C.2 MoDE in Use

Purp ose: T o demonstrate how MoDE can b e used to create interfaces rapidly and

easily .

Length: 15 minutes, 30 seconds.

Con ten ts:

� Binary desk calculator.

� Self editing of MoDE.

� Windows in window.

� Creating an o ddly shap ed window.

121

App endix C

Videotap e

Copies of this videotap e may b e ordered from the T extlab Research Group, Depart-

ment of Computer Science, University of North Carolina, Chap el Hill, NC 27599-3 17 5.

Inquiries may b e e-mailed to textlab@cs.unc.edu.

The videotap e consists of two sections describ ed b elow.

C.1 Sample In ter faces Built with MoDE

Purp ose: T o demonstrate some of the interfaces that can b e created with MoDE.

Length: 11 minutes, 30 seconds.

Con ten ts:

� Network of hyp ertext no des.

� Oddly shap ed window.

� Enter/leave event test.

� Di�erent highlighting styles and levels of direct manipulation.

� Two typ es of moving things.

� Scanned images and p olling text editor.

� Roam b ox.

� Three styles of menus.

120

B.4.6 cop ying

deepCop y

Override to prevent copying the delegate, which will lo op back to ro otMo de and

copy a lot of unnecessary ob jects.

duplicate

Return a copy of my structure.

deepCop y

Check self against the OccurrenceDictionary to avoid lo ops when making du-

plicates. This metho d is also de�ned in the Mo de, MController, and MDisplay-

Ob ject class.

B.4.7 connection mo del supp ort

These metho ds are used by the Mo de Comp oser.

clearAllConnections

Remove all connections to other ob jects. This is issued when a mo de is ab out

to b e removed.

delegate

Return the visual representative. This is used by the Mo de Comp oser.

remo v eLink: aLink

Remove the link aLink.

B.4.8 attribute editor

editA ttributes

Allow the user to edit the attributes of a mo de. F or example, the text of a text

lab el. Sub classes often override this metho d to provide di�erent editors.

B.4.9 class metho ds for: instance creation

new

Return a new instance of this class.

119 attac hMo deT o: aMo de absA t: p

Attach my mo de to aMo de as a submo de at screen co ordinates p.

attac hMo deT o: aMo de absA t: p exten t: e

Attach my mo de to aMo de as a submo de at screen co ordinates p and set the

extent of mo de to e.

attac hMo deT o: aMo de at: p

Attach my mo de to aMo de as a submo de at a lo cal co ordinates p.

attac hMo deT o: aMo de at: p exten t: e

Attach my mo de to aMo de as a submo de at a lo cal co ordinates p and set the

extent of mo de to e.

B.4.4 drag supp ort

dragCon trollerF or: aSym b ol

Return the default drag controller. When an ob ject is dragged, all other ob jects

on the screen switch to a di�erent controller to p erform the interaction.

B.4.5 Mo de-initializations

Create the comp onents of a mo de and connect them together.

defaultMMSCon trollerClass

This metho d is used in setUpController. Returns the default class of the con-

troller.

defaultMo deClass

This metho d is used in setUpMo de. Returns the default class of the mo de.

setUpApp earance

The default is to do nothing.

setUpCon troller

Create and connection the controller.

setUpMo de

Create and connection the mo de.

118

Semantic ob jects are programmable in the Mo de framework. If an interaction

technique is created by co ding (instead of using the Mo de Comp oser), it will have its

own class which is a sub class of the SemanticObject class. Instances of this interaction

technique are created by sending creation messages to its class. The SemanticO bje ct

class de�nes a set of initialization metho ds to set up the parts in the Mo de framework.

They are \setUpMo de," \setUpController," and \setUpApp earance." Whenever a

sub class of SemanticOb je ct is sent a creation message, these three metho ds are invoked

automatically to create and initialize the comp onents of a mo de and to connect them

together.

B.4.1 access

mo de

Return the mo de.

mo de: aMo de

Set mo de to aMo de.

target1

Return the connection stored in target1.

target1: aT argetOb ject

Set the connection to aT argetOb ject.

B.4.2 initialize-release

initialize

Initialize self, mo de, and controller.

release

Release all references outward to facilitate the garbage collection.

B.4.3 mo de attac hing

Metho ds in this proto col are de�ned for the convenience of attaching the mo de of a

semantic ob ject to another mo de.

attac hMo deT o: aMo de

Attach my mo de to aMo de as a submo de.

117

B.3.7 testing

con tainsP oin t: aP oin t

T est whether aPoint falls into my image area. This is used by mo de to decide

whether an event falls into its area.

B.3.8 displa y b o x access

b oundingBo x

Return the b ounding b ox.

b oundingBo x: aBo x

Set the b ounding b ox to aBox.

computeBoundingBo x

Compute the b ounding b ox from the b ounding b oxes of the ob jects in the

contents collection.

B.3.9 cop ying

deepCop y

Override the de�nition in the sup er class to avoid copying the \contents" and

the forms.

B.3.10 class metho ds for: instance creation

new

Create a new instance.

B.4 Seman ticOb ject Class

sup erclass: Mo del

instanceV ariables:

� mo de { The mo de.

� delegate { The visual representativ e of self.

� target1 { Stores the connection to other ob jects.

116

B.3.5 displa ying

b orderWithUnClipp edDispBo x: unclipp edDispBo x visibleRects: visibleRects

Display the b order only .

displa yCon ten tsOn: aMedium transformation: aT rans clippingBo x: aVis-

ibleRect

Display the ob jects in the contents collection on a Medium.

displa yOn: aMedium withUnClipp edDispBo x: unclipp edDispBo x visibleRects:

visibleRects

T ake the unclipp ed displayBox and visible rectangles within the b ox of a

mo de, draw self on aMedium. This is the main metho d used by the mo de.

fastDispla yOn: aMedium withUnClipp edDispBo x: unclipp edDispBo x vis-

ibleRects: visibleRects

Use the bu�ered app earance to display .

B.3.6 bu�ering

Metho ds in this proto col bu�er the output of the display ob ject to sp eed up the

displaying.

bu�erWithExten t: ext

Bu�er the output in a form and use the form to draw faster. The \ext" sp eci�es

the extent of the unclipp ed display b ox. It is needed to draw the b order.

mak eAbsoluteF aster

This one do esn’t care what is in the contents collection or whether the back-

ground color is nil. It just bu�ers. Under normal conditions, the \makeF aster"

metho d is recommended.

mak eF aster

Bu�er only when the contents contain display ob jects other than F orm and T ext

(b oth can b e displayed fast without any bu�ering).

unBu�er

Throw away the bu�er and stop bu�ering.

115 relAdd: aDispla yOb ject

Add aDisplayOb ject to the contents collection. O�set the input ob ject by the

b order width so that it will not b e obscured by the b order.

b orderColor

Return the color of the b order.

b orderColor: aColor

Set the b order color to aColor. Disable the bu�ering since the app earance has

b een changed. This is not used in highlighting since rebu�ering the image for

every highlight and deHighlight is very slow.

b orderColorT emp: aColor

T emp orarily set the b order color to aColor. This is used by highlights. By pass

the bu�ering mechanism.

b orderWidth

Return the b order width.

b orderWidth: aWidth

Set the b order width to aWidth.

b orderWidthT emp: aWidth

T emp orarily set the b order width to aColor. This is used by highlights. By

pass the bu�ering mechanism.

clear

Remove all ob jects in the contents collection.

con ten ts

Return the contents collection.

insideColor

Return the background color.

B.3.4 in v ersion

in v erse

Invert the display ob ject.

in v erse: ext

Invert the display ob ject with b ounding b ox extent set to ext.

114

The MDisplayObje ct class is a sub class of the Smalltalk DisplayObje ctclass. In-

stances of the MDisplayObje ct class control the \background" of mo des. The \back-

ground" includes the inside color, the b order, and zero or more displayable ob jects.

The instance v ariable \contents" hold an OrderedCollection that keeps these dis-

playable ob jects. All ob jects that understand the proto cols de�ned in the Display-

Obje ct class can b e put into this collection. They can b e text, drawings, forms, and

animated pictures.

The display metho d accepts two arguments from the mo de{a display b ox and

a collection of visible rectangles. The display b ox de�nes the size and p osition of the

mo de. The visible rectangles de�ne the visible p ortion of the mo de computed by the

clipping algorithm.

The MDisplayObje ct has the capability to bu�er its output as a bitmap. This

sp eeds up the display of complex ob jects.

When the \b oundingBox" is nil, a display ob ject will not scale the contents

when outputting. When the \b oundingBox" is not nil, it will scale the output ac-

cording to the di�erence of the \unclipp edDispBox" from the mo de and the \b ound-

ingBox."

B.3.1 transforming

translateBy: aP oin t

T ranslate all ob jects in the contents collection. Sp ecial treatment is needed

b ecause some DisplayOb ject (Path, for example) returns a new instance instead

of changing their o�sets when issued a translateBy: message.

B.3.2 initialize-release

initialize

Initialize the contents to an empty OrderedCollection.

B.3.3 accessing

absAdd: aDispla yOb ject

Add the aDisplayOb ject (any Smalltalk DisplayOb ject) into the contents col-

lection. Do es not aDisplayOb ject by the amount of b orderWidth. This metho d

is for the ma jority of use; \relAdd:" is included for convenience.

113

B.2.10 class metho ds for: instance creation

new

Return a new controller.

view: aView

Return a new controller with view set to aView. This is for the compatibility

with MVC.

B.2.11 class metho ds for: access

ev en tResp onsesDict

Every class has a dictionary to record the events and their resp onses that are

shared by all the instances of that class. This dictionary is initialized in the

class initialize metho d.

B.2.12 class metho ds for: initialize

ERDinit

Initialize the event resp onses dictionary .

initAllERDict

This is called every time when a new session is started to allow changes to the

event resp onses dictionary to propagate to sub classes.

B.3 MDispla yOb ject Class

sup erclass: DisplayOb ject

instanceV ariables:

� contents { A OrderedCollection that holds the displayable ob jects.

� insideColor { Background color.

� b orderWidth { Border width of the mo de.

� b orderColor { Border color.

� form { A bitmap that bu�ers the app earance.

� b oundingBox { A rectangle that de�nes the b oundary of the contents.

112 expandLeftMen u

Ask the semantic ob ject for the left button menu and use it to interact with the

user.

expandMiddleMen u

Ask the semantic ob ject for the middle button menu and use it to interact with

the user.

expandRigh tMen u

Ask the semantic ob ject for the right button menu and use it to interact with

the user.

expandMen u: men u

Start up the menu to interact with the user.

B.2.8 In terrupt handling

The metho ds in this proto col handle the Control-E command, which is discussed in

Section 5.2.

pro cessIn terrupt

Put the mo de in the editable state.

shouldPro cessIn terrupt

This is the key to the Control-E mechanism. If this metho d returns false, the

mechanism is switched o�. This is useful when pro ductizing an interface. If true

is returned, the user can do multiple Control-E’s and get to see the implemen-

tation of how the mo des for the interrupt mechanism is implemented. This is

dangerous and is only useful for MoDE kernel designer and maintainer. The de-

fault b ehavior implemen ted here is to allow only one Control-E in any sequence

(by returning true only for the �rst time). This allows the user to investigate

the interface and from there, go to the application without the chance of mis-

takingly getting into a strange state where he is viewing the implemen tation of

the Control-E handling mechanism.

B.2.9 cop ying

deepCop y

Check self against the OccurrenceDictionary to avoid lo ops when making du-

plicates. This metho d is also de�ned in the SemanticOb ject, Mo de, and MDis-

playOb ject classes.

111 dragDeHighligh tOnT op

Dehighlight when an ob ject is dragged and left the mo de. Put the mo de back

to the level b efore the highlight.

dragHighligh t

Highlight when an ob ject is dragged on top of the mo de.

dragHighligh tOnT op

Highlight when an ob ject is dragged on top of the mo de. Bring the mo de to

front (to make it unobscured) when the cursor is in my area.

B.2.6 sharedBeha vior-link

Supp ort rubb er line feedback.

rubb erLineOriginCltn: pts within: aRect

Display a set of rubb er lines connecting the cursor and the collection of p oints

while the user is dragging the cursor. The cursor is restricted within aRect.

Return the �nal cursor p osition.

rubb erLineOriginCltn: pts within: aRect releaseSelectors: releaseSelectors

Display a set of rubb er lines connecting the cursor and the collection of p oints

while the user is dragging the cursor. The cursor is restricted within aRect.

Interaction terminates when an event with selector that matches one of the

\releaseSelectors" is received. Return the �nal cursor p osition.

rubb erLineOriginCltn: pts within: aRect releaseSelectors: rSels gridP oin t: gpt

Display a set of rubb er lines connecting the cursor and the collection of p oints

while the user is dragging the cursor. The cursor is restricted within aRect.

Interaction terminates when an event with selector that matches one of the

\releaseSelectors" is received. Return the �nal cursor p osition. The cursor can

only land on p ositions de�ned by gridPoint.

B.2.7 sharedBeha vior-men u

Pro cess the menu interaction. Assuming the semantic ob ject would provide the menu.

110 mo v eF rameConstrained

Let the user move the mo de with an indication b ox. The range of move is

con�ned within the mo de’s sup ermo de.

mo v eF rameWithin: aRect

Let the user move the mo de with an indication b ox. The range of move is

con�ned within aRect.

mo v eF rameWithin: aRect linkT o: p oin ts

Let the user move the mo de with an indication b ox. The range of move is

con�ned within aRect. Draw links originated from a set of p oints to the moved

b ox.

mo v eImage

Let the user move the mo de with a bitmap showing the image of the mo de as

opp osed to moveF rame which uses a rubb er band b ox to show the p osition of

the mo de.

mo v eImageConstrained

Let the user move the mo de with its image. The range of move is con�ned

within the mo de’s sup ermo de.

mo v eImageWithin: aRect

Let the user move the mo de with its image. The range of move is con�ned

within aRect.

mo v eImageWithin: aRect linkT o: p oin ts

Let the user move the mo de with its image. The range of move is con�ned

within aRect. Draw links originated from a set of p oints to the moved b ox.

B.2.5 sharedBeha vior-indicating

Metho ds in this proto col supp ort highlight of the mo de.

highligh t

Highlight the mo de.

deHighligh t

Dehighlight the mo de.

dragDeHighligh t

Dehighlight when an ob ject is dragged and left the mo de.

109 b ottomRigh tMo v ed

Interact with the user to resize the mo de by matching the b ottom right of the

mo de with the cursor p osition.

leftCen terMo v ed

Interact with the user to resize the mo de by matching the left center of the

mo de with the cursor p osition.

resize: aSym b ol outline: aBlo c k

Resize the mo de according to aSymb ol (which can b e either b ottomCenter, b ot-

tomLeft, b ottomRight, leftCenter, rightCenter, topCenter, topLeft, or topRight).

\aBlo ck" computes the outline b ox during the resize action.

resize: aSym b ol outline: aBlo c k width: aWidth halftone: aMask

Resize the mo de according to aSymb ol. \aBlo ck" computes the outline b ox

during the resize action. "aWidth" is the width of the outline and aMask

de�nes the color of the outline.

righ tCen terMo v ed

Interact with the user to resize the mo de by matching the right center of the

mo de with the cursor p osition.

topCen terMo v ed

Interact with the user to resize the mo de by matching the top center of the

mo de with the cursor p osition.

topLeftMo v ed

Interact with the user to resize the mo de by matching the top left of the mo de

with the cursor p osition.

topRigh tMo v ed

Interact with the user to resize the mo de by matching the top right of the mo de

with the cursor p osition.

B.2.4 sharedBeha vior-mo v e

Metho ds in this proto col supp ort the moving of mo des.

mo v eClipp edImage

Let the user move the mo de with its image. Clip to the display b ox of the

mo de’s sup ermo de.

mo v eF rame

Let the user move the mo de with an indication b ox.

108 ev en tResp onses

Return the event resp onses dictionary .

ev en tResp onses: newER

Set the event resp onses dictionary to newER.

seman ticOb ject

Return the semantic ob ject.

seman ticOb ject: aSemOb j

Set the semantic ob ject to aSemOb j.

B.2.2 ev en t handling

Metho ds in this proto col pro cess the events.

c hec kSp ecialEv en t

Check whether a Control-E is receiv ed. This is to handle the user interrupt.

defaultReturnV alue

This v alue distinguishes b etween an opaque controller which blo cks all mo des

underneath it from receiving any events (by returning true as default) and a

transparent controller which allows the events that are not pro cessed to go

through (by returning false as default).

pro cessEv en t: anEv en t

Pro cess the event. Return true when the event is pro cessed. Otherwise, return

false.

B.2.3 sharedBeha vior-resize

Metho d in this proto col de�nes the shared resize b ehavior.

b ottomCen terMo v ed

Interact with the user to resize the mo de by matching the b ottom center of the

mo de with the cursor p osition.

b ottomLeftMo v ed

Interact with the user to resize the mo de by matching the b ottom left of the

mo de with the cursor p osition.

107 instanceV ariables:

� semOb j { The semantic ob ject.

� mo de { The mo de.

� event { The current event.

� eventResp onses { The eventResp onses dictionary stores the interested event

typ es and the resp onses to them.

classV ariables:

� MMSController1ERD { The default event resp onses dictionary .

Although the MContr ol ler class has the name \Controller," it is not a sub class

of the Smalltalk Contr ol ler class. In fact, the two classes b ear little resemblance.

The MContr ol ler p erforms interactions by sending out messages according to

the typ e of events it receives. The instance v ariable \eventResp onses" of this class

holds a dictionary that stores the mapping b etween interested event typ es and mes-

sages. The keys of the dictionary are the event typ es and the v alues are message

selectors.

The MContr ol ler class and its sub classes implement a set of shared b ehaviors as

instance metho ds. They include common b ehaviors such as menu invo cation, rubb er-

band lines and b oxes, mo de dragging, mo de highlighting, and mo de resizing. These

b ehaviors are shared b ecause any instance of the class or the sub class can invoke

them. T o invoke a shared b ehavior, one places its metho d name into the controller’s

\eventResp onses" dictionary as a v alue.

In the eventResp onses dictionary there are two typ es of selectors:

� Selectors that end with a colon imply that the message should b e sent to the

semantic ob ject with the current event as the argument.

� Selectors that do not end with a colon have no argument, and they should b e

sent to the controller itself.

B.2.1 access

ev en t

Return the current event.

106

B.1.21 semOb j access

seman ticOb ject

Return the semantic ob ject.

seman ticOb ject: aSemOb j

Set the semantic ob ject to aSemOb j.

B.1.22 cop ying

deepCop y

Check self against the OccurrenceDictionary to avoid lo ops when making du-

plicates. This metho d is also de�ned in the SemanticOb ject, MController, and

MDisplayOb ject classes.

duplicate

Make a duplicate of self and all ob jects accessible from self (except the sup er-

mo de).

B.1.23 class metho ds for: initialization

initialize

Initialize the OccurrenceDictionary .

B.1.24 class metho ds for: instance creation

exten t: exten t

Creates a mo de with extent set.

origin: origin

Create a mo de with origin set.

origin: origin exten t: exten t

Create a mo de with origin and extent set.

B.2 MCon troller Class

sup erclass: Ob ject

105

B.1.20 sizing

Metho ds in this proto col handles everything that is relev ant to the size and p osition

of the mo de.

edit

This will start an edit session discussed in Section 5.2.

exten t

Return the extent of the mo de.

exten t: exten t

Set the extent.

heigh t: h

Set the height to h.

width: w

Set the width of mo de to w.

origin

Return the origin of the mo de.

origin: origin

Set the origin.

origin: origin exten t: exten t

Set the origin and the extent of the mo de.

resizeSt yle

Return the resize constraints.

resizeSt yle: aSt yle

Set the resize constraints to aStyle.

sup erMo deWindo wChangedF rom: oldW to: newW

When the sup ermo de noti�es submo des that it has b een resized, this metho d

is executed by each submo de to satisfy its resize constraints.

windo wCha ngedF rom: oldW to: newW

This is used by the mo de to inform its submo des that it has b een resized.

104

B.1.18 sharedSt yle-highligh t

The proto col de�nes a few commonly seen highlight styles.

colorBorderHighligh t

Highlight by changing the b order color.

colorBorderHighligh tN

Dehighlight by changing the b order color.

in v erseHighligh t

Highlight by inverting the app earance.

in v erseHighligh tN

Dehighlight by inverting the app earance.

thic kBorderHighligh t

Highlight by thickening the b order.

thic kBorderHighligh tN

Dehighlight by reducing the b order width.

B.1.19 indicating

Although a sp ecial case of changing the app earance, highlight is so common that a

proto col is provided to supp ort it.

highligh t

The instance v ariable ’highlightDispOb j’ stores two kinds of ob ject. A DispOb j

indicates that it is the app earance of the mo de when highlighted. A symb ol

means that a shared style of highlight (that is accessible to all mo des) is used.

Those shared styles are implemented in the this class.

deHighligh t

Dehighlight the mo de.

highligh tDispOb j

Return the highlight display ob ject.

highligh tDispOb j: dOb j

Set the highlight display ob ject to dOb j.

highligh ted

Return a b o olean indicating whether the mo de is highlighted.

103 b orderColor

Return the b order color.

b orderColor: aColor

Set the b order color to aColor.

b orderWidth

Return the b order width.

b orderWidth: aWidth

Set the b order width to aWidth.

insideColor

Return the background color.

insideColor: aColor

Set the background color to aColor. Changing the background color from nil

(transparent) to something else makes the transparent window opaque. In that

case, the layering must b e recomputed.

B.1.17 bu�ering

The metho ds in this proto col bu�er the app earance of a mo de to improve the drawing

sp eed.

image

Returns a form that stores the app earance of me and my submo des.

imageSize: ext

Return a form of size ext that stores the app earance of the mo de.

imageSize: ext windo w: aWindo w

Return a form of size ext that stores the app earance of the mo de visible from

aWindow. When ext is nil, current unclipp edDispBox extent is used as a default.

When aWindow is nil, current window is used.

absoluteBu�erSubmo des

Ask each submo de to bu�er its app earance.

smartBu�erSubmo des

Ask each submo de to bu�er its app earance if it has contents that take time to

draw (e.g. curved lines).

