












Any time the mouse is over the area of the plot, the center of the lines will follow it (without a

click). Consult the documentation for MousePosition for further detail.

It  is  important  to  remember  also  that  Manipulate  is  not  the  only  way  of  creating  interactive

user  interfaces  in  Mathematica.  Manipulate  is  intended to  be  a  simple,  yet  powerful,  tool  for

defining user interfaces at a very high level. But when you reach the limits of what it is capable

of  doing,  either  in  terms  of  control  layout,  updating  behavior,  or  interaction  with  external

systems, it is always possible (and often not terribly difficult) to drop to a lower level of inter-

face programming using functions such as Dynamic and EventHandler.

Dynamic Objects in the Control Area

We saw in  "Introduction  to  Manipulate"  that  it  is  possible  to  add a  variety  of  elements  to  the

control area of a Manipulate, for example titles and delimiters, as in this example.

Manipulate@ParametricPlot@8a1 Sin@n1 Hx + p1LD, a2 Cos@n2 Hx + p2LD<,
8x, 0, 20 Pi<, PlotRange Ø 1, PerformanceGoal Ø "Quality"D,

Style@"Horizontal", 12, BoldD, 88n1, 1, "Frequency"<, 1, 4<,
88a1, 1, "Amplitude"<, 0, 1<, 88p1, 0, "Phase"<, 0, 2 Pi<,
Delimiter, Style@"Vertical", 12, BoldD, 88n2, 5 ê 4, "Frequency"<, 1, 4<,
88a2, 1, "Amplitude"<, 0, 1<, 88p2, 0, "Phase"<, 0, 2 Pi<, ControlPlacement Ø LeftD

Horizontal
Frequency

Amplitude

Phase

Vertical
Frequency

Amplitude

Phase

-1.0 -0.5 0.5 1.0

-1.0

-0.5

0.5

1.0

There is in fact virtually no limit  to what can be put into the controls area, including arbitrary

formatting constructs and dynamic objects, even controls that are not part of the Manipulate's

control  specifications.  Anything  placed  in  the  variables  sequence  that  is  either  a  string  or  has

head Dynamic, Style, or ExpressionCell will automatically be interpreted as an annotation to

be inserted in the controls area.
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There is in fact virtually no limit  to what can be put into the controls area, including arbitrary

formatting constructs and dynamic objects, even controls that are not part of the Manipulate's

control  specifications.  Anything  placed  in  the  variables  sequence  that  is  either  a  string  or  has

head Dynamic, Style, or ExpressionCell will automatically be interpreted as an annotation to

be inserted in the controls area.

You might want to read "Introduction to Dynamic" before finishing this section, as we refer to

the use of explicit Dynamic expressions, which are not explained in this tutorial.

Suppose you want to show plots of  the individual  x  and y  sine functions that combine to form

the Lissajous figure. You could do this by putting all three functions into the output area, using

Grid to lay them out.

Manipulate@
Grid@8

8Plot@a2 Sin@n2 Hx + p2LD, 8x, 0, 2 Pi<, AspectRatio Ø 1, PlotRange Ø 1D,
ParametricPlot@8a1 Sin@n1 Hx + p1LD, a2 Cos@n2 Hx + p2LD<,
8x, 0, 20 Pi<, PlotRange Ø 1, PerformanceGoal Ø "Quality"D<,

8Null, ParametricPlot@8a1 Sin@n1 Hx + p1LD, x<, 8x, 0, 2 Pi<,
AspectRatio Ø 1, PlotRange Ø 88-1, 1<, 80, 2 Pi<<D<

<D,
88n1, 1, "Frequency"<, 1, 4<,
88a1, 1, "Amplitude"<, 0, 1<,
88p1, 0, "Phase"<, 0, 2 Pi<,
Delimiter,
88n2, 5 ê 4, "Frequency"<, 1, 4<,
88a2, 1, "Amplitude"<, 0, 1<,
88p2, 0, "Phase"<, 0, 2 Pi<, ControlPlacement Ø LeftD
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There is in fact a lot to be said for this presentation. But suppose you instead want to leave the

main output area as it is, with a large, prominent presentation of the Lissajous figure itself, and

show the individual sine functions only much smaller,  in association with the controls for each

direction. You can do this by placing a dynamic plot object into the controls area, as follows.
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There is in fact a lot to be said for this presentation. But suppose you instead want to leave the

main output area as it is, with a large, prominent presentation of the Lissajous figure itself, and

show the individual sine functions only much smaller,  in association with the controls for each

direction. You can do this by placing a dynamic plot object into the controls area, as follows.

Manipulate@
ParametricPlot@8a1 Sin@n1 Hx + p1LD, a2 Cos@n2 Hx + p2LD<,
8x, 0, 20 Pi<, PlotRange Ø 1, PerformanceGoal Ø "Quality"D,

88n1, 1, "Frequency"<, 1, 4<,
88a1, 1, "Amplitude"<, 0, 1<,
88p1, 0, "Phase"<, 0, 2 Pi<,
Dynamic@ParametricPlot@8a1 Sin@n1 Hx + p1LD, x<, 8x, 0, 2 Pi<,

ImageSize Ø 100, AspectRatio Ø 1, PlotRange Ø 88-1, 1<, 80, 2 Pi<<DD,
Delimiter,
88n2, 5 ê 4, "Frequency"<, 1, 4<,
88a2, 1, "Amplitude"<, 0, 1<,
88p2, 0, "Phase"<, 0, 2 Pi<,
Dynamic@Plot@a2 Sin@n2 Hx + p2LD, 8x, 0, 2 Pi<, ImageSize Ø 100,

AspectRatio Ø 1, PlotRange Ø 1DD, ControlPlacement Ø LeftD
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Just as the headings in the example at the start of this section were mixed in with the controls

simply by listing them in the variable specifications sequence, here we have placed dynamically

updated plots in the variable specification sequence. Dynamic is used explicitly in these subplots

so that they will update when the controls are moved. (The main output area does not need an

explicit Dynamic because Manipulate automatically wraps Dynamic around its first argument.)

It is worth briefly discussing here why it is that an example like this can just work. The reason

is that the output of Manipulate  is not a special, fixed object that just connects a set of con-

trols  with  a  single  output  area.  Instead,  the  output  of  Manipulate  is  built  up  using  the  same

formatting, layout, user interface, and dynamic interactivity features that can be accessed at a

lower level using the techniques discussed in "Introduction to Dynamic" (which in fact includes

an  example  of  how  to  build  up  a  simple  version  of  Manipulate  by  hand).  In  some  ways  the

relationship between Manipulate  and the lower level interactive features is like the relationship

between Plot and Graphics. The result of evaluating a high-level Plot command is a low-level

Graphics  object,  and  if  Plot  is  not  able  to  generate  the  specific  graphic  you  want,  you  are

always free to use Graphics  directly. You can use the Prolog and Epilog options to add arbi-

trary graphical elements to a Plot. Furthermore there is no graphical output you can get using

Plot that you cannot get using Graphics. Plot has no special access to any features in Mathe-

matica unavailable at the lower level.
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It is worth briefly discussing here why it is that an example like this can just work. The reason

is that the output of Manipulate  is not a special, fixed object that just connects a set of con-

trols  with  a  single  output  area.  Instead,  the  output  of  Manipulate  is  built  up  using  the  same

formatting, layout, user interface, and dynamic interactivity features that can be accessed at a

lower level using the techniques discussed in "Introduction to Dynamic" (which in fact includes

an  example  of  how  to  build  up  a  simple  version  of  Manipulate  by  hand).  In  some  ways  the

relationship between Manipulate  and the lower level interactive features is like the relationship

between Plot and Graphics. The result of evaluating a high-level Plot command is a low-level

Graphics  object,  and  if  Plot  is  not  able  to  generate  the  specific  graphic  you  want,  you  are

always free to use Graphics  directly. You can use the Prolog and Epilog options to add arbi-

trary graphical elements to a Plot. Furthermore there is no graphical output you can get using

Plot that you cannot get using Graphics. Plot has no special access to any features in Mathe-

matica unavailable at the lower level.

