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ABSTRACT

This report describes the input/output control
system (IOCS) as an integral part of the Algonquin
Radio Observatory Data Acquisition and Control
System. IOCS runs in a real-time environment and
maintains queues for all the standard peripheral
devices. This report describes how to modify the
programs comprising IOCS in the case of errors or
for future expansion of the system.

ANALYZER



CONTENTS

Introduction

Hardware

The 1/O Driver and Special Function Routines
The Teletype and Paper Tape Handler
Magnetic Tape 1/O Handler

“©obh W -

APPENDICES

The 10T Queue (Q) Bits

IOT Format*— Typewriter and Paper Tape Input
IOT Format*— Typewriter and Paper Tape Output
IOT Format*— Magnetic Tape

I/O Request Queue Structure

DCT for Typewriter and Paper Tape Input

DCT for Typewriter and Paper Tape Output

DCT for Magnetic Tape

Logical and Standard Device Tables

Logical Unit Number Assignment

Interrupt Assignments

Error Messages and Condition Codes

IOCS Driver Flowcharts and Listing
Teletype/Paper Tape Handler Flowchart and Listing
Magnetic Tape Handler Flowchart and Listing
SEL 840A Character Codes

NOZEFASSZOTMMUOW

FIGURES

2-1 Computer system hardware

3-1 Simplified flowchart

3-2 1OCS table structure

B-1 Input/output table typewriter and paper-tape input
B-2 Input/output table for paper-tape absolute load

C-1 Input/output table typewriter and paper-tape output
C-2 Input/output table for paper-tape absolute dump
D-1 Input/output table magnetic tape input and output
D-2 Input/output table magnetic tape control

D-3 Input/output table magnetic tape mode set

*A more detailed description of the IOT format is given in ERB-813 A.R.O. IOCS User’s Manual



1-1

CHAPTER 1

Introduction

This report is intended for the use of those who wish
to modify the existing Input/Output Control System, or to under-
stand more fully the way in which it operates as an integral part
of the ARO Data Acquisition and Control System. Users should be
familiar with:

ARO Input/Output Control System Users' Manual.

The Physical Environment of the Computer

The ARO Data Acquisition and Control System is located
at the Algonquin Radio Observatory, a national facility operated
by the National Research Council, Ottawa, Canada. The principal
instrument at this site is a 150 foot radio telescope operating
at wavelengths as low as 8 millimeters. The size of the telescope,
and the wavelength at which it is operated require a positional
accuracy of about 15 seconds of arc.

The large radio telescope is a general purpose instru-
ment used by many scientists both from within the National Research
Council, and from Canadian and U.S. universities. The telescope
itself is a fully steerable paraboloid, 150 feet in diameter, using
an alt-azimuth mount. Located at the vertex is a high precision,
independently mounted master equatorial unit which is guided

from the control building by a remote console. The radio tele-
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scope is controlled by the master equatorial unit optically, and
acts as a slave to it.

Phase I of the Data Acquisition and Control System
involves the acquiring of radiometer data, positional, temporal,
and equipment status information; the performing of preliminary
calculations on these data; and the writing of all this inform-
ation on magnetic tape for further processing on a larger computer.
Phase I has been implemented and is currently performing satis-
factorily, Phase II of the system involves the addition of con-
trol software and hardware to allow the computer to control the
master equatorial unit, and hence the radio telescope. The
implementation of Phase II should involve no software changes to

the InputfOutput Control System.

The Software Environment of IOCS

The Input/Output Control System (IOCS) of the ARO Data
Acquisition and Control System must perform all the Input/Output
from/to the standard peripheral units. The software environment
in which IOCS operates is described below.

The computer receives timing information and positional
information from another computer which is hardwired to drive all
the coordinate displays on the control desk. This computer also
provides a one millisecond interrupt and seven positional or

temporal parameters (Q values). All time dependent processors



1-3

(programs) are driven by this millisecond clock and its associated
processor. By means of a System Generator program and the Command
Language an astronomer constructs tables describing a "scan" or
"scan pattern". (A scan pattern is a related group of scans.)
Basically a "scan" consists of a start coordinate, a stop coordinate,
a sample interval, and a list of quantities to be sampled. Radio-
meter calibrations may also by inserted at specified points in the
scan, and astronomer-written routines may be executed at the taking
of each sample and at scan termination.

Any or all of the above programs plus an independent back-
ground job make use of IOCS to display messages, or to receive
inputs. These messages arrive sporadically during the use of the
Data Acquisition and Control System, except at the beginning and
end of each "scan" where there tends to be a burst of messages,
none of which may be allowed to tie up the system. It was there-
fore necessary to construct request queues to hold the messages

waiting to be output during these peak periods.

Real-Time Considerations

The foremost concern in writing a real-time Input/Output
Control System is to maintain the real-time conditions of the
system, There must be no halt instructions, no wait loops, and of
particular concern here - no I/O waits. All I/O devices must be

interrupt driven, with only one I/O operation initiated for each
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pass through the I/0 handler. All routines controlling I/O devices
(handlers) are entered by the interrupt hardware and must save the
status of the Central Processing Unit (CPU) upon entrance, and
completely restore the CPU status upon exit. This is mandatory
for all interrupt driven routines. The status of the CPU consists
of:

1) All programmable registers which this interrupt routine

will modify.

2) The program counter. (Location counter).

3) The memory protect status,

4) The overflow latch.
In addition, any routine which may be called by processors at
different interrupt levels must either be re-entrant, or must be
able to suppress the higher interrupt until the lower priority

interrupt has finished with the common routine,

Operator/Computer Communication

The command and logging device used for operator/com-
puter communication is an ASR-35 teletypewriter. All operator
intentions must be communicated to the computer through keyboard
input, and most messages to the operator will be displayed on
this printer by the computer. The large volume of this man-
machine communication was one of the prime factors influencing

the design of IOCS.
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It was felt that the operator should not be forced to
count characters or columns while keying-in messages with numeri-
cal parameters, and that programs using this input should not all
have to convert the octal or decimal parameters keyed-in by the
operator. On the other hand, programs in the computer requiring
the output of status or error messages should not have to indi-
vidually convert each number to be displayed into a buffer, and
then display the buffer as a character string. A requirement for
IOCS was therefore that a programmer could output a small array
in octal or decimal format with no more coding or effort than that
required to output a character string.

This standard I/O conversion available to programs using
the teletypes should also be available to the individual I/O
handlers for the display of I/O status and error messages. This
could be most easily achieved by a complete separation of driver
and handler. In this I/O system, the I/O driver NEVER calls any
I/0 handler. The handler is entered by enabling its unique inter-
rupt. This complete separation allows all I/O handlers to invoke

IOCS in the same manner as all other programs.



CHAPTER 2

The Hardware

The computer configuration at the Algonquin Radio Ob-
servatory is a SEL 840A Central Processing Unit (CPU) with 12K
words of 1.75 psec core storage. There is an ASR-33 console tele-
type with two remote ASR-35 teletypes. Each of these teletypes
has a separate control unit, and two separate interrupts, which
greatly simplifies the software. The system is basically a paper
tape system with a 300 char/sec photoelectric paper tape reader,
and a 110 char/sec paper tape punch. The high speed paper tape
system is used chiefly for program development. There is also a
magnetic tape control unit driving two seven-track magnetic
tape units. One of these tape units will hold the system tape,
and the second tape unit will record the data collected by the
system, Data transfer between the computer and magnetic tape is
controlled by the Block Transfer Control (BTC). The BTC operates
in a cycle stealing mode, and uses one memory cycle for each word
transferred.

The analog and discrete inputs and outputs have such a
small I/O wait time that it would be inconceivable to use the
I0CS driver. These I/O facilities are described in the publication:
ARO/DATAC System Maintenance Manual, ERB-815, A complete schematic
is given in figure 2-1.

The I/O structure is in the form of a "party-line". All
units are connected to the I/O bus and are selected by the unit

number present in the I/O instruction. The I/O instructions have
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two modes: the wait mode, and the skip mode. 1In both cases the
execution of an I/O instruction causes the unit to be connected

to the computer, the unit is tested and the I/0 command is exe-
cuted if the unit is not busy, and then the unit is disconnected
from the computer. The entire transfer takes 3 memory cycles. In
the wait mode the computer waits for the unit to become free. 1In
the skip mode, the program counter is advanced one location if the
I/0 command could be executed. It is the latter mode which is
used by IOCS.

The creation of system software on the SEL 840A is made
much easier by its powerful and versatile interrupt system. The
A.R.0. system contains 31 different priority interrupts, each
containing three latches. The Enable or E latch is set on by a
PIE instruction, and off by a PID instruction. The interrupt will
not become active if it is disabled. The Active or A latch is set
by the interrupt hardware and indicates which interrupt routine
is currently being executed. The Request or R latch is usually
set by an external signal. An interrupt becomes active if the
R and E latches are both set and there is no higher priority A
latch set. When an interrupt becomes active, the instruction at
a specified core location (unique for each interrupt) is executed.
This core location usually contains a Store Place and Branch (SPB)
instruction. 1In the case of I0C8, an SPB to the I/O handler is

stored at this interrupt location.



Any interrupt routine may be interrupted by an interrupt
of higher priority., The lower priority routine continues after
execution of the higher priority routine. It is therefore neces-
sary that all interrupt routines save the CPU status which they

modify and restore the status upon exit.
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CHAPTER 3
The I/O Driver and Special Function Routines.

