2-1 Lexi

Lexi®
L

File Edit ESigZ Symbol

Chinaspube

K “ WYSIWYG”
exi

Align left
Center
Align right
wdJustify
W Roman.
Boldface
Tealic
Typewriter
Sans serif

the internal representation of the TextWiew. The draw
operation {which is not shown) sirply calls draw on the
'BBox.

The code that builds a TextView is similar to the
original draw code, except that instead of calling
functions to draw the characters, we build objects
that will draw themselves whenever necessary. Using
objects solves the redraw problem because only those
objects that lie within the damaged region will get
draw calls. The progrararney does not have to wxite the
code that decides what objects to redraw-that code is
in the toolkit {in this example, in the implementation
of the Box draw operation). Indeed, the glyph-based
implementation of TextView is even sirapler than the
original code because the prograramer need only declaxe
wahat objects he wants-he does not need to specify dow
the objects should interact.

?.? Multiple fonts

Because we built TextView with glyphs, we can easily
extend it to add functionality that might otherwise be
difficult to implement. For example, Figure ashnws
a screen durnp of a vexsion of TextWiew that displays
EUC-encoded Japanese text. Adding this feature to a
textview such as the Athena Text Widget would require
a cornplete rewrite. Here we only add two lines of code.
Figure filshcws the change.

Character glyphs take an optional second constructor
parameter that specifies the font to use when drawing.
For ASCII-encoded text we create Characters that use
the 8-bit ASCII-encoded “al4™ font; for JIS-encoded

igure 4: A gratuitous idraw drawing

R

text (kanjii and kana characters) we create Charactg
that use the 16-bit JIS - encoded “k14™ font.

?.? Mixing text and graphics

We can put ary glyph inside a composite glyph; thi

. Figure 'ILshaws the modifil
code that builds the view.

A Stencil is a glyph that displays a bitmap , an HRY
draws a horizontal line, and ¥Glue represents wertid
blank space. The constructoy parareters for Rule a

while ({c = getc({file)) != EOF) {
if (¢ == "\n’) {

line = new LRBox();
+ } else if (lisascii(c)) {
+  line->append(
new Character(
tojis{c, getc{file)), ki4
)

i
} else {
line->append(
new Character{c, al4)
y 7
}

Figure 5: Modified TextView thatdisplays Japanese te:

@
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2.1
Lexi 7
1)
2) Lexi
3) Lexi
L exi
4) (look-and-feel)
Motif Presentation Manager(PM)
5)
6)
(undo)
7) Lexi
2.2
Lexi

Lexi

WYSIWYG

Lexi

Lexi

Lexi

Lexi

Lexi
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L exi
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(Recursive Composition)

2-2

1 000

2-2

2-3
Lexi
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L exi
Lexi
2-3
C++
2.2.2
(Glyph®)
2-4 Glyph
Giyph | -
Draw(Window)
Intersects(Point)
Insert(Glyph, int)
"--I l l"-‘ childreh
Character Rectangle Row
Draw(Window w) ©-1---1 Draw(...) Draw(Window w) O------=--=-q--------=
Intersects(Point p) ¢ i | Intersects(... Intersects(Pointp) ~ O---=-=-1 - !
t 1 Insert(Glyph g, int i) Q | !
charc ! ' . ! '
oo Polygon : ' '
: : insert g into : '
retum true if point f‘: ‘1 H Draw(...) chilgren at position | H ! '
intersects this character ! Intersects(...) ! H
: for all ¢ in children ) i
[__H if c->Intersects(p) return true \
w->DrawCharacter(c) '
forall ¢ in children j
ensure ¢ is positioned
- correctly;
c->Draw(w)
2-4 Glyph
© Calder “ Glyph” [CL90]
Calder [Cal93]
Calder Calder

Flyweight(4.6)
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2-1 C++ Glyph ©
Glyph
Responsibility Operations
Appearance Virtual Void Draw (Window*)
Virtual Void Bounds (Rect&)
hit detection Virtual bool Intersects (Const Point&)
Structure Virtual Void Insert (Glyph*, int)
Virtual Void Remove (Glyph*)
Virtual Glyph* Child (int)
Virtual Glyph* Parent()
1) 2) 3)
Glyph Draw
Window Window
Glyph Rectangle Draw

voi d Rectangl e::Draw (W ndow* w) {
w- >Dr awRect (_x0, _yO0, _x1, _yl1);

}
x0 _y0 _x1 _yl Rectangle DrawRect
Window
( 2-2) Bounds
Glyph
Intersects L exi
Rectangle
Insert Index
©®  Remove
Child Index ( )
Child
Draw Parent
Lexi Parent
©
) Index

