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Matlab

(pseudocolor)

26.1
plot plot3 plot
plot3
plot3(x1,y1,z1,51,x2,y2,22,52,...) XN yn zn sn
/ plot3

>>t = linspace(0, 10*pi);

>> plot3 (sin(t),cos(t),t)

>> x| abel ("sin(t) "),ylabel ('cos(t) '), zlabel ('t")
>> text(0,0,0, "Oigin')

>> grid on

>> title('"Figure 26.1: Helix")

>> Vv = axis

v =
1 1 1 1 0 35
axis z 0 35
grid box
plot3 grid off box off text(x,y,z,'string’)
Xy z
plot hold

plot3 plot3
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>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

Figure 26.1 Hellix

X = linspace(0, 3*pi); % x-axi s data
z1 = sin(x); %plot in x-z plane
z2 = sin(2*x);

z3 = sin(3*x);
yl = zeros(size(x)); %spread out al ong y-axes by giving
y3 = ones(size(x)); %each curve different y-axis val ues

y2 = y3/2;

pl ot 3(x,yl, z1, x,y2,z2, X,y3,z3)

grid on

x| abel (" X-axi s'),ylabel (' Y-axis'), zl abel (' Z-axi s")

title(' Figure 26.2: sin(x),sin(2x),sin(3x) ")
pause(5)

pl ot 3(x,z1,y1, x,22,y2, X, 23,y3)

grid on

x| abel (" X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s')
title('"Figure 26.3: sin(x),sin(2x),sin(3x) ')

26.2

plot3

z=1(xy)
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Figure26.2 sin(x),sin(2x),sn(3x)

Figure26.3 sin(x),sin(2x),sin(3x)

Xy z zZ Xy
Matlab z



26 313
Xy z z
z(i,0) = f(xy(i))
z(:,)) = f(x(j).y)
z i y i i
z=f(x,y) z
y
Mathworks Matlab meshgrid
>> x = -3:3; % choose x-axis val ues
>>y = 1.5 % y-axis val ues
>> [ X, Y] = neshgrid(x,y)
X =
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2 3
y =
1 1 1 1 1 1 1
2 2 2 2 2 2 2
3 3 3 3 3 3 3
4 4 4 4 4 4 4
5 5 5 5 5 5 5
meshgrid X 5 y
7 X
meshgrid
X meshgrid X
meshgrid Y
X Y z=f(x,y)=(x+y)’
>> 7Z = (X+Y). "2
7 =
4 1 0 1 4 9 16
1 0 1 4 9 16 25
0 1 4 9 16 25 36
1 4 9 16 25 36 49
4 9 16 25 36 49 64
For While
VA
Z
x= ??? %statement defining vector of x-axis val ues

y= 227

% st at enent defining vector of y-axis val ues
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nx = | ength(x); %length of x is no. of rows in Z
ny = length(y); %length of y is no. of colums in Z
Z = zeros(nx,ny); %initialize Z matrix for speed

for r=1:nx

(prelimnary conmands)

Z(r,:)= {a function of y and x(r) defining r-th row of Z}
end

z

x= ??? % statement defining vector of x-axis val ues
y= ??? % statement defining vector of y-axis val ues

nx = length(x); % length of x is no. of rows in Z

ny = length(y); %Ilength of y is no. of colums in Z
Z= zeros(nx, ny); %initialize Z matrix for speed

for r =1:ny

(prelimnary conmands)
Z(:,c)={ a function of y(c) and x defining c-th colum of Z}
end

Z For

x= ??? %statenent defining vector of x-axis val ues
y= ??? % statenent defining vector of y-axis val ues
nx = | ength(x); %l ength of x is no. of rows in Z
ny = length(y); %length of y is no. of colums in Z
Z = zeros(nx,ny); %initialize Z matrix for speed
for r=1:nx

for c=1:ny

(prelimnary conmmrands)

Z(r,c)= {a function of y(c) and x(r) defining (r,c)-th el enent}
end

end

26.3

Matlab X-y z

>> [ X Y, Z] = peaks(30);

>> mesh(X Y, 2)

>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s")
>> title('Figure 26.4: Mesh Plot of Peaks')
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Figure26.4 Mesh Plot of Peaks

mesh
Matlab
plot3
grid on
mesh
mesh(Z) z
meshgrid X y mesh(x,y,Z)
Matlab

hidden

>> <X, Y, Z] =sphere(12);

>> subpl ot (1, 2, 1)

>> mesh(X Y,2),title(' Figure 26.5a: Opaque')

>> hi dden on

>> axis square off

>> subpl ot (1, 2, 2)

>> mesh(X Y,2),title(' Figure 26.5b: Transparent')
>> hi dden of f

>> axis square off
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Figure 26.5a Opaque Figure 26.5b  Transparent

Matlab mesh meshc
meshz 0

>> [ X Y,Z] = peaks(30);

>> neshc(X, Y, 2) % mesh plot with underlying contour plot
>> title(' Figure 26.6: Mesh Plot with Contours')

>> pause(5)

>> nmeshz(X Y, 2) % mesh plot with zero pl ane

>> title(' Figure 26.7: Mesh Plot with Zero Pl ane')

Figure 26.6 Mesh Plot with Contours
waterfall mesh X

>> waterfall (XY, 2)
>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s")
>> title(' Figure 26.8: Waterfall Plot")
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Figure 26.7 Mesh Plot with Zero Plane

Figure 26.8 Waterfal Plot

26.4
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surf

>> [ X Y, Z] = peaks(30);

>> surf (XY, 2)

>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axis")

>> title('Figure 26.09: Surface Plot of Peaks')

Figure 26.9 Surface Plot of Peaks
mesh
mesh mesh
z grid
on
mesh

>>
>>
>>
>>
>>
>>
>>
>>

surf
Matlab
shading

[X,Y,Z] = peaks(30);

surf(X Y,2) %sane plot as above

shadi ng fl at

x| abel (" X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s')
title('Figure 26.10: Surface Plot with Flat Shading')
pause(5)

shading interp

title(' Figure 26.11: Surface Plot with Interpol ated Shadi ng')
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Figure 26.10 Surface Plot with Flat Shading

Figure 26.11 Surface Plot with Interpolated Shading

surf
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pcolor fill

PostScript

Matlab NaN
NaN Matlab NaN NaN

>> [ X Y, Z] = peaks(30);

>> x = X(1,:); % vector of x-axis
>>y = Y(:,1); % vector of y-axis
>> i =find(y>8 &y<1.2); %find y-axis indices of hole
>> | = find(x>.6 & x<.5); %find x-axis indices of hole

>> Z(i,j) = nan; % set values at hole indices to NaNs
>> surf(XY, 2)

>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axis")

>> title(' Figure 26.12: Surface Plot with a Hole');

Figure 26.12 Surface Plot with a Hole

Matlab surf surfc
surfl

>> [ XY, Z] = peaks(30);

>> surfc(X Y,2) %surf plot with contour plot

>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axis")
>> title('Figure 26.13: Surface Plot with Contours')
>> pause(5)
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>> surfl (XY, 2) %surf plot with |ighting
>> shading interp %surfl plots | ook best with interp shadi ng
>> col ormap pink % they also | ook better with shades of a single color

>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s')
>> title('Figure 26.14: Surface Plot with Lighting')

Figure 26.13 Surface Plot with Contours

Figure 26.14 Surface Plot with Lighting

surfl
light
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colormap
Matlab
surfnorm(X,Y,Z) XY Z

[Nx,Ny,Nz]=surfnorm(X,Y,Z)

>> [ X Y,Z] = peaks(15);

>> surfnorm X Y, 2)

>> x| abel (' X-axis'),ylabel (' Y-axis'), zl abel (' Z-axis")
>> title('Figure 26.15: Surface Plot with Normals')

Figure 26.15 Surface Plot with Normals

26.5
trimesh trisurf voronoi
>> x = rand(1, 50);
>> y = rand(1, 50);
>> z = peaks(X, y*pi);
>> t = del aunay(x,Yy);

>> trinmesh(t,x,y, z)

>> hi dden of f

>> title('Figure 26.16: Triangular Mesh Plot')
>> pause(5)
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>>
>>
>>
>>
>>

trisurf(t,x,y,z)

title(' Figure 26.17: Triangular Surface Plot')
pause(5)

voronoi (x,y,t)

title('Figure 26.18: Voronoi Plot')

Figure 26.16 Triangular Mesh Plot

Figure 26.17 Triangular Surface Plot
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>>
>>
>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>

Figure 26.18 Voronoi Plot

Delaunay Voronoi 18

26.6

z=0 30 x=0

37.5 zZ= x=0
30 -37.5
90 0

Matlab view view(az,el) view([az,€el])

az e
X =-7.5:.5:7.5, y =X, % create a data set

[X,Y] = neshgrid(x,y);

R = sqrt (X ~2+Y."2) +eps;

Z =sin(R./R

subplot (2, 2,1)

surf (XY, 2)

vi ew( - 37. 5, 30)

x| abel (" X-axis'),ylabel (' Y-axis'), zl abel (' Z-axis')
title('"Figure 26.19a: Az = -37.5,E = 30")

subpl ot (2, 2, 2)

surf (XY, 2)

vi ew( - 37. 5+90, 30)

x| abel (" X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s')
title(' Figure 26.19b: Az Rotated to 52.5")
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>>
>>
>>
>>
>>

>>
>>
>>
>>
>>

subpl ot (2, 2, 3)
surf (XY, 2)
vi ew( - 37. 5, 60)

x| abel (" X-axis'),ylabel (' Y-axis'), zl abel (' Z-axi s')
title('Figure 26.19c: El Increased to 60')

subpl ot (2, 2, 4)
surf (XY, 2)
vi ew 0, 90)

x| abel (" X-axis"'),ylabel (' Y-axis")

title(' Figure 26.19d: Az = 0, Hl

Figure26.19a Az=-37.5 EI=30

= 90')

Figure26.19b Az

52.5
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Figure26.19c E1 60 Figure 26.19d Az=0,E1=90
view
>> hel p view
VIEW 3-D graph viewpoi nt specification.
VI EW AZ, EL) and VIEW[AZ, EL]) set the angle of the viewfromwhich an
observer sees the current 3-D plot. AZ is the azinuth or horizontal
rotation and EL is the vertical elevation (both in degrees). Azinuth
revol ves about the z-axis, with positive val ues indicating counter-
cl ockwi se rotation of the viewpoint. Positive values of elevation

correspond to noving above the object; negative val ues nove bel ow.

VIEW[X Y Z]) sets the view angle in cartesian coordi nates. The
magni tude of vector X Y,Z is ignored.

Here are sone exanpl es:

AZ = -37.5, EL = 30 is the default 3-D view

AZ =0, EL = 90 is directly overhead and the default 2-D view.
AZ = EL = 0 | ooks directly up the first colum of the matrix.
AZ = 180 is behind the matri x.
VIEW?2) sets the default 2-D view, AZ
VIEW3) sets the default 3-D view, AZ

0, EL = 90.
-37.5, EL = 30.

[AZ,EL] = VIEWreturns the current azinmuth and el evati on.

VIEWT) accepts a 4-by-4 transfornation matrix, such as
the perspective transfornmations generated by VI EWITX

T = VIEWreturns the current general 4-by-4 transformation natrix.
See al so VI EWMTX, the AXES properties View, Xform

view rotate3d rotate3d on
rotate3d off rotate3d
Tools
Rotate 3D rotate3d
26.7

view
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Matlab
Matlab
Tools View
Matlab graphg.pdf Matlab
26.8
Matlab contour countour3

>> [ X Y, Z] = peaks;

>> contour (X Y, Z, 20) % generate 20 2-D contour |ines
>> x| abel (' X-axis'),ylabel (' Y-axis')

>> title ('Figure 26.20: 2-D Contour Plot')

>> pause(5)

>> contour3(X, Y, Z, 20) % the same contour plot in 3-D
>> x|l abl e(' X-axis'), ylabel (' Y-axis'), zlabel (' Z-axis")

>> title('Figure 26.21: 3-D Contour Plot')

Figure 26.20 2-D Contour Plot
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Figure 26.21 3-D Contour Plot

pcolor

>> pcol or (X, Y, 2)
>> shading interp % renove the grid lines
>> title('Figure 26.22: Pseudocolor Plot')

Figure 26.22 Pseudocolor Plot
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Matlab contourf

>> contourf (XY, Z 12) %filled contour plot with 12 contours
>> x| abel (' X-axis'), ylabel ("Y-axis')
>> title(' Figure 26.23:Filled Contour Plot')

Figure 26.23 Filled Contour Plot

clabel clabel
contour contourf contour3

>> C = contour(XY,Z 12);
>> ¢l abel (O
>> title('Figure 26.24: Contour Plot Wth Label s")

>> [C, h] = contour(XY,Z,8);
cl abel (C, h)
>> title('Figure 26.25 Contour Plot Wth In-line Labels")

>

\

"manul’ clabel
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igure 26.24 Contour Plot With Labels

Figure 26.25 Contour Plot With In-line Labels

26.9

Matlab ribbon(Y) Y
ribbon(x,Y) x-Y ribbon(x,Y ,width)
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0.75

>> Z = peaks;
>> ri bbon(2)
>> title('Figure 26.26: R bbon Plot of Peaks')

Figure 26.26 Ribbon Plot of Peaks

quiver(x,y,dx,dy) X,y dx,dy
>> [X Y, Z] = peaks(16);
>> [DX, DY] = gradient(Z, .5,.5):
>> contour (XY, Z, 10)
>> hol d on
>> qui ver (X, Y, DX, DY)
>> hol d of f

>> title('Figure 26.27:2-D Quiver Plot')

quiver3(x,y,z,Nx,Ny,Nz) X,Y,Z Nx,Ny,Nz

>> [ X Y, Z] = peaks(20);

>> [Nx, Ny, Nz] = surfnorm(X Y, 2);

>> surf (XY, 2)

>> hol d on

>> quiver3(X Y, Z, Nx, Ny, Nz)

>> hold off

>> title(' Figure 26.28: 3-D Quiver Plot')
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Figure 26.27 2D Quiver Plot

Figure 26.28 3D Quiver Plot

fill3 fill
fill(X,Y,Z,C) X Y Z C

>> fill3(rand(3,5),rand(3,5),rand(3,5),rand(3,5))
>> grid on
>> title('Figure 26.29: Five RandomFilled Triangles')
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Figure 26.29 Five Random Filled Triangles

stem stem3(X,Y,Z,C, 'filled’)
X-y XY, Z C /
filled' stem3(2) z
X Y

>> Z = rand(5);

>> stenB(Z, 'ro', 'filled);

>> grid on

>> title('Figure 26.30: Stem Plot of Random Data')

26.10

Matlab

XY ZV 6 3

XY Z2 UV W
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Figure 26.30 Stem Plot of Random Data

Matlab
divergence curl isosurfaces  isocaps
Matlab
Matlab Matlab (graphg.pdf) volvec Matlab
>> x = linspace(-3,3,13); % x- coordi nate points
>> vy = 1:20; % y-coordi nate points
>> z = -5:5; % Z- coordi nate points
>> [ X Y,Z] = meshgrid(x,y,z); % meshgrid works here too!
>> size(X)
ans =
20 13 11
XY Z X length(y) length(z)
X Y length(x)
length(2) V4 1x 1x length(z) length(y)
length(x) meshgrid

>> V = sqrt (X *2 + cos(Y)."2 + Z.72);
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>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>

XY ZV

slice(XY,Z V,[0 3],[5 15],[-3 5])

x| abel (' X-axis'")

yl abel (" Y-axis")

zl abel (' Z-axis')

title(' Figure 26.31: Slice Plot Through a Vol une')

Figure 26.31 Slice Plot Through a Volume

x=0 x=3 y=5 y=15 z=-3 z=5
dlice

[xs,ys] = meshgrid(x,y);
zs = sin(-xs+ys/2);
slice(X Y, Z V,xs,ys, zs)
x| abel (" X-axis")

yl abel (" Y-axis')

zl abel (' Z-axis')
title('"Figure 26.32: Slice Plot Using a Surface')

% a surface to use

XS YyS ZS
contourslice

v=f(X,y,2)
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>>
>>
>>
>>
>>
>>
>>

Figure 26.32 Slice Plot Using a Surface

slice(X Y,z V,[0 3],[5 15],[-3 5])

h = contourslice(X Y,z V,3,[5 15],[]);

set(h,' EdgeColor', 'k', 'Linewidth', 1.5)

x| abel (' X-axi s")

yl abel (" Y-axis')

zl abel (' Z-axis')

title(' Figure 26.33: Slice Plot with Sel ected Contours')

Figure 26.33 Slice Plot with Selected Contours
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x=3 y=5 y=15
1.5
\Y
isosurface Delaunay
patch

>>[X Y, Z,V] = flow(13); % get flow data

>> fv = isosurface(X Y, ZV,-2); % find surface of value -2

>> subpl ot (1, 2,1)

>> p= patch(fv); %plot V=-2 surface

>> set (p, 'FaceColor',[.5 .5 .5], 'EdgeColor', 'Black') % nodi fy

pat ches

>> view(3), axis equal tight, grid on %pretty it up

>> title({'Figure 26.34a: ' 'lsosurface Plot, V = 2'})

>> subpl ot (1, 2, 2)

>> p = patch(shrinkfaces(fv,.3)); % shrink faces to 30% of original

>> set(p, 'Facecolor',[.5 .5 .5], 'EdgeColor', 'Black');
% nodi fy patches
>> view(3),axis equal tight,grid on Y% pretty it up
>> title({" Figure 26.34b: ' ' Shrunken Face Isosurface Plot, V = 2'})

Figure 26.34a: ' 'Isosurface Plot, V=2 Figure 26.34b: Shrunken Face Isosurface Plot, V = 2

shrinkfaces

reducevolume
reducepatch isosurface reducevolume isosurface
reducepatch

>> [X Y, Z, V] = flow
>> fv = isosurface(X VY, ZV,-2);
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>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>
>>

subplot (2, 2,1) % Ori gi nal

p = patch(fv);

Np = size(get(p,' Faces'),1);

set(p, 'FaceColor',[.5 .5 .5], 'EdgeColor', 'Black');
view(3),axis equal tight,grid on Y% pretty it up
zl abel (sprintf (' % Patches', Np))

title(' Figure 26.35a: Original')

subpl ot (2, 2, 2) % Reduce Vol une

[Xr,Yr,Zr,Vr] = reducevolune(X Y,Z V,[3 2 2]);

fvr = isosurface(Xr, Yr,Zr, Vr,-2);

p = patch(fvr);

Np = size(get(p, 'Faces'),1);

set(p, 'FaceColor',[.5 .5 .5], 'EdgeColor', 'Black');
view(3),axis equal tight,grid on Y% pretty it up
zl abel (sprintf(' % Patches', Np))

title('Figure 26.35b: Reduce Vol une')

subpl ot (2, 2, 3) % Reduce Patch

p = patch(fv);

set(p, 'FaceColor',[.5 .5 .5], 'EdgeColor', 'Black');
view(3),axis equal tight,grid on Y% pretty it up
reducepat ch(p, . 15) % keep 15 percent of the faces
Np = size(get(p, 'Faces'),1);

zl abel (sprintf(' % Patches', Np))

title(' Figure 26.35c: Reduce Patches')

subpl ot (2, 2, 4) % Reduce Vol ume and Pat ch

p = patch(fvr);

set(p, 'FaceColor',[.5 .5 .5], 'EdgeColor', 'Black');
view(3),axis equal tight,grid on Y% pretty it up
reducepat ch(p, . 15) % keep 15 percent of the faces
Np = size(get(p, 'Faces'),1);

zl abel (sprintf (' %l Patches', Np))

title(' Figure 26.35d: Reduce Both')

Figure26.35ac  Origina Figure 26.35b Reduce Volume
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>>
>>

>>
>>

>>

>>
>>
>>
>>

>>
>>

>>

>>
>>
>>
>>

Figure 26.35¢c Reduce Patches

smooth3
data = rand(10, 10, 10); % r andom dat a
datas = snooth3(data, 'box', 3); % snoot hed dat a

subplot(1,2,1) % r andom dat a
p = patch(isosurface(data,.5),...
' FaceCol or', 'Blue', 'EdgeColor', 'none');
pat ch(i socaps(data,.5), ...
'FaceColor', 'interp', 'EdgeColor', 'none');
i sonor nal s(dat a, p)
view(3); axis vis3d tight off
camight; lighting phong
title({'Figure 26.36a: ' ' Random Data'})

subpl ot (1, 2, 2) % snoot hed random dat a
p = patch(isosurface(datas,.5),...
' FaceColor', 'Blue', 'EdgeColor', 'none');
pat ch(i socaps(datas,.5), ...
'FaceColor', 'interp', 'EdgeColor', 'none');
i sonor nmal s(dat as, p)
view(3); axis vis3d tight off
camight; lighting phong
title({'Figure 26.36b: ' ' Snoothed Data'})

Figure 26.36a Random Data

Figure 26.35d Reduce Both

Figure 26.36b Smoothed Data
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isocaps isonormals
isonormals
Matlab
volvec

26.11

ezcontour ezmesh ezmeshc ezplot3 ezsurf

ez

>>

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

fstr = ['3*(1-x)."2.*exp(-(x."2) -

isocaps

Matlab

Matlab
ezsurfc

(y+1).72)"

— 10*(x/5 — x. "3 — y."5). *exp(-x."2-y."2)"'

