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PREFACE

SCOPE AND PURPOSE OF THIS MANUAL

This Theory of Operation Manual is designed to help
you understand the internal operation of the 3800-11I
Tape Control Unit (TCU). The manual covers system
characteristics and details of the TCU up to, but not
including, circuit descriptions. Emphasis is given to the
descriptions of block diagrams, data flow, registers, and
the functions of individual circuits. Overall operational
descriptions, in which parts of the TCU are involved,
are included to provide a comprehensive, functional
understanding of the TCU.

Section | contains a system overview without going
into operational details. This section is concerned main-
ly with standard system configurations.

Section |l discusses the TCU interface with all system
elements; i.e., the CPU channel, the Tape Unit, and
Remote TCU’s. Control functions are described, and
applicable programming data is explained.

Section 111 explains the internal workings of the TCU.
This is the theory of operation of the control unit.
Supporting illustrations are given throughout the text to
make this manual as complete as possible.

This manual is not intended as a troubleshooting aid or
maintenance reference. Its purpose is to give you a
broad understanding of the principles of operation. It
should enable you to follow the details of operation in
the logic diagrams and schematics. You are expected,
however, to understand the fundamentals of computer
technology such as basic logic functions, logic and flow
diagram symbols, the general relationships between
computers and peripherals, and computer vocabulary.

The following appendices are provided as supplementary
reference material.

A STC logic cards used in the TCU

B STC/MIL SPEC/logic symbols cross-reference
C NRZI recording principles and format

D PE recording principles and format

E Basic timing diagrams

F Sense bit definitions

G FE Panel controls and indicators
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SECTION |

SYSTEM DESCRIPTION

SCOPE OF THIS SECTION

This section, an introduction to the
overall magnetic tape subsystem, des-
cribes possible system configurations
and the relationships between system
components. Also described are the
purpose of the equipment and major Tape
Control Unit (TCU) subassemblies. The
section concentrates on subjects that
are of general interest only. More spe-
cific subjects are covered in subsequent
sections.

GENERAL SYSTEM CHARACTERISTICS

The Tape Control Unit is designed as an
interface between IBM Systems 360/370
compatible systems, and the STC 3400
Series Tape Units (TU). As an inter-
face, the TCU's function is to accept
data and commands from the computer sys-
tem for delivery to the TU, and to ac-
cept data and status indicators from

the TU for delivery to the computer sys-
tem.

In the most basic system, the TCU ac- .
cepts output information from one com-
puter channel for up to eight TU's con-
nected to the TCU interface. Likewise,
the TCU may accept input information
from up to eight TU's for delivery to
the computer channel. An optional 2-
Channel Switch is available to switch
TCU control between two channels. The
two channels may belong to one computer,
or may come from two discrete computer
systems. Either way, the TCU is locked
to the channel for the duration of the

operation and ensures that the proper
path is maintained in both directions;
from the selected channel to the selec-
ted TU and vice versa.

In the most elaborate system, eight
computer channels exercise control over
sixteen TU's. While some basic changes
must be made to TCU's in such a system,
the fundamental process of delivering
information from the selected channel
to the selected TU and vice versa does
not change. Six optional system con-
figurations are shown under the head-
ing Basic System Configurations. Fig-
ure 1-1 shows a system configuration
with a 2-Channel Switch connected to
two channels, and eight TU's.

FROM TWO
CPU CHANNELS

2-CHANNEL SW

TAPE
CONTROL

SELECT LOGIC

TAPE IF
EIGHT TAPE
UNITS '/ ;\
Figure 1-1. 1X8 System Configuration
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In Figure 1-1, the "1x8 configuration"
refers to a system having one TCU which
controls eight TU's. As shown, there is
a 2-Channel Switch which contains the
channel receivers and drivers and
switches control between the two chan-
nels: Tape Control, which basically
controls the flow and sequencing within
the TCU; Select Logic, which determines
the TU connection; and Tape Interface
(IF), which consists of the driver and
receiver circuits for the TU. A de-
tailed discussion of these TCU elements
is found in Section III of this manual.

Note that all communications between the
TCU and computer system is subject to,
and conforms to, the IBM Systems 360/370
specifications. A description of these
is given in Section II of this manual,
under System Interface.

The TCU is a versatile unit designed to
work equally well with different tape
speeds, several data transmission rates,
and both Phase-Encoded .(PE) and Non-
Return-to-Zero-Indicated (NRZI) methods
of recording. Some of these capabili-
- ties require modification of the basic
~unit. A more detailed description of
TCU data handling capabilities is found
under the heading System Data Handling
Options in this section. TCU options
include 9-track recording or both 9-
track and 7-track recording.

BASIC SYSTEM CONFIGURATIONS

A basic TCU system configuration may
vary from the smallest system of one
TCU and eight or less TU's, to the
largest possible system of four TCU's
and sixteen TU's. In order to make
the more elaborate systems possible,
the Select Logic and Tape Interface in
Figure 1-1 must be somewhat modified
and are called the Communicator and

1-2

Control Switch, respectively. The ba-
sic relationship between the two units
recmains the same. The Control Switch
may accept inputs from up to four Com-
municators, depending on the unit.

In Figure 1-2, three basic system con-
figurations are shown. Common to all
three systems is the limit of eight
TU's, which are selected through the
Control Switch. A Control Switch may
handle eight TU's. The number of Com-
municator inputs a Control Switch may
have depends on the version. A 2-
Control Switch connects to two Communi-
cators, a 3-Control Switch to three Com-
municators, and a 4-Control Switch to
four Communicators - the maximum allow-
able. Consequently, these systems are
described as 2x8, 3x8, and 4x8 systems.
Note that only one TCU in each system
has a Control Switch to which all the
other TCU's in the system are connected.
The TCU with the Control Switch is
called a Switch TCU. A TCU without a
Control Switch is referred to as a Re-
mote TCU.

Figure 1-3 shows another set of basic
system configurations, where each system
controls sixteen TU's. In order to con-
trol that many TU's, two Control Switch-
es, situated in two separate TCU's, are
necessary. These systems are referred
to as 2x16, 3x16, and 4x16 configura-
tions: The first number refers to the
number of TCU's and the second to the
number of tape units in the system.

SYSTEM DATA HANDLING OPTIONS

The basic TCU is designed for 9-track,
1600 bpi, Phase Encoded (PE) operation.
The unit can be field-modified or or-
dered with the following optional fea-
tures to extend its capabilities:



£l

EIGHT TAPE

UNITS

FROM FOUR CPU CHANNELS

2-CHANNEL sSW

2-CHANNEL sw

TAPE
CONTROL

TAPE
CONTROL
(REMOTE)

ICOMMUNICATOR

COMMUNICATOR

2-CONTROL SW

ZA NS

2 x 8 Configuration

by

FROM SIX CPU CHANNELS

!

2-CHANNEL SW 2-CHANNEL SW 2 CHANNEL SW
TAPE TAPE
CONTROL EGLETROL CONTROL
(REMOTE) (REMOTE)

HCOMMUNICATOR

EIGHT TAPE

COMMUNICATOR

COMMUNICATOH

3-CONTROL SW

RECZEPNS

3 x 8 Configuration

Figure 1-2.

v

.

FROM EIGHT CPU CHANNW#S

v

b4

2-CHANNEL SW

2-CHANNEL SW

2-CHANNEL Sw

2-CHANNEL SwW

TAPE
CONTROL
(REMOTE)

TAPE
CONTROL

TAPE

CONTROL
(REMOTE)

TAPE
CONTROL
(REMOTE)

COMMUNICATOR

COMMUNICATOR

/ COMMUNICATOR

COMMUNICATOR

EIGHT TAPE
UNITS

4-CONTROL SW

455

4 x 8 Configuration

Basic System Configurations






9-TRACK NRZI| RECORDING

This feature allows 9-track NRZI oper-
ation at 800 bpi. With this feature
installed, the channel must issue a
control command to establish the de-
sired mode of recording. A control
command is not needed for a read oper-
ation because PE mode is established
by the presence of a PE identification
burst at the beginning of tape (locad
point). When this burst is not pre-
sent, NRZI read mode is established.
Attached TU's must be equipped with
the Dual Density feature.

7-TRACK NRZI RECORDING

The 7-Track NRZI feature allows 3400 7-
track TU's to be included in the TCU
subsystem. With this option, 7-track
binary recording at 200 bpi, 556 bpi and
800 bpi is possible.

The 7-Track feature includes the Data
Conversion and Data Translation func-
tions. The 7-Track and 9-Track fea-
tures do not conflict with one another
and may exist on the same TCU. Note
that 9-Track NRZI is a prerequisite for
the 7-Track feature.

FEATURE BLOCK DIAGRAM DESCRIPTION

Figure 1-4 is a feature configuration
block diagram drawn in three stages.
The top stage shows the standard config-
uration and depicts a system with stan-
dard 3400 TU's which have PE recording
capability only. The second stage
shows that when the 9-Track NRZI fea-
ture is added to the TCU, TU's with
Dual Density capability may be driven
by the TCU. The third stage shows the
added capability gained from the addi-
tion of the 7-Track feature.

3800111

BASIC CONTROL UNIT

.
e .
[ Il | | |
3480 3470 3450 3440 3430
PE PE PE PE PE

9-TRACK NRZI FEATURE

r
| l
| l L1 1
3480 3470 3450 3440 3430
PE DD DD DD DD

7-TRACK FEATURE

3480 3470 3450 3440 3430
PE 7-TK 7-TK DD 7-TK

Figure 1-4. Control Unit Feature Configuration

TCU MAJOR SUBASSEMBLIES

Figures 1-5 and 1-6 illustrate the ma-
jor subassemblies of the TCU and their
locations. Figure 1-7 gives the gener-
al locations of switch and indicator
groups on the FE control panel. The
logic references for the indicators and
controls are also given in parts B and
C of Figure 1-7.

OPERATOR CONTROLS

Of the many TCU controls and indicators,
most are for FE use and are described
under appropriate headings. The con-
trols which are of interest to the oper-
ator are as follows:
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BOX ASSEMBLY

MOTHERBOARD
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Figure 1-5. Front View, Panels Removed
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LOGIC MODULES
(COVER PANELS
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BOX ASSEMBLY
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Figure 1-6. Rear View, Panels Removed
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Figure 1-7. A, B, C, Control Panel Orientation and Logic References
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ENABLE/DISABLE SWITCHES

Enable/Disable switches on the TCU Op-
erator panel provide manual control for
the two channel interfaces. Figure 1-8
illustrates the switches and the table
shows switching results.

NOTE
The Enable/Disable switch po-

sitions should not be changed
while the TCU is operating.

ENABLE/DISABLE
SWITCH
A B RESULT
ENABLED DISABLED INTERFACE A
IS ACTIVE
DISABLED ENABLED INTERFACE B
IS ACTIVE
ENABLED ENABLED BOTH INTERFACES
ENABLED
DISABLED DISABLED BOTH INTERFACES
DISABLED*

*TCU IS STILL ONLINE UNTIL THE FE PANEL
OFFLINE/ONLINE SWITCH IS PLACED IN
THE OFFLINE POSITION.

TAPE UNIT CONTROL SWITCHES

The Tape Unit Control Switches are lo-
cated on the Operator panel of the
Switch TCU. (Remote TCU's do not have
Tape Unit Control Switches.) These
switches control the selection path
from any TCU in the subsystem to the
tape units attached to the Switch TCU.

The switches are mounted in rows of
eight (Figure 1-9) and are labeled O
through 7 or 8 through F, which are

the addresses of the tape units at-
tached to the TCU. A properly config-
ured Switch TCU will have one row of
Tape Unit Control Switches for each

TCU in the subsystem. Each switch con-

trols selection of one tape unit from
a particular TCU.

Figure 1-8. 2-Channel Switch Enable/Disable
Switches

Figure 1-9. TU Control Switches for Two TCUs
System Configuration

ONLINE/OFFLINE SWITCH

This FE panel switch places the TCU
offline. It is normally used by FE
personnel in conjunction with the En-
able Panel switch to placé the TCU
offline and under FE panel control.
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SECTION I

SYSTEM INTERFACE

SCOPE OF THIS SECTION

This section contains detailed informa-
tion about the TCU-to-channel interface
and the TCU-to-tape unit interface.
Interface signal sequences, programming
data, and I/0 control and data flow
functions are covered. The internal op-
eration of the TCU is not covered in
this section but is described in Section
III of the manual.

CHANNEL INTERFACE AND PROGRAMMING
DATA

Commands to the Tape Control Unit (TCU)
originate in the Central Processing
Unit (CPU). The CPU sends commands to
the channel which sends them over the
TCU-to-channel interface to the TCU.
The commands are decoded and executed
by the operational microprogram in the
TCU.