Likewise, Manipulate  does not have any special access to features unavailable with lower level

functions: there is nothing you can do with Manipulate  that you cannot do with Dynamic, it is

just a higher-level, more convenient function for building a certain style of interface.

So  when  you  use  dynamic  objects  in  the  control  labels,  as  in  the  example  above,  you're  just

adding a couple more Dynamic  objects to the already fairly complex set of Panel  objects, Grid

objects,  Dynamic  objects,  and  DynamicModule  objects  that  constitutes  the  output  of  a

Manipulate command. There is nothing really different there, just more of it, so it should come

as no surprise that the new dynamic elements interoperate smoothly with the others.

Although it is not always sensible to do so, it is possible to build completely arbitrary interactive

dynamic user interfaces entirely in the controls area of a Manipulate.

Custom Control Appearances

You might  want  to  read  "Introduction  to  Dynamic"  before  reading  this  section,  as  we refer  to

the use of explicit Dynamic expressions, which are not explained in this tutorial.

Suppose you want to use a type of  control  that  is  not  supported by Manipulate,  for  example

one you have built yourself using graphics and dynamics. Here is a block of code that defines a

custom  style  of  slider,  one  that  shows  its  value  at  the  thumb  position.  Do  not  worry  about

understanding  the  details  of  how this  code  works,  though it  is  not  overly  complicated  beyond

the details of drawing the desired elements in the right places.
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In[1]:= ValueThumbSlider@v_D := ValueThumbSlider@v, 80, 1<D;
ValueThumbSlider@Dynamic@var_D, 8min_, max_<, options___D :=

LocatorPane@Dynamic@If@! NumberQ@varD, var = minD; 8var, 0<, Hvar = First@ÒDL &D,
Graphics@8AbsoluteThickness@1.5D, Line@88min, 0<, 8max, 0<<D,

Dynamic@8Text@var, 8var, 0<, 80, -1<D, Polygon@8Offset@80, -1<, 8var, 0<D,
Offset@8-5, -8<, 8var, 0<D, Offset@85, -8<, 8var, 0<D<D<D<,

ImageSize Ø 8300, 30<, PlotRange Ø 88min, max< + 0.1 8-1, 1< Hmax - minL, 8-1, 1<<,
AspectRatio Ø 1 ê 10D,

88min, 0<, 8max, 0<<, Appearance Ø NoneD;

Here  is  an  example  of  what  this  new  control  looks  like:  click  anywhere  to  move  the  thumb

around, just like with a normal slider.

In[3]:= ValueThumbSlider@Dynamic@xxD, 80, 10<D

Out[3]= 0

To use a custom control in Manipulate, you include a pure function that is used to generate the

control  object  as  part  of  the  variable  specification.  As  long  as  your  function  conforms  to  the

convention used by all  the built-in control  functions, with the variable (inside Dynamic) as the

first  argument and the range as the second argument,  you can simply use the function name

and the appropriate arguments will  be passed to it automatically by Manipulate. Here we see

our custom control used in a simple Manipulate.

In[4]:= Manipulate@x, 8x, 0, 1, ValueThumbSlider@ÒÒD &<D

Out[4]=
x ValueThumbSlider@0, 80, 1<D

0

(The notation  ÒÒ  means  that  all  the  arguments  will  be  passed in  to  the  function,  not  just  the

first one.)

Note  that  if  you  supply  the  necessary  information  in  the  pure  function,  you  do  not  have  to

specify the min and max as part of the variable specification.

In[5]:= Manipulate@x, 8x, ValueThumbSlider@Ò, 80, 1<D &<D

Out[5]=
x ValueThumbSlider@0, 80, 1<D

0

However,  if  you  do  that,  then  Manipulate  is  not  aware  of  the  range you chose  to  use  in  the

slider, which means that the very nice Autorun feature (as described in the documentation for

Manipulate)  cannot  work.  So  generally  it  is  a  good  idea  to  include  the  range  in  the  variable

specification, and let the control function inherit it.
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However,  if  you  do  that,  then  Manipulate  is  not  aware  of  the  range you chose  to  use  in  the

slider, which means that the very nice Autorun feature (as described in the documentation for

Manipulate)  cannot  work.  So  generally  it  is  a  good  idea  to  include  the  range  in  the  variable

specification, and let the control function inherit it.

Naturally it is possible to combine standard and custom controls freely; here we use two of our

new sliders together with a SetterBar supplied automatically by Manipulate.

In[6]:= Manipulate@Plot@Sin@n1 xD + Sin@n2 xD, 8x, 0, 2 Pi<, Filling Ø filling, PlotRange Ø 2D,
8n1, 1, 20, ValueThumbSlider@ÒÒD &<,
8n2, 1, 20, ValueThumbSlider@ÒÒD &<,
8filling, 8None, Axis, Top, Bottom<<D

Out[6]=

n1 ValueThumbSlider@1, 81, 20<D
n2 ValueThumbSlider@1, 81, 20<D

filling None Axis Top Bottom

1 2 3 4 5 6

-2

-1

1

2

It is also possible to combine custom controls with other dynamic elements in the controls area

(discussed in the previous section).
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In[7]:= Manipulate@
ParametricPlot@8a1 Sin@n1 Hx + p1LD, a2 Cos@n2 Hx + p2LD<,
8x, 0, 20 Pi<, PlotRange Ø 1, PerformanceGoal Ø "Quality"D,

88n1, 1<, 1, 4, ValueThumbSlider@ÒÒD &<,
88a1, 1<, 0, 1, ValueThumbSlider@ÒÒD &<,
88p1, 0<, 0, 2 Pi, ValueThumbSlider@ÒÒD &<,
Dynamic@ParametricPlot@8a1 Sin@n1 Hx + p1LD, x<, 8x, 0, 2 Pi<,

ImageSize Ø 100, AspectRatio Ø 1, PlotRange Ø 88-1, 1<, 80, 2 Pi<<DD,
Delimiter,
88n2, 5 ê 4.<, 1, 4, ValueThumbSlider@ÒÒD &<,
88a2, 1<, 0, 1, ValueThumbSlider@ÒÒD &<,
88p2, 0<, 0, 2 Pi, ValueThumbSlider@ÒÒD &<,
Dynamic@Plot@a2 Sin@n2 Hx + p2LD, 8x, 0, 2 Pi<, ImageSize Ø 100,

AspectRatio Ø 1, PlotRange Ø 1DD, ControlPlacement Ø LeftD

Out[7]=

n1 ValueThumbSlider@1, 81, 4<D
a1 ValueThumbSlider@1, 80, 1<D
p1 ValueThumbSlider@0, 80, 2 p<D
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n2 ValueThumbSlider@1.25, 81, 4<D
a2 ValueThumbSlider@1, 80, 1<D
p2 ValueThumbSlider@0, 80, 2 p<D
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This example should give some idea of  how far Manipulate  can be pushed to create complex

interfaces. However, it is important to remember that Manipulate  is not the only way to create

interfaces  in  Mathematica.  "Introduction  to  Dynamic"  provides  further  information  and  exam-

ples  showing  how  to  create  free-form  interfaces  not  restricted  to  the  model  provided  by

Manipulate.

