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57 ABSTRACT 

A system is provided for managing code resources for use by 
client applications in a computer, wherein the computer has 
internal memory storing at least one client application. The 
apparatus comprises a resource set catalog stored in the 
internal memory. The resource set catalog identifies a plu 
rality of function sets of functions by respective function set 
IDs. Further, the resource set catalog includes set records 
which characterize the functions within the respective sets. 
A dispatch engine, in the internal memory, linked with a 
client application, supplies a particular function set ID in 
response to a call by the client application of a particular 
function which is a member of a corresponding function set 
identified by the particular function set ID. A lookup engine 
in the internal memory, coupled with the resource set catalog 
and the dispatch engine, is responsive to the particular 
function set ID to look up a set record for a corresponding 
function set in the resource set catalog. Finally, a link engine 
in the internal memory and coupled with the dispatch engine 
returns the particular function to the client application in 
response to the set record. Thus, because the link engine is 
responsive to the set record, which is not linked with the 
client, the client need not be aware of changes in the 
structure of the library in which the particular function set 
resides. Thus, the function set can be moved into and out of 
internal memory, revised, placed in different sections of 
internal memory, and otherwise handled independently of 
the client, without requiring re-compilation of the client 
application. 

52 Claims, 17 Drawing Sheets 
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Struct FunctionStubRec 

8 Virtuo Function fFunction; 
FIG. 4A ClientVTobleReck fClientVTableRec; 

FunctionStubReck fNextStubRec; 
unsigned short fFunctionID; 

; 

struct ClientVTobleRec 
: 

TLinks f0lossLinkPtr; 
long fClassSerio Number; 

FIG. 4B long foodeSeria Number; 
short fVersion; 
short fMinVersion; 
char f0lassDStr(2); 

Struct WToble 

: VToble fWTobePtr; 
VTObie fExportTable; 
TUseCount fUseCount; //"long"in size 
voidik fReserved 
ClientVTobleReck fParent CientP tr; 
unsigned short fSize; 
unsigned fParentlsVirtuo I:1; 
unsigned fFiler:1; 
unsigned fCanNewObject:1; 

FIG. 4C unsigned flsFunctionSet:1; 
unsigned fisrootC loss:1; 
unsigned fLoco ICVRsParent:1; 
unsigned f isParentVTable:1; 
unsigned f isNosterOrLost:1; 
unsigned chor fDispatcher; 
ClientVTobleReck fLoco CientP tr; 
union 
: SetupProc fSetup; 
; TRegisteredObjectsk fRegisteredObjects; 
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SYSTEM FOR OBJECT ORIENTED 
DYNAMIC LINKING BASED UPON A 

CATALOG OF REGISTERED FUNCTION 
SET OR CLASS DENT FERS 

LIMITED COPYRIGHT WAIVER 

A portion of the disclosure of this patent document 
contains material to which the claim of copyright protection 
is made. The copyright owner has no objection to the 
facsimile reproduction by any person of the patent document 
or the patent disclosure, as it appears in the U.S. Patent and 
Trademark Office file or records, but reserves all other rights 
whatsoever. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to dynamic linking of client 

applications with function sets or classes used by the client 
applications, and, more particularly, to systems for dynami 
cally linking a client application at run time with libraries of 
function sets or classes registered either before or during 
execution of the client application. 

2. Description of the Related Art 
Traditionally, an application's source files are compiled in 

object modules and then linked together with other object 
modules, generically called libraries, to form a complete 
stand-alone application. This is called static linking. A 
disadvantage of static linking is that each application that 
links with the same library routine has its own private copy 
of the routine. Most of the size of the applications comes 
from the library code linked to each application. Another 
disadvantage of static linking is that the functionality that 
the application gets from the library is fixed. If the library 
has a bug in it, the application has to be re-linked with the 
new library to get the bug fixed. 

Dynamic linking, sometimes called late binding, differs 
because the application code and library code are not 
brought together until after the application is launched. If the 
code in the library is not loaded until it is actually required, 
then this is called dynamic loading. 

If the same copy of library code being used by one 
application can be used by other applications at the same 
time, then the library is called a shared library. 

Dynamic linking of a class or function set involves 
binding code ("client application') which uses a class or 
function set to the code which implements the class or 
function set at run time. Thus, the term "dynamic' in this 
context, means "occurring at run time'. Linking entails both 
loading the code and binding imported references to 
exported implementations of the classes or function sets. 
Existing dynamic linking systems do not provide class level 
or function set level dynamic linking. Instead, the linking is 
done at the level of the individual functions which may be 
exported by a library and imported by a client. However, 
each individual function must be exported by the library and 
each function used by the client must be imported in such 
prior art systems. To complicate matters, the name of the 
functions after compilation is not the name of the same in the 
source code (i.e., C-H). Thus, the developer must deal with 
so-called "mangled' names to satisfy parameters of the 
dynamic linking systems of the prior art. 
Among other limitations, prior individual function level 

binding systems cause the implementation of a client to be 
dependent on a particular set of classes known at build time. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Thus, new derived classes cannot be added later without 
having to rebuild the client. Further, prior art dynamic 
linking systems do not provide for dynamic installation of 
the linking system itself. In some cases, after a new linking 
system is installed, the host system must be rebooted or at 
least the client application has to be restarted. 

Existing dynamic linking systems are designed to support 
procedural programming languages and do not provide 
object oriented dynamic linking. Since some object oriented 
languages are derivatives of procedural languages (e.g., CH 
is a derivative of C) these systems can sometimes provide 
dynamic linking of an object oriented language, provided 
the programmer deals with a class by the awkward approach 
of explicitly naming all members of the class. Nonetheless, 
these systems do not directly support object oriented pro 
gramming languages. 

Accordingly, it is desirable to optimize a dynamic linking 
system to object oriented programming systems involving 
class level or function set level dynamic binding. Further 
more, such system should be robust, supporting efficient use 
of internal memory, and versioning of function sets or 
classes. Finally, it is desirable to provide for dynamic 
registration of updated or new libraries, so that a client 
application need not be restarted in order to take advantage 
of new versions of its libraries. 

SUMMARY OF THE INVENTION 

The present invention provides explicit support for object 
oriented languages, such as CH, MCL, and Dylan. This 
support includes linking by class or class identifier where a 
library exports a class and a client imports a class. The client 
has access to all of the public virtual and non-virtual member 
functions of such dynamically linked classes. Also, the client 
may instantiate an object of a class which was not known at 
compile time. In this case, the client can call public virtual 
member functions using a known interface of one of the 
parent classes of a class. 
The system of the present invention employs a dynamic 

function set catalog which can be queried directly or indi 
rectly by the client. Since, ultimately, the implementation of 
a class is a set of functions, it is possible to dynamically link 
classes. The dynamic function set or class catalog is updated 
from a catalog resource when a library is registered and 
when a library is unregistered with the system. Each regis 
tered function set or class is given an identifier when 
registered. 
The system is particularly suited to object oriented pro 

gramming environments, where for a function set which 
characterizes a class; a direct catalog query by a client can 
determine for a given identifier, and the corresponding 
information in the catalog (1) whether the class is available, 
(2) the class IDs of its parent classes, (3) the class IDs of its 
derived classes, and (4) whether the class can be dynami 
cally instantiated by a class ID. These functions enable 
clients to dynamically determine the availability and com 
patibility of classes, and enable new functionality to be 
delivered in the form of new shared class libraries and added 
to a client without recompiling the client. Since all code that 
implements a class can be dynamically linked, the client is 
not dependent on the implementation of the library code. A 
library can be fixed or enhanced without having to rebuild 
the client or other libraries. This simplifies the development 
and distribution of fixes and enhancements, and is generally 
better than existing patching mechanisms. Since other 
dynamic linking systems are not aware of classes as a 
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distinct entity, the concept of class identification and class 
catalog management does not exist in these systems. 

Accordingly, the present invention can be characterized as 
a system for managing code resources for use by client 
applications in a computer, wherein the computer has inter 
mal memory storing at least one client application. The 
apparatus comprises a resource set catalog stored in the 
internal memory. The resource set catalog identifies a plu 
rality of function sets by respective function setIDs. Further, 
the resource set catalog includes set records which charac 
terize the implementation of functions within the respective 
SetS. 

A dispatch engine, in the internal memory, linked with a 
client application, supplies a particular function set ID in 
response to a call by the client application of a particular 
function which is a member of a function set identified by 
the particular function set ID. A lookup engine in the internal 
memory, coupled with the resource set catalog and the 
dispatch engine, is responsive to the particular function set 
ID to look up a set record for a corresponding function set 
in the resource set catalog. Finally, a link engine in the 
internal memory and coupled with the dispatch engine 
returns the particular function to the client application in 
response to the set record. Thus, because the link engine is 
responsive to the set record, which is not linked with the 
client, the client need not be aware of changes in the 
structure of the library in which the particular function set 
resides. Thus, the function set can be moved into and out of 
internal memory, revised, placed in different sections of 
internal memory, and otherwise handled independently of 
the client, without requiring re-compilation of the client 
application. 
The resource set catalog is characterized as containing set 

records for function sets, where a class for an object oriented 
system is a type of function set. Thus, where the term 
"function set' is used in the claims, it is intended that a 
species of function set may be a class. 
According to one aspect of the invention, the dispatch 

engine includes a dispatch record which is linked with the 
client, and stores a particular function set ID corresponding 
to a function set of which the called function is a member. 
Also, a dispatch routine is included in the dispatch engine, 
which is linked to the dispatch record and the lookup engine, 
and responsive to the call to the particular function to supply 
the particular function set ID to the lookup engine. In one 
preferred embodiment, the dispatch routine includes a first 
level dispatch segment linked to the client and to a global 
variable in the internal memory, and a second level dispatch 
segment linked to the global variable and the lookup engine. 
According to yet another aspect of the present invention, 

the dispatch record includes a function link cache and a set 
link cache. The function link cache stores a link to the 
particular function which is supplied by the link engine in 
response to the return of the particular function to the client. 
The dispatch engine includes a routine which looks at the 
function link cache for a cached link to the particular 
function and jumps to the particular function in response to 
the cached link if present. 
The set link cache stores a link to the set record for the set 

of functions including the particular function which had 
been previously called by the client. The link engine 
includes a routine that supplies the link to the set link cache 
in response to return of a particular function to the client. 
The dispatch engine includes a routine which looks in the set 
link cache for a cached link to the set record, and returns the 
set record to the link engine in response to the cached link 
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4 
upon a call to a function which is a member of the function 
Set. 

Thus, a function call can be executed quickly if the 
function link cache is full, with a medium level of speed if 
the set link cache is full, and more slowly if a catalog search 
is needed to bind the function implementation. 
The invention further provides for assignment of version 

numbers to function sets according to a standard protocol. 
The dispatch record in this aspect includes version informa 
tion linked with the client indicating a minimum version 
number supported by the client for the function set of which 
the particular function is a member. The set record includes 
a version number for the corresponding function set. The 
link engine in this aspect includes a routine which is 
responsive to the version information in the dispatch record 
and the version number in the set record to insure that the 
client supports a version of the particular function in the 
function set. 

In addition, the function sets are assigned serial numbers 
when loaded in internal memory. The dispatch record further 
includes a serial number linked with the client indicating a 
serial number of the corresponding function set when the set 
link cache is filled. The set link cache stores a pointer to a 
link structure in internal memory and the link structure 
includes a pointer to the set record having the particular 
function set ID. The set record stores the assigned serial 
number for the function set when it is loaded in internal 
memory. The link engine includes a routine responsive to the 
serial number in the set record, and the serial number in the 
dispatch record to insure validity of the set link cache entry, 
and a routine for clearing the link structure when the 
corresponding function set is loaded. 
The invention further provides for a use count record 

within the set record. The link engine in this aspect includes 
a routine to increment the use count when a client applica 
tion binds with the function set corresponding to the set 
record, and to decrement the use count when a client 
application frees the function set corresponding to the set 
record. When the function set characterizes a class, the use 
count is incremented when a constructor for the class is 
called, and decremented when a destructor for the class is 
called. Thus, using the use count, the memory management 
system can unload function sets which are not in current use 
by any active applications. 

Since a client can enumerate all derived classes of a given 
class by class ID, it can determine what classes are available 
dynamically. The set of available classes can be extended at 
run time when new libraries are registered and a client can 
instantiate a class even though it is added to the system after 
the client was launched. New classes can be copied into a 
library directory or folder in the file system at any time and 
are automatically registered, or a new folder or file can be 
explicitly registered as a library container by a client. 

Dynamic registration of libraries of function sets or 
classes is accomplished using the class catalog. Because the 
class catalog is not bound with clients, all that needs to be 
done to register a new library, is to write the appropriate 
records into the class catalog. Once the appropriate records 
are written into the class catalog, the new library becomes 
available to the new client. The procedures outlined above 
are in place to protect the client from using a version of a 
class or function set which it does not support, and for 
finding an unloaded and reloaded version of a particular 
function which it has already used. 
The invention further provides for insuring type safety of 

the dynamically linked classes and function sets by means of 
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shared library functions specifically designed to take advan 
tage of the class catalog to insure such safety. The particular 
functions include the new object function, by which a client 
application may obtain information needed to construct a 
new object using the shared library manager, with reference 
to the class ID of the new object. Thus, using a class ID, the 
library manager looks up the information about the class in 
the class catalog, and returns a constructor for the class to the 
client. The client is then able to call the constructor, even if 
it did not know at the time it was written or compiled about 
the class. 

In addition, the library manager provides a verify class 
routine, by which a client application may verify the parent 
of a particular derived class for type safety. Finally, a cast 
object routine is provided, by which a client may cast an 
instance of a particular object as a parent class object. This 
routine utilizes the class catalog to return offsets within the 
particular object to the elements of the parent, even though 
the client application may not have been aware of the 
structure of the parent at the time it was written or compiled. 

Accordingly, it can be seen that the present invention 
provides a dynamic class catalog which given a class ID can 
be queried to determine whether the class is available, the 
class IDs of the parent class or classes, the class ID or IDs 
of the derived class or classes, and whether the class can be 
dynamically instantiated by class ID. When an object is 
instantiated, the library or libraries which implement the 
class and its parent classes are dynamically loaded. An 
object can be instantiated by a client which had no knowl 
edge at compile time of the class of the object. If such client 
was compiled with the interface of a parent class of the 
object, then the object can be used as if it were an instance 
of the parent class. 
The system is particularly suited for object oriented 

dynamic linking which enables dynamic library registration, 
dynamic inheritance, and on-demand type-safe dynamic 
instantiation of objects by class identifier. 

Other aspects and advantages of the present invention can 
be seen upon review of the figures, the detailed description, 
and the claims which follow. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic diagram of a computer system 
implementing the shared library manager of the present 
invention. 

FIG. 2 is a schematic diagram of the resource set catalog 
used according to the present invention. 

FIG. 3 is a diagram of the data structures involved in the 
dynamic binding of the present invention. 

FIGS. 4A-4C provide the "C" language definition of the 
stub record, client VTable record and class VTable records 
according to a preferred embodiment. 

FIGS. 5A and 5B provide a flowchart for the basic 
dispatching architecture used with the shared library man 
ager of the present invention. 

FIGS. 6A, 6B, and 6C provide a flowchart for the GET 
CLASS VTABLE RECORD step 112 of FIG. 5B. 

FIG. 7 is a schematic diagram of the library registration 
function, and organization. 

FIG. 8 is a flowchart illustrating the operation of the 
dynamic registration routine using the structure of FIG. 7. 

FIGS. 9A and 9B illustrate a new object routine executed 
by the shared library manager. 
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6 
FIG. 10 illustrates a variant of the new object routine used 

when type safety is desired to be verified. 
FIG. 11 is a flowchart for a verify class routine executed 

by the shared library manager. 
FIG. 12 is a flowchart for a cast object routine executed 

by the shared library manager. 
FIG. 13 is a flowchart for a GetClassInfo routine executed 

by the shared library manager. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A detailed description of preferred embodiments of the 
present invention is provided with respect to the figures. 
FIGS. 1-13 provide a high level overview of enabling 
various aspects of the present invention. A detailed descrip 
tion with references to segments of the source code follows 
a description of the figures. 

FIG. 1 shows a computer system in which the present 
invention is loaded. The computer system includes a host 
CPU 10 which includes a plurality of registers 11 used 
during execution of programs. The CPU is coupled to a bus 
12. The bus communicates with an input device 13 and a 
display 14 in the typical computer system. Further, non 
volatile memory 15 is coupled to the bus 12. The non 
volatile memory holds large volumes of data and programs, 
such as libraries, client applications, and the like. A high 
speed memory 16 is coupled to the bus 12 for both data and 
instructions. The high speed memory will store at least one 
client application 17, a shared library manager 18, shared 
library manager global variables at a predetermined address 
space within the memory 16, exported libraries 20, and other 
information as known in the art. 

According to the present invention, when a client appli 
cation is compiled, a number of items are provided within 
the application. These items include a stub record, stub code, 
a library manager interface, a client VTable record, and a 
first level dispatch routine. The shared library manager will 
include a library builder routine, a resource set catalog, a 
second level dispatch routine, class VTable records for 
registered libraries, a lookup function, and a link function. 
As mentioned above, the resource set catalog provides 

information for function sets or classes which are available 
to a client. The stub record points to the clientVTable record 
within the client. The first level dispatch routine uses infor 
mation in the client WTable record to call the second level 
dispatch routine. The second level dispatch routine calls the 
lookup function to find information about the called function 
in the resource set catalog. That information is provided to 
a link engine in the form of a class VTable record which 
links the client to the particular function that it has called. A 
particular protocol for using these features of the client and 
the shared library manager are described below with refer 
ence to FIGS. 5 and 6. 
The implementation of the resource set catalog, also 

called a class catalog herein, is shown in FIG. 2. A class 
catalog is a record 30 which includes a first field 31 which 
stores a number indicating the number of exported classes in 
all the library files which have been registered with the 
catalog 30. Next, the catalog includes an array 32 which 
stores class information records, one per exported class. The 
class information record in the array 32 consists of a 
structure 33 which includes a number of parameters. This 
structure includes a first field 34 named library which points 
to the library in charge of the code for the particular class or 
function set. A second field 35 stores a class serial number 
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which is unique for each instance of the class; that is, it is 
incremented on registration of the class. 
A next field 36 stores a VTable record pointer which is the 

pointer to the VTable record for this class. A next field 37 
stores a class ID, which is a class identifier for the class. A 
next record 38 stores the parent class ID. This is the class ID 
for a parent of this class. Next, a plurality of flags are stored 
in field 39 which are defined in more detail below. A next 
field 40 is a class link pointer. This points to a link structure 
forestablishing a link with the client VTable record. Field 41 
stores a version parameter indicating a version of the class 
implementation. 
The class information record is loaded from a library 

resource having a structure described below with reference 
to FIG. 8. 

FIG. 3 schematically illustrates the records used for 
dynamically linking a function call in a client to a class or 
function set. The figure is divided generally along line 50. 
Where elements above line 50 are linked with the client 
during compile time, and elements below line 50 are linked 
with the shared library manager. Thus, the client includes a 
stub record 51 which provides a function link cache for a 
pointer to the implementation of the called function, and a 
pointer 52 to a client VTable record 53. The client VTable 
record stores the class identifier, for the class or function set, 
and a class link pointer providing a set link cache. The class 
link pointer 54 points to a link structure 55 which stores a 
pointer 56 to a class information record 57 in the class 
catalog. The class information record includes a pointer 58 
to the class VTable record 59. The class VTable record 
includes a pointer 60 to the actual VTable of the class, and 
a pointer 61 to an export table for non-virtual functions. 

If the class link pointer 54 is null, then a lookup function 
is called which accesses the class catalog 62 to look up the 
class information record 57 for the corresponding function. 
If that function is registered, then the class information 
record 57 is supplied, and the class VTable record 59 may be 
retrieved. 
The figure also includes a schematic representation of a 

load engine 64. The load engine is coupled with the class 
information record 57. If the class corresponding to the class 
information record is not loaded at the time it is called, then 
the load engine 64 is invoked. When the information is 
moved out of longterm storage into the high speed internal 
memory, the class information record 57 and class VTable 
record 59 are updated with the correct pointers and values. 
FIGS. 4A, 4B, and 4C respectively illustrate the actual 

'C' definitions for the stub record, clientVTable record, and 
class VTable record according to the preferred implemen 
tation of the present invention. Details of these structures are 
provided below in the description of a preferred embodi 
ment. They are placed in these figures for ease of reference, 
and to illustrate certain features. It can be seen that the client 
VTable record (FIG. 4B) includes version information (fVer 
sion, fMinVersion) which indicates a current version for the 
function set or class to which the class link pointer is linked, 
and the serial number (fclassSerialNumber) for the same. 
The class information record 57 of FIG. 3 also includes 
version information for the currently loaded class for a 
function set, and the serial number for the currently loaded 
class or function set. These fields are used for insuring 
version compatibility between the client and the currently 
loaded library, as well as validity of the link information. 
The class VTable record 59 (FIG. 4C) also includes a use 

count parameter (fuseCount). The use count parameter is 
incremented each time a class is constructed, and decre 
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8 
mented each time a class is destructed. When the use count 
returns to zero, the class or function set is freed from internal 
memory. 

FIGS. 5A and 5B provide a flowchart for the basic 
implementation of the run time architecture. The algorithm 
begins by a client application calling a class constructor or 
a function by name (block 100). The stub code, generally 
outlined by dotted line 90, in the client with a matching 
name refers to the linked stub record (block 101). The stub 
code then tests whether the stub record includes the address 
for the constructor or function in its function link cache 
(block 102). If it does, then the stub code jumps to the 
address (block 103). This is the fastest way in which a 
function may be executed. 

If the stub record did not include a valid cached address 
for the function, then the stub code calls a first level dispatch 
routine (block 104). 
The first level dispatch routine is generally outlined by 

dotted line 91. The first step in this routine is to load a 
pointer to the library manager interface in the client in a host 
register (block 105). Next, the offset to the second level 
dispatch routine is read from the SLM global variables in 
internal memory (block 106). Next, the second level dis 
patch routine is jumped to based on the offset read in block 
106 (block 107). 
The second level dispatch routine is generally outlined by 

dotted line 92. The second level dispatch routine begins by 
pushing pointers for the client library manager interface and 
stub record onto the stack (block 108). Next, a lookup 
function is called for the class catalog (block 109). 
The lookup function is generally outlined by dotted line 

93. The first step in the lookup function is to take the stub 
record and library manager interface for the client (block 
110). Using the information, the lookup function retrieves 
the class identifier for the named class or function set from 
the client VTable record (block 111). Next, the class VTable 
record (a set record) is retrieved based on the class ID (block 
112). This step can be accomplished using the class link 
pointer for cached classes or function sets, or requires a 
lookup in the class catalog. Once the class VTable record is 
found, a link engine, generally outlined by dotted line 94, 
executes. The first step in the link engine is to get the 
function array pointer from the class VTable record (block 
113). Next, the array is searched for the particular called 
function (block 114). Next, a pointer to the function is stored 
in the stub record for the client providing a function link 
cache value (block 115). Finally, the function pointer is 
returned to the second level dispatch routine (block 116). 
The second level dispatch routine then cleans up the process 
and jumps to the function (block 117). 

FIGS. 6A, 6B, and 6C provide a flowchart for the step of 
block 112 in FIG. 5B, which returns a class VTable record 
in response to the class ID. Thus, the algorithm begins by 
taking the class ID as input (block 150). 

Using the class ID, the class catalog object is called which 
first compares the class serial number in the client VTable 
record to a global start serial number maintained by the 
shared library manager. The shared library manager insures 
that all serial numbers of valid clients are at least greater 
than the global start serial number. 

If this test succeeds, then the algorithm loops to block 152 
where it is determined whether the class link pointer in the 
clientVTable is null. If it is null, then the algorithm branches 
to block 161 in FIG. 6B. However, if the pointer is not null, 
then the class record is retrieved based on the information in 
the link pointer. 
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After retrieving the TClass record, the class serial number 
in the clientVTable is compared with the same in the TClass 
record. If they do not match, then the algorithm branches to 
block 161. If they do match, then the library record TLibrary 
for the class is retrieved from the information in TClass 
(block 155). The library record indicates whether the 
VTables for the class are initialized (block 156). If they are 
not, then the algorithm branches to block 162. If they are 
initialized, then the "code' serial number in the client 
VTable is compared with the same in the library record 
(block 157). If they do not match, then the algorithm 
branches to block 162. 

If the code serial numbers match, then the class VTable 
record is returned in response to the information in the 
TClass record (block 158). 

After retrieving the class VTable record, the class VTable 
record use count is incremented as well as the library use 
count (block 159). After block 159, the algorithm is done, as 
indicated in block 160. 

FIG. 6B illustrates the routine for handling the branches 
from blocks 152, 154, 156, and 157. For branches from 
blocks 152 and 154, this routine begins with block 161 
which calls a lookup class function to get the TClass record 
from the class catalog (block 161). After retrieving the 
TClass record, the class VTable record is retrieved in 
response to the information in TClass (block 162). Next, the 
class VTable record use count and library use count are 
incremented (block 163). The class VTable record is 
reviewed to determine whether it includes pointers to the 
VTable and the export table for the class (block 164). If there 
are pointers, then the algorithm is done (block 165). If not, 
then a set up function is called to initialize the class VTable 
record (block 166). The setup function is described in FIG. 
6C. This algorithm begins with an access to the library 
record to determine whether the code is loaded (block 167). 
If the code is loaded, then the library use count is incre 
mented (block 168). If the code is not loaded, then the 
library is loaded, and its use count incremented (block 169). 

After either block 168 or 169, the client VTable record is 
retrieved from the library, and the pointer to the class VTable 
record is retrieved (block 170). The pointer taken from the 
client VTable record in the library is used to get the class 
VTable record (block 171). Next, the cache links in the client 
VTable record in the client, and the same in the loaded 
library, and the cache links in the TClass record are updated 
with information about the class VTable record (block 172). 
Finally, the algorithm is done (block 173). 

FIG. 7 is a schematic diagram of the structure for the 
library's files which can be dynamically registered in the 
class catalog. The library files are normally stored on disk 
200. These library files are registered in an extensions folder 
201 which is graphically illustrated on the user interface of 
the device, such as the MacintoshTM computer. The exten 
sion folder includes a number of management files 202, and 
a plurality of library files 203,204, 205. The library files are 
all registered in the class catalog. The library files having a 
file type “libr' 206 include a number of segments, including 
code resources 207, a dictionary "libr' resource 208, and 
dictionary “libi' resource 209. The code resources 207 
include the library code segments such as classes and 
generic function sets. The dictionary "libr' resource 
describes the library. Dictionary "libi' resource fists libraries 
which this library depends on. The dictionary "libr' resource 
208 is shown in more detail at block 210. This resource 
includes a library ID field 21 which is the character string 
identifying the library. A second field 212 in the structure 
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10 
210 identifies the code resource type. A third field 213 
identifies the template version number for the library file. A 
fourth field 214 identifies the version number of the library, 
which is maintained according to a standard protocol by the 
developers of the libraries. The next field 215 stores a 
plurality of library flags. The next field 216 identifies the 
number of elements in an exported class information array 
217. This information array 217 includes one record per 
exported class in the library. Each record includes a class 
identifier 218, class flags 219, a version number of the 
current version of the class 220, a minimum version number 
for the backward compatible version number for the class 
221, a number 222 which indicates the number of elements 
in the following array 223 of parent class IDs. The army 223 
of parent class IDs includes the identifier of each parent of 
the class. The information in this resource 210 is used to 
create the class information records for the class catalog 
upon registration of the library. 

FIG. 8 illustrates the basic algorithm for dynamically 
registering libraries using the structure of FIG. 7. 
As indicated at block 300, the operating system desig 

nates a special folder such as Extensions folder 201 in FIG. 
7, and applications may designate additional folders for 
registered libraries. 
The Library Manager intercepts operating system calls 

which indicate a file has been copied or moved. Then it is 
determined whether the file subject of the call is in the 
special folders or one of the additional folders (block 301). 

If a new file is found, then it is determined whether the 
new file is a shared library resource. If it is, then library is 
registered in the class catalog by providing information to 
fill the TClass records for the classes in the class catalog 
(block 302). If a library has been moved out of the folder, 
then the library manager will leave it registered until it is no 
longer in use. After it is no longer in use, then it is moved 
out of the class catalog (block 303). 
The shared library manager also provides functions which 

are linked to the clients, and allow them to take advantage 
of the class catalog for various functions. Particular routines 
include a new object routine which is described with refer 
ence to FIGS. 9A and 9B, a variant of the new object routine 
shown in FIG. 10, a verify object routine shown in FIG. 11, 
a cast object routine shown in FIG. 12, and a GetClassInfo 
routine shown in FIG. 13. 

As indicated in FIGS. 9A-9B, the new object routine 
takes as input the class identifier for the new object and an 
indication of a memory pool for allocation of the object 
(block 320). Using this information, it is determined whether 
the memory pool has actually been allocated for the object. 
If not, then the pool is allocated (block 321). Next, a lookup 
class function is called in the class catalog to get the TClass 
object for the identified class (block 322). Next, flags 
maintained in the TClass object indicate whether the new 
object routine is supported for the particular class (block 
323). If it is supported, then it is determined whether the 
TClass record for the class is associated with a library other 
than the root library. If it is a root library class, then it is 
guaranteed to be always loaded, and the use content is 
incremented (block 324). 