The operational microprogram executes
the commands in three basic cycles:

the initial status cycle, execution cy-
cle, and ending (final) status cycle.
During the initial status cycle, one
byte of coded information is sent to
the channel to inform it whether or not
the selected I/0 device is capable of
executing the command, and whether the
channel may disconnect until a time-
consuming operation for which the chan-
nel is not needed is completed. During
the execution cycle, the selected tape
unit executes the desired operation.

During the ending status cycle, the TCU
returns to the channel an additional
byte of coded information. Final sta-
tus notifies the channel whether the
command was or was not successfully ex-
ecuted.

During the initial status cycle, the
status byte sent to the channel sets up
Condition Code latches in the CPU. The
condition code is available for program
interrogation and informs the program
of conditions vital for continuance of
the operation. This code informs the
program of the following conditions:

°® CC 0 - I/0 operation started.

° CC 1 - (1) I/0 operation started
and initial status is
stored.

(2) I/0 operation rejected.

@ CC 2 - (1) Channel is working with
another I/0 device.

(2) Channel has an interrupt
pending for another I/0
device.

® CC 3 - Channel, control unit or de-
vice addressed is not avail-
able.
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The condition code is sent to the CPU
in response to specific instructions
asking for the code.

There are basically three types of exe-
cution cycles keyed to the three types
of channel commands:

® Data transfer commands or Burst
Commands

° Control commands or Motion Control
Commands

) Immediate commands or Non-Motion-
Control Commands

Burst commands transfer information
across the I/0 interface in the form of
data, sense information, or a track-in-
error byte (see Section III). During
burst commands, the channel normally
stays connected to the TCU while the
execution cycle takes place. After the
execution cycle, final status is sent
to the channel.

Motion Control commands move the tape
but do not transfer data between the

I/0 channel and TCU. These commands

are used primarily to position or repo-
sition the tape to a known reference
point. When responding to a Motion Con-
trol command, the channel generally dis-
connects from the TCU after the initial
status cycle as channel control is not
needed for completion of tape motion.
After executing the command, the TCU
informs the channel that final status

is available, whereupon the channel re-
trieves this status data.

Non-Motion Control commands do not
transfer data and do not cause tape mo-
tion. These commands set up conditions
in the TCU which are required for sub-
sequent operations. Assuming that a
TCU capable of both 7-track and 9-track
operations is required for 7-track op-
erations, a Non-Motion Control command
must be issued to set the TCU to the
7-track mode. These commands are also
called "immediate commands'" because the
new operating mode is set before the

initial status byte is sent to the chan-
nel. Consequently, the operation ter-
minates immediately after the initial
status cycle. The sequence is similar
for NOP (No Operation) instructions and
for invalid instructions. Because no
operation takes vlace, these commands
terminate immediately after initial
status is sent to the channel.

Invalid commands are those that have
improper parity or are not part of the
TCU repertoire. Command codes are made
up of eight bits (one byte) plus an odd
parity bit. The TCU analyzes the byte
and, if it does not contain proper com-
mand code, treats it as a NOP and sets
the Unit Check status bit in the Ini-
tial Status byte.

THE TCU STATUS BYTE

The TCU's initial status byte is sent

to the channel as part of the initial
selection sequence (see microprogram
description in Section III). After
the channel accepts the initial status
byte, the initial selection sequence
is complete.

If the TCU issues status of all zeros,
command execution begins automatically.
If the addressed tape unit is busy, the
Busy bit (bit 3, Figure 2-1) is set in
the status byte. If the TCU is busy or
an interrupt is pending, the Status
Modifier bit (bit 1, Figure 2-1) is al-
so set.

There are two basic sequences for pre-
senting the ending status byte to the
channel. One of these sequences is
initiated by the channel, the other by
the TCU.

During burst commands, the TCU indi-
cates to the channel that it is ready
to send or receive the next byte of da-
ta. The channel at this point, instead
of indicating that it is ready to pro-
ceed with data transmission (in either
direction), may indicate to the TCU
that data transmission is to be termi-
nated. This indicates to the TCU that



the ending status sequence must be
started. ' In this case the channel re-
mained connected to the TCU and it may
be said that the ending status seguence
was initiated by the channel.

status sequence. When the operation is
complete, the Device End bit is set
(along with other pertinent status bits)
in the TCU status byte, and the TCU ini-
tiates an INTERRUPT sequence to the

During other commands such as motion
the channel normally discon-
nects from the TCU and the TCU and TU
complete the operation independently.
Since the channel is disconnected from
the TCU, it cannot initiate the ending

control,

channel. If the channel can respond,
the TCU is selected and presents the
ending status to notify the channel

A full description of the TCU status
bits follows in Figure 2-1.

that the operation i1s complete. This
sequence is known as a "device end in-
terrupt". '

BIT DESIGNATION

INTERPRETATION

0 Attention

1 Status Modifier

2 Control Unit End
(CUE)

3 Busy

4 Channel End (CE)

5 Device End (DE)

Not Used

Used in conjunction with unit status bit 3:
ON: Bit 3indicates the TCU is busy, or an interrupt is pending.
OFF: Bit 3 indicates the TU is busy, or an interrupt is pending.

Control Unit End indicates the TCU is available for another operation.
CU End is set:
1. After completion of every operation during which TCU Busy
was signaled.
2. After completion of a control operation which had Channel
End in the initial status and during which Unit Check or Unit
Exception was detected while the tape unit was selected.

Busy indicates the TU or TCU (as indicated by bit 1) cannot execute a
command due to a pending interrupt, or it is currently occupied with
a previously initiated operation.

Channel End indicates that the channel interface is no longer required
for the operation. It is set when a Read, Read Backward, Write, Sense,
Request Track-in-Error, or Set Diagnostic command has been completed,
or when a control command has been accepted.

Device End is set:

1. After the tape unit becomes ready if selection was attempted be-
fore the unit was ready.

2. When a rewind/unload operation is completed at the tape control
level.

3. When a control command, other than Data Security Erase, Re-
wind or Rewind/Unload is completed at the tape unit level.

4. Along with Channel End, at the completion of other commands.

5. If a tape unit performing an operation becomes not ready (for
example, power off, manual reset).

Figure 2-1

Unit Status Conditions (Sheet 1 of 2)
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BIT DESIGNATION INTERPRETATION
5 Device End (DE) 6. When a tape unit becomes not busy after selection was attempted
(cont’d) while it was busy.
7. On the first initial selection after the tape unit becomes ready.
6 Unit Check (UC) Unit Check indicates the subsystem has encountered an unusual
condition. The cause of a Unit Check is stored as sense data which
is available to the program in response to a Sense command. Unit
Check is set when any of the following occurs:
1. Any sense byte O error indicator is set.
2. A Read Backward, Backspace Block or Backspace File
operation is initiated into or at load point.
3. A Rewind/Unload operation is completed at the TCU level.
4, Bit 7 sense byte 1 (not capable) is set.
5. Tape unit is not ready, or drops READY during a Data
Security Erase, Rewind.
6. Bit 3 of sense byte 5 (PE ID Burst Check) is set.
| . . v 1
7 Unit Exception (UE) Unit Exception is set when the tape control detects a condition that
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usually does not occur, but that does not necessarity indicate an error.

Unit Exception is set:
1.

If Tape Indicate (end-of-tape) is on during a write, write
tape mark, or erase gap operation.

NOTES:

a. The tape unit sets Tape Indicate when it senses the
trailing edge of the end-of-tape (EOT) reflective
marker while tape is moving forward.

b. A subsequent Write, Write Tape Mark, or Erase Gap
command causes Unit Exception to appear again
along with Device End, if Tape Indicate is not reset.

c. A command which moves tape backward, so that
the tape unit again senses the trailing edge of the
EOT marker, resets Tape Indicate, hense, Unit
Exception may not occur again.

d. Rewinding or unloading tape also resets Tape
Indicate.

If a tape mark is detected during a read, read backward,
forward space block, or backward space block operation.

By Data Security Erase. The operation is complete when
the tape reaches the marker.

Figure 2-1  Unit Status Conditions (Sheet 2 of 2)



TCU COMMAND SUMMARY

Figure 2-2 lists the commands in the
TCU's repertoire and gives the hexadec-
imal code and mnemonic abbreviation of
each. The commands are grouped accord-
ing to type. Figure 2-3 gives a com-
plete breakdown of the Mode Set 1 and
Mode Set 2 commands. Detailed descrip-
tions of all the commands are given
following the figures.

BURST COMMANDS MNEMONIC COMMAND CODE
WRITE WRT 01

READ FORWARD RDF 02

READ BACKWARD RDB ocC

SENSE SNS 04

REQUEST TIE TIE 1B

LOOP WRITE TO

READ LWR 8B

MOTION-CONTROL COM.

REWIND REW 07
REWIND/UNLOAD RUN OF
WRITE TAPE MARK WTM 1F
BACKSPACE BLOCK BSB 27
BACKSPACE FILE BSF 2F
FORWARD SPACE

BLOCK FSB 37
FORWARD SPACE

FILE FSF 3F
ERASE GAP ERG 17
DATA SECURITY

ERASE* DSE 97

NON-MOTION CTRL COM

NO-OPERATION NOP 03
MODE SET 1** MS 1 e
MODE SET 2*** MS 2 e
DIAGNOSTIC MODE

SET DMS 0B

SET DIAGNOSE**** SET DIA 4B

* THIS COMMAND IS VALID ONLY WHEN CHAINED TO
AN ERG (17) COMMAND.

** MODE SET 1 COMMANDS ARE FOR 7-TRACK NRZI
OPERATIONS.

*** MODE SET 2 COMMANDS ARE FOR 9-TRACK
OPERATIONS.

**** VALID ONLY WHEN ISSUED FROM FE BUFFER.

Figure 2-2 TCU Command Summary

Mode Set 1

Command Trans- | Data

(7-Trk) BPI | lator Conv. | Parity
13 200 Off On Odd
23 200 Off Off Even
2B 200 On Off Even
33 200 Off Off Odd
53 556 Off On Odd
5B 556 On Off Odd
63 556 Off Off Even
6B 556 On Off Even
73 556 Off Off Odd
7B 556 On Off Odd
93 800 Off On Odd
A3 800 Off Off Even
AB 800 On Off Even
B3 800 Off Off Odd
BB 800 On Off Odd

Mode Set 2

Command Recording

(9-Trk) BPI Mode
C3 1600| PE
CB 800| 9-Track NRZI

Figure 2-3 Mode Set Commands Breakdown

BURST COMMANDS

Sometimes called data transfer commands,
the burst commands cause data transfer
between the tape unit, tape control
unit, and the channel. When burst com-
mands are properly initiated, the TCU
issues an all-zeros initial status byte
to the channel and then performs the
required operation without disconnecting
from the channel. The channel sends or
receives data as required. Upon suc-
cessfull completion of a burst command,
the TCU issues a final status byte with
Channel End and Device End bits set.

WRITE (WRT)

A Write command causes the selected
tape unit to move tape forward and re-
cord data obtained from the channel on
tape. Data bytes are passed serially
from the channel to the TCU and then
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to the tape unit. Each byte of data is
checked for correct parity in the TCU.
Immediately after being written, each
data byte passes under the read head.
This facilitates a complete readback
check of each record written. An
Inter-Block Gap (IBG) is created at the
end of each record of data. The TCU
controls the size of the IBG between
records. The TCU also formulates non-
data information such as preambles,
postambles and crror correction charac-

ters that are recorded with each record.

When a PE mode write operation is ini-
tiated from load point, the PE ID burst
is automatically recorded before any-
thing else takes place.

READ FORWARD (RDF)

A Read Forward command causes forward
tape motion and transfers data serially
to the channel until the next IBG is
detected. Each byte of data is checked
for correct parity and may be corrected
before it is passed on to the channel
(see R/W theory of operation in Section
I111).

If the channel fails to accept all data
bytes in a block, the remaining bytes
are checked for parity errors and dis-
carded by the TCU. The TU stops tape
in the IBG.

Non-data information is not transferred
to the channel but is used for error
checking purposes. Reading a Tape Mark
(TM) sets Unit Exception in the ending
status byte, but the TM bytes are not
sent to the channel. (See Appendix D.)

READ BACKWARD (RDB)

A Read Backward command causes backward
tape motion and transfers the data read
from tape to the channel. Data flow is
the same as in Read Forward except that
7-track data conversion cannot be used.

A Read Backward command issued to a TU
which is at the beginning of tape is

2-6

terminated with Unit Check in final
status, and no data is sent to the
channel.

SENSE (SNS)

A Sense command causes the TCU to trans-
mit up to 24 bytes of sensed informa-
tion to the channel. Sense bytes sup- _
plement the data in the status byte and
contain information on error conditions
implied by the status byte. The infor-
mation transferred indicates error con-
ditions “as€ociated with the last opera-
tion and provides information about the
present conditions within the TCU and
TU.

