
















































































































































































ASSUME 'SY' 

Figure 47. Save Instruction Procedures During SYSLOAD 

This example creates the standard (default) RBMS2 fj Ie and saves the source in a fi Ie called RBMS2SI in the User 
Data area. (Xl 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 fi Ie 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. ) 

!ASSIGN S2=MY$PROCS, UD 

!ASSIGN SI=RBMS2SI, UD 

---Jo"-I!# ADD UD, MY$PROCS, 40, 108, B, R 

KEY-IN SY S 

!JOB 

Figure 48. Create An S2 File 
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• 

UI, PP, LO 

Figure 48. Create An S2 FiJe (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$PROC5 
fi Ie in the User Data area. Note that MY$PROC5 has been created using a blocked fi Ie with a record size of 
108 bytes, which is the required format for 52 files. Subsequent assemblies using this new file might be done as 
shown in Figure 49. 

Figure 49. Assemblies Using 52 File 

The !AS5IGN card in Figure 49 prevents the automati c assignment of 52 to the default RBM52 fj Ie. 
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The fo" owi ng update packet ill ustrates I ega I usage in creati ng an expanded S2 fi Ie: 

+90 

* 

Z 

P 

E 

A 

* 

K:X8000 

K:X4000 

K:M15 

K:M16 

* 

BAL 

XR 

+END 

: OPERATIONAL REGISTER EQUATES 

EQU o ZERO 

EQU PROGRAM 

EQU 6 EXTENSION 

EQU 7 ACCUMULATOR 

: MONITOR CONSTANTS 

EQU X '09 1 X '8000 ' 

EQU X'OA' X '4000 ' 

EQU X '33 1 X'FFF1' 

EQU X '34 1 X'FFFO' 

: PROCEDURES 

CNAME 

PROC 

RCPYI 

B 

PEND 

CNAME 

PROC 

REOR 

REOR 

REOR 

PEND 

BRANCH AND LIN K (TO SUBROUTINE) 

P, CFR(2) 

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

EXCHANGE RE GISTER 

AFR(1), AFR(2) 

AF(2), AF(1) 

AF(1), AF(2) 

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

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 
techni ques. 

The common resource constraints are either fast core storage, or bulk (RAD or disk pack) storage. In the case of 
Extended Symbol, these two constraints are related, since this assembler uses several blocked fi les on bulk storage 
that require blocking buffers in fast core for each blocked fi Ie. Assuming that Extended Symbol is loaded with the 
standard blocking buffer parameters, an 1 XSYMBOL call wi II cause m*n words of fast core to be reserved for I/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 fi les: 

51, UI, SO, La, GO, BO, Xl, X3, 52, DO 

Unless reASSIGNed, the GO, Xl, X3, and 52 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 IS 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 fi Ie elimination might be inadvisable. 

COPING WITH EXISTING RESOURCES 

Without modifi cation of a program, the only improvement in resource demands during an assembly wi" be achieved 
by cutting down on the number of RAD/disk pack fi les 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 

(ASSIGN GO=O 

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: 

lXSYMBOL BO, ... 

lASSIGN BO=device 

lASSIGN GO=O 
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X1 FILE ELIMINATION 

The Xl fi Ie has a default blocking buffer and is used by Extended Symbol to maintain a 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 Xl fi Ie. If you have magnetic tape and the one or more source programs are separated by 
fi Ie marks on the tape, the following commands wi II eliminate Xl and its buffer: 

IXSYMBOL ... LBA] 

!ASSIGN SI=tape unit 

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

!XSYMBOL options 

!ASSIGN Xl=SI 

!ASSIGN SI=fi Ie name, area 

Xl FILE ELIMINATION 

The X3 fi Ie has a default blocking buffer, but this fi Ie 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 !XSYMBOL command should be preceded by 

(ASSIGN X3={) 

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). 

S2 FILE ELIMINATION 

The final file with a default blocking buffer is S2. The S2 file should be left assigned to RAD/disk pack if at all 
possible. Whi Ie the procedure for running S2 from paper-tape, cards, etc. is easy to perform, the method is 
highly dependent upon the particular hardware configuration. 

86 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: 

LOCAL $10, $20, $30 

AROUTINE RES 0 

$10 RES 0 

$20 RES 0 

$30 RES 0 

LOCAL $10, $20 

BROUTINE RES 0 

$10 RES 0 

$20 RES 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. 
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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 calion 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 Manua I. ) 

Note that some foreground programs can uti lize 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 detai I 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: 

• 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. 

• 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. 

• 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 II processor II 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. 

• 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 automati ca IIy 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 detai I later in this chapter. ) 

• 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 desi gn 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. 

• 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 I/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 lIenvironment ll (CONNECT, ARM, ENABLE, INHIBIT) is controlled either directly through special RD 
or WD instructions coded into your program, or indirectly through RBM Monitor servi ce routines accessed by calls, 
key-ins, or control commands. The hardware interrupts for Sigma 2/3 computers possesses the following 
characteri sti cs: 

• No level may advance to an active state whi Ie a higher level is active. 

• Under program control, individual levels (or IIgroupsll) may be set to ignore incoming signals (DISARMED) 
or to postpone reaction to these signals unti I some later time (DISABLED or group INHIBITED). 

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

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

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

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

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

• The previous interrupt inhibit state is saved (in the old PSD) on a task entry 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. 

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

• 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. 

• An interrupt level should not be DISARMED whi Ie 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. 

• Only one-level of signal is remembered by interrupts. That is, 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: 

• Real-time programs can be debugged by using software triggering for certain levels before the real-time 
hardware is connected. 
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• Real-time programs can work in groups by using internal WD 0/'.frite 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. 

• Under program control you can select which interrupt levels to initially ARM and ENABLE, and can reject 
or postpone future signals based on program logi c 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. 

