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Chapter 1

Programming

Matlab kü«·-�1�ª: �«Ò´3·-I�?1�pª·-�1. ^

rÑ\��·-, Matlab)º �1��·-. ù«�ª3k
|Ü('XI�

Ì�)´Ø�B�; ,�«�1�ªÒ´M©��1�ª. ^rò¤k·-�3

��©�p(¡�M©�, ±.m�*Ð¶), matlab�1T©�p¤k·-��

(å.

1.1 M file

^matlab�ó?��§S¡�M©�. §´deZ�matlab·-�¤�, ^±

¢y,
ö�½ö, ��{. M©�küa, �a¡�·-©�(Script file),

�a¡�¼ê©�(Function file). §��*Ð¶Ñ�.m. «O3u
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â ·-©�vkÑ\ëê, �Ø�£ÑÑëê; ¼ê©��±kÑ\ëê,

��±k�£ÑÑëê.

â ·-©��±3·-I�pÑ\T©�¶¡, =�$1p¡�·-; ¼

ê ©�KØ1, L±¼êN^��ª5N^d¼ê.

â ·-©�éó��mp�Cþ��ö�, (J����£�ó��mp.

¼ê©�p½Â�Cþ�ÛÜCþ, ¼ê�1�.�Ò��Ø.

1.1.1 Program Control Statements

§S���©�e¡A«µ

_ ^̂̂SSS(((���

^S(�´�{ü�§S(�, §S¥��éòUì^S�g�1, ���

����é. �� �9�êâ�Ñ\, êâ�O�, êâ�ÑÑ.

input Ñ\�é �{(�

↑Code
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input(J«&E,À�)
↓Code

Ù¥J«&E���iÎG, ^uJ«^rÑ\�o��êâ, Ù¥�±\õ

��1Î\n. ~X

↑Example

A=input(’Ñ\AÝ
:\n’)

↓Example

�1T�é�, Äk3¶4þw«’Ñ\AÝ
’, ,��^rl��þÑ\T

Ý
. input �é Ø\À��L«Ñ\ê�, �À��’s’�, K#N^rÑ

\��iÎG. ~X

↑Example

nm=input(’what’’s your name?’,’s’)
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↓Example

disp ÑÑ�é disp�é^u�·-I�w«�½&E. ~X

↑Example

A=’statistics’;

disp(A)

A=[1,2,3;2,4,5];

disp(A)
↓Example

pause 6Ê�é

�{

↑Code
pause #§S6Ê, ��^rU?Û�±UY

pause(n) # 6Ên¦

pause on # ¦�eY�pause½pause(n)�1

pause off #¦�eY�pause½pause(n)Ø�1
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↓Code

_ ^̂̂���������— if, switch

if, else, and elseif �é

�{(�

↑Code
if logical_expression

statements

elseif logical_expression

statements

else

statements

end
↓Code

~X

↑Example
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if rem(a, 2) == 0

disp(’a is even’)

b = a/2;

end
↓Example

±9

↑Example

if n < 0 % If n negative, display error message.

disp(’Input must be positive’);

elseif rem(n,2) == 0 % If n positive and even, divide by 2.

A = n/2;

else

A = (n+1)/2; % If n positive and odd, increment and divide.

end
↓Example

switch �é
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switch �é�âL�ª��ØÓ�1ØÓ��é. �{(�

↑Code
switch expression (scalar or string)

case value1

statements % Executes if expression is value1

case value2

statements % Executes if expression is value2

.

.

.

otherwise

statements % Executes if expression does not

% match any case

end
↓Code

~X

↑Example

switch var
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case 1

disp(’1’)

case {2,3,4}

disp(’2 or 3 or 4’)

case 5

disp(’5’)

otherwise

disp(’something else’)

end
↓Example

_ ÌÌÌ���������– for, while, continue, break

for �é

�{(�

↑Code
for index = start:increment:end

statements

end
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↓Code

~X

↑Example

for n = 2:6

x(n) = 2 * x(n - 1);

end

%-------------------

for m=1:5

for n = 1:100

A(m, n) = 1/(m + n - 1);

end

end

%-------------------

for k=A

statements

end
↓Example
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����~fpAL«��ê|. 'X�A�m × nÝ
�, �éstatements

