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1 EREIE

SDETARITRGE D 22l (7/11) B OMUEZ LT, SEOEZEILHE % 7
PUHOHIZLE I D EEZTWET,

2 LiR—KEERE9 (4-b) IEDWVWT B &2 EEXTHEEAD

i (4) 12T, (a) (FGMI & Z2UTEET 2°F0) 2B IRL 2 A% D27 DT, b-
& (b) (M#EZRT) ZRBTIR L o7, EBoTwET, b2 wIiF TGRT, L TXRE
EolkhbliEtA,

RDA— % GOHI A LE 2 THER D ? EFIHEIE E
TS, KNy v 7V TRE £ 7,

BLAS L I E R HDbh ) DFh b, EEBEE TS y= f(2) DI T 7
Z, v Wom DR L CHk 2O HERRF EI 20?2 L, BATATIIW (BA
\¥ http://www.math.meiji.ac.jp/~mk/syori2/answer/), f(z) =z H 5% f(z) =ax (a
EBHADER) & THIEMHEICED 29 T,

3 LIR—KFREIICDOWT
L AR — b EE 92
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(1) ZE n ITEPREIN TS 51X, Cos[2Pi/n] £ T3 & cos 2 DEIHTE S T 725,
20 HDEZFHHET 5D T, Table[ ] i) i L @I#&?ﬁ:ff«%f LXx9,

In[1] := Table[Cos[2Pi/n],{n,20}]

HH0 T

In[2] := Table[{n,Cos[2Pi/n]},{n,20}]

52T OXY>TERT B &

R N T (CCe)
boosn() L es(¥) 1(14vE)
cos (%) F cos(}) cos(3) cos()
cos () cos(32) cos(5) cos(lE) \/I+L

Ho>TWABENBLWTL &k 9, BHIZZ>TWERTAD, %icosg cos— [ \/721%0
TEREET, cos§>0"C“B'7')i}”Lbf\

T cosr + 1
CoS = =\ ——F—
2 2

T \/cos%—l—l \/2+\/§
cos — = = )
8 2 2

CNZHED»D 512iE, 51 EH LT FullSimplify[ ] §2 & B

THEHNH,

[In [3] := FullSimplify[Cos[Pi/8]-Sqrt[2+Sqrt[2]]/2] J
&, %@“&‘% I% FullSimplify[Cos[Pi/8]] &L TH, —F— 2;\/5 FRonmnwleThs,

—7. cos T TYH FEix

o1 \/
cosﬁ—1—6<—1+\/ﬁ+\/34—2\/1_7+2 17+3¢1_—\/34—2¢1_7—2\/34+2\/ﬁ)

TY,

In[4] := a = (-1 + Sqrt[17] + Sqrt[34 - 2 Sqrt[17]] +
2 Sqrt[17 + 3 Sqrt[17] - Sqrt[34 - 2 Sqrt[17]] -
2 Sqrt[34 + 2 Sqrt[17]111)/16 - Cos[2 Pi/17]
In[5] := FullSimplifyl[a]

ELTATII N,

33.3’1«%33%%1/?_ 13 Gauss T, IgEARLE 2 //\X“CE n %ﬁ/i) WERIH SR % 72 0 D5tk % FAR T,
n=17 DEEICZNNARETH S T L ZAH L, FEERIC cos 22 17, sm— % \/ TERLTAEF L%,
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@)%ﬁﬁ&%%qu&E:%awﬁﬁﬁwﬁ\%m%%ﬁﬁ%%&%%ﬁﬁ%@ﬂ%~io
k=1

(:In[G]

:= mysum[n_] :=Sum[1/2°k,{k,1,n}]

)

DIF mysum([3], mysum([5], mysum[10], mysum[50] & 4[H[a<> FZ AN L THRVWTT
2, VAL 2flioT

(:In[7]

:= a=mysum[{3,5,10,50}]

)

7 31 1023 1125899906842623
873271024 1125899906842624

INBUS LU 60 Hiand % &

(:In[S]

:= N[a,60+1]

0.8750000000000000000000000000000000000000000000000000000000000
0.9687500000000000000000000000000000000000000000000000000000000
0.9990234375000000000000000000000000000000000000000000000000000

0.9999999999999991118215802998747676610946655273437500000000000.

n HETOMZE, NMEAT n fIHETHNEH DT n+ 1 HHED FIZ 0D &) TY
B, brotEZDEHBBTNE EHMVET, 10" 20 THS L,

In[8]
In[9]

mysumlOn[n_] := 10°n Sum[1/2°k, {k, 1, n}]
mysum10n[{3,5,10,50}]

875,96875, 9990234375, 99999999999999911182158029987476766109466552734375.

DFD
875 96875 9990234375 99999999999999911182158029987476766109466552734375
1037 10° 1010 ’ 10°0 )
~
In[] := a=3
In(] := x[1]=1
In[] := x[n_]:=x[n]=([n-1]+a/x[n-11)/2
In[] := tablex=Tablel[x[n],{n,1,10}]
In[] := N[tablex,50+1] )

tablex IZEATHHWVI LICES>TVREDT (TR EFTFDVETOLWHEE), BRYH»6



INBGEFRETREDLD LNER A, x[1]=1 Db D IT x[1] =N[1,50+1] & LCHH 3 L
WIHITRHDEFT, WTHNIZLTYH

1.00000000000000000000000000000000000000000000000000,
2.00000000000000000000000000000000000000000000000000,
1.75000000000000000000000000000000000000000000000000,
1.73214285714285714285714285714285714285714285714286,
1.73205081001472754050073637702503681885125184094256,
1.73205080756887729525435394607217191423510670911984,
1.73205080756887729352744634150587236780369509078196,
1.73205080756887729352744634150587236694280525381038,
1.73205080756887729352744634150587236694280525381038,
1.73205080756887729352744634150587236694280525381038

HMSHEHHE T, INEUSLIT50MiECRE->TVZI T, 100 CaFEL T, MmES
By =V T THRXTAHAZL & 9,

(:In[] := N[Abs[N[tablex,100]-Sqrt[3]]] :)