102 addSubMo de: aMo de absA t: aP oin t

Add aMo de as my front-most submo de at aPoint in screen co ordinates.

addSubMo de: aMo de absA t: aP oin t exten t: ext

Add aMo de as my front-most submo de at aPoint in screen co ordinates and

resize it to have the extent ext.

addSubMo de: aMo de at: aP oin t

Add aMo de as my front-most submo de at aPoint in lo cal co ordinates.

addSubMo de: aMo de at: aP oin t exten t: ext

Add aMo de as my front-most submo de at aPoint in lo cal co ordinates and resize

it to have the extent ext.

addT oBac kSubMo de: aMo de

Add aMo de to b e the back-most subMo de of self.

addT oBac kSubMo de: aMo de at: aP oin t

Add aMo de as my back-most submo de at aPoint in lo cal co ordinates.

addT oBac kSubMo de: aMo de at: aP oin t exten t: ext

Add aMo de as my back-most submo de at aPoint in lo cal co ordinates and resize

it to have the extent ext.

addT oBac kSubMo de: aMo de windo w: aWindo w viewp ort: aViewp ort

Add aMo de as my back-most submo de and set its window to aWindow and its

viewp ort to aViewp ort.

remo v eF romSup erMo de

Remove self from sup ermo de.

remo v eSubMo de: aMo de

Remove aMo de from the submo de collection.

B.1.15 visibilit y

isVisible

Return a b o olean indicating whether the mo de is visible.

B.1.16 b ordering

Override the metho ds in View class so that the display ob ject has control of the

b order.

101 pro cessEv en t: ev en t

T ake the event and ask the controller to pro cess it.

B.1.13 en ter/lea v eEv en t-pro cess

The metho ds in this proto col implement the enter/leave event generation algorithm.

Basically simulate the X Window System’s enter/leave window proto col.

commonAncestor

This will return the ancestor that contains b oth the current cursor p oint and

the previous cursor p oint. This is optimized by using the following two facts.

First, since the cursorMove event got here, all the ancestors of the mo de contain

the origin of the event. Second, the ancestor mo de that contains the previous

p oint must have the instance v ariable ’cursorIn’ set to true.

cursorIn

Return whether the cursor is inside the mo de.

pro cessEn terLea v e: ev en t

Check to see if the mo de need to generate enter/leav e mo de events and pro cess

them. The event is a cursorMove event.

pro cessEn ter: en terEv en t

Ask all the mo des, start from self, entered by the cursor to pro cess enterMo de

event.

pro cessLea v e: lea v eEv en t

Ask all the mo des left by the cursor, starting from self, to pro cess leaveMo de

event.

topSubMo deEn teredF rom: o�spring

This is an optimization making use of the fact that the submo de sought is also

an ancestor mo de of the o�spring.

topSubMo deLeft

This will return the �rst submo de that the cursor left. This submo de should

has the cursorIn instance v ariable set to true.

B.1.14 subMo de insert/delete

addSubMo de: aMo de

Add aMo de as my front-most submo de.

100

B.1.10 displa y b o x access

displa yBo x

The de�nition of displayBox is identical to that in MVC framework. This

metho d is overridden b ecause MoDE has a di�erent de�nition of insetDisplay-

Box. As a consequence, the displayBox computed here needs to b e clipp ed with

the insetDisplayBox of the sup ermo de.

insetDispla yBo x

Return the inset display b ox.

recomputeDispla yBo x

This is for the mo de to adjust its display b ox when things change. Used by the

\highlight" metho ds de�ned in Mo de.

setUnclipp edDispla yBo x: b o x

Set the unclipp ed displayBox to b ox.

setUnclipp edDispla yBo xExten t: ext

Set the extent of the unclipp ed displayBox to ext.

setUnclipp edDispla yBo xOrigin: aP oin t

Set the origin of the unclipp ed displayBox to aPoint. This is for moving the

mo de in absolute co ordinates.

unclipp edDispla yBo x

Returns an displayBox that is not clipp ed by the displayBox of the sup ermo de.

B.1.11 con troller access

con troller: aCon troller

Set the controller to aController.

seman ticOb ject: aSemOb j con troller: aCon troller

Set the semantic ob ject to aSemOb j and the controller to aController.

B.1.12 ev en t handling

This is part of the event dispatching mechanism.

in terestedIn: ev en t

Decides whether the mo de should pro cess an event.

99 toBac k

Make the mo de the back-most submo de of its sup ermo de and display it.

toF ron t

Make the mo de the front-most submo de of its sup ermo de and display it.

B.1.8 la y ering

The metho ds in this proto col implement the clipping algorithm.

computeLa y ering

This is a recursive metho d to up date the obscuringRects when the screen layout

is changed.

computeLa y ering: aRectCltn withIn: aRect

T ake a collection of displayBoxes that may obscure self to compute the obscur-

ingRects. This metho d is recursive.

computeSubLa y ering

Compute the layering of submo des.

computeSubLa y eringBelo w: aSubmo de

T ell the submo des that are b ehind aSubmo de to compute their obscuringRects.

When a submo de moves, only submo des that lie underneath it need to recom-

pute their obscuringRects.

computeSubLa y eringBelo w: aSubmo de withIn: aRect

T ell the submo des that are b ehind aSubmo de and within aRect to compute

their obscuringRects.

computeSubLa y eringWithIn: aRect

Compute the layering of submo des that fall with in aRect.

obscuringRects

Return the collection of rectangles that obscure self.

B.1.9 initialize-release

initialize

Initialize the mo de.

release

Inform the semantic ob ject to do the �nal clean up.

98

B.1.6 sup erMo de access

isT opMo de

Return a b o olean indicating whether the receiv er is the ro ot of the mo de hier-

archy .

sup erMo de

Return the sup ermo de.

topMo de

Return the ro ot of the hierarchy of mo des that the receiver b elongs.

B.1.7 la y er manipulation

The metho ds in this proto col enable and disable a mo de and allow a mo de to b e

moved in the hierarchy .

map

Make the receiver active.

unMap

Make a mo de inactive.

eraseAndUnMap

Erase and unmap the mo de.

mapAndDispla y

Make the receiver active and display it.

mo v eBy: aP oin t

Move the origin of mo de by aPoint.

mo v eRelativ eT o: aP oin t

Move the origin of self to the p oint aPoint in sup ermo de’s co ordinates.

mo v eT o: aP oin t

Move the origin of self to the absolute p oint aPoint.

mo v eT oBac k

Make the mo de the back-most submo de of its sup ermo de.

mo v eT oF ron t

Make the mo de the front-most submo de of its sup ermo de.

97 reco v erF romDrag: aSym b ol

Switch back to the normal controller.

B.1.4 scroll supp ort

con ten tsBoundingBo x

Return a rectangle that b ounds all the submo des.

B.1.5 subMo de access

subMo deCon taining: aP oin t

Return the front-most direct submo de that contains aPoint.

�rstMo deA t: aP oin t

Return the front-most submo de that contains aPoint. This is di�erent than the

\subMo deContaining:" metho d in that it searches the whole mo de hierarchy

ro oted by the receiv er.

�rstMo deA t: aP oin t suc hThat: aBlo c k

Return the front-most submo de that contains aPoint and satis�es the conditions

de�ned in aBlo ck.

�rstMo deA t: aP oin t suc hThat: aBlo c k cutO�: aCltnOfMo de

Return the front-most submo de that contains aPoint and satis�es the conditions

de�ned in aBlo ck. \aCltnOfMo de" provides the ro ot of the subtrees that should

not b e searched.

�rstMo deCo v ering: aRect

The top submo de whose displayBox contains aRect.

�rstMo deCo v ering: aRect suc hThat: aBlo c k

The top subMo de with the displayBox contains aRect and satis�es aBlo ck.

�rstSubMo de

Return the front-most submo de.

lastSubMo de

Return the back-most submo de.

subMo des

Return an OrderedCollection of all the submo des.

96 displa yBac kgroundOn: aMedium in: aRect

Display the background of the mo de b ounded by aRect on aMedium (can b e

the screen or a form).

displa yBorder

This is a metho d used for highlighting the mo de. Use with care. A line on top

of the mo de can b e erased by the b order.

displa yIn: aRect

Display the mo de on the screen. The output is clipp ed to aRect.

displa yOn: aMedium in: aRect

Display the mo de on aMedium. The output is clipp ed to aRect.

displa ySubmo desIn: aRect

Display all the submo des of the receiver on the screen. Output is clipp ed to

aRect.

displa ySubmo desOn: aMedium in: aRect

Display all the submo des of the receiver on aMedium. Output is clipp ed to

aRect.

erase

Erase the mo de. The mo de is not remove from the hierarchy .

B.1.3 drag supp ort

When a mo de is dragged, all other mo des on screen change their controllers to provide

the semantic feedback. See Section 4.3 for more details on how dragging is handled

in MoDE. \aSymb ol" is a Smalltalk symb ol that indicate the characteristics of the

dragging. Mo des can switch to di�erent controllers according the \aSymb ol" they

receiv e.

afterDrag: aSym b ol

This is sent right after the drag �nishes to notify other mo des to give them a

chance to switch back to their normal controllers.

b eforeDrag: aSym b ol

This is sent right b efore the drag starts. Mo des should set up the controller for

the dragging and propagate the message down mo de hierarchy .

prepareF orDrag: aSym b ol

Switch the controller according to aSymb ol.

95

A ma jor resp onsibility of Mo de is to handle event dispatching. Two metho ds

provide this functionality

. The \interestedIn:" metho d takes an event as an argument

and returns true when the Mo de is active (mapp ed) and the event happ ened in the area

controlled by the Mo de. F alse is returned otherwise. The \pro cessEvent:" metho d

asks the controller to pro cess the event when \interestedIn:" returns true.

Mo de implements the functions of a window. Each instance of Mo de can b e

\mapp ed" or \unmapp ed." When a Mo de is mapp ed, it can interact with the user

by receiving the input events and resp onding to them. An unmapp ed Mo de do es not

receiv e any event, and therefore can not interact with the user. Each Mo de has its

own lo cal co ordinate system and a transformation (b oth translation and scaling) that

maps b etween the lo cal co ordinates and the screen co ordinates.

A Mo de displays itself by �rst asking its display ob ject to display its back-

ground and then asking all contained submo des to display themselves. The built-in

clipping algorithm draws only the p ortions of the mo de that are unobscured.

B.1.1 displa yOb ject

displa yOb ject

Return the display ob ject.

displa yOb ject: aDispOb j

Set the display ob ject to aDispOb j.

resizeT oFitDispla yOb ject

Change the size of the mo de to exp ose all contents in the display ob ject.

resizeT oFitDispla yOb jectBy: delta

Change the size of the mo de to exp ose all contents in the display ob ject with a

margin of delta. \delta" can b e an integer, a p oint (sp ecifying the x and the y

o�set), or a rectangle (sp ecifying the o�set for the origin and the corner).

B.1.2 displa ying

displa y

Display the mo de on the screen. This includes its background and submo des.

displa yBac kgroundIn: aRect

Display the background of the mo de b ounded by aRect.

94

Seman ticOb ject

1. access

2. initialize-release

3. mo de attaching

4. drag supp ort

5. MMS-initializations

6. copying

7. connection mo del supp ort

8. attribute editor

9. (class proto col) instance creation

B.1 Mo de Class

sup erclass: View

instanceV ariables:

� cursorIn { A b o olean indicating whether the cursor is in the mo de.

� obscuringRects { A collection of rectangles corresp onding to the p ortion

of mo de obscured by other mo des.

� visible { A b o olean indicating whether the mo de is visible.

� dispOb j { The display ob ject.

� highlightDispOb j { The display ob ject used when highlighting the mo de.

� resizeStyle { A dictionary storing the constraints that control the size and

p osition of mo de when its environment is resized.

� highlighted { A b o olean indicating whether the mo de is highlighted.

� savedStates { An ob ject that stores the normal states when the mo de is in

a drag-state.

93

6. sharedBehavior-link

7. sharedBehavior-menu

8. Interrupt handling

9. copying

10. (class proto col) instance creation

11. (class proto col) access

12. (class proto col) initialize

MDispla yOb ject

1. transforming

2. initialize-release

3. accessing

4. inversion

5. displaying

6. bu�ering

7. testing

8. display b ox access

9. copying

10. (class proto col) instance creation

92

6. sup erMo de access

7. layer manipulation

8. layering

9. initialize-release

10. display b ox access

11. controller access

12. event handling

13. enter/leav eEvent-pro cess

14. subMo de insert/delete

15. visibility

16. b ordering

17. bu�ering

18. sharedStyle-highlight

19. indicating

20. sizing

21. semOb j access

22. copying

23. (class proto col) initialization

24. (class proto col) instance creation

MCon troller

1. access

2. event handling

3. sharedBehavior-resize

4. sharedBehavior-move

5. sharedBehavior-indicating

91

App endix B

Description of the Kernel Classes

This app endix provides a more detail description of the four kernel classes of the

Mo de framework. F or each class, the following information is provided:

� Class de�nition. (This includes class name, sup er class, instance v ariables, and

class v ariables.)

� Comments on the class.

� All public metho ds of the class. (Priv ate metho ds for internal implementation

are not listed.)

The Mo de class has 122 public metho ds group ed in 24 proto cols. The MCon-

tr ol ler class has 48 public metho ds group ed in 12 proto cols. The MDisplayObje ct

class has 25 public metho ds group ed in 10 proto cols. The SemanticOb je ct class has

25 public metho ds group ed in 9 proto cols. The following is a list of the classes and

their proto cols.

Mo de

1. displayOb ject

2. displaying

3. drag supp ort

4. scroll supp ort

5. subMo de access

90 event generation b efore it enters the merged lo op, and disables the event generation

after it leaves the lo op.

The merged lo op is susp ended when there is no event in the queue. This im-

proves the p erformance of other pro cesses since no CPU cycles are wasted in unneeded

p olling in the ham. The merged lo op also transfers control prop erly

. When the user

switches to another application (often by moving the cursor onto that application),

there are always events generated by the user’s action to wake up the merged lo op

and, then, for it to return the control to its parent (the P). The parent can, then,

assign control to the newly selected application.

One can also insert co de into the merged lo op to ensure the event-driven ap-

plication conforms to the windowing b ehavior of the underlying p olling environment.

F or example, the Smalltalk interface (a P) uses the blue button (the right mouse

button) for window control (e.g., resize, move, collapse). The inserted statements in

the merged lo op, as shown in Figure A.2, can check the status of the blue button

and activ ate the ScheduledBlueButtonMenu when the button is pressed. The user

can, then, manipulate the window of the event-driven application just as if it were a

Smalltalk Standar dSystemView.

A.5 Discussion

The event-driven MVC framework describ ed ab ove not only allows e�cient user inter-

faces to b e built, but also provides necessary compatibility with the p olling interfaces.

T est interfaces built on top of it show b etter background pro cess p erformance and

cleaner program structure. Although no formal measurement has b een done, the

test interfaces can conserve over 30% of the CPU time for the background pro cesses

under the worst case (when the user is dragging a Mo de clipp ed against the Mo des

surrounding it). All of them are as resp onsive, if not more so, than those built with

the p olling mechanism. The \Sandwiching" technique has b een successfully applied

to create interfaces that mix Smalltalk user interface ob jects (text editor, debugger,

menu, binary choice, etc.) with event-driv en interface ob jects.

89

process blue button merged loop

Eloopevent fatching

HPWhile cond. is true

Parent loop other loops

Ham’s loop

While cond. is true

PHgetNextEvent getNextEvent

Figure A.2: Lo op 88 the display (so that nob o d y obscures them) and passes control to P. When control returned, it resumes event The choice of making Mo de a sub class of View shows another b ene�t b reusing co de. It makes the ham easy to use. Since the ham inherits the b ehaof View, P can treat it as an ordinary p olling View, and E can treat it as an evendriven Mo de. T o construct the sandwich, one simply creates a ham, attaches to it p olling application as its only subView, and then attaches the ham to the event-driv en environmen t. No mo di�cation of either P or E is A.4.5 Ho w to Switc h: Case There are two typ es of E, self-contained event-driv en applications with their oevent-fetching lo ops (with R o otMo des) and those that are without an event-fetc lo op. F or b oth typ es, the ham must provide the event-fetching lo op. It may b e obvious why an event-fetc hing lo op is needed for self-contained applications already have one. The reason comes from an imp ortant distinction b etween evendriven and p olling applications. While a p olling application returns control to parent when the condition for lo oping is not satis�ed, an event-driven do es not. The only time an event-driven application breaks its event-fetching lo op returns is when it terminates. A simple-minded ham that would activ ate the even generation, pass control to the event-fetc hing lo op of the event-driv en and wait for it to return would not work b ecause control will not come back until event-driv en application Certainly

, one can mo dify the event-driv en application so that it returns trol under certain condition (for example, a LeaveMode event is received),but breaks the promise of no mo di�cation. Another alternative is to let the ham and application run as two pro cesses and have the ham susp end and resume the tion pro cess. This also is unsatisfactory since it intro duces b oth the complexity inter-pro cess communication and the p erformance loss due to the lo oping nature the ham pro A technique called \lo op merging" is employed. The event-fetching lo op the application is merged with the p olling lo op in the ham, as shown in Figure This is done by copying the co de in the event-fetching lo op and inserting it into ham p olling lo op. The merged lo op, then, serves as the event-fetching lo op. real event-fetc hing lo op of the application is never executed.The merged lo op in ham checks the device state changes interesting to the ham (for example,to see if cursor is still there), fetches an event from the event queue, and asks the application pro cess the event (by sending the event to the \topMo de" of E). The ham enables 87

EHam

PA polling Application

An event-driven environment

Figure A.1: An EHP sandwicA.4.2 When to Switc F or reasons of p erformance and preventing interference,one must avoid having twmechanisms running at the same time whenever p ossible. This precludes the of a single mechanism as the master mechanism which determines when to switcto a slave mechanism. The only choice left is to have the environment mecdetermine the switcA.4.3 Sandwic

A technique,called \Sandwiching," inserts an invisible layer b etween a pair of ob built with di�erent mechanisms;it provides solutions to b oth the EP and PE After the invisible layer (named ham) is included in the representation, the b ecomes EHP or PHE. Figure A.1 shows an EHP sandwich. The purp ose of the is to make the environmen t ob ject feel as if the contained ob ject were built with same mechanism as it is and vice versa. If the ham is well designed, no mo to either environmen t or contained ob jects is necessary in order to have b oth together. Therefore, the problem of how to switch reduces to the problem of the A.4.4 Ho w to Switc h: Case The ham for this case is a Mo de with a sp ecial event handler (controller) whicsusp ends event generation and ushes the event queue when certain conditions example, an EnterModeevent is receiv ed) indicate that the p olling application should b e in action. The ham then brings itself, and therefore the P, to the front 86 event.(The \submo des" are stored in the instance v ariable subViews inherited View.) If none of the submo des are interested in the event, it then tries to pro cess event itself.If it is not interested in the event,it returns the event as un-pro to its \sup erMo de" (stored in the instance v ariable superView, also inherited View). A Mo de delegates resp onsibility for pro cessing events to its event which is stored in the instance v ariable controller,de�ned by the MVC The one Mo de in the hierarchy that has no sup erMo de is called the \ro Mo de." It is an instance of R o otMo de class where the event-fetching lo op is A typical application would have a single R o otMo de and a hierarchy of Mo des. T allow multiple active applications, a built-in mechanism is provided in R o otMo de guarantee that no two R o otMo des will attempt to access the event queue at the A.4 Compatibilit

The problem of compatibility comes from having two active mechanisms (even t-driveand p olling) present at the same time. This can b e viewed as a control switcproblem. At any given time, one would liketo make sure that the mechanism control corresp onds to the typ e of ob ject that the user is interacting with and there is no interference from the other mechanism.Knowing when and how to switcb etween the two mechanisms is the key to achieving compatibility .

A.4.1 De�nition of the The problem can b e describ ed precisely

.Let the letter P denotes an ob ject built the p olling mechanism,and the letter E denote an ob ject built with the event-drivemechanism. The string PE represents the situation of an event-driven ob ject under an environment that is controlled by a p olling ob ject. The string PEP wdescrib e a p olling interface ob ject running under an event-driven environmen t whicin turn is running under another p olling environment.The spread-sheet used in the Intro duction section is mo deled by this string. A string of represents a highly nested interface with event-driven and p olling ob jects inter-mixed.

