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Why Numerical Methods?
Why Numerical Methods? Number System Errors

n Approximate Sum Error Time (s)

101 1.54976773 9.52× 10−2 0.0000

102 1.63498390 9.95× 10−3 0.0000

103 1.64393457 1.00× 10−3 0.0002

104 1.64483407 1.00× 10−4 0.0024

105 1.64492407 1.00× 10−5 0.0271

106 1.64493307 1.00× 10−6 0.2756

107 1.64493397 1.00× 10−7 2.8460

Table 1: Convergence of the series
∑n

k=1
1
k2 towards π2/6.
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Number System
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• Binary Number System

• Decimal Number System
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(Bass-2)
O anal

(Base-10)

6 19. 916 = (x10 + 1x10' +9x10 + 9x10"+ 1x10+ 6x165
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so event12/4 ↑ 250 = 110012

6L O

3141
/2 6 '
1100k= (x2" + 1x23+0x22+0x2' +1x2%

= 25
, 0
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0. 1250-> Binary

Multiplicatin Resultnigh Part-

0.125x2 0. 25

0. 25x2 0. 5 &

I
0.5x2 1 . 0

0. 125 ,0= 0 . 001

25- 12510 = 11001 · 0012
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IEEE Notation
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s

1 bit

c

11 bits
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52 bits

Sign Exponent Mantissa
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64 bits

0 . ----

252 = 16-d fa some d4, 0
= log,(2-52) = -d log,(10)

=> dilb
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Any number not represented by IEEE and is large leads to overflow
smalle underflow

O
2" = 2048

,
- 1023 to 1024

(1)
*

20-1023 (1+f) ; 02422047
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y= 0. di da dz -.. dia din -... XON

-

hhopping:hopanumbertodigital

-Rounding
fely) = (0

· did -..(drat) NOW = dist,5

Or dida --- dis XI0- ebe

g:= 0. 5141592 - .. XI0

chopping five-digit felli) : 0 . 31415 X10

Rounding feli = 0.31416x10
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u-known value

p
* = Numerical value

Absolute voor : (p-P*)
-

&dative error

:*,P



Arithmetic Errors
Why Numerical Methods? Number System Errors
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① Q (+y=+== 10476/904

2 +3=5
((x+y) - (x(y))

x0y= fe(feki +fele)
= 0. 19 X104

axy = fe(feki) Xfely))
Relative error

eg : (= 2: = 0 . 182x10-4

five-digit chopping : febt= 0 . 71428X10
*

fely) = 0 . 35333x180

xOy= felfer) +fely))
=fe)0 . 71428x100+0. 33333x109

=fel1 . 04761x10= fel0 . 104761x10)
= 0 . 10476X10'
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Example : = 1

uk = -

=
Trampolation : cont = () n
⑦digit chopping in simulations

10



Arithmetic Errors
Why Numerical Methods? Number System Errors

n xRn xTn Error

0 1.0000000 1.0000000 0.0000000
1 0.3333333 0.3333333 0.0000000
2 0.1111110 0.1111111 0.0000001
3 0.0370366 0.0370370 0.0000004
4 0.0123439 0.0123457 0.0000018
5 0.0041081 0.0041152 0.0000071
6 0.0013432 0.0013717 0.0000285
7 0.0003431 0.0004572 0.0001141
8 ‐0.0003042 0.0001524 0.0004566
9 ‐0.0017757 0.0000508 0.0018265
10 ‐0.0072891 0.0000169 0.0073060
11 ‐0.0292185 0.0000056 0.0292241
12 ‐0.1168947 0.0000019 0.1168966
13 ‐0.4675857 0.0000006 0.4675863
14 ‐1.8703451 0.0000002 1.8703453
15 ‐7.4813812 0.0000001 7.4813813

Table 2: Computed values, exact values, and absolute error
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-

TayloPriestaki)+.
Ti-

Truncate it ->Some n

Mathematical errors
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Root finding Methods
-

x 1 = 0

(bink) -ecoli) +Hanks=0

-


