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7300 Processing Unifc Design Description
Volume 3, Dedicated Resources

This volume provides Memorex Field Engineers with logic design descriptions for the
7300 Processing Unit’s dedicated resources: Basic Data Channels 1 and 2 and integrated
card device adapters, Integrated File Adapter (IFA) and Integrated Communications
Adapter (ICA).

The three sections that comprise this volume are a part of the continuum of sections

that make up the four volume, 7300 Processing Unit Design Description Manual. The
four volumes are organized as follows:

Volume 1, Overview (2501.001)
Section 1. A general description of the 7300 Processing Unit.

Volume 2, Shared Resources (2501.002)

Section 2. A detailed description of main storage, control, timing and
arithmetic parts of the 7300 Processing Unit.

Section 3. A detailed description of the formats, characteristics and
implementation of the micro instructions associated with
the 7300 Processing Unit.

Volume 3, Dedicated Resources {2501.003)

Section 4. A detailed description of the two basic data (selector) channels
for the 7300 Processing Unit.

Section 5. A detailed description of the Integrated Communications
Adapter (ICA) for the 7300 Processing Unit.

Section 6. A detailed description of the Integrated File Adapter (IFA)
for the 7300 Processing Unit.

Volume 4, Power System (2501.004)
Section 7. A detailed description of the 7300 Processing Unit
power system.
NOTE
Because Volume 1 provides an overview of the 7300

Processing Unit, it should always be used as an
introduction to the other volumes in the set.
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4. BASIC DATA CHANNELS (BDC)

INTRODUCTION

These processors’ dedicated resources include the
Basic Data Channel (BDC) logic (as a minimum),
providing interface and control circuitry for
communication with various peripheral equipments.
Processor 2 circuitry also includes the Integrated Card
Reader Adapter ({CRA) and the integrated
Reader/Punch Adapter (IRPA). The processor-state
logic, functional capabilities, and characteristics of
the two processor states are identical; the difference
between them is that of the integrated adapters,
absent in the BDC1 processor, and present in the
BDC2 processor.

Both channels can communicate in the
selector-channel mode with peripheral devices having
external controllers. For BDC1, this is the only
configuration possible; for BDC2, external
assignments may be optional, depending upon the
configuration.

Both the integrated adapters and external controllers
contain the logic necessary to operate the /O devices
and to adapt device characteristics to the BDC
format.

The processor-state logic, of which BDC logic is a
principal control component, operates with the
following characteristics:

e Only one 1/0 device is selected at a time.

e Once an 1/0 device is selected, it stays
selected until a block of data (or, if data
chaining is specified, a sequence of data
blocks) is transferred.

o During basic data channel transfers, other
devices may be executing operations not
requiring basic data channel activity.

The processor states, in conjunction with the basic
data channel logic, can perform the following
operations with respect to adapters and control units
connected to the channel.

e Select a device, dictate the device operation,
and initiate and control the data transfer and
termination under BDC2 software control.

e Select a device, dictate the device operation,
allow the basic channel logic to initiate and
maintain control of the data transfers
(hardware operation).

o Respond to a device-initiated request, scan
all devices, and determine (in order of
priority) which device generated the request
{polling).

e Select and read status indications from each
1/0 device.

e Perform data ‘“turn-around’’ transfers within
the basic data channel logic for diagnostic
testing.

The basic data channels each have the following
characteristics:
e 8-bit byte data transfers

e 16-bit data transfers to/from main storage
wher the Assembly/Disassembly option is
present

e Parity generation and checking logic

e Basic data channel status indication logic
e Modular design

° Diagnosfic capabilities

e Maximum data rate of 1110K bytes (7300)
or 555K bytes (7200) per second.

e Hardware and software control of interface
signals

e Ability to communicate with up to eight
IBM 360/370 compatible external control
units

BASIC DATA CHANNELS
GENERAL DESCRIPTION

Channel Configuration

The interconnection and positional relationship of
the basic data channel logic, shared resources,

4-1



integrated adapters, local |/O devices, and external
control units is shown in Figure 4-1. The tag lines
(control) determine whether the information
transferred on the parallel bus lines is data, status,
address, or command information.

The start and termination of signals between the basic
data channel logic and the control units and adapters
are response-interlocked; that is, termination of one
signal depends upon the initiation of a response
signal. Interlocking allows channel communications
with control units having different circuit speeds and
data rates.

The integrated adapters and external control units
communicate with the channel logic over a group of
common signal lines. The common signal designation
and the direction of travel are shown in Figure 4-2.
Two cables carry all the common signal lines to the
external control units. All the common signal lines
are connected in parallel except the Select In and
Select Out lines which are connected in a serial
selection loop (see Figure 4-3). Each external control
unit’s selection circuitry is either in series with the
Select In or the Select Out line. Regardless of which
selection line is controlled by the selection circuitry,
the control unit simply passes the other of the two
selection signals to the next unit. Each control unit or
adapter will disable the selection loop when selected,
or will forward the selection signa! to the next unit
when not selected. This selection loop configuration
and the channel! logic provide two important features:
polling and priority.

Polling enables the processor state program to select
and service the control unit(s) and adapter(s), in
order of priority, when an 1/O operation has been
requested by one or more control units or adapters.
The priority scheme utilizes the fact that the external
control units may be electronically connected into
the Select Out or the Select In line with priority
levels determined by their placement in this selection
loop. For example, unit one in Figure 4-3 has the
highest priority because it is connected first on the
Select Out line and bypasses the Select In line, but it
could become 4th in priority by being connected
instead to the Select In line and bypassing the Select
Out line.

The integrated adapters are always connected to the
Select In line in the order of priority shown in Figure
4-3.

The Basic Data Channel logic and Integrated Adapter
logic are contained on printed-circuit modules located
in chassis one, row “C”. The specific number of PC
modules and their designation, location and function
are shown in Figure 4-4. The basic data channel logic
requires only two PC modules; the
Assembly/Disassembly option is contained on an
additional module, as is the External Interface logic.

4-2

Channel Requirements

Control units and adapters connected to the Basic
Data Channel must be compatible with the BDC
requirements as described in the following
paragraphs.

A complete selection loop is required regardless of
the number of control units or adapters in the loop.
External control units within the cabling chain may
be bypassed and the integrity of the selection loop
maintained by disconnecting the cables from a unit
and mating the cable ends together. The last
physically connected unit in the external cabling
chain may be removed, temporarily, for maintenance
purposes, and the selection loop integrity retained by
disconnecting the two cables and two terminators
from the unit and then mating the cable ends and
terminators. The basic data channel logic routes the
SEL ECT OUT signal to either the external control
units {EXT INTF present) or to the integrated
adapters. The channel bypass logic directs the
SELECT IN signal to those adapters present. In
BDC1, the SELECT IN signal received back from the
EXT INTF receiver passes straight through the bypass
logic since integrated adapters are not present, thus
maintaining the selection loop {Figure 4-3).

A control unit, while in an off-line mode, must gate
all of its line transmitters off to prevent interference
with communications between the channel logic and
the other control units and adapters. Likewise, a
control unit in the power-off state must not interfere
with the Basic Data Channel operation.

Selection Loop Continuity

While in the off-line mode, each control unit must
provide selection loop continuity by electrically
bypassing the SELECT OUT signal. Each control unit
must ensure that the method of bypassing the
SELECT OUT signal in the power-off state does not
interfere with the propagation of the SELECT OUT
signal.

Each control unit must also ensure that SELECT
OUT signal discontinuities, which may occur when
another control unit on the external channel is
powering up or down, do not affect the propagation
of the SELECT OUT signal. One method of
accomplishing this is by the use of a latch circuit. The
latch is turned on by ANDing the SELECT OUT/IN
signal and the HOLD OUT signal. The latch is turned
off by the termination of the HOLD OUT signal. The
latch circuit is in series with the control unit selection
circuitry, providing a constant SELECT OUT/IN
signal within the control unit, and therefore to the
following control units, regardless of variations in the
incoming SELECT OUT/IN signal.

The integrated adapters also ensure SELECT OUT
signal continuity by the use of a similar latch circuit.
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CHASSIS 1, ROW C

An eight-bit address is used to select the adapters,
control units and 1/O devices. The adapters and single
device external control units are assigned a unique
eight-bit address in the range of O through 255. The
address is assigned to a control unit or adapter at the
time of installation.

Multiple 1/0 devices controlled by one control unit
are assigned addresses within a contiguous number
set. The higher-order bit positions of the address
within a set identify the control unit, and the
lower-order bit positions identify the device.

Adapters and control units respond to their address
whether their respective device is ready or not-ready.
A not-ready condition is indicated by the Unit Check
bit in the Status Byte and the /ntervention Required
bit in the sense byte.
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- N N J . W,
CARD READER READER/PUNCH
ADAPTER BOC1 BDC2 ADAPTER
BOC2
Figure 4-4. Printed-Circuit Module Placement
Addressing Command Byte

The Command Byte comprises eight bits of command
information placed on the Bus Out lines. The
Command Byte is decoded by the addressed adapter
or control unit only during aBDC processor-initiated
selection sequence. The low-order bit positions
indicate the basic type of operation, and the
high-order bit positions are a modification code for
expanding basic operations at the adapter or /O
device. :

The particular modifier and operation codes for
external control units are specified in the appropriate
equipment publication. The integrated adapter
operation codes are dectailed in the appropriate
sections of this manual.

The Command Byte bit designations for the basic
operations are listed below:

If none of the adapters or control units recognize an Command Bit Positions
address, the SELECT OUT signal returns as the ‘

SELECT IN signal. The addressed device appears as 01234567
non-operational, which indicates one or more of the Test 1/0 00000000
following conditions: Sense : MMMMO 100
Read Backward MMMM1 100
. . Write MMMMMMDO 1
@ the unit is not installed. Read MMMMMM1 0
o the unit is in the off-line mode. Control MMMMMMI1 1

o the unit is in a power-down state.

4-6
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The Read command initiates the transfer of
data from the control unit or adapter to the
processor logic. The data is obtained from
the recording media of the selected 1/O
device.

The Read Backward command also initiates
data transfer to the channel as does the Read
command. With the Read Backward
command, the data bytes are transferred
from the adapter or control unit in reverse
order to that of the Read command.

The Write command initiates the transfer of
data from the processor logic to the adapter
or control unit.

The Contro/ command initiates a function or
operation in the adapter or control unit as
determined by the modifier bits. A Control/
command may use second level addressing
requiring several bytes of data to complete
the control operation, or it may initiate film
advance as in the MEMOREX Model 1603
Microfilm Printer.

A Control command with all-zero modifier
bits performs no operation at the adapter or
control unit but does allow time for certain
control units to check conditions before
releasing the channel processor.

The Sense command proceeds as does a
Read command, only the data transferred is
obtained from the selected sense points
within the unit rather than from a record
source.

A Sense command with all-zero modifiers is
a basic Sense command to all adapters and
control units and will not initiate any
operation other than sensing. The basic
Sense command to an available control unit
is accepted even though the addressed device
is in a not-ready state.

The Test //O0 command requests status
information from the addressed adapter or
control unit. If status information is
available, the status bits are placed on the
Bus In lines to the channel logic. If no
outstanding status information is available, a
zero Status Byte is placed on the Bus In lines
(see Status Information). If the selected
adapter or control unit is still performing the
previous operation, status information is not
available and, as such, only the Busy bit is
presented as status information.

A Test //0 command byte during a
processor-initiated selection sequence does
not initiate an operation as do the other
Command Byte codes.

Status Information

The information on the Bus In lines is a Status Byte
when the STAT IN signal is active. The Status Byte
shows the status indications of the control unit or
adapter whose address appeared on the Bus In lines
when ADRS IN was active. During the short-busy
sequence when no ADRS IN signal occurs, it is
assumed that the status information pertains to the
addressed control unit, device, or adapter.

The timing and causes of the status information for
the external control units is specified in the
appropriate equipment publications.

The Status Byte has the following format on the
channel Bus In lines.

Bit Position Designation

P Parity

Attention

Status Modifier
Control Unit End
Busy

Channel End
Device End

Unit Check

Unit Exception

NOOBDWN=0

Once the status indication is accepted by the
processor, it is cleared and not presented again. The
Status Byte is transferred to the channel in the
following situations:

e To indicate the initial-selection status.

e To indicate the Channel End status at the
termination of data transfer.

o To indicate the Device End and associated
conditions to the processor logic. The 1/0
device remains busy during an operation
until the processor accepts the Device End
status indication.

e To indicate Control/ Unit End or Device End
status which signals that a control unit or
device that was busy had been interrogated
and is now free.

e To indicate any previously stacked status
when allowed to do so.

e To indicate any externally initiated status to
the channel (Attention and/or Device End
because of not-ready-to-ready transition).

The following is a brief description of the Status Byte
bit meanings.

e Attention: This state is generated when
some asynchronous condition occurs in the
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1/0 device. Attention is not associated with
initiation, execution, or termination of any
input/output operations, but may occur
with Device End.

Status Modifier: This bit is used by control
units in the following situations:

1) During an initial selection sequence
control, units unable to provide current
status-in response to a Test //0 command
present the Status Modifier bit alone.

2) Shared control units present the Status
Modifier bit with the Busy bit during
initial selection sequence to differentiate
a busy control unit from a busy device.

3) Control units designed to recognize
special ending conditions (Search Equal
on a disk) present the Status Modifier bit
with Device End when the condition
occurs.

4) Control units capable of requesting a
retry of a command, in order to recover
from a transient error, or because the
state of the control unit or device
prevented the execution of the command
when it was previously issued present the
Status Modifier bit with Channel End and
Unit Check and Mark In tag line.

e Control Unit End: These conditions are
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provided only by shared contro! units or
control units with multiple 1/0 devices, and
only when one or both of the foliowing
conditions occur:

1) The control unit was interrogated while it
was in the busy state.

2) The control unit detected an unusual
condition while busy, but after Channel
End was accepted.

Busy: This can occur only during a Basic
Data Channel-initiated selection sequence,
and indicates that the control unit or
adapter cannot execute the command
because a previously initiated operation is
being executed or because outstanding status
conditions exist. An operation is being
executed from status acceptance during
initial selection until Device End acceptance.

Busy is indicated to Test 1/O only if a
previously initiated operation is still being
executed and no end status is available.

Channel End: This is caused by the
completion of the data transfer portion of
an input or output operation. Each
operation causes only one Channel End
status.

For the adapters, the Channe! End condition
occurs on completion of the data transfer
between the adapter buffer and the channel.
During Control operations, Channel End is
usually generated after the contro!
information is transferred to the control unit
or adapter; although for short operations it
may be delayed until end of the operation.
Operations that do not involve data transfer
provide the Channe! End condition during
the initial selecticn sequence (immediate
commands).

Device End: This is caused by the
completion of an 1/O operation at the /O
device; it indicates overall completion of the
current operation. Each 1/0 operation causes
only one Device End condition. It is
generated either simultaneously with the
Channel End or presented later.

Unit Check: This situation indicates the /O
device, control unit, or adapter has detected
an unusual condition that is detailed by the
information available to a Sense command.
An error condition causes the Unit Check
indication only when it occurs during
execution of a cornmand or during some
activity associated with an 1/0 operation.

Unless the command is designed to cause
Unit Check (such as Rewind And Unload on
magnetic tape), it is not indicated if the
command is properly executed even though
the device has become not-ready during, or
as a result of, the operation. Similarly, Unit
Check is not indicated if the command can
be executed with the device not-ready.

If, during an initial selection sequence, the
device detects that the command cannot be
executed, Unit Check is presented to the
processor and it appears without Channel
End, Control Unit End, or Device End. Such
unit status indicates that no action has been
taken at the Device In response to the
command.

Unit Exception: This means that the 1/O
device detected an unusual condition such as
end-of-file. This code has only one meaning
for any particular command and type of {/O
device. A Sense operation is not required as
a response to the acceptance of a Unit
Exception condition.

A Unit Exception condition can be
generated only when the |/O device is
executing an 1/0 operation, or when the
device is involved with some activity
associated with an 1/O operation and the
condition is of immediate significance. If a
device detects a Unit Exception condition



during the initial-selection sequence, it is
presented without Channel End, Control
Unit End, or Device End.

Sense Information

This information is presented in response to a Sense
command during a BDC-initiated selection sequence.
(See Sense under Command Byte.) The information
provided by a basic sense operation is more detailed
than that supplied by the Status Byte. The Sense
Bytes, for example, may describe reasons for the Unit
Check indication in the Status Byte or may indicate
when a device is in the not-ready state.

All sense information significant to the use of the 1/0
device is usually provided in the first two Sense
Bytes. The amount and meaning of the sense
information is peculiar to each type of 1/O device and
is specified in the appropriate equipment publication.

The sense information from the last I/0O operation or
control unit action is cleared by the next command
addressed to that control unit, provided the Busy bit
was not set in the /nitial Selection Status Byte and
the command is addressed to the device that causes
the sense. The commands Sense, Test //O or
No-Operation, presented to that device, will not clear
the sense information.

Sense information may also be generated or changed
as a result of asynchronous actions of the device.

A command code with invalid parity causes the sense
information to be replaced with the new sense
information which contains Bus Out Check.

The first six bits of the first sense byte have the same
designation for all 1/0 devices:

Bit Position Description
0 Command Reject
1 Intervention Required
2 Bus Out Check
3 Equipment Check
4 Data Check
5 Over Run

o The Command Reject condition occurs
when the device receives a command it is hot
designed to execute, receives a command it
cannot execute because of its present state,
or recognizes an invalid sequence of
commands.

e /ntervention Required is generated when the
last operation could not be executed because
of a condition that requires intervention at
the 1/0 device. This bit indicates conditions
such as an empty magazine (hopper) in a
card punch or a lack of paper in the printer.

Intervention - Required is also turned on
when the addressed device is in the
not-ready state, is in a test mode, or is not
connected to the control unit,

® Bus Out Check results when the external
control units receive a Data Byte or a
Command Byte with invalid parity. Invalid
parity in an output Data Byte does not cause
the operation to be terminated prematurely,
whereas invalid parity in a Command Byte
does prevent command execution.

o Equipment Check indicates detection of an
equipment malfunction in the adapter,
control unit or 1/O device. It stops
transmission and terminates the operation
prematurely.

o Data Check is generated when invalid data
has been detected by the control unit during
the reading of data from the record source.
The control unit forces correct parity on the
data sent to the processor logic via the
external channel. During writing operations
Data Check indicates invalid data may have
been recorded at the 1/O device. Data Check
causes premature termination only when the
errors prevent meaningful continuation of
the operation.

o Overrun results when the processor logic
fails to respond on time to a request for
service from a non-buffered adapter or a -
control unit operating with a moving
medium. On an output operation, Overrun
indicates the data recorded on the device
may be invalid. This normally stops data
transfer and terminates the operation in the
same manner as a Stop sequence control
(discussed later).

Overrun conditions also occur during
command chaining when the /O device
receives the new command too late.

Signal Interlock Summary

The following list of direct-current interlocking signal
rules must be adhered to by all adapter and control
units using either Basic Data Channel.

1. No more than one bus-in identifier may
be active at any given time, except for
the possible overlap of DAT IN and
SRV IN.

2. A bus-in identifier may become active
only when all bus-out identifiers are
inactive, except during the short-busy
or high speed data transfer sequences.

3. A bus-in identifier may go inactive only
after the activation of a responding
bus-out identifier, except for STATUS
IN in the short busy sequence.



4. OPERATIONAL IN cannot go active
unless OPERATIONAL OUT is active,
and must terminate if OPERATIONAL
OUT terminates.

b. OPERATIONAL IN cannot terminate
until either:

° SELECT OUT ends, and a bus-out
identifier is active in response to
the last bus-in identifier of any
sequence.

e OPERATIONAL OQUT terminates.

° an interface-disconnect control
signal is given.

6. During an interface-disconnect
operation ADDRESS OUT is the only
signal which may be active with other
bus-out identifiers.

7. None of the outgoing common signals
lines, except SUPPRESS OUT, have
meaning when OPERATIONAL OUT is
inactive.

8. SELECT OUT can go active only if
OPERATIONAL IN and SELECT IN
are inactive.

9. SERVICE OUT, DATA OUT and
COMMAND OUT can go active only in
response to an active bus-in identifier.

1. ADDRESS OUT for a
processor-initiated selection sequence
can go active only if SELECT IN and
SELECT OUT are inactive in the
processor logic.

11. Once ADDRESS OUT has become
active for the interface disconnect

operation it must not end until
OPERATIONAL IN terminates.

12. Once ADDRESS OUT and SELECT
OUT have become active during a
processor-initiated sefection sequence,
ADDRESS OUT must stay active until
after SELECT IN or OPERATIONAL
IN becomes active (or if in a short-busy
response, until after STATUS IN goes
inactive).

Basic Data Channel Control Instructions

The three machine-language instructions (MLI's) used
by the processor state to communicate with the 1/0
devices via the Basic Data Channel processor logic are
as follows:

e Input from 1/O register (INP)

e Output to 1/0 register (OUT)

e System |/0O (SI10)
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These instructions deal with the processor state's
Extended register file, Group 111, which comprises the
five registers residing in the Basic Data Channel !ogic.

The microprograms which implement the above
MLI’'s use Store Register and Load Register
micro-instructions in communicating with the
extended registers. Store Register micro-instructions
transfer information from a shared resources register
to one or more of the Extended registers in the BDC
logic. The Load Register micro-instructions transfer
information from the extended registers in the BDC
logic to a shared resources register.

The 4-bit R4 portion of the /NP and OUT instruction
is the Extended register designator. This 4-bit
designation is sent out through the 1-O register select
logic as Extended Register Number Group Three
(ERNG3) bits 00, 01, 02 and 03.

The S/0 instruction does not contain an Extended
register designator at the machine-language level. The
micro-instructions within the S/O microprogram
contain the Extended register numbers required.

The five Extended registers in the Basic Data Channel
logic are selected using an ERNG3 bit-oriented
scheme. The relationship between the ERNG3 bits of
a store-register micro-instruction and the Basic Data
Channel register(s) selected is shown in Table 4-1.

Table 4-1. ERNG3 Bit Assignment:
Store Micro-Instruction

ERNG3 Bits Extended File Register Written
00 01 02 03 (Destination)

0 0 0 1 Tag Out Register (TOR)
0 0 1 0

Channel Control Register
(CCR)

0 1 0 0 Bus Out Register (BOR)

1 0 0 0 Byte Count Register
(BCR)

TOR, CCR, BOR and
BCR

0 0 0 0 None

A Load Register micro-instruction transfers
information from four Basic Data Channel registers
and the Tag In lines. The registers and/or lines read
are selected by the ERNGS3 bits as shown in Table
4-2,
Table 4-2. ERNG3 Bit Assignment:
Load Micro-Instruction

ERNG3 Bits Extended File Registers Read
00 ot 02 03 (Source)
X 0 0 Bus In Register (BIR)

X TAG IN Lines and TOR
X 1 0 CCR
X 1 1 BCR

X X X X




LLOGIC DESCRIPTION
Block Diagram

The logic for a Basic Data Channel processor state
contains two 8-bit data-handling registers (Bus Out
and Bus In); two control registers (Channel Control
and Tag Out); two 8-bit multiplexers (Byte 0 and
Byte 1); a 16-bit Byte Count register; and associated
control logic as shown in the block diagram (Figure
4-5). The signal relationships and data paths between
the shared resources, the Basic Data Channel logic,
and the adapters and external control units are also
shown.

‘The expansion of the Bus In and Bus Out registers
and data paths for the Assembly/Disassembly option
is indicated by the shaded area. This option also
expands the Channel Control register by adding the
Assembly/Disassembly flip-flop.

Register Functions
Bus Out Register (BOR)

Information placed in the BOR originates in either a
processor state's Basic register file or main storage
and is transferred via lines 8 through 15 of the
Extended Register Output (ERQO) data path (Figure
4-6), when the Assembly/Disassembly option is not
present. The contents of the BOR are interpreted by
the adapters and control units as device address,
command, or data as directed by individual Tag Out
lines.

The BOR is a double rank register with each rank
consisting of two 4-bit register MSI elements. The
input clocking to the first rank (BOR1)is the WRITE
REGISTER (WR REG) signal. It is enabled only
when extended register number group 3, bit position
one (ERNG3-01) is set. The contents of rank one is
gated into rank two (BOR2) by STRBIOR2 signal
generated by the control logic. The eight BOR2
outputs are enabled through a rank of inverters to the
integrated adapters (BDC2) and the transmitters on
the external interface board, with the ODD BYT
signal. The ODD BYT signal is produced by the BYT
MD signal which is always active when the
Assembly/Disassembly option is not present.

A parity bit is also generated and sent to the external
control units via the EXT INTF module. The
PARITY Bus Out signal is used to maintain odd
parity (an odd number of 1’s including parity bit) on
the nine Bus Out lines. The parity generating element
monitors the BOR2 contents and places a logic 1 or a
logic 0 on the Parity Bus Out line depending on the
number of logic 1's contained in the BOR2.

Information placed in the BOR is transferred from
the shared resources using all sixteen ERO data paths,
when the Assembly/Disassembly option is present
(Figure 4-6). The BOR becomes a sixteen-bit

double-rank register utilizing the same enables and
clocking signals. The sixteen BOR2 outputs are
enabled through a rank of inverters to the integrated
adapters {(BDC2) and the transmitters on the external
interface board one byte at a time.

The Odd Byte flip-flop, on the Extended register
board, is used to control enabling by the BDC
processor logic. The Odd Byte flip-flop stays set
(enabling odd byte) during all sequences except the
hardware-controlled data transfer sequences. During
this sequence the Odd Byte flip-flop changes state
after each byte transfer, thus alternately enabling odd
(bits 8-15) and even (bits 0-7) bytes. Of course this
only happens when the Assembly/Disassembly option
is present and the Assembly/Disassembly Mode
flip-flop in the Channel Control register is set. When
the Assembly/Disassembly Mode flip-flop is clear
(BYT MD) and the option is present the BDC1 stil}
performs straight byte transfers just as though the
option were not present.

Bus In Register (BIR)

The BIR is also a double-rank register with each rank
consisting of two 4-bit register MSI elements when
the Assembly/Disassembly option is not present. The
register inputs are clocked into rank one (BIR1) by
the STR BIR1 signal when the odd byte enable is
present. BIR information can indicate status, device
address, or data as determined by a specific Tag In
line.

Figure 4-7 is a functional block diagram of the bus-in
configuration. The BIR inputs connect directly to the
eight Bus In lines from the integrated adapters and to
eight of the Bus In Line Receivers on the external
interface module. The BOR2 output is also connected
through one stage of inversion to the BIR1 input and
is enabled only during diagnostic operations.

The eight BIR input lines also connect to the parity
check element inputs. The PARITY Bus In signal
from the external control units controls the parity
check mode. When the PARITY Bus In signal is a
logic 1, it places the parity checker in the even mode,
checking for an even number of 1’s on the BIR1
inputs. Conversely, if the PARITY Bus In signal is a
logic 0, it places the parity checker in the odd mode,
checking for an odd number of 1’s.

The parity check element monitors the nine Bus In
lines, checking for an odd number of 1's, and
indicates a parity error, when detected, with the
CHANNEL PARITY ERROR (CHPARERR) signal.

The contents of BIR1 are gated into BIR2 by the
STRBIOR2 signal generated by the control logic.
Information leaving the BIR2 is selected via the Byte
One multiplexer for the Extended register input
(ERI) bits 8 through 15. The BIR2 output is selected
when Extended Register Number Group Three bit
positions 2 and 3 are clear.



clv

weabeiqg yo0|g 1055690id IAEG ‘G- eanbiy

SHARED RESOURCES

AN

MAIN
STORAGE

4

ARITH-
METIC
LOGICAL
UNIT

BASIC
REGISTER
FILE

DEDICATED RESOURCES (BDC)

MLI AND pl
EXECUTION

AND
CONTROL

1/0 EXTENDED \,
REGISTER

ADDRESS /

r
DRt
m=— BASIC DATA PATH
QT BUS IN REGISTERS == == OPTIONAL ADDITIONAL PATH
(ASSEMBLY-DISASSEMBLY MODE)
BYTE |e
0 BIR2 BIR1 NOTES: 1. NOT ALL CONTROL SIGNALS
I N BV R Y Y/ [ P S —— SHOWN
oPT. 0PT. \ 2. SEPARATE CONTROL SIGNALS
SHOWN AS ONE LINE FOR
SIMPLICITY
BIR2 !J BIR1 |
BUS OUT REGISTERS
BOR1 BOR? )
lr—- AN S E— -y A/D L. A/D —
QPT. 0°PT.
: BUS OUT
I TO DIAG. >
(CCR) CONNEC-
I 4r TOR
i BOR1 jmepd BOR?2
¥ ™)
CHAN'L C
CONTROL m(lj;lcxz ApRs|IN, STAT IN, SRV IN, OPL IN, SEL IN, DAT IN, DIS IN ->
REG. DIAG REQ IN b TO/FROM
INTEGRATED
ADAPTER SELECTED \ ADAPTERS
r v (PROCESSOR
ATTN-X STATE 2
-———- TAG. > oNLY)
ouT
REQ-X, PRI-X, EOT-X CHANNEL — REG. >
CONTROL .
EXCT-X, ERFG3WR/RD,
1/0 EXIT ADRS OUT, CMD OUT, |
7 SRV OUT, OPL OUT, ”
SEL OUT, SUP OUT, DAT OUT | exT. | 746G oUT
INTF.
HOLD OUT oR—>
ERNG3 0.3 CONNECTOR
CMD OUT, SRV OUT, DAT OUT




DIAGNOSTIC AND ASSEMBLY MODE

|

|———
= w P
T —»
¥ | | COLLECTOR ORED WITH
o » { BUSIN LINES ON
o > INPUT TO BUS IN REGISTER
21 -
STRBIOR2
ERNG3-01
1 EU MODULE
ASSEMBLY/DISASSEMBLY
BOR1 BOR2 OPTION
¢
\DATA tDATA I
+ERQ Q-7 —] E
>
Z |—
COLLECTOR ORED
EVEN BYTE_T
WR REG
-— S GEES GRED GEES GEMS N NS SOMS wmn| Ve GG GRS WEGN MRS FEED GEUL SR EEE GNE GEED GEED GEEN SHES SEEN e EEED S e S e dhee S EED GEue S SR oD SEMS SN GG Gmme Sl S
BOR1 BOR2 0
T o . -
1DATA +DATA - & > I?I‘f\’lséé)'Lrjg
. = :
ERO 816 ——p a © h INTEGRATED
5 ¢ ADAPTERS
5 z > (B8DC2}
7 - -
J__,— o ———— -
i w
ERNG3-01 { g iNesT0
¥ LINES TO
0DD BYTE : S EXTERNAL
STRBIOR2 - H CONTROL
z UNITS
| <
o
l [
PARITY
L ———————-
EXTERNAL INTERFACE
FC MODULE
R PARITY n
ENERATOI
ET MODULE

INVERTERS

FOR

BUS

INVERTERS

DIAGNOSTIC AND BYTE MCDE ———’

Figure 4-6. Bus Out Configuration

F DIAGNOSTICS

COLLECTOR ORED WITH

TAG IN LINES

DIAGNOSTIC USAGE

COLLECTOR ORED WITH

IN LINES ON INPUT

TO BUS IN REGISTER



MODE CONTROL R
0, ~
b
< CHPARERR
i >
=
b o
<C
Q.
ET MODULE 7
STRBIR1
COLLECTOR
OR'ED { STRBIPR?
P I
-0, \A‘.—r e f1l~
BUSIN 1, "
LINES. ] 2 §= ol
FROM (-3 5 L1z o o o &
EXTERNAL |2, & o = = > 815
CONTROL |2 w 5
UNITS _‘73_, 3
.__._’ f-
EXTERNAL E w
INTERFACE &|@ _
FC MODULE ol ERNG3 02- 03=0
g w
- y
ro 4
1 .
7> d -
BUS IN LINES 3t o = | & > n"—‘§
FROM oy | o = @ > —
INTEGRATED 5>
ADAPTERS i >
6
Ty
—
—~
0 EVEN BYTE
> ‘ ENABLE
FROM BOR2 > STRBIR1
INVERTERS > -
FOR >
DIAGNOSTIC > STRBIOR2
USE IN »
BYTE MODE >

-

AAAA A} AA A)

N

FROM BOR2 INVERTERS

FOR DIAGNOSTIC USE

IN ASSEMBLY MODE ONLY

ASSEMBLY/DISASSEMBLY
OPTION
EUMODULE

414

Figure 4-7. Bus In Configuration



The BIR also becomes a 16-bit double-rank register
when the Assembly/Disassembly option is present
(Figure 4-7). The eight bits of information from the
integrated adapters or from the external interface
module are clocked into both halves of rank 1 by the
STR BIR1 signal. Into which half of the BIR the
information is enabled is controlied by the Odd Byte
flip-flop. During data transfer sequences the Odd
Byte flip-flop changes state after each data trans-
fer, thus alternately enabling the data into the odd
byte (bits 8-15) and the even byte (bits 0-7)
halves of the register.

The Odd Byte flip-flop is controlied by the hardware
data transfer logic on the ER board. As with the
BOR, the Odd Byte flip-flop is set for all sequences
except the data transfer. Therefore, the even byte
(0-7) half of the BIR is only used during data
transfers, provided the Assembly/Disassembly option
is present and the Assembly/Disassembly Mode
flip-flop in the CCR is in the assembly state (set).

All sixteen bits of information from BIR2 are
selected via the input multiplexers and placed on the
ERI 0-15 data paths to the shared resources during
data transfer sequences. The BOR2 output which is
added when the Assembly/Disassembly module is
present is also connected to the BIR input for use
during diagnostic operations in the assembly mode.

Tag Out Register (TOR)

The TOR (logic page 1C14) consists of two 4-bit
register MSI elements, the same as BOR1. The TOR
input is clocked by the WRITE REGISTER (WR
REG) signal, but is enabled only when ERNG3-03 is
present. TOR inputs connect to the ERO bits 8-16
through one stage of inversion. Seven of the eight
TOR FF's hold bus-out identification, interlock and
scan control information. The TOR bit assignment is
listed in Table 4-3.

Table 4-3. Tag Out Register

Bit

Position Title Abbreviation Function

8 Address Out ADRS OUT Bus Out ID

9 Command Out| CMD OUT Bus Out ID
10 Service Out SRV OUT Bus Qut ID
1M Operational OPL OUT Channel

Out Enable and
Interlock
12 Select Out SEL OUT Scan Control
Hold Out HLD OUT Scan Control
13 Suppress Out | SUP OUT Scan Con-
trol and
Interlock
14 Data Out DAT OUT Bus Out ID
15 Not Used

All TOR outputs (except SEL OUT) connect directly
to the integrated adapters and through the external
interface module transmitters to the external control
units. The Basic Data Channel control logic also
utilizes the TOR information during operational
sequences. The contents of the TOR may also be
routed through the Byte One Multiplexer to the ERI
lines 8 through 15. '

The following paragraphs provide a brief definition of
the TAG OUT signals. An in-depth discussion of the
channe! logic usage of the TAG OUT signals and Tag
In lines is included in the operational sequences
presentation.

e Address Out: This signal indicates the
information on the Bus Out lines is an 1/0
device address and all adapters and control
units are to decode it.

e Command Out: This signal is sent to the
selected adapter or control unit during initial
selection to indicate that the Bus Out lines
contain a command byte. During other
sequences this signal is sent in response to
three of the TAG IN signals: in response to
ADRS IN it means proceed, in response to
STAT IN, it means stack status, and in
response to SRV IN or DAT [N, it means
stop.

e Service Out: This signal is sent to the
selected adapter or control unit in response
to SRV IN or STAT IN signals. A SERVICE
OUT signal indicates the processor has
accepted or presented data or has accepted
status information.

NOTE

The COMMAND OUT, SERVICE OUT and
DATA OUT Tag Out signals are also controlled
by the channel control logic as well as by the
TOR (page 1C13).

o Operational Qut: With exception of SUP
OUT, all signals from the processor logic to
the adapters and control units are valid only
while the OPERATIONAL OUT signal is
present.

e Select Out: This line, which connects via a
serial selection loop to all adapters and
control units, is made active during an initial
selection sequence or poll sequence. The
SELECT OUT signal allows an adapter or
control unit to be selected during an initial
selection sequence or poll sequence by
sending an OPERATIONAL IN signal to the
channel logic.

The Select Out line connects to both the
external interface module and to the bypass

4-15



4-16

logic (page 1C1302) where its signal is
enabled to the Integrated Card Reader
Adapter (ICRA) if the external interface
option (external interface module) is not
present. If the option is present (EXTINFOP
signal low) the SEL IN signal from the
external interface module receiver is enabled
to the ICRA as the EXT INTF SEL IN
signal. The SEL IN back from the ICRA is
enabled to the next adapter (integrated
Reader/Punch Adapter (IRPA) if that option
is present). If the ICRA were not present the
SEL IN signal would be routed directly to
the IRPA. The SEL IN signal is routed to all
options present and finally arrives on the
SEL IN Tag In line if OPERATIONAL IN is
not made active by a control unit or adapter.

Hold Out (HLD OUT): This signal, in
conjunction with the latch circuits in the
external control units and adapters,
performs three distinct functions:

1. During selection sequences HLD OUT is
ANDed with SEL OUT, in each control
unit and adapter, to validate SEL OUT
propagation.

2. During data transfer sequences, it ensures
SEL OUT continuity (see Select Out).

3. When going inactive, it clears the serial
select loop by clearing the Select-Out
latch in all control units and adapters in
parallel.

Once HLD OUT becomes inactive, it may
not become active again for 4 microseconds.

The control logic (page 1C1401) monitors
the Se/ Out bit of the TOR and generates the
HLD OUT signal when the SEL OUT signal
is active.

When the SEL OUT signal goes inactive the
HLD OUT signal is also deactivated and
cannot be activated by SEL OUT again for 4
microseconds. The HLD OUT signal is
disabled by the N121 one-shot circuit, which
produces a 4-microsecond logic 0 on the Q
output each time the SEL OUT signal goes
inactive.

Suppress Out: This signal is used both alone
and in conjunction with the other tag out
lines to provide the following special
functions: suppress data, suppress status,
command chaining, and selective reset. Each
of these functions will be described in
subsequent sections.

Data Out: This signal is sent to the selected
adapter or control unit in response to DAT
IN and indicates the channel has accepted or
presented the data byte. Because of signal

turn-around time on the cables, the DAT
OUT and DAT IN signals are used in
conjunction with and overlap the SRV IN
and SRV OUT signals during the hardware
controlled data transfer operation to
increase the data transfer rate. The control
logic only uses the DAT OUT-DAT IN
signals with external control units that are
equipped to handle it.

Channel Control Register (CCR)

The CCR consists of six edge-triggered flip-flops, five
located in the Basic Data Channel logic on the
Extended register (ER) module, and one contained
on the optional Assembly/Disassembly (EU) module.
The CCR receives its information from the processor
state via ERO bits O through 3 and 7. The REGISTER
CLOCKING signal is generated by ANDing the WR
Reg FF output pulse with ERNG3-02.

Outputs from the CCR connect directly to the
processor control logic with each flip-flop directing a
specific channel operation. The ERO bit assignment
for the CCR is shown in Table 4-4. Bit O connects
directly to the HCX FF and through one stage of
inversion to the HCX2 FF (page 1C13 Loc). When
the CCR is clocked with bit O set, the HCX FF sets
and the HCX2 FF clears. This is the required state of
the two flip-flops when beginning a
hardware-controlled data transfer.

Table 4-4. ERO Bit Assignment in
Channel Control Register

Bit
Position Title Abbreviation

0 Hardware Controlled HCX
Transfer
Hardware Controlled HCX2
Transfer 2

1 Input INPUT

2 Diagnostic DIAG

3 Data Chaining DAT CHNG

7 Assembly/Disassembly ASMDASMD
Mode

The following is a definition of the CCR flip-flop
usage.

e Hardware Controlied Transfer: The adapter
or control unit initiates each data byte
transfer. In response, with HCX set, the
channel logic deskews the data, generates or
checks parity, initiates the correct response
to the control unit or adapter, and requests
data transfer to or from the shared
resources. The processor program transfers
the data, updates the storage address and
compares the updated address with the last
address plus one.



o Hardware Controlled Transfer 2: While set, and ERNG3-03 is low. Table 4-5 indicates the ERI bit

this flip-flop enables rank 1 to rank 2 of assignment during a Load Register micro-instruction
both the BIR and BOR, thus effectively with the CCR selected.

making them single-rank registers. When

clear, the HCX2 FF forces the channel The channel status bits indicate such things as
control logic to gate data from rank 1 to sequence termination conditions, parity error,
rank 2 of the BOR and BIR. The HCX2 FF interlock signal errors, external control unit status
is cleared at the same time the HCX FF is and assembly/disassembly (EU) module presences.
set. The cleared state of the FF, therefore, is

defined as +HCX2. e Control Check: This flip-flop, when set,

indicates the existence of too many active
TAG IN or TAG OUT signals. The Cntl Chk
FF (page 1C13) becomes set when OPL IN
and SEL IN are active at the same time, or
when any two of the signals ADRS IN,
STAT IN, or SRV IN/DAT IN are active at
the same time. It also is set for a channel
error; that is, when the BDC processor logic
and/or software via the TOR activate CMD
OUT and SRV OUT or DAT QUT at the

. o same time. The Cntl Chk FF is cleared by
The /nput bit position in the CCR must be set the CHANNEL CLEAR (CH CLR) signal
during the processor state’s last major cycle

prior to the start of an input hardware
controlled transfer operation.

e Input: This flip-flop controls the direction
of byte transfers. When set, it indicates an
input operation and enables the control logic
to gate data into the BIR1 during the input
(read) operation. The Input FF, when
cleared, indicates an output (write)
operation,

NOTE

which is present any time the BDC processor
logic is not active: OPL OUT inactive and

e Diagnostic: With the Diag FF set and OPL

OUT and SUP QUT signals absent (page
1C14), the information in the BOR2 is
placed on the Tag In lines and at the input
to the BIR1. The BIR is loaded, when the
proper Tag In lines are activated, by setting
the appropriate bit positions in the BOR.
The basic data channel diagnostic feature
provides information turn-around for
register operational checks and limited
control sequence simulation.

Data Chaining: This FF set inhibits the
clearing of the HCX FF, in the CCR, by the
1/0 Exit FF output at the end of each data
segment transfer. This allows the processor
state to set up control for the next data
segment and to initiate the
hardware-controlled transfer again without
the channel logic losing control of the data
transfer sequence.

Assembly-Disassembly Mode: The flip-flop
determines whether the data transferred
to/from main storage will be one byte or
two bytes wide. When it is set, the hardware
data transfer logic is allowed to assemble and
disassemble bytes in the BIR and BOR and
to perform two-byte-wide transfers to and
from main storage. When it is clear, the
input-output operations are performed in
the one-byte-wide mode.

not in a diagnostic state. This CH CLR signal
clears all channel logic control flip-flops,
channel status flip-flops, and the HCX,
-HCX2 and Dat Chng FF’s in the CCR.

o Transmission Check: The Xmn Chk FF,
when set, indicates a parity error on the byte
of information received from an external
control unit. The Xmn Chk FF {page 1C13
Loc) is clocked each time the BUS IN signals
are gated into the BIR1, if the channel is not
communicating with an integrated adapter.
The CHPAR ERR signal controlled by the
parity check element (page 1C14)
determines if the Xmn Chk FF will set when
clocked.

Any time one of the integrated adapters is
communicating with the channel logic it
activates the ADAPTER SELECTED signal.
This signal disables the clocking gate to the
Xmn Chk FF, thus not allowing parity error
indications on information transferred from
integrated adapters.

The Xmn Chk FF is precleared when an
interface disconnect sequence is performed,
or by CMD OUT active, by SRV OUT active,
or by the CH CLR signal.

e lllegal Length: This flip-flop, when set,
indicates that the CMD OUT signal was used,
in response to either SRV IN or DAT IN, to
terminate the data transfer. CMD OUT is
used to indicate stop to the control unit or
adapter when the channel logic has

The state of the CCR FF’s along with channel logic determined all the data has been transferred
status information is selected via both multiplexers (byte count=0). The lllegal Length Channel
and routed to the ERI lines when ERNG3-02 is high Status flip-flop and the byte count in the
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Byte Count register indicates the type of
data transfer termination as listed below:

lllegal Length Set = Processor terminated
the data transfer before device was ready
to.

lilegal Length Clear and byte count zero
= Both the processor logic and device
terminated data transfer at same time.

lllegal Length Clear and byte count not
zero = Device terminated data transfer
before processor logic was ready to.

e Assembly/Disassembly Mode: The state of
this flip-flop indicates whether the processor
logic is in the one-byte-wide or
two-byte-wide transfer mode: when set, it
indicates two-byte; when clear, it indicates
one-byte.

o Mark Zero In: This Tag In Line is activated
by an external control unit requesting
command retry via the MKO IN signal.

o Assembly/Disassembly Option Present: This
channe! status line is active when the
ASMDASOP (EU module) is present.

Table 4-5. CCR and Status Bit Assignment (ERI)

ERI Bit
Source Position Title Abbreviation
CCR 0 0 Hardware Coantrolled Transfer HCX
1 1 Input INPUT
2 2 Diagnostic DIAG
3 3 Data Chaining DAT CHNG
Channel 4 Control Check CNTL CHK
Logic 5 Transmission Check XMN CHK
Status
Flip-Flops 6 INegal Length ILL LGTH
CCR7 7 Assembly/Disassembly Mode ASMDASMD
(EU Module)
External 8 Mark Zero In (Tag In Line) MKO IN
Control
Units
9
10
n Not Used
12
13
14
EU Module 156 Assembly/Disassembly Option Present ASMDASOP

Byte Count Register (BCR)

The BCR consists of four 4-bit counter MSI elements
connected together to form a 16-bit up counter. The
complement of the byte count minus one on the ERQ
lines is loaded into the BCR during a Store-Register
micro-instruction (Figure 4-8) by the LOAD BCR
(LD BCR) signal. Only during a Store-Register
micro-instruction with ERNG3-00 high will the Load
Byte Count (LD BYT CNT) flip-flop be set and clear,
thus generating the LD BCR pulse (page 1C14).
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The BCR counts up by one each time a data byte is
transferred between the channel logic and a control
unit or an adapter during a hardware controlled data
transfer sequence. The COUNT UP signal
(SRVO+DATO) into the least-significant bit of the
BCR clears each time either SRV OUT or DAT OUT
goes active. On the trailing edge of SRV OUT or DAT
OUT the BCR counts up by one. The CARRY OUT
signal from each MSI element feeds the count up
input to the next higher-order element.
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Figure 4-8. Byte Count Register Configuration

When all 16 bits in the counter are set, the next
count-up pulse causes a carry out from the
most-significant bit position of the counter. For this
reason, the byte count minus one is sent to the
channel logic to be loaded into the BCR, as shown in
the following example.