• 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 I/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 anyone 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 wi II be "remembered" 
for later processi ng, whi ch wou Id not occur if a DISARM were used. 

A task connected to a level higher than the I/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 IJS 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 parti cular 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 I/O operations 
to schedule and synchronize itself in order to buffer output to a printer, and so permit other (lower priority) tasks 
(including the background) to execute whi Ie I/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 parti cular 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, a 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 mi ght correspond to a bit in a software status word and the primary task mi ght 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 centraHzed at their primary task and is exercised through software. Primary tasks 
are controlled with decentralized hardware scheduling. 

RBM ORGANIZA liON 

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 Control Task level, and then exit. For example, when the operator activates the Control 
Panel interrupt, which is just below the I/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: 

• All input/output is initiated and checked for completion at the priority level of the requesting task. 
Further, a II input/output uses interrupt control to coordinate I/O activity. 
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Highest 
Priority 
Level 

Lowest 
Priority 
Hardware 
Level 

-,--

-I-

-I-

--

--

-I-

-I-

--

--

Power On Task (RBM) 

Power Off Task (RBM) 

Memory Pari ty Task (RBM) 

Protection Task (RBM) 

Multiply Exception Task (RBM) 

Divide Exception Task (RBM) 

Real-Time Foreground Tasks (if any) 

Input/Output Interrupt Task (RBM) 

Control Panel Task (RBM) 

Real-Time Clock # 1 (RBM) 

Rea 1-Ti me Foreground Tasks (if any) 

RBM Control Task 
Power On (Hi ghest Subtask) 
Background Checkpoint (Highest Subtask) 
Background Restart 
Absol ute Loader 
Background Abort 
Background Termination 
Operator Key-in #2 
Operator Key-in #1 
Post Mortem Dump 
Idle Task 
Control Card Interpreter (Lowest Subtask) 

Background Program (No Hardware Level Used) 

Figure 50. RBM Hardware Priority Interrupt Levels 

To prevent the problem of I/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 Fi Ie 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 servi ce that is in keeping with the phi losophy of asynchronous operation is the Ala Receiver. This 
permits a foreground task to initiate I/o with a no wait option. When the Monitor has then successfully initiated 
the I/o operation, it returns control to the foreground task; the foreground task can then set a flag for itself that 
I/O is pending and exit to a lower priority task (or to the background). Later, when this level becomes active, 
processing wi" 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 I/O operations. This is an efficient way 
to buffer or queue I/O operations for foreground tasks. (A foreground program could have one task to do nothing 
but queue and buffer for other tasks, for example. ) 
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12. HOW TO CREATE A TASK CONTROL BLOCK 

A Task Control Block (TCB) is a convenient means for storing and orgamzlng the information required to allow 
various foreground tasks 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 a Iternatives 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-bui It TCBs. 

If the Loader bui leis 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 !$TCB commands within the root loading sequence. The first !$TCB com­
mand must precede the !$ROOT command and is called the "initial" TCB. The only difference between it and 
subsequent !$TCB commands is that a "temp" parameter on the initial I$TCB command is ignored; instead, the value 
of the "temp" parameter from the !$ROOT command is used. 

The other two parameters on the initial !$TCB command, wl and w2, 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 1037 for more detailed TCB construction. 

The first parameter, w
1
, is constructed as follows: 

Bits 0-3 contain the A register bit number for a Write Direct instruction. This is a number from a 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 set 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 tri gger, and "0" means not to tri gger). 

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 wl 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, w2, 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 II section in Chapter 2 of the Sigma 3 
Computer Reference Manual, 90 1592, describes the action taken with each of these codes. Bits 12-15 of w2 
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 w2 contained +1200 in conjunction with a wl 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 S+1200) and then triggered 
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(since bit 6 in 1 is 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" technique 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 w2 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" (transferring 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 !$TCB commands subsequent to the initial 
!$TCB command. Each must be followed by one or more !$LD commands to load the ROMs for that task. A !$TCB 
command may also be followed by a !$BLOCK command to specify any oplbs that may require blocking buffers in 
that task. 

The "temp" parameter on !$TCB commands subsequent to the initial one is used to reserve temporary space in the 
same way as on the !$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 !$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 !C: control command or the C: operator key-in. The !C: control command and 
C: operator key-in function in precisely the same way and have identical parameters. For brevity, they wi II 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 TCB.
t 

The second 
and optional parameter is an "operation ll code. This is a 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

2 
on the !$TCB command. How­

ever, the data in the TCB is not changed. 

For instance, assuming a foreground task had been loaded with a !$TCB command where w
2 

was +1100, it would be 
brought into core with ifls interrupt disarmed. A C: key-in with a code of 2 could then be used to ARMand ENABLE 
the interrupt. 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 bui Id a TCB, but have supplied a transfer address (that is, a label 
in the argument field of your END statement), M: LOAD wi II honor this as an initialization entry point and this 
address wi II also be used for interrupt entry. If this is not appropriate, you must alter it in your code. If the 
Loader bui Ids the TCB but no transfer address is supplied, the interrupt entry will be the first word of the program. 
The Loader will output a IIOLERR TAli message and set an error level of 1; however, this is only a warning message 
and does not affect program execution. 

tThe location of the task's TCB is the location immediately following the keyword II ORGII on a load map. See the 
load map example in Chapter 6, IIHow To Build an Overlay Program II. 
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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 previ0us 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 set permits use of both a base re­
gister and an index register (with or without indirect addressing) whi ch is a powerful techni que for manipulating 
data and address va lues. 

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 wi II 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 ~ 
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 lin" words is to use the M:RES and 
M:POP Monitor service routines, where the calling sequence 

RCPYI P, T 

B *$+3 

DATA n (number of cells) 

DATA o 

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 

LOA =RETURN 

STA 2" 1 

B M:POP 

would set up the return to TEMP+2, after releasing the current temp storage stack and restoring the previous 
value of B. 

