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3000000000000 000000000000000000000000000000000000000000000

0«“000”00000000000000000000O0000MO0oO0oOOoO0000oo0OO0
4000000000000000000000000000000000000000000000000000000000

goooooo
S0000000000000000000000000000000000000 0000000000000000000O0

go0o0o0oooOooO0o0o0oooooooon
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by = 5.02— (—0.0333) x 0.40

= 5.0240.01332 ()
~ 5.0333 (%)
~ 5.03

000000000 O00U00O00000000000000000oo00DUoO0oUooooooo
gboooboooboobobobbooboobobooboon

1.00 —1.00 0.00 T 0.00
0.00 —0.60 1.00 x| =] 0.40 (2.33)
0.00  0.00 5.03 T3 5.03

goobobooobobboobooboobooboobobo

gooooob rLugooooooooo

gooooob rLvboooooboooobobooobooboobooboobooboobooobobooboboooo
gooooooboboobobobboooboobbobboooboobbooboboobbooobbo
gooooooooboobooooboboooooooooooooboooboboDb0 “bob-0Doboboo
0000 (0O00o0o0)y 0000000000000 0000o0U00o0o00o000oDO00DooO0ooooo
gbogobooobobboobboobboobbobbooboo
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23 00OO0O0OOO

ocoooooooOoOoOoOOLUO0000000000000000000000O0O0O0O0DOO0O
0000000 A0D0DOOO0O0DO (SPD:Symmetric Positive Definite) 0 00000 O0LUOOOOO
oo

A = LI, L:00000 (2.34)

0000000000000000000 LO0O00000000000000 (Cholesky method) OO
0000000000 LY0000 LO00000000000

goooooooooboooboboooboobooboooooboo Lopboobobobobooooboo Looo
goooboobbooobooboobooboobooboboo
gbobooboobobobooboibeLLOOnbOO

(z,Az) >0 (2.35)

000000000000 (positive definite matrix) 00000000 (x,y) D 02x0y000000O0

googoboo1
000A0O000 e,;0L0000L,;000000 (2.34)0

ain @12 Q13 v Qln i1 lin oy ls1 -+ laa
a21 Q22 Q23 -+ QA2p lo1 oo O log I3z~ o
as1 az2 asz - G3n | = | Is1 s 33 I3z - n3 (2.36)
anl Ap2 Gp3 **° Qnn i ln2 lng -+ lpn lnn

0000000000 AODOO0OO0O0O0O00Oa; =a;; 0000
0000((236)00000000000000
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gi1iooooan g3b00booan

ailr = l_1 X l_1 (a3 = I xI31)
a1 = 12_1 x 11 (a23 = l21 X I31 + l2g X I32)
a1 = 31 Xy azz3 = 31 X131 +132 X I32 + 33 X I33
an1 = lp1 X1y a3 = lp1 X314+ lpo X l32 4 ln3 X l33
O2000000 ooooooood
ooooooood
(012 =l xlz) 0Dn000000
azz = la1 X log +1lag X log
(a1 = i1 Xln1)
azz = 31 X lo1 + 132 X l22
(azn = l21 X lp1 + 122 X ln2)
(azn = 31 X ln1 + 132 X lna + I33 X 1y3)
a2 = lp1 X lo1 + Il X 122 ) )
o ‘0D0D0D0D0oO)
nn = lpt Xlp1 Flpa X lpa 4+ -+ lpn X lan

0000a; =a; 000 (000000000000 0O00O0O0O0O0DOOOO0OOOOOOOOOOOO
good
0000000000000 o0o000o()0Dooooooooon

min(%,5)

S oliwle = ay,  (i>)) (2.37)
k=1
000000000000 ADODODOOODDD0000000000000000()0000000
J
S il = ai (2.38)
k=1

0000000000L0000000000000000000000O0O0O00((238) 00000

j j-1
7 7&.] aoo DZ likljk = Qj 0o Dlijl]’j + Zl’ikljk = aijlil aoo
k=1 k=1
1 =
L = ff&“_E:WQQ’ j=1,2,--i—1(i>}) (2.39)
77 k=1
i i—1
iszDD@Smm = %[Mnm+§yﬁ:mmmmm
k=1 k=1

i=1,2,-.n (2.40)

ly =
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ooooooooodo
0000000000000 00000000ooon
Az = b— LLTz=0b
Ly =b,
LTz =1y
0000000000000 0000LUOoooooOo
00000000000000000000000000000000000000000000000

0000000000000 00007T0000000000000D0000000O00O0000000OO0
gboooboooboobboobobooboobooboboobooboboobooboo

gooooo 2
0000000000000000000000000000000000000 (modified Cholesky
method) 000 0000O00O0O0O%DO

L = Ldiag(ly), (i=1,2,---,n) (2.41)

IZIIZIIZIEIIZIIZIEIEIEII:IElElDdiag(lii)lil|:|l11,122,"~,lnnDDDDDDDDDDDDDDDDE/DDDDD
goooboooboobboowmoboooboooboao

A = LLT:idlag(l“)dlag(l“)iT
= [Ldiag(i3)L" = LDLY (2.42)

0000DOOOOOOODO00ONODOOOOGOLO0O0D L, 0003=1000000000

j
Zlikdkljk = a; 00O
k=1
j—1
lij = (aij - Zlikdkljk> /d;, J=12i=1(>j) (2.43)
k=1
’L. ~ ~ o~
Lipdplie = ay OO0
k=1
di = ai— Y lndk, i=1,2,---,n (2.44)
k=1

gboooboooboobbooboobooboobooboooooboo

Az = b— LDLz=0b

6 ADD0D0DO0D0ODOOOO0ODOOOOO a;; >000000 (2.35)[IEIEI[IEI 0000000000 OOOOOOOOOOOO0
DDDDD(2.4O)[I[IEIZZ-Z-DDDDDDDDDDDDDDDDDDD l;; 000000000000 O0OD0OOO0OOO0O0OOOOOOOO0O
00000000000 00000000O000O0000O000O0000O00oO0oO000oO0OooOO0bOO0O0O00DO00oDOoOoobOoOooOooOoOon
00000000000 00000000O000O0000O000oO000o0O00o0oO00D0oO0O00oO0oO0oO0ooOoO0ooOOoOoobOOoOooOooOoOon
OO000O0000O00o0oO0o00o0o00ooOoooooooa

T 000000000000000000000000000000000000000000

s oo« 0000000” 0000000000000
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Ly=b
DLTx =y
goboooobbobooooobooobobooooa
gooooao
1—1~
Yi = bi_zlikyka i:172,"'7na
k=1
gooooao

n
. 3 _
T = d; yi— E lizg, t=nn—1,---1
k—it1

O0oo0oo:22(00000000)

(2.45)

(2.46)

Az=0000000000000000020000000.
/000000 */
fori=1,2,---.n

for j=1,2,---,i—1
w; = ag; — >4y wiljk
lij = wyd; '
end
di = aii — Y5y wilik
end
/000000 */
/0000 */
fori=1,2,---.n
Yi = by — 2;11 LinYi
end
/0000 */

fori=nn—-1,---,1

b
« n -
Ti = di Yi — Zk:i—H iz

end

gooooo 3
gooooo

L = Ldiag(l;"), (i=1,2,---,n)