— 1/ 3*exp(-(x+1).72 — y."2)'];
subplot (2, 2,1)
ezmesh(fstr)

title('Figure 26.37a: Mesh of peaks(x,y)')

subpl ot (2, 2, 2)
ezsurf(fstr)

title('Figure 26.37b: Surf of peaks(x,y)')

subpl ot (2, 2, 3)
ezcontour (fstr)

title(' Figure 26.37c: Contour of peaks(x,y)')

subpl ot (2, 2, 4)
ezcontourf (fstr)

title('Figure 26.37d: Contourf of peaks(x,y)')

Figure 26.37a Mesh of peaks(x,y)

Figure 26.37b Surf of peaks(x,y)
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Figure 26.37c Contour of peaks(x,y)

Matlab

26.12

Figure 26.37d Contourf of peaks(x,y)

plot3
mesh
meshc
meshz
surf
surfc
surfl
fill3
shading
hidden
surfnorm
axis
grid
box
hold
subplot
daspect
pbaspect
xlim
ylim
zlim
view

viewmtx
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rotate3d

campos

camtarget

camva

camup

camproj

camorbit

Campan

camdolly

camzoom

camroll

camlookat

camlight

title

xlabel X
ylabel Y
zlabel z
text

gtext
contour
contourf
contour3
clabel
pcolor
vOoronoi Voronoi
trimesh

trisurf

scatter3

stem3

waterfall

ezmesh

ezmeshc

ezplot3

ezsurf

ezsurfc

ezcontour
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ezcontourf
vissuite
isosurface
isonormals
isocaps
isocolors
contourslice
dice
streamline
stream3
stream?2
quiver3

quiver
divergence
curl

coneplot
streamtube
streamribbon
streamdlice
streamparticles
interpstreamspeed
subvolume
reducevolume
volumebounds
smooth3
reducepatch
shrinkfaces

| sosurface
| sosurface

| sosurface
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Matlab

Matlab

27.1

Matlab

O O «+ O «+d «+H O «

O +1 O «1 O «+ O «

1 O O 1 4 O O «

0.5

0.5

- O O O

0.67

0.4

0.5

0.5
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RGB
Matlab

hsv

jet

hot

cool
summer
autumn
winter
spring
white
gray
bone
pink
copper
prism
flag
lines
colorcube

HSV

HSV

RGB
hot(m)
RGB

1600

colormap(M)

m*3

24

64x 3 64x 3

27.2

64x 3

256

Matlab
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colormap(cool) cool 64 colormap default
hsv jet colordef
plot plot3 plot

mesh surf contour fill pcolor

color
plot ' red'
RGB [.25 .50 .75]
27.3

>> hot (8)
ans =

0. 33333 0 0

0. 66667 0 0

1 0 0

1 0.33333 0

1 0.66667 0

1 1 0

1 1 0.5

1 1 1
>> gray(5)
ans =

0 0 0

0.25 0.25 0. 25

0.5 0.5 0.5

0.75 0.75 0.75

1 1 1

8 hot
S gray gray
pcolor rgbplot

>>n = 21;

>> map = copper(n);
>> col or map( map)
>> subplot(2,1,1)
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>>
>>
>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>

[xx,yy] = meshgrid(0:n,[0 1]);

c = [1.n+1; 1:n+1];

pcol or ( xx, yy, ¢)

set(gca, 'VYticklabel', '")

title(' Figure 27.1a: Pcol or of Copper')
subpl ot (2,1, 2)

r gbpl ot ( map)

xlin([0,n])

title('Figure 27.1b: RGBpl ot of Copper')

Figure 27.1a Pcolor of Copper

Figure27.1b RGBplot of Copper

rgbplot

colorbar

nmesh( peaks)

axis tight

col or bar

title('Figure 27.2: Col orbar Added')
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Figure27.2 Colorbar Added

z z
274
brighten
brighten(beta)
0< beta< 1 -1< beta< 0 brighten(beta)
brighten(-beta)

newmap=brighten(beta)
mymap=Dbrighten(cmap,beta)

cmap
mx 3 mymap colormap(mymap)
01
3 0 1 colormap
rgb2hsv hsv2rgb RGB
HSV Matlab RGB
pink
pi nkmap = sqrt(2/3*gray + 1/3*hot);
mx 3 0
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caxis

[cmin,cmax]=caxis

mesh(peaks) peaks
caxis [-6.5466,8.0752] z
caxis([cmin,cmas]) cmin - cmax cmax
cmax cmin cmin
cmin min(data) cmax max(data) cmin cmax
data caxis('auto) caxis auto
cmin - cmax
>> N = 17;
>> data = [1: N+1; 1: N+1] '
>> subpl ot (1, 3,1)
>> col ormap(hsv(N))
>> pcol or (dat a)
>> set(gca,' XtickLabel','")
>> title(' Figure 27.3: Auto Limts')
>> caxis auto % automatic linmts (default)
>> subpl ot (1, 3, 2)
>> pcol or (dat a)
>> axis of f
>> title(' Extended Limts')
>> caxis([-5, N+5]) %extend the color limts
>> subpl ot (1, 3, 3)
>> pcol or (dat a)
>> axis off
>> title('Restricted Limts')
>> caxis([5, N5]) %restrict the color limts
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>>
>>
>>
>>
>>
>>
>>
>>

350 Matlab 6
a b. C
27.3
275
mesh surf z
— surf(X,Y,2) surf(X,Y,Z,2) z
z
> x = -7.5:.5:7.5; % dat a

[ X Y] = neshgrid(x); % create plaid data
R = sqrt (X ~2 + Y."2)+eps; % create sonbrero
Z=sin(R./R

subplot (2, 2,1)

surf(X Y, Z 2) % default col or order

col or map(gray)

shading interp

axis tight off

title(' Figure 27.4a: Default,Z')
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>>
>>
>>
>>
>>

>>
>>
>>
>>
>>

>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>

>>
>

\Y

subpl ot (2, 2, 2)
surf(X Y, ZY)

shading interp
axis tight off
title(' Figure 27.4b: Y axis')

% Y axis col or order

subpl ot (2, 2, 3)

surf(X Y,Z X-Y) % diagonal color order
shading interp

axis tight off

title(' Figure 27.4c: X - Y')

subpl ot (2, 2, 4)
surf(XY,Z, R
shading interp
axis tight off
title(' Radius')

% radi us col or order

Figure274a Default,Z

Figure 27.4c XY

4
3
dd2 gradient

subpl ot (2, 2,1)
surf (XY, Z, abs(del 2(2)))
col or map( gray)
shading interp
axis tight off
title('Figure 27.5a: |CQurvature|"')

subpl ot (2, 2, 2)

[ dzdx, dzdy] = gradient(2); % conput e gradient of surface

Figure 27.4b Y axis

Figure 27.4d Radius

4

% absol ut e Lapl aci an

surf
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>>
>>
>>
>>

Surf (XY, Z, abs(dzdx))
shading interp

axis tight off
title('Figure 27.5b:

>>
>>
>>
>>
>>

subpl ot (2, 2, 3)

surf (XY, Z, abs(dzdy))
shading interp

axis tight off
title('Figure 27.5c:

>>subpl ot (2, 2, 4)
>>
>>
>>
>>

surf (XY, Z, abs(dR))
shading interp
axis tight off

dR = sqrt(dzdx. 2 + dzdy."2)

% absol ute slope in x-direction

| dz/ dx| ")

% absol ute slope in y-direction

| dZ/ dy|")

% absol ute sl ope in radius

>> title('Figure 27.5d: |dR")
Figure27.5a |Curvature]| Figure27.5b |dz/dx|
Figure27.5¢c |dX/dy| Figure27.5d |dR|
gradient
27.6
pcolor fill fill3 mesh surf
shading faceted

del2

light
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[10 1]
none

gouraud

>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>

subplot (2, 2,1)
sphere

li ght

shading interp
axi s square off
I'i ghti ng none

title('Figure 27.6a

subpl ot (2, 2, 2)
sphere

li ght

shading interp
axi s square off
lighting flat

title('Figure 27.6b:

subpl ot (2, 2, 3)
sphere

li ght

shading interp
axi s square off
I'i ghting gouraud

title('Figure 27.6¢c:

subpl ot (2, 2, 4)
sphere

li ght

shading interp
axi s square off
|'i ghti ng phong

title('Figure 27.6d:

Figure 27.6a No Lighting

flat

Gouraud

No Lighting')

Flat Lighting')

Gour aud Lighting')

Phong Lighting')

Figure 27.6b Flat Lighting

flat
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Figure 27.6c Gouraud Lighting Figure 27.6d Phong Lighting
material shiny dull metal
default default material ([ka kd ks n st])

>>
>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>

>>
>>
>>
>>
>>
>>
>>

n sc

subplot(2,2,1)z

sphere

col or map( gr ay)
li ght

shading interp

axi s square off
materi al defaul t
title('Figure 27.7a: Default Material')

subpl ot (2, 2, 2)

sphere

I'i ght

shading interp

axi s square off

materi al shiny

title('"Figure 27.7b: Shiny Material')

subpl ot (2, 2, 3)

sphere

I'i ght

shading interp

axi s square off

mat erial dul

title('" Figure 27.7c: Dull Material')
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>>
>>
>>
>>
>>
>>
>>

subpl ot (2, 2, 4)

sphere

I'i ght

shading interp

axi s square off

materi al netal

title('Figure 27.7d: Metal Material')

Figure 27.7a Default Material Figure 27.7b Shiny Materia
Figure 27.7c Dull Materia Figure 27.7d meta Maeria
light
light
30 light
> H = light('Position',[X,y,2z], '"Color',[r,g,b], "Style', "local");
X,Y,Z [r.g,0]
'local "infinite H1
>> set (H, 'Position',[1 0 1], "Color',[1 1 1], "Style', "infinite');
H1
30
27.7

Matlab
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light
lighting
lightangle
material
camlight
brighten
caxis
diffuse
specular
surfnorm
colorbar
colordef
colormap
hsv2rgb
rgb2hsv
rgbplot
shading
spinmap
whitebg
graymon
autumn
bone
cool
copper
flag

gy

hot

hsv

jet

lines
prism
spring
summer

winter

flat,gouraud,phong none

default,shiny,dull metal

flat,faceted interp

HSV
HSV
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Matlab
double 8 unit8 16 unit1l6
Matlab load save
MAT Matlab Matlab

28.1

Matlab
Matlab

RGB
RGB mx 3
X(i,)) cmap P cmap(X(i,j),:) X

[1 length(cmap)]

>> j mage(X); col ormap(cnap)

[1 length(cmap)]

>> imagesc(X, [0 1]); col ormap(gray)

0 1
X 01 01
[0 1] [min(min(X)) max(max(X))]
RGB RGB mx nx 3
P X(ij,2)
8 Matlab

>> i mage( X)

X mx nx 3 RGB X
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unit8  unitl6 double
>> axis inmage off
figure axes
>> | oad cl own % sanpl e i mage
>> [r,c] = size(X); % pi xel di nensi ons
>> figure('Units', '"Pixels', "Position',[100 100 c r])
>> i mage(X)
>> gset(gca, 'Position',[0 0 1 1])
>> col or map( map)
figure figure
axes figure
clown.mat Matlab Matlab demos
cape.mat clown.mat detail.mat durer.mat flujet.mat gatlinnmat mandrill.mat
spine.mat

>> | oad fil enane

>> i mage(X),

col or map( nmap)

>> title(caption)
>> axis image off

28.2
Matlab double 64 Matlab
16 unit16 8 unit8
image imagesc 8 16 double
unit8 [0 255] unitl6
[0 65535]
image 0 256
255 double
[1 length(cmap)] unit8 double6 unitlé double
1 unit8
double

>> Xdoubl e = doubl e(Xuint8) + 1;
>> Xui nt8 = uint8(Xdouble - 1);
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Xunit8 unit8 double 8 RGB
[0 255] [01] 8 RGB
>> j magesc(Xui nt8,[0 255]); col or map(cnap)
>> | mage( Xui nt 8)
double
>> Xdoubl e = doubl e( Xui nt 8) / 255;
>> Xui nt8 = ui nt 8(round( Xdoubl e*255));
RGB 8
[111] 8 [255 255 255]
unit8
imread imwrite save load unit8 Matlab
reshape cat permute max min find |
unit8 Matlab
28.3
Matlab

Matlab save load double unit8 unit1l6
Matlab

>> save nyi mage. nat X map

Matlab imread imwrite
imfinfo Imread

>> hel p inread
| MREAD Read image from graphics file.

A = | MREAD( FI LENAME, FMI) reads the inage in FILENAME into
A If the file contains a grayscale intensity inmage, Ais
a two-di mensional array. If the file contains a truecol or

(RGB) image, Ais a three-dinensional

(M by- N by-3) array.

FILENAME is a string that specifies the nane of the
graphics file, and FMI is a string that specifies the
format of the file. The file nust be in the current

directory or in a directory on the MATLAB pat h.

if | MREAD
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cannot find a file named FILENAVE, it | ooks for a file
named Fl LENAME. FM.

The possi bl e val ues for FM incl ude:
"jpg’ or 'jpeg Joint Photographic Experts Goup (JPEGQ
"tif' or "tiff' Tagged |mage File Format (TIFF)

"gif’ G aphi cs I nterchange Format (G F)
" brp' W ndows Bitmap (BW)

' png’ Portabl e Network G aphics (PNG

" hdf’ H erarchi cal Data Fornmat (HDF)

' pcx! W ndows Pai nt brush ( PCX)

" xwd' X W ndow Dunp ( XV\D)

"cur' W ndows Cursor resources (CUR)
"ico' W ndows | con resources (1CO

[ X, MAP] = | MREAD( FI LENAME, FMT) reads the indexed image in
FILENAME into X and its associated colormap i nto MAP.

Col ormap values in the inage file are automatically
rescaled into the range [0, 1].

[...1 = I MREAD(FI LENAMVE) attenpts to infer the format of the
file fromits content.

Data types

In nost of the image file fornats supported by | MREAD,

pi xel s are stored using 8 or fewer bits per color plane.
When reading such a file, the class of the output (A or X)
is uint8 | MREAD al so supports readi ng 16-bit-per-pi xel
data from TIFF and PNG files; for such inage files, the
class of the output (A or X) is uintl6.

Tl FF- speci fi ¢ synt axes

[...] =IMREAD ..., IDX) reads in one inmage froma
multi-inage TIFF file. IDX is an integer val ue that
specifies the order that the image appears in the file.
For exanple, if IDXis 3, IMREAD reads the third inmage in
the file. If you onmt this argunent, | MREAD reads the
first image in the file.

imwrite imwrite

>> help immite

| MARI TE Wite inage to graphics file.
| MARI TE(A, FI LENAVE, FMI) writes the image A to FI LENAME.
FILENAME is a string that specifies the name of the output
file, and FMI is a string the specifies the fornat of the
file. Acan be either a grayscale inage (Mby-N or a
truecol or i rage (M by- N by-3).

The possi bl e val ues for FM incl ude:
"tif' or "tiff' Tagged Inage File Format (TIFF)
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"jpg" or 'jpeg' Joint Photographic Experts Goup (JPEG

" brp' W ndows Bitmap (BWP)

' png' Portabl e Network Graphics (PNG
" hdf' H erarchi cal Data Fornat (HDF)
' pex! W ndows Pai nt brush (PCX)

" xwd' X W ndow Dunp ( X\AD)

I MARI TE( X, MAP, FI LENAME, FMI) wites the indexed inmage in X
and its associated colormap MAP, to FILENAME. If X is of
class uint8 or uintl6, IMARITE wites the actual values in
the array to the file. If Xis of class double, | MARI TE
offsets the values in the array before witing, using
uint8(X-1). MAP nust be a valid MATLAB col ornap. Note
that nmost inage file formats do not support col ormaps with
nmore than 256 entri es.

IMMRITE( ..., FILENAME) wites the image to Fl LENAVE,
inferring the format to use fromthe filenane's extension.
The extension nust be one of the |egal values for FM.

IMARITE( ..., PARAML, VAL, PARAMZ, VAL2, ... ) specifies
paranmeters that control various characteristics of the
output file. Parameters are currently supported for HDF,
JPEG TIFF, and PNG fil es.

Data types

Most of the supported image file formats store uint8
data. PNG and TIFF additionally support uintl1l6 data. For
grayscal e and R&B images, if the data array is double, the
assuned dynanic range is [0,1]. The data array is
automatically scal ed by 255 before being witten out as
uint8. If the data array is uint8 or uintl6, then it is
witten out w thout scaling as uint8 or uint1l6,
respectively. NOTE: If a |ogical double or uint8 is
witten to a PNGor TIFF file, it is assuned to be a
binary image and will be witten with a bitdepth of 1.

For indexed images, if the index array is double, then the
indices are first converted to zero-based indices by
subtracting 1 fromeach element, and then they are witten
out as uint8. If the index array is uint8 or uintl6,

then it is witten out without nodification as uint8 or

ui nt 16, respectively.

JPEG specific parameters

"Quality’ A nunber between 0 and 100; hi gher nunbers

nmean quality is better (less inage degradation

due to conpression), but the resulting file
size is |arger

TI FF-speci fic paraneters
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Conpression' One of these strings: 'none' ' packbits'
(default for nonbinary i nages), 'ccitt'
(default for binary i mages), 'fax3', 'fax4';
"ceitt', 'fax3', and 'fax4' are valid for
bi nary i nages only

"Description' Any string; fills in the I nageDescription
field returned by | Ml NFO

' Resol ution’ A two-el enent vector containing the
XResol ution and YResol ution, or a scalar
indi cating both resolutions; the default val ue
is 72

'WiteMde' One of these strings: 'overwite' (the
default) or 'append

284
Matlab
figure axes
Matlab getframe movie getframe
movie
getframe movie

% novi e- maki ng exanpl e: rota
[ X,Y, Z] =peaks(50);

surfl (XY, 2)

axis([-3 3 -3 3 -10 10]

axis vis3d off

shading interp

col or map( copper)

for i=1:15
vi ew - 37. 5+15*(i - 1), 30)
(i) =getfraneg;

end

cla % clear axis for

nmovi e(m % play the novie

axes
>>m
m =

te a 3-D surface plot

% create data

% plot surface with lighting

% fix axes so that scaling does not change
%fix axes for 3D and turn off axes ticks etc.
% make it pretty with interpol ated shadi ng

% choose a good colormap for lighting
%rotate and capture each frane

% change the viewpoint for this frame

% add this figure to the frame structure

novi e

1715 struct array with fields:
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cdat a
col or map

>> size(m(1).cdata)
ans =
412 369 3

cdata RGB axes

28.5

im2frame frame2im
>> [ X cmap] = frame2i m{(Mn))

M n X cmap

>> Mn) = inRframe(X crap)

X cmap M n im2frame
getframe figure  axes
28.6
Matlab /dev/audio PC UNIX sound(y,f,b) y
f y [-11]
f 8192Hz Matlab b /
b=8 b=16 b b=16
soundsc  sound y [-11]
y
soundsc(y,...,[smin smax]) [min(y) max(y)]
Matlab Matlab NeXT/Sun
fileau Microsoft WAVE (filewav)
NeXT/Sun 8 M 8 16
auwrite auwrite(y,f,n, 'method, 'filename) y f
b ‘method'

'filename y y
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[-117] f n ‘method
f=8000 n=8 'method'="'mu 'method
'linear' 'mu’ Matlab Lau
u mu2lin  lin2mu
8 16 WAVE wavwrite
wavwrite(y,f,n, 'filename') y f
b 'filename' y
y [-1 1] f n
Matlab f=8000 n=16
Matlab wav'
auread  wavread
[y.f,b]=auread(filename,n) ‘filename’
y 'filename .au wav Matlab
y [-1 1]
f b
n n n=[nl n2]
nl n2 [samples,channel s|=wavread(filename, 'size)
28.7
Matlab
image (RGB)
imagesc
colormap
axisimage
unit8 8
uint16 16
double
imread
imwrite
imfinfo
getframe

movie
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frame2im
im2frame
avifile
addframe
close
aviread
aviinfo
movie2avi
sound
soundsc
wavplay
wavrecord
wavread
wavwrite
auread
auwrite
lin2mu

mu2lin

WAVE
Windows
WAVE
WAVE
NeXT/SUN
NeXT/SUN
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Matlab
Matlab
EPS TIFF
Matlab
Matlab painter  zbuffer
OpenGL axes “ K
Matlab WYSIWYG
dpi
Matlab Matlab
Matlab
>>doc print print
29.1
File Edit View Insert Tools
Window Hep File “ ?
PC Edit “ " File

Export Page Setup Print Setup Print Preview  Print

Export ‘ ) Export
Save

“ " Page Setup
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Page Setup pagesetupdig
PC Print Setup print —dsetup
Unix Print Setup printdlg —setup Print
Unix OK
“ ” UNIX Print Setup
Option
Matlab Page Setup
Print Preview printpreview
Page Setup
Print “ ”
Print printdlg PC Print
Unix
Options
Page Setup
Page Setup Print Setup
Matlab Page Setup
Print Page Setup Print
Setup
File
PC Edit Copy Figure
Copy Option
BMP EMF

Copy Figure
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29.2
print "
print
>> print —device —option —option fil ename
-device -option
filename
- print
>> print('-device', '-option', '-option', 'filename')
print
-device print
-option
-option
-adobecset PostScript PostScript EPS
-append PostScript
-cmyk CMYK RGB PostScript EPS
-device
-dsetup Print Setup Windows
-fhandle
-loose loose PostScript PostScript  EPS  GhostScript
-noui uicontrol
-opengl OpenGL
-painters Painter
-Pprinter Unix
-rnumber dpi EMF ILL
Matlab GhostScript z
OpenGL 150dpi  Painter
864dpi
-swindowtitle SIMULINK
-V Print Windows

