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Creating a Simple User Interface 

Figure 9-6 
A simple main 
window concaining a 
CEditText pane 

To illustrate the use of the features of the CSimpleSaver class, I 
have created a simple project, like the Notebook example pre­
sented earlier, including a main window that contains a CPan­
orama as its only object. In this case, the VA will create a window 
that appears like what is shown in Figure 9-6. 

Main 

1 .................... .................................................... . 

0,0 308, 222 

The foregoing figure shows the design of the Main document's 
window, indicating that it contains a CPanorama object, with a 
vertical scroll bar, that will be stored as a CEditText object in the 
"Main" window's 'cvue' resource. In order to make use of the 
CSimpleSaver features, rather than the somewhat more complex 
features of Object 1/0, it is necessary to remove the check from 
the "Use File" checkbox in the View Info dialog. This is shown in 
Figure 9-7. Note that I have also unchecked the Vert Scroll and 
Horiz Scroll checkboxes for the window. 

Because the Use file checkbox is not checked, the VA would nor­
mally generate the x_ CMain class as being derived directly from 
the CDocument class. Because we want it to be derived from the 
CSimpleSaver class instead (which itself is derived from CDocu­
ment), we must choose the Classes command from the Edit 
menu, select the CMain class in the left-hand list, and then enter 
the CSimpleSaver class name as the Library Class for the CMain 
class, as shown in Figure 9-8. 
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Figure 9-7 
View Info dialog for 
Main window 

Figure 9-8 
CSimpleSaver 
specified as the 
Library class 
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Writing the Code to Read and Write the File 

By using CSimpleSaver as the "Library Class" for the CMain class, 
you are telling the VA to generate the code such that the base class 
for the x_CMain class will be CSimpleSaver. This is illustrated by 
the x_CMain.h header file, whose contents are as follows: 

#pragma once 

#include "CSimpleSaver .h" 
c lass CEditText; 

#define x_CMain_super CSimpleSaver 

class CFile; 

class x_CMain public x_CMain_super 
{ 
public: 
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TCL_DECLARE_CLASS 

II Pointers to panes in window 
CEdi tText * fMain_TextPane; 

void Ix_CMain(void); 

protected: 

} ; 

virtual void MakeNewWindow(void); 

virtual void NewFile (void) ; 
virtual void OpenFile (SFReply *rnacSFReply) {} 
virtual void MakeWindowName (Str255 newName); 
virtual void MakeNeWContents(void); 

#define CVueCMain 128 

Note in the foregoing that the symbol x_CMain_super is being 
defined as CSimpleSaver and that the symbol is used as the 
base class name for the x_ CMain class. In effect, CSimpleSaver is 
the base class for the x_ CMain class. 

Now, after generating the code for this project, you must also de­
fine the ReadContents and WriteContents member functions for 
the CMain class. This is because the CSimpleSaver class (which is 
a base class for CMain) declares those functions (as well as the 
MakeNewWindow function) as pure virtual functions. If you 
don't at least create declarations in the CMain.h and stubs for 
these in the CMain.cp file, then you will get compile errors in the 
x_CApp class, which attempts to construct CMain objects in its 
CreateDocument and OpenDocument member functions. 

The contents of the CMain.h header file, to which the declara­
tions for the ReadContents and WriteContents functions were 
added, are as follows: 

#pragma once 

#include "x_CMain.h" 

class CMain : public x_CMain 
{ 
public: 

TCL_DECLARE_CLASS 

void ICMain (void) ; 

virtual void MakeNeWContents (void) ; 
virtual void ContentsToWindow(void); 
virtual void WindowToContents (void) ; 
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} ; 

virtual void ReadContents (CFi.leStream *aStream) ; 
virtual void WriteContents (CPileStream *aStream); 

ReadContents Function Code 

The custom code to read the contents of a text file and store the 
data into the CEditText pane's handle is as follows: 

void CMain::ReadContents(CFileStream *aStream) 
{ 

Handle h = aStream->GetHandle(); 

HLock(h); 
try_ 
{ 

fMain_TextPane->SetTextPtr(*h, GetHandleSize(h)); 
DisposeHandle(h); 

} 
catch_all_ () 
{ 

DisposeHandle(h); 
} 
end_ try_ 

The foregoing code reads the contents of the selected file (using 
the GetHandle function of the CFileStream object) into a tempo­
rary handle, locks the handle, and then calls the SetTextPtr func­
tion for the CEditText pane (fMain_TextPane). The reason for 
using a temporary handle and placing the SetTextPtr call inside a 
"try" block is that the Set TextPtr function makes a copy of the 
data in the pointer that is passed, so it is possible that lack of suffi­
cient memory to do so could cause an exception. If the call to Set­
TextPtr is successful, then the temporary handle is disposed. 

WriteContents Function Code 

The code to write out the CEditText pane's contents is quite sim­
ple and is as follows: 

void CMain::WriteContents(CFileStream *aStream) 
{ 

aStream->PutHandle(fMain_Tex~Pane->GetTextHandle()); 

The foregoing code calls the PutHandle function of the CFile­
Stream object, using the handle returned by calling the GetText­
Handle function for the CEditText pane (fMain_TextPane). 
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And that's all there is to using CSimpleSaver as the base class for 
your document class. Obviously, if you have more complex data, 
you will need to output and input it using individual put and get 
calls for the appropriate object types, but the CStream class offers 
a great number of 1/0 functions for this purpose. You can't con­
struct objects using the features of CSimpleSaver, but you can 
read and write data that are stored in a complex form. 

Object VO and CSimpleSaver Summary 

This chapter describes two major features of the Object 1/0 sup­
port that is provided within the TCL. The first of these is the abil­
ity of the framework to create a complete user interface by reading 
the 'CVue' resourced with each window and dialog, and then 
creating the views and subviews in those objects. 

The chapter also shows how these same Object 1/0 features can 
be used to read and write data in the form of persistent objects in 
your application. Two prescriptions for adding Object 1/0 fea­
tures to your applications were described. 

When an application needs to read and write data files in a spe­
cific format, then you can take advantage of the CSimpleSaver 
class whose features are described in this chapter. 

We described the handling of standard events in Chapter 7. The 
next chapter discusses Apple events in detail. 



Chapter 10 

Apple Events, Factoring, and Recording 

This chapter focuses on the high-level events known as Apple 
events. It covers how the events are handled if received by your 
application, how you can arrange to receive new types of events, 
how you can factor your application to make it scriptable, and 
how to prepare for recording and playback of Apple events. 

The TCL implements the four "required" Apple events. These are 
Open Application, Open Document, Print Document, and Quit. 
When you create any stand-alone application, these events will be 
handled automatically. 

When Apple Computer defined the "Object Model" (also referred 
to as the OM in this text), it also segregated groups of common ap­
plication-oriented events into "suites." Each suite offers either 
fundamental support that most applications will want to imple­
ment (for example, the "Core Suite"), as well as application-type­
specific suites, such as the "Table Suite" or "Text Suite." The TCL 
contains classes and member functions that implement much of 
the "Core Suite" of the Apple event Object Model. All of the 
suites that are currently defined are documented in the Apple 
Event Registry publication of Apple Computer. The registry is up­
dated periodically and contains definitions of all of the standard 
events. 

I described the installation of the TCL's Apple event handlers in 
Chapter 2, beginning on page 27, in the section tided "Creating 
the Switchboard Object." In addition, in that same chapter, I 
talked briefly about the various installed handlers and in what 
suite they belonged (see page 42). I also touched briefly on the 
topic of high-level events when describing event handling in 
Chapter 7 (see page 309). This chapter delves more deeply into 
the existing installed handlers and provides insight into how they 
can be used and supplemented to provide the scope of high-level 
event handling that is applicable to your application's needs. 

409 
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Support for Receiving Apple Events in the TCL 

As described previously, handling of Apple events in the TCL is 
separated into three classes. The Required Suite is fully imple­
mented and will be described shortly. Portions of the Core Suite 
are implemented and they too will be described. Several aspects of 
the Miscellaneous Suite are also implemented and will be de­
scribed in the sections that follow~ 

Handling the Required Events 

Handlers for the four required events (Open Application, Open 
Document, Print Document, and Quit) are installed at the time 
the lnstallHandlers function of the CSwitchboard class is exe­
cuted, when the application is initialized. The code to install these 
handlers is as follows: 

InstallEventHandler{kCoreEventClass, 
kAEOpenApplicat:Lon, 
GenericAppHandl1~rUPP}; 

InstallEventHandler{kCoreEventClass, 
kAEOpenDocuments, 
GenericAppHandlerUPP} ; 

InstallEventHandler{kCoreEventClass, 
kAEPrintDocumen~s, 
GenericNoResultHandlerUPP} ; 

InstallEventHandler{kCoreEventClass, 
kAEQuitApplication, 
GenericAppHandl1:rUPP} ; 

The foregoing statements install handlers for the required events 
by calling the lnstallEventHandlcr function in the TCL to perform 
the installation. The argumems are the event class (kCore­
EventClas s), event type (klrnOpenApplication, kAE­
OpenDocumen ts, kAEPrintDocuments, and 
kAEQui tApplication), and a pointer to the handler for the 
event (GenericAppHandlerUPP). The symbols commencing with 
the letter 'k' are defined in the Apple Event Registry for the corre­
sponding constant values, and the definitions for the TCL's use of 
these constants are in the AppleEvents.h header file. 

lnstallEventHandler is a function in the CSwitchboard class that 
interfaces with the Apple Event Manager in the Macintosh OS. 
The code for the lnstallEventHandler function is as follows: 
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void CSwitchboard::InstallEventHandler( 
AEEventClass theAEEventClass, 
AEEventID theAEEventID, AEEventHandlerUPP theHandler) 

FailOSErr( AEinstallEventHandler( 
theAEEventClass, theAEEventID, theHandler, 0, FALSE) ); 

The foregoing code calls the AEinstallEventHandler function, us­
ing the supplied arguments. If the function returns a nonzero re­
sult, then the FailOSErr function will raise an exception. 

Each of the required events specified GenericAppHandlerUPP as 
the pointer to the handler for the event. This pointer is defined in 
the CSwitchboard class as a pointer to the GenericAppHandler 
function in the CAppleEventObject class. 

When one of the required events occurs, the event-handling code 
in the CSwitchboard class accesses the event from the application's 
event queue and calls the DoHighLevelEvent function to process 
the event. The code for that function is as follows: 

voidCSwitchboard::DoHighLevelEvent(const EventRecord *theEvent) 
{ 

OSErrerr; 
if (gSystem.hasAppleEvents) 
{ 

err= AEProcessAppleEvent(theEvent); 

As is evident in the foregoing, the event is processed only if the 
user's machine handles Apple events (hasAppleEvents). If so, 
then the AEProcessAppleEvent toolbox function is called to pro­
cess the event. Processing the event consists of looking in the ap­
plication's event dispatch table for a handler whose event class and 
event ID match those of the received event. If such a handler is 
not found, then an error is returned; otherwise, the handler is 
called with a pointer to the event descriptor, a pointer to a default 
reply descriptor, and a "reference constant" value that was defined 
when the handler was installed (this is 0 in the case of the required 
event handlers). 

The GenericAppHandler function is called by the Apple Event 
Manager when one of the required events is sent to the applica­
tion. The code for that function is as follows: 
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pascal OSErr CAppleEventObject::GenericAppHandler( 
const AppleEvent *theEvent, 
AppleEvent *theReply, long refCon) 

return GenericHandler(theEvent, theReply, refCon, DispatchApp); 

The foregoing code calls the GenericHandler function to perform 
the operation, passing it a pointer to the event descriptor, a 
pointer to the reply descriptor, the value of the reference constant, 
and a pointer to a static function called DispatchApp. 

The GenericHandler function is used to handle a variety of Apple 
event types, including the required events. The operations per­
formed by the code in that function are as follows: 

+ The PackageAppleEvent function of the CApplication object 
(gApplication) is called to construct a CAppleEvent object 
with the event, reply, and reference constant values. The con­
structor for the CAppleEvent class initializes a number of 
member variables and calls the BeginEvent function of the 
CAppleEventObject class to initialize the stack of CAp­
pleEventObject instances that may be created during process­
ing of the current event. Then the IAppleEvent function is 
called to initialize the theEvent, theReply, and theRef­

Con variables to the values supplied to the constructor. Finally, 
the GetAttributePtr function is called to get a pointer into a 
buffer containing the event class and event ID values. The 
pointers are stored for later reference into the eventClass 
and eventID variables. The packaged CAppleEvent object 
pointer is returned to the GenericHandler function. 

+ After the Apple event has been packaged into a CAppleEvent 
object, the specific handler function (that is, DispatchApp) is 
called, with the pointer to the packaged object and a pointer to 
the result descriptor, to handle the event. 

+ The DispatchApp function, in turn, calls the DoAppleEvent 
function in the application object (gApplication) to per­
form the requested function. 

+ The DoAppleEvent function in the CApplication class handles 
quite a number of events. The first action of that function is to 
access the event's class and then determine what to do based 
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upon that code. For the required events in the core class, the 
actions are as follows: 

• For the Open Application event, if the newWindowOn -
Startup flag is TRUE, the function calls the DoCommand 
function for the current gopher, passing it the cmdNew 
command code. 

• For either the Open Documents or Print Documents 
events, the function calls the DoOpenOrPrintDocEvent 
function. That function calls OpenDocument to open each 
specified document and then optionally prints the docu­
ment. If the document is printed, it is closed after the opera­
tion is complete. 

• For the Quit Application event, the function calls the 
DoQuitApplicationEvent function, which accesses the save 
options in the event and then calls the Quit function. That 
function sets the running variable to FALSE, then calls the 
Quit function for each open window's director, allowing the 
contents of the window to be saved, if the option to do so 
was set. If any director refuses to quit, then the running 
variable is set back to TRUE and execution continues; other­
wise, the event loop is terminated when the state of the 
running variable is tested and found to be FALSE, causing 
the application to quit. 

Handling Other Core and Miscellaneous Suite Events 

The DoAppleEvent function of the CApplication class handles a 
number of other application-wide events. These include the Noti­
fyStartRecording and NotifyStopRecording events in the core 
suite, as well as the Get AETE event in the AppleScript suite and 
the Activate event in the miscellaneous suite. 

In addition to and to amplify the foregoing, during the applica­
tion's initialization phase, handlers are installed for quite a num­
ber of different event types. The TCL does not completely 
implement many of the events for which handlers are installed; 
however, it calls a function for which you can provide an override 
in many of these cases. The various events and what handling is 
performed are as follows: 

+ Clone - An event in the Core Suite that can apply to a num­
ber of different object types. Functions are provided in the 
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CDocument, CWindow, and CAppleEventObject classes for 
this event. None implements the operation, but the opportu­
nity to override the function leaves the functionality open to 
the developer. 

+ Close - An event in the Core Suite that is implemented in 
several of the TCL classes, most notably in CDocument and 
CWindow, as follows: 

• In CDocument, the DoCloseEvent function is called to 
close the document and, optionally, save the document's 
data either in the default file or a file specified in the event. 
If a file is specified in the event and the i tsFile object 
exists, the existing file is closed and the new file is opened 
before the Close function in the CDocument class is called. 

• In CWindow, the DoCloseEvent function of the window's 
director is called. That function calls Close Wind for the 
window. If the window's director is the document, then the 
DoCloseEvent in the CDoc:ument class is called. 

+ Count Elements - An event in the Core Suite that is intended 
to return the number of elements of a particular class in the 
specified object. 

• An override for the DoCountElementsEvent function is 
provided in the CWindow class; however, the default 
behavior is to return an event-not-handled error. You can 
override this function to provide whatever functionality you 
desire. 