2.8
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2.2.3

Composite(4.3)

2.3

°©  Lexi

(formatting)

231

Lexi

Glyph

2.3.2 Compositor Composition

" (linebreaking)

Compositor

Glyph

L exi

2-2

Lexi

Lexi



Chinaspubicom

compositor Composition
Composition Compositor
Compositor Compose 2-5
Composition Compositor

2-2 Compositor

void SetComposition (Composition*)
virtual void Compose()

Glyph
Insert(Glyph, int)

4 § Compositor
children compositor
Composition > 0
Insert(Glyph g, int)) @ composttion | SetComposition()
Giyph:Insert(g, i [ | |
compositor.Compose() ArrayCompositor | | TexComposttor | | SimpleCompositor
Compose() Compose() Compose()
2-5 Composition Compositor
Composition
Composition
Composition Compositor
Compose Compositor Composition
© 2-6 Compositor

composition
(=]

compositor

2-6 Compositor

© Compositor 2.8 Glyph
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Compositor SimpleCompositor
TeX Compositor TX [Knu84]

Compositor-Composition

Compositor Glyph
Composition SetCompositor
2.3.3
Strategy(5.9) Strategy
Compositor Strategy
Composition Compositor
Strategy Strategy
Strategy
Glyph Compositor
Compositor
Composition
2.4
Lexi
241
Composition BorderedComposition Composition

ScrollableComposition
BorderedScrollableComposition

Border
Glyph Border
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Glyph
Border
Border Border
Glyph
Border Glyph
Border Glyph
(Transparent Enclosure) 1
2
( )
2.4.2 MonoGlyph
Glyph MonoGlyph Border “ "
2-7  MonoGlyph
Glyph
Draw(Window)
————< MonoGlyph
component
Draw(Window)
] ]
Border Scroller
Draw(Window) Draw(Window)
DrawBorder(Window)
2-7 MonoGlyph
MonoGlyph MonoGlyph Draw
void MonoGlyph: :Draw (Window* w) {
_component ->Draw (w) ;
}
MonoGlyph Border::Draw

MonoGlyph::Draw —_—
Border::Draw DrawBorder
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void Border::Draw (Window* w) ({
MonoGlyph: : Draw(w) ;
DrawBorder (w) ;

Border::Draw MonoGlyph::Draw

2-7 MonoGlyph Scroller

Lexi
Scroller Composition Border

2-8

scroller

(1)

Scroller

Border Glyph
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2.4.3 Decorator

Decorator(4.4)
Decorator
Decorator Lexi
2.5
Lexi
Motif
Lexi
Lexi
2.5.1
L exi
“ " Widgets
1) Glyph
ScrollBar Glyph
2)
ScrollBar MotifScrollBar PM ScrollBar
Manager)
L exi
MacButton )

Lexi C++

Lexi
Lexi

Glyph

Button

Motif PM (Presentation

Lexi
(MotifButton PMButton
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2
L exi
Lexi
Mac Motif
Lexi
2.5.2
C++ Motif
Scrol |l Bar* sb = new Motif Scroll Bar;
Lexi
sb
Scol I Bar* sb = gui Factory->CreateScrol |l Bar();
guiFactory MotifFactory CreateScrollBar
ScrollBar MotifScrollBar
MotifScrollBar
Motif guiFactory
Motif guiFactory
MotifFactory GUIFactory GUIFactory
CreateScrolBar
CreateButton GuiFactory MotifScrollBar PMButton
2-9 guiFactory
GUIFactory
CreateScroliBar()
CreateButton()
CreateMenu()
ﬁ [ [
MotifFactory 4 PMFactory MacFactory
CreateScroliBar() O-F---=-- ' CreateScrollBar() ©-f------ CreateScroiiBar() O-[----"~
CreateButton() O-fF--- CreateButton() O-fF--- CreateButton() O-f==-1
CreateMenu() Cal CreateMenu() o CreateMenu() o

i/

return new MotifMenu

LS
return new MacMenu
&

return new MacButton

l return new MacScrollBar l

i
return new PMMenu
e

return new PMButton

return new MotifScrollBar I return new PMScrollBar |

2-9 GUlFactory

By B e EE T
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(Factory) (Product)
2-10

ScroliBar Button Menu

ScrofiTofint) Press() Popup()
MotifScrollBar MacScrollBar MotifButton MacButton MotifMenu MacMenu
ScroliTo(int) ScroliTo(int) Press() Press() Popup() Popup()

PMScrollBar PMButton PMMenu

ScroliTo(int} Press() Popup()

