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Introduction 

About this book 

The Arniga Technical Reference Series is the official guide to programming Commodore's Amiga 

computers. This volume, the Amiga ROM Kernel Reference Manual: Includes and Autodocs, contains 

alphabetically organized Autodoc function summaries and listings of the Arniga system include files. 

Autodocs are descriptions of the Arniga's system functions. The include files list the Amiga's system 

definitions and data structures. This revised edition has been updated for Release 2 of the Arniga 

operating system. 

This manual is the essential quick reference for all Amiga programmers. It contains: 

0 Summaries of the system library functions 

0 Summaries of the system device commands 

0 Summaries of system resource calls 

0 Summaries of the amiga.lib functions and source code 

0 C language include files (.h files) 

0 Assembly language include files (.i files) 

0 Handy charts designed to ease debugging and exploring 

The other manuals in this series are the Amiga User Interface Style Guide, the Amiga ROM Kernel 

Reference Manual: Libraries, the Amiga ROM Kernel Reference Manual: Devices, and the Amiga Hardware 

Reference Manual. 
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About the examples 

Except as noted, 68000 assembly language examples have been assembled under the Innovatronics CAPE 

assembler V2.x, the HiSoft Devpac assembler Vl.2, and the Lake Forest Logic ADAPT assembler 1.0. No 

substantial changes should be required to switch between assemblers. 

C examples have been compiled under SAS C, version 5.10a and Manx Aztec C 68K, version S.Od. 

Default compiler options are used in both cases. All the C examples assume that the automatic Ctrl-C 

feature of the compiler has been disabled. Add this code to each example to complete it: 

For SAS C (and Lattice C revisions 4.0 and greater) 

Compile with: lc -L <filename>.c 

I* Add this function before main(). This overrides the default 
* Lattice CTRL-C trap. If this function returns zero, then the 
* CTRL-C event will be ignored *I 

int CXBRK ( void ) 
int chkabort( void 

For Aztec C 

return(O); 
return(O); 

Compile with: cc <filename>. c 
ln <filename.o> -lc 

I* Add this near the top *I 

finclude <functions.h> 

I* Add this before main() *I 
extern int Enable_Abort; I* reference abort enable *I 

I* Add this after main(), as the first active line in the program *I 
Enable_Abort=O; I* turn off CTRL-C *I 
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General Amigo development guidelines 

The environment of the Amiga computer is quite different than that of many other systems. The Amiga is 

a multitasking platform, which means multiple programs can run on a single machine simultaneously. 

However, for multitasking to work correctly, care must be taken to ensure that programs do not interfere 

with one another. It also means that certain guidelines must be followed during programming. 

0 Check for memory loss. Operate your program, then exit. Write down the amount of free memory. 

Repeat the operation of your program and exit. The amount of free memory remaining should be 

exactly the same. Any difference indicates a serious problem in your cleanup. (Beware when 

checking the amount of free memory - some memory loss is normal the first time you open a 

device or disk-based library because the system has to allocate memory to accommodate them. 

That is why you should run the program once before checking free memory.) 

0 Use all of the program debugging and stress tools that are available when writing and testing your 

code. New debugging tools such as Enforcer, MungWall, and Scratch can help find uninitialized 

pointers, attempted use of freed memory and misuse of scratch registers or condition codes (even 

in programs that appear to work perfectly). 

0 Always make sure you actually get any system resource that you ask for. This applies to memory, 

windows, screens, file handles, libraries, devices, ports, etc. Where an error value or return is 

possible, ensure that there is a reasonable failure path. Many poorly written programs will 

appear to be reliable, until some error condition (such as memory full or a disk problem) causes 

the program to continue with an invalid or null pointer, or branch to untested error handling 

code. 

0 Always clean up after yourself. This applies for both normal program exit and program termination 

due to error conditions. Anything that was opened must be closed, anything allocated must be 

deallocated. It is generally correct to do closes and deallocations in reverse order of the opens 

and allocations. Be sure to check your development language manual and startup code; some 

items may be closed or deallocated automatically for you, especially in abort conditions. If you 

write in the C language, make sure your code handles Ctrl-C properly. 
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0 Remember that memory, peripheral configurations, and ROMs differ between models and between 

individual systems. Do not make assumptions about memory address ranges, storage device 

names, or the locations of system structures or code. Never call ROM routines directly. Beware 

of any example code you find that calls routines at addresses in the $FOOOOO- $FFFFFF range. 

These are ROM routines and they will move with every OS release. The only supported interface 

to system ROM code is through the library, device, and resource calls. 

0 Never assume library bases or structures will exist at any particular memory location. The only 

absolute address in the system is $00000004, which contains a pointer to the exec.library base. 

Do not modify or depend on the format of private system structures. This includes the poking of 

copper lists, memory lists, and library bases. 

0 Never assume that programs can access hardware resources directly. Most hardware is controlled 

by system software that will not respond well to interference from other programs. Shared 

hardware requires programs to use the proper sharing protocols. Use the defined interface; it is 

the best way to ensure that your software will continue to operate on future models of the Amiga. 

0 Never access shared data structures directly without the proper mutual exclusion (locking). 

Remember that other tasks may be accessing the same structures. 

0 The system does not monitor the size of a program's stack. Take care that your program does not 

cause stack overflow, and provide enough extra stack space for the possibility that future 

revisions of system functions might require additional stack space. 

0 Never use a polling loop to test signal bits. If your program waits for external events like menu 

selection or keystrokes, do not bog down the multitasking system by busy-waiting in a loop. 

Instead, let your task go to sleep by Wait()ing on its signal bits. For example: 

signals= (ULONG)Wait( (l<<windowPtr->UserPort->mp_SigBit) 
(l<<consoleMsgPortPtr->mp_SigBit) ); 

This turns the signal bit number for each port into a mask, then combines them as the argument 

for the exec.library /Wait() function. When your task wakes up, handle all of the messages at 

each port where the SigBit is set. There may be more than one message per port, or no messages 

at the port. Make sure that you ReplyMsg() to all messages that are not replies themselves. If 

you have no signal bits to Wait() on, use Delay() or WaitTOFO to provide a measured delay. 
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0 Tasks (and processes) execute in 680x0 user mode. Supervisor mode is reserved for interrupts, traps, 

and task dispatching. Take extreme care if your code executes in supervisor mode. Exceptions 

while in supervisor mode are deadly. 

0 Most system functions require a particular execution environment. All DOS functions and any 

functions that might call DOS (such as the opening of a disk-resident library, font, or device) can 

only be executed from a process. A task is not sufficient. Most other ROM kernel functions may 

be executed from tasks. Only a few may be executed from interrupts. 

0 Never disable interrupts or multitasking for long periods. If you use Forbid() or Disable(), you 

should be aware that execution of any system function that performs the Wait() function will 

temporarily suspend the Forbid() or Disable() state, and allow multitasking and interrupts to 

occur. Such functions include almost all forms of DOS and device l/0, including common 

"stdio" functions like printf(). 

0 Never tie up system resources unless it is absolutely necessary. For example, if your program does 

not require constant use of the printer, open the printer.device only when you need it. This will 

allow other tasks to use the printer while your program is running.You must provide a 

reasonable error response if a resource is not available when you need it. 

0 All data for the custom chips must reside in Chip memory (type MEMF _CHIP). This includes 

bitplanes, sound samples, trackdisk buffers, and images for sprites, bobs, pointers, and gadgets. 

The AllocMem() call takes a flag for specifying the type of memory. A program that specifies 

the wrong type of memory may appear to run correctly because many Amigas have only Chip 

memory. (On all models of the Amiga, the first 512K of memory is Chip memory and in some 

later models, Chip memory may occupy the first one or two megabytes). 

However, once expansion memory has been added to an Amiga (type MEMF _FAST), any 

memory allocations will be made in the expansion memory area by default. Hence, a program 

can run correctly on an unexpanded Amiga which has only Chip memory while crashing on an 

Amiga which has expanded memory. A developer with only Chip memory may fail to notice 

that memory was incorrectly specified. 

Most compilers have options to mark specific data structures or object modules so that they will 

load into Chip RAM. Some older compilers provide the Atom utility for marking object modules. 
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If this method is unacceptable, use the AllocMem() call to dynamically allocate Chip memory, 

and copy your data there. 

When making allocations that do not require Chip memory, do not explicitly ask for Fast 

memory. Instead ask for memory type MEMF _PUBLIC or OL as appropriate. If Fast memory is 

available, you will get it. 

0 Never use software delay loops! Under the multitasking operating system, the time spent in a loop 

can be better used by other tasks. Even ignoring the effect it has on multitasking, timing loops 

are inaccurate and will wait different amounts of time depending on the specific model of Amiga 

computer. The timer.device provides precision timing for use under the multitasking system and 

it works the same on all models of the Amiga. The AmigaDOS Delay() function or the 

graphics.library /Wai tTOF() function provide a simple interface for longer delays. The 8520 

l/0 chips provide timers for developers who are bypassing the operating system (see the Amiga 

Hardware Reference Manual for more information). 

0 Always obey structure conventions! 

All non-byte fields must be word-aligned. Longwords should be longword-aligned for 

performance. 

All address pointers should be 32 bits (not 24 bits). The upper byte must never be used for data. 

Fields that are not defined to contain particular initial values must be initialized to zero. This 

includes pointer fields. 

All reserved or unused fields must be initialized to zero for future compatibility. 

Data structures to be accessed by the custom chips, public data structures (such as a task control 

block), and structures which must be longword aligned must not be allocated on a 

program's stack. 

Dynamic allocation of structures with AllocMem() provides longword aligned memory of a 

specified type with optional initialization to zero, which is useful in the allocation of 

structures. 
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For 68010/68020/68030/68040 compatibility 

Special care must be taken to be compatible with the entire family of 68000 processors: 

0 Do not use the upper 8 bits of a pointer for storing unrelated information. The 68020, 68030, and 

68040 use all 32 bits for addressing. 

0 Do not use signed variables or signed math for addresses. 

0 Do not use software delay loops, and do not make assumptions about the order in which 

asynchronous tasks will finish. 

0 The stack frame used for exceptions is different on each member of the 68000 family. The type 

identification in the frame must be checked! In addition, the interrupt autovectors may reside in a 

different location on processors with a VBR register. 

0 Do not use the MOVE SR, <dest> instruction! This 68000 instruction acts differently on other 

members of the 68000 family. If you want to get a copy of the processor condition codes, use the 

exec.library /GetCCO function. 

0 Do not use the CLR instruction on a hardware register which is triggered by Write access. The 68020 

CLR instruction does a single Write access. The 68000 CLR instruction does a Read access first, 

then a Write access. This can cause a hardware register to be triggered twice. Use MOVE . x # 0, 

<address> instead. 

0 Self-modifying code is strongly discouraged. All 68000 family processors have a pre-fetch feature. 

This means the CPU loads instructions ahead of the current program counter. Hence, if your 

code modifies or decrypts itself just ahead of the program counter, the pre-fetched instructions 

may not match the modified instructions. The more advanced processors prefetch more words. 

If self-modifying code must be used, flushing the cache is the safest way to prevent troubles. 

0 The 68020, 68030 and 68040 processors all have instruction caches. These caches store recently used 

instructions, but do not monitor writes. After modifying or directly loading instructions, the 

cache must be flushed. See the exec.library /CacheClearU() Autodoc for more details. 
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If your code takes over the machine, flushing the cache will be trickier. You can account for the 

current processors, and hope the same techniques will work in the future: 

CACRF Clearl 

CleariCache: 

cic 040: 
cic exit: 

EQU $0008 ;Bit for clear instruction cache 
;Supervisor mode only. Use only if you have taken 
;over the machine. Read and store the ExecBase 
;processor AttnFlags flags at boot time, call this 
;code only if the "68020 or better" bit is set. 
dc.w $4E7A,$0002 ;MOVEC CACR,DO 
tst.w dO ;movec does not affect CC's 
bmi.s cic 040 ;A 68040 with enabled cache! 
ori.w 
dc.w 

#CACRF_Cleari,dO 
$4E7B,$0002 

bra.s cic exit 
dc.w $f4b8 

;MOVEC DO,CACR 

;CPUSHA (IC) 

Hardware programming guidelines 

If you find it necessary to program the hardware directly, then it is your responsibility to write code that 

will work correctly on the various models and configurations of the Amiga. Be sure to properly request 

and gain control of the hardware resources you are manipulating, and be especially careful in the 

following areas: 

0 Kickstart 2.0 uses the 8520 Complex Interface Adaptor (CIA) chips differently than 1.3 did. To 

ensure compatibility, you must always ask for CIA access using the cia. resource/ AddiCRVectorO 

and RemiCRVector() functions. Do not make assumptions about what the system might be using 

the CIA chips for. If you write directly to the CIA chip registers, do not expect system services 

such as the trackdisk.device to function. If you are leaving the system up, do not read or write to 

the CIA Interrupt Control Registers directly; use the cia.resource/ AbleiCR(), and SetiCRO 

functions. Even if you are taking over the machine, do not assume the initial contents of any of 

the CIA registers or the state of any enabled interrupts. 

0 All custom chip registers are Read-only or Write-only. Do not read Write-only registers, and do not 

write to Read-only registers. 

0 Never write data to, or interpret data from the unused bits or addresses in the custom chip space. 

To be software-compatible with future chip revisions, all undefined bits must be set to zeros on 

writes, and must be masked out on reads before interpreting the contents of the register. 
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D Never write past the current end of custom chip space. Custom chips may be extended or enhanced 

to provide additional registers, or to use bits that are currently undefined in existing registers. 

D Never read, write, or use any currently undefined address ranges or registers. The current and 

future usage of such areas is reserved by Commodore and is subject to change. 

D Never assume that a hardware register will be initialized to any particular value. Different versions 

of the OS may leave registers set to different values. Check the Amiga Hardware Reference 

Manual to ensure that you are setting up all the registers that affect your code. 

