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Short Description

Java' s Layout Managers are the key to creating interfaces that work correctly on different platforms. Layout
Managers work hard to make your dialog boxes appear correct after being resized, or when the screen
resolution changes.

Abstract

Windows programmers often use dialog boxes in the user interfaces they develop. Creating dialog boxes
involves carefully laying out controls using atool, such as Resource Workshop. Layouts that ook right on one
system may look wrong on systems with different video resolutions. Java does away with the fixed layout
convention of dialog boxes, in favor of a dynamic technique that lays out controls at runtime, based on the
video resolution available. This paper discusses the new Java Layout Managers, showing how to get the most
out of them, and how to extend them to obtain custom layouts.

What is a Layout Manager?

Most GUI programs use dialog boxes to display a series of controls. We're all familiar with the tedious process
of laying out the controls using tools like Resource Workshop or AppStudio. For anon-trivial dialog box, it
takes alot of time to position the controls where they look best. When you' re finished coding the app, you give
it to the test people. Y ou haven't even gotten back to your office that the phone is ringing. The dialog box has
clipped text, and not al the controls are visible. Sound familiar? The problem, of coursg, is the way Windows
lays out dialog box controls, using those arcane dialog box units, The original idea was to lay out controls
based on the font size. The idea was good, since it took into consideration that layout on different systems was
an issue. The bad part was tying the layout policy to the font size.

The JavaSoft folks designed the Java AWT system to perform well on all platforms. Using font sizesas a
reference made almost as much sense as using the size of the tires of James Goslings' car. The solution was to
create a small family of Layout Managers, that at runtime would go out and look at the size of awindow and
lay each control out based on the amount of space available, the size of the control and the layout policy. A
layout manager is an object that helps an AWT container (such as j ava. awt . Fr ane) position its controlsin
amanner that will look reasonable on any platform. Thus the burden of component positioning is shifted from
the developer to Java. Does that mean you can't position controls exactly to the millimeter? Y es, for most
layout policies. Theideais that you, the developer, don’t know as much about the final appearance of your
windows as the layout manager, because you don’t know what the runtime platform looks like. The layout
manager is sitting right there, running on that platform, so it can make some pretty reasonable decisions.

Keep in mind that layout managers are there to help, not hinder. If you don’t specify any layout manager for a
window, then your components will stay exactly where you put them. Just remember that your window design
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istied to parameters of your design environment, so it will probably look wrong on machines with differing
resolution and font size.

Basic Concepts

In order to display Java components on the screen, you need awindow to hold them. In Windows we usually
refer to this kind of window as the parent window. In Java, the window is just a component, but a special kind
that can hold multiple componentsinside it. Such components are called containers (not to be confused with
OOP containers like vectors and hash tables). The JDK defines a simple hierarchy of container classes, as
shown in Figure 1.

Component
L Container

— Panel
\— Applet

— ScrollPane

— Window
L Diaog
—— Frame

Figure 1 - The hierarchy of Java containers.

All containers maintain alist of their child components. The order of the list defines their Z-order. Unless
otherwise specified, components are added at the end of the list, causing them to be displayed on top of the
components that precede them in the list. Layout managers can use this child list to gain accessto a
container’ s children. Layout managers are created in a container using code like this:

public class MyFrame extends java.awt. Franme {

public MyFrame() {
set Layout (new j ava. awt . Bor der Layout () );

}
}

The layout manager is created without being passed a reference to the container to manage. For this reason,
every time the container needs to have the manager layout its children, it passesit areference to itself, like
this:

public abstract class Container extends Conponent {
/...
public void layout () {
Layout Manager |ayoutMgr = this.|ayout Myr;
if (layoutMgr !'= null)
| ayout Mgr . | ayout Cont ai ner (t hi s);
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Thel ayout method isnormally called just before the container paints itself.

The Notion of Preferred Size

When you create a container with components embedded on it, you test its layout on your own devel opment
platform. Y ou would like the window to look the same on other platforms and video systems, and the AWT is
there to help you out. To do so, it needs a couple of bits of information. Every component has something called
the pr ef err edSi ze. Thisis the size you would like your component to have, if at all possible. What is
possible will depend entirely on the configuration of the system your Java code is running on, and what layout
policy isin effect. Some layout managers keep components their preferred size. Others, like the

Bor der Layout manager, change the dimensions of components, but use the preferred sizes as starting points.
A component positioned as a NORTH item under a Bor der Layout policy will be given its preferred height,
but the width will be set to the width of the parent container. Layout managers look at the pr ef er r edSi ze
of each component being laid out, and follow the selected layout policy. The preferred size of a component is
set by overriding the pr ef er r edSi ze method like this:

public Dinension preferredSize() {
return new Di nensi on(180, 120);
}

You will normally override the pr ef er r edSi ze method only for containers, like Panels. Child controls, like
buttons and list boxes, have preferred sizes derived typically from the size of their peer components.

