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Math.375 Math.375 
IIIIII-- Doing the mathDoing the math

Vageli Coutsias

Some formulas, concepts and Some formulas, concepts and 
trickstricks
l Finding machine constants
l Numerical Differentiation: a taste
l Arrays and cells
l Pade Approximation
l Sorting
l More series
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» floats
Machine epsilon = 2.220446049250313e-016 and exponent 
= 53
underflow exponent: base 2 = -538, base 10 = -233
overflow exponent: base 2 = 512, base 10 = 222
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The mean value theorem can be used to
draw conclusions about the relation between
Divided Differences and Derivatives. Similar
Formulas for higher derivatives can be found 
Taylor’s theorem.
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But, due to roundoff: 
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THE PADE TABLE
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A CELL array: it’s elements are STRUCTURES
(here sets of arrays)

Evaluation of the fraction
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Possible project: Pade approximant for the exponential series

0xexAx
dt
dx At=⇒=
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Can use for highly accurate approximations to the solution of a system of ODEs
with constant coefficients; “division” here means multiplication by the inverse of
the denominator (notation is unambiguous since numerator and denominator
COMMUTE!
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Testing the Pade approximant: compute the error 
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Columns 1 through 4 

-1.71828182845905 Inf              -0.71828182845905   0.28171817154095

-0.71828182845905   0.28171817154095  -0.05161516179238   0.00899089881368

-0.21828182845905   0.03171817154095  -0.00399611417333   0.00046817154095

-0.05161516179238   0.00394039376318  -0.00033311051033   0.00002803069588

-0.00994849512571   0.00046817154095  -0.00002786020508   0.00000175363051

-0.00161516179238   0.00005150487429  -0.00000225856657   0.00000010986695

-0.00022627290349   0.00000520857799  -0.00000017471227   0.00000000674695

-0.00002786020508   0.00000048446612  -0.00000001280881   0.00000000040153

Columns 5 through 8 

-0.05161516179238   0.00899089881368  -0.00130069638357   0.00016477348270

-0.00130069638357   0.00016477348270  -0.00001849669878   0.00000186543440

-0.00004978426015   0.00000482722464  -0.00000042890571   0.00000003511782

-0.00000225856657   0.00000017210609  -0.00000001235433   0.00000000083512

-0.00000011017733   0.00000000674695  -0.00000000039834   0.00000000002256

-0.00000000551510   0.00000000027665  -0.00000000001364   0.00000000000066

-0.00000000027623   0.00000000001154  -0.00000000000048   0.00000000000002

-0.00000000001364   0.00000000000048  -0.00000000000002   0.00000000000000



Math.375-IV 9

----------------------------------------
I.
A=[1 2 3;4 5 6;7 8 9];
y=x'; %transpose
x=zeros(1,n);
length(x);
x=linspace(a,b,n);
a=x(5:-1:2);
%SineTable  (Help SineTable)
disp(sprintf('%2.0f  %3.0f ',k, a(k)));

----------------------------------------
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----------------------------------------------------------------
II.
VECTOR OPERATIONS:

(1) vector:  scale, add, subtract (scalar*vector)
2*[10 20 30] = [20 40 60]

(2) POINTWISE vector: multiply, divide, exponentiate (pointwise vector * vector)
[2 3 4].*[10 20 30] = [20 60 120]

(for pointwise operations, dimensions must be identical!)
(3) Setting ranges for axes,

Superimposing plots:
plot(x,y,x,exp(x),'o')

axis([-40 0 0 0.1])
using "hold on/off"
extended parameter lists

(4) Subplots: subplot(m,n,k)
(5) Vector linear combos: matrix*vector
(6) Tensor Products (x is array, A is array of arrays of same shape as x)

A=[f1(x) f2(x) ... fn(x)]
A(k,:) k-th row; A(:,i) i-th column

(7) loops: loop until ~condition or for fixed no. of times
while any(abs(term) > eps*abs(y))
for term = 1:n
end

(8) size(A) gives array dimensions (array, can be used to index other arrays)
length(x) gives vector dimension

----------------------------------------------------------------

----------------------------------------------------------------

II' (Miscellaneous topics)

rem(x,n): remainder

if x == 1

(< <= == >= > ~=)

(& and; | or; ~ not; xor exclusive or)

else

endif

s3 = [s1 s2]; concatenation of strings, treated like arrays

[xmax, imax] = max(x); (max val, index)

rat = max(x)/x(1)

x(1) = input('Enter initial positive integer:')

density = sum(x<=x(1))/x(1);
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SummarySummary

l Finding machine constants
l Multiple plots
l Error estimates and differentiation
l Review of Matlab commands
l Using Cell arrays
l Examples of mathematical calculations:

The Pade approximant to the exponential
(application to numerical solution of ODEs) 

ReferencesReferences

l find m-files at 
aix: ~coutsias/375/7

l C.F.van Loan, 
Intro to Sci.Comp. (1.4, 1.6)