-zbuffer
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29.3
print
GhostScript Matlab
PostScript
PostScript
-device
-dps PostScript
-dpsc PostScript
-dps2 PostScript
-dpsc2 PostScript
-dwin Windows
-dwinc Windows
-dbj10e Bubblejet BJ10e GhostScript
-dbj200 Bubblejet BJ200 GhostScript
-dbjc600 Bubblejet 600/4000/70 GhostScript
-din03 DEC LNO3 GhostScript
-depson Epson 9 24 GhostScript
-depsohigh Epson 9 GhostScript
-depsonc Epson LQ-2550 3400/2400/1200
GhostScript

-ddnj650c HP DesignJet 650C GhostScript
-ddjet500 HP Deskjet 500 GhostScript
-dcdjmono HP Deskjet 500C GhostScript
-dcdjcolor HP Deskjet 500C GhostScript
-dcdj500 HP Deskjet 500C/540C GhostScript
-dcdj550 HP Deskjet 550C GhostScript
-ddeskjet HP Deskjet Deskjet Plus GhostScript
-dlaserjet HP Laserjet
-dljet3 HP Laserjet 111
-dljet2p HP Laserjet 1P
-dljetplus HP Laserjet+ GhostScript
-dpaintjet HP Paintjet GhostScript
-dpjx| HP Paintjet XL GhostScript
-dpjx1300 HP Paintjet XK300 GhostScript
-dhpgl HP 7475A
-dibmpro IBM 9 Proprinter GhostScript
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print print -device
-device
-dbmp16m 24 Windows GhostScript
-dbmp256 8 Windows GhostScript
-dbmp 24 Windows
-dmeta EMF Windows
-deps EPS
-depsc EPS
-deps2 EPS
-depsc2 EPS
-hdf HDF 24 Windows
-dill Adode
-djpeg JPEG 24 B Z
-djpegNN JPEG 24 NN
-dpbm PBM UNIX GhostScript
-dpbmraw PBM Unix GhostScript
-dpcxmono PCX 1 Windows GhostScript
-dpcx24b PCX 24 Windows GhostScript
-dpcx256 PCX 8 Windows GhostScript
-dpcx16 PCX 16 Windows GhostScript
-dpex PCX 8 Windows
-dpgm PGM Unix GhostScript
-dpgmraw PGM Unix GhostScript
-dpng PNG24
-dppm PPM Unix GhostScript
-dppmraw PPM Unix GhostScript
-dtiff TIFF VA
-tiff TIFF EPS EPS
Matlab getframe inwrite avifile addframe
28
29.4 PostScript
PostScript GhostScript
Matlab
Windows PostScript
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Courier  Windows -dwin -dwinc Windows
PostScript Windows
AvantGarde
Bookman
Courier Courier New
Helvetica Arid
Helvetica-Narrow
NewCenturySchiBk New Century Schoolbook

Palatino
Symbol
Times-Roman
ZapfChancery
zapfDingbats

Times New Roman

PostScript
PostScript

Matlab

PostScript

PostScript “

PostScript

z

OpenGL

29.5

PostScript
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Matlab
OpenGL 4

OpenGL

Z Painter's Panter's
Matlab figure

Matlab

”

Matlab

PostScript

HPGL
JPEG

OpenGL

and Figures
-zbuffer

-dhpgl
-djpeg

-openg!

EPS

Adode -dill
TIFF -dtiff
Painter's

Unix

-painters

29.6

Painter's

print
Print Setup Print

Page Setup

Options
Axes
print
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'‘PropertyName' 'PropertyValue' [ ]
Color [RGB vector]
InvertHardcopy [{on} | off]
on Color
PaperUnits [{inches} | centimeters]|
normalized | points]
PaperOrientation [{portrait} | landscape | rotated]
PaperPosition [left bottom.. width height] width
vector height
PaperPositionMode  [auto | { manual}] PaperPosition width height
auto “ i
width height
WYSWYG
PaperSize [width height]vector PaperUnits
PaperType [{usletter} | uslegal | AO | Al | PaperType
A2|A3|A4|A5|B0|B1|B2| PaperSize
B3| B4 | B5 | arch-A | arch-B |
arch-C | arch-D |arch-E | A |B |
C|D | E|tabloid | <custom>]
Renderer [{ painters}] | zbuffer | OpenGL]
RendererMode [{auto} manual] auto
Matlab
manual Renderer
axes axes
>> XTi ckMbde [{auto} | manual]
>> YTi ckMbde [{auto} | manual]
>> ZtickMode [{auto} | nanual]
Matlab
'manual’ Matlab

line

Color:[ 3-elenment RGB vector ]
LineStyle: [ {-} | -- | : | -. | none]
LineWdth: [ scalar ]
I

Marker: [ +| o] * | x| square | diamond | v | A | > | <
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| pentagram| hexagram| { none} ]
Mar ker Si ze: [ scal ar ]
Mar ker EdgeCol or: [ none | {auto} ] — or — a Col or Spec.
Mar ker FaceCol or: [ {none} | auto ] —or- a Col or Spec.

line ‘color' 'LineStyle’ 'LineWidth' ‘Marker

Color: [ 3-element RGB vector |

FontAngle: [{normal} |itaic | oblique]

FontName: [ font name ]

FontSize: [scalar]

FontUnits: [ inches | centimeters | normalized | { points} | pixels]
FontWeight: [ light | {normal} | demi | bold ]

Matlab PostScript 11

29.7

Matlab

8x 6

Us (85x11 )

11

text
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RGB CYMK
Matlab
Uicontrol
Unix -dps2 PC -dwin
$TOOLBOX/local/printopt.m
Matlab
edit printopt.m printopt.m
MATLABPATH $TOOLBOX/local
UNIX PostScript printopt.m
dev="-dpsc2
startup.m set(0,
'‘DefaultfigurePaperType', 'A4) A4 0 “©o
'DefaultFigurePaper Type 'PaperType
'‘Default’
set (0, ' Def aul t Fi gurePaper Ori entation','|andscape');

set (0, ' Def aul t Fi gurePaper Position',[0.25 0.25 10.5 8]);
set (0, "' Def aul t AxesXGid','on','DefaultAxesYGid','on');
set (0, ' Def aul t AxesLi neWdth',"'1");

Matlab X y

29.8

Matlab
Matlab

PostScript EPS EMF TIFF Matlab
GhostScript
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Matlab

30

30.1

Matlab

Matlab

Matlab

Uicontrol
Styles:
checkbox
edit
frame
listbox
popupmenu
pushbutton
togglebutton
radiobutton
slider
text
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uicontrol uicontextmenu uimenu

Hf_fig=figure

plot(rand(1,10))

30.2

Hf_fig

Matlab

Matlab

root
figure
uicontrol
uimenu
uicontextmenu
axes
imege
light

line
patch
rectangle
surface
text

Matlab

Matlab

Ha_ax=gca

Hf fig=gcf
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Hf fig Ha axl Ht_title
X Hx_obj
M
Matlab
mesh
polar
30.3
‘LineStyle' Matlab
'Position’  'position’ 'pos’

>> H _1 = figure('Color', "yellow)

Matlab

'PropertyName’,PropertyValue

inspect
inspect(H) H

304 get et

get set

>>p

get(H _1, 'Position')
Hf 1

>> ¢ = get(H _a, '"Color')

get

get(handle, 'PropertyName’)
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Hl a
set
PropertyVadue)
>> set(Hf_1, 'Position',p_vect)
Hf 1
>> set(H _a, '"Color', 'r'")
Hl a

(‘PropertyName'  PropertyValue)

>> set(H _a, 'Color',[1 0 0], 'LineWdth', 2,
Hl a
get set
'PropertyName’) handle
>> set(H _1, '"Units")
[ inches | centineters | normalized | points
Hf 1 'Units
'pixels'
'propertyName'
>> set(Hf_1, 'Position')

Afigure's 'Position'
set

>> figure(' Color', '"blue', '"NunberTitle', 'of

'Figure No.T

>> Hf _fig = figure %create a figure

set(handle, 'PropertyName'

p_vect

"lineStyle', '--")

set(handle,
PropertyName

| {pixels} | characters]

6

Matlab

property does not have a fixedset of property val ues.

f', "Name', 'My Figure')

'My Figuré

light to an axes in the figure

Hf fig =
1
>> H _light = light % add default
H _light =
107
>> set(H _light) %find settable properties of |ight
Posi tion

Col or
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'Parent’

Style: [ {infinite} | local ]

But t onDownFcn: string -or- function handle -or- cell array
Chi l dren

Aipping: [ {on} | off ]

CreateFcn: string -or- function handle -or- cell array
Del eteFcn: string -or- function handle -or- cell array
BusyAction: [ {queue} | cancel ]

Handl eVisibility: [ {on} | callback | off ]

HtTest: [ {on} | off ]

Interruptible: [ {on} | off ]

Par ent

Selected: [ on | off ]

SelectionH ghlight: [ {on} | off ]

Tag

Ul Cont ext Menu

User Dat a

Visible: [ {on} | off ]

>> get H _light) %get all properties and nanes for |ight

Position =[1 0 1]
Color = [1 1 1]
Style =infinite

Bei ngDel eted = of f

But t onDownFcn =
Children = []
dipping = on
CreateFcn =

Del eteFcn =

BusyActi on = queue
Handl eVisibility = on
H tTest = on
Interruptible = on
Parent = [108]

Sel ected = of f

Sel ecti onH ghlight = on
Tag =

Type = |ight

Ul Cont ext Menu = []
UserData = []

Visible = on

get
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get "Type set
Matlab
3
18 21 93
13
RGB [1.50]
>> X = -2*%pi:pi/40: 2*pi; %create data
>>y = sin(x); %find sine of x
>> H _sin = plot(x,y) % pl ot sine and save handl e
H _sin =
59. 0002

>> set(H _sin, "Color',[1 .5 0], 'Li

neW dt h', 3) % Change col or and wi dth

>> 7z = cos(X); % find cosine of x

>> hold on % keep sine curve

>> H _cos = plot(x,z); % pl ot cosine and save handl e
>> set(H _cos, 'Color',[.75 .75 1]) %color it light blue

>> hol d of f

>> H lines = plot(x,Y,X,2z) % pl ot both curves and save handl es
>> set(H _line(l), "Color',[1 .5 0], 'LineWdth', 3)
>> set(H _line(2), "Color',[.75 .75 1])

>> title('Handl e Graphics Exanple') %add a title
>> H _text = get (gca, 'Title') %get handle to title
>> set (H _text, 'FontSize', 16) % cust o ze font size
'Parent’
'Children’
"Parent’ 'Children’
'Parent’
'Children’ text gtext
'Children’
‘Title' 'XLabel
'Yigble' 'ZLable title
'String' Matlab titte xlable

ylabel zlabel
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24

>> H title=title('"Thisis atitle. '

set  get
copyobj

Matlab

>> Ha_new = copyobj (Ha_ax1, H _fi g2)

Ha ax1

Ha new
copyobj

>> figure(l)
>> set(gca, 'Parent', 2)

delete(handle)
handle 'Position’
handle set
get set

>>| prop = get(H _light)
| prop =

Bei ngDel et ed :
BusyAction :

But t onDownFcn :
Children:
dipping:

Col or :

Creat eFcn

Del et eFcn :

Handl eVisibility :
H t Test :

Interruptible:
Parent :

Posi tion:

Sel ected:

Sel ecti onHi ghlight :
Style:

Tag:

Type :

Ul Cont ext Menu :

Hf fig2

'Parent'

reset copyobj delete

"of f'

' queue’

[0x 1 doubl e]
‘on'

[111]

on

" on'

on'

108
[101]
"of f'

" on'
"infinite'

‘1ight"
[

, 'FontSize', 24,

"Color', 'green')

reset(handle)
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UserData: []

Visible: 'on'
>> class(l prop) %class of get (H _light)
ans =
struct
>> |opt = set(H _light)
| opt =

BusyAction: {2x 1 cell}

But t onDownFcn : {}

Children : {}
Aipping : {2x 1 cell}
Color : {}

CreateFcn : {}

Del eteFcn @ {}
Handl eVisibility: {3x 1 cell}
HtTest : {2x 1 cell}
Interruptible : {2x 1 cell}

Parent : {}

Position : {}
Selected : {2x 1 cell}
Sel ectionH ghlight : {2x 1 cell}
Style: {2x 1 cell}

Tag : {}
U Cont ext Menu : {}
UserData : {}

Visible : {2x 1 cell}
>> class(lopt) %class of set(H _light)
ans =
struct

>> | opt . BusyActi on
ans =
' queue’
' cancel '
>> | opt . busyaction
??? Reference to non-existent field 'busyaction'.

>> newprop. Color = [1 0 0];

>> newprop. Position = [-10 0 10];
>> newprop. Style = "l ocal ';

>> set (H _I'i ght, newpr op)

‘Color'  'Position’ 'Style'

>>| ight _prop = get(H _light);
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>>| jght _prop.Color =[1 0 0];
>>set (H _light,light_prop);
??? Error using ==> set

Attenpt to nodify read-only |ight property:

'‘BeingDel eted'
'‘BeingDeleted’  'Type'

‘Type‘

>>|ight_prop = rnfield(light_prop,
>> gset (H _light,|ight_prop)

>> plist = {"Color', 'Position',
plist =

"Color' 'Position'
>> get (H _light,plist)
ans =

[ doubl €]
>> cl ass(ans)
ans =
cel |

"Style'}

"Style'

[1"3 doubl e] "l ocal’

get
'PropertyName’)

>> Ha = get (gcf,
Ha =
15. 0002
13. 0002
11. 0002
9. 0002
>> Ha_kids = get(Ha, 'Children')
Ha_kids =
[ 16. 0002]
[471 doubl e]
[ 12. 0002]
[2"1 doubl €]
>> cl ass(Ha_ki ds)
ans =
cel |
>> Hx = cat (1, Ha_kids{:})
Hx =
16. 0002

"Children')

" Type',

% convert

% change the light color to red
% reapply the property val ues

' Bei ngDel et ed' .

' Bei ngDel eted' ) ;

get

H get(H,

% get axes handl es

% get handl es of axes children

to colum vector
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gca

26. 0002
24.0002
18. 0002
22.0002
12. 0002
14. 0002
10. 0002
>> ¢l ass(Hx)
ans =
doubl e

Hx

30.5

Matlab

>> H _fig = gcf

>> Ha_ax = gca

Matlab

>> Hx_obj = gco

>> Hx_obj = gco(Hf _fig)

Hf_fig

gco

"Type ‘figureé ‘axes

>> x_type = get(Hx_obj, 'Type')

get set

gcf

gco

gco

Type
"text '"Typé
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‘CurrentFiguré 'CurrentAxes' 'CurrentObject
get

>> Hx_kids = get(gcf, 'Children');

‘Children’

>> X = -pi:pi/20:pi; % create sone data
>>y = sin(x); z = cos(x);
>> plot(x,y, 'r',x,z, '@9);

>> H lines = get(gca, 'Children'); % get the line handl es

>> for k=1: size(H _lines)
>> jif get(H _lines(k), '"Color') == 0 1 0]

>> H _green = H _lines(k)
>> end
>> end
H green =
58. 0001
Matlab findobj
Hx=findobj(Handles, ‘flat', 'PropertyName',PropertyValue)
'PropertyName PropertyVaue
(‘PropertyName',PropertyVaue)
Handles
(‘PropertyName',PropertyVaue)
findobj
>> H _green = findobj (0, 'Type', 'line', "Color',[0 1 0]);
'HandleVisibility'
'HandleVisibility' 'of f' ‘callback’ Command
gco ‘callback’

30.12

%find the green |line

Handles

findobj

%plot lines in red and green

findobj

gcf

gca
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30.6
gco
Matlab
5
figure
2 1 gcf 2 figure(l)
1 1
'Children'
Hx_kids=get(handle, 'Children’) Hx_kids

'‘Children’

>> Hf = get(0, 'Children');
>> if length(H)>1

set(0, "Children',H ([end 1:end-1]);
end

30.7

'Position’
[left,bottom,width,height] [left,bottom]
[width,height]
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= ]
'Unit'
>> get(gcf, 'Position')
ans =
920 620 672 504
>> get(gcf, 'units')
ans =
pi xel s
920
620 672 504
'Position’
'OuterPosition’
>> get(gcf, 'Position') % dr awabl e position
ans =
920 620 672 504
>> get(gcf, 'QuterPosition') % out si de position
ans =
916 616 680 531
View
' ActivePositionProperty’
'Position’
'Positon' 'OuterPosition’
'OuterPosition’

'Unit’
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800x 600 800 600
72 1
X 01
[0,0] [1,1]

'Units'

>> set(gcf,'units','"inches") % | NCHES
>> get(gcf, ' position')

ans =
7.9224 5. 3362 5.7931 4.3448
>> set (gcf, ' units','cent') % CENTI METERS
>> get(gcf, ' position')
ans=
20. 108 13.544 14. 703 11. 027

>> set (gcf, ' units', ' normalized )% NORVALI ZED
>> get (gcf, ' position')
ans=
0.57438 0. 51583 0.42 0.42
>> set(gcf,'units', ' points') % PO NTS
>> get(gcf, ' position')

ans=
570. 41 384. 21 417.1 312. 83
>> set (gcf, ' units', ' char') % CHARACTERS
>> get(gcf, ' position')
ans=
153. 17 38. 688 112 31.5

[left,bottom,width,height]

'Position’
'Position’ 'ScreenSize
[left,bottom] [0,0] [width,height]
'Units
30.8
Matlab
set  get
Matlab

Matlab



390

Matlab 6

'Default’ set

>> set (0, 'DefaultFigureColor',[.5 .5 .5])

Matlab

>> set (0, 'Defaul t AxesFontSize', 14) % | arger axes fonts - all figures
>> set (gcf, 'Defaul t AxesLineWdth', 2) %t hickaxislines—thisfigureonly
>> set(gcf, 'Defaul t AxesXColor', 'y') % yellow X axis lines and | abel s
>> set (gcf, 'DefaultAxesYGid' , 'on') %Y axis grid lines - this figure
>> set (0, 'Defaul t AxesBox', 'on') % encl ose axes — all figures

>> set (gca, 'DefaultLineLineStyle', ': ') %dotted |inestyl e—these axes only

M

oldunits = get (0, 'DefaultFigureUnits');

set (0, 'DefaultFigureUnits', 'nornalized);
<MATLAB st at enent s>

set (0, 'DefaultFigureUnits',oldunits);

Matlab startup.m
set

>> set (0, 'Default AxesXGid , 'on')

>> set (0, 'Default AxesYGid , 'on')

>> set (0, 'DefaultAxeszGid , 'on')

>> set (0, 'Defaul t AxesBox', 'on')

>> set (0, 'DefaultFigurePaperType', 'Ad")

A4

‘remove’ ‘factory’ ‘default’ ‘remove'

>> set (0, 'DefaultFigureColor',[.5 .5 .5]) %set a new default
>> set (0, 'DefaultFigureColor', 'renove') %return to MATLAB defaults

Matlab
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‘factory"
>> set (0, 'DefaultFigureColor',[.5 .5 .5])%set a new user default
>> figure(' Color', 'factory') % figure using default color
"default’ Matlab
Matlab
>> set (0, 'DefaultLineColor', 'r') % set default at the root |evel
>> set(gcf, 'DefaultLineColor', 'g') % current figure |evel default
>> H _rand = plot(rand(1, 10)); % plot a line using Col orOrder' color

>> set(H _rand,
>> cl ose(gcf)

"Color', '"default')

>> H _rand = plot(rand(1,10)); %plot a line using ' Col orOder’

>> set(H _rand, 'Color', 'default')

plot
plot '‘ColorOrder’

>> get (0, 'factory')

>> get (handl e, 'default')

>> get (0, 'default')
ans =
def aul t Text Col or
def aul t AxesXCol or
def aul t AxesYCol or
def aul t AxesZCol or
def aul t Pat chFaceCol or
def aul t Pat chEdgeCol or
def aul t Li neCol or
def aul t Fi gur el nvert Har dcopy

def aul t Fi gureCol or :

def aul t AxesCol or
def aul t AxesCol or Or der

def aul t Fi gur eCol ormap :

def aul t Sur f aceEdgeCol or
def aul t Fi gurePosition

>> get(gcf, 'default')

% the |ine becones green

% cl ose the wi ndow

col or again
%the |ine becones red

[0 0 0]
[0 0 0]
[0 0 0]
[0 0 0]
[0 0 0]
[0 0 0]
[0 0 0]

 on

[0.8 0.8 0.8]
[11 1]

[ 7x 3 doubl €]
[64x 3 doubl €]

[0 0 0]

[920 620 672 504]
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ans =
0°0 struct array with fields:
>> set(gcf, 'DefaultLineMarkerSize', 10)
>> get (gcf, 'default')
ans =

def aul t Li neMar ker Si ze: 10

30.9

BeingDeleted ‘on' Matlab 6
ButtonDownFcn Command eval

Children

Clipping
CreateFcn Command eva

DeleteFcn Command evd

BusyAction

HandleVisibility

HitTest

Interruptible

Parent

Selected

SdlectionHighlight

Tag findobj
findohj(0, 'tag, 'mytagstring)

