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Preface

This manual describes the operation of the tape con-
trols for the By 2403/2404 Models 1, 2, and 3 and
the 1M 2803/2804 Model 1. The reader’s familiarity
with 1BM component circuits, 1/0 interface logic, and
M 2400-series tape units is presumed.

In this manual, the terms “record” and “block” are
used interchangeably to denote a continuous series of
bytes recorded on magnetic tape.

Additional information on the 2400-series machines
is contained in the following manuals:

Field Engineering Theory of Operation, IBM Mag-
netic Tape Units: 2401, 2402, 2403 Models 1-6;
2404 Models 1-3, Form Y22-2819.

Field Engineering Maintenance Manual, IBM Mag-
netic Tape Units: 2401, 2402, 2403 Models 1-6;

Fourta Eprrion

2404 Models 1-3, Form Y22-6631.

Field Engineering Maintenance Manual, IBM Tape
Controls: 2403 Models 1-6, 2404 Models 1-3, 2803/
2804 Models I and 2, Form Y22-6635.

Systems Reference Library, IBM 2400 and 2816
Model I Component Description, Form A22-6866.

Field Engineering Manual of Instruction, IBM SLT
Power Supplies, Form 223-2799.

Field Engineering Diagram Manual, IBM 2401, 2402,
2403 Models 1-3 Magnetic Tape Units; 2403
Models 1-3 and 2803 Model 1 Tape Controls, Form
Y22-2854.

In this manual, three-digit numbers refer to figures
in the Field Engineering Diagram Manual.

This is a major revision of, and obsoletes, Form Y22-2853-0. Significant additions
to this manual are in the area of Cyclic Redundancy Check, Device End Scanner,
and CE Panel Indicator Lights. Engineering changes through April 1967 are
included.

Changes to the text are indicated by a vertical line to the left of the change;
where a complete section has been revised, the symbol e appears to the left of
the heading in text. Revised or new illustrations are denoted by the symbol @ to
the left of the caption.

Specifications contained herein are subject to change from time to time. Any such
change will be reported in subsequent revisions or FE Supplements.

This manual has been prepared by the IBM Systems Development Division,
Product Publicaticns, Dept. BS5, PO Box 390, Poughkeepsie, N. Y. 12602.
A form is provided at the back of this publication for the reader’s comments.
If the form has been removed, comments may be sent to the above address.

© International Business Machines Corporation 1965, 1966, 1987
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The tape control units described in this manual are
adapter units that connect tape units to 1M System/
360 data channels. All data flow and operations of the
tape units are controlled and checked by the tape
control units.

Purpose of Tape Control Unit

e Tape control units provide the means of communi-
cation between selected tape units and data
channels.

® Tape control units adapt high-speed, electronic data
channel circuits to operate mechanical tape units.

The basic purpose of a tape control unit is to adapt
high-speed, electronic data channel circuits to control
a mechanical tape unit. To accomplish this, tape con-
trol units are logically divided into high-speed channel
interface circuits and low-speed tape unit controlling
circuits. Interface circuits include all of the functions
needed to communicate with the channel, while the
control section provides timed control signals to oper-
ate the tape unit. :

Data transmitted from the channel to the tape con-
trol unit is handled at electronic speed on the channel
interface lines ( Figure 1). The control unit holds each
byte of data until the tape unit is ready for it. When
data is transmitted to the channel, each byte from the
fape unit is held in the control unit until the channel
interface accepts it.

As data is transmitted through the tape control, it
is checked for errors. If an error occurs, the interface
adapter circuits inform the data channel at the end
of the operation.

Packaging
® Tape control units are packaged either as inde-

pendent control units or control unit/tape unit
combinations.

® When a control unit and tape unit are packaged
together, the model number indicates the type of
tape unit.

Tape control circuits described in this manual are
packaged in one of four types of units:

2803 Model 1 (tape control)

2403 Models 1, 2, and 3 (tape control and tape unit)

Introduction

2804 Model 1 (simultaneous tape control)

2404 Models 1, 2, and 3 (simultaneous tape control

and tape unit)

Circuits in the 2803 Model 1 are identical to circuits
in the tape control of the 2403 Models 1, 2, and 3.
Circuits in the 2804 Model 1 are identical to circuits
in the tape control of the 2404 Models 1, 2, and 3.

Tape units attached to the controls can be single
units (called 2401 Models 1, 2, and 3) or double units
(called 2402 Models 1, 2, and 3).

Configurations

e 2403 and 2803 tape control units connect up to
eight tape units to one data channel.

® 2404 and 2804 tape control units connect up to
eight tape units to two data channels simulta-
neously.

® Features on the tape control units permit operation
with both seven-track and nine-irack tape units in-
termixed in the same group.

The 2403 and 2803 tape control units communicate
with one data channel and control operations of one
group of tape units (Figures 1 and 2). Electrical power
circuits and operating logic circuits in the tape control
unit can accommodate up to eight tape units.

The 2404 and 2804 tape control units can communi-
cate with two data channels simultaneously. Either
data channel has access to any one of up to eight tape
units. All tape units attached to a simultaneous read/
write (8/w) control unit must have the simultaneous
read/write feature (sovs) installed.

If the tape control unit is equipped with the seven-
track feature, seven-track tape units can be intermixed
with standard nine-track tape units. Any combination
of tape units, seven-track or nine-track, Models 1, 2,
or 3, can be combined, up to a total of eight tape units
on each tape control.

When the sixteen address feature (sxT) is installed,
the 2403 or 2803 tape control can select up to sixteen
tape unit addresses. The sxT feature is used when the
tape control is attached to an M 2816 Switching Unit.

Physical Description

e Each tape control unit contains two circuit card
gates, labeled A and B.

e Simultaneous r/w control units have a third gate,
labeled C.

Introduction 10-65 7
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Figure 1. Interface Lines

¢ The A gate is divided into five panels and the B and
C gates into four panels each.
e There are three sets of cable connectors on each
tape control unit:
1. Tape unit signal cables.
Z. Input cables from the data channel or other
control unit.
3. Channel terminators or output cables to the
next control unit.

Figure 3 illustrates the physical placement of gates,
panels, and cable connectors on a 2403 tape control
unit; the same arrangement is used in the 2803 tape
control units but without the tape unit and its a/s
connectors. ‘

Panel Layout

Two gates of circuit cards are included in each 2403
and 2803 tape control unit. Gate A is on hinges to

8 10-65 2403/2404-1,2,3; 2803/2804-1

swing out for access to gate B. As shown in Figure 3,
the A gate is divided into five panels, one of which is
the ce panel. The B gate is divided into four panels.

Simultaneous r/w control units contain the A and
B gates, plus a third swinging gate labeled C. The C
gate contains four panels of circuit cards and is located
behind the A and B gates.

Circuit cards within each panel are numbered 1 to
20 from left to right and rows A to H from top to bot-
tom. Circuit card numbering is from the card side of
the panel.

Cable Connections

Control unit signal cable connectors are located on a
small panel next to panel 3 of the B (fixed) gate. These
connectors are designated A, B, C, and D in the top
group and 1 to 8 in the bottom group. As shown in
Figure 3, the 2403/2803 control units do not use the
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Figure 2. Tape Control and Tape Unit Signal Cabling

D or 5 to 8 positions; these positions are used on
simultaneous ®/w control units.

The A, B, and C connectors are cabled to the first
tape unit of the attached group. On simultaneous »/w
control units, the D connector is also cabled to the frst
tape unit.

Connectors 1 to § are the channel interface con-
nectors—two in and two out for each channel. A 2403/
2803 uses only four interface connectors (1 to 4), as
shown in Figure 3. A simultaneous r/w control unit
uses all eight connectors because it communicates
with two data channels.

Connectors 1, 2, 5, and 6 are cabled to either the
data channel or the previous control unit of a group.
Connectors 3, 4, 7, and 8 are cabled to the next control
unit of the group. If this control unit is the last of a
group, connectors 3, 4, 7, and § contain terminators.

Data Format

The process of recording bits on magnetic tape is
described in Field Engineering Theory of Operation,
IBM Magnetic Tape Units: 2401, 2402, 2403 Models
1-6; 2404 Models 1-3, Form Y22-2819. The following
discussion deals with the organization of bits into mean-
ingful patterns.

Bytes

e Each bit position can record only 1 or 0.

¢ Eight bits form a byte and represent one number,
letter or symbol.

e Eight bits of a byte plus a parity bit are written in
nine tracks on tape.

e Groups of bytes are called records or blocks.

Any bit position (change in flux on tape) can record
only two conditions: 1 or 0, Groups of bits can be
coded to represent numbers, letters or symbols ( Figure
4). 1M System/360 employs a standard grouping of
eight bits (a byte) plus a parity bit (P bit) for error
detection.

Skew

When a byte is recorded on tape, each bit position is
written on a separate track of the tape. Each byte is
written at right angle to the length of the tape.

Deviation from the ideal right angle line is called
write skew. Tape units are designed with variable
delay circuits to compensate for small variations in
write head construction that could cause skew. The
end result is that bits in a byte are written as nearly
in a straight line as possible.

Introduction 4-67 9
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Figure 3. Locations and Cabling

When a byte is read from tape , all the bits may not
be sensed at the same time. The time interval between
the first and last bits of one byte is called read skew.
Read skew can be caused by write skew in the byte on
tape or by variation between tracks in the reading op-
eration. To compensate for minor variations in read
head construction, the read circuits have variable
delays.

Block or Record Density

Groups of bytes along tape are called records or blocks.
The computer program specifies the number of bytes
to be written in a block.

Byte density, written on a tape, is determined by
the speed of the tape and the speed at which the

10 10-65 2403/2404-1,2 3; 2803/2804-1

control unit sends bytes to be written. In nine-track
operation, 800 bytes can be written on one inch of
tape. Each of the three models of tape units operates
at a different speed, so the tape control must be able
to supply data at three different frequencies.

For seven-track operation, the control unit must be
able to supply data for three densities: 200, 556, and
800 bytes per inch. To use all three speeds of tape
units, the control unit must be able to write bytes at
nine operating frequencies.

The physical spacing between bytes (or adjacent
bits) in a track is:

800 BPI 0.00125 inch
556 BPI 0.0018 inch
200 BPI 0.005 inch
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Seven/Nine-Track Check Characters

® The standard nine-track format contains data fol-

lowed by two check characters, a crce and an Lrcc
(Figure 6).

® The seven-track format contains data followed by
one check character, an Lrce (Figure 5).

The standard nine-track format (Figure 6) writes two
check characters at the end of each block. The first
check character is the cyclic redundancy check char-
acter (crcc) and the second check character is a longi-
tudinal redundancy check character (Lrcc).

The crec is a character developed in the crc register
in the tape control. This character, during each nine-
track write operation, represents an accumulation of all
the bits in the block. Four byte spaces after the last
data byte, the crce is written on tape.

The second check character (Lrec) is an odd/even
parity count of all the bits in each track of a block,
The total number of bits in any track of a block is
made an even number by placing a 1 or 0 in the Lrcc
position. The second check character is written four
spaces after the crcc, or a total of eight spaces from the
last data byte. The nine-track Lrcc represents the same
odd-even bit count as the rrcc used in seven-track
operation. Since the crcc is written before the Lrec, the
cree bits are included in the odd/even Lrcc count. Each
track must have an even number of bits in each block.
For seven-track operation only one check character
(the LrRcc) is written.

The rrcc in seven-track operation is written four
character spaces after the last data character. The
seven-track format meets the same specifications as the
format used on other 1M tape systems, such as the
13M 729 Magnetic Tape Units.

Seven/Nine-Track Tape Mark

Groups of blocks can be separated by a “tape mark.”
A tape mark is a one byte block with a single check
character (rmcc). The bit configurartion of a nine-
track tape mark is bits 3, 6, and 7 in both the single
byte block and the Lrc character. A seven-track tape
mark consists of bits 1, 2, 4, and 8 in both the single
byte block and the rrc character. Both seven- and
nine-track tape marks are preceded by 3% inches of
blank tape (a load point skip). The computer program
can initiate a write tape mark (wTMm) command to
write a tape mark. A tape mark detection circuit is
built into the tape control unit to indicate when a
tape mark is recognized during read operations.

Data Byte Parity

The parity bit, or P bit, of each byte is used to detect
parity errors. The P position of a byte can contain a

12 10-65  2403/2404-1,2,3; 2803/2804-1

1 or a 0, depending on the number of bits in the rest
of the byte. A standard nine-track tape control uses
odd parity; thus, the total number of bits in a byte,
including the P bit, should be odd. If the data portion
(bits 0-7) of a byte contains an odd number of bits,
the P position should contain 0. If the data portion
contains an even number of bits, the P position will be
on, to make the total odd. All correct bytes have an
odd number of bits. If a byte with an even number
of bits is detected, an error has occurred.

With features installed, a System/360 tape control
can process seven-track information compatible with
other 1BM tape systems. Seven-track information can
have either odd or even parity. Parity checking circuits
in the tape control can check for odd or even parity in
data transmitted to or from seven-track tape units.

All information transmitted by the channel interface
must still have odd parity because System/360 data
channels cannot accept even parity bytes, When han-
dling seven-track data, the tape control must adjust
the P bit position accordingly.

Check Character Parity
® Nine-track Lrc character always odd parity.

¢ Seven-track Lrc character and nine-track crc char-
acter can be odd or even parity.

® cre character will contain an odd number of bits if
there are an even number of data characters.

e crc character will contain an even number of bits if
there are an odd number of data characters.

During nine-track operations, the Lrcc always contains
an odd number of bits. Thus, the vertical redundancy
of a nine-track Lrcc is always odd. However, the ver-
tical redundancy (number of bits in the character) of
the nine-track crec can be an odd or even number. As
a general rule, the vertical redundancy of the croc will
be an even number if the total number of data bytes in
the entire block is an odd number. Likewise, if the
total amount of data bytes in the block is an even num-
ber, then the vertical redundancy of the croc will be
odd.

The error correction circuits generate check char-
acter parity and will be discussed in the Error Correc-
tion section. A nine-track Lrcc will always contain an
odd number of bits; the crec may be odd or even, de-
pending upon the number of data bytes within the
block. The seven-track data format may contain either
an odd or even number of bits in the Lrc character.
This is possible because seven-track operations may
employ odd or even redundancy when handling data
bytes. The following considerations apply to the re-
dundancy of the seven-track Lrcc:
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1. Using even redundancy mode will always pro-
duce an LRCC containing an even number of bits re-
gardless of the number of data bytes in the block.

2. When using odd redundancy mode, the number
of bits in the Lrcc will be odd if there is an odd number
of data bytes, or the number of bits in the 1rcc will be

even if there is an even number of data bytes in the
block.

Inter Block Gaps (IBG)

® The gap between blocks is generated by tape unit
mechanical inertia and tape control unit delay
timings.

® Groups of blocks can be separated by a tape mark.

The gap or blank space between blocks on tape is
caused by mechanical limitations in the tape unit. Tape
cannot start or stop instantaneously. A definite period
of time is required for tape to accelerate to full speed
or come to a stop.

When the end of a block is reached, the tape unit is
told to stop tape movement. Inertia will move the tape
past the end of the block before motion stops. The
control unit must make allowance for tape unit limita-
tions by appropriate delay timings.

A command to write another block will start tape
motion again. Bits cannot be written properly until the
tape is at full speed, so the tape control unit delays
transmission of bytes to the tape unit. Waiting time
while the tape accelerates is called write delay (or
read delay for read type operations).

A gap between blocks is the total length of tape
movement during stop time of the first block and the
start delay time of the following block. Start and stop
times (mechanical), which can be adjusted in the
tape unit, have a direct bearing on the length of the
gap. The tape control unit has a specific delay timing
for each model of tape unit. If the tape unit mechanical
start and stop times are changed, the length of the
gap is also changed.

Short stop times tend to create shorter gaps. Quick
acceleration tends to create longer gaps. When a tape
unit gets up to full speed quicker, tape travels a greater
distance during write delay time. The normal gap be-
tween blocks is 0.6 inch long for nine-track and 0.75
inch long for seven-track. The blocks can be closer
in nine-track because nine-track tape unit read/write
heads are constructed with a closer spacing between
the read head gap and the write head gap.

Seven/Nine Track Data Handling

If the seven-track feature is installed, the control unit
can operate in either seven- or nine-track mode, de-

pending on the selected tape unit. Seven- and nine-
track tape units Models 1, 2, or 3 can be intermixed
on the same line. Following is a brief description of
each method of data handling.

The standard control unit handles nine-track data
in odd redundancy, employing a density of 800 ®pr
In addition, to be compatible to former systems, this
control unit may also process seven-track information.
When operating with seven-track tape units, the re-
dundancy can be odd or even, while the density may
be any one of three densities — 200, 556, or 800 Be1.

Nine-Track

® When transferring to and from channel, the data
bytes will always contain eight data bits plus par-
ity bit.

¢ During nine-track operation, eight-bit bytes are
transmitted back and forth between channel and
the selected tape unit without change.

During nine-track operations, the tape control unit will
transfer nine bits of information per byte; this includes
eight data bits and one parity bit. During a write
operation, the channel supplies the control unit with
each data byte to be written on the tape unit. During
a read operation, the tape unit supplies the control
unit with each data byte to be transferred to the
channel via the nine “bus in” lines of the channel inter-
face. Thus, when operating with nine-track tape units,
each data byte progresses through the control unit un-
changed enroute to either the channel or the selected
tape unit.

Seven-Track

® During nine-track operation, eight-bit bytes are
transmitted back and forth between channel and
the selected tape unit without change.

e Translator on mode—eight-bit coding is translated
into the equivalent six-bit Bcp coding, and vice
versa.

® Translator off mode—data bytes are transmitted
through the tape control without change.

To provide compatibility with former tape systems,
there are two seven-track features which can be in-
stalled on the standard 2403/2803 tape control unit.
The first seven-track feature (Seven-Track Compati-
bility) operates in one of two modes — translator on
or translator off. The second feature (Data Conver-
sion) can be installed only of the compatibility feature
is already installed.

If both features are installed, the control unit must
have some method of indicating which mode a par-
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ticular seven-track operation must assume, Within the
control unit there is a mode register that specifies how
to handle seven-track data in both read and write
operations. This register (Figure 18) indicates odd or
even redundancy, 200 or 556 or 800 sp1, translator on
or off, and data conversion on or off.

Setting of the mode register is done by a command
called “mode set.” Contents of the mode register are
applicable only to a seven-track tape unit. Following
is a brief description of each seven-track mode of data
handling.

Translator Off

On seven-track write operation if the mode register
specifies translate off mode, the control unit discards
the two high-order positions of the data byte from
channel. Only the six low-order positions, plus parity,
are transferred to the tape unit to be written. On seven-
track read operation, in translator off mode, the con-
trol unit inserts two zeros in the two high-order posi-
tions of the data byte when transferring to the channel.
“Bus out” positions 0 and 1 are discarded on write
operations, while “bus in” positions 0 and 1 have zeros
inserted in the read operation. The density can be
either 200, 556, or 800 BPI and the redundancy of the
data bytes to or from the tape unit can be either odd
or even.

Translator On

Former tape systems employed the six-bit Bcp coding
which must now be translated to an equivalent eight-
bit coding. The total number of bit combinations used
is sixty four. A special unit in the tape control per-
forms the actual decoding and produces equivalent
results for both eight-bit and six-bit characters. This
unit is the translator, which will be active only if the
mode register settings indicate “translator on.”

If the mode register is specifying “translator on”
mode when reading or writing seven-track data, then
each data byte (from channel or from the tape unit) is
translated into a different bit configuration before it
leaves the control unit.

Figure 4 shows the translation of:

1. a six-bit coding to an equivalent eight-bit coding
during a read operation, or,

2. an eight-bit coding to an equivalent six-bit coding
during a write operation.

Data Conversion
® Data conversion is for seven-track forward opera-
tion only,

® During write operation, convert 3 eight-bit bytes
from the channel interface into 4 six-bit characters
for the tape unit.

® During read operation, convert 4 six-bit characters
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from the tape unit to 3 eight-bit bytes for the chan-
nel interface.

e Refer to Figures 309 and 310.

Data conversion is a means of converting seven-track
binary information (six-bit units) into eight-bit bytes
and vice versa. Conversion does not change the se-
quence of bits (as translation does). Conversion merely
splits the information into groups of different size.
During a write convert operation, 3 eight-bit bytes (24
bits) will be broken down into 4 six-bit characters
(24 bits). During a read convert operation, 4 six-bit
characters (24 bits) from the tape are assembled into
3 eight-bit bytes (24 bits ).

If mode register 2 is on, data conversion is turned off
and each six-bit character read from the tape unit is
transmitted to the channel in an eight-bit byte in either
translate on or translate off mode.

In write operation, without the converter, each
eight-bit byte from the channel provides one six-bit
character to be written on the tape either in translate
on or translate off mode.

Conversion allows a much greater amount of data
to be put into a given amount of storage space. In
write operation, if the byte count is not a multiple of
three, any remaining bits of the last six-bit character
are zero. When reading, if the character count of the
record is not a multiple of four, any remaining posi-
tions in the last byte that has bits will be padded with
zeros. When the last data byte of a read operation is
padded, data convert check is turned on by a sample
pulse. A complete description of the data conversion
teature is provided in the Features section.

Tape Control Unit Organization

¢ Data flow for all write operations is from the chan-
nel to bus out, to the data register, through the
translator, to the read/write register, and to the
tape unit write triggers via the write bus. Read
checking during write operations is from the tape
unit read circuit via the read bus, to the final ampli-
fiers in the tape control, to skew registers, to the
LRC register.

e General data flow for all read operations is from
the tape unit preamplifiers to the read bus, to the
tape control final amplifiers, to the skew registers,
to the read/write register, through the translator, to

the data register, and to the channel via the bus in
lines.

Figure 100 is an overall view of tape control and
tape unit organization. At the left side of the page is
the channel 1/0 interface. The tape control circuits are
in the center and the tape unit is on the right.
Information to be written on tape passes from left
to right through the interface bus out lines, to the tape



control unit circuits and to the tape unit. Information
read from the tape passes from right to left from the
tape unit through the tape control to the interface bus
in lines.

The designation “in” and “out” on interface lines is
from the channel point of view. “Out” lines transmit
data and controls out of the channel to the control
units. “In” lines transmit data and controls into the
channel from the control units.

In the tape control, registers are temporary storage
places for data or commands. Data can also be
checked or modified while in a register. Most of the
registers in the tape control unit consists of a group
of nine trigger positions which correspond to a byte
structure of eight bits plus parity.] The data register
contains 12 positions. The extra positions are used onl

Lduring seven-track data convert operations.

Some of the tape control unit registers do not handle
data. The cyclic redundancy check register and the
error pattern register are used for error detection and
correction. The longitudinal redundancy check register
is used for error detection.

Addresses and commands to control tape operations
are transmitted on the same bus out lines used for
write data. Status and sense information is sent to
channel on the same bus in lines used for read data.
Tag lines are brought up to identify the bytes on the
bus lines.

Bits in the command register are decoded to gen-
erate control lines. Tape control and tape unit actions
are controlled by outputs of the command decoder.

Write clock and read clock circuits provide timing
pulses to handle data in the control unit. Data shifting
from register to register in the control unit is regulated
by the clock timings, the read/write control, and the
shift pulse circuits.

Write Data Flow

Actual data handling during a write operation is done
by the data register, read/write register, skew registers,
and final amplifiers. (To analyze this data flow, follow
the heavy black lines in Figure 100, progressing left to
right.) During write operation, bus out bytes are gated
into the data register. From the data register the bytes
go through the translator enroute to the read/write
register to the write bus. The tape unit accepts the
write bus data and records it on the tape. The density
of characters written on the tape depends on how fast
the tape is moved and the frequency at which the tape
control transmits characters. Once the data bytes are
written on tape, each is read back to the control unit
to be checked.

During read checking of a write operation, the char-
acters are read from the tape, then amplified by the
read preamplifiers and sent to the tape control via the

read bus lines, as indicated by the heavy lines pro-
gressing from right to left on Figure 100. In the tape
control the final amplifiers produce high and low clip
outputs according to the amplitude of the read bus bits.

High clip amplifier signals are sent to the high clip
skew register, while low clip signals are sent to the low
clip skew register. The function of the skew registers
is to eliminate minor time differences between bits
read from tape. The skew registers accept the bits and
store them until the remaining bits of the byte arrive.
Outputs of each skew register are gated out in
parallel. From the skew register(s), the data is now
transferred only to the Lrc register for checking
purposes. The data being checked cannot be allowed
to enter the read/write register because there would
be a conflict of data bytes being written and those in
the process of being read checked.

Read Data Flow

The actual data flow path used during the read opera-
tion is similar to the read checking path of the write
operation. As shown by the heavy black lines on Fig-
ure 100, the data characters are detected and ampli-
fied by the read preamplifiers in the tape unit. The data
byte is then sent to the control unit via the read bus
lines. In the control unit, the final amplifiers produce
high and low clip outputs, depending on the amplitude
of the bits on the read bus lines. Again, the high clip
amplifier signals feed the high clip skew register, while
the low clip amplifier signals feed the low clip skew
register. Bytes from either skew register are transmitted
to the read/write register and through the translator
enroute to the data register to the bus in lines. As data
leaves the tape control on the bus in lines, the correct
parity is inserted in the P position of each byte. All
bytes transmitted on the channel interface must have
odd parity including data read from tape as seven-track
even parity.

Data Flow Checks

Tape control units have the ability to detect parity
errors while transmitting characters. Data passing
through the tape control unit can be parity checked at
three points.

1. Each byte received from the channel is checked
for odd parity on the bus out lines.

2. Characters in the high clip skew register are
checked for correct parity (odd or even).

3. The read/write register is parity checked but the
output of the checking circuit is used differently in
read and write operations. During read operation the
read/write parity check circuit is used for error detec-
tion. In write operation the parity check circuit is used
to generate the correct parity for the character written
on tape. The read/write parity check circuit controls
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the write bus P bit line in write operation. Each charac-
ter on the write bus is made to conform to the speci-
fied parity by inserting or deleting the P or C bit.

In addition to detecting errors, the tape control units
can correct most single track errors. The cyclic re-
dundancy check register (crcr) and the error pattern
register (EpRr) are used to determine which track of
the tape contains the error and caused the failure.

Channel 1/ O Interface

The 1/0 interface is a group of lines connecting 1/0
control units to a channel attached to a computer sys-
tem. The interface is not a unit and performs no logical
function. Interface is a definition of requirements to
standardize communications between data channels
and 1/0 control units. Interface lines transmit all signals
between the channel and the 1/0 control units.

Interface lines can be divided into functional groups
(Figure 1). Bus out lines transmit address bytes, data
bytes, and command information out of the data chan-
nel to the control unit. Bus in lines transmit addresses,
data bytes, status bytes, and sense information from the
control unit to the data channel.

Inbound and outbound tag lines identify bytes on
the corresponding bus line groups. Selection control
lines provide interlocks to synchronize operations be-
tween the channel and the control unit. The final group
of lines, metering, provides machine usage information
to be recorded on a running time meter.

Initial Selection Sequence

® The channel communicates with the- tape control
unit via 34 interface lines.

® To initiate an operation, the tape control must pro-
ceed through an initial selection sequence.

Communication between the channel and the tape
control to designate and initiate an operation is called
the initial selection sequence ( Figure 500). Regardless
of the operation to be performed, the initial selection
sequence is the same (Figure 7A).

To begin an on-line mode 1/0 operation, the channel
transmits a byte containing the addresses of the tape
control and the desired tape unit. The channel activates
“address out” to identify the information on the bus
out lines. Nanoseconds later, the channel conditions
“select out.” Interface lines service several control units.
All these control units attempt to decode the address.
Because each control unit has a different predetermined
address, the interface byte designates only one control
unit. The tape control recognizes the address if the
following conditions exist:

1. The parity of the byte on the bus out lines is odd.
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2. Bits 0, 1, 2, 3, and 4 in the character agree with
the address card in the tape control (bits 5, 6, and 7
in the address byte select the tape unit).

3. The tape control is not performing a previous
command.

If the tape control successfully decodes the address,
it resets circuits in preparation to execute the operation
and obtains status information from the selected tape
unit. The tape control acknowledges receipt of its ad-
dress by conditioning “operational in.” When the chan-
nel cancels “address out,” the tape control returns its
own address over the bus in lines and activates “address
in.” The control unit address is returned to verify that
the correct control unit has responded.

In response to “address in,” the channel sends a
command byte on the bus out lines and conditions
“command out.” The command byte designates a tape
operation and establishes conditions to control execu-
tion of the operation. Although bits in the command
byte set the tape control command register identifying
the operation, execution of the operation does not yet
begin.

The tape control returns a status byte on the bus in
lines and activates “status in.” The status byte indicates
the state of the tape control and the selected tape unit.

A status byte is a means of informing the data chan-
nel of conditions in the control unit and selected device.
Bits in the initial selection status byte tell the channel
whether the control unit and device can perform the
operation. During normal operations when there are
no interfering status conditions, the initial selection
status byte will be blank (P bit only).

The channel conditions either the command out or
service out interface line. A channel “service out” re-
sponse to “status in” signals the tape control that status
was accepted and the operation shall begin. In most
cases, a “command out” response signals the tape con-
trol to stack (retain) the status and end the operation.

Multiplex and Burst Modes

® If operating in burst mode, the tape control unit re-
mains connected to the channel through an entire
operation.

e In multiplex mode the tape control unit connects to
and disconnects from the channel on each byte of
data and status.

Interface lines permit the channel to operate 1/0 control
units in either of two modes, burst mode or multiplex
mode.

Burst Mode: the channel is committed to one 1/0
operation until the control unit completes its operation.
After starting, the control unit need not identify itself
prior to communicating with the channel (Figure 7A).
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Multiplex Mode: the channel is free to control several
1/0 operations simultaneously. Each control unit must
interrupt the chamnel and transmit its address across
the interface and receive a response from the channel
before the channel can service the unit (Figure 7B).

The channel can designate that an operation be
executed in burst mode by holding the select out line
active throughout the operation; “select out” causes the
“operational in” line in the control unit to remain in
the “on” state. The control unit demands burst mode
operation if its force burst mode trigger is on. Force
burst mode holds the operational in circuit active even
if the channel drops select out. If the force burst mode
trigger is off, the channel can revert from burst to
multiplex mode after the operation begins.

Data Transmission

Transfer of data across the interface is done one byte
at a time in both burst and multiplex mode. “Service in”
and “service out” are the tags lines which identify and
synchronize bytes during transmission. For write oper-
ations, the control unit sends a service in signal each
time a new byte of data is needed. The data channel
places a new byte on the bus out lines and activates
a service out signal to inform the control unit that the
byte is available.

During read operations the control unit activates
“service in” each time a byte from the tape unit is
ready to be sent to the channel. After the channel ac-
cepts the byte from the bus in lines, it informs the
control unit with “service out.”

End Status

At the end of the operation, the tape control sends
another status byte to the channel. The end status byte
indicates “device end” and whether errors were en-
countered in executing the tape command.

Depending on the operation being executed, the tape
control or the channel can initiate actions to transmit
the status byte and end the operation. When the chan-
nel starts the end operation, it responds to a request
for service (“service in”) from the tape control with
“command out” rather than “service out.” After a delay,
a second signal sequence is necessary to transmit the
status byte and complete the ending procedure. When
the tape control initiates the end operation, only one
signal sequence is required, a status in rather than a
request for service (“service in”).

In multiplex mode, the tape control signals the
channel by conditioning “address in” and transmitting
its address on the bus in lines when status information
is available (Figure 7C). After the channel answers
“address in” with “command out,” the control unit
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gates the status byte to the bus in lines and activates
“status in.” In burst mode, the tape control need not
identify itself prior to sending the status byte to the
channel. The channel responds to “status in” with “serv-
ice out” or “command out.” “Service out” indicates that
the channel accepted the status data and resets the
“operational in” in the tape control.

“Command out” indicates that the channel rejected
the status byte. Again, in most cases, a “command out”
response to “status in” implies that the control unit
should “stack” (retain) its status byte and attempt to
submit it again. However, if the channel is holding
“suppress out” active, the tape control does not attempt
to transmit the status byte again until “suppress out”
drops. If, however, “suppress out” is inactive, the tape
control transmits its address again. When the channel
responds with “command out,” the control unit gates
status information to the bus in lines and conditions
“status in.” Each time that the channel rejects the
status byte (responds to “status in” with “command
out”) without conditioning “suppress out,” the control
unit repeats the interrupt procedure.

The following unit status conditions are detected by
the tape control unit (Tcu) and are indicated to the
channel in the status byte:

BIT  DESIGNATION INTERPRETATION

0 Attention Not used.

1 Status Present with busy to indicate TCU busy.

modifier

2 Control Signaled by the TCU:

unit (a) At completion of an operation during

end which a TCU busy was indicated.
(b) At the completion of an operation
during which the TCU remained busy and
a unit check or unit exception is detected.
(¢) At completion of a command on the
alternate interface of a simultaneous read/
write TCU that caused the TCU busy to
be given.

3 Busy When presented without bit 1 (status
modifier bit), indicates that the addressed
tape unit is busy, or that the TCU has an
interrupt pending.

4 Channel Indicates that a read, read backward,

end write, control, or sense has been com-
pleted; or in the case of certain control
commands involving tape motion, that the
operation has been initiated at the TCU
and the channel has been released.

5 Device Indicates: (1) the tape unit has completed
end a command, (2) the tape unit has changed
from not ready to ready if an attempt had
been made to select it while it was not
ready, e.g. by issuing a test I/O instruc-
tion, (3) a tape unit has reached load
point as the result of a program initiated
rewind, or (4) a rewind unload is com-
pleted at the control unit level, i.e., when
the tape unit becomes not-ready.



BIT DESIGNATION

6 Unit Set whenever:
check (a) Any bit is on in sense byte 0.
(b) Tape unit performs read backward,
backspace block, or backspace file into
or at load point.
(e¢) A rewind and unload is completed
at the TCU level.

INTERPRETATION

7 Unit

exception

Set when:

(a) A write, write tape mark, or erase
gap operation is performed in the end of
tape area.

(b) A tape mark is sensed during a read,
read backward, forward space block, or
backspace block.

Tape Commands

e Five basic commands plus control commands can be
performed in the tape control unit:

1. Write 4, Sense
2. Read Forward 5. Test 1/o
3. Read Backward 6. Control

e “Bus out” bits 5, 6, and 7 denote the basic category
of the command being issued.

¢ Command register decodes the command byte.

e Control commands do not transfer data to or from
the channel.

All commands which can be executed by the 2403/
2803 tape control unit are described in general terms
within this section. The actual bit configuration of each
command byte is shown on Figure 101. The eight bits
shown on Figure 101 do not include the parity bit.
Each command byte must contain odd parity since it
is transmitted on the interface bus out lines.

Write Command Operation

® Accept data from the channel interface and trans-
mit the data to the tape unit.

® Read check the data written by the tape unit and
indicate any errors detected.

In a tape write operation, channel transfers one byte
at a time across interface lines to tape control. Tape
control initiates all data transfers from channel and
checks each input byte for odd parity, discards the
check bit, and stores other bits of the character in the
data register. In processing bytes from the data register
through the read/write register to the selected tape
unit, tape control either:

1. transfers all bits in eight-bit bytes (nine-track
operation) (Figure 305), or

2. transfers six bits of the eight-bit byte and discards

the two high-order positions (seven-track translator off
mode) (Figure 307) or

3. converts 3 input eight-bit bytes to 4 six-bit char-
acters (seven-track data converter on mode) (Figure
309) or

4. translates each eight-bit byte to equivalent six-bit

BCD character (seven-track translator on mode) (Fig-
ure 307).
A mode set command previous to the write operation
sets the mode register to establish how data are proc-
essed during seven-track write operations. In all cases,
however, the tape control transfers one character to the
tape unit during each write clock cycle.

The designated tape unit writes each byte received
from the tape control. As the tape moves across the
head, the tape unit reads each byte written previously
and returns the data to tape control. Tape control ex-
amines the returned tape unit data for recording errors
that might have occurred. Tape control processes chan-
nel data to the tape unit at the same time that it per-
forms a check operation on bytes that the tape unit
has written earlier.

When channel transfers the last byte in the block, it
answers the subsequent request for data from tape con-
trol with command out, indicating that the last byte
has been transmitted. Tape control causes the tape unit
to write the check character(s) at the end of the block.
When the tape unit reads the check character(s) and
returns them to tape control, tape unit actions in the
write operation end. Tape control examines the re-
turned check characters, resets circuits employed in the
write operation, and transmits a status byte to channel.
Channel must accept the status byte before tape con-
trol can actually complete the write operation and
execute another tape command.

Read Command Operation

¢ Accept data from the tape unit and transmit the
data to the channel interface.

® Check the data as it is read and indicate any errors
detected.

In a read operation, tape control receives six-bit or
eight-bit characters from the tape unit and transmits
odd parity eight-bit bytes to channel. Tape control
initiates all byte transfers to channel. Data transfer
rate from the tape unit is controlled by tape unit read-
ing speed. In processing a byte, tape control strips the
parity bit before storing bits in the data register. Tape
control assigns the P bit in each byte sent to channel
to insure that each byte on the bus in lines contains odd
parity.

In processing tape data to channel, tape control
cither:
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1. transfers to channel all bits in the eight-bit byte
received from the tape unit (nine-track operation)
(Figure 308) or

2. changes each input six-bit character to an eight-
bit byte by adding two zeros in the high-order position
and transfers the eight-bit byte to channel (seven-track,
translator off mode) (Figure 308) or

3. converts 4 input six-bit characters to 3 eight-bit
bytes for transmission to channel (seven-track con-
verter on mode) (Figure 310) or

4. translates each six-bit Bcp character to an equiva-

lent eight-bit Bcp byte (seven-track translator on)
(Figure 308).
Bits in the mode register (from the previous mode set
command ) control the manner in which the tape con-
trol processes data characters during seven-track oper-
ation.

Channel is not required to accept all bytes in the
tape block. After accepting the first byte, channel can
terminate output transfers from tape control at the end
of any cycle. However, tape control and the tape unit
are committed to the operation until the tape unit reads
the complete block. If the tape unit has not transferred
the last normal byte in the block when channel indi-
cates that it will not accept more data bytes in the
operation, tape control does not initiate more data
transfers to channel. It receives, checks, and then dis-
cards bytes subsequently received from the tape unit.

At the end of the operation, tape control transmits a
status byte to channel. If the record was a tape mark,
no bytes are transferred to channel and the end status
byte contains a unit exception status bit. Channel must
accept the status byte before tape control is considered
finished with the read operation.

Read Backward Command Operation
® Set the tape unit to backward read status.

° Accept bytes from the tape unit and transmit the
bytes to the channel interface.

® Check the bytes as they are read and indicate any
errors detected,

Read backward operation is similar to read forward
except that the tape moves in the reverse direction and
the check characters are read before the data. The
data flow path and controls are the same as for read
forward except that the data converter mode cannot
be used. Read backward operations will automatically
be in data converter off mode. The translator will op-
erate normally.

A tape mark record will appear the same when read
forward or backward. A tape mark consists of two
identical characters, a tape mark, and a tape mark
check character. Because the configuration is symmetri-
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cal, the detection circuits are similar for forward and
backward. .

If the tape unit is at load point, a read backward
operation will be terminated immediately.

Motion Conirel Commands

® Control commands that require tape motion are:
1. Erase 5. Backspace record
2. Rewind 6. Backspace file
3. Rewind unload 7. Forward space record
4. Write tape mark 8. Forward space file

° A motion control command byte contains “1” bhits
in positions 3, 6, and 7.

e Bits in positions 2, 3, and 4 specify the operation to
be performed.

Motion control commands provide the ability to move
tape without transmitting data to and from the
channel. The write tape mark command does write on
the tape but the bytes written are a pre-determined
combination that requires no data from the channel.

The initial selection status byte of a motion control
command contains only a channel end bit. Channel end
signifies that the channel is no longer required for the
operation and channel disconnects from the control
unit at the end of initial selection. Execution of control
commands is completed by the control unit and tape
unit.

When all motion control operations are completed,
except rewind unload, an end status byte is sent to the
channel. This status byte must be submitted via a
multiplex mode (request to lock to channel and identify
itself) because channel was disconnected some time
ago (end of initia] selection ). The end status byte con-
tains normally only a device end bit to indicate that
the device (tape unit) has completed an operation.
Tape unit and control are then free to execute a new
command.

Rewind

A rewind command causes the tape to move backward
to the photo reflective marker (load point) at the be-
ginning of the tape. As soon as the tape unit begins
rewinding, the control unit is free to perform other
operations. When the marker is reached, tape motion
stops and the tape unit is available for a new operation.
When the tape unit has rewound tape to load point,
it signals the tape control. The tape control sends a
“request” to channel (multiplex mode) to accept status.
This time the (end) status byte contains device end.

Rewind Unload

A rewind unload command moves tape backward to the
photo reflective marker at the beginning of tape and
then unloads the tape. The tape must be manually re-



loaded before further operations can be done on that
unit.

After initial selection is complete, tape control begins
the rewind-unload operation at the tape unit. Then,
unlike rewind, tape control requests channel (multi-
plex mode) to accept a second status byte regardless
of whether or not channel has channel end from first
status byte. The second status byte contains unit check,
device end and control unit (cu) end status bits. If
channel did refuse the initial status byte (channel
end), then cu end is replaced by channel end. After
the tape unit completes the rewind-unload, and the
unit is reloaded and made ready, the tape control is
again signaled. Channel is then requested to accept
an end status byte (third byte) which includes only
a device end bit.

Erase

Execution of the erase instruction causes the selected
tape unit to erase approximately 334 inches of tape.
Tape control starts the erase and write operations in a
similar manner. In both operations it conditions a write
delay period to start tape motion and start the delay
counter to measure the length of the erased portion of
the tape. When the delay counter reaches a count of
wp-320, the operation is ended and a status byte con-
taining only device end bit (multiplex mode) is sent
to the channel.

Write Tape Mark

In a write tape mark operation, tape control generates
a tape mark character internally, transfers the char-
acter to the selected tape unit, then resets the tape
unit write triggers. In switching to their off states,
write triggers in the tape unit record a check character.
After writing the tape mark and Lrc character, the tape
unit reads them back into the tape control. Tape con-
trol checks the returned characters and ends the opera-
tion. Tape control actions in the write tape mark
operation are similar to the actions that it performs in
the execution of a normal write operation. In a write
tape mark operation, however, communication between
channel and tape control after the initial selection
sequence is required only in the status byte transfer
(device end via multiplex mode). Data are not proc-
essed across interface lines in executing a write tape
mark operation.

Backspece Record and Backspace File

In a backspace record operation, the selected tape unit
moves tape backward through one record to the inter-
record gap, or to the gap between load point and the
first tape record. In a backspace file operation, the

selected tape unit moves tape backward to the first
interrecord gap after sensing a tape mark record, or
to the gap between load point and the first tape record.
The tape unit reads characters recorded on tape and
sends them to the tape control. Tape control does not
execute data transfers either to channel or to the tape
unit when performing the backspace record or back-
space file operation. The tape control unit scans the
bytes to find the correct stopping point. A backspace
record or file into or at load point constitutes an error
condition.

Forward Space Record and Forward Space File

In a forward space record operation, the selected tape
unit moves tape forward through one tape record to
the next interrecord gap or to the gap between the
last record and the end of tape. In a forward space file
operation, the selected tape unit moves tape forward
to the first interrecord gap that it senses after reading
a tape mark record, or to the gap between the last
record and the end of tape. The tape unit reads char-
acters recorded on tape and sends them to tape con-
trol. Tape control does not execute data transfers either
to channel or to the tape when performing the forward
space record or forward space file operation. The tape
control unit scans the bytes to find the correct stopping
point.

Sense Command

In a sense operation, tape control transfers up to six
sense bytes across the interface lines to channel. Bit
positions in each sense byte represent conditions in
various tape control circuits. During a sense command
the tape control does not communicate with any tape
units. During transfer of the sense bytes, Tc and the
channel operate in burst mode. The normal end status,
also burst mode, contains channel end and device end
bits. Figure 8 lists the sense byte positions and the con
ditions they represent. There are no circuits in the tape
control to provide data for the sixth sense byte, there-
fore it remains blank.

Tesi I/O Command

Test 1/0 provides a means for the channel to deter-
mine if 1/0 units are available for use. Test 1/0 requires
only initial selection time since only the initial selec-
tion status byte is used by the channel. If the tape unit
and tape control are available the initial status byte
will be returned blank (P bit only). If there is status
information stored in the control unit, the status can
be sent to the channel in the test 1/0 status byte and
relieve the Tc of any outstanding (stacked) status.
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Byte 1 Unit Check Byte 2

0 Command Reject 0 Noise

1 Not TU Status A 1 TU Status A

2 Bus Out Check 2 TU Status B

3 Equipment Check 3 Seven Track

4 Date Check 4 At Lood Point

5 Overrun 2} Net Read (Write) Status
[ Werd Count Zero [ File Protected

7 Dota Converter Check 7 Spare

Byte 3 Track In Error Byte 4 Data ond Equipment Check
0 RAW VRC

1 1 LRCR

2 2 Skew

3 3 CRC

4 4 Skew Reg VRC

5 5 (Spare)

3 [} Backword Memory
i 7 C Compare

Byte 5 Equipment Check Byte & All Blanks

0 Echo Error 0

1 Reject Tape Unit 1

2 Read Clock Error 2

3 Write Clock Error 3

4 Delay Counter Error 4

3 Sequence Indicator C 5

é Sequence [ndicator B &

7 Sequence Indicctor A 7

@ Figure 8. Sense Operation Data

Mode Set

e Set the mode register from the bus out positions 0,
1, 2, 3, and 4 during initial selection.

e Set mode register to inform tc the mode of seven-
track operations.

A mode set control command establishes conditions
for all succeeding seven-track operations. Mode regis-
ter triggers are turned on by corresponding bits 0
through 4 of the mode set command byte. The mode
set command requires only an initial selection period
to be executed, so the command register is not set.

Positions 0 and 1 of the mode register are decoded
to establish the density of characters on tape. Position
2 controls the data converter. Position 3 determines
whether the parity circuits operate in odd or even
redundancy. Position 4 controls the translator.

Once the mode register is set, it will remain in that
status until the next mode set command. Data trans-
mission commands executed during this time will not
change the setting of the mode register. Each seven-
track read or write command will operate under the
conditions specified by the last mode set. Nine-track
operations override mode register settings.

All nine-track operations are performed in the stand-
ard mode: 800 bytes/inch density, odd parity, trans-
lator off, and data converter off. The mode register set-
ting is not used or changed for nine-track operations.
It is merely ignored. Nine-track operations automati-
cally use the standard mode. If a seven-track operation
is performed later, it will be subject to the conditions
still in the mode register from before.
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At the end of initial selection, the mode set com-
mand has been fully executed and the initial selection
status byte normally contains channel end and device
end bits.

Diagnostic Mode

Diagnostic mode is used with the ce panel to check
tape operation. With the diagnostic plug in place in
the cE panel, a diagnostic mode command will turn
on the diagnostic trigger. During succeeding write
operations, the diagnostic trigger inhibits the Tc from
placing any bits on the P track of the write bus. Thus,
no parity bits are written on tape. Although the diag-
nostic command is listed as a mode set command, it
does not alter the contents of the mode register. It
requires only an initial selection period to be executed
and will force a channel end and device end bit in the
initial selection status byte.

No-Op Command

A no operation (no-op) command does not transmit
data or move tape. No-op performs no function in the
tape control or tape unit. At the end of initial selec-
tion of a no-op command, the tape control is reset and
available for the next command. No-op is used as a time
delay or to fill a blank space in a program. It actually
operates the same as a mode set command but does
not alter the contents of the mode register.

Request TIE Command

Request Tie command is used primarily in nine-track
error correction and will transmit track in error (TIE)
information from the channel to the control unit. If a
correctable error was found while reading tape, a re-
quest TIE is used to inform the tape control to correct
any errors on the next read operation and which track
of the tape should contain the error.

During the request 118 command, one byte of data
is transmitted from the channel to the tape control after
initial selection in burst mode. This byte should con-
tain one bit indicating which track was previously in
error. Request TiE also turns on the correction trigger
to indicate that the next operation will be a correction
read. Thus, on the following read command, if any
errors occur, TC will know to perform correction (cor-
rect trigger on) and which track to correct (byte from
request TIE command ).

Turnaround

e Turnaround is needed if selected tape unit is in
opposite directional status of command to be
executed.

e Delay tape control action until turnaround is com-
pleted on selected tape unit.



¢ Possibility of turnaround is checked prior to any
movement of tape.

The command, brought out during initial selection, in-
dicates whether the selected tape unit must move tape
forward or backward. If the new command must move
tape in the opposite direction from the condition left
by the previous command, a turnaround delay is re-
quired. Turnaround delay holds up control unit action
until the tape unit has had time to change the status
of relay circuits and the reel drive mechanism.

If a backward type operation is begun when a tape
unit has just completed a write type (forward) opera-
tion, the turnaround sequence first advances and erases
tape forward. This precaution is taken to avoid leaving
“noise” information on tape too close to the last good
record. As the tape unit switches from write to read
status, a weak, but potentially troublesome, noise
splash is “written” by the write heads being turned off.
By moving the last tape record farther away from the
write heads, the noise will not cause subsequent read
errors.

Error Detection Circuits

The 2403, 2404, 2803, 2804 tape control units employ
a variety of error detection circuits. These circuits can
be grouped as follows:

1. Data checking circuits.

2. Equipment checking circuits.

3. Checking circuits which do not set data check or
equipment check.

Data checking circuits are designed to monitor the
condition of data bytes as they pass through the tape
control unit. Data errors will set a bit in a sense byte
(Figure 8). Data check circuits are:

1. Read/write vertical redundancy.

2. Skew register vertical redundancy.

3. Longitudinal redundancy.

4. Skew.

5. Cyclic redundancy check.

6. C-Compare.

Equipment checking circuits monitor the perform-
ance of the circuits in the tape control. Equipment
check circuits include:

1. Reject tape unit.

Read clock vre.

Write clock vre.

Delay counter vrc.

Echo check.

. Sequence indicators.

The six preceding causes of equipment check also gate
bits in the sense bytes.

The third group of error check circuits do not set
data check or equipment check. Each of these circuits
will set a bit into a sense byte (Figure 8).

o G 0 1o

Forward stop delay or write delay noise.
Command reject.

Bus out check.

Overrun check.

Word count zero.

. Data converter check.

Any check circuit in the three groups (except ¥sp/wn
noise ) will cause a unit check bit in a status byte. Noise
turns on an indicator but does not turn on unit, data,
or equipment check. When a unit check is indicated
in a status byte, the computer program usually per-
forms a sense command to find out which condition
caused the unit check,

O Yl 0 o=

Read/Write Vertical Redundancy Check (VRC)

Bytes in the read/write register are checked for odd or
even parity during read and write operations. For
seven-track operation the mode register specifies
whether data parity should be odd or even. Nine-
track data bytes should always be odd.

The read/write register vic circuit indicates errors
detected during read or read backward operations only.
It does not indicate errors during write. For write
operation the read/write vrc circuit is used to generate
correct parity in the bytes written on tape.

Skew Register Vertical Redundancy Check (VRC)

During read and write operations bytes in the high
clip skew register are checked for odd or even parity.
For seven-track operations the mode register specifies
whether the data bytes should be odd or even. Nine-
track data bytes should always be odd.

The skew register vrc circuit indicates errors only
during checking of a write operation. For seven-track
read and read backward the skew register vrc is used
to indicate whether the byte in the high clip or low
clip skew register is transmitted to the r/w register.

Longitudinal Redundancy Check Register (LRCR)

The rrcr checks the longitudinal bit count in each
track of a block. A trigger for each track turns on or
off for each bit in the track. Since each track in a block
has an even number of bits, all the Lrcr triggers should
be off at the end of the block. An active output from
any LRCR trigger at the end of an operation turns on
LECR error.

An Lrer error can be indicated during read, read
backward, or write (read checking).

Skew Error

During write, skew error circuits check bytes (after
they are written) to see if all the bits in each byte are
written at a right angle to the edge of the tape.

The write head on the selected tape umit should
write all bits in a character at a 90-degree angle to the
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edge of the magnetic tape. When the character passes
the read head, the tape unit transfers all bits to the
tape control.

Several conditions can cause improper alignment of
bits across the face of the tape, preventing the simul-
taneous transfer of all bits in the character to the tape
control. The time interval between the first and last
bits must not exceed a predetermined amount. Other-
wise, a “skew gating” circuit indicates a skew error.

CRC Error

The crc error indicates that the cyclic redundancy
check character, computed during a read or read back-
ward, produced an improper result (bit failure ). At the
end of a read or read backward operation the crc
should contain the “match pattern” of bits 111 010 111.
If this pattern is not produced, the crc error is turned
on.

C-Compare

The C-Compare circuit is a check on data transmission
from bus out to the read/write register for write opera-
tion, or from the read/write register to bus in for read
operation. A C-Compare error indicates that the parity
of a byte changed during transmission through the tape
control. C-Compare is active for all read and write

operations except seven-track translate on mode. Bus

out parity errors, or attempted error correction on
more than one track at a time can cause C-Compare
erTors.

Reject Tape Unit
Reject tape unit is a check made on the selected tape
unit by Tc under three different conditions:

1. Loss of select and ready from the tape unit after
an operation has started tape motion (after initial
selection ).

2. The selected tape unit did not revert to a read
status for read type commands (write status still
active).

3. The selected tape unit did not revert to a write
status for a write tape command (read status stll
active).

Any of the three conditions produce a reject tape unit
error and terminate the operation immediately.

Read Clock, Write Clock, and Delay Counter VRC

The clock and counter vre circuits detect malfunctions
in the stepping of the triggers in these timing circuits.
If the triggers do not step in the correct sequence, a

clock error is signaled.

Echo Error

The echo check circuit checks to see that the tape unit
actually writes each byte transmitted during write op-
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eration. During each data cycle the no echo trigger is
turned on in the tape control. When the tape unit writes
the bits on tape an “echo” is returned to the tape con-
trol. The echo pulse resets the no echo trigger. If the
no echo trigger remains on, an error is signaled because
the tape unit did not return the expected echo.

