Computer Programming:
2D Plots

Asst. Prof. Dr. Yalcin Isler

lzmir Katip Celebi University



Outline

Plot

Fplot

Multiple Plots
Formatting Plot
Logarithmic Plots
Errorbar Plots
Special plots: Bar, Stairs, Stem, Pie
Histogram Plots
Polar Plots
Multiple Plots
Multiple Figures



2D Formatted Plot Example
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Plot command

plot(x,v, ‘1ine specifiers’, ‘PropertyName’ ,?lCDEltFValUP]J
~/ . _
(Optional) Specifiers that (Optional) Properties with
Vector Eectm define the type and color values that can be used to
of the line and markers. specify the line width., and

marker’s size and edge. and
fill colors.

Line Specifiers:

Line specifiers are optional and can be used to define the style and color of the
line and the type of markers (if markers are desired). The line style specifiers are:

Line Stvle Specifier Line Stvle Specifier

solid (default) - dotted
dashed -- dash-dot -




Plot command (cont’d)

The line color specifiers are:

Line Color Specifier Line Color Specifier

red r magenta m

green g vellow Vv

blue b black k

cyan c white W

The marker type specifiers are:

Marker Tyvpe Specifier Marker Tyvpe Specifier
plus sign + square =
circle diamond d
asterisk * five-pointed star o
point six-pointed star h
Cross X triangle (pointed left) <
triangle (pointed up) triangle (pointed right) =
triangle (pointed down) \Y




Plot examples (1)

>>x=[123577.5810]; [EIrguer (= [ )
>>y=[26.5775546 8]; File Edit View Insert Tools Desktop Window Help N
>> plot(x,y) N de | M| RROBDELL- S| 0EH | 0D

B

4 ] 6 7 g 9 10




Plot examples (2)

>>x=[123577.5810]; [ roue1 (=[5 [
>> y=[2 65775546 8]’ File Edit View Inset Tools Desktop Window Help "
>> plot(x,y,'r' NEHS| b RROIDEL- G| 0EH 8D

a

4 ] 6 7 g 9 10




Plot examples (3)

>>x=[123577.5810];
>>y=[26.5775.5468];

>> plOt(X,y,l--y')

[ Figure 1
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Plot examples (4)

>>x=[123577.5810];
>>y=[26.5775.5468];
>> plot(x,y,'*')

[ Figure 1
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Plot examples (5)

>>x=[123577.5810];
>>y=[26.5775.5468];
>> plot(x,y,'g:d")

r Figure 1
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Plot properties

Four properties and possible values are:

Property Name

LineWidth
(or l1inewidth)

Description

Specifies the width of the
line.

Possible Property
Values

A number in units of
points (default 0.5).

MarkerSize
(ormarkersize)

Specifies the size of the
marker.

A number 1 umts of
points.

MarkerEdgeColor
(or
markeredgecolor)

Specifies the color of the
marker. or the color of the
edge line for filled mark-
ers.

Color specifiers from
the table above. typed
as a string.

MarkerFaceColor
(or
markerfacecolor)

Specifies the color of the
filling for filled markers.

Color specifiers from
the table above. typed
as a string.




Plot examples (6)

>>x=[123577.5810];
>>y=[26.5775.5 46 8];
>> plot(x,y,'-mo’,'LineWidth',2,'markersize',12,'MarkerEdgeColor','g','markerfacecolor’,'y')

B Figure 1 E=REEE™
EFile Edit View Insert Tools Desktop Window Help |

_hl_f'l.ﬂufii [‘:3 +\_x€~r?@lhh._£7 @J DEI E

This creates a plot that
connects the points with a
magenta solid line and circles
as markers at the points. The
line width is two points and the
size of the circle markers is 12
points. The markers have a
green edge line and yellow
filling.

/




The Property Names for the line specifiers are:

Line specifiers

Specifier

Line Style

Property Name

linestyle
(or LinesStyle)

Possible Property Values

Line style specifier from the
table above, typed as a string.

Line Color

color (or Color)

Color specifiers from the table
above, typed as a string.