Additional assembler development guidelines 

If you are writing in assembly language there are some extra rules to keep in mind in addition to those 

listed above. 

D Never use theTAS instruction on the Amiga. System DMA can conflict with this instruction's 

special indivisible read-modify-write cycle. 

D System functions must be called with register A6 containing the library or device base. Libraries and 

devices assume A6 is valid at the time of any function call. Even if a particular function does not 

currently require its base register, you must provide it for compatibility with future system 

software releases. 

D Except as noted, system library functions use registers DO, Dl, AO, and Alas scratch registers and 

you must consider their former contents to be lost after a system library call. The contents of all 

other registers will be preserved. System functions that provide a result will return the result 

inDO. 

D Never depend on processor condition codes after a system call. The caller must test the returned 

value before acting on a condition code. This is usually done with a TST or MOVE instruction. 
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Commodore Applications and Technical Support (CATS) 

Commodore maintains a technical support group dedicated to helping developers achieve their goals 

with the Amiga. Currently, technical support programs are available to meet the needs of both smaller, 

independent software developers and larger corporations. Subscriptions to Commodore's technical 

support publication, Amiga Mail, is available to anyone with an interest in the latest news, Commodore 

software and hardware changes, and tips for developers. 

To request an application for Commodore's developer support program, or a list of CATS technical 

publications send a self-addressed, stamped, 9" x 12" envelope to: 

CATS-Information 
1200 Wilson Drive 
West Chester, PA 19380-4231 

Error Reports 

In a complex technical manual, errors are often found after publication. When errors in this manual are 

found, they will be corrected in a subsequent printing. Updates will be published in Amiga Mail, 

Commodore's technical support publication. 

Bug reports can be sent to Commodore electronically or by mail. Submitted reports must be clear, 

complete, and concise. Reports must include a telephone number and enough information so that the 

bug can be quickly verified from your report (i.e., please describe the bug and the steps that produced it). 

Amiga Software Engineering Group 
ATTN: BUG REPORTS 
Commodore Business Machines 
1200 Wilson Drive 
West Chester, PA 19380-4231 
USA 

BIX: amiga.com/bug.reports 
amiga.cert/bug.reports 
amiga.dev /bugs 

(Commercial developers) 
(Certified developers) 
(Others) 

USENET: bugs@commodore.COM or uunet!cbmvax!bugs 
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Library Autodocs 

Most of the Amiga's operating system is divided into groups of functions called libraries. Libraries reside 

either in the Amiga's ROM or on disk. Once a library is opened, any of its functions can be called. For 

example, if you want to call the Read() function to read data from disk you must first open the DOS 

library. In general, to do anything useful on the Amiga you must first open a library. 

This section contains summaries for all the functions in all of the libraries that are built into the Amiga's 

operating system software. These summaries have been automatically extracted from the original source 

code and are called Autodocs (for automatic documentation). 

The Autodoc files are organized alphabetically by library, one document for each function call. For 

additional tutorial information on each of the libraries and more details about the Amiga's library 

mechanism refer to the Amiga ROM Kernel Reference Manual: Libraries. Only a brief introduction is given 

here. The exec.library is the system's master library and is always open. One Exec function, 

OpenLibrary(), is used to open all other libraries. 

Usage is as follows: 

where: 

struct LibBase *LibBase; /* Global: declare this above main() */ 

LibBase = OpenLibrary("library.name",version); 
if(!LibBase) ( /*Library did not open, so exit*/ 
else ( /* Library opened, use functions */ 

LibBase is a pointer to the library base. This is a global variable used by the system to handle 

function calls. In the code above, if the library cannot open for some reason Lib Base will equal 0. 

The variable name for a library base pointer is different for each library. Refer to the list below 

for the appropriate name. 
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-----------------------------~----~-~--- -----~---

library. name is a string that describes the name of the library you wish to open. The list of 

library names is given below. 

version should be set to the earliest acceptable library version. A value of 0 matches any 

version. A value of 33 means you require at least version 33 or a later version of the library. If 

you specify a higher version number than is present in the system, Open Library() will fail (return 

0). For the system libraries, the following table applies: 

Many of the libraries and functions documented in this manual are available in all versions of the 

Arniga operating system. Others are completely new and cannot be used unless you have 

successfully opened the appropriate version of the library. 

The functions which are new for V36 or V37 are marked with (V3 6) or (V3 7) in the NAME 

line of the function Autodoc. These new functions are not available in earlier versions of the 

Amiga libraries. If your code calls any system function that is marked with (V3 6) or (V3 7) 

then use a matching version number (36, 37, or higher) when opening the library. 

Exit gracefully and informatively if the required library version is not available. Please note that 

since V34 Kickstart is nearly identical to V33, it is generally not wise to require V34. 
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The OpenLibrary() function returns the address of the library base, which you must assign to a specific 

global system variable. The list of global system variable names for each library is given below (case is 

important.) The system uses the library base to access the functions of the library. If the library cannot 

open for some reason, the OpenLibrary() function returns zero. Library bases represent a midpoint in the 

library. Below the base are the function vectors, above the base is the library data area: 

Data area 
... Higher address 

Function 1 
Function 2 

Function n 
... Lower address 

The names of the libraries that are currently part of the Amiga system software and their associated 

library base pointer names are: 
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All Amiga libraries accept parameters in registers, and return the result in data register DO. All routines 

return a full 32 bit longword unless noted otherwise in the function Autodoc. This allows programs and 

functions that are written in assembler to communicate quickly. It also eliminates the dependence on the 

stack frame conventions of any particular language. Some C language compilers for the Amiga can 

generate parameters directly into registers, others translate any Amiga library call into a stub routine that 

moves parameters from the stack to registers. See the discussion of "amiga.lib" in the Linker Libraries 

section of this book for more details. 

Complete examples of how to open and close a library follow. 

/* 
* A complete ready-to-compile example of library use. 
* The library is opened, checked, used and closed. 
* See the intuition.library document for a description 
* of what the DisplayBeep() function does. 

* 
*I 

struct Library *OpenLibrary(); /* declare return type */ 

struct IntuitionBase *IntuitionBase; /* get storage for base */ 

void main() 
{ 

IntuitionBase=(struct IntuitionBase *) 
OpenLibrary("intuition.library",33L); 

if(!IntuitionBase) 
exit (20); 

DisplayBeep(OL); 

/* check if it actually opened */ 
/* a return value of 20 indicates failure */ 

I* use the library function */ 

CloseLibrary(IntuitionBase); 
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********************************************************************** 
* 
* A complete ready-to-assemble example of library use. The intuition 
* library is opened, checked, used, and closed. See the intuition 
* document for a description of what the DisplayBeep() function does. 

* 
* When calling an Amiga library, the base pointer *must* be in 
* A6 ... the library is free to depend on this. Registers DO,Dl,AO 
* and Al may be destroyed by the library, all others will be preserved. 

* 

XREF 
XREF 
XREF 

open_ok 

moveq 

AbsExecBase EQU 4 
_LVOOpenLibrary 
_LVOCloseLibrary 
_LVODisplayBeep 

move.l 
lea.l 
moveq 
jsr 
tst.l 
bne.s 
moveq 
rts 

move.l 
suba.l 
jsr 

move.l 
move.l 
jsr 
#0, dO 
rts 

_AbsExecBase,a6 
IntuiName(pc),al 
#33,d0 
_LVOOpenLibrary(a6) 
dO 
open ok 
#20,d0 

dO,a6 
aO,aO 
_LVODisplayBeep(a6) 

a6,al 
_AbsExecBase,a6 
_LVOCloseLibrary(a6) 

;Where exec's library base is 
;Offset from base for OpenLibrary 

" 

;Move exec.library base to a6 
;Pointer to "intuition.library" 
;Version 
;Call exec's OpenLibrary() 

;Set failure code 
;Failed exit 

;Put IntuitionBase in a6. 
;Load zero into aO 
;Call intuition's DisplayBeep() 

;Put IntuitionBase into al 

;Call exec's CloseLibrary() 
;Set return code 

IntuiName: dc.b 'intuition.library',O 
END 
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e
 

fr
o

m
 

a 
sy

n
c
h

ro
n

o
u

s 
(c

u
st

o
m

 
o

b
je

c
t)

 
o

r 
a
sy

n
c
h

ro
n

o
u

s 
{

se
n

d
e
r 

o
b

je
c
t)

 
s
o

u
rc

e
. 

In
 
th

e
 

se
c
o

n
d

 
c
a
s
e
, 

'c
o

n
te

n
ts

' 
is

 
n

o
t 

v
a
li

d
 
a
f
te

r
 

y
o

u
 

h
a
v

e
 
re

p
li

e
d

 t
o

 
th

e
 
m

e
ss

a
g

e
. 

D
IA

G
N

O
S

T
IC

S
 

I
f
 

'c
x

m
' 

is
 
n

u
ll

, 
re

tu
rn

s
 

N
U

L
L

. 

S
E

E
 

A
L

SO
 

C
x

S
e
n

d
e
r 

()
 

C
x

C
u

st
o

m
()

 

co
m

m
o

d
iti

e
s.
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c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/C

x
M

s
g

iD
 

c
o

rn
m

o
d

it
ie

s
.l

ib
ra

ry
/C

x
M

s
g

iD
 

N
A

M
E

 
C

x
M

sg
iD

 (
) 

(V
3

6
) 

S
Y

N
O

P
S

IS
 

id
 

=
 

C
x

M
sg

iD
(c

x
m

);
 

LO
N

G
 

C
x

M
sg

iD
(s

tr
u

c
t 

C
x

M
sg

 
*

);
 

F
U

N
C

T
IO

N
 

R
e
tu

rn
s
 
th

e
 
v

a
lu

e
 
a
s
s
o

c
ia

te
d

 
w

it
h

 
th

e
 
c
a
u

s
e
 
o

r 
s
o

u
rc

e
 
o

f
 t

h
e
 

C
o

m
m

o
d

it
ie

s 
m

e
ss

a
g

e
 

'c
x

m
.'

 
V

a
lu

e
s 

a
re

 
p

ro
v

id
e
d

 b
y
 
th

e
 
a
p

p
li

c
a
ti

o
n

 
w

h
en

 
a 

S
e
n

d
e
r 

o
r 

C
u

st
o

m
 
o

b
je

c
t 

is
 
c
re

a
te

d
. 

D
IA

G
N

O
S

T
IC

S
 

I
f
 
n

o
t 

s
p

e
c
if

ie
d

 b
y

 
th

e
 
a
p

p
li

c
a
ti

o
n

, 
th

e
 

ID
 
v

a
lu

e
 
o

f
 

a 
C

o
m

m
o

d
it

ie
s 

m
e
ss

a
g

e
 
w

il
l 

b
e
 
n

u
ll

. 
I
t
 
is

 
s
u

g
g

e
s
te

d
 t

h
a
t 

u
s
in

g
 
n

o
n

-n
u

ll
 

v
a
lu

e
s
 
in

 
y

o
u

r 
p

ro
g

ra
m

 
a
s
 

a 
r
u

le
 

m
ay

 
id

e
n

ti
fy

 
so

m
e 

p
o

s
s
ib

le
 
e
r
r
o

r
s
. 

S
E

E
 A

L
SO

 
C

x
S

e
n

d
e
r(

) 
C

x
C

u
st

o
m

()
 

L
ib

ra
ri

e
s 
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d
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/C

x
M

sq
T

y
p

e
 

c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/C

x
M

sq
T

y
p

e
 

N
A

M
E

 
C

x
M

sq
T

y
p

e(
) 

(V
3

6
) 

S
Y

N
O

P
S

IS
 

ty
p

e
=

 
C

x
M

sq
T

y
p

e(
cx

m
);

 

U
LO

N
G

 
C

x
M

sq
T

y
p

e
(s

tr
u

c
t 

C
xM

sq
 
*

);
 

FU
N

C
T

IO
N

 
R

e
tu

rn
s 

th
e
 
ty

p
e
 
o

f 
a 

C
o

m
m

o
d

it
ie

s 
m

e
ss

a
q

e
. 

P
o

s
s
ib

le
 
v

a
lu

e
s 

o
f 

't
y

p
e
' 

a
r
e
 

fo
u

n
d

 
in

 
<

li
b

r
a

r
ie

s/
c
o

m
m

o
d

it
ie

s.
h

>
. 

M
o

st
 

C
o

m
m

o
d

it
ie

s 
m

e
ss

a
g

e
s 

a
r
e
 

In
p

u
t 

E
v

en
t 

m
e
ss

a
g

e
s.

 

D
IA

G
N

O
S

T
IC

S
 

T
h

e 
v

a
lu

e
 N

U
L

L
 

sh
o

u
ld

 n
e
v

e
r
 
b

e
 

r
e
tu

r
n

e
d

, 
i
f
 

'c
x

m
' 

p
o

in
ts

 
to

 
a 

v
a

li
d

 m
e
ss

a
g

e
. 

S
E

E
 

A
L

SO
 

L
ib

ra
ri

e
s 

co
m

m
o

d
it

ie
s.

li
b

ra
ry

 
P
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/C

x
O

b
jE

rr
o

r 
c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/C

x
O

b
jE

rr
o

r 

N
A

M
E

 
C

x
O

b
jE

rr
o

r(
) 

(V
36

) 

S
Y

N
O

P
S

IS
 

e
r
r
o

r
=

 C
x

O
b

jE
rr

o
r(

c
o

);
 

LO
N

G
 

C
x

O
b

jE
rr

o
r(

C
x

O
b

j 
*

);
 

FU
N

C
T

IO
N

 
W

he
n 

a 
fu

n
c
ti

o
n

 
a
c
ti

n
q

 
o

n
 
a
n

 
o

b
je

c
t 

f
a
il

s
, 

i
t
 
re

c
o

rd
s
 
th

e
 
fa

il
u

re
 

in
 
th

e
 
o

b
je

c
t'

s
 
in

te
rn

a
l 

d
a
ta

. 
T

h
is

 
fu

n
c
ti

o
n

 
re

tu
rn

s
 
th

e
 

a
c
c
u

m
u

la
te

d
 e

r
r
o

r
 v

a
lu

e
. 