One of the nice things about building an interface like this inside Manipulate  is that it lets you

use Autorun  (click the plus icon in the top right corner of the panel and choose Autorun) to

put the example through its  paces,  varying each variable according to a sensible interpolating

pattern.

On the other  hand,  Manipulate  restricts  you to  a  certain  set  of  layouts  and behaviors  which,

while very flexible and expandable, are still fixed compared to what is possible using the lower

level features described in "Introduction to Dynamic".
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Generalized Input

The fundamental paradigm of most computer languages, including Mathematica, is that input is

given and processed into output. Historically, such input has consisted of strings of letters and

numbers obeying a certain syntax. 

Evaluate this input line to generate a table of output.

In[1]:= Table@n!, 8n, 1, 10<D

Out[1]= 81, 2, 6, 24, 120, 720, 5040, 40320, 362880, 3628800<

Starting in Version 3, Mathematica has supported the use of two-dimensional typeset mathemati -

cal notations as input, freely mixed with textual input.

This also generates a table of output.

In[2]:= TableB
n + 3

n!
, 8n, 1, 10<F

Out[2]= :4,
5

2
, 1,

7

24
,

1

15
,

1

80
,

1

504
,

11

40320
,

1

30240
,

13

3628800
>

Starting with Version 6, a wide range of nontextual objects can be used as input just as easily,

and can be mixed with text or typeset notations. 

Evaluate the following input, then move the slider and evaluate it again to see a new result.

In[3]:= TableB

n +

n!
, 8n, 1, 10<F

Out[3]= :5, 3,
7

6
,
1

3
,

3

40
,

1

72
,

11

5040
,

1

3360
,

13

362880
,

1

259200
>

The "value" of this slider when it is given as input is determined by its position, in this case an

integer between 1 and 10. It  can be used anywhere in an input line that a textual  number or

variable name could be used.

How to create such controls is discussed in the next section, but it is worth noting first that in

many cases there are better alternatives to this kind of input.

Casting this example in the form of a Manipulate allows you to see the effect of moving the 
slider in real time.
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Casting this example in the form of a Manipulate allows you to see the effect of moving the 
slider in real time.

In[4]:= ManipulateBTableB
n + m

n!
, 8n, 1, 10<F, 8m, 1, 10, 1<F

Out[4]=

m

:5, 3,
7

6
,
1

3
,

3

40
,

1

72
,

11

5040
,

1

3360
,

13

362880
,

1

259200
>

But there are situations where using a control inside a traditional Shift+Return evaluated input

works better. Some cases are: if the evaluation is very slow, if you want complete flexibility in

editing  the  rest  of  the  input  line  around the  control(s),  or  if  the  point  of  the  code is  to  make

definitions  that  will  be  used  later,  and  the  controls  are  being  used  as  a  convenient  way  to

specify initial values.

For example, you might want to set up a color palette using ColorSetter  to initialize named 
colors that will be used in subsequent code.

In[5]:= edgeColor = ;

In[6]:= fillColor = ;

In[7]:= backgroundColor = BlendB: , >F;
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Click any color swatch to get a dialog allowing you to interactively choose a new color. These 
values can then be used in subsequent programming just as if they had been initialized with 
more traditional textually specified values.

In[8]:= Graphics@8
fillColor, EdgeForm@8AbsoluteThickness@2D, edgeColor<D,
Polygon@RandomReal@80, 1<, 85, 3, 2<DD<, Background Ø backgroundColorD

Out[8]=

These  color  swatches  provide  an  informative,  more  easily  edited  representation  of  the  colors

than would an expression consisting of numerical color values.

How to Create Inline Controls

The most flexible and powerful way to create anything in Mathematica is to evaluate a function

that returns it. 

These examples use Slider, but the same principles apply to any controls. Control Objects lists

all the available control objects.

You can create a slider by evaluating Slider@D.

In[9]:= Slider@D

Out[9]=

The  resulting  slider  object  can  be  copied  and  pasted  into  a  subsequent  input  cell  just  as  if  it

were any other  kind of  input.  (Or you can just  click  in  the output  cell  and start  typing,  which

will cause it to be converted automatically into an input cell.) 

Controls created this way are inert to evaluation.
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Controls created this way are inert to evaluation.

 For example, type 2+, then paste the previous slider after the + to create this input line, and 
then evaluate it.

In[10]:= 2 +

Out[10]= 2 +

When evaluated, the slider remains a slider, which is not wanted in this case (though it is very

useful  in  other  situations).  What  is  needed  instead  is  a  slider  that,  when  evaluated  as  input,

becomes the value it is set to, rather than a slider object. 

DynamicSetting@eD an object that displays as e, but is interpreted as the 
dynamically updated current setting of e upon evaluation

Object that evaluates into its current setting.

When DynamicSetting is wrapped around a slider and evaluated, the new slider looks identical

to the original one, but has the hidden property of evaluating into its current setting.

This displays the new slider.

In[11]:= DynamicSetting@Slider@DD

Out[11]=

If the new slider is copied and pasted into an input line, the act of evaluation transforms the 
slider into its current value (by default 0.5 if it has not been moved with the mouse).

In[12]:= 2 +

Out[12]= 2.5

The examples in the previous section were created using DynamicSetting in this way.

While  copying and pasting can be used very effectively to build  up input lines containing con-

trols,  it  is  often  most  convenient  to  use  Evaluate  in  Place  Ctrl+Shift+Enter

(Command+Return on Mac) to transform control  expressions in place, especially once you are

familiar with the commands that create controls. 
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Ctrl +Shift +Enter evaluate a selection "in place", replacing the selection with 
the output

Evaluating in place.

For example, enter the following input line.

In[13]:= 2 + DynamicSetting@Slider@DD

Out[13]= 2 +

Then, highlight the entire control expression. (Triple-clicking the word DynamicSetting is an 
especially quick way to do this.)

In[14]:= 2 + DynamicSetting@Slider@DDDynamicSetting@Slider@DD

Type Ctrl+Shift+Enter (Command+Return on Mac), and the control expression will be trans-
formed in place into an actual control. (Note that Ctrl+Shift+Enter is not the normal Shift+Enter 
used for evaluating input.)

In[14]:= 2 +

Evaluating the input cell with Shift+Return will then give the desired result.

In[15]:= 2 +

Out[15]= 2.5

All the arguments of Slider can be used to change the initial value, range, and step size.

Start with this input expression.

In[16]:= ExpandAH1 + xLDynamicSettingASlider@5,81,50,1<DEE

Out[16]= H1 + xL

Then evaluate in place (Ctrl+Shift+Enter) to transform the text command into a slider.

In[17]:= ExpandBH1 + xL F

Out[17]= 1 + 5 x + 10 x2 + 10 x3 + 5 x4 + x5
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Of course, this works with other kinds of controls as well. 

In[18]:= ExpandAH1 + xLDynamicSettingAPopupMenuA5,TableAi,9i,50=EEEE

Out[18]= H1 + xL
5

This is the result after evaluating in place.

In[19]:= ExpandBH1 + xL
5

F

Out[19]= 1 + 5 x + 10 x2 + 10 x3 + 5 x4 + x5

Note  that  the  control  expressions  do  not  contain  a  dynamic  reference  to  a  variable  as  they

normally  would  (see  "Introduction  to  Dynamic").  Controls  used  in  input  expressions  as

described here  are  static,  inert  objects,  much like  a  textual  command.  They are  not  linked to

each other, and nothing happens when you move one, except that it moves. Basically they are

simply recording their current state, for use when you evaluate the input line. 

