
































































































































program, as a lost-control re-entry. A code word defining the type of interrupt will be placed
in the A register and control given to the appropriate input/output subroutine for analysis of
the interrupt.

The input/output subroutine will analyze the interrupt. It may initiate another external func-
tion because of the nature of the request, or because of the occurrence of an error from which
it is attempting to recover. It may find the request satisfactorily completed, or it may find
that it cannot recover from an error which has occurred. In any event, before exiting, it will
place a status word in the accumulator to define the status of the request. REX will interpret
this status word. If satisfactory completion has occurred, control will be given to Input/
Output Initiation for initiation of the next request on the channel. If the request is still in
progress REX will exit to the Switcher. REX takes special action in case of a interlock error
or magnetic tape errors. For other errors the status word is simply stored in the executive
addendum at this time within the storage element assigned this request.

ERROR PROCEDURES

When an error condition occurs all practical mechanical recovery measures are taken auto-
matically by REX input/output subroutines without worker program attention. If the error con-
dition persists it is ultimately reported to the responsible worker program via the status word.
The worker program may wish to engage in further recovery attempts founded in personal
knowledge of file structure or alternate sources of information (logical recovery measures).

The following information pertinent to error recovery will be available in transitory registers:

REGISTER CONTENTS
A A status word indicative of the type of error. )
Q (upper) The address of the input/output request.
Q (lower) The address following the CKSTAT packet (DONE address).
B7 An address aaaaa which refers to a three word area costaining B-

register values at the time the request was submitted. This area is
in the following format:

U L
aaaaa Bi B2
“agaaa+1 B3 B4
aaaaa+2 B5 B6

In light of mechanical recovery measures already taken, it is extremely unlikely that resub-
mission of the request which precipitated the error will result in recovery and, therefore, re-
submission is not recommended as a worker program action.

(1) INTERLOCK ERRORS. Interlock errors, such as card jams, occurring on any subsystem
during the processing of an input/output request may often be corrected by operator action.
The executive routine will sense these potentially correctable errors, and inform the operator,
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giving him the cause to the extent that it can be determined, and also the program and channel.
It will then suspend operation of the source queue until operator action is taken. The error-
producing request will remain in its queue positioned for reinitiation. The operator will have
the choice of instructing REX to suspend the program, ignore the error, or reinitiate the re-
quest. By the reply I (ignore) the operator will cause the interlock error to be passed to the
program which submitted the packet in the normal manner via the appropriate error address.
At such time the program knows that operator intervention has been futile or waived, and
any recovery procedure is left to the program. Following the ‘I’ response, the source queue
is automatically activated and initiation from it is resumed. If the interlock was on a mag-
netic tape subsystem, a logical lock-out is set for the interlocked servo.

(2) NON-INTERLOCK ERRORS Magnetic Tape Subsystem. In event of error a logical servo
lock-out will be set. The request which caused the error will have assigned to it a status
word specifying the error which has occurred. Requests subsequently presented for initia-
tion (including any in the queue at time of error) will be assigned a special status word and
will not be initiated. The special status word assigned will have the following form:

29 23 |22 19|18 15 |14 6|5 o

0 0 Channel Unit 0 0 0 7 1

where channel and unit uniquely identify the error servo.

Rejection will continue until logical servo lock-out is released. Release is accomplished by
entering the A register with an 8-bit channel-unit designation, setting Q to indicate release
option and executing a SILRJP to L(142), Executive Entry F.

23 817 4|3 0o

ZERO FILLED Channel Unit

Two release options exist., They are similar in that either will cause the lock-out condition
to be terminated. They differ in treatment of accumulated, rejected requests.

OPTION 1. Jettison accumulated, rejected requests. CKSTAT need not be used for jettisoned
requests. If a jettisoned request has already been interrogated by use of CKSTAT,
the return point marked will be erased. In either case, the resultant condition is
as if such requests had never been submitted.

To exercise this option set Q negative.

OPTION 2. Do not jettison accumulated rejected requests. If this option is exercised re-
jected requests may, in effect, be recovered. This is because CKSTAT returns
will be via the error address with all information necessary to recreate the

vilginal at-submission environment.

To exercise this option set Q positive.



REX return will be tothe instruction following the SILRJP. Normal operations may be resumed.

Other Subsystems. An error detected will be reported to the responsible program by des-
criptive status word. Initiation of queued requests will continue. Logical lock-out will not
be used. See SPURT manual for Status Words and their meanings.

C. Standard Peripheral Input/Output Status Checking

-~
.

2,

PURPOSE

The REX CKSTAT routine can be called on by a worker program to determine the status of a
submitted input/output request.

a.

Return Point Marking

An obvious purpose of the REX CKSTAT routine is to enable the worker program tc deter-
mine whether or not a particular input/output operation has been successfully completed.
The worker program specifies alternative locations to which control may be returned upon
completion of the input/output request, an error address to be honored if the request was
not completed successfully, and a normal address to be honored if the request has been com-
pleted successfully. The normal address (DONE), is always implied and is the location im-
mediately following the packet generated by thé CKSTAT mnemonic operator. The error ad-
dress is specifiable.

Return Time Marking.

In addition, the REX CKSTAT routine allows the worker program to specify when control
is next to be returned within itself, Three possibilities are allowed: 1) control will be next
returned to this program only when the particular input/output request being checked has beén
completed, 2) control will be next returned when any previously initiated and CKSTAT inter-
rogated request has been completed, or 3) control will next be returned as soon as possible
regardless of the status of any input/output request. In the last instance, control will be
transferred to a particular location indicated in the CKSTAT operator. This alternative allows
the user to transfer control to a location not associated with a previously initiated input/
output request which is specified by the EAS described below.

ACTIVATION OF CKSTAT ROUTINE

a.

The CKSTAT Operator

The CKSTAT mnemonic operator is to be employed by the worker program to check the status
of a previously requested operation. In response to the CKSTAT operator a return jump to the
REX CKSTAT routine is generated along with the necessary parameters.

The CKSTAT operator with the various parameter entries and their uses are described in the

SPURT Manual under CKSTAT. The actual packet generated by the SPURT operator takes
the following form:
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LINE

29 i 15 |14 [
! SILJP L(140) Entry
29 15 |14 0
2 RL+1 EAS Param
- meter
29 15 | 14 0
2 Annnn — Words
¢ 00000 EA ’
4 DONE
LINE 1 Set interrupt lockout return jump to REX.
LINE 2 RL is the address of the request being CKSTAT interrogated.

EAS indicates the Executive Action Specifier. If this operand is omitted, EAS wil!
be set to the code 00000. If the operand is TAKEOVER, EAS will be set to the code
00001. If a worker program label, it will be set to the allocated address.

LINE 3 EA indicates the error address. Use of STOPRUN or omitting the EA operand will
cause this location to be set to the code 00001.

LINE 4 The address following the packet referred to as DONE is the eventual return ad-
dress to be honored only if the request being checked was completed success-
fully. It must contain a legitimate instruction.

EXAMPLES OF CKSTAT USE

An example of CKSTAT use is included in the SPURT Manual related to the SPURT coding.
The three options inferred in the use of the CKSTAT operator are explained below.

These uses are illustrated with diagrammatic examples.

(1) When a program needs the result of a particular input/output request and does not want
control until that request has been completed, the programmer should CKSTAT that request
and leave EAS blank. Control will not be given to his program again until that input/output
request is completed, and then it will be returned at DONE or EA, (See Example 1, Appendix B).

(2) If a program has reached a point in its processing cycle where it cannot proceed until
some outstanding input/output request has been completed, it may CKSTAT a submitted
input/output request (for which CKSTAT has not been used) using TAKEOVER as EAS. (See
Example 2, Appendix B). As a result, control is relinquished until any one of the previously
submitted input/output requests, which have been interregated by a CKSTAT, are completed.

(3) A major use foreseen in designing CKSTAT is to accommodate a well organized set of
logically independent ‘‘job’’ subroutines controlled by a master routine. .This master routine
would start a particular job subroutine, the subroutine might submit an input/outputrequest
and need to wait for its completion; it would CKSTAT specifying its master routine as EAS.



4.

5.

After the input/output request had been initiated, control would be returned to a label speci-
fied by EAS where a new job and input/output request may be submitted. This sequence of
jobs could continue until there were no more jobs to start, or the worker program’s memory
was full, etc. At this point the master program would exit to REX-TAKEOVER (not part of
CKSTAT; an independent operator which acts similarly to TAKEOVER in CKSTAT). This
operator enables REX to return control to any of the job subroutines whose input/output
request is completed. No bookkeeping on the part of the program is necessary for automatic
returns from TAKEOVER, (See Example 3, Appendix B).

LOGICAL CONSIDERATIONS

(1) Order of Completion of Requests. Among requests on several channels, the relationship
between submission and completion cannot be predicted. This is because a queue may exist
on one channel at time of submission and not on another, and also because peripherals differ
in speed. Requests on a single channel, however, are initiated and completed in order of
submission (except when the real-time program exercises its priority option, in that case,
initiation is in order of submission within priority class).