0.732051, 0.267949, 0.0179492, 0.0000920496, 2.44585%x 1072, 1.72691x 10~ %, 8.6089x 10737, 2.13946 x 1(

D Ed, REHICE > T, 8T A8 (1, 2,4, 9,18, 37, 73 &) DME4A 7 — L THY
zfm<:kﬁﬁ#bi?omﬁw WHNEE 7y P LTHRS L

—10;
720;
—30;
ol
—50;

-60

-70F

2

()()ﬁﬁﬁ—~ﬂ%+%—1%§®¢ ZHi < 121X BoxRatios->Automatic & 9 % D3l
HTL x99,
—BEICRWTLE) S EOHRE T, AAREMER (Lbky b)) & LTHWTL
¥9:

In[] := ContourPlot3D[{x"2/2 + y~2/3 + z"2/4 == 1,
XxX+y+z==3, x+y+z==-3},
{x, -2, 2}, {y, -2, 2}, {=z, -7, 7},
BoxRatios —> Automatic]




HHVIE, AALEBD TS 7 ELTHIWTLE )

In[] := Plot3D[{Sqrt[4 (1 - x"2/2 - y~2/3)]1,
-Sqrt[4 (1 - x72/2 - y°2/3)], -x -y - 3, -x -y + 3},
{x, -2, 2}, {y, -2, 2}, BoxRatios -> Automatic]

L L, MRICHIOCTART 252 A9 —T22 L2800 TT (BAHEL
THRZ EBWET), WL Tl wi o, I & i< ik zEIRTE T,
HIHENKREL R5DT,

WHEE 77 7 & LT, MM SEER & LT

In[] := L=2;

In[] := g1=Plot3D[{-x-y-3,-x-y+3},{x,-L,L},{y,-L,L},BoxRatios->Automatic]
In[] := g2=ContourPlot3D[x"2/2+y~2/3+z~2/4==1,{x,-L,L},{y,-L,L},{z,-0,L}]
In[] := g=Showl[gl,g2]

Z DY, Showl[ 1 DEIEDIEFRITRKETT, REVWHDEZRMIFF>TEEXT,
L2>L. PlotRange->All &\ 9) A4 7Y a VIR DITIE, fMlrvwI Ez52T %
WHEIZHD EFEA, =D 2T, REBICIEFZRICLAVTE LD ET:

In[] := g1=Plot3D[-x-y-3,{x,-L,L},{y,-L,L}]

In[] := g2=Plot3D[-x-y+3,{x,-L,L},{y,-L,L}]

In[] := g3=ContourPlot3D[x"2/2+y~2/3+z"2/4==1,{x,-L,L},{y,-L,L},{z,-L,L}]
In[] := Show([gl,g2,g3,PlotRange->A11l, BoxRatios->Automatic]

D5 2 BT, TUEABEUATH ZEMMEAHIC S LIS LET, 2 = ar (o RER) 25

777 LTHORY
2= ay/a? 2,
NF A= —ifii & L TOREEL,
(z,y,2) = (rcosf,rsind, ar),
HRROMES (SO L Ley b) & LTOEE
N T T S 4 L

HiDR—2Icfiviz ki, 2= f(2) 2 : WO Eb Y IR L TTE B & v )
%iﬁ%?%&\ﬁﬁﬁﬁﬁ+ﬁ=f@ﬁk&biﬁoﬂ@:é&?%&\h@ﬁ
BRBEONET,

P1ot3D[3 Sqrt[x"2 + y~2] Boole[x"2 + y~2 <= 1],
{x, -1, 1}, {y, -1, 1}, BoxRatios -> Automatic]

g

g

ParametricPlot3D[{r Cos[t], r Sin[t], 3 r}, {r, 0, 1}, {t, O, Q:ai}]

>



g = ContourPlot3D[x"2 + y~2 - (z/3)°2 == 0,
{x, -1, 1}, {y, -1, 1}, {z, -3, 3}, BoxRatios -> Autjomatic]

4 MATLAB AP

SIEEIIKIBEHOFZER D% . SHEZE&EDTHIMH D £7,
K& 21155 5 VORE%Z, MATLAB £\W9 Y 7 b7 2 7 I X 2EUEGHE ORI AL
7,

41 FIRMO>THELLDS

RITD MATLAB 34 2 2 EHRE I8, Z2IFHMEELS. 25 Z2bEon/HIW
ThbH IEHE) 2o TAET,

A — kX = 2—05 MATLAB — MATLAB R2009b %3 L C#EEH L £ 7,

, COMSOL 4.1

, Corel PaintShop Photo Pro X3
, Embarcadero RAD Studio XE
| ETREES ~L T ESR—

| FlexPDE L

| GNU Octave 3.4.3 W o7 LEEEELTER...
| GNUPLOT '

. Google SketchUp 8

, Hot Soup Processor 3.21

. IBM SPSS Statistics

. Intel Parallel Studio XE 2011

FTIARET U A~

. Materials Explorer 3.0 Standard
. MATLAB

<\ MATLAB R2008b
. MEGAS

1 BICES

X 1: A —FAXA=2—»56 MATLAB — MATLAB R2009b % 51

K2DEI 4y FunsEnslidcd, lavery Py v Py, ictarca~y P25
T (FB#IC [Enter]) v 7,
DToa<=y Rz 1717 ATILTATT X,



SrAUE REE TRUE FADRAD) b AL
DE| & BB v @ B @ | Aloai Mok Zewindows0MATLAE ~ [ (8

Ya-bhub 2] BhIrAE 2 e

Al bIANS w0 e | | - BNy 07X .
- « MATLAB v £ gE- |@ MATLAB [FEIIDTT I OO LT EROD. T8 BB TD. 3T, Getling Started BHATIEE . x| e || -
O m AR~ i
CLri+8 73 & WATLAE TR0 b+ JO%—F—Foa—th HFRR 82 AoREICY R L T
oo FRObw Lo b EEL TESEER LS Bicth. F—H—Fya—trhe @
FCHERINTNES .
F—h—Foa—thy M3, B BETHAR A ATEET,
SREBEG 7 YT FEET FOy FEDLUZ RS "R2008a Windows T ) FERE”
EFRRT D& LBIOT 72 FEEICET Z ¢HTEES . Filld. ~JLF FBBL TSN,
SO - VBRRENALL ST RITE ZoES U2 LTCREED,
£ |
< 1 | 3
a7 FEE Bl = NI
- 11/03/01 18:37 -
%-- 11/04/14 13:55 --%
S%-- 11/04/15 18:36 --%
_ - 11/04/26 13:52 %
e v b 12/07/04 11:04 =%
ST TRV EER
L7 L2