Complex Templates in Input Expressions

It is possible to use whole panels containing multiple controls in input expressions. Constructing

such  panels  is  more  complex  than  simply  wrapping  DynamicSetting  around  a  single  control,

because you have to specify how the various control values should be assembled into the value

returned when the template is evaluated. 

The function Interpretation is used to assemble a self-contained input template object, which

may contain many internal parts that interact with each other through dynamic variables. The

arguments are Interpretation@variables, body, returnvalueD.

The first argument gives a list of local variables with optional initializers in the same format as

Module  or  DynamicModule.  (In  fact,  Interpretation  creates  a  DynamicModule  in  the  output.

See "Introduction to Dynamic".)

The  second  argument  is  typeset  to  become  the  displayed  form  of  the  interpretation  object.

Typically it contains formatting constructs and controls with dynamic references to the variables

defined in the first argument.
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The third argument is the expression that will be used as the value of the interpretation object

when it is given as input. Typically this is an expression involving the variables listed in the first

argument.

Interpretation@e,exprD an object which displays as e, but is interpreted as the 
unevaluated form of expr if supplied as input

Interpretation@
8x=x0,y=y0,…<,e,exprD

allows local variables in e and expr

Object that displays as one expression and evaluates as another.

Evaluating the following input cell creates an output cell containing a template for the Plot 
command.

In[20]:= Interpretation@8f = Sin@xD, min = 0, max = 2 Pi<,
Panel@Grid@8

8Style@"Plot", BoldD, SpanFromLeft<,
8"Function:", InputField@Dynamic@fDD<,
8"Min:", InputField@Dynamic@minDD<, 8"Max:", InputField@Dynamic@maxDD<<DD,

Plot@f, 8x, min, max<DD

Out[20]=

Plot

Function: Sin@xD

Min: 0

Max: 2 p

This template can be copied and pasted into an input cell, and the values edited as you like. 
Shift+Return evaluation of the input cell generates a plot.

In[21]:=

Plot

Function: Cos@xD

Min: 0

Max: 4 p

Out[21]=

In the following more sophisticated example, the variable definite is used to communicate 
between the controls in the template, dimming the min and max value fields when indefinite 
integration is selected.
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In the following more sophisticated example, the variable definite is used to communicate 
between the controls in the template, dimming the min and max value fields when indefinite 
integration is selected.

In[1]:= InterpretationA9f = x2, var = x, definite = False, min = a, max = b=, Panel@Grid@8
8Style@"Integrate", BoldD, SpanFromLeft<,
8"Function:",
InputField@Dynamic@fD, FieldSize Ø 8820, Infinity<, 81, Infinity<<D<,

8"Variable:", InputField@Dynamic@varDD<,
8Row@8Checkbox@Dynamic@definiteDD, "Definite integral"<D, SpanFromLeft<,
8"Min:", InputField@Dynamic@minD, Enabled Ø Dynamic@definiteDD<,
8"Max:", InputField@Dynamic@maxD, Enabled Ø Dynamic@definiteDD<<DD,

If@definite, Integrate@f, 8var, min, max<D, Integrate@f, varDDE

Out[1]=

Integrate

Function: x2

Variable: x

Definite integral

Min: a

Max: b

This copy of the previous template gives the integral upon evaluation.

In[23]:=

Integrate

Function: x3

Variable: x

Definite integral

Min: a

Max: b

Out[23]=
x4

4
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As with the single controls in earlier sections, these input templates can be copied and pasted

into new input cells, and they can be freely intermixed with textual input.

To test the result of integration, wrap the template with D to take the derivative and verify that 
the result is the same as the starting point.

In[24]:= DB

Integrate

Function: x2

Variable: x

Definite integral

Min: a

Max: b

, xF

Out[24]= x2

These examples are fairly  generic:  they look like dialog boxes in  a  lot  of  programs.  But  there

are  some  important  differences.  For  example,  note  the  x2  in  the  input  field.  Input  fields  in

Mathematica  may  look  like  those  in  other  programs,  but  the  contents  can  be  any  arbitrary

typeset mathematics, or even graphics or other controls. (See the next section to learn how to

write templates that can be nested inside each other.)

Mathematica templates (and dialog boxes) are also not restricted to using a regular grid of text

fields.

Here is a simple definite integration template laid out typographically.

In[25]:= InterpretationA9f = x2, var = x, min = a, max = b=, PanelARowA9

UnderoverscriptAStyleA"Ÿ", 36E,
InputField@min, FieldSize Ø TinyD, InputField@max, FieldSize Ø TinyDE,

InputField@f, FieldSize Ø 8810, Infinity<, 81, Infinity<<D,
" „ ", InputField@var, FieldSize Ø TinyD=EE,

Integrate@f, 8var, min, max<DE

Out[25]= Ÿ
a

b

x2 „ x

Note that you do not need a template to evaluate integrals; they can be entered as plain 
typeset math formulas using keyboard shortcuts (as described in "Entering Two-Dimensional 
Expressions") or the Basic Input palette.
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Note that you do not need a template to evaluate integrals; they can be entered as plain 
typeset math formulas using keyboard shortcuts (as described in "Entering Two-Dimensional 
Expressions") or the Basic Input palette.

In[26]:= ‡
a

b
x2 „x

Out[26]= -
a3

3
+
b3

3

Whether it is useful to make a template like this or not depends on many things, but the impor-

tant point is that in Mathematica the full range of formatting constructs, including text, typeset

math, and graphics, is available both inside and around input fields and templates.

Advanced Topic: Dealing with Premature Evaluation 
in Templates

Templates  defined  like  those  in  the  previous  section  do  not  work  as  you  might  hope  if  the

variables  given  in  initializers  already  have  other  values  assigned  to  them (for  example,  if  the

variable  x  has  a  value  in  the  previous  section),  or  if  template  structures  are  pasted  into  the

input fields. To deal with evaluation issues correctly, it is necessary to use InputField  objects

that  store  their  values  in  the  form  of  unparsed  box  structures  rather  than  expressions.  (Box

structures  are  like  strings  in  the sense that  they represent  any possible  displayable  structure,

whether it is a legal Mathematica input expression or not.)

This defines a template.

In[27]:= InterpretationA9
f = MakeBoxesAx2E,
var = MakeBoxes@xD,
definite = False,
min = MakeBoxes@aD,
max = MakeBoxes@bD=,

Panel@Grid@8
8Style@"Integrate", BoldD, SpanFromLeft<,
8"Function:",
InputField@Dynamic@fD, Boxes, FieldSize Ø 8820, Infinity<, 81, Infinity<<D<,

8"Variable:", InputField@Dynamic@varD, BoxesD<,
8Row@8Checkbox@Dynamic@definiteDD, "Definite integral"<D, SpanFromLeft<,
8"Min:", InputField@Dynamic@minD, Boxes, Enabled Ø Dynamic@definiteDD<,
8"Max:", InputField@Dynamic@maxD, Boxes, Enabled Ø Dynamic@definiteDD<<DD,

With@8f = ToExpression@fD, var = ToExpression@varD,
min = ToExpression@minD, max = ToExpression@maxD<,

If@definite, Integrate@f, 8var, min, max<D, Integrate@f, varDDDE
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Out[27]=

Integrate

Function: x2

Variable: x

Definite integral

Min: a

Max: b

This copy of the previous template gives the integral upon evaluation.

In[28]:=

Integrate

Function: x2

Variable: x

Definite integral

Min: a

Max: b

Out[28]=
x3

3

This template will work properly even under what might be considered abuse. For example, you 
can nest it repeatedly to integrate a function several times.

