


















































































































































































































































































































































































































































































































iMAX 432 Input/Output Implementation 

APINIT provides access to these initialization routines: 

• Ini tialize$IP$controller takes two parameters. The first is the 
index of the last IP process controlled via this IP controller. 
This value must be greater than or equal to the index of the actual 
last IP process created for this IP by the IP Processes package 
body. The second parameter is a boolean that must be true if AP 
system error messages are to be written to the terminal on the 
86/12A serial port (terminal 1). 

Only the physical mode operators in the IP Controller can be used 
before Initialize$IP$controller is called. This routine waits for 
the IP to go into logical mode (done from the central system via 
the body of IP Processes) before returning. After the 
initialization sequence returns from initialize$IP$controller, only 
the logical mode operators in the IP Controller can be used. 

• Initialize$8612$terminal starts the strategy and monitor tasks for 
a terminal connected to the serial I/O port of the 86/12A board. 
Ini tialize$8612$terminal has several parameters, described in the 
INITL1 package listing. 

• Initialize$534$terminal starts the strategy and monitor tasks for 
four terminals on the serial ports of the 534 board. 
initialize$534$terminal has several parameters, described in the 
INITL5 package listing. 

Table IOI-2 lists allowed baud rate values when initializing the 
terminals. 

Table IOI-2. 

150 
300 
600 

1200 

Allowed Baud Rate Values 

2400 
4800 
9600 

19200 

INITLZ contains the start$init procedure which executes as the 
initialization task for the AP. start$init takes these actions: 

1 • Returns enough space (allocated 
executive's free space manager 
allocation requests succeed. 

2. Initializes the IP controller. 

at compile-time) to 
to ensure that later 

the AP 
dynamic 

3. Initializes the 86/12 terminal driver and 534 terminal drivers, 
depending on the configuration (defaul t initial baud rate =" 2400 
baud). 
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4. ** Insert call to user initialization code here. ** 

5. Suspends itself and stops executing. 

CENTRAL SYSTEM I/O INITIALIZATION 

This section describes the central system ini tialization of iMAX I/O. 
More general information about central system initialization is 
contained in Chapter INI, Initialization. 

Four Ada packages are used for initialization: 

• 

• Actual Terminal Sources - -

• Actual Terminal Sinks 

• IP_Management 

This package has a user-modifiable body 
that contains the I/O ini tiali zation code 
(in the procedure Initialize). IP 
Processes calls on the services provided 
by the other three packages. 

Function 
package 

to create a terminal source 

Function to create a terminal sink package 

Procedures to create IP processes and to 
start IPs 

IP Processes. Initialize contains these steps: 

1. Assign the debug_source, debug_sink, and console variables in 
the package IO_Devices. 

2. For each terminal: 

IOI-14 

a) Create a request port for -the output side. 
b) Create a Terminal Sink package specifying the request 

port and the deVIce name (this creates the output 
connection as well). 

c) Create a Sink package by refining the Terminal Sink 
package. 

d) Create the IP processes associated with the output 
connection. For each one, speci fy the IP processor ID, 
the IP process index, the working space needed in the IP 
context, and the request port. 

e) Create a request port for the input side. 
f) Create a Terminal_Source package ,specifying the request 

port and the device name (this creates the input 
connection as well). 

g) Create a Source package by refining the Terminal Source 
package. 

h) Create the IP processes associated with the input 
connection. For each one, specify the IP processor ID, 
the IP process index, the working space needed in the IP 
context, and the request port. 
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3. If the flag control array (start-ip) is not zero, then start 
the IP wi th - ID gi ven by the constant 
IP processes.IP processor ID. Note that if the value is zero, 
no- IP is started (the -IP could be started from AP code 
instead). 

Users adding code for a new device should insert it just before the 
code for starting IPs. 

HOW TO ADD A DEVICE TO iMAX 

This section describes how to add a new device interface to iMAX. 
Table 101-3 is a checklist for users adding a device, and is followed 
by sections that explain each item on the checklist. 

1. 

2. 

3. 

4. 

5. 

6. 

1. 

Table 101-3. Checklist for Adding a New Device 

Area 

central system 
initialization 

extending the 
asynchronous 
interface 

writing the new 
synchronous 
interface 

writing the new 
strategy task 

writing the new device 
monitor task 

AP initialization 

AP software 
configuration 

Comments 

Modify body of IP Processes package 

User_supplied Ada package (optional) 

User-supplied Ada package (optional) 

User-supplied PL/M-86 package 

User-supplied PL/M-86 package 

Modify body of INITLZ PL/M-86 
package 

Modify iMAX ICU88 configuration 
files 
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CENTRAL SYSTEM INITIALIZATION FOR THE NEW DEVICE 

Figure IOI-3 gives an example of central system initialization for a 
new device. This code should be inserted in the user-modifiable body 
of the IP Processes package just before the point where the IP( s) are 
started. -

-- User must supply My Synchronous Interfaces and My Devices packages, 
-- and reference them In the environment pragma and ;ith clause. 
declare 

my_port: port:= Untyped Ports. Create porte -- request port 
number_of_msg_slots, 
Untyped Ports.FIFO, 
SRO); -

one IP PGAS is shared by all your IP processes for the 
connection. 

my pglob: IP process globals rep := 
- new IP_process_gTobals_rep_val( 

request port =) my port); 
my number of IP processes constant := 2; 

begin - - -

:= My Synchronous Interfaces.Create this one( 
my_port); - - -

for j in 1 •• my number of IP processes loop 
prcs_no := prc~no + T; - -
IP Management.Create IP process( 

"j'P_processor_id, - -
prcs_no, 
number of work ADs, 
number-of-work-bytes, 
any_access(my_port)) ; 

end loop; 
end; 

Figure IOI-3. Central System Initialization for a New Device Example 
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EXTENDING THE ASYNCHRONOUS INTERFACE 

The iMAX Asynchronous IO Interface package, described in Chapter IO, 
Input/Output, defines the-form and interpretation of the IO_messages 
sent to and received from the AP I/O software. The user who is adding 
a new device may want to define additional command codes or error reply 
codes. For example, a user implementing a file system would add 
command codes for open, create, delete, rename, and seek. The file 
system would also define new error reply codes, such as file_in_use, 
and file does not exist. - - -
The user should define extensions to the asynchronous interface needed 
by a particular subsystem in a separate package, like the example 
package Asynchronous IO Interface File Extensions in Figure IOI-4. A 
package that uses the extended asynchronous interface (such as the 
synchronous interface to files) should reference both the iMAX 
Asynchronous IO Interface package and the extensions package, as shown 
in Figure IO~-5:-

The user defining new command codes and error reply codes should use 
codes 16384 and above, becauseiMAX uses or reserves codes in the range 
0 •• 16383. Failure to comply with this convention could make user 
programs incompatible with future releases of iMAX. 

with IO Definitions, iMAX Definitions, Asynchronous IO Interface; 
package-Asynchronous_IO_Interface_File_Extensions is -

Function: 
Define new command codes and error reply codes needed 
to implement a file system. 

use IO_Defi-nitions, iMAX_Definitions, 
Asynchronous_IO_Interface; 

new ~ommand codes (iMax reserves 0 .. 
open: constant command value: = 16384; 
create: constant command value: = 16385; 
delete: constant command-value: = 16386; 
rename: constant command value: = 16387; 
seek: constant command-value: = 16388; 

l6383) 

new reply codes (iMAX reserves 0 •• 16383) 
file in use: constant error value: = 16384; 
file:does_not_exist: constant error-value: = 16385; 

end Asynchronous_Interface_File Extensions; 

Figure IOI-4. Example of Extending the Asynchronous Interface 
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with Asynchronous IO Interface, 
Asynchronous-IO-Interface File Extensions; 

package Use_Asynchronous_Extensions-is 

Function: 
Give an example of how to reference the asynchronous 
interface with extensions. 

use Asynchronous IO Interface, 
Asynchronous:IO:lnterface_File_Extensions; 

iMAX 432 

makes definitions in both packages directly visible so that 
user need not know whether a definition used is from iMAX or 
from the extensions. 

Figure IOI-5. Example of Referencing the Extended 
Asynchronous Interface 

WRITING THE NEW SYNCHRONOUS INTERFACE 

The user should provide a synchronous interface to the new device. No 
example is given. Chapter IO, Input/Output, provides a complete 
description of both the standard iMAX synchronous interface, and of the 
asynchronous interface protocol that is used to implement it. 

WRITING THE NEW STRATEGY TASK 

This section describes how the user adding a device driver to iMAX 
writes the strategy task for the new device. The strategy task 
provides these functions for the device driver: 

• all communications with the 432 central system. 

• all control of the IP via iMAX IP controller software, and handling 
of any errors resulting from use of the IP controller. 

• conversion between central system IO messages and user-defined 
device messages. 

• handling of some kinds of errors in IO_messages. 

This section contains an example of a strategy task for a generic Sink 
(an output-only device that supports only the basic operations required 
by iMAX). 
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The strategy task manages one or more IP processes (also called 
environments). Each IP process specifies a request port at which it 
should wait for an IO message. The IP process is also used to send the 
message back to its reply port. The reply port to which an IO_message 
should be returned is specified by the message itself. 

IP processes also provide access environments that can be used to 
reference 432 objects via access selectors. This is one reason that IP 
processes are also called environments. The strategy task uses the 
access environment to reference the request port, the reply port, and 
the IO message. Figure IOI-6 illustrates the access paths used by the 
example strategy task. 

The strategy task example follows figure IOI-6. 

"" 
.... 

~ 
.... 

REQUEST PORT AD 

IP PROCESS 
GLOBALS 
ACCESS SEG [ 

NULL 
DOMAIN 
EAS 3 
EAS 2 
EAS 1 
EAS 0 
MESSAGE 
RESERVED 
RESERVED 

CTXT DS 
IP CONTEXT 
ACCESS SEG 

AD 
AD 
AD 

AD 
AD 
AD 
AD 

AD 

9 

8 

7 

6 • 

DATA BUFFER AD 
REPLY PORT AD 

AD 

4

5

3

' r -10-_ M=E-SS-A-GE---

-.J ACCESS SEG 

CMD_RECORD 

2 

o 

B 
D 

2 

1 

0 

{ RETURNED LEN 
UFFER_ REQUESTED LEN 
ESCRIPTION OFFSET 

.. 
REPLY CODE 
MESSAGE 10 

COMMAND 
la_MESSAGE . 
DATA SEG 

F-0379 

10 

8 

6 

4 

2 

o 

Figure IOI-6. Example Access Path to IO_message 
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1**** 

Ti tIe: SINKST.PLM - example strategy task procedure for a generic sink 

****1 

sinkst: DO; 

$INCLUDE (:f1: basdef.inc) 
$INCLUDE (:f1: apexec.inc) 
$INCLUDE (:f1: functn.inc) 
$INCLUDE (:f1: xfer.inc), 

1* use IP Basic Definitions, 
1* AP:Executive_Calls, 
1* IP Function Interface, 
1* IP=Transfer=Driver; 

*/ 
*/ 

*/ 
*/ 

1* user-provided error routine is passed a pointer to an error message 
string terminated by a null byte. The error routine should not 
return control. *1 

fatal$error: 
PROCEDURE(message$ref) EXTERNAL; 

DECLARE message$ref POINTER; 
END 

fatal$error; 

sink$strategy: 

1* exchange 
1* exchange 
1* index of 

for ,monitor task's work 
for strategy task's work 
first IP process to be managed 

PROCEDURE( 
monitor$queue, 
strategy$queue, 
first$env$index, 
last$env$index, 
buffer$size) 

1* index of last IP process to be managed 

PUBLIC; 
DECLARE 

monitor$queue 
strategy$queue 
first$env$index 
last$env$index 
buffer$size 

1* max number of bytes in a data buffer 

exchange, 
exchange, 
prcs$index, 
prcs$index, 
short$ordinal; 

1* token for message used by AP Executive Calls *1 
DECLARE device$message$token AP$message;-

1* pointer to visible part_of message *1 
DECLARE device$message$ref POINTER; 
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DECLARE device$message$state LITERALLY 'short$ordinal'; 
/* possible values: */ 

DECLARE i432$request LITERALLY '0'; 
DECLARE device$request LITERALLY '1'; 
DECLARE device$reply LITERALLY '2'; 
DECLARE i432$reply LITERALLY '3'; 

DECLARE last$device$message$state LITERALLY 'i432$reply'; 

DECLARE 
env 
state 

device$message BASED device$message$ref 
prcs$index, 
device$message$state, 
short$ordinal, 
short$ordinal, 
short$ordinal, 
short$ordinal, 
short$ordinal, 

STRUCTURE( 

command 
message$id 
reply$code 
offset 
requested$length 
returned$length 
buffer 

short$ordinal, 
BYTE(OFFFFH»; /* allow for max size; because 

structure is BASED, no storage 
is allocated by this 
declaration. */ 

DECLARE device$message$size LITERALLY '16 + buffer$size'; 

/* IO_message encodings (all here, though only some used). The 
user could put these in a $INCLUDE file (.INC) for inclusion in 
both strategy tasks and. monitor tasks. */ 

DECLARE reset$cmd LITERALLY , 1 ' ; 
DECLARE read$cmd LITERALLY , 2' ; 
DECLARE write$cmd LITERALLY , 3 ' ; 
DECLARE close$cmd LITERALLY , 4 ' ; 
DECLARE flush$cmd LITERALLY '5' ; 
DECLARE set$characteristics$cmd LITERALLY , 6' ; 
DECLARE get$characteristics$cmd LITERALLY '7' ; 

DECLARE success$reply LITERALLY , 0' ; 
DECLARE end$of$file$reply LITERALLY , 1 ' ; 
DECLARE not$processed$reply LITERALLY '2' ; 
DECLARE reset$required$reply LITERALLY '3' ; 
DECLARE invalid$command$reply LITERALLY , 4' ; 
DECLARE bad$data$buffer$size$reply LITERALLY '5' ; 
DECLARE invalid$request$reply LITERALLY '6' ; 
DECLARE hard$IO$error$reply LITERALLY '7' ; 
DECLARE interface$closed$reply LITERALLY , 8' ; 
DECLARE reset$returned$reply LITERALLY , 9 ' ; 

/* miscellaneous variables */ 
DECLARE env$index prcs$index; /* loop index */ 

DECLARE faulted boolean; /* indicates if IP'op faulted */ 
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1* Check parameters. *1 

IF monitor$queue = null THEN 
CALL fatal$error(@('BAD MONITOR QUEUE PARAMETER',O»; 
1* Control does not return.*1 

IF strategy$queue = null THEN 
CALL fatal$error(@('BAD STRATEGY QUEUE PARAMETER',O»; 
1* Control does not return.*1 

IF last$env$index < first$env$index THEN 
CALL fatal$error(@('BAD ENVIRONMENT INDEX PARAMETERS',O»; 
1* Control does not return.*1 

IF buffer$size = ° THEN 
CALL fatal$error(@('BAD BUFFER SIZE PARAMETER',O»; 
1* Control does not return.*1 

DO env$index = first$env$index TO last$env$index; 

faulted = IF$enter$process$globals$access$seg(env$index, 1); 
IF faulted THEN 

CALL fatal$error(@('BAD IP PROCESS',O»; 
1* Control does not return. *1 

1* The request port for the environment is referenced by AD ° in 
the process globals access segment (PGAS). The PGAS is now 
entered as EAS 1 (and should be permanently left as EAS 1). 
form$access$selector(1,O) now references the request port. *1 

device$message$token = AP$Create$message(device$message$size); 
device$message$ref = Convert$AP$message$to$pointer( 

device$message$token); 
1* Each IP process has a device message bound to it in one-to-one 

correspondence. *1 
device$message.env = env$index; 
device$message.state = i432$request; 

faulted = IF$asynchronous$receive(env$index, 
device$message$token, strategy$queue, 
form$access$selector(1,O»; 

IF faulted THEN 
CALL fatal$error(@('BAD IF$ASYNCHRONOUS$RECEIVE',O»; 
1* Control does not return. *1 

1* The IP process designated by env$index waits at its request 
port for an IO_message. When it receives a message, the iMAX 
IP Controller software sends the device$message to the 
strategy$queue exchange. The strategy task is able to 
manage multiple IP processes waiting at different request 
ports because the asynchronous receive mechanism merges 
the 'resulting work into a single queue. *1 

END; 
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DO forever; 
device$message$token = AP$receive$message(strategy$queue); 
device$message$ref = Convert$AP$message$to$pointer( 

device$message$token); 

IF device$message.state > last$device$message$state THEN 
CALL fatal$error(@('BAD DEVICE MESSAGE STATE',O)); 
/* Control does not return. */ 

ELSE DO CASE device$message.state; 
DO; /* state = i432$request -- signals that the associated IP 

process has received an 10 
message from the request port.*/ 

faulted = IF$enter$access$seg( 
device$message.env, 
form$access$selector(O, msg$AD$index), 
2); /* Enter the 10 message access segment 

as EAS 2. */-
IF faulted THEN 

device$message.reply$code = invalid$request$reply; 
ELSE DO; 

/* Transfer the command record from the 10 message. (except 
for the returned length field which is not used). */ 

faulted = transfer$to$AP( 
device$message.env, 
form$access$selector(2,0), 
0, 
10, 
@device$message.command); 

IF faulted THEN 
device$message.reply$code = invalid$request$reply; 

ELSE DO; 
device$message.reply$code = success$reply; 
/* will be changed if an error is detected */ 
IF device$message.command = write$cmd THEN DO; 

IF device$message.requested$length >= buffer$size THEN 
device$message.reply$code = 

bad$data$buffer$size$reply; 
ELSE DO; 

/* Transfer the data to be written to the device. */ 
faulted = transfer$to$AP( 

device$message.env, 
form$access$selector(2,2) , 
device$message.offset, 
device$message.requested$length + 1, 
@device$message.buffer); 

IF faulted THEN 
device$message.reply$code = invalid$request$reply; 

END; 
END; 

END; 
END; 
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device$message.state = device$request; 
CALL AP$send$message(monitor$queue, device$message$token); 
/* Even bad messages are sent through the monitor task to 

preserve message order. */ 
END; 

DO; /* state = device$request -- This state should occur only in 
messages received by the 
monitor task, not in messages 
received by the strategy 
task. */ 

CALL fatal$error(@('BAD DEVICE MESSAGE STATE',O»; 
/* Control does not return. */ 

END; 

DO; /* state = device$reply The device monitor task has 
replied. Now write back the 
reply code to the 10 message 
and then reply to the 432. */ 

faulted = transfer$from$AP( 
device$message.env, 
form$access$selector(2,O) , 
4, 
2, 
@device$message.reply$code); 

IF faulted THEN 
CALL fatal error(@('BAD TRANSFER FROM AP',O»; 
/* Control-does not return. */ - -

/* NOTE: As an optimization, the reply code could be written 
using the IF$indivisibly$insert$short$ordinal 
procedure defined by IP Function Interface, which is 
faster than the transfer$from$AP-procedure. */ 

ELSE DO; 
device$message.state = i432$reply; 

/* Send the IO_message to the 432 reply port specified in 
in the 10 message. When the send operation completes, 
the device message is sent to the strategy$queue 
exchange. */ 

faulted = IF$asynchronous$send( 
device$message.env, 
device$message.token, 
strategy$queue, 
form$access$selector(2, 1), 
form$access$selector(O, msg$AD$index); 

IF faulted THEN 

END; 
END; 

CALL fatal$error(@('BAD IF$ASYNCHRONOUS$SEND',O»; 
/* Control does not return. */ 
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/* NOTE: An alternative to the code for the preceding case is to 
insist that the reply port never block, and use a 
conditional send operation. If the conditional send 
fails, either raise an error or just drop the 
10 message. This alternate design has the advantage of 
not tying up IP processes blocked on a reply port, but 
requires careful design to ensure that the reply port 
really doesn't fill up. If the alternate design is 
used, the code for the last two cases is merged (and 
modified), and there are only three states of device 
messages instead of four. */ 

DO; /* state = i432$reply -- The IP process has sent the reply 
for the previous IO_message. The 
IP process is now available to 
receive another request. */ 

device$message.state = i432$request; 
faulted = IF$asynchronous$receive( 

device$message.env, 
device$message$token, 
strategy$queue, 
form$access$selector(2,O)); 

IF faulted THEN 

END; 

CALL fatal$error(@('BAD IF$ASYNCHRONOUS$RECEIVE',O)); 
/* Control does not return. */ 

END; /* CASE */ 
END; /* DO forever */ 

END sink$strategy; 
END sinkst; 
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WRITING THE NEW DEVICE MONITOR TASK 

This section briefly describes how to write a device monitor task. No 
example is gi ven. The description given presumes that the device 
monitor task will communicate with a device strategy task like the one 
described in the section Writing the New Device Strategy Task. 

The moni tor task hides all details of the physical device, including 
registers t timing, and interrupt handling. The monitor task receives 
I/O requests via an exchange from a strategy task. The moni tor task 
sends I/O replies via an exchange to the strategy task. Both the 
requests and replies use the same device_message recei ved from the 
strategy task. 

Among the parameters to the monitor task procedure should be the two 
exchanges, monitor_queue and strategy_queue. 

The monitor task loops performing these steps: 

1. Receive a device_message from the monitor_queue exchange. 

2. a) If the reply_code field is not success_reply, do nothing 
with the message. This response indicates that the 
strategy task found an error in the corresponding 10 
message and has already set the reply_code. The device 
mesage is just being sent to and from the monitor task to 
preserve the order in which device_messages are handled. 

b) Otherwise (the reply code field is success reply), 
attempt to carry out the requested command. Then assign 
the reply code field if a value other than success_reply 
should be-returned. 

3. In' either case t change the state field of the device 
message to the value device reply t then send the device 
message to the strategy __ queue exchange (back to the 
strategy task). Then go back to step 1. 

Note that the only fields of the device message that should be modified 
by the monitor task are the state and reply_code fields (reply_code is 
set only if the strategy task did not already detect an error and then 
the monitor task did detect an error). 

An alternative way to interface the device monitor task and the 
strategy task is to add a field to each device_message that specifies 
the exchange to which it should be returned. This eliminates the 
strategy queue parameter and allows the monitor task to be used by 
multiple--requesting tasks. Some of the requesting tasks may not even 
be associated with 432 I/O requests, but rather may be running 
independently on the Attached Processor. 

101-26 



iMAX 432 InputlOutput Implementation 

AP INITIALIZATION FOR THE NEW DEVICE 

The user should write a separate routine to provide AP initialization 
for the new device (e.g., initialize$my$device). This routine invokes 
AP Executive Calls to create the exchanges and tasks for the new device. 

The user should then add a call to the new initialization routine in 
the INITLZ module, e.g.: 

1* This is where user should insert their own code. *1 
CALL initialize$my$device; 1* line inserted by user *1 

CALL AP$suspend$self; 

END 
start$init; 

AP SOFTWARE CONFIGURATION FOR THE NEW DEVICE 

AP software is configured using Intel's iRMX 80/88 Interactive 
Configuration Utility, described in the manual: iRMX 80/88 Interactive 
Configuration Utility User's Guide. 