96 How To Attain Reentrancy in Assembly Language Subroutines 



Task A 

Task C 

TCB-A 

Code and 
Local Data 

Temp Stack A 

TCB-C 

Code and 
Local Data 

Temp Stack C 

Call (currently inactive) -------, 

Call 

B-Register 

I 
I 
I 
I 

L 

Figure 51. Reentrant Subroutine Calling Example 

Public Library 
of 

Reentrant 
Subroutines 

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 tota I of 50 words of temp stack. The temp stack wou Id then appear as ill us­
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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In summary, then: 

Word 1 

Word 15 
Word 16 

Word 23 

Word 50 

Temp Stack 
for Task C 

Space reserved for 
Subroutine 2 (fixed 
by M:PUSH) 

Space reserved by 
Subroutine 3 
(8 words) 

Figure 52. Temp Stack Usage Example 

B-register during 
execution of 
Subroutine 3 

• 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. 

• 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 detai I 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: 

• Each time the system is booted in from a RAD or tape. 

• Whenever a trigger is initiated by either a C: control command or C: operator key-in. 

• Whenever a !name 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 into memory and is armed/disarmed, enabled/disabled, and/or triggered in ac­
cordance with the specification in the Task Control Block (TeB). The TCB in this program arms and enables the 
interrupt and triggers 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. 