T
h

e 
v

a
lu

e
s 

a
r
e
 
r
e
p

r
e
se

n
te

d
 b

y
 
fl

a
g

 
b

it
s
 
d

e
fi

n
e
d

 
in

 
<

li
b

ra
ri

e
s
/c

o
m

m
o

d
it

ie
s
.h

>
. 

S
e
v

e
ra

l 
e
rr

o
rs

 
m

ay
 
b

e
 

re
c
o

rd
e
d

 b
y

 m
u

lt
ip

le
 b

it
s
 
in

 
'e

r
r
o

r
.'

 

T
h

e 
p

o
s
s
ib

le
 e

rr
o

rs
 

(a
t 

c
u

rr
e
n

t 
w

ri
ti

n
q

) 
a
re

: 

C
O

E
R

R
 

IS
N

U
L

L
 

T
h

e
-v

a
lu

e
 o

f 
p

a
ra

m
et

er
 

'c
o

' 
w

as
 

in
 
fa

c
t 

N
U

L
L

. 
T

h
is

 
e
r
r
o

r
 

m
ea

n
s 

"
th

e
 
p

ro
b

le
m

 w
it

h
 
th

e
 
o

b
je

c
t 

y
o

u
 
in

q
u

ir
e
 
a
b

o
u

t 
is

 
th

a
t 

i
t
 
fa

il
e
d

 t
o

 
b

e
 
c
re

a
te

d
."

 

C
O

E
R

R
 

N
U

LL
A

TT
A

C
B

 
U

si
n

q
 
th

e
 

C
o

m
m

o
d

it
ie

s 
l
i
s
t
 m

a
n

ip
u

la
ti

o
n

 
fu

n
c
ti

o
n

s
, 

a
n

 
a
tt

e
m

p
t 

w
as

 
m

ad
e 

to
 
a
d

d
 a

 
N

U
LL

 
o

b
je

c
t 

to
 
th

e
 
l
i
s
t
 b

e
lo

n
q

in
q

 
to

 
'c

o
.'

 
T

h
is

 
a
ll

o
w

s 
a 

li
n

e
 
o

f 
c
o

d
e
 
a
s
 

fo
ll

o
w

s 
to

 
e
x

is
t 

in
 

a
n

 
e
r
r
o

r
-t

o
le

r
a

n
t 

p
ro

g
ra

m
: 

A
tt

a
c
h

C
x

O
b

j(
fi

lt
e
r,

 
C

x
S

e
n

d
e
r(

m
y

p
o

rt
, 

M
Y

_
ID

))
; 

C
O

E
R

R
 

B
A

D
F

IL
T

E
R

 
T

h
e
-m

o
st

 
re

c
e
n

t 
f
il

te
r
 
s
p

e
c
if

ic
a
ti

o
n

 
fo

r 
a 

F
il

te
r
 
o

b
je

c
t 

w
as

 
fa

u
lt

y
. 

T
h

is
 

h
a
p

p
e
n

s 
i
f
 n

o
 
s
e
n

s
e
 
c
a
n

 b
e
 m

sd
e 

o
u

t 
o

f 
a 

d
e
s
c
ri

p
ti

o
n

 
s
tr

in
q

, 
o

r 
i
f
 a

n
 
In

p
u

t 
E

x
p

re
ss

io
n

 
(I

X
) 

h
a
s 

a
n

 
in

v
a
li

d
 f

o
rm

a
t 

o
r 

v
e
rs

io
n

 
b

y
te

. 
(S

e
e
 
<

li
b

ra
ri

e
s
/c

o
m

m
o

d
it

ie
s
.h

>
) 

W
he

n 
th

is
 
b

it
 
is

 
s
e
t 

in
 

a 
f
il

te
r
's

 
e
rr

o
r 

fi
e
ld

, 
th

e
 

f
il

te
r
 
w

il
l 

m
a
tc

h
 
n

o
th

in
q

, 
b

u
t 

th
is

 
is

 
n

o
t 

th
e
 p

ro
p

e
r 

w
ay

 
to

 
"
tu

rn
 o

ff
"
 

a 
f
il

te
r
. 

U
se

 A
ct

iv
at

eC
:z

:O
b

j 
()

 .
 

C
O

E
R

R
 

B
A

D
T

Y
PE

 
A

 
ty

p
e
 
s
p

e
c
if

ic
 o

p
e
ra

ti
o

n
, 

su
c
h

 
a
s
 
S

e
tF

il
te

ri
X

()
, 

w
as

 
c
a
ll

e
d

 
fo

r 
o

b
je

c
t 

'c
o

,'
 

b
u

t 
'c

o
' 

is
n

't
 
o

f 
th

e
 p

ro
p

e
r 

ty
p

e
. 

D
IA

G
N

O
S

T
IC

S
 

N
o

th
in

q
 b

u
t.

 

S
E

E
 

A
L

SO
 

S
e
tF

il
te

r
(
)
, 

S
e
tF

il
te

ri
X

()
, 

A
tt

a
c
h

C
x

O
b

j(
),

 
A

c
ti

v
a
te

C
:z

:O
b

j(
),

 
C

le
a
rC

:z
:O

b
jE

rr
o

r(
) 



1
\)

 
-.

J 

c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
 

P
ag

e 
13

 

c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/C

x
O

b
jT

y
p

e
 

c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/C

x
O

b
jT

y
p

e
 

N
A

M
E 

C
x

O
b

jT
y

p
e(

) 
(V

36
) 

SY
N

O
I?

SI
S 

ty
p

e
=

 
C

x
O

b
jT

y
p

e
(c

o
);

 

U
LO

N
G

 
C

x
O

b
jT

y
p

e(
C

x
O

b
j 

*
);

 

FU
N

C
T

IO
N

 
T

h
is

 
fu

n
c
ti

o
n

 
s
h

o
u

ld
 n

o
t 

r
e
a
ll

y
 
b

e
 
n

e
c
e
s
s
a
ry

. 
I
t
 
re

tu
rn

s
 

th
e
 
ty

p
e
 
o

f 
a 

C
o

m
m

o
d

it
ie

s 
o

b
je

c
t,

 
w

h
ic

h
 

y
o

u
 
s
h

o
u

ld
 
a
lr

e
a
d

y
 

k
n

ow
, 

s
in

c
e
 

y
o

u
 
c
r
e
a

te
d

 
i
t
 

in
 
th

e
 
f
ir

s
t
 
p

la
c
e
. 

V
a
lu

e
s 

fo
r 

't
y

p
e
' 

a
re

 
g

iv
e
n

 
in

 
<

li
b

ra
ri

e
s
/c

o
m

m
o

d
it

ie
s
.h

>
 

D
IA

G
N

O
S

T
IC

S
 

T
h

e 
v

a
lu

e
 
o

f 
't

y
p

e
' 

w
il

l 
b

e
 

C
X

 
IN

V
A

L
ID

 
i
f
 y

o
u

 
p

a
s
s
 

in
 

a 
v

a
lu

e
 
o

f 
N

U
L

L
 

fo
r
 
'c

o
.'

 
I
f
 y

o
u

 
p

a
ss

 
a 

ra
n

d
o

m
 v

a
lu

e
 

fo
r
 
'c

o
,'

 
y

o
u

 
w

il
l 

g
e
t 

a 
ra

n
d

om
 a

n
sw

er
. 

S
E

E
 

A
L

SO
 

A
ll

 
C

o
m

m
o

d
it

ie
s 

o
b

je
c
t 

c
re

a
ti

o
n

 
ro

u
ti

n
e
s
. 

co
m

m
o

d
it

ie
s.

li 
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/D

e
le

te
C

x
O

b
j 

c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/D

e
le

te
C

x
O

b
j 

N
A

M
E 

D
e
le

te
C

x
O

b
j(

) 
(V

36
) 

SY
N

O
I?

SI
S 

D
e
le

te
C

x
O

b
j(

c
o

);
 

v
o

id
 D

e
le

te
C

x
O

b
j(

C
x

O
b

j 
*

);
 

FU
N

C
T

IO
N

 
D

e
le

te
s
 

a 
C

o
m

m
o

d
it

ie
s 

o
b

je
c
t 

o
f 

a
n

y
 
ty

p
e
. 

I
f
 t

h
e
 

is
 

li
n

k
e
d

 
in

to
 

a 
li

s
t,

 
i
t
 w

il
l 

f
ir

s
t 

b
e
 

re
m

o
v

e
d

. 
th

e
 
h

a
n

d
le

 
'c

o
' 

.i
s 

in
v

a
li

d
 a

f
te

r
 
th

is
 

fu
n

c
ti

o
n

 
is

 

o
b

je
c
t 

N
o

te
 
th

a
t 

c
a
ll

e
d

. 

N
o

te
 
a
ls

o
 
th

a
t 

d
e
le

ti
n

g
 
a
n

 
o

b
je

c
t 

w
h

ic
h

 
h

a
s 

o
th

e
r 

o
b

je
c
ts

 
a
tt

a
c
h

e
d

 
to

 
i
t
 m

ay
 
b

e
 u

n
d

e
s
ir

a
b

le
. 

U
se

 
th

e
 
fu

n
c
ti

o
n

 
D

e
le

te
C

x
O

b
jA

ll
()

 
to

 
d

e
le

te
 

a
n

 e
n

ti
re

 
s
u

b
-t

re
e
 
o

f 
o

b
je

c
ts

. 

D
IA

G
N

O
S

T
IC

S
 

N
o

n
e.

 
l?

o
ss

ib
le

 
sy

st
e
m

 c
ra

s
h

 
i
f
 f

e
d

 
fi

c
ti

o
n

. 

S
E

E
 A

L
SO

 
e
x

e
c
. 
li

b
ra

ry
/R

e
m

o
v

e
()

 
D

e
le

te
C

x
O

b
jA

ll
()

 

L
ib

ra
ri

e
s 
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c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/D

e
le

te
C

x
O

b
jA

ll
 

c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/D

e
le

te
C

x
O

b
jA

ll
 

N
A

M
E

 
D

e
le

te
C

x
O

b
jA

ll
 (

) 
(V

3
6

) 

S
Y

N
O

P
S

IS
 

D
e
le

te
C

x
O

b
jA

ll
(c

o
);

 

v
o

id
 
D

e
le

te
C

x
O

b
jA

ll
(C

x
O

b
j 

*
);

 

F
U

N
C

T
IO

N
 

T
h

is
 

fu
n

c
ti

o
n

 
d

e
le

te
s
 
th

e
 

C
o

m
m

o
d

it
ie

s 
o

b
je

c
t 

'c
o

,'
 

a
n

d
 
a
ls

o
 

re
c
u

rs
iv

e
ly

 
d

e
le

te
s
 
a
ll

 
o

b
je

c
ts

 
a
tt

a
c
h

e
d

 
to

 
'c

o
,'

 
a
n

d
 
th

e
 

o
b

je
c
ts

 
a
tt

a
c
h

e
d

 t
o

 
th

e
m

. 

I
f
 
'c

o
' 

is
 

li
n

k
e
d

 
in

to
 

a 
li

s
t,

 
i
t
 
is

 
re

m
o

v
e
d

 
f
ir

s
t.

 
N

o
te

 
th

a
t 

th
e
 

h
a
n

d
le

 
'c

o
' 

is
 

in
v

a
li

d
 
a
f
te

r
 
th

is
 

fu
n

c
ti

o
n

 
is

 
c
a
ll

e
d

. 

T
h

is
 

fu
n

c
ti

o
n

 
is

 
u

s
e
fu

l 
w

h
en

 
a
n

 
a
p

p
li

c
a
ti

o
n

 
e
x

it
s
: 

m
o

st
 

a
p

p
li

c
a
ti

o
n

s
 

c
a
n

 
c
le

a
n

 
u

p
 

c
o

m
p

le
te

ly
 
b

y
 
d

e
le

ti
n

g
 
th

e
 

e
n

ti
r
e
 
s
u

b
-t

re
e
 
o

f 
o

b
je

c
ts

 
s
ta

r
ti

n
g

 
a
t 

th
e
ir

 
b

ro
k

e
r.

 

D
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G
N

O
S

T
IC

S
 

N
o

n
e.

 
D

e
fi

n
it

e
 

sy
st

e
m

 
c
ra

s
h

 
if

 
fe

d
 
f
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ti
o

n
. 
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b
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/D

is
p

o
se

C
x

M
sg

 
c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/D

is
p

o
se

C
x

M
sg

 

N
A

M
E 

D
is

p
o

se
C

x
M

sg
 (

) 
(V

3
6

) 

S
Y

N
O

P
S

IS
 

D
is

p
o

se
C

x
M

sg
(c

x
m

);
 

v
o

id
 
D

is
p

o
se

C
x

M
sg

(s
tr

u
c
t 

C
xM

sg
 
*

);
 

FU
N

C
T

IO
N

 
E

li
m

in
a
te

s
 
th

e
 

C
o

m
m

o
d

it
ie

s 
m

e
ss

a
g

e
 
p

o
in

te
d

 t
o

 b
y
 

'c
x

m
. 

C
an

 
b

e
 

u
se

d
 
to

 
's

w
a
ll

o
w

' 
In

p
u

tE
v

e
n

ts
 

by
 

d
is

p
o

s
in

g
 
o

f 
e
v

e
ry

 
C

o
m

m
o

d
it

ie
s 

m
e
ss

a
g

e
 
o

f 
ty

p
e
 

C
X

M
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E
V

E
N

T
. 

