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PREFACE

This manual describes Model 680 and Model 690 Magnetic Tape Subsystems which operate with
transfer rates of 15 kc and15/41.6 ke, respectively. Chapter 2 of the manual is of special interest
to programmers and Chapter 3 is of special interest to operators. The magnetic tape subsystems
operate in the GE-200, 215, 225 and 235 Information Processing Systems. A more complete
understanding of the use of the subsystem requires reference to the manual for the central
processor with which it will be used. The GE-225 Programming Reference Manual, CPB-252A
contains information which applies to the GE-215 and-225. The GE-235 Central Processor
Reference Manual, CPB-374, applies to the GE-235. The GE-200 Bank Transit System Manual
CPB-342, applies to the GE-200.

In this revised edition, changes in technical content from the previous edition are identified with
a bar in the margin opposite the change.

Comments on this publication may be addressed to Technical Publications,
Computer Equipment Department, General Electric Company, 13430 North
Black Canyon Highway, Phoenix, Arizona, 85029.

@ 1964, 1965, 1966 by General Electric Company
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1. GENERAL DESCRIPTION

Magnetic tape is one of the most widely used computer input/output media. It provides a fast
method of transmitting data between the central processor and bulk storage. Millions of characters
of data can be recorded on a single reel of tape, thus providing a compact and economical storage
medium. Magnetic tape can provide in-process (on-line) or static (off-line) storage for immediate
or subsequent use, yet can be erased and be reused repeatedly.

Each magnetic tape controller can have as many as eight tape handlers connected to it, The
combination of a tape controller and its associated tape handlers constitutes a magnetic tape
subsystem, as illustrated in Figure 1. A subsystem of one tape controller and multiple tape
handlers permits reading or writing concurrently with other operations. A subsystem con-
taining two or more tape controllers permits reading and writing simultaneously with other
operations, Data can be read or written in either binary, special binary, or in binary-coded
decimal (BCD) modes,

Figure 1. Magnetic Tape Subsystem
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The maximum number of magnetic tape controllers which can be used in any one system varies
with the type of central processor, The GE-200 Bank Transit System can have one model 680 or
one model 690 subsystem, The GE-215 can have one model 680 or 690, The GE-225 can have
eight subsystems of either model, This means that a maximum of 64 tape handlers can be used
with one central processor, The GE-235 can have a maximum of seven magnetic tape subsystems
of either model, a maximum of 56 tape handlers,

Programs written for one of the compatible General Electric information processing systems--
the GE-200, 215, 225, and 235--can be readily used with any other of the systems using the
same input/output equipment,

SUBSYSTEM MODELS

Magnetic tape models 680 and 690 appear to be identical, their operation is identical (with
the exception of the use of one switch), and their programming is identical, The subsystems
differ in their internal electronic circuitry which results in a considerable difference in the
reading and writing speeds,

Model 680 (15 kc)

Model 680 reads tape and writes on tape with a density of 200 bits or characters per inch, The
tape moves forward at the rate of 75 inches per second, Therefore, the transfer rate is:

200 x 75 = 15,000 characters per second

Model 690 (15/41.6 kc)

Model 690 permits the user to choose between two tape densities and tape transfer rates, Tape
moves forward at the rate of 75 inches per second., Therefore, the transfer rate with the 200
bits per inch density is the same as that with model 680, or 15,000 characters per second,
The transfer rate with the tape of 555.5 bits per inch is:

555,5 x 75 = 41,660 characters per second

MAGNETIC TAPE CONTROLLER

The controller is the link between the central processor and magnetic tape handlers, It con-
tains the circuits for the selection and control of the tape handler and for data transfer between
tape handlers and memory, It also contains its own power unit, Each controller operates
through a controller selector channel and is addressed by its channel number, It is customary
to use a low numbered (high priority) channel, The most frequently used number is 1. Memory
access is requested whenever the tape controller either has data for memory or is requesting
data from memory. Aside from these interruptions, the central processor memory is released,
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The tape controller selects and controls the starting and stopping of the tape handlers, forms
and/or detects the end-of-record or end-of-file gaps, and sets memory interrupt circuits,