The I/0 Driver (IOCS)

The complete separation of driver and handler necessitates
the use of tables for internal communication between various parts
of TOCS. The user takes part in this table communication by the
construction of an I/O Table (IOT) to completely describe his I/0
request. (See Appendices B, C and D). The only part of the I/O
Table used by the I/O driver is the first word. The format of
this word is identical for all types of Input/Output Tables and
for all devices.

The logical unit number contained in the first word of

the TOT is used as an index to the Logical Device Table (LDT).
The LDT is described in Appendix I. The entry in the LDT is the
address of the Device Control Table (DCT) corresponding to the
specifiedlogicalunit number. The format of the individual Device
Control Tables is described in Appendices F, G, and H. The DCT
contains a description of the physical characteristics of the
device, and the I/O request queue for that device. The I/0
driver then uses the queue pointers (Appendix E) in the DCT to
enter the request (IOT address) in the queue, enables the inter-
rupt specified in the DCT, and, if necessary, performs some action
which will set the request latch of the interrupt. This sequence
is shown in figure 3.1 and 3.2.

The interrupt hardware completely supervises each hand-

ler. As each device is finished its task and is free for another



character, word or record (device dependent), the request latch
is set by the hardware. The setting of the request latch will
cause the handler to be executed. This sequence will continue
until the I/O request queue for the device is empty. Each device
has its own individual interrupt priority, and therefore each
device is able to operate simultaneously, and at its full rate,

The Background User

The memory protect hardware of the SEL 840A allows one
level of memory protection only. Each core location contains a
protect bit indicating whether it is protected (foreground) or
unprotected (background). The Data Acquisition Monitor is located
at the bottom of core, and the background user has any core
remaining at the top of memory. An instruction trap interrupt
also prevents the background user from changing these protect
bits, modifying any interrupt status, or using any I/0 instructions
directly.

The Monitor is set up such that the background user calls
IOCS directly. This action will cause a memory protect interrupt
to be raised. The memory protect interrupt routine will then check
to determine if the violation was a CALL IOCS. If it was, a check
is made to see if the IOT address is in the background, and if so -
the CALL IOCS is re-issued, Control is then returned to the back-
ground routine. The I/O driver (IOCS) is the only portion of the
I0CS which the background is permitted to use.

Special Function Routines

In addition to the standard I/O driver entry point



3-3

(IOCS), IOCS has some special function routines. These routines

are used to prevent the background program from using certain devices,
or to release devices to it, Various initialization routines are
also available to set up devices, reset queues, and to describe

the Command Language IOTs to be used. These routines are available

to foreground users only,

1) Initialization Routine

This routine initializes all the teletype and
paper tape devices. All typewriters are set to key-
board mode, and all input interrupts are enabled.
This routine is called by IOSPRG, and must be called
by the Command Language if a teletype is turned from
off-line to on-line. This routine may be invoked
any time during the operation of the data acquisition
system.

The calling sequence is:

CALL IOSITL for a resident monitor routine.

or

LIX = -2,3 for a non-resident

SPB $IOCS,3 foreground routine,

A, B and XR1l are modified and not restored by this
routine,

2) Assign Routine

This routine is used by foreground routines to

re-assign devices, A complete list of available
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devices is always present in the Standard Device
Table (SDT =~ see Appendix I). Logical device J in
the SDT will replace logical device I in the Logical
Device Table (LDT). The calling sequence is:
LIX I,1
LIX J,2

CALL TIOSASN for a resident monitor routine.

or
LIX  I,1
LIX  J,2
LIX = -4,3

SPB §I0CS,3 for a non-resident foreground
routine,
A, XR1l, and XR2 are modified and not restored by
this routine,

Inhibit Routine

This routine will inhibit background jobs
from using logical device I. I/0 requests already

in the queue are unaffected. The calling sequence

is:

LIX I,1

CALL IOSNHB for a resident monitor routine.
or

LIX I,1

LIX = -6,3 for a non-resident foreground

SPB  §I0CS,3 routine.,
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A and XR1 are modified and not restored.

Release Routine

This routine will release logical device T
to background jobs. The calling sequence is:

LIX 1I,1

CALL 1IOSRLS for a resident monitor routine.
or

LIX I,1

LIX = -8,3

SPB  $I0CS,3 for a non-resident foreground

routine,

A and XR1l are modified and not restored.

Purge Routine

This routine is the main IOCS initialization
routine and must be invoked at system startup. The
Logical Device Table is created as an exact copy of
the Standard Device Table (erasing all previous
device re-assignments), The last two entries in
each Device Control Table (DCT) are set to zero.

The queue pointers in each DCT are set to the
beginning of the queue. Each IOT address encountered
in a queue is removed, after first resetting the queue
bits in the first word of the IOT. The LDT is then
modified to include the command and logging devices

as set by control switches 18-23 on the computer
console., The background device setting is in switches

18-20, and the foreground device setting is in
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switches 21-23, The following settings are used
for both foreground and background:
0 standard setting as specified in the
standard device table,.
1 Console teletype (ASR- 33).
2 Remote teletype (unit '10).
3 Remote teletype (unit '15).
4 Input from console teletype, Output onto
high speed paper tape punch.,
5 Input from remote teletype (unit '10), Output
onto high speed paper tape punch,
The Purge Routine then invokes the initialization
routine (IO$ITL) and returns to the calling program.
The only time this routine may be invoked is at
system startup. The calling sequence is:
CALL TOSPRG
or LIX = -10,3
SPB  $IOCS,3
A,B,XR1,XR2, and XR3 are modified and not restored.

Foreground Command Setup Routine

This routine should be called by the Command
Language Initialization Routine. The routine ISFIOT
places the special IOT address (FIOT) in the Device
Control Table of the foreground command device., All
input messages beginning with a slash (/) will be
directed to this IOT by the I/O handler regardless

of the number of requests already present in the
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input queue. The slash itself is discarded and
does not enter the input strzam converted by the
IOT,

The following example of a Foreground
Command IOT interprets the input as a four-letter
mnemonic followed by up to ten decimal numbers typed
in free-form format.

Q-1 LAA FIOT

04 CALL ISFIOT in-line

o+l

FIOT DAC *+1
DATA '34
227 1
DAC FBUF > out=of-line
277Z% 10,7
DAC FBUF+1

FBUF BSS 11

Return is to o+l
XR1 is modified and not restored.

Background Command Setup Routine

This routine should be called by the Command
Language Initialization Routine if a background job

is to be allowed. The routine I$BIOT places the
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special IOT address (BIOT) in the Device Control
Table of the background Command device.

All input messages beginning with a slash
(/) will be directed to this IOT regardless of the
number of requests already present in the input
queue, The slash character is not retained. The
following example of a Background Command IOT
interprets the input as a four-letter mnemonic
followed by up to ten octal numbers typed in free-
form format.

a-1 LAA BIOT

o CALL ISBIOT in-line
a+l
\

BIOT DAC  *+1

DATA '35

777 1

DAC  BBUF > out-of-line

777* 10,1

DAC BBUF+1

BBUF  BSS 11

Return is to a+l.

XR1l is modified and not restored.
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Chapter 4
The Teletype and Paper Tape Handler.

The Prehandler

The same coding is used for the I/O handler controlling
the three teletype units and the high speed paper tape units. In
all four cases both the input and the output sections of the unit
have their own interrupt levels, and function as independent units.
The only dependence between the input and output units (keyboard
and printer) of a teletype is that characters input from the key-
board should be output as soon as possible on the corresponding
printer.

The input handler has the external name ISTKOl. For
all eight units there is a "prehandler", which is the routine to
which control is passed by the interrupt hardware. The return
address (the program counter before the interrupt) is stored at the
entry point of the prehandler by the SPB instruction at the interrupt
address. The first two index registers are saved in the Device
Control Table (DCT) and the address of the DCT is loaded into index
register one. Control is then passed to either ISKYOl or ISTYOl
where the A and B registers are saved in the DCT. The return address
to the prehandler is a permanent entry in the DCT. The I/0 handler
(ISKYOl or ISTYOl) then inputs or outputs a character modifying only
locations in the DCT, or locations pointed to by the DCT. The
handler itself is re-entrant and may be interrupted at any point.

An alternate paper tape prehandler has been written
which accepts either five level paper tape or eight level paper

tape as input on the high speed paper tape reader. For five level



tape this prehandler inputs the character, masks off the upper three
bits and uses the result as an index to a code table. The character
from the code table is the eight level Ascii equivalent and is used

as the input character by branching to ISKYOl just after the input
instruction. The code table used is shown in table 4-1. The routine
ISLEV5 or ISLEV8 must be invoked to initially set up the interrupt
locations for either the 5 level or 8 level entry point of the pre-
handler.

Adding Another Teletype or Paper Tape Unit

An additional teletype or paper tape unit may easily be
added to the system by writing a prehandler for the device. This
prehandler may be copied from the original with only the following
changes:

1) The four external names will have to be different,

2) INTL will have to be set for the proper interrupt

level (input).

3) ONTL will have to be set for the proper interrupt

level (output).

4) 1INTG will have to be set for the proper interrupt

group.

5) DEVN must specify the physical device number.

The rest of the coding may remain the same. Each new device must

have a unique interrupt level for both input and output. A device
other than a standard ASR-33, ASR-35 or SEL high speed paper tape

unit .may also be added to the system. This prehandler can have a

table lookup and conversion similar to the alternate paper tape

prehandler for five level tape. Some entries in the DCT (e.g. AIP,
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AOP, CEU) may have to be changed to an SPB to special purpose
routines in this case.