Sequence Indicators A, B, and C

Sequence indicators check to see that operations in the
tape control progress through the correct steps (se-
quence).

As each operation progresses through various stages,
the sequence indicators (three-stage counter) step
through a cycle. This counter is stepped by pulses
which originate if particular conditions are met as the
operation progresses correctly. At the end of each
correct operation, the indicators (counter) should have
stepped up to a maximum count and back down to a
reset condition. If the control unit does not progress
through correctly, one or more sequence indicators will
be left on at the end of the operation. At the end of
each operation the sequence indicators are sampled.
If any of the three remain on, a sequence error is sig-
naled.

The control unit could “hang up” and not complete
an operation. When this condition arises, the sequence
indicator lights on the ce panel will show how far the
operation progressed before “the hang up.”

| Forward Stop Delay or Write Delay Noise
At the end of a read or forward space operation, the
tape should be blank after the check characters. The
forward stop delay circuit detects characters or noise
bits on the tape. Bits read from tape during write delay
will also turn on the noise trigger.

The noise trigger indicates that the noise condition
has occurred. Noise does not set an error bit in the
status byte. The channel is notified of ¥sp noise by a
bit in a sense byte.

Another use for Fsp: if for any reason the tape unit
stops in the middle of a long record, the Fsp circuit
will allow easier recovery. On the following tape
motion command the tape cannot physically move at
full speed immediately. When a restart is attempted
from the middle of a record, the slow tape speed makes
normal character times appear to be check characters
so the tape control would attempt to stop further in
the record. ¥sp will keep the tape moving to the next
record gap and turn on the Fsp noise trigger, thereby
skipping over the entire record or block.

Command Reject

Command reject is indicated when the tape control
receives certain commands it cannot perform. A write,
write tape mark, or erase command addressed to a file
protected tape unit will turn on command reject. A



“data converter on” mode set will be rejected if the
control unit has no data converter feature installed.

Bus Out Parity Error

All bytes from the channel interface bus out lines
should be in odd parity. If a byte is received with even
parity, a bus out parity error is signaled.

Overrun

Overrun error is turned on whenever the control unit
requests service and finds the channel has not acknowl-
edged a previous request for service. If the read/write
control trigger indicates that the previous character has
not been processed when the next one is received, an
overrun error is signalled.

Word Count Zero

In write operation, the word count zero trigger is set
when the channel responds with command out to the
first service in. No data will be written on the tape and
the tape does not move.

Data Converter Check

Data converter check can be set only during a seven-
track read operation in data convert mode. When the
data converter is on, bytes are handled in groups of
four characters, when read from tape (read operation).
If the tape record does not contain an exact multiple
of four characters, the last data byte to channel might
be padded with zeros. A data convert check is indi-
cated only if the last data byte to channel has been
padded. This procedure is explained in greater detail
in the features section of this manual.

The following chart summarizes the error checks and
sense byte conditions. All the errors listed in this chart
have indicator lights on the cE panel.

Check Type Sense Byte
Error
Unit Equip | Date
Check |Check | Check 1 2 3 4 5
Bus Out Parity b4 Bit 2 E'
Command Reject % Bit 0 .
Word Count Zero X Bit 6
Reject TU X X Bit 3 P Bit 1
Deloy Counter VRC X X Bit 3 L) Bir 4
Write Clock VRC X X Bit 3 D Bit 3
Read Clock VRC X X Bit 3 M. Bit 2
R/W Register VRC X X Bit 4 Bit O
Skew Register VRC X X Bit ¢ {) Bit 4
LRC X X Bit 4 IR
Skew Error X X Bit 4 l Bit 2
Echo Error X X Bit 3 Bit 0
C Compare X X Bit 4 t Bit 7
Sequence Indicator A X X Bit3 Bit7
Sequence Indicator B P, . Bit 3 ¥ Bit &
Sequence Indicator C X X Bit 3 Bit 5
Noise Bit 0 7
Overrun X Bit 5
CRC Error x x [Bird Bit 3
Data Convert (Feature) b Bit 7

Error Correction

e Error correction technique employs a modified cyclic
code in conjunction with character parity to correct
error bursts of unlimited length in any one of the
nine tracks.

¢ Employed only on nine-track tape units.
e Errors involving more than one track within the
same record are detected but not correctable.

® Encoding and error correction are performed in
the tape control unit.

The 1BM 2400 tape system can correct most single
track read errors when operating in nine-track mode.
Errors can be caused by the following defects:

1. Tape damage due to improper handling.

2. Oxide particles on the tape and head.

3. Voids in the oxide coating of the tape.

4. Dust and other foreign particles on the tape and

head.
These defects usually affect bits in only one track
because the spacing of the tracks is many times the
spacing between bits along a track. Error correction is
designed to correct almost any pattern of erroneous
bits as long as they are in the same track within a
record.

Error correction is based on the assumption that the
record was written correctly, and that defects occurred
after writing. No attempt is made to correct bits on the
tape. Only the information sent to the data channel is
corrected.

Cyclic Redundancy Check

e To permit error correction, the tape record contains
a cyclic redundancy check character.

To identify which track contains errors, two check
characters are written at the end of the record (instead
of only one as in former tape systems). The added
check character is called a cyclic redundancy check
(crc) character; it is written after the data but before
the usual longitudinal redundancy check (Lrc) charac-
ter. The circuit that generates the crc character is based
on a complex equation that makes the mathematical
probability of an undetected error almost zero. The
mathematical formula used is involved and is of no
use in troubleshooting, but it is possible to shift char-
acters into the cyclic redundancy check register one at
a time and predict what the results will be after each
shift.

The crc character aids in error detection, but its pri-
mary function is determining which track contains the
error. When a record is read, a new crc character is
computed and combined with the crc character from
the tape. The result should be a “match pattern,”
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111 010 111 in the crer. If the record contains an error,
the erroneous crc value is used to determine the track
in error.

Error Pattern

The erroneous crc character by itself does not contain
enough information to find which track contains the
error. The error pattern register (EPR) supplies the
missing information. During reading, the epr keeps a
record of the read/write register redundancy errors in
the form of an error pattern. If there are no errors, the
EPR remains blank.

At the end of an error record, the error pattern
(saved in the read/write register) is compared with
the crcr. The error track is located by counting the
number of shifts needed to reach a zero pattern. If all
nine tracks have been tried unsuccessfully, shifting and
comparing stop because no track in error can be found.
Failure to find the track in error could be caused by
read errors in more than one track, or electronic error
in the circuits.

When the error correction circuits locate a track
which contains an error, the bit from the Epr is set into
sense byte 3.

The tape control informs the cpu program with the
bit in sense byte 3. If no track is found, bits 6 and 7
are forced on. Sense byte 3, therefore, contains either
a single bit denoting the track in error or bits 6 and 7
indicating that no error track could be found.

Repositiening Tape

Error detection and correction can take place in either
forward or backward read operations. If an error is
detected in a forward read, it should be corrected in a
forward read; a backward error should be corrected in
a backward read. Consequently, the tape must be re-
positioned to read the record again in the same di-
rection.

It is technically possible to correct a forward read
error during a backward read, and vice versa. How-
ever, this not recommended because the errors tend to
differ when read in opposite directions. The tape may
shift slightly, or oxide particles may change position
with a reversal of movement.

In some cases the change in physical conditions may
be an advantage. A record read in one direction may
produce uncorrectable errors, yet produce good data
when read in the opposite direction. An error record

should be read in both directions before it is con-
sidered unreadable.

Request TIE for Correction

After a track in error is found and the tape is reposi-
tioned, the track in error bit must be sent back to the
tape control. The track in error bit in the Epr will be
reset during the repositioning operations. A request
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track in error (TIE) command requests a byte from the
channel. The channel sends back the track in error
byte on the bus out lines.

It is the responsibility of the cru program to be
certain that the correct track in error byte is sent to the
tape control. The cpu program must also make sure
that repositioning and correcting instructions are ad-

| dressed to the same tape unit that read the errors.

The track in error byte should contain one bit posi-
tion, indicating which track read the errors. In normal
correction operation this should be the same bit
position that the tape control transmitted to the channel
in sense byte 3. If the byte in the Epr from the request
1iE command contains 6 and 7 bits, no correction takes
place. {The 6 and 7 bits in sense byte 3 indicated that
no track in error was found.)

Correction
¢ During a correction read, characters are corrected
at the outputs of the read/write register.

® The correction is checked by computing a new
crac from the corrected data.

e Error detection is performed automatically on read
operations but error correction can only occur if Tc
is programmed to do so.

Actual correction of bytes is at outputs of the read/
write register. Bit positions from the r/w register pass
through exclusive or circuits. With no bit from the Erg,
the data passes through unchanged. When a vrc error
is detected in the »/w register, the outputs of the Epr
are gated into the exclusive oR circuits. Epr positions
that contain zero have no affect but the track in error
bit inverts the corresponding output line. If the r/w
register output in the TIE position has a bit missing, it
is restored and a bit picked up is deleted. The byte
on the R/w output lines should then be restored to its
correct condition. This procedure continues for each
error byte in the record.

To guard against false correction, a new crc charac-
ter is computed using the corrected data. At the end of
the record, the corrected crc character is combined
with the crc character from the tape. If they do not
form a match pattern, crc error turns on at the end of
the correction read.

Because the Lrcr receives data from the skew register
before it is corrected, the Lrcr may have an erroneous
bit left at the end of the correction. EPR output circuits
block Lrcr errors from the track in error. The remaining
positions of the LRcr are sampled as usual.

CE Panel

® A cE control panel is built into the front of the A
gate in each tape control unit.



e ce panel is used on 2403, 2803, and 2804 control
units.

Using the panel, a ce can check out most of the cir-
cuitry in the control and tape units without disturbing
channel. Most of the ce panel is operative only when
the off-line switch is on, logically isolating the control
unit lines from the channel interface. A select out
signal from channel will bypass the control unit and
proceed to the next control unit on line.

Data transmission operations, such as reading and
writing, can be simulated without data or controls from
the channel.

The ck panel is organized into three sections: indica-
tor lights, control switches, and plugboard. aLp page
locations for the ce panel are in Figure 9.

Indicators which are logically related are desig-
nated by a horizontal line above all the positions in the
group. A lighted indicator designates the 1 bit or “on”
conditions of the corresponding circuit.

A description of the ce panel operation is included
in the Console and Maintenance Features section.

Simultaneous Read/Write Tape Control Units

The 1M 2404/2804 tape control units attach to two
data channels and can perform write and read opera-
tions, simultaneously on two different tape units. Up to
eight tape units, of any speed, can be attached to each
control unit. Any two of the tape units can be used
simultaneously, provided the operations are not both
read or both write.

Tape units attached to a simultaneous tape control
must be modified. An additional set of read bus lines
is added to allow normal reading on one tape unit at
the same time as write/read checking on another tape
unit. Duplicate control lines are added, where needed,
to perform two operations independently.

Simultaneous tape controls are divided into four logi-
cal parts: Interface A, Interface B, read control, and
write control. Interfaces A and B connect to two data
channels, while the read and write control sections
connect to the tape units as in Figure 10.

Data flow and controls operate the same as 2403/
2803 tape control circuits. The read control section con-
tains only those circuits needed for read operations
and the write control section contains only the circuits
needed for write operations. The error pattern register
(EPR) is used only by the read control section for read
operations. There is no pr in the write control section.

In the read control section there are no circuits to
generate write bus lines to the tape unit. The write
control section does contain read bus circuits to read
check data written on tape. Two sets of read bus lines

come from the tape unit, one set to the read section and
one set to the write section. Read and write select cir-
cuits determine which set of read bus lines will transmit
data from the tape.

The two interface sections (A and B) each contain
circuits to communicate with a data channel and proc-
ess read, write, and control commands. The read con-
trol section must be used for these commands:

1. Read 4. Backspace

2. Read backward 5. Rewind

3. Forward space 6. Rewind-unload
The write control section must be used for these com-
mands:

1. Write

2. Write tape mark

3. Erase
Sense, test 1/0, no-op, and mode set commands can be
performed from either interface and either the read or
write control sections. These commands can be received
from either interface but they will try the read control
section first. If the read control is busy, a sense, test 1/0,
no-op, or mode set will attempt to select the write con-
trol section. Two commands can be processed at the
same time as long as they do not both require the
same section of the control unit or the same tape unit.

Command interference circuits are provided to pre-
vent conflict between A and B interface commands. If
one channel interface attempts to perform a read opera-
tion while the other interface is using the read control
section, a busy response will be returned to whichever
interface attempted to break in. The same conditions
apply to write operations and operations that try to
select the same tape unit.

When no interfering conditions exist, the command
interference circuits provide control lines to connect an
interface with a control section and select a tape unit.
The interference circuits “lock” the control unit sec-
tions in this configuration and generate a busy response
if the other interface attempts to select the section or
tape unit in use. The control unit will remain “locked”
until the command is completed. If a read or read
backward command detects a crc error and identifies
the track in error, the read section of the control unit
will remain connected to the interface until the sense
command is executed, This is done to keep the other
interface from selecting the read control section and
destroying the track in error information in the error
pattern register. The sense command can send the track
in error information only to the data channel that
originated the command during which the track in
error was found. The track in error information must
come from the read control section because there is
no PR in the write control section.

If the data channel ignores the read error, a new
read type command, from the same interface, will
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Figure 10, Simultaneous Read/Write Tape Control
Introduction 10-65 31




reset the found track condition. A write type command  if the other interface is not performing a write. In
from the same interface will “unlock” the command  either case the sense information will be changed by
interference circuits and select the write control section  the new operation.
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The first four functional units in this chapter are data
transmission units arranged in the order used during a
read operation:

1. Final amplifiers 3. Read/write register

2. Skew registers 4. Data register

Three units are used to provide timing pulses:

1. Read clock

2. Write clock

3. Delay counter

Shift control regulates the movement of data from
register to register in both read and write operations.
Units used specifically for error correction are grouped
together.

The remainder of the functional units provide con-

trols, error checking, and miscellaneous support func-
tions,

Final Amplifiers

® Final amplifiers shape and amplify read pulses from
the tape unit.

® Only seven of the nine amplifiers are used for seven-
track operations.

® Outputs of each amplifier are high clip and/or low
clip pulses according to the amplitude of the input
pulses.

® High and low clip acceptance requirements are
variable and are higher for write operations than
for read operations.

® QOutput of the final amplifiers is gated to the skew
registers.

Final amplifiers accept pulses from the tape unit read
bus lines and convert the pulses to high and low clip
data. The high and low clip outputs are used to set the
high and low clip skew registers.

Final amplifiers consist of biasing circuits and nine
identical amplifier tracks. In tape controls equipped
with the seven-track feature, only seven of nine ampli-
fier tracks are used for seven-track operation.

Biasing circuits establish voltage levels for clipping
within the final amplifiers to compensate for:

1. frequency differences in data signals from various
tape units.

2. different input requirements that the tape control
establishes in read and write operations.

Figure 11 illustrates signal amplitude and clipping
levels.

Functional Units
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Figure 11. Final Amplifier Clipping

The term “clip” in this usage refers to a method
of establishing amplitude requirements for the input
pulses. To generate a high clip output pulse, the input
must be above a certain level. An input signal below
this level will not generate a high clip output but may
still cause a low clip output. If the signal is lower than
the requirement for low clip output, no output will be
generated. A high amplitude input signal will generate
both high and low clip outputs.

The low clip outputs are used only for seven-track
operation. Nine-track operation establishes more criti-
cal requirements so only high amplitude pulses are
accepted from the tape unit. Input requirements are
higher in write checking operations than in read opera-
tions to insure that characters written on tape are of
sufficient amplitude to be read in subsequent read
operations.

To eliminate noise transfers from final amplifiers, the
tape control conditions gates to designate intervals in
which final amplifier outputs are acceptable. The final
amplifier outputs are deconditioned during the 1BG to
eliminate noise that may be present in the gap.

Skew Registers

» Skew registers accept data from the final amplifiers.

® Bytes are parity checked in the high clip skew
register (high clip vrc).

e Seven-track gates out of the high clip skew register
if data does not have parity error and cut of the
Iow clip register if data has parity error.

® Nine-track always gates out of the high clip skew
register.
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e Qutput of skew register is fed to r/w register and
LRC register during read operation and only to LRC
register during write operation.

The high clip and low clip skew registers are tem-
porary storage for bytes being read from the tape unit
during both read and write operations.

The name “skew” register is derived from their basic
purpose: to eliminate skew (time differences) between
bits on the lines coming from the tape unit. All the bits
in a byte may not arrive from tape at the same time.
Skew registers gather all the bits in one byte as they
arrive and then gate them out in parallel.

Low-clip pulses from final amplifiers set the low-
clip skew register, high-clip pulses set the high-clip
skew register. Both the high- and low-clip skew regis-
ters contain nine triggers. However, when the seven-
track feature is in use on a tape control, only seven
of the available nine triggers are used. In read opera-
tion, outputs from a skew register set the longitudinal
redundancy check register (Lrcr) and, the read/write
register.

In write operations, skew register output sets only
the LRCR.

Because final amplifier tracks can produce low-clip
outputs without conditioning the corresponding high-
clip output line, the same character might not be
loaded in the high and low-clip skew registers. High-
low compare circuits compare the character in the
high-clip skew register to the low-clip skew register
character. If the bit configurations of both characters
are not equal, the tape control signals compare (not a
C-Compare). High-low compare does not generate an
error condition. It is used only to gate the first bit
trigger if the high-clip skew register happens to be
blank during seven-track read (Figure 331, coordinate
1E). Ordinarily there must be a high-clip bit to set the
first bit trigger. A compare indication while the high-
clip skew register is blank means that the low-clip skew
register must contain at least one bit. If this situation
occurs during seven-track read, the first bit trigger is
turned on to generate a read clock cycle which proc-
esses the information in the low-clip skew register even
though the high-clip register is blank.

Skew Register VRC

® The skew register vrc circuit checks the parity of
bytes in the high-clip skew register.

® In nine-irack operation all bytes should have odd
parity except certain check characters.

® In seven-track operztion the correct parity (odd or
even) is specified by bit 3 of the mode register.

® In write operation, a skew register vkc error turns
on the high-clip vrc check trigger, the data check
trigger, and the unit check trigger.
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e In read operation no errors are signaled. The skew
register vRc circuit determines whether the high-
clip or low-clip skew register is gated out during
seven-track read or write.

e Nine-track eperation always uses the high clip.

Each byte of data entering the tape control from the
tape unit passes through the high-clip or low-clip skew
register. The skew register vec circuit checks the parity
of bytes only in the high-clip skew register. Bytes from
the low-clip skew register are used only during seven-
track operation when the high-clip register vec finds
incorrect parity. For all nine-track operations or seven-
track operations without errors, the high-clip skew
register bytes are used.

The skew register vrc circuit looks for odd parity
during all nine-track operations. In seven-track opera-
tion the skew register vec looks for odd or even parity
according to the condition of mode register 3.

Skew Register Parity Detection

Actual parity checking is done by checking the register
positions in three groups of three. The left side of
Figure 208 illustrates the division of positions. Each
of the three circuits performs the same operation. Out-
puts of the three circuits, in turn, form inputs for a
fourth check circuit. The fourth circuit produces the
single output line representing the parity of all nine
positions.

Figure 208, positions 5, 6, and 7 are checked by four
AND circuits and an or circuit. Each axp circuit repre-
sents one of four possible odd combinations of 5, 6,
and 7. The four AND circuits represent:

5 not 6or7

6 not Sor7

7 not Sor6 Any one or all three
5,6,and 7

Any other combination would have an even number of
bits. No bits are considered even parity.

No more than one of the anp circuits should be
active at any time. If one of the anD circuits is active,
then 5, 6, and 7 must be odd. If none of the aAND circuits
is active, then 5, 6, and 7 must be even. Any active line
to the oR circuit means that 5, 6, and 7 have odd parity.

The same logic applies to the other two groups of
positions. Positions 2, 3, and 4 are checked as a group
and position P, 0, and 1 are checked as a group. The
nine positions have been reduced to three parity check
lines. These three lines represent input conditions for
the fourth check circuit.

The fourth check circuit performs the same func-
tion as the first three except that each input represents
three register positions instead of one. The four anp
circuits of the fourth group then represent four pos-
sible odd parity group combinations.



P,0,10dd 2, 3,4 and 5, 6, 7 even

2,3, 4 odd P,0,1and5, 6,7 even
5,6,7 odd P,0,1and 2, 3,4 even
All three groups odd

Only one of the four conditions can be active at any
given time. Any active condition indicates that the
total number of bits (in all three groups combined) is
an odd number. If none of the fourth group Anp cir-
cuits is active, then the total number of bits must be
even. Output of the fourth group or circuit is active
(—B level) if the total number of bits is odd. Output of
the onr circuit is + B if the total number of bits is even.
The output is one line which represents the parity of
the high-clip skew register: minus for odd parity, plus
for even.

Skew Register Parity Conditions

The skew register parity circuit checks for odd or even
parity depending on the situation. For nine-track
operation all data bytes are checked for odd redun-
dancy. For seven-track operation the setting of bit 3 in
the mode register determines whether the check cir-
cuit checks for odd or even parity.

The line called “+B odd redundancy” is generated
by mode register circuits. During nine-track operation
the “odd redundancy” line remains active. This means
that the skew register vrc circuit looks for odd parity
(except check characters). If an even parity byte is
found, a high-clip vrc is generated.

In seven-track operation the “odd redundancy” line
condition is determined by mode register 3. If mode
register 3 is on, odd redundancy is active. If mode
register 3 is off, the vrc circuit checks for even parity
bytes.

The odd redundancy line is held inactive (even re-
dundancy) during seven-track write tape mark opera-
tions regardless of the mode register. A seven-track
tape mark and its Lrcc each contain an even number of
bits. The skew register VRC circuit must accept even
redundancy, when read checking the seven-track write
tape mark, even though mode register 3 specifies odd
parity.

CRCC and LRCC Parity depends on whether the
number of bytes in the block is odd or even.

Before first check character time, (read checking)
each input character from tape steps the binary odd-
even character count trigger. After the first check char-
acter trigger is set at mop-36, (before crcc or Lrce
arrive) count trigger stepping is blocked. If the count
trigger is left on, the record character count is odd; if
the trigger is off, the count is even.

In nine-track operation, when the crca is read, it is
parity checked in the high-clip register. If the char-
acter count was odd (count trigger on), the crcc must
have even parity; if the count is even, the crcc must be

odd. AND circuit 3F (in the center of Figure 208) ad-
justs the parity circuit error output at nine track crc
character time. The Lrcc should always be odd (for
nine-track). If these conditions are not satisfied, a skew
register vie is signaled in seven or nine track:

1. Even parity blocks, Lrcc redundancy must also be
even. The record character count has no bearing.

2. Odd parity blocks, Lrcc must be odd if character
count is odd, or LRcc must be even if the count is even.

AND circuit 3G (in the center of Figure 208) adjusts
the parity check circuit for error output at seven-track
Lrc character time. If the above conditions are not
satisfied, a skew register vRc is signaled.

Skew Register Parity Errors

The type of operation being performed determines how
the skew register parity (vrc) signals are used. In
seven- and nine-track write operations the errors turn
on a vic check trigger. In seven-track operations only,
the errors gate out the low-clip skew register.

Write op gates the aAnxp circuit that turns on the
high-clip vac check trigger (Figure 208). The write op
line is active for write, write tape mark, and erase com-
mands. If the high-clip skew register contains incor-
rect parity during one of these commands, the error
trigger is turned on at read clock 9. At the same time
a signal is generated to turn on data check and unit
check. During other operations no data or unit checks
are generated by the high-clip vrc circuit.

During all nine-track operations the byte in the high-
clip skew register is gated out regardless of errors. If
an error is detected during seven-track read or write,
the low-clip byte is gated out. The low-clip informa-
tion cannot be gated out during nine-track operation.
The only time a low-clip byte is actually used is when
a high-clip error occurs during a seven-track opera-
tion. Gate out low-clip or high-clip can be generated
during read and write but the bytes can enter the
read/write register only during read (or read back-
ward ). Refer to Figure 331, coordinates 3D.

Read/Write Register

® During write operations the read/write register
accepts bytes from the data register and transmits
the bytes to the tape unit via the write bus lines.

¢ During read operations the read/write register ac-
cepts bytes from the skew registers and transmits
the bytes to the data register.

e A vertical redundancy check (vrc) circuit looks for
parity errors during read operation and generates
parity bits during write operation.

e Error correction is done at the outputs of the read/
write register during error correction read operation.
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e r/w register contains nine latches, P through 7, to
store data.

e r/w register 0 and 1 positions are not used for seven-
track operations.

As its name implies the read/write register is used for
both read and write operations.

In write operations, the read/write register accepts
data from the data register and/or the translator and
transmits characters to the selected tape unit via the
write bus. In read operations, the read/write register
receives tape unit input data from the high-or low-clip
skew register and transfers characters to the translator
and/or data register. Although the read/write register
contains nine data triggers, only seven triggers are
used in seven-track operation. The read/write register
is in Figure 401. During read forward operation all
characters from the tape except the Lrc character pass
through the read/write register. During read back-
ward all characters from tape pass through the read/
write register, however, the Lrc character is not gated
into the cro register.

During write operations all data bytes pass through
the read/write register. The crc character also is gated
through the read/write register but the rrc character
is not.

In a write tape mark operation, normal inputs to the
read/write register are not conditioned. A nine-track
write tape mark sets read/write register positions 3, 8,
and 7. A seven-track write tape mark sets read/write
register positions 4, 5, 6, and 7. The tape mark byte is
transmitted to the tape unit on the write bus lines.

Vertical redundancy check circuits test each charac-
ter loaded in the read/write register for parity. The
status of mode register 3 determines whether the
character is checked for odd or even parity during
seven-track operations. In write operations, the read/
write register parity circuits generate the output parity
line bits (P bit) to the tape unit. A parity error in the
read/write register during a read operation sets the
read/write register vic, data check triggers, and unit
check.

Actual correction of error bytes is done at the outputs
of the read/write register. As an error byte passes
through the read/write register in a correction read,
the track in error bit in the Epr inverts the track in
error position. If a bit had been dropped, it would be
replaced; if a bit had been picked up, it would be
deleted.

To write the Lrc character at the end of a block the
write pulse control line sets read/write register posi-
tions 0 to 7 and resets the P position. The read/write
VRC circuit supplies a write bus P to the tape unit.
Active outputs from the read/write register are used to
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deskew the Lrc character at the end of a write opera-
tion.

Read/Write Register VRC

e The read/write register vic circuit checks the parity
of bytes in the read/write register.

® In read or read backward, the vrc circuit is used to
detect data errors which turn on data check and
unit check.

e In write operation, the vrc circuit does not detect
errors. It generates the correct parity for each byte
written on tape.

e Parity checking is suspended (by forcing correct
parity) during RDD$5-158. This is done during read
or read backward operations while the track in
error is being located.

e crcc parity is checked only during forward read in
the r/w VRc.

® LRCC parity is not checked in the r/w vrc.

Each byte that passes through the read/write register
is parity checked by the read/write (R/w) register
vRC circuit. Output of the r/w vrc circuit performs
different functions for read and write. During read or
read backward operations, the r/w VRc circuit checks
the parity of data bytes from the tape unit. If an error
is detected, the rR/w VRc error trigger is turned on and
data check and unit check are set.

During write operations, the R/w vrc circuit does not
indicate errors. If a byte with incorrect parity is de-
tected in the r/w register, the R/w VRc circuit generates
a parity bit to be written on tape with the data portion
of the byte to replace the stripped P bits. All of the
data bytes on tape should then have correct parity.
Parity bits are stripped from the bytes at the data
register.

R/W Register Parity Checking

Parity checking is done by checking the r/w register
positions in three groups of three. The left side of
Figure 207 illustrates the division of positions. Each
of the three circuits performs the same operation, Qut-
puts of the three circuits, in turn, form inputs for a
fourth check circuit. The fourth circuit produces the
single output line representing the parity of all nine
positions.

In Figure 207, positions P, 0, and 1 are checked by
four AND circuits and an oR circuit. Each aAND circuit
represents one of four possible odd combinations of
P, 0, and 1. The four anp circuits represent:

P not Oorl

1 not OorP
0 _-r Any one or all three
0> 1: and P



Any other combinations would have an even number
of bits. No bits are considered even parity.

No more than one of the anD circuits should be active
at any time. If one of the anD circuits is active then P,
0, and 1 must be odd. If none of the aND circuits is
active, then P, 0, and 1 must be even. Any active line to
the or circuit means that P, 0, and 1 have odd parity.

The same logic applies to the other two groups of
positions. Positions 2, 3, and 4 are checked as a group
and positions 5, 6, and 7 are checked as a group. The
nine positions have been reduced to three parity check
lines. These three lines represent input conditions for
the fourth check circuit.

The fourth check circuit performs the same function
as the first three except that each input represents three
R/W register positions instead of one. The four anp
circuits of the fourth group then represent four possible
odd parity group combinations:

P,0,1 odd 2,3,4,and 5,6, 7 even
2,3,4 odd P,0,1,and 5, 6, 7 even
5,6, 7 odd P,0,1,and 2, 3, 4 even

All three groups odd
Only one of the four conditions can be active at any
given time. Any active condition indicates that the total
number of bits (in all three groups combined) is an
odd number. If none of the fourth group anp circuits is
active, then the total number of bits must be even.
Output of the fourth group or circuit is active (—B
level) if the total number of bits is odd. Qutput of the
OR circuit is +B if the total number of bits is even.
The output is one line which represents the parity of
the »/w register: minus for odd parity, plus for even.

R/W Register Parity Conditions

In Read: The »/w vRe circuit checks all data bytes
in seven- or nine-track mode. In read or read backward
operation, the r/w vrc indicates data errors. The cor-
rect parity for the r/w register can be either odd or
even, depending on the situation. Nine-track data bytes
are always odd. Seven-track data can be odd or even,
depending on the setting of bit 3 in the mode register.

In Figure 207, just above the test point chart, is a line
called +B odd redundancy. This line is developed
by the mode register circuits. During nine-track data
transmission it remains plus to make the vrec circuits
accept odd parity. In seven-track write tape mark or
seven-track with mode register 3 off, the odd redun-
dancy line will be minus to accept even redundancy
bytes. Seven-track operation with mode register 3 on
will be in odd redundancy mode (the same as nine-
track).

Output of the odd redundancy adjusting circuit indi-
cates whether the r/w register contains correct parity,
either odd or even, according to the operation. The vrc
error indication is further conditioned by what part of

a block is being processed. Check characters can be odd
or even depending on the byte count of the block.

R/W VRC errors turn on the R/W VRC error trigger
during read or read backward operations. Normally the
status of the B/W VRe circuit is sampled at shift data
time. Each data byte in the r/w register is checked
when the shift data pulse is active. If an error is de-
tected during read or read backward, the r/w vmc
error trigger, the data check trigger, and the unit check
trigger are turned on.

In Write: The r/w vRC generates the correct data
parity bit to be written on tape but does not indicate
errors.

The r/w VRC circuit does not indicate errors during
write operations. The R/W VRC circuit generates the
parity bit to be written on the tape. Write data bytes
in the r/w register do not have a P position. The »/w
VRC circuit generates a P bit, when needed, to write
correct parity bytes on tape. Output of the r/w vrc
circuit drives the write bus P line during write opera-
tions. Either write trigger release or write pulse control
must be active to gate the r/w vrc line onto write
bus P.

During nine-track write, the crc character is devel-
oped in the crc register. The crcc to be written passes
through the r/w register to the write bus lines, to the
tape unit. Since the crcr automatically generates parity
(P bit) according to byte count, the r/w VRC circuit
must not modify the croc parity. The /W VRC circuit
is forced to indicate correct parity from wop47 to wop7s,
while the crcc is written on tape, to prevent alteration
of the previously generated parity bit.

During data writing, the write trigger release line
gates the /W VRC output to write P bits. The write
pulse control line remains active, after the write trigger
release falls, to generate a P bit to deskew the Lrcc.
Write pulse control forces a ®/w vmc error. At the
same time it gates the vrc error to the P write bus.

When a CRCC Is Processed in nine-track read for-
ward, no shift data pulse is generated. A substitute
sample pulse must be generated to check the crcc
parity. In the lower right comer of Figure 207, the
crce sample pulse is generated at ropss-sé time of a
nine-track read (forward) operation. If there is a
parity error in the crec, the r/W VEG error trigger, data
check, and unit check are turmed on.

Parity of a crcc cannot be checked in read backward
because the byte count of the block is not known until
after the crcc has been read. During backward check
character time, the read/write VRC circuit is forced to
a correct indication by the backward trigger. After the
check characters have been read, the backward trigger
is reset and normal data checking resumes during the
data portion of the block.
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If An Error Is Detected during a nine-track read or
read backward, an attempt is made to identify the
track that contains the error. r/w register parity check-
ing is suspended by a line called “+B gate crcr to r/W
bus” from roD95 to RoD158 at the end of a block which
has an error. During this time the r/w register is used
to locate a track in error. The vRre circuit is forced to
indicate correct parity regardless of the r/w register
status.

During nine-track read or read backward operations,
each R/W VRC error generated an input pulse to the 7
position of the error pattern register (Epr). The EPR
develops a bit pattern that represents the number of
vRC errors and their locations in the block. This error
pattern is used to identify a track in error for error
correction.

C-Compare Checking

The C-Compare circuit monitors the parity of data as
it is transmitted through the tape control unit. Parity
of the read/write register is one of the check points
used in the C-Compare circuit. Further information can
be found under “C-Compare” in the functional units
section of this manual.

The odd/even count of r/w register positions is used
without considering the condition of the odd redun-
dancy line from the mode register. Output to the
C-Compare circuit is called “+B r/w 76543210 odd.”
This line does not include P bit condition as a factor.
Parity of bits 0-7 is derived from P, 0-7 8/w VRC cir-
cuits adjusted by four AND circuits at the top of Figure
207. The four anD circuits are needed because of error
correction.

In aND circuits 1D and 1E, the two center ones,
adjust the parity to leave out the P bit during normal
read and write operations. The line “~B EpR to corr”
can go minus only during error correction, when a
R/W VRC error occurs and the track in error is not the
P track. For non-correction operations the two center
AND circuits effectively eliminate the P bit from the
parity indication line to the C-Compare circuit. If the
total P-7 parity is even and there is no P bit, then 0-7
must be even (1D). If the total P-7 parity is odd and
there is a P bit, then 0-7 must still be even (1E). If
the reverse of either two conditions exists, then 0-7 must
be odd. Any active input to oR circuit 1F indicates that
0-7 parity is even.

The other two AND circuits are used only when a byte
is being corrected with no bit in the P position of the
EPR. Adding or deleting (correcting) a bit in 0-7 will
reverse the parity. The two outside axp circuits (1C
and 1B) detect when the r/w register 0-7 parity is odd
but about to be changed by correction. The output to
the C-Compare circuit reflects correct r/w 0-7 parity
before that byte is actually corrected.
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Data Register
® During write operations, the data register accepts

data from the “bus out” lines and transmits the data
to the translator or read/write register.

® During read operations, the data register accepts
data from the translator or read/write register and
transmits the data to the “bus in” lines.

® In seven-track write operation, data converter on
mode, the data register converts 3 eight-bit bytes
to 4 six-bit characters and for read operation 4 six-bit
characters to 3 eight-bit bytes.

® Data register contains 12 latch positions (1 through
12).

e Positions 5 through 12 are used both for seven-track
compatibility and nine-track operations (Positions
1 through 4 are only used for seven-track Data
Conversion feature ).

e Data register itself is not parity checked; its data is
parity checked prior to entry and after it exits.

The data register accepts eight-bit data bytes from the
interface in write operations and processes eight-bit
bytes to the interface in read operations. The data
register contains twelve triggers. Only eight of the
triggers are used for nine-track operation because the
data register does not store parity bits. The four re-
maining data register positions are used during seven-
track data convert operation. In write operations, the
tape control checks interface data characters for cor-
rect parity and discards the character’s parity bit prior
to transferring the character to the data register. In
read operations, parity bits are not set in the data
register, but the tape control checks output data regis-
ter characters and adds parity bits when necessary to
produce correct parity for transmission to the channel.

Nine-track Operation

A tape control not equipped with the seven-track fea-
ture can perform read and write operations only in
nine-track mode. Each byte transferred to the data
register sets data register triggers 5 through 12 cor-
responding to the bits in the byte; triggers 1 through 4
are not used (Figures 305 and 306). Bytes transfer
from data register triggers 5 through 12 unchanged to
either read/write register triggers 0 through 7 in write
operations or to the interface in read operations. Each
byte loaded in the data register must be unloaded be-
fore more data can be stored.

Seven-track Operation
Tape controls equipped with the seven-track feature

can execute read and write operations in either pc on
or oc off mode. All data transfers between the tape



control and the interface are in eight-bit code; six-bit
characters are stored in the read-write register to be
transferred to the selected tape unit.

DC On Mode (Seven-track only)

When the mode register designates that the operation
be performed in pc on mode, the tape control forces
odd redundancy mode. In a write operation (using all
12 positions ), the data register transfers 4 six-bit data
characters to the read-write register for every 3 input
eight-bit characters. In a read operation (using all 12
positions ), the data register transfers 3 eight-bit char-
acters to the interface for every 4 six-bit input char-
acters from the tape unit. For more information refer to
“Data Conversion” in the features section of this
manual.

DC Off Mode (Seven Track)

In pc off mode each character transferred to the data
register sets data register triggers 5 through 12 cor-
responding to bits in the character; triggers 1 through 4
are not used. Each character loaded in the data register
must be unloaded before more data can be stored.

Translator Active: When the mode register desig-
nates pc off mode and specifies that the translator be
activated, the data register and the bi-directional trans-
lator combine to convert either Bcp characters to eight-
bit code in read operations or eight-bit code charac-
ters to BCD in write operations (Figure 307). To effect
the translation in a write operation, the character in
the data register transfers to the translator, but bits in
data register positions 10 and 12 transfer directly to
the read-write register to set read-write register 5 and 7
triggers, respectively. Bits from the translator set read-
write register triggers 2, 3, 4, and 6.

In a read operation, the character in the read-write
register transfers to the translator, but the “on” states
of read-write register 5 and 7 triggers set data register
triggers 10 and 12, respectively. Bits from the trans-
lator set data register positions 11 and 5 through 9.

Translator Inactive: When the mode register desig-
nates oc off mode and specifies that the translator not
be activated:

1. The data register transmits the eight-bit interface
byte to the read-write register in a write operation, but
the read-write register accepts only six of the eight bits.
Bits in data register positions 5 and 6 do not transfer
to read-write register positions 0 and 1. Bits in data
register positions 5 and 6 are lost.

2. The data register transmits eight-bit bytes to the
interface in read operations although the read-write
register transfers only six bits to the data register. Data
register positions 5 and 6 always contain zeros (bit
positions 0 and 1 in the character transferred to the
interface are zero).

Bus Out Parity Check

e Nine bus out lines can contain a data byte for write
operations, a command byte or an address byte
during initial selection.

o Information on bus out lines must always be in odd
parity.

e Bus out parity is checked during write data, com-
mand byte, and address byte time, however, a bus

out error is only indicated during write data and
command byte time.

® Bus out parity error will set unit check of the status
byte.

Each byte entering the tape control from the bus out
lines should have odd parity. The data channel inserts
a P bit, when needed, to make the bus out parity odd.
Bus out parity check examines every byte to detect
errors in transmission from the channel to the tape
control.

Parity

Parity checking is done by checking the bus out lines
in three groups of three lines. The left side of Figure
200 illustrates the division of bus out lines. Each of the
three circuits performs the same operation. Outputs of
the three circuits, in turn, form inputs for a fourth
check circuit. The fourth circuit produces the single
output line representing the parity of all nine lines.

In Figure 200, bus out lines 0, 1, and 2 are checked
by four axp circuits and an or circuit. Each AND circuit
represents one of four possible odd combinations of
0, 1, and 2. The four AND circuits represent:

2 not OQorl

i not Oor2

0 not lor2

0,1,and 2

Any other combination would have an even number
of bits. No bits are considered even parity.

No more than one of the anp circuits should be
active at any time. If one of the AND circuits is active,
then 0, 1, and 2 must be odd. If none of the aND circuits
is active, then 0, 1, and 2 must be even. Any active line
to the oR circuit means that 0, 1, and 2 have odd parity.

The same logic applies to the other two groups of
bus out lines. Positions 3, 4, and 5 are checked as a
group and positions 6, 7, and P are checked as a group.
The nine bus out lines have been reduced to three
parity check lines. These three lines represent input
conditions for the fourth check circuit.

The fourth check circuit performs the same function
as the first three except that each input represents
three bus out lines instead of one. The four AND circuits
of the fourth group then represent four possible odd
parity group combinations:

Any one or all three
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6,7, P odd 0,1,2 and 3,4, 5 even

3,4, 5 o0dd 0,1,2,and 6,7, P even

0,1, 2 odd 3,4,5,and 6,7, P even

All three groups odd
Only one of the four conditions can be active at any
given time. Any active condition indicates that the
total number of bits (in all three groups combined) is
an odd number. If none of the fourth group anp cir-
cuits is active, then the total number of bits must be
even. Output of the fourth group or circuit is active
{ —B level) if the total number of bits on the bus out
is odd. Output of the or circuit is +B if the bus out
bits are even (error condition).

Parity Error Trigger

Even parity represents an error condition. The even
parity condition gates two AND circuits which can turn
on the bus out parity error trigger. The top anD circuit
samples the parity condition each time a command is
received during initial selection. The bottom anp cir-
cuit samples the parity of each byte of data during
write operation. The bottom Anp circuit also samples
the track in error byte transmitted during a no-op re-
quest (request TIE) operation.

If an even parity byte (command or data) is re-
ceived, the bus out parity error trigger turns on. Out-
put of the trigger places a 2 bit in sense byte 1. Bus
out parity error or command parity error will turn on
unit check (status bit 6) to signal an error condition.

Address Parity

The parity checking circuit is active all the time but
the error trigger can be turned on only during initial
selection (command out), write operation or no-op re-
quest. Qutput of the parity check circuits is used dur-
ing address out time of initial selection even though
the error trigger cannot be turned on at that time. The
parity check circuit gates the “control unit addressed”
circuit if the address byte contains the correct (odd)
parity. If the address byte contains even parity, the
control unit will not accept it.

Shift Control

o All data processed by the tape control unit requires
shift data pulses.

e Shift data pulses are generated only during write,
read, or read backward.

® During write operations, shift data pulses control
data transfers from the channel interface to the data

register and from the data register to the read/write
register.
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¢ During read or read backward, shift data pulses
control data transfers from the read/write register
to the data register and from the data register to
the channel interface.

e Error correction circuits require shift data pulses
to develop the cyclic redundancy check character
(crec) and error pattern.

“Shift data” is the controlling pulse for data transfers
in the tape control unit. Write, read, and read back-
ward require shift data pulses to synchronize data
movement. Shift control circuits are shown on Figure
408. Figure 600 illustrates shift data timing in write
and read operation.

The heart of shift control is two singleshots: one 600
nanoseconds, the other 1 microsecond. A small timing
chart at the bottom of Figure 408 shows the time rela-
tionship of the two singleshots. Three distinct pulse
timings are provided by using both singleshot outputs
separately and combining them to form a third (ss-2)
pulse.

Output of the 600 ns singleshot drives the tape de-
mand circuit and the data shift circuits. Output of the
1 ps singleshot drives the overrun and service in tag
circuits. The combined or ss-2 pulse is used for resets
because it is the last 400 ns of the 1 us pulse. Data
should have been completely transferred (between
the read/write and data register) before ss-2 rises.

The key to shift data operation is the “start shift”
line which drives both the 600 ns and the 1 ps single-
shots. A positive shift on the “start shift” line starts
both singleshots at the same time. Timing of the start
shift pulse determines when data will be moved through
the tape control unit.

Start shift is generated by an anp circuit with 8 legs
(Figure 408). During normal operation the controlling
leg of the anD circuit is the »/w control trigger. Six
of the eight legs establish conditions under which data
is allowed to move. Data will not be processed if the
first character tape mark trigger is on or if the transfer
data line is down. Set overrun, set R/w control, service
in'trigger, or service out can block the start shift pulse.

The circuits which set the r/w control trigger also
block the start shift pulse. The start shift pulse will not
begin until the originating signal falls. In read opera-
tion, start shift will begin at the end of rc reset. In write
operation start shift occurs when wc-2 falls or actually
WC-3.

Data Transmission

The read/write control trigger indicates when the
read/write register requires a data shift. During write
operation the »/w control trigger is set at wc-2. The
following shift pulse loads data into the read/write



register to be written on tape at wc-6-10. For read
operation the r/w control trigger is set at mc reset
time, after a byte has been read from tape into the
read/write register, A shift pulse then moves the byte
into the data register, making room for the next byte
in the read/write register.

During the data transmission portion of an opera-
tion, the output of the 600 ns singleshot provides gat-
ing pulses for data. The line is called +B shift data.
The shift data line also gates the demand circuit to
turn on service in. The byte counter is stepped by the
same shift data line only during data conversion (op-
tional features).

Four gates, controlled by the shift data line, transmit
data back and forth between the read/write register
and the data register. The four gates are:

Rd shift byte 2 or 4 R/ W reg to data reg
Wi shift byte 2 or 4 Data reg to 8/ w reg
Rd shift byte 1 or 3 R/ W reg to data reg
Wrshiftbyte lor3  Datareg tor/wreg

The last two gates are active only for data conversion
(lower right corner of Figure 408, and Figures 309 and
310).

Six other data gates are controlled indirectly by shift
data. These six gates control transmission of data from
the bus out lines to the data register (write) and from
the data register to the bus in lines (read). The six
gates are “read bytes 2, 3, and 4” and “write set bytes
1,2,and 3.7

Read byte 4 and write set byte 3 are used for stand-
ard operation (Figures 305, 306, 307, and 308). The
other four gates are used only in data convert opera-
tions.

“Service in” is the line which controls the six data
register gating circuits. Service in is controlled by shift
data. Shift data generates a demand pulse that turns
on the service in trigger. For read operations, service in
gates the data register onto the bus in lines with read
byte 4. After a delay of about a microsecond, service
in notifies the data channel that the byte is available.

During write operation, service in tells the channel
that a byte is needed. When the channel has placed the
new byte on the bus out lines, service out rises (from
channel). Service out and service in (delayed) are
anv’ed with write to bring up write set byte 3. Service
out (delayed) resets the service in trigger in prepara-
tion for the next shift.

Ending Conditions

The r/wW control trigger is reset each time a shift data
pulse occurs. The r/w control trigger was turned on to
indicate that a shift was needed. When the data shift
accomplishes its purpose, the control trigger must be
reset to prepare for the next byte of data.

At the End of a Write Operation, shift pulses are

stopped by the stop data transfer trigger. Each clock
cycle attempts to set the trigger but the trigger is held
reset until write op and the stop trigger are on at the
same time. The stop trigger is set when the channel re-
sponds to service in with command out.

The shift data line, to turn on the stop data transfer
trigger, is used during data conversion operation. The
turn on circuit for normal write operations is activated
by the write clock D trigger. The D trigger is on during
the last half of the write clock (8-15). A stop during
this time will immediately bring up the stop data trans-
fer line to block shift data.

At the End of a Read Operation, shift pulses are
stopped by blocking the circuit which turns on the »/w
control trigger. “Rc reset not write” is blocked by read
op and first check character (bottom of Figure 206).
The same circuit blocks shift pulses during check char-
acter time of a read backward, while the “backward
trigger” is on.

The data channel can terminate a read or read back-
ward operation before all the data has been read. When
a service in is sent to the channel the expected response
is service out. If the channel (program) decides to end
the operation, a command out is sent in place of service
out. Service in and command out turns on the stop trig-
ger. The stop trigger, in turn, blocks demand but does
not block shift data.

The remaining bytes in the block are read and
shifted as far as the data register but no more attempt
is made to transfer data across the interface.

Unusual Shift Conditions

A shift data pulse can be generated by the circuit
which sets “data convert check.” This circuit provides
an extra shift pulse when data conversion is performed
on data which does not contain a multiple of four
characters on tape. Further explanation can be found
in the section on “Data Conversion Feature.”

It is possible for the shift control circuits to generate
two shift data pulses in the same read clock cycle. If
the first byte of a block happens to have the bit con-
figuration of a tape mark, the tape control will retain
that byte to see if it is a true tape mark. If the next
byte proves that the configuration is data, the tape
control must transfer both bytes to “catch up” before
the third byte arrives. The “extra” shift pulse is gen-
erated when the first character tape mark trigger is
reset, allowing a start shift pulse at rc-0. A regular start
shift will be generated at rc reset of the same clock
cycle.

The “first character tape mark trigger” line was able
to generate a shift pulse in this situation because the
R/w control trigger remained on from the first read
clock eycle. “rc reset not write” turned on the »/w
control trigger in the first read clock cycle but since
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the first byte appeared to be a tape mark the first
character tape mark trigger blocked the start shift
pulse. Because no shift pulse was generated, the r/w
control trigger remained on to “remember” that the
read/write register contained a byte. When the second
byte proved to be data, the first character tape mark
trigger was reset at rc-0, which allows the extra shift
pulse.

A similar situation can arise during backward read
when there is no crcc (nine-track) or when there is
no check character at all (seven-track). If the control
unit determines that bytes are being read at data
spacing instead of check character spacing, an extra
shift pulse must be generated to catch up. The read/
write control trigger is set at read clock 0 and again
at read clock reset. This condition is explained in more
detail in the read backward operation.

During read or read backward operations, a “lost
character” indication will generate a start shift. When
loss of a complete character is detected, the shift pulse
is needed to keep error correction circuits in step. See
lost character under “Functional Units.”

Overrun

® Overrun basically checks the capability of the
channel to service data requests from the control
unit—both read and write.

® During a read operation, the overrun is detected if
channel response is two clock cycles late.

® During a write operation, the overrun condition is
detected if the channel response is one clock ecycle
late.

® Overrun condition will inhibit any more data re-
quests to the channel.

°e An overrun error will set “unit check” in the end
status byte.

The overrun circuit monitors data transfer timing be-
tween the control unit and the channel. If the read/
write control trigger or shift data indicates that the
channel is not accepting or sending data at the same
rate as the tape control unit, an overrun error is sig-
naled. An overrun condition can also occur if the
channel responds late with a command out prior to
the beginning of the next write clock cycle. An over-
run condition is relative to both read and write opera-
tions. The effect of an overrun error is to set unit
check and to inhibit any more data transfer between
the channel and the tape control unit. Figure 600
illustrates shift control timing and overrun timing.

The overrun conditions are indicated by the dotted
lines.
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Write Overrun

In a write operation, there are two conditions which
constitute an overrun error. The first condition is the
assumption that the channel fails to respond with
service out to service in which was sent by the tape
control unit. This is the overrun condition shown on
the timing chart of Figure 600. Because the channel
did not respond with service out, the service in trigger
was not reset on this clock cycle. This is shown on
Figure 408. Thus, no “start shift pulse” could be gen-
erated on the next write clock 3 time. The read/
write control trigger did turn on at wc-2 of the next
clock cycle but there is no shift data pulse to reset it.

With reference to Figure 408, the output of the r/w
control trigger attempts to turn on the set overrun
trigger every cycle. Normally, the set overrun trigger
will not latch on because the r/w control trigger is re-
set by shift data before the next write pulse (wc-6-10).
Because the output of set overrun is taken from the
AND half of the trigger, no output is available until the
“latch back” (write pulse) is brought up.

It the r/w control trigger is still on when the next
write pulse arrives, the set overrun trigger will turn
on the overrun error trigger which in turn sets the unit
check and sets the stop trigger. An overrun error con-
dition occurred because the service in/service out re-
sponse did not supply a new byte in time for the fol-
lowing write clock cycle.

The second type of overrun error in a write opera-
tion can be caused by a “late stop” condition. Normally,
a stop (command out from the channel) will occur
during the last half of a write clock cycle. The stop
data transfer trigger can be turned on while the write
clock D trigger is on from 8 to 15 time. The write clock
will reset and stop when it reaches wc-14-15, If the stop
occurs after wc-14-15, the write clock must continue to
run and complete another cycle. A stop which occurs
after wc-14-15 time, but before the shift data pulse
(wc-3) of the following cycle is called “late stop.”
During this time, it is too late to stop the write clock
so a shift data will occur after the stop trigger turns on.
The stop data transfer will turn on at shift data time
in this case. Overrun is signaled because the extra
shift pulse occurred after data should have stopped.

The circuit to detect the late stop condition is in the
lower left portion of Figure 408. The “late stop” anp
circuit is the key point. If this AND circuit is made a
“late stop,” overrun error is signaled.

The top leg of the AND circuit is “stop data transfer”
which can only come up after the “stop” trigger turns
on and either a shift data or wc-p time. The two cen-
ter legs are write clock timings, not wc-p and wc-a.
This limits the set overrun to write clock 1 and 2 or
5 and 6. When a “late stop” condition occurs, an over-
run error is turned on at wc-5-6. Because stop data



transfer cannot turn on until shift data time (wc-3)
overrun is not turned on at write clock 1 or 2.

The gate overrun trigger is set to remember that a
stop signal has not been received between write clock
8 and 15 time. Thus, there is a possibility that a late
stop may occur. The gate overrun trigger is set by the
wc-p trigger (8-15 time) and is only reset if a stop
signal occurs during write clock 8 to 15 time. Notice
the reset to the gate overrun trigger is activated by
the setting of another trigger at 5D, 5E. This trigger
will be set if the stop trigger is activated during wc-p
time which is 8 through 15 time. If a stop condition
occurs while the wc-p trigger is on, the gate overrun
trigger will be held reset to block a late stop overrun
error.

Each time a wc-p pulse occurs without a stop, the
late stop AND circuit has the two lower legs condi-
tioned. A late stop (command out after wc-15) fol-
lowed by a data shift pulse at wc-3 will turn on stop
data transfer to condition the top leg of the “late stop”
AND circuit. When wc-a comes on at write clock 5-6
time, the gate overrun AND circuit turns on the overrun
error trigger.

Read Overrun

The overrun circuits perform a timing check during
read and read backward operations. The overrun cir-
cuits check the ability of the channel to accept data
bytes from the control unit at the same rate that the
control unit is accepting the characters read from tape.
If channel cannot accept at the same rate, the overrun
error indication will be set which in turn sets the unit
check and will inhibit any more data transfers to the
channel. Once again, on Figure 600, an overrun con-
dition is indicated by the dotted lines on the timing
chart. The circuits for overrun recognition are on
Figure 408.

