







































































































































































































































































[1EoD N

[Source deck
[« siomaA 2/3 INSTR. PROCS. AN
[ 1xsymBoL pp, LO AN
———[1ASSIGN X1=RBMS251, UD \\ |
[1eoD \\
[ ADD UD, RBMS2S], , 4, C, R \
[IRADEDIT AN
1JOBC ASSUME 'sY'  \{

Figure 47. Save Instruction Procedures During SYSLOAD

This example creates the standard (default) RBMS2 file and saves the source in a file called RBMS2SI in the User
Data area. (X1 is a copy of the source and is normally used only for the assembly listing).

Assuming that the above procedure was used, the example in Figure 48 shows how a new S2 file is created using
RBMS2 as a base, (Also assume that the listing from the example in Figure 47 showed the last line before the END
line to be line number 90.)

[1ASSIGN 52=MY$PROCS, UD \
[IASSIGN SI=RBMS2SI, UD \
[i#eND \
—=i¥ADD UD, MY$PROCS, 40, 108, B, R AN
[lrADEDIT AN
[1PAUSE KEY-IN SY,S AN
1JOB AN

Figure 48, Create An S2 File
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ISource deck
[- SOURCE FOR MY$PROCS AN

—[+90 \

IXSYMBOL UI, PP, LO \

Figure 48. Create An S2 File (cont.)

The example in Figure 48 causes the source from RBMS2SI to be read, the source for the new procedures to be
inserted immediately before the original END line, and the resulting set of procedures written to the MY$PROCS
file in the User Data area. Note that MY$PROCS has been created using a blocked file with a record size of
108 bytes, which is the required format for S2 files. Subsequent assemblies using this new file might be done as
shown in Figure 49.

= ~

IMcun Program

[MAIN PRGM USING 'MYPROCS' FILE N\,

[1XsymBOL LO, CR \ \
[IASSIGN 52=MY$PROCS, UD AN

1JOB AN

Figure 49, Assemblies Using S2 File

The TASSIGN card in Figure 49 prevents the automatic assignment of S2 to the default RBMS2 file,
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The following update packet illustrates fegal usage in creating an expanded S2 file:

+90

*

K:X8000

K:X4000

K:M15

K:M16

*

BAL

XR

+END

The above packet defines Z - A as standard symbols denoting operational registers, various symbols for standard
zero-table constants, and a set of user-defined procedures such as BAL, A SUBRNAME, which loads a return address
into the A-register and branches to "SUBNAME"; or XR T, A, which exchanges the contents of the T and A-registers

OPERATIONAL REGISTER EQUATES

EQU

EQU

EQU

EQU

0 ZERO

1 PROGRAM

6 EXTENSION

7 ACCUMULATOR

: MONITOR CONSTANTS

EQU X'09" X'8000"
EQU X'0A! X'4000"

EQU X'33" X'FFF1"

EQU X'34° X'FFFO"

. PROCEDURES

CNAME BRANCH AND LINK (TO SUBROUTINE)
PROC

RCPYI P, CFR(2)

B AFR(1), AF(2), AF(3)

PEND

CNAME EXCHANGE REGISTER

PROC

REOR AFR(1), AFR(2)

REOR AF(2), AF(1)

REOR AF(1), AF(2)

PEND

without altering the condition codes,
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10. HOW TO REDUCE ASSEMBLY LANGUAGE HARDWARE REQUIREMENTS

The standard RBM processors make certain assumptions about resource allocation, and they operate most efficiently
when these assumptions are met. A well-planned installation will provide these resources in the majority of in-
stances, but exceptional problems can sometimes be accommodated within the existing resources via special
techniques.

The common resource constraints are either fast core storage, or bulk (RAD or disk pack) storage. In the case of
Extended Symbo!, these two constraints are related, since this assembler uses several biocked files on bulk storage
that require blocking buffers in fast core for each blocked file, Assuming that Extended Symbol is loaded with the
standard blocking buffer parameters, an IXSYMBOL call will cause m*n words of fast core to be reserved for 1/O
buffers, where

m = blocking buffer size = 180 for a 720X RAD-only system.

= 512 for a disk~pack-only, or a mixed RAD/disk pack system.
n = the number of the following operational labels that are currently assigned to blocked files:
SI, U1, SO, LO, GO, BO, X1, X3, S2, DO

Unless reASSIGNed, the GO, X1, X3, and S2 files are assigned to blocked files by default. In addition, the X2
file requires a buffer that must be the size of a sector of the device to which the X2 operational label is assigned.
On a disk-pack-only system, this would immediately remove over 2500 words from Extended Symbol's working stor-
age (enough for assembly of approximately 2000 additional lines of program). Unless noted otherwise, the techniques
given below apply to minimizing core storage requirements. Some consideration is also given to situations where
such file elimination might be inadvisable.

COPING WITH EXISTING RESOURCES

Without modification of a program, the only improvement in resource demands during an assembly will be achieved
by cutting down on the number of RAD/disk pack files and their associated blocking buffers.

GO FILE ELIMINATION

The GO file has a default blocking buffer, and is probably the safest to eliminate. If you have a suitable binary
file output device such as magnetic tape, high-speed paper tape, or card punch, it may be feasible to bypass binary
output to RAD or disk pack. The command

IASSIGN GO=0

saves a blocking buffer whether binary output is requested or not. If binary output is required, the following cards
are recommended for saving RAD and buffer space:

[1xsymBoL BO, ... AN
[1ASSIGN BO=device \
IASSIGN GO=0 AN
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X1 FILE ELIMINATION

The X1 file has a default blocking buffer and is used by Extended Symbol to maintain @ copy of the source (with
possible updates) for listing purposes. If you are not using the update feature of Extended Symbol, it may be pos-
sible to eliminate the X1 file. If you have magnetic tape and the one or more source programs are separated by
file marks on the tape, the following commands will eliminate X1 and its buffer:

[1xsymBoL . ..[,BA] \

[1ASSIGN X1=51 AN
IASSIGN Sl=tape unit N\
|—
-

In the case where your source program is already on a RAD/disk pack file, it is still possible to assemble this one
program and eliminate X1. This may be done as follows:

[IXSYMBOL options \
[IASSIGN X1=51 \

IASSIGN SI=file name, area AN

X3 FILE ELIMINATION

The X3 file has a default blocking buffer, but this file is only used if the source program uses LOCAL directives at
the main-program (i.e., not within a PROCedure) level. If it is known that a program does not use main-level
LOCAL symbols, the IXSYMBOL command should be preceded by

TASSIGN X3=0

It is not necessarily a good practice to avoid main-level LOCALs however, since their use can generally reduce
resource requirements more than their avoidance (see, "Coding for Existing Resources" in this chapter),

$2 FILE ELIMINATION
The final file with o default blocking buffer is $2. The S2 file should be left assigned to RAD/disk pack if at all

possible, While the procedure for running S2 from paper-tape, cards, etc. is easy fo perform, the method is
highly dependent upon the particular hardware configuration.

Coping With Existing Resources



REDUNDANT FILE ASSIGNMENTS

In general, unnecessary or redundant assignment of assembler files to RAD or disk pack should be avoided. This
precept includes assigning unused default files to device zero. A redundant assignment would include something
like assigning BO=GO, or DO=LO, where GO and LO were assigned to RAD/disk pack files.

CODING FOR EXISTING RESOURCES

There is an upper limit to the size of a program that may be assembled in a given system configuration. In Extended
Symbol, the limit generally depends upon core size balanced against the number of unique symbols in a program,

The most obvious technique for reducing core requirements during an Extended Symbol assembly is to reduce the
number of unique symbols in the program. This can be accomplished by using several LOCAL regions in the program
and using the same LOCAL symbols for each region, as shown in the following example:

i_OCAL $10, $20, $30
AROUTINE  RES 0
$10 E?ES 0
$20 E(ES 0
$30 !:{ES 0
:LOCAL $10, $20
BROUTINE  RES 0
$10 I}ES 0
$20 E'{ES 0
END

The above technique is practical in most programs since programs are often divided into many separate routines; the
routine name being global to the whole program, but many symbols within the routine are referenced only by that
routine,

Note that main-level LOCAL symbols do require RAD or disk space during an assembly. The requirements are three
words per symbol per LOCAL region. The above example would thus require 15 words of bulk storage. Since a
blocking buffer is required for the LOCAL (X3) file, this technique must be used consistently over moderate~to-
large programs before the savings in core storage becomes effective.

Coding for Existing Resources
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11. HOW TO USE HARDWARE INTERRUPTS

This chapter forms a natural division in the organization of the User's Guide. All previous topics have dealt either
with purely background applications or with those services and procedures used in common by both foreground and
background. The descriptions and suggestions for using the hardware interrupt system given below mark the entry
into the real-time world of RBM, and it is recommended that some attention be given to this material before going
on to succeeding chapters. By studying the capabilities and implications of the hardware interrupt system, you will
be better able to call on these resources in a way best suited to your own foreground programming requirements.

In particular, all foreground users should at least be cognizant of the internal interrupt structure and purposes of
the RBM Tasks that comprise the Monitor, since RBM is itself a real-time program that must respond to time=-critical
events such as I/O interrupts and operator interrupts. The interrupt levels of the RBM Tasks and their interrelation-
ship with user tasks and programs are described briefly at the end of this chapter as an example of one way to use
hardware interrupts. (A description of the Tasks' functions is given in the Real-Time Programming chapter of the
RBM Reference Manual.)

Note that some foreground programs can utilize interrupt levels without being real-time programs, and one sugges-
tion for such use is given later in this chapter.

PURPOSE OF HARDWARE INTERRUPTS

The Sigma hardware architecture includes a powerful hardware priority interrupt system. This consists of a multi-
level interrupt structure composed of both external and internal levels arranged in an expandable, flexible, and
partially pre-selected order. RBM has been specifically designed to use this hardware priority interrupt structure

to the fullest extent possible, and this particular structure's purpose is to efficiently allocate the CPU. The impli-
cations of this structure are described in detail to suggest ways that you can use Sigma interrupts. For if you do not
take advantage of these features when designing a real-time system, the full power of the hardware approach is lost.
To get the maximum utilization out of a Sigma 2/3, your real-time system design should be based on a clear under-
standing of the power and flexibility of the hardware interrupt system.

