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Example ProgramExample Program

DemoLookAndFeel.java

Metal (java) Motif Windows
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OutlineOutline

Windows

Icons

Me nus

Pointe rs
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WindowsWindows

Windows are  are as of the  scre e n that act 
like  ind ividual te rminals for an app lication

Be haviour of windows de te rmine d  b y the  
syste m’s window manage r (aka windowing  
syste m)

Windows can contain te xt, g raphics, me nus, 
toolb ars, e tc.

Can b e  move d , re size d , close d , minimize d , 
maximize d
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Parts of a WindowParts of a Window

size control

focus (blue)

title bar

contents

scroll bar

size control

menu bar
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Layout PolicyLayout Policy

Multip le  wind ows may exist simultaneously

Physical arrang ement d e te rmined  b y the  
wind ow manag e r’s layout p olicy

Layout p olicy may b e  fixed  or use r-se lectab le

Possib le  layouts includ e

Ove rlap p ing - One  window p artia lly ob scure s 
anothe r

Tile d - Ad join b ut don’t ove rlap

Cascad ing – A se que nce  with e ach window offse t 
from the  p re ce d ing  accord ing  to a rule  (e .g ., 10 
p ixe ls to the  right and  b e low)

Le t’s see…
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Overlapping WindowsOverlapping Windows
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Tiled WindowsTiled Windows
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Cascading WindowsCascading Windows
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FocusFocus

The  active  wind ow is said  to have  focus

Title  b ar of active  window is b lue  (or some  

othe r d istinct colour)

Title  b ars of inactive  windows are  g re y

Clicking  in an inactive  window make s it the  

active  window (i.e ., g ive s it focus)

Scree n must b e  red rawn to b ring  the  active  

wind ow to the  front
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Window Size StatesWindow Size States

Windows have  thre e  size  state s

Maximize d

Fills availab le  sp ace

Minimized

Red uced  to a title  b ar or icon

Normal (aka Re store d )

This is the  size  of the  wind ow, e ithe r when it was first 

op e ned , or b e fore  the  wind ow was maximized

From this mod e , the  wind ow wid th and  he ig ht may b e  

ad juste d
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Window Size ControlWindow Size Control

Via b oxe s in uppe r-right corner of window

Whe n maximize d …

Whe n re store d …

Whe n minimized …

Minimize  Restore  Close

Minimize  Maximize Close

Restore   Maximize  Close
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Window Size Control (2)Window Size Control (2)

Via hand le  in lowe r-right corne r of 

window

Whe n normal…

Drag to resize
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Window Size Control (3)Window Size Control (3)

Via virtual hand le s on e dg e s

Whe n normal…

Drag either edge to resize width

Drag either edge to resize height
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Window ManagersWindow Managers

User inte rfaces are  typ ically implemented  
within the  framework of a wind ow manag e r

Also known as windowing  syste m or use r inte rface  
manag e me nt syste m (UIMS) 

Provid es

Partitioning  to p re ve nt chaos on the  scre e n (What if 
the re  was only one  wind ow share d  b y all 
app lications?)

Layout Policy

Infrastructure  to sup p ort common se rvice s in 
b uild ing  UIs
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Window Manager StructureWindow Manager Structure

Base  laye r (imp le me nts the  b asic 
infrastructure )

Outp ut mod e l (g rap hics p rimitive s)

Inp ut mod e l (ke yb oard , mouse )

UI laye r (hand le s all visib le  aspe cts)

Pre se ntation (e .g ., what is on top ?)

Command s (wind ow & conte nt manip ulation)

Mapp ing  of input actions to app lications

Whe n b uild ing  a UI, use  se rvice s of 
windowing  syste m whe re  possib le  (rathe r 
than writing  custom code )
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Containment HierarchyContainment Hierarchy

A window is made  up  of a numb e r of ne ste d  

inte ractive  ob je cts (e .g .,b uttons, te xt fie ld s, 

othe r windows)

Re lationship  of ob je cts is e xp re sse d  b y a 

containme nt hie rarchy

b ase d  on scre e n g e ome try of ob je cts

re p re se nts the  hie rarchy/ ne sting  of the  

ob je cts
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Containment Hierarchy Containment Hierarchy -- Example 1Example 1

Display Scr een

“F:\ cs160\ Public” window
I nner  Window

t it le bar
hor izont al scr oll bar
cont ent s ar ea

“CDJ ukebox” f older
“Home Ent …” f older
…

size cont rol
…

“Web Newspaper ” window
…
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Containment Hierarchy Containment Hierarchy -- Example 2Example 2

Display Screen

Out er  Win [black]

Result  Win [ t an]

Result  St r ing

I nner  Win [gr een]

Keypad [Teal]

- but t on

+ but t on

0 but t on

= but t on

7 8 9

4 5 6

0 + -

1 2 3

=

93.54

ENT
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Java’s Containment HierarchyJava’s Containment Hierarchy

With JFC/ Swing , the  b asic b uild ing  b lock 

for a window is the  JFrame and  its 

associate d  pane s
Title

JFrame

Root pane

Layered pane

Content pane *

Glass pane

* Most important for our purposes
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Java’s Containment Hierarchy (2)Java’s Containment Hierarchy (2)
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ContainersContainers

Components are  p laced  in containe rs

A JFrame is a top-leve l containe r

It exists mainly as a p lace  for othe r components to 
p aint the mse lve s

Othe r top -le ve l containe rs are  d ialogs (JDialog ) and  
app le ts  (JAp p le t)

A JPane l is an inte rmed iate  containe r

Sole  purp ose  is to simp lify the  p ositioning  of 
inte ractive  ob je cts, such as b uttons or te xt fie ld s

Othe r inte rme d iate  conta ine rs are  scroll pane s 
(JScrollPane ) and  tab b e d  pane s (JTab b e dPane )
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Atomic ComponentsAtomic Components

An atomic compone nt is a low-le ve l, se lf-

sufficie nt e ntity that inte racts with the  use r

Examp le s: b uttons (JButton), text fie ld s 

(JTe xtFie ld ), comb o b oxe s (JComb oBox)

JFrame and  JPane l are  also compone nts, 

howe ve r…

The y can hold  othe r comp one nts

An atomic component cannot hold  othe r 

comp one nts
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Containment Hierarchy for JFC/ SwingContainment Hierarchy for JFC/ Swing

JFrameJFrame

Content paneContent pane

JPanelJPanelJPanelJPanel

JButtonJButton JLabelJLabel etc.

etc.