Ì�ng, zgòÝ
A���D�k.

while �é �{(�

↑Code
while expression

statements

end
↓Code

~X

↑Example

n = 1;

while prod(1:n) < 1e100

n = n + 1;

end
↓Example
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3for,while Ì�p, �±¦^bccontinue,breakü��é5��Ì�3

÷v,�^��, a�e��Ì�, ½öª�Ì�. ~X

↑Example

%O�100�200�m1���21�Ø�ê

for n = 100:200

if rem(n,21)~=0

continue

end

break

end

n
↓Example

_ ���ØØØ������– try, catch

�{(�

↑Code
try
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�é|1

catch

�é|2

end
↓Code

try�ékÁ&5��1�é|1, XJÑy�Ø, Kò�Ø&E�33C

þlasterrp, =��1�é|2.

_ §§§SSSÊÊÊ���–return �é

return�é�±¦�§S3,
/�Jc(å. ~X

↑Example

function d = det(A)

%DET det(A) is the determinant of A.

if isempty(A)

d = 1;

return

else

...

end
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↓Example

1.1.2 M-File Functions

¼ê©�´,�«M©�, z�¼ê©�Ñ½Â��¼ê. ¯¢þ, matlabJ

ø��õêIO¼êÑ´d¼ê©�½Â.

¼¼¼êêê©©©������(((���

¼ê©�dfunction�éÚ�, ÙÄ�(��

↑Code
function ÑÑëêL=¼ê¶(Ñ\ëêL) ¼ê½Â1

%¼ê¶, Ä�õU H11

%�[�`² help ©i

% ©���?U&E� comment

¼êN�éÜ©
↓Code
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< ¼ê�·¶5KÚCþ�Ó, �ÑÑëêõu���, �^�)ÒòÑÑ

ëê)å5.

< ¼ê©�¶Ï~d¼ê¶\.m|¤, ØL¼ê©�¶��±Ú¼ê¶Ø

Ó, d� matlabÒ¬�Ñ¼ê¶, æ^¼ê©�¶. ÏdN^�¦^¼ê©

�¶.

< 'u5ºÜ©: H11���)¼ê¶9ÙÄ�õU£ã, ^ulookfor'

�c½ö help3��Ï�¦^. help ©iÜ©^u3��Ï. �help©iÜ©

��1�Ü©, =commentÜ©, ^u ¼ê©���ö, ��, ?U��&E.

~X¦�»�r���¡È.

↑Code
function [s p]=fcircle(r)

% FCIRCLE calculates the area and perimeter of a circle of radii r

% r ��»

% s �¡È

% p �±�
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%2009.11.30F?�

s=pi*r*r;

p=2*pi*r;
↓Code

ò±þ©���fcircle.m, ,�3·-I�N^

↑Example

[s p]=fcircle(10)

s =

314.1593

p =

62.8319
↓Example

�±¦^help Ú lookfor ·-5�éd¼ê, Xhelp fcircle; lookfor perime-

ter;�.

¼¼¼êêê���NNN^̂̂

¼êN^��ª�
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↑Code
[ÑÑëêL]= ¼ê(Ñ\ëêL)

↓Code

~Xò���I=��4�I:

↑Example

% tran.m

function [rho theta]=tran(x,y)

rho=sqrt(x^2+y^2);

theta=atan(y/x);

%Ú^tran.m�·-©�

x=input(’Please input x=’);

y=input(’Please input y=’);

[rho,theta]=tran(x,y);

rho

theta
↓Example

¼ê��±i@N^, 'XO�n!:

↑Example
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% fact.m

function f=fact(n)

if n<=1

f=1;

else

f=fact(n-1)*n;

end

%-----------------

s=0;

for i=1:5

s=s+fact(i);

end

s
↓Example

���ÛÛÛCCCþþþÚÚÚÛÛÛÜÜÜCCCþþþ

¼ê©�p½Â�CþÑ´ÛÜCþ, ØU3Ù¦¼ê©�½ó��mpÚ

^. �±¦^·-global ò,�Cþ½Â��ÛCþ, =3��ó��mpÑ
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k�. ~X