(2.47)

gbooooobobboboooooooboboooboobooboboobobobobobbooon
0000000 (CGo)0U0000U000O00U0ooo00UoO00DUooo00oUoooooooon
gboooboooboobooboobooboboboobobooboobooboobooboboo
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0 (247)0000

0000DO0OO0D0OO0¢;0LO0000

gooobooooon

j — PR
Z ikdilin =
k=1

goooooooon
gboogoboooboobobooboo

= LL" = Ldiag(l;;")diag(;;")L"
= Ldiag(l;;*)L" = LDL"

;000

%7 oo
Jj—1

aij_zlikdkljka j=1,2,---,i—1(i>})
k=1

(0771 oo
i—1

Qi3 — P&, d7.:7, 7;:172,...771

1T kzﬂ ikWk Q l,L

gboooobooooo

Az = b— LDLTz=0b
Ly=2b

DIz =y

(2.48)

(2.49)

(2.50)

(2.51)

0000000000000 00000000000000 (O0000 2000000000000

00)o
ocooooo
Yi
ocooooo

Ty

i—1
(bz_zl’tkyk> d’ia i:172,"'7na
k=1

n
yi_<zlkixk>dia i:n7n_17"'a1

k=i+1

(2.52)

(2.53)

000000000000000000 (CGo)000O00U000O00U0000oO0ooDUoooOooUOn

gbooobooobooboab

gboogoboooboobboobod
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oOo0o0oooO00o0onD Aoogooooo1,23000000000

2 -1 0
A= | 1 2 -1 (2.54)
0 -1 2
e 00DDODOOO1
A = LLT
e 01[vz 2
_ (2.55)

coooooOool1ocogoooOooooogoooooogoo«CbooorgoooooooboOooon

googobooan

1=1 1112\/6111:\/5
. 1 -1
1=2 l21_l_a21:_
l22—\/a22—121—\/ - = \/>
1 =3 l31— a31—0
li1
1 2 2
lso = — (a32 — l31lo1) = \/7 -1-0 _—\/j
laa
l33 = y/azs — 31+132 2 — 0+ \/>
e OOOOONO 2
A = LDLT
1 0 2 0 1 -3 0
_ 1 3 2
= |-z 1 2 L -3

0 3 0 1

2
0 -2 1

00000000 200000 LO0O0O0O0O0 1000000000000

googobooon

1 =1 &11=a11=2

=2

. N 1
d2=(l22—l31d1=2—1><2=

-1

l21 = =—a91 = —/—

dy 2
3
2
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i=3iﬁ=i%pﬁ
dq
32 = d% (a32 - i31CZ1i21) = % (-1-0) = —%
d3—a33—(l31d1+l32d2): —(O—I—%x;>:§
e JUOODOO 3
A = LDL"
2 0 o 0 2 -1 0
- ‘ 3 3 (2.57)
+ 110 3 0 4
00000000300000 LO00D0000000 DO00O0ooooo 1DDD(L¢CE=1)DDD

gooooo
googobooon

=1
=2
1 =3

24 0O0O0O0OO

0000000 Az =b0
gooooooooooon
goog

1)Azc:b|:||:||:||:||:||:||:|

2)

3) Ae=r 0000000

1) e

hi=a;; =2
1 1

1:E:§

lo1 = ag = —1
loo = agy — l3yd1 =2 — (=1)* x

1 2

s 3

I31 =a31 =0

N =
N W

dy =

I3z = agy — ls1dily = —1

7. 7 < 2

l33 = az3z — (lgldl + deg) =2 {0 + (—1)2 X g}
1

d:,
° 7 s

3
4

OLU0OOD (000000)000000000000000000D0O000
0000000000 0000D000 (iterative improvement method)

ooooooob 0000

OO0r=b—-Az0000000O000OO

ODedd0O0O0000z+eb000O0DOOO

O0o0o0oo0o0ooOoUooooUDD z«—2+e0002)0000000000O0O
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030 000(@OOooDOooooobOono)ooo

goooobood

Ax =b (3.1)

oooooooOo0oooogoOopoob0 z0000 cO000O0O0OOQOO0ODODOODOOODOOODOOODOOO
00000000000000000000000000000000 (z—2) 00000000000
O00000000000000000000 (vectornorm) 0000000000000 O0ODOODOOO
0000000000000000000000000000000000000000 (matrix norm) O
gboobooooobooobobobobobobobobobooobobobobobobboooooaon
gooooo

oo0doo0On0OOO00O00xzO0nDOOO0OO0O0 A,BOOODOOODOOO

3.1

0000000 (ooon)

1) ooooooo o

O00000000000000 0000000000000 O|x|000000O0O0O0O0OO0ODO

(1) |z| > 00z=0000000 ||| =00
(2) |lex|| = |al|x|, («: OO0DO)O
@) lz+yll < ll=l+[lyll&

gboboobooboboobbooboobooboobobooboooboo

go-oood
n
el = 3l
k=1
go-ooog
n
el = || Y lonl (= V(@)
k=1
Uoo-donong

lzlloo = max |z

gobooboboo-0bo0obooobobobbooooobobboec-bbbOOb0ODDbDOOOOnDO
goo
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2) 00000 O

1) |4 > 00 A=0(0:000)000000 |A]| =00

2) [laAll = lalllAll, («: DOOD)O

3) A+ Bl < [lA] +[B|0

(1)
(2)
(3)
4) [AB] < [lA[lB]O

gbobooboobboobooboboobooboobobobooboobo
gbo-googn

n
JAll; =max ) e/ 000000 :00000000000000000000
J

i=1

go-good

(| All2 VATAOOOOOO,000000

|Al. = ADDOOOODOOOO,0A0000000000000

0 co-0000
n
|Allo =max ) la;; 000000 :00000000000000000000
K3 ]=1
00000-000000000000000000000

gooobooboobbooboboobooboobobooboo

(5) Azl < [Allf=[B
3y 0000000 (D00DbO0DbOO0O0O0O) o

gbooooobgobboobobboboooboooobobooboboobooooooobon
0000000000000000000000'0000000000000000000O000O0
googoboobo

000000000000 |0, 000000000 0000
mlz|a < [z, < Mlz|q (3.2)

goooooooobomOMODOODOOOODOO

[z]oo < [lll2 < vl oo,

2]l < llzll: < nlz|

l0ooo00000000000000000000
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gooobooboobo

Doooooooo 4|04, 000000000 AODDOOO
m||Alla < [|Alls < M|[Alla (3.3)
00000000000 mOMOOOODOO00000

[Allee < 1All2 < V| Alloo,
[All2 < |4l < V| All2

gooobooboobo

3.2 OOO0O0OO0

000@B.1)I0ODD0O0o0o0o0oo0oo0o000 Az=600000 0000000000000 OOO
o0 gz0O0000OO0OCOOOOOOOOOODODODOOODOOOODDOOOOODODOO z2#2
googobooan

e = T—x (3.4)

000 (error) 0000000000000 0O00O0O0D k00000000 O0O0O0O0OOOOOOOOO
O02x0000000000000 (relative error) 000000000000

e (3.5)

goooooooobooooooobooooooobooooooooooooooonoobooog
(3.6)

goooobooooboo
gboobbo0«c0000000O00OO0DOOOODLODOODOOOO0OO0ODOOOO0O0ODbObODbLOn
googoboooboobobooboob.oobobooboo

r = b- A& (3.7)