The Special Command IOT

The first character of every input is compared to a
special character (/). A character is assumed to be the first
character of an input if the current IOT address is zero, or if the
execution bit of the current IOT is off. The special character used
to begin commands may be changed from a slash to any other character
by changing the statement "SLSH EQU *+'120" in the literal pool
definitions. When a slash is detected, the slash is set to zero so
it will be ignored, the special IOT is decoded instead of the IO0T
pointed to by The Execution Pointer, and the Special IOT bit is set
so that the I/O request queue will not be reset at the termination
of the input. This special IOT is then decoded and executed similarly
to any other IOT. The basic difference between the special IOT and
the other IOT is that the special command IOT never passes through
the I/0 Driver (IOCS) but is a permanently outstanding request. For
this reason the "In Queue" bit in the IOT is never set. A special
command IOT must be tested for completion by the setting of the
third Q bit (bit 2 in<the first word of the IOT).

The Absolute Load/Dump Routine

The teletype and paper tape handler contains an absolute
load routine and an absolute dump routine.. The use of these routines
is checked for as near as possible to the beginning of the handler.
All of the 256 different bit combinations are valid characters for
these routines and hence control must be passed to them before any

character checking is done. The absolute load or absolute dump



routine is invoked by using a special IOT to describe the I/0.
(See Appendix B and Appendix C, in particular figures B-2 and C-2).

Since only one character may be input or output during
each pass through the handler there is a need for special flags
which may be tested, and then a branch to the proper place in the
routine. The flags MODE, XR4, and XRS5 are used by the absolute
load/dump routine and are described with the other entries of the
DCT.

The format of the absolute tape is identical to the
tape produced by the SEL 840A Absolute Dump Routine. It consists
of:

1) about 12 inches of leader;

2) an initial character with all the holes punched

('377).

3) The base address of the absolute load module being
dumped. This address is 24 bits in length and
occupies three characters on the tape.

4) The negative word count. This is the length in
words of the absolute load module being dumped
negated (2's complement notation). This value is
24 bits in length and occupies three characters on
the tape.

5) The Absolute Load Module in '100 word blocks, each
word occupying three characters on tape. Each '100
word block is followed by a checksum word (three
characters long) formed by adding together each

word in the '100 word block and neglecting overflow.
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Step 5 is repeated until the entire module has been output. The
user must output his own leader and trailer by using a different
IOT and specifying the leader operation.

ADDRESS CHECKING:

Since all input and output by background programs is
controlled by IOCS, there must be some check to ensure that back-
ground programs do not inadvertantly destroy portions of foreground
routines by overwriting them. TOCS itself is entirely foreground
resident and is able to direct input to any portion of core storage.
Software checking is therefore the only method which will protect
the foreground program,

Background I/O requests are trapped by the memory protect
routine and passed on to IOCS only if the IOT address is in the back-
ground. The routine CHEX is used by the input handler to ensure that
the background user's data area is on the same side of the B/G - F/G
partition as the IOT address. Since the SEL 840A has address wrap-
around it is also necessary to check that his final data address is
not in the foreground area. The return code from CHEK is:

A

0 for no errors
A = -1 for an address violation.

The external name I$XXXX points to the core location
containing LAR = -1 to indicate a memory protect violation. This
instruction may be changed to CLA for debugging a test system with
added background capabilities.

THE LOW PRTIORITY QUEUE:

Characters being input from a teletype keyboard must

also be output on the printer of that teletype by the I/0O handler,
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with no interference to the output being directed to that device.

In addition, since the keyboard and printer are separate devices,

the use of one must not be allowed to interfere with the availability
of the other. It was decided that output from the computer would
have priority over the output of characters being keyed-in by an
operator, but it was imperative that the operator would still be

able to key-in a message while the printer was busy., The Input
Handler, instead of performing a direct output of characters input,
places them in a low priority queue using the routine ELPQ. The
associated output handler works on the I/O request queue, until all
entries have been exhausted. The low priority queue is then checked
for non-zero characters, and any non-zero characters are output. This
sequence continues until an entry in the I/O request queue pre-empts
the low priority queue, or until the low priority queue is empty.

The action of striking a key on the keyboard or the
computer requesting an output will re-enable the interrupt. In most
cases, the printer is available, and the character is output with no
noticeable delay. The usual input keyed-in while the printer is
busy is a command to stop the printer output.

The LPQ is similar to the I/O request queue in structure,
There are four queue pointers: execution, entry, start and end,
used to maintain the circular queue., Each entry in the queue is
a left justified ASCII character, which is zeroed when printed.

Each LPQ holds ten characters, any further input is interpreted in
the usual manner by the input handler, but is not output.

ERROR MESSAGE GENERATION :

The teletype and paper tape handler, being completely
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separate from the I/O driver (IOCS), is able to make use of the
full facilities of IOCS for error message generation. The I/O
handler contains a number of error message IOTs which are used upon
the detection of certain error conditions. These error messages are
described in Appendix L. In order to conserve core storage, the
error message IOT's are not duplicated prior to output. The I/O
handler is re-entrant and there is the possibility that two similar
error conditions will arise during the length of time needed to
output the error message. If such a condition arises, the second
error message will be lost, and the first error message will be
modified slightly if the IOT address or data address is being
displayed. The probability of this happening is very slight with
only two core partitions.

The Teletype and Paper Tape Device Control Table:

All I/0 handlers use a Device Control Table (DCT) for
storage of intermediate results. The address of the DCT is kept
in index register one during all phases of execution of the handler.
The following are the DCT entries for teletype and paper tape I/O.
DCT-4 SAVA The word in which the contents of the A register

are saved upon entry to the handler.
DCT-3 SAVB The word in which the contents of the B register
are saved upon entry to the handler.
DCT-2 SXR1 The word in which the contents of index register
one are saved upon entry to the prehandler.
DCT-1  SXR2 The word in which the contents of index register
two are saved upon entry to the prehandler.
DCT+0 XPTR The execution pointer in the I/O request queue,

See Appendix E.



DCT+1

DCT+2
DCT+3

DCT+4

DCT+5

DCT+6

DCT+7

NPTR

ASTQ
AEDQ

NOP

PIE

LPQ

FRMT
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The pointer for the next available entry in the
I/0 request queue,
The address of the start of the I/O request queue.
The address of the end of the I/0 request queue.
This is an instruction which will set the request
latch for this interrupt level. It is an NOP for
teletype output, and an SPB to TONR for teletype
input. (TONR switches the teletype to reader
mode if the device specified is paper tape). An
SPB to TPN1 for the high speed paper tape reader
to enable the reader.
This is an instruction to enable the interrupt
associated with the device. It is also used to
create a PID instruction by the output handler
to turn itself off when the contents of the I/O
request queue have been exhausted.
The address of the low priority queue or
character queue. This queue contains the characters
that have been keyed-in and are to be output. A
zero entry indicates that there is no LPQ, and
characters input are not to be typed or punched.
This word contains the conversion format for both
input and output. The values are:

-1 Tascii

0 Octal

+1 Decimal,

FRMT is set by the routine DDDW within the I/O
handler.
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DCT+8

DCT+9

DCT+10

DCT+11

DCT+12

FCC

Cccc

FWC

CwC

DADR
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The Full Character Count. This word contains
the negative field width of an output word or
the negative maximum permitted field width Ffor
input. The values are:

-4 Tascii

-8 Octal

-8 Decimal
The Current Character Count. This field is
incremented for each valid character input or
output. TIts initial value is equal to FCC.
When CCC = 0, the next word for output is placed
in the CCB or for input the CCB is stored at the
data address.
The Full Word Count. This word contains the
number of words to be output or the maximum
number of words to be input for this DDW. It is
set by the subroutine DDDW (Decode DDW).
The Current Word Count field is incremented from
O to a maximum value of FWC. When CWC = FWC the
next DDW is decoded. If this is the last DDW,
the input or output is terminated. An Input is
terminated by changing the current character to
a carriage return and branching to the beginning
of the handler.
The Data Address. This field is set initially
by the routine DDDW and is incremented each time

CWC is incremented. It points to the word being



DCT+13

DCT+14

DCT+15

DCT+16

DCT+17

DCT+18

DCT+19

DCT+20

CCB

DDWP

TEMP
or
RETN

SIOT

RTAD

ATP
AOP

CEU

CHAR
or
ouTC
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output, or the address at which the word now being
input is to be stored.

The Current Character Buffer. This word contains
the partially converted word for both output and
input., For output it is loaded initially by DDDW,
and reloaded each time CCC = 0. For input it is
zeroed initially, and stored at the address pointed
to by DADR each time CCC = O.

The Data Double Word Pointer is initially set to
the address of the first DDW of the current IOT.
It is incremented each time DDDW is entered.

This word is used for temporary storage by wvarious
parts of the handler. It is used to hold the
return address for re-entrant subroutines within
the handler and to hold computer-built instructions
which are then executed by an EXU instruction.
This word contains the special IOT address for
Command Language for an input DCT. This word is
set by the routine ISFIOT or ISBIOT and is not
used by the output handler.

The Return Address to the Prehandler. This
location is never modified.

This location contains the I/O instruction to be
used by the handler for input or output.

This location contains the CEU instruction to be
used by the handler.

This location contains the character just input

(left justified) or the character to be output.