• The CAppleEventObject class calls the CountObjects func­
tion, which returns an event-not-handled error; however, in 
any class that inherits behavior from the CAppleEventOb­
ject class, you can implement the CountObjects function 
and supply the desired functionality for this event. 

+ Create Element - An event in the Core Suite that is imple­
mented in the DoCreateElementEvent function of the CAppli­
cation class to allow the creation of a new document object. 
The CAppleEventObject class implements the event by over­
riding the DoCreateElementEvent, but returns an event-not­
handled error. You can override this function to provide the 
desired functionality. 



Support for Receiving Apple Events in the TCL 415 

+ Delete - An event in the Core Suite that is intended to allow 
one or more elements to be deleted from an object that con­
tains them. An example of this might be deleting one or more 
paragraphs displayed in a particular window. 

• An override for the DoDeleteEvent function is provided in 
the CWindow class; however, that function returns an 
event-not-handled error. You can override the function to 
provide the desired behavior. 

• The CAppleEventObject class also contains the Do­
DeleteEvent function. It also returns the event-not-handled 
error; however, you can override that function in any class 
that inherits behavior from the CAppleEventObject class 
and implement the Delete event functionality. 

+ Do Objects Exist - An event in the Core Suite that specifies a 
set of objects and asks whether they all exist. It is intended to 
be handled by the application object (gApplication). The 
CApplication class in the TCL does not implement this event; 
however, if your application class overrides the DoAppleEvent 
function, you can choose to handle the event. Proper handling 
of the event requires that you return an Apple event object of 
typeBoolean that has a value of TRUE if and only if all of the 
specified objects exist; otherwise, a value of FALSE must be 
returned. 

+ Get Data - An event in the Core Suite that requests that the 
data associated with a set of objects be returned. The "data" in 
this case depend upon the object to which the event is 
addressed. The DoGetData function in the CProperty class 
handles requests for various object properties, as follows: 

• The CWindow class creates CProperty objects to hold prop­
erties of type cBoolean, with TRUE or FALSE values, such 
as pisModified, pHasCloseBox, pHasTitleBar, 
pisFloating, pVisible, or pisZoomed; of type 
cQDRectangle for the pBounds property; of type cQD­
Point for the pPosition property; and a type of cOb­
j ectSpecifier for the pSelection property. 

• The CDocument class creates a CProperty object to hold 
the cBoolean type pisModified property. 
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• The CApplication class creates a CProperty object to hold 
the cintlText type pName property, and the cLongin­

teger type of pVersion property. 

The DoGetData function is overridden in the CAppleEvent­
Object class to return the properties of the specified object by 
calling the MakeSelfSpecifier function in that same class. 

+ Get Data Size - An event in the Core Suite that is imple­
mented in the CAppleEventObject class by the DoGetData­
SizeEvent function. That function returns the size of the object 
that is addressed by the event. 

+ Move - An event in the Core Suite that requests that a set of 
objects be moved to another location. The event is handled by 
the DoMoveEvent function of the CAppleEventObject class, 
which returns an event-not-handled error result. You can over­
ride this function in any class that inherits behavior from the 
CAppleEventObject class and performs the requested action. 

+ Save - An event in the Core Suite that requests that a set of 
objects be saved in the current or specified file. The TCL imple­
ments saving of the current document by recognizing a direct 
object of the event as pertaining to the CDocument class and 
calls its DoAppleEvent function to implement the Save opera­
tion. If the event contains an optional file specifier, then the 
DoSaveEvent function in the CDocument class tests whether 
the i tsFile object exists, closes the file if it is open, and then 
opens the specified file before saving the document's contents 
into the file. 

+ Set Data - An event in the Core Suite that requests that a set 
of objects be set to the specified data value. The TCL imple­
ments the DoSetDataEvent function as follows: 

• The CClipboard class implements the DoSetDataEvent for 
a set of "specified types" of objects, including TEXT, styl, 
and PICT. You can override the GetSupportedTypes func­
tion in a class derived from the CClipboard class and pro­
vide your own set of supported data types. The 
DoSetDataEvent function will probably provide the neces­
sary functionality for most applications. 
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• The CProperty class implements the DoSetDataEvent func­
tion for classes that create CProperty objects. These were 
described with regard to the Get Data event on page 415 
and include properties for the CWindow and CDocument 
classes. The DoPropertySetDataEvent function is called for 
this purpose. 

• The CAppleEventObject class returns an event-not-handled 
error code for this event type. You can override the DoSet­
DataEvent function in any class that inherits functionality 
from the CAppleEventObject class. 

+ Notify Start Recording - An event in the Core Suite that 
calls upon the application object (gApplication) to handle 
the event in its DoAppleEvent function. That function calls the 
SetRecording function with an argument of TRUE to set the 
recording variable to TRUE. 

+ Notify Stop Recording - An event in the Core Suite that 
calls upon the application object (gApplication) to handle 
the event in its DoAppleEvent function. That function calls the 
SetRecording function with an argument of TRUE to set the 
recording variable to FALSE. 

+ Application Died - An event in the Core Suite for which a 
handler is installed, but no code is provided. When the event 
occurs, an event-not-handled error code will be returned to the 
sender. If you wish to handle this event, you can override the 
DoAppleEvent function in your CApplication-derived class 
and provide the functionality you require. 

+ Begin Transaction - An event in the Miscellaneous Suite that 
provides the means to specify a transaction ID to a server appli­
cation, follows that event with a series of other events bearing 
the same transaction ID, and then terminates the transaction 
by sending an End Transaction event for that transaction ID. 
The TCL recognizes the Begin Transaction event; however it 
does not process it and returns an event-not-handled error code 
to the sender. If you wish to handle transactions, then you can 
override the DoAppleEvent function in your CApplication­
derived class and provide the necessary functionality. In so 
doing, your application must not allow events with other than 
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the specified transaction ID to be processed, until the End 
Transaction event has been received. 

+ Copy-An event in the Miscellaneous Suite that requests that 
the current selection be transferred to the clipboard. The pro­
cess of determining the current selection begins in the applica­
tion object (gApplication), which determines which of its 
CDirector objects is currently active. The GetSelection func­
tion of the active director object is called to ascertain which of 
its windows is active. That window searches through its list of 
subviews (itsSubviews) and accesses the subview that is the 
current gopher. The gopher is cast as a CAppleEventObject 
instance, and its GetSelection function is called to access the 
current selection. The current gopher need not be the selection 
in Apple event terms, but to implement the event, it must 
know how to return a CAppleEventObject pointer that repre­
sents the current selection object. Copy is not implemented in 
the TCL; however, you can do so by creating a subclass of any of 
the CView-derived classes and implementing GetSelection and 
DoAppleEvent functions for it. 

+ Cut - An event in the Miscellaneous Suite that requests that 
the current selection be removed and stored into the clipboard. 
As for the Copy event, Cut is not implemented in the TCL; 

however, you may do so by following the prescription given for 
the Copy event. 

+ DoScript - An event in the Miscellaneous Suite that requests 
that the application object perform the specified script. This 
event is not implemented in the TCL; however, if you wish to 
do so, you can override the DoAppleEvent function in your 
CApplication-derived class to do so. 

+ End Transaction - An event in the Miscellaneous Suite that 
requests that the server application terminate a transaction (a 
series of events with a common transaction ID). See the Begin 
Transaction event for a description of how this works. 

+ Is Uniform - An event in the Miscellaneous Suite that asks 
whether a set of objects has the same value for a specified prop­
erty. The TCL does not implement this event; however, you 
can do so by overriding the DoAppleEvent function in your 
CApplication-derived class. 
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+ Paste - An event that requests that a copy of the contents of 
the clipboard be stored into the current selection or be inserted 
at the current insertion point. This event, like Copy and Cut, is 
not implemented by the TCL, but you can do so by providing 
the GetSelection and DoAppleEvent functions for subviews 
that need to handle this event. 

+ Redo - An event in the Miscellaneous Suite that requests that 
the results of a previous undo operation be reversed. The TCL 

does not implement this event; however, you can do so by 
implementing the GetSelection and DoAppleEvent functions 
for subviews that are able to handle Undo/Redo events. 

+ Revert - An event in the Miscellaneous Suite that restores a 
set of objects with the version of the objects that was most 
recently saved. This event is not implemented in the TCL; how­
ever, you can do so by implementing the methodology for 
accessing the application's objects and returning the token 
(object class and pointer information) pertaining to the most 
specific object indicated in the event. We will cover this topic 
shortly. 

+ Transaction Terminated-An event in the Miscellaneous Suite 
that informs an application that a transaction in progress (one 
that has been begun with a Begin Transaction event and has 
not yet been ended with an End Transaction event) has been 
terminated. This event is intended to merely inform the server 
application that the event has occurred. No action is required, 
other than forgetting that a transaction was in progress. The 
event is not implemented in the TCL. 

+ Undo-An event in the Miscellaneous Suite that requests 
that the results of the last action on a set of objects be undone. 
The TCL does not implement this event; however, you can do 
so by implementing the GetSelection and DoAppleEvent 
functions for subviews that are able to handle Undo/Redo 
events. 

+ Get AETE - An event in the AppleScript Suite that requests 
that the application return its AETE resource to the requesting 
application. The TCL implements this function in the DoGet­
AETEEvent function of the CApplication class by accessing 
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the AETE resource of the application and returning the con­
tents of the resource in the reply. 

Handling Object Specifiers in Events 

Many Apple events require an "object specifier" as the direct ob­
ject (or other parameter) of the event. Such an object specifier 
might refer to the title of the first document in the application. In 
this case, the Apple event would contain descriptors that require 
the application to return a token that references the first document 
object, then that object would be requested to return a token rep­
resenting its title property. This would satisfy the request and 
complete the handling of the event. 

It is important to point out that the method by which a particular 
event is dispatched to a specific object in your application is ac­
complished with a combination of facilities that are present in the 
Apple Event Manager, the Object Support Library, and also by 
means of "helper" functions that you install to aid the Apple 
Event Manager's AEResolve function to perform this task. 

Installing an Object Accessor !Function 

The TCL installs a single "object accessor" function to aid in re­
solving object specifier references. This accessor is installed during 
the initialization process of the CSwitchboard class and the code is 
as follows: 

void CSwitchboard::InstallObject~ccessors() 
{ 

InstallObjectAccessor(typeWildCard, 
typeWildCard, 
MyAccessObjectUPP); 

The foregoing code specifies that an object accessor function 
pointer called MyAccessObjectUPP is to be used for resolving ob­
jects of any class and any container type (that is, the type codes are 
both of typeWildCard, indicating that they will match any 
type). The MyAccessObjectUPP symbol is defined to be a pointer 
to the MyAccessObject function of the CAppleEventObject class. 

Accessing the Event's Direct Object 

When an Apple event arrives in the event queue and is dispatched 
to the appropriate handler, that handler will usually call the Get-
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DirectObject function in the CAppleEvent class to access the di­
rect object parameter in the event. If the event is sent to the 
application object, then the TCL needs only to call the DoAp­
pleEvent function in the CApplication class. 

If the direct object is an object specifier (that is, it refers to an ob­
ject class, such as cDocurnent), the GetDirectObject function 
calls the Resolve function of the CAppleEventObject class to re­
solve the class-type to a pointer to the appropriate object of that 
class. 

The TCL knows only how to find the application object (gAp­

plica tion) when an event is first being handled, so the event 
must specify the "null" container for the object being sought. The 
"null" container is the outermost container of the Apple event 
Object Model (OM). Because of this, the Resolve function 
(which calls the AEResolve toolbox function in the Apple Event 
Manager) will call the MyAccessObject function that was installed 
as the object accessor function for all types of objects. Recall that 
the MyAccessObject accessor specified "wild card" values for both 
the class and container type codes. 

When the MyAccessObject function gains control from the 
AEResolve function of the Apple Event Manager, it is handed the 
type code of the desired class (for example, cDocurnent), a de­
scriptor token for the container, a type code for the container class 
(for example, typeNULL), a type code for the "key form," a 
pointer to the "key data,'' a pointer to the target token's descrip­
tor, and the value of the reference constant. The function creates a 
data structure that contains the desired class, container class, key 
form, key data, and reference constant values and then calls the 
MapDesc function with the container token's descriptor pointer, a 
pointer to the sAccessObject function, a pointer to the data struc­
ture, and a pointer to the result token descriptor. 

The MapDesc function calls the specified function for a descrip­
tor or for each element of a list of descriptors in the container to­
ken's descriptor structure. Because a container hierarchy is 
specified as a nested list of descriptors, each container object being 
represented by another descriptor, the MapDesc function 
traverses the hierarchy, calls the sAccessObject function, which, in 
turn, calls the AccessObject function for each container in the list 
until the specific target object has been located. So in the course 
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of locating the title of a specified document, the AccessObject 
function for the application object (gApplication) is called to 
locate the specified document object, and then the AccessObject 
function for the document object is called to locate its tide prop­
erty to satisfy the request. 

Handling Events in the Application Class 

The AccessObject function in the CApplication class is equipped 
only to handle requests for cProperty objects, which include 
the clipboard (pClipboard), insertion location (pinsertion), 
user selection (pUserSelection), and properties of the applica­
tion itself, such as whether it is the frontmost application (pis­
FrontProcess), the application's name (pName), and the 
application's version (pVersion). If the desired class is any other 
than the foregoing, then AccessObject calls the base class function 
in the CAppleEventObject class to handle the request. 

When an event requests that an action be performed for some 
other object, it specifies which object of that type is being refer­
enced. For example, it might specifjr the first document or the doc­
ument named Notes. In either case, the AccessObject function in 
the CAppleEventObject class handles the request as follows: 

+ The property of an Apple event object is defined as an Apple 
event direct object whose container is the object to which the 
property belongs. The object specifier record for a property of 
the CApplication class specifies cProperty as the container 
and a constant such as pClass as the requested property 
(requesting the name of the class to which the property 
belongs). If the container (desired class) is cProperty and the 
property is pBestType, pClass, or pDefaultType, the 
AccessObject function creates a CProperty object containing 
the requested property and the current object (the application) 
as its container object, and a type code of cType. It uses the 
pointer to this object to call the MakeToken function to create 
a descriptor whose descriptorType field contains the con­
stant kTokenType and a dataHandle field that contains a 
pointer to a pointer (that is, a handle) to the current object 
(that is, the CProperty object). A pointer to the token is stored 
into the theToken argument of the AccessObject function (as 
its result object pointer) and the AccessObject function 
returns. 
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+ If the desired class is cProperty and the requested property is 
pindex or pID, then the property type is set to pLonginte­
ger. If the property is pName, then the property type is set to 
cChar. In any of these cases, a CProperty object is constructed 
to hold the current container object, the requested property, 
and the type code. Then the pointer to this object is used to 
call the MakeToken function to create a token that points to 

the CProperty object with a descriptor type of kTokenType. 
The token pointer is stored into the theToken argument of 
the call and the AccessObject function returns. 

+ If the desired class of the descriptor is not cProperty, then 
the keyForm parameter is tested. The keyForm parameter in 
an object specifier record indicates how the keyDa ta parame­
ter is to be interpreted. Several keyForm values are handled in 
the AccessObject function of the CAppleEventObject class, as 
follows: 

• If the keyForm parameter contains the formAbso­
lutePosi tion value, then the CountObjects function is 
called with the desired class and a pointer to a long integer 
variable to hold the resulting count. Because this code is 
executing for the CApplication-derived object (gApplica­
tion), the CountObjects function for that class is called. 

If the desired class is cWindow, the CountObjects function 
of the CApplication class calls the GetNum Windows func­
tion of the CDesktop object (gDesktop) to return the 
number of windows it is managing. If the desired class is 
cDocument, then the CountObjects function iterates 
through its list of directors (i tsDirectors), testing each 
to determine whether it is a member of the CDocument 
class and incrementing the count if so. 

