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2.0 eVl =l VI, HIEEEE ¢;
vewiI<hvi+IIwi.
BE—1TRTFHEE TR =AFER.
T H A SR B A X S R, 3 H AR AT 4 ARG R L, 5%

n 1
v, = (Z Lo, 17)2, p=>1.
Woo=10, TR L, UM, BESBROENEZA. Y p =2 B, TR B A K E R
Euclid 3. 2% » & T 55 K8, BUE & RBE o, FRK 17/ 8 8 & % $ (maximum

norm)

| VI o = max | v, |.
BRI, I AT S SO B, 8 RIS 889
BI1.7 L, B 00, |1 L] 0, ) hes s M 1 B o R T
EEATEE 110 FARE N2 &, T E 1672 SR —EXFH. 8 1.1(b)

FHRERFE RN Euclid B FHAMmE FH LI, mE1,0),(1,1), (0,1)F
BB —AHEEE L EMYETENE 1.1 ()R, BENMESbmg— P EN

.
i
\\ 1 P
N 1 Ve
\\| //
U7
1IN
P
N\
V2 N
A N
Y

(@) ®) ©

HRERE, &AiTE X
Al = max || AV I,

XA BRKERBGBFAANEMRE VITERA. XE, “BA07H & BT B ey w23
FI 2R 3 PR RETE RO AT T L33 5 A AR
1.TAl=0,11Al =02HAH A=0;
2. lcAll=lcl AN, XHFEEFE ¢;
3.1A+BI<IAl+IBI.
WA, X FHEE AB SME V, &FWTHHHER.
4. lAavi<lialllvi;
s.taBli<<ilAll I BI.
L, BEM L EBRFEAGTHAMR A, iERREARKAEMEMN—FIZH,

Al = maxzn: la; |,
mE&EREARRENMEN —ITZH,



HE

n
||A|[oo:miaxz la I
i=1

EN8VF 2 FR R A P e e
Bl1.8 A

1.1

1.2

1.3

11
A= (1 O)
M L,L, 5 L..75%.
RESZ B4 i B K 3 0 R AT, FREAIM
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B XM UER R
B & RENELE
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EOFR, R 2%E, BT EIE 1414 H RN

0.0002
1.414

R AT 2, T F MR R I GUE 1.41 56— 0.003 xR .
iﬁﬁ Ty T2y "9 Ty %%U%X[a XZ, Tty Xn E@ﬁ{u{a, Wﬁ% E E‘lk%ﬂﬁgig’eﬁﬁ E’ iEHE
xX; ZHP B KA T REIR 2 B nE .

= 0.00014

iE &F B
7 - E<X, <z +E,
H LA E
Dz -nE< D)X, < D) x + nE,
E5Y:4
- nE < 2 X - >z < nE.
KRR BT B AR .

HE/T+/2+ -+ J10089 0, B, i 8T 5B i B2 /N S S 76 6. wE L, B
K FTREIRER £/

Mo M RO LR, SUE 2R M, R TR0, S8R St & AR, RIS
M, HERR 671.38. I T EANRE - RAHAAEIRE E=0.005, i, I BRHTTHRIEELE oE =
100(0.005) = 0.5. X EHRE T BN WIFE MV HERN /D ERRE.

— IR R HEE IR (probable error) 9 B BRI 47

7 F ﬁ%—f‘!‘ﬁ%ﬁi&%‘%ﬂﬁﬁﬁﬁﬁ%ﬁ%é‘ﬂi%%ﬁﬁ.?3&%"7_,i%ﬁﬁ%ﬁfﬁﬁk?‘ﬁid\?fﬁ
it TERRFIRENIE, FURR-—ITERFRNYNR, MEH 8/ E Hst% Kb E &
BROTRRIRE.

B1SHERPIRREREV? BESRARERBRREMHLE, ERLER?

B & YTHHRBA S ANBE, Fa R s LU 671.46288 M4k B HE, B KIRE L 100
(0.000005), Bl 0.0005. ATIFEATHHEBT] 3 M/NEHIHR 671.463. TR, B 1.5 W RBPEUFIRE K
HR0.08, 5REKAX(HTEE)NRE 0.5 BRERIRE0.05 HE, BRIIWMET—AKEWT B -4 X H R
.