JPanelJPanel

JButtonJButton JTextFieldJTextField
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So…So…

Title

1.2345

987

654

321

-+0

ENT=

Atomic component

(text field)

Atomic component

(buttons)

JFrame

content pane

JPanel

JPanel

JPanel
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Example ProgramExample Program

DemoSwing.java

CTRL-SHIFT-F1 

dumps the containment 

hierarchy to the console 

(next slide)

JButton

JLabel

JButton

JFrame

Root pane

Layered pane

Content pane

JPanel (container)
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Containment Hierarchy (abbreviated)Containment Hierarchy (abbreviated)

DemoSwingFrame[frame0,0,0,224x208, ...

javax.swing.JRootPane[,4,23,216x181, ...

javax.swing.JPanel[null.glassPane, ...

javax.swing.JLayeredPane[null.layeredPane,0,0,216x181, ...

javax.swing.JPanel[null.contentPane,0,0,216x181, ...

javax.swing.JPanel[,0,0,216x181, ...

javax.swing.JButton[,50,50,116x27, ...

javax.swing.JLabel[,50,77,116x27, ...

javax.swing.JButton[,50,104,116x27, ...

DemoSwingDemoSwing.java.java
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What is an IconWhat is an Icon

From Web ste r’s d ictionary:

Icon: a p ictorial rep rese ntation

A wind ow may b e  closed  and  lost foreve r, or…

Shrunk to a re d uce d  re p re se ntation

The  re duce d  re p re se ntation is ca lle d  an icon

The  act of reducing  a wind ow to an icon is 

called  iconifying or minimizing

A wind ow may b e  re stored  b y clicking  on its 

icon
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Advantages of iconsAdvantages of icons

Save  scree n sp ace

Se rve  as a re mind e r of availab le  d ialogs, 

ap p lications, or commands that may b e  

re store d  or invoked
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Icons Are Used to Represent…Icons Are Used to Represent…

Disk d rive s

Availab le  ap p lications

Miminize d ap p lications

Minimize d  wind ows

Fold e rs

File s

Commands

State s
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OutlineOutline

Windows

Icons

Me nus

Pointe rs
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What is a Pointer?What is a Pointer?

A pointe r is the  input de vice  use d  to 

inte ract with GUI comp one nts

E.g ., mouse , trackb all, joystick, 

touchpad , finge r, stylus, light pe n

Two p rimary purpose s

Position control of the  on-scre e n tracke r 

Se le ction via b uttons
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Direct vs. Indirect InputDirect vs. Indirect Input

Dire ct inp ut

Via finge r, stylus, lig ht p e n

No spatial d isp lace me nt b e twe e n input de vice  and  
d isp lay

Tracke r g e ne rally not ne e d e d

Se le ction via tap p ing  or p re ssing

Ind ire ct inp ut

Via mouse , e tc.

Spatial d isp lace me nt b e twe en inp ut d e vice  and  
d isp lay

Tracke r ne e d e d  

Se le ction via b utton p re sse s
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Selection PrimitivesSelection Primitives

Ge ne rally at le ast two b uttons on 
pointing  de vice s

Se le ction p rimitive s

Primary b utton (de fault =  le ft)

Sing le  click – se le ct

Doub le  click – launch

Drag  – se le ct reg ion

Se condary b utton (de fault = right)

Click – invoke  conte xt-sensitive  menu

Oct 07 35

TrackerTracker

The  on-scre e n symb ol that follows 

(“tracks”) the  motion of the  inp ut 

d e vice  is calle d  a tracke r (aka cursor)

Two p rimary purpose s

Position ind icator – crucial fe edb ack for 

input control

State  ind icator – re ve als current state  of 

the  syste m or GUI compone nt 
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Tracker Hot SpotTracker Hot Spot

The  tracke r is a b it-map pe d  image  (x b y y p ixe ls)

One  p ixe l in the  image  is de fined  as the  hot spot

Se le ction de te rmined  b y the  coord inate  of the  hot 

sp ot

Whe n de signing  custom tracke rs, make  sure  the  

image  has an ob vious hot sp ot if se le ction is 

re quired  while  the  tracke r is d isp laye d



Oct 07 37

Tracker ExamplesTracker Examples

Examp le s from MS Wind ows

Where is the 

hot spot?
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Example ProgramExample Program

DemoCursorControl.java

Note:

Cursor is not captured 

with “print screen”. Run 

the program to observe 

the cursor changing.

More WidgetsMore Widgets
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OutlineOutline

More  te xt comp one nts

Tool b ars

Slide rs

Scrollb ars

Lists

Tab le s
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Validating InputValidating Input

Input data must b e  in the  format re quire d  
b y the  app lication

Example s:

Nume ric fie ld  with value  in ce rtain rang e

Postal or zip  cod e

Date / time  formats

Invalid  input must b e  corre cted  b e fore  
p roce e d ing

If invalid  input, can p re se nt a popup  
me ssage , ge ne rate  aud io alarm, e tc.
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Example ProgramExample Program

DemoInputValidation1.java

DemoInputValidation2.java