After the count of the desired class of objects has been 
determined, the descriptorType field of the keyData 
descriptor is tested to determine whether it is equal to the 
typeLonginteger value. If so, then the index value 
held in the descriptor is accessed and tested against the 
count value to ensure that the index is within the range of 
the count. If not, a failure exception is raised; otherwise, 
the GetElementBylndex function is called with the desired 
class, the index value, and a pointer to the theToken 
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argument, into which the result token pointer 1s to be 
stored. 

The GetElementBylndex function in the CApplication class 
tests whether the desired class is cWindow. If so, then it calls 
the Nth Window function of the CDesktop object to return 
the pointer to the window whose index is specified in the 
call. The CWindow object pointer that is returned by that 
call is used to call Make Token to encapsulate the returned 
object with a descriptorType of kTokenType. After 
doing so, the function returns and the AccessObject func­
tion that called it also returns, having resolved that portion 
of the request. If the GetElementBylndex function deter­
mines that the desired class is cDocurnent, then it iterates 
through its list of directors (:L tsDirectors), searching for 
the one that is a member of the CDocument class, whose 
index matches the argument to the function. After finding 
the specified object, it calls MakeToken to encapsulate the 
object and then returns. The AccessObject function then 
also returns, having satisfied the current portion of the 
Apple event request. 

If, instead of typeLonginteger, the descriptor­
Type of the keyData descriptor is typeAbsoluteOr­

dinal, then there are several possibilities to handle. An 
ordinal is a constant value such as kAEFirst, kAEMid­
dle, kAELast, kAEAny, or kAEAll. The meanings of 
these are fairly self-explanatory. The AccessObject func­
tion handles each of these by calling the GetElementByln­
dex function for the container object's class (for example, 
CApplication). The value of the index is 1 for the kAE­
F i rs t ordinal value, is the value of halfof the count (plus 
one) for kAEMiddle, is the value of the count for 
kAELast, and is a randomly selected value in the range of 
1 through the value of the count in the case of kAEAny. In 
the case of kAEAll, a list is created for the theToken 
descriptor and then GetElementBylndex is called to access 
each entry for the desired class, in the range of 1 through 
the value of the count, appending the returned token to 
the list. The AccessObject function returns after the 
requested object token (or list of tokens) is stored. 
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• If the keyForm parameter contains the formName value, 
then the name string is accessed from the keyDa ta field, 
and the GetElementByName function is called with the 
desired class, the name string, and a pointer to where the 
result token should be stored. 

The GetElementByName function is implemented in the 
CAppleEventObject class {from which the CApplication 
class is derived). It performs the task of locating the object 
of the desired class by calling the CountObjects function 
with the desired class and a pointer to a long integer variable 
in which to place the result. It then iterates through the set 
of objects of the desired class by calling the GetElementBy­
Index function with index values that vary from 1 to the 
value of the count. In each iteration it calls the GetElement­
Name function for each returned token's object pointer and 
compares the returned name with the specified name to 
determine whether it matches. If any returned token's name 
matches the specified name, then that token is stored into 
the theToken argument and the operation is complete. If 
none of the objects has a matching name, then the request 
has failed and an errAENotAnElement error value is 
returned in the reply to the event. 

The GetElementName function of the CDocument class 
returns the name of the file if a file exists, the title of its win­
dow if a file does not exist but a window does exist, or NULL 

if neither exists. The GetElementName function of the 
CWindow class returns the window's title. 

• If the keyForm parameter contains the formUniqueID 
value, then the AccessObject function accesses the long inte­
ger value held in the keyDa ta descriptor and calls the 
GetElementByID function with the desired class, the ID 
value, and a pointer to where the result token is to be stored. 

The GetElementByID function is implemented in the CAp­
pleEventObject class {from which the CApplication class is 
derived). It performs the task of locating the object of the 
desired class by calling the CountObjects function with the 
desired class and a pointer to a long integer variable in 
which to place the result. It then iterates through the set of 
objects of the desired class by calling the GetElemendD 
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function and then matching the returned ID value with the 
specified ID value, looking for equality in the two identifi­
ers. (Note: A unique element ID is assigned to each CAp­
pleEventObject when it is constructed.) If an object with a 
matching element ID is found, its token is stored in the 
theToken result argument to the AccessObject function 
and the function returns. 

Handling Events in Other Clas!l;es 

You have read in the foregoing section how a CDocument or 
CWindow object can be accessed, either by name or position, us­
ing the AccessObject function. This section is concerned with the 
ability to access items contained by those objects by using the 
same mechanism, with the exception that the AccessObject func­
tion for the CDocument or CWindow class is called to perform 
the function of locating the desired class. 

Object specifier records consist of a set of nested Apple event de­
scriptors that specify the eventual target object in terms of a "con­
tainer hierarchy" that begins with the application object and 
proceeds to locate the object by naming each of its enclosing ob­
jects, in turn, from the outermost w innermost enclosure. 

An Apple event requesting a particular property of a specified 
window will specify the default container ( typeNULL) as its ini­
tial container and then call the AccessObject function of the CAp­
plication object to locate the specified cWindow object. The 
token returned for the cWindow object is used by the Apple 
Event Manager to call the MyAccessObject (object accessor) func­
tion for the CWindow object's desired class of cProperty, to ac­
cess one of several window properties. 

In order to implement object model support in your applications, 
you should read the Apple Event Registry to determine the appro­
priate way to organize your classes to make use of the implied 
framework of the Object Model. Then you should derive the 
classes for which you intend to provide Apple event support, from 
the CAppleEventObject class. If certain events are not imple­
mented for your application, the TCL will send the appropriate 
errAEEventNotHandled response. You should be careful to 
create your AETE resource such that it doesn't imply support for 
events that are truly not supported in the application. 
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Classes derived from CAppleEventObject will need to override 
the GetClasslD, GetDefaultType, GetContainer, and GetEle­
mentName functions. Any events that a base class handles will 
have to be handled by an override to that function in your new 
class. If your class handles any events that are not handled by any 
of the base classes, then you will have to write a new function to 
handle that event and override the DoAppleEvent function to call 
the appropriate function for each of those events. 

If your new class has properties, then you will need to override the 
DoPropertyGetDataEvent and DoPropertySetDataEvent func­
tions. If the class supports any properties that are not supported 
by any of its base classes, then you will need to override Access­
Object and call MakeToken to create appropriate tokens for the 
new properties. 

If your class has elements that are not present in any of its base 
classes, then you will need to override the GetElementBylndex 
and CountObjects functions. For example, if your application in­
tends to support the access to paragraphs, sentences, and words in 
a text object, you must first derive that object from CAppleEvent­
Object and then, perhaps, CEditText or CAbstractText. To handle 
access to any of the text class's elements, you should implement all 
of the foregoing mentioned functions. 

Handling Object Information Accesses 

As mentioned earlier, your new class should override the Get­
ClassID, GetDefaultType, GetContainer, and GetElementName 
functions. The data returned by these functions is as follows: 

+ The GetClassID function should return a defined OM class 
ID, but only if the base class does not already do so. In the case 
of the text object mentioned earlier, you should return cText 
as the OM class. 

+ The GetDefaultType function should return the default type of 
the data returned by the object. In the case of the text object 
that we have been using as an example, a default type of type­
Char, indicating an unterminated string of text, is returned. If 
your application can return various types of data, then you may 
have to override the GetBestType function. CAppleEventOb­
ject implements GetBestType by calling the GetDefaultType 
function. If this is not appropriate (for example, the "best" type 
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of data handled by your text object is styled text), then you 
should override GetBestType to return a type code that pertains 
to the data you intend to return if the "best type" is requested. 

+ The GetContainer function should return a pointer to the C++ 
object that is the container for the specified object. Usually this 
is the enclosure (itsEnclosure) for the object, but may be 
the supervisor (its Supervisor) for the object, as is the case 
for the CDocument object, whose "container" is the applica­
tion object (gApplication). 

+ The GetElementName function should return a string that is 
the name associated with the element. A text object may not 
have a name and so it should return a MULL string as the result 
in that case. 

Comparing Objects 

The TCL implements two comparison functions that provide the 
ability to compare two objects for equality (EqualObject) or per­
form more complex comparisons such as less than, greater than, 
begins with, ends with, contains, and others. The logic for per­
forming these comparisons is triggered by the presence of compar­
ison operators in the events themselves. If the supplied 
CompareObjects function does not provide the functionality you 
require, then your CAppleEventObject-derived object should 
override the CompareObjects function. 

Events containing clauses such as "every window whose name be­
gins with 'untitled"' are handled automatically by the Apple Event 
Manager by calling the counting fimction to ascertain the number 
of windows and then calling the compare function to determine 
each window's name. The "whose" and "where" clauses are all 
handled in this way. You may have to supply a counting and/or 
compare function for your new class, but most of the work of 
handling complex events will be automated. 

Support for Sending Apple Events in the TCL 

Apple events can be sent from your application in several circum­
stances. If another application (or even your own application) 
makes a request, then the reply is in the form of an Apple event. 
You can also send Apple events to other applications using the 
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support functions in the TCL. And, finally, as indicated earlier, you 
can send Apple events to your own application. When an applica­
tion is "factored," it separates the request from the action that im­
plements the request. So by factoring your application, as the TCL 

itself is factored, you can write applications where every action 
can be commanded by your own or another application. 

Replying to Apple Event Requests 

When an Apple event is received, the TCL creates an "empty" re­
sponse descriptor. Your application (or the TCL) can add descrip­
tors to the response record, as required, to send the appropriate 
result back to the requestor. No overt action is required on your 
part to reply to an Apple event request. 

As an example, consider the simple case where another applica­
tion has sent an event requesting your application's name. The 
event is processed as follows: 

1. The DoHighLevelEvent function of the CSwitchboard class 
recognizes the high-level event and calls the AEProcessApple­
Event function of the Apple Event Manager. 

2. The Apple Event Manager calls the GenericResultHandler 
function in the CAppleEventObject class that we installed to 
handle Get Data events (kAEGetData). 

3. The GenericResultHandler function calls the GenericHan­
dler function with the event and result descriptors and also a 
pointer to the DispatchResult function. 

4. The GenericHandler function calls the PackageAppleEvent 
function to create a CAppleEvent object with the event, its 
reply, and the reference constant, and then calls the Dis­
patchResult function to continue processing. 

5. DispatchResult calls the GetDirectObject function in the 
CAppleEvent class. This accesses the object specifier record in 
the incoming event; the desired class will be cProperty 
(indicating that the request is for a property), the container 
will be a null descriptor record (the application has no con­
tainer), the key form descriptor will have a descriptor type of 
typeEnurnerated and its data will be 'prop' (forrnProp­
ertyID), and the key data will have a property type of pnarn 
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(pName). After accessing the direct object, DispatchResult 
calls the Resolve function of the CAppleEventObject class 
with the direct object descriptor to be resolved and a pointer 
to where the resolved object descriptor is to be stored. The 
Resolve function calls the AEResolve function of the Apple 
Event Manager to perform the resolution. In this case, the 
AccessObject function in the CApplication class will be called 
first. 

6. The AccessObject function in the CApplication class tests 
whether the desired class is cProperty. If so, it tests whether 
the property is one of several that it handles, including the 
pName property. In the case of pName, it constructs a 
CProperty object with this (the application pointer) as the 
object, pName as the property ID, and a descriptor type of 
cintlText (international text). The pointer to the CProp­
erty object is used to call the MakeToken function to con­
struct a token whose descriptor type is kTokenType and 
whose data handle points to the CProperty object. At this 
point, the direct object has been resolved, so execution con­
tinues in the DispatchResult function of the CAppleEvent­
Object class, which calls the MapDesc function to map the 
DispatchResultl function against the direct object token that 
was just constructed. 

7. The DispatchResultl function accesses the token with which 
it is called and calls that token's DoAppleEvent function with 
the event and the result descriptors. 

8. The CProperty class, which is the object class associated with 
the token, does not implement the DoAppleEvent function; 
however, the function inherited from the CAppleEventObject 
base class is called. That function handles the Get Data event 
by calling the object's DoGetDataEvent function, which ts 

implemented in the CProperty class. 

9. The DoGetDataEvent function in the CProperty class 
accesses the original event descriptor to acquire the optional 
result type parameter and then verifies that there are no more 
required parameters in the event. That being accomplished, 
the DoGetDataEvent function accesses the "object" associated 
with the CProperty object, which in this case is the applica­
tion object (indicated as this in the foregoing step 6). The 
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application object pointer is used to call the DoPropertyGet­
DataEvent function in the CApplication class with the prop­
erty, the requested type, and a pointer to the result. 

10. The CApplication class does not implement the DoProperty­
GetDataEvent function, so that function inherited from the 
CAppleEventObject class is called. The function determines 
which property has been requested and calls the GetElement­
NameDesc function. 

11. The GetElementNameDesc function calls the GetElement­
Name function in the CApplication class to access the appli­
cation's name string and then packages the name in a 
descriptor that it returns as the result to the GetDataEvent 
function in the CProperty class. 

12. The GetDataEvent function in the CProperty class calls the 
CoerceDescList function to coerce the result (using either its 
built-in or user-supplied coercion handlers to do so), storing 
the result into the final Apple event reply descriptor. 

At this point, processing of the event is complete, and the forego­
ing routines return back through the calling chain to return con­
trol to the AEProcessAppleEvent toolbox function, which sends 
the reply to the requesting application. 

Sending Apple Event Requests 

The TCL contains support classes and member functions that aid 
in the creation and sending of Apple events, either to your own 
application (in the event that your application has been 
factored-more on that later), or to another application. 

Sending an Event to Yourself 

If your application is factored-I will talk more about the topic 
of factoring shortly-and you wish to send an event to yourself, 
then the TCL provides the MakeEventToThis and SendEvent­
NoReply functions in the CAppleEventObject class. 

An example of sending an event to your own application would 
be the decision to quit the application when in the midst of doing 
something else. You might also want the user to determine 
whether or not to quit before saving any results. When factoring is 
enabled for an application, the Quit command is handled in just 
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this way. The code in the DoCommand function of the CApplica­
tion class for accomplishing this is as follows: 

case cmdQuit: 
if (Factoring()) 

SendAEQuit (kAEAsk) ; 
else 

Quit(); 
break; 

Note that the SendAEQuit function is executed only if the call to 
the Factoring function returns a nonzero result. The code for the 
SendAEQuit function is as follows: 

void CApplication::SendAEQuit(DescType saveOption) 
{ 

AppleEvent event; 

MakeEventToThis(kCoreEventClass, kAEQuitApplication, 
FALSE, &event); 

CWatchDesc watch(event); 
FailOSErr( AEPutPararnPtr(&event, keyAESaveOptions, 

typeEnumerated, &saveOption, sizeof (saveOption) ) ) ; 
SendEventNoReply(&event, kAEAlwaysinteract); 

Note in the foregoing that the code defines an AppleEvent vari­
able called event and then builds an event by calling the Make­
EventToThis function with the event class (kCoreEventClass) 
and the event type (kAEQui tApplication), as well as a Bool­
ean value indicating whether a direct object is to be included in 
the event, and then a pointer to the AppleEvent variable into 
which the event is constructed. 

After the event has been constructed, a CWatchDesc object is 
constructed that includes the event variable in its construction. 
When the watch object is constructed, the event variable refer­
ence is stored into the watched member variable of the CWatch­
Desc object. If the CWatchDesc object is disposed (as it will be 
when the SendAEQuit function exits), the destructor for the 
CWatchDesc class will recognize that the watched variable con­
tains a nonzero pointer and the destructor will dispose the de­
scriptor (AppleEvent) variable. The AEPutParamPtr function call 
adds a parameter with the specified key (keyAESaveOptions) 
to the event, the specified data type (typeEnumerated), a 
pointer to the data (saveOption), and the size of the data item. 
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After the event has been constructed fully, SendEventNoReply is 
called to send the Apple event, with the user interaction specifica­
tion of kAlwaysinteract. 