Appendix SUM, Software Components Summary, lists the Intel-supplied 
configuration files. 

The user must modify the Intel-supplied configuration to include the 
new strategy task, the new monitor task, and any interrupt handler for 
the device. 

HOW TO ADD A PERIPHERAL SUBSYSTEM TO iMAX 

Adding additional Peripheral Subsystems to iMAX is easy. 
things: 

Do these 

1. Find out the processor ID number for the new IP. For 432/600 
systems, the processor ID is determined by bus slot, as 
described in Chapter CON, Configuration. 

2. Pick a unique short_ordinal identifier for the AP in the new 
Peripheral Subsystem. Any devices that are located in the new 
PS should specify this AP number in their query __ record 
(defined in Chapter IO, Input/Output). 

3. Any IP processes created for devices in the new PS must 
specify the processor ID for the new IP. IP processes are 
created in the user-modifiable body of the IP __ processes. 
Initialize procedure, described in this chapter. 
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4. The new IP must be started up in logical mode. This step 
should be done at the end of the user-modifiable body of the 
IP __ processes.Initialize procedure, described in this chapter. 
If my IP ID is the processor ID of the IP in the new PS, then 
just -add this statement at the end of the IP Processes. 
Initialize procedure: -

5. Provide the iMAX software and whatever device drivers you need 
on the AP side of the new PS. You will also have to ensure 
that the new PS's AP software is somehow signalled to 
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PACKAGE LISTINGS 

This section contains listings of all the iMAX AP and central system 
packages described by this chapter. All AP packages are written in 
PL/M-86, sometimes with comments that give the equivalent Ada code. 
Table 101-4 summarizes the packages and is followed by the listings (in 
the order shown). 

Table 101-4. Input/Output Implementation 
Package Summary 

IP Controller Packages (AP) 
AP Executive Calls 
IP Basic Definitions 
IP Function Interface 
IP-Transfer-Driver 
IP_Function_Manager 
IP_Window_Manager 

AP Initialization Packages 
INITLO 
INITL1 
INITL5 
APINIO 
APINI1 
APINI5 

Central System I/O Initialization Packages 
IP_Processes (body) 
Actual Terminal Sources 
Actual-Terminal-Sinks 
IP_Management -

101-29 



Input/Output Implementation 

AP_EXECUTIVE CALLS PACKAGE 

1* with IP_Basic_Definitions; 
1* 
1* package AP_Executive_Calls is 
1* 
1* Function: 
1* This package provides a procedural interface to the 

iMAX 432 

1* host executive resident on the AP, including definitions 
1* of the required structures. 
1* 
1* use IP_Basic_Definitions; 
1* 
1* The exchange mechanism is the port-like mechanism on the AP 
1* used for interprocess communication. The IP Controller makes 
1* only one assumption about the type "exchange" - that it is 4 
1* bytes long. In the RMX/88 implementation, an "exchange" is 
1* -- really a POINTER to the data structure used by RMX/88 to 
1* -- implement the exchange mechanism. 
1* type exchange is private; 
1* null_exchange: constant exchange; 
1* -- the null value for exchanges *1 

DECLARE 
DECLARE 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

exchange 
null$exchange 

LITERALLY 'POINTER'; 
LITERALLY 'OH'; 

AP tasks use the exchange mechanism by sending and receiving 
an "AP message" to/from an "exchange". In RMX/88, a.message 
data structure consists of a header and an array of bytes for 
user data. Users can get a POINTER to the data area in a message 
by calling the function Convert_AP_message_to_pointer. 

DECLARE AP$message 
1* 

LITERALLY 'POINTER'; 

1* 
1* 

-- The following type is used to give tasks a name. 
type print_name is array(O •• 5) of byte; *1 

DECLARE print$name LITERALLY '(6) BYTE'; 
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1* function AP_get_space( 
1* size: short ordinal) 
1* amount of memory, in bytes, to allocate 
1* return pointer; -- pointer to allocated memory 
1* 
1* Function: 
1* Memory allocation function to be provided by the AP 
1* executive. *1 

AP$get$space: 
PROCEDURE(size) POINTER EXTERNAL; 

DECLARE size short$ordinal; 
END 

AP$get$space; 

1* procedure AP return space( 
1* free_space_ptr:- pointer); -- pointer to free AP memory 
1* 
1* Function: 
1* Routine returns freed up memory to the AP executive's free 
1* space manager. The count of the number of bytes being freed 
1* must be a short ordinal in the second double-byte of this 
1* memory. (!! third double-byte for megabyte version I!) *1 

AP$return$space: 
PROCEDURE(free$space$ptr) EXTERNAL; 

DECLARE free$space$ptr POINTER; 
END 

AP$return$space; 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

procedure AP_create_task( 
task name: print_name; 
IP: pointer; 
stack_len: short_ordinal; 
data_seg-9tr: pointer; 

priority: 
task exch: 
NDP_flag: 

Function: 

short_ordinal; 
exchange; 
byte) ; 

6-byte name of task 
initial instruction pointer 
byte count of task stack 
pointer to task's data 
segment 
initial task priority 
task exchange 
o => no numerical data 

processor 
=> numerical data 

processor 
other => undefined results 1* 

1* 
1* 
1* Task creation utility provided by the AP executive. *1 
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AP$create$task: 
PROCEDURE(task$name$ptr, IP, stack$len, data$seg$ptr, priority, 

task$exch, NDP$flag) EXTERNAL; 
DECLARE task$name$ptr POINTER, 

IP POINTER, 
stack$len short$ordinal, 
data$seg$ptr POINTER, 
priority short$ordinal, 
task$exch exchange, 
NDP$flag BYTE; 

END 
AP$create$task; 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* *1 

function AP create message( 
size: - short ordinal) 

amount of memory, in bytes, to allocate 
for data part of AP message 

return AP_message; -- pointer to allocated message 

-- Function: 
Message allocation function to be provided by the AP 
executive. The message header is not made visible to the 
user - the pointer returned is to the data part of the 
message. (!! for portability to other executives, the 
pointer returned should be treated simply as a token for 
the message, and Convert AP message to pointer should be 
called to get a pointer to the data-part of the message I!) 

AP$create$message: 
PROCEDURE(size) AP$message EXTERNAL; 

DECLARE size short$ordinal; 
END 

AP$create$message; 

1* function Convert AP message to pointer( 
1* AP_msg: AP:message) - -
1* return pointer; 
1* 
1* Function: 
1* Converts an AP_message to a pointer. *1 

convert$AP$message$to$POINTER: 
PROCEDURE(AP$msg) POINTER EXTERNAL; 

DECLARE AP$msg AP$message; 
END 

convert$AP$message$to$POINTER; 
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1* procedure AP_return_message( 
1* free_msg: AP_message); 
1* 
1* Function: 

Input/Output Implementation 

1* Routine to return a free message to the AP executive's free 
1* space manager. *1 

AP$return$message: 
PROCEDURE(free$msg) EXTERNAL; 

DECLARE free$msg AP$message; 
END 

AP$return$message; 

1* 
1* 
1* 
1* 

function AP_create_exchange 
return exchange; -- newly created exchange 

-- Function: 
1* 
*1 

AP executive function that dynamically creates an exchange. 

AP$create$exchange: 
PROCEDURE exchange EXTERNAL; 
END 

AP$create$exchange; 

1* procedure AP_return_exchange( 
1* free_exchange: exchange); 
1* 
1* Function: 
1* Routine to return a no longer needed exchange to the AP 
1* executive. *1 

AP$return$exchange: 
PROCEDURE(free$exchange) EXTERNAL; 

DECLARE free$exchange exchange; 
END 

AP$return$exchange; 

1* 
1* 
1* 
1* 

procedure AP_send_message( 
destination: exchange; 
message: AP_message); 

Function: 

exchange to send message to 
message to send 

1* 
1* 
1* 

AP executive version of the inter process communication SEND 
operation. *1 
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AP$send$message: 
PROCEDURE(destination, message) EXTERNAL; 

DECLARE destination exchange, 
message AP$message; 

END 
AP$send$message; 

function AP receive_message( 

iMAX 432 

1* 
1* 
1* 
1* 

source: exchange) -- exchange to receive from 
return AP_message; -- message received 

-- Function: 1* 
1* 
1* 

AP executive version of the interprocess communication 
RECEIVE operation. *1 

AP$receive$message: 
PROCEDURE(source) AP$message EXTERNAL; 

DECLARE source exchange; 
END 

AP$receive$message; 

1* procedure AP_disable_interrupts; 
1* 
1* Function: 
1* Causes the processor to ignore all interrupts until a 
1* corresponding AP enable interrupts is performed. Any 
1* interrupts that were raised while the processor was 
1* ignoring them will still be pending. *1 

AP$disable$interrupts: 
PROCEDURE EXTERNAL; 
END 

AP$disable$interrupts; 

1* procedure AP_enable_interrupts; 
1* 
1* Function: 
1* Re-enables interrupts of the AP processor. Any interrupts 
1* that were raised while the processor was ignoring them will 
1* still be pending. *1 

AP$enable$interrupts: 
PROCEDURE EXTERNAL; 
END 

AP$enable$interrupts; 
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1* procedure AP_suspend_self; 
1* 
1* Function: 
1* Calling task is suspended. *1 

AP$suspend$self: 
PROCEDURE EXTERNAL; 
END 

AP$suspend$self; 

1* private 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

type exchange is new any access; 
AP interprocess communication mechanism 
any_access is used as a place holder 

null exchange: constant exchange := null; 
---the null value for exchanges 

1* end AP_Executive_Calls; *1 
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IP_BASIC_DEFINITIONS PACKAGE 

1* package IP Basic Definitions is 
1* 
/* -- Function: 
/* This package contains definitions and routines used to 
1* describe the basic types used in the IP Controller. In 
1* addition it defines the IP-specific types for the 
/* parameters used in IP Function Interface. 
1* *1 

1* declarations of miscellaneous common symbols. */ 

DECLARE true LITERALLY 'OFFH' , 
false LITERALLY 'OOOH' , 
boolean "- LITERALLY 'BYTE' , 
double$byte$boolean LITERALLY 'WORD' , 
forever LITERALLY 'WHILE 1 ' , 
null LITERALLY 'OH' ; 

DECLARE short$ordinal LITERALLY 'WORD'; 
DECLARE ordinal LITERALLY 'STRUCTURE(lower WORD, upper WORD)'; 

1* type memory_array is array(short_ordinal) of byte; 
1* type pointer is access memory_array; 
/* */ 

/* single bit masks 
DECLARE bit$O$mask 

bit$1$mask 
bit$2$mask 
bit$3$mask 
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bit$4$mask 
bit$5$mask 
bit$6$mask 
bit$7$mask 
bit$8$mask 
bit$9$mask 
bit$10$mask 
bi t$11 $mask 
bit$12$mask 
bit$13$mask 
bit$14$mask 
bit$15$mask 

*/ 
LITERALLY'01H', 
LITERALLY'02H', 
LITERALLY '04H', 
LITERALLY '08H', 
LITERALLY '010H', 
LITERALLY'020H', 
LITERALLY '040H', 
LITERALLY '080H', 
LITERALLY '0100H', 
LITERALLY'0200H', 
LITERALLY '0400H', 
LITERALLY'0800H', 
LITERALLY'01000H', 
LITERALLY'02000H', 
LITERALLY '04000H', 
LITERALLY '08000H'; 
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1* multiple bit masks *1 
DECLARE bits$10$mask LITERALLY '03H' , 

bits$210$mask LITERALLY '07H' , 
bits$3210$mask LITERALLY 'OFH' , 
bits$21$mask LITERALLY '06H' , 
bits$43$mask LITERALLY '018H' , 
bits$54$mask LITERALLY '030H' , 
bits$76$mask LITERALLY 'OCOH' ; 

DECLARE upper$byte$mask LITERALLY 'OFFOOH' ; 
1* 
1* BASIC 432 TYPES NEEDED BY THE AP 
1* 
1* type boolean acc is access boolean; 
1* type short_ordinal_acc is access short_ordinal; 
1* type GDP_physical_address is new ordinal range 0 •• 2**24 - 1; 
1* used when IP is in physical mode *1 

DECLARE GDP$physical$address LITERALLY 'ordinal'; 
1* 
1* 
1* 
1* 
1* 

type access_descriptor is new ordinal; 
data representation of an access descriptor which is 
returned by Inspect access descriptor 

type access_descriptor_acc is access access_descriptor; *1 

DECLARE access$descriptor LITERALLY 'ordinal'; 
1* 
1* 
1* 
1* 

type inspection record is array(1 •• 10) of short ordinal; 
data format returned by Inspect object -

type inspection_record_acc is access-inspection_record; *1 

DECLARE inspection$record LITERALLY 
'STRUCTURE(SO(10) short$ordinal)'; 

1* 
1* type IPC_message is (select process, 
1* start_processor, 
1* stop_processor, 
1* set broadcast acceptance mode, 
1* clear_broadcast_acceptance_mode, 
1* flush_object_table, 
1* -- same as flush object table cache on GDP. 
1* suspend_and_fully_requalify-psor, 
1* suspend and requalify psor, 
1* suspend-and-requalify-process, 
1* invalidate_and_unlock:windows, 
1* generate_PS_reset, 
1* set_physical_reference_mode); *1 
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DECLARE IPC$message LITERALLY 'WORD'; 
DECLARE select$process 

1* 

start$processor 
stop$processor 
set$broadcast$acceptance$mode 
clear$broadcast$acceptance$mode 
flush$object$table 
suspend$and$fully$requalify$psor 
suspend$and$requalify$psor 
suspend$and$requalify$process 
invalidate$and$unlock$windows 
generate$PS$reset 
set$physical$reference$mode 
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LITERALLY '0' , 
LITERALLY , 1 ' , 
LITERALLY '2' , 
LITERALLY , 3 ' , 
LITERALLY , 4' , 
LITERALLY , 5' , 
LITERALLY '6' , 
LITERALLY '7' , 
LITERALLY , 8 ' , 
LITERALLY , 15' , 
LITERALLY , 16' , 
LITERALLY , 17' ; 

1* In the following field, write-sample-delay is the low order bit 
1* -- and xack-delay is the high order two bits. The four legal 
1* -- combinations are enumerated for user convenience. 
1* type write_sample_delay_and_xack_delay 
1* is (case_1, case_2, case_3, case_4); *1 

DECLARE case$1 
case$2 
case$3 
case$4 

type PS status is 
record 

LITERALLY 'OOOB', 
LITERALLY '001B', 
LITERALLY '010B', 
LITERALLY'101B'; 

1* 
l* 
1* 
1* WSD and XD: 

interrupt inhibit: 
end record;-*I 

write sample delay and xack delay; 
boolean; - - - -1* 

1* 

DECLARE PS$status LITERALLY 'WORD'; 
DECLARE write$sample$delay$and$xack$delay 

interrupt$inhibit 
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1* type IP_operator is (-- logical mode operators. 
1* 
1* alter_map_and_select_data_segment, 
1* copy_access_descriptor, 
1* null access descriptor, 
1* amplIfy_rights, 
1* restrict rights, 
1* retrieve-public type representation, 
1* retrieve-type representation, 
1* retrieve-type-definition, 
1* inspect access descriptor, 
1* inspect=object~ 
1* lock object, 
1* unlock object, 
1* indivisibly add short ordinal, 
1* indivisibly:insert_short_ordinal, 
1* enter access segment, 
1* enter:global:access_segment, 
1* set_PS_mode, 
1* send, 
1* receive, 
1* conditional_send, 
1* conditional receive, 
1* surrogate_send, 
1* surrogate_receive, 
1* send_to_processor, 
1* broadcast_to_processors, 
1* read processor status, 
1* dispatch, -
1* 
1* --physical mode operators. 
1* 
1* alter map and select physical_segment, 
1* 
1* 
1* 
1* 
1* *1 

set_PS_mode, 
send to physical processor --, 

read_processor:status 
) ; 
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DECLARE IP$operator LITERALLY 'WORD' ; 
DECLARE alter$map$and$select$data$seg LITERALLY '0' , 

alter$map$and$select$physical$seg LITERALLY '0' , 
send$to$processor LITERALLY , 1 ' , 
send$to$physical$processor LITERALLY , 1 ' , 
set$PS$mode LITERALLY '2' , 
read$processor$status LITERALLY , 3' , 
copy$access$descriptor LITERALLY , 4 ' , 
null$access$descriptor LITERALLY '5' , 
enter$global$access$segment LITERALLY , 6' , 
enter$access$segment LITERALLY '7' , 
amplify$rights LITERALLY '8' , 
restrict$rights LITERALLY '9' , 
retrieve$type$rep LITERALLY , 10' , 
retrieve$public$type$rep LITERALLY , 11 ' , 
retrieve$type$definition LITERALLY , 12' , 
1* formerly retrieve$refined$object was 13 *1 
inspect$access$descriptor LITERALLY , 14' , 
inspect$object LITERALLY , 15' , 
lock$object LITERALLY , 16' , 
unlock$object LITERALLY , 17' , 
send LITERALLY , 18' , 
conditional$send LITERALLY , 19' , 
receive LITERALLY '20' , 
conditional$receive LITERALLY '21 ' , 
surrogate$send LITERALLY '22' , 
surrogate$receive LITERALLY '23' , 
broadcast$to$processors LITERALLY . '24' , 
indivisibly$add$short$ordinal LITERALLY '25' , 
indivisibly$insert$short$ordinal LITERALLY '26' , 
dispatch LITERALLY '27' ; 

1* 
1* NOTE: The process indices used by the IP Controller are: 
1* 0, 1, 2, ••• ,n for n+ 1 processes. 
1* 
1* The IP microcode expects this index to be shifted 
1* left by two bits; but the only time the microcode 
1* sees it is in the function request facility. Any 
1* process index used in a funtion request will be left 
1* shifted two bits to be put in: 
1* 0, 4, 8, ••• ,4n for n+ 1 processes. 
1* 
1* subtype prcs_index 
1* is short ordinal range 0 •• short_ordinal 'last; *1 

DECLARE prcs$index 
1* 

LITERALLY'short$ordinal'; 

1* type function_completion_state is ( 
1* 
1* 
1* 
1* 
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DECLARE completed 
in$progress 
invalid$value 

1* 
1* type fault level is 
1* none, 
1* context, 
1* process, 
1* processor); *1 

LITERALLY 'OH', 
LITERALLY '01H', 
LITERALLY 'OFH'; 

DECLARE none 
context 
process 
processor 

LITERALLY 'OOOH', 
LITERALLY '040H', 
LITERALLY '080H', 
LITERALLY'OCOH'; 

type process_fault_reply is new short_ordinal; 
1* 
1* 
1* 
1* type IP fault status is ( -- indication from process-level fault 
1* 
1* 
1* 
1* 
1* 
1* 

-- handler as to how fault was handled 
context fault,-- turned into a context-level fault 
retry, - fault was handled, operation should be retried 
resume); fault was handled, operation was completed 

1* 
1* 
1* 
1* 

type IP_results_rec is 
record 

fault result: 
cond op result: 

end record; *1 

DECLARE process$fault$reply 

DECLARE IP$fault$status 
DECLARE context$fault 

retry 
resume 

IP fault status; 
- short ordinal range 0 •• 255; 

LITERALLY 'short$ordinal'; 

LITERALLY 'BYTE'; 
LITERALLY'3H', 
LITERALLY'1H', 
LITERALLY '2H'; 

DECLARE IP$results$rec LITERALLY 'STRUCTURE( 
fault$result IP$fault$status, 
cond$op$result BYTE)'; 

1* 
1* 
1* 
1* 
1* 

type function state is -- info on how the function request fared 

1* 
1* 

record -
f_completion_state: 
send blocked: 
receIve blocked: 
fault l;vel state: ' 

end record; *7 

function completion state; 
boolean;- -
boolean; 
fault_level; 

DECLARE function$state LITERALLY 'WORD'; 
DECLARE f$completion$state LITERALLY 'bits$3210$mask', 

send$blocked LITERALLY'bit$4$mask', 
receive$blocked LITERALLY 'bit$5$mask', 
fault$level$state LITERALLY 'bits$76$mask'; 
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1* type processor state is ( 
1* idle,-
1* process_execution); *1 

DECLARE idle LITERALLY '0', 
process$execution LITERALLY '1'; 

1* 
1* type reference mode is ( 
1* logical,-
1* physical); *1 

DECLARE physical 
logical 

LITERALLY'OOOH', 
LITERALLY'020H'; 
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1* 
1* type processor_status is only written, never read by 
processors. 
1* record 
1* psor_state: processor_state; 
1* faulted: boolean; 
1* ref mode: reference mode; 
1* stopped: boolean; -
1* -- true => stopped, false => running by IPC. 
1* broadcast acceptance mode: boolean; 
1* true- => acceptIng broadcast IPCs, 
1* -- false => not accepting broacast IPCs. 
1* psor id: byte; 
1* end record; *1 

DECLARE 
DECLARE 

processor$status 
psor$state 
psor$faulted 

LITERALLY 'WORD'; 

1* 

ref$mode 
stopped 
broadcast$acceptance$mode 
psor$id 

LITERALLY 'bits$3210$mask', 
LITERALLY 'bit$4$mask', 
LITERALLY 'bit$5$mask', 
LITERALLY'bit$6$mask', 
LITERALLY 'bit$7$mask', 
LITERALLY'upper$byte$mask'; 

1* type processor status record is 
1* record -
1* status: processor status; 
1* clock: short_ordInal; 
1* end record; 
1* 
1* type processor_status_record acc 
1* is access processor_status_record; *1 

DECLARE processor$status$record LITERALLY 'STRUCTURE( 
status processor$status, 
clock short$ordinal)'; 
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1* IP WINDOW DESCRIPTION DEFINITIONS 
1* 
1* window indices 
1* 
1* type window_index is range 0 •• 4; *1 

DECLARE window$index 
1* 

LITERALLY 'short$ordinal'; 

1* subtype alterable_window_index is window_index range 0 •• 3; 
1* -- window 4 maps onto a refinement of the processor data 
1* -- segment, and cannot be altered in logical mode *1 
DECLARE alterable$window$index LITERALLY'window$index'; 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

type transfer_state is ( only meaningful for window 0 when 
set up for a block mode transfer 

xfer_in_progress, -- transfer in progress 
termination upon count runout, -- entire transfer completed 
termination:forced, -= transfer forced to terminate by 

-- alter window function request 
termination upon fault); transfer terminated by window 

- - fault *1 

DECLARE xfer$in$progress 
termination$upon$count$runout 
termination$forced 

LITERALLY'OOH', 
LITERALLY '10H', 
LITERALLY '20H', 
LITERALLY '30H'; 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

termination$upon$fault 

type window entry state is -- entry information for a window 
record - -

valid: boolean; 
true => window is in use 

The following fields are meaningful only if "valid" is true 
with one exception: if valid is false, and the window 
specified as another parameter to the alter-map operation 
is window 0 which is currently in block mode, then a 
trf state field value of termination forced will cause 
termination of that transfer without-actually invalidating 
the window. 