Type

Ul ContextMenu

UserData

Visble

'ButtonDownFcn' 'CreateFcri  'DeleteFen’
eval Command
'Parent’ 'Children' 'Clipping'

on

‘Interruptible’  'BusyAction’
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‘Type 'CurrentObject
'Selected' ‘on' 'SelectionHightlight'
'HandleVisibility'
'ShowHiddenHandles' 'HandleVisibility'
'Vighle' 'of '
‘Vishle ‘on'
'Tag' 'UserData 'Tag'
>> set(gca, 'Tag', 'My Axes')
'My Axes'
Tag
>> Ha_nyaxes = findobj (0, 'Tag', 'My Axes');
'UserData
'UserData Matlab
get set Matlab

'HideUndocumented' get

>> set (0, 'H deUndocunented', 'off'")

Matlab

30.10

line text

hold
'NextPlot' Matlab
cdf da 'NextPlot' 'NextPlot'

Matlab

mesh plot

hold newplot reset
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>> set(gcf, 'NextPlot')
[ {add} | replace | replacechildren ]
>> set(gca, 'NextPlot')
[ add | {replace} | replacechildren ]
figure '‘add’  axes replacé  'NextPlot' ‘add'
‘NextPlot'
'Replace
'Position’  'Units
'NextPlot' "replacechildren’
hold on 'NextPlot'
‘add' hold off 'NextPlot' 'replace
newplot 'NextPlot'
line patch
plot surf newplot
function Ha = newpl ot
Hf = gcf; % get current figure or create one
next = lower(get(Hf,'NextPlot'));
swi tch next
case 'replacechildren',clf; % del ete figure children
case 'replace',clf('reset'); %del ete children and reset properties
end
Ha = gca; % get current axes or create one
next = lower(get(Ha, 'NextPlot'));
swi tch next
case 'replacechildren',cla; % del ete axes children
case 'replace',cla('reset'); %del ete chil dren and reset properties
end
30.11
Matlab
Matlab 'Renderer’ 'DoubleBuffer' 'BackingStoré
'Render’
'‘painters  'zbuffer' 'openGL' Matlab
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Matlab
'‘BackingStore ‘on'
'‘BackingStore ‘on'
‘BackingStore ‘off'
'DoubleBuffer’ 'of f' ‘on' Matlab
Matlab 'of f' Painter's
plot
'EraseM ode' 'normal’
Painter's ‘DrawMode'
'normal’
'fast' Z OpenGL
'EraseM ode'
‘normal’ ‘none’
'‘background  'xor'
'EraseM ode' 'none’
'EraseM ode'
‘background
'EraseM ode 'xor'
‘EraseMode' 'nonée
'EraseM ode'
'xor' ‘background’
'xor'
30.12

'‘ButtonDownkFcri 'CreatFeri  'DeleteFen’
'CloseRequestFen 'KeyPressken' "WindowButtonDownFcrl - 'WindowButtonM otionFcri
‘WindowButtonUpFcn '‘CallBack
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Command
eva eval
Matlab
Matlab
Matlab

>> get(gcf, 'd oseRequestFcn')
ans =

cl osereq

>> cl ass(ans)

ans =

char

closereq
eva Matlab

>> set(gcf, 'd oseRequestFcn', '')

Matlab

30.13 M

Matlab specgraph >>helpwin
specgraph M axis

X-y mmis2d

function [tf, xa, ya] =nmi s2d(H)

%M S2D True for Axes that are 2D.

% MM S2D(H) returns True if the axes having handl e H di spl ays

% a 2D viewpoint of the X-Y plane where the X- and Y-axes are

% parallel to the sides of the associated figure w ndow.

%

% [ TF, Xa, Ya] =MM S2D(H) in addition returns the angles of x- and y-axes
%

%e.g., if the x-axis increases fromright-to-left Xa=180
%e.g., if the y-axis increases fromleft-to-right Ya=0
%e.g., if the x-axis increases frombottomto-top Xa=90

if ~ishandl e(H
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error('H Must be a Handle.")
end
if ~strcnp(get(H 'Type'), "' axes')
error('H Must be a Handle to an Axes Cbject.')
end
v=get (H, 'view);
az=v('1l),; el=v(2);
tf=remaz, 90) ==0 & abs(el)==90;

i f nargout==
xdi r=strcnp(get(H ' Xdir'), reverse');
ydir=strcnmp(get(H, "'Ydir'), 'reverse');
s=sign(el);

xa=nod(-s*az - xdir*180, 360);
ya=nod(s*(90-az) - ydir*180, 360);
end

ishandle
"Type "View'

mmgetpos
'Units 'Units
'Position’ 'Units

function p=muyet pos(H, u, cp)

UWMEETPCS Get Chject Position Vector in Specified Units.

% MMGETPOS(H, ' Units') returns the position vector associated with the

% gr aphi cs obj ect having handle Hin the units specified by '"Units'.
%'Units' is one of: 'pixels', 'normalized , 'points', 'inches', 'cent',
% or 'character'.

%'Units' equal to 'data' is valid for text objects only.

%

% MMCETPCS does the "right thing", i.e., it: (1) saves the current units,
% (2) sets the units to those requested, (3) gets the position, then

% (4) restores the original units.

%

% MMGETPOS(H, ' Units',' CQurrentPoint') returns the 'CQurrentPoint' position
% of the figure having handle Hin the units specified by 'Units'.

%

% MMGETPOS(H, ' Units'," Extent') returns the ' Extent' rectangle of the text
% obj ect having handl e H

%

%' U nenu', 'Ucontextnmenu', 'inage', 'line', 'patch', 'surface',

% 'rectangle' and 'light' objects do NOT have position properties.

i f~ischar(u), error('Units Mist be a Valid String.'), end
i f~ishandle(H), error("His Not a Valid Handle.'), end
Ht ype=get (H, ' Type');

if nargin==3 & ~i senpty(cp) & ischar(cp)
if strcnmp(Htype, ' figure') & lower(cp(l))=="c'
pnare=" Cur r ent Poi nt" ;
elseif strenmp(Hype,"'text') & lower(cp(l))=="¢e'
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pname=' Extent';
el se
error (' Unknown | nput Syntax.')
end
el sei f H-=0
pnane=' Position';
elseif H==0 % root object
pname=" Scr eenSi ze' ;
el se
error (' Unknown | nput Syntax.')
end
hu=get (H, "units');
set(H "units', u)
p=get (H, pnane) ;
set(H "units', hu)

mmzap M
waitforbuttonpress gco waitforbuttonpress
Matlab

>> hel p wai tforbuttonpress

WAl TFORBUTTONPRESS Wit for key/buttonpress over figure.
T = WAl TFORBUTTONPRESS st ops pr ogr amexecutionuntil akey or nouse button
is pressed over a figure window. Returns O Wen terninated by a nouse
buttonpress, or 1 when term nated by a keypress. Addi ti onal information
about the terninating event is available fromthe current figure.

See al so @ NPUT, GCF.

gco

functi on mzap(arg)

9NVEZAP Del ete G aphics Object Using Muse.

% MWZAP waits for a nmouse click on an object in
% a figure wi ndow and del etes the object.

% MWZAP or MWZAP text erases text objects.

% MVEZAP axes erases axes objects.

% MVEZAP | ine erases |ine objects.

% MWZAP surf erases surface objects.

% MVWZAP pat ch erases patch objects.

%

% C i cking on an object other than the selected type,or striking
% a key on the keyboard aborts the conmmand.

if margin<l,arg="text';end

Hf =get (O, ' Qurrent Figure');
if isenpty(Hf)
error (' No Figure Wndow Exists.")
end
if length(findobj(Q "' Type', figure'))==
figure(H) %bring only figure forward
end
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key=wai t f or but t onpr ess;
if key %key on keyboard pressed
return
el se % obj ect sel ected
obj ect =gco;
type=get (obj ect, ' Type');
if strncmp(type, arg, 4)
del et e( obj ect)
end
end

Matlab xlim ylim zlim
grid
mmxgrid X mmxgrid
y z

function y=mmxgrid(arQg)

% MVXGRI D X-axes &id Lines.

% MUXGRI D ON adds grid lines along the X-axes of the
% current axes.

% MUXGRI D OFF turns them of f.

% MUXGRI D by itself toggles the X-axes grid state.
%

% TF=MWXGRID returns logical True if the X-axes grid is O\
% Gt herwise it returns |logical False.

%

% See al so GRID, XLIM XLABEL

i f nargi n~=0
if ischar(arg)
if length(arg)>1 & strncnpi(arg,'on', 2)
set(gca, ' Xgid' ,'on')
elseif length(arg)>1 & strncnpi (arg, ' off',3)
set(gca,' X&gid' ,'off')
el se
error (' Unknown | nput Argument.')
end
el se
error (' Character |nput Argunent Required.')
end
el sei f nargout ~=0
y=strcnp(get(gca,' XGid'),'on');
el se
if strcnp(get(gca,’' XGid' ), on")
set(gca,' XGgid' ,'off")
el se
set(gca,' Xgid ,'on')
end
end
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30.14

Matlab
Matlab

888 8%

findobj
findall
alchild
copyobj
root
figure
axes

line

text
patch
rectangle
surface
imege
light
uicontrol
uimenu
uicontextmenu
reset

cf

ca
ishandle
delete
close
refresh
gcho
gcbf
closereq
newplot

'CloseRequestFen'’
‘NextPlot'
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Matlab
31.1 GUI
GUI gooey

Matlab Matlab

uicontrol uimenu uicontextmenu Matlab M
uimenu Uicontrol
uicontextmenu
demo Matlab GuUI
>> deno
31.2 GUI
demo “ Matlab GUl "

GUI Matlab
GUI
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GUI Matlab

GUI
Matlab GUI

Building GUIs with Matlab
Matlab GUI

31.3 GuUI

uimenu
uicontrol  uicontextmenu

uiminu
uicontrol  uicontextmunu

Uicontrol
Styles:

uimenu uicontrol
uicontextmenu uicontrol uimemu
uicontextmenu uimenu
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Matlab Unix
X-Window Motif CDE PC
Microsoft Windows Windows NT
Matlab
uimenus uicontrols
uicontextmenus
314
MS Windows X-Window
walking menu
uimenu
'Menubar'

>> set(gcf, 'menubar', 'none')

>> set(gcf, 'menubar', 'figure')
315
uimenu

>> Hm 1 = ui menu( Hx_parent,

Hm 1
Hx_parent
uimenu

'PropertyName’  PropertyValue

% hi de standard nenus
% di spl ay standard nenus

' PropertyNane', PropertyVal ue, ..)

uimenu
uimenu



404 Matlab 6

uimenu uimenu "‘WindowStyle'
‘modal’ uimenus
31.6
uimenus
Uimenu { }
Checked uimenu ‘on’ {'off}
ForegroundColor {[000]}
Label
SdlectionHighlight {'on} ‘off'
Separator uimenu ‘on' {'of f}
Visble uimenu {'on'} ‘of f*
'Position’
Accelerator uimenu
Children
Enable uimenu uimenu {'on'} ‘of f*
Parent uimenu
uicontextmenu
Tag
Type ‘uimenu’
Userdata
Position uimenu
1

Callback

uimenu '‘Label' 'CdlBack 'Label’

'‘CallBack’ Matlab
eval
'Accelerator’  'Labdl’ 'Accelerator’
uimenu X'

Control X uimenu
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Alt
uimenu 'Label &
‘& Grid' Grid 'G&rid'
Grid
31.7
uimenu 'Checked'
'SelectionHighlight'
'Separator'
'Vishle'
uimenu
'Enable’
'Position’ uimenu
uimenu 1
31.8
Matlab
uicontextmenu uicontextmenus
uicontextmenu
uimenu uimenu
uicontextmenus
Uicontextmenu { }
Visible uicontextmenu ‘on’ {'off"}
‘on'

Children uimenu

Parent

Tag

Type "uicontextmenu'

UserData

uicontextmenu
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>> Hui X = ui context menu( Hf _parent, 'PropertyNane', PropertyVal ue, .)
Hf parent 'PropertyName'
PropertyVaue uicontextmenu uicontextmenu Huix
uimenu
‘Ul ContextMenu'’
31.9
Matlab Matlab
Matlab
Matlab MS Windows X-Window
Matlab
Matlab uicontrol

uimenu uicontextmenu

>> HC 1 = uicontrol (Hf _fig, 'PropertyNane', PropertyVal ue,...)
Hc 1 'PropertyName’  PropertyVaue uicontrol
Hf fig
31.10
uicontrols

uicontrol { }
BackgroundColor uicontrol { }
Cdata RGB
ForeGroundColor {[oo0p}
SedlectionHighlight {'on} ‘off'
String uicontrol
Visble uicontrol {'on’} ‘of '
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uicontrol { }

Enable uicontrol {'on} ‘off' ‘inactive

Parent

Selected ‘on’ {'off?}

SiderStep 2

Style uicontrol 'pushbutton’, ‘togglebutton’,'radiobutton’,
‘checkbox,'edit’, 'text’, 'dider’, ‘framée,
listbox, ‘popupmenu’

Tag

Tool TipString

Type ‘uicontrol’

UserData

Position [1eft,bottom,width,height]

Units 'Position’ {'pixels’},'normalized','inches'
‘centimeters,'points, 'characters

FontAngle {'normal’} 'italic', 'oblique’

FontName { }

FontSize FontUnits {

}

FontUnits {'points'} ,'normalized’,'inches’,
‘centimeters,'pixels'

FontWeight {'norma '} ,'light’, ‘demi’, 'bold'

Horizontal Alignment 'left’, ‘center’, 'right’

Cadllback uicontrol

Ul Contextmenu uicontextmenu

ListBoxTop

Max

Min

Vdue uicontrol

uicontrol 'Style'

uicontrol uicontrol
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31.11
Matlab 10 uicontrol GUI
uicontrol
(Pushbutton)
Matlab
Toggle button
'Vaue
'Max' 'Vaue
'Min'
'Value 'Max' 1
'Vaue 'Min'
0
'Vaue
0 'Min'
X
'Vaue 'Max' 1
'Value "Min'
0
uicontrol 'String'
Control+ 'Max'  'Min'

Max-Min>1 'Max'
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uicontrol 'Position’
width height]

width<heigth

'SliderStep'

10
abs
uicontrol

'Separator'

uicontrol

uimenu

uicontrol

Max-Min>1

'Position’

'String’
10
1%
‘Units [left bottom
width heigth width>heigth
X-Window
[arraow_step trough_step]
[0.01 0.10]
Matlab Max>Min Max
0
'Min'  'Max' 'Vaue
uicontrol
III
'Vaue
Shift
Control
'Value

'String'
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uicontrol  width height Matlab
'Vaue
'Callback’ Done Apply
'Callback’
uicontrols 'SelectionType
‘normal’ 'Open'’ uicontrol
MS Windows X-Window
'Vaue
|||
'Position’ [left bottom width height] width
height X-Window
MS Windows height
height
31.12
uicontrol 'Position’ 'Units
uicontrol GUI GUI
uicontrol
GUI
Matlab uicontrol
uicontrol
uicontrols

uicontrols
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uicontrols
uicontrols uimenus
'Resize 'of f*
GUI
uicontrols
'Units uicontrol
uicontrols
uicontrol
uicontrol
uicontrols
uicontrol
uicontrol
GUI GUI
uicontrol GUI
GUI GUI 'ResizeFcn’
uicontrols uicontrol
31.13
GUI Matlab
Matlab
'ButtonDownFcn uimenus  uicontextmenus
uicontrols 'CallBack’
‘WindowButtonDownFcn'  'WindowButtonUpFent "WindowButtonM otionFcn’
'KeyPressFcn'  'CloseRequestFeri 'Resizefen 'CreateFcn
'DeleteFen’
eval
Matlab

'Position’
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Uimenu uimenu Uicontrol
5
uimenu uicontextmenu uicontrol
'Enable’ ‘on’ 'CallBack’
uicontrol uicontrol uimenu
uicontrol uimenu
'CurrentPoint'
'SelectionType'
‘Enablé ‘on’ uimenu
uimenu
'Enablé ‘on' uicontrol
uicontrol
'Enable’ ‘off'
uimenu
'Enable’ ‘off' 'inactive 'WindowButtonDownFcn'
uicontrol uicontrol 'ButtonDownkFcn'
uimenu  uicontrol "WindowButtonDownFcn'
‘ButtonDownFcn'’
‘WindowButtonDownkFcn'
'‘ButtonDownkFcn'
'ButtonDownFcn'
'WindowButtonDownFcn' uicontrol uimenu
uicontrol ‘Enable’ ‘off’ ‘inactiveé’  uicontrol
uicontrol 'ButtonDownFcri 'WindowButtonDownFcri
'‘CallBack’ uimenu ‘'ButtonDownkcri
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'CurrentPoint' 'WindowButtonUpFcn'
'WindowButtonUpFcn 'CurrentPoint’
‘CurrentPoint’ ‘WindowButtonM otionFcn
'‘WindowButtonM otionFcn 'CurrentPoint’
3114
GUI GUI
GUI GUI
waitfor
waitforbuttonpress drawnow figure getframe pause
Matlab Matlab
'Interruptible’  'BusyAction’
waitfor waitforbuttonpress
drawnow getframe pause figure
Matlab
‘Interruptible ‘on'
'Interruptible’ ‘off'
'‘BusyAction' ‘cancel’
'‘BusyAction’ 'queue

waitfor waitforbuttonpress drawnow figure getframe

pause
31.15
GUI
eval
close(gebf)

Matlab
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GuUI
GUI
(switchyard
programming) GUI M mygui.m Apply Revert
Done mygui Apply mygui Revert mygui Done
mygui Apply - mygui(*Apply’)
mygui Switch-Case
function nygui (arg)
9%WGAJ Sanpl e Switchyard Programmi ng Exanpl e.
i f nargin==0
arg="lInitialize",
end
switch arg
case 'Initialize
% code that creates the GJ and sets the call backs
case ' Apply'
% code that performs Apply button cal |l back actions
case 'Revert'
% code that performs Revert putton callback actions
case 'Done'
% code that perforns Done button cal |l back actions
ot herw se
%report error?
end
GUI M
GUI GUI
GUI
Matlab
gcf gca gco gcbo gcbf gcbo  gcebf

'UserData
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ud.x=x; ud.y=y;
H 'UserDatal
ud=get(H, 'UserData)
GUI ‘'UserData
'HandleVisibility'
'UserDatd

ud.z=z;

'‘ApplicationData

set(H, 'UserData,ud)
H

ud

"UserData
'CallBack
Matlab
"UserData

'ApplicationDatd getappdata setappdata rmappdata  isappdata

>> hel p getappdata

GETAPPDATA CGet val ue of application-defined dat a.
VALUE = GETAPPDATA(H, NAME) gets the value of the
application-defined data with nane specified by NAME in the
object with handle H |f the application-defined data does
not exist, an enpty matrix will be returned in VALUE

VALUES = GETAPPDATA(H) returns all
for the object with handle H.

appl i cati on-defined data

>> hel p setappdata

SETAPPDATA Set application-defined data.
SETAPPDATA(H, NAME, VALUE) sets application-defined data for
the object with handle H The application-defined dat a,
which is created if it does not already exist, is
assigned a NAME and a VALUE. VALUE may be anyt hi ng.

>> hel p rmappdat a

RVAPPDATA Renove applicati on-defi ned dat a.

RVAPPDATA(H, NAME) renoves the application-defined data NAME,
fromthe object specified by handl e H

>> hel p i sappdata

| SAPPDATA True if application-defined data exists.
| SAPPDATA(H, NAME) returns 1 if application-defined data with
the specified NAME exists on the object specified by handl e H,
and returns O otherwi se.
Matlab M

persistent

persistent

>> hel p persistent
PERSI STENT Define persistent variable.

PERSI STENT X Y Z defines X, Y, and Z as persistent in scope so that X

Y and Z nmaintain their values fromone call

to the next. PERSI STENT
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can only be used within a function.

Persi stent variables are cleared when the Mfile is cleared from
nmenory or when the Mfile is changed. To keep an Mfile in nmenory
until MATLAB quits, use M.OCK

If the persistent variable does not exist the first tine you issue
the PERSI STENT statenent, it will be initialized to the enpty matri x.
Also it is an error to declare a variable persistent if a variable
with the sane nanme exists in the current workspace.

Stylistically, persistent variables often have | ong nanes with all
capital letters, but this is not required.

See al so GLOBAL, CLEAR, M.OCK, MJUNLOCK, M SLOCKED.

'UserData
'Tag' findobj
"Tag' findobj

>> findobj (0, 'Tag', 'MyUniqueTagString')

31.16 M
GUI GUI M
GUI
Matlab GUI
GUI Matlab
GUI
mmtext

mmtext

function h=mt ext (arg)

% MMTEXT Pl ace and Drag Text w th Muse.

% MMTEXT waits for a nouse click on a text object in the current figure
%then allows it to be dragged while the nouse button remnai hs down.
%

% MMTEXT(' what ever') places the string 'whatever' on the current axes
% and allows it to be dragged with the nouse

%

% H =MMTEXT(' what ever') returns the handle to the text object.