If the class is associated with a library other than a root 
library, a load function is called to either load the library and 
then increment the use count, or if the library is already 
loaded then just increment the use count (block 325). 

Next, the TClass object is used to retrieve the class 
VTable record (block 326). Using the flags in the class 
VTable record, it is determined whether the new object 
routine is supported for the class (once again) (block 327). 
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Next, the size of the object is determined from the class 
VTable record, and memory of that size is allocated to the 
pool (block328). Next, a pointer to the allocated memory is 
retrieved (block 329). The library manager requires that the 
second slot in the export table for classes in the library 
contain a pointer to a constructor for the class. Thus, the 
pointer for the constructor is retrieved from the export table 
location indicated in the class VTable record (block 330). 
Using the constructor pointer, the constructor is called which 
places an object in the allocated memory (block 331). 

Next, the use count is decremented by one to balance the 
use count (block 332). This is required because the load 
function step of block325 increments the use count, as does 
the calling of a constructor in block 330. Thus, the decre 
menting of the use count is required for balancing the use 
counts. After the decrementing of use count in block 332, 
then the algorithm is done (block 333). Thus, a client is able 
to obtain and call a constructor for a class of which it was 
not aware at compile time. 

FIG. 10 illustrates a variant of the new object routine 
which has better type safety. In particular, if the client is 
aware of the parent of the new object to be created, then the 
variant of FIG. 10 can be called. The variant of FIG. 10 takes 
as input the parent identifier for the parent of the class, the 
class ID of the new object to be created, and the memory 
pool allocation parameters (block 340). Next, a verify class 
function which is described with respect to FIG. 11 is called 
to insure that the identified class is derived from the iden 
tified parent (block 341). If this verification is successful, 
then the new object routine of FIGS. 9A and 9B is called for 
the identified class (block 342). (See Appendix, TLibrary 
Manager::NewObject (two variants)). 

FIG. 11 illustrates the verify class routine called in block 
341 of FIG. 10. Also, this routine is available to the clients 
directly. The verify class routine begins by taking the class 
ID of the base class and of a derived class (block 350). Next, 
the lookup class function of the class catalog is called to get 
the TClass record for the derived class (block 351). The 
TClass record for the derived class will include a list of 
parent classes. This list is reviewed to determine whether the 
identified parent class is included (block 352). If the parent 
class is found, then the algorithm is done (block 353). If the 
parent class is not found, then go to the TClass record of 
each parent of the derived class in order. The list of parents 
for each parent is reviewed to find the identified parent class, 
following this recursion to the root class. The algorithm ends 
when the parent is found, or the root class is reached. (See 
Appendix TLibraryManager::VerifyClass and :: internal 
VerifyClass). 

If there is more than one immediate parent in the list of 
parents for the TClass record, then a case of multiple 
inherency is found. In this case, the parent class hierarchy 
must be reviewed to insure that at least one parent appears 
as a virtual base class (block 355). If the identified parent in 
the call of verify class is not found as a virtual base class, 
then it is determined not related to the derived class for the 
purposes of this function. 

FIG. 12 is a flowchart for a cast object routine executed 
by the shared library manager and linked to the clients by the 
required structure of the objects of the shared library man 
ager environment. Using this function, a client can cast an 
object of a derived class as a parent class object, even though 
it may not have been aware of the structure of the parent at 
the time it was compiled. This algorithm takes as input a 
pointer to the object and an identifier of the parent class 
(block 400). Next, the class of the object is determined based 
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12 
on the required structure of the object (block 401). This 
structure involves placing the pointer to the VTable as the 
first dam member in the object. Also, the first slot in the 
VTable is a pointer to the VTable record of the shared library 
manager. 

Using the class ID of the object determined from the class 
VTable record, and the parent ID provided when cast object 
was called, the verify class routine is then called (block 402). 
If the verify class succeeds, then it is determined from the 
class VTable record of the object, whether single or multiple 
inheritance is the case is found (block 403). 

If a case of single inheritance, then the algorithm is done 
because the offsets are determinate in that case (block 404). 
If a case of multiple inheritance is encountered, then the 
correct offsets are found within the object to the data of the 
parent class (block 405). This can be determined based on 
the place of the parent class in the hierarchy of parent classes 
found in the TClass records. (See Appendix TLibraryMan 
ager:CastObject and ::interact CastObject). 

GetClassInfo is a member function of TLibraryManager, 
or a non-member function is provided which calls gLibrary 
Manager->GetClassInfo for you. Given a class id which 
specifies a given base class and an error code pointer it 
returns a TClassInfo for the given class if the class is 
registered in the class catalog. The TClassInfo can then be 
used to iterate over all of the derived classes of the given 
base class. If the class is not registered or an error occurs 
GetClassInfo returns NULL. (See Appendix, TLibraryMan 
ager:The GetClassInfo). 
The GetClassInfo algorithm is shown in FIG. 13. It 

involves the following: Steps: 
1. Call the LookupClass function with the classid. If this 

returns a pointer that is not NULL then we know that the 
class is registered with the class catalog. If it returns NULL 
then set the error code to kNotFound and return NULL for 
the function return value (block 500). 

2. Using the flasses field of folassCatalog, which is a 
TCollection class instance, call the CreateIterator function. 
If the iterator cannot be created then return NULL for the 
function return value and set the error code to 
kOutOfMemory (block 501). 

3. Create a TClassInfo instance and set the filterator field 
to the iterator returned in step 2. Set the fBaseGlassID field 
to the given classid. If the TClassInfo cannot be created then 
return NULL as the function return value and set the error 
code to kCutOfMemory (block 502). 

4. Call the Reset function of the iterator to re-start the 
iteration. Return the TClassInfo as the function return value 
and set the error code to kNoError (block 503). 
The functions of TClassInfo which include using the 

TClassInfo instance returned by GetClassInfo:: 

virtual void Reset(); 
virtual void Next(); if safe to cast to TClassID 

or char 
virtual Boolean 

// TClassInfo methods 
IterationCompleteC) const; 

TCasso GetClass(); 
Boolean GetClassNewObjectFlag() const; 
Boolean GetClassPreloadFlag() const; 
size it GetClassSize() const; 
TLibrary* GetLibrary() const; 
TLibraryFile:* GetLibraryFile() const; 

GetVersion() const; 
GetMinVersion() const; 

unsigned short 
unsigned short 

Copyright Apple Computer 1991-1993 
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Data members of TClassInfo include: 

TCass) fBaseClassID, 
TCass) fClassID: 
TLibrary* fLibrary; 
TLibraryFile:* fLibraryFile; 
unsigned short fVersion, 
unsigned short fMinVersion; 
Boolean fNewObjectFlag, 
Boolean fPreload Flag; 
Boolean fFunctionSet Flag; 
Boolean fFiller; 
size it fSize 
TIterator fIterator; 
TCass fClass, 

Copyright Apple Computer 1991-1993 

Reset-starts the iteration over from the beginning. 
Next-gets the next derived class in the list. 
IterationComplete-returns true if Next has been called for 

all derived classes of the given base class. 
GetClassID-returns the class id of a derived class 

(fclassID). 
GetClassNewObjectFlag-returns true if the class id 

returned by GetClassID can be used to create an object 
using the NewObject function. 

GetClassPreloadFlag-returns true if the class is preload 
flag is set to preload the class implementation at boot 
time. 

GetClassSize-returns the size of the data structure for an 
instance of the class. 

GetLibrary-returns the TLibrary for the class. 
GetLibraryFile-returns the TLibraryFile for the class. 
GetVersion-returns the current version of the class. 
GetMinVersion-returns the minimum compatible version 

of the class. 
The algorithm for TClassInfo includes the following 

steps. 
1. When the TClassInfo is created the fBaseGlassID field 

is set to the classid passed to GetClassInfo, the fiterator field 
is set to a class catalog iterator which iterates the TClass 
records registered in the class catalog, and f(lass is set to the 
TClass for the class corresponding to fBase0lassID. 

2. The function Next sets the data members f(lassID, 
fLibrary, flibraryFile, fVersion, fMinVersion, fNewObject 
Flag, fEunctionSetFlag and fSize. It gets this information 
from the next TClass record, using the filterator, which has 
the desired "is derived from' relationship of the class given 
by fBaseClassID. 

3. The "getter” functions listed above return the informa 
tion in the corresponding data member of TIterator. 

4. The first time the getter functions are called, or after 
Reset is called, the information returned is for the fBase 
ClassID class itself. 

Source code for the cast object, verify class, new object 
and get class info routines is provided in the Appendix. Also, 
the Appendix provides selected class interfaces and func 
tions which may be helpful in understanding a particular 
implementation of the present invention, when considered 
with the detailed description of the run-time architecture 
which follows. 
A more detailed description of a particular implementa 

tion of the shared library manager is provided below with 
reference to a code written for the MacintoshTM computer. 
Overview 
The Shared Library Manager (SLM) described herein 

provides dynamic linking and loading facilities for the 68K 
Macintosh. The system can be adapted to any platform 
desired by the user. SLM provides dynamic loading, a.k.a. 
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14 
on-demand loading, both for procedural programs and for 
CH programs. This is different from the traditional 
approach of launch-time loading, also referred to as "full 
transitive closure', which means that all required libraries 
are loaded and relocated at once when an application is 
launched. 
SLM provides procedural programming support for 

exporting and importing functions from C, Pascal, Assem 
bler, or any language with compatible calling conventions. 
In addition, SLM provides extensive support for exporting 
and importing C-H classes, with an emphasis on providing 
the dynamic features which are fundamental to building 
extensible applications and system components for Macin 
tosh. 

Shared libraries can be installed at any time and called in 
a transparent fashion. There is no dependency when building 
a client on where the libraries that it uses are, what the 
filename(s) are, or how many of them may eventually be 
used during a session. The libraries are loaded and unloaded 
dynamically based on use counts. The SLM takes care of all 
of the details of binding and loading, and the client only has 
to know the interfaces to the classes and functions that it 
Wants to lSe. 
SLM provides facilities for instantiating objects by class 

name, for enumerating a class hierarchy, and for verifying 
the class of an object or the class of a class. 
Basis of the Architecture 
The architecture for SLM is based on the 68K run-time 

architecture and the MPW tools architecture. A build tool, 
for the SLM takes an exports file (exp) and an MPW object 
file (.o) as input and generates a library file. It does this by 
processing these files and then calling the MPW linker to 
finish the job. 

For C-H libraries, SLM is based on the MPW/AT&T 2.1 
CFront v-table dispatching model. Development tools must 
generate v-tables compatible with this model. In particular, 
we assume that the first entry in the v-table is not used 
SLM uses it to point to class "meta-data'. 
SLM also requires the v-table pointer to be the first data 

member in an object in order for certain functions to work. 
Since these functions do not know the class of the object 
(their job is to find out the class) they can only find the class 
meta-data via the v-table pointer if it is in a known place in 
the object. 

It is theoretically possible for SLM to support more than 
one dispatching model, however for interoperability it 
would not be desirable to have more than one model. A 
dispatching agent could arbitrate between different dispatch 
ing models or even different calling conventions which 
would introduce considerable run-time overhead. It would 
be possible for different dispatching models to co-exist and 
yet not interoperate. 
SLM and 68K libraries support both single (SI, Single 

Object rooted) and multiple inheritance (non-SingleCbject 
rooted) classes. 
A development tool wishing to support the SLM in a 

non-MPW environment will need to generate a libr' 
resource, a set of code resources, and optionally, a "libi 
resource, a shown in FIG. 7. The jump table resource is not 
modified at build time-it is a normal model far jump table. 
It is modified by SLM at load time but the build tools don't 
need to be aware of this. The glue that does 32-bit relocation 
and the data initialization glue are code libraries statically 
linked into the library initialization segment. 

Shared libraries have a jump table resource ('code 0) plus 
an initialization code segment ("code 1) plus at least one 
implementation segment ("code 2 and up). If more than one 
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library is in a library file then the resource type for each set 
of code resources must be unique (usually "cdO1', 'cd02 
etc.). 
Library resource-Specifies the type of the "code' resources, 
and the classes and function sets exported by this library. Of 
course, the resource ID for each libr' resource in a file must 
be unique. 
Jump Table resource-Always present in the file, present in 
memory only if-Segunload option is used to SLMBuilder. 
Note that NoSegunload is the default. 
Initialization code segment resource-Only contains code 
linked to % A5Init or A5Init segment and used at initializa 
tion time, must not contain any other code unless -Segun 
load option is used to SLMBuilder. 
Implementation code segment(s)-Contains any implemen 
tation code for the library, including the CleanupProc if any. 
Often libraries will have only one implementation segment 
although there is no harm in having more. Implementation 
segments are numbered 2 and up. 
When the SLM loads a library, the jump table resource is 

loaded, plus the initialization segment. After initialization 
this segment is released-it will not be needed again unless 
the library is unloaded and then reloaded. 

If the "NoSegunload' option is used (NoSegunload 
option to LibraryBuilder is the default) then all code seg 
ments are loaded. The jump table plus the relocation infor 
mation generated for each segment is used to relocate the 
jump table based addresses in the code to absolute addresses 
pointing to the target function in the target code resource. 
The jump table resource is then released. When using this 
option the library should normally have only one implemen 
tation segment but this is not a requirement. 

If the "Segunload' option is used (Segunload option to 
LibraryBuilder) then the implementation segment is loaded, 
plus any segments designated preload (preload resource bit 
can be set on a per-segment basis from a statement in ther 
file), or all segments are loaded if a library itself is desig 
nated preload (preload flag in the Library descriptor). Each 
jump table based reference in the code is relocated to point 
to the absolute address of the jump table entry. The jump 
table is modified to contain pc-relative jsr instructions 
instead of segment loader traps. The jsr goes to the SLM 
segment loader entry point just before the jump table (in the 
32 byte gap). This limits the size of the jump table to 32K, 
which should not be a problem since libraries should not be 
huge bodies of code-library files can easily have multiple 
libraries in them if packaging is an issue. It is a jsr and not 
a jmp since the segment loader uses the return address, 
which now points to the last two bytes of the jump table 
entry, to compute which segment is to be loaded. At load 
time the SLM moves the segment number information out of 
the jump table entry to an array following the jump table. 
This is due to the fact that the jsr pc relative takes 2 more 
bytes than the original segment loader trap. Note that all the 
machinations on the jump table are transparent to a tool 
developer. 
A segment is loaded when a jump table (t) entry is called 

and the jump table is then modified to contain an absolute 
jump for all jt entries for that segment. When segments are 
unloaded, the pc relative jsr is put back in the jump table for 
each entry for that segment. 
The data segment based addresses (the "global world”, 

i.e. what would have been A5 based) are relocated to the 
absolute address of the data. 
Building a Shared Library 
Any application, extension, driver, or other stand-alone 

code resource on the Macintosh can use shared libraries. Of 
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16 
course, a client can also be another shared library. A shared 
library can import and export functions or classes. A non 
library client (for brevity, an "application”) can only import 
functions or classes. An application can sub-class an 
imported class, but it cannot export a class. This is a minor 
limitation since an application can contain shared libraries as 
resources in the application itself, or register a special folder 
containing shared libraries that are effectively part of the 
application. 
The Shared Library Manager accomplishes it's sharing by 

examining and modifying the object file destined to become 
a shared library. It generates several source and resource 
files that are then used to create the shared library and to 
provide clients with linkable "stubs' to gain access to the 
functions and classes in the shared library. In the sections 
which follow, we will examine each of these files. 
Dispatching Architecture 

First and foremost of the files generated by the SLM 
LibraryBuilder tool is the file Shared LibTemp.stubs.a. This 
is an assembly language file that contains the stubs for all of 
the functions that are exported. Exported functions fall into 
five categories. They are: 1) function set function; 2) class 
constructor; 3) class destructor; 4) class virtual functions; 
and 5) class non-virtual functions. There is a separate 
dispatching function for each of these classifications, and the 
stubs are generated slightly different for each. Each one will 
be examined in detail shortly. For the purposes of explaining 
the architecture, an exported function in a function set will 
be used. 

For each dispatching function, there are 5 parts. The first 
two parts are supplied by the build tool, and are unique for 
each function. The other 3 parts are supplied by the SLM. 
The first part is a structure called a stub record (see FIG. 

6). 

stbSample RECORD EXPORT 
IMPORT CVRExampleFSet:Data 
DCL O 
DCL CVRExampleFSet 
DCL 
DCW 
ENDR 

g 
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The stub record contains 2 fields used internally by the 
Shared Library Manager (the first and third fields in the 
example shown above). The second field is a pointer to the 
ClientVTableRec. The ClientVTableRec is a structure (see 
FIG. 6) that is linked with the application that has all of the 
information that the SLM needs to dynamically find and 
load the function set or class referenced by the stub. 

This is the 'C' definition of the ClientVTableRec: 

TLinks f0lassinkPtr; 
long fClassSerialNumber, 
long fCodeSerial Number, 
short fVersion, 
short fMinVersion; 
char fClassIDStr2); 

}; 

Copyright Apple Computer 1991-1993 

The folassLinkPtrfield contains information used by the 
SLM to cache the link to the internal TClass object which 
contains all of the information known about the class or 
function set. The two serial number fields are used to insure 
that the cached information is still valid (if the library 
unloaded and a new version of a class or function set in the 
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library was dragged into a registered folder, any cached 
information is invalid). The version number fields contain 
information about the version number of the class or func 
tion set that your application (code resource, extension, etc.) 
linked with, and the f(lassIDStir field contains the actual 
ClassID of the class or function set so that it can be found 
in the SLM catalog. 
The last field in the stub record is an index. It tells the 

SLM which entry in the function set VTable contains a 
pointer to the desired function. 
Most stub dispatching comes in 3 speeds-very fast, fast, 

and slow. Very fast dispatching occurs when you have 
already used the function before. In this case, the first field 
of the stub record contains the address of the actual function, 
and can be called immediately. If you have never called this 
function before, then a dispatching stub is called which 
causes the SLM to examine the ClientVTableRec. If you 
have already used another function in this same class or 
function set, then the ClientVTableRec already contains 
cached information as to the location of the tables containing 
the function addresses. In this case, your stub is updated so 
that the address of the function is cached for next time, and 
the function is then called. If the ClientVTableRec does not 
contain cached information, then the SLM must look up the 
class or function set by the ClassID stored in the Cli 
entVTableRec, load the library containing the class or func 
tion set if it is not already loaded, update the cached 
information in the ClientVTableRec, update the cached 
information in the stub, and then finally call the function. 
The second part of the dispatching mechanism is the 

actual stub code that a client links with: 

O 

15 

25 

30 

18 
calis a first dispatching called 

SLM11FuncDispatch (or one of the other 4 variations of 
this function). 

This function is the third part of the dispatching code: 

level function 

SLM 1 1 FuncDispatch PROC Export 
move. S2B6,al 
move.I S10C(a1),al 
move.I SLMGlobal.fStubHelp + 16(al),al 

IF MODEL = OTHEN 
move.I gLibraryManager, d0 

ELSE 
move.I (gLibraryManager).L.,d0 

ENDIF 
jmp (al) 
ENDP 
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The first two instructions fetch the SLM globals. The 
SLM stores it's global information in a low-memory struc 
ture known as the ExpandMemRec (location S2B6 in the 
Macintosh contains a pointer to this structure). The SLM 
global information is stores as a pointer at offset $10C in this 
structure. One of the fields in this structure contains a vector 

of dispatch functions. This dispatcher uses the 5th element 
in the vector to dispatch through (this is the vector to 
dispatch functions in function sets). 
The code for this dispatching function (and the other four 

variations) are supplied in LibraryManager.o. and Library 
Managern.o, so clients can link with it. 

Sample PROC EXPORT 
IMPORT stbSample:Data 

IF MODEL = OTHEN 
lea stbSample,aO Get the stub record into ao 

ELSE 
lea ( stbSample).L.a.0 

ENDF 
move. (aO),d0 ; Get the cached function address 
beqs G1 ; Not cached - do it the hard way 
nove.I d0,a.0 ; Get address into ao 
jmp (aO) , and jump to it 
IMPORT SLM 1 1 FuncDispatch 

G1 
IF MODEL = OTHEN 

jmp - SLM l l FuncDispatch ; More extensive dispatching needed 
ELSE 

jmp ( SLM 1 1 FuncDispatch).L 
END 
IFMACSBUG c THEN 

ES 

DC.B S80, S06 
DC.B Sample 
DCW O 

ENDIF 
ENDP 
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Normally two (or maybe four) versions of the stub are 
assembled-one in model near (MODEL=0), and one in 60 
model far (MODEL=1). There may also be debugging 
versions generated with Macsbug symbols for each (MACS 
BUG=1). 

Notice that the first thing that the stub does is to check 
whether the first field of the stub record is non-zero. If it is, 
it just jumps through the pointer stored there. Otherwise, it 

65 

The fourth part of stub dispatch is the second level 
dispatching function that is stored in this vector: 

SLMFuncDispatch PROC Export 
move. 1 d0,-(sp) , Push the library manager 
move. 1 ao,-(sp) , Push the stub record 
move. dO,a0 ; Put TLibraryManager into a?) 
move.1 200a0),a0 ; Get the class catalog 
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-continued 

move.1 a0,-(sp) 
move.1 (a0),a0 
move.1 CatVTable.LookupFunction(a(0),a0 
jsr (a0) ; Call the LookupFunction method 5 
lea 12(sp),sp ; Drop parameters 
move.1 d0,a0 ; Get the function 
jmp (aO) ; Call it 

Copyright Apple Computer 1991-1993 

This dispatcher calls a function in the TClassCatalog 0 
object, which is the fifth and final part of stub dispatch. A 
partial declaration for TClassCatalog follows. 

#define kTClassCatalogID "Sccat, 1.1" 
typedef ClientVTableRec CVR; 
typedef FunctionStubRec FSR; 
typedef void (*VF)(void); 
typedef VTable VFL ); 
class TClassCatalog : public TDynamic 

virtual 
If 

TClassCatalog(); 
-TClassCatalog(); 

// These first functions are here for backward compatibility with 
If SLM 1.0 
If 
if COMPAT10 

virtual WR Execidestructor(CVR) const; 
virtual WR ExecConstructor(CVR, size tidx) const; 
virtual WR ExecVTableEntry(CVR*, size tidx) const; 
virtual WR ExecExportEntry(CVR*, size tidx) const; 
virtual void ExecFunction(FSR*, TLibrary Manager') const; 
virtual VR ExecRootDestructor(CVR) const; 
virtual WR ExecRootConstructor(CVR, size tidx) const; 
virtual WR ExecRootVTableEntry(CVR*, size t idx) const; 
virtual WR ExecRootExportEntry(CVR, size t idx) const; 

fiendlif 
virtual WF LookupFunction(FSR*, TLibraryManager); 
virtual WTableRec 
virtual WTableRec 

virtual WTableReck 

virtual WTableRec 

if COMPAT10 
virtual WTableRec 

fiendlif 
virtual WTableRec 
virtual WTableRec 
virtual WTableRec 
virtual OSErr 

virtual Boolean 

GetVTableRecMemory(size t num) const; 
InitlVTableRec(VTableRec, ProcPir setupProc, 
CVR* client) const; 

InitVTableRec(VTableRec, VTable vTable, 
VTable exportTable, CVR* parent, 
long size, char) const; 

InitVTableRec(VTableRec", VTable exportTable, 
char) const; 

GetGenVTableRec(CVR) const; 

LookupVTableRec(CVR* theClient) const; 
GetVTableRec(CVR, Boolean issub) const; 
ReleaseVTableRec(CVR) const; 

InitibraryManager(TLibraryManager**, long", 
size it poolsize, 

ZoneType theZone, 
MemoryType theMemType); 

CleanupLibraryManager(TLibraryManager*); 
virtual WF GetDestructor(FSR*, TLibraryManager) const; 
virtual WF GetConstructor(FSR*, TLibraryManager, 

Boolean issub) const; 
virtual WF GetVTableEntry(FSR*, TLibraryManager') const; 
virtual WF GetExportEntry(FSR*, TLibraryManager') const; 
virtual WTableRec 

}; 
GetParentVTableRec(CVR) const; 

20 
This fifth and final dispatch routine does the actual finding 

of the class, and storing of any cached values. 
In the code examples that follow, code and structures that 

have a bold header and trailer is code that must be generated 
by a build tool in order to create a shared library. Code that 
is not in bold is shown only for reference. 
Generating Function Set Code 
To import a function a client has to include the interface 

file when compiling (in C, the .h file), and link with client 
object file (cl.o or .clin.o) provided by the library developer. 
The client object file contains the client stubs for the 
functions that the client calls. 
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There are five routines in the TClassCatalog, correspond 
ing to each of the five dispatch methods. They are: 1) 
LookupFunction; 2) GetConstructor; 3) GetDestructor; 4) 
GetVTableEntry; and 5) GetExportEntry. 

It is not necessary that any generated code know vitable 
offsets into the class catalog. These offsets are known by the 
vectorized dispatch code. In fact, the dispatch code was 
vectorized specifically so that offsets in the TClassCatalog 
could change without causing recompilation of clients. 

60 
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Consider the following example function set which is 
exported by the ExampleLibrary. 

This is the FunctionSet declaration in the exports file 
(ExampleLibrary.exp): 
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FunctionSet ExampleFSet 

II 
f/We could use the following export line, but we want all exported 
I/functions from the library to be exported, so we say nothing 
If 
Il exports = Hello, extern HelloC, pascal extern HelloPascal, Goodbye, 
If pascal GoodbyePascal, TExampleClass::Test, 

id=kExampleFunctionSet; 
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These are the prototypes from the interface file (Exam 
pleLibrary.h): 

char Hello(ulong&); 
char Hello(ulong*); 
extern "C" char HelloC(ulong); 
ulong Goodbye(); 
pascal Pir HelloPascal (ulong& theHelloTicks); 
pascal ulong GoodbyePascal(); 
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Function Set Function Dispatching (Stubs) 
The build tool, LibraryBuilder, generates stubs to be 

linked with the client for each FunctionSet function exported 
by a given library. 
A stub is generated for each function. Here is the stub 

record and the stub that is generated for the "HelloC' 
function (in SharedLibTemp.stubs.a): 

stbHelloC RECORD EXPORT 
IMPORT CVRExampleFSet:Data 
D.C.L. O 
D.C.L. CVRExampleFSet 
DC.L O 
DC.W 3 
ENDR 

HelloC PROC EXPORT 
IMPORT stbHelloC:Data 

F MODEL = OTHEN 
lea stbHelloC,a0 

ELSE 
lea ( stbHelloC).Lao 

ENDIF 
move. (a(0), d0 
beqs G1 
move. dOaO 
jmp (aO) 
IMPORT SLM l l FuncDispatch 

G 
F MODEL = OTHEN 

jmp SLM 1 1 FuncDispatch 
ELSE 

jmp ( SLM 1 1 FuncDispatch).L. 
END 
IFMACSBUG = 1 THEN 

S 
DC.B S80, SOB 
DC.B 'stub HelloC 
DCW O 

ENDIF 
ENDP 
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This is the structure of the stub record in C: 

struct FunctionStubRec 

VirtualFunction function; 
ClientVTableReck f0lientVTableRec; 
FunctionStubRec fNextStubRec; 
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-continued 

unsigned short fFunctionID; 
; 
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When the stub is called, it first checks to see if the address 
of the function is already cached. If So, it jumps immediately 
to the function. Otherwise, it jumps to the function dis 
patcher ( SLM11 FuncDispatch) with the stub record as a 
parameter in register A0. The stub dispatcher then obtains 
the address of the actual dispatching code from a low 
memory global set up when SLM was originally loaded, and 
it jumps to that code. This extra indirection allows SLM the 
flexibility to modify the function loading and dispatching 
mechanism without affecting client code (since clients are 
linked with the SLM11FuncDispatch code). 

This is the function dispatcher that is linked with the 
client. 