Data transfer is in burst mode and ter-
minates when the required number of
sense bytes are transferred. The TU
interface is used during retrieval of
the TU sense information even if the TU
is not ready. When issued to a TU that
is not ready, however, the TCU is con-
ditioned so that a Device End interrupt
is generated when the unit is made
ready.

Figure 2-4 summarizes the available
sense bytes and names the condition re-
presented by the bit positions in each
byte. A full description of the sense
bytes is found in Appendix F.

REQUEST TRACK-IN-ERROR (TIE)

Request TIE command returns one byte

of track-in-error information from the
channel to the TCU. The TIE informaticn
sets a correction latch in the TIE reg-
ister. The correction latch facilitates
data correction in the following read
operation. (See Sheet 6 of Figure 3-21.)

The TIE information was initially sent
to the channel in sense byte 2 follow-
ing PE read, PE write, or 9-track NRZI
read failures. The sense byte was
stored for use in 9-track NRZI single-
track error correction on re-read of
the record containing the errors.



Bit (Value)
\ 0 ® 14 2 (2) 3 () 4 (8) 5 (4) 6 (2) 7 (1)
Byte
COMMAND | INTERVEN.| BUSOUT |EQUIPMENT DATA WORD COUNT DATA
0 REJECT REQ'D CHECK CHECK CHECK OVERRUN ZERO CONVERTER
TU TU SELECTED & FILE NOT
1 NOISE | sTaTusA | sTaTuss | /TRK  |LOADPOINTY \yp'sraTUs | PROTECTED | CAPABLE
2 < TRACK IN ERROR BYTE >
ENV CK/
3 R/W VRC | MTE/LRC SKEW END DATA | skEw REG | 1600 EPI BACKWARD | C COMPARE
cHECK/CRC | SKEWE
WRITE TGR =~ - .
4 REJECT TU Ti Une LWR
5 NEW SUB- | NEW SUB- START RD DIAGNOSTIC RFO
SYSTEM SYSTEM CHECK MODE
6 | TAPE UNIT MODEL IDENTIFICATION >
DATA
7 SECURITY
ERASE
8
o VELOCITY Tcu
CHECK RESERVED
WTM
10 NOT DETECT
BLOCK
1
12
13 CU FEATURES CONTROL UNIT UNIQUE IDENTIFICATION (HI-ORDER PART OF SERIAL NO.)
' P
14 CONTROL UNIT UNIQUE IDENTIFICATION (LO-ORDER PART OF SERIAL NUMBER)
15
16
17 FEzg'SI’URE SW FEAT. IDENT. (0-7) LO-ORDER REFLECTS DIAGNOSTIC RELEASE LEVEL OF TCU
18
19 BUSY STATUS, LO-ORDER TAPE UNITS
TU? TUS TUSs TU 4 TU3 TU?2 TU1 TUO
20 BUSY STATUS, HI-ORDER TAPE UNITS
TUF TUE TUD TUC TUB TUA TU9 TUS8
21
22
23

Figure 2-4 Sense Bytes Bit Definitions
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The P bit is treated as any other bit
in sense byte 2. If, however, bits P,
6, 7, are on, it indicates that an er-
ror exists but cculd not be found, or
that no error occurred. In the first
instance, no further error definition
is attempted, and a Unit Check is sent
to the channel. In the second case,
the operation proceeds as normal.

TIE is treated as a NOP if issued to a
TCU without the 9-Track NRZI feature.

A Reguest TIE should be issued to the
TCU as part of a data recovery program-
ming sequence following 9-track NRZI
Read operation in which an error occur-
red.

The normal recovery sequence involves
the following commands:

1. Sense (byte 2 has TIE)
2. BSB or FSB to reposition the tape
3. Request TIE (channel sends sense

byte 2 back to TCU)

4. Read Forward or Read Backward (cor-
recting for failing track)

LOOP WRITE TO READ (LWR)

The Loop Write to Read command checks
the read/write data paths in the TCU
for proper operation. A normal Write
command is simulated and the TCU loops
the information presented to the write
bus back to the read bus and through
most of the read data path.

All LWR operations are performed in the
recording mode and at the data rate of
the selected tape unit. If no record-
ing mode is specified, the LWR is per-
formed in the default mode of the sel-
ected TU. No tape motion, however,
takes place and the data path that is
being checked is confined to the TCU
and does not include the TU interface
or the TU read and write heads.

If NRZI mode is selected, the complete
write path is checked but the read path
is not checked.
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MOTION CONTROL COMMANDS

The Motion Control commands are those
that move tape without transferring da-
ta to or from thc channel. This in-
cludes Write Tape Mark, in which the
tape mark block is generated internally
by the TCU, the Erase commands, and the
commands that position the tape to a
known reference point: Rewind, Rewind/
Unload, Forward Space Block or File and
Backspace Block or File.

Since the channel is not required dur-
ing execution, the TCU returns Channel
End in the initial status byte. This
permits the channel to disconnect, and
the TCU proceeds to execute the command
independently. Final status is presen-
ted by a Device End interrupt. The Re-
wind/Unload command differs slightly
from this as explained in the detailed
command description.

Re-selecting a TCU before a Motion Con-
trol command is completed results in
the following:

® While the TCU is still selecting
the addressed tape unit. If this
occurs, TCU Busy is indicated in
initial status.

® While the addressed tape unit is
completing a Rewind or Data Secur-
ity command. If this occurs, TU
Busy is indicated in initial sta-
tus. If re-selection is from
another channel, both channels will
receive the Device End interrupt.

e A different tape unit is addressed
while the last drive is still busy
with a Rewind or Rewind/Unload com-
mand. If this occurs, selection of
the TCU and new tape unit is al-
lowed. Thus, successive Rewind
commands could put all tape units
attached to the same TCU in motion
at the same time.

REWIND (REW)

The Rewind command causes the tape unit
to rewind tape to the load point. Chan-



nel End is presented in initial status
and the TCU remains busy only until the
tape unit achieves full rewind speed.
Device End is signaled by interrupt at
the completion of rewind. If selection
of the TU is made while it is rewinding,
the DE final status is sent to all
crhannels which attempted selection of
the drive.

REWIND/UNLOAD (RUN)

The Rewind/Unload command rewinds the
tape beyond the load point marker un-
til all the tape is wound on the supply
reel, then raises the window and re-
leases the hub for easy removal of the
reel from the TU. This command is
unique because it leaves the tape unit
not ready for an undefined period.
Channel End is presented in initial
status, as with all Motion Control com-
mands, and the TCU remains busy until
the TU begins rewinding. When the TU
signals that it is at full rewind speed,
final status of Control Unit End, De-
vice End, and Unit Check is sent to the
channel.

When the TU 1is returned to ready status
by operator intervention (reloading the
tape) a Device End interrupt is pre-
sented to the channel which originated
the Rewind/Unload command and to all
others which have attempted selection
of the TC while it was not ready.

WRITE TAPE MARK (WTM)

The Write Tape Mark command causes a
special tape mark (TM) record to be
written on tape. This TM record is usu-
ally written to indicate the end of a
file on the tape but may be used by the
programmer for other purposes. A Write
Tape Mark command releases the channel
by presenting Channel End to the chan-
nel upon command acceptance. The TCU
remains busy because it must control
tape unit motion. When forward motion
is initiated by the TCU, the TU erases
3.6 inches of tape (4.2 inches if at
load point). A tape mark block (or
character) is then written in the

specified recording mode (see appendi-

ces) (In PE mode, an ID burst is writ-
ten before a TM is recorded.) A Read-
back check of the tape mark is then per-
formed and a Device End interrupt is
generated. If the end of tape marker is
encountered, Control Unit End and Unit
Exception are also presented in the fi-
nal status byte.

FORWARD SPACE BLOCK (FSB)

A Forward Space Block command causes
the tape to move forward in search of
the next inter-block gap (IBG) without
transferring data to the channel. A
Forward Space Block command releases
the channel upon acceptance of the com-
mand, by presenting Channel End in the
initial status byte. The command ter-
minates with a Device End interrupt
when the TCU recognizes the next IBG.
If a tape mark is detected, the final
status also contains Control Unit End
and Unit Exception indications.

BACKSPACE BLOCK (BSB)

A Backspace Block command causes the
tape to move backwards in search of

the next IBG without transferring data
to the channel. The TCU releases the
channel upon acceptance of the command
by presenting Channel End in the ini-
tial status byte. The command termi-
nates with a Device End interrupt when
the TCU recognizes the next IBG. If a
tape mark is detected, the final status
also contains Control Unit End and Unit
Exception indications. If load point
is detected, Device End, Control Unit
End and Unit Check are presented in fi-
nal status.

FORWARD SPACE FILE (FSF)

A Forward Space File command is similar
to Forward Space Block except that tape
motion continues to the IBG beyond the
next tape mark. Device End is present-
ed in the ending status byte.

BACKSPACE FILE (BSF)

A Backspace File command is similar to
Backspace Block except that tape motion
continues until a tape mark is detected.



If a tape mark is detected, Device End

is presented to the channel in the end-
ing status byte. If load point is de-

tected, Control Unit End/Device End and
Unit Check are presented in the ending

status byte.

ERASE GAP (ERG)

A single Erase Gap command erases ap-
proximately 3.6 inches of tape (4.2
inches at load point). Upon acceptance
of the Erase Gap command, Channel End
status is presented to the Channel in
the initial status byte. The channel
disconnects from the TCU and the TCU
initiates tape motion. Current through
the erase head and all write heads
causes DC erasure of the tape. During
the erase operation the read heads and
read path are used as a monitor to en-
sure complete erasure. A Device End
interrupt is generated for final status,
accompanied by Unit Exception if the
end-of-tape marker is encountered.

Note that an ERG initiated at load point
will also erase the ID burst.

DATA SECURITY ERASE (DSE)

A Data Security Erase command erases
tape from the point at which the opera-
tion is initiated to the end-of-tape
marker. The read head and circuits are
not used to verify complete erasure as
in the Erase Gap command. A Data Secur-
ity Erase command, however, must be
chained from an Erase Gap command. If
it is not, the command is terminated
and Unit Check 1is returned to the chan-
nel in the initial status byte.

Upon acceptance of the command, the TCU
releases the channel with Channel End
status in the initial status byte. The
TCU remains busy executing the DSE com-
mand until the EOT marker is sensed.

At this time the TU causes a Device End
interrupt to be sent to the channel, and
a Unit Exception indication.

If data exists beyond the EOT marker, it
may be erased by issuing approximately

14 ERG commands which will cause the era-
sure of approximately 50 inches of tape.
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NON-MOTION CONTROL COMMANDS

The Non-Motion control commands are
sometimes called Immediate commands.
Their primary function is to establish
conditions in the TCU for subsequent
operations. The non-motion control com-
mands dc not 1lnitiate tape motion or
transfer data across the I/0 interface,
hence the name Immediate. These com-
mands present Channel End and Device

End in the initial status byte.

NO OPERATION (NOP)

The NOP command performs no function and
does not disturb sense data in the TCU.
Channel End and Device End are presented
in initial status.

Note that NOP commands placed at the end
of a series of chained commands delay
channel release from the TCU until the
NOP's are executed. Indiscriminate use
of the NOP command can delay the chan-
nel program to the extent that a chan-
nel overload condition results.

MODE SET 1 (MS 1)

Mode Set 1 commands establish the condi-
tions in the TCU under which 7-track
NRZI commands will take place. The se-
lection of tape density, odd or even
parity, data conversion and data trans-
lation are accomplished by Mode Set 1
commands. (See Figure 2-3.)

Channel End and Device End status are
presented in the initial status byte.
There is no final status cycle for Mode
Set 1 commands; thus, a malfunction re-
sulting in an incorrect mode selection
will not be signaled to the channel.

Mode Set 1 commands are valid regardless
of tape position and control all 7-track
TU's accessible from the addressed TCU.
The TCU retains the same mode of opera-
tion for succeeding 7-track operations
unless another Mode Set 1 or a Mode Set
2 command is issued, or a reset occurs.
Therefore the 7-track mode -of operation
should be re-established every time a



7-track tape unit is reselected from the
channel.

Mode Set 1 commands issued to a TCU with
out the 7-track feature are treated as
NOP commands. In addition,
set the sense bytes.

MODE SET 2 (MS 2)

Mode Set 2 commands are used to switch
the TCU and TU between 80C bpi NRZI and
1600 bpli PE modes for 3-track cperations
Mode Set 2 commands are valid only when
issued at load point. When issued away
from load point, MS 2 affects the TCU
but not the tape unit. The TCU is set
to the selected mode and the sense data
is reset. The TU reverts to PE mode

they also re-

each time the tape returns to load point.

When issued to a TCU or TU that does not
feature the selected mode, the command
is treated as a NOP and sense data is
reset.