2-10
GUIFactory
guiFactory
Singleton(3.5)
guiFactory
guiFactory

GUl Factory* gui Factory = new Motif Factory;

GUIFactory* guiFactory;
const char* styleName = getenv("LOOK_AND_FEEL") ;
// user or environment supplies this at startup

if (strcmp(styleName, "Motif") == 0) {
guiFactory = new MotifFactory;

1l

[l
(e}
~
-~

} else if (strcmp(styleName, "Presentation_Manager")
guiFactory = new PMFactory;

} else {
guiFactory = new DefaultGUIFactory;

Motif MotifFactory
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guiFactory
guiFactory

2.5.3 Abstract Factory

Factory Product Abstract Factory (3.1)

2.6
Lexi
( Macintosh Presentation Manager
Windows X Lexi Lexi
2.6.1 Abstract Factory

Abstract Factory
Abstract Factory

ScrollBar
MotifScrollBar MacScrollBar

Abstract Factory
Create...

L exi

2.6.2

2.2 Window
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2-3 Windows

Window

2-3

virtual void Redraw()
virtual void Raise()
virtual void Lower()
virtual void Iconify()
virtual void Deiconify()

virtual void DrawLine(...)
virtual void DrawRect(...)
virtual void DrawPolygon(...)
virtual void DrawText(...)

Window

1) Window
Window

2)

Lexi Lexi
Lexi
Window

2-3 Window

Window

Window IconWindow DialogWindow
L exi

L exi

Window

Window
Window Lexi

Application
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2
L exi
“ Window”
Glyph glyph Wind
Draw(Window) Redraw() ©-
Iconify()
Lower()
BrawLine()
ApplicationWindow lconWindow DialogWind owner
Iconify() Lower() @
-
Window
Window
2.6.3 Window Windowlmp
WindowImp WindowImp
Lexi
WindowImp Window Window
Windowlmp
Window
im) "
Raise() e Wi t
DrawRect(...) DevicoRaise()
A DeviceRect(...)
[ [ *
ﬁpplicatlonwmtﬂ | Diulongndo\ﬂ
IlconWIndowl MacWindowlmp PMWindowimp Xwi imp
DeviceRaise() DeviceRaise() DeviceRaise()
DeviceRect(...) DeviceRec(...) DeviceRect(...)
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WindowlImp

1. WindowlImp
WindowlImp
Window

void Rectangle: :Draw
w->DrawRect (_x0,

DrawRect

(Window* w)

—v0,
}

DrawRect WindowImp

void Window: :DrawRect (
Coord x0, Coord yoO0,
) {
_imp->DeviceRect (%0,

Coord x1,

v0, x1,

_imp Window
Windowlmp
DeviceRect

_imp
WindowImp

void XWindowImp: :DeviceRect (
Coord x0, Coord y0, Coord x1,

x1));
v1)):
- x1));
- yl));
_winid,

round (min (x0,
round (min(yO0,
int round (abs (x0
int h round (abs (y0
XDrawRectangle (_dpy,

int
int

X
Yy
w =

}

DeviceRect
DeviceRect

(x0,y0)
PMWindowlmp Presentation Manager

void PMWindowImp: :DeviceRect (
Coord x0, Coord y0, Coord x1,
) {

left min{x0, x1):;
right max (x0, x1});
bottom = min(y0, yl);

top max (y0, y1l);

Coord
Coord
Coord
Coord

PPOINTL point([4];

left;
right;
right;
left;

point[0].
point(1].
point[2].
point [3].

point [0].
point[1].
point[2].
point[3].

1}

Y
Y
Y
Y

woK XX

if (
(GpiBeginPath(_hps,

1L)

{
X1, _vyl1);

Window

2.2
Rectangel::Draw

Coord vyl

v1l);

_gc¢,

XDrawRectangle

1]

Window WindowImp

XWindowImp X

Coord yl

X, Yy, w, h);

X

WindowImp DeviceRect

Coord yl

top;
top;
bottom;
bottom;

false) ||
(GpiSetCurrentPosition(_hps, &point[3]) == false)
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(GpiPolyLine(_hps, 4L, point) == GPI_ERROR) Il
(GpiEndPath{(_hps) == false)
) {

// report error

} else {
GpiStrokePath(_hps, 1L, 0L);
}

X PM X
DeviceRect PM X WindowImp
Window
Window
2. Windowlmp Windows
WindowlImp
_imp
WindowImp WindowImp

Abstract Factory(3.1)
WindowSystemFactory

class WindowSystemFactory {

public:
virtual WindowImp* CreateWindowImp() =
virtual ColorImp* CreateColorImp() = 0;
virtual FontImp* CreateFontImp() = 0;