The detailed implications of Sigma interrupts are as follows:

e  Fast real-time response: On the occurrence of some predetermined external or internal event, the
Sigma 2/3 can stop its current operation and switch to an entirely different operation within a few instruc-
tions. This permits real-time programs to operate in a time-critical manner.

e  Priority response: Since each hardware level has an implied priority (by its position in the interrupt chain)
and since a level only interrupts the CPU if it is the highest active level, the CPU is guaranteed to al-
ways be working on the most important (highest priority) operation that needs attention in the system,

e Low overhead: No time is spent by the CPU in posting to software queues, periodically scanning these
queues, and checking to see if something new has arrived on the ready queue that is higher priority than
the current operation; instead this is all done automatically by the hardware priority interrupt system. In
fact, this system can be viewed as a separate "processor” that executes in parallel with the CPU, main-
taining a "queue" in the interrupt hardware and operating in a microprogrammed fashion to do the sched-
uling for the Sigma 2/3 CFU. Thus, the Sigma 2/3 CPU can be involved with solving user problems
instead of trying to decide what to do next.

e Noninterference: When events of a lower priority than the currently executing program become ready, this
fact is noted by the hardware interrupt system but the CPU is not diverted away from its currently more
important operation (even for a microsecond) to record the fact and make a decision relative to the priority
of these two tasks; this decision is accomplished automatically in the interrupt hardware.

®  Asynchronous operation: The hardware interrupt system is truly asynchronous; that is, it executes a task at
a specific interrupt level only when that level goes active as the result of some specific event. If the times
of such an event are variable and random, this asynchronous but immediate response is highly important.
(Asynchronous operation is considered in detail later in this chapter. )

e  Anonymous operation: The design of tasks need not be concerned with what other tasks may be operating
when an interrupt occurs, or what context the interrupted task was using upon entry. Each task saves (in
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its own area) the registers and other temporary working storage that it will modify, does its own function,
and then restores these registers independently of what the other task was. Thus, this is a strictly LIFO
(last=in, first—out) method of scheduling that minimizes debugging and design problems. Another way of
defining anonymous operation is that an interrupted task is never aware that it was interrupted, except
where timing considerations (such as real-time clock pulses) are a factor.

o Flexibility: From one to 100 interrupt levels can be used and they can be arranged in various priority
levels; some above and some below the 1/O level and other RBM levels. By selecting the number of inter-
rupts, the groups of interrupts, the priority of these interrupts, and the source of activation pulse for each
level, each installation can fit its own unique demands.

SUMMARY OF HARDWARE INTERRUPT FEATURES

A complete description of the features of the hardware interrupts can be found in the Sigma 2 or 3 Computer Refer-
ence Manuals, However, the key points as related to your program design can be summarized in this chapter.

The interrupt "environment” (CONNECT, ARM, ENABLE, INHIBIT) is controlled either directly through special RD
or WD instructions coded into your program, or indirectly through RBM Monitor service routines accessed by calls,
key-ins, or control commands. The hardware interrupts for Sigma 2/3 computers possesses the following
characteristics:

e No level may advance to an active state while a higher level is active,

e  Under program control, individual levels (or "groups") may be set to ignore incoming signals (DISARMED)
or to postpone reaction to these signals until some later time (DISABLED or group INHIBITED).

e The initial condition of all interrupt levels (except the override group, when the options exist) is DIS-
ARMED and DISABLED.

o Interrupt levels may be TRIGGERED either by program control or by external signals.

o  All levels (except the override group) may be inhibited by a single instruction; the inhibit may also be
removed by a single instruction.

e The internal and external interrupts can be inhibited either separately or at the same time.

o The previous stafe of interrupt inhibits can be saved, and new inhibit conditions set or reset in a single
instruction.

e The previous interrupt inhibit state is saved (in the old PSD) on a task eniry sequence, and the first instruc-
tion of the task is always executed before another interrupt can take place; thus, this first instruction can
inhibit all further interrupts if desired.

o No level may advance from the waiting state to the active state unless it is ENABLED and not inhibited.

o The hardware priority sequence may be arranged in virtually any priority order, either above or below the
I/O group. The override group is always high.

e Aninterrupt level should not be DISARMED while it is active because the results are unpredictable. Since
the hardware priority search during the EXIT sequence is based on certain mutually exclusive states of the
interrupt flip-flops, DISARMING causes a level to be ignored even though it is active.

o  Only one-level of signal is remembered by interrupts. Thatis, if a level is already waiting to go active,

another TRIGGER will have no additional effect on it; and if a level is already active, another TRIGGER
is ignored.

Some of the implications of these characteristics are as follows:

e  Real-time programs can be debugged by using software triggering for certain levels before the real-time
hardware is connected.

Summary of Hardware Interrupt Features
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e Real-time programs can work in groups by using internal WD (Write Direct) instructions to TRIGGER
various levels; thus, a high priority level may be connected to external signals and collect data at the
high priority, and then TRIGGER a lower priority to process the data at its leisure.

e® Under program control you can select which interrupt levels to initially ARM and ENABLE, and can reject
or postpone future signals based on program logic or program computations.

® Real-time programs that have to inhibit interrupts anywhere (except as the first instruction on task entry)
should do so by a save-and-inhibit sequence (a special RD instruction). Later, they should never "remove"
interrupt inhibits but should always "restore" them to their previous state; either by executing an EXIT se-
quence (and using the old PSD), or by a "restore" sequence that uses the information from the save-and-
inhibit sequence. This is because some tasks may inhibit externals and not internals, or vice-versa.

e If an active task wishes to have all future signals to its own level ignored, it should DISABLE this level
and EXIT rather than DISARM it and then EXIT, Some future, lower-priority task can DISARM the
disabled level if this is really necessary. One should not DISARM an active level. One should also not
ARM an active level since this interferes with the current state.

INTERRUPT TASK SCHEDULING

The possibilities for real-time task scheduling based on these hardware interrupts are very broad, subject only to the
LIFO requirement. The several suggestions given below are meant to be general guidelines only.

A particular interrupt level can be used to uniquely identify an event that requires processing. At the same time,
it establishes the priority of this processing relative to other levels. Or, an interrupt level (such as the 1/O level)
may only identify a class of possible events, and further information may be required to identify the specific event,

When a series of tasks, each of which is connected to separate interrupt levels, all use the same database (tables
or files), the other tasks in the group can be DISABLED while any one of them is modifying critical portions of the
database, and it still permits higher priority interrupts in another group to become active if necessary. A general
inhibit instead of a DISABLE would not permit this. Also, any signals to the DISABLED tasks will be "remembered"
for later processing, which would not occur if a DISARM were used.

A task connected to a level higher than the 1/O level can be activated from some critical real-time event (such as
an over-temperature condition in a process plant), and this task is guaranteed 100 us response to any signals, as-
suming this is the highest real-time user level, since RBM never inhibits interrupts for longer than 100 us.

A user task at a high priority level may sample some data input devices periodically and then TRIGGER other, lower-
priority levels associated with some particular condition that requires further processing, and such processing can be
performed at a lower level that is commensurate with the importance of the particular condition.

RBM itself uses some interrupt levels for its own processing as identified in the RBM Reference Manual. But gen-
erally speaking, RBM does not interfere with the real-time interrupt levels and user programs are free to make their
own scheduling rules,

It is by no means necessary to limit the use of interrupt levels to real-time operations. A tape-to-printer routine
in the foreground can be connected to an interrupt level and can use the AIO Receiver and no-wait 1/O operations
to schedule and synchronize itself in order fo buffer output to a printer, and so permit other (lower priority) tasks
{including the background) to execute while 1/O is in progress for this task.

SOFTWARE SCHEDULING OF SUBTASKS

We stated earlier by implication that attempts to schedule CPU allocation through user software, rather than taking
full advantage of the hardware features, would result in degradation of the system. This is true at the primary task
level but software scheduling within a task can be useful. While the primary (task) scheduling in RBM is strictly
off the hardware priority interrupt system, it is possible for a task at a particular hardware interrupt level to organ-
ize itself into a series of subtasks.

Suppose that in your installation a very large number of distinct real-time events are possible. And suppose that
many of them are processed in little groups, each related in some way to an external event. It is not necessary to
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have a separate task with a separate interrupt level for each of them. There is a concept of secondary scheduling
that can be controlled by user software, at your discretion, through any of a number of schemes.

When the primary task is activated by its hardware interrupt, it might identify a subtask (or subfunction or subevent)
to be performed by means of status information read in from the external equipment. Communications equipment and
analog or digital converters very often operate this way. Or, o fixed number of subtasks under the primary task
might be processed sequentially if their execution sequence is always fixed and always known, Or again, the pri-
ority of each subtask might correspond to a bit in a software status word and the primary task might search the status
word from left to right, looking for the highest priority subtask to process. These bits might be set by the primary
task or by other subtasks, based on conditions during the processing of these subtasks.

Many other methods are also possible. A primary task could be thought of as special foreground executive, with
the job of scheduling the activity of a set of related subtasks. As a special RBM service, there are 32 dedicated
locations in low core (mail boxes) available to all real-time programs to aid in this intratask communication.

The rules for determining which events should be processed as primary tasks and which as subtasks are very simple:

1. At least a portion of all primary tasks must be resident to answer a hardware priority interrupt. Subtasks
can be resident or can be nonresident overlay segments; if overlaid, the overlays are controlled from the
primary task by calls to RBM service routines.

2. All subtasks must operate to completion (in regard to other subtasks at the same level) or until they explic-
itly release control back to their primary task executive before another subtask at this same level can be
scheduled. Thus, the types of events that can operate as subtasks are restricted in regard to other subtasks
at this level, since this is basically synchronous operation. But they are not restricted relative to other
primary tasks. Primary tasks at separate interrupt levels can interrupt each other immediately when an
event occurs that needs attention, Thus, primary tasks are basically asynchronous and are much more
responsive than subtasks.

3. Control of subtasks is centralized at their primary task and is exercised through software. Primary tasks
are controlled with decentralized hardware scheduling.

RBM ORGANIZATION

To better illustrate the idea of programs, tasks, and subtasks, the detailed structure of RBM should be examined,
since RBM is itself a real-time program with several tasks and subtasks, RBM uses up to nine of the fixed hardware
priority levels on a Sigma 2/3 and one assignable external interrupt level that is controlled by software triggering
from other tasks or from Monitor service routines. This priority interrupt structure is illustrated in Figure 50. The
RBM Control Task level is designed primarily for operator control and for control of the background, and must not
interfere with the foreground. Thus, it must always be assigned to an interrupt level below all the foreground pri-
ority levels, The resident part of this level causes the various RBM subtasks to be loaded from the RAD as needed.