In[29]:=

Integrate

Function: x2

Variable: x

Definite integral

Min: a

Max: b

Out[29]=
x3

3

Note how the InputField  grows automatically to accommodate larger contents. (This behavior

is controlled by the FieldSize option.)
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Note how the InputField  grows automatically to accommodate larger contents. (This behavior

is controlled by the FieldSize option.)

The typographic template can also be made robust to evaluation.

In[30]:= InterpretationA9
f = MakeBoxesAx2E,
var = MakeBoxes@xD,
definite = False,
min = MakeBoxes@aD,
max = MakeBoxes@bD=, PanelARowA9

UnderoverscriptAStyleA"Ÿ", 36E,
InputField@min, Boxes, FieldSize Ø TinyD,
InputField@max, Boxes, FieldSize Ø TinyDE,

InputField@f, Boxes, FieldSize Ø 8810, Infinity<, 81, Infinity<<D,
" „ ", InputField@var, Boxes, FieldSize Ø TinyD=EE,

With@8f = ToExpression@fD, var = ToExpression@varD, min = ToExpression@minD,
max = ToExpression@maxD<, Integrate@f, 8var, min, max<DDE

Out[30]= Ÿ
a

b

x2 „ x

And it can be nested, though this kind of thing can easily get out of hand, so it is probably more 
fun than useful.

In[31]:= Ÿ
a

b

x2 „ x

Out[31]= -
a3

3
+
b3

3
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Graphics as Input

Graphic objects, including the output of Graphics, Graphics3D, plotting commands, and graph-

ics  imported from external  image files,  can all  be used as input  and freely mixed with textual

input. There are no arbitrary limitations in the mixing of graphics, controls, typeset mathemat-

ics, and text.

Evaluate a simple plot command.

In[32]:= Plot@Sin@xD, 8x, 0, 2 Pi<D

Out[32]=

Then click to place the insertion point just to the left of the plot and type "Table@". 

In[33]:= TableB
1 2 3 4 5 6

-1.0

-0.5

0.5

1.0
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Complete the command by clicking and typing to the right of the plot, then evaluating.

In[2]:= TableB
1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

, 85<F

Out[2]=

Notice how the plot appears in several different sizes depending on its context. There are three

standard automatic plot sizes, the largest if the plot is by itself in an output, smaller if used in a

list or table output, and smallest if in a textual input line. This is mainly a convenience to make

graphical input less bulky. You are always free to resize the graphic by clicking it and using the

resize handles, or by including an explicit ImageSize option.

You can import a bitmap image from a file.

In[29]:= Import@"ExampleDataêpeacock.tif"D

Out[29]=
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Then copy/paste this into an input cell to do simple image processing on it.

In[30]:= ê. HoldPattern@Image@coords_, rest___DD ß Image@255 - coords, restD

Out[30]=

The ability to use graphics as input allows for remarkably rich input, as in this simple 
Manipulate example.

In[32]:= ManipulateB ê. HoldPattern@Image@coords_, rest___DD ß

Image@Map@Mod@Ò, 256D &, coords + i, 83<D, restD, 8i, 0, 255, 1<F

Out[32]=

i
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Views

Mathematica supports a variety of objects that can be used to organize and display information

in output. Known collectively as views, these objects range from the simple OpenerView  to the

complex and versatile TabView.

All  have in common that they take a first  argument containing a list  of  expressions to be dis-

played as separate panes in the view, and an optional second argument to determine which one

should be displayed at the moment. All  provide a user interface allowing you to change which

pane is displayed: they are intended as interactive data-viewers.

The individual views are described first, then options and techniques common to all or most of

them.

OpenerView

OpenerView  allows  you  to  open  and  close  a  pane  containing  an  arbitrary  expression.

OpenerView  is always given a list of two elements: the first element becomes the title (always

visible) and the second becomes the contents that are revealed by clicking the disclosure trian-

gle. In this example, click the triangle to reveal the word "Contents".

In[1]:= OpenerView@8"Title", "Contents"<D

Out[1]= Title

This control  can be used to create objects that mimic the way disclosure triangles are used in

other applications, for example, in the Finder (Macintosh) or Explorer (Windows). Typically the

second element is bigger than the first, as in this example.

In[2]:= OpenerView@8"Plot", Plot@Sin@xD, 8x, 0, 2 Pi<D<D

Out[2]= Plot
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A column or grid of more than one OpenerView  objects lets you browse a large amount of data

in a compact format.

In[3]:= Column@
Map@OpenerView@8Ò, DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD<D &,
CountryData@"GroupOf8"DDD

Out[3]=

Canada

France

1970 1980 1990 2000
0

5.0µ 1011

1.0µ 1012

1.5µ 1012

2.0µ 1012

Germany

Italy

Japan

Russia

UnitedKingdom

UnitedStates

The title is not limited to being a plain string: any arbitrary typeset expression or graphic can

be used. Here, for example, is an outline of the country with its name as the title line.
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In[4]:= Column@Map@
OpenerView@8Row@8Rasterize@Show@CountryData@Ò, "Shape"D, ImageSize Ø 840, 40<D,

Background Ø NoneD, Ò<D, DateListPlot@
CountryData@Ò, 88"GDP"<, 81970, 2005<<DD<D &, CountryData@"GroupOf8"DDD

Out[4]=

Canada

France

Germany

Italy

Japan

1970 1980 1990 2000
0

1µ 1012

2µ 1012

3µ 1012

4µ 1012

5µ 1012

Russia

UnitedKingdom

UnitedStates

One advantage of a column like this over a TabView, for example, is that you can have two or

more panes open at once, while other views typically let you see only one pane at a time.

Like other Views, OpenerView  can be nested arbitrarily deeply. This example turns any expres-

sion into a nested tree of openers in which the closed state is the head of the expression and

the open state is a column of openers for each argument.

In[5]:= OpenerTree@expr_D := OpenerView@
8OpenerTree@Head@exprDD, Column@Map@OpenerTree, Apply@List, exprDDD<D;

OpenerTree@expr_D := expr ê; HLength@exprD === 0L
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Here is a simple application shown with all the openers in the open state.

In[7]:= OpenerTree@Ha + bL Hc + dLD

Out[7]= Times

Plus

a
b

Plus

c
d

Here is a more deeply nested application with just a few opened.

In[8]:= OpenerTree@Integrate@1 ê H1 - x^9L, xDD

Out[8]= Times

1

18

Plus

Times

Times

Times

Log

Plus

1
x

Power

x
2

Times

Times

Times

Times

Times

For more information and a detailed listing of options, see OpenerView.

TabView

TabView  is a rich object capable of creating surprisingly interesting user interfaces. Given a list

of expressions, it  returns a panel with a row of tabs that allow you to look at the expressions

one at a time.
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By  default,  the  tabs  are  numbered  sequentially.  In  the  output  below,  click  the  tabs  to  flip

between panes.

In[9]:= TabView@840!, Plot@Sin@xD, 8x, 0, 2 Pi<D, Factor@x^14 - 1D<D

Out[9]=

H-1 + xL H1 + xL I1 - x + x2 - x3 + x4 - x5 + x6M I1 + x + x2 + x3 + x4 + x5 + x6M

1 2 3

More descriptive tab labels can be added using the form label -> contents.

In[10]:= TabView@8"Factorial" Ø 40!,
"Plot" Ø Plot@Sin@xD, 8x, 0, 2 Pi<D, "Factor" Ø Factor@x^14 - 1D<D

Out[10]=

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

Factorial Plot Factor
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The contents can of course be programmatically generated. Here a Table  command is used to

generate ten different plots.