SLM 1 FuncDispatch PROC Export 
move.I S2B6,al 
move. S10C(al),al 
move. SLMGlobalfStubHelp + 6(al),al 

IF MODEL = OTHEN 
move. gLibraryManager, d0 

ELSE 
move.I gLibraryManager).L.,dO 

ENDF 
jmp (al) 
ENDP 
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This is the actual function dispatcher that is linked with 
the Shared Library Manager for reference: 

SLMFuncDispatch PROC Export 
move.I do,-(sp) ; Push the library manager 
Inovel aO,-(sp) , Push the stub record 
move.I dO,a0 ; Put TLibraryManager into a0 
GetClassCatalog a0 ; Get the class catalog into ao 
move.I aG),-(sp) ; Push it 
Inove.I (ao),aO ; Get the WTable 
move. CatVTable. LookupFunction(a(0),aO ; Get the 

function 
jsr (aO) ; Call it 
lea 12(sp),sp ; Pop the parameters 
move.I dOa0 ; Get the function address 
jmp (aO) ; jump to it 
ENDP 
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The CatVTable. LookupFunction is a call to the TClass 
Catalog::LookupFunction method. 
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A ClientVTableRec is generated per function set (to be 
linked with the client in SharedLibTemp.stubs.a): 

CVRExampleFSet RECORD EXPORT 
DC.L 0, 0, 0 
DCW SO100 
DCW S0000 
DC.B 'appl:examSExampleFSet', 0 
ENDR 
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Function Set Function Dispatching (Initialization) 
The initialization code is generated in two files: 

SharedLibTemp...initia and SharedLibTemp...init.c. Most of 
the generated code is in "C", but for each class or function 
set, a ClientVTableRec is generated which is put into the 
assembly file. It is possible to put the ClientVTableRec 
definition in "C" (the inline "C"-string makes it a little more 
challenging, but it can be done), but we chose to leave it in 
assembly. Strictly speaking, if your initialization code is 
going to link with your stub library, a ClientVTableRec does 
not need to be generated for initialization, but it makes 
things easier just to generate one as a matter of course. 
The vector table is generated into SharedLibTemp.Initic 

(to be linked with the library): 

typedef void (*ProcPtr)(void); 
ProcPtr vtbI ExampleFSet = 

0, II First entry is normally 0 
(ProcPtri)Hello FRUI, 
(ProcPtr)Hello FPUI, 
(Proctr)HelloC, 
(ProcPtri)HELLOPASCAL, 
(ProcPtr)Goodbye Fv, 
(ProcPtr)GOODBYEPASCAL, 
(ProcPtri)Test 13TExampleClassSFUI, 
(ProcPtri)Test 13TExampleClassSFPc, 
0, 
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The SLM allows functions to be exported by name, as 
well. If any functions are exported by name, one more 
structure is created. Assuming that the HelloC routine and 
the GOODBYEPASCAL routine were to be exported by 
name, the following extra code would be generated: 

static char Str. Sample 2 = "HelloC"; 
static char Str. Sample 2 ) = "GOODBYPASCAL"; 
char SampleNameStruc ) = 
{ 

(char)-1L, 
(char)-1, 

Str. Sample 1, 
(char)-1L, 

Str. Sample 2, 
0 
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Any slot corresponding to a function that is not exported 
by hame is filled with a (char)-1L. A slot with a NULL (0) 
pointer terminates the list of names. A pointer to this list of 
names is stored in the first entry of the vector table: 

ProcPtr vtbl ExampleFSet = 
{ 

(ProcPtr)SampleNameStruc, 
(ProcPtr)Hello. FRUI, 
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24 
-continued 

(ProcPtri)Hello FPUI, 
(ProcPtri)HelloC, 
(ProcPtri)HELLOPASCAL, 
(ProcPtri)Goodbye Fv, 
(ProcPtri)GOODBYEPASCAL, 
(ProcPtri)Test 13TExampleClassSFUI, 
(ProcPtri)Test 13TExampleClassSFPc, 
0, 
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An initialization function is generated for each function 
Sct. 

First, let's show you the header generated for the initial 
ization file (generated in SharedLibTemp.init.c): 

typedef struct ClientVTableRec 
{ 

long 11, 
long 12; 
long 13; 
short w; 
short v2; 
char name); 

ClientVTableRec; 
void Fail(long err, const char msg); 
extern void* gLibraryManager, IIA convenient lie? 
extern void pure virtual called(void); 
typedef void (*ProcPtri) (void); 
typedef struct mptr short o; short i, ProcPtr func, mptr; 
typedef ProcPtr VTable; 
typedef void (*SetupProc)(void*, unsigned int); 
typedef void* (*InitlVTableRec)(void*, void*, SetupProc, 

ClientVTableRec); 
typedef void* (*InitVTableRec)(void*, void*, VTable, VTable, 

ClientVTableReck, unsigned int, char); 
typedef void* (*GetVTableRec)(void*, ClientVTableRec", 

unsigned char); 
typedef void* (*ReleaseVTableRec)(void*, ClientVTableRec'); 
typedef void* (*InitExportSet) (void*, void*, VTable, char); 
typedef void* (*GetVTableMemory)(void*, unsigned int); 
#define Get ClassCatalog (gLibraryManager 5) 
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Now the SVR (SVR stands for Setup VTableRec) func 
tion (generated in SharedLibTemplinit.c): 

#pragma segment A5Init 
void SVRExampleFSet(void* vtRec, unsigned int vitRecSize) 

register ProcPtr toCall; 
void** catalog = GetClassCatalog; Il Get Class Catalog 
void** ctVTable = *catalog; // Get it's VTable 
If 
II Get pointer to 22nd entry, which is InitExportSet 
A function 
I 
toCall = (ProcPtr)ctVTable(22); 
If 
Il Call it with the following parameters: 
if 1) The pointer to the class catalog 
If 2) The vitable record pointer passed in to your function 
fl 3) A pointer to the vitable we created for the 

function set. 
If 4) A zero for future expansion 
If 
(*(InitExportSet)toCall)(catalog, 
vtRec, vibl ExampleFSet, 0); 
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The first parameter to the SVR function is known as the 
VTableRec. 
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This is the definition of the WTableRec structure. 
information is for reference only. 

This 

struct WTableRec 

WTable fVTablePtr; 
WTable fExportTable; 
TUseCount fUseOount; if "long" in size 
void* fReserved, 
ClientVTableReck fParentClient tr; 
unsigned short fSize, 
unsigned fparentIsVirtual:1; 
unsigned fFiller:1; 
unsigned fCanNewObject:1; 
unsigned fIsFunctionSet:1; 
unsigned fIsRootClass:1, 
unsigned fLocalCVRIsParent:1; 
unsigned fIsParentVTable:1; 
unsigned fIsMasterOrlast:1; 
unsigned char fDispatcher, 
ClientVTableReck fLocalClientPtr; 
union 

SetupProc fSetup; 
TRegisteredObjects fRegisteredObjects; 

, 
; 
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The VTableRec is used internally by the SLM to keep 
track of information about each function set or class. Library 
initialization code supplies all of the information the SLM 
needs to fill in the VTableRec. 
One initialization function per library is generated which 

calls the SLM to register all of the ClientVTableRecs and 
SVR functions. This example shows initialization for the 
example library, which has the function set ExampleFSet 
and the class TExampleClass. Those parts of this code that 
you would change depending on what you are initializing 
are underlined. 

#pragma segment A5Init 
void* InitVTableRecords(void) 
{ 

register ProcPtr toCall; 
void witRec; 
void* savedrec, 
void** catalog = GetClassCata 
log, 
void** ctVTable = *catalog; 
I 
II Get the pointer to GetVTableMemory, and call it, asking 
fit for memory for 2 VTableRecs (Of course, you would ask 
If for the number of VTableRecs that you need). 
If 
toCal = (ProcPtri)ctVTable 19; 
saved Rec = (*(GetVTableMemory)toCall)(catalog.2), 
II 
If Get the pointer to the InitlVTableRec method 
If 
toCall = (ProcPtri)ctVTable2O: 
I 
If Start 'vtRec' pointing to the memory that we got. 
I 
witRec = savedRec; 
f 
Il Call InitlVTableRec for our first export (a Class, 

in this 
If case). Parameters are: 
II 1) The class catalog 
If 2) The VTableRec Memory 
II 3) A pointer to the "SetupVTableRec" procedure 
H 4) A pointer to the local "ClientVTableRec" 
If The method will return a pointer to the next 
If WTableRec for use with additional initialization. 
ll. Using this method, it is not required for you to 

II Get Class Catalog 

II Get it's WTable 
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-continued 

"know” the size of a WTableRec 
H 
vtRec = ((InitlVTableRectoCall)(catalog, vitRec, 

SVRTExampleClass, 
& CVRTExampleClass); 
11 

Il Do it for the next export (a function set, in this example) 
If 
vtRec = ((InitlVTableRec)toCall)(catalog 

vtRec. SVRExampleFSet, 
& CVRExampleFSet); 
11 

II Return a pointer to the original VTableRec 
I 
return savedrec, 
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Singly-Inherited Classes (Stubs) 
This section will examine the stub creation for a C-H class 

which is singly-inherited. This includes both forms of 
vitables-SingleObject derived, and standard AT&T v2.1 
classes. Classes which are multiply-inherited (derive from 
more than 1 parent class) are handled in a separate section. 

Here is the definition of the TExampleClass (from 
ExampleClass.h) 

#define kTExampleClassID "appliexamSTExampleClass, 1.1" 
class TExampleClass : public TDynamic 
{ 

public: 
TExampleClass(); 

virtual -TExampleClass(); 
I New Methods 
virtual char GetObjectName() const; 
virtual void SetObjectName(char *theName); 
virtual void DoThisAndThat(); 
virtual void DoThat(); 
virtual void SetGlobal Int(long theValue); 
virtual long GetGlobalint(); 
If Public non-virtual function 
Il Dynamically exported by using ExportFunction 
void GetGlobalRef(long*&); 
f Public static function 
il Dynamically exported by the ExportFunction 
static Boolean Test(ulong test); 
static Boolean Test(char test), 

private: 
char *fName; 
II static gExampleClassCount counts the 

number of instances 
static long gExampleClassCount, 

; 
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Constructor Stubs 
Constructor stubs are generated for each constructor of a 

class. If the export file specifies that no constructor stubs are 
to be exported (using the noMethodStubs or noStubs flag), 
then the constructor stubs must be created in the assembly 
language portion (SharedLibTemp. Init.a) of the initializa 
tion file. This is so that use counts can be properly main 
tained for every class. 
A stub record is generated to be linked with both the client 

and the library (in SharedLibTemp.stubs...a or 
SharedLibTemp...initia, as appropriate). This record is used 
much like the record for a function set-It contains cached 
information that is used to speed up the dispatching. In 
addition, it contains the index into the "structor table' for the 
actual address of the constructor (see the class initialization 
section for information on creating this table). 
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stb ct 13TExampleClassFv RECORD EXPORT 
IMPORT CVRTExampleClass:Data 
D.C.L. O 
DC.L CVRTExampleClass ; ClientVTableRec 
DCL O 
DCW 3 ; Index into table 
ENDR 
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A constructor stub is generated to be linked with both the 
client and the library (in Shared LibTemp.stubs...a or 
SharedLibTemp.initia, as appropriate): 

ct 13TExampleClassFv PROC EXPORT 
IMPORT stb ct 13TExampleClassFv:Data 

IF MODEL = 0 
LEA stbct. 13TExampleClassFv,a0 

ELSE 
LEA (stb ct. 13TExampleClassFv).Lao 

ENDF 
IMPORT SLM11ConstructorDispatch 

IF MODEL - 0 
JMP SLM11ConstructorDispatch 

ELSE 
JMP (SLM11ConstructorDispatch).L 

ENDIF 
EF MACSBUG c 1 THEN 

rts 

DC.B 'stubct 13TExampleClassFv' 
DC.B O 
DCW O 

ENDIF 
ENDP 
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Notice that the constructor does not use any cached 
information to jump to the constructor directly. This is so 
that use counts may be updated (see the next bullet point). 

This is the constructor function dispatcher that is linked 
with the client. This is for reference only-the client should 
link with the version supplied by SLM. 
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Under normal circumstances, the bumping the use count 

of the VTableRec is all that is required, so dispatching is 
moderately fast. The only time that the more general dis 
patching mechanism needs to be invoked is if the construc 
tor has never been invoked by the current client before, and 
there are no outstanding instances of this class among all 
clients of the SLM. 
Of course, if your compiler has a different naming con 

vention for constructors, you must generate stubs that have 
the same name as the ones generated (See the initialization 
section for more information). 

This is the actual constructor function dispatcher that is 
linked with the Shared Library Manager. This is for refer 
ence only: 

SLMConstructorDispatch PROC Export 
move. d0,al ; Save the library manager in all 
moveq #ld0 

; We test the "this" pointer to see if it's NULL. If it is, then 
; the object is being "newed", so we set d0 to 0, to tell the SLM 
; that we are fetching a primary object, and not a subclass. This 
; allows the SLM a little more latitude in version matching. 

tst.l 4(sp) ; Check the "this' pointer 
bne.s G1 
moveq #0,dO 

G1 move.1 d0,-(sp) ; Push the "isSubClass" flag 
move.l al,-(sp) ; Push the library manager 
move.l a0,-(sp) ; Push the stub record 
move. 20(al),a0 ; Get class catalog from lib mgr 
move. a0,-(sp) ; Push it 
move.l (a(0),a0 ; Get it's vitable 
Ilove.l CatWTable.GetConstructor(a0),a) 
jsr (a0) ; Call the GetConstructor entry 
lea 16(sp),sp ; Drop parameters 
move.l d0a0 ; Fetch constructor address 
jmp (aO) ; Jump to it 
ENDP 

Copyright Apple Computer 1991-1993 

The CatVTable.GetConstructor is a call to the TClass 
Catalog::GetConstructor method. 

SLM11ConstructorDispatch PROC Export 
WITH FunctionStubRec 
tst.l (a0) ;Constructor pointer cached? 
beqs G2 ; No - do it the hard way 
move.l clientCVR(a0),al ; Get the ClientVTableRec 
move.) (al),al ; Get the ClassLinkPtr 
move.l 4(al),al ; Get the TClass 
move.l TClass.vtRec(al),al ; Get the VTableRec pointer 
addql #1,VTRec.useCount(al) ; Increment the use count 
beqs G1 ; Have to do the library count? 
move.I (aO),a0 ; No - go on 
jmp (a0) ; Jump to the constructor 

; Here, we have to bump the libraries use count - so we 
; call the SLMConstructorDispatch function - but first, we 
; have to back off the VTableRec use count we just incremented 

subq. 1 #1,VTRec.useCount(al) 
G2 

move.) S10C(al),al 
move. SLMGlobal.fStubHelp + 4(al),al 

IF MODEL = 0 THEN 
move.l gLibraryManager, d0 

ELSE 
move.1 ( glibraryManager).L.,d0 

ENDIF 
jmp (al) 
ENDP 

; Back off the VTableRec use count 
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Destructor Stubs -continued 
Destructor stubs are generated for the destructor of an ELSE 

exported class. If the export file specifies that the destructor LEA ( stb dit 13TExampleClassFv).L,a) 
stub are not to be exported (using the noMethodStubs or ENDIF 
noStubs flag), then the destructor stub must be created in the 5 F MERT O SLM11 DestructorDispatch 
assembly language portion (SharedLibTemp.Initia) of the JMP SLM11 DestructorDispatch 
initialization file. This is so that use counts can be properly ELSE 
maintained for every class. JMP ( SLMllDestructorDispatch).L 
The destructor stub is generated to be linked with both EcsbuG = 1 THEN 

client and library (in SharedLibTemp.stubs...a or 10 tS 
SharedLibTemp...initia, as appropriate). Note that the stub DC.B S80, S1C 
record for a destructor is slightly smaller than one for a DC.B 'stub dt 13TExampleClassFv' 
constructor or a normal function. This is because we do not DC.B O 

A. DC.W O 
need to store the index to the destructor in that table-it is ENDIF 
always two (see the class initialization section for more 15 ENDP 
information). 
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- in a set Notice that the destructor does not use any cached infor 
IMPORT CVRTExampleClass:Data mation to jump to the destructor directly. This is so that use 
DC. B: O CVRTExampleClass counts may be updated (see the next bullet point). 

; Client WTable Rec This is the destructor function dispatcher that is linked 
ES5 O with the client. This is for reference only-the client should 

dt 13TExampleClassFv PROC EXPORT link with the version supplied by SLM. The DestStub record 
F MSE'o stbidt 13TExampleClassFv:Data 2. looks just like a function stub record, except that it is one 

AT stb dit 13TExampleClassFv,a0 short shorter (it does not need the funcID field, it is known 
to be two (2)). 

DestStub Record O 
function DS.L 
clientCVR DS.L 
nextPtr DSL 

ENDR 
SLM11DestructorDispatch PROC Export 

WITH DestStub 
tstl (a0) ; Destructor pointer cached? 
beqs G2 ; No - do it the hard way 
move.l clientCVR(a0),al ; Get the ClientVTableRec 
move.l (al),al ; Get the ClassLinkPtr 
move.l 4(a),al ; Get the TClass 
move.) TClass.vtRec(a1),al ; Get the VTableRec pointer 
subq.l il,VTRec.useCount(al) ; Decrement the use count 
bni.s G1 ; Have to do the library count? 
move. (a)),a0 , No - go on 
jmp (aO) ; Jump to the destructor 

; Here, we have to bump the libraries use count - so we 
; call the SLMDestructorDispatch function - but first, we 
; have to back off the WTableRec use count we just incremented 

G1 addq.1 #1,VTRec.useCount(al) ; Back off the WTableRec use count 
G2 

move. S2B6,a 
move.l $10C(a1),al 
move.) SLMGlobal.fStub|Help(al),al 

IF MODEL = OTHEN 
move.l gLibraryManager, d0 

ELSE 
move.1 gLibraryManager).L.,d0 

ENDIF 
jmp (a1) 
ENDP 
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Under normal circumstances, the decrementing of the use 
count of the VTableRec is all that is required, so dispatching 
is moderately fast. The only time that the more general 
dispatching mechanism needs to be invoked is if the destruc 
tor has never been invoked by the current client before, and 
we are destroying the last outstanding instance of this class 
among all clients of the SLM. 

This is the actual destructor function dispatcher that is 
linked with the Shared Library Manager. This function is the 
most complex of the dispatching functions. This is because 
calling the destructor of an object can cause a library to 
unload. Unloading only occurs when SystemTask is called. 
However, if the destructor were to call SystemTask, this 
might be highly embarrassing, so we go to some lengths to 
insure that the library cannot be unloaded until we return 
from the destructor. This is for reference only: 

SLMDestructorDispatch PROC Export 
WITH SLMGlobal 
move.l d0,-(sp) ; Push the library 

manager 
move.l ao,-(sp) , Push the stub record 
move. d0,ao ; Put TLibraryManager 

into ao 
movel 20(a(0),a0 ; Get the class catalog 
move.l a0,-(sp) , Push it 
movel (a(0),a0 ; Get the destructor 
novel CatWTable.GetDestructor(aO),a0 
jsr (a0) ; Call class catalog 
lea 12(sp),sp ; Drop parameters 

; Here, we're being possibly being unloaded at the next 
; System Task. Just in case the destructor calls SystemTask, 
; we disable code unloading until the destructor is finished 
; running. We shift the stack down by 4 bytes so that we can 
, save a return address, and get returned to ourselves by 
, the destructor 

32 
-continued 

GetSLMGlobal 
addql #1, fNoSystemTask(a0) ; Keep system task 

from unloading 
5 move.l (sp),d1 ; Save return address 

move.l 4(sp),(sp) ; Shift Parm 1 
move.l 8(sp),4(sp) ; Shift Parm 2 
move.l d1,8(sp) ; Save original return 

address 
move.l d0a0 

10 jsr (a0) ; Call the destructor 
GetSLMGlobal 
subq. 1 #1, fNoSystemTask(aO) ; Let system task 

unload now 
move.l 8(sp),a0 ; Recover return address 
move.l 4(sp),8(sp) ; Put parms back where 

they belong 
15 move.l (sp),4(sp) 

addql #4,sp ; Drop return address 
slot 

jmp (a0) ; And return to caller 
ENDP 
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The CatVTable.GetDestructor is a call to the TClassCata 
log::GetDestructor method. 
Virtual Method Stubs 

25 A virtual method stub is generated for each virtual func 
tion which may be linked with the client (in 
Shared LibTemp.stubs.a), unless the client specified NoStubs 
or NoVirtualStubs in the export declaration for the class. 

30 These stubs are only used by a client that creates stack 
objects since the compiler generates a direct call when the 
dot syntax is used. The compiler is "smart” and "knows' the 
class of the object so it does not generate a v-table indirect 
call. It would be better for SLM if the compiler had an option 
to generate v-table calls anyway. 

stbCetObjectName 13TExampleClassCFv RECORD EXPORT 
IMPORT CVRTExampleClass:Data 
DCL O 
DCL CVRTExampleClass 
DCL O 
DC.W 9 , Index in WTable 
ENDR 

GetObjectName 13TExampleClassCFv PROC EXPORT 
IMPORT stbCetObjectName 13TExampleClassCFv:Data 

IF MODEL = 0 
LEA stb6etObjectName 13TExampleClassCFv,a0 

ELSE 
LEA ( stbGetObjectName 13TExampleClassCFv).LaO 

ENDIF 
move. (a)),d0 ; Is function address cached 
beqs G1 ; No - do it the hard way 
Inovel d0a0 ; Yes - get address into ao 
jmp (aO) ; and jump 

FMODEL = 0 
LEA CVRTExampleClass,ao 

ELSE 
LEA ( CVRTExampleClass).La0 

ENDIF 
IMPORT SLM11VTableDispatch 

G1 
IF MODEL = 0 

JMP SLM11 VTableDispatch 
ELSE 

JMP ( SLM11VTableDispatch).L 
ENDIF 
IFMACSBUG = 1 THEN 

ts 

EDC.B S80, $26 
DC.B 'stub GetObjectName 13TExampleClassCFv' 
DC.B O 
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-continued 

DC.W 
ENDF 

ENDP 
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Notice that for virtual method stubs, we can once again 
cache the actual address of the function and call it directly. 

This is the virtual function dispatcher that is linked with 10 
the client. 

SLM11 VTableDispatch PROC Export 
move. S2B6,a 
move.) S10C(al),al 
move. SLMGlobal.fStubHelp + 8(a1),al 

IF MODEL: O THEN 
move.1 gLibraryManager, d0 

ELSE 
move.l 

ENDIF 
imp 
ENDP 

15 

(gLibraryManager).L.,dO 2O 

(al) 
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This is the actual virtual function dispatcher that is linked 25 
with the Shared Library Manager. 

SLMVTableDispatch PROC Export 
move.1 d0,-(sp) ; Push the library manager 
move.l a0,-(sp) , Push the stub record 

34 
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move. d0,a) ; Get lib mgr into a0 
move.1 200a0),a0 ; Get class catalog from lib ingr 
move. a,-(sp) Push it 
IIlove.l (aO),a0 ; Get it's vitable 
move.) CatVTable...GetVTableEntry(a(0),a0 
jsr (ao) ; Call the GetVTableEntry entry 
lea 12(sp),sp ; Drop parameters 
move. dO.a.0 ; Fetch function address 
jmp (aO) ; Jump to it 
ENDP 
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Non-Virtual Method Stubs 
Many classes use both virtual and non-virtual functions. 

Virtual functions allow subclasses to override the behavior 
of a class, while non-virtual functions do not. SLM supports 
stubs for the non-virtual methods to be generated (generated 
automatically unless noStubs or noMethodStubs is specified 
in the export declaration for the class). Note that SLM does 
not export static methods automatically in this manner. 
Static methods should normally be exported in a function 
set, since they do not require an instance of the class to be 
in existence in order for calling the method to be valid. 
A non-virtual member function stub is generated for each 

non-virtual member function (to be linked with the client in 
Shared LibTemp.stubs.a) 

stbgetGlobalRef 13TExampleClassFRPI RECORD EXPORT 
IMPORT CVRTExampleClass:Data 
D.C.L. O 
DC.L CVRTExampleClass 
D.C.L. O 
DCW O ; Index into exptbl array 
ENDR 

GetGlobalRef 13TExampleClassFRPI PROC EXPORT 
IMPORT stbCetGlobalRef 13TExampleClassFRPI:Data 

IFMODEL = 0 
LEA stbGetGlobalRef 13TExampleClassFRPI,a0 

ELSE 
LEA ( stbQetGlobalRef 13TExampleClassFRPI).La0 

ENDIF 
move. (a0),d0 ; Is Address cached? 
beqs G1 , No - do it the hard way 
move. d0a0 ; Yes - get address into ao 
jmp (aO) ; and jump 
IMPORT SLM11ExtblDispatch 

G 
IF MODEL: O 

JMP SLM11Extblispatch 
ELSE 

JMP ( SLM11ExtblDispatch).L 
ENDF 
IFMACSBUG = 1 THEN 

Its 
DC.B S80, S26 
DC.B 'stub. GetGlobalRef 13TExampleClassFRPI' 
DC.B O 
DCW O 

ENDIF 
ENDP 
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This is the non-virtual function dispatcher that is linked 
with the client. 

SLM11ExtblDispatch PROC Export 
move.1 S2B6,a1 
move.) S10C(al),al 
movel SLMGlobal.fStubHelp + 12(al),al 

IF MODEL = 0 THEN 
move. gLibraryManager, d0 

ELSE 
move.l 

ENDIF 
jmp 
ENDP 

(gLibraryManager).L.,d0 

(al) 

Copyright Apple Computer 1991-1993 

This is the actual non-virtual function dispatcher that is 
linked with the Shared Library Manager. 

SLMExtblDispatch PROC Export 
move.1 d0,-(sp) ; Push the library manager 
move. a0,-(sp) , Push the stub record 
move.l dO,a0 ; Get lib mgr into ao 
move.l 200a0),a0 ; Get class catalog from lib mgr 
move.l a0,-(sp) ; Push it 
move.1 (aO),a0 ; Get it's vitable 
move.l CatVTable.GetExportEntry(a0),a0 
jsr (a.0) ; Call the GetExportEntry entry 
lea 12(sp),sp ; Drop parameters 
move.1 d0,a0 ; Fetch function address 
jmp (aO) , Jump to it 
ENDP 
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Static Method Stubs 

Static methods should normally be exported by function 
sets, since they are not associated with an instance of an 
object. You can export a specific static method by specifying 
"exports=<ClassName>::<StaticMethod>'' in your function 
set declaration, or you can export all static methods of a class 
by specifying "exports=staticCClassName>" in the declara 
tion. 
Singly-Inherited Classes (Initialization) 
This section will examine the initialization code for a CH 

class which is singly-inherited. This includes both forms of 
vitables-SingleObject derived, and standard AT&T v2.1 
classes. Classes which are multiply-inherited (derive from 
more than 1 parent class) are handled in a separate section. 

ClientVTableRecord for TExampleClass: 

CVRTExampleClass RECORD EXPORT 
DC.L. 0, 0, 0 
DCW SO110 
DCW SO10 
DC.B 'appliexamSTExampleClass', 0 
ENDR 
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Of course the vitable for TExampleClass is generated by 
the compiler. The symbol for it is imported (SharedLibTem 
p.init.c): 

extern ProcPtr vtibl. 13TExampleClass(); 

Copyright Apple Computer 1991-1993 
The symbols for the non-virtual member functions (in this 

case GetGlobalRef) and the constructor and destructor are 
imported. The names of the constructor and destructor have 
been mangled with a "q" to distinguish them from the stubs. 
SLM modifies the object file that contains the constructor 

and destructor so that their names are different. This forces 
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any reference to the constructor or destructor from within 
the library to also go through the stub. This is so that use 
counts can be maintained. If a library were to create an 
object, give it to the client, and have the client destroy the 
object, it would be possible for the library to unload even 
though there are outstanding references to it, since construc 
tion did not increment the use count, but destruction did. 
The stub for the constructor (the one without the "q) is 

called by NewObject. The real constructors and destructors 
(the ones with the q mangling) are in the export table so they 
can be called from the stubs. The original symbols for the 
constructors and destructors in the object file (.o file) for the 
library are "q mangled' by the LibraryBuilder tool. 

extern void ct 13TExampleClassFv(void); 
extern void dto 13TExampleClassFv(void); 
extern void ctd 13TExampleClassFv(void); 
extern void GetGlobalRef 13TExampleClassFRPI(void); 

Copyright Apple Computer 1991-1993 

Two export tables are generated. One for the constructors 
and destructors ( extbl <ClassName>) and one for non 
virtual functions ( exptbl (ClassName>). 

ProcPtr-exptbl TExampleClass = 
{ 

}; 
ProcPtr extbl TExampleClass = 

(ProcPtri)GetGlobalRef 13TExampleClassFRPI 

(ProcPtr) exptbl, TExampleClass, 
(ProcPtr) ct 13TExampleClassFv, 
(ProcPtr) dto 13TExampleClassFv, 
(ProcPtri).ctd 13TExampleClassFv 

}; 

Copyright Apple Computer 1991-1993 

Note that the first entry in the "extbl” points to the 
"exptbl”. This allows a later version of the library to have 
new non-virtual method exports and new constructors. The 
first 4 entries of the extbl are always fixed. They may be 
Zero if the corresponding table or function does not exist. 
The second entry always points to the stub for the default 
constructor (the constructor with no arguments). The third 
entry always points to the "real' destructor, and the fourth 
entry always points to the "real' default constructor. Any 
entries after the fourth are for other versions of the con 
structors, and they always contain pointers to the "real” 
version ( ctd ) of those constructors. 
The actual initialization code then needs to be generated. 