000 (residua) 0000000000000

gbogobooooooobooooboboboboboboboooobooboobobobobobon
gbooooboooboobboobboobobooboboobbooboooboooboobbooboo
gboooobood

[b— Az||

1Bl 38)

good
gboooboobobboobboobbo20booboobooboo
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3.3 000 (000000ooo0o0ooooooooOoooooO)

0000000 (3.1) 00000000000 0o00ouA0O0UOOOOOOOOObLOOOOOOODO
00000000 AODOOOOOODOOOOO0O0 z2+A2z000000000000000O00 “0O0O
00”00000000000 A(00D0)0O0O0Dooooooooo

A(x + Ax) = b+ Ab (3.9)
00000 (3.1),3.9) 00
Ax = A7 (Ab)
god,bboboboooood
[Az| < [|A7*] - [|Ab]] (3.10)

000000000000 (5)0000000000 (3.1)00000000000
[A]l - llz]l = o] (3.11)

0000(3.10),(3.11) 000000

[Az| _
[l

40|
o]
O000|Al- A~ 000000 ADDOODO (condition number) 000000000000 cond(A) O
0000000000000 000000000000Ocond,(A)00000000000O00OOp-O
0000000000044 '=7000

|
< 1Al AT S

(3.12)

cond(A) = [|A] - A7 > 1 (3.13)
ooo.
(3.12)0 (3.9000000000000 ”ﬁfﬁ“ nooo BEloopoooooooooDo00Od

0000(3.12) 0000000000000 (00000000000 0)0o0D0o00oooUooOooooo
oooo0OooO0o0ooooooOoooooOoooooobD AdOoo s, AbODODOODOOOO
go,0b0oobooboobooboboo
[AY]

[Az| _ [|AY]
= < cond(A4) (3.14)
(el o] o]l

0000 «0000000@O cond(A) 000000000 O0O000O0O cond(4A)0D0OO0OOOOOODO
gbooboooboboboooooooobobobobooooboobooboboboboboooon
gbobooooooobooboboooooooooobobobobobooooobboobooooooon
googoooooboooobg.

0000 A0 AADDDODOODOODOOOD Az 000DOOOOOOO

(A+ AA)(x+ Ax) =b (3.15)
gooooood
_lA=| 1 1A4]]
A™ 1
Tz + Az] = < Al 1A= S A (3.16)
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00000000000000
cond(4) = [|A] - [A7Y|

gbooobooobooboo

00
0000000000000
000000000
7.6x1+93x2 = 7.6
(3.17)
3.1x1+3.8c5 = 3.1
0000000000000
7.6.131—9.331‘2 = 76
(3.18)
3.1x1+3.8c5 = 3.1
00100 3000000000000000000000000000000
x = [x1, z2)" =[1.0, 0.0]7 (3.19)
oooo
0000000000000000000
Ab = (0.0, 0.01)7 (3.20)
000000000000000000000
e 00D0DO0DDOOD (317)0000000000000000O0O0DO0OOOO
3.1
= = = 0407
et 7.6
a) = 38-(0407x9.3) = 38—3.78 = 0.02
b = 3.1-(0407x7.6) = 3.1-3.09 = 0.01
0000000000000000000000000000
76 9.3 1 7.6
= (3.21)
0.0 0.02 | | 2 0.01
00000000000000000 (& = (&, £7)
0.01
T = _— = . 22
io oop = 0 (3.22)
b = D (T6-9.3xds) = —= (7.6 —4.65)
R TS A
2.95
= =2 — 0.388 3.23
7.6 (3:23)
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000000000 (3199 0000000000000000000000000OOO0O0
gbooboooooobooboooobbooboboboboboboobooooooooooobooboooon

gooo

e 10J00ODODDOOOD (320000000000 DOOOODOO

7.6
(3.24)
3.11
0000D0000000000
76 9.3 1 7.6
= (3.25)
0.0 0.02 o 0.02
00000000000000000
$p=1.00, & = —0.223 (3.26)

00000000000 (3.22)(3.23) 00 0000000000000 0UOUOOOOOOOOOOOOD
googobooobooboboboobooboobobooboobooboobooboo
e J000I0DOUDODUDODO (3.18)J00UD0ODUDOODOOODUDOODODOOOUOOOD

oo mo1 oo
a1 3.1

= — = — = 0.407
ma ail 7.6
gooooooooooogog
7.6 —9.3 1 7.6
= (3.27)
0.0 7.58 T9 0.01
00000000000000000 (&= [21, £2)7)
0.01
T = —— = 0.00131 3.28
2 7.58 (3.28)
1
b= {76 (-93) x 22} = 1.00 (3.29)
DDDDDDDDD(3.19)|:||:|ElElElElElElDDDDDDDDDDDDDDDDDDDDDDDD
° DDDDDDDDDD(S.ZO)DDDDDDDDDDDDDD
gooooooooo
7.6 —9.3 1 7.6
= (3.30)
0.0 7.58 T9 0.02
goooooooooooooooo
Zo = 0.00263, 1 =1.00 (3.31)

00000000000 (3.28)(3.29) 0000000 O0OUOOOOOD
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40 UOOoO0UOLOO0OUObOOoObboubobogbood

HEN

gbobogoooobobobobobobooooooooooboobobbboobooboooooon
gbooooboooboobboooboboobooboboobooobooobooboboobobobooboo
gooobooooon

4.1

Joboooboood

gbooooobooboooooroobooboooboooboooboog

0000000000M000000 41(0)00000001700000 mO nO
gboooobooogoboboobobooboboboboooboooobobooan
0000000000000 0000 0000000000 w(z)D0000O0ODO

041: 00000000 (0)0000000 (@).

gboooboooboboboobooboobooboboobobobooboon

goooboooboobooobooboobo

4.1.1

gobooood

0D41(0)000000000000000»+100000000000000 AO0O0h=1/(n+1)
000000 000000002=¢h0000000000:i0000 «00 w(ih)0 «O0000f00
00 ;0000
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(L7)

28

goobooboboobbobboobobbooboon

0= 1+uf = T+up hOHOQHO\;

Oooooooooort“osgnn

0000000000000 000000000000000000000000oOOOTI+ugo="1*

(9%)

0000000004 -=% 00001 0000000000000000000

.s.\.mﬁ = I+n — ng + T—*n—

o = QT_§|_§|A§|1_§¥%|

0o(y) ooooo: 000000000y o(Eey) oooo
0000000000000000000%+:0¢- 0000000000

u H Cap
n — I+ 3\|Nu

Y £ ap
T—='n — 'n np

g = Alﬁv-Alﬁv u]
np np T

Doooo: 0000 (y) oooDooooo0$+:0é¢—r000000000

Q

Q

googobooon

@@ - @
np np) (1 7 \ngp
_H__H__H__H__H__H__H__H__H__H__H__H__H__H__H__H__H_.s_H__H__H__H__H__H_mn,..s_H_ml.s_u__u__u__u__u__u__u__u__u_m.ﬁ_u_

‘oooogoorgey O

Cfr+ -
® ® | @ ®
T+! ! T-1

[<]




4.1.2 OD0O0OOO0OOoOOOOO0O0

060000000 (:=1,2,3,---,n) 0000000000DOOO0DOOOOODOOOOOOOOO
gobooboobooboboobdd »0O

T
u = (Ul,UQ,Ug,"',Un_l,Un)