1000 T AR 100 S EF RN, FEER 3 /ST, Bo, 2511808
A5 HR K 1R B PR Y

B & NTHEREE BTRBREBAMERNBRMNTTERLEHART . H1.4FHAR E TR
LO00E, X T AL AR EN — PR, TSR 3R i TR EERLFE 3
BN R ATRE 6 MR/ MO FRBEEN HESAE E-TRKEMTE D EESEES
MR EBLRBAKENLE.

HHERK

1,
4 b}

1 1
1-751+3
HEWE 3 MNEFE.
B & I TREHAT - MEHOMTER. B ENTEFS EXBHIE. 7, 3 5 B3 D,
HER ook [ AR BRI i R, XEREELE - S OB EE N TE A2 EZHT. T H
i%#‘é%é@*ﬁlifﬁﬁ]ﬁﬂ%%%go.ooos 8 nZ=2000. & HHIX 2000 AN, X 8 A7+ HE 8 FGE
$,2000 M ANRETESHRB wE =2000(0.000000005) = 0.00001. X & F £ R A L8 M, AT
BRIV EHIT T, BER L3 36, A 0.693.
EE, EXTHBPRAESARE, HEHBIRE 8%, #ITNAH - T MABRIA B, R




BHE oA
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J&, A ERX A E R, RATH & 7 KB E&ARE . §7F 8 %0 BT iR 2 (truncation error), 3
H, EX A WS, EF LERFMREREFERY -1 852,
LhriRE = BUNRE + FABRE
=0.0005 + 0.00001.
Lbr b, XARBWER 2 09 B R, TR 3 (/M8 ERERITH 0.693.
R E R
ay —aztaz—ag+
RASKHY, T EL AR o, 39 0 R
1

1
o + %(01 —a,) - ‘%’(az —aj) + ?(a3 —ay) +

RS, 3F B 2R AR 8
i &5 M A, M B, #7 LAT G o TSR, A, - B, =+, 8 FH M RYE
WCBLH, lim a, =0, ATTBEIZ R

PRI R B TR 1.9 B R, (D HERRE 3 (/K

B o G- SRR TR B, = -, X T > 1,

1 S 5 1
Bu=t g;(_ V%G -1
BME—TAFRETRIEGLSHERE, AME 1.0 PHERTER. I T3 MEFER, RITEE

1
2n(n + 1)

W n>32. BAEEA T 1.9 FHFE T, ETAE 8 B MG L2, & A 22 0 Rt R
KB T FEERZ H—RE T, HE, EHRN TIERRHE T 0.693.

7 R HER IR 0.1492 F1 0. 1498, B, iR B A KT 5 /¥ 5 MR RE
B R 07— 0 1208 M FLATRH B2 AT AL

B 65 AT ORI, AR SRR o B 0.03 M E AR T BN RS 2T
LR 4GP A R R IRE R TR A AR T, RIS — KN 0,03 4

B> AR E, X F 2 0.0006 T 5, &fl‘]f%ﬂj*%‘ii?ﬂ%%i%%, R 17 DE S EEFTR

HIR, B IS AT A B BB RO QAT 48 1, BB M R, B A RO 1667, TR T AL R

1

1 . . o
0.14985 — 0. 14015 BB T , 3L #1178 2] 1429. %*"l\ﬁi’%%m =2000. X

MHEH RN B THERS R, A RERETHNABIRR, P RMAENIRET SRS B KN
BRI

AR E B R R 47

B WRHAE B RN H SRR AN, PR SR B A 8 (well-conditioned) ; K
2, B2 AH (ill-conditioned) . # 1, &5

< 0.0005,

r+y=1,
l.lx +y =2

ERH-MHEMES . ERRILEF TN ERNY S, RN =10, y= - 9.