Although the compatibilityproblem may lo ok complicated at �rst glance, it regular. Notice that if the sub-problems PP, EE, PE, and EP can b e solved, all of more complicated problems are merely concatenations of these four basic cases. the �rst two sub-problems are trivial,only the last two need further 85

A.3.1 Ev en t An event generator is resp onsible for generating events and placing them on the even queue. Beneath the Smalltalk virtual machine, the input devices are handled by event-driv en (more precisely interrupt-driven) mechanism; consequently

, the of creating an event generator is reduced to identifying the place where changes its state table and inserting co de to generate the events. Smalltalk the primitiveinput events from the virtual machine by calling the primitiveInputWormetho d and up dates its state table in the run metho d de�ned in the InputState The event-driven mechanism of MoDE mo di�es the run metho d to have it inthe primitiv e input events into the events used by Currently

, the event typ es generated include:cursorMove, [leftjmiddlejright]

Button [UpjDownjClickjDoubleClick], and keyb oardEvents. New event typ es can b added by the A.3.2 Ev en t The implementation of the event queue is straightforward. The Smalltalk Shar e provides most of the function needed by the event queue, including susp ending cesses that try to fetch from an empty queue. The EventQue ue, a sub class Shar e dQueue, implements metho ds to control the queue and to handle queue over oA.3.3 Ev en t Dispatc hing and the MV

C framew

The event dispatching mechanism is more subtle and the decisions made here compatibility. The goal is not just to pro duce a mechanism that deliv ers the evento the right event handlers, but also to ensure that event-driv en interfaces built this control mechanism are compatible with p olling inThe \sup erView-subView" relation in the Smalltalk View class provides base for event dispatching. A View in a structured picture can contain other as sub-comp onents. These sub-comp onents are called \subViews." A View can b e subView of only one View{its \sup erView." The set of Views in a structured forms a hierarchy

.In the Mo de framework, all screen ob jects inherit from a sub class View called Mo de

. When a Mo de receiv es an event,it checks to make sure the even is intended for it (usually by comparing the co ordinates of the eventwith its displab ox) and asks all of its \submo des," starting from the topmost one, to pro cess

Section 4.2.1 discusses Mo de in 84 sends them to the appropriate event handler. An event has a name or numb er identi�es the nature of the interaction plus several data v alues that characterize inA typical event-driven interface has a single event-fetching lo op. The of the lo op is susp ended when the event-fetching statement in the lo op tries to fetcfrom an empty event queue and is resumed when new events arrivAn event-driv en interface program registers a numb er of eventhandlers the event dispatching mechanism.F or each handler, a list of interesting eventtyp es sp eci�ed. When an interesting event happ ens, the dispatching mechanism activ the corresp onding handler to pro cess A.2 Wh y Ev en t-Driv

Besides b etter utilization of the CPU, the event-driven mechanism provides a b trace of input devices. With the p olling mechanism, when a system is heavily it can miss a state change (for example, a button click) b ecause the p olling lo op not at the condition statement when the change happ ened. This problem do es happ en with the event-driven mo del since all events are bu�ered. An application the freedom to discard events when it cannot pro cess them as fast as they come is seldom the case, though); it can also control when the events should b e and which one to discard. This is in contrast to the p olling mechanism where changes may b e overlo oked,dep ending on the system load and the execution of the statements in the p olling lo The event-driven mechanism also makes p ossible implemen tation of some plications that could not b e done within a p olling paradigm. F or instance, with event-driv en mechanism describ ed in the next section, the author was able to velop a pack age that allows users running Smalltalk on di�erent machines to visual workspaces. The pack age is general in that a user can select any event-driveapplication and then share b oth control and the visual display with other A.3 An Ev en t-Driv en Mec

This section describ es the three ma jor comp onents for an event-driven mechanism the event generator, the event queue, and the event dispatching mec83

� interfaces built with the p olling mechanism to co-exist with ones that are with the event-driv en mechanism. (F or example, an event-driven browser could co-exist with the standard Smalltalk system bro� interface ob jects built with b oth mechanisms to b e reused by each other. (F example, within a p olling environment one could use an event-driv en sheet which in turn uses a p olling menAdditionally

, no mo di�cation of existing co de is required and no loss in p is The next section gives a brief overview of b oth the p olling and event-drivemechanisms. In Section A.2, further motiv ation for having an event-driven mecis provided. Section A.3 describ es the design and implementation of the event-drivemechanism. Section A.4 discusses the solution to the compatibilit y A.1 Bac P A system that supp orts the p olling mechanism often maintains a globally table of the states of the devices. In Smalltalk, this table is an instance of and is accessible through a global v ariable called Sensor. A typical interface ob will have lo ops that p oll the relev ant table entries. When a state change is sensed, case statement in the lo op invokes a routine to pro cess the change. This routine change the state of the underlying application, give feedback to the user, or control to another lo op to detect further state changes. F or example, a PopUpMenu is often invoked by a lo op that senses mouse button presses. Conis then passed to the PopUpMenu p olling lo op which tracks the cursor p osition highlights the prop er p ortion of the menu when the user drags the The control structure of a p olling interface is implemen ted by a tree of lo Each lo op in the tree keeps control while certain conditions are satis�ed (for the cursor stays within a rectangle area) and p olls the children lo ops to see they want control. A child lo op that wants control can grab it when its lo op is met and later return control to its parent lo op when its lo oping condition is no Ev en t-Driv

An event-driven mechanism [NS79] usually consists of three ma jor comp onents: a of eventgenerators, an event queue that bu�ers the events in sequence, and an even dispatching mechanism that removes the events one at a time from the queue 82

App endix An Ev en t-Driv en Mec hanism In the original Smalltalk MVC implementation, user interface ob jects interact the end user by p olling the states of the input devices and resp onding to the changes. The p olling lo ops must always b e active in order not to miss any p erformed by the user. When one is developing systems with multiplepro cesses, b ecomes a serious problem. F or example, an application with a p olling user inmay fork an agent pro cess to handle the transactions to a remote database and manage the lo cal cache. Since the user interface pro cess must keep p olling even the user is not interacting with the system (for example,the user is waiting for transaction to �nish), it consumes the CPU cycles that could have b een sp ent the database agent pro cess. Moreover, the existence of the database agent pro could make the interface less resp onsive. The situation is aggrav ated if the is running on the same machine as the user interface.

This deterioration of p erformance can b e avoided if the user interface is on top of an event-driv en mechanism that do es not p oll

. However,one must b cautious in making such a fundamental change. While switching to an event-drivemechanism is b ene�cial, it is impractical to consider discarding existing user inand rebuilding them under a new mechanism. Since reusability is among the most p ortant features of ob ject-oriented programming, if the new event-driven mecdo es not allow reuse of existing interfaces,it would b e impractical.

This section presents an event-driven interface framework that not only solvthe p erformance problem but also allo

An alternative is to implement a Time-Sharing Citizenry [Sch88a] mechanism within Smalltalk 81

[W as85] A. I. W asserman. Extending transition diagrams for the sp eci�cation human-computer interaction. IEEE T r ansactions on Softwar e Engine ing, August [WCM88] A. W einand, E. Camma, and R. Marty

. ET++: An Ob ject-OrienteApplication F ramework in C++. In OOPSLA’88: Obje ct Oriente d Pr gr amming, Systems and Applic ations, pages 45{57, Septemb er [W el89] Pierre D. W ellner. Statemaster: A UIMS based on Statecharts for totyping and T arget Implementation. In SIGCHI’89: Human F actors Computing Systems, pages 177{18 2, May [WR82] P

. C. S. W ong and E. R. Reid. FLAIR{User interface dialog design to Computer Gr aphics: SIGGRAPH’82, 16(3):591 {60 6, July [YH85] T. Y unten and H. R. Hartson. A SUPERvisory Metho dolo gy and tation (SUPERMAN) for human-c omputer system developmen t , vume 1, pages 243{281 . Ablex, Norwo o d, N.J., 80

[SIKV82] D. C. Smith, C. Irby

, R. Kimball, and B. V erplank. Designing the User Interface. Byte, pages 242{282 , April [SM88] P

. A. Szekely and B. A. Myers. A User Interface T o olkit Based Graphical Ob jects and Constraints. In OOPSLA’88: Obje ct Oriente Pr o gr amming, Systems and Applic ations, pages 36{45, Septemb er [Sme87] SmethersBarnes, P

.O. Box 639, Portland, Ore. 97207. Pr ototyp er User’s Manual, [Smi88] David N. Smith. Building Interfaces Interactively.In UIST ’88: ASIGGRAPH Symp osium on User Interfac e Softwar e, pages 144{1 51 , tob er [Ste88] Stepstone corp., Sandy Ho ok, Ct. ICp ak 201 R efer enc e Manual, [Sun86] Sun Microsystems, Mountain View, Calif. SunView Pr o gr ammer’s

Guide, [Sun87] Sun Microsystems, Mountain View, Calif. NeWS Manual, [Sze89] Pedro Szekely

.Standardizing the Interface Between Applications UIMSs. UIST ’89: ACM SIGGRAPH Symp osium on User Interfac

Softwar e, pages 34{42, Novemb er [T aMSW86] P . T anner, S. a. MacKay

, D. A. Stewart, and M. W ein. A ming switchb oard approach to user interface management. In Gr aphics: SIGGRAPH ’86, pages 241{2 48 , July [tD85] P

. J. W. ten Hagen and J. Derksen. Parallel Input and F eedback in logue Cells. In G. E. Pfa�, editor, User Interfac e Management Systemspages 109{12 4. Spring-V erlag, Berlin,April [T ei86] W. T eitelman. T en years of window systems-A retrosp ective view. F. R. A. Hopgo o d, D. Duce, V. C. Fielding, K. Robinson, and A. Williams,editors, Metho dolo gy of Window Management, pages 35{4 Springer-V erlag, New Y ork, [T es81] L. T esler. The Smalltalk Environment. Byte, pages 90{14 7, [vdM89] Pieter S. v an der Meulen. Development of an Interactiv e Simulator Smalltalk. JOOP, pages 28{51, January/F ebruary [VL89] John M. Vlissides and Mark A. Linton. Unidraw: A F ramework Building Domain-Sp eci�c Graphical Editors. UIST ’89: ACM GRAPH Symp osium on User Interfac e Softwar e, pages 158{1 67, Novb er 79

[SBK85] J. Sib ert, R. Belliardi, and A. Kamran. Some thoughts on the inb etween user interface management systems and application software. G. E. Pfa�, editor, User Interfac e Management Systems, pages 183{19 Springer-V erlag, Berlin,[Sch86a] Kurt Schmuck er. MacApp: An Application F ramework. Byte, 189{19 3, August [Sch86b] Kurt Schmucker.Obje ct Oriente d Pr o gr amming on the Macintosh, vume 5. Apple Press, [Sch88a] Allan M. Schi�man. Time-Sharing Citizenry for Smalltalk-80 Unix. Par cPlac e Newsle tte r, 1(2):9{10 , [Sch88b] Kurt Schmuck er.Using Ob jects to Pack age User Interface F unctionality.

Journal of Obje ct- Oriente d Pr o gr amming, 1(1):40{4 5, April/May [SG86] R. W. Schei er and J. Gettys. The X Window System. ACM T r tions on Gr aphics, 5(2):79{109 , April [SG89] Gurminder Singh and Mark Green. A high-level user interface ment system. In SIGCHI’89: Human F actors in Computing Systemspages 133{13 8, May [SH89] Antonio C. Sio chi and H. Rex Hartson. T ask-Oriented Represenof Asynchronous User Interfaces.In SIGCHI’89: Human F actors Computing Systems, pages 183{18 8, May [Sha89] Y en-Ping Shan. An Event-Driven Mo del-View-Controller F ramework Smalltalk. In OOPSLA’89: Obje ct Oriente d Pr o gr amming, Systems Applic ations, pages 347{3 52, Octob er [Sha90a] Y en-Ping Shan. An Ob ject-Oriented F ramework for User Interfaces.In A dvanc es in Obje ct-Orien te d Gr aphics, Eur o gr Seminars Series. Springer-V erlag, [Sha90b] Y en-Ping Shan. Mo de o�ers direct manipulation for Smalltalk. Softwar e, 7(3):36, May [SHB86] J. L. Sib ert, W. D. Hurley

, and T. W. Bleser.An Ob ject-Oriented Interface Management System. Computer Gr aphics: SIGGRAPH’8620(4):259{2 68 , August 1986 [Shn83] B. Shneiderman. Direct manipulation: a step b eyond programming guages. IEEE Computer, 16(8):57{6 9, 78

[NS79] W. M. Newman and R. F. Sproull. Principles of Inter active Gr aphics. McGraw-Hill, Inc., 1979 [OBE

84] D. R. Olsen, W. Buxton, R. Ehrich, D. Kasik, J. Rhyne, and J. Sib A Context for User Interface Management. IEEE Computer Gr and Applic ations, 4(12):33{42 , Decemb er [OD83] D. R. Olsen and E. P

. Dempsey

. Syngraph: A Graphical User-Interface

Generator. Computer Gr aphics: SIGGRAPH’83, pages 43{50, [ODR85] D. R. Olsen, E. P

. Dempsey

, and R. Rogge. Input-Output Link age a User Interface Management System. In Computer Gr aphics: GRAPH’85, pages 225{23 4, July [Ols86] D. R. Jr. Olsen. MIKE: The Menu Interaction Kontrol Environment.

ACM T r ansactions on Gr aphics, 5(4):318{ 34 4, Octob er [Ols87] D. R. Olsen. Larger Issues in User Interface Management. In ACM GRAPH Workshop on Softwar e T o ols for User Interfac e Developmen tpages 134{13 7, April [Ols88] Dan R. Jr. Olsen. A Browse/Edit Mo del for User Interface ManagemenIn Gr aphics Interfac e ’88, pages 155{1 59 , June [Ols89] Dan R. Jr. Olsen. A Programming Langua ge Basis for User Interface.

In SIGCHI’89: Human F actors in Computing Systems, pages 171{17 May [Pfa85] G. E. Pfa�. User Interfac e Management Systems. Springer-V

Berlin, [Rei87] S. P

. Reiss. A Conceptual Programming Environment. In 9th tional Confer enc e on Softwar e Engine ering, pages 225{ 235 , March [RSD

87] W. Rob erts, M. Slater, K. Drake., A. Simmins, and A. Davison. Impressions of NeWS. T echnical Rep ort 417, Department of Science and Statistics, Queen Mary College, University of London, don, England, August [Rub82] A. Rub el. Graphic based applications{T o ols to �ll the software Digital Design, pages 17{3 0, July [Rum88] James Rumbaugh. State T rees as Structured Finite State Machines User Interfaces.In UIST ’88: ACM SIGGRAPH Symp osium on Interfac e Softwar e, pages 15{29, Octob er 77

[Mey87] B. Meyer. Reusability:The Case for Ob ject-Oriented Design. Softwar e, pages 50{64, March [Mic85] Microsoft Corp., Redmond, W ash. Micr osoft Windows: Pr o gr ammer’s

Guide, [Mil88] J. Miller.UIMSs: Threat or Menace? In SIGCHI’88: Human F in Computing Systems, pages 199{20 0, April [MRKS89] Hans Muller,John Rose, James Kempf, and T aylo e Stansbury

. The of Multimetho ds and Metho d Combination in a CLOS Based WindoInterface.In OOPSLA’89: Obje ct Oriente d Pr o gr amming, Systems Applic ations, pages 239{2 53, Octob er [MSC

86] J. H. Morris, M. Satyanarayanan, M. H. Conner, J. H. Howard, D. S. Rosenthal, and D. F. Smith. Andrew: A distributed p ersonal puting environment.Communic ations of the Asso ciation of Machinery, 29(3):184 {20 1, March [MT88] Je� McA�er and Dave Thomas. Ev a: An Event Driven F ramework Building User Interfaces in Smalltalk. In Gr aphics Interfac e ’88, 168{17 5, June [MVS88] James E. McDonald, Paul D. J. V andenb erg, and Melissa J. Smartt. MIRAGE Rapid Interface Prototyping System. In UIST ’88: ACM GRAPH Symp osium on User Interfac e Softwar e, pages 77{84, Octob [Mye87a] B. A. Myers. Creating dynamic interaction techniques by In SIGCHI’87: Human F actors in Computing Systems, pages 271{27 April [Mye87b] B. A. Myers. Gaining General Acceptance for UIMSs. In ACM GRAPH Workshop on Softwar e T o ols for User Interfac e Developmen tvolume 21, pages 130{1 34 , April [Mye88] B. A. Myers. Cr e ating User Interfac es by Demonstr ation. Academic

Press, Boston, [Mye89a] B. A. Myers. User-Interface T o ols: Intro duction and Survey. Softwar e, pages 15{23, January [Mye89b] Brad A. Myers. Encapsulating InteractiveBehaviors. In Human F actors in Computing Systems, pages 319{3 24, May [NeX88] NeXT, Inc., Palo Alto, Calif. NeXT System R efer enc e Manual, 1988 76

[KC88] MichaelF. Kleyn and Indranil Chakrav arty

. EDGE - A Graph T o ol for Sp ecifying Interaction. In UIST ’88: ACM SIGGRAPH p osium on User Interfac e Softwar e, pages 1{14, Octob er [KLR89] David J. Kasik, MichelleA. Lund, and Henry W. Ramsey

. Re ections Using a UIMS for Complex Applications. IEEE Softwar e, pages 54{6 January [KO88] Kerry Kimbrough and LaMott Oren. CLUE: A Common Lisp Interface Environment.In UIST ’88: ACM SIGGRAPH Symp osium User Interfac e Softwar e, pages 85{94 , Octob er [KP83] D. Kieras and P

. G. Polson. A generalized transition network sentation for interactiv e systems. In SIGCHI’83: Human F actors Computing Systems, pages 103{10 6, Decemb er [KP88] G. E. Krasner and S. T. Pop e. A Co okb o o k for Using the Mo Controller User Interface Paradigm in Smalltalk-80. Journal of Obje

Oriente d Pr o gr amming, 1(3):26{49 , August/Septemb er [LIBY89] T. G. Lewis, F red Handloser I I I, Sharada Bose, and Sherry Y ang. totyp es from Standard User Interface Management System. c ations of the Asso ciation of Computing Machinery, 22(5):51{ 60 , ma[Lie86] Henry Lieb erman. Using Prototypical Ob jects to Implemen t Shared havior in Ob ject Oriented Systems. OOPSLA’86: Obje ct Oriente d Pr gr amming, Systems and Applic ations, pages 214{22 3, Septemb er 1986 [L

VC89] M. A. Linton, J. M. Vlissides, and P

. R. Calder. Comp osing User Infaces with InterViews. IEEE Computer, pages 8{22, F ebruary [MA88] Jo el McCormack and Paul Asente. An Overview of the X T o olkit. ’88: ACM SIGGRAPH Symp osium on User Interfac e Softwar e, 46{55, Octob er [MBFB89] John Maloney

, Alan Borning, and Bjorn F reeman-Benson. ConstrainT echnology for User-Interface Construction in ThingLab I I. In SLA’89: Obje ct Oriente d Pr o gr amming, Systems and Applic ationspages 381{38 8, Octob er [MBW89] Jerry M. Manheimer, Ro dney C. Burnett, and Jo Ann W allers. A study of user interface management system development and tion. In SIGCHI’89: Human F actors in Computing Systems, pages 132, May 75

[Hel87] J. Helfman. A T abular User-InterfaceSp eci�cation System. SIGCHI’87: Human F actors in Computing Systems, pages 279{28 April [HH86] D. Hix and H. R. Hartson. An interactiv e environment for development: Its design, use, and ev aluation. In SIGCHI’86: F actors in Computing Systems, pages 228{2 34, April [HHN86] E. L. Hutchins, J. D. Hollan, and D. A. Norman. Direct interfaces. In D. A. Norman and S. W. Drap er, editors, User Center e System Design, pages 87{124 . Lawrence Erlbaum Asso ciates, Hillsdale,

NJ, [Hil86] R. D. Hill. Supp orting Concurrency

, Communication, and Synction in Human-Computer Interaction{The Sassafras UIMS. ACM T r actions on Gr aphics, 5(3):179{2 10 , July [HSL85] P

. J. Hayes, P

. A. Szelely

, and R. A. Lerner. Design Alternatives User-InterfaceManagement Systems Based on Exp erience with In SIGCHI’85: Human F actors in Computing Systems, pages 169{17 April [Hud86] S. E. Hudson. A User Interfac e Management System wich Supp Dir e ct Manipulation. PhD thesis, Department of Computer Science,

University of Colorado, Boulder, Colorado, [IWC

88] Dan Ingalls, Scott W allace, Y u-Ying Chow, F rank Ludolph, and Doyle. F abrik-A Visual Programming Environment. In Obje ct Oriente d Pr o gr amming, Systems and Applic ations, pages 190, Septemb er [Jac86] R. J. K. Jacob. A Sp eci�cation Language for direct Manipulation interfaces. ACM T r ansactions on Gr aphics, 5(4):283{ 317 , Octob er [JGZ88] Ralph E. Johnson, Justin O. Graver, and Lawrence W. Zurawski. An Optimizing Compiler for Smalltalk. In OOPSLA’88: Obje ct Oriente Pr o gr amming, Systems and Applic ations, pages 18{26 , Octob er [Kas82] D. J. Kasik. User Interface Management System. Computer Gr

SIGGRAPH’82, pages 99{106 , July [Kas85] David J. Kasik. An architecture for graphics application development.

In Pr o c e e dings of IEEE International Confer enc e on R ob otics and Atomation, pages 365{37 1, March 74

[F ol86] J. D. F oley

. Guest Editor’s Intro duction: Sp ecial Issue on User InSoftware. ACM T r ansactions on Gr aphic, 5(2):75{78, April [F ol88] J. D. F oley

. Software T o ols for Designing and Implemen ting Computer Interfaces. In L e ctur e notes for User Interfac e Str ate gies’88University of Maryland, Professional Development Center, College PMaryland, Octob er [F ol89] J. D. F oley

. De�ning Interfaces at a High Level of Abstraction. Softwar e, pages 25{32, January [F re87] K. F reburger. RAPID: Prototyping Control Panel Interfaces. OOPSLA’87: Obje ct Oriente d Pr o gr amming, Systems and Applic ationspages 416{42 2, Octob er [GE87] M. Grossman and R. K. Ege. Logical Comp osition of Ob ject-OrienteInterfaces. In OOPSLA’87: Obje ct Oriente d Pr o gr amming, Systems Applic ations, pages 295{3 06, Octob er [Gia88] Alessandro Giacalone. XY-WINS An Integrated Environment for veloping Graphical User Interfaces. In UIST ’88: ACM Symp osium on User Interfac e Softwar e, pages 129{ 143 , Octob er [GR83] A. Goldb erg and D. Robson. Smal ltal k- 80: the L anguage and Its mentation. Addison-W esley

, [Gra86] F. E. Granor. User Interfac e Management Systems Gener ator. thesis, Department of Computer and Information Science, University Pennsylv ania, Philadelphia, P

A, May [Gre85] M. Green. The University of Alb erta User Interface Management tem. In Computer Gr aphic: SIGGRAPH’85, volume 19, pages 205{21 July [Gre86] M. Green. A Survey of Three Dialogue Mo dels. ACM T r ansactions Gr aphics, 5(3):244{ 275 , July [Gut87] S. H. Gutfreund. ManiplIcons in ThinkerT oy. In OOPSLA’87: je ct Oriente d Pr o gr amming, Systems and Applic ations, pages 307{31 Octob er [Har89] R. Hartson. User-Interface Management Control and CommIEEE Softwar e, pages 62{70 , January 1989 [HC86] D. A. Jr. Handerson and S. K. Card. Ro oms: The Use of MultipleW orkspaces to Reduce Space Contention in a Window-Based User Interface.ACM T r ansactions on Gr aphics, 5(3):211{2 43 , July 73

[Car88] Luca Cardelli. Building User Interfaces by Direct Manipulation. In ’88: ACM SIGGRAPH Symp osium on User Interfac e Softwar e, 152{16 6, Octob er [CCM87] L. A. Call, D. L. Cohrs, and B. P

. Miller. CLAM{an Op en System Graphical User Interfaces. In OOPSLA’87: Obje ct Oriente d Pr o gr ming, Systems and Applic ations, volume 17, pages 227{28 6, Octob [Con87] J. Conklin. Hyp ertext:An Intro duction and Survey. IEEE Computer19:17{41, Septemb er [Cox86] B. J. Cox. Obje ct-Orien te d Pr o gr amming: An Evolutionary Appr o ach.