#pragma segment A5Init 
void SVRTExampleClass(void* vtRec, unsigned int VtRecSize) 

register ProcPtr toCall; 
void* cat = GetClassCatalog; 
void** ctVTable = *cat, 
void* parentVtRec; 
I 
//Initialize the VTableRec for TExampleClass 
f 
{ 

extern ProcPtr vtbl. 13TExampleClass ); 
extern ClientVTableRec CVRTDynamic; 
toCall = (ProcPtri)ctVTable21; 
f 
HCall InitwTableRec. 
If 
vtRec = (*(InitVTableRec)toCall) 

(cat, vtRec, vtbl 13TExampleClass, 
extbl, TExampleClass, & CVRTDynamic, 8, 0); 
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I 
IIIf there is a shared parent, Get it's VTableRec 
If 
toCall = (ProcPtri)ctVTable25); 
parentVtRec = (*(GetVTableRec)toCall)(cat, 
& CVRTDynamic, 1); 

IIIf there are functions inherited from the parent, let's 
Ilcopy them. For a standard AT&T V2.1 vitable format, the 
licopy code would be modified appropriately. 
If 
{ 

unsigned int idx, 
register VTable vtbl = *(VTable)parentVtRec; 
register VTable myVTable c vtbl 13TExampleClass; 
myVTable + = 2; 
vtbl + = 2; 
for (idx = 0; idx < 7, Hidx) 
{ 

*myVTable++ = *vtbl++, 
} 

Copyright Apple Computer 1991-1993 

This code does several things. The first is to initialize the 
VTableRec. The parameters to the InitVTableRec call are as 
follows: 
1) A pointer to the class catalog, obtained from the Get 

ClassCatalog macros. 
2) A pointer to the VTableRec that was originally passed in 

to your initialization function. 
3) A pointer to the vitable for the class 
4) A pointer to the export table for the class 
5) A pointer to the ClientVTableRec of the first "shared' 

parent class, looking backwards up the hierarchy. Nor 
mally, it is the ClientVTableRec of your parent class. 
However, if the parent class is not a shared class, then 
look at it's parent, and so on until you find a parent class 
that is shared. Leave this parameter NULL (Zero) if no 
parent class is shared. 

6) The size of the object, in bytes. This parameter is optional, 
and may be set to zero unless you want your class to be 
able to be instantiated with the NewObject function. If 
this is the case, you must supply the size as a negative 
number whose absolute value is the size of the object in 
bytes. 

7) The last parameter is a flag to tell the SLM about the 
VTableRec. For singly-inherited classes, only two values 
are used. NULL (or 0) indicates that the class inherits 
from SingleObject or HandleCbject and has a vitable 
format that is just an array of function pointers. A value 
of (char)-1 Lindicates that the vitable has the format of an 
AT&T V2.1 vitable, which looks like: 

typedef struct mptr 

short o, 
short i; 
ProcFir func; 

- Imptr, 
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Multiply-Inherited Classes (Stubs) 
This section will examine the stub creation for a C++ class 

which is multiply-inherited. What follows is a set of decla 
rations for several classes, culminating in the definition of 
the class TMixedClass2. These are the classes that will be 
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38 
used to demonstrate the generation of code for multiply 
inherited classes. 

#define kMMixin1ED "quin:testSMMixin1.1.1" 
class MMixinl : public MDynamic 
{ 

protected: 
MMixin (int a); 
MMixinl(); , 

virtual -MMixin(); 
public: 

virtual int. Add(inta), 
virtual int. Sub (inta); 

int fielding 

#define kMMixin2ID "quin:testSMMixin2.1.1" 
class MMixin2 : public MDynamic 
{ 

protected: 
MMixin2(); 
MMixin2(int a); 

virtual -MMixin2(); 
public: 

virtual int Add2(inta); 
virtual int Sub2(int a); 

int fFieldm; 
, 

#define kMMixin3ID "quin:testSMMixin3, 1.1" 
class MMixin3 : public MDynamic 
{ 

protected: 
MMixing (inta); 
MMixin3(); 

virtual -MMixin3(); 
public: 

virtual int Add3(inta); 
virtual int Sub3(inta), 

int fEieldin; 
}; 
H 
f/Non-shared class 
17 
class TMainClass : public TStdDynamic 
{ 

public: 
TMainClass(inta), 

virtual -TMainClass(); 
virtual int. Mul(int a); 
virtual int. Div(inta), 

int fFieldt, 
; 

#define kTMixedClassID "quin:testSTMixedClass, 1.1" 
class TMixedClass : public TMainClass, virtual public 

MMixinl, 
public MMixin2 

public: 
TMixedClass(inta), 
TMixedClass(); 

virtual -TMixedClass(); 
virtual int. Sub(int a); 
virtual int Div(inta), 
virtual int Add2(inta), 

, #define kTMixedClass2ID 
class TMixedClass2 : 

"quin:testSTMixedClass2, 1.1" 
public TMixedClass, virtual public 
MMixin, 
public MMixin3 

public: 
TMixedClass2(int a); 
TMixedClass2(); 

virtual -TMixedClass2(); 
virtual int Sub2(int a); 
virtual int Mul(inta); 
virtual int Addl(inta), 
virtual int Add3 (inta); 

}; 

Copyright Apple Computer 1991-1993 
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All stubs for multiply-inherited classes are generated in 
exactly the same way as for singly-inherited classes. This 
works because all inherited virtual functions are present in 
the primary vitable of the class. 

If you encounter a case where this is not true, SLM 
provides a way to deal with it. Set the high bit (0x8000) of 
the index value (for whichever vitable the virtual function is 
present in), and add a second short (two bytes) immediately 
after it in the stub record which is the index number of the 
VTableRec (0=primary, 1=next one, etc.). 
Multiply-Inherited Classes (Initialization) 

This section will examine the initialization code for a CH 
class which is multiply-inherited. The situation here is much 
different than for singly-inherited classes. Consider: using 
the hierarchy above, if one has an MMixinl object in hand, 
is it a true MMixin1 object, or is it a TMixedClass2 object 
cast to an MMixini, or even a TMixedClass object cast to an 
MMixin1? Information needs to be made available about the 
offset back to the "main' object. This allows the SLM 
function CastObject to work properly with objects which are 
instances of multiply-inherited classes. 

This information is stored in the MMixin1 VTableRec, 
which is stored in the MMixin vitable. However, a different 
VTableRec is needed for an MMixin1 object which is 
"stand-alone', than for an MMixin1 object that is part of a 
TMixedClass2 object. This is because the offset to the 
"main” object is zero for a "stand-alone' object, and prob 
ably non-zero for one of many parents of a "main” object. 

This leads us to the conclusion that in order to initialize 
a multiply-inherited class, multiple VTableRecs will need to 
be initialized in order to keep things running smoothly. 
The initialization for classes MMixin1, MMixin2, and 

MMixin3 are exactly what you would expect for singly 
inherited classes: 

extern ClientVTableRec CVRMMixin1; 
extern void ct 7MMixinlFv(void); 
extern void dta 7MMixinlFv(void); 
extern void cta 7MMixinlFv(void); 
extern void cta 7MMixinlFi(void); 
Procptr extbl MMixin1 = 
{ 

0, 
(ProcPir) ct 7MMixinlFv, 
(ProcPtr) dtQ 7MMixinlFv, 
(ProcPtri) ctd 7MMixinlFv, 
(ProcPtri)_ctd 7MMixinlFi 

}; 
#pragma segment A5Init 
void SVRMMixinl (void* vtRec, unsigned int vitRecSize) 

register Proctr toCall; 
void* catalog = GetClassCatalog; 
void* ctVTable = *catalog; 
void* parentVtRec; 
extern ProcPtr vtbl 7MMixinl ( ; 
toCall = (ProcFtr)ctVTable(21); 
vtRec = (*(InitVTableRec)toCall)(catalog, vitRec, 

vtbl 7MMixini, extbl MMixin1, 0, 8, (char)0x0001); 

extern ClientVTableRec CVRMMixin2; 
extern voidict 7MMixin2Fv(void); 
extern void dto 7MMixin2Fv(void); 
extern void cta 7MMixin2Fv(void); 
extern void ctd 7MMixin2Fi(void); 
ProcPtr extbl MMixin2 = 
{ 

0, 
(ProcPtri) ct 7MMixin2Fv, 
(ProcPtr) dtQ TMMixin2Fv, 
(ProcPtri) ctd 7MMixin2Fv, 
(ProcPtri) cta TMMixin2Fi 

}; 
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-continued 

#pragma segment A5Init 
void SVRMMixin2(void* vtRec, unsigned int VitRecSize) 

register ProcPir toCall; 
void** catalog = GetClassCatalog; 
void* ctVTable = *catalog; 
void* parentVtRec; 
extern ProcPtr vtbl, TMMixin2 ; 
toCall = (ProcPtr)ctVTable(21); 
vtRec = (*(InitVTableRec)toCall)(catalog, vitRec, 

vtbl 7MMixin2, extbl MMixin2, 0, 8, (char)0x0001); 

extern ClientVTableRec CVRMMixin3; 
extern void ct 7MMixin3Fv(void); 
extern voiddtg 7MMixin3Fv(void); 
extern void cta TMMixin3Fv(void); 
extern void cta. 7MMixin3Fi(void); 
ProcPtr extbl MMixin3 = 
{ 

0, 
(ProcPtri) ct 7MMixin2Fv, 
(ProcPir) dtQ-7MMixin3Fv, 
(ProcPtr)ctd 7MMixin3Fv, 
(ProcPtri) cta TMMixin3Fi 

}; 
#pragma segment A5Init 
void SVRMMixin3(void* vtRec, unsigned int vitRec.Size) 
{ w 

register ProcPtr toCall; 
void** catalog = GetClassCatalog, 
void* ctVTable = *catalog; 
void* parentVtRec; 
extern ProcPtr vtibl. 7MMixin3 ; 
toCall = (ProcPtri)ctVTable(21); 
vtRec = (*(InitVTableRec)toCall)(catalog, vitRec, 

vtbl, 7MMixin3, extbl MMixin3, 0, 8, (char)0x0001); 

Copyright Apple Computer 1991-1993 

For all of these classes, the pointer to the parent Cli 
entVTableRec is NULL, the sizes are 8 bytes long and are 
positive (indicating that they cannot be instantiated with 
NewObject), and the final parameter is a (char)0x0001, 
indicating that the vitable format is the standard AT&T v2.1 
format (remember that a 0 as this final parameter indicated 
that the vitable format was that of a class inherited from 
SingleObject) and that this is a primary vitable. Basically, the 
first byte of the pointer is a "dispatch code'-0 implies 
SingleCbject dispatching, 1 implies AT&T v2.1 dispatching, 
and 2 implies SingleObject-type dispatching, but not in a 
SingleObject or HandleCbject subclass. 
The next byte tells what kind of VTableRecord this is. 

Zero (0) means the primary vitable. One (1) indicates that it 
is a "parent" vitable. A "parent' vitable holds the Cli 
entVTableRec of the parent class which the vitable inherits 
from. Note that this is not the same as the class of objects 
which we derive from. Two (2) indicates that it is a "virtual 
parent" vitable. A "virtual' parent inherits the vitable from a 
"parent” class exactly like a "parent" vitable, but the class 
from which we derive is a "virtual' base class. 
SLM assumes that for the secondary vitables that are 

generated, the first 8 bytes of the vitable are unused. 
TMainClass is a non-shared class, so no initialization (or 

stubs) are generated for it. The next class to generate 
initialization for is TMixed Class. As you look over the 
generated code, you will notice that you need to be able to 
figure out the names of all of the extra vitables that a 
multiply-inherited class generates, as well as which entries 
in the vitable belong to the class itself, and which are 
inherited. 
SLM also, dynamically copies function pointers from 

inherited vitables to avoid being linked with stubs. In order 
to keep the stubs from getting linked anyway, as the Library 
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Builder tool scans the vitables in the object file, it replaces called. This keeps the linker from linking all of the stubs into 
calls to inherited functions with a call to pure virtual the code. 

extern ClientVTableRec CVRTMixedClass; 
extern void ct 11TMixedClassFv(void); 
extern void dto 11TMixedClassFv(void); 
extern void ctgllTMixedClassFv(void); 
extern void cta 1 ITMixedClassFi(void); 
ProcFtrextbl, TMixedClass = 
{ 

0, 
(ProcFtr) ct lTMixedClassFv, 
(ProcPtr) dig 11TMixedClassFv, 
(ProcPtri) ctd 11TMixedClassFv, 
(ProcPtri) ctd 11TMixedClassFi 

}; 
#pragma segment A5Init 
void SVRTMixedClass(void* vtRec, unsigned int vitRecSize) 

register ProcPtr toCall; 
void** cat = GetClassCatalog; 
void** ciVTable = *cat; 
void* parentVRec; 
H 
liKeep track of whether we got an error or not 
If 
int is OK - 0, 
If 
//Keep track of where we are in initialization. 
If 
unsigned int index = 0, 
I 
HDeclare the needed viables and ClientVTableRecs 
If 
extern Procptr vtbli1TMixed Class , 
extern ClientVTableRec CVRTStdDynamic; 
extern ProcPtr wtbl, TMMixin2 11TMixedClass ; 
extern ClientVTableRec CVRMMixin2, 
extern ClientVTableRec CVRMMixin2: 
extern ProcPtr-wtbl, TMMixinl 11TMixedClass ; 
extern ClientVTableRec CVRMMixin; 
extern ClientVTableRec CVRMMixin, 
If 
IIInitialization is done in a do { } while (false) loop 
lso that we can break out of the loop. "index' will 
litell us how far we got if we break out with an error 
If 
do 

If 
ilStart off with the primary vitable ( vtbl 11TMixedClass) 
fland initialize it. The primary vitable is initialized with 
ifthe last parameter to InitVTableRec as (char)0x0001, indicating 
fifthat this is an AT&T W2.1-format wtable, and that this is a 
I?primary vitable. 
hLike it's singly-inherited counterpart, if the size parameter 
flis negative, it indicates that the class can be instantiated with 
Ila "NewObject" call. 
If 
toCall = (ProcPtri)ctVTable21; 
vtRec = (*(InitVTableRec)toCall) 

(cat, witRec, vtbl. 11TMixedClass, 
extbl, TMixedClass, & CVRTStdDynamic, 28, 

(char)0x0001); 
I 
II.Now, let's get the parent. The parent vitable to 
it wtbillTMixedClass is the vitable for TMainClass. However, 
fiTMainClass is a non-shared class. Since TMainClass is not 
fimultiply-inherited, we just consider it's parent (TStdDynamic) 
lito be our parent and we get the parent VTableRec (this 
Ilforces TStdDynamic to stay loaded) 
I 
toCall = (ProcPtri)ctVTable(33; 
parentVtRec = (*(GetVTableRec)toCall)(cat, & CVRTStdDynamic, 1); 
if (parentVtRec = = 0) break; 
If 
fWe increment index to indicate that, if something goes wrong, 
lfwe need to call ReleaseVTableRec on CVRTStdDynamic 
II 
index + = 1; 
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*Ordinarily, here we would copy all of our parent's methods that 
*we inherit. However, since our immediate parent is not shared, 
**copying methods from TStdDynamic would get us into trouble, since 
**any methods overridden by TMainClass would be lost. We content 
**ourselves with linking directly with any methods that TMainClass 
**overrides, and with stubs to any that it does not. 

11 
f/Now, let's initialize the VTableRec for one of the other 
fivtables. This VTable has the class MMixin2 as it's parent. 
IIA (char)0x0101 is passed as the last parameter to indicate that 
l/this is a VTable for one of the non-primary "parents", but that 
lit is not a "virtual" parent class. 
If 
toCall = (ProcPtri)ctVTable(21); 
vtRec = (*(InitVTableRec)toCall) 

(cat, witRec, vtbl, TMMixin2 11TMixedClass, 
extb TMixedClass, & CVRMMixin2, 28, 

(char)0x0101); 
toCall = (ProcPtri)ctVTable(33); 
If 
f/Fetch the parent VTableRec to force the parent's code to load 

parentVtRec = (*(GetVTableRec)toCall)(cat, & CVRMMixin2, 1); 
if (parentVtRec = = 0) break; 
If 
l/We increment "index" to indicate that, if something goes wrong 
//we need to call ReleaseVTableRec on CVRMMixin2 (and, of course, 
Ifalso CVRTStdDynamic) 
If 
index + = 1; 

f* This code is OPTIONAL 
sk-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-f 
f 
//Now, since we are inheriting from the class MMixin2, and it is 
lla shared class, we copy the pointers from the vitable for MMixin2 
linto our own vitable. The LibraryBuilder tool replaced all of 
//these entries that were inherited with a reference to 
ll pure virtual called so that the linker did not try to link with 
lfthe stubs from the MMixin2 class. 
{ 

unsigned int idx; 
If 
IGet the WTable of MMixin2 
If 
register mptr vtbl = *(mptr.)parentVtRec; 
If 
IGet my own VTable 
If 
register mptrmyVTable=( mptr.) vtbl 7MMixin2 11TMixedClass; 
If 
flSave a pointer to the start of my VTable 
I 
mptr base = myVTable; 

If 
II.Now, we skip the first entry, because it's blank 
If 
myVTable + = 1; 
vtbl+ c 1, 
If 
lfThe second entry (which happens to be the destructor) is a 
lipointer to one of the routine of TMixedClass, and not an 
flinherited routine. The mptro field of any method that 
libelongs to "this" class will have a negative number 
Ilindicating the offset that must be added to the parent class 
Ilpointer (in this case MMixin2) in order to get to the "real" 
flobject. We save that value off in the second long of the 
first mptr entry (which is always unused in the AT&T v2.1 
Alformat) 
f 
base->func = (ProcPtr)(long)myVTable->o; 
If 
lfThen, we skip entries that are our own, and copy any entries 
Afthat are inherited. 
If 
myVTable + = 2; 
wtbl + = 2; 
(*myVTable +).func = (vtbl++).func; 

44 
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f* This code is NOT Optional 
: kikksks: kikkk is ki:k: kikk:1 
I 
II.Now, we initialize the last WTableRec. We pass (char)0x0201 to 
indicate to the SLM that this is a VTable corresponding to a 
II"virtual" parent class. One of the side effects of this is that 
IISLM will not allow you to cast a TMixedClass to an MMixinl 
ficlass (neither will C -- +). 
I 
toCall = (ProcPtr)ctVTable 21; 
vtRec = (*(InitVTableRec)toCall) 

(cat, witRec, witbl, TMMixin 11TMixedClass, 

46 

extbl, TMixedClass, & CVRMMixin1, 28, (char)0x0201); 
toCall = (ProcPtri)ctVTable(33): 
parentVtRec = (*(GetVTableRec)toCall) (cat, & CVRMMixini, 1); 

f*This code is OPTIONAL 
: k-k-k-k-k-k-k-k-k-k-k-k-k-ks if 
f 
f/Do all of the copying voodoo again 
f 
{ 

unsigned int idx; 
register mptr vtbisc *( Imptr)parentVtRec; 
register mptr myVTable = 

( mptr.) vtbl TMMixinl 11TMixedClass; 
mptr base = myVTable; 

myVTable + = 1; 
vtbl -- = 1; 
base->funct (ProcPtri)(long)myVTable->o; 
myVTable + i. 1; 
wtb1 + = 1; 
(*myVTable + +).func = (vtbl + +).func; 

f* This code is NOT Optional 

If 
liFlag success 
I 
isOK = I, 

while (0); 
I 
IIIf something went wrong, we have to call ReleaseVTableRec on any 
Flparents where we already called GetVTableRec on. "index' tells us 
lihow far we got, so we can back out. 
IfThen we throw an exception. 
If 
ifisOK = = 0) 
{ 

toCall = (ProcPtri)ctVTable26; 
switch(index) 

case 2: (*(ReleaseVTableRec)toCall)(catalog, & CVRMMixin2); 
case 1: (*(ReleaseVTableRec)toCall)(catalog, & CVRTStdDynamic); 

default: break, 

Fail(-3120, 0); 

Copyright Apple Computer 1991-1993 

A couple of key points to realize about the code on the 
previous pages. The first is that it is not strictly necessary to 
dynamically copy methods that are inherited. If you do not, 
then the vitable will link with stubs to the inherited methods, 
which will work just fine, and be only slightly slower. 

It is also not strictly necessary to modify the object file to 
make inherited reference in the vitable point to pure 
virtual called. You could also still copy the pointers from 
your parent's vitable at runtime, and all that would happen is 
that the stubs become orphaned because no one uses them, 
so your library is a little bigger than it should be. 

60 

65 

However, what is important is that you somehow deter 
mine the offset of the subclass from the main class and store 

that in the func field of the first vitable entry for each 
VTableRec (i.e. the 4 bytes starting at offset 4 in the vitable). 
SLM chose to determine this at runtime, using the knowl 
edge that the .o field of any vitable method that has been 
overridden by the main class has this offset already stored in 
it. This was easier than trying to fully parse the class 
declarations (with all the attendant knowledge of padding 
rules, etc) to determine them but whatever method works 
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It so that we can properly inherit the methods. 
I 
parentVRec = (char)parentVtRec + 2*vtRecSize, 
{ 

unsigned int idx, 
register Imptr vtbl = *(mptr)parentVtRec; 
register mptr myVTable = 

( mptr) vtibl 7MMixin1 12TMixedClass2; 
mptr base = myVTable; 

myVTable += 1; 
wtbl + 1, 
base-func = (ProcPtr)(long)myVTable-eo; 
myVTable += 2; 
wtb -- 2: 
(*myVTable-H) func = (vtbl++).func; 

f* This code is NOT Optional 

toCall = (ProcPtri)ctVTable(21); 
witRec = (*(InitVTableRec)toCall) 

(cat, witRec, witb 7MMixin32TMixed Class2, 
extbTMixedClass2, & CVRMMixing, 36, 

(char)0x0101); 
toCall = (ProcPir)ctVTable33; 
parentVERec = (*(GetVTableRec)toCall)(cat, 
& CVRMMixin3, 1); 
if (parentVtRec O) break, 
index += 1, 
fisk i ki ki i ki ki kick ki k kikki kik 
f* This code is OPTIONAL 

unsigned int idx, 
register inptr vtbl = *( mptr*)parentVtRec; 
register mptr; myVTable = 

( mptr.) vtbl, 7MMixin312TMixed 
Class2; 

mptr base = myVTable, 

vtbi is 1, 
base-funcs (ProcPtri)(long)InyVTable-eo; 

witb -- 2: 
(*myVTable H) funcze (*vtbl++).func; 

f* This code is NOT Optional 

is0K c l, 
while (0); 

if (is0K = 0) 
{ 

toCall = (ProcPir)ctVTable(26; 
switch(index) 
{ 

case 3: (*(ReleaseVTableRec)toCall)(catalog 
& CVRTMixedClass); 
case 2: (*(ReleaseVTableRec)toCall)(catalog 
& CVRTMixedClass); 
case 1: (*(ReleaseVTableRec)toCall)(catalog, 
& CVRTMixed Class); 
default: break; 

Fail(-3120, 0); 

Copyright Apple Computer 1991–1993} 

In order for the optional method copying to work, it is 
vital that the ordering of the vitables be the same no matter 
which C-H compiler generated the vitables. In the example 
above, we know that we must inherit from the 2nd and 3rd 
vitables in the list of vitables generated for TMixedClass (by 
the way, notice that you are passed the size of the VTableRec 
so that you can do the necessary calculations, and still allow 
us to change the size of a VTableRec later). If TMixedClass 
were generated in another library, it would be fatal for us to 
copy methods from those vitables if they were not generated 
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50 
in the same order that the SLM thinks they were generated 
1. 

The SLM uses the order that is generated by AT&T's 
CFront. The algorithm looks like this: 
1) Create a list of all of the parent classes in the order they 
were declared. 

2) For each parent that was not declared "virtual', examine 
all of your parents and their parents, etc. If anywhere in 
the hierarchy, you find this parent declared "virtual', 
remove this class from this list of your parents. 

3) Now, create two lists of parents, a "hasA' list for virtual 
parents, and an "is A’ list for non-virtual parents. Starting 
at the beginning of your original parent list, if the parent 
is “virtual', put it at the front of the "hasA' list, and if it 
is not, put it at the back of the "isA' list. 

4) Now, take the “hasA' list and move each parent on the list 
to the end of the "isA' list. You now have a list of the 
parent classes in the proper order. 
Now, we can generate the names of the vitables from this 

list. 
1) Create a new list for vitable names. 
2) Create a vitable called vtbl HiClassName, where HF is 

the length of the class name. It's parent class is the first 
class in your parent list, unless that first class is flagged 
"virtual', in which case, there is no parent. Add this vitable 
to the end of the vitable list. 

3) If the first thing in your parent list is a virtual parent, then 
another vitable must be generated with the following 
ae 

vtibl. HikParentName> Hi-MyName> 

where <ParentName> is the name of this first parent in the 
list. Add this vitable to the end of the vitable list. 
4) Get the list of vitables belonging to the parent class that is 

first in your list. Skip the first vitable in this parent's list. 
5) For each remaining vitable in this parent's list, create a 
new wtable name: 

vtbl, HkParentSubMame> HCMyName>, 

where the <ParentSubName> is derived from the name of 
the parent VTable as follows: 
1) Strip the vtbl from the front of the vitable name 
2) Remove the numbers from the end part of the vitable name 
3) Change the numbers at the front of the vitable name so that 

they correspond to the length of the new string. For 
example, vtbl 7MMixin1 11TMixedClass becomes 
20MMixin TMixedClass. 

6) If this new vitable name is not already in your list, append 
it to the end of the list. 

7) For each remaining parent in your parent list, do steps 5 
and 6 (do not skip the first vitable for the remaining 
parents). 
At this point, you have a list of vitables for your class that 

is exactly the same list that the SLM LibraryBuilder tool will 
generate. Of course, this algorithm must be suitably modi 
fied for compilers that generate vitables with different nam 
ing conventions. 
The following is the initialization code for the library that 

is created. 

#pragma segment A5Init 
void* - InitVTableRecords(void) 
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register ProcPir toCall; 
void* vtRec, 
void savedrec, 
void** catalog = GetClassCatalog; 
void** ctVTable = *catalog; 
toCall = (ProcPr)ctVTable 19; 
savedRec = (*(GetVTableMemory)toCall)(catalog, 10); 
toCall = (ProcPtri)ctVTable(20); 
VtRec = saved Rec; 
If 
II Initialize the MMixin1 class 

vtRec = (*(Init1VTableRec)toCall) 
(catalog, vtRec, SVRMMixin1, 
& CVRMMixin1); 

// Initialize the MMixin2 class 
If 
witRec = (*(InitlVTableRec)toCall) 

(catalog, vitRec, SVRMMixin2, 
& CVRMMixin2); 

If 
All Initialize the MMixin3 class 

vtRec = (*(InitlVTableRec)toCall) 
(catalog, witRec, SVRMMixin3, 
& CVRMMixin3); 

II 
II Initialize the TMixedClass class - primary vitable 
I 
vtRec = (*(InitlVTableRec)toCall) 

(catalog, vitRec, SVRTMixedClass, 
& CVRTMixedClass); 

II 
II Initialize the TMixedClass class - secondary vitable 
Il corresponding to a parent class of MMixin2 
I 
vtRec = (*(InitlVTableRec)toCall) 

(catalog, vitRec, 0, & CVRMMixin2); 
// 
// Initialize the TMixedClass class - secondary vitable 
lf corresponding to a parent class of MMixin1 
Il 
vtRec = (*(InitlVTableRec)toCall) 

(catalog, vitRec, 0, & CVRMMixini), 

// Initialize the TMixedClass2 class - primary vitable 
If 
vtRec = (*(InitlVTableRec)toCall) 

(catalog, witRec, SVRTMixedClass2, 
& CVRTMixedClass2); 

II Initialize the TMixedClass2 class - secondary vitable 
II corresponding to a parent class of MMixin2 

vtRec = (*(Init1 VTableRec)toCall) 
(catalog, vitRec, 0, & CVRMMixin2); 

If 
If Initialize the TMixedClass2 class - secondary vitable 
If corresponding to a parent class of MMixin1 
If 
vtRec = (*(InitlVTableRec)toCall) 

(catalog, vitRec, 0, & CVRMMixin1); 
II 
II Initialize the TMixedClass2 class - secondary vitable 
II corresponding to a parent class of MMixin3 

vtRec = (*(InitlVTableRec)toCall) 
(catalog, vitRec, 0, & CVRMMixin3); 

return savedRec; 
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Notice that all of the secondary vitables have a 0 for the 
pointer to the initialization function. The SLM will assume 
that the initialization function for the first prior VTableRec 
which has one will take care of initialization for these 
VTableRecs. In addition, for all of the secondary vitables, the 
ClientVTableRec is not the ClientVTableRec of the class 
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52 
itself, but for the parent class which corresponds to the 
vtable which will be stored in the VTableRec, which is the 
class that we can cast the object to. For instance, if we look 
at the second call to Init1VTableRec for TMixedClass2, 
& CVRMMixin2 is passed to the SLM. If we look at the 
SVR function for TMixedClass2, we find that vtbl 
2OMMixin2 TMixedClass 12TMixedClass2 is the vitable 
that is stored into this VTableRec. This vitable is the vitable 
that will be used if a TMixedClass2 is cast to an MMixin2 
object. However, notice that we passed & CVRTMixed 
Class as the ClientVTableRec of the parent. This is because 
this vitable, while it belongs to the part of TMixedClass2 that 
is an MMixin2 object, actually is inherited from the vtbl 
7MMixin2 11TMixedClass vitable from TMixedClass. 
The Shared Library 
An SLM Shared Library consists of a number of 

resources, bound together by a resource id and a code 
resource type (see FIG. 8). Any number of these libraries can 
be placed in a single file, as long as the resource ids and code 
resource types used are unique. 