002515 Number of bytes to
transfer

00244 Byte count minus 1 sent
to basic data channel
control logic

FFDB g Value loaded into BCR

FFFFqg Value in BCR after 2445
bytes transferred

00004¢g Value in BCR after 2545
bytes transferred

carry out

The CARRY OUT signal clears the Input FF in the
CCR, clocks the Cmd Out Cntl FF and clears the
ASMDASMD FF on the optional
Assembly/Disassembly {EU) module.

The contents of the Byte Count register may be
selected via both Byte Zero and Byte One
Multiplexers and routed to ERI lines. This occurs
during ‘a Load Register micro-instruction with
ERNG3-02 and 03 set.

Channel Signals

The nine Tag In lines (TiLs) (page 1C13) transfer
identification, interlock, and control information
from the adapters and control units. The TlLs
{except that for SEL IN) connect directly to
integrated adapters and to the external control units

via the external interface module receivers (Figure
4-9). The SEL IN tag line is connected to the channel
select-in bypass logic (Figure 4-3). The BOR output is
routed through one stage of inversion before being
collector OR’d to the TIL. The BOR input is used
during diagnostic operations.

The TiLs connect to the control logic and to both
multiplexers. Six of the TAG IN signals direct,
through the control logic, specific operations and/or
events. Eight TILs are selected through the Byte Zero
multiplexer to the ERI lines 0 to 7, when ERNG3-02
is low and ERNG3-03 is high. The ninth TIL (MARK
ZERO IN) is selected through the Byte One
Multiplexer when the CCR is read (see Channel
Control Register). The bit assignment is listed in
Table 4-6, immediately followed by a signal
description.

Table 4-6. Tag In Signal Usage

Pi)siBt'iton Title Abbreviation | Function

0 Address In ADRS IN Bus In ID

1 Status In STAT IN Bus in ID

2 Service In SRV IN Bus In ID

3 Operational OPL IN Interlock

In

4 Select In SEL IN Scan Control

5 Request In REQ IN Scan Control

6 Data In DAT IN Bus In ID

7 Disconnect In | DIS IN Special Control
8 Mark Zero In MKO IN Special Control
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Address In: This signal goes active when the
selected adapter or control unit has placed
its address on the Bus In lines.

Status In: This signal goes active when the
selected adapter or control unit places a
Status Byte on the Bus In lines.

Service In: The selected adapter or control
unit activates this signal when it wants to
transmit or receive a byte of information.

Operational In: This signal goes active in
response to SEL OUT when an adapter or
control unit becomes selected either during
an adapter/control unit- or
processor-initiated selection sequence and
remains active for the duration of the
selection.

Select In: This line provides a return path
for the SEL OUT signal via the serial
selection loop. This signal goes active during
an initial selection sequence indicating the
adapter or control unit addressed by the
control logic did not become selected.

Request In: This signal goes active when an
adapter(s) or control unit(s) is ready to
present data or status information to the
processor logic regardless of the immediate
sequence being executed by the processor.
REQ IN requests a selection sequence to be
performed, and remains active until the
adapter or control unit activates OPL IN
during the selection sequence.

Data In: The selected external control unit
activates this signal when it wants to
transmit or receive a byte of information.

Disconnect In: This signal provides the
external control units with the ability to
alert the system to malfunctions, which
cannot be properly signaled using the other
common interface signals.

Mark Zero In {MKO IN): This signal is
activated by an external control unit-when a
condition requesting command retry is
encountered. This signal is enabled through
the Byte One multiplexer when the CCR and
channel status information is read.

will not change states, regardiess of when the
switch position changed, until the CLK OUT
is inactive and the following conditions
prevail:

o No active communication on the basic
data channel that will affect this unit.

e No pending status information on this
unit.

e No command chaining indicated for this
unit.

The channel control logic (page 1C1302)
generates CLK OUT whenever either SEL
OUT or OPL IN is active. Pressing the
System Control Panel MAINTENANCE
MODE pushbutton places the computer in
maintenance mode, preventing SEL OUT
from activating CLK OUT.

o Metering Out (MTR OUT): This signal is
used to condition running-time meters in
external control units. The control logic
(page 1C1302) also generates MTR OUT
whenever SEL OUT is active or whenever
the MTR IN signal is active. Maintenance
mode disables the SEL. OUT signal input to
the MTR OUT logic but does not disable the
MTR IN input.

e Metering In (MTR IN): This signal is
normally activated by an external control
unit from the acceptance of a command
until the generation of Device End for that
command. For 1/0 device metering
definitions refer to the pertinent 1/O device
publication. The control logic simply uses
MTR IN to generate MTR OUT, thus
conditioning the running-time meter in the
external control unit.

The CLOCK OUT, METERING IN and METERING
QUT signals are not used by the integrated adapters.
METERING IN and METERING OUT are not
required, because the adapters do not contain
running-time meters. CLOCK OUT is not required to
condition state changes in the adapters.

e Adapter Selected: This signal is activated by
an integrated adapter while communicating
with the basic data channel. When active,

In addition to the TAG IN signals already discussed,
the basic data channel control logic deals with other
channel signals directly (Figure 4-5). A description of

this signal disables parity error checking (see
Transmission Check).

these signals follows. e External Interface Option (EXTINFOP):

This signal, when active, indicates the

e Clock Out (CLK OUT): This signal is used in presence of the external interface printed

conjunction with the METER circuit module in location 1C02. The

ENABLE/DISABLE switch located on the EXTINFOP signal is used by the select-loop

same external control unit or cdevice. bypass logic (page 1C1302 Loc) (see Select
CLOCK QUT ensures that the control unit Out).
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® Card Reader Option (CR OPT): Activated
when the ICRA modules are present.

e Card Reader Punch Option (CRP OPT):
Activated when the IRPA modules are
present.

NOTE

The above option signals are used by the
select-loop bypass logic (page 1C13).

In addition to the Extended register data paths and
Extended register address, the BDC control logic
utilizes several discrete signals in communicating with
the instruction execution and control circuitry
(Figure 4-5). The following description of these
signals, when applicable, includes the timing
relationship of each to a processor state’s major and
minor cycles (Figure 4-10).

e Clock (CLOCK-XX): The five clock signals

received from the shared resources timing
logic are used by the BDC control logic to
generate internal timing signals which allow
it to function concurrently with processor
state minor cycles. Each clock signal lags the
previous clock by 20 nanoseconds, is 30
nanoseconds in duration and repeats every
minor cycle.

e Execute (EXCT-X): This signal is active

while the processor state is in the execute
(E) portion of a time slice. The channel
control logic uses the EXCT-X in both the
active and inactive state (X) being either a 1
or a 2. EXCT-X active allows the clocking of
control registers and flip-flops. In the
inactive state, EXCT-X enables the setting of
the End-of-Transfer FF.

e Master Clear (MC-1/0): This signal is
activated for a power-on clear, a master clear
from the System Control Panel SYSTEM
RESET switch, an autoload operation, or a
reset/load operation. The MC-1/0 signal in
the processor logic terminates all the TAG
OUT signals, clears the Diag FF, and triggers
a one-shot circuit which after nine
microseconds brings the OPL OUT signal
back to the activated state. This one-shot
logic, therefore, does not require the
processor to activate OPL OUT via the TOR
after a master clear.

o Input-Output Exit (1/0 EXIT): This signal is
activated by a CIO1 (Compare 1/0)
and the B-Register value compare or when
the control logic generates an End of
Transfer. The processor control logic ANDs
the 1/0 EXIT signal with EXCT-X to enable
the setting of the 1/O Exit FF at Clock-80
time (page 1C14). The flip-flop is cleared by
CLOCK-40. The resulting 1/0 EXIT pulse is
used to clear the HCX, BIR Cntl and HCX
Req FF's.

e Extended Register File Group Three Write
(ERFG3WR): This signal is activated by the
processor state during the execution of a
Store Register micro-instruction. The
ERFG3WR signal is ANDed with EXCT-2 to
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enable the setting of the Write Register (WR
REG) FF at Clock-60 time (page 1C14). The
WR Reg FF is cleared at Clock-00 time, thus
generating a WR REG pulse which is used to
clock the CCR, TOR, BOR, and BOR 1 Fuli
FFs. :

When the BOR is the register being clocked
(ERNGG3-01 high) the ERFG3WR signal
also clears the HCX Req FF.

e Extended Register File Group Three Read

(ERFG3RD): This signal is activated by the
processor state during the execution of a
Load Register micro-instruction. The
ERFG3RD is used to clear the HCX Req FF
when ERNG3-02 and 03 are both clear. This
is true only when the BIR is being read.

o Request (REQ-X): This signal is used by the

channel control logic (page 1C13) to request
a time slice for the processor. The REQ-X
signal going active immediately sets the
processor’s Busy FF. If the Busy FF is
already set, the REQ-X signal will not set the
Busy FF until after the processor has cleared
it, providing the REQ-X signal is still active.
Once the Busy FF is set, the processor state
will be given a time slice dependent upon the
existing priority levels for processor states
zero to three in the control register, and the
number of active processors.
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Figure 4-10. Timing Relationship, Minor Cycle to Signal
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REQ-X is generated by the BDC request
control logic (page 1C13 Loc ) in response
to Tag In line (TIL) signals, conditioned by
bits of the CCR and control flip-flops. The
request control logic generates two REQ-X
signals, one on the leading edge and one on
the trailing edge of a TIL signal, during all
sequences but the hardware-controlled data
transfers. During a hardware-controlled data
transfer the REQ-X signal is generated by
the hardware-controlled transfer logic (see
Data Transfer operations).

Either the OPL IN or SEL IN signal active
generates a REQ-X through the CNTL REQ
logic. ADRS IN, STAT IN, SRV IN or DAT
IN generate a REQ-X through the Tag Req
logic, if enabled by the CCR and Channel
Control flip-flops. The REQ-X signal
requests a time slice for the processor,
indicating it is to react to the TAG IN signal.
The adapter or control unit and the request
control logic are now interlocked waiting for
the processor’s response.

The processor responds by activating the
proper TAG OUT signal, writing in the TOR
with a Store-Register micro-instruction. The
WR REG pulse produced by processor logic
during the Store micro-instruction ANDs
with ERNG3-03 (TOR designated) to clock
the edge-triggered flip-flops in the Request
Control logic. Depending upon the active
TAG IN signal, the proper edge-triggered
flip-flop will set, disabling the REQ-X signal
through the exclusive OR logic. Now the
Request Control logic and the processor are
interlocked, waiting for the adapter or
control unit to respond.

In response to the change of the TAG OUT
signal, the adapter or control unit terminates
the active TAG IN signal. This generates
another REQ-X through the exclusive OR.
This REQ-X signal indicates the device has
responded to the Tag Out change and it is
again the processor’s turn to react. Not until
the processor reacts and executes a
Store-Register micro-instruction to the TOR
will the edge-triggered flip-flops be again
clocked. When clocked, the proper flip-flop
will clear, since the TAG IN signal is
inactive, disabling the REQ-X through the
exclusive OR.

Attention (ATTN-2): This signal is activated
by REQ IN going active only if Op/ Out bit
in the TOR is active or the Diag bit in the
CCR is set. The ATTN-X signal sets the
processor state Busy FF if its Active FF is
not set. The Active FF not set indicates the
processor is not engaged in controlling a
Basic Data Channel operation.

e Priority (PRI-X): This signal is activated
when the processor logic determines the loss
of data is imminent. This condition occurs
only during hardware-controlled data
transfers when the processor state does not
get a time slice often enough to keep up
with the 1/0O device. This is possible due to
the fact that during a hardware-controlled
data transfer, the logic (not processor state
program) controls the SRV OUT and DAT
OUT signals to the adapter and controi
units.

The PRI-X signal, if enabled by the control
register, sets the Over-Ride Resync FF in the
shared resources logic (see Priority Network
under Time Slicing in Volume 1, General
Description).

o End of Transfer (EOT): This signal is
activated by the channel logic during a
hardware-controlled data transfer. The EOT
FF is set when the adapter or control unit
terminates the data transfer by activating
STAT IN in response to SRV OUT. The
active EOT signal forces the A p-equal-to-B u
condition during the execution of the next
C/O17 micro-instruction by the processor.
The Au=Bu condition generates the |/O
EXIT signal to the processor {(see /O Exit).

OPERATIONAL SEQUENCES

Many different operational sequences can be
performed by way of the Basic Data Channel
processors, some initiated by the processor, and some
adapter or control unit-initiated. All the operational
sequences will be discussed in conjunction with the
hardware/software interlace tables (Tables 4-7
through 4-12) and Figure 4-11. References to the
logic diagrams will be made when necessary to clarify
the discussion.

The hardware/software interlace tables present three
important features:

1) The Basic Data Channel processor operation
and reaction, and the common signal line
activation in relationship to processor
micro-instruction execution.

2} The Basic Data Channel processor operation
and reaction, and processor hardware
operation and reaction to common signal
line activation by the adapters or control
units.

3) The required order of signal generations and
time delay duration.

NOTE

Processor state 2 is used in the following
descriptions for clarity of signal names. All
sequences function the same for processor state
1.
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Initial Selection

Processor state 2 starts an input/output operation by
first selecting the 1/0 device with an initial selection
sequence as listed in Table 4-7. Processor 2 starts the
selection by activating the CHANNEL ENABLE
signal if it is not already active, placing the device
address on the Bus Out lines along with activating the
proper Tag Out lines in the correct order. When the
addressed adapter or control unit receives the SEL
OUT signal, it blocks its propagation along the
selection loop and indicates selection by activating

the OPL IN signal. And, if an integrated adapter is
selected, it also activates the ADAPTER SELECTED
signal. In response to the OPL IN signal, the processor
logic requests a time slice by setting its Busy FF. See
the discussion under Request (REQ-2).

Processor 2 responds by reading the TIilL’s and
determining which TIL caused the REQ-2. This is
necessary because OPL IN is not the only response
possible to SEL OUT. If the addressed adapter or
device is not present, not powered up, or not on line,
SEL IN will be the response causing the REQ-2.

Table 4-7. Initial Selection

Set Busy 2 FF =
G3RD-=-TiL

(TIL determination
routine)

G3RD-«— CCR
G3RD-=-BIR
{address compare
and transfer

check routine)

Micro-Instruction Common
and Hardware Basic Data Channel Signal Adapter or Control
Functions Logic Operation Lines Unit Action
G3WR —~TOR OPL QUT- » (channel enable)
G3WR—-BOR ERO-»BOR1-»BOR2———» BUS OUT ————= Address ———=
250 ns  wait '
G3WR—~TOR ADRS OUT » (decode address)
400 ns  wait
G3WR—=TOR SEL OUT -
generate HLD OUT >
Set Busy 2 FFat—nu-—| Generate REQ-2 OPL IN (device selected)
G3RD==-TIL -— ADAPTER SELECTED
(TIL determination (if adapter)
routine)
G3WR—=TOR Clear REQ-2 —————a-End ADRS QUT— — — = — — - -
BIR2--BIR 1 «¢———-BUS IN ¢———o— Address --—t—
Gate BUS IN ADRS IN

Generate REQ-2

G3WR—=BOR ERO—»BOR1-»BOR2— BUS QUT ————— Command ——=-(direct device operation)
G3WR—»TOR Clear REQ-2————————»CMD OUT » (decode command)
Set Busy 2 FF¢4———]—— generate REQ-2 g — oo — o oo e e ] — End ADRS IN
G3RDww—TIL
(TIL determination
routine)
G3WR —-TOR Clear REQ-2——————»End CMD OUT— 44— — — — —— =
BIR2«-BIR1———ou__BUSIN Status
Gate BUS IN = STAT IN
Set Busy 2 FF ¢——o Generate REQ-2
G3RD-=-TIL
(TIL determination
routine)
G3RD--CCR
G3RD-—BIR
(status check
and transfer
check routine)
G3WR —TOR Clear REQ-2 ———— = SRV QUT
Set Busy 2 FF g———4——— Generate REQ-2e—m — — — — o] — — — — End STAT IN
G3WR—~TOR Clear REQ-2—~————»-End SRV OUT — 4— — — - -
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Likewise, if the addressed adapter or control unit is
busy, it may respond with STAT IN rather than OPL
IN. The discussion under Short-Busy Sequence, has
further details.

Once processor 2 has determined that OPL IN was
the response, it continues with the selection sequence
by deactivating the ADRS OUT signal. The selected
device reacts by placing its address on the Bus In lines
and activating the ADRS IN signal. The BDC logic
responds to the TAG IN signal by generating a REQ
2; then it checks parity on the bus-in information
while gating it into BIR1 and BIR2, and clocks the
Xmn Chk FF if the unit selected is not an integrated
adapter (ADIS PAR signal inactive).

Processor 2 responds by reading the TIL's to
determine that ADRS IN is active. If ADRS IN is
active the address in the BIR and the status
information in the CCR are next read in by processor
Execution and Control Circuitry. The address read is
compared with the address that was sent to make
certain the right device was selected. The CCR status
information is checked.

Once it is determined the right device is selected, the
type of operation is initiated by placing the
Command Byte in the BOR and activating the CMD
OUT signal. The selected adapter or control unit
accepts the Command Byte and indicates this fact by
terminating the ADRS IN signal. The processor logic
recognizes the ADRS IN signal termination and
generates a REQ-2 signal, again requesting a time
slice.

Processor 2 reacts by simply deactivating the CMD
OUT signal. The adapter or control unit responds by
placing its status information on the Bus In lines and
signals this fact with the STAT IN signal.

BDC logic, in response to STAT IN, checks parity on
the Bus In lines, generates a REQ-2 signal to the
Execution and Control Circuitry and generates a
STRB BIR1 signal. The STRB BIR1 signal gates the
bus-in information into the BIR1 and BIR2 and
clocks the Xmn Chk FF if the ADAPTER
SELECTED signal is inactive.

Processor Execution and Control responds by reading
the TIL’s to determine that STAT IN generated the
REQ-2. If STAT IN is active, the processor next reads
the CCR status information and the Status Byte from
the BIR and performs a status check. The status
information received will depend on the operation
specified by the Command Byte. All data transfer
commands such as Read, Write, Read Backward and
Sense normally cause a zero status return. A non-zero
status indication is returned for immediate control
commands, the Test //0 command and for error
conditions. A zero status indicates that a data transfer
sequence will follow the initial selection for all
commands except the Test //0 command.
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If the status indication is incorrect, the processor will
deselect the adapter or control unit at the end of the
initial selection, and no data transfer will take place.
This is done by terminating SEL OUT and HLD OUT
before activating SRV OUT.

Once the Status Byte is accepted and the channel
control status is checked, SRV OUT is activated. The
control unit or adapter responds by terminating the
STAT IN signal, which causes the BDC logic to
generate another REQ-2 signal. The Execution and
Control Circuitry, in response, terminates the SRV
OUT signal and the initial selection sequence is
complete.

Adapter or Control Unit-Initiated Sequence

An adapter or control unit can initiate a sequence
whenever it requires service and the channel is
enabled, by simply activating its REQ IN signal. The
control logic forwards the REQ IN signal to the
processor directly (page 1C13) and in doing so
changes the signal’s name to ATTN-2,

ATTN-2 sets the processor 2 Busy FF, if the
processor 2 Active FF is clear or when it becomes
clear. The Active FF, cleared, says processor 2 is not
-engaged in a Basic Data Channel operation; thus the
request from the adapter or control unit can be
recognized.

Processor 2 must perform a polling routine to
determine which adapter or control unit is requesting
service. This is done by activating only the SEL OUT
and HLD OUT signals and not the ADRS OUT signal
(Table 4-8). The SEL OUT signal arrives at the
control units in the order of priority. If a control unit
is not the one requesting service it passes the SEL
OUT signal to the next lower-priority unit in the
selection loop. (Channel Configuration.) When the
first unit in the selection loop requesting service
receives SEL OUT it stops the signal from further
propagation. It also activates the OPL IN and ADIS
ADAPTER SELECTED (if it is an integrated adapter)
and terminates its REQ IN. the OPL IN signal causes
the control logic to generate a REQ-2 to processor 2
requesting a time slice.

NOTE

If other units are also requesting service at this
time, the REQ IN signal will stay active until all
have been serviced.

Next, the adapter or control unit places the device
address on the Bus In lines and activates the ADRS
IN signal. In response to ADRS IN, the control logic
checks parity on the Bus In lines and generates the
STRB BIR1 signal which gates the BUS IN signals
into the BIR1 and BIR2, clocks the Xmn Chk FF if
ADAPTER SELECTED is inactive, and generates
another REQ-2 (which is not used by processor 2).



Table 4-8. Adapter Initiated

Micro-Instruction Common
and Hardware Basic Data Channel Signal Adapter or Control
Operation Logic Operation Lines Unit Action
Set Busy 2 FFe¢—f——ATTN- 24 —~ — — —— .REQ IN-e (service required)
if ACTIVE clear
G3WR TOR SEL OUT -
generate HLD QUT -
Set Busy 2 FF -¢——d Generate REQ-2 -t OPL IN
(monitors TIL's - — — t—— —— 1. ADAPTER SELECTED
until ADRS IN (if adapter)
goes active) BIR2«—BIR 1= BUS IN— Address -«—}— End REQ IN
Gate BUS IN.w ADRS IN
———] Generate REQ-2
G3RD-«-BIR (Not Used)
G3RD-+—-CCR
(transfer check
routine)
G3WR—»TOR Clear REQ-2 CMD QUT -
(monitors TIL'S ~— Generate REQ-2 End ADRS IN
until ADRS IN (Not Used)
is inactive)
G3WR —»TOR Clear REQ-2 ——————»End CMD QUT
BIR2-4—BIR 1-¢—————BUS IN +¢———"a— Status -¢——~F——
Gate BUS IN- STAT IN
Set Busy 2 FF -— Generate REQ-2
G3RD-«—TIL
(TIL determination
routine)
G3RD-«-BIR
G3RD-« CCR
(transfer check
routine)
G3WR—TOR Clear REQ-2 End SEL OUT
End HLD QUT
SRV OUT -
Set Busy 2 FF-¢———+——— Generate REQ-2 End STAT IN
(monitors TIL's
until OPL IN
is inactive) ——————— Generate REQ-2 End OPL IN
{Not Used)
G3WR—»TOR Clear REQ-2 End SRV QUT

Processor 2, in response to the first REQ-IN signal,
becomes active and reads in and monitors the Tag In
lines.

Once ADRS IN goes active, processor 2 reads in the
device address from BIR2 and CCR status, and
performs an address determination routine. The Xmn
Chk FF is checked for a parity error indication. Once
the device address has been recognized, processor 2
indicates to the adapter or control unit to proceed by
activating CMD OUT, and monitors the TIL’s until
ADRS IN is terminated.

The adapter or control unit responds to CMD OUT
by terminating ADRS IN, causing the generation of a

REQ-2 signal by the control logic (although it is not
used by processor 2). The termination of ADRS IN
causes processor 2 to end CMD OUT.

The adapter or control unit responds to this by
placing its Status Byte on the Bus In lines, and
activating STAT IN. The Status Byte indicates the
reason the adapter or control unit initiated the
sequence with REQ IN.

The control logic, in response to STAT IN, checks
Bus In line parity, generates a REQ-2, generates a
STRB BIR1 pulse which gates the BUS IN signals into
BiR1 and BIR2, and clocks the Xmn Chk FF if
ADAPTER SELECTED is inactive.
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Processor 2, in response to the REQ-2 signal, reads in
TIL's and the Status Byte residing in the BIR2, and
the channel status information in the CCR. The TIL's
are checked for correct response and the Xmn Chk
FF is checked for a parity error in the Status Byte.
Next, the SEL OUT and HLD OUT are terminated
and SRV OUT is activated, indicating the Status Byte
has been accepted.

NOTE

The status information from the polling routine
is used to direct the processor 2 program.

The adapter or control unit responds by terminating
STAT IN, which causes the control logic to generate a
REQ-2 signal to Execution and Control Circuitry.
The adapter also terminates OPL IN after making sure
HLD OUT is inactive.

Processor 2, in response to the REQ-2, monitors the
TIL until OPL IN terminates and then ends SRV
OUT, thus completing the adapter-initiated sequence
and polling routine.

Short Busy Sequence

During initial selection, an adapter or control unit can
indicate a busy condition in one of two ways,
depending on the unit’s design.

1) The busy adapter or control unit presents
busy status information during an initial
selection sequence in response to CMD OUT
going inactive.

2) The busy adapter or control unit can force a
short-busy sequence by responding to SEL
OUT with STAT IN rather than OPL IN
during the initial selection.

The short-busy sequence begins as a normal initial
selection with processor 2 enabling the channel,
placing the device address on the Bus Out lines and
activating SEL OUT and ADRS OUT (Table 4-9). The
processor logic activates HLD QUT. When SEL. OUT
is received by the addressed adapter or control unit, it
is blocked from further propagation. OPL IN is not
activated at this time by the adapter or control unit.
The adapter or control unit places the Busy Status
Byte on the Bus In lines and indicates it is status,
rather than address information, by activating the
STAT IN signal, not ADRS IN.

The control logic responds to the STAT IN signal by
gating the Status Byte into the BIR1 and BIR2 with
the STRB BIR1 signal, by clocking the Xmn Chk FF
if ADAPTER SELECTED is inactive, and by
requesting a processor 2 time slice with the REQ-2
signal.

Table 4-9. Short Busy

Set Busy 2 FF-¢———t—— Generate REQ-2
G3RD-=—-TIL

(TIL determination
routine)
G3RD-=BIR
G3RD--—CCR
(transfer check
routine)

G3WR -—=TOR
Monitor TIL's

until STAT |N-e—————— Generate REQ-2
goes inactive (Not Used
G3WR—+TOR

Clear REQ-2

Micro-Instruction Common
and Hardware Basic Data Channel Signal Adapter or Control
Operation Logic Operation Lines Unit Action
G3WR-—»TOR OPL OUT »(channel enable)
G3WR-»BOR BOR1—»BOR2————»-BUS OUT ——}—»Address -
250 ns  wait
G3WR—»=TOR ADRS OUT » (decode address)
400 ns  wait
G3WR—»TOR SEL OUT >
Generate HLD OUT >
BIR2«— BIR 1= BUS IN-g— Status e
Gate BUS IN-- STAT IN (unit busy)

End SEL OUT
End HLD OUT

End ADRS OUT

-+ e —— e b ADAPTER SELECTED
(if adapter)

End STAT IN
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Processor 2 reads the TIL’s to determine which TIL
caused the REQ-2 signal. Once STAT IN is
determined to be the active TIL, the status
information in the BIR and CCR status information is
read in. Processor 2 signals the adapter or control unit
that it has read the status information by deactivating
the SEL OUT signal, and continues by monitoring the
TiL's. The control logic deactivates HLD OUT as a
result of SEL OUT termination.

The adapter or control unit responds by deactivating
the STAT IN signal, and thus has completed its
portion of the short-busy sequence.

The control logic generates another REQ-2 in
response to the STAT IN signal termination.
Processor 2 terminates the ADRS OUT signal as a
result of the STAT IN signal going inactive, thus
completing the short-busy sequence.

Data Transfer Sequence

After a channel-initiated selection sequence has been
completed, the control unit or adapter remains
selected by processor 2, for the duration of
information transfer. The information can be sent in
response to a Sense command, control information in
response to a Contro/ Command or data in response
to reads and writes. The number of data bytes is
determined by the device record length or the byte
count.

Data transfer sequences may be entirely under
processor 2 machine-language program control; or
under both Basic Data Channel hardware and
micro-instruction control, referred to as a
hardware-controlled data transfer (HCX transfer). A

data transfer sequence may be terminated by either
the processor logic or the adapter or control unit.

Once the selection sequence has been performed, the
control unit or the adapter starts an input data
transfer by placing a Data Byte on the Bus In lines
and activating SRV IN. The Bus In lines and SRV IN
are maintained until the channel logic responds with
SRV OUT, which causes the termination of SRV IN.
The channel logic responds to SRV IN termination by
terminating SRV OUT. This short routine is repeated
for each Data Byte transfer (Figure 4-11).

After a selection sequence, the control unit or
adapter also may start an output data transfer by
activating SRV IN. The first Data Byte is placed on
the Bus Out lines, and SRV OUT is activated in
response to SRV IN. The SRV OUT signal and the
Bus Out lines are maintained until the control unit
responds by -terminating SRV IN. The processor
responds by terminating SRV OUT. Again this
routine must be repeated for each Data Byte transfer.

Ending Sequences

An ending sequence terminates a data transfer
operation by first presenting device and adapter or
control unit status information and then deselecting
the device from the Basic Data Channel. Either
processor 2, through the channel control logic, or an
adapter may initiate an ending sequence.

If an ending sequence is initiated by the channel
control logic, one or two sequence of events will be
performed. The sequence(s) that occur depend on the
1/0 device, as shown below.

Single Ending Sequence

Non-Buffered Device

Wait — when control unit
has completed present > End, Device End, and
command

Ending sequence: Channel

deselect

Ending sequence initiated by the Basic
Data Channel processor before 1/O
device has reached an ending point

Ending sequence
»-| Channel End
and deselect

Buffered Device
{integrated adapter)

}———»| can accept S status presentation

1st sequence

one sequence

Wait until device Asynchronous

sequence: Device
End

another command

2nd sequence

Double Ending Sequence

4-31



Processor-Initiated

During a data transfer, the BDC processor stops the
transfer and signals the beginning of an ending
sequence by indicating stop to the adapter or control
unit. Stop is indicated by a response of CMD OUT,
instead of SRV OUT, to the SRV IN or DAT IN
signal (Table 4-10 and Figure 4-11). The adapter or
control unit, in response to CMD OUT, terminates
SRV IN because data is no longer to be transferred —
note: byte is not transferred. The processor reacts to
the ending of the SRV IN by terminating CMD OUT.

Both the adapter or control unit and processor 2 now
have registered the fact that the data transfer has
stopped and the ending sequence is to follow.

Double Ending Sequence — All integrated adapters,
and some control units start the ending sequence
immediately by placing status information on the
Bus In lines and activating STAT IN. The control
logic in response to STAT IN activates the REQ-2
signal, and after a 220-nanosecond delay triggers the
Strb BIR1 one-shot circuit. The one-shot output gates
the Bus In information into the BIR1 and into BIR2
after u1 sets -HCX2.

Processor 2 reads in the TIL’s to determine that
STAT IN caused the REQ-2. Once it is determined
STAT IN is active, the Status Byte from the BIR, and

the CCR status are read. The Status Byte contains
Channel End bit because data transfer has stopped.
Other status bits may be present, depending on
adapter and device conditions. (Status information
under Channel Requirements has further details.)
Processor 2 now indicates to the adapter that the
status information has been accepted, not stacked, by
activating SRV OUT. Processor 2 also starts the
deselection by ending SEL OUT and HLD OUT.

The adapter, in reaction to SRV OUT going active,
first makes sure HOLD OUT is inactive and then
terminates STAT IN and shortly thereafter OPL IN.

The control logic generates a REQ-2 signal in
response to STAT IN going inactive. Processor 2
monitors the TIL until OPL IN terminates at which
time processor 2 terminates SRV OUT, completing
the ending sequence. The 1/O device is now no fonger
selected by the channel, but only Channel End status
has been presented to processor 2. This makes it
necessary for the adapter or control unit to initiate a
sequence for presenting Device End status when it
occurs; thus it is called an asynchronous status
presentation (Figure 4-11).

Single Ending Sequence — Some control units, such
as that in the MEMOREX Magnetic Tape Subsystem,
use only the one ending sequence at the conclusion of
a data transfer operation. These control units will

Table 4-10. Channel Initiated Ending

Program Execution

Common

and Hardware
Operation

Basic Data Channel
Logic Operation

Signal
Lines

Adapter or Control
Unit Action

Set Busy 2 FF =]
G3RD-=—TIL

(TIL determination
routine)

G3RD-=- CCR
G3RD~+BIR

(status and

transfer check

routine)
G3WR-»-TOR

Set Busy 2 FFt—-—
G3RD=»TIL

(monitor TIL's

until OPL IN

goes inactive)

G3WR—TOR

CMD OUT

End CMD OUT

BIR2<«—BIR 1= BUS IN

STOP
indication

Status ———-]

End SRV IN

— (channel end)

Gate BUS IN —=
—— Generate REQ-2

Clear REQ-2 SRV OUT

STAT IN

ENDING

End SEL OUT
End HLD OUT
Generate REQ-2

End SRV OUT

End STAT IN

End OPL IN
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start the ending sequence immediately upon
completion of the data transfer sequence, as is the
case for a Sense command. They also wait until the
operation is complete before starting the ending
sequence, such as for a Read or a Write command.

Waiting until the operation is complete requires only
one ending sequence during which both Channel End
and Device End are presented. This method keeps the
channel connected to the control unit until
completion of the ending sequence.

Adapter or Control Unit-Initiated

When an adapter or control unit recognizes the end of
a data transfer before processor 2 does at the same
time, it initiates the ending sequence. In this situation
there is no need to indicate Stop with the CMD OUT
signal. An adapter simply starts the ending sequence
by activating STAT IN when SRV OUT terminates
after the last Data Byte transfer (dashed arrow on
Figure 4-11).

Here again, as described under Double Ending
Sequence, the adapter presents Channel End and
deselects during the ending sequence. It then presents
Device End, when it occurs, with an adapter-initiated
asynchronous status presentation sequence. For
delayed ending sequence devices, the control unit
does not activate STAT IN immediately after SRV
OUT ends, but waits until both Channel End and
Device End are available before starting the ending
sequence.

SEQUENCE CONTROLS

In addition to the basic operational sequences
previously discussed, certain other operations are
indicated by the order of the signal activation. The
following is a discussion of these various sequence
controls including both their initiation sequence and
operation.

Suppress Status

Whenever the BDC processor does not want to
recognize status conditions, SUPPRESS OUT (SUP
OUT) is activated. With SUP OQUT active, the control
unit or adapter will not attempt to initiate a selection
sequence to present suppressible-type status
information. Status information that contains
Channel End is not suppressible until stacked except
when interface disconnect is received for that address.
Status information that contains Device End is not
suppressible, when command chaining has been
indicated, until it is stacked.

SUP QUT must be active 250 nanoseconds before
SEL OUT becomes active at the control unit or
adapter to ensure suppression of status indications.
Suppression of status indications prevents the
initiation of an adapter or control unit selection
sequence.

Command Chaining

Command chaining is indicated if SUP OUT is active
when SRV OUT is activated in response to STAT IN.
Command chaining means that another command for
the 1/0 device in operation will immediately follow
the presentation of Device End, provided the current
operation executes without errors.

To ensure recognition of command chaining by the
control unit, SUP OUT is active 250 nanoseconds
before SRV OUT is activated in response to STAT
IN, and SUP OUT must not end before STAT IN.

Interface Disconnect

The control unit or adapter will recognize interface
disconnect whenever ADRS OUT is active and SEL
OUT and HLD OUT are terminated for at least 250
nanoseconds before the completion of any
operational sequence. The adapter or control unit
terminates OPL IN in response, and the BDC
processor thus terminates ADRS OUT to complete
the interface disconnect. ADRS OUT must be
inactive for 250 nanoseconds before a
channel-initiated selection is started.

The adapter or control unit responds to the interface
disconnect by removing all signals (except possibly
REQUEST IN and MTR IN) from the common
interface. For an input operation, data on the Bus In
lines need not be valid after ADRS OUT becomes
active. During an output operation, data on Bus Out
lines must be valid until the terminations of SRV IN
or OPL IN.

When the device reaches the normal ending point, the
adapter or control unit attempts to obtain selection
and present any generated status information to the
channel. The adapter or control unit will not generate
status information as a result of the interface
disconnect if it is performed before initial status
information is accepted, or after Device End status
for an operation has been accepted by the BDC
processor.

While performing an operation, the 1/0 device or
adapter will remain busy after it receives an interface
disconnect until the Device End status is accepted by
the processor.

Selective Reset

Selective reset is indicated when SUP OUT s
activated and OPL OUT terminated. This order of
events causes the active adapter or control unit to
terminate OPL IN, clear its status indication and
become reset. The 1/0O device in operation is the only
one that is reset, even on a multi-device control unit.

The operation in process will proceed to a normal
stopping point, if applicable, with no further data
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transfer, and Device End may be presented after the
selective reset. To be effective, SUP OUT is active
250 nanoseconds before OPL OUT terminates, and
remains active until 250 nanoseconds after OPL OUT
again goes active. OPL OUT must remain inactive
until OPL IN terminates or for at least six
microseconds, whichever occurs later, for the
selective reset to be effective. The ready or not-ready
state of the adapter or control unit is not changed by
aselective reset.

System Reset

System reset occurs whenever OPL OUT (the channel
enable) and SUP OUT are inactive together and the
devices are in on-line mode. System reset causes OPL
IN to terminate and all adapters, control units and
devices, along with their status information, to be
reset,

The ready or not-ready state of the adapters or
control units will not change because of a system
reset. To ensure a proper reset, OPL OUT and SUP
OUT must be inactive concurrently for at least six
microseconds.

The particular interpretation of system reset by the
adapters is presented in each of the adapter portions
of this section.

Stack Status

In response to STAT IN, processor 2 activates CMD
OUT rather than SRV QUT to indicate stack status.
The stack status response is not utilized while
processor 2 is operating as a selector channel.

Stop

Stop is indicated to an adapter or control unit
whenever the data transfer is terminated by the BDC
processor. The processor activates CMD OUT instead
of SRV OUT in response to SRV IN during a data
transfer sequence. The adapter or control unit
recognizes the CMD OUT signal as a stop indication,
and proceeds to the ending sequence. The byte
transfer requested by SRV IN does not take place.

DATA TRANSFER OPERATIONS

The processor states perform input-output operations
via their Basic Data Channel. These operations can be
handled in one of two ways. Either way requires
processor activity and strict compliance to the Basic
Data Channel requirements and data transfer
sequence restrictions.

In one way the operational sequences are controlled
by the processor software with the channel control
logic simply following directives. An input-output
operation using this type of control is referred to as a
software operation and is used for diagnostic
purposes only.
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The other type of input-output operation consists of
both Basic Data Channel logic control and
micro-instruction execution. Hardware operation is
the title given an input-output operation utilizing this
type of control.

Both types of input-output operations require data
control within the processor and all the necessary
operational sequences. Either operation allows
communication with buffered units, such as the
integrated adapters, or non-buffered devices such as a
MEMOREX Magnetic Tape Subsystem.

The two types of input-output operations will be
discussed, but only the hardware operation explained
in detail along with supporting hardware/software
interlace tables.

Software Operation

A software operation performs all the operational
sequences required to effect the communications
with the 1/O device. The initial selection, data
transfer and ending sequence are accomplished using
INP and OUT instructions.

Each time any Tag Out or Tag In line is to be
manipulated or a register read or written, processor 2
software must do it. Even during the data transfer
sequence, each Data Byte transferred between the
Basic Data Channel and the computer is accomplished
using an INP or OUT instruction. Thus, in a software
operation in the Basic Data Channel logic functions
strictly as an interface reacting to signals from both
processor 2 and the control unit or adapter.

The software operation is slower than a hardware
operation since the Basic Data Channel processor is
not using its hardware data transfer control logic.
This feature allows the diagnostic program to analyze
responses and reactions by both the channel control
logic and the control unit during an operation. Also,
since the diagnostic program initiates each step with a
machine-language instruction the hardware can be
stopped at the first incorrect response providing
accurate information as to error location and what
was expected.

Hardware Operation

A hardware operation utilizes the System
Input-Output (S/I0) micro-instruction program and
the Basic Data Channel control logic. The S/0
micro-instruction program includes an initial
selection, data transfer, and ending sequence, as
shown in Appendix 4B, the SIO Instruction
flowchart. During the initial selection and ending
sequence the channel control logic functions just as it
does in a comparable software operation; that is, it is
strictly an interface responding and reacting to signals
from the processor and the control unit. It is during
the data transfer sequence that maximum transfer



speed is obtained by use of the one major cycle data
transfer micro-instruction routine and the channel
control logic.

Hardware Input Operation

The following discussion will use as an example a
hardware input operation from the buffered
Integrated Card Reader Adapter. An S/O hardware
operation begins with a micro-instruction initial
selection sequence (Figure 4-12). During the
processor 2-initiated initial selection sequence the
following events occur:

o The card reader adapter is selected.

e A Read command is presented to the
adapter.

e The status information received back from
the adapter is checked for zero.

If a non-zero status indication is received, the S/O
microprogram exits to a processor 2 error-checking
program rather than starting the data transfer
sequence. With a zero status indication returned, the
S/0 microprogram next initializes the channel control
logic to control the data transfer by writing in the
CCR and the BCR. The Hdwe Cntl Xfr1 and Input
FF’s are set, the HCX2 FF is cleared and the Byte
Count (less one) is placed into the BCR. The S/O
microprogram then starts the data transfer sequence
and ends the selection sequence by terminating SRV
OUT (Table 4-11).

The integrated adapters and some control units will
respond with the first Data Byte and SRV IN without
mechanical 1/O device delay. Some external control
units may have mechanical delay before responding.
For example, with magnetic tape a certain amount of
delay is involved before tape movement is up to speed
and the first word read. .

Once the data byte is on the Bus In lines and SRV IN
goes active, the channel control logic responds. SRV
IN does not enter the Request Control circuitry, but
instead is enabled into the hardware-controlled Data
Transfer (HCX) circuitry (page 1C13) by the CCR
flip-flops. SRV IN is delayed 185 nanoseconds to
allow time for the Bus In lines to deskew and for
parity checking. 1t then triggers the Strobe one-shot
circuit (STRB BIR1). The 5b-nanosecond STRB
BIR1 pulse gates the Bus In data into the BIR1,
clocks the Bus In Register Control (BIR CNTL) FF,
setting it, but does not clock the Smn Chk FF,
because the ADAPTER SELECTED signal is active.
The BIR Cntl FF set allows SRV IN to activate the
SRV OUT signal to the adapter by setting the
Channel Service Out FF (CHSRVOUT). The
CHSRVOUT FF, when set, sets BIR1 Full FF if the
ODD BYTE FF isset. The BIR1 Full FF, then, clears
BIR Cntl and triggers the Strb BIR2 one-shot circuit.

The one-shot output pulse sets the Hardware
Controlled (Transfer) Request FF (HCX REQ)
generating a REQ-2 to the Execution and Control
Circuitry, clears BIR1 Full FF, and gates the data
byte from BIR1 to BIR2.

The adapter responds to SRV OUT by terminating
SRV IN and begins placing the next Data Byte on the
Bus In lines. When the data is available it will again
activate SRV IN when SRV OUT is terminated.

The channel control logic uses the termination of
SRV IN to clear the CHSRVOUT FF, terminating the
SRV OUT signal. The trailing edge of the SRV OUT
signal also clocks the BCR, advancing its count by
one.

Up to this point in the data transfer, all operations
have been performed by the Basic Data Channel
control logic. The control logic has effected the
acceptance of a Data Byte, told the adapter to
proceed with the next one and is now waiting for
processor 2 to respond to the REQ-2 signal and
transfer the first data byte into the shared resources.

Processor 2, during the execute portion of the time
slice, performs a one major cycle routine. This
routine consists of six micro-instructions which
perform these operations:

e Read the data byte from the BIR2 and cause
it to be stored in main storage at the current
byte address (CBA)

e Update the CBA by 1 and compare it with
the last byte address (LBA) +1

e IfCBA + 1 # LBA + 1, clear Busy 2 FF and
wait for next REQ-2 to transfer another
byte.

e If LBA +1=CBA + 1 activate the 1/0 EXIT
signal and proceed to the ending sequence in
the SO micro-instruction program.

The Read Register micro-instruction which transfers
the Data Byte from the BIR2 causes the BDC logic to
generate the 30-nanosecond RD WRBR signal. This
signal is also generated for every Write Register micro
instruction to the BOR1. The RDWRBR signal clears
the HCX REQ FF terminating the REQ-2 signal.

Processor Not Busy when Adapter Responds — The
movement of a single Data Byte from the adapter to
main storage has now been completed. This
progression of events will occur again for each Data
Byte transferred as long as processor 2 is not busy
when the adapter responds. The key to the data
transfer rate is the Basic Data Channel HCX logic
used in conjunction with the micro-instruction
routine, which can store a byte of data during each
major cycle. Figure 4-13 is a flowchart showing the
sequence of events during an input data transfer.
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Table 4-11. Hardware Controlled Input Data Transfer

Processor S10 Common
M-1 and Hardware Basic Data Channel Signal Adapter
Operation Logic Operation Lines Reaction
Set BUSY 2 FF-e—————1— Generate REQ-2 End STAT IN End of initial
G3WR—»-CCR Set HDWE CNTL XFR1 and selection
Input FF — clear HCX2 FF sequence
G3WR-»BCR Byte Count — | ~——————3-BCR
G3WR—TOR Clear REQ-2 End SRV OUT
Clear Busy 2 FF
BIR1 BUS IN = Data -
Gate BUS INe SRV IN
Activate SRV OUT
BIR2-w—BIR1
Set Busy 2 FF-¢————d— Generate REQ-2
E Cycle W-l Result
(1] LSl | CBA~»S
CBA—A
+1->B
1 LDB | BIRg 15} ER14—BIR2 Clear REQ-2 1st data byte
—Dg 15 transfer events
2 SUM | CBA+1
- X
3 LAW/ (x)>A End SRV IN
4 LBW | LBA+1 | Advance BCR — End SRV QUT
—B
5 CIO | If A=B
update
Pu,
activate
1/0
EXIT
and
continue|
if A#B
clear
Busy 2
6and 7
BIR1 BUS INwe Data =
Gate BUS IN- SRV IN 2nd data byte
Activate + SRV OUT transfer events
BIR2 -«— BIR1

Set Busy 2 FF perform
major cycle U -l routine
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Processor Busy when Adapter Responds — Processor
2 performs the major cycle micro-instruction routine
asynchronous to the /O device. The speed of the
shared resources enables processor 2 to complete the
routine before the adapter can present another Data
Byte. However, the priority logic for processors 0, 1,
and 3 can prevent processor 2 from receiving time
slices. If this happens, processor 2 will not be given a
time slice even though the Busy 2 FF is set. The Busy
2 FF is set by REQ-2, which the channel control logic
activates when it has accepted a Data Byte from the
adapter. This situation is illustrated as Byte 2 on
Figure 4-14, the hardware data transfer timing
diagram. The BDC logic has accepted a Data Byte,
indicated this to the adapter and requested a time
slice for processor 2 by activating the REQ-2 signal.
Processor 2 has not obtained a time slice; therefore,
the HCX Req FF is still set as a result of SRV IN for
the Data Byte 2 transfer.