(2) Order of Return of Control. Once a program has voluntarily given up control by using
TAKEOVER, completed, CKSTAT interrogated, input/output requests for that program will
be sought. If more than one request qualifies, control will be returned to that first submitted
within the highest priority class. v

(3) Checking the Status of an Unsubmitted Request. If CKSTAT is used referring to a label
for which no input/output packet has been submitted, control will be returned to EA with a
special status word of zero. If an input/output request is interrogated by a CKSTAT more
than once, second and subsequent returns will be of this type.

(4) No Return Points Marked. If control is relinquished by a batch processor with no marked
return points established, the program will be suspended pending operator intervention.

PROGRAMMING CONSIDERATIONS

(1) An input/output request must be labeled to provide linkage for a subsequent CKSTAT.

(2) When a program has no other function to perform, it must relinquish controi by using the
operator REX . TAKEOVER.

(3) All input/output requests must be interrogated by a CKSTAT operator. Requests to the
console ptinter input/output subroutine are not considered input/output requests, therefore
it is not necessary to CKSTAT console requests.
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D. Communication Input/Qutput

Programming requirements for communications input/output will depend upon the type and configura-
tion of the equipment for each installation. REX will provide optional programming in the form of
generalized routines where applicable.

Figute 7 is a flow diagram of the major paths involving REX communications input/output. Input/
output operations are initiated by the Real-Time Program. The operations following initiation are,
in most cases, controlled by values contained within the Real-Time Initialization Table which is
described in the section on Program Preparation.

1. COMMUNICATION INTERRUPTS

REX action at the time of interrupt will depend upon the type of interrupt.

a. INTERNAL INTERRUPT - INPUT

It is recommended that the use of this type of interrupt be limited to signalling the presence
of segments of character trains of indeterminate length, where the entire character train is
too long to be accommodated in a single buffer. Following this type of interrupt, REX will
activate channel input logic, save operational registers A, B6, and B7, set B7 to channel
number and transfer control to a search routine at the address specified in the Real-Time
Initialization Table. Operational registers other than those saved by REX must be restored
o at-entry values before exit if they are needed. Two options exist at this point,

(1) The user may code his own search routine. This will permit an evaluation of the impor-
tance of the interrupts. Some interrupts may be discarded at this point; this will obviate the
need for presentation of interrupts to a RTIAS.

(2) The user may utilize the General Purpose Search Routine provided as a generalized rou-
tine. (See General Purpose Search Routine for description and entry requirements.) This rou-
tine will perform the following functions:

() Inspect Buffer Control Registers (BCR) on a specified channel in quest of aterminated
Buffer Control Word (BCW).

(b) Access the upper half of the word immediately following the terminated buffer. This
half word will be considered a ‘‘linking’’ address at which a substitute BCW defining
an alternate buffer will be found. The real-time program is responsible for maintain-
ing ““linkihg’’ addresses and/or substitute Buffer Control Words.

(c) Extract the substitute BCW and store it to the BCR thereby overlaying the terminated
BCW.

When an interrupt word is to be synthesized upon exit from the first option, or when-
ever exit is made from the second option, REX will expect B7 to contain a value to
be placed in the lower portion of a synthesized interrupt word. REX will synthesize
an interrupt word comprised of time of occurrence in the upper half and the contents
of B7 in the lower half. B7 could be an increment which would access the terminated
BCR when added to a base address.
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3.

(3) If the interrupt is disposed of by the search routine, REX will expect B7 to contain 00000.
REX exit will be to the point of interrupt.

INTERNAL INTERRUPT -OUTPUT

An interrupt of this type may be used to signal the termination of either poll or message out-
put buffers. Foliowing this type of interrupt, REX will activate channel output logic, save
operational registers A, B6, and B7, set B7 to channel number, and transfer control to the
search routine at the address specified in the Real-Time Initialization Table. Operational
registers other than those saved by REX must be restored to at-entry values before exit if
they are needed. Two options will exist at this point as described above for Internal Interrupt-
Input.

EXTERNAL INTERRUPT

It is recommended that whenever possible external interrupt be used to signal input completion,
poll completion or message output completion. External Interrupt is accompanied by a hard-
ware-generated interrupt word which contains the address of the BCR in use. No search is

nirad
ICG.

At time of interrupt REX will remove the hardware-generated interrupt word from the data lines.

SUBMISSION OF INTERRUPTS.

Once an interrupt word is available REX will determine if the interrupted program is suspend-
ible. Two routines are permanently non-suspendible: they are REX and the Interrupt Analysis
Subroutine of the Real-Time Program (RTIAS). The Real-Time Program itself is selectively
non-suspendible depending upon values contained in the indicators in the Real-Time Initializa-
tion Table. These indicators may determine that a particular category of communication in-
terrupt, or all communications interrupts are not wanted at this time.

If the program is suspendible, REX will establish a lost-control re-entry for the program and
transfer control to the appropriate Real-Time Interrupt Analysis Subroutine. (See Real-Time
Initialization Table.) The A register will contain the interrupt word and Bl will contain a
count of interrupts of a similar kind. Before transfering control to the RTIAS, REX will re-
move the interrupt lock-out which has been set since the time of the interrupt.

If the interrupted program is non-suspendible, REX will record the interrupt word in the Com-
munication Interrupt Table. The lock-out established at the time of interrupt will be removed
and control will be returned to the point of interrupt.

ACQUISITION OF STORED INTERRUPTS.

The Real-Time Program may obtain a stored communication interrupt from the Communication
Interrupt Table. The Acquisition Routine is entered by return jump (SILRJP) to the upper
portion of word 143 (entry G of the Executive Entry Table). The type of interrupt may be
specified as follows:

B1 set to: Interrupt Requested:
0 Internal — Input
1 Internal — Output
2 External



Control will be returned to the instruction following the return jump. The register values that
will exist at this time are:

A will contain the interrupt; or if register A is zero there were no interrupts of
this type. The oldest interrupt will be presented.

B1 will contain a count of the remaining stored interrupts of the type requested.

4. INTERRUPT ANALYSIS BY THE REAL-TIME PROGRAM.

The real-time program must provide a closed subroutine (RTIAS) to analyze interrupts occuring
on communication channels. The presentation of an interrupt to this routine may occur at time of
interrupt or upon detection of an interrupt during an excursion through the Switcher.

a. Required Action of RTIAS

This subroutine must assume responsibility for interrupts presented to it. The functions
performed by RTIAS may be as simple as setting a bit to show a particular CCU ready for
output, or as complex as entering an input buffer, analyzing the importance of the input mes-
sage and, as a result of this analysis, making an entry on one of a set of priority-oriented
task queues.

If the interrupt signalled the presence of a segment of as indeterminate character train (Internal
Interrupt — Input), this subroutine w111 be responsible for taking action necessary to assure
that alternate buffering will exist at next interrupt. See Examples 4 and 5 of APPENDIX B
for suggested schemes employing one buffer and two buffers for a central CCU.

b. Optional Action by RTIAS

The RTIAS may submit input/output requests. It may also check its addendum to see if a lost
control re-entry exists (saved P register of Executive Addendum not equal to zero).

If a lost control re-entry does not exist, the subroutine may create one by storing desired reg-
ister values to the appropriate addendum fields. Some routine within the real-time program
may be activated in this way without waiting for an input/output completion to regain control.
Whether or not a lost control re-entry is created, exit must be to the address defined by REX
entry.

5. THE GENERAL PURPOSE SEARCH.

The REX user will be provided with a general purpose search subroutine for optional inclusion
within the real-time program. This subroutine will be capable of locating terminated buffer
control words resulting in either input or output internal interrupts. It will search any channel
using either of two search options.

Option 1 — Seek lower half of BCW greater than upper half.

Option 2 — Perform repeated masked comparison on the specified number of low-order
bits of each BCW seeking equality with search key.
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Option 1 is self explanatory. An illustration of how option 2 is related to buffer length and
location is presented as Example 6, APPENDIX B.

Operation.

For each channel io be searched GPS will be modified to include 4 parameters: numbet of
Communication Control Units, base address of CCU channel group, search key and search
mask. Absence of the last two wiil imply L > U search.

Input Interrupt — GPS will inspect the input BCR of each CCU comprising the channel group.
The search option dictated by channel parameters will be used. Inspection will start with the
BCR having the lowest address and proceed through that having the highest. One comparison
for each CCU is tequired.

Output Interrupt — GPS will treat all units on a channel as if they were a 5-level TFD CCU
(the reason for this will become apparent when arrangement of BCRs is discussed). The search
may require, in the worst case, three comparisons for each CCU. The search option dictated
by channel parameters will be used to inspect buffer control registers according to the fol-
lowing plan:

1. Inspect all Output Buffer Control Registers

2. Inspect all Poll Buffer Control Registers

3. Inspect all ““Special’’ Buffer Control Registers
In each case inspection will start with that BCR having the lowest address and continue
through that having the highest. A find at any time, of course, terminates the search.
Choice of Search Option.
If the mean number of comparisons per find is greater than five, option two should be used.
If less than or equal to 5, option one should be used.
Special Search
Personalized search subroutines tailored to peculiarities of a particular system may be sub-
stituted for GPS as long as REX interface rules are observed.

Arrangement of Buffer Control Registers.

Each CCU will require four contiguous locations.