Layout Constraints

Laying out controlsin a container is not always trivial. Layout managers are often faced with situations in
which there are several ways to accomplish a given task. Y ou tell the manager exactly how you want it to
determine the layout using constraints, which are essentially attributes that you can assign values to.
Constraints always have default values, so you don’t have to access and set them unless you want a non-default
layout. Example: the Bor der Layout manager puts components either along a border of a container, or in the
center. Choosing a Bor der Layout policy by itself is not sufficient to get a button to be positioned along the
top border. Y ou must specify aNor t h constraint to achieve the desired results. Constraints are used by all
layout managers, but often the defaults are what you want, so you don’t need to change them. Constraints are
used to determine the spacing between components, the margin between components and the container border,
how to distribute left-over space, and so on. Most layout managers have simple constraints, since they support
only alimited number of options. The exception is Gri dBagLayout , which requires you to fully understand
constraints in general, and G i dBagConst r ai nt s in particular.

The Built-in Layout Managers

There are several common types of layout used in applications, and the AWT contains layout managers for
them. The 4 basic managers are Bor der Layout , Car dLayout , Fl ownLayout and Gri dLayout . The fifth,
G i dBagLayout, isasort of catch-all manager and is considerably more complicated to use than the others.
The managers form a simple hierarchy, as shown in Figure 2.
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Java. awt . Layout Manager java.io. Serializable

Fl owlLayout
Gri dLayout

Layout Manager 2

Bor der Layout
—— CardLayout
L GidBaglLayout

Figure 2 - The hierarchy of built-in Java Layout Managers.

All the built-in layout managers are serializable, meaning they know how to save and restore their internal
state. Saving and later restoring a panel that uses a built-in layout manager will recreate the layout that was
saved.

BorderLayout

This layout manager is widely used in Java programs, and lets you position a component relative to one of the
borders of the parent container, or in the center. The layout options are Nor t h, East , Sout h and West for
border-relative components, and Cent er for components that occupy the remaining client area left over by
border-relative components. The layout options are strings. To create a child component that sticks to the top
border and has the same width as the parent component, you would use code like this:

add("North", new java.aw.Button() );

To make a component occupy the client area of the parent, you give it the Cent er option, like this:

add("Center", new java.awt.List() );

Bor der Layout isthe default policy for a number of Java containers, such asj ava. awt . W ndow and

j ava. awt . Fr anme. Delphi programmers are familiar with Bor der Layout policies, because most Delphi
components have an Al i gn property that lets you specify the layout option (None, Lef t , Top, Ri ght,

Bott om C i ent ) at design time. The Delphi border alignment is slightly different from the Java

Bor der Layout , because the former lets you “stack” objects against a border. For example if you add three
buttons with Top alignment, the first button will be attached to the top border, the second will be attached to
the bottom edge of the first, the third to the bottom edge of the second. The Java Bor der Layout manager
doesn’t allow this. Y ou can only align one component on any given border. If you added two Nor t h buttons,
the second would cover the first.

The following figure shows 5 buttons positioned using a Bor der Layout policy. Notice how the components
maintain their relative position correctly after the parent window is resized.
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Figure 3 — How a BorderLayout manager lays out controls in a resized window.

Here is the code that produced the window in Figure 3.

public class MyFrame extends java.awt. Franme {

java. awt .

j ava. awt .
j ava. awt .
j ava. awt .
java. awt .
java. awt .