Hardware design does not permit simultaneous read and write operations with only one con-
troller,

Error-Checking Circuitry

The tape controller contains error-checking circuitry to ensure reliability of reading and writing.
The following five types of checks are made, Errors showing up as a result of these checks
are visible as lights on the controller control and indicator panel illustrated in Figure 2
and are available to the program as error indicators which can be tested:

1. Lateral Parity, A parity bit is written on tape in parallel with each six-bit character,
It is checked, when read, to see if the sum of all seven bits is odd in binary mode
or even in BCD mode of operation, The error indicator is a LATERAL PARITY ALERT.

2. Horizontal Parity. A parity bit is written at the end of a record on each of the seven
tape recording tracks, It is checked, when read, to see if the total number of 1’s
in any track, including the check digit track, is even, (Horizontal parity is sometimes

referred to as longitudinal parity,) The error indicator is a HORIZONTAL PARITY
ALERT,

3. Modulo Three or Four, A check is made when a record is read to see if the data
consists of whole words, In BCD and 18-bit binary modes of operation the number
of characters must be a multiple of three, In 20-bit binary mode the number of char-
acters must be a multiple of four, The error indicator is MOD ALERT. The error
can be overridden by program control when reading different length records.

Figure 2. Control and Indicator Panel, Magnetic Tape Controller
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Controller Input/Output Register Exhaust or Overflow, The tape controller has the
capacity to store two complete memory words, If at any time during read or write
operations the controller requests a memory cycle and is not granted access to memory
before its input/output register is either exhausted or overflowed, an error results,

Either of these conditions turns on the MEMORY ALERT indicator on the controller
display panel,

Controller Input/Output Register Parity Error, Before information is transferred
to the controller from memory, a parity bit is generated on the whole word, This
parity bit is checked in the controller input/output register before each word of data
is written on tape, Conversely, a parity bit is generated for the word to be trans-
ferred to memory from the controller input/output register, This parity bit is used
to check the transmission of information between the controller and memory, A parity
error turns on the N REG ALERT light on the controller display panel,

These errors are recoverable, meaning that the program does not stop, for the programmer
can cause the program to repeat the whole read or write cycle until the error is corrected,
Whenever the controller is reselected, the error lights go out,

Control

and Indicator Panel

Five of the indicators on this panel have just been described under the heading of error check-
ing circuitry, Four other indicators are:

1.
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ALERT ON LAST RECORD, This indicator is illuminated when any of the above

five types of recoverable errors occurred in the last record read or written,

READY. This indicator is illuminated if controller power is on, (It does not actually

mean that the controller is ready for the central processor to address it; for example,
tapes may not be threaded.)

ALERT HALT, This indicator is illuminated under the following error conditions

(in every case the computer halts and operator intervention is required to correct
the condition):

a. A parity error on instruction words 2 and 3 during the transfer of these words,
b. Addressing a tape transport while it is rewinding,
c. Attempting to address a tape which has not been manually selected.

d., Any detectable malfunction of the tape handler such as handler power not
on, REMOTE/LOCAL switch set to LOCAL, or no tape threaded.

e. Specifying a tape handler logical address for which there is more than one
unit selected.




f. Attempting to write on a tape which does not have a write-permit ring,

g. Attempting to perform a read backward instruction (RBB, RBD, or RBS)
when the tape is in the rewound condition and initially positioned at the load
point marker,

4, END OF FILE, This indicator is illuminated after an end-of-file has been reached
on tape while reading, It remains lit until cleared manually by the CLEAR button
or until the next SEL instruction is given,

The functions of the indicators just described are summarized in Figure 20, and the descriptions
of the use of these indicators under error conditions are summarized in Figure 28,