At this point the control logic is waiting for processor
two to transfer Data Byte 2. If the adapter activates
SRV IN, for Data Byte 3, before processor 2 receives
a time slice, Data Byte 3 will be accepted by the
contro! logic. The HCX logic will use SRV IN to
trigger the STRB BIR1 one-shot. The one-shot output
sets the BIR Cntl FF allowing the SRV OUT to be
activated, and gates Data Byte 3 into BIR1 and sets
the BIR1 Full FF which clears BIR Cntl FF and
allows SRV OUT to drop when SRV IN drops. The
STRB BIR2 one-shot will not be triggered because its
input gate is disabled by the HCX Req FF, set as a
result of BIR2 still being full.

The HCX logic also activates the PRI-2 signal to
processor 2 indicating both ranks of the Bus In
register are full. At this point the channel logic is
waiting for processor 2 to transfer Bytes 2 and 3 and
consequently cannot accept another byte from the
adapter. The adapter will terminate SRV IN in
response to Byte 3 SRV OUT, and the HCX logic
terminates SRV OUT because the BIR Cntl FF is
cleared. Both the channel control logic and the
adapter are now stopped waiting for processor 2.

The PRI-2 signal sets the Priority Override 2 FF, if it
is software enabled, placing processor 2 in the time
slice operation. During processor 2's next major
cycle, the data transfer routine which transfers Byte 2
from BIR2 is performed again causing the HCX logic
to clear the HCX Req FF. The clearing action of HCX
Req terminates the REQ-2 and PRI-2 signals to the
Execution and Control Circuitry and enables the
input gate to the STRB BIR2 one-shot circuit. The
one-shot output pulse gates Byte 3 from BIR1 into
BIR2, again sets the HCX Req FF, which activates
the REQ-2 signal, and clears the BIR1 Full FF. BIR1
FF cleared allows the next SRV IN to be serviced.

As shown in this example, the hardware-controlled
data transfer operation responds to the speed of both
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processor 2 and the integrated adapter without ‘‘data
loss’’. The speed of the data transfer rate can vary
throughout the data transfer operation.

BDC Terminated Transfer — The SRV OUT signal for
the last byte, accepted from the adapter, will cause a
carry out of the BCR. This is shown in Figure 4-13 by
the YES exit to the question '‘is byte count=zero?".
The CARRY OUT signal, as shown for Byte 4 in
Figure 4-14, clears the Input FF. When the CARRY
signal terminates, the Cmd Out Cntl FF is set if the
Dat Chng FF is clear. Figure 4-15, part B shows the
progression of events from the data transfer to the
ending sequence.

The 1/0 EXIT signal is activated by the C/O
micro-instruction near the end of the routine which
gates the last Data Byte (Byte 4, Figure 4-14) to the
shared resources. The 1/O EXIT signal clears the
Hdwe Cntl Xfr1 FF in preparation for the following
ending sequence.

When the adapter activates SRV IN indicating the
next Data Byte is ready, the BDC logic responds by
activating CMD OUT rather than SRV OUT. This
occurs since the Cmd Out Cntl FF is set. CMD OUT
also sets the lllegal Length FF. The HCX logic does
not gate Data Byte 5 into the BIR 1 because the Input
FF is cleared. The adapter responds to CMD OUT by
terminating SRV IN, placing the adapter status
information on the Bus In lines and activating STAT
IN. CMD OUT is terminated by the SRV IN
termination. The BDC logic uses STAT IN to generate
a REQ-2 through the Request Control logic rather
than through the HCX logic. STAT IN also clears the
Cmd Out Cntl FF, and triggers the Strb BIR1
one-shot which gates the status information into
BIR1.

At this point the data transfer has been completed
and the ending sequence started. The ending sequence
is under processor 2 micro-instruction control and the
channel again is functioning as an interface
responding to processor 2 and adapter signals.

Device-Terminated Transfer — During an input data
transfer, when the adapter and 1/0O device determine
that no more data is available for input, the STAT IN
signal is activated rather than SRV IN. The adapter
status information is also placed on the Bus In lines.
Figure 4-15, part A, shows the order of events
involved in a device-terminated data transfer.

The processor is expecting SRV IN and the next Data
Byte. Regardless of when STAT IN is activated by the
adapter, the processor does not respond until it has
transferred all Data Bytes held in the Bus In register.
Once all bytes have been transferred the HCX Req FF
is cleared. This then allows STAT IN to generate a
Tag Req signal through the Request Control logic.
Tag Reqg activates REQ-2 to processor 2, requesting a
time slice.
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STAT IN also sets the End Of Transfer (EOT) FF,
activating the EOT signal to processor 2 and the HCX
logic STAT IN triggers the Strobe BIR1 one-shot
circuit in the HCX logic. The one-shot output pulse
gates the status information on the Bus In lines into
BIR1 and clocks the BIR Cntl FF STAT IN triggers
Strobe BIR2 which sets the Hdwe Cntl Req FF. This
FF being set disables the STAT In signal from the
Request Control logic, terminating the REQ-2, but
processor 2's Busy FF is already set.

In response to the Busy 2 FF being set, processor 2
performs the one-major-cycle data-transfer routine.
The Status Byte which is in BIR2 is transferred and
placed in main storage. At the end of the major cycle,
when the C/O micro-instruction is executed, the EOT
signal forces a compare result which activates the 1/0
EXIT signal to the control logic and causes processor
2 to proceed to the ending sequence program.

The 1/0O EXIT clears the Hdwe Cntl Xfr1, Hdwe Cntl
Req, and the BIR Cntl FF in the HCX logic since the
data transfer sequence is complete. The Hdwe Cntl
Xfr1 FF clearing clears the EOT FF.

Assembly/Disassembly Option

During a data transfer sequence the mode of data
handling is controlled by the Assembly/Disassembly
Mode FF in the CCR. Regardless of the mode of data
handling during the data transfer sequence, the
processor always performs a one-major-cycle routine
for each data transfer. This routine causes one data
transfer from the BIR2 register to main storage,
updates the Current Byte Address (CBA) and then
compares it to the LBA+1 to determine if all data has
been transferred.

When the Assembly/Disassembly mode is activated,
the transfer from BIR2 to main storage is two bytes
wide rather than one byte wide. The two-byte-wide
transfer requires the CBA 1o be increased by 2 during
the one-major cycle routine. In one-byte mode the
CBA need only be increased by 1 for each transfer to
or from main storage.

When in the Assembly/Disassembly mode, the BDC
processor requests a time slice only after having
transferred two bytes from the external control unit
or adapter. The ability to accept two bytes and
assemble them before the transfer to main storage
reduces by half the number of time slices required by
the processor during the data transfer. This
effectively doubles the data-transfer rate between
main storage and the device.

An assembly mode hardware operation begins with
an initial selection sequence, followed by the
assembly mode data transfer sequence, as depicted in
Table 4-12, and terminates with an ending sequence.

Near the completion of the initial selection sequence,
the processor readies for the assembly mode transfer
(Figure 4-15) and then completes the initial selection
by terminating SRV OUT.

The control unit responds by placing the first Data
Byte on the Bus In lines and by activating SRV IN.
The CCR state gates SRV IN to the HCX logic where
it is delayed, to allow for deskew and parity checking
of the Data Byte, before triggering the Strb BIR1
one-shot circuit. Its output pulse gates the bus in data
into BIR1 0-7 (page DC091) because the Odd Byte
FF is clear, and clocks both the BIR Cntl and Xmn
Chk FF’s. BIR Cntl sets and Xmn Chk sets if a parity
error is detected. BIR Cntl when set, allows SRV IN
to activate SRV OUT by setting the Channel Service
Out FF (CH SRV QUT). Its setting clears BIR Cntl if
Odd Byte is clear, which it now is.

The control unit responds to SRV OUT by
terminating SRV IN and begins placing the next Data
Byte on the bus in lines. When the data is available it
will again activate SRV IN. :

While the control unit is preparing the next Data Byte
the control logic is clearing the Ch Srv Out FF,
terminating SRV OUT. The trailing edge of the SRV
QUT signal clocks the BCR, advancing its count by
one, and clocks the Odd Byte FF to the set state.

Once SRV IN is activated for the second Data Byte,
the control logic again delays it before triggering the
Strobe BIR1 one-shot circuit with it. The one-shot
output pulse gates the bus in data in BIR1 8-15 this
time, since the Odd Byte FF is set. The one-shot
output pulse also sets the BIR Cntl FF and strobes
the Xmn Chk FF. BIR Cntl set allows SRV IN to
activate SRV OUT by setting the Ch Srv Out FF
again. This time Ch Srv Out in setting sets BIR1 Full
FF because the Odd Byte FF is set one-shot circuit
and clears the BIR Cntl FF. Its one-shot output gates
the contents of BIR1 to BIR2, sets the HCX Req FF
which generates a REQ-2 to processor 2, and clears
the BIR1 Full FF.

The control unit responds to SRV OUT by
terminating SRV IN and by preparing the next byte
for transfer. SRV IN terminating allows the processor
to terminate SRV OUT which advances the BCR
count again and clocks the Odd Byte FF back to the
clear state.

Up to this point all operations have been performed
by the BDC control logic and the control unit. The
BDC control logic has accepted two bytes from the
control unit, assembled them into a 16-bit word and
now is waiting for processor 2 to respond to the
REQ-2 signal.

When processor 2 responds it will execute the one

major cycle routine during which it will transfer the
word to main storage, update the CBA and then
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determine whether to continue or stop the transfer if
all data has been transferred. This transfer to main
storage occurs asynchronously to the control unit;
that is, the control unit can activate SRV IN for the
next Data Byte at any time and the processor can
respond without affecting the transfer to main
storage in any way.

Just as in byte mode, the assembly mode data
transfer can vary with the speed of both the control
unit and processor as affected by the priority

network. The processor, in assembly mode, can store
four data bytes (BIR1 and BIR2) while compensating
for time differences between the processor and the
control unit. Once the control circuitry senses four
data bytes it activates the PRI-2 signal forcing
processor 2 into the time-slicing sequence before data
is lost.

The assembly mode data transfer can be terminated
by either the processor or control unit in the same
manner as in byte mode data transfers.

Table 4-12. Hardware Assembly Mode Input Data Transfer

Processor SI10O
M -1 and Hardware Basic Data Channel Signal Control Unit or
Operation Logic Operation Lines Adapter Action
Set Busy 1 FF -<+———1—Generate REQ-1 End STATIN end of initial
G3WR-»CCR Set HDWE CNTL XFR1, ( selection
Input and Assembly/Disassembly (clear Odd Byte FF to Even Byte state) sequence
mode FF’s and clear HCX2 FF
G3WR—=BCR Byte Count-1 ——————BCR
G3WR—TOR Clear REQ-1, End SRV OUT
BIR1-- BUS IN <— Data -w———tp—
Gate BUS IN to BIR1 0-7 SRV IN 1st data
Activate SRV OUT byte
End SRV IN
End SRV QUT
Set ODD BYTE FF
Advance BCR
BIR 1 BUS IN Datae———-F—
Gate BUS IN to BIR1 8-15 -= SRV IN 2nd data
Activate SRV OUT - byte
1st 2 byte-wide
transfer to
main storage BIR2 0-15-—BIR1 0-15
Set BUSY 1 FF -¢—————1- Generate REQ-1
ECycle -1 Result End SRV IN
0 LS2 |CBA—S End SRV OUT
CBA—A Advance BCR
+2 —»8 |[Clear ODD BYTE FF
1 LDW|D 0-15 |BIR20-15 Clear REQ-1
2 SUM | CBA+2
—X
3 LAW | (x) > A
4 LBW | LBA+1 |BIR1-= BUS IN Data -
—B
5 ClO1|if A=B |Gate BUS IN to BIR1 0-7 - SRV IN 3rd data
update |Activate SRV OQUT . byte
P, 4
activate >
1/0 EXIT}Set ODD BYTE FF
and con-
tinue if End SRV IN
A¢B End SRV OUT
clear Advance BCR
BUSY 1
FF
6and 7
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Hardware Output Operations

A hardware output operation to the line printer will
be discussed as an example. A hardware output
operation begins, as does an input operation, with a
micro-instruction initial selection sequence. During
the processor 2-initiated selection the following
events occur (Figure 4-16):

o The line printer is selected.

e A Write command is presented to the
adapter.

o The status information received from the
adapter is checked for zero.

Once the status indication of O is determined, the
processor 2 S/O microprogram sets up the BDC
control logic for a hardware-controlled output data
transfer. The Hdwe Cntl Xfr1 FF is set and the HCX2
FF is cleared. The byte count less one is placed in the
Byte Count register. The S/O microprogram next
starts the data transfer sequence and ends the
selection sequence by terminating SRV OUT (Table
4-13).

During the time slice following after the selection
sequence, processor 2 performs a one-major-cycle S/0
output routine. This routine is similar to the input
routine in that it handles a single data byte each time
it is executed. The output routine consists of six
micro-instructions which accomplish the following:

e Read the data byte at the CBA of main
storage and place it in BOR.

e Update the CBA by one and compare it with
the LBA+1,

e |f LBA+1 = CBA+1 clear Busy 2 FF and
wait for the next REQ-2.

e If LBA=1 = CBA=1 activate the 1/0 EXIT
signal, leave the Busy 2 FF set and proceed
to the ending sequence routine.

Within the routine, the SDB is the micro-instruction
which places the Data Byte on the ERO lines and
activates the ERFG3WR signal to the channel logic.
The control logic, as a resuit, generates the WR REG
pulse which clocks the Data Byte into BOR1. The
WR REG pulse also ANDs with ERNG3-01 to
generate a WR BOR puise which clocks the BOR1
Full FF in the HCX logic (page 1C13). The BOR1
Full FF, being set, triggers the STRB BOR2 one-shot
circuit if the BOR2 Full FF is clear, indicating the
BOR2 does not contain a Data Byte. The STRB
BOR2 output pulse gates the Data Byte in the BOR1
to the BOR2, sets the BOR2 Full FF and clears the
BOR1 Full FF. The Data Byte is now in BOR2 and
BOR1 can accept another byte from the shared
resources. The trailing edge of STRB BOR2 pulse
clocks the HCX Req FF, causing it to set, generating
another REQ-2 to processor 2. At this point the Data
Byte is on the Bus Out lines waiting for the printer to
accept it; the processor 2 microprogram has been
completed (Figure 4-17, point A).
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During the next major cycle, processor 2 will again
place a Data Byte in the BOR1 register, perform the
byte address compare and the resulting proper exit.
The HCX logic will again set the BOR1 Full FF and
clear the HCX REQ FF terminating the REQ-2.
BOR1 Full does not trigger the one-shot circuit
because BOR2 Full FF is still set.

SRV IN is activated by the printer in response to the
termination of SRV OUT which occurred at the
end-of-selection sequence. SRV IN is activated when
the printer is ready to accept the first Data Byte
regardless what processor 2 is doing.

Although SRV IN is activated asynchronous to
processor 2 it will not be allowed to set the Ch Srv
Out FF until a Data Byte has been placed in BOR1,
gated to BOR2, BOR2 Full FF set, and a
260-nanosecond delay timed out. The delay allows
the Bus Out lines to deskew and for parity to be
generated before the SRV OUT signal is activated by
the setting of the Ch Srv Out FF.

In the above description, both BOR’s have been filled
with data before SRV IN was activated. Therefore,
the Ch Srv Out FF is set immediately by HCX logic in
reaction to SRV IN. The printer responds to SRV
OUT by first accepting the data on the Bus Out lines
and then terminating SRV IN. The HCX logic
responds to SRV IN termination by ending the SRV
OUT signal and clearing the Ch Srv Out FF. SRV IN
will again be activated when the printer is ready for
the next byte.

SRV OUT clearing clocks the BCR, advancing the
count by one, and clears the BOR2 Full FF. BOR2
clear enables the STRB BOR2 one-shot to fire. The
one-shot pulse gates the Data Byte from BOR1 to
BOR2, again sets BOR2 Full FF, and clears the BOR1
Full FF, which in turn sets the HCX REQ FF.

The BDC control logic is now asking processor 2 for
another Data Byte with the REQ-2 signal, has a byte
on the Bus Out lines and is waiting for the printer to
accept it. If the printer responds and accepts the Data
Byte before processor 2 fills the BOR1 the HCX logic
will activate the PRI-2 signal to the Execution and
Control Circuitry. The PRI-2 signal in this case
indicates both BOR's are empty.

(This situation is acceptable to the buffered adapters
and control units since they can wait until shared
resources transfer the next byte to the channel, but
for a non-buffered device such as a magnetic tape unit
this situation is not acceptable. When the magnetic
tape control unit asks for a Data Byte with SRV IN
before processor 2 has placed a byte in the BOR's,
the HCX logic will not respond with SRV OUT. If the
tape control unit does not receive SRV OUT by the
time it is ready to write the next frame it will
terminate the write operation and proceed into an
ending sequence.)
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Figure 4-16. Selector Mode Output Sequence
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Table 4-13. Hardware Controlled Data Transfer (Output)

Processor Program Common
Execution and Channel Logic Interface Adapter
Hardware Operation Operation and Reaction Signals Reaction
Set Busy 2 FF-¢———— Generate REQ-2 End STAT IN End of
G3WR—»CCR Set HDWE CNTL XFR1 initial
and clear HCX2 FF's selection
G3WR—BCR Byte count -1 BCR sequence
G3WR—=TOR Clear REQ-2 - End SRV OUT
E Cycle u-l Result
0 LSl | CBA—S
CBA—A
+1—> B Data
1 SUM | CBA+1 SRV IN byte
X transferred
2
3 LAW| (x)—>A
4 LBW | LBA+1
—B
b SDB | Dg.q5 ~>|Data BOR1—-BOR2 ———-BUS OUT » Data -
BORg.15
6 CIO | If A=B SRV QUT »-
update
Pu,
activate
1/0
EXIT
and Data
continue; byte
if A¥B transferred
clear
Busy 2
FF
7 End SRV IN
Set Busy 2 FF~+————1— Generate REQ-2 - End SRV OUT
ECycle M- Result
0 LSt {CBA—S
CBA—A
+1—> B
1 SUM | CBA+1
- X
2
3 LAW | (x)—>A
4 LBW | LBA+1
—-B
5 SDB |Dg.q5 Data BOR1 —»-BOR2 ——»- BUS OUT »Data -
— BOR
6 CIO |A=B
activate
1/0 SRV IN
EXIT,
update
Pu and
continue SRV OUT -
7
Clear Busy 2 FF and - End SRV OUT End SRV IN Data
wait for REQ-2 byte
generated by STAT IN transferred
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Figure 4-17. Flowchart, Hardware-Controlled Output Data Transfer
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To avoid “lost data” the PRI-2 signal sets the Priority
Override 2 FF if enabled, placing processor 2 in the
time slice operation. Processor 2, during its next
major cycle, again performs the routine placing a
Data Byte in BOR1. As soon as the BOR1 Full FF
sets, the PRI-2 signal is disabled.

Basic Data Channel output data rates are flexible.
They can vary with the speed of processor 2,
provided they stay within the required time limits of
the /O device.

‘Processor-Terminated Transfer — Processor 2
determines the output data transfer is complete with
the C/O7. During the major cycle in which the
LBA+1 equals the CBA+1, C/O17 micro-instruction
activates the 1/0 EXIT signal to the BDC control
logic and exits to the ending sequence microprogram.
The 1/0 EXIT clears the Hdwe Cntl Xfr1 FF which
prevents the HCX logic from activating the REQ-2
signal again (Figure 4-18, part A).

The HCX logic responds to SRV IN from the control
unit in a normal data transfer fashion until both
BOR’s are empty. The SRV OUT signal for the last
Data Byte transferred causes a carry out of the BCR
which sets the Cmd Out Cntl FF, if the Dat Chng FF
is clear.

When the control unit asks for the next Data Byte
with SRV IN the HCX logic will activate CMD QUT
indicating stop. The control unit now proceeds into
an ending sequence and terminates SRV IN, The HCX
logic responds by terminating CMD OUT. The BDC
control logic uses the Request Control logic to
generate a REQ-2 signal in response to STAT IN from
the control unit. STAT IN also clears the CMD OUT
CNTL FF.

The Execution and Control Circuitry responds to the
REQ-2 and starts the ending sequence program
without further use of the HCX logic in the BDC
control logic.

Device Terminated Transfer — The control unit can
terminate the output data transfer by activating
STAT IN rather than SRV IN. The control unit at
this time also places its status information on the Bus
In lines.

STAT IN will not be recognized by the BDC control
logic until both BOR's have been filled and HCX logic
is no longer requesting time slices (HCX Req FF
clear). Although the BOR’s must be full before STAT
IN is recognized, the two Data Bytes are not
transferred to the control unit. Therefore, the count
in the BCR is correct because it indicates only the
number of bytes actually transferred to the control
unit.

STAT IN, when enabled by the clear HCX Req FF,
enters the Request Control logic rather than the HCX
logic. It sets the EOT FF and generates a REQ-2
signal (Figure 4-18, part B). Processor 2 responds by
again performing the one-major-cycle output routine.
During the routine, it attempts to transfer another
Data Byte to the basic data channel before executing
the C/O71 micro-instruction. Upon completion of
CI01, processor 2 proceeds to the ending sequence
program because of the compare condition. The
ending sequence program is started in response to the
still active REQ-2 signal. As previously stated, the
ending sequence will proceed completely under
microprogram control,

Data Chaining

Data chaining may be implemented during hardware
operations by utilizing the Dat Chng FF in the CCR.
The Dat Chng FF, when set, prevents the Cmd Out
Cntl FF from becoming set and prevents the channel
control logic from recognizing the 1/0 EXIT signal
from processor 2.

With the data chaining bit set in the CCR the S/O
routine can find LBA+1 equal to CBA+1 and exit
from the data transfer routine without clearing the
Hdwe Cntl Xfr1 FF. Likewise, the BDC control logic
can determine that all bytes have been transferred (by
carry out of BCR) and can clear the Input FF
without enabling the HCX logic to generate a CMD
OUT signal.

These features allow processor 2 to set up a new CBA
and LBA+1 (starting address of the next data area in
main storage), write the new byte count minus one in
the BCR, and then start the HCX data transfer
sequence again without causing an ending sequence.
In this manner, many segments of data may be stored
in different areas of main storage during one data
transfer sequence. To terminate data chaining,
processor 2 clears the Dat Chng FF in the CCR prior
to starting the data transfer sequence for the last data
segment. This will allow an ending sequence to be
started when the LBA+1 equals the CBA+1 of the last
data segment.

High-Speed Transfer

A higher speed transfer rate is obtained when the
DATA IN and DATA OUT signals are used in
conjunction with the SRV IN and SRV OUT signals
during a hardware-controlled data transfer. BDC
control logic reacts to external control units using the
high-speed transfer transparent to processor 2, and
for this reason the S/O microprogram need not
change. Processor 2 performs the same
one-major-cycle routine each time REQ-2 sets the
Busy 2 FF regardless of whether or not it is
performing a high-speed transfer or a normal data
transfer.
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The speed increase is due to the use of two pair of tag
lines with each pair overlapping the other. Each pair
of tag lines controls alternate Data Bytes during the
transfer, thereby reducing the cable length delay of
the TAG signals. Figure 4-19 shows a high-speed
input data transfer using both pairs of tag lines and
the byte-wide data bus.

A control unit utilizing the high-speed transfer may
activate DATA IN in response to SRV OUT before
terminating SRV IN, but it is not valid until SRV IN
is terminated. When SRV IN is terminated, the HCX
logic (page DC131) clears the CHSRVOUT FF which
terminates SRV OUT. The HCX logic next gates the
data in the Bus In lines into BIR1 because both SRV
QUT and DATA OUT are inactive. Once the data is in
BIR1 it is gated into BIR2 if the HCX REQ FF is
clear. The CHDATOUT FF is also set.

HCX Req FF clear indicates that the processor 2 has
accepted all the data from the BDC logic. As soon as
the data is placed in BIR2 the HCX Req FF is set
signaling the shared resources another byte is ready
for transfer. As long as processor 2 obtains a time
slice and stores the byte in main storage, before the
control unit can present its next byte, the input
operation will proceed as shown in Figure 4-19 for
bytes 1, 2, 6 and 7.

The control unit will activate SRV IN in response to
SRV OUT termination, and may do so before it
terminates DAT IN in response to DATA OUT.
Regardiess of when SRV IN is activated, it is not valid
untii DATA IN terminates. The control unit has
placed the next Data Byte on the Bus In lines before
activating SRV IN.

DATA IN, going inactive, clears the CHDATOUT FF
and causes the HCX logic to gate the Data Byte into
BIR1 because SRV IN is active. Once that's
completed, the CHSRVOUT FF is set which sets
BIR1 Full FF and allows the byte to be transferred
into BIR2 if the HCX Req FF is clear. The control
unit will again place the next byte on the Bus In lines,
terminate SRV IN, and activate DATA In.

The hardware-controlled high-speed transfer will
continue, varying with the speed of the control unit
and processor 2.

The BDC control logic will activate the PRI signal
when processor 2 gets behind the control unit, just as
during the normal hardware-controlled transfer. As
shown in Figure 4-19 the BDC control logic handles
the high-speed transfer over a range of varying speed
transparent to processor 2.

INTEGRATED CARD READER ADAPTER
(ICRA)

NOTE

Where ICRA descriptions also apply to the
Integrated Reader/Punch Adapter (IRPA), they
are so generalized and marked. Descriptions
unique to the ICRA make specific reference to
it; in some generalized descriptions, there are
isolated descriptions of the I|RPA included
because they best fit into the generalized
context.

GENERAL DESCRIPTION

The ICRA is the card reader controlling element. It
contains the communications path and control logic
between processor 2 and the system card reader. The
ICRA provides the system with the ability to read
information from 80-column cards and place it in
either main storage or control storage.

The ICRA performs the following operations:

e Transfers binary card data, or converts
EBCDIC card coded data to EBCDIC
characters before transfer.

e Performs a validity check when rcading and
converting EBCDIC data.

e Provides an 80-column data buffer register.

o Transfers the data buffer register contents
and reads the next card in response to a
single Read and Feed command.

e Reads and stores the first card data in the
buffer register prior to the first Read
command.

o Presents all necessary status and sense
information when requested by the
processor,

® Provides a Control Storage Load (CSL)
capability.

The ICRA communication paths and block diagram
are shown in Figure 4-20. All ICRA communications
via the Basic Data Channel follow the order of events
for the BDC2 operational sequences. The control and
data signals required by the CSL feature connect to
the Control Storage Loader circuitry in card location
CB17. The data and contro! signals from the card
reader connect to the ICRA through a back panel
connector.
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Reader Commands

The ICRA recognizes as valid the Read and Feed,
Sense, No-operation, and Test commands from the
BDC2 processor. In response to the Read and Feed
command, the Buffer register data is transferred to
the Basic Data Channel, and the next card is read.
The other three commands cause no card motion
during execution.

A description and some programming considerations
for each of the reader commands follows.

e NO-OPERATION
01 Bits 6 7

[ofoJolofofo]1]1]

Normal Status Indications: Channel End and
Device End at initial selection.

Command Byte:

Other Status Indications: Unit Check (bit 6)
occurs at initial selection if the Data Buffer
register has not been loaded. Busy (bit 3) occurs at
initial selection if the reader has not reached the
Device End point or if the ICRA has outstanding
status.

e TEST I/O
0 1 Bits 6 7
[o]ofojofoj1]o]o]

Command Byte:

Operation Performed: Transfer status information
to BDC2 and clear Status flip-flops.

NOTE

Busy indication (bit 3) is included in the Status
Byte if the reader is executing a Read command
and the ICRA has no outstanding status.

e SENSE
0 1 Bits . 6 7

[ofo]o]ofof1]fofo]

Operation Performed: Transfer the one Sense Byte
to the BDC2 during the data transfer sequence.
Present Channel End and Device End during the
ending sequence.

Command Byte:

Normal Status Indication: Zero at initial selection.

e READ AND FEED

01 Bits 6 7
[olo]x|olo]ol1]0]

Command Byte:

0= EBCDIC MODE
1= CARD IMAGE MODE

Operation Performed: Transfer the Buffer register
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data to BDC2. Read next card and place its data in
Buffer register. Present Channel End during an
ending sequence after the last Data Byte is
transferred. Present Device End during an
adapter-initiated sequence after the next card has
been read.

Normal Status Indication: Zero at initial selection.

Other Status Indications: Unit Check (bit 6) occurs
at initial selection if the previous card did not feed.
Unit Check occurs with CE and DE if an error
was detected during the reading of the previous
card.

Busy (bit 3) occurs at initial selection if Read
command issued while reader is busy.

Status Information

{Data in this discussion is presented in
generalized terms, to apply equally to the ICRA
and the Integrated Reader/Punch Adapter
(IRPA) except where specificaily noted.)

The Status Byte is presented to Basic Data Channel 2
by the adapter under the following conditions:

e During the initial selection sequence after a
Command Byte is received.

e During the ending sequence after a data
transfer.

e During an adapter-initiated sequence to
present previously stacked status
indication(s) or Device End.

The status flip-flops are cleared when the Status Byte
is accepted by the Basic Data Channel except as
follows:

@ Unit Check is not cleared until the condition
is corrected by the operator, when the
condition causing it requires intervention.

® Busy is not cleared until Device End is
accepted by BDC2.

The bits within the Status Byte presented by the
adapter have the following meaning.

Status Byte:

DOpEnEnGm

Not Used—' Not Used
Busy Unit Check
Channel End ] Device End

Bit 3 — Busy is presented to BDC2 only during
an initial selection sequence. Once a command



has been accepted by the adapter, Busy is
presented in response to all commands, except
the Test //0, when Device End or Channel End
is included in the Status Byte. The Busy bit
indicates the card device is still executing the
last command or the adapter has outstanding
status.

Bit 4 — Channel End is presented to BDC2 after
completing the data transfer portion of a
command or during the initial selection of an
immediate command (Test //0, No-Operation).
Channel End indicates the specified operation
has been completed to a point where the Basic
Data Channel is free to disconnect from the
adapter.

Bit b — Device End is presented by the adapter
when the card device has completed the
previous command, indicating the adapter can
accept another command once the status
indication is accepted. Device End is also
generated when the device goes from a
not-ready to a ready state.

Bit 6 — Unit Check indicates an error condition
exists in either the card device or the adapter.
The nature of the error is defined by the Sense
Byte information (see Sense Information). The
error recovery requires either program or
operator intervention. Unit Check is presented
during initial selection or during an ending
sequence with Channel End and/or Device End .

Sense information

(Presented in generalized form to apply to
ICRA and IRPA.)

The Sense Byte is transferred by the adapter in
response to a Sense command from BDC2. It provides
the information that indicates why a Unit Check
occurred in the Status Byte.

All Sense Byte flip-flops except intervention required
are cleared during the initial selection of the (ICRA)
Read and Feed; or the (IRPA) Read Only; Read,
Feed and Select Stacker; Feed and Select Stacker,
and the Punch, and Feed and Select Stacker
commands. The bits within the Sense Byte have the
following meaning:

Sense Byte
[of1]2]3]a[s[6]7]
Command He]ectl Feed Error
Intervention Required Not Used
Not Used Data Check

Equipment Check

Bit 0 — The Command Reject FF is set during
an initial selection when an undefined command
is received by the adapter or an improper
command sequence occurs. As a result, Unit
Check will be presented in that initial selection’s
Status Byte, but not Channel End or Device
End, because no command execution took
place.

Bit 1 — The Intervention Required FF is set by
a read error, or a feed check detected in the
card device, or an invalid EBCDIC card code
character detected by the adapter. The error
requires manual intervention to correct before
the Intervention Required FF can be cleared by
the appropriate command.

Bit 3 — The Equipment Check FF is set when a
read error is detected by the data checking logic
during card reading. The read error will also
cause the Intervention Required FF to be set.

Bit 4 — The Data Check FF is set when an
invalid EBCDIC card code character is detected
while performing an input in the EBCDIC
mode. An invalid EBCDIC card code character
contains more than one punch in rows 1
through 7 on the card. The set Data Check FF
also causes the Intervention Required FF to be
set.

Bit 7 — The Feed Error FF is set when a feed
error is detected by the card device and signals
this fact to the adapter by activating the MOCK
signal. A feed error also causes the Intervention
Required FF to be set.

Data Formats

(Presented in generalized terms to apply to
ICRA and IRPA.)

Information may be either punched in or read from
the cards in card image, EBCDIC card code or CSL
format. The card image and EBCDIC card code
formats are used in conjunction with BDC2
operations, while the CSL format is used for control
storage load during deadstart operations.

A Read command specifying EBCDIC directs the
adapter and reader to read EBCDIC-card-code
punched cards, converting each EBCDIC-card-code
character (a column) to an 8-bit EBCDIC character
before presenting it to BDC2 (Figure 4-21A}.
Likewise, a Punch command specifying EBCDIC
directs the {RPA to accept 8-bit EBCDIC data from
the BDC2 and convert it to EBCDIC card code
format before having it punched in the card. Any
combination of punches in a single column is a valid
EBCDIC card code character as long as no more than
one punch exists in rows 1 through 7.
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A Read command specifying card image directs the
adapter and the reader to read binary punched cards
and present the data to the BDC2 without code
conversion. Since the bus-in path is only 8 bits wide
the 12 bits of data per column are transferred in two
sequential bytes. The odd byte (upper six rows) is
transferred first followed by the even byte (lower six
rows) with bits O and 1 of each byte being zero as
shown in Figure 4-21B.

During control storage load, the adapter reads and
transfers information from only six rows on the card.
The data is punched four bits to a column in rows 12,
11, 0, and 1, and a nybl (4 bits) indicator is punched
in either row 8 or 9. Four nybls are used by the
Control Storage Load logic to generate the 16-bit
Control Storage Word. The first nybl of the word
contains a punch in row 8 and the fourth nybl
contains a punch in row 9 (Figure 4-21C).

A card-image-mode Punch command causes the IRPA
to accept two bytes from the BDC2 and assemble
them into binary-column data before having it
punched in the card. The odd byte is presented first
by BDC2. In this mode of punching, the IRPA
ignores bits 0 and 1 of both bytes.

LOGIC DESCRIPTION

The 4 printed-circuit modules comprised by the
ICRA logic can be functionally divided into the areas
shown in Figure 4-20. The ICRA logic diagrams are
contained in the 7300 Processing Unit Support
Diagrams manual, page through . The five
modules comprised by IRPA logic are shown in
Figure 4-40, and Support Diagram, pages
through

Bus Out
(Generalized)

The eight Bus Out lines connect, within the adapter,
to the Address Compare logic and Command register ™
and to the EBCDIC converter, EBCDIC/Card Image
selector and the Card Image Odd Byte register.

The Address Compare logic consists of two 4-bit
comparator MSI elements whose inputs are connected
to both the Bus In lines and the device address lines.
The comparator element at chip location 4A deals
with the upper four bits of the address and is
constantly looking for an equal condition between
the two inputs; (pin 3 — A=B enable signal — is a
constant logic 1). When the upper four bits of the bus
out information match the upper four bits of the
device address, the comparator output signal enables
the second comparator to look for an A=B condition.

*Support Diagram pages: ICRA, 1C042; IRPA, 1C251 and
1C241.
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When the lower four bits also compare, the second
comparator‘s output signal (ADDRESS COMPARE)
goes high. The ADDRESS COMPARE signal is only
used during the initial selection sequence.

The device address is determined by the wires
installed in chip location BA. The standard address
assigned the card reader is changed to 0416, and that
for the reader/punch is OC1g. The address can be
changed by simply removing or adding wires between
the pins in chip location DA,

The Command register consists of two 4-bit, bistable
latch, MSI elements. The bus out information is
clocked into the command register by the STROBE
COMMAND signal during an initial selection
sequence. The Command register holds the Command
Byte, received from the BDC2 processor, while it is
decoded and executed.

Two 1-of-8 decoder elements are used in the
Command Decode logic. These decoders activate one
of the eight outputs in accordance with the
combination of the active inputs. The three inputs
provide eight combinations with each corresponding
to one of the output signals.

The decode logic decodes many more signals than
each devices uses. This is necessary because the DG
printed circuit module serves both the ICRA and
IRPA. Only the signals used by each adapter are
shown on its logic diagram.

As shown in Figure 4-22, the IRPA
EBCDIC-to-card-code converter accepts the eight bits
of bus-out data. Along with its associated 1-of-8
decoder element and inverter logic it convertls the
bus-out data to 12-bit card-code data before
presenting it to the EBCDIC/Card-image Data Select
multiplexer (page 1C241).

Bits 2 through 7 on the Bus Out lines also are routed
to the card image Odd Byte register. It holds the first
(odd) byte of the two bytes sent by BDC2 during
card-image punching operations. When the processor
has the second (even) byte on the Bus Out lines, all
12 bits are then routed through the EBCDIC/Card
Image Data Select multiplexer to the Punch/Read
Data Select multiplexer.

Bus in
(Generalized)

The Bus In lines are connected to the adapter Bus In
multiplexers through open-collector inverters. The
bus-in logic and part of the control storage load logic
is also located on the DG printed circuit module.

The Bus In multiplexer consists of eight 8-input
multiplexer MSI elements. One of the eight inputs is
routed through the multiplexer to the open-collector
inverter by the three selector signals MUX2, MUX1,
and MUXO0.
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The selector signal generating logic is located on the
EP printed circuit module. The Selector Signal logic
uses inputs from the Interface Timing logic, Tag Line
Control logic, Reader/Punch Interface logic and the
Command Decoder in determining the MPX select
codes. The select codes and the corresponding
selected input are listed in Table 4-14.

Table 4-14. Bus In MPX Select Codes

Select Bits Input
MUX2{ MUX1| MUXO | Selected Input Information

] 0 0 0 EBCDIC characters
from code converter

0 0 1 1 Upper half (odd byte)
of card image from
Buffer register

0 1 0 2 Lower half (even
byte) of card image
from Buffer register

0 1 1 3 Not used

1 (] 0 4 Sense bits from
sense logic

1 0 1 5 Not used

1 1 0 6 Card reader address
from Location 5A

1 1 1 7 Status bits from
status logic

The multiplexer output is enabled through the
inverters to the Bus In lines only while the Tag In
signal OPL IN is active. The Bus In lines are
collector-OR’d, in the Basic Data Channel processor
logic, with the Bus In lines from the other integrated
adapters (and the external interface module when
present). For this reason open-collector inverters are
used to drive the Bus In lines, with the common load
resistor in the BDC processor logic (page 1C141).

Buffer Register

The ICRA Buffer register consists of six dual 100-bit
shift register MSI elements. These static shift registers
hold the data placed in them until it is shifted out.

The 12 bits of input data from the reader are gated
into the first rank of flip-flops, and the data in each
rank of flip-flops gated to the next rank, each time
the PHASE IN signal goes high (Figure 4-23). The
outputs from the last rank of flip-flops are not
recirculated within the register. The output is taken
from the last rank of flip-flops.
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This Buffer register gives the ICRA the capability of
holding all the information from an 80-column card.
Since all 80 columns are read and placed in the Buffer
register before being transferred to the BDC, no data
can be lost.

The Buffer register outputs go directly to the Bus In
multiplexer, to the Code Converter logic and to the
Invalid Character Checking logic.

The Character Checking logic (page 1C031)
constantly monitors outputs 1 through 7 from the
buffer register, looking for more than one logic *'1".
More than one logic ‘1" between bits 1 and 7
(inclusive) activates the INVALID CH signal which is
used by the Sense logic (sheet 1C052). The INVALID
CH signal sets the Data Check FF only if the ICRA is
reading in EBCDIC mode.

The Code Converter constantly monitors the Buffer
register output, and, in conjunction with part of the
Character Checking logic, transfers or converts the
12-bit card code coming from the Buffer register to
an 8-bit EBCDIC character. The eight-bit Code
Converter output is connected to the input O of the
Bus In multiplexer and is routed through the
multiplexer only during EBCDIC read operations.

Sense Logic

The five ICRA Sense flip-flops and the associated
Sense logic are contained on the EP printed circuit
module {page 1C0561). The Sense logic uses command
signals from the Command Decode logic and inputs
from the Tag Line Control logic in generating
Command Reject. Signals from the Command Decode
logic, the Tag Line Control logic and the INVALID
CH signal are used in generating Data Check. The
Equipment Check condition is determined by
monitoring the ERROR signal from the reader
interface logic and the Channel End Status FF. The
Intervention Required FF monitors signals from the
Reader Interface Logic, Tag Line Control logic, and
the Status logic.

When any one of the five Sense flip-flops sets, the
Unit Check status flip-flop sets, if the ICRA is not
presently executing a Sense command.

NOTE

Since the EP module is also used in the
Integrated Reader/Punch adapter many of the
inputs have different signals on them when used
in the reader/punch. Of course, only the reader
signals which are applicable appear in the reader
adapter logic diagrams.
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Status Logic

The ICRA Status logic shown on page 1C052
contains the four Status flip-flops and associated
logic. The status logic monitors signals from the Tag
Line Control logic, the Reader Interface logic, the
Command Decode logic and the Sense logic. The
outputs from the status flip-flops are used in the
generation of the Feed command to the reader, as
well as by the Sense logic, by the Tag Line Control
logic, and the Reader Interface logic.

Reader Interface Logic

The ICRA Reader Interface logic, shown on page
1C032, contains the five receivers and one transmitter
which deal with the card reader interface signals, and
the logic controlling the proper loading and unloading
of the Buffer register. The following is a brief
description of the Card Reader Control signals shown
on page 1C032.

e READY: This signal when active indicates
the reader has no error conditions. The
ready condition includes the following
elements:

Cards in the input magazine (hopper)
Output stacker not full

Power applied

START pushbutton pressed.

o BUSY: This signal is activated by the reader
from the time the leading edge of a card
enters the Read station until the final light
check is made at the card’s trailing edge.

e INDEX MARK: This signal is active during
the time the data from the reader is stable
and can be accepted by the ICRA.

e MOCK: This signal indicates a card failed to
enter or leave the card track properly. This
could be caused by the failure to pick a card
from the input magazine (hopper) or by the
failure of a card to completely clear the card
track.

e ERROR: This signal is activated by the
failure of either the light or dark check, and
thus signals the fact that a read error has
occurred.

e PICK COMMAND (PC): This signal when
activated by the ICRA starts a card read
cycle, if the reader is READY.

In addition to these reader control signals the reader
Interface logic (page CC032) receives a POWER ON
MASTER CLEAR (PWRONMC) signal from the
Power Sequencer unit. This signal is activated at the
beginning of the power up sequence and is terminated
once all equipments in the system have been brought
up to full power.
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The Buffer Register Control and the Reader Interface
Control logic consist of a two-phase timing chain, an
8-bit count-down counter, five control flip-flops and
associated logic.

The Column counter is implemented by the use of
two 4-bit counter MSI elements. The counter is preset
to the binary equivalent of either 78 or 99 by the 5
microsecond pulse out of the Preset one-shot circuit.
The count is decreased by 1 for each COUNT-DOWN
pulse received. The next count-down pulse received
after the count has reached zero produces a
BORROW OUT signal which clocks the Load
Complete (LC) flip-flop.

The PHASE IN and COUNT-DOWN pulses are
generated by either the INDEX MARK signal from
the reader or the timing chain. The timing chain
consists of two one-shot circuits. When enabled, the
first one-shot (@1) produces a 500 nanosecond pulse
(Figure 4-24) which drives both the PHASE IN signal
and the second one-shot (§2).

As stated earlier, the trailing edge of the PHASE IN
signal gates the data from the data lines into the
Buffer register and shifts the data right one rank.

The trailing edge of the #1 pulse triggers the second
oneshot (#2) which generates a 1 microsecond
COUNT-DOWN pulse. The trailing edge of the @2
pulse will trigger the first one-shot if it is still enabled.
Each pass through the chain moves the data right one
place in the card Buffer register and reduces the
count in the Buffer Counter by 1.

Tag Line Control

(Generalized discussion relevant to both ICRA and
IRPA.)

Printed circuit module DD contains all the Tag Line
Control logic as shown™, The second page contains
ten control flip-flops, two deskew one-shot circuits
and inverter logic. This logic monitors signals from
the Status and Sense logic and the Tag In lines to
determine conditions such as Stack Status, Last Byte
Card Image, Status Pending and others. This logic also
controls three Tag In lines, ADRS IN, SRV IN and
STAT IN, during operational sequence execution.

Shown on the other page of the DD module logic is
the Reset and Disconnect logic, the Select Latch, the
Tag Line Timing Chain and associated Inverter logic.
This control logic monitors all the Tag In lines and
the Address Compare logic in controlling the adapter
during the different operational sequences. It
generates and sends control signals to all the adapter
modules, controls the propagation of SEL IN along
the selection loop, generates timing signals used by
the adapter during the various operational sequences,
and controls the OPL IN and REQ IN Tag In lines.

*Support Diagram pages: ICRA, 1C061/62; IRPA,
1C271/72. :
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The Sel Latch FF sets when both SEL IN and HLD
OUT go active and, when set, enables the SEL IN
signal to the next adapter; if the adapter does not
have an active REQ [N line, the Opl In FF is clear and
the Init Sel FF is clear. The Sel Latch FF will stay set
until the HLD OUT signal goes inactive regardless of
changes of the SEL IN signal.

A system reset (SYS RST) is recognized by the ICR
whenever both OPL OUT and SUP OUT are inactive.

A selective reset (SEL RST) is recognized only while
the adapter is selected and has OPL IN active. When

" SUP OUT goes active and OPL OUT terminates, with
OPL IN active the Sel Rst FF sets. The resulting
RESET signal within the adapter terminates the OPL
IN signal, but the Sel Rst FF is not cleared until SUP
OUT is terminated.

If either of the RESET signal sequences is recognized,
a CLEAR is generated, which clears all control
flip-flops on the DD and EP modules, terminates all
signals to the BDC.

The Intf Disc FF becomes set during an operational
sequence when ADRS OUT is active, and the adapter
is selected (OPL IN active, and HLD OUT terminated
by BDC2). HLD OUT going inactive clears the Sel
Latch FF which in turn sets the Intf Disc FF and
does not allow it cleared until the Sel Latch FF is
again set. The Intf Disc FF set disables the OPL IN
Tag Line to the BDC2.

Tag Line Timing Chain

(Generalized discussion relevant to both ICRA
and IRPA.)