/] Constr

Bor der Layout borderLayout = new j ava. awm . Bor der Layout () ;
Button buttonl = new java.aw . Button();
Button button2 = new java.aw . Button();
Button button3 = new java.aw . Button();
Button buttond4 = new java.aw . Button();
Button button5 = new java.aw . Button();
uct the frane

public MyFrame() {

t hi s. set Layout (bor der Layout) ;
this.setTitle("MFrane");

butt onl.
but t on2.
but t on3.
but t on4.

set Label ("North button");
set Label ("East button");
set Label (" Sout h button");
set Label ("West button");

butt on5. set Label ("Center button");
add("North", buttonl);

add("East", button2);

add(" Sout h", button3);

add("West", buttond);

add(" Center", button5);
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CardLayout

Although the name may be a bit misleading, Car dLayout managers are commonly used. They control the
visibility of different AWT containers that are kept in a sort of stack. To use a Car dLayout , you create an
AWT container and assign the Car dLayout to it, like this:

j ava. awt . Panel deckPanel = new java.aw . Panel ();
java. awt . Car dLayout cardLayout = new java. awt. CardLayout ();
deckPanel . set Layout ( car dLayout);

Then you fill the deck by creating AWT containers and adding them to the deck like this:

java. awt . Panel panel 1l = new j ava.aw . Panel ();
deckPanel . add("Card 1", panel 1);

When you add a card, you also give it astring tag that you can use later to select that card. You can make a
specific card visible using the code

cardLayout . show( deckPanel , “Card 1");

The first parameter is the container you want the Car dLayout to work with. The second isthe St ri ng tag of
the card you want to select. Y ou can aso show the first or last card in the deck, using the code

cardLayout . first(deckPanel);
cardLayout . | ast (deckPanel ) ;

or just move forwards or backwards by one card with the code:

cardLayout . next (deckPanel ) ;
cardLayout . previ ous(deckPanel ) ;

The number of cardsin the deck can be obtained using the code:

int cardCount = deckPanel . count Conponents();

Basically aCar dLayout achievesthe same end as a Windows multi-page Property Sheet, except that no tabs
are displayed. The name CardLayout was chosen since the panels resemble a stack of playing cards.

The following code creates a 3-card panel controlled by a Car dLayout manager. Each card has a button that
fillsits client area, with alabel denoting the card number. At the bottom is a panel containing buttons that let
you select which card is visible. You could easily change the example to show alist box in the bottom panel.
Each item in the list box could be associated with a different card.

public class MyFrame extends java.awt. Franme {

/'l create the card deck with three page-control buttons
ava. awt . CardLayout cardlLayout = new java.awt . CardLayout ();
ava. awt . Panel deckPanel = new java. awt. Panel ();

ava. awt . Panel buttonPanel = new java.awt . Panel ();

ava. awt . Button buttonCardl new j ava. awt . Button();

ava. awt . Butt on buttonCard2 new j ava. awt . Button();

ava. awt . Butt on buttonCard3 new j ava. awt . Button();

/] create cards for the deck
ava. awt . Panel panel 1 = new j ava. awt . Panel ();
ava. awt . Button buttonl = new java.awt.Button();

ava. awt . Panel panel 2 = new j ava. awt . Panel ();
ava. awt . Button button2 = new java.awt.Button();
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j ava. awt . Panel panel 3 = new j ava. awt . Panel ();
java.awt . Button button3 = new java.awt.Button();

// Construct the franme
public MyFrame() ({

set Layout (new j ava. awt . Bor der Layout () );
setTitl e("MyFranme");

deckPanel . set Layout (car dLayout);
add(" Center", deckPanel);
add(" Sout h", buttonPanel);

but t onPanel . set Layout (new j ava. awt . Fl owLayout () );

buttonCardl. set Label ("Card 1");
but t onPanel . add( but t onCardl);

butt onCar d2. set Label ("Card 2");
but t onPanel . add( but t onCar d2);

butt onCar d3. set Label ("Card 3");
but t onPanel . add( but t onCar d3);

buttonl. set Label ("Card 1");

panel 1. set Layout (new j ava. awt . Bor der Layout () );
panel 1. add(" Center", buttonl);

deckPanel . add("Card 1", panel 1);

butt on2. set Label ("Card 2");

panel 2. set Layout (new j ava. awt . Bor der Layout () );
panel 2. add(" Center", button2);

deckPanel . add(" Card 2", panel 2);

butt on3. set Label ("Card 3");

panel 3. set Layout (new j ava. awt . Bor der Layout () );
panel 3. add(" Center", button3);

deckPanel . add(" Card 3", panel 3);

}
publ i c bool ean action(java. awt. Event theEvent, Object theSource) {
if (theEvent.target == buttonCardl)
cardLayout . show( deckPanel , buttonCardl. getLabel () );
else if (theEvent.target == buttonCard2)
cardLayout . show( deckPanel , buttonCard2. getLabel () );
else if (theEvent.target == buttonCard3)

cardLayout . show( deckPanel , buttonCard3. getLabel () );
return true;

}
}

The code produces the output shown in Figure 4, which shows the results of clicking the Card 1, the Card 2
and the Card 3 buttons.
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i MyFrame =] i MyFrame =] i MyFrame =]

Card 1 Card 2 Card 3

card2 | cand3 | Card 1 | Card 3 | card1| carz]ic

A —Cardl B —Card 2 C-Cad3
Figure 4 - Using a CardLayout to switch between cards.