The other RBM tasks perform a minimum of analysis at their level, set status bits in the RBM Control Task control
word, trigger the RBM Conftrol Task level, and then exit. For example, when the operator activates the Control
Panel interrupt, which is just below the 1/O interrupt and above most of the real-time tasks, this RBM Control Panel
Task sets a bit in the RBM Control Task status word to signify that the operator key-in subtask is needed, and then
triggers the RBM Control Task. Thus, operator key-ins do not interfere with foreground operation, since these key~
ins are designed to control batch background processing. Similarly, if the background tries to execute a privileged
instruction or tries to branch to protected core, the Memory Protect task is activated; this task sets the Abort subtask
flag, triggers the RBM Control Task, and then exits, From the address in the program status doubleword, the RBM
Abort subtask can tell the exact location causing the protection violation. This information is printed in the abort
message to aid in debugging background programs. The printing of messages and the deactivation of the background
does not interfere with foreground operation. Thus, the entire set of RBM tasks works as an asynchronous whole to
control the operation of the system,

Discussion on the RBM handling of input/output to achieve multi-task operation is in order at this point. Remember
this fundamental rule:

e  All input/output is initiated and checked for completion at the priority level of the requesting task.
Further, all input/output uses interrupt control to coordinate 1/O activity.

RBM Organization
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Highest

Priority N Power On Task (RBM)
Level ~+ Power OFf Task (RBM)
a4 Memory Parity Task (RBM)
i Protection Task (RBM)
_{_ Multiply Exception Task (RBM)
4 Divide Exception Task (RBM)
4_ Real-Time Foreground Tasks (if any)
4 Input/Qutput Interrupt Task (RBM)
. Control Panel Task (RBM)
i Real-Time Clock #1 (RBM)
. Real-Time Foreground Tasks (if any)
Lowest
:I:Z;:Zre -4 RBM Control Task
Level Power On (Highest Subtask)
eve Background Checkpoint (Highest Subtask)

Background Restart

Absolute Loader

Background Abort

Background Termination

Operator Key-in #2

Operator Key-in #1

Post Mortem Dump

Idle Task

Control Card Interpreter (Lowest Subtask)
-1 Background Program (No Hardware Level Used)

Figure 50. RBM Hardware Priority Interrupt Levels

To prevent the problem of 1/O hang-up on shared devices like the RAD, the I/O Interrupt Task in RBM saves end-
action status information in a task context area called a Device File Table that is unique to each task. For example,
if the background initiates an operation on the RAD and then is interrupted by the foreground before the operation

is complete, the I/O Interrupt Task saves the device status at channel end in the specified background Device File
Table and frees this device for further use. The foreground may then use this device. Later, when control returns
to the background and when the data is needed, a check is made to determine if the operation was completed suc-
cessfully. If any retries are necessary, they are performed here. Otherwise, the operation is complete, Standard
error recovery is provided for all devices, but user programs can elect to treat errors in any manner they choose,

A very important service that is in keeping with the philosophy of asynchronous operation is the AIO Receiver. This
permits a foreground task to initiate /O with a no wait option. When the Monitor has then successfully initiated
the 1/O operation, it returns control to the foreground task; the foreground task can then set a flag for itself that
1/0 is pending and exit to a lower priority task (or to the background). Later, when this level becomes active,
processing will continue for that task, This feature can be used in the foreground to permit more efficient use of
the computer. Thus, users have a choice about releasing control during 1/O operations. This is an efficient way

to buffer or queue 1/O operations for foreground tasks. (A foreground program could have one task to do nothing
but queue and buffer for other tasks, for example.)

RBM Organization



12. HOW TO CREATE A TASK CONTROL BLOCK

A Task Control Block (TCB) is a convenient means for storing and organizing the information required to allow
various foreground fasks to operate and interrupt each other in an orderly manner. The Monitor assumes that a
TCB is the first loadable item within a foreground program. The TCB is used by the Monitor service routines
M:SAVE, M:EXIT, M:LOAD, M:OPEN, M:CLOSE, and also when a C: (connect) control command or C key~-in is
read. (See the next chapter, "How To Connect Tasks To Interrupts" for more details about TCB and C: interface. )

You have two alternatives in the creation of a Task Control Block for foreground use: code your own TCB (if pro-
gramming in Extended Symbol), or allow the Overlay Loader to create it. If you wish to code your own TCBs, refer
to Chapter 6 of the RBM/RT, BP Reference Manual, 90 10 37 for detailed information on TCB composition. The in-
formation given below deals entirely with Loader-built TCBs,

If the Loader builds the TCB, it does so completely; that is, no initialization of the TCB by the user is allowed.

A foreground root may contain one or more tasks, with each task connected to its own interrupt. This is accom-
plished through multiple Overlay Loader 1$TCB commands within the root loading sequence. The first 1$TCB com-
mand must precede the I$ROOT command and is called the "initial" TCB. The only difference between it and
subsequent 1$TCB commands is that a "temp" parameter on the initial 1$TCB command is ignored; instead, the value
of the "temp" parameter from the !$ROOT command is used.

The other two parameters on the initial 1$TCB command, w{ and wy, are placed by the Loader in the next two loca-
tions of the TCB. For simplicity, these words are usually written as hexadecimal numbers (e. g., preceded by a +),
although if desired, they could be written in decimal. Groups of bits within these two words are used as indicators
and interrupt locations. See the "Task Control Block" table in Chapter 6 of the RBM/RT, BP Reference Manual,

90 10 37 for more detailed TCB construction.

The first parameter, Wy is constructed as follows:

Bits 0-3 contain the A register bit number for a Write Direct instruction. This is a number from O through F
(hexadecimal) associated with each individual interrupt within its group. Refer to Table 1 in Chapter 2 of the
Sigma 3 Computer Reference Manual, 90 15 92, The list of numbers below the heading "Write Direct Register
Bit (3)" of this table is the A register bit number referred to above.

Bit 4 is a flag indicating whether the Monitor should set core locations 1 through 7 when M:SAVE or F:SAVE is
called. If any Monitor service routines are called within the task, bit 4 should be zero indicating that the
Monitor is to sef these core locations.,

Bit 5 is not used but should be zero. Bit 6 indicates whether the interrupt should be triggered when the task is
loaded ("1" means trigger, and "0" means not to trigger).

Bits 7-15 contain the core location (in hexadecimal) of the particular interrupt to be associated with this task.
Refer again to Table 1 in Chapter 2 of the Sigma 3 Computer Reference Manual 90 15 92, The leftmost column
in this table gives the location for each interrupt.

Assuming that wy was written as +C30C, the indicators would mean that the interrupt wired to location X'10C" (268)
is associated with this task, the Monitor is to set core locations 1-7 (the usual case), and interrupt X'10C' is to be
triggered when its task is loaded into core. Remember that the Overlay Loader does not load programs into core;
this is the function of the M:LOAD Monitor service routine.

The second parameter, Wo, is constructed as follows:

Bits 0,1,2,4 and 8-11 are always zero, and bit 3 is always 1. Bits 5,6 and 7 contain an "operation code" that
is used with the Write Direct instruction. The "Interrupt System Control" section in Chapter 2 of the Sigma 3
Computer Reference Manual, 90 15 92, describes the action taken with each of these codes. Bits 12-15 of wo
contain the Group Number of this interrupt. These numbers are listed in the rightmost column in Table 1, in
Chapter 2 of the Sigma 3 Computer Reference Manual.

Assuming wp contained +1200 in conjunction with a wy containing C30C as described previously, this would cause

interrupt X'10C* to be armed and enabled when the task is brought into core. This means that when the program
task is loaded into core, interrupt X'10C' would be armed and enabled (the "2" in 2 $+1200) and then triggered
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(since bit 6 in 1is a 1), causing the computer to set its P register to the address contained in location X'10C!,
This address would have been stored in this location by M:LOAD, using information placed in the task's TCB by the
Overlay Loader.

The flexibility of the "operation code" fechnique for interrupt control allows the user a wide variety of interrupt
handling methods. For instance, if this example used a code of 3 (that is, if wo were +1300), the interrupt would
have been armed and disabled on loading. The Monitor would have tried to trigger it, but no action would have
occurred, However, since an’interrupt that is armed and disabled “remembers" a trigger, a different task could
enable this level, which in turn, would cause interrupt X'10C' to go "active" (fransferring control to its task) as
soon as it became the highest priority active interrupt.

You may define multiple tasks within a single root by having additional I$TCB commands subsequent to the initial
1$TCB command. Each must be followed by one or more I$LD commands to load the ROMs for that task. A I1$TCB
command may also be followed by a 13BLOCK command to specify any oplbs that may require blocking buffers in
that task.

The "temp" parameter on !1$TCB commands subsequent to the initial one is used to reserve temporary space in the
same way as on the I$ROOT card. If the "temp" is absent, a default value of 80 (X'50') is supplied by the Loader.

Since there is a heavy interface between the 1$TCB commands and C: control commands or key-ins, it is recom-
mended that you now turn to the next chapter, "How To Connect Tasks To Interrupts”.
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13. HOW TO CONNECT TASKS TO INTERRUPTS

The function of linking a foreground task to its interrupt, and optionally controlling the state of the interrupt is
performed through the Monitor IC: control command or the C: operator key-in. The IC: control command and
C: operator key-in function in precisely the same way and have identical parameters. For brevity, they will be
termed "Connect" commands in the rest of this chapter. A frequent use of the Connect commands is to check out
real-time systems that use externally triggered interrupts. Once the foreground is initialized, operation of the
various tasks may be checked without the necessity of actually applying signals to the interrupt lines,

The first and mandatory parameter for a Connect command is the first core location of the task's 7C8." The second
and optional parameter is an "operation" code. This is @ number from 0-7, and if present, is used by the Monitor
in place of the code contained in bits 5, 6, and 7 or word 2 of the TCB; that is, W, on the 1$TCB command. How-
ever, the data in the TCB is not changed.

For instance, assuming a foreground task had been loaded with a 1$TCB command where w.,, was +1100, it would be
brought into core with it's interrupt disarmed. A C: key-in with a code of 2 could then béused to ARMand ENABLE
_ the inferrupt. A second C: key-in (for the same TCB) with a code of 7 would then TRIGGER the interrupt, and if
no higher-priority interrupt were ACTIVE, the task would receive control.