SR L IBH1.0S RIEBHRME WA =20 y= 19. P ER LB S I FLAHRESK
THEN 100 ME S HHE0E.
HaRRENEL?
B & RBSOTER BRI EENESE RS NBETHE - BB EER TYH
BFHMARENAE, FABMBRORLEREEW AT E XSRS EY BREHEGR
), LR E IR, W 2 48 E B E (stable algorithms) . AR, X FAHE. RE2M E
PRBARAER, TR IR 2 R A E Wi, XM s iy R E W (unstable) .
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1.15

1.16

1.17

1.19

1.20

1.21

FEREIE R T4 0.1066 * 107

B 6F HAK, 04 NEER 440, B 1066, 2518, 0. 1066 * 10722 0.001066.
PRV S T ERIT S +0.10111010 % 2*

WM & XHAETRE RN B 4 6, 2 AR 1011, 1010, E S M F H IR 11+
%ﬁ 11625 FfBli, +0.10111010 =27 12 0.01011101, B, T RELF D E W 1/32 5.
FERRIE AL T HERICS 0101110100100, 5% T Ef1H 55, BEE A 8 LLmip 6 H 3 7.
B & E-HEFLIMERRES,

0101110100199
/ I N

#E RBE A5 0

R Y /N B R AE RO BT, S B ORI AR, AT — KRB EI T +0.10111010 * 2%, 2K B4, 3
VAR 295, + 0.10111010 * 27 48 3% 0101110101001, /5 4 B FEH & LEH N - 1.
MBI 2E, U T RSB,

0101101110010

0100011001100
B e REELRE, RIS H T FID S mE S TR

10 .110111
+ 0.000010001100

=10 .111001001100
FEHBARMER, TRAER
0101110010010
REBRTHE, BYAIES 7, E 3 6. I FHLE AR, B 6 s M ERME, XR&=E T
BENIBEE.
2Rl 1 7
R oF PRARNMERNYISFOLE, BRFORKIEE 0111111110111, XA %R, BEAB

HRERH. ZHRNREEBS 7 6L SN F 11111111, X FHEH B 127+ %EX 27-271,
FEEMLE T, MK FANMROEBRERER, TR — U (overflow) .
a2 Fus?
B = BRTRRAE ERTES PSS, BR R R 8 /MR 0000000011111, AT,
ETEMEH, XPMEELN . EREBENE IR LRAEXREN XREFTLZHABLEBR
(normalized form) . F2 WA AR K — A B b 4 530 4% 4k B 00 04, U0 5% /15 9 1F 3028 B8, 0100000001111
T, ER 27 « 2 TR 2 L N TFRA MM AT ERB TR LS EER, MXAHFENT
i (underflow) . RN B F R AT 72 5 R HR S 2 E1X FRBR 1, I ELEBHHE F 05 A0 P IS A9 HE 2
BEF-- M HEEERANRERE, EXNREDERE 3ATHEEE, A RE
—1,0 B 1, AR 4, SX B HR Q] 43 A E — SR 524k R 7
B oF BT, S EHR TR TER % < TR, B4 8488474, &
— P FHEAFE I HDT .

0.0100  0.0101  0.0110  0.0111  (HFHN - 1)

0.100 0.101 0.110 0.111 (XFFEH 0)

1.00 1.01 1.10 1.11 FFHHx O
EAIERER 1.2+

R B/ ROB R TR AT — R B S —, ﬁIEJFﬁM%tSbHEU%. BR, XA ET R
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1.22

1.23

1.24

HIIMAREFEEE(IEERN 1), R A5 IR 3 Z R BCRE B A FEL. Flan, 1.005 X B2
THEELM, CRE4 AT TEXTHEEN, REREFM2HE ALPHEIRRAEEE
RO, BRAMEEMEFE, FH, T B RERE XN,