2: A% — b X =a2—»5 MATLAB — MATLAB R2009b 7% 2R

-
a=[1,2;3,4] f19la DAN

x=[1;-1] X7 M)V x DAS]

b=a*x at xDE%Z bIZAATS

a\b a~'b DitH e a x=b ZF (RAID x 12755137
ai=inv(a) a DT DFHE

aixa ARINHELTH 2 1R

ai*b a DHITHIE b DI (I DTTETHENT)

eig(a) a DEHEZ KD 5

[p dl=eig(a) Xfafl p~tap 2K 2 ([EHAMHEMEZE )
inv(p)*a*p ARYIT AW BD?

\_




>> a=[1,2;3,4]

a=
1 2
4
>> x=[1;-1]
x =
1
-1
>> b=a*x
b =
-1
-1
>> a\b
ans =
1
-1

>> ai=inv(a)

ai =

-2.0000 1.
1.5000 -0.

>> aixa

1.0000

0.0000 1.

>> aixb

1.0000
-1.0000

>> eig(a)

-0.3723
5.3723

>> [p dl=eig(a)

p=
-0.8246  -0.
0.5658  -0.
d =
-0.3723
0 5.

>> inv(p) *axp

-0.3723 0.
.3723

>>

0000
5000

0000

4160
9094

3723

0000




mHBED PTIAP OFtHIZ, AOEMEDOME T, SERLNAITINCIZZ 6 L WHTREME S Jv T
T, 1078 oA —F—DREET—HT 5137 TT,
BB EEZTHH)

format long

inv(p)*a*p

4.2 MATLAB &&?

MATLAB i3, BUESHEH 2 W R3BEYZ2L—YaVYHOSED D, k2%
ffioCRHET 270DV 7 b7 2 7OHFRTT, Ml wHE (FEL) 48k A2 25EATH S
I ELT(WEORBICHEEZTI20D LNELA), I I TIFAMUICHHAL £ 7,

Mo OIFHEEE OB LT, fHRICXVARZES GIRTHC) Z2012iE, BRI
&, Fortran EMEHEN S 7077 IV EBT7Tu 7 0%2FH T, avEa—¥—THTT
ZOPECT L, MEILICHAD 70 77 02HABLTUEIZELHD ETH, 7Tursy
SVUOEmCHBHERZE L, EAIZERLTHEINZDDTT,

BRTIx, a7y 7 b7 =2 7 OEEELDSEA T, B R 72 5 72 Mathematica £
APEEREICE o TEE LA L, MATLAB LB oK 2 4 7> a v BSHEIND,
g - HINZ D £ D IREICD T o il ol b LNERAD, b EL LOEKD LI 2D
DIFIF-ENHOTWVBEEZTVET,

MATLAB i3, kD@79 =Y 7 b7 =27 (1213 Octave) 23H 0. H 2 FEHE
THEET LI ELHRETT,

5 REEtEDOERE: TIHDETHHETIDEE (FRESEW
W HTERDOEMEY S 2 L — a VICH b5 1 RGBRADBREATINIZ, TEAEDY

By BRI 0 3% \n»TT, 20 L9 &ﬁﬁu%ﬁ (sparse) TH 5 EFVET, BITIIEZ DN
Bz ) ESHMMT 5 28T, FRNAFHENAREIC R D KBIBZEEDST 2 X )12 57
BEMEDSH D £ (572 ERMBOMWBOMED A — 5 — DN 1 RITERDE T 720 LET),
I TH > T, ZDWITINIBETH % L 1T S v (RIKDGE, BiTIEZRWw) 2 &
WCHEE T2 0EBH D £,



~MATLAB ®a < ¥ F « X% (1) ~

1:n [(123--- 1
a’ a @ Hermite % (175, EXR7 PV DOGEIKE)
a.’ a DURE
eye(m,n) BT
zeros(m,n) F1751
ones(m,n) B39 XRT 1 DITF
rand (m,n) 153 DSELEL DT
diag() NI (2D L$ 6 L7 i)
firml ; w2 —ATICEBOMZEH T 5, ¢ DL LRRPIHII NS,
N J
LUT BT,
2 -1
-1 2 -1
A= -
-1 2 -1
-1 2

IZDWT (RIFH 200 % R BICFHBR BN 1751, 1 XGRA 2 72D |
TR ALY LTWRET,

>> n=4

n=4

>> 1:n
ans =

1 2 3 4

>> (1:n)’*(1:n)

ans =
1 2 3 4
2 4 6 8
3 6 9 12
4 8 12 16
>> eye(n,n)
ans =
1 0 0 O
01 0 O
0O 0 1 0
0O 0 0 1

>> zeros(n,n)

ans =
0 0 0 O
0 0 0 O
0 0 0 O
0 0 0 O

10



>> ones(n-1,1)
ans =

>> diag(ones(n-1,1),1)

ans =
0 1 0 O
0 0 1 0
0 0 0 1
0 0 0 O

>> diag(ones(n-1,1),-1)

ans =
0 0 0 O
1 0 0 O
0 1 0 O
0 0 1 0

>> a=2*eye(n,n)-diag(ones(n-1,1),1)-diag(ones(n-1,1),-1)
a =

>> x=(1:n)’
X:

DWW N -

>> b=ax*x

o O O O

>> ia=inv(a)
ia =

0.80000 0.60000 0.40000 0.20000
0.60000 1.20000 0.80000 0.40000
0.40000 0.80000 1.20000 0.60000
0.20000 0.40000 0.60000 0.80000