Marker

marker (or Marker)

Marker specifier from the
table above, typed as a string.




Plot examples (7)

As an example. the plot command is used to plot the function

05 e .
y =35 "cos(6x) for -2<x<4. A program that plots this function is shown in

the following script file.

% A script file that creates a plot of
% the funection: 3.5.7(-0.5*x).*cos (6x)

x=[-2:0.01:4]; Create vector x with the domain of the function.
y=3.5.7(-0.5*x) . *cos (6*x) ; Create vector v with the function
value at each x.

plot(x,y) Plot v as a function of M




Plot examples (7)

Figure 1
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Plot examples (8)

{ Figure 1 | —ul=] |&J

However, if the o .

File Edit View Inset Tools Desktop Window Help e
same function in Akl I EEE AL ER =
the same domain is
plotted with much
larger spacing, for
example 0.3, the
plot that is
obtained gives a
distorted picture of
the function.




fplot

The fplot command plots a function with the form y = f{x) between specified
limits. The command has the form:

[ fplot (‘function’,limits, ‘line specifiers’ ]l|

The function to /fhe domain of x. and Specifiers that define the

be plotted. optionally. the limits type and color of the line
of the v axis. and markers (optional).

* The function can include MATLAB built-in functions and
functions that are created by the user.

* The limits is a vector with two elements that specify the domain
of x [xmin,xmax], or a vector with four elements that specifies the
domain of x and the limits of the y-axis [xmin,xmax,ymin,ymax].

* The line specifiers are the same as in the plot command.



Fplot example

For example. a plot of the function y = x?+4sin(2x)—1 for -3 <x<3 can be
created with the fplot command by typing:

>> fplot('x*2+4*sin(2*x)-1"',[-3 3])

in the Command Window. The figure that 1s obtained in the Figure Window 1s
shown in Figure 5-6.

10

Figure 5-6: A plot of the function y = x? +4sin(2x)—-1.



Multiple plots (1)

 Two or more graphs can be created in the same plot by

typing pairs of vectors inside the plot command. The
command:

plot(x,y,u,v,t,h)

creates three graphs: y vs. x, vvs. u, and h vs. t, all in the
same plot.

* The vectors of each pair must be of the same length.

MATLAB automatically plots the graphs in different colors

so that they can be identified. It is also possible to add line

specifiers following each pair. For example the command:
pIOt(xlyll'bl;ulvll“rl)tlhrlg:')

plots y vs. x with a solid blue line, v vs.u with a dashed red
line, and h vs. t with a dotted green line.



x=[-2:0.01:4];

y=3*x.13-26*x+6;
yd=9%x.A2-26;
ydd=18%x;
pIOt(leil'bll ledll"rlr Xtyddrl:kl)
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Multiple plots (2)

* To plot several graphs using the hold on, hold off
commands, one graph is plotted first with the
plot command. Then the hold on command is
typed. This keeps the Figure Window with the
first plot open, including the axis properties and
formatting if any was done. Additional graphs can
be added with plot commands that are typed
next. Each plot command creates a graph that is
added to that figure. The hold off command stops
this process. It returns MATLAB to the default
mode in which the plot command erases the
previous plot and resets the axis properties.



x=[-2:0.01:4];
y=3*x.A3-26*x+6;
yd=9*x.A2-26;

ydd=18%*x;
pIOt(X,y,'-bl)
plot(x,yd,'--r')
plot(x,ydd,":k')
ru Figure 1 = &1
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x=[-2:0.01:4];
y=3*x.A3-26*x+6;
yd=9*x.A2-26;
ydd=18%*x;
plot(x,y,'-b')

hold on
plot(x,yd,'--r')
plot(x,ydd,":k’)
hold off

[ u Figure 1
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line

With the 1ine commmand additional graphs (lines) can be added to a plot that
already exists. The form of the line command 1s:

[ line[x,y,‘Propertyﬁama',Prﬂpertyvalue}]

(Optional) Properties with values that can be
used to specify the line style. color. and width.
marker type. size. and edge and fill colors.