OO0000OoO000o0O0OD Au=0b00

2 -1 Uq h2f1 + go
-1 2 -1 () U h2 fo
-1 2 -1 U3 h? f3
= (4.8)
O -1 2 -1 Up—1 h2fn—1
L -1 2 1 | Un | L h2fn+gn+1 |

gooobooooon

4.2 O0O0O0OOOOOO

0000000000mM0O00000 1000000000000000000 (O
0QU0O0000)0000000w(x,y) DOOOODO 2000000000

0 ou 0 ou
I (—k)a) + 8_y (—k?a_y> =f (4.9)

00000000 (z=0,2=1,y=0,y=1)0

uw(z,y) = g(z,y) ¢OO000000D00D0O0D0O000000000 (4.10)

00000 w(z,y)DOOO'O

gbooboooooooobooboboboboooobobobooobobobboobbooboboon
coooooO0oooOoO0OooOoOooo0ogOoooO0OoooO0OooDOooooOodDOOoO0 kObDOoOoDooo
gooooooqQUOOOoO0O00oOOoOoO0O0oDOOO0O0O0O0DOO0O0O0ODOOO00UOOOODOOoDOODOOn
gboooboooboobobooboboobobooboon

goboooooboob1boooobooboobobobooooooooooooob0 mmbOOooOOoDboOooDo
gooooOoOoOoOoOOOOOOOOOOOOIDOOODODO0O0O00000000O00OO0OoOoOOoOoOg

gooboooooboobooooobood
1DDDDDDDD2DDDDDDQ:(O,l)x(0,1)DDDDDDDDDDDDDDDDDDDDD
—-Au = f in Q,
u = g on 09

DDDDDDDDDDDA:(%(—kg—g)-f—(%(—kg—“;) O000z,y0000000000 u(z,y), f(=,y),9(zx,y), k(z,y) OO

00w, f,¢9,k00000000000¢00000000000
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4.2.1 0000000

00 Q0 2y 0000000 (m+1)0000000000000000000 (QO0O000)kO
h=1/(m+1) 0000000000000z =ih,y=5h0000 (4,§) 0000 w00 u(ih,jh) O uy
00000000000 (410)0000000000000000Q0000000000000000
000430 m=3000000000

043 m=300000.

0000000000000 D000 (FDM: finite difference method) DO D OO OO (4.9)0 50000
0 (z,y00O0O0DODOD0D0O0O0OO0O0O0OD2z000 £10y000 4100000000 50000)00000

good
£ () HO8) (48)
or or ij h or i+1/2.5 or i—1/2.

000 (000=000000000)00000

8u> Ui1,5 — Usy
e N iy, i (4.12)
( o i+1/2,5 ’ ! h
ou Wi — Wi—1 i
—k— =k LT 4.13
( 8x>i_1/27j i—1/2,j h ( )
0002000000 (411)0000000
[0 ou\ | 1
£ (—"?%> ; N {=Fivry2guitiy+ (Fisryzg + kiciag) wig — ki1j2juwio1,5} (4.14)
ddddybbooooobobbboo
[0 ou\ ] 1
B (_k8_y> ; ~ e {=Fkijr1youijer + (Kijiy2 + kij—12) wij — kij—1/2uij-1} (4.15)

204300004+ 1/204—1/20000000000000 (411)00000:00000000000000000000
0000 00 (y0OO)ODODOOOOODOODO
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00000000000 (4,) 00000000 (u0OD0O0O0DO00O000000000)O

— kij-1/2Uij—1 — ki—1/2,jui-1

+ (kiv125 + kicijey + kijrie + kij—1/2) uij

— kigrj2gtivng — Kijpjeuigen = Wi (4.16)

gooooooboo
kij = k(ih, jh), (4.17)
fij = f(ih, jh) (4.18)

0000000000000000000 k=1(00)00000000000 (,7) 00000000
~Ui g1 = Uim1g + AU — i1y — i1 = Wi (4.19)

gbooO.y00b0o00boooboon

4.2.2 00000O0O0O0O0O0OOOO
0419 00000000000000000000O0000000000O0O00O00 » O
u = (U11;U21;'",Um1;U12;U22;"',Um2;'",Ulm;UQm;"'aumm>T (420)
gooooooooooon
Au = b (4.21)

O000000000m=300000000 A(9x900)00000000 b (RHS: right hand side
vectorD900OO00) 00O

4 -1 -1 b2 fi1 + g10 + go1
-1 4 -1 -1 O h? fa1 + g20

-1 4 -1 h? f31 + g30 + ga1
-1 4 -1 -1 h? f12 + goz

A = 1 1 4 -1 1 . b= h2fo (4.22)

-1 -1 4 -1 h? faa + gaz

-1 4 -1 h? fiz + gos + 914
0 —1 -1 4 -1 h? faz + goa

I -1 -1 4 ] I h? f33 + gaz + g34 |

gbooobooooboooboobboobooboboobbooboboooboobobooboobbon
gooo
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Uiz  U23  U33 7 T8 X9

U2 U2 U32 - T4 Ts e

Ur U221 U31 r1 T2 I3

U044: w0 00000000.

000000000 w(ih,jh) 000000000 wO0Omxm=n(ni00000000)00000
gbooobooboobooooboon

x = (x1,T2, -, 2,7 (4.23)
gogog
Az = b (4.24)

0000000000000 000000000000000 AD00O0 (regular, nonsingular) 0 n 00O
OO00o0Oo0o00b0 «t0Q000OO0DOOCObBOnOODOOODOOO

obooooobb 430000« 000 c00000D440000000000000000O0DOODO
00000000000 (natural ordering)0000000000O00O000 (dictionaly ordering) 0 0O
gooon

4.3 U0O0O0O0OO0OOOOOOO

0000 ADO0O0DOO00OoOO0OoOoOoD ooOoDUooOmOOOOO0OOOOOODODOOODOODODOODOODO
O000000000D00000 0000000000 (sparse matrix) 000000000000 O000O0O
0000000 (dense matrix) 0O O0OO0O

00049 0000000000000000000000000000000O00UD k000000
00o0oooooDooooog Aogooooo

00oo0o0oooo0oooo0oooo0oooooo0oooo0oon A=(a;)00000
a; >00a;; <0 (j#4) 00000 A-'0000000000000000000000003% 0000
goboboobooobobooooobbobbbooobboob bbb booo
gogogoobobbbooobobbbbobooood

30000000000000000000000000M 00 (M-matrix) 0000000000000000000000O
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50 Uouun

LUOD (000000)000000000000000000000000000000000000
(robust) 0000000000 2300000 (O(»3)000)00 0100000000000 10000
0000000 100000000 16000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000 (sparse matrix) 00000000000
00000000000000000000000000

5.1 DUOOOooon

OOo0o0ooOoOoooooooooOooooo AQgOooo
Az = b (5.1)

god
1
f(@) = 5 (@, Az) ~ (2,) (52)
00000000000000000000000000000000 (Conjugate Gradient method; CG