Sending an Event to Another Process 

If you want to send events to another process, then the TCL con­
tains a great deal of help for doing so. You will have to create a 
CAppleEventSender object, create a descriptor for the event you 
intend to send, add any needed parameters to the event, and then 
call one of the Send functions for the object to send the event. 

Apple events sent to another process require the Process Serial 
Number (PSN) of the process to which the event is to be sent. 
The CAppleEventSender class has a member function called 
FindProcess that loops through the existing processes, looking for 
one whose Creator and Type codes match the ones you provide. 

An example of a function that sends a quit event to an application 
whose signature is 'Nsbl' is as follows: 

void CApp: :TellNsblToQuit() 
{ 

ProcessSerialNumber psn; 
OSErr err; 

err= CAppleEventSender::FindProcess ('APPL', 'Nsbl', &psn); 
if (err == noErr) 

CAppleEventSender event (kCoreEventClass, 
kAEQuitApplication, &psn) ; 

event.SendNoWait (kAENoReply); 

Although the foregoing code is rather simple, it should give you 
an idea of how to use the CAppleEventSender class both to find 
an existing process by using its creator and type codes, and also to 
send an event to that process. Obviously, if you need to construct 
complex events that make use of object specifiers and the like, you 
can use the PutParamDesc or PutParamPtr functions to add de­
scriptor or buffer pointer parameters to the basic event. The CAp­
pleEventSender class also supports the ability to send an event and 
wait for a reply, with a specified time-out value. 
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Adding Factoring and Recording Support 

A factored application is one in which the code that recognizes the 
request to perform an action and the code to perform the action 
are separate. The TCL is highly factored and handles almost every 
user-specified action by sending an Apple event to itself to per­
form the action. If you factor your own application in this same 
way, then all of the application's actions will be recordable by any 
scripting component. Recording by a scripting component is ac­
complished by watching the Apple events your application re­
ceives and recording these. Because the TCL is already factored, it 
is also set up to support recording. 

When your application is initialized, the factoring variable is 
set to kFactorWhenRecording and the recording variable 
is set to FALSE. So, by default, factoring will not be enabled. 
There are three settings for the factoring variable. These are 
kNeverFactor, kAlwaysFactor,andkFactorWhenRe­
cording. You can specify the factoring setting by calling the Set­
FactoringLevel function with one of the foregoing choices. You 
can access the current factoring setting by calling the GetFactor­
ingLevel function. You can specify the recording setting by calling 
the SetRecording function with a TRUE or FALSE value, and you 
can access the current recording setting by calling the GetRecord­
ing function, which will return a TRUE or FALSE result. 

Apple Events Feature Summary 

The TCL contains a great deal of support for handling Apple 
events automatically. Providing comprehensive handling of a large 
variety of Apple events (that is, making the application scriptable) 
is a nontrivial task; however, the TCL will help greatly in easing the 
burden of this task. 

The major elements of the task are the creation and registration of 
handlers for each of the unique Apple events that the application 
intends to handle. It is also very important to create an ' AETE ' 
resource which describes the extent of your application's Apple 
event support. You can use Apple's ResEdit program to create or 
modify an ' AETE ' resource, but there are other products that 
make this process easier. , 
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Creating a factored and scriptable (recordable) application re­
quires a lot of work. You need to go into each of the DoCom­
mand functions and separate the recognition of each command 
from the actions that perform it, write code to send an Apple 
event specifying the command and any of its parameters in the 
recognition section (usually in the DoCommand function or a 
function that it calls), and then provide code in a DoAppleEvent 
function to handle the event and perform the specified action. 
There are many examples of how this is done in the TCL source 
code. 

The next chapter describes how to use chores, tasks, and the 
Undo/Redo features of the TCL. 



Chapter 11 

Understanding Chores, Tasks, and Undo/Redo 

Figure 11-1 
Class inheritance 
diagram for tasks and 
chores 

Using Chores 

This chapter describes the various types of chores and tasks that 
you can schedule for execution using the services of the TCL. Each 
of the defined classes is either used by the TCL in the course of 
handling a specific task, or is available to be used as a base or con­
crete class. The sections that follow discuss the various classes and 
how they are used. The class inheritance diagram for both tasks 
and chores is shown in Figure 11-1. 

CTask 

CTextStyleTask CTextEditTask 

CStyleTEStyleTask CStyleTEEditTask 

CChore 

CTearChore CMBarChore 

LEGEND 

- Inherited Behavior 
~ Object Construction 
___ ,..Chain of Command 

CMouseTask 

CTableDragger 

There are two types of chores, but both are associated with the ap­
plication as a whole, rather than a document or other object of 
your program. The CApplication class provides two queues in 
which chores can be installed. If you need to perform some peri-
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odic operation at idle time, then you can create a subclass of the 
CChore class and override the Perform function to execute the 
chore. After creating an object of your derived class, you can in­
stall the idle-time chore by calling the AssignldleChore function 
of the application object (gApplication). The chore will then 
be executed periodically, until it is removed by calling the applica­
tion object's CancelldleChore function. 

The other type of chore is an "urgent chore." Urgent chores are 
tasks that must be performed at the next possible opportunity. 
They are executed only once and then are disposed automatically. 
After processing the current event, the event loop checks whether 
any urgent chores are present, executes all of them, and then dis­
poses their pointers before processing the next event. 

Creating a Periodic Chore 

A perfect example of an idle-time chore would be one that checks 
the current time when it is executed, comparing that value against 
the time in the first member of a time-ordered list of reminder ob­
ject entries. If the current time equals or exceeds the time value as­
sociated with the first entry in the list, then the chore might post a 
notification to the user. The header file of a simple class, derived 
from CChore, to accomplish this function is as follows: 

II 
II CTirneCheckChore.h 
II Header file for CTirneCheckChore class 
II Copyright© 1995, Richard 0. Parker. All rights reserved. 
II 

#pragma once 
#include <CChore.h> 
#include "CReminderList.h" 

class CTirneCheckChore : public CChore 
{ 

TCL_DECLARE_CLASS 

public: 
CTirneCheckChore (CReminderList *aList); 
virtual void Perfonn (long *maxSleep); 

private: 
CReminderList *theList; 

} ; 

The foregoing class definition includes the declaration of a con­
structor function and an override for the Perform function inher-
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ited from the CChore base class. The class also declares a private 
variable that holds a pointer to the list of reminder objects (the­
Li st). For purposes of this example, we assume that the objects 
in the list are of type CReminder and that the CReminder class 
provides access functions to obtain the time that the reminder 
should be posted, and the text of the reminder message. We will 
not attempt to get too carried away with the form of the notifica­
tion, and so we will not display the application's icon or play a 
sound when the notification is posted. You can certainly choose to 
do so in your own version of such a chore. The source file con­
tents for the CTimeCheckChore class are as follows: 

II 
II 
II 
II 
II 

CTimeCheckChore.cp 
Source file for CTimeCheckChore class 
Copyright © 1995, Richard O. Parker. All rights reserved 

#include "CTimeCheckChore.h" 
#include "CReminderList.h" 
#include "CReminder.h" 
extern Boolean gNotePosted; 
extern struct NMRec gNMRec; 

TCL_DEFINE_CLASS_Ml (CTimeCheckChore, CChore); 

/************************************************************* 
CTimeCheckChore 

Constructor 

*************************************************************/ 

CTimeCheckChore::CTimeCheckChore (CReminderList *aList) 
{ 

theList = aList; 
gNotePosted = FALSE; 

/************************************************************* 
Perform 

Check the current time, compare it with the time 
associated with the first entry in the aList list 
and install a notification if the time has come 
to do so. 

*************************************************************/ 

CTimeCheckChore::Perform (long *maxsleep) 
{ 

unsigned long curTime, noteTime; 
CReminder *theFirstEntry; 

II check to see whether a note is already posted 
II if so, then just return; otherwise, start checking. 
if (gNotePosted I I (theList->GetNumitems <= 0)) 
{ 

*maxsleep = 300; 
return; 

II 5 seconds 
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} 
GetDateTime (&curTime); 
theList->GetArrayitem (&theFirstEntry, l); 
if (curTime < theFirstEntry->GetNoteTime()) 
{ 

II it's not yet time to post the notification, 
I I so just return, but afte:c setting a sleep time 
II of about 30 seconds. 

*maxsleep = 1800; II 30 seconds 
return; 

II now it's time to issue a notification for the first 
II entry in the list, so we use the access function to 
II obtain the information for the message to display to 
II the user. The notification record structure is 
II declared as a global structure called gNMRec. 

gNMRec.qType = nmType; II queue type== notification 
gNMRec.nmMark = l; 11 mark in the app menu 
gNMRec.nmicon =NULL; II no flashing icon 
gNMRec.nmSound = NULL; 11 no sound 
gNMRec. str = theFirstEntry->Ge,tNoteStringPtr () ; 
gNMRec.nmResp =NULL; II no response procedure 
gNMRec.nmRefCon = O; II no reference constant 
NMinstall (&gNMRec) ; I I install the notification 
gNotePosted = TRUE; I I set note posted 

The foregoing code is rather short and sweet. We are under the as­
sumption that there is only one CTimeCheckChore object and 
that it will be executed approximately every 30 seconds (1800 
ticks). When it is executed, it first checks a global variable called 
gNotePosted to determine whether a note has already been 
posted (the user can handle only one at a time) or if the list of re­
minders is empty. If either expn:ssion is TRUE, then we set the 
maxsleep variable to request that the function be called again, 
in about five seconds (300 ticks). 

If the value of the gNotePosted variable is FALSE, then we can 
proceed to check whether the current time (using the millisecond 
clock value returned by the GetDateTime toolbox function) is 
later than the time in the first list entry (accessed by using the 
GetArrayltem function to access the object pointer and then us­
ing that to call its GetNoteTime access function). If the current 
time is less than the time in the first entry, then we set the max­

sleep variable to 1800 ticks (30 seconds) and return. 

If the current time is greater or equal to the time in the first entry, 
then we must create a notification record and call the NMlnstall 
toolbox function to install it in the operating system queue. 
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Our notification specifies that no icon is to rotate in the applica­
tion menu (System 7), no sound is to play, and no response proce­
dure is to execute when the notification is complete. We do 
provide the text for the Notification Manager to display in a dia­
log to the user, by accessing a pointer to the text using the Get­
NoteStringPtr access function. 

You may wonder how we are going to remove the entry from the 
list after the notification has been posted (it has to remain there 
until the user dismisses the notification because of the pointer to 
its text string in the notification). One way to do this is to require 
that the user pull down a Reminder menu and choose a Remove 
Notification command. Another way would be for our Perform 
function to install a pointer to a response procedure that the Noti­
fication Manager could call when the user dismissed the note. The 
response procedure can remove the first entry from the list (as­
suming it has access to it). However, if you choose to remove the 
entry from the list, you must also set the value of the gNote­

Posted variable to FALSE, allowing the Perform function to be­
gin checking the new first entry in the list, if any. 

How the TCL Uses Urgent Chores 

Urgent chores are tasks that must be executed at the earliest possi­
ble time. As described earlier, these are executed immediately after 
the current event has been processed. Urgent chores are executed 
only once and then are disposed automatically. 

The TCL includes two classes derived from the CChore base class. 
These are shown in Figure 11-1 as CTearChore and CMBar­
Chore. 

Understanding the CTearChore Class 

The CTearChore class implements an urgent chore that causes a 
torn-off menu's window to be displayed at the point where the 
user has released the mouse button. The process by which this oc­
curs is somewhat complex, but it is instructive to review how tear­
off menus work, so we will cover that, with reference to the Tools 
menu that we created in Chapter 4 (see page 163), at this point. 
The various facts regarding a tear-off menu are as follows: 
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+ The standard toolbox menu definition procedure handles only 
normal menus. So tear-off menus require a custom menu defi­
nition procedure to work prop{:rly. 

+ When the CTools class is constructed (see page 168), the con­
structor code calls the IViewPICTGridDirector function of its 
CPictGridDirector base class. The arguments to the function 
are the name of the Tools floating palette view (Tools) and the 
associated menu ID (129). The IViewPICTGridDirector func­
tion creates the floating palette and stores its pointer into the 
i tsWindow variable of the director. Then that function cre­
ates a CGridMDEF object and passes its constructor the Menu 
ID, a pointer to the CPICTGrid pane that contains the tools to 
be displayed in the menu, and a pointer to the CTools object 
(this). 

+ The constructor of the CGridMDEF class causes the construc­
tor initializer for its CSelectorMDEF base class to be called, 
which, in turn, causes the constructor initializer for its 
CPaneMDEF base class to be called. The constructor for the 
CPaneMDEF class causes the constructor initializer for the 
CMenuDefProc base class to be called with the menu ID as its 
sole argument. That constructor function loads the MDEF 
resource whose ID matches the menu ID passed to the func­
tion. The def Proc field of the resource is set to the address of 
the GenericMDEF function (sGenericMDEF), and the its­
MenuDefProc field is set to point to the CGridMDEF object 
(this). After the constructors of the base classes have com­
pleted execution, the body of the CPaneMDEF constructor 
executes and stores the CPICTGrid object pointer into the 
its Pane member variable, and the pointer to the CTools 
object into the i tsTearOffMenu member variable. 

+ At this point, the menu definition procedure has been 
installed, and the MenuSelec1t toolbox function can jump to 
the first location of the MDEF 129 resource (which itself con­
tains a JMP instruction whose jump target has been patched to 
call the GenericMDEF function [sGenericMDEF]). That 
function handles the messages to draw the menu (rnDrawMsg), 
handles selections from the menu (rnChooseMsg), determines 
the menu's dimensions (rnSizeMsg), and specifies placement 
for a pop-up menu (rnPopUpMsg). When the user dicks on the 
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Tools menu, the sGenericMDEF function will receive the mes­
sages to calculate the menu's size, draw the menu, and then 
report the user's choice. It is in this latter message handler that 
the tear-off functionality occurs. 

+ After the menu's dimensions are known and its contents are 
drawn, then the mChooseMsg handler is called. That han­
dler calls the Chooseltem function of the CGridMDEF class 
(the specific C++ menu definition procedure) to respond to the 
user's menu choice. If the current mouse position is outside 
the original menu rectangle, then the choice is set to NOTHING 

and the TearOffMenu function of the CPaneMDEF base class 
is called with arguments of the menu's original rectangle and 
the current "hit point." 

+ The TearOffMenu function is responsible for tracking the 
mouse, displaying the gray outline of the menu being torn off, 
and then causing the torn off version of the menu to be dis­
played in a floating palette. The final step of the foregoing pro­
cedure is handled by calling the TornOff function of the 
menu's CTearOffMenu class (itsTearOffMenu), a base class 
of the CTools class, with the current mouse location. 

+ The TornOff function serves but one purpose: to create a CTe­
arChore object, initialize the object with a pointer to the 
CTools object, and then call the AssignUrgentChore function 
of the application object. That chore object is installed into the 
application's urgent chores queue and will be executed immedi­
ately after processing of the current event is complete. 

+ The Perform function of the CTearChore object, when called 
by the event loop when urgent chores are processed, uses the 
pointer to the tear-off menu's window director object (CTools) 
to call the MoveToCorner function inherited from its CFloat­
Director base class. 

+ Finally the MoveToCorner function moves the top-left corner 
of the director's window to the location at which the mouse 
cursor was released, makes the window visible, and selects it to 
make it frontmost and active. 