Note that if you request the Overlay Loader to build a TCB, but have supplied a transfer address (that is, a label
in the argument field of your END statement), M:LOAD wi!l honor this as an initialization entry point and this
address will also be used for interrupt entry. If this is not appropriate, you must alter it in your code. If the
Loader builds the TCB but no transfer address is supplied, the interrupt entry will be the first word of the program.
The Loader will output a "OLERR TA" message and set an error level of 1; however, this is only a warning message
and does not affect program execution.

"The location of the task’s TCB is the location immediately following the keyword "ORG" on a load map. See the
load map example in Chapter 6, "How To Build an Overlay Program".
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14. HOW TO ATTAIN REENTRANCY IN ASSEMBLY LANGUAGE SUBROUTINES

Reentrancy in a subroutine permits the subroutine to be interrupted during its execution for one task by a higher
priority task, entered and executed by the higher priority task, and later reentered and continued for the original
task with all previous environment saved. The advantage of reentrancy, of course, is the savings in memory space
achieved by the sharing of procedural code.

Reentrancy is made possible through the use of two special hardware registers: the base register and the link register.

The base register (B) is used by reentrant routines to point to a temporary scratch area (called the "temp stack"),

that is allocated by the Loader, and is unique to each task. The base register contains an absolute core address

that is the start address of the temp stack. Note that the Sigma 2/3 instruction sef permits use of both a base re~
gister and an index register (with or without indirect addressing) which is a powerful technique for manipulating

data and address values.

The link register (L) is used in reentrancy to save the return address in all subroutine calls. Since no subroutine
area can be modified, a method for subroutine calling that uses a branch-and-store instruction counter will not
work, because it would store the return address in the subroutine area. However, with the link register as a sep-
arate register for the return address, linking is quite easy.

With the exception of the B register, all of the hardware registers can be used as a temporary scratch area in a man-
ner similar to temp stack usage.

There are two inter-dependent software parts that are responsible for providing reentrancy: the task and the reen-
trant subroutine. If the proper conditions are not met in both items, no reentrancy is possible. That is, the task is
not itself reentrant, but if it calls a reentrant subroutine and the subroutine requires more working storage than can
be provided by the general registers, then the calling task must provide a temporary storage area for the reentrant
subroutine, The reentrant subroutine will use this area as required.

When a task's interrupt occurs, the pointer to the temp stack of the interrupted task is switched by the interrupting
task via the M:SAVE Monitor service routine. This pointer (K:DYN) is set in the task's TCB to identify the temp-
orary work area for the reentrant subroutine. In order for the subroutine to get the B-register set to the unused part
of the stack, it should call M:PUSH upon entry. To release this space before the subroutine exits, it should call
M:POP. This temporary space is illustrated in Figure 51.

The address of the temp stack is in word 3 of the Task Control Block. This address can also be found in location 6
(K:BASE). The best method for using the stack for temporary storage of up to "n" words is to use the M:RES and
M:POP Monitor service routines, where the calling sequence

RCPYI PT

B *$+3

DATA n (number of cells)
DATA 0

ADRL M:RES

would save the previous value of B in the temp stack and set B to the FWA of the temporary scratch area (within the
temp stack) being allocated, and the sequence

LDA =RETURN
STA 2,,1
B M:POP

would set up the return to TEMP+2, ofter releasing the current temp storage stack and restoring the previous
value of B,
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TCB-A

Code and Call (currently inactive)
Task A bl At
e ) Local Data |

Temp Stack A

|
|
|
|
|
| Public Library
|
|
|
|

of
( Reentrant
TCR-C Subroutines
%
7.
Code and Call L = .
Local Data — Subroutine 3

Temp Stack C

B-Register

Figure 51. Reentrant Subroutine Calling Example

The size of the required temp stack is determined by the maximum nesting of subroutine calls, For example, assume
the following events:

Task C calls Subroutine 2, which requires 15 words of temporary space.

Subroutine 2 calls Subroutine 3, which requires 8 words of temporary space.

Task C must therefore provide a temporary stack with a minimum of 23 words.

Let's further assume that Task C has a total of 50 words of temp stack. The temp stack would then appear as illus-
trated in Figure 52 when Subroutine 3 was executing.

During the execution of Subroutine 3, the base register does not point to the beginning of the temp stack, but in-
stead, points to the beginning of space required for Subroutine 3.

If Task C had called Subroutine 3 directly instead of indirectly from Subroutine 2, the space required for Subrou-
tine 3 would have been at the top of the stack,
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Temp Stack

for Task C
Word 1
Space reserved for
Subroutine 2 (fixed
Word 15 by M:PUSH)
Word 16 Space reserved by B-register during
Subroutine 3 — execution of
(8 words) Subroutine 3
Word 23
)
/Unused sp%
Word 50 ////////// /

Figure 52, Temp Stack Usage Example

In summary, then:

o  Tasks that call reentrant subroutines must reserve adequate temp stack space and get this space pointed to
from the TCB, via a call to M:SAVE.

e  Subroutines designed to be reentrant must call M:PUSH (or M:RES) to set the B-register and reserve space,
must use base addressing to reference this space, and must call M:POP to release this space.

Procedures for assembly language calls to reentrant FORTRAN Library routines are discussed in detail in Chapter 8,
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15. HOW TO WRITE AN ASSEMBLY LANGUAGE INTERRUPT HANDLER

The sample assembly language program example illustrated in Figure 53 and 54 will output the message

KEY-IN THE DATE AND TIME BEFORE PROCESSING ANY JOBS

on the OC device when any of the following conditions are encountered:
e  Each time the system is booted in from a RAD or tape.
o Whenever a frigger is initiated by either a C: control command or C: operator key~in.
o Whenever a Iname processor command is encountered, preceded by an FG operator key-in,

Figure 53 shows the source listing and required control commands and Figure 54 shows the assembled program. The
message

OLERR TA

that appears following OLOAD in Figure 53 is expected and is to be ignored.
At execution the program is loaded info memory and is armed/disarmed, enabled/disabled, and/or triggered in ac-
cordance with the specification in the Task Control Block (TCB). The TCB in this program arms and enables the

interrupt and friggers when the program is loaded in.

When the message

KEY-IN THE DATE AND TIME BEFORE PROCESSING ANY JOBS

appears on the OC device, the program has been loaded correctly,

wlb LR ETING

PAUSE REY=IN 85Y,8 T8 UNPRBTECT THE RAD
kalkis]t

FALL FsaREETINGI32sRKpK,H

LENL

ASE Ll 52%DZaRBEMISD

XsYMERL LUsGRaCRINSH)D A, BY

uer TYPE

*

* Thls FRUGRAT wlLL TYPE ML SSAGE EACH TIME THE SYSTEM ]S BBBTED.

*

1YPE CLA ARG ALDR SET X REGISTER TO ARGUMENT LIST ADCR
RCUFY ] Fol SET L REGISTER T8 RETURN ACDRESS
b *MIWRITE BRANCH T@ RBM MIWRITE
AL sRITEIAK BRANCH IF [/8 SUCESSFLL
KLFY FiA SET LBCATIBN IN A REGISTER
LuA xiCoCt SET ABBRT CHDE (ERCDIC) IN X KEGIST
®CFY] Pal SET L REG T8 FAREGRBUND
=} *MIABORT BRANCH T8 Ru8M ABSRT / ELSE
AR TE AR =CFY] P, SET L REG TY FBREGROUND
5 *MIEALT BRANCH T8 NHRMAL R2M EXIT

I ZEFEEEERESEAENEEEEE RS R R L 2R B R R R Y
A EEZEARE R R ANE RS RS RZEE S SS R S8 3

ARGIAUDN ARKL $+1 ADDRESS BF ARGUMENT LIST

ARG JATA x'3C05! WRITE, EBCDIC, WAJT
UATA 'eC! OPLABEL FOR BPERATIGNS CONSBLE
WATA MESSAGE ADDRESS BF MESSAGE T8 BE BUTPLT
GALA Y] LENGTH OF MESSAGE IN BYTES

Figure 53. Interrupt Handler Source Listing
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(2R X2 R 2R AL RN AR SR RS EE RS RS 2R Y

MESSAGE  UDAIA A11540 NEW LINE / SPACE
UATA X'15151 NEW LINE / NEW LINE
TEAT 'KEY=IN THE DATE AND TIME BEFORE PROCESSING ANY JOBS !
DALA ETITY NEW LINE / NEw LINE
22X FRTTLALTRSES R 2R R Y FE RS RTRLRE ]
X;CO0L  DATA ThE! ABBRT CBDE WRITE ERRBR
MIWRITE EQY X1C9t TRANSFER ADDRESS FBR RBM WRITE
M3 ABBRT EWV X'CE! TRANSFER ADDRESS F8R RBM ABORT
MIEXIT  EWY X100 TRANSFER ADDRESS FBR RBM EXIT
**l*“ﬁ**i**‘ﬁ*****Q***l*****i#**i*****#***ﬁ*&i******!*******iﬂ’“”i’*ﬁ*”f
END
EBD