Addison W esley

, [CP85] L. Cardelli and R. Pike. Squeak: A Langua ge for Communicating Mice.In Computer Gr aphics: SIGGRAPH’85, volume 19, pages 204, July [CS87] Brad J. Cox and Kurt J. Schmucker.Pro ducer: A T o ol for T

Smalltalk-80 to Ob jectiv e-C. OOPSLA’87: Obje ct Oriente d Pr o gr ming, Systems and Applic ations, pages 423{429 , Octob er [DLS89] John F. DeSoi, William M. Lively

, and Sallie V. Sheppard. sp eci�cation of user interfaces with b ehavior abstraction. In Human F actors in Computing Systems, pages 139{1 44, May [Edm81] E. A. Edmonds. Adaptive man-computer interfaces. In M. J. Co omand J. L. Alty

, editors, Computing Skil ls and the User Interfac e. demic Press, London, [EL88] Danny Epstein and Wilf R. LaLonde. A Smalltalk Window Based On Constraints. In OOPSLA’88: Obje ct Oriente d Pr o gr Systems and Applic ations, pages 83{94, Septemb er 1988 [EMB87] Raimund K. Ege, David Maier, and Alan Borning. The Filter BroDe�ning Interfaces Graphically. In Eur opian Confer enc e on Obje ct ente d Pr o gr amming, pages 155{1 65, [FB87] M. A. Flecc hia and R. D. Bergeron. Sp ecifying complex dialogs in GAE. In SIGCHI’87: Human F actors in Computing Systems, 229{23 4, April [FJ87] G. L. Fisher and K. I. Joy

. Control-Panel Interface for Graphics Image-Pro cessing Applications. In SIGCHI’87: Human F actors in puting Systems, pages 285{2 90 , April 72

Bibliograph

[ABB89] Gideon Avrahami, Kenneth P

. Bro oks, and Marc H. Brown. A TwView Approach to Constructing User Interfaces. In Computer Gr

SIGGRAPH’89, volume 23, 3, pages 137{146 , July [Ada88] Sam S. Adams. MetaMetho ds: The MVC Paradigm. HOOPLA!, July [Ale87] J. H. Alexander. Painless Panes for Smalltalk Windows. In Obje ct Oriente d Pr o gr amming, Systems and Applic ations, pages 294, Octob er [AMY87] R. Akscyn, D. McCracken,and E. Y o der. KMS: A Distributed Hyp dia System for Managing Knowledge in Organizations. In Hyp ertext’87pages 1{20. Universit y of North Carolina, Chap el Hill, NC, Novem b [Ap o88] Ap ollo Computer, Inc. Op en Dialo gue, [Atk86] Rob ert G. Atkinson. Hurricane: An Optimizing Compiler for Smalltalk.

In OOPSLA’86: Obje ct Oriente d Pr o gr amming, Systems and Applic tions, pages 151{15 8, Octob er [A

YM88] R. Akscyn, E. Y o der, and D. McCracken. The Data Mo del is the Heart Interface Design. In SIGCHI’88: Human F actors in Computing Systemspages 115{12 0, April [Bar86] P

. S. Barth. An Ob ject-Orien ted Approach to Graphical Interfaces.

ACM T r ansactions on Gr aphics, 5(2):142{ 17 2, April [Bin88] Carl Binding. The Architectureof a User Interface T o olkit. In ’88: ACM SIGGRAPH Symp osium on User Interfac e Softwar e, 56{65, Octob er [BLSS83] W. Buxton, M. R. Lamb, D. Sherman, and K. C. Smith. T owards a prehensive User Interface Management System. In Computer Gr

SIGGRAPH’83, volume 17, pages 35{42 , July 71 p endixes is an example. A set of ob jects could b e added to the library to the creation of this kind of user interface. The two-dimensional de�nition of mo could b e extended to cover true three dimensional interaction. In a twinterface, a mo de is an area on the screen that interacts with the user di�erently its surrounding area. In a three-dimensional interface,one could de�ne a mo de the \volume" (or surface) that interacts with the user di�erently than its volume (or surface). Research on 3-D input devices and how to represent and pro the events generated by these devices is also T rac king Mec

With its event-driv en mechanism, MoDE could b e used to create interfaces that record the user’s interaction (basically as a sequence of events) into a �le and replay the interaction from the �le. This could b e used to provide insights into usability of the user interfaces created with It would b e desirable to build this tracking mechanism at a system level that all application would inherit this capability

. The development of the tracmechanism could also help in creating shared workspaces. If replay is done on di�erent machine at the same time when the interaction is b eing tracked,the tracsite and the replay site could share the same visual wAudio In T o supp ort audio interaction the system would need to accept audio input and ate audio output. Metho ds to pack age audio input and output as events would to b e develop ed. Also, the event dispatching mechanism would need to b e to include the priority list p olicy so that the audio input can b e indep endent to cursor p osition. (With a priority list, an event is �rst sent to the mo de at the top the list, then the second, and so 70

(in C++)

Basic classes

X Window System

Smalltalk

Application code

(in Smalltalk)

Figure 7.1: Make MoDE a pro duction and window management. The underlying event-driv en mechanism of MoDE is vsimilar to the event-driven mechanism of X. In fact, since many sp eci�c functions such as clipping, event dispatching, etc. { are handled directly in X, those metho would not have to b e p orted. Thus, the size of the Mo de class in C++ would b e mucsmaller than the one in The MDisplayObje ct class would b e implemented with the display functions X. Since the version of Smalltalk (ParcPlace 2.5) in which MoDE is implemen ted b een p orted to the X Window System (on DEC3100 machines) successfully

, the X play functions are su�cient to implement all display functions of the MDisplayObje plus additional ones that might b e added in the The MContr ol ler class would b e mo di�ed to handle X event typ es. As tioned in Section 4.2.2.1, the eventResponsestable would need to b e implementeby asso ciating tags with function p ointers. Also, an MEvent class will b e needed wrap X events with an ob ject-oriented layer to provide an ob ject-oriented interface the MContr ol ler. However,since the event-driv en system of MoDE and X are similar, the tasks would b e straight forwThe SemanticOb je ct is indep endent of the underlying windowing system; sequently

,no sp ecial treatment is needed for p orting After the basic classes have b een p orted, MoDE could b e used to devprototyp e interfaces as an application of the basic classes. Once the interfaces b satisfactory and fully debugged, the application co de can b e hand translated into and linked with the basic classes p orted to C++ previously

. If the target language Ob jectiv e-C instead of C++, a Smalltalk to Ob jective-C translator, called \Pro [CS87 ], could b e invoked from the Mo de Comp oser to automatically translate application co de to Ob jectiv

Supp ort 3-D in

With some programming, MoDE could b e used to create simple 3-D interfaces. 3-D game shown at the end of the section 1 of the videotap e contained in the 69 such mechanism to allow p olling and event-driven user interfaces running without any p erformance loss and without altering them. App endix A.4 this in 7.2 F uture Researc

The work rep orted here can b e extended in many waExpand the T yp e-space of Mo The typ e-space of mo des de�ned in Section 3.4 can b e expanded by creating v alues on the three axes. F or example, MoDE currently do es not supp ort video the app earance axis. De�ning a new sub class of MDisplayObje ct that displays images would allow the typ e-space to expand and cover more user inDirect-Manipulation Supp ort for Dynamic In

The Mo de Comp oser currently provides little direct-manipulation supp ort for the ation of dynamic interfaces. A dynamic interface (for example,a drawing to ol allows the user to create lines and b oxes) changes its con�guration at run-time. di�cultyin creating such interfaces is not in their implemen tation but rather in sp eci�cation. New input techniques would b e needed in order for the interface devop er to sp ecify the dynamic b ehavior of the interface through direct Mak e MoDE a Pro duction MoDE can b e made into a \real" system intended for industrial use. The MoDE should b e able to generate user interfaces that run on the X Window A viable approach would b e to implement the basic classes of MoDE in a ob ject-oriented language (such as C++ or Ob jectiv e-C) to interact with the X servThe Mo de Comp oser would have to b e mo di�ed to generate co de that uses the basic classes co ded in Smalltalk. This would allow interface develop ers to prototyp and test their interfaces using the Smalltalk Mo de Comp oser. Once they are with the prototyp e interface,they could then ask the system to generate co de the pro duction language (for example C++) for the real version of the interface would provide b etter p erformance and p ortability

Figure 7.1 depicts a strategy for p orting MoDE to C++ running on top of Window System. The basic classes would b e reimplemented in C++ to use the Window Each instance of Mo de would b e asso ciated with an X windoThe Mo de class would implement calls to the X server for eventdispatc68

Chapter 7.1 The MoDE research contributes to the state of the art of user interface developmen by achieving the following Generalit

The orthogona l design of the Mo de framework not only allows the user incomp onents created with MoDE to b e highly reusable but also allows the axes to more mo de typ es, which results in a more general system. With an op en architecture,

the MoDE interaction technique library allows new styles of interaction to b e and incorp orated into the system easily

Connection b et w een user in terface and The decentralized connection mo del allows a strong separation of the user inand the application without limiting the communication b etween them (which essential for providing rich semantic feedbacSupp ort b ey ond co The mo de concept provides an informal framework in which the user interface devop er can sp ecify the interface conceptually from the end user’s p oint of view. framework also provides guidelines to help decomp ose an interface into comp onenduring the design phase. The structure regularity imp osed by the Mo de framewacross all interfaces and the interrupt-and-insp ection capability MoDE supp orts the develop er in b oth debugging and mainIn tegration b et w een ev en t-driven and p olling in T o the b est of the author’s knowledge, the MoDE event-driven mechanism is the 67

� One message sent from the mo de to controller to pro cess the even� The cost of the controller eventResponses table lo � One message for the controller to inform the semantic ob � Two messages that go back and forth b etween the semantic ob ject and � One message sent from the semantic ob ject to the mo de to re ect the seman� One message from the mo de to its display ob ject to display the The pro�le data collected from a session similar to that shown in section 1 of videotap e indicates that these overhead events consumed less than 2% of the ovCPU time. This suggests that further optimization on this p ortion of the could provide very littleSince MoDE is general with resp ect to ob ject-oriented programming, the tem can readily b e p orted to a non-interpreted ob ject-oriented language that interact with a faster drawing library

. Such a p ort would eliminate the two ma p erformance liabilities mentioned ab ove. Section 7.2 outlines a p ossible approach making such a p Thus, while interfaces pro duced by MoDE are measurably slower than infaces implemented using conventional to ols, their di�erences are insigni�cant the p oint of view of the user. The MoDE architecture achieves its exibilityand erality at a small, constant overhead cost. Thus, when MoDE is p orted to pro platforms, such as Ob jectiv e-C and X Window System, the interfaces it pro should b e as e�cien t as those pro duced using other user interface building to 6.4 MoDE is su�ciently general to pro duce a wide v ariety of interfaces including interface styles in SunView, NeXT, Macintosh, and those in the section 1 of videotap e. The Mo de framework is currently limited by the implemen tation than the concepts that it is based up on, and can b e extended to provide generality

. An informal exp eriment suggests that MoDE is capable of increasing pro ductivity of its users. MoDE also generates interfaces that provide p erformance suitable for actual 66 but its slowness is relative and, in practice, has not detracted from its Several measures of p erformance will b e discussed brie y b elow, but to get the lo and feel of MoDE in actual use, the reader is referred to the videotap e in App endix This videotap e was shot in real-time. It demonstrates the e�ciency of the inbuilt with MoDE. The sample interfaces includes windows that move smo othly their actual images instead of indication b oxes, a star that rotates when dragged, scroll bar that scrolls the contents of a window continuously

, and a screen ob ject clips against its surrounding environment while tracking the On a Sun3/75, moving an icon in a MoDE-generated interface has a 70 to ms gap b etween the time the user pushes the button and the time the icon starts move. If the same op eration is programmed with a C++ graphics library that direct access to the low level SunView routines, the gap decreases to ab out 1ms. though these numb ers indicate two orders of magnitude di�erence in p erformance, human user can hardly notice the di�erence. With faster machines, the p di�erence b ecomes even less MoDE has b een used to pro duce functional interfaces for actual they include the interface for MoDE itself and the interface for a hyp ertext softwdevelopmen t system currently b eing built. In most cases, the interfaces created MoDE actually ran faster than interfaces created with original Smalltalk to ols b of the caching capability inherited by all mo des. F or example, the interface for hyp ertext application built with MoDE can refresh a directed graph with 100 no and 150 links 3 to 4 times faster than the same interface implemented directly Smalltalk to The ma jor factors a�ecting MoDE’s p erformance are consequences of its plementation in Smalltalk, rather than the architecture of the system. drawing routines used by MoDE are implemen ted with non-optimized They run much slower than ordinary drawing routines such as those of and X. Second, Smalltalk is an interpreted language

; Smalltalk programs, ing MoDE, execute an order of magnitude slower than compiled programs [JGZ88 The overhead required to achieve the generality of MoDE is not a signi�cant By partitioning the interface comp onents orthogona lly

, MoDE incurs only a constanoverhead cost for its generality

. This �xed cost is the constant numb er of messages needed to supp ort the indirection that, in turn, supp orts the orthogon The �xed overhead incurred b etween the time an event is generated and time it is fully pro cessed typically includes the follo

There are Smalltalk implementations that are compiled and provide b etter p erformance [Atk86JGZ88]. Unfortunately their compilers strip away much of the run-time exibility of the inSmalltalk, which is essential for the implementation of 65

After the exp eriment,sub jects in Group A were asked to estimate the amounof additional time they would need to �nish the assignment. A1 indicated 4 to 8 minimum, with \prop er supp ort." (Another two days would b e needed to improve to ol-set to provide the \prop er supp ort.") A2 estimated 4 to 8 hours, additional, him to complete the assignmen6.2.4 The design of the exp eriment was purp osely biased against MoDE. Group A could whatever to ols they chose, but group B could use only MoDE. Group A consisted exp erienced Smalltalk programmers, while group B consisted of inexp erienced programmers. F urthermore, B1 and B2 had completed only two small assignmenusing MoDE prior to the exp eriment,and they were unfamiliar with the resize tions of MoDE. This is re ected in the large prop ortion of time b oth sp ent on resizing features of the problem interface.(F or example, B1 �nished everything in ab out 15 minutes and sp ent 40 minutes with the resize features.) The instability

of the version of MoDE used in the exp eriment also worked against MoDE. It is mated that B2 sp ent at least half an hour recovering from two crashes. If sub jects group B had had more exp eriencewith MoDE and the implementation of MoDE b een more stable, even greater di�erences in p erformance would have b een exp ected

1

The intention of the exp eriment was to demonstrate informally the pro ity gain provided by MoDE. Since Group A did not �nish the assignment, only estimated numb ers are av ailable for comparison. Nevertheless, this informal exp ment suggests a substantial gain in pro ductivity could b e achieved for with mo dest exp erienceusing a stable MoDE 6.3 P

Performance is an imp ortant consideration for any system. However,it must b placed in context and considered in relation to other criteria and ob jectives for system. MoDE was built as a pro of-of-concept system and, hence, emphasis wplaced on the generality of its architecture. Since MoDE is intended as a prototto ol, exibilit y (in addition to generality) is more imp ortant than raw sp In the current interpretiv e implemen tation, MoDE may b e considered \slo

The author, an exp ert MoDE user, to ok 15 minutes to build the running implementation as the de�nitive sp eci�cation in the exp eriment. Approximately 4 hours were needed by the to build the same interface without 64

Neither sub ject in group A completed the assignment in the three hour limit for the exp eriment.They completed some features, partially completed and some were not attempted. The following is a summary of their SUBJECT Title bar: partially completed. (title text not centered; the background under window is not restored; scroll bar do es not redisplay after movCon ten ts: Scroll bar: partially completed.(lo oks di�erent; has two unnecessary b oxes at top and the b Resize corner: completed.

Maintaining prop er app earance when the window is � Title bar: partially completed (title text not cen� Resize corner: � Contents: partially completed (height and width scaled � Scroll bar: SUBJECT Title bar: partially completed (no title text; the background along the moving is erased by the moving windoCon ten ts: Scroll bar: partially completed (lo oks di�erent; has more function than basically a standard Smalltalk scroll Resize corner: not Maintaining prop er app earance when the window is � Title bar: not � Resize corner: not � Contents: not � Scroll bar: not 63

Figure 6.2: A picture of the window to b e window is shown, and the upp er right corner of the outline moves with cursor. When the user releases the button, the size of the window matches rubb er band When the window is resized, the following prop erties should b e mainTitle bar: height �xed, title text centered, the white background of the text remains the same Resize corner: height and width �xed, sticks to the upp er right corner of windoCon ten ts: height and width Scroll bar: width During the exp eriment,you will also have access to a running implemenof the interface that you are ab out to build. It comprises the de�nitive sp for the interface.

6.2.3 Both sub jects in group B completed the assignment with all features implemented.

Sub ject B1 used 57 minutes, B2 used 2 hours and 3 minutes. The instabilityof version of MoDE used in the exp eriment accounts for much of this di�erence. the two hour p erio d for the exp eriment,sub ject B2 crashed the system twice and wthrown out of Smalltalk (not just MoDE). Because intermediate results were in main memory and could not b e recovered after the crashes, B2 had to start scratch after b oth 62 to ols (except MoDE) they wished to use to implement the interface. The sub jects group B (the less exp erienced Smalltalk programmers) were required to use exclusiv elyBoth groups were given three hours in which to build the interface describ b elo6.2.2 The Assignmen

The following text is a verbatim listing of the assignment given to the sub 6.2.2.1 � Y ou are to build the interface illustrated in Figure 6.2 and describ ed in detail b elo� (F or group A) Use whatever to ols you wish to help y(F or group B) Use MoDE exclusiv ely � Y ou have up to 3 hours to build as much of the interface as you can. The you sp end in completing the task will b e recorded and is imp ortan� No comments, optimization, or do cumentation are 6.2.2.2 Description of the In terface to Be The interface to b e built is the window shown in Figure 6.2. The parts of the windoare describ ed b eloTitle bar: The title bar (at the b ottom of the window) has a title text in it. the user presses the left mouse button in the title bar and drags, the window moves with the Con ten ts: three b oxes within a �eld larger than the window that can b e used demonstrate the function of the scroll Scroll bar: used to scroll the contents of the window vertically

Resize corner: When the user presses the left mouse button on top of the corner (at the upp er right corner of the window), a rubb er band outline of 61

Mo de Event dispatching p olicies, such as a \priority list" p olicy where events sent to the mo des according to their priorities, can b e implemented by mo the event dispatching metho d de�ned in the Mo de With some additional work, MoDE could also b e extended to handle 3-D inaction and audio interaction. These p ossible extensions are discussed in Section In principle,the concept of mo de could b e used to organize and create user inin 3-D virtual realities in which mo des are asso ciated with lo cations in 3-D vand have shap es and semantics that a�ect the 3-D virtual w6.1.3 Inappropriate There are some interfaces for which MoDE do es not seem appropriate. They interfaces that do not use a bitmap display as their output device(such as feedback systems) and interfaces that do not use a p ointer as the ma jor input (such as treadmill-input Since MoDE assumes an event-driv en input mechanism, it is inappropriate user interfaces that use p olling mechanisms.. Finally

, MoDE is intended for manipulation interfaces. Although it is p ossible to create text-based interfaces MoDE, the concept of mo de would not provide much 6.2 Pro ductivit

An informal exp eriment was conducted to study the pro ductivity gain pro duced bMoDE. This section describ es the exp eriment and its 6.2.1 Sub F our sub jects were divided into two groups. Group A was comp osed of exp erienceSmalltalk users (with �ve years and one-and-a-ha lf years exp erience, resp ectively).

Both had extensiv e exp erienceprogramming user interfaces in Smalltalk. Group consisted of two �rst year graduate students who started learning Smalltalk months b efore the exp erimen

All sub jects were asked to implement the same interface under Smalltalk. sub jects in group A (the more exp erienced Smalltalk programmers) chose whatev60

� Drag screen ob jects with frame (Mac, SunView), drag screen ob jects with image � F eedback (by highlighting) when a screen ob ject is dragged over another (Mac, � Hierarchical menus that can b e in the form of: pull-down menu(Mac), p menu (SunView), or tear-o� menu � Inverse highlight (Mac), animation highlight (NeXT black-hole), change p earance highlight (NeXT � Screen ob jects that lo ok 3-D � Invoke menus from the b order of a window � Windowing b ehaviors such as op en and close windows with rubb er-band and resize the windows (Mac, NeXT, � Title bars for windows (Mac, NeXT, Section 1 of the videotap e in the app endix shows other sample interfaces ated with MoDE. These resources could b e used to generate many other inusing combination and v ariant form of the comp onents describ ed. By adding comp onents, in the manner describ ed, the range of p ossible interfaces could still b further 6.1.2 What MoDE Can Be Extended T o This section discusses interfaces that can not b e built with the current implemenof MoDE but could b e handled by an extended MoDE. Again, the basic classes used to structure the MDispla yOb ject The MDisplayObje ct has b een designed for color display and v ariables reserved for color handling. The only reason that MoDE do es run in full color is b ecause the current version of Smalltalk do es not supp colors. Once Smalltalk supp orts color or MoDE is p orted to a platform do es supp ort colors, color images can b e created immediately. Video can also b e incorp orated so long as the output can b e clipp ed by the displab ox of a mo MCon troller New event typ es can b e added to include new input devices such joystick and control dials. Programming is necessary to de�ne new event typ 59

(MDisplayObject)

(MController)

(SemanticObject)

Interaction

Semantics

Appearance

Figure 6.1: The three axes span the space of mo de-typ can b e used in a MDisplayObje ct to de�ne an app earance. This includes drawings, bitmaps, and animated MCon troller An MContr ol ler p erforms the interaction by sending out according to the typ es of input events received. The event typ es currently

supp orted by the system are: cursor move, enter/leave mo de, button dobutton click, button double click,and v arious keyb oard events.This set event typ es is su�cient for the implementation of most interactivetec(menus, dialogue b oxes, buttons, The set of shared b ehaviors de�ned in MContr ol ler currently contains supp for dragging, resizing, linking, and menu pro cessing. New b ehaviors may b added into this set in the Seman ticOb ject Sub classes of the SemanticO bje ct class are fully programmable bthe user. A user can program whatever Smalltalk function he wants in sub Mo de The Mo de class de�nes the event dispatching mechanism. Currently

, it p orts two event dispatching p olicies: the \hot cursor" p olicy that delivers evento the front-most mo de containing the cursor, and the \fo cused mo de" p that deliv ers all events to a sp eci�c fo cused mo de designated by the With the ab ove implemen tation, MoDE has b een used to generate its ointerface and to generate test interfaces that simulate ma jor comp onents of the teractions implemented in Macintosh, NeXT, and SunView. F or the test interfaces,

no underlying data structure nor functions were implemented. The following is a of the style features sim58

Chapter Exp erience With 6.1 Generalit

It is very di�cult to discuss formally the range of user interfaces that MoDE can b ecause there are no comprehensive taxonomies of existing interaction techniques.