The format of the 1ine command is almost the same as the plot command (see
Section 5.1). The 1ine command does not have the line specifiers. but the line
style. color. and marker can be specified with the Property Name and property
value features. The properties are optional and if none are entered MATLAB uses
default properties and values. For example. the command:

1 F

line(x, vy, ‘linestyle’, *--", ‘color’,®

r’, ‘marker’, ‘o’)

will add a dashed red line with circular markers to a plot that already exists.



x=[-2:0.01:4];
y=3*x.A3-26*x+6;
yd=9*x.12-26;
ydd=18*x;

line(x,y,'LineStyle','-','color’,'b’)
line(x,yd,'LineStyle','--','color’,'r')

line(x,ydd,'linestyle’,":",'color’,'k")

x=[-2:0.01:4];
y=3*X.13-26*x+6;
yd=9*x.A2-26;

ydd=18%*x;
plot(x,y,'LineStyle',"-','color','b’')

line(x,yd,'LineStyle','--','color’,'r')

line(x,ydd,'linestyle',":",'color’,'k")

rn Figure 1
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Formatting a plot (1)

The formatting commands are entered after the plot or the fplot commands.
The various formatting commands are:

The x1abel and y1zbel commands:

Labels can be placed next to the axes with the x1abel and y1label commands
which have the form:

xlabel (‘text as string’)
ylabel (‘text as string’)

The title command:

A title can be added to the plot with the command:

[ti:le{‘:ext a3 ﬂtring’}‘




Formatting a plot (2)

A text label can be placed m the plot with the text or gtext commands:

text (x,y, ‘text as string’)
gtext (‘text as string’)

The text command places the text m the figure such that the first character 1s
positioned at the pomt with the coordinates x. v (according to the axes of the fig-
ure). The gtext command places the text at a position specified by the user.
When the command 1s executed. the Figure Window opens and the user specifies
the position with the mouse.



Formatting a plot (3)

The 1egend command places a legend on the plot. The legend shows a sample of
the line type of each graph that 1s plotted. and places a label. specified by the user.
beside the line sample. The form of the command 1s:

legend(‘'stringl’, ‘string2’, ..... , pos)

The strings are the labels that are placed next to the line sample. Their order corre-
sponds to the order that the graphs were created. The po= 1s an optional number
that specifies where in the figure the legend 1s placed. The options are:

pos = -1 Places the legend outside the axes boundaries on the right side.
pos = 0 Places the legend inside the axes boundaries in a location that inter-
feres the least with the graphs.

pos = 1  Places the legend at the upper-right corner of the plot (default).
pos = 2 Places the legend at the upper-left corner of the plot.

pos 3 Places the legend at the lower-left comer of the plot.

pos = 4 Places the legend at the lower-right corner of the plot.



Formatting the text in plots

Modifier Effect Modifier Effect
\“bf bold font. “fontname { fontname} specified font
15 used.
Wit italic style. Z“fontsize{fontsize} specified font
s1ze 1s used.

N Irm normal font.

Subscript by typing  (the underscore) in front of the character or characters inside braces { }

Superscript by typing " in front of the character or characters inside braces { }

Characters Greek Characters Greek
in the string Letter in the string Letter
\alpha o \Phi D
\beta p \Delta A
\ gamma i \Gamma I
\theta v \ Lambda A

\pi m \Omega 9
\sigma o) \Sigma )




Formatting figures

* The axis command can be used to change the
range and the appearance of the axes.

axis ([xmin, xmax, ymin, ymax]) Sets the limits of both the x and vy
axes (xmin. xmax. ymin. and
ymax are numbers).

axiz equal  Sets the same scale for both axes.
axis square Sets the axes region to be square.

axis tight Sets the axis limits to the range of the data.
e grid on Adds grid lines to the plot.
e grid off Removes grid lines from the plot.