The tape control will allow the channel more time to
respond to service in during read or read backward
than in write operations. Since the control unit has the
storage area to store one data character in a data regis-
ter and another in the read/write register, it will allow
the channel more time to respond to the service in re-
quest during the read and read backward operations.
The timing chart on Figure 600 shows the effect of an
overrun condition caused by the channel’s failure to
respond with service out on the first service in request.
On the first read clock cycle all conditions occur
normally; however, due to the absence of the service
out response, the service in trigger will not be reset.
Thus, on a second data byte, or read clock cycle, read/
write control trigger is set but a shift data pulse is not
generated because service in is still active. The first
data byte is sitting in the data register while the second
data byte is located in the read/write register.

In Figure 408, it will be seen that the active state of
the read/write control trigger will retain a constant set
to the set overrun trigger. Therefore, on the third read
clock 6 pulse, because read/write control trigger is still
active, the set overrun trigger will be allowed to latch
back and indicate an overrun error. Thus, setting unit
check and setting the stop trigger will inhibit any more
data transfers. Immediately upon setting the stop trig-
ger, the tape control unit can no longer generate any
more tape demand pulses to activate the service in to
the channel.

During read and read backward commands, the over-
run error condition cannot be generated until the third
read clock cycle. During the first read clock cycle of any
group of three, service in is activated and shift control
functions normally. During the second read clock cycle,
read/write control trigger is again set but a shift data
pulse cannot be generated while service in is still active
(no service out to reset service in). During the third
read clock cycle, since Tcu cannot accommodate an-
other data byte, overrun error becomes active at read
clock 6 time.

C-Compare

e C-Compare check circuit checks parity changes of
the data byte between bus out and the r/w register
on write operations.

e C-Compare will check the parity changes of the
data byte between the r/w register and the bus in
lines during a read/read backwards operation.

e A C-Compare check is performed on all seven- and
nine-track read/write operations except seven-track
“translate on” mode.

e A C-Compare error will set data check and unit
check.

C-Compare check is a data check not an equipment
check. Bytes transmitted through the tape control in
read or write operations should not change parity ex-
cept during translate mode. C-Compare detects parity
changes during data transmission through the control
unit. Figure 212 illustrates C-Compare checking cir-
cuits. )

During write, each odd parity character from the bus
out lines complements the data parity check trigger.
The same character should again complement the trig-
ger when it causes odd parity in the read/write register.
During read, the read/write register and bus in parities
are used. In read or write the data parity check trigger
should be off after each character cycle. If it remains
on, the C-Compare and equipment check are turned
on. During data conversion the data parity check trig-
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ger must be off only when the byte counter completes
a conversion cycle. The byte counter remains reset dur-
ing non-convert operations. The line “—B byte counter
A or B trigger” will remain + for normal read and
write operations. ( See section on Data Conversion Fea-
ture). Translate mode blocks setting of the C-Compare
trigger. This is done because the total number of bits
in a byte may change during translation, so C-Compare
cannot be checked when the translator is operating.

The data parity check trigger output is sampled each
time a byte is transmitted, except during conversion
operations. In write operation, data parity check trigger
is sampled by service in and not service in delayed (the
next data byte). In read or read backward it is sampled
by service out. If the data parity check trigger is on at
sample time, the C-Compare error trigger is set.

Read C-Compare

During read or read backward operations, the C-
Compare circuit monitors data transmission from the
R/W register through the data register to the bus in
lines. Each odd parity byte in the r/w register comple-
ments the data parity check trigger (Figure 212).
When the same byte reaches the bus in lines, no P bit
is generated because the byte already has odd parity.
Not bus in P complements the data parity check trigger
back to its original state (off). If the parity of the byte
changed during transfer, the data parity check trigger
would have remained on to signal an error.

In Figure 212, two AND circuits (upper left) sample
the parity conditions. At shift data time the r/w regis-
ter parity is checked. Bus in parity is checked when
service in delayed indicates that the byte is on the bus
in lines. When the channel responds with service out,
the data parity check trigger should be off.

Write C-Compare

During write operations, the C-Compare circuit moni-
tors data transmission from the bus out lines through
the data register to the r/w register. Each odd parity
byte (no P bit) on the bus out lines complements the
data parity check trigger. When the same byte reaches
the r/w register, the data parity check trigger is com-
plemented back to its original condition (off). Even
parity bytes do not complement the data parity check
trigger at either point. With odd or even bytes, the data
parity check trigger will be left on if the parity of the
byte changes during transmission.

Seven-Track Write C-Compare

During seven-track non-translate, write operations bus
out 0 and 1 are not transmitted to the r/w register, The
data channel, however, can place bits on bus out lines
0 and 1. For this reason bus out P, 0, and 1 must be
checked instead of only the P bit to determine if 2-7
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are odd or even. If 0 and 1 remain off, the P bit indi-
cates 2-7 parity. If O or 1 contains a bit, the circuit is
adjusted to represent the parity of 2-7, the portion
transmitted to the r/w register.

Output of the adjusted bus out parity circuit is used
for the C-Compare check. At service in/service out time
of a write command the adjusted parity can comple-
ment the data parity check trigger if the byte sent to
the r/w register is odd.

When the byte is transferred to the r/w register, an
ss-2 pulse gates the R/wW VRC output to the data parity
check circuit. If the byte is still odd (no parity change)
the data parity check trigger will be complemented
back to its original state (off). If the parity of the byte
changed during transfer, the data parity check trigger
would have remained on to signal a C-Compare error.

During nine-track or seven-track convert, only the P
bit is needed for the C-Compare circuit because all
positions of the bus out lines are in use. A P bit indicates
that lines 0-7 are even. No P bit means 0-7 are odd.

Error Correction

® In nine-track write operations, the crcr generates a
crce to be written at the end of the block.

e In nine-track read operation the crcr recalculates
the crcc. When the original cree is combined with
the new crcc, the result should be a “match pattern”
of 111 010 111 in the crer.

° If read errors occur, the EPR contains an error pat-
tern. The error pattern is used in conjunction with
the faulty character in the crcr to locate which tape
track was in error (TIE).

© The Tie information is sent to channel in a sense
byte.

® After tape is repositioned, the T bit is sent from
channel back to the Epr in Tcu.

® As the data is read the second time, each error byte
is corrected by inverting the bit in the track in
error position indicated by the er bit.

® The corrected bytes are checked to see that correc-
tion is done properly.

¢ Refer to Figures 402, 403, 404, and 509.

Philosophy of Error Correction

Error correction circuits provide the ability to correct
the majority of errors encountered in normal tape
operations. Tape control error correction assumes that
the data on tape was written correctly and any errors
detected are a result of tape damage or read failure.
No attempt is made to correct the tape. Correction is
performed only on the data sent to the channel inter-



face. Corrected bytes are automatically checked to be
sure the correction is done properly.

Not all errors are correctable. The 2403/2803 error
correction circuits can correct almost any combination
of errors as long as they all occur in the same track
within a nine-track block. If a block contains errors in
more than one track, they cannot be corrected. The
key to error correction is determination of which track
contains the errors. Once the track in error (TIE) has
been located, actual correction becomes a simple
matter.

Most of the error correction circuits and procedures
are concerned with finding the mE. Locating the TiE
is the basic purpose of having two check characters
at the end of each block instead of the previous single
LrC character. The added crc character provides part
of the information needed to determine a TiE. The
remainder of the information is supplied by an “error
pattern” generated in the error pattern register.

As a block is being written on tape, each byte is
shifted (in parallel) into the crc register to generate
a crc character. At the end of the block the crer is
shifted once, without inputs, then moved into the
read/write register to be written on the tape.

When a block is read from tape, each of the bytes
is again shifted into the crc register. At the end of the
block the crc character from the tape is also shifted
into the crc register on top of the data bytes. If no
errors have occurred, the result will be a “match pat-
tern” (111 010 111) in the crc register. The same
process is used for read backward except that the
crc character is shifted into the crc register before
the data.

A match pattern should still be produced if no er-
rors occurred. Errors in reading will cause an errone-
ous pattern in the crc register at the end of the block,
and generate a crc error. The cre error sets data check
and unit check triggers. ‘

While a block is being read, any r/w VRC errors
detected are recorded in the error pattern register. If
no errors are found, the error pattern register (EPR)
remains blank. At the end of an error block, the error
pattern in the Epr and the erroneous crc character
in the crc register are used to determine a track in
error.

The process of looking for the TIE occurs about the
same time as the LRc character is read from tape.
The rrc character is not needed for the Tie calcula-
tions so it is gated to the LRc register without disturb-
ing the error correction circuits.

TIE searching requires the use of the EPR so the error
pattern that was calculated must be stored elsewhere.
At RDD95-98 time, the error pattern in the EPR is moved
into the read/write register. At ropo9, the EPR is reset;
then a P bit is forced into the PR at rop103 time. This

P bit will act as a track indicator during the searching
process.

The erroneous crc register contents must be matched
against the error pattern now stored in the read/write
register. A group of exclusive or circuits at the outputs
of the read/write register are used to search for an
“all zero” match. The matching process is not a direct
“one for one” comparison. Positions P, 0, 1, 3, 5, 6,
and 7 of the crcr are complemented as they are gated
to the exclusive oRr circuits. The remaining positions
(2 and 4) are gated without inversion. If the exclusive
or of the error pattern (read/write register) and the
complemented crc character equals all zeros, the track
in error has been found.

If a zero match is produced on the first try, the P bit
in the epR indicates the track which contains the error
(Tie). If a zero match did not occur on the first try, the
crer and EPR are shifted and again matched. (A shift
pulse with no input data will move the crcr and EPR
information into the next position.) The P bit in the
EPR then becomes a 0 bit. The byte in the crer will be
shifted according to the exclusive or feedback paths
described under crc character generation. After the
shift pulse the error pattern in the read/write register
is matched against the new crcr byte. If a zero match
occurs, the 0 bit in the £pr indicates the Tie. If a zero
match does not occur, the crer and EPR are shifted and
matched again. Shifting and matching continue until
all the tracks have been tried unsuccessfully or a zero
match occurs.

When a zero match occurs, the found track trigger
is turned on to indicate that the Tie has been found. If
the found track trigger remains off after all tracks have
been tried, no T can be found. Either condition will
be transmitted to the data channel in sense byte 3,
of the sense operation. A single bit in the sense byte
indicates which track contains the error. If no TIE is
found, bits 6 and 7 are forced into the sense byte.

After the data channel receives the Tie information
via a sense command following the read command, it
is up to the program to decide if the error will be cor-
rected or ignored. If the error is to be corrected, the
tape must be repositioned to read the same block again
in the identical direction (Fsr/Bsr). During reposition-
ing the TiE bit in the epr will be lost. The channel must
replace the TiE bit before correction can take place. A
command called “request TIE” transmits a byte con-
taining the Tie bit from the channel to the epr. Request
TIE also turns on the “correcting” trigger to indicate
that the next read operation should be a correction
read. With the correcting trigger on and a TiE bit in
the Epr, the tape control is ready to correct the block
on the next read operation. Bytes are read from tape
and checked by the tape control in the same way as a
non-correction read. If no read/write VRC errors are
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detected the bytes are processed to the channel with-
out change. Each time a R/W VEC error is encountered,
that byte is “corrected.”

Correction of bytes assumes that the r/w VvRC errors
are caused by the same track that caused the errors on
the first read pass. Each time a r/w vRc error is found
during a correction read, the bit position indicated by
the Epr bit is complemented on the output of the »/w
register. After complementing of the error bit, the byte
should be back to its original configuration. For ex-
ample, if a byte lost a 5 bit during the reading error
correction circuits should have found the 5 track to be
the Tie. The request Tie operation should have placed
a 5 bit in the EpR for correction. On the correction read
that same byte will probably lose the 5 bit again. The
missing 5 bit will cause a /W vec error during cor-
rection. Since there is a Tie 5 bit in the epg, the 5
position of the byte will be complemented. The 5 bit
lost during reading will be replaced.

The same process can be repeated for as many bytes
as necessary provided all the errors are in the same
track. A bit picked up can be deleted or a lost bit can
be replaced.

To be sure that the correction is done properly, crc
is again computed from the corrected bytes. If all the
bytes are restored to their original condition, the crc
register should produce a match pattern (111 010 111)
when the original crc character from tape is shifted
into the crer. If a match pattern is not produced, an
error has occurred in the correction process or in one
of the other tracks. When no match pattern is devel-

oped, a crcr error and data check/unit check will
result,

Cyclic Redundancy Check Register

The cyclic redundancy check register (crcr) consists
of nine binary triggers and their associated circuits.
Positions are designated P, 0 through 7. Characters
are shifted into the crcr from the read/write (r/wW)
register to develop a cyclic redundancy check char-
acter. Output of the crcr returns to the r/w register.
In the following chart, inputs on the left are exclusive
or'ed with the present status of the crcr positions in
the center to determine which crcr positions will be
changed at shift pulse time. In the case of crc register
positions P, 0, 1, 6, and 7, any one and only one of the
two conditions active (R/w input and one crRCR posi-
tion) will set the corresponding trigger in the crcr
to a one. “Active” implies a one (1) bit. In the case
of positions 2, 3, 4, and 5, any one or all three condi-
tions active (input and two crcr positions) will set
the corresponding trigger to the “one” state. This is
accomplished by first exclusive or’ing two of the three
conditions and then exclusive or’ing that result with
the third condition.
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READ/WRITE CRCR = CRCR
REGISTER INPUTS OE POSITION CHANGED
WRITE AND
READ READ

BACKWARD FORWARD

7 P OE 7 = P

6 0 OE P = 0

5 1 OE 0 = 1

4 2 OE 1 OE 7 = 2

3 3 QOE 2 OE 7 = 3

2 4 QE 3 OE 7 = 4

1 5 OE 4 OE 7 = 5

0 6 OE 5 = 6

P 7 OE 6 = Vi

Circuit Description

As each character passes through the r/w register, it
is shifted in parallel into the crcr. Between the r/w
register and the crcr is a group of exclusive or, (oE),
circuits (Figure 12). The /W register outputs are one
set of inputs to the ok circuits; crcr feedback forms
the other inputs. Data from the r/w register passes
through the oE circuits and is gated into the crcr
triggers by a shift pulse. The character in the cror
after each shift is a combination of the r/w register
character and the previous crcr characters. If the crer
is blank, the first character passes unchanged through
the OE circuits into the crcr triggers. When there are
bits in the crcr, a character from the r/w register
will be modified.

The ok circuits are arranged in two levels (Figure
12). Characters from the r/w register are reversed
at the input of the oE first level for read backward.
Position 3 is the same for forward and backward.

Feedback from the adjacent crcr position forms the
other first level input. Positions 2, 3, 4, and 5 have
three-way OE circuits. Outputs from these oE circuits
will be active when any one or all three inputs are
active (an odd number of inputs). Notice in Figure
12 that crcr positions P, 2, 3, 4, and 5 each have an
input from position 7. crer 7, therefore, is a key factor
in generating the crc character.

The second level of ok circuits are alike for all nine
positions. First level outputs feed one side of the sec-
ond level inputs. The other second level inputs are
from the crcr triggers in the same bit positions.

Outputs of the second level ok circuits gate shift
pulses, into the binary trigger inputs. The word binary
is important. An active output from the second level
ok will complement the corresponding trigger at the
fall of the shift pulse; if the trigger is on, it will be
turned off and vice versa.

Error Pattern Register

The Eprr assumes three different roles in error correc-
tion operations. Each will be described as all phases
of error correction are discussed. However, the pri-
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mary purpose of the gpr is to compile all r/w register
vertical redundancy (vrc) errors in the form of an
error pattern for each record. This compiled error
pattern is used to determine which track caused the
tailures. If there were no r/w VRC errors encountered,
the EPr will remain blank,

The EPR consists of nine binary triggers and their
associated circuits. Positions are designated P, 0
through 7. The operation of the Epr is similar to that
of the crc register except that it has only one external
input. This input affects only the 7 position. The Epr
will be shifted each time that the crec register is shifted
during read and read backward operations.

In the following chart, the only input on the left,
R/W VRC error, is exclusive or'ed with =R position 6 to
determine if EPR [/ will be changed at shift pulse time.
Consider a R/W FRC error as an “active” input to the
exclusive or circhit. The present contents of positions
1, 2, 3, and 4 are exclusive or’ed with position 7 to
determine if positions 2, 3, 4, and 5 (a “1” input) will
change at shift pulse time. Contents of positions 7, P,
and 0 are shifted unchanged into positions P, 0, and 1
respectively.

INPUT EPR POSITION = EPR CHANGED

7 = P

P = 0

0 = 1

i) OE 7 = 2

2 OE 7 = 3

3 OE 7 = 4

4 OE 7 = 5

5 = 6
R/W VRC Error OE 6 = i

Circuit Description

The Epr is similar to the crer in that it has two levels
of oE circuits that gate shift pulses into the binary
triggers (Figure 13). One input to the first level ok
circuits for positions 2, 3, 4, and 5 comes from trigger
7 output, Position 7, therefore, is a key factor in deter-
mining the error pattern just as it is in the crcr. The
other inputs to the first level o come from the adjacent
positions.

First level ok for position 7 is the entry point for vRc
errors from the read/write register. As a record is read,
each redundant character will condition one leg of the
OFE circuit. If 6 and 7 are off, position 7 will be turned
on at the fall of the shift pulse. If Epr 6 and 7 are both
on, then position 7 will be turned off at the fall of the
shift pulse. Active outputs from second level or cir-
cuits allow the shift pulse to complement the corres-
ponding triggers.

Cyclic Redundancy Check Operation

The appendix of this manual contains two slide charts
to illustrate operation of the crcr and the Epr. Data
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bytes used in the slide chart examples are the same as
the bytes used in the following text examples. Two
slides are provided for the crcr chart (one for write
operation and one for read operation ). The slide charts
can be used to follow data through the circuits while
reading the text.

To use the slide charts:

1. Remove the slide chart and overlay from the
manual.

2. Place the overlay on top of the slide chart and
align it.

3. Each increment of overlay movement after the
first move represents one shift pulse.

4. The condition of each circuit element can be
observed during pauses between shifts.

When using the crer chart, data bytes or the cre
character enter the circuit through the series of AND/OR
circuits on the left. Bits from the input circuits condi-
tion the oE circuits along with feedback from each
trigger position. Outputs of the oE circuits are gated
into the trigger inputs when a shift pulse occurs. After
moving the overlay one increment (one shift), the new
value will appear in the crcr and the next input byte
appears at the input gates.

The epr slide chart illustrates the cyclic nature of
the shift pattern. Only one bit is shifted into EpR posi-

- tion 7. The entire sequence of patterns in the register

results from the one input bit on the first shift. Note
that after 18 shift pulses the pattern has cycled back
to the same condition as after the first shift (bit in
position 7 only). If no more bits (vRc errors) are
gated into the register, the cycle keeps repeating until
shifting stops at the end of the block. Each additional
input bit would alter the sequence at that point.

Three flow charts show the overall relationship of
the cre operation in the tape control operations: Figure
14 shows a write operation; Figure 15 shows a read
operation. If correction is attempted, see Figure 16.

Figure 509 shows error correction circuits. The three
sections of Figure 509 correspond to Figures 14, 15, and
16. Figure 509 contains more detailed machine circuit
information for use during machine servicing,

Write (Figure 14)

During write, each character is shifted in parallel
from the »/w register into the cror. Because of the
shift pattern of the crcr, a check character is devel-
oped which can be written on tape at the end of the
record. After all the data bytes have been shifted into
the crecr, one more shift pulse is generated (at
woDp35-42) with no inputs. The extra shift at the end
of a write operation will make the total number of
shifts equal to the total number of data bytes plus one
additional shift. The crer character (first check char-
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CcC21
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0100 1000 10000
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2803 Cyclic Redundancy
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@ Figure 43. CRCR Slide Chart No. 2 (Read Operation)
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® Figure 42. CRCR Slide Chart No. 1 (Write Operation )
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To R/W Register and Sense Byte 3 ——2—|
Set EPR P to 1 RDD 103
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@ Figure 44. Error Pattern Register Overlay
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® Figure 45. EPR Slide Chart
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Figure 13. Error Pattern Register
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Nine-Track
NRZI Write
Operation

Tape Control
Circuits Generate
CRCC While
Writing

r

Shift each byte into
CRCR as each byte
is written on tape

After last data byte is
written, shift the CRCR
once more without inputs

Transfer CRCR contents to
the read/write register and
write the CRCC on the tape

Write the LRCC
on the Tape l

Reset Any Write
Triggers that Remain On

Send End Status
Byte to Channel

Stop in
the IBG and

@ Figure 14. Cyclic Redundancy Check Flow { Write Operation )

acter) is written four character spaces after the data
and four character spaces before the Lrc character
(second check character).

To write the crc character on tape, the crcr is
gated into the r/w register at wop4r. Outputs from the
CRCR triggers go back to the r/w register via “gate crcr
to B/w reg” on Figure 401. The crc character written
on tape is not the same bit configuration as the con-
tents of the crc register. crer bit positions are com-
plemented (except 2 and 4) as they are transferred
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————————— —| except 2 and 4 at the input

| Total number of shifts
is one more than the
| number of data bytes

The extra shift is to make the
totel number of shifts in a write

— 3

operation equal fo the number

of shiffs in a read operation

Complement all CRCR bits

| of the read/write register

| LRCC Includes CRCC
Bits in the Odd/Even
| Total for Each Track

into the r/w register. If the crcr has all positions on
(111 111 111), the crc character written on tape will
be 000 101 000. The control circuits for crc generation
during a nine-track write operation are shown on Fig-
ure 404. “Shift crcr” every we-11 and wopss-42 via OR
circuit at 1F; “gate crc to R/w register” via AND circuit
at 5D.

The following is an example of crc register opera-
tion during write. In this example two data bytes are
written on tape and the crc character is computed



and written on the tape. Data bytes used in this ex-
ample are 101 010 101 and 010 101 011:

First Data Byte Second Doto Byte
{——CRC Reg ——— , CRC Reg \
R/W R/W
Reg Before Shift  After Shift Reg Before Shift  After Shift
| AR P11 FIOFD [P0
AREE >0/ 0 FNEE (0]
1 1]e]o i) 1[0 [6]0 (110}
2[00 [7]0 20 ANINEE [2[T]
3[1]z[o[7[0 31 310 [2[0 |77 307
[A]0[3[0[7[0 3]0 4 31 70 Bl
s[1]4]0]7]0 51 5o (40 7]T 151
6050 AN &1 [5[T & (&[0
711160 711 I {8[0 by ————={Z[T]
\ J ~ [
~ V4
e L
Exclusive OR ————a=CRC R,

I Write Operation

Notice that the first data byte enters the crc register
without change. The second byte is modified because
the crcr contains the first data byte at the time of the
second shift. During write the crer is shifted one extra
time, with no inputs, to produce the following result:

Extra Shift; No Input from R/W
CRC Reg

o %
R/W Before After CRC LRC
Reg Extra Shift Extra Shift On Tope Cn Tope
PIX]7]1 P = r Pl O P11
o[X|P|1 o[ Tk —— ol 0 o1
1[X[0[0 0 : 11 1|0
AEINEI R 21 - 201 2|0
3[X]2[1[7]1 3]0 31 (3[0]
4[X|3[1]7[1 4]0 410 411
s|Xal 11711 501 501 5|0
6| X|5[1 61 1= 6] 0 61
7% 6T 710 o] 71 [Z1T]
— RAW Reg
Exclusive OR (Wr) ————— CRC Gate CRCR to

R/AW Reg

*Complement the Input at R/W

l Write Operation

The crc character written on tape will be 001 110
101. The Lrc character will be 110 001 011. Notice that
the crc character contains odd parity. The shifting
pattern of the crc register always results in an odd
parity crc character when the block contains an even
number of bytes. An even parity crc character will re-
sult from a block with an odd number of bytes.

In nine-track operation the Lrc character will always
be odd. The pattern of bits in the crc character assures
that every Lrc character will have odd parity.

Read Forward (No Errors)

| Refer to cre flow chart (Figure 15). During a read
operation, the crcr calculates a check character from
the r/w register data (as in a write operation). Each
character including the crec is shifted into the crcr

from the r/w register. The total number of shifts is
equal to the number of data characters read plus one
for the cra character read from tape.

The odd/even character count trigger (TcC.30.01.2)
automatically adjusts the vrc circuits for correct parity
when reading the crc character as previously de-
scribed in /W VRC section.

At forward read, rops3-86 time, the crcr character
read from tape is shifted into the crcr on top of the
calculated crcr character. If no errors have occurred,
the crer should contain a “match pattern.” The match
pattern is 111 010 111. Untl the crcr changes, the
match pattern blocks setting of the crer error and the
found track trigger. On Figure 404 the control circuits
for crc checking during read forward are:

1. “Shift crer” via shift data pulse, AnD circuit at 5F
and RDD83-86, AND circuit at 5H.

2. “Match pattern” recognition by Anp circuits at
5F and 5G.

The following example illustrates crcr and EPR
operation during a read command with no data errors.
Data used in this example is the same two byte block
used in the write operation example:

1st data byte 101 010 101
2nd data byte 010 101 011
CRC character 001 110 101
LRC character 110 001 011

The first and second data bytes produce the same
CRCR bit pattern that was produced during the two
data cycles of the write operation. When the crc
character is shifted into the crc register a match pat-
tern (111 010 111) is produced. The EPR remains
blank because no vac errors were detected.

Read Backward (No Errors)

CRCR operation during a read backward is similar to
read forward operation as indicated on Figure 15. The
major differences are in the sequence of characters
received from the tape, and inversion of the char-
actrs as they are shifted from the r/w register into the
CRCR. R/W register P position goes to CRCR position 7,
r/w 0 goes to crer 6, etc.

Inversion is required by the crer shift pattern when
the data is received in reverse sequence. At the end
of a read backward, if no errors are encountered, the
crcr should have a match pattern of 111 010 111 even
though the crc character is read before the data.

Because the parity of the crc character depends on
the odd/even character count of the record, crc char-
acter parity cannot be checked at the beginning of a
read backward operation. At this time, the backward
trigger blocks vrc error circuits during both check
character times. To resume normal vrc error checking,
the backward trigger is reset before reading the data
portion of the record. A read error in the crc char-
acter will not be detected directly. If the crc char-

Functional Units 4-67 51




First Date Byte

Second Data Byte

CRC Character

CRC Re — CRC R CRC Re
> 9 f— eg —————, P 9 5
R R/W R/W
Reg Before Shift After Shift Reg Before Shift After Shift Reg Before Shift After Shift
P17]0 P[1 Plof7]1 F[ 1 rP_Ol71_ P
ojojP|o 0l0 OlTIPIT 00 Ol0P|T 01
1/1fojo 11 1|0 fo |0 110 1]11]of@ T
zlo1feo]7]o 210 2(1 i1 711 201 21 ezl 2|0
3[1|2]o0]7[0 3| 3|02/0 |7[ 7T 3|1 (10201171 31
4]0f3lo]7lo = 4|0 4111311 |7[1 4] 1 4031711 1410
5[1)4]o0]7]0 51 S5(04]0 (7] 51 5114111711 5|0
6|0]5]0 6|0 ST 1511 FA————— = &[0 6101511 f 6|1
7l116]0 711 7160—/—-7T 71610/——r——71
~ ™~
Exelusive OR ——— & CRC ~ // ~ ~ 4‘/
N, - T e ~ Exclusive OR (Wr) —————]
CRC
Exclusive OR (Rd) ————s=
EPR EPR EPR EPR
Reg Reg Reg
= e |
7o) ) = All Zeros Bl 7T ] All Zeros =
PO} oo 7] 5 [P o
0[Q 110 a 1 0 1
11017]0 2|0 1 7 2 1 7 2
2{0}7]¢c 3|0 2 7 3 2 7 3
3j0}7[0 4| 0 3 7 4 3 7 4
41017]0 5|0 4 7 8 4 7 5
VRCI5[0 61 0 5 & 5 4
[o1s]0 710 6 7 [Te Z
N i i

Exclusive OR ———— = EPR

acter is read incorrectly, a track in error cannot be
found, and the cror error trigger turns on at RpD169.
A crer error indicates that the crecr did not contain a
match pattern (111 010 111) at the end of a nine-track
read or read backward. The control circuits used for
read backward are the same as those used during read
forward. The only exception on Figure 404 is the
source to shift the crc register when the crc charac-
ter is read. This is accomplished by the AnD circuit at
5G which is controlled by the “backward” trigger and
RDD27-30 time.

Search for Track in Error

While a record is being read during either read for-
ward or backward operations, each r/w register vRc
error detected will attempt to set the epr 7 trigger
(exclusive or'ed with Epr 6). The EPR is shifted for
each byte in the block at the same time that the crc
register is shifted. Thus, an error pattern is developed
in the EPr which is used to determine the track in
error (Tie). If no R/W vRc errors occurred, the Epr
would be blank at the end of the block.

Utilizing Figure 15, under the section labeled “locate
the track in error,” the error pattern is saved by trans-
ferring it to the read/write register at Rop95-98 time. To
determine the actual track in error, the error pattern
(now in the r/w register ) must be exclusive or’ed with
the crer character. Before the exclusive or action
occurs, the EPR is reset and “primed” with a P bit at
rop103 time. This bit will be used to indicate the fail-
ing track when it is located.
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Reed Operation (Mo Errors)

If the r/W vRC error trigger is on, the crer is gated
to the r/w register outputs at rop9s-158. Each bit posi-
tion is complemented except 2 and 4. Note on Figure
401 that crcr positions are not gated into the r/w
register triggers. They are gated to the outputs of the
triggers.

The r/w register triggers contain the error pattern
from the EpR. If a bit position in the crcr (after com-
plementing) matches the same bit position in the &/w
register, the corresponding output is inactive or zero
level (Figure 401). When the complemented (except
2 and 4) crece and the error pattern combine, during
error search, so that all outputs are down, the result
is a plus zero match (Figure 404). If the error pattern
in the r/w register does not produce an all zeros out-
put (zero match) with the complemented crc register
contents, a shift pulse is generated to shift both the
crck and the Epr. This shift pulse will shift the cre
register within itself (no inputs) and shift the epn
bit down one position. The newly shifted crc register
content is again matched with the error pattern in the
®/w register. Shifting and matching continue until
either a zero match occurs or the bit in the £pr reaches
the 7 position. A bit in Epr position 7 blocks any
further shift pulses because all nine possible tracks
have been tried.

If an all zeros match occurs between the error pat-
tern in the read/write register and the complemented
CRCR, the shift pulses are blocked and the “found track”
trigger is turned on. The track in error (TiE) is indi-
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cated by the position of the bit in the zpr. When read-
ing forward, the EPr bit stops in the reverse position
from the actual track in error. A P bit in the pr indi-
cates a 7 track in error; a 0 bit in the Err indicates a
6 track in error, etc. When reading backward, the
track in error bit is in the corresponding position (not
reversed). The EPR output gating automatically re-
verses the bit positions to the bus in lines after reading
forward. Sense byte 3 will contain the track in error
bit in the true position for both forward and backward
operation.

If no zero match occurs, then the track in error
cannot be found. This condition could be caused by
errors in more than one track during reading or an
uncorrectable combination. After all nine tracks have
been tried unsuccessfully, a 7 bit remains in the zpr.
This bit does not necessarily mean that the 7 or P
track is in error (because found track is not on).

When a zero match occurs, the found track trigger
is turned on and the outputs of the epPr are available
to the bus in lines when sense byte 3 is called for.
Sense byte 3, therefore, contains one bit indicating
the track in error. If no track is found, bits 6 and 7
are forced on in sense byte 3.

The following example uses the same data block as
the write and read examples:

1st data byte 101010101
2nd data byte 010101011
cre character 001110101
LRC character 110001011

First Date Byte

Second Data Byte

During reading, assume that the 6 track indicates a 1
bit in every byte. The first data byte and the crc char-
acter will indicate vec errors. The second data byte
and the rrc character will not be affected because
they already have bits in position 6. crcr and EPR
operations will be as shown below.

Notice that the match pattern was not produced in
the crec register. Because vRc errors were detected, the
PR developed an error pattern. The erroneous crc
register contents and the error pattern can now be
used to determine the track in error (TiE).

At rDD-95-98 time the error pattern is moved into
the read/write register.

At BDD-103 time the EPR is primed with an indicator
bit. The erroneous crc register contents are compared
with the error pattern now in the read/write register.
If a zero match is not produced, the crcr and EpR are
shifted and again compared.

Because a zero match occurred on the second try,
the epr bit stopped in position 0. In forward operation
this indicates that the track in error is 6. Notice that
the error correction circuits identified the TIE even
though the cre character contained a parity error. This
holds true as long as all the errors are in the same
track within the block,

Read Correction Operation (Figure 16)

Correction of the failing track is not performed auto-
matically. Correction is accomplished only if the con-
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trol unit is programmed to do so. The channel should
have received the end status byte of the read opera-
tion. This status would contain a unit check as a re-
sult of the error. A sense command should be executed
immediately to obtain the TIE bit in sense byte 3. After
the tape has been positioned to reread the same record
in the same direction, a “request TIE” command loads
the track in error bit back into the EPr from the bus
out lines and turns on the correcting trigger. As the
record is read again each VRc error gates the Epr bit
output to the output of the r/w register. The corre-
sponding bit in each redundant character is inverted
on the bus lines. Good parity characters are not
affected.

By inverting the track 1n error bit in each redundant
byte, the data and crc character should be restored to
their original condition. If a bit had been picked up
it would be deleted, and if a bit had been dropped
it would be restored. The error bytes corrected may
not be the same error bytes detected on the first read
pass. The correction is valid as long as all errors en-
countered are in the same track on the read correc-
tion pass. To guard against false corrections a new
crer character is calculated using the corrected data.
The new crcr character is combined with the crc
character read from the tape. The two characters are
combined in the crcr. If they do not form a match
(111 010 111), the crer error trigger is turned on at
RDD169.

When correcting a block, no attempt is made to
determine a new track in error. No error pattern can

Search for TIE ot End of Read Operation

be developed because the PR is holding the track in
error bit for the correction circuit. During an error
correction read operation, the LRCR receives uncor-
rected data from the skew register. Bits remaining in
the LRCR may not represent an error condition in the
data sent to the channel. To prevent false LRCR errors,
the PR track in error bit blocks Lrcr indications from
the faulty track. The remaining positions are sampled
at RoD169 time as usual.

Refer to the control circuits on Figure 404, lower-

right corner. “Gate EpR to correct” is only active when a
R/W VRC occurs and the correction trigger is set.

The parity position of the r/w register is inverted

if correction is to occur and EPR is indicating that the
“P” bitis the Tie (Figure 401).

Read Clock

e Controls data timing in read operations and read
checking of write operation.

e Three binary triggers stepped by drive pulses.

e Drive pulses originate from oscillator timings
selected by density and mode of tape unit.

e Drive pulses gated to clock by “first bit” latch active.

o “First bit” latch set at the arrival of the first high-
clip pulse from the final amplifiers.

® Proper stepping sequence of the clock is checked by
a VRC circuit; an error will set equipment and unit

check.
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® One complete read clock cycle per tape character
read.

The read clock.is a circuit to provide timing pulses to
accept data from the read bus lines. Whenever bytes
are read from tape, the read clock must run to provide
gating and synchronizing pulses. Operations which
read bytes from tape include:

1. Read and read backward

2. Write and write tape mark (read checking )

3. Forward or backward spacing
The circuit to start the read clock is blocked on a re-
wind or rewind unload. Reading is not needed during
a rewind instruction because the tape unit is searching
for the load point reflective marker (not tape marks or
gaps).

Read Clock Circuits

The heart of the read clock is three binary triggers on
Figure 206. A negative shift at the input of a trigger
will complement that position. If it was on, it will turn
off. If it was off, it will turn on.

Drive pulses to the read clock vary in frequency
according to the model of tape unit and the density of
the bytes on tape. The frequencies are:

TU MODEL DENSITY 0SC FREQUENCY
1 200 58.33 ke
1 556 166.75 ke
1 800 233.30 ke
2 200 116.66 ke
2 556 333.50 ke
2 800 466.60 ke
3 200 175.00 ke
3 556 500.00 ke
3 800 700.00 ke

The proper oscillator frequency is selected and gated
to the read clock drive for each operation.

When not in operation, the binary triggers are held
reset by a positive level. After the reset is removed
the drive pulses begin stepping the triggers in a cyclic
pattern. Only one trigger at a time changes state. If
the circuits stepped in a binary pattern it would be
possible for all the triggers to change on the same drive
pulse shift.

When all the triggers change at once, a time period
is wasted while the triggers “settle down.” The cyclic
pattern, with only one trigger changing at a time, pro-
vides “cleaner” outputs and faster stepping,

Read clock drive will change one clock trigger with
each shift (both plus and minus). Two triggers will
change for each complete drive pulse cycle.

A timing chart in Figure 206 shows the relationship
of triggers and drive pulses.

Each time the plus read clock drive goes positive,
the line is inverted to switch trigger A. Trigger A goes
on and off alternately at every positive drive pulse
shift.

The B trigger will be switched when the A trigger is
on and the minus read clock drive goes positive.

The C trigger will be switched when the A trigger
is off and the minus read clock drive goes positive.

During read operations the read clock steps up to
ret before it is reset. For write operation (read check-
ing) the read clock continues stepping into a second
cycle and is reset at reo.

Read clock cycle times in relation to trigger states
are shown in the following table:

READ CLOCK TRIGGERS
B

CYCLE
TIME

RCO
RC1
RC2

RC3
RC4
RC5
RCSB
RC7
*RC 8
RC 9

COOHHKHKR OO 0
HEHOOHMFEO OHME B

HODOOHKH HHO

*Beginning of the second cycle.

The key to operation of the read clock is the reset line
to the triggers. The clock can run only when the reset
line is deconditioned. “Start read clock” and “read con-
dition” are the two conditions that control the reset
circuit.

Figure 206 illustrates the circuits to control starting
and resetting of the read clock. “Read condition” re-
mains on during the time when information is expected
from tape. When data bits leave the high-clip ampli-
fiers, the first bit trigger turns on, If the operation is
not a rewind or rewind-unload, the reset line is decon-
ditioned and the read clock begins to run.

Read clock stepping continues until the reset line is
made active again. In read type operations the reset
singleshot will be pulsed at the end of rcé time. In
write operations the reset singleshot will be pulsed at
the end of reg time. Output of the singleshot turns on
the inhibit read clock trigger which in turn blocks the
start read clock line. The read clock triggers will be
held reset until the next byte leaves the final amplifiers
and turns on the first bit trigger again.

Read Clock VRC

As the clock triggers step, the vertical redundancy
check (vrc) circuit monitors the sequence. If the clock
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triggers do not step correctly, an error is signaled and
a “cux ERR” light on the cE panel is turned on.

A redundancy check of the clock circuit is possible
because only one trigger changes state with each drive
pulse shift. The total number of triggers on will be
alternately odd and even. The vrc circuit checks to
see that:

1. An odd number of triggers are on when the +
read clock drive is plus.

2. An even number of triggers are on when the +
read clock drive is minus.

Clock checking is described and illustrated in the
“objectives” section of Figure 206 (upper right).

Write Clock

® Four stage counter used to control data flow and
function during write and wt™M operations.

° Stepping pulses are drive pulses which originate
from various oscillator timings.

® Oscillator timings selected by model of Tu and den-
sity desired.

© For each drive pulse the clock will step two counts.

® Continuously running clock; once it is gated on, its
cycles repeat until all data is written.

° Write clock is also checked for correct stepping
sequence (VRc).

® vRC error will set equipment and unit checks.

The write clock in Figure 205 is a circuit to provide
timing pulses to write data on tape. Whenever bytes
are written on tape, the write clock must run to pro-
vide gating and synchronizing pulses. Operations
which write bytes on tape are:

1. Write

2. Write tape mark
Erase is a write type operation, however, no bytes are
written. The write clock is not needed for erase tape.

Write Clock Circuits

Four binary triggers are the heart of the write clock
on Figure 205. A negative shift pulse at the input of
a trigger will complement that position. If it was off, it
turns on. If it was on, it turns off.

Drive pulses to the write clock vary in frequency
according to the model of tape unit (speed) and the
byte density to be written. A byte is written on tape
for each write clock cycle. The drive frequency has a

direct bearing on the spacing of bytes (density) on
tape.
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Write clock drive frequencies are:

TU MODEL DENSITY 0SC FREQUENCY
1 200 60.0 ke
il 356 166.8 ke
1 800 240.0 ke
2 200 120.0 ke
2 556 333.5 ke
2 800 480.0 ke
3 200 180.0 ke
3 556 500.0 ke
3 800 720.0 ke

The proper oscillator frequency is selected and gated
to the write clock drive for each operation.

When not in operation, the binary triggers are held
reset by a positive level (Figure 205). After the reset
is deconditioned, the drive pulses begin stepping the
triggers in a cyclic pattern. One trigger changes state
for each half of the drive pulse cycle. One trigger is on
the plus shift; one trigger on the minus shift.

If the circuits stepped in a binary pattern, it would
be possible for all the triggers to change on the same
drive pulse shift. When all the triggers change at once,
a time period is wasted while the triggers “settle
down.” The cyclic pattern, with only one trigger
changing at a time, provides “cleaner” outputs and
faster stepping.

The timing chart at the bottom of Figure 205 shows
the relationship of triggers and drive pulses.

Each time the write clock drive goes minus the A
trigger changes state. Trigger A turns on and off alter-
nately at every negative drive pulse shift.

The B trigger will switch when the A trigger is on
and the drive goes positive.

The C trigger will be switched when the A trigger
is off, the B trigger is on, and the drive goes positive,

The D trigger will be switched when the A and B
triggers are off and the drive goes positive.

During operation the write clock steps up to 15 and
then repeats from 0 to 15 again. One write clock
cycle is from 0 to 15. Write clock cycle times in rela-
tion to trigger states are shown in the following table:

WRITE CLOCK TRIGGERS CYCLE
c B TIME

WC-1
WGC-2
WC-3
WC-4
WC-5
WC-6
WC-7
WC-8
WC-9
WC-10
WC-11
WC-12
WC-13
WC-14
WC-15
WC-0

OHMHMHMHEH AR SSODDO0O0 o2 o
OO0 EH O OD
ODOO MO OOC MO
COEMHOOHHOOHMHFOOMMH b



The key to operation of the write clock is the trig-
ger reset line. The clock can run only when the reset
line is deconditioned. “Write trigger release” and
“write condition” are the two conditions that control
the reset circuit.

Write condition remains on during the time when
information can be written on tape. Write condition
is not on while tape is accelerating or stopping. Write
condition also turns on the write trigger release trigger
(Figure 335, coordinates 4E).

When write trigger release and write condition are
both active (Figure 205), the reset line is decondi-
tioned and drive pulses are gated to the triggers. If
write condition falls after wec-7 time, the clock will
continue stepping until the end of the clock cycle.
The write clock continues running until write trigger
release falls or write condition and the D trigger are
off at the same time. Each time the write clock steps
from 0 through 15, a byte is written on tape.

At the end of data transmission, write condition must
be turned off. When the clock reaches wc-14 or wc-15
after stop data transfer comes up, write condition is
reset. The clock finishes the cycle through wc-15. After
wc-15 the reset line to the clock triggers comes up to
stop the clock. The write clock triggers will be held
reset until the next write or write tape mark operation.

Write Clock VRC

As the clock triggers step, the vertical redundancy
check (vrc) circuit monitors the sequence. If the clock
triggers do not step correctly, an error is signaled and
a cLX ERR light on the ce panel is turned on.

A redundancy check of the clock circuit is possible
because only one trigger changes state with each
drive pulse shift. The total number of triggers on will
be alternately odd and even.

The vrc circuit checks to see that:

1. An odd number of triggers are on when the wc
drive is minus.

2. An even number of triggers are on when the wc
drive is plus.

Triggers A, B, and C are checked as a group. Out-
put of the A, B, C check circuit (point H on Figure
205) is minus when A, B, and C have an odd number
of triggers on. Trigger D output is combined with the
drive pulses to form the signal at point L. Point H
and point L should not be plus at the same time. If
a clock error occurs, point H and point L will be plus
at the same time which turns on the wc vrc trigger.
A delay circuit is included in the input of the wc vac
trigger to prevent false errors. As the clock triggers
change state, a time duration is needed for the vrc
circuit to reflect the change. During this “settle down”
time a short duration spike could turn on the vrc
error trigger. The delay allows only true error condi-

tion through to set the rR/W vrc. A pulse shorter than
about 600 ns will not set the error trigger.

Delay Counter

® Nine trigger counter used whenever Tcu must
delay to gage start/stop timings of the Tu, gage
time between characters, or measure some signifi-
cant time period during operations.

® Delay counter can be stepped in either microsecond
mode or millisecond mode.

® Stepping pulses originate from various oscillator
outputs which are gated by the model of the TU
selected in millisecond mode or density and model
in microsecond mode.

® Since the delay counter has various functions, it is
gated on and off at various times, depending upon
when it is used.

® Correct stepping of the delay counter is checked
by a specific vrc circuit.

® vreC error will generate equipment and unit checks.

The delay counter is a group of circuits to provide
timed pulses for measurement of tape travel. It can
be used to measure the spacing between bytes when
reading or generate a time delay while the tape unit
performs a mechanical operation such as start tape,
stop tape, or turnaround. Delay counter timings are
used to measure the spacing of check characters and
tape marks in both reading and writing. Figure 405
shows delay counter circuits. Figure 204 shows delay
counter vRC circuits.

Delay Counter Circuits

The basic counting of the delay counter is done by nine
binary triggers on Systems 70.01.1 and 70.03.1. A nega-
tive shift pulse at the input of a trigger will comple-
ment that position. If it was off, it turns on. If it was
on, it turns off.

Drive pulses to the delay counter vary in frequency
according to the model (speed) of tape unit, the den-
sity of the bytes, and what type of measurement is
to be made. Drive pulses to the delay counter are in
two groups: millisecond mode and microsecond mode.

Microsecond mode is primarily used for measure-
ment of data byte spacing. Millisecond mode is primar-
ily used for measurement of tape motion, such as load
point delay or gap delays.

In millisecond mode the delay counter is driven at
one of three frequencies: 5.0 ke, 2.5 ke, or 1.25 ke.
The 5.0-ke oscillator output drives a binary trigger.
Output of the trigger forms the 2.5-kc signal. The
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signal is again divided by a trigger to generate the
1.25-kc drive pulses. The delay counter, in millisecond
mode, uses:

1. The 5.0 ke for Model 3 tape units

2. The 2.5 ke for Model 2 tape units

3. The 1.25 ke for Model 1 tape units

In microsecond mode the delay counter is driven by
the same group of oscillators that drive the write clock.
The frequencies are selected according to tape unit
model and byte density. The frequencies used by the
delay counter in microsecond mode are:

TU MODEL DENSITY 0SC FREQUENCY
i 200 60.0 ke
1 556 166.8 ke
1 800 240.0 ke
2 200 120.0 ke
2 556 333.5 ke
2 800 480.0 ke
3 200 180.0 ke
3 556 500.0 ke
3 800 720.0 ke

When the delay counter is not running, the triggers
are held reset by a positive level. If neither the milli-
second control nor the microsecond control is active,
the triggers are held reset. The reset can be brought
up by a variety of conditions (Figure 405). Reset is
activated by such events as the end of an operation
or a change from millisecond to microsecond mode
(or vice versa). If millisecond and microsecond mode
are down at the same time, the reset comes up.

The delay counter uses a cyclic stepping pattern
similar to the pattern used in the write and read
clocks. One trigger changes state for each half of the
drive pulse. Output of the delay counter is “cleaner”
and faster than the binary type of counter because
there is no delay time waiting for a group of triggers
to “settle down.”

Figure 204 contains a sequence chart of the delay
counter triggers, Specific count timings can be de-
coded from the trigger positions. The maximum pos-
sible count is 511. A chart of count values is included
in Figure 204.

Notice that the count chart in Figure 204 is divided
into four major groups. The condition of triggers H
and G determine the division of groups (along the
bottom of the chart). For example, the delay counter
value rop169 (circled) falls in the third group because
triggers H and G are both on.

Within each group, the F and E triggers form
smaller groups (to the left of each major group). For
RpD169, triggers F and E are both on.

Within the F and E groups are divisions formed by
triggers D and C (immediately to the right of F and
E). For rop169, the D and C triggers are both on.
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Follow the line (for D and C on) to the right.
RDD169 is in the column under B and A triggers both
on. Trigger conditions and count values can be deter-
mined for any delay counter timing up to 255. For
values between 255 and 511, the ] trigger turns on
and the chart sequence repeats.

For example, the value 256 is actually 0 in the
chart sequence with the J trigger on (top line of the
first group).

Delay Counter VRC

A vertical redundancy check (vec) circuit monitors
the stepping pattern of the triggers. Because only one
trigger changes state with each drive pulse shift, the
total number of triggers on will be alternately odd
and even. The vRc circuit checks to see that:

1. An odd number of triggers are on when the drive
is positive.

2. An even number of triggers are on when the drive
is negative.

The entire VRC circuit can be viewed as a parity
checking circuit that looks for an even total number
of lines including the drive pulse. One exception is that
the | trigger is not included in the vrc inputs.

The set path to the vrc error trigger includes a delay
to filter out transient pulses as the triggers change
state. To signal an error, the faulty condition must stay
on for about a microsecond or longer.

“Counter checking” is described on the bottom of
Figure 204.

Command Register

e Commands fit roughly in two categories: data trans-
mission commands and control commands.

e Bits set into the command register may not corre-
spond directly to the bits received in the command
from channel.

e Commands which have 5, 6, and 7 bits on will set
the P bit of the command register then set bus out

bits 2, 3, and 4 into command register positions 3,
6, and 7.

The command register contains bits P, 5, 6, and 7 of
a command while it is being executed. Outputs from
the command register are decoded to generate control
lines for each operation. At the end of each operation
the command register is reset. Figure 17 illustrates
the command register set and reset circuits. When a
command is received during initial selection, bits 5,
6, and 7 determine what will be done with the com-
mand byte.

If the command contains bits 6 and 7, it is a control
command and will be handled differently than data
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transmission commands. Commands which contain
bits 5, 6, and 7 are tape motion control commands
(a type of control command).

When a tape motion control command is received,
the P bit is set in the command register. At the same
time bits 2, 3, and 4 of the bus out lines (the command
byte) are gated into positions 3, 6, and 7 of the com-
mand register.

Control commands which contain only the 6 and 7
bits do not set the command register. No op, mode
set and diagnostic commands use only initial selec-
tion time and, therefore, do not require a place to
store the command for execution. Control lines for
these operations can be decoded directly from the bus
out lines. Request TIE (track in error) requires execu-
tion time to obtain one byte from channel but because it
uses the no-op circuits, no command storage is needed.

There is an exception to the command register bit
pattern in the data transmission commands. All the
data commands, except read backward, set the 5, 6,
and 7 bus out bits into bits 5, 6, and 7 of the command
register. Read backward has no 6 or 7 bit in the com-
mand but the 6 and 7 bits are forced into the com-
mand register along with a 5 bit from the bus out lines.
A read backward command, when displayed, has 3, 6,
and 7 on. This combination appears similar to a “for-
ward space file” command; however, the P bit is not
on for read backward.

When the command register is displayed in the
selectable register lights on the cE panel, positions 0,
1, 2, 3, and 4 are the mode register. Positions 5, 6,
ant 7 are the command register. Figure 101 provides
a list of tape control command formats. Figure 101
also indicates which positions of the command byte
are set into the command register for each format type.

Command register indicators P, 5, 6, and 7 are not
attached directly to the command register. These indi-
cators are driven by a group of command register
“memory” latches. The indicator latches are shown on
the right-hand side of Figure 17.

The indicator latches were added to retain the
command register setting after the command has been
completed. With the indicator lights connected directly
to the command latches, the ce panel lights are reset
at the end of each command. (The command register
must be reset to drop gating lines to the tape control
circuits.) The indicator latches retain the command
bits until the beginning of the following command.

Note, in Figure 17, that the gating line to transfer
the command into the indicator latches is the tape op
trigger. If a command does not turn on the tape op
trigger, it will not be displayed on the ce panel. Com-
mands which do not set the tape op trigger are:
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Test1/0
Sense

No op
Request TIE
Diagnostic
. Mode set

The remaining commands normally set the tape op
trigger and are displayed on the ce panel. In some
cases, these commands may not set the tape op trigger
because of unusual conditions. For example, if the
initial selection status byte of a write, read, or read
backward command is rejected by a command out
response from the channel, the tape op trigger remains
off. Tape op is not set if the channel does not send
the first data byte for a write command (word count
zero condition ). Motion control commands are not dis-
played if a “busy” or a “unit check” condition occurs
during initial selection.

Commands that are displayed, therefore, are:

1. Read, read backward, or write (with no unusual
conditions ).

2. Valid control commands {motion control com-
mands with no busy or unit check condition).

The indicator latches are reset by the “set command
not sense” line; this line is active only during com-
mand out time of initial selection. For this reason, the
latches retain the command setting after completion
of the command. The latches are not reset until just
before a new command is accepted by the control unit.

Several other conditions can block the reset line
and retain a command in the indicators. The same
commands that do not set the tape op trigger also block
the reset line:

1. Testi/o
Sense
No op
Request TIE
Diagnostic

6. Mode set

Since these commands block the reset line to the
indicators, the previous command remains in the indi-
cator lights during their execution.

Conditions for setting and resetting the command
register indicators apply to both on-line and off-line
operations. Commands performed off-line from the ce
panel enter the tape control circuits from the bus out
lines as if they were received from the channel. There-
fore, commands appear the same from the cE panel or
when operating on-line with a data channel.

N

o 0o o

Mode Register

¢ The mode register establishes operating conditions
or modes for seven-track operations.



® The mode register is not used for nine-track opera-
tion. A standard nine-track mode is forced.

® The mode register is set from bus out lines 0, 1, 2,
3, and 4 on a mode set command.

