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"a = |x� xh|
"r = "a/|x|

ef = |f̂(x)� f(x)|

eb = |x̂� x|, f̂(x) = f(x̂)
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12345 = 1.2345⇥ 104, 0.00123 = 1.23⇥ 10�3

× = f by
1 - f

Backward

*gfGm\qyndI Error
of # tax - FK)

FTA 's'k¥t : fix ) . fix

Kai 'K¥t :
of

- x=ox
,
ftp.fcoikfbtox)

TEEHEE

.tt#lEXiikEDibEtEEEIEE'Ega7JeAikeE
.

3. it '¥±tnt¥£ :

A. 44¥ 't "¥EII:

12345=1,2345×104
,

0,00123=1,23×153

B.tt#EEtEE:lsvgwficat digits)

" £

xh=± lokxo . a. asian 'tyxGf . tank
,

aie{ alia }

A. to ,
# is

%

K - xaletzxiokt (
B##JFkj 't

tzxpkp )

Fftaxatetnkxhetpt'EhFIk¥ff
.

x = 0.121, xh = 0.1205

|x� xh| = 0.0005 =
1

2
⇥ 10�3, k = 0 ) p = 3

1-9

better

.cl#&alglaxhEHaTrEp+HIlHiY3tTtkotaT4Iko)not.se#TzAHtEhJFtaHFoiqpt'z,AdEptEtthFEEIExE

.

AFI : 1=0,121
,

Xh= 0,1205

Hank 0.0005=12×10-3
,

k=0

⇒ p=3
,

xa # 34 'ItF&I¥ix¥
.

C. IE¥n¥iF :

it '¥hh¥Fx¥#A"EFEI.EE#.IE&.EtixttEEpBkIA
'

a. E*f :
5¥¥Elbase) B

b. FK ¥¥ # precision) t

c.tk#ktEbklexpmrent)EEa.utEEk

*

ix. tldidpttdjnt .
.  .

+ dpt¥ ) .p£

O£di< f- I
,

it
,

"

;tt
; 0< do _< f- I

11 LEEEU

dodiidt

. ,

HFFOEHYmantissa) # Fttxsefdlsigwficat)
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I -9

EEE-hoxkhidal-gtaxe.lk#t3P+itIlHi6-Ttt-

oat
'

'¥H
me

ftp.EEAH#aJ-MIIHhoiFjptZ,ADFIptE'
Aff #KEENE

.

431 :

1=1.21
,

Xh= 1.205

X- dal =

0.005=4×10-2

,

k - O

⇒ p=3
,

daftest 'E¥Ex¥zE¥
.

C. IEEE ,¥E :

it '¥ku¥z¥#hs¥IE¥.EE#.iiIE..kixtEEElBIEA

a. EH ) :
¥¥¥xlbase) B

b. ' Ik ftp.fztpreasim) t

c. f¥IE£ t¥Kxl exponent) E EEL .DE#K
✓ " "

* tldotdftdft .
.  . + fit ) .pt

Os diff - I
,

it
,

"

.tt
; Koloff - I

II LEE EU

dod
.

. .  
. da

,

HfEu¥Hmantissa) FLEEK lsignificat)

I -9

EEE-hoxkhidal-gtaxe.lk#t3P+itIlHi6-Ttt-

oat
'

'¥H
me

ftp.EEAH#aJ-MIIHhoiFjptZ,ADFIptE'
Aff #KEENE

.

431 :

1=1.21
,

Xh= 1.205

X- dal =

0.005=4×10-2

,

k - O

⇒ p=3
,

daftest 'E¥Ex¥zE¥
.

C. IEEE ,¥E :

it '¥ku¥z¥#hs¥IE¥.EE#.iiIE..kixtEEElBIEA

a. EH ) :
¥¥¥xlbase) B

b. ' Ik ftp.fztpreasim) t

c. f¥IE£ t¥Kxl exponent) E EEL .DE#K
✓ " "

* tldotdftdft .
.  . + fit ) .pt

Os diff - I
,

it
,

"

.tt
; Koloff - I

II LEE EU

dod
.

. .  
. da

,

HfEu¥Hmantissa) FLEEK lsignificat)
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float

double
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单精度
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1-12

a. Underflow : Ufkpb

txf#u¥dt¥¥Egdo±o

)

5¥t# Uftpt 23

( sp )

UFL =p
#

, pp ,
}
'¥dE¥e
IIEEEBHEF)

b. Overflow : ofL= put'( t ft )

[ do...didn't # 81 ]
C. Rounding : fhk ) ( Rounding to nearest)

#k¥¥E→IE¥¥d
d. tnFhs¥¥Fs l machine precision)

Emaeh = tzptt (
" best "Hs )

laiptt , #¥#¥FEF¥y#Hk)

Emacht VFL
,

-#E0<UfL<Emach< OFL

Emach£4EEt¥IEk,EgBuh.fi#txAthafIEEF,EFf
unit round . oft . ( EIEYFU )

.