In[11]:= TabView@Table@Plot@Sin@n xD, 8x, 0, 2 Pi<D, 8n, 10<DD

Out[11]=

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

1 2 3 4 5 6 7 8 9 10

The tab labels are not restricted to simple strings. Here typeset mathematical  expressions are

used as tab labels.

In[10]:= TabView@
HHoldForm@Integrate@1 ê H1 - x^ÒL, xDD Ø Integrate@1 ê H1 - x^ÒL, xDL & êü Range@6DD

Out[10]=

-Log@1 - xD

‡
1

1-x1
„x ‡

1

1-x2
„x ‡

1

1-x3
„x ‡

1

1-x4
„x ‡

1

1-x5
„x ‡

1

1-x6
„x
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This example uses the shapes of countries as tab labels, with a plot of each country's GDP in its

pane.

In[13]:= TabView@Rasterize@Show@CountryData@Ò, "Shape"D, ImageSize Ø 840, 40<D,
Background Ø NoneD Ø DateListPlot@
CountryData@Ò, 88"GDP"<, 81970, 2005<<DD & êü CountryData@"GroupOf8"DD

Out[13]=

1970 1980 1990 2000
0

1µ 1012

2µ 1012

3µ 1012

4µ 1012

5µ 1012

When  arranged  across  the  top,  tab  labels  need  to  be  kept  reasonably  short.  The

ControlPlacement option can be used to move the tabs to any side of the panel.

In[14]:= TabView@
Row@8Rasterize@Show@CountryData@Ò, "Shape"D, ImageSize Ø 840, 40<D, Background Ø

NoneD, Ò<D Ø DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD & êü
CountryData@"GroupOf8"D, ControlPlacement Ø LeftD
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Out[14]=

1970 1980 1990 2000
0

1µ 1012

2µ 1012

3µ 1012

4µ 1012

5µ 1012
Canada

France

Germany

Italy

Japan

Russia

UnitedKingdom

UnitedStates

The fact that tab labels can be absolutely anything, including typeset expressions, graphics, and

dynamic output, makes TabView  considerably more flexible than you might at first think. Here,

for example, is a TabView  where each pane includes a slider that allows you to adjust the label

of  the  tab  for  that  pane.  (Dynamic  and  DynamicModule  are  explained  in  "Introduction  to

Dynamic".)
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In[15]:= DynamicModule@8values = RandomInteger@80, 100<, 810<D<, TabView@Table@With@8i = i<,
Dynamic@values@@iDDD Ø Slider@Dynamic@values@@iDDD, 81, 100, 1<DD, 8i, 10<DDD

Out[15]=

49 90 3 79 57 88 53 64 5 18

The  "Controlling  the  Currently  Displayed  Pane"  section  contains  further  examples  of  dynamic

tab labels.

TabView objects can be nested to arbitrary depth, allowing very large amounts of content to be

presented  in  compact  form.  Here,  for  example,  is  a  copy  of  the  Mathematica  Preferences

dialog box, which is implemented as a set of nested TabView  objects. The fact that a complex

dialog box like this can be copied and pasted into a document without loss of functionality is an

example of the power of Mathematica's symbolic dynamic interface technology.

Note  that  this  is  a  fully  functional  copy,  so  if  you  change  anything  here  it  will  in

fact immediately change your preference settings. 
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Out[29]=

User Interface Settings

Language for menus and dialog boxes: English

HLanguages other than Englishmay require special licensesL

Ruler units: Inches

Recently opened files history length: 15

Show openêclose icon for cell groups

Flash cursor tracker when insertion point moves unexpectedly

Enable drag-and-drop text editing

Enable blinking cell insertion point

Automatically re-fit 3D graphics after rotation

Message and Warning Actions

Minor user interface warnings: Beep

Serious user interface errors: Beep and Put up Dialog Box

User interface log messages: Print to Console

Formatting error indications: Highlight and tooltip

Reset to Defaults

Interface Evaluation Appearance System Parallel Internet Connectivity Advanced

For more information and a detailed listing of options, see TabView.
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MenuView

MenuView  is much like TabView, except that it uses a popup menu rather than a row of tabs to

select  which  pane  is  displayed.  These  two  examples  are  identical  to  the  first  two  examples

given in the "TabView" section; we have simply substituted the word MenuView for TabView.

In[16]:= MenuView@840!, Plot@Sin@xD, 8x, 0, 2 Pi<D, Factor@x^14 - 1D<D

Out[16]=

1

815915283247897734345611269596115894272000000000

MenuView  supports  the  same  label -> value  syntax  as  TabView,  allowing  you  to  specify  more

descriptive labels.

In[17]:= MenuView@8"Factorial" Ø 40!,
"Plot" Ø Plot@Sin@xD, 8x, 0, 2 Pi<D, "Factor" Ø Factor@x^14 - 1D<D

Out[17]=

Factorial

815915283247897734345611269596115894272000000000
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In  the  case  of  TabView,  all  the  labels  are  displayed  simultaneously,  which  means  there  is  a

fairly  small  practical  limit  to  the  number  of  panes  you  can  have.  MenuView  displays  only  one

label at a time, allowing you to use many more. For example, in the "TabView" section above

there is a nice example with graphical tabs for the G8 countries. With MenuView  the same thing

can be done for as many as 237 countries.

In[18]:= MenuView@
Row@8Rasterize@Show@CountryData@Ò, "Shape"D, ImageSize Ø 840, 40<D, Background Ø

NoneD, Ò<D Ø
Dynamic@DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DDD & êü

CountryData@D, ImageSize Ø AutomaticD

Out[18]=

Afghanistan

1970 1980 1990 2000

2µ 109

3µ 109

4µ 109

5µ 109

6µ 109

For more information and a detailed listing of options, see MenuView.

SlideView

SlideView is basically much like TabView or MenuView, except with a set of first/previous/next-

/last buttons for navigating the panes.
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In[19]:= SlideView@840!, Plot@Sin@xD, 8x, 0, 2 Pi<D, Factor@x^14 - 1D<D

Out[19]=

 « ▸ 

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

The  number  of  panes  can  be  arbitrarily  large,  but  navigation  is  limited  to  stepping  through

them like a slide show.

In[20]:= SlideView@
Dynamic@Column@8Rasterize@Show@CountryData@Ò, "Shape"D, ImageSize Ø 840, 40<D,

Background Ø NoneD, Ò,
DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD<DD & êü

CountryData@D, ImageSize Ø AutomaticD

Out[20]=

 « ▸ 

Angola

1970 1980 1990 2000

5.0µ 109

1.0µ 1010

1.5µ 1010

2.0µ 1010

For more information and a detailed listing of options, see SlideView.
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PopupView

PopupView  might  seem  at  first  similar  to  MenuView,  but  they  are  actually  quite  different.

MenuView  and TabView  both, in effect, have two items representing each pane: a label and the

actual  contents  of  the  pane.  PopupView,  on  the  other  hand,  has  only  one  item per  pane:  the

main contents of the pane.

Given a list of expressions, PopupView displays them as a popup menu.

In[28]:= PopupView@Table@i!, 8i, 20<DD

Out[28]= 1

Readers  familiar  with  the  PopupMenu  control  may  wonder  how  this  is  different,  since  both

appear  to  do  basically  the  same  thing.  The  difference  is  largely  one  of  intent:  PopupMenu  is

intended  as  a  control  that  affects  something  when  an  item is  selected;  it  has  a  required  first

argument that holds a variable that tracks the currently selected item. PopupView, on the other

hand,  is  intended  simply  as  a  way  of  displaying  information,  without  necessarily  having  any

effect when a different pane is selected.

As will  other controls and views in Mathematica,  PopupView  fully supports arbitrary typeset or

graphical content.