block interconnect transfer mode: boolean; 
-- true for window 0 => block mode transfer; 
-- true for window 1 => interconnect mode transfer; 
-- cannot be true for windows 2 - 4 

read allowed: boolean; 
-- true => data can be read from 432 memory via this mapping 

write allowed: boolean; 
-- true => data can be written to 432 memory via this mapping 

trf state: transfer state; -= this field is only meaningful for window 0 when set 
-- up in block mode, and is the current transfer state 

mem overlay: boolean; 
-~ true => this mapping overlays real AP addresses 

end record; *1 
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DECLARE window$entry$st~te LITERALLY 'WORD'; 
DECLARE valid LITERALLY'bit$O$mask', 

block$interconnect$transfer$mode LITERALLY'bit$1$mask', 
read$allowed LITERALLY 'bit$2$mask't 
write$allowed LITERALLY 'bit$3$mask't 
trf$state LITERALLY 'bits$54$mask', 
mem$overlay LITERALLY 'bit$6$mask'; 

1* 
1* subtype 
instance.valid 

invalidation state 
= false; *1 

is 

DECLARE invalidation$state LITERALLY'OH'; 
1* 

suchthat 

1* ENTERED ACCESS TYPES AND CONSTANTS (INCLUDING ACCESS SELECTORS) 
1* 
1* type entered access segment index 
1* is new short_ordinal range 0 •• 3; *1 

DECLARE entered$access$segment$index LITERALLY 'short$ordinal'; 
1* 
1* 
1* 
1* 

subtype enterable entered access segment index 
is entered access segment index range 1 .. 3; 
entered a~cess list 0 (the current context) cannot be entered *1 

DECLARE enterable$entered$access$seg$index 
LITERALLY'entered$access$segment$index'; 

1* 
1* type access segment index is 
1* new short-ordinal-range 0 •• 2**14 - 1; 
1* index into an entered access list *1 

DECLARE 
1* 

access$segment$index LITERALLY'short$ordinal'; 

1* 
1* 
1* 

type access selector is new short ordinal; 
access-selectors must be used explicitly by the AP 
software to access the 432 environments *1 

DECLARE access$selector LITERALLY 'short$ordinal'; 
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1* 
1* 
1* 

function form access selector( - -entered AS index: 
two components of an 
access selector 1* 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

entered access segment index; 
AS_index:- access_segment_index) 

return access_selector; access selector formed 

Function: 
This function takes the component values of an access 
selector and returns an access selector. 

invalid acc sel: - - constant access selector := 
form_access_selector(3,«2**14)-1)); i.e. -1 

-- used as a default parameter *1 

DECLARE invalid$acc$sel 
1* 

LITERALLY '01111$1111$1111$11$$118'; 

1* 
1* 
1* 
1* 

acc sel for null AD: constant access selector := 
- - - form_access_selector(0,9); 

used when a null access descriptor is needed as 
a parameter for a function request *1 

DECLARE acc$sel$for$null$AD LITERALLY '01001$008'; 
1* 
1* The context is always accessible as entered access segment O. 
1* context AS: constant entered_access_segment_index := 0; *1 

DECLARE context$AS 
1* 

LITERALLY'OH'; 

1* 
1* 

The message slot in the context is at offset 3. 
msg_A.D_index: constant access_segment_index := 3; *1 

DECLARE msg$AD$index LITERALLY'03H'; 

form$access$selector: 
PROCEDURE(entered$AS$index, 

DECLARE entered$AS$index 
DECLARE AS$index 

END 
form$access$selector; 
1* 

AS$index) access$selector EXTERNAL; 
entered$access$segment$index; 

access$segment$index; 

1* end IP_Basic_Definitions; *1 
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IP FUNCTION INTERFACE PACKAGE - -

with IP Basic Definitions, AP Executive Calls; 
1* - - --
1* package IP_Function_Interface is 
1* 
1* Function: 
1* IP_Function_Interface provides a procedural interface to 
1* the IP function request facility. A few of these procedures 
1* also specify an AP message and an AP exchange where it is to 
1* be sent asynchronously in case the function execution blocks 
1* (port operators). All of the routines return a boolean to 
1* indicate a context-level fault (true => context-fault). 
1* 
1* All the physical mode and logical mode operators of the IP are 
1* provided by this package. Note that the physical mode 
1* operators can only be invoked before the IP Controller is 
1* initialized; after initialization only the logical mode 
1* operators can be called. 
1* 
1* Note: Most of the procedures in this package are without 
1* comments since they are merely procedural interfaces to 
1* various IP operators. 
1* 
1* use IP_Basic_Definitions, AP_Executive_Calls; 
1* 
1* 
1* function Alter map and select data segment( 
1* environment: - prcs_index;-
1* -- process requesting operation 
1* window id: window index; 
1* -- wIndow to be altered 
1* new state: window_entry_state; 
1* -- new state for that window 
1* AP base: short_ordinal := 0; 
1* -- start of AP address range to be mapped 
1* relative to 64K region mapped by IP 
1* AP_mask: short_ordinal := 0; 
1* -- mask governing length of AP address range 
1* object: access selector := invalid acc sel; 
1* -- data segment being mapped - -
1* block count: short ordinal := 0; 
1* -- actual length being mapped (bytes) 
1* offset: short ordinal := 0) 
1* offset into data segment of beginning of area being mapped 
1* return boolean; -- true if context-faulted 
1* 
1* Function: 
1* This procedure provides a synchronous interface to the IP 
1* operator with the same name. It can be used to change the 
1* mappings of windows 0 - 3 while the IP is in logical mode. 
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1* 
1* 
1* 
1* 

If the purpose of the operation is to invalidate a window or 
to force the termination of the block mode window. the last 

1* 
1* 

5 parameters need not be specified. If a window is being set 
up in random mode. the last 2 parameters need not be 
specified. *1 

IF$alter$map$and$select$data$seg: 
PROCEDURE(environment, window$id, new$state, 

AP$base, AP$mask. object. block$count. offset) 
boolean EXTERNAL; 

DECLARE environment prcs$index, 
window$id window$index. 
new$state window$entry$state, 
AP$base short$ordinal, 
AP$mask short$ordinal, 
object access$selector, 
block$count short$ordinal, 
offset short$ordinal; 

1* no default values for parameters *1 
END 

IF$alter$map$and$select$data$seg; 

1* function Alter_map_and_select_physical_segment( 
1* window id: alterable window index; 
1* -- wIndow to be altered - -
1* new state: window entry state; 
1* -- new state for that window-
1* AP_base: short_ordinal := 0; 
1* -- start of AP address range to be mapped 
1* AP mask: short ordinal := 0; 
1* =- mask governing length of AP address range 
1* GDP address: GDP physical address := 0; 
1* -= 432 physical base address-of mapped area 
1* block count: short ordinal := 0) 
1* actual length being mapped (bytes) 
1* return boolean; -- true if context-faulted 
1* 
1* -- Function: 
1* This procedure provides a synchronous interface to the IP 
1* operator with the same name. It can be used to change the 
1* mappings of windows 0 - 4 while the IP is in physical mode. 
1* 
1* If the purpose of the operation is to invalidate a window or 
1* to force the termination of the block mode window. the last 
1* 4 parameters need not be specified. If a window is being set 
1* up in random mode, the last parameter need not be 
1* specified. *1 
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IF$alter$map$and$select$physical$seg: 
PROCEDURE(window$id, new$state, AP$base, AP$mask, 

GDP$addr$lower, GDP$addr$upper, block$count) 
boolean EXTERNAL; 

DECLARE window$id 
new$state 
AP$base 
AP$mask 
GDP$addr$lower 

END 

GDP$addr$upper 
block$count 

window$index, 
window$entry$state, 
short$ordinal, 
short$ordinal, 
short$ordinal, 
short$ordinal, 
short$ordinal; 

IF$alter$map$and$select$physical$seg; 

1* function Copy access descriptor( 
1* environment: - prcs index; 
1* source: access_selector; 
1* destination: access selector) 
1* return boolean; - -- true if context-faulted *1 

IF$copy$access$descriptor: 
PROCEDURE(environment, source, destination) boolean EXTERNAL; 

DECLARE environment prcs$index, 
source access$selector, 
destination access$selector; 

END 
IF$copy$access$descriptor; 

1* function Null access descriptor( 
1* environment: - prcs index; 
1* destination: access selector) 
1* return boolean; -- true if context-faulted *1 

IF$null$access$descriptor: 
PROCEDURE(environment, destination) boolean EXTERNAL; 

DECLARE 

END 

environment 
destination 

prcs$index, 
access$selector; 

IF$null$access$descriptor; 

1* function Amplify_rights( 
1* environment: prcs index; 
1* transformer: access selector; 
1* destination: access:selector) 
1* return boolean; -- true if context-faulted *1 
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IF$amplify$rights: 
PROCEDURE(environment, transformer, destination) boolean EXTERNAL; 

DECLARE 
environment 
transformer 
destination 

prcs$index, 
access$selector, 
access$selector; 

END 
IF$amplify$rights; 

1* function Restrict_rights( 
1* environment: prcs_index; 
1* rights mask: ordinal; 
1* destination: access selector) 
1* return boolean; - -- true if context-faulted *1 

1F$restrict$rights: 
PROCEDURE(environment, rights$mask$lower, rights$mask$upper, 

destination) boolean EXTERNAL; 
DECLARE 

environment 
rights$mask$lower 
rights$mask$upper 
destination 

END 
IF$restrict$rights; 

prcs$index, 
short$ordinal, 
short$ordinal, 
access$selector; 

1* function Retrieve public type representation( 
1* environment: - pres_index; 
1* extended type: access selector; 
1* destinatIon: access-selector) 
1* return boolean; - -- true if context-faulted *1 

IF$retrieve$public$type$rep: 
PROCEDURE(environment, extended$type, destination) boolean EXTERNAL; 

DECLARE 
environment 
extended$type 
destination 

prcs$index, 
access$selector, 
access$selector; 

END 
IF$retrieve$public$type$rep; 

1* 
1* 
1* 
1* 
1* 
1* 

function Retrieve_type_representation( 
environment: 
extended type: 
type_defn: 
destination: 

return boolean; 

prcs index; 
access selector; 
access:selector; 
access selector) 

-- true if context-faulted *1 
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IF$retrieve$type$rep: 
PROCEDURE(environment, extended$type, type$defn, destination) 

boolean EXTERNAL; 
DECLARE 

END 

environment 
extended$type 
type$defn 
destination 

IF$retrieve$type$rep; 

prcs$index, 
access$selector, 
access$selector, 
access$selector; 

/* function Retrieve type definition( 
/* environment: - prcs index; 
/* extended_type: access_selector; 
/* destination: access_selector) 
/* return boolean; -- true if context-faulted */ 

IF$retrieve$type$definition: 
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PROCEDURE(environment, extended$type, destination) boolean EXTERNAL; 
DECLARE 

END 

environment 
extended$type 
destination 

prcs$index, 
access$selector, 
access$selector; 

IF$retrieve$type$definition; 

/* function Inspect access descriptor( 
/* environment:- prcs_index; 
/* source: access selector; 
1* destination: access-descriptor acc) 
/* return boolean; - -- true if context-faulted */ 

IF$inspect$access$descriptor: 
PROCEDURE(environment, source, destination$ptr) boolean EXTERNAL; 

DECLARE 

END 

environment prcs$index, 
source access$selector, 
destination$ptr POINTER; /* this is a pointer to the 

4-byte access$descriptor field 
where the result will be put *1 

IF$inspect$access$descriptor; 
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1* function Inspect_object( 
1* environment: prcs index; 
1* source: access_selector; 
1* destination: inspection record acc) 
1* return boolean; ---true if context-faulted *1 

IF$inspect$object: 
PROCEDURE(environment, source, destination$ptr) boolean EXTERNAL; 

DECLARE 

END 

environment prcs$index, 
source access$selector, 
destination$ptr POINTER; 1* this is a pointer to the 

20-byte inspection$record where 
the result will be put *1 

IF$inspect$object; 

1* function Lock_object ( 
1* environment: prcs index; 
1* object_to_lock: access_selector; 
1* lock_displacement: short ordinal; 
1* -- displacement into object to lock 
1* success: boolean acc) 
1* true if lock successful -
1* return boolean; -- true if context-faulted *1 

IF$lock$object: 
PROCEDURE(environment, object$to$lock, lock$displacement, 

success$ptr) boolean EXTERNAL; 
DECLARE 

END 

environment 
object$to$lock 
lock$displacement 
success$ptr 

prcs$index, 
access$selector, 
short$ordinal, 
POINTER; 

IF$lock$object; 

1* 
1* 
1* 
1* 
1* 
1* 

function Unlock_object( 
environment: 
object_to_unlock: 
unlock_displacement: 

displacement into 
return boolean; 

prcs index; 
access_selector; 
short ordinal) 

object to' lock 
-- true if context-faulted *1 
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IF$unlock$object: 
PROCEDURE(environment, object$to$unlock, unlock$displacement) 

boolean EXTERNAL; 
DECLARE 

END 

environment 
object$to$unlock 
unlock$displacement 

IF$unlock$object; 

prcs$index, 
access$selector, 
short$ordinal; 

/* function Enter access segment( 
/* environment: -prcs index; 
/* source: access selector; 

iMAX 432 

/* entered AS: enteraole_entered_access_segment_index) 
/* return boolean; -- true if context-faulted *1 

IF$enter$access$seg: 
PROCEDURE(environment, source, entered$AS) boolean EXTERNAL; 

DECLARE 

END 

environment 
source 
entered$AS 

prcs$index, 
access$selector, 
enterable$entered$access$seg$index; 

IF$enter$access$seg; 

/* function Enter process globals access segment( 
/* environment: prcs index; -
1* entered AS: enterable entered access segment index) 
1* return bo~lean; - true if conteit-fault;d *1 

IF$enter$process$globals$access$seg: 
PROCEDURE(environment, entered$AS) boolean EXTERNAL; 

DECLARE 

END 

environment 
entered$AS 

prcs$index, 
enterable$entered$access$seg$index; 

IF$enter$process$globals$access$seg; 

1* 
1* 

function Set_per ipheral_subsystem_mode ( 

1* 
/* 
/* 
1* 
1* 

IOI-52 

environment: prcs_index; 
mode flags: short ordinal; 
psor:os: access_selector) 
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IF$set$peripheral$subsystem$mode: 
PROCEDURE(environment, mode$flags, psor$os) boolean EXTERNAL; 

DECLARE 
environment 
mode$flags 
psor$os 

prcs$index, 
short$ordinal, 
access$selector; 

END 
IF$set$peripheral$subsystem$mode; 

1* function Phy set peripheral subsystem mode( 
1* mode_flags: - short:ordinal) -
1* return boolean; -- true if context-faulted 
1* 
1* -- NOTE: This is the physical mode operator only. *1 

IF$phy$set$peripheral$subsystem$mode: 
PROCEDURE(mode$flags) boolean EXTERNAL; 

DECLARE 
mode$flags short$ordinal; 

END 
IF$phy$set$peripheral$subsystem$mode; 

1* 
1* 
1* 
1* 
1* 

function Send( 
environment: 
port: 
message: 

return boolean; 

prcs index; 
access selector; 
access:selector) 

-- true if context-faulted *1 

IF$send: 
PROCEDURE(environment, port, message) booleqn EXTERNAL; 

DECLARE 
environment 
port 
message 

prcs$index, 
access$selector, 
access$selector; 

END 
IF$send; 

1* 
1* 
1* 
1* 
1* 

function Receive( 
environment: 
port: 

return boolean; 

1* -- Function: 

prcs_index; 
access_selector) 

-- true if context-faulted 

1* The received message is left in the message slot of the 
1* context access segment of the receiving IP process. *1 
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IF$receive: 
PROCEDURE(environment, port) boolean EXTERNAL; 

DECLARE 

. END 

environment 
port 

IF$receive; 

prcs$index, 
access$selector; 

1* function Asynchronous send( 
1* environment: -pres_index; 
1* reply_msg: AP_message; 
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1* -- message to be returned when the operation completes 
1* reply exchange: exchange; 
1* -- Where that message is to be sent 
1* port: access selector; 
1* message: access-selector) 
1* return boolean; -- true if context-faulted 
1* 
1* Function: 
1* Reply_msg will be sent to reply_exchange when the message is 
1* successfully sent. Control returns regardless of whether the 
1* operation blo'cks. *1 

IF$asynchronous$send: 
PROCEDURE(environment, reply$msg, reply$exchange, port, message) 

boolean EXTERNAL; 
DECLARE 

environment prcs$index, 
reply$msg AP$message, 
reply$exchange exchange, 
port access$selector, 
message access$selector; 

END 
IF$asynchronous$send; 

1* function Asynchronous_receive( 
1* environment: pres_index; 
1* reply_msg: AP_message; 
1* -- message to be returned when operation completes 
1* reply_exchange: exchange; 
1* -- where that message is to be sent 
1* port: access selector) 
1* return boolean; - -- true if context-faulted 
1* 
1* Function: 
1* Reply_msg will be sent to reply_exchange when a message is 
1* received. Control returns regardless of whether the 
1* operation biocks. *1 
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IF$asynchronous$receive: 
PROCEDURE(environment, reply$msg, reply$exchange, port) 

boolean EXTERNAL; 
DECLARE 

environment prcs$index, 
reply$msg AP$message, 
reply$exchange exchange, 
port access$selector; 

END 
IF$asynchronous$receive; 

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

function Conditional_send( 
environment: 
port: 
message: 
success: 

return boolean; 

IF$conditional$send: 

prcs index; 
access_selector; 
access selector; 
boolean acc) 

- -- true if context·-faul ted * / 

PROCEDURE(environment, port, message, success$ptr) boolean EXTERNAL; 
DECLARE 

END 

environment 
port 
message 
success$ptr 

prcs$index, 
access$selector, 
access$selector, 
POINTER; 

IF$conditional$send; 

/* 
/* 
/* 
/* 
/* 

function Conditional receive( 
·environment: 
port: 
success: 

return boolean; 

prcs index; 
access_selector; 
boolean acc) 

--- true if context-faulted */ 

IF$conditional$receive: 
PROCEDURE(environment, port, success$ptr) boolean EXTERNAL; 

DECLARE 
environment 
port 
success$ptr 

prcs$index, 
access$selector, 
POINTER; 

END 
IF$conditional$receive; 
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1* 
1* 
1* 
1* 
1* 
1* 
1* 

function Surrogate send( 
environment: - prcs index; 
port: access_selector; 
destination: access selector; 
carrier: 
message: 

return boolean; 

access selector; 
access-selector) 

-- true if context-faulted *1 

IF$surrogate$send: 
PROCEDURE(environment, port, destination, carrier, message) 

boolean EXTERNAL; 
DECLARE 

environment 
port 
destination 
carrier 
message 

END 
IF$surrogate$send; 

prcs$index, 
access$selector, 
access$selector, 
access$selector, 
access$selector; 

1* function Surrogate_receive( 
1* environment: prcs index; 
1* port: access selector; 
1* destination: access-selector; 
1* carrier: access-selector) 
1* return boolean; -- true if context-faulted *1 

IF$surrogate$receive: 
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PROCEDURE(environment, port, destination, carrier) boolean EXTERNAL; 
DECLARE 

environment 
port 
destination 
carrier 

END 
IF$surrogate$receive; 

prcs$index, 
access$selector, 
access$selector, 
access$selector; 

1* function Send to processor( 
1* environment:- prcs index; 
1* psor: access_selector; 
1* message: IPC message; 
1* success: boolean acc) 
1* return boolean; -- true if context-faulted *1 
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IF$send$to$processor: 
PROCEDURE(environment, psor, message, success$ptr) boolean EXTERNAL; 

DECLARE 

END 

environment 
psor 
message 
success$ptr 

IF$send$to$processor; 

prcs$index, 
access$selector, 
IPC$message, 
POINTER; 

/* function Broadcast_to_processors( 
1* environment: prcs index; 
1* psor: access selector; 
/* message: IPC message; 
1* success: boolean_acc) 
/* return boolean; -- true if context-faulted *1 

IF$broadcast$to$processors: 
PROCEDURE(environment, psor, message, success$ptr) boolean EXTERNAL; 

DECLARE 
environment 
psor 
message 
success$ptr 

prcs$index, 
access$selector, 
IPC$message, 
POINTER; 

END 
IF$broadcast$to$processors; 

/* function Send_to_physical_processor( 
1* message: IPC_message; 
1* psor_lcom_adr: GDP physical address; 
1* success: boolean_acc)-
1* return boolean; -- true if context-faulted *1 

IF$send$to$physical$processor: 
PROCEDURE(message, psor$lcom$adr$lower, psor$lcom$adr$upper, 

success$ptr) boolean EXTERNAL; 
DECLARE 

message 
psor$lcom$adr$lower 
psor$lcom$adr$upper 
success$ptr 

IPC$message, 
short$ordinal, 
short$ordinal, 
POINTER; 

END 
IF$send$to$physical$processor; 
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1* function Read processor status( 
1* environment: prcs index; 
1* destination: processor status record acc) 
1* return boolean; -: true if context-faulted 
1* 
1* -- NOTE: This is the logical mode operator only. *1 

IF$read$processor$status: 
PROCEDURE(environment, destination$ptr) boolean EXTERNAL; 

DECLARE 
prcs$index, environment 

destination$ptr POINTER; 1* this is a pointer for the 
4-byte processor$status$record 
field where the result will be put *1 

END 
IF$read$processor$status; 

1* function Phy read processor status( 
1* destination: - processor status record acc) 
1* return boolean; -~ true if context-faulted 
1* 
1* -- NOTE: This is the physical mode operator only. *1 

IF$phy$read$processor$status: 
PROCEDURE(destination$ptr) boolean EXTERNAL; 

DECLARE 
destination$ptr POINTER; 1* this is a pointer for the 

4-byte processor$status$record 
field where the result will be put *1 

END 
IF$phy$read$processor$status; 

1* function Indivisibly add short ordinal( 
1* environment: - - prc~index; 
1* 
1* 
1* 
1* 
1* 

source: 
displacement: 
value: 
original_value: 

return boolean; 

access_selector; 
short ordinal; 
short:ordinal; 
short~ordinal_acc) 

-- true if context-faulted *1 

IF$indivisibly$add$short$ordinal: 
PROCEDURE(environment, source, displacement, value, 

original$value$ptr) boolean EXTERNAL; 
DECLARE environment prcs$index, 

source access$selector, 
displacement short$ordinal, 
value short$ordinal, 
original$value$ptr POINTER; 

END 
IF$indivisibly$add$short$ordinal; 
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1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

function Indivisibly_insert_short_ordinal( 
environment: 
source: 
displacement: 
value: 
mask: 
original value: 

return boolean; 

prcs index; 
access_selector; 
short ordinal; 
short-ordinal; 
short:ordinal; 
short ordinal acc) 

-true if-context-faulted *1 

IF$indivisibly$insert$short$ordinal: 
PROCEDURE(environment, source, displacement, value, mask, 

original$value$ptr) boolean EXTERNAL; 
DECLARE environment prcs$index, 

source access$selector, 
displacement short$ordinal, 
value short$ordinal, 
mask short$ordinal, 
original$value$ptr POINTER; 

END 
IF$indivisibly$insert$short$ordinal; 

1* 
1* 
1* 
1* 

function Dispatch( 
environment: 
psor_os: 

return boolean; 

IF$dispatch: 

prcs index; 
access selector) 

-- true if context-faulted *1 

PROCEDURE(environment, psor$os) boolean EXTERNAL; 
DECLARE environment prcs$index, 

END 
IF$dispatch; 
1* 

psor$os access$selector; 

1* end IP Function_Interface; *1 

IOI-59 



Input/Output Implementation 

IP_TRANSFER DRIVER PACKAGE 

1* with IP_Basic_Definitions, AP_Executive_Calls; 
1* 
1* package IP_Transfer_Driver is 
1* 
1* Function: 

iMAX 432 

1* Transfer_Driver provides a synchronous interface used by 
1* strategy routines to transfer a block of data between GDP 
1* memory and AP memory_ 
1* 
1* use IP_Basic_Definitions, AP_Executive_Calls; 
1* 
1* function Transfer_to_AP( 
1* environment: prcs_index; 
1* -- environment requesting the data transfer 
1* object: access_selector; 
1* -- coordinates of object access descriptor in environment 
1* offset: short ordinal; 
1* -- byte offset into object of beginning of block 
1* length: short_ordinal; 
1* -- byte length of block 
1* AP_array_ref: pointer) 
1* -- AP memory block where data is to be put 
1* return boolean; -- true if context-faulted or equivalent 
1* 
1* Function: 
1* This procedure transfers a block of data from a data segment 
1* resident in i432 memory to the AP's memory_ *1 

transfer$to$AP: 
procedure(environment, object, offset, length, AP$array$ref) 

boolean EXTERNAL; 
DECLARE environment 

object 
offset 
length 
AP$array$ref 

END 
transfer$to$AP; 
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1* function Transfer_from_AP( 
1* environment: prcs index; 
1* -- environment requesting the transfer 
1* object: access_selector; 
1* -- coordinates of object access descriptor in environment 
1* offset: short_ordinal; 
1* -- byte offset into object of block beginning 
1* length: short ordinal; 
1* -- byte length of block 
1* AP_array_ref: pointer) 
1* AP memory block where data is to be taken from 
1* return boolean; -- true if context-faulted or equivalent 
1* 
1* Function: 
1* This procedure tranfers a block of data from the AP's memory 
1* to a data segment resident in i432 memory_ *1 

transfer$from$AP: 
procedure(environment, 

boolean EXTERNAL; 
DECLARE environment 

object 
offset 
length 
AP$array$ref 

END 
transfer$from$AP; 
1* 

object, offset, length, AP$array$ref) 

prcs$index, 
access$selector, 
short$ordinal, 
short$ordinal, 
POINTER; 

1* end IP Transfer_Driver; *1 
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IP_FUNCTION MANAGER PACKAGE 

1* with IP Basic Definitions, AP Executive Calls; 
1* - - --

package IP_Function_Manager is 

Function: 

1* 
1* 
1* 
1* IP_Function_Manager provides the lowest level interface to 
1* 
1* 
1* 
1* 
1* 
1* 

the IP function request facilities. Users of this package must 
be aware of the layout of parameters and results observed by 
the IP, and must be prepared to check the completion state 
of the operation and take appropriate action if that indicates 
conditions such as a fault or a blocked port operation. 