0;

// a "Create..." operation for all window system resources
Y

class PMWindowSystemFactory : public WindowSystemFactory {
virtual WindowImp* CreateWindowImp ()
{ return new PMWindowImp; }
//
ti

class XWindowSystemFactory : public WindowSystemFactory {
virtual WindowImp* CreateWindowImp ()
{ return new XWindowImp; }
//
};

Window WindowSystemFactory
WindowlImp _imp

Window: :Window () {
_imp = windowSystemFactory->CreateWindowImp () ;
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windowSystemFactory
guiFactory

2.6.4 Bridge

Windowlmp

WindowImp
WindowImp

Window

WindowSystemFactory
windowSystemFactory

Window Windowlmp

Lexi
Window Windowlmp

2.7

Lexi

L exi

Lexi

Window
WindowImp Window
Window
WindowImp
Bridge(4.2) Bridge
Bridge
WYSIWY G
Lexi
undo redo ©
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2
2.7.1
Menultem Glyph
€]
Menultem
Menultem
Lexi
Menultem
1) /
2)
3)
Menultem
/
command
2.7.2 Command
Command
“ Execute’ Command Execute
2-11 Command Command
Menultem Command 2-12
Command
Command Execute

S Lexi (
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Command

Execute()

A

""" [ [ ] I
PasteCommand FontCommand SaveCommand QuitCommand
Execute() @ Execute() ¢ Execute() @ Execute() Q@
buffer E newFont E E E
i i pop up a dialog if (document is modified) {
box that lets the ) save—>Execute()
j ser name the
paste buffer make selected u i icati
into document text appear in ?r?:: rsr:/ne"tﬁgd quit the application
newFont document under
that name
2-11 Command
A
Menultem [ Command
Execute()

Clicked() Q@

command—>Execute();H '

2-12 Menultem-Command

2.7.3
(Undo/redo)
Command Unexecute Unexecute Execute
Execute Execute FontCommand
Execute FontCommand Unexecute
Command Reversible
Boolean true false
2.7.4

(Command
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History)
Command
“  present”
Command Unexecute
Unexecute( )
Unexecute “ present” Command
present
present Command
Execute
\ Execute( )
present

present
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2.7.5 Command

Lexi Command(5.2)
Lexi
Command
2.8
2.3
/ /
Lexi
L exi
Glyph
1
2

281
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2.8.2

Glyph
void First (Traversal kind)
void Next ()
bool IsDone ()
Glyph* GetCurrent ()
void Insert (Glyph*)

First Next IsDone First Traversal
CHILDREN PREORDER
POSTORDER INORDER Next
IsDone GetCurrent Child Insert
C++ g
Glyph* g;
for (g->First (PREORDER); !g->IsDone(); g->Next()) {

Glyph* current = g->GetCurrent();

// do some analysis

Traversal TEXTUAL_PREORDER
Glyph

iterators
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2.8.3 lterator

Iterator
Iterator Listlterator
Postorderlterator

Array-
Preorderlterator
Iterator

2-13 Iterator
Glyph Createlterator
Iterator
—»o fterator
First()
Next()
IsDone()
Currentitem()
iterators Preorderiterator Arraylterator Listiterator Nulliterator
First() First() First() First()
Next() Next() Next() Next()
IsDone() I IsDone() IsDone() IsDone() ©--F-»
Currentitem() Currentitem() Currentitem() Currentitem() E
root currentitem ) :
return true |
Glyph
Createlterator() O-f------ return new Nulliterator I
2-13 lterator
Iterator First Next IsDone Listlterator First
Next IsDone
Currentltem iterator Arraylterator
Glyph* g;

Iterator<Glyph*>* 1 = g->Createlterator();

for (i->First(); !i->IsDone(); i->Next()) {
Glyph* child = i->CurrentItem() ;

// do something with current child

Createlterator Nulllterator Nulllterator
Nulllterator IsDone

Iterator
true
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2
Glyph Createlterator Iterator
Glyph _children
Createlterator
Iterator<Glyph*>* Row::Createlterator () {

return new ListIterator<Glyph*>{(_children);

Iterator iterator Iterator
Createlterator

Iterator
Preorderlterator Iterator
void PreorderlIterator::First () {
Iterator<Glyph*>* i = _root->Createlterator();
if (1) |
i->First();

_iterators.RemoveAll() ;
_iterators.Push(i);

}
Currentltem Iterator Currentltem

Glyph* PreorderlIterator::CurrentItem () const ({
return
_iterators.Size() > 0 ?
_iterators.Top()->CurrentItem() : 0;