Formatting example

x=[10:0.1:22];

y=95000./x.42;

xd=[10:2:221;

vd=[950 640 460 340 250 180 140];

plot(x,y,'-', 'LineWidth',1.0) r

xlabel ('DISTANCE (cm)') Fﬂl‘lllﬂﬂillg Text iﬂSidE tllE'
title command.

vlabel ("INTENSITY (lux)') / \

tﬂﬂef\ﬂ:tﬁmeﬂhiﬂJLmhtIMEnﬂtyasaEhximzluEDEﬂatE”WEIEEUE'JA}

axis([B 24 0 12001])

text (14,700, 'Caparisan between theory and esgperiment. ', 'EdeColar’, 'y, 'Lingiidth’ ,2)

hold on ‘\ / 1

Formatting text
mside the text
command.

plot (xd,yd, 'ro--"', 'linewidth’,1.0, 'markersize’', 10)

legend (' Theory', 'Experiment',b0)
hold off




Formatting example (cont’d)
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Formatting a plot using the plot editor

r- - - - :
Click the arrow button to start the plot edit mode. Then click
on an item. A window with formatting tool for the item opens.

\
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Plots with logarithmic axes

Many science and engineering applications require
plots in which one or both axes have a logarithmic (log)
scale. Log scales provide means for presenting data
over a wide range of values. It also provides a tool for
identifying characteristics of data and possible forms of
mathematical relationships that can be appropriate for
modeling the data.

semilogy(x,y) Plots y versus x with a log (base 10) scale
for the y axis and linear scale for the x axis.

semilogx(x,y) Plots y versus x with a log (base 10) scale
for the x axis and linear scale for the y axis.

loglog(x,y) Plots y versus x with a log (base 10) scale
for both axes.



Logarithmic plot example

As an example. plot the function y = 2 for 0.1<x<60.
120 e=linspace (0.1, 60,1000) ; 1o® “jhlﬂffeﬁ'iig?’.mﬂm ’
1000 y=2."(-0.2*%x+10) ; . milin e ’

lot(x,y) 10 semil ogy (x,¥)
ol [P - 2
10
R0 2
— | 10’
400
— 1"
D - - 10 - - : - :
o 0 R ET 40 = 50 0 10 20 BT 40 50 B0
Linear|
*x=linspac=(0.1,60,1000) ; x=linspac=(0.1,60,1000) ;
y=2."(-0.2*x+10) ; y=2.~(-0.2*x+10) ;

100 semilogx(x,v) 10 loglog(x,v)




Plots with error bars

* Experimental data that is measured and then displayed
in plots frequently contains error and scatter. Even data
that is generated by computational models includes
error or uncertainty that depends on the accuracy of the
input parameters and the assumptions in the
mathematical models that are used. One method of
plotting data that displays the error, or uncertainty, is by
using error bars.

e Plots with error bars can be done in MATLAB with the
errorbar command. Two forms of the command, one for
making plots with symmetric error bars (with respect to
the value of the data point), and the other for
nonsymmetric error bars, at each point are presented.



Error bars

[ errorbar (x, vy, )

Vectors with horizontal and verti- Vector with the wvalues of
cal coordinates of each point. the error at each point.

* The length of the three vectors =. y. and £ must be the same.

* The length of the error bars is twice the value of 2. At each point the error bar
extends fromy (i) -e (i) toy (i) +e(i).

i errorbar(x,vy,d,u) |

Vectors with horizontal and — Vector wité:upper- Vector with the lower-
vertical coordinates of each ~ bound values of the bound values of the
point. error at each point. error at each point.

» The length of the three vectors . y. d. and 11 must be the same.

» At each point the error bar extend from v (i) -d (i) toy (i) +u(i).