The final step in the foregoing sequence completes the process of 
tearing off a menu and then displaying it as a floating palette. The 
purpose of using the urgent chore is to cause the window to be 
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shown only after processing of the tear-off action is complete, and 
also to separate the code related to handling the menu from the 
code that handles the window. Any selection of a tool from the 
window, once it has been displayed, will be treated as a window 
item selection, rather than a menu selection, even though the dis­
tinction between the two is fairly blurred. 

I know that the foregoing is rather complex; however, it is inter­
esting to review the process by which tear-off menus are handled, 
even though this is somewhat incidental to how an urgent chore is 
created and processed. 

The CMBarChore object is created by the CBartender object 
(gBartender) and is scheduled as an urgent chore for all opera­
tions that require the menu bar to be redrawn during the process­
ing of the current event. By executing the chore just once, the TCL 

prevents any unnecessary flashing of the menu bar. 

You can create urgent chores for whatever purpose you desire. Just 
keep in mind that such chores are intended to be associated with 
the application-and its look and feel-as a whole. If it is neces­
sary to create a chore that is associated with a specific document, 
then, perhaps, a task would be a better choice. 

Using Tasks and Undo/Redo 

Tasks are objects that are usually created to handle undoable ac­
tions. The TCL supports a number of these, and you can add tasks 
to your application to support other undoable actions. 

You can create and use CTask-derived objects in two different 
ways, as follows: 

1. You can perform an action, then create a CTask-derived 
object, storing enough information in that object to undo the 
action, and then call the Notify function of the current 
object's supervisor (for example, the CDirector-derived 
object). 

2. You can create a CTask-derived object and then call its Do 
function (which you must override) to perform the action. 
After that, you must call the Notify function for the current 
supervisor (for example, the CDirector-derived object). 
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The Notify function of the CBureaucrat class that is inherited by 
the majority of the objects that might participate in an undoable 
action merely calls the Notify function of the object's supervisor 
(i tsSupervisor). 

When the Notify function is called, a pointer to the caller's win­
dow (if any) is saved in the cTaskWindow variable, and then the 
NotifyClean function of the application object (gApplication) 
is called. That function disposes of any task object that is cur­
rently stored in the application's last Task variable, and then the 
pointer to the current task is stored into that variable. In addition, 
the undone variable is set to a value of FALSE. 

Creating a Text Style Undoable Action 

An example of an undoable task that uses the second method, de­
scribed earlier, is the case of a style command being applied to a 
text subview that is derived from CEditText or its CAbstractText 
base class. In either of these cases, the DoCommand function de­
termines whether a style change (for example, cmdBold, cmd­
Italic, cmdAlignCenter, and so on) has been commanded, 
and the MakeStyleTask function inherited from the CAbstract­
Text class is called to create a CTextStyleTask object, initialize it 
with the style command to be executed, and return the CText­
StyleTask object to the DoCommand function. DoCommand 
continues by saving the pointer to the CTextStyleTask object, call­
ing the Notify function of the CAbstractText-derived object's su­
pervisor, and then calling the task's Do function to perform the 
task. 

The task's Do function saves the current style, spacing, and align­
ment settings for the object to which it applies, performs the spec­
ified style change command, and returns to the DoCommand 
function that called the task's Do function. 

If the user decides to undo the previous action and pulls down the 
Edit menu to choose the appropriate command, the Update­
Menus function will be called for each of the CDirector-derived 
objects. The Undo/Redo operations are managed by the Update­
Menus function in the CApplication class. That function per­
forms its normal operations and then tests whether the 
lastTask variable contains other than a NULL pointer. If so, 
then the CBartender object (gBartender) is called to enable the 
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cmdUndo command in the Edit menu, and then the UpdateUndo 
function is called. 

The Update Undo function accesses the 'STR ' resource that 
corresponds to either the Undo or Redo text, depending upon 
whether the undone variable has a value of TRUE or FALSE. 
Initially, the value in this variable will be FALSE, and the string 
"Undo" will be accessed. The function then uses the pointer 
stored in the lastTask variable to access the task's name index 
value. The index addresses the nth string in another 'STR ' re­
source to append the text representation of the task to the 
"Undo" string. The result is written into the command text for 
the Undo command in the Edit menu. Thus, the command text 
would read "Undo Formatting" in the case of a text style 
change. 

When the foregoing command is chosen, the DoCommand func­
tion in the CApplication class determines whether the undone 
variable is TRUE or FALSE. In the current example, the value is 
still FALSE, so the DoCommand function will call the Undo 
function for the task whose pointer is stored in the lastTask 
variable. Had the undone variable been TRUE, then DoCom­
mand would have called the Redo function of the task. The Undo 
function of the CTextStyleTask. object saves the current style, 
spacing, and justification attributes, restores the corresponding 
previous values of those attributes, performs the operations to re­
store the style of the text object, calls the CDirector object's Tog­
gleChanged function to set the document's status as unchanged or 
changed, depending on the previous setting, and, finally negates 
the value of the undone variable, making it TRUE if it was FALSE 
or FALSE if it was TRUE. The Redo function inherited from the 
CTask base class merely calls the Undo function that is overridden 
by the CTextStyleTask object. Even though the command text 
changes to "Redo Formatting," the operations necessary to per­
form the function are handled entirely by the Undo function. 

Creating a Task for Mouse Tracking 

The CTable class in the TCL implements a one- or two-dimension 
table, in which one or more cells can be selected by clicking the 
mouse pointer on a cell and dragging the pointer to encompass 
additional cells, if this behavior is allowed. 
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When the user clicks on a table cell, the DoClick function of the 
CTable class is called to handle the click. If the DoClick function 
finds that the click is inside the table's bounds, then it checks first 
to see whether it is a double-dick. If so, then the command (if 
any) associated with the CTable object is dispatched by calling the 
DoCommand function with the cell number in which the click 
occurred. If the click is not a double-click, then the DoClick func­
tion calls the MakeMouseTask function to construct a CTable­
Dragger object, which is returned to the DoClick function. The 
CTableDragger object is a task that inherits functionality from the 
CMouseTask and CTask classes. The DoClick function sets the 
mouse tracking task in motion by calling the TrackMouse func­
tion in the CPane class, passing it a pointer to the task object, the 
point where the mouse click occurred, and the table's bounds. 

The TrackMouse function performs the mouse-tracking function 
as follows: 

1. The task's BeginTracking function is called to initialize the 
task with the beginning mouse location. The BeginTracking 
function also determines the "rules" by which cells can be 
selected for the current table, by checking whether only one 
or multiple cells can be selected and whether selected cells can 
be non-contiguous. The cell in which the mouse is clicked is 
selected, and the selection is added to or replaces the existing 
selections, depending upon whether multiple and/or non­
contiguous selections are allowed. 

2. The TrackMouse function then enters into a loop that runs 
while the mouse button is still down. Each time through the 
loop, the task's Keep Tracking function is called with the cur­
rent mouse location, the previous mouse location, and the 
initial mouse location. The KeepTracking function deter­
mines the cell in which the current mouse location lies and 
scrolls the table to bring that cell into view, if necessary. After 
doing so, depending upon the selection criteria, the new cell 
is selected and, perhaps, added to the previous selections. 

3. When the mouse button is released, the TrackMouse function 
calls the task's EndTracking function with the current point, 
the previous point, and the initial point. The EndTracking 
function performs but one function. It deletes the current 
task by calling TCLForgetObject with this as its argument. 
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The foregoing steps show how a task can be used to handle opera­
tions that are unique to a specific user interface object. In this 
case, the task is not an undoable task-after all, you can't undo 
the user's dragging of the mouse-but the code in the Track­
Mouse function of the CPane class is generic enough that it can 
be used by a variety of task objects to handle tracking the mouse 
for numerous applications. For example, it is easy to picture the 
creation of a mouse task that allows the user of a drawing program 
to drag objects around on the screen. A similar mouse task could 
be used to provide the drawing function itself. If you wish to cre­
ate a mouse task for your application, then derive the task object 
from the CMouseTask class, as was done for the CTableDragger 
class. 

Chores and Tasks Summary 

This chapter has described how to you can use chores to perform 
periodic actions or urgent actions. The TCL keeps two lists of 
chores for these purposes. The first list of chores contains pointers 
to procedures that are to be performed when no other events are 
pending. These are idle chores and are often used for tasks that 
must be executed periodically. Once an idle chore is entered into 
the list, it remains in the list until it is removed explicitly. 

The second list contains pointers to procedures that must be exe­
cuted as soon as is practically possible. These chores are executed 
only once after being entered, but are executed within the event 
loop, immediately after the current event has completed execu­
tion. Urgent chores are often used to handle memory shortages 
and other urgent situations. 

Tasks are used primarily to implement the Undo/Redo of the 
user's most recent action. A task will save the necessary context so 
that when an undoable action is taken, the effects of the action 
can be undone or redone. Tasks are also used to implement ge­
neric actions such as mouse tracking and the like. 

The next chapter describes some of the nuances of drawing and 
printing, with emphasis on printing multiple windows and offset 
panes. 
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Drawing and Printing 

This chapter wraps up the discussion of the THINK Class Library 
by discussing the methodology used in the TCL for drawing and 
printing. In many cases, you will not have to do anything to have 
the contents of a window drawn or printed; however, in case that 
you do, the sections that follow describe this process. 

Implementing the Draw Function 

If you recall, in Chapter 7 we discussed how the Update event 
caused the Do Update function of the CSwitchboard class to call 
the Update function for the window whose pointer is held in the 
message field of the update event (see page 301). 

The Update function in the CWindow class saves the current 
GrafPort pointer, sets the current window's GrafPort pointer, calls 
the BeginUpdate toolbox function with the window's pointer, 
then calls the DeviceLoop toolbox function with the window's 
visible region (visRgn), a pointer to the DoUpdateDraw func­
tion as the drawing function to perform, the window's object 
pointer (this) as user data to be passed to the drawing function, 
and a value of 0 for the flags argument. 

The DoUpdateDraw function is defined in the CWindow class as 
a universal procedure pointer to the static drawing function 
named sDoUpdateDraw. That function is called automatically by 
the DeviceLoop toolbox function, for each device on which any 
portion of the visRgn appears. The sDoUpdateDraw function 
uses the pointer to the window object passed in the userData 
argument to call the window's UpdateDraw function. 

The UpdateDraw function draws the contents of the window as 
follows: 

449 
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1. The clipping rectangle for the port is set to the rectangle of 
the current port (portRect). 

2. If the user's machine has Color QuickDraw installed, then the 
function calls GetForeColor to access the current port's fore­
ground color and calls RGBForeColor with that color to set 
the color to the closest match for the current device. The Get­
BackColor and RGBBackColor functions are called to set the 
closest background color for the device. 

3. Then the update rectangle is calculated to be the bounding 
box of the update region. This is the rectangle that encom­
passes all of the elements whose contents need to be updated. 

4. The UpdateErase function is called to erase the entire con­
tents of the update region by calling the EraseRect toolbox 
function with a pointer to the update rectangle, causing it to 
be filled with the background color. 

5. The UpdateDraw function completes its job by testing 
whether the window has any subviews, and if so, calling the 
Pane_Draw function of the CPane class for each of these. 

6. Upon completion of drawing all of the subviews of the win­
dow, the window's Update function regains control and calls 
the EndUpdate toolbox function to cause the update region 
to be disposed. 

The Pane_Draw function is a global function in the CPane class 
that is called with a pointer to the CPane-derived object and a 
pointer to the update rectangle value. The function determines 
whether any portion of the pane or its border (if any) needs to be 
drawn and does so as described in Chapter 7, beginning in step 2 
on page 302. The important thing to bear in mind is that in the 
course of implementing the drawing of each pane, the Draw func­
tion is called with a pointer to the rectangle to be redrawn. 

Drawing a Custom View 

Most of the logic that prepares you to draw a subview of your ap­
plication is handled behind the scenes by the foregoing described 
functions. Your main job is to override the Draw function in the 
classes in which you need to perform the drawing operation. 
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We discussed a custom view in Chapter 4, beginning on 
page 101, in the section called "Creating a Business Account 
View." The text in that chapter also describes the custom code 
needed to draw the cells in the CArrayPane-derived CAcctList 
class. The Draw function is implemented in the CTable base class, 
and it determines which of the table's cells need to be redrawn, 
based upon the update rectangle passed to the Draw function. Af­
ter determining the cells to be drawn, either its DrawRow or 
DrawCol function is called (depending upon whether cells are to 
be drawn a row at a time or a column at a time), and both of those 
functions call the DrawCell function that we have overridden in 
our CAcctList class. The custom code for our DrawCell function 
is shown in Chapter 4, beginning on page 145. 

Many of the features of a generic Draw function are shown in the 
DrawCell code. Some suggestions for implementing your own 
custom Draw function are as follows: 

+ Save the current pen state before you make any changes to it. 
This is accomplished in the DrawCell code by calling the Get­
PenState toolbox function and passing it a pointer to PenState 
structure called savePen that we defined in the DrawCell 
function. 

+ Perform any drawing functions that are needed to update the 
drawing rectangle passed to the Draw function. In the case of 
the DrawCell function, we are passed only the cell number and 
its rectangle. If it is more convenient for you to draw the entire 
pane for which your Draw function is called (rather than just 
the portion that needs to be updated), then do so. The dipping 
region will ensure that none of your drawing will overwrite 
anything else that covers up an area on which you might draw. 

+ All standard controls are drawn automatically by the Draw 
function in the CControl class. That function calls the 
Draw 1 Control toolbox function to draw a single control in the 
active window. It handles drawing both active and inactive 
controls. If you wish to implement a custom control, such as 
the CShapeButton control implemented in the VA library, 
then you can write your own Draw function to do so. Take a 
look at the Draw function in that class to get ideas of how to 
draw custom controls. 
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+ Restore the saved pen state before returning from your Draw 
function. This is accomplished in our DrawCell function by 
calling the SetPenState toolbox function with the pointer to 
our savePen structure. 

Other than the foregoing general suggestions, there is nothing 
special that you need to observe. The TCL will have taken care of 
ensuring that the current GrafPort is set properly and that the Be­
gin Update function is called before your Draw function is called. 
The EndUpdate function is called after your drawing is complete. 
Bear in mind that your Draw function might be called multiple 
times to draw the same pane if the pane covers more than one dis­
play device. So don't save any data in your drawing function, be­
cause the data will be saved again, with possibly different values, if 
the function is called multiple times. 

In the case of text panes that are based upon the CEditText class, 
you need not override the Draw fonction. The TextEdit Manager 
will handle all of the drawing that is necessary for those panes. 

Printing a Window's Contents 

The TCL provides the functionality for printing the contents of the 
window that is owned by the CDocument-based class. Each 
CDocument-based object has a member variable called its­
MainPane that contains a pointer to the primary, or most impor­
tant, CPane object in the document's window (i tsWindow). 
Each CDocument-based object also has a member variable called 
its Printer that contains a pointer to a CPrinter object. The 
CPrinter object is constructed and assigned to the itsPrinter 
variable when the CDocument class constructor executes. The 
i tsMainPane variable is assigned in the MakeNewWindow 
function after the document's window has been constructed. 

When the user chooses the Page Setup or Print commands from 
the File menu, the pointer in the i tsPrinter variable is used to 
call the DoPageSetup and DoPrint functions in the CPrinter class. 
The pointer in the i tsMainPane variable is taken to be the pane 
whose contents are to be printed. 

Although the TCL assumes that only the window that belongs di­
rectly to the CDocument-based class will be printed, it also pro-



Printing a Window's Contents 453 

vides a method by which other windows' contents can be printed, 
using their own values for the its Printer and i tsMainPane 
variables. We will discuss this shortly, but for the time being, to 
cover the basic features of printing support, we will talk only in 
terms of the two variables in the CDocument-based object. 