CCU TYPE ADDRESS USE
CCU-5-TFD *00 Poll
(telegraphic S5-level *01 Special Poll Termination
full duplex Subsystem) *10 Output
*11 Input




CCU TYPE ADDRESS USE
CCU-PLM 00 Not used
(Telephone party line 01 Not used
Subsystem) *10 Output and Poll
*11 Input
CCU-7-THD 00 Not used
(Telegraphic 7-level 01 Not used
half duplex Subsystem) *10 Qutput
*11 Input

‘¢Address’’ represents bit positions 2

and 20 of the externally specified index generated by

the CCU. Combinations marked with an asterisk are the only combinations which the associated
CCU can generate. This implies certain address restrictions. For each of the units listed
above, the Output BCR must be located at an address ending in 2 or 6; the Input BCR must
be located at an address ending in 3 or 7; etc.

To use GPS the following arrangement should be observed. If some other search routine is
incorporated it may dictate the arrangement.

n

n+1
n+2
n+3
n+4
n+5
n+6

Channel Group 1 n+12

Poll

Special Poll Termination
Putput

Input

Poll

Special Poll Termination
Output

Unused

Unused

Output and Poll
Input

Unused

Unused

Output and Poll

CCU-5-TFD
Subgroup

CCU-PLM
Subgroup

n represents channel group base address and must be XXXX0 or XXXX4.

Unused
Unused
Output
Input

Channel group 1 would have as its base address 00150,,.
(o]

CCU-U-THD
Subgroup

This arrangement of subgroups is predicated on the assumption that ‘*Special’’ buffers need
not terminate and, therefore, need not cause interrupt. This being the case, no ‘“Unused?”’
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locations would be inspected during the output search. The reason ‘“Special?’ buffers need not
be used so as to cause interrupt is because either of the conditions forcing their use will, in
itself, cause interrupt. These two conditions are a ‘‘Business’’ reply to a poll transmission
{which means an input message is on the way) and an error condition which causes poll se-
quence termination and results in external interrupt.

E. Initiation of Interval — Timer Interrupts

REX will provide an intetrval — timer which may be used by the real-time program to obtain interrupts
as a function of time. The real-time program defines the desired period by expressing it in milli-
seconds in B7. For example, if B7 contained 1001 this would define an interval of 9 milliseconds.
When B7 contains the desired value, the interval — timer is set by a return jump (SILR]JP) to the
address specified in the upper portion of word 145 (entry K of the Executive Entry Table).This will

activate a REX routine which will negate any previous timer definition, clear the timer word speci-
fied in the Real-Time Initialization Table, commence timing, and return control following the initiat-
ing return jump. When the timer runs out REX will increment the timer word by 1 and reset the timer.

If the indicator associated with the interval — timer entry to the RTIAS is set to accept interrupts,
control will appear at the specified entry as soon as possible. Priority considerations for the inter-
val — timer are discussed in the Switcher.

Once initiated the above process is continuous. The period may be redefined at any time. Defining a
period of zero in B7 will terminate REX action.
F. Worker Program Voluntary Release Of Control

Several options are provided for conditional, voluntary release of control. These options supplement
the CKSTAT opetation in determining the logical flow of a program and accomodate contingencies
concerned with this flow.

1. SUSPENSION

SILRJP U(142)

The submission of this packet causes REX to remove the requesting program from theswitcher
list. The program remains suspended untii operator action either restarts or terminates the pro-
gram. The fact of suspension will be typed out along with the P-Register and B registers 1 thru6.
This packet is genérated by SPURT in response to the mnemonic operator REX . STOPRUN.

The effect of this packet is also achieved by an error address of STOPRUN with a CKSTAT operator,

2. TERMINATION

SILRJP U(142)




The submission of this packet causes REX to remove the requesting program from all tables and
queues and releases the facilities assigned to the program. This operator is the normal means of
indicating a complete run. This packet is generated by SPURT in response to the mnemonic
operator REX . TERMRUN.

TEMPORARY RELEASE.

SILRJP U(141)

This instruction is generated by SPURT in response to the mnemonic operator REX . TAKEOVER.
The operator is used to release control until some previously submitted request is completed and
the associated return point is eligible for control.

The effect of this instruction is also achieved by an EAS parameter of TAKEOVER witha CKSTAT
operator. The order of returning control to completed return points is described under Standard

Peripheral Input/Output.

EXCHANGE

SILRJP L(143)

This operator allows a program which can proceed on the current path to trade its current posi-
tion for a marked return point which is elgible for control. If no such return points exist when the
proposal to trade is made the requesting program retains control one line beyond this instruction.

The real-time program may assign a priority to each input/output request; this priority is reflected
in the order in which marked return points are used. The real-time program may desire to ex-
change the current position for a return point associated with a higher priority job. In this case
the real-time program must, if exercising the priority ‘option, set the priority B-register specified
in the Real-Time Initialization Table to a number Q thru 7 before an exchange, so that only
marked return points associated with a higher priority task (lower number) will be considered.

The value set in the B-register is the priority of an acceptable trade. Thus, if the B-register is
set to 2, the proposed exchange is for a marked return point of priority 0, 1 or 2. Only operational
registers B1 thru B6 are preserved if an exchange is made. The priority assigned the new exchange-
created retutn point will be the original B-register value assigned.

The Switcher
PRIORITY CONSIDERATIONS.

The switcher routine provides for sequencing the operation of programs constituting the current
memory mix. Consistent with the principle of expediting the real-time application, the switcher
will settle any competition for priority in favor of the real-time program. Batch processors in
memory will have an order of priority among themselves by virtue of the order in which they are
considered for control. The programs will be arranged so that those with relatively little input/
output time will be operated within input/output time of a higher ranking program. Amonga given
set of programs the order in which they are considered for control (scanned) will be determined
by the load program, based on a programmer estimate of the percentage of time spent waiting for
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input/output within a basic processingcycle. A new program to be initiated will be assigned a
rank within the consideration order based on the above estimate (the higher the percentage, the
higher the rank).

te switcher provides the means by which REX gives up control. However, before control is
given to a worker program interrupts which occurred during the time non-suspendible routines

were operating must be considered.

Critical interrupts are considered first. As explained previously, critical interrupts result from

a real-time program standard peripheral request in execution, occurrence of an interrupt on a

standard peripheral channel that has a real-time request waiting to be initiated, occurrence of
an interrupt on a standard peripheral channel that has a real-time request waiting to be initiated,

occurrence of an interrupt on a communication channel, or interval-timer interrupt. Critical in-

terrupts are considered in the following order:

(1) Interval-timer

(2) Communication Internal Input
(3) Communication Internal Output
(4) Standard Peripheral

(5) Communication External

Presentation of interval-timer and communication interrupts may be selectively inhibited by the
real-time program. (See Real-Time Initialization Table.)

After all wanted critical interrupts have been processed, the real-time program will be considered
for control. If a lost control re-eniry exists operational registers will be restored and control re-
turned at the stored P value. If the real-time program has not lost control, completed standard
peripheral input/output requests for the real-time program will be examined with respect to the
CKSTAT operator. If a completed request exists, control will be returned to the real-time program
at a point determined by its associated CKSTAT.

If control cannot be returned to the real-time program in any of the above situations, all non-
critical standard peripheral interrupts will be analyzed at this time. Next the batch processors
will be considered according to the priority scheme described above. For a particular program a
lost control re-entry point will be sought first, and then, if one is not established, completed
input/output requests. Control will be given to the prograrh in these two cases in the same manner
as for the real-time program. A

If none of the programs currently in memory can operate, the switcher will be re-entered and the
above procedure repeated until an exit to one of the programs can be achieved.



4. CONTINGENCY CONTROL

Contingency interruptions may occur as the result of machine controlled interrupts, such as fault
and interval-timer interrupts., The overflow of storage areas, the unavailability of peripheral units,
or logical faults within a program are another type of interruption. REX provides routines that will
provide for these interruptions and permits the use of various options.

A. Contingency Interrupts

1.

FAULT INTERRUPT

The result of execution of an illegal operation (00 or 77). The address of a fault routine may be
specified in the lower half of word zero of a program’s Executive Information Region. If a fault
occurs while the program is operating, control will be transferred to this address. Operational
registers will be the same as at the time of fault. The value of the P-register when the fault
occurred will be stored in the lower haif of word 4 of the program’s Executive Information Region,

If no address is supplied, a faulting program will be suspended. A printout noting the suspension
and specifying values in operational registers at the time of fault will be made.

INTERVAL-TIMER INTERRUPT

Some of the more obvious uses of interval-timer interrupts are associated with communication
polling in the real-time program. Access to a routine which will maintain this type of interrupt
o oat L 2 dd Al DAl M a Totat 12 At LT
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The procedures for initiating and maintaining interval-timer interrupts are discussed under Execu-
tive Control (see INITIATION OF INTERVAL-TIMER INTERRUPTS).



1.

Contingency Diversion of Program Flow
ADDENDUM OVERFLOW.

Overflow occurs when a function is requested of REX that requires use of an Addendum Storage
Element and none is available. The entrance to a routine to recover from this contingency may
be specified in word three of the Executive Information Region. Parameters upon entry are:

REGISTER CONTENTS
A Zero
B1-B6 Values existing at submission of the request

percipitating overflow.