D
IA

G
N

O
S

T
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S
 

N
o

n
e.

 

S
E

E
 

A
L

SO
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/D

iv
e
rt

C
x

M
sg

 
c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/D

iv
e
rt

C
x

M
sg

 

N
A

M
E 

D
iv

e
rt

C
x

M
sg

()
 

(V
36

) 

S
Y

N
O

P
S

IS
 

D
iv

e
rt

C
x

M
sg

(c
x

m
, 

h
e
a
d

o
b

j,
 

re
tu

rn
o

b
j)

; 

v
o

id
 D

iv
e
rt

C
x

M
sg

(s
tr

u
c
t 

C
xM

sg
 

*
,C

x
O

b
j 

*
,C

x
O

b
j 

*
);

 

FU
N

C
T

IO
N

 
S

e
n

d
s 

C
o

m
m

o
d

it
ie

s 
m

e
ss

a
g

e
 

'c
x

m
' 

d
o

w
n

 
th

e
 
li

s
t 

o
f 

o
b

je
c
ts

 
a
tt

a
c
h

e
d

 t
o

 
'h

e
a
d

o
b

j.
' 

T
h

e 
p

o
in

te
r 
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e
tu

rn
o

b
j'
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f
ir

s
t 

p
u

sh
e
d

 
o

n
to

 t
h

e
 

ro
u

ti
n

g
 
s
ta

c
k

 
o

f 
'c

x
m

' 
so

 
th

a
t 

w
h

en
 
th

e
 
e
n

d
 o

f 
th

e
 
l
i
s
t
 
o

f 
'h

e
a
d

o
b

j'
 

is
 
re

a
c
h

e
d

 t
h

e
 

SU
C

C
E

SS
O

R
 
o

f 
'r

e
tu

rn
o

b
j'

 
is

 
th

e
 n

e
x

t 
d

e
s
ti

n
a
ti

o
n

. 

F
o

r 
e
x

a
m

p
le

, 
w

h
en

 
a 

f
il

te
r
 
fi

n
d

s
 

a 
m

a
tc

h
 
w

it
h

 a
 

m
e
ss

a
g

e
, 

th
e
 

m
e
ss

a
g

e
 
is

 
d

iv
e
rt

e
d

 d
o

w
n

 
th

e
 
f
il

te
r
's

 
l
i
s
t
 
li

k
e
 t

h
is

: 

D
iv

e
rt

C
x

M
sg

(c
x

m
, 

f
il

te
r
, 

f
il

te
r
)
;.

 

D
IA

G
N

O
S

T
IC

S
 

N
o

n
e.
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/E

n
q

u
e
u

e
C

x
O

b
j 

c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/E

n
q

u
e
u

e
C

x
O

b
j 

N
A

M
E 

E
n

q
u

eu
eC

x
O

b
j(

) 
(V

36
) 

S
Y

N
O

P
S

IS
 

E
n

q
u

e
u

e
C

x
O

b
j(

h
e
a
d

o
b

j,
 

c
o

);
 

v
o

id
 E

n
q

u
eu

eC
x

O
b

j(
C

x
O

b
j 

*
,C

x
O

b
j 

*
);

 

FU
N

C
T

IO
N

 
P

u
ts

 
o

b
je

c
t 

'c
o

' 
in

to
 
th

e
 
l
i
s
t
 
o

f 
o

b
je

c
t 

'h
e
a
d

o
b

j,
' 

u
s
in

g
 
th

e
 

E
x

ec
 
fu

n
c
ti

o
n

 
E

n
q

u
e
u

e
()

. 
R

e
tu

rn
s 

'h
e
a
d

o
b

j.
' 

T
h

is
 

fu
n

c
ti

o
n

 
u

se
s 

th
e
 
p

r
io

r
it

y
 o

f 
th

e
 

C
o

m
m

o
d

it
ie

s 
o

b
je

c
t 

a
s
 

a 
n

o
d

e
. 

T
h

is
 
p

r
io

r
it

y
 
c
a
n

 
b

e
 
s
e
t 

u
s
in

g
 
S

e
tC

x
O

b
jP

ri
()

. 

D
IA

G
N

O
S

T
IC

S
 

I
f
 
'c

o
' 

is
 
n

u
ll

, 
w

il
l 

re
c
o

rd
 t

h
a
t 

fa
c
t 

in
 
th

e
 
in

te
rn

a
l 

a
c
c
u

m
u

la
te

d
 

e
r
r
o

r
 
o

f 
'h

e
a

d
o

b
j.

' 
T

h
is

 
e
r
r
o

r
 

r
e
c
o

r
d

 c
a

n
 b

e
 
r
e
tr

ie
v

e
d

 u
si

n
g

 
C

x
O

b
jE

rr
o

r(
) 

a
n

d
 c

le
a
re

d
 
u

s
in

g
 
C

le
a
rC

x
O

b
jE

rr
o

r(
).

 

S
E

E
 

A
L

SO
 

e
x

e
c
.l

ib
ra

ry
/E

n
q

u
e
u

e
()

 
S

e
tC

x
O

b
jP

ri
 (

) 
O

b
je

c
ts

 
a
n

d
 M

e
ss

a
g

e
s 

(i
n

 
R

e
fe

re
n

c
e
 M

an
u

al
) 

C
x

O
b

jE
rr

o
r(

),
 

C
le

a
rC

x
O

b
jE

rr
o

r(
) 

L
ib

ra
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c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/I

n
s
e
rt

C
x

O
b

j 
c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/I

n
s
e
rt

C
x

O
b

j 

N
A

M
E

 
In

s
e
rt

C
x

O
b

j 
()

 
(V

3
6

) 

S
Y

N
O

P
S

IS
 

In
s
e
rt

C
x

O
b

j(
h

e
a
d

o
b

j,
 

c
o

, 
p

re
d

);
 

v
o

id
 

In
se

rt
C

x
O

b
j(

C
x

O
b

j 
*

,C
x

O
b

j 
*

,C
x

O
b

j 
*

);
 

F
U

N
C

T
IO

N
 

A
d

d
s 

o
b

je
c
t 

'c
o

' 
to

 
th

e
 
l
i
s
t
 
o

f
 
o

b
je

c
t 

'h
e
a
d

o
b

j,
' 

u
s
in

g
 
th

e
 

E
x

e
c
 

fu
n

c
ti

o
n

 
I
n

s
e
r
t(

)
. 

R
e
tu

rn
s
 

'h
e
a
d

o
b

j.
' 

A
s 

d
e
s
c
ri

b
e
d

 
in

 
th

e
 
a
u

to
d

o
c
s
 

fo
r 

e
x

e
c
.l

ib
r
a
r
y

/I
n

s
e
r
t(

)
, 

'c
o

' 
w

il
l 

b
e
 
in

s
e
r
te

d
 
in

 
th

e
 
l
i
s
t
 
o

f
 
'h

e
a
d

o
b

j'
 

p
r
io

r
 
to

 
'p

r
e
d

.'
 

E
v

en
 
th

o
u

g
h

 
I
n

s
e
r
t(

)
 

d
o

e
s
n

't
 

u
s
e
 
th

e
 
l
i
s
t
 
h

e
a
d

e
r 

u
n

le
s
s
 

1
p

re
d

' 
is

 
n

u
ll

, 
c
a
ll

in
g

 
In

s
e
rt

C
x

O
b

j(
) 

y
o

u
 

s
h

o
u

ld
 

a
lw

a
y

s 
p

a
s
s
 

a 
v

a
li

d
 

'h
e
a
d

o
b

j'
 

a
n

d
 

a 
p

o
s
s
ib

ly
 

n
u

ll
 

'p
r
e
d

.'
 

D
IA

G
N

O
S

T
IC

S
 

I
f
 
'c

o
' 

is
 
n

u
ll

, 
th

is
 
w

il
l 

b
e
 

re
c
o

rd
e
d

 
in

 
th

e
 
in

te
rn

a
l 

a
c
c
u

m
u

la
te

d
 

e
r
r
o

r
 
o

f 
'h

e
a
d

o
b

j.
' 

T
h

is
 
e
r
r
o

r
 
re

c
o

rd
 
c
a
n

 
b

e
 
re

tr
ie

v
e
d

 
u

s
in

g
 

C
x

O
b

jE
rr

o
r(

) 
a
n

d
 
c
le

a
re

d
 

u
s
in

g
 
C

le
a
rC

x
O

b
jE

rr
o

r(
).

 

S
E

E
 

A
L

SO
 

e
x

e
c
.l

ib
r
a
r
y

/I
n

s
e
r
t(

)
 

O
b

je
c
ts

 
a
n

d
 M

e
ss

a
g

e
s 

(i
n

 
R

e
fe

re
n

c
e
 
M

a
n

u
a
l)

 
C

x
O

b
jE

rr
o

r(
),

 
C

le
a
rC

x
O

b
jE
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) 
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c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/I

n
v

e
rt

K
e
y

M
a
p

 
c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/I

n
v

e
rt

K
e
y

M
a
p

 

N
A

M
E 

In
v

e
rt

K
e
y

M
a
p

()
 

(V
3

6
) 

S
Y

N
O

P
S

IS
 

r
e
tv

a
l 

=
 

In
v

e
rt

K
e
y

M
a
p

(a
n

si
c
o

d
e
, 

ie
, 

km
) 

U
LO

N
G

 
In

v
e
rt

K
e
y

M
a
p

(U
L

O
N

G
,s

tr
u

c
t 

In
p

u
tE

v
e
n

t 
*

,s
tr

u
c
t 

K
ey

M
ap

 
*

);
 

F
U

N
C

T
IO

N
 

U
se

s 
th

e
 

s
y

s
te

m
 c

a
ll

 
M

ap
A

N
S

I(
) 

to
 

fi
g

u
re

 
o

u
t 

w
h

a
t 

In
p

u
tE

v
e
n

t 
tr

a
n

s
la

te
s
 
to

 
a
n

 
A

N
S

I 
c
h

a
ra

c
te

r 
c
o

d
e
 

'a
n

s
ic

o
d

e
.'

 
T

h
e
 

In
p

u
tE

v
e
n

t 
p

o
in

te
d

 
to

 
b

y
 
'i

e
' 

is
 
f
il

le
d

 
in

 
w

it
h

 
th

a
t 

in
fo

rm
a
ti

o
n

. 
T

h
e
 

K
ey

M
ap

 
'k

m
' 

is
 

u
se

d
, 

u
n

le
s
s
 
i
t
 
is

 
N

U
L

L
, 

in
 

w
h

ic
h

 
c
a
s
e
 
th

e
 

s
y

s
te

m
 
s
ta

n
d

a
rd

 
k

ey
m

ap
 

(a
s 

d
e
fi

n
e
d

 
w

h
en

 
c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
 
is

 
in

it
ia

li
z
e
d

)
 

is
 

u
s
e
d

. 

T
h

is
 

fu
n

c
ti

o
n

 
c
u

rr
e
n

tl
y

 
h

a
n

d
le

s
 

o
n

e
-d

e
e
p

 
d

e
a
d

 
k

e
y

s 
(s

u
c
h

 
a
s
 

<
a
lt

 
f>

o
) 

. 
I
t
 

d
o

e
s 

n
o

t 
lo

o
k

 
u

p
 
th

e
 
h

ig
h

 
k

e
y

 
m

ap
 

(k
e
y

s
tr

o
k

e
s
 

w
it

h
 

s
c
a
n

 
c
o

d
e
s 

g
r
e
a
te

r
 
th

a
n

 
O

x
4

0
),

 
a
n

d
 m

is
s
e
s
 

s
y

s
te

m
 
c
h

a
n

g
e
s 

to
 

th
e
 
d

e
fa

u
lt

 
k

e
y

 
m

ap
. 

D
IA

G
N

O
S

T
IC

S
 

R
e
tu

rn
s
 

T
R

U
E

 
i
f
 
i
t
 

w
o

rk
e
d

, 
F

A
L

S
E

 
o
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e
rw

is
e
. 

S
E

E
 

A
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SO
 

In
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e
rt
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c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/P

a
rs

e
iX

 
c
o

m
m

o
d

it
ie

s
.l

ib
ra

ry
/P

a
rs

e
iX

 

N
A

M
E

 
P

a
rs

e
iX

()
 

(V
3

6
) 

S
Y

N
O

P
S

IS
 

fa
il

u
re

c
o

d
e
 

=
 
P

a
rs

e
iX

(s
tr

in
g

, 
ix

)
; 

LO
N

G
 

P
a
rs

e
iX

(c
h

a
r 

*
,I

X
*

)
; 

F
U

N
C

T
IO

N
 

G
iv

e
n

 
a
n

 
in

p
u

t 
d

e
s
c
ri

p
ti

o
n

 
s
tr

in
g

 
a
n

d
 
a
n

 
a
ll

o
c
a
te

d
, 

v
a
li

d
 
in

p
u

t 
e
x

p
re

s
s
io

n
, 

s
e
ts

 
th

e
 
f
ie

ld
s
 

o
f 

th
e
 

in
p

u
t 

e
x

p
re

s
s
io

n
 
to

 
c
o

rr
e
s
p

o
n

d
 t

o
 
th

e
 
d

e
s
c
ri

p
ti

o
n

 
s
tr

in
g

. 

D
IA
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N
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S
 

C
H

A
N

G
ED
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R
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 t

 

R
e
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s 
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e
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i
f
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h
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A
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c
c
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s
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S
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s
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c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/R

e
m

o
v

e
C

x
O

b
j 

c
o

m
m

o
d

it
ie

s.
li

b
ra

ry
/R

e
m

o
v

e
C

x
O

b
j 

N
A

M
E

 
R

em
o

v
eC

x
O

b
j 

()
 

(V
36

) 

S
Y

N
O

P
S

IS
 

R
e
m

o
v

e
C

x
O

b
j(

c
o

);
 

v
o

id
 

R
em

o
v

eC
x

O
b

j(
C

x
O

b
j 

*
);

 

FU
N

C
T

IO
N

 
R
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C

o
m

m
o

d
it

ie
s 

o
b

je
c
t 

'c
o
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fr

o
m

 
a
n

y
 
l
i
s
t
 
i
t
 

m
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b

e
 

a 
p

a
r
t 

o
f.