DCT+21

DCT+22

bit

bit

bit

bit

bit

bit

bit

bit

bit

bit

IOTA

STAT

10
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The Address of the IOT now being executed.
A status word for both the input and output
handlers. It coatains various single bit flags:
O = Off
1 =0n
Absolute Load Flag - branch to the resident
absolute loader upon entry to ISKYOl,
Special IOT flag - the IOT now being executed is
the special command language IOT. The queue
should not be updated at the termination of this
input.
Reader Mode Flag - the current input is using the
paper tape reader of a teletype unit.
Minus sign Flag - A minus sign has been typed for
the decimal number now being input.
Last DDW flag - The DDW currently being executed
is the last DDW in this IOT.
Immediate Data Flag - this output DDW specified
immediate data.
Binary Output Flag - the IOT currently being
executed specifies binary output.
This eutput message should not be terminated by
a carriage return, line feed.
The operation specified is a punch power off
command for the high speed paper tape unit.
Absolute Dump Flag - control should be passed to

the resident absolute dump routine.
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bit 11 Leader Flag - this operation specifies leader.
The IOT is executed normally except that the

output character is changed to leader just prior

to output.
bit 15 Output a carriage return immediately.
bit 16 Output a line feed immediately and terminate the

I/0 request.
Some of the DCT entries have alternate uses when the absolute load/
dump routine is being used., These uses are:
DCT+7 MODE The type of I/O being performed by the resident
load/dump routine.
Absolute Loader:
MODE=-2 while reading leader. Set to -1 when '377 detected.
=-1 while reading start address. Set to 0 after three
characters.
= 0 while reading negative word count. Set to 1 after
three characters.
= 1 while reading a '100 word block. Set to 2 after
'100 words.
= 2 while reading checksum. Set to 1 after three
characters,
Absolute Dump Routine:
MODE=-2 Initially and while punching '377. Set to -1
after '377 is punched.
=-1 while punching data address. Set to 0 after three
characters.
= 0 while punching negative word count. Set to one

after three characters.
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= 1 while punching a '100 word block. Set to 2 after
'100 words.

= 2 while punching checksum. Set to 1 after three
characters.

DCT+8 XR4 A character counter varying from -3 to 0. The
absolute load/dump format packs three characters
into a word.

DCT+9 XR5 A word counter varying from -'100 to O.

DCT+10  NWDC The Negative Word Count. Read from the tape by
the absolute load routine, or obtained from the
IOT by the absolute dump routine.

DCT+11  CKSM The CHECKSUM is formed by adding together each
word in the '100 word block and neglecting over-

flow.



TABLE 4-1

ASCII EQUIVALENTS OF 5-LEVEL CODE

Code Letter Mode Ascii Figure Mode Ascii
00 leader 000 leader 000
01 T 324 5 265
02 C/R 215 C/R 215
03 O(letter) 317 9 271
04 space 240 space 240
05 H 310 336 (H
06 N 316 , 254
07 M 315 . 256
10 L/F 212 L/F 212
11 L 314 ) 251
12 R 322 4 264
13 G 307 = 252 (%)
14 I 311 8 270
15 P 320 O(number) 260
16 C 303 : 272
17 \Y 326 = 275
20 E 305 3 263
21 Z 332 & 253
22 D 304 $ 244 ($
23 B 302 ? 277
24 S 323 ! 247
25 Y 331 6 266
26 F 306 ] 244 ($)
27 X 330 / 257
30 A 301 - 255
31 W 327 2 262
32 J 312 bell 207
33 figure 377 figure 377
34 a 325 7 267
35 Q 321 1 261
36 X 313 ( 250

37 letter 377 letter 377



CHAPTER 5
MAGNETIC TAPE I/O HANDLER

The magnetic tape I/O handler contrcls and supervises all
magnetic tape operations from the Monitor and Data Acquisition
Routines. The routine is not re-entrant since a control unit may
supervise only one tape drive at any one time, and there is only
one tape control ﬁnit in the configuration. The handler is written
in the form of many small general purpose subroutines which are
‘used for all the tape operations. This method of coding produces
a very straightforward, easy-to-modify program, but at a slight
cost of core storage.

The basic magnetic tape handler has two priorities of tape
units, and can control up to eight units. The dual priority is
accomplished by having two Device Control Tables (DCTs) and by
always checking the highest priority DCT first. By assigning the
data tape the highest priority, data output may be interleaved with
more complex system tape operations,

The magnetic tape units are not available to background
programs and hence no address checking is performed. A hardware
design fault causes the computer to revert to an I/0 wait condition
if a tape drive is addressed which is not in remote mode, or if
there is no tape drive set to the selected unit number. Even the
stall alarm will not pull the CPU out of this wait condition, and
therefore the background user is not given this opportunity to tie
up the system,

Adding Macro-Operations

Because of the modular nature of the magnetic tape handler,
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and the fact that each routine incorporates an I/0 wait, macro-
operations may be constructed within the handler. These macro-
operations are given an operation code, and an entry in the operation
branch table. The macro-operation will usually consist of a branch
to one or more existing routines. 2An example of a macro-operation
is Operation 03 - Rewind File.

Subroutines Driven by the Operation Table

The operation field and unit field of the IOT are
decoded into the DCT. The drive selected is connected to the
control unit if possible, and the operation is used as an index
to the operation table. One of the following subroutines is invoked.

OPERATION 01 - Read a block and attempt error correction.

This subroutine reads the next sequential record from
magnetic tape via the basic input routine READ. A parity error will
cause up to five error correction attempts. The test routines are
invoked to check for status or error conditions, and then the number
of words input is obtained from the BTC. If the error correction
attempts were unsuccessful, an error message is generated. The
error correction consists of a backspace record followed by a read
attempt.

OPERATION 02 - Write a block and attempt error correction.

This subroutine outputs a block onto magnetic tape
using the basic output routine WRIT. A parity error will cause up
to five error correction attempts, each attempt consisting of a
backspace record, erase gap, and a write record. If the error
correction is unsuccessful an error message is generated, and the

parity error bit set on in the error word. The presence of a
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write ring is checked (RNGT) prior to the output, and the end-of-
tape test (EOTT) routine is invoked after the output.

OPERATION 03 - Rewind File,

This subroutine will backspace the tape one file, if
the tape is not at the load point, and then advance over the file
mark if the tape is not at the load point after the backspace file
operation. The routine is re-entrant because of the possibility
of being interrupted between the two operations.

OPERATION 04 - Rewind the tape.

This subroutine will rewind the tape to the load
point. The backspace inhibit test routine is invoked to ensure
that this is not the data tape. If the tape is positioned at the
load point, a no - operation results. The rewind operation requires
the presence of the unit number, which is obtained from the set
made (STMD) subroutine. The rewinding bit is set in the status
word if it is necessary to perform the rewind.

OPERATION 05 - Backspace file,

This routine backspaces the tape one file if the
backspace inhibit latch is not turned on, or if the tape is not
positioned at the load point.

OPERATION 06 - Advance file.

This subroutine will advance the tape just past the
next end-of-file mark.

OPERATION 07 - Write end-of-file.

This subroutine will write an end-of-file mark on the
drive connected to the control unit. The absence of a write ring

will terminate the operation.
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OPERATION 10 - Backspace Record and Test.

This subroutine will backspace the selected tape one
record if the tape is not positioned at the load point. If the
record was an end-of-file mark, the tape is forward spaced over
it. The basic backspace record routine (BSPR) is used.

OPERATION 11 - Advance Record and Test.

This subroutine will advance the tape one record.
If the record was an end-of-file mark, the tape is backspaced over
it. Operation 10 and 11 always leave the tape in the same file.

OPERATION 12 - Erase Gap.

This subroutine will erase four inches of tape. This
operation is usually used during output error correction to space
over a bad section of tape. The absence of a write ring will
terminate this operation.

OPERATION 14 - Set Mode (SETM).

This subroutine replaces the entry in the mode table
specified by the unit field by the contents of the second word of
the IOT. The tape control unit is not addressed, and this routine
should not be confused with the routine STMD which connects the
tape drive to the control unit. SETM specifies the way in which
a unit should be set up if it is ever used in the future.

Operations 13, 15, 16 and 17 are illegal using the
basic magnetic tape handler and generate an error message if used.
READ - Basic Read Routine,

This subroutine sets up the BTC locations ('60 and
'61) using the routine DDDW (Decode DDW) and initializes the block

transfer. The BTC interrupt routine (BTCR) keeps resetting the



interrupt locations for as many DDWs as are present in the IOT.
WRIT - Basic Write Routine.

This subroutine is the output equivalent of READ.
The absence of a write ring will terminate the operation., The BTC
locations are set up by the routine DDDW and an output block
transfer is initialized.

DDDW - Decode Data Double Word.

This subroutine is used by the READ, WRIT, and BTCR
routines to set up the two BTC locations. The DDW pointer (DDWP)
points to the last word of the previous DDW or to the IOT address
(IOTA) upon entrance. This routine decodes a DDW into locations
'60 and '61 and also into the DCT., At exit the DDW pointer is
pointing at the last word of the decoded DDW.

The last DDW is recognized by the sign bit in
the first word of the DDW. This is also the bit used by the BTC
hardware to terminate the block transfer.

CHKQ - Check I/O Request Queue.

This subroutine checks the status of the DCT whose
address is in index register one, and returns only if there is
nothing to do. A unit whose rewind bit is set in the status word
is connected and tested for completion of the rewind. Control is
returned to the calling point if the unit is still busy. The wait
word (WATF) in the DCT is checked. If this word is non-zero it
contains the address of the waiting routine, and control is returned
to this routine, and the wait flag set to zero. If there was no
I/0 wait, the I/O request queue is checked for non-zero entries.

If the I/0 request queue is empty, control is returned to the
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calling point. If there is an entry, the first word of the IOT is
decoded into the DCT and the proper operation initiated. The
priorities of units or DCTs is determined by the order in which
DCTs are passed to this routine.

DCW1l - Decode first word of IOT.