During operational sequences, the adapter requires
timing signals in developing the proper activation of
the Tag In lines. On the first logic page is shown the
Tag Line Timing logic which consists of a five
flip-flop (edge-triggered) chain controlled by a
delay-line oscillator.

When enabled, the oscillator's output is a
140-nanosecond clock pulse as shown in Figure 4-25,
The five flip-flops are set and cleared in order,
producing the five timing signals T1 to T5.

Starting at zero (all five flip-flops clear) the oscillator
clocks the flip-flops until T4 is set. At this point the
oscillator is disabled waiting for a Tag In signal
response from the processor. Upon receipt of a
response, the oscillator is allowed to advance the
flip-flops through T5 back to zero and then is
disabled again.

Each complete pass through the timing logic — zero
back to zero again — is in response to a Tag In signal
going active and then inactive. The timing signals are
used by the ICRA to enable Tag In signals, the Bus In
Multiplexer Select logic, and the Status and Sense
logic.
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OPERATING SEQUENCES

The operating sequences which the ICRA performs
can be divided into three groups:

e all the operational sequences required to
communicate with the BDC.

e read and card load sequence

e control storage load.

Card Load Sequence

During a card load sequence the data on a punched
card is read, transferred to the ICRA, and loaded into
the Buffer register. During this sequence the card
reader is checking for improper operation, which if
sensed, it indicates to the ICRA with either the
MOCK or the ERROR signal.

A card load sequence is performed for the initial card
for for each subsequent card during an input
operation as shown in Figure 4-26. The initial card
load is performed as soon as the operator readies the
card reader. This is accomplished by placing cards in
the input hopper and pressing the START switch.

Initial Card Load

An initial card load sequence is started in response to
the READY signal from the card reader (Figure
4-27). The READY signal triggers a one-microsecond
one-shot circuit which clocks the Feed FF and clears
the Load Complete FF. The Feed FF sets if the
BUSY and the MOCK signals from the reader are
inactive, indicating the reader is not presently reading
a card. The Feed FF actives the PICK COMMAND
signal to the reader, starting a card read cycle. The
Feed FF also triggers the Preset one-shot circuit, the
output of which forces the Buffer Counter to 99 if
the Block Feed FF is clear.

When the card enters the Read station, the BUSY
signal is activated. The data transfer starts with signals
from the first row of data being placed on the input
lines by the reader. The INDEX MARK signal is
activated and then terminated by the reader,
generating the PHASE IN and COUNT-DOWN signals
within the ICRA. The trailing edge of these signals
gates the data into the Buffer register and reduces the
buffer count by 1.

After the above events occur 80 times, the buffer
count is reduced to 19, and the card data resides
between ranks 1 and 80 of the Buffer register.

The card reader terminates the BUSY signal as the
card leaves the Read station. Termination of the
signal triggers the timing chain causing it to generate
20 PHASE IN and COUNT-DOWN pulses. The
trailing edge of the first 02 pulse sets the Data Ready
FF. Nineteen COUNT-DOWN puises reduce the
buffer count to zero. The 20th pulse produces a
borrow out of the high-order end of the counter
which disables the timing chain by setting the Load
Complete FF. The 20 PHASE IN pulses move the
data in the Buffer register to ranks 21 through 100 in
preparation for the output to the BDC. Column 1
data from the card is now at the output of the Buffer
register.

Load Complete going set triggers the Preset one-shot
circuit which this time forces the buffer counter to
78 since the Block Feed FF is now set. This is in
preparation for the output to the BDC. Only 79 shifts
are required to transfer the 80 ranks of data since the
output of rank 100 is constantly available. The count
is set to 78 so that for COUNT-DOWN pulse 79 (all
data transferred) the counter produces a BORROW
OUT signal.

INITIAL ADAPTER CHANNEL DATA ENDING
_CARD READER_}  CARD INITIATED INITIATED ] TRANSFER .| seauence
READY LOAD "] SEQUENGE SELECTION *] seauence g
SEQUENCE SEQUENCE
CARD ADAPTER CHANNEL DATA ENDING ete
LOAD i INITIATED INITIATED »! TRANSFER »| SEQUENCE
SEQUENCE SEQUENGE SEQUENCE SEQUENCE

Figure 4-26. ICRA Operating Sequences
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Figure 4-27. ICRA Card Load Sequence
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Load Complete set indicates to the BDC Tag Line
Control logic that a card has been read, loaded,
shifted and the Reader Interface logic is ready. Since
the ICRA can now accept and execute Read
commands it notifies the processor of this fact. The
following events are performed in accomplishing this
task.

Load Complete setting sets the Leading Edge Load
Complete FF (LELC) which in turn sets the Device
End FF. Status indication is now waiting acceptance
{outstanding status) by the processor; for this reason
the ICRA uses Device End set output to set the Stat
Pnd FF which activates the REQ IN signal to the
processor. REQ IN active also disables the
propagation of the SEL IN signal through the ICRA.

In addition, during only an initial card load the Load
Complete setting also sets Load Complete Interrupt
(LC INT) and Ready Interrupt (RDY INT). Rdy Int
setting sets the Busy FF indicating that the reader
and the ICRA have gone from a not-ready to a ready
state. Busy, when set, clears Rdy Int after a short
delay, and it will not be set again until the reader goes
ready from a not-ready state.

Here the ICRA waits until the processor responds to
the REQ IN signal with a polling routine, which
effects an adapter-initiated sequence between the
ICRA and the processor. It is during this sequence
that the status indication is presented to tell that the
ICRA is ready.

Reader Error Signals

The reader, detecting any error during a card read
cycle, immediately terminates the READY signal to
the ICRA and terminates reader operation. The
inactive READY signal prevents the ICRA from
generating another pick command to the reader. The
MOCK signal, activated because of a failure to pick a
card, clears the Feed FF in the ICRA. If the failure to
pick occurs on an initial card load, no
adapter-initiated sequence is started since BUSY is
not set (as shown in Figure 4-28A). If the failure to
pick occurs on any subsequent card load, the absence
of READY AND's with BUSY to start an
adapter-initiated sequence (Figure 4-28B).

If the MOCK signal is activated because of a card
motion failure in the output stacker, the card has
been read and the data already placed in the buffer
register; the ICRA in response clears control flip-flops
and sets Sense and Status flip-flops as indicated in
Figure 4-28.

For any card read error, the reader activates ERROR
in addition to terminating READY. The ERROR
signal is not used by the ICRA until after the card
data has been transferred to processor 2 and the

ending sequence is started. At this time the Unit
Check status FF and the Intervention Required and
Equipment Check sense FF's are set.

Single Card Read

One card in the input hopper can be read into the
Buffer register and transferred to processor 2 even
though the reader terminates READY as soon as the
card leaves. This is possible since the ICRA does not
allow the inactive READY signal to set the Device
End FF until the Block Feed FF clears. Block Feed
sets as soon as the reader becomes busy and is not
cleared until the data has been transferred to
processor 2. Device End setting sets the Stat Pnd FF
and in turn activates REQ IN which is the beginning
of an adapter-initiated sequence.

Adapter-Initiated Sequence

Processor 2 in response to the REQ IN signal
performs a polling routine during which the ICRA
performs the events within the adapter initiated
sequence as shown in Figure 4-29. During this
sequence the ICRA presents its address and status
indications. If the status indication is accepted by
processor 2, the ICRA is deselected and waits for a
command via a channel initiated initial selection.

If the status indication is stacked, rather than
accepted, the ICRA still is deselected at the end of
the sequence, but holds the REQ IN signal active and
continues to disable the propagation of SEL IN. The
REQ IN will force processor 2 into performing
another poiling routine. The ICRA will continue to
request service with the REQ IN signal until the
status indication is either accepted or suppressed by
processor 2 during an adapter-initiated sequence.

Initial Selection

(Generalized discussion relevant to ICRA and
IRPA.)

Once the status indication has been accepted,
processor 2 may start an input operation with an
initial selection sequence during which the adapter
responds to the processor TAG OUT signals and
device address by interpreting the Command Byte
and presenting another status indication. The adapter
develops all control signals following processor
requirements. The following discussion presents, in
the order of occurrence, the events within the adapter
during an initial selection sequence. Appendix 4A has
detailed timing.
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Figure 4-28. Card Load Attempt Sequences
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Figure 4-29. ICRA-Initiated Sequence
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Address

Tag Out signal ADRS OUT AND’s with OPL OUT,
enabling the Tag Line Timing Chain, previously
described. If the device address compares with the
address on the Bus Out lines, the ADRS CMP signal
sets the Initial Selection FF, preventing the CR SEL
IN signal from propagating back to the bypass logic.
The Sel Latch FF sets and then ANDs with INITIAL
SELECTION, to activate the AOPL IN and ADISPAR
signals to the processor logic and to enable the
multiplexer output to the Bus In lines. The Tag Line
Timing Chain stops at T4 waiting for processor 2 to
respond to AOPL IN by terminating ADRS OUT
(Figure 4-30).

The inactive ADRS OUT enables the Tag Line Timing
Chain to complete T4 and to advance through T5 to
zero. The inactive ADRS OUT ANDs with OPL IN to
force (through the setting of the Address Enable FF)
the selector logic to generate the select code for the
reader/punch address. The Address Enable FF also
triggers a 150-nanosecond one-shot circuit. The
trailing edge of the 150-nanosecond pulse activates
the AADDRESS IN signal to the processor.

Command

Processor 2 responds, after address checking, by
placing the Command Byte on the Bus Out lines and
activating CMD OUT. The adapter responds to CMD
OUT by enabling the Tag Line Timing Chain and
generating the COMMAND STROBE signal, unless it
is busy and has not reached CE or DE point.
COMMAND STROBE gates the Command Byte into
the Command register. The Command Decode logic
decodes the Command register contents and activates
the appropriate signal or signals. |f the command is
not a No-Op, Test 1/0, or Sense, the Sense flip-flops
are cleared at T2. CMD OUT also ANDS with T4 to
disable the ADDRESS IN signal.

At this point, if the Command Byte is not one of the
four legal ICRA commands, the Command Reject FF
will set. If the Buffer register is not full and the ICRA
is not busy, the Intervention Required FF will also
set. The Unit Check FF will set if any one or more of
the sense flip-flops is set.

If the Command Byte is not one of the seven |RPA
commands which the reader/punch will recognize, or
if the command sequence is incorrect and the IRPA is
not busy, the Command Reject FF is set. Likewise at
this time if the IRPA is not busy and the
reader/punch does not have the READY signal active,
the Intervention Required FF is set. The Unit Check
FF sets when any of the sense flip-flops set, except
for Sense command.
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Status

In response to ADDRESS IN, CMD OUT s
terminated by processor 2. CMD OUT going inactive
enables the Tag Line Timing logic and sets the Service
Status FF which ANDS with the Status Pending FF.
The result is to force the selector logic to generate the
select code for device status indication and to trigger
a 150-nanosecond one-shot circuit. The trailing edge
of the 150-nanosecond pulse activates the ASTAT IN
signal, thus giving the Status Byte time to stabilize on
the Bus In lines.

After the status indication has been accepted by
processor 2, the processor displays this fact by
activating SRV QUT. The ICRA uses SRV OUT to
enable the Tag Line Timing Chain. At the end of T1
time the Init Sel FF clears. Init Sel clearing sets the
Busy 1 FF if the Unit Check and Device End FF's are
clear, indicating no error condition exists. At T3 time
the Unit Check, Device End, and Channel End FF’s
are cleared. At T4 the ASTAT IN signal is terminated,
forcing the Selector Signal logic to generate the select
code for EBCDIC characters from the converter.

Processor 2 responds by ending the initial selection
sequence and begins the data transfer sequence by
terminating SRV OUT.

NOTE

Incorrect status causes processor 2 to terminate
SEL IN and HLD OUT, deselecting the adapter
at the completion of the initial selection.

Data Transfer Sequence

During an ICRA data transfer sequence the 80 ranks
of data are shifted out of the Buffer register and sent
to the processor via the Bus In lines. The number of
bytes transferred depends on the Read command. For
a card image Read there are two bytes per rank
transferred, whereas for an EBCDIC Read only one
byte per rank is transferred. The events within the
ICRA during an EBCDIC Read data transfer sequence
are presented in both the following text and Figure
4-31.

The conclusion of the initial selection (and the
beginning of the data transfer) is indicated with the
termination of SRV OUT by the processor. SRV
OUT going inactive enables the Tag Line Timing
Chain and sets the Performing Command FF, which
stays set until the data transfer sequence terminates.
SRV OUT inactive also AND's with DATA READY
and then proceeds through a 600-nanosecond delay
before setting the Data Xfr Req FF. The set output
of the Data Xfr Req FF in turn triggers a
150-nanosecond one-shot circuit. The trailing edge of
the one-shot output pulse sets the Tag En FF, which
in turn activates the SRV IN signal to the processor.
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Figure 4-30. Adapter Initial Selection Sequence
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Figure 4-30. Adapter Initial Selection Sequence (continued)
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Figure 4-31. Data Transfer Events for One EBCDIC Character
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At this point the first converted EBCDIC character is
on the Bus In lines. SRV IN is active and the ICRA is
waiting for processor 2 to accept the byte and
respond.

After accepting the byte, the processor responds by
activating SRV OUT. The ICRA uses SRV OUT to
prepare the next EBCDIC character for transfer, and
then indicates this fact by terminating SRV IN. In
doing so, the contents of the Buffer register are
right-shifted one place and the count in the Buffer
counter decreased by one. The following sequence of
events within the ICRA accomplishes the preparation
of the next character for transfer. Figure 4-32 shows
the timing relationship of the events involved.

® SRV OUT activated by processor 2
® Activate SRV 1/0 signal

e Set Data Check FF
o Set Data Request FF

e Activate NEW DATA REQUEST (NDR)
signal which enables the input to the
two-phase timing chain

o Clear Data Ready FF

e Terminate NDR; disable input to timing
chain

o Clear Data Request FF

o Shift contents of Buffer register right one
place

o Clear Data Xfr Req FF
e Terminate SRV IN and SRV I/O
e Reduce Buffer counter by one

e Set Data Ready FF

As shown in Figure 4-32, the events between SRV
OUT going inactive to SRV OUT again inactive are
repeated for each EBCDIC character transferred. The
data transfer sequence continues until either
processor 2 terminates it with CMD OUT, or the
Buffer counter reaches a count of zero.

Ending Sequence

(Generalized discussion relevant to both ICRA
and IRPA.)

During the ending sequence the adapter status
indication is first presented to the processor and then
the adapter is deselected. Regardiess of whether the
processor or the adapter terminates the data transfer,
the ending sequence immediately follows the
conclusion of that data transfer sequence.
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Processor-Terminated Input

The processor can terminate either an input or output
data transfer in either mode before all 80 columns of
information have been transferred. The activation of
CMD OUT in response to SRV IN forces the adapter
into an ending sequence (regardless of whether during
the odd or even byte portion of a card image
transfer). Figure 4-33 shows the sequence of events
within the adapter for a channel-terminated input
transfer.

The adapter AND’s CMD OUT with SRV IN to stop
the data transfer and prepare for the ending sequence.
It immediately sets the Channel End FF, whose
output ANDs with the signal indicating that a Read
command is being performed, to generate the SHORT
BUFFER signal. SHORT BUFFER clears the Load
Complete FF, which clears the Block Feed FF. At T4
time the Data Xfr Req FF clears, which terminates
the SRV IN signal.

The processor responds by terminating CMD OUT
which the adapter uses to start the ending sequence.
First the adapter clears the Prf Cmd FF, as the
performance portion of the command is now
complete, and then sets the Status Pending FF which,
when set, causes the Select Code logic to enable the
status information through the MPX to the Bus In
lines. After a 150-nanosecond delay the adapter -
activates STAT IN.

Once the processor has accepted the status indication,
it responds by activating SRV OUT and deselects the
adapter by terminating SEL IN and HLD OUT. The
status indication may also at this point be stacked.
This would be accomplished by a response to STAT
IN of CMD OUT rather than SRV OUT.

Status Indication Accepted — The ICRA uses SRV
OUT in response to STAT IN to start a Card Load
sequence and to complete its portion of the
deselection. The ICRA accomplishes this by
generating the FEED CMD signal from the active
SRV OUT, if no Unit Check conditions exist. The
FEED CMD signal sets the Pick FF which generates
the PICK command to the reader (starting a read
cycle) and triggers the Preset one-shot circuit, which
sets the Column Counter to 99.

In completing the deselection, the ICRA clears the
status flip-flops — DE, CE and Unit Check — and at
T4 clears the Status Pending FF, terminating STAT
IN. Also the ICRA in response to HLD OUT going
inactive will have cleared the Select Latch FF. Now,
with both the Status Pending and Select Latch FF's
clear, the ICRA terminates both OPL IN and DISPAR
and allows the propagation of SEL IN.

As the last event in the ending sequence, the
processor terminates SRV OUT.
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Figure 4-32. Timing Chart, Transfer of One EBCDIC Character
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Status Indication Stacked — The ICRA, in response
to CMD OUT, does not start another card read cycle,
but instead becomes deselected and activates the
REQ IN signal. CMD OUT sets the Stat Pnd FF which
the Tag Line logic uses to activate the REQ IN signal.
The processor also terminates HLD OUT which clears
the Select Latch FF. The ICRA now clears OPL IN
and DISPAR but continues to disable the propagation
of SEL IN because the REQ IN signal is active. The
ending sequence is complete when the processor
terminates CMD OUT, with the status indication
stacked and the ICRA requesting service with the
REQ IN signal.

Adapter-Terminated Transfer

The ICRA will terminate the data transfer and
proceed into an ending sequence when all 80 columns
of information in the Buffer register have been
transferred.

As shown in the adapter-terminated timing diagram,
Figure 4-34, the count in the Column Counter is
reduced to zero during the preparation for transfer of
column 79. After the processor has accepted Byte 79
it indicates this fact by activating SRV QUT. The
ICRA prepares Byte 80 for transfer by shifting the
contents of the Buffer register right one phase and
reducing the Column Counter by one. Because the
count is zero the counter generates a BORROW OUT
signal which clears the Load Complete and the Block
FFeed FF's.

The Load Complete FF clear is the key to
terminating the data transfer and starting the ending
sequence within the ICRA logic. The data transfer
proceeds as normal until the processor accepts Byte
80 and activates SRV OUT (point A in Figure 4-34).

Because the Load Complete FF is clear at this point,
the ICRA does not activate the NEW DATA
REQUEST signal, thus not enabling the Two-Phase
Timing Chain in the Reader Interface logic. The
ICRA does, however, set the Trailing Edge Load
Complete and Channel End flip-flops and then
terminates SRV IN.

Processor 2 responds to the SRV IN termination by
terminating SRV OUT. The data transfer sequence is
now complete; the ICRA starts the ending sequence
by enabling the device status through the Bus In MPX
to the processor and activating STAT IN.

The processor responds by activating SRV OUT and
terminating HLD OUT and SEL OUT. The ICRA uses
SRV OUT to generate the FEED command. The
FEED command sets the Feed FF, starting a card
read cycle in the reader, and sets the Column Counter
to 99 through the Preset one-shot circuit. The
deselection is accomplished when the ICRA clears
Stat In at T4 and then terminates both OPL IN and

DISPAR in the same manner as for the

adapter-terminated ending sequence.

Next Card Preparation

As pointed out in the two preceding ending-sequence
presentations, the ICRA starts the card load sequence
for the next card during every ending sequence if no
Unit Check condition is present and the status
indication was accepted.

During the card load sequence for the next card, the
ICRA performs the same as for the initial card load
(Figure 4-28). The data is read from the card, placed
in the Buffer register and then right shifted in
preparation for transfer to the processor. Once this is
completed, the ICRA starts an adapter-initiated
sequence by activating REQ IN.

The ICRA presents its address and status indication
to the processor during the adapter-initiated
sequence. It is during this sequence that the present
ICRA and reader status indications are either
accepted or stacked by the processor. Once they are
accepted, the ICRA is deselected and again waits until
an input operation is started with an initial selection.

If the status indications are stacked, the ICRA will
continue to request service with the REQ IN signal
until its status indication is accepted and it is
deselected. The ICRA and processor continue to
perform the described sequences, during card read
operations, until the correct number of cards have
been read or an error is encountered. Figure 4-35
illustrates, during a card read operation, the
relationship between the time an error occurs and
when that condition is indicated in the Status Byte.
First is shown a normal read operation followed by
error handling examples.

CARD-IMAGE READ

The ICRA card load and adapter-initiated sequences
perform the same regardiess of the read mode,
whereas the initial selection, data transfer and ending
sequences differ depending on the read mode invoked
by the Read and Feed command. The following
presentation points out the differences in these three
sequences for a card-image read, as compared to the
EBCDIC read already discussed.

Initial Selection )
There are only a couple of different logic operations

in the ICRA during initial selection for a card-image
Read as compared to an EBCDIC Read. The
differences are pointed out with respect to the time
they occur by using Figure 4-30 as a time reference.

The first difference occurs when the Command Byte
is gated into the Command register in response to
CMD OUT. The Command Decode logic activates the
CARD IMAGE signal as well as the READ signal. The
ICRA also clears the Even Byte FF in response to
CMD OUT. This occurs during every initial selection,
but is only significant for a card image Read.
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The initial selection proceeds as shown in Figure 4-29
until the STAT IN signal is terminated. At this point
the Select Code logic generates the SELECT 001
rather than 000. This is because the CARD IM signal
is active and the Even Byte FF is clear. The select
code 001 enables the odd byte (bits 12 to 3} in the
Buffer register to the Bus In Multiplexer. This then
will be the first of the two bytes transferred to the
processor for the first column of card image data.

Data Transfer

The data transfer starts when the processor
terminates SRV OUT after the ICRA-terminated
STAT IN. As shown in Figure 4-36, the ICRA reacts
to inactive SRV OUT the first time the same as it
does for an EBCDIC read. The odd byte is already on
the Bus In lines so all the ICRA does is indicate it's
ready by activating SRV IN.

After the processor has accepted the data it activates
SRV OUT. The ICRA responds by terminating SRV
IN and preparing for transfer the even byte of the
first column of card-image data. SRV IN going
inactive sets the Even Byte FF, which forces the
Select Mode logic to generate the SELECT code 010.
This code enables the even byte (bits 4 to 9) in the
Buffer register to the Bus In Multiplexer.

The processor responds by terminating SRV OUT,
causing the ICRA to again activate SRV IN; this
indicates that the second byte is on the Bus In lines
ready for transfer.

The processor accepts the even byte and then
activates SRV OUT. The ICRA responds to SRV
OUT by preparing the next column of card image
data for transfer. SRV OUT active generates the NDR
signal since the Data Req FF is set. The NDR signal
enables the input to the Two-Phase Timing Chain and
clears the Data Rdy FF. It in turn disables the NDR
signal, thus allowing only one pass through the
Two-Phase Timing Chain. The PHASE IN signal shifts
the contents of the Buffer register right one place
while the output of the second one-shot sets the Data
Rdy FF and counts down the Buffer Counter by one.

The ICRA next clears the Data Xfr Request FF,
which terminates the SRV IN signal. SRV IN going
inactive clears the Even Byte FF, forcing SELECT
code 001. The odd byte of the second column of
card-image data is now enabled into the Bus In
Multiplexer, ready for transfer. The processor
responds by terminating SRV OUT to start the
transfer of the second column of data.

The events shown in Figure 4-36 are repeated once
for each column of card-image data until the data
transfer is terminated.
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Ending Sequence

The sequence of events for a channel-terminated -
card-image read from the ICRA are identical to those
shown in Figure 4-33 for a channel-terminated
EBCDIC read. During an adapter-terminated
card-image read, the ICRA performs differently with
respect to an EBCDIC read because of the two bytes
transferred per card-image column.

The ICRA terminates the data transfer when both
bytes of all 80 columns of information in the Buffer
register have been transferred.

The processor indicates acceptance of the even byte
for column 79 by activating SRV OQUT, as shown in
point A in Figure 4-37. The ICRA responses by
preparing column 80 for transfer. It shifts the
contents of the Buffer register one place and reduces
the Column Counter by one. The count was reduced
to zero during the preparation of column 79 and for
this reason the Column Counter generates a
BORROW OUT when further reduced for column 80.
The BORROW OUT signal clears the Load Complete
and Block Feed FF's, because all the necessary
shifting has been completed.

Next the Even Byte FF is cleared, which enables the
odd byte to the Bus In Multiplexer, and SRV IN is
terminated. The data transfer proceeds as for any
other byte until the processor accepts the odd byte
column 80 and activates SRV OUT (point B). In
response, the ICRA sets the TELC and CE FF's
because the LC FF is clear. The Last Byte Card Image
FF is also set. This keeps the Stat Pnd FF from
setting when SRV OUT is terminated (point C)
because the even byte column 80 has not been
accepted at that point. Finally the Even Byte FF is
set, enabling the even byte for column 80 to the Bus
In Multiplexer and SRV IN is terminated.

Once even byte column 80 is accepted, the processor
activates SRV OUT (point D). The ICRA clears the
Last Byte Card Image FF in preparation for the
ending sequence, and terminates SRV IN. When the
processor terminates SRV OUT, the ICRA sets the
Stat Pnd FF because the Last Byte Card Image FF is
now clear; and activates STAT IN, starting the end
sequence.

NON-MOTION COMMANDS

The Sense, Test //0 and No-Operation commands do
not cause card motion in the reader. No-Operation
and Test //0 require only an initial selection
sequence. Sense uses an initial selection, data transfer
and ending sequence, but only one byte of sense
information is transferred to the processor during the
data transfer sequence (Figure 4-38).
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Figure 4-36. ICRA Card Image Data Transfer Sequence
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Figure 4-38. ICRA No-Operation and Test 1/0 Sequences
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No-Operation Command

If the No-Op command is issued during an initial
selection sequence while the ICRA is not busy,
indicated by sequence A in the diagram below, it is
accepted and executed by the ICRA. The normal

status response at this point is Channel End and
Device End; this is shown in sequence A. {f No-Op is
issued during an initial selection sequence while the
ICRA is busy and has not reached Channel End or
Device End, the ICRA will reply with a Busy status
indication (sequence B).

® cL
’ ICL AlS l 1S . 1S DT ES I 1S | AlS I
Card One DE No-Op Read Card One CE No-Op DE DE
Loaded Status CE & DE EBCDIC Transferred Status Busy Occurs Status
Status Zero Status Status
ICL  — Initial Card Load
AlIS — Adapter Initiated Sequence
IS — Initial Selection Sequence
DT  — Data Transfer Sequence
ES — Ending Sequence
CcL — Card Load

Figure 4-38 shows only the events which take place
from CMD OUT to the completion of a No-Op and
Test 1/0 initial selection, because the events prior to
CMD OUT (Figure 4-30) are identical for all
commands.

Test 1/0 Command

If the Test //O command is issued while the ICRA is
not busy and has no outstanding status (sequence A

in diagram below), it is accepted and executed by the
ICRA. The status response is zero.

Test 1/0, like any of the commands, if issued while
the ICRA is busy and has not reached Channel End or
Device End, will not be executed. The ICRA will
proceed through the initial selection with only the
Busy bit in the Status Byte (sequence B). The status
response to Test //0 (when the ICRA is busy and has
Device End status indication which the processor has
not accepted (sequence C)) is Device End only,
without Busy.

cL ©
ICL AIS IS 1S ES ' IS I IS
Card One DE Test 1/O Read Cl Card One CE Test 1/O DE Test 1/0
Loaded Status Zero Zero Transferred Status Busy Status Occurs DE Status
Status Status

Sense Command

A Sense command issued while the ICRA is not busy
will be accepted and executed. During the initial
selection the status indication is zero. During the data
transfer sequence, the one byte of sense information
is transferred to the processor, and Channel End and
Device End are presented during the ending sequence.
If the initial selection status indication is not zero,
the processor terminates HLD OUT and SEL IN,
causing the ICRA to be deselected at the end of the
initial selection by the termination of OPL IN.
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CONTROL STORAGE LOGIC

The Control Storage Load (CSL) logic within the
ICRA allows the shared resources to load control
storage from punched cards. The data read from the
cards is transferred by the ICRA directly to the
shared resources, rather than through the Basic Data
Channel control circuitry (Figure 4-20).

A portion of CSL logic is located on the EP module
with the rest of the logic, and the drivers are on the
DG module. In orcder for the CSL logic to



communicate with the shared resources the LOAD
SEL.ECT switch must be in the CR position since its
function is to enable or disable the CSL logic.

The ICRA sends four data bits and two nybl bits as
well as two control signals to the Control Storage
Loader logic in the shared resources. The eight drivers
for these lines are shown on page CC042 with a
definition of each signal listed below.

e End Data Input (ENDI) — This signal
indicates that both the card reader and
ICRA have properly completed their portion
of the control storage load operation.

@ Other Data Strobe (ODS) — This signal is
active when data is available to the shared
resources. It is active for 500 nanoseconds
during each nybl transfer.

e The four bits of data transferred from the
Buffer register: bits 12, 11, 0 and 1.

e NYBL 0 — This signal is controlled from bit
position 8 of the Buffer register. When
active, it indicates that the four bits of data
on the lines are the first four bits, or nybl
zero, of a Control Storage word.

e NYBL 3 — This signal is controlled from bit
position 9 of the Buffer register. When
active, it indicates that the four bits of data
on the lines are the last four bits, or nybl
three, of a Control Storage word.

The CSL logic on the EP module (page CC052)
receives only two control signals from the shared
resources. They both enable and start a Control
Storage Load operation in the ICRA. The CR select
signal originates at the LOAD SELECT switch on the
system control panel. With the switch in the CR
position the CR signal is active, thus enabling the
ICRA to respond to the DOA signal. DOA is activated
by the shared resources at the beginning of CSL
operation and held active until its completion.

During a CSL operation the ICRA alternately
performs card load sequences and CS data transfer
sequences. The CSL operation is terminated by any
one of the following three conditions occurring:

e All punched cards have been read and their
data transferred to the shared resources. This
is the correct termination which uses the
ENDI signal.

@ Either a read or feed error is detected in the
card reader.

o The DOA signal is terminated by the shared
resources before all the punched cards have
been read. DOA going inactive indicates that
control storage is full.

Initial Card Load

A card load sequence is performed for the initial card
and, as mentioned earlier, for each subsequent card
during the CSL operation. The initial card load is
performed as soon as the card reader is made ready
by the operator: cards in input magazine (hopper)
and START switch pressed. The card load sequence
performed by the ICRA reader interface logic (logic
page CC032) is identical to the card load sequence
represented in Figure 4-27, except for the activating
of REQ IN. As explained earlier, during a card load
the data is read from the card, placed in the Buffer
register and then right shifted 20 places in
preparation for output. The REQ IN is not activated
since the RESET signal is active.

Once the initial card load is complete, with no errors,
the ICRA is ready to perform a CSL operation. The
shared resources start the operation by activating the
DOA signal. With the CSL switch in the ON position,
the CSL logic responds to DOA by performing a CS
data transfer sequence, then a card load sequence,
then another CS data transfer sequence, and so on
alternately until the termination of the CSL
operation.

CSL Operation

The LOAD SELECT switch in the CR position not
only allows the CSL logic to respond to the DOA
signal, but it also enables the contents of Rank 100 of
the Buffer register to go through the CSL drivers to
the shared resources. The CSL logic checks the status
of the card reader before starting the CS data transfer
sequence;, as shown in Figure 4-39. If the card load
sequence performed correctly, the data transfer is
started; if it did not, the ICRA stops the CSL
operation without activating the END signal.

The CSL logic activates the CSDR signal if the card
load sequence had no errors. This signal, delayed
through a one-shot circuit before activating the
CSNDR signal which starts the two-phase timing
chain in the Reader Interface logic, clears the Data
Rdy FF. The Data Rdy FF clearing terminates the
CSDR signal which, after 200 nanoseconds,
terminates the CSNDR signal thereby disabling the
timing chain input. The CSL logic uses the timing
chain phase one output to generate the ODS signal to
the shared resources. The ODS is active for 500
nanoseconds; it is during this time that the shared
resources accept the data. On the trailing edge of
PHASE ONE pulse the Buffer register contents are
right shifted one place.

The timing chain PHASE TWO pulse reduces the
Column Counter by one, and when that terminates
sets the Data Rdy FF again. The Data Rdy FF set
again starts another data transfer as just described.
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Figure 4-39, Flowchart, Control Storage Operation



This sequence is repeated until all 80 columns of data
in the Buffer register have been transferred to the
shared resources. During the 80th data transfer the
Column Counter produces a BORROW OUT signal
which clears the Load Complete FF. The CSL logic
now initiates a card load sequence if the reader is still
ready.

The card load sequence again reads a card and places
the data in the Buffer register ready for transfer.
After that, the LC FF is set. LC going set starts
another CS data transfer sequence by activating the
CSDR signal if no read errors were encountered
during the card load sequence. The data transfer
events repeat until all 80 columns have been
transferred, which is signified by the LC FF being
cleared. At this point the CSL logic makes the
decision whether to start another card load sequence
or to terminate the Control Storage operation. If
during the previous card load sequence the last card
had been read the reader is now no longer ready. In
this case, the CSL logic activates the ENDI signal to
the shared resources and stops.

INTEGRATED READER/PUNCH
ADAPTER (IRPA)

NOTE

Processes and functions common to both the
IRPA and the Integrated Card Reader Adapter
(ICRA) are generally not fully described in this
portion of this manual. They were described in
the ICRA portion. In a few instances, IRPA
descriptions were included in those generalized
descriptions because they best fit into the
generalized context.

GENERAL DESCRIPTION

The IRPA is the reader/punch controlling element. It
contains the communications path and control logic
between processor 2 and the card reader/punch. The
IRPA, in conjunction with the reader/punch, provides
a Memorex system with the ability to read
information from 80-column cards and place it in
main storage or to punch main storage information
into 80-column cards.

The IRPA performs the following operations:
® Accepts either EBCDIC or binary data from
the processor (punching).

o Transfers either EBCDIC or binary data to
the processor (reading).

e Provides an 80-column data buffer register
for temporary data storage.

o Transfers the data buffer register contents to
the processor and reads the next card in
response to a single Read command.

@ Punches the data sent by the processor in
the card and places the card in the specified
stacker in response to a single Punch
command.

o Reads and stores the first card data in the
Buffer register prior to the first command.

o Presents all necessary status and sense
information when requested by the
processor.

e Provides a control storage load (CSL)
capability.

The IRPA block diagram is in Figure 4-40. All
communications between the processor and the IRPA
follow the operational sequence requirements. The
control and data signals for the CSL feature connect
directly to the control storage loader logic in the
shared resources. The data and control signals from
the reader/punch connect to the IRPA through a
connector on the /0 connector panel.

Commands

The IRPA recognizes as valid seven commands, three
of which cause card motion, and four do not. A
description and programming considerations for each
of the seven commands follows.

e NO-OPERATION
0 1....Bits.....6 7

[o]ofoJofofo]1] 1]

Normal Status Indication: Channel/ End and
Device End at initial selection,

Command Byte:

Other Status Indication: Unit Check (bit 6) is
presented if alone if an /ntervention Required
condition exists. Busy (bit 3) occurs if the
reader/punch has not reached the Device End
point or if the IRPA has outstanding status.

e TEST I/O

0 1....Bits.....6 7
Command Byte: [o]o]o]ofo]1]0]0]

Operation Performed: Transfers status
information to the channel and clears Status
flip-flops.

NOTE
Busy (bit 3) is included if the reader/punch is

executing a Read or Punch command and the
IRPA has no outstanding status.
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e SENSE

0 1....8Bits.....6 7
Command Byte: Lol olo[o |0[1 |010]

Operation Performed: Transfers one Sense Byte
to the channel during the data transfer sequence.
Presents Channel End and Device End during the
ending sequence.

Normal Status Indication: Zero at initial
selection.

READ ONLY
0 1...,Bits.....6 7

Lolo[x]o[1]o[1 o]

Command Byte:

0= EBCDIC
1 = Card Image

Operation Performed: Transfers the buffer
register data to the channel. Presents Channel End
and Device End during an ending sequence after
the last Data Byte is transferred.

Normal Status Indication: Zero at initial
selection.

Command Sequence: A Read Only command
should not follow another Read Only command. |f
it does, Unit Check occurs in the initial selection
status and Command Reject in the Sense Byte.

Other Status Indication: Unit Check (bit 6)
occurs at initial selection for any error causing
Intervention Required or Command Reject in the
Sense Byte.

Busy (bit 3) occurs at initial selection if the IRPA
is still executing the previous command.
READ, FEED AND SELECT STACKER

0 1....Bits.....,6 7
[x[o] x[o]o[o]1]o]

Command Byte:

0= EBCDIC
1 = Card Image

0 = Normal Stacker
1 = Offset Stacker

Operation Performed: Transfers the Buffer
register data to the channel, feeds the card (whose
data was transferred) to the specified stacker
position, and reads the next card, placing its data
in the Buffer register. Presents Channel End during
an ending sequence after the last Data Byte is
transferred. Presents Device End during an adapter
initiated sequence after the next card has been
read.

Normal Status Indication: Zero at initial
selection.

Command Sequence: This command should not
follow a Read Only command. If it does, Unit
Check occurs in the initial selection Status Byte,
and Command Reject appears in the Sense Byte.

Other Status Indication: Unit Check (bit 6)
occurs at initial selection for any error causing
Intervention Required or Command Reject in the
sense byte. Unit Check occurs with Channel End
for any error causing Equipment Check or Data
Check in the Sense Byte.

FEED AND SELECT STACKER

0 1....Bitse.e..6 7
Command Byte: [x]o]1]o]o]o]1]1]

0 = Normal stacker
1 = Offset stacker

Operation Performed: Feeds the card (whose data
was transferred to the channel by the preceding
Read Only command) to the specified stacker
position, and reads the next card, placing its data
in the Buffer register. Presents Device End during
an adapter-initiated sequence after the next card
has been read.

Normal Status Indication: Channel End at initial
selection (immediate command as no data transfer
occurs).

Command Sequence: This command must only
follow a Read Only command and as such can
never be the first command sent to the IRPA,

Other Status Indication: Unit Check (bit 6)
occurs at initial selection instead of Channel End
for an error causing /ntervention Required or
Command Reject in the Sense Byte.

PUNCH, FEED AND SELECT STACKER

0 1 Bits 6 7
[x]Jo[x[o]o]o]o]1]

Command Byte:

0= EBCDIC
1 = Card Image

0 = Normal Stacker
1 = Offset Stacker

Operation Performed: Accepts data from the
processor and places it in the Buffer register;
punches the Buffer register data into the card at
the punch station and feeds it to the specified
stacker position. Reads the next card, placing its
data in the Buffer register. Presents Channel End
during an ending sequence after the last Data Byte
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is accepted from the channel. Presents Device End
during an adapter-initiated sequence after the card
is punched and the next card has been read.

Normal Status !Indication: Zero at initial
selection.

Other Status Indication: Unit Check (bit 6)
occurs at initial selection for any error causing
Intervention Required in the Sense Byte. Unit
Check occurs with Device End for an error cdusing
Equipment Check in the Status Byte.

Status Information
Sense Information
Data Farmats

The generalized description presented
previously for the Integrated Card Reader
Adapter applies; the few items unique to the
IRPA are presented there to be in context.

LOGIC DESCRIPTION

The basic logic description relevant to both the
ICRA and IRPA is contained in the previous
ICRA section. That relevant only to the IRPA
is in this section.

Reader/Punch Data

Data is transferred between the reader/punch and the
IRPA serially on a single bi-directional data line.
Accompanying the data is a STROBE signal, which is
active during the serial transfer of each column as
shown in Figure 4-41A.

During a serial transfer of data with the reader/punch
the IRPA uses the STROBE signal in enabling its
clock circuitry. During the STROBE signal interval,
12 CLOCK pulses are generated which clock the 12
bits of data into or out of the Serial Data register
(SDR).

The SDR consists of three 4-input right-shift register
MSI elements (logic page 1C242). The fourth flip-flop
output of an element is connected to the serial input
of the next element. The input data from the
reader/punch is applied to the serial input of the first
element, and the output data for the reader/punch is
taken from the output of the last element’s last
flip-flop. Each time the CLOCK goes low, the data
shifts right one place.

For read (input) operations the reader/punch
terminates the STROBE signal after it sends the
twelfth bit of a column. The IRPA uses the inactive
direction of STROBE to generate the PHASE IN
signal which gates the 12 bits of data, in parallel,
from the Serial Data register to the Buffer register
(Figure 4-41B).
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During punch (output) operations the IRPA uses
STROBE going active to enable and then gate, in
parallel, a column of data from Buffer register to the
SDR (Figure 4-41C). The CLOCK pulses then shift
the data out to the reader/punch.

Buffer Register

The IRPA Buffer register consists of six dual 100-bit,
shift register, MSI elements. These are static shift
registers and, as such, hold data placed in them until
it is shifted out.

The 12 bits of input data come from the Punch/Read
Data Select multiplexer. The inputs to this
multiplexer come from the Serial Data register and
the EBCDIC/Card Image multiplexer. During read
operations, data from the Serial Data register is
enabled through the Punch/Read multiplexer to the
Buffer register inputs, while during punch operations
data from the EBCDIC/Card Image multiplexer is
enabled through the Punch/Read multiplexer to the
Buffer register (Figure 4-22).

The 12 bits of input data are gated into the first rank
of flip-flops and the contents of all other ranks are
gated into the subsequent rank each time the PHASE
IN signal goes high (Figure 4-23). The outputs from
the last rank of flip-flops are not recirculated within
the register. The output, taken from the last rank of
flip-flops, is permanently enabled.

The Buffer register gives the IRPA the capability of
holding all the information from either a 80- or
96-column card. Since all columns are read and
placed in the Buffer register before being transferred
to the channel, data cannot be lost.

The Buffer register outputs are connected to the
Serial Data register, the Bus In multiplexer, the
Card-Code-To-EBCDIC converter, and the Invalid
Character Checking logic.

The Character Checking logic (page 1C242)
constantly monitors Buffer register outputs 1 through
7, looking for more than one logic 1. More than
one logic ‘1" between bits 1 and 7 inclusive activates
the INVALID CHARACTER signal (INVALIDCH)
which is used by the Sense Logic (page 1C262). An
invalid character will cause the setting of the Data
Check flip-flop only during EBCDIC Read operations.

The Card Code converter constantly monitors the
Buffer register output and, in conjunction with part
of the Character Checking logic, translates or converts
the 12-bit card code to an 8-bit EBCDIC character.
The eight-bit Code Converter output is connected to
input 0 of the Bus In multiplexer. Its output is routed
through the multiplexer only during EBCDIC read
operations.
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Buffer register outputs corresponding to card
columns 3 through 12 connect to the Bus In
multiplexer input 1, bits 2 through 7; register outputs
for columns 9 through 14 connect to input 2, bits 2
through 7. These data paths are used when
transferring the 12 bits of card image data from the
Buffer register to the processor in two subsequent
bytes.

Sense L ogic

The four IRPA Sense flip-flops and the associated
Sense logic are contained on the EP printed circuit
module (page 1C261). The sense logic uses signals
from the Command Decode logic and inputs from the
Tag Line Control logic in generating Command
Reject. Signals from the Command Decode logic, the
Tag Line Control logic and the INVALID CH signal
are used in generating Data Check. The Equipment
Check condition is determined by monitoring the
ERROR signal from the Reader interface logic. The
Intervention Required FF monitors signals from the
Reader Interface logic, Control logic, and Status
logic.

When any one of the five Sense flip-flops sets, the
Unit Check FF sets, if the IRPA is not presently
executing a Sense command.

NOTE

Many of the inputs have different signal names
when the EP module is used in the reader
adapter (ICRA). Of course, only the applicable
reader/punch signal names appear in the
reader/punch logic diagrams.

Status Logic

The IRPA Status logic shown on page 1C052 contains
the four Status flip-flops and associated logic. The
Status logic monitors signals from the Tag Line
Control logic, the Reader Interface logic, the
Command Decode logic and the Sense logic. The
outputs from the Status flip-flops are used in the
generation of the FEED command to the reader, by
the Sense logic, by the Tag Line Control logic, and
the Reader Interface logic.

Reader/Punch Interface Logic

The Reader/Punch Interface logic (EN module),
shown on page 1C232, contains the receivers and
transmitters for the reader/punch signals and the logic
which controls the proper loading and unloading of
the Buffer register during read operations. The
following is a brief description of the reader/punch
signals shown on page 1C232.
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e READY — This signal when active indicates
the reader/punch has successfully fed a card
into the Punch Wait station and one into the
Pre-Read Wait station and has no
operator-intervention-required error
conditions present.

e CARD PRESENCE — This signal is active
while a card is passing through the Read
station.

e STROBE — This signal is activated whenever
the reader/punch is ready to send a column
of data or is ready to accept a column of
data. STROBE stays active until 12 data bits
have been serially transferred to or from the
reader/punch.

e FEED CHECK — This signal is activated
whenever a feed cycle does not complete
correctly and the input magazine (hopper) is
not empty.

o ERROR — This signal is activated by alight
or dark check failure (read), or by an echo
check failure (punch).

e FEED - This signal, when activated by the
IRPA, starts a card feed cycle in the
reader/punch.

e OFFSET -- This signal, active in conjunction
with FEED, causes the reader/punch to
offset from the normal stacker position the
card entering the stacker, as a result of the
FEED signal.

@ CLOCK — This is the 1-microsecond CLOCK
signal used by the reader/punch to gate the
serial punch data into or out of its register.

e DATA — A bi-directional signal representing
an item of serial read or punch data.

NOTE

The signals from the reader/punch are only
activated and the signals from the IRPA are
only accepted by the reader/punch when it is in
for On-Line mode.

Serial Data Transfer

The single bi-directional Data line is connected to a
transmitter and receiver in both the IRPA and the
reader/punch, as shown in Figure 4-42. Because of
this, a transmitter has three states — one, zero, and
off. When a card is being read, the CARD PRESENCE
signal is activated by the reader/punch. This signal
inhibits the IRPA transmitter {placing it in the off
state) and enables the |RPA receiver. The transmitter
in the off state presents a high impedance to the Data
line thus effectively removing the transmitter from
the circuit.
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When data is being sent to the reader/punch, the
CARD PRESENCE signal is inactive; this disables the
IRPA receiver and allows the punch data to control
the IRPA transmitter.

The remaining logic on page 1C232 consists of the
Two-Phase Timing Chain, the Column Counter and
Reader/Punch Interface control logic. The Column
Counter is composed of two 4-bit MSI counter
elements.