All libraries have a libr' resource with a resource id. SLM 
will scan for all libr' resources within a library file in order 
to catalog all of the libraries within the file. Within the libr' 
resource, the code resource type that belongs to that library 
is defined. For library files with multiple libraries, these 
types are commonly "cd01', 'cd02', etc. 

In addition, each library may have a libi' resource which 
has the same resource id as the corresponding 'libr' resource. 
This "libi' resource contains information about all of the 
shared classes and function sets which are needed by the 
library. The tool CreateLibraryLoadRsrc creates libi' 
eSOICeS. 

The "libr' resource 
A library is installed when the SLM is initialized (nor 

mally at boot time) or when it is drag-installed into a library 
folder. This is normally the "Extensions' folder, but addi 
tional folders may be registered by applications as library 
folders. 
When a library is installed, its libr' resource is read in by 

the library manager. The library manager keeps a catalog of 
Class IDs and FunctionSet IDs and the data for each which 
it gets from the "libr' resource. Note that a library file may 
have more than one library in it, in which case it has multiple 
'libr' resources. 
The 'libr' resource format (note: the array LibrLine will 

not have more than one entry, multiple libr' resources will 
be present instead): 

type libr' { 
array LibrLine { f* information for a library */ 

cString; f* Library id */ 
align word; 
string4); f* code resource type *l 
hex byte; f* libr template major version */ 
hex byte; f* libr template minor version */ 
hex byte; f* Major version */ 
hex byte, f* Minor revision */ 
hex byte; f* Development stage */ 
hex byte; f* Release within stage */ 
integer, f* reserved in v1 (0) */ 
integer; f* PerClient DataSize in v1 (0 = */ 

f* default) */ 
longint, f* HeapSize in v1 (0 = default) */ 
longint 

preload = 0x01, 
clientPool = 0x02, 
nosegunload = 0x04, 
loaddeps = 0x08, 
forcedeps = 0x10, 
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loadselfs 0x20, 
defaultHeap = 0x0000, 
tempHeap = 0x0100, 
sysHeap = 0x0200, 
appHeap = 0x0300, 
holdMemory = 0x0400, 
notSystem7 = 0x10000, 
notSystern6 c 0x20000, 
notVMOn = 0x40000, 
notVMOff = 0x80000, 
has FPU = 0x100000, 
hasNoFPU is 0x200000, 
noté8000 in Ox400000, 
notó8020 = 0x800000, 
notó8030 = 0x1000000, 
notó8040 = 0x2000000; f* flags for the code */ 

f* resource if 
integer = SSCountofClassIDs); P* if class DS *f 
array ClassEDs f* array of classids the library */ 

f* implements */ 
{ 

longint 
preload = 0x01, 
newobject = 0x02, 
isFunctionSet = 0x04; f* flags for the class */ 

integer, f* current version I 
integer, f* Inimum version if 
cString; f* the class id, 

f* string */ 
align WORD, 
integer = SSCountOf(ParentIDs); 
array ParentlDs { 

Cstring, 
; f* the parent classid */ 

f* string */ 
align WORD; 
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ExampleLibrary libr' resource 

#define SLMType 'code' 
idefine SLMIDO 
resource libr’ (SLMID) { 

"applSExampleLibrary, 1.1","code", 
0x01, 0x10, 0x01, 0x10, 0x60, 0x04, 0, 0, 2, 
{ 

10, 0x0110, 0x01 10, "appliexamSTExampleClass", 
{ 

"Sdyna" 
}; 
4, 0x0110, 0x0110, "appliexamSExampleFSet", { }; 

; 
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Multiple-inheritance example libr' resource 

#define SLMType cod8 
idefine SLMD 8 
resource "libr' (SLMID) { 

"quin:testSMITest1,.1.1", "cod8", 
0x01, 0x10, 0x01, 0x0, 0x20, OxO, O, O, 6, 

26, 0x0110, 0x0110, "quin:test SMMixinl", 
{ }; 
26, 0x0110, 0x0110, "quin:testSMMixin2", 
{ }, 
26, 0x0110, 0x010, "quin:testSMMixin3", 
{ }; 
26, 0x0110, 0x0110, "quin:testSTMixedClass", 
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-continued 

{ 
“quin:testSMMixin1", 
"quin:testSMMixin2", 
"Ssdyn" 

}; 
26, 0x0110, 0x0110, "quin:testSTMixedClass2", 

“quin:testSMMixin1", 
"quin:test SMMixin3”, 
"quin:testSTMixedClass" 

; 

; 
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Notice that a star character * is put in front of the 
ClassID of any parent class which was defined as virtual in 
the class declaration. 

There are several fields in the libr' resource which should 
be called to your attention. 
1) The flags for the code resource. This field is a bitmap that 

defines the attributes of the library, as well as bits that can 
limit when the library will load. See the later section on 
the LibraryBuilder tool for the meaning of each of the 
bits. 

2) The "heap” type is encoded in the lower 2 bits of the 
second byte of the flags. The next bit indicates whether the 
memory for the library should be "held” when Virtual 
Memory is in use. 

3) The longint specifying heapsize. This allows you to 
specify the size of the heap you want the library to load 
in. Normally, SLM creates a heap big enough to hold all 
of the code in the library. If you are planning on loading 
and unloading segments manually, you might want to 
create a smaller heap. 

4) The integer specify the per-client data size. If your library 
requires per-client data, SLM will manage it for you, but 
it needs to know the size of data required. You can then 
use the GetClientData function to retrieve a structure of 
this size for each client that you have. 

5) The libr' template major and minor version numbers. 
These should always be set to 0x01 for the major version 
and 0x10 for the minor version. This corresponds to the 
libr' template definition for SLM. 

6) The version number of the library is encoded in the library 
id. 

The 'libi Resource 
Libraries and clients may have libi resources. As has 

been previously indicated, the resource id of the "libi' 
resource for a library must match the resource id of the libr' 
resource. For applications and clients, the "libi resource 
must have an id of 0. 
The format of the libi resource is: 

type libi' 

longint = 0; If version number 
longint is 0; It reserved 
integer = SSCountOf(A5Offsets); 
array A50ffsets { 

integer, 
, 

, 
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Currently the "libi resource is nothing more than A5 
offsets to the ClientVTableRecs that are used by the library 
or client. This allows us to create the libi resource by 
scanning the map file created by linking the shared library or 
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client for references to symbols that look like 
CVRXxxxxxxx, and simply storing the A5 offset indicated 

into the resource. 
Library Initialization 
When a library is loaded the jump table ("code' 0) and 

initialization ("code 1) resources are loaded and the entry 
point is called. The entry point routine initializes the static 
data for the library and then calls the init v-table function. 
The InitVTableRecords function sets up the v-tables, 
vitable records (VTableRec), and binds them to the library 
manager internal catalog entry (TClass) for each function set 
and class in the library. 

This is the entry point routine in the library. The Library 
Builder link command (generated in SharedLibtemp.bat) 
uses the option "-m DynamicCodeEntry' which makes this 
the third jump table entry (in model far the first two entries 
are "dummy” entries). 

extern "C" void InitProc(); 
extern "C" void CleanupProc(); 
extern TLibraryManager* - gLibraryManager; 
#pragma segment A5Init 
plk k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k sk:::::::::k:kk 
* DynamicCodeEntry 

extern "C" long DynamicCodeEntry.( 
CodeEntrySelector selector, long paraml, long param2) 

{ 
VTableRecPir 
switch (selector) 

myVTableRecArray; 

case knitworld: 
ld Our own modified DataInit routine relocates and 
ll unpacks initialized data and relocates A5 relative 
If addresses. 
Initiata(Pir) paraml, (Ptri) param2), 

return 0; 
case kSetLibraryManager: 

gLibraryManager = (TLibraryManager) paraml; 
return 0; 

case kInitlibraryProc: 
InitProc(); 

return (long) CleanupProc; 
case kSetupVTables: 

myVTableRecArray = InitVTableRecords(); 
return (long) myVTableRecArray; 
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The Export Definition File 
The "export” file defines the classes and functions to be 

exported. This file has 3 major components: A Library 
declaration, Class declarations and FunctionSet declara 
tions. The full syntax for these declarations is described in 
the next section. In addition, "C" or "CH" style comments 
are allowed, as well as Hinclude statements. The Library 
Builder application is able to scan these include files to learn 
the definitions of #defined symbols that may make up parts 
of the export definitions. 
A exp file consists of comments, include directives, 

#define directives, a Library declaration, plus Class and/or 
FunctionSet declarations. 
The Library Declaration 
The library declaration defines the ID of the shared library 

and the version. Additional parameters are available to 
configure the library. 

Library 
{ 

initproc = <ProcName>, optional 
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56 
-continued 

cleanupProc = <ProcName>; optional 
flags = <FlagOptions>; optional 
id = <LibraryIDString>, required 
version = <LibraryVersion>, required 
memory = <MemoryOption>; optional 
heap = <HeapType2; optional 
clientdata = <Client data Option>, optional 

}; 

Copyright Apple Computer 1991-1993 
Element Descriptions 
initproc 

This declaration allows you to specify the name of a 'C' 
routine (which takes no parameters and returns no value) 
which will be called immediately after loading and config 
uring the library. This routine may be in the A5Init segment, 
so that it is unloaded from memory after the library is fully 
loaded. 
cleanupProc 

This declaration allows you to specify the name of a "C" 
routine (which takes no parameters and returns no value) 
which will be called just before a library is unloaded from 
memory. This routine must not be in the A5Init segment 
since it cannot be reloaded. 
flags=noSegunload Il segUnload 

This flag indicates that the segments of the shared library 
will not be unloaded by the client. The SLM resolves all 
jump table references to code addresses at library load time 
and removes the jump table from memory. This is the default 
setting. 
flags=segUnload || NoSegunload 

This flag indicates that the segments of the shared library 
may be unloaded by the client. The SLM will allow seg 
ments to be loaded and unloaded in the shared library, and 
will keep the jump table in memory. 
flags-preload 

This flag indicates that all segments of the shared library 
should be loaded at library load time. It does not guarantee 
that the segments will not be unloaded so the jump table 
must be kept in memory and intersegment references are left 
pointing to the jump table. "flags=!preload” is also sup 
ported, but is the default case. 
flags=loaddeps 

This flag indicates that the SLM should load all dependent 
classes whenever this library is loaded(based on the infor 
mation in the libr' resource created during the build pro 
cess). Using this flag will guarantee that all libraries that 
your library depends on exist. It does not guarantee that 
there is enough memory available to load them. 
flags=forcedeps 

This flag acts just like the "loaddeps” flag, but it forces the 
dependent libraries to be loaded into memory. 
flags=stayloaded 

This flag forces your library to stay loaded. It requires a 
call to UnloadLibraries from within your library to allow 
your library to unload. It is equivalent to calling LoadLi 
braries(true, true) within your InitProc. It also causes all of 
your dependencies to be loaded into memory (like the 
"forcedeps' flags). 
flags=system6 II system7 

This indicates that your library should not be registered if 
it is installed on a system 7.x-based Macintosh. No clients 
will be able to see any of the classes or function sets in your 
library. This flag is useful if you have 2 different versions of 
your library-one for System 6.x and one for System 7.x. 
flags=system7 II system6 

This indicates that your library should not be registered if 
it is installed on a system 6.x-based Macintosh. No clients 
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will be able to see any of the classes or function sets in your 
library. This flag is useful if you have 2 different versions of 
your library-one for System 6.x and one for System 7.x. 
flags=vmOn II vmOff 

This indicates that your library should not be registered if 
it is installed on a Macintosh which is running with Virtual 
Memory (VM) turned on. No clients will be able to see any 
of the classes or function sets in your library. This flag is 
useful if you have 2 different versions of your library-one 
for Virtual Memory on and one for Virtual Memory off. 
flags=vmOff II vmOn 

This indicates that your library should not be registered if 
it is installed on a Macintosh with Virtual Memory (VM) 
turned off. No clients will be able to see any of the classes 
or function sets in your library. This flag is useful if you have 
2 different versions of your library-one for Virtual Memory 
on and one for Virtual Memory off. 
flags=?puPresent li ?puNotPresent 

This indicates that your library should not be registered if 
it is installed on a Macintosh without a Floating Point Unit 
(FPU). No clients will be able to see any of the classes or 
function sets in your library. This flag is useful if you have 
2 different versions of your library-one for an FPU being 
present, and one for it being absent. 
flags=?puNotPresent IlfpuPresent 

This indicates that your library should not be registered if 
it is installed on a Macintosh with a Floating Point Unit 
(FPU). No clients will be able to see any of the classes or 
function sets in your library. This flag is useful if you have 
2 different versions of your library-one for an FPU being 
present, and one for it being absent. 
flags=mc68000 || mc68020 || mc68030 || mc68040 

This indicates that your library should only be registered 
if it is installed on a Macintosh with the specified processors. 
You may specify more than one processor. For example, 
“flags=mc68000, mc68020” will cause your library to be 
registered only on 68000 or 68020 processors. 
flags=mc68000 || mc68020 imcó8030 H mcó8040 

This indicates that your library should not be registered if 
it is installed on a Macintosh that is not one of the specified 
processors. You may specify more than one processor. For 
example, "flags=lmc68000, mcó8020” will cause your 
library to be registered only on Macintoshes with a 68030 or 
higher processor. It is an error to mix not ('') terms with 
non-not terms (i.e. flags=mc68000, mc68020). 
id= 

This declaration defines the ID of the library. A library ID 
is normally in the form "xxxx:yyyySName'. This ID string 
is a quoted string, but it may include #defined constants as 
part of it's definition as long as you #include the files that 
contain the define declarations that resolve the constants. 
version= 

This declaration defines the version of the library. The 
version number is in the standard Apple version number 
form: #.#LiF) followed by either nothing or dabfit to 
indicate the release status. For example 1.0b2 or 1.1.2d5. 
This may be a #defined symbol. 
memory=client 
This declaration indicates that any 'new' operations done 

in the library should use the client's pool. This is the default 
if it is not specified. It is equivalent to the useclientpool 
options in earlier versions of SLM. 
memory-local 

This declaration indicates that any 'new' operations done 
in the library should use the local pool. 
heap=default | temp II system II application holdi 

This tells the SLM where you want your library to be 
loaded into memory. Normally, you should not specify this 
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58 
attribute unless you have a very good reason. However, if 
your library must run under virtual memory and cannot 
move in memory (for instance, a networking driver), you 
can specify the "hold' attribute to inform the SLM that you 
require the memory that your library is loaded into to be 
"held” under Virtual Memory. You can also optionally 
specify the size of the heap that you wantyour library to load 
into (this option only makes sense for default or temp). 
client Data=<StructureName> t if 

This tells the SLM that you require per-client static data. 
You can specify either a number of bytes or the name of a 
structure. Whenever you call GetClient Data, you will then 
be returned a structure of the specified size. The first time the 
structure is created for a given client, it will be zeroed. After 
the first time, you will get back the structure corresponding 
to your current client. If you specify a structure name, the 
object file must have the type information available to 
determine the size of the structure, or an error will be 
generated. 
The Class Declaration 
A full class declarations is: 

Class <ClassName> 

version c <ClassWersion, 
flags = preload, newobject, noVirtualExports, 

noMethodExports, noëxports, 
exports = <ListOfFunctionNames>; 
dontExport = <ListOfFunctionNames> 
private = * | <ListOfFunctionNames> 

, 
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All fields except the <ClassName> are optional. 
The minimalist class declaration is just: 
Class <ClassName>. 
The id of the class must be idefined as a constant of the 

form kCClassName>ID. It is optional (but a very good idea) 
for your class ID to terminate with a ", followed by the 
version number of the class, especially if your class can be 
instantiated using the SLM NewObject function. This will 
keep your clients from inadvertently getting a wrong version 
of your class. 
Element Descriptions 
<ClassName> 

This is the name of the class that you want to export. 
version= 

This declaration defines the version of the class. The 
version number is in the standard Apple version number 
form: #.#if. The version number may not have the extra 
release information (like b2) on it. However, the version 
number may be 2 version numbers separated either by 3 dots 
(...) or an ellipsis (option-) character. This indicates the 
minimum version number of the class that this class is 
backwards-compatible with, and the current version number 
of the class. If you do not specify a version number, if the 
ClassID of the class has a version number in it, that will be 
used. Otherwise, the version number specified in the 
"Library' declaration will be assumed. This may be a 
#defined symbol. 
flags-newobject 

This flag specifies that clients are allowed to create the 
class by ClassID using the NewObject routine. A fatal error 
will occur at build time if this flag is set, but you do not have 
a default constructor for your class (a default constructor is 
one which takes no arguments), your class is abstract (has a 
“pure-virtual” method), or the class size cannot be deter 
mined from symbol information in the object file. 
flags=preload 
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This flag specifies that an instance of the class should be 
created whenever the system boots up. A fatal error will 
occur at build time if this flag is set, but you do not have a 
default constructor for your class (a default constructor is 
one which takes no arguments), or your class is abstract (has 
a "pure-virtual" method). If this flag is set, the newobject 
flag is automatically set. 
flags=noExports 

This flag specifies that no methods of this class are to be 
exported. NewObject is the only way that a client can use 
your class if this flag is set and you do not export construc 
tors in the exports=section, and they can only call virtual 
functions in the class, unless you explicitly export methods 
(see exports=below). 
flags=noVirtualExports 

This flag specifies that no virtual methods of this class are 
to be exported. For the purposes of consistency in the SLM, 
the destructor of a class is NOT considered a virtual method, 
even if it was defined that way. You can explicitly export 
some virtual functions using the exports=clause below. 
flags=noMethodExports 

This flag specifies that no non-virtual methods of this 
class are to be exported. This includes constructors and the 
destructor for the class. NewObject is the only way that a 
client can use your class if this flag is set and you do not 
export constructors in the exports=section 
exports= 

This declares a comma-separated list of methods that you 
want to export from the class. It is normally used to override 
the "noExports'"noMethodExports', or "noVirtualExports' 
flags for individual methods. You only need to specify the 
function name, but if it is a pascal function, you need to put 
the keyword "pascal' in front of the function name. Like 
C++, the SLM considers ALL variants of a member function 
as the same function, and will export them all. To export 
operators, use the C-H syntax (e.g. operator+=). To export 
constructors, use the name of the class, and to export 
destructors, use -<Name of Class>. 
dontexport= 

This declares a comma-separated list of functions that you 
do not want to export from the class. You only need to 
specify the function name, but if it is a pascal function, you 
need to put the keyword "pascal' in front of the function 
name. Like CH, the SLM considers ALL variants of a 
member function as the same function, and will not export 
any of them. You may not use both exports=and dontexport= 
for the same class. 
private= 

This declares a comma-separated list of methods that you 
want to export from the class privately. Any methods speci 
fied in this list will be exported, but will go into a separate 
client object file (defined by the -privateNear and/or -pri 
vateFar command-line switches to LibraryBuilder). 
private=* 

This declares that all methods that can be exported should 
be exported privately. If you have set noMethodExports, 
then all virtual methods will be exported privately that are 
not either explicitly exported publicly by the exports-clause 
or that are specifically excluded from being exported by a 
dontexport-clause. If you have set noVirtualExports, then 
all non-virtual methods will be exported privately that are 
not either explicitly exported publicly by the exports=clause 
or that are specifically excluded from being exported by a 
dontexport=clause. If you have neither flag set, than all 
methods of the class will be exported privately that are not 
either explicitly exported publicly by the exports=clause or 
that are specifically excluded from being exported by a 
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dontexport=clause. It is an error to use this switch if the 
noExports flag is set. 
The FunctionSet Declaration 

FunctionSet <FunctionSetName> 

id= <ClassID>; required 
interfaceID = <ClassID>; optional 
version = <ClassVersion>, optional 
exports = <ListOfFunctionNames>; optional 
dontexport = <ListOfFunctionNames>; optional 
private = * <ListOfFunctionNames>; optional 

}, 

Copyright Apple Computer 1991-1993 

If a function set does not have an exports=clause and it 
does not have a dontexport=clause, all global functions (that 
are not methods of a C++ class) will be exported (subject to 
any constraints set by the private=clause-see below). If 
there are multiple function sets in a library, only one of them 
can be missing both of these clauses. The function set that 
is missing both clauses will export all of the global functions 
(that are not methods of a C-H class) that are not exported 
by any of the other function sets in the library. 
Element Descriptions 
<FunctionSetName> 

This provides a unique name for your function set when 
linking. 
id= 

This declaration defines the classID of the function set. A 
classID is normally in the form "xxxx:yyyySSomeName'. 
This ID string is as a quoted string, but it may include 
#defined constants as part of it's definition as long as you 
include the files that contain the #define declarations that 
resolve the constants. If you do not include an "id='' 
declaration, a #define found in the included files whose 
name matches kfunctionSetName>ID will be assumed to 
be the classID of the class. An error will occur at build time 
if the classID of the class cannot be determined. 
interface.ID= 

This declaration defines an interface ID for the function 
set. It has the same format as all other ClassIDs. By defining 
an interface ClassID, you can use the SLM's FunctionSet 
Info methods to find all Function Sets which have the same 
interface ID. Presumably, all function sets with the same 
interface ID export the same functionality, either by name or 
by index. This gives you a kind of object-oriented ability for 
ordinary functions. 
version= 

This declaration defines the version of the function set. 
The version number is in the standard Apple version number 
form: ##.i). The version number may not have the extra 
release information (like b2) on it. However, the version 
number may be 2 version numbers separated either by 3 dots 
(...) or an ellipsis character (option-:). This indicates the 
minimum version number of the function set that this 
function set is backwards-compatible with, and the current 
version number of the function set. Nothing is done with this 
information in version 1.0 of SLM, but future versions will 
take advantage of this information. If you do not specify a 
version number, the version number specified in the 
"Library' declaration will be assumed. This may be a 
#defined symbol. 
exports= 

This declares a comma-separated list of functions that you 
want to export in this function set. You only need to specify 
the function name, but if it is a pascal function, you need to 
put the keyword "pascal' in front of the function name. Like 
CH, the SLM considers ALL variants of a function as the 

Ex.1012 / Page 48 of 111
Cisco Systems, Inc.

Ex.1012 / Page 48 of 111
Cisco Systems, Inc.



5,615,400 
61 

same function, and will export them all (unless you used the 
-c switch on the BuildShared Library command line). If you 
are exporting a C++ class method, you should precede the 
method name with <ClassName>:. For a C-H class method, 
the -c switch is ignored and all variants of the method are 
exported. To export C++ operator overloads, use the CH 
syntax (e.g. operator+=). To export constructors, use 
<ClassName>:<ClassName>, and to export destructors, use 
<ClassName>:-<ClassName>. Some special keywords are 
available in this clause. They are: 
1) static <ClassName>-all static methods of the specified 

class will be exported. 
2) class <ClassName> all non-static methods of the speci 

fied class will be exported. 
3) extern <FunctionName> the specified function will be 

exported by name. 
4) pascal <FunctionName> -the specified function is a 

pascal function. The "pascal' keyword can be combined 
with the "extern' keyword, if necessary. 

dontexport= 
This declares a comma-separated list of functions that you 

do not want to export in this function set. It has the same 
syntax as the "exports=' clause, except that the "static', 
"class' and "extern” keywords are not valid. 
private= 

This declares a comma-separated list of methods that you 
want to export from the function set privately. Any methods 
specified in this list will be exported, but will go into a 
separate client object file (defined by the -privateNear and/or 
-privateFar command-line switches to LibraryBuilder). If 
you have not defined an exports= or dontExport=clause, then 
all other functions will be exported publicly. 
private=* 

This declares that all functions that can be exported 
should be exported privately. If you have not defined an 
exports=or dontExport=clause, then all of the functions will 
be exported privately. If you have an exports=clause, then 
the functions declared there will be exported publicly, and 
all others will be exported privately. If you have a dontEx 
port=clause, then the functions declared there will not be 
exported at all, and all others will be exported privately. If 
you have both clauses, those in the dontExport=clause will 
not be exported, those in the exports=claus will be exported 
publicly, and all others will be exported privately. 
Conclusion 

Accordingly, the present invention provides a system 
extension that brings dynamic linking and dynamic loading 
to a computer system architecture through the use of shared 
libraries. The shared library manager allows you to turn 
almost any code into a shared library without modifying 
your sources and without writing any additional code. You 
write the code that goes into the shared library in your 
chosen source language or assembly, call it from any of 
those languages as well. In addition, the system allows for 
calling virtual functions in a C++ class in a shared library 
without additional overhead. 

This system is especially effective for C-H classes. Object 
oriented languages like C-H give programmers the power of 
modular design with innate code reuse and offer better ways 
of putting together programs. However, the concept of code 
reuse and modularity is not fully realized in many imple 
mentations today. A general mechanism for runtime sharing 
of classes allows developers to take more advantage of the 
object oriented benefits of C++. True code sharing and reuse 
becomes possible. Improvements in implementations of 
classes are immediately usable by all applications, without 
rebuilding the application that uses the class. It is possible to 
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create a class that derives from a base class which is in a 
shared library leading to yet another term, dynamic inher 
itance. In fact, the subclass itself can be in a shared library. 

Thus, the present invention is particularly appropriate for 
applications that want to allow modules to be added on at a 
later time. If the modules are placed in shared libraries, the 
application can check to see which modules exist, and 
choose which modules to use. 

In addition, tools such as spellcheckers are well suited for 
shared libraries according to the present invention. If all 
spellcheckers share a common interface, the application can 
choose which spellchecker to use. Also, the spellchecker can 
be used by more than one application at the same time. 

In general, any code that you want to share between one 
or more applications is a candidate for a shared library. This 
is especially useful for large software companies that sell 
multiple applications that contain some common code. The 
shared library manager makes it easy to share this code. For 
example, a word processor might want to take advantage of 
Some of the graphics capabilities of a graphics program. 
Such abilities might be placed in shared libraries and 
dynamically linked according to the present invention. 
Some key features of the shared library manager include 

the following. 
Dynamic Linking and Loading 

Shared libraries are loaded and linked with clients at run 
time (and unloaded when no clients are using them). Load 
ing occurs on-demand, not at launch time. But the user may 
force libraries to load at launch time to be sure of their 
availability. 
Dynamic Installation 

Shared library files may be dragged in and out of the 
Extensions folder without having to reboot to use the shared 
libraries. 
Usage Verification 
An application can verify that a set of classes or functions 

required for proper operation of the application is available. 
The shared libraries required can then be loaded, or loading 
can be delayed until the code is needed. 
Library Preloading 
To guarantee that a library will be available when it is 

needed, a shared library may be set to preload at boot time, 
or it may be explicitly loaded by a client after boot time but 
before any classes or functions are actually used. 
Performance 
The Shared Library Manager provides high performance 

dynamic loading and linking of function sets and classes, 
high performance construction, use, and destruction of 
objects. In CH, a method or virtual function is called by a 
single indirection through a table of pointers to the function 
implementations (called the v-table or virtual function 
table). A dynamically linked function or procedure is 'snap 
linked', which means that the binding overhead occurs only 
once, after which the target address is cached (the link is 
"snapped') in the client. 

This calling mechanism is much more efficient than the 
Macintosh Device Manager dispatching which is used by 
device drivers, or the A-trap plus selector code mechanism 
used by stand-alone code resources on the Macintosh (such 
as CDEFs, WDEFs, and the Communications Toolbox). 
Other mechanisms such as IPC messages are also inefficient 
by comparison and not well suited for time critical use (as 
required by high performance networking protocols or other 
high performance device drivers). 
Dynamic Inheritance 
A class may inherit from a class which is not in the same 

shared library file. This also means that a developer can 
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create a class that inherits from another developer's class. 
The new subclass can either be in another shared library or 
in the application code. 
Dynamic Class Creation 
When creating an object, you can dynamically create it by 5 

name. This allows an application to create objects of classes 
it has never seen before. Generally, these objects are a 
subclass of a class the application does know about. 
Class Verification 
A client can verify at run-time that a given class is derived 10 

from aparticular base class or that an object is of a particular 
base class. Dynamic class creation and class verification are 
used together. 
The foregoing description of preferred embodiments of 

the present invention has been provided for the purposes of 15 
illustration and description. It is not intended to be exhaus 

64 
tive or to limit the invention to the precise forms disclosed. 
Obviously, many modifications and variations will be appar 
ent to practitioners skilled in this art. The embodiments were 
chosen and described in order to best explain the principles 
of the invention and its practical application, thereby 
enabling others skilled in the art to understand the invention 
for various embodiments and with various modifications as 
are suited to the particular use contemplated. It is intended 
that the scope of the invention be defined by the following 
claims and their equivalents. 
A computer program listing appendix under 37 C.F.R. 