* 

-.JJt;j ~Rc.E.Tll\i~ 

~~~S~ ~~y.,~ Sy#S T~ U~·PRBTECT THE RAD 
!-or "C~i,...l I 

~A~~ J~,~~~ETI~~,3~,k,R,~ 

"'U,L 
AS;;; 1 ~r. ;,c=b2"Ht<T"" SO 
X~YMceL L~,G~J~~,~s,u~,a~ 

l)!:'~ 1 YPE. 

* T~'~ ~ku~~Ar ~lLL TYP~ ~~SSAGE EACH TIME THE SYSTEM IS SeBTED. 
* 
lYPl:. I-L:" A i-( Li : A I) D I~ SET X REGISTER T6 ARGUMENT LIST 

i-<L.I"'YI I-',L SET L REGISTER T6 RETL:RN ADDRESS 
b ill"::io'IkIT£ aR.ANCH Te RbM M:~RITE. 
bAi. "h I T E:. : f) K t:H~Jl"CH IF 1/6 SVCESSFLiL 
kLI"'Y ~'I A SET L8CATIBN IN A REGISTER 

ADDR 

L..0" X:Co~l:. ~ET A8eRT CfjDE (Et3CDICl I~ X hEGIST 
r<LI"'YI r'IL 
:;j *M;Ad6RT 
kc.;I"'YI P,L 
., *i'1:EXIT 

********.************************* 
*~***.*~****.~.***.**********4**** 
A h G : A J') r\ A ~ I'( L 
AkG JAIA 

tJAIA 
JA' .A 

..-AIA 

$+1 
X ' 3C05' 
ItjC' 
!"·t.SSA(j~ 

~6 

SET L REG Ttt FfjREG~6UI\D 

bRANCH T6 RtsM AtHjRT I ELSl 
SET L REG T~ FBf.(EG~eUI\D 
tjRA~CH Te '!tiRMAL RI:3f"1 EXIT 

ADDRESS 6F ARGUMENT LIST 
WRITE, EBCDic, WAiT 
~P~ABEL FeR BPERATIBNS CBNSBLE 
ADDRESS eF MESSAGE T6 BE euTP~T 
~ENGTH eF MlSSA(jE I~ BYTES 

Fjgure 53. Interrupt Handler Source Listing 
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Mt:.SSAUE UAIA X'1b~O' NEw ~INE I SPACE 
X'1515' NEW ~INE I NEW ~I~E UAIA 

'Tf.AT 
iJAIA 

!KEY·I~ THE DAT~ ANO TIME BEF6RE PReCESSI~G ANY Jess' 
x'l~lb' NEW ~INE I NE~ ~INE 

****************.***************** 
X;CBOt UA1A I~E' 
M;WRITE ~~u X'C9' 
M:A~6kT £~U X'CE' 
M;EXIT t~V XfOO' 

ABBRT CBDE WRITE ERReR 
TRANSFER ADDRESS F~R RBM WRITE 
TRA~SFER ADDRESS FBR RBM ABeRT 
TRANSFER ADDRESS FBR RBM EXIT 

************************************************************************** 
E.NLJ 

000 

t:.60 
PAUS~ KtY·'~ F~/S 
AS~IuN ~V·~Rt:.ETI~uIUP 
tiL.~AU (;, fo-
SMS 
$TC~ +1311/+1205 
$R6~r lUU/.3UOOI~6,1 

$E~D 

XE~ 
~6D 
FI~ 

Figure 53. Interrupt Handler Source Listing (cont.) 

OV01/71 PAGE 1 , DE~ TYPE 
i • 
i • THIS PReGRAM WIL~ TyPE MESSAGE EACH TIME THE SYSTEM IS aeeTED. • • • 0000 C80A A TYPE I.OX AAijlADOR SET x REGISTER Te ARGUMENT LIST AO ~ • 0001 75A~ A RCPYI P,!. SET L R~GISTER Ta RETURN ADDRESS 
'l ooor .... C9 A B .MIWRlTE BRANCH T8 RBM MIWRITE , 0001 6 .. 05 A BAl WRITE.OI( BRANCH IF 1/8 SUCESSFU~ , 000. 7 .. Fl A RCPY P,A SET LeCATleN IN A REGISTER 

18 00015 C827 A I.OX XICeDE SET AB6RT ceDE ([BCDICI IN x REGIS 
U 0006 75A1 A RCPYI P,~ SET L R~G TO FOREGReUNO 
Ii 0007 ""CE A B .""ABftRT BRANCH T6 RBM ABeRT / E~SE 
1i 000' 75Al A WRITE 161( RCPYI P,I. SET L R£G TO F8R[GReUNO 
It 000' .... 00 A B .MI[Xn BRANCH T6 NeRMA~ RBM EXIT 
lt •••••••••••••••••••••••••••••••••• 
l' •••••••••••••••••••••••••••••••••• 
11 000. 0008 R ARI3IAODR ADR!. "1 ADDR£SS 6F ARGUMENT ~IST l' OOOIS 3005 A ARij DATA X'30051 WRITE~ EBCDIC~ WAIT 
l' OOO~ D6C3 A DATA 'ecI ePLABE~ FeR ePERATIftNS CeNSftLE 
2Q 0001' OOOF R DATA "'ESSAGE ADDRESS fiF MESSAGE T8 BE eUTPUT 
n 000' 00314. A DATA 58 LENGTH 8F MESSAG£ IN BYTES 
21 •••••••••••••••••••••••••••••••••• 
U OOOf 15,.0 A MESSAGE DATA x'lS"O' NEW LINE / SPACE 
2ft 001i 1515 A OATA XI1515 1 NEW LINE I NEW ~INE 
It OOU 021:5 A TExT 'KEY-IN THE OATE AND TIME BEFORE PReCESSING ANY JeBS , 

0011 E860 A 
OOU C905 A 
OOH "OE3 A 
oon C81:5 A 
OOlt "OC" A 
0017 C1E3 A 
001$ CS"O A 
oou C1D5 A 
001A C,,40 A 
OOllS E3C9 A 

Figure 54. Interrupt Handler Assembly Listing 
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000 

• 
• 

0,./01/71 PAGE e 

001' 0'+C5 A 
OOlf) 40C2 A 
001t: C5C6 A 
OOlf 0609 A 
002Q C5'+0 A 
0021 0709 A 
002e: D6C3 A 
002i C5E2 A 
002* £2C9 A 
0025 DSC7 A 
002. '+OCl A 
0027 D5E8 A 
00215 '+001 A 
002' D6C2 A 
00211. E2'+0 A 

2ft 002S 1515 A DATA X'1515' NFW LINE I NEW ~!N£ 
27. •••••••••••••••••••••••••••••••••• 
2' 002~ E6C5 A x:c:eDE DATA 'WI::' ABSRT CSDE WRITE ERReR 
21 00C9 A MIWRITE EQU X'Cg' TRANS~E~ ADDRESS FeR RBM WRITE 
3g OOCE A M:AS6RT EQU X'CE' TRANSFER ADDRESS FeR RB~ At;eRr 
3. ~ODO A M: EX IT EQU X,Oo' TRANSFER ADDRESS FeR RBM EXIT 
3i •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3i END 

ilia wARNINu I.INES 
Ne ERf(eR I..INE5 

ERfI'eR SEVE~ I TV : 0 

SIGMA 2/3 CRess REFERENC~ LISTING 
U A 
C 115 ARG 
C 17 ARGIADOR 
U L 
E 30 MIA~eRT 

E 31 MIEX IT 
E 29 ,'",wltlTE 
C 23 MESSAGE 
U P 
C 5 TYP~ 
C 13 WR Il'EI 51( 
C 28 XlceOE 
u S 

PAUSE KIY_IN FG,S 

ASSIGN QV-GREETING,UP 

61."11.0 O,F 
SMS 
tTea .l311,.1205 
t~6eT .00,+3000,Ge,l 
Sl"'JO 

J~~ GRE~TING ,8 
0'+/01171 0002 

RAOEDJT 
-ADD UP,GREETIN~,3"R,R,F 
'END 

H-ooall; 

ASSIGN S2.S2"RB~,SD 

xSYM8e~ ~e,Ge,C~,Ns,Dw,8e 

9 

5 
6 11 

12 
1'+ 

7 
cO 

6 9 
1 
8 

10 
17 

13 

11 13 

Figure 54. Interrupt Handler Assembly Listing (cant.) 

··.f· •. · 
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!'lAP 

8V£~~AY TASK Fe 8RG.3000 H~eC.30AB C~AS.'''EE CSll.oooo UMEM.2F.2 5£CT.0002 

ROOT eRG.3;6~ ~WA.30AC ~EN.OO-9 TRA.N8NE SEV·OOOO eVIL8AD.30AC 

[RRSEV. OOO~ 

ENO /'lAP 