The counter is preset to the binary equivalent of
either 78 or 99 by the 5-microsecond pulse out of the
Preset one-shot circuit. The Column Counter
decreases by one for each COUNT DOWN pulse it
receives. After the counter has reached zero, the next
COUNT DOWN pulse produces a BORROW OUT
signal. This signal pulses the Load Complete FF,
which has a toggling input (it changes states each time
it is pulsed).

Two-Phase Timing Chain

The IRPA COUNT DOWN and PHASE IN pulses are
generated by signals from the reader/punch, the
Punching Control logic, or the Two-Phase Timing
Chain. The timing chain consists of two one-shot
circuits. When enabled, the first one-shot (phase 1)
produces a 500-nanosecond pulse (Figure 4-24) which
feeds both the second one-shot and the PHASE IN
signal. As stated earlier, the trailing edge of the
PHASE IN signal gates the data from the SDR into
the Buffer register, and shifts all other data right one
place.

The trailing edge of PHASE 1 triggers the Phase 2
one-shot which in turn generates a one-microsecond
COUNT DOWN pulse. The PHASE 2 trailing edge
triggers the Phase 1 one-shot again if it is still enabled.
Each pass through the chain moves the data right one
place in the Buffer register and reduces the count in
the Column Counter by 1.
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In addition to the reader/punch signals and IRPA
logic signals the Reader/Punch Interface logic receives
a POWER ON MASTER CLEAR signal from the
Power Sequencer unit. This signal is activated at the
beginning of the power-up sequence and is not
terminated until all equipments in the system have
been brought up to power. When activated, this signal
clears Control flip-flops and the Non-Zero Punch
Counter on the EN module.

Punch Control Logic

The Punch Control Interface logic and CLOCK signal
generating logic is on logic page 1C231. Two one-shot
circuits connected in a cyclic fashion produce both
the CLOCK and MUX CLOCK signals while enabled
by reader/punch signals or the punch control logic.

The punch control logic has these functions:

e Control over loading of the Buffer register
when accepting data from the processor.

e The gating of data from the Buffer register
to SDR and the serial transfer of it to the
reader/punch.

e The counting of zero columns and the
subsequent generation of the SKIPOUT
signal.

Tag Line Control
Tag Line Timing Chain

Data relevant to both ICRA and IRPA
previously presented in ICRA discussion.

OPERATING SEQUENCES

The operating sequences performed by the IRPA are
divided into the following three categories: those
used to communicate with processor 2, those used to
communicate with the reader/punch and those
needed for the control storage load function. The
sequences used and their order of occurrence during
the execution of commands and control storage load
are shown in Figure 4-43.

Initial Run-In

In response to pressing the START switch, the
reader/punch and the 1RPA perform an initial run-in
sequence. This sequence includes the execution of
two feed cycles by the reader/punch. During the first
cycle a card is moved from the input magazine
(hopper) to the Pre-Read station. In the second cycle
the first. card is moved from the Pre-Read station past
the Read station, during which the data is read and
loaded into the IRPA. The first card stops at the Wait
Punch station. Also, while card one is being read a
second card is being moved from the input magazine
to the Pre-Read station. After both feed cycles have
been completed correctly, the reader/punch is ready,
and activates the READY signal to the IRPA.
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The IRPA performs a number of events, in response
to reader/punch signals, during the card load
sequence for the first card as illustrated by Figure
4-44. At the point in the second feed cycle at which
the first card enters the Read station the
reader/punch activates the CARD PRESENCE signal.
The IRPA uses CARD PRESENCE to enable the
clock logic and to trigger the Preset Counter one-shot
circuit whose 5-microsecond output pulse at this
point sets the Column Counter to 99. The |RPA also
used CARD PRESENCE to initialize three control
flip-flops, set the Punch Counter to all 1’s, disable the
data transmitter to the reader/punch, and enable the
data receiver from the reader/punch.

Once the reader/punch has read the first column of
data and is ready to transfer it to the IRPA, it
activates the STROBE signal. The IRPA clock logic
responds by generating the CLOCK pulses as shown
in Figure 4-41A. The CLOCK signal is sent to the
reader/punch which uses it to serially present the 12
bits of data. Internally the CLOCK signal shifts the
12 bits of data into the SDR.

After 12 CLOCK pulses, the reader/punch terminates
the STROBE signal which stops the clock logic.
STROBE going inactive also reduces the Column
Counter by 1, by forcing the count down input to the
counter to a logic “*1". It also generates a PHASE IN
signal by triggering the 500-nanosecond Read Data
Strobe one-shot circuit. The PHASE IN signal gates
the data from the SDR to the Buffer register.

At this point, the first column of data has been read
from the card, transferred to the IRPA, placed in the
Buffer register, and the Column Counter has been
reduced by 1. When the second column of data is
ready for transfer, the reader/punch again activates
STROBE and the above described events again take
place. After this sequence of events is performed 80
times, the Column Counter is reduced to a count of
19, and the card data resides between ranks 0 and 80
of the Buffer register.

The reader/punch terminates the CARD PRESENCE
signal as the card leaves the Read station.
Termination of the signal starts the Two-Phase
Timing Chain, causing it to generate 20 PHASE IN
and COUNT DOWN pulses (as described in the
Two-Phase Timing Chain paragraph). The trailing
edge of the first PHASE TWO pulse sets the Read
Data Ready FF. Nineteen count-down pulses reduce
the Column Counter to zero. The twentieth pulse
produces a BORROW OUT from the counter, which
disables the timing chain by setting the Load
Complete FF. The 20 PHASE IN pulses move the
data in the Buffer register to ranks 20 through 100 in
preparation for transfer to the channel.



H IRl | AlS l IS I

INPUT
DT ES

| READ ONLY
CARD1  DE READ ONLY - BUFFER REGIS-  CE, DE
READ&  STATUS ZEROSTATUS TER OUTPUT STATUS
LOADED TRANSFERRED
TO PROCESSOR
H S I F I L I AlS I FEED & SELECT STACKER
FEEDONLY  CARD1 CARD 2 DE
- CESTATUS  MOVED TO READ&  STATUS
STAGKER LOADED
INPUT
IRI AlS 1S oT ES FD cL AlS READ, FEED &
. . SELECT STACKER
CARD 1 DE READ & FEED CARD 1 CE CARD 1 CARD 2 DE
READ&  STATUS - ZERO TRANSFERRED ~ STATUS MOVED TO READ & STATUS
LOADED STATUS 70 STACKER LOADED
PROCESSOR
ouTPYT I I I I I PUNCH, FEED
I IRI I AlS I IS l 0T | & ] ce cL AlS & SELECT
CARD 1 DE PUNCH & FEED CARD 1 CE CARD 1 PUNCHED AND CARD 2 DE STACKER
READ&  STATUS —ZERQ PUNCH DATA  STATUS MOVED TO OUTPUT READ&  STATUS
LOADED STATUS TRANSFERRED STACKER LOADED
FROM
PROCESSOR
I 1S I NO-OPERATION L__'S___I TEST 1/0
NO-OP TEST 1/0
| I INPUT I I
IS | or ES SENSE
SENSE — ONE SENSE CE, DE
ZERO STATUS BYTE STATUS
TRANSFERRED
T0
PROCESSOR

IRI I

CSDT I cL

I CSDT I cL I

CARD 1 CARD 1 CARD 2
READ & TRANSFERRED READ &
LOADED  TO PROCESSOR LOADED

IS —INITIAL SELECTION

IRl —INITIAL RUN-IN

AlS — ADAPTER INITIATED SEQUENCE

DT — DATA TRANSFER

ES - ENDING SEQUENCE

CP - CARDPUNCH

CL - CARDLOAD

FD —FEED

CSDT — CONTROL STORAGE DATA TRANSFER

CARD 2 CARD 3
TRANSFERRED  READ &
TO PROCESSOR LOADED

Figure 4-43. IRPA Operating Sequences

CONTROL STORAGE LOAD

4-97



SET COLUMN SET CLEAR FEED DISABLE SET PCH
COUNTER TO BLOCK COMMAND DATA TRANS- COUNTER
CARD »! 99 AND »| FEED »] AnoLoap »| MITTER AND TO FFyg
PRESENCE ENABLE FF COMPLETE ENABLE DATA
CLOCK LOGIC FF's RECEIVER
10231 10231 1C231 1231 10232
CLOCK -
SERIAL DATA TO READER/PUNCH
FROM READER/PUNCH
y
START SHIFT BUFFER
CLOCK DATA REGISTER
ACTIVE | LOGIC CLOCK ;'ELO DATA .
i PULSES 12 BITS
10232 10242 1C241
STROBE
STOP REDUCE GENERATE GATE SDR
CLOCK COLUMN PHASE IN CONTENTS
. LoGIC COUNTER | PULSEWITH INTO BUF-
1 READ DATA > EER REGIS:
INACTIVE BY ONE STROBE TER WITH
ONE-SHOT PHASE IN
10232 10231 1232 10241
DISABLE TIMING CHAIN MOVE DATA COLUMN SET
CARD PRESENCE RECEIVER GENERATES RIGHT 20 %%UgTNEGR COLUMN
p] AND ENABLE »{ 20 PHASE IN > PLAFu:Es IN > ZEéxOlSETS COUNTER
INACTIVE DATA TRANS- AND COUNT AND SET o LOAD COM- To7s
MITTER DOWN PULSES READ DATA PLETE FF
1C231 1€231 READY FF 16231 1231
10231
LCSET
SET LELC SET ACTIVATE
AND STATUS REQUEST IN
READY DEVICE END PENDING AND DISABLE A REQUEST IN
»{ AND FF's »  FF »} PROPAGATION : —>
OF SEL IN TO PROCESSOR
16261 1C272 1C271
| I USED ONLY FOR INITIAL RUN-IN
SET SET SEQUENCE WHEN READER/PUNCH
1 READY BUSY GOES FROM NOT-READY TO
| » INTERRUPT FF l READY STATE
I 1C261 1C261 I
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Figure 4-44. IRPA Card Load Sequence




The BORROW OUT signal also triggers the Preset
Counter one-shot circuit which this time forces the
Column Counter to 78 because the CARD
PRESENCE signal 1s now inactive. The Column
Counter is set in preparation for the data transfer to
the channel. Only 79 shifts are required to transfer
the 80 ranks of data since the output of rank 100 is
constantly available. The count is set to 78; thus, for
COUNT DOWN pulse 79 (all data transferred) the
counter produces a BORROW OUT signal.

READY is activated by the reader/punch at the
completion of the second feed cycle. The Load
Complete FF set indicates the shifting is complete
and the IRPA is ready to accept commands. The
IRPA now prepares its status information and thus
requests service. Load Complete setting clocked the
Leading Edge Load Complete (LELC) causing it to
set, since READY was active. LEL C setting sets the
Device End status FF. Status is now outstanding and
for this reason the IRPA uses the Device End output
to set the Status Pending FF which activates the
REQUEST I[N signal to the processor. REQUEST IN
active also disables the propagation of the SEL IN
signal through the IRPA,

In addition, the READY signal going active sets the
Ready Interrupt FF, which in turn sets the Busy
status FF indicating that the reader/punch and IRPA
have gone from a not-ready to a ready state. Busy,

when set, clears the Ready Interrupt FF after a short -

delay, because it will not be used to set BUSY again
until the reader/punch goes not-ready and back to
ready.

It is at this point that the IRPA waits until the
processor responds to the REQUEST IN signal with a
polling routine, which effects an adapter-initiated
sequence between the IRPA and the processor. It is
during this sequence that the status indication is
presented indicating that the IRPA is ready.

A feed error detected by the reader/punch during
initial run-in causes it to activate the FEED CHECK
signal, disabling further execution of feed cycles and
holding READY inactive. As a result, regardless of
whether the error occurs during the first or second
feed cycles, the IRPA will not activate the REQUEST
IN signal at the termination of the run-in. This is the
proper response, because no data is transferred to the
channel during initial run-in; as such, the error is
strictly motion failure which the operator can
observe.

If the reader/punch detects a read error during the
second feed cycle (reading the first card) it activates
the ERROR signal to !RPA. The initial run-in
sequence terminates correctly and an
adapter-initiated sequence is started as normal. The
error status information will be presented to the

processor dependent upon the command issued as
listed below.

e During the ending sequence of a Read Only
or a Read, Feed And Select Stacker
command when executed first after initial
run-in,

o With Device End status presentation for the
Punch, Feed And Select Stacker command.

NOTE

The first card will be offset in the stacker at the
completion of any command containing a feed
portion.

Adapter Initiated Sequence

Processor 2, in response to the REQUEST IN signal,
performs a polling routine during which the IRPA
performs the events within the adapter-initiated
sequence as shown in Figure 4-45. During this
sequence the IRPA presents its address and status
indication. If the status indication is accepted by the
Processor the IRPA is deselected and waits for a
command via a channel-initiated initial selection
sequence.

If the status indication is stacked, rather than
accepted, the IRPA still is deselected at the end of
the sequence, but holds the REQUEST IN signal
active and continues to disable SEL IN propagation.
The REQUEST IN again forces Processor 2 into
performing another polling routine. The IRPA will
continue to request service with the REQUEST IN
signal until the status indication is either accepted or
suppressed by Processor 2 during an adapter-initiated
sequence.

Initial Selection

Data contained in ICRA portion, relevant to
both ICRA and IRPA.,

Data Transfer Sequence

During an IRPA data transfer sequence, data is either
shifted out of the buffer register and sent to the
processor via the Bus In lines, or data is accepted
from the processor via the Bus Out lines and shifted
into the Buffer register. The number of bytes
transferred between the adapter and the channel
depends on Processor 2 software and the data mode.
For card-image mode there are two bytes per rank, or
column, transferred; but for EBCDIC mode, only one
byte per rank. Also, the processor may elect to send
or receive less than the full 80 columns of
information during a data transfer sequence.
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SEL IN
SET ACTIVATE A DISPAR R
SELECT OPERATIONAL »
LATCH FF IN AND
HOLD OUT . DISPAR A OPL N
>
16271 16271
REQUEST IN
ENABLE GENERATE ENABLE 150 NSEC ACTIVATE
BUSIN SELECT READER/PUNCH DELAY ADDRESS IN A ADDRESS IN
»l MULTIPLEXER |—p] CODE 110 »{ ADDRESS TO »| THROUGH > »
OUTPUT BUS IN M2X ONE-SHOT
CIRCUIT
10252 10262 16252 16272 1C272
ENABLE TAG
LINE TIMING ;’é’;‘]"g'ENs’ngﬁ
COMMAND CHAIN TO N A ADDRESS IN .
PROCEED AT T4 >
out FROM T1 INACTIVE
TO T4
[c271 1C272
ENABLE TAG GENERATE ENABLE 150 NSEC ACTIVATE
LINE TIMING SELECT PRESENT IRPA DELAY STATUS IN
commanp | CHEIRFROM CODE 111 STATUS INDI- THROUGH ASTATUSIN
Te > P CATION TO » onesHoT >
ouTt BUS IN MPX CIRCUIT
INACTIVE 1 (271 10262 1252 1C272 16272
E:“NAEBTLMQS CLEAR CLEAR TERMINATE TERMINATE
SERVICE STACK STATUS STATUS IN REQUEST A REQUEST IN
CHAINTO pl STATUS FF >
FROCEED FLIP-FLOPS AT T4 IN INACTIVE
ouT FROM T IF SET AT T3
T0 T4
10271 10272 1261 16272 1271
A STATUS IN STATUS
INDICATION
INACTIVE ACGEPTES
SELIN CLEAR TERMINATE A DISPAR -
A »
Ty o W W
HOLD OUT DISPAR AOPLIN R
INACTIVE | 10271 1C271 INACTIVE 4
ENABLE TAG
LINE TIMING
SERVICE N CHAIN FROM
ouT T4 THROUGH
INACTIVE |15
ic271
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Figure 4-45. {RPA-Initiated Sequence




PAGE 2 OF 2

STATUS IN
ENABLE TAG
o CKED LINE TIMING
COMMAND OUT /7, \ o STATUS EF CHAIN TO PRO-
> CEED FROM
T170 T4
1272 1c271
A DISPAR
SEL IN CLEAR TERMINATE STATUS
T 2 B OPERATIONAL INACTIVE INDICATION
LATCHFF | |INAND STACKED
HOLD OUT DISPAR A OPL IN
INACTIVE 1c271 16271 INACTIVE o
y
TERMINATE
STATUS IN
Ll
10272
ENABLE TAG
LINE TIMING
COMMAND OUT CHAIN FROM
INACTIVE Tl T4
THROUGH T5
1c271

Figure 4-45. 1RPA-Initiated Sequence (continued)

EBCDIC Data Transfer to Channel

The conclusion of an initial selection and the
beginning of an input data transfer sequence is begun
with the termination of SRV OUT by the processor
after it has accepted the initial selection status
indication. The Selector logic will have generated
SELECT code 000 during initial selection for a Read
Only or Read, Feed And Select Stacker command
with the EBCDIC mode specified. SELECT code 000
enables the Card Code/EBCDIC Converter output
into the Bus In multiplexer and thus to the Bus In
lines. Therefore, when the data transfer starts, the
proper data paths within the IRPA have already been
enabled under control of the command issued.

When SRV OUT becomes inactive, it enables the Tag
Line Timing Chain and sets the Performing Command
FF, which is not cleared until the completion of the
data transfer sequence. SRV OUT inactive also AND’s
with the output of Read Data Ready, which became
set during initial run-in, to trigger a 600-nanosecond
one-shot circuit. The trailing edge of the one-shot.
circuit clocks the Data Transfer Request FF, causing
it to be set because the Performing Command FF is
set. The output of Data Transfer Request, after a
150-nanosecond delay through a one-shot circuit, sets
the Tag Line Enable FF which activates SRV IN to
the processor.
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At this point the first converted EBCDIC character is
on the Bus In lines, and the adapter is awaiting a
response from the processor (Figure 4-31). After
accepting the byte, the processor responds by
activating SRV OUT. The IRPA uses SRV OUT to
prepare the next EBCDIC character for transfer,
before indicating it is ready by terminating SRV IN.
During this preparation, the contents of the Buffer
register are shifted right one place and the Column
Counter is decreased by one. The following events
accomplish this preparation within the IRPA (Figure
4-32 shows their timing relationship):

e Activate SRV OUT (BDC circuitry)
e Activate SRV 1/0O signal

o Clock Data Check FF

e Set Data Request FF

o Activate NEW DATA REQUEST (NDR)
signal which enables the input to the
Two-Phase Timing Chain

e Clear Read Data Ready FF

e After a short delay, clear Data Request FF
and terminate the NDR signal, disabling
input to the timing chain

e Shift contents of Buffer register right one
place

e Clear Data Transfer Request FF, which
terminates the SERVICE IN and SRV 1/0
signal to BDC circuitry

® Reduce Column Counter by one

e Set Data Ready FF

Figure 4-32 illustrates the events which are repeated
for each input transfer of a EBCDIC character: SRV
OUT inactive to SRV OUT inactive again. The data
transfer sequence continues, repeating the
above-described events, until either it is terminated
by the processor, or the Column Counter is reduced
to zero.

EBCDIC Data Transfer From Channel

The start of an output data transfer sequence to the
IRPA is initiated by the termination of SRV OQUT by
the processor after it has accepted the initial selection
status indication. The Command Decode logic will
have generated the Punch command without the
CARD IMAGE signal during initial selection for a
Punch, Feed And Select Stacker command with the
EBCDIC mode specified. The inactive CARD IMAGE
signal selects the EBCDIC-to-Card Code Converter
output through the Punch EBCDIC/Card Image
Selector (Figure 4-22). The Punch command routes
the Punch EBCDIC/Card Image Selector output
through the Punch/Read Selector to the Buffer
register. Since the Bus Out lines are directly
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connected to the EBCDIC-to-Card Code Converter,
when the data transfer begins all the correct data
paths in the adapter are enabled.

When SERVICE OUT goes inactive the first time
after initial selection, it causes the IRPA to set itself
up for the transfer before asking for the first
character, as indicated in Figure 4-46. The Performing
Command FF output ANDs with a COMMAND
DECODE signal from the Decode logic to trigger the
Start Write one-shot circuit. lits output triggers the
Preset one-shot circuit which sets the Column
Counter to 99 once the Channel Write FF sets. The
output from both one-shots AND together to set the
Channel Write FF, which in turn sets the Block Feed
FF. These events now have the adapter ready to
accept data from the processor.

The adapter signals the processor it is ready for the
first EBCDIC character by triggering the Punch
Request one-shot circuit which sets the Data Transfer
Request FF and, after a 150-nanosecond delay,
activates SERVICE IN.

The processor responds to SERVICE IN by placing
the EBCDIC character on the Bus Out lines and
activating SRV OUT. The IRPA uses SRV OUT active
as the signal to accept the character, and indicates
this fact to the processor by terminating SERVICE
IN. Here again the data is shifted right one place and
the Column Counter reduced by one for each
character accepted. The following list of events
perform this acceptance task.

e Activate SRV OUT (BDC circuitry)

e Activate SERVICE IN-SERVICE OUT
(S1S0) signal

e At T4 time, clear Data Transfer Request FF,
terminating SRV IN which terminates SISO
signal

o SISO going inactive causes:

— The Column Counter to be reduced by
one

— The PHASE IN signal which shifts the
data in the Buffer register right one rank
and gates the EBCDIC character sent by
the processor into rank one

— The non-zero Punch Counter to be
counted up by 1 if the EBCDIC character
accepted is not all O’s

— The Channel Write FF to clear after the
80th byte.

The IRPA now waits for the processor to terminate
SRV QUT, and place the next character on the Bus
Out lines. The adapter uses inactive SRV OUT to
simply trigger the Punch Request one-shot circuit
which leads to the activation of SERVICE IN. Figure
4-47 shows the timing relationship of these events.



SET TRIGGER CLEAR PRESET
PERFORMING START WRITE LOAD COLUMN SET SET
COMMAND FF 500 NSEC » compete > COUNTERTO L CHANNEL L p BLOCK
IF BUSY FF ONE SHOT FE 99 WITH WRITE FF FEED FF
SET CIRCUIT ONE SHOT
i£272 10231 16231 1231 1232 16231
FIRST
ENABLE TAG TIME TRIGGER
LINE TIMING ONLY_ | puncH 150 NSEC
SRVOUT | CHAINTO » REQuEsT SET DATA DELAY A SERVICE IN
- PROCEED ONE SHOT »| TRANSFER p] THROUGH ACTIVATE >
INACTIVE FROM T4 IF CHANNEL REQUEST FF - ONE-SHOT SRV IN
THROUGH T9 WRITE SET CIRCUIT
€232 1C272 1272 ic272
16271
ENABLE TAG
LINE TIMING ACTIVE AT T4 TERMINATE
SRV OUT || CHAINTO SI180 CLEAR DATA SRV IN A SERVICE IN
—»1 PROCEED < BT p| TRANSFER AND >
FROM REQUEST FF SIS0 INACTIVE
T1T0 T4
16271 1C262 16272 ic272
REDUCE GATE DATA
COLUMN FROM BDC2
__p] COUNTER p{ NTOBUFFER | count up Te CLEAR
SHIFT RIGHT NON-ZERO | CHANNEL
1C271 PUNCH WRITE FF
ONE PLACE COUNTER IF WHEN 80
102141 THE COLUMN COLUMNS
OF DATA TRANSFERRED
FROM THE
CHANNEL IS 16232
NOT ALL
ZEROS
10232

PERFORMED FOR FIRST SRV OUT INACTIVE AFTER INITIAL SELECTION

Figure 4-46. IRPA Output Transfer Sequence for One EBCDIC Character
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These events, from SRV OUT inactive to SRV OUT
again inactive, are executed once for each EBCDIC
character transferred from the channel to the IRPA.
The output transfer continues until either terminated
by the processor or until the Column Counter is
reduced by 80 (80 bytes transferred).

Card-Image Data Transfer To Channe!

During the initial selection for either Read command
with card-image mode specified, the Command
Decode logic activates Card Image as well as the Read
signals. The IRPA also clears the Even Byte FF during
initial selection. The Select Code logic thus generates
the SELECT code 001 because of the cleared Even
Byte FF and the CARD IMAGE signal. The SELECT
code 001 routes the odd byte (bits 12 to 3) of the
Buffer register to the Bus In multiplexer and thus to
the Bus In lines.

The data transfer starts when the processor
terminates SRV OUT after the IRPA-terminated
STAT IN. As shown in Figure 4-31, the IRPA reacts
to the inactive SRV OQUT the first time the same as
for an EBCDIC read. The odd byte is already on the
Bus In lines; thus the IRPA simply indicates it's ready
by activating SRV IN.

After the processor has accepted the data it activates
SRV OUT. The IRPA responds by terminating SRV
IN and preparing the even byte of the first column of
card-image data for transfer. When SRV IN goes
inactive, it sets the Even Byte FF, which forces the
Select Mode logic to generate the SELECT code 010.
This code enables the even byte (bits 4 to 9) of the
Buffer register into the Bus In multiplexer.

The processor responds by terminating SRV QUT,
causing the IRPA to again activate SRV IN; this
indicates that the second byte is on the Bus In lines
ready for transfer.

The processor accepts the even byte and then
activates SRV OUT. The IRPA responds to SRV OUT
by preparing the next column of card-image data for
transfer. SRV OUT generates the NEW DATA
REQUEST signal since the Data Req FF is set. The
NDR signal enables the input to the two-phase timing
chain and clears the Data Rdy FF; this disables the
NDR signal, thus allowing only one pass through the
Two-Phase Timing Chain. The PHASE IN signal shifts
the contents of the Buffer register right one place,
while the output of the second one-shot circuit sets
the Read Data Rdy FF and counts down the Column
Counter by one.

The adapter next clears the Data Xfr Request FF,
which terminates the SRV IN signal. SRV IN going
inactive clears the Even Byte FF, forcing the SELECT
code 001. The odd byte of the second column of card
image data is now enabled into the Bus In Mufltiplexer
ready for transfer. The processor responds by
terminating SRV OUT to start the transfer of the
second column of data.

The events shown in Figure 4-31 will be repeated
once for each column of card-image data until the
data transfer is terminated.

Card-lmage Data Transfer From Channel

The Command Decode logic generates the CARD
IMAGE signal as well as the Punch command during
initial selection for a Punch, Feed And Select Stacker
command with card-image mode specified. The
CARD IMAGE signal routes the Card Image Odd
Byte register output and the Bus Out lines through
the Punch EBCDIC/Card Image selector (Figure
4-22). The Punch command routes the card-image
data through the Punch/Read Selector to the Buffer
register. The Even Byte FF is also cleared by the
adapter.

The data transfer begins when the processor
terminates SRV OUT in response to the termination
of STAT IN. The IRPA, in response to SRV OUT
inactive the first time, performs the same ready
operations as for an EBCDIC output transfer (Figure
4-47), before asking for the first data byte by
activating SRV IN.

The processor responds by placing the odd byte of
column 1 data on the Bus Out lines and activating
SRV OUT. The adapter activates the SISO signal
which generates the CARD IMAGE CLOCK signal
since the Even Byte FF is clear. This CARD IMAGE
CLOCK signal gates the six bits of the byte into the
Card Image Odd Byte register. At time T4, the
adapter clears the Data Transfer Request FF which
terminates SRV IN to the processor, indicating the
byte has been accepted; terminates the SISO signal,
which disables the clock signal to the Odd Byte
register; and sets the Even Byte FF in preparation for
the next byte transfer.

The processor responds by terminating SRV OUT and
the adapter responds by activating SRV IN. The
processor now reacts by placing the second (even)
byte of Column 1 data on the Bus Out lines, and then
activates SRV OUT which activates the SISO signal in
the adapter. At T4 time the adapter clears the Data
Transfer Requests FF, which terminates the SRV IN,
causing the Even Byte FF to clear. SRV IN going
inactive counts down the Column Counter by one
and terminates the PHASE IN signal, which clocks
the Card Image Odd Byte register contents and the
Bus Out data into rank 1 of the Buffer register and
shifts the rest of the register right one place. The first
column of card-image data is now in the Buffer
register and the Column Counter is reduced by 1.
SRV IN terminating indicates to the processor that
the even byte has been accepted; SRV IN also clocks
the Non-Zero Punch Counter, causing it to count up
by 1 if all 12 bits of column 1 of the card-image data
are not zeros. (This counter is again used during the
card punch sequence; its full function will be
explained in the description of that sequence.)
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The events for both the odd and even byte transfer,
as shown in Figure 4-48, are again repeated for each
column of data transferred until the process is
terminated.

Ending:Sequence

Terminated Input

Data contained in previous ICRA section for
those elements common to both ICRA and
IRPA.

Status Accepted — The IRPA uses SRV OUT, in
response’ to STAT IN, to complete the ending
sequence by generating the FEED CMD signal if the
command being executed is a Read, Feed And Select
Stacker. The FEED CMD signal sets the Feed FF
which generates the FEED command to the
reader/punch to start a read cycle. The FEED FF also
enables the OFFSET signal if an offset condition
exists. Once the next read cycle has been started, the
adapter clears its status flip-flops and then terminates
STAT IN by clearing the Status Pending FF at T4.

Once the processor has terminated HLD OUT, the
adapter completes the deselection by clearing the
Select Latch FF which terminates the OPL IN and
DISPAR: signals because the Status Pending FF is
clear. OPL IN inactive allows the propagation of the
SEL IN signal.

The processor responds by terminating SRV OUT,
completing the ending sequence.

Status Stacked — The processor may stack the status
indication(s) during an ending sequence by a response
of CMD OUT to STAT IN. In this case, the IRPA still
becomes deselected; however, it does not clear the
status flip-flops, and it requests service. As shown in
Figure 4-45, the adapter sets the Stacked Status FF in
response to CMD OUT, and, since the Status Pending
FF is set, activates the A REQUEST IN signal to the
processor. This REQUEST IN signal is asking the
processor for a polling sequence to relieve the adapter
of its status indication. The adapter will continue to
ask for service until the processor responds. The
processor also terminates SEL IN and HLD OUT just
as if the status indication had been accepted. The
adapter uses this termination to deselect itself, as
shown in Figure 4-45.

Processor-Terminated Qutput

The response of CMD OUT to SRV IN during an
output data transfer also forces the IRPA into an
ending sequence. The adapter reacts to CMD OUT
whenever it goes active, whether in the EBCDIC
mode or after either byte transfer in the card-image
mode. Figure 4-49 shows the sequence of events
within the adapter for a channel-terminated output
data transfer.
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The adapter uses CMD QUT to prepare for the card
punch sequence before entering the ending sequence.
In preparation for output to the punch, the adapter
shifts the Buffer register data right and reduces the
count until the first column of data resides in rank
100 of the Buffer register. When CMD OUT goes
active, it clears the Channel Write FF. Its cleared
output, along with the Load Complete FF clear,
starts the Two-Phase Timing Chain. The PHASE 1
output pulse generates the PHASE IN signal which
shifts the Buffer register data right one place. The
PHASE 2 output puise (COUNT-DOWN pulse)
reduces the Column Counter by 1.

The Two-Phase Timing Chain cycles through the two
phases, moving the data and reducing the count until
the Column Counter generates a BORROW OUT
indicating column 1 data is in rank 100. The number
of timing chain cycles will depend upon the number
of columns of data sent by the processor during the
output data transfer. The BORROW OUT signal
disables the timing chain by setting the Load
Complete FF. Load complete going set also sets the
Channel End FF through the setting of the Leading
Edge Load Complete Punch FF.

While the adapter was preparing for card punch
sequence, it also responded to the processor by
clearing the Data Transfer Request FF at T4, which,
in turn, terminated SRV IN. The processor responds
by terminating CMD OUT, which indicates the
starting of the ending sequence. This may happen
before the adapter has completed its card punch
sequence preparation since the number of passes
through the timing chain depends on the number of
columns to be punched on the card. Regardiess of
when CMD OUT goes inactive, the adapter does not
start the ending sequence until the Channel End FF is
set as shown in Figure 4-49.

When the Channel End FF is clear and CMD OUT
goes inactive, the adapter first clears the Performing
Command FF because the data transfer portion of
the command is complete. The Status Pending FF is
set which causes the Select Code logic to enable the
IRPA Status Byte through the multiplexer to the Bus
In lines. After a 150-nanosecond delay the adapter
activates STAT IN.

Once the processor has accepted the Status Byte, it
responds by activating SRV OUT, and deselects the
adapter by terminating SEL IN and HLD OUT. The
adapter, in response to SRV OUT, starts the card
punch sequence and then compietes the deselection
as shown in Figure 4-49. Of course the Status Byte
may also be stacked by the processor, in which case
the adapter would still become deselected, but would
activate REQUEST IN and would not start the card
punch sequence.
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Figure 4-48. IRPA Card-Ilmage Output Transfer Sequence
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Figure 4-49. Processor-Terminated Output Ending Sequence



Adapter-Terminated

The IRPA will terminate either an input or output
data transfer when 80 columns of data transfer have
been transferred, even if the processor attempts to
continue the transfer. The Column Counter being
reduced to zero triggers the termination of an input
data transfer, whereas the clearing of the Channel
Write FF, when 80 columns have been accepted from
the channel, stops an output transfer.

The sequence of events for both an EBCDIC
and a card-image adapter-terminated input are
identical to those performed by the ICRA,
previously described.

The adapter terminates an output data transfer by
monitoring the Column Counter and clearing the
Channel Write FF after column 80 data is accepted.
During transfer of the 80th EBCDIC character from
the processor, the COLUMN 80 signal is active. When
SRV IN goes inactive it clocks the Channel Write FF,
which clears because of the active COLUMN 80

signal. If in the card-image mode, the adapter will not |

clear the Channel Write FF until after the even byte
of the 80th column has been accepted. This is true
because in the card-image mode the adapter does not
generate the COUNT-DOWN or PHASE IN signal, or
clock the Channel Write FF, unless the Even Byte FF
is set.

As indicated in Figure 4-50, once the Channel Write
FF is cleared, the adapter begins preparing for the
card punch sequence and the status presentations.
The Two-Phase Timing Chain runs, generating PHASE
IN and COUNT-DOWN pulses, until the data in the
Buffer register is moved over to rank 100 (ready for
output to the punch). It then sets the Channel End
FF and waits for the processor to terminate SRV
OUT in response to the termination of SRV IN
during the last byte accepted (Figure 4-46 for
EBCDIC and Figure 4-48 for card-image).

When the processor terminates SRV OUT, the
adapter places the Status Byte on the Bus In lines and
actives STAT IN. The processor activates SRV OUT
after accepting the Status Byte. The adapter, in
response, starts the card punch sequence and then
completes the ending sequence.

Card Punch Sequence

As illustrated in Figure 4-51, each Punch, Feed And .

Select Stacker command generates an initial selection,
output data transfer, ending, card punch, card load
and adapter initiated sequence. The card punch
sequence is started by the adapter during the ending
sequence following the output data transfer. During
the card punch sequence, the data in the Buffer
register is transferred to the punch unit and punched
into the card; the card is then placed in the output
stacker.

Upon completion of the card punch sequence, the
next card in the input magazine (hopper) is read and
the data is routed to the Buffer register. This is in
anticipation that the next command might be one of
the two read commands. If the next command is
another punch command, the data read is not used.

The card punch sequence is started during the ending
sequence (Figure 4-49) when the processor responds
with SRV OUT after accepting the adapter’s ending
Status Byte. The adapter completes the ending
sequence while performing the card punch sequence.

Setting the Punch Enter FF triggers the Punch Clock
one-shot circuit (Figure 4-52). Its output pulse counts
down the Non-Zero Punch Counter by 1, if the first
column of data is not all 0’s. The adapter determines
this by monitoring rank 100 of the Buffer register
where the first column of data now resides. The
Non-Zero Punch Counter was advanced by 1 for each
column of data placed in the Buffer register during
the output transfer. During the card punch sequence
the counter will be reduced by 1 for each non-zero
column sent to the reader/punch. Thus, when the
counter reaches zero, all columns containing data will
have been punched in the card and the punch
sequence may terminate.

The trailing edge of the PUNCH CLOCK pulse clocks
the Punch Enter FF to the clear state, since the set
input was removed during the ending sequence when
STAT IN was terminated. The trailing edge also
triggers the Deskew one-shot circuit and gates the
first column of data from the Buffer register to the
Serial Data register.

When the Non-Zero Punch Counter is zero, the
termination of the PUNCH CLOCK pulse terminates
its BORROW OUT signal which sets the Skipout FF.
Skipout set indicates all data has been sent to the
reader/punch.

The trailing edge of the Deskew one-shot circuit
output sets the Punch MUX FF and shifts the Buffer
register contents right one place by controlling the
PHASE IN signal. The Deskew one-shot circuit delay
allows time for line propagation of the first serial data
bit from the SDR. The Punch MUX FF set enables
the adapter Clock logic which develops the CLOCK
signal used for the serial data transfer to the punch.

The Clock logic consists of two 500-nanosecond
one-shot circuits cross connected. Thus, once enabled
by the Punch MUX FF, it cycles until disabled again,
producing a series of 1-microsecond CLOCK signals as
shown in Figure 4-41A. The CLOCK signal is used by
the adapter to gate the serial data from the SDR
register. The signal is also used by the punch to gate
the serial data into its SDR.
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Figure 4-50. Adapter-Terminated Output Ending Sequence
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Figure 4-51. Timing Chart, Punch Sequences

The punch unit monitors the serial data from the
adapter, and when twelve bits have been received it
terminates the STROBE signal. The adapter uses
STROBE going inactive to clear the Punch Mux FF
which disables the clock logic. The punch then gates
the data out of its SDR and punches it in the card.
Once the purich is ready to accept the next column of
data it activates the STROBE signal again.

STROBE going active ANDs with the LELCP FF-set
output to generate a. one-shot pulse which sets the
Punch Enter FF again. This starts another pass
through the card punch sequence, transferring the
next column of data to the punch unit. The card
punch sequence will be repeated for each column of
data until all columns have been punched, indicated
by the setting of the Skipout FF. STROBE going
active after Skipout is set sets the Feed FF in the
adapter as well as the Punch Enter FF. Punch Enter is
set, starting another (this time non-functional) pass
through the card punch sequence since LELCP FF is
not cleared until after the Feed FF is set.

Setting the Feed FF also activates the FEED signal to
the punch unit along with OFFSET if either of the
following conditions exists:

e Offset bit in the command register set

e Echo check failure during the card punch
sequence

The reader/punch responds by performing a feed
cycle, during which the card just punched is moved to
the output stacker, the card in the Pre-Read station is
read and moved to the Wait Punch station and the
next input card is moved to the Pre-Read station. The
IRPA terminates STROBE upon completion of the
non-functional card punch sequence. '

During the feed cycle when the card enters the Read
station, the punch unit activates CARD PRESENCE.
The IRPA uses the CARD PRESENCE signal to clear
both the Feed and Offset FF's and to start a card
load sequence (Figure 4-44). Thus, the adapter loads
the Buffer register with the next card data during the
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punch unit feed cycle. Upon completion of the card
load sequence, the adapter starts an adapter-initiated
sequence in order to present the Device End status
indication to the processor that both the adapter and
punch unit are free to accept the next command.

NON-MOTION COMMANDS

The No-Operation Test 1/0, and Sense
commands are implemented in the IRPA in an
identical fashion to that in the ICRA.

The Read Only command requires an initial selection,
data transfer, and ending sequence During the data
transfer sequence, the Buffer register contents are
transferred to the processor. During the ending
sequence, the Feed FF is not set, thus not starting a
feed cycle in the reader/punch nor a card load
sequence in the IRPA. The remainder of the ending
sequence events 15 the same as illustrated in Figure
4-33.

ERROR HANDLING

The relationship between the time an error occurs
and when that error is indicated in the IRPA Status
Byte is illustrated in Figure 4-53. Error handling
during initial run-in is not shown as it was previously
discussed in this section. The Read, Feed, And Select
Stacker command is not shown because it is identical
to the Read and Feed command discussed for the
ICRA.
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CONTROL STORAGE LOAD

The Control Storage Load (CSL) logic in the IRPA
allows the shared resources to load control storage
from the reader/punch directly, without using the
Basic Data Channel Processor logic (Figure 4-40). The
CSL logic in the IRPA functions much as it did in the
ICRA, as both adapters use the EP and DG boards.

The IRPA uses the same signals as the ICRA to
communicate with the shared resources during CSL
operations. Just as with the ICRA, a CSL operation in
the IRPA is started in response to a DOA signal from
the processor. During a CSL operation, the IRPA
alternately performs card load and CS data transfer
sequences until it is terminated because of one of the
three same conditions as with ICRA.

Once the initial run-in is completed, the reader/punch
is ready to perform a CSL operation. In response to
the DOA signal, the IRPA starts the operation by
performing a control storage data transfer sequence
during which the data in the Buffer register is
transferred to the shared resources. This is followed
by a card load sequence during which the next card is
read and placed in the Buffer register. These events
continue until all cards are read or an error is
detected (Figure 4-39).
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Figure 4-62. Card Punch Sequence
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APPENDIX 4A

INITIAL SELECTION TIMING

Figure 4A1 shows the relative timing for initial selection.
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Figure 4-B1. Flowchart, SIO Micro-Instruction Routine (continued)
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Figure 4-B1. Flowchart, SIO Micro-Instruction Routine {continued)

4B-3



0EC4

DROP SEL
OUT AND
HOLD OUT
0EB2 DROP
YES SUPPRESS
)
OECA y
NO
ACTIVATE
SERVICE
EXAMINE out
RETURNED
STATUS

STATUS IN

: YES

POLLING

SEQUENCE A YES
SET HEX
BIT IN
TEST 1/0 YES CCTR
COMMAND
0EDS \
DROP
SERVICE
ouT
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Figure 4-B1. Flowchart, SO Micro-Instruction Routine (continued)
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Figure 4-B1. Flowchart, SIO Micro-Instruction Routine (continued)
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Figure 4-B1. Flowchart, SIO Micro-Instruction Routine (continued)
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5. INTEGRATED COMMUNICATIONS ADAPTER (ICA)

(To be supplied)
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6. INTEGRATED FILE ADAPTER (IFA)

INTRODUCTION

The Disc Processor functions as a control device through
which the Operating System of the 7300 Processing Unit
communicates with up to eight MEMOREX 660 Disc
Drives.

For maintenance purposes, one or more of the eight drives
may be removed from Operating System control, but
remain electrically connected to the Processing Unit by
removing the numbered (0-7) Unit Select Plug and
inserting an S (spare) Unit Select Plug. A ninth disc drive
may also be electrically connected to the Processing Unit
by inserting an S Unit Select Plug into the unit. The ninth
drive may be logically connected to the Disc Processor by
interchanging the S Unit Number Plug with a numbered
Unit Number Plug from one of the other drives.

The disc drive with the S Unit Number Plug installed is
addressable only in maintenance mode.

CAPABILITIES

Logical and control functions are performed by the
Integrated File Adapter (IFA) portion of the Disc
Processor which decodes instructions sent from shared
resources (via processor state 3) and uses this information
to initiate the following drive functions:

o Position read/write heads to a specific location
on the disc surface (seek) and select a read/write

head

e locate a particular record on the disc surface
(search)

e Write a record or part of a record
o Read a record or part of a record

o Transfer selected status information to shared
resources

CHARACTERISTICS

In addition to the functional capabilities outlined above,
the IFA possesses the following general characteristics:

o 312,000 bytes-per-second data transfer rate
® diagnostic capability

o modular design

o cyclic code error checking

e automatic or manual control storage loading
o optional 100-cylinder access

e IBM 2314 format compatible

DISC ORGANIZATION

To further understand the IFA functions it is necessary to
be familiar with the disc organization, as illustrated in
Figure 6-1.

A disc pack consists of 11 discs mounted on a common
vertical shaft providing 20 recording surfaces numbered
00-19 top to bottom. The read/write heads corresponding
to the 20 surfaces on which data may be recorded are
mounted on a common movable access mechanism which
may be positioned to any one of 203 positions (cylinders)
on the disc surface.

Cylinder numbering is from 000 (outermost cylinder) to
202 (innermost cylinder}. There is one read/write head for
each disc surface. There are 20 read/write heads for each
cylinder (00 through 19). Surfaces for cylinders 200
through 202 are reserved as alternates to be used if any
surfaces for cylinder 000 through 199 becomes defective.

On systems equipped with 100-cylinder access, cylinder

numbering is from 000 through 102 and surfaces for
cylinders 100 through 102 are reserved as alternates.
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Figure 6-1. Disc Organization
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AS THE INTERSECTION OF ONE OF
THE 203 CYLINDERS WITH ONE OF
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BASIC DRIVE OPERATIONS

The six basic drive operations are briefly discussed in the
following paragraphs. All basic drive operations, with the
exception of Seek and Restore are non-concurrent and
may be performed only on a selected drive. A detailed
description is presented further in this section.

First Seek

The purpose of this operation is to initially position the
read/write heads on all of the disc drives to cylinder 000
and set the Head register in all of the drives to zero during
power up sequencing. First seek is an automatic operation
which occurs as soon as the spindle motor on each of the
disc drives reaches 70% of its operating speed and the 60
second or 30 second (optional) timer times out.

Seek Other than First Seek

This operation positions the read/write heads of a selected
disc drive to a program specified cylinder address. At the
completion of this operation the disc drive sends an
ATTENTION signal to the IFA indicating it is ready for
further instruction.

Head Selection
This operation is performed in conjunction with a Seek

operation to select a head (1 of 20) at the addressed
cylinder for a read or write operation.

Write

This operation performs the following functions in the
IFA:

o Generates all write format requirements.

® Receives word-parallel data from shared
resources during the processor state 3 time slice.

e Converts the data to bit-serial mode and writes it
on the selected disc drive.

® Generates cyclic check burst format and writes it
on the selected disc drive.

e Presents ending status information to processor
state 3.

Read

This operation performs the following functions in the
IFA:

e Reads data from the selected disc drive in
bit-serial mode.

e Converts the data to word-parallel form and
sends it to shared resources during the processor
state 3 time slice.

e Generates a cyclic check burst and compares it
against the one read from the disc drive,

e Presents ending status information to processor
state 3.

Reset/Load

This operation loads control storage (CS) with data read
from drive 0. This data consists of the micro instructions
used to implement the machine language instructions.

At completion of a CS load performed in Operator Mode
or Program Mode, control is given to the micro-instruction
routine that loads the operating system software into
main storage.

PHYSICAL DESCRIPTION

The following paragraphs contain a physical description of
the IFA portion of the Disc Processor including a
description of the Logic and AC power cabling between
the processing unit and each of the drives.

HARDWARE PLACEMENT

The IFA consists of nine printed circuit boards mounted
in chassis 1, row B of the 7300 Processing Unit (Figure
6-2).