$1.96 follows, consisting of 54 pages. 
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COMPUTER PROGRAM LISTING APPENDIX 

37 C.F.R. S1.96 

Copyright Apple Computer 1991-1993 

void TLibraryManager::Internal CastObject (VTableRec" vtRec, void the Object, 
const TClasslD& base Classld, 
int level, Boolean checkVirtuals) const 

ff 
lf Scan through all of the parent classes of the Class, and see if 
lf any of them have base class D as a parent. If one does, return 
11 kNoError. But... If the object has several parents with that 
If same base Class D, then we are NOT RELATED, so we have to keep 
if looking after we find one to be sure. 
Af 
void answer = NULL; 
WTableRec" pvtRec = witRec -1; 

do 

pvtRec + = 1; 
Af 
|| If this WTable is not a parent vitable, then the parent VTableRec 
If is obtained by GetParentCVR(). 
If f this WTable is Castable and it's either not Wirtual, or we're 
If supposed to look at virtual parents, then the "castable" parent 
ff WTableRec is obtained by GetLocal CVR. 
ff 
ClientVTableRec the Parentrec = NULL; 
if (pvtRec->isParentVTable()) 

the ParentRec = pvtRec->GetParentCVR(); 
else 
if ({pvtRec->LocalCWRIsParent () &&. 

(IpvtRec-> ParentsVirtual () checkVirtuals))) 
theparentrec = pvtRec-> GetLocalCVR(); 

if the parentrec) 
{ 

TClassID templD = (TClassiD) theParentrec->fClassiDStr; 

if (templ = = base Class D) 
{ 

11 
// if this is level O, or the parent is virtuai, then this 
1) is the "definitive" cast at this point in time. 
f/ 
if (level c = 0 pvtrec-> Parentis Virtual ()) 
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long offset = pvtrec-> Get ObjectOffset(); 
return (offset = = -1L) ? NULL : (char) theobject - offset; 

} 
long offset = pvtRec->GetObjectOffset(); 
if (answer = NULL offset = = -1) 

return NULL; 
answer = (char) theObject - offset; 

else 

TClass parentClass; 

if (!pvtRec->lsParentVTable()) 
parentClass = {TCiass) (the Parentrec-> f(lassLinkPtr-> GetValue()); 

else 
parentClass = f0lassCatalog-> Lookup Class (tempD); 

11 
// Call ourselves with the "reat" WTableRec pointer for the parent 
11 class, and the Object properly "offsetted". 
f 
long offset = pvtRec->GetObjectOffset(); 
if (offset s = -1L) 

return NULL; 
void temp = internal CastObject(parentClass-D GetVTableRecPtrFast), 

(char) the Object - offset, base ClassID, 
level + 1, false); 

if (temp) 
{ 

if (answer) 
return NULL; 

answer = temp; 
} 

} 
} 

} while (IpvtRec->lsSoloWTable() & & pvtRec->lsLastParent()); 
return answer; 

void TLibrary Manager:CastObject(const void the Object, const TClasslD& 
baseClassiD, OSErr errptr) const 

OSErr ert = kNoError; 
void answer = NULL; 
void newObject; 
if (errtr) 

errPt? = kNoError; 11 so we can do blind returns if successful 

if (lsValidTDynamic{{const TDynamic) theobject)) 
{ 

if (errPtri) 
errPtr = knvalidObject; 

return NULL; 
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if (f(lass Catalog-> LookupClass (baseclass D) = = NULL) 
{ 

if errPtri) 
errPtr = kNotFound; 

return NULL; 
} 
WTableRec" vitrec = ** {VTableRec') CastToPtr(theObject); 
fi 
1/ If it's a parent WTable, then first, let's see if we can 
f1 cast it without moving back to the base class. This will allow 
If us to cast objects that have duplicated base classes as long 
ff as they are not in the same tree. 
ff 
if (vtrec-> sparentVTable()) 
{ 

if (vtRec-> GetLocal CVR () = NULL) 

TClass temp = f0lass Catalog-> Lookup Class(*wtrec-> GetlocalClassiD{}}; 
if (temp & & temp-> GetVTableRecPtrFast()) 
{ 

answer = Internal CastObject(temp-> GetVTableRecPtrFast (), 
Cast to Pitr(the Object), baseClass D, O, false); 

if (answer) 
return answer: 

} 
11 
// OK, that didn't work. Now, let's move back to the main object 
11 and try the cast that way. 
If 
if (vtRec-> GetObjectOffset () = = -1) 

return NULL; 
newObject = (char) CastToPtr(theObject) + witRec-> Get ObjectOffset(); 
witRec = (VTableRec) CastToptrinewObject); 

else 
newObject = CastToPtr(theObject); 

If 
lf if this is the right class id, then return the offsetted object. 
If 
if (vtRec-> GetLocalClassD() = -s baseclasslD) 

answer = internalCastObject{vtRec, newObject, baseClassiD, 0, true); 
if tanswer = = NULL) 

err = kNotRelated; 
if errPtri) 

errPtr = err; 

return newObject; 
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return answer; 

TClassinfo TLibraryManager::GetClassinfo (constTClasslD& theClassiD, OSErrerrPtri) 
COSt 

Classinfo thenfo = NULL; 

if (errpt) 
errPtr = kNoError; 

if (fclassCatalog-> Lookup Class (the Class D) = NULL) 
{ 

Tlterator the terator = f0lass Catalog-> folasses-> Createlterator (fpool); 
if (theiterator) 
{ 

theinfo = new (fpool) TClasslnfo; 
if theinfo) 

theinfo->fBase ClassD = the ClasslD; 
the info->filterator = thelterator; 
thenfo->Reset(); 

} 
else 
{ 

delete theiterator; 
if (errotr) 

errPtr = kOut OfMemory; 
} 

} 
} 
else if errtr 

errPtr = kNotFound; 

return thenfo; 

void TLibraryManager::NewObject(const TClasslD& classID, OSErr err, 
TStandard Pool pool) const 

{ 
Boolean nodunload = false; 
#if q Debug 

Trace "TLibraryManager::New Object - Class D = %s\n", &classID); 
ifendif 

void the Obj = NULL; 
WTableRec theVTableRec = NULL; 
OSErr err2 = kNoError; 
TClass theClass; 

if pool = = NULL) 
pool = GetObjectPool(); 
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f* get the WTableRec for the class first 

the Class = f0lassCatalog-> Lookup Class (class D, false); 
if the Class) 
{ 

if (the Class-> NewObjectSupported()) 
{ 

err2 = kNotSupported; 
} 
else if (the Class->GetLibrary()) 
{ 

err2 = the Class-> GetLibrary()--> Load (false); // make sure the code is 
loaded first 

if (err2 = - kNoError) 
{ 

theVTableRec = the Class-> GetVableRecPtrfast(); 
nd Unload - true; if we'll do an unload later 

} 
} 
else if it's a root class 

the WTableRec = the Class-> GetVTableRecPtrFast(); 

else 
err2 = kNotFound; 

if (the VTableRec) 

if (theVTableRec-> CanNewObject()) 

the Obj = pool-> Allocate(the VTableRec-> GetSize)); 

if (the Obj) 
{ 

ConstructorPtr constructor = ConstructorPtri)the WTableRec 
>fExportTable(1}; 

if (constructor) 
{ 

TRY /* constructors code or code it calls may not be loaded "f 
CallConstructor(the Obj, constructor); 

CATCH ALL 
err2 = Error Code(); 

ENDTRY 
} 
else 

pool- > Free theObj); 
the Obj = NULL; 
err2 = kNotSupported; 

} 
} 
else 
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err2 = pool->lsWalid {) 2 kOutOf Memory : kPool Corrupted; 
} 
else 

err2 = kNotSupported; 
} 
if (nd Unload) 

the Class->GetLibrary()-> Unload); 

#if q Debug 
if terr2) 

Trace("NewObject failed: err = %d\n",err2); 
fendif 

if (err) err = err2; 
return theObj; 

void TLibraryManager: NewObject(constTClasslD& classlD, constTClasslD& parentlD, 
OSErr err, TStandardPool pool) const 

OSErr verifyErr; 
verifyErr = VerifyClass(classID, parentlD); 

if (verifyErr = = kNoError) 
return New Object(class), err, pool); 

else 
{ 

if (err) err = verifyErr; 
return NULL; 

} 
} 

void TLibraryManager::NewObject(const TFormattedStream&, OSErr, 
TStandardPool) const 

{ 
f%%% needs implentation 7 
return NULL; 
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int TLibraryManager::internal Verify Class(TClass D thel D, const TClass D& 
baseGlassID, 

int level, Boolean & saw Virtual) const 

f/ 
ff if this guy matches, return kNo Error 
ff 
Boolean is Virtuall= false; 
int SaW = 0; 
if (* char) the D = = '') 
{ 

is Virtual - true; 
the ID as TClass D) {char)thel D + 1); 

} 
If 
If f we match the class D - then 
lf if we are at level 0, return a 1. 
If f it's a virtual parent, set sawVirtual to true. 
|| Otherwise, flag that we've seen the class once. 
f 
if the D = - base Class) 

if (level = = 0) 
return 1; 

else 
if (isWirtual) 

saw Virtual = true; 
else 

saw = 1; 

TClass the Class = f0lassCatalog-> Lookup Class the D); 
if (the Class = = NULL) 

return -1; 
If 
|| Scan through all of the parent classes of the Class, and see if 
ff any of thern have base Class D as a parent. Keep track of how many 
If we saw. We need to continue scanning to the base of the tree since 
lf if we ever see the class as a virtual base class, then the answer is 
If YES, we are related - no matter how many times we saw the class 
11 
size it idx = 0; 
TClassiD tempt D; 
int retval; 
while tempt D = the Class-> GetParentlD{idx+ +)} 

switch (retvai = Internal VerifyClass (templD, baseGlass D, level + 1, 
saw Virtual)) 

{ 
case O: 

break; 

case -1 : 
return retval; 
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default: 
saw -- e retval; 

} 
} 
return Saw; 

OSErr TLibraryManager::VerifyClass (const TClasslD& classiD, const TClassiD& 
baseclassD) const 
{ 

Boolean sawVirtual = false; 
TClassID thel D = {TClass D) CastToPtr(&class D); 
switch (internalVerify Class (thel D, baseGlass D, O, saw Virtual) 

case -1: 
return kNotFound; 

case 1: 
if (sawVirtual) 

return kNotRelated; 
return kNOError; 

case 0: 
return sawVirtual 7 kNoError : kNotRelated; 

default: 
return kNotRelated; 
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/* 
File: Class Catalog.h 

Contains: Declaration of the TClass Catalog class 

to DO: 
+1 

#ifndef CLASSCATALOG 
#define CLASSCATALOG 

#ifndef LIBRARYMANAGERCLASSES 
#include <LibraryManagerCasses.h> 
fendif 
#ifndef SLMGLOBAL 
include <SLMGlobal.h> 
ifend if 
#ifndef VTABLETOOLS 
include <WTableTools.h> 

fendif 

1st r s - - - - - - - - - - E + 4 + · + · · · · · · · is sits r + + r * * * * * * * * * * * * * * * * * * * * * * * * * * 
** Forward class declarations 

s : . . . . . . . . . . . . . . . . . . . . . k + k + 3 + 4 + 4 + · + 3 + 4 + 4 + x : x + 4 + 3 + 4 + 4 + 4 + 3 + 4 + 4 + 1 

class TClass Catalog; 
class TLibrary Manager; 
class TLibrary File Manager; 
class TClass; 
class TLibrary File; 
class loadList; 

class Tinspector; 
class TInspectorhelper; 
struct AAPBRec; 

f+ · · · + 4 + + k + + 4 + r s : . . . . k + + k + i + 4 + · · + r * r * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* Some Typedefs 
* * * * * * r * sessssssssssssssssssssssss + . . . . . ss ss ess + k + k + 3 + 4 + · · · · + 1 

typedef void (RunSystemTasks ProcPtri) (unsigned long); 

f : * * * * * * * * sists + i + r * * * * * * * * * * * * * * * * * * 4 + 4 + 4 + 3 + 3 + 4 + 4 + 4 x * * * * * * : * * * * 
** Class TClassCatalog 

- 

** TClassCatalog's keep track of TClasses, most likely for a TLibraryManager. 
** You can register and unregister TClasses and also look them up based on 

their classld. Normally there will only be TClassCatalog running on the 
system unless there is a need to keep a group of classes private. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * r s so : * * * : * * * * * * * * * * * * * * * * * * * * * 

#define kTClass Catalog D "Scoat, 1.1" 
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class TClassCatalog: public TDynamic 

friend class TLibrary Manager; 

public: 
TClassCatalog(); 

virtual ~TClassCatalog(); 
11 
if Keep these at the front. The stub file generator assumes 
11 they are here 
11 

#if COMPAT10 
virtual Wirtual Function Execidestructor ClientVTableRec') Const; 
virtual Wirtual Function ExecConstructor (ClientVTableRec", size t idx) const; 
virtual Virtual Function ExecVTableEntry (ClientVTableRec, size tidx) const; 
virtual Virtual Function ExecExportEntry (ClientVTableRec, size t idx) const; 
virtual void ExecPunction (FunctionStubRec, TLibraryManager) const; 
virtual VirtualFunction ExecrootDestructor(ClientVTableRec) Const; 
virtual VirtualFunction ExecRootConstructor(ClientVTableRec", size it idx) 

Const 
virtual VirtualFunction ExecrootWTableEntry(ClientVTableRec", size t idx} 

const; 
virtual VirtualFunction ExecRootExportEntry (ClientVTableRec, size it idx) 

Const; 
ifendif 

virtual Virtual Function Lookup Function Function StubRec theStubRec, 
TLibraryManager theMgr); 

virtual WTableRec GetVTableRecNemory(size t num) const; 
virtual WTableRec init 1 WTableRec(VTableRec' wTableRec, ProcPtr 

setup Proc, ClientVTableRec client) const; 
wirtual WTableRec InitVTableRec(VTableRec wTableRec, WTable wTable, 

WTable exTable, ClientVTableRec" parent, long size, 
char) const; 

virtual WTableRec initwTableRec(VTableRec VTable exTable, char) 
const; 

#if COMPAT 10 
virtual WTableRec GetGenVTableRec(ClientVTableRec) Const; 

ifendif 
// 
If Knowledge of these 3 offsets is in our assembly language code (VTable.a) 
11 
virtual WTableRec LookupVTableRec(ClientVTableRec the Client) const; 
virtual WTableRec GetVTableRec(ClientVTableRec, Boolean issub = true) 

v- const; 

virtual VTableRec ReleaseVTableRec(ClientVTableRec) const; 
// 
fl Knowledge of these 2 offset is in DeveloperJtilities.cp 
// 
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virtual OSErr initLibraryManager(TLibraryManager, long, size t 
poolsize, ZoneType thezone, MemoryType 
the MemType); 

virtual Boolean Cleanuplibrary Manager TLibraryManager'); 
11 
If Knowledge of these 4 offsets is in our assembly language code (VTable.a) 
If 
witual Wirtual function GetDestructor (StructorStubRec, TLibraryManager) 

COnSt. 
virtual WirtualFunction GetConstructor(StructorStubRec, TLibraryManager, 

Boolean issub) const; 
virtual Wirtual Function GetVTableEntry (ClassStubRec, TLibrary Manager") 

COnSt. 
virtual Wirtua Function GetExportEntry{ClassStubRec, TLibraryManager) 

cost; 
f 
|| Knowledge of this offset is in the LibraryBuilder tool 
If 
virtual WTableRec GetParentVTableRec{ClientVTableRec) Const; 
If 
If Knowledge of these 4 offset is in Developerlutilities.cp 
If 
virtual Boolean instaldeathWatcherTNotifier); 
virtual Boolean RemovedeathWatcher (TNotifier); 
virtual void Notify Death WatchClients (TLibrary Manager) const; 
virtual void LeaveCodeResource(GlobalWorld saved World, 

TLibraryManager saved Client); 

|| Inspector dependent on this offset - must be rebuilt if changed 
virtual void Registerinspector(TInspector); 

If 
ff below here you can move stuff around 
ff 

if q Debug 
virtual void Dump () const; 
ifer dif 

If New Methods 

TCollection Get Classes() const; 
TSimpleList GetLibrary Files () const; 
TSimpleList GetLibraries() const; 
TSimplelist GetLibrary FileManagers () const; 
SMGlobal GetSLMGlobal) const; 

virtual TClass Lookup Class (const TClassld & theClassiD, 
Boolean is Sub-Class - true, 
Version = 0} const; 

virtua TClass Lookup Class (ClientVTableRec, 
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Boolean isSub Class = true, 
TLibrary = NULL) const; 

virtual TLibrary Lookup Library const TLibrary 8) const; 

virtual void RegisterClass(TClass theClass); 
virtual void UnregisterClass(TClass the Class); 

virtual void RegisterLibrary FileManager(TLibraryfileManager); 

virtual void RegisterDynamicObject(TDynamic, Boolean 
only flnspecting = false); 

virtual void UnregisterDynamicObject(TDynamic); 

virtual RunSystemTasksProctr GetRunSystemTasksProc{) const; 
virtual void SchedulelnitGrafProc() const; 

virtual void Instal Vectors(); 
virtual Boolean Shutdown Fornstaller(AAPBRec pb); 
virtual Boolean OkToUnloadLibraryManager Boolean if ecuseCount); 
virtual TLibraryFileManager 

GetApplication File Manager() const; 

virtual Classld CreateClassiD{char); 

#ifdef ForrCDM 
virtual void RegisterMacOSLibrary FileMgr); If only needed for ROM 

Builds 
fiendf 

virtual void installPatches(); 
virtual void RemovePatches(); 

private: 

SLMGlobal f0lobals; 
TSimpleList fLibraryFileManagers; 11 registered TLibrary FileManager's 
TSimpleList fibrary Files; If all TLibrary Files 
TSimplelist fLibraries; If all TLibraries 
HashList fClasses; 11 all Classes known to the 

TClassCatalog 
THashlist foclassDs; 11 at ClassIDS known to 

the TClass Catalog Tinspector finspector; 
TInspectorhelper flnspectorhelper; 
TSimplelist fDeathWatchers; 
TMacSemaphore fSemaphore; 
Boolean fDontRegisterObjects; 

}; 

| ----------------------------------------------------------------------- 
inlines for TClassCatalog 
--a---osauru----as-a-na-names-----ana-a-a-no----ana-a-vas.................. tf 
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inline T.Collection TClassCatalog::GetClasses() const 
{ 

return folasses; 
} 

inline TSimpleList TClass Catalog::GetLibrary Files () const 

return fLibrary Files; 
} 

inline TSimpleList TClassCatalog::Getlibraries() const 
{ 

return fibraries; 
} 

inline TSimpleList TCassCatalog::GetLibrary FileManagers () const 
{ 

return fibrary FileManagers; 
} 

inline SLMGlobal TClass Catalog::GetSLMGlobal () const 
{ 

return folobals; 
} 

ife dif 

f++ + k + 4 + . . . . . ss is . . . . . . . . . . . . . . . . . . . . . . . ss sess - - - - - - - - - - - - : * : * : * * 
** PUBLIC Load 
sesssssssss : * : * : * : * : * : * * * * * * * *ss . . . . . . . . . . . . . * * * * * * * * * * * * * * * * * * * 

OSErr TLibrary::Load (Boolean forceAll, PreloadList loadList) 

OSErr result = kNoError; 

if ills CodeLoaded ()) 

if ( (result = ReallyLoad (forceAll, loadList)) = = kNoError) 
IncrementuseCount(); 

} 
else 
{ 

// if forceAll was specified then we need to make sure all of the code 
// Segments are loaded 
if (forceAli) 
{ 

Loadednfo info = GetLoaded info (); 
for (short theSeglD = kmplementationSegment; theSeglD <= info 

> fNumCodeSegs; theSegD++) 
{ 

if (info->f CodeSegmentsEtheSeglD-1) = = NULL) 
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{ 
OSErr err = LoadSegment (theSeglD); 
if (err) 

return err; 
} 

} 
} 

if (loadList 
result = GetLibraryFile()->GetLibraryFileManager ()-> 

GetLoadList(GetLoaded info ()--> f(OdeslibraryManager,loadList); 
if result = = kNo Error) 

Increment JseCount(); 

return result; 

ps ss ss is + 4 + 4 + 4 + + r * * * * * * * * * * * * r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
PUBLIC Unload 

+ . . . . . . . . . . . . . . . . . . . * * * * * * * * * * * * * * * * * * * * * : - - - - - - - - - - - - - - - - - - - 

void TLibrary::Unload.() 

Boolean ndRelease = true; 
gSemaphore-> Grabi); 

if fuseCount.lsUnused()) 
{ 

if fuseCount.Decrement () && Islibraryloaded)) 
{ 

If 
If f we're not on the list, add US on and schedule 
If the unloader, if necessary. We have 
// an fLink field that is not really a TLink, so 
fill we cast it as one to make everybody happy. 
11 
if (funloadScheduled) 
{ 

11 
11 if the useCount reached 0 as a result of another library 
lf being unloaded, then unload the library right away. Note 
11 that the library will only be partially unloaded and the 
Il remainder of the unloading is handle by the UnloadScheduler. 
// 
Boolean unloadMoW = gprocessinglunloads &&. Atinterruptlevel(); 
if (unloadMow) 

fLibraryLoaded = false; if it's no longer safe to assume we are loaded 
after this point 

gljnloadList-> AddLinkFirst Link&fLink); 
funloadScheduled = 1; 
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if (!gOpScheduled) 
{ 

gOpScheduled = true; 
gSemaphore-> Release(); 
nd Release = false; 
GetSLMGlobal ()-> funloadScheduler-> Schedule(gunload Code Op); 

} 

if (unloadMow) 
Really Unload (true); 

} 
} 

} 
else 
{ 

Debugbreak{"TLibrary::Unload: fuse Count < O"); 
} 
if (nd Release) 

gSemaphore-> Release(); 
} 

+++++ - sex + x * * * * * * * * * * : - - - - - - - - - - + 4 + + i + + r * : * r * * * * * * * * * * * * * * * * * * 
** PROTECTED ReallyLoad 
sts ess ss ss is . . . . . . . . * * * * * * * * * * + 4 + 4 + i +++++++++++ - r s : * * * * * * * * * * * if 

OSErr TLibrary::ReallyLoad (Boolean forceAll, PreloadList loadList) 

OSEr err; 
Void SavedZone; 
long saved RefNum; 

TLibrary File Manager file Mgr = GetLibraryFile()-> GetLibrary FileManager(); 

if (Atinterruptlevel ()) II fail at interrupt time 
return kCodeMotloaded; 

if {fflags & kLibraryNoSegunload Flag) 
forceAll = true; 

savedZone = EnterSystemMode(); 

if ((err = GetLibraryFile()--> OpenLibraryFile()) = kNoError) 

LeaveSystem Mode(savedZone); 
return err; 

} 
if (terr = GetLibrary File()-> Preflight(saved RefNum}) = kNoError) 

GetLibrary File()--> Closelibrary File(); 
LeaveSystemMode(savedZone); 
return err; 

} 

- 110 - 
Attorney Docket No.: APPL:P994MCF/MAH P994 
mah/appl/994.002 

Ex.1012 / Page 65 of 111
Cisco Systems, Inc.

Ex.1012 / Page 65 of 111
Cisco Systems, Inc.



5,615,400 
95 96 

err = file Mgr-> LoadLibrary (this, load list, forceAll); 

if (err t = kNoError) 
{ 

foodeLoaded = false; 
fuseCount. Init(); 

| If we were able to Preflight the file then PostFlight it. if we can f 
f* PostFlight the file but were unsuccessful in loading the code then 1 
1 close the file. */ 

if (GetLibrary File()-> Postflight (savedRefNum) = = kNoError) 
if (err se kNoError) 

GetLibrary File()--> CloselibraryFile(); 

if (err = = kNoError) 
{ 

GetLibraryFile()-> PreloadClasses(this); 
flibraryLoaded = true; If the library is done loading now 

LeaveSystemMode(savedZone); 11 back to state we were in 

return err 

fiss + x + x + + 4 + r s ss ess sess + + i + 4 + 4 + 4 + + 4 + r * r * : * * * * * * * * * * * * * * * * * * * 
PUBLIC Unload 

+ + · · · · + sess is ess + * * * * * * * * * * * + 4 + · · + i + r. ss is ss + + i + + 3 + + k + 4 + 8 + + · · · · ++f 

void TLibrary:Unload () 
{ 

Boolean nd Release = true; 
gSemaphore-> Grab(); 

if (fuse Count. Isunused()) 
{ 

if (f Usecount. Decrement() && IslibraryLoaded ()) 

11 
// if we're not on the list, add us on and schedule 
// the unloader, if necessary. We have 
If an fLink field that is not really a TLink, so 
// we cast it as one to make everybody happy. 
11 
if (f JnloadScheduled) 

If 
| | If the usecount reached 0 as a result of another library 
If being unloaded, then unload the library right away. Note 
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|| that the library will only be partially unloaded and the 
11 remainder of the unloading is handle by the UnloadScheduler. 
1, 
Boolean unload Now = gProcessinglunloads && Atlnterrupt Level(); 
if (unloadNow) 

fLibraryLoaded = false; if it's no longer safe to assume we are loaded 
after this point 

gunload List-> AddLinkFirst (TLink)&f Link); 
fUnload Scheduled = 1; 

if (lgOpScheduled) 
{ 

gOpScheduled = true; 
gSemaphore-> Release(); 
drelease = false; 

GetSLMGlobal ()-> funload Scheduler-> Schedule(gunloadCode Op); 
} 

if (unloadMow) 
ReallyUnload (true); 

} 
} 

} 
else 

DebugEreak("TLibrary: Unload: fUseCount < 0"); 
} 
if indRelease) 

gSemaphore-> Release(); 

pers x * * * + 4 + 4 + 4 + + c s ss is . . . . . . * * * * * * * : * r + i + 4 + x * * * * * * * * * * * * * : * * * * * * * 
* PUBLIC LookupVTableRec 

* r s sets s r + i + + k + 3 + c + i + 4 + 4 + r. ss ss + 3 + i + 3 + 4 + k + + r * * * * * * * * *ss ss + x + + r * 

WTableRecPtr TLibrary:LookupWTableRectoonst TClassiD classiD, OSErr err) 

if (AreWTables Safe)) 
{ 

Debugbreak("Library::LookupWableRec - attempt to get an unsafe vitable"); 
if Kerr) err = kCodeNotLoaded; 
return NULL; if someone tried to get an unsafe vitable at interrupt time 

If 
lf find the VTableRec that matches the client->fClassIDStr 
l! However, do not look at "parent" VTableRecs 
I 
size t idx; 
size t num = GetLoadedInfo)->f WTableRecArray->fNumWTableRecs; 
WTableRec witRec = GetLoaded info ()->fWTableRecArray->fWTableRec; 
for (idx = 0; idx < num; ++-idx, witRec + = 1) 
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{ 
if vitrec->isparentVTable}) 

if (strompt (const char) classld, (char) witRec-> GetLocalClass D)) = = O) 
{ 

break; 
} 

} 

if (err) 

if (idx > = num) 
err - kNotFound; 

else 
err is kNoError; 

} 

return (idx > = num) 2 NULL : GetLoadedlnfo()->f ViableRecArray->f WTableRec + 
idx; 

} 

WTableRecPtr TLibrary:LookupWTableRec(ClientVTableRecPt? theClient, OSErr err) 

WTableRecPtrtheVTableRec=LookupVTableRect (TClassld)the Client->folasslDStr, 
err); 

if (the WTableRec) 
the Client->fCodeSerialNumber = f0lodeSerialNumber; 

return theVTableRec; 

f+ + k + 4 + 4 + · · · · · + + 4 + 4 + 3 + 4 + · · · · + r s x s : x + i + · · + x * * * * * * * * * * * * * * * * * * * * * * 
** PROTECTED ReallyUnload 
sess is ss as . . . . . . . . ss * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *f 

void TLibrary::ReallyJnload (Boolean delayed Jnload) 
{ 

Boolean firstPass 
Boolean lastPass 

lfFirstPassComplete; 
fFirstPassComplete delayed Jnload; 

EnterSystem Mode(); / make sure we do everything in system 
mode 1 

void savedZone 

if (firstPass) 

// CYA for when ReallyJnload is called by someone other than ProcessJnload. 
filibraryLoaded = false; 

GetSLMGlobal ()--> foclassCatalog->NotifyDeathWatchClients (GetLoaded info () 
DfCodeslibraryManager); 

If 
|| Call the Cleanup proc for the library - Make sure the global 
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lf world and client are set up to the library itself. 
11 
GlobalWorld saved World - ::SetCurrentGlobalWorld (GetLibraryWorld()); 
TLibrary Manager saved Client = SetCurrentClient(GetCodesLibraryManager()}; 
(*GetLoadedInfo ()-> f(Cleanup Proc)(); 

// 
// Reset our usecount now 
// 
fUse Count.SetValue GetLoaded info ()->fSaved Use Count); 

// 
if Call any cleanup routines that were specified 
ff 
TLibrary Manager my Mgr = GetCodeslibraryManager(); 
Proctrf procs = (ProcPtri)myMgr-> GetClientlnfo(0); 
if (procs) 
{ 

size it num = |size thCastToLong (procs(O); 
for (size tidx = 1; idx <= num; + +idx} 
{ 

if procslidx) 
{ 

ff 
ff Just in case we can't load the segment. It was preloaded, if possible, 
// but for ThinkC that's not possible. 
ff 
TRY 

(procsidx) (); 
ENDTRY 

} 
} 
myMgr-> SetClientinfo|O, NULL); 
delete (void)procs; 

SetCurrentClient saved Client); 
::SetCurrentGlobalWorld (saved World); 

} 

if (lastPass) 
{ 

TSimpleList clientlist = GetLoaded info ()--> follients; 
GetLoadedInfo ()--> follients = NULL; 
if (clientList) 
{ 

TLibraryManager mgr; 
while (mgr = (TLibraryManager) clientist-> RemoveFirst()) 
{ 

ff 
If f the client record is a ClientData record, then deal with 
ff it appropriately. 
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If 
if (CastToLong(lmgr) & 1) 

TClient data data = (TClientdata) ((char)lmgr - 1); 
data-> GetClient()-> Detach Library (this); 

} 
else 

lmgr-> Detachtlibrary (this); 
} 
delete clientist; 

} 

GetLibraryFile()->GetLibrary FileManager)->UnloadLibrary (this); 
} 

if (delayed Unload & & firstPass) 
{ 

Code Jnloaded (true); 
fFirstPass Complete = true; 

} 

if (lastPass) 
{ 

fLibrary File-> Close library File(); 
fFirstPass Complete = false; 

} 

LeaveSystem Mode (savedZone); lf back to state we were in 
} 

class loadedlnfo 
{ 

public: 
// 
11 Ali "Loaded" info Structure must start off with these 
fl first 6 fields. 
11 
TLibraryManager foodes libraryManager; // Library's TLibraryManager 
VTableRecArray fWTableRecArray; 11 the list of vitable records 
Proctr fCleanup Proc; If pointer to the library 

lf cleanup proc 
long fSaved UseCount; lf fuseCount after Load () is 

11 called for first time 
GlobalWorld fLibraryWorld; If the Library's shared A5 world 
TSimplelist fClients; lf Current client library managers 
Ptr- fCodeSegments; 11 pointers to the loaded code 

// Segments 
short fMumCodeSegs; ff number of loaded code 

11 segments 
short fFiller; 
TLibrary Manager fastClient; 
void fLastClientData; 
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class TLibrary : public TDynamic 

public: 

virtual 

5,615,400 

f| TDynamic Overrides 

virtual char 

11 New methods 

106 

TLibrary (TClass D thel D, ResType theType, 
short res), 
Version theVersion, 
unsigned short clientDataSize, 
size it codeZoneSize, 
long the Flags, 
unsigned char compilerType, 
TLibraryFile:Priv theLibrary File}; 

-TLibrary(); 

GetVerboseName (char) const; 

f! These are methods that might get exposed to the user someday so keep them 
If up front. They are already exposed through glue code so don't change 
11 their order after 1.1 goes GM. 

virtual 

virtual 

virtual 
virtual 
virtual 
virtual 
virtual 

OSEr 

OSErr 

OSErt 
OSErr 
void 
void 
void 

OSEr 
void 

void 
Boolean 
TLibrary File:Priv 
TLibrary Manager 
ResType 
long 
long 
Boolean 

int 
int 
Boolean 
int 
GlobalWorld 

Attorney Docket No.: APPL:P994MCF/MAH 
mah/appl/994.002 

Load Segment (long theSegld); II this guy will 
// return an error 

LoadSegment(ProcPtr theRoutine); 11 this guy will 
return an error 

UnloadSegment(long theSegld); 
UnloadSegment ProcPtr theRoutine); 
GetClientata (TLibrary Manager); 
DetachClient(TLibraryManager); 
AddClient (TLibraryManager); 

Load (Boolean forceAli, PreloadList" = NULL); 
Unload (); 

incrementUse Count(); 
DecrementuseCount(); 

GetLibrary File() const; 
GetCodes library Manager () const; 

GetCode Type() const; 
GetSerialNumber () const; 
GetFlags () const; 

OkToUnload () const; f' can we unload 
the code */ 

sLibraryLoaded () const; 
ls CodeLoaded) const; 
AreVTables Safe () const; 
AreWTablesinitialized) const; 

GetlibraryWorld () const; 

- 16 - 
P994 

Ex.1012 / Page 71 of 111
Cisco Systems, Inc.