ET.OOQ.8i 

XEI.l 
0./01/71 OOO~ 8K.OOO.85,~G.OOO.61,ID'000.OO 

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 
servi ce routine and is used simi larly 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 illustrated in 
Figures 55 and 56. 

When both tasks have successfully executed, the message 

CKPOINT SPECIFIES AIO RECEIVER 
!! BKG RESTART 

will be output on the operator1s console. 

EOO 

, 
~ 

~ 
_ 

0000 
r:; 0001 

" 0002 
7 0003 
~ 0001t 
q 

10 
11 0005 
1~ 
1~ 
1_ 0006 
1!1\ 0007 
1,. 
17 0008 
1~ 0009 
lq OOOA 
20 
21 
2~ 

0006 
OOOC 
0000 
OOCE 
OOo~ 

, 
::> 
:1 
4 0000 
!=i 0001 
fo. 0002 
7 
~ 
q 0003 

1n 000'+ 
1t 0005 
1::> 
13 0006 
144-
1~ 

1"- 0007 
17 

00:01 04/01/11 PAGE 

0001 A P 
0002 A L. 
esoB A START 
7511.1 A 

REF 
EQU 
EQU 
LOX 
RCPYI 
B 

M:CKREST,MIEXIT,M:WRITE 
1 
2 
-All. 
P,L 
M:CI(REST 

CHECKP61NT BACKGR6UND 

'+eOA A 
6'+02 A 
6~FF A 

'+e08 A 

cooo A 
0008 R 

Ft806 A 
I)C06 A 
7 .. 92 A 

0000 R 
0006 R 
COOO E:. 
0000 E 
8000 A 
1705 A 

BAZ $+2 
BAN .-1 

********************* 
.******************.* 

B M:EXIT 
.******************* • 
•• **.**.**.****.*** •• 
All. DATA X'COOOI 

DATA AI'lREC 
* 
AI"RE.C LOA -X I 8000' 

WD X'1705' 
Rep., L,P 

*.********.*****.**** 
*********.* •••• **** •• 

E"ID START 

11.16 RECEIVER ADDRESS 

11.16 RECEIVER IS ENTERED AT THE 
LEVEL 6f THE 1/6 INTERRUPT TASK 
TRIGGER JNTERRU~ +110(272)' 

Figure 55. Real-Time Task Example, Checkpoint Call and Exit (Task 1) 

0001 A P EQU 1 
0002 A L EQU 2 

REF M:EXIT,M;CKREST,M:WRITE 
C818 A STARl 1..0 X -BB wRITE BUT MESSAuE 
70Al A RCPVI P, L IN EBCIDIC 
I+C1A A B M:WRITE 

*****-*************** 
********************* 

C81A A LDX -A.A. RESTART ~ACKGD AT THE LEVEL 
7~Al A RCPYI P,L eF THE R~M C6NTR6L TASK 
4+C19 A B M:CKREST 

* 
4+C19 A B M:EXIT 

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

0000 A AA DA.TA 0 
********************* 

Figure 56. Real-Time Task Example, Restart Background (Task 2) 
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1~ ********************* 
1q 0008 3005 A 88 DATA X'3005' 
20 0009 D6C3 A DATA 'eC' 
21 OOOA oooC R ADRL BUFFER 
2~ oooa OOlC A DATA 28 
2~ ooOC ~oC3 A BUFFER TEXT , CKPT SPECIFIED Ale RECEIVER , 

0000 D207 A 
OOOE £34+0 A 
OOOF E207 A 
0010 C5C3 A 
0011 C9C6 A 
0012 C9C5 A 
0013 C~~O A 
0014- (le9 A 
0015 D6~0 A 
0016 09C5 A 
0017 C3C5 A 

0018 C9E5 A 
0019 C509 A 
OOlA ~04+0 A 

2 .. ********************* 
2~ ********************* 
2~ 0000 R END START 

OolB 0008 R 
oolC 0000 E 
0010 0007 R 
oolE 0000 E 
OolF 0000 E 

Figure 56. Real-Time Task Example, Restart Background (Task 2) (cont.) 

2----1 

!JOB 

Figure 57. Deck Example For Loading and Executing Real-Time Tasks 
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7----~ 

!ASSIGN OV=AIO, UP 

6----1 

5----' 

4-----1 !ASSIGN OV=CKPTAIO, UP 

where the flagged control commands have the relevance and meaning given below: 

1. Permits loading into the foreground. 

2. Permits modifi cations to the RAD area. 

3. Creates two fi les: AIO and CKPTAIO. The fi les 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 fi Ie C KPTAIO. 

5. Task is connected to interrupt +0110 (or 27210 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 FW A). 

7. Task is connected to interrupt +0111 (27310 in decimal) in external group 5. The interrupt is 
armed and enabled, and is to 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: 

• Each and every foreground task must be connected to a hardware pri ori ty interrupt and therefore wi II exe­
cute if and ~ 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 initial ization 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 
I/o priority level if any I/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 IV, 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 achi eve reentrancy through separation of program and data and the use of a dynami c temp stack a II ocated 
by the Over I y 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: 

• The subprogram must use M:RES, M:MPUSH, M:PUSHC, or M:PUSHK for its storage allocation. 

• The temp stack must be allocated at the very end of the subprogram. 

• The temp stack must not contain any preset data. 

• 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 to 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, whi ch would then connect the tasks ALPHA and BETA. 

Interrupt A 
(optional) 

Interrupt B 

Interrupt C 

I 

I 

I 

Main Program I 
I 

Task ALPHA I 
I 

Task BETA I 
I 

S 
... U 

B 
R 
0 

... U 
T 
I 
N 
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 wi II 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 !$TCB 
card instructs the Overlay Loader to initiate the root segment through the w

1
, w

2 
specification. 

The !$ROOT card tells the Loader the size of the Main program1s temp stack (t 1) and a Iso where to find the Main 