Printing the Notebook Pane 

When we speak of printing, we are usually talking about drawing 
the contents of a window that appears on the screen onto a printer 
device. In fact, there is very little difference, in most cases, be­
tween drawing and printing. If, for example, you have a simple 
text window-as is the case in the Notebook application example 
that we showed in Chapters 5 and 9-printing the contents of the 
window is accomplished entirely by the TCL, with no' additional 
custom code needed. The TCL handles this case as follows: 

1. When the user pulls down the File menu and chooses the 
Print command, the command is sent to the DoCommand 
function of the current gopher (in this case, it's the CEditText 
pane in the main window), and the command rattles up the 
chain of command until it reaches the DoCommand func­
tion of the CDocument class, where it is handled. 

2. The cmdPrint case of the DoCommand function in the 
CDocument class calls the DoPrint function for the object 
whose pointer is stored in the i tsPrinter variable (a 
CPrinter object). 

3. The DoPrint function first calls the GetPrintRecord function 
to access and validate the print record for the current printer. 
It then calls the OpenPrintMgr function to open the Print 
Manager and calls the Requestlnteraction function of the 
application object (gApplication) to ascertain whether the 
DoPrint function was called in response to an Apple event. If 
not, then the DoPrint function calls the PrJobDialog toolbox 
function with the print record. 

4. The PrJobDialog function displays the standard print dialog 
box to ascertain the starting and ending pages, the number of 
copies, and other information related to printing the current 
document. If the user clicks the Cancel button, the PrJobDia-
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log function returns FALSE; otherwise, it returns TRUE. This 
value is stored into the wantsToPrint variable. 

5. The DoPrint function continues by calling the ClosePrint­
Mgr function and then testing the value stored in the 
wantsToPrint variable. If the value is TRUE, then the 
PrintPageRange function is called with the iFstPage and 
iLstPage (first and last page) values from the print record. 

6. The PrintPageRange function in the CPrinter class is respon­
sible for causing the specified range of pages in the document 
to be printed. It performs this function as follows: 

a. The GetPrintRecord function is called to get the print 
record. 

b. The AboutToPrint function in the document object 
(i tsDocument) is called .. The AboutToPrint function in 
the CDocument base class accesses the print record and 
calculates the page width and page height values. It veri­
fies that the user-specified last page number is larger than 
the first page number and swaps these two numbers if 
that relation is not TRUE. It then sets the last page num­
ber to the minimum of the specified last page value and 
the value returned by the PageCount function. 

c. The PageCount function tests whether pagination infor­
mation has been calculated for this document. If not, 
then the Paginate function in the CDocument class is 
called. That function determines the page width and page 
height once again and then calls the Paginate function in 
the class pertaining to the document's i tsMainPane 
variable. In the case of our text pane, this is the CEdit­
Text pane in the main window. The Paginate function is 
called with a pointer to the current CPrinter object 
(aPrinter) and the pageWidth and pageHeight 
arguments. 

d. The Paginate function for the text pane is inherited from 
the CAbstractText class. That function tests whether the 
fixedLineHeights variable is TRUE (as is the case for 
our text pane). If so, then the lineHeight, lines­
PerPage, and pageHei9ht values are calculated. Then 
the Paginate function of the CPanorama class is called 
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with the pointer to the printer object (aPrinter) and 
the pageWidth and pageHeight values. 

e. The Paginate function in the CPanorama class first 
accesses the width and height of the panorama, in pixels, 
and then computes the number of horiwntal strips that 
will be printed by taking the total height in pixels and 
dividing that by the page height. In a similar fashion, the 
number of vertical strips is computed by taking the total 
width of the panorama in pixels and dividing that by the 
page width. Then the SetStrips function for the CPrinter 
object is called to record the number of horizontal and 
vertical strips that make up the entire panorama. In addi­
tion, the SetAllStrip Widths and SetAllStripHeights func­
tions of the CPrinter object are called with the page 
height and page width values, so that all of the printed 
strips will be of the same height and width. 

f. When execution resumes in the PrintPageRange function 
of the CPrinter class, the pagination of the text pane is 
complete and the OpenPrintMgr function is called prior 
to commencing the print operation. Immediately after 
that, a printer port (macPrintPort) is assigned by call­
ing the PrOpenDoc toolbox function with the print 
record. The printDocOpen variable is also set to TRUE. 

g. The main body of the print operation is then handled in 
a loop in the PrintPageRange function. The function 
loops through the set of pages, from the first page to last 
page, sets the printPageOpen variable to TRUE, and 
calls the PrOpenPage toolbox function with the printer 
port. If no error has yet been reported, it calls the Print­
PageOfDoc function in the document object (i tsDoc­
ument), sets the printPageOpen variable to FALSE, 
and calls the PrClosePage toolbox function. The forego­
ing actions are executed repeatedly until either the PrEr­
ror function returns a nonzero result or the specified 
number of pages have been printed. 

h. After printing is complete, the PrintPageRange function 
sets the printDocOpen variable to FALSE, calls the 
PrCloseDoc toolbox function, sets the macPrintPort 
printer port variable to NULL, determines whether the 
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printout was spooled to an external file by testing the 
print record's prJob. bJDocLoop field, calls the PrPic­
File toolbox function to initiate hard copy printout of 
the spooled output, calls the ClosePrintMgr function to 
terminate the print operation, and, finally, calls the 
DonePrinting function of the document object (its­
Docurnent), which, in turn, calls the DonePrinting func­
tion of the text pane (i tsMainPane). 

7. When the DoCommand function of the CDocument class 
regains control, the printout will have been accomplished. At 
this point, the function tests whether the application has been 
factored. If so, it calls the SendPrint function, which sends an 
Apple event to its own application, specifying that a Print 
operation has been requested, but also telling the application 
not to execute the operation. This is for the benefit of any 
other application that is recording the user's events, so that 
the print operation can be "played back" at a later time. 

What we haven't yet covered in the foregoing steps is how each 
page of the document is printed. In the inner loop, we indicated 
that the PrintPageOfDoc function is called to print each page of 
the document. That function calls the PrintPage function of the 
main pane object (itsMainPane), which, in this case, is the 
CEditText object. 

The PrintPage function of the CEditText class substitutes the 
printer port for the port in the Text Edit Record (TERec) and 
then tests whether the output is to be clipped to the page bound­
ary (clipPAGE). If so, then the view rectangle is resized to the 
width and height of the printer's page and the PrintPage function 
of the CAbstract Text base class is called. 

The PrintPage function is inherited by the CAbstractText class 
from the CPanorama class. That function is called with the page 
number, page height, page width, and a pointer to the current 
CPrinter object. The function prints each page as follows: 

1. The GetPageArea function of the CPrinter object is called 
with the page number and a pointer to where the rectangular 
coordinates corresponding to that page are to be stored. 

2. After the coordinates for the page within the panorama have 
been calculated, the ScrollTo function is called to position the 
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top-left corner of the pane to be printed at the top-left corner 
of the panorama. 

3. The page area's coordinates are then converted to window 
coordinates and are stored into both the cPageArea CPane­
class variable and the local qdArea variable. Then the 
DrawAll function is called to draw the specified area into the 
current port (which is now a printer port). The DrawAll 
function was described in Chapter 7, in the section tided 
"Handling Update Events," beginning on page 301. The core 
operation in the DrawAll function is to call the Draw func­
tion for the pane-just as the Draw function is called to draw 
the pane when it is being displayed on the screen. 

Other than the functions that execute before and after the draw­
ing operation, there is little difference between drawing to the 
screen and drawing to the printer, at least as far as your program is 
concerned. 

Printing an Offset Pane 

Figure 12-1 
An offset scrolling text 
pane view 

In some cases, you will want to design a window in which the 
pane to be printed is offset from the top and/or left edge of the 
window. This is illustrated in Figure 12-1. 

The Soul 
of an Icon 

Icons have a long histoq :irt 
= cul tnre. They have been 
used to identify evetytliing 
from deities to computer 
progmms. 

Offset 
There is a long history of the 
use of the icon in our culture. 
Its use with computers was 
first popularized in the Apple 
Maci ntos h user i nte rface. 

We have come to acknowledge 
that icons can be used to 
provide visual identification 
of a particular computer 
program or ib associated 
files. 

The design of di stinctive icons 
has become a particularly 
specialized art, requiring the 
talents of an accompli shed 
graphic arti st to create a 

The foregoing figure shows a view called Offset that has a picture 
of a particular item in its upper-left corner, an item tide, a brief 
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description of the icon, and then a scrolling text field that is in­
tended to contain a more comprehensive description of the item. 
The programmer's intention here is to allow the user to print the 
contents of the scrolling text field, which is assigned to the its -

MainPane variable in the program. 

If we do nothing, the text will be printed offset from the left edge 
of the printed page by the amount that the scrolling text field is 
offset from the left edge of the window. This is usually not what is 
wanted. 

If you recall from our discussion of the PrintPage function on 
page 457, I mentioned in step 2 that the ScrollTo function was 
called to scroll the pane to be primed to the top-left corner of the 
panorama. In this case, the CEditText (scrolling text) field is the 
panorama, and so the ScrollTo function merely positions the text 
with its first line at the top-left corner of the scroll pane. 

In order to print the text, beginning at the top-left corner of the 
printed page, we need to move the entire pane so that it is physi­
cally positioned at the top-left corner of the window. To do this, 
we need to override the AboutToPrint function in our CMain 
(CDocument-derived) class, move the CEditText panorama to 
the window's corner, print the pane, and then override the Done­
Printing function to move the pane back to where it was originally 
positioned. It should be mentioned that the user will be unaware 
of the pane's movement, because the display port will still show it 
in its original position while the printout (or print spooling) func­
tion is in progress. The code for the AboutToPrint override func­
tion is as follows: 

void CMain::AboutToPrint (short *firstPage, short *lastPage) 
{ 

II call the base class function first, 
II before moving the current pane. 
x_CMain: :AboutToPrint (firstPage, lastPage); 

II then save the pane's current horizontal 
II and vertical origin values and move 
II the pane. 
saveHOrigin = itsMainPane->hOrigin; 
saveVOrigin = itsMainPane->vOrigin; 
itsMainPane->Offset (hOrigin, vOrigin, FALSE); 

The saveHOrigin and saveVOrigin variables are defined as 
member variables in our CMain.h header file. They will hold the 
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original value of the horizontal and vertical components of the 
scrolling text pane (i tsMainPane). The Offset function moves 
the pane by subtracting the specified offset values from the origi­
nal hOrigin and vOrigin values. It also adjusts the origin of 
the pane's enclosure (the scroll pane) by the same amount in each 
direction. 

At this point, the pane is positioned correctly to be drawn at the 
top-left edge of the printed output. When the printout is com­
plete, we override the DonePrinting function to reverse the offset 
procedure, as follows: 

void CMain: :DonePrinting () 
{ 

II call the base class function and then 
I I move the pane back where it belongs . 
x_CMain::DonePrinting(); 
Offset (-saveHOrigin, -saveVOrigin, TRUE); 

Note in the foregoing that we have negated the values of the saved 
origin values, when the Offset function negates these, it will move 
the pane (and its enclosure) in a positive direction, back to its 
original position. 

Printing a Secondary Window's Contents 

We have been talking about printing the contents of a particular 
pane in the main window up to this point. Our description of the 
methodology of printing a window's main pane should make it 
clear that the document's CPrinter object (i tsPrinter) and the 
main pane (i tsMainPane) are securely bolted into the printing 
code. Fortunately, it is fairly simple to use the same code to print 
the contents of other windows by overriding the DoCommand 
function and handling the cmdPageSetup and cmdPrint com­
mands in the window's director. The code to perform this task, as­
suming that the Offset window shown in Figure 12-1 1s a 
secondary window for the document, is as follows: 

void COffset::DoCommand (long theCommand) 
{ 

switch ( theCommand) 
{ 

case cmdPageSetup: 
case cmdPrint: 
{ 
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try_ 
{ 

((CMain *)itsSupervisor)->AboutToPrintSubDirector( 
itsMainPane, itsPrinter); 

x_COffset: : DoCommand ( theCommand) ; 
((CMain *)itsSupervisor)->DonePrintingSubDirector(); 

} 
catch,_all_ () 
{ 

( (CMain *) i tsSupervisor) ->DonePrintingSubDirector () ; 
throw_same_ () ; 

) 
end_try_ 
break; 

} 

default: 
{ 

x_COffset: : DoCommand ( theCommand) ; 

The foregoing code uses the AboutToPrintSubDirector and 
DonePrintingSubDirector functions inherited from the CDocu­
ment class to save and restore the itsPrinter and itsMain­
Pane variables. The document's copies of those variables are saved 
into the savePrinter and savePrintPane variables when 
the AboutToPrintSubDirector is called, replacing the document's 
variables with the specified values. When the DonePrintingSub­
D ire cto r function is called, the original values of the 
itsPrinter and itsMainPane are restored. The code is exe­
cuted in a try block because it is possible for a failure condition 
to occur, and we want to make sure that the original values of the 
document's variables are restored in that case. 

Drawing and Printing Summary 

This chapter described the methodology of the TCL in implement­
ing drawing and printing operations. In general, printing is han­
dled by the same Draw function that handles drawing to the 
screen. There are a few more complexities to the printing process, 
however, and these are described in terms of the additional actions 
taken by the TCL to implement the appropriate behavior. 