Channel End and Device End status are
presented in the initial status byte.
There is no final status cycle for
Mode Set 2 commands; thus, a malfunc-
tion resulting in incorrect mode se-
lection will not be signaled to the
channel.

DIAGNOSTIC MODE SET (DMS)

The Diagnostic Mode Set
tions the write path to
bad data blocks on tape to ensure that
certain error detection circuits are
capable of detecting the improperly
written blocks as they are read.

command condi-
allow writing

The DMS command may be used in conjunc-
tion with the DMS switch on the FE
panel. This switch will affect the com-
mand as follows:

L) If the switch is off, the command
will terminate at the end of the
current command chain or when an-
other Mode Set 1 command is issued.

° If the switch is on, the command
will terminate only when a Mode Set
1 command is issued.

The DMS command operates through the
DMS latch. From the above it is clear
that the DMS switch determines whether
or not the DMS latch is to be reset at
the end of the current command chain.

This switch is used for diaagnostic pur-

C3Gs R T Ll Lot Do used when the
T ' . L7 st owith the TCU
ST, 4 Gata may result.

The effect of the DMS command on write
circuitry differs depending on the re-
cording mode as follows:

) In Phase Encoded (PE) mode, whenever
write data contains all ones in any
track, writing in that track is in-
hibited until the last one bit is
reached.

) In 9-track
written in

NRZI mode, no bits are
the P track.

) In 7-track
written in

NRZI mode, no bits are
the C track.

SET DIAGNOSE (SET DIA)

The Set Diagnose command 1is treated as
a NOP when issued from the channel.

When issued from the FE Buffer, however,
(see FE Buffer Description in Section
III) it sets the TCU Chaining latch en-
abling the maintenance program loaded in
the buffer to be executed without chan-
nel interference. Thus the buffer can
execute successive commands while the
channels are locked out by the Chaining
latch. The Chaining latch is reset
when the FE Buffer executes a test

(HEX 00) command.

Assume, for example, that the FE Buffer
exercises a TU in the 7-track mode, in-
line. Normally the channels have pri-
ority over the FE Buffer and are capa-
ble of gaining TCU (and TU) control be-
tween buffer commands. 1In this case any
new selection by the channel will reset
the TCU and TU 7-track mode. Setting
the Chaining latch from the FE Buffer
prevents the channels from gaining con-
trol and resetting the 7-track mode,
thus enabling the FE Buffer to complete



its program without interference.
test instruction sent from the buffer

resets the Chaining latch and allows
the channel toc regain its priority over

inline buffer operations.

TCU COMMAND STATUS SUMMARY

The initial and final status indications

The

returned for each command may vary, de-
pending on the position of the tape rel-
Figure 2-5 illustrates a sample section
of tape and tabulates the status re-
sponses according to the tape position
when the command is issued. In addition,
the table gives the tape position after
the command and the resulting condition
code settings.

IBG IBG 1IBG IBG 1BG IBG END OF
A B C D E F TAPE
S =2 = zZ Lo
I = -
= — c— =
PE IDBURST & I = a OOOGGG
= :=’: g : FORWARD
o — — =) TAPE MOTION
—_— = — —] -
r 1 - — —1 ™
LOAD
POINT w o e Rec I
NOTES: 1. PE ID burst is present only in PE recording mode.
2. IBG Ais the load point position and remains distinct from IBG B even when there is no PE ID burst.
3. TMindicates a tape mark.
4. REC 1 and REC 2 are data blocks.
Initial Final
Tape Tape Condition Initial Final
Operation Position Position Code Status Status Notes
SPACE OPERATIONS
FSB A C 1 CE CUE DE UE
B C 1 CE CUE DE UE
(o D 1 CE DE
BSB A A 1 CE CUE DE UC
B A 1 CE CUE DE UC
(o B 1 CE CUE DE UE
D (o1 1 CE DVE
FSF A (o 1 CE DE
B (o 1 CE DE
C F 1 CE DE
BSF A A 1 CE CUE DE UC
B A 1 CE CUE DE UC
C B 1 CE DE
D B 1 CE DE

NOTE:

The following operations cause a tape runaway condition in which tape is wound completely off the file
reel. When this occurs, the TU becomes not ready, which is indicated by Unit Check in the final status byte.

Figure 2-5 TCU Command Status Summary (Sheet 1 of 2)



Initial Final
Tape Tape Condition Initial Final
Operation Position Position Code Status Status Notes
FSB F _ 1 CHE CUE DE UC
FSF F - 1 CHE CUE DE UC
Read
Forward F - 0 _ CE DE ucC
READ OPERATIONS:
Read A C 0 —_ CE DE UE 1
Forward B C 0 —_ CE DE UE 1
(o D 0 _ CE DE 1
Read D C 0 —_ CE DE 1
Backward C B 0 S CE DE UE
B A 0 _ CE DE UC
A A 0 —_— CE DE UC
WRITE OPERATIONS
Write - - 0 S— CE DE 2,4
Write TM — — CE DE 3,4
Erase Gap - - 1 CE DE 3,4
OTHER OPERATIONS
Rewind — A 1 CE DE
Rewind
Unload - Unloaded 1 CE CUE DE UC
Data Secu- End-of-Tape CE (1st) 5
rity Erase - 0 None DE UE (2nd)
NOTES: 1. Unit Check will occur if a Data Check condition is detected during the read operation,

resulting in final status of CE DE UC.

Unit Check will occur if a Data Check condition is detected during the readback check,
resulting in final status of CE DE UC.

Unit Check will occur if an error is detected during the readback check, resuiting in final
status of CUE DE UC.

Unit Exception will occur in the final status if the R;W head position is beyond the
end-of-tape marker, resulting in final status of:

CE DE UEorCE DE UC UE after a Write command.
CUE DE UEorCUE DE UC UE after a Write Tape Mark or Erase Gap command.

Data Security Erase returns two final status bytes. However, if DSE is not chained from
an ERG command, Unit Check is returned in initial status and there is no final status
byte.

Figure 2-6 TCU Command Status Summary (Sheet 2 of 2)
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PROGRAMMING CONSIDERATIONS

When programming the tape subsystem,
there are restrictions that must be ob-
sorved and unusual conditions that must
be considerced. Pailing to observe
these considerations can result in gen-
eration of unreadable tapes, tape run-
away conditions, channel lockouts and
other errors.

IMPROPER SEQUENCES

Issuing any "write type" command after
a command that reads tape forward can
generate an unreadable tape:

These These
Commands Must not follow Commands
Write Read Forward

Write Tape Mark
Erase Gap

Forward Space File
Forward Space Block

Figure 2-6 illustrates the problem.
After any read forward operation, tape
stops with the first few bytes of the
next record (shaded on figure) already
beyond the write head. If a write op-
eration begins from this .point, the
shaded portion is left on tape as a
partial record. The error will be un-
noticed until the tape is read.

There are exceptions if the record being
read is known to be followed by a long
gap. The following are examples:

1. Rccord being read is followed by a
tape mark.

2. Record being read is known to have
been followed by Erase Gap when
written.

3. Record being read is known to be
the last record written before a
backward operation.

Issuing any command that reads forward
following a write type command is an-
other improper sequence:

These These
Commands Must not follow Commands
Read Forward Write
Forward Space Block Write Tape Mark
 Forward Space File Erase Gap

Figure 2-7 illustrates this problem.
During any write operation, the erase
head is activated to erase previously
written data. Thus, when the tape
stops after a write operation, there
is a section of erased tape between
erase head and the write head. An at-
tempt to read over the erased tape may
result in unreliable operation.

l L E
N
s == = = % c‘::; =
— == d0000%¢ = 2B 8 5 90w
C 3 C ] —_— |s— | — | — | —
- - = = = 5 E = |
[ al [ — ] o — =3 = c—
C - — ] [ — o | s |  s—]
Figure 2-6 Read Forward/Write
Partial Record Problem Figure 2-7 Write/Read Forward Problem
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Further, it is standard practice that
if a record part way through a tape
must be updated, the entire remainder
of the tape must be rewritten. The ac-
cumulation of very small timing ditfer-
ences between machines makes it impos-
sible to reliably update one record in
place. Therefore it is possible that
the section of tape following a Write
command contains no records at all.
Should a Read Forward command be issued
in this case, the tape would erter a
runaway ccndition and wind tape com-

pletely off the file reel.

CHANNEL LOCKOUT

Normally a channel is locked out from
the TCU when the TCU is busy with an-
other channel, when the TCU is busy
with a motion control command while
disconnected from both channels, or
when the TCU is performing an inline
(FE Buffer) or SPAR operation. If a
channel tries to access the TCU while
it is busy, the TCU returns Busy and
Status Modifier indications in the ini-
tial status byte. The TCU, however,
records the fact that one, the other,
or both channels tried to select it.
When the TCU exits the busy condition,
it sends Control Unit End status to any
channel that tried to select it while
busy.

Under some circumstances, however, the
TCU stays locked to one channel until a
certain initiative has been taken py
the CPU program. These circumstances
are explained under Stacked Status and
Contingent Connection.

STACKED STATUS

An I/0 operation may terminate with a
Stacked Status condition in the TCU if
the channel is not ready to accept the
TCU status byte when the TCU is ready
to send it. 1In such cases, the TCU
stays busy to both channels. The chan-
nel which initiated the operation that
terminated with Stacked Status must re-
select the same device and read the

o

[N

stacked status byte. This will clear
the condition and enable both channels
to select the TCU.

CONTINGENT CONNECTION

If a channel-initiated operation termi-
nates with Unit Check status, the TCU
remains available to the initiating
channel and busy to the other channel
until a Sense command is issued by the
iritiating channel. Assume that chan-
riel A initiated a read cperation which
terminated with a Unit Check indication.
The TCU will stay busy to channel B un-
til channel A has retrieved the sense
bytes from the TCU.

CHAINED OPERATIONS

Chained operations are interrupted if
one of the commands in the command chain
causes a Unit Exception or Unit Check
status indication. Proper procedure is
for the program to immediately retrieve
the status byte and sense data to clari-
fy the reason for the faulty status in-
dications. These status indications
could result from a malfunction, or

could indicate only that the end-of-tape
or beginning-of-tape marker has been
reached. Succeeding operations should
be based on an analysis of the sense da-
ta.

CHANNEL INTERFACE LINES

The channel Interface is a set of lines
over which the tape control unit and
system channel exchange control and da-
ta signals. All data transfers are in
burst mode. The tape control unit exe-
cutes one command on one tape unit at a
time. On write operations, data parity
is checked and indicated in the status
conditions at the end of a record. On
read operations, parity of each byte is
checked and corrected, if necessary,
before the byte is placed on the I/O
interface. On sense operations, cor-
rect parity is supplied for each byte.
Parity is also checked on command bytes.
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Figure 2-8 is a list of all channel in-
terface lines. Note that the lines are
named from the channel's perspective.
Lines extending away from the channel
are outbound; SELECT OUT, BUS OUT, etc.
Lines directed toward the channel are
inbound, BUS IN, SELECT IN, etc.

GROUP NAME | GROUP | NAME

Tag ADDRESS OUT
ADDRESS IN
COMMAND OUT
STATUS IN
SERVICE OUT
SERVICE IN

BUS IN

NOODWN-=O T

Selection| OPERATIONAL QUT
Control |OPERATIONAL IN
HOLD OUT

SELECT OUT
SELECT IN
SUPPRESS QUT
REQUEST IN

i Metering [METER OUT

{ Controls [METER IN

CLOCK OUT

BUS OUT

NOO,A, WN-=2 0D

Figure 2-8 Channel Interface Lines

BUS LINES

Each bus (BUS IN and BUS OUT) is a set
of nine lines consisting of eight in-
formation lines and one parity line.
The arrangement of information on the
buses is from high-order on BUS O to
low-order on BUS 7.

When a byte transmitted over the inter-
face consists of less than eight infor-
mation bits, the bits are placed in the
least significant bit positions of the
bus. Unused lines present logical
zeros to the receiving end. The parity
bit of any byte appears in the parity
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position (P). The byte always has odd
parity. Bus line information arrange-
ments follow.

BCD |[Packed Unpacked
(Posi- [Numeric Numeric [EBCDIC |USASCII-8
Physical|Bus [tion |(Position (Position | (Bit (Bit
Track |Line|Value){Value) Value) Positions)| Positions)
4 P PP P P P
7 0 0 8 Higher 0 o] X
6 1 o] 4 Order 0 1 7
5 2 B 2 Digit 0 2 6
3 3 A 1 o] 3 5
9 4 8 8 8 4 4
1 5 4 4 Lower 4 5 3
8 6 2 2 Order 2 6 2
2 7 1 1 Digit 1 7 1
BUS OUT

The BUS OUT lines transmit addresses,
commands, and data to the control
units. The type of information trans-
mitted over BUS OUT 0-7 is indicated
by the outbound tag lines:

e When ADDRESS OUT is up during the
channel-initiated selection se-
quence, the BUS OUT lines specify
the address of the I/0 device with
which the channel wants to communi-
cate.

e When COMMAND OUT is up in response
to ADDRESS IN during the channel-
initiated selection sequence, the
BUS OUT lines specify a command.