 
W

il
l 

n
o
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c
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c
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c
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c
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b
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c
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p
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p
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. 

C
x

O
b

j 
U

s
e
r
F

il
te

r
(
tt

, 
c
h

a
r 

*
*

tt
; 

a
c
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c
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 d
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p
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r
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(l

O
);

 

I*
 G

e
t 

th
e
 
a
c
tu

a
l 

b
lo

c
k

 
th

e
 

a
b

o
v

e
 

M
em

H
ea

d
er

 
w

il
l 

m
an

ag
e 

*I
 

m
e
=

 
(s

tr
u

c
t 

M
em

C
hu

nk
 

*
)A

ll
o

cM
em

( 
B

L
O

C
K

S
IZ

E
, 

O
L 

);
 

if
(
 

!m
e 

) 
{ F
re

eM
em

( 
m

h
, 

(l
o

n
g

)s
iz

e
o

f(
s
tr

u
c
t 

M
em

B
ea

d
er

) 
);

 
e
x

it
(l

O
);

 
) 

m
h

->
m

h
 
N

o
d

e
.l

n
 

T
y

p
e 

m
h

->
m

h
-N

o
d

e
.l

n
-N

a
m

e
 

m
h

->
m

h
-F

ir
st

 
=

-m
e
; 

N
T 

M
EM

O
R

Y
; 

"m
'Y

na
m

e
11

; 

L
ib

ra
ri

es
 

ex
ec

.li
b

ra
ry

 
P
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e 
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N
O

TE
 

m
h-

>
m

h 
L

o
w

er
 

m
h

->
m

h
-U

p
p

er
 

m
h

->
m

h
-F

re
e 

(A
P

T
R

) 
m

e;
 

(A
P

T
R

) 
( 

B
L

O
C

K
S

IZ
E

 
+

 
(U

LO
N

G
) 

m
e
)
; 

B
L

O
C

K
S

IZ
E

; 

I*
 

S
e
t 

u
p

 
f
ir

s
t 

c
h

u
n

k
 
in

 
th

e
 
f
r
e
e
li

s
t 

*I
 

m
c-

>
m

c 
N

ex
t 

= 
N

U
L

L
; 

m
c-

>
m

c=
B

y
te

s 
=

 
B

L
O

C
K

S
IZ

E
; 

b
lo

c
k

l 
=

 
(A

P
T

R
) 

A
ll

o
c
a
te

( 
m

h
, 

2
0

L
 
);

 
b

lo
c
k

2
 

=
 

(A
P

T
R

) 
A

ll
o

c
a
te

( 
m

h
, 

3
1

4
L

 
);

 
p

ri
n

tf
("

m
h

=
$

%
lx

 m
c
=

$
%

lx
\n

",
m

h
,m

c
);

 
p

ri
n

tf
("

B
lo

c
k

l=
$

%
lx

, 
B

lo
c
k

2
=

$
%

lx
\n

"
,b

lo
c
k

l,
b

lo
c
k

2
);

 

F
re

eM
em

( 
m

h,
 

(l
o

n
g

)s
iz

e
o

f(
s
tr

u
c
t 

M
em

H
ea

d
er

) 
);

 
F

re
eM

em
( 

m
e,

 
B

L
O

C
K

S
IZ

E
 

) 
; 

I
f
 t

h
e
 
fr

e
e
 
li

s
t
 
is

 
c
o

r
r
u

p
t,

 
th

e
 

sy
st

e
m

 w
il

l 
p

a
n

ic
 w

it
h

 
a

le
r
t 

A
N

_
M

em
C

o
rr

u
p

t,
 

$
0

1
0

0
0

0
0

5
. 

S
E

E
 A

L
SO

 
D

e
a

ll
o

c
a

te
, 

ex
ec

/m
em

o
ry

.h
 



w
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1

 

e
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e
x

e
c
.l

ib
ra

ry
/A

ll
o

c
E

n
tr

y
 

e
x

e
c
.l

ib
ra

ry
/A

ll
o

c
E

n
tr

y
 

N
A

M
E

 
A

ll
o

c
E

n
tr

y
 
-
-

a
ll

o
c
a
te

 
m

an
y

 
re

g
io

n
s
 

o
f 

m
em

o
ry

 

S
Y

N
O

P
S

IS
 

rn
er

n
L

is
t 

D
O

 
A

ll
o

c
E

n
tr

y
(r

n
e
rn

L
is

t)
 

A
O

 

s
tr

u
c
t 

M
e
m

L
is

t 
*

A
ll

o
c
E

n
tr

y
(s

tr
u

c
t 

M
em

L
is

t 
*

);
 

F
U

N
C

T
IO

N
 

T
h

is
 

fu
n

c
ti

o
n

 
ta

k
e
s
 

a 
m

e
m

L
is

t 
s
tr

u
c
tu

r
e
 

a
n

d
 
a
ll

o
c
a
te

s
 

e
n

o
u

g
h

 
m

em
o

ry
 

to
 
h

o
ld

 
th

e
 
re

q
u

ir
e
d

 
m

em
o

ry
 

a
s 

w
e
ll

 
a
s
 

a 
M

em
L

is
t 

s
tr

u
c
tu

r
e
 
to

 
k

e
e
p

 
tr

a
c
k

 
o

f 
i
t
. 

T
h

e
se

 
M

e
m

L
is

t 
s
tr

u
c
tu

r
e
s
 

m
ay

 
b

e
 

li
n

k
e
d

 
to

g
e
th

e
r 

in
 

a 
ta

s
k

 
c
o

n
tr

o
l 

b
lo

c
k

 
to

 
k

e
e
p

 
tr

a
c
k

 
o

f
 
th

e
 
to

ta
l 

m
em

o
ry

 
u

sa
g

e
 
o

f
 
th

is
 
ta

s
k

. 
(S

e
e
 

th
e
 
d

e
s
c
ri

p
ti

o
n

 
o

f 
T

C
 

M
EM

EN
TR

Y
 

u
n

d
e
r 

R
e
m

T
a
sk

).
 

IN
P

U
T

S
 

m
e
m

L
is

t 
-
-
A

 M
e
m

L
is

t 
s
tr

u
c
tu

r
e
 
f
il

le
d

 
in

 
w

it
h

 
M

er
n

E
n

tr
y

 
s
tr

u
c
tu

r
e
s
. 

R
E

S
U

L
T

S
 

rn
er

n
L

is
t 

-
-

A
 
d

if
f
e
r
e
n

t 
M

em
L

is
t 

f
il

le
d

 
in

 
w

it
h

 
th

e
 
a
c
tu

a
l 

m
em

o
ry

 
a
ll

o
c
a
te

d
 
in

 
th

e
 

m
e 

A
d

d
r 

f
ie

ld
, 

a
n

d
 
th

e
ir

 
s
iz

e
s
 

in
 

m
e 

L
e
n

g
th

. 
I
f
 

e
n

o
u

g
h

 
m

em
o

ry
 

c
a
n

n
o

t 
b

e
 
o

b
ta

in
e
d

, 
th

e
n

 
th

e
 

re
q

u
ir

e
ff

ie
n

ts
 
o

f
 

th
e
 
a
ll

o
c
a
ti

o
n

 
th

a
t 

f
a
il

e
d

 
is

 
re

tu
rn

e
d

 
a
n

d
 
b

it
 

3
1

 
is

 
s
e
t.

 

E
X

A
M

PL
E

S 

B
U

G
S 

T
h

e
 
u

s
e
r 

w
a
n

ts
 

fi
v

e
 

re
g

io
n

s
 

o
f 

2
, 

4
, 

B
, 

1
6

, 
a
n

d
 

3
2

 
b

y
te

s
 

in
 
s
iz

e
 

w
it

h
 

re
q

u
ir

e
m

e
n

ts
 

o
f 

M
EM

F 
C

L
E

A
R

, 
M

EM
F 

P
U

B
L

IC
, 

M
EM

F 
C

H
IP

'M
E

M
F

 
C

L
E

A
R

, 
M

EM
F 

C
L

E
A

R
, 

a
n

d
 

M
EM

F 
P

U
B

L
lC

!M
E

M
F

 
C

L
E

A
R

 
re

s
p

e
c
ti

v
e
lY

. 
T

h
e
 

-
fo

ll
O

w
in

g
 

c
o

d
e
 

fr
a
g

m
e
n

t 
w

o
u

ld
 
d

o
-t

h
a
t:

 

M
e
m

L
is

tD
e
c
l:

 
D

S
.B

 
L

N
 

S
IZ

E
 

D
C

.W
 

5 
-

D
C

.L
 

M
EM

F 
C

L
E

A
R

 
D

C
.L

 
2 

D
C

.L
 

M
EM

F 
P

U
B

L
IC

 
D

C
.L

 
4 

-
D

C
.L

 
M

EM
F 

C
H

IP
'M

E
M

F
 

C
L

E
A

R
 

D
C

.L
 

8 
-

-
D

C
. L

 
M

EM
F 

C
L

E
A

R
 

D
C

.L
 

1
6

 
-

* 
re

s
e
rv

e
 

s
p

a
c
e
 
fo

r 
l
i
s
t
 

n
o

d
e
 

* 
n

u
m

b
e
r 

o
f 

e
n

tr
ie

s
 

* 
e
n

tr
y

 
#0

 

* 
e
n

tr
y

 
#

1
 

* 
e
n

tr
y

 
#2

 

* 
e
n

tr
y

 
#3

 

D
C

.L
 

M
EM

F 
P

U
B

L
IC

!M
E

M
F

 
C

L
E

A
R

 
* 

e
n

tr
y

 
#

4
 

D
C

.L
 

3
2

 

s
ta

r
t:

 
L

E
A

.L
 

JS
R

 
B

C
L

R
.L

 
B

E
Q

.S
 

M
e
m

L
is

tD
e
c
l(

P
C

),
A

O
 

L
V

O
A

ll
o

c
E

n
tr

y
(a

6
) 

i3
1

,D
O

 
s
u

c
c
e
s
s
 

T
y

p
e
 
o

f
 m

em
o

ry
 
th

a
t 

w
e 

f
a
il

e
d

 
o

n
 
is

 
in

 
D

O
 

I
f
 
a
n

y
 

o
n

e
 
o

f 
th

e
 
a
ll

o
c
a
ti

o
n

s
 
f
a
il

s
, 

th
is

 
fu

n
c
ti

o
n

 
f
a
il

s
 
to

 
b

a
c
k

 
o

u
t 

f
u

ll
y

. 
T

h
is

 
is

 
fi

x
e
d

 
b

y
 
th

e
 

"
S

e
tP

a
tc

h
"
 

p
ro

g
ra

m
 

o
n

 
V

1
.3

 
W

o
rk

b
e
n

c
h

 
d

is
k

s
. 

S
E

E
 

A
L

S
O

 
e
x

e
c
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e
m

o
ry
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e
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e
x

e
c
.l

ib
ra

ry
/A

ll
o

c
M

e
m

 
e
x

e
c
.l

ib
ra

ry
/A

ll
o

c
M

e
m

 

N
A

M
E

 
A

ll
o

Q
M

em
 
-
-

a
ll

o
c
a
te

 
m

em
o

ry
 

g
iv

e
n

 
c
e
r
ta

in
 

re
q

u
ir

e
m

e
n

ts
 

S
Y

N
O

P
S

IS
 

m
e
rn

o
ry

B
lo

c
k

 
=

 
A

ll
o

c
M

e
m

(b
y

te
S

iz
e
, 

a
tt

r
ib

u
te

s
)
 

D
O

 
D

O
 

D
1 

v
o

id
 

*
A

ll
o

cM
em

(O
L

O
N

G
, 

U
IO

N
G

);
 

F
U

N
C

T
IO

N
 

T
h

is
 
is

 
th

e
 

m
em

o
ry

 
a
ll

o
c
a
to

r
 
to

 
b

e
 

u
s
e
d

 
b

y
 

s
y

s
te

m
 c

o
d

e
 

a
n

d
 

a
p

p
li

c
a
ti

o
n

s
. 

I
t
 

p
ro

v
id

e
s
 

a 
m

e
a
n

s 
o

f
 
s
p

e
c
if

y
in

g
 
th

a
t 

th
e
 
a
ll

o
c
a
ti

o
n

 
s
h

o
u

ld
 
b

e
 

m
a
d

e
 
in

 
a 

m
em

o
ry

 
a
re

a
 
a
c
c
e
s
s
ib

le
 
to

 
th

e
 
c
h

ip
s
, 

o
r 

a
c
c
e
s
s
ib

le
 
to

 
s
h

a
re

d
 

sy
st

e
m

 
c
o

d
e
. 

M
em

o
ry

 
is

 
a
ll

o
c
a
te

d
 
b

a
s
e
d

 
o

n
 

re
q

u
ir

e
m

e
n

ts
 

a
n

d
 
o

p
ti

o
n

s
. 

A
ny

 
"
re

q
u

ir
e
m

e
n

t"
 

m
u

st
 

b
e
 

m
e
t 

b
y

 
a 

m
em

o
ry

 
a
ll

o
c
a
ti

o
n

, 
a
n

y
 

"
o

p
ti

o
n

"
 

w
il

l 
b

e
 
a
p

p
li

e
d

 
to

 
th

e
 
b

lo
c
k

 
re

g
a
rd

le
s
s
. 