0)oooocGoooooooooo :I:(O)DDDEIDDf(:I:)DDDDDD 0000000000

goooood

0000000 Aze=b(A:nxn00000000x,b: n00000)00000000O0O0OO0ODO
O000for0 end 000000 (atmost) n 0000000 00000

1000 o, 0 pMH 000000 0OD0 AO00DO0O0O0O0O0OODOOOO0OODON 00000 pO0000O00OOOODOOO
00000000000000000000000000000000000000000000000000000000000
2kt — () 4 ,p(®) 000D ADDO0O0DO0DO0O0DO0C0O00 2™ 0 qp® 000000 «*+) 00000000000
0Oo0DO0O0000O0oDoOoOoooooooooooooes®p® oooooooooon
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20 . oooooo, O =p— A2 |

p© — 7
for k=01,---n—1
(p™), r*)
Ck ®_Apk))’
(ptk), Ap(R))
2D = ) g pk)
P ) g Ap®),
- (D, 4p)
* (pt), Ap®)) 7
pHD  — pht) g k)
end

dooooooooooooo -Hooooooooooooon p®oo

Dooo (¢@rWy=0, (i#7) (5.3)

Dooo (p@, ApYW) =0, (i #3) (5.4)

googd
0000000000000 0 2000000 f(x)0000000DO0O0OOOO

5.2 DUOOOOOOO

coooooOo0opoooO0Oopoooo0OoooOoO0OooDoO00DoOooDO0OoOooOOoOOoD AOOooOo
googobooobooboboobboobboobbobbooboo

5.2.1 0U000OOOOO0OO0OO0ObOOOOoOObObObOOOoOn

00000000000 p@,pM ... p-) 000000RO000000000 Az=5b0000
00000000000000000000000000000000 «900000000000000
Az=b00000000000000000000000000000

r = 20 4 aop(o) + alp(l) 4t an—1p("_1) (5.5)

ooooooooooooodop®(k =0,1,---,n—1)000000000000000000OO0
p®(k=0,1,---n—1) 00000000000

(Y, ApY) =0, (i # ) (5.6)
000000000000 00000000000000
Op 0 pl) 000D ADDDDDDODODODODOOOOOoOOOOO

00000000000000 A00DOOO (conjugate) 000 000000ADOOOOODOOOO
OO00o0oooonDAOODADOODOOOOO
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5.2.2 UJUO0OO0OODOOOOOOO

0000000 (k+1)0000000000000 %Y 000«® 0000000000000 pt)
ooo
2+ = ) 4 g, p®) (5.7)

00000000000 k000000000000 «»o00000oog
rE) —p_ Ap® (5.8)

oooo
0ooo(.7)0 (5.2)0000000

f(ar:(’““)) (w(’“) + akp(’“))

f
gﬁm+awwyﬂﬁm+aﬂﬂg%4¢m+aﬂw%w

— %(@ﬂm,Amwg_%aamw%prg_%adpw%Awwg_%aﬂpw%prg)_(mwy+a“;m,w
= %(m(’“),Am(’“)) _ (a:(’“), b) + ak(p(’“), A:c(k)) + %ai(p(’“),Ap(’“)) _ ak(p(’“), b)

= @)~ r(@®,b— A2®) + Lo (p), 4p®)

= @) —ax(p®,r®) + Zad(p®, 4p®) (59)

Oo0o. (590 00000000 DOOO0OO

(k) (k)
gooooo.oooo pth g

pE+D) — pO41) o g () (5.11)
0000000200000

p@ = O (5.12)
0ooo0Bo00ptth o ApW 000000 0ADDOODODOOOOODODOOOD
(p*+D, Ap®) = (T(k+1) + Bep™®, Ap™*))

= (0, 4p®) 4 (p®), Ap®) = 0 (513)
ooo

Bre ::__Effffibgészll (5.14)

(p®, Ap(®)

oog.

2po000 k) 0000000000000 D000000000p® =»(*) OO00D0O000O00O0O0DO0OO0O0O0CGOOOO
000000000O0CGoO0 p® 0000 ADDOODOOODOODOOOOO (5.11)00000
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000000 ADDO0O0DOOODOOO0O0ODO0O0O00000000 (5.8)00 Az 000000
0000 Ap®™ 000D0(GS) 0000D00Ap®M D000 0D00DO0DOODNDOONDOONDOOOD

gboooboooboobod
P p_ AgED

= b—Az™ —apAp®) 00 (5.7)

— 0 _ g Ap®)

opDooooooooo &Y ooo0oo0 (515 00000+ 0000000000

gbooobooobobboobooboobooboobooboo

5.2.3 UU00OOOOOOOO

O000i#£;0000

(,r,(i),,’,(j)) = 0, (D oo )7
(p,4pY)) = o0, (COD)

gbooobooboooboo

(5.15)

(5.16)
(5.17)

00000000000000004#£j0004<k0 j<k00000 (5.16)0 (b.17)O0OO0O0OO

OO00ooooOoobD:i=k+10;<k00000

(r(’““),r(j)) =0

O
(p(k+1),Ap(j)) -0
oooooooooooooo
e JOODODOODOODO (5.18)0D00
i)j<kOODO
(rHD )y = () p(kHD))y
= (r9), ) —a,Ap*)
= —ap(r?, Ap®)) 00 (5.16) 000
= —ar(p? - B;_1p Y, Ap*)) 00 (5.11)
=0 oo (517000
i)j=k000
(pHD) pR)y - = (r(’“),r(’“)) —ag(r®, Ap™)

= (™ r®) —a(p®™ — Br_1p*D, 4p™) OO (5.11)
= (r® p®)) — qy(p®, ApH)) 00 (17000
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(5.19)



— (r(’“),r(’“)) — (p(k),r(k))

= BV, r®) 0o (5.11)
= —Ba@E® Y, rEY —ay AptTY)

= 0

000000 (5.18)0000000 (5.16)000000
e 00000OOOO (519000

i)j<kDOOO
(P*, 4pD) = (D 4 gp™), AplD)
= (rtD, ApL)) 00 (517)000
1 ) )
— ;(r(’“‘l),rm _ r(]+1)) 00 (5.15)
J
=0 0 E®oooo) 00 (5.16)
i)j=k000
"D, 4p") = (™D, Ap™) + 5 (p™), Ap™)

= (@®D Ap®)y — (kD Ap®)y OO (5.14)
= 0
000000 (51990000000 (5.17) 000000

gboogsi1boobobooboobooboobooboboo
gboogsi1bgobobooboobooboobooboboobooboo

(p®), r®)) = (p®) pk)), (5.20)
(p(k),Ap(k)) _ (r(k),Ap(k)) (5.21)
00000000000000 (5.2000 (5.10)0 p DO O OOO
INCGORSC)
T (p®), Ap®) 022

00000000 (5.21)0 (5.14)0 4,000000000 (5.15)00000(5.18) 0000000 (rk+D) ¢k)) =
ooooooo

(p (D) p(k+1))

B = BCCREON (5.23)

000000000000000000
000000000000000000 k+10000000000(@®,»")000000 A0000
O0000000000D0000000000000 (5.14)0000000000000
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O000ooO0ooCcGoOO0UOoOoOooUoOo (ouooon 5.1)0

OO0o0ooo:51(00000)

0000000 ADDDOODOOODOOOD Az=b0CGOOOO.
000000 9000 (CoOO0O0D002z® =0)

rO —b— Az©®,  pO) = (0
for k=0,1, -
(r (k) (k)
o= T )
(pt), Ap())

D = 2(0) 4 g, p®

pE+D) = p(8) g Aph)

oooo

b — (p(k+D) (k1))
(r®), (k)

p+D) = pl+1) 4 g (k)

end

000000000000000000000000000000000000000000000
oooooo«®»00000000000000000000000 nO00000¢®=000000
0000 CGUO0O00000O0-,00000000000000000000000000O0O0O0000
00000000000000000000000

