1. =d Jx & QX off &

Mathematical Preliminaries and Error Analysis

==& J|X (Mathematical basis)

® Taylor Series: f(x):if %, )(x X, )"

k=0
b (Error)

2.1 82X (Measurement error)
« 2Xto] A& (source of error)
-AE, S8, SEYY, & (human, device, method, environment)
« =X QX £0|J] (to reduce the error)
2 (repeat)
s =& (AE AHE) (design of experiment)

— g}
-0l

-SH X2l Jl& (statistical treatment)
QX2 JHE (concept of relative error)

X (significant figure; round—off error)

.
3f =3 J3=1.7321 173212 = 3.0002

« Computer 2 =Xt ™el(32 bit): 1(8F), 7(XlI=Z), 24(=X})
« Computer 2 =Xt ™el(64 bit): 1(8F), 11(XI2), 52(x=XH)
« X2l £ =2lJ|: Rounding/Chopping

2.2 =

(3
1
1

2.3 2ZAL2 X}t (truncation error)

f'(a)~ —f (bg : ; (@)

f(b)=f(a)+ f’(a)(b—a)jt%(b—a)2 +

2.4 QX2 ™It (propagation of error)

TAX, Yy =Y, Ay
Xy = (X, £AX)(Y, LAY) = X, Y, T X,AY  Y,AX £ AXAY



Appendix 1. Computer 0lA 2l #=92] E& (representation of numbers)

o AFHUAMNL =, A= HE AA

® Computer OlA 22 M H (number system): (—1)8 x 2671923 x (1 + )
s: sign indicator (the first bit)

c: exponent (11-bit)

f: mantissa (52-bit)

Jb==2t exponent 2| bit =JI =2 8 L HLE0 HEs s F==I17?

(Effects of the number of bits on the range and accuracy of numbers?)

Example)

0 10000000011 1011100100010000000000000000000000000000000000000000
= + 2U102771023) (14 (1/2 + 1/8 + 1/16 + 1/32 + 1/256 + 1/4096))
= +27.56640625

Example-2) ?12 =Xt JI& I A1, &2 =X (neighboring No.)
0 10000000011 1011100100010000000000000000000000000000000000000001

= +27.56640625000000022204460***

0 10000000011 1011100100001 11111111 1111111111111 1111111111111

= +27.5664062499999997 7795540

2.2 x 107" 0|3t scale 0lAd= chopping &= rounding
(in scale smaller than 2.2 x 107'%: chopping or rounding)

Example-3) Z2EHWAM ESE £ U= JH& 3D, &2 =4
(biggest and smallest number in computer)
21028 (1+ (1 = 27%9) = 0.17977 x 10°%°

271922 (14 0) = 0.2225 x 1073



Appendix 2. Computer HIA 2 At= Xt

o = 2 &2 £ 249 HA HwHOZ 0I5t R A2 AA
(loss of significant figures between large and small numbers)
Example) & =Xt 4 X2l A (with four significant figures)

12340+56, 100000-9

® H|=&t 3AD|° % 2o WHMOZ Olst K5 ==A2 A4A
(loss of significant figures in subtraction between similar numbers)

Example) x*+62.10x+1=0 (x1 = -0.01610723, x»=—62.08390)
28 A 42N S 28 E32 -0.02
(@]

=
Hl==&t ==X 2t WHS SO M error 24

0

oHel M (HW#1-1: 0ls)

® (0.00001 = &HBFH &1 HotHA OH &CH HIHOICH Z2UE SE0HAI2L.
(add 0.00001, million times, showing the result every 100,000th step)
o 1= SOt Y StHA O &0t HREOICH Z13/100000 2 EE0HA2L.
(add 1, million times, showing the result/1000OO every 100,000th step)
» Practice writing a code, generating an execution file, and run it
> Integer vs. real
» Single precision vs. double precision

e

el S (HW#1-2: 28)
e | M%é%ﬂ Q= BHFEE I single precision UM 228 = Us
C HEOX Z2]H=S WA &0elstd, 0] system O]
= JHO| bit 2 Ji4=(mantissa)E E&ot=X ZHEGHA L.
(estimate the number system (bit) of your computer)