Additionally

, new techniques are b eing created all the time. In fact, one of goals is to facilitate the creation of new techniques. F urthermore, since MoDE integrated with the Smalltalk programming environment, the user can always escap from MoDE to Smalltalk and co de any p ortion of an interface that MoDE do es supp ort. This further complicates an analysis of MoDE’s generality

. Consequently this section will discuss the range of applications MoDE can pro duce with the of 6.1.1 What MoDE Can In Section 3.4, three axes were describ ed that span the space of mo de-typ es, as shoin Figure 6.1. The greater the numb er of mo de-typ es a framework can span the general it is. Theoretically

,almost any direct-manipulation interface (with a p oinas an input device and bitmap display as output device) could b e built with the Mo framework. However,the current implementation of the three classes that realize three axes and the Mo de class that realizes the event dispatching mechanism limithe p ossible interfaces. This section discusses the generality of the Mo de framewwith resp ect to the ranges of these four MDispla yOb ject The MDisplayObje ct class provides ways to de�ne the app of a mo de. All ob jects that understand the Smalltalk DisplayObje ct proto 57

5.6 The Mo de Comp oser provides a direct-manipulation user interface to the users MoDE. It supp orts the editing of mo des and their connections as well as the agement of the interaction technique library 56

Figure 5.10: The Mo de Comp oser is used to edit b etween the ShrinkBox and the Window of the interaction technique library

. user has also made several changes to MoDE. The two scroll bars of the intechnique library were removed,and a Roam Box (a two-dimensional scrolling devicehas b een attacSince it is easy for users to customize the user interface of MoDE, other interfaces may lo ok and feel di�erently than the author’s presented 5.5.2 Classes Do Not Mak e Go o d T yp Recently, there has b een a debate in the ob ject-oriented community on whether make go o d typ es. Many argued that classes are merely for implementation purp since they do not characterize the \b ehavior" (typ e) of ob jects prop erly

. The inaction technique library provides an interesting example that supp orts the argumenObserv ation of the use of the Mo de Comp oser shows that its users naturally each ob ject in the library as a typ e. F or example, a user might drag a button of the library

, change its b order width, and promote the changed button back to library . F rom then on, he would think he has two typ es of buttons instead of The same thing happ ened to changes made to the controller and the semantic ob Even though the two buttons are comp osed of parts from the same classes, they treated as di�erent typ es. Classes are not su�cient to di�erentiate these typ es. the interaction techniquelibrary the di�erences come more from the v alues of instance v ariables of the ob jects than the classes to which they b elong. This supp the choice of using prototyp es which preserve the v alues of the instance v instead of classes, to represent ob jects in the interaction technique library 55 co ding. All messages asso ciated with a connection are managed by the system can b e insp ected and mo di�ed by invoking program editors through menu Often in programming a semantic ob ject one would lik e to create a sub and put all the changes there to avoid a�ecting other semantic ob jects from base class. This requires replacing the original semantic ob ject with a new of the sub class, with all v alues in the instance v ariables preserved and all connections, in and out, maintained. The Mo de Comp oser provides this service tomatically when the user selects the \Sub class" option in the menu asso ciated the semantic ob 5.4 Library Managemen

The MoDE library stores the interaction techniques as \prototyp es" [Lie86] (live

ob jects with v alues in the instance v ariables retained). Each library ob ject represena \prototyp e," as opp osed to the class, of an interaction technique. As a when promoting an interaction technique,only a live copy of the technique must b created and registered; there is no need to recompilethe library . F urthermore, an interaction technique is promoted into the library

, it can b e reused immediately

by making copies of it. The ab ove prop erties allow the library to b e dynamically

expanded. Interactiv e techniques stored in the library can also b e written to These �les can b e read by other interface develop ers’ libraries to share intecBesides the orthogona l design of the mo de framework, the capability to induce new ob jects to the library easily is also essential to the generality of the If an interface builder were to have a �xed set of library ob jects, the kind of inthat it could create would b e limited. Since the user of MoDE can freely promote ob jects into the interaction technique library

, MoDE is not limited in this resp 5.5 Discussi5.5.1 Not only is the Mo de Comp oser an imp ortant comp onent of MoDE, it is also imp ortant application of MoDE. T o demonstrate the generality of MoDE, the interface of MoDE was created using itself. Consequently

, MoDE can b e used to itself. F or example, in Figure 5.10, MoDE is b eing used to examine the 54 allows all interface ob jects to b e editable. The regularity of the Mo de framewremoves the need for sp ecial case editors. Since all mo des have the same they can b e edited with a single editor. The orthogonal design also helps. the comp onents of a mo de are orthogonal to one another, individual editors can b designed for each one of them without worrying ab out the dep endencies among Finally

, since the meta-key mechanism is built with MoDE, it can b e edited by Mo de Comp oser. This makes its design, developmen t, testing, and maintenance easy

The capability of MoDE to mix its event-driven interfaces with the Smalltalk p olling interfaces reduces the e�ort in creating editors for di�erent parts of mo de. F or example, the Smalltalk dictionary insp ector is used to edit the coneventResponsestable. The Smalltalk MVC insp ector can b e used to insp ect mo de, the controller, and the semantic ob ject at 5.3 Connection Connections in MoDE are implemented as ob ject p ointers. There are two purp oses having a p ointer to an ob ject: to send messages to the ob ject or to manipulate it as whole (for instance, to assign it to a v ariable or to pass it around). MoDE assumes a connection is primarily intended for message sending. Although most of the supp from MoDE is for message sending, the connections can still b e used to ob jects as a whole. In order for an ob ject to send a message to another ob ject, must have the ob ject p ointer of the receiving ob ject. Usually this is done by the ob ject p ointer in one of the sending ob ject’s instance v ariables. All semanob jects have a default instance v ariable, target1, for this purp ose. When more one connection are necessary

, new instance v ariables are created automatically by system. Ob ject p ointers can also b e stored in a collection to avoid creating maninstance v ariables. Only one instance v ariable is needed to keep the The semantic ob ject of a mo de can b e shown when the mo de is in the state. (Actually

, it is the visual representativ e of the semantic ob ject that is shosince the semantic ob ject is invisible.) The \Show Connection" command shothe connections to and from a semantic ob ject. Connections can b e one way bidirectional. They are added and removed with direct After a connection has b een established, messages sent across the can b e asso ciated with it. If a message is entered that is not understo o d by receiving ob ject, the system will automatically invok e a program editor for the to create the corresp onding metho d. The user can co de the metho d or simply comments there. The latter provides a way to sp ecify a skeleton of a system 53

Finally

, to make the desk calculator a b etter \citizen" of the windowing enronment, the user drags a window out of the interaction technique library and the calculator in the window, as shown in Figure 5.9. Now the desk calculator b e moved around and closed into an icon just likeother This example has demonstrated the basic rhythm of use for the Mo de p oser. In the sections that follow, additional details are 5.2 Mo de A mo de can b e edited not only in the Mo de Comp oser but also when it is in Editing capability is built into every mo de and can b e turned on and o�. When it is all mo des resp ond to a sp ecial meta key (Control-E in the current implementatiWhen a mo de receives the meta key

, it stops its normal execution and place into an editable state where v arious editors can b e invoked. This state is by eight small resize b oxes surrounding the mo de (see Figure 5.1). F rom this all parts of the mo de can b e accessed and mo The capability to interrupt a running interface at any p oint is essential providing b etter supp ort for testing and maintenance.T raditionally

, p eople set p oints in the programs to test and debug them. Often, the most di�cult part using break p oints is de ciding wher e to set them. An interface develop er often has read through and understand many pages of co de and make several trials b efore �nds a go o d lo cation for a break p oint. By allowing its user to interrupt a interface at any p oint, the Mo de Comp oser can help the user to �nd the lo for inserting break p oints quickly

.In most cases, a user of the Mo de Comp oser rapidly go to the p oint where he can access the testing and debugging information needs without even setting any break p oinThe meta-key mechanism is built with MoDE also. When a controller of mo de receiv es the meta key event, it instructs the mo de to enter the editable The mo de do es so by putting up a transparent mo de that covers the entire to blo ck all existing mo des (including itself ) from receiving events during the p erio d. On top of the transparent mo de, the eight small resize b oxes (each one is mo de) and a transparent proxy mo de that covers exactly the area of the edited mo are attached. The proxy mo de provides the edit menu and allows the user to the edited mo de. When the user �nishes the editing, the big mo de (as well as nine submo des of it) is removed and the interface go es back to the normal Since in the Mo de framework, everything is a mo de, the ab ove arrangemen52

Figure 5.8: The binary desk calculator is promoted into the interaction technique

library

Figure 5.9: The calculator is put into a windo51

Figure 5.7: The interface and the application are fully Since the computing comp onent is created from scratch and do es not stand the buttonPushed: message, the user selects the Add Message option in menu asso ciated with the link. The system will op en a co de editor in which the can de�ne the buttonPushed: metho d in the DeskCal In the pro cess of de�ning the metho d, the user needs to know what can b e sent to the display window to display the result of a computation. The can help by displaying the messages understo o d by the semantic ob ject of the displawindow. In Figure 5.6, the list of understo o d messages is shown and the user that the displayText: metho d is the one he The other two buttons can b e connected in the same manner. Figure shows the fully connected desk calculator. Since all interfaces created with are immediately testable, there is no need to switch to a test state. F urther, user can test the partially implemented interface at any p oint in its development.

In Figure 5.7, for example, the button 1 was pushed and the display window of calculator shows the correct T o complete the example, the user must de�ne the functions of the clear ton. Two approachs suggest themselves. The �rst one is to keep the default (buttonPushed:).Whenever the button is pushed, the message buttonPushed: b e sent to the computing comp onent with the string C as an argument. The ing comp onent then interpret the argument C as a sp ecial command. An alternative to use a di�erent message selector (for example clear) and de�ne the corresp metho d in the DeskCal class. Both approachs are v alid. The Mo de Comp oser allothe user to cho ose whichev er he After the user �nishes developing the interface, he hides all the and promotes the calculator into the interaction technique library by dragging desk calculator into the library

. The library automatically prepares an icon for calculator, as shown in Figure 50

Figure 5.4: Insp ect the semantic ob

Figure 5.5: The default action message is buttonPushed:.

Figure 5.6: The system shows a list of the messages understo o d by the semanob ject of the display windo49

Figure 5.3: System requests p ermission to create new instance v ariable for the create the the computing comp onent of the desk calculator and its visual tative. The computing comp onent is not a visible user interface ob ject, it has to b represented as an icon so that it can b e displayed and manipulated directly

. Here, user decides to create the computing comp onent from scratch. A new class, DeskCal, is de�ned and an instance of the class is created. The visual representative this instance (with the text Ap-aDeskCal) is shown. Recall that the semantic ob are the p oints of connection. T o establish the connection b etween the user inand the computing comp onent, the semantic ob jects must b e present. In Figure the user is requesting the system to show the representative of the semantic ob ject the display windoFigure 5.3 shows the semantic ob jects (represented by diamond shap ed containing an \S") for the display window and the 1 button. The user has created link from the semantic ob ject of the 1 button to the computing comp onent, and wlike to create another link from the computing comp onent to the semantic ob ject the display window. His plan is for the semantic ob ject of the 1 button to send message to the computing comp onent whenever the button is pushed. The comp onent, in resp onse, up dates its states and requests the display window to displathe digit 1 by sending a message to the semantic ob ject. Since the DeskCal class a new class, it do es not have an instance v ariable in which to store the The system infers that a new instance v ariable is needed and suggests to create as shown by the button (USE NEW inst Var) in Figure 5.3. Once the user clic on the button, the Mo de Comp oser will prompt the user for the name of the instance v ariable, change the class de�nition of the DeskCal to insert this new v ariable, and up date all the existing instances of the Next, the user selects the Insp ect option in the menu asso ciated with the tic ob ject to insp ect the 1 button (Figure 5.4). The insp ector, shown in Figure indicates that the default action message for the button is buttonPushed: The at the end indicates that there is one argument for this message. By default it is text string of the 48

Figure 5.1: Editing the app earance of a mo

Figure 5.2: Showing the semantic ob ject for the display windo47

Chapter MoDE: Mo de Comp The Mo de Comp oser is the direct-manipulation user interface of MoDE. It allothe user to create an interface,edit it, and connect the interface to the through direct manipulation. It also illustrates some of the capabilities of the approach to user interface 5.1 Mo de Comp oser in The Mo de Comp oser is describ ed, �rst, in relation to a concrete example. This illustrates the use of the Mo de Comp oser to create an interface for a simple desk calculator with one display window and three push buttons{\0," \1," and (the clear button). Space limitations require that some details b e left out, but explanations of the pro cess app ear in subsequent sections. T o gain a true sense of lo ok and feel of the Mo de Comp oser, the reader should view the videotap e in App endix With the Mo de Comp oser, interfaces are created by dragging ob jects (mo out of the interaction technique library (the right-hand window in Figure 5.1) pasting them together. In Figure 5.1, the user has created a Vanilla Mo de, shown the left of the �gure, that will b e used as the background of the calculator, and now editing its app Next, the user creates the three buttons and the display window for the calculator and pastes them onto the background. This pro cess is similar to draa picture with a drawing to ol. The result is shown in Figure The Application Creator shown in the lower right corner of Figure 5.2 is used 46

4.4 This chapter discussed the implementation of MoDE. An event-driv en mechanism wintro duced to provide b etter utilization of the CPU and a solution to the compatibility

problem b etween p olling and event-driven user interfaces. The four basic classes MoDE were also discussed. A comparison b etween the MVC framework and Mo framework explained how orthogonality among user interface comp onents is achieved.

45

separates responsibilities among MVC framework objects separates responsibilities between the user interface and the application

SemanticObject

Mode

Application

User Interface

Model

Controller

View

MDisplayObject

MController separates responsibilities among Mode framework objects

Figure 4.6: The resp onsibilities are partitioned di�erently in the Mo de framewthan in the MVC framew44

Some MVC views also overstep their authority by incorp orating semantic tion. These views often keep information and co de that could b e decomp osed distributed more appropriately among semantic ob jects and subviews. F or example,

the Sele ctionInListView keeps the list of items, rememb ers which one of them is lected, and highlights or dehighlights the items. The Sele ction InListView has to all this b ecause it is at the b ottom of the view hierarchy (it has no subviews). list items are not subWith the Mo de framework, on the other hand, each list item is a mo de knows how to highlight and dehighlight itself.The instance v ariables and the co to handle the selection are moved to their semantic ob jects. This arrangement only simpli�es the interface but also makes it more exible. F or example, one use bitmaps, drawings, and animated pictures in the display ob ject of the list mo des to create a nontext list. One can also freely select the highlight styles for eacindividual list item (as opp osed to having a single �xed inverse highlight for all them). This is very useful for nontext list since inversing a nontext item may b e the prop er way of highlighting it. F or example, the trash icon in Section 1 of videotap e can convey more semantics when it is highlighted with its lid op Smalltalk menus, which were not built with the MVC framework, provide related example. A Smalltalk menu is a single complicated ob ject. In MoDE, menare built with mo des: each menu item is a mo de; this makes the menus more exible.

Item mo des can also share comp onents with the list mo Mo In the MVC framework, mo dels do not have direct access to their views and trollers. When a mo del changes, a message is broadcast to notify all of its and controllers. The views and the controllers then query the mo del and up themselves to re ect the change. This has several disadv antages. First, the mo may b e a widely shared data ob ject that has a large numb er of views. Having all views query it whenever there is a change is costly

. Also, the broadcast mecusually requires smart user interfaces that know how to query the mo dels and up themselves. The co de that supp orts this intelligence go es to either the view class the controller class. Thus, knowledge of the application (mo del) is inserted into user interface. Once this is done, the mo del, view, and controller are, in fact, The Mo de framework solves this problem by abstracting this intelligenceinthe semantic ob ject. This frees the other ob jects from the need to b e coupled each other. Figure 4.6 shows the partition of resp onsibilities in the Mo de framewand in the MVC framework. The circles indicate the ob jects in the Mo de framewThe dashed lines show the corresp onding MVC ob jects (their names are in 43

The Smalltalk MVC framework comes close to the ideal of orthogo nality it separates the mo del, view, and controller into three di�erent ob jects. nately

, these three ob jects are closely coupled, resulting in what is, essentially

,one-dimensional typ e-space, as discussed in Section MoDE carries the concept of orthogo nality further than existing systems. T examine some of the implications of this design, this section compares the Mo framework with the MVC framework, the most exible alternative paradigm. though the comparison is made only b etween two sp eci�c frameworks, many of p oints are applicable to ob ject-oriented design in Con

In the MVC framework, in addition to their de�ned role as interface ob jects, trollers are often involv ed in pro cessing the semantics, as well. F or example, mancontrollers are resp onsible for creating menus, invoking them, and executing the lected op erations. Many sub classes of Contr ol ler are created just to provide di�erenmenus. F or example, the Ic onContr ol ler and the Pr oje ctIc onContr ol ler are identical

except for their menus. In MoDE, controllers are not involved in semantic pro They invoke menus to interact with the user but leavethe creation of menus and execution of their op erations to the semantic ob jects. Since the controller do es have deep knowledge of the menus, it is less tightly coupled to the semantics of system. This reduces the numb er of controller classes needed while making the ing controllers more reusable. F or example, a single controller in MoDE can the cases of b oth Ic onContr ol ler and Pr oje ctIc onContr ol ler in the MVC framewIn the MVC framework, some controllers (BinaryChoic eContr ol ler, for ple) query the state of their mo dels to determine what kind of interaction to p This couples the controllers with their mo dels. In MoDE, when the state of a mantic ob ject changes and requires a di�erent interaction, a di�erent controller assigned to the mo de. No controller has to query the state of its semantic ob This approach is actually used in MoDE to provide semantic feedback for When a mo de is dragged by the user, all other mo des on the screen switch to drag-handling controllers. F or example, the trash mo de switches to a controller highlights the mo de when the dragged ob ject is on top of it and resp onds to mouse button release event to discard the dragged mo de. The trash mo de switcback to its normal controller after the drag action is Another limitation on MVC controllers which imp edes orthogonality is p olling proto col. The MVC controllers must constantly query their views for information necessary to decide when and where to pass control. The event-drivemechanism of MoDE takes charge of the control passing. This frees the confrom querying the mo de and makes the two less dep endent on each 42

This example shows the basic internal interactions among the kernel ob The next section discusses how these ob jects are used in designing and an interface.

4.2.6 Designing An In terface with The mo de concept provides a uni�ed architecture for interfaces. An interface is p osed of nothing but mo des. Given a sp eci�cation of a user interface,a develop using MoDE �rst identi�es the areas on the screen that should have di�erent p earance, interaction, and semantics relativeto the surrounding contexts. Each these areas b ecomes a mo de in the Mo de framework. This approach decomp oses interface into mo des that can b e re�ned individually . F or each mo de, the develop reuses or creates display ob jects to de�ne the mo de’s app earance. Often, an controller can b e used to de�ne the interactions of a mo de. If no controller proexactly the interaction wanted, a new controller can b e created by editing a copof the eventResponses table from an existing controller. The semantic ob ject of mo de is then programmed to handle the messages from b oth the controller and underlying application. The Mo de Comp oser, describ ed in Chapter 5, supp orts ab ove activities as well as the creation and management of the connections among semantic ob jects and b etween the semantic ob jects and the underlying 4.3 A Comparison to MV

C framew

The MContr ol ler, MDisplayObje ct, and Semantic Obje ct classes de�ne user incomp onents that are largely orthogonal to one another. As a consequence, these are more likely to b e Many systems, such as X T o olkit [MA88], come with a set of interaction tecniques (widgets); however they do not separate the interaction, app earance, semantics comp onents into ob jects. Consequently

, it is imp ossible to reuse comp onent ob jects since they do not exist. ICpak 201 [Ste88] do es incorp orate concept of a separate interaction comp onent, but the app earance of an intechnique is hard-wired. The NeXT Application Kit [NeX88] allows app earance (sub ject to the limitations discussed in Section 3.4) but do es not have separate interaction ob ject

Graphical user interface sp eci�cations, such as Op enLo ok and Motif, are not discussed they are indep endent to the internal architecture of the user interfaces that conform to the sp st41

highlight highlightSlave:

SemObj-S

SemObj-M

Controller-M

DispObj-S

Slave

Master

Figure 4.5: A simple e�cien tly .

The following is a simple example to illustrate how the four classes describ ab ove interact with one another. A more complex example will b e shown in Chapter Figure 4.5 shows the example interface. It has two mo des: Master and (represented by the gray b oxes). When the user pushes the left mouse button the Master mo de, the Slave mo de is highlighted. T o accomplish this interaction, following sequence of actions takes � After the user pushes the button, the eventgeneration mechanism that MoDE generates a leftButtonDown event.

� The event dispatching mechanism, implemen ted in the Mo de class, delivers event to the Master mo � The Master mo de asks its controller (Controller-M) to pro cess the event.

� Controller-M matches the event typ e against the keys in its eventResponses

table (not shown in the �gure) and �nds that there is a match. The v alue of matched key (a message selector highlightSlave:) ends with a colon. indicates that the message should b e sent to the semantic ob ject (SemObj-Mwith the event as an argumen� SemObj-M in turn, sends an highlight message to SemObj-S (the semanob ject of the Slave mo � The highlightmetho d de�ned in SemObj-S highlights the Slave mo de by the mo de’s display ob ject (DispObj-S) to display the inverse of itself. completes the in40

insideColor
dispObj
setUnclippedDispBox:

image
mode
displayOn:withUnclippedDispBox:visibleRects:

processEvent:

unclippedDispBox
highlight/deHighlight
display
erase
borderWidth
borderColor
contents
highlightDispObj
controller
target1

Mode

MDisplayObject

SemanticObject messages to reflect the semantic action coloned messages in the eventResponses table messages to other semantic objects or the application

MController

eventResponses
semObj

Figure 4.4: The relationships among the four kernelchange the mo de’s p osition use the setUnclippedDispBox: metho d to set it to �nal p If the message selector ends with a colon, the event is pro cessed by the semanob ject. A sub class of the SemanticOb je ct class should b e created to implement metho d corresp onding to the message. This metho d, in turn, may send messages the mo de to re ect the semantic No sp eci�c messages are used by the SemanticO bje ct class, but the sub of the SemanticObje ct class may use all the public messages of the Mo de class. instance of the sub class of the SemanticObje ct may use those messages to alter the p earance of the mo de, switch the mo de’s controller, or activ ate/inactiv ate the mo The semantic ob ject may also send messages to other semantic ob jects or the lying application to further propagate the semantic The MDisplayObje ct do es not send messages to other ob jects. It merely tains the app earance of the mo de (inside color, b order color, b order width, and the playable ob jects in its contents collection) and displays itself up on request. The message sent from the mo de is displayOn:aMediumwithUnclippedDispBox:visibleRects: aRectCltn. aMedium can b e the screen or a bitmap. The latter for bu�ering the output to sp eed up the displaying. The aBox and aRectCltn necessary for the display ob ject to follow the clipping algorithm and to display 39

All ob jects that understand the proto cols de�ned in the DisplayObje ct class can b put into this collection. They can b e text, drawings, forms, and animated The display metho d accepts two arguments from the mo de{a display b ox a collection of visible rectangles. The display b ox de�nes the size and p osition of mo de. The visible rectangles de�ne the visiblep ortion of the mo de computed by clipping The MDisplayObje ct has the capability to bu�er its output as a bitmap. sp eeds up the display of complex ob 4.2.5 In teractions Among the F our Kernel This section discusses how the four classes describ ed ab ove relate to one Figure 4.4 illustrates the message-sending relationships among the four kernel Each class is represented by a b ox with its imp ortant instance v ariables listed in b ox. An arrow at the end of a line indicates the direction of messages. arguments are omitted; only the message names are shown. The numb er of colons a message name corresp onds to the numb er of arguments. Descriptions of groups are in The Mo de class is resp onsible for even t dispatching. When the user p an action that generates an event, the mo des on the screen co op erate to �nd receiving mo de and send the event to it. (See Section A.3.3 in the App endix for details on how this is done.) The receiving mo de then asks its controller to pro the event by sending the processEvent: message with the event as an argumenUp on receiving the message, an MContr ol ler checks the event typ e against keys in its eventResponses table. If the v alue of the key that matches the even typ e is a message selector that do es not end with a colon, the event is pro by lo cal metho ds de�ned in the controller. These metho ds, in turn, use metho de�ned in the Mo de class to p erform the interactions. The erase metho d the mo de b efore it is moved, and the displaymetho d displays it after it is moved.