) When SERVICE OUT is up in response
to SERVICE IN during the execution
of a Write or Control command, the
nature of the information on BUS
OUT depends on the type of opera-
tion. For example, during a write
operation, it is data to be record-
ed by the tape unit. During a TIE
command, it is one byte of control
information for use by the TCU.

The period during which information on
BUS OUT is valid is controlled by the
tag lines. During transmission of the
I/0 device address, information on the
bus must be valid from the rise of AD-
DRESS OUT until the rise of OPERATIONAL



IN, SELECT IN, or in the case of the
control-unit-busy sequence, until STATUS
IN drops. When the channel is transmit-
ting any other type of information, the
information on the BUS OUT lines is va-
1id from the rise of the signal on the
associated outbound tag line until the
fall of the signal on the responding in-
bound tag line.

BUS IN

The RBUS IN lines transmit addresses,
status, sense information, and data to
the channel. The control unit places
and maintains information on the BUS IN
lines only when its OPERATIONAL IN tag
is up, except in the case of the con-
trol-unit-busy sequence.

The type of information transmitted
over BUS IN is indicated by the in-
bound tag lines:

° When ADDRESS IN is up, the BUS IN
lines specify the address of the
currently selected tape unit.

) When STATUS IN is up, the BUS IN
lines contain a byte of information
that describes the status of the
tape unit or control unit.

) When SERVICE IN is up during execu-
tion of a Read or Sense command,
the information on BUS IN depends
on the type of operation. During a
read operation, it is a byte of da-
ta from tape. During a sense oper-
ation, the bus contains a set of
bits describing the detailed status
of the I/0 device and the conditions
under which the last operation was
terminated.

SELECTION CONTROL AND TAG LINES
OPERATIONAL OUT

OPERATIONAL OUT is a line from the chan-
nel to the control unit used for inter-
locking purposes. All lines from the

channel are significant only when OPERA-

TIONAL OUT is up, with the single excep-
tion of SUPPRESS QUT. When OPERATIONAL
OUT is down, all inbound lines from the
control unit drop and any operation cur-
rently in process over the interface is
reset. Under these conditions, all
control unit-generated interface sig-
nals are reset within 1.5 microseconds
after the fall of OPERATIONAL OUT at

the control unit.

REQUEST IN

REQUEST IN is a line from the control
unit to the channel. It indicates that
the control unit is ready to present
status information or data and there-
fore is requesting a selection sequence.
REQUEST IN drops after OPERATIONAL IN
rises, but not later than 250 nanosec-
onds after the fall of OPERATIONAL IN,
providing the sequence satisfies the
control unit's service requirements.

REQUEST IN does not remain up when SUP-
PRESS OUT is up if the request for sta-
tus presentation is suppressible. RE-
QEST IN can be signaled by more than
one control unit at a time.

ADDRESS OUT

ADDRESS OUT is a tag line from the chan-
nel to the control unit. It performs
two functions:

1. I/O Device Selection - ADDRESS OUT

signals the control unit to decode
the address on BUS OUT. If the
control unit recognizes the address
as its own, it waits for the rise
of SELECT OUT, then responds by
raising its OPERATIONAL IN line.

If ADDRESS OUT falls before SELECT
OUT rises, the selection sequence
is cancelled.

The rise of ADDRESS OUT is delayed
at least 250 nanoseconds from
placement of the address on the BUS
OUT lines. This allows time for
the BUS OUT lines to settle before
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sampling them. During device selec-
tion, ADDRESS OUT cannot be up con-
currently with any other outbound
tag line, and can only rise when
SELECT OUT (HOLD OUT), SELECT IN,
STATUS IN, and OPERATIONAL IN are
down at the channel. Once ADDRESS
OUT and SELECT OUT (HOLD OUT) are
up, ADDRESS OUT remains up until
either SELECT IN or OPERATIONAL IN
rises, or if the control unit is
busy, until STATUS IN falls.

2. Disconnect Operation - If HOLD OUT
is down and ADDRESS OUT rises, or
if HOLD OUT falls while ADDRESS OUT
is up, the control unit drops OPER-
ATIONAL IN, thus disconnecting from
the interface. ADDRESS OUT remains
up until OPERATIONAL IN falls, which
must occur within 6 microseconds
after receiving the disconnect in-
dication.

Any mechanical motion in process
continues to the normal stopping
point. Status information is pre-
sented to the channel when appropri-
ate. Note that during the discon-
nect sequence, ADDRESS OUT may be
up concurrently with another out-
bound tag line.

SELECT OUT/HOLD OUT AND SELECT IN

Control unit selection is controlled by
SELECT OUT, SELECT IN and HOLD OUT.
SELECT OUT and SELECT IN form a loop
from the channel through each control
unit back to the channel. SELECT OUT
extends from the channel through each
control unit to the cable terminator
block where it becomes SELECT IN. SE-
LECT IN passes back through each control
unit to the channel. Control unit se-
lection circuits can be attached to
either SELECT IN or SELECT OUT.

The points on the loop where each con-
trol unit's selection circuits are at-
tached form a priority network. The
rise of SELECT OUT from the channel af-
fects only the first control unit on
the line. If selection is not required,
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each control unit in turn propagates
SELECT OUT to the next control unit in
the loop. (Keep in mind that SELECT
OUT becomes SELECT IN at the terminator
block.) Priority decreases with each
successive propagation. If the ad-
dressed control unit is not found, the
SELECT OUT signal is returned to the
channel as SELECT IN.

During times when the control unit is
powered down, its selection circuits
shunt the SELECT OUT signal to the next
control unit in line. All other con-
trol Units in the system are required
to do likewise. Further, when powered
on, the TCU ensures that SELECT OUT in-
put signal variations, due to powering
up or down other units, are not propa-
gated.

The SELECT OUT/SELECT IN loop provides
a way of scanning the attached control
units for the unit addressed in a Start
I/0 instruction. When an operation is
being initiated by the channel, SELECT
OUT is raised after the rise of ADDRESS
OUT. The channel keeps SELECT OUT up
until either SELECT IN or STATUS IN
rises, or OPERATIONAL IN and ADDRESS IN
both rise.

If the control unit does not require
selection, SELECT OUT is propagated to
the next control unit within 1.8 micro-
seconds. Once SELECT OUT is propagated,
the TCU cannot raise OPERATIONAL IN or
give a control-unit-busy response until
the next rise of SELECT OUT. If no
control unit is selected, SELECT OUT is
propagated back to the channel as SE-
LECT IN. When SELECT IN rises, SELECT
OUT drops and remains down until after
SELECT IN drops.

If STATUS IN rises, the addressed con-
trol unit was found, but was busy. SE-
LECT OUT then drops and remains down
until after ADDRESS OUT drops.

If the control unit raises OPERATIONAL
IN to complete the selection, the pro-
pagation of SELECT OUT is suppressed.
The control unit holds OPERATIONAL IN



up until the channel drops SELECT OUT
and the current signal sequence is com-
plete.

The HOLD OUT signal gates SELECT OUT
into the selection circuits of each
control unit. This provides synchroni-
zation of control unit selection. HOLD
OUT drops at the end of an operation
and does not rise until at least 1.5
microseconds after the fall of OPERA-
TIONAL IN. Because HOLD OUT is routed
to all control units in parallel, it is
not subject to propagation delays as
SELECT OUT is. Thus when HOLD OUT
drops, all selection circuits are reset
simultaneously; when it rises, all cir-
cuits are ready for selection.

OPERATIONAL IN

OPERATIONAL IN is a line from the con-
trol unit to the channel. The rise of
OPERATIONAL IN indicates that a control
unit is selected and is communicating
with the channel. The selected I/0 de-
vice is identified by the address byte
transmitted over BUS IN.

Except for the control-unit-busy se-
quence, the control unit raises OPER-
ATIONAL IN only in response to the rise
of SELECT OUT. By raising OPERATIONAL
IN, the control unit blocks propagation
of SELECT OUT to the next control unit.
Once raised, OPERATIONAL IN remains up
until SELECT OUT drops.

ADDRESS IN

ADDRESS IN is a tag line from the con-
trol unit to the channel. The rise of
ADDRESS IN indicates that the address
of the currently selected 1/0 device is
available on BUS IN. The channel re-
sponds to ADDRESS IN by raising COMMAND
OUT. ADDRESS IN cannot be up concur-
rently with any other inbound taa line.

COMMAND OUT
COMMAND OUT 1is the channel's normal re-

sponse to the control unit when the
control unit raises ADDRESS IN, STATUS

IN or SERVICE IN. Its meaning depends
on which signal sequence requires the
response.

When issued in response to ADDRESS IN
during a channel initiated selection
sequence, COMMAND OUT notifies the con-
trol unit that the BUS OUT lines carry
the command to be executed. After COM-
MAND OUT rises, the information on BUS
IN is no longer required to be valid.

During a control-unit initiated selec-
tion, COMMAND OUT in response to AD-
DRESS IN signals the control unit to
proceed.

When issued in response to STATUS IN,
COMMAND OUT signals the control unit to
stack status.

When issued in response to SERVICE 1IN,
COMMAND OUT signals the control unit to
stop. The operation currently in pro-
cess proceeds to its normal ending
point, but without sending any further
SERVICE IN signals to the channel.

When COMMAND OUT is raised to indicate
proceed, stack, or stop, BUS OUT must

have a byte of all zeros, but need not
necessarily have correct parity. BUS

OUT is not checked for parity nor de-

coded by the control unit under these

circumstances.

STATUS IN

STATUS IN is a tag line from the con-
trol unit to the channel. The rise of
STATUS IN indicated that a byte of sta-
tus information is available on the BUS
IN lines. The status byte contains
bits that describe the current status
at the control unit.

STATUS IN remains up until the channel
responds with an outbound tag, nr, if
TNe CONnTroLl UnNiT EnTErs a Luny Lesucnce,
until SELECT OUT falls. The channel
responds to STATUS IN by raising SER-
VICE OUT if the status is accepted, or
COMMAND OUT if the status is to be
stacked. During a control-unit-busy
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sequence, the status information on BUS
IN is valid until SELECT OUT falls.

SERVICE OUT

SERVICE OUT is a tag line from the chan-
nel used to signal the control unit in
response to SERVICE IN or STATUS IN. If
SERVICE IN is up, SERVICE OUT indicates
that the channel has accepted the infor-
mation on BUS IN or has placed the data
requested on BUS OUT.

When SERVICE OUT is sent in response to
SERVICE IN during a read or sense oper-
ation, or to STATUS IN, the SERVICE OUT
signal rises after the channel accepts
the information on BUS IN. In these
cases, the rise of SERVICE OUT indicates
that the information is no longer re-
quired to be valid on BUS IN. When
SERVICE OUT is sent in response to SER-
VICE IN during a write or control oper-
ation, the rise of SERVICE OUT indi-
cates that the channel has placed the
requested information on BUS OUT. 1In
this case, the signal rises after the
information is placed on the bus.
SERVICE OUT stays up until the fall of
the associated SERVICE IN or STATUS IN.
SERVICE OUT cannot be up concurrently
with any other outbound tag except dur-
ing an interface-disconnect sequence
when ADDRESS OUT may also be up.

SERVICE OUT in response to STATUS IN
while SUPPRESS OUT is up indicates to
the control unit that the operation is
being chained and that this status is
accepted by the channel.

SERVICE IN

SERVICE IN is a tag line from the con-
trol unit to the channel used to signal
the channel when the selected I/0 de-
vice is ready to transmit or receive a
byte of information. The nature of the
information associated with SERVICE IN
depends on the operation and the I/0
device. The channel must respond to
SERVICE IN by raising SERVICE OUT, COM-
MAND OUT or, during an interface dis-
connect sequence, ADDRESS OUT.
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During read, read-backward, and scnsc
operations, SERVICE IN rises when in-
formation is available on BUS IN. Dur-
ing write and control operations, SER-
VICE IN rises when information is re-
gquired on BUS OUT. SERVICE IN cannot
be up concurrently with any other in-
bound tag line. SERVICE IN must stay
up until the rise of either SERVICE OUT,
COMMAND OUT, or ADDRESS OUT.

If the channel does not respond in time
to the preceding SERVICE IN, an overrun
condition occurs. This condition is
recognized by the control unit. In any
case, SERVICE IN must not drop if an
outhound tag has not risen, nor may it
rise if SERVICE OUT has not dropped.

An overrun condition sets both the Unit
Check status indicator and the Overrun
sense indicator. Data transfer stops
after an overrun condition.