PAUSE KEY=IN FG,S
ASS1uN UVSUREETING,UP
GLUAL CoF

$MS

$TCB +13112+1205
$ROGT 1C0,+3000,G8,1

SEND
XEG
EBD
FIN
Figure 53. Interrupt Handler Source Listing (cont.)
boo 04/01/71  PAGE 1
$ DEF TYPE
4 »
a e TH]S PROGRAM WILL TYPE MESSAGE EACH TIME THE SYSTEM IS BBBTED,
* »
1] 0000 C80A A TYPE LOX ARG 1ADDR SET x REGISTER T® ARGUMENY LIST AD R
[] Q001 75A1 A RCPY! P,L SET L REGISTER T8 RETURN ADDRESS
2 0002 48G9 A B *MIWRITE BRANCH T8 RBM MIWRITE
8 0003 6405 A BAZ WRITE$OK BRANCH IF 1,8 SUCESSFUL
? 0004 74F1 A RCPY PsA SET LBCATION IN A REGISTER
10 Q00% c827 A LDOX X:CoDE SET ABOBRT C8DE (gBCOIC) IN X REGIS
13 0006 75A1 A RCPY( P,L SET L. RgG T8 FBRgGROUND
18 0007 H4CE A B *MIABBRY BRANCH TB RBM ABBRT / ELSE
13 0008 75A1 A WRITEtBK RCPY] Pab SET L REG T8 FOREGROUND
1% 0009 4400 A B *MIEXTT BRANCH T8 NBRMAL RBM EXIT
19 ERBERRRBBBRRI R SRR RO ARG R R G R B RN
16 RERRRRBRRBEBRB B RNRNBN AR BN BRNNNNS
17 0004 000B R ARGIADDR ADR| sol ADDRESS BF ARGUMENT _IST
18 ooo8 3005 A ARG DATA Xt3005¢ WRITE, EBCDIC, WAIT
12 000E D6C3 A DATA 18C BPLABEL FAR BPERATIONS CONSOLE
29 000P 000F R DATA MESSAGE ADDRESS 6F MESSAGE 10 BE QUTPUY
23 0008 003A A DATA 58 LENGTH OF MESSAGE IN BYTES
28 BRERBREBRRRRBRRRNBRRDRER R RPN RO R RSN
T} 000k 1540 A MESSAGE DATA X11540" NEW LINE / SPACE
(1] 0019 1515 A DATA X115151 NEW LINE 7 NEwW LINE
2% 0013 D2Cs A TEXT 'KEY®IN THE DATE AND TIME BEFBRE PRBCESSING ANY  BBS !
0017 E860 A
0013 C90S A
0014% 40E3 A
001§ c8Cs A
0016 40C4 A
0017 C1E3 A
0018 C540 A
0019 C105 A
001A Ch40 A
0018 E3CS A

Figure 54. Interrupt Handler Assembly Listing
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boo 04/01/7% PAGE e

Qot¢ D4C5 A

001D 40C2 A

Q01E C5C6 A

QO01F D609 A

0029 C540 A

Qo021 D709 A

0o2g D6C3 A

0028 CSE2 A

002& E2C9 A

0028 D5C7 A

0026 40C1 A

o2y DSES A

Qoa8g 4001 A

0029 DeC2 A

00z2A E240 A
26 o028 1515 A DATA X11815" NEW LLINE , NEW LINE
27 ARRRBBRBRBER PG RE R RO RGN G RBB RN
28 002¢ E6CS5 A  XIiCBDE DATA 'WE ABBRY CBDE WRITE ERRBR
23 00C9 A MIWRITE EQU XtCo! TRANSFER ADDRESS FBR RBM WRITE
30 COCE A MIABBRT EQU XtCg! TRANSFER ADDRESS FBR RBM AHBRT
33 000 A MIEXIT EQU X10g TRANSFER ADDRESS FOR RBM EXIY
kT BEREBR A BB RPN RSB R SR IR R PR R AR AN IR AR R RI R R ARR IR RTRRRAGIRAD RN ORI D R NNy B2 PEPNS
32 END

* N WARNING LINES
* NB ERRBR | NES
* ERRGR SEVERITY: 0

SIGMA 2/3 CROSS REFERENCE [ISTING
A 9

y

C 18 ARG

C 17 ARGIADOR S

U S 6 11 13
E 30 MIABOBRT 12

E 31 MIEX]T 14

E 29 MIWRITE 4

C 23 MESSAGE 20

[V} P [} 9 11 13
C 5 TYPE 1

C 13 WRITE!8K 8

C 28 Xi1Ce0t 10

U s 17

END CRBGS REFERENCE §
£T=000.72
PAUSE KEYsIN FGyS§
ASSIGN BVsGREETING,UP
oLBAD QsF
sMg
STCB +3311,+41205
$KABY $00,+3000,G8,1
SEND

BLERR  TA

JOB GREETING 3B

04/01/71 0002

PAUSE KEYeIN SY,S T8 UNeFRBTECT THE RAD
RADEDIT

#ADD UPPGREETING23)sR)RsF

#END
£T=2000:3180

ASSIGN S2%S24RBM,SD

xsYmBoL |,9,G0,CR,NS,DW,B0

Figure 54, Interrupt Handler Assembly Listing (cont.)
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MAP
OVERLAY TASK F8 ORGe3000 MLOCs30AB CBASSSFEE CSIZe0000 UMEM.2Fa2 SECT0002
ROOY ORG*3Q64 LWAv30AC LEN®QO49 TRASNBNE SEV®0000 B8VILBAD#30AC
ERRSEVes 000§
END MAP
ET«000083

XEW
04/01/71 0004 BK8000¢85,FG2000¢67, 10200000

FIN

Figure 54, Interrupt Handler Assembly Listing (cont. )
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16. HOW TO WRITE AND EXECUTE A REAL-TIME PROGRAM

The source listings in Figures 55 and 56 illustrate the interface between two real-time task examples, The first task
calls for a checkpoint of the background, specifies the Checkpoint Complete Receiver (via the M:CKREST Monitor
service routine and is used similarly to the AIO Receiver), and then exits itself. The task is reentered at channel
end. The Checkpoint Complete Receiver then triggers a second, higher priority task to restart the background.

The deck structure given in Figure 57 would load and cause execution of the two real-time tasks illusirated in
Figures 55 and 56.

When both tasks have successfully executed, the message

CKPOINT SPECIFIES AIO RECEIVER
11BKG RESTART
will be output on the operator's console.
E00 00501 04/01/71  PAGE 1
1 REF M2 CKREST,MIEXIT,MIWRITE
4 0001 A P EQU 1
K] 0002 A L EQU 2
4 0000  C8OB A START  LDX *AA CHECKPBINT BACKGROUND
& 0001 75A1 A RCPY1 PaL
A 0002 4COA A B8 M:CKREST
7 0003 6402 A BAZ s+2
] 0004 6FFF A BAN se1
Q FRERBERRERRR P REER RSN
10 PRNBERREBRRERBRREB AR
11 0005 4C08 A B MIEXIT
12 HERERBRBRERBRREERE RSN
13 FRRREEDPERERNRDER D RAR
1a 0006  COO0 A AA DATA X1C000"
15 0007 €008 R DATA AlSREC Al8 RECEIVER ADDRESS
16 *
17 0008 R806 A AIBREC LDA xX13000" Al® RECEIVER IS EMTERED AT THE
1R co09 ©Co6 A WD Xt17051¢ LEVEL OF THE 1/8 INTERRUPT TASK
19 000A 7492 A RCPY LsP TRIGGER INTERRUST +110(272)
20 YT TR T YR Y T
21 ARPRR R R BB RAE BB RN
2 0000 R END START
0008 0006 R
000C 0000 &
900D Q000 E
00CE 80CO A
000F 1705 A
Figure 55. Real-Time Task Example, Checkpoint Call and Exit (Task 1)
1 0001 A P EQU 1
P 0002 A L EQu 2
2 REF MIEXIT,MICKREST,MIWRITE )
4 0000 C81B A START LDX =8 WRITE BUT MESSAGE
5 0001 75A1 A RCPY1 Pol IN EBCIDIC
I3 o002 4C1A A B tWRITE
7 22222 R 22X 28220
R e L IR eIy
9 0003 Ca1A A LDX zAA RESTART BACKGD AT THE LEVEL
10 0004  75Al & RCPYI 6F THE RoM CONTROL TASK
11 0005 4C19 A B MiCKREST
1? *
13 00086 4C19 A B8 MIEXIT
14 (2242 L AR 2 22 XA LR S 2l
15 R A I YT I I T 2
16 Q007 0000 A AA DATA 0
17 HH NN RN NN

Figure 56. Real-Time Task Example, Restart Background (Task 2)
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2222222222222 L LS

1R
19 0008 3005 A BB DATA X'30081
20 0009 D6C3 A DATA reC!
21 000A 000C R ADRL BUFFER
2» 0008 001C A DATA 28
23 000C 40C3 A BUFFER  TEXT ' CKPT SPECIFIED A18 RECEIVER !
000D 02D7 A
0COE E340 A
000F E2D7 A
0010 C5C3 A
ooll C9C6 A
0012 €9C5 &
6013 C440 A
0014 ciC9 A
0015 D640 A
0016 D9ICS A
0017 C3C5 a
0018 C9ES A
0019 C5D9 A
001A 4040 A
24 22 X222 TS 2R R 2
25 (Z3ZI 2222 RIS R 23
24 0000 R END STARY
0018 0008 R
001C 0000 E
001D 0007 R
001E 0000 E
001F 0000 E
Figure 56. Real-Time Task Example, Restart Background (Task 2) (cont.)
[1EOD
~|XSYMBOL deck  (Task 2)
[IXsYMBOL LO, GO
[1JOBC \W
[teoD
3——{1#ADD_UP,AIO, 2,R,R, F N\
3——[IfADD UP, CKPTAIO, 2,R, R, F \w
{IRADEDIT AN
2 [IPAUSE KEY-IN SY,S

1———={IPAUSE KEY-IN FG,S

[1ATTEND

1JOB

||

Figure 57. Deck Example For Loading and Executing Real-Time Tasks
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[1sro0T |, +2600, GO, 1 AN
7—={1$TCB +1311, +1205
[toLoap o,F

IASSIGN OV=AIO, UP -

|[XSYMBOL deck  (Task 1)
[1xsymBoL Lo, Go
[1uoBC
[1xeQ
[tEOD
lrsms
6——— ISROOT , 42700, GO, 1
5———={1$TCB +0110, +1205

{toLoAD o,F
4——={ IASSIGN OV=CKPTAIO, UP

where the flagged control commands have the relevance and meaning given below:
1. Permits loading into the foreground.
2.  Permits modifications to the RAD area.

3. Creates two files: AIO and CKPTAIO. The files are to be two records (sectors) long,
random access, resident foreground, and have RBM write protection.

4. Core image output by the Overlay Loader goes directly on file CKPTAIO.

5. Task is connected to interrupt +0110 (or 2721 in decimal) in external group 5. The interrupt is
armed and enabled but is not to be triggered when loaded into memory for execution.

6. Starting address is +2700 (temp stack FWA).

7. Task is connected to interrupt +0111 (2731( in decimal) in external group 5. The interrupt is
armed and enabled, and is fo be triggered when loaded into memory for execution.

Figure 57. Deck Example for Loading and Executing Real-Time Tasks (cont. )
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When designing and coding your own real-time programs, there is a cardinal rule to be remembered. It was touched
upon in previous chapters but is so important and fundemental to RBM design that it deserves added emphasis:

o Each and every foreground task must be connected to a hardware priority interrupt and therefore will exe-
cute if and only if its interrupt level is ACTIVE. In particular, a foreground task must not continue exe-
cution if the interrupt level is removed from ACTIVE status for any reason.