program and the subroutines BI. 

The second !$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! $SLD command (ALPHA deck) 
must immediately follow the ! $TCS card; otherwise the CON NECT subroutine wi II malfunction. The use of ! $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 aWl' w2 on the !$TCS cards (see the !$TCS 
command in the Overlay Loader chapter in the RSM Reference Manual, and IIHow To Create Task Control Blocks ll 

in this manual). 

If the Main program is to perform an initialization function, then only the Main program need have aWl' w
2 

field 
entry. 

Figure 59. Overlay Loader Controls For Sample Real-Time FORTRAN System 
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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 
dynami c 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 Subrouti nes In Assembly Language" in this Manual and the Overlay Loader chapter in the RBM Reference Man­
ual give more specific details. 
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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 capabi lity to insert code. Both 
of these features require a region of memory that we wi II call the lIinsertion block ll

• 

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 

! !DKEYIN 

to be output on the OC device after the program is loaded into core. At 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. 

[00 

t 
lI' 
~ 
4 
~ 

" 7 

" II 
ln 
11 
ll1' 
U 
1. 
Hi 
1" 
11 
1" 
19 
2n 

* Ne ERRI!R 

* ERRI!R 

ET·OOo.2~ 

eLItAD 
."'S 

0000 C8l9 A 
0001 75Al A 
0002 .. Cl8 A 
0003 C838 A 
000. 7SAl A 
0005 4C37 A 
0006 75Al A 
0007 ,.C36 A 
0008 3006 A 
0009 06C3 A 
OOOA 0011 R 
0008 0050 A 
OOoC 3005 A 
0000 06C3 A 
OOOE 0010 R 
OOOF 0050 A 
0010 FOOO A 
0011 

0000 R 
0039 0008 R 
O03A 0000 E 
0038 oooc R 
003C 0000 E 
0030 0000 E 

LINES 
SEVERITY: 0 

,ReeT +1100"Ge 
.END 

START 

WRITE 

STep 

IN~!ST 

!tUTUST 

fltUT8UFft 
I NSUf'F 

09:0lt 10/22/11 PAGE 

REF M:REAO,MIWRITE,~ITERM 
LOX "INI.IST READ 
RCPYI 1,2 FRItM 
B M:READ ec 
LOX ·eUTLIST wRITE 
RCPY! 1,2 5N 
B MHo/RITE eC 
RCPYI 1,2 TERMINATE 
8 "':TERM PRItGRA~ 
DATA )(.3006. READ AUTe, WAIT, STO ERR REcevp:RY 
DATA 'eC' 8PERATIeNAI. LABEl. 
DATA INBUF'F' BUFFER ADDRESS 
DATA 80 BYTE ceUNT 
DATA )('3005, WRITE EBCDIC, WAIT, eTO ERR ~ECeVERY 
DATA '5C' 
DATA 5UTBUF'F 
DATA 80 
DATA X·F'OOOi 05UBlE SPACE FeRMAT ~eOE & NUI.L 
RES ·0 
END START 

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

eVER~AY TASK BA &RG.3FOO H~6C.503D CBAS.FOOO CSIZ.OOOO UMEM_9FC2 SECT.0002 

RBBT BRG-SOOO ~WA.503D ~EN-003E TRA-SoOO SEV.OOOO eVIL6AD·~e~E 

ERR!;EV" 0000 

F:NO MAP 

ET·000.2, 

MESSAGE WHEN DKEYIN IS 6UTPUT, TYPE IN leI F6LLBWED BY NEW LINE 

PAUSE SET PR&TiCT SWITCH T8 'BFFI, INTERRUPT, KEYIN IS' 

)(,-0 
DKEYtN 
c 
D "OOO,!liOOO 
S 5003/RA<>.,o/lERReR',RR 
18 5003.D01C,620-,RCPYIPL,"C01,5007 
IR 5006 ... 0*5000 . 
B 

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 !$ROOT card causes the program to be loaded for execution at X'50QO'. Since the beginning of background is 
at X'3FOQ' in the system used for this example, the region from X'3FOQ' to X'3FFF' is used as dynami c temp space 
for the program. 

When the! !DKEYJN message is output, the operator types in "C", which causes Debug to read further commands 
from the Debug DJ 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 
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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 whi Ie 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 !ROOT 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 

TeB address = exloc (X'3300') + temp (X'E5') 

START = TCB address (X'33E5') + TCB size (X'lB') 

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

($ROOT ,+3395, GO 

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

EOO 00100 09/21/11 
, IONT 'PRSG' 
~ RE' HIREAD,MIWRITE,HI[XIT 
:I 0000 CU9 A START LD)( I!NLIST READ 
• 0001 7SAl A RCPy! 1,2 FR8" 

" 0002 ItC38 A B HH~EAD ItC 
It 0003 C838 A WRITE LD)( "eUTL.IST WRITE 
7 0001t 75Al A RCPYI h2 eN 

" 0005 ItC37 A B M:WRITE ItC 
9 0006 7SAl A STep RCPYI hi TERMINATE 

10 0007 ItC36 A B M;EXIT TASK 

PAGE 

11 0008 3006 A INL.IST DATA X'3006' READ AUT!, WAIT, STD ERR REceVERY 
1~ 0009 D6C3 A 
1:1 00011. 0011 R 
1. OOOB 0050 A 
15 OOoC 3005 A 
1,. 0000 06C3 A 
17 OOOE 0010 R 
U OOOF 0050 A 
111 0010 FOOO A 
20 0011 
2, 0000 R 

0039 0008 R 
00311. 0000 E 
003B OOOC R 
003C 0000 E 
0030 0000 E 

• Nit [RAeR LINES 
• [RASR SEVERITYr 0 

[T.000.1" 

&LSAO 0,,"0 _ ... 
eTCB .1111,.1205 
.RItItT ,.3500,Ge 
_rNO 

eUTLIST 

eUTBUFF 
INSUFF 

DATA 'eC' 8PERATleNAL LABEL 
DATA INBUFF BUFFER AgDRESS 
DATA 80 BYTE CI!tUNT 
DATA )('3005, WRITE EBCDIC, WAIT, STD ERR REceVERY 
DATA '8C' 
DAU 8UTBU" 
DATA 80 
DATA X,FOOO' CI!tUBLE SPACE FeRMAT ceDE & NULL 
RES ItO 