A
ll

o
cM

er
n

 
w

il
l 

tr
y

 
a
ll

 
m

em
o

ry
 

s
p

a
c
e
s
 
u

n
ti

l 
o

n
e
 
is

 
fo

u
n

d
 
w

it
h

 
th

e
 
p

ro
p

e
r 

re
q

u
ir

e
m

e
n

ts
 

a
n

d
 

ro
o

m
 
fo

r 
th

e
 

m
em

o
ry

 
re

q
u

e
s
t.

 

IN
P

U
T

S
 

b
y

te
S

iz
e
 

-
th

e
 
s
iz

e
 
o

f 
th

e
 
d

e
s
ir

e
d

 
b

lo
c
k

 
in

 
b

y
te

s
. 

(T
h

e
 
o

p
e
ra

ti
n

g
 

s
y

s
te

m
 
w

il
l 

a
u

to
m

a
ti

c
a
ll

y
 

ro
u

n
d

 
th

is
 

n
u

m
b

e
r 

to
 

a 
m

u
lt

ip
le

 
o

f
 

th
e
 

s
y

s
te

m
 

m
em

o
ry

 
c
h

u
n

k
 
s
iz

e
) 

a
tt

r
ib

u
te

s
 

-
re

q
u

ir
e
m

e
n

ts
 

I
f
 

n
o

 
fl

a
g

s
 

a
re

 
s
e
t,

 
th

e
 

s
y

s
te

m
 w

il
l 

re
tu

rn
 
th

e
 
b

e
s
t 

a
v

a
il

a
b

le
 

m
em

o
ry

 
b

lo
c
k

. 
F

o
r 

e
x

p
a
n

d
e
d

 
s
y

s
te

m
s
, 

th
e
 
f
a
s
t 

m
em

o
ry

 
p

o
o

l 
is

 
s
e
a
rc

h
e
d

 
f
ir

s
t.

 

M
EM

F 
C

H
IP

: 

M
EM

F 
F

A
S

T
: 

M
EM

F 
P

U
B

L
IC

: 

o
p

ti
o

n
s
 

M
EM

F 
C

L
E

A
R

: 

I
f
 
th

e
 
re

q
u

e
s
te

d
 

m
em

o
ry

 
w

il
l 

b
e
 

u
s
e
d

 
b

y
 

th
e
 

A
m

ig
a 

c
u

st
o

m
 
c
h

ip
s
, 

th
is

 
fl

a
g

 
*

m
u

st
*

 
b

e
 
s
e
t.

 

O
n

ly
 
c
e
r
ta

in
 
p

a
r
ts

 
o

f 
m

em
o

ry
 
a
re

 
re

a
c
h

a
b

le
 

b
y

 
th

e
 
s
p

e
c
ia

l 
c
h

ip
 
s
e
ts

' 
D

M
A

 
c
ir

c
u

it
r
y

. 
C

h
ip

 
D

M
A

 
in

c
lu

d
e
s
 

s
c
re

e
n

 m
em

o
ry

, 
im

a
g

e
s 

th
a
t 

a
re

 
b

li
tt

e
d

, 
a
u

d
io

 
d

a
ta

, 
c
o

p
p

e
r 

li
s
ts

, 
s
p

r
it

e
s
 

a
n

d
 
tr

a
c
k

d
is

k
.d

e
v

ic
e
 
b

u
ff

e
rs

. 

T
h

is
 
is

 
n

o
n

-c
h

ip
 

m
em

o
ry

. 
I
f
 

n
o

 
fl

a
g

 
is

 
s
e
t 

M
EM

F 
F

A
S

T
 
is

 
ta

k
e
n

 
a
s
 

th
e
 
~
Q
f
a
u
l
t
.
 

D
O

 
N

O
T

 
S

P
E

C
IF

Y
 

M
EM

F 
F

A
S

T
 
u

n
le

s
s
 

y
o

u
 

k
n

o
w

 
e
x

a
c
tl

y
 
w

h
a
t 

y
o

u
 
a
re

 
d

o
in

g
' 

I
f
 M

EM
F 

F
A

S
T

 
is

 
s
e
t,

 
A

ll
o

c
M

e
m

()
 

w
il

l 
f
a
il

 
o

n
 

m
a
c
h

in
e
S

 
th

a
t 

o
n

ly
 

h
a
v

e
 
c
h

ip
 
m

e
m

o
ry

' 
T

h
is

 
fl

a
g

 
m

ay
 

n
o

t 
b

e
 
s
e
t 

w
h

en
 

M
EM

F 
C

H
IP

 
is

 
s
e
t.

 

M
em

o
ry

 
th

a
t 

m
u

st
 

n
o

t 
b

e
 

m
a
p

p
e
d

, 
sw

a
p

p
e
d

, 
o

r 
o

th
e
rw

is
e
 
m

a
d

e
 
n

o
n

-a
d

d
re

s
s
a
b

le
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C
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V
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T
E

R
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T
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A

N
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E
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H

E
R

 
P

U
B

L
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O

R
 

L
O

C
K

E
D

 
IN

T
O

 
M
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O

R
Y
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T

h
is

 
in

c
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d
e
s
 

b
o

th
 

c
o

d
e
 

a
n

d
 
d

a
ta

. 

T
h

e 
m

em
o

ry
 
w

il
l 

b
e
 
in

it
ia

li
z
e
d

 t
o

 
a
ll

 

L
ib

ra
ri

e
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z
e
r
o

s
. 

U
S
~
T
 

m
em

o
ry

B
lo

ck
 

-
a 

p
o

in
te

r 
to

 
th

e
 

n
e
w

ly
 
a
ll

o
c
a
te

d
 m

em
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p
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 c
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p
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c
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p
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b
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c
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b
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p
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p
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b
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c
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t 

!
C

la
s
s
*

, 
U

B
Y

TE
 

*
, 

U
L

O
N

G
, 

..
. 

)
; 

F
U

N
C

T
IO

N
 

T
h

is
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e
 
g

e
n

e
ra

l 
m

e
th

o
d

 
o

f 
c
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a
ti

n
g

 
o

b
je

c
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o
m
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o
o

p
s
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c
la

s
s
e
s
. 
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 B
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o

p
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' 
s
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n
d

s
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r 

"
b

a
s
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o

b
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c
t-

o
ri

e
n

te
d

 p
ro

g
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n
u

n
in

g
 
sy

st
e
m

 
fo

r 
I
n
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it
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n

"
.)

 

Y
o

u
 

s
p

e
c
if

y
 

a 
c
la

s
s
 
e
it

h
e
r
 
a
s
 

a 
p

o
in

te
r 

(f
o

r 
a 

p
r
iv

a
te

 
c
la

s
s
) 

o
r 

b
y

 
i
t
s
 

ID
 
s
tr

in
g

 
(f

o
r 

p
u

b
li

c
 
c
la

s
s
e
s
) 

. 
I
f
 t

h
e
 
c
la

s
s
 
p

o
in

te
r 
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N
U

L
L

, 
th

e
n

 
th

e
 
c
la

s
s
iC
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u
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d

. 

Y
o

u
 
fu
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h

e
r 

s
p

e
c
if

y
 
in

it
ia

l 
"
c
re

a
te

-t
im

e
"
 
a
tt

r
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u
te

s
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r 

th
e
 

o
b

je
c
t 

v
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a 

T
a
g

it
e
m

 
l
i
s
t
, 

a
n

d
 t

h
e
y

 
a
re

 
a
p

p
li

e
d
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th

e
 
re

s
u

lt
in

g
 

g
e
n

e
ri

c
 
d

a
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o

b
je

c
t 
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a
t 
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e
d

. 
T

h
e 

a
tt

r
ib

u
te

s
, 

th
e
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 m
e
a
n

in
g

s,
 

a
tt

r
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u
te

s
 
a
p

p
li

e
d

 
o

n
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t 

c
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im

e
, 
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n

d
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u

ir
e
d
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tt

r
ib

u
te

s
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re

 
a
ll

 
d

e
fi

n
e
d
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n

d
 

d
o

c
u

m
e
n

te
d

 
o

n
 

a 
c
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s
s
-b

y
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la
s
s
 
b

a
s
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U
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S
 

c
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s
 

=
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b
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tr
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c
t 
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o
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te

r 
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a 

b
o

o
p

si
 
c
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s
s
 
g
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e
n

 
v
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M
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k

e
C
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. 

c
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s
s
iD

 
=

th
e
 

n
a
m

e
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D
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g

 
o
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a 

p
u
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li

c
 
c
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s
. 
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h
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a
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m
e
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r 
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o
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u

s
e
d

 
i
f
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s
s
' 
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N
U

L
L
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g
L
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t 

=
 

p
o

in
te

r 
to
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y

 
o

f 
T

a
g
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e
m
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c
o

n
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g
 
a
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u
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a
lu

e
 

p
a
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s
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b

e
 
a
p

p
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e
d
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th

e
 
o

b
je

c
t 

b
e
in

g
 
c
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a
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d
 

~
S
~
T
 

A
 
b
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o

p
s
i 

o
b
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c
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w

h
ic

h
 

m
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b

e
 

u
se

d
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d
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n

t 
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o

n
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x
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c
h

 
a
s
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g

a
d

g
e
t 
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r 
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a
g

e
, 

a
n

d
 m

ay
 

b
e
 
m

a
n
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u
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d
 
b

y
 
g
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n

e
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c
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n
c
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n
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o

u
 
e
v
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n
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a
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y
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e
e
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e
 
o

b
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c
t 

u
s
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g
 
D
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p

o
s
e
O

b
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c
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N
O
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E

S 
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U
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S 

T
h
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n

c
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n
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o

k
e
s 
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e
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M

 
N
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e
th

o
d
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e
 
c
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s
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. 
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y
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b
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c
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n

d
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' 
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d
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e
d
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e
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c
lu
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e
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e
s
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u
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d
 
c
o

n
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T

h
e 
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e
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p
e
 

A
P

T
R
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p
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b
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b
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b

e
s
t 

u
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d
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o

b
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c
t 

a
n

d
 
c
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s
s
 

"
h

a
n
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"
, 
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h
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e
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p

e
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E
 

*
) 
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d
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c
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s
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s
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g

s
. 

S
E

E
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L
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D
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b
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c
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S
e
tA
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()
, 

G
e
tA

tt
r(
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M
a
k

e
C
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()
, 

D
o

cu
m

en
t 

"
B

a
s
ic

 
O

b
je

c
t-

O
ri

e
n

te
d

 
P

ro
g
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m
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g
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y

st
e
m
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I
n
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n

 .. 
a
n

d
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e
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b

o
o

p
s
i 

C
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s
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c
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"
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tu
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n
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x
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b

je
c
t 
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tu
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x
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c
t 

N
A
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N
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c
t 

-
-
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u
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h
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e
 
o

b
je

c
t 

o
n

 
a
n

 
E
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Y
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O
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b
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c
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=
 

N
e
x
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b

je
c
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o

b
je

c
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P
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A
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T
R

 
N
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x
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b
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c
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; 

FU
N

C
T

IO
N

 
T

h
is

 
fu

n
c
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c
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s
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p
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c
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o
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p
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c
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n
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n

 
E

x
e
c
 
L
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t 
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u
c
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b

y
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v
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k

in
g

 
th
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O

M
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D

D
M
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B
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d
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y
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c
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n
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r
e
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v

e
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m

 b
y
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n
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o
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n

c
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p
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b
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d
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f
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M
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o
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e
 

*
a
d
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o
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t 
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o
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p
e
a
te
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N

e
x
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b
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c
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u
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i
t
 
re
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s
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U

L
L
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A
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h
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r
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D
IS
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O

S
E
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a
s
e
 
o
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e 

c
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s
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d
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p

a
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h
e
r
*
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c
a
s
e
 

O
M

 
D
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P

O
S

E
: 

-
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d

is
p

o
s
e
 

m
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b
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s 
*

/ 
o

b
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c
t 

s
ta

te
 

=
 

m
y

d
a
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m

d
 
C

o
ll

e
c
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o
n

L
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t.
lh

 
H

e
a
d
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w

h
il

e
 (

m
e
m

b
e
r 

o
b

je
c
t 

=
 

N
e
x

tO
b

je
c
t(

 
&

o
b

je
c
t-

s
ta

te
 

) 
) 

{ 
-

-
D

o
M

et
h

o
d

( 
m

em
b

er
 
o

b
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c
t,

 
O

M
 

R
E

M
O

V
E

);
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re

m
o

v
e
 

fr
o

m
 
l
i
s
t
*

/
 

D
M

( 
m

em
b

er
, 

m
sg

 
)
; 

/*
 

a
n

d
 
p

a
s
s
 

a
lo

n
g

 
d

is
p

o
s
e
 

*
/ 

~
S
~
T
 

R
e
tu

rn
s 

p
o

in
te
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to

 
e
a
c
h

 
o

b
je

c
t 

in
 
th

e
 
l
i
s
t
 
in

 
tu

rn
, 

a
n

d
 

N
U

L
L

 
w

h
en

 
th

e
re

 
a
re

 
n

o
 
m

o
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. 

N
O

T
E

S 

B
U

G
S 

S
E

E
 

A
L

SO
 

D
is

p
o

s
e
O

b
je

c
t(

),
 

S
e
tA

tt
rs

()
, 

G
e
tA

tt
r(

),
 

M
a
k

e
C

la
ss

()
, 

D
o

cu
m

en
t 

11
B

a
s
ic

 
O

b
je

c
t-

O
ri

e
n

te
d

 
P

ro
g

ra
m

m
in

g
 

S
y

st
e
m
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r 
In

tu
it

io
n

"
 

a
n

d
 
th

e
 

"
b

o
o

p
si

 
C

la
s
s
 

R
e
fe

re
n

c
e
"
 

d
o

c
u

m
e
n

t.
 