Printing a pane whose left and/or top edges don't coincide with 
the corresponding edges of the enclosing window is handled by 
shifting the pane prior to printing, and then shifting it back into 
its original position after printing is complete. 
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Printing of the contents of multiple windows requires that the 
AboutToPrintSubDirector class to be used to save the main docu­
ment's i tsMainPane and i tsPrinter pointers, substitute 
pointers to the corresponding objects for the window to be 
printed, and then restore the original main document's pointers. 
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Chain of command, THINK Class Library, 5-7 
ChangeSize function, events, 317 
Checkboxes, 271-272 
ChoiceMenu settings, pop-up menus, 273 
Choices menu, pop-up menus, 274 
Chores, 437-444 

CTearChore class, 441-444 
idle-time, 438-441 
inheritance diagram, 437 
MoveToCorner function, 443 
Perform function, 443 
periodic, 438-441 
summary, 448 
TearOffMenu function, 443 
TornOff function, 443 

types of, 437-438 
urgent, 438, 441-444 

Class libraries 
defined, 1 
THINK. See THINK Class Library 

Class references, ForceClassReferences function, 33-35 
Clear command, text fields, 293 
CList class template expansion, Object 1/0, 400-401 
Clone event, Apple Events, 413-414 
Close event, Apple Events, 414 
Close functions, events, 321-323 
Close Wind override function code, Business Account 

view, 142 
CMain Activate override function code, Floating 

Palette view, 161 
CMaincode 

Business Account view, 125-134 
category editor dialog, 216-223 
text style modal dialog, 179-184 

CMain Deactivate override function code, Floating 
Palette view, 161-162 

CMain document derived class, creation and initial­
ization, 51-54 

CMain header files 
Business Account view, 126 
category editor dialog, 217-218 
Object I/O, 405-406 
skeleton applications, 15 
text style modal dialog, 180-181 

CMain MakeNewWindow override function code, 
Floating P;Jette view, 161 

CMain.cp, skeleton applications, 15 
CMainList class, Business Account view, 105, 135 
cmdDeleteAcct command, Business Account view, 116 
CmdDeleteCat function code, category editor dialog, 

230-231 
cmdEditAcct command, Business Account view, 116 
cmdNewAcct command, Business Account view, 116 
CmdNewCat function code, category editor dialog, 

231-233 
CmdUseCat fimction code, category editor dialog, 230 
CMyTable class, tables, 278-285 
CNewCat dialog code, category editor dialog, 234--237 
CNewCat header file, category editor dialog, 236-

237 
CNewFile dialog, code modification, 76-78 
CNewView source file, document objects, 94--98 
CNotebookUpdate structure, text style modal dialog, 

200-201 
Collaborators, described, 254--255 



Collection class. See Template and collection classes 
Commands, overview, 7-8 
Comparing objects, Apple Events, 428 
Compiler directives, Business Account view, 141 
Contents class definition, Object I/0, 398 
Contents transfer functions, Object I/O, 402 
ContentsToWindow function 

CNewView source file, 94-95 
CTextData code, 92 
NewFile function, 56-67 

Controls, 253-294 
buttons, 260-272 
pop-up menus, 272-277 
semantic events, 253-260 
summary, 294 
tables, 277-289 
text fields, 289-294 

Copy command, text fields, 293 
Copy event, 418 
Core and Miscellaneous Suite events, handling, 

413-420 
Count Elements event, 414 
CPane class variables, Object I/O creation of 

CCatTable object, 361-362 
CPanorama object, 351-352 
CScrollPane object, 354-355 
Delete CButton object, 381-382 
Edit CButton object, 373-374 
New CButton object, 377-378 
Use button, 369 

CPaneBorder class variables, Object I/O creation of 
CScrollPane object, 358-359 
Use button, 372 

CPanorama class variables, Object I/O, 361 
CPanorama class variables, Object I/O creation of 

CColorTextEnvirons object, 385 
Object I/O, 351-353 

CPcrArray template, 338-342 
functions, 341 
Object I/O, 400-401 
source code, 339-340 

CRadioControl class, buttons, 267-272 
Create Element event, Apple Events, 414 
CreateDocument function 

CMain document derived class, 50, 54 
multiple file types, 68-69 

CreateNewEntries function code, Business Account 
view, 142-144 

CreateTypedDocument function, multiple file types, 
66-68 

CRunArray class, 337-338 
functions, 339 
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CRunArray class variables, Object I/O creation of, 
364,365-366 

CSaver class, NewFile function, 54-56 
CSaver_CMain.cpp, Object I/O, 387 
CScrollPane object, Object I/O, 353-359 
CSettings code, dynamic modeless dialogs, 246-

250 
CSimpleSaver class, Object I/O, 402-407 
CSitchboard objects, foundations, 27 
CSizeList class, text style modal dialog, 173-17 4 
CStream class templates, Object 1/0, 393-394 
CTextData 

header file, 83 
source file, 83-94 

CTextEdit panorama, NewViewwindow, 79-81 
CTextEnvirons class variables, Object I/O creation of 

CPanorama object, 385-386 
CScrollPane object, 357-358 
Delete CButton object, 384 
Edit CButton object, 376 
New CButton object, 380 
Use button, 371 

CTextEnvirons object, Object I/O, 363-364 
CTextSettings structure, text style modal dialog, 

179-180 
CTools constructor function code, Tear-off Menu 

view, 168-169 
CTransaction class, 135-139 

header file, 135-137 
Cursors in iterator objects 

CArray class, 332-334 
CVoidPtrArray class, 336-337 

Custom views, drawing, 450-452 
Cut command, text fields, 293 
Cut event, 418 
CView class variables, Object I/O creation of 

CCatTable object, 362-363 
CDialog object, 349-350 
CPanorama object, 352-353 
CScrollPane object, 355-356 
Delete CButton object, 382 
Edit CButton object, 374 
New CButton object, 378 
Use button, 369-370 

CView DispatchClick function, buttons, 266 
CVoidPtrArray class, 336-337 

functions, 337. 338 
looping through with iterators, 336 
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CWidgets 
Constructor function code, 159-160 
DoCommand function code, 162-163 

CWindow class variables, Object 1/0, 349 
CWindow Dispatch Click function, buttons, 266 

D 
Data, transferring to/from windows, 395-396 
Data Contents class, Object 1/0, 389-393 
Data management, document objects, 58-63 
Data objects, saving and restoring, 387-402 
Dawdle function, events, 298 
Deactivate events, 305-309 
Deactivate override function code, Floating Palette 

view, 161-162 
Default documents, document objects, 49-57 
DelCategory function 

CArray class, 330 
category editor dialog, 219 

Delete Account command, Business Account view, 
123-124 

Delete CButton object, Object 1/0, 380-384 
Delete event, 415 
Dialogs, 171-252 

category editor, 208-241 
code generation, 73-74 
dynamic modeless, 241-250 
file types, 69-73 
summary, 250-252 
text style modal, 171-208 

Direct objects, accessing, 420-422 
DisableButtons function code, category editor dialog, 

230 
Disk inserted events, 301 
DispatchApp function, Apple Events, 412 
DispatchOick functions 

buttons, 265-266 
InContent clicks, 314-315 
mouseDown events, 310-312 

DispatchEvent function, 299-31 O 
DispatchResult function, Apple Events, 429-430 
DispensePaneValues function code, text sryle modal 

dialog, 193-195 
Do Objects Exist event, 415 
DoActivate function, events, 305-307 
DoAppleEvent function 

Apple Events, 412-413 
foundations, 45-46 

DoBeginData function code, text style modal dialog, 
187-188 

DoChangeableModalDialog function, text style 
modal dialog, 197-198 

DoClick function 
buttons, 266-267 
pop-up menus, 275 
tables, 286-287 
tasks and undo/redo, 447 

DoCmdDeleteAcct function 
Business Account view, 131-133 
x_ CMain code, 121 

DoCmdEditAcct function 
Business Account view, 129-131 
x_ CMain code, 121 

DoCmdEditCat function code, category editor dia­
log, 233 

DoCmdEditCategories function code, category edi­
tor dialog, 222-223 

DoCmdNewAcct function 
Business Account view, 116, 128-129 
x_CMain code, 120-121 

DoCmdNotebook override function code, text style 
modal dialog, 182-183 

DoCommancl function 
Apple Events, 432 
Business Account view, 127-128 
Floating Palette view, 162-163 
printing, 453 
tasks and undo/redo, 445-446 
text fields, 292-294 
text style modal dialog, 182 
x_CMain code, 120 

Document objects, 49-99 
CNewView source file, 94-98 
CTextData header file, 83 
CTextData source file, 83-94 
data management, 58-63 
default documents, 49-57 
multiple documents compared to multiple 

views, 98 
multiple file types, 63-78 
Open Application events, 57-58 
single file types, 59-63 
text file input/output, 78-94 
x_CNewView header file changes, 81-82 
x_CNewView source file changes, 82 

DoDeactivatc function, events, 307-309 



DoEndData function code, text style modal dialog, 
205 

DoGetDataEvent function, Apple Events, 430-431 
DoGoodClick function, buttons, 267 
DoHighLeve!Event function, Apple Events, 411, 429 
Doldle function, events, 297-299 
DoModalDialog function code, text style modal dia-

log, 196-198 
DoMouseDown function, events, 299 
DoMouseUp function, events, 299-300 
DonePrinting function, 459 
DoNewDialog function 

adding code to, 74-75 
multiple file types, 68-69 

DoPrint function, 453, 454 
DoResume function, events, 309 
DoRevert function, CTextData code, 91-92 
DoRun function, Run function and, 38-40 
DoSave function, CTextData code, 87-88 
DoSaveAs function, CTextData code, 89-91 
DoScript event, 418 
DoSuspend function, events, 309 
DoUpdateDraw function, 449-450 
Drag function, events, 315-316 
Draw functions, custom, 451-452 
DrawAll function, events, 303-305 
DrawCell override function source code, Business 

Account view, 145-146 
Drawing, 449-452 

custom views, 450-452 
DoUpdateDraw function, 449 
Pane_Draw function, 450 
summary, 460-461 
UpdateDraw function, 449-450 

DrawSample function code, text style modal dialog, 
192-193 

Dynamic modeless dialogs, 241-250 
AcctSettings subview, 243, 244, 250 
CatSettings subview, 244 

E 

CSettings code, 246-250 
Main Settings dialog, 242, 243 
MakeNewWindow override function code, 

247-248 
ProviderChanged function code, 248-250 
x_CMain code, 245 

Edit Account command, Business Account view, 
123-124 
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Edit CButton object, Object I/O, 372-375 
Elements, Business Account view, 112-113 
End Transaction event, 418 
EndData function code 

category editor dialog, 236 
text style modal dialog, 205-207 

EndDialog function code, text style modal dialog, 
203-204 

EndTracking function, tables, 287 
Events, 295-325 

activate and deactivate, 305-309 
Apple. See Apple Events 
ChangeSize function, 317 
Close functions, 321-323 
Dawdle function, 298 
disk inserted, 301 
DispatchClick function, 314-315 
DispatchEvent function, 299-310 
DoActivate function, 305-307 
DoDeactivate function, 307-309 
Doldle function, 297-299 
DoResume function, 309 
DoSuspend function, 309 
Drag function, 315-316 
DrawAll function, 303-305 
enclosure size adjustments, 317-320 
FindWindow function, 310-325 
high-level. See Apple Events 
Idle function, 297-298 
InContent clicks, 312-315 
InDesk clicks, 311 
InDrag clicks, 315-316 
InGoAway clicks, 321-323 
InGrow clicks, 316-321 
InMenuBar clicks, 311-312 
InSysWindow clicks, 312 
InZoomin and InZoomOut clicks, 323-325 
key, 300-301 
main loop, 295-325 
mouse down, 299, 310-325 
mouse up, 299-300 
Pane_Draw function, 302-303 
ProcessEvent function, 297 
processing, 40 
processing summary, 325 
semantic, 253-260 
suspend and resume, 309 
update, 301-305 
UserResize function, 317 
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ExchangeSettings function code 
category editor dialog, 234 
text style modal dialog, 183-184 

F 
Factoring and recording support, Apple Events, 434 
File parameters, SetUpFileParameters function, 33 
File types 

dialog creation, 69-73 
multiple, 63-78 
New View dialog box, 96 
single, 59-63 

FindProcess function, Apple Events, 433 
FindWindow function, events, 310-325 
Floating Palette view, 154-163 

CMain Activate override function code, 161 
CMain Deactivate override function code, 

161-162 
CMain MakeNewWindow override function 

code, 161 
CWidgets Constructor function code, 159-

160 
CWidgets DoCommand function code, 162-

163 
MakeNewWindow function code, 160 
PICT grid resource, 157-158 
PICT image, 156 
SetUpMenus function code, 159 
view creation, 154-156 
Widgets window, 154-156 

Font lists, text style modal dialog, 17 4-175 
ForceClassReferences function, foundations, 33-35 
Format menu, text style modal dialog, 176-177 
Foundations, 11-48 

CApp Objects, 17-26 
main function, 16-17 
MakeHelpers function, 26-37 
processing events, 40 
running applications, 37-40 
skeleton application, 11-16 

Functions 

G 

See also specific functions by name 
CApplication class, 46-47 
CPtrArray class, 
CRunArray class, 339 
CVoidPtrArray class, 337, 338 

GenericAppHandler function, Apple Events, 411-413 
GenericHandler function, Apple Events, 429 

GenericResultHandler function, Apple Events, 429 
GetAETE event, 419-420 
Get Data event, Apple Events, 415-416 
Get Data Size event, Apple Events, 416 
GetBureaucrat function, Object I/O, 347-348 
GetCategory function 

CArray class, 329 
category editor dialog, 219-220 

GetCellText function code, Business Account view, 

135 
GetClassID function, Apple Events, 427 
GetContainer function, Apple Events, 428 
GetDataEvent function, Apple Events, 431 
GetDefaultType function, Apple Events, 427-428 
GetDirectObject function, Apple Events, 420-421 
GetDocTypeFromDialog function, code modifica-

tion, 75-76 
GetElementByID function, Apple Events, 425-426 
GetElementByindex function, Apple Events, 424 
GetElementByName function, Apple Events, 425 
GetElementNameDesc function, Apple Events, 431 
GetFrom function 

category editor dialog, 239 
Object I/O, 348-350 

GetObject function, Object I/O, 348 
GetObject template, Object I/O, 399 
GetView function, Object I/O, 347 
Global list border array, Business Account view, 144-

145 

H 
Handlers, Apple Event, 42-46, 410-428 
Header file changes, document objects, 81-82 

I 
I/O 

CSimpleSaver, 402-407 
Object. See Object I/O 
text file, 78-94 

!Bartender function, SetUpMenus function, 36-37 
I CAccount member function code, Business Account 

view, 141-142 
ICApp funccion, CApp class, 95-98 
I CCategories function code, category editor dialog, 228 
ICMain function 

Business Account view, 126-127 
CArray class, 328 
category editor dialog, 218 

ICMain initialization function code, text style modal 
dialog, 181 



ICNewView function, CNewView source file, 94 
Idle function, events, 297-298 
Idle-time chores, 438-441 
!Document function, CMain document derived 

class, 54 
lnContent clicks, events, 312-315 
InDesk clicks, events, 311 
Indexes, looping through CArray objects with, 331-

332 
lnDrag clicks, events, 315-316 
Information accesses, handling object, 427-428 
lnGoAway clicks, events, 321-323 
InGrow clicks, events, 316-321 
Inheritance diagrams 

radio buttons, 268 
tasks and chores, 437 

InitAppleEvents function, foundations, 42 
Initialization 

application objects, 22-26 
application skeleton, 41-42 
Business Account view, 125 
text style modal dialog, 183 

lnitMemory function, initiliazing application ob­
jects, 23-24 

InMenuBar clicks, events, 311-312 
Input/output 

CSimpleSaver, 402-407 
Object. See Object 110 
text file, 78-94 

lnsertAtlndex function, semantic events, 256 
lnstallEventHandler function, Apple Events, 43-46, 

410-411 
Instance variables, Business Account view, 124-125 
lnSysWindowclicks, events, 312 
InZoomln and lnZoomOut clicks, events, 323-325 
Is Uniform event, 418 
Iterator and collection class hierarchy, CArray class, 328 
Iterators, looping through CArray objects with, 332-334 
ltsContents pointer, Object 1/0, 399 
ltsContents variable, Object 1/0, 394 
ltsContents_ CMain.h, Object 1/0, 388, 393, 398-399 
lx_CApp function, initiliazing application objects, 

22-26 
Ix_CCategories function code, category editor dia­

log, 225-226 
Ix_CNotebook function code, text style modal dia­

log, 184-185 

J 
Justification radio buttons, text style modal dialog, 

175 

K 
Keep Tracking function, tables, 287 
Key events, 300-301 

L 
Labels, text style modal dialog, 176 
Looping through CArray objects 

M 

with indexes, 331-332 
with iterators, 332-334 

Main event loop, 295-325 
Main function, foundations, 16-17 
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Main Settings dialog, dynamic modeless dialogs, 
242,243 

Main view 
Business Accounts, 102-105 
text style modal dialog, 172-176 

main.cp, skeleton application, 16 
mainDoc radio button, NewFile dialog box, 72 
MakeDefaultSettings function code, Business Ac-

count view, 133 
MakeHelpers function, foundations, 26-37 
MakeNewWindow function 

Business Account view, 127 
category editor dialog, 226-227 
dynamic modeless dialogs, 247-248 
Floating Palette view, 160, 161 
ICApp function, 98 
NewFile function, 54-57 
Object 1/0, 344-345 
single file types, 61-62 
Splash Screen view, 152-153 
text style modal dialog, 185-187 
x_ CMain code, 119-120 

MakeWindowName function, CTextData code, 
93-94 

MapDesc function, Apple Events, 421-422 
Menu Bar editor window, Visual Architect, 13 
Menu commands, Account Menu, 115-117 
Menus 

