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7300 Processing Unit 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 b. 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 (ICRA) 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:

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

® 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.

e 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.

o 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).

e 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.

® 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

e Diagnostic capabilities

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

e Hardware and software control of interface
signals

o 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,
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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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Figure 4-3. BDC Interconnection Diagram
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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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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/O 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 control units or
control units with multiple 1/O devices, and
only when one or both of the following
conditions occur:

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

2) The conirol 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 Channel 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 control
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 selection sequence (immediate
commands).

Device End: This is caused hy the
completion of an 1/O operation at the 1/0
device; it indicates overall completion of the
current operation. Each 1/O 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 command or during some
activity associated with an 1/O 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 1/0
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/O operation, or when the
device is involved with some activity
associated with an /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 1/0O
device is usually provided in the first two Sense
Bytes. The amount and meaning of the sense
information is peculiar to each type of 1/0 device and
is specified in the appropriate equipment publication.

The sense information from the last 1/0 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 //0 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 Qut Check.

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

Bit Position Description

0 Command Reject
Intervention Required
Bus Out Check
Equipment Check
Data Check

Over Run

A WN-=

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

® /ntervention Required is generated when the
last operation could not be executed because
of a condition that requires intervention at
the 1/O 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.

e 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.

® 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




L.OGIC 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 (ERQ) 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-fiop 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 still
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 MS| 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.
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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
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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 Controlied 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. o 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

e Input: This flip-flop controls the direction
of byte transfers. When set, it indicates an
input operatlf)n and enables the.control.loglc and SEL IN are active at the same time, or
to gate data m'to the BIR1 during the input when any two of the signals ADRS IN,
(read) operation. The Input FF, when STAT IN, or SRV IN/DAT IN are active at
cleared, indicates an output (write) the same time. It also is set for a channel

operation. error; that is, when the BDC processor logic
and/or software via the TOR activate CMD

NOTE OUT and SRV OUT or DAT OUT at the

. L . 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.

which is present any time the BDC processor
logic is not active: OPL OUT inactive and
not in a diagnostic state. This CH CLR signal

e Diagnostic: With the Diag FF set and OPL

OUT and SUP OUT 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
iwo 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.

clears all channel logic control flip-flops,
channel status flip-flops, and the HCX,
-HCX2 and Dat Chng FF’s in the CCR.

e 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 wil! 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 QUT 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.

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

® 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.

e Assembly/Disassembly Option Present: This
channe!l 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
Diagnostic DIAG
3 3 Data Chaining DAT CHNG
Channel 4 Control Check CNTL CHK
Logic Transmission Check XMN CHK
Status
Flip-Flops 6 lllegal 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
1 Not Used
12
13
14
EU Module 15 Assembly/Disassembly Option Present ASMDASOP
Byte Count Register (BCR) The BCR counts up by one each time a data byte is

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 ERO
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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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

4-19



FROM BOR2
INVERTERS
FOR DIAGNOSTIC
USAGE

COLLECTOR

OR'ED\
5TAG IN

D SEL IN

B
_F—__.—
-
>
S
e

—

ADRS IN

BASIC DATA
CHANNEL
CONTROL

LOGIC

LINES

STATIN

FROM

SRV IN

INTEGRATED

OPL IN

YYVY

ADAPTERS

REQ IN

THWIN|—= O

8 TAG-IN
LINES FROM
EXTERNAL
CONTROL UNITS
VIA EXT. INTERFACE
MODULE RECEIVERS

SEL IN

DAT IN

Y

(=2
BYTE O
MPX

DISIN

-~

+»>-
»>!
>
>
—
>

SEL IN

o

4

MKO IN

A

+ERI 07

»
»

FROM EXTERNAL UNITS
VIA EXT. INTERFACE
MODULE RECEIVERS

4-20

4’

SELECTIN
BY PASS
LOGIC

Figure 49, Teg In Line Configuration

BYTE 1
MPX

| +ERI 815




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
OUT 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 device. bypass logic (page 1C1302 Loc) (see Select
CLOCK OUT ensures that the control unit Out).
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Card Reader Option (CR OPT): Activated
when the ICRA modules are present.

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
circuitry
(Figure 4-5). The following description of these
signals,
relationship of each to a processor state’s major and

the

instruction execution and control

when applicable, includes the

minor cycles (Figure 4-10).
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timing

o Execute (EXCT-X): This signal

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.

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.

|To4

| s ]
exetx | | ——
1 | |
Rol R1| EO | E1 | E2
I
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/O 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.

Input-Output Exit (I/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/O 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.