Fftox .tt#xteslasAFxNtsEl*fsdEiH ,#Yd¥ [ aye pttfEt⇒¥F#t .

]

单次浮点转换带来的舍入误差大小是否可以刻划？

此处L = -126 (SP) 或
-1022 (DP)
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t.IE#nk9tbEEttt.Fk:

1-12

a. Underflow : Ufkpb

txf#u¥dt¥¥Egdo±o

)

5¥t# Uftpt 23
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UFL =p
#

, pp ,
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'¥dE¥e
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d. tnFhs¥¥Fs l machine precision)
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-#E0<UfL<Emach< OFL

Emach£4EEt¥IEk,EgBuh.fi#txAthafIEEF,EFf
unit round . oft . ( EIEYFU )

.

Fftox .tt#xteslasAFxNtsEl*fsdEiH ,#Yd¥ [ aye pttfEt⇒¥F#t .

]

t.IE#nk9tbEEttt.Fk:

1-12

a. Underflow : Ufkpb

txf#u¥dt¥¥Egdo±o

)

5¥t# Uftpt 23

( sp )

UFL =p
#

, pp ,
}
'¥dE¥e
IIEEEBHEF)

b. Overflow : ofL= put'( t ft )

[ do...didn't # 81 ]
C. Rounding : fhk ) ( Rounding to nearest)

#k¥¥E→IE¥¥d
d. tnFhs¥¥Fs l machine precision)
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,

-#E0<UfL<Emach< OFL

Emach£4EEt¥IEk,EgBuh.fi#txAthafIEEF,EFf
unit round . oft . ( EIEYFU )

.

Fftox .tt#xteslasAFxNtsEl*fsdEiH ,#Yd¥ [ aye pttfEt⇒¥F#t .

]

t.IE#nk9tbEEttt.Fk:

1-12

a. Underflow : Ufkpb

txf#u¥dt¥¥Egdo±o

)

5¥t# Uftpt 23

( sp )

UFL =p
#

, pp ,
}
'¥dE¥e
IIEEEBHEF)

b. Overflow : ofL= put'( t ft )

[ do...didn't # 81 ]
C. Rounding : fhk ) ( Rounding to nearest)

#k¥¥E→IE¥¥d
d. tnFhs¥¥Fs l machine precision)

Emaeh = tzptt (
" best "Hs )

laiptt , #¥#¥FEF¥y#Hk)

Emacht VFL
,

-#E0<UfL<Emach< OFL

Emach£4EEt¥IEk,EgBuh.fi#txAthafIEEF,EFf
unit round . oft . ( EIEYFU )

.

Fftox .tt#xteslasAFxNtsEl*fsdEiH ,#Yd¥ [ aye pttfEt⇒¥F#t .

]
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t.IE#nk9tbEEttt.Fk:

1-12

a. Underflow : Ufkpb

txf#u¥dt¥¥Egdo±o

)

5¥t# Uftpt 23

( sp )

UFL =p
#

, pp ,
}
'¥dE¥e
IIEEEBHEF)

b. Overflow : ofL= put'( t ft )

[ do...didn't # 81 ]
C. Rounding : fhk ) ( Rounding to nearest)

#k¥¥E→IE¥¥d
d. tnFhs¥¥Fs l machine precision)

Emaeh = tzptt (
" best "Hs )

laiptt , #¥#¥FEF¥y#Hk)

Emacht VFL
,

-#E0<UfL<Emach< OFL

Emach£4EEt¥IEk,EgBuh.fi#txAthafIEEF,EFf
unit round . oft . ( EIEYFU )

.

Fftox .tt#xteslasAFxNtsEl*fsdEiH ,#Yd¥ [ aye pttfEt⇒¥F#t .