® Mode register is set to 800 epr (position “0” on),
data convert mode active, and odd redundancy
(position “3” on) via system or machine reset,

Bits in the mode register establish operating condi-
tions, or modes, for seven-track operation. A mode set
command sets the mode register during initial selec-
tion. Because no execution time is required, the mode
set command does not set the command register.

Nine-track operations do not alter the contents of
the mode register; they merely ignore it. Subsequent
seven-track operations will again be under control of
the mode register. Any number of operations, both
seven- and nine-track, can be performed in any se-
quence. Bits will remain in the mode register until
the next mode set command unless the control unit
is reset.

Mode conditions are listed in Figure 101 under
“mode set.” Only a mode set command can set the
mode register (Figure 18). During a mode set opera-
tion, bits 0, 1, 2, 3, and 4 of the bus out lines are gated
into positions 0, 1, 2, 3, and 4 of the mode register.

Bits 0 and 1 of the mode register are decoded to
determine the density of bytes on tape for seven-track
operations. The decoded densities are:

BITS DENSITY, BPI
00 200
01 556
1 0 800
11 800

Densities of 200 Bp1 and 556 P are gated by seven-
track. In nine-track operation the only density used
is 800 BpL

Bit 2 of the mode register controls the data convert
feature for seven-track operation. When position 2 is
on, the converter is turned off. Either read backward
or nine-track operation can also turn off the converter.

Bit 3 of the mode register specifies the parity of
seven-track operations. A bit in 3 will bring up odd
redundancy mode. No bit in 3 drops odd redundancy
(even redundancy ). Nine-track operations are all per-
formed in odd redundancy mode.

The translator is controlled by the 4 bit of the mode
register. A bit in 4 turns on the translator; no bit in
4 turns off the translator. Nine-track operations do not
use the translator.

The mode set chart in Figure 101 illustrates how
bus out positions 0, 1, 2, 3, and 4 of a true mode set
command will affect seven-track operations. Only a

true mode set command or reset can alter the contents
of the mode register.

A system or machine reset will turn on positions 0
and 3 of the mode register. Seven-track operations with
the mode register in the reset condition (0 and 3 on)
will be performed in data convert on mode, odd re-
dundancy, and 800 spr density.

Longitudinal Redundeancy Check Register (LRCR)

® The LreR is a circuit to check the longitudinal parity
of each track in a block.

® The LRCR contains one binary trigger for each of
the nine tracks.

e The triggers are complemented each time a bit is
read in the corresponding track.

® At the end of a block all triggers should be off.

The LRCR is an error detection circuit to check the
longitudinal (lengthwise to the tape) parity of each
track in a block. The total number of bits in any track
of a block should be even. Lrcr triggers turn on or off
for each bit in the corresponding track. At the end of
the block all the triggers should be off. If an Lrcr
trigger remains on at the end of a block, an error is
indicated.

The Lrcr does not generate the Lrc character during
write operation. LrRC characters are generated by re-
setting the tape unit write triggers left on at the end
of each block. The Lrcr checks bytes read from tape
for errors on read, read backward, and write (read
checking).

If the total number of bits written in a track (includ-
ing the cree) is odd, the write trigger will be on at
write Lroc time. That trigger will be reset to write
a bit in the rrcc. If the bits in the track were even,
the write trigger would be off at Lrcc time and no bit
would be written in the Lrcc for that track,

As the block passes the read head, each bit comple-
ments a trigger in the LRcr. Since the triggers started
from a reset condition, they should be off after an even
number of bits. If each complete track including both
check characters has an even number of bits, the Lrcr
will be blank at the end of the block.

A checking circuit {Figure 209) samples the Lrcr
at RoD169 time. If no bits are on, the Lrcr error is not
turned on; a bit left on in the Lrcr will not always sig-
nal an error. A bit in the error pattern register (EpR)
will prevent an error indication from the corresponding
LRcR bit. This is done primarily to prevent false errors
during error correction. In an error correction read
operation, the LRCR receives bytes before they are
corrected. The epr bit prevents false Lrc errors from
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the track being corrected but the rest of the Lrcr bits
are checked normally.

When a true LRCR error is detected, the LRCR trigger
turns on. The error condition also turns on data check
and unit check.

Lost Character

e Lost character detection is a circuit to detect loss
of a complete byte while reading tape.

e Lost bytes can be detected only during seven- and
nine-track, read-type operations.

e If the time between bytes is longer than normal but
not long enough for check character spacing, a byte
is assumed to be lost.

e Lost character indirectly causes a read/write vRc
error by generating a shift data pulse when the
read/write register is blank.

The lost character detection circuit monitors seven-
and nine-track read-type operations to detect a byte
(character) loss. A single bit byte can be lost com-
pletely if the bit is dropped. The result is a greater
than normal spacing between bytes. The lost character
circuit detects this longer time and indirectly causes
a read/write vec error. If a read clock 0 pulse occurs
during the time between ®pp17 and ROD30, a lost char-
acter is signaled (Figure 331, coordinates 1B). After
RDOD36, the next byte is assumed to be a check character.

A lost character cannot be detected if it was the first
or last byte in a block because the detection circuit
relies on measurement of time (spacing) between
normal bytes.

Recognition of a lost character condition causes four
separate actions:

1. A shift data pulse, Figure 408, is generated, which
causes a read/write register vRC error because the
read/write register is empty.

2. A byte with only a parity bit is sent to the data
channel.

3. The character count circuit is stepped to allow
for the missing character.

4. The shift pulse also steps the error correction
circuits.

The lost character circuit is primarily for error cor-
rection use. A single bit byte that is lost can be cor-
rected if the loss is detected at the time it occurs and
any other errors are in the same track within the block.
Error correction circuits depend on a shift pulse and a
read/write vrc error to locate the track in error. The
lost character circuit provides the needed pulses even
when a byte is completely missing.

Translator

e For write operation the translator translates eight-
bit code to six-bit code.

e For read operation the translator translates six-bit
code to eight-bit code.

o The translator can be used only for seven-track
operation.

e In seven-track operation, the mode register bit 4
controls translator operation.

The translator is a group of circuits to translate back
and forth between the eight-bit, 1BM System/360 code
(nine-track) and the six-bit (Bcp) code used on BM
seven-track tape systems. In nine-track operation, the
translator is automatically turned off. Tape control
units without the seven-track feature will not have a
translator.

When operating with a seven-track tape unit, the
translator is switched on or off by bit 4 of the mode
register. A bit in mode register 4 turns the translator
on; no bit in 4 turns it off.

The translator is in the data path between the data
register and the read/write register (Figure 100).
When the translator is inactive, bytes transfer without
modification. When the translator is active, bytes are
translated by anp and or circuits. Figure 407 includes
the translation circuits and a chart of the six-bit and
eight-bit codes.

During seven-track write operation, the translator
changes eight-bit code bytes to six-bit (Bcp) code
bytes. During seven-track read operations, six-bit char-
acters from the tape unit are translated into eight-bit
bytes to be sent to the data channel.

Not all of the bits in a byte are modified by the
translator. Bits 5 and 7 of the read/write register are
connected directly to positions 10 and 12 of the data
register. These positions enter the translator also. In
the translator they are used for coding and decoding
other bit positions. Bits transferred in either direction
between read/write register 5 or 7 and data register
10 or 12 are not changed.

Read/write registers 5 and 7 contain bits 4 and 1
of a six-bit (Bcp) character. A comparison of these bit
positions on the code chart in Figure 407 will show
that they remain the same in six- or eight-bit code.
In seven-track operation, positions 0 and 1 of the
read/write register are not used. Positions 0 and 1 of
the read/write register remain in the circuit for seven-
track and are gated out; however they should not
contain data. Figures 307 and 308 illustrate the trans-
lator data flow.
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| Tape Unit Select Register or Device End Scanner
e The device end scanner will provide:
| 1. One of eight 1v select lines (Tu addressing).
2. A selected device end bit for the status byte.
3. Tu address to be inserted on “bus in 5-6-7° posi-
tions during “address in” time of a multiplex
entry.
4. Cause a multiplex interrupt when applicable.

e The device end scanner circuit allows the three
TU select triggers to step or count as a counter which
will then step through eight Tu selections repeti-
tively.

e When the scanner is inactive, one of the eight Tu
select lines is active.

® The device end scanner cannot step the three TuU
select triggers when tcu is performing a command
with a selected Tu or Tcu has “stacked” status from
a previous operation,

e Scanner circuits contain one “arming” latch for each
tape unit which, when set, will allow the three Tu
select triggers to step fo each Tu address, stop step-
ping and provide a device end for that particular Tv.

e Each “arming” latch can be set if the selected TU
is:
1. Not ready.
2. Ending an operation.
3. Busy due to rewinding.

The tape unit select register or device end scanner is
a dual-purpose circuit. During an operation with a
tape unit, the select triggers contain the address of the
selected tape unit. A decoder circuit analyzes the three
triggers (four triggers with sxt feature) to produce a
select line for one particular tape unit. This tape unit
address is retained or “locked” in the triggers by the
“ru selected” trigger until the operation is complete.

The second purpose of this circuit is “scanning.”
When the triggers are not locked by an operation in
progress, they begin to “scan” or step through all tape
unit addresses. No stepping pulses are needed. Outputs
of the triggers are connected to AND circuits which are
gated to the inputs. The result is a circuit that runs
continuously unless it is “locked” by the “ru selected”
trigger or a device end latch (Figure 406).

Scanning is used primarily for rewind and rewind-
unload operations. During rewind or rewind-unload,
the tape control is free of the tape unit. When the
operation is completed by the tape unit, a device end
signal must be sent to the data channel, indicating
which tape unit has finished rewinding. Since the
control unit may have performed several other opera-
tions while the tape was rewinding, the tape unit

address must be reconstructed. When stopped at the
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correct time by the Tu device end circuit, the scanner
provides the correct address.

The same group of AnD circuits that feed the trigger
outputs back to the inputs also stop the scanner. When
a tape unit completes a rewind operation, one of the
input aND circuits is degated to stop the scanner at that
address. This operation is similar to placing a wrench
in the spokes of a wheel to stop it at a given point.

While the triggers are stopped, the address is sent
to the channel as part of an interrupt sequence. When
the channel has accepted the information, the triggers
are free to continue scanning or to accept an address
for a new operation.

Scanner Functions

The device end scanner is a unique circuit arrange-
ment that controls 1u selection and the sequence in
which any TU is allowed to signal a device end. The
circuit is allowed to “scan” for device ends only if the
channel and tape control are “free” of:

1. All tape units; that is, no Tu address is held in the
TU select triggers because no operation is in progress
that reguires retention of a Tu address and,

2. tc has no stacked status; that is, no status latch
is retaining some status from a previous operation per-
formed by a particular Tu.

“Scanning” is performed by the tape unit select trig-
gers. These triggers step through tape unit addresses
in a sequence similar to a counter or clock circuit. Out-
puts of three triggers are decoded to form eight tape
unit addresses. If the control unit has the 16 address
feature installed, four trigger outputs are decoded to
form 16 tape unit addresses.

When the scanner is stopped, the decoded output
will be used to supply the tape unit address informa-
tion of the “address in” byte for multiplex entry on
device end interrupts.

For operations which require both the control unit
and the tape unit operating together, such as read,
write, or wrn, the Tu address must be “locked in” the
TU select triggers so the scanner cannot scan. As soon
as the operation is complete, a “selected device end”
is generated by the scanner output circuits and “device
end” is sent to the channel in the end status byte.
There was no need to allow the scanner to “scan” on
these operations.

For other operations which require only the TU to
complete the command, such as rewind and rewind-
unload, it is not necessary to retain the Tu address in
the select register. Thus the Tu select triggers begin
to scan (step) as soon as TC is free (TU begins to re-
wind ). At this time the tC is free to perform another
command on a different Tu and now the TU select
triggers are utilized to select another Tu address. The
device end status byte must be submitted to the chan-



nel via multiplex entry when:

1. the Tu completes the rewind operation, or

2. an operator makes the Tu ready after the re-
wind-unload is complete.

Scanning is necessary because there is only one set
of Tu select triggers, although more than one TU could
have a “device end” condition pending.

Two other conditions utilize the scanning function
of the select triggers: if a “not ready” TU is selected,
or a newly loaded Tu is rewinding back to load point
when TC is attempting to select it for initial selection.
Under these conditions, the Tu address is lost when the
select register is allowed to scan after initial selection.
However, for both conditions, the Tc must supply a
device end status via multiplex entry when the TU
becomes ready (available). Thus a “remembering”
device knows to stop the scanner at the correct TU
address when these tape units become ready. Again,
the select triggers will supply the Tu address infor-
mation of the “address in” byte for the multiplex entry.

Once the channel takes the device end status, the
scanner advances and stops at the next tu address
indicating “ready” (if any). This procedure is repeated
until all “device ends” are accepted by the channel,
or channel initiates a general reset.

Device End

“Device end” generally means an 1/0 device, in this
case the Tu, has completed (come to the end of) its
part of an operation. The channel and system are ad-
vised of this with a “device end” bit in the end status
byte. To simplify programming procedures, a “device
end” bit is also included in the end status byte after
tape non-motion operations. Specifically, a “device
end” status bit is sent to the channel after:

1. Any command, other than test 1/0. However,
a rewind-unload causes “device end” when the TU
begins the operation, also when (and if) the Tu is
manually reloaded and made ready again after the
operation,

2. A Tu becomes “ready” following its selection when
it was switched, rewinding, or not mechanically ready.
During initial selection, a Tu might be switched to
another Tc (2816 Switching Unit), rewinding (man-
ual), or not ready (relay 101 not picked). An at-
tempted selection “arms” the device end circuits in
TC to prepare for the ready (device end) condition.

A device end bit is usually generated by a line called
selected device end; this line is produced by the device
end scanner circuits. However, under some conditions,
device end is “forced” by the on state of the channel
end trigger and:

1. Rewind-unload trigger (in Tc) for the first device
end status byte of a rewind-unload operation.

2. “Not selected and ready” line (model line inac-

tive from 1c). For example, a sense command must
designate a Tu address even if the addressed Tu is not
ready; a “device end” is generated anyway at the end
of the operation.

Scanner Circuits Description

In the broadest sense, the device end scanner (Figure
406) consists of the following circuits:

1. Three tape select triggers (four triggers with
sxt feature ) must “lock” to select a TU.

2. One TU selected trigger.

3. Eight device end triggers (16 with sxT), one for
each TuU.

4, Eight rewind triggers (16 with sxt), one for
each Tu.

5. Tu select (decoder) circuit, which translates the
tape select triggers output to one of eight (or 16)
possible Tu addresses.

Tape Select Triggers: These triggers are the “heart”
of the scanner; scanning actually means these triggers
are stepping at a 10 megacycle rate, that is, each
trigger is rapidly set and reset in a specific sequence.
Each tu address is “selected” once during each com-
plete continuous cycle.

TU Selected Trigger: This trigger is the “key” to the
circuit; the scanner cannot begin to run unless this
trigger is off. The trigger is always left on when the
selected TU must remain selected as in the case of
those commands requiring Tc and TU operating to-
gether (read, write, etc.). Thus the Tu select triggers
(the heart of the scanner) retain the one address of the
selected TU.

Device End Triggers: The eight device end triggers
are the “remembering” devices for the control unit to
remember which of its eight tape units it must prepare
a device end for. Any device end trigger is set (armed)
by any of three methods:

1. By an “end pulse” which will occur at the end
of all commands which require Tc and TU operating
together, or when the Tu begins to rewind on both
rewind commands.

2. By a “not ready” condition if an attempt is made
to select any not ready or switched tape unit during
initial selection.

3. By a “busy” condition which is the result of the
selected tape unit rewinding back to load point by a
manual intervention. (Operator depressing load re-
wind and start pushbutton.)

Rewinding Triggers: These eight triggers (one per
tU) work in conjunction with the eight device end
triggers. As stated above, the device end triggers are
“armed” to remember that TCc must submit a device
end status byte. These rewinding triggers basically
indicate “when” the device end should be submitted.
The or half of a rewinding trigger has an output if its
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associated tape unit is still rewinding or not mechan-
ically ready. Thus, when the rewinding or not ready
condition no longer exists and because the associated
device end trigger is armed, a device end bit is gen-
erated immediately if the scanner is not stepping or
immediately upon stopping the scanner at the correct
tu address. In addition, these triggers are allowed to
“latch up” only if the Tu is “rewinding or not ready”
during initial selection. This is to inhibit the TU status
from changing while it is being interrogated during
initial selection.

TU Select (Decoder) Circuit: This circuit consists of
a number of AND circuits that translate the Tu select
triggers output into one of eight (or 16) Tu addresses.

Selected Device End

A “selected device end” is generated at the output of
the scanner circuit when three conditions exist:

1. A 1U is selected (scanner stopped).

2. The selected Tu device end trigger is armed.

3. The selected Tu “rewinding” line (or output of
rewinding trigger ) becomes inactive — the Tu is ready.

For most operations, the scanner cannot step and the
TU remains selected. The TU is not rewinding so “end
pulse” arms the device end trigger to generate “selected
device end.” However, if the scanner had been step-
ping, the dropping of the Tu rewinding (ready) line
generated the “selected device end” as the scanner
stopped to select the Tu; the device end trigger was
armed previously.

Scanner Stepping

The scanner steps continuously if the Tu selected trig-
ger is off and no Tu has a device end (ready) condi-
tion. The AND circuits that gate the sets and resets to
the tape select triggers are conditioned by the rewind-
ing and device end trigger outputs, as well as the tape
select triggers themselves. As soon as an armed device
end trigger output AND’s with “not rewinding” for a
particular Tu (Figure 406), either the set or reset of a
tape select trigger is degated and the scanner stops.
For example, if the device end trigger for Tu2 is armed
(set) and the Tu2 rewinding line drops, these condi-
tions AxD to decondition the set to tape select trigger
5 (anp at 1D, Systems 50.42.1) with the 5 trigger off,
the scanner stops with only the 6 trigger on which
selects Tu2. The scanner selection (stepping) sequence
is0,1,3,2,6,7,5,4,0, and so on.

The unit address in the TU select triggers supplies
unit address bits for the address sent to the data
channel. When channel has accepted the “address in”
sequence and status byte it responds with a service
out line. Status in and service out form a reset line
to the device end scanner circuits on Figure 406. The
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device end trigger for that particular tape unit address
will be reset.

The only device end trigger reset will be the one
corresponding to the address in the TU select triggers.
Other device end triggers remain on waiting for a
device end sequence for their address.

Simultaneous Command Interference Circuits

e The 2404/2804 simultaneous r/w tape control units
connect one group of tape units to two data
channels.

¢ Command interference circuits prevent conflict be-
tween data channel commands.

e If there are no conflicting conditions, the command
interference circuits generate gate lines to “lock”
the sections of the tape control in a particular con-
figuration.

e When a command attempts to select a section in
use, the interference circuits generate a busy signal
to the interface that attempted to break in.

Command interference circuits in the 2404 and 2804
tape controls prevent conflict between commands from
the two channel interfaces. The heart of the command
interference circuits is shown in Figure 19. For iden-
tification purposes, the two interfaces have been des-
ignated A and B.

A read or write command from an interface will
attempt to set the correct trigger on Figure 19. If no
interfering conditions exist, the trigger will turn on
and remain on until the operation is completed. Out-
puts of the triggers control gating circuits to connect
the proper interface lines to the desired operating
section (read or write).

Both interfaces can operate at the same time pro-
vided they do not try to select the same control section
or tape unit. If a command attempts to select a section
or tape unit being used by the other interface, the
selection will be answered with a busy status. When
the section and tape unit are no longer busy, the chan-
nel that attempted to break in will be notified with a
“control unit end” bit in a status byte.

Selection
Command interference circuits for interfaces A and B
are almost identical. The top half of Figure 19 shows
the A circuits and the bottom half shows the B circuits.
For illustration purposes, assume that a write com-
mand is received from data channel interface A while
interface B is inactive.

Initial selection of interface A brings up the anp
circuit in 1A of Figure 19. Output of this anp, along
with write, brings up another axp circuit in 2B. Out-



1 v 2 v 3 v 4 v 5
(A) Road, Raad Bkwd, FSP, Bkep, Rwd, Run Command Buzy Status (A) [ amﬁnﬁmTA_“:
Initial Sof A [ 1+ 8ring up "By Excost Test /0 (4} |
Command Out Dly & i
e i A Mot Firat Command Tor A | 2. Rost the A command rogister i
TAed.21.1 13- Condition stahus kit 1 and 3 in intorfaca A |
a MNoQpfRaqTars 98 i
N Nat Roed B — Br[ U H !
Rl st it s G el
R
= TAG0.21. 1
Hat Crond Rug P A 18 Nat Stack Interrupt Tar A
et Crond Rog 7
- Mot Cmnd feg &
| Sena, Tewr  TAGD.2I.) i
| 170, Mode, 54 \
[ No Op,
Raq TIE
. ﬂ , Write Tape Mark, Erose ! Nat TU Sel A
| Nat TU Sol B
A | |
| | |
R —
| Not Unit Chack Tor A A |
Mot Busy Excapt Tezr /D &
= A Address 40,22.1
= Buzy B TA80,22, F 3G
TARD.21.1 S5F
Write A 3H Risih
T ——I_ First Crond Tor A
Write B >—|—O-R- Neta |
- =] e e I o I
TAGH,ZT.T TR T End Command fuy A 1
1E 4E 3 t |
Write A | 1. Turn on control unit and trigger A |
TAG0.21,2 |
Read A | 2. Conditian roquest in A |
3 Nt TU O |
. Sol A |
B O |
| Read B ——To¢f Write A
TA0.ZT.1
] Racdi Road A
= Wrire A
Write TU Se| Gate &
c 8 Interface 15 using
A Address Qut tho tapo unit vhar_ Add TAEO.2.1
ool nTor—— & | A Inferfuce is trying ros i
B1L Select — ta zelecr, Busy Not| Addross Busy A
. Not B Adaptar Addr Dec FL A Read TU Sel Gate A
Net Initial Sel A& Beod 2
ot Initial Se
AR = TA80.21.1
* 2l
A and B Unit Addresses Equal ::*D'z""‘
A Interface iz using
> Tiff e g 5 T
. erface is trying ross .
b Address Qut A iy i A Write TU Sel Gate 8
§ Oparaticnal In Tar
A TU Seluet FL S|
ot A Adoptar Agdr Dec T 620);2‘-'
] TH6D. 21,1 Not Initlel Sel & Jor Not| Addreis Busy B =
—_—" SH Read TU $cl Gato B
TBED.Z1, 1 Rocd B
M4
TH€0.21,1 )
§ (3) Road, Read Beud, FSP, Bkep, Rwd, Run 21
[ Write 8
| Initial Sel 8
- Commond Cut Giy & Roas 8
Address In B
Lo Irmmmr Busy Stetus (8) f Command fury 8 1
No Op Raq Tgr 3 i |
Nof Recd A Tof] T L1, bring up "Buiy Excopt Tau 17O (3" |
ot Crnd Mot Firat Command Tar 8 ‘ |
o Rog P 2. Reset the B command registor
p us bits 1 ond 3 i Interfaca B }
|
N b
. T84D.21.1
Senze, Test A 1
| 140, Made, Mat Stack Interrupt Tar B
Na Op,
| ReqTIE Write, Write Tape Mark, Erose
| ok
2 No Op |
TB80,71.1
— 5 A ac
Aiddrom Bury B
Mot TU Sel A
- Mot Unit Choek Tar 8
| | ot Busy Excopt Test 170 B
=¥ = I
Write b ey | |
t FL
| |
J Virite A Resat B
rite —— Note 1 _
Fitst Command Tgr B
= R T880,22.1
| 22,
©oe (=]
Rood 8 ol T "End Command Busy 8 [ _7‘
Mot TU Sal B | 1. Tumn en Centrel Unit End Trigger & ‘
NGTE 11 Both outputs of the FL block will be active when |
= F e :'—OR the tum=-on and o reset ero active af the same Hme. i 2. Condition Roquest In 8 }
Th&0.21 1
% 2 ‘ ——

TB50.21.3

@ Figure 19. Command Interference A and B 2404/2804 Functional Units 4-67 69




put of the second anp circuit will turn on the write A
trigger and turn off the read A trigger, 1B. The write A
trigger remains on because the reset line (write B)
from the B interface is inactive. An output line, 5C,
from the write A trigger gates the circuits to connect
the A interface to the write control section.

Along with the write command, a tape unit address
is specified. The anp circuit in 2C checks to see if the
B interface is using the tape unit. If the tape unit is
available, the address busy A trigger, 3C, remains off.
The write A trigger line and the not address busy A
line bring up the write Tu select gate A, 4C, which
gates the tape unit select information from the A inter-
face to the tape units.

Connections are now complete to write information
on a particular tape unit from the A interface. The
command interference circuits will keep the control
unit “locked” in this configuration until the write
operation is completed on interface A. When the opera-
tion is ended the reset line (not Tu select A), 1C,
resets the write A trigger. The write A line will drop
to disconnect interface A from the write control sec-
tion and the tape unit.

Commeand Busy

While interface A is performing a write operation,
the B interface is prevented from selecting the write
control section.-During the A write operation the write
A trigger is on, 1B. An output line from the write A
trigger holds the write B trigger reset, 1E. If the B
interface attempts to do a write operation through the
AND circuit in 2E, the command busy B line, 5D, will
be activated.

Both the “in phase” and “out of phase” outputs of
the write B trigger feed the same anp circuit, 2F. At
first glance it seems the anD circuit could never be
activated. Because the rL block is actually an or block
and an axp block in a “latched” configuration, both
outputs can be active at the same time. Both outputs
are active when the B interface tries to select the
write control section and the A interface is using the
write control section. The AxD circuit in 2F activates
the command busy status B line, 3D, which generates
a busy response to the B interface at the end of initial
selection.

Command busy B activates:

1. Busy except test 1/0 (B).

2. Reset to the B command register.

3. Status bits 1 and 3 in interface B.

When the B command register is reset, the B ‘inter-
face drops the line that is trying to turn on the write B
trigger. Only the off output of the write B trigger will
be active, so the command busy status B line will drop.

The command busy B trigger in 4D retains the com-
mand busy B conditions until the B first command
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trigger is reset by a status in sequence. If the channel
rejects the status byte by returning a command out,
the stack interrupt trigger will be turned on. A trig-
ger in 4E retains the command busy B condition until
the stack condition is cleared.

The read B, write A, and read A triggers provide
corresponding busy responses the same way the write
B trigger does. These four triggers are the heart of the
command interference circuits.

Address Busy

Command busy (A or B) can be signaled if the two
interfaces attempt to use the same tape unit. If the A
interface is using a tape unit (read or write) and the
B interface tries to select the same tape unit {read or
write), the address busy B trigger, 3D, is turned on
by an axp circuit in 2D. Output of the address busy
B trigger blocks the Tu select gate “B” and activates
the “command busy B” line, 5D.

Simultaneous R/W Operation

Both interfaces can operate at the same time if they
do not try to use the same control section or tape unit.
Refer to Figure 19 and assume that interface A is
processing a write-type command. The write A trigger
is on in 1B. The write A and write Tu sel gate A lines
are active to “lock up” the configuration.

A read-type command from interface B activates
an anp circuit in 2D. Output of the axp circuit will
try to reset the write B trigger (should not be on)
and set the read B trigger. None of the resets to the
read B trigger are active at this time, so the read B
trigger will be turned on. Since both the set and reset
to the read B trigger were not active at the same time,
the anp circuit in 2F did not bring up the command
busy line.

If the tape unit address from the B interface is not
the same unit that A is writing on, the address busy B
trigger, 3D, remains off. Under these conditions the
output lines, read B, and, read Tu select gate B, will
“lock” the read control section and the tape unit to
the B interface without disturbing the “locked” con-
dition of the A write operation.

End Command Busy

The command busy trigger also activates a circuit to
generate “end command busy” (A or B). End com-
mand busy sends a control unit end signal to the chan-
nel when the busy condition is cleared. Three triggers
in each interface check the busy condition and gen-
erate the end command busy signal.

The first of the three triggers, 3E, is turned on by
“command busy” (A or B). Output of the first trigger



goes to one leg of an AND circuit. The other leg of that
AND circuit is “not TU select” from the opposite inter-
face. Output of the anp circuit turns on the second
trigger, 4E.

After a “command busy B,” 5D, the anp circuit in
4E will turn on the second trigger when TU select A
drops. If Tu select B is down, the third trigger turns
on and generates the “end command busy B” signal, 5F.

If another command busy B signal occurs while the
second trigger is on, the sequence will start over with
the first trigger. Output of the third trigger resets the
first trigger and turns on the control unit end trigger.
The third trigger output also conditions request in to
notify the channel that the control unit has a status
condition to transmit.

Sense, Test 1/0, Mode Set, No Op, or Request TIE

Some commands can be performed on either the read
or write control section. Test 1/0, mode set, or no-op
commands involve only initial selection time of the
interface section. The select status of the read and
write control sections has no bearing on these operations.

Sense

A sense operation must select a control section because
part of the information sent to the data channel must
come from the control sections. Assume that a sense
command is received from interface A while the B
interface is performing a read command. The sense
command (not P, not 7, and not 6) activates an aAND
circuit in 1A of Figure 19. Output of the aND circuit
allows the two triggers in 2A to latch on if set.

The first trigger will not be set because the B inter-
face is performing a read operation. Not read B or
no-op request is needed to set the first trigger. The
second trigger turns on because the first trigger is off.
Output of the second trigger holds the first trigger
reset and turns on the write A trigger, 1B.

If the read control is not busy, the sense command
turns on the read (A or B) trigger. If the read control
section is in use, the sense command turns on the write
(A or B) trigger unless “found track”™ has held the
read section because of errors.

If, during a read operation, errors occur and the TIE
is found, then the found track trigger will keep the
read control section attached to the interface by bring-
ing up a “chain” condition. This is to keep the other
interface from destroying the TiE information in the
ePR. The read control section will remain connected to
the interface until a sense command is performed to
move the TiE information to the data channel. Another
command on the same interface can also break the
“chain,” however, the TiE information may be lost.

Information bits for the five bytes of a sense com-
mand (Figure 8) come from three possible sources:

interface circuits, read control, or write control. A sense
command on interface A will use interface A circuits
for bytes 1, 4, and 5. These bytes represent the condi-
tions left by the previous operation. Byte 3 can only
come from the read control section because it has the
only EPR for TiE information.

Byte 2 bits 1 through 6 provide tape unit informa-
tion regardless of which control section is selected.
Bit 0 or byte 2 is from the interface circuits and does
not depend on control section or tape unit selection.
Bit 7 of byte 2 can only come from the write control
section.

Request TIE

A request TIE instruction must select the read control
section to put a Tie bit in the EPR. The read section
must be used because error correction can be per-
formed only during read operations. The write section
has no PR to accept a TIE bit.

To insure that the read section is selected, the no-op
request trigger turns on the trigger (Figure 19)
which, in turn, sets the read A or read B trigger.
Whichever interface decodes the request TIE command
will be connected to the read control section provided
the other interface is not using the read control section.
If the read section is busy, a “command busy” condi-
tion will be generated. When the control unit is no
longer selected, a device end bit is sent to the channel,
in an interrupt status byte, to indicate that the request
operation can now be performed.

Simultaneous CE Panel Light Switching

A 2404 or 2804 has only one cg panel for four groups
of circuits. ce panel indicator lights must be switched
from one circuit to the other to display all of the de-
sired information. In the lower right corner of the ce
panel (Figure 20) are two jacks labeled A and B. A
plug in the A or B hub will connect the corresponding
interface to the ce panel. Not all of the panel lights
are controlled directly by the A and B plugs.

Those indicator lights which are connected directly
with interface circuit operations are switched by the
A and B plugs. Indicators connected with the read and
write control sections are switched by a latch circuit
controlled by the A and B jacks and interface op-
erations.

Lights marked a/8 in Figure 20 are switched
by the A and B jacks. Lights marked R or W are
associated with the read or write control sections.
Lights marked r/w can represent read or write control
section conditions, depending on the condition of the
indicator latch circuit. When the latch is in the read
state, indicators in Figure 20 marked R or r/w dis-
play read control section information. When the latch

Functional Units  10-65 71




1 v 2 \ 4 3 v 4 v 5
‘ ouT { INIT RD FND
N SUP OPR  ADDR  COM  SERV SEL SEL  CHAIN STACK RD RDD CND CORRECT  TRK
Ih CHNL  DEV 157
OPR ADm STA SERV SEL STOP END  END WD WDD  CHAR

h 4
9
®

ONONT,

BYTE CTR
C B A
ERROR
EKEW CRC
4

eT
9»

<
=
o

.

."
2
2
@

@
®:]

®

BUS OUT wC COM OVER
PARITY  DCC ZERO RUN NOISE

] ©886 66

DATA REGISTER

....@.@..

SELECTABLE REGISTER
P 0 1 2 3 4 5 4 7
* Soe
Plugs
Balaw
A TRG
DEL WR RD

REJ CLK ERR SEQ IND.
TU DEL WR RD ECHO COMP

TU STA RD o WRPUL 7 T9:SEL
A B STAT PT OFF NFP GO BKWD CTRL Rl
D
QFF MACH CHK INTERFACE —l
LINE RST RST START sTOP MULTI AUTO  RAISE
’ SINGLE STEP LOWER
E
D ’7 STOP ON ﬁ‘ HOLD AUTO | ADDRESS |
uc LRC VRC SKEW RW CRC ERROR DIAG STOP 0 1 2 3 4 %
RED{ [o =) o o o [ 0 3] o] [o o 0 0 0]
F P (1] 1 2 3 4 5 b 7 sTOP P 5 & 7
F 1[o——=—C O —o—0 — O e o]
GRAY
2] O— O O © — o]
YELLOW( M
Qs{c O— o— —o— O o]
’ )
Clk o yo, O O o o re: o — o o—o0] |
i [o o 22 © © o] = REG SEL ]
M REG RW LRC  SKEW  CRC EP
|[lo——o 0| O—0— ol
G BLUE (D A/B R RAW RAN RAW R
A o
W= - 2] Rec Lo Erkass
A | ! 8 1 128 A B
2 L_Lc —0 O~ < C | o -0 e o o o 2

Figure 20. CE Panel Lights 2404/2804

72 10-85 2403/2404-12.3; 2803/2804-1



is in the write state, indicators marked W or r/w dis-
play write control section information. Indicators
marked R or W can be on only when the latch is in
the corresponding state.

Control of the latch circuit is the key to indicator
displays. The state of the indicator latch can be
changed only if an operation occurs while the corre-
sponding interface (A or B) is jack plugged. A read
operation on the A interface can change the indicator
latch to the read state only if the A jack is plugged.
Moving the jack plugs has no effect on the indicator
latch until an operation occurs to switch its condition.
Moving the jack plugs will change the a/B indicators,
however.

When a jackplug is moved from A to B or from B
to A, the a/B indicators change condition but the »/w
indicators remain connected to the control section
used by the previous operation on the jackplugged
interface. The r/w indicator latch circuit remains in
one state until an operation is performed on the inter-
face that has its jackplug in place on the cE panel. If
the new operation selects the same control section, the
indicator latch does not change state.

During cE panel operations on the A or B interface,
the opposite interface may still be on line. If the A/B
jackplug is moved, the r/w indicators may be indicat-
ing on-line operations that happen to use the control
section left by the indicator latch circuit.

Off-Line Command Interference

When either the A or B interface is placed off line
from the ce panel, the command interference circuits
are still operating. Operations performed on the off-
line interface can directly affect the opposite interface
which is still on line. An off-line (ce panel) operation
selects the read or write control section and a tape unit
preventing the on-line interface from selecting either
the control section or that tape unit. The off-line inter-
face also has access to the same group of tape units
that the on-line interface is using. ce panel operations
can alter or destroy tape information written by on-line
operations.

Tape Mark Detection

® Any true tape mark character, seven- or nine-track,
will contain two and only two characters with
identical bit configurations.

® A tape mark character can only be recognized if
the first character appears to possess a tape mark
configuration.

® Tape mark recognition is active both on read and
read backward operations.

e Tape mark recognition circuits check for:
1. Proper bit configurations.
2. Data character and one check character.
3. No more than two characters.

® Recognition of a true tape mark will set “unit ex-
ception” (bit 7) of status byte during:
1. Read forward or read backward.
2. Backspace or forward space record.

Tape marks are written on tape to separate groups of
data blocks. During subsequent read operations, tape
marks must be detected to identify data boundaries.
Forward and backward reading and spacing opera-
tions must be able to correctly identify the difference
between tape marks and data or check characters that
appear to be tape marks because of their bit config-
uration. Most of the tape mark circuits are used to
separate true tape marks from false ones.

First Character Tape Mark in Forward Read

The first character transferred to tape control in a read
operation causes final amplifier tracks to produce high-
and low-clip outputs that set corresponding high- and
low-clip skew register positions. The first high-clip
output from any final amplifier track sets the first bit
trigger, causing the read clock to start.

The first character trigger, set during the initial
selection sequence, is on only during the first read
clock cycle in the operation, allowing the read clock
output at rc-6 time to check the character in the high-
clip skew register for the tape mark bit configuration
(Figure 333, coordinates 4.and 5C).

A tape mark, in nine-track, is composed of bits in
positions 3, 6, and 7 and no bits in P, 0, 1, 2, 4, and 5.
A tape mark, in seven-track, is composed of bits in
positions 4, 5, 6, and 7, and no bits in P, 2, or 3.
Tracks 0 and 1 are not used in seven-track operation.

If the character in the high-clip skew register has
the bit structure of a tape mark, the tape control sets
the first character tape mark trigger at read clock
6 time. The tape control must now wait for the next
character to see if the record is a true tape mark. The
record may be data with the same bit configuration as
a tape mark.

A true tape mark record contains only a tape mark
followed by an Lrc character with the same bit struc-
ture. Tape control holds the first character in the
read/write register until the next character is received.
The character spacing and bit configuration determine
whether the record is a true tape mark or data (Fig-
ure 501).

At mrc-7 time in the first read clock cycle:

1. Tape control sets the rop trigger. “rRop” conditions
microsecond delay counter drive circuits, and the delay

Functional Units 4-67 73




counter steps in the microsecond mode at the rate
determined by the tape unit reading the record.

2. Tape control checks the character in the high-
clip skew register for parity in seven-track to determine
“gate out hi” on “gate out 10” to the r/w register, A
nine-track tape mark is always gated from the high-
clip skew register to the r/w register. A seven-track
tape mark is always an even parity character; a nine-
track tape mark is always an odd parity character.

At re reset time, the tape control:

1. Resets the first character trigger.

2. Resets the first bit trigger, causing the read clock
to reset.

3. Resets the high- and low-clip skew registers.

4. Sets the r/w control trigger.

Because the first character tape mark trigger is set,
the r/w control trigger output does not condition
“start shift” to initiate a read/write register to data
register character transfer, as shown on Figure 408.

If the delay counter advances to 36 before the next
tape character produces a high-clip output from final
amplifiers, tape control sets the first check character
trigger. The tape mark character stored in the read/
write register on the previous read clock cycle does
not transfer to the data register.

If the second character in the tape record arrives at
the final amplifiers and causes the read clock to start
before the delay counter advances to 36, the record
is not a true tape mark record. Although the first
character in the record (now stored in the read/write
register) has the bit configuration of a tape mark, tape
control must transfer that character to the data reg-
ister. Tape control must also check and transfer the
second character in the record (now in the skew
registers) to LRcR and through the read/write and
data registers to channel before the tape unit transfers
the third character to tape control. If this is a data
conversion read operation, tape control transfers only
one byte to channel during this character cycle. If this
is a standard read operation, tape control transfers two
bytes to channel during this character cycle. Tape
control resets the first character tape mark trigger at
RC-0 as quickly as it detects that the record is not a tape
mark, and begins action to transfer the first character
from the read/write register to the data channel.
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The character in the read/write register is assumed
to be data because the record is not a tape mark. The
first character was not shifted to the data register be-
cause the tape mark trigger blocked the start shift
circuit (Figure 408). When the tape mark trigger is
reset at read time clock 0 time, a shift data occurs to
transfer the first character.

Tape control processes the second and succeeding
characters in the tape record at normal times, The
condition in which the first character in the record has
the bit configuration of a tape mark but is not followed
by a check character is one case that requires tape
control to execute two character transfers in the second
read clock cycle; one at rc-0, and the other at normal
read clock reset time.

Tape Mark-Read Backward

During read backward, check characters can appear
to be tape marks. The bit configuration of a check char-
acter could be the tape mark configuration and check
character spacing is the same as tape mark spacing.
To detect a true tape mark condition, tape control must
rely on detection of a third byte or data spacing be-
tween bytes.

The second check character trigger is the key to
detecting false tape marks because of data spacing
during read backward. If a read clock 0 pulse occurs
while the second check character trigger is on, the
tape mark trigger is reset. The second check character
trigger remains on from read clock 2 until ropss. A
read clock 0 pulse occurring during this time indicates
that the bytes on tape are too close together to be a
tape mark and will reset the tape mark trigger. De-
tection of a third byte via the unlabeled latch (Figure
333, coordinates 5C) definitely indicates false tape
mark and will also reset the first character tape mark
trigger.

At the end of a tape mark record with “Ble search”
inactive, the unit exception trigger is turned on. First
character tape mark, rRop-169, and not file search, turn
on unit exception. The file search line is brought up
only for backspace file or forward space file operations.
Unit exception indicates that a tape mark was detected
when the tape control was not expecting to find a tape
mark.



Initial Selection

e All commands performed in the tape control units
begin with an initial selection sequence.

e Initial selection accomplishes four basic functions:

1. Selects the correct control unit and tape unit
from the available group.

2. Confirms, from conirol unit response, that the
correct unit has been selected.

3. Transmits a command to the control unit.

4. Status of the control unit and tape unit is trans-

mitted back to the channel.

e The status byte, returned at the end of initial selec-
tion, informs the channel whether the selected units
are able to perform the command.

An initial selection sequence is the beginning of all
commands performed in the tape control units, When
a data channel has a task for a control unit to perform,
an initial selection sequence transmits instructions to
the control unit. Initial selection also transmits status
of the control unit and tape unit back to the data chan-
nel (Figure 500).

Figure 500 is the flow chart for initial selection.
Figure TA illustrates the chronological sequence of
interface lines. “Objectives” on Figures 300, 301, and
302 provide a guide to the description of the circuits.

Address Out and Select Out

® The channel seeks the 1/0 control unit via “address

out” tag and an address byte which contains the
desired address.

e Control unit address occupies bus out positions 0
through 4.

e Tape unit address occupies bus out positions 5, 6,
and 7.

e Control unit checks parity of address byte for odd
number of bits.

® To determine correct Tc address, a match is made
between bus out 0 through 4 and pre-wired address
card in Tc. :
v a
The first objective of initial selection is to pick out
the correct control unit and tape unit. To accomplish
this the channel activates the interface bus out lines
with a byte containing the correct addresses. Bits 0,
1, 2, 3, and 4 designate the control unit; bits 5, 6, and

Principles of Operation

7 designate a tape unit attached to that control unit.
If a control unit has the 16 address feature, bit 4 of
the address byte is used as part of the tape unit address.

To identify the byte on the bus out lines, the chan-
nel activates an interface tag line called address out.
When address out is active, control units attached to
the channel examine the byte on the bus out lines.
Address decoder circuits are shown on Figure 300. At
coordinates 2C of Figure 300, the byte on the bus
out lines is checked for odd parity. Address decoder
circuits check the bit structure to determine which
control unit is to be selected.

Address Decoders

Each tape control unit is assigned an address at the
time of installation. No two control units have the
same address on any one data channel. The assigned
address is wired into circuit cards that can be changed
easily if the system is reconfigured. Each bit position
of the control unit address decoders is wired to accept
an up or down level from the bus out lines. If the
but out bits match the decoder configuration, an ac-
tive output gates the control unit circuits to respond.

Control Unit Addressed

During address out of initial selection the address de-
coder is sampled to see if the bus out bits match the
assigned control unit address. An AND circuit, at co-
ordinates 3C of Figure 300, can be activated if all of
the following conditions are active:

1. Select in circuit is down.

2. Address out tag is active from the channel.

3. Bus out parity is correct (odd).

4. Bits on the bus out lines match the address de-
coder configuration.
If all four conditions are active, the AND circuit pro-
duces a line called “control unit addressed.” Control
unit circuits have determined that the channel is trying
to select this specific control unit. If the address bits
did not match, the control unit would not respond.
The address byte on the bus out lines would be exam-
ined by all of the attached control units but only one
could respond to an address out.

Select Out

Shortly after the rise of address out, the channel ac-
tivates select out. The select out line is sent to each
control unit in turn. If a control unit is not active, the
select out signal is propagated to the next control unit
in sequence. Select out establishes a priority sequence
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to separate control units that try to communicate with
the channel at the same time. During initial selection,
priority is not needed because only one control unit
can respond. Priority is used primarily during multi-
plex mode operations when several control units can
be operating at the same time. If a control unit is ready
to communicate with the interface, it will accept se-
lect out and respond to the channel. If the control unit
is not ready to communicate, the select out signal is
sent to the next lower control unit in the priority
sequence.

In the case of initial selection, the select out signal
arrives shortly after address out. The tape control has
decoded its own address and therefore is ready to be-
gin operations.

Tape Unit Address

Bits 5, 6, and 7 of the address byte designate which
tape unit is to perform the command. These bits must
be stored in the tape unit select triggers. Outputs of
the Tu select triggers are decoded into one of eight (16
with the sxr feature) possible select lines to activate a
tape unit.

A line called “adapter address decoded” is generated
(Figure 300, coordinates 4D). “Adapter address de-
coded” is used (Figure 301) to gate the tape unit ad-
dress bits into the tape unit select triggers. In Figure
301, coordinates 24, the “set tape unit address” line
gates the bus out bits into the TU select triggers. The
same line also fires the “ru lines valid” singleshots.
For 10 microseconds the singleshots block control unit
operations. The delay is to allow the tape unit time to
respond to the select line and generate a “start reset”
to reset control triggers and latches.

Address In and Operational In

® The control unit “locks” into the channel via its
“operational in” tag,

® Address in tag is sent to the channel with an address

byte to confirm that the 1/o device is the sought
device.

® The address byte is transferred via bus in lines.
® Bus lines must always contain odd parity.

® Address in byte originates from a second group of
pre-wired address cards for tc address (0-4) and
from tape unit select register for Tv address (5, 6,

7).

Adapter address decoded (Figure 301) also turns on
the address in trigger (coordinates 4A). Address in
is eventually going to be used to respond to the data
channel and confirm that the correct control unit has
been selected. The address in trigger first gates the
turn on circuit for operational in.
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Adapter address decoded also sets the initial selec-
tion trigger and the tape unit select trigger (Figure
301, coordinates 5A). The initial selection trigger
establishes conditions so the control unit can accept a
command from the channel. The tape unit select trig-
ger stops the device end scanner to lock the tape unit
address in the tape unit select triggers (Figure 301,
coordinates 3B).

Three conditions gate the turn on circuit of the op-
erational in trigger:

1. Not reset.

2. Select out.

3. Address in trigger.

During initial selection, the operational in trigger is
gated on because all three conditions are active. Op-
erational in line is a signal to the channel that a control
unit is active and will now respond with address in
(Figure 301, coordinates 3B ).

The address in trigger places a byte on the bus in
lines (objective 6 in Figure 301). The address in byte
contains the address of this control unit and the ad-
dress of the selected tape unit. Bits in the address in
byte should be the same as the address out byte re-
ceived from the channel. Data channel circuits will
examine the returned address to make sure the correct
control unit and tape unit have responded.

The address in byte is constructed by circuits in
the tape control unit. A group of pre-wired jumpers
provide the bits for the control unit address portion
of the byte (Figure 301, coordinates 5B). The tape
unit address is taken from the Tu select triggers, which
should contain the bits just received from the channel.
As the address in byte is placed on the bus in lines,
the correct parity is inserted in the P position.

After a time delay to allow the bus lines to settle
down, the address in tag line is raised to identify the
byte on the bus in lines. Even though the address in
trigger is turned on before the operational in trigger,
the address in tag is not sent to channel until after
operational in (Figure 301, coordinates 3B and 3C).
The channel drops address out when operational in
arrives. Address in cannot be transmitted back to the
channel until address out from the channel has
dropped.

Command Qut
® Channel informs the control unit what to do via

the command byte.

® The command byte is checked for odd parity on the
bus out lines.

¢ Either the mode register or the command register or
neither is set as a result of the command.

® The command register bits are decoded into the
type of operation to be performed.



¢ The mode register decodes lines to inform the Tcu
of the mode in which seven-track operations will
be executed.

After the channel has accepted the address in byte,
a command byte is transmitted from the channel to
the control unit. The data channel places a command
byte on the bus out lines, then activates the command
out tag line. Bus out and command out enter (Figure
301, coordinates 1D, objective 8). Parity of the com-
mand byte is checked as the bits arrive on the bus out
lines. Command out together with three other condi-
tions will generate a line called set command register.
The three conditions are:

1. Operational in

2. Address in

3. Initial selection.

Set command register gates the bus out lines into
the command register (Figure 301, coordinates 6D ).
During most commands the command byte remains
in the command register until the operation is com-
pleted. Some types of operations do not require the
command after initial selection. When the command
is no longer needed, the command register is reset.

Figure 101 is a chart of command bit configurations.
Different types of commands are handled differently
when received. The functional unit entitled “command
register” in this manual explains how bus out positions
are placed in different positions of the command
register. Explanations of individual command opera-
tions will be found in the “Principles of Operations”
section.

Status In

°® Status in tag is the Tcu response to channel’s com-
mand out tag during initial selection.

® The status byte can be any combination of its eight
bits, depending upon Tcu status, tape unit status,
bus out parity errors, etc.

® Status byte is gated to the bus in lines when status
in tag is activated.

¢ Bus in circuits assign odd parity to the status byte
to ensure correct parity.

® The channel indicates acceptance of the status byte
(service out) or rejection of the status byte (com-
mand out).

The fourth major objective of initial selection is trans-
mitting control unit and tape unit status back to the
data channel. Status information is assembled into a
byte and transmitted to the channel on the bus in lines.
The status in trigger, after a time delay, brings up a

status in tag line to identify the status byte (objective
5 on Figure 302).

One of the requirements to turn on the status in
trigger is that the first command trigger must be on
(Figure 302, coordinates 2A and 3B). The first com-
mand trigger acts as a status in gate. Three conditions
are required to turn on first command during initial
selection:

1. Addressin

2. Tv lines valid (after 10 microsecond delay)

3. Command out delayed.

Address in has not been reset so it remains active.
TU lines valid will become active after the 10 micro-
seconds allowed for the tape unit to respond. A de-
layed command out signal supplies the third condition
to turn on the first command trigger.

First command, in turn, gates the circuit to turn
on status in. The status in tag line rises after a time
delay to allow status bits to settle down on the bus
in lines. The status in trigger assembles the status infor-
mation and gates it onto the bus in lines starting during
the time delay (objectives 6-8, Figure 302).

Status Bifs

A status byte represents conditions in the tape control
and tape unit. Status bits 0 through 7 represent the
status conditions as listed in the description of 1/0
interface in the “Introduction.”

As a general rule, a status byte is sent to the channel
twice for most commands, at the beginning and the end.
The rewind commands can be an exception to this rule.
However, all commands do submit a status byte at the
end of the initial selection period. The contents (bit
configuration) of the status will vary depending upon
the type of command.

Figure 21 shows:

1. When status bytes are sent to the channel per
command.

2. The content of the normal status byte.

3. How long the control unit is locked to the channel
per command under burst mode. This is indicated by
the “operational in” line.

Note, on Figure 21, that the commands are cate-
gorized into five groups. The status byte content,
at the end of initial selection, is forced active for
groups 3, 4, and 5. The circuits to generate these
status bits are shown on Figure 302, objective 6.

An important point, relative to status bytes, is that
the channel must eventually accept (service out) any
status byte activated by status in trigger.

Valid Control Commands

Any control command that requires Tu operation (P
trigger in the command register) is a valid control
command, provided no unit check or busy condition
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for the selected Tu is detected during initial selection.
The line “valid control command” forces a channel
end status bit into the initial status byte (Figure 302,
coordinates 4D and 5D).

These commands do not require channel operation
during execution (Figure 21, groups 4 and 5). After
initial selection is complete, channel disconnects ( oper-
ational in line inactive). The Tc and/or the Tu will
complete the operation without channel. After the
operation is complete, Tc must “interrupt” channel
(via multiplex mode) with the end status byte, by
raising “request in” to channel.

The following are valid control commands if no unit
check or busy condition exists.

1. Erase gap (Erc).

. Write tape mark (wrnm).

. Forward space record (Fsr).
. Forward space file (rsr).
Backspace record (Bsr).

. Backspace file (Bsr).

-1 @ Ul o W o

. Rewind tu (reEW).
8. Rewind-unload Tu (RUN).

Any one of these commands is begun when “status in
and service or command out” sets the tape op sync
trigger at the end of initial selection (Figure 302,
objective 11). When either “out” tag falls, the tape
op trigger is set to begin the operation by bringing up:
1. Write op (ERG, wrM ).
2. Read op (Fsg, FsF).

3. Backward op (BsR, BSF, REW, RUN ).

Channel Accepts Status

If the response to “status in” is “service out,” this
indicates that the channel has accepted the status byte
and Tc should proceed with the execution of the com-
mand if status conditions allow. The two status con-
ditions that can affect the execution of a command are
unit check and busy. Both can affect each command
in a different manner. Refer to “Unit Check” and
“Busy Status” for complete details.

Once the status byte has been accepted by channel
(service out), the following action occurs to reset the
initial selection period and progress on to the “oper-
ate” time if allowable or applicable.

L. Reset “status in” trigger by first resetting the “Arst
command” trigger (Figure 302, coordinates 2-3A).

2. Reset initial selection trigger and status bit
latches, via objective 9a on Figure 302.
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3. For commands which require tape unit motion,
set the “tape op sync” trigger as described in objec-
tive 9b.

4. Set the control immediate trigger if this is- a
valid control command (objective 9c).

Control Immediate Trigger

The prime purpose of the control immediate trigger
is to function as a remembering device for Tc when
handling a valid control command. Since all valid
control commands submit a forced channel end bit
to the channel at the end of initial selection, Tc must
insure that this bit is accepted. This trigger can only
be set by a “service out” response. Thus, if this status
is rejected, the control immediate trigger will not be
set, thereby informing Tc to resubmit this channel
end bit at a later time. These effects are described in
the following section.