1.2

BREH > HFEAZHBFTSERWELIA N NEH, XBREECEMABL 7873

2., B& A G| EH 43T 1R 32 (absolute error) FIMAM R EH AT 47

B oF 2ASENZEEZTL N HBIRE -1 NN, RE o MR RAE TR
dtiRsE <2

TR T AT 5, R A% 30 B . 3006 AL Rk A SRR N S S o
s < =2

B () BF « WRERD, HERUTRE LN, TR,
pxtig = Madox g

54

fl{x) = 2(1+ E) = = + zE,
HAEI<2 " &N REMZH T LA R H - M EME (perturbed value) r + 2E % fL# r, WX 3K
A R R
A TR A BOE I A A X RE R
B O AT RE c=m, 225 y=my # 2,00 y BN M o, REAEBH e — FREGEHFZH
NN, RIEREAEDD, B 4E RIS A XEEEF AT a3 26 E
EOREBEXERUOBEART 119 EX EMER), REFE L. E—FRATfEHEd

1< [y + mpx2/7] <2

A, T = Ml aEE

T < I max2 <t

A EREEE XS, BERE AR, RIERNA
flx+y)=[Cm +myx27") %27+ ¢] %271,
K, e BENRE XTUKE N

flilxr+3) =(z+y) 1+m—+7’2ﬁ
=(z+ )1+ E),
MIEI<2e27".
EARREX P, M
fllr +y) =[(my + my*2/") +e]x2°

=(x+ y)\ ! +ml + mez*2f_'/
=(z+ y)(1+E),
He EMRETR.
TR BRI AR 25 51, W AE R 1.45 A

HHPITFE SRR A IR E R



£-8 HESHRELZ

" B H-RBXFHINEH r=m *2° W y=m, =2/, W Iy:mlmz*ZHf.Bjj&JEfﬂmﬁt.ﬁ
%gl mymy | <. XEREABEERBEBELZLEE V. EH, EAGHTFEERER n + my+ e,
Lﬂﬁ%’“ﬁzm,mz+e,ﬁﬁlef<2‘"“.ii§ﬁﬁi£ﬁﬂ?:

(mymy+€) %27/, g‘lnz”nz\}%,
fixy) =

Qmym, + ) %2271 %—”;“ >lmlmzl>%
€ L
1+m1m2’ iu“lm]mzl>2
=mymy* 257 1 1
E — —
l 2m1m2; %2 >1 7721”1212 4

=xy(1+ E),
MIEI<2]el<<27 7.
B 1.46 PN THREZEMABRT - MRULER. XEREAFAH I MERER P, MAES
H,PRMAEMRERN B BB BRI AR T L6 1.
1.25 MiHFAE S EHITEN

1t xyt oy

B =R E .
R & RIEERINs,. Bs)=x,, U
sp = fl(s) + 23) = (s + 2)(1 + Ey).
EMEE 1.23 FATIEMM, E, AN 27" ®E
s = x1(1+ E) + 2,(1+ Ey),
BHET %
s3 =fl(s3+ x3) = (55 + 23)(1 + E3)
=x1(1+ EN(L+ Ey) + (1 + ED(1 + Ep) + x3(1 + E,),
mBEH

sp =Ml(sy_y + x2) = (5,1 + )L + E, )
=211+ c) + 23(1 +¢3) + =+ 1,(1 + r)s

Hep, X4 F i=2,-,k,
l+¢=Q+E,_D)A+E)-~(1+E,_,),

Hi+o=1+¢, EFE, ARMER, MF 1+, WERNE W T it
(1 = 27"kt K1+ ¢ < (1+27 M)k,
HCRTHESE
il Y x) = Dz)a+ B,
He,
ori] 2o
EEEEN D)o, M TFa; B/, FU*EXTL%% AIRER AN, XRBHESIRMHEER, B

1.2 PREEEET.
1.26  [E3R /o] AR 25517 .

B & BEAB+OWEREERME a, b, c HHEHIEN, RETUMERERE ¢, eay 05, WE

i

M.

AB+C)=(a+e)b+ey+c+e3) =ab+ ac+ iRE,
H,
WE = aley+ e3) + bey + cey + ez + ere;.

BRAELEHRER e, | e, LIREZ RATLI 2RI, B4, R1TEH



.10.