]
Fbk )=xLH8 ) 181£ Emad

t - B

M Iftu)-04/1×1 E Emach
.

trot do.d.dz -
. dtydtdte , - - . Xpk

,
d. 31

fhxt-d.d-daxpki.at#EI',thEH3ixEfsI

kJffh;1⇐IpttxpYµEIEEEmach
I lxlzpk )

e. FEE. ,EoI¥ :

¥¥¥Fz : Emad - 5.96×10-8
t.ph#1ot-385xkEfFR:Emachuhi1xco-HIktEf1oI

308

f.EE#ahsIfitftE :

Oo
,

Oxo
,
Ft : NaN

Overflow : I Inf
K¥0 : I Inf

HELENA'Re t.tk#Ex*eFEf :
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Fbk )=xLH8 ) 181£ Emad
t - B

M Iftu)-04/1×1 E Emach
.

trot do.d.dz -
. dtydtdte , - - . Xpk

,
d. 31

fhxt-d.d-daxpki.at#EI',thEH3ixEfsI

kJffh;1⇐IpttxpYµEIEEEmach
I lxlzpk )

e. FEE. ,EoI¥ :

¥¥¥Fz : Emad - 5.96×10-8
t.ph#1ot-385xkEfFR:Emachuhi1xco-HIktEf1oI

308

f.EE#ahsIfitftE :

Oo
,

Oxo
,
Ft : NaN

Overflow : I Inf
K¥0 : I Inf

HELENA'Re t.tk#Ex*eFEf :

I -14
denormalized

ERB
, pl pH

'

phtz

Tie
OFL

(SP )
do

!
. .ir. . . or . . . a a

. . .

. a s Inf

nfF¥FFEz¥¥s .. . .. imperialft
 "

EL
,

p§ufL=pL
-23

HELENE'tkats.EE#t---hhiAhEEftEFF
.

4. Ears.EE#H'F*GtE3KF :

A. ¥Dk¥T¥ie¥eEHt¥:

DIENE't
. # ftp.t#E-htiIsBiBfHEAiiEEEeIBi$

M lots that I Emach MJ

f. by fleek x IHS )
,

SE Emach )
tidal ,2=1.13

.

,

E' EIEI k=3Y

HE# JEANINE x ! =3 Y
,

'#YTt3HE¥EE3tr

f- abs ( x - 3*2 ) Lepsxefabslxl

ppfwfiiKEFEE-hua.FI#sn.epsnEmach

（正）浮点数的分布
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I -14
denormalized

ERB
, pl pH

'

phtz

Tie
OFL

(SP )
do

!
. .ir. . . or . . . a a

. . .

. a s Inf

nfF¥FFEz¥¥s .. . .. imperialft
 "

EL
,

p§ufL=pL
-23

HELENE'tkats.EE#t---hhiAhEEftEFF
.

4. Ears.EE#H'F*GtE3KF :

A. ¥Dk¥T¥ie¥eEHt¥:

DIENE't
. # ftp.t#E-htiIsBiBfHEAiiEEEeIBi$

M lots that I Emach MJ

f. by fleek x IHS )
,

SE Emach )
tidal ,2=1.13

.

,

E' EIEI k=3Y

HE# JEANINE x ! =3 Y
,

'#YTt3HE¥EE3tr

f- abs ( x - 3*2 ) Lepsxefabslxl

ppfwfiiKEFEE-hua.FI#sn.epsnEmach

I -15

B. k¥ixnbt¥k¥k :

lot
-5

4£ f- to
,

f- 6

¥105 'T

10+10-5E to

"

E
"

ft IIIa .ie#IF
.

HE # off HI 10-54
.

. .  -110-51-10 RIE 1+10=11

C
.

-hIE¥ix¥¥EIE¥¥¥¥a .

Eke -4=5%17*1044

A. x=I - CHET 2=0.1

Fkf -10,4-2 .

Kei 't - k 12 E
- Q2

dei =/ - (1-1221-5)=-5-22

=
- 0.01-0.2=-10-1 (0.1-12)=-2,1×10-1

b
.

X=I - Cos 20=1-65490

Kh
' 1-0.99939=6.1×10-4

t -5

dei -

- Esh
' E 6.0917×10-4

HEHE: xa=xCH8 . )
,

Ya -
- Yhtoy )

I -15

B. k¥ixnbt¥k¥k :

lot
-5

4£ f- to
,

f- 6
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E
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B. k¥ixnbt¥k¥k :

lot
-5

4£ f- to
,

f- 6

¥105 'T

10+10-5E to

"

E
"

ft IIIa .ie#IF
.

HE # off HI 10-54
.
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lot
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E
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dei =/ - (1-1221-5)=-5-22

=
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是否可以有某种理论解释？
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I -16

Jk 8
. ,8y~Emach

,

a

ZY
- ON

da - Yeex-D fit Haig)
"

Jay - I oh - Iffy )
,

%

§ x - yal nf
,
Say 5uk.tt?Bk !

