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Vageli Coutsias

Evaluating a convergent series
Asymptotic formulas
Polynomial evaluations
Dynamical system calculations
Recursive functions and fractals

But: beware of errors and timing
subtleties!
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function y = expF(x,n)
term=1;, y = 1,

for k = 1:n
X = x*ternik;
y =y +term
end
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close all
nTerwe = 50;
tfaor [10 5§ 1 -1 - =1I
#® = input('Enter ®: *]:
figure
tetm = 1; = = 1; £ = exp[di*one= (nTern=z, 1] ;
faor k=1:50,
tarm = w*tarmfk;
g = gtterm;
arcik]l = akslE(k) - B+
and
relary = erviexpinl
se:rn:i.lc-gyil: nT=rm=, ralerrc)
gemilogy (l: nTerme, erx)
ylakel( ' Felative ar i 1
®label ('order of Partial Sum.')

title (gprintf('= = ¥5.2f", %))
figure
zgemilogy (linTern=, ery)

tand
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ract = exwp[x]J

o

n=14 6 16 0]

ar 1 = 1:n

wit) = HyExpPin(a].n]:
snd
EzlEcr = absi(exact — y)./Sexact;
k= k+1;
subplot (3, 2, k]
ploti=z; RelBry)
titla [aprintf ['n = &2.0f%,n))

and

Z=HY¥EHPLIE") ]

R2lEEr = absi(eXact — MyYERR1(XTY "), FfeEact!
subplet (3,2, 3]
ploti=, R=1Bcr)
title [=praotf ["HvEzpl "))

RelErr = absiexact — MyBExpd (x)) . Sexactr
=ubplot (3,2, 6]
plotix, RelBcr]
titlae [sprintf [
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[ B2 Edi vien Debug Tock wirdow Heb =151 %]
DEH “EB (&% &% 5105 | ek ]
i t 3 .
Printa & tabkle ahowing TESI T titling'e Torm a For nl
ol
d:i.:plf' Btrirling Ab = 1 e ]
digp i’ n tl Approximation Ertatr?)
diepi? : — 5 I . — 1y
a = axpl(l)q
nfact = 1:
far nm = 1:-13
nfact = n*nfact)
e = gqrt (2fpitndviinde)tnl
abeerror = abs (nfact - =)
relerrer = abhzerror/nfact;
=1 = sprintf(" 32 . 01 L10. Ot 313, 2", ny fact; 9y #
s2 = sprintf(” %13, 2F 5.2, absecroc, relaccor) f
diap([=1 =2])
and
[#] moreton ml E o el "IE Won g 1 E-j wm.c___l
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Strirling Absolute  Relative

n n! Approximation Error Error

1 1 0.92 0.08 7.79e-002
2 2 1.92 0.08 4.05e-002
3 6 5.84 0.16 2.73e-002
4 24 23.51 0.49 2.06e-002
5 120 118.02 1.98 1.65e-002
6 720 710.08 9.92 1.38e-002
7 5040 4980.40 59.60 1.18e-002
8 40320 39902.40 417.60 1.04e-002
9 362880 359536.87 3343.13 9.21e-003
10 3628800 3598695.62 30104.38 8.30e-003

11 39916800 39615625.05 301174.95 7.55e-003
12 479001600 475687486.47  3314113.53 6.92e-003
13 6227020800 6187239475.19 39781324.81 6.39e-003

S, =«/2png]12 » Nl

ec€g

% Script File: Zoom
% Plots (x-1)76 near x=1 with increasingly refined scale.
% Eval uation via binom al expansion | eads to severe cancellation
% (x-1)"6 = x"6 - 6*x"5 + 15*x"4 - 20*x"3 + 15*x"2 -6*x + 1
cl ose all
k =0; n = 100;
for delta =[.1 .01 .001]
l'i nspace(1-delta, 1+delta,n)';
X."6 - 6*x.75 + 15*x.”"4 - 20*x.”"3 + 15*x.”"2 -6*x +ones(n, 1);
ones(n,1) + x.*(-6 +x.*(15 +x.*(-20 +x.*(15 +x.*(-6+x)))));
(x-1).76;
k = k+1; subplot(3,3,k); plot(x,y,x,zeros(1,n))
axi s([1-delta 1l+delta -max(abs(y)) max(abs(y))])
subpl ot (3, 3, k+3); plot(x,z, x, zeros(1,n))
axi s([1-delta 1l+delta -max(abs(z)) max(abs(z))])
subpl ot (3, 3, k+6); plot(x,w x,zeros(1,n))
axi s([1-delta 1l+delta -max(abs(w)) max(abs(w))])
end

s N< X

f (X) = (X - 1)6 Polynomial, Horner, Matlab
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Mandelbrot Set