B7 Address of the request percipitating overflow.

The request has not been listed or initiated. A possible recovery would be to save the address
of the request causing overflow and to use the Exchange Operation to establish a return point.
When control appears at this return point the request may be resubmitted during a later pass
through the switcher.

AN EXCESSIVE ACCUMULATION OF INPUT/OUTPUT REQUESTS WITHOUT ASSOCIATED
STATUS CHECKING.

A program may accumulate a maximum of 14 submitted input/output requests which have not as
yet been interrogated by a CKSTAT. Submission of a fifteenth request will precipitate REX
action as described for addendum overflow. To distinguish between this condition and addendum
overflow, A will be set non-zero. Other registers will be set as previonsly described.

COMMUNICATION INTERRUPT TABLE OVERFLOW.

This contingency applies only to the real-time program. It arises when a communication interrupt
is to be stored in the table specified at real-time initialization and the table is full.

The recovery routine specified by the Real-Time Initialization Table will be entered by SILR]JP
with the following register values:

A — interrupt word to be stored
0 — internal input

B1 1 — internal output
2 — external

The recovery routine must operate as a closed subroutine, and must prevent premature reentry
by either operating with interrupt lockout set or employing recursive logic.



C.

Operator Contingency Interventions.

Operator entry is required to terminate or restart a suspended program. It is also required in interlock
error situations and may be used to suspend a running program at any time.

2,

PROGRAM START

The program specified by the operand XX is to be started (or restarted) at the starting address
or at any specified address with operational registers specified in order P, A, Q, B1 thru B7.
Not all operational registers need be specified, but when any are specified the preceding reg-
isters in this sequence must be described.
P A Q B1 B2
format: Ps[0 xx{O vpeppel] ecaaa] qqq] yyy[d =zzz e O

XX is program number

SUSPEND

The program specified is suspended from further operation by this operator entry. It remains in-
active in memory until terminated or restarted by the operator. The status of the program and
opetational register contents will be typed out in response to the suspension. This data can be
used to restart the suspended program.

format: sP O xx ©

XX is program number

TERMINATION

This function will terminate the designated program whether it is in a suspended or active mode.
If a second operand (R) is included in the type-in, the program will be terminated and then re-

peated.

format for normal termination:
TP O Xx ©
format for termination and repeat:
TP O xx O R ®

XX is progrem number

INTERLOCK RESPONSE

Interlock errors occurring during the processing of an input/output request may often be cor-
rected by operator action. After a type-out by the input/output functional subroutine REX will
type a request for operator response in the form:

REX ADVISE, Pxx, CHyy, Dxx

This requests operator action on the interlock on channel yy, for the request from program xx.
The delay table entry xx has been set up to receive the response and in the interim will free
the console printer. Operator response is by Dxx and may be one of three types.



a) Dxx

i

e
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”
x

c) Dxx

This entry informs REX the cause of interlock has been remedied
and the request should be reinitiated.

This entry instructs REX to pass the error back to the programin
the same manner as other errors. The program knows that operator
intervention has been futile or waived when its error address is
reached.

This entry imposes an error address of STOPRUN for this input/
output request, frees the channel, and returns control to the pro-
gram. The program will be automatically suspended when the
error address is reached in the normal flow.



5. UTILITY SERVICES

The operator or a program may request that REX perform utility functions. Operator request is via the
keyboatd while programs submit special parameter packets; the requests will be listed in the Utility
Requést Table until executed by the appropriate drum-stored routine, Drum-stored routines are called
by Utility Control, a drum control program that loads and initiates all REX drum-stored routines.

When the table holding utility requests is full, other requests will be rejected either by informing the
operator when entry is attempted or by temporarily suspending a submitting program.

A. Operator Requests

A function code identifies the action requested, The operands necessary to the function may be en-
tered after the function code is acknowledged (typed back without rejection). Format of operands
will be investigated by the activated utility routine after the entire message has been extracted from
the utility request table. If the format is violated the utility routine may either solicit a correct
entry or reject the message requiring a new operator request,

The format for operator requests is described with each function. (See APPENDIX C for general
comments concerning console input/output).

1. INSPECT DRUM

This function provides console output for small blocks of drum storage. Operands specify channel,
initial drum address and the number of consecutive locations to be printed. The contents of drum
locations are interpreted as octal numbers.

format: 1D O xx O aggaaaea [] nn o
——— P — N a—
channel number starting locations
address to be typed

(maximum 77)

2. INSPECT CORE

Identical to ID except printout is from core memory.

format: IC O cacaa O nn o
— A~ — — . —
starting address locations to
be typed

(maximum 77)



CHANGE DRUM

This function provides the ability to set the contents of specified drum locations. Output on the
console printer shows the contents of the changed locations both before and after, Positive or

negative, decimal or octal, constants may be entered, Decimal constants are of the form:

{-} xxxxxxxxxD
01d contents are printed decimally, if the input was decimal. If input was negative and old con-
tents are negative, they are printed as negative. Octal input results in straight octal output.

A maximum of three consecutive locations may be set with one CD request. The request is ter-
minated with ( immediately after the last constant.

format: cp O xx [0 AAAAAAAA [] <, O c, | <, ®
channel for first address first second third con-

magnefic drum to be changed <constant constant stant

CHANGE CORE

Identical to CD except that storage is to core memory.

format: c¢cc [ AAAAA O ¢, O ¢, ©
I e

starting address Ist 2nd (maximum 3

constant constant constants)

PRINT DRUM
This request activates a routine to print the contents of blocks of drum storage on the high-speed
printer, or alternately to dump these print images on a magnetic tape one line per recotd.

The output will be either as Fieldata characters (5 characters per location) or as octal coded
information. The output format is eight words per printer line, The format is fixed, tegardless of
the requested starting address; that is, the left-most location is always an address ending in 0
and the right-most word is the contents of an address ending in 7.

Octal Printer format:

HEADER: LOCATION 0 1 7

1st line YYYYYYYO XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX

Fieldata Printer format:
HEADER: LOCATION 0 1 7

1st line YYYYYYYO XXXXX XXXXX XXXXX



In the fieldata format each character is checked for a 77 code which terminates a print line.
Whenever this code is found the former print line is repeated with spaces filled in up to the 77
code. By this process the 77 code appears as a ‘‘break’’ and all characters are printed.

format:
PD 0O xx O bbbbbbb [] eeecee [J y O =220 v ©

— r— r—

channel beginning ending O-octal Output Sxx-setvo

for drum drum address drum format channel unit
up to 8 address C-field Px-printer
characters up to 8 data Unit

characters code

PRINT CORE

Identical to PD except printout is from core memory.

PC [J bbbbb [J eeeee [ y [O 2z O v 16
P — N O —
beginning ending O-octal output Servo Unit-Sxx
core address core address C-field channel Printer Unit-Px
data
code

SITE UTILITY

Provision is made for the conveyance of parameters to a utility routine to be activated by Utility
Control. Once activated it will bear the same relationship to REX as do REX utility and load
routines. The entry to any utility routine is by return jump to the first instruction. The address
of the Utility Table will be contained in B1. The first word of the entry which resulted in activa-
tion of the Site Utility routine will be located at (B1) + 1.

The routine loaded by Utility Control may itself be a control program capable of calling other
utility programs as dictated by the parameters conveyed. A site utility hierarchy may be created

in this way to provide personal utility functions.

The following limitations apply to site utility routines:

(1) While a site utility routine is being executed no REX routine in the utility or load family
can operate.

(2) The size of the site utility conglomerate in core memory cannot exceed 400D consecutive
locations, the first of which is that to which entry was initially made.

(3) Site utility may use a maximum of two addendum storage elements.
(4) Site utility is prohibited from making a program utility request of REX.

(5) Before a site utility exits, the function code of the parameter entry must be set to 77.
Exit will be to the address provided by the return jump entry.

5-3



format:

SU [ e e o0 60060 060606 O
W
maximum of 77 characters

and 15 fields

8. ADDITIONAL OPERATOR ENTRIES.

Section C of Contingency Control and Sections A and B of Console Control treat of other operator
entries.

B. Program Requests
1. PRINT DRUM

This internal request achieves the printout of blocks of drum storage in the format described
under the operator request Print Drum. If EAS is zero the program will remain suspended until
the request is complete. If EAS is an address (not zero), control will be transfered to the speci-
fied address immediately.

0 6 4 1 1 0 0 0 1 4 4
5 0
1 EAS 1 6
22
? START ADDRESS
h 3 ' FINAL ADDRESS
23 20 14 113 7 4 |3 0
4 CH U
DON’E ' output channel  output unit
(control here
when request 0-printer output
is complete) 1-tape output
0-octal output

1-field data output

channel for drum
control unit
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2. PRINT CORE

This internal request achieves the printout of blocks of core storage in the format described
under operator request Print Core. If EAS is zero the program will remain suspended until the
request is complete. If EAS is an address (not zero), control will be transfered to the specified
address immediately.

14
EAS 1 7

START ADDRESS

FINAL ADDRESS

14 |13 7 4 |3 [+
CH U
———— T~ NN N\ .
DONE (Control here when Output Output Unit
request completed) Channel

0-printer output
1-tape output

0-octal output
1-field data output

3. ASSISTANCE IN ESTABLISHING RERUN DUMP

The purpose of this request is to provide REX with information necessary to establish a rerun
dump.
REX will perform the following actions:

(1) Write onto the drum an image of the core memory assigned to the requesting program.