Channel Rejects Status

When channel responds to status in with command
out, the channel has not accepted the status byte.
This response will affect the tape control unit opera-
tion as follows:

1. Reset status in trigger by first resetting the first

command trigger (Figure 302, coordinates 2-3A).

2. Terminate the initial selection period by resetting
the initial selection trigger (Figure 301, coordinates
5A ) after command out and first command are inactive.

3. Will not reset status bit latches so as to preserve
the status bits. “Status bit reset” cannot be activated
(Figure 302, coordinates AE).

4. Possibly inhibit the execution of particular com-
mands.

5. Resubmit the rejected status byte either by stack
trigger active or control immediate trigger inactive.
(A submitted status byte must eventually be accepted. )

The following discussions are relative to the various
conditions associated with 4 and 5, above.

Stack Trigger

The stack trigger serves as a dual “remembering” de-
vice for the Tc. It can only be set by a rejection of
status (command out) for all commands except a valid
control command (objective 10 on Figure 302). In its
first role, the stack trigger will originate a “request
in” to channel for the re-submission of the previously
rejected status byte if “suppress out” from channel is
not active. This type of entry is definitely under the
multiplex mode and is described under “Control Unit
Request In Sequence” in this manual.
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Figure 22 illustrates how the “stack™ trigger causes
the re-submission of the previously rejected status
bytes for all those commands in Group 1. The contents
of the status byte should be the same as the original
status byte. Figure 21 indicates the original contents
of each status byte per command type.

In its second “remembering” role, the stack trigger
can cause a “busy” condition as described later under
the “busy” sections. Since the active state of the stack
trigger indicates the preservation of rejected status,
the tape control unit cannot allow the execution of
another command if the status latches are holding
status. As shown in Figure 23 the tape control unit
possesses one latch each for bits 2, 4, 6, and 7. Any
command which would normally use one of these
latches (groups 1, 2, and 3 on Figure 21) would set
stack if this status was rejected. Stack would pre-
vent the execution of another command since one or
several of these status latches are retaining informa-
tion. On the other hand, a valid control command
normally utilizes a forced channel end bit (latch not
set) and later only a device end bit. Figure 23 indi-
cates that there are eight device end latches (one
per Tu). Thus stack is not set on valid control com-
mands. This allows execution of another command if
the new command uses one of the seven remaining

Bus In

Control Unit End (Bit 2) 2
FE* =
Channel End (Bit 4) 4
L —a
T 7 7 T DeviceEnd Latches 8

CR [ —

TUO J U1 J TU2 _[ TU3 J

‘I
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Figure 23. Status Bit Latches
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tape units whose device end latch is not set. If a unit
check occurs (unit check latch active) on a motion
control command, it is no longer considered “valid.”
A “status in” “command out” response (rejection of
status) will allow stack trigger to be set (Objective
10a on Figure 302). Tc is again busy to the receipt of
any new command because one of the “one-of-a-kind”
status latches is set.

Control Immediate Trigger

If the forced channel end bit in the valid control com-
mand status byte is rejected, the control immediate
trigger cannot be set (objective 9¢, Figure 302). The
inactive state of the control immediate trigger will
produce the results shown on Figure 22, Group 2. This
forced channel end bit must eventually be accepted
by the channel and, dependent upon the type of
motion control command, it is re-submitted at various
times. Note on Figure 22, Group 2, that all entries
are in multiplex mode. Therefore, if “suppress out”
from channel is inactive:

1. On the rewind-unload operation, channel end bit
is substituted for the normal control unit end bit and
re-submitted at the normal second status byte inter-
ruption. This occurs when Tu begins to rewind, Tc will
continue to interrupt (re-submit) until channel accepts
(service out).

2. On the rewind operation, Tc will begin to inter-
rupt with this channel end status byte as soon as the
tape unit begins to rewind. If channel continues to
reject (command out), Tc will continue to interrupt
until channel accepts or the tape unit completes its
rewinding. On the latter, the channel end bit will be
included in the normal end status accompanying the
device end bit.

3. For the remaining motion control commands
(wrM, ERG, BSP, Fsp), the channel end bit replaces the
normal control unit end bit in the end status byte
along with the normal device end bit.

If the control immediate trigger is off after initial
selection for both rewind and rewind unload, the chan-
nel end trigger is allowed to be set by “end pulse” as
the tape unit begins rewinding. The on state of the
channel end trigger causes the Tc to “request in” with
channel end status.

Command Execution

When a status byte is rejected (command out) by the
channel at the end of initial selection, the command
may or may not be executed depending on conditions.
The following chart summarizes the effects of “com-
mand out” for each type of command:



COM-
IS STACK MAND
STATUS TRIGGER EXE-

COMMAND BYTE SET CUTED COMMENTS
Request Present Yes No  Set stack (Figure
TIE, Read, conditions 302, coordinates
Read Back- 5G) causes end
ward, reset to reset com-
Write, mand register
Sense (Figure 301, co-
ordinates 5D )
No-op, Channel Yes Yes End reset is again

Diagnostic end, de-

generated, but
Mode Set  vice end

command is nor-
mally executed
during initial
selection period.
Motion Forced No  Yes/No Yes—if “valid ctrl
Control channel emd” (No unit
Commands end bit check or busy)
No—if busy or unit
check; either
causes reset to
command register
( Figure 301, co-
ordinates 5D)

Control Unit Busy

® TcU can perform one command at a time; therefore,
if the command register contains a command, the
TCU is busy.

* If the end status byte from a previous operation has
been stacked — not yet accepted — Tcu is retaining
this status and cannot perform any command until
cleared of this status.

¢ If an operation has just completed and is preparing
to send its end status byte, the Tcu is busy to any
other command from channel.

® Control unit busy is recognized when the channel
initiates another initial selection and any of the
above conditions exist.

® Control unit busy is indicated by a “short sequence”
— address out, select out, status in.

The term “busy” implies that the selected control unit
is unavailable to perform another command if it is:

1. presently occupied performing a command, or

2. presently “preserving” (stacked) a previously re-
jected status byte.

Item 1 is self-explanatory, since it is logical that the
control unit cannot perform another command if it is
already executing a previously issued command. How-
ever, the reasoning involved in item 2 is the same as
discussed in the “stack” section, that is, the philosophy
that most of the status bit latches are singular in this
unit and can only preserve status for one operation
at a time. Thus, if some status byte was previously
rejected (command out), this control unit is busy to

the receipt of another command until the previous
status is accepted.

During the initial selection period, there are two
distinct times that a “busy” condition can be expe-
rienced. The first busy is sampled at “address out/
select out” time at the beginning of initial selection.
This condition is labeled “control unit busy” or “short
sequence.” The second busy condition is sampled at
the end of initial selection and is labeled “busy.”

Consider the control unit busy (cus), or short se-
quence. On Figure 300, coordinates 3C, there is a
latch labeled “performing command.” If this latch
is active, it will inhibit the activation of the line
“adapter address decoded.” This line is necessary to
proceed any further into the initial selection sequence.
Thus, with “performing command” latch active, initial
selection will terminate at “address out/select out”
time and the aND circuit at coordinates 4C will gen-
erate the line “control unit busy.” The functions of this
line are described in the objective on Figure 300
labeled “cu busy sequence.” They state that at select
out time, if performing command latch is active, the
control unit will:

1. set control unit end trigger which will cause a
control unit end (bit 2) to be submitted in the next
status byte to signal channel that c is no longer busy,

2. force the status in tag line to the channel and
force a “P” bit (parity), “1” bit (status modifier), and
“3” bit (busy) in this prefabricated status byte. This
unique status byte is used as a flag to channel that a
cuB exists and it is the “short sequence” type. Since
the status in trigger was not set, a channel response
(service out or command out) to this type of status
byte is not necessary.

The “performing command” latch is the heart of the
“short sequence” busy conditions. Analysis of this latch
on Figure 300, coordinates 3C illustrates that it can
be set if any one of three conditions exist:

1. If the command register contains a command
(P, 5, 6, or 7 bit) or TC is executing a request TIE com-
mand (no-op req latch on). Naturally if Tc is presently
performing a command, it cannot accept another.

2. End pulse active implies that Tc is presently ter-
minating a2 command and the end status has not yet
been submitted.

3. Stack trigger is set and the tape unit addresses
do not compare. This condition implies that the re-
jected status byte (stacked) was from a tape umit
other than the tape unit the channel now wishes to
select. The address of the former Tu, in the TU select
triggers, is compared to bus out positions 5, 6, and 7
(new desired Tu). This condition must inhibit any
further progression into initial selection; otherwise
the new Tu address will destroy the former Tu address
in the select triggers. The former address is necessary
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to identify the rightful owner of the stacked status
byte when it is sent to channel.

The cus (short sequence) is relatively short in dura-
tion as illustrated by the timing chart on Figure 7D.
This is necessary to inhibit any disturbance to the con-
trol unit if it is either executing or terminating a com-
mand, or preserving a status byte for a tape unit other
than the tape unit that the channel is presently seeking.
If a status byte were stacked from an operation per-
formed by the same TU as the channel is now seeking,
cus would not be generated and initial selection would
progress. The second type of “busy” would now be
generated under these conditions.

Busy

e This busy condition, unlike the short sequence, in-
volves a compleie initial selection period.

© Busy bit occupies bit 3 of the status byte.

® Busy bit without a status modifier bit (bit 1) indi-
cates either that the tape unit or the Tcu is busy.

e Busy status without modifier bit, caused by:
1. Tape unit is busy rewinding.
2. tcu has outstanding status from an operation per-
formed by the tape unit presently being selected.

® Busy, due to rewinding, will be indicated for any
command type issued except test 1/0.

® Tape unit rewinding is indicated by Tu status B
active.

The second type of “busy” is interrogated at the end
of the initial selection sequence. This type of “busy”
can occur only if:

1. any command is issued and the selected TU is
rewinding or switched to another Tc (2816 tape
switching feature) or,

2. any command, other than a test 1/0, is issued to
the same tape unit address for which an outstanding
status byte exists.

To further amplify this point, assume the condition
where Tu 5 completed an operation and its end status
byte was rejected (command out). If channel at-
tempted to issue another command, other than test
1/0, to TU 5, cuB (short sequence) would not occur
because the tape unit addresses would compare. How-
ever, the second type of busy would occur since both
the channel and Tc were involved with the same tape
unit. As a result, a busy bit (bit 3) would be sub-
mitted along with the outstanding status byte at the
end of initial selection. The new command would not
be executed and the control unit would now be com-
pletely freed if channel accepted this status byte. On
the other hand, if this were a test 1/0 command that

82 10-85 2403/2404-1,2,3; 2803/2804-1

the channel issued to the same TU, a busy bit (3)
would not be included in the status bit and the orig-
inal contents of the status byte would be sent to
channel. This is logical, since the prime purpose of the
test 1/0 command is to seek status. Therefore, the out-
standing status does not represent a busy condition
to the operation of a test 1/0 command.

On Figure 302, coordinates 2D, are the circuits in-
volved with the detection of the “busy” condition.
The conditions which constitute a previously rejected
status byte are axp’ed with “no test 1/0” command to
generate busy. End status conditions are:

1. selected device end, the selected Tu has com-
pleted a control command operation and “device end”
status is waiting,

2. channel end trigger alone, if selected tape drops
“rdy” when end status is about to be sent via multiplex
entry, but channel begins initial selection on same TU
before the status can be transmitted,

3. stack interrupt trigger — status for a previous op-
eration was refused by channel. In most cases busy
status is caused by a combination of these conditions.
When a busy status is generated, the status byte at
the end of initial selection will contain a bit in posi-
tion 3 and no status modifier (bit 1) included with the
original status bits.

One point should be stressed concerning busy status.
If end status does exist during initial selection, the
designated command will not be executed as indicated
by the command register reset by “busy” in Figure
301, coordinates 5E. As initial selection is completed
and channel accepts the initial status byte, the end
status conditions that brought up busy in the first
place are cleared. There is good reason for this. If
end status is waiting, then actually the previous opera-
tion is incomplete because channel does not yet have
the end status. By “wasting” an initial selection se-
quence, the preceding operation is completed.

To summarize the differences between the two
types of “busy”:

1. Control unit busy (short sequence) checks for
TC in process of performing or ending a command or,
outstanding status from a tape unit other than the one
now being addressed.

2. Busy (end of initial selection) checks for the
selected tape unit rewinding or, outstanding status
from the same tape unit that channel is now attempt-
ing to select.

Unit Check
e During initial selection, a unit check can be gen-
erated by:
1. Tape unit not ready.
2. Command reject.
3. Command parity error.



® Unit check occupies bit 6 of the status byte.

® A unit check generated via command parity error
during initial selection will reset the command regis-
ter and abort the command, with the exception of a
test 1/0 command.

Unit check is the 6 position of a status byte. Unit
check indicates that some unusual condition has oc-
curred which requires attention. In most cases a sense
command is performed by the channel after a unit
check status byte. Bits in the sense bytes provide more
information about the cause of the unit check.

Unit check indicates error conditions which might
prevent execution of the command by resetting the
command register during initial selection. The circuit
of unit check is shown on Figure 302, coordinates 2-3C.
Three possible causes during initial selection are:

1. Command parity error, gated by “set command
register” if the command byte has even parity (Figure
301, objective 8b).

2. Command reject, set if a write, write tape mark,
or erase gap operation is designated and the selected
Tu is file protected, or a mode set “data converter on”
indication when the Tc does not have the data convert
feature installed. The checks are indicated by three
AND circuits (5G, 5F, and 4H) on Figure 302, coor-
dinates 2B.

3. Not Tu status A. The selected Tu is not mechan-
ically ready (RI101 not picked). Notice that the inter-
rogation of a “not ready” tape unit is not made on a
sense command. This is because a sense command can
be issued to either a not ready, non-existent, or ready
TU without inhibiting the execution of this command.

Figure 24 is a chart showing what effect unit check,
during initial selection, has on each type of com-
mand depending upon how it is generated. Unit
check does not always prevent execution of the com-
mand because the reset to the command register via
unit check cannot affect commands that require only
initial selection to be executed. Figure 24 shows which
types of commands can proceed and which types are
aborted because of unit check conditions. Figure 24
also shows the status bits that can be expected from

each type of command with and without a unit check
condition.

TU Status A and B (Figure 25)

A selected tape unit indicates its status to the tape
control unit by submitting two lines: “model (N)” and
“not ready” line. These two lines are interrogated by
the control unit and then transposed into two different
line names: “Tu status A” and “tu status B.”

TU Status A: The tape unit is selected and ready.
This line is activated by the “model (N)” line from the

TU when the TU start relay 101 is picked (mechanically
ready) and the TU is selected by Tc.

TU Status B: Tu is not ready (R101 is dropped) or
rewinding or switched. The Tu status B line is active
when the “not ready” from U is active and Tc is select-
ing that tape unit as illustrated on Figure 25. From the
tape unit logic the “not ready” line is activated if:

1. the start relay 101 is dropped or,

2. the rewinding latch in TuU is set or

3. tape switching (2816 feature) indicates that the
tape unit is switched to another Tc.

The chart on Figure 25 summarizes the status of
the selected tape unit under the various conditions of
TU status A and B.

Turnaround

e If the selected Tu is in the opposite directional status
to the new command being issued, a turnaround
sequence is initiated.

® “Backward memory status” will always be active
when the selected Tu is in a backward status.

¢ The delay counter will run in millisecond mode as
the turnaround sequence is executed.

e At a delay count of 96, the backward trigger in the
selected tape unit will be either set or reset to place
it in the proper directional status.

° An additional delay time is added to the delay
count if the selected tape unit is a model 1.

o If the selected Tu is in a “write-forward” status and
must be reverted to a “read-backward” status, the
1U will be allowed to go forward first to turn off its
write triggers. This will allow any “noise” splash
to be placed further away from the gap.

e All turnaround sequences are performed prior to
initiating the command and achieving tape operat-
ing speed.

Turnaround means the tape unit (TU) just completed
an operation moving tape in one direction and the
operation just beginning designates that tape be moved
in the opposite direction. Because the Tu is partly
mechanical, it requires some time to reverse its me-
chanical functions, such as the reel drives. The amount
of turnaround delay varies with the Tu model. The
amount of delay is timed by the delay counter which
advances at a count frequency determined by the “Tu
(N) model” line, Systems 20.01.1, and millisecond
control.

After initial selection is complete, the designated
operation is begun by activating the operation line
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TU Not Ready

Command Parity

Command Reject

Normal
Status Command Command Command
Command Byte Executed Status Byte Executed Status Byte Executed Status Byte
P P p
Test /O 0 Yes 0 Yes 0 N/A N/A
. 1, 1,
2 2 2
3 3 3
4 4 4
5 5 5
6 6-1 6-1
¥ 7 7
P-1 P-1 P
Sense 0 Yes 0 Neo 0 N/A N/A
1 1 1
2 2 2
3 3 3
4 4 4
5 & 5
6 <} 6-1
T 7 7
P-1 P P
Diagnostic 0 Yes 0 Yes 0 N/A N/A
Ne Op 1 1 1
2 2 2
3 3 3
4-1 4 4
5-1 5 5
6 6-1 6-1
A 7 7
P P P
Control 0 No 0 No 0 Only Effect
Command 1 1 1
(Requires TU) 2 2 2 WTM and Erese act the
3 3 3 same as command
4-1 4 4 parity error.
5 5 5
6 &-1 6-1
7 7 7z
P-1 P P
Read 0 0 0 Only Effect
Read Bkwd 1 No 1 No 1
Write 2 2 2 Write command acts the
Request TIE 3 3 3 same as command parity
4 4 4 error.
5 5 5
6 6=1 6-1
7 Fi 7
P-1 P P
Mode Set 0 Yes 0 No 0 Only Effect
1 1 1
2 2 2 Set mede to converter
3 3 3 ON.
4-1 4 4 Command is executed
5-1 5 5 with unit check.
6 6-1 6-1
7 7 7

* Current status plus indicated bits.

Figure 24. Initial Selection Unit Check Conditions
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Not Active (0) | Not Active (0} | Non-Existent Tape Unit Unit Check
Not Active (0) | Active (1) Not Ready Unit Check
Active (1) Not Active (0) [Ready and Not Rewinding Clecr Status
Active (1) Active (1) Ready and Rewinding or Switched Busy Status

- - — _‘ Receiver
Model 3 |
[ Select + Ready
OR
Receiver m m TU Status A
Model 2 | [ s0.21.1
Model 3
Receiver Model 1 or 2
Model 1 A2
20.01.1
TU Sel Reg
5 I .
~'~6—| U Sel 0-7
711
Receiver il
Not Rdy 0 0 TUO Rewind A i TU Status B
50.31.2
FL L
Receiver fels I
Not Rdy 6 6 TU& Rewind [ A
FL -
Sel 7
Receiver
Not Rdy 7 7 TU7 Rewlnd A
FL
50.41.1-50.44.1
TU Status A TU Status B Tape Unit Status Response to Initial Selection

Figure 25. TU Status A and B

such as “backward op” or “write op” ( Figures 311 and
510.) Any operation that begins with the tape opera-
tion trigger on requires conditioning of a beginning
delay such as “read delay” or “write delay.” Before any
tape operation can begin, the designated delay circuit
must be conditioned by “not turnaround.”

Backward Memory Status

The key line in the tape control (rc) that determines
whether a turnaround delay is necessary is the “back-
ward memory status” line brought up by “backward
status” from tu. If the Tu backward trigger is on, indi-
cating the preceding operation moved tape backward,
“backward memory status” is active in Tc.

Any command that brings up “read op” or “write
op,” designating forward tape movement, will set the

turnaround trigger (Figure 311, coordinates 3A) if
“backward memory status” is active. Any command
that brings up “backward op,” designating backward
tape movement, will set the turnaround trigger if
“backward memory status” is not active.

“Turnaround” degates normal delay circuits and
gates millisecond mode to the delay counter which
advances to begin the delay sequence.

Advance and Erase Tape Forward

If the tape unit is in “write status” (not “read status”
from TU) and “backward op” is designated, the go
trigger is turned on at delay counter 3. Write status
indicates the last operation wrote a record, tape mark
(™), or erased tape. In the case of the data record or
T™, the erased area after the last check character must
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be free of any recorded information. To be certain
this area is “clean,” the tape is advanced in write status
(erasing) so that the write head is farther away from
the last good record.

When the TU switches from write to read status, a
“noise” splash is recorded on tape under the write
heads. By moving the tape further ahead for a few
milliseconds, the weak noise splash ends up farther
away from the last good record; this prevents a pos-
sible read error later on.

Tape Movement

With the go trigger on at “3” time, “go” is sent to the
TU and the prolays begin moving tape with the erase
head energized. After the necessary tape movement,
the delay counter outputs reset the go trigger at:

1. “D 30” for Model 1.

2. “D 32" for Model 2.

3. “D 53” for Model 3.
The selected tape unit is now prepared to be turned
around.

Turnaround Tape Unit

When the delay counter advances to 96, the line “D
96 turnaround” sets the Tu into the status designated
by the “op” line. These “op” lines are conditioned by
three different groups of commands. Note 1 on Figure
510 shows all the commands and the particular “op”
line each conditions. The following occur:

1. “Read op” gates “set read status” to Tu, to reset
the »/w trigger and bring up “read status.” “Set read”
also resets the Tu backward trigger to drop “backward
memory status” to Tc.

2. “Write op” gates “set write status” to Tu to set
the r/w trigger and bring up “write status” (“not read
status”). “Set write” also resets the Tu backward trig-
ger to drop “backward memory status” to Tc.

3. “Backward op,” gated by “D 96 turnaround,” sets
the backward trigger in 1c; The on state of this trigger
gates “backward” to Tu, to set the Tu backward trig-
ger, which:

a. resets the r/w trigger to bring up “read status,”
b. sends “backward memory status” back to Tc.

Because the Model 1 Tu is mechanically slower,
additional turnaround time is needed. “D 96 turn-
around” gated by “Model 1 Tu” fires the Model 1 re-
verse delay singleshot, which deconditions the delay
counter drive for 200 ms (Note 3 on Figure 311).

End Turnaround

After “D 96” or “model 1 reverse delay,” the delay
counter advances to “D 160 TA” to complete the
turnaround delay sequence by generating a 925-nano-
second delay counter reset, which:
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1. resets the delay counter,

2. resets the turnaround trigger to drop the delay
counter drive (ms mode).

“Not turnaround” now conditions the delay circuit
designated by the command and the new operation
proceeds.

Read Forward Operation

® Read operation moves data from the tape unit
through the tape control to the data channel.

e If the previous operation left the tape unit in back-
ward status, do a turnaround sequence.

e Start read delay and turn on go trigger to start tape
motion.

® At the end of read delay, turn on read condition to
look for data from tape.

¢ Read and check the data:
1. Final amplifiers
2. Skew register (high or low)
3. Read/write register
4. Data register

® Generate a service in to transmit each byte to the
channel.

® When the end of data is reached, read the check
characters.

® Stop tape motion and reset the control unit.

e Start an end status sequence.

Initiate Operation
During initial selection (refer to “initial selection™
Figures 300, 301, 302, and 500) tape control receives
the command byte over channel bus out lines and sets
the command into the command register. Before the
operation can begin the Tc must:

1. Check for a busy condition (Tc and/or Tu).

2. Check for a unit check condition.

3. Receive a “service out” response to “status in.”

Busy or Unit Check
A busy condition exists if:

1. Tu is rewinding. or switched (to another Tc).

2. Tc has an end status condition.

Unit check error conditions possible are:

1. Command parity error, bus out parity even.

2. Not TU status A, TU not mechanically ready (not
relay 101).

In either case, the initial status in byte is not
“clean” — contains more than just the P bit. The com-

mand register is reset and the read operation cannot
be executed.



Channel Response to “‘Status In”

Channel might refuse the initial status byte with a
“command out” response to “status in.” The tape con-
trol, in turn, “stacks” the status byte by turning on
the stack interrupt trigger.

“Set stack” resets the command register and the op-
eration is ended at the end of initial selection. Tape
control then attempts to interrupt with the rejected
status unless “suppress out” is active from channel.

Cendition TC for Read

® Tcu interrogates the “backward memory” status
from the Tu. If on, Tcu will first initiate a turnaround
sequence.

® A “read delay” is initiated to allow the selected Tu
to accelerate to operating speed.

¢ Delay counter steps in millisecond mode during
“read delay.”

e After “mp,” read condition is set to allow data to
transfer into skew registers and allow stepping of
the read clock.

If the channel accepts the initial selection status byte
with a service out, the tape op sync and tape op
triggers are turned on in sequence. Tape op sync turns
on at the rise of service out and tape op turns on at
the fall of service out (Figure 331, coordinates 1A

and 2A). Tape op gates the read op line to begin the
read operation. The read op line, in turn, generates
read delay at 3A if turnaround is not necessary. The
flow chart of read operation is on Figure 501. Figures
331 and 501 will be useful in understanding read
operation.

The first major action of a read operation is gen-
eration of read delay. Figure 26 is a simplified timing
chart of a read operation. Read delay accomplishes
two operations:

1. Sets the go trigger. The active go trigger output
causes the selected tape unit to move tape forward.

2. Conditions millisecond delay counter drive cir-
cuits.

The delay counter advances in millisecond mode
at a rate determined by the model of tape unit desig-
nated to read the record. While “read delay” is active,
tape on the selected tape unit accelerates to proper
operating speed. Because the read head on the tape
unit was positioned either in an interrecord gap or
in the gap between load point and the first tape record
when the operation began, characters do not transfer
to the tape control immediately after tape movement
begins.

If tape on the selected tape unit was not at load
point when the read delay started, the read condition
trigger turns on when the delay counter advances
(objective 7, Figure 331):

1. to 15, if a Model 3 tape unit is selected.

2. to 17, if a Model 1 or 2 tape unit is selected.

) ;
Initial Selection i Operate Time /Il End Sequence
Operotional Phase I 31 i
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End Status / \ ISrof |n|
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Read Clock / Io

v I 0
Shift Data ﬂ
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Figure 26. Simplified Read Operation
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If tape on the selected tape unit is at load point
when the read delay begins, the load point delay trig-
ger is set, blocking the set path to the read condition
trigger until the delay counter advances to 103 or 160
(Figure 311, coordinates 1B). Regardless of the orig-
inal position of tape on the selected tape unit, read
delays are shorter than corresponding write delays to
ensure that read circuits are conditioned soon enough
to read the first character in the tape record. At the
end of read delay, the “read condition” trigger is set
and produces a gating line to allow information to
pass from the final amplifiers into the skew registers
(Figure 311, coordinate 1D).

The read condition trigger blocks read delay, which
resets the delay counter. Read condition also activates
the first bit and read clock circuits to look for data
from the tape unit. Between the times that tape control
sets the go and read condition triggers, tape accelerates
to proper operating speed.

Accept Characters

Each input character from the tape unit enters tape
control final amplifiers. Final amplifiers contain a sep-
arate track for each bit position. A final amplifier track
has two outputs, a high- and low-clip output. Input
bits to corresponding final amplifier tracks must meet
predetermined minimum amplitude requirements to
produce high- and low-clip outputs. The high-clip
output from each final amplifier track sets the corre-
sponding high-clip skew register trigger; the low-clip
output from each final amplifier track sets the corre-
sponding low-clip skew register trigger. Theoretically,
all bits in a character should arrive at the input to the
final amplifiers simultaneously; however, all bits may
not arrive at exactly the same time. The first high-clip
output from any final amplifier track sets the first bit
trigger to start the read clock.

It is possible to have a character in the low-clip skew
register and nothing in the high-clip skew register
because of low amplitude pulses from the tape unit.
During seven-track read operation, the first bit trigger
can be turned on without a high-clip pulse.

The high- and low-clip registers are compared. If
they are not alike, the compare line is activated (not
the C-Compare line). If the high-clip register has no
bits and the compare line is active, the low-clip register
must have at least one bit. On Systems 1c 60.21.1, the
AND circuit at 4G will turn on first bit and start the
read clock when these conditions exist:

. Read command is active.

. RDD trigger is on.

The tape unit is seven-track.

. The check character triggers are off.

. Compare is active (high and low skew not alike).
. The delay counter equals 9-12.

O UL OO o
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For any other conditions the signal from the tape unit
must be large enough to set the high-clip skew register
before the read clock can be started.

Read Clock Cycles
e Read clock completes one cycle per character read.

® Between read clock cycles, the delay counter steps
in RpD microsecond mode.

e rop is checking for the large spacing between the
last data character and the first check character.

Spacing between bytes is checked by the read clock
and delay counter. The output of the read clock at 7
time sets the read disconnect delay (rop) trigger. “sop”
conditions microsecond delay counter drive circuits,
and the delay counter steps in microsecond mode at
the rate determined by the tape unit reading the rec-
ord. If the next character from the tape unit is not
a check character, the read clock output at rc-2 time
resets the ®DD trigger, stopping the delay counter (Fig-
ure 26). The next tape character must arrive at tape
control soon enough to start the read clock before the
delay counter advances to 36, or tape control will turn
on the first check character trigger and process the
character as a check character.

During seven-track operation, rc-7 controls the gate
pulse that allows data to transfer from either the low-
or high-clip register to the read/write register and
LECR. If the high-clip register has a character contain-
ing incorrect parity during a seven-track operation,
read clock 7 generates a pulse called gate out low-clip.
If the high-clip has no parity error, read clock 7 gen-
erates a pulse called gate out high-clip.

In nine-track operation the high-clip skew register
is used for every character. The low-clip skew register
can be gated out only during seven-track operation at
RC-7 time. After rc-7 time, the read clock generates
“RC reset” to:

1. Reset the first character trigger (only at the end
of the first read clock cycle).

2. Reset the first bit trigger, blocking drive pulses
to the read clock; the clock resets and cannot start
again until the next character from the tape unmit
sets the first bit trigger.

3. Reset the high- and low-clip skew registers.

4. Set the B/w control trigger. The “on” status of
the »/w control trigger indicates that the read/write
register contains a byte of data and that action to
unload the read/write register has not begun.

Read/Write Register to Data Register Transfer

The read/write control trigger remembers that the
read/write register contains a byte which must be
transferred to the data register. Output of the »/w



control trigger conditions a circuit to generate a shift
data pulse (Figure 408). The primary functions of
the shift pulse during read are:

1. Reset the r/w control trigger.

2. check the character in the read/write register
for a parity error.

3. initiate a character transfer from the read/write
register to the data register.

4. shift the error correction circuits to compute the
cyclic redundancy check character.

Nine-Track Operation

Tape controls not equipped with the seven-track fea-
ture operate only in data converter (pc) off mode
and cannot process six-bit characters. During each
read clock cycle, a byte is set into read/write register
positions P and 0 through 7. At the end of the clock
cycle, “shift data™ causes tape control to transfer bits
in read/write register positions 0 through 7 to data
register positions 5 through 12. Because the data regis-
ter does not store parity bits, tape control does not
gate the output of the read/write register P position.
The transfer from the read/write register to the data

register is unconditional and direct. Refer to Figure
306.

Seven-Track Operation

If the mode register specified both “pc off” and “trans-
lator off,” tape control changes each six-bit character
stored in the read/write register to an eight-bit char-
acter by adding two blank positions (data register
5 and 6) when transferring the character to data reg-
ister positions 5 through 12. If the mode set specified
translation, bits in the six-bit character in the read/
write register feed through the Bop to eight-bit code
translator, then set data register positions 5 through
12.

Because read/write register positions 0 and 1 are
not set in seven-track operation, data register positions
5 and 6 always contain zeros when the translator is
off. Only data register positions 7 through 12 may
contain bits. Regardless of the status of the translator,
the character gated from the data register to the
channel in pc-off mode is unloaded from positions
5 through 12. Refer to Figure 308 for seven-track read
data flow.

Cyclic Redundancy Check Register

In nine-track operation, each data character and the
crc character is shifted into the cror from the read/
write register. Because of the shift pattern within the
CRCR, a particular pattern is generated. The result
should be the match pattern (111 010 111).

If the record has error characters in it, the erroneous
pattern in the crcr is used in conjunction with the

error pattern register (EPR) to analyze and, if possible,
correct the errors. Detailed information about the ac-
tual error correction operation is in the section entitled
Error Correction.

Character Transfer from Data Register to Channel

In nine-track operation each shift data signal condi-
tions tape demand to initiate a byte transfer from data
register to channel. Because shift data is not activated
when the first character tape mark trigger is set, and
demand is not activated after channel indicates that
it will not accept more characters from tape control,
byte transfers to channel are not executed when one
of these conditions exist. Under all other conditions,
tape control unloads an output byte from data register
positions 5 through 12 after each read clock cycle.

Because bytes transferred across the interface must
be in odd parity, tape control checks the bit count in
each byte unloaded from the data register and adds
a P bit to the byte when necessary to make odd parity
on the bus in lines.

“Tape demand” sets the “service in” trigger (Figure
408). The service in trigger allows tape control to
place a data byte on the bus in lines and condition
“service in” to channel 1 microsecond after “shift data”
is conditioned. Because “shift data” also initiates a
character transfer from the read/write register to the
data register, the 1-microsecond delay allows tape con-
trol to complete the read/write register to data register
transfer before signaling channel.

An overrun signal will occur if the control unit
requests service and finds either the service in or
service out line still active (Figure 408). Overrun con-
dition will stop data flow.

Channel responds to the data byte and “service in”
with either “service out” (indicating that it has ac-
cepted the character and will accept at least one more
character from tape control) or “command out” (in-
dicating that it has accepted the character but will not
accept another data byte in the read operation). The
“command out” reply sets the tape control stop trigger,
holding demand inactive until the read operation is
complete. Because the tape unit must read the complete
record, tape control accepts all characters in the record
from the tape unit and executes a read clock cycle for
each input character regardless of the stop trigger
status. If the stop trigger is set, however, no attempt
is made to transmit characters across the interface to
channel.

Check Character Cycles
e First check character denotes the anticipated re-

ceipt of the crc character in nine-track or the rrc
character in seven track.
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e Second check character denotes the anticipated re-
ceipt of the Lrc character in nine-track.

Normal character spacing in the tape record allows the
tape unit to transfer at least one bit in a character to
tape control to start the read clock and stop the delay
counter before the counter advances to 36.

Because the check characters are spaced further from
the last data character in the tape record than normal
character spacing, the delay counter advances past 36
after tape control processes the last data character.
RoD-36 sets the first check character trigger, indicating
that the next character that the tape unit transfers is
the first check character. The tape record might have
blank check characters. If no bits are received between
RDD-36 and ROD-95, the crc character (nine-track only)
is assumed to be blank. In seven-track operation the
LRC character should be received between rpp-36 and
RDD-95.

At rpD-95 the second check character trigger is turned
on. In nine-track operation the second check character
is the Lrc character. In seven-track operation there is
no second check character.

Tape control examines check character bits stored
in the high-clip skew register for a parity error, but the
state of the odd redundancy trigger does not uncon-
ditionally indicate whether the check character should
contain an odd or even number of bits,

Correct parity for the Lrcc and crec is described
in the Functional Units section of this manual under
the heading “Skew Register vrc”—“Skew Register
Parity Conditions.”

If a check character parity error is detected in the
high-clip skew register during seven-track operation,
the low-clip skew register will be gated to the Lrcr
and the read/write register. For other conditions the
high-clip skew register is gated out,

During second check character time, Rpp-95 to RDD-158,
the skew register data cannot enter the read/write
register. The nine-track Lrcc will be gated to the Lrcr
but not to the read/write register.

At Re reset time, tape control resets the first bit trig-
ger and skew registers. The first bit trigger “off” resets
the read clock. Because the Lrc character is the last
character the tape unit transfers to tape control, the
read clock should not run again in the read operation.

Forward Stop Delay

® Forward stop delay (rsp) circuits check for noise at
end of the record.

® “rau end reset” will initiate ending sequence to send
“end status byte,” with “channel end” and “device
end,” to the channel after rsp.
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At the end of a read or forward space operation the
tape should be blank after the check characters. For-
ward stop delay detects character or noise bits where
tape should be blank.

At mop-171 the forward stop delay trigger tums on
( Figure 331, coordinates 2E ). Forward stop delay runs
the delay counter in microsecond mode. Since the read
clock circuits are still conditioned to operate, if bits
are detected before rop-511 the delay counter is reset
and Fsp noise is signalled. Because the rop trigger and
forward stop delay are still on, the delay counter starts
counting again from zero. Tape motion will continue
as long as bits are detected on the tape.

If no bits are received and the delay counter reaches
FSD 511, a TAU end reset pulse will be generated to reset
the go trigger and the read condition trigger. Tau end
also causes an end pulse which turns on the channel
end trigger and initiates an end status sequence.

Another example of ¥sp usage: if, for any reason,
the tape unit stops in the middle of a long record, the
Fsp circuit will allow easier recovery. Tape cannot
physically move at full speed immediately. When a
restart is attempted from the middle of data, the slow
speed makes normal character spacing appear to be
check character spacing and rsp becomes operative
again. Thus, the tape control unit will keep the tape
moving to the next record gap and turn on the Fsp
noise trigger.

Read Backward Operation

e Read backward senses data from the tape, in re-
verse order, and transmits the data to the channel.

® A “read backward” into or at load point will cause
a “unit check” to generate an end pulse and end
the operation.

e Backward trigger is set at beginning of the opera-
tion and reset when Tcu has decided “data character
time” (check characters completed).

® Delay counter is set at Rc-7 and reset at Rc.2 and
operates in microsecond control during check char-
acters; operates in millisecond control during data
characters.

e Shift control circuits can generate two “shift data”
pulses during one read clock cycle when the deci-
sion is made that this is data.

® On “read backward” operations, all characters will
enter the skew, LRc, and read/write registers.

® Data characters are the only characters checked for
VRC in read/write register.



e At the end of data, stop tape motion and reset the
control unit.

® Start an end status sequence.

Read backward provides the ability to read data from
a tape in reverse sequence. If a tape record must be
read more than once, the read backward command
eliminates time-wasting backspace operations. An en-
tire tape can be read in reverse to eliminate rewind
delay.

The major difference between read and read back-
ward operations is sensing of check characters before
data is received. Read backward data handling is the
same as read forward except for determining when
check characters (if any) have been read and when
data is being read. Differentiating between check char-
acters and data is an important part of read back-
ward.

Read backward begins at the end of a standard initial
selection sequence. Service out response to the status
byte gates on the tape op sync and the tape op triggers.
The decoded read backward command axp’s with tape
op to generate a line called “backward op” (Figure
332, coordinates 2A). Backward op sets up tape control
circuits to perform the backward read operation.

Backward op generates backward read delay to turn
on the go trigger and start tape motion. Backward
read delay may be held off until a turnaround sequence
is completed. If the tape unit is at load point, a line
called “backward at load point” causes a unit check
condition. Backward at load point brings up a back-
ward disconnect and Tau end, which generates an end
pulse (Figure 332 coordinates 7E, 2D, 3D, and 4E).
The go trigger is reset, channel end and device end
are turned on, and unit check is set. These conditions
are transmitted to the data channel in an end status
byte.

The tape unit may be at load point during the initial
selection status sequence; however, the “backward at
load point” line cannot come up until after initial selec-
tion. For this reason, an end status byte is sent to the
channel after initial selection.

If the load point trigger is not on, the tape control
will proceed to execute the read backward operation.
Figure 507 is a flow chart of read backward. Figures
507 and 332 will be helpful in understanding a read
backward operation.

Backward op brings up backward read delay which
turns on the go trigger and runs the delay counter in
millisecond mode. Backward op and backward read
delay turn on the backward trigger to condition the
backward line to the tape unit. The backward line
turns on backward in the tape unit and also resets
the tape unit read/write trigger to read status.

At the end of read delay the read condition trigger
(Figure 332, coordinates 2B, objective 8) is turned
on by:

1. rp-5 for a Model 1 tape unit.

2. rp-8 for a Model 2 tape unit.

3. ro-12 for a Model 3 tape unit.

Read condition activates the first bit and read clock
circuits to look for the check characters from the
tape. Read condition also turns off read delay which
resets the delay counter.

The data path from the final amplifiers to the skew
registers is conditioned to accept bytes from the tape
(Figure 332, coordinates 2D). The tape control waits
until physical motion of tape detects information. The
first information should be the check characters fol-
lowed by data.

Read Check Characters

e Nine-track formats will always contain an Lrc char-
acter.

o If the crc character is even, it may not contain any
bits, thus a blank crc.

o Seven-track formats may or may not contain an LRC
character.

e Backward trigger “off” indicates data character time,

There are four possible combinations of check char-
acters and data that must be correctly identified by
read backward circuits.

1. Standard nine-track format with two check char-

acters, then data.

2. Standard nine-track format with one check char-

acter (crec blank), then data.

3. Seven-track format with no check character (Lrcc

blank), only data.

4. Seven-track format with one check character.
Timing charts for each of the four possible formats are
in Figure 27. The objective is to determine when the
check characters (if any) have been read and when
data bytes are being read. The backward trigger is
used as a signal to indicate when to start processing
bytes as data. Backward is turned on by backward read
delay at the beginning of the operation. When tape
control circuits determine that the check characters
have been read, the backward trigger is reset. A better
name for the backward trigger might be “backward
check character time trigger.” The backward trigger is
reset by one of the four conditions in Figure 27.

Byte Timing

The basic factor used by the tape control is the spacing
between bytes on the tape. Physical spacing is measured
by using the delay counter to check timing. Read clock
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Figure 27. Read Backward Check Character Timing

pulses, associated with each byte, indicate when bytes
are read. The delay counter measures timing between
bytes.

Two triggers (first check character and second
check character — Figure 332, coordinates 4-5D), are
the key conditions to determine when check characters
have been read. The second check character trigger
is turned on by a read clock 2 pulse when a byte is
sensed. It will remain on until the delay counter
reaches rop-36. If another byte is received before
RDD-36, it indicates that the bytes were close enough
together to be data spacing. After rop-36 the spacing is
considered long enough to be check character spacing.
Time between bytes then can be checked by whether
the second check character trigger is still on or has
been reset by rop-36.

The first check character trigger cannot be turned
on by the first byte received. It is turned on by read
clock 6 of each byte after the first, and reset by rc-2
of each following byte. In reading backward the sec-
ond check character (Lrcc) is read from the tape be-
fore the first check character (croc). The first check
character trigger on indicates that at least two bytes
have been read.

Check character format can be determined by ana-
lyzing the condition of these two check character
triggers at rc-0 time, in relation to bytes received from
the tape. The four formats are illustrated in Figure 27.
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Nine-Track with Two Check Characters

Three conditions are needed to reset the backward
trigger in a standard nine-track read backward oper-
ation:

1. Second check character trigger off.

2. First check character trigger on.

3. Read clock 0 pulse.

The first time that these three conditions are active
at the same time occurs at read clock 0 of the first data
byte (top of Figure 27). The second check character
trigger is off at that time because the timing between
the crcc and the data byte is greater than rop-36. The
first check character trigger was turned on by read
clock 6 of the second character (crec). At read clock 0
of the first data character the first check character
trigger is still on because it is not reset until read clock
2. These three conditions activate an AND circuit to
reset the backward trigger (Figure 332, coordinates
2B). The backward trigger off signals tape control cir-
cuits that the check characters have been read and the
rest of the information is data. The off state of the
backward trigger will allow the activation of “rc reset
not write” (Figure 206) which will initiate shift con-
trol circuits at the end of each data byte read clock
cycle.

Nine-Track with Blank CRCC

In nine-track operation it is possible to generate a
blank crc character. When this occurs, the block is
written with only one check character (Lrcc). Because
of the crec it is impossible for a nine-track Lrcc to be
blank. The second section of Figure 27 represents this
condition.

If the second check character trigger is on when a
read clock 0 pulse occurs, the backward trigger is
reset. Second check character trigger on indicates that
the time between bytes was less than mop-36 (data
spacing ). The tape control now knows that the crc
character was missing because data has been detected.

A blank crec presents a problem to the tape control
circuits. This condition is not detected until rc-0, as
the third character is being read. By that time, 1c is
retaining two data bytes, (one in the »/w register and
the other in the skew register). In this situation the
tape control must transmit two bytes to the channel
in the same read clock cycle to catch up. The circuit
that turns off the backward trigger, “set r/w control,”
also turns on the read/write control trigger to generate
an extra shift data pulse (Figure 332, coordinates 3B
and 4C). The first shift occurs at read clock O to shift
the first data byte from the r/w register on to channel.
The regular shift for the second data byte now occurs
at read clock reset time of the same clock cycle be-
cause backward trigger was reset.



Seven-Track with Blank LRCC

In seven-track the rrcc may be completely blank,
leaving only data characters in the block. Detection
of this condition is very similar to detection of a miss-
ing crce in nine-track. The third section of Figure 27
shows the sequence used. Since there is no check char-
acter, the first two bytes are spaced close together.
The second check character trigger is still on (less
than rop-36) when the second data character is read
on the next read clock 0. Tape control now knows that
both bytes are data. The two bytes must be sent to
the channel in the same read clock cycle. In Figure
332, coordinates 3B and 4C, the same circuits are used
that generated two shift pulses for nine-track with a
blank crcc. The read/write control trigger is turned
on at read clock 0 and again at read clock reset of the
same clock cycle.

Seven-Track with One Check Character

Standard seven-track format with one Lrc character
is illustrated in the fourth (bottom) section of Figure
27. The time between the Lrcc and the data is longer
than rop-36 so the second check character trigger is
reset. With the second check character trigger off, the
backward trigger cannot be reset at read clock 0 of
the data byte.

The tape unit has informed the control unit that this
is a seven-track operation which has only one check
character. After the check character has been read, the
rest of the block must be data. The first check char-
acter ftrigger turns on at read clock 6 of the second
cycle (first data byte). With seven track and first
check character both active, the tape control knows
that the check character must have been read. These
two conditions, along with read clock 7, will reset the
backward trigger (Figure 332, coordinates 2B and
3A.) There is no need to generate an extra shift pulse
because only one data byte has been read.

Look for Tape Mark

® Tape mark recognition also applies to read back-
ward operation.

® Tape mark recognition must also check for more
than two characters going backwards.

A true tape mark, in either seven- or nine-track, con-
sists of a one character record with an identical check
character. When bits in either character are not a tape
mark or if more than two characters are sensed, the
record is not a true tape mark. If it is not a true tape
mark record, the first character tape mark trigger is
reset and the characters are assumed to be check char-
acters or data.

When a true tape mark is detected, no data is trans-
ferred to the channel and the unit exception trigger is
turned on at rop-169. Unit exception indicates that a
tape mark was read when the control unit was not
expecting one. A complete description of tape mark
detection during read backwards is in the “Functional
Units” section.

Data Transfer Cycles

® Data handling — shift control, etc. — is identical
to read forward operation.

e rop checks for end of data characters by setting at
RC-7 and resetting at Rc-2 between data characters.

e Delay counter will step in millisecond control during
roD of read backward.

During read backward data cycles (backward latch
reset) the rop trigger gates millisecond control to the
delay counter to time the spacing of characters. This is
in anticipation of locating the last data character in
the record. Figure 28 is a simplified timing chart on
the read backward operation. During seven-track and
nine-track operation, Rc-7 controls the gate pulse which
allows data to transfer from either the low- or high-clip
register to the read/write register and rrcr. If the
character in the high-clip register has an incorrect
parity during a seven-track operation, read clock 7
generates a pulse called gate out low-clip. If the high-
clip has no parity error, read clock 7 generates a pulse
called gate out high-clip.

In nine-track operation the high-clip skew register is
used for every character. The low-clip skew register
can be gated out only during seven-track operation at
RC-7 time.

After rc-7 time, the read clock generates “rc reset” to:

1. Reset the first character trigger (only at the end
of the first read clock cycle).

2. Reset the high- and low-clip skew registers.

3. Reset the first bit trigger, blocking drive pulses
to the read clock; the clock resets and cannot start
again until the next character from the tape unit
sets the first bit trigger.

4. Set the /W control trigger. The “on” status of the
r/w control trigger indicates that the read/write
register contains a byte of data and that action to
unload the read/write register has not begun,

Read/Write Register To Data Register Transfer

The read/write control trigger remembers that the
read/write register contains a byte which must be
transferred to the data register. Output of the r/w
control trigger conditions a circuit to generate a shift
data pulse. The primary functions of the shift pulse
during read and read backward are:
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. reset the R/w control trigger,

2. check the character in the read/write register for
a parity error,

3. initiate a character transfer from the read/write
register to the data register,

4. shift the error correction circuits to compute the
cyclic redundancy check,

5. generate tape demand to prepare “service in”

circuits.

Nine-Track Operation

Tape controls not equipped with the seven-track fea-
ture operate only in data converter (pc) off mode and
cannot process six-bit characters. During each read
clock cycle, a byte sets read/write register positions
P and 0 through 7. At the end of the clock cycle, “shift
data” causes tape control to transfer bits in read/write
register positions 0 through 7 to data register positions
5 through 12. Because the data register does not store
parity bits, tape control does not gate the output of
the read/write register P position. The transfer from
the read/write register to the data register is uncon-
ditional and direct.

Seven-Track Operation

In pc-off mode, tape control changes each six-bit char-
acter stored in the read/write register to an eight-bit
character by adding two zeros and transfers the eight-
bit character to data register positions 5 through 12.
If the mode set specified translation, bits in the six-
bit character in the read/write register feed through
the Bop to eight-bit code translator, then set data reg-
ister positions 5 through 12. If the mode set did not
activate the translator, bits in read/write register set
data register positions 5 through 12 directly. Because
read/write register positions 0 and 1 are not set in
seven-track operation, when the translator is off, data
register positions 5 and 6 always contain zeros; only
data register positions 7 through 12 may contain bits.
Regardless of the status of the translator, the character
gated from the data register to the channel in pc-off
mode is unloaded from positions 5 through 12.

Data convert on mode is described in the “Features”
section of this manual.

Cyclic Redundancy Check Register

In nine-track operation, each data character is shifted
broadside into the crcr from the read/write register.
Because of the shift pattern within the crcr, a cyclic
redundancy check pattern is developed. At the end of
a read backward the creor should have a match pattern
of 111 010 111, even though the crc character is read
before the data.

CRCR operation during a read backward is similar
to read forward operation. The major differences are

in the sequence of characters received from the tape,
and inversion of the characters as they are shifted from
the r/W register into the crcr. R/W register P position
goes to crer position 7; R/w 0 goes to crer 6, ete.

Inversion is required by the crcr shift pattern when
the data is received in reverse sequence.

If the record has error characters, the crer is used
in conjunction with the EPR to analyze and if possible
correct the errors. Detailed information on error cor-
rection operation is in the section entitled “Error
Correction.”

Character Transfer from Data Register to Channel

In pc-off mode operation, each “shift data” signal con-
ditions “tape demand” to-initiate a byte transfer from
data register to channel. Because “shift data” is not
activated when the first character tape mark trigger
is set and because demand is not activated after the
channel indicates that it will not accept more charac-
ters from tape control, byte transfers to channel are
not executed when one of these conditions exist. In
other cases, however, tape control unloads an output
byte from data register positions 5 through 12 after
each read clock cycle. In some special cases the tape
control may be required to send two bytes to the chan-
nel in one read clock cycle.

When the first character tape mark trigger is on, no
data can be sent to the channel from the data register.
If the second character indicates that the record is not
a true tape mark, the tape control may need to send
both bytes of data to the channel in one read clock
cycle. The first character tape mark trigger can be
reset at rc-0. If the read/write control trigger indicates
that data must be transferred, a shift pulse will be
generated and a byte sent to the channel in the first
half of the read clock cycle. At the end of the read
clock cvcle the read/write control trigger is set again
and another shift pulse is generated.

Because bytes transferred across the interface must
be in odd parity, tape control checks the bit count in
each byte unloaded from the data register and adds
a P bit to the byte when necessary to make odd parity
on the bus in lines.

“Tape demand” sets the service in trigger. The serv-
ice in trigger allows tape control to place a data byte
on the bus in lines and condition “service in” to chan-
nel 1 microsecond after “shift data” is conditioned.
Because “shift data” also initiates a character transfer
from the read/write register to the data register,
1-microsecond delay allows tape control to complete
the read/write register to data register transfer before
signaling channel.

An overrun signal will occur if the control unit re-
quests service and finds either the service in or service
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out line still active. Overrun condition will stop data
fHow.

Channel responds to the data byte and “service in”
with either “service out” (indicating that it has
accepted the character and will accept at least one
more character from tape control) or “command out”
(indicating that it has accepted the character but will
not accept another data byte in the read operation).
The “command out” reply sets tape control stop trig-
ger, holding demand inactive until the operation is
complete. Because the tape unit must read the com-
plete record, tape control accepts all characters in the
record from the tape unit and executes a read clock
cycle for each input character, regardless of the stop
trigger status. If the stop trigger is set, however, tape
control does not attempt to transmit characters across
the interface to channel.

End Read Backward Operation

© When the last data character is read, rop will cause
line “backspace reset read condition” to be activated

at various time settings dependent upon model of
TU.

¢ “Backspace reset read condition” line resets go, read
condition, and delay counter millisecond control;
rop and delay counter microsecond control acti-
vated.

e During the ending sequence, the delay counter
steps in microsecond control until “rav end reset”
at RDD-171.

® Normal “end status” byte contains channel end and
device end bits.

As each data character is read, the delay counter has
been operating in millisecond control between read
clock cycles — Figure 28. However, at rc-7 of the last
data character, the delay counter again began to step
in millisecond control but was not reset. It will be
allowed to count higher to a designated point. When
the delay counter advances to the point designated for
the selected tape unit speed, the tape control generates
“backspace reset read condition,” indicating that the
tape unit has reached the end of data (actually the
beginning of the record):

19 for a seven-track, Model 3 unit.

21 for a seven-track, Model 2 unit.

. 24 for a seven-track, Model 1 unit.

. 7 for a nine-track, Model 3 unit.

. 11 for a nine-track, Model 2 unit.

. 14 for a nine-track, Model 1 unit.

“Go” and “read condition” are reset by backspace reset
read condition line. Inactive state of “go” drops milli-
second control to reset the delay counter (Figure 332,

D UL I LD
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coordinates 4-5A). The delay counter is now condi-
tioned to run in microsecond mode to prepare ending
condition. At rop-171, “Tav and reset” and “end pulse”
are generated. The end pulse turns on channel end
and initiates an end status sequence.