00000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000

4] \

iiaing ooo, 5.2

For < (5-24)
r® = bp— Az

00000000000000000000000000000000 ||+*Y|000002-00000
000000000 /(¢ +¢6+))00000000000000000000 5100 400000
000000000000000000000000000

53 0000000000 (PCGOD)

00000000000 ADDOO b0000000000,00000 Az=b0000000000
0000000000000000000000000000000000 (preconditioning) 000 . 00
000 (preconditioner) 000 ADDODODODOD K(K~A)DODOOD,K 'Az=K 'p0000,K A
O0D000000000000000000000000K=A000000000000

O0D0000000D00KOOOOODOODOO0O00O0 K'AODODODOOODOOOOOOO AQD
O00000000000000000 K=LL"000000000000L~*AL-T00000000
ooo.
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00000000 K=LLY00000000000 LO00000000000000 (51)0
(LT'ALTT) (L"x) = (L7'b) (5.25)
000000000000000000000000
Az = b, (5.26)
A = L7'AL", z=L"z, b=L""b (5.27)

0000000000 (5.260)000000000000000OOOO0O0OOUOOOOODOOOOOOOOO
0 (Preconditioned Conjugate Gradient method; PCG U )OO OO
0 (200o0o00ooo0ooooooon

F = b—AZ (=L 'r) (5.28)
0000000000000A0O0D0O0DOOOOOO0OOO
p = L'p (5.29)

good
gbooobooboboobooboobooboobobbobos2bbO0bOoOonon

OO0o0o0o0O:52(000000000O0O)

oooooooooo.
0Doooo0 9000 (@CoOO0o0D0O02z® =0)
PO —p— Az pO) = 1400
for k=0,1,---

(K1) g (0)

(p®), Ap(*))

2+ = 2®) | o) p®)

P+ — 2 (k) _ o, Ap(F)

oooo

(K—l,r,(k-&-l), T(k+1))
Pr = (K17 p()
pHD) = g—1p(kt1) 4 g, (k)

ap =

end

gbooboooboobooaoboo

" = K 1p® (5.30)

gboboooooooboooboboboboboboboobboboobobobobboooooao
gboogobooooboobooboobooboobooboobobooboboobobooboboobooboo
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(1) KO0 AODDDOOOOODOO (K ~ A)
(2) K=LL" OO0 LOODOO0O0ODOODOO
(3) L0 ADDDDOOODODDOD

(4) K-'»00000000O

0000000000000 000(1) 0 (2)00000o00000oooooooooo L7'AL-T OO
gooboooooboobood

000000000 KOOOOOODODOOOOO0O0O0oo0O0O0O (Incomplete Cholesky factorization)
goooooobobobobooodododddoooob bbb oooooooobooobon
doodooododpooooooooo«“ODo0r’ooooDOooDOoo0oDooooooooooooo
doo0dooodoooooDoooooooDOoooDo cGOoooooooooooopoooooooon
0000000 (Incomplete Cholesky Conjugate Gradient method; ICCG 0O )00 0O

5.3.1 UU00O0OOOOOOOobOoOoOoOooobon

0000000000 A0DOO0,00000000000002300 “0000000007(p.23)0
gooobooooon

A = LI"-R (LODOODODO)
= LDL" - R

K-R (5.31)

000000000 KOOODODRODODODOOD K=AOOOOOOOODODODAQOOODOOOOOOOOOK
gbooobooobooboobooboboobood

gooooooooo4b00b0000000000O0ODOOODOOODODODODODODODODODO
gboooboooboobooobooboob

al b1 C1
b1 as b2 C2 O

by a3 c3

C1 aq b4 Cy
4 = 2 by as bs cs (5.32)

c3 bs ag Ce

cq ar by

Ce bs a9
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goooobooooboo
ocoopoOo0AO0DOOOODOOOODOOODOOOOODbDOOOOODOOOOOODOOODODOO

00000000 A0D0DOOO0OO0O0O000000000 (5.32)00000A000000Q0 ay,b;,¢,00

cooooooooooooooo+:0o0ADOOODODODOODOOOO

a1 =a11, b1 =ag1 = a2, €1 = a4 = G4,

O000000000000000 a,b;,; 00000000 @;; 000000O000OO
0000000000000000oo00 ADAODODOODODOOUOOOO (6,7) 00000000000
gbooobooobooboo

0000000000000 Ga={@74); ay #0} (5.33)
0 (5.32) 00000 ADDDODOOOODOOO0O0OOOOOOLOO000
Ga = {(i,j); j=i, i1, i+m} (5.34)

gboooboobooboobooboobooboob o0obboOobOO
gbooobooobobbooboboobooboobooboboobobooboo
0000000000 (oooooo3000000)

LDLY
ay dy ay by C1
by as da s bo Co
62 as CZB as C3
C1 a4 CZ4 a4 64 Cq
= C2 by as ds as bs %
C3 65 ag CZG ag Cg
C4 ar 627 ay 67
Cs by as ds as bs
Cg 68 ag CZg ag
[ al 1_71 0 C1
1_71 d_1 l_)% + as 1_72 d_l 1_71 C1 C2
0 I_)Q d_g l_)g + as 0 d_2 1_7252 C3
2 dib1c1 0 di& +ay by 0 G4
= Co d_g (_)2(_:2 1_24 d_g 53 + d_4l_)i + as 1_25 d_4(_)4(_:4 Cs
3 0 bs dse2 + dsb2 + ag 0 ds5bs¢s Ce
Cy4 d_4(_)4(_:4 0 d_4(_:i + ar 1_27 0
Cs d_5 1_25 Cs 1_27 d_55§ + d_7l_)$ + ag l_)g
L C6 0 bs dec + dgbg + ao |
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a1 bl C1 0
by as by Cc2 clelEl 0
by as c3 0 CZQBQEQ 0
Cc1 as by Cq 0 &15151 0 0
= Cc2 by as by Cs + 0 CZQBQEQ CZ4B454 0
c3 bs ag C6 0 0 d56555 0
C4 ay by 0 CZ4B454 0
Cs by ag bg 0 CZ5B555
ce bs a9 0
= A+R (5.35)
|:|DDDDCZi@i=1|:||:||:|(DDDDDDDDDDD)DDDDDDD
ogooooo
LDLY = A+R
00000000000 A0O0OOOOOoOoOoOooooa
A = LDL* -R = K—-R (5.36)

000000 ROOODDOOOOOODOOOOOOO0ODOOODODDO GuOD0ODOO0ODODOOODDOOO
000000 (nonzero) 10000000 (000000/AIO0O0O0O0O0)000300000000000
ocoooooOo0ooooodooooD AUODO0O0OD0OOOO0OO0 ROODODODOO

gbooobooobooboob

7—1 2 7 2
di = Q; — bi_ldi—l — C
b’ia

Ciy

i_mdi—ma

(1<i<n-—1),

(1<i<n-—m).