Although my example shows each card with a simple button, you can put as many components on each as you
need, with each card being completely independent of what is on the other cards. For example the 3 cards
might look like this:

i+ MyFrame _ O] x] i+ MyFrame _ O] x] i+ MyFrame _ O] x]
Marme: i Customers: Shipping Method: ]FedE}{ 'i
Address: I Diave j

Larry
Greg
Steve

Fred Ij

A —Card 1 B —Card 2 C-Cad3
Figure 5 - A deck of cards with differing components and layouts.

Each card in aCar dLayout deck isacontainer —usualy aj ava. awt . Panel or descendent. Other than
being part of the same deck, there is no other relationship between the cards in a deck. They may each have
there own (different) layout manager, so card 1 might use Fl owLayout , card 2 Car dLayout and card 3 a
custom layout.

FlowLayout

Thisisthe default layout policy f or j ava. awt . Panel components. This manager lays the components of
acontainer out in flow order. Starting from the top of the container, the controls are positioned from left to
right in rows. When there is not enough space to display the next component, the manager moves below the
first row of components and continues the flow. The process repeats until all components have been
positioned. Components may be clipped from display if they fall off the end of the parent container. The
controls on each row are centered horizontally by default. Y ou can also have the layout manager left- or right-
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align components by passing the values FI owlayout . LEFT or Fl owLayout . RI GHT to the class constructor.
The following figures show how components are positioned, based on the space available.
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i MyFrame | _ O] x| i MyFrame | _ [Of x|
hutton I hutton2 | hutton3 | huttan | huttan2 |
hutton3 I

A B

yrame - BEE Myrome =S

buttonzl buﬂonSl hutton1 | buﬂ0n2| huﬁnn3| huttan | bLIHDnEl hutton | buttnn2|
bul‘lun3|

Figure 6 - How a FlowLayout policy positions controls based on the space available.

The figure shows alist box followed by 3 buttons. When the manager runs out of room, as shown in the Figure
6.B, the manager moves down to the next row. This row starts below the lowest component in the previous
row. Notice how the componentsin all the rows are horizontally centered, because the code didn’t specify an
alignment mode. Figure 6.F shows the result of components falling off the end. There is no indication in the
parent frame that some of its children were clipped.

Here is the code that produced the frame window shown in Figure 6.

public class MyFrame extends java.awt. Franme {

java. awt . Fl owLayout flowLayout = new java. awt. Fl owLayout ();
java.awt. List listl = new java.awt. List();

java.awt . Button buttonl = new java.awt.Button();

java. awt . Button button2 new j ava. awt . Button();

java.awt . Button button3 new j ava. awt . Button();

public MyFrame() {

t hi s. set Layout (f | owLayout);
this.setTitle(" IVyFrams );
buttonl. set Label ("buttonl");
butt on2. set Label ("button2");
butt on3. set Label ("button3");
add(listl);

add(butt onl) ;

add( button2);

add(button3);
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GridLayout

There are times when you have aform that needsto lay items out by row and column, such as when displaying
acalendar. In these cases you want to be able to specify in advance the number of columnsin each row,
because your data makes sense only when shown with the given number of columns. A Fl owLayout won’'t
suffice, because the layout manager will place whatever components it can fit on each row, based on the
window width. A Gri dLayout manager solves this type of problem with ease. When you cresate a

Gi dLayout , you tell it the number of rows and columns you want, like this:

GidLayout myGrid = new GridLayout (3, 7);

Where the first parameter is the number of rows, the second the columns. Using these two numbers, the layout
manager divides the area available of the window it is handling into equal-sized cells. Figure 7 shows two
frameslaid out by aG i dLayout .

\ MyFrame _ (O] x| Sun | Mon | Tue |wed| Thu| Fri | Sat

Sun | Mon| Tue [Wed| Thu| Fri | Sat

A — No left over space B — A grid with some left-over space

Figure 7 - A 7 by 3 grid of buttons.