A detailed drawing which shows the PC board slot
locations and the letter designations assigned to each
board is provided in Figure 6-3.

The AC line power necessary to energize the DC power
supplies and spindle motors in each of the drives is
provided by the power sequencer control located inside
the center panel beneath the 7300 Processing Unit
operator’s work table (Figure 6-4).
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Figure 6-2. Integrated File Adapter Hardware Placement
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Figure 6-3. IFA Card Type and Locations



Figure 6-4. Power Sequencsr Control



DRIVE LOGIC CABLING

Logic cabling between the IFA and the drives is separated
into two classes called Bus (multiplex) cabling and Unit
{(simplex) cabling. The Bus cable is connected in a
daisy-chain pattern (serial fashion) to all of the drives and
contains the signal lines common to all drives in the string.
The Unit cable is connected one cable per disc drive and
contains all signal and data lines unique to a particular
drive.

Figure 6-5 shows the overall cabling connections required
for a maximum system configuration.

_ 02
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A\ 4 A\ 4
132
660 4 C— 660 [ C— 660 [ C—
, osc  J g | oisc PR DISC
B
43
¢ ¢—] — c— — C—
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oISC > DISC 8 —] DISC B »] OISC <
PROCESSOR 4
AND H-— ]
SHARED POWER + 4 i
RESOURCES SEQUENCER |¢-J009
CONTROL
<008 A
(3007 A
8
3006 A
<005 A
Jo00a_,
1 A 4 A
J015
«—B—>] 660 —B—>»] 660 «— B—| 660 <
DISC DISC DISC 430
—C — ¢— C—] — C—

AC
POWER

(FIGURE
6-7)

A = SIMPLEX CABLES
B = MULTIPLEX CABLES
C = AC POWER CABLES

Figure 6-56. Cable Connections
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1/0 Connector Panel Physical
Connector Cable Drive Unit
The 1/O connector panel shown in Figure 6-6 is located to
the left of the Power Sequence Control. Connector P4 J004 A (1)
assignments are as follows: P5 JOo5 B (2)
P6 J006 C (3)
P7 Joo7 D (4)
P8 Joos E (5)
P9 Joo9 F (6)
P10 Jo10 G (7)
P11 Jo11 H (8)
P12 Jo12 J(9)
PHYSICAL
UNIT 9
8
{
4
3
2
1
MULTIPLEX
CABLE

Figure 6-6. 1/0 Connector Panel
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POWER CABLING

Three phase AC power is distributed to each of the drives
and certain other peripheral devices in the system from
three receptacles (J30, J31 and J32) located inside the
operator’s table. The cables feeding J30, J31 and J32 are
connected to TB3 on the power distribution panel (Figure
6-7). A maximum of three devices may be cabled in a
serial fashion from a single three-phase receptacle. Power

Figure 6-7. Power Distribution

Power Interface

Power sequencer control must provide power to the first

6-8

is fed to each receptacle in such a manner that the first
device in each string is energized from a different phase.
In addition, phases are rotated between the AC IN and AC
OUT connectors of each device.

To prevent introducing noise into the system, disc drives
must not share power cables with other peripheral devices,
that is, a power cable providing power to disc drives will
only provide power to disc drives.

device in each string as shown in Table 6-1. Figure 6-8
shows the phase rotation for the AC power to the disc
drives.



Table 6-1. Power Connections

7300
* Processing Unit

Disc Drive

Receptacle | Pin

Receptacle

Pin

Description

J30

Mmoo m>

J31

OTMMUO®>

J32

OTMTmMoOO®m)>»

J1

J1

J

OTMOO®> OmMmMoOw>»

OMmMmOO >

Phase A

Phase B

Phase C

System Ground
120 VAC

120 VAC Neutral
Shield Ground

Phase C

Phase A

Phase B

System Ground
120 VAC

120 VAC Neutral
Shield Ground

Phase B

Phase C

Phase A

System Ground
120 VAC

120 VAC Neutral
Shield Ground

Phases

Power Requirements

Voltage

ELECTRICAL SPECIFICATIONS

Bus Cable — Jumper connection from drive to drive
- 100 ft. maximum accumulated

AC Cable — Jumper connection from drive to drive
(three drives per cable maximum, three cables
maximum)} — 100 ft. maximum accumulated each
cable

208 or 230 VAC + 10%

4 wire (3 phase, 1 ground)

Frequency

60 Hz

3 required, 1 used

660 Maximum Start Current — 25 amperes
660 Maximum Run Current — 4.7 amperes at 208 VAC
660 Nominal Current — 3.6 amperes at 208 VAC

Logic Levels
CABLE LENGTHS .
IFA Internal Logical 1 =+2.0to +5.5 VDC
Drive interface cables should conform to the following Logical 0 =-0.7 to +0.8 VDC
specifications: 1.5 VDG
. . Dri Logical 1 = -1.
Unit Cable — Separate run for each drive (9 Inzzlreface 9
maximum) — 50 ft. maximum per cable Logical 0 = +1.5 VDC
FIRST PERIPHERAL POWER LINE (PPL)
|
| 130
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Figure 6-8. Phase Rotation



OPERATIONAL DESCRIPTION

The following paragraphs contain a description of the disc
processor command structure and track format including
a description of command timing and IFA/Disc status
responses.

COMMAND STRUCTURE

There are two separate areas involved in the command
structure, the machine language instructions with their
associated command packets and the IFA commands
issued by micro instructions.

Machine Language instructions

Disc Input/Output (DIO)

This instruction can be executed only by processor 3 and
is used to perform read or write operations. The DIO
instruction initiates a micro-instruction routine (Appendix
A) which operates on a variable length command packet
or several such packets located at an address specified by
Rz.

9 1 12 13 15

F2

- |

Ry 1 R4

Bits 0-7 = function code

Bit 8 = indirect addressing indicator
0 = direct
1 = indirect — Ry field specifies a register
containing a memory location containing the
address of the first word in the command
packet.

Bits 9-11 = register address containing memory location of
the first word in the command packet (direct).

Bit 12 = always 1

Bits 13-15 = register address containing memory location
where ending status information will be stored.

At the end of a DIO operation, the status information of

the last operation performed is transferred to memory
beginning at the address specified by the Rq field. An
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information table is placed in main storage with the
following format:

e First word: current command program address

o Second word: hardware status information of
last operation

e Third word: last byte address (+1 if byte count is
even, +2 if byte count is odd)

The DIO micro-instruction routine operates on the
command packets illustrated in Figure 6-9. The following
paragraphs describe the entries on the figure format.

BRS (Bit Ring Sync): determine the type of field
(home address, count, key or data) to be read or
written.

Byte Count: specify the number of bytes in the command
argument (search packet); or the total number of bytes to
be read or written.

Tag: add base register displacement to the buffer address
(64K or larger machines only).

Buffer Address: specify the starting address of the
argument (search packet); or the starting address which
will be used to store data from the disc; or where data to
be recorded on the disc is located. Buffer address must be
an even memory location.

Flag: indicate track usage and condition. Refer to Figures
6-12 and 6-13 for an explanation of the use of the Flag
byte.

C1, C2: specify the cylinder address. C1 is always set to
zero. C2 can have a value between 000 and 202
,(hexadecimal 00 and CA).

Gap Length: specify the one’s complement in
hexadecimal of the number of supplementary gap bytes
which must precede a write field (refer to ‘‘Write
Commands”’). '

H1, H2: specify the head address. H1 is always set to zero.
H2 can have a value between 00 and 19 (hexadecimal 00
and 13).

Key Length: specifies the number of bytes in the key
field. If no key field is included, key length must be set to
zero.

Overall Byte Count: specifies total length of all data fields
to be read during repetitive read {(multiple of byte count
when R is 1). When R is 0 this word is not used and must
not be included in the command packet.



SEARCH (08)

01 2 3 4 7 8 15
08

C BRS

BYTE COUNT

TAG

BUFFER ADDRESS

HOME ADDRESS SEARCH ARGUMENT

S S

COUNT FIELD SEARCH ARGUMENT

0 7 8 15 0 7 8 15
FLAG c1 FLAG c1
c2 H1 c2 H1
H2 H2 REC NO.

KEY LENGTH D1
D2
READ (02)
01 2 3 4 6 7 8 15
c BRS 02
¥ BYTE COUNT
TAG
BUFFER ADDRESS
OVERALL BYTE COUNT
'_—-__I_—_—___—__J
READ WITHOUT TRANSFER (04)
01 2 3 4 7 8 15
c| BRs ' 04
BYTE COUNT
WRITE OR FORMAT WRITE (01/10)
01 2 3 4 7 8 15
c BRS 01/10
BYTE COUNT
GAP LENGTH TAG
BUFFER ADDRESS

Figure 6-9. DIO Command Packets



R = Repetitive Read Indicator

0 = No multiple read
1 Multiple read requested — all records must be the
same length

1]

C (chain): if this bit is 1, the DIO will expect to find
another command packet immediately following the first
command packet. After executing the first command, the
microprogram will proceed to execute the second
command. Chaining will continue until DIO reaches a
command packet with a chain bit of 0 which the
microprogram will assume to be the last packet to be
executed. Whenever a packet in the chain does not
complete successfully the chain is terminated and the
status word of the command packet being executed is
returned to shared resources.

Output to 1/0O Register (OUT)

When executed in processor 3, this instruction is used to
transfer information from the general register specified by
R1 (if bit 12 is 0) or from the memory location specified
by R1 (if bit 12 is 1) to the extended register in the IFA.

0 7 8 9 1 12 13 15

F6 0 Ry 0 Rq

Bits 0-7 = function code
Bit 8 = always 0

Bits 9-11 = extended register to be written (Table 6-2)

Table 6-2. Extended Register Addressing

Ry Field Register Address Function Category

0006 Write Register 10 Select Drive

0001 Write Register 11 Control Command

0010 Write Register 12 Request Hardware
Status

0011 Write Register 13 Request Attention and
Physical Drive Address
(Status)

0111 Write Register 17 Request Attention and
Cylinder Address
(Status)
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Bit 12 = indirect addressing indicator
0 = direct
1 indirect — Rq field specifies a register containing
the address of the word to be written

Bits 13-15 = specifies a general register containing the
word to be written (direct)

Input from 1/0 Register (INP)

When executed in processor 3, this instruction is used to
transfer status information from the extended register in
IFA to the general register specified by R1 (if bit 12 is 0)
or to the memory location specified by Rq (if bit 12 is 1).
An {NP instruction must follow an QUT instruction that
requests status (Write Register 12, 13 or 17). A command
argument need not be specified.

0 7 8 9 11 12 13 15

F5 0 Ry |0 Ry
1

Bits 0-7 = function code
Bit 8 = always 0

Bits 9-11 = extended register from which information is to
be read (normally 0)

Bit 12 = indirect addressing bit

0 = direct

1 = indirect — R field specifies the register
containing the address where information is to be
placed.

Bits 13-15 = general register to receive the information
(direct)

IFA Commands
The IFA commands are generated by micro instructions as

a direct result of executing the machine language
instructions (MLI1’s) OUT and DIO.

IFA Commands Specified by OUT MLI

The following IFA commands and command groups are
issued as a result of the OUT MLI:

e Select Drive Command (Write Extended Register
10)

e CS Load Command (Write Extended Register 11)



o Diagnostic Commands (Write Extended Register
1)

e Control Commands (Write Extended Register 11)

e Write Hardware Status Command (Write

Extended Register 12)

o Write Other Status Commands (Write Extended

Select Drive Command — This command selects the drive
which will respond to the instructions that follow. The
Select Drive command is transferred to the IFA via an
OUT machine language instruction specifying Write
Register 10. With the exception of a Write Attention
instruction, all IFA commands require that a drive be
selected. A drive remains selected until another drive is
selected by a Select Drive command. Selecting a drive
clears read/write control logic. MASTER CLEAR selects

Register 13 or 17) drive 0. :
0 11 12 15
NOT USED YVYVYYVY

Diagnostic Commands — These commands are used by
maintenance personnel to perform on-line testing on a
selected disc drive. Diagnostic commands are transferred
to the IFA via an OUT machine language instruction
specifying Write register 11.

Latch: This command may be used to check the error
logic on a selected drive by placing an illegal command
argument on the Unit bus lines. An illegal command
argument forces a File Unsafe condition in the selected
drive. A Latch command may also be used to clear a File
Unsafe condition by activating control tag and bus lines 1
and 3 for a minimum of 25 milliseconds.

0 7 8 15
COMMAND CONTROL
(02) ARGUMENT
CODE

Pulse: This command or any of the control commands
(00X X, 08XX or 04XX) may be used to clear a Latch
command.

0 7 8 15
COMMAND CONTROL
(00) ARGUMENT
CODE

Control Commands — Control commands are used to
precondition the selected drive for data transfer
operations. Control commands are denoted by a 00XX,
04 XX or 08XX format with XX defining the command
argument. All control commands are transferred to the

o 6 0 O Select Drive 0
o 0 0 1 Select Drive 1
o 0 1 O Select Drive 2
o 0 1 1 Select Drive 3
o 1 0 O Select Drive 4
o 1 0 1 Select Drive 5
o 1 1 0 Select Drive 6
o 1 1 1 Select Drive 7
1.0 0 O Select Drive S (Spare Drive)

IFA via an OUT machine language instruction specifying

Write Register 11.

Set Head Advance: This command increments the head
register in the selected drive by one.

15

COMMAND COMMAND
(00) 01
CODE ARGUMENT

Restore: This command moves the read/write heads to
cylinder 000 and clears the head register on the selected

‘drive; this operation is identical to a First Seek operation.
A Restore command is ignored if executed while a Seek

operation is in progress.

0 7 8 15
COMMAND COMMAND
(00) (02)
CODE ARGUMENT

Reset Head Register: This command clears the Héad

register on the selected drive.

0 7 8 15
COMMAND COMMAND
(00) (10)
CODE ARGUMENT
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Start Seek: This command initiates forward or reverse
movement of the read/write heads to a program specified
cylinder address. An ATTENTION signal is generated by
the selected drive on completion.

0 7 8 15
COMMAND COMMAND
(00) (20)
CODE ARGUMENT

Reset Attention: This command clears the ATTENTION
signal on the selected drive.

0 7 8 15
COMMARND COMMAND
(00) (40)
CODE ARGUMENT

Set Head Register: This command loads the Head register
in the selected drive with the address contained in the
lower byte of the command. A Set Head Register
command must be preceded by a Reset Head Register
command.

0 7 8 15

Write Hardware Status Command — This type of status
indication provides information on the condition of the
IFA and the selected disc drive preparatory to and during
a Read or Write operation.

Request IFA and Drive Status

This command writes IFA and disc status information
into the extended register and clears the IFA status and
selected drive status indications. A Request /FA and Drive
Status instruction is transferred to the IFA by an QUT
machine language instruction or by a micro-instruction
routine specifying Write Register 12. The content of the
command word is immaterial and must be followed by an
INP machine language instruction to enable the status
response into shared resources.

0(1/2|3|4|5|6]|7]|8]9|10|11]|12]13}14|16

COMMAND
(04) HEAD ADDRESS
CODE

Set Cylinder Register: This command loads the Cylinder
register in the selected drive with the address contained in
the lower byte of the command.

0 7 8 15

COMMAND
(08) CYLINDER ADDRESS
CODE

CS Load Command — A CS Load command loads control
storage from disc. The command may be executed in
maintenance mode at any time or within one second
following a Power On Reset/Load if in operator mode or
program mode. If executed in operator mode or program
mode, logical drive O is automatically selected. Loading
starts from the current cylinder address and head address.
If a burst check error occurs in maintenance mode, the
operation is terminated. The CS Load command is sent to
the IFA via an OUT instruction specifying Write Extended
Register 11.

0 7 8 15

COMMAND

(01) NOT USED
CODE

Bit Meaning

0 IFA Status Not Valid or Command Early

1 IFA Missed Window or Command Early

2 IFA Window

3 IFA Track Boundary

4 IFA Read/Write Termination

5 IFA Burst Check Error

6 IFA Lost Data

7 IFA No Sync Compare

8 IFA 3rd Rev Sync Find

9 Disc Not On Line or Seek Incomplete and Not File Unsafe
10 Disc File Unsafe or Seek Incomplete and Not File Unsafe
1 Disc Read Only
12 Disc Pack Change
13 Disc End of Cylinder
14 Disc Write Current Sense
15 Disc Busy

Bit Meaning

0 IFA Status Not Valid or Command Early
1 1FA Missed Window or Command Early
IFA Window

IFA Track Boundary

IFA Read/Write Termination

IFA Burst Check Error

IFA Lost Data

IFA No Sync Compare '

IFA 3rd Rev Sync Find

© 0 N OO o W N

Disc Not On Line or (Seek Incomplete and Not
File Unsafe)

10 Disc File Unsafe or (Seek Incomplete and Not
File Unsafe)

11 Disc Read Only
12 Disc Pack Change



13 Disc End of Cylinder
14 Disc Write Current Sense

15 Disc Busy

Write Other Status Commands — This type of status
indication provides information on the physical
configuration of the IFA and selected disc drive and also
provides information on the readiness of each of the
drives to perform data transfer operations.

Request Attention O-S and Physical Number: Executing
an OUT MLI specifying Write Register 13 (no command
argument required) places the status information, as
illustrated below in the extended register and clears the
status lines in the IFA. The status information is sent to
shared resources by the INP MLI (no command argument
required). Prior to attempting another operation on the
selected drive, the ATTENTION signal line must be
cleared by either a Reset Attention command or a Read
command.

0 9 10 11 12 16
0|]1|]2|3)|4|5}6]|7]|S]|O DRIVE
1 NUMBER
| l Yy X
Attn 0 0 0 Y Physical Drive A
Attn 1 o 0 1 0 Physical Drive B
Attn 2 o 0 1 1 Physical Drive C
Attn 3 o0 1 0 O Physical Drive D
Attn 4 0 1 0 1 Physical Drive E
Attn 5 o 1 1 0 Physical Drive F
Attn 6 o 1 1 1 Physical Drive G
Attn 7 10 0 O Physical Drive H
Attn S 10 0 1 Physical Drive J

100 Cylinder IFA

Write Attention and Cylinder Address: Executing an OUT
MLI specifying Write Register 17 (no command argument
required) places the status information, as illustrated
below, in the extended register and clears the status lines
in the IFA. The status information is sent to shared
resources by the /NP MLI (no command argument
required). Prior to attempting another operation on the
selected drive, the ATTENTION signal line must be
cleared by either a Reset Attention command or a Read
command.

0 7 8 15
0|1]2]|3(4|5|(6|7[8|9|10(11]12|{13}14|15

Attn(l) I 27 26 25 24 23 2 21 0
Attn 1
Atin 2 CYLINDER NUMBER
Attn 3
Attn 4
Attn 5
Attn6

Attn 7

IFA Commands Specified by DIO MLI

The following IFA commands are issued as a result of
executing a D/0 machine language instruction:

o Write Command

o fFormat Write Command

e Read Command
® Read Without Transfer Command
® Search Command-Packet

These commands are all two words in length. The
command words are placed in the IFA extended register
by the D/O micro program. The micro program
accomplishes this with a Write Extended Register 11 for
the first command word and a Write Extended Register 15
for the second command word.

Write Command — This two-word command transfers data
from main storage (shared resources) to a selected field
within a record on the disc. A Write command must be
preceded by an untruncated Read, Write or Search
command except when writing the home address.
Additionally, a Write command must be immediately
followed by a Request Status command. A minimum of
1.2 microseconds must be programmed between Word 1
and Word 2 of this command.

If the previous operation was an untruncated Read or
Search operation, shared resources must transmit the first
word of this command within a time interval starting at
1.6 microseconds following the previous burst check and
ending at 38.4 microseconds after the previous burst
check. If the previous operation was an untruncated Write
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operation, shared resources must transmit the first word
of this command within a time interval starting at 22
microseconds following the previous burst check and

ending at 38.4 microseconds after the previous burst
check. At the conclusion of the operation hardware status
information is checked as previously explained.

(1] 7 8 15
COMMAND
(40) VARIABLE GAP
CODE
0 12 13 15
BYTE COUNT BRS
000 Special Home Address
00 1 Data
010 Key
011 RO Count
100 CS Data
101 Home Address
110 RN Count
111 Special Data
BRS: Specifies the type of field to be written Format Write Command — This two-word command

Byte Count: Specifies the length of the field to be written

Variable Gap: Specifies the one’s complement
(hexadecimal) of the number of supplementary gap bytes
which must precede the field to be written. IFA write
logic automatically generates 41 gap bytes before writing
a field of information. Table 6-3 specifies the number of
additional gap bytes which must be appended by the
command to each type of field.

Table 6-3. Variable Gap Byte Entries

Type of Field Entry

RO Count, RO Data, FF4g (0 bytes)
RN Data, RN Key

Home Address* DF 45 (32 bytes)

Special Home Address*, Not Defined
Special Data
RN Count 0.043 x (Key Length + Data

Length) not including BURST
Check bytes

*In the event of home address error, a gap iength entry of 164
bytes (205 minus 41 bytes) will be inserted by the utility pro-
gram.
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performs the same operation as a Write command but in
addition writes an all 1’s pattern on the remainder of the
track following burst check. In all other respects the
command is identical to a Write command.

0 7 8 15
COMMAND
(60) VARIABLE GAP
CODE
0 12 13 15
BYTE COUNT BRS

Read Command — This two-word command transfers data
to storage from a field within a record on the disc. The
command must be preceded by an untruncated Read,
Write or Search command except when reading home
address, special home address, RO count or Rn count. The
command must be immediately followed by a Request
Status command. A minimum of 1.2 microseconds must
be programmed between Word 1 and Word 2 of this
command.

If the previous operation was an untruncated read or
search operation, shared resources must transmit the first



word of this command within a time interval starting at
1.6 microseconds following the previous burst check and
ending at 38.4 microseconds after the previous burst
check. If the previous operation was an untruncated Write
operation, shared resources must transmit the first word

of this command within a time interval starting at 22
microseconds following the previous burst check and
ending at 38.4 microseconds after the previous burst
check. At the conclusion of the operation hardware status
information is checked as previously explained.

(1] 7 8 15
COMMAND
(80) NOT USED
CODE
0 12 13 15
BYTE COUNT BRS

X g X Special Home Address
001 Data
010 Key
01 1 RO Count
100 CS Data
10 1 Home Address
110 RN Count
111 Special Data

BRS: specifies the type of data to be read

Byte Count: specifies the length of the field to be read

Read Without Transfer Command — This two-word
command performs the same operation as a Read
command with respect to the IFA; however, data is not
transmitted from the IFA to main storage. On completion
or termination, IFA sends a REQ-3 Signal to shared
resources forcing processor 3 into a busy mode (request
tme slice). Lost Data status will not occur with this
command.

Read Without Transfer is used to skip over fields within a
record and to check cyclic burst. In this instruction BRS
specifies the type of field to be skipped and Byte Count
specifies the length of the field to be skipped over.

0 7 8 15
COMMAND
(90) NOT USED
CODE
0 12 13 15
BYTE COUNT BRS

Search Command-Packet — When a Search command
packet is processed by a DIO machine language
instruction, the micro instruction issues an |IFA Read
command. The IFA operates in the normal read mode
transferring data to shared resources where the micro code
compares it with a Search argument, taken from main
storage. The Search continues until one of the following
occur:

1) The desired field is found or

2) The time allotted for the Search by the real time
clock has expired or

3) A status error condition has occurred.

COMMAND TIMING

All of the basic drive functions except First Seek are
performed by enabling one of the tag lines and one or
more of the Unit bus lines. A First Seek operation is
performed as part of the power-on sequence and is not
controlled by IFA Logic. A programmed Seek, by
contrast, involves several drive commands executed in
sequence. The timing and sequence requirements
associated with each drive command are shown in Figure
6-10.
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Seek to a Specified Cylinder and Head

A Seek operation causes the selected drive read/write
heads to move to a new cylinder address (000-202) and
also enables one of the read/write heads (00-19). To do
this the IFA must perform the following sequence of
function commands:

1.  Set Cylinder Register —

(a) Enable Unit Bus Lines 0-7 in
accordance with binary equivalent of
the desired address:

Bus Line 0 = Cylinder 128
Bus Line 1 = Cylinder 64
Bus Line 2 = Cylinder 32
Bus Line 3 = Cylinder 16
Bus Line 4 = Cylinder 8
Bus Line b = Cylinder 4
Bus Line 6 = Cylinder 2
Bus Line 7 = Cylinder 1

(b) Enable SET CYLINDER TAG line
2. Reset Head Register —

(a) Enable Unit Bus Line 3

{b) Enable CONTROL TAG line
3. Set Head Register —

(a) Enable Unit Bus Lines 3-7 in
accordance with the binary equivalent
of the desired address:

Bus Line 3 = Head 16
Bus Line 4 = Head 8
Bus Line 5 = Head 4
Bus Line 6 = Head 2
Bus Line 7 = Head 1

(b) Enable SET HEAD REGISTER
CONTROL TAG line

4, Start Seek —
(a) Enable Unit Bus Line 2

{b) Enable CONTROL TAG line

Read

When the carriage arms are positioned at the desired
cylinders and the head register in the selected drive has

been loaded the IFA may initiate a Read operation by
executing a Read or Read Without Transfer command.
Executing either of these commands causes the following
1o occur:

1. Enable Unit Bus Line 1 (read gate)
2. Enable Unit Bus Line 5 (select head)

3. Enable CONTROL TAG line

A Read operation may be initiated whenever the selected
drive is not busy (Selected Unit Busy Status is low) and
Bus O (write) is not active. Valid read data appears on the
READ/WRITE data lines 10 microseconds after the
CONTROL TAG signal enables SELECT HEAD and
READ BUS lines.

When performing a Read Without Transfer operation
REQ-3 is disabled until the end of the operation thereby
preventing data transfer between |FA and shared
resources.

Write

When the carriage has been positioned at the specified
cylinder and a read/write head has been selected IFA may
initiate a Write or Format Write command. Executing
either of these commands will cause the following to
occur:

1. Enabie Unit Bus Lines 0 and 4 (write gate and
erase gate)

2. Enable Unit Bus Line 5 (select head)

3. Enable CONTROL TAG line

Sending CONTROL TAG and enabling Bus Line 5 must
not occur sooner than 18 u sec after a Read or Write
operation. When concluding a Write operation, the signal
on Bus Line 4 must be held active for 18 microseconds
after Bus Line O goes inactive to allow the erase head to
side trim erase for a distance equal to 6 bytes after burst
check.

A Format Write operation is performed in the same
manner as a Write operation except that the Bus lines and
CONTROL TAG signal line are allowed to remain up until
Index Time thereby allowing write logic to enter all 1’s
from the end of data to index mark.

The write and erase gates may be selected any time the
BUSY STATUS signal to IFA is not active, the drive is not
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reading and the READ/WRITE-READ ONLY switch on
the selected drive is in the READ/WRITE position. Valid
write data appears on the disc surface no later than 10
microseconds after the CONTROL TAG signal line
enables the SELECT HEAD and WRITE signal lines.

Head Advance

When a Read or Write operation uses the tracks of a
cylinder in a consecutive sequence, head selection
advances one head at a time from the first head selected
to the end of the cylinder. To accomplish this, the IFA
must perform the following:

1. Enable Unit Bus Line 7
2. Enable CONTROL TAG line
If the head address increments to 20 (one more than the

highest head address), the drive sends an End of Cylinder
status signal to IFA.

Restore
Whenever the selected unit presents a Seek /ncomplete
status signal the head carriage can be moved to a known
position (cylinder 000) by initiating a Restore
(recalibrate) operation. To accomplish this it must
perform the following:

1. Enable Unit Bus Line 6

2. Enable CONTROL TAG line

A Restore command may be issued whenever the selected
drive is not busy (BUSY status line inactive).

Reset Attention
The drive logic which generates the ATTENTION signal to
the IFA must be cleared by a Reset Attention command
or Read command from the IFA. To accomplish a Reset
Attention the |FA must perform the following:

1. Enable CONTROL TAG line

2. Enable Unit Bus Line 1

Reset Attention may be issued at any time except during
a Write operation.
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NOTE

Timing for this operation is the same as that shown
for control commands in Figure 6-10.

Diagnostic Reset
The Diagnostic Reset command is used to clear the file
unsafe logic in the drive when that logic has been set as

part of a diagnostic routine. To issue a Diagnostic Reset
command, the controlier must perform the following:

1. Enable Unit Bus Line 1 and Unit Bus Line 3
2. Enable CONTROL TAG line

A Diagnostic Reset (Latch command) may be issued at
any time except during a Write operation.

Load CS

A Deadstart CS Load operation may be performed in
response to a power on sequence, pressing the
RESET/LOAD pushbutton or executing CS Load
command. If performed in normal mode as the result of a
power-on sequence, or pressing the RESET/LOAD

pushbutton the IFA will execute the following sequence
of commands:

1. Restore
(a) Enable Unit Bus Line 6
(b) Enable CONTROL TAG line
2. Set Head Advance
(a) Enable Unit Bus Line 7
(b) Enable CONTROL TAG line
3. Read
(a) Enable Unit Bus Line 1 (read gate)

(b) Enable Unit Bus Line 5 (select head)

(c) Enable CONTROL TAG line



If these are performed 1n maintenance mode as the result
of pressing the RESET/LOAD pushbutton the IFA will
execute the following function commands:

1 Set Head Advance
(a} Enable Unit Bus Line 7
(b) Enable CONTROL TAG line
2  Read
(a) Enable Unit Bus Line 1 (read gate)
(b) Enable Unit Bus Line 5 (select head)

(c) Enable CONTROL TAG line

It these are performed in either normal or maintenance
mode as the result of a CS Load command, the IFA will
execute the following function command:

1 Read
(a) Enable Unit Bus Line 1 (read gate}
{b) Enable Unit Bus Line 5 (select head)

(c) Enable CONTROL TAG line

A CS Load command can be executed whenever the IFA
1s not performing a Read or Write operation.

1FA Status Responses

Status Not Valid: occurs when a Read or Write command
is in the Function Register. During a Read operation, the
Status Not Valid flip-flop clears at bit 4 of the byte
following the last burst check. During a Write operation,
Status Not Valid clears at bit 7 of the byte following the
last burst check During a Format Write, Status Not Valid
clears at index mark. The current operation is not
terminated

Command Early Occurs whenever a read/write command
1s in the Function register and another Write register 11
command s detected. The Command Early F/F is cleared
by a Request Status command or MASTER CLEAR. The
current operation is terminated (EQOT signal generated)
and IFA generates a REQ-3 signal for 30 microseconds
every revolution at index mark until a Request Status
command Is received.

Missed Window: Occurs when the first word of a Read
command (key or data field only) or a Write command
(count, key, CS data or data field only) is in the Function
register and the second word of the command is received
during not-window-time or when a CS Load Command is
received during not CS window time while operating in
operator mode or program mode. The Missed Window F/F
is cleared by a Request Status command or MASTER
CLEAR. The current operation is terminated (EOT signal
generated) and IFA generates a REQ-3 signal until a
Request Status command is received.

IFA Window Exists: The time interval during which
shared resources may issue a Read command (key or data
field only) or a Write command (count, key or data field
only). Following a Read operation, the Window F/F is set
at bit 4 of the first byte following the last burst check.
Following a Write operation, the Window F/F is set at bit
6 of the 7th byte following the last burst check. The
Window F/F is cleared in one of the following ways:

o When bit 0 of the 25th byte following burst
check is detected during a Write or Read Count
Field operation.

e When AM1 is detected during a Read Key or
Data Field operation.

o When index mark is detected

Track Boundary Error: The program has attempted to
read or write across an index mark. The Track Boundary
Error F/F is cleared by a Request Status instruction or
master clear. The current operation is terminated (EQOT
signal generated) and IFA generates a REQ-3 signal until a
Request Status command is received.

Read/Write Terminate: The Data Byte Counter (DBC)
reached a count of zero either before or after an 1/O EXIT
signal was received. This status condition forces the DBC
to zero and causes the write logic to start writing the burst
check immediately. When performing a Read or Search
operation resulting in a hardware terminate, burst check is
not computed.

When a Read operation is terminated early REQ-3 is
generated as follows:

e |f the Read operation is terminated early by the
IFA, REQ-3 is generated immediately.

o |If the Read operation is terminated early by

micro instructions, REQ-3 is generated when the
Data Byte Counter reaches a count of zero.
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When a Write operation is terminated early REQ-3 is
generated as follows:

o |f the Write operation is terminated early by
micro instructions, REQ-3 is generated when the
Data Byte Counter reaches a count of zero.

e [f the Write operation is terminated early by the
IFA, REQ-3 is generated immediately.

Read/Write Terminate is cleared by a Request Status
command or MASTER CLEAR. The current operation is
terminated (EOT signal generated) and IFA generates a
REQ-3 signal until a Request Status command is received.

Burst Check: A burst check error has been detected
during a ‘Read operation. Burst check is set whenever the
recompiled cyclic check code or bit count code do not
compare with the equivalent information recorded on the
disc. The Burst Check F/F is cleared by a Request Status
command or MASTER CLEAR. The current operation is
terminated (EOT signal generated) and IFA generates a
REQ-3 signal until a Request Status command is received.

Lost Data: Two consecutive data word requests have not
been acknowledged by shared resources. The Lost Data
F/F is cleared by a Request Status command or MASTER
CLEAR. The current operation is terminated (EOT signal
generated) and IFA generates a REQ-3 signal until a
Request Status command is received. Lost Data may not
occur when executing a Read Without Transfer command.

No Sync Compare: This F/F sets during a Read or Search
operation for any of the following conditions:

o Four consecutive index marks detected while
loaking for a BRS (computed from the time the
command is translated).

e Read command and not on-line or Seek
Incomplete Status.

® AM1 detected twice and no BRS detected while
performing a Read Key or Data Field command.

The No Sync Compare F/F is cleared by a Request Status
command or MASTER CLEAR. The current operation is
terminated (EOT signal generated) and IFA generates a
REQ-3 signal until a Request Status command is received.

Third Revolution Sync Find: A BRS has been found on
the third revolution of a BRS Search operation. Three
consecutive index marks were sensed and two attempts
(search logic disabled during second revolution) were
made prior to sensing the correct BRS. Index mark
detection is computed from the time the instruction is
translated. The Third Revolution Sync Find F/F is cleared
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by a Request Status command or MASTER CLEAR. The
current operation is not terminated.

Disc Status

Selected Unit Disc Not On Line: This line becomes high
when the selected drive is non-existent, in a
powered-down condition, no Unit Select Plug is installed
or the ENABLE/DISABLE switch on the selected drive is
in the DISABLE position. The current operation is not
terminated.

The ENABLE/DISABLE switch will logically change the
enable/disable function of a drive only when it is
deselected or the Unit Select Plug is removed.

Selected Unit Seek Incomplete: This line becomes high
whenever the drive fails to reach a normal detent within
100 milliseconds or a cylinder address greater than 102
has been selected on a 103 cylinder drive (3662 option).
If due to a hardware time out, the Seek Incomplete F/F
may be cleared by a Restore command. |f due to a
cylinder address selection greater than 102, the Seek
Incomplete F/F may be cleared by a Restore command or
a Request Status instruction but a Restore command is
expected following a Seek Incomplete. The current
operation is not terminated.

Selected Unit File Unsafe: This line is high whenever the
drive becomes unsafe for operation for any of the
following reasons:

e More than one head selected.

o Read bus and write or erase bus selected
simultaneously.

o Write or erase selected when the drive is not
on-line.

o Write-Current-Sense without write bus selected.
o Write bus selected without write data.

o Erase-Current-Sense without erase bus selected.
o Write bus selected without Erase-Current-Sense.

o Write or erase current supplied to two heads
simultaneously.

® A Read or Write is initiated when the head
address register is greater than 1011 (19).

e Over-temperature or servo system unsafe.



File Unsafe may be cleared by manual intervention (turn
drive off and then back on). A File Unsafe condition
caused by illegal bus-line selection may also be cleared by
activating the CONTROL TAG line and enabling unit bus
lines 1 and 3. A File Unsafe condition deselects the
read/write head, clears the Busy status signal, lights the
FILE UNSAFE indicator on the selected drive operator
control console and terminates the current operation

Selected Umit Read Only This line is high whenever the
READ ONLY/READ WRITE switch on the selected drive
operator control console 1s in the READ ONLY position.
The current operation is not terminated.

Selected Unit Pack Change: This line is high whenever a
unit number plug s changed or the drive is powered up.
The PACK CHANGE signal line is cleared by executing a
Read command or Reset Attention command. The
current operation is not terminated.

Selected Unit End of Cylinder: This line is high whenever
the Head Address register on the selected drive exceeds
19. The current operation is not terminated.

Selected Unit Write Current Sense: This line becomes high
within 3 microseconds after the second word of a Write
Count, Key or Data Field command has been received by
the IFA or when Index Mark is detected during a home
address field write. The WRITE CURRENT SENSE Signal
line is cleared 10 byte times after the last burst check
when performing a Write command. When performing a
Format Write operation, the WRITE CURRENT SENSE
Signal line is cleared at index mark time. The current
operation is not terminated.

Selected Unit Busy: This line is high whenever the drive is

performing a read/write operation or seeking to a new
address. The current operation is not terminated.

STANDARD TRACK FORMAT

Data is written in tracks on the disc surface. Within each
track the data is formatted into one or more uniform

le

length records. Every record consists of at least two fields
separated by gap information. Several records can be read
selectively via micro instruction.

A typical track (Figure 6-11) consists of the following:
® Home address field
o Record zero (RO)
o One or more uniform length records (R1-RN)

The physical starting point for each track is a fixed index
mark notched into the bottom cover plate of the disc

pack.

Each record contains the following:
e Count field
o Key field (optional)

® Data field

The key field and/or part of the count field facilitate
locating data during Search operations. Gaps (GO, G2, G4)
provide inter-field and inter-record separation for
identification purposes and command decoding in a chain
sequence.

Every record is self formatting in that it contains
information defining its own length. The total amount of
data that can be recorded on a track is dependent on the
total number of gap and data bytes dependent in turn on
the number and length of the fields.

The preceding discussion of specific track areas is valid for
the initial writing of the record structure and for those
instances when data is rewritten in part. When a field is
rewritten, however, the gaps between adjoining fields may
vary slightly due to variations in clock oscillator speed and
disc rotational speed.

»le N

[¢ RO :I:

R1 g RN |

/\ 6 [ na]c2|count | 62 [kev |2 [oata] 6o [count |62 [kev | ez [oatal co [count | G2 [Kev | G2 [para ]

INDEX MARK

A

HA

"

HOME ADDRESS FIELD

Figure 6-11. Track Format
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Home Address Field

A home address (HA) field is written at the beginning of
each track during initialization to define track address and
condition. It is available through the commands to write
or read HA. The information portion of the HA field
contains 5 bytes followed by a 4 byte burst check (Figure
6-12). Home address is written after a 73 byte gap from
index marker.

Record Zero

Record zero (RO) is normally used to enable an entire
track of data to be moved to an alternate track if a
portion of the recording surface becomes defective. The
use of RO for this purpose is called flagging and RO is
called the track description record. When programming
does not require flagging, RO can be used as the first
information record on the track.

RO must contain a count and data field and may also
contain a key field the same as subsequent records (Figure
6-13).

e Record length is defined in the count field.

e The key field (when included) usually contains
supplementary data information as an additional
means of record identification.

e The data field contains the number of data bytes
specified by the count field (variable dependent
on the space available and restricted to uniform
length within a single track).

Data Records

Records R1 through RN contain the normal program
provided data information on the tracks. This format with
the exception of the bit-ring-sync (BRS) byte preceding
each field and the count field flag byte is identical to that
for RO.

Gaps

Gaps are used to separate records and fields within records
on the tracks. All gap areas contain two address mark
(AM) bytes and one program provided bit-ring-sync (BRS)
byte which together serve to locate and identify the type
of field during Read operations {Figure 6-14).

There are three types of gaps, as follows: (Figures 6-11
and 6-14):

o Gap 4 (G4): Gap between index marker and
home address field — fixed length of 73 bytes.

o Gap 2 (G2): Gap between home address field and
RO, count field, between RN count and key
fields, and between RN key and data fields —
fixed length of 41 bytes.

o Gap 0 (GO): Gap between data field of one
record and count field of next record — variable
length of 41 bytes plus 0.043X (K|_+ D ) bytes
of the previous record {does not include burst
check bytes).

INDEX [ G4 HA RO Rq Ry
- e 1 [
CYLINDER NO. ) CYCLIC CHK BCA 62 RO
FLAG HEAD NO b ) o0z ! T
-—— e A
0 1 2 3 4 5 6 7 8
FLAG (F) 1BYTE INDICATES TRACK CONDITION. BITS 0-5 ALWAYS
ZERO. BIT 6 INDICATES TRACK CONDITION,
0-OPERATIVE, 1=DEFECTIVE,BIT 7 INDICATES
TRACK USE 0=PRIMARY, 1=SECONDARY.
CYLINDER (C) 2 BYTES CONTAIN CYLINDER ADDRESS OF TRACK. FIRST
BYTE ALWAYS ZERO.
HEAD (H) 2 BYTES CONTAIN HEAD ADDRESS OF TRACK (00-19). FIRST
BYTE ALWAYS ZERO.
CYCLIC CHECKS 2 BYTES CONTAINS RESIDUAL COUNT OF COMPLEMENTED
EXCLUSIVE OR OF ALL DATA BITS IN THE FIELD
(DOES NOT INCLUDE BRS).
INDICATOR BYTE (i8) 1BYTE ALWAYS SET TO ZERO.
BIT COUNT (BC) 1BYTE CONTAINS COMPLEMENT OF RESIDUAL COUNT OF
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ALL ONE BITS IN THE FIELD. INCLUDED ARE BITS
IN THE SYNC BYTE, DATA FIELD AND FIRST CYCLIC
CODE CHECK BYTE.

Figure 6-12. Home Address
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Xeslse ic[ecezfr [c ¢ [u wlr[k[oop [re]sslic/sc]e2] .° kev [r8[ss[ic {sc]e2]  “oara [rslselic [scleo] | | §
0 12 345 6 78 9 101 12  ——m———————— ~ e ———
— KEY FIELD (OPTIONAL) DATA FIELD
COUNT FIELD
4 ceunr KEY FIELD 4 NORMALLY CONTAINS
INFORMATION USED TO TR kﬁ?ﬁg”&““
LOCATE RECORD '
BYTES LEFT ON TRACK
F = FLAG 1BYTE
CC = CYLINDER NUMBER** 2 BYTES
HH = HEAD NUMBER** 2 BYTES
= TRACK RECORD NUMBER 1BYTE — INDICATES SEQUENTIAL NUMBER OF RECORD ON THE TRACK
K = KEY FIELD LENGTH 1BYTE - DOES NOT INCLUDE BURST CHECK BYTES

DD = DATAFIELD LENGTH

FB = FIRST BYTE OF CYCLIC CODE 1BYTE
SB = SECONDBYTE OF CYCLIC CODE 1 BYTE
IC = INDICATOR BYTE* 1BYTE
BC = BITCOUNTBYTE 1 BYTE

*1C ALWAYS SET TO ZERO
** FIRST BYTE ALWAYS SET TO ZERO

RO — RN COUNT FIELD FLAG BYTE

BITO

BITS 1-5
BIT6

BIT7

AM DETECTION — ALWAYS
ZERO IN RO, ALTERNATES
ZERO TO ONE IN SUBSEQUENT
RECORDS
ALWAYS ZERO
TRACK CONDITION
0 = OPERATIVE
1 = DEFECTIVE
RACK USE

PRIMARY

T
0=
1 = SECONDARY

2BYTES — DOESNOT INCLUDE BURST CHECK BYTES

BURST CHECK

Figure 6-13. Record Zero
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* BURST CHECK BYTES NOT INCLUDED

FLAG BYTE

—
BIT RING
VARIABLE AREA VFO AREA 5 BYTES e SYNC AREA
N N— 1BYTE
ONES ONES SEE
ONES ONES ONES ZEROS ZEROS ONES 5BITSMISSING | 5 BITS MISSING TRACK
CLOCKPULSES | CLOCK PULSES FORMAT
—
1111111111181 11111111 111/00000000{00000000[1 111111111711 11111111111
0 -Ne
CYLINDER NUMBER IN BINARY
HEAD NOMBER IN BINARY SYNC BYTE CONFIGURATIONS
TRACK RECORD NUMEER IN BINARY
KEY FIELD LENGTH IN BINARY
DATA FIELD LENGTH IN BINARY o RO e RN COUNT KeY Ry DATA
SYNC SYNC SYNC SYNC SYNC SYNC
FIRST (CYCLIC BURST) BYTE BYTE BYTE BYTE BYTE BYTE BYTE
SECOND (CYCLIC BURST) BYTE
INDICATOR BYTE
BIT COUNT BYTE
41 BYTES +0.043 X (Ky +Dy)* 1319 1o %10 449 1099 919

41 BYTES

73 BYTES

lbooo1101

[unuu1n1j

00001001

looooi114]

00001010}

0o0001001f

“— &
Fls{ils Fls|i[s Fls|ile Flslile Fls|ile s|i|e
FICICHMiglglclch [FICIC|M("{RIXP|°]8(B]clc sleicic] 1F|C RIK|DID|gigicle BlBlc|c 8clc
\ A l‘ A 4[' _
HOME RO COUNT RO DATA COUNT FIELD KEY DATA
ADDRESS o FIELD N FIELD 94 (BURST) o FIELD N F;g;f
64}  sa(uRrsT IS g+4 (BURST) o VARIABLE S S 070 255 S Go
BYTES BYTES (8+4) TO BYTES BYTES (MAX)
FULL TRACK BYTES




SPECIAL TRACK FORMAT FOR CS LOAD

A non-standard track format and BRS code are used for
CS Load operations (Figure 6-15) to facilitate hardware

track is modified to include only micro instructions and is
preceded by a special BRS which s recognized by CS load
logic in the {FA. All remaining fields on the track are

recognition of CS data. The R1 count field on each CS ignored.
TRACK 1
f
713 ] RO M RO a
BYTE | HA BYTE COUNT BYTE DATA BYTE R:sagSOUNsTY(TDEgTA’
GAP 5+2 BYTES GAP 9+2 BYTES GAP 8+2 BYTES GAP 10
TRACK 2
1 | T
73 a RO M RO ]
BYTE HA | BYTE COUNT BYTE DATA BYTE “‘z&%""zv‘?@; A
GAP 5+2 BYTES ] GAP 9+2 BYTES GAP 8+2 BYTES GAP 10
—
//// \
o \
T \
/”/// \
— ~ N 665679 BYTES = 332819 WORDS
204870 BYTES = 102415 WORDS
VARIABLE VFO AREA A AM2 BRS -
AREA (5 BYTES) 43521 gWORDS
L—y N >
// 435279 WORDS = 4096+256 WORDS
/ CONTROL STORAGE = 409679 WORDS
/ ADDRESS TABLE = 26619 WORDS
cs
DATA BRS

00001100

Figure 6-15. Special Track Format for CS Load (Drive Zero)

POWER SEQUENCING

Two types of power sequencing may be used in the 7300
Computer system:

Remote Mode - Power on sequence controlled by
the system control unit

Local Mode — Power on sequence controlled by the
7300 Processing Unit

In order for the Power Sequencer Control to power up a
drive, all of the following conditions must be met: disc
pack installed, disc pack cover closed, main power switch
ON, START/STOP switch in START position.