1* use IP_Basic_Definitions, AP_Executive_Calls; 
1* 
1* 
1* A function request record is a description of an operation and 
1* is passed to the Function Manager to get the operation 
1* executed. The record contains all the parameters required by 
1* theIP and any additional ones needed by the Function Manager. 
1* 
1* type function_request_record is 
1* record 
1* environment: prcs index; 
1* -- the IP process to-use as an environment 
1* state: function state; 
1* -- the completion state of the operation 
1* opcode: IP_operator; 
1* -- the IP operation code for the operation 
1* operands: array(1 •• 7) of short ordinal; 
1* -- the operands for the operator, usually a collection of 
1* -- access selectors and numeric values. Defined by the IP. 
1* result: array(1 •• 10) of short_ordi~al; 
1* -- the results of the operation. Defined by the IP. 
1* fault result: process fault reply; 
1* result returned by a-process level fault 
1* 
1* The following two are only valid for all variations of the 
1* Send and Receive port operations. 
1* delayed_response_port: exchange; 
1* -- where to send message if operation completion was delayed. 
1* delayed response msg: AP message; 
1* -- the message-to send -
1* end record; *1 
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DECLARE function$request$record LITERALLY 'STRUCTURE( 
environment prcs$index, 

1* 

state function$state, 
opcode IP$operator, 
operands(7) short$ordinal, 
result(10) short$ordinal, 
fault$result process$fault$reply, 
delayed$response$port exchange, 
delayed$response$msg AP$message)'; 

1* 
1* 
1* 
1* 

Accesses to the function request block are passed around rather 
than copies of the record. 

type function_request is access function_request_record; *1 

DECLARE function$request LITERALLY 'POINTER'; 

DECLARE function$request$record$len LITERALLY 
'(function$request$facility$rec$len) + 10'; 
1* 
1* type faulting_message_record is 

record 1* 
1* 
1* 

request: function request; 
end record; *1 -

-- the function that got the fault 

DECLARE faulting$message$record LITERALLY 
'STRUCTURE(request function$request)'; 

DECLARE faulting$message$record$len LITERALLY '4'; 
1* 
1* type faulting_message is access faulting_message_record; *1 

DECLARE faulting$message LITERALLY 'AP$message'; 

1* 
1* procedure Request function( 
1* request: function_request); -- operation description 
1* 
1* Function: 
1* This procedure presents the request to the IP's function 
1* request facility and triggers its execution. Control is 
1* returned when the state of execution (contained in the 
1* parameter record) indicates that the IP has been released. 
1* The possible states are described in IP_Definition by the 
1* type function_completion_state. 
1* 
1* Note that either logical or physical mode operators can be 
1* invoked via this interface. Physical mode can be selected 
1* by not having invoked the IP Controller initialization 
1* routine and by having an FFFF in the environment field of 
1* the specified request. *1 
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request$function: 
PROCEDURE(request) EXTERNAL; 

DECLARE request function$request; 
END 

request$function; 

1* 
1* 
1* 
1* 
1* 
1* 
1* 

function Get function request( 
environment: -prcs_index) 

IP process whose function block is wanted 
return function_request; 

the function block associated with the IP process. 

Function: 

iMAX 432 

1* 
1* 
1* 
1* 

Returns the function request block associated with the IP 
process. This block is provided so that the function 
interface does not have to dynamically create and destroy 
the blocks. No sychronization is provided for the blocks. 

1* *1 

get$function$request: 
PROCEDURE(environment) function$request EXTERNAL; 

DECLARE environment prcs$index; 
END 

get$function$request; 

1* FAULTING INTERFACE 
1* The interface to operator faulting is to define an exchange 
1* associated with each IP process and each window. If the 
1* reporting of a fault is delayed, such as when a process level 
1* fault occurs, then the operation is finished with a 
1* "fault_delayed" completion code. When the process comes back 
1* from the fault handler, a message, consisting only of a 
1* pointer to the function request block that caused the fault, 
1* is sent to the exchange associated with the IP process. This 
1* exchange is setable and retrievable. 
1* 
1* 
1* function Get fault exchange( 
1* environment: - prcs index) 
1* IP process whose exchange is wanted 
1* return exchange; -- the exchange associated with the IP process 
1* 
1* -- Function: 
1* Returns the fault wait port currently associated with the 
1* IP process *1 

get$fault$exchange: 
PROCEDURE(environment) exchange EXTERNAL; 

DECLARE environment prcs$index; 
END 

get$fault$exchange; 
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1* function Get fault message( 
1* environment: - prcs index) 
1* IP process whose message is wanted 
1* return AP_message; -- the message associated with the IP process 
1* 
1* Function: 
1* Returns the fault wait message currently associated with 
1* the IP process *1 

get$fault$message: 
PROCEDURE(environment) AP$message EXTERNAL; 

DECLARE environment prcs$index; 
END 

get$fault$message; 

1* 
1* 

procedure Set fault exchange( 
environment: -

-- the IP process whose 
response exchange: 

-- the-exchange to use 

Function: 

prcs_index; 
exchange is to be set 
exchange); 

1* 
1* 
1* 
1* 
1* 
1* 
1* 

Sets the exchange to use when the fault handler 
returns the environment after handling the fault. *1 

set$fault$exchange: 
PROCEDURE(environment, response$exchange) EXTERNAL; 

DECLARE environment prcs$index, 
response$exchange exchange; 

END 
set$fault$exGhange; 

1* ROUTINES CALLED BY THE INTERRUPT SERVICING TASK 
1* (FOR IP INTERRUPTS) 
1* 
1* 
1* procedure Handle_IPC; 
1* 
1* Function: 
1* Most IPCs received by the IP are reflected to the AP for 
1* consideration. This routine will case on the IPC code and 
1* perform the appropriate action. Since the codes to be 
1* reflected are TBD, this routine is currently empty. *1 

handle$IPC: 
PROCEDURE EXTERNAL; 
END 

handle$IPC; 
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1* procedure Handle_alarm; 
1* 
1* Function: 

iMAX 432 

1* An alarm signal was received from a source external to the 
1* AP system. The cause of the alarm is system dependent and 
1* this routine may vary across configurations. *1 

handle$alarm: 
PROCEDURE EXTERNAL; 
END 

handle$alarm; 

1* procedure Handle_reconfiguration; 
1* 
1* Function: 
1* This should not occur until the 700 series systems. *1 

handle$reconfiguration: 
PROCEDURE EXTERNAL; 
END 

handle$reconfiguration; 

1* procedure Handle_dispatching; 
1* 
1* Function: 
1* The IP has indicated that a process has been received at its 
1* dispatching port. Its owner will be notified by sending the 
1* delay message or the fault message to the delay exchange or 
1* fault exchange. *1 

handle$dispatching: 
PROCEDURE EXTERNAL; 
END 

handle$dispatching; 

1* procedure Bug_fix_for_dispatching; 
1* 
1* -- Function: 
/* This procedure is necessary because of a bug in the 2.0 IP 
1* microcode which does not always clean up correctly after a 
1* receive-block on a message occurs. */ 

bug$fix$for$dispatching: 
PROCEDURE(environment) EXTERNAL; 

DECLARE environment prcs$index; 
END 

bug$fix$for$dispatching; 
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1* procedure Frmgr_init; 
1* 
1* Function: 

Input/Output Implementation 

1* This procedure prepares the module for future dispatching. 
1* *1 

frmgr$init: 
PROCEDURE EXTERNAL; 
END 

frmgr $ i nit; 
1* 
1* end IP_Function_Manager; *1 
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1* with IP Basic_Definitions, AP_Executive_Calls, IP_Function_Interface; 
1* 
1* package IP_Window_Manager is 
1* 
1* Function: 
1* IP Window_Manager provides a synchronous interface for 
1* the allocationldeallocation of both the IP windows and the 
1* AP memory range that is mapped via the windows. 
1* 
1* use IP Basic Definitions, AP Executive Calls, 
1* IP:FunctIon_Interface; 
1* 
1* type transfer_direction is (i432_to_AP, AP_to_i432); *1 

DECLARE transfer$direction 
DECLARE i432$to$AP 

LITERALLY 'WORD'; 
LITERALLY '0'; 
LITERALLY '1'; DECLARE AP$to$i432 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

An "io_segment" records information about a specific allocation 
of an IP window and an associated range of AP memory space. 
The information it contains comes in two flavors: a base 
address that the holder must see in order to use the 
allocation, and other information that the holder should never 
alter (which is also used as a token for deal location purposes). 

type window_pointer is new pointer; *1 

. DECLARE window$pointer 
1* 

LITERALLY 'POINTER'; 

1* 
1* 
1* 
1* 
1* 
1* 

type internal_window_description is 
record 

window number: alterable_window_index; 
-- which window to manipulate 

description is valid: boolean:= false; 
end record; *7 -

DECLARE internal$window$description LITERALLY' 
window$number alterable$window$index, 
description$is$valid boolean'; 
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1* type io_segment_representation is 
1* record 
1* window block: window_pointer; 
1* -- global pointer to window 
1* description: internal window description; 
1* -- hidden description to-allow -
1* -- deallocation checking 
1* end record; *1 

DECLARE io$segment$representation LITERALLY 'STRUCTURE( 
window$block window$pointer, 
internal$window$description)'; 

1* 
1* type io_segment is access io segment_representation; *1 

DECLARE io$segment LITERALLY 'POINTER'; 

1* 
1* 
1* 
1* 
1* 
1* 

This array tracks window faults. Users should check the 
element corresponding to any window used before closing it. 

window faulted: array (window index) of boolean := 
(others => false); *1 

DECLARE window$faulted(5) boolean EXTERNAL; 

1* function Get window( 
1* xfer mode: transfer_direction; 
1* -- direction to or from 432 
1* environment: prcs index; 
1* -- IP process index -
1* object: access selector; 
1* -- object to be mapped-
1* offset: short_ordinal; 
1* -- displacement into object 
1* length: short ordinal; 
1* -- size of area to map 
1* io seg: in out io segment) 
1* - desription record of the allocation 
1* return boolean; -- true if context-faulted 
1* 
1* Function: 
1* Allocates and opens an IP window into 432 memory. 
1* The io segment parameter contains a semi-private description 
1* of the-allocation, which can be used by the caller to access 
1* the allocation and also return the allocation when finished. 
1* 
1* NOTE: The caller must allocate the block for the io_segment, 
1* and pass in a reference to it. 
1* *1 
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get$window: 
PROCEDURE(xfer$mode, environment, object, offset, length, io$seg) 

boolean EXTERNAL; 
DECLARE xfer$mode 

environment 
object 
offset 
length 
io$seg 

transfer$direction, 
prcs$index, 
access$selector, 
short$ordinal, 
short$ordinal, 
io$segment; 

END 
get$window; 

1* 
1* 

function Return window( 
environment: prcs_index; 
mapping: io_segment) 

return boolean; 

Function: 

IP process index 
AP memory range currently 
mapped via a window 
true if context-faulted 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

Closes and releases the window indicated by the parameter 
and then marks the io_segment as being released. 

*1 

return$window: 
PROCEDURE(environment, mapping) boolean EXTERNAL; 

DECLARE environment prcs$index, 
mapping io$segment; 

END 
return$window; 

1* procedure Handle_window_fault( 
1* window number: window_index); -- window having the fault 
1* 
1* -- Function: 
1* 
1* 
1* 
1* 
1* 

The corresponding element in window faulted is set, and the 
subsystem is brought down if the· fault was for window 4. 

This procedure is called by the interrupt routine when it 
is notified of a window fault. *1 

handle$window$fault: 
PROCEDURE(window$number) EXTERNAL; 

DECLARE window$number window$index; 
END 

handle$window$fault; 

window$init: 
PROCEDURE EXTERNAL; 
END 

window$init; 
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INITLO PACKAGE BODY 

1********** 

Title: INITLZ - initialization task for the AP I/O system. 
** NO TERMINAL VERSION ** 

Logic: This module is user-modifiable. This initial task 
calls an IP Controller initialization routine, allocates 
and gives to the free space manager space for all 
allocations required, and can optionally call 
any other user-defined routine. 

**********1 

initlz: DO; 

$INCLUDE(:f1:basdef.inc) 
$INCLUDE(:f1:apexec.inc) 
$INCLUDE(:f1:apiniO.ext) 

1* The following array is given to the free space manager. 
The amount given is more than sufficient for debugging the 
5-terminal version with 30 IP processes in the system. 

*1 
$IF NOT megabyte 

DECLARE fs$bytes 
$ELSE 

DECLARE fs$bytes 
$ENDIF 

LITERALLY '500'; 

LITERALLY '25000'; 

DECLARE fs$array(fs$bytes) BYTE; 

1* When true, AP system errors will be displayed at the 86/12A serial 
port terminal, as well as at the standard sys_error reporting 
mechanism. *1 

DECLARE display_sys_errors boolean DATA(true); 

start$init: 
PROCEDURE PUBLIC; 

$IF not megabyte 

$ELSE 

fs$array(2) = LOW(fs$bytes); 
fs$array(3) = HIGH(fs$bytes); 

fs$array(4) = LOW(fs$bytes); 
fs$array(5) = HIGH(fs$bytes); 

$ENDIF 
CALL AP$return$space(@ fs$array); 
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/* set-up IP Controller to handle a processes */ 
CALL initialize$IP$controller(O, display_sys_errors); 

/* This is where users should insert their own code. */ 

CALL AP$suspend$self; 

END 
start$init; 

END initlz; 
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INITL1 PACKAGE BODY 

/********** 

Title: INITLZ - initialization task for the AP 1/0 system. 
** 1 TERMINAL VERSION ** 

Logic: This module is user-modifiable. This initial task 
calls an IP Controller initialization routine, allocates 
and gives to the free space manager space for all 
allocations required, calls a routine to startup the 
86/12 serial port support, and can optionally call 
any other user-defined routine. 

**********1 

initlz: DO; 

$INCLUDE(:f1:basdef.inc) 
$INCLUDE(:f1:apexec.inc) 
$INCLUDE(:f1:apini1.ext) 

1* The following array is given to the free space manager. 
The amount given is more than sufficient for debugging the 
5-terminal version with 30 IP processes in the system. 

*1 
$IF NOT megabyte 

DECLARE fs$bytes 
$ELSE 

DECLARE fs$bytes 
$ENDIF 

LITERALLY '5500'; 

LITERALLY '25000'; 

DECLARE fs$array(fs$bytes) BYTE; 

1* legal baud rates are represented as follows 
0 = 150 
1 = 300 
2 = 600 
3 = 1200 
4 = 2400 
5 = 4800 
6 = 9600 
7 = 19200 

1* The initial baud rates. *1 
DECLARE init$8612$terminal$speed 

*1 

WORD DATA(4); 
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/* The initial task priorities and number of characters per terminal 
line */ 

DECLARE terminal$support$task$priorities WORD DATA(150), 
number$of$characters$in$line WORD DATA(136); 

/* The initial standard terminal IP process index assignments */ 
DECLARE std$term$output$first$IP$env WORD DATA(1), 

std$term$output$last$IP$env WORD DATA(2), 
std$term$input$first$IP$env WORD DATA(3), 
std$term$input$last$IP$env WORD DATA(4); 

/* When true, AP system errors will be displayed at the 86/12A serial 
port terminal, as well as at the standard sys_error reporting 
mechanism. */ 

DECLARE display_sys_errors boolean DATA(true); 

start$init: 
PROCEDURE PUBLIC; 

$IF not megabyte 

$ELSE 

fs$array(2) = LOW(fs$bytes); 
fs$array(3) = HIGH(fs$bytes); 

fs$array(4) = LOW(fs$bytes); 
fs$array(5) = HIGH(fs$bytes); 

$ENDIF 
CALL AP$return$space(@ fs$array); 

/* set-up IP Controller to handle 4 processes */ 
CALL initialize$IP$controller(4, display_sys_errors); 

CALL initialize$8612$terminal(init$8612$terminal$speed, 
terminal$support$task$priorities, 
number$of$characters$in$line, 
std$term$output$first$IP$env, 
std$term$output$last$IP$env, 
std$term$input$first$IP$env, 
std$term$input$last$IP$env); 

/* This is where users should insert their own code. */ 

CALL AP$suspend$self; 

END 
start$init; 

END initlz; 
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INITL5 PACKAGE BODY 

1********** 

Title: INITLZ - initialization task for the AP 1/0 system. 

Logic: This module is user-modifiable. This initial task 
calls an IP Controller initialization routine, allocates 
and gives to the free space manager space for all 
allocations required, calls a routine to startup the 
86/12 serial port support, calls a routine to startup 
the 534 serial ports support, and can optionally call 
any other user-defined routine. 

**********1 

initlz: DO; 

$INCLUDE(:f1:basdef.inc) 
$INCLUDE(:f1:apexec.inc) 
$INCLUDE(:f1:apini5.ext) 

1* The following array is given to the free space manager. 
The amount given is more than sufficient for debugging the 
5-terminal version with 30 IP processes in the system. 

*1 
$IF NOT megabyte 

DECLARE fs$bytes 
$ELSE 

LITERALLY '25000'; 

DECLARE fs$bytes 
$ENDIF 

LITERALLY '25000'; 

DECLARE fs$array(fs$bytes) BYTE; 

1* legal baud rates are represented 
0 = 150 
1 = 300 
2 = 600 
3 = 1200 
4 = 2400 
5 = 4800 
6 = 9600 
7 = 19200 *1 

1* The initial baud rates. *1 
DECLARE init$8612$terminal$speed 
DECLARE init$534$terminal$speeds(4) 

as follows 

WORD DATA(4); 
WORD DATA(4, 4, 4, 4); 
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1* The initial task priorities and number of characters per terminal 
line *1 

DECLARE terminal$support$task$priorities WORD DATA(150), 
number$of$characters$in$line WORD DATA(136); 

1* The initial standard terminal IP process index assignments *1 
DECLARE std$term$output$first$IP$env WORD DATA(1), 

std$term$output$last$IP$env WORD DATA(2), 
std$term$input$first$IP$env WORD DATA(3), 
std$term$input$last$IP$env WORD DATA(4); 

1* The initial 534 terminal IP process index assignments *1 
DECLARE term$534$output$first$IP$env(4) WORD DATA(5,9,13,17), 

term$534$output$last$IP$env(4) WORD DATA(6,10,14,18), 
term$534$input$first$IP$env(4) WORD DATA(7,11,15,19), 
term$534$input$last$IP$env(4) WORD DATA(8,12,16,20); 

1* When true, AP system errors will be displayed at the 86/12A serial 
port terminal, as well as at the standard sys_error reporting 
mechanism. *1 

DECLARE display_sys_errors boolean DATA(true); 

start$init: 
PROCEDURE PUBLIC; 

$IF not megabyte 

$ELSE 

fs$array(2) = LOW(fs$bytes); 
fs$array(3) = HIGH(fs$bytes); 

fs$array(4) = LOW(fs$bytes); 
fs$array(5) = HIGH(fs$bytes); 

$ENDIF 
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CALL AP$return$space(@ fs$array); 

1* set-up IP Controller to handle 20 processes *1 
CALL initialize$IP$controller(20, display_sys_errors); 

CALL initialize$8612$terminal(init$8612$terminal$speed, 
terminal$support$task$priorities, 
number$of$characters$in$line, 
std$term$output$first$IP$env, 
std$term$output$last$IP$env, 
std$term$input$first$IP$env, 
std$term$input$last$IP$env); 
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CALL initialize$534$terminals(@ init$534$terminal$speeds, 
terminal$support$task$priorities, 
number$of$characters$in$line, 
@ term$534$output$first$IP$env, 
@ term$534$output$last$IP$env, 
@ term$534$input$first$IP$env, 
@ term$534$input$last$IP$env); 

/* This is where users should insert their own code. */ 

CALL AP$suspend$self; 

END 
start$init; 

END initlz; 
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APINIO PACKAGE 

/********** 

Title: APINIO - AP initialization utility for 0 terminals. 