END START 

INTERRUPT 111, ARM, [NABLE 

Figure 61. Foreground Conditional Snapshot With Two Code Insertions 
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MAP 

aVEQLAV TASK F8 8R~_3500 HL8e.35A8 tBAS.3EEE tSIZ.oooo UMEM.09~5 SECT_0002 

RB8T eRG135!o LWA-35A8 LEN'OOS9 TRA.~eNE SEV-oooo eVILeADIN8NE 

ERRREV. 0000 

END MAP 

ET'OOO.l~ 

PAUSE KEVIN FG.s 

M[SSAGE WHEN DKEVIN IS OUTPUT. TVPE IN .e. FOLLOWED BV NEW.LINE 

XED 
OKEYIN 
e 
0 .. 110 
D3200.3~OO 
S tPROG.1/RA<>'0/,IERR8RI,RR 
I! .PReG.3,DolC'620_,RCPVIPL,~C01"PReG.7 
IR .PReG~,40 •• PP8B 
8 

c: U550 .. 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 

$SEGl 

@START 

@S 

REQUIREMENTS fOR $NAME 

1. The source program must include an IDNT statement. Example: 

IDNT 'PROGRAM' 

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

iOLOAD O,F" D 

3. The Debug insertion block must be large enough 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 DOD 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 Fi gure 62 shows how the $NAME feature can be used with a foreground program. 
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[00 00101 09/22171 PAGE 

1 REF MIRE40.MIWRITE,MIEXrT 
'2 0000 C839 A START LDX .rNUST READ 
] 0001 75Al A RCP"I 1.2 ~ReM ,. 0002 4C38 A B MIREAO ftC 
!II 0003 CU8 A WRITE LDX .. eUTLIST WRITE ,. 0004 7SAl A RCP"I 1.2 ItN 
7 0005 4C37 A B MIWR!TE ec 
I 0006 15Al A STep RCP"I 1.2 'l'ERMINATE 
9 0007 4C36 A B M:Exn TASt< 

10 0008 3006 A INLIST DATA X'300" READ AUT6, WAIT, STO ERR REceV[RY 
it 0009 06C3 A DATA 'ec' ePERATleNAL LABEL 
U· OOOA 0011 R DATA INBUFF BUF~ER ADDRESS 
U OooB 0050 A DATA 80 BYTE C8UNT 
1. OOOC 3005 A ~UTLIST OAU X'3005, WRITE EBCDIC, WAIT, STO ERR RECItVERY 
1 !!I 0000 06C3 A DATA 'ltC' 
lit OOOE 0010 R DATA eUTBUF~ 
17 OOO~ 0050 A DATA 80 
U 0010 FOOO A 8UTBUF~ DATA X'~OOO' oeU8LE SPACE FeRMAT ceDE , NULL 
19 0011 INDuFF RES *0 
20 0000 R END START 

0039 0008 R 
003A 0000 E 
0038 OOOC R 
003C 0000 E 
0030 0000 E 

• N8 ERItl!R LINES 
• ERiteR SEVERIT": 0 

ET-000.l0 

eLeAD O.F 
sMS 
sTCB +1111,+1205 
.R88T +E5,+3300,Ge 
sEND 

MAP 

INTERRUPT 111, ARM, ENABLE 

eVEItLAV TASK ~e eRG.3300 HL8C_343D CBAS.lEEE CSIZwoOOO UMEMwOABo SECT.0002 

ReeT eRGw33E! LWA.343D LE~-0059 TRA-NeNE SEV-OOOO eVILeAD-NeNE 

ERRSEV. 0000 

END MAP 

EhOOO.U 

PAUSE KEVIN ~G,s 

M[SSAGE WHEN DKEVIN IS eUTPUT, TYPE IN ,c. ~eLLeWED BY NEW LINE 

XED 
OK[VrN 
C 
o.UO 
D 3200.]300 
S 3403/RA<>_0/'ERR8R'.RR 
IS 3403.001C,620-.RCP"IPL,,,C01,3407 
IR 3406.40*3400 
B 

TRIGG£R INTERRUPT 

Figure 62. Foreground Debug Example Using $NAME 
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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 foci lity a flows 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 

C1 C2 

C3 C4 

C5 C6 

C7 C8 

Value 

o 

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

The I ocati on va I ue 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. 

£00 00101 0'/22171 'AOf , DEF SYMTAB 
~ REF M:~EAO,MIWRITE,M:TERH 
3 0000 E2E3 A SY"'TAB TEXT tSTAAT t 

0001 Cl09 A 
0002 [3"0 A 
0003 "0"0 A .. 000" 0010 A DATA START 

8 0005 £6 .. 0 A TEXT tW 
0006 40"0 A 
0001 40"0 A 
0008 40"0 A 

" 0009 0013 R DATA WRIT; 
7 OOOA [2E3 A TEXT tST8 

0008 D601 A 
ooOC 40"0 A 
0000 "0"0 A 

" OOOE 0016 R DATA STep 
I) OOOF 0000 A DATA 0 

10 0010 CU' A START LOX ~1.NLIST READ 
it 0011 75Al A RCPYI 1,2 FR!tM 
lit 0012 "e38 A B HI~£AO 8C 
13 0013 C838 A WRITE LOX .!tUTL.IST WRITE 
1- 001" 75Al A RCPVI 112 eN 
18 0015 "C31 A 8 HIWRITE ee 
lI- 0016 75Al A ST8P RCPYI 1,2 TERMINATE 
17 0011 .. C36 A 8 MITERM PR!tGRAM 
1" 0018 3006 A tNI.IST DATA X'lOO6, READ AUTe, WAIT, STO ERR REeeVERY 
19 0019 D6C3 A DATA '!tC' ePERATI!tNAL LABEl. 
20 OOlA 0021 R DATA INBUFF BUFFER ADOREiS 
2t 0018 0050 A DATA 80 BYTE eltUNT 
2i 001C 3005 A eUn.IST DATA X13005' WRITE EBCDIC, WAIT, 5TO ERR REC8vERY 
n 0010 D6C3 A DATA teCt 
2_ 001E 0020 R OATA eUTBUFF 
28 OOlF 0050 A DATA 80 

Figure 63. Background Debug Example Using @NAME 
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[00 

26 0020 FOOO A 8UTBUFF DATA 
27 0021 INBUFF RES 
2. 0010 R END 

00'" 0018 R 
OO .. A 0000 [ 
OO"S OOlC R 
OOItC 0000 [ 
OOltD 0000 E 

• Ne [RReR LINES 
• [RReR SEVERITV: 0 

£1.OOO.U 

8L8AD 
.HL 
.ReaT .110Q"Ge 
UNO 

MAP 

BYEQI.AY TASK BA eRG_3FOO HI.8C.50_D CBAS.FOOO 

ReeT 

DEF M.FSAVE 
DEF OIICEY 
DEF OICARO 
DEF OrSNAP 
OEF i'1ISAYE: 
DEF ~IEXIT 
DEF MueEX 
DEF MIREAD 
DEF MI WRITE 
DEF MleTRL 
DEF "':TERM 
DEF ",:OAUME 
DEF M.ABftRT 
DEF MIHEXIN 
DEF "'IINIoIEX 
DEF MICKREST 
DEF "'IL8AD 
OEF M:ePEN 
DEF M:CLeSE 
DEF MIOKEYS 
OEF "':wAIT 
OEF M:SE<iLO 
DEF ""DEFINE 
DEF "'USStGN 
OEF MlePFtl.E 
DEF "':Pep 
OEF MIRES 
OEF MIOVN 
DEF "'IRSVP 
DEF M:oe~ 
DEF MICeC 

eRG-SOOO LwA-501+0 I.EN-OOI+E 

DEF SYMTAB 

ERRAEV_ 0000 

END MAP 

E1.OOo.20 

01+7D 
27A8 
27AC 
27AD 
27A6 
27A7 
2'AE 
27BO 