SUPPRESS OUT

SUPPRESS OUT is a line from the channel
to the control unit used either alone
or in conjunction with the outbound tag
lines to provide the following special
functions: suppress data, suppress
status, command chaining, and selective
reset.

METERING CONTROLS DESCRIPTION

CLOCK OUT

CLOCK OUT is a line from the channel to
the control unit to provide the CPU in-
terlock control necessary for changing
the enable/disable states of the units
(signal must be down to permit changing
status). In addition, the control
unit's transition between the enabled
and disabled state requires the same
prevailing conditions as for the off-
line/online transition.

METERING IN

METERING IN is a line from the control
unit to the channel used to condition



the CPU meter for operation. METERING
IN originates from each 1/0 device and/
or control unit and is generated by thc
device from the time a command is ac-
cepted until the generation of DEVICE
END for that command. METERING IN may
be raised concurrently with OPERATIONAL
IN for any interface signal seguence
that does not involve DEVICE END, such
as a control unit initiated status pre-
sentation. If raised, the duration of
the signal must not exceed that of OP-
ZRATIONAL IN. METERING IN mav be sig-
naled by more than one control unit at
a time.

METERING IN is not raised:

) Between the generation and accep-
tance of Device End.

) Between the generation of Device
End and the acceptance of the next
command during chaining.

METERING OUT

METERING OUT is a line from the channel
to the control unit used to condition
meters in I/O units. METERING OUT is
raised whenever the CPU meter is record-
ing time.

SIGNAL SUMMARY

1. Except for ADDRESS OUT, not more
than one outbound tag may be up at
any given time during the interface
disconnect sequence.

2. Not more than one inbound tag may
be up at any given time.

3. An inbound tag will rise only when
all outbound tags are down except
during the control-unit-busy se-
guence.

4. An inbound tag will fall only after
the rise of a responding outbound
tag except for STATUS IN in the
control-unit-busy sequence.

5. SERVICE OUT and COMMAND OUT may
rise only in response to the up
level of an inbound tag.

6. ADDRESS OUT for a channel-initiated
selection sequence may rise only
when SELECT IN and SELECT OUT are
down at the channel.

7. Once ADDRESS OUT and SELECT OUT
have risen for a channel-initiated
selection sequence, ADDRESS OUT
must stay up until after the rise
of SELECT IN or OPERATIONAL IN or
the fall of STATUS IN.

8. Once ADDRESS OUT has risen for the
interface disconnect sequence, it
must not drop until OPERATIONAL IN
drops.

9. ©None of the outbound lines, except
SUPPRESS OUT, have meaning when OP-
ERATIONAL OUT is down.

10. SELECT OUT can rise only if OPER-
ATIONAL IN and SELECT IN are down.

11. OPERATIONAL IN cannot fall until
either:

a. SELECT OUT falls and an outbound
tag response is sent for the
last inbound tag of any given
signal sequence, or

b. OPERATIONAL OUT falls, or

c. An interface disconnect sequence
is initiated.

12. OPERATIONAL IN cannot rise unless
CPERATIONAI, OUT is up and must drop
if OPERATIONAL OUT drops.

CHANNEL INTERFACE SEQUENCE
NOTE
For a full description of
channel interface sequences,

refer to the IBM manual
listed in the Preface.
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The interface sequence is controlled by
the Tag and Select lines defined ear-
lier in this section. The outbound
lines are those that transmit signals
from the channel to the TCU. The in-
bound lines are those that transmit sig-
nals from the TCU to the channel under
control ©f the TCU microprogram.

The timing diagram in Figure 2-9 shows

a basic sequence in which no data trans-
fer takes place. Note tnat there are
three parts to the diagram. In the
first part, a motion command is deliv-
ered after which the channel disconnects
from the TCU to wait for completion of
the motion.

In the second part, the channel attempts
to contact the TCU, but since the TCU

is still busy (tape still in motion),
the TCU responds with a Short Busy se-
quence. This is a message to the chan-
nel to wait for the TCU to initiate com-
munication after the present operation
is completed.

In the third part, the TCU completes the
operation and initiates contact with the

channel by raising the REQUEST IN tag.

Figure 2-10 shows a basic data transfer
sequence.

TCU/TU INTERFACE DESCRIPTION AND
PROGRAMMING DATA

TCU/TU INTERFACE LINES

The lines between the TCU and TU's di-
vide into three categories.

° Control Lines

® Status Lines

) Data Lines

These lines further divide into input
and output lines. Output lines send
signals from the TCU to the TU, and in-

put lines send data from the TU to the
TCU.
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All output lines except Status Control

2 are gated by the TU SELECT AND READY
condition. The write lines are gated
when the WRITE GATE and SELECT AND READY
signals are up.

Following is a list of signal lines be-
tween the TCU and TU, separated into
functional groups. An explanation of
each line follows.

DATA CONTROL STATUS

LINES LINES LINES
READ BUS P GO MPX0: MOD 4
READ BUS 0O BACKWARD MPX1: MOD 2 OR ON/
READ BUS 1 SET WRITE OFF LINE
READ BUS t SET READ MPX2: MOD 1
READ BUS 3 | SET NRZI MPX3: NRZI!

REWIND MPZ4: SEVEN TRK OR

READ BUS 4 REWIND UNLOAD TACH
READ BUS 5 METERING OUT MPX5: READSTA
READ BUS 6 | STATUS CTRL 1 MPX6: BKWD STA
READ BUS 7 | STATUS CTRL 2 MPX7: NFP

STATUS CTRL 3
WRITE BUS P | SELECT

WRITE INHIBIT
LOAD POINT

WRITE BUS O TAPE INDICATE
WRITE BUS 1 OFF

WRITE BUS 2 NOT READY
WRITE BUS 3

WRITE BUS 4
WRITE BUS 5
WRITE BUS 6
WRITE BUS 7

DATA LINES

READ BUS

These nine input lines carry the analog
data from the TU read circuits to the
control unit. Note that the Read Bus
carries amplified analog signals from
the read head. These signals are shaped
into digital data in the TCU. The Read
Bus lines carry data during Read For-
ward, Read Backward, Forward Space Block
and File, Backspace Block and File,
Erase Gap and Write (readback check)
commands.

WRITE BUS

These nine output lines carry data from
the control unit directly to the write
head drivers. Data on the Write Bus
determines the time and polarity of
write head flux reversals.
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CONTROL LINE.

GO

The GO line controls tape motion, and
is active for all operations that move
the tape forward and backward except
rewind and rewind unlocad. These oper-
ations are controlled by circuits with-
in the tape unit.

BACKWARD

This line sets the TU to backward sta-
tus. The TU remains in backward status
until reset by activating SET READ or
SET WRITE.

Since the Write command always moves
tape forward, activating the BACKWARD
line resets write status in the tape
unit.

SET WRITE

This line sets the TU to write status
and conditions the write circuits,
providing a write enable ring is in
place on the file reel. The TU remains
in write status until SET READ or BACK-
WARD becomes active or until a rewind
operation is initiated.

SET READ

This line sets the TU to read status
and disables the write circuits. The
TU remains in read status until SET
WRITE becomes active. SET READ pre-
sumes a forward operation and therefore
resets backward status.

SET NRZI

If the Dual Density feature is in-
stalled, this line sets the tape unit
to NRZI status.

REWIND

Sets the Rewind latch and causes the
tape to rewind to load point.

REWIND UNLOAD

Sets the Rewind and Unload latches.
The tape rewinds tc load point and
unloads.

METERING OUT

Causes the tape unit meter to run if
the tape unit is ready and not at load
point.

STATUS CONTROL

Status Control 2 determines the TU sta-
tus word pattern sent on the Multi-
plexed Bus lines O through 7. (Status
Control lines 1 and 3 are not used.)
The status words are shown below. The
meanings of the bits in the status
words are explained under the heading
Status Lines.

MULTIPLEXED BUS LINES TO TCU

STATCTR 2 FR CPU

0] MOD4 | MOD2 {MOD 1 | NRZI 7 TRK | READ | BKWD | NFP
ON/OFF
MOD 4 | LINE MOD 1 | NRZI TACH READ | BKWD | NFP

-

SELECT

The SELECT line gates all output lines
from the control unit except STATUS
CONTROL 2, and lights the SELECT light
on the TU operator panel. If the TU is
ready, SELECT gates input lines to the
control unit.
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STATUS LINES

MOD 1, 2,4 (MUXO0, 1, 2)

These lines indicate the readiness and

the operating mode of the TU as follows:

Mod Lines

4 2 1

0 0 0 Not selected or not ready
0 0 1 3480 (250 ips)

0 1 1 3430 (75 ips)

1 0 0 3440 (100 ips)

1 0 1 3450 (125 ips)

1 1 1 3470 (200 ips)

NRZI (MUX 3)

This line is active when:

1. A TU has the Dual Density feature
installed and is operating in the
800 bpi NRZI mode.

2. A TU has the 7-Track feature in-
stalled.

7-TRACK (MUX 4)

Indicated that the 7-Track feature is
installed in the selected TU.

READ STATUS (MUX 5)

When active, indicates the selected
tape unit is in read status; when in-
active, indicates the selected tape
unit is in write status, or not ready.

BACKWARD STATUS (MUX 6)

When active, indicates the selected
tape unit is in backward status.

NFP (NOT FILE PROTECTED - MUX 7)

When active, indicates that the file
reel contains a write enable ring, and
therefore the tape unit may perform
write operations.
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OFFLINE (MUX 1)

Makes the state of the TU Offline

switch available to the TCU. This line
is active when the switch is in the off-
line position.

TACH (MUX 4)

Makes tachometer pulses from the TU
available to the TCU during read, write
and motion control operations, exclud-
ing rewind and rewind/unload.

WRITE INHIBIT

When active, and the selected tape unit
is in write status, WRITE INHIBIT indi-
cates to the control unit that the pro-
per amount of tape has not been passed
for the IBG. When the tape unit IBG
counter counts the proper number of
tachometer pulses, the WRITE INHIBIT
line becomes inactive, thereby indicat-
ing to the TCU that it may commence
writing.

When active and the selected tape unit
is in read status, WRITE INHIBIT pre-
vents the TCU from attempting to read
until the read head is in the IBG.
After the proper number of tachometer
pulses have been counted by the IBG
counter, the WRITE INHIBIT line becomes
inactive.

LOAD POINT

Indicates the selected tape unit is po-
sitioned at load point. The line is
reset when the tape unit is unloaded or
when the tape moves forward.

TAPE INDICATE OFF

Indicates that the tape unit has not
reached the end-of-tape (EOT) marker.
TAPE INDICATE is set by sensing the
light to dark transition at the trail-
ing edge of the EOT marker while moving
tape forward. It is reset by sensing
the light to dark transition at the op-
posite edge of the marker while moving
tape backward.



NOT READY

Indicates the tape unit is physically
connected, but in not ready status. A
tape unit is not ready if it is unload-
ed, in reset status, or rewinding.

If the TCU has tape switching capabili-
ty, it may also signify the tape unit
is operating with another TCU.

On a Rewind/Unload command, the tape
unit drops the Mod 1, 2, and 4 bits be-
fore activating the NOT READY line.

TCU/TCU INTERFACE DESCRIPTION
(COMMUNICATOR CABLE)

The TCU/TCU interface is carried over
the communicator cable. A communicator
cable is provided to connect each TCU
to every Switch TCU in the subsystem.
Remote TCU's do not interface with one
another.

The TCU/TCU interface contains the fol-
lowing lines in addition to all those

previously described in the TCU to TU
interfacc.

Line Name Line Name

Sclect TU 1 TU 1 Rewinding/Not Ready
Select TU 2 TU 2 Rewinding/Not Ready
Select TU 3 TU 3 Rewinding/Not Ready
Select TU 4 TU 4 Rewinding/Not Ready’
Select TU 5 TU 5 Rewinding/Not Ready
Select TU 6 TU 6 Rewinding/Not Ready
Select TU 7 TU 7 Rewinding/Not Ready

The SELECT TU O through 7 lines are used
to select the tape units attached to
another control unit. Low-order addres-
ses (0 - 7) are selected if the communi-
cator cable is connected to port B2.
High-order addresses are selected
through the cable connected to port A2.

The TU REWINDING/NOT READY lines are in-
put lines to the Remote TCU Communica-
tor from the TU Switch. They inform

the TCU that the selected TU is not in
condition to accept new commands.
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SECTION 11

TCU FUNCTIONAL DESCRIPTION

SCOPE

In this section, the TCU and its parts
such as the Communicator and the 2-
Channel Switch are discussed. You will
find a block diagram description of the
TCU, block diagram descriptions of parts
of the TCU, and more detailed descrip-
tions of data flow, functions, and read
and write circuits.

While the relationships between TCU
components are discussed, the interface
between the TCU and other system compo-
nents is disregarded in this section.
For a greater understanding of this in-
terface, please refer to Sections I and
IT.