Next Iterator Iterator
Next Iterator
Next Iterator IsDone true
Next Iterator

void PreorderIterator::Next () {
Iterator<Glyph*>* i =
_iterators.Top()->CurrentItem()->Createlterator();

i->First();
_iterators.Push(i);

while (
_iterators.Size() > 0 && _iterators.Top()->IsDone()

y A
delete _iterators.Pop();
_iterators.Top()->Next () ;

Iterator —_
Preorderlterator Iteraror Glyph
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Preorderlterator

2.8.4 lterator

Iterator(5.4)

Iterator

2.85

Glyph
Glyph

Glyph

Glyph

Glyph

2.8.6

Iterator

Iterator

Preorderlterator

C++
Iterator
Iteration
[terator
Glyph
Glyph



ihaspupetod 49

|terator
Iterator

(:
g

SpellingChecker ()

void SpellingChecker::Check (Glyph* glyph) {
Character* c;
Row* r;
Image* i;

if (¢ = dynamic_cast<Character*>(leph)) {
// analyze the character

} else if (r = dynamic_cast<Row*>(glyph)) {
// prepare to analyze r’s children

} else if (i = dynamic_cast<Image*>(glyph)) {
// do nothing

}
}
Glyph
Glyph
voi d CheckMe (SpellingChecker &)
Glyph CheckMe

void GlyphSubclass::CheckMe (SpellingChecker& checker) {
checker.CheckGlyphSubclass (this) ;
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GlyphSubclass CheckMe
Glyph —_— SpellingChecker
Glyph CheckGlyphSubclass ©
class SpellingChecker {
public:
SpellingChecker();

virtual void CheckCharacter(Character*);
virtual void CheckRow (Row™) ;
virtual void CheckImage (Image*) ;.

// ... and so forth
List<char*>& GetMisspellings();

protected: .
virtual bool IsMisspelled(const char*);

private: .
char _currentWord[MAX_WORD_SIZE];
List<char*> _misspellings;

Y

SpellingChecker

void SpellingChecker: :CheckCharacter (Character* c) {
const char ch = c->GetCharCode();

if (isalpha(ch)) {
// append alphabetic character to. _currentWord

} else { .
// we hit a nonalphabetic character

if (IsMisspelled(_currentWord)) {b
// add _currentWord to _misspellings
_misspellings.Append (strdup (_currentWord)) ;

}
_currentWord[0] = ’\0’;
// reset _currentWord to check next word
} ' ’
}
Character GetCharCode

CheckCharacter _CurrentWord

IsMisspelled _CurrentWord @
S}
© IsMisspelled Lexi

SpellingChecker Strategy
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CheckCharacter _CurrentWord
GetMisspellings
CheckMe
SpellingChecker

SpellingChecker spellingChecker;
Composition* c¢;

//

Glyph* g;

PreorderIterator i(c);

for (i.First(); !i.IsDone(); i.Next()) {

g = i.CurrentItem();
g->CheckMe {spellingChecker) ;

Character SpellingChecker
aCharacter ("a")  anotherCharacter ("_") aSpellingChecker

CheckMe(aSpellingChecker) "lJCheckCharacter (this) L
GetCharacter()

CheckMe(aSpellingChecker) L CheckCharacter(this) I
GetCharacter()

Glyph CheckMe(SpellingChecker& )
CheckMe(SpellingChecker&)
2.8.7 Visitor
visitor “ ”
© Visitor

class Visitor {
public:

©
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virtual void VisitCharacter (Character*) { }
virtual void VisitRow(Row*) { }
virtual void VisitImage (Image*) { }

// ... and so forth

}:
SpellingCheckingVisitor
HyphenationVisitor SpellingCheckingVisitor
SpellingChecker
CheckCharacter VisitCharacter
CheckMe
Accept Visitor&
Visitor —_—

Glyph

HyphenationVistitor
HyphenationVisitor VisitCharacter

Discretionary
Discretionary Glyph Discretionary
Discretionary
Discretionary Discretionary
Discretionary
Discretionary
Discretionary Discretionary

I . "
of  iialuminum al-!!

|
1

2.8.8 Visitor

Visitor Visitor
Visitor
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Visitor

Visit...
Foo Glyph Visitor
VisitFoo Lexi
Visitor

2.9

Lexi 8

1) Composite 4.3

2) Strategy 5.9

3) Decorator 4.4

4) Abstract Factory 3.1

5) Bridge 4.2

6) Command 5.2

7) lterator 5.4

8) Visitor 5.11

L exi
Composite
Strategy
Decorator Command

Lexi

Lexi
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