Error bar example

xd=[10:2:22];
yd=[950 640 460 340 250 180 140];
ydErr=[30 20 18 35 20 30 10]

errorbar(xd,yd,ydErr)  [Br

ylabel('INTENSITY (lux)') 1000
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Special plots (1)

Vertical Bar - yr=[1988:1994] ;
Plot sle=[8 12 20 22 18 24 27]:;
= bar(yr,sle,'r') Ehﬁ
Function 5 Dars are
. E ) HlElIJEl('YEEII"} 1n 1‘.:[_'1.
format: 3 _
® yvlabel ('Sales (Mil-
lions) ')
bar (%, v)
1938 1959 19280 1997 1992 {923 1934
Year
Horizontal Bar yr=[1988:1994] ;
Plot sle=[8 12 20 22 18 24 27]:
barh(yr,sle)
lfunctmn & Yabel ('Sales (Millions)')
ITormat: =
L% ylabel ('Year')
barh (x, v)
a E 'lI: 'IS E:-ZI 2-5 i)
WYear




Special plots (2)

Stairs Plot - . . . . . yr=[1988:1994] ;
sle=[8 12 20 22 18 24 27]:

[ =]
h
T
1

Function
format:

stairs (yr,sle)

H

Sales (Millions)
l'J.I L
1

stairs (x,Vv)

ol .

1:?353 1EIE-'SI 'E;EEI EEI 1‘3:92 1EIIEE 1334

faar

Stem Plot - , , , , , yr=[1988:1994] ;

- ] sle=[B 12 20 22 18 24 27]:

' s
Function o @ | stem(yr,sle)
Format 2 ¢
=15 4

stem (x, V) @ 1 T

1D‘EEE 1% 1350 1931 1902 15;'93 1934

Year




Special plots (3)

Grade A B & D E
Number of Students 11 18 26 9 5
Pie Plot Class Grades grd=[11 18 26 9 5];
pie(grd)
Function title('Class Grades')
format:
. [ MATLAB draws the
pie(x) sections 1n different col-

26%

ors. The letters (grades)

were added using the
Plot Editor.




Histogram

* Histograms are plots that show the distribution
of data. The overall range of a given set of data
points is divided to smaller subranges (bins),
and the histogram shows how many data points
are in each bin. Histograms are created by using
the hist command.



Histogram (cont’d)

>>y=[58 73 73 53 5048 56 73 73 66 69 63 74 82 84 91 93 ...
89 91 80 59 69 56 64 63 66 64 74 63 69];

>> hist(y)

MATLAB divides the
range of the data points
into 10 equally spaced
subranges (bins), and
then plots the number

of data points in each
bin.

r Figure 1
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Histogram (cont’d)

>>y=[58 73 73 53 5048 56 73 73 66 69 63 74 82 84 91 93 ...

89 91 80 59 69 56 64 63 66 64 74 63 69];

>> hist(y,3)

MATLAB divides the
range of the data points
into 3 equally spaced
subranges (bins), and
then plots the number
of data points in each

bin.

r‘ Figure 1
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Histogram (cont’d)

>>y=[58 73 73 53 5048 56 73 73 66 69 63 74 82 84 91 93 ...
89 91 80 59 69 56 64 63 66 64 74 63 69];

>> x=[45:10:95];

>> hist(y,x)
MATLAB divides the range of
the data points into 6 equally
spaced subranges (bins), and
then plots the number
of data points in each bin.
The center values of each bin
is given by the vector of x.

r Figure 1
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Histogram (cont’d)

The hist command can be used with options that provide numerical out-
put in addition to plotting a histogram. An output of the number of data points in
each bin can be obtained with one of the following commands:

i

[ n=hist (y) (n=hist [y,nbins}] [1"1=31i5t(1f’r K}]

4 i

The output n 1s a vector. The number of elements mn n 1s equal to the number of
bins and the value of each element of n 1s the number of data points (frequency
count) in the corresponding bin.

An additional optional numerical output 1s the location of the bins. This out-
put can be obtained with one of the following commands:

[[n zout]=hist (y) | [[n xout]=hist (y,nbins)]

o1t 1s a vector in which the value of each element 1s the location of the center of
the corresponding bin.



Histogram (cont’d)

»>> n = hist(y)

The vector n shows how may
elements are in each bin.

2 3 2 7 3 6 0 3 o0 4

The vector n shows that the first bin has 2 data points. the second bin has 3 data
points. and so on.