(2) Compose and write onto the dump servo a bypass sentinel followed by REX facility and
control information.



(3) Write specified peripheral areas onto the dump servo using the core memory of the re-
questing program area as a transfer buffer.

{4) Reload the drum-stored program image, write it onto the dump servo and follow it with
another bypass sentinel.

(5) Perform an identifying console type-out.

When control is returned to the requesting program the A register will contain a count of the
aumber of hlocks written onto the dump tape (including bypass sentinels). The Q register will
contain a count of the number of words written (including inter-record gaps). If REX could not
perform the requested dump because of a non-static program condition or because of tape error,
A will be set to zero.

a. Format

14
0 6 4 1 1 0 0 0 1 4 4
is
1 1 5
14 7 3 0o
2 octal count for dump identifications dump servo chan unit
14
3 restart address if dump is used annnn
23
4 chan starting address of area one
23
5 P ending address of area one

/—\MM—\/-’
/_\__——'\—_——_‘_—\——Nr

— sy
23
chan starting address of area n
23
P ending address of area n
14
number of tape file designs
14
address of tape file design 1 address of tape file design 2
14
address of tape file design n

DONE—control returned here when request completed



nnnnn represents the number of peripheral storage areas to be saved. Zero would imply save
none. 77777 would imply save all relocatable area.

P represents peripheral type code: 1 drum, 2 disc

File design is the first address of the standard (COBOL) file design.

b. Type-out
REX RERUN DUMP ccec OF PROG. XXXXXXXXXX ON CHyy, Svv
e — —— ot e e ——
Standard Uiiliiy Dump Program Permanent
Routine ldentifier Identification identification

UTILIZATION OF A RERUN DUMP.

A variation of the load type-in (LD), which was explained under Operational Control, will be
used to reload a particular rerun dump. REX will locate the specified dump, reload peripheral
areas, reload core memory, type instructions for mounting tapes (including the program tape if
applicable), position each tape according to the block count specified within its file design and
return control to the restart address. A and Q will be set as at dump time. Format for rerun is as
follows:

Lo O 1 O ch [0 serve [ 7474747474 [] ccc O B ©
ch channel number
cec dump identification specified in printout
REX will produce a type-out in the following format:
REX MOUNT REEL nn OF X .. ... X ON CHyy, Svv
M e e ——
reel number 15 character
file identification

ENTER M WHEN ALL TAPES MOUNTED. ACCEPT Dxx

A console entry of the character M will initiate the rerun.



6. PROGRAM PREPARATION

‘A. Source Language
Worker programs to be run under control of REX may be written in either SPURT language or COBOL,

which is translated to SPURT language during compilation.

Use of SPURT input/output and REX-oriented macros will cause REX-required parameters and entry
jumps to be generated during assembly. Generated parameters are assigned modification codes that
will allow the load program to recognize and suitably alter them when modifying the worker program
to running form,

A programmer may, of course, code parameters and entry jumps in lieu of using the aforementioned
macros. If he does this, he must assume responsibility for modifying these parameters to running
form himself.

B. USE OF JUMP KEYS

Worker programs should not be dependent upon jump key settings. A substitute, unsolicited operator
type-in, is provided.

C. Use of Conditional and Unconditional Stops

Worker programs should not stop the central processor. The following substitutes are provided:

[ e L s a1
Yy udiug cxtucx UL tllc

a
"t
<
[}
=
-
-
C
[
cr

(1) A worker program may suspend i

P
SPURT mnemonics REX - STOPRUN or ACCEPT.

(2) A worker program may terminate itself by using the SPURT mnemonic REX . TERMRUN.



D. Standard Locations

EXECUTIVE INFORMATION REGION

In order to facilitate exchange of information between worker programs and REX, the first five ioca-
tions relative to the initial address of a worker program, or the control segment thereof, are assigned
specific uses. These locations will be referred to as the Executive Information Region. Special ad-
ditional information is required of the real-time program. This information is made available to REX
via an Initialization Table defined by the real-time program as part of its initialization procedure.

WORD

NOTES:

EXECUTIVE INFORMATION REGION

UPPER HALF LOWER HALF

Entrance address of fault recovery

Worker program starting address, routine. (note 1)

Address of relocatable area No. of Addendum Storage Elements
bounding addresses. (note 2) to be provided. (note 4)

not assigned

Address of unsolicited operator Entrance address of addendum over-
entry indicator word. flow recovery routine. (note 1)
Starting Address of parameter P-register value at time

storage area. (note 3) of fault.

Optional. If zero, REX will automatically suspend the program pending operator interven-
tion.

Inserted by REX. Bounding core and bounding relocatable drum area addresses are pre-
served by the Loader within a program’s addendum. They will remain there until the pro-
gram performs a console type-out of more than 50 characters.

This is word number 54, of the executive addendum (see Executive Addendum). This ad-
dress — 54, will access the first word (word 0) of the addendum. This is associated
with possible RTIAS establishment of a lost control re-entry.

Ending Core Beginning Core

29 24
Chan Beginning Drum

Ending Drum

Optional. It is required only if operational parameters are to be conveyed to the program at

load time.

An Addendum Storage Element is a 10-word temporary storage within a program’s executive
addendum. One element is placed into use each time a program performs one of the follow-

ing operations:
(1) Submits an input/output request,
(2) Uses ACCEPT

(3) Requests a Real-Time Extension



(4) Requests a Batch Load
(5) Calls a segment
(6) Requests a core or drum memory dump

(7) Has a time table routine started.

An element is released for reuse each time the result of the operation which originally
caused its use is reported to the program. That is, whenever control appears at the DONE
(or, if applicable, ERROR) address associated with the operation.

Consider, for example, a typical input/output sequence. When the request is submitted a
vacant storage element is located. B-register values and bookkeeping information are
saved therein. When the request is processed the routine-generated status wotd is saved
within the same element. When the status of the request is interrogated, the status word
is reported to the program and the element is freed. (Note, however, that if CKSTAT is

used to mark a return point, the element is not freed but will remain in use until request A

status is subsequently reported in response to program use of TAKEOVER).

It can readily be seen that if each time a program requested an operation it chose to wait

until that operation was complete before requesting another, only one storage element

would be required. If the program was more complex, additional elements would be required.
5. Unused fields should be set to zero.

REAL-TIME INITIALIZATION TABLE

The purpose of this table is to provide the real-time program with a means by which it may specify
certain options. (See Figure 8.) The table may be thought of as a packet of information which is
conveyed to REX and is preceded by a SILRJP to entry J (lower portion of word 144). When REX
has absorbed the parameters contained within the table, control will be returned following the table.

E. Segmentation

Due to limited core space, it may be necessary for a progtammer to break a program into segments.
There must be one control segment and there may be any number of secondary segments. The con-
trol segment will remain in core memory during the entire time a program is running. At any given
time one, and only one, secondary segment may share core memory with the control segment. It will
be adjacent to and immediately following the control segment,

REX will load secondary segments as requested by the program. The SPURT mnemonic ‘“‘LOAD?”’

may be used to make requests. Segments will always be called from initial form.

Segment delineation and inter-segment communication are described in the SPURT Programmer’s
Reference Manual.
F. Facility Requirements

The facility requirement of a program must be declared by the programmer. For declarative operators
and useage rules see the SPURT Programmer’s Reference Manual.



WORD

REAL-TIME PROGRAM INITIALIZATION TABLE

5 0
13

Entrance to RTIAS for external Start address of
interrupt* time table
Entrance to RTIAS for Entrance to closed subroutine to effect
internal input interrupt* search for internal input interrupt
Entrance to RTIAS for internal Entrance to closed subroutine to effect
output interrupt* search for internal output interrupt
Starting address for communication Final address for table
external interrupt table
Starting address for communication Final address for table
internal interrupt input table
Starting address for communication Final address for table
internal interrupt output table
Address of overflow contingency B register used to indicate 1/0 request

priority, O implies no priority used.
ENTRANCE TO RTIAS for
Interval-timer Interrupt*

Not assigned

Figure 8. Real-Time Program Initialization Table

* The upper half word of each entry is an indicator. If & particular indicator is zero, it means the real-time program will
permit itself to be suspended for Interrupts of that type. If a particular Indicator is non-zero, the real~time program is
currently not permitting itself to be suspended for interrupts of that type. Communication interrupts will be stored by
REX until the indicator is cleared or until a specific request via executive entry G is made. Interval-timer interrupts
will be recorded by incrementing the location immediately preceding the interval-timer entry defined in the upper portion
of word 8. This timer word will therefore contain a count of timer interrupts.



APPENDIX A

BASIC PROGRAM FORMATS

The following conventions are equally applicable to all formats:
(1) All unused words, fields and portions of fields must be filled with binary zero.

(2) Check sums are formed by adding together all words in a block. Full word (30-bit) adds
are performed.

(3) Magnetic tape is written at high density.
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FROGRAM
is in Fieldata code with left justification.
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AME", “"PROGRAMMER’'and “*“DATE"’,

(5) SPURT places the output number in the library number field.