Logic: This routine is made available to the AP initialization 
routine so that it can bring up the IP Controller. 

**********/ 

/********** 

INITIALIZE IP CONTROLLER: This routine completely initializes the 
IP Controller. 

NOTE: Only the physical mode operators in the IP Controller 
can be used before this routine is called. This routine waits 
for the IP to go into logical mode as part of this routine. 
After this routine is called, only the logical mode operators 
in the IP Controller should be used. 

**********/ 

initialize$IP$controller: 
PROCEDURE(last$IP$process, display_sys_errors) EXTERNAL; 

DECLARE last$IP$process prcs$index, 

END 

/* index of last IP process */ 
display sys errors boolean; 

/* switch-which allows AP system errors to be 
displayed at the 86/12A serial port terminal */ 

initialize$IP$controller; 
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APINI1 PACKAGE 

1********** 

Title: APINI1 - AP initialization utilities for 1 terminal. 

Logic: These routines are made available to the AP initialization 
routine so it can bring up the IP Controller 
and the desired I/O support software. 

**********1 

1********** 

INITIALIZE IP CONTROLLER: This routine completely initializes the 
IP Controller. 

NOTE: Only the physical mode operators in the IP Controller 
can be used before this routine is called. This routine waits 
for the IP to go into logical mode as part of this routine. 
After this routine is called, only the logical mode operators 
in the IP Controller should be used. 

**********1 

initialize$IP$controller: 
PROCEDURE(last$IP$process, display_sys_errors) EXTERNAL; 

DECLARE last$IP$process prcs$index, 
1* index of last IP process *1 

display_sys_errors boolean; 
1* switch which allows AP system errors to be 

displayed at the 86/12A serial port terminal *1 
END 

initialize$IP$controller; 

1********** 

INITIALIZE 8612 TERMINAL: This routine configures in the software 
support for a terminal on the serial I/O port of the 86/12 
board. The actual terminal handler tasks are configured in by 
the RMX/88 Interactive Configuration Utility - not by this 
routine. This routine is merely responsible for starting the 
strategy and monitor tasks. 

**********1 
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initialize$8612$terminal: 
PROCEDURE(init$baud$rate, terminal$support$task$priorities, 

number$of$characters$in$line, 

END 

DECLARE 

std$terminal$output$first$IP$env, 
std$terminal$output$last$IP$env, 
std$terminal$input$first$IP$env, 
std$terminal$input$last$IP$env) EXTERNAL; 

init$baud$rate WORD, 
/* initial baud rate for standard terminal */ 

terminat$support$task$priorities WORD, 
/* task priority for terminal support */ 

number$of$characters$in$line WORD, 
/* number of characters in a terminal line */ 

std$terminal$output$first$IP$env WORD, 
/* first IP process assignment for output */ 

std$terminal$output$last$IP$env WORD, 
/* last IP process assignment for output */ 

std$terminal$input$first$IP$env WORD, 
/* first IP process assignment for input */ 

std$terminal$input$last$IP$env WORD; 
/* last IP process assignment for input */ 

initialize$8612$terminal; 
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APINI5 PACKAGE 

/********** 

Title: APINI5 - AP initialization utilities. 

Logic: These routines are made available to the AP initialization 
routine so it can bring up the IP Controller 
and the desired I/O support software. 

**********/ 

/********** 

INITIALIZE IP CONTROLLER: This routine completely initializes the 
IP Controller. 

NOTE: Only the physical mode operators in the IP Controller 
can be used before this routine is called. This routine waits 
for the IP to go into logical mode as part of this routine. 
After this routine is called, only the logical mode operators 
in the IP Controller should be used. 

**********/ 

initialize$IP$controller: 
PROCEDURE(last$IP$process, display_sys_errors) EXTERNAL; 

DECLARE last$IP$process prcs$index, 
/* index of last IP process */ 

display sys errors boolean; 
/* switch-which allows AP system errors to be 

displayed at the 86/12A serial port terminal */ 
END 

initialize$IP$controller; 

/********** 

INITIALIZE 8612 TERMINAL: This routine configures in the software 
support for a terminal on the serial I/O port of the 86/12 
board. The actual terminal handler tasks are configured in by 
the RMX/88 Interactive Configuration Utility - not by this 
routine. This routine is merely responsible for starting the 
strategy and monitor tasks. 

**********/ 
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initialize$8612$terminal: 
PROCEDURE(init$baud$rate, terminal$support$task$priorities, 

number$of$characters$in$line, 

END 

DECLARE 

std$terminal$output$first$IP$env, 
std$terminal$output$last$IP$env, 
std$terminal$input$first$IP$env, 
std$terminal$input$last$IP$env) EXTERNAL; 

init$baud$rate WORD, 
/* initial baud rate for standard terminal */ 

terminal$support$task$priorities WORD, 
/* task priority for terminal support */ 

number$of$characters$in$line WORD, 
/* number of characters in a terminal line */ 

std$terminal$output$first$IP$env WORD, 
1* first IP process assignment for output */ 

std$terminal$output$last$IP$env WORD, 
/* last IP process assignment for output */ 

std$terminal$input$first$IP$env WORD, 
/* first IP process assignment for input */ 

std$terminal$input$last$IP$env WORD; 
/* last IP process assignment for input */ 

initialize$8612$terminal; 

/********** 

iMAX 432 

INITIALIZE 534 TERMINALS: This routine configures in the software 
support for 4 terminals on the serial ports of the 534 board. 
This routine starts up the corresponding terminal handler tasks 
as well as the strategy and monitor tasks. 

**********/ 

initialize$534$terminals: 
PROCEDURE(init$baud$rate$ptr, terminal$support$task$priorities, 

number$of$characters$in$line, 
term$534$output$first$IP$env$ptr, 
term$534$output$last$IP$env$ptr, 
term$534$input$first$IP$env$ptr, 
term$534$input$last$IP$env$ptr) EXTERNAL; 
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END 

DECLARE 
init$baud$rate$ptr POINTER, 

1* pointer to an array of initial baud 
rates for the 534 terminals *1 

terminal$support$task$priorities WORD, 
1* task priority for terminal support *1 

number$of$characters$in$line WORD, 
1* number of characters in a terminal line *1 

term$534$output$first$IP$env$ptr POINTER, 
1* pointer to an array of first IP process assignments 

for output on 534 terminals *1 
term$534$output$last$IP$env$ptr POINTER, 

1* pointer to an array of last IP process assignments 
for output on 534 terminals *1 

term$534$input$first$IP$env$ptr POINTER, 
1* pointer to an array of first IP process assignments 

for input on 534 terminals */ 
term$534$input$last$IP$env$ptr POINTER; 

1* pointer to an array of last IP process assignments 
for input on 534 terminals */ 

initialize$534$terminals; 
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IP PROCESSES PACKAGE BODY 

with Untyped Ports, iMAX Definitions, IP Management, IO_Devices, 
Actual Terminal SinKs, -
Actual:Terminal:Sources, Terminal_Interfaces, 
Synchronous IO Interfaces, 
Unchecked conversion, Asynchronous IO Interface, Memory_Controller, 
Debug_Sink, Debug_Source; - -

package body IP_Processes is 

Specification file: IPPRCS.MBS 

Logic: 

use IO_Devices, Synchronous_IO_Interfaces; 

-- NUMBER OF CONNECTIONS --

---------------------------

IP connections (two ports for each). 

number of connections: constant := 1; -- (1 terminal) 

Definitions for controlling starting IPs and creating 
synchronous interfaces. 

type control_switches is (start_ip, num_connections); 

now define a constant array to determine whether to 
start IPs or not (0 =] don't start the IP) and the 
number of connections supported. 

control_array: 
constant c array rep := new c_array_rep_val(; 

start ip-=] 0,-
num_connections =] number_of_connections); 

Define a record for IP process globals access segments. 
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type IP-process_globals_rep_val is 
recora 

request-port: iMAX_Definitions.port; 
end record; 

-- IP process configuration parameters 

constant := 5; 

Input/Output Implementation 
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number_of_msg_slots: 
number_of_processes: 

constant := 10; 
constant := 2; 

message slots in I/O ports 
processes per in or out 
port 

constant := 10; context AS work space 
(slot 9 is assumed to 
be a null by AP software) 

debug_source_AD: Source retypes Debug_Source; 
debug_sink_AD: Sink retypes Debug_Sink; 

procedure Initialize 

is 
pres_no: 
tport: 
tname: 
tpglob: 

short ordinal := 0; 
iMAX Definitions.port; 
iMAX:Definitions.print_name; 
IP_process_globals_rep; 

--** Due to a bug in IP faulting, the ports (and messages) used in 
--** communication with the IP need to be in frozen memory. 
SHO: iMAX Definitions.storage resource := 

Memory_Controller.frozen_global_heap_SHO; 
begin 

-- Create 10 devices from the debug source and sink. 
10 Devices.debug source := debug source AD; 
IO:Devices.debug:sink := debug_sink_AD;-

-- Create the console from the debugger sink 
IO_Devices.console := debug_sink_AD; 
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for i in interface_range range 1 •• number_of_connections loop 

-- create output side of connection 
tport := Untyped Ports. Create port(number of msg slots, 

- - Untyped Ports7FIFO, 
SRO); -

tname := "terminal 000 "; 
tname(12) := character'val(character'pos('O') + integer(i»; 
tpglob := new IP process globals rep val(request port => tport); 
terminals(i).tsi;k:= - - - -

Actual Terminal Sinks.Create terminal sink(tport, tname); 
terminals(i).sink-:= Sink at - -

terminals(i).tsink.Interface_Description; 

for j in 1 •• number_of_processes loop 
prcs no := prcs no + 1; 
IP_M;nagement.Create_IP_process(IP-processor_id, 

pres_no, 

end loop; 

-- create input side of connection 

number of work ADs, 
number-of-work-bytes, 
any_access(tpgTob»; 

tport := Untyped_Ports. Create_port (number_of_msg_slots , 
Untyped Ports.FIFO, 
SRO); -

tname := "terminal 000 "; 
tname(12) := character'val(eharacter'pos('O') + integer(i»; 
tpglob := new IP-process_globals_rep_val(request-port => tport); 
terminals(i).tsrc := 

Actual Terminal Sources.Create terminal source(tport, tname); 
terminals(i).source := Source at- -

terminals(i).tsrc.lnterfaee_Description; 

for j in 1 •• number_of_processes loop 
prcs no := prcs no + 1; 
IP_Management.Create_IP_proeess(IP-processor_id, 

pres_no, 

end loop; 
end loop; 

Start the IP 

if control_array(start_ip) /= a then 

number_of_work_ADs, 
number of work bytes, 
any_access(tpglob»; 

IP Management.Start 1P(IP processor id); 
end If; - - -

end Initialize; 
end IP_Processes; 
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ACTUAL_TERMINAL_SOURCES PACKAGE 

with Terminal Interfaces, iMAX Definitions; 
package Actua~Terminal_Sources is 

Function: 
This package defines the actual domains for terminal 
source support. 

function Create_terminal source( 
req-port_parm: iMAX_Definitions.port; 

-- request port for connection in new source 
conn name parm: iMAX Definitions.print name) 

-name-for connection in new source­
return Terminal_Interfaces.Terminal_Source; 

Function: 

iMAX 432 

This routine creates and returns a terminal source package. 

end Actual_Terminal_Sources; 

ACTUAL TERMINAL SINKS PACKAGE 

with Untyped Ports, Terminal Interfaces, iMAX_Definitions; 
package Actual_Terminal_SinkS is 

Function: 
This package defines the actual domains for terminal 
sink support. 

function Create terminal sink( 
req_port-parm: iMAX:Definitions.port; 

-- request port for connection in new sink 
conn name parm: iMAX Definitions.print name) 

-name-for connection in new sink -
return Terminal_Interfaces.Terminal_Sink; 

Function: 
This routine creates and returns a terminal sink package. 
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IP MANAGEMENT PACKAGE 

with Descriptor_Definitions, iMAX_Definitions; 
package IP_Management is 

Function: 
This package defines the operations necessary to create and 
install processes in IP processors, and initialize and start IP 
processors. 

procedure Create IP process( 
psor_num: - - short ordinal; 

-- ID of processor into which the new process is to be installed 
prcs id: short ordinal; 

---process ID (and offset in processor access object) of new 
-- process 

context work ADs: short ordinal; 
-- number of access descriptors in context access work area 

context work bytes: short ordinal; 
-- nu;ber of bytes in context data work area 

pglob_as: any_access); 
-- process globals access segment for IP process 

Function: 
This routine creates an IP process object with context access 
and data work areas of the requested length. The access 
segment supplied as pglob_as is used as the process globals 
access segment for the IP process. 

procedure Start_IP( 
psor num: short_ordinal); -- processor ID of the IP to be started 

Function: 
This routine starts an Interface Processor. It should be 
called after the IP processes have been created and 
initialized. 

end IP_Management; 
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CHAPTER CON 
CONFIGURATION 

This chapter describes how the iMAX user specifies the system 
configuration on which the user's program, linked with iMAX, will run. 
The iMAX user can control these aspects of the configuration: 

• number and processor identification of General Data Processors 
(GDPs) and Interface Processors (IPs) in the configuration 

• static user processes, defined at compile-time and started at 
system initialization 

• I/O device interfaces present in the configuration 

Configuration of I/O device interfaces is described in Chapter IOI, 
Input/Output Implementation. This chapter (CON) only describes 
configuration of processors and of user static processes. 

Note that minimal iMAX does not support Interface Processors or 
extensible I/O. Thus in minimal iMAX, configuration information 
consists only of a description of the GDPs and user static processes in 
the system. 

The amount and type of memory present in the system is described via 
directives to the LINK-432 linker and not through iMAX configuration 
control. LINK-432 is described in the manual Intel 432 Cross 
Development System VAX/VMS Host User's Guide. 

This chapter does not contain hardware configuration requirements 
(described in Appendix HOW, Hardware Configuration). 

All configuration information resides in package bodies which the user 
may alter. The package specification, environment file, and Ada source 
file for each configuration package body are provided as part of iMAX. 
The user can modify, recompile, and replace the default body for any 
configuration package using the 432 Ada Compiler System and the 
LINK-432 linker. 
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PROCESSORS 

Each functioning processor in a system requires a processor object, and 
iMAX initialization starts all GOPs for which it finds a processor 
object. Because there is a relatively small space penalty for 
configuring more processors than are actually present, a system is can 
be configured for the maximum number of processors that can be 
physically installed. Processor boards can then be added to or removed 
from the system as desired without software reconfiguration. 

The distributed version of iMAX is configured for two GOPs and two 
IPs. This configuration can be changed by modifying and recompiling 
the body of the package Processors. Note that to configure a system 
with more than six processors, the user must modify the constant 
number of psors in the Processors package body. Processors are 
configured by instantiating the generic package GOP Oef with the 
processor identification. Each processor's identification number must 
be unique and be in the range 1 •• 255. 

For 432/600 systems there is a correspondence between processor 
identification number and the bus slot in which the processor card is 
installed (see Table CON-1). 

Table CON-1. Processor 10 Number to Bus Slot 
Mapping for 432/600 Systems 

6-Slot System 12-S1ot System 18-S1ot System 
Bus Backplane Bus Backplane Bus Backplane 

SLOT 10 SLOT 10 SLOT 10 

4 8 12 1 
5 2 9 2 13 2 
6 3 10 3 14 3 

11 4 15 4 
12 5 16 5 

17 6 

The processor slots in 432/600 systems can be used for either GOPs or 
IPs. There must be at least one GOP and one IP present. Thus the 
maximum number of GDPs is four in a 12-slot 432/600 system with one IP. 

The default processors body at the end of this chapter illustrates how 
a user would configure a two-GOP and two-IP system for a 12-s1ot 
432/670 system. 

WARNING 
Note that the user should not change the name of the processor 
list nor the code for procedure Initialize. 
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STATIC PROCESSES 

This section descr ibes iMAX support for static user processes. iMAX 
allows any number of static user processes to be defined at compile 
time and started at system initialization (described in Chapter INI, 
Initialization). iMAX does not provide any control operations (start, 
stop, destroy) on static processes. Users requiring these capabilities 
should use iMAX dynamic processes, described in Chapter BPM, Basic 
Process Management. The process operations of iMAX Basic Process 
Management cannot be applied to static processes. 

Static processes are most important in minimal iMAX systems. Minimal 
iMAX does not support dynamic user processes and all user processes 
must be defined at compile time as static processes. 

STATIC PROCESS OPERATIONS 

The only operations available on static processes are the 
iMAX Definitions.Idle procedure, which suspends the calling process for 
a gfVen time period (described in Chapter DEF, Basic Defini tions) and 
the port operations (described in Chapter COM, Interprocess 
Communication). 

START PROCESS 

T 
READY 

FAULT 
RUNNING FAULTED 

BLOCKED 

F-02S1 

Figure CON-1. Static Process State Transitions 
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STATIC PROCESS STATE TRANSITIONS 

The state tr ansi tions for static processes are illustr ated in Figure 
CON-1 : 

• Static processes are started in the ready state, queued at the 
dispatching port waiting for a processor. 

• A running static process can be blocked because it invokes Idle or 
a blocking port operation. When the Idle or port operation 
completes, the process becomes ready again. 

• A running static process may also give up a processor because its 
time slice expires. Such a process is rescheduled at the 
dispatching .port among other ready processes. 

• If astatic process faults for any reason, the DEBUG-432 debugger 
reports the fault on the debugger console. 

If a static process returns from its initial procedure, a system error 
results. System errors are described in Apendix FLT, Fault-Handling. 

Note that static process states are different than the dynamic process 
states described in Chapter BPM, Basic Process Management. 

CREATING AND STARTING STATIC PROCESSES 

Users can create and start static processes by writing a body for the 
package User Processes, calling on defini tions in the package Process 
Definitions. 

The User Processes package speci fication contains only one entry, a 
parameter less procedure called Initialize. The user-supplied body (see 
example at end of this chapter) must instantiate all user processes and 
provide the body of Initialize to start them. 

User processes are instantiated as occurences of the generic package 
Process Instance, defined within Process Definitions. The declarer 
supplies these parameters: 

Process_Startup 

SRO size 

num OT entries 

CON-4 

the initial procedure for the process 

optional print name for the process (defaults 
to all spaces)--

optional size of process stack SRO in bytes (if 
defaulted or zero, iMAX selects a size) 

optional number of entries in process object 
table (if defaulted or zero, iMAX selects a 
size) 
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frozen 

service_period 

deadline 

priority 

Configuration 

optionally, whether the static process should 
be allocated in frozen memory (described in 
Chapter STO, Storage Management) (if defaulted, 
the static process is allocated in normal 
memory) • 

optional process scheduling parameter 

optional process scheduling parameter 

optional process scheduling parameter 

Each instance of Process Instance makes visible two fields: process id, 
the unique short ordinal-identification of the created process, and the 
procedure Complete process initialization, which must be called by the 
user-supplied body of User Processes. Initialize to start the process. 
The process id field is not~efined until Complete process 
initialization returns. - -

There is no limit on the number of user static processes. However, the 
user must direct the LINK-432 linker to reserve a sufficient number of 
object table directory (OTO) entries for the user processes. Each user 
process has its own object table, requiring a single OTO entry. The 
user should request (5+x) OTD entr ies, where x is the number of user 
static processes. LINK-432 linker directives are described in the 
Intel 432 Cross Development System VAX/VMS Host User's Guide. 

STATIC PROCESS SCHEDULING 

Static processes contend only with each other for scheduling in minimal 
iMAX systems -- there are no run-time processes required to support 
minimal iMAX after initialization completes. In full iMAX systems, 
static processes contend both with each other and with dynamic user 
processes and system processes for scheduling. 

The default scheduling parameters for static processes are given in 
Chapter DEF, Basic Definitions. Chapter OEF also explains the meaning 
of the scheduling parameters. Appendix PRS, Process Scheduling 
Information, gi ves guidance for choosing process scheduling parameter 
values. The iAPX 432 General Data Processor Architecture Reference 
Manual also describes process scheduling. 
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PROCESSORS PACKAGE BODY 

with IP Initialization. iMAX Definitions, Processor_Initialization, 
Unchecked Conversion; -

package body Processors is 

Specification file: PSORS.MSS 

Logic: 
Define the processors and the processor list. The Initialize 
procedure is called during system initialization to make the 
processor list available to the system. 

This package is included in iMAX to allow reconfiguration of 
processors. More processors may be added, or the mix of 
GDPs and IPs may be changed as desired. 

The variable name "processor_list" is used by LINK-432 to find 
the processor list. THIS NAME CANNOT BE CHANGED. 

use iMAX_Definitions. Processor~Initialization, IP_Initialization; 

number_of-psors: constant := 6; 
-- 432/670 systems are limited to 6 processors 

subtype actual_psor_range is short_ordinal range 1 •• number_of_psors; 

type actual psor list rep val is array (actual psor range) of 
- - - - iMAX_Definitions:processor; 

type actual-psor_list_rep is access actual_psor_list_rep_val; 

Invoke the processor generics to create instances of GDP and IP 
processors as required. 

package psor1 is new GDP_Def(psor_num => 1); 
package psor2 is new GDP_Def(psor~num => 2); 

-- two IP processors. one for I/O, one for the debugger 

package psor4 is new IP_Def(psor_num => 4, 
prcs_count => 1 , 
psor_name => "d_e_b_u_g_g_e_r"); 

package psor5 is new IP _Def(psor _num => 5, 
prcs_count => 10, 
psor_name => " AP System One II); 
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-- get a handle of the proper type on the processor objects 

processor 1: processor retypes psor1.psor; 
processor2: processor retypes psor2.psor; 
processor3: constant processor := null; 

processor4: processor retypes psor4.psor; 
processor5: processor retypes psor5.psor; 

-- processor 6 not currently provided for 

processor6: constant processor := null; 

default version has only 
2 GOP's. 

processor_list: constant actual_psor_list_rep := new 
actual psor list rep vale 

- - - -1 => processor1, 
2 => processor2, 
3 => processor3, 
4 => processor 4, 
5 => processor5, 
6 => processor6); 

function Retype_t0-9sor_list_rep is new Unchecked Conversion( 
source => actual psor list rep, 
target => psor _llst_r;p); -

procedure Initialize 
is 

CODE MAY NOT BE ADDED TO THIS PROCEDURE BODY! 

begin 
defined psors := number of psors; 
processor_list_AD := Retype_to-psor_list_rep(processor_list); 

end Initialize; 

end Processors; 
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PROCESS DEFINITIONS PACKAGE 

with iMAX Definitions; 
package Process_Definitions is 

-- Function: 
This package provides the mechanism to create and start user 
processes. Instantiation of the generic package 
"Process_Instance" will statically bring some of the objects 
into existence that make up the process. Initialization of the 
process is completed dynamically by calling the 
"Completeyrocess_initialization" procedure. 

subtype deadline_type is iMAX Definitions.deadline scheduling value 
range 0 •• 2** 14 - 1; - -

generic 
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with procedure Process Startup; 

process_name: 

SRO size: 

- -- The initial procedure to be executed 
-- by this process. 

iMAX Definitions.print name := " 
- Used mainly-for debugging purposes. 

ordinal := 0; 

Ii • , 

The size in bytes of this process's 
stack. If a value of 0 is specified, 
a default value will be used. 

num OT entries: short ordinal := 0; 

frozen: 

- The number of entries in the process's 
stack object table. If a value of 0 
is specified, a default value will be 
used. 

boolean := false; 
-- If true, create the process in frozen 
-- memory, 
-- If false, create the process in normal 
-- memory. 

serviceyeriod: short ordinal := iMAX Definitions. 
default service_period; 

deadline: deadline_type := iMAX Definitions. 
default_deadline; 

priority: short ordinal := iMAX Definitions. 
default_priority; 
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package Process_Instance is 

Function: 
This package provides the instantiator with a procedure that 
will complete the initialization of the process. It also 
provides the process ID of the process. This process ID 
is only meaningful after the process is completely 
initialized, i.e. after "Complete process initialization" is 
called. - -

short_ordinal; -- The unique process ID of the 
-- created process. 

procedure Complete_process_initialization; 

Function: 
Completes initialization of the process. 

end Process_Instance; 

end Process_Definitions; 
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USER PROCESSES PACKAGE BODY EXAMPLE #1 

--I! Note: This example is for the minimal configuration of iMAX. It 
--I! is included with iMAX as the file "V1USRP.MBS". 

with Process Definitions, iMAX Definitions; 
package body-User_Processes is-

-- Function: 
This is an example User_Processes package body which users 
should follow in developing their own. 