In[29]:= PopupView@824!, Plot@Sin@xD, 8x, 0, 2 Pi<D, Factor@x^6 - 1D<D

Out[29]=
1 2 3 4 5 6

-0.5

0.5

For more information and a detailed listing of options, see PopupView.
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FlipView
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FlipView  is  unusual  in  that  it  provides  no  visible  user  interface  around  the  contents  of  its

panes. It does, however, provide a mechanism for changing the pane being displayed. Clicking

anywhere in the contents of the current pane flips the display to the next one.

In[30]:= FlipView@840!, Plot@Sin@xD, 8x, 0, 2 Pi<D, Factor@x^14 - 1D<D

Out[30]=
1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

FlipView  is also unusual in that instead of having a fixed overall size large enough to hold the

largest  pane,  it  is  always  exactly  as  large  as  the  currently  displayed  pane.  This  is,  in  fact,

simply a difference in the default value of the ImageSize option for FlipView  versus the other

views, as explained in the "Controlling whether a View Changes Size" section.

Controlling the Currently Displayed Pane

All  View  objects  support  an  optional  second  argument  that  specifies  which  pane  is  currently

visible.  Given  a  literal  value,  this  argument  determines  the  initially  displayed  pane  when  the

object  is  first  created.  Given  a  Dynamic  variable,  it  can  be  used  to  externally  influence,  or  to

track, the currently displayed pane.

The set of values in the second argument that corresponds to the displayed panes depends on

the view.

OpenerView normally starts in the closed state.

In[31]:= OpenerView@8"Title", "Contents"<D

Out[31]= Title
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Its two panes are referred to with True (open) and False  (closed), so this example will start in

the open state.

In[32]:= OpenerView@8"Title", "Contents"<, TrueD

Out[32]= Title

Contents

TabView's panes are by default referred to by index number

In[33]:= TabView@Table@i!, 8i, 10<D, 6D

Out[33]=
720

1 2 3 4 5 6 7 8 9 10

In[34]:= TabView@Map@Ò Ø DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD &,
CountryData@"GroupOf8"DD, 4D

Out[34]=

1970 1980 1990 2000
0

5.0µ 1011

1.0µ 1012

1.5µ 1012

Canada France Germany Italy Japan Russia UnitedKingdom UnitedStates
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Sometimes it  is  desirable  to  give  symbolic  identifiers  to  the  panes  in  place  of  index numbers,

allowing you to refer to them by name. This can be done using the form 8id, label -> contents<.

For example, here "Japan" is used rather than "6" in the second argument.

In[35]:= TabView@Map@8Ò, Ò Ø DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD< &,
CountryData@"GroupOf8"DD, "Japan"D

Out[35]=

1970 1980 1990 2000
0

1µ 1012

2µ 1012

3µ 1012

4µ 1012

5µ 1012

Canada France Germany Italy Japan Russia UnitedKingdom UnitedStates

Using a Dynamic  variable in the second argument allows you to control the currently displayed

pane  from a  separate  control.  (Dynamic  and  DynamicModule  are  explained  in  "Introduction  to

Dynamic".)  For  example,  here a  slider  is  added that  allows you to  flip  through the tabs.  Note

that the linkage is automatically bidirectional: if  you click one of the tabs, the slider moves to

the corresponding position.

In[38]:= DynamicModule@8index = 1<,
Column@8Slider@Dynamic@indexD, 81, 8, 1<D,

TabView@Map@Ò Ø DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD &,
CountryData@"GroupOf8"DD, Dynamic@indexDD<DD

Out[38]=

1970 1980 1990 2000
0

1µ 1012

2µ 1012

3µ 1012

4µ 1012

5µ 1012

Canada France Germany Italy Japan Russia UnitedKingdom UnitedStates

  



Using a Dynamic  variable in the second argument allows you to control the currently displayed

pane  from a  separate  control.  (Dynamic  and  DynamicModule

Controlling whether a View Changes Size
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In  the  previous  example,  having  an  index  number  to  refer  to  the  panes  is  good,  as  it  makes

linkage to a numerical Slider easy. If, on the other hand, you want to have a text field where

you can enter  the country name, having named panes is  more convenient.  This  example pro-

vides a text field where you can enter a country name directly.

In[39]:= DynamicModule@8country = "Canada"<,
Column@8InputField@Dynamic@countryD, StringD, MenuView@

Map@8Ò, Ò Ø Dynamic@DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DDD< &,
CountryData@DD, Dynamic@countryD, ImageSize Ø AutomaticD<DD

Out[39]=

Tuvalu

Tuvalu

1970 1980 1990 2000
0

5.0µ 106

1.0µ 107

1.5µ 107

2.0µ 107

2.5µ 107

Controlling whether a View Changes Size

Views  always  display  one  of  several  alternate  panes.  In  determining  the  overall  size  of  the

View,  there  are  two  obvious  alternatives:  make  the  View  big  enough  to  hold  the  currently

displayed  pane,  or  make  it  big  enough  so  that  it  never  has  to  change  size  when  switching

between panes (i.e., as big as the biggest one in each dimension).

By  default  all  Views,  other  than  OpenerView  and  FlipView,  are  made  large  enough  to  never

change  size.  (OpenerView  in  particular  would  make  little  sense  if  it  did  not  get  bigger  when

opened.)

The  behavior  of  any  View  can  be  changed  using  the  ImageSize  option.  ImageSize -> All

means  make  the  View  as  large  as  the  largest  pane,  while  ImageSize -> Automatic  means

make  the  View  only  as  large  as  the  currently  displayed  frame,  potentially  changing  size  any

time the View is switched to a new pane. (You can also specify a fixed numerical ImageSize, in

which case the View will attempt to fit its contents into the specified overall size.)



Which behavior is best depends on the situation. In general, tab views and similar controls used

in applications other than Mathematica  rarely change size, so if  you are trying to make some-

thing that looks and acts like a traditional hard-coded application, ImageSize -> All is best. On

the other hand, using ImageSize -> Automatic allows you to take advantage of the fact that, in

Mathematica,  dialog  boxes  and  controls  are  not  fixed  objects.  A  great  deal  of  freedom  and

flexibility is possible precisely because these objects can change size.
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Compare these two examples (ImageSize -> All  is  the default;  it  is  included only for  clarity).

The first one is always big, but stays the same size. The second one is only as big as it needs to

be, and thus changes size.

In[40]:= TabView@Table@H50 iL!, 8i, 10<D, ImageSize Ø AllD

Out[40]=

30 414 093 201 713 378 043 612 608 166 064 768 844 377 641 568 960 512 000 000 000 000

1 2 3 4 5 6 7 8 9 10

In[41]:= TabView@Table@H50 iL!, 8i, 10<D, ImageSize Ø AutomaticD

Out[41]=
30 414 093 201 713 378 043 612 608 166 064 768 844 377 641 568 960 512 000 000 000 000

1 2 3 4 5 6 7 8 9 10

The ImageSize option works this way for all View objects.

Which behavior is best depends on the situation. In general, tab views and similar controls used

in applications other than Mathematica  rarely change size, so if  you are trying to make some-

thing that looks and acts like a traditional hard-coded application, ImageSize -> All is best. On

the other hand, using ImageSize -> Automatic allows you to take advantage of the fact that, in

Mathematica,  dialog  boxes  and  controls  are  not  fixed  objects.  A  great  deal  of  freedom  and

flexibility is possible precisely because these objects can change size.

Dynamic Content in Views

This  section assumes that  you are familiar  with the Dynamic  mechanism (see "Introduction to

Dynamic").