↑Example

% wadd.m

function f=wadd(x,y)

global alpha beta

f=alpha*x+beta*y;

%3·-I�

global alpha beta

alpha=1; beta=2;

wadd(1,2)
↓Example

1.2 anonymous functions

]¶¼ê�±�B¯$�Mï({ü)¼ê, ØI�MïM©�. Ù¦^�{

�

↑Code
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fhandle = @(arglist) expr ↓Code

~X

↑Example

sqr = @(x) x.^2;

a = sqr(5)

quad(sqr, 0, 1) % integrate from 0 to 1

sumAxBy = @(x, y) (A*x + B*y);

sumAxBy(5, 7)

A = {@(x)x.^2, @(y)y+10, @(x,y)x.^2+y+10} %cell array

A{1}(4) + A{2}(7)

a = 1.3; b = .2; c = 30;

parabola = @(x) a*x.^2 + b*x + c;

fplot(parabola, [-25 25])

-------------------------
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a = -3.9; b = 52; c = 0;

fplot(parabola, [-25 25])

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

a = -3.9; b = 52; c = 0;

parabola = @(x) a*x.^2 + b*x + c;

fplot(parabola, [-25 25])
↓Example
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Chapter 2

Computational statistics with Matlab

2.1 Functions on Probability and Statistics

2.1.1 Probability distribution

·��ÑMatlabp~^�k'VÇ©Ù�¼ê:
©Ù¶¡ VÇ¼ê(�Ý) \È©Ù¼ê �Åê�) ©Ù¼ê�_
lÑþ!©Ù unidpdf unidcdf unidrnd unidinv
��©Ù binopdf binocdf binornd binoinv
Poisson©Ù poisspdf poisscdf poissrnd poissinv
AÛ©Ù geopdf geocdf geornd geoinv
�AÛ©Ù hygepdf hygecdf hygernd hygeinv
K��©Ù nbinpdf nbincdf nbinrnd nbininv
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©Ù¶¡ VÇ¼ê(�Ý) \È©Ù¼ê �Åê�) ©Ù¼ê�_
��©Ù normpdf normcdf normrnd norminv
�ê©Ù exppdf expcdf exprnd expinv
þ!©Ù unifpdf unifcdf unifrnd unifinv
χ2©Ù chi2pdf chi2cdf chi2rnd chi2inv
t©Ù tpdf tcdf trnd tinv
F©Ù fpdf fcdf frnd finv
Beta©Ù betapdf betacdf betarnd betainv
Γ©Ù gampdf gamcdf gamrnd gaminv
õ���©Ù mvnpdf mvnrnd

,	, éz�VÇ©Ù, O�Ù¥�ëê�O(:�OÚ«m�O)¼ê�T

©Ù¶�\"fit", 'X binofit,normfit��.

O�z�©ÙÝ(Ï"Ú��)�±¦^¼ê©Ù¶stat, ~X binostat,

poisstat, normstat��.

~éxΓ©Ù��Ýã/.

↑Example

x = 0:.05:3;
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y1 = gampdf(x,1,1/1);

y2 = gampdf(x,2,1/2);

y3 = gampdf(x,3,1/3);

% Plot the functions.

plot(x,y1,’r’,x,y2,’g’,x,y3,’b’)

title(’Gamma Distribution’)

xlabel(’X’)

ylabel(’f(x)’)

text(0.141,0.9,’\leftarrow\lambda=t=1’,’FontSize’,18)

text(1.075,0.7,’\leftarrow\lambda=t=3’,’FontSize’,18)

text(0.68,0.4,’\lambda=t=2\rightarrow’,’FontSize’,18)
↓Example

2.1.2 Descriptive statistics

Ü©~^£ã5ÚOþO�¼ê:
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¼ê �^ ¼ê �^
mean þ� moment ¥%Ý
median ¥ ê corrcoef �'Xê
var �� range ���«m
std IO� cov �����Ý


