








/ Chapter 01

\( |[Error Analysis




After reading this chapter, you should be able to:

1. To determine of Error, exact, relative, and percentage error.
2. To calculate of the absolute, relative, and approximate error to the
number of significant digits.

3. To determine of error in numerical methods — round-off and truncation

error.
A 7#-To calculate about the difference between round-off and truncation




Numerical Error

If we want to
Approximate

l\le_, 1 0 i Exact Value value \

5 10 | |
iz 13 =1.61752136752 _ FOI‘ our convennence weim

write 1.6175

So in the second caIcuIatlon calculated value is 1 61752136752 (Exact value)

but we write 1.6175 (Approximate value). ’ ’ .
So the Error occurred here, 1.61752136752 - 1.6175 = 0.00002136752.




Finally,

The error of a quantity is the
difference between it’s true value and
approximate.

It Is denoted by E.

the true value is X and

pproximate valueis X rg_- y_

n the error of the quantity is given




‘The absolute error of a quantity is,
the absolute value of the;
difference between the gxact |
value and the approxmateI ‘
Ivalue It S denoteﬂ by - . If the'

- dOEroxRi4Ee SRR %squant'%ésl
lé'a)%areﬂe é’ifrbtﬁ@B%‘PiWéebj”Or o 'BI

. |exact value. It is denote

Absolute error

‘ |The percentage error of a quantltyI E,=|x —x|=!3.1415926—3.1428571¢ -_

s 100 times of its relative error. | .
It is denoted by , that is,E, =100E, |



RddenAngyrodand=aeied - Is3HAH/1Ial
/ tnedueis 3N Andthechadule rdeine

V\emetnBeHLRY =3.1415926

) = 3.1428571
\ atiqoandedLe x = 3.1
\ =ze:0 022 (6 -SEAz\X—x\




=X—x‘

=13.1415926 —3.1428571|
=|—0.0012645| =0.0012645

E, 0.0012645
X  3.1415926

= (0.000402




E, 0.0012645

Trerddneanarls £ = - = = 0.
/ 5757 X T 31415926 000402
Thepamiapararis =, = 100,

= 100x0.000402
0.0402




Error:
When a calculator or dlgltal computer |s
 used to perform numerical calculations, an
- unavoidable error, called round-off error,
-~ must be considered. A round-off error, also
~ called rounding error, is the difference
 between the calculated approximation of a

- number and its exact mathematlcal value -

‘Allf\ *A PAII“AI“N




e - 'For exarnp[e, aq number hke rnay be represented as 0 3 3 3 3 3 3 ona PC

 Then the round offerrorin this cases = — 0.333333 = 0. 00000033

 Then there are other numbers that cannot be represented exaetly

- For exarnp le, T and \/i are nurnbers that need to be approx Lrnated in cornpu’cer

, caleulattons

- _  'Forrnula ]fthe nurnber Pis rounded toN decunalplace then E A=z (1 0 o )



Problem: Find the absolute, relative and percentage errors

of the number 8.2546 if this number rounded up to two decimal places.

Solution: The given number is P = 8.2546

Since the given number rounded up to two decimal places so N = 2

The absolute erroris, E, = %(10"1" )
1 i
=-(107?)

= 0.005




Thegwennumber P = 8 2546
The absolute error lS, E A= ' 005 ‘

Given number is P = 8.2546, if we write this

. H ere , ‘Ex act Value X — 8.2 5 - number as, 8.2541 then error will be,
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Eqp  0.005

The relative erroris, Ep = — = ——
X 8.25

= 0.00060606061

The percentageerroris, Ep = 100ER
= 100 X 0.00060606061

= 0.060606061%



 Significant Digits:
521432 ... . Sdecimal = = | e ‘
i

digits arexGmms

l
Example: ome rules to I
| 0.067 has 2 S|gn|_f|ca_r3t dlglts_; identify the |
| significant |
| ! |
- prm——— :
4 D . ) . a N
Every non-zero Zeros before Zeros behind Zeros between
digit is non-zero digits non-zero (!igits non-zero digits
significant are never are sometimes are always
. significant significant | significant
by >N _ _— ./ -.. -




Problem: Evaluate thesum S = V2 + V3 + V5
to4 s Ign ﬁcant dig its and also ﬁnd its absolute, relative and

_ percentage errovrs.

Solution: For the 4 significant digits we may write

v2 = 1. 4‘14‘, =l Rounded up to 3 decimal places, so for N=3
Vg =173 2, - Rounded up to 3 decimal places, so for N=3

Vo = 2.23 6, ————3» Rounded up to 3 decimal places, so for N=3




So,sum S =1.414+1.732 + 2.236 = 5.382
Since the values of V2, V3 and V5 all are rounded to three decimal places, so for all

values N = 3.
| i e £
Now the absolute erroris, E, = > (107") +-(107") + - (107Y)
i i gl g
S (100 k=10 T —F10 )

= 0.0005 + 0.0005 + 0.0005 = 0.0015




The absolute error shows that the sum is correct to two

decimal places only, so we take exact value,

X =53 3¥
The relative erroris, E p = %—?— — 0'5().(;{1;5 = 0.00028

The percentageerroris, Ep = 100Er = 100 X 0.00028
= 0.028%