>> ia*a
ans =

11



1.00000 -0.00000 0.00000  0.00000
0.00000 1.00000 0.00000  0.00000
0.00000  0.00000 1.00000 0.00000
0.00000 0.00000 0.00000 1.00000

>> n=8;a=2*eye(n,n)-diag(ones(n-1,1),1)-diag(ones(n-1,1),-1)

2 -1 0 0O 0O o0 o0 o©0
-1 2 -1 0 0 0 0 0
0 -1 2 -1 0 0 0 0
0 0o -1 2 -1 0 0 0
o o0 o0 -1 2 -1 0 0
o 0 O o0 -1 2 -1 0
0 0 0 0 0o -1 2 -1
0 0 0 0 0 0o -1 2

>> inv(a)

ans =
0.88889 0.77778 0.66667 0.55556 0.44444 0.33333 0.22222 0.11111
0.77778 1.55556 1.33333 1.11111 0.88889 0.66667 0.44444 0.22222
0.66667 1.33333 2.00000 1.66667 1.33333 1.00000 0.66667 0.33333
0.55556 1.11111 1.66667 2.22222 1.77778 1.33333 0.88889 0.44444
0.44444 0.88889 1.33333 1.77778 2.22222 1.66667 1.11111 0.55556
0.33333 0.66667 1.00000 1.33333 1.66667 2.00000 1.33333 0.66667
0.22222 0.44444 0.66667 0.88889 1.11111 1.33333 1.55556 0.77778
0.11111 0.22222 0.33333 0.44444 0.55556 0.66667 0.77778 0.88889

>>

ADBTHH>TH, AL OETITIZT 2D 0030 EZ2MERLTHII W,

HEDEVERBVEROCE I, THBFEBEEBRL 2L EVITRVEELRDTT,

RIS 22 H D T, BLAISNTWL DI, WFFlofRb hic TLU OfE, %
I, EVWHIHDTT,
EEDIERITTH A 12K LT,

(1) PA=LU,
(2) P = BR(TA, L= F=fafidl, U= L=fafl

Ziiilz9 P, L, U DMAES 5 (8% B5 2 HL X)),
Az =b THNUE, Pb=PAx =LUx THDHH16,

v =UY(L(Pb))

L LY U oM EIRIERICHi RO T ((Hk B.5.2 ), P, L, U 3kEF->Twn
V1 RIS RIS 5, (1), (2) 27T P, LU 2kdD5Z L% A% LU DR
T5E0T,

22T, (UTLLHP LW THFBICO T VDY THD, A= (UL )P 251HT 2 DIEEHHED
FHDH02 5, FIZ A BEITIIOEAIE, HEVDOEICRZD0IEETH 5,

12



MATLAB ®a=y F « X% (2)

[L u pl=lu(a) a % LU 73T %, pa=Lu 2§ p,L,u 2K 3,
u\ (L\ (p*b)) ax =b 2 <,

>> [L u pl=lu(a)

L =
1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
-0.50000 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 -0.66667 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 -0.75000 1.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 -0.80000 1.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 -0.83333 1.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 -0.85714 1.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.87500 1.00000
u =
2.00000 -1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 1.50000 -1.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 1.33333 -1.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 1.25000 -1.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 1.20000 -1.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 1.16667 -1.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.14286 -1.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.12500
p =
1 0 0 0 0O 0 0 O
01 0 0 0 0 0 O
0 01 0 0 0O O O
0 0 01 0 0 0 O
0O 0 0 01 0 0 O
0O 0 0 001 0O
0O 0 000 0 1 O
0 0 0 00 0 0 1
>> x=(1:n)’
x =
1
2
3
4
5
6
7
8
>> b=axx
b =
0
0
0
0

13



O O O O

>> u\ (L\ (p*b))
ans =

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

00 ~NOoO O WN -

>>
A% LU SR 7 E ZORT P, L, U L ICEBA], FEMA150, L=A150ch 5
CLERMEDD LD (2O —ATIE, PIREEFITH ), L, U PBITITHS & LD
Bk,

SEEfibhd ok, L flibhsaey FEEAMLTEL,
~MATLAB © 2> F « X% (3)

~
x(1) x D i R
a(i,j) a D (1,7) BT
det (a) a D75
¥ *x MER 7 Fov x, y DN
X x D/ Vb (5T DHESHED DD Ii)
tril(a) a DT =MAED
triu(a) a O E=A
tic; 2= ¥ F:toc 2= ¥ FDOIFLTIREZ G
a(i,:) a D i fTR7 ML
a(:,j) a DHF jHINT L
a(i1:i2,j1:j2) a D i1~i2 11, & ji~j2 dlooso7a v 7
\_ J
~ RO HIUTEAL TH &) ~
1. 179l a XK E W L Z,| inv(a), det(a), a DIFATIREZ M > THIKT 5,
2. a DFTRHEIE, RABOMEE n lc>0E ) 21T 50,
n=10
for i=1:8 % Z®D 8 ZLFPAICKELAWVIL
a=rand(n,n); b=rand(n,1);
tic; a\b; toc
n=nx*2
end
N J

14



SEEXN

MATLAB, Octave, Scilab 122\ Tld, WWW EICEFSCHIH ST 508, HAFET
med HEFEE LTE, B (1), KA [3] 23d 5,
F-HTHDO A%

Ll

http://www.math.meiji.ac.jp/~mk/labo/text/private-matlab-notebook/ TMATLAB
FE

2RBY %,

A BBV 7 b0z 7ORRE (BRI EEHEA)

Al BEEHESATI) 1 DRELEFKE
1. ¥ 7IJb—F >>(subroutine) D4, YTI—F> « 14775 1 Dit4:
2. (WH) 7’v 77 3 v/ EiESoitd: (FORTRAN, LISP 7 £ 3R #Df)

3. EAEMEEIE 74 771 «+ EISPACK
(F G “Numerische Mathematic” THERI N7z 7V 3 XL ZJ0llmillid ALGOL T
FHhi, $IZ FORTAN ICBEI N5, T8 1A A R BAEMITE4E Td % Wilkinson
ThHb, )

