2.1.3 More Exotic Options ...................

2.2  Understanding Error ...........................
2.2.1 Classifying Exrror .......................
— 2.2.2 Conditioning, Stability, and Accuracy
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Upon paging down to section 2.2 we pass this number line...

1.25 1.75
0.625 0.75 0.875

note that the points are not equally spaced... this is typical of the
way floating point or any type of scientific notation with a...

mantissa with a fixed number of digits and an exponent

ala ouvner approxinaulons. INOULICLLLY
b?-"‘typicully encountered in numerical sy

) 3’,9;‘,(4. | | Categorize types of error...we've
“\5 b*'-t} . 1!’()(1,7)([17).(['()1‘ t.ru.n(.ut.mn error a|ready discussed the ﬁrst type
to deal with the fact that we
% computational number systems
5'3, n an [EEE 754 floating-point val ] ulia> 52*109 ( p. ) /109 ( 10)

) ~ 'D number of digits. 15.65355977452702
e Discretization error comes froi
mney Ga b:g- D and other aspects of continuous ] ulia> 52*10910 ( p. ) /109 10 ( 10)
9’\40 attempt to approximate the de: 15.653559774527022

¢ 5L

@ Wil msng flan about 15 digits of precision in a
& 4:. for some fixed choice of = > 0. 7 52-bit mantissa...
M’*‘ 6" we will study in Chapter 14, bu

PN,(:\Q\.gp limit as £ — 0, the resulting val

D e Modeling error comes from hav Most of this course is about
lems we wish to solve. For insta—discretization error
choose to neglect the collective
displacement of air by these but
Furthermore, constants such as

Input error can be a mistake like a
. typo which isn't really an error at
U L] 17}])11! error (“Elll co1g ~ 11' 1se a” but S|mp|y a blunderlnput

system (and “'““ mub- s rrars also include uncertainties in
measured guantities...

be provided to the system with

if” questions, in which explorat
idea of how a svstem hehaves.



-

divided by the true value.

Definition 2.1 (Absolute error). The absolute error of a measurement is the difference
between the approximate value and its underlying true value. R

Definition 2.2 (Relative error). The relative error of a measurement is the absolute error

A gt sic datis B

Ul

ke, ey L

——

/ {4

Ypat Ly WD an ogprex 5y F gend

o A ch}Wi’; LT oh‘%iire.

7.000() 23 ¢

)

A~k

.90 947

"}'?mfé 3. 000%5

b. 9956




—
S

~ 7
) €froC 5 , obo&
'\O\m} X Nj»u&’w& o

el — @

Hore _eatremes exspk 5t coula b, beon 000y

_— M

7 snallesk v coulh Yo be (—Oli&f‘g’
/ — o M

”\L&é‘)l{“’& U‘- dass it m,s wt chor “M/q_%»u\m bourd$ . ~—

n\umls um pmnuh&w 16:0-51. -rb_umm‘\m!
!5 %‘“d +D I'j %j o\&j \{'s

' N5 33

) ) ’ -
e | Dlswld ek upeeh pouet (1)
0 -
O ONInb - A = o T OWAATT,
RIVIN
J
oo _




Tn gownd s 4, M Sy digts f |

QDWWI aa; i\W‘C ) F\b 'to

Xy 19 %03\ ‘o li ?Li &k\j:\’s B
§ Redl & S Y(DJ\

= Erc\f SXKO"“ B

| / st 00 (ess 35 ¢ eabis,
NS Wﬁz. is Rigkd o
f(x) 1, O-—‘)(\ll‘c‘# A&MVUEWS ]

7%
X —
boin Ray= luw &0 Luc g
-0 Kyo ¢ L
: » 5
:Qbi»t €“O>/~{ = € ) =[+=
=0 { |

Let's use Julia to draw Figure 2.2 from page 34 of the text...

julia> f(x)=(exp(x)-1)/x-1

f (generic function with 1 method)




Plug in values of x close to zero

julia> f(0.1)
0.051709180756477124

julia> f(0.01)
0.005016708416794913

julia> f(0.0001)
5.0001667140975314e-5

As expected, f(x) gets close to zero as x gets close to zero, so what
could go wrong?
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Therefore, the values of f(x) become less precise as x gets smaller

julia> exp(0.1)
1.1051709180756477
“\ pne f)\\‘\\'l‘ cancely
julia> exp(0.01)
1.010050167084168
Fwo A YS cawce\
julia> exp(0.0001)
1.0001000050001667
Fouv dgvs
julia> exp(0.00001)
1.00001000005 5 4i\\S Cane|

P,

f 5 digits cancel, then 10 are left, because the computations
are done using 15-digit double precision floating point...

for smaller values of x even more digits will cancel...and
eventually all of them...a catastrophy...

Example 2.5 (Loss of precision in practice). Figure 2.2 plots the functi
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f(2) =

for evenly spaced inputs z € [-107°%,107®], computed using IEEE floa

metic. The numerator and denominator apploach 0 at appm\nnatel\ tl
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julia> exp(le-8) s1\} &w&hkk DAL

1.00000001
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Thus, x=1e-8 is in the danger zone of catastrophic loss of precision
due to subtraction of two nearly equal numbers.

Graph-that range...
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julia> x=[1:2:12;
6-element Vector{‘:t64}:

dond Qo“‘ﬁ’ Hmt
Wed 5emyLp\on

actual range we want to plot...

julia> x=[-le-8:1le-10:1e-8;]
201-element Vector{Float64}:
.0e-8
.900000000000001e-9
.8e-9
.700000000000001e-9

.6e-9

.700000000000001e-9
.800000000000002e-9
.9e-9
.0e-8




If you are using your own computer you may need to add
the Plots package before proceeding...
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//
add Plots

Updating registry at "~/.julia/registries/General’
Resolving package versions...
Installed Libiconv_jll — v1.16.0+8
Installed FFTW_jll v3.3.948

Press bmdésm o Lot R
© poduse memaggn Swn iy dme,

Mlaking a plot in Julia... V"b‘te ’F@CB ‘|4, .

o \wddor \olued  Somckisn
Sheop ¥, Lo

julia> using Plots

julia> plot(x,f.(x)) A \NJ(;&‘DY‘ o’% T \oIs .
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