This subroutine decodes the first word of an IOT into
the DCT and initializes the DCT for the new IOT. The DDW pointer
is set equal to the IOT address, and the execution bit of the IOT
is turned on. The unit number is put in the location PUNN in the
DCT, and the number of error correction attempts set to five. The
error word is initialized and control is returned with the operation
(masked to four bits) in index register three.

ADVR - Advance Record.

This subroutine advances the tape on the selected
unit one record and waits for the completion of the operation,
This routine is used by ADVT (operation 11). The tape control
unit status must be checked immediately on return.

BSPR - Backspace Record.

This subroutine uses the backspace inhibit logic to
determine if this is the first backspace. If more than one con-
secutive backspace has been attempted, the operation is terminated
with an error message and an error return code. If this will be
the first backspace, or if the backspace inhibit option is not
enabled a backspace operation is performed. This routine is used
by the routine BRAT (operation 10).

STMD - Set Mode.

This routine is invoked by CHKQ, and connects the
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drive specified by PUNN to the magnetic tape control unit. The
drive is set up according to the corresponding entry in the mode
table (MDWD).

BTCR - BTC Interrupt Routine.

This routine is branched to by the interrupt hardware
when the BTC is ready to accept a new word count and data address
in the BTC locations., Following a BTC initialization by READ or
WRIT, the next two memory cycles are used by the BTC to obtain the
contents of locations '60 and '6l. If bit zero is set on in the
word count (location '61), the BTC will terminate after the speci-
fied block transfer has been completed. If this bit is not set,
another base address and word count are obtained from the BTC
locations, a BTC interrupt is generated, and this routine is
invoked. The sole purpose of this routine is to check whether
there is another DDW present, and if so, call DDDW to reset the
BTC locations. 1In this manner, successive DDWs are written as one
record by the WRIT routine or one record is spread out among suc-
cessive DDWs by the INPT routine. The BTC hardware thus allows
"gather read" and "scatter write" operations to be performed quite
simply. The BTC interrupt routine does not have to be serviced
between successive words unless the word count of a DDW is one.
The READ and WRIT routines set up the next BTC immediately after
initializing the first transfer,

Wait Routines

The Basic Magnetic Tape Handler contains three

different wait routines. Each Device Control Table has a priority

associated with it, determined by its order in the coding at the
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entrance to the magnetic tape handler (MGOl). The routine WAIT
saves a return address at location WATF in the DCT, Processing
for the I/O request queue associated with this DCT is halted until
the I/0 has been completed, although if the control unit is free,
another I/0O request queue may become active and processing may
continue using another tape drive. The extended magnetic tape
handler uses this routine extensively for system tape searching.
Higher priority data tape requests are performed between the
searching operations on the system tape.

The second type of wait routine (WAST - Wait for
Status) halts all tape processing until the I/0 has been completed.
This wait routine is used whenever the control unit status must
be checked at the end of an operation. This wait routine has the
highest priority.
Test Routines

The following routines within the magnetic tape
handler test for error or status conditions in the control unit.
The TEU (Test External Unit) has no unit select bits and tests
whichever drive is connected to the control unit. One important
point to remember is that a CEU (Command External Unit) will reset
some of the status bits, so that all testing following a read or
write operation must be done before obtaining the word count from
the BTC (Block Transfer Control).
EOFT - End-of-File Test.

The unit already connected is tested for an end-of-
file condition. 1If the condition is true, the end-of-file bit is

set on in the error word, and optionally an error message is
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generated.

Calling sequence: « SPB EOFT

a+ 1
Q-+ 2

Return is to @ + 1 if there is no end-of-file

condition,

Return is to @ + 2 if there is an end-of-file

condition.
EOTT - End-of-Tape Test.

The unit already connected is tested for an end-of-
tape condition. If the condition is true, the end-of-tape bit is
set in the error word, and an end-of-tape error message is generated.
A number of bell rings is incorporated in this error message to
warn the operator that the data tape is full,

OVET - Overflow Test

The unit already connected is tested for the overflow
condition. This condition occurs only during input when the record
on tape is longer than the buffer area provided. Data transmission
is terminated when the buffer is full, and the tape advances to the
next inter-record gap.

RNGT - Write Ring Test

The unit already connected is tested for the presence
of a write ring. This test is made prior to write, write end-of-
file, and erase gap commands. Control is returned only if there
is a write ring present. If there is no ring present, the no-
write-ring bit is set in the error word, an error message is

generated, and the operation is terminated.
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PART - Parity Error Test

The unit already connected is tested for a read or
write parity error.

Calling Sequence « SPB PART

a+ 1
aQ + 2
a+ 3

Return is to @ + 1 for no parity error. If a parity
error is detected, the error counter is incremented and control
returned to @ + 2 for error correction. If the error counter
reaches zero, a terminal error is assumed. In this case the parity
bit is set in the error word and control is returned to o + 3.

BSPT - Backspace Inhibit Test.

The tape units have been wired with a special option
to prevent inadvertent backspaces or rewinds of the data tape. With
this option enabled it is physically impossible to execute a rewind
or backspace file, and one backspace record is permitted if it is
followed by a forward motion operation., This single backspace
permits the attempted correction of parity errors. This routine
tests the unit selected to determine if the option is enabled. This
routine is used only by the rewind, backspace file, and a second
pass through the backspace record routine. If the option is not
enabled, return is to o + 1, otherwise the backspace inhibit bit
is set in the error word, and the operation is terminated.

BUST - Busy Test.
The unit selected is tested to determine if it is

available to receive commands. The unit busy and unit rewinding
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tests are both applied. Return is to @ + 1 if the unit is not
available. Return is to @ + 2 if the unit is available. If this

is the case the rewinding bit is turned off in the status word.



APPENDIX A

THE IOT QUEUE (Q) BITS

The Q bits are present in all Input/Output Tables (IOT's) and reflect

the status of the I/O. These bits are bits 0, 1, 2 in the first word.

(See Appendices B, C and D).

bit 0 set
set
bit 1 set
set
bit 2 set
set

to

to

to

to

to

by user initially, and by IOCS when the operation
has been completed.

by TOCS when the request is entered in the queue.

by user initially, and by IOCS when execution of
the request has been completed,

by IOCS when execution of the request has begun.

by IOCS when request is entered in queue.

by IOCS when request has been completed.



APPENDIX B

IO0T FORMAT - TYPEWRITER AND PAPER TAPE INPUT

Each TIOT for typewriter and paper tape consists of one
word for the operation and unit number, and a variable number of
Data Double Words (DDW's). Each DDW contains a code for the type
of conversion to be used, the maximum number of words to expect,
and a buffer area into which the converted data may be stored.

When the maximum word count specified for one DDW is reached, the
next DDW in line is used. The input is terminated when the maximum
word count for the last DDW has been reached.

The following is a description of each field in an IOT,

as shown on Figure B-1

Q bits: The Q bits are the same for all IOT's and are
described in Appendix A. They should be set to
zero by the user initially.

OPERATION: 008 Read a record from the unit specified in the unit
field.

028 Direct this IOT to the Resident Paper Tape Absolute
Loader (See figure B=2).

40 Read a binary record from the unit specified in the
unit field. (Up arrow is not a special character

in the binary mode).

8

UNIT: Specified by the user.
The logical unit number of the device to be used.
(See RAppendix J),

F (flag field) Specified by the user,

F=1 if this is the last or only DDW in the sequence,
otherwise F=0, This bit may be set by using the
indirect flag (*) in the assembly language instruction.



T (tag field) Specified by the user.
Type of conversion desired.

T=OO2 Convert input characters from 8-bit ASCIT
to 6-bit Truncated ASCII (TASCII). The
converted characters are packed 4 characters
to a word, the last word being left justified.

T=012 Convert from octal to binary.
T=102 Convert from decimal to binary.
(2's complement notation).

This field may be set by specifying Index Register
0, 1 or 2 in the assembly language instruction.

WORD COUNT: Specified by the user.

The maximum number of words to be allowed in this
input. The input will be terminated if this limit
is reached. If TASCII input is used, the buffer
area should be one word longer than the specified
word count to allow space for the carriage return
and line feed which TIOCS adds to the input string.

# WORDS INPUT: Returned by IOCS.
This field, at the completion of the input will
contain the number of words input for octal or
decimal format, or the number of words plus one
for TASCII format. Using TASCII format the last
word is left-justified if the total number of
characters is not a multiple of four, and a word
consisting of blank, blank, carriage return, line
feed ('40407674) is added to the character string.

DATA ADDRESS: Specified by the user.
This field contains the address of the buffer area.
The data will be input to this buffer area.

E (error flag) E = 0 no error
E = 1 The address specified falls within the fore-
ground region, and the input request was made by
a background user. No input is accepted.

The output DDW fields of "field width", and immediate data
are not allowed in an input IOT. The "field width" speci-
fication is meaningless under free form input conditions.
"Immediate data™ cannot be used because the input handler
returns the number of words input to the second word of the
DDW.
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SPECTAL CHARACTERS: In order to achieve flexibility, and to allow
operators to key-in messages in a form convenient
to them, certain characters have been assigned
special purposes,

; (semi colon) If this is the first character of the record, the
mode of the typewriter will be changed from key-
board mode to reader mode, and the first record
(up to and including the first carriage return)
will be input. If the typewriter is already in
reader mode or if the high speed paper tape reader
is being used, the semi colon will be ignored.

+ (up arrow): This character when detected causes the current
record to be deleted. The next character input will
be interpreted as the first character. If the device
is a typewriter, typing + causes up arrow, carriage
return, line feed to be output, and the typewriter
is ready to re-accept the key-in,

On paper tape there should be no carriage return
following the up arrow,

*% The buffer area is not cleared by typing 4. If the
corrected key-in is shorter than the previous
erroneous key-in, the last part of the first input
will still be in the buffer area.