%

% MMTEXT becones inactive after the nove is conplete or no text

% obj ect is selected.

i f nargin==0, arg=0; end
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if ischar(arg) %user entered text to be placed

H=text('Units',' ' nornalized,...
"Position',[.5.5] ,...
"String' ,arg ...
"Horizontal Alignnent','center', ...
"Vertical Alignnent',' mddle');

i f nargout>0, h=Ht; end

mtext (0) %call mmtext again to drag it

elseif arg==0 % initial call, select text for dragging
Hf =get (0, ' Qurrent Figure');
if isempty(Hf)

error (' No Figure Wndow Exi sts.")
end
set (Hf, ' Backi ngStore', 'off',...
' Doubl eBuffer','on', ...
" W ndowBut t onDownFcn' , ' mtext (1)')
figure(H) %bring figure forward

elseif arg==1 & strcnp(get(gco, 'type'), 'text") %text object selected
set(gco,' Units','data',...
"Horizontal Alignnent','left',...
"Vertical Ali gnment ', ' baseline');
set(gcf,' Pointer', topr',...
"W ndowBut t onMbti onFcn' , ' mmtext(2)', ...
"W ndowBut t onUpFcn' , ' mmt ext (99) ')
el seif arg==2 % dr aggi ng text object
cp=get (gca, ' CurrentPoint');
set (gco, ' Position',cp(1,1:3))

el se % nouse button up or incorrect object selected, rese
set (gcf,' WndowButt onDownFcn',"' "', ...
" W ndowBut t onMbt i onFcn' , "', ...
"W ndowBut t onUpFcn' , "', ...
"Pointer',"arrow ,...
' Doubl eBuffer','on', ...
' Backi ngStore','on')

end
mmtext ‘WindowButtonDownFcn' ‘mmtext(1) '
mmtext gco
'WindowButtonM otionFcn ‘mmtext(2)’ "WindowButtonUpFcn

‘'mmtext(99) ' mmitext

mmxy
Xy

function out=mxy(arg)
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%KY Show and Get x-y Coordi nates Using Muse.

% MWKY shows the coordinates of the pointer |ocation over the
% the current axes. dicking the nouse button returns the

% coordi nates at the pointer |ocation.

persi stent xy

if nargin == 0 %initialize

Hf = get (0,'CurrentFigure');

if isenpty(Hf) %do nothing if there is no figure
return

end

Ha=get (Hf, ' Current Axes');

if isenpty(Ha) % do nothing if there is no axes
return

end

v=get (gca, 'view );

if any(v~=[0 90])
error (' MIXY works only for 2-D axes.')

end

xlimrget (gca, ' XLim); %get axes limts

ylimeget (gca, "' YLinm);

xy=[sum(xlim sun(ylim]/2;

text('Parent',gca,... %create text to display coordinates
"Position',xy ,...
"Horizontal Alignnent','left',...

"Vertical Alignnent', ' bottom, ...
'Tag',"' MWXYtext')

set (Hf," Pointer','crossh', ... % change poi nt er
' Doubl eBuffer'," on', ... %elimnate flickering
"W ndowBut t onMbti onFcn',' nmmxy nove',... %notion call back
" W ndowBut t onDownFcn' , ' mxy done') % end cal | back

figure(H) %bring current figure forward

tf=waitforbuttonpress; %sit and wait for button press
if ~tf %button press so return data

out =xy;
end

elseif strcnp(arg,' nmove') % W ndowButtonhMtionFcn' call back
cp=get(gca, ' CurrentPoint'); %current nouse position
xy=cp(1, 1:2);
Ht =fi ndobj (gca, ' Type','text',' Tag',' MWKYtext');
set(H, ' Position' ,xy ,...
"String' ,sprintf('x= % 2g\ny= % 2g', xy))

el seif strcnp(arg,'done') % nouse click occurred, clean things up
Ht =fi ndobj (gca, ' Type','text',' Tag',' MWYtext');
del ete(Ht)
set(gcf,' Pointer',"arrow, ...
' Doubl eBuffer','off',...
" W ndowBut t onMbt i onFcn' , "', ...
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" W ndowBut t onDownFcn' , ' ")
end
mmx
'WindowButtonMotionFen'  "WindowButtonDownkFcri
'‘WindowButtonDownkFcri
'WindowButtonM otionFcn'
waitforbuttonpress

persistent Xy

31.17 GUIDE
GUIDE Matlab GUI GUI
guide
GUIDE
GUI GUI
GUI M GUIDE GUIDE
GUI
M GUI Matlab
Building GUIs with Matlab GUI Matlab 6
GUIDE
31.18
GUI
GUI Matlab Matlab GUI
Matlab GUI GUI
GUI
uicontrol
uimenu

uicontextmenu

drawnow

gebf
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gcbo
dragrect
rbbox
selectmoveresize
waitforbuttonpress
waitfor
uiwait
uiresume
uistack
uisuspend
uirestore
uiclearmode
guide
inspect

dign
propedit
makemenu
umtoggle
getptr
setptr
hidegui
moveguli
overobj
popupstr
remapfig

uicontrol

uicontrol

uimenu

uimenu

GUI
GUI
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Matlab GUI
GUI
Matlab Matlab
Matlab

321

Matlab uigetfile uiputfile

Matlab 1/0 Matlab

110 13

uigetfile uiputfile
uigetfile

>> hel p uigetfile

U GETFI LE St andard open file dial og box.
[ FILENAME, PATHNAME] = Ul GETFILE(' filterSpec',
di spl ays a dialog box for the user to fill in,
filename and path strings. A successful return occurs only if
the file exists. |If the user selects a file that does not exist,
an error nmessage i s displayed, and control returns to the dial og box.
The user may then enter another fil enane, or press the Cancel button.

"dialogTitle")
and returns the

The filterSpec paraneter deternmines the initial display of files in
the dial og box. For exanple "*.m lists all the MATLAB Mfil es.

Paraneter 'dialogTitle'

is astring containing thetitle of the dial og
box.

The output variable FILENAME is a string containing the nane of the
file selected in the dialog box. If the user presses the Cancel button
or if any error occurs, it is set to O.

The out put paranmeter PATHNAME is a string containing the path of

the file selected in the dialog box. If the user presses the Cancel
button or if any error occurs, it is set to O.

[ FI LENAVE, PATHNAME] = U GETFILE(' filterSpec', 'dialogTitle', X V)
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pl aces the dial og box at screen position [X Y] in pixel units.
Not all systens support this option

See al so Ul PUTFI LF
uigetfile startup.m

>> [fnane,dirpath] = uigetfile('*.nl)
fname =

startup. m

dirpath =

c:\ mat | abR12\ wor k\

startup.m

>> nyfile = [dirpath fnamne]
nyfile =
c:\nmatl abR12\ wor k\ st art up. m

uigetfile Matlab
Windows

uiputfile
>> help uiputfile

U PUTFI LE Standard save file dial og box
[ FI LENAME, PATHNAME] = UIPUTFILE('initFile', 'dialogTitle')
di splays a dialog box for the user to fill in and returns the
filename and path strings

The '"initFile' paraneter determines the initial display of files
inthe dialog box. Full file nanme specifications as well as wi | dcards
are all owed. For exanple, 'newfile.m initializes the display to

that particular file and lists all other existing. mfiles. This may
be used to provide a default file nane. A w ldcard specification such
as '*.m lists all the existing MATLAB Mfiles.

Paraneter 'dialogTitle' is astring containing the title of the dialog
box.

The output variable FILENAME is a string containing the name of the
file selected in the dialog box. If the user presses the Cancel button
or if any error occurs, it is set to O.

The output variable PATH is a string containing the nane of the path
selected in the dialog box. If the user presses the Cancel button
or if any error occurs, it is set to O.

[ FI LENAME, PATHNAME] = U PUTFILE('initFile', 'dialogTitle ,XY)
pl aces the dialog box at screen position [X Y] in pixel units.
Not all systens support this option

Exanpl e:
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[newratfile, newpath] = uiputfile('*.nmat', 'Save As');
See al so U GETFI LE.

uiputfile Mat
>> [fnane,dirpath] = uiputfile('*.mat")
fname =
nmydat a
dirpath =
c:\'mat | abR12\ wor k\
mydata * mat' ".mat'
fname
32.2
Matlab RGB
'‘Color' uisetcolor
RGB

>> hel p ui setcol or

U SETCOLCR Col or sel ection dial og box.
C = U SETCOLOR di splays a col or selection dialog appropriate to
the wi ndowi ng system and returns the color selected by the
user. The dialog is initialized to white.
C = USFTCOLOR([R G B]) displays a dialog initialized to the
specified color, and returns the color selected by the user.
R G and B nmust be val ues between 0 and 1.
C = U SETCOLOR(H) displays a dialog initialized to the col or of
the object specified by handle H, returns the col or sel ected by
the user, and applies it to the object. H nust be the handl e
to an object containing a color property.
C=USETCOLOR( ..., 'dialogTitle') displays a dialog with the
specified title.

If the user presses Cancel fromthe dialog box, or if any error
occurs, the output value is set to the input RGBtriple, if provided;
otherwise, it is set to O.

Exanpl e:
hText = text(.5,.5, 'Hello Wrld');
C = uisetcol or(hText, 'Set Text Color')

uigetfile uiputfile uisetcolor
uisetcolor
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32.3

uisetfont GUI

>> hel p ui setfont

U SETFONT Font sel ection dial og box.
S = U SETFONT(FIN, 'dialogTitle') displays a dialog box for the
user to fill in, and applies the selected font to the input
gr aphi cs obj ect.
Al the paraneters are optional

If paraneter FINis used, it nmust either specify a handle to a
font-related text, uicontrol, axes object, or it nust be a
font structure.

If FINis a handle to an object, the font properties currently
assigned to this object are used to initialize the font dial og box.

If FINis a structure, its fields nust be sone subset of
Font Name, FontUnits, FontSize, FontWight, or Font Angle, and must
have val ues appropriate for any object with font properties.

If parameter 'dialogTitle' is used, it is a string containing the
title of the dial og box.

The output Sis a structure. The structure Sis returned with the
font property names as fields. The fields are Font Nane,
Font Units, FontSize, FontWight, and Font Angl e.

If the user presses Cancel fromthe dialog box, or if any error
occurs, the output value is set to O.

Exanpl e:
s = uisetfont(hText, 'Update Font');
if isstnuct(s) % Check for cance
set (hText_2, s);
end

See al so LI STFONTS
Palatino 12

>> fc = uisetfont
fc =

Font Nane : ' Pal atino
FontUnits: 'points
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FontSize: 12
Font Wi ght : 'nornal’
FontAngle: 'italic'

fc uisetfont GUI
324 M
Matlab M
Matlab
axlimdlg diadog inputdlg menu msgbox
axlimdlg Matlab 6
inputdlg uicontrols
Menu uicontrol
dialog msgbox didog
dialog
msgbox
Matlab

errordlg helpdlg questdlg warndig
GUI

>> help errordl g

ERRORDLG Error dial og box.
HANDLE = ERRORDLG Error String, D gNane, CREATEMODE) creates an
error dial og box which displays ErrorString in a w ndow

nanmed Dl gNane. A pushbutton | abel ed OK nmust be pressed
to make the error box di sappear.

ErrorString will accept any valid string input but a cell
array is preferred.

>> hel p hel pdl g

HELPDLG Hel p di al og box.
HANDLE = HELPDLG HELPSTRI NG DLGNAME) di spl ays the
message Hel pString in a dialog box with title DLGNAME.
If a Hlp dialog with that nane is already on the screen,
it is brought to the front. Gtherwi se a new one is created.
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Hel pString will accept any valid string input but a cell
array is preferred.

>> hel p warndl g

WARNDLG War ni ng di al og box.
HANDLE = WARNDLG WARNSTRI NG, DLGNAME) creates an warni ng di al og box
whi ch di spl ays WARNSTRI NG i n a wi ndow naned DLGNAME. A pushbutton
| abel ed K nust be pressed to nake the warning box di sappear.

HANDLE = WARNDLG( WARNSTRI NG, DLGNAMVE, CREATEMCDE) al | ows CREATEMODE
options that are the same as those offered by MBGBOX The default
val ue for CREATEMODE is 'non-nodal ' .

WARNSTRI NG nay be any valid string format. Cell arrays are
preferred.

>> hel p questdlg

QUESTDLG Question dial og box.
But t onNane=QUESTDLG Questi on) creates a nodal di al og box that
autonmatically waps the cell array or string (vector or matri X)
Question to fit an appropriately sized wi ndow. The nane of the
button that is pressed is returned in ButtonName. The title of
the figure may be specified by adding a second string argunent.
Question will be interpreted as a nornal string.

QUESTDLG uses WAI TFOR to suspend execu ton until the user responds.

The default set of buttons nanes for QUESTDLG are 'Yes',' No' and
'Cancel'. The default answer for the above calling syntax is 'Yes'.
This can be changed by adding a third argunment which specifies the
default Button. i.e. ButtonName=questdl g(Question, Title,'No').

Up to 3 custombutton nanmes nay be specified by entering

the button string nane(s) as additional argunents to the function
call. If customButtonNane's are entered, the default ButtonNanme
nmust be specified by adding an extra argunment DEFAULT, i.e.

But t onNane=quest dl g(Question, Titl e, Bt n1, Bt n2, DEFAULT) ;

where DEFAULT=Btnl. This makes Btnl the default answer.
To use TeX interpretation for the Question string, a date
structure nust be used for the | ast argunent, i.e.

But t onNane=quest dl g( Question, Title, Bt nl, Bt n2, OPTI O\S) ;

The OPTIONS structure nust include the fields Default and Interpreter.
Interpreter may be 'none' or 'tex' and Default is the default button
name to be used.
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Matlab

32.5

axlimdlg
dialog
errordlg
helpdlg
inputdlg
listdlg

menu
msgbox
pagedig
pagesetupdlg
printdlg
printpreview
questdlg
uigetfile
uiputfile
uisetcolor
uisetfont
waitbar

warndlg

GUI
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Matlab
double
char

>> pi % a sinple doubl e
ans =
3. 1416
>> cl ass(pi)
ans =
doubl e
>> s = pi’ %a sinple string
S =
p
>> cl ass(s)
ans =
char

Matlab double char logical cell struct
Matlab Matlab sparse
function handle inline java sngle
Matlab Matlab double
char cel

>> X = pi+2

5.1416
>>y ="hello" + "there

220 205 209 222 212
>> {"hello'" 'there'}+{"'sunny' 'day'}
??? Error using ==> +
Function '+ not defined for variables of class 'cell".
Matlab
“ hdlo” “ there’ ASCII
Matlab
Matlab double Matlab
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Matlab 5 Matlab

ooP
OOoP Matlab
33.1
OooP Matlab
Matlab
Matlab
Matlab
M
Matlab M
Matlab Matlab
Matlab
Matlab “ @class’ “ class’ “ @class’ M
Matlab Matlab
“ @class’ Matlab Matlab
“ @char” Matlab M
M — plus.m”

>> function s=plus(sl, s2)
% Hori zontal Concatenation for char bjects.

i f ischar(sl)& schar(s2)
s=cat (2,s1(:).",s2(:).");
el seif isnuneric(s2)
s=doubl e(s1) +s2;
el se
error (' Operator+Not Defined. ")
end

M Matlab
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y ='hdlo’ + 'theré
>>y = "hello + there'
y =
hel | ot here
Matlab ASCII Matlab 1
R 2 Matlab @char 3
plus.m M 4
plus.m
5
Matlab
M Matlab rehash Matlab
M
char double Matlab
Matlab
>>z =2 + '"hello'
z =
106 103 110 110 113
double char Matlab
“ helo” ASCII
>> z =hello + 2
z =
106 103 110 110 113
Matlab char plus('hdlo’,2) plus.m
plus.m isnumeric(s2) z=2
+ 'hdlo’
plus.m
Matlab
atb plus(a,b)
ab minus(a,b)
-a uminus(a)
+a uplus(a)
a*b times(a,b)
a*b mtimes(a,b)
a.l/b rdivide(a,b)
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al\b Idivide(a,b)

ab mrdivide(a,b)

ab mlidivide(a,b)

a’rb power(a,b)

a™b mpower(a,b)

a<b I1t(a,b)

a>b gt(a,b)

a<=b le(a,b)

a>=b ge(ab)

a~=b ne(ab)

a== eq(ab)

a&b and(a,b)

alb or(a,b)

~a not(a,b)

adb colon(a,d,b)

ab colon(a,b)

a ctranspose(a)

a' transpose(a)

[ab] horzcat(a,b)

[& b] vertcat(a,b)

a(sl,s2,..) subsref(a,s)

a(sl,s2,..)=b subsasgn(a,s)

b(a) subsindex(a)

display(a)

end end(ak,n) end

char

functon s=m nus(sl, s2)
% Subtraction for char bjects
% Del ete occurrences of s2 in sl.

i f ischar(sl)& schar(s2)
s=strrep(sl,s2, '');
elseif is nuneric(s2)
s=doubl e(s1)-s2;
el se
error(' Operator — Not Defined. ')
end
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>> z =hello —'e
zZ =
hi'lo
> a ="'hello -2
a =
102 99 106 106 109
Matlab
Matlab
>> a ="hello" +"' ' + "there'
a =
hell o there
>> a —'e'
ans =
hilo thr
>>a ="hello" +"' ' + ('"there' —'e")
a =
hello thr
Matlab
display.m Matlab
function display(s)
% Di splay for char objects.
i sl oose=strcnp(get (0, 'FormatSpacing' ), 'loose');

ssi z= size(s);

if isloose,disp(' '), end
disp(['A Character Array of Size: 'mat2str(ssiz)])
if isloose, disp(" '), end

>> 'hell o'
A character Array of Size: [1 5]
>> a = 'hello + '+ there

A Character Array of Size:[1 11]
>> fornmat | oose
>> a

A Character Array of Size:[1 11]
>> format conpact
>> s=char (' hell o', '"there')
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A Character Array of Size:[2 5]

Matlab
Matlab

function s=cat (varargin)
% CAT Concatenate Strings as a Row.

i f | ength(varargin)>1&-i schar (varargi n{2})
error (' CAT Not Defined for Mxed O asses. ')
el se
s =cat (2,varargin{:});

end
cat cat char
cat
>> cat('hello', '"there') % cal |l overl oaded cat
ans =
hel | ot here
>> cat(' hello',2) % cal | overl oaded cat

??? Error using ==> char/cat
CAT Not Defined for Mxed d asses.

>> cat(2, 'hello") %call built-in cat
ans =
hel I o
Matlab OOP

methods isa class loadobj saveobj isa class

>> a = 'hello';

>> cl ass(a) %return class of argument
ans =

char

>> isa(a, 'double') % | ogi cal cl ass test
ans =

>> isa(a, 'char') % 1 ogi cal class test
ans =
1

methods

>> net hods cel |

Met hods for class cell:
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debl ank i smenber set xor strcat uni on
i ntersect setdiff sort strmat ch uni que
Matlab
Matlab
load save loadobj saveobj
loadobj saveobj
33.2
OOP Matlab
Matlab
M M P MEX
@classname M
M class.m M
M display.m
M display.m
OOP
classname.m
class

function r=mmrp(varargin)
9%WVRP Mastering MATLAB Rati onal Pol ynom al Cbject Constructor.
% MVRP(p) creates a polynom al object fromthe pol ynom al vector p
%wth'x'" as the variable.
% MMRP(p,'s') creates the polynom al object using the letter 's' as
%the variable in the display of p.
% MVRP(n,d) creates a rational polynom al object fromthe nunerator
% pol ynom al vector n and denom nator pol ynom al d.
% MMRP(n,d,'s') creates the rational polynomal using the letter 's' as
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% the variable in the display of p.
%
% Al | coefficients nmust be real.