In a series of backward operations it is possible to
stop tape motion in the gap between load point and
the first block. When the next backward operation
begins, the tape may move into the load point area
without sensing data.

If load point is reached instead of a record, the tape
unit automatically stops tape motion and sends an “at
load point” signal to the tape control (Figure 332,
coordinates 6-7C). “At load point” generates a back-
ward disconnect and backward at load point (Figure
332, coordinates 7E, 2D, and 4E). Backward at load
point turns on unit check and causes an end pulse to
turn on channel end and initiate an end status
sequence.

Write Operation

® Write operation transmits data from the channel to
the tape unit to be written on the tape.

e Request first data byte before starting tape motion.
If channel responds with “command out” to first
“service in,” set word count zero and end operation,
A “service out” response to the first “service in”
means the first data byte is on the bus out lines.

e Condition tape control for write operation.

o If previous command was a backward operation,
do a turnaround delay sequence.

e Start write delay and tape motion.
® Condition write and read circuits after write delay.

® Write and read check data record.
Send “service in” to request each data byte.
A “service out” accompanies each byte sent by
channel.

Read circuits check byte skew and vec as record is
read.

e Check for stop command to end write operation.
A “command out” to “service in” means stop writing.

® Take disconnect delay and write check character(s).
e Stop tape motion and complete read check of record.

e Start end status in sequence.

Initiate Operation

During initial selection, tape control (1c) receives the
command byte over channel bus out lines and sets



the command into the command register. Before the
operation can begin the Tc must:
1. Check for a busy condition (1c and/or TU).
2. Check for a unit check condition.
3. Receive a “service out” response to “status in.”
4. Get first data before starting tape.

Busy or Unit Check
A busy condition exists if:
1. Tu is rewinding or switched (to another Tc).
2. tchas an end status condition waiting.
Unit check error conditions possible are:
1. Command parity error, bus out parity even (com-
mand byte has bad parity ).
2. Command reject, Tvu file protected.
3. Not Tu status A, Tu not mechanically ready (not
relay 101).
In either case, the initial status in status byte is not
“clean”—contains more than just the P bit. The com-
mand register is reset and the write operation cannot
be executed.

Channel Response fo “Siaius In”’

There is the possibility that channel might refuse the
initial status byte with a “command out” response to
“status in.” The ¢, in turn, “stacks” the status byte by
turning on the stack interrupt trigger.

“Set stack” resets the command register and the oper-
ation is ended at the end of initial selection. Tc then
attempts to interrupt with the rejected status unless
“suppress out” is active from the channel.

First Data Byte

Figure 502 is a flow chart of write operation. Before
writing can begin, the Tu requires a mechanical (write)
delay as it builds up speed. A higher priority Tc can
“tie up” channel before write delay is complete and
channel could disconnect before sending the first byte.
The Tu would then move tape needlessly.

To ensure that at least a one character record is writ-
ten, Tc gets the first data byte before tape motion is
begun. As soon as initial selection is complete, a
special AND circuit (at coordinates 1A on Figure 335,
objective 3) sets the service-in trigger.

For non-burst mode operation, the operational-in
trigger is allowed to reset after initial selection is com-
plete. Tc has to begin a “request in” sequence for the
first character.

Should channel respond with “command out,” the
write operation is terminated by setting the stop trigger
and word count zero trigger with “stop command” (co-
ordinates 1D on Figure 335) Word count zero brings
up “no tape op stop” to generate “end pulse,” unit check,
and TavU resets, 4E. The word count zero condition is
indicated in sense (operation) byte 6, bit 1. “End
pulse” also sets the channel end trigger to begin the
end status in sequence (objective 4, Figure 335).

A “service out” response to the first “service in” sets
the tape op sync trigger, objective 5, indicating the
first data byte is on the interface bus out lines and the
write operation should continue. “Service out” gates
only the eight data bits into the data register, 1C, the
P bit is not gated. The P bit and eight data bits are
parity checked. A bus out parity error is indicated if
parity is even, though the operation continues.

Condition TC and TU to Begin Operation

Conditions for data flow, such as translate or convert
were established previously by a mode set control
command. Seven- or nine-track tape unmit is distin-
guished by the “7 track” line from TU.

Write Delay and Tape Motion

Refer to the timing chart, Figure 29. After the fall of
“service out” to the first “service in,” tape op trigger
is set to bring up the key line “write op” (Figure 335,
coordinates 5A ). “Write delay” is then brought up, ob-
jective 6, unless a turnaround sequence is required.
The TU requires time to prepare for forward operation
if the previous command moved tape backward (Refer
to “Turnaround Operation”). “Write delay” sets the go
trigger, 5B, to gate “go” to the Tu. “Go” and “read
select A internal” activate the Tu prolays. “Write delay”
also brings up “ms control” to gate “ms” mode, 4B, to
the delay counter. The counter advances in millisecond
(ms) mode at a frequency determined by the Tu model
number.

While “write delay” is active, tape on the selected
tape unit accelerates to proper operating speed, but
1C does not transfer characters to the Tu.

If tape on the selected Tu is not at load point when
the write delay begins, the write condition trigger turns
on, 3D, when the delay counter advances:

1. to 30if a Model 1 tape unit is selected,

2. to 32if a Model 2 tape unit is selected,

3. to 53 if a Model 3 tape unit is selected.
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Figure 29. Simplified Write Operation

If tape on the selected tape unit is at load point
when the write delay begins, the load point delay
trigger is set, 2E, blocking the set path to the write
condition trigger until the delay counter advances to
215 or 320. Because tape is not positioned at the same
spot with respect to the write head after each load
rewind operation, the longer write delay, when the load
point delay trigger is set, causes the tape unit to erase
a section of tape approximately 334 inches long be-
tween load point and the first character in the tape
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record. This erasure ensures that all previously re-
corded data on tape are destroyed before the new
record is begun.

Write Delay Noise

If the first bit trigger turns on during write delay, the
noise trigger is set. “First bit” indicates that flux
changes have been detected on the tape. Tape should
be blank during write delay; therefore, when the first
bit trigger is on, the noise error trigger is turned on.



Write and Read Condition

Objective 10 of Figure 335 describes the following
actions: The write condition trigger “on” drops “write
delay” and stops the delay counter to permit actual
writing of the tape record. However, between the times
that the go trigger is set to start tape movement and
the write condition trigger is set, tape on the selected
tape unit reaches proper operating speed. In addition
to ending the write delay, the “on™ state of the write
condition trigger further prepares the tape control to
perform the write operation by:

1. Setting the write trigger release trigger, 4D, to
allow write triggers in the selected tape unit to turn on
and off as required to record characters on tape. The
write trigger release trigger is reset after the tape con-
trol processes the last data character in the record to
the tape unit. All tape unit write triggers on at that
time switch to their off states. In returning to their
reset conditions, write triggers record the Lrc char-
acter at the end of the tape record. However, the resets
to the off states are gated by an all one bit (special)
character in the rR/w register which uses the same path
as normal data. This allows deskewing of the Lrcc the
same as for a data character.

2. Directly setting the read condition trigger, 2D, if
the Lp delay trigger is on. If Lp is not on, read condition
is set when the delay counter advances to 17 or 32
during the write delay. The on state of the read condi-
tion trigger conditions output gates for the final ampli-
fiers to allow the tape control to check each character
that the tape unit writes. Read condition also condi-
tions read clock circuits to allow each character to
cycle the clock.

3. Starting the write clock, 4-5D. Write clock outputs
establish timings that control data flow and processing.
The write clock cycles continuously as long as the
write condition trigger is on.

Write the Tape Record

In accordance with objective 11, when the write clock
(wc) advances to 2, it generates “wc-2” to reset the
read/write (R/w) register, 3C, and set the R/wW con-
trol trigger, 1B. The r/w control trigger indicates the
status of the R/w register. When:

1. r/w control is on, the &/w register is empty during
write,

2. r/w control is off, the r/w register is receiving
or already contains a character (data byte) during
write.

The “on” output of the r/w control trigger (and fall
of “wac-2”) brings up “start shift” to:

1. set the not stop data trigger,

2. bring up “tape demand” (depending upon data
convert feature),

3. generate a 600 ns “shift data” pulse.
“Shift data” resets the R/w control trigger and gates
the data register byte to the r/w register (Figure 408).

Data Regisier to Read/Write Register Transfer

Nine-Track Operation: Tape controls not equipped
with the seven-track feature do not have a translator
or data converter and cannot process six-bit characters.
During each write clock cycle, tape control receives
one eight-bit byte from channel and transmits the eight-
bit byte to the selected tape unit. Each input channel
byte is set into data register positions 5 through 12.
“Shift data” initiates the direct transfer that causes the
data register byte to set R/w register positions 0 through
7. Because the data byte in the data register does not
have a check bit (not gated in), the r/w register P
position is not set. ( Refer to Figure 305.)

Seven-Track Operation: Tape controls equipped
with the seven-track feature may have both a transla-
tor and data converter and, if so, can convert eight-bit
bytes from channel to six-bit characters to be written
on magnetic tape. The previous mode set command
designated whether or not the data convert or translate
feature is active. If “not data convert” (pc off) was
specified, the mode set also indicated whether the
translator is to be employed in the write operation.
(Refer to Figure 307.) Data convert and translate can-
not be used at the same time.

Request Character From Channel

Tape control receives a byte from channel and trans-
mits a character to the tape unit during each write
clock cycle in nine-track operation or in seven-track
pc-off operation; each time that bits are unloaded from
the data register, “shift data” brings up “tape demand”
to set the service in trigger (Figure 335 coordinates
2A). “Service in” to the channel requests that another
byte be transferred across the interface. With seven-
track oc on, byte counter trigger states determine when
another byte from channel is required. However, the
sequence to condition the “service in” request to chan-
nel is the same whether the pc is on or off, or seven- or
nine-track operation.

Not Burst Mode Operation

A multiplex channel not forced to operate in burst
mode will have disconnected from 1c as soon as the
first write character was received. This occurred be-
cause channel dropped “select out” and allowed Tc
to reset the operational in trigger.

When each additional data byte is required, Tc must
execute a data interrupt. Tc sends “request in” to chan-
nel when the service in trigger is set. Channel responds
with “select out” causing Tc to send “operational in,”
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and its own address on the bus in lines accompanied
by “address in” tag. After the channel “command out”
response falls, Tc can gate “service in” for the next
data byte.

When the byte is set into the data register and “serv-
ice out” falls, channels drops “select out” allowing the
reset of the operational in trigger. Channel is again
free of the Tc. This procedure is repeated for each
data byte into the data register. Refer to “Interrupt
and/or End Status Interface” logic for details.

Read/Write Register to Tape Unit Characier Transfer

The previous mode set command designates whether
characters recorded on magnetic tape be written in
odd or even parity. Even parity can be used only in
7-track operation. (Mode set designates whether char-
acters in the record should contain an odd or even
number of bits.) If odd parity is specified, the odd
redundancy trigger was set at the beginning of the
write operation. Vertical redundancy check circuits
examine the bit structure of the character stored in
the »/w register. If the r/w register character contains
incorrect parity, a check bit (P bit) is added by the
R/W VERC circuit to the character transferred to the Tu.

A C-Compare check is also made at the r/w vRec
circuits. Refer to C-Compare section of “Functional
Units.”

Cyclic Redundancy Check Register (CRCR): An
additional error checking and correction feature is em-
ployed for nine-track operation only. As each charac-
ter is gated into the r/w register at the fall of wc-2,
the r/w register outputs condition the crcr inputs. At
wce-11, the character is set into the crer as each regis-
ter position is “shifted” in a predetermined pattern.
A shift occurs during each write clock cycle to create
a special check character after all data characters are
written.

At the end of the record, all positions except 2 and 4
of the crcr are complemented and the resulting croc
is written on the tape four character spaces after the
last data character and four spaces before the Lrcc.
The Lrer considers the croc as a normal character
when the Lrce is generated. Refer to the detailed ex-
planation of “Error Correction™ in the “Functional
Units” section of this manual.

Echo Error Check

As mentioned earlier, wc-2 gates the data register char-
acter to the »/w register. At we-5 the no echo (test)
trigger is set in preparation for a no echo error test
(Figure 211). The wc then generates a write pulse
which rises at 6 time and drops with the fall of 10
time (Figure 335, coordinates 4C-D). Write pulse
causes the TU to accept the character on the write bus
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lines fed by the r/w register outputs. As the Tu writes
the character, an echo pulse is sent back to Tc from
any track writing a bit. Any echo pulse resets the no
echo (test) trigger (Figure 211, coordinates 2E-F).
If no echo returns, the test trigger stays on and a
equipment check is indicated in sense byte 1 while a
unit check error is also indicated in the end status byte.

Stop Command

A “service in-service out” sequence is generated for
each data byte of the record. When channel responds
to a “service in” request for data with a “command
out” instead, “stop command” is brought up (Figure
335, coordinates 2D') to set the stop trigger, 1D (ob-
jective 12, Figure 335). This indicates that the previous
“service out” set the last character of the record in the
data register during the preceding write clock cycle.
During the last clock cycle (which began the “service
in-command out” sequence), the last character is set
into the r/w register at wc-2, gated to the crer, and
written on tape at wc-6 to wc-1o.

The stop trigger resets the not stop data trigger
(Figure 408) to bring up “stop data transfer.” This line
gates wc 14-15 to reset write condition and reset the
write clock at 15.

Write Disconnect Delay
Write disconnect delay (wobp) used to:
1. Control timings when writing check character(s).

2. Measure time before dropping “go” to TU to estab-
lish stop point in the gap.

® wop conditions delay counter in microsecond mode.

e wop is conditioned when “write condition” is de-
activated.

® Length of the wop period is variable, depending
upon model of U and seven- or nine-track.

® Write clock does not run during wop, but read
checking continues through wop.

Not “write condition” brings up “write disconnect de-
lay” (wpp), 3B, to condition delay counter microsecond
drive circuits. The delay counter steps at a frequency
determined by Tu model, and the bit density previously
designated by the mode set command. At “wpp-27,” the
R/W register is reset.

As the delay counter advances further, the following
occur:

Nine-Track Operation:
1. wpp-35-42, shift crcr once more.
2. wpp-47, set crRe character (crcc) into R/W register.
3. WDD-53, generate write pulse to write crce.
4. wpp-95, generate write pulse control to set all one’s



character into B/w register (to deskew Lrcc) and con-
dition Tu write triggers to be reset (Figure 335 coordi-
nates 5D ).

5. wop-117, (Tu Models 1 and 2 only) reset write
trigger release trigger to generate write pulse and write
Lrcc (coordinates 4D), also reset delay counter and
gate set of roD trigger (coordinates 3B).

6. wop-117, (Tu Model 3 only) reset write trigger
release trigger to generate write pulse and write the
LRCC.

7. wop-403, (TU Model 3 only) set end wop trigger,
5B, to reset delay counter and go trigger, drop wop,
and condition rop trigger set with not “go.”

Seven-Track Operation:

1. wpp-47, generate write pulse control to set all
one’s character into &/Ww register (to deskew Lrcc) and
condition Tu write trigger to be reset.

2. wop-33, reset delay counter and write trigger
release trigger to generate write pulse and write Lrcc.

3. wop-53, (TU Models 1 and 2 only) gate set of rRop
trigger at fall of write trigger release.

4. wop-53, (Tu Model 3 only) after reset of delay
counter, continue wpp in millisecond mode (coordi-
nates 3B ).

5. wop-18, (Ms model, Tu Model 3 only) set end
wop trigger (5b) to reset delay counter and go trigger,
drop wop, and condition rop trigger set with not “go.”

The various wop delays allow the TU to space the
check character(s) further apart than normal charac-
ter spacing, and away from the last data character of
the record. Except for seven-track Model 3 operation,
wop timings also allow tape movement at full speed
for predetermined distances after writing the check
character(s) and before go is reset. These delays com-
pensate for the different speeds at which various tape
unit models move tape and for the greater distance
between the write and read heads on seven-track head
assemblies than on nine-track assemblies. The objec-
tive is to write a standard size gap no matter what
speed the tape runs.

Stop Tape Motion

Read condition, set at the beginning of the operation,
is still on to complete read checking (discussed in the
next section). “rc-7 or -9” sets the wop trigger (Figure
335, coordinates 3B) after fall of write trigger release
(Models 1 and 2), or at the fall of the go trigger
(Model 3). rop trigger conditions the delay counter in
microsecond mode (read disconnect delay timing) to
prepare for the end of the operation. At “rop-36,” the
go trigger is reset for Model 1 and 2 operation. How-
ever, because of the slower speeds of the Models 1
and 2, “rpp-36" does not occur until just before the
check character(s). This is discussed in greater detail

in the next section. For a Model 3 TU, the go trigger
is reset during wop before RpD-36.

After the go trigger is off, the remainder of the rec-
ord is checked during “full coast time” of the Model
3 Tu.

Read Check of Write Operation

As the tape record is written, tape moves away from
the Tu write heads and passes over the read heads.
Characters of the record are read, after traveling the
distance between the heads, and sent back to Tc over
the Tu read bus. As each character enters the Tc read
circuits it is examined to determine:

1. Whether all the bits written on magnetic tape are
of sufficient strength to be read in subsequent read
operations.

2. Whether the character contains an odd or even
number of bits and in seven-track whether the bit
count matches the state of the odd redundancy trigger.

3. Whether spacing errors (skew errors) occurred
in recording the character,

4. The correct bit structure for the record’s check
character(s). The crcc is checked for vrc (nine-track
only). The Lrce is also checked for vre.

Each input character from the Tu enters final ampli-
fiers in the Tc. Final amplifiers contain nine tracks, one
for each bit position. Each final amplifier track has
two outputs, a high-clip and a low-clip output. Input
bits to corresponding final amplifier tracks must meet
predetermined minimum amplitude requirements to
produce high- and low-clip outputs. The high-clip out-
put from each final amplifier track sets the correspond
ing high-clip skew register. The low-clip output from
each final amplifier track has no function during a
read checking operation, although low-clip is gated
out for seven-track operation. Theoretically, all bits in
a character should arrive at the input to the final ampli-
fiers simultaneously; however, all bits need not arrive
at exactly the same time. Tc does make a check that all
bits do arrive within a specific time; this is known as
a skew check.

Skew Check
The first high-clip output from any final amplifier
track sets the first bit trigger to start the read clock
for each character.

The skew gate trigger (Figure 210) turns on when
the read clock advances to:

1. 4 if the selected tape unit is not operating at 800
BPI (all models).

2. 5 if a Model 1 or 2 tape unit is selected and is
operating at 800 spr.

3. 6 if a Model 3 tape unit is selected and is oper-
ating at 800 spr.

All bits in the character must be stored in the high-
clip skew register before rc-4, -5, or -6 time, because
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any high-clip output from the final amplifiers after the
skew gate trigger is set causes tape control to indicate
a skew error and data check. This, in turn, will present
a unit check bit (6) in the end status byte.

Skew Regisier VRC
Another data check performed on the newly written
information is the high-clip vre circuit.

Vertical redundancy check circuits examine the char-
acter stored in the high-clip skew register for parity
error. If the high-clip skew register character contains
a parity error, Tc sets the high- clip v&c and data check
triggers at rc-7 time. See “High-Clip Skew Register”
vRc description for complete details.

For a nine-track operation, the high-clip character
is gated to the Lror. For seven-track, the low-clip reg-
ister is gated to LRrcr only if a high-clip vec occurs; an
LRC check is made at the end of the operation.

Read Disconnect Delay

Tape control processes characters from channel and
writes them on tape at the same time that it checks
characters written on tape earlier in the operation.
Tape control completes actions involved in transferring
characters from channel to the tape unit before it com-
pletes the read check operation. When the tape unit
has written the check character(s) and the read clock
advances to 7, the rop trigger is set and steps the delay
counter in microsecond mode between each read clock
cycle (Figure 335, coordinates 3-4B). The “on” state
of the rop trigger does not signal that this is the last
read clock cycle, nor even the next to the last read clock
cycle; it merely warns that only a few characters in the
record are left to be read and transferred to tape
control.

The rop trigger is generally used to drive the delay
counter while timing the distance between bytes, Dur-
ing read checking of a write operation, the rop trigger
is not used until after writing is completed. While writ-
ing is in progress, the rop trigger does not check the
spacing between bytes. When writing is completed the
RDD trigger can be set at read clock 7 time and reset
by the following read clock 2 time. The delay counter
runs in microseccnd mode, when the rop trigger is on,
to find the check character spacing at the end of the
block. If the rop trigger was set during the previous
read clock cycle, the next character from the Tu should
produce a high-clip output from the final amplifiers and
set the first bit trigger to start the read clock. The read
clock output at rc-2 time resets the rop trigger, causing
the delay counter to reset. The read clock output at
RC-7 time again sets the roD trigger to re-start the delay
counter in microsecond mode.

Because a check character is spaced further from the
last normal character in the record than normal char-
acter spacing, the delay counter advances to 36 after
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tape control checks the last normal character in the
record. rpp-36 sets the first check character trigger, 4B,
indicating that the next character transferred from the
TU is either the crcc (nine-track operation) or the Lrcc
(seven-track operation ). The output of the first check
character trigger ano’ed with “write op” finally resets
the go trigger for Model 1 or 2 operation. The rop
trigger remains on during check character time.

The first high-clip output from the final amplifiers
after rRop-36 sets the first bit trigger to start the read
clock for a check character. For nine-track operation,
the crec is checked for parity, and gated to the Lrcr.
Check character vic is explained in the functional units
section under “Skew Register vre.”

At roD-95, the second check character trigger is set,
though it has no major function during a write opera-
tion (read check). When the Lrce is sent from Tu, it is
also checked for parity and gated to the Lrcr.

Operation for seven-track is similar, except that the
first (and only) check character to arrive from TU is
the Lrce.

The first and second check character character trig-
gers are necessary because it is possible for the check
character(s) to contain no bits. At Rop-169 the LRCR
sample is generated and actions to end the write opera-
tion begin. With the first check character trigger on, the
RDD trigger is not reset at rc-2 and the delay counter
was allowed to advance.

LRCR Error

At the end of a write operation, the state of each tape
unit write trigger makes up the rrc character. As all
write triggers are reset, the Lrce is written. For seven-
track operation, the Lrcc may be odd or even; in nine-
track, Lroc will always be odd.

As the tape record is read checked, each character,
including the creg, is set into the Lrecr. When the Lrcc
is read and set into the LRrcR, all Lrer triggers should
end up in the off state.

An LRCcr error is signaled if any Lcre trigger is still
on at Rpp 169. A complete description of Lrc checking
is in the “Functional Units” section.

End Operation

At RoD 171-75, TAU end reset is brought up to generate an
end pulse and end reset. End pulse sets the channel
end (status) trigger and device end trigger for the
selected Tu. The on state of the channel end trigger
begins the end status in sequence discussed in a sep-
arate section.

Motion Confrol Commands

e Motion control commands are eight commands that
do not require channel operation during execution.



® Command byte denotes motion control commands
by placing all ones in bus out positions 5, 6, and 7.

® Command byte denotes the type of motion control
command by contents of bus out positions 2, 3,
and 4.

® Command register P position is always set for mo-
tion control commands.

® No data is exchanged between channel and Tc for
any motion control command.

¢ At the end of initial selection, a forced channel end
bit is submitted via “status in.”

e All motion commands except rewind/unload submit
an end status byte, containing a “device end” bit,
via multiplex entry upon completion of execution.

The term motion control implies that this type of com-
mand requires tape unit motion and no data transfer to
or from channel during execution. These commands
are:

Erase gap (ERG)

Write tape mark (wrn )

Forwardspace record (¥sg)

. Forwardspace file (rsr)

Backspace record (Bsr)

Backspace file (BsF)

. Rewind (Rrew)

. Rewind/unload (Run)

Of these eight commands, six (numbers 1-6) require
the joint effort of both the tape control unit and the
selected tape unit during the execution of the com-
mand. The rewind and rewind/unload commands are
executed by the selected tape unit itself after Tc has
instructed the Tu to rewind or rewind/unload.

Figure 101 shows the command byte bit configura-
tion for each of these eight motion control commands.
Notice that bus out positions 5, 6, and 7 are equal
to 111 for all; however, the command byte differen-
tiates between each by the bit configuration of bus out
positions 2, 3, and 4. Notes 1 and 2 of Figure 101
describe how the command byte is transferred into the
command register.

Any motion control command (P trigger in the com-
mand register, Figure 101) is a “valid control com-
mand,” provided no unit check or busy condition for
the selected Tu is detected during initial selection. The
line “valid control command” forces a “channel end”
status bit into the initial status byte (Figure 302, co-
ordinates 4-5C).

The control immediate trigger is set during a control
command initial selection if channel accepts the initial
status byte that contains the “channel end” status bit
“forced” by “valid control command” (Figure 330,
coordinates 3B). If channel did not accept the “channel

P DU @

end” status (command out response to “status in”), con-
trol immediate is not set.

Motion control commands do not require channel
operation. After initial selection is complete, channel
disconnects (reset operational in). The Tc and/or the
TU will complete the operation without channel. After
the operation is complete, T¢ must “interrupt” channel
with “request in” for the end status byte. Figure 303,
coordinates 4A, illustrates how motion control com-
mands reset the “burst mode” latch which will allow
the “operation in” trigger (Figure 301, coordinates 2C )
to be reset when channel drops “select out.”

Erase Tape (ERG)
® The erase command erases 3% inches of tape.

e Bring up “write op” and “er¢” lines with no data.

e Do turnaround if tape moved backward for previous
operations.

e Condition “write delay.”

e Start tape motion in write status. (Energize erase
head to erase tape.)

e Stop tape motion after long (Lr) write delay.

® Generate resets and begin end status in sequence.

The erase tape command provides the ability to erase
3% inches of tape. Timing used to measure the erased
portion of tape is the same as for write load point
gap. At the end of a “load point delay” the tape control
merely stops tape motion without writing on the tape.
Figures 336 and 504 illustrate erase operation.

After initial selection is complete, “status in and
command or service out” sets the tape op sync trigger.
The operation will proceed even if channel rejects the
initial selection status byte with command out. The
fall of either “out” tag sets the tape op trigger to bring
up “er¢” and “write op.” “Write op” brings up write
delay (wp) if turnaround is inactive (Figure 336, co-
ordinates 2A). A turnaround is indicated if “backward
memory status” is active from Tu. This means the Tu
just completed a backward operation and requires
time to reverse mechanical functions. Figure 504 is a
flow chart of erase command.

Not “backward memory status” gates “set write
status” and sets the Tu R/w trigger to energize the TU
erase head and put the Tu in write status,

Write Delay

Write delay gates millisecond control to advance the
delay counter at a rate determined by the Tu model.
Write delay also sets the go trigger to send “go” to the
TU. The prolays are energized and begin to move tape
forward (objective 4-7 on Figure 336).
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When the delay counter output reaches 215 (Model
1 or 2) or 320, a line called “wp-215 + 320" resets the first
character trigger to drop wp and set the rop trigger.
The delay counter is also reset at 215 or 320. ®op gates

microsecond control to the delay counter (objective
8-10).

Stop Tape Motion

When the delay counter reaches 36 in microsecond
mode, RpD-36 resets the go trigger (objective 11). As the
delay counter advances to 171, Rpp 171-75 generates a
TAU end reset, end pulse, and end reset to reset most
of Tc. Tape has been erased for approximately 3.75
inches.

End Status

“End pulse” sets the device end trigger for the selected

Tu. Because the Tu not ready line from Tu is inactive, a

“selected device end” is generated immediately; this

line begins the end status (request in) interrupt if

the channel does not have “suppress out” conditioned.
The end status byte will contain:

.. Device end.

. If control immediate trigger is off, channel end bit.

. Unit exception (if T1is on in TU).

. Unit check (if Tu dropped “ready”).

. Control unit end (if control immediate is on and

unit check or unit exception is active).

Ul i~ W ko

Write Tape Mark (WTM)

e “wrnm” and “write op” lines are conditioned at initial
period of operation.

® A write delay period is initiated but it extends out to
WD-215 or WD-320 to produce a 334 inch erased
area — commonly referred to as “load point skip.”

e At end of wp, write condition and read condition
are activated to allow running of both write and
read clocks.

e Tape mark configurations (seven-track or nine-
track, are forced in the r/w register.

° Seven-track wrm forces even redundancy. Tape
mark character is written at write pulse time:
WC-6 to Wc-10. '

e Stop trigger is set at Wc-8-9 time; simulates a “com-
mand out” from channel during write command.

® At end of the only write clock cycle, wop is condi-
tioned in microsecond control te write check char-
acter (Lrc).

® wrM cannot write a crRc character; it is blocked.,

* Ending sequence, including read check cycle and

dropping of “go” and error detection is identical
to the write command.
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Figures 335 and 503 should be used with the following
discussions. The objective listed under wrm on Figure
335 supplements the description of the circuits utilized
in this operation.

After initial selection is complete, “status in and
command or service out” sets the tape op sync trigger.
The fall of either channel out tag is gated by tape op
sync to set the tape op trigger (4A on Figure 335).
Command register outputs P, 6, 7, and not 5 gated by
tape op trigger bring up wrM which, in turn, brings
up “write op.” “wrM~ also sets the Lp delay trigger, 2E.
The Lp trigger will cause load point write delay before
the tape mark is written.

Seven-Track Tape Mark is a four-bit single character
record with bits in positions 4, 5, 6, and 7. The “wr”
line forces 1 bits into positions 6 and 7 of the »/w
register.

WTM AND’s with seven-track to force bits 4 and 5 into
the r/w register, and “even redundancy” at the mode
register output ( Figure 18). Only an Lrce check char-
acter is written after the tape mark, no crec.

Nine-Track Tape Mark is a single-character record.
The wtM line forces bits 6 and 7 into the »/w register.
The wr™M line aND’s with “nine-track” to bring up “nine-
track wrn”; this line forces “odd redundancy,” and a
bit into position 3 of the r/w register. A normal record
in nine-track operation writes two check characters,
crec'and Lree. The nine-track wrM operation causes a
CRCC to be generated, but only the LRce is written.

Write op conditions write delay (wp) immediately
if “turnaround” is inactive. A turnaround is indicated if
“backward memory status” is conditioned from Tu.
Backward memory is brought up by the on condition
of the Tu backward trigger. A turnaround sequence de-
lay allows the Tu enough time to reverse its mechanical
functions if the previous operation moved tape back-
ward.

If backward memory status is inactive, write op
gates set write status to the Tu; otherwise, “D 96 turn-
around” gates “set write status” during the turnaround
sequence. Set write turns on the Tu r/wW trigger to
set the TU in write status.

Write Delay and Tape Motion

Write op now brings up wp to gate millisecond con-
trol (Figure 335, 3B) and set the go trigger. “Go” is
gated to the Tu (5B) as millisecond mode advances
the delay counter at a rate determinéd by the model
of the selected Tu. When delay counter output reaches
215 (Models 1 or 2) or 320 (Model 3), “wp 215-320”
line (2D) sets the write condition trigger, which sets
the read condition trigger (3D).

Condition Wrife and Read Circuifs
The write condition trigger:
1. degates “wp”



2. sets the write trigger release trigger

3. gates start of the write clock (4D).

Write clock pulses are necessary to write the tape
mark and gate the end of the operation.

Write the Tape Mark

Tape is now moving at full speed, the long write delay
is complete, the tape unit is in write status, and the tape
mark is in the r/w register which gates the Tu write
bus. At the first we-, a long write pulse is generated
(falls at we-10) to write the tape mark (4C). At wc -9
the stop trigger is set (1D) to gate the reset of write
condition with the stop data transfer line. At wa 14-15
the write condition trigger is reset.

The fall of write condition stops the write clock
which coasts to 15. “Not write condition” brings up
wop (write disconnect delay) to gate microsecond
mode to the delay counter.

Write the LRCC

To deskew the check character, an all ones character
is gated to the r/w register at wop-47 for seven-track
operation, or wpp-95 for nine-track operation. When the
write trigger release trigger is reset, a write pulse is
generated to write the longitudinal redundancy check
character (Lrcc).

Stop Tape Mation

Ending conditions for a wrMm operation vary depend-
ing upon the number of tracks and tape unit model
(the same as a normal write operation). A summary of
these conditions follows:
Seven-Track Model 1 or 2 TU:

1. wpp-53 — reset write trigger release and write
LRCC.

2. Condition Rop at fall of write trigger release.

3. Advance delay counter in microsecond mode

4. RDD-36 — reset go trigger to drop “go” to TU.
Seven-Track Model 3 TU:

1. wpp-33 — reset write trigger release and write Lrcc

2. Reset delay counter, continue wop in millisecond
mode

3. Advance delay counter in millisecond mode

4. wpp-18 — reset go trigger to drop “go” to Tu and
condition rop; reset delay counter

5. Advance delay counter in microsecond mode.
Nine-Track Model 1 or 2 TU:

1. wDD-117 reset write trigger release and write Lrce

2. Condition rop at fall of write trigger release

3. Advance delay counter in microsecond mode

4. rDD-36 — reset go trigger to drop “go” to Tu.
Nine-Track Model 3 TU:

1. wpp-117 reset write trigger release and write Lrcc

2. wpb-403 set end wDD trigger to reset the go trigger
and delay counter

3. Not go drops wop, sets Rop trigger, and drops “go”
to TU

4. Advance delay counter in microsecond (roD)
mode.

Read Check of the TM Record

In the preceding paragraphs, Rop was said to have
begun and the delay counter was running in micro-
second mode. This may not be true at this point, be-
cause the fall of write trigger release or go only gates
set of the Rop trigger; re-7 actually turns the trigger on.
Though the T™ and Lrcc are written, they require time
to travel the distance between the write and read heads.
The read clock cannot run until a first bit is detected
in the final amplifier high-clip circuits.

The final amplifiers and other read circuits are con-
ditioned. When the T is finally read at Tu, it is sent
over the read bus to the final amplifiers and set in the
high-clip register (also low-clip for seven-track opera-
tion). “First bit” sets the first bit trigger to start the
first read clock cycle. The T is checked for skew (like
any normal character) at rc-4, 5, or 6, depending on TU
model and density. At rc-7 the BoD trigger is finally set
and the T™ is set into the Lrcr. The delay counter ad-
vances in Rpp microsecond mode. The 1™ is also
checked for parity in the high-clip register.

When the delay counter advances to 36, rpp-36 will
reset the go trigger for model 1 or 2 tape units. Rop-36
also sets the first check character trigger as the Lrcc
approaches the read heads. When the check character
is read, it is also checked for skew and parity, and set
into the skew register(s) because the read clock was
again started by the first bit trigger ( reset previously by
the read clock reset). The 1rcc is set into the LRcr at
RG-7.

The delay counter continues to advance in ®pD pus
mode because the first check character trigger degates
the normal reset to the rop trigger. At rop-169, a check
character sample determines that all LRcR triggers are
off, or an LRCR error and data check is indicated.

At RoD 171-75, TAU end reset is generated to bring up
end pulse and end reset. The tape mark operation is
complete except for the end status sequence.

End Stafus Inferrupt

End pulse sets the device end trigger for the selected
TU. Because the Tu not ready line from TU is tnactive,
a “selected device end” is generated immediately; this
line begins the end status (request in) interrupt if the
channel does not have “suppress out” conditioned.

The end status byte will contain:

1. Device end

2. If control immediate trigger is off, channel end bit

3. Unit exception (if tape indicate is on in TU)

4. Unit check (if a data check occurred or the Tu
dropped “ready”)
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5. Control unit end (if control immediate is on and
unit check or unit exception is active).

Forward Space Record and Forward Space File

¢ The forward space record will:
1. Read over the next record on tape and then stop.
2. In addition to the normal e bit, cause a unit ex-
ception and control unit end bit in the end status
byte if a tape mark character is read.
3. Normally set the pE bit in the end status byte to
indicate completion of the operation.

e The forward space file will:
1. Continually read over records until a tape mark
character is recognized.
2. Send an end status byte with pe bit to channel
upon completion of the operation.
3. Reset “go” and “read condition” between records
as it searches for the tape mark character.

e Forward space commands check for “noise” at the
end of the record via “forward stop delay.”

® Data flow for the forward space commands is from
read bus to final amplifiers to skew register(s).

e Transfer data is deconditioned so data will not be
sent to the r/w register.

e End status byte must enter via “request in,” similar
to a multiplex entry.

® During entire operation, channel is free, but Tcu
is occupied.

e Like all valid control commands, “operational in”
was reset at end of initial selection.

In a forward space record operation, the selected tape
unit moves tape forward through one tape record to
the first interrecord gap, or to the gap between the
last record and the end of a tape. In a forward space
file operation, the selected tape unit moves tape for-
ward to the first interrecord gap sensed after reading
a tape mark record, or to the gap between the last
record and the end of tape. The tape unit reads char-
acters recorded on tape and conditions data lines to
the tape control. Tape control does not execute data
transfers either to channel or to the tape unit when
performing the forward space record or forward space
file operation. Figure 505 is a flow chart of forward
space; Figure 334 is the second level diagram.

Condition Tupe Control to Execute Forward Space Operation
After the initial selection sequence, tape control con-
ditions “read operation and read delay” to:

1. Set the go trigger, causing tape on the selected
tape unit to move forward.
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2. Condition millisecond delay counter drive cir-
cuits; the delay counter advances in millisecond mode.
If the load point delay trigger is set, the delay counter
output at RD-103 or RDD-160 sets the read condition trig-
ger. If the load point delay trigger is not set, a delay
counter output sets the read condition trigger when
the counter advances to:

1. 15, if a Model 3 tape unit is selected.

2. 17, if a Model 1 or 2 tape unit is selected.

Read condition resets the delay counter and allows
tape control to accept data that the selected tape unit
transfers.

Process Data from Tape Unit

During forward space commands, Tc merely interro-
gates the data read for:

1. tape mark records,

2. end of each record.

Bits in each character transferred from the tape unit
enter corresponding final amplifier tracks (Figure 334,
coordinates 1C). Each final amplifier track has a high-
clip and a low-clip output; high-clip outputs set the
high-clip skew register positions; low-clip outputs set
the low-clip skew register positions. The first high-clip
output from any final amplifier track in each character
cycle sets the first bit trigger, causing the read clock to
start. Tape control performs a normal read check opera-
tion on characters stored in the high-clip skew register
and sets the LRCR at Rc-7 time of each read clock cycle.
However, results of read checks in forward space op-
erations are ignored. The record being read has been
checked previously, and errors in the record should
have been detected in an earlier read or write opera-
tion.

The first character trigger, set during the initial
selection sequence, is on during the first read clock
cycle. If the first character received from the tape unit
is a tape mark, the first character trigger on output
allows tape control to set the first character tape mark
trigger at rc-6 time.

The read clock output at re-7 time sets the Rop trig-
ger, causing the delay counter to advance in the micro-
second mode.

The read clock output at rc reset time:

1. resets the skew registers,

2. resets the first bit trigger, causing the read clock
to stop,

3. resets the first character trigger.

If the second character that the tape unit transfers
to tape control is a data character, a final amplifier
track produces a high-clip output to set the first bit
trigger and start the read clock before the delay
counter advances to 36. The read clock output at rc-2
time resets the mrop trigger and the delay counter. If
the first character tape mark trigger was set in the



first read clock cycle, tape control unconditionally
resets the trigger in this second cycle. The first char-
acter tape mark trigger functions to detect a two-char-
acter (tape mark character and check character) tape
mark record. If the tape unit transfers two characters
to tape control before transferring the check character,
the record is not a tape mark record. The first char-
acter tape mark trigger has no purpose in the check
operation on the record being read after tape control
determines that the record is not a tape mark record.

Read Check Characters

The check characters are spaced further from the last
normal character in the record than normal character
spacing. The extended delay allows the delay counter
to advance to 36 and 95 to set the first and second
check character triggers.

The first check character trigger blocks the read
clock 2 (reset) pulse to the rop trigger. The delay
counter runs, without stopping, throughout both check
character cycles.

Forward Stop Delay

At mrop-171 the forward stop delay trigger turns on
(Figure 334, coordinates 1E). Forward stop delay
runs the delay counter in microsecond mode. If bits
are detected before mop-s11 (about 40 character
spaces), FsD noise is set and the delay counter is reset.
Because the rop trigger is still on, the delay counter
starts counting again from zero. Tape motion will
continue as long as bits are detected on the tape.

If no bits are received and the delay counter reaches
FsD-511, a TAU end reset pulse will be generated to reset
the “go” trigger and the read condition trigger. If the
operation is forward space record, Tau end causes an
end pulse which initiates an end status sequence.

File Search

During a forward space file operation, the tape control
must continue reading records to look for a tape mark.
At the end of each record the first character tape mark
trigger is sampled. When the tape mark trigger is off,
the reading sequence must be restarted to continue
searching for a tape mark. The first character trigger
(Figure 334, coordinates 1A) must be turned on by
“file search and ungated Tau end” to restart.

If the tape mark trigger is off, the end pulse is
blocked and the next record will be read. If the tape
mark trigger is on, the end pulse is allowed to reset
Tc and initiate an end status sequence (Figure 334,
coordinates 4D and 4E ).

End Status Interrupt

“End pulse” sets the device end trigger for the selected
Tu. Because the “Tu not ready” line from Tu is inactive,
a “selected device end” is generated immediately; this

line begins the end status (request in) interrupt if the
channel does not have “suppress out” conditioned.

The end status byte will contain:

1. Device end (FsF and FsRr).

2. If control immediate is off, a channel end (rsr
and Fsr).

3. Unit check and control unit end if Tu dropped
ready (¥sF and FsR).

4. Unit exception and control unit end if T record
(only ¥sgr).

Backspace Record and Backspace File
e Backspace record will:
1. Read back over one record or into load point.
2. Set unit check and end operation if it reads into
or is at load point.
3. Normally send an end status byte containing a
device end bit.
4. Set control unit end and unit exception bit in
addition to the normal end status if T™ record.

® Backspace file will:
1. Read backwards until a tape mark character is
read or load point is sensed.
2. Set unit check and end operation if Tu reads into
or is at load point.
3. Normally send an end status byte to channel
containing a device end bit.

¢ Backspace operations use the same data flow path
as forward space.

® Delay counter will run in millisecond control during
backward read delay and during entire record in-
cluding check characters.

® 200 se1 is forced if backspace occurs on seven-track
TU to allow for skew on records not written by 2400
tape system.

¢ Ending sequence for record and file which did Io-
cate T™ is identical to read backward op. Determine
“backspace reset rd cond” during millisecond con-
trol, then turn to microsecond control to end.

e Backspace file will refain “go” and “read condition”
between records when file searching.

Condition Tape Control to Execute Backspace Operation

Figure 506 is a flow chart of backspace; the second
level drawing is Figure 333. Consult the “objectives”
on Figure 333 as the circuits are described. The back-
space command brings up backward op. If the tape
unit is at load point, the unit check trigger is turned
on and backward disconnect generates a Tau end. Back-
ward at load point causes an end pulse which turns on
channel end and initiates an end status sequence.
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The tape unit may be at load point during the initial
selection status sequence, however, the backward at
load point line cannot come up until after initial se-
lection. For this reason, an end status byte is sent to
channel after initial selection is finished.

If the load point trigger is not on, the tape control
will proceed to execute the backspace. After the pos-
sibility of a turnaround sequence has been checked,
backward op brings up backward read delay which
turns on the go trigger and runs the delay counter in
millisecond mode. Backward op and backward read
delay turn on the backward trigger to condition the
backward line to the tape unit. The backward line turns
on backward in the tape unit and also resets the tape
unit read/write trigger to read status.

At the end of read delay the read condition trigger
(Figure 332, coordinates 2B) is turned on by:

1. ro-5 for a Model 1 tape unit.

2. rp-§ for a Model 2 tape unit.

3. mrp-12 for a Model 3 tape unit.

Read condition activates the first bit and read clock
circuits to look for data from the tape.

Process Data from Tape Unif

Bits in each character transferred from the tape unit
enter corresponding final amplifier tracks. Each final
amplifier track has a high- and low-clip output; high-
clip outputs set high-clip skew register positions; low-
clip outputs set low-clip skew register positions. The
first high-clip output from any final amplifier track in
each character cycle sets the first bit trigger, causing
the read clock to start. Tape control performs a normal
read check operation on characters stored in the high-
clip skew register and sets the LrcR at rc-7 time of each
read clock cycle. However, results of the read checks
in backspace operations are ignored. The record being
read has been checked previously, and errors in the
record should have been detected in an earlier read or
write operation.

At read clock 2 time the second check character trig-
ger is turned on. The second check character (LRCRr)
should be the first data read from the tape in nine-track
backspace operation.

The first character trigger, set during the initial selec-
tion sequence, is on during the first read clock cycle.
If the first character received from the tape unit is a
tape mark, the first character trigger on output allows
tape control to set the first character tape mark trigger
at rc-6 time.

The read clock output at rc-7 time sets the rop trig-
ger, causing the delay counter to advance in milli-
second mode. During backspace the tape control does
not check the spacing between bytes. It only looks for
the end of the block (actually the beginning). In milli-
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second mode the delay counter does not reach Rpp-36
so the second check character trigger stays on.

The read clock output at rc reset time:

1. Resets the skew registers.

2. Resets the first bit trigger, causing the read clock
to stop.

3. Resets the first character trigger.

In the second read clock cycle, the tape unit transfers
a character to tape control soon enough to produce
a high-clip output from a final amplifier track, set the
first bit trigger, and start the read clock before the
delay counter advances to:

1. 19, if a seven-track Model 3 tape unit is selected.
21, if a seven-track Model 2 tape unit is selected.
24, if a seven-track Model 1 tape unit is selected.
7, if a nine-track Model 3 tape unit is selected.
11, if a nine-track Model 2 tape unit is selected.
. 14, if a nine-track Model 1 tape unit is selected.

Read clock 2 of each character turns off the rop
trigger and resets the delay counter. Backward motion
will continue until a record gap, tape mark, or load
point stops the operation.

The tape control examines the second character bit
configuration. If the bits equal a tape mark and the
first character tape mark trigger is on, the record may
be a true tape mark. If no more characters are sensed,
the record is a true tape mark. A true tape mark record
is a tape mark and tape mark check character. When
the bits in either character are not a tape mark, or
if more than two characters are sensed, the record is
not a tape mark. If not a true tape mark, the first
character tape mark trigger is reset and the data is
scanned to find the record gap.

At re-6 of the second read clock cycle the first check
character trigger is turned on. Read clock 2 of the next
character will turn it off again. The cycle of “on at rc-6
and off at the next rc-2” will be repeated until the end
of the record. After rc-6 of the last character, the first
check character trigger remains on until Tau end reset.
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End Backspace Operation

Between each read clock cycle the delay counter has
been stepping in millisecond mode, gaging when the
last character would be read. Like the read backward
operation, when the last character is read, the delay
counter will be allowed to step to a higher count. If the
delay counter advances to the time designated for the
selected tape unit, (“Note” on Figure 506) the tape
control conditions backspace reset read condition, in-
dicating that the tape unit has backspaced through
one record and has sensed either an interrecord gap
or the gap between load point and the first tape record.

In a backspace record operation, the go trigger
and read condition are reset by backspace reset read



condition (Figure 333, coordinates 4A). After read
condition and go are reset, the delay counter runs in
microsecond mcde. At rop-36 time the second check
character trigger is reset. RDD-171-175 generates a TAU
end reset and an end pulse. The end pulse, in turn,
initiates an end status sequence.

At the end of a record, during a backspace file opera-
tion, the first character tape mark trigger is sampled. If
the tape mark trigger is on, backspace reset read con-
dition is allowed to stop the operation. If the tape
mark trigger is off, read condition and go will not be
reset (Figure 333, coordinates 5A). The first charac-
ter trigger is turned on by “continue backspace file”
(Figure 333, coordinates 2A); end pulse is blocked
(Figure 333, coordinates 4D ). When the tape mark
trigger is off, the next record will be read to search
for a tape mark.

If load point is reached instead of another record,
the tape unit automatically stops tape motion and sends
an “at load point” signal to the tape control (Figure
333, cordinates 4E ). “At load point” generates a back-
ward disconnect and backward at load point. “Back-
ward at load point” turns on unit check and causes an
end pulse to initiate an end status sequence.

When a tape mark is detected during a backspace
record (file search down), the unit exception trigger
is turned on at rop-169 (Figure 333, coordinates 6C).
Unit exception is sent to the channel as the 7 bit in
the end status byte.

End Stotus Inferrupt

End pulse sets the device end trigger for the selected
TU. Because the “Tu not ready” line from Tu is inactive,
“selected device end” is generated immediately; this
line begins the end status (request in) interrupt if the
channel does not have “suppress out” conditioned.
The end status byte will contain:
1. Device end (BsF and Bsr).

2. If control immediate is off, a channel end bit (Bsr
and BSR).

3. Unit check and control unit end if error existed;
error caused by Tu dropping ready or backspace into
or at load point (Bsr and Bsr).

4. Unit exception and control unit end if tape mark
record (only BsSR).

Rewind (REW) or Rewind-Unload (RUN)

® A rewind command moves tape to load point. A
rewind-unlead command moves tape to load point
then unloads the tape.

® Channel is freed at end of initial selection period
by resetting “operational in” and submitting a status
byte containing a forced channel end (bit 4).

° 1cu checks for possibility of a “turnaround” sequence
following initial selection period.

e Using existing “backward op” circuits, Tcu produces
a “rewind” or “rewind-unload” line to the selected
TU.

® As soon as TU begins to rewind, the Tcu is informed
via “Tu status B” active. A “backward disconnect”
is generated, which, in turn, fires the end pulse
singleshot to reset and free the control unit.

e At “backward disconnect” time, the device end scan-
ner is armed via end pulse, to provide a selected
device end when:

1. tu completes rewind operation or,
2. U is made ready by operator if rewind-unload.

o At “backward disconnect” time, Tcu will submit an
end status byte, via multiplex entry, for rewind-
unload command. Status byte will normally contain:
1. Forced device end bit.

2. Unit check bit.
3. Control unit end bit.

A rewind command instructs the tape unit to move tape
backwards until load point is reached. A rewind-unload
command rewinds the tape to load point and then un-
loads the tape. If the tape is at load point a rewind-
unload only unloads the tape. Figure 30 is a simplified
timing chart of rewind and rewind-unload.

After initial selection, channel is free to perform other
operations. At the end of initial selection, “valid control
command” forces a “channel end” status bit in the initial
selection status byte (channel end trigger is not on at
this time).

After the tape unit begins to rewind, the tape control
is free to perform other operations. When the tape unit
has accepted a rewind-unload and begins rewinding,
the tape control transmits an interrupt status byte to
the channel. A rewind-unload generates another inter-
rupt (third status byte) when the operator manually
reloads the tape and makes the tape unit ready again.

A rewind command does not transmit an interrupt
until the tape reaches load point. When the tape unit
completes the rewind, a selected device end interrupt
(second status byte) is generated to inform the channel.

Initiate Rewind or Rewind-Unload

Figure 508 is a flow chart of rewind and rewind-unload.
starting with initial selection. “Valid control command”
forces a “channel end” bit into the initial selection status
byte.

After initial selection is complete, “status in and
command or service out” sets the tape op sync trigger
which sets the tape op trigger. Tape op gates the com-
mand register P trigger (and not 6 trigger) to bring up
“backward op” (Figure 330, coordinates 1A).
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Figure 30. Simplified Rewind-Run Operation

Load Point

If the tape on the selected Tu is already at load point
(Lp), and a rewind (rew) is designated, “backward
op” brings up “backward disconnect.” (Objective 13,
Figure 330.) The rewind operation is unnecessary be-
cause the selected Tu is already at load point.

Note that a rewind-unload is not complete until the
TU is at load point and unloaded.

An important point to consider is the fact that the
Lpr condition existed during initial selection. Program-
ming procedures are simplified if the Lp condition at
selection time is treated no different than after a tape
rewinds to Lp. Therefore, the Tc does not include “de-
vice end” in the initial selection status byte, but causes
an end status (device end) interrupt after initial se-
lection is complete.

Backward Read Delay

“Backward op” brings up “backward read delay” imme-
diately if “turnaround” is inactive (Figure 330, coordi-
nates 1A). A turnaround is indicated if “backward me-
mory status” is not conditioned by Tu and a backward
operation is designated. Backward memory is brought
up by the on condition of the Tu backward trigger. A
turnaround delay sequence allows the Tu enough time
to reverse its mechanical functions if the preceding
operation moved tape in the opposite direction.

If the Tu is in write status, the turnaround must erase
tape forward (in write status) to lengthen the short
gap area after the last good record; this erases old
record information which could cause “noise bits” at
the wrong time during a subsequent read operation.

The turnaround sequence (explained in another sec-
tion) sets the Tc backward trigger with “D 96 turn-
around.” The 1c backward trigger sends “backward”
to the Tu and sets the Tu backward trigger. Tu then
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conditions the “backward memory status” line to TC.
The Tu backward trigger also resets the Tu read/write
trigger to bring up “read status.”

Start Operation

All circuits used in the start operations are available on
Figure 330 and described by objectives 6 through 11.
After turnaround is complete (if it is necessary) “back-
ward memory status” brings up “backward read delay,”
sets the go trigger, gates millisecond mode to the delay
counter, and gates either “rewind” or “rewind-unload”
to the Tu. Relays are picked in the Tu to begin the des-
ignated operation. “Rewind-unload” also sets the re-
wind-unload trigger in Tc ( Figure 330, coordinates 1B).

“Go” is not sent to the 1u; it is blocked by rEwW or
ruN (Figure 330, coordinates 5A). Other backward
operations that use the same circuits do send “go” to
the Tu; however, from a design standpoint it was sim-
pler to use existing backward circuits and just block
the go line for a REW or RUN.

The delay counter is used to turn on the after pc-3
trigger, which is used to monitor for a TU reject (Sys-
tems 09.21.1). A reject is indicated if the Tu should
drop mechanical ready while the Tc is initiating the
operation.

Reset Tape Control

As soon as either the load-rewind or rewind-unload
relay is picked in the Tu, the rewind trigger is set in
the Tu. The on state of the rewind trigger brings up
“not ready,” which Tu sends to the Tc as “Tu(n) not
ready,” “Tu status B” (not ready) is brought up by the
rewinding trigger to anp with “backward op” and
bring up “backward disconnect” (Figure 330, objec-
tives 12 and 13).