Modification Codes

1.

COMPLEX RELATIVE FORMAT

A six-bit modification code is associated with each word of a program in complex relative format.
Each instruction word modified will be storedin a location determined by the ‘‘storage counter.’’
This counter will initially be set to the current base and incremented {or reset in accordance

with modification codes) as loading progresses.

(a) Miscellaneous Modifications

00

n1
(VB §

No modification

End of Segment

02 End of Program

(b) Modification by the Current Base
03 Add current base to lower half

04 Add current base to upper half

05 Add current base to upper and lower half

(¢) Modification by Control Segment Base

06
07
10

Add control segment base to lower half
Add control segment base to upper half

Add control segment base to upper and lower half

(d) Modification by the Control Segment Base and the Current Base

11

Add current base to lower half and control segment base to upper half

12 Add current base to upper half and control segment to lower half

(e) Changes to the Storage Counter

13

14

Add the lower half to the counter. Do not store any word. This is for ‘“‘Reserve’’
instruction. No. of locations skipped will be equal to the number in the lower
half of the word.

Add the control segment base to the lower half. Set the counter to the new value.
Do not store any word. The words following this code will be stored in the control
segment after modification. This creates the necessary entry tables in the control
segment for intersegment communication.

(f) Modification of Peripheral Equipment References

15

16
17

20
21

22

Channel in bits 4-7, unit in bits 0-3. Substitute assigned channel and unit. Relo-
catable system. If an assignment has not been made, substitute a word of 7’s.

Same as 15, fixed system.

Channel in bits 20-23, peripheral type in bits 15-19. Substitute assigned channel
and change peripheral type to program number. Relocatable system.*

Same as 17, fixed system.

Channel in bits 20-23. Substitute assigned channel. Add control segment base to
lower half. Relocatable system.*

Channel in bits 20-23. Substitute assigned channel. Add control segment base to
lower half. Relocatabie system.*



23 Channel in bits 20-23. Substitute assigned channel. Add current base to lower
half. Relocatable system.* '

24 Same as 21, fixed system,
25 Same as 22, fixed system.
26 Same as 23, fixed system.
27 Channel in bits 24-29, drum address in bits 0-23. Relocatable system.

* If channel has not been assigned, substitute channel 17.

2, SIMPLE RELATIVE FORMAT

A 3-bit modification code is associated with each word of a program in simple relative format.

Each instruction word will be modified and stored in a location determined by the ‘‘storage

counter.”” This counter will initially be set to the assigned base and incremented (or reset in
accordance with modification codes) as loading progresses.

No modification

Add the base address to the lower half.
Add the base address to the upper half.
Add the base address to both halves.

Execute the instruction (used to reset the storage counter).

N oh W NN = O

End of program.

A. Absolute

A program in absolute format is comprised of an Identification Record, one or more Instruction Re-
cords, and an End-of-Program Sentinel.

1. IDENTIFICATION RECORD

7 4 7 4 7 Library Number

PROGRAM NAME
(10 characters)

PROGRAMMER
(10 characters)
DATE
(10 characters)
Memory Requirement of Program 2 0
7 4 7 4 T Library Number

(9-wd block)



INSTRUCTION RECORD

‘Ending core address (U) Beginning core address (L)

Check Sum for following block

Instruction words to be read into the core

memory area delimited by U and L.

Block length = (U-L) + 1

(1) This record is comprised of two blocks; the first of 2 words, the second of any length. -

(2) When outputed by SPURT the length of the second block is less than or equal to 256
words.

END-OF-PROGRAM SENTINEL

(2-wd block)



4.

STORAGE FORMAT

TAPE STORED

IDENTIFICATION
RECORD

Up Lo

CHECK SUMg

INSTRUCTION
WORD

Ug L

CHECK SUM;

INSTRUCTION
WORDS,

SENTINEL

A drum-stored program occupies a continuous drum area. There are no inter-record gaps or inserts.

DRUM STORED

IDENTIFICATION
RECORD

Ug Lo

CHECK SUM,

INSTRUCTION
J///,,f’[ Up-Lg)+1 WORDSg
v 2

U L

CHECK SUM;

INSTRUCTION

WORDS,

SENTINEL

DB = Drum Base
DA = Drum Address

DAg=DB+9
b2 DA; = DAg+ 2
DA2= DAl + (UU - LO) +1
etc.

4 DB

<« DA,

«4DA,

44,

etc.



B. Simple Relative
A program in simple relative format is comprised of an Identification Record, one or more Instruction

Records and an End-of-Program Sentinel.

1. IDENTIFICATION RECORD

7 4 7 4 7 Library number

PROGRAM NAME
0c

{10 characters)

PROGRAMMER
(10 characters)

DATE
(10 characters)
Memory Requirement of Program 2
7 4 1 4 7 Library number
(9-wd block)
2. INSTRUCTION RECORD
mc
mc, 2 me me .
me mc
iz i3
mc
50

instruction word 1
instruction word 2

instruction word 50

Check Sum

(56-wd block)



3. END-OF-PROGRAM SENTINEL

1 2 2 3 1 1 2 4 1 3
1 1 3 2 2 2 2 5 0 5
(2-wd block)

4. STORAGE FORMAT

TAPE STORED DRUM STORED
, <4DB
IDENTIFICATION . IDENTIFICATION
RECORD 9 RECORD
44,
INSTRUCTION
56
INSTRUCTION . RECORD,
RECORD,
) 4 DAy
INSTRUCTION
56
RECORD,
INSTRUCTION etc.
56
RECORD,
INSTRUCTION
56
RECORD
n
INSTRUCTION
56
RECORD,
DA = Drum Address
DB = Drum Base
DAO = DB + 9
DA; = DAq + 56
SENTINEL b2 etc.

A drum-stored program occupies a continuous area. There are no inter-record gaps or inserts.



C. Complex Relative

A program in complex relative format is comprised of an Identification Record, a Facility Record,
a Segment Description Record (if segmented), a File Description Record (if desired), a Control

Segment Record, one

or more Secondary Segment

Records (if segmented) and an End-of-Program

Sentinel.

1. IDENTIFICATION RECORD

Library number

PROGRAM NAME
(10 characters)

PROGRAMMER
(10 characters)

DATE
(10 characters)

7

Library number

2. FACILITY RECORD

(9-wd block)

25 1 17|z's

3!2

1

o ot g |
0. of return points |

No. of segments

Desired core memory suppiement

Length of longest segment

Length of control segment

not assigned

(Fixed requirements)

End sentinel (binary ones)

(Relocatable requirements)

14

End sentine! (binary ones)

CHECK SUM

L]

(1) The record is comprised of one 51D-word block.

(2) Program length of a non-segmented program

field.

will appear in ‘‘Length of control segment’’




Fixed Requirement Entries

FORMAT A

23 20 |19 15

¢ p

Format A will apply to standard peripheral subsystems without units and communication sub-
systems.

‘‘c’’ represents channel number,

““p?’ represents peripheral type code.

FORMAT B .
23 Zo0[1s 18[14 Ngo, of unjts ° 5 No,ofunits ©
c p require desired
4|3 o}
channel unit
channel unit
channel unit

Format B will apply to standard peripheral subsystems with units.
These subsystems are:

(a) Magnetic Tape
(b) Card

(c) Paper Tape

(d) High Speed Printer

““No. of units required’’ expresses the minimum number of units of this peripheral type neces-
sary to run the program. ‘‘No. of units desired’’ expresses the maximum number which could
be utilized if available. Both entries are required.

Following the ‘‘summary’’ line will be one ‘‘detail’’ line for each unit. The number of detail
lines must equal ‘‘No. of units desired.”’

Relocatable Requirement Entries

FORMAT C

- 123 20 (19 15

c p

No. of words required

No. of words desired

A relocatable drum area requirement will be expressed in Format C. ‘‘No. of words required”’
defines the minimum number of continguous drum locations necessary to run this program. **No.
L .1 X _c_ . 3ee J_€°_ - _ el % . R R — L | . 11 1 . R 1 -F PR — .
O WOias dcsSiied UC1iiieS uic iaXiinuim iluivei waicn Could be utillzed 11 avdllaple, poih

entries are required.

Format B will apply to relocatable standard peripheral subsystems with units.



3. SEGMENT DESCRIPTION RECORD

23 9 27|26 3jz 2 o

4 Length of Segmeni 1

Length of Segment 2

Lengih of Segment 3

etc.

e~ —""C— " N\~ —
———~~——— N\ —~—\__—

CHECK SUM

(1) This record is required for segmented programs only. It will consist of one or more 51D-wd
blocks.

4. FILE DESCRIPTION RECORD

FI 27126 372 T

3 3

File Label
(15 characters)

® Peripheral Type '° channe!* I* unit °

Channel Unit

End sentinei (binary ones)

e~~~ D~
N T e T ———————_

CHECK SUM

A-10



(1) This record is optional. If present, it will be comprised of one or more 51D-word blocks.
Additional blocks will be of identical format (excluding blocks descriptors).

(2) Each entry will consist of 6 words: 3 text and 3 facility words. It will be assumedthat
text is in Fieldata code. All 15 characters will be typed without inspection.