Ex.1012 / Page 71 of 111
Cisco Systems, Inc.



5,615,400 
107 108 

short GetLibraryLibri D() const; 
void SetPreload Flag(); 
int isDuplicate () const; 
void SetlsDuplicate(int); 

WTableRec LookupVTableRec(const TClasslD classlD, 
OSErr = NULL); 

WTableRec LookupVTableRec(ClientVTableRec, OSErr 
= NULL); 

Version GetVersion () const; 
TClass) GetIDC) const; 

Loaded info GetLoadedlnfo () const; 
void Setloaded Info (Loadedlnfo"); 
size t GetCodeZoneSize) const; 

void* PrivateLoadSegment(long the Segld); if this 
if guy 
fican 
f tow 
If an 

//exception 
virtual void InformDebugger AboutLoadedSegments(); 

11 
If Don't mess with these 3 
H 
void InformDebuggerOfSegmentStatus (long id, 

void the Code, 
Boolean if Load); 

void CodeLoaded (Proctr code Entry, Ptr); 
void Codel Unloaded (Boolean delayed Unload = false); 
void InitializeCode (ProcPtr codentry, PreloadList); 

OSEr ReallyLoad Boolean forceAll, PreloadList = NULL); 
void Really Unload (Boolean delayed Unload = false); 
Boolean LoadLibraries (PreloadList); 
CompilerType GetCompilerType() const; 

protected: 
static void Processunload (TOperation ); 

static TOperation gunloadCodeCp; 
static TSimpleList gUnloadList; 
static TMacSemaphore gSemaphore; 
static Boolean gOpScheduled; 
static Boolean gProcessingUnloads; 

private: 
If 
If LoadCodeSegment.a depends on this first field 
// and the Stubs generated by 1.1 depend on the 2nd field. 
// 
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Loadedlnfo 
TUseCount 
If 
void 
TCaSSD 
TLibrary FilePriv 
long 

long 
ResType 
short 
Version 

unsigned short 
size t 
CompilerType 
unsigned 

unsigned f0lodeLoaded: 1; 

5,615,400 
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floaded info; 
fUseCount; 

fLink; 
fLibrary D; If id of this library 

fLibrary File; If TLibrary File in charge of this instance 
fCodeSerialNumber; // changes when the code is 

ff unloaded 
fFlags; if code resource flags 

foode Type; If code resource type 
fResD; ff Resource ID 

fWersion; If packed version = 
lf major + minor bytes 

fClient DataSize; fl. Size of Cient Data 
fCodeZoneSize; // O if not specified 

fCompilerType; 
fLibraryLoaded: 1; // true only if we are completely done 

fl loading the library 
fi true if code is loaded, but wtables may 
frot 
If have been initialized yet 

unsigned fWTablesinitialized: 1; if true if wtables have been initialized 
unsigned fFirstPass Complete: 1; if true if first unload pass has been made 
unsigned fJnloadScheduled: 1; 
unsigned fisDuplicate:1; 
unsigned fFiller:2; 

f' ----------------------------------------------------------------- 
inline methods 
sia a---------reasursuasa war wasa was as was saya a -w- www.....- .......... * 

inline long TLibrary: GetFlags () const 

return flags; 

inline TLibraryFile:Priv TLibrary::GetLibraryFile() const 
{ 

} 

inline Loaded info TLibrary: GetLoaded info () const 
{ 

} 

inline void TLibrary::Setloadednfo(Loaded info info) 
{ 

} 

return fLibraryFile; 

return floadedlnfo; 

floaded info = info; 
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inline TLibraryManager TLibrary:GetCodeslibraryManager () const 
{ 

} 

inline ResType TLibrary::GetCode type() const 
{ 

} 

inline long TLibrary::GetSerialNumber() const 
{ 

} 

inline GlobalWorld TLibrary::GetLibraryWorld) const 
{ 

} 

inline short Library: GetlibraryLibrD() const 
{ 

} 

inline Boolean Tibrary: OkToUnload () const 
{ 

} 

inline int TLibrary::slibraryLoaded) const 
{ 

} 
inline int TLibrary::lsCodeLoaded () Const 

inline int TLibrary::AreWTableslnitialized () const 

inline Boolean TLibrary:AreWTablessafe () const 

return GetLoaded info () 2 GetLoaded info()-> foodesLibraryManager : NULL; 

return foode type; 

return foodeSerialNumber; 

return GetLoadedlnfo()->fLibraryWorld; 

return fresld; 

return fuseCount.is unused); 

return fibraryloaded; 

return foodeLoaded; 

return fVTablesinitialized; 

f's 
It's safe to use the vitables if they have been initialized or if they 
haven't been initialized but the code is loaded and we aren't at 
interrupt time. 

return fWTableslnitialized (Atlnterruptlevel () && fCodeLoaded); 
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inline Version TLibrary::GetVersion () const 
{ 

} 

inline TClasslD TLibrary::GettD() const 
{ 

} 

inline size t TLibrary:GetCodeZoneSize () const 
{ 

} 

inline void TLibrary:Set Preload Flag () 
{ 

} 

inline int TLibrary::lsDuplicate() const 
{ 

} 

inline void TLibrary:Setls Duplicate (int flag) 
{ 

} 

inline void TLibrary: incrementUseCount() 
{ 

} 

inline Boolean TLibrary::Decrementuse Count() 
{ 

} 

return fVersion; 

return fLibraryiD; 

return foodezoneSize; 

fFlags = kLibrary Preload Flag; 

return fisDuplicate; 

flsDuplicate = flag; 

fuseCount.ncrement); 

return fuseCount. Decrement(); 

inline CompilerType TLibrary::GetCompilerType() const 
{ 

} 

1+ k + + i + ess sess + 3 + 4 + + 3 + + 4 + · · · ass ss + 3 + + 4 + 4 + k + x 4 + 4 + 4 + 4 + + 3 + 4 + 4 + 4 + 4 + 
Class TClass 

sh 

return foompiler Type; 

* There is one TCiass for every exported class in a library except for 
** classes in the root library. When the implementation of the class is 
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loaded the fVTableRec field will contain information about the loaded 
* code (such as vitables and use counts). 

is . . . . . . . . . . . . . . ss f : : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

#define kTClass D "Sciss, 1.1" 

- class TClass : public TDynamic 
{ 

friend class TClass Catalog; 
public: 

TClass(TClass D the D, void the ParentlD, long the Flags, 
fLibrary, Version version, 
Version minVersion); 

virtual -TClass(); 

// TDynamic Overrides 

virtual char GetVerboseName{char) const; 
#if q Debug 
virtual void Dump () const; 
ifendif 

11 New Methods 

long GetFlagst) const; 
TLibraryFilePriv GetLibrary File() const; 
long NewObjectSupported () const; 
long sPreload () const; 
long lsFunctionSet() const; 
long isRootClass () const; 

void SetWTableRecPtrFastVTableRec); 
WTableRec GetVTableRecPtrFast) const; 

OSErr Load (Boolean forceAli, PreloadList = NULL); 
void Unload (); 

CassD GetID() const; 
virtual TClassld GetParentiD(size tidx = 0) const; 

ClientVTableRec' GetParentCVR(size t idx = 0) const; 

virtual Proctr GetFunctionPointerconst char name) const; 
virtual Proctr GetFunction Pointer(unsigned short index) const; 
virtua ClassD GetClasslD(); 
virtual void GetParentClass DPointer(); 
virtual void SetClassID(TClassiD); 
virtual void SetParentClassD(TClassld'); 
virtual void SetParentClasslDListvoid); 
virtual void SetVTableRecPtr(WTableRec); 
virtual WTableRec" GetVTableRecPtri) const; 

void SetClassinkPtrink theLink); 
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Tink GetClasslinkPtri) const; 
long GetClassSerialNumber() const; 
TLibrary GetLibrary() const; 
size it Get ClassSize() const; 
Version GetVersion () Const; 
Version GetMin Version () const; 
void Cache ClassInformation ClientVTableRec); 

private: 
WTableRec GetVTableRec(ClientVTableRec); 

11 
11 This first field is known to the stub generation 
ff 
TLibrary fLibrary; f/ TLibrary in charge of class's code 
If 
long f0lassSerialNumber; // unique for each class 
WTableRec fWTableRecPtr; 17 v-table record for this class 
// 
// Creole "knows" about the fields above 
// 
Class fClassD; | classld for this TClass 

void fparentClassD; lf classld for the parent of this TClass 
long fFlags; 
Link fClassLinkPtr; // Library link 

Version fVersion; If Class version 
Version fMinVersion; // minimum supported version 

}; 

f* ---------------------------------------------------------------- 
Inline methods 
------------------------------------------------------------------- */ 

inline long TCass::New ObjectSupported () const 
{ 

return flags & kClassNewObjectFlag; 
} 

inline long TClass::spreload () const 

return flags & kClassPreload Flag; 
} 

inline long TClass::lsFunctionSet() const 
{ 

return flags & kClasslsFunctionSet; 
} 

inline long TClass::sRootClass () const 

return flags & kClassisroot; 
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} 

inline long TClass::GetFlags () const 
{ 

return flags; 
} 

inline OSErr TClass::Load (Boolean forceAI, PreloadList list) 

return fLibrary 2 flibrary-> Load (forceAll, list) : knvalidobject; 
} 

infine void TClass: Unload () 
{ 

if (fLibrary) 
fLibrary-> Unload (); 

} 

inline TClassID* TClass::GetIDC) const 
{ 

return foliassD; 
} 

inline void TClass::SetWTableRecPtrFast (VTableRec the WTableRec) 
{ 

fWTableRecPtr = theVTableRec; 
} 

inline VTableRec TClass::GetVTableRecPtrfast) const 
{ 

return fVTableRecPtr; 
} 

inline void TClass::SetClassLinkPtr(TLink theLink) 
{ 

f0lassLinkPtr = theLink; 
} 

inline TLink TClass::GetClassLinkPtri) const 
{ 

return foclassLinkPtr; 
} 

inline long TClass::GetClassSerial Number() const 
{ 

return foclassSerialNumber; 
} 

inline TLibrary TClass::GetLibrary() const 
{ 

return fibrary; 
} 
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inline size t TClass::GetClassSize() const 

return (GetVTableRecPtri) = = NULL 2 O : GetVTableRecPtri)-> GetSize(); 
} 

inline Version TClass: GetVersion () const 
{ 

return fVersion; 
} 

inline Version TClass::GetMin Version () const 
{ 

return fMinVersion; 
} 

inline void TClass::Cacheclassinformation (ClientVTableRec" cvr) 
{ 

Cvr-> f(ClasslinkPt? = f(ClassLinkPtr; 
cwr->fclassSerialNumber = f(ClassSerialNumber; 
if (fLibrary) 

Cvr-> f(CodeSerialNumber = flibrary-> GetSerialNumber(); 
} 

f* ------------------- - - - - - - - - - - - - - - - - - - - - - - ------------------------------ 

Some private TLibraryManager inline methods 
ty 

inline void TLibraryManager::SetException (TException theexception) 
{ 

fException = the Exception; 
} 

inline TException TLibraryManager::GetException() const 
{ 

return fxception; 
} 

inline TLibrary TLibraryManager::FastGetLibrary() const 
{ 

return fibrary; 
} 

inline void TLibraryManager::SetGlobalWorld (GlobalWorld world) 

fClobalWorld = world; 
} 

if COMPAT1 O 
inline void LibraryManager::SetLibraryFile(TLibraryFile file) 
{ 

fLibrary File = file; 
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} 
ife dif 

inline void TLibraryManager:SetClassCatalog (TClassCatalog cat) 
{ 

foclassCatalog = cat; 
} 

inline void TLibraryManager: SetLibrary (TLibrary lib) 
{ 

fLibrary = lib; 
} 

f* 
File: SLMGlobal.h 

*f 

#ifndef SLMGLOBAL 
#define SLMGLOBAL 

#ifndef LIBRARYMANAGERUTILITIES 
#include <LibraryManagerlutilities.h> 
fendif 

passssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
** Forward class declarations 
s + 3 + 4 + 4 + · · · · · + 3 + · · + 4 + 3 + 4 + · · + 3 + 3 + k + + k + k + 3 + 4 + 4 + · · · + 3 + 4 + 4 + 3 + . 

#ifdef cplusplus 

class Tibrary Manager; 
class TClassCatalog; 
class TLibrary FileManager; 
class TraceLog; 
class TTaskScheduler; 
class TSerialScheduler; 
class Arbitrator; 
class TCollection; 
class TStandard Poot; 
class TMemoryPool; 
class Arbitrator; 
class TDebuggerhelper; 
struct WTableRecArray; 

#else 

#define TLibraryManager void 
#define TClass Catalog void 
#define TLibrary FileManager void 
#define TTraceLog void 
idefine TTaskScheduler void 
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idefine SerialScheduler void 
define Arbitrator void 
define TCollection void 

idefine StandardPoo void 
#define TMemorypool void 
define TArbitrator void 

fdefine TDebuggerhelper void 
foefine WTableRecArray void 

fendif 

typedef struct WTableRec VTableRecPtr; 
typedef ProcPtr {DispatchFunc}(void, size t); 

is a t + k + k r+s a t + 4 + 2 + r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * * * * * * 
* LibraryRec is a record used by Library ManagerEntry and Library Manager Jinloader 
* to keep information about a root library. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * * * * * * * * * * *f 

Const long kMaxRootSegments = 2; 

struct Library Rec 
{ 

Ptr fWorldPtr; 
Ptr fWorld; 
WTableRecArray fWTableRecArray; 
Ptr fCodePtr; 
Ptr- flodeSegkMaxRootSegments); if Handie to a te 

ff segments 
Short fNumCodeSegs; 

}; 

#ifndef cpluspius 
typedef struct LibraryRec Library Rec; 
fiendlif 

f** * * * * + 4 + · · + + 3 + 4 + + 4 + 8 + 3 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
** Equates for "fSystemType" 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * * * * * * * * * * * * * * * * * * * * * * * * * is st 

ifdefine kissystem7 ((unsigned short) OxO1) 
#define kissystem6 (unsigned short)OxO2) 
fodefine kWMOn {(unsigned short)0x04) 
define kWMOff (unsigned short) 0x08) 

if define kHaSFPU (unsigned short)0x1O) 
idefine kHasNoFPU ((unsigned short)0x20) 
idefine kó8OOO ((unsigned short)0x40) 
idefine ks802O ((unsigned short)0x80) 
define kes8030 (unsigned short)0x1 OO) 

it define ks8040 {{unsigned short)0x200) 

f* * * * * * * * * * * * * * * * * + k + + 3 + 4 + 4 + 4 + 4 + 4 + · · · is 3 + 4 + + 3 + 3 + . . . . . . . . . . . . . . . 
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the SLMGlobal 

128 

+ 3 + 4 + 4 + 4 + 4 + 4 + + 3 + 4 + 4 + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *f 

struct SLMGlobal 

unsigned long fWersion; // keep this puppy here - SLM version 
Procotr fShutdown Proc; // keep this puppy here 
void fClose Patch; 11 keep this puppy here 
TLibraryManager f0lurrentClient; if keep this puppy here 
TClassCatalog f0lassCatalog; // keep this puppy here 
long fNoSystemTask; 
void fHFSPatch; 
void fDelete Patch; 
void fRenamePatch; 
TLibrary Manager flibraryManager; 
TTraceLog fTraceLog; 
TStandardPool fClassCatalog Pool; 
TMemoryPool f0lassLinkPool; 
TTaskScheduler flaskScheduler; 
TArbitrator fArbitrator; 
long fExeclevel; 
long fSequenceNumber; If current sequence number 
long fStartSequenceMumber; 11 sequence number when we 

If loaded OM 
Proctr fDebugWTable; 
Library Rec frootlibrary; 11 pointer to the root library 
TLibrary FileManager flibraryFileManager; 
TDebuggerHelper foebuggerhelper; 
Procott floadSegCallback; il debugger caliback 
Proctr funloadSegCallback; // debugger callback 
GlobalWorld fDebuggerGlobalWorld; 
Proct floadVector; 
long fParlDExtFolder; 17%%% Temporary hack for Jasik 
short fVRefNumExtFolder; 
unsigned short fSystemType; 
void fA5Stack; 
size t fA5Stackindex; 
Proctr fStubHelp(5; 
void fClassindexTable; 
long fSystemModeCount; 
void fTimeVector; 
size t finitCount; 
TSerialScheduler funloadScheduler; 
void fWaitNextEventPatch; 
void fGetNextEventPatch; 
void fEvent EvailPatch; 
Dispatch Func fDispatchers; 
long fMinStackSpaceForuoadLibrary; 

Af 
11 DON'T CHANGE THE ORDER OF ANYTHING ABOVE HERE! 
ff Better yet, just always add fields to then end of the structure. 
11 Don't forget to change the record in LibraryManager.a 
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ff 
unsigned fSystem7:1; if true if running system 7.0 
unsigned fuseTicksForTime:1; 
unsigned fShutdown: 1; If true if shutting down for installer 
unsigned finittime:1; If true until Finder is launched 
unsigned fBootime:1; II true while Loading SLM at boot time 

|| if qusefileIDs 
unsigned fUseFSSpecs: 1; If true if we track files using fisspec 

if records 
fielse 

unsigned flause CompilerError:1; fi make sure we get error if 
fi fjsefSpecs is used 

fiendf 
unsigned fRunningSystemTask:1; 
unsigned fRunning interruptScheduler: 1; 
unsigned fAutolijnload:; fI true if we auto unload sim. 
unsigned fFilier2:23; 

; 

#ifndef cpiusplus 
typedef struct SLMGlobal SLMGlobal; 
ited if 

#ifdef cpluspius 
extern "C" 
{ 
fendif 

void PatchTrap short, Proctr, void prevPatch); 
void DisablePatch short void"); 
Boolean RemovePatch short, void"); 
long NewSerialNumber); 
Boolear SetSLMGlobal (SLMGlobal); 
Boolean GrowexpandMemRect); 

iif MACOS 
#pragma parameter AO GetSLMGlobal 
SLMGlobal GetSMGloba () at 
{ 

Ox2078, 0x02b6, I move. Expand Mem, AO 
Ox2O68, OxO1 Oc f move. Expand MemRec.eme APGlobals AO), AOf 

}; 
felse 

SLMGlobal GetSLMGlobal); 
end if 

#ifdef cplusplus 
}; 
fiendlif 

#ifdef cpiusplus 

inline TClass Catalog GetGlobal ClassCatalog () 

return GetSLMGlobal)--> f(classCatalog; 
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inline TDebuggerHelper GetDebuggerHelper() 

return GetSLMGlobalt)->f DebuggerHelper; 
} 

inline void SetDebuggerHelper (TDebuggerHelper helper) 
{ 

GetSLMGlobal ()--> fDebuggerhelper = helper; 
} 

fendif 

fendif 

pass ss. . . . . . . . . . . . . * * * * * * * * * * * * * * * * * * * * * : * * * * * * * * * * * * * * * * * * * * * 
PUBLIC GetVTableRec 

+ 4 + 4 + . . . . . . . . . . . . . . . ss ss asssssssssssssssssssssssssssssssssss 

VTableRec TClass::GetVTableRec(ClientVTableRec' the Client) 
{ 

if (fLibrary = NULL) 

OSErr err - fibrary-> Load (false); // loads codes if not loaded and increments 
If use Count 

if err = kNoError) 
Debug Fail(err, "TClass::GetVTable could not load code"); 

if (fVTableRecPtr = = NULL the Client->fCodeSerialNumber = flibrary 
> GetSerialNumber)) 

{ 
if (f WTableRecPtr = flibrary-> LookupVTableRec(the Client)) 

Cacheclassinformation (theClient); 

Il Make sure the local client has the cached information 
// 
if (fWTableRecPtri) 

Cacheclassinformation (fWTableRecPtr-> GetLocalCVR()); 

return fVTableRecPtr; 
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ww k kiw it let t t rel, a per r is is a refrak is ses k were er e i t t w rst t i kut r s as 4 v ar arse dra A aw 

** PUBLIC GetVTableRec 
t k wir rr it is r is a were 4 at a r s stars it is rers as we ers it we at a a tra as a , t w = r Ay 

WTableRec TClass Catalogs : GetviableRec (register clientVTableRec" hec).ient 
Bodean scSub) const 

ragister Tibrary't theLibrary; 
rog ster class thecla as is t. 
WEableRace thew'TableRec F NULL; 

if (the Client->fclassSerial Number > f(Global B->fStartSequenceNumber) G.G 
the Client->fclasslinkPtr & G 
(theclass at Caas) checlient->fceasinkie tr->GetValue () )) 

lf thcClient->fclass Serial Number to the Class->GelClass Serial Nurnbcr ()) 
{ 

if ( (the Library in theclass->Getlibrary ( ) -r NULL) 
return theoclass-ocetWTableRecPtrast () 

if (theLibrary->AreVTables Initialized () &g 
the Client->fcodeSerial Number r- the Library->GetSerial Number () ) 

thewableRcc is thcClass datWTableRectrast); 
if the WTablariac->ncretorture Count.) 

theibrary->ncretaertuso Count () // We do this instead of calling Load () 
f because we know the code is loadiod 

return thew'Tabiotec; 

} 
lf (theLibrary->AreWTables Safe () 

theclient->fico deserial Numbcr == theibrary->GetSerialNumber () ) 

the WableRec = the Class->GotWTableRecPlrFast () 

} 
else 

the Class = NULL; ff we need this so code below will) work 

if theViableRec == NUJ.I.) 
( 

a/ If the class is NUJ., look up the class 

if (theclass == NULL) 

the Client->fclassinkPtr = NUL. 
theclass - Lookupciass (theclient is Sub 

// Now, get the VTableRec. The class will load the coad, if necessary. 

if (theclass as NOJ.L. 
theVTableRec - thoclass->GetVTaberoc (the client. ) is NUL.) 
debugFail (knouk'ound "Get WableRec failed"): 

// wa Wa incremented the "the Library's use count by calling GotVTableRec 
fA i? our VlableRec use count is not 0, we necd to undo the "load" 
f/ done above. 
A. if (!tioWallelet-->yncrements eCount () G.G. (thelibrary at theClass ->Getlibrary () ) ) 

theibrary->DacroRents ecount (). 

else if (thevTableRec->incrementUsecount () & G (thclibrary theclass->Get Library () ) 
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theLibrary->Increment secount () 

if (theVTableRec->f Export'able == NULL) 

theVTableRec->fsetup (theVTabloRec, sizeof (VTableRec) }; 
th9WTableRec->RegisteredObjects a NULL 

return the WTableRocy 

frt it writr Tefer a ski irr arr rere a kra eye rife A is a sirtyr rurse see day rvir verse rear A argrw 

* PUBLIC ReleasoWableRec 
terr left fit try rye: A Akrar were resea: a is rr rary see it regree esta did it it? 

WTable Rec TCiaascatalog:ReleaseVTablo Ree (ClientVTableRecr thoclient const 

registor Clasg the Class 
regisler TLibrary theLibrary 

// This loop is so that the "normal" case has no branchos in it 

do 

if the Cliont->fclasslinkPitr G6 
(the Class - TClassk) (theclient->fclasslinkPtr->GetValue () is 
the clicnt->fclassSerianumber as thoclass->Getclass Serianumber () ) 

if (theLibrary = theclass->Getlibrary ()) GG 
the Clicnt->fcudoSerialNumber at the Library->GetSerial Number () ) 

if uthoclass->GetVTableRecPtrfast () r N.I.) 
debugfai) (knconstructed object, "TCassCatalog: ReleaseVTablerec - destructor callcd fo 

fr 
The icil) owing is a hack so we don't have to call Onload () unless 
the usecount is 0, since all Unload does is decremen the ua ecount 
unless the use count goes to 7:ero. It's ok it we decrement the use count 
and then someono else interrupts us and decroments it again. The worse 
that will happon is we will go through the code that calls unload oven 
though the code that interrupted us may have done this for use alroady. 
Unload will) handio tha. 

if (theclass->GatWTableRecast () wadacrementise Count () 
thclibrary->ecreamontoseCount () ) 
rcturn hocass->GotWableRecPtrfast () 

the Library->Increment Usecount () A? Unload () will decrement it again 
theLiorary r). Jnload () : 

roturn heclass-XGetVTablockecPtrast (); 

else 
if (theLibrary == NUL) 

return theoclass->GetVTableRecPtFast (); 

theclass - Lookupcuss (theclient); 
if (the Class == NULL) 

Debugfail (kNot.'ound, "TClassCatalog: ; RejaaSoVTabla Rec failed") 
return NUI. 