»2> [n xout]l=hist(y)

Inn =

2 3 2 7 3 6 0 3 0 4

xout =
50.2500 54 . 7500 59_2500 63.7500 68.2500 72.7500

77.2500 81.7500 86.2500 90.7500

The vector xout shows that the center of the first bin 1s at 50.25. the center of the
second bin 1s at 54.75 and so on.



Polar plots

Polar coordinates. i which the position of a pomt mn a
plane 1s defined by the angle 6 and the radius (distance) to
the point. are frequently used in the solution of science and
engineering problems. The polar command 1s used to
plot functions in polar coordmates. The command has the
form:

polar (theta, radius, ‘line Specifiera“}]
| | (Optional) Specifiers that
Vector Vector define the type and color of
the line and markers.

where theta and radius are vectors whose elements define the coordinates of
the points to be plotted. The polar command plots the pomnts and draws the
polar grid. The line specifiers are the same as in the plot command.



Polar plots (cont’d)

>> t=linspace(0,2*pi,200);

>> r=3%*cos(0.5*t).A2+t;
>> polar(t,r)

r‘ Figure 1
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Multiple plots on the same figure

Multiple plots on the same page can be created with the subplot command.,
which has the form:

[ subplot (m, n, p}]

The command divides the Figure Window
(page when printed) mto m x n rectangular sub-
plots where plots will be created. The subplots are (3.2.1) (3.2.2
arranged like elements 1 a m » n matrix where
each element 1s a subplot. The subplots are num-

- 3.2.3 2.4
bered from 1 through m - 7. The upper left 1s 1 { ) (3.2.4)
and the lower right is the number m - #. The num-
bers mcrease from left to right within a row. from (3.2.5) (3.2.6)

the first row to the last. The command sub-
plot (m,n,p) makes the subplot p current.
This means that the next plot command (and any
formatting commands) will create a plot (with the corresponding format) in this
subplot. For example. the command subplot (3, 2, 1) creates 6 areas arranged
m 3 rows and 2 columns as shown. and makes the upper left subplot current.




Multiple figures

* When the plot or any other command that
generates a plot is executed, the Figure Window
opens (if not already open) and displays the plot.
MATLAB labels the Figure Window as Figure 1
(see the top left corner of the Figure Window that
is displayed in previous examples). If the Figure
Window is already open when the plot or any
other command that makes a plot is executed, a
new plot is displayed in the Figure Window that is
already open (replacing the existing plot).
Commands that format plots are applied to the
plot in the Figure Window that is open.



Multiple figures (cont’d)

* |tis possible, however, to open additional Figure
Windows and have several of them open (with
plots) at the same time. This is done by typing the
command figure. Every time the command figure
is entered, MATLAB opens a new Figure Window.
If a command that creates a plot is entered after
a figure command, MATLAB generates and
displays the new plot in the last Figure Window
that was opened, which is called the active or
current window. MATLAB labels the new Figure
Windows successively; i.e., Figure 2, Figure 3, and
SO on.




Multiple figures (cont’d)

>> fplot('x*cos(x)',[0,10])

( Plot displayed i Figure 1 \deow.]
[ Figure 2 Window opens.]
>> fplot('exp(-0.2*x)*cos(x) ', [0,10]) [Plot displayed in Figure 2 \deow.]

>> figure
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The figure command can also have an mput argument that 1s a number
(integer) £igure (n). The number corresponds to the number of a correspond-
g Figure Window. When the command i1s executed. Figure Window number n
becomes the active Figure Window (if a Figure Window with this number does
not exist. a new window with this number opens).

Figure Windows can be closed with the close commmand. Several forms of
the command are:
close closes the active Figure Window.
close (n) closes the nth Figure Window.
close all closes all Figure Windows that are open.



Laboratory Session

Do both examples in this presentation and
sample applications in Chapter 5 of the
textbook.



Homework #7

Not later than the next week:

Solve problems 1, 4, 8, 10, 13, 15, and 19 from the
Chapter 5 of the textbook using Matlab.