2.1.3 Statistical plotting

Ü©~^ÚO±ã¼ê:
¼ê �^ ¼ê �^
boxplot Ýã lsline é�cãþV\LS[Ü��
cdfplot ²�©Ù¼êã errorbar ±�errorbarã
normplot ã/��u� qqplot Q-Qã

2.1.4 Linear model

��5�.k'�A�¼ê
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¼ê �^
regression £8
regstats £8�ä
ridge *£8
stepwisefit ¦^ÅÚ£8[Ü
leverage m\:

↑Example

oad carsmall

x1 = Weight;

x2 = Horsepower; % Contains NaN data

y = MPG;

%Compute regression coefficients for

%a linear model with an interaction term:

X = [ones(size(x1)) x1 x2 x1.*x2];

b = regress(y,X) % Removes NaN data

Plot the data and the model:

scatter3(x1,x2,y,’filled’)

hold on

x1fit = min(x1):100:max(x1);
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x2fit = min(x2):10:max(x2);

[X1FIT,X2FIT] = meshgrid(x1fit,x2fit);

YFIT = b(1) + b(2)*X1FIT + b(3)*X2FIT + b(4)*X1FIT.*X2FIT;

mesh(X1FIT,X2FIT,YFIT)

xlabel(’Weight’)

ylabel(’Horsepower’)

zlabel(’MPG’)

view(50,10)
↓Example

2.1.5 Multivariate Statistics

A�{ü�õ�©Û¼ê
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¼ê �^
linkage ¦^üë�{O�ål
cluster ¦^linkage�ÑÑMïa
kmeans kmeansàa
dendrogram xàaã
canoncorr ;K©Û
classify �O©Û
pcacov ���Ý
�Ì¤©©Û
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2.2 Monte Carlo with Matlab

2.2.1 Monte Carlo Assessment of Hypothesis Testing

ÏLMonte Carlo�{5O�²���.Ú�.�ØÇ, ±d5µd��u�.

~: b�·�kêâ

465 449 468 446 447 456 442 433 447 456 438 449

463 452 435 447 447 450 444 450 454 456 456 454 446

b���σ = 7.82, ±du�þ�b�

H0 : µ = 454↔ H1 : µ < 454

w,ù´��IO�Zu�. ·�5ÏLMonte Carlo�{O�du���.

Ú�.�ØÇ.

↑Example

x=[465 449 468 446 447 456 442 433 447 456 438 449 ...
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463 452 435 447 447 450 444 450 454 456 456 454 446];

n=length(x);

M = 1000;

alpha = 0.05;

sigma=7.8; sigxbar=sigma/sqrt(n);

% Get the critical value, using z as test statistic.

cv = norminv(alpha,0,1);

% Start the simulation.

Im = 0;

for i = 1:M

% Generate a random sample under H_0.

xs = sigma*randn(1,n) + 454;

Tm = (mean(xs)-454)/sigxbar;

if Tm <= cv % then reject H_0

Im = Im +1;

end

end

alphahat = Im/M;

% Now check the probability of Type II error.

% Get some alternative hypotheses:
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mualt = 445:458;

betahat = zeros(size(mualt));

for j = 1:length(mualt)

Im = 0;

% Get the true mean.

mu = mualt(j);

for i = 1:M

% Generate a sample from H_1.

xs = sigma*randn(1,n) + mu;

Tm = (mean(xs)-454)/sigxbar;

if Tm > cv % Then did not reject H_0.

Im = Im +1;

end

end

betahat(j) = Im/M;

end

% Get the estimated power.

powhat = 1-betahat;

plot(powhat,’b*-’)
↓Example
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2.2.2 MCMC with matlab

±u¶/Jêâ�~, �Ä�.

