Math.375 Fall 2005
Errors iIn Numerical Computation

Vageli Coutsias



Vocabulary

Consistency — correctness - ...
Convergence (rate)

Efficiency (operation counts)
Numerical Stability (error amplification)
Accuracy (relative vs. absolute error)
Roundoff vs. Truncation



Due to limitations in computer
arithmetic, need to practice
“defensive coding’.

e Mathematics—>numerics +
iImplementation

 The sequence of computations carried
out for the solution of a mathematical
problem can be so complex as to
require a mathematical analysis of Its
Oown correctness.

« How can we determine efficiency?



Recurrence relations
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figure
m = &0
zascending

¥ (1)=(l-sgrt(5))/2;

for i=2:m
X(i)=14+1/x(i-1);

end

for kK = 1:4
subplot (2,2 ,kl:;
plot{l: (15*kK),x(1:15%k)—-x(1)])

endc

zdescending

(1) =({1+3qrt(5))1/2:

EHE i=2Z it
®(1)=1/(x({i-1)-1);

L Instability is inescapable;

subplot (2,2.k); But one can learn to ride it!
plotil: (15%k),x(1:15%k)-x(1)]
enr :j
.‘@ recur! .m-C..
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The first monster:

T(x) = e”x * log(1+e”-1)

For x>30 a dramatic deviation from the
theoretical value 1 i1s found.

For x>36.7 the plotted value drops
(incorrectly) to zero

Here:
X = linspace(0,40,1000);

y = exp(x).*log(1+exp(-x));
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tecript monsterl

plots the function Tix) = e*x lni(l+e”-x)

For x»30 a dramatic deviation from the
Theoretical value 1= found; for x>»36.7,

the value drops spuriously to [

= linspace (33.5,37,333331);

= e¥p(®). logiltexp(-x));

z = log({ltexp(-x))*10"(15)/3.5%2;

plot (®,v, %, 2)

title("plot of fl=log(l+e®-1) with f2 = e*x*fl ')

bl bl o o o ok

| @ monster m ...
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plot of fl=log(1+e 1) with f2 = e**f1
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Pet Monster | T(X)=2"In1+27")

plot of f1=2%log(1+2°x) with f2 = 2¥log(1-27x)
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fzcript monsterd

5v = (x."2-2*x+1)-(x-1)."2;
tfor 1 = 1:333331,
v (1)= (sqrt(=z{(i)+9)-3)/x(1i);
v = (1-2%*% + x."2)-(1-x)."2;
=z = (x-1)."2-({x."2 - 2%x 4+ 1) ;
w o= (.72 - 2%%x + 11-(x-1)."2;
Fend
plot (x,v,x, .60%FZ, 2, . 337 W)

% plots the function Tix) = (x"2-2x+1)-(x-1)"2
% 1in wariocus orders of evaluaticon: v and w il1dentical
¥ = linspace (-0.000000000000001,0.000000000000001,333331);

title("plots of Tix) = (x"2-2x+1)1-(x-1)"Z2

")
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plot of T(x) = (sqrt(x+9)-3)./x
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|1 1. M SCELLANEOQOUS OPERATI ONS:

(1) Setting ranges for axes,
axis([-40 O O 0. 1])

(2) Superinposing plots:
pl ot (X,Vy, X, exp(x),' o)

(3) using "hold on/hold off"

(4) Subplots: subplot(mn, k)



Summary

e Roundoff and other errors
e Multiple plots
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