[n,d, v, nsg] =l ocal _parse(varargin); % parse input argunents
if isenpty(v) %input was mmrp so return it

r=n;
el se
error(msg) %return error if it exists
t ol =I 00* eps;
if length(d)==1 & abs(d)>tol %enforce scalar d=1
r.n=n/d;
r.d=1;
el seif abs(d(1l))>tol % nake d nonic if possible
r.n=n/d(1);
r.d=d/d(1);
el se %can't be nade nonic
r.n=n;
r.d=d;
end
r.v=v(l);
r=class(r,' mrp'); %create object fromparts
r=mnreal (r); % pol e-zero cancel | ation
end
local_parse
n d v msg n d
% msg
local_parse
r = class (r,'mmrp’) class
class
n dv
1 “ X mmrp
minreal minreal
display.m

function display(r)
90l SPLAY Command W ndow Di spl ay of Rational Pol ynonial Objects.

| oose=strcnp(get (0, ' Fornat Spacing'),'loose');
if loose, disp(' '), end
var =i nput nane(1) ;
if isenpty(var)
disp('ans =')
el se
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disp([var ' ='])
end
nstr=mp2str(r.n,r.v); %convert polynomal to string
nl en=l engt h(nstr);
if length(r.d)>1 | r.d~=1
dstr=mmp2str(r.d,r,v);

el se

dstr=[];
end
dl en=l engt h(dstr);
dash="-";

if |oose, disp(' '), end
if dlen % denoni nator exists
memax( nl en, dl en);
di sp(' MVRP Rational Pol ynom al Chject:')
di sp([ bl anks(ceil ((mnlen)/2)) nstr]);
di sp(dash(ones(1,m));
di sp([ bl anks(fix((mdlen)/2)) dstr]);
el se
di sp(' MVRP Rational Pol ynom al Cbject:')
di sp(nstr);
end
if loose, disp(' '), end

mmp2str
Matlab @mmrp

Matlab mmp2str

double char mmrp
r = minred (r)
r mmrp
subsref  subsasgn
display.m
Matlab
data encapsulation

>>p =mrp([1 2 3])

p:

MVWRP Rational Pol ynom al Object:
X2 + 2x*"1 + 3

> q=mrp([123],[45 6], 'z')
q:
MVWRP Rational Polynom al Object:
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0.25z72 + 0.5z*"1 + 0.75

z"2 + 1.25z"1 + 1.5

>>r = mrp(conv([1l 2],[1 4]),conv([1 2],[1 3]))
r =

MVRP Rational Pol ynom al bject:

X"l + 4

mmrp M mmrp

function r=plus(a,b)
%°LUS Addition for Rational Polynom al ojects.

if isnuneric(a)
rn=mpadd(a*b.d,b.n) ; %see chapter 19 for mmpadd
rd=b. d;
rv=b. v;
elseif isnumeric(b)
rn=mpadd(b*a . d , a. n);
rd=a. d;
rv=a.yv;
el se % both pol ynom al objects
if ~lsequal(a.d,b.d)
rn=rmpadd( conv(a.n, b.d), conv(b.n,a.d));
rd=conv(a.d, b.d);
else
r n=rmpadd( a. n, b. n);
rd=b. d;
end
if ~strcnp(a.v,b.v)
war ni ng(' Vari abl es Not Identical"')
end
rv=a.v;
end
r=mmrp(rn,rd,rv );

function r=m nus(a.b)
%M NUS Subtraction for Rational Polynom al Objects.

r=a+(-b); %use plus and um nus to inplenent mnus
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function r=um nus(a)
%JPLUS Unary M nus for Rational Polynom al Objects.

r=mmrp(-a.n,a.d, a.v);

function r=tines(a,b)
%I MES Dot Tines for Rational Polynom al Cbjects.

a=mrp(a); %convert inputs to nmrp if necessary
b=mm p(b);
rn=conv(a.n, b.n);
rd=conv( a .d ,b .d);
if ~strcnp(a.v,b.v)
war ni ng(' Vari abl es Not ldentical')
end
rv=a.v;
r=mmrp(rn,rd,rv );

function r=ntimes(a,b)
9Tl MES Times for Rational Polynom al bjects.

r=a.*b; %sinply call tines. m

function r=rdivide(a,b)
%Dl VIDE R ght Dot Division for Rational Polynom al bjects,

a=mrp(a); %convert inputs to mrp if necessary
b= p(b);
rn=conv(a.n,b.d)
rd=conv(a.d, b.n);
if ~strcnp(a.v,b.v)
war ni ng(' Vari ables Not |dentical')
end
rv=a.v;
r=mmrp(rn, rd, rv);

function r=nrdivide(a,b)
9%RDI VIDE R ght Division for Rational Polynom al ojects.

r=a./b; %sinply call rdivide. m

function r=ldivide(a,b)
%D VIDE Left Dot Division for Rational Polynom al Cbjects.

r=b./a; %sinply call rdivide.m

function r=nmdivide(a,b)
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9Dl VIDE Left Division for Rational Polynom al nbjects.
r=b./a; %sinply call rdivide.m
>>a =mrp([1l 2 3])

a =

MVRP Rational Pol ynom al bject:

x"2 + 2x"1 + 3

>>bhb=a+ 2 % addi tion
b=

MVRP Rational Pol ynom al bject:

x"2 + 2x"1 + 5

>>a-b % subtraction
ans =

MVRP Rational Pol ynom al bject:

-2

>>a+b % addition
ans =

MVRP Rational Pol ynom al bject:

2X"2 + 4x"1 + 8

>> 2*b

ans=

MVRP Rati onal Pol ynoni a
2x"2 + 4x"1 + 10

>>a* b

ans =

MVRP Rati onal Pol ynom al

%nultiplication
Qoj ect :
% nmultiplication

Qoj ect :

XM+ 4x"N3 + 12x72 + 16x7M1 + 15

>> b/ 2
ans =
MVRP Rat i onal
0. 5x"2 + x/I

Pol ynomi al
+ 2.5

>> 2/ b
ans =

MVRP Rati onal Pol ynom al

X2 + 2x"1 + 5
>>c=alb

C =

MVRP Rat i onal
XN2 + 2x"1 + 3

X"2 + 2xM + 5

Pol ynomi al

>> d = c/(1l+c)

%di vi si on

Qoj ect :

%di vi si on

Qoj ect :

% di vi si on

Qoj ect :

% m xed
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d=
MVRP Rational Pol ynom al bject:
0. 5x"2+x"1+1. 5

X"2 + 2xM + 4

>> (al/ b)*(b/a) % m xed
ans=
MVWRP Rational Polynom al Object:
1
Matlab
Matlab roots zeros M

function [z, p]=roots(r)

%00TS Find Roots of Rational Polynom al Cbjects.

% ROOTS(R) returns the roots of the numerator of R
%[ Z, P]=ROOTS(R) returns the zeros and poles of Rin
% Z and P respectively.

z=roots(r.n);

i f nargout==
p=roots(r.d);

end

function z =zeros(r)
9%ZERCS Zeros of a Rational Polynom al oject.

z=roots(r.n);

roots Matlab roots double
ZEXos ZEros OOP

set get

function set(r,varargin)

YSET Set Rational Pol ynom al (bject Paraneters.

% SET(R, Nare, Val ue, ...) sets MVRP object parameters of R
% descri bed by the Nane/Val ue pairs:

%

% Name Val ue

% "' Nurrer at or' Nureric row vector of nunerator coefficients
% ' Denom nator Nuneric row vector of denom nator coefficients
%' Vari abl e' Character Variable used to display pol ynom al

if ren(nargin, 2)~=1
error (' Paraneter Name/Val ues Must Appear in Pairs.')
end
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for i=2:2:nargin-1
name=var ar gi n{i - 1};
if ~ischar(name), error('Paranmeter Nanmes Miust be Strings.'), end
nane=l ower (nane(i sl etter(nane)));
val ue=varargin{i};
swi t ch nane(1)
case 'n
if ~isnumeric(value) | size(value,1)>1
error (' Nunerator Must be a Nuneric Row Vector,')
end
r.n=val ue;
case 'd
if ~isnumeric(value) | size(value,1)>1
error (' Denom nator Miust be a Nunmeric Row Vector.')

end
r.d=val ue;
v
i f ~ischar(value) | |ength(value)>1
error('Variable Must be a Single Character.')

case

end
r.v=val ue;
ot herwi se
war ni ng(' Unknown Par anmet er Nane')
end
end
vhane=i nput name( 1) ;
i f isenmpty(vnane)
vnhame=' ans';
end
r=mrp(r.n,r.d, r.v);
assignin('caller',vname,r);

function varargout = get (r,varargin)

% CGET Get Rational Polyom al (hject Paraneters.

% CGET (R Nane) gets the MVRP object paraneter of R described by
% one of the foll ow ng nanes:

%

% nane Description

% ' Nuner at or' Nuneric row vector of nunerator coefficients

% ' Denom nator' Nuneric row vector of denom nator coefficients

%' Vari abl e Character Variable used to display pol ynom al

%

%[A B, ... 1l=get(R NanmeA NaneB,... ) returns multiple paraneters

% in the correspondi ng out put argunents.

i f (nargout +(nargout ==0))~=nargi n-1
error('No. of Qutputs Miust Equal No. of Nanes.')
end
for i=1:nargin-1
name=varargi n{i };
if ~ischar(name), error('Paranmeter Nanes Miust be Strings.'), end
name=| ower (name(isletter(nane)));
swi tch nane(1)
case 'n’
varargout{i}=r.n;
case 'd'
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varargout{i}=r.d;

case 'vVv'
varargout {i}=r.v;

ot herwi se
war ni ng(' Unknown Par anet er Nane')

end

end
mmrp mmrp

>> ¢ %recall data

CcC =

MVRP Rational Pol ynom al bject:
x"2 + 2x"1 + 3

X"2 + 2xM + 5

>>n = get(c, 'n') %get nunerator vector
n =
1 2 3
>> set (c, 'Nunerator',[3 1]) % change nunerat or
>c
cC =
MVRP Rational Pol ynom al bject:
3xM + 1

X"2 + 2x" + 5

>> class(c) %class and i sa know about mmrp objects
ans =

T p
>> jsa(c, 'mrp')
ans =
1
33.3
Matlab
V(...) V{..} Viidd
\Y
\Y
subsref
mmrp
R R(X) X R X
IVI
subsref subsref

B = SUBSREF(A,S) is called for the syntax A(l), A{l}, or Al

subasgn

R(V)
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when Ais an object. Sis a structure array with the fields:

type -- string containing '()', '{}', or '.' specifying the
subscri pt type.
subs -- Cell array or string containing the actual subscripts.

For instance, the syntax A(1l:2,:) invokes SUBSREF(A S) where Sis a
1-by-1 structure with S.type='()' and S.subs = {1:2,':'}. A colon
used as a subscript is passed as the string ':'

Simlarly,the syntax A{1:2} invokes SUBSREF(A S) where S.type = {}'
and the syntax A field invokes SUBSREF(A, S) where S.type =. ' and
S.subs ='field'.

These sinple calls are conbined in a straightforward way for

nmore conplicated subscripting expressions. In such cases
length(S) is the nunber of subscripting | evels. For instance.
A(1, 2).nanme(3:5) invokes SUBSREF(A, S) where Sis 3-by-1 structure
array with the follow ng val ues:

S(1).type=' ()" S(2).type=". ' S(3).type=' ()'
S(1) . subs={1, 2} S(2).subs = '"nane' S(3).subs={3:5}
R mmrp R(x) Stype='()' S.subs=x
X R R('V") Stype=' ()
S.subs='v'
subsref

function y=subsref(r,s)

YSUBSREF( R, S) Subscripted Reference for Rational Pol ynom al bjects.
% R('z'") returns a new rational polynom al object having the same

% numer at or and denoni nator, but using the variable 'z'.

%

% R(x) where x is a nunerical array, evaluates the rational polynom al
%R at the points in x, returning an array the sane size as Xx.

if length(s)>1
error (' MVRP (bj ects Support Single Arguments Only.')
end
if strenp(s.type,'()') %R(x) or R('Vv")
ar g=s. subs{1};
argc=cl ass(arg);
if strcnp(argc, ' char')
if strenp(arg(l),':")
error (' MVRP (bj ects Do Not Support R(:).")
el se
y=mrp(r.n,r.d,arg(1)); %change variabl es
end
el sei f strcnp(argc, ' doubl e')
if length(r.d)>1
y=pol yval (r.n,arg)./polyval r.d,arg);
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el se
y=pol yval (r.n,arg);
end
el se
error( ' Unknown Subscripts.')
end
else %R } or Rfield
error('Cell and Structure Addressing Not Supported.')
end

>> ¢ %recall data

Cc =

MVRP Rational Pol ynom al bject:
33X+ 1

X"2 + 2x"M1 +5

>> ¢ =c('t") %change variable
Cc =

MVWRP Rational Polynom al Object:
3t~ + 1

>> X = -2:2
X =
-2 -1 0 12
>> ¢(x) % eval uate at points in x
-1 -0.5 0.2 0.5 0. 53846
>> c{3} %try cell addressing

??? Error using ==> mmr p/ subsr ef
Cell and Structure Addressing Not Supported.

>> c.n % Try field addressing
??? Error using ==> nmrp/ subsref
Cell and Structure Addressing Not Supported.

c.n c
subsref

function y=subsref(r,s)

YSUBSREF(R, S) Subscripted Reference for Rational Pol ynom al bjects.
%R('z') returns a newrational polynom al object havingthe same nuner at or
% and denom nator, but using the variable 'z'.

%

% R(x) where x is a nunerical array, evaluates the rational polynomal R
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% at the points in x, returning an array the sanme size as x.
%

% R n returns the nunerator row vector of R

% R d returns the denomi nator row vector of R

% R v returns the variable associated with R

if length(s)>1
error (' MVRP Cbj ects Support Single Argunents Only')
end
if strenp(s.type,"()') %R( )
ar g=s. subs{1};
argc=cl ass(arg);
if strcnp(argc, ' char')
if strenp(arg(l),':")
error (' MVRP (bj ects Do Not Support R(:).")
el se
y=mrp (r.n,r.d,arg(1));
end
el seif strcnp(argc, ' double')
if length(r.d)>1
y=pol yval (r.n,arg)./polyval (r.d, arg);
el se
y=pol yval (r.n, arg);
end
el se
error (' Unknown Subscripts.')
end
elseif strcnp(s.type,'.') %R field
ar g=Il ower (s. subs);
switch arg(1)
case 'n
y=r.n;
case 'd'
y=r.d;
case 'vV'
y=r.v;
ot herwi se
error( ' Unknown Data Requested.')

end
else %R }

error(' Cell Addressing Not Supported.')
end

>> c.n %return nunerator
ans =

3 1
>> c.v %return variable
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ans =
X
>> c.nadfdf %only first letter is checked
ans =
3 1
>> c.t % not n,d,or v

??? Error using ==>mrp/ subsr ef

Unknown Dat a Request ed.

>> c¢.d(1:2) %we didn't include subaddressing in subsref
??? Error using ==> mmr p/ subsr ef

MWRP (bj ects Support Single Argunments Only.

subsref  subsasgn Matlab polyval

function y = polyval (r,x)

%CLYVAL Eval uate Rational Pol ynom al bject.

% POLYVAL(R, X eval uates the rational polynomal R at the
% val ues in X

if isnuneric(X)

Wy=r(X); % what we'd like to do,but can't
S.type="()";
S. subs={x};
y=subsref(r,S); % must call subsref explicitly
el se
error (' Second I nput Argunent Must be Nurmeric. ')
end
subsref mmrp R(x) R
mmrp X R polyval
polyval y=r(X) Matlab subsref
Matlab subsref  subsasgn
subsref
R R(1,p)=v p v
p v p R(2,9)=w
q
subsasgn subsasgn

A = SUBSASG\(A, S,B) is called for the syntax A(l)=B, A{l}=B, or
A 1=B when Ais an object. Sis a structure array with the fields:
type -- string containing '()', '{}', or '.' specifying the
subscri pt type.
subs --Cell array or string containing the actual subscripts.
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For instance, the syntax A(1l:2,:)=B calls A=SUBSASG\( A S, B) where
Sis a l-by-1 structure with S.type='()' and S.subs = {1:2,":'} A
colon used as a subscript is passed as the string ':'.

Simlarly, the syntax A{1:2}=B i nvokes A=SUBSASG\( A, S, B) where
S.type='{}' and the syntax A field=B i nvokes SUBSASG\( A S, B) where
S.type='."' and S.subs="field".

These sinple calls are conbined in a straightforward way for
nore conplicated subscripting expressions. In such cases
length(S) is the nunber of subscripting |levels. For instance,
A(1, 2).nane(3:5)=B i nvokes A=SUBSASG\( A, S,B) where S is 3-by-1
structure array with the follow ng val ues:

S(1).type=" ()’ S(2) . type="." S(3).type=' ()’
S(1) . subs={1, 2} S(2) . subs=' nane’ S(3) . subs={3: 5}
subsasgn

function a=subsasgn(a, s, b)

YSUBSASGN Subscri pted assi gnnment for Rational Pol ynom al ojects.
%

% R(1,p)=C sets the coefficients of the Nunerator of Ridentified
% by the powers in p to the values in the vector C

%

% R(2,p)=C sets the coefficients of the Denom nator of Ridentified
% by the powers in p to the values in the vector C

%

% R(1,:) or R(2,:) sinply replaces the correspondi ng pol ynomi al

% data vector.

%

% For exanple, for the rational polynom al object

% 2x"2 + 3x + 4

WR(X) = mmmmmmm -

% X"3 + 4x"2 + 5x + 6

%

%R(1,2)=5 changes the coefficient 2x"2 to 5x"2
% R(2,[3 2])=[7 8 changes x"3 + 4x"2 to 7x"3 + 8x"2
%R(1,:)=[1 2 3] changes the nunerator to x"2 + 2x + 3

if length(s)>1
error(' MVRP (bj ects Support Single Argunents Only.')
end
if strenp(s.type,"()') %R(1,p) or R(2, p)
i f length(s. subs)~=2
error (' Two Subscripts Required."')
end
nd=s. subs{1}; % nunerator or denom nator
p=s.subs{2}; %powers to nodify
if ndinms(nd)~=2 | length(nd)~=1 | (nd~=1 & nd~=2)
error (' First Subscript Must be 1 or 2.")
end
if isnuneric(p) & ...
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(ndins(p)~=2 | any(p<0) | any(fix(p)~=p))

error (' Second Subscript Mist Contain Nonnegative Integers.')
end
if ndins(b)~=2 | length(b)~=prod(size(b))

error (' R ght Hand Si de Must bea Vector.')

end
b=b(:)."; % make sure b is a row
p=p(:)"; % make sure p is a row

if ischar(p) & length(p)==1 & strcnmp(p,':"') %R(1L:) or R(2,:)
if nd==1 %replace nunerator
r.n=b;
r.d=a. d;
el se %r epl ace denom nat or
. h=a. n;
. d=b;
end
elseif isnuneric(p) %R(1,p) or R(2,p)
pl en=l engt h(p);
bl en=l engt h(b) ;
nl en=l engt h(a. n);
dl en=l engt h(a. d);
i f plen~=blen
error('Sizes Do Not Match.')

end
if nd==l %nodify nunerator

r.d=a. d;
rl en=max(max(p)+1, nl en);
r.n=zeros(1,rlen);
r. n=mpadd(r.n, a.n);
r.n(rlen-p)=b;

el se % nodi fy denoni nat or

r.n=a.n;

rl en=max(max(p) +1, dl en);
r.d =zeros(1,rlen);
r.d=rmmpadd(r.d, a.d);

r.d(rl en-p)=b;
end
el se
error (' Unknown Subscripts. ')
end

else %R{ } or Rfield

error('Cell and Stucture Addressing Not Supported. ')
end

a=mrp(r.n,r.d,a.v);

>>a =mrp([3 1],[1 2 5 10]) %create test object
a =
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MVRP Rational Pol ynom al bject:
3xM + 1
X"3 + 2x"2 + 5x*1 + 10
>> a(l,:) =[1 2 4] %replace entire nunerator
a =
MVRP Rational Pol ynom al bject:
X2 + 2x"1 + 4
x"3 + 2x"2 + 5x*1 + 10
>> a(2,2) =12 %repl ace x*2 coef in denoni nator
a =
MVRP Rational Pol ynom al bject:
XN2 + 2x"1 + 4
x"3 + 12x72 + 5x*1 + 10
>>a(l1,0) =0 %repl ace 4x~0 with 0x"0
a =
MVRP Rational Pol ynom al bject:
x"2 + 2xM1

x"3 + 12x72 + 5x*1 + 10

>> a(l,:)=a.d % subsref and subsasn! (a.n and a.d cancel)
a =
MVRP Rational Pol ynom al bject:
1
334

double char logical

double('hello’) “ hdlo” ASCII
mmrp
double char double
char display.m

function [n,d]=doubl e(r)

9%O0UBLE Convert Rational Polynonial Object to Double

% DOUBLE(R) returns a matrix with the nunerator of Rin
%the first row and the denominator in the second row.