SetUpMenus function, 35-37 
Tear-off Menu view, 163-169 
TearOffMenu function, 443 

Modal and modeless dialog summary, 250-252 
Mouse down events, 299, 310-325 
Mouse up events, 299-300 
Mouse-tracking tasks, tasks and undo/redo, 446-448 
Move event, Apple Events, 416 
MoveToCorner function, chores, 443 
Multiple documents compared to multiple views, 98 

I 

I 
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Multiple file types, document objects, 63-78 
MyAccessObject function, Apple Events, 421 

N 
Names 

GetElementByName function, 425 
GetElementNameDesc function, 431 
MakeWindowName function, 93-94 
TCLGetNamedWindow function, 345-346 

New Account command, Business Account view; 
118-119, 123 

New Account dialog, Business Accounts, 113-115, 119 
New CButton object, Object 1/0, 376-380 
New prescription with lists, Object 1/0, 397-398 
New View dialog box 

file types, 96 
ICApp function, 95-98 
Visual Architect, 64, 70, 73 

NewCat view, category editor dialog, 208-216 
NewFile dialog box 

mainDoc radio button, 72 
Visual Architect, 71, 73 

NewFile function, CSaver class, 54-57 
NewView window, CTextEdit panorama, 79-81 
Notebook contents, reading and writing, 389-396 
Notebook dialog applications, dynamic structure of, 

178 
Notebook pane, printing, 453-457 
Notebook view, text style modal dialog, 172-176 
Notify function, tasks and undo/redo, 444-445 
Notify Start Recording event, Apple Events, 417 
Notify Stop Recording event, Apple Events, 417 

0 
Object accessor functions, installing, 420 
Object 110, 343-407 

CArray class variables, 364-367 
CArrayPane class variables, 359-361, 367 
categories dialog object, 344-346 
categories list definition, 396-397 
CBureaucrat class variables 

CCatTable object, 363 
Delete CButton object, 382-383 
Edit CButton object, 374-375 
New CButton object, 378-379 
Use button, 370 

CButton objects, 367-384 
CCategories CDialog object, 384-387 
CCategories dialog object, 347 
CCatTable object, 359-367 

CCollection class variables, 365, 366 
CColorTextEnvirons class variables 

CCategories CDialog object, 385 
CScrollPane object, 356-357 
Delete CButton object, 383 
Edit CButton object, 375-376 
New CButton object, 379 
Use button, 370-371 

CControl class variables 
Delete CButton object, 381 
Edit CButton object, 373 
New CButton object, 377 
Use button, 368 

CDialog object creation and initialization, 
346-350 

CEnvirons class variables 
CPanorama object, 386 
CScrol!Pane object, 358 
Delete CButton object, 384 
Edit CButton object, 376 
New CButton object, 380 
Use button, 371-372 

CList class template expansion, 400-401 
CMain.h header file, 405-406 
Contents class definition, 398 
Contents transfer functions, 402 
CPane class variables 

CCatTable object, 361-362 
CPanorama object, 351-352 
CScrollPane object, 354-355 
Delete CButton object, 381-382 
Edit CButton object, 373-374 
New CButton object, 377-378 
Use button, 369 

CPancBorder class variables 
CScrol!Pane object, 358-359 
Use button, 372 

CPanorama class variables, 361 
CPanorama object, 351-353 
CPtrArray class template expansion, 400-401 
CRunArray object, 364, 365-366 
CSavcr_CMain.cpp, 387 
CScrol!Pane object, 353-359 
CSimpleSaver class, 402-407 
CStream class templates, 393-394 
CTextEnvirons class variables 

CPanorama object, 385-386 
CScrollPane object, 357-358 
Delete CButton object, 384 



Edit CButton object, 376 
New CButton object, 380 
Use button, 371 

CTextEnvirons object, 363-364 
CView class variables 

CCatTable object, 362-363 
CDialog object, 349-350 
CPanorama object, 352-353 
CScrollPane object, 355-356 
Delete CButton object, 382 
Edit CButton object, 374 
New CButton object, 378 
Use button, 369-370 

CWindow class variables, 349 
Data Contents class, 389-393 
defined,343 
Delete CButton object, 380-384 
Edit CButton object, 372-375 
GetBureaucrat function, 347-348 
GetFrom function, 348-350 
GetObject function, 348 
GetObject template, 399 
GetView function, 347 
itsContents pointer, 399 
itsContents variable, 394 
itsContents_CMain.h, 388, 393, 398-399 
MakeNewWindow function, 344-345 
New CButton object, 376-380 
new prescription with lists, 397-398 
PurObjectl function template expansion, 

401-402 
PutObject template, 399 
Reac!AndReleaseViewResource function, 346 
ReadContents function code, 406 
reading and writing 

categories list contents, 396-402 
files, 404-407 
notebook contents, 389-396 

saving and restoring data objects, 387-402 
summary, 407 
TCL FORCE REFERENCE, 394-395, 400 
TCLGetNamedWindow function, 345-346 
transferring data to/from windows, 395-396 
Use button, 367-384 
user interface view, 344-387 
View Info dialog, 404 
Visual Architect code generation, 387-389 
when you don't want to use, 402-407 
WriteContents function code, 406-407 
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Objects 
See also specific objects by class name 
comparing, 428 
handling information accesses, 427-428 
handling specifiers, 420-427 

Offset pane, printing, 457-459 
OK buttons, text sryle modal dialog, 175-176 
Open Application events, document objects, 57-58 
OpenDocument function 

multiple file types, 65-68 
single file types, 59-60 

OpenFile function, CTextData code, 84-86 

p 
PackageAppleEvent function, Apple Events, 412 
Pane Info settings, radio buttons, 269 
Pane Info specifications, category editor dialog, 212-

214 
Pane_Draw function 

drawing, 450 
events, 302-303 

Parameters, SetUpFileParameters function, 33 
Paste command, text fields, 293 
Paste event, 419 
Perform function, chores, 443 
Periodic chores, 438-441 
PICT grid resource, Floating Palette view, 157-158 
PICT image, Floating Palette view, 156 
Pop-up menus, 272-277 

actions, 275-276 
autoSelect property, 276 
ChoiceMenu settings, 273 
Choices menu, 274 
DoClick function, 275 
object construction and hierarchy, 272 
PopupSelect function, 275, 276 
properties, 273-274 

Position Window function, CTextData code, 92 
Preprocessor directives, Business Account view, 141 
Prescription with lists, Object I/O, 397-398 
Printing, 452-461 

AboutToPrint function, 458 
DoCommand function, 453 
DonePrinting function, 459 
DoPrint function, 453, 454 
notebook pane, 453-457 
offset pane, 457--459 
overview, 452-453 
PrintPage function, 456-457 

J 
i 
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PrintPageRange function, 454-456 
PrJobDialog function, 453-454 
secondary window contents, 459-460 
summary, 460-461 

ProcessEvent function, 297 
Properties 

Apple Event, 422-423 
button, 261-265 
pop-up menu, 273-274 
radio button, 268 
table, 278-285 
text field, 290-292 

ProviderChanged function 
Business Account view, 133-134 
dynamic modeless dialogs, 248-250 
semantic events, 257-258, 259-260 
tables, 288-289 
text style modal dialog, 198-200 

Push-pop stacks, CArray class, 334-336 
PutObjectl function template expansion, Object II 

0, 401-402 
PutObject template, Object 1/0, 399 
PutTo function code, category editor dialog, 239 

R 
Radio buttons, 267-272 

actions, 269-270 
inheritance diagram, 268 
Pane Info settings, 269 
properties, 268 
SetValue function, 270 
TellTurningOn function, 270 
TurningOn function, 270 

ReadAndReleaseViewResource function, Object 1/0, 
346 

ReadContents function code, Object 1/0, 406 
ReadData function, CTextData code, 86-87 
ReadDocument function, single file types, 60-63 
Reading and writing 

categories list contents, 396-402 
files, 404-407 
notebook contents, 389-396 

Record button, Business Account view, 108-109 
Recording and factoring support, Apple Events, 434 
Redo event, 419 
References.cp, skeleton application, 16 
References.h, skeleton application, 16 
Replying to Apple Event requests, 429-431 
Restore button, Business Account view, 109-110 
Resume events, 309 

Revert event, 419 
Run function, running applications, 37-40 

s 
Saving 

DoSave function, 87-88 
DoSaveAs function, 89-91 
and restoring data objects, 387-402 
Save event, 416 

Secondary window contents, printing, 459-460 
Select All command, text fields, 293 
Semantic events, 253-260 

BroadcastChange function, 257, 259 
BroadcastChange messages, 254-255 
CCollaborator class and its descendents, 254 
classes and code summary, 294 
defined,259 
lnserL'\tindex function, 256 
ProviclerChanged function, 257-258, 259-

260 
SetArray function, 255-256 

SendAEQuit function, Apple Events, 432 
Sending Apple Event requests, 431-433 
Set Data event, 416-417 
SetArray function, semantic events, 255-256 
SetArrayltem function, CArray class, 330 
SetCategory function 

CArray class, 330 
category editor dialog, 220 

SetSelected category function code, category editor 
dialog, 221-222 

SetUpFileParameters function, foundations, 33 
SetUpMenus function 

Floating Palette view, 159 
foundations, 35-37 
Tear-off Menu view, 168 

SetValue function, radio buttons, 270 
ShowSplashScreen function code, Splash Screen view, 

153 
Single file types, document objects, 59-63 
Size lists, text style modal dialog, 17 4-175 
Skeleton applications 

code analysis, 14-16 
creating, 11-14 
customizing, 41-46 

Skeleton code, text style modal dialog, 177-178 
SortCat function 

CArray class, 332-333 
category editor dialog, 220-221 



Splash Screen view, 150-153 
MakeNewWindow function code, 152-153 
ShowSplashScreen function code, 153 

Spreadsheets, tables, 284-285 
Stacks, push-pop, 334-336 
Style checkboxes, text style modal dialog, 175 
Suite and core events, handling, 413-420 
Suspend events, 309 
Symantec C++, skeleton applications, 11 

T 
Tables, 277-289 

actions, 285-289 
Begin Tracking function, 287 
CMyTable class, 278-285 
DoClick function, 286-287 
EndTracking function, 287 
KeepTracking function, 287 
properties, 278-285 
ProviderChanged function, 288-289 
spreadsheets, 284-285 

Tasks and undo/redo, 444-448 
DoClick function, 447 
DoCommand function, 445-446 
inheritance diagram, 437 
mouse-tracking tasks, 446-448 
Notify function, 444-445 
summaty, 448 
text style undoable actions, 445-446 
TrackMouse function, 447-448 
UpdateUndo function, 446 

TCL. See THINK Class Libraty 
TCL_FORCE_REFERENCE, Object I/O, 394-

395, 400 
TCLGetNamedWindow function, Object 1/0, 345-

346 
Tear-off Menu view, 163-169 

creating, 163-167 
CTools constructor function code, 168-169 
SetUpMenus function code, 168 

TearOffMenu function, chores, 443 
TellTurningOn function, radio buttons, 270 
Template and collection classes, 327-342 

CArray class, 327-336 
collection and iterator class hierarchy, 328 
CPtrArray template, 338-342 
CRunArray class, 337-338 
CVoidPtrArray class, 336-337 
summaty, 342 

Text fields, 289-294 
actions, 292-294 
Clear command, 293 
Copy command, 293 
Cut command, 293 
DoCommand function, 292-294 
Paste command, 293 
properties, 290-292 
Select All command, 293 

Index 475 

Text file input/output, document objects, 78-94 
Text style modal dialog, 171-208 

BeginData function code, 189-192 
CApp class custom code, 179 
CDialogText fields, 175 
CFontList and CSizeList classes, 173-17 4 
CMain class custom code, 179-184 
CMain header file, 180-181 
CNotebookUpdate structure, 200-201 
CTextSettings structure, 179-180 
DispensePaneValues function code, 193-195 
DoBeginData function code, 187-188 
DoChangeableModa!Dialog function, 197-198 
DoCmdNotebook override function code, 

182-183 
DoCommand function code, 182 
DoEndData function code, 205 
DoModalDialog function code, 196-198 
DrawSample function code, 192-193 
EndData function code, 205-207 
EndDialog function code, 203-204 
ExchangeSettings function code, 183-184 
font list, 174-175 
Format menu, 176-177 
ICMain initialization function code, 181 
initialization, 183 
Ix_CNotebook function code, 184-185 
Justification radio buttons, 175 
labels, 176 
Main and Notebook views, 172-176 
MakeNewWindow function code, 185-187 
OK and Cancel buttons, 175-176 
ProviderChanged function code, 198-200 
size list, 174-175 
skeleron code, 177-178 
style checkboxes, 175 
Update function code, 207-208 
UpdateData function code, 201-203 
x_CNotebook ProviderChanged function 

code, 198-200 

I 



476 ~Index 

Text style undoable actions, tasks and undo/redo, 
445-446 

THINK Class Library 
Apple Events, 409-433 
application foundations, 11-48 
basic structure of, 3-4 
chain of command, 5-7 
chores, 437-444 
command overview, 7-8 
controls, 253-294 
dialogs, 171-252 
document management, 49-99 
drawing and printing, 449-461 
event handling, 295-325 
factoring and recording support, 434 
foundations, 11-48 
introduction to, 1-10 
Object 1/0, 343-407 
overview, 2-3 
tasks and undo/redo, 444-448 
template and collection classes, 327-342 
views, 101-169 
Visual Architect, 8-10 
Visual Hierarchy, 4-5 

Torn Off function, chores, 443 
TrackMouse function, tasks and undo/redo, 447-448 
Transaction Terminated event, 419 
TurningOn function, radio buttons, 270 

u 
Undo event, 419 
Undo/redo. See Tasks and undo/redo 
Update events, 301-305 
Update function code, text style modal dialog, 207-

208 
UpdateData function code, text style modal dialog, 

201-203 
UpdateDraw function, 449-450 
UpdateMenus function, x_CMain code, 122 
UpdateUndo function, tasks and undo/redo, 446 
Urgent chores, 438, 441-444 
Use button, Object 1/0, 367-384 
User interface view, Object 1/0, 344-387 
UserResize function, events, 317 

v 
VA. See Visual Architect 
View Info dialog box 

Main window, CSimpleSaver, 404 
Object 1/0, 404 
Visual Architect, 64, 70 

Views, 101-169 
Business Account, 101-149 
Floating Palette, 154-163 
Main, 102-105 
Splash Screen, 150-153 
Tear-off Menu, 163-169 

Visual Architect 
foundations, 11-48 
Main window, 13 
Menu Bar editor window, 13 
multiple file types, 63-78 
New View dialog box, 64, 70, 73 
NewFile dialog box, 71, 73 
object 1/0 code generation, 387-389 
overview, 8-10 
user interface view, 344-387 
View Info dialog box, 64, 70 

Visual Hierarchy, THINK Class Library, 4-5 

w 
Widgets window, Floating Palette view, 154-156 
WindowToContents function 

CNewView source file, 95 
CTextData code, 93 

WriteContents function code, Object 1/0, 406-407 
WriteData function, CTextData code, 88-89 
Writing. See Reading and writing 

x 
X_CApp class, foundations, 22 
X_ CApp.cp, skeleton applications, 15 
X_CApp.h, skeleton applications, 15 
X_CCategories class header file, category editor dia-

log, 223-225 
X_ CMain code 

Business Account view, 119-122 
dynamic modeless dialogs, 245 

X_ CMain.cp, skeleton applications, 15-16 
X_ CMain.h, skeleton applications, 16 
X_CNewView 

header file changes, 81-82 
source file changes, 82 

X_CNotebook ProviderChanged function code, text 
style modal dialog, 198-200 

z 
Zooming, lnZoomin and InZoomOuc clicks, 323-

325 
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