BecauseaGri dLayout makes all the cells the same size, thereis a possibility of left over space on the right
and bottom borders. The space corresponds to the remainder you get when you divide the window width by the
number of columns, and conversely for the rows. Figure 7.B shows a grid with some left-over space. If left-
over space is unacceptable, you can snap the window size to the correct size by overriding the

j ava. awt . Cont ai ner. | ayout method and computing the nearest allowable width and height, like this:

public void layout() {
Di mrension d = get Size();

Insets insets = insets();

int xMargins = insets.left + insets.right;

int yMargins = insets.top + insets.bottom
i

int wwidth = (int) ( (d.width - xMargins) / 7) * 7 + xMargins;
int height = (int) ( (d.height - yMargins) / 3) * 3 + yMargins;
resize(wi dth, height);

super. | ayout () ;

}
Here is the code used to create Figure 7.

public class MyFrame extends java.awt. Franme {
public MyFrame() {

set Layout (new j ava. awt . Gi dLayout (3, 7) );
setTitl e("MyFranme");
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add(new j ava. awt . Butt on(" Sun'
add(new j ava. awt . Butt on(" Mon'
add(new j ava. awt . Button(" Tue'
add(new j ava. awt . Butt on( " Wed'
add(new java. awt . Button(" Thu'
add(new java. awt.Button("Fri'
add(new j ava. awt . Button(" Sat"

)
)
)
)
)
)

)

N

for (int i =0; i < 14; i++)
add(new java.awt.Button() );
}
publi ¢ bool ean handl eEvent (j ava. awt . Event theEvent) {
if (theEvent.id == java. awt. Event. W NDOW DESTROY)
System exit (0);
return fal se;
}

}

When laying out the cell componentsin the grid, the G- i dLayout manager ignores the preferred sizes of the
components. All the cells are the same size, and the size depends only on the parent window size and the
number of cells.

GridBagLayout

The AWT designers provided simple classes to support the most common layout policies. When you have a
layout that can’t be handled using the conventional managers discussed so far, you have only two options:
create your own manager or use Gri dBagLayout . A lot of programmers get confused by Gri dBagLayout
and would almost prefer creating their own manager rather than use it. Although this manager is definitely
more complex than the others, with alittle practice you can get the hang of what it’s doing and how to control
it.

Because Gri dBagLayout isintended to be very flexible, it requires alot of optionsto work. You tell it those
options using a full-fledged Gri dBagConst r ai nt s object that has the following fields.

Field Description

anchor This option is used when the size of a component is smaller than the grid cell created
for it. It tells the layout manager which corner, point or border you want the
component positioned by. The default is CENTER, meaning the component is centered
vertically and horizontally inside the cell. Possible values are NORTH, NORTHEAST,
EAST, SOUTHEAST, SOUTH, SOUTHWEST, WEST, NORTHWEST and CENTER. Choosing a
corner like NORTHWEST places the component’ s top left corner on that point. Choosing
a border, like NORTH, causes the component to be placed on the top edge of the
bounding cell and centered horizontally in the cell

fill This option tells the manager how you want the component to fill its grid cell if the
cell sizeisdifferent from the component’s preferred size. For example if the
component is wider than the cell, you can make the manager shrink the component
horizontally to the exact cell size using the option HORI ZONTAL. If the component
were narrower than the cell, the manager would expand it. In either case, the vertical
size wouldn’t be affected. The VERTI CAL options causes resizing in the vertical
direction. The value NONE causes the component size to be left alone. If the component
is smaller than the cell, empty space is left around it. If the component is larger than
the cell, it is clipped. Using the option BOTH causes the manager to resize the
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component to fit exactly in the cell. See Figure 8 for examples.

gridw dth These two options can be a bit confusing, possibly because of their names. Maybe

gridheight ./ her of Cel | sX and nunber Of Cel | sY would have been better choices. These
options control the number of grid cells a given component occupies. The
G i dBagLayout manager lays out arectangular area divided into cells. By default
each component occupies asingle cell. Setting gri dwW dt h and gr i dHei ght to 2 or
higher will cause the associated component to spread over 2 or more cellsin the X or
Y direction. The default value is 1. Two other important values you can use are
RELATI VE, which makes a component the next-to-last item in its row or column, and
REMAI NDER, which makes the component the last item in its row or column. See
Figure 9 for examples.