4. N1 RGEAROEEZ 4 7Y 4+ LINPACK
w25 BLAS 234 4. LINPACK (X BLAS @ FicHsEzn s,

5. MIEEIE. 74 79 Y 4+ LAPACK
(REY—REB~%IE L 72 BLAS 22N, EISPACK & LINPACK DBIRAL)

6. flhod 7’0 75 3 v IEFEANDBM — TNTS® (C++) % &,

2 THEMA L7z EISPACK, LINPACK, LAPACK, TNT X\ d VY — AR I 4
Tw57U—V7FT%%%

R UGS (machme language) %°, Fortran SiElC B} %, H2F L F-oWHE T2 707 7 AOHNZ IR
F¥E, C 8l Tér%&J THMST 2 LEZTED 2,

MR THEI 7w/ 7 S v /88 tWENnH)Th s,

"FORTRAN (%, IBM HYEEHERED 70 77 L % 23R ICER T 2 7 DI L SR Th 2 L Sbit T
W3,

8CH+ M2 LAPACK++ 23 5 7223, C++ Sag?D ANSI B OER I, HLCREFLEI Nk
@#TNTT%% FZFEE T, LAPACK OREBED TR TFFHEEIN TV,

VZDH TN IR ALDIR S BIK L 6 s, T THRALEZY 7 bodicix, 57 7 AoEE 25+
A HELEZEL THO TR TEL DL H S, HATH RZEZPLIL T4 7 7)) 4 DRFEB I D3,
REAHETCIEOI DAL BPTRHEICESTLESLbDLH D), REL S LHEICRS
TV EEFHIR L TVE, TI%>TLEoLHRICIE, V7 7 2 7 OBFE2 DR & 1330 7o a5
. CEOBMAEZ SN D (b
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~ BEHHES AT SV 1 DRATRRTED L ~
(1) EoApEd:
(2) FEENE (NTBY v EREE, FEEGHE TN »S 7 &)

(3) WEVRIREE GREE, A& ) —FIIEI%)
N\ J

BERWVWRITHRISSNBD

HEZ2 HIT27-DICEZRIEES RV EELT, #lECEIFREZSNLE, ChoDoY 7 Y
T CIEREIHEBEOBADL SRS LD EAATH S0, ZNLSMNC O EELERVDH 5,

1. V=7o7vra—VkEDTr=v7

2. AvV-—BEzERE LT 7T

IhozERTZE, AT 220 82— — AT ACADLE LTV T T LDF ==V T Huib
Uk, 7077 LONAEMELS BN dH b, LorL, PATLITEILFa—= v 7
B NS IR L, b DT 22 LIk ), ZOMEE H L REMILTE S, LAPACK
IZOWTIE, BLAS 32D F 2 — =V V03B 2y 2 HY L T 5%, LAPACK IZf})&$ % BLAS
1% “reference (£%) BLAS” LIEE4, FORTRAN TEPN TV 2 O THRHEMLEDH 203, El 7251 5H
PHL A IRl E 17 BLAS ICZE L2 5 2 L% %, #2113 Sun Workstation DFEr. Sun
Microsystem #> 7 77 = 7BFEEREL Sun Workshop Tld, 284 7 — & —f4IC BLAS 2% (&%
LAPACK b) #2411 Tv» %), Windows % Intel CPU A7 D Linux D513 Intel 2> 5 BLAS 234
I T3 (H), CNoBAFTREMNINZDDTHS (LBbNd) 2, Lk \FA—F—
RIS E RN OMEREZNET S 2 LT, ik 7 X =8 —2FRIIC TR L, ZofiR%2mic
BLAS 707 7 0% HEER T2V 7 b0 =27bH 2% HlZiE7Y—Y 7 Fd ATLAS),

A.2 MATLAB &ZDHEBAY AT LADEIS

MATLAB & EISPACK DBEF&IZ BB - 72 Cleve Moler 2MEK L 723 A 57 LT, &2
VL 72 MathWorks £ 6 IRFe I 1T\ 4
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/MAHABQﬁH ~
e A V=N Y —HFIFETH D, ZDId,

- WEHTHCPT Y AT LA T D,

— JERECHH L 22w ESATIRDME A 7% 2 P (il 4 D fir D FRATRHS fir iR o 2
A L3, IR LA E ST 5 LEMRINRPRSC 2D B35 TH ),

o LAPACK 7% EDEMEMEGIHE 74 77V 4 ZHNEL T 5 (INHDI7A4 77 4
HADAL VY =7 24 ATH 2 LIFETREDD LIk,

o X7 M)V, [Tl EDT =Y DERIBIED S ERINTWAD T, o DfEERIC -
TWT, 7ur 737k or-c,

ez ZCHRT 5 2 £ix. HlZ1E Mathematica, Maple, REDUCE @ X 9 2 #FMBRICH YT E 5,

bz 2 TR k) BRI, 2o TUE Y 2y T BASIC BERlio T/l I AT 2B
BTHSTDEN, STIROEEFNVHASNTORVWI ELRDES I,

ATV MEATHH, T—IBENEKINTVE ES> TRV Lk, LAPACK 2 D
FATHEZHDO—2I, 7l Ie—Il74 77V 4 h TERINEZTF—IHEZIE L RZF >k 7wy
SLEELEGNIPERING LW HDRH AH, MATLAB Tl IR B> Tw5b, TORIE C++
TEPNTZTAT IV 4 THHFTELZ ETH B,

N J

MATLAB 2 W IZEHli§ 22> Th %25, FHIIH00
ZEAKLEHDTRGBVWD, D& ETREIAYTADIITKRHERA?