The single exception to this rule is during the initialization phase of a foreground program, which is run at the
RBM Control Task level. (Exit from initialization must return to the RBM Control Task.) It is assumed that initiali-

zation activity is of short duration.

The priority level of user foreground tasks must be above the priority level of the RBM Control Task and below the
1/O priority level if any 1/O is to be performed by the user task.
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17. HOW TO CREATE A FORTRAN REAL-TIME SYSTEM

Using ANS FORTRAN 1V, you have the ability to construct a Sigma 2/3 real-time system that may be entirely
written in FORTRAN if desired.

REENTRANCY

To effectively use a FORTRAN program in a real-time environment, it is necessary to structure the subprograms so
that they are reentrant. The Main program and TASK Main programs are, as noted elsewhere, not reentrant; how-
ever, any subroutine that may be reached from the Main program and a TASK Main program or two TASK Main
programs must be reentrant if the system is to function properly. As indicated in Chapters 13 and 15, Sigma 2/3
programs achieve reentrancy through separation of program and data and the use of a dynamic temp stack allocated
by the Overly Loader.

The standard object code output by the ANS FORTRAN compiler is designed so that it may be transformed into reen-
trant subprograms. Such a transformation is achieved through the following requirements:

— e The subprogram must use M:RES, M:MPUSH, M:PUSHC, or M:PUSHK for its storage allocation,
e The temp stack must be allocated at the very end of the subprogram.
e The temp stack must not contain any preset data.
o The program area must not be modified during execution.

When made reentrant, a subprogram is set so that it uses the dynamic temp (see the "Public Library FORTRAN Rou-
tines" subsection later in this chapter).

TASKS

The key to the generation of a real-time FORTRAN system is the TASK Main program, which is a Main program
having a TASK statement as its first statement, The TASK statement provides a means of naming (other than with
F:MAIN) a Main program so that it may be used by the CONNECT subroutine. Thus, TASK Main programs are the
interrupt entry points used in constructing a real-time FORTRAN system having more than one entry point. Note
that tasks themselves are not reentrant; however, they provide temporary space fo any reentrant subprograms and to
Monitor service routines.

BASIC STRUCTURE

An example of a possible real-time FORTRAN system is shown in the schematic given in Figure 58. In the example,
‘the Main program provides the initialization for the rest of the real-time system. Initial entry would be to the Main
program, which would then connect the tasks ALPHA and BETA,

Int t A >
nrerrup Main Program U
(optional) B
R
@)
Interrupt B Task ALPHA - U
T
1
N
Interrupt C Task BETA E
S

Figure 58. Sample Real-Time FORTRAN System Schematic
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If the main program is to be connected to an interrupt, it will be necessary to have the Main program alter a preset
variable so as to flag the fact that the later entries are not to do initialization.

Figure 59 shows the deck setup that might be used to construct the schematic sample in Figure 58. The first 1$TCB
card instructs the Overlay Loader to initiate the root segment through the Wi Wo specification,

The ISROOQOT card tells the Loader the size of the Main program's temp stack (f]) and also where to find the Main
program and the subroutines BI,

The second 1$TCB card sets the Loader to expect a TASK Main program (t2) which will be task ALPHA, and also
causes the Loader to allocate temp stack space for the task. The task module with its ! $BLD command (ALPHA deck)
must immediately follow the 1$TCB card; otherwise the CONNECT subroutine will malfunction. The use of 1$TCB
commands is further discussed in Chapter 12 of this manual.

INITIALIZATION

In initialization, you have the option of allowing the Overlay Loader to do all the work (thus avoiding the problem
of determining whether the Main program entry is really the initial entry), or you can use the CONNECT subroutine
in an initialization routine,

If the Overlay Loader is to do the initialization, you must then specify a wy, wp on the !$TCB cards (see the I$TCB
command in the Overlay Loader chapter in the RBM Reference Manual, and "How To Create Task Control Blocks"

in this manual).

If the Main program is to perform an initialization function, then only the Main program need have a Wi W, field

entry.

[1$1D BI, 1
I$TCB ,, 13

[ 15D B1, 1

EEEE— N |
ITCB ,,f2 \

Subroutines

Main Program

l=—={1sro0T 1,,8I
—-»[!$TCB w1, w2
10LOAD

Figure 59. Overlay Loader Controls For Sample Real-Time FORTRAN System

Initialization



You could use a mixture of these two approaches if desired. A Main program and one or more tasks might be
initiated by the Loader. Then, at the occurrence of some specified set of conditions, other tasks could be con-
nected to their respective interrupts,

SUBROUTINE SHARING

Caution must be exercised if subroutines could possibly be shared by two or more interrupts after activation. Where
this condition exists, you must be able to ensure that a subroutine is either in the Public Library or that it uses only
dynamic storage (directly or indirectly).

PUBLIC LIBRARY FORTRAN ROUTINES

Since all routines in the FORTRAN Library fulfill the requirements for conversion to a reentrant subprogram, it is
possible to convert a FORTRAN subroutine into a Public Library routine, As previously stated, a routine to be con-
verted must use M:RES, M:PUSH, M:PUSHC, or M:PUSHK for storage allocation, and the static temp stack must be
empty and allocated at the end of the program.

With these conditions fulfilled, the Overlay Loader can be used to convert a FORTRAN routine to a Public Library
version. In general, the conversion involves altering the storage allocation calling sequence so that it requests
dynamic temp and by stripping the static temp stack from the end of the program. The chapter "How To Write Reen-
trant Subroutines In Assembly Language" in this Manual and the Overlay Loader chapter in the RBM Reference Man-
val give more specific details.

Subroutine Sharing/Public Library FORTRAN Routines
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18. HOW TO DEBUG ASSEMBLY LANGUAGE PROGRAMS

The most useful features of the RBM Debug package are conditional dumps and the capability to insert code. Both
of these features require a region of memory that we will call the "insertion block".

HOW TO DEFINE AN INSERTION BLOCK

The insertion block is defined with the Debug command:

D start, end

and must be given before any code insertions or snapshots may be specified, The most convenient way to define the
insertion block limits is to initiate program execution with an !XED control command that will cause the message

HDKEYIN

to be output on the OC device after the program is loaded into core. Af this point, you can type in the insertion
block definition, type in the conditional snapshots and/or code insertions, and then begin execution.

HOW TO INSERT SNAPSHOTS AND CODE

The listing in Figure 60 is an example of a background program using a conditional snapshot and two code insertions.

E0O 09:04 10/22/71 PAGE 1
1 REF MIREADIMIWRITE)MITERM
2 0000 €839 A START LDx »INLIST READ
3 0001 75A1 A RCPY! 102 FREM
4 0002 4C38 A B MiREAD ec
5 0003 €838 A WRITE LDX sBUTLIST WRITE
A 0004 75A1 A RCPY! 1,2 8N
7 0005 4C37 A 8 MIWRITE ec
] 0006 75A1 A STEP RCPY1 1,2 TERMINATE
9 0007 4C36 A 8 MITERM PROGRAM
10 0008 3006 A INLIST DATA X13006 READ AUTB, WAIT, STD ERR RECBVERY
11 0009 D6C3 A DATA -1 BPERATIONAL LABEL
12 000A 0011 R DATA INBUFF BUFFER ADDRESS
13 0008 0050 A DATA 80 BYTE COUNT
14 cooC 3005 A BUTLIST DaATaA X13005¢ WRITE EBCDIC, WAIT, STD ERR RECBVERY
18 000D D6eC3 A DATA rect
14 000E 0010 R DaTaA BUTBUFF
17 000F 0050 A DATA 80
1R 0olo FOOO A BUTBUFF DaTa X1F000 i DBUBLE SPACE FBRMAT CBDE & NULL
19 ooit INBUFF  RES LY
20 0000 R END STARY
0039 0008 R
003A 0000 E
0038 000C R
003C 0000 E
003D 0000 E

# N8 ERROR LINES
) ERRBR SEVERITY: 0

ET200Q¢23

8LOAD
sMS
sROBT +110042G8
SEND

Figure 60. Example, Background Conditional Snapshot With Two Code Insertions

How To Debug Assembly Language Programs



MAP
BVERLAY TASK BA 0ORGa3Fp0 HLBCE503D CBASeF000 CS1Zw0000 UMEMe9FC2 SECTs0Q002
RBBTY ORGs50p00 LWA®S503D LEN®=QQ3E TRA=S000 SEV#0000 BVILBADsNBNE
ERRSEvVs 0000
END MAP

ET=000.27

MgSSAGg WHEN  DKgYIN 1S BUTPUT, TYPg IN 1CY FOLLOWED BY NgW LINg

PAUSE SET PROTECTY SWITCH T8 '0FFt!, INTERRUPT, KEYIN 18!

XFD
DKEYIN

c

D 4000,%000

S 5003/RA<>#0/'ERRBR',RR

18 %5003,001C,6204,RCPYIPL,4C0145007
1R 5006, 4045000

8

ET#000e58

Figure 60. Example, Background Conditional Snapshot With Two Code Insertions (cont. )

The example in Figure 60 reads one 80-character record from the OC device, outputs the same record on the OC
device, and then terminates.

The I$ROOT card causes the program to be loaded for execution at X'5000'. Since the beginning of background is
at X'3F00" in the system used for this example, the region from X'3F00' to X'3FFF' is used as dynamic temp space
for the program,

When the ! IDKEYIN message is output, the operator types in *C", which causes Debug to read further commands
from the Debug DI device.

The S (snapshot) command tests for register A being equal to the value 0, following the call to M:READ. If A does
not equal zero, the message

ERROR

is output on the Debug DO device, followed by a hexadecimal dump of the register contents,

The IB (Insert Before) command inserts a test for an EOF condition (A=3) before the snapshot. The symbolic equiva-
lent of the inserted code is

cp =3
BNC $+3

B *$+1 *$+1
DATA STOP

The IR (Insert Replace) command inserts an unconditional branch back to START, following the call to M:WRITE.
The symbolic equivalent of the inserted code is

B START

How To Insert Snapshots and Code
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HOW TO DEBUG A FOREGROUND PROGRAM

The use of Debug with a foreground program involves the use of a high-level interrupt for use by RBM while the
foreground program is active. The background program example given previously in Figure 60 can be made to
operate in the foreground as shown in Figure 61,

The IROOT card shown in Figure 61 causes the program to be loaded so that the label START is at location X'3400',
The start of the program is computed as

TCB address = exloc (X'3300') + temp (X'E5')
START = TCB address (X'33E5') + TCB size (X'1B')

Since the default temp size is X'50', the !$ROOT command could also be

1SROOT , 43395, GO

to cause the label START to be on a convenient boundary., The TCB would still be at X'33E5'.