Yi ∼ Poisson(θ), i = 1, · · · , k
Yi ∼ Poisson(λ), i = k + 1, · · · , n

¦^Bayes�{, �k�

θ ∼ G(a1, b1);λ ∼ G(a2, b2); b1 ∼ G(c1, d1); b2 ∼ G(c2, d2)

���^�©Ù

θ|Y, λ, b1, b2, k ∼ G(a1 +
k∑

i=1

Yi, b1 + k);

λ|Y, θ, b1, b2, k ∼ G(a2 +
n∑

i=k+1

Yi, n− k + b2);

b1|Y, θ, λ, b2, k ∼ G(a1 + c1, θ + d1);

b2|Y, θ, λ, b1, k ∼ G(a2 + c2, λ+ d2);
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f(k|Y, θ, λ, b1, b2) =
L(Y ; k, θ, λ)∑n
j=1 L(Y ; j, θ, λ)

L(Y ; k, θ, λ) = exp(k(λ− θ))(θ/λ)
∑k

i=1 Yi

¦^Gibbs�{, ék, θ, λ�)MCó, �èXe:

↑Code
% y contains number of disasters.

y=[4,5,4,1,0,4,3,4,0,6,3,3,4,0,2,6,3,3,5,4,5,3,...

1,4,4,1,5,5,3,4,2,5,2,2,3,4,2,1,3,2,2,1,1,1,1,...

3,0,0,1,0,1,1,0,0,3,1,0,3,2,2,0,1,1,1,0,1,0,1,...

0,0,0,2,1,0,0,0,1,1,0,2,3,3,1,1,2,1,1,1,1,2,4, ...

2,0,0,0,1,4,0,0,0,1,0,0,0,0,0,1,0,0,1,0,1];

% year contains the year.

year=1:112+1850;

n = length(y);

m = 1100; % number in chain

a1 = 0.5; a2 = 0.5; c1 = 0; c2 = 0; d1 = 1; d2 = 1;

theta = zeros(1,m);

lambda = zeros(1,m);
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k = zeros(1,n);

% Holds probabilities for k.

like = zeros(1,n);

% Get starting points.

k(1) = unidrnd(n,1,1);

% Note that k will indicate an index to the year

% that corresponds to a hypothesized change-point.

theta(1) = 1; lambda(1) = 1; b1 = 1; b2 = 1;

% Start the Gibbs Sampler.

for i = 2:m

kk = k(i-1);

% Get parameters for generating theta

t = a1 + sum(y(1:kk));

lam = kk + b1;

% Generate the variate for theta.

theta(i) = gamrnd(t,1/lam,1,1);

% Get parameters for generating lambda.

t = a2 + sum(y) - sum(y(1:kk));

lam = n-kk+b2;

% Generate the variate for lambda.

lambda(i) = gamrnd(t,1/lam,1,1);
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% Generate the parameters b1 and b2.

b1 = gamrnd(a1+c1,1/(theta(i)+d1),1,1);

b2 = gamrnd(a2+c2,1/(lambda(i)+d2),1,1);

% Now get the probabilities for k.

for j = 1:n

like(j) = exp((lambda(i)-theta(i))*j)*(theta(i)/lambda(i))^sum(y(1:j));

end

like = like/sum(like);

% Now sample the variate for k

k(i) = cssample(1:n,like,1);

end

% convergence plots

subplot(3,1,1)

plot(theta)

ylabel(’Theta’)

subplot(3,1,2)

plot(lambda)

ylabel(’Lambda’)

subplot(3,1,3)

plot(k)

ylabel(’Change-Point k’)
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↓Code

Ù¥cssample¼ê�l��lÑ©Ù¥�)�Åê, �èXe

↑Code
function rs = cssample(x,p,n)

% CSSAMPLE Random sample from an arbitrary discrete/finite distribution.

%

% R = CSSAMPLE(X,P,N) This function will take an arbitrary discrete.

% finite distribution and return a random sample from it.

% The domain of the function is X. These are the values that the random

% variable can assume. The probability associated with each one is given in the

% vector P. The number of variates that will be generated is N.