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

| e |
S
1R
|
|

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.

e 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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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 N 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 TIL'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

Micro-Instruction
and Hardware

Functions Logic Operation

Basic Data Channel

Common
Signal Adapter or Control
Lines Unit Action

G3WR —~TOR
G3WR—=BOR
250 ns wait
G3WR—~TOR
400 ns  wait
G3WR—=TOR

OPL OUT-
ERO-»BOR1-#BOR2—— BUS OUT ————» Address ——t—=

ADRS OUT

SEL OUT -
generate HLD OUT >

» (channel enable)

» (decode address)

OPL IN (device selected)

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

{TIL determination
routine)
G3WR—=TOR

Set Busy 2 FF et Generate REQ-2
G3RD-=-TiL

(TIL determination
routine)

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

check routine)
G3WR—BOR
G3WR—=TOR

Set Busy 2 FF eg—
G3RD-=-TIL

(T1L determination
routine)

G3WR —-TOR

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

(TIL determination
routine)
G3RD-—-CCR
G3RD-—-BIR
(status check

and transfer

check routine)
G3WR —=TOR

G3WR-—~TOR

Clear REQ-2 ————e—a-End ADRS OUT— 4 — — — — - - -
BIR2«-BIR 1 ¢——-—"BUS |N «¢——}— Address -—}——
Gate BUS IN

ERO-»BOR1=»=BOR2— BUS OUT ——}—» Command
Clear REQ-2—————»CMD OUT

generate REQ-2— — oo =— o oo d— — — — 1—- End ADRSIN

Clear REQ-2——————»End CMD OUT— 44— — — — — >
BIR2«BIRT—-u— .. BUS IN Status
Gate BUS IN

Clear REQ-2 —————»- SRV OQUT -
_— — = — — — |—EndSTATIN

Clear REQ-2——————-End SRV OUT — 4— — — — -

Set Busy 2 FF -¢————}— Generate REQ-2 ¢— — —

- ADAPTER SELECTED
(if adapter)

ADRS IN

(direct device operation)
» (decode command)

STAT IN
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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 FFeg—} —— ATTN-2¢=- —= — —— — .REQ [N (service required)
if ACTIVE clear
G3WR TOR SEL OUT -
generate HLD QUT -
Set Busy 2 FF <¢— Generate REQ-2 OPL IN
(monitors TIL's -+ — — . — 1 ADAPTER SELECTED
until ADRS IN (if adapter)
goes active) BIR2-¢—BiIR 1« BUS IN-. Address .«—}— End REQ IN
Gate BUS IN ADRS IN
——f Generate REQ-2
G3RD-«—BIR {Not Used)
G3RD-+-CCR
(transfer check
routine)
G3WR—»TOR Clear REQ-2 CMD QUT -
(monitors TIL'S g 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 -
Gate BUS IN-w STAT IN
Set Busy 2 FF i 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) «s——— 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 OQUT
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 en_d 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
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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 contro! 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 BIR 1 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 I[N 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 1/0 device is now no longer
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
and Hardware Basic Data Channel
Operation Logic Operation

Common
Signal Adapter or Control
Lines Unit Action

BIR2-«—BIR1-=

End CMD OUT

STOP

CMD OUT > indication

End SRV IN

Status - {channel end)

Set Busy 2 FF-#————it—- Generate REQ-2
G3RD-=—TIL

(TIL determination
routine)

G3RD-+ CCR
G3RD-+BIR
(status and

transfer check
routine)

G3WR—»-TOR Clear REQ-2

Set Busy 2 FFa——— Generate REQ-2
G3RD-=TIL
{monitor TIL's
until OPL IN

goes inactive)

G3WR—TOR

Gate BUS IN = STAT IN

ENDING

SRV OUT —-

End SEL OUT
End HLD OUT

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 1/0 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. It then triggers the Strobe one-shot
circuit (STRB BIR1). The 55-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 Fuil 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 QUT is terminated.

The channel control logic uses the termination of
SRV IN to clear the CHSRVOUT FF, terminating the
SRV QUT 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:

o 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 If CBA + 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/O EXIT
signal and proceed to the ending sequence in
the S10 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 compieted. 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 S1O Common
M- and Hardware Basic Data Channel Signal Adapter
Operation Lagic Operation Lines Reaction
Set BUSY 2 FF-#———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 — } =————————BCR
G3WR—=TOR Clear REQ-2 End SRV OUT
Clear Busy 2 FF
BIR 1= BUS IN -= Data =
Gate BUS N SRV IN
Activate SRV OUT -
BIR2-«—BIR1
Set Busy 2 FF-¢————1— Generate REQ-2
E Cycle u-l Result
0 LSl | CBA->S
CBA—~A
+1->B
1 LDB | BIRg 15| ERI— 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 OUT
—B
5 CIO | If A=B
update
Pu,
activate
1/0
EXIT
and
continue
if A#B
clear
Busy 2
6and 7
BiR1 BUS INeg—] Data —¢——4—
Gate BUS IN-- SRV IN 2nd data byte
Activate » SRV OUT transfer events
BIR2-w— BIR1

Set Busy 2 FF perform
major cycle U -l routine
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FIG. 4-15
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Figure 4-13. Flowchart, Input Data Transfer
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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 1/0 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. Regardiess of the made 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 to 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 OUT). 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
OUT 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 SI0
M-l and Hardware Basic Data Channel Signal Control Unit or
Operation Logic Operation Lines Adapter Action
Set Busy 1 FF <«———+—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
BiIR1 BUS IN «+— Data-+——t——
Gate BUS IN to BIR1 0-7 SRV IN 1st data
Activate SRV OUT »>- byte
End SRV IN
End SRV OUT
Set ODD BYTE FF
‘Advance BCR
BIR1-= BUS IN Data-
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 0-16
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 —»B8 |[Clear ODD BYTE FF
1 LDW|DO0-15 |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 OUT » byte
Pu,
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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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 Qutput 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
OUT and DATA OQUT 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 [N in response to DATA OUT.
Regardless of when SRV IN is activated, it is not valid
until 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 contro! 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 IRPA 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:

o 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.

o 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.