(3) Facility word 1 will always be considered significant. Facility words 2 and 3 will be
considered significant only if non-zero. If the number of entries is a multiple of 8, the End
sentinel must be omitted.

5. CONTROL SEGMENT RECORD
29 26 32 o
4
29 e 24[23 nc B[17 e 1211 e &5 e
1 2 3 4 5

Instruction word 1

Instruction word 2

N——— T — \,____/__‘,\_\'\
N S~ A\-—\/——/‘—"’_\\

Instruction word 5

mcl mc2 rnc3 mc4 mc5

Instruction word 1

W ﬁﬁ\’\

M

CHECK SUM

(1) This record is comprised of one or more 51D word blocks. Each block contains eight,
6-word instruction modules. An instruction module is comprised of one word of modification
codes and 5 instruction words. ‘‘mc’’ represents modification code. ‘‘mc_?’ corresponds to
corresponds to instruction word 1 “mc2 ’’ to instruction word 2, etc. 1

(2) Only the first block will bear block descriptors as shown. Subsequent blocks will bear
descriptors of binary zeros.

{3) Non-segmented programs will be marked as control segments.



6.

SECONDARY SEGMENT RECCRD

25 z 15|74

3 <

Internal format identical to

coniroi segment biacks

————— | -

CHECK SUM
5 -« 'n > 5

(1) There is one record for each secondary segment, Each record is comprised of one or
more 51D word blocks. The first block of each record will bear block descriptors as shown.

- Each subsequent block will bear descriptors of binary zeros.

7.

(2) “‘n’’ represents segment number. The first segment of output will be 1, the second 2, etc.

END-OF-PROGRAM SENTINEL

1 2 2 3 1 1 2 4 1 3
1 1 3 2 2 2 2 5 0 5
(2-wd block)



8.

STORAGE FORMAT

TAPE STORED

IDENTIFICATION
RECORD

FACILITY
RECORD

SEGMENT
DESCRIPTION

FILE
:RIPTION

2
m
(el

<

CONTROL
SEGMENT
(BLOCK 1)

CONTROL
SEGMENT
(BLOCK n)

SECONDARY
SEGMENT 1
(BLOCK 1)

SECONDARY
SEGMENT 1
(BLOCK n)

SENTINEL

A drum-stored program occupies a continuous area. There are no inter-record gaps or inserts.

51

N

51

51

51

51

51

51

N N’ ~—— . N - N~ N

b

51

51

51

51

s1

51

51

DA = Drum Address
DB = Drum Base

DA = DB + 9
DA = DA + 51
DA = DA, + 51

etc.

IDENTIFICATION
RECORD

FACILITY
RECORD

MODIFIED
SEGMENT
DESCRIPTION

FILE
DESCRIPTION

CONTROL
SEGMENT
(BLOCK 1)

CONTROL
SEGMENT
(BLOCK n)

SECONDARY
SEGMENT
(BLOCK 1)

f,—-.../\..-—\ P e Y et W s et W ey P ey

SECONDARY
SEGMENT 1
(BLOCK n)

<08

S LY

etc.



9. SEGMENT DESCRIPTION RECORD WHEN MODIFIED

. 2 2
Address relative to drum base, seg 1 Length of Segment 1
Address relative to drum base, seg 2 Length of Segment 2
Address relative to drum base, seg 3 Length of Segment 3
Address relative to drum base, seg 4 Length of Segment 4
Address relative to drum base, seg 5 Length of Segment 5
Address relative to drum base, seg 6 Length of Segment 6

CHECK SUM

(1) “‘Address relative to drum base’’ of any record equals the drum address of that record
minus the drum base. It is calculated and inserted into the Segment Description Record at the
time a program is transferred to the drum.



APPENDIX B

EXAMPLE 1. Input/Output Logic for-a Program to Read and Summarize a Magnetic Tape.

The purpose of the program is to summarize the information contained on a magnetic tape. The sum-
mary is built up in core memory from two input buffers. One buffer acts as a standby input while the
other is being processed. The CKSTAT operators illustrate the use of a blank EAS. The first pass
will include an error exit from the first CKSTAT, which is not associated with a previous read re-
quest. REX will supply a status word of zeros and a return to the error address (EA).

READ INTO |
BSFID’EIRTB NO RECORD OF
REQUEST CKSTAT
I ON FIRST PASS

CKSTAT

READ A
O e FO

STATUS
BRANCH

~
~
! DONE “— °
PROCESS :
A
READ INTO ERROR
BUFFER A ROUTINE
CKSTAT
READ B

STATUS
BRANCH

-

PROCESS
B




EXAMPLE 2. Another Method of Performing the Task Illustrated by Example 1 Utilizing the TAKE-
OVER Operator.

The following flow diagram shows the use of CKSTAT empioying an EAS to return control to REX
upon completion of either of two read operations. The read into Buffer A is interrogatedby a CKSTAT.
During the first pass, control is immediately given to a read of Buffer B through switch A,. Switch
Av is set so that succeeding passes will go immediately to a TAKEOVER operator. The read of
Buffer B is interrogated by a CKSTAT and control is given to REX to await the completion of either
of the two reads. Completion of a read will return control following the CKSTAT which enters a
routine to process the data in the completed buffer and then Initiates a read of new data into the
buffer, A dynamic condition is thereafter established so that REX will control reads to assure com-
pietion. For both reads, EA will go to a common error routine.

-~
-~ -
~
\

SET A, SET A,
READ INTO T0 REX READ INTO
BUFFER A TAKEOVER BUFFER B

b Y
CKSTAT CKSTAT
READ A READ B

S
STATUS STATUS

BRANCH

BRANCH

DONE EA EAS DONE EA EAS

PROCESS PROCESS
A B

TO ERROR
ROUTINE



EXAMPLE 3. Diagrammatic Example of a Real-Time Control of Associated Subroutines.

The diagrammatic representation on this page shows a real-time program and a group of associated
subroutines, An interrupt that is presented to the Real-Time Interrupt Analysis Subroutine through
REX will cause the Real-Time Control routine to activate one of the subroutines associated with that
type of interrupt. Subroutine A, for example, may be required to access the drum to acquire informa-
tion for processing. The subroutine initiates a drum read and then returns control to the control program.

In the meantime, an interrupt presented to Real-Time Control indicates that Subroutine B should be
activated. Subroutine B may be requited to write a message to a magnetic tape as part of its pro-
cessing cycle. The tape write is initiated and control is returned to Real-Time Control.

If Real-Time Control has not received an interrupt which would activate some other subroutine, it
will give control to REX to await completion of either the drum read or the tape write that was initated
by Subroutine A or Subroutine B respectively.

Another interrupt may cccur which will cause REX to give control to Real-Time Control. Real-Time
Control may activate Subroutine C which will submit a card punch request as part of the processing
cyele. While awaiting completion of this request control is given to Real-Time Control which in turn
releases control to REX if it has no other subroutine that it may activate at this time.

REX will return control to each subroutine at the DONE address upon completion of the pheripheral
request. Control will be given to Real-Time.Control when the subroutine has completed the process-
ing-cycle. Real-Time Control will either initiate another subroutine or again relinguish control to
REX by a REX - TAKEOVER operator.

The result of the use of CKSTAT in this example is to make REX responsible for all ‘“bookkeeping’’
of input/output requests.

SUBROUTINE |« N COMMUNICATION
A > PERIPHERALS
DONE =———=[—=—= EAS —> -
- | REAL-TIME INTERRUPT
ANALYSIS
A
y
SUBROUTINE -~ REAL- REX [RELEASES CONTROL
B Cas TIME AT DONE FOR COMPLETED
DONE > —> CONTROL ‘T-;KREEOXV';; INPUT/OUTPUT <
REQUEST]
3
) /
. INPUT/OUTPUT FUNCTIONAL
SUBRC():UTINE -« SUBROUTINES
DONE=—=——=—— EAS=> ~T J\ Y

D Qo



EXAMPLE 4. A scheme for using one buffer area per central CCU and extending it when overflow

occurs.

SYMBOLIC
ADDRESS

A+B —

A+ L —

Linking }_,

Address

BUFFER ARRANGEMENT

Overflow Area

Primary Area

Buffer
Area (L)

e
-

Linking Address

A+L-1

\_’\N

Substitute BCW

Let A be the first address of a buffer area. Let C be the number of characters determined for a mes-
sage segment. Let B be an arbitrary inctement chosen to provide desired time delay. L represents
buffer length and is equal to B + C.

Then set aside an area in core of length L A+ 1 beginning at A and extending through address A + L,
where locations A thru A + L — 1 represent buffer area and location A + L contains the linking ad-
dress at which a substitute BCW will be found.



TIME CCU BUFFER CONTROL REGISTER (INPUT)

(1) Initially AslL -1 A+B

(2) At Time of

Interrupt A+L -1 A+l
(3) As loaded by _

REX at time Arl -1 A

of interrupt.
(4) As adjusted _

by RTIAS A+L-1 A+Y+B

The CCU-BCW is initially set as shown at time (1). When C characters have been entered into core
memory the BCW will stand as shown at time (2) and an internal interrupt will occur. REX will ans-
wer the interrupt, reactivate input/output logic, ascertain the terminated buffer, pick up the sub-
stitute BCW located at the linking address and store this value into the BCR. The. BCW now stands
as shown at time (3).

