr({c—l)/2

ou =« i

0o00o0ooooooooo0obo0 0 po0bO0OO0OOODODOODO

1 1
ﬂ = 5 (1+ ablock) (226)
Dablock Dﬂ
o Ooo
0o.5 g1.s
01 01
01.5 J0.8333
02 00.75

00000000 oPleckg00000 «000000000 0000000000D0020000000
gooobooooooboooooobobooobOobOobooooooobobooooobooobooooboooon
0000000000000000000000000aP**=1+(a-1)/20000 1000000000
goooao

02 MO000<i<if, 0<;j<j000000000 (i=0)0 Dirichlet 0000000 (j =0, j)
01<i<ip00000000 wj, =uig+, (u/dy)ij, = (du/dy)iD 000 D00 Dirichlet 00 00
O00éi=i;0 Neumann 000 0000000000000 00D000000000000000 (2.19)
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000 ADIDOOO0O0O000DO0O00 (if,/) D00O0Neumann 000000000000

1 . . 3 o ST * . : 0 e
Cz'fjulf_17] + Cz'fjuzﬁj_l + Cz'fjulf7]+1 + Cz'fjuzf_27] + Cifjuzf] — flf]

gooooobooo
oooooooOo0O0O0O00000O0OOOO000 ADIODOOOOOOOOOO

1 sk ks ok ok ko ook o ok o ok ok ok sk o ok o ok ook ook o ok ook ok ok ok ok ok o ok ook o ok ok o ko ook o ko ok sk o ok o sk ok Kok o ok ok
! Solution of mixed bound value problem of elliptic pde by ADI-method

Dotk ok ko ok sk sk sk sk sk sk ok sk sk s sk sk sk ksl sk sk ks ok sk ok ks ko ok sk ko ok sk ko sk ko ok ok
SUBROUTINE ADIOO2(u,c,f,i0,il,if,j1,jf,a,b,n,bt,k,kf,rmax,e)

DIMENSION u(0:if,0:jf),c(0:1if,0:j£,0:4),£(0:1if,0:jf),a(n,3),b(n) ,r(0:1if,0:jf)
IF (bt<.75)bt=1.

kf=MAXO0 (kf,1000)

e=AMAX1(e,1.E-5)

k=0; 10 k=k+1

cycle_1: DO i=0,if; !i-sweep
IF(i==0)CYCLE cycle_1 lib1=1
iml=i-1; ipl=i+1; IF(i==if)ipl=if-2 'ibn=2

FORALL (j=0: j£)
a(j+1,1) = c(i,3,3)
a(j+1,2) = c(i,j,0)*bt !setup coef matrix
a(j+1,3) = c(i,j,4)

b(j+1) = £(i,j)-c(i,j,1)*u(iml,j)-c(i,j,2)*u(ipl,j) & !setup rhs
-(1.-bt)*c(i,j,0)*u(i,j)
ENDFORALL
IF(i<iO)THEN; CALL GAUSSM(a,b,n,jf+1,3,3) !solve linear egs
ELSE; CALL GAUSSM(a,b,n,jf+1,1,1)
ENDIF
FORALL (j=0:jf)u(i,j) = b(j+1)
ENDDO cycle_1
GOTO 11
k=k+1
cycle_2: DO j=0,jf; jml=j-1; jpl=j+1 ! j-sweep
DO i=0,if
IF (i<i0)THEN; IF(j==0)jmi=jf-1; IF(j==3f)jpl=1 libl=ibn=3
ELSE; IF(j==0) jm1=0; IF(j==jf)jpi=jf tib1,ibn=1
ENDIF
a(i+1,1) = c(i,j,1)
a(i+1,2) = c(i,j,0)*bt !setup coef matrix

a(i+1,3) = c(i,j,2)
b(i+1) = £(i,j)-c(i,j,3)*u(i,jml)-c(i,j,4)*u(i,jpl) & !setup rhs
-(1.-bt)*c(i,j,0)*u(d,j)
ENDDO
CALL GAUSSM(a,b,n,if+1,1,2) !solve linear eqgs
FORALL(i=0:if)u(i,j) = b(i+1)
ENDDO cycle_2
11 rmax=0.
DO i=1,if; iml=i-1; ipl=i+1
DO j=0,jf; jmil=j-1; jpil=j+1

IF(i<i0)THEN; IF(j==0)jml=jf-1; IF(j==jf)jpl=1 libl=ibn=3
ELSE; IF(j==0) jm1=0;  IF(j==jf)jpi=jf 1ib1,ibn=1
ENDIF
IF (i==if)ipl=if-2 !ibn=2
r(i,j) = c(i,j,D*u(iml,j)+c(i,j,2)*u(ipl,j) & !compute residuals

+c(i,3,3)*u(i, jml)+c(di,j,4) *u(i,jpl) &

(2.27)
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+c(i,],0)*u(i, j)-£(1,3)

rmax = AMAX1(rmax,ABS(r(i,j))) 'max residual
ENDDO
ENDDO
IF (rmax>e.AND.k<kf) GOTO 10 !decide convergence
END