/ (slash) This special character causes the typewriter to
direct the input to a special IOT. This special
IOT is not present in the input queue, but is
forced in upon recognition of a slash as the first
character. In the present system these special
IOT's are used by command language.

C/R (carriage This special character causes the termination of
return): the current input request. (A record is the
information between two successive carriage return
characters, )

L/F (line feed): Line feéds cause the typewriter to space one line,
but are otherwise ignored. They are not inserted in
the input string.

Leader (no punch): Leader is ignored by IOCS except within an absolute
load block.

# (number sign): *The programmer may specify whether octal or decimal
conversion is to be used when he constructs the IOT.
Regardless of his choice, typing # will cause the
following numbers to be interpreted as decimal numbers.
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' (quote) *As above, this character overrides the programmer's
specification, and causes the following numbers to
be interpreted as octal numbers.

*The operator may switch between octal and decimal conversion many times
within one line. The # or ' affect all following number until another
# or ' is detected.

# and ' have no effect in the TASCII input mode and are input like any
other character.

FORMAT OF OCTAL AND DECIMAL INPUT

Both octtal and decimal integers are input in free-form format. The
integers are separated by any non-numeric character or characters
(not a special character) i.e., words may be inserted between the
integers to make the printout more readable.

Example: Three decimal integers are requested by a program. The
following are equivalent methods of typing these numbers.

1) -4, +85, 12345 C/R

2) -00004b +00085b +12345 C/R

g) A=-4, B=85, C=12345 C/R

4) CORRECTION FACTOR IS -4 FOR 85 POINTS, Z= 12345 C/R

5) 177777774, 125, #12345 C/R



RESTDENT ABSOLUTE LOADER:

IOCS contains a re-entrant absolute paper tape loader. (See figure
B-2) This program accepts the paper tape produced by the resident
TIOCS paper tape dump:-program, or the SEL paper tape dump program.
The high speed paper tape reader, or the low speed paper tape reader
of a typewriter may be selected by the user by specifying the ap-
propriate unit number,

Only one DDW is recognized by the absolute loader, and it is set
entirely by IOCS. The first word of the DDW contains only the positive
word count and indicates the length of the absolute block in words.

The second word of the DDW contains the data address and indicates the
low address of the loaded program,

If an error condition is detected, IOCS will set the sign bit in the
second word of the DDW, and an error message will be output on the
background logging typewriter.

The following error conditions are possible,
1) CHECKSUM ERROR

cause: an incorrectly punched paper tape, or a correctly
punched paper tape being read incorrectly by the
paper tape reader,

2) MEMORY PROTECT VIOLATION

cause: the data address punched on the absolute tape falls
within the protected foreground system. (The fore-
ground program is variable in size and the extent
of free core will vary with time).
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APPENDIX C

IOT FORMAT - TYPEWRITER AND PAPER TAPE OUTPUT

Bach IOT for typewriter and paper tape output consists of
one word for the operation and unit number, and a variable number
of Data Double Words (DDW's). Each DDW contains the output con-
version desired, the field width, the number of words to be out-
put, and the address of the first data word (See figure C-1).

For output, it is permitted to replace the second word of
the DDW by the actual data to be output. If there is more than
one word of data, the DDW is extended. The length of the DDW is
then n+l words, where n is the word count specified in the first
word of the IOT. These data, which are now included in the body
of the IOT, are called "immediate data" and are recognized by
the setting of the immediate data flag in word 1 of the DDW.

The following is a description of each field in an 10T,

as shown in Figure C-1.

Q bits: The Q bits are the same for all IOT's and are
described in Appendix A. They should be set to
zero initially by the user.

OPERATION: 008 Write a record on specified unit and terminate the
output with a carriage return and line feed.

018 Punch a leader on paper tape. The length of the
leader is determined by the word count. (A word
count of 5 produces 2 inches of leader). The data
address can be any address.

02, Select the Resident Absolute Paper Tape Dump routine
(See page C-4).



04

10

40

UNIT NUMBER:

C=2

Turn punch power off if unit specified is the high
speed paper tape punch., This operation causes a
typewriter to be reset to the keyboard mode.

Write a record on the specified unit with no carriage
return and line feed,

Write a binary record on the specified unit terminated
by a carriage return and line feed. (>, <, and \ are
not interpreted as special characters under the binary
output operation.

See Appendix J for the logical unit number,

F (flag field): F=1 if this is the last or only DDW in the sequence,

T (tag field):

WIDTH:

ASCIT

OCTAL

otherwise F=0.

T=00 Convert the data from TASCII (6 bit characters
packed 4/word) to full ASCII (8 bit) and output
on the desired unit,

T=01 Convert to octal and output.

T=10 Convert to decimal and output.

The field width for each word to be output, If (
WIDTH=0, the following widths are assumed: '

ASCIT 4 characters
OCTAL 8 characters
DECIMAL 8 characters

Each octal and decimal number is preceded by a
blank which is not considered to be part of the
field width.

If n is the specified width, the following will

result,

n=20or 4 One word in core is output as four
characters,

0<n«<4 One word in core is output as 1, 2
or 3 character(s), beginning with
the leftmost character,

4 <n <32 One word in core is output as 5, 6
or 7 etc. characters. The last 1,
2 or 3 etc. characters are blank(s).

n=20 or 8 One word in core is output as a

space followed by 8 octal digits.



0<n<8 One word in core is output as a
space followed by n octal digits.
The leftmost (8-n) are truncated.

DECIMAL n =0 or 8 One word in core is output as a
space, a sign, and seven decimal
digits.
0<n<s8 One word in core is output as a space,

a sign, and n-1 decimal digits. (If
n=1, only the sign will be output.)

**If the decimal number is too large for the field width, the
result will be incorrect, and probably non-numeric.

I (immediate data field)

I=0 if the following word contains the
data address.

I =1 if the following word(s) contain the
actual data.

WORD COUNT: The number of words to be output. This field
must be exact and for immediate data specifies
the number of words of data following.

DATA ADDRESS: The address of the first data word to be output.

SPECIAL CHARACTERS:

> will cause a carriage return to be typed or punched,

< will cause a line feed to be typed or punched.

\ will cause the typewriter bell to ring, and/or '207 to be
punched.

ERROR CONDITIONS

IOCS will prohibit the output specified by any DDW for typewriter/
paper-tape with a word count greater than 50 (Absolute Dump excepted).
A request containing this error will be replaced by an error message.
The "In Q" bit in the IOT is left on to prevent the request from being

re-issued.
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RESIDENT ABSOLUTE DUMP ROUTINE

IOCS contains a re-entrant absolute paper tape dump routine. This
program creates a paper tape compatible with the SEL absolute
load/dump routines, and with the IOCS resident absolute loader.
Only one DDW is permitted in an absolute dump IOT as shown in
figure C-2.

The word count is the length in words of the absolute module
to be created. (The sign bits (F=1) must be set). The data

address is the base address for the absolute module.
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APPENDIX D

JOT FORMAT - MAGNETIC TAPE

All magnetic tape I/O and control must be performed by IOCS.
The user's directions are transmitted to IOCS by an I/O Table (IOT).
The first word of an IOT is identical for all units. The succeeding

words for magnetic tape are dependent upon the operation specified.

Q bits = The Q bits are the same for all IOT's and are
described in Appendix A., They should be set to

zero initially by the user

OPERATION: 01 Read a block figure D-1
02 Write a block " D-1
03 Rewind file " D-2
04 Rewind " D-2
05 Backspace file n D-2
06 Advance file " D-2
07 Write end-of-file " D-2
10 Backspace récord (block) " D-2
11 Advance record (block) " D-2
12 Erase gap (4 inches of tape)" D-2

13 (not used)
14 Set Mode " D-3
15 (not used)
16 (not used)

17 (not used)



See the designated figures for the IOT fields.

UNTT: See Appendix J for the logical unit number assignment,

READ/WRITE (Operations 01-02)

A read or write IOT consists of a first word, a variable
number of Data Double words, and an Error word. There is no pro-
vision for immediate data or data conversion in the magnetic tape
handler. Input and Output is accomplished on a cycle-stealing
basis by the Block Transfer Control (BTC). Data are transferred
to and from the computer a word at a time (24 bits), and shifted
into characters within the magnetic tape control unit. In the
normal mode of operation, one word in core becomes four characters
on the seven-track tape and vice versa,

Data chaining or Gather Read/Scatter Write is accomplished
by using multiple Data Double Words (DDW's) to describe the I/O.

(See figure D-1)

F (flag bit) = 1 if this is the last or only DDW in the sequence,
otherwise F = 0.

WORD COUNT the number of words to be output onto magnetic
tape, or the maximum number of words to be input.

DATA ADDRESS the address of the first word to be output, or
the buffer into which the data will be read.

ERROR BITS See Appendix K for a more complete description.

bit 0 = 1

if any other bits are on in the error field
bit 1 =1 parity error

bit 2 =1 EOF detected



bit 3 =1 end-of =tape area detected
bit 4 = 1 data overflow

bit 5 =1 write ring missing

bit 6 = 1 backspace violation

NUMBER OF WORDS INPUT: This field is used only for an input IOT
and is returned by IOCS. It contains the number
of words input if this IOT contains one DDW only.
If there are multiple DDW's, the contents of this
field contains the number of words input for the
last DDW only.

CONTROL (Operations '03 - '12)
These IOT's are used to position the tape, to erase a
portion of a tape, or to write a file mark on the tape. These

IOT's consist of a first word and an error word only. The operations

are:

'03 Rewind a file. A backspace file is issued if the tape
is not at the load point. An advance file is then
issued to advance over the file mark if the tape is not
at the load point.