gridx The cellsin agrid are numbered. The leftmost cell inarow hasgri dx = 0. The cell

gridy at the beginning (top) of acolumn hasgri dy = 0. Asthe Gr i dBagLayout manager
islaying out cells, it assigns itemsto cells, based on the options you set. Y ou can also
force an item to be in a particular row or column by setting gr i dx/gri dy. The default
value is RELATI VE, but assigning a non-negative value to it tells the layout manager
you want an item in a specific place. See Figure 10 for examples.

i nsets Insets are the space the layout manager places around each component in its cell.
Adding an inset doesn’t make a component smaller: it makes the cell larger. The
default insetsare I nset s(0, 0, 0, 0). The parameters specify the margin for the
top, left, bottom and right borders. See Figure 11 for examples.

i padx Y ou can make individual components larger by padding them. Padding makes the
| pady layout manager add space in the x or y direction. See Figure 12 for examples.

wei gm X Determines how space is allocated to rows and columns. For rows/columns with O
wel gnty

weight, the manager makes cells based on their preferred sizes. For larger weights, the
manager adds space using a simple algorithm. It computes the ratio of the cell’ s weight
to the sum of all the weights in the same row and column. Cells with higher weights
will get more space than other cells. See Figure 14 for examples.

Table 1 - The fields of GridBagConstraints.

Y ou specify the layout constraints when you add a component to a container, using code like this:

Gri dBagLayout |ayout = new Gi dBaglLayout ();
GridBagConstraints constraints = new Gi dBagConstrai nts();
Button button = new Button("Label");

constrai nts. weightx = 1;

constraints.gridwi dth = GidBagConstrai nts. REMAI NDER;

| ayout . set Constrai nts(button, constraints);

add( button);

The following figure shows how thef i | | option affects the layout of components.
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5
H OB B B 5| | e |2

A B C D
fill =NONE fill =VERTI CAL fill =HORI ZONTAL fill =BOTH

Figure 8 - The effect of changing the Fi 1l option.

In Figure 8, the wei ght x/wei ght y options were set to 1, to better show the grid cell sizes. The next figure
shows how thegri dwi dt h and gri dhei ght options affect the layout.

_[o[x] _[alx _[Oo] x
1 i 2 3 2 3 2 3
1
4 4 1 4
g 4 g B 5 4
A B C
Al'l gridheights=1 Button 1. Button 1.
gri dhei ght =2 gri dhei ght >=3
1 3 1 3 3
[ |
4 2 4 1 2 4
g 4 5 B 5 4
D E E
Button 2: Button 2: Button 1 & 2:
gridheight =2 gridheight =3 gri dheight =3

Figure 9 - The effect of changing the gridheight option.

In Figure 9 the wei ght x and wei ght y options were set to 1. The fill was set to BOTH.
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The next figure shows how the layout is affected by the gri dx and gri dy options.

: MyFrame S [= : MyFrame Hi=E : MyFrame S [= : MyFrame =]

[a]slals]s| | LpRalele [2]s] 4]
A B C D
gri dx = RELATI VE button 4: gri dx =0 Button 4: gri dx =2 Button 4: gri dx > 2

Figure 10 - The effect of changing the gridx of button 4.

In Figure 10, the component fi | | constraints are set to BOTH, to better show the grid cell sizes. Figure 10.A
shows a series of buttons laid out using the default gri dx option, which isGri dBagOpt i ons. RELATI VE.
Figure 10.B shows how button 4 is positioned after setting its gr i dx option to 0. Notice that the layout
manager placed it on the next row. When you specify a grid value that is smaller than the current cell, the
layout manager places the item on the next row or column. Figure 10.D shows button 4 with agri dx vaue of
3. Setting the gr i dx value of an item to a value greater than or equal to the current cell makes the manager
place the item on the current row, as shown in Figure 10.D.

The next figure shows how thei nset option affects the layout.

1123 jﬂj 1 3
2

A B C
Button 2: Button 2: Button 2:
Insets(0, O, 0, 0) Insets(5, 10, 15, 20) Insets(50, 100, 0, 0)

Figure 11 - The effect of changing a component's insets.

In Figure 11, the component fi | | constraints are set to BOTH, to better show the grid cell sizes. Because the
values of an inset contribute toward cell size, changing one component’ s insets can affect the size of other
components on the same row or column. Just by looking at Figure 11.C, it is hard to imagine that it differs
from Figure 11.A only in the value of asingle cell inset.
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Thetwo Gri dBagConst ai nt s optionsi padx and i pady can be used to increase the size of component cells.
If yousetthefill optionto BOTH, the components are inflated to fill the cell, making the cell size visible.