All  the  View  objects  fully  support  Dynamic  content  in  any  positions  where  it  makes  sense.

Consider this MenuView example.

MenuView@Map@Ò Ø DateListPlot@CountryData@Ò, 88"GDP"<, 81970, 2005<<DD &,
CountryData@DD, ImageSize Ø AutomaticD



The trade-off is that each new country selected computes the GDP plot on the fly. Fortunately

this  generally  happens  so  fast  as  to  be  unnoticeable.  Errors  for  a  particular  country  are  dis-

played only if that country is selected. 
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In  this form,  the example computes  in advance all  237 GDP plots,  generating errors for  some

countries  where  data  is missing,  and  doing far  more  computation  than necessary,  since it  is

unlikely  anyone will  try to look at  every single country.  The code takes a long time to  evaluate

and wastes a lot of memory.

By  simply  wrapping Dynamic  around  the  contents  of  each page,  the input  evaluates  almost

instantly  and produces an output that occupies very little memory.

In[42]:= MenuView@Map@Ò Ø Dynamic@DateListPlot@CountryData@ Ò, 88"GDP"<, 81970, 2005<<DDD &,
CountryData @DD, ImageSize Ø AutomaticD

Out[42]=

Afghanistan

1970 1980 1990 2000

2 µ 10 9

3 µ 10 9

4 µ 10 9

5 µ 10 9

6 µ 10 9

The  trade-off  is that  each  new country selected computes  the GDP plot  on the fly.  Fortunately

this  generally  happens  so fast  as  to  be unnoticeable.  Errors  for  a particular  country  are  dis -

played  only if that country is selected. 

Note  that  with the  setting ImageSize-> All (the default  for all  views except OpenerView  and

FlipView),  every pane is formatted once when the object is first created,  in order  to  determine

the  overall  size  of  the  view object.  You  can  avoid  this  by  setting  the ImageSize  option  to

Automatic or to a fixed numerical size.

(The  astute reader will  notice a subtlety here.  With the setting ImageSize-> All and  dynamic

content  in  currently  invisible panes,  it  would  theoretically  be  necessary  to  continually  update

the  values of all  the hidden dynamics,  since the size of  the  View as a whole should depend  on

the  size of  the largest pane,  even if  it  is not  currently  being displayed.  An intentional  decision

was  made not  to do such updating of  hidden panes.  As a result,  a  View with ImageSize-> All

can  in fact  change size when a  new pane is selected, if that  pane contains dynamic content  that

has  changed size since the last  time it  was displayed.  The alternative would be for  the  View  to

change  size  mysteriously  when  activity  in  a  hidden  pane  caused that  hidden  pane  to  change

size.  This would be peculiar and of  little conceivable use.)

  



An important  property  of  Views  is  that  currently  hidden  panes  are  not  updated.  Consider  this

example.
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In  the case of TabView, dynamic tab labels can be used to implement a variety of special  behav -

iors.  In  this  example,  the  currently  selected  tab  is  highlighted  in  a  custom-defined way,  by

making  the  labels  dynamically  dependent  on  the  variable  that  tracks  the  currently  selected

pane.

In[43]:= DynamicModule @8j<, TabView@Table@With@8i =i<, Graphics@Dynamic@
If@i ===j,
8 Disk@D, White, Inset@iD<,
8 Circle@D, Inset@iD<DD, ImageSize Ø 25, PlotRangePadding Ø.5DØ

Plot@Sin@i xD, 8x, 0, 2 Pi<DD, 8i, 10<D, Dynamic@jDDD

Out[43]=

1 2 3 4 5 6

- 1.0

- 0.5

0.5

1.0

1 2 3 4 5 6 7 8 9 10

An  important  property  of  Views  is that  currently  hidden panes  are not  updated.  Consider this

example.

In[44]:= OpenerView@
8"Mouse Position", Column@8"Mouse Position", Dynamic@MousePosition@DD<D < D

Out[44]= Mouse Position

When  the output is in the open state,  the current  position of  the mouse pointer is displayed  and

continuously  updated,  consuming a  certain amount of  CPU time. However,  when the output  is

in  the closed state,  the mouse position is no longer  tracked and no CPU time is used. (This is  of

course  of  more  concern if  the  contents  are  something  more  compute-intensive  than  simply

displaying  the mouse position.)

This  property  allows  you  to  do  things  like  build large,  complex TabViews  in  which  expensive

computations  are done  in each pane of  the view,  without  incurring the cost of  keeping all  the

panes  updated all  the time.
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Views  versus Controls

There  are two classes of  functions in Mathematica that represent  relatively low-level  user  inter-

face  objects: Views and Controls.  This tutorial  describes the Views class of functions, but  there

is  considerable overlap with Controls in some cases.

Views  are designed to present  multiple panes of  data and provide a user  interface for  switching

among them,  so the logical first argument is the list of  expressions representing the contents  of

the panes.

Controls  are primarily designed to influence the value of  a variable through a Dynamic connec-

tion,  so the first argument of all  control  functions is  the variable representing the value of  the

control.

What  is potentially confusing is that views also  allow you to control  the value of  a variable,  just

like  controls do.  In at  least  one case,  PopupView versus PopupMenu, the functions  are  essen-

tially identical  with the arguments reversed.

In[45]:= PopupView @81, 2, 3, 4<, Dynamic@popPositionD D

Out[45]= 1

In[46]:= PopupMenu @Dynamic@popPositionD, 81, 2, 3, 4 < D

Out[46]= 1

Why  have both?  In the case of PopupView and PopupMenu it  is  simply for  consistency with  the

other  View and Control functions,  though there is the convenience that  the second argument  of

PopupView is optional  (since very often you do not  need to provide any external control  of  the

currently  displayed pane).  In the case of PopupMenu,  the  only  purpose in creating the control is

for  it to control  a variable,  so the first argument is of  course not optional.

Other  than the set  described in the next  section,  views  do not  correspond  quite so directly with

any control objects. It is, however, useful  to keep in mind that views can,  through their  second

argument,  be  used  essentially  as control  objects:  they  can control  and  be  controlled  by  the

value of  a variable, that is simply not their only purpose.
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FlipView versus PaneSelector versus Toggler

There are three objects that appear (and in fact are) very similar but not identical: FlipView,

PaneSelector, and Toggler. Each of these objects takes a list of expressions and displays one

of  them at  a  time.  They  differ  in  the  details  of  their  argument  order  and  click  behavior.  (But

mainly they differ in their intended use more so than in their actual behavior.)

FlipView  and PaneSelector take identical arguments: a list of expressions and a number that

specifies  which  pane  should  be  displayed.  The  difference  is  that  clicking  anywhere  in  a

FlipView  flips  to the next  pane,  while  clicking in a PaneSelector  allows you to edit  the con-

tents of the currently displayed pane (and there is no user interface to flip to any other pane).

In[47]:= FlipView@Table@8i, i!<, 8i, 10<D, 6D

Out[47]= 86, 720<

In[48]:= PaneSelector@Table@8i, i!<, 8i, 10<D, 6D

Out[48]= 86, 720<

Toggler  behaves  exactly  like  FlipView  in  that  it  flips  between  panes  when  clicked,  but  the

arguments are in the opposite order, with the index number first (see previous section for why

this  actually  makes  sense).  Toggler  also  uses  ImageSize -> All  by  default,  while

PaneSelector uses ImageSize -> Automatic.

In[49]:= Toggler@6, Table@8i, i!<, 8i, 10<DD

Out[49]= 81, 1<

For  more  information  and  a  detailed  listing  of  options,  see  FlipView,  PaneSelector,  and

Toggler. 