% [N, D] =DOUBLE(R) extracts the numerator N and denom nator D
% fromthe rational polynom al object R

if nargout<=1 & length(r,d)>1

nl en=l engt h(r.n);

dl en=l engt h(r.d);

n=zer os(1, max(nl en,dlen));

n=[ mrpadd(n, r. n); mpadd(n,r.d)];
el sei f nargout <=1

n=r.n;
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el se % nar gout ==
n=r.n;
d=r.d;

end

function [n,d,v]=char(r)

%CHAR Convert Rational Pol ynom al Object to Char

% CHAR(R) returns a 3-row string array containing Rin the

% format used by DI SPLAY. M

% (N, D) =CHAR(R) extracts the nunerator N and denomi nator D
% as character strings fromthe rational polynom al object R
%[N, D V]=CHAR(R) in addition returns the variable V.

i f nargout <=1
nstr=mp2str(r.n,r.v);
nl en=l engt h(nstr);
if length(r.d)>1
dash=,'";
dstr=mp2str(r.d,r.v);
dl en=l engt h(dstr);
nmenax( nl en, dl en) ;
n=char ([ bl anks(ceil ((mnlen)/2)) nstr]
dash(ones(1, m)
[bl anks(fix((mdlen)/2)) dstr]);
el se
n=nstr;
end
el sei f nargout >1
n=mp2str(r.n); %converts polynomal to string
d=mp2str(r.d);

end
i f nargout >2
V=TV,
end
33.5
Matlab Matlab
Matlab inferiorto  superiorto

superiorto(‘double’)
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inferiorto('mmrp’, ‘char') mmrp
char
OOoP
Control
Toolbox Iti tf zpk ss dss frd5
Matlab
mmrp Matlab double char

OooP
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> x =[123; 456; 7809]

Matlab Matlab MEX C
FORTRAN Matlab Matlab C FORTRAN
Matlab Matlab MAT
Matlab Java Dynamic Data Exchange DDE
PC ActiveX Visua Basc VB
Visual Basic for Application VBA PC Microsoft Excel PowerPoint
Word Java DDE ActiveX
C FORTRAN
Matlab
Matlab API
Matlab APF Matlab
UNIX C
2.2.14 Linux 386 glnx86 GCC
Windows NT4.0 Pentium PC win32 Matlab
LCC Linux G77 FORTRAN FORTRAN
34.1 Matlab
Matlab Matlab MEX MAT
Matlab Matlab
Matlab
Matlab
Matlab —Matlab Matlab Matlab Matlab
6 double uint8 char cell struct sparse Matlab
Matlab
Matlab
mmcellstr MEX MEX 4
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X =
1 2 3
4 5 6
7 8 9
>> size(x)
ans =
3 3
>> x(:)'
ans =
1 4 7 2 5 8 3 6 9
Matlab mxArray
C Matlab C — C
mxArray mmArray double sparse cdl
mxArray
MX mxArray
double
pr
pi pi NULL
16 ASCIl Unicode C Matlab
Matlab
mxArray
mxArray
2 mxArray
mxArray
nzmax ir jc ir
ic
nzmax
MX
Matlab C FORTRAN mxArray 100
FORTRAN Matlab C Matlab
FORTRAN mxIs... 1 0 C mxCreste...

mxCreat...Matrix

mxArray mxCreat...Array n
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mxArray FORTRAN mxCopyPtrTo... mxArray FORTRAN
mxCopy... ToPtr FORTRAN mxArray
FORTRAN mxArray FORTRAN
mxArray MX
Matlab
34.2 Matlab C FORTRAN
MEX C FORTRAN Matlab
M C FORTRAN
Matlab mex
Matlab MEX Matlab M
For C FORTRAN
MEX
MEX Windows MEX
dil Sun Solaris MEX mexsol mexext
MEX
MEX M myfunc.m MEX
Matlab
MEX
MEX C FORTRAN Matlab
GCC FORTRAN
GCC GCC http://gcc.gnu.org/
PC Matlab LCC ANSI C
FORTRAN PC Microsoft Borland Linux BSD
GCC Compag Sun HP ANSI C
Matlab Inf
NaN Alpha DEC FORTRAN
Linux Absoft FORTRAN  Windows PC Borland C++
Matlab MEX MAT

>>mex —setup

MEX

MEX myprog.c MEX
-f

myprog.dll

>>mex myprog.c
myprog.mexglx mex
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Matlab MAT -f -V
>>mex —hep mex mex
-c -g -D -g dox gdb
MEX mex Matlab
Matlab mex
Matlab
MEX Matlab
Matlab MEX
inc b b=inc(b)
inc
MEX
MEX
#include #define Matlab gateway
Matlab Matlab
computation
#include "mex.h" MEX
mex MEX Matlab
"mex.h" "matrix.h’ MX Matlab
<stdio.h> <stdlib.h> <stddef.h> mx Matlab
Matlab mexFunction
C main mexFunction
voi d mexFunction(int nlhs, nmxArray *pl hs[],
int nrhs, const nmkArray *prhs[])
nihs Matlab nargout
nrhs prhg ]
prhs[Q] prhs[1]
Matlab Matlab MEX
mxArray
MEX prhs plhs
plhs nlhs 0
MEX MABLAB ans
Matlab M Matlab
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evadin assignin

MEX
MEX Matlab MX mx
Matlab MEX mex Matlab
mexEvalString mexCallMatlab
mexGetArray Matlab
mxArray mexGetArrayPtr Matlab
mexPutArray mxArray Matlab MEX

mexPrintf MEX
C printf mexPrintf  mexPrintf Matlab
printf “ ”
C FORTRAN MEX

MEX
Matlab M MEX
Matlab
Matlab

mexAtEXit
mexCallMATLAB
mexErrMsgTxt
mexEva String

MM T M T T M

mexFunction MEX

mexFunctionName MEX
mexGet
mexGetArray
mexGetMatrix F mxArray
mexGetFull F mxArray

mexGetArrayPtr C
mexGetM atrixPtr

mexGetGlobal

mexGetInf

mexGetNaN

mexGetEps F eps
mex|sGlobal C mxArray
mexIsFinite

O 0O 0O 000000

mxArray
mxArray

m T M M

NaN

mex|slnf
mexIsNaN F NaN
mex|slocked (o MEX
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C F

mexLock C MEX MEX
mexUnlock C MEX MEX
mexWarnMsgTxt C
mexPrintf C F ANSI C printf
mexPutArray C mxArray Matlab
mexPutMatrix F mxArray
mexPutFull F mxArray
mexSet C
mexSetTrapFlag C F mexCallMatlab
mexMakeArrayPersistent C mxArray MEX
mexM akeM emoryPersistent C mxMalloc mxCaloc

MEX 1 fact

MEX
/ *

*/

fact.c - returns the factorial of a nonnegative integer.
MATLAB usage: p=fact(n)

Mast eri ng MATLAB 6 C MEX Exanple 1

#i ncl ude "nex.h"

voi d nexFunction( int nlhs, nmxArray *plhs[],

{

int nrhs, const nxArray *prhs[] )

double n, j, *p;
int i ;

n=nxCet Scal ar (prhs[0]);
pl hs[ 0] =nxCr eat eDoubl eMat ri x( 1. 1, mxREAL) ;
p=nxCet Pr(pl hs[0]) ;

j=1.0;
for (i=n; i>1;, i--)
j=e

P

mex.h mexFunction
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mxGetScalar mxCreateDoubleM atrix
1x 1 mxGetPr C
>>mex fact.c Matlab MEX MEX
Windows PC fact.dll Linux fact.mexglx C
MEX
MEX

>> x =5
X =

5
>> vy = fact (x)
y =

120

>> whi ch fact
/ horre/ wor k/ mat | ab/ f act . nexgl x

MX MEX
Matlab Matlab
HTML PDF HTML
API API Adobe Acrobat Viewer

MEX 2 mycalc

mycalc

C MEX mex.h

MEX mycalc

/*

Matlab Help Browser

mex.h

* nycalc.c - calculates x"2-x+1/x for each elenent of an array.

*

*  MATLAB usage: p=nycal c(n)

*

* Mastering MATLAB 6 C MEX Exanple 2
*/

#i ncl ude "nex. h"

/* This is the original subroutine that perforns the cal cul ation.

PDF

MEX

*/
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static void nycalc( double p[], double n[], int r, int c)
{
int i
for (i=0;i<r*c;i++)
plil=n[i]l*n[i]-n[i]+1.0/n[i];

/* This is the interface to MATLAB data types and argunents. */
voi d nmexFunction( int nlhs. nxArray *pl hs[],
int nrhs. const nxArray *prhs[] )

doubl e *p, *n;
int r, c ;

/* Do some error checking. */
if (nrhs I'= 1)
mexErr MsgTxt (" One i nput argunent required.");
elseif (nlhs > 1)
mexEr r MsgTxt (" Too many out put argunents.");
else if (!mxlsNuneric(prhs[0]))
mexErr MsgTxt ("I nput rust be nurneric.");
else if (mxlsConplex(prhs[0]))
mexErr MsgTxt ("I nput nmust be real.");
else if (mxCGet Nunber O D nensi ons(prhs[0]) > 2)
mexErr MsgTxt (" N-Di nensi onal arrays are not supported.”);

/* Get the input array dinmensions. */
r=mxGet M prhs[0]);
c=nxGet N( prhs[0]);

/* Create a matrix for the return argunent */
p!l hs[ 0] =nxCr eat eDoubleMatri x(r, ¢, nKREAL)

/* Assign pointers to the paraneters. */
p=nmxCet Pr (pl hs[0]);
n=nmxCet Pr (prhs[0]);

/* Do the actual calculation in a subroutine. */
mycalc(p,n.r,c);

}
MEX C
mexErrMsgTxt Matlab error
Matlab MEX
C mexWarnMsgTxt

Matlab warning MEX
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mxGetM  mxGetN mxArray
p! hs[ 0] =nxCr eat eDoubl eMat ri x(r, ¢, mKREAL) ;

rx ¢ mxArray Matlab double mxCOMPLEX
MxREAL mxGetPr mxArray
C mxGetPr mxArray mxGetPi
mxArray mycalc

MEX 3 count

#define Matlab
MEX count

* count.c - count occurrences of values in an array.
* MATLAB usage: c=count(a ,b,tol)

* Mastering MATLAB 6 C MEX Exanple 3
*/

#i ncl ude <mat h. h>
#i ncl ude "nex. h"

/* Define some variables to nake life easier. */

#define A prhs[0] /* Pointer to first right-hand-side argunent */
#define B prhs[l] /* Pointer to second right-hand-side argument */
#define TOL prhs[2] /* Pointer to third right-hand-side argunent */
#define C plhs[0] /* Pointer to first left-hand-side argunent */

void nmexFunction( int nlhs, nxArray *pl hs[],
int nrhs, const nxArray *prhs[] )

int i, j, sizea, sizeb;
doubl e tol, vcount;
doubl e *a; *h, *c;

/* Do sone error checking */
if (nrhs < 2)

mexEr r MsgTxt ("M ssing input argunments.");
else if (nrhs > 3)

mexErr MsgTxt (" Too many input argunents.");
elseif (nlhs > 1)

mexErr MsgTxt (" Too many output argunents.");

/* Get tolerance value if supplied, otherw se use EPS. */
if (nrhs == 3) {
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if (!'mxlsNuneric(TQL) || nxlsConplex(TQL) ||
nmxGet Nunber O El enents(TQL) !'= 1)

mexErr MsgTxt ("TOL nust be a real nuneric scalar.");
tol =nxGet Scal ar(TQL);
if (tol < nmxGetEps())

mexErr MsgTxt ("TOL nmust be a positive value.");
}
el se

t ol =mxCGet Eps() ;

/* Make sure input arrays are non-conpl ex numeric arrays. */
if (!mxlsNuneric(A) || !mxlsNuneric(B) ||
nxl sConpl ex(A) || nxl sConpl ex(B))
mexErr MsgTxt ("I nput argunents nmust be real of type double.");

/* Create the output mxArray the sane size as A */
C=xCr eat eNurrer i cAr r ay( mxGet Nunber O Di mensi ons(A),
mxCGet Di nensi ons(A), nkDOUBLE_CLASS, nxREAL) ;

/* Get the nunmber of elenents in A and B and create pointers */
/* to the input and output arrays. */

si zea=nxGet Nunber O El enent s(A) ;

si zeb=nxGet Nunber O El enent s(B) ;

a=(double *) nxGetPr(A);

b=(doubl e *) nxGet Pr(B);

c=(doubl e *) nxGetPr(O;

/* Cycle through the el ements of the arrays and count val ues */
for (i=0;i<sizea;i++) {
vcount =0. 0;
for (j=0;j<sizeb;j++)
if ((fabs(a[i]-b[j])) <= tol)
vecount ++ ;
c[i]=vcount;

mex.h math.h
fabs 4  #define

C=nxCr eat eNurrer i cArr ay( mxGet Nunber & Di mensi ons(A),
nmxGet Di nensi ons(A), mikDOUBLE_CLASS, nxREAL) ;

n mxArray MX mxArray 2 n
2

C=nxCr eat eNurreri cMat ri x( nxGet M A) , nxGet N( A) , nk DOUBLE_CLASS, nxREAL) ;
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2 mxCreate...Matrix
/ n

Pl hs[ 0] =nxCreat eCel | Matri x( 3, 4) ;
3x 4 mxArray
Pl hs[ 0] =nxCreateCel | Array(3,[2, 3,4]);

3 2x 3x 4 mxArray
mxGetNumberOf Elements mxArray

count Matlab M
count.m MEX count.mexglx

function c=count(a, b,tol)

Y%COUNT Count Cccurrences of Values in an Array.

% COUNT(A, B) returns an array the sanme size as A whose i-th el enent
% contains the nunber of times A(i) appears in the array B.

% A and B nust be Real arrays.

%

% COUNT i npl enents the foll ow ng:

% c = zeros(size(A)));

% for i=1:prod(size(A))

% c(i)=sun(A(i)==B);

% end

Matlab MEX M Matlab MEX
M

MEX 4 mmcellstr

mmcellstr Matlab

cellstr C MEX mmcel | str

MEX

* mmcellstr.c - Create a cell array of strings froma 2-D character array,
* MATLAB usage: c=mctellstr(s)

* Mastering MATLAB 6 C MEX Exanple 4
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#i ncl ude "nex. h"

voi d mexFunction( int nlhs, nxArray *pl hs[],
int nrhs, const nmxArray *prhs[] )
{
int mn, i, j;
char *buf;

char **1ine;

/* Do sone error checking */
if (nrhs < 1)
mexErr MsgTxt ("M ssing input argunent.");
elseif (nrhs > 1)
mexErr MsgTxt (" Too many input argunents.");
else if (nxGet Nunber O Di nensi ons(prhs[0]) != 2)
mexErr MsgTxt ("I nput nust be 2-D.");
elseif (nlhs > 1)
mexErr MsgTxt (" Too nmany output argunents.");

[*x*x*** Gtart of Region 1 ****xx/
/* If the input is already a cell array, duplicate it. */
if (mxlsCell(prhs[0]))
if (mxlIsChar(mCGetCell (prhs[0],0))) {
pl hs[ 0] =nxCreat eCel | Mat ri x(nxGet M prhs[ 0] ), mxGet N(prhs[0]));
pl hs[ 0] =nxDupl i cat eArray(prhs[0]);
return;

}
/****** End of Regl on 1 ******/

/* Make sure the input is a character array. */
if (!'mxlsChar(prhs[0]))
nmexErr MsgTxt ("I nput nmust be a character array.");

[****xxx Start of Region 2 **xx**/
/* Handl e the enpty input case. */
if (mxlsEnpty(prhs[0])) {
pl hs[ 0] =nxCreat eCel | Matri x(1, 1) ;
mxSet Cel | (pl hs[ 0], O, mxDupl i cat eArray(prhs[0]));
return;

}
/****** End of Regl on 2 ******/

/* Determine the dinensions of the input structure array */
memkGet M prhs[ 0] ) ;
n=mxCet N( prhs[ 0] ) ;

[****** gStart of Region 3 ***xxx/
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/* Stuff the input into a string buffer. */
buf =nxCal | oc(n¥n. si zeof (char));
buf =mxArrayToStri ng(prhs[0]);

/* Create line buffers for the individual strings. */
for (i=0;i<mi++)
line[i]=nxCalloc(n+l ,sizeof(char));
/****** End Of Regl on 3 ******/

/* Parse the buffer into individual lines. */
for (j=0;j>n;j++)

for (i=0;i<mi++)

line[i][j]=buf[i+nt)];

/* Free the string buffer and create the output cell array.
nxFr ee( buf);

pl hs[ 0] =nxCreat eCel | Matri x(m 1);

for (i=0;i<mi++) {

/* For each line, renove trailing blanks... */
j=n;
while (--j >= 0)
if (line[i][j] '=" ")
br eak;

line[i][j+]="\0";

/* insert the line into the output array... */
mxSet Cel | (pl hs[0],i,mCreateString(line[i]));

/* and free the line buffer nenory. */
nxFree(line[i]);

buf
line

[*****%* Start of Region 1 ***xx%x/
/* If the input is already a cell array,duplicate it.*/
if (mxlIsCell(prhs[0]))
if (mxlsChar(mGetCell (prhs[0],0))){
pl hs[ 0] =nxCreat eCel | Mat ri x(nxGet M prhs[ 0] ), mxGet N(prhs[0]));
pl hs[ 0] =nxDupl i cat eArray(prhs[0]);
return;

}
/****** End of Regl on 1 ******/

*/
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mxI|sCell
mxGetCell(prhg 0],0) 0
mxI|sChar

pl hs[ 0] =nxCr eat eCel | Mat ri x(mxGet M prhs[ 0] ), nxGet N(prhs[0]));

mxDuplicateArray
mxArray (deep copy) mxArray

Pl hs[ 0] =mxDupl i cat eArray(prhs[0]);

mxCalloc mx n
mxArraytoString

“ \On

[***xxx Gtart of Region 3 **xxx¥x*/
/* Stuff the input into a string buffer. */
buf =nxCal | oc(n¥n, si zeof (char));
buf =nxArrayToStri ng(prhs[0]);

/* Create line buffers for the individual strings. */
for (i=0;i<mi++)
l'ine[i]=nxCalloc(n+1, sizeof (char));
/****** End of Regl on 3 *******/

MEX mxCalloc mxMalloc mcFree
Matlab
Matlab
Matlab
Matlab buf=chararray(:) buff
C \0'
mxCreatString C Matlab
mxSetCell mxFree

MEX 5 mmv2struct

M MEX
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mmv2struct.m

function varargout =rmv2st ruct (var ar gi n)

9MV2STRUCT Pack/ Unpack Variables to/froma Scalar Structure.

% MW2STRUCT( X, Y, Z,...) returns a structure having fields X Y,Z ...

% cont ai ni ng the correspondi ng data stored in X Y, Z, ...

% I nputs that are not variables are stored in fields named ansN

% where Nis an integer identifying the Nth unnamed input.

%

% MW2STRUCT( S) assi gns the contents of the fields of the scalar structure
%S to variables in the calling workspace having nanes equal to the

% corresponding field nanes.

%

%[ABC ...]=MW2STRUCT(S) assigns the contents of the fields of the

% scal ar structure Sto the variables A/ B,C ... rather than overwiting

% variables in the caller. If there are fewer output variabl es than
%there are fields in S, the remaining fields are not extracted. Variables
% are assigned in the order given by fieldnames(S).

i f nargin==
error('Input Arguments Required.')
el sei f nargi n==1 % Unpack Structure to Vari abl es

arg=varargi n{1} ;
if ~isstruct(arg)|length(arg)~=1
error('Single Input Must be a Scalar Structure."')

end
names=f i el dnanmes(arg);
i f nargout==0 % assign in caller

for i=1:1ength(nanes)
assignin('caller',names{i},getfield(arg, nanes{i}))
end
el se % dunmp into variables in caller
for i=1:nargout
varargout{i }=getfiel d(arg, names{i});
end
end
el se % Pack Variables into a Structure
nun¥l;
for i=1:nargin
name=i nput nanme(i) ;
if isenpty(name) % not a variable
name=sprintf (' ans%', num;
nunEnun+1;
end
eval (['y.' nane

=varargin{i};'])
end
var ar gout { 1} =y;

end

C MEX M MEX
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MEX

* v2struct.c - Pack/Unpack Variables to/froma Scalar Structure.
* MATLAB usage: s=mv2struct(x,y,z,...) S.X=X, S.y=y, etc.

* MATLAB usage: nv2struct(s) a=s.a, b=s.b, etc.

* MATLAB usage: [X,y,z,...]=mv2struct(s) x=s.a, y=s.b,etc.

* MEX file to inmplenment the function mmv2struct.m

* Mastering MATLAB 6 C MEX Exanple 5
*/

#i ncl ude "mex. h"
#incl ude <string. h>

voi d mexFunction( int nlhs, nxArray *pl hs[],
int nrhs,const nmxArray *prhs[] )
{
int i , j, nfields ;
char cnd[ 100], tnp[10];
const char *ans = "ans";

const char **fnanes;
char **nane;

/* Do some error checking */
if (nrhs == 0)
mexErr MsgTxt ("I nput Argunents Required.");

else if (nrhs == 1) { /* Unpack */
if ( !I'nxlsStruct(prhs[0]))
mexErr MsgTxt ("Single I nput Mist be a Scalar Structure.");
else if (mxGet Nunmber O El ement s(prhs[{0]) != 1)
mexErr MsgTxt ("Single I nput Mist be a Scalar Structure.");

nfields = mxGet Nunber O Fi el ds(prhs[0]);
if (nlhs == 0) /* Assign fields in the caller workspace */
for (i=0;i<nfields;i++) {
strcpy(cmd, nxGet Fi el dNaneByNunber (prhs[0],i));
strcat(cmd, "=");
strcat (cmd, mxGet Name(prhs[0]));
strcat(cmd,".");
strcat (cnd. nxGet Fi el dNaneByNunber (prhs[0],i));
mexEval Stri ng(cnd)

el se { /* Assign fields to output variables */
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j =(nl hs<nfi el ds) ?nl hs: nfi el ds;
for (i=0;i<j;i++)
plhs[i]=nxDupli cat eArray(nxGet Fi el dByNunber (prhs[0],0,i));

}
}
el se { /* Pack */
/* Create a list of fieldnanes. */
f nanes=nxCal | oc(nrhs, si zeof (*f nanes)) ;
for (i=0;i<nrhs;i++) {
nane[ i ] =nxCal | oc( BUFLEN, s1zeof (char));
if (*mx.GetNane(prhs[i]) !'="\0")
strcpy(nane[i], mkGet Nane(prhs[i]));
el se {
strcpy(nane[i], ans);
sprintf(tmp, "%" ,i ) ;
strcat (nanme[i],tnp);
}
fnanes[i]=nane[i];
}
/* Create the output structure and free the allocated nenory. */
pl hs[ 0] =nxCreateStructMatrix(1, 1, nrhs, fnames) ;
nxFr ee( f nanes) ;
for (i=0;i<nrhs; i++)
nxFree(nane[i]);
/* Stuff the inputs into the structure fields. */
for (i=0;i<nrhs;i++)
mxSet Fi el dByNunber (pl hs[ 0], 0, i, mxDuplicateArray(prhs[i]));
}
}
Windows PC
Windows PC Matlab LCC LCC
MEX
>> nmex nyprog.c
MEX ——myprog.dll mex -V
mex —setup
-f $Matlab\bin\win32\mexopts
8 Borland Microsoft Watcaom
Matlab MEX