Pxxx%% Subroutine GAUSSM *kkxx

! Solution of linear eqs with modified tri-diagonal matrix
! based on Gaussian elimination

SUBROUTINE GAUSSM(a,b,nl,n,ibl,ibn)

DIMENSION a(ni1,3),b(nl)

IF (ib1==2) THEN 1ib1=2
a(1,1)=a(1,1)/a(1,2); a(2,3)=a(2,3)-a(2,1)*a(1,1)

ENDIF

DO k=1,n-1
IF(ib1==3.AND.k==n-2)a(k,3)=a(k,3)+a(k,1) 'ibl=ibn=3

bk)=b(k)/a(k,2); a(k,3)=a(k,3)/a(k,2)
b(k+1)=b(k+1)-a(k+1,1)*b(k)
a(k+1,2)=a(k+1,2)-a(k+1,1)*a(k,3)

IF (ibn==2.AND.k==n-2) THEN 'ibn=2
b(n)=b(n)-a(n,3)*b(k); a(n,1)=a(n,1)-a(n,3)*a(k,3)

ENDIF

IF (ib1==3) THEN 'ibl=ibn=3

IF (k<n-2) THEN
a(k,1)=a(k,1)/a(k,2); a(k+1l,1)=-a(k+1,1)*a(k,1)
ENDIF
IF (k>1.AND.k<n-2) THEN
b(n)=b(n)-a(n,3)*b(k); a(n,1)=a(n,1)-a(n,3)*a(k,1)
a(n,3)=-a(n,3)*a(k,3)
ELSEIF (k==n-2) THEN
b(n)=b(n)-a(n,3)*b(k); a(n,l)=a(n,1)-a(n,3)*a(k,3)
ENDIF
ENDIF
ENDDO
b(n)=b(n)/a(n,2)
DO k=n-1,1,-1
b(k)=b(k)-a(k,3)*b(k+1)

IF(ib1==3.AND.k<n-2)b(k)=b(k)-a(k,1)*b(n-1) 'ibl=ibn=3
ENDDO

IF(ib1==2)b(1)=b(1)-a(1,1)*b(3) 'ib1=2
END

O0000000000000O00OO0OO ApIoO100ODOODODOOOODOOOODO (2.27)0 Neumann
000000000000 DoooooOooD GaussMO 000000 GAUsS3s0 000 oooooooo
0100000 GawssOOOOODOODOODODOODDOODOOODOOODODOOOOOOOODODOOOOd
000 iv100000000000ien0000000O0O0O0OOODOOOO =10 Dirichlet 0O 0=20
Neumann 00 0=30000000000000000 Dirichlet 000 ib1=100 0000 Neumann 00O
O ibn=200000000000 ib1=ibn=3000000000000 000 ib1=20ibn=20ib1l=ibn=3
00000000 O0ONesmann OO0 00000000000 OOODOOOOOO

Neumann 000000000000 ib1=200000000000 2.7(a)0 ADIDOOOOOOO1
0000000000000 o0o0ooDoooooDo0ooo0 100oooooooooooOog
0000000000000 k=100000000 100 100000000 eO00DO 40000000
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000 (2270000 30000000000 2000000000000000D0OODOOO0ODOOO
o000 e: 0000000000 a(1,1)000000000DO0 k=20000000000000
oobooocobooboobooooobbboonobl 0 00000000 OOoOOO0ObOOOObOOn
ibn=200000000 a,,--0000000000 k=rn-20 (bh)O0OOODODOO o000 2000
oo000oooo0oooobobfOa,, 000000 a(,3)0000000000000000000O
goboood

bl =2

k=11}

Ea

I

S

|

[\
> o

ibn =2
(a) (b)
0 2.7: GAUSSM O Neumann OO

OO0O00000000000000 ist=ibn=300000000000000C0O0OOCODO0OCOOD k=1
0000000 28(a)J 0000000000 ODOO0OO 100000 000 400000000000
a1 000000 o000 2000000000000000000000a,, 000000000
0a(1,1)00000a2,1,00000 a(2,)0000004=2000(Mb)00000000a;,,100
oooooooboobOddOfa,e00DO0O00OO0DOO 30000000000, ,000000 a(n,3)
00000ays 000000000000 0O0O0O0O0 k=k000(c)000000O0OOODOOOOOOO
00 o000 50000000000k =nr-2000(d)00000000000 a4, 00000
a(n-2,1)0 a(n-2,3)000000000000000000000 a,n—20 00000000000
Oo00d00o0k=n-10 k=np0O0000000000CODOO0OOO0OOODOOOOOOOOOOOLOO
a;n—1 (i=n-3,...,1)0 000000000000000000