'04 The tape is rewound to the load point,

'05 A backspace file command is issued if the tape is not
at load point

106 An advance file command is issued,

'07 Approximately 3-1/2 inches of tape are erased and an
end-of -file mark is written.

110 The tape is moved backwards one physical record (block).
If the tape is at load point a no operation results, If
the record was an end-of-file mark, the tape is advanced
back over it,

11 The tape is moved forward one physical record (block). If
the record was an end-of-file mark, the tape is backspaced
over it.

t12 Approximately four inches of tape are erased.



ERROR OR STATUS CONDITIONS

All reverse operations (Rewind, backspace file, and
more than one backspace record) cause the backspace inhibit latch
to be checked. If the latch is on, the operation is terminated,
and bits 0,6 are set on in the error word.

An erase gap or write end-of-file operation cause a
test for the write ring to be made. If there is no write ring,
the operation is terminated, and bits 0,5 are set on in the
error word.

An advance or backspace record over a file mark causes
the tape to be restored to its position before the operation and

bits 0,2 to be set on in the error word.

SET MODE (Operation '14)

The Set Mode operation does not physically address
the tape control unit. The mode word (word 2 of the IOT) replaces
the previous contents of the mode table for that unit. IOCS uses
this mode word prior to every tape operation to physically connect
the tape control unit to the tape unit. The format of this IOT is
shown in figure D-3.

The fields of the mode word are:
B (bit 7) = 0 Dbinary (odd parity)

= 1 TASCII (even parity)

D (bits 16-17) = 00 1low density (200 bpi)
= 01 wmedium density (556 bpi)

= 10 high density (800 bpi



C (bits 22-23) 01 for 1 char/word

= 10 for 2 char/word

11 for 3 char/word

00 for 4 char/word (normal setting)

If less than four characters per word are specified, the
left most characters in each word are selected.

The preset mode of each unit is set in the mode table
within the magnetic tape handler. The system tape is preset to
odd parity, medium density, and four characters per word. The
data tape is preset to odd parity, low density, and four characters

per word.
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APPENDIX E

I/0 REQUEST QUEUE STRUCTURE

Each I/0 device has an I/0 request queue associated with
it containing the addresses of the IOT waiting for, or undergoing,
execution. The queue structure is identical for all devices, al-
though the length may vary according to the real-time requirements
of the device. IOCS is therefore able to treat all queues in a
similar manner. The queue is a first in - first out circular queue
and is defined and maintained by the first four entries in the DCT

(Device Control Table) of the associated device.

DCT+0 contains the execution pointer within the queue. This
pointer is maintained entirely by the handler, and points
to the IOT currently under execution,

DCT+1 contains the entry pointer within the queue. This pointer
is maintained by the driver (IOCS), and points to the first
empty position in the queue. A non-zero entry (IOT address)
in this position indicates that the queue is full.

DCT+2 contains the start address of the queue.

DCT+3 contains the end address of the queue.

The start and end addresses of the queue are used by IOCS
and by the handlers to loop the entry and the execution pointers back
to the beginning of the queue when the end of the queue has been
reached.

The physical position of the queue in the coding is
immediately follewing the DCT. The DCT address is used by IOSPRG

to zero the last two entries of the DCT for all handlers.
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APPENDIX F

DCT entry

A B

B
$ Register save area
XR1

XR2
J

Execution pointer

Entry pointer

Address of start of queue

Address of end of queue

Instruction to start input

Instruction to enable interrupt

Address of low priority queue
Conversion format

Full character count

Current character count

Full word count

Current word count

Data address

Current character buffer

DDW pointer

Temporary storage

Special (command) IOT address
Return address

Input instruction

Control I/0 instruction
Character just input

Current IOT address

Status word

I/0 REQUEST QUEUE

Mnemonic

SAVE

XPTR
NPTR
ASTQ
AEDQ

LPQ
FRMT/MODE
FCC/XR4
CCC/XR5
EWC/NWDC
CWC/CKSM
DADR

CCB

DDWP
TEMP/RETN
SIOT

RTAD

ATP

CEU

CHAR
I0TA

STAT
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APPENDIX G

DCT entry
A )

B
g Register save area
XR1

XR2

S/

Execution pointer

Entry pointer

Address of start of queue
Address of end of queue
Instruction to start output
Instruction to enable interrupt
Address of low priority queue
Conversion format

Full character count
Current character count
Full word count

Current word count

Data address

Current character buffer
DDW pointer

Temporary storage

..., Not used ...

Return address

Output instruction

Control I/0 instruction
Character to be output
Current IOT address

Status word

I/0 REQUEST QUEUE

Mnemonic

SAVE

XPTR
NPTR

ASTQ
AEDQ

LPQ
FRMT/MODE
FCC/XR4
CCC/XRS
FWC/NWDC
CWC/CKSM
DADR

CCB

DDWP

TEMP/RETN

RTAD
AOP
CEU
OouTcC
IOTR

STAT



APPENDIX H

DCT for Magnetic Tape

10
11
12
13
14
15
16
17
18
19
20

21

DCT entrx

Execution pointer

Entry pointer

Address of start of queue
Address of end of queue
Instruction to start I/0
Instruction to enable interrupt
Return address for WAIT routine
+eos NOt used .,..

Current IOT address

DDW pointer

Physical unit number

Return address (re-entrant routines)
Number of error retrys

Error word

Data address

Status word

Temporary storage

«... not used ..,..

I/0 REQUEST QUEUE

Mnemonic
o=onle

EXPT

STQ
EDQ

WATF

IOTA
DDWP
PUNN
LEV1
ETRY
ERWD
DADR
STAT
_ TEMP
! ERWA



APPENDIX T
LOGICAL AND STANDARD DEVICE TABLES

The Standard Device Table (SDT) is created at monitor
generation time. The SDT is referenced by the external name
IO$SDT. Each logical unit occupies one word in the SDT. The

format of each entry is:

B coocoooo0o0 T DCT ADDRESS

0 1 7 8 9 23

B (background bit)
=0 if this is a foreground device.

=1 if this device is available to background jobs.

=0 if the device is a teletype keyboard or printer.

=1 if the device is a teletype paper tape reader.

DCT ADDRESS is the address of the Device Control Table
pointing to the I/O request queue into which

IOCS should put the request.

A zero entry indicates a removed device. The end of the table is
a minus zero ('40000000).

The Logical Device Table (LDT) is created from the SDT
by the routine IO$PRG at system initialization. The format of
the LDT is identical to that of the SDT. The LDT is referenced

by the external name IOSLDT.



Re-assignment of devices, and changes to the background
bit by IOCS routines involve changes to the LDT only, Restarting
the system resets the LDT entries to those of the SDT. Permanent
modifications should be made directly to the SDT.

The Logical Unit Numbers are defined by the entries of
the LDT and SDT. Logical unit numbers start at '20 to remove
any confusion between the A.R.0. data acquisition system and the
non real-time EXECUTIVE system supplied by the manufacturer. The
constant '20 must therefore be subtracted from the logical unit

number before it may be used as an index to the LDT or SDT.



120
21
22
23
24
25
26
27
30
31
32
33
34
35
36
37
40
41
42
43
44
45
46
47

APPENDIX J

LOGICAL UNIT NUMBER ASSIGNMENT
FOREGROUND LOG
Console teletype keyboard (ASR-33, unit '01)
Remote teletype keyboard (ASR-35, unit '10)
Remote teletype keyboard (ASR-35, unit '15)
Console teletype keyboard (ASR-33, unit '01)
Remote teletype keyboard (ASR-35, unit '10)
Console teletype printer (ASR-33, unit '01)
Remote teletype printer (ASR-35, unit '10)
Remote teletype printer (ASR-35, unit '15)
High speed paper tape punch, unit '02
High speed paper tape punch, unit '02
High speed paper tape reader, unit '02
FOREGROUND COMMAND
BACKGROUND COMMAND
BACKGROUND LOG
BACKGROUND LOW SPEED PAPER TAPE
SYSTEM (Magnetic tape)
BACKGROUND MAGNETIC TAPE
unassigned
unassigned
DATA TAPE #1
DATA TAPE #2
unassigned

unassigned

units '50 to '77 are unassigned



Units '21 to '32 are used to select the foreground and background
command/log devices at monitor initialization by the control
switch settings 18-23,

The octal numbers '20 to '47 are the Logical Unit Numbers and

appear in bits 18-23 of Word 1 of the IOT.



APPENDIX K

INTERRUPT ASSIGNMENTS

Group Level Use Address (Octal)
0 0 Power fail 100
1 Stall alarm 101
2 *¥Block transfer 102
3 Watch dog timer 103
4 **Monitor 104
5 Analog converter 105
6 Sidereal clock (IMS) 106
7 Co~-ordinate values 107
8 Memory protect 110
9 Instruction trap 111
10 *ASR 33 teletype (output) 112
11 *ASR 33 teletype (input) 113
12 Memory parity 114
13 *Mag. tape free 115
14 Standard/Spare 116
15 Standard/Spare 117
1 1 *ASR 35 TTY #10 (output) 121
2 *ASR 35 TTY #10 (input) 122
3 *ASR 35 TTY #15 (output) 123
4 *ASR 35 TTY #15 (input) 124
5 *High speed punch 125
6 *High speed reader 126

7 Discrete sample processor #1 127



Group Level Use Address (Octal)
8 Analog sample processor #1 130
9 Discrete sample processor #2 131
10 Analog sample processor #2 132
11 Discrete sample processor #3 133
12 Analog sample processor #3 134
13 Spare 135
14 Solar clock (IMS) -~ LBI 136
15 Command language 137

*These interrupt levels are used by IOCS only. Each teletype or
paper tape device has two interrupt levels assigned to it: one
for input and one for output, the output interrupt having the

higher priority.