% =10* (Y, - 1)
dy _
dt

dy _

By ey 8
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28* Yi- Y- yl* Y;

Lorenz equations
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| evel = 5;

Pa=[ 0; 0] ;

Pb=[1;0];
Pc=[0.5;sqrt(3)/2];
gasket (Pa, Pb, Pc, | evel)

hol d of f
title([' Gasket level =",nunRstr(level)],’' FontSize', 16)
axi s('equal ', off")

function gasket (Pa, Pb, Pc, | evel)
Y%SASKET Recursively generated Sierpinski gasket

% GASKET( PA, PB, PC, LEVEL) generates an approximation to

% the Sierpinski gasket, where the 2-vectors PA, PB and PC
% define the triangle vertices.

% LEVEL is the level of recursion

if level ==

% Fill the triangle with vertices Pa, Pb, Pc
fill([Pa(l),Pb(1l),Pc(1)],[Pa(2),Pb(2),Pc(2)],[0.5,0.5,0.5]);
hol d on
el se
% Recursive calls for the three subtriangles
gasket (Pa, (Pa+Pb)/ 2, (PatPc)/ 2, | evel -1)
gasket (Pb, (Pb+Pa)/ 2, (Pb+Pc)/ 2, | evel - 1)
gasket (Pc, (Pc+Pa)/ 2, (Pc+Pb)/ 2,1 evel - 1)
end

Gasket level =5
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MATLABR Editor/Debugger - [MyExp4. m - C:AWINDOWSADesktoph375._ . [H=] B3
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function vy = MyExpd (x)
v = MyExpd (x)
¥ 1z a p-vector

1= lrps; b = zize ()
= zeros (size (X)) ;
erm = ones(size(x));
= 0;
while any (abs (term) > eps*abs (v))
b =% + term;
k =k + 1;
term = ®%.* term/k;
end

o o S T - R

v 15 a p-vector of the same shape as x
and with the property that v (i) is the
Taylor approximation to expi(x{i)) for

@ mons...l @ mnns...l @ mons...l @ Stirlin...l @ expe...l @ ExpT...l @ exph... @ MyEx. ..

5

Ready |Lire 7 1:07 &M
nEz=ps=at
disp"Tl pl Eenchn: ]
dimpi"T HyExp2 Ekenchr ']
dispi’ IThl
for L = 1000:100:Zz000
=L = linspaca{-1,1,L])
tic, for k=l:nRepsat, ¥ = MyExplixl)r and, Tl = tocp
tic, for k=l:nRapaat, ¥y = MyEuxp2 I¥l); and, T2 = tocr
disp(=pcintf ("#%6. 0f §%13.&6F ', L,T2-T1))
=nd
dimpi’ L}
diapi{® Langth [x] My Expl (x MyYEREZ (k) 1)
diapi{' F
digsp('=-——m e e e “h
for L = 50:50:300
=L = linspace (-1, 1,Ll;
flops(0)s ¥ = MyExplixl)s fl = flops:
Flopelll; v = HyBxp2 ixLl); 2 = flops:
dieplaptintf (" %6, 0 313,01 t1J r r.L,T1,T2h)
and
Emmt-ﬂ.n..“a nruﬂn..lErnuutm ]E Slringm- _ |E wxparr - [ Eptaer, Emmz;
Haady o=z I HOERH
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Timing comparison: loop vsvector evauation

Length(x) T4/T3 Length(x) T2/T1

1000  0.022759 1000  0.012977

1100  0.022709 1100  0.011803

1200  0.023486 1200  0.010809

1300  0.021685 1300  0.011815

1400  0.021779 1400  0.012363

1500  0.020487 1500  0.011542

1600  0.020402 1600  0.010827

1700  0.021111 1700  0.010192

1800  0.021815 1800  0.009615

1900  0.019904 1900  0.010139

2000  0.027449 2000  0.009623

Length(x) Exp3(x) Exp4(x) (flops) Length(x) Expl(x) Exp2(x)
50 3655 3869 50 2550 2550
100 7280 7719 100 5100 5100
150 10905 11569 150 7650 7650
200 14545 15419 200 10200 10200
250 18190 19269 250 12750 12750
300 21815 23119 300 15300 15300

Timing and operation counts

Matlab FUNCTIONS

Loops vs. vectors: timing

Multiple plots

Examples of mathematical calculations
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C. Essex, M.Davidson, C. Schulzky,
“Numerical Monsters’, preprint.
Higham & Higham, Matlab Guide, SIAM

SIAM News, 29(8), 10/98 (Arianne V
failure)
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