BLOCK DIAGRAM DESCRIPTION

The TCU consists of several logical el-
ements, some of which are independent
entities within the TCU, and some of
which are tightly integrated with other
major TCU parts. For example, the Com-
municator may be viewed as an indepen-
dent entity. The Control Latches ex-
plained later, while being a discrete
entity within the TCU, are virtual
slaves to other logic.

Figure 3-1 shows some of the most im-
portant TCU elements. Their placement
in the drawing is not necessarily their
placement in the TCU.

CHANNEL INTERFACE

2-CHANNEL SWITCH

MAINTENANCE CONTROL
FACILITY SECTION
SPAR
RAM

CONTROL

LATCHES

R/WAND
ERROR
DETECTION
CIRCUITS

COMMUNICATOR

TAPE SWITCH

TAPE UNITS RADIAL INTERFACE

Figure 3-1 Main Components of TCU Logic

The TCU logical elements are described
under the following headings:

1. Control Circuits
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2. Data Circuits

3. Maintenance Facility (FE Buffer and
SPAR RAM)

4. Channel Interface
5. TCU Interface

6. TU Interface

Figure 3-2 shows the elements above in
greater detail. Note that the block
diagram does not show all parts of the
TCU logic. The main functions, though,
such as Control, Maintenance, I/0, and
R/W functions are shown. Generally
speaking, the Control functions exer-
cise control over all TCU operations,
data flow, TCU communication with the
channel, read and write timing, and so
forth. The Maintenance function pro-
vides inline (TCU not offline) diagnos-
tic capabilities. The I/0 and R/W
functions are self explanatory.

CONTROL CIRCUITS

The control circuits control all TCU
operations during normal online opera-
tion. The control circuits may be
viewed in two parts; the Read Only Mem-
ory (ROM) with its associated registers,
and logic and microprogram; and the
Micro-order and Micro-branch Decode Sys-
tem which is made up of a large number
of control latches. The result is an
interactive control system which is
based on a continuously running micro-
program. Some of the control latch-

es provide sensing signals to the mi-
croprogram. Based upon these signals,
the microprogram interacts with other
control circuits, setting and resetting
latches at the proper times to accom-
plish the required command or I/O se-
quence.

The microprogram controls most of the

data-path switching, control latch set-
ting and resetting, delays, and command

3-2

sequencing. When no operation is ini-
tiated, the microprogram cycles contin-~
uously through an Idle Loop. When out-
side controls initiate a command or da-
ta sequence, the microprogram exits the
Idle Loop and interacts with the control
circuits to accomplish the operation.
The form of control, and therefore the
sequences and data flow, change from
operation to operation. The micropro-
gram continuously monitors the TCU and
TU logic and makes decisions depending
on the changing logic conditions.

CONTROL LATCHES

The Control Latches are an extension of
the Control Logic and are controlled
directly by the microprogram. These
latches are set or reset by the micro-
program to achieve any desired control
functions, such as data flow control,

TU motion control, or any other function
necessary for proper operation of the
TCU.

Data flow through the control unit is
established by the control latches un-
der microprogram control. The TCU con-
tains several buffer registers which
store data temporarily as it passes
through the machine. The microprogram
sets and resets the latches that gate
data from one register to another.

Some of the same registers used during
write operations are also used for read
functions, but in a different sequence.
The sequence, and thus the flow of data,
are determined by the control latches
as set and reset by the microprogram.

Tape motion control is determined by
other control latches in a similar man-
ner. The microprogram decodes the chan-
nel commands and senses the tape unit
interface lines that identify the tape
speed and other conditions in the tape
unit. From these inputs, the micropro-
gram manipulates the control latches
that establish forward and backward sta-
tus, rewind conditions and the start

and stop signals for the capstan.
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DATA CIRCUITS

The data circuits, especially the read,
write, data retrieval and error correc-
tion circuits, are perhaps the more
complex in the TCU. These circuits are
adaptable to PE and NRZI recording and
can work at different clock rates (see
Clock Circuits ahead).

Basic data flow within the data circuits
is controlled by the microprogram. The
rate and mode of reading and writing

are also controlled by the microprogram.

MAINTENANCE FACILITY

The maintenance facility consists of two
major sections; the SPAR RAM and the FE
Buffer.

SPAR RAM

SPAR is the acronym for Subsystem Pro-
gram for Analysis and Repair. The SPAR
RAM is a random access rcead/write mem-
ory. Diagnostic sequences, called Ker-
nels, are loaded into the SPAR RAM from
loader electronics to perform diagnostic
tests of the TCU and TU's.

The SPAR RAM operates in parallel with
the ROM. When the SPAR RAM is operating
(during maintenance operation only) it
uses the ROM support logic while the
ROM is dormant. A main difference be-
tween the ROM and SPAR RAM is that the
ROM has a fixed program designed to an-
swer all TCU needs in normal operation,
while the SPAR RAM is loaded with spe-
cial diagnostic programs. These diag-
nostic programs, or kernels, are de-
signed to answer the FE maintenance
problems and to check specific condi-
tions in the TCU and TU's. They may al-
so be used to exercise the system or
for troubleshooting. SPAR can operate
either offline or online. Diagnostics
read into the SPAR RAM share TCU time
inline with on-going channel operations.
SPAR priority is lower than a channel
command, so any SPAR routine must wait

until the channel command is executed
before proceeding. There is also a pre-
set delay after completion of a command
that allows the channel to re-address
the TCU, instead of immediately begin-
ning a SPAR routine.

FE BUFFER
The FE Buffer is a monolith:. KAM, 12
bits wide and sixteen locations deep.

These memory locations can be stored in-
to and fetched from either manually by
switches or automatically by ROM or
SPAR. The FE Buffer has three major
functions:

1l. To serve as a manually loaded
source of commands in place of
the channel for diagnostic pur-
poses.

2. As a communication medium between
SPAR and the Field Engineer.

3. As a scratch pad memory for the
ROM and SPAR RAM. 1In this capac-
ity, the FE Buffer may be loaded
automatically with commands and
data from ROM or the SPAR RAM.
The commands and data may subse-
quently be used by the loading
program.

A program loaded into the FE Buffer can
exercise both the TCU and TU's. The
program, whether loaded manually or by
program control, can be initiated by
ROM or through the FE control panel.

CHANNEL INTERFACE

The Channel Interface as treated in this
text consists mainly of I/0O electronics
and the 2-Channel Switch. They do not
exercise direct control over I/0 se-
quences. The main function of the 2-
Channel Switch (2CS) is to enable two
CPU channels to access the same TCU, and
to prevent one channel from interfering
when the TCU is active with the other
channel.



The interface sequences are not control-
led or influenced by the 2CS. ‘These
sequences are handled instead by the
control logic as explained under the
heading Control Logic in this section.

TCU—-TO-TCU INTERFACE

The TCU-to-TCU Interface consists main-
ly of the Communicator. The purpose of
the Communicator is to communicate be-
tween the TCU and the Tape Switch. As
mentioned in Section I, Communicators
are used when there is more than one
TCU in a subsystem.

Basically the Communicator channels all
tape unit data, control signals and sta-
tus signals from logic circuits within
the TCU to the Tape Switch circuits

that select the individual tape units.
The Communicator can connect the TCU
logic circuits to the Tape Switch in the
same TCU or to the Tape Switch in an-
other Switch TCU in the subsystem.

TU INTERFACE

The TU Interface is made up mainly of
the TU Switch and the Radial Interface.
Radial Interface refers to a cabling
arrangement where every TU associated
with the TU Switch is connected by ca-
ble directly to the switch. This sys-
tem is in lieu of cable chaining, where
one cable starts at the interface and
is chained from TU to TU.

The TU Switch is located in the Switch
TCU, regardless of system configuration.
There may be two Switch TCUs in any
system configuration as shown in Sec-
tion I. The TU Switch controls the da-
ta paths from the TCU to the selected
TU. Its function is to accept selec-
tion signals from any Communicator in
the TCU system and block or allow the
connection, depending on the TU status.

NOTE
A TCU with a TU Switch, i.e.,

not a remote TCU in a multi-
ple TCU system.

Once the TU Switch allows a TCU-to-TU
connection, it also gates all control,
data, and status signals between the
TCU and TU.

The TU Switch is necessary only when
there is more than one TCU in a sub-
system. In this case, the TCUs are
equipped with Communicators that con-
nect directly to the TU Switch circuits.
Depending on the model, a TU Switch may
accept the output of up to four commu-
nicators as shown in the system block
diagrams in Section I.

PRIORITY CONTROL (Not shown in block diagram.)

This circuit prevents the maintenance
facility from interfering too frequent-
ly with channel operation when the SPAR
RAM operates in the inline mode. Bas-
ically, the SPAR RAM interacts with the
channel in the same way that two chan-
nels interact with one another. That
is, when one channel disconnects, the
other channel can gain control. It is
not always desired, however, to give the
maintenance facility the same priority
as the channel. More often, the main-
tenance facility operates on a minimum
interference (least priority) basis.

The priority circuit forces the main-
tenance facility to wait a specific
period after the channel becomes inac-
tive before it can gain control. This
gives the channel an opportunity to
gain control again with minimum inter-
ference. The delay of the priority
circuit is adjusted from the FE Panel.

CLOCK CIRCUITS

To acccmodate several tape densities
and tape speeds, the TCU has three se-
lectable clock frequencies. These fre-
quencics are sclected automatically
when the Mode Set 1 commands select the
TCU mode: of operation. A basic block
diagram of the clock circuits is shown
in Figure 3-3.
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RESET FACILITY (Not shown in block diagram.)

In addition to general TCU reset, there
are other resets available, as tabulat-

ed in Figure 3-7.

Some of the resets

are manual and some programmable from

the channel.

Each of these resets af-

fects some or all parts of the TCU as

detailed in the table.

MACH RST -

RST INTF A

RST INTF B

AND RST CLOCK CONTROLS.

PRESENT RESULTS ONLINE RESETS OFFLINE RESETS | ONLINE RESETS
FOUND ON : AVAILABLE ONLY
CT CARD A B A B A B IN MAINTENANCE
MODE
SWITCHED TO - o o 0o 1 10
SELECTIVE NA NA MACH RST NA IF OP-IN IS ON,
RESET A RST INTF A MACH RST, RST
RST TU B= INTF A, AND RST
A/ADR TU B = A/ADR
o |SELECTIVE NA MACH RST NA NA IF OP-IN IS ON,
W |RESET B RST INTF B, MACH RST, RST
< RSTTUB = INTF B, AND RST
= B/ADR TU B = B/ADR
z
S |sYsTEM MACH RST. RST INTF A MACH RST, NA MACH RST, RST
W |RESET A RST INTF A, RST ALL RST INTF A, INTF A, MOD MACH
& MOD MACH RST, [TUBUSY =A  |MOD MACH RST, RST, AND RST ALL
< RST ALL RST ALL TU BUSY = A LATCHES
5 TU BUSY = A TU BUSY = A
LATCHES LATCHES
SYSTEM MACH RST, MACH RST, RST INTF B, NA MACH RST, RST INTF
RESET B RST INTF B, RST INTF B, RST ALL B, MOD MACH RST,
MOD MACH RST, | MOD MACH RST, | TU BUSY =B AND RST ALL TU
RST ALL RST ALL LATCHES BUSY = B LATCHES
TUBUSY=B  |[TUBUSY=8
LATCHES LATCHES
PUSHBUTTON NA NA NA ALL RESETS MACH RST, AND
MACH RESET i [INITIATED MOD MACH RST
POWER ON ALLRESETS  |ALLRESETS  |ALLRESETS  |ALL RESETS ALL RESETS
RESET INITIATED INITIATED INITIATED INITIATED INITIATED
FORCE MACHINE | ALLRESETS |ALLRESETS  |ALLRESETS  |[NA NA
RESET DUF TO INITIATED INITIATED INITIATED
PARITY CHECK
FORCE MACHINE | ALLRESETS |ALLRESETS  |ALLRESETS  |NA NA
RESET DUE TO INITIATED INITIATED INITIATED
SPARE WORD
DEFINITIONS:  MOD MACH RST - INITIATES RST ROMAR, RST UNIT WKG, RST STACKED, RST SPAR CTRLS,

RESETS COMMON TCU CONTROLS (INCLUDES GENERAL RESET).

RESETS ONLY THE INTERFACE A CONTROLS.

‘RESETS ONLY THE INTERFACE B CONTROLS.
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Figure 3-7 Control Unit Resets




DEFINITIONS RST TAGS
(Cont'd)
RST ALL TU
BUSY = A
RST ALL TU
BUSY =B

RST TUB=A/ADR -

RST TUB=B/ADR -

RESETS RST STATUS-IN, RST IOR BI, AND RST ADR-IN.

RESET ALL BUSY LATCHES FOR INTERFACE A.

RESET ALL BUSY LATCHES FOR INTERFACE B.