The highlight metho d switches the mo de’s dispObj and highlightDispObjredisplays it. The deHighlight metho d do es the reverse. The unclippedDispBox

metho d returns the display b ox of the mo de without b eing clipp ed by the the displab ox of the sup ermo de. The unclipp ed display b ox is used to draw the indication b owhen a mo de is moved with its frame. The imagemetho d returns the image of mo de that can b e used to move the mo de with its actual image. All op erations

DisplayObje ct is a Smalltalk class. It de�nes the b ehavior of all displayable ob jects. of this class know how to display themselves given a medium and a lo cation on the 38 for interactive construction and editing of user inUnder this scheme,creating a class for a controller is used mainly for the co de of the shared b ehaviors and limiting assess to them. In some cases, frequently used controller can b e made a class for ease of reference.

4.2.3 Seman ticOb Semantic ob jects are programmable in the Mo de framework. If an interaction tecnique is created by co ding (instead of using the Mo de Comp oser intro duced in tion 1.1), it will have its own class, which is a sub class of the SemanticOb je ct Instances of this interaction technique are created by sending creation messages its class. The SemanticO bje ct class de�nes a set of initialization metho ds to up the parts in the Mo de framework. They are setUpMode, setUpController,setUpAppearance. Whenever a sub class of SemanticOb je ct is sent a creation sage, these three metho ds are invoked automatically to create and initialize the of a mo de and to connect them to one Sub classes of SemanticObje ct implement a \controller-msg" proto col to p ort the messages sent from the controller. Recall that, in the eventResponses

table, message selectors that end with a colon are sent to the semantic ob ject. \controller-msg" proto col implements those The sub classes of SemanticObje ct that use menus to interact with the user follow the convention describ ed b elow. Each class implements two proto The \Menu Access" proto col contains metho ds that return menus. F or example, middleButtonMenu metho d returns the menu for the middle button of the The \Menu Supp ort" proto col contains metho ds that supp ort the menu SemanticO bje ct de�nes a default instance v ariable { target1 { to store connection to other ob jects. New instance v ariables are de�ned in the sub of SemanticOb je ct as more connections are needed. The connection asp ects of semantic ob ject will b e discussed in more detail in Chapter 4.2.4 MDispla yOb Instances of the MDisplayObje ct class control the \background" of mo des. The \bacground" includes the inside color, the b order, and zero or more displayable ob The instance v ariable contentsholds a table that keeps these displayable ob 37 this querying capability

, such as C++, one can asso ciate tags with function p ointo implement this 4.2.2.2 Shared Beha

The MContr ol ler class and its sub classes implement a set of shared b ehaviors instance metho ds. They include common b ehaviors such as menu invo cation, rubb band lines and b oxes, mo de dragging, mo de highlighting, and mo de resizing. b ehaviors are shared since any instance of the class or the sub class can invoke A shared b ehavior is invoked by placing the name of its corresp onding metho d inthe controller’s eventResponsestable as a v

Lo cal b ehaviors are promoted into the set of shared b ehaviors if they are frequently and do not require semantic information. That is, it can b e handled bthe controller and the mo 4.2.2.3 Inheritance of Con

The sharing of interactive b ehaviors cannot b e supp orted by a single scheme, such as that provided by Smalltalk or Ob jectiv e-C. F or example, supp controller A highlights the mo de when the cursor moves into its area, and conB allows the user to drag the mo de with the mouse. If one would like to have controller C which b ehaves like a combination of A and B (b oth highlight and what would the inheritance structure b e? If C were made a sub class of A, the b ehaof B (dragging) would not b e inherited and would have to b e duplicated in class Making C a sub class of B requires the b ehavior of A (highlighting) to b e Neither solution is satisfactory

This kind of problem is not unique to user interface construction { many ob oriented applications have the same problem { but the situation here is severe. In other application areas, one may b e able to treat the problem as a sp case and work around it with ad ho c solutions. Here, it is very common to havcontrollers that would like to inherit from two, three, or even more controllers. stead of maintaining a general multipleinheritance mechanism just for this MoDE provides a sp eci�c mechanism { the eventResponses table { to solve problem. Rather than having a lot of controller classes, all controllers are of the MContr ol ler class. Inheriting from a controller is achieved by copying the tents of its eventResponsestable. Multiple inheritance is simulated by copying contents from multiple eventResponses table. Using a table instead of an multipleinheritance mechanism also provides the extra run-time exibility essen36

EVENT TYPE

MESSAGE action:

deHighlight highlight leftButtonDown leaveMode enterMode

Figure 4.3: A simple eventResponses4.2.2 MCon

The MContr ol ler class realizes the interaction comp onent of a mo 4.2.2.1 The eventResponses T

The MContr ol ler p erforms interactions by sending out messages according to the typ of events it receives. The instance v ariable eventResponses of this class holds a that stores the mapping b etween interested event typ es and messages

. Figure shows a simple eventResponses table. The keys of the table (enterMode,leaveMode,

and leftButtonDown) are the event typ es and the v alues (highlight, deHighlight,

and action:) are message selectors. When a MContr ol ler is asked by its mo de pro cess an event, it checks whether the event typ e matches any of the keys in eventResponsestable. If there is no match, a false is returned immediately the event is sent to the next mo de for pro cessing. If there is a match, the v

(a message selector) of that key is examined. If the selector ends with a colon example action:),a message is sent to the semantic ob ject using the selector that event as the argument. Otherwise, the message is sent to the controller itself is handled by the shared-b ehavior mechanism describ ed b elow. Since the conhas access to the event,it do es not need the event as a message argument. This why the message selectors (for example, highlight and deHighlight) intended the controller do not end with a In Smalltalk syntax, a message selector ending with a colon requires an ment. An MContr ol ler can query a message selector at run-time to decide it ends with a colon or not. In a more conventional language that do es not supp

This table is implemented as a Smalltalkdictionary 35

A

Figure 4.2: Clipping capability is essential to the interaction in a mo de that is obscured by other mo and therefore can not interact with the user. Each Mo de has its own lo cal co system and a transformation (b oth translation and scaling) that maps b etween lo cal co ordinates and the screen co A simple constraint system provides a convenient way to sp ecify the p and size of a mo de when its sup erMo de changes its p osition and size. An of this would b e to sp ecify a vertical scroll bar in a window. When the window resized, the constraints can b e used to stretch the scroll bar vertically so that top and the b ottom touch the b order of the window while maintaining its width as constanSeveral metho ds are provided to supp ort op erations that manage the sub/sup mo de hierarchy

.These op erations include adding and removing submo des and ordering the order of the submo des (like bring to top, send to b ottom, etc.).

4.2.1.3 Displa

A Mo de displays itself by �rst asking its display ob ject to display its bacand then asking all contained submo des to display themselv es. The built-in algorithm draws only the p ortions of the mo de that are unobscured. This capabilitmakes it p ossible for a partially obscured mo de to interact with the user. F or example,

in Figure 4.2, the mo de containing an \A" is partially obscured by the gray mo Without clipping, one could not highlight the mo de without either bringing it its sup erMo des to the top or redisplaying part of the gray mo de. With the algorithm, the mo de can display only the p ortion that is unobscured and avoid ab ove 34

(MDisplayObject)

(MController)

(SemanticObject)

Interaction

Semantics

Appearance

Figure 4.1: Corresp ondence b etween the axes and the implemenis very hard to de�ne orthogona l axes in reality

. The design presented in this is the author’s attempt to create a design with maximum orthogonality

4.2.1 Mo The Mo de class implements the basic structure of a mo de discussed in Section 3.3. the current implementation, each Mo de has an MContr ol ler, an MDisplayObje ct a SemanticOb je ct. Mo de co ordinates the activities of these three ob jects to p the in4.2.1.1 Ev en t A ma jor resp onsibility of Mo de is to handle event dispatching. Two metho ds prothis function. The interestedIn: metho d takes an eventas an argument and true when the Mo de is active (an inactivemo de do es not interact with the user) the event happ ened in the area controlled by the Mo de. The processEvent: metho asks the controller to pro cess the event when interestedIn:returns 4.2.1.2 Windo Mo de provides window management functions. Each instance of Mo de can b e activor inactive. When a Mo de is active,it can interact with the user by receiving input events and resp onding to them. An inactive Mo de do es not receiveany events,

33

4.1 The MoDE Ev en t-Driv en Mec

This section provides an overview of the MoDE event-driven mechanism.It is scrib ed in detail in App endix A. This mechanism not only solves the p problem asso ciated with a p olling proto col but also allows interface ob jects under b oth p olling and event-driv en mechanisms to b e used by each other with mo di�cation and no p erformance p enalty

The event-driven mechanism consists of three comp onenEv en t generator that generates events according to user’s actions. Currently

, event typ es generated include: cursorMove, [leftjmiddlejright] [UpjDownjClickjDoubleClick], and keyb oardEvents. New event typ es can b added by the Ev en t queue that bu�ers the events generated by the event generator and allodi�erent applications running on di�erent pro cesses to have sequential access the evenEv en t dispatc hing mec hanism that delivers the events to the right mo des. design of this mechanism is vital for the compatibilit y b etween the p olling event-driven interface ob jects. App endix A includes a full description of mecAs mentioned in Section 3.3, a user interface might b e comp osed of a of hierarchicallystructured mo des. The one mo de at the top of the hierarchy called the \ro otMo de." It is an instance of R o otMo de class where the event-fetc lo op is de�ned. A typical application would have a single R o otMo de and a hierarchy

of mo des. T o allow multipleactive applications, a built-in mechanism is provided R o otMo de to guarantee that no two R o otMo des will attempt to access the event at the same 4.2 Basic This section intro duces the four basic classes that make up the Mo de framewThey are Mo de, MContr ol ler, MDisplayObje ct, and Semantic Obje ct. The Mo de is resp onsible for event dispatching and window management. The other three corresp ond to the three orthogonal axes discussed in Section 3.4. Figure 4.1 shows corresp ondence b etween the three classes and the three axes. As mentioned b efore, 32

Chapter MoDE: This chapter intro duces the MoDE kernel which realizes the concepts discussed the previous chapter. The Mo de framework is general within the ob ject-orienprogramming paradigm and could b e implemented in a numb er of ob ject-orienlanguages. However,since the pro of-o f-concept system was built using and b ecause Smalltalk terms have b een widely used as a vo cabulary in which discuss ob ject-oriented concepts, architectural details are discussed using terminology

Most ob ject-oriented systems use an event-driv en control mechanism,than the p olling control-passing proto col used by Smalltalk. Consequently

, to makthe pro of-of-con cept system more consistent with those systems and to provide b p erformance, an event-driven mechanism was built to replace the Smalltalk p control-passing proto col. It is discussed brie y in Section 4.1, and in more detail App endix A. Built on top of this event-driven mechanism are four basic classes realize the Mo de framework. They are describ ed in Section 4.2. Section 4.3 the classes intro duced in Section 4.2 with the Smalltalk MVC classes to illustrate hothe orthogona lity of MoDE is achieved and how it increases comp onent reusability .

MoDE has a rather small kernel,currently consisting of ab out 3,600 lines co de. However, this small kernel is capable of creating a wide v ariety of including its own direct-manipulation user interface { the Mo de Comp oser. The chapter will discuss this imp ortant application and comp onent of MoDE. Section includes a discussion on how the approach of MoDE can b e applied to pro user interface 31 a single large application interface.Instead, an interface ob ject sees, through its mantic comp onent residing in the connection domain, a small piece of the that implements its semantics. The large application interface, which is hard to duce without limiting the communication, is thus divided into small, indep endenand manageable pieces maintained by the system. Since communication is prothrough general ob ject-oriented message passing (instead of callbacks),the tion no longer has to determine which user interface ob ject is generating the With a graphical editor to help the develop er to make the connections and lo cate the ob jects that implemen t the semantics of a mo de, the complexityp erceiveby a user is even further reduced. This will b e illustrated in more detail in Chapter 3.6 This chapter intro duced the conceptual background of MoDE. It included the of mo de, the Mo de framework, the typ e-space for mo des, the orthogona l prop of mo de comp onents, and the MoDE connection mo del. The next chapter describ a realization of the concepts develop ed in this c30

A domain for connection

User

Interface

Application

Figure 3.9: A decentralized connection mo the user interface; the other is to establish closer communication b etween the twThe MoDE communication mo del tries to do b oth. The goal is to supp ort connection with minimumcomplexity. Unlike GREASE [Hurley 89] which provides single centralized \UI-application interface," MoDE provides a domain for where the semantic comp onents of mo des reside, as shown in Figure Since this domain has knowledge of the application, it can b e used to more semantic p ower into the user interface.F or example, a interface might cache some information of the application in this domain to help reduce the numb er of queries to the application (by using the information directly by using the information to compute more intelligent queries). F urthermore, this main b ecomes a layer that insulates the e�ects of change from b oth the user inand the An adv antage the MoDE connection mo del has over the callback mecis the capability of storing knowledge of the user interface in this middle layer. allows the application to remain unchanged when changes are made in the user inface. F or example, with callback mechanisms, an application that calls the draroutines in the user interface often has to b e mo di�ed when a new drawing is installed. This is b ecause the knowledge of the interface (how to use the dralibrary) is stored in the application. With the MoDE connection mo del, the knowledge can b e stored in the connection domain. When a new drawing comes, only this middle layer is adjusted and the application can remain uncWithin the domain, the semantic comp onents serve as the basic unit for nection. They and their connections form a directed graph. The no des in the are the semantic comp onents and the arcs denote the paths over which messages sent. This graph de�nes a decentralized interface b etween the user interface and With this distributed connection mo del, interface ob jects no longer deal 29

3.5.1 A Historical View of Connection Mo Figure 3.8 depicts the evolution of user interface connection mo dels. In the early tems, there was no separation, as shown in (a). Systems were di�cult to create maintain b ecause the user interface and the application were closely coupled. Eacnew application required writing a new user interface. The strong separation mo as shown in (b), was develop ed to provide mo dularity

. Communication b etween user interface and the application was achiev ed by \token passing," where high level tokens (mostly at the semantic level) were sent across the link b etwthe two. A typical example would b e a database and its front-end linked by a language. With strong separation, the interface and the application communicrarely and the kinds of information (i.e.,the numb er of di�erent typ es of semantokens) communicated are few and stable. This is denoted by a thin line in the gram. Strong separation worked �ne until direct-manipulation interfaces came in these this approach provided inadequate supp ort for the frequent commb etween the interface and the application. In direct-manipulation interfaces,the plication and interface need to communicate frequently (up to 30 times a second), example, to determine legal p ositions for an ob ject b eing dragged with the Also, the typ es of information communicated are more divCallback mechanisms were develop ed to supp ort the communication needs dicated by a thicker channel in the diagram) of direct-manipulation user inand to maintain the physical separation b etween the user interface and the tion, as shown in (c). A callback mechanism allows the application to register a of routines with the user interface.At run-time, when an interesting event happ the interface calls the corresp onding routine to inform the application for semanpro cessing. This is basically a way of storing information ab out the application in user interface.However, the callback mechanism is not ideal b ecause it intro duces complicated pro cedural interface (often consists of hundreds of callback routines a non-trivial system) at the connection p oint, which is di�cult to comprehend mainThe MoDE connection mo del describ ed in the next section supp orts the munication required by direct-manipulation user interfaces while reducing the plexityat the connection p oin3.5.2 The MoDE Connection Mo Hartson suggests two approaches to \connect" the user interface and the with su�cient communication [Har89]. One is to build more semantic p ower in28

(a) No separation

Interface

User

Application

(b) Strong separation

(c) Callbacks

Figure 3.8: Deriv ations of connection mo 27

mode B mode A

Semantics

Interaction

Appearance middleButtonClick

Op2Op1leftButtonClick mode C

Figure 3.7: Reusing the comp onents in a three-dimensional design, as in new buttons. This is in contrast to the parameterized single dimension approacwhere editing the co de and recompiling are necessary to incorp orate a new shap Generalit

The generality of the user interface framework dep ends heavily on the choice of axes. The more axes a framework has and the more orthogonal these axes are, more mo de-typ es it can span and the more general it is. In reality

,it is di�cult de�ne fully orthogonal axes. One can only strive for axes that are as orthogonal p ossible. The Mo de framework is an attempt to �nd one-such set of orthogo nal as a demonstration of the concept. An implementation of this framework is describ in the next section. New axes will evolve as new interaction techniques (for sound{discussed in Section 7.2) 3.5 Connection Mo The MoDE connection mo del provides solutions to problems of b oth strong and p o or supp ort for linking the user interface and the application, discussed Sections 2.4.1 and 2.4.2, resp ectively26

Wanted:

Exist:

CBAleftButtonClick

Op1Op2middleButtonClick middleButtonClick

Op1Appearance

Interaction

Semantics

Figure 3.5: The button example.

Button C

Button B

Button A

Figure 3.6: Possible inheritance structures for the button In a single-dimensional design (such as that of the MVC framework), buttons A and B must b e reused as a whole, one must create a new class for C and inherit from b oth A and B. Figure 3.6 illustrates three p ossible structures. Starting from left to right, making C a sub class of A requires the interaction p ortion of B in class C. Making C a sub class of B requires the app earance and semantics p ortions of A. On the right, using multiple requires one to disambiguate what should and should not b e inherited from classes and B. None of these approaches is satisfactory

On the other hand, since a three-dimensional orthogo nal design allows attributes of the buttons to b e reused individually, button C can b e obtained by reusing the app earance and semantics parts of button A and the interaction part button B, as illustrated in Figure 3.7. No new class is needed. In fact, by p ermthe three comp onents, one can pro duce 8 di�erent buttons without creating any This is a go o d example of how inheritance,alone, do es not guarantee e�ective

reuse whereas an orthogonal design do es. Notice that the three-dimensional nal design is di�erent from parameterizing the app earance and interaction of a ob ject. When a new app earance is invented (say a triangularly shap ed display ob the three-dimensional approach immediately gives four (i.e., a plane of ) 25

"No" submode

"Yes" submode

Appearance

Semantics

Interaction

Figure 3.4: The three space for mo de typ es. Two sample p oints are shown. One the \yes" button, the other for the \no" button. They share the same inOrthogonal design axes, such as those for MoDE, have several imp ortant that can b e seen when compared with one-dimensional It is p ossible to represent the same mo de-typ es with just one axis in whiceach typ e o ccupies a v alue on this single axis; however, this approach is less since creating a new p oint on the axis de�nes only one new typ e. In the case of three-space, describ ed ab ove, creating a new p oint on one of the axes de�nes a of new typ es. In user interface construction, the one-dimensional approach wrepresent, conceptually

, lumping all three attributes of a mo de together in a ob ject. (Keeping them in three separate but closely coupled ob jects that can b e reused individually, like what has b een done in MVC framework, is essentially

the same.) In such an architecture,an attribute can only b e reused when the ob ject can b e reused. In the three-dimensional case, three attributes of a mo de three indep endent ob jects, each of which can b e reused indep endently of the two. The numb er of opp ortunities for each one of them to b e reused are F or example, assume an interaction technique library that contains two tons. Button A is square-shap ed and resp onds to a left mouse button clic k to p op eration Op1. Button B is round and resp onds to a middle mouse button clic k p erform op eration Op2. What one would liketo have is button C which is shap ed and resp onds to a middle mouse button clic k to p erform op eration Op1, shown in Figure 24

Because the mo de ob ject provides a structure in which the three comp onenob jects can b e plugged and unplugged, a mo de’s app earance, interaction, and mantics can b e changed by replacing these comp onent ob jects. F or example, a mo that highlights can b e implemented to have two di�erent display ob jects: one normal state, the other for highlighted state. When the mo de highlights, it the normal display ob ject with the highlight display ob ject. When it dehighlighthe normal display ob ject is switched bacThe standard interaction cycleof a mo de is similar to that of the MVparadigm. The controller detects the user’s input and tries to pro cess it lo (for example, to highlight the mo de). When the user’s action indicates a semancommand, the semantic ob ject is activ ated by the controller to pro cess the The semantic ob ject may pass control to the application or to other semantic ob to which it is connected, change the app earance and interaction of the mo de, or ply up date its own state. Notice that while a view in the MVC paradigm the mo del and up dates the display

, a mo de in the Mo de framework provides only structure within which its three comp onents collab orate to p erform the inThe MoDE framework can also b e related to the �nite state machine approach, as discussed in Section 2.3.2, used for many years in describing and menting user interfaces. At the input level, a user interface created with MoDE b e mo deled with a FSM in which each mo de on the screen corresp onds to a state the FSM. Moving the cursor into a mo de is equiv alent to entering a state. Di�erenstates (mo des) interpret the user’s actions di�erently

. MoDE go es b eyond the approach, however,by separating each mo de into three orthogonal comp onent ob and by providing a connection mo del based on the semantic ob 3.4 A User In terface Comp onen t Space and Its In the ab ove design, a mo de is de�ned by its three attributes: app earance, intion, and semantics. By assigning an axis to each attribute, we can de�ne a dimensional typ e-space for mo des, as shown in Figure 3.4. Each p oint in the represents a di�erent mo de typ e. The \yes" and \no" submo des of the dialogue b oexample are shown as two p oints in the space. They have the same interactiveb havior but di�erent app earance and semantics. This is re ected in their sharing same v alue on the \Interaction" Orthogonalit y of the Axes that span a space are orthogonal if changing the v alue on one axis do es not the v alues on the other axes. That is to say

, the axes are indep endent of 23

output to screen component from user input connect to the application interaction appearance semantic or other semantic object

A mode object

Figure 3.3: The structure of a mo semantics, and the form of inter action it provides. F or example, the \yes" submo has the following App earance: White background with black b order of width one and a piece text (\yes") centered. The highlighted app earance is the inverse of the app Seman tics: Con�rm to remove the In teraction: Highlight when the left mouse button is pressed inside the mo de; highlight when the cursor leaves or the button is released. When the button released, triggers the semantic op Notice that the \no" submo de shares exactly the same interaction part the \yes" submo de. The di�erences b etween them come from the app earance semantics In an ob ject-oriented design, a mo de is an ob ject. The app earance, semantic,

and interaction comp onents are ob jects, as well. They can b e owned by mo de jects, as shown in Figure 3.3. The mo de ob ject de�nes an internal proto col so the comp onent ob jects can communicate with each other in a standard way

. app earance comp onent, called the display obje ct, maintains the mo de’s app and can display itself up on request. The interaction comp onent, called the c ontr ol lerresp onds to the input from the user to interact with the user and triggers the semanactions. The semantic comp onent, called the semantic obje ct, supplies the semanof a mo de. The term \supply" is used instead of \generate" b ecause in MoDE, actual semantics are \generated" by the application but they are \supplied" to interface by the semantic ob ject. Semantic ob jects can also connect to each 22

Do you really want to remove this file?