This module instantiates the user processes and provides an 
Initialize procedure which completes the initialization of 
each user process. 

For each user process, there is an initial procedure and an 
instantiation of Process Definitions.Process Instance which 
specifies the process id, the initial procedure, and the 
process' stack SRO and object table sizes. 

Finally, the initialize procedure provided by this module 
simply calls the Complete_process_initialization procedure 
in each instantiation of Process Definitions.Process Instance. - -
This example defines two user processes which simply loop. 
Users may define any number of user processes to do whatever 

-~ functions are needed. 

-- DECLARATIONS FOR USER PROCESS 1 --

procedure UPROC1_initial_proc; -- forward declaration 

package UPROC1 is new Process_Definitions.Process_Instance( 
Process_Startup => UPROC1_initial_proc); 

-------------------------------------
-- DECLARATIONS FOR USER PROCESS 2 --
-------------------------------------
procedure UPROC2_initial_proc; -- forward declaration 

package UPROC2 is new Process Definitions.Process Instance( 
Process_Startup => UPROC2_initial_proc); -
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-- BODY OF INITIAL PROCEDURE FOR USER PROCESS 1 --

procedure UPROC1 initial proc 
is --

var: ordinal := 0; 
begin 

loop 
var : = var + 1; 

end loop; 
end UPROC1_initial_proc; 

-- BODY OF INITIAL PROCEDURE FOR USER PROCESS 2 --

procedure UPROC2 initial proc 
is --

var: ordinal := 0; 
begin 

loop 
var : = var + 1; 

end loop; 
end UPROC2_initial_proc; 

-- PROCEDURE TO INITIALIZE ALL USER PROCESSES --
------------------------------------------------
procedure Initialize 
is 
begin 

UPROC1.Complete process initialization; 
UPROC2.Complete:process:initialization; 

end Initialize; 

Configuration 
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USER PROCESSES PACKAGE BODY EXAMPLE #2 

--I Note: This example is for the full configuration of iMAX. It is 
--I included with iMAX as the file "V2USRP.MBS". There is only 
--I one difference between this example and the previous one. 
--I The example for full iMAX includes a call to the procedure 
--I Release Data.Output release data, which writes the sign-on 
--I message-"iMAX 432 V2.XX" to-the system console device. 

with Process Definitions, iMAX Definitions, Release_Data; 
package body-User_Processes is-

Function: 
This is an example User Processes package body which users 
should follow in developing their own. 

This module instantiates the user processes and provides an 
Initialize procedure which completes the initialization of 
each user process. 

For each user process, there is an initial procedure and an 
instantiation of Process Definitions.Process Instance which 
specifies the process id~ the initial procedure, and the 
process' stack SRO and object table sizes. 

Finally, the initialize procedure provided by this module 
simply calls the Complete_process_initialization procedure 
in each instantiation of Process_Definitions. Process_Instance. 

This example defines two user processes which simply loop. 
Users may define any number of user processes to do whatever 
functions are needed. 

-- DECLARATIONS FOR USER PROCESS 1 --

procedure UPROC1_initial_proc; -- forward declaration 

package UPROC1 is new Process_Definitions.Process_Instance( 
Process_Startup => UPROC1_initial_proc); 

-- DECLARATIONS FOR USER PROCESS 2 --

procedure UPROC2_initial_proc; -- forward declaration 

package UPROC2 is new Process Definitions.Process Instance( 
Process_Startup => UPROC2_initial_proc); -
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-- BODY OF INITIAL PROCEDURE FOR USER PROCESS 1 --

procedure UPROC1 initial proc 
is --

var: ordinal := 0; 
begin 

loop 
var : = var + 1; 

end loop; 
end UPROC1_initial_proc; 

-- BODY OF INITIAL PROCEDURE FOR USER PROCESS 2 --
--------------------------------------------------
procedure UPROC2_initial_proc 
is 

var: ordinal := 0; 
begin 

loop 
var : = var + 1; 

end loop; 
end UPROC2_initial_proc; 

------------------------------------------------
-- PROCEDURE TO INITIALIZE ALL USER PROCESSES --
------------------------------------------------
procedure Initialize 
is 
begin 

Release Data.Output release data; 
UPROC1.Complete process initialization; 
UPROC2.ComPlete:process=initialization; 

end Initialize; 

end User_Processes; 

Configuration 
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CHAPTER INI 
INITIALIZATION 

This chapter describes iMAX ini tialization. Ini tialization has these 
parts: 

• hardware initialization 

• loading the central system 

• software initialization 

• entry to user code 

This chapter does not describe initialization of Peripheral Subsystems, 
but presumes that software running on an Attached Processor is being 
used to initialize a 432 central system. Initialization of the iMAX IP 
Controller software is described in Chapter 101, Input/Output 
Implementation. 

The AP software that performs hardware initialization and loads central 
system memory can be ei ther the DEBUG-432 debugger or user software. 
iMAX provides PL/M-86 util i ty routines to support users writing their 
own AP software to perform initialization. 

Ini tialization using DEBUG-432 is appropriate in a development 
environment, for 432 software executing within the Intel 432 Cross 
Development System's 432/670 Execution Vehicle. Initialization via 
user software is required for 432 software embedded in a customer 
product. 

INITIALIZATION USING DEBUG-432 

DEBUG-432 is the Intel 432 system debugger. DEBUG-432 executes on an 
Intellec Series III Microcomputer Development System as part of the 
Intel 432 Cross Development System (432 CDS). The Intellec uni t is 
connected to a System 432/670 execution vehicle by an iAPX 432 
Interface Processor (IP). To the 432/670 central system, the Intellec 
uni t and its associated' IP form a Peripheral Subsystem. To the user, 
the Intellec unit with DEBUG-432 is a means of loading, starting, 
observing, and controlling central system programs. 
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Table INI-1 lists DEBUG-432 commands used for central system 
ini tialization. These commands and other features of DEBUG-432 are 
described in the Intel 432 Cross Development System Workstation User's 
Guide. Figure INI-1 gives an example of initialization using DEBUG-432. 

Table INI-1. DEBUG-432 Commands for Central System Initialization 

Command Partial Description 

INIT places the System 432/670 in a state capable of 
executing programs. INIT resets the 432/670 
hardware and clears the 432/670 memory. The 
hardware reset includes resetting all the GDPs 
and IPs in the System 432/670, which stops all 
432 program execution. 

INIT SYSTEM resets the 432/670 hardware, including all the 
GDPs and IPs, but does not clear the 432/670 
memory. Thus the memory image remain intact 
and ready for examination or execution. 

DEBUG [ filename ] enables logical addressing and optionally loads 
an .EOD file into the System 432/670 memory. 

LOAD filename 

START 

INI-2 

loads an .EOD file into the System 432/670 
memory and disables logical addressing. 

starts the lowest numbered GDP in the System 
432/670, which should begin executing 
previously loaded central system initialization 
code. The central system code should start all 
other processors in the system. The START 
command can be used only if logical addressing 
is enabled (see DEBUG). 
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-RUN DEB432 
SERIES III 432 SYSTEMS LEVEL DEBUGGER, V1.00 

?include deb432.tem includes Intel-supplied debugger 
"templates" 

?init -- hardware initialization of 432/670 

TOP OF MEMORY IS: 7FFFF 
?debug V2test.eod -- load the program to be debugged and 

enable logical addressing 

?start 

user can set breakpoints, 
patch memory, etc. 
before starting program 

iMAX 432 V2.XX 
starts central system processing 
initial message for full iMAX (where 
Xs are decimal digits giving 
additional version information) 

Figure INI-1. Initialization Using DEBUG-432 

NOTE 

Users of DEBUG-432 who need to know the object 
coordinates of user processes at initialization 
should set breakpoints at the start of the ini tial 
procedure for each user process. DEBUG-432 will give 
the object coordinates of the processes in the 
breakpoint notification messages. 

INITIALIZATION INTERFACE FOR USER AP SOFTWARE 

This section describes a PL/M-86 interface available to users writing 
their own Attached Processor software to initialize a 432 central 
system. The interface is defined by the PL/M-86 files LDUTIL.EXT and 
LDUSER. EXT. LDUTIL contains subroutines to ini tiali ze the 432 
hardware, load a system image into 432 memory, and start a GDP. The 
user of LDUTIL must supply certain public variables and routines that 
are referenced by the load utility. These variables and routines are 
specified by the file LDUSER. These load utili ties use the iMAX IP 
controller software described in Chapter 101, Input/Output 
Implementation. The load utilities require the IP used to be in 
physical mode. 
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HARDWARE INITIALIZATION 

The routine Initialize_system resets the system bus, initializes the IP 
windows, and zeroes central system memory. The routine uses the 
top_of_memory variable provided by the user. 

After hardware initialization, the control window (IP window 4) of the 
IP used for initialization is mapped to the top 256 bytes of physical 
memory in the central system (as determined by the top_of_memory 
variable), and the IP is left in physical mode. If the user wants this 
window mapped to some other part of the central system's memory, an 
ALTER MAP operation can be done using the iMAX IP Controller software. 
The iMAX IP Controller software is described in Chapter 101, 
Input/Output Implementation. 

The hardware initialization sequence resets all 432 processors in the 
system. 

If more than one AP executes the hardware initialization sequence, then 
the last AP to perform the sequence will force all IPs in the system 
into their initial state, in physical mode with the default window 
settings. 

LOADING 

Two routines are provided for loading a system image. Load LIF 
supports the load image file (.LIF) format which is created using the 
DEBUG-432 SAVE command. -road block copies a block of AP memory to a 
specified location in 432 memory, supporting user-defined formats. 
Both system loading routines use IP window a in buffered mode. 

Load LIF 

The DEBUG-432 SAVE command produces an ISIS file in LIF format, which 
can be loaded by calling Load_LIF. Load_LIF makes requests to the 
user-provided routine Read LIF data for buffers containing portions of 
the LIF. Load LIF has no parameters. 

Load block 

Support for user-defined load formats is provided by the routine 
Load block. Load block can also be used in combination with Load LIF. 
Load-block copies-the specified buffer of data to central system m~mory 
at the specified address. Load block has four parameters, the 432 
memory address in two parts (higll 432 addr, low 432 addr), the length 
of the buffer (length. actually length in bytes minus one), and a 
pointer to the buffer in AP memory (buffer ptr). The maximum buffer 
length is 2**16 (65.536) bytes. --
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STARTING THE SYSTEM 

After the system image has been loaded, the Start GDP routine can be 
called to start the system. iMAX ini tialization assumes that the AP 
will start only one GDP. Any other GDPs in the system will be started 
by iMAX code running in the central system. 

WARNING 

If more than one GDP is started by AP software, the 
effects are unpredictable and certainly undesirable. 

Start_GDP has one parameter, the processor ID of the GDP to be started 
(processor_ID). The routine sends a Start IPC to the specified GDP and 
returns after the IPC operation completes. Start GDP does not wait for 
acknowledgement from the 432. 

WARNING 

If there is a processor object in central system 
memory, but no physical processor with the specified 
processor ID, then the IPC will complete 
successfully, but the system will not start. 

USER-PROVIDED INFORMATION 

The iMAX utility routines described require an environment containing a 
public variable and one or more routines provided by the user. 

The user-defined record top of memory must contain the address of the 
last byte of central system memory. This value is used for zeroing 
system memory and for locating the IP control window. 

The user-defined procedure User error is called when an error occurs 
during initialization. User err()r has one parameter (error msg ptr), a 
pointer to a null-terminated-ASCII string containing an error message. 
Table INI-2 lists the possible error messages. 

If Load LIF is used to load the system, then the user must supply the 
procedure Read LIF data to read the system image one buffer at a time. - -
Read LIF data has two parameters: a pointer to a buffer where the LIF 
data- should be placed (buffer ptr), and a requested data length 
(length, which is actual length, liOt length minus one). 
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Table INI-2. AP Initialization utilities Error Messages 

Message Comments 

IP Context fault The IP has faulted. 

IP Process fault 

IP Processor fault 

IP Fails to perform requested 
function (timed out) 

Failed to initialize 432 system 

Checksum discrepancy on LIF record 

Bad LIF record type detected 

Bad header/LLA records on LIF 

Object Descriptor Map Failure 

Bad Object Descriptor 

Bad Object Descriptor System Type 

Bad Object Descriptor Processor Type 

Access Descriptor Map Failure 

AD not valid 

Work window invalidation failure 

Send IPC failure 
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tI tI " 

" tI " 
The IP fails to respond. 

The hardware INIT signal 
was not acknowledged. 

There is an error in the 
LIF file to be loaded. 

tI " tI 

tI " " 
Start GDP failed due to an 
error-in the program image 
loaded into the central 
system. 

" " " 

" " " 

" " " 

" " " 
" " " 
tI " " 

The start IPC failed 
because the target PCO was 
locked. 
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CENTRAL SYSTEM PROGRAM INITIALIZATION 

At this point in the initialization sequence, hardware initialization 
is complete, a user program containing iMAX has been loaded, and one 
GDP has been started. This GDP now executes iMAX initialization code. 
This code is different for the two iMAX configurations -- full iMAX and 
minimal iMAX. The initialization code creates additional system 
objects needed by iMAX, starts support processes internal to iMAX (such 
as the parallel garbage collection process), and starts any other GDPs 
and IPs in the system. 

INITIAL SYSTEM MESSAGES 

The minimal configuration of iMAX writes the messages listed in 
Appendix MIN, Minimal Configuration. The full configuration of iMAX 
wri tes the message: "iMAX 4 32 V2. XX", where the Xs are decimal digi ts 
giving additional version information. 

ENTRY TO USER CODE 

The first user-supplied modules to execute are the procedures 
IP Processes.lnitialize (first) and User Processes.lnitialize (second), 
with specification provided by iMAX and- body modified or supplied by 
the user. 

The body of IP_Processes. Ini tialize creates connections, creates IP 
processes, and starts IPs. A default body is supplied by iMAX to 
initialize iMAX I/O. Users modify this body if they change the I/O 
configuration by adding or removing devices or Peripheral Subsystems. 
The IP Processes package is described in Chapter IOI, Input/Output 
Implementation. 

The body of User Processes. Initialize should call Complete process 
initialization fOr any static processes defined by th-e user.- The 
user-supplied body can also use iMAX Basic_Process_Management to create 
and start dynamic processes. The User Processes package and static 
processes are described in Chapter CON, Configuration. 
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LDUTIL.EXT LISTING 

/********** 

Title: LDUTIL - System loading utilities. 

Function: The routines declared externally here provide the 
user with the ability to initialize, load, and start 
a 432 system. Note that to use them, a user must 
first provide definitions for the externals listed in 
LDUSER. 

These routines make use of the IP jumpered to 
Multibus addresses 80000H - 8FFFFH. Unless otherwise 
stated these routines assume the IP is in physical 
mode and leave it in physical mode. 

**********/ 

/********** 

INITIALIZE SYSTEM: This procedure initializes the 432 system 
and zeroes all memory up to top of memory. The 432 system can be 
in any state when this is called (as long as it is powered up), 
and the IP used to perform initialization will be left in 
physical mode with its control window open on the upper 256 
bytes of memory. 

**********/ 

Initialize system: 
PROCEDURE EXTERNAL; 
END 

Initialize_system; 

/********** 

LOAD LIF: This procedure loads an LIF (load image file) formatted 
byte stream into the 432 system. It gets its data via the user-
provided procedure Read_LIF_data. 

**********/ 

Load LIF: 
PRUCEDURE EXTERNAL; 
END 

Load_LIF; 
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1********** 

LOAD BLOCK: This procedure loads the specified block of data into 
the 432's memory. A block cannot be longer than 64K bytes. 

The length parameter is one less than the actual number of 
bytes. 

**********1 

Load block: 
PROCEDURE (high_432_addr, low_432_addr, length, buffer_ptr) EXTERNAL; 

DECLARE 

END 

high 432 addr 
low 432 addr 
length -
bufferytr 

1********** 

BYTE, 
WORD, 
WORD, 
POINTER; 

1* upper 8 bits of 432 address *1 
1* lower 16 bits of 432 address *1 
1* one less than actual byte count *1 
1* starting address of source *1 

START GDP: This procedure starts the specified GDP by sending 
it a "start" IPC. It assumes that an image has been already 
loaded and that the specified GDP exists. If the GDP processor 
object exists, but no corresponding physical GDP is plugged in, 
the IPC will be successfully sent (though never received), and 
no user error message will be generated. 

**********1 

Start GDP: 
PROCEDURE(processor id) EXTERNAL; 

DECLARE -
processor_id 

END 
Start_GDP; 

BYTE; 1* ID of GDP processor to start *1 
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LDUSER.EXT LISTING 

1********** 

Title: LDUSER - user defined load externals. 

Function: Users of the system load utilities must provide 
definitions for these externals. 

**********1 

1********** 

iMAX 432 

The top 432 memory address must be known in order to initialize 
memory. The user must declare top_of_memory as a PUBLIC variable. 

**********1 

DECLARE top of memory 
STRUCTURE(low WORD, 1* lower 16 bits of 432 address *1 

high WORD) 1* upper 8 bits of 432 address (left padded) *1 
EXTERNAL; 

1********** 

READ LIF DATA: This procedure is called by the Load LIF utility. 
It is expected to get the next specified number of bytes 
from an LIF (load image file) formatted byte stream and put 
them into the specified buffer. 

**********1 

Read LIF data: 
PROCEDURE (buffer_ptr, length) EXTERNAL; 

DECLARE 

END 

buffer ptr 
length-
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POINTER, 
WORD; 

1* starting address of buffer *1 
1* byte count to place in buffer *1 
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1********** 

USER ERROR: This procedure is called whenever a user error is 
detected in the load utllity routines (e.g. if a bad LIF record 
is encountered). The error msg ptr points to an error message 
consisting of ASCII bytes termTnated by a zero byte (ASCII 
null) • 

In general, user errors are fatal and this routine should not 
return control. 

**********1 

User error: 
PROCEDURE(error_msg ptr) EXTERNAL; 

DECLARE 
error_msg_ptr POINTER; 1* points to error message string *1 

END 
User_error; 

INI-11 





APPENDIX SUM 
SOFTWARE COMPONENTS SUMMARY 

This appendix lists the software components that make up iMAX 432. 
These components are divided as follows: 

1. VAX host system files (VMS or UNIX operating systems), supplied on 
magnetic tapes (600', 1600 bpi): 

a. Ada package specifications and environments for user-visible 
packages. 

b. Ada package bodies modifiable by users (and corresponding 
environments). 

c. already linked • EOD (external object description) files that 
contain iMAX configurations for the user to link to. 

2. Intellec Series III Microcomputer Development System files (ISIS-II 
operating system) supplied on floppy diskette (either single or 
double-density): 

a. PL/M-86 specifications for user-visible interfaces to iMAX IP 
controller software (.EXT files). 

b. PL/M-86 modules modifiable by users, and corresponding object 
files (.PLM, .OBJ files). 

c. already linked • LNK files that contain iMAX IP controller or 
terminal support software 

d. ICU88 configuration files to support users configuring AP 
software. 

For each software component listed below, the file name and extensions 
are given, along with the name of any Ada packages defined by the file, 
and a reference to the chapter (if any) where the listing can be found. 

The Ada package TEXTIO is supplied with the iMAX host files. However, 
TEXTIO is not part of iMAX and the files associated with TEXTIO are not 
listed here. TEXTIO is described in the Ada Support Packages User's 
Guide. 

Users of the UNIX operating system on the VAX host must specify iMAX 
file names in upper case (UNIX is case-sensitive). User's of the VMS 
operating system can use upper case, lower case, or a mixture of cases 
in file names (VMS is not case-sensitive). 
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These extensions are used for the VAX host files: 

.MLS listing of the specification for an iMAX module 

.MBS source file for the body of an iMAX module (the body can 
be modified by the user) 

.MLE environment file for an iMAX module 

.MLI integrated environment file for one or more iMAX modules. 
produced by the COMBINE utility 

.EOD linked "external object description" for one or more 
modules. or for an entire iMAX configuration 

The VAX host file extensions follow conventions described in the Intel 
432 Cross Development System VAX Host User's Guide. 

Name 

DESDEF 
MAXDEF 
SRO 
MEMCTL 
BPM 
PORTS 
TYPORT 
CXDEFS 
PGLOB 
EXTMGT 
IODEFS 
IOINTF 
TERM IN 
DBISRC 
DBISNK 
IODEV 
DEVINT 
IPPRCS 
TSRC 
TSINK 
IPMAN 
PSORS 
PROC 
V1USRP 

V2USRP 

MINMAX 
IMAX 
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Extensions 

• MLS, • MLE 
• MLS, .MLE 
.MLS, .MLE 
.MLS, .MLE 
.MLS, .MLE 
• MLS, • MLE 
.MLS, .MLE 
• MLS, • MLE 
.MLS, .MLE 
• MLS, • MLE 
.MLS, .MLE 
• MLS, • MLE 
.MLS •• MLE 
.MLS, .MLE 
.MLS •• MLE 
.MLS, .MLE 
.MLS, .MLE 
• MBS, .MLI 
.MLS, .MLE 
• MLS. .MLE 
.MLS, .MLE 
• MBS, • MLI 
.MLS, .MLE 
• MBS, • MLI 

• MBS, • MLI 

.EOD 

.EOD 

VAX Host Files 

Description 

Descriptor Definitions 
iMAX DefinItions 
SRO Manager 
Memory Controller 
Basic_Process_Management 
Untyped Ports 
Typed_Ports 
Context Definitions 
Process-Global Definitions 
Extended_Type_Manager 
10 Definitions 
Synchronous 10 Interfaces 
Terminal Interfaces 
Debug_Source 
Debug Sink 
10 Devices 
Asynchronous_IO_Interface 
IP Processes body 
Actual Terminal Sources - -Actual Terminal Sinks 
IP_Management 
Processors body 
Process Definitions 
User Processes body (minimal 

iMAX example) 
User Processes body (full 

iMAX example) 

linked minimal iMAX configuration 
linked full iMAX configuration 

--

Chapter 

DEF 
DEF 
STO 
STO 
BPM 
COM 
COM 
PEN 
PEN 
EXT 
10 
10 
10 
10 
10 
10 
10 
101 
101 
101 
101 
CON 
CON 
CON 

CON 



iMAX 432 Software Components Summary 

These extensions are used for the ISIS-II files: 

• INC files to be included in PL/M-86 modules. Each" include 
file" may declare a set of related literals and external 
procedures • 

• EXT external declarations of iMAX-supplied or user-supplied 
interfaces (equivalent to an Ada package specification) 

.PLM code and data for a PL/M-86 module (equivalent to an Ada 
package body) 

.A86 code and data for an ASM-86 assembly language module 

.OBJ object code and data corresponding to a PL/H-86 or ASM-86 
module 

.LNK linked file corresponding to one or more AP program 
modules 

.CON ICU88 configuration file 

.CSD ISIS-II command file 

[null] used in this appendix to mean no extension 

PL/M-86 files, configuration files, and linked files all have two 
versions in the list below, for both the non-megabyte and megabyte 
versions of iRMX 88 (except for LDUTIL.LNK, which is the same for both 
versions). The first files in the list are for the non-megabyte 
version. The following files (with "M" as the first letter of their 
file names) are for the megabyte version. 