Backward Disconnect brings up “tau end reset” to
generate an end pulse and end reset. The 800-nano-
second end pulse sets the device end trigger for the
selected Tu. The eight device end triggers (16 with the
sxT feature ) make up what can be considered a device
end register (Figure 406). Setting of the trigger is re-
ferred to as arming for device end, because the trigger
cannot cause a selected device end interrupt until the
Tu has either finished the rewind operation or the op-
erator manually loads and makes the Tu ready after
completion of the rewind-unload operation. The rewind
operation is now complete except for the end status
byte when the Tu reaches load point. At this time, TC
is free to execute another command on a different Tu
since TC has been completely reset by the end pulse.
If this were the rewind-unload command, at this time
TC is also free by the end pulse reset, but Tc must now
generate and submit the end status byte via multiplex
entry,

End Rewind-Unlogd—ic heancht un by anp’ing the
outputs of rewind-unl
output of the channe! 47, L oo Cj
tive 17). The 800-nan '
channel end trigger, i
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Because the end j f
the channel end latc) b
has enough time to set UMt coeck (L iguic vy, wuws o
nates 3C), which sets the cu end trigger (Figure 330,
coordinates 4B) and degates the channel end trigger
reset; channel end trigger latches up and stays on.

Rewind-Unload End Status Interrupt is begun by
the channel end trigger (on state) as soon as “back-
ward disconnect” completes the end reset sequence.
An interrupt is begun for rewind-unload (if “suppress
out” is inactive) because once the Tu is unloaded, the
Tu might not be reloaded manually for some time.
Therefore, programming requires two requests in “in-
terrupts”:

1. “Device end” status when the Tu begins rewinding.

2. “Device end” status when the Tu is reloaded and
made ready.
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The first request in status actually contains “device
end,” “unit check,” and “cu end” status bits if the con-
trol immediate trigger is on; “chamnmel end” bit 4 is
blocked ( Figure 330, coordinates 5C ). If control imme-
diate is off, the status byte will contain “channel end”
instead of “cu end.”

An interrupt does not occur at this point for a rewind
operation unless the control immediate trigger is off
(channel rejected initial channel end bit). Notice on
Figure 330, coordinates 1C, that the channel end latch
would be allowed to set at “backward disconnect” time

(end pulse) if the control immediate latch were off.
Channel end would then initiate a multiplex interrupt
to re-submit the previously rejected channel end status
(Figure 22, Group 2).

Device End Scanner

The Tc completed its part of either operation when the
end resets occurred. When the 1u completes the rew
or RUN (after manual intervention ), the “Tu not ready”
line is dropped by the Tu (U is ready) and a “selected
device end” is generated. However, the Tu select trig-
ger (Figure 406), set during initial selection, was reset
at the fall of “end pulse” at backward disconnect time.
With this trigger off, the device end scanner cycles and
the Tu select address is lost.

The device end scanner is running (cycling) to “pick
up” a device end (not rewinding) condition from one
or more other tape units which might also be rewind-
ing. The first Tu to complete its operation will stop the
scanner at its address; after channel has accepted the
device end, the scanner again runs continuously or ad-
vances and stops at the next sequential address of an-
other Tu with a device end, and so on,

The device end scanner consists mainly of the Tu
select register triggers, the device end (register) trig-
gers, and the Tu rewinding (register) triggers. As long
as no Tu has its device end trigger on (armed) and its
rewinding trigger off, the Tu register triggers cycle
(turn on and off sequentially — ring fashion).

As soon as “Tu not ready” line drops (and its device
end trigger is armed ), the scanner stops to indicate the
TU address. The scanner cannot start again until a de-
vice end reset is generated when channel takes the
“device end” status; this reset only resets the device
end trigger of the address indicated by the scanner
(the address of the now selected Tu).

Chain Trigger

The device end scanner can cycle only if the Tu selected
trigger is off (Figure 4068). If the chain trigger is on,
the Tu select trigger cannot be reset. With both triggers
on, the Tu select register (scanner) retains the original
Tu address giving the selected Tu device end priority.
That is, after the “end pulse” arms the device end trig-
ger, the Tc cannot accept a device end (not rewinding)
condition from the selected Tu. The TC is not really
“free” unless the chain trigger is off.

The chain trigger is set only during a status in se-
quence if channel conditions “suppress out.” Once set,
the trigger is held “on” until suppress out drops or
channel initiates a selective reset.

Selected Device End

The “Tu not ready” line is dropped by a Tu when a
rewind operation is complete, or after an operator re-
loads a Tu and makes it ready after a rewind-unload
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Backward Disconnect brings up “tav end reset” to
generate an end pulse and end reset. The 800-nano-
second end pulse sets the device end trigger for the
selected Tu. The eight device end triggers (16 with the
sxt feature ) make up what can be considered a device
end register (Figure 406). Setting of the trigger is re-
ferred to as arming for device end, because the trigger
cannot cause a selected device end interrupt until the
TU has either finished the rewind operation or the op-
erator manually loads and makes the Tu ready after
completion of the rewind-unload operation. The rewind
operation is now complete except for the end status
byte when the Tu reaches load point. At this time, TC
is free to execute another command on a different TU
since T¢ has been completely reset by the end pulse.
If this were the rewind-unload command, at this time
TC is also free by the end pulse reset, but Tc must now
generate and submit the end status byte via multiplex
entry.

End Rewind-Unload is brought up by anp’ing the
outputs of rewind-unload trigger set earlier and the or
output of the channel end trigger (Figure 330, objec-
tive 17), The 800-nanosecond end pulse tries to set the
channel end trigger, but the trigger is held reset at the
AnD half, if the control immediate trigger is on and cu
end trigger is off (Figure 330, coordinates 4C).

Because the end pulse brings up the or output of
the channel end latch for 800 ns, “end rewind-unload”
has enough time to set unit check (Figure 330, coordi-
nates 3C), which sets the cu end trigger (Figure 330,
coordinates 4B) and degates the channel end trigger
reset; channel end trigger latches up and stays on.

Rewind-Unload End Status Interrupt is begun by
the channel end trigger (on state) as soon as “back-
ward disconnect” completes the end reset sequence.
An interrupt is begun for rewind-unload (if “suppress
out” is inactive) because once the 71U is unloaded, the
TU might not be reloaded manually for some time.
Therefore, programming requires two requests in “in-
terrupts”:

1. “Device end” status when the Tu begins rewinding,.

2. “Device end” status when the 1U is reloaded and
made ready.

The first request in status actually contains “device
end,” “unit check,” and “cu end” status bits if the con-
trol immediate trigger is on; “channel end” bit 4 is
blocked (Figure 330, coordinates 5C ). If control imme-
diate is off, the status byte will contain “channel end”
instead of “cu end.”

An interrupt does not occur at this point for a rewind
operation unless the control immediate trigger is off
(channel rejected initial channel end bit). Notice on
Figure 330, coordinates 1C, that the channel end latch
would be allowed to set at “backward disconnect” time

(end pulse) if the control immediate latch were off.
Channel end would then initiate a multiplex interrupt
to re-submit the previously rejected channel end status
(Figure 22, Group 2).

Device End Scanner

The Tc completed its part of either operation when the
end resets occurred. When the Tu completes the REwW
or RUN (after manual intervention), the “Tu not ready”
line is dropped by the Tu (Tu is ready) and a “selected
device end” is generated. However, the Tu select trig-
ger (Figure 408), set during initial selection, was reset
at the fall of “end pulse” at backward disconnect time.
With this trigger off, the device end scanner cycles and
the Tu select address is lost.

The device end scanner is running (cycling) to “pick
up” a device end (not rewinding) condition from one
or more other tape units which might also be rewind-
ing. The first Tu to complete its operation will stop the
scanner at its address; after channel has accepted the
device end, the scanner again runs continuously or ad-
vances and stops at the next sequential address of an-
other Tu with a device end, and so on.

The device end scanner consists mainly of the Tu
select register triggers, the device end (register) trig-
gers, and the Tu rewinding (register) triggers. As long
as no Tu has its device end trigger on (armed) and its
rewinding trigger off, the Tu register triggers cycle
(turn on and off sequentially — ring fashion).

As soon as “tu not ready” line drops (and its device
end trigger is armed), the scanner stops to indicate the
TU address. The scanner cannot start again until a de-
vice end reset is generated when channel takes the
“device end” status; this reset only resets the device
end trigger of the address indicated by the scanner
(the address of the now selected TU).

Chain Trigger

The device end scanner can cycle only if the Tu selected
trigger is off (Figure 406). If the chain trigger is on,
the Tu select trigger cannot be reset, With both triggers
on, the Tu select register (scanner) retains the original
tU address giving the selected Tu device end priority.
That is, after the “end pulse” arms the device end trig-
ger, the Tc cannot accept a device end (not rewinding)
condition from the selected Tu. The TC is not really
“free” unless the chain trigger is off.

The chain trigger is set only during a status in se-
quence if channel conditions “suppress out.” Once set,
the trigger is held “on” until suppress out drops or
channel initiates a selective reset.

Selecied Device End

The “Tu not ready” line is dropped by a Tu when a
rewind operation is complete, or after an operator re-
loads a Tu and makes it ready after a rewind-unload

Principles of Operation  4-67 111



operation. In either case, “not rewinding” (ready)
turns off the rewinding trigger and conditions one leg
of the selected device end anp circuit (Figure 406).
The armed device end trigger conditions another input
to the anp, and the last input is “ru select”; this line is
brought up if the address is “chained,” or the scanner
has stopped at the correct Tu address. When “made,”
the AND circuit brings up “selected device end” to begin
the end status interrupt. The tc begins this sequence
by generating a “request in” to channel if “suppress
out” is inactive.

The end status byte will contain only a device end
status bit unless channel does not yet have channel
end status.

Non-Motion Control Commands

® Four non-motion control commands do not require
tape unit motion for execution:
1, No-op
2. Diagnostic
3. Mode set
4. Request TIE.

o All four commands are identified by command
byte positions 5, 6, and 7 equal to 011.

® Command byte positions 0 through 4 differentiate
between each command.

e All non-motion control commands except request
TIE:
1. require only Tc to complete operation
2. complete execution of command during initial
selection period
3. force channel end and device end in initial selec-
tion status byte.

® Request Tie will require an “operate” time after
initial selection to request one data byte from
channel,

The non-motion control commands are commands-

which establish operating condition in Tc for the
execution of other types of commands. None of the
non-motion control commands require a tape unit to
be executed. These commands are:

1. No Op

2. Diagnostic

3. Mode set

4. Request TIE.

With the exception of the request TiE command, the
commands are complete at the end of the initial selec-
Hon period. Figure 21, Group 3, illustrates the basic
time duration of these three commands and the con-
tents of their status bytes. The request T command
is used primarily to prepare Tc to perform error correc-
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tion on a succeeding nine-track read operation. Its
functions are similar to a write command, writing one
data byte.

Request 11z will require an operate time after initial
selection. During this operate time, Tc will request one
byte of information from the channel (service in/out)
and then terminate the operation with an end status
byte containing channel and device end bits.

The command byte format for each non-motion con-
trol command is illustrated on Figure 101. Under the
major heading of “Control” all of the commands are
distinguishable by command byte positions 5, 8, and 7
equal to 011. Note that the mode set command byte
can assume any of 15 different configurations to set the
mode register to the various methods of handling seven-
track data. During a mode set command, byte positions
0 through 4 actually transfer into the mode register
and set it accordingly (Note 3). Each of these com-
mands does not set the command register (last column,
positions P, 5, 6, and 7). It is not necessary since most
of these commands require only initial selection period
to be executed.

No-Op, Diagnostic, and Mode Set Commands

® Any command byte with bus out 5, 6, 7 equal to
011, with the exception of request TiE, will set the
no-op command latch.

® No-op command latch will:
1. Force channel end and device end in status byte

at completion of initial selection.

2. Reset the command register.

¢ If channel responds to “status in” with “command
out,” no-op will set channel end trigger to resubmit
status byte via “request in.”

¢ No-op performs no operation in the tape unit or
control unit.

¢ The diagnostic command sets the diagnostic trigger.

e Mode set bits 0, 1, 2, 3, and 4 enter mode register
0,1, 2 3, and 4.

® The no-op command sequence is also used during
mode set and diagnostic,

The no-op command does not transmit data or cause
tape motion. A no op performs no function in the tape
control unit. No op can be used as a delay or it can be
used to reserve a space in computer program. At a
later time another command can replace the no op
without disturbing the locations of other commands.
If a command is deleted from a program, a no op can
fill the space.

Whenever a non-motion control command is re-
ceived during initial selection, a line called “mode or
no op” is generated (top of Figure 18). The “mode or
no op~ line will be active for commands that have 8



and 7 bits and no 5 bit. This includes mode set, no op,
request TiE and diagnostic {see Figure 101).

The no-op command trigger turns on only if the
command is not a request Tie (3 and 4 bit, not 2 bit).
The no-op command trigger will turn on for no op,
mode set, and diagnostic. These three commands re-
quire only initial selection time but request T must
transmit a byte from channel to the tape control after
initial selection.

During initial selection the no-op command trigger
blocks the no-op request T trigger, (Figure 301, co-
ordinates 3E), and sets the “no-op reset command
register” trigger, 4D. The no-op command trigger also
forces channel end and device end (bits 4 and 5) in
the initial selection status byte ( coordinates 4D and 5D
of Figure 302).

The no-op command trigger is reset by the same
line that resets the command register. When the chan-
nel has accepted the initial selection status byte, the
“no-op reset command register” trigger is reset (Fig-
ure 301, coordinate 4D). The tape control has then
completed initial selection, transmitted channel end
and device end, reset the command register, and reset
the no-op command trigger. No tape motion or data
transmission took place. All of these actions also occur
on the diagnostic and mode set commands as shown
on Figure 515.

Mode Set
® Mode set command sets one of 15 different settings
into mode register for seven-track operations.

® If command byte contains incorrect parity, mode set
is not executed.

® A mode set command indicating “set data convert”
on will generate a unit check via “command reject”
if convert feature is not installed.

The tape control mode register controls four operating
conditions or modes for seven-track operation; bit den-
sity 200/556/800; data convert on/off; redundancy
odd/even; and translate on/off. Operating mode is
specified by the mode set command that contains modi-
fier bits to set appropriate triggers in the mode register
(Figure 18). Once the mode register is set, it will re-
main in the same status until another mode set is given
or the control unit is reset. All succeeding seven-track
operations are performed under the conditions set up
by the last mode set. Nine-track operations are not
subject to conditions specified by the mode register.

During initial selection, if the command is a mode
set, a line called “set mode register” will gate bus out
lines 0, 1, 2, 3, and 4 into mode register 0, 1, 2, 3, and
4 (TFigure 18). Figure 515 is a flow chart of mode set.

The no-op command trigger (Figure 301, coordi-
nates 4D) turns on during command out of the mode
set initial selection. The no-op command trigger forces

channel end and device end (bits 4 and 5) into the
initial selection status byte (Figure 302, coordinates
4D and 5D). When channel end and device end are
accepted in the initial selection status byte, the mode
set operation is completed.

Diagnostic Mode

e Diagnostic command will set diagnostic latch at
“command out” time of initial selection period if
“diagnostic” jack on CE panel is plugged.

e With diagnostic latch set, rR/w vRc circuits cannot
activate P bit output to the Tu write bus.

® Diagnostic latch is reset when Tcu executes a “mode
set” command or diagnostic jack on ck panel is
unplugged.

A diagnostic mode command sets the diagnostic trigger
if the ce panel plug is in place (Figure 9). Diagnostic
trigger blocks the write bus P line so that error bytes
or blank bytes can be written for testing as shown on
Figure 31. Diagnostic mode is intended for use with the
cE panel and/or diagnostic programs to analyze error
detection circuits as explained in the Appendix under
“Diagnostic Mode.”

On top of Figure 18, the “mode or no op” line will
activate the “set diagnostic trigger” line during com-
mand out time of a diagnostic command. Notice the
function of this line on Figure 31. If the diagnostic jack
is plugged on the ce panel, the diagnostic trigger is set.
Thus, on any following write commands, no P (parity)
bit will be generated from the r/w register vgc to the
write bus lines feeding the tape unit. Notice that the
diagnostic trigger is reset if the jack is unplugged or if
a mode set command is executed. Therefore, a pro-
gramming stipulation is that a mode set command
should not follow a diagnostic command before exe-
cuting a write command.

In the flow chart on Figure 515 and the 1/0 diagram
on Figure 301, as in the no-op and mode set com-
mands, the no-op command trigger is turned on during
initial selection command out. The no-op command
trigger forces chanmel end and device end into the
initial selection status byte to complete the operation.

Request TIE

® Objectives of a TiE command are:
1. Request one byte of data from channel (sr and
so) and set this byte in the epr register.

2. Set the “correct trigger” if the data byte does not
contain a 6 and 7 bit.
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3. Provide an end status byte with channel end and
device end bits by generating an end pulse.

® Request TIE uses the same circuits as no-op and mode
set.

® Request TiE is used only when programming for
error correction.

® Request TiE command must be issued to a nine-track
tape unit address or the command will be executed
like a no-op command.

A request TIE command is used in the error correction
programming sequence. When an error block is about
to be corrected, the TiE (track in error) information
must be sent to the tape control. The request TIE com-
mand transmits one byte to the tape control epr. The
byte should contain one bit indicating which track of
the previous read operation was in error. Figure 514 is
a flow chart of request TiE.

A request TIE command generates a line called mode
or no op (Figure 301, coordinates 3E) just as in other
non-motion control commands. The no-op command
trigger will not be turned on because the TE command
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contains bits 3 and 4 but not bit 2 and conditions the
AND circuit to block its setting. Since the no-op com-
mand trigger remains off, the no-op request T trig-
ger is now allowed to turn on.

Because of the anp circuit which blocked the set to
“no-op command” latch (Figure 301, coordinates 3E)
channel cannot address this command to a seven-track
tape unit. Otherwise the no-op command latch will be
allowed to set and inhibit setting of the no-op request
TiE latch.

The no-op request trigger remains on after initial
selection. During a no-op command the request trigger
is reset by the no-op command trigger before its out-
put can be used. In a request TIE operation the request
trigger remains on to generate gating lines.

The purpose of a request TiE command is to supply
a TIE (track in error) byte to the tape control EpR (er-
ror pattern register ). To accomplish this, a request for
service must be generated and one byte must be trans-
mitted from channel. In this respect, a request TIE
command is similar to a one byte write operation. Dur-
ing the command out portion of initial selection, unit
check sample turns on the sense service trigger. This



is shown in Figure 302, coordinates 3C. For most com-
mands the sense service trigger is held reset. In a re-
quest operation the sense service trigger generates serv-
ice in until service in and service out, when the 11 byte
is transmitted from channel. The sense service trigger is
eventually reset by “set correct trigger” line which be-
comes active by service in and service out.

The service in line to the data channel requests a
byte of data. The data channel responds with the byte
on the bus out and a service out tag line. In Figure
301, coordinates 4E, service in and service out generate
“set correct trigger.” The “set correct” line:

1. resets the sense service trigger,

2. sets the correcting trigger on (Figure 404),

3. gates the byte on the bus out lines into the ®pr
(bottom of Figure 404).

Only one byte is needed, so the sense service trigger
remains off. When the channel drops service out, the
tape control delays for about one-half microsecond
then generates an end pulse. End pulse in turn initiates
an end status sequence to complete the operation.

One byte has been transmitted to the epr and the
correcting trigger turned on for error correction. Figure
404 shows the correcting trigger for error correction
operation. The following operation must be a cor-
rection read or read backward. The correcting trigger
is reset by any other command. The objective is to have
the correcting trigger set while performing a read or
read backward command. It reminds these commands
to correct any errors which may develop. Reset condi-
tions to the correcting trigger are:

1. EPR cannot contain a 6 and 7 bit.

2. Next command cannot be a seven-track operation.

3. Next command must be a read or read backward.

Test 1/0

® Test 1/0 is a means of checking to see if an i/o
device, such as a tape unit, is available to perform
an operation.

® Test 1/0 relieves the control unit of outstanding
status if the test 1/o is addressed to the same tape
unit that produced the status.

® Test 1/0 requires no execution time. It is completed
during initial selection.

® Unlike any other command, test 1/0 will not cause
a busy bit (3) to be set in the status byte when
clearing a previously rejected status byte.

® Test 1/0 will set the busy bit (3) in the status byte

only if it is the present status and the tape unit is
rewinding.

The primary purpose of test 1/0 is to see if a particular
1/0 device is available to perform an operation. If the

control unit is busy, a status byte with busy (bit 3)
and status modifier (bit 1) will be returned to the
channel. This occurs for other operations as well as
test 1/0 because the status in is forced before channel
sends the command. Figure 300 and the text of Initial
Selection explain the control unit busy sequence. If the
control unit is not busy, initial selection can proceed.
When command out rises, the bus out lines are checked
to see if the command is test 1/0. All commands except
test 1/0 will have at least one bit in positions 5, 6, or 7.
If bits 5, 6, and 7 are blank, the command must be a
test 1/0. See Figure 101.

In Figure 301, coordinates 2E and 3E, the bus out
lines are checked. The “no test 1/0” trigger is turned
on for every command except test 1/0. At the end of
initial selection the no test 1/0 trigger is reset.

Output of the no test 1/0 trigger is used in Figure
302, coordinates 1D. This line is active for every com-
mand except test 1/0. During test 1/0, “no test 1/0” in-
active blocks busy indications (bit 3) from being
included in any outstanding status byte. The original
contents of the previously rejected status byte are
transferred to the channel. Busy (bit 3) can only be
activated by the tape unit status—“ready and re-
winding.”

The “ready and rewinding or switched” line, on
Figure 302, coordinates 1D, indicates the status of the
selected tape unit. This line will be active if the se-
lected tape unit indicates status A and B. Tape unit
status A and B indicates that the tape unit is ready
but busy performing a rewind operation. Status A and
B can also be active if the tape umit is ready but
switched to another control unit by a 2816 Switching
Unit. If the tape umit is ready and rewinding or
switched, a busy status (bit 3) will be returned to
channel in the initial selection status byte.

The busy status line is inverted to block unit check
sample, 1C. If the busy status line is down, unit check
sample can occur. As the name implies, unit check
sample samples the status A line from the tape unit to
see if unit check should be turned on. If the status A
line is down, the tape unit is not ready. In this case a
unit check, bit 6, is returned in the initial selection
status byte. When the tape unit is either not ready
or nonexistent, unit check will be generated in answer
to test 1/0.

A test 1/0, when the tape unit is ready and not busy,
will generate a blank status byte. (Figure 302, coordi-
nates 5C and 5D.) Busy (bit 3) cannot be brought up
because the tape unit does not have status B. Bits 4
and 5 do not apply in this case. Bit 6 will not be brought
up because tape unit status A blocks unit check. A
blank status byte (except for a parity bit) indicates
that the 1/0 path to a device is clear and the device
is available.
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At the end of initial selection the no test 1/o trigger
is reset. Since it is already off for test 1/0, no action
occurs. Test 1/0 is completed at the end of initial
selection.

Sense

¢ Six sense bytes are transferred to the channel via
bus in lines, although only the first five bytes con-
tain information.

e The sense command can be issued to a not ready or
nonexistent tape unit and the command will be
executed.

® The status of the selected tu is degated from setting
unit check during initial selection.

e Sense byte 1 contains all the conditions to a unit
check.

e Programmer would issue a sense command follow-
ing an end status byte that contained a unit check.

e End status byte of a sense operation contains chan-
nel end and device end.

In a sense operation, tape control transfers up to six
sense bytes across the interface lines to channel. Bit
positions in the sense bytes represent conditions in
various tape control circuits. During a sense command
the tape control does not communicate with any tape
units. Information for the sense bytes is gated to the
bus in lines from circuits in the control unit. Figure 8
lists the sense byte positions and the conditions they
represent. Figure 513 is the flow chart for the sense
command.

During initial selection, unit check sample attempts
to set the “sense service in” trigger ( Figure 303, coordi-
nates 2A). For most commands it is held reset but
when a sense command is decoded, sense service in
is allowed to turn on. In addition, unit check sample
is inhibited from interrogating the status of the selected
tape unit ( Figure 302, coordinates 1C). The sense com-
mand can be executed even if a “not ready” or non-
existent Tv is addressed.

Near the end of initial selection the control unit
sends a status byte to the channel. Channel responds
with service out. The rise of service out steps the sense
byte counter to 1 (Figure 303, coordinates 3C). Each
service out response in a sense operation will step
the three-stage counter.

After initial selection, “sense service in” turns on the
service in trigger (3A) and the force burst mode trigger
(4A). Force burst mode is used when the tape control
is attached to a multiplex channel. Sense byte in-
formation is available in the control unit so there is no
need to transfer data slowly in multiplex mode.
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The service in trigger activates a circuit to generate
a service in line to channel (5A). At the same time the
sense byte counter sends a sense byte to the bus in
gating circuits. Service in gates the byte onto the bus
in lines (5D, E and F). Bytes transferred to channel
must have odd parity. The bus in parity generator
(5C) inserts P bits to maintain an odd count in each
byte.

After the byte has been accepted, the channel re-
sponds with a service out or a command out. A
command out reply turns on the stop trigger (Figure
303, coordinates 2A) to initiate action to end the oper-
ation by resetting the “sense service” trigger. A service
out reply indicates that the channel is ready for the
next byte.

Service out steps the sense byte counter. Service out
delayed resets the service in trigger (3A). If the
counter has not reached 7 (all three triggers on), tape
control gates the next sense byte to the bug in circuits
and tumns on service in when service out drops. The
service in/service out sequence continues until channel
responds with command out or the sense byte counter
reaches 7.

When channel sends command out, the stop trigger
is turned on, which, in turn, resets the sense service
trigger. Sense service trigger off gates an end pulse
(3B) to initiate a normal end status sequence. If the
sense byte counter is at 7 during a service out, the
sense service trigger is reset which gates an end pulse
and initiates an end status sequence.

A sense command can transmit up to six bytes of
information to the channel. There are no circuits to
provide bits for the sixth byte so it remains blank
except for a parity bit.

The end pulse will reset the control unit and set the
channel end latch to initiate an end status byte. This
byte will contain channel end and device end bits.

TC-Channel Burst/Multiplex Modes

® Tape control units can operate in either burst or
multiplex mode.

¢ 1C is “locked” to the channel whenever “operational
in” line is active.
e 1¢ and channel are always “locked” to each other

during initial selection period regardless of com-
mand to be executed.

Many System/360 1/0 control units, such as the 2803 or
2804 Tape Control (Tc), can operate in either burst
mode or multiplex mode. In burst mode, the channel is
committed to an 1/0 operation until the control (Tc)
transmits a status byte containing “channel end” status.
In multiplex mode, the channel can disconnect from



the 1/0 operation after the initial selection sequence,
regardless of the operation designated.

During multiplex operation, the tape control must
interrupt the channel and identify itself prior to each
byte transfer.

Most of the larger systems utilize “selector” type
channels which operate in burst mode operation by
holding up “select out” after an operation has begun.
Many systems, however, use “multiplex” type channels
that can operate in either multiplex or burst mode. A
control unit can force burst mode on a multiplex
channe] if the “force burst mode” latch is on. Burst
mode is forced by a control unit holding up the
“operational in” line. A complete description of “force
burst mede” is available in a later section.

The key to remaining “locked” to a channel is the
“operational in” line. Once this line is active, the chan-
nel already knows which control unit it is commun-
icating with, There is no need for the control unit to
identify itself when data or status is transferred with
the “operational in” line active. In Figure 31, the “oper-
ational in” latch is set whenever channel activates
“select out” and the address in trigger of the control
unit is active. This condition occurs when both chan-
nel and Tc are available to communicate and either
one is attempting selection of the other. During initial
selection, it is the channel that is seeking Tc; how-
ever, during multiplex entry, it is Tc seeking to com-
municate with the channel.

In the resets to the “operational in” latch in Figure
31, there are many conditions to be considered. Each
plays an important role as to “when” to allow reset.
All are dependent on timing conditions to allow reset,
however. Some of the more significant lines are:

1. “Not select out”: The channel has received a
channel end bit which implies that it is freed of the
control unit. On multiplex channel it normally drops
select out. Channel drops select out to disconnect.

2. “Not Status In”: The Tc has already submitted
its status byte regardless of whether channel has ac-
cepted it. “Stack” will handle -the resubmission via
multiplex entry if the channel did reject the first trans-
fer of the status byte,

3. “Not service in”: Tc did request entry for a data
transfer. Service in is reset by either service out (con-
tinue data transfers) or command out (stop data
transfers).

4. “Not force burst mode”: tc is not forcing channel
to operate in burst mode. If force burst mode re-
mained active, T¢ would remain active provided it did
not receive a signal to stop (regardless of whether
channel dropped select out).

5. “Not performing a command”: Tc has its com-
mand register reset because it has completed the

command. Most commands generate an end reset at
the end of the operation.

6. “Stop trigger active”: Channel has indicated the
termination of the data transfers or an error has
occurred which can: terminate the operation (i.e.,
“overrun”).

The particular time to reset the operational in latch
is determined by the type of command and the mode
(burst or multiplex) being employed at the time. The
next sections will attempt to relate each condition to
its mode of operation. However, there are two cate-
gories of commands which will reset operational in at
the exact time regardless of the channel and mode used.
They are:

1. Motion control commands: At the completion of
initial selection, operational in is reset because “force
burst mode” is inactive and the channel will de-
activate “select out.” Command register “P” resets
“force burst mode” latch and when channel responds
to “status in,” operational in is reset.

2. No op, diagnostic, mode set and test 1/0: Each of
these commands do not set the command register.
Therefore, “performing command” line is inactive.
Thus, at the end of initial selection, operational in
is reset when the channel deactivates “select out.”

Burst Mode Operation

® During burst mode, Tc and channel are “locked” to
each other during entire command including end
status time.
If burst mode is forced either by the channel (normal
for a selector channel) or the Tc, a read, write, request
TIE, or sense command communicates with channel
until after the first end status in sequence. The end
status byte includes both channel end and device end
status bits.

Motion control commands that require only the
tape control (Tc) and a tape unit (TU) to complete,
free the channel after initial selection is complete
(“operational in” and “select out” both drop). The
normal end status must now be submitted via a
multiplex entry since channel and Tc are no longer
“locked in.”

Remaining commands (no op, test 1/0, diagnostic,
mode set) are completed by the end of initial selection.
Channel is freed at this time.

Data Service — Burst Mode

Since the channel and 1c are “locked in” via the “oper-
ational in” line active, prior identification is not needed
when communicating for service, On Figure 304, co-
ordinates 2B and 2D, the “service in” line is primarily
dependent upon the shift control circuits when the
operational in line is active.
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End Status — Burst Mode

At the end of a command operating in burst mode (all
commands except motion control) an end status byte
must be submitted after the last data byte has been
exchanged. The exception to this is the read/read
backward commands that have more data characters
in the record than the channel desires. Then, the end
status byte is sent after the entire record is read.
When operating in burst mode, there is no need for
TC to identify itself prior to sending status because
“operational in” is still active. The commands (read,
write, read backward, sense, request TE) set the
channel end latch via an end pulse and generate
an end reset.

Using the flow chart on Figure 512, the channel
end latch would initiate an end sequence by setting
“first command” trigger instead of activating “status
in.” The circuits involved are illustrated on Figure
304, coordinates 2A, for channel end and 7B for
setting the first command latch. Channel end can acti-
vate the first command latch immediately after chan-
nel response of command out or service out because
the operational in trigger is active. The remainder
of the flow chart on Figure 512 and the “status in”
objectives on Figure 304 illustrate:

1. The generation of the status byte—objective 3,

2. The acceptance of the end status byte and termi-
nation of the operation—objective 4 or,

3. The rejection of the end status byte—objective 5.
If the end status byte is rejected and this is not a valid
control command, “stack” is set to begin resubmission
of the end status byte via multiplex interrupt as
described in the next section.

Rejection of any status byte which sets “stack”
resets TC, which, in turn, allows “operational in” to
reset because the “performing command” line is in-
active (Figure 31). Now, the status byte must be
resubmitted via multiplex interrupt since Tc and chan-
nel are no Ionger “locked in.”

Multiplex Channel Operation

¢ After initial selection in multiplex mode, Tc and
channel are “locked” to each other only during data
transfer time and end status transfer time.

* “Multiplex interrupt” implies Tc is requesting to
communicate with channel for either data service
or status entry.

¢ During multiplex interrupt, Tc must first request
entry and then, if channel permits, identify itself
by an address byte prior to data transfer or status
transfer.,

® A priority of multiplex entries is assigned to each
control unit attached to the channel.

118  4-67  2403/2404-1,2,3; 2803/2804-1

A multiplex channel can operate in either burst or
multiplex mode. If burst mode is forced by the tape
control unit, operation is exactly the same as described
under “burst mode operation.” Burst mode will most
probably be used for the faster tape units, especially
on the slower channels. Multiplex mode will be used,
most likely, with the slower tape units, especially on
faster channels.

Burst Mode

The force burst mode latch (Figure 31) prevents the
select out line from resetting the “operational in”
latch when Tc is performing a command on a mult-
plex channel where burst mode is being forced.

Whenever the “stop trigger” is set, the “operational
in” trigger will be allowed to reset at that time (when
select out drops) rather than after the end status byte
is sent to the channel.

Multiplex Mode

After initial selection is complete, the channel is free
of the Tc, in multiplex mode. After initial selection,
channel drops “select out” and 1c then drops “opera-
tional in™ because the force burst mode latch is off.

A write operation initiates a “service” interrupt via
request in for its first data byte as soon as the initial
selection “service out” (delayed) falls. If channel
sends the byte, the operation is begun and channel
is freed; otherwise, the operation is terminated.

A read or write operation will cause a “request in”
(interrupt) sequence for each data byte transfer (ex-
plained in the next section). A sense operation causes
a “request in” sequence for the first sense byte only;
burst mode is forced for the remainder of the sense
bytes. Figure 31 illustrates how “sense service” trig-
ger will force burst mode. This also applies to request
TIE command.

In addition to “service interrupts,” Tc will also gen-
erate request in for “status interrupts” for all end status
bytes when operating in multiplex mode in a multi-
plex channel.

Service Data Interrupt—Multiplex

In the multiplex mode of operation, the channel and
TC are disconnected at the end of initial selection.
The control unit has the command to be executed
and will inform channel that it either requests a data
byte (write and request Tie) or it has a data byte
available for the channel (read, read backwards, or
sense). In all cases, it is the Tc that is seeking to
select the channel. However, the channel may be
operating with several control units at this time. Each
must identify itself prior to the transfer of data. Fig-
ure 7B illustrates the sequence of interface lines dur-
ing a data interrupt.



On Figure 511, the request for service begins at
point 3. Tc will activate “request in” if channel “sup-
press out” is inactive. Interrupt objective 4 on Figure
304 indicates the circuits used at this time. Channel
will allow the “requesting” control unit to “lock in”
via its operational in line by activating “select out.”
The “select out” line is propagated through all control
units to establish a definite priority among all control
units attached to that channel. The section entitled
“Priority” explains how priority is established.

Following the interrupt objectives on Figure 304
and the flow chart on Figure 511, the following
events occur:

1. Activate operational in: Channel is now com-
municating with one control unit.

2. The tape control unit identifies itself with an ad-
dress byte and “address in” tag (similar to initial
selection ).

3. The channel indicates “proceed” with the “com-
mand out” line,

4. TCc activates the “service in” tag line for the
transfer of the data byte.

5. Channel activates “service out,” “continue,” or
“command out” (stop data transfer).

6. Operational in is deactivated and channel dis-
connects (“not force burst mode” and “select out”
dropped).

The tape control unit must continue to initiate all
data interrupts in the same sequence as just described,
provided channel does not indicate “stop” (command
out). The only exception to this is the sense com-
mand that forces burst mode on the first data inter-
rupt. This is illustrated in Figure 31 by the “sense
service” trigger becoming active.

Status Interrupt—Multiplex

® Motion control commands, with the exception of
rewind-unload, submit their end status byte via a
multiplex entry (request in) upon completion of the
operation.

°® Rewind-unload command submits end status byte
via multiplex entry when tu begins to rewind.

e Multiplex entry involves Tcu identification and
“locking” into the channel prior to sending status
byte.

® End sequence can be initiated by either channel
end trigger or selected device end.

® If end status is not accepted (command out) then
end status is resubmitted via multiplex entry re-
gardless of the command that was completed.

Any time the tape control unit must submit a status
byte via multiplex entry (operational in inactive),

it uses the “request in” circuits to connect to the chan-
nel. The following conditions indicate a need for
transmission of a status byte to channel via this route:

1. End status byte for all motion control commands
regardless of selector or multiplex channel (interrupt
objective 3, Figure 304).

2. End status byte for read, write, read backwards,
sense, and request TIE commands in multiplex mode
(interrupt objective 2, Figure 304).

3. Submitting a previously rejected initial selection
status byte regardless of type of channel or mode
of operation (interrupt objective 1, Figure 304).

The sequence of interface lines utilized during a
status interrupt sequence is illustrated in Figure 7C.
In addition, the flow chart on Figure 511, point “F,”
lists all the actions as they occur. The actual status
byte generation and submission will occur on the flow
chart on Figure 512 when Figure 511 leaves via exit
“T” to join Figure 512 at entrance “V.” Interrupt ob-
jectives 1 through 3 describe the circuits utilized to
initiate a “request in” for any of the above conditions
that utilize the status interrupt. Interrupt objectives
5 through 9 are the same circuits used for the data
interrupt which are primarily used to identify the Tc
and “lock” into the channel. “Status in” objectives 1
through 5 are used in conjunction with Figure 512
in describing status byte generation and submission.

The major differences between the data and status
interrupts are only the conditions which initiate the
interrupt and the activation of status in, rather than
service in. Identical circuits are utilized to request
interrupt, identify Tc to channel, and lock into the
channel.

During motion control commands a constant reset
is held on the channel end latch (Figure 304, co-
ordinates 2A); however, if the control immediate
trigger is off or the control unit end latch is on, the
channel end latch will be set at “end pulse” time.
Control unit end will be set if a unit check or unit
exception is encountered by the motion control com-
mand (Figure 304, coordinates 4G). Since “stack”
cannot be set, channel end will now cause a “control
unit busy” (short sequence) if the channel attempts
to select the same TU and status (uc or UE) is out-
standing (Figure 300, cordinates 3D).

The following outline shows the bits that are nor-
mally expected in the end status byte of each operation:

WRITE—One Interrupt
1. Channel End and Device End.
2. Channel End, Device End, and Unit Exception when End
of Tape is encountered.
READ—One Interrupt
1. Channel End and Device End.
2. Channel End, Device End, and Unit Exception when End
of File is encountered.
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READ BACKWARDS—One Interrupt
1. Channel End and Device End.
2. Channel End, Device End, and Unit Exception when End
of File is encountered.
3. Channel End, Device End, and Unit Check when into/at
Load Point.

SENSE—One Interrupt
1. Channel End and Device End.

REWIND—One Interrupt
1. Device End.
REWIND-UNLOAD—One Interrupt
1. Control Unit End, Unit Check, and Device End.

WRITE END OF FILE—One Interrupt
1. Device End.
2. Device End and Unit Exception when End of Tape is en-
countered.

ERASE GAP—One Interrupt
1. Device End.
2. Device End and Unit Exception when End of Tape is en-
countered.

BACKSPACE FILE—One Interrupt
1. Device End.
2. Device End, Unit Check when into/at Load Point, and
Control Unit End.

BACKSPACE RECORD—One Interrupt
1. Device End.
2. Device End, Unit Check when into/at Load Point and
Control Unit End.
3. Device End, Control Unit End, and Unit Exception when
End of File is encountered.

FORWARD SPACE FILE—One Interrupt
1. Device End.

FORWARD SPACE RECORD—One Interrupt
1. Device End.
2. Device End, Control Unit End, and Unit Exception when
End of File is encountered.

MODE SET (Excluding Request TIE)—No Interrupt
1. Channel End and Device End on Initial CSW Stored.

REQUEST TIE—One Interrupt
1. Channel End and Device End.

“Suppress out” is a line raised by channel when it
cannot service a “request in” from any cu (other than
the one it is servicing currently). “Suppress out” will
prevent tc from raising “request in.”

If Tc is not working with channel and a service data
or status interrupt condition exists, “request in” is
raised to channel and also sets the address in trigger
(Figure 304, coordinates 5A). When a multiplex
channel receives “request in,” it raises “select out” to
the first (highest priority) control unit. As long as no
control unit with higher priority needs service, select
out is propagated to the requesting Tc (2803 or 2804).

Chain Trigger

Channel might want-to make certain that a selected
tape unit remains selected so the Tu device end signal
priority and/or successive commands can be directed
to the Tu without delay. A Tu is “chained” by locking
its address in the Tu select address register; this is
done by preventing the reset of the Tu select trigger,
which prevents the device end scanner (Tu register)
from cycling.
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During any “status in” sequence, channel must con-
dition both “service out” and “suppress out” to set the
chain trigger (Figure 302, coordinates 3F and 3G).
The chain trigger, which blocks the reset of the Tu
select trigger, remains set as long as “suppress out”
remains active; this line can remain active through a
number of initial selection operations to prevent the
reset of the chain trigger.

Control Unit Priority

® Control unit priority is determined by “internal se-
lect signal” wiring and physical connections to the
interface signal cables.

¢ Interface priority is the order in which control units
are selected if more than one unit requires channel
service.

e The select signal leaves the channel as “select out,”
but may reach some control units as “select in.”

e When the select signal reaches a control unit for
which the signal is nof intended, the signal must be
propagated to the next lower priority control unit.

Priority of a control unit is determined by the wiring
of “select out” and “select in” signals. A select out
signal from the channel proceeds through each control
unit to the last control unit on line. The “select out”
becomes “select in” and returns through each control
unit to form a complete loop back to the channel.
Figure 32 illustrates the “select” cable sequence.

The control unit which first receives the select out
in its logic circuits has the highest priority. If the con-
trol unit does not need a “select,” it must propagate
(pass along) the signal to the next control unit. If it
does require service, the control unit retains the
select out and does not send a “select in” to the next
cu ( Figure 300, coordinates 4B ). If none of the control
units needs “select” at this time, the select signal will
return to the channel at the end of the loop — out on
the “select out” lines and back on the “select in” lines.

The actual priority sequence may not be the same
as the physical cable sequence. Select out can pass
through a control unit without entering the logic cir-
cuits as illustrated by the wiring of the middle con-
trol unit on Figure 32. In this case, the control unit
must wait until the “select” signal returns along the
select in lines. The control unit logic circuits can be
wired to accept the select signal from the “select out”
or the “select in” lines according to the desired
priority sequence.

The select out and select in lines form a series loop
from and to the channel through all attached control
units (Figure 32). The select out line is jumpered to
the select in line in the terminator block located at
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the “tail gate” of the control unit that is physically
the farthest unit from the channel on the interface
cable hookup. Electrical priority is established by
wiring within each control unit when the system is
first installed in a customer installation.

The higher priority control units are “wired” in
series with the select out line from the channel; the
lower priority units are wired in series with the select
in return line to the channel. The highest priority unit
is the unit which first receives the select (out) signal;
the lowest priority unit is the unit that returns the
select (in) signal directly to the channel.

If power is down in a control unit, the “select out”
and “select in” signals will be passed on to the next
control unit or back to channel whichever is next in
the sequence. When power is down, the relay (Figure
300, coordinates 2A) is down. The select signals pass
through the normally closed points and out to the next
unit. When power is up, the relay picks and the se-
lect circuits can accept the select if it is needed.
(Priority is not needed for initial selection of a com-
mand because the channel specifies which control

unit should respond by sending “address out.”) Only
one unit can respond to initial selection.

“Select” sets the operational in trigger (Figure 304,
coordinates 5B), which raises “operational in” to
channel; the tape control is now ready to communicate
with the channel. After approximately 0.7 micro-
second delay, the tape control raises “address in” to
channel. At the same time, tape control gates an ad-
dress byte on the bus in interface lines to channel
(Figure 304, coordinates 7B), to identify itself.

Force Burst Mode

® “Force burst mode” latch set inhibits the “opera-
tional in” latch from being reset, thus allowing the
TCU to remain locked to the channel.

® Sense command forces burst mode during data
transfer when operating on multiplex channel.

e Burst mode can be forced on a multiplex channel
for read, write, and read backward commands if:

1. Burst mode latch is forced set by ground jumper
and,
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2. Tcu is performing the command without a “stop”
signal (co) from channel, and

3. The diagnostic jack is not plugged on cE panel.

When operating with a multiplex channel, the Tc can
operate in either multiplex mode or burst mode. The
2403/2404/2803/2804 tape control units possess the
circuitry to force burst mode on a multiplex channel.
Burst mode is indicated by retaining the active state
of the operational in latch in Tc.

As shown in Figure 31 the operational latch can-
not be reset if;

1. Force burst mode latch is active,

2. Tcis performing a command, and

3. Stop trigger is not set.

If a ground jumper is not installed on the set side
of the latch, the force burst mode line will be active
only when the “sense service” trigger is active. This
implies that all sense bytes of the sense command
are transferred to channel via a burst mode. However,
the first sense byte must initiate a multiplex entry via
request in first,
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If the ground jumper is installed when TC is con-
nected to a multiplex channel, various effects will de-
pend on particular conditions:

1. All motions control commands are executed via
multiplex mode because “command register P” resets
the force burst mode (¥BMm) latch.

2. If the diagnostic jack is not plugged, all com-
mands except motion control commands are executed
in burst mode.

3. If the diagnostic jack is plugged and the diag-
nostic trigger is reset, all commands except motion
control and read/read backward commands are exe-
cuted in burst mode.

The reason to reset FBM when executing the read
type commands when the diagnostic jack is plugged
is to allow tape diagnostics to operate properly
during 1RG tests. The channel and Tc must function in
multiplex mode to allow cru to run. cPu can now
measure interrecord gaps by measuring time displace-
ment between receipt of data bytes. Thus, although
TC is attempting to force burst mode, the read type
commands in conjunction with the diagnostic jack
can revert tape control back to multiplex mode.



Power supply units used in the tape control units
are the same type as those used in tape units. In the 2403
and 2404 configurations, the tape unit and control
unit share a common power supply. For detailed
information on power supply circuits refer to:
Field Engineering Theory of Operation, IBM Mag-
netic Tape Units: 2401, 2402, 2403 Models 1-6;

Power Supply

2404 Models 1-3, Form Y22-2819

Field Engineering Maintenance Manual, IBM Mag-
netic Tape Units: 2401, 2402, 2403 Models 1-6;
2404 Models 1-3, Form Y22-6631

Field Engineering Maintenance Manual, IBM Tape
Controls: 2403 Models 1-6, 2404 Models 1-3, 2503/
2804 Models I and 2, Form Y22-6635.

Power Supply  4-67 123




Features

Tape controls described in this manual can be
equipped with features to extend the usefulness of
tape operations. Five features are available:

FEATURE NUMBER
Seven-track compatibility 7125
Date conversion 3228
Two-channel switch 8170
Remote switch attachment 6148
Sixteen-drive addressing - 7185

Seven-track compatibility and data conversion are
available on the 2403/2803 tape controls and the 2404/
2804 simultaneous r/w tape controls. The remaining
three features can be installed only on the 2403/2803
tape controls.

Seven-track compatibility involves nearly every cir-
cuit in the tape control, and the descriptions of seven-
track operations are integrated into the text and dia-
grams throughout the manual. This section of the
manual contains descriptions of the four remaining
features.

Data Conversion Feature

e Data conversion (pc) is an optional feature to allow
processing binary seven-track information with
maximum packing efficiency in System/360 storage.

® Data conversion always uses odd parity mode.

® During write operation, 3 eight-bit bytes are con-
verted to 4 six-bit characters to be written on tape.

® During read operation, 4 six-bit characters from the
tape unit are converted to 3 eight-bit bytes to be
sent to the channel.

® Data conversion cannot be used for read backward
operations.

e Position 2 of the mode register controls data con-
version. Mode register 2 on=data convert off,

e Data conversion and translate mode cannot be used
at the same time.

Data conversion is an optional feature for a tape con-
trol that has the seven-track feature installed. When
seven-track data is processed, six bits of each char-
acter are useful data. If these six-bit characters are
placed in System/360 (eight-bit) storage, two bit
positions are unused. Data conversion stores data in
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all (eight) bit positions to increase storage packing
efficiency.

During write operation, 3 eight-bit bytes from the
data channel are converted to 4 six-bit characters to
be written on tape. Three eight-bit bytes have the
same number of information bits (24) as 4 six-bit
characters.

For read operation the conversion is reversed. Four
six-bit characters (24 bits) from the tape unit are
converted to 3 eight-bit bytes (24 bits) to be sent to
the data channel.

Tape controls equipped with this feature can operate
with the data converter on or off. When the data
converter (pc) is off in seven-track operation, each
six-bit character occupies an eight-bit byte location.
The six-bit characters occupy positions 2 to 7 on the
interface bus lines ard positions 7 to 12 in the data
register.

Data conversion cannot be used in read backward
operation. If the characters are read in reverse order,
the bits cannot be placed in the proper byte sequence
on the bus in lines. Data conversion is automatically
turned off during read backward.

During seven-track operation, bit 2 of the mode
register controls the data converter. If mode register
2 is on, the converter is turned off. When the mode
register is reset, a seven-track read or write (not back-
ward) will be processed in pc-on mode.

Data convert cannot be used with even redundancy
or translate mode. If a mode set attempts to turn on
even redundancy or translate and the data converter
(no bit 2), it no longer is a mode set command. A
command with 5 off, 6 and 7 bits on (control), and
bits 2 and 3 off, becomes a no-op or diagnostic com-
mand. See command format in Figure 101. A mode
set attempting to turn on the data converter in a
seven-track tape control that has no converter will be
command rejected.

DC Functional Units

The heart of data conversion is the byte counter. It
is a three-stage cyclic counter that generates gating
levels to process data. Outputs of the three triggers
are decoded to produce the gating levels.

Shift data pulses step the counter in synchronism
with data transfer through the tape control. Each
shift pulse steps the counter twice. A complete byte
counter cycle of eight trigger settings requires only



four shift data pulses. Each shift data pulse represents
one six-bit character processed to or from a seven-
track tape unit (four in each byte counter cycle).

Byte counter positions and corresponding output
gates are shown in the chart on Figure 408.

Each time the shift data line rises, the A trigger
is complemented. The B trigger is complemented
when the A trigger is on and the shift pulse falls. The
C trigger is complemented when the A trigger is
off and the shift pulse falls. Only one trigger at a
time changes state.

The byte counter is reset at the beginning of each
operation by a “start reset.” If an overrun condition
occurs, the byte counter is reset by the “set overrun
trigger.”

In nine-track operation the “data convert” line from
the mode register remains down to keep shift pulses
from stepping the byte counter. After start reset of a
nine-track operation, the byte counter remains reset.

Output gates of the byte counter are used in nine-
track as well as seven-track operation. When the byte
counter is at zero during a nine-track read or write,
the output gates used are:

1. Read shift byte 2 or 4.

2. Read byte 4.

3. Write shift byte 2 or 4.

4. Write set byte 3.

These gates establish a standard “straight through”
data path because the data converter is automatically
turned off during nine-track operation. During seven-
track data convert operations, the byte counter gates
are used to gate data into and out of the data register.
Figures 309 and 310 illustrate data flow with the
converter on.

DC Theory of Operation

Write Data Convert

With pc on, tape control converts 3 eight-bit data
bytes from channel to 4 six-bit characters, and trans-
mits one six-bit character to the tape unit during each
write clock cycle. The three-stage byte counter gen-
trates input and output gates for the data register.
The first input byte to the data register sets positions
1 through §; the second input byte sets positions 1
through 4, and 9 through 12; the third input byte sets
positions 5 through 12.

The first and third output characters from the data
register are taken from positions 1 through 6; the
second and fourth output characters from the data
register are unloaded from positions 7 through 12.
Each six-bit character transferred from the data regis-
ter sets R/w register positions 2 through 7. r/W register
positions P, 0, and 1 are not used in seven-track write
operations.

Tape control does not request a data byte from
channel after transferring the third character from
the data register to the r/w register. The byte counter
advances after each character is unloaded from the
data register and resets after the fourth data register
character sets the r/w register. Therefore, the states
of the byte counter triggers indicate data register
positions to be loaded and unloaded and initiate a
“service in” request to channel when a data transfer
from channel is required.

The first “service in” of a write operation is gen-
erated at the end of initial selection. After initial
selection, the “tape demand” line from the byte coun-
ter generates “service in.”

The following example illustrates byte counter and
data register actions in ‘a write operation.

The byte counter supplies three input gates (“write
set byte 1,” “write set byte 2,” and “write set byte 3”)
to designate data register positions for input interface
data, and two output gates (“write shift byte 1 or 3”
and “write shift byte 2 or 4”) to specify data register
positions to be unloaded. When the interface transfers
the first byte to the data register, “write set byte 17
is active, causing the byte to be stored in data register
positions 1 through 8. When the tape control brings
up “write shift byte 1 or 3,” bits in data register posi-
tions 1 through 6 transfer to the read-write register;

the tape control requests another byte from the
interface.

“Write set byte 27 is active when the interface
sends the second byte to the data register; the byte
is loaded in data register positions 1 through 4 and
9 through 12. “Write shift byte 2 or 4” allows bits in
positions 7 through 12 to transfer to the read/write
register, and the tape control signals the interface
for a third byte.

“Write set byte 3" loads the third interface byte
in data register positions 5 through 12; at this time,
all data register positions are filled. “Write shift byte
1 or 3” is conditioned for the second time to transfer
bits in data register positions 1 through 6 to the read/
write register. The tape control does not request an-
other byte from the interface because data register
positions 7 through 12 are loaded. “Write shift byte
2 or 4” is conditioned for the second time to transfer
bits in data” register positions 7 through 12 to the
read/write register; the data register is now empty.
For every three input interface bytes, the data register
and byte counter repeat the operation.