NoYes

Figure 3.2: A dialogue b ox can b e viewed as a mo de with two submo 3.3 The Mo de User In terface F ramew

In this section, we de�ne the concept of mo de as it is used in this research and framework in which mo des are emb edded. The working hyp othesis of this researcis that this particular concept of mo de can provide a uni�ed conceptual framewthat can b e used to develop a wide v ariety of user interfaces. The MoDE system wbuilt to test this hyp In earlier discussions of mo des, the emphasis was on the di�erent intions of user’s actions with resp ect to the particular contexts for those actions. In discussion of mo de, we place equal emphasis on app earance, semantics, and intion. More sp eci�cally

, the basic building blo ck of user interfaces in our approach is mo de. A mo de is a c omp osite de�ne d by its thr e e attributes: app e ar anc e, inter and semantics. It is distinguished by an area on the screen in which most lik ely

at least one of its attributes is di�erent from those of other mo des in areas. The Mo de fr amework includes the de�nition of mo des and provides rules comp osition. Thus, a user interface might b e comp osed of a group of hierarchically

structured mo des. A mo de in such a structured interface could contain other mo as submo des. Any given mo de, however,would b e a submo de of only one mo de { \sup ermo de." The set of mo des in a structured interface forms a hierarchy T o illustrate, the dialogue b ox shown in Figure 3.2 can b e thought of as a mo with two submo des: a \yes" submo de and a \no" submo de. The yes and no (mo des) highlight themselv es when the left mouse button is pressed within them, they dehighlight themselv es when the cursor moves away or the left mouse button released. Their b ehavior is di�erent from that of their sup er-mo de (the condialogue b ox) which do es not resp ond to a left mouse button press. The text in dialogue b ox is not a mo de. It a�ects the app earance of the dialogue b ox, but it do not form an area that provides a di�erent interpretation of the user’s As mentioned ab ove, each individual mo de is de�ned by its app e ar anc e, 21 which the facilities of other programs are unav ailable to him. This limitation b een eliminated in multi-window systems that allow several programs (running di�erent windows) to b e active at the same time. The user can switch back forth b etween windows to obtain services from di�erent programs. Thus, adv in display technology have eliminated the problems with preemptivemo des; however,

the same is not true for command mo Command mo des interpret the same user input di�erently dep ending on state of the system. User interfaces that include several command mo des have b criticized b ecause they make it hard for the user to � which mo de he is � how he got into the mo � what op erations are allowed in the mo � and how to get out of the mo Since the interpretation of key strokes and other user input dep ends on the mo de state of the system, unexp ected results can b e generated when the user loses track the current mo 3.2.2 Direct-manipulation In terfaces are Mo Most of the ab ove problems were caused not by the command mo de design, itself, by its realization in text-based interfaces. More recently, many interfaces have actually used command mo de designs without causing problems p ossibly

, without their designers realizing In a direct-manipulation interface,moving the cursor to p oint to a di�erenob ject is, in e�ect, a command to change mo de, b ecause once the cursor is moved,

the range of acceptable inputs is reduced and the meaning of each of those inputs determined [Jac86 ]. Thus, direct-manipulation interfaces actually divide the into mo des, although they app ear to b e mo deless since these mo des are always visible

and their contexts are entered and left by moving the cursor. Users are frequently

unaware that they are in a di�erent mo de since all op erations allowed in a mo de presented by menus and dialogue b oxes that can b e invoked with simple, consistenactions (for example, a button clic k).Thus, all four disadv antages of mo dal instated ab ove (p otentially) disapp ear in icon-based direct-manipulation in20 controller pair asso ciated with it. F or example, the Fil lInTheBlan k mo del has Fil lInTheBl ankV iew and the Fil lInTheBl ank Contr ol le r. When this is done, the of a controller,for instance, is limited to the particular view and mo del with whicit is asso ciated. Assigning a di�erent controller to a view do es not change the inaction but often breaks the co de. F rom the implementer’s p oint of view, it maklittle sense to separate the view and controller into two mo dules. Consequently

, implementations lump the two parts together. As explained in Section 3.4, this often hinders the reuse of software comp onents and pro duces awkward Although the MVC concept has its problems, its principleof dividing interface comp onents into three parts can still b e used to guide the design of nal interface comp onents. While ob ject-oriented inheritance alone do es not guarango o d reuse of user interface comp onents, an orthogona l design of those comp onenalong with inheritance, can facilitate reusability

. In addition, orthogonality in a more general and versatile system for building user interfaces. The follosections will explain why and intro duce an orthogonal design adopted by 3.2 The Concept of a Mo de-Based User In

User interfaces that include more than one mo de are generally considered less than mo deless ones[T es81 ]. This section provides a di�erent p oint of view and why the term mo de was chosen to express our central 3.2.1 What is a Mo The campaign to eliminate mo des from interfaces was started in 1973 by Larry T

He de�nes a mo de as folloA mo de of an interactivecomputer system is a state of the user inthat lasts for a p erio d of time, is not asso ciated with any particular ob ject and has no role other than to place an interpretation on op erator [SIKV82T esler describ es two ma jor typ es of mo de: preemptivemo de and mo de [T es81 ]. Running a program puts the user into a preemptiv e mo de

The author disagrees. Even though a text editor is op ened on an empty �le, its mo des are asso ciated with the empty �le ob 19

Controller

User input

Display output

Implicit links

View

Model

Figure 3.1: The Mo del-View-Controller framewviews. The sup erview/subview hierarchy provides windowing b ehavior such clipping and Con troller: The controller provides the interface b etween its asso ciated mo and the user input. The controller also schedules interactions with other These three parts of a user interface are interconnected as shown in Figure The standard interaction cycle is 1. The user p erforms some input action and the active controller resp onds binvoking the appropriate action in the mo 2. The mo del carries out the prescrib ed op eration, p ossibly changing its state, broadcasts to all its dep endent views (through the implicit links) that it c3. Each view can then query the mo del for its new state and up date its display

, necessary

Many user interface systems are based on or in uenced by the Smalltalk Mo View-Controller paradigm [Ale87, Bin88, KP88 , Har89, Ste88, vdM89 ]. Although MVC concept provides a convenient ob ject-oriented division at the abstract level,

the division is rather hard to implement.Most implementations of the MVC cept have view and controller pairs asso ciated with mo dels. In Smalltalk, the MVframework is implemented as three abstract sup erclasses (namely Mo del, View, Contr ol ler). Numerous sub classes of the three abstract sup erclasses implemen t interaction techniques used in Smalltalk. Almost every mo del has a sp ecial view 18

Chapter In order to achieve the research goals listed at the end of Chapter 2, MoDE emploseveral new concepts. This chapter intro duces these concepts. The next cdescrib es how these concepts were realized in Since MoDE is based on the MVC paradigm, Section 3.1 gives a brief overvieof the MVC paradigm and problems asso ciated with it. Section 3.2 provides a novp ersp ective on direct-manipulation interfaces and explains the concept of \mo that is central to MoDE. Section 3.3 extends the concepts intro duced in Section and describ es the general framework on which MoDE is based. Ma jor comp onents a mo de and their inter-relationship are also discussed. In Section 3.4, a typ e-space mo des is intro duced and the orthogon al prop erties of mo de comp onents are Section 3.5 describ es the MoDE connection mo del, extending the concept of semanob ject intro duced earlier.

3.1 MV

C and Its The Mo del-View-Controller (MVC) [Ada88, KP88] paradigm was develop ed by p eople who implemented the Smalltalk user interface in order to isolate units in the user interface. It divides the resp onsibility for a user interface into typ es of ob Mo del: The mo del represents the data structure of the application. It contains has access to information to b e displayed in its View: The view handles all graphical tasks; it requests data from the mo del displays the data. A view can contain subviews and b e contained within sup 17

UIMSs only fo cus on the implementation phase of user interface development provide few, if any

, to ols that can b e used in other phases (sp eci�cation, design maintenance). As Millerp ointed out, the imp ortant problems of interface design developmen t can only b e solved with to ols and working styles that address the interface problem, from initial task analysis and design through system main[Mil88]. And, they must do so in an integrated way

2.5 Researc h While the research pro ject describ ed here do es not address all of these issues, addresses many of them. The overall approach was to develop a new pro of-o UIMS that � A decentralized connection mo del that provides b oth su�cient commb etween the user interface and the application as well as low complexityfor develop � Direct manipulation sp eci�cation and control for the interface develop er most op � An op en system architecture which allows new styles of interaction to b e easily and incorp orated into the system for � A coherent conceptual mo del of the user interface that facilitates sp design, maintenance phases, as well as implemenThese issues will b e discussed throughout the remaining chapters in relation the conceptual basis of the Mo de Development Environment (MoDE) and its and 16

Both alternatives are undesirable since they reduce program mo dularity [Mil88Thus, new approachs are needed to achieve v alid 2.4.2 P o or Supp ortfor Linking User In terface and Conventional UIMSs provide little supp ort for linking the generated user inwith the application. Most either provide a pro cedural interface and leave all resp onsibility to the programmer (as in most of the interface technique builders) slightly b etter, provide callback mechanisms (as in the X11 to olkit and the Interface Builder). F or the latter, a typical callback mechanism allows the mer to asso ciate callback routines, which the UIMS calls in resp onse to user with the user interface ob jects. This approach can b e viewed as a way of knowledge ab out the application (the routines) in the interface. However,callbacmechanisms do not provide a satisfactory solution to the problem of separation they require the application to determine which user interface ob ject is the calls. This imp oses a large surface area at the callback p oint which not blurs the mo dule b oundary of the system but also makes it exp ensive to supp ort grain control [Mye87a2.4.3 Limited Capabilit

UIMSs are limited in the typ e of the interfaces they can create [Mye87b]. Most promote one sp eci�c style of interaction. It is very hard using them to generate interfaces that are not in the style provided. F or example, with MacApp it is imp ossible to implemen t an interface that uses p op-up men2.4.4 Little Supp ort Bey ond Co When one builds a go o d interface, one do esn’t just build an interface { one �rst termines how the user will think ab out and interact with the application Thus, the semantics of the application strongly a�ect the design of the user inface. Similarly

, the kinds of information and op erations needed to supp ort the interaction with the system strongly a�ect the implementation of the system.

Surfac e ar e a is de�ned as the numb er of things that must b e understo o d and prop erly with for one programmer’s co de to function correctly in combination with another’s [Cox8615 the semantic commands that the interaction supp orts. The presentation of the totyp e interface is then re�ned using interface editors. F oley [F ol89] develop ed knowledge-based UIMS that accepts description of the interface in terms of ob actions, attributes, and pre- and p ost-conditions asso ciated with the actions. The tem p erforms consistency and completeness checks, and suggests alternative strategies. It also provides a numb er of transformations to the interface sp in order to create new user interface designs which have the same function as original design, but which provide a di�erent view of the function for di�erent of users. Higgens [Hud86] generates supp ort for direct manipulation and by having the develop er de�ne the application data in a sp ecial semantic data mo (attributed 2.4 Problems with Although UIMSs provide substantial help for building user interfaces, none proall of the features that develop ers need or want. This section discusses some of more imp ortant 2.4.1 Strong Most UIMSs are based on the assumption that the user interface can b e separated from the application. This separation is b oth physical (separate co de and logical (knowledge one comp onent has of another). Separation is attractive it promises a cleaner and more mo dular architecture, the p ossibility of a single interface for multipleapplications (or vice-versa), and faster interaction with the Unfortunately

, these promises have not b een kept in practice. Consider the follodilemma: in direct-manipulation interfaces, semantic information is used extensiv ely

for controlling feedback, generating default v alues, checking errors, and recoveriF or example, in the Apple Macintosh user interface,an icon may b e dragged with mouse. When it is dragged over other icons that can contain it, such as a �le those icons are displayed in reverse video. This requires semantic feedback from application (derived from the typ es of the icons) while the mouse is tracking. F separation results � the duplication of large parts of the application co de in the user interface, � ad ho c programming to provide the necessary communication b etween the plication and the user interface,thus, paradoxically eliminating the 14 discusses systems that are sp eci�cally graphics-orien2.3.3 Graphical La y Graphical layout UIMSs can also b e classi�ed as \glue" systems. They are separately b ecause they allow interaction techniques to b e sp eci�ed directlyusing mouse. This sp ecial feature makes them easy to use. However,some prop erties an interface are not easily sp eci�ed by visual representations. The limited expressive

capability of the mouse either places a serious restriction on the function of systems or requires further Menulay [BLSS83 ] allows the designer to place text, graphical p oteniconic pictures, light buttons, etc. on the screen and see exactly what the user see when the application is run. T rillium[HC86] supp orts the design of user inpanels for copier machines. BLOX [Rub82], DMS [HH86], GRINS [ODR85], [Gra86 ], and LUIS [MBW89] provide graphical editors for sp ecifying the layout the interface comp onents. Prototyp er [Sme87] allows rapid design, prototyping, testing of interfaces sp eci�cally for the Macintosh. Cardelli’s UIMS uses direct nipulation [HHN86, Shn83 ] to sp ecify geometric constraints among screen ob [Car88 ]. The NeXT Interface Builder [NeX88] combines the p ower of ob ject-orienprogramming and an easy-to-use direct-manipulation front-end to provide fast ation of direct-manipulation user in2.3.4 Application Seman tics Unlikemost other UIMSs which start the construction of the user interface by sp ifying the user interface,the UIMSs describ ed in this section attempt to the user interface from the application’s semantics. Recognizing that the data mo underlying an interactivesystem is imp ortant in shaping the overall system [A

YM88these systems create a prototyp e interface by transforming a sp eci�cation of the cation’s semantics. The designer then can mo dify the prototyp e interface to improve

it. A common di�culty with this approach is that the UIMS used to generate the totyp e often has no knowledge ab out the mo di�cation. Once the prototyp e inis mo di�ed, the UIMS can no longer b e used to work on the interface.

F or example, the Control-Panel Interface [FJ87 ] creates graphical interfaces control panels and image-pro cessing applications based up on pro cedure’s typ es. The same approach is adopted by Peridot [Mye88]. MIKE [Ols86], Mickey

[Ols89] and UofA [SG89 ] generate a prototyp e user interface from the de�nition 13

Ev en t languages In this mo del, input devices are viewed as sources of events. Eacinput device generates one or more events when the user interacts with it. events are placed on a queue when they are generated. Event handlers remove

the events one at a time from the queue and pro cess the event by as output other events, by changing the state of the dialogue comp onent, or bcalling the application’s semantic routines. One of the main adv antages of event mo del is its capability to describ e multithreaded dialogues in which user can b e involved in several separate or communicating dialogues at the time, such as, editing two �les. The user is free to switch from one dialogue another at any p oint in the interaction. Several UIMSs have b een built exploit this approach [Gre85, Hil86, T aMSW86 , FB87Ob ject-orien ted languages Systems based on ob ject-oriented languages can dle highly interactive, direct-manipulation interfaces b ecause there is a putational link (via message sending) b etween the input and the output the application can mo dify to provide semantic pro cessing. GWUIMS [SHB86MacApp [Sch86b, Sch86a ], the NeXT Application Kit [NeX88], and ICpak [Ste88] are typical systems. V arious forms of ob ject dep endency can also proconsistency among di�erent views of the same data in the interface.

Sp ecial purp ose languages Several systems have develop ed new sp ecial-purp languages for dialogue sp eci�cation [Ap o88 , HSL85 , Kas85 , KLR89 , ABB89Bin88, Gia88 , SH89 , Ols89, WR82 ]. Since they are intended for user inconstruction and do not have the additional complexity required for purp ose programming languages, they are somewhat easier to use. On other hand, they require the interface develop ers to learn a new language. Also, their textual nature is not convenient for describing user interfaces. Several of them have develop ed graphical aids on top of textural languages to cop e with this Data o w Several visual programming systems based on the concept of data o[Smi88, IWC

88 ] have b een used to develop user interfaces. The data omo del is also used to connect the user interface with the application [DLS89 Thus, constructing a data ow diagram is equiv alent to constructing a interface program. Since the data ow diagram is a two-dimensional notation, it is well-suited for visual Constrain t based Constraints can b e used to map b etween application ob jects graphical ob jects. They can also maintain the consistency among multipleof data. Systems like ThingLabI I [MBFB89], Coral [SM88], CWS [EL88 ], the Filter Browser [EMB87] use v arious forms of constrainThe systems intro duced in the ab ove seven categories provide a wide v ariety metho ds to combine software comp onents into user interfaces. The following 12

(graphical p otentiometers), and buttons. It also infers parameterized pro cedures the designer’s actions to provide run-time b ehaviors of the interaction technique.

2.3.2 \Glue" Supp ort

Most UIMSs concentrate on combining and sequencing interactiv e techniques they have b een created; this is called \gluing." However, they di�er widely in how approach the task. Green originally identi�ed three principal approaches: networks, context-free grammars, and event languages [Gre86]. More recently

,additional metho ds have b een suggested. They are ob ject-oriented languages, sp purp ose languages, data ow mo dels, and constraint based systems. characteristics of each of these seven groups are discussed b eloT ransition net w orks (Also called �nite state machines) The transition netwmo del is based on transition diagrams A transition diagram consists of a set states and a set of arcs. The states represent the states in the dialogue b etwthe user and the computer system. The arcs in the diagram determine how dialogue moves from one state to another. The dialogue will move from state to state B if there is an arc b etween the two states lab eled by the action the p erformed. Di�erent forms of transition networks, including recursive networks (R

TN) and augmented transition networks (A

TN), have b een used prop osed as bases for dialogue control [Edm81 , KP83 , SBK85, W as85 , YH85Jac86 , MVS88, W el89, LIBY89]. EDGE [KC88] and State T rees [Rum88] b use tree-like structures, rather than general graphs, to manage the complexity

of the state Systems that supp ort menu hierarchies and networks [Kas82, AMY87, Con87 can also b e thought as a form of the transition networks, where each menu a state and the selection of a menu item moves the system to the next (another menCon text free grammars The motiv ation for this mo del is the view that hcomputer interaction is a dialogue, as in human-human communication. the case of natural languages, a grammar describ es the language used by participants in the dialogue. The natural extension of this idea is to use grammar to describ e the dialogue b etween the user and the computer. that have used context-free grammars include Syngraph [OD83 ] and Cells [tD85 ]. As Myers has noted, grammar-based systems are go o d for command languages, but are generally inadequate for graphics-based direct nipulation interfaces [Mye89a11

Some of the more imp ortant ones include GROW [Bar86 ], GARDEN [Rei87], [CCM87], Glazier [Ale87], TICS [GE87 ], ThinkerT oy [Gut87 ], Coral [SM88], [WCM88], and InterViews [L

VC89Due to inheritance, these systems all have higher reusability than non-ob ject-oriented systems. Still, with the orthogonality concept intro duced in tion 3.4, reusability can b e increased 2.3 User In terface Managemen t Systems Built on top of window management systems and programming facilities (such ob ject-oriented programming languages), user interface management systems [OBE

84provide supp ort b eyond the graphics domain to further facilitate user interface velopment.

UIMSs have b een characterized as analogous to database management (DBMS) [Kas82 ]. Database management systems abstract away the low levelof physical I/O and present a uniform abstract programming interface to data agement facilities. In the same way

, UIMSs abstract away the low leveldetails of user interface and provide a uniform programming interface to them. In doing they also provide consistency in the resulting user interfaces.

Because of the large amount of work b eing done in UIMSs, this comparativdiscussion is divided into the four sections. Section 2.3.1 describ es UIMSs for interactiv e techniques. In Section 2.3.2, UIMSs that \glue" the interactivetectogether are discussed. Section 2.3.3 provides an overview of UIMSs that use representations for input. Section 2.3.4 intro duces a new approach to UIMS builds the interface from the semantics of the 2.3.1 In teractiv e T ec hnique An interaction technique is a way of using a physical input device (such as keyb oard, tablet, or rotary knob) to input a v alue (such as a command, numb er, lo tion, or name) and, subsequently

, to provide some form of feedback to the user. eral UIMSs have b een built to help develop ers create interaction techniques. [CP85 ], a textual language for programming mouse interfaces, exploits concurrent put from di�erent input devices. Panther [Hel87] supp orts menus, forms and through tabular sp eci�cation. Peridot [Mye88] lets the designer directly primitiv es (rectangles, circles,text, and lines) to construct menus, scroll bars, 10

Windows [Mic85] provide a v ariety of useful abstractions (windows, menus, in the graphical domain. The Andrew system [MSC

86] intro duced an asynccommunication proto col to supp ort distributed environments.The X Window tem [SG86] addresses the need for network transparency and high p ortability is b ecoming the most p opular window system. Not only is X supp orted by most the hardware vendors, it is also accessible from many programming languages. F example, CLUE [KO88] provides a connection b etween X and the Lisp world. X also accessible from C, Ada, F ortran, and Instead of a set of pro cedures, NeWS [Sun87] provides a programming (PostScript) that serves as an interface b etween clien t programs and servers. Clienof NeWS can send PostScript programs to the servers and ask the servers to the programs. This improves the exibility of the system and removes the need high volume communication b etween server and clien ts. With PostScript, NeWS discards the concept of pixel by using a mathematical mo del to describ e displayob jects. Many b eliev e that NeWS is technicallysup erior to X [RSD

87Although diverse, window management systems provide a �rm foundation user interface development. More and more user interfaces will b e built on top sp eci�c window management systems and will rely on them to provide p ortability di�erent hardware Many window management systems are accompanied by to olkits that prolibraries of interaction techniques. (F or example, the X T o olkit [MA88] of the Window System.) A programmer uses an interface to olkit by writing co de to invoke

and organize the interaction techniques.The disadv antages of using to olkits are they provide limited interaction styles and are often exp ensive to create and to 2.2 Ob ject-Orien ted Ob ject oriented programming is imp ortant for interface developing since it provides paradigm that helps control the complexityof software through encapsulation. It only supp orts \data-typ e indep endent algorithms" [Sch88b] but also promotes of existing software by inheritance [Mey87Ob jects provide the user interface develop er with a natural unit with which organize and manage the display

. The ability to mo dify and reuse existing comp onenprovided by ob ject-oriented programming makes it p ossible to generate prototyp to ev aluate user interface designs without extensive programming [F re87]. Manuser interface to olkits/environments have b een built using ob ject oriented techniques.