ISIS-II Files 

Name Extensions Description Chapter 

APEXEC .INC AP Executive Calls 101 
BASDEF .INC IP Basic Definitions 101 - -FUNCTN .INC IP Function Interface 101 
XFER .INC IP-Transfer-Driver 101 - -
FRMGR .INC IP_Function_Manager 101 
WINDOW .INC IP_Window_Manager 101 
APINIO .EXT AP Initialization utilities 101 

-- no terminal 
APINI1 .EXT AP initialization utilities 101 

-- one terminal 
APINI5 .EXT AP initialization utilities 101 

-- five terminals 
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Name Extensions 

INITLO .PLM, .OBJ 

INITL1 .PLM, .OBJ 

INITL5 .PLM, .OBJ 

TERMO • CON, • CSD, 
.A86, [null] 

TERM1 .CON, • CSD, 
• A86, [null] 

TERM5 • CON, • CSD, 
.A86, [null] 

LDUTIL .EXT, .LNK 
LDUSER .EXT 

IPCTRL .LNK 

SUP1TH .LNK 
SUP5TH .LNK 

ISIS-II Files 

Description 

AP initialization task 
-- one terminals 

AP initialization task 
-- one terminal 

AP initialization task 
-- five terminals 

ICU88 files 
-- no terminals 

ICU88 files 
-- one terminal 

ICU88 files 
-- five terminals 

AP load utilities 
user-supplied information for 

AP load utilities 
linked IP controller 

(and iRMX 88) 
linked support for one terminal 
linked support for five terminals 

iMAX 432 

Chapter 

IOI 

IOI 

IOI 

INI 
INI 

1* Remaining files are equivalent to ones above, but use the megabyt~ 
version of iRMX 88.*1 

Name Extensions Description Chapter 

MINITO .PLM, .OBJ AP initialization task IOI 
-- no terminal 

MINIT1 .PLM, .OBJ AP initialization task IOI 
-- no terminal 

MINIT5 .PLM, .OBJ AP initialization task IOI 
-- five terminals 

MTERMO .CON, .CSD, ICU88 files 
.A86, [null] -- no terminal 

MTERM1 .CON, .CSD, ICU88 files 
.A86, [null] -- one terminal 

MTERM5 .CON. ,CSD, ICU88 files 
.A86, [null] -- five terminals 

MIPCTL .LNK linked IP controller 
(and iRMX 88) 

MSUP1T .LNK linked support for one terminal 
MSUP5T .LNK linked support for five terminals 
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MINIMAL CONFIGURATION 

This appendix describes minimal iMAX, a subset of full iMAX that 
provides a simple environment for executing multiple processes on 
multiple 432 processors. 

Minimal iMAX does not provide storage reclamation or compaction, 
run-time process management, extended types, or fault handling. 
Minimal iMAX does not support 432 Interface Processors and only 
provides 1/0 through the DEBUG-432 debugger. 

The user-visible packages in minimal iMAX are listed below. With the 
exceptions noted, these modules are the same as the corresponding 
modules in full iMAX, and are described in the main part of this manual. 

Table MIN-1. Minimal iMAX Packages 

Descriptor_Definitions 
iMAX Definitions 

Untyped Ports 
Typed_Ports 

Context Definitions 
Process-Globals Definitions 

Note:- In minimal iMAX process global access segments, these 
fields are null: context fault_area, 
extended type manager, simulator, and process manager. 
The Create_local_heap function referenced -by the 
sro_manager field always returns an access for the single 
global heap SRO in a minimal configuration. The 
default_global_heap_sro field also references the single 
global heap SRO. The standard_input, standard_output, 
and standard error 1/0 interfaces are all assigned to the 
DEBUG-432 console. 

10 Definitions 
Synchronous_Interfaces 
Debug Source Get asynchronous interface returns null. 
Debug=Sink -- Get:asynchronous:interface returns null. 

Process Definitions 
User Processes 
Processors 

Note: The processor list may contain only GDP objects (no IP 
objects) in minimal iMAX. 
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The only processes active in a minimal iMAX system are those created at 
initialization as user static processes (as described in Chapter CON, 
Configuration). 

A minimal iMAX system contains a single global heap SRO. 
allocated from this SRO is never reclaimed. 

Storage 

ADA PROGRAMMING RESTRICTIONS 

This section lists features of the Ada programming language that 
minimal iMAX cannot support and suggest ways that users can "program 
around" these missing features. In general, users needing capabilities 
not supported by the minimal configuration should use the full 
configuration of iMAX. Some of the features listed that minimal iMAX 
cannot support are not yet implemented by the 432 Ada compiler in any 
case. A list of Ada features not yet implemented by the 432 Ada 
compiler is contained in the Intel 432 Cross Development System VAX 
Host User's Guide. 

Restriction and Suggested Action 

Packages and access types 
cannot be declared within 
a subprogram. 

Declare all packages and access 
types outside of subprograms. 

Ada tasks cannot be supported 
(and neither can iMAX dynamic 
processes). 

Use iMAX static processes instead 
of Ada tasks or iMAX dynamic 
processes. Operations available 
on static processes include Idle 
and the interprocess communication 
operators. 

A subprogram call cannot create 
a context access segment or a 
context data segment larger than 
2,048 bytes (512 access 
descriptors). Variables 
declared local to a subprogram 
cannot contain any segment 
larger than 2,048 bytes. 

MIN-2 

Explanation 

Packages or access types local 
to a subprogram require creation 
of local heap SROs, which are 
not supported by minimal iMAX. 

Minimal iMAX does not include the 
process management and storage 
management features needed to 
support Ada tasks (or iMAX 
dynamic processes). 

The 432 GDP will zero a newly 
created segment only if it is 
not larger than 2,048 bytes. If 
a larger segment is created from 
"dirty" (non-zero) memory, the 
GDP faults, and software must 
zero the segment. Minimal iMAX 
does not provide the fault 
handler to do this zeroing. 
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Restriction and Suggested Action 

Ei ther: 
1) Break up the subprogram into 

smaller subprograms, or 
2) Replace large local variables 

with access variables 
referencing segments allocated 
with the Ada ~ operator from 
the global heap SRO. 

CONSOLE MESSAGES 

Minimal Configuration 

,Explanation 

Because minimal iMAX 
initialization zeroes all free 
memory, and because segments 
created from the single global 
heap SRO are never reclaimed, 
any segment created from the 
global heap in minimal iMAX is 
created from "clean" (all 
zeroes) memory and can be larger 
than 2,048 bytes without causing 
a fault. However, because stack 
memory is constantly reused, it 
will almost certainly be "dirty" 
and any attempt to create a 
segment larger than 2,048 bytes 
from the stack will almost 
certainly fault. 

This section lists messages that appear or may appear on the DEBUG-432 
terminal when a minimal iMAX system initializes. Note that minimal 
iMAX is not a proper subset of full iMAX in this regard; only the first 
message appears for full iMAX initialization. 

All numbers given as a string of "d"s (e.g., "ddd") are displayed in 
variable-length decimal fields. 

Message 

iMAX432 V2.XX 

Description 

Initial message (where Xs are 
decimal digits gi ving additional 
version information) 

Error: MEMTOP = dddddd bytes, but dddddd bytes are required. 

MEMTOP rounded up to dddddd bytes. 

-- Written only if the MEMORYTOP 
directive to LINK-432 did not 
specify enough memory to hold 
the load image plus objects 
created at initialization. 

Written only if the MEMORYTOP 
value specified to LINK-432 was 
not a multiple of 8, in which 
case MEMORYTOP is rounded up to 
the next multiple of 8 and the 
new value is printed. 
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Message Description 

Error: Not enough free descriptors in object table directory. 

Written only if directives to 
LINK-432 did not specify enough 
OTO descriptors for the number 
of static processes in the 
system. 

Global heap SRO size = dddddd bytes -- Number of free bytes available 
in the system's single global 
heap SRO. Note that this 
message is written after the 
allocation of IP processes and 

Processor ddd dispatching 

Process ddd started, 
coordinates: hhAhh 
SRO size = ddd bytes, 
OT size = ddd descriptors 

Error: Process ddd terminated. 
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user static processes from the 
global heap. 

Written 
started. 
printed. 

for each GOP 
The processor 

Written for each process 

that 
ID 

is 
is 

that is started. The numeric 
process ID is printed. Process 
object coordinates are in 
hexadecimal. SRO size is the 
total size of the process stack 
SRO's allocation block. aT size 
is the total number of entries 
in the process object table 
(including the header entry). 

-- Written when a process is 
terminated because it returns 
from its initial context. 
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USER-VISIBLE TYPE RIGHTS 

Type rights are access rights defined for a particular type of 432 
object. Type rights are used to restrict the operations possible using 
a particular access. For example, an access for a 432 object of type 
port might have send rights but not recei ve rights. A context wi th 
such an access can only send a message to the port using the access, 
but cannot receive messages from the port using it. 

There are three type rights bits on any access descriptor, named type 
right 1, type right 2, and type right 3. When a type right is 
interpreted for a particular object type, it is renamed. For example, 
send rights renames type right 1 for port accesses. 

This appendix lists all the 432 object types that users can access 
using iMAX, and describes the type rights defined for each type. 
Object types internal to iMAX and not accessible to users (e.g., object 
tables, processor objects) are not listed. The first type right listed 
for an object type renames type right 1, the next renames type right 2, 
etc. Any remaining type rights bits are not interpreted by iMAX. 

System Object Type Type Rights 

storage_resource create_rights 

port 

receive_rights 

carrier 

domain 

Required To: 

create an object or 
refinement using a storage 
resource 

send a message or forward a 
carrier to a port 

receive a message from a 
port 

use a carrier in a 
surrogate operation 
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System Object Type Type Rights 

type_definition create_rights 

retrieve_rights 

process control_rights 

RGT-2 

iMAX 432 

Required To: 

create an instance of an 
extended type 

retrieve the representation 
of an extended_type object 

start, stop, or destroy a 
process and/or its 
descendants 
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FAULT-HANDLING 

This appendix describes how iMAX handles (or doesn't handle) faults, 
Ada exceptions, system errors, and trace events; and how iMAX reports 
these conditions to the user or to user software. iMAX V2 provides 
different fault-handling for the minimal and full configurations. 

This appendix does not list detailed fault 
information on 432 faults is found in the 
Processor Architecture Reference Manual. 

FAULT LEVELS 

information. Detailed 
iAPX 432 General Data 

The 432 architecture defines three severity levels for faults: 

• context faults are the least severe and cause a transfer of control 
to a context fault handler instruction object. The context fault 
handler is not part of iMAX and is supplied by a programming 
language run-time environment, or (less commonly) by a user. 

• process faults are of greater severity; a process faul t stops the 
running process and sends it as a message to a port. An iMAX fault 
handling process receives the faulted process. iMAX may restart 
the process transparent to the user; may vector the fault downward 
to the faulting context's context-level fault handler; may send the 
faulting process to its guardian port; or may report the error via 
the DEBUG-432 debugger or via an output device. 

• processor faults are the most severe; a processor fault causes the 
faulting processor to suspend execution of its current process (if 
any) and enter a special diagnostic dispatching mode in which it 
dispatches a process found at a diagnostic dispatching port. iMAX 
handles all processor-level faults. iMAX may vector the fault 
downward to process-level, or may report the error via the 
DEBUG-432 debugger or via an output device. 

If fault-handling fails at a particular level, the fault is propagated 
to the next higher level. For example, a context fault within a 
context fault handler causes a process fault. If a processor fault 
cannot be handled by the hardware (e.g., the diagnostic port descriptor 
is invalid), then the processor halts and asserts an external hardware 
error signal. 
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Context-level faults reflect an error in a user program, e.g., 
ari thmetic overflow faults. Some faults handled at the contex t-l"evel 
are reported by the architecture as process-level faults that iMAX 
converts to context-level. For example, addressing past the bound s of 
a segment, type errors, and rights errors are all kinds of faults that 
are converted to context-level by iMAX. 

MINIMAL iMAX FAULT-HANDLING 

Minimal iMAX does not provide any fault-handling capabilities. Faults 
normally cause the DEBUG-432 debugger to display a fault message at the 
debug console. The only exceptions are certain "unannounced faults" 
that DEBUG-432 is unable to respond to. How DEBUG-432 handles faults, 
and how users can detect unannounced faults, are described in the Intel 
432 Cross Development System Workstation User's Guide. 

FULL iMAX FAULT-HANDLING 

Full iMAX provides extensive fault-handling, transparent to users. 
Faults handled transparently by full iMAX include: 

• A newly allocated segment larger than 2,048 bytes must be zeroed. 
• A segment is temporarily not addressable due to memory management 

operations. 
• Additional object table space or free physical memory is required 

to satisfy a request to create an object. 
• A Return instruction causes a fault so that a local heap SRO and 

objects allocated from it can be reclaimed. 

A context fault or process fault not handled by iMAX has the following 
result: 

• Dynamic processes (defined using iMAX Basic Process Management) are 
sent to their guardian port in condition error, system_error t or 
fatal error. 

• Static processes are sent to the DEBUG-432 debugger and cause a 
fault message to be displayed at the debugger console. 

A processor fault not otherwise handled by iMAX triggers a system error 
(as described below in the section System Errors). 
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ADA EXCEPTIONS 

The 432 Ada Compiler System has not yet implemented the Ada 
exception-handling facility. Wherever this manual describes iMAX 
raising an exception, iMAX actually calls an internal iMAX procedure 
that causes the process in which the exception occurs to fault. The 
resulting fault is handled as follows: 

• Dynamic processes (defined using iMAX Basic_Process_Management) are 
sent to their guardian port in state (error, *, true, 
no_exception_handler, no_service_needed, false). 

• Static processes are sent to the DEBUG-432 debugger and cause a 
fault message to be displayed at the debugger console. 

SYSTEM ERRORS 

iMAX defines a class of errors called system errors which should not 
occur. A system error usually indicates an error in iMAX. If a system 
error occurs, iMAX attempts to write error information to the current 
iMAX console device with this prefix: 

**** SYS ERROR **** 
**** CRASH **** 

iMAX then halts the system by stopping all processors (both GDPs and 
IPs). If a system error occurs, users should contact Intel, and 
provide the information displayed by the system error message as well 
as any other useful information. 

TRACE EVENTS 

The DEBUG-432 debugger provides the handler for trace events used by 
the 432 Ada compiler (and thus used in all iMAX systems). DEBUG-432 
supports user-defined breakpoints as well as the trace modes defined by 
the 432 architecture. DEBUG-432 is described in the Intel 432 Cross 
Development System Workstation User's Guide. 
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HARDWARE CONFIGURATION 

This appendix describes the hardware configuration requirements for 
iMAX. Additional Intel 432 hardware information is contained in the 
System 432/600 System Reference Manual. 

COMPONENTS 

The central system portion of iMAX requires Release 2. 1 General Data 
Processors. 

The iMAX AP software requires Release 2.1 Interface Processors. 

PROCESSOR CONFIGURATION 

The user must specify to iMAX the number of GDPs and IPs that iMAX must 
support, and also speci fy each processor I s ID. How to do thi sis 
described in Chapter CON, Configuration. 

The physical processor configuration must match the configuration 
specified to iMAX, except that fewer physical GDPs may be present than 
are specified to iMAX. 

For 432/600 systems there is a correspondence between processor ID and 
the bus slot in which the processor card is installed (see Table HDW-1). 

Table HDW-1. Processor ID Number to Bus Slot 
Mapping for 432/600 Systems 

6-Slot System 12-S1ot System 18-Slot System 
Bus Backplane Bus Backplane Bus Backplane 

SLOT 10 SLOT 10 SLOT 10 

4 1 8 1 12 1 
5 2 9 2 13 2 
6 3 10 3 14 3 

11 4 15 4 
12 5 16 5 

17 6 
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The default processor configuration, in the System 432/670 Execution 
Vehicle (which has a 12-s10t system bus backplane) is: 

Slot Board Processor ID ---
8 GDP 
9 GDP 2 

10 3 
11 IPL (for debugger) 4 
12 IPL (for AP system) 5 

Note: IPL = Interface Processor Link board 

The iMAX-supplied body of the Processors package is configured for this 
default configuration. 

INTERCONNECT ADDRESS SPACE 

iMAX makes only minimal 
interconnect address space. 
these requirements: 

assumptions about the contents of the 
The iAPX 432 archi tecture and iMAX have 

Interconnect physical address 0 must return a double-byte with 
the low byte containing the processor ID of the requesting 
processor. This double-byte can be Read-only. 

Interconnect physical address 
double-byte local to each 
(Inter-Processor Communications) 
432/600 System Reference Manual. 

2 must be a Read/Wri te 
processor supporting IPCs 
as described in the System 

Intel's 432/600 products meet both of these requirements and also 
supply additional interconnect registers. IMAX does not use any of the 
additional registers. Note that the processor ID and IPC registers are 
required for both GDPs and IPs. 

JUMPERS 

This section describes required 
operation of iMAX V2 AP software. 
the minimal iMAX configuration 
associated with minimal iMAX). 
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The following hardware jumpers on the iSBC 86/12A and the iSBC 534 
boards are assumed by the AP software. Unspecified jumpers should be 
left at their factory settings. 

1. SINGLE-TERMINAL VERSION 

A. On the 86/12A board: 
1. jumper E69 - E77 interrupt 4 from the MULTIBUS 
2. jumper E75 E82 interrupt 6 from 86/12 

serial port receive-ready 
3. jumper E74 E90 interrupt 7 from 86/12 

serial port transmit-ready 

2. MULTIPLE-TERMINAL VERSION 

A. On the 86/12A board: 
1 • jumper E69 - E77 interrupt 4 from the MULTIBUS 
2. jumper E68 E76 interrupt 5 from the MULTIBUS 
3. jumper E75 - E82 interrupt 6 from 86/12 

serial port receive-ready 
4. jumper E74 E90 -- interrupt 7 from 86/12 

serial port transmit-ready 
B. On the 534 board: 

1. For the wire net of each serial I/O port, jumper: 
6 to 7, 8 to 10, and 9 to 11. 

2. Remove jumper 118 - 125; jumper 119 - 125. 
-- changes the base address to OAOH (16010). 

3. Remove jumper 132 - 140. -- disconnect PIC 1. 
4. Remove jumper 131 - 140; jumper 131 - 136. 

-- connect PIC 0 to MULTIBUS interrupt 5. 
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PROCESS SCHEDULING INFORMATION 

This appendix guides users in choosing process scheduling parameters. 
The process scheduling parameters referred to in this appendix are 
described in Chapter BPM, Basic Process Management. 

SYSTEM PROCESS SCHEDULING INFORMATION 

This section provides information about the scheduling parameters of 
system processes internal to iMAX. These system processes compete with 
user processes for scheduling. User processes with too high a priority 
can effecti vely lock out iMAX system processes. Users should follow 
the recommendations in this section when assigning their process 
scheduling parameters, or risk an interruption of iMAX services in 
their system. 

The restrictions in this section do not apply to minimal iMAX systems, 
because there are no system processes after ini tialization in minimal 
iMAX systems. 

System processes use priori ties 10 and above. User processes should 
normally use priorities in the range 0 •• 10. User processes with 
priority 10 compete on an equal priority with several system processes 
for dispatching. User processes wi th priori ty 10 should have 
reasonable service_period and deadline parameter values to allow system 
processes to run. The default process tuning values (described in 
Chapter DEF, Basic Definitions) are safe to use. 

User processes wi th priori ties higher than 10 should only be used for 
low-level time-critical processing. They should be self-limiting 
(i.e., normally wait at a port for work). 

User processes should never use priority 65535 (the highest possible 
priority), which is reserved for critical system processes. 
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CHOOSING SCHEDULING PARAMETERS 

This section provides guidance in selecting process scheduling 
parameters. The service and deadline parameters are specified in terms 
of system time units. For 432/600 systems, a system time unit is 256 
mi croseconds.-

The service parameter should be set high enough to reduce the overhead 
of process redispatching, and often high enough to allow the process to 
complete one or more transactions (or whatever its particular unit of 
work is) ina single service period. The service parameter should be 
set low enough to avoid impalrlng system response by blocking 
higher-priori ty processes for an undue time. In deciding how to set 
the service parameter to attain a particular level of responsiveness in 
a system, the user must also consider the number of processors in the 
system. For example, with 4 GDPs and a large number of compute-bound 
processes, the service parameter could be 40 milliseconds for all the 
processes and some GDP would still arrive at the dispatching port 
looking for work every 10 milliseconds on the average. Typical values 
of service are in the range .01 to .1 seconds (40 to 400 system time 
units for 432/600 systems). 

In many applications, the periods parameter can be set to 216 -1 
(65,535) and process scheduling parameters can be fixed for the life of 
a process. For applications that dynamically tune scheduling 
parameters, typical values of periods are in the range 100 to 1000. 
One use of periods is to periodically return processes to their owners 
to enforce time limits on the execution of any gi ven process, as is 
done in many multi-user systems. The maximum number of system time 
units that a process will execute before being sent to its guardian (if 
periods is not equal to 216 -1) is: periods * service. 

The deadline parameter can be used to reduce the time that a process 
spends waiting to be dispatched compared to other processes of the same 
priority. Consider, for example, two processes with the same priority 
and service period, A and B. A is compute-bound and always runs for 
its full service period. B normally blocks after running a short time 
and must be redispatched. If 8 is gi ven a deadline of 0 and A a 
deadline of 1000, then B will normally run ahead of A when both are 
wai ting to be dispatched, and B will more likely get a fair share of 
processor resources. 