Figure 12 shows 3 buttons using different padding values. The next figure shows how thei padx andi pady
options affect the layout.

1]2]3 1 | 2 | 3 | 1 2 3
A B C
i padx =i pady =0 i padx =30 i padx =i pady =30

Figure 12 - The effect of changing ipadx/ipady.

To make the cell sizevisible, thefi || optionin Figure 12 was set to BOTH.

Asfor insets, padding a cell on one row can affect other cells on the same row or column, as shown in the next
figure.

+ MyFrame HE=l
1 2 a
4

Figure 13 - How changing the padding of one row can affect other rows.

The components on the first row have x and y padding of 30. The component on the second row has x and y
padding of 0. All components havefil | set to BOTH, to make the cell size obvious. Because the first row sets
X padding to 30, all cellsin the first column will be at least as wide. The cell on the second row would have
been narrower, had no padding been applied to the cell above it.
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The next figure shows how the layout is affected by changing wei ght x and wei ght y.

! MyFrame H= B | MyFrame [_ (O] =] \ MyFrame =] E3
ia] el i
1] 2|3 T e
4 4 4
5 | : | 7 5 I B I 7
5|67
A B C
Al rows: weights =0 All rows: wei ght x =1 All rows: wei ghty =1
: MyFrame M=l E3 + MyFrame Hi=] E3 : MyFrame [_ O] %]
1]z2]3 1] 2] 3
1 2 3
4 4 1
& B 7 - 5[] g
D E F
All rows: weights=1 Row 2: wei ghty =1 Row 2: Both weights=1
\ MyFrame |_ (O] x| : MyFrame |_ (O] x| ! MyFrame E= B
v |- = | 3 R T
4 4
4
: 5 . 5 B T
5 B 7
G H I
Row 2 weighty = 1 Row 2 weighty =1 Row 2 weighty = 1
Row 3 weighty = 1 Row 3 weighty =3 Row 3 weighty =5

Figure 14 - The effect of the weightx/weighty GridBagConstraints options.

In Figure 14, the component fi | | constraints are set to BOTH, to better show the grid cell sizes. Asyou can
see, changing weights can have a great effect on the layout.
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Rolling your own manager

It's crunch time. You have thisreally cool layout, but can’t seem to support it with one of the built-in
managers. Playing with G i dBagLayout doesn’t quite get what you want. Before going to the effort of
creating a brand new layout manager of your own, you should investigate whether a series of nested panels
will solve the problem. Assuming it doesn't, it’s coding time.

Thefirst step isto implement thej ava. awt . Layout Manager interface and implement its 5 basic methods,
like this:

public class MyLayout Manager i nplenents java.awt.LlLayout Manager {

public void addLayout Conponent (String theString, Conponent theConponent) {}
public void renpvelLayout Conponent (Conponent theConponent) {}

public Dinension preferredLayout Si ze(Cont ai ner theContainer) {}

public Dinension m ni numLayout Si ze( Cont ai ner theContainer) {}

public void | ayout Cont ai ner (Cont ai ner theContainer) {}

}

You may or not want to also implement thej ava. i 0. Seri al i zabl e interface to make your layout manager
persistent. The next step is to decide how to code the 5 methods. Obvioudly that will depend on the type of
layout policy you need. Let’s say you want a manager that always lays components out vertically, like this:

+ MyFrame HE=l

Fa | LD | B2

Figure 15 - Laying components out vertically with a custom layout manager.

The first two methods, addLayout Conponent and r enovelLayout Conponent are used if you want to use
your own fields to store the objects added to alayout. Thisis often not necessary, because a layout manager
can get the list of components from the container that calls| ayout Cont ai ner . Y ou may want to keep your
own list if you have a special parameters that control layout. For example, aBor der Layout usesthe
parameters “NORTH’, “EAST”, “SOUTH’, “\EST” and “CENTER’ to position components and uses a separate
field to store components for each border. Y our layout manager can use any strings it wants as options,
including empty strings. Class Bor der Layout implements addLayout Conponent like this:

public void addLayout Conponent (String name, Conponent conp) {

/* Special case: treat null the same as "Center". */

if (name == null) {
name = "Center";
}
/* Assign the conponent to one of the known regions of the |ayout.
*/

if ("Center".equal s(nane)) {
center = conp;

} else if ("North".equal s(name)) {
north = conp;

} else if ("South".equal s(nanme)) {
south = conp;
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} else if ("East".equal s(nane)) {
east = conp;
} else if ("West".equal s(nane)) {
west = conp;
} else {
t hrow new |11 egal Argument Exception("cannot add to | ayout: “ +
“unknown constraint: " + nane);

}
}

My simple vertical layout manager will use no placement strings, so it will not override
addLayout Conponent or r enovelLayout Conponent .