The controller contains registers and counters for use in storage and timing of information
as it passes in either direction between tape and memory, Information in some of these registers
and counters can be seen on the control and indicator panel, where it is displayed mainly for
use by service engineers, Although it is not necessary to use these indicators in routine oper-
ations, the information they display is helpful in understanding what causes processing to stop
under certain error conditions, All of these indicators are white lights,

N REGISTER, Indicates the data stored temporarily while in transit (in either direction)
between a tape handler and the central processor, Shown are the 20 data bits and a parity
bit,

INST, REGISTER, The five bits of this register indicate the type of instruction to be exe-
cuted, The operator should be familiar with the magnetic tape programming instructions
and know the octal and binary representations of their operation codes,

ADDRESS REGISTER. Indicates the starting address in memory for reading or writing,

PRIORITY 1 and 2. Indicates two phases of a time cycle, the first of which is the time
during which the controller is requesting access and the second is the time when it is
actually granted access to the central processor,

WORD COUNTER, Indicates the counting of words written or read from magnetic tape,
Initially, the counter is preset to the 2’s complement of the number of words to be written
or read as a result of a single instruction, The visible count, therefore, increases rather
than decreases as the instruction is executed,

CHARACTER COUNTER, Indicates the character count in a word as it is read or written
on magnetic tape, Each new instruction transferred to the controller from the central
processor resets the counter to zero, The count goes to three if in BCD or 18-bit (special)
binary mode and to four if in 20-bit binary mode of operation, The function of the character
counter is to control the number of characters transferred to and from tape and to step
the word counter after the proper number of characters has been transferred.

TAPE UNIT REGISTER, Indicates the rotary selector switch setting of the tape unit in
use,

GE-200 SERIES
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PROGRAM COUNTER, Indicates the place in a sequence of events in the controller’s
internal control mechanism as it controls the sequence of operation of the tape controller,
This will probably never be meaningful to an operator, but it is used by the service engineer,

There are three switches of the pushbutton type on the controller control and indicator panel:

POWER ON switch and indicator, When depressed, this turns on power to the magnetic
tape subsystem, and indicates that it is on,

POWER OFF switch, When depressed, this turns off power to the magnetic tape sub-
system,

CLEAR switch, When depressed, this clears the circuitry of all error conditions, and
turns off all the error condition indicators on the control and indicator panel.

Optional Buffer

Model 690 can have an optional additional buffer in its controller, This buffer is known as
the “magnetic tape buffer” and holds an additional word while information is in transit in either
direction between the tape unit and the central processor, The buffer doubles the length of
time the tape controller can wait for priority, permitting the magnetic tape subsystem to be
assigned a lower order of priority,

When a system has two 41.6 kc magnetic tape controllers, each controller should have the
optional buffer to take full advantage of the ability of the system to read and write simultaneously
with other controller selector input/output devices, Fully buffered equipment facilitates ex-
pansion of system operations,

MAGNETIC TAPE HANDLER

General Description

The tape handler can read tapes backward or forward in three formats, Each tape handler
contains two reels, one for tape feeding called the “supply reel,” and the other for tape takeup,
See Figure 3.

The supply reel is held in place by an expandable rubber ring in the mount assembly, shown
in Figure 4. When the reel mount knob is tightened (turned clockwise ), the ring compressor
is forced against the rubber ring and expands it to hold the reel in place, The takeup reel is
solidly and permanently attached in place by screws,
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Figure 3. Tape Handler Mechanism
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Figure 4. Tape Reel Hub Assembly
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The tape handler mechanism drives the tape past separate read and write heads. See Figure
5. Tape is threaded around tape guides, and between the capstans and their respective drive
rollers. Vacuum pockets perform that function of holding the tape even and smooth as it passes
the read and write heads. When the handler power is on, the capstans rotate continuously in
opposite directions (the top one rotates clockwise) and are always ready to drive the tape when
a drive roller forces the tape against one of them. Tape moves forward when the drive roller is
against the forward capstand and backward when the drive roller is against the reverse capstan.
Two sensing cells in the photosensor are positioned to detect the beginning-of-tape and end-of-
tape markers.

