Approximations and Errors




ns and Errors

ntage of numerical analysis is that
answer can be obtained even when a
as no “analytical” solution.

gh the numerical technique yielded close
ates to the exact analytical solutions, there
rrors because the numerical methods involve
roximations”.



Approximations and Round-Off Errors

problems, we cannot obtain analytical

ds yield approximate results, results that are
ct analytical solution.

iven data are exact, since they originate from
nts. Therefore there 1s probably error in the input
n.

m itself usually introduces errors as well, e.g., unavoidable
ffs, etc ...

tput information will then contain error from both of these
es.

nfident we are in our approximate result?

estion 1s “how much error is present in our calculation
it tolerable?”



d Precision

Increasing accuracy

Increasing precision

or measured
ee with each

rs to systematic
n of values from
value.

(d)



igures

umber are those that can be used

iIfving sig. figures:

gits are considered significant. For example, 91
icant digits (9 and 1), while 123.45 has five
igits (1, 2, 3, 4 and 5).

earing anywhere between two non-zero digits are
t. Example: 101.12 has five significant digits.

zeros are not significant. For example, 0.00052 has
nificant digits

g zeros are generally considered as significant. For
le, 12.2300 has six significant digits.




Figures

many, if any, of zeros are significant. This
lved by using the scientific notation

.3*1073 0.00130 =1.30*103
ures 3 sig. figures

ris expressed as 2.55 *¥10%, (3 s.f), then we are only
about the first three digits. The exact number may be
5513, 25522.6, .. etc. So we are not sure about the
digits nor the fractional part- If any.

er, if it is expressed as 2.550 * 104, (4 s.f), then we are
ent about the first four digits but uncertain about the
ne and the fractional part — if any.



finition

Errors

se from the use of approximations

ation errors

hen

sent exact

mations are used

matical procedure.

Round-off errors

Result when numbers
having limited significant

figures are used to

represent exact numbers.




-off Errors

,e,or 4] cannot be expressed by
of significant figures.

e a base-2 representation, they cannot
resent certain exact base-10 numbers

guantities are typically represented in
r using “floating point” form, e.g.,

9265358 to be stored carrying 7 significant digits.
592 chopping
593 rounding



ion Errors

are those that result using
n place of an exact mathematical

dV K AV :V (ti+1)_v (tl)
dt At =

I+ I




;) or Exact value of error
= true value — approximated value

ercent relative error (¢, )

, Trueerror
ent relative error = &, = x 100 (%)

True value

_ true value — approximated value %100 (%)

true value




ate Error

n only when we deal with functions that
tically.
lons, a prior true value is rarely available.

lon, an alternative is to calculate an
on of the error using the best available estimate of
lue as:

Approximate error

x 100 (%)

proximate percent relative error = —
approximation




mate Error

ethods a present approximation is
revious approximation:

approximation — previous approximation

« 100 (%)

present approximation

Ign of or . may be positive or negative
mterested in whether the absolute value is lower

a prespecified tolerance (gg), not to the sign of error.
, the computation is repeated until (stopping criteria):

2




ied Error

g.) to the number of significant
approximation,

n assure that the result is correct to
n significant figures if the following
IS met:

g =(0.5 x10™") %
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X X x"

2! 3! n!
sing series, add terms until the absolute value of
e error g, fall below a pre-specified error &,

g with three significant figures.
act value of e%°=1.648721...}

tion
g, =(0.5x10°7) % =0.05%



| Terms | Results
1 1.0

o U A~ W N

1.648721-1.0
1.648721

8721-1.5

100% =9.02%

25

_ 1.648721-1.625

1.648721

1.5
1.625
1.645833333
1.648437500
1.648697917

1.648721

39.3
9.02
1.44
0.175
0.0172
0.00142

100% =39.3

1.5-1.0

E =

a

a

33.3
7.69
1.27
0.158
0.0158

100% =1.44% ¢ = 02710

100% =33.3%