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

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

e 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 control 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
Command Byte: [ofoloJoJoJo]1]1]

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

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
01 Bits 6 7
Command Byte: [0|0|0|0|0|1|0[01

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

Command Byte: [oJoJo]oJo]1]0]0]

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.

Normal Status Indication: Zero at initial selection.

e READ AND FEED

01 Bits 6 7
Command Byte: [ololx]olo]ol1]0]

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 specifically 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:

([ EELTEER]

Not UsedJ 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 0 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 O41g, 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 BA.

The Command register consists of two 4-bit, bistable
tatch, 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 1-0f-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 converts 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 MUXO.
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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

V] 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 (4] 0 4 Sense bits from
sense logic

1 0 1 5 Not used

1 1 0 6 Card reader address
from Location BA

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 1C051). 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.

e 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
Contro! 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
one-shot (#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

o controf 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 pulses 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 [N 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 READERI CARD p| NITIATED o] [INITIATED »| TRANSFER »| SEQUENCE
READY LOAD SEQUENCE SELECTION SEQUENCE
SEQUENCE SEQUENCE
CARD ADAPTER CHANNEL DATA ENDING ete
LOAD »] INITIATED »] INITIATED TRANSFER »]| SEQUENCE
SEQUENCE SEQUENCE 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 polling 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

4-70



REQ IN

SELIN SET ACTIVATE A OPL IN
- SELECT OPL IN A DISPAR »>
LATCH @ AND
HLD OUT FF DISPAR
CCO61 cCos1
ENABLE GENERATE ENABLE 140 NSEC ACTIVATE
BUS IN SELECT READER DELAY ADRS
MPX | CODE110 .| ADDRESS ol THROUGH IN AADRS IN >
v OUTPUT d "] ToBUS "1 ONE-SHOT g
IN MPX CIRCUIT
£C042 CCO51 £C042 CC062 C062
ey
TERMINATE
CMD OUT TIMING LOGIC ADRS AADRS IN
g | —— >
FRom INACTIVE
CCOB1 CC062
ENABLE TAG GENERATE ENABLE 150 NSEC ACTIVATE
CMD OUT LINE TIMING SELECT PRESENT DELAY STAT IN ASTAT IN
»| CHAIN FROM »{ CODE 111 »| sTatusTo »l THROUGH > —»
INACTIVE T4 THROUGH BUS IN MPX ONE-SHOT
5 CIRCUIT
CCO61 CCO51 £C042 CC062 CCO062
ENABLE TAG CLEAN TERMINATE TERMINATE A REQIN
SRV OUT LINE TIMING STATUS STAT IN REQ IN
pf cHAIN - » FLIP-FLOPS > > INACTIVE
T17T0 T4
CCO61 CC052 CC062 CCO061
ASTAT IN INACTIVE
STATUS
SEL IN »| CLEAR TERMINATE AOPL IN INACTIVE - INDICATION
INACTIVE SELECT OPL IN AND v ACCEPTED
LATCH DISPAR ADIS PAR INACTIVE _
HLD OUT FF >
—_—p
INACTIVE CCo61 CC061
ENABLE TAG
LINE TIMING
—SRVOUT o1 GHAIN - T4
INACTIVE THROUGH T5
€Co61
STAT IN
SET
CMD OUT i
STAT
- > rr
0C062 TERMINATE o ETION
STAT IN ASTAT IN INACTIVE > STACKED
SELIN »| CLEAR TERMINATE |,
INACTIVE SELECT OPL IN & CCo62
HLD OUT LATCH ADIS PAR AOPL IN INACTIVE iy
FF >
INACTIVE CC061 CC061 ADIS PAR INACTIVE >

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 QUT 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 QUT. 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. If 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 IRPA
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 OUT. The ICRA uses SRV QUT 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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CMD OUT
INACTIVE

SRV OUT

IF INCORRECT
STATUS
RESPONSE TO
COMMAND

IF STATUS
OTHER THAN
ZERO FOR
READ COMMAND
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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
e Activate SRV 1/0 signal

e Set Data Check FF
e Set Data Request FF

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

e Clear Data Ready FF

o Terminate NDR; disable input to timing
chain

e Clear Data Request FF

® Shift contents of Buffer register right one
place

o Clear Data Xfr Req FF
o Terminate SRV IN and SRV I/0
o Reduce Buffer counter by one

o 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. Regardliess 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 cutput
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 (regardiess 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 L