Each tape handler has a provision to move tape forward at a rate of 75 inches per second or to
rewind at 150 inches per second, When tape moves backward as a result of a read backward
instruction, its speed is 75 inches per second. The tape load lever acts on a thread switch so that
when the lever is opened, the tape tension arms are pulled open and a brake holding the reel hubs
is released to allow the reels to turn freely. When the load lever is closed, the thread switch is
released to the normal position, and the tape tension arms return to a null position.

TAPE LOAD LEVER

Figure 5. Tape Handler Mechanism Parts
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The handler has a protective feature which prevents damaging tape by sudden changes in direction
of motion on the handler system, When tape is moving forward, the REVERSE and REWIND
switches are inoperative; and when moving backward, the FORWARD switch is inoperative, To
change direction of tape movement, the operator must first depress STOP, and then depress
the pushbutton for the desired change of direction,

Switches and Indicators

Each magnetic tape handler has a control and indicator panel which permits the operator to
see various conditions of tape operation and permits him to perform necessary off-line operations,
Figure 6 illustrates this panel, All switches and indicators are labeled except the rotary
address selector switch which is on the extreme left of the panel, On the panel are the following:

Address Selector switch, This eight-position switch selects the channel from the controller
(0-7) for on-line operations, The switch is completely disabled when the handler is set
for local operation, Since each handler can be set to any one of eight channels, any tape
reel can be mounted on any transport, and the handler can be selected Qy the computer
program, This selected number is referred to as the “logical tape number,”

POWER ON switch and indicator, This pushbutton turns on power to the handler when
depressed, It turns power off again when depressed a second time, When on, it is illu-
minated,

REMOTE/LOCAL switch and indicator. This pushbutton determines whether the handler
will operate under local control from the handler’s control and indicator panel or whether
it will operate under remote control from program instructions relayed to the handler
through the tape controller, The pushbutton is horizontally divided and changes from one
condition to the other when depressed, The effective condition is indicated by illumination,

REWIND switch and indicator, This pushbutton operatesonly when the handler is set for local
operation, When depressed, it causes tape to move in a reverse direction at a speed of 150
inches per second. This movementis caused by energizing the reverse drive roller and chang-
ing the speed of the capstan drive, The REWIND switch is normally used to return the tape to
its load point, for the tape stops on the load point marker., The rewind motion is stopped by
depressing STOP or by placing the REMOTE/LOCAL switch in the REMOTE position, The
pushbutton is illuminated during rewind,

0
7/ \
I/ :
REMOTE ADDR
¢ 3 Pg‘;‘mk REWIND REVERSE FORWARD STOP
LOCAL WRITE INH
N 4
7
S~

Figure 6. Magnetic Tape Handler Control and Indicator Panel

GE-200 SERIES

-9-



REVERSE switch and indicator. This pushbutton operates only when the handler is set for
local operation, When depressed, it energizes the reverse drive roller and causes tape
to move in a reverse direction at a speed of 75 inches per second until it is stopped by
the sensing of the load-point marker, The motion is also stopped by depressing STOP or
by placing the REMOTE/LOCAL switch in the REMOTE position, The pushbutton is illu-
minated during reverse movement of tape,

FORWARD switch and indicator, This pushbutton, when depressed, energizes the forward
drive roller and therefore causes forward movement of tape when the handler is in the
local state, Tape will continue moving until the STOP pushbutton is depressed, the trailer
foil is detected, or the REMOTE/LOCAL switch is placed in the REMOTE position, The
pushbutton is illuminated during forward movement of tape,

STOP switch, This pushbutton operates only when the handler is set for local operation,
When depressed, it stops all local movement of the tape handler, The switch must be used
every time direction of tape movement is changed, It is not an indicator,