27B1 
27B2 
27BIt 
27B3 
27B5 
2786 
2787 
2788 
27AB "5, 
27BA 
27BB 
278t 
27BO 
27BE 
278F 
27CO 
27C1 
27C2 
27C3 
2'A9 
27U 
21A' 

TRA-S010 

5000 

00101 09/22/71 PAGE 

oeUSLE SPACE FeRMAT CeDE & NULL 

CSIZ.OOOO UM[M.9Fez SECT.0002 

sEV-OOOO eVtl.eAD-lIIeNE 

PAUSE SET PReTECT SwITCH T8 '8FF', INTERRUPT, KEVIN'S' 

MESSAGE WHEN DKEyIN IS eUTPUT, TYPE IN Ie, Fel.LewED BY NEw I.INE 

XED 
DI<[YIN 
C 
D I+OOO,lIiOOO 
G5000 
S ,W/RAc>_O/,'ERR8R',RR 
IS aw,DnlC,6201t,RCPVIPI.,ltC01,iST6P+l 
IR IST8P,l+o*aSTART 
B 

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 norma IIy assigned at SYSGEN to device fi Ie 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 

(ASSIGN BO=MO 

instead of the standard DFN assignment of 

(ASSIGN BO=IO 

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 Ul<R 

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 operational labels at SYSGEN, the oplabels should convey as much mnemonic 
information as possible. The fol Jowing Jist, however, is suggestive only: 

Typical 
DFN 

2 

3 

4 

5 

6 

10 

1n 

Physical 
Device 

Keyboard/Printer 

line Printer 

Card Reader 

Card Punch 

Paper Tape Reader 

Paper Tape Reader 

Magnetic Tape Unit 0 

Magnetic Tape Unit n 

Suggested 
Mnemonic Oplabel 

KP 

LP 

CR 

CP 

PR 

PP 

MO 

Mn 

The assignment of DFNs to devi ce mnemonic operational labels takes place during the SYS GEN assi gnment 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). 
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Assuming that the card reader is assigned DFN3, the permanent SYSGEN assignments would appear as 

SI = 3 

UI = 3 

CR = 3 

with corresponding device mnemonic operational labels for other DFN assignments. 

118 How To Assign and Use Device Operational Labels 



20. HOW TO PATCH RBM 

RBM can be patched either temporari Iy 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 II HII operator key-in. 

A permanent patch means that the RAD copy of RBM ~ 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 

1 
bbbb I 

+ ID~~} [*Commen ts] 

where 

bbbb is a hexadecimal number. 

PA represents the RBM Patch area defined at SYSGEN. 

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

Corrector records have the form 

aaaa cccco cccc
1 

••• ccccr .. cccc
n 

[*comments] 

where 

aaaa is the hex location where the corrections will go. (If a bias card has been encountered, aaaa will be 
added to it to determine the location of the patches.) 

cccc. is the hex correction to be inserted at the location aaaa + bias + i. The hex correction cccci may also 
~Iso be of the form Rcccci which means the value to be stored is cccci + bias, or it may be of the form 
PCCCCi which means the value to be s'tored is cccci + bias of the RBM Patch area. 

An ! EOD terminates the Hex Corrector's input. 

Figure 64 shows sample input to the Hex Corrector. 
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POOO 1 *B PA+ 1 

+ID41 *HEX CORRECTOR 

0001 4C01 ROOlO *B PA+ 10 

+IDPA *RBM PATCH AREA 

tThe 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 

! PAUSE MOUNT 1FST SAVE TP ON UNIT #0 

!JOB 

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

Note that the "TO" device operational label used on the !ASSIGN command instead of a standard device fi Ie 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. 

tIf no parameter follows !#SAVE, the RAD Editor will save all areas currently known to RBM except CP (Check­
point) and BT (Background Temp). 
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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 to prevent inadvertent destruction of information on disk packs. 

If an I/O error occurs, the program wi II 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 wi II cause the program to skip to the next area on the tape. 

When a II 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 

UP, UD, UL 

!JOB 

wi II 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 EOT 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. 
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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 II FILE", the fi les 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 

r---------------------------------------, 
!#END 

FILE1,FILE2 

!#SAVE FILE, UP, UD, FILE1, FILE2, UL, D1,; 

!JOB 

will cause the following fi I es to be saved on the current BO device assignment: 

A reo Fjles 

UP all 

UD FILE1,FILE2 

UL all 

01 FILE 1 ,FllE2 

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 

!JOB 

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

Area 

UP 

UD 

Files 

All that existed at the time of the save would be added to current area contents. 

FILE 1 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 fi Ie is replaced by that from BI. 
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