¥OE A

1.27

1.28

1.29

1.30

1.31

1.32

TRZ IS 21al+lbl+lc e
33 A~ 95 R ¢ 5 PR B PR O [ BT 3R 32 40 (forward error analysis), R T 8Eiz H FIE B & R, &
XA ARARR AR EITR Z%e Bk 5, iR, B RIEERTY, REN
FRAERKTTRERL S 2FN. Feh, RUGEEEHBLHEAN —S&. FE% o WHEK I
c MEBURBA.
AR EIRESH?
¥ &5 IS RESH (backward error analysis) 1 2 R BARR BT HEZEE, REEWERESE
ENSANENTE £XE EENEAEERI RNV REEERBAREF 2 EVIHE
BERMACE EFETET WS RESNTERH RS RSWAREN U RS RENEHEE &,
MERFTLIEH. RZ, WESI T GRREN EERE, N, EFEETEEES.
WERITER 1.23 RIRZ IR BN E IR E 04T
B & 123 PEINEERE
filr+y) =(x+3y)(1+E),
IEI<2™ ", HP, n BZHHBEHUR . BEYE N
fl{x+y)=x(1+E)+ y(1+ E).
AR 1.22, RATR BT HIBHM, B iz +y), IR G REHIE « My HEFKF T EARE
FE BB ER, R, Wi T s Y BN TR ERE NSRRI EE
VEHITERE 1.24 PR 53 BT R 7 5 iR 22 5047 .
B & RIRH,
xy) = zy(1+ E)
AENE - T y(1+ E)MB X EWRE T FHRY (o) WREEEY -, y YEHNT KT EAR
£ HP K E AR (true product), R EMABBERITATHIRZRH HE—FH.
FER 1.25 1, UG REDT A T (47

B & uk e

f]( Zl,) =1 (1+cp) +xa(l+cy) + -+ 1, (1 + ¢p)
Bk M ry B 2, EFREEZBRE MEN, X ¢ MRS ERN k41, ZEENIRE
EOAREHR, B 1.25 FREM T REX R E TR R TR -HEANIRE.

B L, Y%, B 551E Cauchy-Schwarz A%
IFTARESDWHIDNHP
R M E K E W = AR,
B & HAEBHIEHAEES D) (o - bx)? EHEFHE, FROKFE
(Det)a?-2( Tap)z+ Ta2=0
THEAE RFM LR, XER
4 Dlan) -4 S i<,

43 4, BAEBZF Cauchy-Schwarz R
W, A A EREAE, B LNBA =AR%EL, ENSBER A

[(o1+ w)?+ o + (v, + w,,)z]lf < (vi+ -+ vi)% +(wlt o+ wd)?.
MEFH, &IFELBR, HEH, M Cauchy-Schwarz FER BB B FENERE(WE 1.50).
Rk, Y4 p BET IS, NEN L, VEHGEE F max| v; .
i &F Rif v, RENERANS R, IFBMRE N

\vm!(1+2 —

iF#Em

RSN T8I AN TBTE, FREFENSE.

[

p) 1/p

m




N
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1.33 W, M F R RE V, EXH A =max | AV | BEE R3] FPATAMHMKE 1-3.
& X SR A S RS RO R ] T AV BR[| AV | =0, 800 A |
20.# A =0, A WIAA P RIBFOTE, MERER VB AV EREN, X
HIAV | =078 X BIEH TR 1.

HK, ®11H/
lcAll = maxll cAV | =maxlcis |AV] =1¢1- Al .

VR T LR 2. H R 3 Al S el b 7
1.34 iﬁiéﬂ'ﬁ%(identity matrix)A Ly, L, 1 L BB DRt 42
B & T AL EY VvV ERNHE, RITE
BTl — max)| IV | = max|| V| =1.