ADDR/WRITE INH indicator, This indicator is split horizontally through the center. The
top half (ADDR) is illuminated under program control whenever the magnetic tape controller
is addressed by the central processor for a read or write operation, The bottom half
(WRITE INH) is illuminated when writing is inhibited and only reading is possible, meaning
that the write-permit ring is not on the supply reel,

HI DEN/LO DEN switch and indicator., On model 690, this switch determines the selection
of density for reading or writing tape, The density is either 555.,5 bits per inch (HI DEN
41,6 kc) or 200 bits per inch (LO DEN, 15 kc). The pushbutton changes density from one
to another when depressed, and is horizontally divided so that the density selected is illu-
minated, On model 680, the switch is disabled because the handler operates on low density
only,

MAGNETIC TAPE

Magnetic tape may be used as on-line storage during a computer run and may also be used
as off-line storage to retain information as a file for subsequent related computer runs,

Physical Characteristics

The General Electric information processing systems use heavy-duty, hard-binder tape. (See
Figure 7.) The functional characteristics of this tape are compatible with those of the systgm
itself, so this tape and only this tape must be used with the GE-200, 215, 225, and 235 information
processing systems, The tape is 0.5 inch wide and 0.0019 inch thick, It has a polyester base
(the shiny side) and an oxide coating (the dull side),

Another feature of the tape for the GE-200, 215, 225, and 235 computer systems is its high
conductivity, This minimizes the static charge commonly experienced with magnetic tape,
and consequently reduces the collection of dust and other foreign matter on the tape,

GE-200 SERIES
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Figure 7. Composition of Magnetic Tape

Tape is wound on plastic reels in either of two sizes: 8 1/2-inch reels which hold 1200 feet
of tape and 10 1/2-inch reels which hold up to 2400 feet of tape. Reels may be used, of course,
with lesser amounts of tape, with a practical minimum length of about 50 feet, The tape is
wound with the dull side facing the center of the reel.

Photosense Markers

Tape has photosense markers near the beginning and the end of a reel to indicate the beginning
or end of the portion of tape used for reading and writing. The markers are of reflective foil
with an adhesive base. Photosensing cells in the handler (see Figure 5) detect the presence of
the markers on tape., The marker near the beginning of tape is designated a leader marker,
It is used to position tape for starting to read or write. It also prevents tape from coming off
the takeup reel after a rewind operation. The marker near the end of the tape is designated
a “trailer marker.” This marker prevents the tape from coming off the supply reel after de-
pression of the FORWARD button on the tape handler control and indicator panel. If the end-
of-tape is detected when the trailer marker is sensed, an indicator in the tape controller is
set, and the condition of the indicator can be tested by programmed instructions after reading
or writing each record. If the indicator is not set, normal processing continues. If it is set,
a branch can be made to a subroutine to rewind the current reel and continue the program on
an alternate reel. When it is desired that the markers be positioned differently from the way
they are on the reel of tape, they can be removed and replaced with new markers at a specified
distance from either end of the tape. Some routines use a memory dump which places the
contents of memory on the end of tape beyond the trailer marker.

To ensure that sufficient tape exists beyond the trailer marker to permit memory dumps, the
tape reels should be visually checked and measured, The following table shows tape lengths
required for binary memory dumps on different tape densities and memory sizes:

Density 8 k Dump 16 k Dump
15 kc/200 bpi 14 feet 28 feet
41.6kc/555.5 bpi 5 feet 10 feet

GE-200 SERIES
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Both 1200 foot and 2400 foot reels of tape initially have the load point marker positioned 10
to 15 feet from the beginning of tape, The trailer marker is initially positioned 14 to 19 feet
from the end of tape on 1200 foot reels and 100 feet from the end on 2400 foot reels,