EOO 00300 09/22/74 PAGE 1
1 JDNTY 1PROG!
2 REF MIREAD,MIWNRITE, MIEX]T
3 0000 C839 A STARY LOX eINLIST READ
3 0001 78A1 A RCPY1 1,2 FROM
] 0002 4C38 A B MIREAD oc
[ 0003 C838 A WRITE LDx sBUTLIST WRITE
7 0004 75A1 A RCPY! 1s2 N
3 0005 4C37 A B M WRITE ec
9 0006 75A1 A STOP RCPY! 1,2 TERMINATE
10 0007 4C36 A B MIEXIT TASK
11 0008 3006 A INLIBT DATA X13006! READ AUTS, WAIT, STD ERR RECOVERY
12 0009 D6C3 A DaTaA 18C! OPERATIGNAL LABEL
13 000A 0011 R DATA INBUFF BUFFER ADDRESS
14 0008 0050 A DATA 80 BYTE COUNT
18 000C 3005 A BUTLIST DATA X13005¢ WRITE EBCDIC, WAIT, STD ERR RECOVERY
16 0000 D6C3 A DATA rec
17 000E 0010 R DATA BUTBUFF
i8 000F 0050 A DATA 80
19 0010 FOO0 A OUTBUFF DATA X+FOOQ1 OBUBLE SPACE FBRMAT CODE & NULL
a0 001l INBUFF RES 40
21 0000 R END START
0039 0008 R
003A 0000 E
0038 000C R
003C 0000 E
0030 0000 E
» NO ERROR LINES
- ERRBR SEVERITY! O
ETs000e1?
SLEBAD QsFssD
sMS
sTCB +1111,41205 INTERRUPT 111, ARM & ENABLE
sREBT 243500, G8
SEND

Figure 61. Foreground Conditional Snapshot With Two Code Insertions

How To Debug a Foreground Program



MAP
BVERLAY TASK FO® ORG¢3500 HLOBCa35A8 CBASR3EEE CSIZs0000 UMEMe0945 SECT0002
RAGBY ORGe358n LWA®35A8 LEN®QQ59 TRASNGNE SEV®0000 OVILOADSNANE
ERRSEVe 0000
END MAP

ET#000¢1%

PAUSE KEYIN FGsg
MgSSAGE WHEN  DKEYIN IS BUTPUT, TYPE IN 1€t FOLLOWED BY NEW LINE

XED

DKEYIN

[

Ds110

D3200,3%00

S $PRBG+3/RA<OHQ/, 'ERROR!,RR

{B $PR8G+3,D01C,6204,RCPYIPL,4C01,8PRBG+7
IR $PROG+6, #QuSPROO

B

C: +3550,7

Figure 61. Foreground Conditional Snapshot With Two Code Insertions (cont.)

HOW TO USE $NAME AND @NAME

The Debug package provides two methods of referring to program locations by name rather than by hexadecimal
value. Both methods involve the use of an arbitrary symbol of up to eight alphanumeric characters preceded by a
$ or by an @ sign. Examples:

$PROGRAM
$SEGI
@START

@s

REQUIREMENTS FOR $NAME
1. The source program must include an IDNT statement., Example:
IDNT 'PROGRAM!

2. The IOLOAD command used to load the program must contain the character Das the fourth parameter. Example:

IOLOAD 0, F,,D

3. The Debug insertion block must be large enpugh to contain a blocking buffer for reading from the opera-
tional label ID. The blocking buffer is allocated as the last K:BLOCK words of the insertion blocks, where
K:BLOCK words of the insertion blocks have the value 180 or 512. This value is contained in location
X'EE' in all RBM systems from Version DOO upward. If snapshots or insertions are to be made, the insertion
block must be large enough to contain the blocking buffer and the additional space required for the inser-
tions or snapshots,

The example in Figure 62 shows how the SNAME feature can be used with a foreground program.

How To Use $NAME and @NAME

113



114

EOO 00301 09/22/71  PAGE
1 RgF MIREAD,MIWR]ITE, MIEXIT
2 0000 C839 A START LDX ®INLIST READ
3 0001 75A1 A RCPY1 1,2 FROM
4 0002 4C38 A B MIREAD ec
5 0003 C838 A WRITE LDX wBUTLIST WRITE
. 0004 75A1 A RCPYI 1,2 oN
7 0008 4C37 A B MIWRITE oc
] 0006 75A1 A STOP RCPY1 1,2 TERMINATE
L} 0007 4C36 A B MIEXIT TASK
10 0008 3006 A INLIST DaATA X13006! READ AUTB, WAIT, STD ERR RECOVERY
11 0009 D&C3 DATA 1eC? GPERATIONAL LABEL
12 000A 0011 R DATA INBUFF BUFFER ADDRESS
13 0008 0050 A DATA 80 BYTE CBUNT
16 000C 3005 A OUTLIST DATa X130051 WRITE EBCDIC, WAIT, STD ERR REC®VERY
18 000D D6C3 A DATA rec!
14 000E 0010 R DATA BUTBUFF
17 000F 0050 A DATA 80
18 0010 FOOO A BUYBUFF DATA X1F000" 0OUBLE SPACE FBRMAT CBDE & NULL
19 ootl INBUFF  RES 40
20 0000 R END START
0039 0008 R
003A 0000 £
0038 000C R
003C 0000 €
0030 0000 €
# N8 ERROR LINES
. ERR®R SEVERITY: 0o
ET#000410
8LBAD  O,F
sMS
s7CB +1111,%1205 INTERRUPT 111, ARM § ENABLE
SREBT  +ES,+3300,G0
SEND
MAP
BVERLAY TASK F8 @RG43300 HLOCs343D CBASa3EEE CS12s0000 UMEMsQABO SECTs0002
ROOT ORGe33IES LWA#343D LEN®Q0S9 TRASNONE SEV=0000 OVILBAD=NENE
ERRSEVs 0000
END MAP
ETs000413
PaUSE KEYIN FGsS

Mg SSAGe WHEN

XED
OKEYIN
c

Ds110

D 3200.3300

$ 3403/RA<C>#0/'ERROR',RR

18 3403,001C,6204.RCPYIPL,4C0123407
IR 3406,403400

8

DKEYIN 1S BUTPUT, TYPE IN 1C1 FOLLBWED BY NEW LINg

C: +33E6,7

TRIGGER INTERRUPT

Figure 62. Foreground Debug Example Using $NAME

How To Use $NAME and @NAME




REQUIREMENTS FOR @NAME

When it is desirable to be able to refer to locations within a program, the use of a Debug symbol table is required.
The symbol table may be assembled into the program or it may be constructed in an unused area of core with Debug
Modify commands. Use of the @NAME facility allows you to write snapshots for subroutine entry or exit points, to

simulate input values, etc., for programs being assembled and executed within the same job.

The structure of the Debug symbol table is

< <
c c,
Cs Ce
¢ g
Valuve
0

Symbol name, left-justified and padded with blanks
to a total of 8 characters.

The location value to be used.

Indicates end of table.

The Debug G command is used to define the start of the symbol table. The listing in Figure 63 is an example of

using @NAME with a background program.

E00 00301 09/22/71 PAGE 1
1 DgfF SYMTAB
2 REF MIREADIMIWRITESMITERM
3 0000 E2E3 A SYMTAB TEXT tSTARY '
0001 C109 A
0002 E340 A
0003 4040 A
o 000& 0010 R DaTA STARY
s 0005 E640 A TEXT "W '
0006 4040 A
0007 4040 A
0008 4040 A
. 0009 Q013 R DATA NRIT;
? 000A E2E3 A TEXT 1578 '
0008 D6D? A
000C 4040 A
0000 4040 A
) 000E 0016 R DATA ST8P
9 000F 0000 A DATA Q
10 0010 C839 A START LDOX sINLISY READ
11 o011 75A1 A RCPY! 1,2 FREM
12 ool2 4C38 A B8 MIREAD 8cC
13 0013 C838 A WRITE LDoX =0UTLIST WRITE
[ 0014 75A1 A RCPY} 1,2 oN
15 0015 4C37 A 8 MIWRITE ec
16 0016 75A1 A STEP RCPY! 1,2 TERMINATE
17 0017 4C36 A B MITERM PRBGRAM
14 0018 3006 A INLIST DATA X130061 READ AUT®, WAIT, STD ERR RECBVERY
19 oo19 D6C3 A DATA rece OPERATIONAL LABEL
20 001A 0021 R Data INBUFF BUFFER APDRESS
21 0018 0050 A DATA 80 BYTE COUNT
22 001C 3005 A BUTLIST DATaA X13005! WRITE EBCDIC, WAIT, STD ERR RECOVERY
23 0010 D6C3 A DATA 18C
26 001E 0020 R DATA BUTBUFF
as 003F 0050 A DATA 80
Figure 63. Background Debug Example Using @NAME

How To Use $NAME and @NAME
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EOO

00801 09/22/71  PAGE

26 0020 FOO0 A OUTBUFF DaTa X1F000 " DOUBLE sPaACE FBRMaT CBDE & NULL
27 [oJo-3 INBUFF RES 40
28 0040 R END START
0049 0018 R
006A 0000 €
0048 004C R
004C 0000 E
0040 0000 E
* N8 ERRBR LINES
L ERRBR SEVERITY: 0
ETe000013
SLOAD
oML
SRO8T  +11004,GH
SEND
MAP

BVERLAY TASK BA BRGa3FQ0 HLBCsSO4D CBASsF000 CSIZs0000 UMEMeSFB2 SECT»0002

DEF
DEF
PEF
DEF
DEF
DEF
DefF
OEF
DEF
DEF
DEF
REF
QEF
DEF
DEF
DEF
OEF
OEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
OEF
DEF
DEF