Applying power to the 7300 Processing Unit
simultaneously supplies AC power to the DC power
supplies in all disc drives connected to the Processing Unit
(Figure 6-16). Thereafter, Power Sequencer Control enters

a clear state for approximately 1 second to allow the drive
power - supplies to stabilize. At the end of this delay,
Power Sequencer Control completes a ground path for all
of the drives applying +36 VDC to the first drive. This
activates a relay network in the first drive allowing AC
power to be applied to the spindle motor. When the
spindle motor in the first drive reaches 70% of its
operating speed, a signal is sent to the next drive to allow
AC power to be applied to its spindle motor. This process
is repeated until all drives have been powered up. The last
drive in the string returns a signal to Power Sequencer
Control terminating the disc power on sequence.
Convenience outlets on all of the drives are energized
when system AC power is applied to the computer,

In the event that a drive has not met all of the power up
conditions (i.e., main power switch OFF, etc.) it is
bypassed and the power up control signals are fed to the
next drive in the string.
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NOTE

Failure to place a disc pack in one of the drives or

spindle motor malfunction will disrupt power

sequencing on all succeeding drives in the string if

the START switch on the unit is left in the ON
‘ position.

First Seek

When the spindle motor on each drive reaches 70% of 1ts
operating speed and a 60 second (30 second optional)
warm up delay has timed out the read/write heads are
forced out to the forward stop. After coming to rest at
the forward stop, the head mechanism performs a normal
Reverse Seek to cylinder 000 and stops. As each drive
positions at cylinder 000 it sends an ATTENTION signal
to the IFA to indicate that it is ready for further
instruction. Failure to complete a normal Reverse Seek
operation within 100 milliseconds causing a SEEK
INCOMPLETE signal and an ATTENTION signal to be
sent to the IFA.

NOTE

Removing and reinserting the Unit Select Plug will
also cause the drive to perform a FIRST SEEK
operation.

Power Down

A power down sequence is initiated by de-energizing relay
K10 in Power Sequence Control removing the common
ground from all of the drives (Figure 6-16). After a delay
of approximately 1 second, AC line power is removed
provided relay K12 in Power Sequence Control is
de-energized. Relay K12, de-energized, indicates that the
heads in all of the drives have been retracted.

The following abnormal operating conditions will
automatically retract the read/write heads and power
down the affected drive:

1. Loss of primary (AC) power

2. Loss of or out-of-tolerance logic voltages

PROCESSING
uNIT
A c 2 -\ B o
POWER N > >
POWER +36VDC +36VDC +36VDC +36VDC
SEQUENCER
CONTROL SEQ SEQ
PWR PWR
1
IN <+ out ll—f < l1—4' Av—{-——l——‘—- <
Y |sEa SEQ T 3
ouor_, W N IR > - »- N~ > >
_E//\ , CONTROLLED |  lconTRoL . CONTROL ~ a1 I controL . CONTROL
GROUND v > > \N—>1> > »
— K10
«HEADS < N - v
EXTENDED DRIVE 0 DRIVE 1 DRIVE 7 DRIVE 8
< < X < -
LAST DISC UP =
—— INDICATES NORMAL 1- ALTERNATE PATH WHEN
SIGNAL PATH UNIT IS NOT ACTIVE

——-» INDICATES ALTERNATE
(DRIVE UNIT OFF) SIGNAL
PATH

Figure 6-16. Power Sequencing Control Lines
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3. Opening the disc compartment door before
pressing the STOP switch

4. Pressing the STOP switch with the heads
extended

FUNCTIONAL LOGIC DESCRIPTION
The following paragraphs provide a description of the
major logical components of the IFA including all
interface signals exchanged between the IFA and shared
resources and between the IFA and each of the drives
(Figure 6-17). For this discussion the IFA logic has been
separated into eleven major functional categories as
follows:

o Shared Resources Interface

o Drive Interface

e Drive Selection

e Control Commands

e Request Status Logic

o Read/Write Control

e Data Detection Logic

e Read/Write Timing

e Data Format

e Error Detection

o CS Load Control

SHARED RESOURCES INTERFACE

A single 16-bit Group Iil extended register is used to
interface all instructions, data, and status responses
between the IFA and shared resources. The type of
operation to be performed by the IFA is determined by
the number (10-1F45) used to address the extended
register. Table 6-4 lists the register addresses and
corresponding instruction categories recognized by the
IFA.

Table 6-4. Instruction Selection

Register Designation (Hex) Instruction Type

Write Register 10 Select Drive

Write Register 11 Commands

Write Register 12 Request Status

Read Register 12 Read Hardware Status

Write Register 13 Request Attention and Physical
Drive Number Status

Read Register 13 Read Attention and Physical
Drive Number Status

Write Register 14 Write Data

2nd Word of Read or Write
Command

Write Register 15

Write Register 17 Request Cylinder Number

Status
Read Register 17 Read Cylinder Number Status

Read Register 10-1F Read Data

Tables 6-5 and 6-6 name and describe the interface lines
between shared resources and the |IFA.

Table 6-5. Signals from Shared Resources

Name

Description

EXTENDED REGISTER
NUMBER (ERNG-3)

EXTENDED REGISTER
OUT (ERO-3)

MASTER CLEAR
INPUT/OUTPUT (MCI1/0)

Designates extended register address (10-1F ;)

Instructions or data to the extended register (MSB is bit 00)

MC 1/O performs all of the following:
1. Clears all bus gate selections
2. Selects drive 0
~ 3. Clears read/write and CS load control logic

4. Presets the Data Byte Counter (DBC) to 6400g words

6-29



Table 6-5. (Continued)

Name

Description

DISC SOURCE (DISCS)

MAINTENANCE OUT
(MANO)

DEADSTART INITIATE
(DOA)

END OUT (ENDO)

POWER ON/MC

EXTENDED REGISTER
WRITE (ERFG3WR)

EXTENDED REGISTER
READ (ERFG3RD)

EXECUTE-3 (EXCT-3)

SHARED RESOURCES
CLOCK (T00, T20, T40, T60,
T80)

INPUT/OUTPUT EXIT
(1/0 EXIT)

MCI/0 is generated by:

1. Power on sequence or

2. Pressing SYSTEM RESET pushbutton or

3. AUTOLOAD signal from the IFA or

4. Pressing AUTOLOAD pushbutton or

5. Pressing RESET/LOAD pushbutton if in normal mode

6. RSDS signal from IFA if in normal mode

AUTOLOAD SELECT switch is in the PRIMARY (down) position. Forces micro
instruction execution to begin at address 011344 following CS Load. DISCS must

be high during CS Load and Autoload.

The computer 1s operating in maintenance mode (MAINTENANCE MODE
pushbutton has been pressed).

Initiates a CS Load operation. DOA is generated on the trailing edge of a power
on/MC sequence, on the trailing edge of a Deadstart MC sequence resulting from a
RSDS signal from IFA, or by pressing the RESET/LOAD pushbutton (Normal
mode only).

DOA drops when:

1. ENDO signal is received or

2. SYSTEM RESET pushbutton is pressed or

3. RSDS signal is received

Control storage and address table are full or SYSTEM RESET pushbutton has
been pressed. ENDO is high 1-2 microseconds after the next to the last word has
been transferred, minimum width is 3 microseconds.

Clears first seek detect logic prior to a Deadstart CS Load.

Shared resources is attempting to store an instruction or data word in the
extended register. Active whenever an AND, CLR, EOR, IOR, SDB, SDW, STA or
STB micro-instruction is being executed that addresses the extended register.
Shared resources 1s attempting to load data or status information from the

extended register. Active whenever a CLA, LAB, LAW, LAW/, LBL, LBW or
LBW/ micro-instruction is being executed that addresses the extended register.

Processor 3 is in the execute portion of a time slice.

Leading edge occurs at TOO, T20, T40, T60 and T80. Trailing edge occurs 30
nanoseconds after leading edge.

Terminates a Read or Write operation when:

1. Register a=b during execution of a Cl01 command or a#b during execution of
C102 command or

2. An EOQT-3signal is generated.




Table 6-6. Signals to Shared Resources

Name

Description

EXTENDED REGISTER
IN (ERI-3)

ATTENTION-3 (ATTN-3)

DEADSTART RESTART
(DSRS)

DISC DATA STROBE
(DDS)

END OF TRANSFER-3
(EOT-3)

AUTOLOAD

RESTART DEADSTART
DISABLE (RSDSDIS)

REQUEST-3 (REQ-3)

Data or status information to shared resources (MSB is bit 00).

ORed ATTENTION signal lines from all of the drives except drive S indicating:

1. One or more of the drives has successfully completed a Seek operation or

2. 100 milliseconds has elapsed since a Seek operation was initiated on one of the
drives and detenting did not occur.

ATTN-3 is delayed following a First Seek operation until a Request Attention
command is executed by the IFA.

ATTN-3 sets the processor 3 Busy FF (request time slice) provided the processor
3 Active FF is not set. ATTN-3 drops when all of the logical attentions in the
drives have been cieared.

A status error has been detected by the IFA during a CS Load operation or a CS
Load command has been translated by the 1FA, 50 nanosecond minimum width.

DSRS will be high for any of the following status indications:

1. Burst Check Error
2. End of Cylinder
3. No Sync Find

4. Seek Incomplete

A DSRS signal generates a DOA signai for all status conditions except Burst
Check Error in maintenance mode. The DSRS signal is also used internally in the
IFA forcing a CS Load Complete condition when operating in maintenance mode.

A word of CS data is available in the extended register (a 70 nanosecond pulse).

Terminates a Read or Write operation and generates an /O EXIT signal when any
of the following status conditions occur:

. Command Early

. Missed Window

. Track Boundary

. Read/Write Termination
. Lost Data

. No Sync Find

o oA W N =

EOT-3 is also generated on Missed Window Status while executing a CS Load
command in normal mode.

EOT-3 becomes inactive when the status condition is cleared.

Initiates a MC Sequence. On the trailing edge of MC, Autoload activates processor
4 by setting its Busy FF and forces the Control Storage Address register to
01 1316 on the first major cycle allocated to processor 4 (provided AUTOLOAD
SELECT is set to PRIMARY).

Prevents DSRS from generating a DOA signal when a Burst Check Error occurs in
fmaintenance mode — occurs 50 nanoseconds before DSRS pulse and remains
active for 50 nanoseconds.

The IFA is ready to transmit or receive data or status information — sets the Busy
FF (request time slice}. When transferring data, REQ-3 becomes inactive when
EXCT-3 goes active, When transferring status responses REQ-3 becomes inactive
when a Request Status instruction is executed.
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Figure 6-17. IFA Signal Exchange
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DRIVE INTERFACE

All outgoing signal lines are terminated in the last drive in
a string (except read/write data), and that drive requires
+3 volts from the control unit for the terminator. All
incoming signal lines are terminated in the IFA and each
drive requires -3 volts for the line drivers.

+5V

24K

o—d

TTL INPUT

Disc Line Drivers (Figure 6-18)

e The high (true) level (logical 1) occurs when the
line signal is -1.52 volts or less.

o The low (false) level (logical 0) occurs when the
line signal is +1.15 volts or more.

910
33 o LINE
202907 SIGNAL
>2N2369A
560

0-3

Figure 6-18. Typical Line Driver

Disc Line Receivers (Figure 6-19)

e The high (true) level (logical 1) occurs when the
line signal is -0.2 volt or less.

#® The low (false) level (logical 0) occurs when the
line signal is +0.4 volt or more.

- I !
= %220 ]
I l
1 © —-0-4—1¢
] | 1
1 isn 1
1 |
| 1
| = |

L---------‘

TERMINATOR

15.8

+1%

12w

e

34v
+1%
100 ma

I
&

510

) 2N2369A

%1.1K 6
=3

Figure 6-19. Typical Line Receiver and Terminator

6-35



Disc Read/Write Multiplexer (Figure 6-20)

e The high (true) level (logical 1) occurs when the
line signal for the receiver {write data input) is
+1.92 volts or more.

e The low (false) level (logical 0) occurs when the
line signal for the receiver {write data input) is
+1.23 volts or less.

e The high (true) level (logical 1) occurs when the
line signal for the driver (read data output) is
+2.86 volts or more.

e The low (false) level (logical 0) occurs when the
line signal for the driver (read data output) is
+1.23 volts or less.

c2
~ .0
100V
READ DATA
READ GATE !
2
READ - WRITE 5 - READ DRIVER
DATA COAX l ~
R9 R11
1K 1K
CR5
|«
CR7  CR8
® »—> ~— WRITE DATA
R13
1.6K 04
WRITE GATE LET)
12 +5V

-3V
WRITE RECEIVER

Figure 6-20. Read/Write Data Input
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Drive Interface Lines

Drive interface signals are grouped by cable class (Bus or
Unit). The signals are described in Tables 6-7 through 6-11
below. Pin assignments for the drive interface logic cables
(Bus and Unit) are found in Appendix 6B.

Table 6-7. Bus Line Signals to the Drives from IFA

Name

Description

UNIT BUS LINES (eight)

CONTROL TAG

SET CYLINDER TAG

SET HEAD TAG

SELECT UNIT LINES
{nine)

These time-shared lines are used to select command operations or transmit new
cylinder or head address information under Tag Line control. A drive must be
selected before these lines are active.

Refer to individual Tag Line descriptions for precise translation of these lines.

Enables the Unit Bus Lines, to a selected drive for command functions as follows:

Line Definition
Unit Bus 0  Write Gate
Unit Bus 1 Read Gate
Unit Bus 2 Seek Start
Unit Bus 3 Reset Head Register
Unit Bus4  Erase Gate
Unit Bus 5 Select Head
Unit Bus 6 Restore
Unit Bus 7 Head Advance

NOTE: Unit Bus 1 and 3 enabled simultaneously for a minimum of 25 milliseconds

Enables the Unit Bus Lines to a selected drive for the transmission of new
cylinder address information as follows:

Line Definition
Unit Bus 0  Cylinder 128
Unit Bus 1 Cylinder 64
Unit Bus 2  Cylinder 32
Unit Bus 3 Cylinder 16
Unit Bus4 Cylinder 8
UnitBus 5 Cylinder 4
Unit Bus 6 Cylinder 2
Unit Bus 7 Cylinder 1

Enable the Unit Bus Lines a selected drive for the transmission of new head
address information as follows:

Line Definition
Unit Bus 3 Head 16
Unit Bus4 Head 8
UnitBus5 Head 4
UnitBus 6 Head 2
UnitBus 7 Head 1

NOTE: The Head Address register in the selected drive must be cleared by a Reset
Head Register Control command prior to transmitting new head address
information.

Selects the logical drive unit. For all drive selections except unit S, the drive
remains selected until another drive is selected. A MASTER CLEAR (MC)
automatically selects unit 0.

by Control Tag causes a Diagnostic Reset of a program initiated File Unsafe condition.
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Table 6-8. Bus Line Signals to the Drives from Power Sequencer Control

Name

Description

CONTROLLED GROUND

SEQUENCE IN

SEQUENCE OUT

This line provides a ground path for the +36 volt power supplies in each of the
disc drives for powering the drives up and down along with the processing unit.
The only prerequisite is that the START/STOP switch is set to START on the

drives to be controlled.

This line must be at a ground potential (power up on the processing unit} for the
START/STOP switch to power up any drive.

This line provides +36 VDC from the preceding drive or from power sequencer
control to start the power up sequence of spindle motors in each drive. SEQUENCE
IN 1s activated approximately 1 second after CONTROLLED GROUND is activated
to allow the bulk power supplies in each drive to stabilize.

This line passes +36 VDC to the succeeding drive in the muitiplex cable string to
power up the spindie motor in each drive whenever any of the following conditions
exist.

o Preceding drive MAIN POWER switch set to OFF

e Preceding drive START/STOP switch set to STOP

o Preceding drive MAIN POWER switch ON, START/STOP switch set to
START and spindle drive motor at 70% of rated speed.

NOTE: By connector definition this line runs only between drive units. In the
cable segment between Power Sequencer Control and the first drive unit, this
signal becomes SEQUENCE IN to the first drive (Figure 6-16).

Table 6-9. Bus Line Signals to IFA from the Drives

Name

Description

CYLINDER ADDRESS
LINES (eight)

ATTENTION LINES (nine)

STATUS LINES (eight)

SELECTED INDEX

These lines transmit the current binary address of the head carriage on the
selected drive provided a Start Seek command has been executed since the
Cylinder Address register was loaded.

This line is activated when: a normal Seek is completed; or 100 milliseconds has
elapsed since a Seek operation was initiated and detention did not occur; or when
the corresponding Unit Number Plug is changed. This line does not require unit
selection.

An individual ATTENTION line may be deactivated by selecting the appropriate
drive and executing a Reset Attention or Read command.

All ATTENTION lines except ATTENTION-S are ORed together to produce
ATTN-3 which is sent to shared resources.

NOTE: During a First Seek operation ATTN-3 is delayed until a Request
Attention command is executed by the IFA.

These lines inform the IFA of certain error conditions occurring in the selected
drive. Drive status information is made available to shared resources where a
Request Status instruction is executed by the IFA. Refer to the section on
operation for a detailed description of these lines.

This line is active for 30 microseconds after an index mark is detected on the
selected drive. Index mark occur every 25 milliseconds.
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Table 6-10. Bus Line Signals to Power Sequencer Control from the Drives

Name Description
SEQUENCE POWER IN This line provides +36 VDC from a drive in the string to be used for power
sequencing. .
SEQUENCE POWER OUT This line passes +36 VDC to a drive in the string to be used for power sequencing.

Power is derived from the drive internal power supply when the drive 1s up to
speed or from a succeeding drive when the drive in question is off. This voltage is
returned to the drive in question as SEQUENCE IN.

NOTE By connector definition this line runs only between drive units in the
cable segment between Power Sequencer Control and the first drive unit.
SEQUENCE POWER OUT from the first drive becomes SEQUENCE POWER IN
to Power Sequencer Control (Figure 6-16).

LAST DISC UP This line becomes active when the spindie motor on the last drive in the string has
been brought up to 70% of running speed. LAST DISC UP s used by Power
Sequencer Control to terminate the power up sequence.

HEADS EXTENDED This signal prevents Power Sequencer Control from removing AC power until the
read/write heads on all drives in the system have been retracted.

Table 6-11. Unit Line Signals to/from Each Drive

Name Description

READ/WRITE DATA This line transmits data to or from the selected drive.
{1 line for each drive)

UNIT IS SELECTED This line indicates which of the drives (0-8) is selected.
(1 line for each drive)
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DRIVE SELECTION LOGIC

Selecting Write Register 10 with an OUT machine
language instruction performs an /nitial Clear of the IFA
logic and then gates bits 12-15 of the command word into
the Drive Number register. At the next clock 20, the
command argument is gated to the Drive Unit Decoder.
This activates one of the select drive lines which is then
compared against the Unit Number Plug in each of the
drives (Figure 6-21).

1814
- WRITE REG. 10
CLEAR [FA
~ ERNG3-03 - WRITE REG. 11 AFTER A SELECT
——] EXTENDED COMMAND FF
ADDRESS REGISTER - WRITE REG. 12 cLEAR
NUMBER _
FRHE%'f" ERNG3-02 '] DpEcope WRITE REG. 13 a - LBFGI:C
AnF[::iEss co2 - WRITE REG. 15 ,
FAN-N | gpng3o1 ~ WRITE REG. 17
£RNG3-00
1801
| SELECT DRIVE 0
1814 —
1814 SELECT DRIVE 1
=
ERD-15 ERD-15 DRNR1 SELECT DRIVE 2
ELLUE LS
DRI
COMMAND | ER0-14 EXTENDED ER0-14 DRIVE DRNR prive | SELECTDRIVES
WORD REGISTER NUMBER UNIT
\  Emp3 MUX ERD-13 REGISTER | panag | DECODE | SELECT DRIVE 4 o
—= 1 Fe »> N95 co
SELECT DRIVE 5 DRIVE
ER0-12 ERD-12 MULTIPLEX
Ll SELECT DRIVE 6 CABLE
St So joxLzLl ThVED,
SELECT DRIVE 7
J SELECT DRIVE?
“0” CLK-20
SELECT ERN
Ll - DRNR
SELECT DRIVE § _
-MC——

Figure 6-21. Drive Selection
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CONTROL COMMANDS LOGIC

Selecting a Write Register 11 control command via an
OUT machine language instruction gates the command
argument into bits 8-15 of the extended register mux. At
the following clock 00 the command argument is
transmitted to the Bus Gate Mux where it is enabled to
the selected drive by the BUS GATE ONE SHOT (BGOS)
signal. BGOS is a three microsecond enable generated by
addressing Write Register 11 for a non-data transfer
operation (Figure 6-22).

1814 1815
bl - —SET CYL
—WRITE REG 10 .
_ERNG3-03 | ERI-0A—] TAG
ADDRESS Extenpep JO-—TRITE REG 11 > BUS
FROM REGISTER _ GATE -~
REG. ! ERNG302 NUMBER WRITE REG 12 AND -SET HEAD
FILE ’ | DECODE TAG TAG
ADDRESS c02 CLOCKING ERI-05—
FAN-IN LOGIC
EBNG3-(1 _ |
—WRITE_REG 17 **
_SET CONTROL
& TAG
(4]
(-]
1814 1B14 2 LBJ+2
ER0-08 ERIL08 UNIT BUS 0 N
ER0-09 | ERL09 UNIT BUS 1 >
_ER0-10 | ERL10 UNIT BUS 2 >
T0
CONTROL ) BUS - ,
BITS REGISTER EXTENDED MUX
ER0-12 . ERI-12N UNIT BUS 4 .
08-15 EE—— | I|\:I|3l:)); »  REGISTER FS322 » CABLE
N85
-ER013 > ERI3N )| UNIT BUS & >
_ER0-14 | N |__ERL14N | UNIT BUS 6 >
ERI- UNIT BUS 7
ERots  § o o > RI-15N | >
SELECT | V- LLKOO |
ERO -

* ) 3 MICROSECOND ENABLE
** | 1 MICROSECOND ENABLE

Figure 6-22. Control Commands
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REQUEST STATUS LOGIC

A Status Request operation is performed by executing an
OUT machine language instruction specifying Write
Register 12, 13 or 17. A command argument is not
required. Executing a Status Request places the
appropriate information into the extended register and
clears the corresponding status lines in the drive. To
sample the output of the extended register, the operating
system must execute an /NP machine language instruction
specifying the same extended register as the previous OUT
instruction (Figure 6-23).

| ERI300
|_ERIZ01
ERI3-02
| ERI303
| ERI304
| ERI305
ERI3-06
ERI3-07
| ERI308

|_ERi309
L_Eriz10

ERI311
—

ERI3-12
ERI3-13
ERI3-14

ERI3-15

1814 1814
BITO
BIT1 i
BIT 2
BIT3 EXTENDED »| EXTENDED
BIT 4 REGISTER REGISTER
—] MUX >
BITS N
INPUT e " NO5
FROM BIT6 F309 .
DISC BIT 7
DRIVES P
BIT 8
BIT 10
INPUT —BIT1 >
FROM BIT 12
IFA —
CONTROL —BIT13 §
BIT 14
BIT 15
Sp g
CLK-00 -———-I
1B14
- WRITE REG 10
ERNG3-03 - WRITE REG 11
— | EXTENDED
REGISTER - WRITE REG 121
NUMBER
ADDRESS ERNG3-02 DECODE - WRITE REG 132 ‘
FROM ] co2
REG - WRITE REG 15 ‘
FILE 3 ‘
ADDRESS ERNG3-01 - WRITE REG 17
FAN-IN ] .‘

ERNG3-00

TREAD/WRITE STATUS
ZATTENTION 0-S, 100/200 CYL IFA, PHYSICAL DRIVE A-J
3ATTENTION 0-7, CYLINDER NUMBER

Figure 6-23. Request Status
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READ/WRITE CONTROL LOGIC

Control logic interprets commands and control signals
from shared resources and uses the information to enable
the appropriate timing logic. During a Write operation,
control logic performs the following functions:

e Stores the command specified data byte count in
the Data Byte Counter

o Generates 41 gap bytes and examines the
contents of the program loaded Variable Gap
Counter to determine the proper number of
additional Variable Gap bytes required to
precede the information field.

e Stores the command specified Bit Ring Sync in
the BRS register for insertion on the disc surface

o Generates REQ-3 to shared resources (activate
processor 3) one word time in advance of when
IFA is ready to accept each data word

e Gates parallel data from the extended register to
data format logic.

e Activates write terminate logic at the end of the
burst check to ensure that one additional byte of
1's is written for a normal Write operation (or 1's
to the end of the track for Format Write
operations), side trim erase is performed for the
equivalent of 6 bytes after the end of data and
window logic is set (Figure 6-24).

o Generates REQ-3 to shared resources at the end
of every data transfer to activate a micro
instruction status check

During a Read operation, control logic performs the
following functions:

e Stores the command specified data byte count in
the Data Byte Counter

o Activates Data Detection logic (VFO)

® Compares the Bit Ring Sync received from
shared resources with the Bit Ring Sync received
from the disc

o Gates parallel data from data format logic to the
extended register

o Generates REQ-3 to shared resources (activaté
processor 3) when a word of data has been
assembled in the extended register

o Activates read terminate logic at the end of burst
check to ensure that the window logic is set in
preparation for the next Read or Write command
(Figure 6-25)

® Generate REQ-3 to shared resources at the end
of every data transfer forcing a micro instruction
status check

During a Read operation, the VFO logic in IFA examines
the pattern of clock and data pulses sent from the disc to
differentiate data fields from the gaps between data fields.
After locating a field of information, the IFA reformats
the data from serial-by-bit to parallel-by-word and
transmits the data to shared resources during processor
state 3's time slice. A series of flowcharts showing the
Read sequence is provided on Figures 6-26 through 6-30.

During a Write operation, the IFA receives data from
shared resources during processor state 3's time slice,
reformats the data from parallel-by-word to serial-by-bit
and records the data on a selected disc surface. Clock
pulses are generated by the IFA to synchronize the
recording of data pulses. Every 400 nanoseconds (one bit
cell time) a clock pulse is recorded on the disc. If no other
pulse is recorded between two clock pulses the bit cell
time represents a logical 0. Two pulses recorded during a
bit cell time (one pulse for each 200 nanoseconds)
represents a logical 1. A series of flowcharts showing the
write sequence is provided on Figures 6-31 through 6-35.
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vv-9

eleujwe ] 83IM “HZ-9 e4nbig

WRITE

BUS
FF \-

WRITE
GATE N

:GWU: GW1 :

]
GW2 |

GWO BIT 10

CONTROL
TAG

| BURSTC
WRITE ONES

{ONE BYTE)

HECK

|

|
1

ERASE
BUS

GW3 - BIT6

MIN.

llﬁ-— 1BuS* —Pp
|

i

WRITE
TERMINATE

|
l¢—SIDE TRIM

4 ERASE

L

1us
MIN

(NORMAL)

STATUS
TERMINATE

}\

GW1-BIT 10

(ERROR ONLY)

NOT SERIAL
1'sTO AD

SERIAL i's
TO DISC

GW2- BIT 0 _->| '

| FORMAT WRITE
|— — — —— N - ——

WRITE ONES iN AD

11

REQUEST FF
(NORMAL

'\F

4— GW1-BIT10

OR ERROR)

* ERASE SELECTED TRACK



-9

ejeuiwe | pesy 'Gz-9 eanbiy

r-----ﬁ1

i owm - 1 , i GWO  GW1 i
l I ' | | T
DATA TO W w GWO - BIT4 i
SHARED RESOURCES —Jl— ——:—————-/ : P !
(IN EXTENDED REGISTER) 1
| ] i i
| [ ] i
READ DATA S - yan , 1
|
FIELD FF C | 1 |
| ] |
1 1
| 1 ]
+PP3 s -
i 1
1/0 EXIT FF c —— ] 1
| 1 1 ]
1 1 i :
I 1 — I |
READ/WRITE 1 @ : . | i
TERMINATE ha paa— Ve 1 |
1 ! 1
i i i ]
s — 1 A 1 I
READ BUS | 1 1 1
- J l
¢ | i / i e
1 - 1 I
| | 1 i
.
—_—— [ | y 3 :
CONTROL ] ! , 1
i i 1 |
1 1 i i
| i ~ 1 —_— 1
1 | P 1 1
REQUEST —_ I y - '
| 1 ] 1
1 1 1 :
BURST CHECK 1 1 | -
STATUS ON 1 _ " |
CYCLIC CODE i I 7 / i i
(ERROR) I i i -
1 1 i :
| | i
BURST CHECK 1 i D ; I
STATUS ON BIT = i — / : .
COUNT (ERROR) H
1 1 i l
- I — I | |
. T ©
STATUS 1 A ] i
TERMINATE 1 I 1 "
L

L------J

SEARCH TERMINATE

R ———

STATUS TERMINATE

@READ/WR!TE TERMINATE CAN

OCCUR ANY TIME BETWEEN THE
FIRST WORD (FW) TO SR AND THE
NEXT TO THE LAST DATA WQORD
TO SR.

@ STATUS TERMINATE CAN OCCUR
ON NORMAL (COMPLETE) READ,
SEARCH MISCOMPARE ON LAST
DATA WORD (LW) BURST CHECK
ON CC OR BURST CHECK ON BC.

@ i/0 EXIT ON LAST WORO CAN
0CCUR ANY TiliE DURING GWO.

@ BURST CHECK ON BIT COUNT CAN
OCCUR ON ANY BIT OF BIT COUNT.



READ SEQUENCE

ISSUE READ COMMAND

COMMAND
EARLY

SET STATUS INVALID

(STATUS INVALID CLEARS
1.6 S AFTER BURST CHECK)

¢~

LOAD COMMAND IN IFA

NOTE:

TRACK BOUNDARY STATUS TERMINATE

MAY OCCUR ONLY DURING DATA

TRANSFER PORTION OF READ SEQUENCE
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SET COMMAND
EARLY STATUS
Dw
Y
STATUS TERMINATE
EF

WINDOW
PRESENT

NO

YES

bT
READ
KEY OR DATA VES
FIEV
NO
A/
SEARCH BRS

EG

BRS

FIND ON NO

1ST REVO-
LUTION

YES

SET MISSED
WINDOW STATUS
pw
STATUS TERMINATE
EF

KEY, DATA OR YES

\ 4
\ 4

SPECIAL DATA

SETNO SYNG
FIND STATUS

A

TURN OFF FOR

STATUS TERMINATE

ONE REVOLUTION

J 0

Figure 6-26. Read Sequence



SEARCH BRS

BRS
FIND ON 3RD
REVOLUTION

EG

SET THIRD
REVOLUTION SYNC FIND

EF

READ WORD OF DATA

SET LOST DATA STATUS

DT

STATUS TERMINATE

EF

R/W

bDm

TERMINATE

READ BURST CHECK

DM

SET R/W
TERMINATE STATUS

STATUS TERMINATE

SET BURST CHECK
ERROR STATUS

EG

STATUS TERMINATE

SET WINDOW STATUS

y

Dw

STATUS TERMINATE

Figure 6-26. Read Sequence (Continued)

EF

EF
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LOAD READ COMMAND

ISSUE READ COMMAND

CLK-60

COMMAND
EARLY

CLK-60

SET WRITE EXTENDED
REGISTER FF

ERNG-3 X

DT

CLEAR NOT START
EXECUTE ERN11
COMMAND FF

DT

A 4

SET BUS GATE
3.8 ONE SHOT

SET NOT START
EXECUTE ERN11
COMMAND FF

GWX - BIT X7

h 4

SET COMMAND

4

EARLY STATUS

DT

SET TAG DELAY
1uS ONE SHOT

ow

LEADING EDGE

oT
CLK-00 X

CLK-80 v

LOAD 1STWORD IN
EXTENDED REGISTER

SET 1ST WORD OF
R/W COMMAND FF

ow
CLK-60 <

SET WRITE EXTENDED
REGISTER FF

oT
ERNG-3 X

CLEAR NOT 2ND WORD
OF R/W COMMAND FF

TRAILING EDGE om
CLK-00
CLEAR WRITE EXTENDED
REGISTER FF
DT
CLK-80
LOAD FUNCTIO!
REGISTER
DT
4
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ow

Figure 6-27. Load Read Command

STATUS TERMINATE

CLEAR IFA LOGIC

2. GEMNERATE END OF
TRANSFER (EOT)

3. GENERATE REQUEST
(REQ)




LEADING EDGE
CLK-00

LOAD 2ND.WORD IN
EXTENDED REGISTER

-

RAILING EDGE
CLK00.

CLEAR WRITE EXTENDED
REGISTER FF

GWX - BIT X4

SET LOAD BRS FF

bw

GWX - BIT X3

CLEAR NOT
EXECUTE R/W FF

GWX - BIT X7

SET MISSED
WINDOW STATUS

WINDOW
FF SET

bW

Dw

YES

READ KEY
OR DATA
FIELD

GWX -BITX3 ¢

SET READ BUS FF

EG
GWX - BITX3 ¢

ACTIVATE INDEX
MARK COUNTER

EF
GWX - BIT X3

SELECT READ BUS

DH
GWX-BITX3

SELECT HEAD BUS

DH

SELECT CONTROL TAG
(AFTER 1uS DELAY)

Figure 6-27. Load Read Command {Continued)
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SEARCH BRS

LOAD AND DECODE READ
COMMAND — START SHIFTING
“RAW DATA” T0 VFO

(CLK-80)
GWX -BITX4 ¢

SET SEARCH AM FF

SET ON LINE
STATUS

SET SEEK
INCOMPLETE STATUS

DW

DISABLE GAP CTRS

b

NO DETECT

ZEROS

SET NO SYNC
FIND STATUS

A

EG

STATUS TERMINATE

1. CLEARIFA LOGIC

2. GENERATE END OF
TRANSFER (EOT)

3. GENERATE REQUEST
(REQ)

CLEAR GAP COUNTERS
AND ENABLE DECREMENT
GAP COUNTERS

Figure 6-28. Search BRS



CLEAR SEARCH AM FF

NO /UETECT

<
A

¥ 4TH
INDEX MARK
DETECT

UNABLE TO COMPLETE
OPERATION WITHIN 3
REVOLUTIONS

EG

y 8 ZEROS
EG

GW17 - BIT 11

SET VFO GATE FF

1ST “SEP DATA"
OUTPUT FROM VFO

DETECT
29 ZEROS

GW16 - BIT 4

EG

SET 29 ZEROS FF

EG

DISABLE
GAP COUNTERS

Figure 6-28. Search BRS (Continued)

EH

ENABLE “SEP DATA”
OUTPUT FROM VFO
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CLEAR GAP COUNTERS
AND ENABLE INCREMENT
GAP COUNTERS

EH

GW1-BITO

NO DETECT

AM1

INCREMENT ADDRESS
MARK DETECTOR

YES

6-52

EG
NO

h /

GW1-BIT10

DETECT
AM2

GW1 - BIT 12

SET TEST DATA
GOOD FF

EG

Figure 6-28. Search BRS (Continued)




YES

GwW1 -

1IN
BRS ZERO
AREA

SET DATA GOOD FF

GW1-BIT 13

EG

CLEAR TEST DATA

GOOD FF

GW1-BIT13 +

SET ENABLE READ
DATA TRA

NSFER FF

GW1-BIT15

DECREMENT DATA

BYTE COUNTER

GW1-BIT17

ENABLE AD TO ER

GW2-BIT1 ¢

TEST BRS

INCREMENT DATA
BYTE COUNTER

EH

READ
KEY, DATA OR
SPECIAL DATA

FIELD
EG

Figure 6-28

BRS FIND

T

A

CLEAR ADDRESS
MARK DETECTOR

EG

CLEAR SEARCH AM FF

EG

A

CLEAR DATA GOOD FF

- Search BRS (Continued)

A 4

EG
GW2-BIT 2 y
SET READ DATA
FIELD FF
EG
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READ DATA TRANSFER

GW2 -BIT 2

SET READ DATA
FIELD FF

1 EG

—

y

GWX -BIT15 |

DECREMENT DATA
BYTE COUNTER

EH

GWX-BIT17 o

LOAD DATA
WORD IN ER

oM

‘ ©

TRANSMIT
DATA REQUEST

LOST DATA »—p§ SET LOST DATA STATUS »

DT

STATUS TERMINATE

1. CLEARIFALOGIC

2. GENERATE END OF
TRANSFER (EOT)

3. GENERATE REQUEST

R/W
TERMINATE

SET R/W
TERMINATE STATUS

EF (REQ)
NO
NOTE: D
REQUEST AND LOST DATA
STATUS ARE DISABLED WHEN
EXECUTING A READ WITHOUT y
TRANSFER COMMAND B

Figure 6-29. Read Data Transfer
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GWX - BIT 15

GWX - BITS 0-17

LOAD DATA WORD
INTO ER

GWX - BIT17

DM

REQUEST DATA WORD

YES

LOST DATA

GWX - BIT 5

DECREMENT DATA
BYTE CTR (DBC=0)

GWX - BIT 7

EH

SET ODD BYTE FF

EG

GWX - BITS 0-17

LOAD DATA WORD
INTO ER

A 4

GWX -BIT17

DM

REQUEST DATA WORD

LOST DATA

GWX - BIT 17

CLEAR GAP COUNTERS

GWO-BITO

EH

READ BURST CHECK

EG

GWX-BIT7

A 4

Figure 6-29. Read Data Transfer (Continued)

CLEAR GAP COUNTERS

GWO0 -BIT 0

EH

READ BURST CHECK

GWO - BITS 0-7

EG

LOAD MOST
SIGNIFICANT BYTE
OF A/D REGISTER
INTO ER

GWO-BIT?7

DM

REQUEST DATA WORD

LOST DATA

GW0 - BIT7

DT

YES

READ BURST CHECK

EG
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READ BURST CHECK

T T 7

GWX - BIT X6
CLEAR TEST CC FF
EG
GWX - BIT X7
SET READ CYCLIC
CODE BYTES FF GWO - BIT 17
EG SET BURST CHECK
GWX - BIT X7 ¢ ERROR FF
E
EAR
CLEAR GAP COUNTERS BT 17 )
EH SET RE
GWX -BITD COUNT APPENDAGE FF
CLEAR READ DATA EG
FIELD FF GW1 - BITS 0-7 +
> EG READ INDICATOR BYTE
GWO - BITS 017 +
DM
TEST CC BIT-BY-BIT

COMPARE SET TEST CC FF

EG

NO

YES

Figure 6-30. Read Burst Check

BURST CHECK
ERROR STATUS

)

NO TEST IS PERFORMED
ON THE INDICATOR BYTE

)




GW1-BIT 6

CLEAR TEST BCA FF

N 4

GW1 - BIT 1017

TEST BC BIT-BY-BIT

COMPARE SET TEST BCA FF > SET :ggg; ‘;’;ECK
EG i EG
|
'
BURST CHECK
ERROR STATUS
GWO - BIT 1
SET R/W GAP FF
ow
GWO-BITA
GW1 - BIT 17
CLEAR GAP SET WINDOW FF
WORD COUNTER m—
EH
BURST YES K. »] sTATUS TERMINATE

CHECK ERROR

1. CLEARIFALOGIC

2. GENERATE END OF
TRANSFER (EOT)

3. GENERATE REQUEST
(REQ)

Figure 6-30. Read Burst Check (Continued)
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STATUS INVALID CLEARS
3.2u S AFTER BURST
CHECK FOLLOWING A
NON-FORMAT WRITE
OPERATION OR AT INDEX
MARK FOLLOWING A
FORMAT WRITE OPERATION

WRITE SEQUENCE

ISSUE WRITE COMMAND

COMMAND YES
EARLY

NO

LOAD COMMAND IN IFA

DT

A

SET STATUS INVALID

Dw

HOME
ADDRESS WRITE

NO

WAIT FOR
INDEX MARK
 y
NO LEADING
EODGE OF INDEX

wRK

I
WRITE GAP
DW

y
A

Figure 6-31. Write Sequence

SET COMMAND
EARLY STATUS
Dw
STATUS TERMINATE
EF
SET MISSED

WINDOW STATUS

A

DwW

STATUS TERMINATE

NOTE:

TRACK BOUNDARY STATUS
TERMINATE MAY OCCUR
AT ANY TIME DURING
WRITE SEQUENCE

EF



SET RW
TERMINATE STATUS

EF

Y

'FORCE DBC=0

EH

WRITE WORD OF DATA

LOST DATA

DURING 0DD BYTE WRITE ONLY

UPPER BYTE CONTAINS NEW DATA.

' §

SET LOST DATA STATUS

y

DT

STATUS TERMINATE

EF

WRITE LAST
WORD OF DATA

Figure 6-31. Write Sequence (Continued)

A 4
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WRITE BURST CHECK

FORMAT
WRITE

WRITE1'STO
INDEX MARK

Dw

WRITE ONE
BYTE OF 1'S

ow

SIDE TRIM ERASE
FOR 2.4 BYTES
AFTER BURST CHECK

EF

DID
R/W TERMINATE
OCCUR

Y
STATUS TERMINATE ES

EF

SIDE TRIM ERASE
FOR 3.6 ADDITIONAL
BYTES AFTER BURST CHECK
(6 BYTES TOTAL)

EF

FORMAT
WRITE

SET WINDOW STATUS
Dw
Ye
A
WRITE TERMINATE
EF

Figure 6-31. Write Sequence (Continued)
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I.OAD WRITE COMMAND

ISSUE WRITE COMMAND

COMMAND

YES

EARLY

CLK-60
SET WRITE EXTENDED
REGISTER FF
DT
ERNG-3
CLEAR NOT START EXECUTE
ERN11 COMMAND FF
DT
A
SET BUS GATE
3uS ONE SHOT
SET NOT START EXECUTE
ERN11 COMMAND FF
0T
y
SET TAG DELAY
111 ONE SHOT
LEADING EDGE CLK-00 . DT
LOAD 1ST WORD IN
EXTENDED REGISTER
TRAILING EDGE CLK-00 $ DM
CLEAR WRITE
EXTENDED REGISTER FF
CLK-80 ot
LOAD
FUNCTION REGISTER
CLK-80 ! ot
SET 1ST WORD OF
R/W COMMAND FF
i
A

Figure 6-32. Load Write Command

GWX BIT X7
SET COMMAND
EARLY STATUS
oW
CLK-80 !
LOAD VARIABLE
GAP COUNTER
DM
CLK-60 ) y
SET WRITE
EXTENDED REGISTER FF
ot
L ennca
CLEAR NOT 2ND WORD
OF R/W COMMAND FF
LEADING EDGE oW
CLK-00 A
LOAD 2ND WORD IN
EXTENDED REGISTER
TRAILING EDGE DM
CLK-00 !
CLEAR WRITE
EXTENDED REGISTER FF
DT
GWX - BIT X4
SET LOAD BRS FF
GWX - BITX3 | oW
CLEAR NOT EXECUTE
R/W FF
EF
A
B

STATUS TERMINATE

CLEARIFA LOGIC

GENERATE END OF
TRANSFER (EOT)

GENERATE REQUEST
(REQ)
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NO HOME

GWX - BIT X7

SET MISSED
WINDOW STATUS

Dw

ADDRESS

YES

WRITE
ow

WAIT

NO

LEADING
EDGE OF INDEX
MARK

YES

6-62

GWX-BITX3 o
SET WRITE BUS FF
GWX-BITX3 | oW
ACTIVATE INDEX
MARK COUNTER
GWX-BITX3 | EF
SELECT WRITE BUS
GWX-BITX3  § OH
SELECT HEAD BUS
GWX-BITX3 ¢ DH
SELECT ERASE BUS
DH
y
SELECT CONTROL TAG
(AFTER 1 S (DELAY)
0T

Figure 6-32. Load Write Command (Continued)



WRITE GAP

SHIFT 1'S INTO A/D
REGISTER STARTING AT
THE END OF BURST
CHECK OF LAST READ OR
WRITE OPERATION.

Dw, DM

LOAD AND DECODE
WRITE COMMAND. START
SHIFTING 1'S TO DISC

DT, DM, bW

GW16 - BIT 16 y

CLEAR R/W GAP FF WHEN
AN AREA EQUIVALENT
T0 3019 BYTES FROM THE
END OF BURST CHECK OF
THE LAST READ OR
WRITE OPERATION HAS
BEEN TIMED OUT.

GW16 - BIT 16

Dw

COUNTER CLO

CLEAR NOT VARIABLE GAP

CK ENABLE FF

w

y

SHIFT VG

COUNTER

CARRY
FROM VG
COUNTER

NO

NOTE:

A CARRY ON THE FIRST
SHIFT OF THE VG
COUNTER ADDS ONE
BYTE OF VARIABLE GAP.
SERIALLY UNLOADING
THE A/D REGISTER TO
DISC ADDS TWO BYTES
OF VARIABLE GAP.