L
ib
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e
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w
 

w
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in
tu

it
io

n
.l

ib
ra

ry
/N

e
x

tP
u

b
S

c
re

e
n

 
in

tu
it

io
n

.l
ib

ra
ry

/N
e
x

tP
u

b
S

c
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e
n

 

N
A

M
E

 N
e
x

tP
u

b
S

c
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e
n

 
-
-
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e
n

ti
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n

e
x

t 
p

u
b
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c
 
s
c
re

e
n

 
in

 
th

e
 

c
y

c
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. 
(V

3
6

) 

S
Y

N
O

P
S

IS
 

B
u

ff
 
=

 N
e
x

tP
u

b
S

c
re

e
n

( 
S

c
re

e
n

, 
N

am
eB

u
ff

 
D

O
 

A
O

 
A

1
 

U
B

Y
T

E
 

*
N

e
x

tP
u

b
S

c
re

e
n

( 
s
tr

u
c
t 

S
c
re

e
n

*
, 

U
B

Y
T

E
 

* 
);

 

F
U

N
C

T
IO

N
 

R
e
tu

rn
s
 

n
am

e 
o

f 
n

e
x

t 
p

u
b
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c
 

s
c
re

e
n

 
in
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st
e
m

 
ro
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o
n

, 
to

 
a
ll

o
w

 
v

is
it

o
r
 

w
in

d
o

w
s 

to
 
p

ro
v

id
e
 

fu
n

c
ti

o
n

 
to

 
"j

u
m

p
" 

am
o

n
g

 
p

u
b

li
c
-s

c
re

e
n

s
 

in
 

a 
c
y

c
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P

U
T

S
 

S
c
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e
n

 
=
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o

in
te

r 
to

 
th

e
 
s
c
re

e
n

 
y

o
u

r 
w

in
d

o
w

 
is

 
c
u

rr
e
n

tl
y

 
o

p
e
n

 
in

, 
o

r 
N

U
L

L
, 

i
f
 

y
o

u
 
d

o
n

't
 

h
a
v

e
 

a 
p

o
in

te
r 

to
 

a 
p

u
b

li
c
 
s
c
re

e
n

. 
N

a
m

e
B

u
ff

 
=

 p
o

in
te

r 
to

 
a 

b
u

ff
e
r 

o
f 

M
A

X
PU

B
SC

R
EE

N
N

A
M

E 
c
h

a
ra

c
te

rs
, 

fo
r 

I
n

tu
it

io
n

 
to

 
f
i
l
l
 

in
 
w

it
h

 
th

e
 

n
am

e 
o

f
 t

h
e
 

n
e
x

t 
p

u
b

li
c
 

s
c
re

e
n

 
in

 
ro

ta
ti

o
n
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~
S
~
T
 

R
e
tu

rn
s
 

N
U

L
L

 
i
f
 t

h
e
r
e
 
a
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n

o
 
p

u
b
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c
 
s
c
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e
n

s
, 

o
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e
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e
 

a 
p

o
in

te
r 
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y
o

u
r 

N
a
m

e
B

u
ff

. 

N
O

T
E

S 

B
U

G
S 

T
h

e
re

 
is

 
n

o
 
g

u
a
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n
te

e
 
th

a
t 

th
e
 
p

u
b

li
c
 
s
c
re

e
n

 
w

h
o

se
 

n
am

e 
w
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tu

rn
e
d

 b
y
 
th

is
 

fu
n

c
ti

o
n

 
w

il
l 

e
x

is
t 

o
r 

b
e
 

in
 

"
p

u
b

li
c
"
 

s
ta

te
 

b
y

 
th

e
 
ti

m
e
 

y
o

u
 
c
a
ll

 
L

o
c
k

P
u

b
S

c
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e
n
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, 

e
tc

. 
Y

ou
 

m
u

st
 

h
a
n

d
le

 
c
a
s
e
s
 

w
h

e
re

 
L

o
c
k

P
u

b
S

c
re

e
n

()
, 

e
tc

. 
w

il
l 

f
a
il

. 

T
h

e 
s
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r
ti

n
g

 
s
c
re

e
n

 
a
n

d
 
c
y

c
le

 
o

rd
e
r 

o
f 

th
e
 
p

u
b
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c
 
s
c
re

e
n

s
 
i
s
n

't
 

d
e
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n
e
d
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s
o

 
d

o
 

n
o

t 
d
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w

 
c
o

n
c
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s
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n
s
 

a
b

o
u

t 
th

e
 
o

rd
e
r 

y
o

u
 

s
e
e
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e
 
c
u
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e
n
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v

e
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n

 
o

f
 
I
n

tu
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n
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W

e 
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e
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r
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h
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a
d

d
 
m

e
a
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n
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a
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S
E

E
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, 

I
n
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n
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3
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u

p
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d
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c
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G
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A

M
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b
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a 
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a
s
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c
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Y

N
O
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S
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R
P

o
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~
 

O
b
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IR

P
o
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O
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u
c
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a
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c
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a
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F
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C
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e
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a
s
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n
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b
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c
u
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c
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t.
ie

=
S

u
b

C
la

s
s
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; 

-
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p
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v

e
 

k
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m
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c
o

d
e
 
c
o

m
p
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n
e
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a
n

d
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ap
A

N
S

I 
r
e
v

e
r
s
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y
 
*
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o
d

e
 

; 
0

; 
c
o

d
e
 

<
 

2
5

6
; 
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d
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+

) 
( 

b
u

ff
e
r[

O
] 

; 
c
o

d
e
; 

a
c
t
u

a
l
;
 M

a
p

A
N

S
I(

b
u

ff
e
r,

 
1
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u
ff

e
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S

T
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S
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E
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0
);

 
r 

=
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u
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e
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e
v
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n

t.
ie

 
P
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v

2
D
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w

n
C

o
d
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; 
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v
2
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o
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t.
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v
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o
w

n
Q
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c
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p

r
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I 
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h
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c
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c
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p
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ra
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c
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c
a
s
e
 

2
: 

-
e
v

e
n

t.
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c
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.
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c
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p
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c
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r
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c
tu

re
 
p

o
in

te
r,

 
o

r 
n

u
ll

 
i
f
 t

h
e
 
d

e
fa

u
lt

 
k

e
y

 
m

ap
 
is

 
to

 
b

e
 

u
se

d
. 

~
S
~
T
 

a
c
tu

a
l 

-
th

e
 

n
u

m
b

er
 
o

f 
c
h

a
r
a

c
te

r
s 

in
 
th

e
 
b

u
ff

e
r
, 

o
r
 

-1
 
i
f
 

a 
b

u
ff

e
r
 

o
v

e
r
fl

o
w

 
w

a
s 

a
b

o
u

t 
to

 
o

c
c
u

r
. 

EX
A

M
PL

E 

#
d

e
fi

n
e
 

B
U

FF
E

R
L

E
N

 
8

0
 

/*
 

le
n

g
th

 
o

f 
lo

n
g

e
s
t 

e
x

p
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p
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c
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c
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v
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R
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R
S 
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L
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r
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k

e
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m
a

p
.l
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r
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.i
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C
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C

L
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S
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A
W

K
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ie

.i
e
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u
b

C
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W

a
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o
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t 
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G
e
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c
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m
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) 
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c
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e
 

R
A

W
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E
Y
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.i
e
 

C
o

d
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~
-
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o
d
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.i

e
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u
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= 
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e
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; 
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r
e
C
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v
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r
 

d
e
a

d
 

k
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y
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o
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s 

&
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u
a
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*

/ 
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.i
e
 

E
v

e
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d
r
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= 
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P

T
R

 
*

) 
*
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d

d
r
e
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; 
a
c
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a
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M
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R
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K
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, 

b
u

ff
e
r,

 
B

U
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E
R

L
E
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, 

0
);

 
fo

r
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; 
0

; 
i 

< 
a

c
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a
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+
) 
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e
p

o
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C
h

a
r(

b
u

ff
e
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);

 
b
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a
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; 

i
f
 
a

c
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a
l 
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a 
b

u
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o

v
e
r
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w

 c
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c
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. 

S
E

E
 

A
L

SO
 

d
e
v

ic
e
s
/i

n
p

u
te

v
e
n

t.
h

, 
d

e
v

ic
e
s/

k
e
y

m
a
p

.h
 

ke
__

ym
ap

.li
br

ar
y 

P
ag

e 
6 

k
e
y

m
a
p

.l
ib

ra
ry

/S
e
tK

e
y

M
a
p

D
e
fa

u
lt

 
k

e
y

m
a
p

.l
ib

ra
ry

/S
e
tK

e
y

M
a
p

D
e
fa

u
lt

 

N
A

M
E

 
S

e
tK

e
y

M
a
p

D
e
fa

u
lt

 
-
-

S
e
t 

th
e
 
c
u

rr
e
n

t 
d

e
fa

u
lt

 
k

ey
m

ap
. 

(V
36

) 

S
Y

N
O

P
S

IS
 

S
e
tK

e
y

M
a
p

D
e
fa

u
lt

(k
e
y

M
a
p

) 

v
o

id
 

S
e
tK

e
y

M
a
p

D
e
fa

u
lt

( 
s
tr

u
c
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p
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 m
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c
h

a
in

 
o

f 
a

r
r
a

y
s 

o
f 

T
a

g
it

e
m

 
st

r
u

c
tu

r
e
s 

a
s 

d
e
fi

n
e
d
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R
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c
k

B
o

o
lT

a
g

s(
),

 
N

e
x

tT
a
g

it
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).
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e
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L
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Device Autodocs 

This section contains summaries for the device calls that are built into the Amiga's operating system 

software. These summaries have been automatically extracted from the system source code and are 

called Autodocs. 

Devices are based on the library concept described in the last section. But unlike libraries, devices use a 

standard command interface. Once you have learned how to use one Amiga device, it's easy to learn the 

others. 

An Amiga device is a hardware-independent software module for interacting with a physical I/O device 

(such as a disk drive or serial port). Devices typically have their own independent tasks that can perform 

asynchronous operations even while the task that called them is busy doing something else. 

For a more detailed introduction to the Amiga device concept refer to the Amiga ROM Kernel Reference 

Manual: Devices. Only a brief introduction is given here. The table below shows the names of all the 

devices that are currently part of the Amiga system software. 
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Devices are more complex to use than libraries. Opening a device requires: 

0 A message port structure (struct MsgPort). This structure is used for inter-task communication. 

Ports may be created with the amiga.lib/CreatePort() function. See the section on Linker 

Libraries for more information on CreatePort(). 

0 An 1/0 Request structure (struct IORequest or one of its extended forms). This special structure, 

plus any extensions, is your sole source of communication with the device. Commands and data 

(or data pointers) are placed in this structure and sent off to the device. 

The format of the basic IORequest structure is defined in the exec/io.h listing (see the section on 

Include Files). Some devices use a special extended version of the IORequest structure. If so, the 

extended IORequest is defined in the include file for the particular device that uses it. An 

IORequest can be created with the amiga.lib/CreateExtiO() function. See the Linker Libraries 

section for more information on CreateExtiO(). 

0 The name of the device for the Exec OpenDevice() call. The names of Amiga devices are shown in 

the table on page 461. 

Opening the device initializes the IORequest for use. The request will always be associated with the 

device that initialized it so you cannot use it with other devices. Once the device is opened, you can send 

commands to it. Commands are placed in the io _Command field of the IORequest, then the request is sent 

to the device. There are two primary options for sending the request: 

DolO()- An Exec call that does the 1/0 and returns only after it has finished (this is synchronous 1/0). 

This is the easiest option to use. 

SendiO()- An Exec call that starts the 1/0, but returns immediately (this is asynchronous l/0). The 

device will complete its job while your calling task continues to run. Before reusing the 

IORequest, you must wait for the 1/0 to finish. You can send multiple requests to a device 

and the requests will queue up. However, you must use separate IORequest structures for 

multiple requests. 

When you have finished using a device, a call to CloseDevice() completes the transaction. For those 

programs using asynchronous 1/0, any outstanding requests must have already been completed. This 

can be done by a WaitiO(), or by forcing termination with an AbortiO()/WaitiO() pair. 
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I* 
* A complete example of using the trackdisk.device. 
* This moves the heads from track 0 to 79 and back. 

* 
*I 
#include "execltypes.h" 
#include "devicesltrackdisk.h" 
#include "dosldos.h" 

struct MsgPort *trackport=NULL; 
struct IOExtTD *trackiO=NU11; 

I* Storage for pointers *I 

short openerror=NU11; 
I* An extended version of struct IORequest *I 

I* flag *I 

void cleanexit(returncode) 
int returncode; 

=%ld\n" ,openerror); 
=$%lx\n",trackiO); 
=$%lx\n",trackport); 

printf("openerror 
printf("trackiO 
printf("trackport 
printf("io_Error =%ld\n" ,trackiO->iotd_Req.io Error); 

if(!openerror) CloseDevice(trackiO); 
if(trackiO) DeleteExtiO(trackiO); 
if(trackport) DeletePort(trackport); 

exit(returncode); 

void main() 

trackport=(struct MsgPort *)CreatePort(OL,01); 
if (! trackport) 

cleanexit(RETURN_FAI1); 
trackiO=(struct IOExtTD *) 

CreateExtiO(trackport, (long)sizeof(struct IOExtTD)); 
if (! trackiO) 

cleanexit(RETURN_FAI1+1); 
if(openerror=OpenDevice("trackdisk.device",OL,trackiO,OL)) 

cleanexit(RETURN_FAIL+2); 

trackiO->iotd_Req.io_Command=TD_SEEK; I* trackdisk command *I 

trackiO->iotd_Req.io_Offset =01; 
printf("Track 0\n"); 
DoiO(trackiO); 

I* outer track *I 

trackiO->iotd_Req.io_Offset =79*11*2*5121; 
printf("Track 79\n"); 
DoiO(trackiO); 

I* inner track *I 

trackiO->iotd_Req.io_Offset =01; I* outer track *I 
printf("Track 0\n"); 
DoiO(trackiO); 
trackiO->iotd_Req.io Offset =79*11*2*5121; I* inner track *I 
printf("Track 79\n"); 
DolO (trackiO); 

cleanexit(RETURN OK); 
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Resource Autodocs 

This section contains summaries for the Amiga's system resource routines. Resources contain low-level 

hardware control functions that arbitrate control of chip registers, interrupts and other low-level 

hardware. Resources should not be used unless your program has special, high-performance 

requirements that cannot be met through the conventional function interface provided by the Amiga's 

library and device functions. 