RESET THE BUSY A LATCH PER THE ADDRESS REGISTER.

RESET THE BUSY B LATCH PER THE ADDRESS REGISTER.

Figure 3-7 Control Unit Resets (Continued)

TCU DATA FLOW SUMMARY

The TCU has several data buses, regis-
ters, and data gates that allow data to
flow through the TCU under microprogram
control. The A-BUS, B-BUS and C-BUS
contain most of the data flow. These
are fed from the A, B, and C Bus Gates
which are under microprogram control.

A simplified data-flow block diagram is
shown in Figure 3-8. During normal op-
eration, the ROM is situated as shown
in the main body of the diagram, con-
trolling every action of the TCU. Dur-
ing write operations, data flow is from
the BUS OUT lines through the A Bus
Gate, I/O Register, R/W A register and
R/W B register to the Write Triggers.
During read operations, data from the
Read Bus passes through the R/W A reg-
ister, the R/W B register, and the I/0
register (via the read loop) to the BUS
IN lines. Thus the I/O register, R/W A
register and R/W B register provide a
data buffering function during both
read and write operations.

Read and write data flow is accomplished
only on the A BUS. The B BUS and C BUS
are used in the transfer of status sig-
nals, control signals and addresses be-
tween the channel and TCU. Also shown
in the block diagram are the FE Buffer
and the SPAR RAM. Each connects into

the block diagram as indicated by the
numbered flags. When the SPAR RAM is
used, it takes the place of the ROM,
using the ROM control logic and regis-
ters. When the FE Buffer is used, it
is connected within the control logic
of the ROM and SPAR RAM so that it can
interact with both. Note though, that
the FE Buffer can be loaded and ini-
tiated manually as well as automatical-
ly from the ROMDR (ROM Data Register).

DETAILED FUNCTIONAL DESCRIPTION

CONTROL CIRCUITS
GENERAL DESCRIPTION

The Control Circuits may be considered
in two major sections; the ROM section
and associated registers, and the
micro-order decode system with its as-
sociated control latches. The micro-
order decode system can be further di-
vided into the predecoders, branch de-
coder and test circuits, and set/reset
decoder circuits.

Figure 3-9 is a simplified block dia-
gram of the control circuits. The part
above the dotted line belongs to the
ROM and associated logic. The part be-
low the dotted line belongs to the
micro-order decode system.
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Figure 3-8

TQU Simplified Data Flow Block Diagram
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The parts of the control logic each
have discrete functions as briefly ex-
plained below:

° CONTROL MEMORY - A synonym for ROM
in the TCU, so called because it
contains the microprogram which
controls all TCU operations during
normal operation.

® ROMSL - ROM Sense Latches, same as
the readout register in core memo-
ries. The output of this register
goes to the branch decode circuits
and to the ROMDR explained below.

) ROMDR - ROM Data Register, basically
similar in function to the instruc-
tion decode register found in some
digital systems. The output of this
register goes to the micro-order
predecoder, final decoder, and to
the set/reset, and set value func-
tions explained further in the text.

° ROMAR - ROM Address Register, same
as any memory addressing register.
This register can be incremented,
or it can receive an address from
parts of the ROMSL and BROMAR reg-
isters.

) BROMAR - Backup ROM Address Regis-
ter, temporarily stores the con-
tents of the ROMAR. Bits 5-9 are
normally fed back to ROMAR for the
next memory cycle. These bits are
the ROM sector address explained
later and normally do not change
unless a Go-To micro-order is en-
countered.

° MICRO-ORDER PRE-DECODER - A preli-

minary decoder that deﬁermines the
type of micro-order enéountercd to
properly determine the makeup of

the next address to ROMAR. The
makeup of this address depends on
the type of micro-order encountered.

) MICRO ORDER FINAL DECODER - Provides

gating of the ROMDR data bits ac-
cording to the specific micro-order
in the ROM Data Register.

® BRANCH PRE-DECODER - When a branch

micro-order is in the ROMSL, this
circuit decodes its group. Branch
micro-order divide into several
functional groups recognized by bits
three through seven of the micro-
order code.

[ BRANCH FINAL DECODER - This circuit

decodes the branch micro-order latch
selection. Each branch group (see
Branch Pre-decoder) identifies se-
veral latches. The specific latch
interrogated is indicated by bits
seven, eight, nine, and fifteen of
the branch micro-order code. When
the branch condition is true, bit

15 of the ROMAR is set, thus pro-
viding the ROM with a branch address
that is offset by one from the non-
branch location.

MICROPROGRAM DESCRIPTION AND FLOW CHART

The Microprogram section of the control
unit consists of a Control Memory (ROM)
and a microprogram, which is stored in
the ROM. During normal operation, in-
formation is read from the ROM; how-
ever, the contents of the ROM can be
checked.



The ROM contains 2K storage locations
for microprogram words, or micro-orders.
The storage locations are divided into
32 sectors of 64 locations each. These
storage locations can each contain one
16-bit micro-order. The micro-orders
are of two basic types: Set/Reset and
Branch.

The ROM acts somewhat like a traffic
director to control data flow through
the control unit, channel interface se-
guences, and the tape unit interface
controls. The Set/Reset micro-orders
control various gating lines to select
different data paths, or to set and re-
set interface controls. The Branch
micro-orders alter the execution se-
quence of the microprogram according to
a number of conditions that are moni-
tored by the control unit.

The microprogram operation is controlled
by the ROMAR (ROM Address Register).
This register has eleven bit positions,
which provides for addresses from O
through 2047 (7FF hex). The ROMAR con-
ditions those addressing lines that se-
lect a storage location in the ROM.

The contents of the selected location
are read into the ROMSL (ROM Sense
Latches).

Outputs of the RCMSL are decoded to
perform Set/Reset and Branch micro-
orders. The address portion of the
micro-order is fed back to the ROMAR
to select the next micro-order.

The TCU microprogram is represented in
the TCU Logic on the QxxXxX pages.

Figure 3-10 is a sample microprogram
logic page from Section Q of TCU logic.
Figure 3-11 shows the meaning of the
data in each micro-order block on the
page. The page is divided into rows

and columns to provide standard loca-
tions for logic blocks. Columns are
designated A through G from left to
right; rows are designated A through L

from top to bottom. The two-letter
code in the lower-right corner of each
logic block gives its column and row
location. For example, block DB is in
column D and row B.

Logic block EB (fifth column, top row)
in Figure 3-10 represents a conditional
branch micro-order. This is indicated
by the CMD REG 4 entry in the position
shown as F in the legend (Figure 3-11).

From block EB, the microprogram can
branch either to block FB or to block
FD. The 1 in the upper-left corner of
block FB indicates that this is the
route taken if Command Register 4 is
on, i.e., positive branch condition.

The 0 in the upper left corner of block
FD identifies the branch condition that
leads to this block, i.e., negative
branch condition. Block BB also has a

0 in the upper left corner, indicating
it is the 0 branch from blocks DB and
FB. Logic block DH has neither a 1 nor
a 0 in its upper left corner because

the preceeding block is not a condition-
al branch.

Block BG is a combination micro-order

branch. It decrements the General Pur-
pose Counter (GPC) and branches accord-
ing to the status of the GPC = 0 latch.

Block BG has another noteworthy feature.
A 0 branch from this block sends the
microprogram back into the same block,
causing the microprogram to loop on this
block until GPC = O.
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] >

1 15F 0 300 0 302 0 304 1 301 1 307
5270 5800 7840 F842 |-~ 6000 EDO04 {—e—{ 6081 6081 7041 7047 5800 5800
G. TS SEL & LP PE TM TGR BOB DET CMD REG4
307 AB 302 BB 301 cB 301 DB 306 EB 306 FB
1 305 0 306
SEL TEST IBG SET TEST IBG
LJ0F80 OF8C 0F80 OF8C
30C DD 30C FD
1 303 308 1BG COND
SET CUE SET UC
12040 2048 {oesE 0691 RST GO
308 CE 311 DE
TEST
FOR
DATA 3
0 156 0 15C 1 15D 160 0 15E 16A 161
TEST DEC GPC SET HOLD T™M SET TEST BOB SET 10R-B1 EAD
FOR —15800 D95C 6E80 6E9C 0E00 82E0 7000 701E 0F00 OF2A 2080 AQAT1 5800 DIDE=22
ATA 1
° GPC -0 MOT CTRL GO TO
15C AG 15D BG 160 CG 15€ DG 16A EG 161 FG IDE GG
TEST
FOR
DATA 2
Figure 3-10  Sample Microprogram Logic Diagram
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Figure 3-11

ROM MICRO-ORDERS

The two basic types of micro-orders are
Set/Reset and Branch. They each can be
further divided intc two basic forms:

1. Latch or Gate, Set or Reset Set/
Reset

2. Set Value into GPC (General) micro-
Purpose Counter) order

3. Unconditional Branch (Go To){ Branch
micro-

4. Conditional Branch order

SET/RESET MICRO-ORDER

All conventional Set/Reset micro-orders
can be identified by a zero in bit po-
sition 1. These micro-orders have four
basic parts; Bit 0 is the parity bit,
and retains odd parity; Bit 1 off indi-
cates that a latch or gate will set or
reset; Bits 2 through 9 contain the en-
coded identity of the gate or latch to
be changed; Bits 10 through 15 contain

*See list of Micro-orders in Maintenance Manual.

LEGEND

A. 0, ", or blank in this position. 0 or 1 indicates
that the previous micro-order was a conditional
branch. A 0 indicates that the condition was
not met, a 1 indicates that it was.

ROM address of this micro-order.

Mnemonic of Set/Reset micro-order.

Basic micro-order or branch code.”

Actual micro-order code: Basic code plus
parity plus next address.

Branch condition checked, or Go To for un-
conditional branches.

G.  Next Address.

H.  Physical location of logic block on logic page.

moow

m

Microprogram Logic Format

the lower portion of the address of the
next micro-order to be executed. These
bits are gated to ROMAR positions 1C
through 15, respectively.

BIT POSITIONS
SET/RESET 012345678910 1112 13 14 15
WORD:

L |1
ODD PARITY _-l

SET/RESET
BIT (0)

GATE/LATCH
IDENTIFIER

ADDRESS OF
NEXT MICRO-
ORDER

For example, the micro-order at ROM ad-
dress 001 is 1879 hex (see below).

When the micro-order is read into the
ROMSL, bits 10 through 15 are gated to
ROMAR bits 10 through 15, along with
the sector ID (BROMAR bits 4 - 9). The

3-17



resulting address in the ROMAR is 039,

as shown below.
all zeros.)

BITS 0123 4567

ROMSL 000 1
L J

89 10 11

1000 01 1

(BROMAR bits 4 - 9 are

12 13 14 15

PARITY RESET STOP LOOP

SET/RE-

SET WORD

ROMAR

WAS: 0000 00 O

BROMAR

IS: 0000 00 X

ROMAR

WILL BE: 0000 00 1
L

SIX BITS ARE NOT

AFFECTED

SET GPC MICRO-ORDER

0O ©o0 0 o0 1

X X X X X

0 0 1

The GPC is a 16-bit General Purpose

Counter that can be loaded,

one hex

digit (four bits) at a time, by Set

GPC micro-orders.

The GPC is divided

into four sections (0-3) of four bits

each.
significant digit.
Set GPC micro-order is:

BITS: 0 123 4567 89
PARITY

SET GPC(100)

VALUE TO BE LOADED
(0TOF)

GPC SECTION TO BE
LOADED (0 TO 3)

ADDRESS OF NEXT

Section O contains the most-
The format of the

10 11 12 13 14 15

MICRO-ORDER

For example,

assume that a value of

OOOF is to be loaded into the GPC.
The mnemonic representation of the

micro-order is SET GPC 3 =

F. The

micro-order would appear in the ROMSL

as:

3-18

BITS: 0123 4 56 7 89 10 11 12 13 14 15

0100 1111 11
LJ | I—
PARITY

SET GPC

VALUE =F

SECTION 3 OF GPC

NEXT ADDRESS

UNCONDITIONAL BRANCH MICRO-ORDER

The Unconditional Branch is also called
the Go To micro-order. Bits$®W through
15 of the Go To micro-order determine
the location of the next micro-order to
be executed. The format of the Uncondi-
tional Branch is:

BITS: 0 23 4567 89 10 11 12 13 14 15
J4 L

1
L J

PARI‘I;Y—‘ J
GOTO(1 01 1)

ADDRESS OF NEXT MICRO-ORDER

The Unconditional Branch is the only
micro-order that can change the sector
portion (bits 5 - 9) of the ROM address.
Bits 5 through 15 of the Go To micro-
order are transferred to the correspond-
ing bits of the ROMAR. With all other
micro-orders, only bits 10 through 15
are gated to the ROMAR. Thus, a Go To
micro-order is required to branch the
microprogram <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>