SET VARIABLE GAP
COUNTER CLK=0 FF
oW
CLEAR GAP COUNTERS
GWO - BIT D i EH
CLEAR NOT VFO AREA FF
GWO - BIT 0 ow
DISABLE ONES TO
A/D REGISTER
GWO-BIT1 ¢ ow
LOAD DATA
BYTE COUNTER
GW1-BIT1? | EH
ENABLE 1S T0
A/D REGISTER
GW3-BITG ow
SET ENABLE WRITE
ADDRESS MARKS FF
GW3-BIT10 ow
SET WRITE ADDRESS
MARKS FF
GW3-BIT10 ow
DISABLE 1'S TO
A/D REGISTER
GW3 - BITS 1115 oW
DISABLE CLOCK PULSE
OUTPUT TO DISC
GW3 - BITS 1417 DH
SHIFT BRS TO
A/D REGISTER
oT
GW3-BIT15 o
CLEAR WRITE ADDRESS
MARKS FF
GW3 - BIT 17 oW
SET ENABLE WRITE
DATA TRANSFER FF
oW
y

Figure 6-33. Write Gap

GW3-BIT17 o
REQUEST 18T
DATA WORD
GW&-BITO o ot
SET WRITE ADDRESS
MARKS FF
GW4 - BIT 0 ow
LOAD DATA WORD IN
A/D REGISTER
GW4 - BITS 15 oM
DISABLE CLOCK PULSE
OUTPUT TO DISC
GW4 - BIT 6 DH
SET ENABLE BIT
COUNTER FOR WRITE
GWA-BITT ow
SET NOT VFO
AREA FF
GW4 - BIT 7 [ ow
CLEAR ENABLE WRITE
ADDRESS MARKS FF
GWA-BITT ¢ ow
DISABLE 1'STO
A/D REGISTER
GWA - BITS 1017 oW
I WRITE BRS ON DISC
GW4 - BIT 15 DH
DECREMENT DATA
BYTE COUNTER
GWA-BIT17 | ow
REQUEST 2ND
DATA WORD
GW5 ! o7
START WRITE
DATA TRANSFER
- DH
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WRITE DATA TRANSFER
GW3 - BIT 17

SET ENABLE WRITE
DATA TRANSFER FF

bW
GW3-BIT17 |
REQUEST 1ST DATA WORD
0T
GW4 - BITD
LOAD DATA WORD
IN A/D REGISTER
om
GWA - BIT 15
DECREMENT DATA
BYTE COUNTER
EH
GWA-BIT17 o
SET CYCLIC CODE
TO AD15 FF
ow
GW5 - BITOCP |

SET ENABLE CYCLIC
CODE REGISTER CLOCK FF

l ow
n

Y

R/W YES

TERMINATE

GWX - BIT 15

DECREMENT DATA
BYTE COUNTER

EH

GWX-BIT17 ¢

REQUEST DATA WORD

GWX - BIT 17

GWX - BITS 017

LOAD DATA WORD
IN A/D REGISTER

— —

SHIFT PREVIOUS DATA
WORD TO DISC

oM
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Figure 6-34. Write Data Transfer

SET R/W.
TERMINATE STATUS

EF
A
FORCE DATABYTE
COUNTER =0
EH
A
B
SET LOST DATA STATUS
DT

STATUS TERMINATE

1. GLEARIFALOGIC

2. GENERATE END OF
TRANSFER (EOT)

3. GENERATE REQUEST
(REQ)




GWX BITO

LOAD DATA WORD

GWX BIT 17

IN A/D REGISTER

DM

CLEAR GAP COUNTERS

EH
GWO - BIT 0
CLEAR NOT ENABLE
BURST CHECK WRITE FF
ow
GWO - BITS017
LOAD DATA WORD
IN A/D REGISTER
oM
GWO-BITS07
SHIFT DATA TO DISC
oM
V‘ < F )
GWO - BITS 1017
SHIFT DATA 70 DISC »]  WRITE BURST CHECK
om

Figure 6-34. Write Data Transfer (Continued)

REQUEST DATAWORD

GWX BITS0-5

SHIFT DATA TO DISC

GWX BIT X5 b

oM

DECREMENT DATA BYTE
CTR (DBC=0)

GWX - BITS67

SHIFT DATA TO DISC

DM

CLEAR GAP COUNTERS

GWO - BITS 0-7

SHIFT DATA TO DISC

GWO - BIT 10 !

DM

CLEAR NOT ENABLE
BURST CHECK FF

Dw

LOAD MOST SIGNIFICANT
BYTE OF ER INTO
A/D REGISTER

DM




WRITE BURST CHECK

GWO - BIT 17

CLEAR CYCLIC CODE
TO A/D BIT 15 FF

Dw
GW1-BITS07 ¢
WRITE CC ON DISC
GW1-BIT7 &
ENABLE BC TO
CC REGISTER
ow

GW1 - BITS 10-17

WRITE CC ON DISC

GW1-BIT17

SET BIT COUNT TO AD7 FF

bw

GW2-BITS0-7

WRITE ONE BYTE
OF 0'S ON DISC

GW2 - BITS 10-17

WRITE BC BYTE ON DISC
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GW3 - BITO
SET END BURST
CHECK WRITE FF
bW
GW3- BIT D
CLEAR GAP COUNTERS
EH
GWO - BITO .
SET END ERASE FF
EF
GWO - BIT7
FORMAT NO
WRITE CLEAR WRITE BUS FF
pwW
YES

LEADING
EDGE OF INDEX
MARK

WRITE 1°S ON DISC

RESET GAP COUNTERS

Figure 6-35. Write Burst Check

EH




GWO BITO

CLEAR WRITE BUS FF

DID
R/W

TERMINATE
O0CCUR

6w1

SET END R/W ONE SHOT
DT
GWI BIT1I0
CLEAR R/W CONTROL
TAG FF
DT
GW1 BITI0 ¢
SET NOT ERASE BUS FF
DH
W1 BIT12
CLEAR ERASE BUS FF
EF

. __

GW1 BIT 12

GENERATE REQUEST

GW3 BIT6

SET END R/W ONE SHOT

DT

STATUS TERMINATE

1 CLEARIFA LOGIC

v
~N

GENERATE END OF
TRANSFER (EOT)

3. GENERATE REQUEST
(REQ)

Figure 6-35. Write Burst Check (Continued)

v

0T
GW3 BITS )
SET END R/W
CONTROL TAG FF
DT

GW3 BIT 6 ¥

SET NOT ERASE BUS FF

EF
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GW3 - BIT 6 GW3 - BIT 6 GW3 - BIT 10
F‘gng LN SET R/W GAP FF SET WINDOW FF »]  CLEAR ERASE BUS FF
YES
A
TERMINATE/

CLEAR IFA LOGIC

Figure 6-35. Write Burst Check (Continued)

DATA DETECTION,

During Read operations, the variable frequency oscillator
(VFO) is phase-locked to the returning data enabling the
IFA to distinguish data fields from gap information.
Additionally, the VFO provides synchronized clock pulses
for accurate gating of detected data into the
Assembly/Disassembly (A/D) register.

The VFO generates four signals used by read control logic
for address mark (AM) detection:

o ZEROS COUNT provides a pulse for every 0
received from the disc.

e ONES RESET provides a constant high output
while reading an area containing 1's.

e DATA GAP SENSE detects 3 or more
consecutive missing separated data pulses.

o CLOCK GAP SENSE detects 3 or more
consecutive missing clock pulses.

The VFO consists of nine separate circuits each
responsible for a specific aspect of AM detection or data
synchronization as shown in Figure 6-36.

The VFO circuit components are discussed in the
following paragraphs.
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Ramp Generator

The Ramp generator is a relaxation sawtooth oscillator
consisting of a capacitor and three current sources. A
discharge circuit operates when the ramp wave reaches a
fixed reference level. (One current source adjusts the
range of the VFO and is factory sealed.) A switched
current source is used to change the period of the
oscillator waveform on alternate cycles. A variable current
source, driven by the error detection circuit, supplies the
feedback.

Error Detector

A diode bridge sampling gate compares the phase of the
ramp waveform to the time position of any incoming
pulse, and generates an error signal proportional to the
phase error.

Filter

An RC filter is designed to smooth the error pulses from
the error detector for application to the error current
amplifier.



60/40 Trigger

The negative peak of each ramp cycle complements a JK
trigger. The output of this trigger is used to drive the
switched current source described under ‘““Ramp
Generator” as well as supplying the gating needed for
detecting data and clock pulses. As a result of the
operation of this trigger, the time period of two successive
ramp cycles is divided into a 60% cycle and a 40% cycle.
This is done to provide a greater detecting tolerance for
clock bits than for data bits.

Phase Detector and Trigger

The phase detector and trigger provides the clock pulses
for gating and shifting the data in the A/D register. A
trigger is complemented each time the ramp wave passes a
fixed voltage reference. Phasing provides correct timing
for the register.

Starting Logic

Correct phase starting of the ramp wave and all triggers is
performed by the starting logic. Each time the VFO is
used for reading, the starting logic first shuts off the 2F
oscillator pulses used to maintain the VFO frequency
within 4% of that needed. Then the ramp wave is clamped
to a reference for at least one clock time and released in
phase with the incoming data from a selected file. This is
done to minimize the time required to synchronize the
VFO to the incoming data.

Window Extender AND Gates

The output of the 60/40 trigger supplies the gating for the
window extender. The window extender is used to extend
the trailing edge of the detection gates to include the
trailing edge of any clock or data pulse. This prevents a
late pulse from being gated into the following data or
clock cell.

Adjustable Delay Line

The leading edges of the data and clock pulses are
centered within their respective windows by selecting a
tap on the delay line at the factory. This permits the
maximum permissible time shift allowed for data and
clock pulses to be used without incurring an error.
Component tolerances from one VFO card to the next
may require the tap chosen to differ between any two
cards.

Address Mark and Format Decode

Address mark and format decoding is accomplished by
four separate circuits. The 0's Count Data Gap Sense and
Clock Gap Sense are each retriggerable single shots. The
timing of the 0’s Count single shot is less than the period:
between two clock pulses but greater than the period
between a clock and a data pulse. An output will be
generated when there is 400 ns between pulses.

The two gap sensing circuits are timed to change level
after three consecutive missing bits from their driving
source. The 1's reset circuit is a JK trigger. The trigger is
set by any pulse occurring while the 0’s Count Single Shot
is set. It is cleared by the use of 0's Count.

READ/WRITE TIMING
The IFA clock is used during read/write operations to:

o Generate clock pulses for use in NRZ double
frequency recording

o Advance the Gap Word and Gap Field Bit
counters to sequence basic read/write control
functions

The IFA clock on the DH board provides the basic timing
pulses for all data transfer operations. During Write
operations, the IFA clock records a 50 nanosecond clock
pulse on the disc surface every 400 nanoseconds in
synchronization with the recording of data pulses.

The IFA clock also generates internal CP and DP timing
pulses, corresponding to the clock and data pulses
recorded on the disc surface. These are used to update the
Gap Word and Gap Field Bit counters. Whenever the 1FA
is not performing a Read operation, CP and DP pulses are
derived from the shared resources clock. During Read
operations, CP and DP pulses are derived from the clock
and data pulises detected by the VFO.

Gap Word Counter and Gap Field Bit Counters

These free-running octal counters are used to sequence the
execution of read/write commands. The Gap Field Bit
Counter is updated every 400 nanoseconds and this
counter in turn updates the Gap Word counter every 6.4
microseconds. Synchronization is achieved by clearing the
counters to zero at various points in the operation.

When performing a Write operation (Figures 6-37 and

6-38), the Gap Word and Gap Field Bit Counters are
cleared to zero at the following times:
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® at the end of the variable portion of the gap area
(beginning of Write Zeros}

e at the end of the data field
@ at the end of burst check

The Gap Word and Gap Field Bit counters are cleared to
zero when a minimum of 33 bytes of gap space have been
written (additional variable gap bytes can be written
under program control). This portion of the gap provides
data separation and allows sufficient time (window) to
decode a Write Count, Key or Data Field command. The
Gap counters may be cleared to zero either in the middle
of a gap word or at the end of a gap word depending on
whether the variable portion of the gap area contained an
odd or even number of bytes.

The Gap Word and Gap Field Bit counters are cleared a
second time at the end of the data to sequence the writing
of burst check information. This may occur either in the
middle of a gap word or at the end of a gap word
depending on whether the information field contained an
odd or even number of bytes (Figure 6-39).

The Gap Word and Gap Field Bit counters are cleared a
third time at the end of burst check. Clearing the counters
at this time activates the terminate logic. For normal
Write operations (not Format Write), terminate logic
causes one byte of 1's to be written after burst check
During Format Write operations, terminate logic causes
delete 1's to be written on the track until the index mark
1s detected. Terminate logic also causes the selected drive
to side trim erase for a minimum of 6 bytes after the end
of burst check (provided R/W Terminate did not occur) or
until index mark 1s detected. At the conclusion of Side
Trim erase for a normal write operation, terminate logic
produces a ““Window’’ for the next operation

During a Read operation (Figure 6-40) the Gap Word and
Gap Field Bit Counters are cleared to zero at the

following times.

e at the end of the variable portion ot the gap area
(detect O’s area)

e when the first “1” is detected in the VFO
portion of the gap area (separated data)

e at the end of the data in each field

e at the end of the burst check (Gap Word Counter
only)

During a Read operation the variable gap area is required
to provide sufficient time (window) to decode a Key or
data field command and to activate the VFO. When
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reading the four bytes of 0’s which follow the variable
area, the Gap Word counter is decremented end-around
through a count of 17 to a count of 16. The Gap Field Bit
Counter 1s then set to zero for the first bit and
decremented end-around through 17 to a count of 1 for
each word. At a count of 8 zeros (GW17- Bit 11) the VFO
Gate s activated allowing separated data output from the
VFO. A count of 29 zeros (GW16-Bit 4) disables both
counters until the first separated data pulse i1s transmitted
from the VFO.

The first 1 bit transmitted by the VFO after a field of 32
0’s clears both gap counters. This allows the counters to
increment in the forward direction until the Data Byte
Counter reaches zero at the end of the data transfer.

The gap counters are cleared at the end of the data
transfer and used to sequence the re-computation and
checking of burst check information. This may occur
either in the middle of a gap word or at the end of a gap
word depending on whether the information field
contained an odd or even number of bytes (Figure 6-41).

The Gap Word Counter (but not the Gap Field Bit
counter) 1s cleared at the end of burst check to terminate
the Read operation. This activates the status terminate
logic. Status Terminate sets the Window FF in preparation
for the next data transfer command.

Both counters are cleared to zero when an index mark is
detected to prevent attempting to read or write beyond
the end of the track

The window, during which a Write Count, Key or Data
Field command or a Read Key or Data Field command
may be translated, is dependent on the previous Read or
Write operation (Figure 6-42). If the previous operation
was a Read command, the window extends from bit 4 of
the 1st byte after burst check to bit 0 of the 25th byte
after burst check. If the previous operation was a Write
operation, the window extends from bit 6 of the 7th byte
after burst check to bit 0 of the 25th byte after burst
check.

DATA FORMAT LOGIC

Data formatting is performed by the
Assembler/Disassembler (A/D) register. The A/D register
performs the following functions.

e changes parallel-by-word data into serial-by-byte
data when writing on a disc surface

e changes serial-by-bit data into parallel-by-word
data when reading from a disc surface.
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Figure 6-36. VFO Block Diagram
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—~ SETBITCTRTO 1'S
CLEAR VFO AREA

DECREMENT DBC

I‘ GATE 1ST WORD TO A/D

DATATO

AD
REG.

DATA
T0
DisC

GwW14 GW15 GW16 Gw17 Gwo W1 6W2 GW3 Gwa GWS GW6
p b1t DATA FROM EXTENDED REGISTER ————P DATA
11710 9209949999949%/999991971197911171]17111711111111111[0000000000000000 | 0000000000000000 111911711111111111/1111111100001xxx|1010101010101010 1010101010101010{1011101110111011 ' D.Il’gc
L 1 L L
\ 4 JV v v \ 4 y
1111111111111174 [ 191111711919911111/ 19119119119317111991 [ 1191111111111111]1111111111111111 000000000000000010000000000000000 |11111111117111111 [1111111100001xxx|1010101010101010 1011101110111011
3 3 [ j b & AL L
RESET GW - BIT CTR SHIET 1'S REQ 4TH
SET VFO AREA FF 10 A/D REQUEST 2ND DATA WORD
SHIFT 0'S DATA WORD REQUEST 3RD
TO A/D DATA WORD
SHIFT 0'STO A/D N LOAD 1ST DATA
WORD IN A/D LOAD 2ND DATA
SET WRITE — WORD IN A/D
— VARIABLE GAPCTR =0 ADDRESS —— ENABLE
NOTE: THISIS REFERENCE MARK CYCLIC CHECK
POINT AT WHICH TIMING BIT TO BE
WILL CONTINUE WHEN SHIFT 1'S — SHIFTED INTO
V6=0 TO A/D A/D
REQUEST FIRST — CLEAR WRITE
— VARIABLE GAP WILL GO TO 0 DATA WORD ADDRESS MARK
AT THIS POINT FOR 00D
LENGTH GAP. BITS8 +15
ENABLE A/D FOR — — SET WRITE
WOULD THEN NOT EXIST. PARALLEL LOADING ADDRESS MARK
OF DATA

Figure 6-37. Write Timing 1 (Start)
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— DATA BYTE COUNTER = 0 (BIT 16)

NO REQUEST FOR DATA (BIT 17)

CLEAR GW" BIT CTR (BIT D)
— ACTIVATE BURST BLOCK W F/F
CLEAR CC TO A/D F/F (BIT 17)
I—ENABLE BC TO CC REG (BIT 10)

LAST
\28? ) Gw1 ) GWo GwWi1 GW2 gw3
D WRITE* WRITE ONES
h BURST CHECK >4 ones P |r FORMATWRITE —— "}
NEXT TO
THE LAST LAST
DATA DATA cc1 cc2 | 00 BC FE FF | FF FF | FF FF | FF FF
WORD WORD
4 A &
I: SET R/W GAP F/F (BIT 12)
CLEAR END BURST WRITE F/F
CLEAR WRITE BUS F/F (BIT 7)
EssT END BURST WRITE F/F
SHIFT 'S CLEAR GW - BIT COUNTERS (BIT 0)
TrgTA/? ——GATE BIT COUNT TO A/D 7 FROM CCO
@©ITI7 | enasLE 'S TO A/D 15
LGATE LW TO A/D (BIT 17)
L CLEAR A/D MODE ENABLE F/F
Figure 6-38. Write Timing 2 (End)
|<— Gwo-—->|4——- Gw1——>|<——— Gwz——>|<——ﬁwo —>|
ER
LB(2) | LB LB
REG (-2) )
CcC
REG ce2 cC1
BIT BC
COUNTER
A/D 18
REG | B¢ | | B | 18 ce2 61 | zenog) | BC ONES | ONES
pwc=0__ 1 T osc=o0
(BIT 15) (BIT 5)

DATA
T0
DISC

CLEAR ERASE BUS (BIT 6)

Figure 6-39. Odd Byte Write Timing
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¢—————————  VARIABLE AREA P VFQ AREA :{1 AM AREA ‘—’|¢ BRS > ¢&————  DATA AREA ’\l
ONES ONES ONES GwW17 GW16 GWo 6wW1 GW2 GW3
DATA FROM
> DATA FROM EXTENDED REGISTER < ;\4— DISC ——
1111111111111 111 {11171111111111111]1111111111111111 | 0000000000000000| 0000000000000000 |11111717171117111111|1111111100001xxx|1010101010101010 |1010101010101010 10101010‘

~—

RESET AND DISABLE GW- BIT CTR

RESET GAP COUNTER AND START DECREMENT COUNTERS (BIT 0) —

ACTIVATE VFO TRIGGER AT 8 ZEROS (BIT 1) —-

4 r

SWITCH FROM SR CLOCK TO VFO CLOCK

5

L

A A

L]

DISABLE GW - BIT CTRAT 29 ZEROS (BIT 4) —

RESET GAP COUNTERS AND START INCREMENT
COUNTERS AT 1ST SEPARATED DATA PULSE (BIT 0) —

VARIABLE AREA BYTE COUNT

G4: 65 BYTES (NORMAL), 197 BYTES (HA ERROR)
62: 33BYTES
GO: 33BYTES+0.043 (K +0,) - 8BYTES

GW16/GW17 BIT SEQUENCE= 0,17, 16, 15,14,13,12, 11

10,7,5,543, 21

0,1,2345,6710,1,
12,13,14,15, 16, 17

NORMAL BIT SEQUENCE =

'

BITS 1-5 MISSING CLOCK PULSES

| L

- TEST BRS (BIT 1)

—— ADER STROBE (BIT 17)
— DECREMENT DBC (BIT 15)

‘— DATA GOOD (8IT 13)

L N
REQ SECOND DATA WORD (BIT 17)

REQ FIRST DATA WORD (BIT 17)

Figure 6-40. Read Timing
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lé—r\l— DATA AREA =}: GW0 ———p|¢——— W1 ———Pli— GWO0 —-———bl
A/D
LB (-2) LB (1 LB cc2 GC1 iB B 0 ON
REG 1 C NES ES
r 3 4
cC cc2 cet
REG
A
EXTENDED REG LB (:2) LB (1) LB LB+ L CLEAR BURST
L BLOCK 2 FF (BIT7)
DWC=0 (BIT 15) Y —w
DECREMENT DBC L
CLEAR GW CTR (BIT0)

REQ DATA —
A/D ER BITS 00-07 (BIT 17) —

SET 0DD REQ FF (BIT 1) -

DBC=0 {BIT 5) —

SET BURST BLOCK 1 FF (BIT 6)

CLEAR GW BIT CTR (BIT 7) — '— CLEAR BURST BLOCK 1 FF (BIT 1)
CLEAR READ DATA FIELD FF (BIT 0) — '— SET BURST BLOCK 2 FF (BIT 17)
I(——- X —bI — CLEAR EN DBC FF (BIT 14)
— CLEAR 0DD REQ FF
E REQ DATA (BIT 7} LB =LAST BYTE
DROP A/D~ER X =0DD BYTE CLOCK

Figure 6-41. Odd Byte Read Timing

{4 33 BYTES :{
_ MIN, | N
BURST CHECK |_ N | i WRITE oNES ——>{¢—— VFO —d{€am»| 8 |
; { 8 BYTES MIN.) g

—Pb IQ— 1 BYTE

GWO - BIT 4 — le—cwia - BT 0

WRITE AFTER READ WINDOW

o
I= 33 BYTES =I
MIN. : N
— BURST —»|  |e— ERASE —| N l— WRITE ONE'S —ble—  VFO  —slean| ] |
CHECK j 6 BYTES l (8 BYTES MIN.) s
WRITE ONE'S : —»  le—1 BYTE

(1 BYTE)

GW3 - BIT 6—»] WRITE AFTER WRITE WINDOW [ w14 - BIT 0

Figure 6-42. Write After Read/Write After Write Ones Generation and Window
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ERROR DETECTION LOGIC

A four-byte burst-check is appended to every field
recorded on the disc to check the validity of the data. The
two bytes immediately following the data are termed the
cyclic burst (CB) and consist of a residual count of the
complemented exclusive OR of all bits in the appended
field.

During a Write operation, CB i1s compiled and recorded on
the disc surface with the data. During a Read operation,
CB is recompiled and compared with the CB received
from the disc surface.

The bit count appendage (BCA) which follows the CB
consists of one indicator byte {I1B) and one bit count (BC)
byte. The IB is not used by the IFA and is always set to
zero. The BC byte contains a residual count of the
complement of all 1 bits in the appended field (including
BRS and the first CB byte). During a Write operation, the
BCA is compiled and recorded on the disc surface after
the CB bytes. During a Read operation, the BC 1s
recompiled and compared to the BC recorded on the disc
surface.

Figures 6-43 and 6-44 illustrate the timing considerations
for sequencing CC and BCA information through the BC,
CC and A/D registers.

Cyclic Code Generation and Checking (Figures
6-45 and 6-46)

The cyclic code (CC) bytes are compiled by performing a
bit-by-bit exclusive OR on the data output of the A/D
register and the output of the Cyclic Code register (Cyclic
Code register initially set to zero). The serial accumulation
of the exclusive OR is stored in the Cyclic Code register
and the complement of the serial accumulation is stored
in the A/D register following the data as it is shifted out
to the disc drive. If additional data is to be read or
written, the complemented CC information residing in the
A/D register is destroyed. When the last data word has
been shifted out of the A/D register, the complemented
CC left in the A/D register is shifted out and written on
the disc. When reading, the recomputed CC information
residing in the Cyclic Code register is serially exclusive
ORed with the cyclic code received from the disc and sent
to the cyclic code error checking circuitry.

If the last data word from shared resources contains only
one byte of information cyclic code byte 2 (CC2) is
recorded on the disc prior to cyclic code byte 1 (CC1).
When the field is read the CC bytes are recomputed and
compared as described above.
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Bit Count Appendage (BCA) Generation and
Checking (Figures 6-47 and 6-48)

During a Write operation, the first byte of BCA (indicator
byte) is generated by forcing A/D bit 16 clear and
clocking 0’s into the eight low order positions of the A/D
register. During the next eight counts, the 0’s are shifted
to the high order positions and the low order positions are
filled with 1’s. During the next eight counts the 1's
residing in A/D are replaced by BC information from the
CC register and the BC information is simultaneously
shifted up to the high order positions. The low order
positions are filled with 1's.

The BC information and 1's residing in the A/D register
are then shifted out and written on the disc. From this
point forward the A/D register 1s continually filled with
1's which are transferred to disc only if the operation
being performed is a Format Write.

During a Read operation, the first byte of BCA is placed
in the A/D register but is not sent to the error checking
logic. During the next eight counts, the BC information is
simultaneously sent to the A/D register from the disc and
to the error checking logic where it is compared bit-by-bit
with the recompiled BC information from the CC register.

DEADSTART CONTROL STORAGE LOAD LOGIC

The Deadstart Control Storage Load Logic interprets
control signals generated by switch settings on the
computer Control Panel and uses this information to
initiate a Read operation. With the exceptions noted
below, a Deadstart CS Read is performed in the same
manner as a programmed read.

e |f performed in operator mode or programmer
mode the ARead operation is preceded by a
hardware initiated Restore function and Set
Head Advance function

e If performed in maintenance mode, the Read
operation is preceded by a hardware initiated Set
Head Advance function only

e a MASTER CLEAR or TERMINATE function
preceding Deadstart CS Load presets the Data
Byte Counter to 6400g words and selects drive 0

This operation loads control storage (CS) in the 7300
Computer from logical drive 0. A CS Load may be
initiated by the following:



o Pressing the POWER ON switch (provided the
system is not powered up when the switch is
pressed) or

e Pressing the RESET/LOAD switch or

e Executing a €S Load command

Figure 6-49 shows the procedure for executing a CS Load
and/or a Main Storage Load operation using either the
Deadstart Logic or a CS Load command.

A power on CS load initiated n operator mode,
programmer mode or maintenance mode, or a Deadstart
CS Load initiated in operator mode or programmer mode,
starts loading from cylinder 000, track 01. A Deadstart CS
Load initiated in maintenance mode starts loading from
the current cylinder address and the current head
address+1.

A program initiated CS Load may be performed in
maintenance mode at any time, or within one second
following a power-on CS Load it in operator mode or

programmer mode. In either case, loading starts from the
current cylinder address and the current head address.

If a Burst Check Error, No Sync Find, End of Cylinder or
Seek Incomplete status indication occurs while loading in
operator mode or programmer mode, the current
operation is terminated and loading automatically restarts
from cylinder 000, track 01. A status error detected while
loading in maintenance mode terminates a CS Load
operation and no attempt is made to re-read the CS data.
A status error detected in either mode lights the BURST
CHECK and 1/0 FAULT indicators on the Processing Unit
Control Panel

At the conclusion of a CS Load performed in operator
mode or programmer mode, the IFA transmits an
AUTOLOAD signal to shared resources which activates
the executive processor and forces the CS Address register
in the processing unit to the starting location of the
micro-instruction routine used to load the operating
system. If the CS Load was performed in maintenance
mode, the operator must press the AUTOLOAD
pushbutton to activate the executive processor and load
the operating system. A flow chart showing the logical
operation of CS load Iogic'is provided on Figure 6-50.
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DATA
TODISC =
GW1.0
GW1.1
6W1.2
GW1.3
GwW1.4
GW1.5
GW1.6
GW1.7
GW1.10
GW1.11
GW1.12
GW1.13
G6W1.14
GW1.15
GW1.16
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GW2.0
GW2.1
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» oW1 e aw2 e GWo »ie w1
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I
0 col 7 1 ::,:Ei
[123a458 17 0] |
2345861861 0 o] ]
[3as5617567 0070 I
[45674567 0000]
[567134567 00000
[671234567. leoooono]
[711234567] 0000000 u‘u”gT"vfn?#su
0 cC2 7100000000 DNDISC)E
1234567 1
{ [2345867 2 11] }
I [3as5671] "2 111]
| T sl & |
H [l (T4 {p llll|
H 567 % 11111]
[6 7 . 111111]
P E IEEREEEE) i
, e t—t l . WRITE ONES |
l_l_i%J_’ 00000000;11111111 [
% [Pooooospp11111 111 |
| S 1 Toooeo0l011711110171 |
[ ] 000001211111111 I
] pooojo123111151111 |
W10 17 BCCOMPLETE 0 [ooolo123411111111] | .
foolo123as511l111111] %
0/012345611111111
BC 012345671111111]1¢_""R'TE0“"5s Il
PARTIAL 2345867 1] I
PARALLEL l234a567 11] |
TRANSFER 34567 111] [
XOX1X2X3XAX5XEX? N4 6 6 7 1111] |
win 0 [s67 11111 |
w112 10 [6 7 111111] I
w113 210 I 1111111]
w114 3210 11111111 g WRITEONES
w115 423210 111111 1
W1.16 543210 [111111 ]
w117 6543210 [T1111 ]
w2.0 L, 1E54321[0 [1111 ]
w2.1 0,%\ 1765432 [111 ] i
wz | %, 765432 | Tia ] !
w23 % [1654]3 [ [ 1 |
: w24 | 7654 mhnnnr
| w2.5 | 765 II DISC [ ii11111] M |
I w26 | el I | [rri1aa] 1 |
i w27 | |71 MOST SIGNIFICANT | | N | | |
I I | BIT OF BC TRANS. | | Tr11a ' ] |
i | FERREDTOA/D | | T ]
! l | REGISTERBIT | | 1 ]
| | | POSITION 7 AT | [ 1
| | | X1 THE | B ]

Figure 6-43. Write CC and BCA
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<

GW1 >

———— gwo >ie ewt e &wo
I]1234567101112131415161701234567‘101112131415161701234567
READ cet cc2 ZERDS BC ONES ONES
e ]
DATA
[Jo123456701234586 D ZERO
GW0.17 01234567/01234567 CORRESPONDS TO
Gw1.0 [123456701234567[0 +DATA FF (1 BIT)
W11 [23456701234567(00
GW1.2 [3as56701234567/000
6W1.3 [4+567012345670000
6W1.4 [5670123456700000
GW1.5 67/01234567000000
GW16 7012345670000000p§ "-ADEC
GW1.7 0123456700000000
GW1.10 [12345567 0
GW1.11 (238567 01 TRANSMIT BC
Gwi.2 [34587 % 012 TO ERROR
6W1.13 Tass s ‘%%, 0123 c”fg[';(l'[':“"‘
aw1.14 M7 S [v1234
gwiis [ | {67 112345 &_HEADDNES
GW1.16 [7 0123456
GW1.17 00000000[01234567
GW0.0 [eoooooao 0
GWo.1 %, l[oooooo 00
GWO.2 % “Joooaa 111
6wo.3 [0000 1111
GW0.A “[ooo '
GWO.6-GWD.T7 BC COMPLETE 0 00
PARTIAL 0
01234567
[1234567
(234567
[3a5867
XOX1X2X3X4X5X6X las67
GW0.17 76543210 [s67
6W1.0 76543210 [6 7
oW1l [765a32010 7
Gw1.2 [76543/210 4
ew1.3 J1ss54l3210 L TERMINATE
Gw1.4 765/43210 READ
6W1.5 [76]583210
GW1.6 % [71l6543210
ewW1.7 % (16543210
6W1.10 %, 18524321
6W1.11 % 765432
6W1.12 7654 3|\ peroErroR
6W1.13 7 6 5 4| {CHECKING LOGIC
GW1.14 765
6W1.15 76
GW1.16

1011121314151617]0 1 2 3 4 5 6 7

ONES

10111213141516 17|
ONES

Figure 6-44. Read CC and BCA
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ASSEMBLER/DISASSEMBLER

REGISTER
it

BITS
1215

BITS
811

BITS
47

BITS
03

‘V

REGISTER

£C

Sl

BITS
1215

BITS
811

BITS
417

BITS
03

Figure 6-45. Generate Cyclic Code
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CYCLIC CODE
REGISTER

BITS

12-15

BITS
811

—

BITS
47

—

—

BITS
03

Sl

cc

NOTE CYCLIC CODE
WILL NOT DETECT AN
EVEN NUMBER OF ERRORS
IN A SINGLE BIT POSITION.

— \ ) (CC16) TEST €C
SEP DATA cc 1
- 7
Figure 6-46. Read Cyclic Code
ASSEMBLER/ VG/BC CYCLIC
DISASSEMBLER COUNTER ] PARALLE CODE
REGISTER (8 BITS) DATAXFR | REGISTER
BITS 0-7 (BC) BITS 8-15
»
LOAD BC
L, OUTPUT _LOADBL |
+BLARADY, TO DISC AT GWI BIT 10,
€
] v
ASSEMBLER/ cYcLic
DISASSEMBLER CODE BIT1
REGISTER REGISTER
BITS 8-15 BITSO0-7 §BITY —}_
r
-CGPAD |
FORCE ZEROS INTO A/D
1B (GW1 BITS0-7g)
__BC

* LOAD COMPLEMENT DATA

Figure 6-47. Generate BCA




CYCLIC CODE

VG/BC
COUNTER REGISTER
BITS »] BT
1215 —] 1215
y %
)
BITS »l aiTs BITS BITS ’ TEST BC .
811 » sn 47 03 y
——
SEP DATA_ BT
Figure 6-48. Read Bit Count
POWER ON RESET/LOAD €S LOAD COMMAND
oM PM MM oM M MM om* PM* MM
. -y —_
No oP SEE POWER SEE POWER
v ON PM ON PM
Y PROCEDURE PROCEDURE
& MODE TO “OFF" § —_—— x
= 2. SET CONSOLE = LOAD 1. RESTORE ]
£ DATA REGISTER T cs SELECTED S
S SELECT TO - b DRIVE (OPTIONAL) 3
E DATA = 2. SET CS DISABLE = Yy
& 3. SET AUTOLOAD ] TO “OFF” e SEE RESET/
. -
i e : s cosoe 8 soom
I 2 MODE SELECT a
S 4. PRESS RESET/ S T0 “CSWR” 3
= LOAD ] o
2 e 4. SET CONSOLE e
2 2 CONTROL 2
= = SELECT TO =
@ LOAD S & STOP/STEP 4
AND MS 5. SET CONSOLE
OATA REGISTER
SELECT TO
“DATA"
LOAD CS LOAD CS 6. SET AUTOLOAD
AND MS AND M$ SELECT TO LOAD CS
“PRIMARY" AND MS
7. SELECT €S
OM - OPERATOR MODE MINIMUM (OPTIONAL)

PM = PROGRAMMER MODE
MM = MAINTENANCE MODE

*MUST BE EXECUTED WITHIN ONE
SECOND FOLLOWING POWER ON.

8. PRESS RESET/LOAD

LOAD 1 REPEAT STEPS
[ 2AND 6

2 SET CONSOLE
MAIN STORAGE
T0 “OFF”

3. PRESS AUTOLOAD

Figure 6-49. CS Load/MS Load Procedure
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CS LOAD SEQUENCE

RESET/LOAD SWITCH
POWER ON MASTER | ISSUE CS
CLEAR (SELECT DRIVE 0) | LOAD COMMAND
| :
-
MUST BE PRECEDED BY MANUAL MASTER
CLEAR IF IN MAINTENANCE MODE
MAINTENANCE YES COMMAND
MODE EARLY
N NO MAINTENANCE No
iy MODE
MASTER CLEAR 3 MS
(SELECT DRIVE 0)
Ve
\ 4
SET COMMAND
ISSUE DOA EARLY STATUS
SIGNAL —
EF
y
WAIT —» STATUS TERMINATE
EF
LOAD COMMAND
IN IFA
DT
A
SET STATUS INVALID
SETIFA
DEADSTART FF oW
EF
_ MAINTENANCE
cs v MODE
YES LOAD d
COMMAND
ISSUED l D I
cs
SET CS SET MISSED WINDOW
STATUS TERMINATE M WINDOW STATUS PRESENT
EF bW
y
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Figure 6-50. CS Load Sequence




BRS FIND ON TURN OFF FOR

"MAINTENANCE

1ST REV ONE REVOLUTION
MODE / EF
YES : v

SEARCH BRS

RESTORE
DRIVE O

1A

FIND ON 3RD

REVOLUTION

&
<

»
L

A
NO SET NO SYNC
ATTENTION READ WORD OF CS DATA FIND STATUS
INTO A/D REGISTER -
oM
YES
e TRANSFER DATA
WORD T0 ER MAINTENANCE
y MODE
oM
ADVANCE HEAD v
TRANSMIT
EF DDS SIGNAL
Y
END OF SET TRACK
CYLINDER BOUNDARY STATUS

EF Y
SET CS LOAD < G )
COMMAND ISSUED FF

NO EF

SEARCH BRS (CLEAR CS

LOAD COMMAND ISSUED FF) WAINTENANCE

MODE

¥ N
<
<

Y.
>

EG

ISSUE RS/DS SIGNAL

EF

sTOP

Figure 6-50. CS Load Sequence (Continued)
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SET CS LOAD
COMPLETE FF

EF
FORCE DBC =0

EH

READ BURST CHECK

EG

BURST

CHECK ERROR YES

MAINTENANCE
MODE

CS LOAD
COMPLETE

MAINTENANCE MODE

ISSUE
AUTOLOAD SIGNAL

MASTER CLEAR

LOAD MAIN STORAGE

Figure 6-50. CS Load Sequence (Continued)
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APPENDIX 6A
DISC MLI FLOW DIAGRAMS



DIo

y

EXAMINE
STATE REGISTER

PROC
STATE
3

SET PROC 3
ACTIVE & INVOKE
PRIORITY OVERRIDE

(FORMAT WRITE)

o (WRITE)

SEND 2 WORD
COMMAND TO IFA

SEND 2 WORD
COMMAND TO IFA

»le
L ol

A 4

EXECUTE

TURN OFF
PROC 3 BUSY

INVALID

ROUTINE

»
»

REQUEST
FROMIFA

READ COMMAND
PACKET FROM
MAIN STORAGE

A

STORE COMMAND
PACKET INTO
PROC 3 TRANSIENTS

A

SEND WORD
FROM MAIN
STORAGE TO IFA

A

UPDATE BUFFER
ADDRESS

CALCULATE LBA+1 - -

WILL BE LBA+2 IF
BYTE COUNT IS 0DD

STORE LBA+1

BUFFER
ADDRESS EQUAL
LBA+

WRITE LOOP
(1 MAJOR CYCLE)

GENERATE
STATUS MASK

10 (FORMAT WRITE)

INTO PROC 3
TRANSIENT REG

08 (SEARCH)

©

LEGAL
CODE

YES

(BR ON cOM
CODE)

04 (READ, NO XFER) _O

NO
OTHER
(iLREQ)

02 (READ) U

01 (WRITE)

o
O,

TO MASK OUT: WINDOW,
BURST CHK, 3RD REVOLUTION
SYNC FIND, AND READ ONLY

STATUS BITS

Figure 6A-1. Disc MLI Flow Diagram
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I 3 |(SEARCH)

hd

SET TIME LIMIT
TO TRANSIENT

DID

YES RTC

»
>

SEND DIO BUFFER
ADDR TO TRANSIENT

¥

SEND 2 WORD READ
COMMAND TO IFA

TURN OFF
PROC 3 BUSY

OVERFLOW

SET NO SEARCH FIND
BIT IN HDWE STATUS

g 3RD
REVOLUTION
SYNC FIND

INCREMENT ORIGINAL
TIME LIMIT

REQUEST
FROM IFA

READ A WORD OF SEARCH
ARGUMENT FROM MAIN
STORAGE AND UPDATE
THE BUFFER ADDRESS

y

COMPARE SEARCH
ARGUMENT WITH

DATA FROM DISC

v

Figure 6A-1. Disc MLI Flow Diagram (Continued)

COMPARE
EQUAL

DISCONTINUE CURRENT
IFA READ OPERATION




(SEARCH, CONTINUED) (READ W/0 XFER)

TURN OFF SEND 2 WORD
PROC 3 BUSY COMMAND TO IFA

) 4 TO MASK OUT: WINDOW,

GENERATE | _ _J3RD REVOLUTION SYNC

STATUS MASK 1 FIND, AND READ ONLY

| ___NO_ ;‘;gﬂﬁﬂ STATUS BITS.

A
8

COMPARE UPDATED BUFFER
ADDRESS WITH
EXPECTED LBA+1

1S
STATUS
VALID

ENTIRE
FIELD SEARCHED

EXAMINE
HARDWARE STATUS

TIME
LMy
EXPIRED

YES

CHAINING

Figure 6A-1. Disc MLI Flow Diagram (Continued)
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(READ)

STORE OVERALL
BYTE COUNT
IN PROC 3 TRAN-
SIENT REGISTER

y

SEND 2 WORD
COMMAND TO IFA

-

4

TURN OFF
PROC. 3 BUSY

6A-4

REQUEST
FROM IFA

SEND WORD FROM IFA
TO MAIN STORAGE

4

UPDATE
BUFFER ADDRESS

BUFFER
ADDRESS EQUAL
LBAH

(REPETITIVE READ)

SUBTRACT BYTE COUNT
FROM OVERALL BYTE
COUNT STORE NEW
OVERALL BYTE COUNT

NEW OVERALL
BYTE COUNT
=0

SEND 2 WORD READ
W/0 XFER
COMMAND TO IFA

SKIPS OVER COUNT FIELD
OF NEXT RECORD. THE
COMMAND HAS A BYTE
COUNT =9 AND A BRS = 6.

— —

READ LOOP
—-1 (1 MAJOR CYCLE)

A

TURN OFF

PROC. 3 BUSY

GENERATE

STATUS MASK

T0 MASK OUT: WIN-
DOW, 3RD REV SYNC
FIND AND READ
ONLY STATUS BITS

REQUEST
FROM IFA

DISREGARD STATUS

Figure 6A-1. Disc MLI Flow Diagram (Continued)



v (STATUS ROUTINE) I 9 l (EXIT ROUTINE)

A
SAVE STATUS MASK WORD 1 - CMD PACKET ADD
IN PROCESSOR 3 STORE 3 L. _1 WORD2 HARDWARE STATUS
TRANSIENT REGISTER STATUS WORDS WORD 3 LBA+1 TRANSFERRED
y A R
TURN OFF TURN OFF
PROC 3 BUSY PROC 3 ACTIVE

REQUEST RNI
FROM IFA
MASK OFF
UNNECESSARY
STATUS BITS i
a (ILLEGAL REQUEST ROUTINE)
” MASKED
STATUS EQUAL —9
' ZERO SET HARDWARE STATUS
TO FFFF
A\ 4
4 SAVE HARDWARE
REPETITIVE
GEAD STATUS WORD

\ 4

Figure 6A-1. Disc MLI Flow Diagram (Continued)
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APPENDIX 6B
DRIVE INTERFACE CABLE CONNECTIONS



e Bus Cable

This is a shielded cable consisting of 52 twisted pairs with a characteristic impedance of approximately
95 ohms. It contains all signal lines which are common to all drives in the string. (Refer to Table 6B1.)

Table 6B1. Bus Cable (Multiplex)

Input Pin

Line Name

Output Pin

5§N<x5<‘"“’°'°=3"‘“"=‘°*°-°O'ﬂ’N-<><§<c-im:u'vzgn—x‘-I-nmoom>

>222>>>>22>>>D>
VZ2EIrXR«xrmMmoo

Unit Bus O
return ground
Unit Bus 1
return ground
Unit Bus 2
return ground
Unit Bus 3
return ground
Unit Bus 4
return ground
Unit Bus 5
return ground
Unit Bus 6
return ground
Unit Bus 7
return ground
Last Disc Up
return ground

Set Cylinder (tag line)

return ground
Set Head (tag line)
return ground
Control (tag line)
return ground
Select Unit 0
return ground
Select Unit 1
return ground
Select Unit 2
return ground
Select Unit 3
return ground
Select Unit 4
return ground
Select Unit 5
return ground
Select Unit 6
return ground
Select Unit 7
return ground
Select Unit S
return ground
Attention Unit 0
return ground
Attention Unit 1
return ground
Attention Unit 2
return ground
Attention Unit 3
return ground
Attention Unit 4
return ground
Attention Unit 5
return ground
Attention Unit 6
return ground
Attention Unit 7
return ground

PPN XE<ECm® T0TIJATTTA FQAOTOINLXSKCANITITVZIrARINTMOO®>»
w >

>PPrr2>>>r>>>PP
TzZrr-rTTmoo
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Table 6B1. (Continued)

Input Pin Line Name Output Pin
AR Attention Unit S AR
AS return ground AS
AT Reserved AT
AU Reserved AU
AV Not Used
AW Reserved AW
AX Cylinder Address Reg. 1 AX
AY return ground AY
AZ Cylinder Address Reg. 2 AZ
BA return ground BA
BB Cylinder Address Reg. 4 BB
BC return ground BC
BD Cylinder Address Reg. 8 BD
BE return ground BE
BF Cylinder Address Reg. 16 BF
BH return ground BH
BJ Cylinder Address Reg. 32 BJ
BK return ground BK
BL Cylinder Address Reg. 64 BL
BM return ground BM
BN Cylinder Address Reg. 128 BN -
BP Reserved BP
BR Selected Unit Busy BR
BS return ground BS
BT Selected Unit on Line BT
BU return ground BU
BV Selected Index BV
BW return ground BW
BX Selected File Unsafe BX
BY return ground BY
BZ Selected Unit Seek Incomplete BZ
CA return ground CA
CB Selected Unit End of Cylinder CcB
cc return ground CcC
CcD Selected Unit Pack Change Ccbh
CE return ground CE
CF Selected Unit Write Current Sense CF
CH return ground CH
cJ) Heads Extended (switch) cJ
CcK Controlled Ground CK
- Not Used CL
CL Sequence In (+36 vdc)

- Sequence Out (+36 vdc) CM
CM Not Used

CN Selected Unit Read Oniy CN
cP return ground CP
CR Sequence Power Out -
- Sequence Power In CR
cs Reserved cs
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e Unit Cable

This is a shielded cable consisting of two-95 ohm coaxial cables, two No. 10 AWG wires, and four No. 22
twisted pairs. It contains all signals unique to the particular drive. (Refer to Table 6B2.)

Table 6B2. Unit Cable (SIMPLEX)

Pin Line Name
1
2 -3 vde
3
4 Return ground (pin 2}
5
6
7
8
9
10
"
12 Read Data/Write Data
13 +3 vdc
14
15
16 Spare
17
18 Spare
19
20
21
22 Unit Is Selected
23
24
s 25 Frame ground
26 Return ground {(pin 16)
27 Return ground (pin 22)
28 Return ground (pin 18}
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