The two methods mi ni nuniLayout Si ze and pr ef er r edLayout Si ze calculate the minimum and ideal size
of the container. For my simple example, the minimum size is the greatest of the minimum sizes of the
components, plus the parent container’s insets. The preferred size is the greatest of the preferred sizes of the
components, plus the parent container’ s insets.

The bulk of the work in any layout manager istypically in thel ayout Cont ai ner method.

MyLayout Manager simply positions each component so the left side in indented by the container’ s left inset.
The sizeis set so the right edge of each component extends to the right border of the container minus the right
inset. The layout manager maintains the preferred heights of all the components. The implementation of
MyLayout Manager looks like this:

i mport java.awt.*;
cl ass MyLayout Manager i npl ements Layout Manager {

public void addLayout Conponent (String theString, Conponent theConponent) {}
public void renpvelLayout Conponent (Conponent theConponent) {}

public Dinension preferredLayout Si ze(Cont ai ner theContainer) {

int width = 0;

int height = 0;

i nt conmponent Count = theCont ai ner. count Conponent s();
Insets insets = theContainer.insets();

for (int i = 0; i < conmponentCount-1; i++) {
Conponent conponent = theCont ai ner. get Conponent (i);
wi dth = Mat h. max(w dth, conponent. preferredSi ze().w dth);
hei ght += conponent. preferredSi ze() . hei ght;

}

return new Dinmension(insets.left + width + insets.right,
insets.top + height + insets.botton);

}

public Dinension m ni nunmLayout Si ze( Cont ai ner theContainer) {
int width = 0;
int height = 0;
i nt conmponent Count = theCont ai ner. count Conponent s();
Insets insets = theContainer.insets();

for (int i = 0; i < componentCount-1; i++) {
Conponent conponent = theCont ai ner. get Conponent (i);
wi dth = Mat h. max(w dt h, conponent. m ni nunSi ze(). wi dt h);
hei ght += conponent. m ni munSi ze() . hei ght;

}

return new Dinmension(insets.left + width + insets.right,
insets.top + height + insets.botton);
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public void | ayout Cont ai ner(Cont ai ner theContainer) {

Insets insets = theContainer.insets();

int x = insets.left;

int y = insets.top;

int width = theContainer.size().width - insets.left - insets.right;
for (int i = 0; i < theContainer.countConponents(); i++) {

Conponent conponent = theCont ai ner. get Conponent (i);
i nt height = conponent. preferredSi ze(). hei ght;
conponent.reshape(x, y, w dth, height);
y += height;
}
}
}

The manager is quite simple, but still useful. Of course a vertical layout could have been achieved using a

G i dBaglLayout , but | wanted to keep the layout policy simple to keep the discussion focused. If your layout
manager has any fields that aren’t initialized in the constructor, you should seriously consider making the
classSeri al i zabl e, S0 you can save and restore the class from persistent storage.

Conclusion

Often Windows programmers find layout managers to be ainitially something of a nuisance. Instead of just
dropping controls on aform, you have to set up a certain amount of infrastructure required by layout
managers. After some experience with the AWT, programmers come to realize the importance of centralized
layout policies. Under Windows, dialog boxes are generally not resizable, because controls are laid out in a
static pre-arranged order. If you enlarge a dialog box, you just get empty space along the right and bottom
borders. If you shrink one, you clip off some of the controls. With Windows, laying out componentsin a
parent-window-si ze-dependent manner requires lots of coding and many applications devote pages of code just
to solve layout problems.

Layout managers take the pain out of delivering platform-independent interfaces. Even a complicated layout
can often be created using nested panels, each with its own layout manager. Layout managers allow users to
resize forms while preserving spatial relationships between the components on them. Because layout is a
mundane and essential issue in user interfaces, the AWT provides built-in layout managers that solve most of
the presentation situations applications deal with. The built-in managers were designed to be extensible with
little coding. Creating your own layout manager is as simple as implementing 5 methods in a custom layout
class. Layout managers centralize the code that deals with dynamic positioning and sizing of components,
allowing you to focus on the particular task at hand. Hopefully layout managers will help you not only develop
better user interfaces, but using less code, with the bonus that they will ook good on any machine.
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