% W. L. and A. R. Martinez, 9/15/01

% Computational Statistics Toolbox

if length(x) ~= length(p)

error(’The size of the input vectors do not match.’)

return

end
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% sort just in case they are not in order

[xs,ind]=sort(x);

ps = p(ind); % sort these in the same order as x

% Get the cdf

F = cumsum(ps);

% Find all of the required variates

for i=1:n

u = rand(1,1);

if u<= F(1)

rs(i) = x(1);

elseif u > F(end-1)

rs(i) = x(end);

else

ind = find(u <= F);

rs(i) = xs(ind(1));

end

end
↓Code
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Chapter 3

Symbolic computation with matlab

matlab�±?1ÎÒ$�. MïÎÒCþ�¼ê�symÚsyms.

3.1 Creating Symbolic Variables and Expressions

â sym

¼êsym^uMïü�ÎÒCþ, ¦^�ª�

↑Code
sym(’iÎG½öL�ª’) ↓Code

~X

↑Example
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x = sym(’x’)

a = sym(’alpha’)

rho = sym(’(1 + sqrt(5))/2’)

f = rho^2 - rho - 1
↓Example

â syms

¼êsyms^uMïõ�ÎÒCþ, ¦^�ª�

↑Code
syms Cþ1 Cþ2 ... ↓Code

~X

↑Example

syms a b c x;

f = sym(’a*x^2 + b*x + c’);
↓Example
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3.2 Calculus

â Differentiation ~X

↑Example

syms x;

f = sin(5*x);

diff(f)

g = exp(x)*cos(x);

diff(g,2) % take the second derivative of g

c = sym(’5’);

diff(c)

syms s t % Derivatives of Expressions with Several Variables

f = sin(s*t);

diff(f,t)
↓Example

â Limits ~X

↑Example
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syms h n x

limit((cos(x+h) - cos(x))/h,h,0)

limit( (1 + x/n)^n,n,inf )

limit(x/abs(x),x,0,’left’) %One-Sided Limits
↓Example

â Integration ~X

↑Example

syms a positive;

syms x;

f = exp(-a*x^2);

int(f,x,-inf,inf)
↓Example

â Symbolic Summation ~X¦?êÚ1 + 1
22

+ 1
32

+ · · ·ÚAÛ?ê

Ú1 + x+ x2 + · · · :

↑Example
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syms x k

s1 = symsum(1/k^2,1,inf)

s2 = symsum(x^k,k,0,inf)
↓Example

â Solving Equations ~X

↑Example

syms a b c x

S = a*x^2 + b*x + c;

solve(S)

b = solve(S,b) % solve for b
↓Example
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Chapter 4

Optimization

��z�`z¼êkfminbnd, fminsearch, fminunc, fmincon, fgoalat-

tain, fminimax, lsqcurvefit, ±9 lsqnonlin��.

4.1 Unconstrained Minimization Example

¼êfminunc^±Ï¦Ã��^��8I¼ê����. ~X¦)

min
x
f(x) = ex1 (4x21 + 2x22 + 4x1x2 + 2x2 + 1)

Step 1: Mï M-©�

↑Example

function f = objfun(x)

f = exp(x(1))*(4*x(1)^2+2*x(2)^2+4*x(1)*x(2)+2*x(2)+1);

Previous Next First Last Back Forward 42



↓Example

Step 2: ¦^Ã��^��`z�{:

↑Example

x0 = [-1,1]; % Starting guess

options = optimset(’LargeScale’,’off’);

[x,fval,exitflag,output] = fminunc(@objfun,x0,options)
↓Example

4.2 Nonlinear Inequality Constrained Example

XJk��5Ø�ª��^�, K�±¦^¼êfmincon. ~Xéc¡�~

f, e��^��

x1x2 − x1 − x2 ≤ −1.5;x1x2 ≥ −10;

K�âfmincon�¦^5K,
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Step 1: éïá��M©�O���^�:

↑Example

function [c, ceq] = confun(x)

% Nonlinear inequality constraints

c = [1.5 + x(1)*x(2) - x(1) - x(2);

-x(1)*x(2) - 10];

% Nonlinear equality constraints

ceq = [];
↓Example

Step 2: ¦^`z�{:

↑Example

x0 = [-1,1]; % Make a starting guess at the solution

options = optimset(’LargeScale’,’off’);

[x, fval] = ...

fmincon(@objfun,x0,[],[],[],[],[],[],@confun,options)
↓Example
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