} 
theLibrary c theclass->Gellibrary () J 
if (thalibrary GG the Library->ArcVirableslnitialized () ) 

Debugfail (k.unconstructedObject. "1"Class Catalog: ; RelieaseWTableRec code riot loaded") 

3 
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return Niu 

} while (l) ; 

32 
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; Setuppatches 

void Setuppatches (Boulean (TMacOSLibrary FiloManager: ; ) (short), f Check Close trf. 
void (TMacOSLibraryFileManager: :r) (CMoveppetr). we checkHove a 
void (TacoSLibraryFileManager: ; r. (Parmal kitr), f ChockDelete af 
void (TMacOSLibrary Fille-anager : ) (Parnak tr), fr CheckRename ka 
TMacOS,ibrary FilaManager r; 

PRoc Secupatches 
Export: librilleMgr., closcatch checkMove checkDelicte, checkkcname 
lea closepatch, AO 
move. 8 (At). (A0) 4 save Close Patch method 
towe. 16 (A7) (AO)4 save CheckMove method 
rowel 24 (N) (A0) + save Check.deloto wethod 
We 32 (A7 (AO) + save CheckRenario nellhod 

?tovel 36A7) (AO) + save libfielgr in Glance 
rts 

closepatch DC.L. O 
checkMove D.C. L. 
checkDelete D.C., O 
chacktenane D.C. 
libFile:Mgr. C. L. O 

ENDPRoc 

Closopatch 

PRoc Closcatch 
Import libilogr., close patch 
MOVEM. AC/DlfD2 - (A7) 
moved Odl 
rovew 24 (AO), Dl f Gct the Refnum of tho file 
bles earlyoki. ; The Refnuf must be negative 
bt st 0,91 
bec. s. Chock 

earlyox it. rthoven. (A) + AO/D/D2 restore our registors 
Lel patch go to real close 

Check OWE. ), a N7) put the refnurn on the sulack 
SUBQ. 2, A ; becausc C use longs for shorts 
MOVEL brieMara (7) put the libile-gr pointcr on slack 
OWE. closepatch, h0 
SR (AO) ; libFileMgT->CheckClose (LhepBS 
ADO. 8, Al ; cleanup the stack 
OWEL (N2) + A0ADl/D2 ; restore our registers 
TSTB DO is ill ok to close thic file? 
BEO.S now Close nofo, call our modificed close 

Reacose RS at patch go to rea) coso. 

newcose CR, 16 AD) ; iorosull = noerr 
CR. dO result r noerr 
addq. 47 drop return address 

s 

END}Roc 

PROC FSatch 
Import libri emigr, checkMove 
novern. Ad/DD/D/D2 - A7) 
if (d0 4-5) do real trap 

camp. W 5, d0 ; is not cateve all retor 
bncs ricallil's ; go to real hing 

can libFilatigr->CheckMove (the PB) where the PB is in AO 
novel MO - (A) put the parameter block on the stack 
novel bFieldg., - (A) and the libfile.gr instance 
proval checkovo AO librilloMgr.->checkMove (thers) 

r (AO) 

33 
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add-w 
rower 

s 

ENDPRoc 

PRoc 
Intert 
Tower 
ridge 

feel 
rove. 

sir 
add. W 
tovorth. 

s 

ENDPRoc 

PROC 
Inport. 
Tower. 
novel 
fnowo, 
mowo. 
isr 
addgw 
toweni 

s 

ENDPROC 

5,615,400 

8, A7 
(A74, AOADOfDl/D2 

DeletePatch 
lbfleigr, checkDelete 
AO/DlfD2 s (A7) 
A), as (A) 

3 billoMgr. - (A7) 
check clicate A0 
(AO) 

(A) + of D2 

RenarePatch 
libEilleigr, checkRenarie 
OWolfo2, ra) 

AC, (AT) 
libF1} eMgr., - (A7) 
checkerince 20 
(AO) 
87 

( - Afd fo2 

142 

put the paratioter block on he stack 
and the ibilcMgr instance 

; libfillegroCheckDelete thea 

put the parameter block on the stack 
and the libfile.gr instanco 

; libFile:Mgr exchock Renaine (the B} 
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As a r r s at a s a a as a A k A a a r r s we serr a rest a a di had a At a rare r = r are et d e t d i t d arr rv Fr. 
* PROTECTED Sechedule atchOperation 

it a 

** Utility routine used by the Close, Catmovo, and Delete patches below 
A k h is a stres are reses e era was a is a k & did. A trf wars era arr rew any i t . A 4a e k are a rare set a rew 

void MacOSLibraryFile:Manager: schedulePatch Operation ( 
Stringtr fle?hame, 
StringPtr old filename, / / only use by checkRename 
long diro, 
long old dird, A / only u?ed by CheckMovo 
short virguna, 
Procesarroc process Proc) 

Enterintorrupt (): // we nged to assume we are at interrtup lovol so 
wa the pool Won't try to grof. 

Tstandard Pool pool s Gelocal Pool () ; 

FileinfoReck info - incw (pool) FiloinfoRoc (); a create a record for Caving into about 
TOperation op - new pool) Toporation (processProc info) // create the operation that will proces E 
StringPur narc F (StringPurpool->Allocale (?ilenaixa (O) til); // get merrory for the natic 
StringPtr od natic Null: 
if (old filename) 

old namo - (StringPtri) pool->Allocato (old ?ilenavie to it l) ; // get memory for the name 

if (info Er Null, op - NULL name re NULL 
(old nano -- NULL & 6 old filename - NULL) ) 

delete infor 
delete op; 
delete name; 
delete oldiname: 
laavelinterrupt (); 
return f/ S. We need to schedule sono sort of re-sync operation if this happens 

info->ionamePur = narro; 
info->ioold NamePtr = oldmarne; 
info->ngr this: 
memcpy infordiolameter filenames, filonamo (0-1) fa copy the name 
i? toldfillename) 

mericpy (info->ioOld Namcetr, old filename, oid filename 0) { } ); // copy the old name else 

info->iodld Dirl = oldDirty ww copy the olddrid 
info->ioWRefNurn at vRefNum wf copy the WRefNum 
inforxiodrid a dird // copy the Dj.rlf) 
op->SetSaved Global World (GetGlobalWorld () ) 
Ge:Global TaskScheduler () ->Schedule (op. AA schedule the operation 

Leavointerrupt. ); 

/ www.try fr r a rar is a a 4 a kavi gry rar we & w r s r.s a set Afra is R A is A. As a rari is a raw wra are essesses are 
** PROTECTED Iathis a FilewacareAbout 

f 

** Utility routine used by the Proces a checkMove and ProcessCheckclose. 
ster t t t t t is k it a kit i? a 1 we art arrrr to ea is a a 4 is a few frkft t t t ere wes a read a a a data as a sy 

Boolean TMacOSLibrary File:Manager: ; Isuch stafieweCareAbout (FiclnfoRec thefile) 
t 

HParamBlockRae pb2. 
OSEr cr; 

pb2.fi.ieparam.1ocompletion F UIl-2 

35 
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po2 file Param. loanept - thofilo->iloNamePtr 
Pb2. fille Para?.icwRefNum - the file-sicsvrefjun 
pb2-file Peram. ioFDirindex = 0 
pb2. filo Param. iodirid st theFile->iobir ID: - 
WA 

// Prevonts rocursive calls to close patch caused by PBHGetFInfo 
// call when stuff it spaceSaver is insualled 

gCurrentFille is thefile; 

orr PBHGetFIn?o (spb.2, false). 

gCurrentFile = NULL; 

if (err is knoerror // maybe the file got moved again or dooled before we could process it. 
return false 

if ( (Pb2-fileParam. loFlFndrinfo.fc Flags & kas Alias} = 0) 
return falso: a? igrore allas files 

if {{Pb2-fileParam.ioFlindrinfo. fairype :- kMacOSLibraryType GG 
(pb2. fill eParam.icF1Fndrinfo. faType 1 a kii braryManager1'ypo 
Pb2. fileParami of Findrinfafdcreator - ki.braryManagerCreator) 
return fate; Ma it's not a file we care about. 

return true; 

A trir a dry as we arw raw werrs ess was r w w w re r r as a fee e s e era are r rer r s r. v v rve r s reas wers t w it w 
w PROTECTED Check Cose 

* Callied by our Close trap. We necd to roturn truc if it's ok for the 
** file to be called and fisc otherwise. If it is ok to close the fice 

and the file is in the extensions folder, we need to scheduler a 
** TraskScheduler operation to see if the fic that got closed is a 

library file that we don't know about yet (i.e., one that was just, copied) - 
tw terrer re r s as a reds a rest ?ers tail is a A k h is a title f it i? a k at k t t w w w t t t e traf virt i? a vict will k n w tied f 

/r 

Some info adolu che 'CR that we reed to know abol 

orict C3 

long febflu on 
short fill22); 
long fill 43); 
WCB it fcbVPtr; 
long f5; 
shor fills 
long fill 77); 
long fobjrd 
Str81 focbcName 

Boolean TMacOSLibraryEicanager : : CheckClose (short refNum) 

Macos.ibraryFlow the libraryfile; 

A st 
Get the FCB pointer 

r/ 

define FCBSFR Ox As 
dafine FSFCBan 0x03F6 
define AXREPUM tre shortt is posser - (ahort) FSFCBLen 

I 32 
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FCBur fcb a (FCB4) (* Ptr*) FCBSPIR+refNun; ff focb for this refnun 

Mako sate the refinum is valid 
t 

if (refNuan X AAXREFNUM (ref num-sizeof (short) t (short) FSFCBLen - O 

debug Break ("Checkclosc - this refnun is invalid!'); 
return true 

/ a 

sail if we'rc being calced because of Stuffit SpaceSaver calling close 
during our call to PDGetFinfo dono in ProcessCheckClose. w 

gcurrentile->iobird or fcb->fcodilrd GG 
memcmp (gCurrentFile->ionarieptr. felo->febcitano, fcb->fcbcNarae olt) == 0} 
ret c 

fe 

see if the file ia a library ille We know about 
4 f 

if quaeileds 
if (GotSLMGlobal () ->fusel's specs) 

endilf 

TacFile:Spec file Spec (co->fcbVPtr->vcoVRefNum, fcb->febsiri D, fcb->fcbcNancy 
theLibrary Fille = {TMacOSLibrary Filot) LookuplibraryFile (fillespec) if qusefile is 

else 

TFilelbFileSpec fillespec (fcb->icsvilr->vcbVRafNum, fcb->fcbFun) 
theLibrary File r (TMacOSlibraryFile lookuplibraryFile (fillespec); ) 

tendilf 

if (theLibrary File er NULL) 

// Bail if the file isn't in a registered folder 
if (FindkcgisteredFolder (ch->fcbdiri.D, foo->febvrett->vebWRefNun) == 0 

roturn true; 

/k 

lsall) if it's one of our library file renuns and we don't want it closed. 
Note, we never want to bail if we are on the dicete list because this 
might actually be a new file to replacc the deleted one. 

trf 

if (theLibrary Fille = NULL) 

a? check the systern clien first 
TMacosLibrary Fileciicnt client (TMacOSLibraryFileClicht) thalibraryFilo->GetSysteracliont () i 
if (client - NOLL. G. client->frefNura is refNur) is cent->fokTocloselle) 

A/Debugbreak ("Can't clusic file.") 

3 
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rotural false // don't allow fiie to be closed 

// chock all the other clienus 
TI.is ulu-erator c) entiter (theLibrary Fils->Gotclionts ( ) 
while (clicnt - (TMacOSLibraryFilocliante) client ter. Next ) 

if ( (cliont->fRefNum == refNun) & (client->fok Toclosefiye) 

//ebugfireak ("Can't close file 
return false: // don't allow file to be closed 

if (theLibraryFile) 

// e need to let Processpelete know i? this library file night be 
// A new one so ProcassDelete doesn't see this file and think that 
// the delete may have failed. 
theLibraryFile->SetoncloseTist (true); 

/4 
Schedule an operation to see if this is a new ?ile in the extensions (oldor. 

r ? 

scheduleratchopcration (fcb-> ?cbcName, NULL, feb->fcbpiry D, O, 
focb->fcbVPtr-X webWRegnum Processchackclosc) 

return true: a ok, close it 

Afrt At it it fit iri wire wrt as a t d he rvkat were rse r s a da d x irre rever see is a dy, dyska s a rw rr & eled it wav, was a er 

* PROTECTED ProcessCheckCose 
: 

"" Setup by ChockCose. The operation is in charge of socing if the 
file closed is a new library file in tho extensions folder. We need to dofer 

** this until SystemTask time so we can safely make sync HFS calls. 
A A fift t i? 

void T.MacOSLibrary File:Manager: : ProcessChockC Oae (TOperation op) 

File:InfoRect pb = (FileInfoRecT) op->GetCreatorPtr (); 
TMacOSLibraryFile:Manager ngr we pardmg; 

if (! GetSLMGlobal () -->fshutdown) 
{ 

if (* FSBusy 

Dabugi reak ("ProcessCheckclose; a sync is 'S calls aro still queued") 
GetGlobal TaskScheduler () -->Schedule (op): A? reschedule the operation 
return; 

CSeri or kNError 

AA 
a? Mako aure we care auout this file and it's in a registered folder 
Af 
if (Is This AFile:WecareAbout (pb) G.G. 

ngr->Find RegisteredFoldar (ph->ioDirID, pp->ioVRefNum) - 0) 

Af 
f / Register this library file if we haven't already 
WW 
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return false; 7 don't a low file to be closco 

fA check all the other clients 
TListIterator c). centlter (theLibraryFio->GetClients ( : 
while (clicnt - (TMacOSLibrary FileClient clienter. Next ( ) 

i? (clicint->frefNunn == refNun G. (client->fokTocloboFile) 

fadebugbreak ("Can't close file."); 
return also: a? don't allow file to bo closed 

if (theLibraryFle) 
( 

wf we need to let Process Delete know if this library file might be 
// a new one so Process Delete doesn't sco this file and think that 
/ the deleto may have failed. 

theLibraryfilers SetonCloseList (true); 

fit 

Schcdule an operaior lic sce if this is a new filo in the extensions folder. 
tf 

Schedulerauchopcration facb->fcbcName, NULL fob->febbird, 0. 
fcb-> cowptir->vcbVRefNum, ProcessCheckClose); 

return true; // ok, close it 

fith it tril trter were redd k l k . . . . kit errrrrrt k h a did had At it rw it rst were rrrr reserved- d. 4 k & 
Air 

re 

re 

PROTECTE Process Chockclose 

setup by Checkclose. The opcration is in charge of seeing if the 
file closed is a new library file in the extensions folder. We need to defer 
this until SystemTask time so we can safely rako sync HFS calia. 

rrr at it it is title k try trie rve a drik a ki w w it riters rewre wrt de A is a at a t w regev term or re. 

void MacOS vibraryFile:Manager: : Process checkClosio (Toporation ops 

FienfoRect pbe (FileInfoRoc") op->Getcreatorpur () ; 
MacdSLibraryEileManager" mgr = pbaergr; 

if (1 GotSLMGlobal () -> (Shutdown 

if (FFSBusy) 

debugbreak ("ProcessCheckclose: async HFS calls are still queued") 
GetGlobal Taskscheduler () ->schedule (op) a? reschcdule the operation 
return 

CSErr err xNorror; 

w/ 

wf Make sure we carc about this file and it's in a registered folder 
// 
if sThis AFilcwccate About (po S& 

ngr->FindRegislercd'older (pb->SoDirid pb->ioVRoflum) - 0) 

AM 
// Regislor this library file if we haven't already 
/f 

s 
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TFilespect loSpgctr 
FMacFillespec ?illospec (pb->ioVRefNurn, Pb->ioDird, Pb->iuNanet r) ; 

if quaefille Ida 
TFilelui espec fileSpec2(pb->ioVRafNurn 0}i 
if (GotSl-G) nha) () -->f UsefSSpecs) 

s s - 

tend if 
filcSpecPtr - G fileSpecl: 

i? qugeFilel Ds 
} 
case 

OSErr err - : : GetFileID ( (conat FSSpecG) fileSpccl. fVRefNum, filespec2.ffiileID); 
if err le: kNoerror) 

Debug treak ("TacoSLibraryFile-anager: Check Close - GetFilled failed"); 

else 
filleSpecPCr c. Sfilespec2; 

} 
endilf 

is err == kNorror) 

TMacOSLibraryFilcr thclibraryFile - (TMacOSI.ibrary File) ingr->LookuplibraryFlie (* ?ilespecPt 
if (theLibrary File Es NULL 

Tag->Regist.orlibrary'ile *f; especPtri) ; 
else 

thclibraryi) es->SetonClose List (false) 

delete op; 
delete pb->ionarne tr; 
delete ob; 

vi da third will i t d e rare e are her se reser genre k tirth i? a kyk vi as a A. A w. A ur rw tir virty if it. 'w it k r is a we wrese erec 

st PROFECTED Check-owe 
ir 

* Called by cour CatMovo patch. Jf a file is being noved into or out of 
the extensions folder, we need to schedule a TalkScheduler cupetalion 
to check if the file was a library file and either add or remove the library 
deponding on whether the ille was draggod into or out of the extensions 

ka folder. 

s/ 

void FMacOSLibrary File:Manager: : CheckMove (Clovoestr pb) 

/k 
see if the filc is a Jibrary file We know about 

ty 

TNacOSLibraryFile the I.ibraryFilie = NULL; 
if quseFile:JDs 

lf (GetSL-Global () -> UscFSSpecs) 
t 

endilf 
if (pb->joNaraerlri O Ke 32) 

TMacFi.espec filcSpec (pho->ioVRefNum, geb-> or D phardionarnelir): 
the Library Filo - (TMncoslibraryfile) Lookuplibrary File (fileSpec}; 

wer 

Baill if we don't know about lais file and it's not being moved into 
a registered folder. 

O . x. 
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if (theLibraryfile = r NULL & 
Find Register cc Folder (pb->d onew Dir ID, pro-> loVRefNun) -- 0} 

tota 

elige 

f 

fa to then the existing file was probably already deleted, but 
f/ If we already know about a file in Lho location this one is being moved 

e 

wa Procosscheckdej ete has not been called yot. We need to let it know about 
a thic pcinding move. Saying that he flo is on the close list does 
wa the job. 
AW 
fillespcc.fpard a ph->ionewdir(d; 
tholibraryFile - (TMacOSLibrary Filor) Lookuplibrary File (fileSpec}; 
if (theLibrary illo) 

theLibraryFie->Setoncos elist (true} : 

) 
elae 

return 
if quaefilleds 

cendilf 

f 

Schedule an operation to see if this is a library file being dragged into 
or out of the extensions foldiet. 

r/ 

SchedulePatchoperation (pb->ionarietr NULL, pbr>iolewdird pb->iodirid, 
pb->ioVRefNurt, processcheckMove); 

fw it side it is were r a rare ea at a da d d - a ww.wrwr a rers er rada t d a i t d a a diff, t t d a t t is errrrrrr res r 
PROTECTED Processchcock-ove 

setup by Check-ove. The operation is in charge of seeing i? the 
** file being movcd is a new library filo in the extensions folder or an existing 
** library fille boing moved out of the extensions folder. 
r erred R & d e i t w it warr is prer are res et A at a k d drifter tester ree ers err wird i ad A is a it 4 kved w/ 

void Tacos braryilcManager::Process checkMove (TOperation op) 

FleinfoReer pb c FleinfoRcc) op->GetCreatorPlr (): 
Tacos.ibraryFile:Manager migr epb->ingr 

do 

..f. (Gels-Global () ->fshut. Down) 
break 

if (t FSBuay) 

Debug break ("processCheckMovg: async HFS calls are still queued'); 
GetGlobal TaskScheduler () -->Schedule top; A/ roschedule the operation 
return 

TacosioraryFile thc.jbraryFile; 
Boolean moving Out, rovingin; 
TFleSpact fileSpacPtr = NUL. 
TacFile:Spec fillespec (gob-> oVRefNura, rab->iotbird, ob->ionamePtri 

if qusoilclids 
TFle DFile:Spec (lespec2 (ph->ioVRefNura, O) 

Ex.1012 / Page 96 of 111
Cisco Systems, Inc.

Ex.1012 / Page 96 of 111
Cisco Systems, Inc.



fond if 

y r 

5,615,400 
157 158 

- - 
Got corne info we'll need atter 

if qJseFileIds 
if ( GetsIMGlobal () -> Fusof SSpocs 

f/ nako sure the fie was really moved 

FInfo findrinfo; 
if (HGelFInfo (b->ioVRefNun pho->iod rid, pb->ionarnePlr, Gindrinfo) is noerr) 

break; // either Cathove failed or a folder was nuwed 

fillespecPlr = g1ilcSpeci 
filoSfec.fpari) - ph->icoidbird; a? ac Look uplibrary File will work since we still 

A f renternber the TLibraryFille by it's old Dird. 
theLibraryFle = TiacOSLibraryFile gr-> Lookuplibrary File (fillespect 

f a 

Some INIT's cause 2 calls to CallMove to be rado, but only one call actually 
ends up proving the file. We need to check if the first call was already made 
and now the TibraryFiae is already known to bc in thc extensions folder. 

if (theLibrary.File - Nul) 

fillespoc. fears - pb->iobird; 
if (migr->LookuplibraryFine (fileSpeci) ) 

break; 

if quaefileIDs 

elae 

fA make sure the file was really now.cd 

file Spoc. fear a po->iodilrd; 
OSErr err = : : Gcth'ileI?) ( (const FSSpecs (illespecl. fVRof Num, fillespec2.fFileID}; 
if (err 1 = kNuerror wf ooks like the Cathoves must have failed 

Debug break ("Checkove - looks like the cat-ove must have failed"; 
break; 

} 
filcSpecPt - G fillespec2; 
tholibraryfile - (TacoSLibrary Filcmgr->lookuplibraryfile (?ileSpac2); 

A f make sure this flag gets clearced here 
if (theLibraryFi} e := NULL) 

A 

the LibraryFiles SetoncloseList false 

Bail if thc file isn't a library file we already know about and its type 
isn't libr' and it's not the Shared Library Manager file. 

if (uheibraryFile == NULL & G IsThilaafile WeCarcinbout (pb}} 

A tr 

break: fA it's not a fillic we care about 

See if we are moving into or out of a regiatored folder. 

I) 
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Note: it's possible that so arc doing both 
i 

Ma if we have a registered file then us say that both are truce 
if theibraryFile ca, theLibraryFio->RegisteredFlie () ) 

movingout a moving In a true; 
elsc 

a? if we know about the fie then we muat be noving out 
movingout r (thelibraryFile is NOLL): 
moving.In = false 
for (short idx - 0 idx < ngr-oflurregisteredFoldera; lax++) 

if (pb->iovrcfurn - mgir -> fregisteredFolders idKfWRefNum) 

w/ are we moving out of this foldor? 
if (pb->ooldDiri D == agr->?RegisteredFoldorsidx) fair ID) 

movingOut - true; 
if (movingln) 

break 

// are we moving into this older2 
olsc Sf (ph-iodirid == gri-> RegistoredFoldersidx) fair?) 

moving n - true; 
if (nowingout) 

break; 

fr 

Are we loving out of one regislered foldor and into another? 

if (roving.In SG froving dut) 
( 

if qiseEilleids 

endif 

if (GetSLMGlobal () -> fusefSSpecs) 

wa e neced at update the dird for the libraty file. Since the file 
f / no longer will hash to tho sate value. We also need to remove 
// and then re-add it to tho hashylist so it will be in he right 
// hash bucket for it's TFilepec. 
Ingr->Get Library Files) ->Remove st; 
theibraryFile->GotMacFile:Spec () ->f ParD = b->loyirlu f/ fixup the dir D 
angr->Getlibraryfilos () -->Add (the libraryFisle) ; 

if qugeFilelds 

ondilf 

w/ Take the inspector update its of 
Unregisteribynamicobject (tholibraryfile); 
Getglobal class catalog () -->Registerdynaraicobject (the libraryfile, true); 
break; 

fr 
are we moving out of a registered folder? 

43 

e s 
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if (moving out 

vr lt's ok if theLibraryFile r- NUI. This happens when catiove gets Patched and for a f 
a sonic reason it ends up being called reorge than once it actually gets w e 
/* moved only one of the times) . 7/ 

s 

if (theLibraryFlic r NOLE.) 

A if the library file is no longer in the extensions folder and none / 
f" of its Classes aro in use then unregister the TCases and ra 
A dispose the library file. A 

eise if (thesilibraryFile->GetOpenCount () at Ol 

delete thclibraryFile: 

f* f the library file is no longer in the extensions folder and one or finorce a 
7 * TC) as sea are in use than ruark the class as being roved. A 

else 

if qaefolds 

if GetSLMGlobal () -->fusersSpecs) aw the Pard has changed so change it to the new one 

endf 

w/ ic necdot update the dirD for the library file, Since the ?ile 
fA no longer will hash to the earc value. We also need to remove 
a? and then re-add it to the hash list so it will be in the right 
A hash bucket for its TFile:Spec. 

mgr->GotLibraryFies () -->Remove (theLibrary Filc); 
thcLibraryFile->GethacFilo Spec () -->fard a pb->ioDirt); // fixup the dir]ll 
ngr->GetlibraryFlies () -->Add (theLibraryFile) : 

if qJseFileIDs 

endif 
theidraryFlo->MarkMoved (); 

fA make the inspector update itself 
UnregistorDynamicobject the LibraryFlo) 
GeGlobalClasscatalog () -->RegiatorDynamicobject (theLibrary File truc) 

yw 

Are we moving into a resistered Plder? 
ty 

else if (nowingin) 

if (theLibraryFle as NULL) fa we are a new library file 
regroxRegisterlibraryFlie (fillespoctr); 

else ff we are an old library file just being dragged back in 

it it qsefic) is 
(Gcts.M.Global () ->fteFSSpecs) 

endf 

theiibraryFilc->GctacFilespec () -->fearID - Pb->iodiridi fa fixup the dirl 
theLibrary:File->UnharkMoved (); 

while (false) 

delete copy 
delete pb->ionarieptra 

Ex.1012 / Page 99 of 111
Cisco Systems, Inc.

Ex.1012 / Page 99 of 111
Cisco Systems, Inc.



5,615,400 
163 164 

deleto pba. 

/frsad was k as a 44 as we . . . . . . . . en A A. As were r atters rever 44 it was seat & A 4 f f * * * * * 
v ROTECTEd checkellesle 
wr 

* * called by our Deloto patch. Schodules an operation that check to 
** see if any library files auro deleted. 
k is a Rw ward a www.rwa agrees a at kept in dra A & A live set traw did. A that it rest dirth A Ark few tra wa dead k 

void T.MacOSlibraryFileHainaggr: Checkteloto (ParmblkPtr pb) 

At 
sail if this is a tolder and not a fills 

i/ 

if (pbr>file Parar. ionairetr on RULL) 
roturn 

Ww 
see if the fille is a library file we know about 

tf 

TMacOSLibraryFiller thalibraryFilo e NJI; 
if qJaafiled 

if (Gets-Global () -->f JefSSpocs) 

if (pb->fileparanoamePtro C- 32) 

MacFilaspec fileSpockpbr>filo Param. loVRefNurn, pb->filoparar.ioflium, 
pb->filo Param.ionarner tri 

theLibraryFle r (MacOSLibraryFile) lookuplibraryfile (fillespacy 
if (theLibraryFlo ra NULL) 

return 

else 
return 

fift qusefids 

also 

a/wo nevex necd to have more than once delete oporation scheduled 
if t frocessCheckDeleteScheduled) 

fProcesCheckDeltaueschndulud rt true; 
eao 

roturn w ignore i? file nama includes path 

cend 

Wir 
Schedulo an operation deal with library fle being deleted. 

t/ 

SchedulePatchOperatinn {pb->fileParact...ionaruertr, NULL, pb-> f separam.ior) num, o 
pb->fileParam.ioWReNurs. Procos scheckDellator 

Air k h his frt rh k . . it few tet a hik as yew tea & Akt r it is a AAR ratra frt a are as a da a a k . . . . . . . 
* FROTECTED ProcesychickDelete 

** Check to go if any library file wcre deleted. 
ther ra A & tr. tra Arreror A inter A i? a few wa? k press is a ktra as a A is fire era A a rve ea . . . . . . . . . . / 

void TacosLibraryFleManager: :Praces achcek Deloto operation" up) 

Ex.1012 / Page 100 of 111
Cisco Systems, Inc.

Ex.1012 / Page 100 of 111
Cisco Systems, Inc.



Ex.1012 / Page 101 of 111
Cisco Systems, Inc.

Ex.1012 / Page 101 of 111
Cisco Systems, Inc.



Ex.1012 / Page 102 of 111
Cisco Systems, Inc.

Ex.1012 / Page 102 of 111
Cisco Systems, Inc.



Ex.1012 / Page 103 of 111
Cisco Systems, Inc.

Ex.1012 / Page 103 of 111
Cisco Systems, Inc.



Ex.1012 / Page 104 of 111
Cisco Systems, Inc.

Ex.1012 / Page 104 of 111
Cisco Systems, Inc.



Ex.1012 / Page 105 of 111
Cisco Systems, Inc.

Ex.1012 / Page 105 of 111
Cisco Systems, Inc.



Ex.1012 / Page 106 of 111
Cisco Systems, Inc.

Ex.1012 / Page 106 of 111
Cisco Systems, Inc.



Ex.1012 / Page 107 of 111
Cisco Systems, Inc.

Ex.1012 / Page 107 of 111
Cisco Systems, Inc.



Ex.1012 / Page 108 of 111
Cisco Systems, Inc.

Ex.1012 / Page 108 of 111
Cisco Systems, Inc.



Ex.1012 / Page 109 of 111
Cisco Systems, Inc.

Ex.1012 / Page 109 of 111
Cisco Systems, Inc.



Ex.1012 / Page 110 of 111
Cisco Systems, Inc.

Ex.1012 / Page 110 of 111
Cisco Systems, Inc.



Ex.1012 / Page 111 of 111
Cisco Systems, Inc.

Ex.1012 / Page 111 of 111
Cisco Systems, Inc.