(1<i<n),

(5.37)
(5.38)
(5.39)

0000000000oO000oon (b)) 000000000000 0000000000o0oo0oo0oo00o
gobooboobobobooooboooobooboboboobobooboobooboo

gboooboooboobboobooboo

300000 fillkinOOODO
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oo0ooooO0oOoonD Aocogoooooooogooo

A = (5.40)

0000000000000 000D00000Om=20n(=mxm)=40000000000

e IOODOODODOODOO

A = LDL"-R
4 0] _i O] [4-1-1 o] [o 0]
_ T i T 0 0 1 (5.41)
-1 0% i 011 1o
_0—1—1%_ﬁ) %3_0 %_ _O 0

00000000D00000000 LO0000D00000 DO0O0O000000 1000 (Iyd; =100
O0l;=a,000)000000000

oooooooo

0 (5.37)0(5.39)00000000ab;,c; 00000004000 (5.32)00000000

a; = Czl_l = a1 — b(Q)CZQ — 62_162_1 =4—-0-0 = 4,
_ _ - 1 15
a; = d2_1 = ag—b%dl—cgdo = 4—(—1)2 X 1—0 = I,
- - - 1 15
az = d3_1 = ag—b%dQ—C%Ch = 4—0—(—1)2X Z = I,
_ - - 1 1 52
= —1 2 2 2 2
a4 d4 a4 b3d3 62d2 ( ) X 15 ( ) X 15 15,
Bl = bl = - 17
by = by = —1,
by = 0,
ciT = ¢ = —1,
oy = ¢ = —1.

A = LDL"

4 O] : 0 4 -1 -1 0

15 4 15 1

_ |t 15 E i S (5.42)

1 1 56 15 56 _16
4 15 56 15 15
16 24 7 24
o o1 -2 oz || (0 z110 4
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gbooobooobooboo GADDDDDDDD[32DDDDﬁllDDDDDDDDDDDDDD
000000000000000000000000000000O00O0(G3)000o000oonouoon
go

Kgq=r — (LDL")g=r (5.43)
oooooooo
Ly = r, (oCooo),
DLTq = vy, (0O000)

02000000000000000000000000000000000O0O000OOOO0LO DO
gooooboboo0 Kooooooooboooooooooboooooooooobooboo
O000ad; =10000000040000000000000000000

yi = di(ri —bi—1Yi-1 — CiemYi—m), (5.44)
i=1,2,---,n, (0ooo),
G = Yi —di(bigit1 + Cidiym), (5.45)

i=nn-1,---,1, (0DO0ODO).

Ob=b, ¢;=¢OOOO0DDOOOO
00000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
ooooooog

5.3.2 CGUOUOOO0OU0OOO O OOObDObDODbDObOoboOoboog? O

cGOO0O0oooOoOoOoooOoOopooOoUoooOOoOoOooUOOoDOoOoUOoDOoOUODOooDOoDbOOoOOoDo
goooooobooobooboooobobooboobooooobooboonooboboboooooobooooo
goooboooboobboobooboobobooboboobo

cGOOoOoOooooOoOoooOoOooOooDooOoOOoDoOoUOoDOoOOoUoboOooDOoOoooooOooo

pHD ) g Ap(k)

pHD = (D) | g (),

googoobooobobobooboboobobooboboobobor-0p0dbOobbOOobOObDOObDbOOnDO

k
r®) = 13" Al (5.46)
=1

4000000 3000d;=1/l;00000a; =1; 00000
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000000000000000 ADDODOOOOOO - 00000000000000000000
000000AO0AD kKD xr®©0D0000000000000000000 (span) 0000000
0000

Ki = span {Ar<o>,Azr<o>, . ..,Akr<0>} (5.47)

00000000000D0000000 (Krylov subspace) 000000
k=0,1,---00000000«®0p®Oooo0o0000D000 »@©O00000000000000
ooo

r® = Ry(A)r, (5.48)
p® = P (A)r® (5.49)
OD000000D0O0R(A)DDODOONDOPRA)DODODDDOOODOOODOOOOD k00000000

00000000 A(nxnO0)000000000ONDO ADOODOw, O A0O00O00D00O0OO
gboooobood

A’Ui = )\ivi (550)

good
00000000000 0000000000000D00000000000000ooooog O
o, 00000000

n
r@ = Y e, (5.51)
i=1
000000 ((5.48) 0000 (5.50) 0 (5.51)0000000
r) = Ry (A)r®
n
= ZciRk()\i)vi (552)
i=1

0000000000
O000M, A, A, (p<n)000000000M, Api1,--Aps (P+s<n)00000000000

Ri(Ap) = Ri(Apy1) = = Ri(Apts) (5.53)
DO000r® 0000000 vy, Vpt1,--+Vpys 1000
cpRi(Ap)  cpr1Ri(Apt1) o+t CpysRi(Apss) (5.54)
ooo-©Oooooooo
Cp i Cpt1 i " Cpts (5.55)

000000000000 00000000000 s0000000000000000nR—-s000
gboobogooooooboboboboboooooobooboboboboboboboooooooon
googoboooboobboobbooboobooboon
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0 0OA 0O0000000O0O00O0on
Joo0oodoood—-MATLABO —

gboooobooooboobboobobooboboooboooboobbooboooboboobbooboo
goooooooobooboobobooboboobooboobooboooooDooboobooboDoboboombo O
goooooooboboooboooooboboooooobomoooooboboooobooboooDoooooboo
gboogobooon

0000000000000 000000000000000O000Y. 00000000000 (0O
00000000000)0000o0o00ooooooooooo

O0O0O0OMATLABOOOODODOOOODODOOOOODODOOOOOODOODOOOOOOOOOOOOOO
gboogobooobooboboobobooboobooboon

Al 0O000O0ODOOOODOO

gboooboooboboboobooboo
e JUODODO

r = ap+q, «:000000, rp,q:n00000 (A.1)

000 MATLABOOOOOOOOOO

ogoooad

>> alpha = 3.0 oa00000000O0000

>> p = [1;2;3;4] »pOOOOOODODOOODOOOO
>> q = [1;1;1;1] %»qOOOOOODODOOODOOOO
>> r = alpha*p + q

000000 MATLABOOOOOOOOODODODO0O000000exl. mOOOO0O0O00000O00OOO
googooo

alpha = 3.0 »obOOOODOOOOOOOO

p = [1;2;3;4] spbOOO0O0OOOOOOODODOO
q = [1;1;1;1] sqOOOOOOOOODODODDOO
r = alpha*p + q
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ri = api+q, i=1,2,---,n (A.2)

00000000000 000 MATLABOOOOOOOOOOOOOOOOalphalpdqO 00000
gboooobood
gooooo

n=4; %»n0000 [n,n]l=size(p) OO0OODOOOOOODOO
rr(1:n) = alpha*p(l:n) + q(1:n)
ooooo
oooooo
n=4; %»n0000 [n,n]l=size(p) OO0OODOOOOOODOO
fori=1:n
r(i) = alpha*p(i) + q(i)
end
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s = (pq=plq s:0000, p,g:n00000 (A.3)