FORTRAN

FORTRAN MEX C MEX
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Matlab FORTRAN MEX mxCreateFull ~ mxCreateSparse
mxCreateString mxArray Matlab FORTRAN MEX MX
FORTRAN
MXCREATEFULL mxcreatfull mxCreatFull FORTRAN
FORTRAN
FORTRAN Matlab FORTRAN
integer*4 MEX
Matlab FORTRAN
*interger4 64 Alpha
interger*8
FORTRAN %val p=mxGetPr()
mxCopy... mxCopyPtrToReal8
mxCopyReal 8ToPtr mxArray mxArray
FORTRAN mexFunction
subroutine nexFunction(nl hs, pl hs, nrhs, prhs)
integer plhs(*),prhs(*)
i nteger nlhs, nrhs
nlhs nrhs plhs prhs
FORTRAN C MEX fact.c
G m m mm m e m e e e e e e e e e e e e e e e e e e eee oo
C fact.f - returns the factorial of a nonnegative integer.
Cc
C MATLAB usage: p=fact(n)
C
C Masteri ng MATLAB 6 FORTRAN MEX Exanple 1

subroutine mexFunction(nl hs, plhs, nrhs, prhs)

0
C These are pointers: integer*4 (Integer*8 on Al phas)
C
i nteger plhs(*), prhs(*)
i nteger nxGetPr, nxCreateFull
integer y_pr
Crmmmmm s e e e e e e e e e e e e e e e e e e e e e e e a o
i nteger nlhs.nrhs
integer i
real *8 x, y, nxCetScal ar
G - - m - s s mm e m o oo oo m e C i e mmmmcmmmooo-o---

X = nxGet Scal ar (prhs(1))
pl hs(1) = mxCreateFull (1, 1, 0)
y_pr = nmxGet Pr(pl hs(1))
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Cc
y =10
do 10 i=x,1,-I
y =y *i
10 conti nue
C
cal |l nmxCopyReal 8ToPtr(y, y_pr, 1)
return
end
Matlab FORTRAN 1 C
0 FORTRAN prhs(1)
C prhs[0]
34.3 C FORTRAN Matlab
Matlab C FORTRAN C FORTRAN
Matlab Matlab Matlab
Matlab
Matlab Matlab
Matlab Matlab Matlab Matlab
Matlab “ "
Matlab C FORTRAN
Matlab
Matlab Matlab
Matlab Matlab
Matlab C
FORTRAN
eng Matlab C FORTRAN Matlab
C F
engOpen C F Matlab
engOpenSingleUse C Matlab
engPutArray C Matlab Matlab mxArray
engPutMatrix F Matlab Matlab mxArray
engOutputBuffer C M atlab
engEval String C Matlab Matlab
engGetArray C Matlab Matlab mxArray
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C F
engGetMatrix F Matlab Matlab mxArray
engClose C F Matlab
Matlab engOpen  engOpenSingleUse
MX mxCreatDoubleMatrix mxArray
mxSetName mxArray Matlab engPutArray FORTRAN
engPutMatrix mxArray Matlab engOutputBuffer
“ ” engEval String Matlab
engGetArray engGetMatrix Matlab mxArray
C FORTRAN Matlab engClose
mxDestroyArray mxATrray
engOpen Matlab “ ID” ID
NULL engOpen
NULL "\O matlab Unix Linux
rsh
DISPLAY plot
engOpen
ssh
Windows PC engOpen
NULL PC Matlab
Matlab Matlab
engEval String Matlab Matlab y=-2*pi:pi/25:2* pi
Matlab y y Matlab
mxArray Matlab C dataset 1 10

Engi ne *nat
nxArray *nydata = NULL;

mat = engCpen("\0");

mydat = nxCreat eDoubl eMatri x(1, 10, nxREAL);

mxSet Nane(nydata, "newdata");

mencpy((void *)nxGet Pr(nydata), (void *)dat aset, si zeof (dat aset));
engPut Array(nat, nydat a) ;
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engEval String("sqdat a=newdat a. ~2;");

Matlab
mxArray Matlab newdata mydata
Matlab sqdata
mxArray Matlab Matlab
C Matlab
Matlab
engCreateTextBuffer
Matlab engEval String
char buf[256];
engQut put Buf f er (mat, buf , 256) ;
engEval String("di sp(sum(sqdata)) ");
disp(sum(sqdata)) Matlab* "
buf
doubl e x;
X=at of (buf +2) ;
engEval String Matlab
Mdlm 13 >>11
Matlab
nxArray *sqdata = NULL;
doubl e *sptr;
sqdata = engCet Array(mat, "sqgdata");
sptr = nmxCet Pr(sqdata);
mxArray sgdata
mxArray C MX sgdata

mxArray
Matlab
mxDest r oyAr r ay( nydat a) ;

mxDest r oyAr ray(sqdat a) ;
engd ose(mat) ;

Matlab
engine.h Matlab engine.h

mydata
mydata
mxSetName
atof
mxGetPr
Matlab
matrix.h MX
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mex engopts.sh
Matlab {usr/local/matlab C
mex

mex —f /usr/local/matl ab/bi n/ engopts. sh nyprog.c

myprog
Windows PC
engopts.sh
Matlab
LD LIBRARY_PATH
Matlab
Solaris Matlab /opt/matlab Bourne

sh bash ksh

LD _LI BRARY_PATH=/ opt / mat | ab/ ext ern/ | i b/ sol 2: $LD_LI BRARY_PATH
export LD LI BRARY_PATH

Linux C csh  tesh C libc2 Matlab

/usr/local/matlab/

setenv LD LI BRARY_PATH /usr/ | ocal / mat| ab/extern/li b/ gl nx86:

$LD_LI BRARY_PATH

s0l2 gIinx86 Inx86 sgi sgi64 win32 hp700 apha ibm rs
$Matlab/extern/lib

SGl64 LD LIBRARY64 PATH LD LIBRARY_PATH HP700

SHLIB_PATH IBM RS/600 LIBPATH
Jprofile .cshrc .bashrc .tcshrc

Matlab
Matlab

C C Matlab

* so0s.c - Calculate the sumof the squares of the elements of a vector.

* Mastering MATLAB 6 C Engi ne Exanple 1
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#i ncl ude <stdi o. h>
#i ncl ude <string. h>
#i ncl ude "engi ne. h"
#define BUFSI ZE 256

int main()

{

Engi ne *nat;

nxArray *nydata = NULL, *sqdata = NULL;

int i,j;

doubl e x, *nyptr, *sptr;

char buf [ BUFSI ZE] ;

doubl e dataset[10] ={ 0.0, 1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, 9.0 };

/* Start the MATLAB Engi ne on the |ocal conputer. */

if (!'(mat = engQpen("\0"))) {
fprintf(stderr, "\nCannot open connection to MATLAB!'\n");
return EXI T_FAI LURE;

/* Create an nxArray and get a C pointer to the nxArray. */
nydata = nxCreat eDoubl eMatrix( 1, 10, nxREAL);

nyptr = nxGet Pr(nydata);

/* Associate a MATLAB variable nane with the mxArray. */
nxSet Nane(nydata, "newdata");

/* Copy the dataset array to the new nxArray. */
nmencpy((void *)nyptr, (void *)dataset, sizeof(dataset));

/* Pass the mxArray to the Engine and square the el enments. */
engPut Array(mat, nydata);
engEval String(mat, "sqdata = newdata.”2");

/* Create an output buffer to capture MATLAB text output. */
engCQut put Buf f er (mat, buf, BUFSI ZE);

/* Calcul ate the sumof the squares and save the result in x.
engEvalString(nat, "di sp(sun{sqdata))");
x=at of (buf +2) ;

/* Retrieve the array of squares fromthe Engine, */

if ((sqdata = engGet Array(nat, "sqdata")) == NULL) {
fprintf(stderr, "Cannot retrieve sqdatal\n\n");
return EXI T_FAI LURE;
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/* and get a C pointer to the nxArray. */
sptr = nxCGet Pr(sqdata);
/* Print the results to stdout. */
printf("\nThe inputs are:\n");
for (i=0;i<10;i++)
printf("96.1f ", nyptr[i]);
printf("\n\n The squares are:\n");
for (i=0;i<10; i++)
printf("96.1f ",sptr[i]);
printf("\n\nThe sumof the squares is %.1f \n\n",Xx);
/* Free the nxArray menory and quit MATLAB. */
nmxDest r oyAr ray( nydat a) ;
nmxDest r oyAr ray(sqdat a) ;
engcl ose(mat) ;
return EXI T_SUCCESS;
}
Windows PC
Windows PC LCC
>> mex —f c:\matl ab6\ bi n\ wi n32\ mexopt s\ | ccengnat opt s. bat sos. c
sos.exe LCC
$Matlab\bin\win32\mexopts 8
Borland Microsoft Watcom mex
-V
Matlab $Matlab\bin\win32 DLL Matlab
Matlab Windows
S0s.exe sos.exe Matlab
Matlab
MEX
Matlab
FORTRAN
FORTRAN Matlab C
C
C sos.c - Calculate the sumof the squares of the elenents of a vector.
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C Mastering MATLAB 6 FORTRAN Engi ne Exanple 1
C
C
C program nai n
0
C Pointers
C
i nt eger engQpen, engGet Matrix, nxCreateFull, nxGetPr
i nteger nat, nydata, sqdata
G mmm s m s e e e o e o e o e e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmoo -
C Qher variable declarations
C
doubl e precision dataset(10), sqrs(10)
i nteger engPutMatrix , engEval String, engCd ose, engQutput Buf fer
i nteger tenp, status
char act er *256 buf
data dataset / 0.0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0/
G mmm s m s e e e o e o e o e e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmoo -
C Start the MATLAB Engi ne on the | ocal conputer.
C
mat = engOpen(' natlab ')
if (mat .eq. 0) then
wite(6,*) 'Cannot open connection to MATLAB!'
stop
endi f
C
C Ceate an nxArray, associate a MATLAB variable nane with the
C nxArray, and copy the data into the array.
C
nydata = nxCreateFul | (1, 10, 0)
call nxSet Narme(nydata, 'newdata')
call nxCopyReal8ToPtr (dataset, mxCetPr(nydata), 10)
C
C Pass the variable nydata into the MATLAB wor kspace.
C
status = engPut Matri x(mat, mnydata)
if (status .ne. 0) then
wite(6,*) 'Cannot pass nydata to the Engine!’
st op
endi f
C
C Square the elenments of the array.
C

if (engEval String(mat, 'sqdata = newdata.”2;') .ne. 0) then
wite (6, *) '"engEval String failed
stop

endi f
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C
C Ceate an output buffer to capture MATLAB text output.
cC
i f (engQutputBuffer(mat, but) .ne. 0) then
wite(6,*) "engEval String failed'
stop
endi f
C
C Calculate the sumof the squares and capture the result.
cC
if (engEval String(mat, 'disp(sun(sqdata))') .ne. 0) then
wite (6,*) "engEval String fail ed'
st op
endi f
Cc
C Retrieve the nxArray of squares fromthe Engine,
C copy the data into an array of doubles, and print.
cC
sqdata = engGet Matri x(nat, 'sqdata')
call nxCopyPtrToReal 8( mxGet Pr(sqdata), sqrs, 10)
C
20 format (' ', 8.3, B.3, B.3, B.3, B.3, B.3,
& 8B.3, B.3, B.3, B.3)
print *, 'The inputs are:'
print 20, dataset
print *, 'The squares are:'
print 20, sgrs
print *, 'The sumof the squares is ', buf(3:10)
C
C Free the nxArray nenory and quit MATLAB.
C
cal | nxFreeMatrix(nydata)
cal | nxFreeMatri x(sqgdat a)
status = engd ose(nat)
C
if (status .ne. 0) then
wite (6,*) 'engCd ose failed
stop
endi f
C
stop
end
FORTRAN
Matlab LD_LIBRARY_PATH
Windows PC Matlab $Matlab\bin\win32

Windows Matlab DLL
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34.4 MAT

Matlab

C FORTRAN Matlab MAT

MAT

MAT MAT

Matlab MAT

MAT Matlab C FORTRAN
Matlab
MAT
mat Matlab MAT C FORTRAN

Matlab MAT
MAT C F
matOpen C F MAT
matClose C F MAT
matGetDir C F MAT Matlab
matGetFp C MAT ANSI C
matGetArray C MAT Matlab
matGetM atrix F MAT Matlab
matGetNextArray C MAT Matlab
matGetNextMatrix F MAT Matlab
matGetArrayHeader C MAT Matlab
matGetNextArrayHeader C MAT Matlab
matGetString F MAT Matlab
matPutArray C MAT Matlab
matPutM atrix F MAT Matlab
matPutArrayAsGlobal Cc MAT Matlab
matPutString F MAT Matlab
matDeletArray C MAT Matlab
matDel eteM atrix F MAT Matlab

matGetArrayHeader matGetNextArrayHeader mxArray mxArray

mxArray matGetDir
MAT Matlab matGetArray matGetMatrix

matGetNext...
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MAT
MAT C FORTRAN MX Matlab mxArray
MEX MX MAT
matOpen MAT Matlab mxArray
matPut... MAT mxArray matClose MAT
MAT matOpen MAT
matGetDir matGetArray matGetNextArray FORTRAN
matGetMatrix matGetNextMatrix matGetString mxArray matClose
MAT
MAT
Matlab MAT
mat.h Matlab MAT mat.h MX matrix.h
mex matopts.sh
Matlab {usr/local/matlab C MAT
mex
>> mex —f /usr/local/matlab/bin/ matopts.sh nyprog.c
myprog
UNIX PC
mex
Windows PC LCC MAT
——myprog.c

>> nmex —f c:\matlab6\bi n\w n32\ nexopt s\ | ccengmat opt s. bat nyprog. c

myprog.exe
LCC

MAT 1 writemat

C MAT

/~k
* witemat.c - Create a binary MAT fi le.

*

* Mastering MATLAB 6 C MAT-file Exanple 1

*

*/

#i ncl ude "mat. h"
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int makenat (const char *fil enane,
double *data , int m int n,
char *mmstr)

{
MATFile *nfil e;
nKArray *ndata, *nstr;
/* Qpen the MAT file for witing. */
nfile == mat Qpen(fil enanme, "W');
if (nfile == NULL) {
printf("Cannot open % for witing.\n", filenane);
return( EXI T_FAI LURE) ;
}
/* Create the mxArray to hold the nuneric data. */
/* Note that the array di nensions are reversed. */

/* C uses row order while MATLAB uses colum order. */
/* The data array will be transposed i n MATLAB. */
ndat a = nxCreat eDoubl eMat ri x(n, m mxREAL) ;

nxSet Nane(ndata, "nydata");

/* Copy the data to the nmxArray. Note that nxGetData is */
/* simlar to nkGetPr in that it returns a void pointer */
/* while nkGetPr returns a pointer to a doubl e. */
nmencpy((void *) (nxGetData (ndata )), (void *)data,

ntn*si zeof (doubl e));

/* Create the string array and set the variable name. */
netr = nxCreateString(nmstr);
nxSet Nane(nstr, "nystr");

/* Wite the nkArrays to the MAT file. */
mat Put Array(nfile, ndata);
mat Put Array(nfile, mstr);

/* Free the mxArray nenory. */
mxDest r oyAr r ay( ndat a) ;
mxDest royArray(nstr);

/* dose the MAT file. */

if (matdose(nfile) '=0) {
printf("Cannot close %.\n",fil enane);
return( EXI T_FAI LURE) ;

ret ur n( EXI T_SUCCESS) ;
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}
int main( )
{
int status;
char *mmstr = "Mastering MATLAB Rocks!";
doubl e data[3][4] = {{ 1.0, 2.0, 3.0, 4.0 },
{ 5.5, 6.6, 7.7, 8.8 },
{ -4.0, -3.0, -2.0, -1.0 }};
status = makemat ("mtest.mat", *data, 3, 4, mstr);
return(status);
}
Linux Windows PC
MAT Matlab
>> clear all
>> | oad mmt est
>> whos
Name Si ze Bytes d ass
nydat a 4% 3 96 doubl e array
nystr 1x 23 46 char array

Gand total is 35 el enments using 142 bytes

>> nydat a
nydata =
1. 0000 5. 5000 -4. 0000
2. 0000 6. 6000 - 3. 0000
3. 0000 7.7000 -2. 0000
4. 0000 8. 8000 -1. 0000
>> nystr
nystr =
Mast eri ng MATLAB Rocks!
Matlab C Matlab
FORTRAN Matlab
FORTRAN
FORTRAN
C
C witemat.f - Create a binary MAT file.
C
C Mastering MATLAB 6 FORTRAN MAT-file Exanple 1
C
C

program w it emat
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G - - mmcm s m o m oo m e oo e e el e e e s mmmm-oc---------
C Pointers.
cC
i nteger mat Qpen, nmxCreateFull, nxCreateString
i nteger nat Get Matrix, mxGetPr
integer nfile, ndata, mnstr
Crmmmm s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m
C Oher variables
C
i nteger status, natd ose
doubl e precision dat(12)
data dat / 1.0, 5.5, -4.0,
& 2.0, 6.6, -3.0,
& 3.0, 7.7, -2.0,
& 4.0, 8.8, -1.0/
C
C (Qpen MAT-file for witing.
cC
nfile = mat Qpen(' mtest. mat’', 'w)
if (nfile .eq. 0) then
wite(6,*) "Can''t open ''mmest.mat'' for witing.'
st op
end if
C
C Ceate the nxArray to hold the numeric data.
C
ndata = nxCreateFul | (4, 3,0)
call nxSet Name(ndata, 'nydata')
C
C Copy the data to the nxArray.
C
call nxCopyReal 8ToPtr(dat, mxCGetPr(ndata), 12)
C
C Oeate the string array and set the variabl e nane.
C
nmstr = nxCreateString(' Mastering MATLAB Rocks!')
call nxSet Name(nstr, 'nystr')
C
C Wite the nxArrays to the MAT-fil e.
C
call matPutMatrix(nfile, ndata)
call matPutMatrix(nfile, nstr)
C
C Free the mxArray nenory.
Cc

call nxFreeMatrix(ndata)
call nxFreeMatrix(nstr)
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C
C Cose the MAT file.
cC
status = mat d ose(np)
if (status .ne. 0) then
wite(6,*) 'Cannot close mtest.mat’
st op
end if
C
stop
end
MAT 2 whomat
MAT Matlab who whos
/*

* whomat.c - Exanmine a binary MAT-file and print a |ist
of the contents(like "who" or "whos").

*

* Mastering MATLAB 6 C MAT-file Exanple 2
*/

#i ncl ude "nat. h"
#i ncl ude <string. h>

i nt whonat (const char *fil enane)

{
MATFi e *nfil e;
nXKArray *marray;

char **dir;
char siz[25], buf[10];
int i, j, kK, num nel, elsize, ndim eltot, btot;

const int *dins;

/* Open the MAT-file for reading. */

nfile = mat Qpen(fil enanme, "r");

if (nfile == NULL) {
printf("Cannot open %5 for reading.\n", filenane);
return( EXI T_FAI LURE) ;

}

/* Get the directory list and print in "who" format. */
dir = matCGetDir(nfile, &unj;
if (dir == NULL) {

printf("Error reading the directory of %.\n", filenane);
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}

return( EXI T_FAI LURE) ;
} else {
printf(" \n")
printf("Variables in % are:\n\n", filenane);
for (i=0; i<num i++) {
printf("% 10s",dir[i]);
if (i>0 && i %==0) printf("\n");

}
}
/* Exam ne each variable and print a "whos" list. */
el t ot =bt ot =0;
printf("\n\n Name Si ze Bytes dass\n\n");

for (i=0; i<num i++) {
marray=mat Get Array(nfile, dir[i]);
if (marray == NULL) {
printf("Cannot read file %.\n\n", filenane);
return( EXI T_FAI LURE) ;

/* If marray is a cell array or structure array, then */
/* mxCetEl enent Si ze returns the size of a pointer; not */
/* the size of all the elenents in each cell or field. */
/* To get the correct nunber of bytes would require */
/* traversing the array and sunming | eaf el enent sizes.*/
/* Java arrays return Ox O array dinensions and 0 size. */
el si ze=nxGet El enent Si ze(marray) ;
bt ot =bt ot +( nel *el si ze);
nel =mxGet Nunber O El erment s( narr ay) ;
el tot =el t ot +nel ;
ndi memxGet Nunber O Di mensi ons(narr ay) ;
di ms=nxGet D nensi ons(marray) ;
siz[0]="\0";
for (j=0; j<ndim j++) {

sprintf(buf,"%",dinms[j]);

strcat (siz, buf);

if (j<(ndim1))

strcat(siz,"x");
}
printf(" %12s % 12s %d % array\n", nxGetNane(narray),
si z, nel *el si ze, nxGet d assNanme(nmarray));

nxDestroyArray(narray);

printf("\nGand total is %l elenents using % bytes\n\n",

eltot,btot);

/* Release the nenory allocated for the directory. */



34 Matlab

485

nxFree(dir);

/* Cose the MAT file. */
if (mtdose(nfile) '=0) {

printf("Cannot close %.\n",fil enane);

return( EXI T_FAI LURE);

}
return( EXI T_SUCCESS) ;
}
int main(int argc, char **argv)
{
int status;
if (argc > 1)
status = whonat (argv([1]);
el se{
status = EXI T_FAl LURE;
printf("Usage: whonmat <matfile>");
ieturn(st atus);
}
Matlab who whos
Java marray
mxGetElementSize(marray)
marray
Java mxGetElementSize(marray) 0 mxGetDimensions(marray)
mxGetNumberOf Dimensions(marray) 0
34.5
Matlab Matlab MEX
C FORTRAN
MEX
C Fortran MEX Matlab M
Matlab Matlab
Matlab MAT
load save Matlab hook
Matlab
Matlab API MX MAT

Matlab
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