The priori ty parameter is most important of all and should be used 
cautiously, because higher prior i ty processes that do not block can 
"starve" other processes in the system. It is even possible to starve 
the support processes in iMAX, and user processes should normally have 
the same or lower priority than these support processes, as suggested 
in the previous section. In contrast, the iMAX support processes will 
never starve user processes, because they are designed to limi t their 
own consumption of processor time by either idling or blocking at 
communication ports for work. 
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SIZE INFORMATION 

This appendix provides information about iMAX memory requirements. 
This information is presented for the use of system designers who need 
to estimate memory requirements for systems using iMAX. 

Table SIZ-1 gives the basic 432 memory requirement for the minimal and 
full configurations of iMAX. The 432 memory requirement for each 
configuration includes a static requirement and a dynamic requirement. 
The static requirement is the size of the load image that is loaded 
into 432 memory by the initializing Peripheral Subsystem. The dynamic 
requirement consists of objects needed by iMAX that are dynamically 
allocated at system initialization. 

Table SIZ-1. Basic iMAX Memory Requirements 

STATIC DYNAMIC TOTAL 

Minimal 47K OK 47K 
iMAX 

Full 233K 47K 280K 
iMAX-

Notes: 1) Figures are approximate 
2) K = 1,024 bytes 
3) Memory requirements for iMAX V2 functionality 

will be less in future iMAX releases. 
4) The static memory requirement for both configurations 

includes about 8K bytes needed to support the 
DEBUG-432 debugger. 

In the full configuration of iMAX, some of the iMAX code and data 
structures that is used only for system initialization are reclaimed by 
iMAX garbage collection. This reclamation makes some of the total 
memory required by full iMAX available to the user after 
initialization. The reclamation of initialization structures also 
means that an iMAX system cannot be reinitialized without reloading the 
central system. 
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Table SIZ-2 gives the 432 storage requirement for each instance of 
particular iMAX objects that are created. iMAX objects can require 
more memory than the corresponding archi tecture-defined system objects 
because iMAX can extend system objects to include additional 
information. One such object may actually be a cluster of several 
segments of varying types. For example, an iMAX process includes a 
process carrier, a process globals access segment, and a process object 
table in addition to the process access segment and process data 
segment. Both the number of bytes required for any segments and the 
number of object descriptors required are tabulated, wi th a total of 
the bytes used by all segments and object descriptors. The "Bytes in 
Segments" figure includes the eight-byte segment header and any pad 
bytes required at the end of the segment. but does not include the 16 
bytes required for the object descriptor for the segment. 
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Table SIZ-2. Sizes of Selected iMAX System Objects (bytes) 

Object 
Type 

GDP Processor Object 

GDP Process Object 
does not include: 
initial context, 
process stack, 
free ODs in process 
object table 

Port Object 
-- with one slot in 
-- message queue. Add 

12 bytes for each 
-- additional slot. 

Surrogate Carrier Object 
with two slots in 
refined carrier. Add 
four bytes for each 
additional slot. 

Context Object 
-- does not include space 

in the context for working 
-- storage or operand stack 

Domain Object 
-- only includes fault 

object and trace object 
ADs. Add four bytes for 
each additional AD. 

Instruction Object 
only includes header, 
not instructions 
themseves. 

Type Definition Object 

IP Processor Object 

IP Process Object 
includes IP context 

Bytes in 
Segments 

496 

392 

64 

80 

72 

16 

24 

40 

616 

536 

Object 
Descriptor~ 

11 

7 

2 

3 

2 

2 

5 

7 

Total 
Bytes 

672 

504 

96 

128 

104 

32 

40 

72 

696 

648 
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PERFORMANCE INFORMATION 

This appendix presents timing information for selected iMAX 
operations. This information is presented for the use of system 
designers who need to estimate performance for systems using iMAX. All 
times presume an 8MHz GOP wi th minimum memory access times. These 
figures are not applicable to 432/600 systems because of the longer 
access times in those systems. Times include instruction fetch and 
operand reference generation times. A range of times is given for each 
operator. 

Note that times are only presented for those iMAX operators that map 
directly to in-line GDP hardware operators. Performance figures for 
other iMAX facilities are not yet available. 

CHAPTER/OPERATION 

DEF Basic Definitions 
Inspect object 
Idle -

STO Storage Management 
create a generic 

segment 

create a generic 
refinement 

TIME (usec @ 8 MHz) 

6 - 14 
104 - 140 

55 - go 

42 - 73 

NOTES 

just includes the time to 
execute Idle and not the 
time used to dispatch the 
next process on the freed­
up processor. 

plus segment clearing time 
of 1.875 usec (15 cycles) 
for each 8 bytes in the new 
segment. The new segment 
must be less than or equal 
to 2,048 bytes (or be 
allocated from already 
zeroed memory) or the 
create operation will fault 
and iMAX software will 
clear the segment, 
requiring added time. 
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CHAPTER/OPERATION TIME (usee @ 8 MHz) NOTES 

COM Interprocess Communication 
Send 97 - 183 
Receive 96 - 170 
Surrogate_send 130 - 308 
Surrogate_receive 112 - 317 

EXT Extended Types 
Retrieve_type_ 

definition 14 - 20 
Createyrivate 43 - 80 
Create public 43 - 80 
Retrieve_public -

representation 14 - 20 
Retrieve 

representation 18 - 24 
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GLOSSARY 

This glossary defines important terms used in this manual. Some are 
from iMAX, some are from Ada, and some are from the 432 architecture. 
Within the definitions, references to other terms defined in this 
glossary are underscored. 

access 
access descriptor 
access environment 
access rights 
access type 
AD rights 
any_access 
asynchronous 

interface 
Attached Processor 

base type 
blocked 
body 

carrier 
central system 
compaction 
connection 
constraint 
constraint error 
context object 

defining domain 
delete rights 
device abstraction 
dispatching mix 
domain 

exception 
extended type 
extended-type object 

FIFO 
forwarding 
fragmentation 
frozen memory 

Table GLO-1. Terms Defined 

garbage collection 
General Data Processor 
generic objects 
global heap SRO 
guardian port 

heap SRO 

interconnect 
interconnect Processor 

level 
level check 
lifetime strategy 
LIFO 
local heap SRO 

memory type 
message 

normal memory 

object 
object descriptor 
object reference 
object table 
operand stack 

process globals access 
segment 

processor type 

read rights 
refinement 
refinement control 

object 
representation rights 

segment 
specification 
stack SRO 
storage resource object 
subtype 
synchronous interface 
system object 
system type 

task 
type 
type control object 
type definition object 
type manager 
type rights 

unchecked copy rights 

package write rights 
package type 
Peripheral Subsystem 
physical storage object 
port 
pragma 
print_name 
process 
process tree 
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access: an Ada value which is either a reference for some other value, 
or is the value null if no other value is referenced. Each Ada access 
value is represented by a 432 access descriptor, and each referenced 
value is a distinct 432 object. 

access descriptor (AD): a reference to a 432 object that restricts 
operations on both the object using the AD (access rights) and on the 
AD itself (AD rights). The 432 hardware ensures that access 
descriptors ar1d the objects they refer to can only be manipulated in 
controlled ways. 

access environment: The set of all 432 objects that can be directly or 
indirectly accessed from a given context. The access environment of a 
context is determined by its defining domain, by the process globals 
access segment of the process that contains the context, and by any 
object references passed as parameters from its callers, returned as 
results from operations the context calls, received as messages in 
interprocess communication, or created during the context's execution. 

access rights: attributes of a 432 access descriptor (AD) that 
restrict operations on the referenced object using the AD. Access 
rights consist of base rights, which restrict the rights to read or 
write the referenced object, and type rights, which restrict the right 
to execute certain high-level operations using the AD (e.g., the right 
to send a message to a port). 

access type: an Ada type whose values are references for objects of a 
second type, specified when the access type is declared. The 432 
extensions to Ada specify one predefined access type, any access; its 
values can be null or references for 432 objects of any other Ada type. 

AD rights: attributes of a 432 access descriptor (AD) that restrict 
operations on the AD itself. AD rights consist of delete rights and 
unchecked copy rights. 

any access: an Ada access type predefined by the 432 extensions to Ada 
that includes any access value for any type of referenced value. Users 
must instantiate the Ada generic subprogram Unchecked conversion to 
convert from any_access to other access types. 

asynchronous interface: an interface to iMAX input/output based on 
interprocess communication. The requestor of service sends a message 
describing the desired service to a request port, and recei ves the 
message back from a reply port with a reply code indicating either 
success or some exceptional condition. The interface is called 
asynchronous because control returns to the requestor before the 
request is actually processed. 

Attached Processor (AP): a processor, usually an Intel microprocessor, 
which controls the Peripheral Subsystem (PS). The PS contains 
peripheral devices, controllers, memory, the AP, and a 432 Interface 
Processor (IP), all communicating on the Peripheral Subsystem's bus. 
Software running on the AP controls the IP. 
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base type: 1. a 432 object type field that distinguishes between 
access segments, containing only access descriptors, and data segments, 
containing anything but access descriptors. 2. The Ada type from which 
a particular subtype is deri ved by applying constraints is called the 
base type of the subtype. 

blocked: the state of a carrier that is queued at a full port waiting 
to send a message, or is queued at an empty port waiting to receive a 
message. A process or processor is "blocked" if its carrier is blocked. 

body: an Ada unit containing the declarations and statements that 
implement a subprogram, package, or task specification. 

carrier: a 432 system object that carries messages to and from ports, 
and that may optionally be forwarded to a second port after completing 
a primary operation. A carrier can be a process carrier, processor 
carrier, or a surrogate carrier. Process carriers and processor 
carriers directly represent processes and processors in port 
operations; if such a carrier must wait for a port operation to 
complete, then the corresponding process or processor waits as well. 
However, a surrogate carrier, while it normally acts on behalf of some 
process, does not cause any process to wait when it must wai t, and 
multiple surrogate carriers can act on behalf of a single process. 

central system: the main 432 system in which mul tiple General Data 
Processors (GDPs) and Interface Processors (IPs) share a common memory 
and concurrently execute. I/O and initialization for the central 
system is provided by one or more Peripheral Subsystems (PSs). The 432 
Interface Processors are part of both systems and provide the bridge 
between them. 

compaction: an iMAX memory management service which relocates objects 
in memory to combine fragmented free storage blocks, thus allowing the 
allocation of larger segments. Compaction runs concurrently with user 
programs and its operation is invisible (except in timing). Only 
normal memory is compacted; frozen memory is not. 

connection: an iMAX object type which represents the asynchronous 
interface for a particular I/O device. 

constraint: An Ada restriction on the set of possible values of a type 
or subtype. A range constraint specifies lower and upper bounds on the 
values of a scalar type. An accuracy constraint specifies the relative 
or absolute error bound on values of a real type. An index constraint 
specifies lower and upper bounds on an array index. A discriminant 
constraint specifies particular values of the discriminants of a record 
or private type. 

constraint error: a built-in Ada exception raised by iMAX when a 
run-time constraint is violated. iMAX most commonly raises constraint 
error because an access value passed as a parameter to some iMAX 
operation lacks needed access rights. 
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context object: a 432 system object that represents one activation of 
a subprogram. 

defining domain: the domain through which the current context was 
called. This domain is a major part of the context's access 
environment. The caller usually possesses an access for just some 
refinement of the domain (its "public part"), but the called context is 
able to access all of the domain. 

delete rights: an attribute of a 432 access descriptor (AD) that 
restricts the right to overwrite the AD with a new access value. If an 
AD is not null and delete rights are absent, then the access value can 
be eliminated only by reclaiming the segment that contains the AD. 

device abstraction: a collection of iMAX I/O functions, defined by a 
package type, supported by one or more types of devices, and forming a 
useful abstract device. 

dispatching mix: the set of iMAX and user processes that are eligible 
for dispatching to run on a processor. A process can be idled or 
blocked at a port and still be "in the mix". 

domain: a 432 system object that is a collection of access descriptors 
that define a major part of the access environment of any context 
called through the domain. The caller may have access to just a 
refinement of the domain, called the public part, but the called 
context can access the entire domain. 

exception: An Ada event that suspends normal program execution. 
Bringing an exception to attention is called raising the exception. An 
exception handler is program text that responds to the exception. 

extended type: A 432 object type defined by software and represented 
by a 432 type definition object (TDO). Instances of an extended-type 
appear to users of the type as a two-access record. The first access 
references the TDO for the type, and the second access references the 
typed object. An instance of an extended type can have the attribute 
private which restricts access to the typed object. Instances that are 
not private are public, and any access to a public instance can be used 
to obtain an access for the typed object. 

extended-type object: an instance of an extended type. 

FIFO: First-In-First-Out, a queuing discipline in which the first item 
to enter a queue is always the first to leave it. 

forwarding: the 432 operation of sending a carrier on to a second port 
after the carrier has been used to send or receive a message at a first 
port. 

fragmentation: the division of 
non-contiguous blocks, caused by 
allocation and garbage collection. 
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frozen memory: a type of memory defined by iMAX within which objects 
are not swapped out or relocated in physical memory. Frozen memory is 
not subject to compaction, and fragmentation of frozen storage can 
cause allocation requests to fail that would otherwise succeed. 

garbage collection: a concurrent iMAX process that detects 
unreferenced objects and reclaims the corresponding descriptors and 
storage. Garbage collection runs concurrently with user processes but 
is invisible to them. 

General Data Processor (GOP): the main type of processor provided by 
Intel to execute wi thin the 432 central system. The GOP is a general 
purpose processor that provides object-oriented addressing and 
protection, operating system functions in silicon, and hardware 
floating point arithmetic. 

generic objects: A 432 object with a system type (generic) that has no 
hardware-recognized meaning and can be used to implement arbitrary 
software structures. Other objects are either system objects or 
extended-type objects. 

global heap SRO: a heap SRO at level zero; only garbage collection can 
reclaim storage allocated from a global heap. 

guardian port: a port to which a process is sent by iMAX when some 
condition removes it from the dispatching mix. 

heap SRO: a 432 storage resource object on which garbage collection is 
performed to reclaim discarded (unreferenced) objects. Objects can be 
created and reclaimed in any order using a heap SRO, which can result 
in fragmentation. Two types of heap SROs are defined, global heap SROs 
and local heap SROs. 

interconnect: a secondary address space used for special-purpose 
hardware registers associated with initialization, hardware 
configuration, and hardware error logging. The interconnect address 
space is organized into special interconnect segments which are 
normally defined at system initialization. 

Interface Processor (IP): a 432 processor that connects a 432 central 
system to one Peripheral Subsystem (PS). The IP is a slave processor 
to the Attached Processor (AP) in the Peripheral Subsystem. The IP 
provides the object addressing and high-level operators needed to 
access the 432 central system. 
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level: an ordinal attribute of an object that characterizes the 
relati ve lifetime of the object -- a greater level means a shorter 
lifetime. The level number of a context is always one greater than the 
level of its caller. The level number is normally 1 for the first 
context associated with a given process. All objects allocated from a 
stack SHO have the same level number as the context in which they are 
allocated, and all are reclaimed when control returns from the 
context. Objects allocated from heap SHOs have the same level number 
as the heap. Global heap SHOs have level number zero, while local heap 
SHOs all have level numbers greater than zer.o. Objects at level zero 
can only be reclaimed by garbage collection and never because a context 
returns. Objects at level zero can only be created from a global heap 
SHOe 

level check: a check when an access descriptor is copied, to ensure 
that the level number of the destination object is greater than or 
equal to the level number of the object referenced by the AD. This 
check ensures that no "dangling references" exist when a context 
returns and deallocates all objects created in it. The level check is 
suppressed if the AD being copied has unchecked copy rights. 

lifetime strategy: an attribute of objects defined by iMAX that 
determines when and how an object is deleted, and that derives from the 
type of SHO used to create the object. The three lifetime strategies 
are global heap, local heap, and stack. 

LIFO: Last-In-First-Out, a dynamic data structure organization in 
which the last item added to the structure is the first item removed 
from it. 

local heap SHO: a heap SHO that is tied to some context and has a 
level greater than zero. Objects allocated from a local heap can be 
reclaimed either by garbage collection or by returning from the 
associated context. 

memory type: an iMAX-defined object and SHO attribute that 
distinguishes memory that is subject to object relocation (normal 
memory) from memory that isn't (frozen memory). 

message: any global 432 object for which an access descriptor is 
copied from a sending process to a receiving process. 

normal memory: a type of memory defined by iMAX wi thin which objects 
can be relocated in memory to achieve compaction of free memory, 
reducing fragmentation. 

object: a data structure within memory described by an object 
descriptor and accessed via access descriptors. Objects are the 432 
construct for access control, run-time type checking, storage 
management, and program addressing. 

object descriptor: an object table entry that gives object attributes 
needed by the 432 hardware, e.g., type and storage information. 

GLO-6 



iMAX 432 Glossary 

object reference: see access descriptor. 

object table: a 432 system object containing object descriptors. 

object type: type information given in object descriptors for storage 
segments and refinements, consisting of base type, system type, and 
processor type. 

operand stack: an area within a context data segment that provides an 
expression evaluation stack for the context. 

package: an Ada program unit specifying a collection of related 
enti ties such as constants, variables, types, and subprograms. The 
visible part (public part) of a package contains enti ties accessible 
from outside the package. The private part of a package contains 
structural details hidden from the user of the package; these details 
complete the specification of the visible entities. The visible and 
private parts together constitute the package specifications. The 
package body, which can be separately compiled, contains the bodies 
(implementations) of subprograms, tasks, or other packages specified in 
the package specifications. 

package type: A set of values characterized by a package specification 
and including all possible values of the package body. Alternate 
package bodies are represented by distinct 432 domain objects. 
Variables can be declared to be of a package type, and alternate 
package bodies can be dynamically assigned to them at run-time. 

Peripheral Subsystem (PS): a computer system controlled by an Attached 
Processor (AP), which manages one or more peripheral devices and is 
linked to a 432 central system by a 432 Interface Processor (IP). The 
PS contains peripheral devices, controllers, memory, the AP, and an IP. 

physical storage object (PSO): a 432 system object that provides a 
free storage pool for use by a 432 storage resource object (SRO). 

port: a 432 system object that provides a queuing mechanism supported 
by hardware with two queues, a bounded message queue, and an unbounded 
carrier queue. Ports support FIFO and deadline-wi thin-priori ty 
queuing. Ports are used for interprocess communication and process 
scheduling and dispatching. 

pragma: An Ada statement that instructs t~e compiler without changing 
the meaning of the program unit containing the pragma. For example, 
pragmas are used for listing control and code optimization control. 

print name: a character array type defined by iMAX and used by many 
iMAX type managers to provide symbolic names. Such names do not 
securely identify objects, because nothing stops an iMAX user from 
giving the same print_name to multiple objects. 
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process: a 432 system object that represents part of a program that 
can execute concurrently with other parts, also represented as 
processes. Because processes can compete for execution if there are 
fewer physical processors than processes, scheduling information is 
associated with processes for use in selecting the next process to run 
and to insure that a process does not monopolize a processor for longer 
than some time limit. A program can consist of one or more processes. 

process tree: a group of iMAX processes arranged in a hierarchy of 
"parent" and "child" processes. Certain process control operations 
applied to the root process of such a tree effect the entire tree, 
without the caller needing to know the tree's structure. 

process globals access segment (PGAS): a 432 generic access segment 
that is designated by a process as its global access segment and that 
provides access to additional attributes of a process's run-time 
environment. The first few PGAS entries are defined by iMAX and used 
by the Ada compiler. Several following entries are reserved by Intel; 
subsequent entries can be safely modified by the user. 

processor type: a 432 object type field; each of its values designates 
the kinds of processors that can reference segments with that processor 
type. The al ternati ves now defined are GOP only, IP only, and "all" 
(both GOP and IP). 

read rights: attribute of a 432 access descriptor (AD) that controls 
the right to read an object. 

refinement: a 432 segment that is contained within another segment. 
When a refinement is created, the displacement of the base of the 
refinement in the underlying segment and the size of the refinement are 
specified and checked by the hardware. 

refinement control object (RCa): a 432 system object that provides the 
right to create refinements that are system objects (no special right 
is needed to create a generic refinement). Each RCa specifies th~ type 
of system object that can be created using it. 

representation rights: attributes of a 432 access descriptor (AD) that 
restrict the rights to read or wri te the referenced object. 
Representation rights consist of read rights and write rights. 

segment: a set of contiguous memory loctions, from 1 to 65,536 bytes 
in apparent size, defined by a 432 object descriptor. A segment can be 
in the storage address space, or the interconnect address space, or it 
can be a refinement of another segment in the storage address space. 

specification: an Ada description of the interface provided by a 
subprogram, package, or task, which can be compiled apart from the body 
that implements the interface. 
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stack SRO: a 432 storage resource object built-in to the process 
object of a process and used for allocation of context objects and 
objects whose lifetimes are local to the creating context'. Allocation 
and deal location for a stack SRO are strictly Last-In-First-Out 
(LIFO). There is no object descriptor for a stack SRO, though it is 
conceptually a distinct object. 

storage resource object (SRO): a 432 system object that provides for 
the dynamic creation of objects by specifying an object table in which 
to allocate the object descriptor for a new object, and by specifying a 
physical storage object (PSO) that specifies a free storage pool from 
WhlCh the new object can be allocated. An SRO specifies the lifetime 
strategy and memory type of objects allocated from it. 

subtype: an Ada data type defined by constraints on the set of values 
of some other type, called the base type. All built-in and 
user-defined operations on the base type are inherited by the subtype. 

synchronous interface: an interface to iMAX IIO that provides 
different subprogram interfaces for different IIO services, and that 
return to (or raise an exception in) their caller only after the 
requested operation is completed. 

system object: a 432 object with a system type that indicates that it 
has a special role recognized by the hardware. Other objects are 
either generic objects or extended-type objects. 

system type: a 432 object type field that, in conjunction with the 
base type field, distinguishes a class of 432 objects with a particular 
hardware-recognized meaning (or lack thereof). 

task: in Ada, a process that can execute concurrently with other 
processes, with certain Ada-specific operations defined on it. 

type: in Ada and in general, a set of values with certain operations 
and representations defined for the set. 

type control object (TCO): A 432 system object that provides the right 
to amplify specific rights on access descriptors for objects of 
specific types, or the right to create objects of a specified type. 

type defini tion object (TOO): A 432 system object that designates 
values of a particular software-defined extended type. 

type manager: an Ada package or 432 domain object that defines all 
basic operations on a certain data item or class of data. Any other 
operations on the item or class must be composed by using the basic 
operations. A type manager may distribute accesses for the data items, 
but normally keeps to itself the right to directly read or write the 
data items. 
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type rights: attributes of a 432 access descriptor (AD) that restrict 
the right to execute certain instructions using the AD, depending on 
the type of system object it references. For example, create rights 
are required to create a new segment using an SRO access. 

unchecked copy rights: an attribute of a 432 access descriptor which, 
if present, suppresses the level .check when the AD is copied. When a 
new object is created, unchecked copy rights are set on the returned AD 
only if the new object's level is zero, in which case the level check 
could never fail. Amplifying unchecked copy rights is a privileged 
operation that is not available to iMAX users. 

wri te rights: an attribute of a 432 access descriptor that controls 
the right to write the referenced object. 
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