REX will transfer control to the RTIAS (if the interrupted program is suspendible) with the synthe-
sized interrupt word in A. The RTIAS could pack the characters located in the primary area into an
output buffer. After packing has been completed, the RTIAS could use a RPL A + Y to increment
the current value of the lower half of the BCW by value B.

It could then move characters buffered into the overflow area during the time packing was taking
place down B locations into the primary area. RTIAS would then be free to perform whatever hous-
keeping or processing it might require before exiting to REX.

The net effect of this one-buffer scheme is to extend the time period available for emptying the pri-
mary area by the time it takes to receive B characters.



EXAMPLE 5. A scheme employing two buffers per central CCU and alternating them when over-
flow occurs.

BUFFER A
SYMBOLIC
ADDRESS
A -
La
A+ly; > Linking Address A
BUFFER B
B »
Ly
B+ Ly » Linking Address B
Linking - B+ Lb_l B
AddvressA
Linkin
Address 6™ A+L, -1 A
TIME CCU BUFFER CONTROL REGISTER (INPUT)
(1) Initially A+L, -1 A
(2) At time of interrupt one. A+L, -1 A+ L,
(3) As loaded by REX at time of B+ Ly -1 B
interrupt one.
(4) At time of interrupt two. B + L1b -1 B+ Ly
(5) As loaded by REX at time of A+L, -1 A
interrupt two.

REX action at time of interrupt is as described for example 4. The above process repeats itself
until end-of-character train (signalled by external interrupt) arrives.



EXAMPLE 6. An illustration of how search option two relates to buffer length and location.

Buffer location is chosen in such manner that some number of low-order bits (m), of the BCW ex-
press upon buffer termination a value which cannot exist while the buffer is active. This unique
value is referred to as the Search Key.

OCTAL

XXXX0 =
XXXX1 =
XXXX2 =
XXXX3 =
XXXX4 =
XXXX5 =
XXXX6 =
XXXX7 =
XXX 10 =
XXX 11 =
XXX 12 =
XXX 13 =
XXX 14 =
XXX 15 =
XXX 16 =
XXX 17 =
XXX 20 =
XXX 21 =
XXX 22 =
XXX 23 =
XXX 24 =
XXX 25 =
XXX 26 =
XXX 27 =
XXX 30 =
XXX 31 =
XXX 32 =
XXX 33 =
XXX 34 =
XXX 35 =
XXX 36 =
XXX 37 =

ADDRESS

bk fh b ek et ok ek b e pod  pd o o ek ek ok

BINARY
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011

1100

1101

Buffer

Key

1110
1111
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100

1101

Buffer
B

Key

1110
1111

m=4

Suppose, for example, m was chosen as 4 and the
Search Key was defined as 1101. Then, buffer A
is defined such that the 4 low-order bits of the
BCW will equal the Key at the time of interrupt
(termination). Likewise, buffer B.

The starting address of the buffer is immaterial
so long as the length of the buffer does not exceed
2™ _ 1 words.

BUFFER CONTROL WORDS AT INTERRUPT
Buffer A XX X1 4 XX X135

Buffer B XXX 34| XX X35




GENERAL COMMENTS ON OPERATOR ENTRIES

APPENDIX C

The acceptance of console input is indicated by a type-out of the information that has been entered
on the keyboard. For example, if a print core operation is desired, the first entry will be PC. If REX
can accept console input, the PC will be typed on the console. If there is no accompanying type-

out the entry will have to be retyped until REX acceptance is indicated.

REX console control will also check to see that the maximum permissible character count is not
exceeded, that the field format is acceptable, and that the function description is valid.

The following characters have special meaning for REX Console Control:

MEANING

KEY SYMBOL OCTAL FIELDATA VALUE
O 76
® 57
(Special)
77

Indicates the end of a vari-
able field of characters.

Terminates a console entry.

This willerase the last pre-
secutive special characters

(77) will erase the entire
entry,



ACQUISTION OF STORED INTERRUPTS

(COMMUNICATION) . . . . . . .
ADDENDUM OVERFLOW. . . . . .
ALLOCATION OF FACILITIES. . .
ALLOCATION OF PERIPHERALS .

BATCH LOAD REQUESTS . . . ..

CHANGE CORE. . . . . . +. . ..
‘CHANGE'DRUM. . . . . . . . . .
COMMUNICATION INPUT/OUTPUT .
COMMUNICATION INTERRUPTS .

COMMUNICATION INTERRUPT TABLE .
COMMUNICATION INTERRUPT TABLE

OVERFLOW. . . . . . . . . ..
COMPUTER ESTIMATE (CE). . . .

CONSOLE INPUT/OUTPUT OPERATIONS .

3
7

DA {PROVI Xi . .
DELAYED RESPONSE TABLE . . .

ERROR PROCEDURES (STANDARD
INPUT/OUTPUT) . . . . .
EXECUTIVE ADDENDUM . . . .
EXECUTIVE ENTRY TABLE. . . .
EXECUTIVE INFORMATION REGION

FACILITY RELEASE . . . . . .

FACILITY UPDATE (TYPE-IN) . . .
FAULT INTERRUPT. . . . . . . .
GENERAL PURPOSE SEARCH . . .

HOLD SCHEDULE (TYPE-IN). . . .

INDEX RECORD. . . + . v « « . .
INSPECTCORE. . « « . . . . .

INSPECTDRUM. -« « « « « « . . .
INTERLOCK RESPONSE . . . . . .

INTERNAL INTERRUPT ~INPUT . .
INTERNAL INTERRUPT -OUTPUT .

INTERNAL LOAD REQUESTS . .
INTERRUPT ENTRANCES . . . . .
INTERVAL ~ TIMER INTERRUP TION

JUMP KEYS(USEOF) . . . . ..

LABEL RECORD (MIT). . . . . .

.. 3-20
.. 4-2
C.o2-11
.. 2215
L.o2- 7
.. 5-2
.. 5-2
.. 3-19
.. 3219
.. 3-8
. 4-2
.. 2-2
2-17

.. 3-6
3-13

3- 3

.. 321
.. 6-2
. 2-8
2-11
4-1
3-21
2-10

2- 3

5- 1

.. 523
.. 4-3
.. 3219
. 3-19
2- 6
... 3-6
3-24,4- 1
6- 1

2- 3

INDEX

LISTING (INPUT/OUTPUT REQUESTS) . .

LOAD(TYPE-IN) . . . .« . . . .« ..
LOADING. . . « . ¢« ¢ v ¢« v v v v o v
LOCKOUT (TYPE-IN) . . . . . . . . ..

MASTER INSTRUCTION TAPE . . . . .
MIT NUMBER . . . . « « ¢ v ¢ v v o

OPERATIONAL PARAMETERS . .

PREPARATION OF MASTER INSTRUCTION

TAPE. . . . ¢ v ¢ o v v v v v e e
PRINTCORE . . . . « ¢« ¢« o v v v v o
PRINTDRUM . . . . . . ¢« . o o v o
PRIORITYGROUP . . . . . . . . . ..
PROGRAMLOCK. . . . « . . « . . . .
PROGRAM START . . . . . . . . .

PROGRAM FACILITY RECORD (MIT). . . .
PROGRAM FACILITY SUMMARY RECORD
PROGRAM SEQUENCING AND LOADING . .

REAL-TIME EXTENSIONS. . . . . . . .
REAL-TIME INITIALIZATION TABLE . .
REAL-TIME INTERRUPT ANALYSIS (RTIAS)
RERUNDUMP . . . . ¢« ¢ « « ¢ v o o o
RUNNING TIME . . . . . . . . « o o . .

SEGMENT CALL. . . . . . . . . . ...

SITEUTILITY. . . . . . o o 0«0 o 4
START SCHEDULE (TYPE-IN). . . . . . .
STATUS CHECKING . . . . . . . . . ..
STRING. . . . . ¢« . o o o v v o
STRING LEADER . . . . . . . ..

STRINGLOCK. + v v v v v v v v o
SUBMISSION OF INTERRUPTS
(COMMUNICATION) . . . . . v v ¢« . . .

SUSPEND (PROGRAM) . . . . . . . . ..
SWITCHER ROUTINE. . . . . . . . . .

TIME (MAINTAINED BY REX) . . . . . . .
TERMINATE (PROGRAM). . . . . . . ..
TERMINATE SCHEDULE (TYPE-IN) . . . .
TIME-TABLE. . . . .. ... ... ..
TYPEC. . « . . v v v v v v v v e o v
TYPET . « & v ¢« v v v v o v v v v s

UNLOCK (TYPE-IN) ch e e e e e e e
UNSOLICITED REQUESTS . . . . . . . .
UTILITY REQUEST TABLE. . . . . . . .

3-11
2-10
2-16
2-10
2- 1
2- 2
2- 5
2- 2
5- 2

. 5-2
2~ 2
2- 2
4- 3
2- 4
2- 4
2- 1
2- 6
6- 3
3-21
5- 5
2- 2
2-7
5- 3
2-10
3-15
2- 2
2- 2
2- 2
3-20
4- 3
3-25
3- 2
4- 3
2-10
3-8
2-18
2-18
2-10

. 2-20

.3-3
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