EEZD L))ol DL BV AT LEEDDIIRIFBGE T (FKE. UTHNT S X9
I TEMRL B SAHTREL), L LioTaZ L5208, FEIEHNTHS, HADEK
HRTIEHE D ARD R0 (EWIDAISNTVRARWL) L) TH D2, LEOMATIZREL
Tw3,

MATLAB 3BIE S R DT o T T, fTHIEFRBIR TR, BRITIIMR T OLES-RE
ERELEY AN TV, AR RO S 2L —y a vl b +onlfgs
LOVICHE L 72,

MATLAB Z#% %5 7> AT L9037 K SABFE I /2D, MATLAB O S iEfAkI: THERE
e LxoTw3,

B HEAREEE

B.1 HEABORIK

BEDOHARDORKEZOMTRZDAY 27 5Tl 1, 2 BRI THIEREL  (linear algebra)
EYRT LIRS TV R, 20X %7 — v IZHRRICOMIMZER & 2 DM OB KO

09213 T () B EVIHIARNIZZNEEELS 25 H 5 bD TR, 2o Tid, UL &M, 151
AR, TRIEEEE) L) X RAHIOAD D - 7208 (b, EEHEIHEDOIOHELIT TRE L %A,
Eot), BUETIE THIE () REG ISR L7 & 9 Th 2, ARICIZICK & FRFIC T80, o@uasiin
EREHITEL TS (AAKR B REBLLEIICEs7Dnk — HlZI1E 2 K, 3 ROTIIXS, 20
ZICHTINAIE OfF 56  HE, THATAHEOR S EhEE2z LD T (DB AHA, INHIFISIT—HORILIC
LRI NDG) L) TEZFOTORWADEET 205, AL & CHHFEEFHZATEWGTRR DI E R
3), TR E LCiE, 3HE (NRE® /L A) OFRH E DI TRAVL I LDBRATH B,
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i CH BHM, T TN 1 RTER Az = b, BAMHEREZ Az = Ao OFERICER 24T T
HE .

(BDTDICHER L TH L &, HAZ 1RGN L EAMEAERE I PEELDOTIE R G, &b
$ 2 EBIEDMEIE D TZ )Mo TLEIADB WS L) H3-)

A1 RKGRAD TREEST ) & LT, BHEREDOBIBRED AT,

(1) #5252 (B TSI ow»Tid, Az flio 72X (LIFLIFERX) D176
TV 3)

(2) Cramer DA% v 5
(3) HmEHiLE BeHw23

BREPHHINTREH, N6 d, GREONE (5L DL WEIRE TR T %) &8l
M ZEVEICRED D 5, FRIC,

EI 1 RABRZEL e HITHETIZE KD TIEWIFEWN ]
MG MEDORD T E LTI, #IBREDARTIE
i B.1 n XIE {781 A oA, X ICBIT 280 R

det(A] — A) =0

DIRTH 5,

L EEA BT E VS I LTH S, ok (EESERICRET 3 5%) T,
I T S MR L R C EASTER L,

THDEFEZRDDEHICETAERZHEVNTIEWVIFERWL !

B.2 &I 1 RAEXDEEEBIN

IV E 22— =TI 2 EMEFEORE D 90% 13, #Z 1 X GRRZF O TW» KT
HbH, EVIPBH D 5\, #1XABRKIIHEB T 2METH 5, B2 13 R
D . JERL (BRZOGER) I N7BIEHE 1 RGEAZ @ 2L IdEI N5 2 L%
WL AR DX ICTANRIGH T, HY 1 XRGERXZ R 2o EZBICRH I T
57711E (13 & A ED) BIBARBDRITIZHEH > Tw e,

EERICHIH SN AL T4 H D03, RELSRDZOICHHI NG (BEIEDAAIG 20,
RO uAREwERbisd, ZTiibv), DITTIREBIEICOWT, £t
LEHHT 5%,

WH 2 AT, RHTINIC 2 D7 — <2 2D # > 7 “Finite dimensional vector spaces” &\>9 ¥ 4 MILDH L%
HAWADLD 5,

RigH i, —BUEEMERE E VWH, 179 A, BBEZoN L &2, Axr=ABr, 2 #0 23 N\, z %
sk 2 BIRES WE (B & > Cld, BEFEARHRBEAACHICL AW L b)) Th 5,
IS, Jordan DMZE & I3,

142001 FFICHDPN A LFIC L 2 L, n=10% (1{F) ORIEDEI LTV S &b,
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EiE% (exact method) b L% OBEEIADIGEN R 1T HUE, HIREOBECRATE 5N

% Itk
o Gauss DIHZEWE (LU 73/%), MRz fEEIZN T % Cholesky 7%, QR 73 I KD
ikl EH 5,

R1&i% (iterative method) HIRFIDHE TIZE DM kv d Ltk wad, IET
% Z EITEUREORE R BT E, A aRESR o £ 2 A TIT B Y 5 5k

o 1126 dHIEEREE (Jacobi i, Gauss-Seidel ¥, SOR 4 L) LIIFERBRE
B (CG L L 2Dt M, BUE) IcoEIh sy,

o FHEDIDITIITI A DIETZ DS DAL HEIF R, ERICE A7 b
v EDIE Az D iUI R EW ) REZE RS AT OBMECZ M LS,

B.3 EEEREDOREER

(FZHETIFHHT 2 RRINAB I\ LS 23--)

B Z KD % &) FEEIZREOTRRIRE SN D70, 20 fEEORETT A
DORIEIXTHIDOEAEZ KD 2 LI RIBEIFETE 2 (ZOFHEIZ LIFLIETHEMS RO
RIZHNTH B),

zhp 2, HHIERTEBERERRBAERNEEMTHD. HIA1X 5 XA EORETTH
KD, WHI E RERZFGREFHOCIBORRIIFAEL 2V LI EARERD>» S, 5 XU E
DATFI DA HEREIZ, AR OVYARHE & X EFEFHETIIBT 2\ EBZ01 5, ZRWA
1 RAGBADOME LWL TAa S &, (5 XY LE0) BEEMEICITEFER>FEES. K
EEZES UMW L3095,

b ) —DOHEELDIF, TP SHEEAELEHAZES L, b L b EDITHDE> T FHRD%
CMBHEATLEIE V) ZETH S, AR EAMEMAEIZ, 29 THR0ELD D)
T GESLREWR) BT 207D, Z2nZ2BAELHAIZLTLE) &, WFRED 9 FED 7% <
“oTLED, ZOMICHHEDIH > T, fEEIE