1.38 m&[i ﬂm Lo Ly A1 LS5854 27

® = RiE
.
AV = )
vt v;
ATHEER, & v, v, FO.BET VEL BHPWBM G, HET L, S5 RITHENE
TAV | =2(v+v) =2, FR I Al =2.%F L, B, RITBMHELRBTEHRISH M, B3 2(2?
+2viv;+ o) EXMEEP, o+ 3= 1, FRENX 00, WE KM, HBEEHN MBS EETE o,
=v2:fl2,zf§ TAl =285, HABEH L.AUAHKINERWERERDIE, U | AV | o =0, +
vy M TFHRARFTER, vy, v, BRI 1, X ERRENE 2. H TSR T 1A 1L 56 45
L Fl L TEBER sl iR s
1.36 Ak
Al o = rn_axz Iaij l.
i j=1
P &F RE-ITHESREY1ERES a MLEM R V, 55 D) a,; ! K. TR, }ja,jv,

RAVH—TETERKENLE, L, ERAF TR BT VEEEE 1, % A RN
BUMAE. L, TSR0 28 UL R 1R 1.52.

1.37 EB [AVIIAL-IVI.
iE &F RE|AIMEMTRAMER U &ITE
TAU I = max [l AU = AT,
BRU=V/| VI FRAEER 2,
lal el < nal, vavi<ianivi.

1.38 W ABI<IAI-IBI.

iE & RNEZMHE1.37 LR,
|| AB || =max”ABUH<maxHA”'“BU“<max||A”'”B”'HU”
=lAl - IBI.

¥ o3x &

1.39 FAZ#E®

—— =1l+x+xi+
-z

iJr%O_é—gE,ﬁtP z=0.018.
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¥E S

HREFBIT 0.005 6, FHERE 2 /¥, TEHFIREE —1%.

1.40
n 11 12 13 14 15 16 17 18 19 | 20
S HEHND 3 AL/ 3.317 [ 3.464 | 3.606 | 3.742 | 3.873 | 4.000 | 4.123 | 4.243 | 4.359 [4.472
JaEEAR 2 %] 3.32 | 3.46
ENEENIEMME |- 0.003-0.00
HE G REABFAMDEOFERENBENTE RN, REGARESRER KM 0.005 HELF
SLARAT? PR BX 10 M EAEANEZETE 10( - 0.005)F] 10(0.005) 2 |, MELRFE LR E 7 E548
R /10(0.005) K H., T 5L e 2
1.41 RN MEHERIA O, REM AEEEZARXFMI, 4 N KRYB KR, 8 H Km0
HERE-HFHTTRELEL? 4 N R4k, INEEREMETELE L
1.42 FF5 o, )1, ), H
Jos1 =2n), - T
EX, Jo=0.765198, ] = 0.440051 HHEWHF] 6 i ¥ Rt E J,, -, ), BB ENS FTERHHHE
BB (RERERERH D -2 AR ITESRN RENBRLTE)
n 2 3 4 S 6 7
YEHH 7, 0.114903 0.019563 0.002477 0.000250 0.000021 0.000002
1.43 RIE. 3 F EEHFS, ETE
J7 = 36767], — 21144],.
HEAEM Jo fl J BRI, S BRRETEROE ARRRAEW J, 1 ), EFHEANRE UG
HEMEREH P KIRE.
1.44 ¥ J HEl 6 UHBERE, HH 1.2 PHLR, THREH T4
1.45 RIEFSRBEFFEERRE 2 "R MR 1.23 FHE, W r=m,*x2°, y= my* m/ W -~
=(my—my*x 2702 BRIECHE, EURA
2 my - my 20 1< 2.
XX FH BTG AL, HIF N A EEER o — 1, LM s M
2N my ~mp 2 1 27
FrikE . SiRIE
fl(z ~y) = [(my = myx277%) %20 + ] %27,
B #
H{x-y) =(z~-y)(1+E),
HelEI<27".
1.46 WKIEFE REEBREHR P EMREU 27N R BRE 1.24 PRAE, I FREEW —ERUS FHER
(GXBRATHRAERF DOHHERE, ©4ET
_5 _ (ZLmlz) x e FH
K¢*}T<|m1/2m21 <1.BTHMEEBZHFEN TSR, B WIEHHMEE EmrR, BER
#.
1.47 SRS

sp = flaiyr + 2232+ = + mw)
BRI 1.25.4%
t; = Wxp:), i=1,"k,
BES
si=1t1 s =15+ 1), i=1,,k

B T BTRE B s, 4 R 28U AR 72 3T I 9 R R B B 3¢ R R Gt