**The MONITOR interrupt may be used by any foreground program.
Instead of being re-entrant, a foreground program may enable
this interrupt level and block out all lower levels until the
completion of the routine. This interrupt is used by the I/0

driver (IOCS).



APPENDIX L

ERROR MESSAGES AND CONDITION CODES

ERROR MESSAGES:

All error and status messages from IOCS are in the form:

IO XX explanation.

The IO prefix is a code unique to IOCS. The numerical code (XX)

identifies the message for easy reference, and the explanation attempts

to explain the message in as few characters as possible.

I0 01

I0 02

IO 04

IO 06

I0 07

I0 08

MGTP INPUT

MGTP OUTPUT

END-OF ~-TAPE

MGTP NO~RING

BXWRD MOTION

ILEG OPRTIN

A block has just been read from magnetic
tape which contains a parity error. The
parity error has persisted for five re-read
attempts. This message is displayed on the
foreground logging device,

A block has just been written onto magnetic
tape with a permanent parity error. The parity
error has persisted after five re-write attempts
This message is displayed on the foreground
logging device.

The reflective strip marking the end of tape
area has just been sensed on magnetic tape.
This message is displayed on the foreground
logging device.

An erase gap, write, or write end-of-file
has been attempted on a protected tape. This
message is displayed on the foreground logging
device.

NHBITED

An attempt has been made to rewind, back-
space file, or backspace more than one record
on a magnetic tape unit that has the backspace
inhibit option enabled., This message is dis-
played on the foreground logging device.

An IOT for magnetic tape specifies an illegal
operation. (Basic magnetic tape handler only).
This message is displayed on the foreground
logging device.



I0

I0

IO

10

IO

10 CKSM A checksum has been detected while using the
resident absolute paper tape loader. This mes-
sage is displayed on the background logging
device,

11 DADR XXXXX YYYYY The data address specified by an input IOT

falls within the foreground region.
The input is not accepted. This message
is displayed on the background logging device,

12 ABSL XXXXX YYYYY
The loading address read from an absolute
paper tape is outside the background region.
The tape is not loaded. This message is dis-
played on the background logging device.

14 WRDCNT XXXXX
A paper-tape or teletype IOT has specified
a word count greater than 50, This error
message replaces the output on the device
selected.,

15 IMDT XXXXX
A paper~-tape or teletype input IOT has the
immediate data flag on. Immediate data are
illegal for input. This message is displayed
on the background logging device.

TO 16 N377 The first non-zero character detected by
the resident absolute loader was not '377.
Loading is terminated. This message is dis-
played on the background logging device,

XXXXX is the IOT address in error

YYYYY is the data address in error.

FMAT AAAAA A Fortran coded program used an incorrect

floating point format specification, or the
number is too large to be output under an
F format. The error occurred in a Fortran
OUTPUT statement. AAAAA is the absolute
octal address of the portion of the OUTPUT
statement causing the error.



CONDITION CODES

IOCS condition codes fall into two groups:

IOCS CONDITION CODES
Condition codes from the IOCS driver.
These condition codes are returned to the
user before the execution of the I/O has
begun, and show only if IOCS was successful
in entering the IOT into the proper queue,
These codes are returned in the A register,

HANDLER CONDITION CODES

Condition codes from the various handlers.
These codes are returned directly to the IOT.
In the case of teletype and paper-tape I/0
these codes are returned to the E bit (see
figures B-1 and B~2). 1In the case of the
magnetic tape handler, the code is returned
to the ERROR bits of the last word of the
IOT (see figure D-1, D-2 and D-3).

In all cases a condition code of zero indicates no errors,

IOCS CONDITION CODES

The register status upon return from IOCS is:
A register: IOCS CONDITION CODE

B register: IOT address

Index Registers: unchanged,

The condition code is:

0 Normal return, no errors detected.
bit 0 =1 If any of the following error conditions have been
detected.

bitl=1 The queue for the device specified in the unit field
was full and no entry could be made,

bit 2 =1 The device is within the range '20 to '47, but the
device has been removed from the system,

bit 3 =1 The IOT specified is already in the queue. (The
first Q bit is on.) This prevents the queue from
becoming filled unnecessarily with the same message
request,
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bit 4 =1 The unit number specified does not fall within the
range '20 to '47.

bit 5 =1 A background user has attempted to use a "foreground
only" device.

In all five cases, no Input or Output is attempted.

HANDLER CONDITION CODES:

a) Teletypewriter and Paper~tape handler.

The single bit error indicator (E) in the teletypewriter and
paper tape IOT may be set by the following error conditions:

1) A checksum error detected by the resident paper-tape absolute
loader,

2) The address read by the resident paper-tape absolute loader
indicates that the load module is all or partially within
the foreground region. Loading is terminated.

38) The data address specified in an input IOT falls within the
foreground region. Input is not accepted.

b) Magnetic Tape Handler

Error or status conditions detected by the magnetic tape handler
are displayed in the upper nine bits of the last word of the IOT.
The following conditions are returned,

bit 0 =1 if any bits are on in the error field.

bit 1 =1 for a read or write parity error (the error has
persisted after 5 attempts to correct it).

bit 2 =1 if an end-of-file or tapemark has been read.
bit 3 =1 if the end-of-tape area has been detected.

bit 4 = 1 if there was data overflow. (The buffer length
specified in the word count field of the input
IOT was not large enough to contain the block.
The information returned after the buffer had been
filled was lost.)

bit 5§ =1 a write, write end-of-file, or erase gap operation
has been attempted on a tape with no write ring.

bit 6 =1 a rewind, backspace file, or more than one backspace
record has been attempted on a unit with the back-
space inhibit option enabled.



IOCS DRIVER FLOWCHARTS AND LISTING

Symbol

ERO1
ERO02
ERO3
ERO4
ERO5

TEMI1
TEM2
TEM3

APPENDIX M

Page

M-1
M-1
M-1
M-1
M-1
M-1
M-1
M-1
M-1

Coordinate*

B8
Cs
B7
C4
Cé6
D6
B6
A7
D3

*Each flowchart page contains a maximum of forty boxes, arranged in a four-by-ten matrix, The

four columns are labeled A, B, C, and D, and the ten rows are numbered from zero to nine.
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APPENDIX N
TELETYPE/PAPER TAPE HANDLER FLOWCHART AND LISTING

Symbol Page Coordinate
KYO02 N-1 A4
KY03 N-1 B0
KY04 N-1 B3
KYO05 N-1 B4
KYO06 N-1 B6
KYO07 N-1 Co
KYO08 N-1 c1
KY09 N-1 D1
KY10 N-2 A0
KYi1 N-2 A3
KY40 N-2 AS
KY49 N-2 A7
KY50 N-2 BO
KY60 N-2 B3
KY70 N-2 B6
KY71 N-2 B8
KY72 N-2 co
KY73 N-2 c1
KY74 N-2 C3
KY75 N-2 D1
KY90 N-3 A0
KY91 N-3 B2
KY92 N-3 BS
KY93 N-3 c2
KY94 N-3 c1
KY95 N-3 D2
KY96 N-3 DO
KY97 N-3 D3
KY99 N-5 A9
TEM1 N-1 A7
TEM2 N-1 c4
TEM3 N-1 c1
TEM4 N-1 A3
TEMS N-3 A9
TEM6 N-3 C1
TPN1 N-5 A8
TYO1 N4 Al
TY02 N4 B2
TY03 N4 B4
TY04 N4 B6
TYO0S N4 B9
TYO? N4 c2
TY09 N4 A7
TY40 N4 c1
TY45 N4 D3
TYS0 N4 D4
TY60 N4 D8
TY76 N-5 Al
TY80 N-5 A3
TYS1 N-5 A6
TY82 N-§ B2
TY83 N-5 B8
TY84 N-5 co
TY86 N-§ Cl1
TY87 N-5 c4
TY88 N-5 c6
TY89 N-5 c7
TY90 N-6 A0
TY91 N6 A9
TY92 N6 B2
TY93 N6 BS
TY%4 N-6 c2
TY97 N6 cs

TY99 N-§ BO
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APPENDIX O

MAGNETIC TAPE HANDLER FLOWCHART AND LISTING
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APPENDIX P

TRUNCATED TRUNCATED
CHARACTER ASCII ASCII CHARACTER ASCII ASCII
@ 00 300 Space 40 240
A 01 301 : 41 241
B 02 302 " 42 242
C 03 303 4 43 243
D 04 304 $ 44 244
E 0S 305 % 45 245
F 06 306 & 46 246
G 07 307 ! 47 247
H 10 310 ( 50 250
I 11 311 ) 51 251
J 12 312 * 52 252
X 13 313 + 53 253
L 14 314 s 54 254
M 15 315 - 55 255
N 16 316 . 56 256
0 17 317 / 57 257
P 20 320 0 60 260
Q 21 321 1 61 26l
R 22 322 2 62 262
S 23 323 3 63 263
T 24 324 4 64 264
u 25 325 5 65 265
\) 726 326 6 66 266
W 27 327 7 67 267
X 30 330 8 70 270
Y 31 331 9 71 271
Z 32 332 : 72 272
[ 33 333 5 73 273
\ 34 334 < 74 274
] 35 335 = 75 275
t 36 336 > 76 276
« 37 337 ? 77 277
C/R 215 Bell 207
L/F 212 Delete 377