D. Hate Fatal :

a
.

- Erik 's43¥ Fk :

Asit bolt Go

x= - BITE
ya

ato

Casal : to b 's > 4ac ⇒ Fiacre 161

HI b= - (105-1)
,
C =/

,
A =L ; f- to

,
t --4

tbh E Ibl E lot

⇒ 04h = 105
,

dah = O

f¥¥¥gNAA4 04=105
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04=1 ; x. I 'EEkRk
.

是否可以有某种
方法减小误差？
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y
'
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* if HE 1020 TEH - THEA 34ns .

是否可以有某种方法避免困难？

Case 2:
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直接用求根公式是否可行？

一个更好的策略：

Case 3:
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Hs

Pnktanxntantxntt . it A
.

¥E¥tr¥naz#¥ts .

¥¥hakEt¥h
. pntxtfilanxtamktandt . . )xta°

niktfktsmikbatt
. ( Horner'¥EFb )

F. # be ,

'

¥hE*a .tl#Ht&g
{ nE¥e*Fe
KEEFE

E. HMEN'¥x5tAE :

A .tk#YyIz :

Numerical Recipes
,

matlab
,

mathematic

www.nettib.org (Lapaok etc
.
)

B. FEE :

Math
. Comp. ;

SINUM
;
SISC

,
J

. Cap . Phys .

E. it '¥t'€#¥£ye¥ :

Hs

Pnktanxntantxntt . it A
.

¥E¥tr¥naz#¥ts .

¥¥hakEt¥h
. pntxtfilanxtamktandt . . )xta°

niktfktsmikbatt
. ( Horner'¥EFb )

F. # be ,

'

¥hE*a .tl#Ht&g
{ nE¥e*Fe
KEEFE

E. HMEN'¥x5tAE :

A .tk#YyIz :

Numerical Recipes
,

matlab
,

mathematic

www.nettib.org (Lapaok etc
.
)

B. FEE :

Math
. Comp. ;

SINUM
;
SISC

,
J

. Cap . Phys .

有更好的计算策略么？
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Numerical	Analysis	(2023)	

Instructor:	Tiejun	Li	(Professor	of	Math,	PKU)	

Required	 Background:	 Mathematical	 analysis,	 linear	 algebra	 and	

ODEs.	Elementary	probability	is	also	preferred.	

	

Outline	
	
Lect01		 Introduction	

Lect02		 Lagrange	Interpolation	and	Newton’s	Formula	

Lect03		 Cubic	and	B-Splines	

Lect04		 Least	Squares	Approximation	 	

Lect05		 Uniform	Approximation	

Lect06		 Special	Topics:	ENO,	Sparse	Grid,	Neural	Network	

Lect07		 Numerical	Quadrature	

Lect08		 Error	Analysis,	Gaussian	Quadrature	

Lect09		 Special	Topics:	Spectral	Accuracy,	Adaptivity	

Lect10		 Multidimensional	quadrature,	Numerical	Differentiation	

Lect11		 Monte	Carlo	Integration:	Basics	

Lect12		 Metropolis	Algorithm	

Lect13		 Numerical	Solution	of	Nonlinear	Equation:	Scalar	

Lect14		 Numerical	Solution	of	Nonlinear	Equations:	System	

Lect15		 Fast	Fourier	Transform:	Basics	

Lect16		 Fast	Fourier	Transform:	Applications	

Lect17	 	 Fast	Gauss	Transform	

Lect18		 Numerical	ODEs:	Background	and	Basics	

Lect19		 Numerical	Stability	and	Convergence	Theory	

Lect20		 Runge-Kutta	Methods	

Lect21		 Stiff	and	Multiscale	ODEs	

Lect22		 Symplectic	Methods	and	Boundary	Value	Problems	

Lect23		 Introduction	to	Numerical	Software	Development	
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北太天元数值计算通用软件（以下简称“北太天元”）是面向科

学计算与工程计算的国产通用型科学计算软件。本软件具有自主知

识产权，提供科学计算、可视化、交互式程序设计，具备丰富的底

层数学函数库，支持数值计算、数据分析、数据可视化、数据优化、

算法开发等工作，并通过SDK与API接口，扩展支持各类学科与行业

场景，为各领域科学家与工程师提供优质、可靠的科学计算环境。



北太天元能力



北太天元官网

www.baltamatica.com

软件下载

www.baltamatica.com/download.html

https://www.baltamatica.com/
https://www.baltamatica.com/download.html