9

Chapter Bac kgrouUser interface developmen t is currently a very active area of research. W ork relev anto the pro ject describ ed here include the follo� window management � ob ject-oriented � and user interface management 2.1 Windo w Managemen t Window management systems (or Window Managers) provide the bases on whicmo dern user interfaces are built [F ol86]. They allo cate regions of display to clien programs and con�ne the clients’ output to the allo cated regions. They also cate input devices (e.g., keyb oard, mouse) to clients and route input events to appropriate client program. While di�erent systems address di�erent problems and provide v arying capabilities, they all provide an indisp ensable layb etween user interface software and their hardware platforms. This section proa historical p ersp ective of window management Serious research interest in window management systems b egan with the Mo View-Controller (MVC) paradigm [KP88] for Smalltalk [GR83 , T ei86]. The MVparadigm divides a user interface into three parts. The mo del provides the semanof the underlying application, the view is resp onsible for the visual asp ects, and c ontr ol ler interacts with the user. In the Smalltalk implementation, View promany of the characteristics of a window. Systems likeSunView [Sun86 ] and 8

One particularly unusual feature of MoDE is its capability of supp orting trarily shap ed ob jects. The o ddly shap ed subwindow has three no des in it. The is dragging one of the no des over the trash icon in another window (Level of DMThe trash icon op ens to provide semantic feedback. Rubb er-band lines are drafrom the dragged no de to b oth no de Odd1 and no de Odd3 to show the Notice, also, that the o ddly shap ed subwindow has a hole in it through which user can see and work with ob jects (for example, the no de Below1) underneath window. MoDE also supp orts semi-transparent windows as shown in the righof the o ddly shap ed subwindow, through which no de Below3 is visible.

Thus, MoDE provides an e�ective environmen t for user interface development.

It addresses the issues of generality

, the connection b etween user interface and cation, and supp ort for development activities b eyond co 1.4 Organization of the The next chapter reviews research relev ant to this thesis and identi�es problems rently found in UIMS research. Chapter 3 describ es the mo de concept. Chapter describ es the realization of the MoDE system and discusses the orthogonality hibited in its design. Chapter 5 discusses the use of MoDE as an interface to ol. Chapter 6 ev aluates the generality and pro ductivity of MoDE. contributions and future directions for research are discussed in Chapter 1.5 A Note to the The videotap e discussed in the App endix C is an integral part of this The reader is encouraged to view the tap e b efore reading 7

Figure 1.3: Sample user interfaces created with 6

Figure 1.2: Interactivetechnique library ob jects out of the interactiv e technique library (the right-hand window of Figure and pasting them together. Interface ob jects are then connected to their resp ective

semantic ob jects. Semantic ob ject are then connected to application ob jects provide functional supp ort for the selected interface ob ject or op eration. Semanob jects can also b e connected to one another to provide feedback or resp onse engaging the application, such as highlighting an ob ject when touched by the controlled Visual representation of interface, semantic, and application ob jects can all b created and manipulated directly

. In Figure 1.1, the user has �nished the layout connection of the interface (which is an upside-down window lab eled My window) is asking the system to create a sub class of the aBackground semantic ob ject. Since interfaces created with MoDE are immediately testable at any stage of development,

there is no need for a separate test After the interface is created and tested, it can b e promoted into the for future use, or it can b e reused as a comp onent in a more complex construction. Figure 1.2, the My window interface has b een promoted into the interactiv e technique

library and is represented by an icon. The user can then store it in a �le and it with other user interface develop Figure 1.3 shows several sample interfaces created with MoDE that some of its more unusual capabilities. The scroll bar in the top left window (demo) scrolls the picture continuously

. The top right window (Menu demo) has typ es of menus: title-bar menu, tear-o� menu, and p op-up menu (not displayed).

Menu items can b e text, foreign characters, bitmap or animated pictures. The lowleft window (For Barry) demonstrates the system’s capability to incorp orate images and text editors. The largest window (OddShap e Window) contains two windows; b oth allow the user to create networks of no 5

Figure 1.1: Using maintainers. Interface designers can use it to rapidly create interfaces and to the designs against end users to collect feedback. System programmers can use programming interface to develop applications that supp ort v arious user inand to connect them together. System maintainers can use MoDE to a system and to navigate through the relev ant p ortions of the interface and application. Sections 5.2 and 5.3 provide more An informal exp eriment suggests that MoDE increases the pro ductivity of users. Two groups of sub jects were asked to pro duce the same interface.On used MoDE exclusiv elywhile the other group used whatever to ols they liked MoDE. The group using MoDE completed the assignment signi�cantly faster the other group. Section 6.2 rep orts this exp erimen

1.3 MoDE in Since the UIMS issues examined by this research were addressed in the pro concept system, MoDE, this section gives a taste of how MoDE is used and the of interfaces it can b e used to create

. It is included here to provide an intuitive of referencefor the more general discussion of issues that folloThe user of MoDE b egins the pro cess of building an interface by

A more complete example is shown in the videotap e app 4 can b e built is greatly increased. Exp erience with MoDE suggests that it is this thogonal design that contributes most to reuse of interface comp onents, rather ob ject-oriented inheritance Connection b et w een user in terface and Separating the user interface from the application pro duces a cleaner and more mo lar system architecture.Current metho ds of separation often limit the commb etween the two and, as a consequence, do not supp ort direct-manipulation invery wMoDE provides an intermediate layer of semantic obje cts that connects the interface and the application. Each interface comp onent is connected to a semanob ject which, in tern, can b e connected to the application or to other semantic ob Ob jects in this domain have knowledge of b oth the user interface and the They form a layer that insulates the e�ects of changes from b oth Supp ort b ey ond co Most UIMSs only fo cus on the implementation phase of user interface developmen and provide very few, if any

, to ols that can b e used in other phases, such as testing and maintenance (discussed in Sections 4.2.6 and The mo de concept provides an informal framework in which the user inface develop er can sp ecify the interface conceptually from the end user’s p oint view. This framework also provides guidelines to help decomp ose an interface incomp onents during the design During debugging and maintenance, the MoDE user can interrupt a interface at any p oint and insp ect it. This capability together with the regularitenforced by the mo de concept make it easy for an interface system maintainer understand the interface and to lo cate a sp eci�c comp onent for mo 1.2 Ma jor MoDE can b e used to pro duce a wide v ariety of interfaces. MoDE was used to test interfaces that simulate the ma jor comp onents of the interactions implementein Macintosh, NeXT, and SunView (discussed in Section 6.1.1). MoDE was also to generated its own interface. Because of its self-creating nature, the MoDE incan b e edited with itself. Thus, it provides high degree of freedom to user indevelop MoDE can b e used by interface designers, system programmers, and 3 F rom this p ersp ective, everything on the screen is a mo de. Thus, mo de is only building blo ck necessary for building a user interface.The task of designing implementing an interface is simpli�ed into identifying the mo des in the interface comp osing them T o demonstrate that this concept of mo de can b e used as the conceptual for an e�ective user interface management system (UIMS), the Mo de Envir onment (MoDE) was develop ed. In addition to this demonstration, MoDE addresses several limitations found in most UIMSs. In the section that follows, limitations are discussed brie y and MoDE’s attempt to address them 1.1 Problems and MoDE addresses several imp ortant problems faced by most user interface managemensystems (UIMSs). These include:

� generality

� the connection b etween user interface and � and supp ort for development activities b eyond co Generalit

Many UIMSs are limited in the lo ok and feel of the interfaces they can b e used create. It is very hard to generate user interfaces not in the style provided. are two ma jor reasons for this. First, many UIMSs have a �xed library of incomp onents. The interfaces that can b e built with these systems are limited to that can b e comp osed from comp onents in the �xed library

. Second, most UIMSs not orthogon al in design with resp ect to comp onents: some comp onents can b e with other comp onents from the library while others cannot b e combined in Section T o address the �rst limitation, MoDE makes no distinction b etween provided comp onents and user-created comp onents. Consequently

, new interface p onents can easily b e included into the library . T o address the second limitatiMoDE provides orthogonality with resp ect to interface comp onents. Since separates app earance, interaction, and the semantics of a comp onent into three dep endent ob jects, new interface comp onents can easily b e created by new combinations of these ob jects. Thus, the numb er of p ossible comp onents 2

Chapter In tro ductCreating a go o d user interface for a system is a di�cult task. User interface softwis often large, complex, and di�cult to debug and mo dify

. It often represents signi�cant fraction of the co de, frequently ranging from 40 to 60 p ercent [F ol88Go o d interfaces that are easy to use frequently require several cycles of developmen t, testing, and re�ning. Consequently

, b etter to ols are needed for asp ects of user interface development, ranging from supp ort of complex programs rapid prototThis thesis explores a particular concept of mo de that can provide a conceptual framework for user interfaces and can lead to an e�ectiveimplemenenvironment for developing a rich v ariety of user interfaces. In this section, concept of mo de is intro duced; it will b e de�ned rigorously and discussed in detail Chapter Interfaces customarily have states that govern the interpretation of user tions. These are commonly called mo des. Some user interface develop ers have tributed user confusion to the very presence of mo des in interfaces and have the ideal interface as one which has no mo des [SIKV82, T es81 ]. This undertakes to show that mo deless interfaces are not desirable and may b e imp If one embraces and formalizes the concept of mo de, it serves as a general, and p owerful concept with which to de�ne interfaces.In this dissertation, mo de is still a state. It is the building blo ck of user interfaces. A mo de is de�ned bits three attributes: app earance, interaction, and semantics. It is distinguished by area on the screen in which at least one of its attributes is di�erent from those of mo des in its surrounding areas. Mo des can b e comp osed to form more mo 1

7.1 Make MoDE a pro duction system. : : : : : : : : : : : : : : : : : : : : A.1 An EHP sandwich. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : A.2 Lo op merging : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : xv

4.2 Clipping capability is essential to the interaction in a mo de that partially obscured by other mo des. : : : : : : : : : : : : : : : : : : : : 4.3 A simple eventResponses table. : : : : : : : : : : : : : : : : : : : : : 4.4 The relationships among the four kernel classes. : : : : : : : : : : : : : 4.5 A simple example. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4.6 The resp onsibilities are partitioned di�erently in the Mo de framewthan in the MVC framework. : : : : : : : : : : : : : : : : : : : : : : : 5.1 Editing the app earance of a mo de. : : : : : : : : : : : : : : : : : : : : 5.2 Showing the semantic ob ject for the display window. : : : : : : : : : : 5.3 System requests p ermission to create new instance v ariable for connection. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.4 Insp ect the semantic ob ject. : : : : : : : : : : : : : : : : : : : : : : : : 5.5 The default action message is buttonPushed:. : : : : : : : : : : : : : 5.6 The system shows a list of the messages understo o d by the semanob ject of the display window. : : : : : : : : : : : : : : : : : : : : : : : 5.7 The interface and the application are fully connected. : : : : : : : : : 5.8 The binary desk calculator is promoted into the interaction teclibrary

. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.9 The calculator is put into a window. : : : : : : : : : : : : : : : : : : : 5.10 The Mo de Comp oser is used to edit itself. : : : : : : : : : : : : : : : : 6.1 The three axes span the space of mo de-typ es. : : : : : : : : : : : : : : 6.2 A picture of the window to b e built. : : : : : : : : : : : : : : : : : : : xiv

List of 1.1 Using MoDE. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.2 Interactivetechnique library

. : : : : : : : : : : : : : : : : : : : : : : : 1.3 Sample user interfaces created with MoDE. : : : : : : : : : : : : : : : 3.1 The Mo del-View-Controller framework. : : : : : : : : : : : : : : : : : 3.2 A dialogue b ox can b e viewed as a mo de with two submo des. : : : : : 3.3 The structure of a mo de. : : : : : : : : : : : : : : : : : : : : : : : : : : 3.4 The three space for mo de typ es. Two sample p oints are shown. for the \yes" button, the other for the \no" button. They share same interaction attribute. : : : : : : : : : : : : : : : : : : : : : : : : : 3.5 The button example. : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3.6 Possible inheritance structures for the button example. : : : : : : : : : 3.7 Reusing the comp onents in a three-dimensional design, as in MoDE. : 3.8 Deriv ations of connection mo del. : : : : : : : : : : : : : : : : : : : : : 3.9 A decentralized connection mo del. : : : : : : : : : : : : : : : : : : : : 4.1 Corresp ondence b etween the axes and the implementation. : : : : : : xiii

B.4.8 attribute editor : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.9 class metho ds for: instance creation : : : : : : : : : : : : : : : C Videotap e C.1 Sample Interfaces Built with MoDE : : : : : : : : : : : : : : : : : : : C.2 MoDE in Use : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : xii

B.2.11 class metho ds for: access : : : : : : : : : : : : : : : : : : : : : B.2.12 class metho ds for: initialize: : : : : : : : : : : : : : : : : : : : B.3 MDisplayOb ject Class : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.1 transforming : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.2 initialize-release : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.3 accessing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.4 inversion : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.5 displaying : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.6 bu�ering : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.7 testing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.8 display b ox access : : : : : : : : : : : : : : : : : : : : : : : : : B.3.9 copying : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.3.10 class metho ds for: instance creation : : : : : : : : : : : : : : : B.4 SemanticOb ject Class : : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.1 access : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.2 initialize-release : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.3 mo de attaching : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.4 drag supp ort : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.5 Mo de-initializations : : : : : : : : : : : : : : : : : : : : : : : : B.4.6 copying : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.4.7 connection mo del supp ort : : : : : : : : : : : : : : : : : : : : xi

B.1.15 visibility: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.16 b ordering : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.17 bu�ering : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.18 sharedStyle-highlight : : : : : : : : : : : : : : : : : : : : : : : B.1.19 indicating : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.20 sizing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.21 semOb j access : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.22 copying : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.23 class metho ds for: initialization : : : : : : : : : : : : : : : : : B.1.24 class metho ds for: instance creation : : : : : : : : : : : : : : : B.2 MController Class : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.2.1 access : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.2.2 event handling : : : : : : : : : : : : : : : : : : : : : : : : : : : B.2.3 sharedBehavior-resize : : : : : : : : : : : : : : : : : : : : : : : B.2.4 sharedBehavior-move : : : : : : : : : : : : : : : : : : : : : : : B.2.5 sharedBehavior-indicating : : : : : : : : : : : : : : : : : : : : B.2.6 sharedBehavior-link : : : : : : : : : : : : : : : : : : : : : : : : B.2.7 sharedBehavior-menu : : : : : : : : : : : : : : : : : : : : : : : B.2.8 Interrupt handling : : : : : : : : : : : : : : : : : : : : : : : : : B.2.9 copying : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.2.10 class metho ds for: instance creation : : : : : : : : : : : : : : : x

A.4.2 When to Switch : : : : : : : : : : : : : : : : : : : : : : : : : : A.4.3 Sandwiching : : : : : : : : : : : : : : : : : : : : : : : : : : : : A.4.4 How to Switch: Case EHP : : : : : : : : : : : : : : : : : : : : : A.4.5 How to Switch: Case PHE : : : : : : : : : : : : : : : : : : : : : A.5 Discussion : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B Description of the Kernel Classes B.1 Mo de Class : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.1 displayOb ject : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.2 displaying : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.3 drag supp ort : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.4 scroll supp ort : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.5 subMo de access : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.6 sup erMo de access : : : : : : : : : : : : : : : : : : : : : : : : : B.1.7 layer manipulation : : : : : : : : : : : : : : : : : : : : : : : : : B.1.8 layering : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.9 initialize-release : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.10 display b ox access : : : : : : : : : : : : : : : : : : : : : : : : : B.1.11 controller access : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.12 event handling : : : : : : : : : : : : : : : : : : : : : : : : : : : B.1.13 enter/leav eEv ent-pro cess : : : : : : : : : : : : : : : : : : : : : B.1.14 subMo de insert/delete : : : : : : : : : : : : : : : : : : : : : : ix

6.1.3 Inappropriate Applications : : : : : : : : : : : : : : : : : : : : 6.2 Pro ductivity : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.2.1 Sub jects : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.2.2 The Assignment : : : : : : : : : : : : : : : : : : : : : : : : : : 6.2.3 Results : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.2.4 Discussion : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.3 Performance : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.4 Summary : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 Conclusion 7.1 Summary : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7.2 F uture Research : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : A An Ev en t-Driv en Mec hanism for MoDE A.1 Background : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : A.2 Why Event-Driven? : : : : : : : : : : : : : : : : : : : : : : : : : : : : A.3 An Event-Driven Mechanism : : : : : : : : : : : : : : : : : : : : : : : A.3.1 Event Generator : : : : : : : : : : : : : : : : : : : : : : : : : : A.3.2 Event Queue : : : : : : : : : : : : : : : : : : : : : : : : : : : : A.3.3 Event Dispatching and the MVC framework : : : : : : : : : : : A.4 Compatibility : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : A.4.1 De�nition of the Problem : : : : : : : : : : : : : : : : : : : : : viii

4.2.2 MController : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4.2.3 SemanticOb ject : : : : : : : : : : : : : : : : : : : : : : : : : : : 4.2.4 MDisplayOb ject : : : : : : : : : : : : : : : : : : : : : : : : : : 4.2.5 Interactions Among the F our Kernel Classes : : : : : : : : : : : 4.2.6 Designing An Interface with MoDE : : : : : : : : : : : : : : : : 4.3 A Comparison to MVC framework : : : : : : : : : : : : : : : : : : : : 4.4 Summary : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 MoDE: Mo de Comp oser 5.1 Mo de Comp oser in Action : : : : : : : : : : : : : : : : : : : : : : : : : 5.2 Mo de Editing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.3 Connection Editing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.4 Library Management : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.5 Discussion : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.5.1 Self-Creation : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.5.2 Classes Do Not Make Go o d Typ es : : : : : : : : : : : : : : : : 5.6 Summary : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 Exp erience With MoDE 6.1 Generality : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.1.1 What MoDE Can Create : : : : : : : : : : : : : : : : : : : : : 6.1.2 What MoDE Can Be Extended T o Create : : : : : : : : : : : : vii

2.4.1 Strong Separation : : : : : : : : : : : : : : : : : : : : : : : : : 2.4.2 Po or Supp ort for Linking User Interface and Application : : : 2.4.3 Limited Capability : : : : : : : : : : : : : : : : : : : : : : : : : 2.4.4 Little Supp ort Beyond Co ding : : : : : : : : : : : : : : : : : : 2.5 Research Goals : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 Concepts 3.1 MVC and Its Problems : : : : : : : : : : : : : : : : : : : : : : : : : : : 3.2 The Concept of a Mo de-Based User Interface : : : : : : : : : : : : : : 3.2.1 What is a Mo de? : : : : : : : : : : : : : : : : : : : : : : : : : : 3.2.2 Direct-manipulation Interfaces are Mo dal : : : : : : : : : : : : 3.3 The Mo de User Interface F ramework : : : : : : : : : : : : : : : : : : : 3.4 A User Interface Comp onent Space and Its Axes : : : : : : : : : : : : 3.5 Connection Mo del : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3.5.1 A Historical View of Connection Mo dels : : : : : : : : : : : : : 3.5.2 The MoDE Connection Mo del : : : : : : : : : : : : : : : : : : 3.6 Summary : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 MoDE: Kernel 4.1 The MoDE Event-Driven Mechanism : : : : : : : : : : : : : : : : : : : 4.2 Basic Classes : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4.2.1 Mo de : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : vi

Con ten 1 In tro duction 1.1 Problems and Solutions : : : : : : : : : : : : : : : : : : : : : : : : : : 1.2 Ma jor Results : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.3 MoDE in Use : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.4 Organization of the Thesis : : : : : : : : : : : : : : : : : : : : : : : : : 1.5 A Note to the Reader : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 Bac kground 2.1 Window Management Systems : : : : : : : : : : : : : : : : : : : : : : 2.2 Ob ject-Oriented Programming : : : : : : : : : : : : : : : : : : : : : : 2.3 User Interface Management Systems (UIMS) : : : : : : : : : : : : : : 2.3.1 Interactive T echnique Builders : : : : : : : : : : : : : : : : : : 2.3.2 \Glue" Supp ort : : : : : : : : : : : : : : : : : : : : : : : : : : : 2.3.3 Graphical Layout : : : : : : : : : : : : : : : : : : : : : : : : : : 2.3.4 Application Semantics First : : : : : : : : : : : : : : : : : : : : 2.4 Problems with UIMSs : : : : : : : : : : : : : : : : : : : : : : : : : : : v

Ac kno wledgemen

I am deeply grateful to my advisor, Professor John B. Smith, for his supp ort and encouragement throughout my years as a graduate student. He me b elieveI could �nish, and help ed me do it. I also want to thank the other b ers of my thesis committee, Professor F rederic k Bro oks, Professor James Professor Rick Sno dgrass , and Professor Stephen W eiss for their v aluable commenand The memb ers of the textlab research group at UNC were all helpful. Pthanks to Murray Anderegg, Matt Barkley

,Gordon F erguson, Barry Elledge, RicHawkes, Jieh-Shan Lin, and Don I gratefully acknowledge the �nancial supp ort provided by the National ence F oundation (Grant #IRI-85-19517) and the Army Research Institute (Con#MDA903-86-C-0 345 I would liketo thank my parents who let me know all my life that I achieve anything that I aspired to. Finally

, I thank my wife Ke-Jen for her understanding, and hard work to ensure that I had the time I needed to this wiv

Y en-Ping ALL RIGHTS RESER

MoDE: An Ob ject-Orien ted User In terface Dev elopmen En vironmen t Based on the Concept of Mo Y en-Pin g A Dissertation submitted to the faculty of the University of North Carolina at Chap Hill in partial ful�llmen t of the requiremen ts for the degree of Do ctor of Philosophin the Department of Computer Chap el Hill

Approved b

Advisor: John B.

Reader: Stephen W

Reader: Richard Sno dgras