EEEZKDDDICEETEAFERZEBI S ELTIEWIFEW!
ZNTIEBRICE) TEDR?2HETIEIRD 2 27y 7 THRIET2DNRREVWESEbNT W5,

(1) G o474l A %, %Eiﬁﬁ‘ﬂ U T“i‘ﬁfﬂ%@b:ﬁ Hessenberg 1751 (H 2 \2 3 A %3
XNFRDOG A E = FERNAITH) A ICZEHT 25 (D% ) A=UTAU),

(2) A TRFL T,
(a) FERIEDRFDIE (WAEE, &7 MIE, JHR)
(b) Strum DJ5#k (bisection method)
(c) QR &
BEHO LA NFRAREICN LT, CG EDRMOMEIZ LA LIRERE A B INTH 2,

WIFHIDERATIZ 0 3%\ & &, fTH1I3B (sparse) TH % &9, WA DEEHBUL CBlb N 233 1 KI5
READREATIN, (1 ZITBISHE C BRTSITH 5,
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EOREEZL T, HEHZKD 2,
A = (a;;) »* Hessenberg {751 & 1%,
1>7+1 — Qjj = 0

DI DT E (WAL D oM ETIR 0) 259, AXoICE) &L BT LM
SR DI E VS 2 ETh D,

B.4 Gauss DEEE

Gauss DIHEE L V) DIF, BT B ICHERLTE -7 (RIEZ —D>—2HELTHSG LT
W) HEBERTH 5,

Bl L CROGHEAZIND HIFTHHAL X 9,

2%1 + 31‘2 — T3 = 5
(3) dr; + 4xy — 313 =3
—2%1 + 31‘2 — I3 = 1.

FIERETHE IS LIETIE, RBATINELLD XY PV 274752 ED ., Zhic
(1) 54712 0 TROERZ»IT 5,

(2) ZoDfT2 ANHAZ 5,

(3) b2 TICHIDITRINZ 5,

DL LBEE — TFICEITBR3EERER LS — 21382 LT, By TBRROREITIICHY
T 55597 % BTN T 5D TH - 72,

2 3 -15 1 3 -1 1 3 13
4 4 -33|—= 4 4 -33|—=[0-2 -1 -7|=
-2 3 -1 1 -2 3 -1 1 0 6 -2 6
»101 5 I =101 3 I |=|01 5 I |-
03 -1 3 00 -2 -2 00 1 3
-1 010 2], ®AZ| 2z [=] 2
0013 T3 3

A ADHEEED ., HREOBRE I Z O EICITH T, FROLE2HWTREH L 2174
IDED, LT D L) ITAfEo Mz %2 012§ 5%,

2 3 -1 5 2 3 -1 5 2 3 -1 5
4 4 33 |—+10 -2 -1 -7T|—-=|0 -2 -1 -7
-2 3 -1 1 0 6 -2 6 0 0 -5 —15
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21’1 + 31'2 — X3 = 5, —2$2 — X3 = —7, —51'3 =—15
EWV) T EZRLTWEDT, BOT»BIHIC
—15_3 _—7+x3_2 9 —3x2t+x3 5—-3X2+3
5 2 T2 = 5 2 Ty = 5 = 9 =
IR T EBHKD, IRt ARO THZE 0 T 24 EH L o/EZ2aERE (forward
elimination), #FDAIC K D REDOMEZ KD 2 #/E 2 BBAA (backward substitution) &
I,

1

T3 =

B.5 TIOR3 ICDWT
B.2 CIAID 4 2 Tofi, HSHCok,

B.5.1 LU %f#

RN DODEEZERT .,
1191 L = (¢;;) W TFE=ATT5 (lower triangluar matrix) T % & ld, WNAMD LI H %Koy
BINTOTHDL, 2% D
1>j = {; =0
DD DT EEERT 5,
[FERIC, U = (u;;) D’ E=HETT5 (upper triangular matrix) TH % & 13, NAKDO NICH 5
o3I RTO0THS, 2%

DRDIVDZ & EEET S,
HTRZ%LHITESL

by 0 oo i 0 ™ Uy

I — lyy by O - 0 U= 0 ugp -+ U,
: . : 0 .

Cof oo e L, 0 0 U

EWnIHZEThS,
(LU Vg3 N
751 A ITR L <.

A=LU

EM7T TS L & LA U 2R3 2 E% (SIUEWOLTES LIRS 4
| ). A% LU AR S I

y
Gauss OO NHEN 2 BRECIE . FBATIITIC BT 3 AT 2 i L < 1= faf751
(20E U LB BT L LD, TS 2 AL, AT 60T 5 - & Tk

21



HTE 3, Gauss DIHEETIE, TS HEARTINITXTCIEHIZ T =/A1T5Th 5, 2 T,
NEDY A

Li---LylhA=U (L; 3EAIZR F=A1751, U 13 E=A1750)

EMT B, s
A=L 'Lyt LU

ERBM, Li=Ly 'y Ly PRI TEMATIITH B, ZHUIRDOEED S35,
fHE B.2 (1) F=AfrdlemizfmeEicBI L <AL Tw 3,

(2) ERIZ T EAFAOMTIIE FEMFTH 2 (WA IE A F = AAo4ki fk
IZOWTREE 5 T),

I T, ZNTlE Gauss DIEHEEIFOOTHHK S E v &, (REHLELEDEHETTC
325 K 9I2) WIS 0 BBlbN 6 7 Xk 2bITTH S, TOHEIF, TE2EMICL
a9 2 2 ECHEDPHERS L9 Ik B,

4 _ R

i B.3 A Z n XIEHIfFFI L T 2,

(1) AP LU BfETE 270 DRETTEMIZ. A DT XTOEFNMTIIAL 0 THW
2L ThB, RIEREDIEMENTHTINIE LU e TH %,

(2) YR EHATI] P 3MFEL T, PA X LU 3R CTE %, T4b b7 N =A1T5l
L, =155 U 3R L T
PA=LU

DI D 3O,
)

IEHIATH A @ LU 737 E ZFEL TH —E TR RWwd, A %
A=LDU (L EXAETH 1 O F=/Amas, U GRS 1 O E=/A175. D I3A1751)
DG fET % LDU DI —ETh 5,