Tape Formats

Information is stored on magnetic tape in the form of magnetized spots arranged in seven longi-
tudinal tracks, Six bits of data are recorded simultaneously in six tracks laterally across the
tape to form a tape character, The seventh track contains a parity bit for each tape character,
generated at the time of recording, The six-bit magnetic tape characters are recorded serially
in groups of three or four, depending upon the mode of operation, to form a memory word,
The magnetic tape subsystem communicates with the central processor in three different modes:

binary, special binary, and binary coded decimal (BCD), The mode for reading or writing
tape is specified in the instruction word,

BINARY MODE (20 BITS)., In the binary mode, the 20 bits of a memory word are written on
magnetic tape as four 6-bit magnetic tape characters, This is referred to as a modulo of four,
Three of the magnetic characters contain six bits of data and the fourth character contains
only two bits of useful data, The four remaining bits in this character are written as zeros,
The four zeros are automatically inserted by the hardware during recording, and are ignored
when read back from tape, The parity of each tape character is odd. Figure 8 illustrates

the orientation (by bit position) of information transferred between a memory word and mag-
netic tape,

20-Bit Binary Word in Memory
o

4 N
1 2 3 4 5 6 PTrackslSlI2345678910111213]141516171819

P

~
=)}
v
~
w
[N
La-]
[}

Tape
Movement 13]112111|10|9 |8 |P =

IQLIi 17]16]15]| 14|P

N\

0dd Parity

Figure 8. Binary Mode of Data Transfer

SPECIAL BINARY MODE (18 BITS), In the special binary mode, bit positions 2-19 of a memory
word are written on tape as three 6-bit tape characters, Parity of each tape character is odd.
Bit positions 0 and 1 of the memory word are automatically set to zero when reading from
tape and are not transferred to tape when writing, Figure 9 illustrates the orientation (by
bit position) of information transfer between a memory word and magnetic tape.
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18-Bit Binary Word in Memory
N
4 N\
[Q 0|2 3456 7|8 9 10 11 12 13|14 15 16 17 18 19]

1 2 3 4 5 6 P Tracks

716154132 ]|P

T 13j12§11|10]/9 |8 |P
Tape

Movement |19]|18]17]16|15] 14]P

0dd Parity

Figure 9. Special Binary Mode of Data Transfer

BINARY-CODED DECIMAL MODE (BCD). In the BCD mode, bit positions 2-19 of a memory
word are written on tape as three 6-bit tape characters, Bit positions 0 and 1 of the memory
word are automatically set to zero when reading from tape and are not transferred to tape
when writing, (So far, transfer is identical to that in the special binary mode,) Parity on each
tape character is even, Figure 10 illustrates the orientation (by bit position) of information
transfer between a memory word and magnetic tape,

Three 6-Bit BCD Characters in Memory

[ Y
[00f2 3456 7[89 1011 12 13]14 15 16 17 18 19]]
1 2 3 4 5 6 P Tracks \

Tape
Movement

Even Parity

Figure 10. Binary-Coded Decimal Mode of Data Transfer

In reading and writing in the decimal (BCD) mode, an alteration is made to zone bits (two high-
order bits) of magnetic tape characters as data is transferred to and from memory through
the tape controller, This is done to make magnetic tapes compatible with decimal mode tapes
produced by other information processing systems, The change is made automatically by the

hardware and is not controlled by the program, The changes made by the controller are the
following:

1. Zone bits of BCD characters are changed:

01 in memory becomes 11 on tape
11 in memory becomes 01 on tape
11 on tape becomes 01 in memory
01 on tape becomes 11 in memory

GE-200 SERIES
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2. BCD zero is changed

000000 in memory becomes 001010 on tape
001010 on tape becomes 000000 in memory

It should be noted that a BCD memory octal 12 is written on tape as a 12; but, because of the
“zero” change, it is read back into memory as a zero,

BCD MEMORY . BCD MAGNETIC . BCD MEMORY
(OCTAL) TAPE (OCTAL) (OCTAL)
00 12 00
12 12 00

Figure 11 1is an examp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>