000 MATLABOOOOOOOOOOODOODODOOOO

[1;2;3;4]
[4;3;1;2]
s = p’*q % p000000°00(MQO)D00O00O0

good
0000A3) 0000000000000 ooooooo

s P1L*q1+Pp2xq2+ -+ DPn*qn

= Zpi *qi (A.4)
i=1

goooooobooooboobooogobooobooboooooboooboboooDooooDoobooooo
gbooobooooboobood

s = 0;
for i =1 :n
s = s + p(i)*q(i)

end
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s = p(1)*q(i)
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A2 0O000O0O0DOOO

r = Ap, A:nxnO0, rp:n00000 (A.5)
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0000000000000 000000000000000000000000000OMATLABOO

gooooooooobooooobooboooobooboooooDo

A

[1 2 3;4 5 6]
[3;2;1]
Axp

goooooooooboboooobooboooboobooboooo

n=3;
for k=1 :2

r(k) = A(k,1:n) * p(1l:n);
end

disp(r)

n=3;
r(1:2) = 0;
for k=1 : 2
for j=1:n
rk) = rk) + Ak,D*p(G);
end
end

disp(r)
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C = AB, A:lxm0O0, B:mxnO0O, C:lxn0O0O (A.6)

0000000000000 00000000000000000000000MATLABOOOOOO
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A=1T[12;34;5 6]
= [4 2;3 1]
C = Ax*B
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for k=n-—-1,---,1

Tk b(k) E ag;)x] (k) (A7)
j=k+1
end

goboooooooooboooboo

for k =n-1:-1:1 %k=n-100 k=1000-1000000
work = 0.0 ;
for j=k+1 : n
work = work + A(k,j) * x(j); % 000z00000000000
end
x(k) = (b(k) - work) / A(k,k);

end
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B.1 0000ooooood

gboooboooboboboobooboo
e JUODODO

r = ap+q, «:000000, rp,q:n00000 (B.1)
gooboooooooboooooooo
ri = api+¢q, i=12---.n (B.2)
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int i;

double plnl],q[n],r[n]; /x D000O0O0ooooo =/
double alpha; /* alpha 00O 0O0OOCOO0O =/

for ( i=0 ; i<n ; ++i ){

r[i] = alpha * p[i] + ql[il;
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ogooooo
int I;
double plnl],q[n],r[n]; /x D000O0O0Oooooo =/
double alpha; /* alpha 00O 0O0OOCOO0O =/
for ( I=1 ; I<=n ; ++I ){

i=1I-1;

r[i] = alpha * p[i] + ql[il;

gooobood p,qbgobbOoboOoOonO

ooooogao

int i;

double pl[n+1],q[n+1],r[n+1]; / 00000000000 =/
double alpha; /¥ alpha OO OO0OOCOO0O =/

for ( i=1 ; i<=n ; ++i ){

r[i] = alpha * p[i] + ql[il;

googobooan
coooooOoOooooOoOoboooo cgopooOoooooO0ooooUOoooooooDooooooo
gbooobooobooboo

e JOOO
s = (pq=plq s:0000, p,g:n00000 (B.3)
0000000000D000000000
§ = Pi*qutpekqgat -+ DPu*qn
n
= Ywira (B4)
=1
000000000000 000000000000000000

s = s + plilxqlil;
gooon
s += plil*q[il;

gbooobooob sogboobooboobbooboobooboobooboboobooboan
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int i, n;

double pln+1],q[n+1]; /* 00000000000 =/
double s;

s = 0.0; /0000000000 =/

for ( i=1 ; i<=n ; ++i ){

s += plil*q[il;

goooobobboooobobobbbobodoodbbbooooobbbboo
s = plil*qlil;

gboooboooboooboobbp,gb0b00O0D00O0D0O0 sOODOOODOOO

B2 0OO00oogooood

r = Ap, A:nxnO0, rp:n00000 (B.5)
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gboooboooboobboobooboboobobooboo

e IOODOODODOO

r = Ap

O a' ooo a'p

O a’ ooo p a’p

0 : ooo

O a” goo ap

0000e'0000 ADD 0000000000000 00000000000O0000000

n

T = Zaijpja i=12---n (B7)
j=1

0000eq; 0000 AD (4,5) 00000000 !0 j000000000000D0D000D0D00000
coooooOoopooocooooOoooooOooooooooooo
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int i, j, n;

double al[n+1] [n+1],p[n+1],r[n+1];

double s;
for ( i=1 ; i<=n ; ++i ){
s = 0.0;
for ( j=1 ; j<=n ; ++j ){
s += alil[j1*p[j];
}

r[i] = s;

e IOODOODODOODOO

O0000e; 0000 AOO jOO000C00000COC0O00O0COCO0O0COOOOOOOOOGOOOO

T4

/0000000000 =/

Ap

ai az

p1a1 + p2as + -

= Ti+ aipj,

j:1a25"'7n

p1
an D2
1 L Pn
st PnQnp

/ 00000000000 %/

(B.8)

(B.9)

ooooo:=1,2,---,nd00000000000O0OC0000O00O0O0O00000C000 00000 py
O00000000e,; 00 jO000000O0000C0C0O00COOOOOOOOOOOOGCOOOOOGO0O0

googo

int i,j;

double al[n+1] [n+1],p[n+1],r[n+1]; /¥ 00000000000 =/

double s;
for ( j=1 ; j<=n ; ++j ){
for ( i=1 ; i<=n ; ++i ){
r[i] = 0.0;
}
for ( i=1 ; i<=n ; ++i ){

r[i] += p[j] * alil[j];
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00000000 (000 a(i,j) 00000000 i000000000)00000000O00OOOD0
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gboobobooooboobbobobooboooboboobooboboobooooboboboooon

B3 00O

C = AB, A:lxm0O0, B:mxnO0O, C:lxn0O0O (B.10)

0000000 CO (4,5)00 ¢; 00
m
cj = Y aibrj, i=1,1, j=1--n (B.11)
k=1

ocooooocoobooodoi, j, xkOO00O0OOOOOOOOOODOOOOODOOOOODOOOOOO
gbooobooobooobooboobooobooboobooboobboob ijkobbobboo
gbooobooo ikjogooaooo

o ijk[]
Doooo

int i,j,k,1,m,n;
double a[l+1] [m+1],b[m+1] [n+1],c[1+1][n+1]; /+* OOOODOOOOOOO =/
double s;
for ( i=1 ; i<=1 ; ++i ){
for ( j=1 ; j<=n ; ++j ){
s = 0.0; /0000000000 =/
for ( k=1 ; k<=m ; ++k ){
s += alil[k]*p[k][j]l; /+* OODOOOOOOOCOODOOCOOOO c */
} /¥ 0000000000000000000 =/
clil[j] = s;
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int i,j,k,1,m,n;
double a[l+1] [m+1],b[m+1] [n+1],c[1+1] [n+1]; /x 00000000000 =/
for ( i=1 ; i<=1 ; ++i ){
for ( j=1 ; j<=n ; ++j ){
clil[j] =
}
for ( k=1 ; k<=m ; ++k ){
for ( j=1 ; j<=n ; ++j ){
clil [31 += alil [kI*b[k] [j];

B4 OOoooooooo

gboogoboooboobobooboboobooboo

for k=n-—-1,---,1

k k k
T ( ) Z a;j)x] (,k) (B.12)
Jj=k+1
end

cOO0o0oDoOoO0oO0OoOooo Y Uo0oooUuooooooooooo

int i,j,k;
double a[n+1] [n+1],b[n+1]; /x D0000O0oooog =/
double x[n+1]; /* 00 x 0000000000 =/
double work;
for(k=n-1; k>=1; —-k){
work = 0.0e0; /* 000000 workODOOODOOODO %/
for(j=k+1; j<=n; ++j){

work += alk] [j] * x[j]; /x Y0 aan)e; 000000000000000 #/

}
x[k] = ( b[k] - work ) / alk][k];
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