There are currently seven standard resources in the Amiga system: 

0 battclock.resource grants access to the Amiga's clock chip. Not all Amiga's have the clock chip, so 

use this with care. 

0 battmem.resource grants access to non-volatile RAM. Not all Amiga's have non-volatile RAM, so 

use this with care. 

0 cia.resource grants access to specific bits and individual interrupts for each of the 8520 CIA chips 

(Complex Interface Adapters). There are two cia resources: ciaa.resource and ciab.resource, 

which correspond to the odd and even 8520 CIA chips. 

0 disk.resource grants temporary exclusive access to the disk hardware (one for each of the four 

possible disk/MFM units). 

0 FileSystem.resource provides a list of filesystems available for use. 
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0 misc.resource grants exclusive access to functional blocks of chip registers. At this time definitions 

have been made for the serial and parallel hardware. When a task owns the misc.resource for a 

port, it has control over that port's associated hardware. 

0 potgo.resource manages the bits of the POTGO (write-only) and POTINP (read-only) registers. 

These custom chip registers control the proportional input pins on the game controller ports. The 

pins may also be used for digital input and output. Intuition uses port 1 for reading the right and 

(optional) middle mouse buttons. 

See the Amiga Hardware Reference Manual for more information on the actual hardware that each resource 

controls. This section covers only the arbitration provided in the Amiga's multitasking system. 

* Assembly language fragment that grabs one of the two groups of serial 
* port bits (using the misc. resource). If it is successful at obtaining 
* the resource, it will hang on to it forever, and never return. 

* 
* This example must be linked with amiga.lib 
* 

INCLUDE "exec/types.i" 
INCLUDE "resources/misc.i" 

AbsExecBase equ 4 
JSRLIB MACRO 

XREF 
JSR 
ENDM 

LV0\1 
_LV0\1 (A6) 

move.l _AbsExecBase,a6 
lea.l MiscName(pc) ,al 
JSRLIB OpenResource 
tst.l dO 
beq.s no_open 
move . 1 dO, a 6 ;resource base in A6 

We now have a pointer to a resource. 
Call one of its library-like vectors. 

move.l #MR_SERIALPORT,dO ;We want these bits 
lea.l MyName(pc) ,al ;This is our name 
jsr MR_ALLOCMISCRESOURCE(a6) 
tst.l dO 
bne. s no _get ;Someone else got it 

We just stole the serial port registers. Wait forever. 
Nobody else can use the serial port, including the serial.device! 
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no_get 
no_open 

move.l _AbsExecBase,a6 
move.l #O,dO 
JSRLIB Wait 

move.l #21,d0 
rts 

;Wait for nothing (forever) 

;Someone else has it, exit! 

MiscName 
My Name 

dc.b 
dc.b 
END 

'misc.resource',O 
'Serial Port hog',O 

/* An example of using the potgo.resource to read pins 9 and 5 of 
* port 1 (the non-mouse port). This bypasses the gameport.device. 
* When the right button on a mouse plugged into port 1 is pressed, 
* the read value will change. Use of port 0 (mouse) is unaffected. 
*I 
#include "exec/types.h" 
#include "libraries/dos.h" 

APTR PotgoBase; 
ULONG potbits; 
OWORD value; 

#define ONLESS(x) if (! (x)) 
#define UNTIL (x) while (! (x)) 
#define OUTRY 1L<<15 
#define DATRY 1L<<14 
#define OUTRX 1L<<13 
#define DATRX 1L<<12 

void main () 
/* Note: Aztec C prototypes use an extra version */ 
/* argument in the OpenResource() function */ 

ONLESS(PotgoBase=(APTR)OpenResource("potgo.resource")) 
exit(RETORN_FAIL); 

printf("PotgoBase is at $%lx\n",PotgoBase); 

potbits=AllocPotBits(OOTRYIDATRYIOUTRXIDATRX); 
/* Get the bits for the right and middle mouse buttons 

on the alternate mouse port. */ 

if(potbits != (OOTRYIDATRYIOOTRXIDATRX)) 
{ 

printf("Pot bits are already allocated! %lx\n",potbits); 
FreePotBits(potbits); 
exit(RETORN_FAIL+1); 
} 

WritePotgo(OxFFFFFFFFL,potbits); 
/* Set all ones in the register (masked by potbits) */ 

ONTIL(SIGBREAKF_CTRL C & SetSignal(OL,OL)) 
/* until CTRL-C is pressed */ 
{ 

value=*(OWORD *)OxOODFF016; 
/* Read word at $DFF016 */ 
printf("POTINP = $%lx\n",value & potbits); 
/* Show what was read (restricted to our allocated bits) */ 
l 

FreePotBits(potbits); 
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Linker library Autodocs 

This section contains Autodoc summaries for the amiga.lib and debug.lib linker libraries, and reference 

source code listings for Exec support functions in amiga.lib. Unlike the libraries described in the first 

section of this book, the linker libraries are not shared run-time libraries. Instead, they are concatenated 

Amiga format object modules which are linked with your code as library files. The linker scans specified 

library files and inserts a copy of each referenced library function into your program code. 

The linker libraries described here are debug .lib and amiga.lib: 

0 amiga.lib is the main Amiga scanned linker library, generally linked with every program for 

the Amiga. The major components of amiga.lib are: 

stubs- Individual interface stubs for each Amiga ROM routine that enable stack-based C 

compilers to call register-based Amiga ROM routines. 

offsets- The negative Library Vector Offset (_LVO) for each Amiga function. Assembly 

language program should link with amiga.lib to resolve their _LVO references. 

exec_support- C functions that simplify many Exec procedures such as the creation and 

deletion of tasks, ports, and 1/0 request structures. Source code is provided for these 

functions. 

clib - C support functions including pseudo-random number generation and a limited set of file 

and stdio functions designed to work directly with AmigaDOS file handles. 

other- Miscellaneous handy functions, callable from any language. 
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0 debug.lib contains stdio-like functions for communicating with a serial terminal connected to the 

Amiga via its built-in serial port. Typically, this terminal will be a 9600 baud, 8 data bits, one 

stop bit connection to an external terminal or an Amiga running a terminal package. The 

debug.lib functions allow you to output messages and prompt for input, even from within low

level task or interrupt code, without disturbing the Amiga's display and or current state (other 

than the state of the serial hardware itself). No matter how badly the system may have crashed, 

these functions can usually get a message out. 

A similar debugging library currently called ddebug.lib is available for sending debugging 

output to the parallel port. This is useful for debugging serial applications. Ddebug.lib is not 

documented here. It contains functions similar to debug.lib but with names starting with 'd' 

instead of 'k'. 

Shown below is a simple example of using the linker libraries from assembly language. 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Demonstrates assembler use of the compiled C exec support routines 
(CreatePort, etc.) in amiga.lib, and also the use of amiga.lib 
csupport functions such as _printf for simple formatted output and 
debugging. Creates a port, outputs its address, and deletes the port. 
Comments show the functions as they would be called from C. 

LINK INSTRUCTIONS: Alink with Astartup.obj ... LIBRARY amiga.lib 
Astartup sets up DOSBase and the stdout needed for amiga.lib printf. 
If you do not link with Astartup.obj, you must add the following 
variables, XDEF them, and initialize them as commented: 
DC.L DOSBase 0 ;needs base returned from OpenLibrary of dos.library 
DC.L stdout 0 ;needs an AmigaDOS file handle from a dos Open call 
DC.L SysBase 0 ;needs the address stored at location 4 

INCLUDE "exec/types.i" 
INCLUDE "exec/io.i" 
INCLUDE "libraries/dos.i" 

*------ Imported labels: C interface Amiga.lib routines 
XREF CreatePort 
XREF DeletePort 
XREF _printf 

*------Exported labels: Where Astartup.obj JSR's to our code 
XDEF main 

CODE 

;use startup code 
main: 

main + link with Astartup.obj) 

movem.l d2-d7/a2-a6,-(sp) ;Save registers 
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*-----Exec Support function: msgPort = CreatePort(name,pri) 

move.l 
pea 
jsr 
addq.l 
jsr 
tst.l 
beq.s 

#0,-(sp) 
port name 
CreatePort 

#8,sp 
mydebugO 
dO 
failure 

;push priority 0 on stack as long 
;push addr of null-termed portname 
;call CreatePort 
;add 4 to stack for each long pushed 
;rtn to print dO (preserves dO) 
;test result 
;if zero, CreatePort failed 

*-----Exec Support function: DeletePort(port) 
move.l dO,-(sp) ;else push dO (now our msgPort) 
jsr DeletePort ;call DeletePort 
addq.l #4,sp ;add 4 to stack for pushed long 

move.l 
bra.s 

#RETURN_OK,dO 
endcode 

;set up success return code 
;and skip to exit code 

*----- Failure to CreatePort branches here 
failure: 

endcode: 

move.l 

movem.l 
rts 

#RETURN_FAIL,dO 

(sp)+,d2-d7/a2-a6 

;set up failure return code 

;Restore registers 
;rts with dO = return code 

*-----
* 

mydebugO - Subroutine uses Amiga.lib _printf to print the contents 
of dO. Preserves all registers. 

mydebugO: 
movem.l d0-d7/a0-a6,-(sp) ;save registers 

*-----
* 

C Support function printf(): here printf("$%lx\n",contents of_dO) 
Note that the fstrl DC.B below specifies '\n' and null as 10,0 

port name 
fstrl 

move.l 
pea 
jsr 
addq.l 
movem.l 
rts 

DATA 

dO,-(sp) 
fstrl 
_printf 
#8,sp 
(sp)+,d0-d7/a0-a6 

DC.B 'sample_msgport' ,0 
DC.B '$%lx',l0,0 
END 

;push dO on the stack 
;push addr of format string 
;call printf 
;add 4 to stack for each long 
;restore saved registers 
;rts 

·---------------------------------------------------------------------' 
Example C Callable function that adds two numbers. From C, the 
call would look like this: 

result=AddThemUp(first,second); 

XDEF _AddThemUp ;Make an External Definition 
_AddThemUp 

move.l 4(sp),DO ;Get FIRST number 
move.l 8(sp),Dl ;Get SECOND number 
add.l Dl,DO ;Add them 
rts ;Return result (which is in DO) 
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C language include files 

This section contains the C-language include files from the Amiga operating system source code. These 

include files define the data structures and constants used by the system software. Whenever the system 

requires a certain structure or constant, it will be defined in an include file. These include files are 

organized on a functional basis. For example, files pertinent to the graphics library are listed under 

graphics/ filename.h. 

This section is for easy reference only. Similar include files generally come on disk with whatever C 

compiler you may choose to use with the Amiga. It is impotant to keep in mind that the include files that 

come with the compiler may not be an exact match to the files listed here. 

Listed below is a simple example of a C program which uses the system header file dos.h. 

/* 
* A quick example of using a C language include file. The constant 
* "ID_KICKSTART_DISK" is not defined in this example; the value 
* is pulled from the "libraries/dos.h" include file. 
*I 

#'include "libraries/dos.h" 
void main() 

printf("ID_KICKSTART_DISK equals %lx\n",ID_KICKSTART_DISK); 
exit(RETURN_OK); 
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c
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c
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e
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n
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N
G

 
E

r
r
o

r
R

e
p

o
r
t(
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p
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c
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c
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c
t 

M
S

g
P

o
rt
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c
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c
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c
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; 
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R
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c
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Assembly language include files 

This section contains the 68000 assembly language include files from the operating system source code. 

Whenever the system software requires that a certain structure or constant, it will be defined here. Each 

subsystem has its own include files. 

As with the C language include files, this section is for reference only. Similar include files generally 

come on disk with whatever assembler you may choose to use with the Amiga. It is important to keep in 

mind that the include files that come with your assembler may not be an exact match to the files listed 

here. 

Listed below is a simple example of an assembly language program which uses the header file dos.h. 

* 
* A quick example of using an assembly language include file. The 
* constant "RETURN_FAIL" is not defined in this example, instead the 
* value is pulled from the "libraries/dos.i" include file. This is 
* equivalent to: 
k 

* 
* 
* 

moveq 
rts 

#20,d0 

INCLUDE "libraries/dos.i" 

moveq 
rts 

#RETURN_FAIL,DO 

759 
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Reference charts 

This section contains several handy reference charts. These are often useful when searching memory or 

scanning structures during debugging. The charts are: 

Q 2.04 Function Offsets -The Amiga libraries are listed, with a separate entry for each library function. 

The chart lists the function's negative offset from the library base and a short summary of register 

usage. 

Q 2.04 Structure Reference- All structures in the Amiga system include files are listed alphabetically 

along with their sizes and the offset of each field within the structure given in hex and decimal. 

An exclamation point in front of the entry indicates a longword field which is not 

longword-aligned. 

Q C Language Cross Reference- Each element from the Amiga include files is listed along with its 

resolved value, the location where it was defined (indicated by*), and each place that references 

it. Since the elements in the assembly language include files have similar names, this chart is also 

useful for assembly language programmers. 

CJ Amiga Function Index - This is an alphabetical listing of all the functions, device commands, and 

macros covered in this book showing the page number where you can find each one. Also listed 

is the name of the library, device, or resource where the function is located. 
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