R8T ©ORGs5000

M3FSAVE
DIKEY
D3CARD
DISNAP
MISAVE
MIEXIT
MIIBEX
MIREAD
MIWRITE
MICTRL
MITERM
MIDATIME
M3ABBRT
MIHEXIN
M3 INHEX
MICKREST
M3LBAD
M38PEN
MICLOSE
MIDKEYS
MINALY
M$SEGLD
MIDEF INE
M{ASSIGN
MIOPFILE
MiPaP
MIRES
M{DYN
MIRSYP
MiDOW
Micec

LWARS04D LENSQOE

DEF SYMTAB 1

ERRSEVs 0000

END MAP

ET«000+20

0470
2748
27aC
27AD
27A6
27A7
27AE
2780
2784
2782
2784
2783
2785
2786
2787
2788
27A8
2789
27BA
2788
278C
27BD
278BE
278F
27¢co
27C1
27C2
27C3
27A9
27AA
27AF

TRAS5010 SEV=0000 @ViLeADsNBNE

$000

PAUSE  SET PROTECY SWITCH T® 'OFfF', INTERRUPT, KEYIN 'S!
DKEYIN IS BUTPUT, TYPE IN 1C' pOLLOBWED BY NEw LINE

MESSAGE WHEN

XED
DKEYIN

[
D 4000,%5000
G5000

§ BW/RA<>#0/4+'ERRBR',RR
18 8wW.001Cs6204sRCPYIPL,4C01,3STOP+y
IR BSTBP, 40#3START
B

ET»000¢50
FIN

Figure 63. Background Debug Example Using @NAME (cont. )
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19. HOW TO ASSIGN AND USE DEVICE OPERATIONAL LABELS

Physical devices are normally assigned at SYSGEN to device file numbers (DFNs). However, at installations where
relatively large numbers of personnel submit jobs on a somewhat irregular basis, it is highly useful to permanently
assign device mnemonic operational labels to hard-to-remember DFNs. This is particularly true when large numbers
of Utility jobs are submitted, since the Utility processor works only with operational labels.

For instance, a nonprofessional programmer would find it much easier to use

KASSIGN BO=MO

instead of the standard DFN assignment of

/!ASSIGN BO=10

for a temporary assignment of binary output to a magnetic tape unit.

Or again, the nonprofessional programmer submitting a Utility job could assign (for instance)

/!ASSIGN UI=CR

instead of a "normal” DFN assignment of

/!ASSIGN UI=3

to read in his input, with much less possibility of an incorrect assignment.

When permanently assigning DFNs to operationc! labels at SYSGEN, the oplabels should convey os much mnemonic
information as possible. The following list, however, is suggestive only:

Typical Physical Suggested
DFN Device Mnemonic Oplabel
1 Keyboard/Printer KP
2 Line Printer LP
3 Card Reader CR
4 Card Punch CP
5 Paper Tape Reader PR
6 Paper Tape Reader pp
10 Magnetic Tape Unit 0 MO
Tn Magnetic Tape Unit n Mn

The assignment of DFNs to device mnemonic operational labels takes place during the SYSGEN assignment of the
background operational labels (see "BCKG. OP. LBL" output message in the SYSGEN Input Options and Parameters
table in the System Generation chapter of the RBM Reference Manual).

How To Assign and Use Device Operational Labels 117



Assuming that the card reader is assigned DFN3, the permanent SYSGEN assignments would appear as

SI=3
ul=3
CR=3

with corresponding device mnemonic operational labels for other DFN assignments.
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20. HOW TO PATCH RBM

RBM can be patched either temporarily or permanently through use of the RBM Hex Corrector. Whether the patch
is temporary or permanent is determined by the manner in which the Hex Corrector is activated.

A temporary patch means that the copy of RBM located on the RAD is not altered, and this is achieved by activating
the Hex corrector via a 'HEX control command or an "H" operator key-in.

A permanent patch means that the RAD copy of RBM is altered, and therefore the changes will remain in effect for
all future boots of the system from the RAD. Permanent changes are effected through activating the Hex Corrector
by setting DATA switch 1 when RBM is booted in. By using the two methods in conjunction, you can check
out patches on a temporary basis and when satisfied that they are correct, make the patches permanent.

When the Hex Corrector has been activated by either one of the two methods described above, it will read records
from the CC operational label and write records on the DO operational label. The records read in are either bias
or corrector records.

Bias records have the form

bbbb
" ID{;’;\(} [*Comments]
where
bbbb is a hexadecimal number.

PA represents the RBM Patch area defined at SYSGEN.

XX is an RBM overlay identifier (for example, 41 is the Hex Corrector).

Corrector records have the form

aaga ccecy ceeey ... Ceec,. .. ceee [(*comments ]
where
aaaa is the hex location where the corrections will go. (If a bias card has been encountered, aaaa will be
added fo it to determine the location of the patches.)
ccee, is the hex correction to be inserted at the location aaaa + bias + i. The hex correction cccc; may also

also be of the form Rccee; which means the value to be stored is ccce + bias, or it may be of the form
Pccecc; which means the value to be stored is cccc; + bias of the RBM Patch area.

An IEOD terminates the Hex Corrector's input.

Figure 64 shows sample input to the Hex Corrector.

How To Patch RBM
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[ 1e0D \
[ 0030 4CO1 PO0OT *B PA+1 AN

[+ID41 *HEX CORRECTOR AN
| 0010 4co1 10FF* *B 1OFF AN
t [ 0001 4C01 RO0T0 *B PA+10 AN
+IDPA *RBM PATCH AREA AN
||

fThe first and last cells of the RBM Patch area should not be used for corrections, since the first contains the
length of the Patch area and the last contains the number of temporary RBM overlay patches. Each temporary
overlay patch takes three Patch area words (taken from the top of the Patch area down).

Figure 64. Hex Correction Input Example
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21. HOW TO SAVE AND RESTORE AN RBM SYSTEM

The RAD Editor can be used to save and restore an RBM system without the necessity of going through a complete
SYSGEN. Two methods are available for saving the RBM system files: rebootable save and file save.

HOW TO CREATE A REBOOTABLE SAVE TAPE

The following control command sequence

| 1#END \
—— 1#SAVE

| 1RADEDIT \
[ 1REWIND BO AN

1 IASSIGN BO=T0 N
| 1PAUSE MOUNT 1FST SAVE TP ON UNIT #0 \
1JOB \ ||
||
||
-

. . . .t
will generate a rebootable save tape on magnetic tape that contains the entire RBM system.

Note that the "T0" device operational label used on the IASSIGN command instead of a standard device file num-
ber (DFN) is an option that must be defined at SYSGEN (see Chapter 19).

The RBM areas contained on the rebootable save tape may be restored in their entirety by performing a bootstrap op-
eration with the magnetic tape, or may be selectively restored via the RAD Editor !#RESTORE command.

BOOTING AN RBM SAVE TAPE

When an RBM save tape is bootstrap loaded via the hardware load procedure, the message

RESTORING VERSION XX OF mm/DD/yy HRMN

is output on the keyboard/printer.
where
XX is the version of the RBM system.

mm/DD/yy HRMN is the date and time the save tape was created.

"If no parameter follows 1#SAVE, the RAD Editor will save all areas currently known to RBM except CP (Check-
point) and BT (Background Temp).

How To Save and Restore An RBM System 121
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As each new area is encountered on the save tape, the message

RESTORING AR TO DN

is output on the keyboard printer

where
AR is the area mnemonic.
DN is the device number to contain the area.

If an area is being restored to a disk pack, the first occurrence of such an area will cause the following message to
be output:

IDLE, RUN TO WRITE

If it is permissible to write on the indicated device, move the COMPUTE switch to IDLE and then back to RUN.
This measure is intended fo prevent inadvertent destruction of information on disk packs.

If an 1/O error occurs, the program will output an appropriate message and retry the operation. If the error condi-
tion persists, the operator may abort the restoration of the area currently being restored by pressing the Control
Panel INTERRUPT switch. This will cause the program to skip to the next area on the tape.

When all areas have been restored (or the logical end of tape is encountered), the program will unload the input
tape and execute the RBM bootstrap.

SELECTIVELY RESTORING AREAS FROM A REBOOTABLE SAVE TAPE

The control command sequence in the example

| 1#END AN

——{ I#RESTORE UP, UD, UL \
[ IRADEDIT \
[ 1PRTCTD AREAS \
——— IPAUSE KEYIN SY, S IF RESTORING TO, ; AN
[ 1ASSIGN BI=TO AN
1JOB \

will restore the User Processor, User Data, and User Library areas from a magnetic tape that was generated as de-
scribed previously.

The RAD Editor restores the selected areas to their currently allocated regions, which must be on the same device as
they were at the time of the save. However, the areas being restored need not be to the same physical region of
the device. If the BOT of the area being restored is different from the BOT of the current allocation for that area,
the restore will proceed normally and the area file directory will be updated to reflect the new file positions. If
the area being restored contains nonzero data past the EQT of the current allocation, an EOT message will be out-
put and the area will be truncated to fit the current allocation. In this case, the updated file directory may con-
tain files that appear beyond the area EOT; these files should be deleted.

How To Create a Rebootable Save Tape



Note that selective restoration may not be used to restore the SP or SD areas. The bootstrap operation must be
used if the SP or SD areas are to be restored.

HOW TO SAVE RBM SYSTEM FILES

If the RAD Editor |#SAVE command is used with the keyword "FILE", the files indicated by the remainder of the
parameters are saved on the BO device, which may be a magnetic tape, a paper tape punch, or a card punch.

Each file is identified by its area mnemonic and file name, together with sufficient information to restore the file
to the area from which it was saved. The example

[ 1#EnD AN
| FiLEr, FiLE2 AN

| 1#SAVE FILE, UP, UD, FILE1, FILE2, UL, D1, ; \
| 1rADEDIT \

1JOB \

will cause the following files to be saved on the current BO device assignment:

‘Up all
ubD FILE1,FILE2
UL all
D1 FILE1,FILE2

RESTORING RBM SYSTEM FILES

The RAD Editor |#RESTORE command is used to restore files previously saved via a !#SAVE command. For example,

if the commands [ oD \
| 1#RESTORE UP, UD AN

[ 1rADEDIT
1JOB \\

were given with the output from the previous |#SAVE example being read from the Bl device, the following files
would be restored:

Area Files
UP All that existed at the time of the save would be added to current area contents.
ubD FILE1 and FILE2 would be added to current area contents.

In this method of restoring files, the file name is added to the area if it does not already exist; otherwise, the cur-
rent content of the file is replaced by that from BI.
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