If the channel responds with “command out” in-
stead of “service out,” the operation will be ter-
minated. “Service in” and “command out” can turn on
the “stop trigger” regardless of the byte counter
setting. A “command out” response to the first service
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in (initial selection) will terminate the operation be-
fore write delay by generating a “word count zero”
signal. After initial selection, command out (stop)
depends on byte counter setting and shift pulse to
terminate the write operation. If the stop trigger is
on when the byte counter A and B triggers are off,
data transfer will stop and write condition will be
reset. When either byte counter trigger A or B is on
(conversion cycle), data transfer will stop after the
next shift data pulse.

The additional shift pulse is needed to process any
bits remaining in the data register. If the channel
has transmitted one eight-bit byte to the data register,
2 six-bit characters must be written on the tape. The
last four bits of the second character will be blank.
Two eight-bit bytes require 3 six-bit characters. The
remaining two bits of the third character will be
blank. Three eight-bit bytes are written as 4 six-bit
characters.

The “stop data transfer” trigger blocks shift pulses
and resets “write condition” at wc-14-15. When write
condition resets, the normal write operation ending
sequence begins.

During write data conversion the data register reset
pulses follow the shift data pulses. After a character
is shifted (into the read/write register), the data
register positions it occupied are reset. Write shift
byte 1 and 3 are followed by a reset to data register
1-6. Write shift byte 2 and 4 are followed by a reset to
data register 7-12.

The read/write register is reset each write clock
2 time. wc-2 occurs just before the shift data pulse.

Read Data Converf

In data conversion read operations, the tape control
converts 4 six-bit characters to 3 eight-bit code bytes.
The three-stage byte counter controls the conversion
by generating input and output gates for the data
register. The first and third input characters to the
data register set positions 1 through 6; the second and
fourth input characters set positions 7 through 12.
Therefore, bits stored in rR/w register position 7 set
data register position 12 or 6, depending on the status
of the byte counter. Read/write register positions 0
and 1 are not used in conversion operations, and r/w
register position P output does not set a data register
position. Figure 310 illustrates data flow for a read
conversion operation,

In pc-on mode operation, the byte counter controls
the “tape demand” line. “Tape demand” is conditioned
only when the byte counter indicates that at least
eight data register positions are loaded. For every four
input six-bit characters to the data register, the byte
counter conditions “tape demand” three times (after
the second, third, and fourth six-bit characters are
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stored in data register positions). The byte counter
causes tape control to unload the first output byte
from data register positions 1 through 8; the second
byte from positions 1 through 4, and 9 through 12;
the third byte from positions 5 through 12.

The following example illustrates byte counter
and data register actions in a read operation. For
this case assume that 4 six-bit characters are read

from the tape and converted to 3 eight-bit bytes for
channel.

The byte counter supplies two data register input
gates from the r/w register, “read shift byte 1 or 3,”
and “read shift byte 2 or 4.” The byte counter also
supplies three gates to place data register bits on the
bus in lines, read byte 2, read byte 3, and read byte 4.

Characters are gated into the r/w register by a
read clock 7 pulse. Read shift byte 1 or 3 gates r/w
register-2-7 into data register 1-6. At this time there
are not enough bits in the data register to construct
a complete eight-bit byte so there is no output to the
bus in lines.

The second character (in r/w register 2-7) is gated
into data register 7-12 by read shift byte 2 or 4. The
data register now is filled. After the shift data pulse
falls, read byte 2 gates data register 1-8 to the bus
in lines 0-7. Tape demand generates a “service in” to
tell the channel that a data byte is on the bus in lines.
Data register positions 9-12 are held for the next byte.

The third character from tape is shifted from the
B/W register into data register 1-6 (same positions as
the first character). The data register now contains
data in positions 1-6 and 9-12. Read byte 3 gates posi-
tions 1-4 and 9-12 to bus in positions 0-7. Note that
data register positions 5 and 6 are retained for the
next byte. Service in is brought up and the second
byte is sent to the data channel.

The fourth character is shifted from the r/w regis-
ter into data register 7-12. Positions 5-12 of the data
register now contain the third byte to be sent to chan-
nel. Tape demand, service in, and read byte 4 will
transmit the third and last byte to the data channel.

Read operations can be terminated either by the
tape control sensing the end of data or the channel
refusing to accept more data. If the channel responds
to “service in” with “command out,” the stop trigger
turns on and blocks service in. No more data will be
transmitted to the channel; however, the tape control
continues reading until the end of block is sensed.
When the tape control ends the operation, the status
of information in process will determine if an addi-
tional shift pulse is needed. If bits remain in the data
register after the last character has been read, one
more data shift is required to transfer these bits to
the channel. The “left-over” bits will not form a



complete eight-bit byte. The unused positions of the
byte will be blank on the bus in lines.

Seven-track tapes read in data convert mode may
have been generated on a System/360 or on a different
system. Because of differences in data format, tapes
from other systems can have any number of characters
in a block and any combination of bits in each char-
acter. If a tape from another system contains blocks
that are not multiples of four characters, System/360
tape control units may not have a full eight-bit byte to
send to the channel when the block ends. When the
left-over portion of a byte is transmitted to the chan-
nel, the remainder of the byte contains zero bits that
are generated by the tape control. This type of oper-
ation is called “padding.” The data convert check
indicator is turned on to indicate that padding has
occurred and that the last byte transmitted is in-
complete.

It is possible that the last six-bit character from tape
has zeros in the portion “left over.” In this case, since
no active bits remain in the tape control, no “extra”
byte is transmitted and data convert check is not
signaled because padding of the last byte did not ac-
tually occur.

Seven-track tapes that are generated by a System/360
in convert mode cannot have a combination of char-
acters which will produce a data convert check. In
convert mode, the characters on tape are generated
from eight-bit bytes from storage. No matter how
many bytes are written in convert mode, the characters
on tape cannot cause a data convert check when read.
The portion of the last tape character that would be
left over on a read operation will automatically be
blank. Zeros added in the write operation will be
ignored on the read operation.

System/360 can generate tapes that will cause data
convert check if the tapes are written with data con-
vert off. Without data convert, the last character on
tape can have any combination of bits and, therefore,
may cause a data convert check when read.

When a block read from tape does not contain a
multiple of four characters, there may be one, two,
or three characters processed in the last byte counter
cycle. If one six-bit character remains for the last byte
counter cycle, shift data and read byte 2 pulses will
be generated at mop-36 time. The pcc (data convert
check) trigger will be turned on to indicate that the
last byte sent to the data channel was “padded” with
blanks. Bus in lines 6 and 7 will be the blank positions
when one six-bit character is processed.

When two characters are left over, the first eight-bit
byte is sent to channel in the normal manner. The
last four bits of the second character are in data
register 9-12. At Rop-36 time the tape control has deter-

mined that there is no more data. If there are any bits
on in data register 9-12, they must be processed. If
9-12 are blank, the operation can be terminated.

If data register 9-12 contains bits, a data convert
check and shift pulse will be generated to transmit
the last byte to channel. A read byte 3 pulse gates
data register 1-4 (blank) and 9-12 to the bus in lines.
Blanks in data register 1-4 are gated to bus in lines 4-7.

In the case where 3 six-bit characters are left over,
2 eight-bit bytes are sent to channel in the normal
manner. The remaining bits of the third character are
in data register 5 and 6. The tape control examines
positions 5 and 6 to see if either contains a one bit,

If data register 5 and 6 are blank, the operation
terminates. If 5 or 6 contains a bit, then a data con-
vert check is signaled and a shift data pulse is gen-
erated. Tape demand and read byte 4 transmit the
last byte to channel. Data registers 5 and 6 are gated
to bus in lines 0 and 1. Bus in lines 2-7 will be blank.

The r/W register is reset by an ss2 pulse which fol-
lows each data shift. The data register must retain
bits from one byte to the next; therefore, the whole
data register canrot be reset each time. During initial
selection, the entire data register is reset but after
initial selection the positions reset depend on byte
counter status.

At the end of read byte 2, data register positions
1-6 are reset. At the end of read byte 3, data register
positions 7-12 are reset. After read byte 4, all twelve
data register positions are reset, Data register resets
depend on a “service out” signal from the data chan-
nel. Service out indicates that the byte on the bus in
lines has been accepted and the data register need
no longer retain it.

C-Compare Check

C-Compare check is a data check not an equipment
check. Bytes transmitted through the tape control in
a read or write operation should not change parity
except during translate mode. C-Compare detects
parity changes during data transmission through the
control unit.

Figure 212 illustrates C-Compare circuits. During
data. convert operations, not all bits in a byte are
transmitted at the same time. For this reason parity
comparison cannot be performed for every byte.

When the byte counter reaches the end of a cycle,
the total number of bits transmitted should be the
same number received. The status of the C-Compare
circuit is checked each time the byte counter reaches
000. If the data parity check trigger is on when the
byte counter reaches 000, the C-Compare trigger is
turned on. Note that translate mode blocks setting
of the C-Compare trigger. This is done because the
total number of bits in a byte may change during
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translation; for this reason, C-Compare cannot be
checked when the translator is operating. The trans-
lator cannot operate at the same time as data conver-
sion. A mode set command attempting to turn on the
translator and data conversion (4 bit and no 2 bit)
is no longer a mode set command. Refer to Figure 101.

Two Channel Switch or MIS Feature

® The multiple interface switching (mis) tape control
is a standard tape control unit modified to operate
with two data channels and one group of tape units.

e The modifications add circuits so that the mis tape
control can perform standard operations as well
as dual-channel system operations.

e The Mis tape control can operate with either of two
channel interfaces,

¢ Two new commands called “reserve” and “release”
are used to place interface switching under program
control,

e Reserve and release functions are performed during
initial selection time of sense commands.

e Interface reset circuits are interlocked to prevent
interference from one channel while the other chan-
nel is operating.

e Two sets of device end triggers make sure that a
selected device end signal is returned to the same
channel that initiated the command.

The multiple interface switching (Mis) tape control
is a 2803 Tape Control modified to operate with two
data channels instead of one. All of the 2803 opera-
tions can be performed on either channel interface.
In addition to standard operations, the mis tape con-
trol can perform reserve and release commands for
program control of interface switching. Figure 33
illustrates the organization of mis circuits.

The large block in the center of Figure 33 repre-
sents the basic tape control circuits without am1s. When
the mrs feature is installed, an additional set of device
end triggers is connected to the scanner in the tape
control circuits.

In Figure 33, the smaller blocks are logical functions
of the ms feature. The physical location of the added
circuitry is inside the tape control unmit. Figure 33
represents only the logical separation of circuits.

Manual
Partition Interface
Controls Switch
Controls
Reserve/Release
_ Operational A
Address y Operational B
Decoder
A
A Out Lines Interface Interface
@ B Switch A 2> el (Bt Suiitch A
A Out Lines 3 Standard Tape ! In Lines
D Address Control Cireuits
Chenrel Decoder ‘ ﬁ
Interfaces B
Interface . Interface
z D End
=3~ Switch B i 2| Switch B o
y B Qut Lines Out Lines ° —=> [n Lines
\ A |
Operational B CU Busy A
Operational A CU Busy CU Busy B
B In Lines
A In Lines

Figure 33. Organization of MIS Tape Control
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Channel interface lines going in or out of the tape
control must pass through “switch” circuits. The
switch circuits consist of gated drivers to connect one
or the other of the channels to the tape control but
not both at the same time.

Interface switch control circuits supply the control
lines to select the correct groups of drivers for opera-
tion with interface A or B. The switch control circuits
are interlocked to prevent one channel from interfer-
ing with operations on the other. When neither inter-
face is reserved or operating, the switch circuits are
in a “neutral” state. When the switch circuits are in
neutral, a select can be accepted from either interface.

Address decoder circuits monitor the bus out lines
of each interface. If the address of the tape control
unit appears on the bus out lines along with an address
out tag, the decoders send a signal to the interface
switch circuits. When no interfering conditions exist,
the switch circuits connect that interface to the tape
control. If the tape control is reserved or operating
with the other interface, a busy signal is sent to the
interface that attempted to break in.

When the tape control finishes operations and be-
comes available, a “control unit end” status byte is
sent to the channel that previously received the busy
signal.

Channels attached to the mis interfaces can be
either on the same system or on separate systems.
One group of tape units on the Mis tape control can
be shared between two systems or two channels on
one system.

mis switching circuits can be locked onto one inter-
face so that the other interface does not have access
to the control unit. The command that performs this
operation is called “reserve.” A “release” command
resets the reserve condition and allows the control unit
to accept commands from either interface. Both the
reserve and release functions are performed as part
of a sense command. Modifier bits in the sense com-
mand determine whether the command is a “reserve/
sense” or a “release/sense.” Reserve or release is per-
formed during initial selection time of the sense
operation.

When a tape unit completes an operation, a device
end signal is sent to the channel. Because the mis tape
control is connected to two chanels, the device end
circuits must be modified to be sure that the device
end is returned to the channel that initiated the
operation. This is accomplished by adding another
group of device end triggers. Device end register A
is armed by operations with the A interface. Device
end register B is armed by interface B operations.
Device end signals from the A group are returned to

interface A; device end signals from the B group are
returned to interface B. The A and B device end
triggers represent the same group of tape units.

Resets

A general or selective reset from a data channel nor-
mally resets the tape control unit unconditionally. In
mis two-channel operation this could cause interfer-
ence problems. The idle channel must not disrupt an
operation by resetting the control unit. MIs reset cir-
cuits are interlocked so that a reset from one channel
cannot disrupt operations on the other channel. A
reset can be accepted only from the channel which is
operating. Resets are further conditioned to prevent
a channel from destroying information needed by the
other channel. The A or B device end triggers cannot
be reset by the opposite interface and an A or B cu
end trigger cannot be reset by the cther interface.

Interface Switch Control Circuit

e The multiple interface switch (mis) tape control
must monitor addresses on two channel interfaces.

® When the tape control receives its own address, it
attempts to begin operation with that interface.

e If not busy or reserved, the operational trigger for
interface A or B is set during address out A or B.

o If busy or reserved with B, address out A will be
answered with a “busy” status to the A interface,
and vice versa.

® The interface which received “busy” will be in-
formed with a “cu end” when the control unit is
available.

e If the channel stacks status containing unit check
or unit exception, the control unit will remain con-
nected to that interface until the status is accepted.

The basic purpose of interface switching circuits is
to connect the tape control common circuits to which-
ever interface is operating at that time. Either of two
channel interfaces can operate with the Mis tape con-
trol. To operate with an interface the corresponding
operational trigger must be on to generate the neces-
sary gate lines.

Selection

Address decoders in the tape control continuously
monitor both interfaces. If the correct address bits
arrive on the bus out lines along with an address out
tag, the tape control generates a line called “ad-
dressed by channel (A or B).” Figure 34 illustrates
the relationship of address decoders (3A and 3C) to
the interface switch control triggers (6B and 6C).
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Assume that the tape control unit is idle and is ad-
dressed by channel A. The anp circuit to turn on
operational A (5B) requires three conditions:

1. Addressed by channel A.

2. Not reserve B or operational B.

3. The “gate busy to channel A” trigger must be off.
If these three conditions exist at the same time, the
operational A trigger (6B) is turned on. Output of
the operational A trigger generates gate lines to con-
nect tape control circuits to the channel A interface.

A similar circuit is used to turn on operational B
(6C); however, there is one important difference.
The axp circuit to turn on the operational B trigger
(5C) has four conditions instead of three as in the
A circuit. The four conditions are:

1. Addressed by channel B

2. Notreserve A or operational A

3. The “gate busy to channel B” latch must be off.

4. The turn on circuit of operational A must be in-

active.
The fourth condition is added to allow the A inter-
face to take precedence over the B interface if both
channels address the control unit at the same time.
If the control unit is addressed by both interfaces at
the same time, the turn on of operational B is blocked
(5C) by “not turn on operational A.”

Busy

While the tape control is operating with one inter-
face, a select from the other interface will be answered
with a “busy” signal. Assume that the B interface is
operating when the A interface attempts to address
the control unit ( Figure 34). Operational B blocks the
turn on circuit of operational A (5B). Operational B
also conditions the turn on of the “gate busy to chan-
nel A” trigger (4A). There will be an active output
from the off side of the gate busy trigger because it
is held reset until addressed by channel A.

When the correct address and tag are received
from channel A, the operational A trigger cannot turn
on but the gate busy trigger is allowed to turn on.
The gate busy trigger performs three functions:

1. Gates a busy response to the channel A interface
(7B).

2. Turns on the cu end A trigger (7A) to remember
that channel A tried to break in during operations
with B.

3. Interlocks the turn on of operational A (5B)
until addressed by channel A drops. (This prevents
turning on operational A and gate busy to channel
A at the same time if operational B happened to drop
during channel A address out.)

The busy signal sent to channel A is a status byte
with bits 1 and 3 on. Bit 3 indicates “busy” while

bit 1 (status modifier) indicates that the busy condi-
tion applies to the control unit. Bits P, 1, and 3 are
forced onto the bus in lines at the same time as the
status in tag line is forced up. The status in trigger is
not turned on during this short sequence.

CU End

Control unit (cu) end A trigger (Figure 34, coordi-
nates 7TA) remains on to remember that channel A
tried to break into channel B operations. When the
control unit is no longer operating with or reserved
by interface B, the cu end A trigger turns on opera-
tional A (6B) to send a status byte to channel A. The
status byte will contain a cu end (2 bit) to indicate
that the control unit is now available for operations.
A standard request in sequence is used to transmit
the cu end status byte. The scanner unit address may
not be the same as the previously selected unit.

At the end of an operation, the operational trigger
for the active interface is reset unless a chain, stack,
interrupt or unit check condition exists. The circuit
to reset the operational triggers to neutral is shown
in Figure 34. The reset is accomplished by a line called
“reset operational trigger” (2C) which becomes active
when the end status byte has been answered by com-
mand out or service out (1C).

Stack

In some cases the data channel may refuse the end
status byte that turns on a “stack” condition (Fig-
ure 35, coordinates 1A). If the status byte contains
unit check or unit exception, the interface switch will
remain connected to that interface until the channel
accepts the status. If the status contains unit check, the
connection will be maintained until a command other
than no op or test 1/0 is received from the channel to
which the status was presented (Figure 34, coordi-
nates 2B). This procedure makes certain that the
channel has an opportunity to investigate unit check
condition before the other channel disturbs the con-
trol unit. When the interface connection is main-
tained because of unit check, the connection is defined
as “contingent” (not part of the normal routine).
Stacking of status other than unit check or unit
exception will not maintain the interface connection.
The interface switch will be reset to neutral and the
control unit will be available to either channel.

Stack Interrupt

The stack interrupt trigger (Figure 35, coordinates
1A) will turn on if the data channel refuses to accept
a status byte at the end of a data transmission opera-
tion (not valid control command). Output of the
stack interrupt trigger maintains the interface con-
nection {Figure 34, coordinates 2B) until status bit
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reset is generated (status is accepted or tape control
is reset). If the status byte contained unit check, a
contingent connection would be established (Figure
34, coordinates 1A).

Stack A and Stack B

The stack A or stack B trigger will turn on if a chan-
nel refuses to accept a “request in” status byte. This
situation could arise when the tape control has a
“selected device end” at the end of a control com-
mand because “request in” and “selected device end”
turn on the interrupt trigger (Figure 353, coordinates
2B). The circuit which sets stack A or stack B also
resets its operational trigger (Figure 34, coordinates
2D). Notice, on Figure 35, coordinates 2C, that the
stack A or stack B trigger cannot be set if the status
byte contains unit check or unit exception.

A status byte that contains only device end can be
stored (stacked) in the tape control because the de-
vice end circuits have triggers for each tape unit.
Operations on cther tape units will not disturb the
device end condition. Selected device end will be
generated again when the interface is clear. A unit
check or unit exception would be changed by new
operations because they have single triggers (not one
for each tape unit).

Device End

e wmi1s device end circuits contain the standard device
end triggers and scanner with an additional set of
device end triggers for two-channel operations.

® If the tape control is operating with one channel, a
device end for the other channel will be held until
the tape control is free.

The purpose of device end circuits is to signal the
data channel when a device (tape unit) has com-
pleted a task and is ready to accept a new one. Be-
cause the Mis tape control is connected to two chan-
nels, the device end circuits must be modified to make
sure the device end signal is sent to the correct channel.

Two sets of device end triggers are used, one set
for each interface. Only one set of “rv rewinding”
triggers is needed because the tape control can attach
to only one group of tape units.

Selected Device End

In operation, the two sets of device end triggers per-
form the same function as the single set in a “one
channel” 2803. They remember which unit has been
selected for a task. With two sets of triggers the con-
trol unit can also remember which channel interface
the select came from. Operations on interface A will
“arm” the A device end triggers. Operations on inter-
face B “arm” the B triggers.

If a tape unit completes a rewind operation by
reaching load point, a selected device end signal will
be returned to whichever channel initiated the re-
wind. A selected device end (Figure 34, coordinates
6A and 6B) from the A device end triggers will turn
on operational A to send an interrupt status byte to
channel A. A selected device end from the B triggers
turns on operational B for a request in interrupt se-
quence to channel B (Figure 34, coordinates 7D).
Output of the second set of device end triggers can
stop the scanner in the same way as the first set of
triggers. A line from each of the B triggers or’s with
the corresponding A trigger. Either group can stop
the scanner at the correct unit address (Figure 406).

Hold Status

Circuits have been added to hold a selected device
end if the control unit is operating with or reserved
by the opposite interface. Figure 35 shows the “hold
interface status” lines (3A and 3C). If a hold inter-
face status line is active, device ends cannot be gated
out of the corresponding group of device end triggers.

Another condition which can cause the “hold inter-
face status” condition occurs when suppress out is
active (Figure 35, coordinates 1B and 1D) from the
channel and the stack trigger is on. Selected device
ends will not be gated out until either suppress out
or stack drops (2B and 2D).

An Mis tape control contains separate stack triggers
for the A and B interfaces (2B and 2C). Either stack
trigger will remain on until the corresponding chan-
nel addresses the control unit or accepts a status byte
from the control unit. Activity on the opposite inter-
face does not directly affect the A or B stack triggers.

A sclected device end, blocked by hold interface
status, must wait until the hold condition drops. When
the tape control is free of the hold condition, the
selected device end is gated out to cause an interrupt
sequence ( Figure 35, coordinates 5A and 5C).

Resets

® The mis has two sets of general and selective reset
triggers.

e A reset from an interface is blocked if the other
interface is operating.

The mis tape control contains dual reset circuits which
are interlocked to prevent interference between the
channels. When the tape control is operating on one
channel, a reset from the other channel is blocked.
General and selective resets function the same as
for single-channel operation except for the interface
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switching circuits and device end triggers. A reset
from an interface will reset its own operational trig-
ger but not the operational trigger for the other inter-
face. A reset from channel A will turn off device end
triggers in the A group but not the B group, etc.

In addition to the resets for A and B device ends
and switching, a channel reset operation activates reset
lines for the remainder of the tape control unit, A
reset from channel A will reset operational A, device
end A, cu end A, and control unit circuits. A reset
from channel B will reset the corresponding B circuits
as well as the common control unit circuits.

Reserve/Release Operation

® A reserve command locks the mis tape control onto
one interface until a release command or reset from
that interface.

® A release command resets the reserve triggers to
allow operation on either interface.

e If command chaining is used, reserve or release can
be used only in the first command of a chain.

e A reserve or release command while chained or
when error correction “found track” is active will
result in command reject.

e Reserve and release are performed during initial
selection (command out) of a sense command.

During some operations the task may require the
tape control unit to remain attached to one interface
exclusively. The reserve/release commands provide
this ability under program control.

Reserve/Release

A reserve command places the tape control unit
under control of one channel exclusively until that
channel issues a release command. A reserve com-
mand from A or B turns on the reserve trigger for
A or B. A release command resets the reserve trigger.

Both reserve and release functions are accomplished
during initial selection time of a sense command.
Modifier bits, in positions 0, 1, 2, and 3 of the sense
command byte, identify the reserve and release op-
erations. The sense command proceeds as usual after
initial selection. Modifier bit 2 determines whether
the command is a reserve or a release. A 2 bit indi-
cates reserve, No 2 bit indicates release. The rest
of the modifier bits remain on.

Reserve Command
A reserve command locks the tape control onto

whichever channel interface the reserve came from.
Figure 36 shows decoding and gating of reserve.

The bit configuration of a reserve command is a
sense command except that modifier bits have been
added. Sense has a 5 bit and no 6 or 7 bits. The added
modifier bits are positions 0, 1, 2, and 3 on. A sense/
reserve command appears on the bus out lines as
011 110 100.

During command out of a sense/reserve command,
the “allocate” trigger is set (Figure 36, coordinates
3B). The same line that turns on the allocate trigger
also samples the command reject conditions (2C).
If chain is active, command reject is signaled (2D).
If the reserve command does not have modifier bits
0 and 1 active, the command will be rejected.

A legitimate sense/reserve command turns on the
allocate trigger (3B), which gates the input circuit
for reserve A and reserve B triggers (4B). If the 2
bit is on, the turn-on circuit to the reserve triggers
is active (5A and 5C). The reserve trigger for the
operating interface is turned on (6A or 6C).

Output of the reserve trigger blocks the interface
switch circuits for the opposite interface. The opera-
tional trigger for the other interface cannot turn on
and the gate busy trigger is activated to send busy
signals when addressed (Figure 34, coordinates 3A).

The reserve trigger will keep the control unit from
operating with the opposite interface until a reset or
a release command is received from the operating
interface.

Release Command

A sense/release command resets the reserve trigger
to allow the tape control to operate with either inter-
face. The bit configuration of a sense/release com-
mand is the same as for a sense/reserve except for
the P on and 2 off. A sense/release command appears
on the bus out lines as 111 010 100 (sense command
with modifiers).

As in the reserve operation (Figure 36) the release
command turms on the allocate trigger (3B) and
checks for command reject conditions (2C). A legiti-
mate release command gates the input circuit to the
reserve triggers (4B). Release contains no 2 bit so
the turn on circuit to the reserve triggers cannot be
active (4A). Because the turn on circuit is down, the
reserve trigger reset circuit is active. The reserve
trigger for the operating interface is reset (6A or
6C). Both the sense/reserve and sense/release opera-
tions are performed during initial selection of a sense
command. After initial selection, the sense command
is performed as usual.

Remote Switch Attachment

Tape controls with the two-channel switch feature
can have the remote switch attachment. Channel
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switching circuits can be manually controlled by
switches in the remote attachment. When a remote
switch is turned off, the corresponding channel inter-
face is prevented from communicating with the data
channel. This function is called “partitioning.”

When an interface is “partitioned” by the remote
switch, it appears to the channel the same as when
power is down. Select out is bypassed to the next
control unit and interface drivers are degated. If an
operation is in progress when the switch is turned
off, the operation will be completed before parti-
tioning takes place.

The remote switches to control partitioning are
attached to the tape control by a 6-wire cable. A
6-position connector for this cable is mounted on a
bracket just above the tape control connector panel
on the side of the B card gate.

The control switches are mounted in different loca-
tions according to the configuration of the system.
(For example, the switches can be mounted on the
2167 Configuration Unit control console in a System/
360 Model 67).

Review Questions

1. The multiple interface switching (mus) feature,
when installed on a 2403/2803 control umit, will:

a. Allow one of two channels to reserve (attach)
both the control unit and its tape units to that
channel.

b. Allow one of two channels to reserve (attach)
only the control unit to that chanel, not the tape
units.

c. Allow one of two channels to reserve (attach)
either the control unit or any number of at-
tached tape units to the channel.

2. True/False
A tape control unit can be “locked”
to one of two channels by either a
programming function (reserve com-
mand) or by manual switches (par-

—_ titioning).
3. Match the following command bytes to their as-
sociated functions.

P01234567
100000100
111010100

- 011110100

a. A reserve command that locks the control unit to

one interface,

b. A sense command whose only function is to sub-
mit up to six bytes of information to channel.

c. A release command that resets the reserve status
of the control unit from one channel.
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4. True/False
When the tape control unit is neither
reserved or “operational a/B” (trig-
gers are both reset), the Tcu is consid-
— ered to be in a neutral state.
5. Once the Tcv is reserved by Channel B, the opposite
channel (A) can:

a. never use Tcu until released by the Channel B.

b. use Tcu if the Channel B is not executing a com-
mand..

c. use Tcu if Channel B is not executing a command
and there isn’t any stacked status.

6. Assume that neither channel reserved the tape con-
trol unit. Which of the following conditions would not
generate a “busy” status to Channel B when B at-
tempted to use Tcu.

a. Tcu is executing a command for Channel A.

b. Tcu is retaining a previously rejected end status
byte for Channel A containing a channel end and
a device end bit.

c. A unit check condition was encountered during
the last operation performed for Channel A and
Channel A has not yet interrogated the unit check
condition.

d. Tcu is retaining a previously rejected end status
byte from a motion control command for Channel
A — only device end bit.

e. None of the above.

7. Which action does not occur under a “busy” condi-
tion caused by either channel attempting to use Tcu
when already in use by the opposite channel?

a. Force status byte containing P-1-3 bits on “bus in”
lines.

b. Set control unit end latch to present an interrupt
to same channel when 1cu is no longer busy.

c. Force “status in” tag line active.

d. None of the above.

8. A “contingent” connection is when the interface con-
nection between Tcu and channel is retained because
of a:

a. Unit exception condition

b. Unit check condition

c. Busy condition

d. All of the above

9. Which of the following commands, from the same
channel, can reset a “contingent” connection?
a. Noop
b. Test /0
¢. Any command except no op and test 1/0
d. All of the above
10. True/False
A general reset from channel A will re-
set both the “A” device end triggers
and the “B” device end triggers.



Answers to Review Questions

1. a 6. d
2. True 7. d
3. b,¢a 8. b
4. True 9. ¢
5 a 10. False

Sixteen Drive Addressing

The sixteen drive addressing feature (sxt) allows the
tape control to address sixteen tape units instead of
only eight. Power circuits are not changed so a tape
control still powers only eight tape units. The addi-
tional eight tape units must receive power from another
source.

The sxr feature is used when the 2816 Switching
Unit is attached to the control unit. The 2816 allows

more than one control unit to communicate with a
“pool” of tape units. In this case, the sxt feature pro-

vides up to sixteen possible addresses instead of only
eight.

Tape Unit Addressing

The sxt feature adds a bit position to the tape unit
select triggers (DE scanner). In a standard tape control,
positions 5, 6, and 7 of the address byte are used as the
tape unit address. When sxr is installed, position 4 is
added to the Tu select register to generate sixteen pos-
sible addresses.

Tape unit select triggers and device end scanner cir-
cuits are shown in Figure 406. The timing chart at the
bottom illustrates the stepping sequence used during
scanning. Eight device end triggers are added so that
selected device end signals can be generated for any
of the sixteen tape units.
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Console and Maintenance Features

CE Panel

A cE panel is built into the front of the A gate in each
tape control unit. The ce panel shown in Figure 37 is
used on 1BM 2403, 2404, 2803, and 2804 tape control
units.

Using this panel, a ce can check most of the cir-
cuitry in the control and tape units without disturbing
the channel. The ce panel operates only when the
off-line switch is on, logically isolating the control
unit lines from the channel interface. A select out sig-
nal from channel bypasses the control unit and pro-
ceeds to the next control unit on line.

Some tape control functions cannot be simulated
from the cE panel. Operations such as the control unit
busy sequence and rejection of a status byte require
channel lines. Data transmission operations such as
reading and writing can be simulated without data
or controls from the channel.

CE panel control circuits are shown on Systems
10.01.1 to 10.82.3.

Indicators

The cE panel is organized into three sections: indica-
tor lights, control switches, and plugboard. ALp page
locations for the cE panel are in Figure 37.

Logically related indicators are designated by a
horizontal line above all the positions in the group.
A lighted indicator designates the 1 bit or on condi-
tion of the corresponding circuit.

There are seven horizontal rows of indicators. The
following descriptions are arranged, starting with the
top row and proceeding left to right and down to the
next row; then left to right again.

Ovut Indicators

The first group of indicators in the top row is the inter-
face “out” tag group: sup, oPR, ADDR, cOM, SERV, and
SEL. During on-line operations, these lights represent
the active or inactive states of the “out” tag lines from
the data channel. During off-line operations from the
CE panel, they represent “tag” conditions generated by
circuits in the control unit to simulate channel oper-
ation.

Initial Selection

Initial selection (11T SEL ) is active during the time that
address information and commands are sent from the
channel to the control unit. Every operation performed
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by the control unit must begin with an initial selection
sequence. Initial selection is activated by on-line oper-
ations from the channel or off-line operations from the
CE panel.

Chain

The chain indicator is active when a tape unit address
is being held in the control unit by a chain condition.

Stack

Stack condition is turned on when the channel rejects
a status byte by responding to “status in” with com-
mand out.

Read Delay

Read delay (rp) is active while tape is accelerating at
the beginning of a read, read backward, or space
operation.

Read Disconnect Delay

The read disconnect delay (rop) latch is active for
read, read backward, space, and write (checking) op-
erations. The rop latch is used primarily to check timing
between bytes and to detect check characters, tape
marks, lost characters, and interblock gaps.

Read Condition

Read condition (Rp cND) is active when the tape con-
trol is accepting bytes from the tape unit. Read condi-
tion is active during read and space operations as well
as during write (checking) operations.

Correct

The correcting latch is turned on during a nine-track
error correction read operation.

Found Track

Found track onx indicates that a nine-track read or
read backward has encountered a data error and has
located the tape track that contains the error.

In Indicators

The first group of indicators in the second row is the
interface “In” tag group: oPR, ADDR, STA, SERV, and SEL.
During on-line operations, these indicators represent
the active or inactive states of the “in” tag lines from
the control unit to the channel. During off-line opera-
tions, they represent “tag” conditions generated by cir-
cuits in the control unit to simulate channel operation.
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Figure 37. CE Panel Locations 2403/2803
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Stop

Stop is active for four tvpes of conditions:

1. Channel refused to accept or transmit more data
bytes during a read, read backward, or write operation.

2. Interface disconnect: when select out is inactive
while operational in and address out are active.

3. Error stop as a result of a “stop on error” plug in
the ce panel.

4. End of a write tape mark operation.

Channel End

Channel end (cuNL END) is a status latch to signify
that the data channel is no longer needed to complete
the operation in progress. Channel end occurs at the
completion of data transmission operations and also
when an end pulse occurs as a result of TU reject, TaAU
end word count zero, or stack no op.

Since the channel is not needed to complete control
commands, a channel end is generated for the initial

selection status byte. This channel end is generated

by valid control command circuits and does not turn
on the channel end indicator.

Device End

Device end (DEv END) is a status condition that indi-
cates a device (tape unit) has completed an operation.

Write Delay

Write delay (wp) is active while tape is accelerating
at the beginning of a write, write tape mark, or erase
operation.

Write Disconnect Delay

Write disconnect delay (wpp) is active during the
ending sequence of write operations.

First Character

Start reset turns on first character (1st cHAR) at the
beginning of each operation and after a selective, gen-
eral, or machine reset. The first character indicator
remains on until rc reset time of the next read clock
cycle (first byte).

Byte Counter

The first group in the third row of indicators is the
byte counter. Three indicators (C, B, and A) represent
the three triggers in the counter circuit. The byte coun-
ter is used only for seven-track data conversion opera-
tions. Data passing to and from tape is divided into
groups of bytes during the conversion process. The
byte counter generates gating lines to control these
data groups as they pass through the control unit.

Data Register

Twelve indicators show the contents of all twelve posi-
tions of the data register. Positions 1-4 are used only
for seven-track data convert operations.
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Skew Error

The first indicator in the fourth row is skew error. Skew
error indicates that excessive skew has been detected
in the data bytes during a read, read backward, or
write operation.

CRCR Error

During a nine-track operation, a crcr error indicates
that a data error occurred but the crc circuits did not
locate the track in error (1ie). Cyclic redundancy
checking is not used during a seven-track operation.

LRCR Error

An Lrer error indicates that one or more tracks in the
data block do not contain an even number of bits. Any
bit that remains in the LRc register at the end of the
operation can cause an LRCR error, unless it is the track
that is being corrected. Nmz1 error correction circuits
automatically block Lrcr errors from the track in error.

Skew Register VRC (SK REG)

During write checking, the high-clip skew register vrc
circuit indicates errors in the bytes just written on the
tape. Skew register vrc does not indicate errors during
read backward operations.

Read/Write VRC

A VRe circuit monitors the parity of bytes in the read/
write register. During a read or read backward opera-
tion, the R/w VRC circuit can indicate errors. During a
write operation, this circuit does not indicate errors; it
generates correct parity (P bits) for the bytes being
written.

Seleciable Register

The selectable register is a group of indicators that can
display any one of a group of registers when a jack
plug is inserted in the desired position on the plug-
board. Registers that can be selected are:

Command register.

. Read/write register.

Longitudinal redundancy check register (LRCR).
High-clip skew register.

Cyclic redundancy check register (crcr).

Error pattern register (EPR).

D UL W o

A Triggers

There are only three indicators in the fifth row:

1. Delay counter “A” trigger.

2. Read clock “A” trigger.

3. Write clock “A” trigger.

When the tape control unit is stopped, or reset, these
three indicators are off. The “A” triggers are on only
during actual operation of the corresponding circuits.

~—



Eus Out Parity

The first indicator in the sixth row is bus out parity.
This indicator turns on if the tape control unit finds
a parity error (even parity) in a byte on the bus out
lines from the channel. The error can be in a com-
mand byte, a data byte, or a TIE (request track in error)
byte.

Data Convert Check (DCC)

Data convert check is used only during seven-track
data conversion operations. During conversion opera-
tions, data bytes are handled in groups of four on the
tape. If a data block read from tape does not have a
multiple of four bytes, a pce can result.

Word Count Zero (WC ZERO)

When a write command is received from the channel,
the tape control requests the first byte of data before
any tape motion is started. If the channel does not
send the first data byte, tape does not move and the
word count zero indicator is turned on.

Command Reject

A command reject condition indicates that the tape
control has received a command that it cannot perform.
This can be caused by a command to write on a tape
that is file-protected or by a mode set command to
turn on the data converter in a control unit that does
not have a data converter.

Overrun

An overrun error is caused by timing conditions on the
channel interface. If the channel does not respond
within a specified time limit to a data request (service
in), an overrun error occurs. Overrun can occur during
read or write operations.

Noise

The noise detection circuits are used to detect signals
from the tape when there should be no noise. Bits read
from the tape during start or stop delay times can
cause noise errors,

Reject Tape Unit (REJ TU)

A “reject tape unit” indicates that the selected tape unit
did not respond correctly. For write, write tape mark,
or erase operations, the tape unit should respond with
write status. For read-type operations (including spac-
ing), the tape unit should respond with read status. If
the correct response does not occur, a tape unit reject
signal is turned on. Reject tape unit can also occur if

the tape unit does not respond with a model (N) line
(select and ready ).

Clock Error (DEL, WR, and RD)

Checking circuits monitor the stepping sequence of the
delay counter, write clock, and read clock. If the trig-

gers fail to step in the correct sequence, the correspond-
ing error indicator is turned on.

C-Compare (C-COMP)

C-Compare circuits monitor data bytes as they pass
through the tape control unit. If the parity of a byte
changes, an error has occurred somewhere in the con-
trol unit data path.

Sequence Indicators

A tape control unit must perform a specific sequence
of steps for each command. Sequence indicators are
tumed on or off as the command sequence progresses.
When the command is completed, all three sequence
indicators should be off. Any sequence indicator that is
on at the end of a command will cause an equipment
check.

If a command is not completed (hangs up), the
sequence indicators that are on can be analyzed to
determine how far the operation progressed before
the “hangup.”

Tape Unit Status A and B

A selected tape unit indicates its status to the tape
control by submitting two lines: “model (N)” and “not
ready.” These two lines become “ru status A” and “ru
status B” in the tape control. The following chart sum-
marizes TU status A and B conditions:

INDICATORS CONDITIONS
STATUS
A B TU STATUS BYTE RESPONSE
0 0 Nonexistent tape unit Unit check
0 1 Notready Unit check
1 0 Ready and not rewinding Clear status
1 1 Ready and rewinding or switched Busy status

Read Status (RD STAT)

With the read status light active, the selected tape unit
is in read status.

Tape Mark (TP MK)

The tape mark indicator is turned on if the contro] unit
detects a tape mark during a read, read backward, or
Space operation.

Load Point (LD PT)

If an “at load point” signal is received from the selected
tape unit, the load point indicator is turned on. It
remains on until the control unit receives another
command.

Tape Indicator Off (TI OFF)

The tape indicate line from the tape unit notifies the
control unit that the end of tape has been reached. As
long as tape indicate remains off (indicator lit), the
tape can be used.
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Not File Protect (NFP)

Valuable information on a reel of tape can be pro-
tected by removing the “write enable ring” from the
tape reel. Each tape unit has a sensing pin to determine
whether the ring is in or out. As a warning to operators
and programmers, the not file protect indicator turns
on when the “write enable ring” is in place (not
protected ).

Go

The go indicator turns on when the tape control in-
structs the tape unit to move tape either forward or
backward.

Backward (BKWD)

During backward tape motion commands (read back-
ward or backspace), the backward latch instructs the
tape unit to move tape backwards. The backward latch
is reset at the beginning of the block as soon as the
check characters have been read.

Write Pulse Control (WR PUL CTRL)

The write pulse control indicator is attached to the
write trigger release circuit. This circuit is active while
information is being written on tape. When this circuit
is inactive, write triggers in the tape unit are held reset
so that nothing can be written on the tape.

Seven-Track (7 TRK)
The seven-track indicator is active when the selected

tape unit is equipped with a seven-track read/write
head. It remains off during nine-track operations.

Tape Unit Select (TU SEL)

Tape unit select indicators (4-7) represent the status
of the tape unit select latches in the control unit. They
correspond to bits 5, 6, and 7 of the address byte re-
ceived from the channel (or the ce panel plugs) dur-
ing initial selection. Position 4 is active only if the
control unit has the sxt feature installed.

The tape unit select latches are also the device end
scanner latches. When the device end scanner stops
during a command, the lights can be read on the in-
dicator panel. When the scanner is running, the latches
change too fast to be readable.

Switches and Pushbutions

Off Line: The off line toggle switch in the off line (on)
position activates the ce panel controls and degates the
channel interface circuits to isolate the control unit.
Machine reset and check reset are both active for on
line and off line mode. Registers, latches, and indica-
tors can be reset during on line operation; however, this
disrupts any operation in progress.

Check Reset: The check reset pushbutton is gated by
not busy except test 1/0, which means check reset is
disabled if any one of three conditions exist: selected
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device end, channel end, or stack interrupt. A part of
the check reset circuit is gated by the hold error jack
plug. If hold error is jack plugged on, the reset is
blocked for seven data error triggers. They are:

1. LRCR error.

CECR €ITOT.

High-clip vertical redundancy error.
Forward stop delay noise.

Read/write vertical redundancy error.
Echo error.

N o gls W

Skew error.

During normal operation the data error triggers are
reset each time a new command is received. When
hold error is plugged on, the errors are retained so the
CE can observe or record them.

Start and Stop: The start and stop pushbuttons con-
trol starting and stopping the program in the plug-
board command jacks.

Multi/Single: The multi/single toggle switch con-
trols stepping the four position instruction ring for the
plugboard commands. In the muLtI position the ring
steps through all four commands, returns to position
1, and repeats the sequence until it is stopped by a
reset or stop. Single cycle holds the ring reset to
position 1. Command 1 is repeated continuously unless
reset or stopped.

Interface Sequencing: Two switches (marked auto/
step and raise/lower) control simulation of interface
tag out lines. When the auto/step switch is in the auto
position, tag out lines are simulated at electronic
speeds similar to channel operation. The step position
places tag out simulation under control of the raise/
lower switch.

During step operation the start pushbutton starts an
initial selection sequence. If the raise/lower switch is
in the “lower” position, initial selection sequence does
not progress past address in. If the switch is in raise
position, the operation continues through command
out. In the raise position the reset to command out is
blocked. Operation halts at this point because the tape
op trigger and the status in trigger cannot be turned
on until command out is reset.

When the switch is returned to the lower position,

command out is reset, allowing the operation to pro-
ceed to service out.

Service out cannot be set until the switch is moved
to the raise position again. Service out is reset when
the switch is moved again to the lower position.

If the interface step (raise and lower) is used for a
read or write operation, the overrun trigger is turned

on. Overrun blocks shift pulses so data transfer is
blocked.



Plugboard

The plugboard portion of the ce panel consists of 16
groups of jacks to program commands, data, and con-
trols into the tape control manual circuits. Inserting
a plug in the jack completes a circuit to activate the
function plugged. Plugs used have no wires attached,;
all circuit contacts are completed by the shaft of the
plug inside the jack.

Commands (Yellow): Four groups of jacks (marked
command 1, 2, 3, 4) are used to set up instructions for
the tape control. Any four .commands can be pro-
grammed to execute one at a time or repeatedly at
high speed. Commands plugged into the ce panel must
be in odd parity to prevent errors on the bus out lines.

An instruction ring controls the sequencing of com-
mands. The ring is actually two binary triggers de-
coded into 4 steps:

00=1 10=3
01 =2 11=4

Stepping of the ring triggers is controlled by the “any
command trigger.” Each time the Any Command trig-
ger is reset by status in, the instruction ring is stepped.

Stop (Yellow): A stop jack is to the right of each
command group. If a stop jack is plugged, the tape
control stops after execution of the associated command.

Addresses (Gray): Each command group has a cor-
responding address group on the right side of the panel.
The instruction ring activates the address group and
the corresponding command group at the same time.
Each address group supplies the tape unit address for
its command. Up to four different tape units can be
used with four different commands without changing
jack plugs.

Above the unit address group is a tape control
address group. The address of the tape control must
be plugged into this group for cE panel operations.
Tape control and unit address positions are sampled
for the address byte during interface sequencing. The
control unit address (0, 1, 2, 3, 4) and tape unit ad-
dresses (P, 5, 6, 7) must have odd parity when com-
bined in an address byte on the bus out lines.

Write Data (Blue): Below the command jacks are
four groups of write data jacks. Any four bytes can be
plugged into these positions as long as correct parity
is maintained. A character counter, similar to the
instruction ring, controls the outputs of the data jacks.
Data bytes are gated (in sequence) to the bus out
lines. Service in gates the data bytes on the bus out
lines and steps the character counter. The four data
bytes repeat as many times as necessary to complete the
specified record length. The same write data bytes are
used by all four command positions.

Record Length: Record length is specified by plug-
ging a jack marked 1, 8, 16, or 128. Records written
from the ce panel consist of the selected number of
bytes plus check characters. If more than one record
length is plugged, the record size written is the smallest
number plugged.

Records written from the ce panel using the data
and character count in Figure 38 produce the results
indicated. Be sure that the correct bit is plugged in all
four characters of the write data.

During cE panel write operation, the delay counter
counts the number of bytes in each record. Off line
AND’s with a write clock 2 pulse to drive the delay
counter once for each byte. When the delay counter
reaches the specified record length, a stop command
is brought up through the jack plug. If no record length
is plugged, continuous data are written until the stop
trigger is turned on by the stop switch or tape indicate.

Register Select: The register select group allows
selection of a register to be displayed in the selectable
register indicators. When the plug is inserted, the
corresponding register contents appear in the indica-
tors. If more than one position is plugged, the indi-
cators contain the or of all the selected registers.

Stop On Error (Red): Just above the command jacks
is a group of jacks called stop on. Plugs in these posi-
tions cause the tape control to stop when an error of
the type plugged occurs. These registers retain the
data they contained at the time of the error:

1. Read/Write Register.

2. Skew Register.

3. Longitudinal Redundancy Check Register.

4. Cyclic Redundancy Check Register.

5. Error Pattern Register.

Error types which can be selected to cause a stop
are:

Unit Check.

. Longitudinal Redundancy Check.

Vertical Redundancy Check ( High Clip Register ).
Skew Error.

Read/Write Vertical Redundancy Check.

Cyclic Redundancy Check.

Any combination of error types may be selected. The
tape control will stop for whichever one occurs first.

CaurtioN: Be careful to remove these plugs after cE

panel operation because they remain active during

on line operation ( jacks outlined in red).

Stop on error can be used as a method of pinning
down intermittent failures during customer operation
or cE system time. Also, the hold error jack blocks the
reset to seven error triggers:

1. Longitudinal redundancy check

2. Cyclic redundancy check

O Gk W=
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Figure 38. CRC Register Bit Patterns
3. High-clip vertical redundancy check A bad parity character can be written in a record, and
4. Forward stop delay noise then read back to test error detection circuits. One or
5. Echo error more blanks can be written in a record to check lost
6. Read/Write vertical redundancy check character detection.
7. Skew error

Hold error is effective during on line operation; it is
outlined in red.

Auto Stop (Red): The auto stop jack (also red),
causes the tape control to stop when a unit exception
or tape indicate is recognized. Unit exception is turned
on by either of two conditions: reading a tape mark
unexpectedly (when file search is down); or a tape
indicate signal during a write operation. Auto stop is
active but generally not used during customer opera-
tion.

Diagnostic Mode (Red): Diagnostic mode is enabled
by the diag jack. This plug must not be in during
customer operation. With the diag plug in place, a
diagnostic command can be given from the cE panel
(off line) or the channel (on line). The plug allows
a diagnostic command to set the diagnostic trigger,
which blocks all parity bits on the write bus lines.

Diagnostic mode is very useful when writing error
circuit test records from the ce panel or the channel.
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The diagnostic mode trigger also enables the latch
back of the force burst mode trigger. When the tape
control is attached to a multiplex channel, it can
operate in either burst mode or byte mode. If the
diagnostic jack is in place but the diagnostic trigger
is reset, a read command forces byte mode. Byte mode
allows simultaneous compute and 1/0 operation so
that tape record gaps can be timed by the cpu. When
the diagnostic jack is not plugged, the burst mode
trigger is allowed to operate normally.

Interface A-B: Two jacks in the bottom right corner
of the cE panel are marked interface A -B. These jacks
are used for operation on an myM 2404 or 2804 simul-
taneous (read and write) tape control unit. A plug in
the A or B jack logically connects the ce panel circuits
to the corresponding interface during off line operation.

Diagnostic Mede

Diagnostic mode is used with the ce panel to check
tape operation. With the diag plug in place in the cE



panel, a diagnostic mode command turns on the diag-
nostic trigger. During write operations, the diagnostic
trigger blocks all bits in the P track of the write bus.

Records can be written with good or bad parity
characters to test error detection circuits. Blank char-
acters can be written in a record to check lost char-
acter detection.

The diagnostic mode trigger also affects the force
burst mode trigger. Tape motion diagnostics such as
IBG tests must compute time while tape is being read.
When the tape control is attached to a slow speed
multiplex channel, byte mode must be forced, to allow
the cpu to run while the channel is busy reading tape.
The three conditions needed to disable the burst mode
trigger and force byte mode are: read command, the
diag jack in place, and the diagnostic trigger off. The
burst mode trigger operates normally for commands
other than read. The diagnostic mode trigger must
remain reset during mBG test reading on a multiplex
channel.

Marginal Checking

The —12M output from the power supply is used for
marginal checking. A jack is provided on the power
supply so that a portable = 3v marginal check power
supply (1M B/~ 210860) may be connected in series
with the —12M output. The 3v power supply will
either add to or subtract from the normal voltage to
produce a usable range of —9v to —15v. When the
portable supply is not plugged into the jack, the —12M
line is connected to the —12 line by a shunt contact in
the jack.

The —12M supply has been selected for marginal
checking because it is the bias reference voltage for
most of the transistor bases in the tape control. By
disturbing the normal operating levels, many inter-
mittent troubles can be located and repaired during
scheduled maintenance instead of on customer time.

The tape control unit must operate error free in all
modes of operation through a range of *3v on the
—12M line. If errors occur between —9v and —15v,
the cause must be found and corrected as soon as
possible.
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Appendix

Tape Control Data Rates

T7/9 TRACK, 800 BPI RATE, KC
Model 1 TU 30.0
Model 2 TU 60.0
Model 3 TU 90.0

T-TRACK, 556 BPIL RATE, KC
Model 1 TU 20.8
Model 2 TU 41.7
Model 3 TU 62.5

7-TRACK, 200 BPI RATE, KC
Model 1 TU 75
Model 2 TU 15.0
Model 3 TU 22.5

Physical Characteristics*

UNIT WEIGHT, LB
2403-1, 2, 3 2000
2803-1, 2, 3 1400
2404-1 2000
2804-1 1600

*For all units: Height is 60 inches; width is 60 inches; depth is
29 inches.

Power Requirements

60-cycle, 208v and 230v = 10%, or
50-cycle, 195, 220, and 235v = 10%

UNIT POWER USAGE, KVA
2403-1, 2,3 2.1
2803-1, 2, 3 1.0
2404-1 2.4
2804-1 1.5

Air Conditioning Requirements

OPERATING NON-OPERATING STORAGE

Temperature 60 to 90°F 50 to 110°F 33 to 150°F
Humidity 20 to 80% 8 to B0% 0 to 80%
UNIT HEAT DISSIPATION, BTU/HR  AIR FLOW, CFM
2403-1, 2,3 5500 1000
2803-1,2, 3 2500 500
2404-1 6300 1200
2804-1 4000 700
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Capacitor Delays

A delay used in the tape control (mostly for interface
lines) comsists of two inverters with a capacitor to
ground on the line between the inverters (Figure 39).

When the input to the first inverter is down, the
capacitor is charged to the plus level of the inverter
output. The capacitor cannot discharge immediately
when the input rises. A period of time passes before
the capacitor discharges enough to change the state of
the second inverter. The size of the capacitor de-
termines the length of delay.

Action is reversed when the input changes to a down
level. The capacitor must charge past the switch point
to change the state of the second inverter.

Because of differences in the charge and discharge
paths, the delay time of the leading and trailing edge
of the pulse may be unequal, so this delay is used only
where the delay timing is not critical.

Signal In Al ) Al Signal Out Delayed
EHK EHH
200 pf
Cap
Gnd
3 _ Delay Timings
Capacitor Size T Wed High
200 pf 0.3 usec 0.6 usec 1.0 usec
390 pf 0.5 usec 0.9 usec 1.5 usec
200 pf + 390 pf 0.6 usec 1.25 usec 2.0 usec

Figure 39. Capacitor Delays

Cabling

Figure 40 illustrates tape control and tape unit
cabling, including power and signal cables. Units
shown in Figure 40 do not represent a typical installa-
tion. Combinations of units were chosen to best illus-
trate a variety of cabling layouts.
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