B.5.2 ZA{TIIRBOETL 1 RGEX

=MITHRE DN 1 R GRERUZIER ICICE L TE 5, ZhnE FEATH0BS
ICHRTAR LI,

Uxr=0b
U111 + UeT2 + -+ + UpTp = bl
UgpTy + -+ + UTy = by

UnnLn = bn

22



T DI S HIC

Tp = bn/unrw

Tp-1 = (bn—l - un—l,nxn)/un—l,n—17

Ty = <bi — z”: Ui,jxj> i

j=it1

n
r1 = <b1— E Ul,jlﬂj) /UH
J=2

EfRT B, BT 212 24U Gauss DIEEEDOBBRABEEFE L TH S, Z DOFEIZEAER
ZEMEICELTOHLGDOZWHDIZE>T» 5,
51 A D LU Bff A= LU H 5 EE, Ar = b Ol

v=UYL"b)
EFEIT DT, ZATIIRED TR
Ly =b,
Ur=vy

ZIEICRFIEEONEZ EBTh 5, koT, ZHIIIEFICHRICEETE 3,

B.5.3 Cholesky 2 fi#
A DIEERTTIIT D 2 54,
A=LLT

273 N =AT8 L BT 5, 2% Cholesky DR LMWL, L ORARDTIZIETH 3
XD ZEDBTELD, 290 bDICRS LfRIZ—ENTH 3,

LT 12 E=MA175TH 5025, Cholesky 3Rz —FiD LU 0 TdH %,

Cholesky 77figix, WD LU DROFESHEEOFIERTHETE 5 (AN AGFEEI
B,

B.5.4 QR 9%
A ZFEIFAFTAIE §2 £ &, HERTH Q . E=MA1TF R T

A=QR

2723 S DPEET D, FHS R OXWAETIZETH 2 L) IS I EVTE, 2909 b
DICR D EFRIT—HINTH S, Tz A D QR 3 LIS,

TZDRRIZ O TE R L TH IR BOAEIEIZEND 3, Schmidt 27f# & &> Gram-Schmidt 47 fi# & W
N3 2 ENLH, BUERIEREOMIRTIZ S 215 QR SR EWIEN S,
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A= (ayas--a,) £ETHEE, ay, -, a, 5. Gram-Schmidt DELALZ 17> TIERLES
BN qp, -+, g, ZIEDEREIZ. A D QR fEZ RO TVBE I LIk B,
L2 L QR D%k 2546, ZOEN Gram-Schmidt DERWEZEHT 2 2 L3k

l1318o
LU 43 & FRRIC QR 23f@hsd duiHing 1 X5 RUfEIC T 2, B2 Ao =b 2R E
7w EFEIL, A=QR v QR OfEBfFo szt LX),
z=RY(Q ') =R Q")

THED5, ¢ DIERMATH S (D h. HELTIHOETIE S & DT ORI
7z 575 0h 6, FHET2ETLAE I oTVLEHIT),

B.5.5 EI 1 RABRICHIZIEFEICOVWTDERED
il 2 L 2EO, HEHT 2,
BEZ5n1175 A ZHETIOHEOBELRITIIDOEICTE (factorize) T EMNER

B.6 GBEHETIIZHEL TEWIFEWLWD

o WTHIDFHHEIZIZ, Gauss DI RIEICH DI LU DMOHEI D L 0 ER (93
%) BRLFETH %,

o JLDREATH A DBETH 2854, AT (13 LA ETRTOEEID) BT AR5,
LU L7 L EORT L, U BBEZE MR- Tw 2 (Eflz R 2), Z2DkD, (RET
FIDSBCTH 2B Aricid, FHERICKE (R n DRIBEEZ 2L HH 20T, &
WV DI B ODEE) AL B,

B.7 EREMEOREERT BicHDiEinE

5.2 6 7475 % £ T1EATINC K 2 T T ZIZ) 122 L Twl, b L k=
BTN HEINUZD T LD TR L TH B H8

BEIE Gram-Schmidt 550, FEAM 2 1E L2 () Z (X0 2B § 2 MRS 2 % 7 Householder 1751
. SXOPRiOREEZ £ DT Givens 1751) 2R 21T T HEB LN S,
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e N ™
e B.4 (1) A Z1IEHI{THI P CHIBIZL 72 A (DF D PLAP) I3, A LU EHHE

ZFFo,

(2) EIEZRATI U 0if55d UT Th 206, U ISk 2HRZEHIE A = UTAU <b 5
D3, A WEMNRTH 2551F A BERFTH 3,

(3) unitary 1731 U OWATINE U =T Th22 5. U Ik 2B A = UrAU
TH 505, A D Hermite 1791 TH 255418 A D Hermite f751TH 5,

(4) EESATHNDOEITEESITINTH D, FESATIN X 2 HIZ 2 A RFRE DK L 7%
bDIE, —DODHEBELITINT X AHPZEHIZE L v, unitary 752D W TH FEIBRD
Z EDRD LD,

(5) FEREDESFFI A 123 LTl 7 unitary 1791 U 2846 L <.
U*AU = R (R \& = fa351)

7% (Schur &), =M DMEHEIZZ OXART I S v s, 208
DR S U A DGR 5Nl 2 LItk b,

J

BRiZb R 72 & 91z, A MEREITREOT R L EifiTh 2006, AIRBIOPIHIGEE & FEEH

T Schur 0@z RD2ZLIFTER, L2L, EZAICT22E2HE 60, —HFHi

D Hessenberg T THET 22 LI 5 &, HENEHREEDDLWEHETHEE S 2 L5

HETH 2, ZOFEMITANET 205, XD LX) RIERNLRESZTINC K 2L Z Y IRT I LT
EHIN5,

(1) P (u, ) = uiry + uoZo + -+ + upr, = 0 (u = (w;) IFHLLRT FoL) 1ITBIT 2 65752
g (i, R bFbND) 2EKDT H=1—2u"u (Householder 175l & /X 3),

(

cos  ((3,5) = (p,p), (¢, 9))
sinf  ((i,5) = (p,q))
gij =< —sinf ((4,7) = (¢,p))
1 (i=7j¢{p qa})
L 0 (%At

(Givens DEIER{THI L FIEN %, )
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