OO000DO0O00O0 ApIOO20 000000000000 DOOCDOO0OLaplace00O0O0ODODOO

UgaFUyy =0 (-l<z<1l,0<y<]) (2.28a)
uw(0,y) =y+1,  wu.(0,y)=—1,

u(z, 1) =u(z, 0)+1, wuy(z, 1) =uy(z, 0), (-1<z<0) (2.28b)
u(z, 0) = —z, u(z, 1) =1-= 0<z<1)

0000000000000 A=0.10000000000000000 Newmann OOOOOO
(uif_z,j—6uif_1,j+3uifj+2uif+1,j)/6h:—1.0
goo0o0o0ooooooooobooboooooooooooooo

—0.5uif,27j+4uif,1,j FUGp -1 T Uiy 41 —5.5uifj =0.3
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Ui—1,0tWit1,0F Ui j,—1 U —4up =1

Wi—1,j; FWit1,5; F U5 -1+ uin —duij, = —1
0000000 w;=00000000000000000000000 w(z,y)=y—20000

program MAIN

DIMENSION u(0:20,0:10),c(0:20,0:10,0:4),£(0:20,0:10),a(21,3),b(21),r(0:20,0:10)
DATA u/231%0./,c/231%-4.,231%1.,231%1.,231%1.,231%1./,£/231%0./

DATA i0,il,if,j1,jf,n/10,19,20,9,10,21/,phi,bt,kf,e/1.,0.,1,0./

OPEN (20,FILE=’0UTPUT.DAT’)

FORALL (i=1:i0-1)

£(i,0)=c(i,0,3)*phi; £(i,jf)=-c(i,jf,4)*phi libl=ibn=3
ENDFORALL
FORALL(i=i0:if)
u(i,0)=-.1%(i-i0); £(i,0)=u(i,0) libl=1
c(i,0,0)=1.; c(i1,0,1)=0.; <¢(i,0,2)=0.; c(i1,0,3)=0.; c(i,0,4)=0.
w(i,jf)=1.-.1x(i-i0); £(i,jf)=u(d,jf) tibn=1

c(i,jf,0)=1.; c(i,j£,1)=0.; c(i,j£,2)=0.; c(i,j£,3)=0.; c(i,jf,4)=0.
ENDFORALL
FORALL (j=0: jf)

u(0,j)=1.+.1%j; £(0,j)=u(0,}) libl=1
c(0,3,0)=1.; c(0,3,1)=0.; <(0,j,2)=0.; <(0,j,3)=0.; c(0,j,4)=0.
ENDFORALL

FORALL (j=1:j1)
c(if,j,0)=-5.5; c(if,j,1)=4.; c(if,j,2)=-.5; £(if,j)=.3 !ibn=2

19
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ENDFORALL
CALL ADI0O02(u,c,f,i0,il,if,j1,jf,a,b,n,bt,k,kf,rmax,e)
WRITE(20,’ (I4,F12.6) ’)k,rmax
D0 j=jf,0,-1
WRITE(20,’ (21F8.3)’) (u(i,j),i=0,if)
ENDDO
CLOSE (20)
STOP
END

0000 (2.21)0 Deirichlet 00O DOO0OOOO ADICOIOOODOOOOOODOOOO (228)0 0000
0000 ADIOO20 0000000000 00000000 11x11000 21x110000000 e=10"°
ooooOooooooooopOooOOoOoDO kDOOODOO

Dirichlet O O goooooo oo
8 ADI ADI i-sweep only  j-sweep only
0.75 22 42 417 diverge
0.80 20 44 29 43
1.00 56 152 135 152
1.25 104 286 273 291
1.50 156 422 411 428

ocoooooooooooooooobo 00000 j0000DODOOOODODDOD poOOO
gooooopoooooOoOoOooOoOOoO0OoOoOoOOO0OO0O0OoOoOoooOoOooOooOOO pO00 ADICO
boobobooobobooobooboooobooooog

000000 ADIODOO0ODO0O000ODO00O0OOO nx3000O0O0O0O0O0O0ODOOUOODODODODOO
ooooooooOoobooo0obOOo0ob00obO0o00ObO0o0000 GaussMO0O0ooooooooooog
oooOoopooopoO0oOo0OO0OO0000000oOo00oo0ooooOOo00o0oOoooOOoO00OOADIO
uobobbud oxpnOO000000000O0O0OO0O0OCO0O0O0ODOO0O0O0DOO00000OO00O0O0OOOOOO
obooobOoooooooooooogon

O0000000000D0000 (successive line overrelaxation, SLOR) D0 0000000 O0O0O0O
oo0oooo00ooo0oooo0ooo0ooooOo0oooooOooooo0oooooon

O000000000000000000000000 FORTRAN 95/900 compiled error O warning
oo00ooo0ooboO0o0ooo0oo0ooO0o0o00o0oboO0000b000000b0O0000000000O000O0O0
oooooooooooooOoooOooOoO0ooOoooooon



